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DATASHEET ANNOTATION

GPS annotate datasheets in the top right hand corner of the
first page, to indicate product status. These annotations are
as follows:-

TARGET SPECIFICATION

This is the most tentative form of information and
represents a verypreliminary product specification.
No actual design work on the product has started.
PRELIMINARY INFORMATION

The product is in design and development. The
datasheet represents the product as it is understood
but details may change.

ADVANCE INFORMATION

The product design is complete and final
characterisation for volume production is well in hand.

No annotation

The product parameters are fixed and the product is
available to datasheet specification in volume.

If you have any queries about the status of any GPS product,
please contact your nearest GPS Customer Service Centre.
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Foreword

This latest Personal Communications IC Handbook from GEC Plessey Semiconductors introduces
numerous new devices for this rapidly expanding market. GEC Plessey Semiconductors has been
involved in many successful wireless communications projects, providing a vital link between high
performance and cost effective implementations in applications as diverse as credit card pagers and
digital cordless telephones.

These applications share a number of common goals, small size and low power are paramount,
and these are also the goals of our IC design teams. New: products such as the SP8715 family of
prescalers offer low voltage and low current consumption using state of the art sub micron
bipolar processes, whilst the SL6609 direct conversion paging receiver offers improved sensitivity
and reduced board area over its predecessor. CMOS developments include higher functionality
synthesisers with features such as Fractional N interpolation for ‘improved locking speed and a
POCSAG paging decoder to compliment the SL6609.

High performance extends to packaging and all the components in this handbook are offered in
industry standard surface mount packages, with latest developments using fine lead pitches of 0.65
and 0.5mm.

Finally, the Quality Assurance programmes that are applied to GEC Plessey Semiconductors
products (from consumer electronics to defense projects) are applied to all Personal Communications
products with rigour. Performance and long term reliability are therefore guaranteed in what can be
a demanding operating environment.
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Product

List - by circuit type

PLLs (Phased Lock Loop)

NJ8820 Frequency synthesiser (PROM interface) 9
NJ8821 Frequency synthesiser (microprocessor interface) with resettable counters 14
NJggCc22** Frequency synthesiser (microprocessor serial interface) . 18
NJ8823** Frequency synthesiser (microprocessor interface) with non-resettable counters 23
NJ88C24** Frequency synthesiser (microprocessor serial interface) 27
NJ88C25** Frequency synthesiser (microprocessor serial interface) 32
NJ8sC28 Frequency synthesiser (microprocessor serial interface) with non-resettable counters 37
NJ88C29 Frequency synthesiser (microprocessor serial interface) with non-resettable counters 43
NJ88C30** VHF synthesiser 49
NJ88C33 Frequency synthesiser (12C bus programmable) with current source outputs 54
NJ88C50 Dual low power frequency synthesiser 64

IF Products

SL6601C* FM IF, PLL detector (double conversion) and RF mixer 79

SL6e652** Low power IF/AF circuit for FM cellular radio 85

SL6654** Low power IF/AF circuit for FM cellular radio 92

SL6659 Low power IF/AF circuit (with RSSI) for FM radio 98
Prescalers

SP8704** 950MHz very low current divide by 128/129 or 64/64 109
SP8713 1100MHz very low current three modulus divider ARR
SP8714 2100MHz vey low current multi-modulus divider 118
SP8715 1100MHz very low current multi-modulus divider 125
SP8716/8/9 520MHz divide by 40/41 + 64/64 + 80/81 132
SP8789 225MHz divide by 20/21 two modulus divider 135
SP8792/3 520MHz divide by 80/81 + 40/41 138
SP8795 225MHz divide by 32/33 141
SP8799 225MHz divide by 10/11 144




RF Front Ends

SL6442 1GHz amplifier/mixer 149
SL6444 1GHz amplifier/mixer 159

Amplifiers

SL562 Low noise programmable op-amp 175

SL1610 RF/IF. Amplifier 178

SL6140 400MHz wideband AGC amplifier 181

SLé6270C Gain controlled pre-amplifier 189

SL6310C Switchable audio amplifier 192
CODEC

MV3100 3V CODEC with analog interface for digital mobile telephones 197

Paging Receivers & Decoders

MV6639 POCSAG decoder 215
MV6640* POCSAG decoder 234
SL6609 Direct conversion FSK data receiver 235
SL6619* 450MHz direct conversion receiver with AFC 248
SL6649-1 200MHz direct conversion FSK data receiver 249

Outline or development details only - contact GPS Customer Services (see page 359)
For maintenance purposes only
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Product List - alpha numeric

Type No.

MV3100
MV6639
MvVe640*
NJ8820
NJ8821
NJ88C22**
NJ8823**
NJ88C24**
NJ88C25**
NJ88C28
NJ88C29
NJ88C30**
NJ88C33
NJ88C50
SL562
SL1610
SL6140
SL6270C
SL6310C
SL6442
SL6444
SL6601C**
SL6609
SL6619*
SL6649-1
SLe652**
SL6654**
SL6659
SP8704**
SP8713
SP8714
SP8715
SP8716
SP8718
SP8719
SP8789
SP8792
SP8793
SP8795
SP8799

x

Description

3V CODEC with analog interface for digital mobile telephones

POCSAG decoder

POCSAG decoder

Frequency synthesiser (PROM interface)

Frequency synthesiser (microprocessor interface) with resettable counters
Frequency synthesiser (microprocessor serial interface)

Frequency synthesiser (microprocessor interface) with non-resettable counters
Frequency synthesiser (microprocessor serial interface)

Frequency synthesiser (microprocessor serial interface)

Frequency synthesiser (microprocessor serial interface) with non-resettable counters
Frequency synthesiser (microprocessor serial interface) with non-resettable counters
VHF synthesiser

Frequency synthesiser (12C bus programmable) with current source phase detector outputs

Dual low power frequency synthesiser

Low noise programmable op-amp

RF/IF Amplifier

400MHz wideband AGC amplifier

Gain controlled pre-amplifier

Switchable audio amplifier

1GHz amplifier/mixer

1GHz amplifier/mixer

FM IF, PLL detector (double conversion) and RF mixer
Direct conversion FSK data receiver

450MHz direct conversion receiver with AFC
200MHz direct conversion FSK data receiver
Low power IF/AF circuit for FM cellular radio
Low power IF/AF circuit for FM cellular radio
Low power IF/AF circuit (with RSSI) for FM radio
950MHz very low current divide by 128/129 or 64/64
1100MHz very low current three modulus divider
2100MHz very low current multi-modulus divider
1100MHz very low current multi-modulus divider
520MHz divide by 40/41

520MHz divide by 64/64

520MHz divide by 80/81

225MHz divide by 20/21

225MHz divide by 80/81

225MHz divide by 40/41

225MHz divide by 32/33

225MHz divide by 10/11

Outline or development details nnly - contact GPS Customer Services (see page 359)
For maintenance purposes only
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Section 1
PLLs (Phased Lock Loop)







GEC PLESSEY
AL viconDuUCTORS]

[
NJ882 DS3277-1.2
FREQUENCY SYNTHESISER (PROM INTERFACE)
The NJ8820 is a synthesiser circuit fabricated on the GPS —
CMOS process and is capable of achieving high sideband PDA [ 1 20{] cH
attenuation and low noise performance. It contains a reference [
oscillator, 11-bit programmable reference divider, digital and P08 [J2 19{] re
sample-and-hold comparators, 10-bit programmable ‘M’ counter, D [ 3 18 ] W
7-bit programmable 'A’ counter and the necessary control and
latch circuitry for accepting and latching the input data. Fin []¢ 17[] os2
Data is presented as eight 4-bit words read from an external v [5 16 ] oSt
memory, with the necessary timing signals generatedinternally. S8 NJ8820
It is intended to be used in conjunction with a two-modulus Voo []6 15 j DSO
prescaler such as the SP8710 series to produce a universal N
binary coded synthesiser. osciN[|7 1a[] e
The NJ8820 is available in Plastic DIL (DP) and Miniature oscout[[s 13{] WE
Plastic DIL (MP) packages, both with operating temperature
range of —30°C to +70°C. The NJ8820MA is available only in Do [ 9 12{] o3
Ceramic DIL package with operating temperature range of o1 [[1o " ] 02 DP20, MP20,
—40°C to +85°C. ‘ DG20
FEATURES ) Fig.1 Pin connections - top view
B Low Power Consumption
B Direct Interface to ROM or PROM ABSOLUTE MAXIMUM RATINGS
B High Performance Sample and Hold Phase Detector %ﬁ?%‘fg&ge' Voo~ Vss —0'5Vto 7V
B >10MHz Input Frequency Open drain outputs, pins 3 and 13 v
All other pins Vss =03V to Vpp+0-3V
ORDERING INFORMATION Storage temperature —65°Cto +150°C
NJ8820 BA DP Pilastic DIL Package (DG package, NJ8820MA)
NJ8820 BA MP Miniature Plastic DIL Package Storage temperature —55°C to +125°C
NJ8820 MA DG Ceramic DIL Package (DP and MP packages, NJ8820)
MEMORY ENABLE D‘Jﬁﬁ,ﬁ}fg
(ME) DSo DSt DS2 RB
—'"""‘—'T‘“"T"?s T aoﬂ
+ PULSE SEQUENCE INTERNAL |
ENABLE (PE | DETECT COUNTER LATCHES {
Il I
! |
REFERENCE COUNTER . o
OSCIN (1BITS) +2 SAM:FII.AEQHEOLD _4 oo
8 | _DETECTOR
0sc ouT 11 I
: [LATCH 6 [ LATCH7 [ LATCH 8] - FREOliES'éCY: | ooa
Do & +—| DETECTOR |i
DATA
INPUTS { 8; 3 —
D3 LOCK DETECT (LD)
|
i [CATCH 4 TLATCH 5] [LATCH 1 TLATCH 2 [ LATCH 3] Vss :
| e LW ,
iy & ‘N’ COUNTER ‘W COUNTER fy I
(7 BITS) (10BITS) I
' il
6 |
Yoo @ 1g ] MODULUS
| CONTROL LOGIC —-% CONTROL___
Vss Q5 — QUTPUT (WiC)
Fig.2 Block diagram




NJ8820

ELECTRICAL CHARACTERISTICS AT Vpp = 5V

Test conditions unless otherwise stated:

Vpp—Vss=5V +0-5V. Temperature range NJ8820 BA: -30°C to +70°C; NJ8820 MA: —40°C to +85°C
DC Characteristics

Value
Characteristic Units Conditions
Min. | Typ. | Max. )
Supply current 35 |56 | mA | fosc frn = 10MHz } Oto5V
07 15 mA | fosc, fFin = 1:0MHz Sw‘gaefe
OUTPUT LEVELS
Memory Enable Output (ME)
Low level 04 \ Isink = 4mMA
Open drain pull-up voltage 7 Vv
Data Select Outputs (DS0-DS2)
High level 46 Vv Isource = TMA
Low level 04 Y Isink = 2mA
Modulus Control Output (MC)
High level 46 \ lsource = TMA
Low level 04 Vv Isink = TMA
Lock Detect Output (LD)
Low level 04 Y Isink = 4mA
Open drain pull-up voltage 7 "
PDB Output
High level 46 Vv Isource = 5MA
Low level 04 \% Isink = 5MA
3-state leakage current *0-1 A
INPUT LEVELS
Data Inputs (D0-D3)
High level 4-25 Vv TTL compatible
Low level 075 \ See note 1
Program Enable Input (PE)
Trigger level Vaias Vv Vgias = self-bias point of PE
*100mV (nominally Vpp/2)
AC Characteristics
Value .
Characteristic Units Conditions
Min. | Typ. | Max.
Fin and OSC IN input level 200 mVRMS | 10MHz AC-coupled sinewave
Max. operating frequency, fgy and fosc 10:6 MHz Input squarewave Vpp to Vgg,
See note 5.
Propagation delay, clock to MC 30 50 ns See note 2.
PE pulse length, ty 5 us Pulse to Vgg or Vpp.
Data set-up time, tpg 1 us
Data hold time, tpy 10 ns
Digital phase detector propagation delay 500 ns
Gain programming resistor, RB 5 kQ
Hold capacitor, CH 1 nF See note 3.
Output resistance, PDA 5 kQ
Digital phase detector gain 04 V/Rad
Power supply rise time 100 us 10% to 90%, see note 4.

NOTES

1.
2.
3.

4.
5. Operation at up to 15MHz is possible with a full logic swing but is not guaranteed.

Data inputs have internal pull-up resistors to enable them to be driven from TTL outputs.

All counters have outputs directly synchronous with their respective clock rising edges.

The finite output resistance of the internal voltage follower and "on' resistance of the sample switch driving this pin will add a finite time constant

to the loop. An external 1nF hold capacitor will give a maximum time. constant of 5us, typically.

To ensure correct operation of power-on programming.

10




NJ8820

PIN DESCRIPTIONS
Pin no. Name Description
1 PDA Analog output from the sample and hold phase comparator for use as a ‘fine’ error signal. Output at
(Vop—Vss)/2 when the system is in lock. Voltage increases as fy phase lead increases; voltage
decreases as f, phase lead increases. Output is linear over only a narrow phase window, determined
by gain (programmed by RB). .
2 PDB Three-state output from the phase/frequency detector for use as a ‘coarse’ error signal.
fy> f, or fy leading: positive pulses with respect to the bias point Vgjas
fy < fr or f; leading: negative pulses with respect to the bias point Vgjas
fy = fr and phase error within PDA window: high impedance.
3 D An open-drain lock detect output at low level when phase error is within PDA window (in lock); high
impedance at all other times.
4 Fin The input to the main counters, normally driven from a prescaler, which may be AC-coupled or, when
a full logic swing is available, may be DC-coupled.
5 Vss Negative supply (ground).
6 Voo Positive supply.
7,8 OSC IN/ | These pins form an on-chip reference oscillator when a series resonant crystal is connected across
OSC OUT | them. Capacitors of appropriate value are also required between each end of the crystal and ground

9,10, 11, 12| D0-D3
13 ME
14 PE

15, 16, 17 | DS0-DS2

to provide the necessary additional phase shift. An external reference signal may, alternatively, be
applied to OSCIN. This may be a low-level signal, AC-coupled, or if a full logic swing is available it may
be DC-coupled. The program range of the reference counter is 3 to 2047, with the division ratio being
twice the programmed number.

Information on these inputs is transferred to the internal data latches during the appropriate data read
time slot. D3 is MSB, DO is LSB.

An open drain output for use in controlling the power supply to an external ROM or PROM. ME is low
during the data read period and high impedance at other times.

A positive or negative pulse or edge AC-coupled into this pin initiates the single-shot data read
procedure. Grounding this pin repeats the data read procedure in a cyclic manner.

Internally generated three-state data select outputs, which may be used to address external memory.

18 MC Modulus control output for controlling an external dual-modulus prescaler. MC will be low atthe beginning
of a count cycle and will remain low until the ‘A’ counter completes its cycle. MC then goes high and
remains high until the ‘M’ counter completes its cycle, at which pointboth ‘A’ and ‘M’ counters are reset.
This gives a total division ratio of MP+A, where P and P+1 represent the dual-modulus prescaler
values. The program range of the ‘A’ counter is 0-127 and therefore can control prescalers with a
division ratio up to and including +128/129. The programming range of the ‘M’ counter is 8-1023
and, for correct operation, M=A. Where every possible channel is required, the minimum total division
ratio should be P2-P.

19 RB An external sample and hold phase comparator gain programming resistor should be connected
between this pin and Vgs.

20 CH An external hold capacitor should be connected between this pin and Vgs.

20 ] 8 T T T T
Vpp =5V

Vpp =5V { . | l i n

‘bp=3 7 Fiy = LOW FREQUENCY

OSC IN, Fjy = OV TO 5V SQUARE WAVE // \ 0V TO 5V SQUARE WAVE
~ 15 6 N
E— L~ H \
g CecW - / g’ N iowkz
- /,/ £, SO N
o SV ° 1MH1\\ \\
g // Z3 N K
a a \
? // 3

05 > 2
- TOTAL SUPPLY CURRENT IS
— THE SUM OF THAT DUE TO F)y 1
AND 0SC IN
1 2 3 5 6 7 8 9 10 02 04 06 08 10 12 14 16
INPUT FREQUENCY (MHz) INPUT LEVEL (V RMS)
Fig. 3 Typical supply current v. input frequency Fig. 4 Typical supply current v. input level, OSC IN
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NJ8820

PROGRAMMING

Program information can be obtained from an external
ROM or PROM under the control of the NJ8820. Twenty-eight
data bits are required per channel arranged as eight 4-bit
words leaving four redundant bits, two of which are available
on the data bus driving the data transfer time slot and may be
used for external control purposes. A suitable PROM would be
the 745287, giving up to 32 channel capability as shown in Fig.
5. Note that the choice of PNP transistor and supply bypass
capacitor on the ROM should be such that the ROM will power
up in time: for example, at 10MHz oscillator frequency, the
ROM must be powered up in less than 25ps.

Reading this data is normally done in single shot mode, with
the data read cycle started by either a positive or negative
pulse on the program enable (PE) pin. The data read cycle is
generated from a program clock at 1/64 of the reference
oscillator frequency. A memory enable signal (ME) is supplied
to allow power-down of the ROM when it is not in use. Data
select outputs (DS0-DS2) remain in a high impedance state
when the program cycle is completed to allow the address bus
to be used for other functions if desired. The data map, data
read cycle and timing diagram are shown in Figs. 6 to 8. Data
is latched internally during the portions of the program cycle
shown shaded in Fig. 7 and all data is transferred to the

counters and latched during the data transfer time slot.
Alternatively, the PE pin may be grounded, causing the data
read cycle to repeat cyclically to allow continuous up-dating of
the program information. In this mode, external memory willbe
enabled continuously (ME low) and the data read cycle will
repeat every sixteen cycles of the internal program clock, i.e.
every 1024/fogc seconds. This programming method is not
recommended because the higher power consumption and
the possibilities of noise into the loop from the digital data lines.

Power-on Programming

On power-up, the data read cycle is automatically initiated,
making it unnecessary to provide a PE pulse. The circuit
detects the power supply rising above a threshold point
(nominally 1-5V) and, after an internally generated delay to
allow the supply to rise fully, the circuit is programmed in the
normal way. This delay is generated by counting reference
oscillator pulses and is therefore dependent on the crystal
used. The delay consists of 53248 reference oscillator cycles,
giving a delay of about 5ms at 10MHz.

To ensure correct operation of this function, the power
supply rise time should be less than 5ms (at 10MHz), rising
smoothly through the threshold point.

A4-A7 £5V
(CHANNEL SWITCH)
100k
15k
—
(.
1 7 16 [}~ [ 1 7 201
0-1p
2 15 [ ;; [2 191] [
I
3 14 {3 18] Ic2B
4 13 Qs 1722 122p
H .
87
s 74S2 12 s 1 }031 I—
p /77; NJ8820 F,oso C2A
{le 1 [f—oo +—1le 15 L 22p
{17 10 1o == e . L . 1
{ i I T
8 9 IE] 13 /;;47;)
—_.____90_[ 2 399__
9 1 C13C2A + C2B +..
D1 D2
——— o 11
Fig. 5 Programming via PROM
WORD| DS2 DS1 DSo D3 D2 D1 Do
1 0 0 0 M1 MO - -
2 0 0 1 M5 M4 M3 M2
3 0 1 0 M9 M8 M7 M6
4 0 1 1 A3 A2 A1 AO
5 1 0 0 - A6 A5 A4
6 1 0 1 R3 R2 R1 RO
7 1 1 0 R7 R6 R5 R4
8 1 1 1 - R10 R9 R8

Fig. 6 Data map
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NJ8820

PROGRAM
CLOCK
PE
ME DATA
TRANSFER
ON —VE
FROGRAM
L : s IR, IR T AR08 IR
DSo _—— %\ %:t S?,«': Q\*{f x\ \Q\\x R :\\“: g\\:} _ CLock
Soslosy oS s o ow \l\T
DS1 -- = R
DS2 - == -
DATA
TRANSFER
4 PROGRAM CLOCK WORD | WORD | WORD | WORD | WORD | WORD | WORD | WORD /
CYCLES FROM SETTLING 1 2 3 4 5 6 7 8
Fig.7 Data selection
PE
DSO
DO -D3
tps tp
(DATA - INTERNAL
MODE)
Fig.8 Timing diagram
PHASE COMPARATORS

The digital phase/frequency detector drives a three-state
output, PDB, which provides a ‘coarse’ error signal to enable
fast switching between channels. The PDB output is active
until the phase error is within the sample and hold phase
detector, PDA, window, when PDB becomes high impedance.
Phase-lock is indicated at this point by a low level on'LD. The
sample and hold phase detector provides a 'fine’ error signal’
to give further phase adjustment and to hold the loop in lock.

An internally generated ramp, controlled by the digital
output from both the reference and main divider chains, is
sampled at the reference frequency to give the ‘fine’ error
signal, PDA. When in phase lock, this output would be typically
at (Vpp—Vss)/2 and any offset from this would be proportional
to phase error. The relationship between this offset and the

phase error is the phase comparator gain, which is
programmable with an external resistor, RB. An internal 50pF
capacit‘or is used in the sample and hold comparator.

CRYSTAL OSCILLATOR

When using the internal oscillator, the stability may be
enhanced at high frequencies by the inclusion of a resistor
between pin 8 (OSC OUT) and the other components. A value
of 2:2kQ2 is advised.

PROGRAMMING/POWER UP

* Data and signal input pins should not have input applied to
them prior to the application of Vpp, as otherwise latch-up may
occur.
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NJ8821

FREQUENCY SYNTHESISER (MICROPROCESSOR INTERFACE)
WITH RESETTABLE COUNTERS

The NJ8821 is a synthesiser circuit fabricated on the GPS
CMOS process and is capable of achieving high sideband
attenuation and low noise performance. It contains a reference
oscillator, 11-bit programmable reference divider, digital and
sample-and-hold comparators, 10-bit programmable ‘M’ counter,
7-bit programmable ‘A’ counter and the necessary control and
latch circuitry for accepting and latching the input data.

Data is presented as eight 4-bit words under external control
from a suitable microprocessor..

It is intended to be used in conjunction with a two-modulus
prescaler such as the SP8710 series to produce a universal
binary coded synthesiser.

The NJ8821 is available in Plastic DIL (DP) and Miniature
Plastic DIL (MP) packages, both with operating temperature
range of ~30°C to +70°C. The NJ8821MA is available only in
Ceramic DIL package with operating temperature range of
—40°C to +85°C.

FEATURES

B Low Power Consumption

B Microprocessor Compatible

W High Performance Sample and Hold Phase Detector
W >10MHz Input Frequency

ORDERING INFORMATION

NJ8821 BA DP Plastic DIL Package

NJ8821 BA MP Miniature Plastic DIL Package
NJ8821 MA DG Ceramic DIL Package

poallt  —  20[Jcu
poB []2 19[] r8
b[|s 18] wic
Fin []4 17[] ps2
\ 5 16} | D
sl aszn %
voo [J6 15[] pso
oscN |7 1] pe
oscour [[8 13[]ne
Do |9 12{] o3
DP; P20
o1 [J10 1] o2 ?)oé%
Fig.1 Pin connections - top view
ABSOLUTE MAXIMUM RATINGS
Supply voltage, Vpp—Vgs -0-5Vto 7V

Input voltage
Open drain output, pin 3 v
All other pins Vgs—0-3V to Vpp+0-3V
Storage temperature —65°Cto +150°C
(DG package, NJ8821MA)
—55°Cto +125°C
(DP and MP packages, NJ8821)

Storage temperature

DATA SELECT INPUTS

DSo DS1 DS2 RB cH
r - ——Tr?Tie-oﬁ_—__—_— 1w 20 |
PROGRAM 14 LATCH SELECT e INTERNAL |
ENABLE (PE) Loaic LATCHES |
t |
OSCTN AR S UNTER 02 ' SAMPLEFOLD| | ooa
—|_DETECTOR i
oscour [T 1T l
| [LATCH g [LaTCH 7 [ LATCH 8] I FREGUENGY |
| PHASE 2% po8
0o o2 +— DETECTOR |
2 2k |
02 _
103 o1z @3 LOCK DETECT (LD)
: [LATCH4 JLATCHS] [LATCH 1 [ LATCH 2 [ LATCH 3] Vss :
| TN L |
Fn &2 ‘A’ COUNTER ‘M’ COUNTER Y |
| (7BITS) (10BITS) I
voo s il |
oo +— MODULUS
CONTROL LOGIC 18 5 CONTROL__
OUTPUT (WC)

Fig.2 Block diagram
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ELECTRICAL CHARACTERISTICS AT Vpp = 5V

Test conditions unless otherwise stated:

NJ8821

Vpp-Vss=5V +0-5V. Temperature range NJ8821 BA: ~30°C to +70°C; NJ8821MA: ~40°C to +85°C

DC Characteristics

. Value
Characteristic Units Conditions
Min. | Typ. | Max.
| Supply current 35 55 mA | fosc, fFn = 1T0MHz | Oto 5V
07 1:5 mA | fose fFn = 1~OMH2} ﬁ%ﬁge

OUTPUTLEVELS
Modulus Control Output (MC) .

High level 46 Vv Isource = TMA

Low level 0-4 \ lging = TMA
Lock Detect Output (LD)

Low level 0-4 \ Isink = 4mA

Open drain pull-up voltage 7 Vv
PDB Output

High level 46 \Y Isource = 5MA

Low level 0-4 \Y Isink = SMA

3-state leakage current 01 HA
INPUTLEVELS !
Data Inputs (D0-D3)

High level 4:25 Vv TTL compatible

Low level 0-4 \ See note 1
Program Enable Input (PE)

High level 4-25 \

Low level 075 \
Data Select Inputs (DS0-DS2)

High level 425 Y

Low level 0-75 \Y

AC Characteristics
Value
Characteristic Units Conditions
Min. | Typ. | Max.
Fin and OSC IN input level 200 mVRMS [ 10MHz AC-coupled sinewave
Max. operating frequency, fry and fogc 106 MHz [ Input squarewave Vppto Vgs,
See note 4.

Propagation delay, clock to MC 30 50 ns See note 2.
Strobe pulse width, tysr, 2 ps
Data set-up time, tpg 1 ps
Data hold time, tpy 1 us See Fig. 6
Latch address set-up time, tse 1 us
Latch address hold time, t¢ 1 us
Digital phase detector propagation delay 500 ns
Gain programming resistor, RB 5 k See note 3.
Hold capacitor, CH 1 nF
Output resistance, PDA 5 k
Digital phase detector gain 04 V/Rad

NOTES
1

. Data inputs have internal pull-up resistors to enable them to be driven from TTL outputs.
2. All counters have outputs directly synchronous with their respective clock rising edges.
3. The finite output resistance of the internal voltage follower and ‘on’ resistance of the sample switch driving this pin will add a finite time constant

to the loop. An external 1nF hold capacitor will give a maximum time constant of 5ps, typically.
4. Operation at up to 15MHz is possible with a full logic swing but is not guaranteed.

15




NJ8821

PIN DESCRIPTIONS

Pin no. Name Description
1 PDA Analog output from the sample and hold phase comparator for use as a ‘fine’ error signal. Output at
(Vop—Vss)/2 when the system is in lock. Voltage increases as f, phase lead increases; voltage
decreases as f; phase lead increases. Output is linear over only a narrow phase window, determined
by gain (programmed by RB).
2 PDB Three-state output from the phase/frequency detector for use as a ‘coarse’ error signal.
fy>f, orfy leading: positive pulses with respect to the bias point Vgag
fy < fr orf, leading: negative pulses with respect to the bias point Vg ag
fy = f; and phase error within PDA window: high impedance.
3 (1) An open-drain lock detect output at low level when phase error is within PDA window (in lock); high
impedance at all other times.
4 Fin The input to the main counters, normally driven from a prescaler, which may be AC-coupled or, when
a full logic swing is available, may be DC-coupled.
5 Vss Negative supply (ground).
6 Voo Positive supply.
7,8 OSC IN/ | These pins form an on-chip reference oscillator when a series resonant crystal is connected across
OSC OUT | them. Capacitors of appropriate value are also required between each end of the crystal and ground
to provide the necessary additional phase shift. An external reterence signal may, alternatively, be
appliedto OSC IN. This may be a low-level signal, AC-coupled, or if a full logic swing is available it may
be DC-coupled. The program range of the reference counter is 3 to 2047, with the division ratio being
twice the programmed number.
9,10,11,12| D0-D3 | Dataon these inputs is transferred to the internal data latches during the appropriate data read time
slot. D3 is MSB, DO is LSB. ‘
13 NC No connection
14 PE This pin is used as a strobe for the data. A logic ‘1’ on this pin transfers data from the D0-D3 pins to
the internal latch addressed by the data select (DS0-DS2) pins . A logic ‘0’ disables the data inputs.
15, 16,17 | DS0-DS2 | Data select inputs for addressing the internal data latches
18 MC Modulus controloutput for controlling an external dual-modulus prescaler. MC will be low atthe beginning
of a count cycle and will remain low until the ‘A’ counter completes its cycle. MC then goes high and
remains high untilthe ‘M’ counter completes its cycle, at which point both ‘A’ and ‘M’ counters are reset.
This gives a total division ratio of MP+A, where P and P+1 represent the dual-modulus prescaler
values. The program range of the ‘A’ counter is 0-127 and therefore can control prescalers with a
division ratio up to'and including +128/129. The programming range of the ‘M’ counter is 8-1023
and, forcorrectoperation, M= A. Where every possible channelis required, the minimum total division
ratio should be P2~ P.
19 RB An external sample and hold phase comparator gain programming resistor should be connected
between this pin and V. .
20 CH An external hold capacitor should be connected between this pin and Vgg.
e 1T T 1 ° 07! agoumc
Vpp =5V
Vop =8V 7 Fiy = LOW FREQUENCY
OSC N, Fy = OV TO 5V SQUARE WAVE N OV TO 5V SQUARE WAVE
15 ~6 N
g d E N
- - E5
g o5 || g N iowkz
510 54 \\\‘\
1MH.
§ / | IN % \ ™~
05 ,/ —t 2 ~
4/ TOTAL SUPPLY CURRENT IS
-~ THE SUM OF THAT DUE TO Fiy 1
AND OSC I | l
1 2 3 4 5 6 71 8 9 10 02 04 06 08 10 12 14 16
INPUT FREQUENCY (MHz) INPUT LEVEL (V RMS)

Fig. 3 Typical supply current v. input frequency
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PROGRAMMING

Timing is generated externally, normally from a
microprocessor, and allows the user to change the data in
selected latches as defined by the data map Fig.5. The PE pin
is used as a strobe for the data: taking PE high causes datato
be transferred from the data pins (D0-D3) into the addressed
latch. Following the falling edge of PE, the data is retained in
the addressed latch and the data inputs are disabled. Data
transfer from all internal latches into the counters occurs
simultaneously with the transfer of data into latch 1, which
would therefore normally be the last latch addressed during
each channel change. Timing information for this mode of
operation is given in Fig. 6.

When re-programming, a reset to zero state is followed by
reloading with the new counter values. This means that the
synthesiser loop lock-up time is well defined and less than

NJ8821

10ms. If shorter lock-up times are are required when making
only small changes in frequency, the GPS NJ8823 (with non-
resettable counters) should be considered.

WORD| DS2 | DS1 | DSO | D3 D2 D1 Do
1 0 0 0 M1 Mo - -
2 0 0 1 M5 M4 M3 | M2
3 0 1 0 M9 M8 M7 | M6
4 0 1 1 A3 A2 Al A0
5 1 0 0 - A6 A5 | A4
6 1 0 1 R3 R2 R1 RO
7 1 1 0 R7 R6 R5 | R4
8 1 1 1 - R10 | R9 R8

Fig. 5 Data map

PE 7 K
Do -D3
twisT) ‘H‘E
Fig. 6 Timing diagram
PHASE COMPARATORS

The digital phase/frequency detector drives a three-state
output, PDB, which provides a ‘coarse’ error signal to enable
fast switching between channels. The PDB output is active
until the phase error is within the sample and hold phase
detector, PDA, window, when PDB becomes high impedance.
Phase-lock is indicated at this point by a low level on LD. The
sample and hold phase detector provides a ‘fine’ error signal
to give further phase adjustment and to hold the loop in lock.

An internally generated ramp, controlled by the digital
output from both the reference and main divider chains, is
sampled at the reference frequency to give the ‘fine’ error
signal, PDA. Whenin phase lock, this output would be typically
at (Vpp— Vss)/2 and any offset from this would be proportional
to phase error. The relationship between this offset and the

phase error is the phase comparator gain, which is
programmable with an external resistor, RB. An internal 50pF
capacitor is used in the sample and hold comparator.

CRYSTAL OSCILLATOR

When using the internal oscillator, the stability may be
enhanced at high frequencies by the inclusion of a resistor
between pin 8 (OSC OUT) and the other components. Avalue
of 150-270 is advised.

PROGRAMMING/POWER UP

Data and signal input pins should not have input applied to
them priorto the application of Vpp, as otherwise latch-up may
occutr.

17



NJ88C22 IS FOR MAINTENANCE PURPOSES ONLY AND IS NOT RECOMMENDED FOR NEW DESIGNS

GEC PLESSEY
A scmiconbucrons]

DS2439-2.2

NJ88C22

FREQUENCY SYNTHESISER (MICROPROCESSOR SERIAL INTERFACE)
WITH RESETTABLE COUNTERS

The NJB8C22is a synthesiser circuit fabricated on the GPS
CMOS process and is capable of achieving high sideband
attenuation and low noise performance. It contains a reference poa [ ~ eNew
oscillator, 11-bit programmable reference divider, digital and
sample-and-hold comparators, 10-bit programmable ‘M’ counter, po8 [ |2 15 j RB
7-bit programmable ‘A’ counter and the necessary control and — [ s 1a ] —
latch circuitry for accepting and latching the input data. L me
Data is presented serially under external control from a Fin []4 13[] cap PDA LT 18F0 CH
suitable microprocessor. Although 28 bits of data are initially NJ88C22 PoB EE; :: - :_?:
required to program all counters, subsequent updating can be Vss [:5 12[] enasLe '% % . s % cAP
igg;z\i/:ged to 17bits, whenonly the‘A’ and ‘M’ counters require Voo [J6 1[]ctock  F, CTs |NJBBC22 14 T ENABLE
) — [mm 1] 1317 CLOCK
The NJ88C22 is intended to be used in conjunction with a GsCin |7 10 :l DATA v:: [mm b 12T DATA
two-modulus prescaler such as the SP8715 series to produce a i 9 ] NC CT8 1 1 Ne
universalbinary coded synthesiserforupto 1100MHz operation. oscout |8 N Bsem 9 10 [T osc out
DG16, DP16 MP18
FEATURES
B Low Power Consumption Fig.1 Pin connections - top view (not to scale)
B High Performance Sample and Hold Phase Detector
@ Serial Input with Fast Update Feature ABSOLUTE MAXIMUM RATINGS
B >20MHz Input Frequency Supply voltage, Vpp—Vss: —0-75Vto 7V
m ) Input voltage _
Fast Lock-up Time Open drain output, LD pin: 7V
All other pins: Vss—0-3Vto Vpp+0-3V
ORDERING INFORMATION Siorageterr?perature: % sgec o $125°C
NJ88C22 MA DG Ceramic DIL Package (DP and MP packages)
NJ88C22 MA DP Plastic DIL Package —65°Cto +150°C
NJ88C22 MA MP Miniature Plastic DIL Package (DG package)
g
RB CAP CH
i_ ________________ 15_ 17—- 16-—|
l (17) |(15) |(18) |
—==—17(9) REFERENCE COUNTER f ) |
OSCIN (11BITS) +2 u S»:M;iAZ/SIEO:D 1(1) PDA
ET|
osc out 2019 10 |

I LATCH 6 | LATCH7 | LATCH 8 '

DATA :g(:i) L FREQUENCY/ 22|
ENABLEE( ) — R REGISTER fy | | [prase - o8
3(4) __
W LOCK DETECT (LD)
Vss |

‘M’ REGISTER

LATCH 1 | LATCH 2 | LATCH 3

bbb b e

|
F 5) ‘M’ COUNTER ‘A" COUNTER :
IN (10 BITS) r (7BITS)
I T il I
Vo o800 [y |
DD 14 (16)] MODULUS
| CONTROL LOGIC ) CONTROL _
Ve 6261 | ouTPUT (MC)
SS
e e —

Fig.2 Block diagram (MP pinout shown in parentheses)
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NJ88C22

ELECTRICAL CHARACTERISTICS AT Vpp = 5V
Test conditions unless otherwise stated:
Vpp—Vss=5V +0-5V. Temperature range = —40°C to +85°C
DC Characteristics

Value
Characteristic Units Conditions
Min. | Typ. | Max.
Supply current 55 mA fosc fEn = 1T0MHz | Oto 5V
o 15 mA fosc fFm = 1MHzZ } Ihare
Modulus Control Output (MC)
High level 46 \Y lsource = TMA
Low level 0-4 Y lsing = TMA
Lock Detect Output (LD)
Low level 0-4 Vv Isin = 4mMA
Open drain pull-up voltage 70 \
PDB Output
High level 46 \ Isource = SMA
Low level 0-4 \ Ising = SMA
3-state leakage current +0-1 vA
AC Characteristics
Value
Characteristic Units Conditions
Min. | Typ. | Max.
Finyand OSC IN input level 200 mV RMS| 10MHz AC-coupled sinewave
Max. operating frequency, fFy and fosc 20 MHz Input squarewave Vpp 10 Vss,
25°C.
Propagation delay, clock to modulus control MC 30 50 ns See note 2
Programming Inputs
Clock high time, tcy 05 us
Clock low time, o, 05 ps Alltiming periods
Enable set-up time, tgg 0-2 teH ys are referenced to
Enable hold time, tgy 0-2 us the negative
Data set-up time, tpg 02 us transition of the
Data hold time, tpy 02 us clock waveform
Clock rise and fall times 0-2 ys
High level threshold Vpp—0-8 \ See note 1
Low level threshold 0-8 Vv See note 1
Hysteresis 10 \ See note 1
Phase Detector
Digital phase detector propagation delay 500 ns
Gain-programming resistor, RB 5 k
Hold capacitor, CH 1 nF See note 3
Programming capacitor, CAP 1 nF
Output resistance, PDA 5 k
NOTES

1. Data, Clock and Enable inputs are high impedance Schmitt buffers without pull-up resistors; they are therefore not TTL compatible.

2. All counters have outputs directly synchronous with their respective clock rising edges.

3. The finite output resistance of the internal voltage follower and ‘on’ resistance of the sample switch driving this pin will add a finite time constant
to the loop. An external 1nF hold capacitor will give a maximum time constant of Sps.

4. The inputs to the device should be at logic ‘0" when power is applied if latch-up conditions are to be avoided. This includes the signal/osc.
frequency inputs.
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NJ88C22

PIN DESCRIPTIONS

Pin no.

DG,DP

MP

Name

Description

1

7,8

11

15

16

1

17

PDA

PDB

NC

OSC IN/
oscouT

NC
DATA

CLOCK

ENABLE

RB

CH

Analog output from the sample and hold phase comparator for use as a ‘fine’ error signal. Voltage
increases as fy (the output from the ‘M’ counter) phase lead increases; voltage decreases as f; (the
output from the reference counter) phase lead increases. Output is linear over only a narrow phase
window, determined by gain (programmed by RB). In atype 2 loop, this pinis.at (Vpp—Vss)/2 when the
system is in lock.

Three-state output from the phase/frequency detector for use as a ‘coarse’ error signal.
fy> 1 orfy leading: positive pulses with respect to the bias point Vg ag
fy < f, orf; leading: negative pulses with respect to the bias point Vgas
fy = f and phase error within PDA window: high impedance.

Not connected.

An open-drain lock detect output at low level when phase error is within PDA window (in lock); high
impedance at all other times.

The input to the main counters. It is normally driven from a prescaler, which may be AC-coupled or,
when a full logic swing is available, may be DC-coupled.

Negative supply (ground).
Positive supply (normally 5V)
Notconnected.

These pins form an on-chip reference oscillator when a series resonant crystal is connected across
them. Capacitors of appropriate value are also required between each end of the crystal and ground
to provide the necessary additional phase shift. The additionofa220 resistorbetween OSC QUT and
the crystal willimprove stability. An externalreference signal may, alternatively, be appliedto OSCIN.
This may be a low-level signal, AC-coupled, or if a full logic swing is available it may be DC-coupled.
The program range of the reference counter is 3 to 2047 , with the total division ratio being twice the
programmed number.

Notconnected.

Information onthis input is transferredto the internal data latches during the appropriate datareadtime
slot. DATA is high for a ‘1" and low for a'0'. There are three data words which control the NJ88C22;
MSB is first in the order: ‘A’ (7 bits), ‘M’ (10 bits), ‘R’ (11 bits).

Data is clocked on the negative transition of the CLOCK waveform. If less than 28 negative clock
transitions have been received when the ENABLE line goes low (i.e., only ‘M’ and ‘A’ will have been
clockedin), thenthe 'R’ counterlatch will remain unchangedandonly ‘M’ and ‘A’ will be transferred from
the input shift register to the counter latches.. This will protect the ‘R’ counter from being corrupted by
any glitches onthe clock line after only ‘M’ and ‘A’ have been loaded If 28 negative transitions have
been counted, then the ‘R’ counter will be loaded with the new data.

When ENABLE is low, the DATA and CLOCK inputs are disabled internally. As soon as ENABLE is
high, the DATA and CLOCK inputs are enabled and data may be clocked into the device. The data is
transferredfromthe input shift register to the counter latches on the negative transition of the ENABLE
input and both inputs to the phase detector are synchronised to each other.

This pin allows an external capacitor to be connected in parallel with the internal ramp capacitor and
allows further programming of the device. (This capacitor is connected from CAP to Vgg).

Modulus controloutputforcontrolling an external dual-modulus prescaler. MC will be low atthe beginning
of a count cycle and will remain low until the ‘A’ counter completes its cycle. MC then goes high and
remains high untilthe ‘M’ counter completes its cycle, at which pointboth ‘A’ and ‘M’ counters are reset.
This gives a total division ratio of MP+ A, where P and P+1 represent the dual-modulus prescaler
values. The program range of the ‘A’ counter is 0-127 and therefore can control prescalers with a
division ratio up to and including +128/129. The programming range of the ‘M’ counter is 8-1023
and, forcorrectoperation, M=A. Where every possible channelis required, the minimum total division
ratio Nshould be: N=P2-P, where N = MP+A.

An external sample and hold phase comparator gain programming resistor should be connected
between this pin and Vgg.

An external hold capacitor should be connected between this pin and Vgg.
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NJ88C22
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OSC IN, Fjy = OV TO 5V SQUARE WAVE
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é/ TOTAL SUPPLY CURRENT IS
-~ THE SUM OF THAT DUE TO Fy
AND OSC IN I l

1 2 3 4 5 6 7 8 9 10
INPUT FREQUENCY (MHz)

T T T T
Vpp = 5V
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Fig. 3 Typical supply current v. input frequency

PROGRAMMING
Reference Divider Chain

The comparison frequency depends upon the crystal
oscillator frequency and the division ratio of th ‘R’ counter,
which can be programmed in the range 3 to 2047, and a fixed
divide by two stage.

- _fosc
~ 2xfcomp
where fosc = oscillator frequency,
fcomp = comparison frequency,

~ R="R’counter ratio

For example, where the crystal frequency = 10MHz and a
channel spacing comparison frequency of 12-5kHz is required,

R=__ 10" _
2x12:5%10°

Thus, the ‘R’ registerwould be programmedto 400 expressed
in binary. The total division ratio would then be 2x400 = 800
since thetotal division ratio of the ‘R’ counter plus the +2 stage
is from 6 to 4094 in steps of 2.
VCO Divider Chain

The synthesisedfrequency of the voltage controlled oscillator
(VCO) will depend on the division ratios of the ‘M’ and ‘A’
counters, the ratio of the external two-modulus prescaler
(P/P+ 1)and the comparison frequency .

The division ratio N= MP+A,
where Mis the ratio of the ‘M’ counter in the range 8 to 1023
and A is the ratio of the ‘A’ counter in the range 0 to 127.

Fig. 4 Typical supply current v. input level, OSC IN

Note that M=A and
_ fweo

~ fcomp

For example, if the desired VCO frequency = 275MHz, the
comparisonfrequency is 12-5kHz and atwo-modulus prescaler
of +64/65 is being used, then

6
Nz 275%10° _ 555103
12:5x10° )
Now, N= MP+A, which can be rearranged as N/P= M+ A/P.
In our example we have P = 64, therefore

22x10°% A
6 ~M&
suchthat M=343 and A/64 = 0-75.
Now, M is programmed to the integer part = 343 and A is
programmedto the fractional partx64i.e., A= 0-75X64 =48.
NB The minimum ratio Nthat can be usedis P2— P (= 4032in
our example) for all contiguous channels to be available.

To check: N=343x64+48 =22000, which is the required
division ratio and is greaterthan 4032 (= P2-P).

When re-programming, aresetto zerois followed by reloading
withthe new countervalues, which means that the loop lock-up
time will be well defined and less than 10ms. If shorter lock-up
times are required, whenmaking only smallchangesin frequency,
the non-resettable NJ88C28 should be considered.

gy —»] <

L
ton —> |<—

cLOCK < tcn —>
r’l_'I"T"'l
ENABLE N N S B T oL
‘EH li-“l 1 1 ;’J [~ 'ES
Lol olodo oo
—'14—‘03
DATA >®<
1

Fig. 5 Timing diagram showing timing periods required for correct operation
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NJ88C22

(15)26 (16)27  (17)28

L

DATA lr As s | | | A I. (Ma)Ro ]' (MR, ! (Mg)Rq ]I
Fig.6 Timing diagram showing programming details
PHASE COMPARATORS
Noise output from asynthesiserloop is related to loop gain: is sampled at the reference frequency to give the ‘fine’ error
Kpp Kvco signal, PDA. Whenin phase lock, this output would be typically

N
where Kppis the phase detector constant (volts/rad), Ko is
the VCO constant (rad/sec/volt) and Nis the overall loop division
ratio. When Nis large and the loop gain is low, noise may be
reduced by employing a phase comparator with a high gain.
The sample and hold phase comparator in the NJ88C22 has
a high gain and uses a double sampling technique to reduce
spurious outputs to a low level.

Astandard digital phase/frequency detectordriving athree-
state output,PDB, provides a ‘coarse’ error signal to enable
fast switching between channels.

The PDB output is active until the phase error is within the
sample and hold phase detector window, when PDB becomes
high impedance. Phase-lock is indicated at this point by a low
levelon LD. The sample and hold phase detector provides a
‘fine’ error signal to give further phase adjustment and to hold
the loopinlock. Aninternally generated ramp, controlied by the
digital output from both the reference and main divider chains,

22

at (Vpp—Vss)/2 and any offset from this would be proportional
to phase error.

The relationship between this offset and the phase error is
the phase comparatorgain, Kppa, Which is programmable with
an external resistor, RB, and a capacitor, CAP. An internal
50pF capacitor is used in the sample and hold comparator.

CRYSTAL OSCILLATOR

When using the internal oscillator, the stability may be
enhanced at high frequencies by the inclusion of a resistor
betweenthe OSC OUT pin andthe othercomponents. Avalue
of between 150 and 270 is advised, depending on the
crystal series resistance.

PROGRAMMING/POWER UP

Data and signal input pins should not have input applied to
them priorto the application of Vo, as otherwise latch-up may
occur.
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NJ8823

FREQUENCY SYNTHESISER (MICROPROCESSOR INTERFACE)
WITH NON-RESETTABLE COUNTERS

B AN BN/ IV 5 el F 07 Vs e W N W/ F W E Bl

The NJ8823 is a synthesiser circuit fabricated on the GPS
CMOS process and is capable of achieving high sideband \
attenuation and low noise performance. It contains a reference poa []1 20[]cH
oscillator, 11-bit programmable reference divider, digital and po8 [|2 19(] mB
sample-and-hold comparators, 10-bit programmable ‘M’ counter,
7-bit programmable ‘A’ counter and the necessary control and d [3 18 ] MC
latch circuitry for accepting and latching the input data.

Datais presented as eight 4-bit words under external control Fin [} 17[] osz
from a suitable microprocessor.. Vss [ 5 16 ] DSt

It is intended to be used in conjunction with a two-modulus NJ8823
prescaler such as the SP8710 series to produce a universal Voo [6 15{] pso
binary coded synthesiser. GEETH

The NJ8823 is available in Plastic DIL (DP) and Miniature osem [y 1aflee
Plastic DIL (MP) packages, both with operating temperature 0sc ouT[a 13 ne
range of —30°C to +70°C. The NJ8823MA is available only in
Ceramic DIL package with operating temperature range of bo Eg 12:] 03
~40°C to +85°C. o1 [J1o0 nfoe  DPELMPZ
FEATURES

B Low Power Consumption

B Microprocessor Compatible

B High Performance Sample and Hold Phase Detector
B >10MHz Input Frequency

W Fast Lock-up Time

Fig.1 Pin connections - top view

ABSOLUTE MAXIMUM RATINGS
Supply voltage, Vpp—Vss
Input voltage

Open drain output, pin 3 v

-0-5Vto 7V

All other pins Vgs—0-3Vto Vpp+0-3V
ORDERING |NFORMAT|ON Storage temperature ~65°C to +150°C
NJ8823 BA DP Plastic DIL Package (DG package, NJ8823MA)
NJ8823 BA MP Miniature Plastic DIL Package Storage temperature —-55°Cto +125°C

NJ8823 MA DG Ceramic DIL Package

(DP and MP packages, NJ8823)

DATA SELECT INPUTS
DS0 DS1 DS2 RB CH

r ——————————— _T1? ?6—01-;- ——————— A 20—I
T0
PROGRAM b14 LATCH SELECT by INTERNAL |
ENABLE (PE) Loaic LATCHES

nde

il

REFERENCE COUNTER . y
OSCIN (11BITS) 2 SAMplil‘.EéHEOLD 15 poA
DETECTOR
0SC ouT |
[ LATCH 6 | LATCH 7 | LATCH 8 | rrreqvenov] |
I I PHASE 24 PDB
00 02 +—{ DETECTOR
DATA | D1 §10 |
INPUTS | p2 &1 al _
D3 ?‘2 L © LOCK DETECT(LD)
: [LATCH 4 JLATCH 5| [CATCH 1 TLATCH 2  LATCH 3] Vss
Fin ‘A’ COUNTER ‘M’ COUNTER f
(7BITS) (10BITS)

MODULUS

8

CONTROL LOGIC
v e

CONTROL__
OUTPUT (MC)

D

Fig.2 Block diagram
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NJ8823

ELECTRICAL CHARACTERISTICS AT Vpp =5V

Test conditions unless otherwise stated:

Vpp—Vss=5V +0-5V. Temperature range NJ8823 BA: -30°C to +70°C; NJ8823 MA: -40°C to +85°C

DC Characteristics

Value
Characteristic Units Conditions
Min. | Typ. | Max.
Supply current 35 55 mA | fose. fFw = 10MHz | Oto 5V
07 15 mA | fose fEIn = 1-OMHZ} 3&2’9

OUTPUT LEVELS
Modulus Control Output (MC)

High level 46 Y lsource = 1TMA

Low level e 04 Vv Ising = TMA
Lock Detect Output (LD)

Low level 04 \ Isink = 4mMA

Open drain pull-up voltage 7 \
PDB Output

High level 46 % lsource = SMA

Low level 0-4 \Y lsink = SMA

3-state leakage current 01 PA
INPUT LEVELS
Data Inputs (D0O-D3)

High level 425 \" TTL compatible

Low level 04 \ See note 1
Program Enable Input (PE)

High level 425 v

Low level 0-75 \"
Data Select Inputs (DS0-DS2)

High level 425 \

Low level 075 \

AC Characteristics
. Value
Characteristic Units Conditions
Min. | Typ. | Max.
Fiy and OSC IN input level 200 mVRMS | 10MHz AC-coupled sinewave
Max. operating frequency, fg\y and fose 106 MHz | Input squarewave Vppto Vgg,
See note 4.

Propagation delay, clock to MC 30 50 ns See note 2.
Strobe pulse width, tys) 2 us
Data set-up time, tpg 1 us
Data hold time, tpy 1 us See Fig. 6
Latch address set-up time, tge 1 us
Latch address hold time, t¢ 1 us
Digital phase detector propagation delay 500 ns
Gain programming resistor, RB 5 k See note 3.
Hold capacitor, CH 1 nF
Output resistance, PDA 5 k
Digital phase detector gain 04 V/Rad

. Data inputs have internal pull-up resistors to enable them to be driven from TTL outputs.

N
1
2. All counters have outputs directly synchronous with their respective clock rising edges.
3. The finite output resistance of the internal voltage follower and ‘on’ resistance of the sample switch driving this pin will add a finite time constant

to the loop. An external 1nF hold capacitor will give a maximum time constant of 5ps, typically.
4. Operation at up to 15MHz is possible with a full logic swing but is not guaranteed.
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PIN DESCRIPTIONS

NJ8823

Pin no. Name Description
1 PDA Analog output from the sample and hold phase comparator for use as a ‘fine’ error signal. Output at
(Vpp—Vss)/2 when the system is in lock. Voltage increases as f, phase lead increases; voltage
decreases as f, phase lead increases. Output is linear over only a narrow phase window, determined
by gain (programmed by RB).
2 PDB Three-state output from the phase/frequency detector for use as a ‘coarse’ error signal.
fy>f, orf, leading: positive pulses with respect to the bias point Vgas
fy < fr or f, leading: negative pulses with respect to the bias point Vgag
fy = f, and phase error within PDA window: high impedance.
3 (] An open-drain lock detect output at low level when phase error is within PDA window (in lock); high
impedance at all other times.
4 Fin The input to the main counters, normally driven from a prescaler, which may be AC-coupled or, when
a full logic swing is available, may be DC-coupled.
5 Vss Negative supply (ground).
6 Vop Positive supply.
7,8 OSCIN/ | These pins form an on-chip reference oscillator when a series resonant crystal is connected across
OSC OUT | them. Capacitors of appropriate value are also required between each end of the crystal and ground
to provide the necessary additional phase shift. An external reference signal may, alternatively, be
appliedto OSC IN. This may be alow-level signal, AC-coupled, or if afull logic swing is available it may
be DC-coupled. The program range of the reference counter is 3 to 2047, with the division ratio being
twice the programmed number.
9,10, 11,12| DO0-D3 | Dataon these inputs is transferred to the internal data latches during the appropriate data read time
slot. D3 is MSB, DO is LSB.
13 NC No connection
14 PE This pin is used as a strobe for the data. A logic ‘1’ on this pin transfers data from the D0-D3 pins to
the internal latch addressed by the data select (DS0-DS2) pins . A logic ‘0’ disables the data inputs.
15, 16, 17 | DS0-DS2 | Data select inputs for addressing the internal data latches
18 MC Modulus controloutput for controlling an external dual-modulus prescaler. MC will be low atthe beginning
of a count cycle and will remain low until the ‘A’ counter completes its cycle. MC then goes high and
remains high untilthe ‘M’ counter completes its cycle, at which point both ‘A’ and ‘M’ counters are reset.
This gives a total division ratio of MP+ A, where P and P+1 represent the dual-modulus prescaler
values. The program range of the ‘A’ counter is 0-127 and therefore can control prescalers with a
division ratio up to and including +128/129. The programming range of the ‘M’ counter is 8-1023
and, forcorrect operation, M= A. Where every possible channelis required, the minimum total division
ratio should be P2~ P.
19 RB An external sample and hold phase comparator gain programming resistor should be connected
between this pin and Vgg.
20 CH An external hold capacitor should be connected between this pin and Vgg.
2:0 8 T T T T
NERR 0= o
Vop =5V 7 F, = LOW FREQUENCY
OSC N, F)y = 0V TO 5V SQUARE WAVE N OV TO 5V SOUARE WAVE
15 ~ ~6 N
g prd g N
z ssew | z° N
g P g N
510 54 ~
3 o AN
1 1MHz \
a / | IN 8 N ™~
3 1 L1 @
0§ " 2 ~
// TOTAL SUPPLY CURRENT IS
THE SUM OF THAT DUE TO Fiy 1
AND OsC 0
1 2 3 4 5 6 7 8 9 10 02 04 06 08 10 12 14 16
INPUT FREQUENCY (MHz) INPUT LEVEL (V RMS)

Fig. 3 Typical supply current v. input frequency

Fig. 4 Typical supply current v. input level, OSC IN
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PROGRAMMING

Timing is generated externally, normally from a
microprocessor, and allows the user to change the data in
selected latches as defined by the data map Fig.5. The PE pin
is used as a strobe for the data: taking PE high causes datato
be transferred from the data pins (D0-D3) into the addressed
latch. Following the falling edge of PE, the data is retained in
the addressed latch and the data inputs are disabled. Data
transfer from all internal latches into the counters occurs
simultaneously with the transfer of data into latch 1, which
would therefore normally be the last latch addressed during
each channel change. Timing information for this mode of
operation is given in Fig. 6.

When re-programming,the counters arechangedonly when
they reach a zero state. There is no reset to zero state, which
means that the synthesiser loop lock-up time will be variable.

For the case when only small changes in frequency are
required, the non-resettable synthesiser should achieve the
shortest loop lock-up times.

WORD| DS2 | DS1 | DSO | D3 D2 D1 Do

1 0 0 0 M1 MO - -

2 0 0 1 M5 M4 M3 | M2
3 Y 1 0 MS M8 M7 | M6
4 0 1 1 A3 A2 A1 A0
5 1 0 0 - A6 A5 A4
6 1 0 1 R3 R2 R1 RO
7 1 1 0 R7 R6 R5 R4
8 1 1 1 - R10 | R9 R8

Fig. 5 Data map

€

PE

Do -D3

twisT)

tHe

Fig. 6 Timing diagram

PHASE COMPARATORS

The digital phase/frequency detector drives a three-state
output, PDB, which provides a ‘coarse’ error signal to enable
fast switching between channels. The PDB output is active
until the phase error is within the sample and hold phase
detector, PDA, window, when PDB becomes high impedance.
Phase-lock is indicated at this point by a low level on LD. The
sample and hold phase detector provides a ‘fine’ error signal
to give further phase adjustment and to hold the loop in lock.

An internally generated ramp, controlled by the digital
output from both the reference and main divider chains, is
sampled at the reference frequency to give the ‘fine’ error
signal, PDA. Whenin phase lock, this outputwould be typically
at (Vpp—Vss)/2 and any offset from this would be proportional
to phase error. The relationship between this offset and the
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phase error is' the phase comparator gain, which is
programmable with an externalresistor, RB. An internal 50pF
capacitor is used in the sample and hold comparator.

CRYSTAL OSCILLATOR

When using the internal oscillator, the stability may be
enhanced at high frequencies by the inclusion of a resistor
between pin 8 (OSC OUT) and the other components. Avalue
of 150-270 is advised.

PROGRAMMING/POWER UP

Data and signal input pins should not have input applied to
them priorto the application of Vg, as otherwise latch-up may
occeur.
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NJ88C24

FREQUENCY SYNTHESISER (MICROPROCESSOR SERIAL INTERFACE)
WITH NON-RESETTABLE COUNTERS

The NJ88C24 is a synthesiser circuit fabricated on the GPS
CMOS process and is capable of achieving high sideband
attenuation and low noise performance. It contains a reference
oscillator, 11-bit programmable reference divider, digital and
sample-and-hold comparators, 10-bitprogrammable ‘M’ counter,
7-bit programmable ‘A’ counter and the necessary control and
latch circuitry for accepting and latching the input data.

Data is presented serially under external control from a
suitable microprocessor. Although 28 bits of data are initially
required to program all counters, subsequent updating can be
abbreviated to 17 bits, when only the ‘A’ and'M' counters require
changing.

The NJ88C24 is intended to be used in conjunction with a
two-modulus prescaler such as the SP8710 or SP8705 series
to produce a universal binary coded synthesiser for up to
1100MHz operation.

FEATURES

B Low Power Consumption

B High Performance Sample and Hold Phase Detector
B Serial Input with Fast Update Feature

B >20MHz Input Frequency

W Fast Lock-up Time

ORDERING INFORMATION

NJ88C24 MA DG Ceramic DIL Package
NJ88C24 MA DP Plastic DIL Package
NJ88C24 MA MP Miniature Plastic DIL Package

N\
poa []1 18f] cu
po [J2 15|] re
o[ 1] inc
poa 1 18T CH
4 13
Ful NJ8aC24 loe oo s m
ves [I5 12[] enspre  NC CTY0 18 We
o4 157 cap
Voo [[6 1] clock  F, CIfs |NJBBC24 140 ENABLE
s CT]6 1317 cLock
OSC IN [ 7 10 ] DATA Voo CT7 12T DATA
NC T8 1 I3 NC
oscour [[a o] ne == 1 oscour
DG16, DP16 MP18

Fig.1 Pin connections - top view (not to scale)

ABSOLUTE MAXIMUM RATINGS

Supply voltage, Vpp—Vss:
Input voltage .

Open drain output, LD pin: 7v

All other pins: Vgs—0:3V to Vpp+0-3V

Storage temperature: ~55°C to +125°C

(DP and MP packages)

—65°C to +150°C

(DG package)

-05Vio 7V

RB CAP CH
I,._ ___________________ = ==
I (17) {(15) [(18) |
—17(9) REFERENCE COUNTER _ f, , I
OSCIN 11BITS) 02 SAMPLEHOLO |11y
8010 DETECTOR I
oscouT
[ :
Lo 12) FREQUENCY |2(2]
DATA%——‘—— —
T2(14) — R’ REGISTER 1 PHASE PDB
ENABLE v DETECTOR !
CLOCK%" (13) I ‘M REGISTER E L 3@ LOCK DETECT (LD)
| !
| [CATCH 1] LATCH 2 | LATCH 3] LATCH § ~$-Vss :
4(5) ‘W' COUNTER ‘A’ COUNTER |
Fin (10 BITS) ’— (7 BITS)
i 7 i |
Voo 14 (16)] MODULUS
| CONTROL LOGIC ' CONTROL__
56 OUTPUT (MC)
"ss?l‘L
e e e e o e o e o o e o o o e e e S S o e e —
Fig.2 Block diagram
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ELECTRICAL CHARACTERISTICS AT Vpp = 5V
Test conditions unless otherwise stated:
Vpp—Vss=5V 1£0-5V. Temperature range = -40°C to +85°C
DC Characteristics

Value
Characteristic Units Conditions
Min. | Typ. | Max.
Supply current 55 mA fosc, fFn = 10MHz ) Oto 5V
L 1.5 mA fosc: fFn = TMHz } ahare
Modulus Control Qutput (MC)
High level 46 \ lsource = TMA
Low level 0-4 \ lsing = TMA
Lock Detect Output (LD)
Low level 0-4 \ lsink = 4mMA
Open drain pull-up voltage 70 \Y
PDB Output
High level 4-6 \ lsource = SMA
Low level 04 \ lsink = SMA
3-state leakage current 01 WA
AC Characteristics
Value
Characteristic Units Conditions
Min. | Typ. | Max.
Fi and OSC IN input level 200 mV RMS| 10MHz AC-coupled sinewave
Max. operating frequency, fp)y and fogc 20 MHz Input squarewave Vpp 1o Vgg,
25°C.
Propagation delay, clock to modulus control MC 30 50 ns See note 2
Programming Inputs
Clock high time, tcy 05 ys
Clock low time, tg, 05 Hs Al timing periods
Enable set-up time, tgg 0-2 ten ys are referenced to
Enable hold time, tgy 0-2 ps the negative
Data set-up time, tpg 02 ps transition of the
Data hold time, tpy 02 ps clock waveform
Clock rise and fall times 0-2 us
High level threshold Vpp—0-8 \Y See note 1
Low level threshold 0-8 v See note 1
Hysteresis 10 Vv See note 1
Phase Detector
Digital phase detector propagation delay 500 ns
Gain programming resistor, RB 5 k
Hold capacitor, CH 1 nF See note 3
Programming capacitor, CAP 1 nF
Output resistance, PDA 5 k
NOTES

1. Data, Clock and Enable inputs are high impedance Schmitt buffers without pull-up resistors; they are therefore not TTL compatible.

2. All counters have outputs directly synchronous with their respective clock rising edges.

3. The finite output resistance of the internal voltage follower and ‘on’ resistance of the sample switch driving this pin will add a finite time constant
to the loop. An external 1nF hold capacitor will give a maximum time constant of Sps.

4. The inputs to the device should be at logic ‘0" when power is applied if latch-up conditions are to be avoided. This includes the signal/osc.
frequency inputs.
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PIN DESCRIPTIONS

NJ88C24

Pin no.

DG,DP

MP

Name

Description

1

7,8

15

16

1

9,10

13

14

15

16

PDA

PDB

NC

OSC IN/
oscouT

NC
DATA

CLOCK

ENABLE

RB

CH

Analog output from the sample and hold phase comparator for use as a fine’ error signal. Voltage
increases as fy (the output from the ‘M’ counter) phase lead increases; voltage decreases as f; (the
output from the reference counter) phase lead increases. Output is linear over only a narrow phase
window, determined by gain (programmed by RB). in atype 2 ioop, this pin is at (Vpp—Vgs)/2 whenthe
system is in lock.
Three-state output from the phase/frequency detector for use as a ‘coarse’ error signal.

fy> 1t orfy leading: positive pulses with respect to the bias point Vgas

fy < fr or f; leading: negative pulses with respect to the bias point Vgjas

fy = and phase error within PDA window: high impedance.

Not connected.

An open-drain lock detect output at low level when phase error is within PDA window (in lock); high
impedance at all other times. ]

The input to the main counters. It is normally driven from a prescaler, which may be AC-coupled or,
when a full logic swing is available, may be DC-coupled.

Negative supply (ground).
Positive supply (normally 5V)
Not connected.

These pins form an on-chip reference oscillator when a series resonant crystal is connected across
them. Capacitors of appropriate value are also required between each end of the crystal and ground
toprovide the necessary additional phase shift. The addition of a220" resistor between OSC OUT and
the crystal willimprove stability. An external reference signal may, alternatively, be appliedto OSC IN.
This may be a low-level signal, AC-coupled, or if a full logic swing is available it may be DC-coupled.
The program range of the reference counter is 3 to 2047 , with the total division ratio being twice the
programmed number.

Not connected.

Information onthis inputistransferredtothe internal datalatches during the appropriate datareadtime
slot. DATA is high for a '1" and low for a ‘0". There are three data words which control the NJ88C24;
MSB is first in the order: 'A’ (7 bits), ‘M’ (10 bits), 'R’ (11 bits).

Data is clocked on the negative transition of the CLOCK waveform. If less than 28 negative clock
transitions have been received when the ENABLE line goes low (i.e., only ‘M” and ‘A’ will have been
clockedin), thenthe ‘R’ counterlatch will remain unchanged andonly ‘M’ and ‘A’ will be transferred from
the input shift register to the counter latches. This will protect the ‘R’ counter from being corrupted by
any glitches on the clock line after only ‘M’ and ‘A’ have been loaded If 28 negative transitions have
been counted, then the ‘R’ counter will be loaded with the new data.

When ENABLE is low, the DATA and CLOCK inputs are disabled internally. As soon as. ENABLE is
high, the DATA and CLOCK inputs are enabled and data may be clocked into the device. The datais
transferredfromthe input shift register to the counter latches on the negative transition of the ENABLE
input and both inputs to the phase detector are synchronised to each other.

This pin allows an external capacitor to be connected in parallel with the internal ramp capacitor and
allows further programming of the device. (This capacitor is connected from CAP to Vgg).

Modulus controloutput for controlling an external dual-modulus prescaler. MC willbe low atthe beginning
of a count cycle and will remain low until the ‘A’ counter completes its cycle. MC then goes high and
remains high untilthe ‘M’ counter completes its cycle, at which pointboth ‘A’ and ‘M’ counters are reset.
This gives a total division ratio of MP+ A, where P and P+1 represent the dual-modulus prescaler
values. The program range of the ‘A’ counter is 0-127 and therefore can control prescalers with a
division ratio up to and including +128/129. The pi

and, forcorrect operation, M=A. Where every possiblechannelis required, the minimumtotal division
ratio N should be: N=P?2—P, where N = MP+A.

An external sample and hold phase comparator gain programming resistor should be connected
between this pin and Vgs.

roamrammi o a ‘A ar i
ogramming range of the ‘M’ counter is 8-1023

An external hold capacitor should be connected between this pin and Vgs.
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Fig. 3 Typical supply current v. input frequency

PROGRAMMING
Reference Divider Chain
The comparison frequency depends upon the crystal
oscillator frequency and the division ratio of th ‘R’ counter,
which can be programmed in the range 3 to 2047, and a fixed
divide by two stage.
- _fosc
= 2Xxfcomp
where fosc = oscillator frequency,
fcomp = comparison frequency,
R =R’ counter ratio
For example, where the crystal frequency = 10MHz and a
channel spacing comparison frequency of 12-5kHz is required,

R=__107  _
2x12:5%x10°

Thus, the ‘R’ registerwould be programmedto 400 expressed
in binary. The total division ratio would then be 2X400 = 800
sincethetotal division ratio of the ‘R’ counter plusthe +2 stage
is from 6 to 4094 in steps of 2.
VCO Divider Chain

Thesynthesisedfrequency of the voltage controlled oscillator
(VCO) will depend on the division ratios of the ‘M’ and ‘A’
counters, the ratio of the external two-modulus prescaler
(P/P+ 1)and the comparison frequency .

The division ratio N= MP+ A,
where Mis the ratio of the ‘M’ counter in the range 8 to 1023
and A is the ratio of the 'A’ counter in the range 0 to 127.

Fig. 4 Typical supply current v. input level, OSC IN

Note that M=A and
N= fyco
fcomp
For example, if the desired VCO frequency = 275MHz, the
comparisonfrequency is 12-5kHz and atwo-modulus prescaler
of +64/65 is being used, then

N= 275%10° _ 55y 10
12:5x10°
Now, N= MP+A, which can be rearranged as N/P = M+ A/P.
In our example we have P = 64, therefore

22%10° A
62 ~Mtez

such that M=343 and A/64 = 0-75.

Now, M is programmed to the integer part = 343 and A is
programmed to the fractional partx64 i.e., A= 0-75x64 = 48.
NB The minimum ratio Nthat can be used is P2~ P (=4032 in
our example) for all contiguous channels to be available.

To check: N=343x64+48 =22000, which is the required
division ratio and is greater than 4032 (= P2-P).

When re-programming, the counters are changed only at
the zero state. There is no resetto zero, which means thatthe
synthesiserloop lock-up time will be variable. When only small
changes in frequency are required, the non-resettable
synthesiser should achieve the shortest loop lock-up times.

CLOCK [ tcn —>
romAasr-- -

ENABLE tey —>] :4_: : :
Lol o Jda oo

pATA ><D<

Fig. 5 Timing diagram showing timing periods required for correct operation
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(1526  (16)27 - (17)28

L

Fig.6 Timing diagram showing programming details

PHASE COMPARATORS
Noise output from asynthesiser loop is related to loop gain:
KPD KVCO

N
where Kppis the phase detector constant (volts/rad), Kyco is
the VCO constant (rad/sec/volt) and Nis the overall loop division
ratio. When Nis large and the loop gain is low, noise may be
reduced by employing a phase comparator with a high gain.
The sample and hold phase comparator in the NJ88C24 has
a high gain and uses a double sampling technique to reduce
spurious outputs to a low level.

Astandarddigitalphase/frequency detectordriving athree-
state output,PDB, provides a ‘coarse’ error signal to enable
fast switching between channels.

The PDB output is active until the phase error is within the
sample and hold phase detector,window, when PDB becomes
high impedance. Phase-lock is indicated at this point by alow
level on LD. The sample and hold phase detector provides a
‘fine’ error signal to give further phase adjustment and to hold
the loopinlock. Aninternally generated ramp, controlled by the
digital output from both the reference and main divider chains,

is sampled at the reference frequency to give the ‘fine’ error
signal, PDA. Whenin phase lock, this output would be typically
at (Vpp—Vss)/2 and any offset from this would be proportional
to phase error.

The relationship between this offset and the phase error is
the phase comparatorgain, Kppa, Which is programmable with
an external resistor, RB, and a capacitor, CAP. An internal
50pF capacitor is used in the sample and hold comparator.

CRYSTAL OSCILLATOR

When using the internal oscillator, the stability may be
enhanced at high frequencies by the inclusion of a resistor
betweenthe OSC OUT pin andthe othercomponents. Avalue
of between 150 and 270 is advised, depending on the
crystal series resistance.

PROGRAMMING/POWER UP

Data and signal input pins should not have input applied to
them priorto the application of V5, as otherwise latch-up may
occur.
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NJ88C25

FREQUENCY SYNTHESISER (MICROPROCESSOR SERIAL INTERFACE)

The NJ88C25 is a synthesiser circuit fabricated on the GPS
CMOS process and is capable of achieving high sideband
attenuation and low noise performance. It contains a reference
oscillator, 11-bit programmable reference divider, digital and
sample-and-hold comparators, 10-bit programmable ‘M’ counter,
7-bitprogrammable ‘A’ counter, latched and buffered Band 0 and
Band 1 outputs and the necessary control and latch circuitry for
accepting and latching the input data.

Dataispresentedserially under external control from a suitable
microprocessor. Although 30 bits of data are initially required to
program all counters, subsequent updating canbe abbreviated to
19 bits, whenonly the ‘A", ‘M’ and ‘B’ counters require changing.

TheNJ88C25is intended to be usedin conjunction with atwo-
modulus prescaler such as the SP8710 series to produce a
universalbinary coded synthesiser.

FEATURES

B Low Power Consumption

B High Performance Sample and Hold Phase Detector
B Serial Input with Fast Update Feature

ORDERING INFORMATION

poa |1 ~ 1 [ cH
roB []2 17{] rB
A 16[] mc
o[fs 15[] cap
Fiy[|5 NJ88C25 14 [] ENABLE
vss []6 13[] cLock
voo [J7 12[] DATA
Banpo []8 1] BAND 1
0sCiN[]o 10[] osc out

DG18, DP18, MP18

Fig.1 Pin connections - top view
ABSOLUTE MAXIMUM RATINGS
Supply voltage, Vpp —Vss:

Input voltage
Open drain output, pins 3 and 4: v

-0-5Vto 7V

) All other pins: Vss—0:3Vto Vpp+0-3V
NJ88C25 KA DG Ceramic DIL Package . _aco e oo
NJ88C25 KA DP Plastic DIL Package Storage temperature: 65°C 0 +150°C (DG package)
NJ88C25 KA MP Miniature Plastic DIL Package (DP and MP packages)
RB CAP CH
5 17 s i 1
| |
——Jo REFERENCE COUNTER ] t |
OSCIN (1BITS) 2 ' S‘;’:P:ii%?:o 14 poa
osc our &1 [ I
! Larcrs :
oara &7 - t PR e |2 I PDB
ENABLEQ ¢ . DETECTOR |

CLOCK 13 —{'5' REGISTER ‘M'REGISTER
—

ool

| [CLaTcHs ] [CATCH 1] LATCH 2 | LATCH3)

! P

8

| —

LEE—J(% LOCK DETECT (LD)
vss |

3l

i
BAND 0 E i v
Y11 A ‘M COUNTER w ! :
BAND 1 Q—Q—J (10 BITS) r (7BITS) - Vss :
5 A1
Fin I il |
MODULUS
| CONTROL LOGIC 164 contRoL_
Voo 6;— | ouTPuT (MC)
Vs & |
Lt e e s e e e e e ey e S G i e e S S [ |
Fig.2 Block diagram

32



NJ88C25

ELECTRICAL CHARACTERISTICS AT Vpp = 5V
Test conditions unless otherwise stated:
Vpp—Vss=2:7V to 5-5V. Temperature range = -30°C to +70°C
DC Characteristics

Value
Characteristic Units Conditions
Min. Typ. | Max.
Supply current . 55 mA fosc, fFin = 20MHz ) 0tosV
07 mA fosc fFn = TMHZ \ square
. 37 mA fosc, fFn = 10MHz | Wave
OUTPUTS
Modulus Control (MC), BAND 1 and BAND 2
Highlevel . Vpp—04 \Y Isource = 1MA
Low level 0-4 \Y Isink = TMA
Lock Detect. (LD) and Fy
Low level . 04 \ lsing = 4mA
Open drain pull-up voltage 70 \'
PDB
High level 46 \ Isource = 4MA
Low level 04 \" lsing = 4mMA
3-state leakage current ) +0-1 pA
AC Characteristics
Value

Characteristic Units Conditions
Min. | Typ. | Max. ' .

Fin and OSC IN input level 200 mV RMS | 10MHz AC-coupled sinewave
Max. operating frequency, frjy and fosc 20 MHz Input squarewave Vpp to Vgs,
Propagation delay, clock to modulus control MC 30 50 ns See note 2
Programming inputs

Clock high time, tey 05 | s ‘

Clock low time, t. ) 05 . s All timing periods

Enable set-up time, tgs (see note 5) 02 ten us are referenced to

Enable hold time, tgy 0-2 us the negative

Data set-up time, tpg 0-2 s transition of the

Data hold time, toy 02 ps clock waveform.

Clock rise and fall times 02 |- us See note 5

Positive threshold 3 \ .

Negative threshold ’ v |TTL compatible, see note 1
Phase Detector

Digital phase detector propagation delay 500 ~ ns

Gain programming resistor, RB ! 5 k

Hold capacitor, CH ‘ B nF See note 3

Programming.capacitor, CAP 1 nF

Outputresistance, PDA 5 k

NOTES

1. Data inputs have internal pull-up resistors to enable them to be driven from TTL outputs.

2. All counters have outputs directly synchronous with their respective clock rising edges.

3. The finite output resistance of the internal voltage follower and ‘on’ resistance of the sample switch driving this pin will add a finite time constant
to the loop. An external 1nF hold capacitor will give a' maximum time constant of 5ps.

4. The inputs to the device should be at logic ‘0’ when power is applied if latch-up conditions are to be avoided. This includes the OSC IN and
Fiy inputs.

5. Clock to enable set-up time (tgs) is variable, dependent on fogc. It needs to be specified in terms of fogc, clock high time (tcy) and clock low time
(tcL) and must meet the following conditions: 4 X 1/fogcStes<{ton ! tor)-
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PINDESCRIPTIONS

Pin no.

Name

Description

9,10

8, 11
12

13

17

18

PDA

PDB

OSC IN/
oscouT

BAND 0/1
DATA

CLOCK

ENABLE

RB

CH

Analog output from the sample and hold phase comparator for use as a ‘fine’ error signal. Voltage
increases as fy (the output from the ‘M’ counter) phase lead increases; voltage decreases as f; (the
output from the reference counter) phase lead increases. Output is linear over only a narrow phase
window, determined by gain (programmed by RB). In atype 2 loop, this pinis at (Vpp—Vss)/2 when the
system is in lock.

Three-state output from the phase/frequency detector for use as a ‘coarse’ error signal.
fy> f, orfy leading: positive pulses with respect to the bias point Vgag
fy < f, or f, leading: negative pulses with respect to the bias point Vgas
fy = f, and phase error within PDA window: high impedance.

This pin is an open drain output from the ‘M’ counter.

An open-drain lock detect output at low level when phase error is within PDA window (in lock); high
impedance at all other times.

The input to the main counters. It is normally driven from a prescaler, which may be AC-coupled or,
when a full logic swing is available, may be DC-coupled.

Negative supply (ground).
Positive supply (normalily 5V)

These pins form an on-chip reference oscillator when a series resonant crystal is connected across
them. Capacitors of appropriate value are also required between each end of the crystal and ground
to provide the necessary additional phase shift. The addition of a220 resistorbetween OSC OUT and
the crystal willimprove stability. An external reference signal may, alternatively, be appliedto OSC IN.
This may be a low-level signal, AC-coupled, or if a full logic swing is available it may be DC-coupled.
The program range of the reference counter is 3 to 2047 , with the total division ratio being twice the
programmed number.

Two latch outputs, providing an output of the data from the ‘B’ register.

Information onthis inputis transferredtothe internal data latches during the appropriate datareadtime
slot. DATAis highfora‘'1’andlowfora'0’. There are four data words which controlthe NJ88C25; MSB
is first in the order: ‘A’ (7 bits), ‘M’ (10 bits), ]B’ (2 bits) and 'R’ (11 bits).

Data is clocked on the negative transition of the CLOCK waveform. If less than 30 negative clock
transitions have been received whenthe ENABLE line goes low (i.e., only ‘B’,'M’ and ‘A’ willhave been
clockedin), thenthe ‘R’ counterlatch will remain unchanged andonly ‘M’ and ‘A’ will be transferred from
the input shift register to the counter latches. This will protect the ‘R’ counter from being corrupted by
anyglitchesonthe clockline afteronly ‘B, ‘M'and'A’ have been loaded. If 30 negative transitions have
been counted, then the ‘R’ counter will be loaded with the new data.

When ENABLE is low, the DATA and CLOCK inputs are disabled internally. As soon as ENABLE is
high, the DATA and CLOCK inputs are enabled and data may be clocked into the device. The datais
transferredfromthe input shift register to the counterlatches on the negative transition of the ENABLE
input and both mputs to the phase detector are synchronised to each other.

This pin allows an external capacitor to be connected in paraliel with the internal ramp capacitor and
allows further programming of the device. (This capacitor is connected from CAP to Vgg).

Modulus controloutputforcontrolling an external dual-modulus prescaler. MC willbe low atthe beginning
of a count cycle and will remain low until the ‘A’ counter completes its cycle. MC then.goes high and
remains high untilthe ‘M’ counter completesits cycle, at which pointboth ‘A’ and ‘M’ counters are reset.
This gives a total division ratio of MP+ A, where P and P+1 represent the dual-modulus prescaler
values. The program range of the ‘A’ counter is 0-127 and therefore can control prescalers with a
division ratio up to and including +128/129. The programming range of the ‘M’ counter is 8-1023
and, forcorrectoperation, M= A. Whereeverypossnblechannelnsrequwed the minimum total division
ratio Nshould be: N=P2—-P,

An external sample and hold phase comparator gain programming resistor should be connected
between this pin and Vgs.

An external hold capacitor should be connected between this pin and Vgg.
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Fig. 3 Typical supply current v. input frequency

PROGRAMMING
Reference Divider Chain

The comparison frequency depends upon the crystal
oscillator frequency and the division ratio of th ‘R’ counter,
which can be programmed in the range 3 to 2047, and a fixed

divide by two stage.
_ __fosc

= 2xfcomp
where fosc = oscillator frequency,
fcomp = comparison frequency,
R = ‘R’ counter ratio
For example, where the crystal frequency = 10MHz and a
channel spacing comparison frequency of 12:5kHz is required,

o107
2x12:5x10°

Thus, the ‘R’ registerwould be programmedto 400 expressed
in binary. The total division ratio would then be 2x400 = 800
since the total divisionratio of the ‘R’ counter plus the +2 stage
is from 6 to 4094 in steps of 2.
VCO Divider Chain

The synthesisedfrequency of the voltage controlled oscillator
(VCO) will depend on the division ratios of the ‘M’ and ‘A’
counters, the ratio of the external two-modulus prescaler
(P/P+ 1)and the comparison frequency .

Fig. 4 Typical supply current v. input level, OSC IN

The division ratio N= MP+A, )
where M is the ratio of the ‘M’ counter in the range 8 to 1023
and A is the ratio of the ‘A’ counter in the range 0 to 127.
Note that M=A and

N= f, vco
fcomp

For example, if the desired VCO frequency = 275MHz, the

comparisonfrequency is 12-:5kHz and a two-modulus prescaler
of +64/65 is being used, then

N 275X10° _ 5oy 1q2
12:5x10°
Now, N= MP+A, which can be rearranged as N/P = M+A/P.
In our example we have P = 64, therefore
22x10° A
5 ~Me
such that M =343 and A/64 = 0-75.
Now, M is programmed to the integer part = 343 and A is
programmed to the fractional partx64i.e., A=0-75X64 = 48.
NB The minimum ratio N'that can be used is P2~ P (=4032 in
our example) for all contiguous channels to be available.
To check: N=343x64+48 =22000, which is the required
division ratio and is greater than 4032 (= P2-P).

CLOCK

ENABLE

LI B B | -
teh— ! ! — tes
[ I I |
LJdo

L
ton —>| |<—

—>{
DATA XIX

A

'

Fig. 5 Timing diagram showing timing periods required for correct operation
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1 2 3 4 (1728 (18)29  (19)30
CLOCK | | I I I I l l
ENABLE I |_
oatA | a5 | a5 | A | A | A | eom | @R | @0 |
Fig.6 Timing diagram showing programming details
PHASE COMPARATORS
Noise output from a synthesiser loop is related to loop gain: sample and hold phase detector window, when PDB becomes
Kpp Kvco high impedance. Phase-lock is indicated at this point by a low

N
where Kppis the phase detector constant (volts/rad), Ko is
the VCO constant (rad/sec/volt) and Nis the overall loop division
ratio. When Nis large and the loop gain is low, noise may be
reduced by employing a phase comparator with a high gain.
The sample and hold phase comparator in the NJ88C25 has
a high gain and uses a double sampling technique to reduce
spurious outputs to a low level.

Astandard digital phase/frequency detectordriving athree-
state output,PDB, provides a ‘coarse’ error signal to enable
fast switching between channels.

The PDB output is active until the phase error is within the

36

level on LD. The sample and hold phase detector provides a
fine’ error signal to give further phase adjustment and to hold
the loopinlock. Aninternally generated ramp, controlled by the
digital output from both the reference and main divider chains,
is sampled at the reference frequency to give the 'fine’ error
signal, PDA. Whenin phase lock, this output would be typically
at (Vpp—Vss)/2 and any offset from this would be proportional
to phase error.

The relationship between this offset and the phase error is
the phase comparatorgain, Kpps, Which is programmable with
an external resistor, RB, and a capacitor, CAP. An internal
50pF capacitor is used in the sample and hold comparator.
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NJ88C28

FREQUENCY SYNTHESISER (MICROPROCESSOR SERIAL INTERFACE)
WITH NON-RESETTABLE COUNTERS

(Supersedes version in May 1992 Personai Communications iC Hanaooox}

The NJ88C28 is a synthesiser circuit fabricated on the GPS
CMOS process and is capable of achieving high sideband
attenuation and low noise performance. It contains a reference
oscillator, 11-bit programmable reference divider, digital and
sample-and-hold comparators, 10-bit programmable ‘M’ counter,
7-bit programmable ‘A’ counter and the necessary control and
latch circuitry for accepting and latching the input data.

Data is presented serially under external control from a
suitable microprocessor. Although 28 bits of data are initially
required to program all counters, subsequent updating can be
abbreviatedto 17 bits, whenonly the‘A’and ‘M’ counters require
changing.

The NJ88C28 is intended to be used in conjunction with a
two-modulus prescaler such as the SP8715 series to produce
a universal binary coded synthesiser for up to 1100MHz
operation.

FEATURES
B Low Power Consumption
B High Performance Sample and Hold Phase Detector

B Serial Input with Fast Update Feature

W 5V Operation

ppA [Tt 18 cH
pDB [T [ TIRB
NC [T [TImc
o g [TICcAP
FiN NJ88C28 [TIENABLE
Vss [T cLock
Vop [T EDATA
NC [T NC
OSCIN 1o 10 0SC OuT MP18
PDA
me tER
NC FT— NC
ll:.D |- - — g:p
ves o N88C28 E= e
Vop 15 1 CLOCK
o = ==
0SC OUT g:: 10 11 NC NP20
Fig.1 Pin connections - top view (not to scale)
ABSOLUTE MAXIMUM RATINGS
Supply voltage, Vpp—Vss —-0-75Vto 7V
Input voltage
Open drain output, pin 4 7v

All other pins
Storage temperature

Vgs—0-3V to Vpp+0-3V
—55°C to +125°C

B Fast Lock Up Time
B SSOP Package Option

ORDERING INFORMATION
NJ88C28 IG MPES Miniature Plastic DIL Package
NJ88C28 IG NPAS Shrunk Miniature Plastic DIL Package

RB_ CAP CH
[ — T T T TR
| (19) {6 |20 |
——19(9 REFERENCE COUNTER . f I
OSCIN (11BITS) +2 ! ’ SAMPLE/HOLD LU} .
DETECTOH
osc ouT 219 |
| :
DATA %—IMSJ ‘R’ REGISTER f T 200 PDB
ENABLE v *—| DETECTOR 'i
13 (14) Y e 4 (4) _
cmcx# M’ REGISTER A’ REGISTER L (L) LOCK DETECT (TB)
| Ves |
| LATCH1 LATCHZ LATCH3 ss
b T TTTT |
| — i v HH Yol Yyyv ¥ v |
5 (5 ‘M’ COUNTER ‘N’ COUNTER |
Fin (10 BITS) r (7 BITS)
T T |
Voo 16 (17)) MODULUS
| CONTROL LOGIC | CONTROL__
6 (6) OUTPUT (MC)
Ves@——
e e e e e e o o o o e e e o o o o e e e e e e e o -

Fig.2 block diagram (NP pinout shown in brackets)
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ELECTRICAL CHARACTERISTICS
These characteristics are guaranteed over the following conditions, unless otherwise stated:

Vpp—Vss=5V +0-5V. Temperature range = —40°C to +85°C
DC Characteristics

Value
Characteristic Units Conditions
Min. | Typ. | Max.
Supply current 53 | 70 mA foser fRn = 10MHz Oto 5V
09 | 14 | mA fosc, fEN = 4~096MHz} puare
Modulus Control Output (MC)
ngh level 46 Vv ISOURCE =1mA
Low level 0-4 \ Isink = TMA
Lock Detect Output (LD)
Low level 0-4 Vv Isink = 4mA
Open drain pull-up voltage 70 Vv
PDB Output
High level 46 Vv lsource = 5SmA
Low level 04 \' Isink = SmA
3-state leakage current +100 nA
AC Characteristics
Characteristic Value Units Conditions
Min. Typ. Max.
Fiyand OSC IN input level 200 mV RMS | 10MHz AC-coupled sinewave
Max. operating frequency, F and OSCIN inputs 20 MHz Input squarewave Vpp to Vgg,|
25°C. See note 5.
Propagation delay, clock to modulus control MC 30 50 ns See note 2
Programming Inputs
Clock high time, toy 05 us
Clock low time, tc 05 us All timing periods
Enable set-up time, tes 0-2 tcH us are referenced to
Enable hold time, tgy 0-2 us the negative
Data set-up time, tpg 0-2 us transition of the
Data hold time, tpy 02 us clock waveform
Clock rise and fall times 0-2 us
High level threshold Vpp—0-8 \" See note 1
Low level threshold 0-8 \" See note 1
Hysteresis 1-0 2:0 \" See note 1
Phase Detector See note 3
Positive going threshold, V+ Vpp—1-25 Vv
Negative going threshold, V;— Vgg+1:05 '
Digital phase detector propagation delay 500 ns
RB current, lgg 1 600 HA Set by external conditions.
CAP/RB current gain, a 6-9 7-8 9-0 Over RB current range.
Programming capacitor, CAP 53 pF Cint Plus packaging strays.
Output resistance, PDA, PDB 80 Q

NOTES
Data, Clock and Enable inputs are high impedance Schmitt buffers with typical thresholds of Vgg+0-8V and Vpp—0-8V. These inputs do not have

1.

2.
3.

4.

5.

pull-up resistors and are therefore not TTL compatible.

All counters have outputs directly synchronous with their respective clock rising edges.
The finite output resistance of the internal voltage follower and ‘on’ resistance of the sample switch driving this pin will add a finite time constant
to the loop. An external 1nF hold capacitor will give a maximum time constant of 5ps, typically; 1us for the sample and hold amplifier.

The inputs to the device should be at logic ‘0" when power is applied if latch-up conditions are to be avoided. This includes the signal/osc.

frequency inputs.

The CAP reset device limits the minimum fin period due to its time constant formed by the CAP pin's capacitance value. A typical Ros(on) is about

1kQ. Refer to AN112 for further details.
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PIN DESCRIPTIONS

NJ88C28

Pin no.

NP

MP

Name

Description

1

11
12
13

1

9,10

11

PDA

PDB

NC

OSC IN/
OSC OUT

NC
NC
DATA

CLOCK

ENABLE

NC

Analog output from the sample and hold phase comparator for use as a ‘fine’ error signal. Voltage
increases as fy (the output from the ‘M’ counter) phase lead increases; voltage decreases as f; (the
output from the 'R’ .counter) phase lead increases. Output is linear over only a narrow phase window,
determined by gain (programmed by RB). This pin is at (Vpp—Vss)/2 when the system is in lock, for an
external loop filter amplifier biased to (Vpp—Vss)/2. Ideally, Vgias should be chosen such that the PDA
window is centred between the thresholds, typically at 0-55(Vpp—Vss)

Three-state output from the phase/frequency detector for use as a ‘coarse’ error signal.
fy> f; orfy leading: positive pulses with respect to the bias point Vgjag
fy < f; or f; leading: negative pulses with respect to the bias point Vgjasg
=f, and phase error within PDA window: high impedance.
(Minimum, M = 3 for correct function of PDB).

Not connected..

An'open-drain lock detect output at low level when phase error is within PDA window (in Iock) high
impedance at all other times.

The input to the main counters. It is normally driven from a prescaler, which may be AC-coupled o,
when a full logic swing is available, may be DC-coupled.

Negative supply (ground).
Positive supply.
Not connected.

These pins form an on-chip reference oscillator when a series resonant crystal is connected across
them. Capacitors of appropriate value are also required between each end of the crystal and ground
to provide the necessary additional phase shift. The addition of a 2:2kQ resistor between pin 10 and
the crystal will improve stability. An external reference signal may, alternatively, be applied to OSC IN.
This may be a low-level signal, AC-coupled, or if a full logic swing is available it may be DC-coupled.
The program range of the reference counter is 3 to 2047 in steps of 1, with the total division ratio being
twice the programmed value i.e., 6 to 4094 in steps of 2.

Not connected.
Not connected.

Information on this input is transferred to the internal data latches during the appropriate data read time
slot. DATA is high for a-*1” and low for a ‘0’. There are three data words which control the NJ88C28;
MSB s first in the order: ‘A’ (7 bits), ‘M’ (10 bits), ‘R’ (11 bits).

Data is clocked on the negative transition of the CLOCK waveform. If less than 28 negative clock
transitions have been received when the ENABLE line goes low (i.e., only ‘M’ and ‘A’ will have been
clocked in), then the ‘R’ counter latch will remain unchanged and only ‘M’ and ‘A’ will be transferred from
the input shift register to the counter latches. If 28 negative transitions have been counted, then the ‘R’ |
counter will be loaded with the new data.

When ENABLE is low, the DATA and CLOCK inputs are disabled intefnally. As soon as ENABLE is
high, the DATA and CLOCK inputs are enabled and data may be clocked into the device. The data is
tranisferred from'the input shift register to the counter latches on the negative transition of the ENABLE
input and both inputs to the phase detector are synchronised to ‘each other.

This pin allows' an external capacitor to-be connected in parallel with the internal ramp capacitor and
allows further programming of the device. (This capacitor is connected from CAP to Vgg).

Modulus control output for controlling an .external dual-modulus: prescaler. MC will be low at the
beginning of a count cycle and will remain low until the ‘A’ counter completes its cycle. MC then goes
high and remains high untilthe ‘M’ counter completes its cycle, at which point both ‘A’ and ‘M’ counters
are reset. This gives a total division ratio of MP+ A, where P and P+1 represent the dual-modulus
prescaler values. The program range of the ‘A’ counter is 0-127 and therefore can control prescalers
with a division ratio up to and including +128/129. The programming range of the ‘M’ counter is 3-1023
but M=8 for correct PDA operation and, for correct operation with a prescaler M=A. Where every
possible channelis required, the minimum total division ratio N'should be: N=P2— P, where N= MP+A.

Not connected

Continued...

39



NJ88C28

PIN DESCRIPTIONS (continued)

20 | 18 CH

Pin no.
Name Description
NP JMP | o e
19 | 17 RB An external sample and hold phase comparator gain programming resistor should be connected

between this pin and Vgg. Igg <600pA at Vpp = 5V.
An external hold capacitor should be connected between this pin and Vgs.

PROGRAMMING
Reference Divider Chain
The comparison frequency depends upon the crystal
oscillator frequency and the division ratio of th ‘R’ counter,
which can be programmed in the range 3 to 2047, and a fixed
divide by two stage.
_ _ fosc
~ 2Xfcomp
where fosc = oscillator frequency,
fcomp = comparison frequency,
R =R’ counter ratio
For example, where the crystal frequency = 10MHz and a
channel spacing comparison frequency of 12:56kHz is required,

R-__ 10" _
2x12:5x10°

Thus, the ‘R’ register would be programmedto 400 expressed
in binary. The total division ratio would then be 2X400 = 800
since the total division ratio of the ‘R’ counter plus the +2 stage
is from 6 to 4094 in steps of 2.
VCO Divider Chain

The synthesised frequency of the voltage controlled oscillator
(VCO) will depend on the division ratios of the ‘M’ and ‘A’
counters, the ratio of the external two-modulus prescaler
(P/P+ 1)and the comparison frequency .

The division ratio N = MP+A,
where M is the ratio of the M counter in the range 3 to 1023
and A is the ratio of the ‘A’ counter in the range 1 to 127.

Note that M=A and

N=fvco
fcomp
For example, if the desired VCO frequency = 275MHz, the
comparison frequency is 12:5kHz and atwo-modulus prescaler
of +64/65 is being used, then

N= 275%108 =22x10°
12:5x10°
Now, N = MP+A, which can be rearranged as N/P = M+A/P.
In our example we have P = 64, therefore

22x10° A
5 "M
such that M = 343 and A/64 = 0.75.

Now, M is programmed to the integer part = 343 and A is
programmed to the fractional partx64 i.e., A = 0-75X64 = 48.
NB The minimum ratio Nthat can be used is P?— P (4032in our
example) for all contiguous channels to be available.

To check: N=343x64+48 = 22000, which is the required
division ratio and is greater than 4032 ( = P2—P).

When re-programming, the counters are changed only at
the zero state. There is no reset to zero, which means that the
synthesiser loop lock up time will be variable with respect tothe
programming sequence timing. When only small changes in
frequency are required, the NJ88C28 non-resettable
synthesiser should achieve the shortest loop lock up times.

Je— teL —> '

CcLOCK < teH —>
[ e it Bl Sl
ENABLE e ! D _,J le— tes
d ol e oo

T
[
ey —>

ton —>] '«—

oaTa X}(

X

Fig. 3 Timing diagram showing timing periods required for correct operation

(1526 (1627 (1728

L

Fig. 4 Timing diagram showing programming details
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PHASE COMPARATORS
Noise output from a synthesiser loop is related to loop gain:
P Kvco

where Kppis the phase detector constant (volts/rad), Kycois the
VCO constant (rad/sec-volt) and N is the overall loop division
ratio. When N is large and the loop gain is low, noise may be
reduced by employing a phase comparator with a high gain. The
sample and hold phase comparator in the NJB8C28 has a high
gain and uses a double sampling technique to reduce spurious
outputs to a low level.

A standard digital phase/frequency detector driving a three-
state output,PDB, provides a ‘coarse’ error signal to enable
fast switching between channels.

The PDB output is active until the phase error is within the
sample and hold phase detector window, when PDB becomes
high impedance. Phase-lock is indicated at this point by a low
levelonLD. The sample and hold phase detector provides a ‘fine’
error signal to give further phase adjustment and to hold the loop
in lock. An internally generated ramp, controlled by the digital
output from both the reference and main divider chains, is
sampled atthe reference frequency to give the ‘fine’ error signal,
PDA. When in phase lock, this output would be typically at the
bias voltage set by the external loop filter ampilifier; any offset
from this would be proportional to phase error.

The relationship betweenthis offset and the phase erroristhe
phase comparator gain, Kpps, which is programmable with an
external resistor, RB, and a capacitor, CAP. An internal 50pF
capacitor is used in the sample and hold comparator. Typically,
the gain is given by:

Kong = olrg
POA™ 21 Conpfoomp

where Ccap = internal 50pF+ Cexr. Application Note AN112
deals with this further.

A hold capacitor (CH) of non-critical value, which might be
typically 470pF, is connected from pin 18 to Vgs. A smaller value

NJ88C28

is sufficient if the required sideband performance is not high. The

output from the sample and hold phase detector should be
combined with that of the coarse phase/frequency detector and
filteredto generatea single control voltage todrive the VCO. The
PDB gain is:

V,
Kros 4n
The stated minimum of 3 for the ‘M’ counter is true forthe PDB
output only. To avoid race conditions in the internal phase
comparator counter for controlling the PDA timing, the minimum
division ratioforthe ‘M’ counter should be 8 or more. Fig. 6 shows
a typical NJ88C28 application.

CRYSTAL OSCILLATOR

When using the internal oscillator, the stability may be

enhanced at high frequencies by the inclusion of a resistor
between pin 10 (OSC OUT) and the other components, as
shownin Fig. 5. Avalue of between 220Q and2-2kQ is advised,
depending on the crystal series resistance.

stahilihg

1
I Kppa
|
OSC IN ——{f—-— +R |— 2 | :
I + 2
K,
I PDB,
| |
| 5] Fin
+M
| |
| |
| NJ8sC28 |
I |
I
I

Fig.6 NJ88C28 application circuit
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PROGRAMMING/POWER UP

All data and signal input pins should have no input applied
to them prior to the application of Vpp, as otherwise latch-up
may occur. When programming the device, DATA, ENABLE
and CLOCK pins must not exceed Vpp-as lock up times may be
compromised. A suggested interface to prevent this situation

is shown in Fig. 7.

Ve (> Vpp)

PROGRAMMING
DEVICE

737

1N5711

Vop

NJ88C28

P

Fig. 7 Suggested programming circuit
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LOOP EQUATIONS

1
® _[ KVCOKPD ]5
"L NRC,C3R,

£ = [(Kveo Kpp Ro) / {{INC3 Ry g? )—1}]/ 2R
CoRs = [wo 2L+RY] ™

_ N wy (1+2¢(R)
?"Kyco Kep (R+20)

c Kveo Kep (20+R)
=
NR u)o2
where wq = loop natural frequency
{ = damping factor
R = ratio of real pole to wq
N=MP+A
Kpp = Kppa/Ri1a
or Kpep= Kppg/R1p
provided Ay,>>HAyp

Vop=[ (V) + (V)] N foomp
27 Kppa
Further details are to be found in Application Note AN112.

PDA window =
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NJ88C29

FREQUENCY SYNTHESISER (MICROPROCESSOR SERIAL INTERFACE)
WITH NON-RESETTABLE COUNTERS

The NJ88C29 is a synthesiser circuit fabricated on the GPS
CMOS process and is capable of achieving high sideband
attenuation and low noise performance. It contains a reference
oscillator, 11-bit programmable reference divider, digital and
sample-and-hold comparators, 10-bit programmable ‘M’ counter,
7-bit programmable ‘A’ counter and the necessary control and
latch circuitry for accepting and latching the input data.

Data is presented serially under external control from a
suitable microprocessor. Although 28 bits of data are initially
required to program all counters, subsequent updating can be
abbreviated to 17 bits, whenonly the ‘A’and ‘M’ counters require
changing.

The NJ88C29 is intended to be used in conjunction with a
two-modulus prescaler such as the SP8715 series to produce
a universal binary coded synthesiser for up to 1100MHz
operation. Operation from a 3.8V supply is also supported.

FEATURES

B Low Power Consumption

B High Performance Sample and Hold Phase Detector
B Serial Input with Fast Update Feature

W 3.8V Operation

B Fast Lock Up Time

B SSOP Package

POA T 1 200 —cn
POB T} -]
NC T -y
R = [T—wmC
Fin T [T —cap
s NJ88C29 e
Voo 1] [T cLocK
__NC [T DATA
OSCIN -
0SCOT = 10 1" pr=Ne

NP20
Fig.1 Pin connections - top view (not to scale)

ABSOLUTE MAXIMUM RATINGS
Supply voltage, Vpp-Vss -0-75V to 7V
Input voltage

Open drain output, pin 4 7v

All other pins Vss-0-3V to Vpp+0-3V
Storage temperature -55°C to +125°C

ORDERING INFORMATION
NJ88C29 KG/NPAS Shrunk Miniature Plastic DIL Package

RB _CAP
— e e ———
| (19) (15) (zo)
——1(9) REFERENCE COUNTER . f ,
OSCN (11BITS) +2 r SAMPLE/HOLD ! oon
10 DETECTOR I
0SC ouT
| :
|(13) FrReaUEncY | @l
DATA o
i — R' REGISTER f PHASE PDB
ENABLE% 3) Al ¢—| DETECTOR |i
cmcx%‘“’ —|  ‘M'REGISTER ‘A’ REGISTER L (4): LOCK DETECT (L)
| LATCH 1 | LATCH2 | LATCH3 LATCHS Vss |
« T+ T T TN |
! ¥4 Yy oyidy YYyy ¥ by |
5) ‘M COUNTER ‘A' COUNTER |
Fin (10 BITS) r (7 BITS)
Ly g i '
Voo (17)] MODULUS
| CONTROL LOGIC %conmor__
(6) OUTPUT (WC)
Vss@——
e o o e e ———— -
Fig.2 block diagram
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ELECTRICAL CHARACTERISTICS AT Vpp = 3.8V
These characteristics areguaranteed over thefollowing conditions, unless otherwise stated:
Vpp—Vss=3.8V +£0-4V. Temperature range = -15°C to +70°C

DC Characteristics

Value
Characteristic Units Conditions
Min. | Typ. | Max.
Supply current 30 | 50 mA fose TFn = 10MHz 0to 3.8V
06 | 094 | mA fose: T = 4-096MH2} Shuare
Modulus Control Output (MC)
High level 2.5 \ Isource = IMA
Low level 04 \ lsink = ImA
Lock Detect Output (LD)
Low level 0-4 \' lsink = 4mA
Open drain pull-up voltage 7-0 \
PDB Output
High level 2.5 \ Isource = 3MA
Low level 0-4 \ Isink = 3mA
3-state leakage current +100 nA
AC Characteristics
Value
Characteristic Units Conditions
Min. Typ. Max.
OSC IN input level and Fy input level 200 mV RMS| 12.8MHz AC-coupled sinewave
See note 4
Max. operating frequency, F\y and OSC IN inputs 20 MHz | Input squarewave Vpp to Vgs,
25°C. See note 5.
Propagation delay, Fy to modulus control MC 30 50 ns See note 2
Programming Inputs
Clock high time, tcn 0.5 us All timing periods
Clock low time, g 0.5 us are referenced to
Enable set-up time, tgg 0.2 ten us the negative
Enable hold time, tgy 0.2 us transition of the
Data set-up time, tps 0.2 us clock waveform
Data hold time, tpy 0.2 us See note 4
Clock rise and fall times 0.2 us
High level threshold Vpp-0.24 \ See note 1
Low level threshold 0.4 \ See note 1
Hysteresis 1.23 1.8 \Y See note 1
Phase Detector See note 3
Positive going threshold, V1 + 1.12 \Y
Negative going threshold, V1 - Vpp—0.9 Y
Digital phase detector propagation delay 500 ns
RB current, Igg 5 300 WA | Set by external conditions.
CAP/RB current gain, o 6.3 7.0 7.8 Over RB current range.
Programming capacitor, CAP 100 pF Cin plus packaging strays.
Qutput resistance, PDA, PDB 80 Q
NOTES

1. Data, Clock and Enable inputs are high impedance Schmitt buffers without pull-up resistors; they are therefore not TTL compatible.

2. All counters have outputs directly synchronous with their respective clock rising edges.

3. The finite output resistance of the internal voltage follower and ‘on’ resistance of the sample switch driving this pin will add a finite time constant
to the loop. An external 1nF hold capacitor will give a maximum time constant of 5us, typically; 1us for the sample and hold amplifier.
4. The inputs to the device should be at logic ‘0’ when power is applied if latch-up conditions are to be avoided. This includes the signal/osc.

frequency inputs.

5. The minimum Fin period is governed by a time constant determined by the capacitance value on the CAP pin and the internal CAP discharge
resistance. Depending on the value of CAP, PLL performance may be degraded at frequencies below 20MHz - see AN112 for further details.
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PIN DESCRIPTIONS

NJ88C29

Pin no.

NP

Name

Description

1

9,10

12
13

PDA

PDB

NC -

OSC IN/
OsC ouT

NC
NC
DATA

CLOCK

ENABLE

CAP

NC

Analog output from the sample and hold phase comparator for use as a ‘fine’ error signal. Voltage
increases as fy (the output from the ‘M’ counter) phase lead increases; voltage decreases as f, (1%9
output from the ‘R’ counter) phase lead increases. Output is linear over only a narrow phase window,
determined by gain (programmed by RB). This pin is at (Vop—Vss)/2 when t?{ue system is in lock, for an
external loop liiter amplifier biased to (Vpp—Vgs)/2. ideaily, Vpiag Should be chosen such that the PDA
window is centred between the thresholds, typically at O-SSR/DD—VSS)

Three-state output from the phase/frequency detector for use as a ‘coarse’ error signal.
fy=f, orf, leading: positive pulses with respect to the bias point Vgas
fy<fy or f; leading: negative pulses with respect to the bias point Vgjas
fy = f and phase error within PDA window: high impedance.

(Minimum, M = 3 for correct function of PDB).

Not connected..

An open-drain lock detect output at low level when phase error is within PDA window (in lock); high
impedance at all other times.

The input to the main counters. It is normally driven from a prescaler, which may be AC-coupled or,
when a full logic swing is available, may be DC-coupled.

Negative supply (ground).
Positive supply.
Not connected.

These pins form an on-chip reference oscillator when a series resonant crystal is connected across
them. Capacitors of appropriate value are also required between each end of the crystal and ground
to provide the necessary additional phase shift. The addition of a 2:2k( resistor between pin 10 and
the crystal will improve stability. An external reference signal may, alternatively, be applied to OSC IN.
This may be a low-level signal, AC-coupled, or if a full logic swing is available it may be DC-coupled.
The program range of the reference counter is 3 to 2047 in steps of 1, with the total division ratio being
twice the programmed value i.e., 6 to 4094 in steps of 2.

Not connected.
Not connected.

Information on this input is transferred to the internal data latches during the appropriate data read time
slot. DATA is high for a *1" and low for a '0'. There are three data words which control the NJ88C29;
MSB is first in the order: ‘A’ (7 bits), ‘M’ (10 bits), ‘R’ (11 bits).

Data is clocked on the negative transition of the CLOCK waveform. If less than 28 negative clock
transitions have been received when the ENABLE line goes low (i.e., only ‘M’ and ‘A’ will have been
clocked in), thenthe 'R’ counter latch will remain unchanged and only ‘M’ and ‘A’ will be transferred from
the input shift register to the counter latches. If 28 negative transitions have been counted, then the ‘R’
counter will be loaded with the new data.

When ENABLE is low, the DATA and CLOCK inputs are disabled internally. As soon as ENABLE is
high, the DATA and CLOCK inputs are enabled and data may be clocked into the device. The data is
transferred fromthe input shift register to the counter latches on the negative transition of the ENABLE
input and both inputs to the phase detector are synchronised to each other.

This pin allows an external capacitor to be connected in parallel with the internal ram@capacitor and
allows further programming of the device. (This capacitor is connected from CAP to Vgg).

Modulus control output for controlling an external dual-modulus prescaler. MC will be low at the
be%inning of a count cycle and will remain low until the ‘A’ counter completes its cycle. MC then goes
high and remains high untilthe ‘M’ counter completes its cycle, at which point both ‘A’ and ‘M’ counters
are reset. This gives a total division ratio of MP A, where £ and F 1 represent the duai-moduius
prescaler values. The program range of the ‘A’ counter is 0-127 and therefore can control prescalers
with a division ratio up to and including + 128/129. The programming range of the ‘M’ counter is 3-1023
but M=8 for correct PDA operation and, for correct operation with a prescaler, M=A. Where eveR/
possible channel is required, the minimum total division ratio Nshould be: N=P?-P,where N= MP A.

Not connected
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PIN DESCRIPTIONS (continued)

Pin no. .
Name Description
NP P
19 RB An external sample and hold phase comparator gain programming resistor should be connected
between this pin and Vgg. |gg 300uA at Vpp = 3.8V
20 CH An external hold capacitor should be connected between this pin and Vgs.

PROGRAMMING
Reference Divider Chain
The comparison frequency depends upon the crystal
oscillator frequency and the division ratio of th ‘R’ counter,
which can be programmed in the range 3 to 2047, and a fixed
divide by two stage.
_ __fosc
~ 2xfcomp
where fosc = oscillator frequency,
fcomp = comparison frequency,
R =R’ counter ratio
For example, where the crystal frequency = 10MHz and a
channelspacing comparison frequency of 12-5kHz is required,

107
R= ——————— =400
2x12:5x10°

Thus, the ‘R’ register would be programmed to 400 expressed
in binary. The total division ratio would then be 2X400 = 800
since the total division ratio of the ‘R’ counter plus the + 2 stage
is from 6 to 4094 in steps of 2.
VCODividerChain

Thesynthesised frequency of the voltage controlled oscillator
(VCO) will depend on the division ratios of the 'M’ and ‘A’
counters, the ratio of the external two-modulus prescaler
(P/P~1)and the comparison frequency .

The division ratio N = MP A,
where M is the ratio of the M counter in the range 3 to 1023
and A is the ratio of the ‘A’ counter in the range 1 to 127.

Note that M=A and

fvco
fcomp

For example, if the desired VCO frequency = 275MHz, the
comparisonfrequency is 12-56kHz and atwo-modulus prescaler
of + 64/65 is being used, then

N= m 22x10°
12:5x10°

Now, N = MP"A, which can be rearranged as N/P = M A/P.

In our example we have P = 64, therefore

22x10°_ - A
62 "M

such that M = 343 and A/64 = 0.75.

Now, M is programmed to the integer part = 343 and A is
programmed to the fractional partx64 i.e., A = 0-75x64 = 48.
NB The minimum ratio N'that can be used is P?>~P (4032 in our
example) for all contiguous channels to be available.

To check: N =343x64748 = 22000, which is the required
division ratio and is greater than 4032 ( = P2-P).

When re-programming, the counters are changed only at
the zero state. There is no reset to zero, which means that the
synthesiser loop lock up time will be variable with respecttothe
programming sequence timing. When only small changes in
frequency are required, the NJ88C29 non-resettable
synthesiser should achieve the shortest loop lock up times.

CLOCK

le— toL—>] I

ro=mAasT-
ENABLE ten e : : _.I le tgs
| R R,

—>{ l<— tpg

A

| | L
ten —> L—»: ES

[

1
r---
L..._-

toy —>]

oATA ><D<

S< .

K

Fig. 3 Timing diagram showing timing periods required for correct operation

2

- [ | 1 T I I

“‘_IL_Jl_JI__ILll________Il_II__lL_I

(15)26 (16)27 (17)28

ENABLE ]

L

o [ [ % [ o [ [ ]

Fig. 4 Timing diagram showing programming details
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PHASE COMPARATORS

Noise output from asynthesiser loop is related to loop gain:

Kpp Kvco
N

where Kpp is the phase detector constant (volts/rad), Ko is
the VCO constant (rad/sec-volt) and N is the overall loop
division ratio. When N is large and the loop gain is low, noise
may be reduced by employing a phase comparator with a high
gain. The sample and hold phase comparator in the NJ88C29
has a high gain and uses a double sampling technique to
reduce spurious outputs to a low level.

A standard digital phase/frequency detector driving a three-
state output, PDB, provides a ‘coarse’ error signalto enable
fast switching between channels.

The PDB output is active until the phase error is within the
sample and hold phase detector window, when PDB becomes
high impedance. Phase-lock is indicated at this point by a low
level on LD. The sample and hold phase detector provides a
‘fine’ error signal to give further phase adjustment and to hold
the loopinlock. Aninternally generated ramp, controlled by the
digital output from both the reference and main divider chains,
is sampled at the reference frequency to give the ‘fine’ error
signal, PDA. When in phase lock, this output would be typically
at the bias voltage set by the external loop filter amplifier; any
offset from this would be proportional to phase error.

The relationship between this offset and the phase error is
the phase comparator gain, Kepa, Which is programmable with
an external resistor, RB, and a capacitor, CAP. An internal
100pF capacitor is used in the sample and hold comparator.
Typically, the gain is given by:

K, (’-/RB

DA™ 21 Cenp foomp

where Ccap = internal 100pF Cgxr. Application Note AN112
deals with this further.

A hold capacitor (CH) of non-critical value, which might be
typically 470pF, is connected from pin 18 to Vgs. A smaller
value

NJ88C29

is sufficient if the required sideband performance is not
high.The output from the sample and hold phase detector
should be combined with that of the coarse phase/frequency
detector and filtered to generate a single control voltage to
drive the VCO. The PDB gain is:

V,
Kppg = =22
POB = 70

The stated minimum of 3 for the ‘M’ counter is true for the
PDBoutputonly. To avoid race conditions inthe internal phase
comparator counterforcontrolling the PDAtiming, the minimum
division ratio for the ‘M’ counter should be 8 or more. Fig. 6
shows a typical NJ88C29 application.

CRYSTAL OSCILLATOR

When using the internal oscillator, the stability may be
enhanced at high frequencies by the inclusion of a resistor
between pin 10 (OSC OUT) and the other components, as
shown in Fig. 5. A value of between 220Q and 2-2kQ s
advised, depending on the crystal series resistance.

!
|
: NJ88C29
L=

Ria
: > L
OSC IN 9 sR 1 <2 - I
' ' 1
R1b
+ \ 2
: = =
I 1
V
l N . SJ\Fin BIAS
| ' T |
| |
| NJ88C29 ] SPIP41
| 1
| A 17) MC |
! |
e e e e e e e e — I

Fig.6 NJ88C29 application circuit
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PROGRAMMING/POWER UP LOOP EQUATIONS

All data and signal input pins should have no input applied K 1
to them prior to the application of Vpp, as otherwise latch-up @ =[ Kveo Ko J
may occur. When programming the device, DATA, ENABLE ° NR C,C3R;
and CLOCK pins must not exceed Vg as lock up times may be

compromised. A suggested interface to prevent this situation C==3KycoKppRoll/ {ENC;R300211-1}3/ 2R
is shown in Fig. 7. ‘

CoRs=[ wo22¢+R)]™

Noy21+2CR)
Vee (> Vop) Ro= 0 ————
2k Voo KVCOKPD 2R Zgl |
c KvcoKep 220 RI1
2T T NR o
PROSRAMMING NJ88C29 @0
1N5711 [ where ay = loop natural frequency

§ = damping factor
R = ratio of real pole to oy
N=MPA
Kpp = Kppa/Ria
or Kep= Kppg/R1p
provided Ry;>> Ry

Fig. 7 Suggested programming circuit

Voo =3V I MV 10N 5y
2n Kppa
Further details are to be found in Application Note AN112.

PDA window =
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NJ88C30 IS FOR MAINTENANCE PURPOSES ONLY AND IS NOT RECOMMENDED FOR NEW DESIGNS

GEC PLESSEY
A cviconbucrons]

DS3281-1.1
VHF SYNTHESISER
The NJ88C30 contains all the logic needed for a VHF PLL
synthesiser andisfabricated onthe GPS high performance, small
geometry CMOS process. The circuit contains a reference oscillator
anddivider, atwo-modulus prescalerand 4-bitcontrolregister, a N\
12-bit programmable divider, a phase comparator and the GROUND [1 14] COMP FREQ
necessary data input and control logic. DATA TRANSFER [|2 13[] ¢ up
cLock [[s 12[] $ON
FEATURES [ ] _
B Low Power CMOS oaTa [} Nusscoo «|] o
B Easy to Use CRYSTAL Mo [|s 10[] veo
B Low Cost crysTALIN ([ of] 76w our
M Single Chip Synthesiser to VHF CRYSTAL ouT [7 8{] Voo
B Lock Detect Output
DP14, MP14
APPLICATIONS Fig.1 Pin connections - top view
B Mobile Radios
W Hand Held Portable Radios
W Sonobuoys ABSOLUTE MAXIMUM RATINGS
Supply voltage, Vpp -0-3Vto 6V
ORDERING INFORMATION Voltage on any pin ~0-3V 10 Vpp+0-3V
NJ88C30 KA DP Plastic DIL Package Operatingtemperature —30°C to +70°C
NJ88C30 KA MP Miniature Plastic DIL Package Storage temperature —55°Cto +125°C
e ___cAYSTALMON Voo ———
cRysTAL |7 5 8 1
ouT 145 comp FREQ
= '
) o REFERENCE DIVIDER I
CRYSTAL 100 ¢ ©1,5,10,20,2,4,80R16 | 1
IN I VAN
ET—o up
Iw SEF}.EEFCT PHASE | iDN
veo—| : 1516 (DR2-DR0) COMP

ﬁ LOCK DETECT
(D)
4.BIT COUNTER 12-BIT PROG DIVIDER
it i1 - '5 l
3BIT o
r 4-BIT REGISTER 1——~1 12.BIT REGISTER l—— REGISTER |
DATA |
TRANSFER (2 TT - ﬁ ﬁ |
DATA “ |
3 19-BIT SHIFT REGISTER |
J

CLOCK ?—————— I
1

GROUND

Fig.2 Block diagram
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NJ88C30

ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
Tows = —30°Cto +70°C, Vpp = 5V +0-5V

Value
Characteristic Pin Units Conditions
Min. | Typ. | Max
Supply current 8 4 7 mA | 1VRMS VCO input at 200MHz
and fya = 10MHz
Crystal Oscillator
Frequency 6,7 10 15 MHz | Parallelresonant,
fundamental crystal
External input level 6 1 Vrms | AC coupled
High level 6 Vpp—1 \ DC coupled
Low level 6 1 \ DC coupled
VCO Input
Input sensitivity 10 1 Vrms | At200MHz, see Fig. 3
Slew rate 10 4 Viys
Inputimpedance 10 5pF//
10k
DATA, DATA TRANSFER and
CLOCK Inputs
High level 2,3,4 Vpp—1 Y
Low level 2.3, 4 1 \
Rise, fall time 2,3 200 ns
Data set-up time 3,4 200 ns See Fig. 4
Clock frequency 3 2 MHz
Transfer pulse width 2 500 ns
CRYSTAL MONITOR Output
Current sink 5 0-8 mA | Vour = 0-5V
COMP FREQ, LD, P DIV
Current sink 9,11, 14 1-6 mA | Vour =05V
& UP /¢ DN
Current sink 12 08 mA | Vour =05V
Current source 13 08 mA | Vour = Vpp—0-5V

VCO INPUT AMPLITUDE (V RMS)

* Tested as

specified in
Table of

Electrical
Characteristics

TYPICAL

..___/

/

50

100

150

FREQUENCY (MHz)

50

Fig. 3 Input sensitivity
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CLOCK -_l

DATA / DR2 N ' DR1 X

r

DRO X DF15 DF1 X DFO\
A
4

DATA SET-UP TIME"‘ [«

‘ ]

FREQUENCY (Hz)

DATA
TRANSFER 4
TRANSFER PULSE WIDTH“‘ l“
Fig. 4 Input data timing diagram
180 o
]
20
e ™N
= N - N
10 w120
w
= N &
g A g ™
z 0 w
<
G N £ 60
o
-10
0
100k ™ 10M 100k M 10M

FREQUENCY (Hz)

Fig. 5 Gain and phase characteristics of reference oscillator inverter

CIRCUIT DESCRIPTION

Crystal Oscillator and Reference Divider

The Reference oscillator consists of a Pierce type oscillator
intended for use with a parallel resonant fundamental crystal.
Typical gain and phase characteristics forthe oscillatorinverter
are shown in Fig 5. An external reference oscillator may be
used by either capacitively coupling a 1V RMS sinewave into
CRYSTALIN (pin 8) or, if CMOS levels are available, by direct
connectionto CRYSTAL IN.

The reference oscillator drives a +100 prescaler followed
by a reference divider to provide a range of comparison
frequencies which are selected by decoding the first three bits
(DR2,DR1, DR0) of the input data. The possible division ratios
andthe comparison frequencies (channel spacing) if a 10MHz
crystal is used are shown in Table 1.

Total .
il Comparison frequency
DR2 | DR1 | DRO d':'a'tsi'::n for 10MHz Ref. Osc.
0 0 0 1600 6-25kHz
0 0 1 800 12:5kHz
0 1 0 400 25kHz
0 1 1 200 50kHz
1 0 0 2000 5kHz
1 0 1 1000 10kHz
1 1 0 500 20kHz
1 1 1 100 100kHz

Table 1 Reference divider division ratios

Toassistintrimming the crystal, an opendrain outputatone
hundredth of the reference oscillator frequency is provided on
CRYSTAL MONITOR pin 5

Programmable Divider

The programmable dividerconsists of a +15/16 two modulus
prescaler with a 4-bit control register, followed by a 12-bit
programmable divider. A 1V RMS sinewave should be
capacitively coupled fromthe VCO tothe divider input VCO pin
(pin 10).

The overall division ratio is selected by a single 16-bit word
(DF15to DF0), loaded through the serial databus. Alower limit
of 240 ensures correct prescaler operation; the upper limit is
65535. The VCO frequency in a locked system will be this
division ratio multiplied by the comparison frequency.

Phase Comparator

The phase comparator consists of a digital type phase
comparator with open drain ¢ UP and ¢ DN outputs and an
open drain LOCK DETECT (LD) output. Open drain outputs
from the reference divider and programmable divider are
provided for monitoring purposes or for use with an external
phase comparator. Waveforms for all these outputs are shown
in Fig.6. The duty cycle of & UP and ¢ DN versus phase
difference are shown in Fig. 7. The phase comparator is linear
overa 2 range and if the phase gains or slips by more than
2, the phase comparator outputs repeat with a 2 period.
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(a) Phase P DIV output leads COMP FREQ l
phase COMP FREQ output
POV L

C

(b) Phase P DIV output lags COMP FREQ —[——_—L_—_’—L_
phase COMP FREQ output

P DIV

C | 3=
- ol5d

Fig. 6 Phase comparator waveforms

‘} DUTY CYCLE
$bup

100% —f—

| 0%
1 >

2n 0 2n PHASE DIFFERENCE

\ DUTY CYCLE
¢ DN

100% —,

0% |

>

~21 0 2n PHASE DIFFERENCE

Fig. 7 Phase comparator output characteristics
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Oncethe phase difference exceeds 2 , the comparator will
gain or slip one cycle and then try to lock on to the new zero
phasedifference. Note that very narrow pulses may be seenon
theinactive phase comparatoroutput atthe end ofthe pulse on
the active output, as shown in Fig. 6.

Data Input and Control Register

To control the synthesiser a simple three-line serial input is

used with DATA, CLOCK and DATA TRANSFER signals. The

Aata anngiate Af 10 hita: tha firat thraa NOQ2 NR1 and NAQN
Gaia CONSISS OF 19 GilS,; ne st inlee, une, uni anG uny,

controlthe reference divider while the following sixteen, DF15

NJ88C30

to DFO, control the prescaler and programmable divider. Until
the synthesiser receives the DATA TRANSFER pulse, it will
use the previously loaded data; on receiving the pulse it will
switch rapidly to the new data.
APPLICATIONS

A simplified circuit for a synthesiser intended for VHF
broadcast receiver applications is shown in Fig. 8. When the
varicap line drive voltage necessary to tune the required band

is araatar than B\/ eama form of laval ghiftar giinh ag tha
IS greaier nan ov, sGime 10rm O1 iever Snifier Sutn as ne

operational amplifier shown in Fig. 8 is required.

LOCK DETECT (LD)
.
R1 18k
DATA TRANSFER [ 04— 2 13 [}
cLock | o+———]3 12} ;___,r-—a:(
11
DATA [ o+——{|4 NJ88C30 11 [}
Os 10 [—4—]
6 9 22k
4:-5MHz — :[ﬂ o ]
7
5V

%47n

R2 VARICAP DRIVE
10k 1-10V
C1

\— +12V

Fig.8. Typical application

PROGRAMMING EXAMPLE
1.Maximum Frequency

For a channel spacing (comparison frequency, fcomp) of
5kHz when using a 10MHz crystal oscillator, the reference
divider ratio will need to be 2000 (seeTable 1) This is
programmed as binary 100 (= 4x) in the most significant
three of the 19 bits (MSB programmed first).

To obtain the maximum VCO frequency of 200MHz the
programmable divider ratio would be:

200x106 _ 3 v hinh i
W_AOMO which is 9C40ex

The program word would then be as shown in Table 2.

DR DF
2|1(0 (15|14 (13 (12|11 {10{9 (8 |7 |6 |5 |4 |3 (2|1 |0
Binary 110]0 (10|01 1jolojJoj1]OojJOo|jO|0O]O]|O
Hex 4 9 C 4 0

Table 2 Maximum VCO frequency programming (fyra, = 10MHZ, feomp = 5kHz)

2. Minimum Frequency
Using the same crystal frequency and channel spacing
(10MHz, 5kHz), the lower limit of programmable divider ratio of

240 = FOey gives a minimum programmable VCO frequency
of 240x5x10%= 1-2MHz. The program wordforthis frequency
is therefore as shown in Table 3.

DR DF
211 |0 (15|14 (13 |12 |11 |10 8|76 |5 |4 |3 ]|2]|1
Binary 110]0 010710 oJjojoft]t1]1f{1}10]0f0OfoO
Hex 4 0 0 F 0
Table 3 MinimumVCO frequency programming (fxra, = 10MHZ, feomp = 5kHz)
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D.S.24293.2
FREQUENCY SYNTHESISER (120 BUS PROGRAMMABLE)
WITH CURRENT SOURCE PHASE DETECTOR OUTPUTS
(Supersedes September 1991 edition)
The NJ88C33 is a synthesiser circuit fabricated on
GPS's 1.4 micron CMOS process, assuring very high Voo 1 o Lo
performance. It is 12C compatible and ‘can also be A [l he
programmed at up to 5MHz. It contains a 16-bit R counter,
a 12-bit N counter and a 7-bit A counter. sm ] N ll po
A digital phase comparator gives improved loop stability spa [ 88C33 ] GhD1
with current source outputs to reduce loop components. A sct [ ] FYN
voltage doubler is provided for the loop driver to improve PORT [] ;]Gnoz
control voltage range to the VCO when operating at low mon (] 7 slim
supply voltages. DP14
FEATURES Vpo =1 14 FIOLD
| Easy to Use yﬁég %go
E Low Power Consumption (15 mW) soacd| N ESgno
| Single Supply 2.5V to 5.5V scLC | 88C33 EraFwn
LS . PORT LT LT GND2
B Digital Phase Comparator with Current Source e ==In s FR MP14
Outputs
: o . . .
M Serial (12C C(.)mp‘atlble) Programming, SMHz max; Fig.1 Pin connections (not to scale) - top views
B Channel Loading in 8us
B 150MHz Input Frequency Without Prescaler at 4.5V

(52MHz at 2.7V) ABSOLUTE MAXIMUM RATINGS

Supply voltage, Vpp -0.3V to 7V
H Lsfa"d?‘g_m‘:fs dulus Proscaler is Possible Input voltage, Vi -0.3V 10 Vo +0.3V
B Use of Two-Modulus Prescaler is Possi Output voltage on pin 13, Vi, -Vpp to OV
APPLICATIONS Storage temperature, Tyq -55°C to+125°C
@ Cordless Telephones (CT2, DECT) ORDERING INFORMATION
B Cellular Telephones (GSM, PCN, ETACS) ) ]
B Hand Held Marine Radios NJ88C33 MA DP (Iindustrial - Plastic DIL package)

B Sonarbuoys NJ88C33 MA MP (Industrial - Miniature Plastic DIL package)

B Video Clock generators

[P oo e e o e G e S e s e Gwe e G en Swm S G G M G S e Gme e Gue e man e mes e oy

13 1q 1

S/ © 2 LN PHASE P Lo
a 12c
spA 04— — SHIFT REGISTER
st o2 INTERFACE V] .| COMPARATOR | 1238 .,
S A— i
L]
| 1l |
1 LATCHES |
1 I
1
1 I I | 8 & PoAT
1 i
1, VOLTAGE 13 1
Rl O=— I DOUBLER Qc
Fl O
i8 y JL Yy JL 4t i
: A COUNTER N COUNTER R COUNTER 1
i
11 | 10 1
Voo O~ O FYN
GND1 C ; < b < L < L :
onoz 02— CONTROL z o Moo
L e e e e o o o e . o o = - . . . - e e e s e e e s o ]

Fig.2 Simplified block diagram of NJ88C33
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PIN DESIGNATIONS

Pin Pin Description
No.| Name P .
1 Voo Supply voltage (normally 5V or 3V).
2 Rl Reference frequency input from an accurate source, normally a crystal oscillator. The input is normally

an AC coupled sinewave but may be a DC coupled square wave.

3 S/D Single/dual modulus operating mode selection input. Single modulus operation is selected by driving the
pin low. ‘High' selects dual modulus mode.

SDA | : 12C bus data input pin. It is also an open-drain output for generating 12C bus acknowledge pulses.
SCL 12C bus clock input. It can be clocked at up to 5MHz.

PORT Output control pin, which can be programmed via the 12C bus. It can be connected to the S/D pin to
- select single or dual modulus mode under bus control.

7 MOD Modulus control pin. It is high in single modulus mode but switches in dual modulus operation. In dual
modulus mode, MOD remains low during operation of the A:counter until A=0; MOD then remains high
until N=0, when both counters are reloaded. It can be programmed via the 12C bus as an open-drain or
push-pull output.

8 Fi Frequency input from a VCO or prescaler. The input is normally an AC coupled sinewave but may be a
DC coupled square wave.

9 | GND2 Dedicated ground for the FI input buffer. It should be connected to the VCO ground or the prescaler
ground, if used. Any noise on this pin will affect the performance of the VCO loop.

10 | FVN Open-drain output from the N counter.
11 | GND1 Ground supply pin (global).

12 PD Tristate current output from the phase detector. The polarity of the output can be programmed via the
12C bus.
13 Cc Vohage doubler output. The operation of the doubler can be controlled via the 12C bus. In applications

where the voltage doubler is switched off, this pin should be connected to GND1; a reservoir capacitor
should be connected from this pin to GND1 for applications where it is switched on.

14 LD Open-drain lock detect output - requires integration if used.

OPERATING RANGE
. Test conditions (unless otherwise stated):
PLL locked, Rl =10MHz

Value
Characteristic Symbol Unit Conditions
Min. | Typ. | Max.
Supply voltage Voo 25 5 5.5 \Y
Ambient temperature Tamb -40 +85 | °C
Supply current )
Single modulus loo 21 3.0 mA | FI=50MHz, Vg =150mVrms, N,R>1000 without
voltage doubler, Vpp =5V, Tom, =26°C
Dual modulus lop 2 3.0 mA Fl=10MHz, Vg, =500mVrms, N,R > 1000 without
voltage doubler, Vo =5V, Tamp=25°C
Standby mode loo 1 uA Fl=50MHz, Vg, = 150mVrms, preamp off, divider off,
Voo =5V, Tamp=25°C
Standby mode loo 1.0 1.5 mA Fl=50MHz, Vg, = 150mVrms, preamp on, divider off,
Voo =5V, Tamp=25°C
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NJ88C33

ELECTRICAL CHARACTERISTICS
Operating conditions (unless otherwise stated):
Vpp =4.5V t0 5.5V, Tamp =-40°C to +85°C

INPUT SIGNALS
Value
Characteristic Symbol Unit Conditions
Min. | Typ. | Max.

Input Signals SDA,

SCL, SO
Input voltage high Vin 0.7Vpp Voo \
Input voltage low Vi 0 03Vpp | V
Input capacitance C, 10 pF
Input current In 10 pA | Vin=Vpp=5.5V

Input Signal RI
Input frequency finax : 1 52 MHz | Sinewave input
Input voltage Virms 100 mV | Note 1,2
Input capacitance C 10 pF
Input current In 10 pA | Vin=Vpp=5.5V

Input Signal Fi ‘ Dual modulus operation

Input frequency Frnax 52 MHz | Sinewave input
Input voltage Viems 50 mV | Note 1,2
Input capacitance C, 10 pF
Input current - I 10 pA | Vn=Vpp=5.5V

Input Signal Fi Single modulus operation
Input frequency fimax 150 | MHz | Sinewave input
Input voltage Virms 30 mV | FI=0-70MHz Note 1, 2

Viims 100 mV | FI=70-120MHz Note 1, 2
Viims 200 mV | FI=120-150MHz Note 1, 2

Input capacitance C, 10 pF
Input current In 10 pA | Vin=Vpp=5.5V

Note. 1 Lowest noise floor achieved at 10dB above this level with 12C bus operating. The source impedance should be less
than 2kQ. ’
Note. 2 DC coupled input amplitude Vigys >0.8 Vpp.

OUTPUT SIGNALS
Value.
Characteristic Symbol Unit Conditions
Min. Typ. Max.
Output Signals SDA, LD
Output voltage low Voo 0.4 v Open drain, lg =3mA
Output Signal PD C, =400pF, tristate output
High current mode (see Fig.4) o 19 25 31 mA | 0<Vpp<4.5, Vpp=5V, T=25°C Note 1
[V -1.9 -2.5 -3.1 mA | 0.4<Vpp<5, Vpp=5V, T=25°C Note 1
Low current mode (') 0475 | 0625 | 0.775 | mA | 0<Vpp<4.6, Vpp=5V, T=25°C Note 1
Lo -0.475 | -0625 | -0.775 | mA | 0.4<Vpp<5, Vgp=5V, T=25°C Note 1
Tristate Iz 50 nA Tamb=-25°C to +60°C
Output Signal FVN Open drain output
Output voltage low Voo 04 v loo=1mA
Output low pulse width twe 1/Fi C, =30pF
Output Signals MOD, PORT Push-pull output
Output voltage high Von |Vop0.4 v lon=0.5mA
Output voltage low Voo 0.4 \" loo=0.5mA
Output Signal LD Open drain output
Output voltage low Voo 0.4 \ loL =3mA, CL =30pF
Output low pulse width twi 10 1/FVN | ns Loop locked
g Loop not locked
FVN=FI/N
fc=RIR

Note 1 - Temperature coefficient for current is typically -0.7%/°C
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a) Doubler OFF, Vpp=5V

+25ma TAEY 1.2mA +26V
+1.9mA at
+48V + 1.0mA at
+ 28v
0 -3V

! Vpp \ 0 ' Vpp

+5V 3V

Vop Vop

~-1.9mA at -25mA =1.0mA at ~1.2mA
0.2v -2.8V

I
-2.6V

b) Doubler ON, Vpp=3V

Fig.4 Typical output signal PD, high current mode

VOLTAGE DOUBLER Vpp =3V
Value
Characteristic Symbol Unit Conditions
Min Typ. Max.
Output Pin C
Output voltage Ve Voo “Vop+08V | V | fyp=2MHz, loc=0uA, Vpp=3V
Ve Voo Voo +15V | V| fyp=2MHz, loc=1001A, Voo =3V
Current Consumption Io 100 pA | fp=2MHz, loc=0pA, Vpp =3V
TIMING INFORMATION
Value
Characteristic Symbol Unit Conditions
Min. | Typ. Max.
Input Signal Rl
Input frequency fmax 0 52 | MHz
Input frequency max 0 10 MHz | Vpp=2.7V
Rise time tr 15 us
Fall time te 15 us
Slew rate 3 Vips
Input Signal FI Dual modulus
Input frequency fmax 0 52 | MHz
Input frequency max 0 20 MHz | Vpp=2.7V
Rise time tr 15 us
Fall time te 15 us
Slew rate 3 Vips
Input Signal Fi Single modulus
Input frequency fmax 150 | MHz
Input frequency max 0 52 MHz | Vpp=2.7V
Rise time tr 0 15 us
Fall time te 15 us
Slew rate K} Ve
Slew rate 3 V/us
Output Signal PORT
Rise time tr 1 pus | C_=30pF
Fall time te 1 pus | C =30pF
Output Signal FVN
Fall time te 20 ns | C =30pF
Output Signal MOD
Rise time tr 10 ns | C =30pF
Fall time te 10 ns | C =30pF
Delay time (L-H ) toun 15 ns C_=30pF Measured from + Ve edge of Fi
Delay time (H-L ) tor 15 ns | C, =30pF Measured from + Ve edge of Fl




PHASE COMPARATOR

The phase comparator produces current pulses of
duration equal to the difference in phase between the
comparison frequency (fc =RV/R), and fyy, the divided-down
VCO frequency (FI/N).

When status bit 4 is set high the positive polarity mode
of the output PD is selected. When f; leads fyy the PD
output goes high; when fw leads f¢ it  goes low. Similarly,
selecting the negative polarity mode of PD by programming
bit 4 of the status register low causes PD to have the
inverse polarity. The loop filter integrates the current pulses
to produce a voltage drive to the VCO.

NJ88C33

No puises are produced when locked. The lock detect
output, LD, produces a logic ‘0’ pulse equal to the phase
difference between fc and fyy.

When the phase difference between fc and fyy is too
small to be resolved by the phase detector then no current
pulses are produced. In this region the loop does not
reduce the close-in noise on the VCO output. This can be
oveicome using a very high value resistor to leak a few
nanoAmps of current from the filter and keep the loop on
the edge of the region.

M

fc (RVR)

NOTES
1. PD polarity positive selected by status bit set high.
2. PD polarity negative selected by status bit set low.

I [1

aja

Fi

L

fyn (FUN)

PD (NOTE 1)

PD (NOTE 2)

P-CHANNEL
n TRISTATE
U N-CHANNEL
P-CHANNEL
n TRISTATE
U N-CHANNEL

LD

cc ol

U

U

Fig.5 Phase comparator phase diagram

PROGRAMMING
Transmission Protocol

12C programming messages consist of an address byte
followed by a sub-address byte followed by 1, 2 or 3 bytes
of data. Bit 7 of the address byte must match the setting of
the S/D pin for the address to be recognised. This allows for
separate addressing of two NJ88C33 synthesisers on the
same bus. The sub-address should be set to select the
correct registers to be programmed and should be followed
by the appropriate number of data bytes. Registers are not
programmed until the complete message protocol has been
checked.

Each message should commence with a START
condition and end with a STOP condition unless followed
immediately by another transfer, when the STOP condition
may be omitted.

Udld is transferred from Ine Shlﬁ reglbler o the |al(,nes
on a STOP condition or by a second START condition.

A START condition is indicated by a falling edge on the
Serial Data line, SDA, when the Serial Clock line, SCL, is
high.

A rising edge on SDA when SCL is high indicates a
STOP condition as shown in Fig.6.

Data on SDA is clocked into the NJ8BC33 on the rising
edge of SCL. The NJ88C33 acknowledges each byte
transferred to it by pulling the SDA line low for one cycle of
SCL after the last bit has been received.

> ety
SCL
.z‘)l - > |<—(3 ty > e

SDA
START STOP
Fig.6 I2C timing diagram
12C TIMING INFORMATION
VDD =4.5V to 5.5V, Tamb=-40°C to +85°C
Value
Parameter Symbol Unit
Min. | Max.
Serial clock frequency fsci 5 |MHz
SCL hold atter START t 20 ns
Data set-up time ta 20 ns
Data hold after SCL low ty 0 ns
SCL set-up before STOP tq 20 ns
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Address and Sub-Address Formats

The correct addressing sequence for the NJ88C33 is
shown below. The START condition is followed by the
address byte, the acknowledge from the NJ88C33, the sub-

address byte, another acknowledge then the associated
data. The correct values for each address and sub-address
are listed, together with the message selection options.

Address ——————————> Sub-address ———————> Data bits >
Bit {[S|1|2|3]|4|5|6|7|8|A|1]2]|3]4|5]|6|7]|8|A
Data tj1jojojof|t|P]O ojojojo|P|P|P]O
RW
0O 0 0 Notused
=single modulus 0 0 1 Notused
0 - 0 1 0 Rcounter, single modulus
S=8 1 =dual modulus 0 1 1 Rcounter, dual modulus
St_— S‘:ad 1 0 0 Status, single modulus
A :A top 1 0 1 Status, dual modulus
P= Pcknowledge 1 1 0 Ncounter, single modulus
= Programmable (as shown) 1 1 1 AN counter, dual modulus
X=Don't care
Data Formats
Each of the data formats should be preceded
contiguously by the addressing sequence given above.
R counter : single or dual modulus
R Data
Bit 1{2]|3]4|5|6|7]|8|A[1[2[3[|4]|5]|6|7|8|A]|St
Data P{P|P|P{P|P|P]|P PIP|P|P|P|P|P|P
MSB LSB
Status : single or dual modulus
Data
Bit 112134 |5|6|7|8[A]St
Data PIP|P|P|P|P|P]|P
Status Byte
Bit 0 1
1 PORT = low PORT =high
2 Counters off (h Counters on
3 Fl and Rl off @ Fl and Rl on NOTES
4 PD =polarity negative | PD =polarity positive 1. In this standby mode the counters are disabled but the
5 PD bias =0.625mA PD bias =2.5mA voltage doubler and I2C interface can both function.
6 fyp =RI2 fyp = RI/4 2. In this standby mode the Fl and Rl preamplifiers are
7 Doubler off Doubler on () disabled, which stops the counters and the voltage doubler.
8 MOD = push-pull MOD =open drain The 12C interface still operates.

N counter : single modulus

3. The voltage doubler should only be used when Vpp=< 3.0V

Bit 112({3|4]|5|6|7[8]A|1]2]|3|4]|5|6]|7]|8]|A]St
Data X|IX|IX|X|P|P|P|P P{P|IP|P|P|P|P]P
Ms8 LSB
A/N counters : dual modulus
A Data N Data
Bit 1]12|3|4(s5|6|7|8|A]1]|2|3|4|5|6|7|8|A|1]|2[3[4|5]|]6|7]|8]|A]St
Data X|X|X|X[{X|P|P|P PIP|P|P|P|P|P|P PI{PI{P|IP|PIP|P|P
MSB LSB MSB LS8
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APPLICATION CIRCUITS
Single Modulus

In this mode, the NJ88C33 synthesiser can be used with
or without a fixed modulus prescaler. The R counter is
programmed with ‘a value to produce a comparison
frequency fc. When the N counter is changed by 1 the loop
is no longer in lock and the phase detector output produces
current pulses to bring the loop back into lock. These
pulses are integrated by the loop filter to produce the VCO
voltage drive. When the VCO loop is locked, FI/N=1; i.e.,
the VCO frequency is N X f¢.

NJ88C33

Using a prescaler. with. a division ratio P, the smallest
VCO output frequency step is Pf¢ and the VCO frequency is
PNfc.

If a low pass filter is connected to the lock detect output
as shown and sampled by the microprocessor, the
proximity of the synthesiser loop to lock can be evaluated.

The A counter is not used in this mode.

\'/
" T " loop H
: Loopr :
Voo FILTER
I; so e | % VCO [
[}
< LD H H
]
MICROPROCESSOR scL i H
spa NJBBC33 ! i
= : :
s Pl T
1 ]
REFERENCE '—‘—” >Rl GNDV T 1
OSCILLATOR 7
I anp2
" OPTIONAL
11 FIXED
PRESCALER

Fig.7 Single modulus application

Dual Modulus

This mode allows much higher frequencies to be used in
conjunction with a prescaler but maintains the step size, fc.
In this mode, a dual modulus. prescaler (with ratios P and
P+1) must be used with the NJ88C33. The A counter
controls the MOD output, which is used to select the
division ratio of the prescaler.

When the A counter is non-zero, the MOD output is low
and goes high when the A counter has counted down to
zero. MOD remains high until the N counter reaches zero,
when both counters are re-loaded. Thus, the prescaler
divides by P for N-A cycles and by P+ 1 for A cycles of Fl.
The VCO frequency is given by PNfg + Af¢.

Note that programming A=0 produces a count of 128
cycles.

Voo fmmmm——— 1
l 1 LOOP 1
v, ' FILTER
so PO |1 — veo
1 1
< LD H '
1 ]
MICROPROCESSOR scL ! '
spa NJBSC33 ' i
- : :
- il T
1 |
REFERENCE [ >|w Rl I e i
OSCILLATOR R MoD b——— & * STATUS BIT 8 SET LOW
GND2 | FOR PUSH-PULL OUTPUT,
ELSE A PULL-UP
3 t;-_ Mgé’l‘,\t-u s RESISTOR IS REQUIRED
PRESCALER
“ e.g. SP8705

Fig.8 Dual modulus application
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VCO Driving Without Voltage Doubler

To switch off the voltage doubler, bit 7 of the status
register is programmed low. This will reduce current
consumption and minimise noise. The voltage doubler
output C should be connected to GND1 as connection to
GND2 would induce noise in the VCO loop.

VCO Driving With Voltage Doubler
The voltage doubler is switched on by setting bit 7 of the
status register high. It is recommended that a reservoir
capacitor of at least 1uF be connected from C to GND1.
The voltage doubler is designed to boost VCO drive in
low voltage applications.

fm-===== h ]
I : LOOP :
Voo o : FILTER :
] ]
] ]
1 1
NJBBC33 ' | .|.
! H vCo
T |4
]
GND1 C ' :
. ] T
i S S 4
0=<Vpp=Vpp

Fig.9 Driving a VCO without voltage doubler

Further Applications Information

A stand-alone programmer card and an evaluation board
are available for evaluating the NJ88C33. The programmer
card allows two sets of variables to be programmed into
both the divider and status registers during alternate
programming cycles, at either the standard 12C bus rate of
100kHz or at 2MHz.

initialisation is with either a manual push-button or by an
external logic level pulse; a synchronisation output is
provided to allow a quick assessment of 'step’ and ‘settle’
responses to be made.
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[~==—==== hl
I t+ LOOP
" ! FILTER |
Voo ppf—j T
1 ]
] ]
] |
NJ88C33 H i _

| 1]

s ! Vep ZSvco
] 1
GND1 [+ : :
! ! T:
| N ]

0=Vpp=2Vpp

77777

Fig.10 Driving a VCO using the voltage doubler

The NJ88C33 evaluation board (Fig. 11) demonstrates
the preferred layout technique - providing a reference
oscillator, a 60 to 80MHz VCO and a simple loop filter to
complete a minimal frequency synthesiser loop. The two
units allow analysis of different loop variables as well as the
selection of comparison frequencies for fast frequency-
hopping loops.

Application Note: AN94, ‘Using the NJ88C33 PLL
Synthesiser’ explains the design equations and
demonstrates the use of the device, and is available from
your local GPS customer service centre.
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+5V

swit

700mV p-p

10MH2

REFERENCE
OSCILLATOR

c21

N
c27 >
(if fitted) I vel
(if fitted)

Cc22 J—

315

LOOP FILTER

R3

23
x1c3

SINGLE *5V

{}so PD :
sbAo—{|sba  GND1 p?ﬂ

R18 (if fitted)

50Q OUTPUT

-17dBm

300 to 850mVp-p

RS * CON 2

Fig.11 Typical applications circuit

* Insert C15, delete R4 and R5 if CON2 is to be used to monitor the VCO. Delete C15 insert R4 and R5 if CON is to
provide an external source, otherwise short C15 and delete R4, R5 and CON2.

COMPONENT LIST FOR FIG.11

Capacitors Resistors Inductors Miscellaneous
CO0 InF 10% C17  22pF/35V Elect.|R1 270Q | L1 15pH 10% 1C1 NJ88C33
Ci 100nF 10% C19  10nF 10% R2 470Q | L2 220pH 10% X1 10.00MHz 5ppm series
C2 1pF Tant. C20 22uF/35V Elect.|R3 330Q |L3 180nH 20% SW1  Miniature slide switch
C4 10nF 10% C21  10nF 10% R4 100Q |L4 470upH 10% CON1  SMC socket
C5 22pF/35V Elect. | C22 10nF 10% R5 100Q CON2 SMC socket
C6 10nF 10% C23 22pF 5% NPO |R6 1kQ Diodes PCB  (C33ISS2
C7 1nF 10% C24  22yF/35V Elect.|R7 120Q
C8 1nF 10% C27 22pF 5% NPO |R8 27kQ | D1 1N6263 Schottky
C9 1nF 10% VC1 3p5-22p R9 Link |D2 1N6263 Schottky
C11 150pF 5% NPO R10  1kQ D3 BBY40 varicap
C12 1nF 10% R11 10Q D4 S5mm red LED
C13 1nF 10% R12  10Q
C14 2p7+0.5pF NPO R13  10Q Transistors
C15 10nF 10% R14  22kQ
C16 10nF 10% R15 2.7kQ | TR1 BFS17 RF NPN
R16 330R | TR2 BFS17 RF NPN
R17 100Q | TR3 2N3904 Switching
R18  33MQ
NOTES

1. With the exception of electrolytics, all capacitors are surface mount types
2. Allresistors are 0.25W, +2%
3. Co, C1, C2, C11, C12, C13 and C14 must be low leakage types.

4. R18 may be required to optimise VCO close in noise performance.
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GEC PLESSEY
L cviconpucrons]

TARGET SPECIFICATION

DS3805 - 1.7

NJ88C50

DUAL LOW POWER FREQUENCY SYNTHESISER

The NJ88C50 is a low power integrated circuit, designed
as the heart of a fast locking PLL subsystem in a mobile radio
application. It is manufactured on GEC Plessey
Semiconductors 1.4 micron double polysilicon CMOS
process, which ensures that low power and low noise
performance is achieved. The device contains two
synthesisers, one for the generation of VHF signals up to
125MHz and a second for UHF (when used with a
mulitmodulus prescaler such as the SP8713/14/15). The
main synthesiser has the capability of driving a dual speed
loop filter and also can perform Fractional-N interpolation.
Both synthesisers use current source outputs from their
phase detectors to minimise external components. Various
sections may be powered down for battery economy.

FEATURES

30MHz main synthesiser

125MHz auxiliary synthesiser
Programmable output current

from phase detector - up to 10mA
High input sensitivity

Fractional-N interpolator

Supports up to 4 modulus prescalers
SSOP package

APPLICATIONS
NMT, AMPS, ETACS cellular

aoo [T |10 20[ 1] aano
e [T f2 191" T ] mop2
rve [ |3 18] 1] mop1
oata [ ||[s 17[T7] screen
ckn [T |5 NJ8scso 16] T | mrsc
stroBe [ | |[6 15[ 1] nsm
rm LI 14T voo
e [ ||e 13T ] pop
rsa [T |fo 12[T7] aNp
1]

10 1 :D PDI

NP20
Fig.1 Pin assignment
ABSOLUTE MAXIMUM RATINGS
Storage temperature -55°C to +150°C
Operatingtemperature -40°C to +85°C
Supply voltage -0.5t0 7.0V

Voltage on any pin -0.8Vto (Voo + 0.3V)

l GSM, 1S-54, RCR-27 cellular
B DCS1800microcellular ORDERING INFORMATION
B DLMR, DSRR, TETRA NJ88CS0MG\NPAS - (Industrial temp range in SSOP
B DECT, PHP cordless telephones package)
RSC RSM

MOD1 MOD2
O (@)

FiM O MAIN N
FIMB O BUFFER
DATA O——"gERiAL
CKIN O—] INPUT

MAIN N- DlVl DER
LATCH

CURRENT O PDI
SOURCE | G ppp

PHASE
DETECTOR

STROBE O REGISTER

FRACTIONAL-N
SYSTEM

FIA O

AUX. N
BUFFER

AUX. N-DIVIDER

PHASE CURRENT
DETECTOR SOURCE [——OPDA
RSA

Fig.2 Simplified block diagram
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ARCHITECTURE
Fig.2 shows a simplified block diagram of the NJ88C50, a . 125MHz Aucxiliary synthesiser programmable divider
more detailed description of each block and its function is - Auxiliary synthesiser phase detector with current source
given later in this datasheet. outputs
- 30MHz main synthesiser input buffer (differential inputs)
The synthesiser consists of the following blocks - 30MHz main synthesiser programmable divider and control
logic
- 35MHz reference frequency input buffer - Main synthesiser Fractional-N interpolation system
- 35MHz programmable reference divider - Main synthesiser phase detector with dual current source
- 125MHz Auxiliary synthesiser input buffer outputs
PIN DESCRIPTION
Pin | Name Function
1 AVDD Analog supply pin (nominally 5V).
FIM Main synthesiser balanced input buffer, may be used with single ended prescaler output if Fimb
is biased.
3 FIMB Main synthesiser balanced input buffer, may be used with balanced prescaler output, or biased
for single ended operation.
4 DATA Serial input for programming data.
5 CKIN Serial clock input for programming bus.
6 STROBE Program enable pin, active low.
7 RI Master reference frequency input, should be a.c coupled from an accurate source.
8 FIA Auxiliary synthesiser frequency input, should be a.c coupled.
9 RSA Current setting resistor connection defining auxiliary phase detector output current.
10 PDA Tristate current output from auxiliary phase detector.
11 PDI Tristate current output from the main synthesiser's phase detector giving integral control.
12 | GND Digital ground supply pin.
13 PDP Tristate current output from the main synthesiser's phase detector giving proportional control.
14 | vDD Digital supply pin (nominally 5V).
15 RSM Current setting resistor connection defining main synthesiser's phase detector output currents.
16 RSC Current setting resistor connection defining the compensation current for fractional-N ripple
elimination in the main synthesiser's current source outputs.
17 | SCREEN To be connected to ground to provide isolation of the modulus control pins from RF interference.
18 MOD1 Modulus control pin (see truth table).
19 MOD2 Modulus control pin (see truth table).
20 | AGND Analog ground supply pin.

It is recommended that power supply pins are well decoupled to minimise power rail born interference.
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FUNCTIONAL DESCRIPTION

The NJ88C50 has been designed using a modular
concept, and its operation can be best summarised as these
component blocks.

Referencedivider

The reference divider is used to provide the reference
signals needed for both the main and auxiliary synthesiser
phase detectors. The divider allows for atwelve bit number to
be loaded, via the serial bus, to select the required division
ratio. Division ratios of 3 to 4095 can be used.

The reference divider input stage will accept a low level,
AC coupled, sinewave input. It is anticipated that in most
systems this will be provided by a stable reference source up
to 35MHz, and so encompasses all the common TCXO
(temperature controlled crystal oscillator) frequencies, such
as 9.6, 12.8, 13.0, 19.44 and 26MHz.

Astandby mode is supported so that the reference divider
can be powered down, this is achieved using two of the serial
program control bits.

Toreduce the possibility of unwanted interaction between
the main and auxiliary synthesisers, the charge pumps do not
take current atthe same time. To achieve this the output of the
reference divider has a duty factor of approximately 50:50,
which then allows the Q and QBAR taps to be used for the
auxiliary and main synthesisers respectively. By doing this the
current pulses can be taken alternatively, minimising
modulation of the power supply rails as current is drawn.
‘The reference divider consists of a 12 bit programmable
divider followed by a 4 bit binary counter. This 4 bit counter
gives a choice of divide by M, 2M, 4M or 8M.

A pairof programmable control bits are used to determine
which of the divide by M, 2M, 4M or 8M outputs is supplied to
the auxiliary synthesiser's phase detector and a further pair of
control bits are used to determine which are supplied to the
main synthesiser's phase detector.

Auxiliary synthesiser

The auxiliary synthesiser operates over an input frequency
range from 1 to 125MHz, without the use of an external
prescaler. The synthesiser consists of a 12 bit N divider and
a digital phase comparator with current source outputs. The
reference frequency is supplied by the shared reference
divider. Current source outputs allow a passive loop filter to
be used.

When the auxiliary synthesiser is not in use, a standby
mode is supported so that power consumption is reduced.
This is achieved using one of the serial program control bits.

mmed with a 12 bit word allowing
5

R
e useaq.

PRUY

division ratios o

The auxiliary phase detector consists of the 2 D-type
phase and frequency detector shown in Figure.3 below, the
high and low outputs of which drive on-chip, opposing
complementary charge pumps. This type of phase detector
design eliminates non linearity or deadband around the zero
phase error (locked) condition.

66

The charge pump outputcurrent level is setby an external
resistor on the RSA pin (pin 9) up to a limit of 250pA +/-10%.
A pull up current pulse will indicate that the VCO frequency
must be increased, whilst a pull down pulse indicates that the
frequency must be decreased.

i G Enable pull-down
Variable charge pump
N-Divider
Pulse R
Enable pull-up
) 3 N charge pump
+ —
Reference v
Divider
Pulse p
R

Fig.3 Auxiliary phase detector
Main Synthesiser

The main synthesiser is capable of operating at
frequencies up to 30MHz. The synthesiser uses the 12 bit
reference divider, shared with the auxiliary synthesiser, a 12
bit up/down N divider and a digital phase comparator with
current source outputs.

The device also has anumber of features which increase
the design flexibility and performance of the synthesiser.
These include fractional-N operation, speed up mode and
support of 2, 3 and 4 modulus prescalers. A description of the
operation and advantages of each of these features is given.

The main N divider input buffer will accept inputs from
an external prescaler, either as balanced (2 wire) ECL levels
atfrequencies up to 30MHz, or DC coupled to a single ended
prescaler output. Single ended operation requires the other
bufferinput (pin 3) to be externally biasedtothe correct slicing
voltage for the prescaler and also externally decoupled.

Ifthe inputs are in the form of balanced ECL levels, there
must not be a skew of greater than 2ns between one input
changing and the second input changing. The relationship of
the signals is shown below in Fig.4.

e N NS

| \\ Balanced
! ECL
FIMB w/ Inputs

I
[
[
[
-l —
+/-2ns

Fig.4 Maximum input skew



The main N divider is programmable so that it can
determine how many cycles of each division ratiothe external
prescaler will perform.

The total division ratio of the output fromthe system VCO
tothe synthesiser's phase detector may be expressed as Ntot
and R1, R2, R3 and R4 are the available prescaler ratios and
N1, N2, N3 and N4 are the corresponding number of cycles for
each ratio selected, within one complete division cycle.

The divideris programmed viathe serialdata bus andthe
values needed to be programmed for each of the possible
prescaler ratios are as follows:-

In 2 modulus mode (division ratios R1, R2)

Nrtor= N1.R1 + N2.R2

Programmed values needed:

N1 -a12bitvalue giving the number of times R1 is to be used
N2 - a 8 bit value giving the number of times R2 is to be used

In 3 modulus mode (division ratios R1, R2, R3)

Nror = N1.R1 + N2.R2 + N3.R3

Programmed values needed:

N1 -a12bitvalue givingthe number of times R1 is to be used
N2 - a 4 bit value giving the number of times R2 is to be used
N2+N83 - a 4 bit value where N3 is the number of times R3 is
to be used and (N2+N3) is modulo-16 addition

In 4 modulus mode (division ratios R1, R2, R3, R4)

Nrtor= N1.R1 + N2.R2 + N3.R3 + N4.R4

Programmed values needed:

N1 -a12bit value giving the number of times R1.is to be used
N2 - a 4 bit value giving the number of times R2 is to be used
N2+N3 - a 4 bit value where N3 is the number of times R3 is
to be used.

N2+N3+N4 - a 4 bitvalue where N4 is the number of times R4
is to be used. (N2+N3) and (N2+N3+N4) are modulo-16
addition.

To facilitate the use of multimodulus prescalers the N
divider is based upon a twelve bit up/down counter which
functions as follows

The first value, N1, is loaded into the counter which then
counts down from N1 to zero. During this time, the modulus
ratio R1 is selected.

When the counter reaches zero modulus R2 is selected
and the counter then counts uptothe N2 value. If 2 modulus
operation is chosen, the counter'is then reloaded with N1 and
the count is repeated.

For operation with 3 or 4 modulus devices, the counter
continues to count up once it has reached the N2 value. The
count continues to the N2+N3 value and during this time the
R3ratio is selected. Inthe 3 modulus case, when the N2+N3
value is reached the counter is then reloaded with the N1
value and the modulus ratio R1 is selected.

For4 modulus operation the counter willcontinue its count
up to the N2+N3+N4 value before reloading the N1 value.
During this time the R4 modulus is selected.

NJ88C50

I N2, N3, or N4 are set to zero this will give a full count of 16
for the corresponding modulus.

The Ndivider block also has a special controlline fromthe
Fractional-N logic. When required this control will cause the
total division ratio to be increased from N to N+1. This is
achieved by forcing a cycle which would have normally used
a prescaler ratio R1 to use ratio R2 instead. R1 and R2 are
chosen so that R2 equals R1+1.

Further explanation of the operation of the synthesiser
when using 2, 3 or 4 modulus prescaler is given in the section
on multimodulus division (page 8).

The phase detector used on the main synthesiser is
similartothe type used on the auxiliary synthesiser (Figure.3).
In this case, however, the detector will drive two pairs of
complimentary charge pumps, one of which is intended to
drive the loop integrator capacitor to provide integral control,
whilst the other provides proportional control for the VCO.
This systemis shownin Fig 5, and has applications where fast
locking of the loop is required.

Vdd Vdd

TO V€O
PROPORTIONAL T INTEGRAL
CHARGE CHARGE

PUMP PUMP

1 .

Fig.5 Loop filter using both charge pumps

MODES OF OPERATION

Normal Mode

The synthesiser will operate in normal mode while the
strobe line of the serial data bus is low. In this mode the
following current levels are produced. The charge pump
providing the proportional feedback term will have a normal
current level designated by Iprop(0), that is setby an external
bias resistor, RSM. Iprop(0) will vary when different N-divider
ratios are programmed, so that it is proportional to the total
division ratio. To avoid the necessity of computing the total
division ratio on chip, an eight bit number representing the
most significant bits of Ntot will be loaded via the serial data
bus. Iprop(0) is therefore given by

Iprop(0) = CN.Ibo
where CN is the loaded eight bit number and the value Ibo is
scaled from the external current setting resistor RSM where

Ibo = Irsm/32. Typically Ibo = 1pA ,and therefore Iprop(0) will
have a maximum value equal to 255pA.
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The normal value of Iprop, Iprop(0), is obtained while the
strobe line of the serial programming bus is held low. In this
condition, the second charge pump providing the integral
feedback term is inactive.

Speed up Mode

In'speed up mode the loop bandwith during switching
is increased to allow faster initial frequency acquisition. This
is done by using the dual phase detector outputs (PDP and
PDI) connected to a standard passive loop filter as shown in
fig.5. The effect of this is to increase the loop gain and hence
the bandwidth while maintaining a constant phase margin

when switching between speed up mode and normal mode.

The synthesiser operates in speed up mode when the
strobe line goes high loading either word A or word A2 (see
programming section Page 8-Page 9) and it will stay in this
mode until the strobe line goes low. In this mode the following
current levels are produced. The charge pump providing the
proportionalfeedback willincrease its current from Iprop(0) to
avalue Iprop(1), where

Iprop(1) = 2%' _Iprop(0)
where L is a two bit number loaded as part of the serial
programming data. lprop(1) will therefore be 2, 4, 8 or 16
times Iprop(0). The charge pump supplying lprop is specified
up to a value of TmA.

Also when the strobe line goes high loading word A or
word A2, the charg e pump providing the integral feedback
term becomes active at a current level lint given by

lint = K.Iprop(1)

where K is a four bit number loaded as part of the serial
programming data. Although lint can be programmed to be
240 times greater than Iprop(0), the charge pump supplying
lint is only specified up to a value of 10mA.

For alicharge pumps, a pull-up current indicates the VCO
frequency should be increased while a pull-down current
indicates the VCO frequency should be decreased.

For the proportional and integral charge pumps, the
selected pulse current levels will remain substantially
constant over the charge pumps output voltage ranges
tabulated in the electric characteristics. “Substantially
constant” means that the current will not have changed by
more than 10% of the value measured at 2.5 volts on the
output .

FRACTIONAL-N OPERATION

Conventional, non fractional-N synthesisers have a
frequency resolution or step size equal to the phase detector
comparison frequency. Fractional-N refers to a technique
which allows finer frequency steps to be obtained.

The synthesised frequency with a conventional
synthesiseris equalto N times the phase detector comparison
frequency, where N is the programmable integer loop divide
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ratio. Using fractional-N the value of N is alternated between
Nand N+1 in order to simulate a fractional part. For example
9000.375 would be simulated by alternating between 9000
and 9001 in the pattern

9000, 9000, 9001, 9000, 9000, 9001, 9000, 9001 (mean value of 8000.375).

On the NJ88C50 the fractional-N circuit consists of an
miilat

grwhish aon ha aat ta Auarls o3 o anfE v

accumulator which can be setto overflow at a value of 50r 8
(FMOD in programming word D, see page 9). The value in the
accumulator, A, is incremented once every comparison cycle
of the main phase detector and every time the accumulator
overflows the total division ratio of the synthesiser and
prescaler is increased from N to N+1. To obtain the pattern
described above N=9000 and FMOD would be set to mod8
andthe incremental value, NF(programmed in word A) would
be set to 3. The accumulator would then behave as shown
below.

Increment Accumulator  Total Division
Value Value Ratio
3 3 9000
3 6 9000
3 1 9001
3 4 9000
3 7 9000
3 2 9001
3 5 9000
3 0 9001

Varying NF allows different fractions to be obtained. If NF=1
and FMOD=8 the accumulator would overflow once in every
8 cycles giving a value of 9000.125. Similarly if NF=4 the
accumulator overflows every other cycle giving 9000.5.

Foragivenstepsizethisincrease in resolution means a higher
comparison frequency at the phase detector, and therefore a
lower overall division ratio. For example,

with a step size = 200kHz
and carrier frequency = 900MHz

Non fractional-N synthesiser

Comparison frequency=200kHz

Division ratio=900MHz=4500
200kHz

Fractional-N synthesiser (using 5ths)
Comparison frequency=1MHz
Division ratio=900MHz=900

1MHz

In most applications the phase noise is proportional to the
overalldivision ratio. Therefore fractional-N gives lower phase
noise. This higher comparison frequency and lower phase
noise allows circuits to be built with wider loop bandwidths
while keeping the same stability. This means that phase
locked loops (PLLs) can be made to either switch faster for a
given phase noise or be quieter for a given switching speed,
compared to conventional designs.



However the alternation between the N and N+1 values
causes a ripple in the output frequency. This ripple is not
desirable in radio frequency synthesisers. This ripple or jitter
waveformis predictable fromthe pattern of N and N+1 values
and so can be cancelled.

Theinstantaneous accumulatorvalue, A, is proportionalto
the cumulative frequency error caused by ignoring the
fractional part during the periods of the divide by N. The
accumulator value, A, may therefore be used to generate a
waveform corresponding to the jitter waveform, that is then
used to cancel the jitter out of the phase detector. This jitter
compensation current pulse is equal to A.lcomp where lcomp
represents the step size as A is incremented.

Corresponding to the two alternative values of Iprop,
Iprop(0) and Iprop(1), lcomp willtake the values lcomp(0) and
lcomp(1). lcomp is always pull-up, and the magnitude of its
steps for perfect jitter compensation are related to the value
of Iprop by the factors

0, 1/Q.Ntot, 2/Q.Ntot , 3/Q.Ntot ........ Q-1/Q.Ntot
where Q = accumulator modulus in use (5 or 8)
Since
Iprop(0) = CN.lbo

and CNis an approximationto Ntot apart fromascaling factor,
the value of lcomp(0) required becomes independent of Ntot
and its steps are

0,1/Q,2/Q,3/Q...... Q-1/Q times Ibo.(scaling factor)

where scaling factor = Max. value of CN to be used
Corresponding max. value of Ntot

therefore lco=1 x CN(max) x Ibo
Q Ntot(max)
and lcomp(0) = A.Ilco

where Ico is scaled from the external current setting resistor
RSC.

Ico = Irsc/128.
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Typically Ntot(max) might be 10000, with CN(max)=250
and Q=8, so the current step will be of magnitude 1bo/320.
Since Ibois only 1 UA, this is a very small value; however this
value only applies if lcomp is a continuous current. lcomp
however willbe a short current pulse coincident with the Iprop
pulse, in order to cancel jitter components over the widest
possible frequency range.

When the duty factor of Icomp is taken into account, its pulse
value may be increased accordingly. lcomp is therefore
generated as a pulse of fixed width equalto two periods of the
input reference clock frequency, with a timing that straddles
the active edge of the reference divider output pulse supplied
to the main phase detector, as shown below: (Fig 6).

Since the duty factor of lcomp is 2/M and depends on the
value of M programmed, it is possible to set the peak pulse
value of lcomp(0) by means of the external current setting
resistor RSC to correspond with the value of M intended, the
value of ‘scaling factor' defined above, the accumulator
modulus Qandthe value of Ibo set by the other current setting
resistor.

lco=1 x Nmax

Q Ntot(max)

therefore X M x Ibo
2

This gives a typical value for Ico of 0.1uA.

The two values of lcomp, lcomp(0) and lcomp(1) are related
by
lcomp(1) =2%" .lcomp(0)

lcomp(0) occuring when the strobe line is low and lcomp(1)
occuring when the strobe line is high loading either WORDA
or WORDAZ2 (see programming section, page 8 and 9) .

Correspondingtothe pull-up pulse lcomp(1)thatis added
to the proportional charge pump pulse Iprop(1), there is also
a pull-up current pulse lcomp2 which is added to the integral
charge pump pulse lint. This pulse lcomp2 only applies when
the stobe line is high (loading either WORDA or WORDAZ2).
When the strobe line is low there will be no lint or lcomp2
pulses. The value of lcomp2 is given by

lcomp2 = lcomp(1).K

where K is a four bit number entered as part of the serial
programming data.

Active edge

-

M cycles of the reference input frequency

] -

Reference to phase detector

| l Timing of lcomp pulse

_..><_

2 reference frequency cycles

Fig.6

69




NJ88C50

MULTIMODULUS DIVISION

The NJ88C50 supports the use of 2, 3 and 4 modulus
prescalers. Two modulus prescalers such as the SP8714/15
are commonly used in PLLs. Additional information on using
2modulus prescalers can be found in application note AN132
in the GEC Plessey Semiconductors Personal
Communications handbook (May 1992).

When using a 2 modulus prescaler (R/R+1) the minimum
division ratio above which all channels can be synthesised is
given by

Minimum division ratio = R(R-1)
eg. for a 64/65 prescaler such as the SP8714/15

Minimum division ratio = 64(64-1) = 4032
Whenfractional-N operation is being used highercomparison
frequencies are used, which are obtained by using lower
division ratios. Use of a 3 or 4 modulus prescaler allows the
minimum division ratio to be lowered.

For a 3 modulus prescaler (R/R+1/R+A)

Minimum division ratio = R(R+A+1)+A

Minimum division ratio = 64(64+8+1)+8 = 1096
8

For a 4 modulus prescaler (R/R+1/R+A/R+B)

Minimum division ratio = R(A+B+R+1)+A+B
A B

eg. for a 64/65/68/80 prescaler

Minimum division ratio = 64(4+16+64+1)+4+16 = 852
4 16

An example of where three modulus division would be
implemented is given below.

The systemin whichthe synthesiser s to operate has a lowest
carrierfrequency of 900MHz and a channel spacing of 30kHz.
However due to the lock up time requirements fractional-N
operation is being used in its 8ths mode (see section on
fractional-N operation), giving a comparison frequency of
30kHz x 8 = 240kHz.

Therefore,

Minimum division ratio required = 900x10¢ = 3750
240x10°

If a 64/65 prescaler is used not all the channels will be
selectable as the minimum required division ratio is less than
the minimum allowable division ratio (4032).
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If a 64/65/72 prescaler is used all the channels will now be
selectable as the minimum required division ratio will now be

- greater than the minimum allowable division ratio (1096).

SERIAL DATA BUS

The data neededto programthe synthesiser is enteredvia
a high speed (10MBit/s) 3-wire bus, with serial data, serial
clock and strobe pins. The input data is partitioned so that
after initial programming the output frequency can be
changed by re-programming only 24 or 32 bits.The timing

diagram for the bus is given in Fig.7.

The data is programmed’as either four twenty-four bit
words or three twenty-four bit words and one thirty-two bit
word. When initially programmed words A, B, C and D are
loaded, though if the auxiliary synthesiser is disabled C is not
needed. Following the initial programming the frequency can
be subsequently shifted in one of the following ways:

a) If a2 or3ratio prescaler is being used and CN does
not need to be reprogrammed word A should be
loaded.

b Ifa2or3ratio prescaler is being used and CN does
needto be reprogrammedword A2 should be loaded.
In wide frequency band systems CN must be
reprogrammed for best performance every time the
frequency is changed.

c) Ifafourratio prescaleris being used word A and word
B should be loaded

1=

STROBE

DATA X > < MSB

Data must be valid on positive edges of clock

Fig.7

A strobe pulse occurs at the end of each word and loads
the contents of the input shift register into the working
registers, except when word B is being loaded, in which case
the shift register contents are loaded into atemporary register
and then loaded into the working register when either word A
or A2 is loaded. The information is transferred on the rising
edge of the strobe pulse which should occur one half clock
period after the clock edge on which the MSB of a word is
shifted in.

Ifword Aorword A2 is being loaded, whenthe strobe goes
high the main synthesiser will be putinto speed-up mode. This
mode willbe maintained while the strobe remains high. During
this time any pulses on the clock input will not affect the
function of the synthesiser.



The information contained within each word is given below.
Databits are shifted in onthe leading clock edge, withthe least
significant bit(LSB) of the word first and the MSB of the word
last. (Note that individual sections of data within a word are

loaded with the MSB of that section first. An.example of this .

is given after this description of Word A)

Word Fofmat
MSB. oot s LSB
Word A ;
[0] NF | N1 : |N2orN2and N2+N3|
8 bits |

|3 bits| 12 bits |

NF = Fractional-N incremental value. (MSB first)

N1 = Number of cycles prescaler ratio R1 is used. (MSB first)
N2 = Number of cycles prescaler ratio R2 is used. (MSB first)
N3 = Number of cycles prescaler ratio R3 is used. (MSBfirst)
If atwo modulus prescaler is being used N2= 8 bits.

If a three or four modulus prescaler is being used

N2 = 4 bits and N2+N3= 4 bits(modulo-16 addition).

Therefore if the following values are required NF=3
N1=51 N2=25 the input word would be

0 110 110011000000 10011000
NF N1 N2

" Word A2

[0f NF | Nt |N2orN2and N2+N3| CN |

I3 bits | 12 bits | 8 bits 18 bits |

CN = Scaling factor for current setting. (MSB first)

Word B
|1000 [N2+N3+N4| CN'| K | L |P1,P2]
| 4bits |8 bits|4 bits|2 bits| 2 bits |

N4 = Number of cycles prescaler ratio R4 is used and
(N2+N3+N4) is modulo-16 addition. (MSB first)
CN = Scaling factor for current setting. (MSB first)
K = Acceleration factorforintegralcharge pump. (MSBfirst)
L = Acceleration factor for proportional charge pump.
(MSB first) )
P1,P2 = Number of modulii of prescaler.

No. of modulii | P2 P1
Two 00
Three | 0 1
Four--{ 1.0
Word C
[1001] NA |

I
| 12 bits | 8 bits free |

NA = Variable frequency for auxiliary synthesiser.
(MSB first) '

NJ88C50

Word D .
[1010| NR |SM1,SM2| DM |SA1,SA2| DA|FMODI|LONG|
[12 bits|] 2bits | 1bit | 2bits |1 bit| 1bit | 1bit |

NR = Reference frequency division value. (MSB first)
SM1,SM2 = Main reference source select (Rmain).

SM1_SM2 | RMAIN
0 0 M
0 1 2M
1 0 4M
1 1 8M

SA1,SA2 = Auxiliary reference source select (Raux).

SA1 SA2 |RAUX
0 0 M
o 1 2M
1 0 4M
1 1 8M

FMOD = Fractional-N modulus select (5 or 8).

FMOD | MODULUS
0 5
1 8

DA = Disable auxiliary synthesiser.

DA=1-disabled
DA=0-enabled

DM = Disable main synthesiser.

DM=1-disabled
DM=0-enabled

LONG = Word A or A2 select.

LONG=0 Word A selected
LONG=1 Word A2 selected
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ELECTRICAL CHARACTERISTICS
DC Characteristics
Vdd = 5V £ 10%, Tamb = -40 to +85°C

Static
Parameter Min Typ Max | Unit |Condition
Supply voltage 4.5 5.0 55 \
Supply current 6 mA [Both synthesisers on
(Fia = 125MHz, Fim = 30MHz, Ri = 35MHz)
3 5 mA | Both synthesisers on
(Fia = 10MHz, Fim = 10MHz, Ri = 10MHz)
4 mA | Main on, Auxiliary in stand-by (Fim=30MHz, Ri=35MHz)
2 3 mA |Main on, Auxiliary in stand-by (Fim=10MHz, Ri =10MHz)
4 mA | Auxiliary on, Main in stand-by (Fia=125MHz, Ri=35MHz)
2 3 mA | Auxiliary on, Main in stand-by (Fia=10MHz, Ri=10MHz)
10 pA |Main and auxiliary in standby
DYNAMIC
AC Characteristics
Vdd = 5V + 10%, Tamb = -40 to +85°C
Input signals - RF
Parameter Min Typ Max Unit Condition
Input-Ri
Reference input - Ri 10 35 Mz sinewave input, Note 1
1 35 MHz pulse input, Note 1
Rise time 20 ns
Fall time 20 ns
Input voltage - Ri 0.1 1 Vpk-pk Ri = 20-35MHz, Note 1
0.25 1 Vpk-pk Ri = 10-19MHz, Note 1
Input capacitance 10 pF
Large signal input impedance 200 kQ Note 2
Source impedance Z 1.5 kQ Note 3
Aux synthesiser input -FIA
Input frequency - Fia 20 125 MHz sinewave input, Note 1
1 125 MHz pulse input, Note 1
Rise time 10 ns
Fall time 10 ns
Input voltage 0.35 1 Vpk-pk Fia = 20-49MHz, Note 1
0.1 1 Vpkepk Fia = 50-99MHz, Note 1
0.35 1 Vpk-pk Fia = 100-125MHz, Note 1
Input capacitance . 10 pF
Large signal input impedance 200 kQ Note 2
Source impedance 1.5 kQ Note 3
Main synthesiser input -FIM
Input frequency - Fim 10 30 MHz sinewave input
1 30 MHz pulse input
Rise time 50 ns
Fall time 50 ns
Input voltage 0.2 1 Vpkepk Single ended input
Common mode input DC voltage range 2.8 Vdg-1 \Y
Input capacitance 10 pF
Input impedance 100 MQ
Input Current 10 HA
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Notes

1.

2.

Source impedance = 502

NJ88C50

Virtual earth input amplifier, therfore low impedance for small signals. Impedance is high once signal amplitude exceeds

typically £0.125V.

Input amplifier may become unstable for higher values of Zs.

DYNAMIC
AC Characteristics

Vdd = 5V + 10%, Tamb = -40 to +85°C

Input signals - Logic and current defining pins

Parameter Min Typ Max Unit Condition
Data and strobe
Input voltage high Vag-0.8 Vad Vv
Input voltage low 0 0.8 '
Input capacitance 10 pF
Input current 10 HA
Clock
Input voltage high Vaa-0.8 Vad \Y
Input voltage low 0 0.8 v
Input capacitance 10 pF
Input current 10 HA
Input frequency 10 MHz
Current setting pins
Input Signal RSA 80 HA Notes 1, 4
Input current
Input Signal RSM 32 HA Notes 2, 4
Input current
Input Signal RSC 12.8 HA Notes 3, 4
Input current
Notes

1.

The current set on pin RSA will be scaled up on chip by a factor of 3 to give the value of the auxiliary phase detector

output.

detector which gives the outputs ’prop and ljp¢.

detector which gives the outputs leomp and loomp 2-

. The voltage on each of the three current setting pins (RSA, RSM, RSC) is approximately 4V.

. The current set on pin RSM will be scaled down on chip by a factor of 32 to provide the current /g to the main phase

. The current set on pin RSC will be scaled down on chip by a factor of 128 to provide the current /¢4 to the main phase

Therefore to give a typical current of 32uA on RSM for example, a 125k resistor connected between the pin and GND

would be required.
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DYNAMIC
Vdd = 5V + 10%, Tamb = -40 to +85°C
Output signals

Parameter Min Typ Max Unit Condition
Modulus control - MOD1 MOD2 Push-Pull output
Output voltage high Vaa-0.4 Vad \ foH = 0.5mA
Output voltage low 0 0.4 \ loL = 0.5mA
Modulus output truth table
MOD2 MOD1 Prescaler modulus
0 1 R1
0 0 R2
1 0 R3
1 1 R4
DYNAMIC
Vdd = 5V, Tamb = -40 to +85°C
Output signals - Auxiliary synthesiser
Parameter Min Typ Max Unit Condition
Output signal - PDA
Up current - See Note 5 -10% Ipda +10% HA 0<VPD<4.35V
Down current - See Note 5 -10% ’pda +10% LA 0.65<VpPp<5V
Tristate 10 nA
DYNAMIC
Vad = 5V, Tamb = -40 to +85°C
Output signals - Main synthesiser, proportional output
Parameter Min Typ Max Unit | Condition
Output signal - PDP
Iprop(0) Up see notes 1,3 & 4 -10% +lpo.CN +10% UA 0<Vrp<4.55V, Strobe=0V
Iprop(0) Down see notes 1, 3 & 4 -10% -Ipo.CN +10% pA 0.45<VpP0<5V, Strobe=0V
lprop(1) Up see notes 2&3 10% | +lpo.CN.2u+1 +10% LA ‘ 0<VpD<4.55V, Strobe=5V
Iprop(1) Down see notes 2&3 -10% | -lpo.CN.2L+1 +10% HA | 0.45<VpPD<5V, Strobe=5V
Tristate 50 nA
Notes

1. The typical value of Irror(0) is set by the programmed value of CN and the current /., set by the external resistor

RSM, where lpo=lpsm/ 32. lrgm is typically 32uA.

oo~ 0D
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The current output leror is specified between:100pA and 1mA.

The typical value of Ipror(1) is set by the value of Irrop(0) and the programmed value of L.

The output current is monotonic over the CN range 128-255. In standard operation CN is set at a value > 128.

Where lpda depends on the value of current setting resistor on RSA pin (9). |pda max = 250pA
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DYNAMIC
Vdd = 5V, Tamb = -40 to +85°C
Output signals - Main synthesiser, integral output

Parameter Min Typ Max | Unit | Condition

Output signal - PDI

It Up 0% | +lpogCN2WHTK | 410% | MA | 0<Veo<4.45V, Strobe=5V
(1mA - 5mA) see notes 1&2
It Down 10% | -lpo.CN.2-+1.K +10% | MA | 0.35<Vpo<5V, Strobe=5V
(1mA - 5mA) see notes 1&2
InT Up 10% | +lpo-CN2WH1K | 410% | MA | 0<Veo<d.3V, Strobe=5V
(5mA - 10mA) see notes 1&2
InT Down -10% | -lpo-CN.2+1K +10% | MA | 0.5<Vrp<5V, Strobe=5V
(5mA - 10mA) see notes 1&2
Tristate 50 nA

Notes

1. The typical value of It is set by the value of Iprop(1) and the programmed value of K.

2. The current output It is specified between 1mA and 10mA.

DYNAMIC
Vad = 5V, Tamo = -40 to +85°C

Output signals - Main synthesiser, under Fractional-N control

Parameter Min Typ Max Unit Condition

Output signal - PDP

Icomp(0) -10% leg-Acc. +10% HA 0<VrD<4.55V, Strobe=0V
see notes 1&3

Icomp (1) -10% lo-Acc2t+1. | +10% [ wA 0<Vrp<4.55V, Strobe=5V
see notes 2&3

Output signal - PDI

lcomp2 -10% leo-Acc.2+1 K +10% HA 0<VPp<4.55V, Strobe=5V
see notes 4&5

Notes

1. The typical value of Icomr(0) s set by the fractional-N accumulator value Acc and the current /¢, set by the external
resistor RSC, where Ioo=l,5-/128. I gcis typically 12.8uA.

The typical value of lcomp(1) is set by the value of Icomp(0) and the programmed value of L.

The current output Icomp is specified up to 12uA.

The typical value of Icomp2 is set by the value of Icomp(1) and the programmed value of K.

oh LD

The current output lcomp2 is specified up to 180pA.
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Fig.8 shows a typical application, using the NJ88C50 to
generate both VHF and UHF signals. External components
are kept to a minimum, requiring only bias, loop filter and
decoupling components. In many applications the UHF VCO
is a pre-assembled and tested module to suit the end equip-
mentuse, whereas the VHF design s likelyto be discrete. The
circuit shown is suitable for operation upto 1.1GHz and uses
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alow power prescaler, the SP8715, feeding the NJ88C50 in
single ended mode. This requires a biasing network around
the differentialinputofthe NJ88C50to be used (pins 2and 3).

Power supply and ground rails must have adequate
decoupling otherwise overall performance may be impaired.
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IF Products
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SL6601C IS FOR MAINTENANCE PURPOSES ONLY AND IS NOT RECOMMENDED FOR NEW DESIGNS

GEC PLESSEY
. P scmiconbucions]

DS 3284 -1

SL6601C

FM IF, PLL DETECTOR (DOUBLE CONVERSION) AND RF MIXER

The SL6601 is a straight through or single conversion IF
amplifier and detector for FM radio applications. Its minimal
power consumption makes it ideal for hand held and remote
applications where battery conservation is important. Unlike
many FM integrated circuits, the SL6601 uses an advanced
phase locked loop detector capable of giving superior signal
to-noise ratio with excellentco-channelinterference rejection,
and operates with an IF of less than IMHz. Normally the
SL6601 will be fed with an input signal of up to 17MHz: there
is a crystal oscillator and mixer for conversion to the IF
amplifier, a PLL detector and squelch system.

FEATURES

M High Sensitivity 2uV Typical

M Low Power: 2.3mA Typical at 7V

B Advanced PLL Detector

M Available in Miniature 'Chip Carrier' Package
M 100% Tested for SINAD

APPLICATIONS
B Low Power NBFM Receivers

B FSK Data Equipment
M Cellular Radio Telephones

QUICK REFERENCE DATA

W Supply Voltage 7V
Il 50dB S/N Ratio

crysTaL [1 A [ ®we
cRysTAL []2 17 [] crouno
MIXER DECOUPLE []3 16 [] pECOUPLE
2NO (F FILTER [ 4 15 [] vee
2N IF DECOUPLE [ SL6601 [
}vco’numa
saueLcH o [|6 13 []] CAPACITOR
SQUELCH TRIGGER FILTER [ 7 12
}LOOP FILTER
aForp 8 n ]
VCO TIMING RESISTOR E 9 10 ] VCO TIMING RESISTOR

VCO TIMING
CAPACITOR

w
i
g
5
<]
S
8

GROUND

}LOOP FILTER
IF P
CRYSTAL VCO TIMING RESISTOR

CRYSTAL

VCO TIMING RESISTOR

MIXER DECOUPLE

AF OFP

2NDIF FILTER ) »
2ND IF DECOUPLE
SQUELCH OP Yo

SQUELCH TRIGGER FILTER ) ~

DG18
DP18

LC18.

Fig. 1 Pin connections - top view

1STIF AMP
1 50MHz
+20dB
2ND IF AMP
 1MHz

MIXER +60d8

TIMING  V,
i cc

AUDIO
ouTPUT

FILTER

LR
Vil

SQUELCH
OUTPUT

Fig. 2 SL6601 block diagram
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SL6601C
ELECTRICALCHARACTERISTICS
Test conditions (unless otherwise stated):

Supply voltage V. : 7V

Input signal frequency: 10.7MHz, frequency modulated with a 1kHz tone with a +2.5kHz frequency deviation
Ambient temperature: -30°C to +85°C; IF = 100kHz: AF bandwidth = 15kHz

Value
Characteristics Units Conditions
Min, Typ. Max.

Supply current 2.3 2.7 mA
Inputimpedance 100 300 Q Source impedance =200Q
Input capacity 0.5 2.0 3.5 pF
Maximum input voltage level 0.5 Vrms Atpin 18
Sensitivity 5 2 uVrms At pin 18 for S + N/N = 20dB
Audio output 35 90 140 mV rms
Audio THD 1.3 3.0 % 1mV rms input at pin 18
S+ N/N 30 50 dB 1mV rms input at pin 18
AM rejection 30 Note 1 dB 100uV rms input at pin 18, 30% AM
Squelch low level 0.2 0.5 Vdc 20uV rms input at pin 18
Squelch high level 6.5 6.9 Vdc No input
Squelch hystersis 1 6 dB 3uV input at pin 18
Noise figure 6 dB 50€2 source
Conversion gain 30 dB Pin 18 to pin 4
Input gain compression 100 uvrms Pin 18 to pin 4, 1dB compression
Squelch output load 250 kQ
Input voltage range 80 100 dB At pin 8; above 20dB S + N/N
3rd order intercept point (input) -38 dBm Input pin 18, output pin 4
VCO frequency

Grade 1 85 100 kHz 390pF timing capacitor

Grade 2 95 110 kHz 390pF timing capacitor No input

Grade 3 105 120 kHz 390pF timing capacitor }
Source impedance (pin 4) 25 40 kQ
AF output impedance 4 10 kQ
Lock-in dynamic range +8 kHz 20uV to 1mV rms at pin 18
External LO drive level 50 250 mV rms At pin 2
Crystal ESR 25 Q 10.8MHz

APPLICATION NOTES

IF Amplifiers and Mixer

The SL6601 can be operated either in a ‘straight through'
mode with a maximum recommended input frequency of
800kHz orin asingle conversion mode with aninput frequency
of 50MHz maximumandan IF of 100kHz orten times the peak
deviation, whichever is the larger. The crystal oscillator
frequency can be equal to either the sum or difference of the
two IFs; the exact frequency is not critical.

Thecircuitis designed to use series resonantfundamental
crystals between 1 and 17MHz.

When a suitable crystal frequency is not available a
fundamental crystal of one third of that frequency may be
used, with some degradation in performance.

E.G. If an external oscillator is used the recommended
levelis 70mV rms and the unused pin should be left O/C. The
input is AC coupled via a 0.01uF capacitor.

Acapacitorconnected between pin 4 and ground willshunt
the mixer output and limit the frequency response of the mixer
output and limit the frequency response of the input signal to
the second IF amplifier. A value of 33pF is advised when the
second IF frequency is 100kHz; 6.8pF is advised for 455kHz.

Phase Locked Loop

The Phase Locked Loop detector features a voltage
controlled oscillator with nominal frequency set by an external
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capacitor equalto (40+7)/f pF, wheref is the VCO frequency
in MHz The nominal frequency may differ fromthe theoretical
butthere is provision for afine frequency adjustmentby means
of a variable resistor between the VCO output pins: a value of
470k has negligible effect while 6.8k (recommended minimum
value) increases the frequency by approximately 20%.

Care should be taken to ensure that the free running VCO
frequency is correct; because the VCO and limiting IF
amplifier output produce square waves, it is possible to obtain
lock with the VCO frequency fractionally relatedto the IF, e.g.
IF = 100kHz, VCO = 150kHz. This condition can produce good
SINAD ratios but poor squelch performance.

The loopfilter is connected between pins 11 and 12; a 33k
resistor is also required between pin 11 and Vcc.

The values of the filter resistor R2 and capacitor C1 must
be chosen so that the natural loop frequency and damping
factor are suitable for the FM deviation and modulation
bandwidth required. The recommended values for various
conditions are tabulated below:




entre frequency | Deviation [ Resistor | Capacitor
kHz kHz kQ pF
100 5 6.2 2200
100 10 5.6 1800
455 5 4.7 1500
455 10 3.9 1200

Note that the values of loop filter are not critical and in many
cases may be omitted.

The AF output voltage depends upon the % deviation and so,
foragiven deviation, output is inversely proportionalto centre
frequency. Asthe noise is constant, the signalto noise ratio is
also inversely proportional to centre frequency.

VCO Frequency Grading
The SL6601 is supplied in 3 selections of VCO centre
frequency. This frequency is measured with a 390pF timing
capacitor and no input signal.

Devices are coded ‘SL6601 C’anda'/1",'/2",'/3'to indicate
the selection.
Frequency tolerances are:

n 85 - 100kHz (or uncoded)
/2 95 - 110kHz
/3 105 - 120kHz

Note that orders cannot be accepted for any particular
selection, but all devices in a tube will be the same selection.

Squelch Facility

Wheninputstothe product detector differin phase a series
of current pulses will flow out of pin 7. The feature can be used
to adjust the VCO; when a 1mV unmodulated input signal is
applied to pin 18 the VCO frequency should be trimmed to
maximise the voltage on pin 7.

The squelch levelis adjusted by means of apresetvariable
resistorbetween pin 7 and Vccto set the output signalto noise
ratio at which it is required to mute the output. The capacitor
between pin 7 and ground determines the squelch attack time.
A value between 10nFand 10/1Fcan bechosento give the
required characteristics.

Operation at signalto noise ratios outside the range 518dB
is not recommended. Where the ‘front end’ noise is high
(because of very high front end gain) the squelch may well
never operate. This effect can be obviated by sensible
receiver gain distribution.

The load on the squelch output (pin 6) should not be less
than 250k€2. Reduction of the load below this level leads to
hysteresis problems in the squelch circuit.

The use of an external PNP transistor allows hysteresis to
be increased. See Fig.4. The use of capacitors greater than
1000pF from pin 6 to ground is not recommended

Ouputs

High speed data outputs can be taken direct from pins 11
and 12 but normally for audio applications pin 8 is used Afilter
network will be needed to restrict the audio bandwidth and an
RC network consisting of 4.7kn and 4.7nF may be used.
Layout Techniques and Alignment

The SL6601 is not critical in PCB layout requirements
except in the 'straight through’ mode. In this mode, the input
components and circuits should be isolated from the VCO
components, as otherwise the VCO will attempt to ‘lock’ to
itself, and the ultimate signal to noise ratio will suffer.

The recommended method of VCO adjustment is with a
frequency measurement system on pin 9. The impedance
mustbe high, andthe VCO frequency is adjusted with noinput
signal.

SL6601C
LOOP FILTER DESIGN

The design of loop filters in PLL detectors is a straight
forward process. In the case of the SL6601 this part of the
circuit is non-critical, and in any case will be affected by
variations in internal device parameters. The major area of
importance is in ensuring that the loop bandwidth is not so low
as to allow unlocking of the loop with modulation.

Damping Factor can be chosen for maximum flatness of
frequency response or for minimum noise bandwidth, and
values between 0.5 and 0.8 are satisfactory, 0.5 giving
minimum noise bandwidth.

Design starts with an arbitrary choise of fn, the natural loop
frequency. By setting this at slightly higherthan the maximum
modulation frequency, the noise rejection can be slightly
improved. The ratio fm/fn highest modulating frequency to
loop frequency can then be evaluated.

From the graph, Fig.3 the value of the function

¢e!N
Af

can be established for the desired damping factor.

Feak phase error

oop natural frequency

Af maximum deviation of the input signal
and asf and af are known, ¢, is easily calculated. Values for
should Be chosen such that the error in phase is between 0.5
and 1 radian. This is because the phase detector limits at
+n/2 radians andis non linear approaching these points. Using
avery small peak phase error means that the output fromthe
phase detector is low, and thus impairs the signal to noise
ratio. Thus the choice of a compromise value, and 0.5to 1
radian is used. If the value of ¢, achieved s far removed from
thisvalue, a new value of fn should be chosen andthe process
repeated.

With fn and D established, the time constants are derived
from

KOKD

W T Gy
dt D 1
AT EE T KK,

K, K, is 0.3f,, where f is the operating frequency of the VCO.
t, is fixed by the capacitor and an internal 20kQ2 resistor: t, is
fixed by the capacitor and external resistor.

t

so C = 1
2Cx 108
4R t2x 20 x 103
e = ToEx10°

In order that standard values may be used, it is better to
establish a value of C and use the next lowest standard value
e.g.C_,. = 238pF, use 220pF, as it is better to widen the loop
bandw;dth rather than narrow it.

The value of R_ is then 'roundedup’ by a similar process.
It is, however, better to increase R, to the nearest preferred
value as loop bandwidth is propomonal (R, "/, while damping
factor is proportional to R: thus damping factor is increasing
more quickly which gives a more level response.
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SL6601C

Example

A frequency modulated signal has a deviation of 10kHz
and a maximum modulating frequency of 5kHz. The VCO
frequency is 200kHz.

Letf =6kHzand D=0.5

Then from the graph
Dery A s
= V.00
Af
0.85Af 0.85x 10
o, = . = ———— = 1.4rads.
This is too large, so increase f_e.g. to 10kHz.
f
" osdm L gus
f Af
0.45x 10
o, =—— = 045
10

- which is somewhat low

Therefore set f = 7.5kHz

f
" = 0666
fn
Q. 0,68
Af
0.66x 10
o, == - 0.88 rads.
KK
t+t, = =0
(2nfn)?

K K, = 0.3f, where 1  is the VCO frequency
0.3x200x 10°

t#t, = — = 27u8
(2mx 7.5 x 10%)?
D 1
, = — -
mn KK,
0.5 1
T mx75x10°  0.3x200x 10°
= 4.5u8
t, = 22.5u8
t, 22.5x10°
(o] = = = 1.125nF (use 1nF)
20x10° 20107
t2
R = — x20x10°
t‘l
4.5

=——x20x 10°
225
= 4KkQ (use 3.9K)

Actual loop parameters can now be recalculated
t1 = 20us t2 = 3.9us
82

(K K.) (2x10°% x 0.3)
onfn = —° % - =50.1k rad/sec = 7.97kHz
(t, xt, (23.9 x 10°)
D fn(t2 +_1_)=0.515
KoKo
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Fig. 3 Damping factor
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TYPICAL CHARACTERISTICS
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Fig. 11 Typical AM rejection

(the ratio between the audio output produced by:

(a) a 3kHz deviation 1kHz modulation FM signal and

(b) a 30% modulated 1kHz modulation AM signal at the
same input voltage level.)
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ABSOLUTE MAXIMUM RATINGS

g IF 100kHz

z
H
< Supply voltage oV
E
g w Storage temperature  -55°C to +125°C (DP package)
g - 55°C t o
g - 0 +150°C (DG)
¥ . Operatingtemperature -55°C to +125°C
¢ .
3 - (see Electrical Characteristics)
c / Input voltage 1V RMS at pin 18
g 0
2
o

-80

<120 110 0 90 A0 -0 60 50 a0 J0 20 10

INPUT LEVEL (dBm) ATPIN (8
Fig. 12 Typical conversion gain (to pin 4)
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The SL6652 is a complete single chip mixer/oscillator, IF
amplifier and detector for FM cellular radio, cordless
telephones and low power radio applications. It features an
exceptionally stable RSSI (Received Signal Strength

DS 3285 -1

1 ’ - ! e outeur (7 0[] ot dag
Indicator) output using a unique system of detection. Supply ) b wren ost
current is less than 2mA from a supply voltage in the range ouso con [}z "H weut
2.5Vto 7.5V. Au0i0 outPyT[]3 1] 0SC COLLECTOR
AUOID OUTPUT g v 1 ose Rase
FEATURES vee (s 16[] 0SC EMITTER
SL6652 0USC CURRENT
~ 1SC Cul
W Low Power Consumption (1.5mA) oroumo e 17 sousie
M Single Chip Solution R INPUTT 1 14 [J umien eyt
B Guaranteed 100MHz Operation et e 13 s weut
W Exceptionally Stable RSSI MIXER OUTPUT o 12 [ UMITER FEEDRACK
REFERENCE A DECOUPLE
MIXER OUTRUT |10 m" RSSIOUTPUT
APPLICATIONS :
M Cellular Radio Telephones DP20
B Cordless Telephones DG20
MP20
QUICK REFERENCE DATA
Fig. 1 Pin connections (top view)
M Supply Voltage 2.5V to 7 5V
M Sensitivity 3uV
W Co-Channel Rejection 7dB
vee vce
20- 40p
33p 10 » vee
270p I = ov 330p
220n
B 6
15 6 10A 100mV RMS
OSCILLATOR S0uA DETECTOR 'V 3] (aHz DEVIATION)
INPUT c 8 1 -—
200mV | a0k 270p AUDIO
RMS OSCILLATOR 4 o OUTPUTS
I TRANSISTOR
ov 40k I ,;7 270p
I SL6652 ) A |
+150B (ADJUSTABLE) 4908 (LIGHTING)
| 100MHz MAX 1S WAX
19 8pA I i«
2k 1
RFC [ MIXER 20k | IF AMP Assl ¢ RSS!
I ,J;mn ,i 100n

“2eon T

220n =

(TO MATCH FILTER)

Fig. 2 bl

ock diagram
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SL6652

ABSOLUTE MAXIMUM RATINGS

Supply voltage
Storage temperature
Operatingtemperature
Mixer input

ELECTRICALCHARACTERISTICS

Test conditions (unless otherwise stated):

8V

-55°C to +150°C
-55°C to +125°C
1V rms

Ve =25V1to 7.5V, T =-30°C to +85°C, IF = 455kHz, RF = 50MHz, Quad Coil Working Q = 30

Value
Characteristics Units Conditions
Min. Typ. Max.
Overall
Supply current 1.5 2.0 mA
Sensitivity 5 10 ny 20dB SINAD
3 uv 12dB SINAD
AM rejection 40 dB RF input <5000V
V.. 1.0 1.2 1.4 vV T, =25C
Co-channelrejection 7 dB See Note 2
Mixer
RF input impedance 1 kohm
OSC input impedance 2 kohm
OSC input bias 5 WA ALY,
Mixer gain 15 dB Rload = 1.5k
3rd order input intercept -10 dBm
OSC input level 180 300 mV
OSC frequency 100 MHz
Oscillator
Current sink 40 70 uA T, =25°C
H, 30 40 ... 70uA
f; 500 MHz | 40 ... 70uA
IF Amplifier
Gain 90 dB
Frequency 455 1500 kHz
Diff. input impedance 20 kohm
Detector
Audio output level 75 125 mvV
Ultimate S/N ratio 60 dB } 5mV into pin 14
THD 0.5 5 %
Outputimpedance 40 kohm
Inter-output isolation 65 dB 1kHz
RSSI Output (T, , = +25°C)
Output current 20 HA No input pin 14
Output current 50 80 uA Pin 14 =2.5mV
Currentchange 0.9 1.22 1.5 uwA/dB | See Note 1
Linear dynamic range 70 dB See Note 1

NOTES

1. The RSS! output is 100% dynamically tested at 5V and +20° C over a 70dB range. First the input to pin 14 is set to

2.5mV and the RSSI current recorded Then for each step of 10dB from -40 to +30dB the current is measured again. The
current change in each step must meet the specified figure for current change. The RSSI output is guaranteed monotonic

and free from discontinuities over this range.

2. Co-channel rejection is measured by applying a 3kHz deviation, 1 kHz modulated signal at an input level to give a 20dB
SINAD ratio. Then a 3kHz deviation, 400Hz modulated signal on the same frequency is also applied and its level increased

to degrade the SINAD to 14dB.

86




SL6652

. 5
18
200k
v 9 10
13
16 11
N 20 19 18 - T
15 E
ak 12
200k
7
6
O

pv-

o—- BAND-GAP
REFERENCE

e

[*

4
o—4 —0

1
}m

1

BIAS

i

¢

GENERAL DESCRIPTION

The SL6652 is a very low power, high performance
integrated circuit intended for IF amplification and
demodulation in FM radio receivers. It comprises:

A mixer stage for use up to IOOMHz

An uncommitted transistor for use as an oscillator

A current sink for biasing this transistor

A limiting amplifier operating up to 1.5MHz

A quadrature detector with differential AF output

An RSSI (Received Signal Strength Indicator) output

Mixer

The mixer is single balanced with an active load. Gain is
set externally by the load resistor although the value is
normally determined by that required for matching into the
ceramic filter. It is possible to use a tuned'circuit but an
increase in mixer gain will result in a corresponding reduction

of the mixer innut intercent noint
Cl INe MiXer INput Intercept point.

The RF input is a diode-biased transistor with a bias

current of typically 300pA. The oscillator input is differential
but would normally be driven single-ended. Special care
should be taken to avoid accidental overload of the oscillator
input.

Oscillator

The oscillator consists of an uncommitted transistor and a
separate current sink. The user shouldensure that the design

Fig. 3 Internal schematic

of oscillator is suitable for the type of crystal and frequency
required; it may not always be adequate to duplicate the
design shown in this data sheet.

IF amplifier

The limiting amplifier is capable of operation to at least 1
MHz and the input impedance is set by an external resistor to
match the ceramicfilter. Because of the high gain, pins 12 and
13 must be adequately bypassed.

Detector

A conventional quadrature detector is fed internally from
the IF amplifier; the quadrature input is fed externally using an
appropriate capacitor and phase shift network. A differential
output is provided to feed a comparator for digital use,
although it can also be used to provide AFC.

RSSI output

The RSSI output is a current source with value
proportional to the logarithm of the IF input signal amplitude.
There is a small residual current due to noise within the
amplifier (and mixer) butbeyondthis pointthere is a measured
and guaranteed 70dB dynamic range. The typical range
extends to 92dB, independent of frequency, and with
exceptionally good temperature and supply voltage stability.
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Supply voltage

The SL6652 will operate reliably from 2.5V to 7.5V The
supply line must be decoupled with 470nF using short leads.

INPUT LEVEL (dBm)
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5 30 N 85 C
= g !
5 20 ;
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Fig. 4 Audio output vs input and temperature at 2.5V
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Fig. 8 SINAD and input level

-3 7

Detector

The internal band gap reference must be externally
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ohms.
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SL6654 1S FOR MAINTENANCE PURPOSES ONLY AND IS NOT RECOMMENDED FOR NEW DESIGNS

GEC PLESSEY
P S cMICONDUCTORS,

DS 3286 -1

SL6654

LOWER POWER IF/AF CIRCUIT (WITH RSSI) FOR FM CELLULAR RADIO

The SL6654 is a complete single chip mixer/oscillator, IF
amplifier and detector for FM cellular radio, cordless
telephones and low power radio applications. It features an
exceptionally stable RSSI (Received Signal Strength
Indicator) output using a unique system of detection. Supply
current is less than 2mA from a supply voltage in the range
2.5Vt07.5V.

FEATURES

B Low Power Consumption (1.5mA)
M Single Chip Solution

B Guaranteed 100MHz Operation
W Exceptionally Stable RSSI

APPLICATIONS

B Cellular Radio Telephones
B Cordless T

= Cordless Telephones

I’:':S? :I:g O (1e 18 MIXER OSC INPUT
UMITER ouTPyT CIC] |2 17 10 0SC COLLECTOR
auao con O (3 16 |[I0] osC BASE
AUDIO OUTPUT (O] |4 15 (0 g‘s,g:mpsw:gf
vee ] |5 SLE654 14 |[TI] UMITER INPUT
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annu-cﬂm;‘;; ] s 11|71 Rssi ouTPUT
er;i:(c:z;::\é: ju - —9— ) At [CI] MIXER OUTPUT

MP18
QUICK REFERENCE DATA
Fig. 1'Pin connections (top view)
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B Co-Channel Rejection 7dB
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Fig. 2 block diagram
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SL6654
ABSOLUTE MAXIMUM RATINGS

Supply voltage 8V
Storage temperature -55°C to +150°C
Operatmgtemperature -55°C to +125°C
Mixer input 1Vrms

ELECTRICAL CHARACTERISTICS

Test conditions (unless otherwise stated):

Vee =2.5V to75V T, =-30°Cto +85°C IF = 455kHz, RF = 50MHz, Quad Coil Working Q = 30

Value
Characteristics Units Conditions
Min. Typ. Max.
Overall
Supply current 1.5 20 mA
Sensitivity 5 10 uv 20dB SINAD
3 nY 12dB SINAD
AM rejection 40 dB RF input <500uV
Viias 1.0 1.2 14 \Y T,mo = 25°C
Co-channelrejection 7 dB See Note 2
Mixer
RF input impedance i : 1 kohm
OSC input impedance 2 kohm
OSC input bias 5 HA AtV .o
Mixer gain 15 dB Rload = 1.5k
3rd order input intercept -10 dBm
OSC input level 180 300 mV
OSC frequency 100 MHz
Oscillator
Current sink 40 70 WA | T, =25°C
H, 30 40 ... 70uA -
f; 500 MHz | 40 ... 70uA
IF Amplifier
Gain 90 dB-
Frequency 455 1500 kHz
Diff. input impedance 20 kohm
Detector
Audio output level 75 125 mV
Ultimate S/N ratio 60 dB } 5mV into pin 14
THD ‘ 0.5 5 %
Outputimpedance 40 kohm
Inter-output isolation 65 dB 1kHz
RSS! Output (T, , = +25°C)
Output current . 20 HA No input pin 14
Output current 50 80 uA Pin 14 = 2.5mV
Current change 0.9 1.22 1.5 WA/dB | See Note 1
Linear dynamic range 70 . ' dB See Note 1

NOTES
1. The RSSI output is 100% dynamically tested at 5V and +20° C over a 70dB range. First the input to pin 14 is set to

2.5mV and the RSSI current recorded Then for each step of 10dB from -40 to +30dB the current is measured again. The
current change in each step must meet the specified figure for current change. The RSSI output is guaranteed monotonic
and free from discontinuities over this range.

2. Co-channel rejection is measured by applying a 3kHz deviation, 1 kHz modulated signal at an input level to give a 20dB

SINAD ratio. Then a 3kHz deviation, 400Hz modulated signal on the same frequency is also applied and its level increased
to degrade the SINAD to 14dB.
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GENERAL DESCRIPTION

The SL6654 is a very low power, high performance
integrated circuit intended for IF amplification and
demodulation in FM radio receivers. It comprises:

A mixer stage for use up to IOOMHz

An uncommitted transistor for use as an oscillator

A current sink for biasing this transistor

A limiting amplifier operating up to 1.5MHz

A quadrature detector with differential AF output

An RSSI (Received Signal Strength Indicator) output

Mixer

The mixer is single balanced with an active load. Gain is
set externally by the load resistor although the value is
normally determined by that required for matching into the
ceramic filter. It is possible to use a tuned circuit but an
increase in mixer gain will result in a corresponding reduction
of the mixer input intercept point.

The RF input is a diode-biased transistor with a bias
current of typically 300pA. The oscillator input is differential
but would normally be driven single-ended. Special care
should be taken to avoid accidental overload of the oscillator
input.

Oscillator

The oscillator consists of an uncommitted transistor and a
separate current sink. The user should ensure that the design

94

of oscillator is suitable for the type of crystal and frequency
required; it may not always be adequate to duplicate the
design shown in this data sheet.

IF amplifier

The limiting amplifier is capable of operation to at least 1
MHz and the input impedance is set by an external resistorto
match the ceramicfilter. Because of the high gain, pins 12 and
13 must be adequately bypassed.

Detector

A conventional quadrature detector is fed internally from
the IF amplifier; the quadrature input is fed externally using an
appropriate capacitor and phase shift network. A differential
output is provided to feed a comparator for digital use,
although it can also be used to provide AFC.

RSSi output

The RSSI output is a current source with value
proportional to the logarithm of the IF input signal amplitude.
There is a small residual current due to noise within the
amplifier (and mixer) butbeyondthis pointthere is ameasured
and guaranteed 70dB dynamic range. The typical range
extends to 92dB, independent of frequency, and with
exceptionally good temperature and supply voltage stability.



Supply voltage

The SL6652 will operate reliably from 2.5V to 7.5V The
supply line must be decoupled with 470nF using short leads.
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Detector

The internal band gap reference must be externally
decoupled. Itcanbe used as an external reference but must
not be loaded heavily; the output impedance is tyically 14
ohms.
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SL6659

LOW POWER IF/AF CIRCUIT (WITH RSSI) FOR FM RADIO

2471-3.1

The SL6659is acomplete single chip mixer, IF amplifier and
detector for FM cellular radio, cordless telephones and low
power radio applications. It features an exceptionally stable LIMITER OUTPUT | |1 16} MIXER INPUT BIAS
RSSI (Received Signal Strength Indicator) output using a QUAD COIL T T MIXER INPUT
unique system of detection. Supply current is less than 2mA AUDIO OUTPUT ] L ne
from a supply voltage in the range 2:5V to 7-5V. Voo I —
FEATURES GROUND ] SLE6S9 & LIMTER INPUT DECOUPLE
. RF INPUT LIMITER Fi
B Low Power Consumption (1-5mA) = 3 LIMITER FEEDBACK DECOUPLE
) ; ; BAND-GAP REF OUTPUT =] -1 RSSI OUTPUT
B Single Chip Solution MIXER OUTPUT REF ] |8 9[=T3 MIXER OUTPUT
M Guaranteed 200MHz Operation MP16
B Excepti
eptionally Stable RSSI Fig. 1 Pin connections — top view
APPLICATIONS
B Cellular Radio Telephones
W Cordless Telephones QUICK REFERENCE DATA
B Supply Voltage: 2:5V to 7-5V
ORDERING INFORMATION B Sensitivity: 31V
SL6659 NA MP — Miniature plastic DIL package ensitivity: Sp
SL6659 NA MPTD - As above, supplied on tape and reel B Co-channel Rejection: 7dB
-]'- Vee
33k ==330p
470n
ov
NC
:’ B T h
| | o
Z
I SL6659 DETECTOR LR ¢ T o‘t;qr%&
| 40k | ;; 270p
| |
I |
LOCAL 15dB (ADJUSTABLE) 9048 (LIMITING)
0SC 200MHz MAX )
N | s z 1-5MHz MAX :
1k
10 RSSI
l 16 2k > MIXER p F:L_ DT’ OUTPUT
IR - (=i
INPUT —ll——&G——J 2006 |
v I |
L 7 8 "]
BIAS
J L —— | [ceramc —
10 l100 1.5k L 22on sk 220,
==10n N LOAD TOMATCH  ==220n
07‘-;7 /;7 RESISTOR /;/ ( FILTER) /7-7‘7-7

Fig. 2 Block diagram
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ABSOLUTE MAXIMUM RATINGS

Supply voltage
Storage temperature
Mixer input

NOTE: This device has static sensitive inputs, sensitivity
typically measured as 500V using MIL-STD-883 method
3015. Therefore, ESD handling precautions are essential to
avoid degradation of performance or permanent damage of

this device.

ELECTRICAL CHARACTERISTICS

8V
—55°C to +150°C
1Vrms

The characteristics are guaranteed over the following conditions, unless otherwise stated:
Vee = 25V to 75V, Tams = —30°C to +85°C, IF = 455kHz, RF = 50MHz, Quad Coil working Q = 30

SL6659

Value

Characteristic Units Conditions
Min. Typ. Max.
Overall
Supply current 15 2:0 mA 20dB SINAD
Sensitivity 5 uv 12dB SINAD
3 uv RF input <500uV
AM rejection 40 dB Tams = 25°C
VBIAS 1-0 12 1-4 Vv See Note 2
Co-channel rejection 7 dB
Mixer
RF input impedance 1 kQ
LO input impedance 2 kQ
LO input bias 5 HA At Vgias
Mixer gain 15 dB Rioap = 1.5kQ
3rd order input intercept -10 dBm
LO input level 180 300 mV
LO frequency 200 MHz
IF Amplifier
Gain 90 dB
Frequency 455 1500 kHz
Differential input impedance 20 kQ
Detector
Audio output level 75 125 mV
Ultimate S/N ratio 60 dB } SmV into pin 13
THD 05 5 %
Output impedance 40 kQ
RSSI Output (Tams = +25°C)
Output current 25 HA No input pin13
' 50 80 HA Pin 13 = 2:5mV
Current change 0-9 1-22 1-5 uA/dB See Note 1
Linear dynamic range 70 dB See Note 1

NOTES
1.

The RSSI outputis 100% dynamically tested at 5V and +20°C over a 70dB range. First the input to pin 13is setto 2:5mV and the RSSI current
recorded. Then for each step of 10dB from —40 to +30db, the current is measured. The current change in each step must meet the specified
figure for current change. The RSSI output is guaranteed monotonic and free from discontinuities over this range.
2. Co-channel rejection is measured by applying a 3kHz deviation, 1kHz modulated signal at an input level to give a 20dB SINAD ratio. Then
a 3kHz deviation 400Hz modulated signal on the same frequency is also applied and its level increased to degrade the SINAD to 14dB.
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GENERAL DESCRIPTION

The SL6659 is a very low power, high performance integrated
circuit intended for IF amplification and demodulation in FM radio
receivers. It comprises:

® A mixer stage for use up to 200MHz

® A limiting amplifier operating up to 1-5MHz

® A quadrature detector with AF output

@ An RSSI (Received Signal Strength Indicator) output

Mixer

The Mixer is single balanced with an active load. Gain is set
externally by the load resistor, although the value is normally
determined by that required for matching into the ceramic filter. It is
possibletouse atuned circuit but anincrease in mixer gain will result
in a corresponding reduction of the mixer input intercept point.

The RF input is a diode-biased transistor with a bias current of
typically 300pA. The LO input is differential but would normally be
driven single-ended. Special care should be taken to avoid acciden-
tal overload of the local oscillator input.

IF Amplifier
Thelimiting amplifier is capable of operation to atleast {MHz and
the input impedance is set by an external resistor to match the
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ceramic filter. Because of the high gain, pins 11 and 12 must be
adequately bypassed.
Detector

A conventional quadrature detector providing audio outputis fed
internally from the IF amplifier; the quadrature inputis fed externally
using an appropriate capacitor and phase shift network.

RSSI Output

The RSSloutputis a currentsource with value proportional tothe
logarithm of the IF signal amplitude. There is asmall residual current
due to noise within the amplifier (and mixer) but beyond this point
there is a measured and guaranteed 70dB dynamic range. The
typical range extends to 92dB, independent of frequency, and with
exceptionally good temperature and supply voltage stability.

Supply Voltage
The SL6659 will operate reliably trom 2:5V to 7:5V. The supply
line must be decoupled with 470nF using short leads.

Internal Bias Voltage

The internal band-gap reference must be externally decoupled.
It can be used as an external reference but must not be loaded
heavily; the output impedance is typically 14Q.
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Fig. 17 Circuit diagram of SL6659 demonstration board
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SL6659

Fig. 18 Track side of demonstration board. Scale = 2:1.

Fig. 19 Ground plane side of demonstration board. Scale = 2:1.
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SL6659

Fig. 20 Demonstration board surface mount component overlay (track side). Scale = 2:1.

Fig. 21 Demonstration board connectors and through-board component overlay (ground plane sids). Scale = 2:1.
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SL6659

COMPONENT LIST
Resistors Capacitors Inductors Filter
R1 51Q C1 100nF |C8 470nF |L1* 330uH (adjustable), F1* MURATA
R2* 1kQ C2 1OnF |C9 10nF CAMBION Type 553-7107-43 Type CFW 445 E

R3 1:5kQ [C3 10nF |C10 100nF | RFC*4-7pH
R4 10kQ |C4 10pF |C11 220nF*
R5 1-5kQ |C5 330pF |C12 220nF*
R6 33kQ |C6 1nF C13 220nF
C7 270pF

Components marked thus: * are through-board mounted from the ground plane side; all other components are
surface mounted on the track side. See Figs. 20 and 21.
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SP8704 IS FOR MAINTENANCE PURPOSES ONLY AND IS NOT RECOMMENDED FOR NEW DESIGNS

GEC PLESSEY
P scmiconbucToRs|

[

DS 3289 -1
QENMU> \/EDV 1 NOW CHIDDENT MIINTILMADLHITTIC DIVIDED
IIUNVITIL VLTI LWV WUVITITILINT NMIVLITTIVIVWVUVLUVUY WiV RT]
The SP8704 is a switchable divide by 128/129, 64/65
programmable divider with a maximum specified operating
frequency of 950MHz. T 7 T
The signal (clock) inputs are biased internally and require i et [_ 81 = et
to be capacitor coupled. w2 oeres TP
The SP8704 will operate from any supply from 3V to 5V ranio seeet (13 6[] MovuLUs conTROL
and features full electrostatic discharge protection. aureur s sH v
FEATURES DP8,MP8
B DCto 950MHz Operation Fig. 1 Pin connections - top view
B -40°C to +85°C Temperature Range
B Operation from 3V to 5V Supply
B ESD Protection on all Pins
QUICK REFERENCE DATA ABSOLUTE MAXIMUM RATINGS
Supply Volt 3V10 5V Supply voltage w
[ ] upply Voltage 0 o o
| ] Supply Current 10maA - Including Output Emitter Storage temperature range -55°C 10 +125°C
Follower Junction temperature +175°C
Input voltage 2.5V p-p
RATIO
VQC SELECT
CTTTTE
SIGNAL .ls |
INPUT _“_”-_- S | - 128/9 4
| 1200 % 0uTeuT
1 - ’ l
r()——
inT= |
mn l I
I S
0V MODULUS
CONTROL

INPUT

Fig. 2 Functfonal diagram SP8704
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SP8704

ELECTRICALCHARACTERISTICS

Test conditions (unless otherwise stated):
T

o = 40°C 10 85°C, VCC = +2.75V 10 +5.5V

Value
Characteristic Units Conditions
Min. Typ. Max.
Supply current 10 mA Including output emitter follower
Input sensitivity 10MHz 150 mVrms | Sinewave input into 500
80MHz 25
150MHz 15
850MHz 15
950MHz 50
Inputimpedance 50 Q
2 pF
Output 1 V pk-pk Emitter follower output
. current source = 0.75mA
Ratio select (pin 3) LO 1 \ 128/129 selected
Hi Vee \ 64/65 selected
Modulus control (pin 8) LO 1 \ 65 or 129 selected
HI 2 \Y 64 or 128 selected
Clock to output delay 8 ns
Set up time 16 ns
Release time 16 ns
TRUTH TABLE
Division
Pin3 Pin6 ratio
L L 129
L H 128
H L 65
H H 64
200 l T
! {
150 b - - * =
) ‘ .
\ |
\
1
)
\ H
A I il T Rt AR :
v | !
\ '
\ i
l‘ i
! =]
50 ' ! /
\ SPEC. LIMIT
Y / TYPICAL //
. - --/t_--_-___.
0 —"'L‘I_~§_:_/
100 200 300 400 500 600 700 800 900 1000

FREQUENCY (MHz)

Fig. 3 Typical input sensitivity at 85°C



GEC PLESSEY

Vd PRELIMINARY INFORMATION

DS3934. - 2.7

s

SP8713

1100MHz VERY LOW CURRENT THREE MODULUS DIVIDER

The SP8713 is a switchable divide by 64/65/72

programmable divider which is guaranteed. to operate up to
1100MHz. It will operate from a supply of 2.7V to 5.5V and
requires typically 4.1mA (including the output current). It also
features a power down facility for battery economy. I

The RF inputs areinternally biased and shouldbe capacitively RFINPUT [T |1 8T RFINPUT
coupled to the signal source. The output is designed to interface Voc ZSps_m 7[T] POWERDOWN
with CMOS synthesisers, such as the NJ88C51. MODULUS CONTROL 1 ] |3 6] MODULUS CONTROL 2

OUTPUT [T |4 5T Vg

FEATURES
B Operation to 1100MHz
W Very Low Power MP8
W Single Supply Operation 2.7V to 5.5V
W Power Down Facility for Battery Economy ) - - )
B Latched Modulus Control Inputs Fig. 1 Pin connections - top view
W Push Pull Output Drive
B ESD Protection on All Pinst

APPLICATIONS

B Cellular Telephones
B Cordiess Telephones
B Mobile Radio

ORDERING INFORMATION

SP8713 IG MPAS Industrial Temperature Range
Miniature Plastic DIL Package
SP8713 IG MPAC  As above supplied on Tape and Reel

T ESD precautions must be observed

r—-———"T T T T T T T T T T T T2 sk 1
| NOMINAL |
6 D
me1d DTYPE |2 :
|
! 7
CK POWER
! R BIAS ?oown
D TYPE —| CONTROL A
LOGIC 51

I 3
zb%
: CC
| g L._I :
| ) ¥
DIVIDE BY

RF 1 '—Cl—l
INPUT O —l I—v >_DIVIDE BY
cocki 1y 7 ¥ 3 a5 1

Fig. 2 Block diagram
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SP8713

ABSOLUTE MAXIMUM RATINGS

Supply voltage (Vgg=0V)

Control and RF inputs,

RF output (Vgg =0V)

RF input current

Operating temperature

Storage temperature range

Maximum junction temperature
NOTE 1. Duration <2 minutes.

(note 1)

(note 1)

ELECTRICAL CHARACTERISTICS

Guaranteed over the following conditions (unless otherwise stated):

-0.5Vto 7V

(note 1) -0.5V to Vgc+0.5V
10mA

-40°C to +85°C
-55°C to +150°C
+150°C

Vee=+2.7V to +5.5V (with respect to Vgg), Output load (pin 4) = 10pF, Tamp = -40°C to +85°C (note 2)

Value

Characteristic N, Ty, Max. Units Conditions
Supply current (note 3) 4.1 4.7 mA Power down input low
Supply current (note 3) 8 50 HA Power down input high
Power down high Vee-0.5 Vee v
Power down low 0 Vee-2.0 '
Modulus control 1 high (note 4) 0.6Vee Vee \' Divide by 64 or 72
Modulus control 1 low (note 4) 0 0.4Vee \ Divide by 65 or 72
Modulus control 2 high (note 4) 0.6Vee Vee \ Divide by 72
Modulus control 2 select low (note 4) 0 0.4Vee Vv Divide by 64 or 65
Max. sinewave input frequency 1100 MHz | See Figure 5
Min. sinewave input frequency 200 MHz | See Figure 5
Min. RF input voltage 50 mV RMS| RF input 200MHz to

1100MHz. See Figure 5
Max. RF input voltage 200 mV RMS| RF input 200MHz to
1100MHz. See Figure 5

Output level (pin 4) 500 600 mV p-p
Modulus set-up time, tg (notes 5,6,8) 20 ns RF input = 1GHz
Modulus hold time, t,, (notes 6,8) 1 ns RF input = 1GHz
Power down time, 1,4 (notes 7,8) 10 Hs See Figure 9
Power down recovery time, t,,(notes 7,8) 6 us See Figure 9

NOTES

2. All electrical testing is performed at +85°C.

3. Typical values are measured at +25°C and V¢g = +5V.
4. Modulus Control and Ratio Select are high impedance inputs which can be driven directly by standard CMOS outputs.

5. Modulus control is latched at the end of the previous cycle.

6. See Figure 4.
7. See Figure 8.

8. These parameters are not tested but are guranteed by design.
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SP8713

OPERATING NOTES

The RF inputs are biased internally and are normally coupled to the signal source with suitable capacitors.

The output stage has a novel design and is intended to drive a CMOS synthesiser input. External pull-down resistors or
circuits are not required. The SP8713 is not suitable for driving TTL or similar devices.

The device will operate down to DC frequencies for non-sinusoidal signals provided that the input slew rate is better than
100V/ys.

POWER DOWN (pin 7) is connected internally to a pull-up resistor. If the battery economy facility is not used, pin 7 should
be connected to Vgg.

& 1000
=
T
>
Modulus Modulus | Division E 800
Control 1 Control 2 Ratio 3 TvPICAL
(Pin 3) (Pin 6) E 600 OVERLOAD ]
L L 65 g
H L 64 5 400
H H 72 2 TYPICAL
L H 72 £ SENSITIVITY
200 GUARANTEED* —

OPERATING WINDOW

Table 1 Truth table ! ! : 1
200 400 600 800 1000 1200

FREQUENCY (MHZ)
* Tested as specified in table of Electrical Characteristics

Fig. 3 Typical input characteristics

RF INPUT
cLoCK
MODULUS
CONTROL N'TCA AR %
INPUTS
OUTPUT 320r36 32,33 0r 36
ts -»! .
th s

Fig. 4 Modulus control timing diagram
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SP8713

—— Vee
I 100n
50Q
moNiTor O /% [———
in Vv v
00 cc EE
SIGNAL "__ RF INPUT POWER
SOURCE DOWN
7
SP8713
OUTPUT I O ouTPuT
in CL
H RF INPUT ,7-7;
mMC1 MC2
10n 10n
O
MODULUS MODULUS
CONTROL 1INPUT  CONTROL 2 INPUT
Fig. 5 Toggle frequency test circuit
SN
PLOT 50 OHM
NORMALISED
1
f1: 130MHz
f2: 1310MHz
.i1
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Fig. 6 Typical S11 parameter for pin 1. V¢ = +5.0V




SP8713

300

—

200

LA

R(Q

100

yd
4

-100

AN

-300

(€Y

-500

-600
/

-700

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400
INPUT FREQUENCY (MHz)

Fig. 7 Typical input impedance v. frequency
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SP8713

116

FREQ-MHZ R(Q) x (©)
130.000 255.068 -733.538
153.600 153.362 -688.623
177.200 153.330 -583.339
200.800 115.187 -545.839
224.400 88.649 -482.377
248.000 80.815 -441.798
271.600 71.050 -411.502
295.200 56.207 -369.645
318.800 39.526 -346.620
342.400 41,338 -323.129
366.000 38.779 -304.804
389.600 39.210 - -280.556
413.200 23.809 -269.674
436.800 21.221 -255.279
460.400 27.545 -245.161
484.000 23.333 -234.680
507.600 22227 -224.572
531.200 19.931 -211.375
554.800 17.767 -203.241
578.400 17.636 -194.613
602.000 14.607 -186.545
625.600 12.479 -182.049
649.200 13.075 -174.839
672.800 12.891 -168.320
696.400 12.583 -160.468
720.000 11.250 -156.267
743.600 10.213 -149.642
767.200 10.187 -145.328
790.800 11.269 -143.144
814.400 11.081 -137.557
838.000 10.509 -132.750
861.600 10.063 -129.254
885.200 10.172 -124.495
908.800 10.745 -120.568
932.400 10.841 -118.100
956.000 10.884 -113.395
979.600 12.260 -109.552
1003.20 12.984 -105.975
1026.80 14.508 -103.110
1050.40 16.625 -99.886
1074.00 19.260 -98.149
1097.60 22.799 -98.605
1121.20 23.285 -99.907
1144.80 21.149 -100.925
1168.40 18.956 -99.639
1192.00 16.434 -98.425
1215.60 14.377 -95.033
1239.20 13.743 -92.553
1262.80 12.711 -89.249
1286.40 12.776 -86.081
1310.00 12.598 -82.581

Table.2 Coefficients for Fig.7




SP8713

VOLTAGE CURRENT
L wd T
/z::“______s<________ ~Jossic
\ A
veer 0V——t—A—|——F—F At e |
POWER l/ / \
| DOWN /| suppLy L
INPUT CURRENT
VOLTAGE / / \
\ / N\
vcc-z.ov——--—-—\ . / \\
\ /‘_J tpa — —|o.0sic
] | |

TIME

Fig. 8 Power up and power down

PULSE
GENERATOR O

INPUT
47Q H
8

SP8713

bobu

POWER o ks
SUPPLY

- L
I CURRENT SENSE
O RESISTOR w7
OSCILLOSCOPE
PROBE POINT

Fig. 9 Power-down time test circuit
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GEC PLESSEY
. PRELIMINARY INFORMATION

SP8714

2100MHz VERY LOW CURRENT MULTI-MODULUS DIVIDER

The SP8714 is a switchabl
programmable divider which is guaranteed to operate up t
2100MHz. It will operate from a supply of 2.7V to 5.5V and

requires typically 6.8mA (including the output current). It also

a divida hy 29/m19
e GiviGe OY v<a/og,

features a power down facility for battery economy. e

The RF inputs are internally biased and should be capacitively RFINPUT (I |1 8] RFINPUT
coupled to the signal source. The output is designed to interface Vee T 25P8714 7[7T3 POWER DOWN
with CMOS synthesisers. RATIO SELECT [T |3 6[~T] MODULUS CONTROL
FEATURES OUTPUT (T |4 ST Vg
M Operation to 2100MHz
B Very Low Power
M Single Supply Operation 2.7V to 5.5V MP8
B Power Down Facility for Battery Economy Eia. 1 Pi : .
® Latched Modulus Control Input '9. 1 Pin connections - top view
B Push Pull Output Drive
B ESD Protection on All Pins?

ORDERING INFORMATION

APPLICATIONS SP8714 1G MPAS  Industrial Temperature Range
B Cellular Telephones Miniature Plastic DIL Package
B Cordless Telephones SP8714 IG MPAC As above supplied on Tape and Reel

T ESD precautions must be observed

_____ [ 'E"_—"'"""'—_“_—_—_'—‘—zo"_zso?"
. b NOMINAL|
mMc ~>. DTYPE |aq h |
|
7)
BIAS _l_(|> PowER
CONTROL A
LoGIC - s !

-

A B
b | | EE
! DIVIDE BY| _|DIVIDE BY | 4 <5 OUTPUT
4/5 8/16 | I

"
| Dt

n
7]
T T T —OoT— =0~ =1
Y
Q
(e}

]

Fig. 2 Block diagram
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ABSOLUTE MAXIMUM RATINGS

Supply voltage (Vgg=0V) (note 1)
Control and RF inputs,

RF output (Vgg =0V)

RF input current (note 1) 10mA
Operating temperature -40°C to +85°C
Storage temperature range -55°C to +150°C
Maximum junction temperature +150°C

NOTE 1. Duration <2 minutes.

ELECTRICAL CHARACTERISTICS

Guaranteed over the following conditions (unless otherwise stated):

-0.5Vto 7V

(note 1) -0.5V to Vgc+0.5V

SP8714

Vee=+2.7V to +5.5V (with respect to Vgg), Output toad (pin 4) = 10pF, Tymp = -40°C to +85°C (note 2)

Value
Characteristic Units Conditions
Min. Typ. Max.
Supply current k (note 3) 6.8 85 mA Power down input low
Supply current (note 3) 8 50 uA Power down input high
Power down high Vee-0.5 Ve \
Power down low 0 Vee-2.0 \
Modulus control high (note 4) 0.6Vee Vee \Y Divide by 32 or 64
Modulus control low (note 4) 0 0.4Vee \" Divide by 33 or 65
Ratio select high (note 4, 9) 0.6Vee Ve \Y Divide by 32 or 33
Ratio select low (note 4, 9) 0 0.4Vee Vv Divide by 64 or 65
Max. sinewave input frequency 2100 MHz See Figure 5
Min. sinewave input frequency 200 MHz | See Figure 5
Min. RF input voltage 50 mV RMS| RF input 200MHz to
2100MHz. See Figure 5
Max. RF input voltage 200 mV RMS| RF input 200MHz to
2100MHz. See Figure 5

Output level (pin 4) 500 600 mV p-p
Modulus set-up time, tg (notes 5,6,8) 10 ns RF input = 1GHz
Modulus hold time, ty, (notes 6,8) 1 ns RF input = 1GHz
Power down time, t,4 (notes 7,8) 10 us See Figure 9
Power down recovery time, tpu(notes 7,8) 8 us See Figure 9

NOTES

©CONDOAWN

. All electrical testing is performed at +85°C.
. Typical values are measured at +25°C and V¢ = +5V.
. Moduius Controi and Ratio Seiect are high impedance inputs which can be driven directly by standard CMOS outputs.

Modulus control is latched at the end of the previous cycle.
See Figure 4.

. See Figure 8.

These parameters are not tested but are guaranteed by design.

. The ratio select pin is not intended to be switched dynamically.
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SP8714

OPERATING NOTES

The RF inputs are biased internally and are normally coupled to the signal source with suitable capaitors.

The output stage has a novel design and is intended to drive a CMOS synthesiser input. External pull-down reS|stors or
circuits are not required. The SP8714 is pot suitable for driving TTL or similar devices.

The device will operate down to DC frequencies for non-sinusoidal signals provided that the input slew rate is better than

100V/ps.

POWER DOWN (pin 7) is connected internally to a pull-up resistor. If the battery economy facility is not used, pin 7 should

be connected to Vgg.

g

@®
o
o

Ratio Modulus | Division
Select Control Ratio
(Pin3) (Pin 6)

L L 65
L H 64
H L 33
H H 32

400

RF INPUT VOLTAGE (mV RMS)
(-2
o
o

»n
o
o

Table 1 Truth table

N
TYPICAL
OVERLOAD -
TYPICAL
SENSITIVITY
— GUARANTEED*
OPERATING WINDOW
—~—l o ——" =’

500 1000 1500 2000 2500 3000
FREQUENCY (MHz)
* Tested as specified in table of Electrical Characteristics

Fig. 3 Typical input characteristics

RF INPUT
CLOCK

ULE:M::U

e BT B ERESE

INPUTS 5 x’}’}g

M»:‘ .:;,,Q’ E

e
Ke5dsde KA
LR

OUTPUT

32(16)

t

h ot

m%

32(16) or 33 (17)
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Fig. 4 Modulus control timing diagram




SP8714

50Q
MONITOR o

n

s00
SIGNAL () Il___.
SOURCE o

n

|__

MODULUS . MODULUS '
CONTROL 1INPUT  CONTROL 2 INPUT

e

Vee VEe
RF INPUT POWER
DOWN
7777
SP8714
OUTPUT
RF INPUT
RATIO
SELECT

O OuTPUT

Fig. 5 Toggle frequency test circuit

S11
PLOT 50 OHM
NORMALISED

f1: 130MHz
f2: 2.49GHz

Fig. 6 Typical S11 parameter for pin 1. Voo = +5.0V
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SP8714

300

200
R
100

-300

X<
-400

-500

100 300 500 700 900 1100 1300 1500 1700 1900 2100 2300 2500
INPUT FREQUENCY (MHz)

Fig. 7 Typical input impedance v. frequency
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FREQ-MHZ R(Q) x(Q)
130.000 255.068 -733.538
177.200 153.330 -583.339
224.400 88.649 -482.377
271.600 71.050 -411.502
318.800 39.526 -346.620
366.000 38.779 -304.804
413.200 23.809 -269.674
460.400 27.545 -245.161
507.600 22.227 -224.572
554.800 17.767 -203.241
602.000 14.607 -186.545
649.200 13.075 -174.839
596.400 12.583 -160.468
743.600 10.213 -149.642
790.800 11.269 -143.144
838.000 10.509 -132.750
885.200 10.172 -124.495
332.400 10.841 -118.100
979.600 12.260 -109.552
1026.80 14.508 -103.110
1074.00 19.260 -98.149
1121.20 23.285 -99.907
1168.40 18.956 -99.639
1215.60 14.377 -95.033
1262.80 12.711 -89.249
1310.00 12.598 -82.581
1357.20 14.565 -77.212
1404.40 19.164 -71.976
1451.60 15.001 -70.250
1498.80 15.864 -61.898
1546.00 18.993 -53.403
1593.20 26.822 -44.704
1640.40 39.830 -41.522
1687.60 47.875 -43.255
1734.80 63.267 -44.879
1782.00 74.259 -67.801
1829.20 58.878 -86.964
1876.40 42.530 -87.052
1923.60 32.302 -80.484
1970.80 27.333 -73.570
2018.00 24.894 -67.291
2065.20 23.369 -60.620
2112.40 28.577 -54.716
2159.60 23.023 -49.220
2206.80 23.325 -43.340
2254.00 24.623 -37.163
2301.20 26.340 -30.805
2348.40 28.632 -24.040
2395.60 31.161 -17.165
2442.80 34.219 -8.172
2490.00 39.808 -4.368

Table.2 Coefficients for Fig.7

SP8714
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SP8714
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Fig. 8 Power up and power down
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Fig. 9 Power-down time test circuit
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GEC PLESSEY

Y PRELIMINARY INFORMATION

DS3830-2.5

[

SP8715

1100MHz VERY LOW CURRENT MULTI-MODULUS DIVIDER

The SP8715 is a switchable divide by 64/65, 128/129
programmable divider which is guaranteed to operate up to
1100MHz. It will operate from a supply of 2.7V to 5.5V and
requires typically 3.6mA (including the output current). It also
features a power down facility for battery economy.

N N " RF INPUT 1 8 RF INPUT
The RFinputs areinternally biased and should be capacitively .
coupled to the signal source. The output is designed to interface Vec T ZSP8715 717 POWER DOWN
with CMOS synthesisers. RATIO SELECT [T |3 6T MODULUS CONTROL
FEATURES OUTPUT [T |4 ST Vee

Operation to 1100MHz

Very Low Power

Single Supply Operation 2.7V to 5.5V
Power Down Facility for Battery Economy
Latched Modulus Control Input

Push Pull Output Drive

ESD Protection on All Pinst

MP8

Fig. 1 Pin connections - top view

APPLICATIONS

B Cellular Telephones
B Cordless Telephones
B Mobile Radio

ORDERING INFORMATION

SP8715 1G MPAS Industrial Temperature Range
Miniature Plastic DIL Package

SP87151G MPAC As above supplied on Tape and Reel

T ESD precautions must be observed

DOWN
| [0
L3 250K [ 53

RS O CONTROL A NOMINAL v
| Vee LoGIC | Ve
|

6 D 7 1. POWER
DTYPE BIAS
e O Q —T—<;)

|
¥ |
NpuT o—[' o ] DIVIDE BY | 4]
¢ DIVIDE BY
(CLOCK) .l—”—?\ S} é . > a/5 1 16/32 | CI)OUTPUT
|
IL e 4

Fig. 2 Block diagram

125



SP8715

ABSOLUTE MAXIMUM RATINGS

Supply voltage (Vgg=0V)
Control and RF inputs,

RF output (Vgg =0V)

RF input current

Operating temperature
Storage temperature range
Maximum junction temperature

ki~

NOTE 1. Duration <2 minutes.

(note 1)

(note 1)

ELECTRICAL CHARACTERISTICS

Guaranteed over the following conditions (unless otherwise stated):

-0.5Vto 7V

(note 1) -0.5V to Vgc+0.5V
10mA

-40°C to +85°C
-55°C to +150°C
+150°C

Vce=+2.7V to +5.5V (with respect to V), Output load (pin 4) = 10pF, Tamp = -40°C to +85°C (note 2)

Value
Characteristic Units Conditions
Min. Typ. Max.
Supply current (note 3) 3.6 4.2 mA Power down input low
Supply current (note 3) 8 50 HA Power down input high
Power down high Vee-0.5 Vee \
Power down low 0 Vee-2.0 \Y
Modulus control high (note 4) 0.6Vce Vee Vv Divide by 64 or 128
Modulus control low (note 4) 0 0.4Vee \" Divide by 65 or 129
Ratio select high (note 4, 9) 0.6Vce Vee \ Divide by 64 or 65
Ratio select low (note 4, 9) 0 0.4Vee \" Divide by 128 or 129
Max. sinewave input frequency 1100 MHz | See Figure 5
Min. sinewave input frequency 200 MHz | See Figure 5
Min. RF input voltage 50 mV RMS| RF input 200MHz to
1100MHz. See Figure 5
Max. RF input voltage 200 mV RMS| RF input 200MHz to
1100MHz. See Figure 5
Output level (pin 4) 500 600 mV p-p
Modulus set-up time, tg (notes 5,6,8) 20 ns RF input = 1GHz
Modulus hold time, ty, (notes 6,8) 1 ns RF input = 1GHz
Power down time, toq (notes 7,8) 10 us See Figure 9
Power down recovery time, tou(notes 7,8) 6 us See Figure 9

NOTES

2. All electrical testing is performed at +85°C.

3. Typical values are measured at +25°C and V¢ = +5V.

4

5. Modulus control is latched at the end of the previous cycle.

& Sapn Fiqtira A

8. See Figure 4.

7. See Figure 8.

8. These parameters are not tested but are guaranteee by design.
9. The ratio select pin is not intended to be switched dynamically.
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OPERATING NOTES
The RF inputs are biased internally and are normally coupled to the signal source with suitable capaitors.
The output stage has a novel design and is intended to drive a CMOS synthesiser input. External pull-down resistors or

circuits are not required. The SP8715 is ot suitable for driving TTL or similar devices.
The device will operate down to DC frequencies for non-sinusoidal signals provided that the input slew rate is better than

100V/us.

SP8715

POWER DOWN (pin 7) is connected internally to a pull-down resistor. If the battery economy facility is not used, pin 7

should be either left unconnected or connected to Vge.

Ratio Modulus | Division
Select Control Ratio
(Pin 3) (Pin 6)

L L 129
L H 128
H L 65
H H 64

Table 1 Truth table

RF INPUT VOLTAGE (mV RMS)

1000
800
TYPICAL
600 OVERLOAD -
400
TYPICAL
SENSITIVITY
200 GUARANTEED" -
OPERATING WINDOW
] 1 1

200 400

600 800

1000

FREQUENCY (MHZ)
* Tested as specified in table of Electrical Characteristics

Fig. 3 Typical input characteristics

1200

RF INPUT
CLOCK

UT[:M:]

18

MODULUS ’
CONTROL
INPUTS

SRR Tc’hﬁs’}
RRRRDH

S0

OuTPUT

t

th |

32(64)

32 (64) or 33 (65)

Fig. 4 Modulus control timing diagram
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SP8715

50Q O
MONITOR I

tn Vec Vee
500
SIGNAL (O II.__ RF INPUT POWER
SOURCE DOWN
7777
SP8715
ouTPUT 1
in cL
I._— RFINPUT
RATIO
SELECT

” -

O
MODULUS MODULUS
CONTROL 1INPUT  CONTROL 2 INPUT

O OuTPUT

S11
PLOT 50 OHM
NORMALISED
j0.2
f1
-j0.2
f1: 130MHz
f2: 1310MHz

Fig. 6 Typical S11 parameter for pin 1. Ve = +5.0V
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SP8715

300
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-500
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-600
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INPUT FREQUENCY (MHz)

Fig. 7 Typical input impedance v. frequency
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SP8715

130

FREQ-MHZ R(Q) ix (Q)
130.000 255.068 -733.538
153.600 153.362 -688.623
177.200 153.330 -583.339
200.800 115.187 -545.839
224.400 88.649 -482.377
248.000 80.815 -441.798
271.600 71.050 -411.502
295.200 56.207 -369.645
318.800 39.526 -346.620
342.400 41.338 -323.129
366.000 38.779 -304.804
389.600 39.210 -280.556
413.200 23.809 -269.674
436.800 21.221 -255.279
460.400 27545 -245.161
484.000 23.333 -234.680
507.600 22.227 -224.572
531.200 19.931 -211.375
554.800 17.767 -203.241
578.400 17.636 -194.613
602.000 14.607 -186.545
625.600 12.479 -182.049
649.200 13.075 -174.839
672.800 12.891 -168.320
696.400 12.583 -160.468
720.000 11.250 -156.267
743.600 10.213 -149.642
767.200 10.187 -145.328
790.800 11.269 -143.144
814.400 11.081 -137.557
838.000 10.509 -132.750
861.600 10.063 -129.254
885.200 10.172 -124.495
908.800 10.745 -120.568
932.400 10.841 -118.100
956.000 10.884 -113.395
979.600 12.260 -109.552
1003.20 12.984 -105.975
1026.80 14,508 -103.110
1050.40 16.625 -99.886
1074.00 19.260 -98.149
1097.60 22.799 -98.605
1121.20 23.285 -99.907
1144.80 21.149 -100.925
1168.40 18.956 -99.639
1192.00 16.434 -98.425
1215.60 14.377 -95.033
1239.20 13.743 -92.553
1262.80 12.711 -89.249
1286.40 12.776 -86.081
1310.00 12.598 -82.581

Table.2 Coefficients for Fig.7




SP8715

VOLTAGE CURRENT
[ el T
Alz—_——~————3§—--——-— |- = Hoss1¢
vcc-o.sv____\___________ {_____________
powr-:n\ / 7
| DowN ﬂ\ /| suppLY / \
INPUT / CURRENT / \
VOLTAGE
\ / N\
el / N
\ /h_/ tpa — —|0.051¢c
| |

TIME

Fig. 8 Power up and power down

PULSE
GENERATOR C
INPUT
47Q H
8
SP8715
1
POWER * O |
SUPPLY N _
- . | M-
I CURRENT SENSE

@] RESISTOR
OSCILLOSCOPE
PROBE POINT

Fig. 9 Power-down time test circuit
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GEC PLESSEY
A scviconpucrons]

SP8716/8/9

520MHz LOW CURRENT TWO-MODULUS DIVIDERS

SP8716 + 40/41, SP8718 + 64/65, SP8719 + 80/81 are
50mW programmable dividers with a maximum specified
operating frequency of 520MHz over the temperature range
-40 °C to + 85 °C.

The signal (clock) inputs are biased internally and require
to be capacitor coupled. The output stage is of an unusual low
power design featuring dynamic pull-up, and optimised for
driving CMOS. The 0 to 1 output edge should be usedto give
the best loop delay performance.

FEATURES
B DC to 520MHz Operation

B -40°C to +85°C Temperature Range
B Control Inputs and Outputs are CMOS Compatible

QUICK REFERENCE DATA

u Supply Voltage 5.0V + 0.25V
u Supply Current 10.5mA typ.

DS 3292 -1

U
MODULUS CONTROL UNIT [] 0 8
ouTPUT vee []2 sp 7
output [J3 8716/8/9 6
ov ]a s

] vee

[] NO CONNECTION

1 wpPuT

;] INPUT DECOUPLING

DP8, MP8

Figure : 1 Pin connections - top view

Supply voltage pin 2 or 8):

Storage temperature range:
Max. Junction temperature:
Max. clock I/P voltage:

SIGNAL 2
INPUT +P/P +1

'Esi
.

3 OUTPUT

|
!
|
|
|
|

!

1

INPUT

ov MODULUS
CONTROL

Figure 2 : Functional diagram
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ABSOLUTE MAXIMUM RATINGS

8V

-55°C to +150°C
+175°C

2.5V p-p



SP8716/8/9
ELECTRICALCHARACTERISTICS

Test conditions (unless otherwise stated):]
Supply voltage: Vce = +4/95 to 5.45V, Temperature: Tam = -40°C to +85°C

Value Units
Characteristics Symbol | Min. Max. Conditions Notes
Max. frequency frmax 520 MHz | Input 100-280mV p-p 1
Min. frequency (sinewave input) frin 30 MHz Input 400-800mV p-p 2
Power supply current lec 11.9 mA Cu = 3pF; pins 2, 8 linked 1
Output high voltage Vou  |(Vee-1.2) v IL=-0.2mA 1
Output low voltage VoL 1 Vv IL=0.2mA 1
Control input high voltage ViNH 33 8 \ =P 1
Control input low voltage VinL 0 1.7 Vv +P +1 1
Control input high current ViNH 0.41 mA VinH = 8V 1
Control input low current VINL -0.20 mA VL = OV 1
Clock to output delay to 28 ns CL=10pF 2
Set-up time s 10 ns CL = 10pF 2
Release time tr 10 ns CL = 10pF 2
NOTES

1. Tested at 25°C only
2. Guaranteed but not tested

SIGNAL (CLOCK) INPUT M- -- _‘U—m - _m - - __J—U—U—U_U_U—L
! ——
CONTROL INPUT [

- . 7 -
oureur _l._J_ S SR A4, """ | I
| | ~
J | : EXTRA STATE

SET-UP PROPAGATION RELEASE
TIME DELAY TIME
[N t

NOTE

The set-up time ts is defined as the minimum time that can elapse between a L -» H transition of the control input
and the next L - H clock pulse transition to ensure that the +P mode is obtained.

The release time tr is defined as the minimum time that can elapse between a H > L transition of the control input
and the next L -» H clock pulse transition to ensure that the +(P +1) mode is obtain

Figure 3 : Timing diagram

3
& 1000
E “Tested as
g specified in
= w0 Sudaarie tavle of
5 :
z 400} WINDOW a0y Elﬁcmctal .
= 200 aracteristics
2 | \/
E 1 I T T P520my

30 100 200 300 400 500

FREQUENCY IN MHz

Figure 4 : Typical input characteristics
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SP8716/8/9

OPERATING NOTES

1. The inputs are biased internally and coupled to a signal
source with suitable capacitors.

2. Ifnosignalis presentthe devices will self-oscillate. If this
is undesirable it may be prevented by connecting a 15k
resistor from one input to pin 4 (ground). This will reduce the
sensitivity.

3. Thecircuits will operate down to DC but slew rate must
be betterthan 100V/,us.

4. Theoutputstage is of an unusual design and is intended
to interface with CMOS. External pull-up resistors or circuits
must not be used.

5. This device is NOT suitable for driving TTL or its
derivatives.

CONTROL
INPUT

Ot 1]
L

O——]

ouTPUT

~

>

»

L

Vee

50Q
MONITOR

50Q
SIGNAL
SOURCE

Figure 5: Toggle frequency test circuit

Figure 6 : Typical input impedance
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: GEC PLESSEY
A tviconbucToRs]

SP8789

225MHz + 20/21 TWO MODULUS DIVIDER

DS 3293 - 2.0

The SP8789 is a low power programmable +20/21
counter.lt divides by 20, when the control input is in thehigh
'state and by 21 when in the low state. An internal voltage
regulator allows operation from a wide range of supply controLmeur [ -, h vee s
voltages.
OUTPUT Vee 2 []2 7[] REF DECOUPLING
SP8789
output [13 6] INTERNAL BIAS DECOUPLING
vir ov) []4 5[] inpuT
FEATURES DP8, MP8
] Very Low Power Figure 1 Pin connections - top view
M Control Input and Output CMOS/TTL Compatible
B AC Coupled Input
W Operation up to 9.5V using Internal Regulator
ABSOLUTE MAXIMUM RATINGS
QUICK REFERENCE DATA Supply voltage 6.0V pins 7 & 8 tied
- Supply Voltage 5.2V or 6.8V to 9.5V Supply voltage 13.5V pin 8, pin 7 decoupled
| ] Power consumpﬂonj 26mw Typica’ Storage temperature range -55°C to +125°C
n Temperature range: -40°C to +85°C Max. Junction temperature +175°C
Max. clock input voltage 2.5Vp-p
Vee2 Max. 10V
Vee!
-
Vec? ==
—————————————————————— O — — = — — — -
| 8 |
! |
! |
o |
| |
w ! s VOLTAGE |
CLOCK o 41— o> | REGULATOR I
INPUT I } DIVIDE BY : |
16 20/21 \
INTERNAL
BIAS n !
DECOUPLNG T~ | o :
Bt ke outur . L= gz ===
CONTROL
VE’;’(’(;V) INPUT ’;; DECOUPLING

Figure 2 : Functional diégram S5P8789
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SP8789
ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):]
Supply voltage : Vec 1 &2 = 5.2+ 0.25V or 6.8V to 9.5V (see Operating Note 7):
Vee = 0V; Temperature Tamb = -40°C to +85°C

Value Units
Characteristics Symbol Min, Max. Notes Conditions
Maximum frequency fmax 225 MHz Note 4 input = 200-800mV p-p
(sinewave input))
Minimum frequency fmin 20 MHz Note 4 Input = 400-800mV p-p
(sinewave input)
Power supply current lee 7 mA Note 4
Control input high voltage VINH 4 Vv Note 4
Control input low voltage Vine 2 V Note 4
Output high voltage VoH 24 Vv Note 4 Pins 2, 7 and 8 linked
Vee = 4.95V lon = 100pA
Output low voltage Vo 0.5 \Y} Note 4 Pin 2 linked to 8 and 7
. loL=1.6mA
Set up time 1s 14 ns Note 3 25°C
Release time tr 20 ns Note 3 25°C
Clock to output propagation time tp 45 ns Note 3 25°C
NOTES
1. Unless otherwise stated the electrical characteristics are guaranteed over full specified supply, frequency and temperature range.
2. The test configuration for dynamic testing is shown in Fig.6.
3.  Guaranteed but not tested.
4.  Tested onlt at 25°C
cLock INPUT TLIULUUL UL UUUUUUUY L U UUUUUUY L UriiUvuuuuuuL
— et —- el
CONTROL INPUT j _——— —_— J [ T
ouTPUT "|! IRC IR S -2 -/ ) I BT
TRUTH TABLE FOR CONTROL INPUTS
Control Division Ratio
input
0 21
1 20
NOTES Figure 3 : Timing diagramSP8789

The set-up time ts is defined as the minimum time that can elapse between a L » H transition of the control input and the next L - H clock
pulse transition to ensure that the + 20 mode is selected.

The release time tr is defined as the minimum time that can elapse between a H » L transition of the control input and the next L - H clock
pulse transition to ensure that the + 21 mode is selected.

1600
_ 1400
& 1200 | Vec 4.95V 10 5.45V PINS 7 AND 8 CONNECTED
z TOGETHER. Tamb -40°C to +85°C "
= 1000 ] *Tested as specified
[=] .
2 I in table of
5 800 -
g Electrical Characteristics
< 6w GUARANTEED *
5 OPERATING
z 00 WINDOW /
\, /
200
| U D N O O I
° T 11
50 100 200 300

INPUT FREQUENCY (MH2)
136 Figure 4 : Input sensitivity SP8789



OPERATING NOTES

1. The clock input (Pin 5) should be capacitively coupled to
the signal source. The input signal path is completed by
coupling a capacitor fromthe internal bias decoupling, Pin 6 to
ground.

2. The output stage which is normally open collector (Pin 2
open circuit) can be interfaced to CMOS. The open collector
canbereturnedtoa +10VlineviaaSkresistorbuttheoutput sink
current should not exceed 2mA. If interfacing to TTL is
required then Pins 2 and 7 should be connected together to
give a fan-out = 1. This will increase supply current by
approximately 2mA.

3. Thecircuit will operate downto DC but a slew rate of better
than 20V/~s is required.

4. The mark space ratio of the output is approximately 1.2:1
at 200MHz.

SP8789

5. Input impedance is a function of frequency. See Fig.5.
6. lfnosignalis present the device will self-oscillate. If this is
undesirable it may be prevented by connecting a 150k
between unused input and ground. This reduces the input
sensitivity by typically 50-100mV p-p.

7. The internal regulator has its input connected to Pin 8,
while the internal reference voltage appears at Pin 7 and
should be decoupled. For use from a 5.2V supply, Pins 7 and
8 should be connected together, and 5.2V applied to these
pins. For operation from supply voltages in the range +6.8V to
+9.5V, Pins 7 and 8 should be separately decoupled, and the
supply voltage applied to Pin 8.

Figure 5 : Typical impedance. Test conditions: supply voltage 5.2V, ambient temperature 25°C, frequencies in
MHz, impedance normalised to 50 ohms.

VCC OF MODULUS

CONTROL DEVICE
Q
CONTROL.
INPUT (3. - NS
“{- 7
SP8789
ouTPUT O3 6
: s
77

50
MONITOR
n 500
. SIGNAL
SOURCE

Figure 6 : Toggle frequency test circuit
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WGEC PLESSEY
PP SEMICONDUCTORS ]

SP8792 225mHz - 80/81
SP8793 225MHz - 40/41

WITH ON-CHIP VOLTAGE REGULATOR

The SP8792 AND SP8793 are low power programmable
+80/81 and +40/41 counter, temperature range: -40°C to
+85°C.They divide by 80(40) when control input is in the high
state and by 81(41) when in the low state. An internal voltage
regulator allows operation from a wide range of supply
voltages.

FEATURES

B Very Low Power

B/ Control Input and Output CMOS/TTL Compatible
B AC Coupled Input

M Operation up to 9.5V using Internal Regulator

[ ] Supply Voltage 5.2V or 6.8V'to 9.5V
] Power consumption: 26mW Typical

DS 3294- 1
N
MODULUS CONTROL INPUT 1 8 :] Vee 1
ouTPUT Vee 2 [ 2 7[] vee2
outruT []3 6[] INTERNAL DECOUPLING
ov) 4 5[] INPUT
DP8
MP8
Figure 1 Pin connections - top view
ABSOLUTE MAXIMUM RATINGS
Supply voltage 6.0V pins 7 & 8 tied
Supply voltage 13.5V pin 8, pin 7 decoupled
Storage temperature range -55°C to +125°C
Max. Junction temperature +175°C
Max. clock input voltage 2.5Vp-p
Vee2 max. 10V

in
clock o | }__50___ DIVIDE BY 80/81
INPUT T (SP8792)
6l DIVIDE BY 40/41
W (5Pa793)
in |

1
CONTROL -
VEg OV) INPUT

_— 94_ _—— O = = — — =
OUTPUT ,;

REGULATOR

|
|
|
|
|
VOLTAGE |
|
|
|
|
|
|

Figure 2 : Functional diagram SP8799
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SP8792/3
ELECTRICALCHARACTERISTICS
Test conditions (unless otherwise stated):]
Supply voltage : Vcc = 5.2 £ 0.25V or 6.8V to 9.5V (see Operating Note 8): Vee = OV
Temperature Tamo = -40°C to +85°C

Value Units
Characteristics Symbol Min. Max. Notes Conditions

Maximumfrequency frmax 225 MHz Note 4 Input = 200-800mV p-p

(sinewave input))

Minimumfrequency fmin 20 MHz Note 4 Input = 400-800mV p-p

(sinewave input)

Power supply current lee 7 mA Note 4

Control input high voltage ViNH 4 v Note 4

Control input low voltage Vine 2 v Note 4

Output high voltage VoH 2.4 vV Note 4 Pins 2, 7 and 8 linked
Vee = 4.95V low = 100pA

Output low voltage Vo 0.5 v Note 4 Pin 2 linked to 8 and 7
loL = 1.6mA

Set up time ts 14 ns Note 3 25°C

Release time tr 20 ns Note 3 25°C

Clock to output propagation time tp 45 ns Note 3 25°C

NOTES )

1. Unless otherwise stated the electrical characteristics are guaranteed over full specified supply, frequency and temperature range.
2. The test configuration for dynamic testing is shown in Fig.6.

3. Guaranteed but not tested.

4. Tested onlt at 25°C

crock weur UL 7" U U LU UWUv UYL v

CONTROL INPUT — | R
ourPur e 1 _‘_oizgl_______r—':o'@"L_
TRUTH TABLE FOR CONTROL INPUTS
Control Division Ratio
inputs SP8792 SP8793
0 81 41
1 80 40

Figure 3 : Timing diagramSP8792/3
NOTES

The set-up time ts is defined as the minimum time that can elapse between a L > H transition of the control input and the next L - H clock
pulse transition to ensure + 80 or 40 mode is selected.

The release time tr is defined as the minimum time that can elapse between a H > L transition of the control input and the next L > H clock
pulse transition to ensure + 81 or 41 mode is selected.

1800
1600
E 1400
> e
£ 1200 *Tested as specified
o .
2 1000 in table of
5
2 o Electrical Characteristics
2
; 600 GUARANTEED *
= OPERATING
400 WINDOW
\ /
200
N T T T T T 71
° } N SN SN SN B N
50 100 200 300

INPUT FREQUENCY (MHz)
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SP8792/3
OPERATING NOTES

1. The clock input (Pin 5) should be capacitively coupled to
the signal source. The input signal path is completed by
coupling acapacitorfromthe internalbias decoupling, Pin 6 to
ground.

2. The output stage which is normally open collector (Pin 2
open circuit) can be interfaced to CMOS. The open collector
can be returned to a +10V line via a 5k resistor but the output
sink current should not exceed 2mA. If interfacing to TTL is
required then Pins 2 and 7 should be connected together to
give a fan-out = 1. This will increase supply current by
approximately 2mA.

3. Thecircuitwill operate downto DC but aslew rate of better
than 20V/~s is required.

4. The mark space ratio of the output is approximately 1.2:1
at 200MHz.

5. Input impedance is a function of frequency. See Fig.5.

6. If nosignalis presentthe device will self-oscillate. If this is
undesirable it may be prevented by connecting a 150k
between unused input and ground. This reduces the input
sensitivity by typically 50-100mV p-p.

7. The internal regulator has its input connected to Pin 8,
while the internal reference voltage appears at Pin 7 and
should be decoupled. For use from a 5.2V supply, Pins 7 and
8 should be connected together, and 5.2V applied to these
pins. For operation from supply voltagesinthe range +6.8Vto
+9.5V, Pins 7 and 8 should be separately decoupled, and the
supply voltage applied to Pin 8.

Figure 5 : Typical impedance. Test conditions: supply voltage 5.2V, ambient temperature 25°C, frequencies in
MHz, impedance normalised to 50 ohms.

VCC OF MODULUS
CONTROL DEVICE

mrn

Q
CONTROL N
INPUT O——1 {1+ s F————0 vee!
SEE OPERATING
—{]- 70 v¢c2 NOTE 6
500
outPUT O—n]3 6 n MONITOR
50Q
e s | SIGNAL
SOURCE
n —— 1000

Figure 6 : Toggle frequency test circuit
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GEC PLESSEY
. A cmiconbucrons|

DS 3295 - 1
225MHz + 32/33 TWO MODULUS DIVIDER
The SP8789 is a low power programmable +32/33
counter.lt divides by 32, when the control input is in the high
state and by 33 when in the low state. An internal voltage
regulator allows operation from a wide range of supply \wj
voltages. CONTROL INPUT [t 8] veet
ouTPUT vee 2 []2 7[] REF DECOUPLING
SP8795
ouTPUT [: 3 6 ] INTERNAL BIAS DECOUPLING
vir (ov) [a 5[] weut
FEATURES DP8, MP8
] Very Low Power Figure 1 Pin connections - top view
B Control Input and Output CMOS/TTL Compatible
B AC Coupled Input
B Operation up to 9.5V using Internal Regulator

QUICK REFERENCE DATA

ABSOLUTE MAXIMUM RATINGS
Supply voltage

6.0V pins 7 & 8 tied

- Supply Voltage 5.2V or 6.8V 10 9.5V Supply voltage 13.5V pin 8, pin 7 decoupled
] Power consumption: 26mW Typical Storage temperature range -55°C to +125°C
L Temperature range: -40°C to +85°C Max. Junction temperature +175°C
Max. clock input voltage 2.5Vp-p
Vee2 Max. 10V
Vet
4
1001
Voc? "
ST T T T TT oo oo — - i
! I
! I
! !
! I
n ! s VOLTAGE I
cockg H o° REGULATOR |
INPUT i DIVIDE BY |
6 20721 |
INTERNAL |
BIAS .
DECOUPLNG T~ " : [J'lmk |
|
| 4 3 7 3
LA
mm CONTROL ouTPUT & DECOUPLING
Vg (OV) INPUT ,;;

Figure 2 : Functional diagram SP8789
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SP8795
ELECTRICALCHARACTERISTICS
Test conditions (unless otherwise stated):]
Supply voltage : Vec 1 &2 = 5.2+ 0.25V or 6.8V 10 9.5V (see Operating Note 7):
Vee = 0V; Temperature Tamb = -40°C to +85°C

Value Units
Characteristics Symbol Min. Max. Notes Conditions
Maximum frequency fmax 225 MHz Note 4 Input = 200-800mV p-p
(sinewave input))
Minimum frequency fmin 20 MHz Note 4 Input = 400-800mV p-p
(sinewave input)
Power supply current lee 7 mA Note 4
Control input high voltage VN 4 Vv Note 4
Control input low voltage Vine 2 v Note 4
Output high voltage \VoH 2.4 vV Note 4 Pins 2, 7 and 8 linked
Vee = 4.95V lon = 100uA
Output low voltage Vou 0.5 v Note 4 Pin 2 linked to 8 and 7
loL = 1.6mA
Set up time ts 14 ns Note 3 25°C
Release time tr 20 ns Note 3 25°C
Clock to output propagation time to 45 ns Note 3 25°C

NOTES
1. Unless otherwise stated the electrical charactenstics are guaranteed over tull specified supply, frequency and temperature range.
2. The test configuration for dynamic testing is shown in Fig.6

3.  Guaranteed but not tested.

4 Tested onlt at 25°C

crock ineuT  TUUUUU LT UUUUUUUY T UvvurL L Unniyvuvruu U,

_.1 r._ te —— ‘4——15
CONTROL INPUT 1 o —— I ’ -
i 17
ouTPUT T | L D | __ B BT

TRUTH TABLE FOR CONTROL INPUTS

Control Division Ratio
input
0 33
1 32

Figure 3 : Timing diagramSP8785
NOTES

The set-up time ts is defined as the minimum time that can elapse between a L » H transition of the control input and the next L - H clock
pulse transition to ensure that the ~ 32 mode is selected.

The release time tr is defined as the minimum time that can elapse between a H » L transition of the control input and the next L -» H clock
pulse transition to ensure that the + 33 mode is selected

1600
1400
& 1200 | Vec 4.95V 10 5.45V PINS 7 AND 8 CONNECTED
= TOGETHER. Tamb -40°C to +85°C "
E N
w1000 [ . Tested as specified
2 { [ in table of
= 800 ) o
§ Electrical Characteristics
< 600 GUARANTEED *
? OPERATING
z 00 WINDOW
\ /
200
N LT T [T T 7T
° IS N S AN S N
50 100 200 300
QU
142 INPUT FREQUENCY (MHz)

Figure 4 : Input sensitivity SP8785



OPERATING NOTES

1. The clock input (Pin 5) should be capacitively coupled to
the signal source. The input signal path is completed by
coupling a capacitor fromthe internalbias decoupling, Pin 6 to
ground.

2. The output stage which is normally open collector (Pin 2
open circuit) can be interfaced to CMOS. The open collector
sink current should not exceed 2mA. If interfacing to TTL is
required then Pins 2 and 7 should be connected together to
give a fan-out = 1. This will increase supply current by
approximately 2mA.

3. Thecircuitwill operate downto DCbut a slew rate of better
than 20V/~s is required.

4. The mark space ratio of the output is approximately 1.2:1
at 200MHz.

SP8795

5. Input impedance is a function of frequency. See Fig.5.
6. lfnosignalis presentthe device will self-oscillate. If this is
undesirable it may be prevented by connecting a 150k
between unused input and ground. This reduces the input
sensitivity by typically 50-100mV p-p.

7. The internal regulator has its input connected to Pin 8,
while the internal reference voltage appears at Pin 7 and
should be decoupled. For use froma 5.2V supply, Pins 7 and
8 should be connected together, and 5.2V applied to these
pins. For operation from supply voltages inthe range +6.8Vto
+9.5V, Pins 7 and 8 should be separately decoupled, andthe
supply voltage applied to Pin 8.

Figure 5 : Typical impedance. Test conditions: supply voltage 5.2V, ambient temperature 25°C, frequencies in
MHz, impedance normalised to 50 ohms.

VCC OF MODULUS
CONTROL DEVICE
o]
CONTROL A4
INPUT . _E 1 8[} 's) Vee!
]2 7 500
SP8795 MONITOR
OUTPUT O—C 3 6
in 00
4 s SIGNAL
SOURCE
in 100n
rrim

Figure 6 : Toggle frequency test circuit
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DS 3296-

SP8799

225MHz + 10/11 TWO MODULUS DIVIDER

The SP8799 is a low power programmable +10/11
counter. It divides by 10, when the control input is in the high
state and by 11 when in the low state. An internal voltage
regulator allows operation from a wide range of supply
voltages.

FEATURES

B Very Low Power

B Control Input and Output CMOS/TTL Compatible
B AC Coupled Input

M Operation up to 9.5V using Internal Regulator

QUICK REFERENCE DATA

W/
controL ineuT (1 8] vee1
OUTPUT vee 2 [ 2 7] REF DECOUPLING
SP8799
output []3 6] INTERNAL BIAS DECOUPLING
it jov) [ s[] inpuT

DP8, MP8

Figure 1 Pin connections - top view

ABSOLUTE MAXIMUM RATINGS

Supply voltage 6.0V pins 7 & 8 tied
- Supply Voltage 5.2V or 6.8V 10 9.5V Supply voltage 13.5V pin 8, pin 7 decoupled
] Power consumption: 26mW Typical Storage temperature range -55°C to +125°C
| Temperature range: -40°C to +85°C Max. Junction temperature +175°C
Max. clock input voltage 2.5Vp-p
Vee2 Max. 10V
Veo!
100"/5-7-7

—————————————————————— Q- — — - — = = =

1 8 |

! |

' I

! |

' I

Lok ! s VOLTAGE |

o— o REGULATOR |

INPUT ] DIVIDE BY |

6 10/11 |

INTERNAL

BIAS n |J_| |

DECOUPLING I \ 18 |

|

I_ 40 o _\ﬁ _______ 3 ___ T _ g

REF
vg,zgw C(‘)’:‘\‘PTSSL vt /; DECOUPLING

Figure 2 : Functional diagram SP8799
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ELECTRICALCHARACTERISTICS
Test conditions (unless otherwise stated):]
Supply voltage : Vcc 1 & 2 = 5.2+ 0.25V or 6.8V to 9.5V (see Operating Note 7):
Vee = 0V; Temperature Tambo = -40°C to +85°C

Value Units
Characteristics Symbol Min. Max. Notes Conditions

Maximum{requency fmax 225 MHz Note 4 Input = 200-800mV p-p

(sinewave input))

Minimum frequency ‘ fmin 20 MHz Note 4 Input = 400-800mV p-p

(sinewave input)

Power supply current lee 7 mA Note 4

Control input high voltage VINH 4 Vv Note 4

Control input low voltage Vine 2 V Note 4

Output high voltage \VoH 2.4 Vi Note 4 Pins 2, 7 and 8 linked
Vee = 4.95V lor = 1000A

Output low voltage Vou 0.5 v Note 4 Pin 2 linked to 8 and 7
lo. = 1.6mMA

Set up time ts 14 ns Note 3 25°C

Release time te 20 ns Note 3 25°C

Clock to output propagation time to 45 ns Note 3 25°C

NOTES

1.

Unless otherwise stated the electrical characteristics are guaranteed over tull specified supply, frequency and temperature range.

2. The test configuration for dynamic testing is shown in Fig.6.
3. Guaranteed but not tested.
4 Tested onlt at 25°C
CLock INPUT  UUNUIUUY .. LU UUUUUU . WU Uy LT Ui iU UL
—= ’<—~ te - s
CONTROL INPUT L - ——— I T
| 6
OuUTPUT L_s_____;——"—-‘———j __s e
TRUTH TABLE FOR CONTROL INPUTS
Control Division Ratio
input
0 11
1 10
Figure 3 : Timing diagramSP8799
NOTES v 9 clag

The set-up time ts is defined as the minimum time that can elapse between a L > H transition of the control input and the next L » H clock

pulse transition to ensure that the + 10 mode is selected.

The release time tr is defined as the minimum time that can elapse between a H » L transition of the control input and the next L -» H clock

pulse transition to ensure that the + 11 mode is selected.

1600

1400

& 1200 | Vec 4.95V105.45V PINS 7 AND 8 CONNECTED
z TOGETHER. Tamb -40°C to +85°C B
o 1000 IR SR N I ) I | Tested as specified
] .
2 } _] L ] } | l in table of
5 800 . o
g Electrical Characteristics
2 6w GUARANTEED *
2 OPERATING
z 40 WINDOW

\ /

200
N T T T
0 T T 1T 1T
50 100 200 300

INPUT FREQUENCY (MHz2)
Figure 4 : Input sensitivity SP8799
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SP8799
OPERATING NOTES

1. The clock input (Pin 5) should be capacitively coupled to
the signal source. The input signal path is completed by
coupling a capacitorfromthe internalbias decoupling, Pin6 to
ground.

2. The output stage which is normally open collector (Pin 2
open circuit) can be interfaced to CMOS. The open collector
can be returned to a +10V line via a 5k resistor but the output
sink current should not exceed 2mA. If interfacing to TTL is
required then Pins 2 and 7 should be connected together to
give a fan-out = 1. This will increase supply current by
approximately 2mA.

3. Thecircuitwill operate downto DC but a slew rate of better
than 20V/~s is required.

4. The mark space ratio of the output is approximately 1.2:1
at 200MHz.

5. Input impedance is a function of frequency. See Fig.5.
6. If nosignalis presentthe device will self-oscillate. If this is
undesirable it may be prevented by connecting a 150k
between unused input and ground. This reduces the input
sensitivity by typically 50-100mV p-p.

7. The internal regulator has its input connected to Pin 8,
while the internal reference voltage appears at Pin 7 and
should be decoupled. For use froma 5.2V supply, Pins 7 and
8 should be connected together, and 5.2V applied to these
pins. For operation from supply voltages inthe range +6.8V to
+9.5V, Pins 7 and 8 should be separately decoupled, and the
supply voltage applied to Pin 8.

Figure 5 : Typical impedance. Test conditions: supply voltage 5.2V, ambient temperature 25°C, frequencies in
MHz, impedance normalised to 50 ohms.

VCC OF MODULUS
CONTROL DEVICE

J—————0 v¢¢!

i
2 B
SP8799
outPuT O—nw{}3
e

50 ©2
MONITOR

n s0Q
SIGNAL

SOURCE

Figure 6 : Toggle frequency test circuit
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The SL6442 UHF Amplifier and Mixer is designedforusein
cordless telephones, cellular telephones, pagers and low-
power receivers operating at frequencies up to 1GHz. It
contains alow noise amplifier (LNA) with AGC facility and two
mixers for use in | and Q direct conversion receivers or image
cancelling in superheterodyne receivers.

Operating from a single supply of 5V, the SL6442 requires
acurrentof 4.6mA (typ.) when poweredupandonly 11uA (typ.)
when powered down using the battery economy facility.

FEATURES

B 1GHz Operation

W Very Low Power

B Suitable for Direct Conversion or Superhet Systems
B On-Chip RF Amplifier

ADVANCE INFORMATION
3047-3.2
1GHZ AMPLIFIER/MIXER
(Supersedes May 1992 Edition)
RF Vee Ot |0 20101 AGC
Veias CI]? 1913 AGC DECOUPLE
RF INPUT (CB) o3 18 17 MIXER DECOUPLE
RF INPUT (CE) cr—j4 171 Vee
RF DECOUPLE OIS | g g442 16|10 LO DECOUPLE
RF OUTPUT 6 15[ MIXER B OUTPUT
RF GROUND 17 141 L0 B INPUT
MIXER INPUT CI{8 130 LO A INPUT
BANDGAP REF (Vgg) CI{9 127107 GROUND
BATTERY ECONOMY 110 11 (I MIXER A OUTPUT
MP20
Fig.1 Pin connections - top view
ABSOLUTE MAXIMUM RATINGS
Supply voltage 8V
Storage temperature —55°Cto+150°C

B Power Down Facility for Battery Economy
B AGC Capability

ORDERING INFORMATION
SL6442 NA MP Miniature Plastic DIL Package

Operatingtemperature 0°C to +70°C

This device has static-sensitive terminations, sensitivity
measured astypically 400V using MIL-STD-883 Method 3015.
Therefore, ESD handling precautions are essential in order to
avoid degradation of performance or permanent damage to
the device.

+5V +5V
RF RF MIXER
Vee OUTPUT INPUT Vee
|..._..___1__._._ ————p—————————— =
i 1
MIXER A I
I ak |
|
20 GAIN "L MIXER A
Ace %I CONTROL ] 5| OUTPUT
|
| MIXER B |
l
| 15 I MIXER B
| RF RF Q ouTeuT
BIAS AMPLIFIER i
|
| |
| I AN G, P R G
RF CE cB LOCAL LOCAL
GROUND INPUT  INPUT OSCILLATORA  OSCILLATOR B
INPUT INPUT
Fig.2 block diagram
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AGC

AGC

DECOUPLE  RF Ve RF O/P

AGC
BUFFER
AMP

BIAS 2

2 12
—_——— b
RFGND CE  CB GND

INPUT  INPUT

VBiAs

Fig.3 Circuit schematic of LNA

MIXER A OUTPUT

LO A INPUT

MIXER B OUTPUT

LO B INPUT

16
6 LO DECOUPLE

sl
|————————Q MIXERINPUT

MIXER s
—————— & MIXER DECOUPLE

INPUT STAGE

GROUND

PIN DESCRIPTIONS

Fig.4 Circuit schematic of mixer

Pin no. Name Description

1 RF Ve Power supply to the RF amplifier. Normally connected to +5V, it should be adequately

bypassed.

2 Vgias A 1-6V bias source capable of supplying up to 0-5mA.

3 RF input (CB) Common base input to the emitter of the RF transistor. It should be returned to ground for
DC using an RF choke ortunedcircuit when in common base mode. incommon emitter mode
it should be connected directly to ground.

4 RF input (CE) Common emitter input to the base of the RF transistor. It is DC biased internally but should
be decoupled in common base mode.

5 RF decouple Decoupling of DC bias line.

6 RF output Outputport of the RF amplifier. It should be returned to +5V via an RF load. A current of 2mA
will flow if pin 20 (AGC) is connected to pin 9 (Vgg)-
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PIN DESCRIPTIONS (Continued)

Pin no. Name Description
7 RF ground A separate ground is provided for the RF amplifier to improve stability.
8 Mixer input This is coupled externally to the output of the RF amplifier (pin 6). It should be decoupled to

Vgias Via an RF choke.

9 Bandgap ref. (Vgg) | Temperature compensated DC reference voltage. It should not be loaded.

10 Battery economy Turns device ‘off’ when HIGH (>3V), 'on’ when LOW (<1:5V).

1 Mixer A output The output impedance is about 4kQ: quiescent voltage is approximately 4V (V¢e=5V).
12 Ground Mixer and biasing ground.

13 Local osc. Ainput | Input level of —10dBm. DC level is approximately 2:3V.

14 Local osc. Binput | Inputlevel of —10dBm. DC level is approximately 2:3V.

15 Mixer B output The output impedance is about 4k€2; quiescent voltage is approximately 4V (V¢c=5V).
16 LO decouple Decoupling of DC bias line.
17 Vee +5V supply; it should be bypassed effectively.

18 Mixer decouple Decoupling of DC bias line.
19 AGC decouple Decoupling of AGC input line.
20 AGC Varies RF amplifier gain. Gainreduces with increasing voltage, with RF gain reducedby 6dB

when AGC=Vg,ss. Full range of AGC requires only typically 300mV DC range (see Fig. 9).
This pin should be connected to Vg if the AGC facility is not required.

ELECTRICAL CHARACTERISTICS
These characteristics are guaranteed over the following conditions uniess otherwise stated:
Tame=25°C, V¢c=4'5V and at V¢c=6-5V

Value
Characteristic Pin Units Conditions
) Min. | Typ. | Max.
Total supply current 1,6,11,1517 {35 46 55 mA Pin 10 atoVv
Total supply current (economised) | 1,6, 11,15,17 11:0 | 150 | pA Pin 10 at V¢
Battery economiser input current 10 -1-0 +1:0 | uA
Total RF amplifier current 1,5 2:0 275 mA
Maximum RF amplifier current 6 2:0 275 | mA | Vage=1-2V
Minimum RF amplifier current 6 100 | pA Vage =20V
AGC amplifier offset voltage 20,19 -200) O +20:0| mV
Bandgap voltage, Vgg 9 1-00 |123 |140 | V
Vaias 2 140 |1-64 | 180 [V
Vgias supply regulation 2 +24:01 +50 | mV Step V¢ from 4:50V to 550V,
Vgias l0ad regulation 2 —17:0]1 =50 | mV | Stepload from OmAto 0-5mA,

Mixer conversion gain 11,15 100 (127 [16:0 | dB fcarriER=D0MHz at —10dBm,
feignaL=50"01MHz at —34dBm,
IF=10kHz, Z| (EXT)=1MQ//20pF

Mixer A/B gain match 11,15 -10{ 0 +1-0 | dB fearmier=50MHz at —10dBm,
fsignaL=50-01MHz at ~34dBm,
IF=10kHz, Z| (EXT)=1MQ//20pF

NOTE: Typical figures are for a V¢ of 50V
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ELECTRICAL CHARACTERISTICS OF THE SL6442 DEMONSTRATION BOARD (PAGES 8-10)
These characteristics are guaranteed over the following conditions unless otherwise stated:
Tamg = 25° C, Ve =50V, Vage = Vg, LO = =5dBm, Input/Output = 5043, fyy = 950MHz, f o = 930MHz (IF = 20MHz),

fLo = 949-990MHZ (IF = 10kHz)

Overall performance Typ. Units Conditions

Noise figure 83 dB DSB (20MHz IF)

Third order input intercept -22 dBm 20MHz IF

Power gain 75 dB 20MHz IF

Voltage gain 30 dB Z, > 100kS2, IF = 10kHz

NOTE: Refer to Figs. 5, 6 and 7 for typical performance of overall low noise amplifier and mixer configuration (demonstration board) across

temperature and supply voltage 4-0V, 5:0V and 7:0V).

SUPPLEMENTARY INFORMATION

Value
Characteristic Pin Units Conditions
Min. | Typ. | Max.
Operating supply voltage range 45150 |65 \
RF Amplifier Common emitter
Power gain 14 dB Matched input and output.
AGC range 20 25 dB Vgias £150mV typ. (see Fig. 9).
Input intercept -9 dBm Third order.
1dB gain compression -23 dBm At input
Noise figure 45 dB Common emitter.
Inputimpedance See Fig. 8.
Optimum operating frequency range 4 400 1000 MHz
Mixers (950MHz)
Voltage conversion gain 19 dB At IF = 50kHz, matched input.
Power conversion gain -7 dB At IF = 20kHz. Matched input
and output.
LO drive level 13,14 -10 dBm Measured at pins 13 and 14.
Input intercept point 8 -6 dBm Third order.
1dB gain compression -12 dBm At input
Mixer ‘A’ to Mixer ‘B’ gain input match +1:0 dB Equal LO level at pins 13 and 14
Mixer ‘A’ to Mixer ‘B’ phase input match +4 deg LO inputs 90 + 0-1° phase
Inputimpedance See Fig. 10.
Noise figure 21 dB
Optimum operating
frequency range 8 1000 MHz Low frequency operation
dependent on external
components.
IF output bandwidth 11,15 20 MHz Can be extended by external
tuned circuit.
Outputimpedance 4 k€2
Isolation LO to mix RF I/P 25 dB All ports terminated with 502
Reverse isolation of RF amp 14 dB All ports terminated with 50
Isolation LO to IF 50 dB All ports terminated with 5092
Isolation RF to IF 37 dB All ports terminated with 502
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PERFORMANCE CHARACTERISTICS OF THE SL6442 DEMONSTRATION BOARD
Test conditions:
Input frequency = 950MHz, LO frequency = 930MHz, LO amplitude = —5dBm, intermediate frequency = 20MHz,
Vaac = Vea, input/output 50Q2 matched.

[]
Veck 4V
8
A —v—=
7 // ——— S —
Vec'= 5V T —
6 /
Vec=7V

GAIN (dB)

3
2
0 10 20 30 40 50 60 70
TEMPERATURE (°C)
Fig. 5 Typical overall power gain
12

-
o

NOISE FIGURE (dB)
o

———y
haren
8V /;@/ Vee =4V
V= ]
7
0 10 20 30 40 50 60 70
TEMPERATURE (°C)
Fig. 6 Typical overall noise figure
-15
o
2
-
F4
[e]
a
-
-9
8 N Ava
w20 Vec =7V Vee = 5V ks
z —T
i M—L” T
o " o
o LN
(=] - —— / Vee = 4v
=
V="
-25
0 10 20 30 a0 50 60 70

TEMPERATURE ("C)
Fig. 7 Typical overall third order intercept

153



SL6442

S11

jo.5

MAG =0-33
S12

jo-2

{ { 1400MH\(_\\
150MHz

075 10 15

311 512 SZ1 S22
f(MHz) Mag. Ang. (°) Mag. Ang.(°) Mag. Ang.(°) Mag. Ang. (°)
150 0-869 —221 0-006 69-0 5-126 1497 0-994 -11-3
200 0-829 -285 0-:002 1340 4763 1386 0-991 -155
300 0-765 -40-1 0-008 111-8 4-140 1219 0-986 -22:7
400 0-712 -492 0-004 1312 . 3567 108-8 0-967 -295
500 0679 =577 0-010 1381 3-123 966 0-963 -36'7
600 0-640 -66'5 0-019 140-3 2672 877 0-945 -44-0
700 0-608 ~74:0 0-027 1437 2:428 792 0-921 -49-8
800 0-582 —-82:2 0-036 130-8 2197 717 0-909 -54-7
900 0-561 -90-4 0-041 1187 1-935 62:4 0912 -59-8
1000 0-531 -100-0 0043 1135 1:729 56-3 0913 -66'4
1100 0496 -1140 0-063 1159 1-636 472 0-885 -746
1200 0401 -118:5 0-050 100-0 1-512 41-4 0-877 -802
1300 0:334 -120-6 0:050 981 1-385 343 0-853 —-876
1400 0-304 -117:8 0-049 97-0 1-208 284 0-824 -952
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GAIN (dB)

16
—L
14
2 \-
10 \
8
6 \\ Tamp="1 25°C—]
4 Vee=5Y —
2 \\ Veins=1.64V __|
; \
-2 \
-4 \
-6 ‘
-8
-10 ~
-12
14
-16
1.4 1.5 1.6 1.7 1.8 1.9
Vage (V)

Fig. 9 SL6442 AGC characteristic

f (MHz) Mag. Ang. (°)
150 0-967 —-121
200 0-967 -159
300 0-949 -24'5
400 0-960 -300
500 0-922 -39-3
600 0-887 —46:3
700 0-868 —53-0
800 0-836 -588
900 0-826 -636
1000 0-849 ~70-4
1100 0-866 -786
1200 0-856 -88'5
1300 0-817 -98:2
1400 0-768 -107-3

Fig. 10 Mixer RF input impedance, Sy; (pin 8)
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APPLICATION CIRCUIT FOR USE AT 950MHz

This Application Note describes acircuitwhich demonstrates
the functions and performance of the SL6442 in a 950MHz
amplifier/mixer receiver front end configuration.

Fig. 11 is a schematic diagram which illustrates the
arrangement of the ancillary components required for optimum
performance at 950MHz. Component layout, PCB track and
ground plane are shown in Figs. 12, 13 and 14, respectively.
Approximate starting values forthe components were obtained
using Smith charts and dataderived from S-parameter analysis
(see Figs. 8 and 10).

The actual component values were determined by using a
linear circuit simulator such as Touchstone™. In this case the
circuit is optimised for maximum stable gain and minimum
input reflection coefficient at the required frequency.

The input match is achieved using a stripline shorted-stub
network. The LNA output to mixer input match is achieved by
using a series inductor, and the mixer output to 50€2 match
consists of a tunable LC network.

Toprevent possible RF instability, pin 2 (Vg,as) is decoupled
with a series RC network as well as a 2:2uF capacitor.

The quadrature phase shift components consist of phase lead
(R3, C18) and phase lag (R2, C17) networks, which are
capacitively coupledto the LO input pins. Inductor L3 serves to
resonate out the parasitic capacitance between the two ports.

The exact values of the phase shift components were
determined empirically and achieve a maximumamplitude and
phase imbalance of about 1dB and 4 degrees respectively.

The variable capacitors VC1 and VC2 are adjusted to give
amaximumoutput levelatan IF of 20MHz. Otherintermediate
frequencies may require differentvalues of VC1 and VC2 and/
orL4 and L5. At zero IF, as in direct conversion receivers, the
output matching network is transparent.

If the AGC facility is not required it is necessary to connect

pin 20 to pin 9 (Vgg). The battery economy pin (10) may be
connected directly to ground if the power down facility is not
required.
NOTE: Ensure adequate decoupling is used close to the chip,
especially when designing for maximum power gain. Refer to
LNA S-parameters to avoid possible stability problems when
designing the LNA close to maximum gain.

c10 Cc1t
C 18p 1
C9
= ;q
20

Vee IFOUT (B) LOINPUT IF OUT (A)
L4
3:3u
L,
VCt
2-20p
1
SL6442
1
Vcc

FETE

IN':TJT 2'2“/7.;7_7 18';7-717-7 27p

C19 OWER DOWN
2- 2u
L115n POWER UP

15p/;2 2u

Q :
100n
c7

Fig. 11 SL6442 demonstration board circuit
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MIXER MIXER

AQ/P BOP
COMPONENT LIST
R1,R3 479
R2 51Q
ci 27pF
€2,05,C10,C11,C13,C15 18pF
c3 47p
C4,C6,C7,C8 22pF
C9,C19 2:2uF
c12 10F
ci4 100nF
c17 3-3pF
c18 5-6pF
L1, L3 15nH
L2 100nH
L4, L5 3-3uH
L6 82nH
VC1,VC2 2 - 20pF

Fig. 12 SL6442 demonstration board component layout. Scale=2 x full size. Input and output coaxial connectors are mounted
on the ground plane side of the board.

o i.: 15 s
AGC oloa O OO O
INPUT Q
[0} (o Ie] (o}
o _,J.f .n.t e
+5V -Jr //8.'—-—_
Q
——
e

L
©

m

P

SL6442
AMP &
MIXER

© 950MHz
RF INPUT

Q Q

Fig. 13 SL6442 demonstration board track. Scale=2 x full size
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Fig. 14 SL6442 demonstration board ground plane. Scale=2 x full size.
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DS3224 2.3
1GHz AMPLIFIER / MIXER
The SL6444 Amplifier and Mixer is designed for use in
Cordless Telephones, Cellular Radios, Pagers and Low Power
receivers operating at frequencies up to 1GHz. It contains a [ £] 14
low noise amplifier and mixer. Operating from a single supply it % g 1:25 1
I, 1200
draws a current of 9.5mA and has a power down facility. s TES
(5 10 13
6 o
FEATURES . % 5 =
B 1GHz Operation
B Low Power Consumption mMP14
W Low Noise Figure Pin | Function Pin | Function
B Suitable for Superheterodyne Architectures
B Power Down Facility for Battery Economy 1 Battery Economy 14 Bandgap Ref.
W Balun for Balanced Mixer Drive 2 Bias Supply 13 LO Input
3 RF Input 12 Ground
ORDERING INFORMATION 4 RF Ground 11 Mixer Output 180°
SL6444 KG MPAS Miniature Plastic Dil Package 5 VCC decouple 10 | Mixer Output 0*
6 RF Output 9 Mixer Current
NOTE. This device has static sensitive terminations, sensitiv- 7 Vee 8 Mixer Input
ity typically measured as 200V using MIL-STD-883 method ] ] ] )
3015. ESD handling precautions are essential to avoid Fig. 1 Pin connections - top view
degradation of performance or permanent damage to this
device.

MIXOUTB MIXOUT MIXCUR
"4

MIXIN

DC REFERENCE ?

T

Fig. 2 Block diagram
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ELECTRICAL CHARACTERISTICS
These characteristics are guaranteed over the following conditions unless otherwise stated.
Tamo = 25°C, V¢ = 2.7V and at V¢ = 6.0V

Characteristic Pin Value ‘Units | Conditions
Min Typ Max
DC CHARACTERISTICS
Supply voltage Vee 2.7 5.0 6.0 \
Supply current, |, Note 1 7.0 7.8 8.5 mA Battery economy low V. = 2.7
8.7 9.7 10.7 mA Battery economy low V. = 6.0
0.5 1.0 HA Battery economy high
Bandgap reference VBG 120 | v No external load V. = 2.7
VBG 125 | V No external load V. = 6.0
Battery economy high BEC Ve 0.5 Vee \%
Battery economy low BEC 0 0.5 \Y
Battery economy sink current BEC 0.1 2.0 A Battery economy high
Battery economy source current BEC 1.0 2.0 pA Battery economy low
RFAMPLIFIER (COMMON
EMITTER)
Supply current RFOUT 2.1 2.5 2.8 mA Voo = 6.0V
MIXER
Optimum frequency range MIXIN 0.1 GHz
Supply current Note 2. 35 3.9 4.3 mA Voo =27
4.2 4.6 5.0 Vo = 6.0V
Mixer conversion MIXOUT 10.3 11.0 1.7 dB Ve = 6.0V Note 3
Voltage gain MIXOUTB| 10.0 10.6 11.2 dB Ve = 2.7V Note 3
Mixer output gain match -/+0.5 | dB

NOTES: (1) Total device supply current
) (2) Half mixer current in each of MIXOUT and MIXOUTB

(8) conditions:-

LOIN = 100MHz, -15dBm

MIXIN = 100.01MHz, -30dBm
MIXOUT and MIXOUTB 470Q load

IF = 10kHz
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TYPICAL ELECTRICAL CHARACTERISTICS
These characteristics are guaranteed by design.
Tamo = 25°C, Vg = 5 Volts.

Characteristics Pin Value Units | Conditions
Min Typ Max

RF AMPLIFIER (COMMON
EMITTER)
Input Impedance 50Q system see fig 3
Output Impedance 50Q system see fig 3
Gain (RF,, to RFq;;) 50Q system see fig 3
Reverse isolation (RF to RFg ;) 50Q system see fig 3
MIXER
Input Impedance 500 system see fig 4
QOutput Impedance 50Q system see fig 4

PERFORMANCE CHARACTERISTICS (GPS Demonstration boards)
Test conditions (unless otherwise stated): VCC = 2.7V; T, = 25°C
Input frequency 915MHz; Local oscillator frequency 765MHz;
Intermediate frequency 150MHz; Local oscillator amplitude 80mV r.m.s.

Characteristics Pin Value Units Conditions
Min Typ Max

RF AMPLIFIER COMMON Application circuit Fig. 5
EMITTER (NOTE 1)
Power gain 16 dB
Third order intercept point -12 dBm At input
Noise figure 27 dB
Output power at 1dB gain -6 dBm
compression
SINGLE BALANCED MIXER Application circuit Fig. 6
(Note 1)
Power conversion gain 45 dB
Third order intercept point 5.5 dBm At input
Double sideband noise figure 10 dB
LO to RF isolation 28 dB
LO to IF isolation 39 dB
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PERFORMANCE CHARACTERISTICS (GPS Demonstration boards) continued
Test conditions (unless otherwise stated): VCC = 2.7V; T, = 25°C
Input frequency 915MHz; Local oscillator frequency 765MHz;
Intermediate frequency 150MHz; Local oscillator amplitude 80mV r.m.s.

Characteristics Pin Value Units Conditions
Min Typ Max
RF to IF isolation 18 dB
DOUBLE BALANCED MIXER Application circuit Fig. 7
(Note 1)
Power conversion gain 10
Third order intercept point -8 dBm At input
Double sideband noise figure 10 dB
LO to RF isolation 26 dB
LO to IF isolation 42 dB
RF to IF isolation 32 dB
NOTE.

1. Application circuits have been optimised for minimum noise figure and maximum gain. Typical performance across temp at
2.7V and 6.0V are shown in graphs 1 to 6.

ABSOLUTE MAXIMUM RATINGS

Supply voltage 8V
Storage temperature -55°Cto + 150°C
Operating temperature -10°Cto + 85°C
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PIN NO NAME TITLE DESCRIPTION

1 BEC Battery Economy Turns device OFF when "HIGH", on when "LOW”.

2 BIAS Bias Supply Controls the bias current in the RF amplifier. Must be
decoupled externally to ground through 1nF capacitor.

3 RFIN RFinput This is the common emitter input to the base of the RF
transistor. It is DC biased externally through a suitable
inductor to the bias pin, pin 2.

4 RFGND R.F. Ground Must be connected to the system ground with minimum
inductance.

5 VCCDEC VCC Decouple This pin allows the VCC supply at the RF Amplifier to be
effectively decoupled.

6 RFOUT RF Output The collector of the RF amplifier output transistor. Must
be returned toVCC through a load in which the DC bias
current can flow.

7 vCC Power Supply Positive supply.

8 MIXIN Mixer Input Input port of mixer, should be AC coupled externally.

9 MIXCUR Mixer Current A resistor may be placed between this pin and ground to
reduce mixer current. Otherwise connect to GND.

10 MIXOUT Mixer Output 0° Output port of the mixer. An open collector output which
must be returned to VCC through a suitable load. Half of
the total Mixer current will flow from this port.

11 MIXOUTB Mixer Output 180° Output port of the mixer. An open collector output which
must be returned to VCC through a suitable load. Half the
total mixer current will flow from this port.

12 GND Ground Must be connected to the system ground with minimum
inductance.

13 LOIN LO Input Local Oscillator input to mixer, should be AC coupled
externally.

14 VBG Bandgap Temperature compensated voltage reference. Must be

decoupled externally to ground through a 1nF capacitor.
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SL6444

VCC = 5V Amplifer current 2.2mA

- —— SN
- S22

Start 100MHz

Stop 1500MHz

FREQ-MHz | MAG[S11]  ANG[S21] | MAG[S21] ANG[S21] | MAG[S12] ANG[12] MAG [S22] ANG [S22]
100.000 0.91 -10 5.89 167 0.016 158 0.99 -5
200.000 0.89 -21 5.86 151 0.010 -75 0.99 -1
300.000 0.86 -30 5.60 136 0.004 55 0.99 -16
400.000 0.81 -39 5.19 121 0.003 118 0.98 -21
500.000 0.77 -47 4.86 108 0.004 -102 0.97 -25
600.000 0.72 -55 4.48 95 0.005 154 0.98 -32
700.000 0.67 -63 4.11 84 0.004 134 0.97 -38
800.000 0.62 -70 3.73 73 0.008 165 0.97 -44
900.000 0.58 =77 3.35 61 0.008 150 0.94 -52

1000.000 0.55 -83 2.97 52 0.010 117 0.91 -59

1100.000 0.52 -87 2.64 43 0.014 97 0.87 -66

1200.000 0.49 -92 2.32 34 0.013 82 0.82 -73

1300.000 0.47 -95 2.06 28 0.010 78 0.76 -79

1400.000 0.45 -98 1.85 22 0.009 59 0.71 -85

1500.000 0.45 -101 1.71 16 0.004 80 0.67 -89

SL6444 Typical RF Amplifer scattering parameters
1
100MHz
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Fig. 3 Typical Input and Output Impedance of SL6444 RF Amplifier (Normalised to 50€2)




SL6444

30.00
dB[s21]
L~-~--\_,\
\\‘_\\
0.0
dB[S12) |
K \\ N\"\
— —_—
\ | — N
-50.00
100.0 800.0 1500.0
FREQ - MHz

Fig. 3b Typical gain and reverse isolation of SL6444 RF Amplifier in a 50 Ohm test system

VCC = 5V Mixer current 4.4mA. S22 is measured at either MIXOUT or
MIXOUTB. S11 is measured at MIXIN:

FREQ-MHz| MAG[S11] ANG[S11] | MAG[S22] ANG [S21]
100.000 | 0.79 -6 1.00 -6
200.000 | 0.78 13 0.99 -12
300.000 | 0.77 -20 0.99 -16
400.000 | 0.76 -28 0.97 -22
500.000 | 0.77 -34 0.96 28
600.000 | 0.78 -41 0.97 -35
700.000 0.70 -50 0.94 -40
800.000 | 0.70 -58 0.91 -47
900.000 | 0.68 -67 0.88 -54

1000.000 | 0.64 .76 0.86 -60

1100.000 | 0.61 -86 0.83 -67

1200.000 | 0.58 -95 0.79 74

1300.000 | 0.55 -105 0.75 -82

1400.000 | 0.51 117 0.71 -89

1500.000 | 0.49 -129 0.68 -96

SL6444 Typical Mixer port impedance
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7~ 100MHz

Start 100MHz
Stop 1500MHz
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Fig. 4 Typical Input and Output Impedance of SL6444 Mixer (Normalised to 5052)




PERFORMANCE CHARACTERISTICS (GPS Demonstration boards)
Test conditions (unless otherwise stated)
Input frequency 915MHz; Local oscillator frequency 765MHz;
Intermediate frequency 150MHz; Local oscillator amplitude 80mV r.m.s.

SL6444

SL6444 LNA GAIN TYPICAL PERFORMANCE

NOISE FIGURE (dB)
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pr— VCC =27V
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10 4 |
t 1
-10 25 85
TEMPERATURE (°C)
Graph 1
5 $SL6444 AMPLIFIER NOISE FIGURE TYPICAL PERFORMANCE
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f
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Graph 2
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SL6444

S1.6444 LNA THIRD ORDER INTERCEPT TYPICAL PERFORMANCE
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SL6444

THIRD ORDER INTERCEPT TO! (dBm)

SL6444 MIXER THIRD ORDER INTERCEPT TYPICAL PERFORMANCE

TEMPERATURE (°C)

Graph 5
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SL6444

vee
c3 C4 c5
Tl Y711
c2] T l__Lga
I o gnz T
[1
14 13 12 11 10 9 8
s
SL6444 .
T3
VC3
I
O
T
T2 T4 U
OUTPUT
INPUT
NOTES COMPONENT LIST
1. Double sided board should be used R1, R2 47 Ohm
C1,C2, C3, C4, Cs5,C7 1nF
2. Low inductive resistors should be used Cé 270pF
(07:] 1uF
3. Good quality capacitors with high self resonant VC1, VC2, VC3 20pF Trimmer
frequency should be used L1 56nH
L2 39nH
4. Components should be placed in close proximity L3 6nH 1 Turn 24SWG
to device 8mm diameter
Microstrip lines 0.5mm wide on 1.6mm thick glass fibre
PCB and the following lengths.
T 5mm
T2 16mm
T3 8mm
T4 15mm

Fig. 5 SL6444 RF amplifier demonstration circuit
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SL6444

IF OUTPUT

ve2

IVCC

cs
vecs
ca T1 p T2 L2
LOINPUT ’L RF INPUT
‘ l ] L3
14 13 12 11 10 9 8
SL6444 VC1

_|cs ci c2

COMPONENT LIST

C1, C2, C3, C4, C5, C6 inF

VC1, VC2, VC3 20pF Trimmer

L1 220nH

L2 6nH 1 Turn 24SWG
8mm diameter

L3 39nH

T 50 Ohm line

Microstrip line T2 is 0.5mm wide on 1.6mm thick glass fibre
PCB and of 5mm length.

Fig. 6 Single balanced mixer demonstration circuit
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SL6444

IFOUTPUT
VC1
——————— ™ vce
[
m vcs
c4 T T2 L1
LO INPUT ‘L RF INPUT
1 L2
14 13 12 11 10 9 8

SL6444 VG2

_|c3 c1 c2
COMPONENT LIST
Cl,C2,C3,C4,C5 1nF
VC1, VC2, VC3 20pF Trimmer
L1 6nH 1 Turn 24SWG 8mm diameter
L2 39nH
T 50 Ohm line
X1 4+ 41

Transformer wound on a 2.5mm long double aperture ferrite bead. The material having an initial permeability of
approximately 15.

Microstrip line T2 is 0.5mm wide on 1.6mm thick glass fiber PCB and of length Smm.
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Fig. 7 Double balanced mixer demonstration circuit
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WGEC PLESSEY
 _PJSEMICONDUCTORS |

ADVANCE INFORMATION

DS 3298 -1
LOW NOISE PROGRAMMABLE OPERATIONAL AMPLIFIER

The SL562 is an advanced bipolar integrated circuit
containing a single programmable operational amplifier. The
amplifier can be programmed by current into a bias pin which
determines the main characteristics of the amplifier's supply "4
current, frequency response and slew rate. With a suitable LIRS 8[] Bias
choice of bias currentthe SL562 can be used where low power INPUT a 2 70 vee
and low noise characteristics are a necessity.

NpuT (43 60 outpuT
ver (GROUND) (J4 s NC

FEATURES
B | ow Noise Guaranteed (25nV/¥Hz at 1 kHz)
B Low Supply Current (40uA) ‘ DP8, MP8
W Bias Conditions Adjustable to Optimise Performance
M Built In Short Circuit Protection Fig. 1 Pin connections - top view
M Available In Small Outline
APPLICATIONS QUICK REFERENCE DATA
B Active Filters B Supply Voltages £1.5V to +10V
B Oscillators B Supply Current +40uA to £2mA
M Low Voltage Amplifiers B Operating Frequency Range 1MHz
B Frequency Synthesisers B Gain95dB
B Hand Held Radio Applications B Operating Temperature Range -40°C o +85°C

Fig. 2 Circuit diagram.
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SL562

ELECTRICALCHARACTERISTICS

Test conditions (unless otherwise stated):

Operating mode A :  Supply volts +10V Bias set current 751A
Operating mode B : Supply volts £3.5V Bias set current 15uA
Operating mode C : Supply volts +1:5V Bias set current 1uA
Operating mode
Characteristics A B c Units Conditions
Min. | Typ. | Max. | Min. | Typ. | Max. | Min. | Typ. | Max.
Input offset voltage 1 5 1 5 1 5 mV | Rg=10kQ
Input offset current 20 190 150 49 nA
Input bias current 250 | 800 350 95 nA
Input resistance 0.1 0.6 02 | 05 0.3 2 MQ
Supply current 1000 | 1600 | 2200 50 200 | 1000 20 40 60 uA
Large signal - 74 95 74 90 74 90 dB R_=4kQ(A)
voltage gain R, =100kQ(B)
R_= 100kQ(C)
Input voltage range 10 10.5 10 10.5 0.2 0.4 +V R = 10kQ
Common mode 70 | 110 70 | 85 70 82 dB
rejection ratio
Output voltage swing 8 1.5 0.7 0.8 +V R = 4kQ(A)
R, = 100k<(B)
R_= 100kQ(C)
Supply voltage 74 85 85 dB | Rg=10kQ
rejection ratio
Short circuit current 12 40 2.2 mA T, =0°C
1 to +70°C
Gain bandwidth 50 kHz | Gain =20dB
product 3.5 1 MHz
Slew rate 1.5 0.5 0.02 V/ius | Gain = 20dB
Input noise voltage 10 25 25 40 50 85 nVvHz | fo = 1kHz
Input noise current 1.6 1.6 1.0 pAVHz | f=1kHz
OPERATING NOTES 10
Bias set current Vet
The amplifier is programmed by the ISET current into the SUPRLY S x12v
BIAS pin to determine the frequency response, slew rate and )7
the value of supply current. The relationship is summarised ,:%
as follows: z 4 A VSUPPLY = + 5J
E
Gain bandwidth product ISET x 50kHz r;
Power supply current (each supply) ISETx25,UA u /74
Slewrate ISETX0.02V/HS & %
(ISETinuA) N ” // VSUPPLY - 13.5V
g A
The open loop voltage gain is largely unaffected by change 29
in bias set current but tends to peak slightly at 1 0,uA.
SincethevoltageontheBIASpinisapproximatelyO.65V /
more positive than the negative supply, a resistor may be Z
connected between the bias pin and either OV or the positive
supply to set the current. Thus, if the resistor is connected to
0V, the I current is determined by: 0.01
1 10 100 1000

V, - 0.65
R

SET

where R is value of the ‘set’ resistor.
The output goes high if the non-inverting input is taken
ower than 1V above the negative power supply.
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BIAS CURRENT (uA)

Fig. 3 Supply current v. bias set current
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- VsuppLy  £10v
Tamb +25°C gmn + 0
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PHASE
L i | 1\ \\‘ -100
0.01 1.0 10 100 1K 10k 100k 1M 10M
1.0 10 100 1000 FREQUENCY (Hz)
BIAS SET CURRENT (HA) Fig. 5 Typical frequency response
Fig. 4 Gain bandwidth product v. I,
ABSOLUTE MAXIMUM RATINGS
APPLICATION EXAMPLE
Supply voltages +15V
The SL562 is especially suitable for use in loop filters for Common mode input voltage Not greater than
frequency synthesisers, the low noise and low power supplies
characteristics of the SL562 making it ideally suited for use Differential input voltage 125V
with the GPS low power frequency synthesiser circuits Bias set current 10mA
(NJ8820, SP87XX). All three integrated circuits are available Storage -55°C to +125°C
in surface mounting packages, thus making a compact hybrid. Power dissipation 800mW at 25°C
Derate at 7mW/°C above 25°C
Operating temperature range -40°C to +85°C
R C! +52v
! 8 i‘lnn
TO V€O 2 spa71s 70 n
s}—{}———= FROM vCO
5 }———-]
n
s
v w0,
n
2 19— ,;,
56k
: 18 }— (S00V/RADIAN)
4 17—
5 NJBB20 16—
6 15— atp
7 14— { Ju
8 13 ,;;7‘79
1] 12
10 1"
D2 3—}
ADDRESS LINES TO D3
PROM OR MICROPROCESSOR | b
DSo
Ds1
Ds2

Fig. 6 Application example
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ADVANCE INFORMATION

SL1610

RF/IF AMPLIFIER

The SL1610C RF voltage amplifier with AGC facilities.
The voltage gain is 10 and the upper frequency response is
120MHz.

FEATURES

B Wide AGC Range: 50dB

B Easy Interfacing

B Integral Power Supply RF Decoupling
APPLICATIONS

u RF Amplifiers
[ | IF Amplifiers

QUICK REFERENCE DATA

| Supply Voltage: 6V
u Voltage Gain: 17dB to 24dB

w

OuTPUT

&
INPUT |

BIA
S

Fig.2 Block diagram
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DS 3299- 1
NC t] ov
vee p AGC
SL1610
ouTPUT [ 3 [1 INPUT BIAS
INPUT EARTH [7 INPUT
DP8
Fig.1 Pin connections (top view)
ABSOLUTE MAXIMUM RATINGS
Supply voltage: 12V
Storage temperature: -55°C to +150°C
Operatingtemperature: -30°C tp +85°C
Chip operating temperature: +150°C
Thermal Resistance
Chip - to - ambient 111°C/W
Chip -to - case 71°C/W
ORDERING INFORMATION
SL1610 NA MP
7
CONDUCTANCE e SL1610C
SUSCEPTANCE = = = 7*
6
g

ADMITTANCE (mmho)

©
3
n—

L1610C

0.1 1.0 10 100
FREQUENCY (MHz)

Fig.3 Input admittance with o/c output (G 11 )



SL1610
ELECTRICAL CHARACTERISTICS

The Characteristics are guaranteed over the following test conditions (unless otherwise stated):

Supply voltage VCC: 6V
Ambient temperature: +25°C
Test frequency: 30MHz

Value
Characteristics Min. Typ. | Max. Units Conditions
Supply current ) 15 24 mA No signal, Pin 3 open circuit
Voltage gain 17 20 24 dB Rs = 50Q
Cut-off frequency (-3dB) 120 MHz RL = 500Q
Max. output signal (max. AGC) 1.0 Vrms RL = 150Q
Max.input signal (max. AGC) 250 mV rms
AGC range 40 50 dB Pin70V1to 5.1V
AGC current 0.15 0.6 mA Currentinto pin 7 at 5.1V
APPLICATION NOTES AGC
Input circuit When pin 7 is open circuit or connected to a voltage less
than 2V the voltage gain is normal. As the AGC voltage is

The SL1610C is normally used with pins 5 and 6 connected increased there is a reduction in gain as shown in Fig.6. This
together and with the input connected via a capacitor as shown reduction varies with temperature.
in Fig.2.

The input impedance is negative between 30MHz and 100 r
100MHz and is shown in Fig.3. The source and inductive is WAV
should be shunted by a 1k(2 resistor to prevent oscillation. 80 1 i

~ Analternative circuit with improved noise figure is shown in REAGIANGE - o= .
Fig.4. 60 i
1
40
20 u
b
g ool by bldla]- = 4o
8 N
H N
Q 20
& SL1610C
H]

Fig.4 Alternative input circuit

-80

Output circuit

-100

The output stage is an emitter follower and has a negative
output impedance at certain frequencies as shown in Fig.5.
To prevent oscillation when the load is capacitive a 47¢2
resistor should be conncted in series with the output. 01 10 10 100
FREQUENCY (MHz)

Fig.5 Typical output impedance with s/c input (G22)
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SL1610

Typical applications

The circuit of Fig.7 is a general purpose RF preamplifier.
The voltage gain (from pin 5 to pin 3) is shown in Fig.8.

o Y
N
10 A
\\‘
N
_ 20
@
2 +6V 01y
z
£ 30
g \\st160C \ . l‘? a
H . a7
£ 40 —I B - '—D—o ouTPUT
] INPUT 0.01u 7 0.01p
w N f
o N
50 N
-60
70 7
0 1.0 2.0 3.0 4.0 5.0
AGC SIGNAL (V)
Fig.6 AGC characteristics (typical) Fig.7 RF preamplifier
40
~ 30
@
2
z
<
[
w
[}
5
20
e ol SL160C N
f— \
10
0.1 1.0 10 100

FREQUENCY (MHz)

Fig.8 Typical voltage gain (RS = 50%2)
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SL6140

400MHz WIDEBAND AGC AMPLIFIER
(Supersedes Edition in May 1991 Professional Products I.C. Handbook)

The SL6140 is an integrated broadband AGC amplifier,
designed on an advanced 3-micron all implanted bipolar
process. The amplifier provides over 15dB of linear gain into
50Q at 400MHz.

Accurate gain control is also provided with over 70dB of
dynamic range.

The SL6140 provides over 45dB of voltage gain with an R
of 1kQ.

FEATURES

400MHz Bandwidth (R =50Q)

High voltage Gain 45dB (R =1kS2)

70dB Gain Control Range

High Output Level at Low Gain

Accurate Gain Control

Full Military Temperature Range (CM only)
MC1590 Replacement with Improved
Perforance in most applications

APPLICATIONS

M RF/IF Amplifier
W High Gain Mixers
M Video Amplifiers

ORDERING INFORMATION

D.S. 2159 3.0
CASE
GROUND
/ +Vee
O 2 | — outpPUT
OUTPUT
SUBSTRATE
GROUND
CcMs
INPUT [T |1 8 10 outpuT
Ve @M [0 GROUND
GROUND [T [0 INPUT
neur B3 [ AGC INPUT
MP8
Fig. 1 Pin connections top view

SL6140/NA/MP Industrial temperature range miniature plastic package.

SL6140A/CM Military temperature range metal can package.

SL6140AC/CM MIL STD 883 “Class B” compliant metal can packaqe

SL6140

+VCC

+VCC

10n

I}-—:&ouwur

10n

".—:LOUTPUT

Fig.2 Typical application (CM pinout)
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SL6140

ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated)

Tamb=25°C, Vgc =12V +5%, Viy =1mVgus, Frequency =6MHz, Load (R.) = 1KOHms, Rpagc =22KOHmM

. Value .
Characteristic Pin - Units Conditions
Min Typ Max
Supply current 56,7 19 23 mA No input signal
Output stage current 5,6 5 7 9 mA No input signal
(sum)
Output current matching 5,6 1.0 mA See note 2
(magnitude of difference of output
currents)
AGC range 2 60 75 dB See Fig. 4 & Note 1 (VAGC =0V to
10V)
e 56 40 45 dB R =1kQ See Fig. 5 & Note 1
Voltage gain (single ended) 55 dB Tuned input and Output
56 15 dB R =50Q
Bandwidth (-3dB) 5,6 25 MHz | RL=1kQ See Fig. 5 See note 2
400 RL=50Q

Maximum output level (single
ended)

0dB AGC 5,6 25 35 Vp-p |Note1

-30dB AGC 5,6 25 35 Vp-p |RL=1kQ.Note 1
Noise figure 5,6 5 dB Test CCT Fig. 13
Gain change with temp. 5.6 +45 dB At -55°C W.R.T R/T See note 2

Vagc=9V 5,6 -3 dB At +125°C W.R.T R/T See note 2
Gain change with temp. 56 +2 dB At -55°C W.R.T R/T See note 2

Vage =10V 56 -3 dB At +125°C W.R.T R/T See note 2

Note: 1 Guaranteed but not tested for MP package
Note: 2 Guaranteed but not tested

DESCRIPTION

The SL6140 (Fig. 3) is a high gain amplifier with an
AGC control capable of reducing the gain of the amplifier
by over 70dB. The gain is adjustable by applying a
voltage to the AGC input via an external resistor (Ragg),
the value of which adjusts the curve of gain reduction
versus control voltage (see Fig. 4). As the output stage of
the amplifier is an open collector the maximum voltage
gain is determined by R,. With load resistance of 1kQ the
single ended voltage gain is 45dB and with a load
resistance of 50Q the voltage gain is 15dB (20logqg
Vout/Vin).  Another parameter that depends on the load
resistance is the bandwidth: 25MHz for R, =1kQ, as
compared with 400MHz for R_=509Q. R, is chosen to give
either the required bandwidth or voltage gain for the
circuit.

Figs. 7 through to 10 show the typical S parameters
for the device. Figs 11 and 12 show the typical variation
in 3rd order intercept performance with AGC.

In any application, the substrate (pin 4 in CM 8, pin 7
in MP 8) should be connected to the most negative point
in the circuit, usually to the same point as pin 8 (pin 3 in
MP 8).
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ABSOLUTE MAXIMUM RATINGS

Supply voltage, Vec
Input voltage (differential)

AGC supply

Storage temperature

+18V

+5V

Vee

-55°C to +150°C

Operating temperature range

SL6140 MP
SL6140 A CM

-40°C to +85°C
-55°C to +125°C
at 200mwW

Chip operating temperature

SL6140 MP

SL6140 (CM variants)

+150°C
+175°C

THERMAL RESISTANCE

Chip-to-ambient
SL6140 MP

SL6140 (CM variants)

Chip-to-case
SL6140 MP

SL6140 (CM variants)

163°c/w
225°C/W

57°C/W
65°C/W




SL6140

470
X2

L

o] - L]

2k

5
0 ouTPUT

[ —
0 OuTPUT

N

INPUT Cj

INPUT

5k

2.1k

5.6k

1.9k

200

SUBSTRATE

O GROUND

Fig. 3 Full circuit diagram of SL6140 (CM pinout)
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SL6140

G
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E
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Fig. 5 Max differential OIP voltage v gain reduction




SL6140

dB

>0

40

30

20

10

Ry =1Kq

A =502

0.1

10

Frequency (MHz)

100

1000

Fig. 6 Voltage Gain V. Frequency

-1 500MHz

Fig. 7 Input impedance 50 system
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SL1640

100MHz

90

o

200MHz

'l

300MHz

,.,

50MHz

-120

-90

b

M

Sy

a y ¥ (]

A,

400MH2z

500MHz

Fig.10 Forward transmission coeficients Sa; SL6140

INTERCEPT 25
MAGNITUDE
/dBM 20
15
INPUT @ 10
OUTPUT °
5 ~—]
0 /dB AGC GAIN REDUCTION
0 S
1
-15 \
-20 \
-25 \
TN -
0 20 30 40 50

Fig.11 3rd Order intercept point against gain reduction at 250.0Mhz and 254.0MHz
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SL6140

25
20
15
INTERCEPT 10
MAGNITUDE
/dBM 5
INPUT © 0
OUTPUT ° — 4
V. B,

P

/dB AGC GAIN REDUTION
OR ATTENUATION

N

0 20

30

40

N

50

Fig.12 3rd Order intercept point against gain reduction at 100.0Mhz and 104.0MHz

+12v

VARIABLE CAPS 3-25pF
L1 7TURNS # 18 SWG 8mm DIA 16 mm LONG
L2 6 TURNS # 16 SWG 14mm DIA 19mm LONG

—

al

Fig.13 50MHz Noise figure test circuit CM package)
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SL6270C

GAIN CONTROLLED MICROPHONE PREAMPLIFIER/VOGAD

The SL6270 is a silicon integrated circuit combining the
functions of audio amplifier and voice operated gain adjusting
device (VOGAD).

It is designed to accept signals from a low sensitivity
microphone and to provide an essentially constant output
signal for a 50dB range of input. The dynamic range, attack
and decay times are controlled by external components.

FEATURES
W Constant Output Signal
M Fast Attack

B Low Power Consumption
M Simple Circuitry

APPLICATIONS
M Audio AGC Systems

W Transmitter Overmodulation Protection
M Tape Recorders

QUICK REFERENCE DATA

B Supply Voltage: 4.5V to 10V
W Voltage Gain: 52dB

ABSOLUTE MAXIMUM RATINGS

Supply voltage: 12V
Storage temperature: -55°C to +125°C

AGC TIME CONST [}1 8[] MAIN AMP OUTPUT

PREAMP OUPUT [}2 7[J MAIN AMP INPUT
v ef]ov

PREAMP INPUT []4 5[] PREAMP INPUT

DP8, MP8

Fig. 1 Pin connections, SL6270 - DP (top view)

wwmm’_l

N’ms_l

2 i

oulPy

AIN AMP

MAIN AMP
8 oUTPUT

AGC
DEIECIOR

ACC TIMI
CONSIANI

Fig. 2 SL6270 block diagram
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SL6270C
ELECTRICAL CHARACTERISTICS

Test conditions (unless otherwise stated):
Supply voltage Vcc: 6V

Input signal frequency: 1kHz

Ambient temperature: -30°C to +85°C

Test circuit shown in Fig. 4

Value
Characteristics Units Conditions
Min. Typ. Max.
Supply current 5 10 mA
Inputimpedance 150 Q Pin4or5s
Differentialimpedance 300 Q
Voltage gain 40 52 dB 72uV rms input pin 4
Output level 55 90 140 mV rms | 4MV rms input pin 4
THD 2 5 % 90mV rms input pin 4
Equivalent noise input voltage 1 uv 300Q source, 400Hz to 25kHz bandwidth
48V EXTERNAL
= ) 1o |
fl outpu
l‘,uu {1k MINLOAD) EXY;ZNM
£ —D—{r—oa
" A 10kQ
Voltage gain =
989 680Q
N.B. Ifinput not AC coupled the resistance Upper frequency response 10kQ/4.7nk = 3kHz
between pins 4 and 5 must be less than 10 ohms. Lower frequency response 680€/2.2uF = 300Hz

Fig. 3 SL6270 test and application circuit
APPLICATION NOTES
Voltage gain

The input to the SL6270 may be single ended or
differential but mustbe capacitor coupled. Inthe single-ended
mode the signal can be applied to either input, the remaining
input being decoupled to ground. Input signals of less than a
few hundred microvolts rms are amplified normally but as the
input level is increased the AGC begins to take effect and the
output is held almost constant at 90mV rms over an input
range of 50dB.

The dynamic range and sensitivity can be reduced by
reducing the main amplifier voltage gain. The connection of a
Ik resistor between pins 7 and 8 will reduce both by
approximately 20dB. Values less than 680< are not advised.
Frequency response

The lowfrequency response ofthe SL6270 is determined
by the input, output and coupling capacitors. Normally the
coupling capacitor between pins 2 and 7 is chosen to give a
-3dB point at 300Hz, corresponding to 2.2,uF, and the other
capacitors are chosen to give a response to 100Hz or less.
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Fig. 4 SL6270 frequency response

The SL6270 has an open loop upper frequency response
of afew MHz and a capacitor should be connected between
pins 7 and 8 to give the required bandwidth.

Attack and delay times

Normally the SL6270 is required to respond quickly by
holding the output level almost constant as the input is
increased. This ‘attack time’, the time taken for the output to
return to within 10% of the original level following a 20dB
increase in input level, will be approximately 20ms with the
circuit of Fig.4. It is determined by the value of the capacitor
connected between pin 1 and ground and can be calculated
approximately from the formula:

Attack time = 0.4ms/uF

The decay time is determined by the discharge rate of
the capacitor and the recommended circuit gives a decay rate
of 20dB/second. Other values of resistance between pin 1 and
ground can be used to obtain different resulits.
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Fig. 5 Voltage gain (single ended input) (typical)
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Fig. 7 Typical Intermodulation distortion (1.55 and 1.85kHz tones)

Fig. 8 Open loop frequency response (typical)
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DS 3302 -2.0
500mW SWITCHABLE AUDIO AMPLIFIER/OP AMP

The SL6310C is a low power audio amplifier which can be
switched off by applying a mute signal to the appropriate pin.
Despite the low quiescent current consumption of 5SmA (only
0.6mA when muted) a minimum output power of 400mW is
available into an 8Q load from a 9V supply. NON INV. INPUT [] 1 8[] MUTE "B"

INV. INPUT ] 0 MUTE "A
EARTH [] 0 NC

FEATURES OUTPUT [J4 50 Vee
B Can be Muted with High or Low State inputs MP8
B Operational Ampilifier Configuration DP8
B Works Over Wide Voltage Range

Fig. 1 Pin connections, SL6310 - (top view)

APPLICATIONS

B Audio Amplifier for Portable Receivers
B Power Op. Amp
B High Level Active Filter

MUTE B MUTE A

I

QUICK REFERENCE DATA 100n

INPUT '—"‘1
B Supply Voltage: 4.5V to 13.6V —LlJ
B Voltage Gain: 70dB )
B Output into 8Q on 9V Supply : 400mW (min.) ﬁ} A2

220k
T

ABSOLUTE MAXIMUM RATINGS
Supply voltage: 15V Fig. 2 SL6310 Test Circuit

Storage temperature: —55°C to + 125°C
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ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
Supply voltage Vcc: 7V
Ambient temperature: -30°C to +85°C
Mute facility : Pins 7 and 8 open circuit frequency = 1kHz

SL6310C

Value
Characteristics Units Conditions
Min. Typ. Max.

Supply current 5.0 75 mA

Supply current mute (A) 0.55 1 mA | Pin 7 via 470k to earth

Supply current mute (B) 0.6 0.9 mA | Pin8=V_

Input offset voltage 2 20 mV | R;<10k

Input offset current 50 500 nA

Input bias current (Note 1) 0.2 1 HA

Voltage gain 40 70 dB

Input voltage range 241 \' Voo =4.5V

10.6 \Y V=13V

CMRR 40 60 dB R <10K

Output power 400 500 mW R =8Q

THD 0.4 3 % | Py, =400mW,

Gain = 28dB
NOTE
1. The input bias current flows out of pins 1 and 2 due to PNP input stage
v oVS 75V MAX
12V LAMP INPUT  — . MOTOR
12V LAMP
-Vg 7-5¥ MAX
Fig. 3 SL6310 lamp driver Fig. 4 SL6310 servo amplifier

OPERATING NOTES

Mute facility

The SL6310 has two mute control pins to allow easy
interfacing to inputs of high or low levels. Mute control ‘A’, pin
7, is left open circuit or connected to a voltage within 0.65 volt
of Vcc (via a 100kQ resistor) for normal operation. When the
voltage on pin 7 is reduced to within 1 volt of earth (viaa 100kQ
resistor) the SL6310 is muted

Audio amplifier

AstheSL6310is an operational amplifier it is easy to obtain
the voltage gain and frequency response required. To keep
theinputimpedance high it is wise to feedthe signaltothe non-
inverting input as shown in Fig.2. In this example the input
impedance is approximately 100kQ. The voltage gain is
determined by the ratio (R3 + R4)/R3 and should be between
3 and 30 for best results. The capacitor in series with R3,
together with the input and output coupling capacitors,
determines the low frequency rolloff point. The upper
frequency limit is set by the device but can be restricted by
connecting a capacitor across R4.

Operational amplifier

It is impossible to list all the application possibilities in a
single data sheet but the SL6310 offers considerable
advantages over conventional devices in high output current
applications such as lamp drivers (Fig.3) and servo amplifiers
(Fig.4) .

Buffer and output stages for signalgenerators are another
possibility together with active filter sections requiring high
output current.
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Fig. 7 Supply current v. supply voltage Fig. 8 Output power v. supply voltage at 5% (max) distortion
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ADVANCE INFORMATION

DS3307-2:3

MV3100

3 VOLT CODEC WITH ANALOG INTERFACE FOR DIGITAL MOBILE TELEPHONES

(Supersedes version in June 1990 Personal Communications IC Handbook)

The MV3100 is a complete integrated audio interface for
digital mobile telehones.Using mixed signal CMOS technology
the device contains a DSP codec for audio to PCM conversion,
together with gain programmable microphone and loudspeaker
amplifiers.

The use of a DSP architecture for the codec function enables
device operation from supplies of 2:7 to 3:6 volts and allows
software programming of gain characteristics.The device re-
quires a minimum of external components giving a physically
small solution, ideal for hand-portable telephones.

FEATURES

M Highly Integrated Solution with On-chip Audio Interface

M Meets Relevant Performance Parameters from
MPT1375,-ETS 300 131:1990,BS6833andCCITT G714

8 Low Voitage Operation, 2:7V to 3-6V

M Low Power Consumption, 25mW typ

B Excellent RF Immunity

M 16-Bit Linear/8-Bit Companded A/u-Law
Programmable PCM Interface

W Gain Programmability Supports many Microphone and
Loudspeaker Sensitivities

B On-chip PLL Generates all Internal Clocks

12
13
14 14
15 —1q
16 1]
17 .
18 14
19 1]
20 11
21 o
22 14

MV3100

- GP44
Fig.1 Pin connections - top view. See pin list, Table 1.
APPLICATIONS

B Digital Cordless Telephones (CT2, DECT, JDCT,
Spread Spectrum)

M Digital Cellular Telephones (GSM, ADC, JDC)

B Digital Mobile Radio

ORDERING INFORMATION
MV3100 IG GPBR (Industrial - plastic QFP package)

[ e e e e e — -
| MICROPHONE BUFFER |
AMPLIFIER AMPLIFIER |
4
MICINT :
; . | [m\ 26 AUXOUT
MICIN2 _ £ I A .
TV A 1
| Vmer CTL VRer CTL 1
I Lounspeacen |
| AMPUFIER |
ANTI-ALIAS SIGMA-DELTA L2) R———
g H ooen DECIMATOR i—- »—% @O0l
T T CTFL o] Fs
v cTL v <9
REF REF SGNAL | pol
PROCESSOR INTERFACE| |
SUMMING BCLK
I AMPLIFIER ‘—‘QI
“E°°';ISLTTFE‘;°"°" H DAC INTERPOLATOR 24 pxin
|
Vrer CTL T ? T T |
AUXIN & Vegee  CTL Vege  CIL cTL cTL cTL I
“ 185 DATA
coo &4,
€L <] CONTROL L "7+ gNaBLE
cp1 o2 PLL | CLOCK REGISTERS wi
o Las —%0 cLock
cTL
(MASTER L - 14, RESET
cLock) | Vper CTL
e o o o o o o o e o e o v e (e T . e S e Wwe S — - —— — —

VRDC

Fig. 2 MV3100 block diagram
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MV3100

Pin Name Description

VppTX | Transmit path analog Vpp

AUXOUT| Transmit path auxiliary output

IC Internal connection - do not connect
MICIN1  { Microphone amp. input non-inverting input
GNDTX | Transmit path analog ground

MICIN2 | Microphone amp. inverting input

AUXIN | Receive path auxiliary input

LSC2 Summing amplifier intermediate output
LSC1 Loudspeaker amplifier intermediate input
10 |GNDRX |Receive path analog ground

©O©CONOOO A WN =

11 |VppRX | Receive path analog Vpp
12 |LSOPP {Loudspeaker amp. non-inverting output
13 |LSOPN | Loudspeaker amp. inverting output

14 [RESET |Master reset (active low)

15 |IC Internal connection - do not connect
16 |CLOCK | Control interface data clock

17 |ENABLE | Control interface enable

18 |DATA Control interface data input

19 [IC Internal connection - do not connect
20 |IC Internal connection - do not connect
21 |IC Internal connection - do not connect
22 [IC Internal connection - do not connect
23 |IC Internal connection - do not connect
24 |[NC No connection

25 |VppD Digital Vpp

26 |NC No connection

27 [TXOUT |[PCM interface transmit data output
28 |[BCLK PCM interface data clock

29 |FS PCM interface frame sync.

30 |RXIN PCM interface receive data input

31 |GNDD |Digital ground

32 [NC No connection

33 |[IC Internal connection - do not connect
34 [NC No connection

35 |IC Internal connection - do not connect
36 |[IC Internal connection - do not connect
37 |IC Internal connection - do not connect
38 |[FIN PLL reference frequency input (Master Clock)
39 |VppPL [PLLVgp

40 |GNDPL |PLL ground

41 [CDO PLL capacitor ground connection
42 |CD1 PLL capacitor signal connection
43 |NC No connection

44 |VRDC | Voltage reference decoupling

Table 1 Pin list

FUNCTIONAL DESCRIPTION

The transmit circuit has a low noise differential input micro-
phone amplifier front end and is suitable for use with an electret
microphone. For use in cordless or mobile telephone applica-
tions the sensitive analog inputs are designed to be immune to
RF pickup. The transmit gain may be varied over a range of 22-8
dBmO/dBV to 37-8 dBmO0/dBV in 1dB steps. An auxiliary analog
output is available.

The analog transmit signal is passed through a simple Anti-
alias Filter and is then sampled by the Sigma-Delta Coder which,
combined with the Decimator, performs a high linearity analog to
digital conversion. This digital signal is then passed to the Signal
Processor which performs the transmit filtering. The transmit
filter may be set to either of two modes. For handset use the full
band-pass filter is implemented, while for base station use the
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transmit filter has reduced bass roll-off.

The filtered digital transmit signal from the Signal Processor
is output viathe serial PCMinterface. The PCM interface can be
programmed via the control interface to operate in one of three
modes, 16-bit 2's complement linear PCM, 8-bit companded A-
Law coding or 8-bit companded u-Law coding. In allmodes, each
word or byte is output as a serial bit stream at a frame rate of 8K
words/bytes per second under the control of the bit clock BCLK
and the frame sync FS inputs. A mute function is included on the
output.

The digital receive signal is input to the Signal Processor via
the PCM interface as a series of sixteen-bit words or eight-bit
bytes as described above. A separately controlled mute function
may also be applied.

The Signal Processor performs the receive band-pass filter-
ing and then passes the filtered digital signal to the Interpolator.
The Interpolator in conjunction with the DAC performs a high
linearity digital to analog conversion. The resulting analog output
is filtered by the Reconstruction Filter to remove the sampling
noise.

The Summing Amplifier may optionally add to the received
signalthe auxiliary analog input and the sidetone signal fromthe
transmit path. The nominal sidetone gain may be varied from
19-7 dB to 287 dB in 3dB steps. The Summing Amplifier output
is connected externally to the Loudspeaker Amplifier input to
enable externalfiltering components to be added if required. The
Loudspeaker Amplifier is a bridge amplifier which has been
designed to drive a ceramic loudspeaker. It can produce a low
distortion drive into loads of up to 105nF at a peak to peak
amplitude near to twice Vpp.

The Phase Locked Loop generates the internal clock signals
from a 32kHz input clock. After power-up the PLL clock must be
enabled by programming Control Register 100 bit 3 (PLL Clock
Enable) to the on state (‘0’).The PLL is specifically designed to
extract a low phase error clock in cases where there is jitter on
the input clock, provided that there are exactly 64 input clock
cycles in every 500Hz period. This ensures accurate clock
extraction from the CT2 'ping-pong’ signalling system.

The on-chip bandgap voltage reference provides the neces-
sary biasing and reference voltages required by the analog
circuitry.

Programming of the various gains and operating modes for
the device is by means of a three-wire serial interface to the
Control Registers. Data is clocked into the Data input under
control of the Clock and Enable inputs. The digital circuitry and
various parts of the analog circuitry may be powered down
individually by means of the control interface. This may be used
to minimise power consumption during various phases of call
set-up and standby operation.

The device is designed to operate from a nominal 3 volt
supply. Separate supply and ground pins are provided for the
transmit analog, receive analog and digital circuits to improve
decoupling between transmit and receive paths and reduce
digital noise breakthrough into the analog circuitry.

DETAILED DESCRIPTION
Microphone Input

The Microphone Amplifier was designed to meet the CT2
Common Air Interface specification MPT1375 Part 4. With the
transmit gain set to its nominal value, an input of —34-8dBV will
produce a digital output of 0dBmO. The circuit was designed for
a microphone with a nominal sensitivity of —41-8dBV/Pa. This
gain may be varied by +3-0dB to —12-0dB in steps of 1dB by
means of the control interface. This gain range is intended to
provide foramicrophone sensitivity tolerance of +3dB and permits
a gain reduction of up to 9dB to reduce sensitivity for use in
conditions of high ambient noise.

The Microphone Amplifier may be powered down by means
of the control interface when not in use to reduce power
consumption.



Auxiliary Output

The auxiliary output has a nominal gain of 19-9 dB from the
microphone input. The output level is dependent on the gain
setting giving a gain range of 7:9dB to 22:9dB. The output is
designed to be able to deliver a 500 mV rms signal into a 30kQ2
+20 pF load.

The auxiliary output may be turned off by means ofthe control
interface when not in use to reduce power consumption.

Loudspeaker Output

The Loudspeaker Amplifier was designed to meet the CT2
Common Air Interface specification MPT1375 Part 4. With the
receive gain set to its nominal value, an output of —6:1dBV will
be produced for ‘a digital input of 0dBmO. The circuit was
designed for a loudspeaker with a nominal sensitivity of +12:0
dBPa/V. The gain may be varied by +9:0dB to —22:0dB in steps
of 1dB by means of the control interface. This gain range is
intended to provide for a loudspeaker sensitivity tolerance of
+ 3dB and permit a gain variation of +6dB to—18dB to enable
the implementation of a user volume control.

The Loudspeaker Amplifier may be powered down when not
in use by means of the control interface to reduce power
consumption.

The nominal gain from the auxiliary input to the loudspeaker
output is 13-4dB. This gain is dependent on the receive gain
setting giving a gain range of +22-4dB to—8:6dB. The auxiliary
input may be disconnected by means of the control interface if
not required.

The nominal sidetone gain from the microphone input to the
loudspeaker output (with both transmit and receive gains set to
nominal) is 25:7dB. This gain may be varied by +3:0dB to
—6-0dB in 3-0dB steps by means of the control interface. If not
required, the sidetone may be turned off by means of the control
interface.

PCM INTERFACE

The PCM Interface inputs the received digital signal RXIN
and outputs the transmit digital signal TXOUT in the form of
sixteen-bit words or eight-bit bytes as a serial bit stream under
the control of the two timing signals FS and BCLK.

Three PCM coding options are programmable via the control
interface, linear sixteen-bit 2's complement PCM, eight-bit A-
Law companded PCM or eight bit u-Law companded PCM. It is
normal in a system to have a single coding scheme; for this
reason Transmit and Receive coding are programmed simulta-
neously to work with the same scheme.

MV3100

The serial PCM interface thus consists of four pins; three

inputs and one output.

BCLK PCM data clock input

FS PCM frame sync input

TXOUT PCM transmit data output

RXIN  PCM receive data input

Interface timings are shown in Figs. 3 and 4.

NOTES
1. The Sync pulse is nominally one clock pulse wide, changes in
state nominally coinciding with the rising edge of the clock. Jitter
on the FS rising edge can occur up to +5ps on the actual and
ideal edge positions.
2. The Data bits are nominally one clock cycle wide, nominally
changing on the rising edge of the clock.
3. Data bits (RXIN) will be latched nominally on the falling edge
of the clock.
4. The dataoutput (TXOUT) willbe high impedance between the
end of the last data bit of one word/byte and the beginning of the
first data bit of the next word/byte.
5. The RXIN signal must always be at a solid logic level, even
thoughit is only the data at the times indicated which is used. In
the case of RXIN the mid-line should be taken to indicate a ‘don’t
care’ state, not a high impedance state.
6. The Clock signal BCLK may consist of either a train of at least
seventeen pulses in linear PCM mode or nine pulses in A/ju-Law
companded PCM mode (one for FS and one for each data bit),
or be a continuous clock.

This block is the interface between parallel 2's complement
sixteen-bit linear PCM data and serial sixteen- bit linear 2's
complement or serial eight-bit A/u-Law companded PCM data,
performing parallel-to-serial conversion in the transmit direction
and serial-to-parallel conversion in the receive direction. In
addition to the conversion and coding function the PCM block
implements a mute function. Both TX and RX can be independ-
ently muted. The mute functions are controlled from the micro-
processor bus control interface.

A-Law and p-Law Codes (8 Bit)

These are non-linear codes in which the signal is described
in terms of a sign bit plus segment and chord bits which denote
the magnitude. There are 7 segments for A-Law and 8 for u-Law.
The size of the segment increases in approximately exponential
steps. Each segment is divided up linearly into chords (except
the zero level in u-Law): This means that the resolution is finer
at smaller input voltages than at larger. Tables detailing these

| tsyn ’I
Fs 11 I
—" r—lacxu —'1 I‘*lBCKL
BCLKH Il[””l“”]l HIH I l ______ _JULIUU
RXIN P T T T T T T 11 - m
OR — g 16-BIT LINEAR / 8-BIT COMPANDED o~~~ ~--- g
TXOUT FI T T T S R A T
Fig. 3 PCM Interface timing diagram
Value
Parameter Symbol Units Conditions
Min. Typ. | Max.
BCLK frequency (linear mode) fack 256 2048 | kHz
BCLK frequency (companded mode) fack 128 2048 | kHz
BCLK rise time tackr 5 ns
BCLK fall time tackF 5 ns
BCLK high time tBcKH 200 ns
BCLK low time tacke 200 ns
FS pulse period tsyn 125 us FIN = 32kHz

NOTE 1: The Frame Sync (FS) MUST be frequency locked to the 32kHz PLL Master Clock (FIN). The phase relationship is not important.

199

Table 2 PCM Interface timings



MV3100

toLz

FS
tsR tssu tsh tsF
BCLK | [
tozn toLH
tozu ™ [ | tow T [T
TXOUT MSB
trsu F— ——| I‘—tRH

RXIN —< msB ><

X X )—

Fig. 4 PCM Interface timing diagram (expanded)

Value
Parameter Symbol Units Conditions Notes
Min Typ. | Max.

FS to BCLK set-up time tssu 10 ns 2
FS to BCLK hold time tsn 15 ns 2
BCLK to FS rising time tsa 25 ns 2
FS falling to BCLK time tsr 25 ns

Output delay from Z to high tozm 25 ns 2
Output delay from Z to low tozL 25 ns 2
Output delay from high to Z torz 25 ns 2
Output delay from low to Z toLz 25 ns 2
Output delay from high to low tomL 30 ns 2
Output delay from low to high towH 30 ns 2
RXIN set-up time tasu 10 ns 2
RXIN hold time tan 15 ns

Table 3 PCM Interface timings (see Fig. 4)

NOTE 2. Not production tested

codes can be found in CCITT G711.

In both codes positive values are represented by a sign bit of
1. The A-Law data is alternate digit inverted (ADI) and the ui-Law
magnitude data is in effect inverted. These techniques are used
to ensure that there are sufficient data transitions for good clock
recovery (not performed by the MV3100) on the Received side
of the digital trunk lines when the channel is quiet.

CONTROL INTERFACE (SEE FIGS. 5 AND 6))

The Control Interface essentially has two sections. Firstly the
serial/parallel input shift and address decode section, which
controls the controlregisters. This isthe Control Interface proper.
Secondly, the reset section which generates a digital chip reset
from the combination of ‘hard’ (i.e., power-on/pin generated)
and 'soft’ (i.e., programmed into the control registers) resets.

The data is serially clocked into the DATA input by the
CLOCK input. The first 5 bits are the data to be stored and the
second 3 bits identify which register is to be addressed. Afterthe
data has been clocked in, a separate ENABLE pulse stores the
data in the appropriate register.

The Control Interface has four inputs:

CLOCK Control Interface clock

DATA Serial data input for the control registers
ENABLE Control Interface enable Signal

RESET See below

The RESET input is used to provide a full chip reset. The
general rule is that, on reset, the chip is set to handset
operation, minimum gain settings and all parts powered
down, with the exception of the PLL and the Vggr (CRO<1>)
which is powered up.

- l‘-'osu tDH—-[ e

CLOCK lllll’lllllll'

tcer -] 't i—

DATA xx{ Do D1 D2 Dz | Da ae oAt A2 b XXXXXXKRXXXXXKXKKXXXXXXKKKX XL
< tENw™]
ENABLE
treD > |
LATCHED PREVIOUS DATA NEW DATA
DATA

Fig. 5 Control Interface timing diagram

200



MV3100
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1+
DATA ?1———————>|78-BIT SERIAL INPARALLEL OUT SHIFT REGISTER |
MV3100
I A @20 UD @:0
|
| [__. REGISTER CR0 |=———"—") CR0(4:0)
Iii | — A
cLock & > g REGISTER CR1 |———"——3 CR1(4:0)
@
'1, 2 % REGISTER CR2 |——— cR2(4:0)
ENABLE {>—’ é REGISTER CR3 [————) CR3(4:0)
: :: REGISTER CRé |———"> CRa 4:0)
| N REGISTER CR5 | —————) CR5(3:0)
| T CR5(4)
— |14 |
RESET & l DIGITAL RESET GENERATOR I'—' DIGITAL RESET
|
Fig. 6 Control Interface timing diagram
Value
Parameter Symbol - Units Conditions Notes
Min. Typ. | Max.
CLOCK frequency fok 32 2048 | kHz
CLOCK rise time tekR 5 ns
CLOCK fall time tekr 5 ns
CLOCK high time tekH 200 ns
CLOCK low time tokL 200 ns
DATA set-up time tosu 3 ns 2
DATA hold time toH 10 ns 2
CLOCK low to ENABLE high time tees 20 ns 2
ENABLE low to CLOCK high time toee 10 ns 2
ENABLE pulse width tenw 200 ns
NOTES Table 4 Control Interface timings

3. CLOCK must be low during the ENABLE pulse, otherwise false data will be stored.
4. Itis not strictly necessary for the clock pulses to be identical. So long as tpgy . tow, and min. tok/tck are met for every data bit, the waveform could
actually be irregular.

CONTROL REGISTER FUNCTIONS (Tables 5 to 10)

Bit state .
. . Reset
Address Bit Function o ; value
0 | Digital circuitry Active | Standby| 1
000 1 PLUVger Active | Standby| 0
2 Microphone amplifier | Active | Standby 1
3 Loudspeaker amplifier | Active | Standby 1
4- | Auxiliary amplifier Active | Standby 1
Table 5 Control register CRO functions
Bit state
Address | Bit Function Reset
0 1 value
0 Undefined 1
1 Undefined 1
001 2 | Undefined 1
3 Undefined 1
4 Base Station mode Off On 0

Table 6 Control register CR1 functions
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CONTROL REGISTER FUNCTIONS (continued)

Bit state
. . Reset
Address Bit Function o ! ] value
0 ) ) 0
Microphone amplifier
1 . : ) 0
(Transmit) gain setting
010 2 bits (3:0) (See Table 14) 0
3 0
4 Reserved ] l Note 4 0
Table 7 Control register CR2 functions
NOTE 4: Not allowed
Bit state
. . Reset
Address Bit Function 0 ] value
0 0
1 Loudspeaker amplifier 0
011 2 (Receive) gain setting 0
3 bits (4:0) (See Table 21) 0
4 0
Table 8 Control register CR3 functions
Bit state
Address | Bit Function Reset
0 1 value
0 Sidetone gain bits (1:0) 1
1 (See Table 26) 1
100 2 Sidetone path On Off 1
3 PLL clock enable On Off 1
4 Auxiliary input On Oft 1
Table 9 Control register CR4 functions
Bit state
Address | Bit Function Reset
0 1 value
0 | Transmit mute Normal | Mute 1
1 Receive mute Normal | Mute 1
101 2 PCM mode Compand| Linear 1
3 | Alu-Law A-Law | u-Law 1
4 | Digital reset Normal | Reset 0

Table 10 Control register CR5 functions
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DETAILED SPECIFICATION
These characteristics are guaranteed over the following conditions (unless otherwise stated):
Vpp =27V 10 3:6V, Tayg = —30°C to +70°C (see note 5)

DC CHARACTERISTICS
Value
Characteristic Symbol - Units Conditions Notes
Min. Typ. | Max.
Supply voltage Voo 2:7 36 \ 8
Operating temperature Tavs -30 +70| °C
Active power dissipation Pop 25 30 mW | Vpp =27V
40 48 | mW | Vpp =36V
Standby power dissipation Pss 3-8 4:0 mW [ Vpp =27V 9
65 | 68 | mW | Vpp=36V 9
Powered down dissipation Pon 25 30 uW | Vpp =27V
30 50 UW | Vpp =36V
NOTES Table 11

5. All electrical testing is performed at Tayg = 25°C.

6. All detailed specification parameters apply for Linear PCM, A-Law PCM and u-Law PCM modes.

7. Typical values shown are for the MV3100 operating in Linear mode only

8. All ground pins (pins 5, 10, 31 and 40) must be connected together to mimimise any voltage difference between them. Similarly,
all Vpp pins (pins 1, 11, 25 and 39) must be connected together

9. The Standby mode is with the PLL and Vger powered up only

DIGITAL CHARACTERISTICS
Value
Characteristic Symbol Units Conditions Notes
Min. | Typ. | Max.

Input low voltage Vi 0-2 Voo

Input high voltage Vin 075 Voo

Low level input current I 5 uA 10

High level input current I 5 uA 11

Output low voltage (TXOUT) Vou 02 0-4 \

Output high voltage (TXOUT) Vou 075 09 Voo

Tristate leakage current (TXOUT) loz <10 uA

Input capacitance [o% 5 pF 12

Output capacitance Cout 5 pF 12
NOTES Table 12

10. All digital input pins except RESET, which has a 10k pull up resistor giving |, max = 400uA.
11. All digital input pins.
12. Not production tested.

Master Clock Input ABSOLUTE MAXIMUM RATINGS

The PLL Master Clock input (FIN, pin 38) will be capable of Supply voltage, Vpp —0-3Vto +6V
accepting a clock with jitter to the following specification: Input voltage —0-3V to Vpp+0-3V
1. Over a defined 2ms period there will be exactly 64 cycles of Operating temperature —40°C to +85°C
the 32kHz clock. Storage temperature —55°C to +125°C

2. The maximum error between the ideal and actual clock edges
will be three periods of 1-44MHz (2-1us).
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TRANSMIT CHARACTERISTICS
Transmit gain = nominal (see Table 14)
Value
Characteristic Symbol Units Conditions Notes
Min. Typ. | Max.
Gain (MICIN to TXOUT) Avrx 34-8 dBm0/dBV| 1kHz
Gain (MICIN to AUXOUT) Avra 19-9 dB 1kHz
Gain variation with temperature Ayt -1-0 +1-0 dB —30°C to +70°C i3
Gain variation with supply Ayst -05 +05 dB 27V to 3:6V
Clipping level distortion Deur 1 % Output = 3dBm0 13
Wide band noise NwaT —69 dBmOp 14
Narrow band noise NnaT —76 dBmO 13,15
Power supply rejection ratio PSRR 60 dB 13, 16
MICIN input impedance I 20 k2 13
AUXOUT load resistance Ria 30 kQ2
AUXOUT load capacitance Cia 20 pF
MICIN common mode rejection ratio CMRR 40 dB 17
NOTES Table 13

13. Not production tested.

14. Bandwidth 300Hz to 3400Hz, psophometrically weighted
15. Any 10Hz band centred over the frequency range 305Hz to 3395Hz.
16. 20mVp-p sinewave at 500Hz applied to the positive supply.
17. 20mVp-p sinewave at 500Hz applied to both microphone input pins.

TRANSMIT GAIN CONTROL RANGE
Nominal gain is highlighted

Control Word 2 Main path (dBm0/dBV) Auxiliary path (dB)

D4 D3 D2 D1 Do Min. Typ. Max. Min. Typ. Max.

X 0 0 0 0 226 22-8 23 77 79 81

X 0 0 0 1 236 238 24 87 89 91

X 0 0 1 0 246 24-8 25 97 99 101

X 0 0 1 1 256 258 26 107 10-9 111

X 0 1 0 0 266 26-8 27 17 11-9 1241

X 0 1 0 1 276 27-8 28 12:7 12:9 1341

X 0 1 1 0 286 288 29 137 139 141

X 0 1 1 1 296 29-8 30 147 14-9 151

X 1 0 0 0 306 308 31 157 15:9 16-1

X 1 0 0 1 316 318 32 16:7 16-9 171

X 1 0 1 0 326 328 33 177 17-9 181

X 1 0 1 1 336 338 34 187 18-9
i e b 346 | 348 35| 197 199} bga
1 0 1 356 | 358 36 207 | 209 | 211
X 1 1 1 0 366 368 37 217 219 221
X 1 1 1 1 376 378 38 227 229 231
Table 14
TRANSMIT GAIN VARIATION WITH AMPLITUDE
Frequency = 700Hz to 1100Hz
Input amplitude Relative gain (dB) TRANSMIT DISTORTION VARIATION WITH AMPLITUDE
Frequency = 1020Hz
dBvV mVrms Min. Typ. Max. - - - - "
: Input amplitude Signal to distortion (dBp)
—894 0034 -16 +16 -
_g4-4 006 —06 +06 dBvV mVrms Min. Typ. Max.
—74-4 0-19 -0-3 +0-3 -794 011 24
—64-4 06 -03 +0-3 -74-4 019 29
—54-4 1-9 -0-3 +0-3 —64-4 06 35
—44-4 60 0 -54-4 1-9 35
~34-4 19:0 -03 +0-3 —44-4 60 35
-31-4 270 -03 +0-3 —34-4 19:0 35
Table 15 Table 16
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TRANSMIT FREQUENCY RESPONSE -

HANDSET MODE (SEE FIG. 7)
Response relative to 1kHz. Input signal level = —34-8dBV.

TRANSMIT FREQUENCY RESPONSE -
BASE STATION MODE (SEE FIG. 8)

MV3100

Response relative to 1kHz. Input signal level = —34-8dBV.

Frequency (Hz)| Min. (dB) Typ. (dB) Max. (dB) Frequency (Hz)| Min. (dB) Typ. (dB) Max. (dB)
100 —-22:3 -20 100 -14-2 -12
200 -13 -3 200 -59 -2
300 —-10 —-7:4 -2 300 -5 -19 0
1000 -3 0 500 -1 0 1
3000 -4 0 35 1000 -1 0 1
3400 -6 0 4 3000 -1 0 1
4000 -30 2 3400 -6 -0-1 1
Table 17 4000 -3:0 0
Table 18

LEVEL (dB)

-30

100

1000
FREQUENCY (Hz)

10000

Fig. 7 Typical transmit frequency response - handset mode

LEVEL (dB)

-10

-15

~20

~25

-30

100

1000
FREQUENCY (Hz)

10000

Fig. 8 Typical transmit frequency response - base station mode
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TRANSMIT OUT-OF-BAND SIGNAL

Response relative to 1kHz. Input signal level = —34:8dBV.

Qutput is total power relative to that for 1kHz.

Frequency (Hz)| Min. (dB) Typ. (dB) Max. (dB)

4650 -30

5000 -315

6000 -35

6500 -36

7000 -375

7500 -39

Table 19
RECEIVE CHARACTERISTICS
Receive gain = nominal (see Table 21)
Value
Characteristic Symbol Units Conditions Notes
Min. Typ. | Max.
Gain (RXIN to LSOPP/LSOPN) Avax -61 dBV/dBmO| 1kHz
Gain (AUXIN to LSOPP/LSOPN) Avra 13-4 dB 1kHz
Gain variation with temperature Avta -1-0 +1-0 dB —30°C to +70°C 18
Gain variation with supply Avsn -05 +05 dB 2:7V to 5:5V
Clipping level distortion Dein <05 % 3dBm0, 1kHz 18
Wide band noise Nwgr -72 dBVp 19
Narrow band noise Nngr ~76 dB 18, 20
Signal out-of-band noise Nogr 45 dB 21
AUXIN input impedance Zina 20 k€2
Sampling noise Ng =79 daBv At 8kHz
Power supply rejection ratio PSRR 26 dB 18, 22
Louspeaker output load Z 88 105 nF
Table 20

NOTES
18. Not production tested.

19. Bandwidth 300Hz to 3400Hz psophometrically weighted.

20. Any 10Hz band centred over the frequency range 305Hz to 3395Hz.
21. For an input signal of 0dBmO at 1kHz, the ratio between the signal at 1kHz and any signal between 4kHz and 8kHz at the loudspeaker.
22. 20mVp-p sinewave at 500Hz applied to the positive supply.
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RECEIVE GAIN VARIATION WITH AMPLITUDE

RECEIVE GAIN CONTROL RANGE

Nominal gain is highlighted

Frequency = 700Hz to 1100Hz

Control Word 3 Main path (dBV/dBmo0) Auxiliary path (dB)
D4 D3 D2 D1 Do Min. Typ. Max. Min. Typ. Max.
0 0 0 0 0 -28:3 | —281| =279 -88 -86 -84
0 0 0 0 1 -273 | =271 | —269 | —-78 -76 -74
0 0 0 1 0 -26:3 | —26:1| —259| —6'8 -66 —64
0 0 0 1 1 ~253 | —25:1| =249 -58 -56 -54
0 0 1 0 0 —-24:3 | 241 —=23-9| —48 —46 —4-4
0 0 1 0 1 -233 | -231| -229( -38 -36 -34
0 0 1 1 0 —-22:3 | =221 | —-21:9| -28 —-26 —-2:4
0 0 1 1 1 -21:3 | =211 | =209| -18 -16 —-1-4
0 1 0 0 0 -20-3 | =201 | —19°9 | —0-8 -0'6 -04
0 1 0 0 1 -193 | =191 | -189 0-2 04 06
0 1 0 1 0 -183 | =181 | =179 12 1:4 16
0 1 0 1 1 -173 | =171 | =169 2:2 2:4 2:6
0 1 1 0 0 " |-163 | =161 | =159 32 34 .36
0 1 1 0 1 -153 | =151 | —14-9 4:2 4:4 46
0 1 1 1 0 —-143 | —14:1 | —139 52 54 56
0 1 1 1 1 -133 | -131| =129 6:2 64 66
1 0 0 0 0 -123 | =121} =119 7-2 7-4 76
1 0 0 0 1 -11-3 | =111 —-109 8:2 84 86
1 0 0 1 0 -10-3 | —101 -99 9-2 9-4 96
1 0 0 1 1 -93 -9 -89 102 10-4 106
1 0 1 0 0 -83 —-81 -79 112 11-4 116
1 0 1 0 1 -7-3 -71 -6-9 122 | 124 126

. : S0n 613 61 =59 132 | K
1 0 1 1 1 | =53 | =51 | —49 | 142 | 144 | 146
1 1 0 0 0 —-4-3 —-41 -39 152 154 156
1 1 0 0 1 -33 -3 -29 16-2 164 166
1 1 0 1 0 —-2:3 -2 =19 17-2 17-4 176
1 1 0 1 1 —-1-3 -1 -0-9 18-2 184 186
1 1 1 0 0 -0-3 -0-1 01 192 194 196
1 1 1 0 1 07 09 11 202 20-4 206
1 1 1 1 0 17 19 21 212 214 | 216
1 1 1 1 1 27 2:9 31 22:2 22:4 226
Table 21

MV3100

Relative gain (dB) RECEIVE DISTORTION VARIATION WITH AMPLITUDE
Input level (dBmo0) Frequency = 1020Hz
Min. Typ. Ma
n yp X | level (dBmo) Signal to distortion (dBp)
—55 16 +16 nput leve! mo -
Min. Typ. Max.
-50 —-06 +0'6 yp
—40 -0-3 +03 —45, 24
-30 -03 +0-3 -40 29
-20 —03 +03 -30 35
-10 0 -20 35
0 -0-3 +03 -10 35
3 -03 +0-3 0 35
Table 22 Table 23
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RECEIVE FREQUENCY RESPONSE (SEE FIG. 9)
Response relative to 1kHz. Signal level = —16dBm0.

NOTE 23. Not production tested.

SIDETONE GAIN CONTROL RANGE
Nominal gain is highlighted

Control Word 4

Sidetone gain (dB)

D4 D3 D2 D1 Do Min. Typ. Max.

X 0 1 283 | 287 | 291
B lsenel 4
0 0 223 | 227 | 231
0 0 193 | 197 | 201
1 X -35

208

Table 26

Frequency (Hz)| Min. (dB) Typ. (dB) Max. (dB)
100 -22-2 -20
160 -1 -6
300 -5 -2 0
500 -1 0-2 1
1000 0
3000 -1 0 1
3400 -6 0-2 1
4000 -3:0 0
Table 24
5
[
5 R
o )
) - -
>0 :: 3
w s )
> N )
1} R
=15 : 3
= 1 3
-25 2 R
-30
100 1000 10000
FREQUENCY (Hz)
Fig. 9 Typical receive frequency response
BIDIRECTIONAL CHARACTERISTICS
Value
Characteristic Symbol - Units Conditions Notes
Min. Typ. | Max.
Sidetone gain As | 257 dB
Gain variation with temperature Ast | -20 +20 | dB 23
Gain variation with supply Ass ~1-0 +10 dB
Crosstalk, Tx to Rx X1g —-60 dB | No sidetone
Crosstalk, Rx to Tx Xgr -60 dB
Table 25
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Fig. 10 Typical transmit path gain v. input level. Signal frequency = 1-OkHz
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Fig. 11 Typical receive path gain v. input level. Signal frequency = 1-:0kHz
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80

70 /

Eso =
g ] \
250 / \
s . //

G714 CCITT SPECIFICATION

10 -
-90 -80 70 60 50 40 -30
INPUT LEVEL (dBv)
Fig. 12 Typical transmit path SINAD v. input level. Signal frequency = 1-:0kHz
80 -
70
60
=
3
= 50
a
<
P
o 40
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20 G714 CCITT SPECIFICATION
10
~60 -50 40 30 20 10 0
INPUT LEVEL (dBmO0)

Fig. 13 Typical receive path SINAD v. input level, over full specification range. Signal frequency = 1-:0kHz
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100n
1-0u T@— ‘,__"
44 41 42
14 RESET i .S LSOPP 12
4P CONTROL 18 DATA
INTERFACE 16 CLOCK
17 ENABLE LSOPN 13
Lsc2 8
MASTER 3 FIN LSC1 o
eLock MV3100
MICINY 4
21 TXOUT
oo 30 RXIN
INTERFACE » FS MICINZ &
2 BCLK AUXIN 7
VooD GNDD VpoTX VpoRX VppPL GNDTX GNDRX GNDPL
25 3 1 1" 9 5 10 40

100k [] oy

ja 1

J‘1 00n

T T

: 1
-L1 00n 521000 100n

.1 |

=

Fig. 14 Typical handset application circuit
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Section 7

Paging Receivers & Decoders
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GEC PLESSEY

ADVANCE INFORMATION

. VR SEMICONDUCTORS

MV6639

POCSAG DECODER
(Supersedes November 1992 edition - DS2464 - 3.3)

The MV6639 POCSAG decoder is capable of operating
at 512 or 1200 baud. This device together with a suitable
receiver, provides the major components for a POCSAG
pager.

POCSAG is the acronym for Post Office Code
Standardisation Advisory Group. The POCSAG code is the
most accepted radio paging standard, (CCIR RPC No.1 ) and
provides for over 2 million pager IDs, two of which may be held
in this device. The POCSAG code format is shown in figure 3.

The design is optimised for very low power, low voltage
use. Advancedfeatures allow the decoderto be used in awide
range of applications.

The pinout and architecture are shown in figures 1 and 2.

FEATURES

Low voltage supply (1V min, 3.5V max)

Low current consumption (Typically 15uA)

Voltage doubler for radio receiver or uP and Display
True 2 bit CRC error correction

Tone only and/or messaging pager at 512

DS2464 - 4.9

TN (1] [1O 28 [T ]BuU
RDATA [T |2 27 [ T JRE
edmmuk 26 [ 1] DIN
Fo [T |4 2s[T]w
CE [j; 5 24 [ 1] voD1
os (1] (s 231"} voD2
‘oo (I |7 22 [T GND
RESET (1] |8 21T xi1
ANCT] |o 20 [T xe
sLo 1] |10 w9 T ]vs
RANGE [ (11 18{ ] TO1
on [T |2 17 [1 ] 102
REPLAY [ [13 16 [_]_] TSTEN
MEM [T |14 15[ T Jva

NP28

Fig. 1 Pin connection
(top view - not to scale)

or 1200 baud using a single 32768Hz crystal
Silent call storage

Directly drives tone transducer

Programmable tone generator output frequency
(2048 or 2731 Hz)

Interface to SL6609 radio receiver chip

Low battery alert

APPLICATIONS

B Wrist watch pager

M Message display pager
M Tone only pager

B Data receivers

ABSOLUTE MAXIMUM RATINGS

Supply voltage (VDD2 - GND) -0.5V to 5V

Voltage on any pin -0.3V to VDD2 + 0.3V
Operating temperature -20°C to + 70°C
Storage temperature -55°C to +125°C

ORDERING INFORMATION

MV6639/KG/NPDS - devices in anti-static sticks
MV6639/KG/NPDE - devices in tape & reel

RDATA -2}

TSTEN 18]

TsTIN 4

X1 2 -
x2 2|
Fo -4

26)
o ‘L@k

|

CLOCK

GENERT;‘OR RECOVERY

LOG!

CLOCK

PATTERN
DETECT

Logic

RAM

TEST
LOGIC
(1]

— '

| CRC LOGIC |—>

R E— TONE

GENERATOR

SWITCH
1F LOGIC

VOLTAGE
DOUBLER

BATTERY
1iF LOGIC

' !

14 28 10 l2s

MEM BLI BLO LD

Fig. 2 MV6639 Block Diagram
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Pin Description.

Pin No Pin Name Pin Description

1 TSTIN Testinput. Held low for normal operation.

2 RDATA Data input from external EZPROM.

3 ROUT Reset to external E2PROM.

4 FO Crystal frequency divided by two clock output. Mainly used for reading data from an

— external E2PROM into the internal memory.

5 CE Chip enable signal for external E2PROM.

6 DS Data Strobe. This output goes active high prior to each bit of valid message data being
transmitted on DO.

7 DO Data Output. Valid address and message data is output on this pin.

8 RESET This pin is used to activate the power on reset circuit. A capacitor between this pin
and GND sets the reset time when powered up. The device may also be externally
reset from this input.

9 AIN Alertin. One of two inputs to the tone generator circuit. This input when high produces a
continuous tone at the two tone outputs.

10 BLO Battery level output. This goes high if battery level input (BLl) is high for 8ms.

11 RANGE If no preamble or sync word is detected tor 60 batches, the range output goes high.

12 ON Decoder is switched ‘ON' by holding this pin high.

13 REPLAY Pulsed high to cancel tones or replay calls.

14 MEM Decoder is switched to ‘MEM' (memory or 'silent’ mode) by holding this pin high.

15 VA Visual alert. Pulses high to indicate incoming call when in silent mode.
Can be used to drive an LED.

16 TSTEN Test input active high. Hold low during normal operation.

17 TO2 The beep codes and alerts are output on this pin. The output configuration and
tone output frequencies are programmable.

18 TO1 The beep codes and alerts are output on this pin. The output configuration and
tone output frequencies are programmable.

19 viB Output to external bipolar vibrator driver when in silent mode.

20 X2 Crystal oscillator output.

21 X1 Crystal oscillator input

22 GND Negative supply input.

23 VDD2 Positive supply, doubled if voltage doubler active, otherwise connected to VDD1.

24 VDD1 Positive supply input (1V min).

25 LD Connect external inductor and diode for voltage doubler if required.

26 DIN This is the serial data input to the device. 512 or 1200 baud non-inverted POCSAG data.

27 RE Receiver Enable. This output when low powers down or disables the receiver to save
power.

28 BLI Battery level input from receiver. Normally low. The high level indicates battery flat and
triggers a tone if high for 8ms.

DECODER APPLICATIONS
The MV6639 can be used in either a “Tone Only” or a “Tone and Message” pager. When used in tone only applications,

the only additional IC requirements are a receiver (such as the SL6609) and a small E2PROM (primarily for holding the pager
identification). A full tone and message pager can be implemented with the addition of a simple microprocessor/LCD driver.
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THE POCSAG CODE

A transmission of POCSAG code consists of at least
576 bits of preamble, i.e. alternate 1010s, followed by batches
of codewords, each batch starting with a synchronisation
codeword (SC) followed by 8 frames of data. (see figure 3a).

Each frame consists of 2 codewords, where the pager
ID's 3 least significant bits correspond to the frame number in
the batch.

Each codeword consists of 32 bits as shown in figure
3b. There are two types of codeword, address and message.

MVE639

The SC and IC are special cases of address codewords. Bits
20-21 of the address codeword transmitted determine the
tone cadence pattern to be output by the decoder.

Message codewords immediately follow their
particular address and are only displaced by the SC. An idle
codeword (IC) is transmitted in the absence of an acdress or
message codeword. In a message sequence, the end of the
message is denoted by another address or idle codeword.

The format of message data output by the decoder is
shown in figure 3d.

Signal Format

T 1

Preamble

1stBaich  2nd Batch 3rd Batch

SCo 1 2 3 4 5 & 780 1
BalchFévmallllrlllnllllllllrlllj

Frames 010 7 (000 to 111)
1 Frame contains 2 CODEWORDS

(a)

SYNC CODEWORD (SC)

Address CODEWORD (A/B)

[l 219 eo-21] 22-31 ]
FLAG BIT=0 18 Address BITS FC1FC2  CheckBITS  Parity BIT
Message CODEWORD (M)

Ll 2-21 | 2231 2]
FLAG BIT=1 20 Message BITS Check BITS  Parity BIT

101111100110100100001010111011000)

IDLE CODEWORD (IC)

l011110101000100

11100000110010111]

MESSAGE FORMAT

(b)

DATA IN LAIMIMISCIMIICLlBLM[MlAICIICL

L] [l Ju]

DATA OUT

[l Il _To] o[ ol Ja[ Tcl]

Message for "A’ Message for ‘B’ Stop
Message
Start Stop Starl Stop
Message Message Message Message
for"A" for ‘A" for ‘B for 'B"
Start next
Message (No
(c) DATA Sent)
ERROR CORRECTED OUTPUT WORD FORMAT
ARRERS COREWARN (AR | 1] o sa ]
AVUREDSS LUDEWURUD (A/B) L‘] l 2-19 | 20-21 ]
Flag BIT = 0 Address BITS FC1FC2

MESSAGE CODEWORD (M) ‘J I

y

Flag BIT =1

Message BITS

(d)

Fig. 3 POCSAG Data Format
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POCSAG CODE SYNCHRONISATION

After the decoder has been powered up and the 2 ID's
programmed, synchronisation to the incoming POCSAG data
is performed. Once bit synchronisation is achieved by the
clock recovery circuit, the data stream is checked bitwise for
the sync codeword (SC).

Whenthe SCis found, the receiver is disabled until the
frame in which either of the two ID’s occurs. The receiver (RX),
is then turned on to look for an ID and any valid message is
decoded.

If SC is not found, a search procedure is initiated. The
receiver is enabled for one frame in 9 to search for either SC
or preamble. If, after 60 such search cycles, SC or preamble
have notbeen detected, the out of range (RANGE) signal goes
active high. RANGE is reset if SC or preamble is detected or
the decoder is switched to STANDBY.

DESCRIPTION OF DECODER CIRCUITS
CLOCK GENERATOR LOGIC
Most of the required clock signals for the chip are

produced by the clock generator circuit, from the 32768Hz
crystal controlled oscillator. These are as follows:-

32.768 kHz for clock recovery

16.384 kHz clock ref. output (FO)
2048/2731 Hz (programmble) for the tone
generator

16 Hz to control tone cadencing

Clocks will be disabled as required depending on the
mode of operation of the device.

An external clock may be applied to X1 if X2 is left open
circuit. Note that X1 has non-standard input thresholds.

CLOCK RECOVERY

The clock recovery circuit produces a clock signal
correctly synchronised to the incoming data. The circuit is
similar in operation to a digital phase locked loop. This circuit
together with the timing logic monitors and maintains bit sync.

DATA FILTER

The data filter digitally cleans up the incoming data as
shown in figure 4 and works with the clock recovery circuit to
synchronise the internal clocks to the incoming data. The
circuits minimise the effects of edge jitter and “drop-outs” inthe
data, which can occur at low signal levels.

RECEIVER
J—— l——  RECEIVER
DATAOP ABOVE
THRESHOLD
SAMPLER ..
DATAO/P }—  2-123 dBm on SL6609
RECEIVER
DATA O/P t———  RECEIVER
AT
THRESHOLD
SAMPLER [
DATA OP —— =-125dBm on SL6609
RECEIVER I r ! l
DATA OP ——  RECEIVER
BELOW
THRESHOLD
SAMPLER
DATA O/P ——  <-127 dBm on SL6609|
A A T T A
0 1 0 1 0
DATA SAMPLING POINTS FOR CRC LOGIC
AT 512 BAUD, GLITCHES < 0.428 mS ARE FILTERED OUT
AT 1200 BAUD, GLITCHES < 0.214 mS ARE FILTERED OUT

Fig. 4 Data Filter Operation
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DO X Do2 Do3 x D019X DOZOX Do21 ><

DSDO I

1 1 ] ]
o IIIHIILI_HH
T1 = data period = 1
baud rate
NOTES:-
1) DO1 - DO21 are bits 1 - 21 of message data. (See fig.3d)
2) Data output valid on negative edge of data strobe.
Fig. 5 Data Output Timing
CRC LOGIC

This circuit receives the incoming serial data and
performs 2bit CRC error correction according to the POCSAG
standard on all incoming data. Together with the timing logic
and pattern detector, this circuit maintains word sync and
outputs corrected message data clocked on a positive edge of
data strobe (DS) as shown in figure 5. If more than twoerrors
are detected, no attempt is made at corrections and the data
is outputed uncorrected with no indication of error.

PATTERN DETECTOR

This circuit operates on checked and corrected data. It
receives data and checks for SC, IC or either of the two
programmed pager addresses.

TIMING LOGIC

This logic provides the bit, word and batch frame sync
in conjunction with the pattern detector, CRC logic and.clock
recovery circuit. The timing logic also generates the receiver
enable (RE), data strobe (DS) and out-of-range (RANGE),
output signals. RE goes active one word at 1200 baud, half
word at512 baud, before the address is expected to allow time
for the receiver to power up.

RAM LOGIC

The RAM stores 48 control bits which are automatically
read from an external E2PROM on power up. The first 18 bits
are address A (A0-17) which is read in LSB first. This is
followed by 3 frame position bits (AF2-0) which tell the device
which frame to look in for address A. These are read in MSB
first. These values are followed by address B and its frame
position bits. The last 6 bits are function bits which are used

to configure the device. FB1 is read first. If addresses are
expected in only one particular frame, the AF and BF bits
should be set to the same value to conserve power. The
function bits are used for programming silent override of
selected pager ID's, 512/1200 baud operation, voltage
doubler enable/disable and tone generator operation. Figure
6 shows the function bit allocation. The decoder RAM and
E?PROM timing is shown in figure 7.

Function Bit Feature
FB 1 Data rate select 0: 1200 baud.
1: 512 baud.
FB2 Voltage Doubler 0: Disabled.
1: Enabled.
FB3 Silent Override 0: Enabled.
on addr ‘A", 1: Disabled.
FB 4 Silent Qverride 0: Enabled.
on addr 'B'. 1: Disabled.
FBS Tone Gen Freq 0: 2048Hz
1: 2731Hz
FB 6 Tone output 0: Two Tone Levels
configuration 1: Single Tone Level

Fig. 6 Function BIT Allocation
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Fig. 7a. Power Up Sequence

v [/ / / /
o 289 L
i / / / /T
S '
ROUT / / / /
| |
X1 / TUuvuuun/ iJuuuvvuyun / tuvvvuvuuuua Z iduun
| Holt- Hok- !
0 / UL/ LRLRLmLIRL R / BRI L@@ / [@LfeL )
| |
ROATA / SRR Xk X2/ Ko K Koo oo XX /oo o Ko Koo Xror /v X XRAX
L
A S

Fig. 7b. Sequence During Refresh or Status Change
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€ 1 / / /I
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ROUT 1 / / /

| |
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| ol Wl |

fo LU L L LU/ Ll s )L fal_fal ) / (el J] Jel Jal Jal ol / [al Jel [
| |

ROATA XXXXXXXOOUXXXXXK a0 XM X k2 / Xan Xarr Ykt Xaro X w0 X o1 /s Xon Xor2 Xor1 Xoro Xror Xrsz/Fas Xrse XXXX
- A
vm : 'Y

NB. X1is an “ideatized” represeniation of the signal, if the on board oscillator is used then the signal vill be more ke a saviooth vaveform than a logic signal

XXX

Represents “Don't Care signal may be high, tov or changing

Fig. 7 E2PROM Read Operation

On power up, a reset pulse is generated from the
charging of a capacitor connected to the decoder RESET pin.
This pulse sets the decoder in a defined state and initiates the
loading of the E2PROM contents into the decoder's internal
memory. The reset pulse ROUT is high for approximately 3
seconds. This extended period is to allow the on chip voltage
doubler (if enabled) to attain its correct doubled output
voltage. The E?2PROM used may only operate down to a
minimum supply of 2V, thus any attempt to read data from the
memory before this voltage is available from the doubler may
result in corrupt data being loaded into the decoder. Even an
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E?PROM operating down to 1V supply could give a faulty read
output if the ROUT hold off pulse is short as the limited voltage
outof the doubler at power upis below VDD1 (battery) voltage.
Fig.7a shows the E2PROM read operation for the power up
sequence. CE is low and areset pulse is output to the external
memory device. Then data is clocked into the MV6639 on
positive edges of the 16384 Hz output pin ‘FO'. After 48 bits
have been written into chip memory,CE goes high to disable
the external memory and the programming sequence is
terminated.



Mechanical shock can cause a temporary
disconnection of the pager power supply. Toguard against the
decoder RAM contents being corrupted, the RAM 'is
automatically reloaded every four minutes. If the pager is
receiving at the 4 minute refresh time, the reload is delayed
until the receiver is disabled. In addition, a reload operation is
performed whenever the status of the decoder is switched
from STANDBY to ON or MEM modes.

For the automatic and change of status reloads, the
doubler (if enabled) will already have achieved its correct
output voltage and it is unneccessary to provide a long holdoff
ROUT pulse to the EBPROM. The memory read sequence for
the 4 minute refresh or status change is shown in Fig.7b.

BATTERY INTERFACE LOGIC

The decoder will accept a ‘battery low’ flag from aradio
receiver on the BLI pin. The decoder samples the state of this
pin at 256 Hz when the receiver is enabled, as shown in figure
8. The tone generator will output a 16 second continuous
signal if BLI input is high (battery fail condition) for 3 or more
consecutive samples. In addition, a battery low flag is output
on the BLO pin. Note that any active tone generator and BLO
output can be cancelled by pulsing the REPLAY/CANCEL
input pin. The low battery detection circuit will be re-armed
whenever decoder status is changed from STANDBY to ON or
MEM. '

MV6639

TEST LOGIC

Test logic is included as required to supplement the
inherent testability and fault coverage of the device during
manufacture.

POWER ON/OFF AND SWITCH INTERFACE LOGIC

There are three operating modes for the decoder,
STANDBY, ON and MEM (memory). When the decoder is
required to be OFF it is preferable to disconnect the battery
supply to the decoder, as shown in figure 14, to conserve
battery power. If STANDBY mode is used the crystal oscillator
and voltage doubler (if programmed ON) continue to operate
but FO output is disabled.

MEM or 'Silent' mode is selected if the user wishes to
store incoming calls rather than producing alert tones
immediately the pager recognises a valid address. MEM
mode is activated with a logic '1' on the MEM pin. The tone
outputs TO1, TO2 are inhibited and the vibrator (VIB) and
Visual Alert (VA) outputs enabled. The silent mode can be
overriden on either address A or B by setting the appropriate
silent overide bit read into the internal RAM (see figure 6). In
the MEM mode up to four incoming calls can be stored.

Receiver Enable (RE)

Internal Delayed RE
Internal 256 Hz clock

BLI S\ /111 1]
| meemeennan 16 sec---|
BLO N
I AVAVAVAVAVAVAVAVY
. Tone Gen Output N

Fig. 8 Battery Low Detect Circuit Timing
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The Switch Interface logic truth table is shown in figure 9 below:

ON | MEM | REPLAY Decoder Status .
0 0 0 Decoder off. No messages received. (STANDBY mode)
1 0 0 Decoder active. Messages received and decoded. (ON mode)
X 1 0 Decoder active and in silent / store gall mode. (MEM mode)
1 0 Pl g TN Replay stored calls / cancel current tones:
X 1 L Cancel current tones or Vibrator and Visual Alert outputs.

Fig. 9 Decoder Status Truth Table

In ON mode pulsing REPLAY to a logic *1’ replays
stored call(s). Pulsing the REPLAY input will also cancel any
current tone, vibrator or visual alert outputs.

Further details on the MEM and REPLAY tone
vibrator and visual alert output cadences are covered in the
next section.

Different tone patterns are generated when changing
the status of the pager (eg from 'ON'to '"MEM'). These too are
covered in the tone generation section.

Contactdebouce circuitry is included in all switch and
push button interfaces.

TONE VIBRATOR AND VISIBLE ALERT SIGNAL
GENERATION

The tone generator block produces audio or low
frequency vibrator signals in response to the state of the
pager, messages, or battery level (if low). Four paging tone
cadence patterns are provided and also the ability to output a
continuous alerttone. Two volume levels are available andthe
tone generator frequency and output drive configuration is
programmable.

TONE AND VIBRATOR GENERATOR OUTPUT
CONFIGURATION

The internal tone genérator circuit feeds an external
beeper viathe TO1 and TO2 pins. Figures 10 (a) and (b) show
the two common methods of beeper interface. Fig 10 (a)
shows a high efficiency resonant drive circuit with one fixed
volume level. In this configuration the TO1 and TO2 outputs

are push - pull, switching in anti - phase. Fig 10 (b) shows a
more flexible drive network which delivers two different power
levels to the transducer. This mode is selected by clearing bit
6 of the function register low (Figure 6). When an alert tone is
output, TO2 stays low for the first six seconds and TO1
switches in accordance with the cadence pattern, producing
alow level tone. For the next ten seconds TO2 also switches,
producing a high tone level.

The vibrator output VIB drives an external bipolar
transistor with vibrator alerter as shown in figure10(c).

TONE FREQUENCY

This can be customer specified at either 2048Hz or
2731Hz. The control bit FB5 which determines which
frequency is used, is set inthe external E2BPROM and read into
the decoder memory (see figure 6).

PAGING TONE CADENCES

Four ditferent paging tone cadence patterns are
available and these are shown in Figure 12. The particular
cadence output is determined by the FC1 and FC2 bits which
form part of the address codeword (Figure 3).

ALERT OVERIDE TONE

Direct input of cadence patterns is possible via the AIN
pin. A high input on this pin will gate the selected tone
frequency to the TO1 and TO2 outputs. Both TO1 and TO2
outputs are active when AIN is high and function register bit 6
is set high, to deliver maximum power to the external beeper.

01 O-

(a) HIGH EFFICIENCY FB6=1

TO2
102 o——-@ vie

(b) TWO POWER LEVELS FB6=0

VDD VDD1

+* M)

—(t

(c) VIBRATOR OUTPUT

Fig. 10 Tone Generator / Vibrator Interface Circuits
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ON

toson

1 osor,

Pattern = 010

MEM —

Pattern = 0101010

Each Digit in the Pattern = 62.5 ms

Fig. 11 Decoder Status Tones

PAGER STATUS TONE GENERATION

The decoder produces tones to acknowledge a
change in its status. When ON is selected the decoder will
output a single shorttone as shown in figure 11. Inthe ON, (or
active) mode the decoder is able to receive and decode
messages. Received calls are compared with the two user
addresses assigned to the pager. These are programmed into
the external E2PROM and read into the decoders internal
memory.

Setting the decoder to the MEM (or SILENT) state is
indicated by three short tones. This operating mode is similar
to the ON condition except that audio alert tones (cadences)
are inhibited. Instead, the external vibrator alerter is activated
by providing an 8Hz drive signal out of the VIB pin (see figure
10). A visible alert can be generated by feeding the VA output
into the external buffer transistor and LED. VA is pulsed high
as shown in figure 13. Up to four alert cadence calls can be
stored in the decoder and these calls can be successively
replayed by switching from MEM to ON and supplying pulses
to the REPLAY input. When the vibrator output is active after

receiving a message in the MEM mode, the device can be
switched to ON mode to hear the remainder of the 16 second
tone. The tone is also stored for REPLAY at a'more conven-
ient time. Pulsing REPLAY before the 16 second tone ca-
dence has been completed will automatically cancel the
current tone and replay the next tone as shown in figure 13.
Whatever the pager status, a tone output, vibrator or visible
alert can be cancelled by pulsing the REPLAY input.

Priority messages can be programmed to overide the
silent mode. Two of the six 'Function bits’ (figure 6) pro-
grammed into the external E?PROM, control the silent
overide for address A and B.

Pattern = 10101000 Repeated
FC1,2=11
Pattern = 101010

1.
NOTES: 5

@

FC12=00 g .y { ]
Pattern = 11111110 Repeated

FC12=01 O HH HH HH
Pattern = 10111110 Repeated

Feiz=10 '8 8 0 0 O—00-0—0-0

1000000000 Repeated ; ;

FC1,2 are bits 20,21 in an address codeword.

Each digit in the pattern = 125 ms.

When used as a "Tone and Message" pager, alert cadences
are activated after decoder has output message.

Junnn
R E L IF = 2048/ 2731Hz.

Fig. 12 Alert Cadences
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Memory mode

_

L

lva
morer ———1 (3]

DEPEND ON VALUE OF FC1 AND FC2 BITS

ON="1'

MEM _ _'ON'mode _
REPLAY ._JI___J'.H.__.“.H_—_
___DECODER STATUS TONES\A ror 2

OUTPUT 4 3|2 !
701,702 "\ o o

'oson  'DSOFF 'To1A
OUTPUT — 2

viBa

CALL CADENCE PATTERNS SHOWN IN FIGURE 12 AND ;

~1l- 'VAON

= e

Fig. 13 Recall / Cancel of Stored Calls

VOLTAGE DOUBLER

The decoder is capable of operating with a supply
between 1 and 3.5V. Other devices in the pager, for example
the receiver, may require a higher voltage than 1V. The
voltage doubler enables these devices to be used without
additional circuitry.

The voltage conversion is performed by charging an

inductor, then discharging it through a diode onto a reservoir
capacitor on the output. To maximise the efficiency the
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resistance of the inductor and the forward voltage drop of the
diode should be as low as possible. The diode should
therefore be a schottky diode. The inductor used in the test
and evaluation circuits has a DC resistance of less than 20
ohms.

The voltage on VDD2 should not exceed 3.5V, so
VDD1 should be less than 1.75V if the doubler is enabled. If
the doubler is not used VDD1 and VDD2 should be shorted
together and the LD pin left open circuit.



ELECTRICAL CHARACTERISTICS

MV6639

These characteristics are guaranteed over the following conditions uniess otherwise stated:
VDD1 = 1V. Tamb = -20 to +70°C. All outputs open circuit. Voltage doubler disabled." VDD2 = VDD1

Parameters

Symbol

Min

Typ

Max

Units

Comments

SUPPLY CURRENT

Decoder on

INPUT LOGIC HIGH

RDATA, AIN, ON, REPLAY, MEM
BLI, DIN

NRESET

X1

INPUT LOGIC LOW

RDATA, AIN, ON, REPLAY, MEM
BLI, DIN

NRESET

X1 ‘

LOGIC HIGH INPUT CURRENT

OAN MEAM DEDI AV
NN, VICIVE, IS LAY

AIN, NRESET

BLI, DIN, RDATA, X1

LOGIC LOW INPUT CURRENT
All inputs except NRESET
NRESET

OUTPUT LEVELS, HIGH

All outputs except TO1, TO2, VIB
TO1, TO2, VIB

OUTPUT LEVELS LOW

All outputs

OUTPUT CURRENTS LOW
TO1

TO2, VIB, VA

OUTPUT CURRENTS HIGH
TO1, TO2, VIB

VA

0.90
0.70
0.90
0.90

0.90
0.90

1.50
0.30

0.30
0.20

0.01
0.13
0.01

-0.01
-5.48

0.99
0.98

14

0.20
0.30
0.30
0.20

-10

< < < <

< < < <

mA
mA

mA
mA

Note 1.V =V
Note 1.V =V, o

Note 1.V, =V,
Vi=V

VvDD1

vDD1

v =0V
V, =0V internal pullup

| = 10uA

LOAD

g = TOULA

LOAD

| = -10uA

LOAD ~

— VD1
Vou:r - / 2
— voD!
VOUT = / 2

~ VOD1
Vou1 - / 2

— VDDt
VOUT - / 2

NOTES

1.

These inputs have internal pullup or pulldown resistors.
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ELECTRICAL CHARACTERISTICS

These characteristics are guaranteed over the following conditions unless otherwise stated:
VDD1 = 1.5V. Tamb = -20 to +70°C. All outputs open circuit. Voltage doubler disabled. VDD2 = VDD1

Parameters Symbol} Min Typ Max | Units Comments

SUPPLY CURRENT

Decoder on loo 14 22 pA

INPUT LOGIC HIGH

RDATA, AIN, ON, REPLAY, MEM '™ 1.2 \Y

BLI, DIN Vi 1.0 v

NRESET Vi 1.2 Y

X1 vV, 0.9 Y

INPUT LOGIC LOW

RDATA, AIN, ON, REPLAY, MEM N 0.3 \

BLI, DIN V. 0.5 \

NRESET V. 0.5 \

X1 v, 0.2 \Y

LOGIC HIGH INPUT CURRENT

ON, MEM, REPLAY Ly 0.01 1 uA |Note 1.V =V,

AIN, NRESET [ 0.6 5 uA [Note 1.V =V, .

BLI, DIN, RDATA, X1 Lo 0.01 1 uA [V =Vi,

LOGIC LOW INPUT CURRENT

All inputs except NRESET I 0.01 -1 uA |V, =0V

NRESET I -20 -40 uA |V, =0V internal pullup

OUTPUT LEVELS, HIGH

All outputs except TO1, TO2, VIB Vou 1.3 15 Vo | loao = 100A

TO1, TO2, VIB (2 1.3 1.5 Vo | lop = 10uA

OUTPUT LEVELS LOW

All outputs Vo 0.03 0.15 Vo [ los = -100A

OUTPUT CURRENTS LOW

TO1 [OL 5 mA VOUT = VDD‘/z

TO2, VIB, VA lou 1 mA | Vg, =0,

OUTPUT CURRENTS HIGH

TO1, TO2, VIB lon 15 mA | Vg, = Vo0,

VA IOH 1 mA VOUT = VDD‘/z
NOTES

1.

These inputs have internal pullup or pulldown resistors
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ELECTRICAL CHARACTERISTICS

MV6639

These characteristics are guaranteed over the following conditions unless otherwise stated:
VDD1 = 3.5V. Tamb = -20 to +70°C. All outputs open circuit. Voltage doubler disabled. VDD2 = VDD1

Parameters Symbol| Min Typ Max | Units Comments

SUPPLY CURRENT

Decoder on loo 41 71 uA

INPUT LOGIC HIGH

RDATA, AIN, ON, REPLAY, MEM Vi, 2.8 \

BLI, DIN Vi, 2.0 \

NRESET Vi, 3.0 \

X1 V., 0.9 \

INPUT LOGIC LOW

RDATA, AIN, ON, REPLAY, MEM V. 0.8 \Y

BLI, DIN A 1.2 Y

NRESET Vi 1.5 \Y

X1 v, 0.2 v

LOGIC HIGH INPUT CURRENT

ON, MEM, REPLAY [ 0.1 1 uA [Note 1.V, =V, .

TSTIN, TSTEN, AIN, NRESET b 55 10 uA [Note 1.V =V .

BLI, DIN, RDATA, X1 Liw 0.05 1 uA V=V,

LOGIC LOW INPUT CURRENT

All inputs except NRESET h -0.05 -1 uA |V, =0V

NRESET [N -180 -300 uA [V, =0V internal pullup

OUTPUT LEVELS, HIGH

All outputs except TO1, TO2, VIB 2 32 35 Vo [loao = TOHA

TO1, TO2, VIB Vo, | 32 | 34 Vo = 104A

OUTPUT LEVELS LOW

All outputs Voo 0.05 0.3 Vo om = -100A

OUTPUT CURRENTS LOW

TO1 lov 10 mA Vo = V%0,

TO2, VIB, VA Lo 2 mA Vg, = P2,

OUTPUT CURRENTS HIGH

TO1, TO2, VIB lon 2 mA Vg, = ¥P0Y,

VA Lo 1 mA Vo = Y0,
NOTES

1.

These inputs have internal pullup or pulldown resistors
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ELECTRICAL CHARACTERISTICS

6639

These characteristics are guaranteed over the following conditions unless otherwise stated:

VDD1 = 1V. Tamb = -20 to +70°C. All outputs open circuit. Voltage doubler ON.

Parameters Symboll  Min Typ Max | Units Comments

VOLTAGE DOUBLER

VDD2 (Doubled Voltage) no ext. load Voo 1.95 \

VDD2 (Doubled Voltage) 1.2mA ext. load Vioos 1.80 \Y

Max external load at VDD2 = 1.8 x VDD1 oo 1.20 mA

SUPPLY CURRENT

Decoder lvoos 143 A

Decoder 1.2mA ext. doubler load oo 4.1 mA

Decoder Max ext. doubler load oo 54 mA

INPUT LOGIC HIGH

RDATA, AIN, ON, REPLAY, MEM V., Viopp-0-4 v

BLI, DIN Vi, Vi00s-0.5 %

NRESET Vi, Vi00,70-3 v

X1 Vi 1.0 \

INPUT LOGIC LOW

RDATA, AIN, ON, REPLAY, MEM V. 0.4 \Y

BLI, DIN V. 0.6 \%

NRESET Vi 0.5 \

X1 v, 0.2 v

LOGIC HIGH INPUT CURRENT

ON, MEM, REPLAY Ly 1 UA I Note 1.V, =V,

AIN, NRESET L, 6 HA Note 1.V, =V,

BLI, DIN, RDATA, X1 o 1 pA v =V,

LOGIC LOW INPUT CURRENT

All inputs except NRESET e -1 A |V, =0V

NRESET I -150 uA [V, =0V, internal pullup

OUTPUT LEVELS, HIGH

All outputs except TO1, TO2, VIB Vo vooe™0-2 Vo [ lLosp = 100A

TO1, TO2, VIB Vo, 0.9 Vo [ Lomo = 10LA

OUTPUT LEVELS LOW

All outputs Ve 0.20 Vo [ lono = -100A

OUTPUT CURRENTS LOW

TO1 lou 7.0 mA |V, = V001,

TO2, VIB, VA lou 1.5 mA | Vg, =001,

OUTPUT CURRENTS HIGH

TO1, TO2, VIB (current source) low 1.2 mA |V, = voot/,

VA (current source) lom 1.0 mA | Vg, = Voo,

VOLTAGE DOUBLER FREQUENCY
Fuo 8 11 15 kHz | Note 3 VD Load = 0
Foo 44 68 108 kHz | Note 3 VD Load = 550uA
Fio 96 140 196 | kHz |Note 3 VD Load = 1.2mA
Foo 130 166 214 | kHz |Note 2, 3 VD Load = Max

NOT

ES

1. These inputs have internal pullup or pulldown resistors
2. VD Load = Max is load current such that VDD2 = 1.8 x VDD1.
3. Not production tested.
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ELECTRICAL CHARACTERISTICS
These characteristics are guaranteed over the following conditions unless otherwise stated:
VDD1 = 1.5V. Tamb = -20 to +70°C. All outputs open circuit. Voltage doubler ON.

Parameters Symbol Min Typ Max | Units Comments

VOLTAGE DOUBLER

VDD2 (Doubled Voltage) no ext. load Vooe 2.90 %

VDD2 (Doubled Voltage) 1.2mA ext. load Voo 275 \%

Max external load at VDD2 = 1.8 x VDD1 lvoos 2.00 mA

SUPPLY CURRENT

Decoder lvoos 240 uA

Decoder 1.2mA ext. doubler load Lo 3.8 mA

Decoder Max ext. doubler load Lot 8.6 mA

INPUT LOGIC HIGH

RDATA, AIN, ON, REPLAY, MEM Vi Vy00270-6 v

BLI, DIN Vi, Vi0s0-8 v

NRESET ' V0004 v

X1 v, 1.0 v

INPUT LOGIC LOW

RDATA, AIN, ON, REPLAY, MEM Vi 0.60 Y

BLI, DIN A 0.80 \Y

NRESET A 1.50 v

X1 v, 020 | V

LOGIC HIGH INPUT CURRENT

ON, MEM, REPLAY h 1 uwA | Note 1.V =V, .

AIN, NRESET Iy 8 uA | Note 1.V =V .,

BLI, DIN, RDATA, X1 b 1 A | V=V

LOGIC LOW INPUT CURRENT

All inputs except NRESET [ -1 WA |V, =0V

NRESET I -250 uA | V, =0V, internal pullup

OUTPUT LEVELS, HIGH

All outputs except TO1, TO2, VIB Vo Vo 0-3 Vo | low = T0UA

TO1, TO2, VIB Vou 1.35 Vo | loa = TOHA

OUTPUT LEVELS LOW

All outputs Vo : 0.30 Vo | lopo = -10HA

OUTPUT CURRENTS LOW

TO1 lo 10.0 mA | Vo, =Yoo,

TO2, VIB, VA o, 2.0 mA | Vv, =0,

OUTPUT CURRENTS HIGH

TO1, TO2, VIB (current source) lon 2.0 mA | Vg, =00,

VA (current source) lon 1.0 mA | Vg, =Y,

VOLTAGE DOUBLER FREQUENCY
Fuo 8 11 17 kHz | Note 3VD Load =0
Fuo 27 38 54 kHz | Note 3 VD Load = 550pA
Fuo 56 77 116 kHz | Note 3 VD Load = 1.2mA
Fuo 119 154 206 kHz | Note 2, 3 VD Load = Max

NOTES

1. These inputs have internal pullup or pulldown resistors

2. VD Load = Max is load current such that VDD2 = 1.8 x VDD1.
3. Not production tested.
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AC ELECTRICAL CHARACTERISTICS
These characteristics are guaranteed over the following conditions unless otherwise stated:
VDD1=1to0 3.5V, VDD1 < = VDD2 < = 3.5V, Tamb = -20 to +70°C.

Parameters Symbol Min Typ Max Units Comments
Crystal Frequency F. 32768 Hz
Freq Reference Qutput Fo 16384 Hz
SYSTEM INPUTS TO DECODER
Input Data Rate (Low Speed) F, 512 baud ‘5 Selectable

(High Speed) 1200 ; SeeFig6
Preamble Time (512 baud) ton 1.125 s

(1200 baud) 0.48 s
Batch Time (512 baud) te 1.0625 s

(1200 baud) 0.4533 S
TONE GENERATOR
Output Frequency Fr 2048 Hz ' Selectable

Fr. 2731 Hz . SeeFig6

Vibrator Output Freq. Fy 8 Hz Fig 13
Vibrator Alert Period Lia 16 s Fig 13
Visible Alert Period ton 16 s Fig 13
Visible Alert LED ON time taon 0.25 s Fig 13
Visible Alert LED OFF time b norr 1.75 s Fig 13
TO1 Alert Period Lo 16 s Fig 13
TO2 Alert Period ticen 10 s
TO1, TO2 Alert Pulse Time te 125 ms Fig 12
Decoder Status TO1, TO2 on toson 62.5 ms Fig 11
Decoder Status TO1, TO2 off DSOFF 62.5 ms Fig 11
REPLAY pulse width too 80 ms
Decoder RAM / E2PROM Timing
E2PROM Reset Pulse Rout tane 3 s Fig 7, Note 1
E?PROM Reset Pulse Rout tons 61 us Fig 7, Note1
Clock High Level Time ten 30.5 us Fig7
Clock Low Level Time te 30.5 us Fig7
E?PROM Access Time RDATA e 20.5 us Fig 7
Data Setup Time RDATA te, 10 us Fig 7
Data Strobe To Data Output Delay tosoo 50 us Fig 5
Data Valid To Negative Strobe Edge toy 783 us Fig 5
Power On RESET capacitor Crs 10 nF
Voltage Doubler Output Ripple Vo 1 mV p-p Note 2

NOTES
1. A 3 second reset pulse is generated when power is applied to the MV6639. This allows time for the voltage doubler

(if enabled) to stabilise. A shorter (61us) reset pulse is generated for the automatic 4 minute reload.
2. VDD2 decoupling capacitor 100uF. Output current 10uA - 1.2mA.
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APPLICATION EXAMPLE: 1 VOLT PAGER SYSTEM

Atypical 1 Volt pager system, suitable as a wrist watch
application is shown in figures 14 & 15. Only 3 chips are
required. GPS’s SL6609 Direct Conversion Receiver,
MV6639 POCSAG Decoder and a 1 Volt E2PROM (e.g.
EPSON SPM28C51).

Note that EPSON trades as SEKIO EPSON in Japan
and S-MOS in Amercia.

MV6639

A 32KHz watch crystal is used as the reference
frequency to the decoder. The SL6609 receives and
demodulates the data, and monitors the battery voltage. The
interface between the decoder and receiver consists of only 3
connections excluding the supplies.

The decoder voltage doubler output V, ., is available
to power not only the receiver, but alternative higher voltage
E2PROM and a microprocessor / LCD driver for a full tone and
message pager.

DOUBLED VOLTAGE LINE VDD2

BATTERY SUPPLY VDD1

VvDD1
2
E<PROM E2PROM
INTERFACE MVEE39
DECODER

RECEIVER INTERFACE

<< >

X2 CRYSTAL
X1 CIRCUIT

~A LD RESETH——
* I, voor  vop2
A VDD2 i 1 RECEIVER
e (eg SL6609)
ON VIBRATOR
o+ o =—=>| BeEPER
'OFF  ot-{---+-B ) AND
O o— REPLAY VISUAL
ON! oA ALERT
MEM' CIRCUITS
o- o———— MEM
DECODER
STATUS 1.5V BATTERY

SWITCH I

' o~

Fig. 14 Tone Pager applications example showing interface with SL6609 receiver
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MV6639 DEMONSTRATION CIRCUIT

Fig.16 shows a simple demonstration circuit to allow
the decoder to be evaulated.

The E2PROM is pre-programmed with the necessary
addresses plus frame position and function bits which will be
read into the MV6639 on power up.

MV6639

The circuit will demonstrate the voltage doubler, tone
outputs and tone cancel.

The required component values together with a
suitable printed circuit layout (Fig.17) are shown below.

DATA IN VDD

ubD2
I1C2 1c1
. EEPROM Lot — Y | - - «.._W_L.__»
vdd lober |1 ROATA e l— A %LI - + _L o
51 oo reset 7 | ROUT DIN C i T
—8lontout sloskie o w ° - o
cebar |2 cE o) VD1 1
Vse o |os M ue 'KDI e o -
e o W w ——— ’ T XTL1 JEQ
= - reser O U '3
A R3g o JI
so = e |— R1 ‘
| RANGE 01 - =
oN 102 f—— R? \/ TR1 !
REPLAY TSTEN 1 N i
nen A — — sPN
Fig.16 MV6639 Evaluation Circuit
COMPONENT LIST
R1 51R L1 220uH
R2 360R XTLA 32768Hz Watch Crystal
R3 10M TR1 BFS17
C1 10nF D1 ZC2811E schottky diode
c2 22pF SP1 Miniature Sounder CB-09AP
C3 22pF SWi1 Push Button Switch
C4 100uF IC1 MV6639
Cé 100uF IC2 SPM28C51M
Cs, C7 33nF

[ |
|

f—— 37mm

DS DO RANGE DIN GND  UCC
[+

UNDERSIDE

TOP VIEW

OVERLRY
SCALE 1:1

Fig. 17 Printed Circuit Details
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PRELIMINARY INFORMATION

MV6640

POCSAG DECODER

The MV6640 POCSAG decoder is capable of operating
at 512 or 1200 baud. This device together with a suitable
receiver, provides the major components for a POCSAG
pager.

POCSAG is the acronym for Post Office Code
Standardisation Advisory Group. The POCSAG code is the
most accepted radio paging standard, (CCIR RPC No.1 ) and
provides forover 2 million pager IDs, four of which may be held
in this device.

The design is optimised for very low power, low voltage
use. Advanced features allow the decodertobe used in awide
range of applications.

The pinout and architecture are shown in figures 1 and 2.

FEATURES

Low voltage supply (1V min, 3.5V max)

Low current consumption (Typically 15uA)

Voltage doubler for radio receiver or uP and Display
True 2 bit CRC error correction with error status

DS3984 - 1.0
DIN[] |1 O 28 [T BLI
ov [ |2 27 [T] RE
RDATA [T (3 26 [T TSTIN
RCLK [T |4 25 [T] LD
Rcs [ |5 24 [T] vDD1
ps [I] (6 23 [T] vbD2
po [ |7 22 [T] GND
RESET [T |8 21 [T x1
AIN O] |9 20 [17] x2
BLo 1] |10 19 [TJ viB
RANGE [T] |11 18 [T] TO1
ON [T |12 17 [17 102
REPLAY [T] |13 16 [T TSTEN
MEM [T |14 1511 vA
NP28

Fig. 1 Pin connection
(top view - not to scale)

indication

Tone only and/or messaging pager at 512

or 1200 baud using a single 32768Hz crystal
Silent call storage

Directly drives tone transducer
Programmable tone generator output frequency
(2048 or 2731 Hz)

Interface to SL6609 radio receiver chip

Low battery alert

Interface to Standard 3 wire EEPROM

True or Invented data

APPLICATIONS

B Wrist watch pager

B Message display pager
B Tone only pager

B Data receivers

ABSOLUTE MAXIMUM RATINGS

Supply voltage (VDD2 - GND) -0.5Vto 5V

Voltage on any pin
Operating temperature
Storage temperature

-0.3Vto VDD2 + 0.3V
-20°C to + 70°C
-565°C to +125°C

DIN—bl DATAFILTER | | crcrosic Do
| PaTTERN
X1=—p| CLOCK DETECT
GENERATOR REC(;;)\?EKRV
X2 Loaic
RDATA €—>{ 0s
RAM | | TIMING —> DV
RCLK 4— L‘:’r?d'c [CETIE Sy
Acs EET»;OM l —> RE
—> 101
TSTEN —> 102
LOGIC TONE
TSTN GENERATOR > VB
|—> va
IN
—
VoLTA &~ vODI
SWITCH BATTERY LTAGE  le— voD2
DOUBLER
IF LOGIC VF LOGIC f¢— GND

ON MEM
REPLAY

[}

BU

[y
I
BLO

X

Lo

ORDERING INFORMATION

devices in anti-static sticks
devices in tape & reel

MV6640/KG/NPDS -
MV6640/KG/NPDE
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ADVANCE INFORMATION

Ds3821 - 2.7

SL6609

DIRECT CONVERSION FSK DATA RECEIVER

This device is an advanced direct conversion receiver for

operation up to 470MHz. The device integrates all functions
to translate a binary FSK modulated RF signal into a o ° -1 oot
demodulated data stream. Adjacent channel rejection is 0 2 (L aco
provided using tuneable gyrator filters. To assist operation in Reos LTz - 27 [T IRFanp
the presence of large interfering signals both RF and audio Lov [Ts 26 (11 wixa
AGC functions are provided. VAl (T4 25 [T aro
Lox [I]s 24 7171 Mixs,
The device also includes a 1 volt regulator capable of VR [T3e 2T veee
sourcing upto 5mA, abattery flag and thefacility of incorporating L 22 [T] REGCNT
.amore complex post detection filter off-chip. Both battery flag GTHADY [T s 21 veer
and data outputs have open collector outputs to ease their ToADd [Te 20 [T7] veatt
interface with other devices. sec [Tho 19 [T vea
BATTFL [T J11 18 1] DIGGND
FEATURES TPLMY [T 12! 17 1] BRF1
M Very low power operation - typ 3.0mW vecz Lt 16 (1] sAr2
M Single cell operation for most of the device. DATAOP [T Th4 15 [T Pumx
Limited functional blocks operating via an inverter
M Superior sensitivity of -130dBm NP28
B Operation at wide range of paging data rates - . ,
512, 1200, 2400 baud Fig.1 Pin connections
M On chip 1 volt regulator
B Small package offering SSOP ABSOLUTE MAXIMUM RATINGS
Supply voltage 6V
APPLICATIONS Storage temperature -55°C to +150°C
M Credit card pagers Operating temperature -20°C to +70°C
M Watch pagers
M Small form factor pagers i.e. PCMCIA
M Low data rate data receivers i.e. Security/remote
control
23 22 4 1 20 11 15 6 10 21 13 18 19
T T T T T T
" VR BEC Vcc1 Vecza GND  Vipg
VR —> VR
MIXER
24 > i >
o o
X X
I i) LIMITER
o fx, 40 LIMITER
] ~ ~ DETECTOR
26 > >
S 3 2 27 7 12 8

Fig.2 Block diagram of SL6609
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SL6609

ELECTRICAL CHARACTERISTICS

These characteristics are guaranteed over the following conditions unless otherwise stated:
Tamb = 25°C, VCC1 = 1.3V, VCC2 = 2.7V

Value
Characteristics Pin Units Comments
Min Typ Max

VCC1 - Supply voltage 21 0.95 1.3 28 \Y VCC1 < VCC2 - 0.7 volts

VCC2 - Supply voltage 13 1.8 2.7 35 \

ICC1 - Supply current 21,27,28 1.5 1.8 mA | Includes 500pA IRF. Does not
include regulator supply. Audio
AGC inactive

ICC2 - Supply current 11,13,14 550 700 A | Batt flag & Data O/P high
Pin 27 voltage: 0.3 - 1.3V

Power down ICC1 21,27,28 1 pA

Power down ICC2 11,13,14 8 nA

1 volt regulator 23 0.95 1.0 1.05 v | Load = 3mA. Ext PNP.
B =100, V. = 0.1 volt

Band gap voltage reference 19 1.15 1.21 1.27 \

Band gap current source 19 20 pA

Voltage reference 6 0.93 1.0 1.07 \Y

Voltage reference sink/source 6 10 uA | VCC1> 1.1V

1 volt regulator load current 0.25 3 5 mA

Turn on Time 5 mS | Stable data o/p when 3dB above
sensitivity. Cgy, and C,; = 2.2uF

Turn off Time 1 mS | Fall to 10% of steady state current
Cyand C = 2.2uF

Detector output current 17 +/-4 nA

RF current source

Current Source

(RFAMP) 27 450 520 600 HA Pin 27 voltage: 0.3-1.3V

Decoder

Sensitivity 40 wVrms | Signal injected at TPX and TPY
B.E.R. <1in 30
5KHz deviation @ 500 bits/sec
BRF capacitor = 2nF

Output mark space ratio 14 79 9:7

Data O/P Sink Current 14 100 500 pA | Output logic low

Data O/P Leakage Current 14 1.0 tA | Output logic high
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SL6609

ELECTRICAL CHARACTERISTICS
These characteristics are guaranteed over the following conditions unless otherwise stated:
Tamb = 25°C, VCC1 = 1.3V, VCC2 = 2.7V

Value
Characteristics Pin Units Comments
Min Typ Max
Battery Economy
Input logic high 10 | (V- 0.3) \ Powered Up
Input logic low 10 0.3 \% Powered Down
Input current 10 0.05 1 HA | Powered Up
Input current 10 6 8 HA Powered down transient initial
Battery Flag Input
Input current 20 1 HA
Battery Flag Output
Battfl Sink Current 11 100 500 HA | (VBATT-VR) > 20mV
Battfl leakage current 11 1 HA (VBATT-VR) < -20mV
Mixers
Gain to "IF Test" 34 41 dB [ LOinputs driven in parallel with
50mVRMS @ 50MHZ.IF = 2KHz
RF input impedance 24,26 See Figs.8a, 8b
LO input impedance 3,5 See Fig.9
LO DC bias voltage 3,5 \ Equal to Pin 21 (VCC1)
Audio AGC
Max Audio AGC Sink Current 28 45 65 85 LA

RECEIVER CHARACTERISTICS (GPS Demonstration board)
Measurement conditions unless stated Vcct = 1.3V, Veca = 2.7V, LNA = 18dB Gain, 2dB Noise figure,
Carrier frequency 153MHz, BER 1 in 30, Tamb = 25°C

Value
Characteristics Pin Units Comments
Min Typ Max
Sensitivity -130 -127.5 -125 dBm | 512 bps Af = 4.5kHz
LO = -18dBm
-128 -125.5 -123 dBm | 1200 bps Af = 4kHz
LO =-18dBm
Intermodulation 54 55 dB 512 bps Af = 4.5kHz
LO = -18dBm
Adjacent channel 68 725 dB 512 bps Af = 4.5kHz
LO = -18dBm
Channel spacing 25kHz
Centre frequency acceptance +-20 | +-25 kHz | 512 bps Af = 4.5kHz
+/-2 kHz 1200 bps Af = 4kHz
LO = -18dBm
Deviation acceptance +/-2.5 kHz | 512 bps Af = 4.5kHz
+/-2 kHz | 1200 bps Af = 4kHz
LO =-18dBm
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SL6609

RECEIVER CHARACTERISTICS (GPS Demonstration board)
Measurement conditions unless stated Vcct = 1.3V, Veca = 2.7V, LNA = 18dB Gain, 2dB Noise figure,
Carrier frequency 282MHz, BER 1 in 30, Tamb = 25°C

Value
Characteristics Pin Units Comments
Min Typ Max
Sensitivity -130 -128.5 -125 dBm | 512 bps Af = 4.5kHz
LO = -15dBm
-128 -126 -123 dBm 1200 bps Af = 4.0kHz
LO = -15dBm
Intermodulation 54 55.5 dB 512 bps Af = 4.5kHz
LO = -15dBm
Adjacent channel 68 72 dB 512 bps Af = 4.5kHz
LO = -15dBm
Channel spacing 25kHz
Centre frequency acceptance +/-2.0 +/-25 kHz | 512 bps Af = 4.5kHz
+/-2 kHz 1200 bps Af = 4kHz
LO = -15dBm
Deviation acceptance +/-2.5 kHz | 512 bps Af = 4.5kHz
+/-2 kHz 1200 bps Af = 4kHz
LO = -15dBm
RECEIVER CHARACTERISTICS
Measurement conditions unless stated Vcci = 1.3V, Vecz = 2.7V, LNA = 18dB Gain, 2dB Noise figure,
Carrier frequency 470MHz, BER 1 in 30, Tamb = 25°C
Value
Characteristics Pin Units Comments
Min Typ Max
Sensitivity -127 -125 -122 dBm | 1200 bps Af = 4kHz
LO = -15dBm
Intermodulation 50 53 dB 1200 bps Af = 4kHz
LO = -15dBm
Adjacent channel 65 70 dB 1200 bps Af = 4kHz
LO = -15dBm
Channel spacing 25kHz
Centre frequency acceptance +-2 kHz 1200 bps Af = 4kHz
LO = -15dBm
Deviation acceptance +/- 2 kHz | 1200 bps Af = 4kHz
LO = -15dBm
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OPERATION OF SL6609

The SL6609 is a Direct Converson Receiver designed for
use up to 470MHz. It is available in a 28 pin SSOP package
and it integrates all the facilities required for the conversion of
an RF FSK signal to a base-band data signal.

Low Noise Ampilifier

To achieve optimum performance it is necessary to
incorporate a Low Noise RF Amplifier at the front end of the
receiver. This is easily biased using the on chip voltage and
current sources provided.

Allvoltages and current sources used for bias ofthe RF
amplifier, receiver and mixers should be RF decoupled using
suitable capacitors (see fig.4 for a suitable Low-Noise-
Amplifier).

Local Oscillator

The Local Oscillator signal is applied tothe device in phase
quadrature, This can be achieved with the use of two RC
networks operating at the -3dB/45° ‘transfer characteristic,
giving a full 90° phase differential between the LO ports of the
device. Each LO portof the dévice also requires an equal level
of drive from the Oscillator. (see Fig.5).

SL6609

Gyrator Filters

The on chip filters include an adjustable gyrator filter. This
may be adjusted with the use of an additional resistor between
pin 4 and GND. This allows flexibility of filter characterstics
and also allows for compensation for possible process
variations.

Audio AGC

The Audio AGC fundamentally consists of a current sink
which is controlled by the audio (baseband data) signal. It has
three parameters that may be controlled by the user. These
are the Attack (turn on) time, Decay (duration) time and
Threshold level (see Fig.6 and 7). See Application note for
details.

Regulator‘

The on chip regulator must be used in conjunction with a
suitable PNP transistor to achieve regulation. As the
transistor forms part of the regulator feedback loop the
transistor should exhibit the following characteristics:-

H>=100for V> =0.1V

Pin Number | Pin Name Pin Description
1 TPX X channel pre-gyrator filter test-point. This can be used for input and output
2 RFIADJ RF current source adjustment pin
3 Loy LO input channel Y
4 GYRI Gyrator current adjust pin
5 LOX LO input channel X
6 VR VREF 1.0 V internal signal ground
7 TPY Y channel pre-gyrator filter test point, input or output
18 GTHADJ Audio AGC gain and threshold adjust. RSSI signal indicator
9 TCADJ Audio AGC time constant adjust
10 BEC Battery economy control
1 BATTFL Battery flag output
12 TPLIMY Y channel limiter (post gyrator filter) test point, output only
13 VCC2 Supply connection
14 DATAOP Data output pin
15 TPLIMX X channel limiter (post gyrator filter) test point, output only
16 BRF2 Bit rate filter 2, input to data output stage
17 BRF1 Bit rate filter 1, output from detector
18 DIG GND Digital ground
19 VBG Bandgap voltage output
120 VBATT Battery flag input voltage
21 VCCi Supply connection
122 REGCNT 1V regulator control external PNP drive
23 VREG 1V regulator output voltage
24 MIXB Mixer input B
25 GND Ground
26 MIXA Mixer input A
27 IRFAMP Current source for external LNA. Value of current output will decrease at high mixer
input signal levels due to RF AGC
28 IAGCOUT Audio AGC output current
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SL6609
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Fig.3 Application circuit board
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SL6609

COMPONENTS LIST FOR APPLICATION BOARD At 282MHz, 25kHz Channel Spacing.

Resistors

R1 open circuit
R2 open circuit
R3 220

R4 100k

R5 1k

R6 1k

R7 220

R8 open circuit
R9 220k

R10 M

R11 100k ©
R12 not used
R13 2K7

R14 4k7

R15 4k7

R16 33k

R17 not used @
R18 OR @

R19 10k

R20 680

R21 1k

R22 open circuit
Capacitors

C1 in

Cc2 2p7

C3 4p7

C4 in

C5 2p7

Cc6 2u2

c7 in

Cc8 100n

C9 1in®@

C10 2u2

C11 100n

ci12 in

C13 in

C14 in

C15 in

C16 in

c17 1n

C17a in

Notes

The values of R13 is determined by the set-up proce-
dure. See Application Note.

The value of C9 is determined by the output data rate.
Use 2nF for 512bps, 1nF for 1200bps and 470pF for
2400bps.

R17 (Seeftigure.6) forms a part of the audio AGC circuit
and is determined by the voltage drop required to make
the diode D1, conduct to give the RF attenuation
required. R17 should be sufficiently large to ensure
the voltage at pin 28 does not drop below 200mV. The
maximum AGC current expected is 85pA. For the
characteristics of the audio AGC current source see
figure 7. If the audio AGC is not required then the
current source (Pin 28) may be disabled by connecting
Pin 9 (TCADJ) to VR (pin 6) and by connecting Pin 28

Ci18 in

Cc19 not used
C20 in

C21 in

c22 not used
Cc23 in

C24 1n

C25 in

C26 5p6
c27 in

Cc28 in

C29 100p
C30 2u2

C31 2u2

C32 4p7

C33 4p7

C34 3p3

C35 not used
VC1 1-10p
VC2 1-10p
vVC3 1-10p
Inductors

L1 100n @
L2 not used
L3 470n

L4 39n

L5 680n

Active Components

Q1
Q2
Q3
Q4
Q5
D1

Misc
T1

Xtal

FMMT589

BFT25A

BFT25A

not used

BFT25A

Panasonic MA862 )

30nH 1:1

Coilcraft M1686-A
5th Overtone
94.075MHz

(IAGCOUT) to Vec1., (R18). The voltage-at Pin 8 may
still be used as an RSSI. R9, C8, C14,C19, R17 and
D1 may then be omitted. See figure.6 for AGC
component values.

L1and C26 formthe low noise matching network for the
RF amplifier. The values given are for the RF amplifier
specified in the Applications Circuit with no Audio AGC
connected. i.e. R17 and D1 omitted.

Suggested diode for.use with the Audio AGC circuit
(see figure.6) (D1 is not included on the general
demonstration circuit).

The value of R11 is dependent on the data output load.

R11 should allow sufficient current to drive the data
output load.’
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SL6609

COMPONENTS LIST FOR APPLICATION BOARD At 470MHz, 25kHz Channel Spacing.
(LO circuit is 50Q network as in Fig.5 - crystal oscillator not specified)

Resistors

R1 open circuit
R2 open circuit
R3 100

R4 100k

R5 100

Ré 100

R7 100

R8 open circuit
R9 220k

R10 M

R11 100k @
R12 300 @

R13 open circuit
R14 4k7

R15 4k7

R16 33k

R17 open circuit
R18 OR®

R22 open circuit
Capacitors

C1 1n

c2 3.3pF

C3 1n

C4 1n

C5 3.9pF

Cé6 2u2

c7 in

C8 100n

C9 1n @

C10 2u2

C11 100n

C12 in

C13 in

Notes
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The values of R13 is determined by the set-up proce-
dure. See Application Note.

Thevalue of "C9"is determined by the outputdatarate.
Use 2nF for 512bps, 1nF for 1200bps and 470pF for
2400bps.

R12 & Q4 form a dummy load for the regulator.
Permitted load currents for the regulator are 250uA to
SmA. The 1V regulator (output pin 23) can be switched
offby connecting pin 23 directly to VCC2. Q1, Q4, R12
and C12 must then be omitted

R17forms apart of the audio AGC circuit (seefigure 6)
and s determined by the voltage drop required to make
the PIN diode D1, conduct to give the RF attenuation
required. R17 should be sufficiently large to ensure
the voltage at pin 28 does not drop below 200mV. The
maximum AGC current expected is 85puA. For the
characteristics of the audio AGC current source see

Ci14 1in

Ci5 1in

C16 1n

C17 in

C18 1in

C19 not used
C20 1n

C21 1n

c22 not used
C23 not used
C24 1n

C25 1n

C26 2.2pF ®
c27 not used
Cc28 not used
c29 100p
C30 2u2

C31 2u2

C34 not used
VC1 1-3pF
Inductors

L1 39nH ®
L2 short circuit
T1 18nH 2 Turn 1:1 (Coilcraft) Q4123-A

Active Components

Q1
Q2
Q3
Q4
Q5
D1

Zetex FMMT589
Philips BFT25A

Not Used

Philips BFT25A®
Philips BFT25A
Panasonic MA862®)

figure 7. If the audio AGC is not required then the
current source (Pin 28) may be disabled by connecting
Pin 9 (TCADJ) to VR (pin 6) and by connecting Pin 28
(IAGCOUT) to Vec1., (R18). The voltage at Pin 8 may
still be used as an RSSI. R9, C8, C14, C19, R17 and
D1 may then be omitted.

L1and C26 formthe low noise matching network forthe
RF amplifier. The values given are for the RF amplifier
specified in the Applications Circuit with no Audio AGC
connected. i.e. R17 and D1 omitted.

Suggested diode for use with the Audio AGC circuit
(D1 is not included on the general demonstration
circuit).

Thevalue of R11 is dependent on the data output load.
R11 should allow sufficient current to drive the data
output load.



SL6609

Veet
c17
c20
ng — Ii—‘ I—— pin 24
—_ VCi
R14 .—IE25 [ 11 pin 25
no 1
v, c21
C34 :
C26 C35 R
A J L "—17
c15 L '
Note
C13, C17: RF Decoupling
t
;‘;:fcne lIRF C25, C24: RF Decoupling

C15, C16: DC Blocking
C20, C21: DC Biocking

Fig.4 RF Amplifier

(o3t}

Veel
Hi :
— c2

RS R3

Lo
input i—-l

8

to pin 3

to pin 5
» cs R7
Be Note
C4, C18: RF Decoupling
ca C3:DC Block -

c3
Veet

R5, R6: Mixer Bias

Fig.5 LO Network
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SL6609

1
Veet ! RE
current 1 |
source 1 !
I
D1
— to RF
Amp
f y R18 = 33k
in
SRR 15 - NV PR 5 DO e C8 = 100nF
R17 = 2k
R22 = 47k
R16 R16 = 33k
Note L1, C26 and C15 are part of
Vr vr source 2 RF Amplifier (see Fig.4)
Fig.6 AGC Schematic

Pin 28 OP Current (pA)
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T
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veei=13 /]
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v
/,

-105

-100 -95 -90 -85 -80 -75 -70 -65

IP Level dBm

-60
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Fig.7 Audio AGC current vs. IP power at 25°C




SL6609

sn FREQ MAG ANG
50.000 0.969 -7.20
100.000 0.958 -14.45
150.000 0.942 -20.59
200.000 0.917 -26.40
250.000 0.893 -33.26
300.000 0.858 -39.84 2
350.000 0.832 -44.78
400.000 0.806 -49.01
450.000 0.781 -54.00
500.000 0.755 -59.53
550.000 0.743 -64-35
600.000 0.725 -68.43
650.000 0.703 -73.01
700.000 0.680 -78.74
750.000 0.666 -83.76
800.000 0.653 -87.48
850.000 0.636 -91.32
900.000 0.615 -97.17
950.000 . 0.604 -102.84
1000.00 0.600 -105.23
Fig.8a SL6609 Mixer A input S-Parameters
s FREQ MAG ANG
50.000 0.970 -7.06
100.000 0.960 -13.83
150.000 0.945 -19.90
200.000 0.919 -25.70
250.000 0.902 -32.18
300.000 0.872 -38.03
350.000 0.850 -43.07
400.000 0.825 -48.27
450.000 0.803 -53.58
500.000 0.776 -58.49
550.000 0.760 -63.08
600.000 0.739 -67.98
650.000 0.717 -72.63
700.000 0.698 -76.96
750.000 0.683 -81.09
800.000 0.666 -85.49
850.000 0.659 -89.51
900.000 0.647 -93.90
950.000 0.637 -98.42
1000.00 0.634 -102.40
Fig.8b SL6609 Mixer B input S-Parameters
s FREQ MAG ANG
50.000 0.993 -4.17
100.000 0.995 -8.43
150.000 0.997 -12.88
200.000 0.997 -17.57
250.000 0.996 -22.63
300.000 0.986 -28.16
350.000 0.965 -33.87
400.000 0.936 -39.17
450.000 0.902 -43.88
500.000 0.872 -48.54 50MHz
550.000 0.838 -52.81
600.000 0.804 -56.60
650.000 0.798 -59.47
700.000 0.810 -65.19
750.000 0.784 -71.49
800.000 0.779 -75.97
850.000 0.790 -82.54
900.000 0.788 -91.16 1GHz
950.000 0.768 -100.20
1000.00 0.743 -108.52

Fig.9 SL6609 LO X,Y inputs S-Parameters
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SENSITIVITY
110
-40 20 20 40 60 80
120
- -121
&
2 -122
z -123
2
K] 124
s
@ -125
-127 j
Temperature Deg C
INTERMODULATION (IP3)
525
o—_ ]
52
g ‘\m..
z ~
c
2 51
=
El
b 50.5
E
K 50
.
/,,_“_9;54
-40 -20 [ 20 40 60 80
Temperature Deg C
ADJACENT CHANNEL
7
2 60
k]
2
H
2 67
o
-]
&
°
3
2
POy
-40 -20 0 20 40 60 80
Temperature Deg C

Centre-Freq-Acc. (kHz)

Deviation Accept. Up (kHz)

Deviation Accept. Down (kHz)

CENTRE FREQ. ACCEPT

2.5+
2.4
23
2
/

' 18 + + N
-40 -20 0 20 40 60 80
Temperature Deg C

DEVIATION ACCEPT. UP
3.5 o '
) A’
31
— N 3 —
-40 -20 o 20 40 60 80
Temperature Deg C
DEVIATION ACCEPT. DOWN
23
22
21
_/
1.6 4
" + 1 + .
-40 -20 [ 20 40 60 80

Temperature Deg C

Fig.10 AC parameters vs. supply and temperature

Conditions:- 282MHz GPS demonstration board i.e. 18dB
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LNA, 2dB noise figure, carrier frequency
282MHz, 1200bps baud rate, 4kHz deviation
frequency BER

1in 30.

~—&— Vcc1 =0.98V, Vee2 = 1.78V
—0— Vcel =1.3V, Vee2 =2.7V
—&@— Vccl =3.0V, Vee2 =4.0V




SL6609

Ieet REGULATOR VOLTAGE
1.02
L e
—
@ 1.01
H B___’/——/"‘\N
‘.’ 1
I g
£ 2 0.99
3 T
° 2 0.98
3
& — 0974
S S T
-40 -20 D 20 40 60 80 -40 -20 0 20 40 60 80
Temperature Deg C Temperature Deg C
lec2 1P3 with AUDIO AGC on/off
06 60
'\ (R18'= 33k, C8'= 100nF, R17 = 2k, R22 = 47k
\\ 5 Veet = 1.3k, Veo2 = 2.7V, 25°C)
055
L‘\
3 \ 40
£ 8
s 05 T 5
£ — 2
s - T 20
10
\ o
-40 -20 [} 20 40 60 80 0
Temperature Deg. C <120 -110 -100 -90 -80 =70 -60 -50
Wanted Signal (dBm)
BAND-GAP VOLTAGE
123 Note:- [IP3 is level above wanted needed to
reduce receiver to 1 in 30 ber.
7 ey e (measured on one demo board only)
3 —]
t . —#— AGC off
@ —73]
—LO— AGC on
-40 -20 0 20 40 60 80
Temperature Deg. C

Fig.11 DC parameters vs. supply and temperature
(IP3 vs audio AGC both on and off)

Conditions:- ICC1 includes 500pA LNA current but does not = Vool = 0.98Y. Vo2 = 1.78V
include the regulator supply (audio AGC inactive). T ’
ICC2 measured with BATT FLAG and DATA O/P —D0— Vecl =1.3V, Vee2 =2.7V

HIGH, Fc = 282MHz.
—&— Vccl =3.0V, Vee2 =4.0V
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GECPLESSE Y PRELIMINARY INFORMATION

N\ FP S EMICONDUCHT

D.S. 3853 1.5

SL6619

UHF DIRECT CONVERSION FSK DATA RECEIVER

This is a TARGET SPECIFICATION of an active development program. No guarantee of production availability of this product can be
given. Please contact your local sales office for further details.

The SL6619 is a Direct Conversion Receiver designed for
use up to 450MHz. It integrates all the facilities required for the
conversion of an RF FSK signal to a binary data stream.

FEATURES

W Very low power operation — typ 3.1mW E
@ Single cell operation for most of the device, ==
remaining functional blocks operating via an ==
inverter —
B Superior sensitivity
B Operation at wide range of paging data rates 512,
1200, 2400 baud
| On—chlp 1Volt regulator ‘ oI NAME . NAME
B 1mm thick small package offering 1 RF 7 Ay
B Automatic frequency control function 2 ﬁ?;('?p A 1 xggro .
4 MIX DEC 20 BEC
APPLICATIONS 5 MIXIP B 21 DATA OP
B Credit card pagers 7 VRea T % BATTFLAG
B Watch pagers s w 2 AR
B Small form factor pagers i.e. PCMCIA 10 12 26 BRF CNT
B Low data rate data receivers i.e. Security/remote ]‘2 }_’8}?. 5}', 5521
control 13 GYRI 29 TPLIMI
14 LOIP G 30 TC ADJ
15 at 31 GTH ADJ
ABSOLUTE MAXIMUM RATINGS 16 Q2 32 IAGC OP
Supply voltage 5.5V .
Storage temperature _55°C to +150°C Full package details to be advised.
Operating temperature —20°C to +70°C Fig. 1 Pin connections
28 23 13 8 7 6 29 4 20 " 22' 2 18
'[ T T 1T 71T T 7T
- BEC Vcc! Vec? GND VRer|
Va =14
Vr
MIXER 26
3 X i z
N N _r
2% 2%
| 4 LIMITER A
LIMITER
- % _J' DETECTOR 2
5

32

12 14 9 10 15 16 17 1 31 26 25

Fig. 2 Block diagram of SL6619
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GEC PLESSEY

RS

ADVANCE INFORMATION

'SL6649-1

200MHz DIRECT CONVERSION FSK DATA RECEIVER |

(Supersedes edition in May 1992 Personal Communications IC Handbook)

The SL6649-1 is a low power direct conversion radio
receiver for the reception of frequency shift keyed
transmissions. It features the capability of 'power down’ for
battery conservation.

The device also includes a low battery flag indicator.

FEATURES

Very Low Power Operation - typ. 3.7mW.
Single Cell Operation with Extérnal Inverter
Complete Radio Receiver in one Package.
Operation up to 200MHz.

100nV Typical Sensitivity.

Operates up to 1200 BPS.

On Chip Tunable Active Filters.

Minimum External Component Count

Low Power Down Current Typical SpA.

>
3
=
g
d
]
H
w

Low Power Radio Data Receiver.
Wristwatch Credit Card Pager:
Radio Paging.

Ultrasonic Direction Indication.
Security Systems. ‘
Remote Control Systems

ABSOLUTE MAXIMUM RATINGS

Supply Voltage 6v
Storage Temperature -55°C to +150°C
Operating Temperature -20°Cto +70°C

ORDERING INFORMATION
SL6649-1/KG/LCAS - Ceramic chip (LG28) carrier in tubes
SL6649-1/KG/MPES -Small outline (MP28) supplied in tubes
SL6649-1/KG/MPEF -Small outline (MP28)

supplied in tape & reel
SL6649-1/KG/LCAG - Ceramic chip (LC28)

carrier in tape & reel

3115 34

GND

BATTERY ECON T
GYRATOR CURRT ADS 1
REF VOLTAGE I
BANDGAP REF VOLT [T
vee2 15

81T RATE FILTER I
DATA OuTPUT 1]
GND T

ne

ne 1

Ne T

BATT FLAG INPUT 1]
BATT FLAG OuTPUT T

1 28
2 27
3 26
4 25
5 24
6 23
7 22
8 pal
9 20
10 19
1" 18
12 7
13 16
14 15

-1 CHANNEL B TEST.
=T LO INPUT CHANNEL B
FT L0 INPUT CHANNEL A
T Vet (MIXER)

1 MIXER P A

=I1 MIXERUPB

T CHANNEL A TEST
=13 L0 CURRENT SOURCE
=20 RFA Il (EMIT) RF DEC
F-XJ RFA It (BASE) RF INPUT
13 Rf DEC

3 e O

COLPITTS OSC O/P DISABLE

NC

MP28

.

INDEX 1 t

CORNER
LC28
PIN | DESCRIPTION PIN DESCRIPTION
v | Gno 28| CHANNEL BTEST.
2 | BATTERY ECON 27| LOINPUT CHANNELB
3 | GYRATOR CURRT ADJ 26 | LOINPUT CHANNEL A
4 | REF VOLTAGE 25 | Vel (MIXER)
5 | BANDGAP REF VOLT 24| MIXERWPA
s | vee2 23| MIXERIPS
7 | BITRATE FLTER 22| CHANNELATEST.
8 | DATA OUTPUT 21| LOCURRENT SOURCE
9 |enp 20 | RFA Il (EMIT) RE DEC
10 | NC 19 | RFA I (BASE) RF INPUT
"N 18| RFDEC
a2 | NC 17| Reom
13 | BATT FLAG INPUT 16| COLPITTS OSC O/P DISABLE
14 | BATT FLAG OUTPUT 151 NC

N.B.

Itis advisable to connect NC pins to ground. -

Fig.1 Pin connections - Top view
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SL6649-1

ELECTRICAL CHARACTERISTICS
These characteristics are guaranteed over the following conditions unless otherwise stated.
Tamb’—' 25°C, Vc(ﬂ =25V Vccz =3.5V

Characteristic Pin in V:::’e o Units Conditions

Supply Voltage Ve 1 25 VR 1.3 28 \" Veel s (Veg?) -0.7

Supply Voltage Vg 2 6,16 18 2.3 35 \

Supply Current Igc 1 12222;5 1.6 2.0 mA (re) Included

Supply Current Igc 2 6,16 0.65 0.80 mA

Power Down Igc 1 17,21,25, 5 12 pA Batt Econ Low

26,27

Power Down g 2 6,16 3 12 pA Batt Econ Low

Bandgap Reference 5 1.18 1.22 1.35 \"

Voltage Reference 4 0.93 1.0 1.13 \"

RF Amplifier

Supply Current (Igg) 17 460 640 pA

Power Down 17 pA Included in Power Down Igc1

Mixers

Gain to “IF Test” 32 38 dB L.O. inputs driven in parallel with
50mV RMS @ 50MHz. IF = 2KHz

Oscillator

Current Source 21 230 270 330 pA

Power Down 21 pA Included in Power Down g1

Decoder

Sensitivity 40 pVrms | Signal injected at “IF TEST"
B.E.R.<1in 30
S5KHz deviation @ 500 bits/sec
BRF capacitor = 1nF

Output Mark Space Ratio 8 79 9:7

Output Logic High 8 85 %Vec2

Output Logic Low 15 %Vcc2

Battery Economy

Input Logic High 2 (VCC2)-0.3 Powered Up

Input Logic Low 2 0.3 v Powered Down

Input Current 0.05 1

Battery Flag

Output High Level 14 85 %Vcc2 | Battery Low R > 1MQ

Output Low Level 14 15 %Vcc? | Battery High R >1MQ

Flag trig Level 13 Vg-26mV Vg +25mV \" Voltage Reference (Vg) pin 4

Colpitts Oscillator

Frequency 15 15 ::; 2 :gggk?g:nai;(:oegﬁb

250




SL6649-1

TYPICAL ELECTRICAL CHARACTERISTICS
These characteristics are guaranteed by design

Tamb=25°C, Vg 1225V Vg2 =3.5V

Characteristic Pin Vaiue Units Conditions
Min Typ Max
RF Amplifier
Noise Figure 55 dB RS = 50Q
Power Gain 14 dB
Input Impedance 19 See Fig. 8
Mixer !
RF Input Impedance 23,24 | See Fig 9 (a) and (b)
LO Input Impedance 26, 27 See Fig 10
LO DC Bias Voltage 26, 27 v Equal to pin 25.
‘Detector
Output Current 7 ‘ +4 pA
Colpitts Oscillator
Frequency 16 15 kHz R=270K, Pin 3 to GND
Output Voltage 16 20 mVp-p | RL>1MQ N.B. Refer to Channel
Filter Fig. 4.

RECEIVER CHARACTERISTICS (GPS Demonstration Board)
Measurement conditions (unless otherwise stated): Applications circuit diagram Fig.6; Vool =1.3V; Vgg2=2.3V,
Tﬁ,,,b=25°c, ; Collpitts oscillator resistor =270kQ; mixer input A and B phase balance =180°; local oscillator input A and B

phase balance =90°. Measurement methods as described by CEPT Res 2 specification. Fiy =153MHz (512 baud)
. Value
Characteristic Pin Units Conditions
Min Typ Max
Terminal Sensitivity Tone only 4/5 -127 -124 dBm . | Af=4.5kHz, Rg=50Q
call reception )
Deviation Acceptance +25 ' kHz | 3dB De-Sensitisation. Fyy=F o
Centre Frequency Acceptance +20 25 kHz Af=4.5kHz
Adjaceﬁt Channel Rejection 65 70 dB Af=4.5kHz Channel Spacing 25KHz
Adjacent + 1' Channel Regection . 65 70 ds External capacitors on test
Third Order Intermod adj-1 + adj-2 52 53 ~.dB pins A and B.
IN‘;ZT CHANNEL LIMITING
MIXERS FILTERS AMPLIFIERS
) e /
~ DATA
RF ! AMPLIFIER
AMPLIFIER
~ ) 1o DATA
DETECTOR | orP
1/,
\
Q
< .
~ f

Fig.2 Block Diagram of SL6649-1 Direct Conversion Receiver

251



SL6649-1

PRINCIPLE OF OPERATION

The incoming signal is split into two parts and
frequency converted to baseband. The two paths are
produced in phase quadrature (see Fig 2) and detected in
a phase detector which provides a digital output. The
quadrature network must be in the local oscillator path.

At a data rate of 512 baud and a deviation frequency of
4.5kHz, the input to the system has a demodulation index
of 18. This gives a spectrum as in Fig 3. f; and f,
represent the ‘steady state’ frequencies (i.e. modulated
with continuious ‘1’ and ‘0’ respectively). The spectrum in
Fig 3 is for reversals (a 0-1-0-1-0-1 etc. pattern) at the
system bit rate; f; is the nominal carrier frequency).

When the LO is at the nominal carrier frequency, then
a continuous ‘0" or ‘1’ will produce an audio frequency, at
the output of the mixers corresponding to the difference
between fg and f; or f; and f;. If the LO is precisely at f,
then the resultant output signal will be at the same
frequency regardless of the data state; nevertheless, the
relative phases of the two paths will reverse between ‘0’
and ‘1’ states. By applying the amplified outputs of the
mixers to a phase discriminator, the digital data is
reproduced.

TUNING THE CHANNEL FILTERS

The adjacent channel rejection performance of the
SL6649-1 receiver is determined by the channel filters. To
obtain optimum adjacent channel rejection, the channel
filters’ cut off frequency should be set to 8KHz. The
process tolerences are such that the cut off frequency can
not be accurately defined, hence the channel filters must
be tuned. However the receiver characteristics on page 3
can be achieved with a fixed 270kQ resistor between pin 3
and GND.

Tuning is performed by adjusting the current in the
gyrator circuits. This changes the values of the gyrator's
equivalent inductance. The cut off frequency is tuned to
8KHz. To accurately define the cut off of the channel
filters, a gyrator based Colpitts oscillator circuit has been
included on the SL6649-1. The Colpitts oscillator and
channel filters use the same type of architecture, hence
there is a direct correlation between oscillator frequency
and cut off frequency. By knowing the Colpitts oscillator
frequency the channel filter cut off frequency can be
estimated from Figure 4.

Once the channel filters have been tuned it may be
necessary to disable the Colpitts oscillator. The Colpitts
oscillator is disabled by connecting the Colpitts oscillator
output/disable pin (pin # 16) to Vgg 2. This is needed
since the Collpitts oscillator may impair the performance of
the receiver.

[}
40 ! Graph showing relationship
] between Colpitts oscillator and
H the gyrator filter characteristics
Knee  3g] T T TTTTTITTTTITTTTGTTTS v
Frequency H H H H H
of Gyrator 1 | 1 1
Filters (KHz) 1 ' : i i
20 7 .
] 1
1 i i
i i 1
] ] 1
S S Foees
10 1 \ 1 1 |
1 1 1 i 1
1 i 1 i
\ ) ] 1 1
1 ' 1 1 1
t t t t +—>
10 20 30 40 50

Colpitts Oscillator Frequency (KHz)

Fig. 4

fy fe fo

Gyrator current adjusted to give a 15KHz oscillation at the output of the
Colpitts oscillator. Oscillator disabled

Attenuation

(dB)

10K 100K ™

Frequency (Hz)

Fig. 3. Spectrum Diagram
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Fig. 5 Channel Filter Response
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SL6649-1

COMPONENTS LIST FOR FIG.6

Capacitors Resistors Inductors Transformers Miscellaneous

C1 inF  Ctti1nF R1 2.2kQ L1 10pH T1 1:1 Transformer IC1  SL6649-1

C2 1nF  Ci121nF R2 500kQ Variablg L2 220nH Primary/Secondary | TR1 SOT-23 Transistor

C3 1nF  C1310pF R4 100Q L3 150nH Inductance = 200nH with ft=1.3GHz

C4 56pF Ci41nF R5 1000 L4 100nH (EG. ZETEX BFS 17)

C5 1nF C1510pF R6 100Q X1 153MHz 7th

C6 2.2uF C161nF R7 1000 overtone crystal

C7 1InF C175.6pF R8 100KQ VC2 1.5-10pF

C8 InF  C184.7pF

C9 2.2pF C191nF

C102.2yF C201nF

T8 0B OA M8 MA TA Of RDBRIRDA RO
28 27 26 24 23 22 21 20 19 18 17
7= Ormmm e QO e e e e e o R o R e o P e Qe ==Qe0=QwmaQemm— -
; :
] )
] ]
] ]
) )
: 15 :
' 15K\, 4 !
) * )

] ]
] []
(] 1
‘ SOpA '
: Ve ' 1 :
] ]
] 1
1 1
] ]
! 20K aK !
[ 1
] [}
] )
(] ]
] ]
i 56pA l i
] 1
] ]
] 1
[} 1
| H :
i 2pA v XS |
: e :
! :
1 Vr ]
] ]
] [}
] —— ]
] ]
1] 1
1 1
[} 1
] ]
] ]
] 1
] []
! !
i vr i
] )
1 )
] ]
] 1
1 ]
1 1
] )
] )
] 1
] ]
] ]
(9 4

Fig. 7 Pinning Diagram of the SL6649-1




SL6649-1

MAG =3

/\\ﬂ
\

FREQ St1 S12 S22 S21

MHz MAG. ANG. MAG. ANG. MAG. ANG. MAG. ANG.
100.000 0.963 -15.971 | 0.016 120.281 1.036 -3.440 1.460 157.948
150.000 | 0.949 -21.603 | 0.017 121.732 0.991 -5.524 1.390 142.732
200.000 0.934 -27.247 | 0.017 123.174 0.946 -7.608 1.321 127.508
250.000 0.906 -33.835 | 0.021 124.612 0.938 -10.156 1.261 115.531
300.000 0.876 -40.519 | 0.025 126.042 0.934 -12.744 1.201 103.830
350.000 | 0.846 -45.789 | 0.029 139.335 0.925 -14.380 1.132 95.446
400.000 0.816 -50.979 | 0.032 153.381 0.915 -15.955 1.061 87.270
450.000 0.781 -58.616 | 0.039 163.051 0.872 -18.015 0.986 78.111
500.000 0.746 -66.363 | 0.045 172.537 '0.827 -20.094 0.910 68.910
550.000 0.700 -72.624 | 0.062 165.197 0.771 -19.691 0.854 65.157
600.000 0.655 -78.856 | 0.079 157.518 0.716 -19.231 0.798 61.518

Fig.- 8 - RF Amplifier
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SL6649-1

O sn
FREQ. MAG. ANG.
100.000 0.943 -14.921
150.000 0.929 -21.059
200.000 0.914 -27.208
250.000 0.904 -35.234
300.000 0.895 -43.439
350.000 0.866 -52.138
400.000 0.836 -60.882
450.000 0.796 -68.177
500.000 0.756 -75.417
550.000 0.726 -82.654
600.000 0.696 -89.883
Fig. 9a
O s11
FREQ. MAG. ANG.
100.000 0.963 -10.019
150.000 0.953 -15.143
200.000 0.944 -20.277
250.000 0.930 -20.764
300.000 0.915 -20.853
350.000 0.891 -30.479
400.000 0.866 -40.734
450.000 0.846 -46.135
500.000 0.826 -51.344
550.000 0.806 -57.057
600.000 0.786 -62.785
Fig. 9b SL6649-1 Mixer RF input pin. 24
0 s11
FREQ. MAG. ANG.
100.000 0.993 -11.020
150.000 0.983 -16.144
200.000 0.974 -21.277
250.000 0.960 -27.820
300.000 0.945 -34.499
350.000 0.954 -39.765
400.000 0.946 -44.952
450.000 0.927 -52.586
500.000 0.907 -60.331
550.000 0.877 -67.086
600.000 0.847 -73.819
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Fig. 10 SL6649-1 Mixer LO input pins 26 and 27.




SL6649-1

METHOD FOR THE MEASUREMENT OF SENSITIVITY ON THE SL6649-1 RECEIVER

The method used by GEC Plessey Semiconductors in the measurement of terminal sensitivity is essentially the same
as that described in the Cept. Res2 Specification.
This method requires the following equipment:
A signal generator e.g. HP8640
A pocsag encoder
A pocsag decoder e.g. MV6639
An SL6649-1 Demo Board. )
An interference free low impedance P.S.U. (Vcc1 and Vec2 must be separate supplies and there must be at least
0.7V difference between them). Recommended supply configurations are shown in Fig. 13.

AN~

The test equipment and D.U.T. are set up as shown in Fig. 11.

The R.F. frequency is set to the nominal L.O. ‘frequency of the receiver and the peak deviation is set to 4.5KHz.
Care must be taken to avoid long power supply leads and any ground loops. Any interference from the decoder will be
reduced by the insertion of a high value resistor R1. (100KQ)between the receiver data output and the decoder input.

pomsmmose oo o - o s mme oo .
1 _————— e ] B.E.R.
i I METER
: 1
@ POCSAG
POCSAG g1 i DECODER
ENCODER ———-'___J
MOD /P Rt
w| SL6649-1
RF. °% = RECEIVER —
GEN VCC1 GND vCC2 or
0/SCOPE
1.3V 0 2.3V
P.S.U.

Fig. 11 Test System

The generator output level is reduced successively until the decoder responds just 4 out of 5 times to the encoder
signal. This output level is then recorded as the sensitivity threshold of the receiver.

We find that this threshold correlates to a bit error rate of 1 in 30. The data output waveforms for an input level which
produces a B.E.R. of 1 in 30 and for input levels 2dB above and below this level, are shown below (square wave input). It
can be seen that the edge jitter increases dramatically at signal levels below the sensitivity threshold of -127dBm. Typical
waveforms that can be seen on an oscilloscope around the sensitivity threshold level are shown in Fig. 12.

~NB. In performing the sensitivity measurement great care should be taken in preventing coupling between test leads.

-125dBm -127dBm -129dBm
(Above Threshold) (Threshold) (Below Threshold)

Fig. 12. Waveform at Data O/P
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SL6649-1

PIN | MNEMONIC FUNCTION PIN | MNEMONIC FUNCTION
1 GND Ground 15 UNC
2 BEC Battery Economy 16 CcOo Colpitts Oscillator
3 Gl Gyrator Current Adjust Output/Disable
4 Vr Reference Voltage 17 RO RFA | (collector) RF Output
5 BG Bandgap Reference Voltage 18 RDA RFA | (base) RF Decouple
6 Vc2 Vee 2 19 RI RFA Il (base) RF Input
7 BR Bit rate Filter 20 RDB RFAIl (emitter) RF Decouple
8 DO Data Output 21 [o]] LO Current Source
9 GND Ground 22 TA Channel A Test
10 UNC 23 MA Mixer I/P B
11 UNC 24 MB Mixer /P A
12 : UNC 25 VCIM V1 (mixer)
13 Fl Battery Flag Input 26 OA LO Input Channel A
14 FO Battery Flag Output 27 OB LO Input Channel B
28 TB Channel B Test
Power Supplies
>t
N — I 1.
or1X3v T T
- vCe2 VvCC1 -
SL6649-1
: GND
2 =
DCtoDC 3vA.4mA
22 Converter | _—>
N - -
T ixisv = vee? vee
SL6649-1
GND
(b)
_]_ | 2u2
AEN el
::: vce2 vee
SL6649-1
GND

(c) should be regarded as a test set up only.

(c)
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Fig. 13 (a) SL6649-1 Power Supply Options




PAGER APPLICATION EXAMPLE

A typical 1 volt pager system suitable as a wrist
watch application is shown in Fig. 13 (b). Only 3
integrated circuits are required to perform all the functions
of a tone only pager. These are SL6649-1 direct
conversion radio receiver and the MV6639 POCSAG
decoder plus a 1 volt E2PROM (eg Seiko Epson
SPM28C51).

The SL6649-1 receives and demodulates the data,
and monitors the battery voltage. The interface between
the decoder and receiver consists of only 3 connections
excluding the supplies.

SL6649-1

The MV6639 performs all the function required for a
POCSAG decoder for tone only and/or pager messaging
at 512 or 1200 baud. A 32KHz watch crystal is used as
the reference frequency for the decoder.

The decoder voltage doubler output Vgg, is available
to power not only the receiver, but an alternative higher
voltage E2PROM and microprocessor/LCD driver for a full
tone and message pager.
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cock |8 2o DIN — 8| pata out
4 =12 5| 25 Ve | 25
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E2PROM VDD1
e.g. SEIKO 23 ¥ 6
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21
mvesss xi—=—1_ __+{}-¢ N | sie649-1
R l, X2 —4———-—-[20 = -+ b
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q e ON 102 1 1 19
MEM \ 13 17
REPLAY TO1
I 14 16 e
| MEM VA

'*l 1 GND

SEE SL6639-1 DATA

SHEET FOROTHER
REQUIRED RECEIVER
COMPONENTS

Fig. 13 (b) Tone Pager applications example showing interface with SL6649-1 receiver

OPERATION AT OTHER FREQUENCIES AND DATA
RATES

The values given in the components list on page 6
are appropriate for frequencies nominally around
153MHz. In order to use the receiver at other frequencies
it is necessary to change the capacitor C4 which is
resonant with the transformer T1, and L2 and L4 in the
oscillator circuit.

It is also necessary to change the values of capacitors
C13 and C15 such that the reactance of these is equal to
100Q at the required frequency.

It is of course necessary to use a crystal of the
required frequency and stability. In order to use the
receiver at higher data rates it is only necessary to reduce
the value of C8, for example, at 1200bps, C8 = 470pf.

A demonstration board has been designed
specifically to demonstrate terminal sensitivity. It is
possible to connect an antenna to the board with suitable
matching but no guarantee can be given regarding field
strength sensitivity. However, with a suitably designed
combination of PCB and antenna, a sensitivity of 5pV/M
should be attainable.
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APPLICATION NOTE AN112

Issue 2.2

THE NJ88C24 PHASE DETECTORS

This application note deals with the theoretical and practical
behaviourof Sample andHold type Phase Locked Loop Synthesiser
ICs. The implementation uses an NJ88C24 device and concen-
trates on the analysis of its phase detectors, the functionality of the
digital phase detector and its analog post processing unit (which
uses a ramp generator to increase the gain of the digital phase
detector) and a sample and hold delay filter. Having characterised
the phase detectors, consideration is given to modelling a complete
loop using the NJ88C24 and comparing those predictions with the
practical result. Some previously unpublished information is pre-
sented, which should make this note of interest to both new and old
users of this type of PLL Synthesiser.

be examined in its most basic form, from which the need to
analyse both the digital and analog phase detectors will emerge.
The complete schematic of the input buffers, the dividers, the
phase comparator, the digital phase detector output, the analog
phase detector output and its control logic will be discussed first.
Adescription of theirfunctionfollows, with a detailed examination
of both detectors’ functions, testing and measured results. An
analysis of the phase detectors' gains is carried out and the
equations for the loop components are written. A comparison is
made between the result of the expression which mathematically
models the behaviour of a loop and its practical implementation
in an evaluation card.

INTRODUCTION

The initial goal is to derive a model of the NJ88C24’s phase
detectors which can be used to solve the external component
values around the loop filter for a particular set of loop param-
eters:the loop natural frequency (), the loop damping factor ()
and the division ratio between the VCO output and the phase
comparator input (N). The component values are calculated
using general network analysis techniques. Note that the trans-
fer function of the phase detector gain has not been generally
available from previous application notes; the following discus-
sionis intended to redress this omission. The form ofthe loop will

GEC PLESSEY
ﬁ APPLICATION NOTE

ANS4-1.1

AN-94
USING THE NJ88C33 PLL SYNTHESISER

Abstract:

Atutorial intended to assist with the understanding of the basic parameters of a single-loop, phase-feedback frequency locked
oscillator. Since the uses of phase-locked loops are many and varied, only a sample of their uses and design equations have
been given here. Some mathematical ability is necessary to deal with the ideas expressed. To assist, all working has been shown
for the derivation of the formulae. The aim of this note is to encourage manipulation of the variables and build confidence with
phase-locked loop parameters in general. Itis recommended that all formulae derivations are followed through with pencil and
paper to gain a full understanding of their function. The NJ88C33 has been used as the particular example.

Introduction

The NJBBC33 s a single chip solution for VHF PLL Synthesis, capable of lower levels of phase-noise than earlier PLL ICs since
it uses current source outputs from the phase detector to charge pump a passive loop filter, rather than the active types favoured
previously. The simplest type of practical loop using this phase detector is of “the third order, type two”. An analysis of these
loops is not generally available from control theory books, prompting the generation of this Tutorial Note.

In Part A we introduce the NJB8C33. The implementation of a third order charge pumped phase-locked loop is examined in
Part B where the loop equations are developed using standard control theory to predict the time and frequency responses for
the basicloop. Part Cis devotedto bench measurements of the parameters involved to prove the equations of Part B and explains
the use of the evaluation card and a simple programming board to gain an insight into how the device works with its programming
sequences. This section also covers a discussion of commonly encountered problems when designing circuits using synthesiser
ICs, along with an examination of the sensitive areas of the NJ8BC33. Last, but not least, is a series of Appendices which deal
with the derivation of the basic concepts behind the formulae used in the loop analysis.

Please contact your local GPS Customer Service Centre for copies of both these Application Notes.
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MV3100 CODEC EVALUATION PACKAGE

SUMMARY

This Application Note describes the evaluation package
for the MV3100, 3 Volt Codec for Digital Mobile Telephones.
The package contains hardware and supporting software for
use with IBM PCs or compatibles.

The Hardware of the evaluation package consists of a
printed circuit board containing two MV3100 codecs with full
access to the analog and PCM ports. The control data ports
are buffered to allow control from a PC working at TTL voltage
levels. The board also contains circuitry to supply the
necessary clock signals to the codecs so that the board can be
used without additional hardware. The software of the
evaluation package allows the control of the programmable
features of each codec independently.

The evaluation package allows users to try out the range
of options offered by the codecs but it is not suitable for the
verification of all specified parameters.

HARDWARE DESCRIPTION

The hardware of the evaluation package consists of aPCB
and a cable with which to attach it to the parallel port of a PC.
The PCB contains two codecs each with an interface tothe PC
controller. This allows a full duplex link to be made or two
parallel circuits, with differing set-ups, to be compared.

The two codec circuits are completely separated apart
from the common power supply. The applied voltage (VCC on
the circuit diagram) should be 2.7V to 3.6V with respect to
AGND. )

The board also contains a clock generating circuit that can
generate the clocks required for back to back operation. The
.clocks operate from a separate power supply to the codecs
and VDD should be 5V +10% with respect to DGND.

N.B. AGND and DGND should be connected at a single
point, at the board power connector if not connected
elsewhereinthe system. VDD should be connected evenifthe
clocks are not required.

The cable consists of a ribbon cable with a 25 way D type
plug onone end and a 24 pin DIL header on the other. The D
type should be connected to the parallel (printer) connector of
aPC, the DIL should be connected to SK9 on the PCB so that
wire 1 (brown) is at the end of the socket with pin 1.

Codecs
Each codec has four separate interfaces:-

The PMconnectorhas allthe signals forthe PCM interface
and timing. FIN is the master 32kHz clock from which the
codec PLL derives the internal clocks. The BCLK signal is
used to clock data in (RXIN) or out (TXOUT) of the PCM
interface, -it may consist of a continuous clock or a train of
pulses as defined in the data sheet. The frame sync. pulse FS
should be high for one clock cycle of BCLK every 125us.

The balanced inputs to the microphone amplifier MIC1 and
MIC2 are on the MIC connector and also on a pair of BNCs,
each has a DC blocking capacitor. An audio signal at -35 dBV
with the input gain setto nominal will produce a 0 dBm0 PCM
output signal. The connector also has AGND and VCC for
biasing the microphone if this is required. The auxiliary audio
input and output are also on this connector.

The output from the summing amplifier LSC2 is taken to
the LS connector where it should be connected to the input to
the Loudspeaker amplifier LSC1' either directly or via an
external filter if that is required. The balanced outputs from the
Loudspeaker amplifier LSOPP and LSOPN are then taken to
the same connector and to a pair of BNCs.

The control interface to both codecs comes through the
parallel data cable from the PC. The four controlinputs to each
codec are driven from the data port via open collector buffers.
Other signals are routed through the PCs Control and Status
registers on the same connector. N.B. if two or more parallel
ports are detected the lowest number port will be used.

As the interfaces take significant current the codec power
consumption cannot be measured with this board.

Clock Circuits

The on board clock generator circuitry needs to be
powered by a separate 5 V £10% supply (VDD). A crystal
oscillator provides a 16.384MHz clock from which all the on
board timing signals are derived. These signals are then
passed through open collector buffers to convert the signals
to 3V logic levels. The signals produced are, BCLK_OUT (a
1 MHz square wave), FIN_OUT (32kHz square wave) and
FS_OUT (a pulse every 125us).
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The clocks can be controlled by an option on the opening
menu. They should be switched off if external timing signals
are being supplied to the codecs.

SOFTWARE DESCRIPTION

The Software allows complete control of the internal
registers of both MV3100 codecs onthe demonstration board.
It is designed to run on any IBM PC or compatible with DOS
2.11 or later, a screen that will display 80 x 25 text and a
parallel port. It will also run as a DOS application under
Windows or OS/2.

The software requires ansi.sys to be loaded. If the Control
Menu (see below) appears with a jumble of numbers and
square brackets at the bottom of the screen ansi.sys is not
loaded. Quit the programme and use a text editor to add aline
such as “device = c:\dos\ansi.sys.” to the config.sys file and
reboot the computer. The Program should now run correctly.

The opening screen offers a choice of the two codecs to
program or a short screen of instructions. Choosing 1 or 2 will
display the control menu of the appropriate codec. This shows
the status of all the programmable settings of the device.
Option 3 will display a short list of instructions. Option 4 allows
the on board clock to be switched on or off. Option 5, Qor Esc
will exit to the operating system.

Control Screen

Each codec has a separate control screen. Oninitial entry
the program displays the codec status at power up.

Tochange any setting move the cursor to the relevant line
usingthe arrow keys. Usethe + and - keystochange the value.
Functions with only two options will toggle between them. The
P. C. M. mode will cycle between Linear, A-Law and u-Law.
Gain settings will increase (+ ) or decrease ( - ) until their limit
is reached and then stop at that value. Note that gain changes
can be made whether the amplifiers are in standby or active
modes and that powering down the amplifier has no effect on
the gain settings. As the main and auxiliary gains are setin an
amplifier common to both paths changing one value also
changes the other.

If any value is changed on screen new data is immediately
sent to the codec register. If the program returns to the control
menu from the disc interface menu with altered values, all
registers and screen values are updated accordingly.

Other Control Screen options are:-
1. View Registers will display all the register contents in
Hexadecimal and Binary.

will Select the Disc Interface Menu,
see below.

will program all six registers with the
current settings.

will return to the opening screen.

2. Disk Interface
3. Update Registers
4. Quit

As the program cannot detect if power is present on the
board it is recommended that option 3 is used if either
power supply to the board or the serial interface is
interrupted. This will ensure that the status displayed will
match that in the codec. Note that each codec will need to
be updated separately each from it’s own Control Screen.

The Control screen with the codec set for normal use will look similar to that below.

GEC ~ Plessey Semiconductors : MV3100 CODEC number 2 : Control Software
MENU

Digital circuitry Active

PLL and Voltage reference Active

Microphone amplifier Active

Loudspeaker amplifier Active

Auxiliary amplifier Active

Base Station mode Ooff

Sidetone path On

PLL clock enable On

Auxiliary input Off

Transmit mute Normal

Receive mute Normal

P.C.M. Mode Linear

Transmit Main Path Gain +34.8dBm0/dBv

Transmit Auxiliary Path Gain +19.9dB

Receive Main Path Gain -6.1dBv/dBm0

Receive Auxiliary Path Gain +13.4dB

Sidetone Gain +25.7dB

1. View Registers 2. Disk Interface 3. Update Registers 4. Quit
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Disc Interface Screen

On entry the screen will show the disc interface menu and
the current register settings as hexadecimal numbers. These
will change if new register settings are loaded.

The Disc Interface Menu allows the following actions:-

1. Load a set of register values from disk, the file must be
ASCll text with the registers in order and their contents in
hex separated from an equals sign by a space. Extra text
notes are ignored. The file should have type extension
.gps.

2. Save a set of register values to disk as an ASCll text file.
Do not specify an extension, .gps will be used.

3. Register values to be set "Nominal “ ie. all circuits
switched on (apart from the Auxiliary input and Base
station mode) and gain settings at the specified nominal
levels (see data sheet).

4. Register values to be set at the same status as when a
codec has been reset or after power up.

5. Return to the Control Menu with the modified register
values and program the device with them.

Q. Returntothe Control Menu without changing the device or
program registers.

EXAMPLE SET UP
Connect the Evaluation board to a PC using the lead in the kit.

Connect AGND and DGND to the OV of a power supply, 3V
to VCC and 5V to VDD.

ConnectFS_OUTtoFS_1and FS_2; FIN_OUTtoFIN_1 and
FIN_2; BCLK_OUT to BCLK_t1and BCLK_2.

Connect TXOUT_1 to RXIN_2 and TXOUT_2 to RXIN_1.
Connect LSC1_110 LSC2_1 and LSC1_2to LSC2_2.

Connect a microphone (eg Panasonic WM-034) to each pair
of MICIN inputs using suitable biasing.

Connect loudspeakers (eg Panasonic WM-70S) between
each LSOPP and LSOPN.

isc supplled in the drive of the PC and

an
UU.I:I\C.

AN151

Select 1 from the opening menu followed by, 2 to get the
disc interface menu, 3 to get the “nominal “ register settings
and 5 to load these settings to codec no 1. Now press 4 to
return to initial menu and repeat the process for codec 2.

You shouid now have a fuil duplex link estabiished using
linear PCM. If you want to try companded speech, either A-
Lawor u-Law remember to set both codecs to the same mode
otherwise it will sound awful!

LAYOUT AROUND THE MV3100

The four ground pins, GNDTX (5), GNDRX (10), GNDD
(31), GNDPL (40) must all be connected together preferably
to aground plane. If it is wished to separate the digital ground
to reduce noise in the audio circuits, the two should meet at a
single position, preferably close to the codec.

The four power pins VpTX (1), VoRX (11), VoD (25),
V,oPL(39) should all be connected to the same power rail. To
reduce digital noise breakthrough into the analog they should
be separately decoupled to the ground plane. Track lengths
should be kept to a minimum.

The PLL capacitor should be close to the codec and track
lengths to the pins CDO (41), CD1(42) kept as short as
possible. As far as possible noisy signals should be routed
away from these tracks. The capacitor should be a low
leakage type. In ceramictypes X7R (or NPO ) would be better
than Y5V or Z5U, though of course more expensive. Better still
would be certain types of plastic film capacitor but these tend
to be larger and may not be available in surface mount form.
A possibility is the Wima MKS01 series.
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AB43 1.4

A USER FRIENDLY GUIDE TO PLL SYNTHESISER DESIGN

An excellent and comprehensive treatment of PLL theory
and design compromises for optimum performance is
presented in the two application notes . It is however felt that
a much simplified procedure for designing the loop filter used
with the GPS NJ88XX series of synthesiser IC’s was needed.

This simpler description is presented for those who do not
require the ultimate performance from their PLL designs and
should enable an adequate and reliable synthesiser to be
designed.

REFERENCE PHA
OSCILLATOR DETECTOR
f
DIV, | Loop @ o
BYR FILTER \or
DIV BY
N

Fig.1 Basic phase locked loop

The basic PLL architecture shown in Fig. 1 will be used as
the basis for this design procedure and we can calculate
certain fundamental loop filter parameters common to all PLL
synthesiser loops. Having obtained these we may then
consider the implementation of different PLL filter
configurations to suit different synthesiser types.

To begin we must consider the following parameters which
arise out of the specification of the synthesiser application.

a). The comparison frequency (fcomp) Which is derived
from the reference oscillator (f;) divided by R, (the reference
divider ratio). feomp is usually in the range 10KHz to 200KHz.

b). The output frequency (foy). This will determine the
type of VCO used, e.g. a varactor controlled tuned circuit at
VHF or a dielectric resonator for very low phase noise at SHF.

c). The total division ratio (N) which is the product of the
internal divider ratio (M) and the external prescaler ratio (P) if
one is used. The output frequency (foy) is N X fomp. S0 N=
fout/fcomp-

d). ?he frequency step size (fstep) this may be equal to, or
some multiple of the comparison frequency.

e). The settle time (ts) which for a given step size is the
time taken for the output frequency to change and reach a
given offset frequency (fos) from the required new output
frequency.

f). The modulation frequency range. This will depend on
whether speech or data is to be transmitted and is usually in
the range 300Hz to 200KHz but may be in excess of 1.0MHz.

From the above criteria we can decide on suitable values
for our basic loop parameters which are the filter’s natural loop
frequency (w) and damping factor (f). In this simplified

treatment we will make £=0.707 which will give a loop that is
critically damped (i.e. no overshoot). This is an assumption
often made in PLL design.

The value of  must be less than half the minimum
modulation frequency. If modulation is not used then it is
desirable to make w as high as possible to give lowest
“close~in" phase noise at the output. The choice of » will also
affect the reference frequency sideband attenuation which is
poor for a high w.

We may choose a fairly optimum value for o by using
equation 1.

=In E (rag/seq)
(1) 1 s;

fo (1)
where E=-%
Step

We are now in a position to consider some actual PLL
circuits and determine the external component values
required.

Active loop filter topology

The first circuit topology is illustrated in Fig. 2 and is the one
most commonly used with the NJ88C2X series of
synthesisers. This circuit uses a low noise operational
amplifier configured as an active filter followed by a passive
RC filter.

267



AB 43

@ DIVIDE
d BY
R

f out

DIVIDE
BY
M P

Fig.2 PLL circuit topology using active filter

The VCO gain (Ky) is in general fixed for any given VCO
and a VCO is chosen with sufficient gain-(rad/s/V) to give the
required maximum frequency step size within the constraints
of the op—amp output voltage swing. If the non—inverting input
to the op—amp is biased at ¥%Vpp, then the magnitude of the
maximum output voltage step will be approximately
(Vop—1)~(¥2Vpp)-

We now need to choose a value for the phase detector gain
(Kpg)- In the NJ88C2X series of synthesisers we have
eff%ctively two phase detector outputs with gains Kpda and
Koap respectively. The value of Kpq, is controlled by the values
of an external resistor RB and external capacitor CAP. Refer
to the relevant data sheet on how to select these values. the
value of Kyqp, is Vpp/4m and is fixed by the supply voltage. The
choice of Kp4a will depend on factors such as the phase noise
requirement of the synthesiser or the frequency aperture over
which it operates. A typical value of K,4a would be 200V/rad.

The next step is to select values for Ry and Ra. If we
assume that the tuning range of the VCO 1V less than either
extreme of the op—amp’s linear range then the maximum
voltage step range (Vgtep) is 1V. This sets the minimum value
for the Ry, R3 parallel combination. If we set Ro=R3 then;

V.
R, =R, = 2(/;’9”).
max

Where Inay. is the op—amp’s maximum output current.

We find the value of Ry, from equation 2.

_ KoK PR + 28) @)
27 " Np(1 + 22R)

The value of R in this equation is defined in the text of
AN112 and is typically in the range 3 to 20.

It will depend on how we wish to compromise between
comparison frequency sideband rejection and the possibility
of loop instability. A fairly safe assumption is to make R=10.

To determine the value of Rg we use equation 3.
Rip = (AdVpop/ AVou)Re 3)

Where dV,45=Vpp/2 and dV,i= the maximum incremental
voltage that can be permitted at the op—amp output, which is

the 1V found above.
Alithat now remains is to calculate values for the capacitors
Cz and C3. We use equations 4 and 5 respectively.

o, = Kol + )
2= "NRR, 0 “)

C;y = 1/[0(28 + R)R,] (5)

Design example

As an example let us design a loop to meet the following
specifications:—

fot =1GHz

fcomp = 50KHz (hence N=20,000)

fstep = 100KHz

fos = 1KHz

ts =1ms
modulation = none
Vpp =5V

Imax = 1mA
Vstep =1V

Ky = 189Mrad/s/V
Kpda =200V/rad

_—InE
w = t,C

__—Ino0.01
0.001x0. 707

= 6513 rad/s (1. 04KHz)-

2V,
R, = Ry = —=.

I max

= 2KRQ (use 2. 2K)-

KoK Ro(R + 20)
T T Ne(T +26R)

_200x189x105x2x103(10 + 1 . 414)
2x104x6513x15 . 14

= 437 . 5KQ (use 430K)--



dvpdr 2.5 3
A = (Fv— A, = (3) 2x10

= BKQ (use 4.7KQ)

c. = Kv Koadl2C + 1
2" 'NRR, w?

- 189x106x200X11 . 414
20x103x10x437 . 5x103x42 . 4x108

Passive loop filter topology
The other circuit topology to be considered is shown in
Fig.3 and is used with the NJ88C33 synthesiser. Unlike the

AB 43

116nF (use 120nF)

1
o 25+ R) Ay

- 1 .
"~ 6513x11 . 414x2x10°

C =

6.7nF (use 6. 8nF)

previous example there is only one phase detector output and
the loop filter is passive.

|

DIVIDE
BY

@

P
ly'

-
R2
C1 c2

|
L

DIVIDE DIVIDE
1 BY BY
I M P
Fig.3 PLL circuit topology using passive filter
We obtain values for w and § in the same manner as we did Ky = 5MHzV/
for the previous loop filter type. In this example the value of R Kpd = 2.5x10-3A/Hz
is set equal to 6. The VCO gain (specified in MHz/V) is again
fixed, as is the phase detector gain in this type of synthesiser
(specified in amps/Hz). 0=—InE
We now calculate the value of C4 from equation 6. 23
c. = KvKer — __—lInixi0-¢
1= N?(1 + 22R) ®) 4. 14x10-3x0 . 707
In order to find the values of the remaining two components = 3 .
C» and R, we use equation 7 to determine T, (= Ry Co) and 8.139x10° rad/s (500Hz)
equation 8 to find the value of C,. o - Ky Kyg
7. = R+ 1) 17 Ne?(1 + 2ER)
27 "R @)
- 5x108x2 . 5x10-3
C,=C [0T, 2+ R) -1} (8) 1400x(3 . 139x103)2 . (+ 2x0 . 707x6)
Design example = 95nF (use 100nF)
As an example we will design a loop to meet the following 2R+ 1
specifications:— To==,m—
foa = 70MHz
fcomp =  50KHz (hence N=1400)
step = 1MHz
= 100Hz

0S
4.15ms

s =
modulation = none
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_2X.707x6 + 1
3. 139x10%x6

= 504us-

C, = CioTy + R) - 1]-
= 95x10~°[504x106x3 . 139x10%(1 . 414 + 6) — 1]-
= 1.02uF (use 1uF)-

R, =2 - 504x10-6

27T, ~ 1.02x10-¢

= 494Q (use 470R)-

270

Conclusion

The two examples given above should enable someone
with little or no experience of PLL design to make an adequate
synthesiser loop filter. It is not expected that this simple
approach will achieve the best possible performance in terms
of settle time or phase noise. For more exacting applications
refer to application notes AN112 and AN94.



Multimodulus Division

AN132

This Application Note compares the various techniques currently employed in phase locked loop (PLL) frequency
synthesiser designs with the technique of muitimodulus division embodied in the GPS NJ882X series of synthesiser
controllers when combined with the SP87XX series of two-modulus prescalers.

DIRECT DIVISION

Phase Locked Loop Frequency Synthesisers of the form
shown in Fig. 1 suffer from the problems inherent in producing
fully programmable dividers required to operate at appreciable
frequencies while not consuming excessive power. Although
advances in small geometry integrated circuit technology
make any figures obsolescent, guaranteed operation above
about 50MHz still requires relatively high power.

FIXED PRESCALING

Fixed prescaling, as in Fig. 2, is widely used, but for a
division ratio of P in the prescaler, the phase comparison
frequency of Fig. 1 has been reduced by a factor of 1/P. This
lower frequency necessitates a lower bandwidth in the phase
locked loop, and thus a greater susceptibility to microphonics
etc., and, generally speaking, a longer lock-up time.

MIXING IN THE LOOP

One alternative to fixed division is mixing, as in Fig. 3. The
use of mixers requires great care in the choice of frequencies
if spurious products are not to be a problem and although
widely used, it is certainly complicated in terms of its physical
realisation, requirements for ‘adjust on test’ parts, and in its
susceptibility to layout problems.

MULTIMODULUS DIVISION

The multimodulus divider system, shown in Fig. 4, is
significantly less complicated. It is built up from a number of
blocks.

1. A two-modulus prescaler which will divide by one of two
numbers Por P + 1 (e.g., 10/11, 64/65 etc.).

2. Aprogrammable ‘A’ counter, the output of which controls the
modulus of the prescaler.

3. Aprogrammable ‘M’ counter which is clocked in parallel with
the ‘A’ counter. In most of the NJ882X series, the output of the
‘M’ counter resets both itself and the ‘A’ counter (see Fig. 4).
4. A programmable Reference Frequency counter, ‘R’, the
division ratio of which is determined by the reference frequency
f,sc and the desired channel spacing (see below).
Principle of Operation

The ‘A’ counter is programmedto a smaller number than the
‘M’ counter, and assuming the counters to be empty, the
system starts with the prescaler (P/P + 1) dividing by P + 1.
This continues until he ‘M’ counter is full. As the ‘M’ counter has
received A pulses, this counter overflows after (M — A) pulses,
corresponding to P(M — A) input pulses to the divider. Thusthe
total division ratio N is given by:

N=(P+1)A+PM—-A=PM+A

Obviously, A must be equal to or less than Mfor the system
to work, while for every possible channel to be available, the
minimum total divide ratio is P(P — 1) while the maximum total
division ratio is M(P + 1). Apa should be = P.

Although simple in theory, there are a few points which
require consideration in the design of such a divider system. Of
these probably the most important is Loop Delay.

Consider the counter chain at the instant that the (P + 1)th
pulse appears at the two-modulus prescaler input. After some
time tp1 the output produces a pulse, which clocks the A and
‘M’ counters. Assume that the ‘A’ counter is filled by the pulse,

and so after atime t,, (determined by the propagation delay of
the 'A’ counter), an output is produced to set the two-modulus
prescaler ratioto P. After asettime t,, the dual modulus divider
will divide by P. But if t,; + t,, + 15 is greater than P cycles of
input frequency, the divider will not be set to divide by P until
after P pulses have appeared, and the system will fail.

Thus, fi >total loop delay

vco
Design in this region is critical: worst case tolerances MUST

be used if the reproducibility of the design under temperature
and voltage extremes is not to be compromised.

The value of P must also be large enough that the output
frequency from the prescaler does not exceed the maximum
input frequency of the following circuitry. In single-chip MOS
controllers this may well be as high as 50MHz under some
conditions, but under others, such as high temperature and low
voltage, much lower. Generally, however, the limitation on
such circuits is the loop delay rather than input frequency.

The loop delay is affected by the edge of the waveform on
which the divider and the ‘A’ and ‘M’ counters trigger. If the
edges are opposite then the loop delay may be increased by a
large amount, and if in these circumstances, the use of an
inverter at the output of the divider is justified.

The minimum-value of P is therefore settled by these con-
straints, but the actual choice of P may be determined by the
ease of programming. This may be seen by considering a
synthesiser with a 25kHz phase comparison frequency (chan-
nel spacing) foomp, Using a +40/41 prescaler.

At 156MHz:

N = 156/0-025 = 6240
therefore PM + A = 6240
40M + 0 = 6240 (A = 0 for the lowest channel)
M= 156
In general, where
fyco P=10r 10 or 100
M = fycos fuco+10, fyco +100 etc.
and similarly for the binary division ratios.
The choice of prescaler is therefore determined by:

1. VCO frequency

2. Total loop delay.

3. Prescaler output frequency must be within the controller
input frequency band.

4. Programming ease.

REFERENCE FREQUENCY DIVISION RATIO (R)

The value of Ris set by the input frequency and the phase
comparison frequency. Higher inputfrequencies require greater
power and offer lower stability, while lower frequencies (below
4MHz) generally require larger physical crystal sizes. Normally
a frequency between 4 and 15 MHz is used, especially as in
double conversion equipments commonality of oscillators may
be possible. For example, with a 5kHz comparison frequency
and 10:240MHz 2nd local oscillator frequency,

(10-240 x 10°)
T (5x109)

Note that, for the NJ882X series, the reference counter division
ratio is twice the programmed value and is therefore always
even (see AN133 and individual data).

=2048
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fyco=N —'ﬁ'—
PHASE
DETECTOR
REFERENCE REF.
=N FREQUENCY |—<— FREQ.
DIVIDER, +R fref
PROGRAMMING
LOOP FILTER
Fig. 1 Direct division
fref
fvoo=PY R PHASE
DETECTOR
FIXED m REFERENCE REF.
PRESCALER M FREQUENCY |—<— FREQ
=P DIVIDER, <R fret
PROGRAMMING
LOOP FILTER |
Fig. 2 Fixed prescaling
Nfyef
fvco=—pg" +h
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Y
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LOOP FILTER S —
REFERENCE REF.
FREQUENCY |—<— FREQ.
DIVIDER, +R fret
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Fig. 3 Mixing in the loop
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fvco = (MP+A)'%

SP87XX SERIES CHIP
DUAL MODULUS|
vco | PRESCALER
+PP+1
_ _ PROGRAMMING
MC FIn
r__ —— i O s o e o | | oy
MODULUS |
I CONTROL I} {L 1
! = REFERENCE |
LOOP FILTER | ‘A’ COUNTER ‘M’ COUNTER FREQUENCY |—<-&— fouc
| DIVIDER, +R |
| HEE e I
I NJ882X SERIES CHIP J
e s oo o o o o e v - - G — — ——— — ———— — — — —

Fig. 4 Multi- modulus division. The NJ8823, NJ88C24 and NJ88C28 have non-resettable counters for faster loop lock-up times;
see individual data.
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Programming the NJ8820 and NJ8821/23

AN133

The NJ8820, NJ8821 and NJ8823 are versatile high performance CMOS frequency synthesiser controllers. The
differences between devices are in hardware programming methods.

The basic system of a single loop frequency synthesiser is
shown in Fig. 1, where a 2-modulus prescaler is used to divide
the VCO frequency down to a suitable range for use in the
CMOS device. The NJ8820/1/3 is programmed by 8 4-bit
words on the data inputs: the addresses for these words may
be obtained internally or externally and appear on the Data
Selectinputs/outputs. To program any frequency, itis necessary
to programthe ‘A’ counter (7 bits), the ‘M’ counter (10 bits) and
the reference or ‘R’ counter (11 bits).

ADDRESSING

Addressing is by one of three modes. These are:
A. Self Programming Internal Mode

Here the reference oscillator (either an internal crystal
oscillator or from an external source) signal is divided in the
reference counter by 64 and a Data Read cycle commences
every 1024/f s, seconds.

Inthis Data Read cycle the Memory Enable pin (ME, NJ8820
only) is pulled low, and the Data Select outputs DSO, 1 and 2
countinbinary from0to 7. This provides addresses forthe data
on DO, 1, 2 and 3, the data being transferred to internal latches
on the trailing edges of the Data Select pulses (see Fig. 2).

Note that the Program Clock is internally derived and is at a
frequency of fosc/64. The PE (Program Enable) pin is grounded,
and the cycle continuously repeats. This mode is not recom-
mended, however, as noise from the digital data may be picked
up by the phase locked loop.
B. Single Shot Internal Mode

In this mode, the PE pin is provided with a pulse input which
initiates a data read cycle as outlined above; on the NJ8820,
the ME pin goes high at the end of the cycle, thus minimising
power consumption . ‘Power-on’ initiation is used, in which the
application of power to the device is sensed and a program-
ming cycle initiated. In order to avoid corruption of the data, a
delay of 53248 cycles of reference oscillator frequency is
provided before the programming cycle occurs. This delay is
approximately 5ms for a 10MHz reference frequency.
C. External Mode

The address is presented to DSO, 1 and 2, and a pulse is
appliedtothe PE pintotransferdatatothe internal latches. The
data is transferred from the latches to the counters simulta-
neously with the transfer of data into Latch 1: thus this word
should be the last one to be entered.

MEMORY ENABLE (ME)

DATA SELECT
ouTl

[LATCH 4 [LATCH 5]

[LATCH 1 TLATCH 2 [LATCH 3]

Wil

PUTS
(NJ8820 ONLY) DSO DS1 DS2 RB CH
[ ————— — ——— O O o e e e e ——— ._.|
I I -A
PROGRAM JULSE | SEQUENCE INTERNAL |
ENABLE (PE) DETECT COUNTER LATCHES |
i | I []
— REFERENCE COUNTER ] fr l
OSCIN > H1BITS) +2 SAMPLEHOLD PDA
ose —| DETECTOR
oscout RN |
o~ I [LATCH 6 JLATCH7 [ LATCH 8] I FREGUENGY] lppa
< | PHASE
Do d $—| DETECTOR
DATA | D1 I
INPUTS 3 p2 DLocs(
D3 ETECT
| (LD)
I vss |

I

PRESCALER | ‘N’ COUNTER ‘M’ COUNTER fy l
PP+ (7BITS) (10 BITS) |
moouus | T l I

I |

o
e o CONTROL LOGIC {
I S S 1
Vop Vs

Fig. 1 The phase locked loop
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WORD VALUES

For any particular set of conditions — namely operating
frequency, prescaler ratio, comparison frequency and input
frequency from the reference oscillator — a unique set of
programming words exists.
Reference Divider

This divider produces the comparison frequency required
by the synthesiser. The division ratio is programmable from 6
to 4094 in steps of 2, the programmed number being half the
division ratio. Therefore, if for example a 10MHz crystal is
used, and a 12:5kHz comparison frequency is required, this
counter would be programmed to give a ratio of 100000 + 12'5
= 800. The actual programmed number would thus be 400,
entered in binary according to the data map, Table 1.

Word [DS2 | DS1 | pso | p3 |-p2 | p1 | Do
1 0 0 o | M| Mo | - |-
2 | o 0 1| M5 | Ma | M3 |m
3 | o 1 0 | Mo | M8 | M7 | Ms
4 | o 1 1| A3 | a2 | A1 |A0
5 | 1 0 o | - | A6 | A5 | A4
6 | 1 0 1 | R | R2 | R |RO
7 1 1 0 R7 R6 R5 R4
8 | 1 1 1 - | Ri0| RO |Rs

Table 1 Data map

‘A’ and ‘M’ Counters
The ‘A’ counter is a 7-bit counter and the ‘M’ counter is a 10-
bit counter. The programming calculations are as follows:

1. The ‘A’ counter should contain x bits such that 2% = M.

2. If more bits are included in the ‘A’ counter, these should be
programmed to zero.

e.g. M= 64 = 6 bits
A =10 bits
then the 4 MSB are programmed to zero.

AN133

3. The ‘M’ and ‘A’ counters are treated as being combined so
that the MSB of the ‘M’ counter is the MSB of the total and the
LSB of the ‘A’ counter is the LSB of the total.

For example, a synthesiser operating from 430 to 440MHz
in 25kHz steps uses a 64/65 divider, and the controlcircuit uses
binary counters.

N.= f/f, where f,= channel spacing = 25kHz
Npin = 430/0-025 = 17200
Npax = 440/0-025 = 17600

Minimum possible division ratio is P2—P = 4032 where
P is the two modulus prescaler ratio.
Maximum allowable loop delay = 64/(440x1 05) = 145ns,

Total division ratio, N, is given by
N=PM+ A
P = 64, as a 64/65 prescaler is used
Npin from above is 17200
Therefore 17200 = 64M + A
and M= A.
Let A = 0then M,,;;= 17200 + 64 = 26875 = 268
and M., = 17600 + 64 = 275:0

Thus the' M’ counter must be programmable from 268 to
275 as required: the ‘M’ counter must have at least 9 bits.
For a frequency of 433-975MHz
N = 433-97 + 0025 = 17359
therefore M = 17359 + 64 = 271:2343
The ‘A’ counter is programmed for the remainder i.e.
02343 X 64 = 15
From this, the ‘A’ counter is programmed to 15 and the ‘M’
counter to 271. The output frequency can now be checked.
N=PM+ A
=271 X 64 + 15 = 17359
and this is the required frequency divider ratio.
Repeated calculations for memory programming may be
easily evaluated using a programmable calculator.

PROGRAM
CLOCK

Uiy uyL

PE J
ME —-I DATA
(NJ8820 ONLY) | TRANSFER
PROGRAM
W = \\ RN \ W S B _etock
DSo I X IR - St
N NN NN NN NN
DSt R _———
DS2 S R
DATA
TRANSFER
4 PROGRAM CLOCK WORD | WORD | WORD | WORD | WORD | WORD | WORD | WORD /
CYCLES FROM SETTLING 1 2 3 4 5 6 7 8

Fig. 2 Data selection 275
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SYNTHESISER DESIGN EXAMPLE
A synthesiser is to operate from 430 to 440MHz in 25kHz
steps (the channel spacing is 25kHz):
Choose the divider (see AN132 for criteria)
The SP8718 is one choice. Since it divides by 64/65 then
P=64.
® Choose the comparison frequency, f,
25kHz is the required channel spacing and is the best
choice in this case.
® Calculate the crystal frequency
2:5MHz is one possibility. The value of R can now be
calculated.
Crystal frequency=comparison frequencyXxRX2
so R=50.
® Calculate the division ratio. (The ratio between the VCO
output frequency and comparison frequency.)
This is 17200 to 17600 in steps of one.
® Calculate values for A and M.
The division ratio PM +. A is 17200 to 17600.
So for the minimum frequency: 64M + A = 17200
IfA=0, M=268-75
This is not possible (it must be an integer) so this must be
decreased to make M,,, = 268.
® Draw up a table for the required values of A and M.
Division ratio N= PM + A

M A | Division ratio Output frequency (MHz)
268 | 48 17200 430-000
49 17201 430-025
50 17202 430-050
268 | 63 17215 430375
269 0 17216 430-400
2.7.4 6.3 17599 435:575
275 0 17600 440-000
Table 2. Decimal values of A and M.
=64M + A.
These figures are acceptable:
P=A
N>pP2-p

The values of M, Aand R must be fed into the NJ8820/1 for
each value of the frequency required. (In this example the
value of Ris constant.) The values must first be converted into

M N . .

M (10-bit binar

decimal) (10-bit binary)
Mo [M8 [M7 [Me | M5 [Ma [M3 [M2 | M1 Mo
268 [0]1]o]olo]olr1]1 oo
260 o1 |olofolo|1]1]0]]1
274 [o |1 |ofolo |1 |0o]o]T |0
275 (o1 |oolo|1]o]o|1]1

Table 3a. Binary values for M.

276

A -
decimal) A (7-bit binary)
A6 |A5 |A4 |A3 [A2]| A1 | A0
48 011 1j10}]0}0]}|O
49 0|1 11010 O0¢{1
50 0|1 11010 1}0
0 1]0jo0]0O0]oO 0

Table 3b. Binary values for A.

R (11-bit binary)
R10)|R9|R8|R7|R6|R5| R4 |R3 |R2 |R1{R0O
50 ojojojojofl1f1|oJof1]o

Table 3c. Binary values for R.

R (decimal)

binary format as shown in Table 3.

In each case the LSB is identified by the heading M0, A0 or RO.

The NJ8820 and NJ8821/3 require 32 bits of data to be
transferred for each value of frequency. These 32 bits are
composed of the 28 bits above (10 + 7 + 11) plus 4 redundant
bits. The method of transferring this data is different for the two
device types.

NJ2280 — data obtained from a PROM.

NJ8821/3 — data obtained from a microprocessor.

USING THE NJ8820.

The NJ8820 operates with an external 4-bit wide PROM.
Information is transferred automatically from the PROM to the
NJ8820 when the PE pin is activated. A 1024-bit PROM
(256 x 4) will store 32 channels because each channel requires
the transfer of 8 words (32 bits) of data. A 256 X 4 PROM has
8 address lines (A0 to A7) of which the NJ2280 can address
three (A0 to A2, connected to DSO to DS2). The remaining 5
address lines allow the unique identification of the channel
required (32 channels in this case) as shown in Table 4, so for
each channel number there are 8 words, each of four bits. The
composition of these words is as shown in Table 5. ‘X’ indicates
that this is not read; normally the 8- bit value is 0.

The value of the bits D3, M1 etc. can be either 0 or 1, and
can be found from Tables 1 through 4. For example, when
M = 268 then (from Table 3a) M1 = 0, MO = 0 and (from
Table 4)word 1 is 0000.

USING THE NJ8821/3 IN A PARALLEL MODE.

The NJ8821/3 operates with an asynchronous stream of
data supplied from a microprocessor. When used in a 4-bit
parallelmode it requires the transfer of 8 words (32 bits) of data.
Word numbers 1 to 3 control the ‘M’ counter, 4 and 5 the ‘A’
counter, 6 to 8 the ‘R’ counter. It is not necessary to transfer all
the words every time: WORD 1 indicates to the NJ2281/3 that
the data should be transferred from all latches to counters and
so WORD 1 must always be sent last. There are 8 data
connections between the microprocessor and the NJ8821/3:
® DSO0, DS1 and DS2 to select the correct word.
® DO, D1, D2 and D3 are the input data for ‘A", ‘M’ and ‘R’

counters.
® PE is the strobe.



To enter channel information follow the sequence listed
below:
1. Ensure the PE (strobe) is 0.
2. Selectany word (except WORD 1) ... (DS0to DS2) and the
relevant input data (DO to D3).
3. Wait for 1 microsecond or more.
4. Pulse the strobe (to 1) for 2 microseconds or more and
return to ).
5. Wait for 1 microsecond or more.
6. Repeat (2) to (5) as required.
7. Repeat (2) to (5) for WORD 1.
The composition of the data words is the same as for the
NJ2280.

AN133

Using The NJ8821/3 In A Serial Mode.

When used in a serial mode (using a single external shift
register) the NJ2281/3 requires the transfer of 8 words, each of
7 bits (56 bits) of data to program the ‘A’, ‘M’ and ‘R’ counters,
but only 5 words (35 bits) subsequently to reprogram the ‘A’
and ‘M’ counters. Thus there are only 3 data inputs from the
microprocessor: DATA, CLOCK and STROBE, as shown in
Fig. 3. The composition and entry sequence of the data words
is identical to that of the NJ2280 except that the data is
transferred serially.

Once again there is no need to transfer all the words every
time provided that WORD 1 is sent last.

Address Lines
A7 | A6 |A5| A4 |A3 | A2 |A1 | AD
0[0]|0| O] Word1
Of0]O0 | 1] Word2
0f{0]1|0] Word3
01011 1| Word 4
Channel Number 0
° 0]11]0]0]| Word5
0[1]0|1] Wordé
0 1 1 0| Word7
01 1 1| Word 8
0}oO0 0 0|1 0|0 0 | Word 1
1 0[O0} 1] Word2
110 1]0]| Word3
Channel Number 0 1101 ] 1} Word4
111]0|0] Word5
11110] 1| Wordé
1 {1]1]0] Word7
1111 ]1]| Words

Table 4 Channel identification

Address Lines Address Lines
Word

A2 A1 Ao D3 D2 D1 Do
1 0 0 0 M1 MO X X
2 0 0 1 M5 M4 | M3 | M2
3 0 1 0 M9 M8 | M7 | M6
4 0 1 1 A3 A2 A1l A0
5 1 0 0 X A6 | A5 | A4
6 1 0 1 R3 R2 R1 RO
7 1 1 0 R7 R6 | R5 | R4
8 1 1 1 X R10 | R9 | R8

Table 5 Channel number composition
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Fig. 3 NJ8821/NJ8823 serial mode connections
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Tuned Amplifier Application for the SL6140 e ilidS

The SL6140 wideband AGC amplifier, when used in a 50Q system, has a gain of 15dB. By tuning, or matching; the inputs
and outputs of the device the gain can be increased. This produces a higher gain amplifier thatwill work over a limited bandwidth.
The bandwidth of the amplifier depends upon the Q factor of the tuned/matching circuits used.

Fig. 1 shows a single ended amplifier with tuned input and
output networks.

The input circuit consists of a parallel LC network connected
across the differential inputs. The input signal is applied to one
input, via a coupling capacitor (C1), the other input being
decoupled. The coupling capacitor also forms part of the
impedance matching network, matching a 50Q source with the
highimpedance ofthe device (see Smithchart, Fig. 3). Thetuned
frequency is given by the following equation:

foo
op YLX CX C1
T e
v(C+ C1)

The output circuit consists of a parallel LC network connected
from one of the open collector ouputs of the device to V¢c. The
coupling capacitor (C2) and LC network transforms the 50Qload
to a high impedance load for the open collector outputs of the
device, hence improving the gain. '

By adjusting C1 and C2 the gain can be optimised, but if too
high an impedance is seen by the input or output of the device

‘the circuit may oscillate. L1 and L2 are adjusted to setthe tuned

frequency.

The high gain is ‘achieved at the expense of bandwidth, so
for maximum gain the matching network should be designed to
provide the minimum bandwidth necessary for the particular
application.

An alternative method of tuning the output of the device is to
transformer-couple to the 50Q load as shown in Fig. 2. The
primary winding is connected across the outputs (a centre tap
providing Vc) and resonated at the required frequency with a
capacitor. This circuit has a 6dB improvement of gain over the
previous circuit as both outputs are used.

PCB LAYOUT
For best performance a ground plane should be used with
50Q source and load. Also the matching network and decoupling
capacitors should be placed as close to the device as possible.
If a very high gain, low bandwidth amplifier is required the
addition of some shielding between input and output may be
necessary to prevent oscillation.

AGC INPUT

50Q INPUT f O i

+Vee
0-1p
-_——
1 c2
2-20p
: 50Q OUTPUT
130n 5:6p
10n

Fig. 1 A 100MHz tuned amplifier application with 35dB power gain (CM pinout)

o

—5 [——Oi ) 50Q OUTPUT

SL6140 > 1 == L L 777

Fig. 2 Differential tuned output

i SERIES
REPRESENTATION

Fig. 3 Input impedance of SL6140 (5082 normalised)
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AN117 APPLICATION NOTE

ISSUE 1.3

SL6442

APPLICATION CIRCUIT FOR USE AT 950MHz

This Application Note describes a circuit configuration
which demonstrates the functions and performance of the
SL6442 which is a 1GHz amplifier/mixer receiver front end

A functional block diagram is shown in Fig. 1 and
illustrates the main circuit elements.

Fig. 2 is a schematic diagram which illustrates the
arrangement of the ancillary components required for
optimum performance at 950MHz. Approximate starting
values for these components were obtained using a Smith
chart and data derived from s-parameter analysis of the
SL6442.

The SL6442 contains a low noise amplifier which may
be gain controlled by a D.C. signal, and two identical
mixers suitable for either direct conversion | & Q receivers
or image cancelling superhet receivers. There is also a
battery economy facility. The device operates from a
nominal 5V supply and draws about 4mA when powered
up.

The actual component values were determined by
using a linear circuit simulator such as Touchstone™. In
this case the circuit is optimised for maximum  gain and
minimum input reflection coefficient at the required
frequency.
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Fig.1
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The input match is achieved by using a stripline
shorted stub network. The LNA output to mixer input
match is accomplished by using a series inductor and the
mixer output to 50chm match consists of a tunable LC
network.

To prevent possible RF instability, pin2 (V bias) is
decoupled with a series RC network as well as a 2.2pF
capacitor. The quadrature phase shift network consists of
phase lead and phase lag RC ‘L' networks, which are
capacitor coupled to the L.O. input pins. Inductor L3
serves to resonate out the parasitic capacitance between
the two ports.

SL6442

The exact values of the phase shift components have
been determined empirically and the ones shown in the
circuit diagram achieve an amplitude and phase imbalance
of about 1dB and 4 degrees respectively.

The variable capacitors VC1 and VC2 are tuned for a
maximum output level at an LF. of 20MHz. Other LF
frequencies may require changing the values of the
trimmers and/or L4 and L5. At zero LF as in direct
conversion receivers the output matching network is
transparent.

If the AGC facility is not required it is necessary to
connect pin 20 to pin 9 (VBG). The battery economy pin
may be connected directly to ground if power down is not
used.

L4

vCC

nj) I I I—g‘;’:’“—@ LF. OUT (A)

SL6442

n

VvCC

7TL

C20

cs C5

®

R.F. INPUT

;J;C1v.am[77

VCC

w

L2

C4

L6
e/ VVV Ny PIN 2

Fig. 2 Circuit diagram
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PERFORMANCE CHARACTERISTICS RESULTS

MEASUREMENT CONDITIONS: Overall power gain (20MHz I.F.) 7dB
VCC=5-0V. Vagc=1-20V. Overall voltage gain (baseband) 33dB (ZL > 100k)
Input/Output terminations = 500hm 3rd. order input intercept (20MHz I.LF.) -22dBm
L.O. drive level (into phase shift network) =-5dBm Overall DSB noise figure (20MHz ILF.) 82dB

Temperature =25°C

The actual pcb layout and component values are shown in Fig. 3.

958 MHZ
Y R.FINPUT

Fig. 3
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RI, R3 47Q
R2 51Q
C1 27p
C2, Cs, C10

C11,C13,C15 18p
C16, C20

C3, C4 22p
Cs, C7,C8

C9, C19 2p2
C12 In
Ci14 100n
C17 3p3
Cc18 5p6
L1 10n
L2 100n
L3 15n
L4, L5 3p3
L6 82n
VC1, vC2 2-20pF
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APPLICATION NOTE AN173

AN 173 1.2

USING THE SL6444

INTRODUCTION

The SL6444 is an RF amplifier and mixer combined
integrated circuit for superhet receiver front end applications.
Ithas been designed for low noise operation at frequencies up
to 1GHz with low power consumption. The device includes a
bandgap voltage reference and circuits necessary to bias the
RF amplifier and mixer. A local oscillator buffer circuit is also
provided for the mixer. This device is designed to meet
requirements of RF front end circuits in CT2 cordless handsets
but can be used in cellular radios, pagers and similar low
power receiver applications. A block diagram of the device is
shown in Fig. 1. Eight different application circuits are included
in this applications note and the frequency of operation in each
case is centred at 915MHz. Circuit diagram, PCB mask and
performance results are provided in each application.

RF AMPLIFIER

The SL6444 RF amplifier block is a simple unmatched
cascode transistor arrangement. An internal schematic of the
amplifier is shown in Fig. 2. The amplifier is intended for
common emitter operation. The base of the upper transistor is
biased from the V. supply line and decoupled by integrated
capacitors. Additional external decoupling is possible via pin
5 (VCCDEC).Quiescent current in the amplifier transistors is
established by connecting the base of the lower transistor pin
3 (RFIN) to pin 2 bias supply through a suitable inductor. The
bias supply voltage is temperature compensated in which the
gain of the amplifier is maintained over the temperature range.
Because of its simplicity, the RF amplifier is versatile and can
be adapted and optimised for a wide range of applications by
the user. In most applications external impedance
transformers which typically consist of inductors and
capacitors are required at the input and output. Measured S
parameters of the RF amplifier are shown in Fig. 3.

MIXER :

The SL6444 mixer circuit is a Gilbert multiplier cell with
open collector outputs and single ended input. The
complementary input being decoupled by an integrated
capacitor. An internal schematic of the mixer is shown in Fig.
4 and input s—parameter in Fig. 5. The total mixer current is
split into two equal parts which flows in either branch of the
mixer. The mixer may be used in either single or double
balanced configurations. In the single balanced configuration
the matching of the input and output is relatively straight
forward, The double balanced configuration requires an
output transformer to provide balun action. The performance
of the mixer then depends very much on the design of this
transformer.

APPLICATION CIRCUITS

The SL6444 amplifier and mixer can be configured into a
variety of circuits for applications up to 1GHz. This ranging
from RF receiver front ends to frequency up converters. Eight
different applications circuits are included. Their nominal
frequencies of operation are: RF at 915MHz and IF at 150

MHz. The RF input matching is a broadband design and the
IF output circuitry is a selective tuned circuit.

LOW NOISE AMPLIFIER

The amplifier requires DC bias at the input and output ports.
The bias to the input port comes from the on—chip temperature
compensated bias circuit through externalinductors L1 and L2
as shown in Fig. 6. Transmission line T1, inductor L3 and
trimmer capacitor VC2 perform RF matching to the amplifier
input. Minimum noise performance can also be achieved
using this input matching circuitry. The amplifier output port is
matched to a50ohm load impedance by the transmission lines
T2,T4,short circuit stub T3 and trimmer VC3. Maximum
amplifier gain and minimum noise figure can be achieved with
this circuit configuration. The unused mixer ports are either
terminated or decoupled to" ground. Fig. 7 shows the
measured input match characteristic centred at 915 MHz. Fig.
8 shows the gain of the low noise amplifier vs frequency.
Typical measured noise figure is 2.9dB and third order
intercept point at the input is —12dBm.

RF AMPLIFIER

This RF amplifier circuit is similar to the low noise
configuration except that the overall gain is reduced to about
11dB. This is achieved by having a gain dumping resistor
between the amplifier output and a RF ground. In situations
where high gain is a disadvantage, this circuit will reduce the
overall gain and at the same time improves the third order
intercept point. The measured noise figure is 3.4dB which is
slightly higher than the minimum. Fig. 9 shows the RF amplifier
circuit configuration. Fig. 10 shows the overall gain profile. The
IP3 at the input is typically ~4dBm.

FEEDBACK AMPLIFIER

The feedback amplifier circuit shown in Fig. 11 is most
suitable for broadband applications. The input and output
matching circuits are designed for 50ohm operation. Lumped
circuit elements are used through out, hence board space can
be kept to a minimum. The unused pins of the mixer are
decoupled to ground. The gain profile of the amplifier is
illustrated in Fig. 12. Typical noise figure and IP3 are 4.5dB
and -5dBm at the input respectively.

SINGLE BALANCED MIXER

Fig. 13 shows the SL6444 configured as a single balanced
mixer. The output of the mixer can be taken either from pin 10
or 11, in this case pin 11 is used and pin 10 is returned to V..
The input matching is done mainly by using lumped elements
and only short transmission line is required. The RF input is
matched to 50ohm at 915MHz. The LO input requires only AC
coupling as the impedance at the mixer LO input pin is
nominally 50ohm. The IF output is matched to 50ohm by a
single tuned circuit which is formedbyL1 and VC2. The IF
frequency is chosen to be 150MHz and the bandwidth is
relatively narrow due to the nature of the tuned circuit.
However, other IF frequencies can be achieved by using
different values for L1 and VC2.Conversion gain of 9.5dB can
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be obtained and the overall noise figure. is 9.5dB. LO-RF
isolation is measured to be 26dB and the IP3 is approximately
—10dBm at the input.The amplifier section of the integrated
circuit is decoupled to avoid possible interference and also to
reduce power consumption.

MIXER

This circuit configuration is similar to the single balanced
mixer except that the IF output matching is modified to give
higher IP3. The mixer circuit is shown in Fig. 14. R1 acts as a
gain dumping resistor which reduces the overall gainto 1.7dB.
The IP3 however is improved to +1.9dBm.

LOW NOISE FRONT END

The Low Noise Amplifier and the Single Balanced Mixer
circuits are combined to form this low noise and high gain front
end which is shown in Fig. 15.The interstage matching is
carried out at a higher impedance level than 50ohm by VC2
and short circuit stub T2. This circuit is relatively broadband.
The matching arrangement at the amplifier input is essentially
the same as in the Low Noise Ampilifier circuit. The IF output
matching stage is formed by the tuned circuit VC3 and L5. The
IF frequency is 150MHz which comes from a LO=765MHz and
a RF=915MHz. The IF output return loss is shown in Fig. 16.
The total gain is 27dB and the overall noise figure is 3.3dB.
The [P3 is measured to be —~30dBm at the input.

RF FRONT END

This RF Front End circuit consists of the RF Amplifier and
the Mixer in combination. Fig. 17 shows the circuit
configuration. The interstage network is similar to that in the
Low Noise Front End. The main feature of this circuit is the
increased IP3 which in certain applications is more important.
The total gain is measured to be 12dB and IP3is —1 dBm. The
overall noise figure is 4.4dB.

UP CONVERTER

Fig. 18 shows the mixer section of the SL6444 configured
as an up converter. Low frequency modulating signal
(150MHz ) is applied to the RF input of the mixer and the up
converted signal at 915MHz (LO=765MHz ) emerges at the IF
port of the mixer. The short circuit stub T2 provides the output
matching which is relatively narrow band. When a different IF
centre frequency is required, the length of T21i.e. position of C8
can be altered to give optimum results. This up converter
circuit provides a gain of 3dB and LO-RF isolation of 42dB.

SUMMARY

The SL6444 is a versatile RF integrated circuit. Eight
different circuit configurations have been presented with
which various RF front end functions can be obtained. The
circuits described so far have been optimised to operate at
915MHz for RF, 765MHz for LO and 150MHz for IF. The table
below summaries the main features of the application circuits
for easy reference. The measurement set ups for gain, noise
figure and IP3 are shown in the Appendix.

APPLICATION GAIN NOISE FIGURE 1P3 FEATURES
CIRCUIT (dB) (dB)

LOW NOISE 18 2.9 12 HIGH GAIN, LOW NOISE

AMPLIFIER

RF AMPLIFER 1 34 3.4 HIGH IP3

FEEDBACK 12 a5 =5 BROADBAND, HIGH IP3

AMPLIFIER

SINGLE 9.5 9.5 =10 GOOD CONVERSION GAIN

BALANCED

MIXER

MIXER 17 = +1.9 HIGH IP3 WITH CONVERSION GAIN

LOW NOISE 27 33 30 HIGH FRONT END GAIN,

FRONT END LOW NOISE

RF FRONT END 15 24 13 GOOD IP3 AND GAIN

UP CONVERTER 3 (LO rejection UP CONVERSION WITH GAIN

42dB)
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Fig. 1 Block diagram
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? Veer
lK) a1
RFIN D—@) a2
RFBIAS
0 0 0
GND BIAS CONTROL RFGND

Fig. 2 Internal schematic of the RF Amplifier

GND
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Vce=5V Amplifier current 2.2mA

FREQ MHZ | MAG [S11] ANG [S11] | MAG [S21] ANG [S21] | MAG [S12] ANG [S12] | MAG [22] ANG [S22]
100.000 0.91 -10 5.89 167 0.016 158 0.99 -5
200.000 0.89 -21 5.86 151 0.010 -75 0.99 -1
300.000 0.86 -30 5.60 136 0.004 55 0.99 -16
400.000 0.81 -39 5.19 121 0.003 118 0.98 -21
500.000 0.77 —47 4.86 108 0.004 -102 0.97 -25
600.000 0.72 =55 4.48 95 0.005 154 0.98 -32
700.000 0.67 -63 4.1 84 0.004 134 0.97 -38
800.000 0.62 =70 3.73 73 0.008 165 0.97 —44
900.000 0.58 =77 3.35 61 0.008 150 0.94 -52
1000.00 0.55 -83 2.97 52 0.010 117 0.91 -59
1100.00 0.52 -87 2.64 43 0.014 97 0.87 —66
1200.00 0.49 -92 2.32 34 0.013 82 0.82 -73
1300.00 0.47 -95 2.06 28 0.010 78 0.76 =79
1400.00 0.45 -98 1.85 22 0.009 59 0.71 -85
1500.00 0.45 -101 1.71 16 0.004 80 0.67 -89

SL6444 Typical RF Amplifier scattering parameters
0 s1
X S22
Start 100MHz
Stop 1500MHz
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U MIXOUTB MIXOUT
DRVB =
Q2 Q4
LO DRIVE FROM BALUN
Qi Q3
DRV
BG Do
R1 R2
500 500
| | e |
Led L
“ !i ) Q5 [}
0 R22 R23
MIXIN 80 80 —_—
— 17— [~
R24 RS
80
GND MIXDEC

Fig. 4 Internal schematic of the mixer

Vce=5V Mixer current 4.4mA S22 is measured at either
MIXOUT or MIXOUTB S11 is measured at MIXIN

FREG- | MAG ANG MAG ANG
MHz [s11] [S11] [S22] [S22]
100.00 0.79 i 1.00 | -6
200.000 | 0.78 T 0.99 12
300.000 | 0.77 —20 0.99 —16
400.000 | 0.76 —28 0.97 —22
500.000 | 0.77 —34 0.96 28
600.000 | 0.78 —a1 097 | -35
700.000 | 0.73 -50 0.94 ~40
800.000 | 0.70 58 0.91 —47
900.000 | 0.68 —67 0.88 —54
1000.00 | 0.64 —76 0.86 ~60
1100.00 | 0.61 —86 0.83 ~67
1200.00 | 058 —95 0.79 74
1300.00 | 055 ~105 0.75 82
1400.00 | 0.51 117 0.71 —89
1500.00 | 0.49 —129 0.68 ~96

o sin -1
X 8§22

Start 100MHz
Stop 1500MHz

Fig. 5 Typical input and output impedance of SL6444
mixer (normalised to 502)
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Vee

vc3

L L] L | 4L
= = cs
ca T
o | AL
c2 & &
)
rcn-l f e | -
14 13 12 11 10 9 8
) SLe4a4
1 2 3 4 5 6 7
c7 T
. L3
vez
RF INPUT

COMPONENT LIST
€1, C2, €3, C4, C5, C7 1nF
cs 270pF
c8 1uF
VC1, VC2, VC3 20pF
L1 56nH
L2 39nH
L3 10nH
R1,R2 47 OHm

MICROSTRIP LINES 0.5mm WIDE ON
1.6mmTHICK GLASS FIBRE PCB AND THE

FOLLOWING LENGTHS.

T S5mm
T2 16mm
T3 8mm
T4 15mm

T4

RF OUTPUT

LOW NOISE AMPLIFIER
VER.1
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Fig. 6 Low noise amplifier
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Fig. 7 Low noise amplifier input return loss
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Fig. 8 Low noise amplifier gain profile
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TTIT I 71,
¢ Ca T Vee
. | fll L
-~ N
c2 o « T
N -~ = s
e | -
14 13 12 11 10 9 8 l
D SL6444 c6
1 2 3 4 5 6 7 I
IIIL..IlTI T3 -
C
T1 ‘L' R VC3
3
L1 C7] J})
—©
L2 = T2 T4
RF OUTPUT
\'[e3] L3
vCc2
RF INPUT
COMPONENT LIST
C1,C2,C3,C4,C5,C7 inF
Cé6 270pF
Cc8 1uF
VC1,VC2,VC3 20pF
L1 56nH
L2 39nH
L3 10nH
R1, R2 47 OHm
R3 270 OHm
MICROSTRIP LINES 0.5mm WIDE ON
1.6mmTHICK GLASS FIBRE PCB AND THE
FOLLOWING LENGTHS.
T Smm
T2 16mm
T3 8mm
T4 15mm
Fig. 9 R.F. amplifier
20
|
10
o
Tz
i 0
<
o
815MHz 915MHz 1015MHz
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Fig. 10 Gain profile of the RF amplifier
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S 11

f | .-E::L. ]

14 13 12 1
SL6444
4

3

10 9

5 6

8

7

COMPONENT LIST

C1,C2, C3, C4, C5,C6
g7, C9, C10, C11
8

L1
L2

L3
R1, R2
R3

==}

Cc9
RF INPUT

1nF
uF

il
47nH
10nH
47nH
470Hm
4700HM

C11 RF OUTPUT

-

OEC PLESSEY SEMICONDUCTORS
FEEDBACK AMPLIFIER
VER.1

wd

60na

Fig. 11 Feedback amplifier

GAIN (db)

815MHz

9156MHz

1015MHz

Fig. 12 Gain profile of the feedback amplifier
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IF OUTPUT
92
ve2Es L
f S W Vee
l+ -
c6
Vv
¢ 5 =L I T2 2 V3
o—|| . c [ RF INPUT
LO INPUT RN A
14 13 12 11 10 9 8 L3
D SL6444
1 2 3 4 5 6 7
- r - vci
c3 ci c2

’ .
COMPONENT LIST
C1, C2, C3, C4, C5, 1nF
c6 1uF
VCi, VC2, VC3 20pF
L1 220nH
L2 10nH
L3 39nH
T 500Hm LINE
MICROSTRIP LINE T2 IS 0.5mm WIDE ON GEC PLESSEY SEMICONDUCTORS
1.6mm THICK GLASS FIBRE PCB AND OF SINGLE BALANCED MIXER

LENGTH 6mm. VER.1
L |

Fig. 13 Single balanced mixer
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IF OUTPUT

vc2 L1

ca 12 Vel L2
o T °
LO INPUT L L RF INPUT
T4 13 12 11 10 9 8 L3
D SL6444
1 2 3 4 5 6 7 I Cc7
c3 c1 c2
COMPONENT LIST
C1, C2, C3, C4, C5,C7 inF
c6 1F
VC1,VC2, 15pF
L1 150nH
L2 15nH
L3 22nH
L4 390nH
Ri 8200Hm
T 500Hm LINE SLE444 MIXER
MICROSTRIP LINE T2 IS 0.5mm WIDE ON I VER.1
1.6mm THICK GLASS FIBRE PCB AND OF e
LENGTH 6mm.
Fig. 14 Mixer
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MICROSTRIP LINE T2 & T3 ARE 0.5mm
WIDE ON 1.6mm THICK GLASS FIBRE PCB
T21S OF LENGTH 5mm.
T3 IS OF LENGTH 12mm

IF OUTPUT
vcz} L4
..._n-v\l .L Vee
+
c6
Ccé
INERE
) T3
cs
T | -Ll vec2
LO INPUT :-1 l EJ'lJ'I'lr‘IJ'L—I-— ;"
14 13 12 11 10 9 8
D SL6444
c2_l. 12 3 4 6 7
T l.lg === ==
® T2 r I
¢ L1 Cﬁl_ o o -
~ 4
1. c3 '3 - © Ocg L
) °
Vel !
RF INPUT Slie
' GEC PLESSEY SEMICONOUCTORS
COMPONENT LIST OR©  LOW NOISE FRONT END
Ct, C2, C3, C4, C5, C6 1nF ° o VER-1
G e L -
VC1,VC2,VC3 1'§pF b
L1 56nH
L2 39nH
L3 10nH
L4 180nH
Ri 8200Hm
T 500Hm LINE

Fig. 15 Low noise front end.

o
T
[/}
[72]
8
-
=
g
B0
-~
« N
104N\ /’
\ yall N |
e —
-20
100MHz 150MHz 200MHz
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Fig. 16 I.F. output return loss.
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IF OUTPUT

V cc

[

HHH
H

s 6 L

o__"_Jﬂ VC2

LO INPUT rL oo | 7"
14 13 12 11 10 9 8
) SL6444 R1
c2 1 3 4 5 6 7 —— 14

2
c1 T
L1
, L2
1 c3

\'[}

RF INPUT

COMPONENT LIST

C1, C2, C3, C4,C5,C6 1nF

c7 270pF
c8 1pF
VC1,VC2,VC3 15pF

L1 56nH

L2 39nH

L3 10nH

L4 390nH
L5 150nH
R1 270 OHm
R2 820 OHm
T3 50 OHm LINE

MICROSTRIP LINE T1 & T2 ARE 0.5mm
WIDE ON 1.6mm THICK GLASS FIBRE PCB
T11S OF LENGTH 5mm.
T2 1S OF LENGTH 12mm

Fig. 17 RF front end.
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/i)m: INPUT
) -

Vee
sk | L
™1 *T"ce
L+
c4 - __['_ _L vei
| CEIL- ,Jl: !:ODULATK}N
LOINPUT N
14 .—1-;- 12 '-1.1-l 10 re-l 8 L1 INPUT
D SL6444
1 2 3 4 5 6 7 c7
Cc3 c1 Cc2
COMPONENT LIST
C1, C2, C3, C4, C5,C7 inF
C6 1uF
c8 270pF
VC1,VC2, 15pF
L1 100nH
Ll 500Hm LINE

MICROSTRIP LINE T2 IS 0.5mm WIDE ON
1.6mm THICK GLASS FIBRE PCB AND OF
LENGTH 12mm.

Fig. 18 Up converter

APPENDIX

SEMI RIGID CABLES

j

\_/ -20dB A° \
915.000MHz . g g
-0.10dB -0.25dB| oOO O ©O
SPECTRUM
ANALYSER

CABLE LOSS @ 915MHz

Fig. A1 RF amplifier forward gain
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NOISE FIGURE
"METER
3 £ £5J]  NOISE INPUT
OBO OnO OuO
28V DRIVE FOR
NOISE SOURCE SEMI RIGID CABLES
A / ‘ \ 8
[0 3 : : —0
-0.25dB -0.15dB}

NOISE SOURCE \ /

CABLE LOSS @ 915MHz

Fig. A2 RF amplifier noise figure

SEMI RIGID CABLES

915.000MHz

VARIABLE -0.15dB ooo oo
ATTENUATOR / / SPECTRUM

ANALYSER

915.025MHz CABLE LOSS @ 915MHz

Fig. A3 RF amplifier third order intercept

SEMI RIGID CABLES

COMBINER / DUT\
\ m oo
915.000MHz A B oo
VARIABLE -0.20dB -0.20dB-0.25dB| OooOQO © O
ATTENUATOR -0.20dB SPECTRUM
ANALYSER

LO
PORT| CABLE LOSS @ 915MHz

ostEhon
S

765.000MHz

Fig. A4 Mixer conversion gain
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NOISE FIGURE
METER
[ i e I s
00 00 0O
28V DRIVE 0 o0 o
NOISE SOURCE
DRIVE
0.25d8
DUT
NOISE SOURCE  RF pPORT IF PORT
-0.20dB -0.20dB
LOCAL LO | _0.20dB
OSCILLATOR  PORT
765.000MHz
Fig. A5 Mixer noise figure
COMBINER DuT
915.000MHz RF PORT IF PORT I/Lu..l =
VARIABLE -0.20dB -0.20dB-0-25dB| oonOo o o
ATTENUATOR -0.20dB SPECTRUM
ANALYSER
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915.000MHz PORT| CABLE LOSS @ 915MHz
OSGLLATOR
@
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Fig. A6 Mixer output third order intercept
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& oo APPLICATION NOTE AN152

AN1522.1

SL6609

ADVICE ON USING THE SL6609 DIRECT CONVERSION RECEIVER

100 PRy VoY 1 IR LI}

(Supersedes September 1593 edition)

Introduction
This application note outlines a basic circuit for the SL6609 Direct Conversion Pager Receiver for use at 153, 282MHz 350 and
450MHz with 4KHz deviation and at 1200bps data rate.

23 22 4 1 20 1 15 6 10 21 13 18 19

l T T T T T 7T
_: Va BEC Vcc! Vec? GND ::;~—-| »

s

Vr
MIXER 17
2
- 16
14

[
N\
e %
1 L] LIMITER
[ 4 (2 %4 a0
= — DETECTOR
2 [ 2. T 9
28
5 3 2 7 7 12 8
Fig. 1 SL6609 Internal block diagram
SL6609 Pin Description

A schematic of the SL6609 is shown in Fig. 1. This shows the pin allocation and the connection with the internal structure of
the device.

Pin No Pin Name Pin Description Pin Details
1 TPX Channel X test point Channel X, Internal amplifier output/Gryrator

filter input. The pin is used to measure the
receiver signal level during receiver set—up. It
may aiso be used in conjunction with pin 15
(TPLIMX) to measure the response of the
Gyrator filters. It can be used to add
additional filtering in the channel in the form of
an additional external capacitor. For details see
“Set-up for Optimum Performance”.

2 RFIADJ Current Source ADJ Pin 2 allows adjustment of the current source

which is designed for use with the external
RF amplifier. See “Circuit facilities”
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10

1

12

300

Loy

GYRI

LOX
VR

TPY

GTHADJ

TCADJ

BEC

BATTFL

TPLIMY

Vec2

Mixer L.O. Input

Gryrator Filter Adjust

Mixer L.O. Input

VR

Channel Y.

Audio AGC Level ADJ'.

Audio AGC Time Contstant

Battery Economy

Low Battery Flag O.P

Y Gyrator Filter Output

Vee2

The local oscillator signal is applied to pin 3 in
phase quadrature to pin 5. For the phase
quadrature circuit see “RF Amplifier and Local
Oscillator”. The L.O. input of the mixers require
a bias path to Vg1 (see R5 & R6 on the
Applications Circuit)

The bandwidth of the on—chip gyrator filter can
be adjusted using a resistor from pind to GND,
For values see “Set—up for Optimum
Performance”.

See pin 3.

1V Internal reference voltage. It may be used for
bias of external RF Amplifier and L.O. circuits.
Itis also a reference for pins no 1,7,8, and 9.

Channel Y, Internal amplifier output/Gyrator
filter input. This pin is used to measure the
received signal level during receiver set-up. It
may also be used in conjunction with pin 12
(TPLIMY) to measure the response of the
gyrator filters. . It can be used to add
additional filtering in the channel in the form of
an additional external capacitor.For details see
“Set—up for Optimum Performance”.

Level adjustment for the external AGC drive.
See Fig. 5. The voltage at pin 8 is dictated by an
external resistor (R16 in Applications Circuit)
and an internal current source driven by the
wanted audio (baseband) signal level. With no
signalinput to the receiver, the output of current
source 1 tends to zero and so the voltage at pin
8 is VR. This gives the result that the OP of
current source 2 (pin 28) tends to ~OpA. (i.e. the
AGC is disabled). With a signal incident on the
receiver, current source 1 driving pin 8 is turned
on and there is a voltage drop across the
external resistor (R16). The value of the
external resistor (R16) dictates the voltage drop
and hence the sensitivity of the AGC circuit. For
a value of the external resistor (R16). See
Application circuit. :

The attack (turn on ) and decay (duration) times
of the audio AGC are set by an RC network
connected to pin 9. See Application Circuit for
details.

Battery economy facility allows the device to
be powered down by pulling pin 10 to GND. If
not required this should be connected to Vc2.

The battery flag is the output of an on—chip
comparator with Vg as a reference voltage.
When V) (pin20) > Vg, Battery Flag O/P is Low.
BATTFL is an open collector output.

See pin7. Pin 12 provides a monitor of the
gyrator filter output of channel Y, to enable the
response of the filter to be accurately measured
and adjusted using pin 4. For details refer to
“Set-up for Optimum Performance”.

Vcc2 supply. This requires adequate audio
decoupling to GND. |f a DC-DC converter is
used to generate this voltage care must be
taken to prevent power supply noise reducing
the sensitivity of the device.
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15

16

17

18

19

20

21

22

23

24

25
26

27

DATAOP

TPLIMX

BRF2

BRF1

DIGGND

VBG

VBATT

Veet

REGCNT

VREG

MIXB

GND
MIXA

IRFAMP

Data Output

Test Point 4

Data Buffer Input

Phase Detector Output

Digital GND

VBANDGAP

Battery Flag Input

Veel

Voltage Regulator Control OP

Voltage Regulator Sense

Mixer RF Input

Receiver ground

Mixer RF Input

Current source

AN152

Open collector data output. This requires a pull
-up resistor to a suitable voltage reference.
e.g. Vec2.

See pin 1. Pin 15 provides a monitor of the
gyrator filter output of channel X, to enable the
response of the filter to be accurately measured
and adjusted using pin 4. For details refer
to“Set-up for Optimum Performance”.

Input to the data limiter. This pin is normally
connected directly to pin 17.

Output of the phase detector. For optimum
performance a Bit Rate filter can be applied to
this pin. This is achieved by applying a
capacitor between pin 17 and GND. The value
of this capacitor is dependent on the data rate.
For the value of this capacitor see “Set—up for
Optimum Performance”.

This is the ground for the digital circuits in the
receiver.

Bandgap voltage reference (1.2V). This may be
used for bias of an external RF amplifier. See
Application Circuit Requirements for details. -

If a 1V threshold is required, connect to pin
21, (Voc1)- Alternative thresholds may be
determined using an external potential divider.
See Application Circuit requirements for details.

Vg1 supply. This requires adequate Audio
and RF decoupling if the device sensitivity is to
be achieved.

1V on chip voltage regulator output. Used to
drive a suitable PNP transistor. See “Set-up for
Optimum Performance”. For stability purposes
a capacitor should be applied between pin 22
and pin 23. The regulator is only specified for
Veel1>=1.1V..

This should be connected to the load of the
regulator. If the regulatoris not required, and no
active components are connected to pin 22 and
pin 23, then pin 23 should be connected to
Veea:

Inputto the device from an external RF amplifer.
The signal should be applied differentially
between pin 24 and pin 26. The differential
signal to the mixers may be DC coupledif no DC
voltage is applied, otherwise AC coupling
should be used.

Ground for the RF receiver circuits.

Differentialinputfrom external RF amplifier. See
pin 24.

An on chip current source for use in RF amplifier
designs. This allows the current in the RF
amplifier to be independent of supply
voltages. See Application Circuit Requirements
for details. It is very important to use the
current source with the RF amplifier. The
current source incorporates an RF signal AGC.
This ensures optimum operation of the device
for a high input signal.
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28 IAGCOUT Audio AGC Output Current

Application Circuit Requirements
The example application circuit is shown in Fig. 2. To
achieve optimum performance of the device it is necessary to
incorporate a Low Noise RF amplifier at the front end receiver.
This is easily biased using the on—chip facilities provided.
The receiver also requires local oscillator at the wanted
channel frequency .

RF Amplifier and Local Oscillator Network

The design of the RF amplifier is simplified by the on—chip
current source and the two voltage references.

A suitable circuit is shown in Fig. 3. The current through the
load and hence the gain of the amplifier is controlled by the on
chip current source. This ensures that the gain of the amplifier
is independent of the supply voltages. Also, as Vg and Vgg are
independent of supply voltage it ensures that the bias points
of the transistors are also stable and independent of supply
voltage, with each transistor simply biased via a series resistor
to the appropriate voltage reference.

The RF amplifier current source (pin 27) may be adjusted
with the use of an external resistor connected between pin 2
and a voltage reference or ground. For details see “RF
Amplifier Current Source Adjustment”. Also the RF amplifier
current source forms the RF AGC by reducing the RF amplifier
current if excessive signal is incident on the mixer inputs. It is
very important to use the current source in the design of the RF
amplifier. This ensures that the SL6609 will operate with a high
level input signal.

The differential input required by the mixers is applied from
the RF amplifier via a suitable transformer. This forms a tuned
load with the variable capacitor (VC1). This load is tuned to the
operating frequency of the device. The normal operating gain
of the RF amplifier is also controlled by the load resistor (R13)
in parallel with the transformer.

Theinputto the amplifieris a LC network (C26,L1 and C27)
designed for optimum noise figure of the RF amplifier to give
best overall device sensitivity.

For optimum sensitivity, adjacent channel and third order
intermodulation performance refer to “Set-up for Optimum
Performance” for the gain distribution requirements of the
receiver chain.

The local oscillator signal is applied to the device in phase
quadrature. This can be achieved with the use of two RC
networks operating at their —3dB/45° transfer characteristic at
the local oscillator frequency, giving a full 90° phase differential
between the LO ports of the device. (see fig. 4). Each LO port
of the device also requires an equal level of drive from the
oscillator. In this applications circuit the local oscillator is
supplied by a signal generator with a source impedance of
500hms hence the total RC network (including mixer bias) is
designed to have this input impedance.

N.B. All voltage and current sources used for bias of the RF
amplifier and receiver mixers should be decoupled at RF and
Audio frequencies using a suitable capacitor. RF decoupling
should be as close as possible to the RF circuit.

Regulator Requirements

The on—chip regulator must be used in conjunction with a
suitable PNP transistor to achieve reliable regulation. As the
transistor forms part of the regulator feedback loop, the
transistor should exhibit the following characteristics:
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See Fig. 5. A current source controlled by the
Audio signal level and the AGC threshold adjust
(pin 8). The current source is intended to sink
current from an PIN diode on the RF input and
hence reduce the RF signal incident on the RF
amplifier input.

Hgg>=100 for Vge>=0.1V

A suitable transistor is specified in the application circuit.

RF and Audio decoupling Requirements

All voltages and references should be adequately
decoupled at audio (baseband) frequencies. Also where a
voltage or current supply or reference is used to bias the RF
or LO circuits it is necessary to apply RF decoupling to the
supply at the point of connection.

Open Collector Outputs

The Data Output and the Battery Flag output are open
collector and require a pull up resistor to a suitable voltage
reference. Care must be taken to ensure that the pull-up
resistor is adequate to supply sufficient current to the load.

CIRCUIT FACILITIES

Audio AGC Circuit

Fig. 5 shows the internal structure associated with the
Audio AGC facility.

The Audio AGC facility consists of a current sink which is
controlled by the audio (baseband) signal amplitude. It has
three parameters that may be controlled by the user; the
Attack (turn on) time, Decay (duration) time and threshold
level.

Attack time
The Attack time is simply determined by the value of the
external capacitor connected to pin9 (TCADJ). The external
capacitoris in series with an internal 100kOhm resistor and the
time constant of this circuit dictates the attack time of the AGC.
i.e. Tattack=100k *Cic. (*=multiplied by)

Decay Time

The decay time is determined by the external resistor
connected in parallel to the capacitor Cic. The Decay time is
simply Tgecay=Rdecay*Cc-

Threshold level

When a large audio (baseband) signal is incident on the
inputto the AGC circuit, (see fig. 5) the variable current source
is turned on. This causes a voltage drop across R16. The
voltage potential between Vg and the voltage on pin 8 causes
acurrent to flow in pin 9. This charges up Cy. through the 100K
internal resistor. As the voltage across the capacitor
increases, current source 2 is turned on and this sinks current
from pin 28.

The current sink on pin28 can be used to drive the external
AGC circuit by causing a Pin diode to conduct, reducing the
signal to the RF amplifier.

The relationship between the incident audio signal and
current source 1 is shown in Fig. 8. This can be used in
conjunction with the R16 value to set the voltage at Pin 8 for
any particular signal level.

The relationship between the voltage at Pin 8 and the
output of current source 2 is given in Fig. 9.

Using both figures, the value of R16 can be selected to give
the required output current at Pin 28 for any particular input
signal level. Note however that the maximum Audio signal and



hence the Audio AGC current (pin 28) is limited by the internal
RF AGC action to approximately 65pA.

Disabling the Audio AGC Circuits

The audio AGC may be simply disabled by connecting Pin
8 (GTHADJ) to V.. Alternatively the audio AGC may be
disabled by connecting- Pin 28 (IAGCOUT) to Vcc2 and
connecting Pin 9 (TCADJ) directly to V; (Pin 6). This would
then allow the use of the voltage drop across R16, when
connected to Pin 8, to be used as-a RSSI (Received Signal
Strength Indicator).

R.F. Current Source Adjustment.

With Pin 2 open circuit and with Pin 27 connected to a
potential of 0.2V (i.e. the emitter of a transistor with the base
voltage V, = 1V (i.e. V})), the current is nominally set to give
IRF=500M.A.

The current source may be adjusted by connecting pin 2 via
a suitable resistor to a voltage reference or ground.

The value of the resistor is determined by the required
increase or decrease in Igg from the nominal 500pA. (i.e. Pin
2 Open Circuit).

The nominal voltage of Pin 2 is 0.7V. :

To decrease Igg, connect Pin 2 to ground using a resistor
R where;

0.7V

5004A — lreq
— 5

Where l;eq = Required Igp
To increase Igg connect Pin 2 to a voltage reference (e.g
Vbg) using a resistor R where;
V*-0.7V
lreq —500uA
5

Where l;oq = Required Ipr
and V*=Voltage reference used.

Notes
i) Vpg should not be used to sink current

i) The on—chip voltage Reference V, should not be used
as a reference for Pin 2 a it is not capable of sourcing the
required current.

On Chip Voltage References.

The on—chip voltage reference Vg (1.2V) may be used to
bias an external RF amplifier and as a reference for the
on—chip RF AGC (see Pin 2). Vpq can source a maximum
current TBD (200pA preliminary). g/bg should not be used to
sink current.

The on—chip voltage reference V;, (1.0V) may be used to
bias an external RF amplifier and as a reference for Pins 1,7,
8 and 9. V, can source or sink a maximum current of 10pA.

Battery Flag Input

The battery flag threshold may be simply increased by
using a suitable potential divider so that at the required battery
threshold voltage, the voltage at Pin 20 (VBATT) is 1V

Set-up for Optimum Performance

To obtain optimum receiver sensitivity it is necessary to
have a Low Noise RF Ampilifier at the front end of the receiver,
(see “RF Amplifier and Local Oscillator”). However to achieve
optimum Third Order Intermod rejection it is essential to
ensure that the amplifier gain is not greater than the value
necessary to achieve good sensitivity. Similarly to achieve
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optimum Adjacent Channel rejection it is necessary to limit the
internal gain of the device to that required to obtain sensitivity.
Increasing the internal or the RF Amplifier gain beyond these
points will degrade the receiver performance.

The procedure outlined here represents a method of
obtaining optimum performance under the following operating
conditions:

Frequency of Operation 282MHz

Local Oscillator Input Power ~ —15dBm (500hm source
impedance)

Power Supply Vcc1 1.3V

Power Supply Vcc2 2.7V

Nominal Gyrator Pin4 100kOhm

R1 Open Circuit

R8 Open Circuit

C1-C7 inF

If the proposed frequency of operation is different to that
stated above, the signal levels stated should be used as a
guide to obtaining the optimum gain distribution within the
receiver and RF amplifier.

N.B. The following set up procedure was undertaken using

the RF Amplifier specified in Fig. 2 and should only be used as
guidance if alternative RF amplifiers are proposed.
Note. Having obtained the component values for optimum
performance for a specified RF amplifier, circuit layout, and
operating conditions then provided the RF amplifier design is
notdevice dependent, it should not be necessary to undertake
the set—up procedure for each individual circuit.

Set—up Procedure
a) Apply a signal with a frequency of LO +4kHz, ~73dBm
to the input of the RF amplifier.

b) Monitor test point TPX (pin 1) with an oscilloscope.
Determine that the signal is at a frequency of 4kHz. Adjust LO
or RF frequency to achieve this. Adjust VC1 on the RF
amplifier load until the 4kHz signal level is maximum. (This
should be >200mV pk—pk).

N.B. If the level of the signal is above 260mV pk—pk the
signal will not be sinusoidal due to the saturation of the
receiver. .

c) Usingaparallel load resistor (R13) on the RF amplifier
reduce the gain of the RF amplifier to obtain a level of 200mV
4-10mV pk-pk at TPX. Ensure that the signal at TPY (pin 7)
exhibits a similar gain.

d) Apply a capacitor between pin 16 and GND in
accordance with the following table

Data Rate Capacitor required
512 2nF
1200 1nF
2400 470pF

Fine adjustment of the Gyrator Filter

Due to the tolerance of the manufacturing process the
gyrator response may vary by ££15% for a given value of
resistor connected between pin 4 and GND. For accurate
alignment the filter will require adjustment. This is simply
achieved by undertaking the following procedure:

N.B. for the following levels to apply this procedure should be
undertaken following “Set—up for Optimum Performance”.

a) Set the input RF frequency to LO+4kHz, (No
Modulation).

b) Monitor the signal at the test point TPX (pin 1). Check
that the signal frequency is 4kHz. Adjust the LO or RF
frequency to obtain this. Adjust the RF signal input level until
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a signal of 40mV pk-pk is measured.

c) Monitor the test point TPLIMX (pin 15) and note the
pk—pk signal level. (this should be approximately 170mV
pk—pk but not limiting).

d) Adjust the frequency of the RF signal generator until
the signal level drops to 70.8% of the level noted in ¢ (-3dBs).

e) Note the frequency of the RF signal generator.
The difference between the LO frequency and the RF input
frequency represents the filter 3dB response of the filter.

Using a 100kOhm resistor to set the Gyrator filters will give
a nominal 3dB cut off 7.5kHz. Changing this resistor value
causes a linear change in the frequency of the filter cutoff. e.g
If a 100kOhm resistor results in a filter 3dB cut off 7.5kHz then
a 136kOhm resistor will give a 5.5kHz 3dB cut off.

q Ved TPXVR Vcct Vec2 VR BEﬁVccl Veec2
-
Q4 : o
at >§< L ; ; _|_
c11 ] [
i Ad | rig & o3 oD
Ve =C12l' 23 24 1 20 11 15 6 10 21 13 18 Ve
ci7
Rz €20 19 L—qm 5 -
- I 24 25
VBaG VCi Cc9
17
SLe609 B"“'J DATA OUT
R14 = 1 % 16 €29
C25 00 c21 14
Vee2
VR ] ca2 5 3 2 27 7 12 8 o 28
I ca C:
'Ev l c24 = R7 H R16] R9 R18
c26 R15 E‘| c7
RFy ci6 = R3
o Q5 ~ s R R8 cs
cis U c13 Y R6 Vet
'_'l Veet to
L R5 |VBG 3, TPY VA TPLIMY VR
c3
L, to T C18
pin 27 Lo -‘:—“ _]
Input *
(extgrnal) ved

Fig. 2 Basic SL6609 Application circuit (282MHz receiver), showing RF amplifier with external rejected LO
(no Audio AGC)

Component Values (for general demonstration circuit (282MHz))

Resistors Capacitors
R1 open circuit C1 n
R2 open circuit c2 5p6(6)
R3 100 Cc3 in
R4 100k C4 in
R5 100 Cc5 5p6(6)
R6 100 Cé6 2u2
R7 100 c7 in
R8 open circuit Cc8 100n
R9 220k Cc9 2n(@)
R10 M ci0 2u2
R11 100k(S) c11 100n
R12 3300) c12 1n
R13 see note (1) C13 in
R14 4k7 C14 not used
R15 4k7 C15 in
R16 47k Cc16 in
R17 not used Cc17 in
R18 c18 in
C19 not used
C20 in
Cc21 in
c22 not used
ca23 not used
C24 in
Cc25 in
C26 5p6(4) (6)
ca27 not used
c28 not used
c29 100p
C30 2u2
C31 2u2
C32 2p7
VCi 1-10p
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Inductors
L1 100n (4) (6)
T1 1:1 30nH transformer

e.g Coilcraft M1686-A

Active Components

Q1 Zetex FMMT589
Q2 Philips BFT25A
Q3 Not Used

Q4  Philips BFT25A0)
Q5 Philips BFT25A

Note:~
;Ifhe Audio AGC components are not included in this component



NOTES
O]

]
®
(4)

(5)
(6)

The value of this component is determined by the set up procedure. See “Set up for Optimum Performance”.
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The value of C9 is determined by the output data rate. Use 2nF for 512bps, 1nF for 1200bps and 470pF for 2400bps.

R12 and Q4 from a dummy load for the regulator. Permitted load currents for the regulator are 250pA to 3mA

L1, and C26 form the low noise matching network for the RF amplifier. The values given are for the RF amplifier specified

in the Applications Circuit with no Audio AGC connected.

The value of R11 is dependent on the data output load. R11 should allow sufficient current to drive the data output load.

The values of these components are dependent on the frequency of operation.

c17 Veel

Cc20
l_ PIN 24
I_ PIN 26
c21
C32
PIN 27
to Veel CURRENT I - g?ée [o3] RF De: I
C RF 3 7 coupling
pin28 SOURCE i C25, C24 RF Decoupling

C15, C16  DC Blocking
C20, C21 DC Blocking

Fig. 3 RF amplifier

RFAmplifier Component Values ‘

Resistors Capacitors

R14, R15 4K7 C13,C15  1nF

R13 see note 1 C16, C17 inF
C20, C21 1nF see note 2
C24,C25 1nF

Notes
(1) The value of R13 is determined by the set up procedure (See “Set up for optimum performance”)

(2) C20 and C22 are purely for demonstration purposes. Pin 24 and Pin 26 may be DC coupled provided that no DC voltage is applied to the mixer

inputs.

Freque!

C26
ca7

L1
C32
T

veC1 1-10p
(See also LO drive Network)

ncy Dependant Components

153Mhz 280MHz 350MHz

not used 5p6 4p7

3p3 not used not used

180nH 100nH 82nH

3p3 2p7 not used

100nH 30nH 30nH

Coilcraft N2261-A Coilcraft M1686-A Coilcraft M1686—-A
F 1-10pF 1-5pF

450MHz
1-10pf
not used
39nH
not used

16nH
Coilcraft Q4123-A
1-3pF
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Veet
c18 v :cf
- RS PR3 c2
TOPIN 3
LO
INPUT TOPIN5
c3
cs
Re || ggte C18 RFD li
ecoupling
Veel 3 DC Block
I C4 R5 R6 Mixer Bias

Fig. 4 Local oscillator drive network

LO Drive Network Component Values
500hm input impedance (External LO injection)
153Mhz 28

OMHz 350MHz 450MHz
c2 10p 5p6 4p7 3p3
5p6 4p7 3p9

C5 10
C3,C4,C18=1n
R3, R5, R6, R7 = 1000hms.

Higher Input Impedance (crystal oscillator input)

153Mhz 280MHz 350MHz 450MHz

Cc3 Set by load allowable on cgstal oscillator (typical 4p7)

Cc2 4p7 5pl 4p7 3p3

C5 4p7 5p6 4p7 3p7

R3 220 100 100 100

R7 220 100 100 100

R6, R7, =1K

C4,C18 =1n

current
source 1

Fig. 5 AGC Schematic

AGC Components Values (282MHz RF amplifier)

R9 220K C15 1n L1 63n

R16  4K7 Ci16 1n L2 220n

R16 seenote C26 5p6

R20 47K C30 1n D1 MAB862 (Panasonic)

C8  seenote

Note:
R16setsthe gain (sensitivityéofthe audio AGC. If R16isincreased then the audio AGC will become active for alower wanted signal level. Increasing
R16 can cause the audio AGC loop to become unstable. C8 should be increased to increase the turn on/off time to prevent oscillation occuring.

Recommended Values
6 = 33K R16
C8 = 100nF c8

62K
470nF
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Fig. 6 shows a typical response of the AGC with wanted to use the circuit shown in Fig. 7 to replace R16. However, it
and unwanted rejection level. should be noted that the AGC has a fixed dynamic range.
If the AGC is required to become active earlier lt is possible
55
60 \\
AUDIO AGC ON
é 45 ] " R16 = 60K C8 = 470nF
§ w X
=
N -
w AUDIO AGC ON
5 30 i R16 = 33K C8 = 100nF
a
% SL6609 WANTED SIGNAL 282.2MHz 120bps
4KHz DEVIATION
20 |- LO=15dBm
INTERFERERS:~
262.225MHz NO MODULATION
15 | 262250MHz, Af=3KHz, 400Hz.
10
-120 -110 -100 -90 -80 ~70 -60
WANTED SIGNAL (dbm)
Fig. 6.
Vg
1.8M
PIN8 (VR +4.7mV)
33K
VR
Fig. 7.
= 1.8 -
E )‘/ L4171
E 1.6 g
2 L1
g 1.4
o<
3 1.2
Es )
oz 1
85"
< 08 ’
<] .
=] 0.6
<
0.4
//
0.2
LA
0 -
0.1 1 10 100 1000
AMPLITUDE AT TPX or TPY mV pk-pk

Fig. 8 RSSI Audio AGC vs Signal level at TPX or TPY
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AUDIO AGC OUTPUT CURRENT
(PIN 28) uA
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20 /
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o
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50 100 150 200

DC INPUT VOLTAGE at PIN 8 (wrt pin 6 \& ) mV
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Fig.9 Audio Output Current at pin 28.vs DC Voltage at pin 8
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30mm

30mm

GND |

O THROUGH CONNECTIONS

@ GROUND CONNECTION
(MIDDLE LAYER)

Fig. 11 Layout for box pager. Inc antenna (3 layers middle layer ground.

[I DIMENSIONS mm
- MATERIAL COPPER

14.0
—_—
9.0

! 35.0
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Fig. 12. 153MHz pager loop antenna (suitable for box pager)




2: 5600 dB
.530 000 MHz
AREF=1

1:0 dB
0 Hz

CH1Sy1 LOGMAG 10dB/ REF0dB

SPAN 20.00 00 MHz

CENTRE 153.000 000 MHz

AN152

Fig. 13. Loop antenna matching circuit
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A CREDIT CARD PAGER

A credit card size pager can be produced using single sided antenna.
0.5mm duriod with the antenna printed directly on the circuit A ground plane is required behind all other circuit
board. components.

N.B. the ground plane should be removed from behind the

Fig. 14 Credit card pager (Actual size) 0.5mm duriod

SLECRBS ~ 153MHz/ 1288 RGO
g 3

Fig. 15 Credit card pager
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ADVANCED INFORMATION

Issue 1.5

GUIDANCE ON BOARD LAYOUT FOR A RADIO PAGER

It is important to adhere to several basic RF design rules
when attempting to layout a radio pager. These rules are
simple and may appear trivial, but if not adhered to will result
in the performance of the radio pager not being as expected.
At best this will result in a poorer performance, at worst it will
prevent the circuit from operating at all. Sometimes poor
layout will result in unexpected feedback in the circuit causing
oscillation.

At RF frequencies printed circuit board pads and tracks
may appear capacitive or inductive. If a track between two
components is long and thin then it will appear as a series
inductor and hence willbecome a part of the RF circuit. If a pad
is too large then this may appear as a parallel capacitive
element. This will also become part of the RF circuit. The
general rule here is that all RF circuit components that are
connected together should be as close together as possible
and not separated by any large length of track.

All RF circuits should ideally be mounted on a single side
with an earth plane on the opposite side of the board. This
ensures that any electric field generated by the RF circuit is
contained within the circuit and not radiated away to be picked
up by other circuits. It also helps prevent the RF circuit from
picking up other stray signals e.g the local oscillator. Different
RF circuits within the same design should be kept away from
each other to prevent any interaction between them. This is
especially the case when both circuits are designed to operate
at the same frequency as is the case with direct conversion
receivers. A large ground plane also ensures that a good RF
ground can be achieved anywhere within the circuit. This is
important for achieving a good definition between the RF
circuit and the DC circuit.

The position at which the RF circuit interfaces with the DC
circuit should be well defined and decoupled to ensure these

points are'RF ground e.g DC bias for the RF amplifier. This
ensures that the DC bias circuit components do not become
partof the RF circuit. In the case of the SL6609 circuit all of the
1nF capacitors connected to ground perform this function. ltis
important to ensure that the ground to which the decoupling
capacitors are connected is atrue RF ground and not justa DC
ground. As stated this is usually achieved with the use of a
ground plane. As this is normally a large area of conductor it
ensuresthatthe point at which the RF ground is required is not
separated from the true ground by an inductive length of line.

RF circuits are made to respond to high frequencies. As
fast data edges contain high frequency components, RF
circuits should be kept away from data lines. Inthe case of the
SL6609 the Data Output line to the decoder should not pass
underneath any of the RF circuit components. This includes
the device, the RF amplifier or the LO circuits.

If it is necessary to use a double sided design then the two
sides of the boards should be isolated from each other with the
use of a 3 layer board with middle layer used as the ground
plane.

Fig.1 shows an example of a required circuit. Notice that this
includes the DC circuit. The position at which the RF circuit is
connected to the DC circuit is decoupled by a capacitor which
provides a low impedance to ground at the frequency of
operation. These capacitors are C4 and C3.

Fig.2 shows the correct layout for achieving the required RF
circuit operation. Notice that the RF track lengths are short
and the decoupling capacitors are connected directly to the
ground plane. All DC grounds are connected through to the
ground plane which is not shown.

Fig.3 shows a poor layout for the amplifier.

: DC Block

: RF Match

: RF Load

C4, C3: RF Decouple
R1: DC Bias

Ground

Fig.1 Required RF amplifier circuit

Fig.2 Good RF amplifier layout showing DC and RF grounds
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Fig.4 shows the effect of poor layout of the circuit. The
inductors (L*) will interact with the RF load, and RF match to
cause a change in the amplifier characteristics. Also C3 and
C4 are now not directly connected to the amplifier in the
position required and hence part of the bias circuit is now
incorporated into the RF circuit. This will also cause achange e
in the amplifier characteristics. Ground

RF C1 L1

Input

DC and RF
Ground

output

: DC Block

: RF Match

: RF Load

: RF Decouple
: DC Bias

Fig.3 Poor RF amplifier layout showing DC and RF ground points

c4

RF Ground

Vbias Vee

<«+—— RF Ground

RF
Output
6

Cc1

RF
Input

L*: ‘ADDITIONAL INDUCTANCE

Fig.4 Shows effects of poor layout
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APPLICATION NOTE AN172

AN17213

RADIO PAGER DESIGN USING THE SL6649-1 & MV6639

INTRODUCTION

The SL6649-1 is a Direct Conversion Receiver which
receives Frequency Shift Keying (FSK) RF signal up to 200
MHz and converts it into digital data for decoding. All the
appropriate filtering is done on—chip. Two voltage references
are avalilable for external RF amplifier biasing if required.

'The MV6639 is a POCSAG decoder and voltage doubler
combined. The voltage doubler can be used to power a micro
and LCD display in a normal pager. The decoder has low
power consumption and can operate downto 1 V.

This application note gives full detail of the circuit, PCB
layout and adjustment procedures of a 153 MHz, 512 baud
tone only radio pager using the GPS SL6649-1/MV6639
chip-set. The demonstration board has an integral loop
antenna for field measurement purposes. An additional
connector is provided for initial adjustment and terminal
sensitivity evaluation.

Data sheets of the SL6649-1 and MV6639 should be
referred to where necessary. Further detail on the design of the
receiver can be found in the SL6649—1 applications note
AN118 " Using the SL6649-1 in Low Profile Applications at
Frequency below 200 MHz”.

RF AMPLIFIER

The two on—chip voltage references are used to bias an
external cascode amplifier which feeds the differential inputs
of the mixer through a transformer. Fig. 1 shows the complete
circuit diagram of the pager demonstration board. The position
of the base decoupling capacitor C11 of the transistor TR1 is
important and should be as close to the base as possible for
repeatable and stable operation of the amplifier.

The value of the load resistor R4 sets the maximum
available gain of the amplifier. The trimmer capacitor VC2
together with the transformer form the output tuned load of the
amplifier.

The input LC network ( L4, C31,C32 ) to the amplifier is
designed for an optimum noise figure to give the best overall
device sensitivity.

LOCAL OSCILLATOR

The local oscillator utilises the 280uA current source
provided by the SL6649-1 at pin 21. The purpose of the
inductor L1 is to tune out the crysta| capacitance and suppress
oscillation at the fundamental frequency. Ciystals from
different manufactures may require a different value for L1.

The output circuit at the collector of TR3 is designed to be
resonant at 163 MHz. The output signal is fed to a RC
quadrature network consisting of R7/C18 and R6/C17 thento
the mixer LO input ports.

The entire local oscillator should be screened to minimise
radiation feed-through from the LO to the RF
amplifier/antenna front—-end. The result of any appreciable
radiation feed—through tends to desensitise the receiver. At
least 10~15 dB additional isolation can be achieved by proper
screening of the LO.

DATA BUFFER

The transistor pair TR4~TR5 shown in the data buffer
section of Fig. 1 forms the data buffer which provides isolation
between the receiver data output and the POCSAG decoder
data input. The high impedance at the buffer input reduces
current surge at the data output of the receiver and minimises
interference.

DECODER

The POCSAG data from the data buffer is connected to the
input to the MV6639. The 32 kHz reference frequency of the
decoder is generated by an on—chip oscillator with an external
32 kHz watch crystal.

The RIC ( Radio Identification Code ) , baud rate selection
and other housekeeping information are stored in the
EEPROM (IC3). Upon switch on, the decoder resets itself and
loads the appropriate programmed data from the EEPROM.

After receiving a correct message, the sounder will sound
at a low level for 4 seconds then at a higher level for another
12 seconds. The alert tone will sound for 16 seconds in total
if it is not terminated before by closing the reset switch SW2.

VOLTAGE DOUBLER

The voltage doubler prov:ded by the MV6639 is used to
power the VCC2 of the receiver at 2.7V. A Schottky rectifying
diode should be used for D1 for high doubling efficiency.

The oscillator frequency within the voltage doubler varies
with the amount of current drawn from it. As with all voltage
doubling circuits the output voltage decoupling is very
important. The decoupling capacitors should be placed as
close to the doubler output as possible. Detail decoupling
requirement can be found in the MV6639 data sheet. In the
pager demonstration board the doubler runs at about 40 KHz
and the ripple on the output of 2.7V is approximately
5mVpk—pk.

Although the oscillator frequency of the voltage doubler is
considered to be out-of~band itis recommended to screen D1
and L5 to minimise possible interference.

ANTENNA

Fig. 2 shows the physical dimensions of the loop antenna
used in the pager demonstration board. Fig. 3 shows the input
impedance of the loop as measured on a network analyser.

Fig. 4 shows the antenna matching circuit with 50 ohm
source impedance reference and the measured resonant dip
at 153 MHz . VC1is capable of tuning the resonant dip to at
least Fo £=5MHz. The coupling capacitor C9 also contributes
to the tuning of the resonant dip but for high Q operation its
value should be kept small.

The material used for the antenna should have high
conductivity e.g. copper. This is due to the fact that the
radiation resistance of this type of antenna is very low so any
significant ohmic loss will degrade the overall antenna
efficiency.

The impedance level at the interface between the RF
amplifier and the antenna is designed to be 50 ohm. This
simplifies the design and the measurement tasks of the
individual RF amplifier and antenna.
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TERMINAL SENSITIVITY MEASUREMENT

Fig. 5 shows the pager demonstration board PCB layout
and components placement. For terminal sensitivity
measurement the input signal goes through C31 and L4 then
to the RF amplifier.

Fig. 6 illustrates the measurement set-up for terminal
sensitivity.

MEASUREMENT PROCEDURE

a) Apply a signal from a 50 ohm source impedance signal
generator at a nominal frequency of 153.000 MHz and level of
—73 dBm to the SMA connector on the demonstration board.

b) Monitor test point TB (pin 28 on the SL6649-1) with an
oscilloscope set at 20mV/div.

c) Adjust trimmer VC3 until maximum signal is obtained on
the oscilloscope.

d) Adjust the signal generator frequency f,, until a 4 kHz
signal appears on the oscilloscope.

e) Re—adjust VC3 to peak the amplitude of the 4 kHz signal.

f) Toacquire the optimum gain of the RF amplifier, adjust the
trimmer VC2 until maximum amplitude is obtained at the test
point. The overall gain can be increased by increasing the
value of the load resistor R4 and vice versa until an optimum
level of 100mV + 10mV pk—pk is reached at the test point.

g) Adjust the signal generator frequency Fo until the
frequency at the test point is zero i.e. zero beat. The pager
local oscillator frequency is then equal to the signal generator
frequency Fq

h) Encode the signal generator witha POCSAG encoder as
shownin Fig. 6. Reduce the signal level until 4 out of 5 calls are
correctly received by the pager. This level is considered to be
the terminal sensitivity and should be at —126 dBm or lower.
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EVALUATION OF OVERALL SENSITIVITY

Absolute pager sensitivity in terms of uV/m cannot easily be
measured without the use of a screened enclosure and a
calibrated field strength meter. The pager demonstration
board was evaluated in a TEM cell whose detail is shown in
Fig. 7. Measurements were carried out by comparing the
demonstration pager sensitivity with other commercial pager
of known absolute sensitivity. Fig. 8 shows the measurement
set-up.

TUNING PROCEDURE

a) It is assumed that the demonstration pager board has
been adjusted for maximum terminal sensitivity as detailed
above.

b) Disconnect the signal path from L4 to C31, instead
connect L4 to C9.

c) Disable the encoding signal to the signal generator and
offset the centre frequency F, to Fo+4kHz, and set the output
amplitude to about —50 dBm.

d) Place the pager board in a TEM cell and monitor the
4kHz signal at the test point using an oscilloscope set at
20mV/div. Adjust the trimmer VC1 until the amplitude of the
4kHz signal is at maximum.

e) Change the signal generator frequency back to Fo. The
tuning procedure of the pager board is now complete.

f) Encode the signal generator witha POCSAG encoder as
illustrated in Fig. 8. Orientate the pager board within the TEM
cell until the most sensitive position is obtained. Reduce the
signal generator output level until 4 out of 5 calls are correctly
received by the pager. This is the overall sensitivity of the
pager measured in this particular TEM cell. Relative
performance can be obtained by carrying out similar
measurement on other pagers with known sensitivity.
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154MHz Local Oscillator for the SL6649-1 AB38

Fig. 1 shows a 154MHz local oscillator circuit for the SL6649-1 FSK data receiver, using a 3rd overtone crystal which is
series resonant at half the required output frequency.
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1k 68n 1k
10k —— — —
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2:) 154MHz r
I 2

W - BFSI7 o § 100 :
Al ! 27 SL6649-1
L 2-10p
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680n %1“ L
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Fig. 1

Using the SL6649-1 at 230MHz AB39

The SL6649-1 will operate at 230MHz using the internal LNA, although with reduced sensitivity. Suggested circuits for the

LNA and local oscillator are shown in Figs. 1 and 2, respectively. X1 in Fig. 2 is a 3rd overtone series resonant crystal with
a nominal frequency of one third the required LO frequency.

| e
0
80| \NPUTS

Fig. 1 230MHz LNA circuit Fig. 2 230MHz local oscillator circuit
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APPLICATION NOTE AN118

ISSUE 2.0

USING THE SL6649-1 IN LOW PROFILE APPLICATIONS AT FREQUENCIES
BELOW 200MHz

INTRODUCTION

This Application Note describes the use of the SL6649-1
at frequencies below 200MHz. A new circuit design has
been used which eliminates the transformers that were used
in previous demonstration boards for this device. This has
the benifit of being able to use small, low profile
components enabling a receiver to be built with a maximum
component height of 2mm. (using the low profile chip
carrier package).

The AC characteristics given in the SL6649-1 data sheet
are based on the use of transformer matching from the RF
amplifer to the mixer. Use of the transformerless circuit can
result in a lower front end gain and thus may degrade the
overall receiver performance. Improved perfromance may
be achieved by the use of an external low noise, high gain
transistor amplifier in place of the on-chip cascode
arrangement.

RF AMPLIFIER

The on-chip amplifier consists of two transistors
configured in cascode. This is illustrated in Fig.1. Bias is
provided by a current source on pin 20 and the voltage Vpg
and Vg via R1. At high signal levels this current source is
dependent on the R.F. level at the mixer inputs and can
therefore provide an*automatic gain control (AGC) function.

Pin 20 is decoupled to ground by a 1nF capacitor. The
upper transistor being in common base has its base
decoupled to ground by a 1nF capacitor.

The input to the cascode is matched to a 50 Ohm source
by a single series inductor (L3). It is also wise to include a
1nF dc blocking capacitor (C11) between the signal source
and the input circuit. The output load is a tuned circuit with
a capacitor tap to match the combination of an LC phase
shift network (L5 and C21) and the differential mixer inputs.
The component values for the LC phase shift network are
chosen to give equal amplitude and 180 degrees phase
shift between the mixer R.F. inputs. This circuit will be
dependant on the impedance of the mixer input. Some
experimentation with the values of L5 and C21 may be
necessary to achieve optimum gain and intermodulation
performance.

The internal cascode amplifier works optimally at
frequencies up to 200MHz. Above 200MHz the receiver will
work with reduced sensitivity due to the bandwidth and
noise figure limitations of the internal amplifier. For use at
frequencies up to 500MHz where high performance is
required, an external amplifier is recommended.

LOCAL OSCILLATOR

The L.O. which is shown in Fig. 2, uses an external
transistor which is connected to a 280pA current source on
pin 21 of the SL6649-1 via inductor L6. The oscillator
feedback circuit comprises a capacitor tap (VC2, C23 and
C18) and a series resonant crystal which is shunted by.an
inductor (L4) to suppress oscillation at the crystal
fundamental frequency by tuning out the holder
capacitance. The base of the transistor is connected to
Vce! and decoupled to ground by a 1nF capacitor. The
collector circuit is designed to be resonant at the required
oscillator frequency and the output signal is fed to an RC
quadrature network consisting of R6, R7, C13 and C15 via a
capacitor (C17) and then to the mixer L.O. input ports. This
RC network is designed such that R and the reactance of
the capacitor, C, equals 100 Ohm at the wanted frequency.

OVERALL RECEIVER CIRCUIT

The complete receiver block schematic is shown in Fig.
3 and illustrates the remaining ancillary components which
are not dependant on the RF frequency used.

RECEIVER ALIGNMENT

Monitor the output at pin 28 of the device with an
oscilloscope set to 20mV/div. (A.C. coupled). Feed the R.F.
input from a 50 Ohm signal generator set at the nominal
crystal frequency at a level of about 20pV (-80dBm). Tune
VC2 for a zero beat at pin 28 (channel B test). Now offset
the generator frequency by 2-3 KHz, this should give a sine
wave output of about 50mV p-p. Tune VC1 for a maximum
at the pin 28 test point.
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COMPONENTS 50MHz 153MHz 173MHz COMPONENTS 50MHz 153MHz 173MHz
C1 inF 1nF inF L1 470nH 100nH 100nH
c2 1nF 1nF 1nF L2 1uH 100nH 100nH
C3 inF inF inF L3 390nH 100nH 100nH
c4 - 22pF 33pF L4, - 220nH 220nH
Cs 22nF inF inF L5 470nH 150nH 100nH
Cé 2.2pF 2.2yF 2.2yF L6 10pH 10pH 10puH
Cc7 2.2yF 2.2yF 2.2uF R1 2.2K 2.2K 2.2K
Cc8 inF inF 1nF R2 270K 270K 270K
Cc9 2.2uF 2.2uF 2.2pF R4-R7 100 100 100
C10 2.2pF 2.2pF 2.2pF R8 100K 100K 100K
C11 1nF inF inF TR1 BFS17 BFS17 BFS17
C12 inF inF 1nF TR2 BFS17 BFS17 BFS17
C13 33pF 10pF 10pF VC1 1.5-10pF 1.5-10pF 1.5-10pF
Ci14 inF 1nF inF vC2 1.5-10pF 1.5-10pF 1.5-5pF
C15 33pF 10pF 10pF
C16 1nF inF 1nF X1 50MHz 153MHz 173MHz
C17 3.3pF 3.9pF 3.9pF series res. series res.  series res..
ci18 18pF 4.7pF 1.5pF
C19 inF inF inF
c20 inF 1nF inF
c21 33pF 10pF 10pF
c23 39pF - -
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P.C.B.LAYOUTS
MP PACKAGE

P.C.B. LAYOUTS
LCPACKAGE

SL6649-1
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Layout around the SL6649-1

AN136

The SL6649-1 is a single chip radio receiver. The input signal is analog, and can be as low as 100nV RMS while the output
is a digital signal of >2V p-p. The large differences in signal levels around the chip make careful layout essential if the full

performance of the device is to be achieved.

Where possible a layer of the PCB should be used as a ground plane. This helps minimise stray inductance in the ground
connections of the circuit. Careful decoupling at both radio and audio frequencies is required to achieve optimum
performance. RF decoupling capacitors should be placed close to the circuit they are decoupling to minimise stray

inductance.

Inadirect conversion receiver, such as the SL.6649-1, the local oscillator is on the receive frequency. The antennais tuned
to this frequency so can pick up significant local oscillator power. This can be at a high enough level to cause a significant
degredation in receiver performance uniess a few simpie precautions are taken. Where an antennais fitted on or ciose to the
receiver board it is important to position the oscillator as far as possible from the antenna. Screening of the oscillator circuit
helps reduce oscillator pick up in the antenna. The most important components to screen are the inductors, because these
produce the largest radiated field. The can of the crystal should be connected to ground. The local oscillator circuit should
be well separated from the RF amplifier to prevent coupling of the local oscillator circuit into the RF amplifier.

1. Gnd

The main ground pin for the IC.

Itshould be connectedto the ground plane. Track length must
be kept to a minimum.

2. Battery Econ

A digital control signal used to enable and disable the
receiver. During the receive period this pin is held at a constant
high voltage, so should not cause any problems.

3. Gyrator Current Adjust

Input used to tune the gyrator filter.

A resistor is connected from this pin to OV. No special
precautions are required for this pin.

4. Reference Voltage

A reference voltage used internally in the chip.

This pin must be decoupled by a capacitor of 2:2uF minimum.
The capacitor should be as close as possible to the chip. If this
output is to be used to bias the RF amplifier it should also be
decoupled at radio frequencies, using a 1000pF capacitor. Care
shouldbe takentoprevent audio frequency noise being introduced
onto this pin from the data output.

5. Bandgap Voltage Reference

A reference voltage used internally in the chip.

This pin must be decoupled by a capacitor of 2:2 uF minimum.
The capacitor should be as close as possible to the chip. If this
output is to be used to bias the RF amplifier it should also be
decoupled at radio frequencies, using a 1000pF capacitor. Care
shouldbe takento prevent audio frequency noise being introduced
onto this pin from the data output.
6.Vec2

The higher voltage power supply to the chip.

This pin should be decoupled at radio frequencies by a
1000pF capacitor as close as possible to the pin. It may also be
necessary to provide audio frequency decoupling using a much
larger capacitor, usually 2-2uF-10uF is sufficient.

7. Bit Rate Filter

The signal on this pin has a large voltage swing so should be
kept well away fromthe RF input, oscillator circuit and reference
voltages. This can be achieved easily if the bit rate filter capacitor
is fitted close to the pin.

8. Data Output

Received data output.

Thedataoutputis adigital signal going between Ovand V¢ 2.
This is a source of noise which can degrade the performance of
the receiver. A 100kQ resistor should be connected to the data
output pin and placed as close as possible to the chip. The data
outputsignal should be routed so that it is well away from the RF
input, oscillator circuits and reference voltages.

9. Ground

Additional ground pin for the chip.

It should be connected to the ground plane. Track length
should be kept as short as possible.
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10, 11, 12. Not Connected

These pins are not connected to the chip.

Where possible connect these pins to ground rather than
leaving them floating.

13. Battery Flag Input

Low battery detector output.

When the receiver is enabled this pin is held at a constant
voltage so should not cause any problems.

14. Battery Flag Output

When the receiver is enabled this pin is held at a constant
voltage so should not cause any problems.
15. Not Connected

This pin is not connected to the chip.

Where possible connect this pin to ground rather than leaving
it floating.

16. Colpitts Oscillator Output/Disable

Gyrator filter tuning output.

This pinshould be connectedto V2. Nospecial precautions
are required.

17. RF Amplifier Output

Cascode RF amplifier output.

The output from the RF amplifier should not pass close to the
RF input (pin 19). The load inductor for the RF amplifier should
be close to this pin. RF decoupling of 1000pF should be provided
on the positive supply connection to the inductor.

18. RF Base Decouple

RF amplifier bias decoupling.

A 100 pF decoupling capacitor should be connected from
ground to this pin. It should be as close to the pin as possible.
19. RF Base Input

Cascode RF amplifier input.

This is the most sensitive part of the circuit. Alltracks fromthe
RF input should be kept separate from the RF amplifier output,
i.e. they should not run parallel. Also the RF input should be well
separated from the oscillator circuit to prevent stray coupling.
Bias to the RF amplifier is provided by the reference voltage (pin
4). This should be connected via a 2:2kS2 resistor.

20. RF Emitter Decouple

Emitter of RF cascode ampilifier.

A 100pF capacitor must be connected to ground from this pin.
It should be connected as close to the pin as possible.

21. Local Oscillator Current Sink

Current sink used to power the local oscillator.

A small ammount of the local oscillator signal will be present
on this pin so the track from it should not pass close to the RF
input. Also the local oscillator is sensitive to audio frequency
noise so the track should be kept away from the data output.
22. Channel A Test

Mixer A output test point.

This output is often ued for production testing so should
have a test point. It is sensitive to audio frequency noise so
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APPLICATION NOTE AN141

Q. VP SEMICONDUCTORS

AN141 1.4

ADVICE ON USING THE SL6649-1

INTRODUCTION

This application note describes the use of the SL6649—1
direct conversion radio receiver, and how to obtain the
optimum performance from the device. Additional application
notes are available for this device in specific application areas,
such as low profile applications from GEC  Plessey
Semiconductors.

This note is split into three main sections to assist uses of
the device.
These are:—

1. Layout around the SL6649—1 which gives guidance
on the PCB layout for the receiver.

2  Gain distribution in the SL6649-1 which defines the
gain at various steps of the receiver.

3 RF amplifiers for the SL6649-1 which provides
information with regard to the internal RF amplifer plus some
suggestions for an external amplifer.

T8 0B OA | VCIM |MB|MA| TA ol _|RDB |R1__|RDA | RO |CO
28 27 26 25 24| 23] 22 21] 20 19 18 17 16
COLLPITS
1 v 6’ OSCILLATOR
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MIXER >— =~ =~ ——""'D
-
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= ag
=~ DETECTOR
SL6649-1 ; Vr
1 2 3 4 5 6 7 8] 9 ‘ 13 14
| | | I | | Fif Fol
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Fig. 1 Functional block diagram of the SL6649-1
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INTRODUCTION

The SL6649—1 is a single chip radio receiver. The input
signal is analogue and can be as low as 100nV rms while the
output is a digital signal of >2vp—p. The large differences in
signal levels around the chip make careful layout essential if
the full performance of the device is to be achieved.Where
possible a layer on the PCB shouldbe used as agroundplane.
This helps minimise stray inductance in the ground
connections of the circuit. Careful decoupling at both radio and
audio frequencies is required to achieve optimum
performance. RF decoupling capacitors must be piaced close
to the circuit, they are decoupling to minimise stray
inductance. In a direct conversion receiver, such as the
SL6649-1, the local oscillator is on the receive frequency. The
antenna is tuned to this frequency so L.O. pick up can cause
significant degradation in receiver performance unless a few
simple precautions are taken. Where an antennais fitted on or
close to the receiver board it is important to position the
oscillator as far as possible from the antenna. Screening of the
oscillator circuit helps reduce oscillator pick up in the antenna.
The most important components to screen are the inductors,
because these produce the largest radiated field. The can of
the crystal should be connected to ground. The local oscillator
circuit should be well separated from the RF amplifier to
prevent coupling of the local oscillator signal into the RF
amplifier.

Pin description
1. Gnd
The main ground pin for the IC. It should be connected
to the ground plane. Track length must be kept to a
minimum.

2. Battery Econ
A digital control signal used to enable and disable the
receiver. During the receive period this pin is held at
a constant high voltage so should not cause any
problems.

3. Gyrator current adjust
Input used to tune the gyrator filter. A resistor is
connected from this pin to OV. No special precautions
are required for this pin.

4. Reference voltage
A reference voltage used internally in the chip. This pin
must be decoupled by a capacitor of 2.2uF minimum.
The capacitor should be as close to the chip as
possible.
If this output is used to bias the RF amplifier it
should also be decoupled at radio frequencies using a
1000pF capacitor. Care should be taken to prevent
audio frequency noise being introduced into this pin
from the data output.

5. Bandgap voltage reference

A reference voltage used internally in the chip. This pin
must be decoupled by a capacitor of 2.2uF minimum.
The capacitor should be as close to the chip as
possibie.if this output is used to bias the RF ampiifier
it should also be decoupled at radio frequencies using
a 1000pF capacitor. Care should be taken to prevent
audio frequency noise being introduced into this pin
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from the data output.

Vec2

The higher voltage power supply pin to the chip.This
pin should be decoupled at radio frequencies by
a1000pF capacitor as close as possible to the pin. It
may also be necessary to provide audio frequency
decoupling using a much larger capacitor, usually
2.2-10uF is sufficient.

Bit rate filter

The signal on this pin has a large voltage swing so
should be kept well away from the RF input, oscillator
circuit and reference voltages. This can be achieved
easily if the bit rate filter capacitor is fitted close to the
pin.

Data Output

Received data output. The data output is a digital signal
going between 0V and Vcc2. This is a source of noise
which can degrade the performance of the receiver. A
100k resistor should be connected to the data output
pin and placed as close as possible to the chip. The
data output signal should be routed so that it is well
away fromthe RF input, oscillator circuit and reference
voltages. '

Ground

Additional ground pin for the chip. It should be
connected to the ground plane. Track length must be
kept to a minimum.

10,11,12 Not connected

These pins are not connected to the chip. Where
possible connect these pins to ground rather than
leaving them floating.

13. Battery flag input

Low battery detector input. When the receiver is
enabled this pin is held at a constant voltage
so should not cause any problems.

14. Battery flag output

Low battery detector output. When the receiver is
enabled this pin is held at a constant voltage so should
not cause any problems.

15. Not connected

This pin is not connected to the chip.Where possible
connectthis pin to ground rather than leaving it floating.

16. Colpits oscillator output/disable

Gyrator filter tuning output. This pin should be
connected to Vcc2. No special precautions are
required.

17. RF amplifier output

Cascode RF amplifier output. The output from the RF
amplifier should not pass close to the RF input (pin 19).
The load inductor for the RF amplifier should be close
to this pin. RF decoupling of 1000pF should be
provided on the positive supply connection to the
inductor.



20.

21.

22.

. RF base decouple

RF amplifier bias decoupling. A 1000pF decoupling
capacitor should be connected to ground fromthis pin.
It should be as close to the pin as possible.

. RF base input

Cascode RF amplifier input. This is the most sensitive
part of the circuit. All tracks to the RF input should be
kept separate from the RF amplifier output, ie they
should not run parallel. Also the RF input should be well
separated from the oscillator circuit to prevent stray
coupling. Bias to the RF amplifier is provided by the
reference voltage (pin 4), via a 2K2 resistor.

RF emitter decouple.

Emitter of RF cascode amplifier.

A 1000pF decoupling capacitor should be connected
to ground from this pin. It should be as close to the
pin as possible.

Local oscillator current sink

Current sink used to power the local oscillator. A small
amount of the local oscillator signal will be present on
this pin so the track from it should not pass close to the
RF input. Also the local oscillator is sensitive to audio
frequency noise so the track should be kept away from
the data output.

Channel A test

Mixer A output test point. This output is often used for
production testing so should have a test point. It is
sensitive to audio frequency noise so should be
separated from noise sources such as the data output.
A 1000pF capacitor must be connected from this point
to ground, because this forms part of the adjacent
channel filtering.

23.

24,

25.

26.

27.

28.

AN141

Mixer input

RF inputto the mixer. Pin 23 and 24 formthe differential
RF input to the SL6649—1 mixers. Tracks to these pins
should be short to minimise stray inductance and
capacitance.

Mixer input
See Pin 23.

Veet

The lower voltage power supply pin to the chip. This pin
should be decoupled at radio frequencies by 1000pF
capacitor as close as possible to the pin. It may also be
necessary to provide audio frequency decoupling
using a much larger capacitor, usually 2.2-10 pF is
sufficient.

Local oscillator input A

Local oscillator input to mixer A. A high level of local
oscillator signal is present on this pin so the track to it
should be routed away from the RF input. Radiation
from the track to the antenna can degrade receiver
performance so the track length should be kept
short.

Local oscillator input B
Local oscillator input to mixer B.
See pin 26

Channel B test

Mixer B output test point. This output is often used for
production testing so should have test point. It is
sensitive to audio frequency noise so should be
separated from noise sources such as the data output.
A 1000pF capacitor must be connected from this point
to ground, because this forms part of the adjacent
channel filtering.
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Fig. 2.Example demo board layout (transformer version at 153MHz LCC package)




COMPONENT LIST
(SL6649—1 Example Demo Board)
C1 = 1000pF

C2 = 1000pF

C3 = 1000pF

Cc4 = 2p2

Cs = 1000pF

Cé = 2}12

C7 = 2p

C8 = 1000pF

C9 = 2u2

C10 = 2p2

R1 = 2K2

R2 = 270K

RZ = /

R4 = 100R

TR1 = BFS17 (NPN)
TR2 = BFS17 (NPN)
L1 = 100nH

L2 = /

L3 = 150nH

VC2 = . 1.5pFto 10pF
X1 .= 153MHz crystal (series resonant)

optional component .

GAIN DISTRIBUTION IN THE SL6649—1

Introduction :

The circuit design around the SL6649—1 helps to define the
gain of various stages inthe receiver. Itis importantto achieve
the correct gain distribution if optimum performance is to be
achieved. Ifthe gain is too low the receiver noise figure will be
dominated by the mixer and poor sensitivity will result, butif the
gain is too high the adjacent channel rejecting and
intermodulation performance will ‘be degraded due to
distortion in the mixer. :

Definition of receiver Gain

The front end gain of a receiver circuit using the SL6649~1
is defined as the gain from the RF input to the test pins on
channel A and B, ie pins 22 and 28 at an IF of the peak
deviation frequency.

Measurement of Receiver Gain

Receiver gain is normally measured in a circuit where the
RF amplifier input is matched to the 500hm outputimpedance
of a signal generator. The generator is set at a standard test
level of =73 dBm (50 uV rms) and frequency of the nominal
channel centre frequency plus the peak deviation frequency
egfora 153 MHz receiver 153 MHz + 4.5 kHz = 153.0045 Mhz.
Then the peak to peak output level is measured at pins 22 and

AN141

Ci1 = 1000pF

Ci12.= 1000pF

C13 = 10pF

Ci4 = 1000pF

Ci5 = 10pF

C16 = 1000pF

C17 = 3p9

C18 = 4p7

C19 =  1000pF

C20 = 1000pF

R5 = 100R

R6 = 100R

R7 = 100R

R8 = 100K

L4 = 220nH

5 = /

L6 = 10}1H

Tran =  1:1 transformer (100nH)
IC1 = SL6649-1 (LCC 28)

28 using a high impedance (>500k) probe on an oscilloscope.
The gain is normally expressed purely in terms of the peak to
peak amplitude ratherthan converting this into atrue gainfrom
the RF input.

Factors Affecting the Receiver Gain

In addition to the chip itself both the RF amplifier gain and
the local oscillator level into the mixer will effect the receiver
gain. It will also be dependant on temperature and supply
voltage.

Local Oscillator Level

The mixer is normally operated in a linear region wheie the
gain is directly proportional to the local oscillator input level,
ie 1dBincrease in local oscillator level willincrease the gain by
1dB. The normally recommended local oscillator level is 20
mV rms into the resistor — capacitor phase shift network which
gives 10mV rms at the mixer input pins of the chips, pin 26 and
27. However it is possible to achieve acceptable performance
with local oscillator levels of up to 6dB greater or 3dB less than
this nominal level as long as the RF amplifier gain is adjusted
to give the correct receiver gain.
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RF Amplifer

The gain of the RF amplifier may be varied by changing the
matching between its output and the mixer RF input.
Alternatively an off chip RF amplifier may be used in place of
the on chip cascode circuit. This gives more flexibility, but may
add to the cost and power consumption. The aim of the RF
amplifier design is to achieve a low noise figure and the correct
level of gain.

Optimum Receiver Gain

A receiver with optimum gain will produce an output of 100
to 140 mV p—p at the test points A and B for the standard test
signal level of —73dBm. Any increase in gain beyond this level
will produce very little improvement in the sensitivity, but will
significantly degrade both the intermodulation and adjacent
channel performance of the receiver. A lower gain will lead to
poor sensitivity.

Insufficient or Excess Receiver Gain

Some designs fail to give reliable results because the
receiver gain is inadequate. In designs where an external RF
amplifier or the local oscillator are biased directly from Vect,
in such away that the current varies with Vcc1, low gain at low
Vce1 has been a major cause of poor performance. Poor local
oscillator design can also produce variable receiver gain.

Excessive receiver gain caused by large oscillator drive to
the mixer or high RF amplifier gain will degrade the
intermodulation and adjacent channel rejection. This can be
encountered in circuits where bias currents are dependent on
Veel. Also if a designer is unable to achieve adequate
sensitivity a common solution is to increase the RF amplifier
gain or local oscillator drive level. This should not be adopted
as a solution if the gain is already adequate as defined above.

Summary

The overall gain of the receiver must be correct if optimum
performance is to be achieved. It is affected by the RF amp
gain and the local oscillator level, as well as temperature and
supply voltage. The combination of local oscillator drive level
and RF amp gain should be set so that for a —=73dBm input to
the receiver the output from pins 22 and 28 is 100 - 140 mV
peak to peak. This should not vary significantly as supply
voltage varies. Too low a gain will give poor sensitivity, but gain
above this specified level will degrade the adjacent channel
rejection and intermodulation performance.

AUDIO FREQUENCY NOISE AND THE SL6649-1

Introduction

The SL6649-1 is a direct conversion receiver chip and,
much of the signal processing is done at base band. In the
case of the receiver this covers frequencies in the audio
spectrum, the pass band of the channel filter is from about 1
—8kHz. As aresult the device is sensttive to audio frequency
noise, unlike most RF devices, so careful consideration must
be given to potential AF noise sources where one would
normally consider noise at a 455 kHz IF a problem in a
superheterodyne design.
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Noise on V¢c2

The SL6649—1 requires a low noise Vcc2 supply, ie little
ripple. In a pager, using a single cell, Vcc2 is derived from a
DC DC converter which often has a high output impedance
and may inherently produce a significant output ripple due to
the operation of a regulator. Unless reasonable care is taken
the sensitivity of the receiver IC may be degraded. If reduced
sensitivity due to noise on Vcc2 is suspected connecting a
large (>100uF) capacitor on the Vce2 supply close to the chip
will confirm that performance improves when there is less
ripple on Vcc2. When this test improves the receiver
performance it is necessary to use some or all of the following
techniques to reduce the noise level, unless it is possible to fit
a very large capacitor in the receiver.

Loading of The Data Output

One common source of noise on the Vcc2 supply to the
chip is large loading of the data output from the device. The
data output swings between ground and Vec2. When current
is taken from the data output this is supplied from Vce2. The
increased load on the Vcc2 supply may cause the voltage to
drop. This produces a ripple on the supply at the data rate
which can degrade the performance. To prevent this problem
itis recommendedthata 100k resistor is fitted in series with the
data output close to the pin. This reduces the effect of any
capacitive loading due to the track to the decoder IC and that
no more that 1 uA current should be taken from this output.
This is adequate to drive most CMOS ICs.

Noise on Bandgap or V¢

The bandgap and Vref pins are the main voltage
references used throughout the receivers internal circuitry. If
excessive noise is injected onto these pins the whole
receivers performance will be degraded. Particular care
should be taken to ensure that these pins are adequately
decoupled at both audio frequencies using a minimum of 2.2
uF and at radio frequencies using, typically 1000pF. No
circuitry should be biased from these points if the current
consumed will contain a varying component within the
receiver AF pass band.

DC DC Converters Ripple Reduction

Itis often possible to control the ripple frequency froma DC
DC converter so that no components lie inthe pass band of the
receiver. Most DC DC converter circuits switch at a frequency
in the region of 50 to 500 kHz, which is well above the pass
band of the receiver. Where a DC DC converter has some
hysterises in its regulator section this will appear as a ripple on
the output. One of the factors that determines the ripple
frequency is the load capacitance on the output. The larger
this capacitance the lower the frequency of the ripple and its
is common that the combination of the hysterises and the load
capacitor will produce about 10 mV ripple at a few kHz. It is
possible to push the frequency of this ripple above the pass
band by using a smaller load capacitor. A separate resistor
with a larger value capacitor can be used after the DC DC
converter to further reduce the ripple. For example a 2.2 uF
load capacitor on the output of the DC DC converter followed
by afilter consisting of a 47 Ohm resistor and a 33 uF capacitor
will often prove an effective starting point for the design.



Summary

Audio frequency noise can degrade the performance of the
SL6649-1. If a large capacitor on Vcc2 improves the
performance of the receiver, Vcc2 noise needs to be reduced
to achieve optimum performance. This can be caused by
excessive loading of the data output from the chip or by ripple
from the power supply. If a DC DC converter is used to
generate Vcc2, careful control of the spectrum of the output
ripple is required. The bandgap and Vref pins are also
sensitive to AF noise. Allthese potential problem areas canbe
overcome by careful design.

RF AMPLIFIERS FOR THE SL6649-1

Introduction

The SL6649~1 includes an RF amplifier on the chip. If the
performance specified in the data sheet is to be achieved the
external components of the RF amplifier circuit must be
correctly specified and the circuit layout must be good. It is
possible to use an external RF amplifier in place of the on—chip
amplifier to achieve a lower overall noise figure for the receiver
which will improve its sensitivity.

On Chip RF Amp

A cascode RF amplifier is provided on the SL6649-1, see
SL6649—-1 data sheet and figure 3. The transistors are biased
using the voltage sources (vref pin4 and Vbg pin 5) and a
current sink (pin 20) provided by the chip. A DC blocking
capacitor is normally required between the input signal source
and the base of the first transistor in the cascode, pin 19. This
may be used to form part of the input matching network. The
output pin17 an open collector, which must be connected to
Vee1 via an inductor to provide proper DC bias. Adequate RF
decoupling of the bias and power supply is essential. The
output from the RF amplifier is connected to the mixer RF
inputs, pin 23 and 24 which form a differential input. ADC path
must be provided between the mixer inputs for bias reasons.

SL6649-1
MIXER

INPUT

Fig. 3 The SL6649~1 on—chip RF amplifier
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Transformer Matching

Normally a 1 to 1 ratio RF transformer is usedto match the
RF amplifier output to the mixer input. The primary is the load
for the RF amplifier. This can be tuned by a parallel capacitor.
Small variations in the input impedance from device to device
makes it advisable to make either the transformer inductance
or the capacitance variable to allow the circuit to be tuned to
the operating frequency. The transformer secondary connects
to the differential input on the mixer and provides the required
DC path for the bias.

RF Amplifier Gain

The RF amplifier gain has to be chosen so that the overall
system gain is maintained at the correct level, see “Gain
distribution in the SL6649~1". The gain of the RF amplifier may
be varied by changing the load impedance at the output of the
RF amplifier. To a first approximation in the normal operating
range the higher the load impedance the higher the gain will
be. With a 1 to 1 ratio transformer the load impedance is
determined by the input impedance to the mixer and the Q of
the transformer.

At a frequency of 153 MHz at GPS we normally use a 1 to
1 transformer with a primary inductance of 100 nH and a Q of
about 50 (Toko type 5CE part No0.432AN-1211x). This
transformer has been used successfully for frequencies
between 130 and 180 Mhz. '

At lower frequencies it may be necessary to increase the
inductance of the transformer. If excessive gain is obtained a
resistor in parallel with the primary may be used to lower the
load impedance of the RF amplifier and thus reduce its gain.
Atthe top of the SL6649~1 RF amplifiers operating range, 200
MHz, it may be necessary to use a transformer with a higher
Q to obtain adequate gain to achieve optimum performance.

Frequency Response

The tuned load to the RF amplifier forms an RF filter which
helps to improve the rejection of signals at tens of MHz away
from the wanted channel. This can be important where there
are very high level interfering signals, eg 100 MHz FM
broadcast transmitters. It is possible to improve this
performance by maximising the loaded Q of the RF amplifier
load. A lower inductance, higher Q transformer will improve
the performance.

A high Q load can also be used to help reduce spurious
responses in pager designs where the local oscillator is
derived from a multiplier. For instance in a 153 MHz receiver
where the local oscillator is derived from a multiplied 51 MHz
crystal oscillator there may be spurious responses at 51 mHz,
102 MHz, 204 MHz etc. A high Q circuit will reduce the gain of
the RF amplifier at these frequencies and therefore reduce the
spurious responses.
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Automatic Gain Control

The SL6649~1 includes an automatic gain control (AGC)
system. An RF signal level detector is included at the input to
the mixer, pin 23. When a high level signal is detected the
current supplied to the RF amplifier via the current sink is
reduced, which causes the gain of the RF amplifier to fall. This
reduces the RF input levelto the mixer and prevents the mixer
becoming overloaded by the high RF signal level. This
ensures the receiver continues to work when very high level
signals are received which increases the overall dynamic
range of the receiver. Without AGC the dynamic range would
be significantly reduced and the power consumption of the
SL6649-1 would increase significantly when very high level
signals are received. Itis importantthat whatever RF amplifier
configuration is used the AGC system is still active, ie the
current source must be used to control the bias current in the
RF amplifier.

External RF Amplifiers

An external RF amplifier can be used in place of the
on—chip cascode RF amplifier. This can have several
advantages:

Increased flexibility, especially in terms of layout
Lower noise figure giving improved sensitivity
Higher operating frequency

Improved local oscillator isolation from the antenna.

The most common type of off chip amplifier is a simple
cascode amplifier. See Fig. 4. It is recommended that this is
biased using the on—chip references of Vgg and Vp. It is also
recommended that on chip current source (pin 20) is used.
This will ensure that the gain of the amplifier is held constant
throughout the operational supply voltages and that the
on—chip AGC is active. The load for the transistor is formed by
the primary of a transformer and a capacitor resonant at the
frequency of operation. The secondary of the transformer is
used to provide the required differential input to the mixers
whilst also providing the required DC path between the mixer
inputs. At 153MHz a suitable low profile, 1:1 100nH
transformer can be used (Coilcraft type 1812 No: N2261-A).
For applications above 200MHz it is recommended that a
transformer with a lower inductance is used, eg. Coilcraft 1812
No: M1686—A (30nH). The gain distribution of the receiver
outlined earlier still applies and it is recommendedthat the gain
of the RF amplifier is controlled with the use of a load resistor
in parallel with the secondary of the transformer.

Operation above 200MHz

The SL6649-1 RF amplifier is specified to operate at
frequencies of up to 200 MHz. Above this frequency the gain
of the on—chip RF amplifier and mixer both fall so optimum
sensitivity can not be achieved using this gain stage. However
itis possible to use the device at frequencies above 200 MHz
with reduced performance. Alternatively an external RF
amplifier in place of the on—chip amplifier will overcome the
problems of the on—chip amplifier at high frequencies. Ahigher
local oscillator level may be required to achieve adequate
system gain, see notes on "gain distribution in the SL6649-1"

Alternative Mixer Matching Circuits

The use of a transformer to match from the RF amplifier to
the mixer can prove difficult in some applications where space
is very limited due to the relatively large size of readily
available transformers. It is possible to use an alternative
matching network between the output of the RF amplifier and
the mixer. See figure 5. This is known as the transformer-less
application circuit.

Layout

The layout of the RF amplifier section of the receiver is
important. Common problems caused by layoutfaults include:
Instability due to the amplifier output being too close to the
input

Noise pick—up from the data output or decoder circuit

Local oscillator pick-up

See notes on "Layout around the SL6649-1".

Summary

The overall performance of a receiver based on the
SL6649-1 is dependent on the performance of the RF
amplifier. It is possible to use the on—chip amplifier where a
highly integrated solution is required. Alternatively an external
amplifier can be used for better sensitivity at high frequencies.
By careful design of the transformer matching circuit between
the RF amplifier and the mixer the gain and frequency
response can be optimised to suit the application. Careful
layout is required to give a predictable and reliable design.

-
23
“ RG}\IN
T s
4K |
VR :
aK7 | sLe649-1
VP-—-—I :
20

SL6649-1

See AN118 for component values

Fig.4 An external RF amplifer for the SL6649-1

Fig. 5 Transformerless matching
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APPLICATION NOTE AN86

ISSUE 2.0

LOW COST RADIO DATA RECEIVER
(Supersedes May 1990 edition)

This Application Note describes the use of the
GPS SL6659 FM receiver circuit for the demodulation
of phase modulated data, now transmitted, in the UK,
on BBC Radio 4.

From the first of February 1988 BBC Radio 4 long wave
moved from 200kHz down to 198kHz. This new carrier now
?lso contains data using phase modulation as shown in

ig.1.

Obviously this Data must not interfere with normal AM
audio transmission quality, hence the data rate is restricted
to 25bits/sec and can therefore be contained within the sub
audio frequency range of 0 » 50 Hz.

Thirty blocks each minute are transmitted. Starting at
the top of the minute with block 0, and ending at block 29
which contains information on time of day, month, year leap
year and local offset. Each of these 2 second blocks also
contain a CRC (cyclic redundancy check word) error
checking code.

For more information about this data transmission
medium a document entiltled “L.F. RADIO - DATA:
SPECIFICATION OF BBC PHASE - MODULATION
TRANSMISSIONS ON LONG WAVE" can be obtained
from, :-

British Broadcasting Corporation
Research Department
Kingswood Warren

Tadworth

Surrey KT20 6NP

United Kingdom

Tel.0737 832361

Telex 265781 BBC HQ G

APPLICATIONS FOR RADIO DATA

m Time + Date + Year Clocks (zero maintenance)
B Time Switching for Lighting

B Advertising ‘LED Dispiay’ Message Updating

B Control of Street Lights

B Updating Exchange Rates on Displays

TRANSMISSION DATA BLOCKS ARE LEASED TO
GENERAL USERS BY BBC ENTERPRISES LTD.

For more information on licence requirements for
reception of radio data contact:-

BBC Enterprises Ltd
Woodland

80 Wood Lane
LONDON

W12 OTT

United Kingdom

Tel 081 576 2563

THE SL6659 RADIO RECEIVER

This GPS device was designed for general purpose FM
radio applications. It contains a limiting IF strip and FM
detector which are both utilised in this project. The device
also contains an RSS! output and a mixer stage. This
device runs from 2.5V to 7.5V and consumes less than
2mA. For a full description see our Personal
Communications Handbook.

+22.5° 1L

r—‘

J |V

-22.5°

Y}

40mS

<

uJ | v

Fig.1 Phase Modulation on BBC Radio 4 Carrier
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USING AN FM DEMODULATOR TO DETECT
PHASE SWITCHING INFORMATION

If an FM detector is used to demodulate phase
modulation the resulting voltage output will be dg/dt
and hence integration is needed to produce a voltage
output that will represent phase. Following is a description
of how a 1.8V p-p phase signal has been achieved from
the +22.5° phase modulation on Radio 4, using a simple
low cost FM demodulator IC (SL6659).

First the SL6659 is a frequency demodulator
therefore from an FM signai :-

VFm =V sin (wct £ A sin opt),
the SL6653 will give a demodulated output
VO = K Agsin oyt

K is a constant determined by the Q of the 90° phase
shifting circuit which forms part of the demodulator.

Now as frequency is the rate of change of phase and
tzhze modulation from Radio 4 is a phase shift of A¢= +

5°.

A differentiated output from the SL6659 is obtained of
the form.

d .
Vo = KZA(‘) sinw, t

................. 2.
Hence integration is required to produce a true phase
demodulator

d
VO=K[—Adsi t.dt
fdt $sine,

............. 3.
A simple op amp integrator following the FM detector is
used:-

C
i

v; R
O—__1+— v
— ]
\
The output from this integrator is therefore
Veu = K A¢ sin opt
................... 4.

This equation is in the form V = Kfc were fc is the
equivalent input frequency modulation required to produce
+22.5° phase shift.

fc = Agsin wpt
Ap= + 22.5°
. 1
sinw t= —— = 25Hz
m 40ms

Therefore :-

+22.5 X 2nRAD
360°

A¢ sin @t = X 25Hz = 1+9.8Hz

All we need now is a value for K.

In the SL6659 Data Sheet we are told that an output of
about 100mV is obtained when using 1kHz deviation, with
a Q of 30 in the quadrature circuit. Our 9.8Hz deviation
would therefore only yield 1.95mV output (using the
standard application circuit.) To increase this output
voltage a quadrature coil Q factor of 200 is used, and
gains of x 3 and x 47 have been introduced before the
integrator.

From Data Sheet

KuwithQ =30, K =22 = 100mV _ o 1g-3
with@ = 30, _fm =15 -0
Therefore :
0.1E ~: 200 L
K with @ = 200, K = —————— = 0.66E

30

If we include the two amplifiers of x 3 and x 47 we have
a total K factor of 0.66E-3x3x47 = 0.094.

Now to find the voltage from the integrator output. We
can substitute for K and A¢ sin oyt in equation 4.

This gives  Vpy = 0.094x +9.8Hz
s Vpy = 1.84 V. (p-p)

We can see from the above that the output voltage is
dependant on the Q of the inductor used in the quadrature
coil and also the gain of the op-amp before the integrator.

COMPLETE CIRCUIT DESCRIPTION.
AERIAL (see fig.2)

The 198kHz carrier from BBC radio 4 is received by the
ferrite rod antenna and tuned using a 300pF in parallel
with a 22pF variable capacitor. The wire used to wind the
aerial is 36SWG.

The tuning capacitor should be adjusted for maximum
p-p amplitude of 198kHz at TP1.
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BUFFER

The signal from the aerial is fed into a simple ‘J' FET
buffer. This provides a high impedance input to maintain
the Q of the aerial and also a low impedance output to
drive the crystal filter input.

CRYSTAL FILTER

This is a special crystal which has been produced
specially for Radio data applications. Due to the low
frequency of Radio 4 the signal is prone to interference
from switch mode power supplies, These are found
mainly in TV sets and computer monitors.

With this crystal replaced by a link the radio will fail
to work consistently at a distance of about a metre from
most computers. When the crystal is in circuit the radio
functions within a few cm of most computers or TV sets.

The series resistor reduces the Q of the crystal to
allow adequate bandwidth for the modulation to pass
through without distortion.

198kHz crystal filters can be obtained from:-

AEL Crystals Ltd.

Worth Corner

Turners Hill Road
Surrey

Pound Hill

Crawley

West Sussex RH10 75L
United Kingdom

Tele (0293) 882299

The crystal is series resonant at 198.000kHz with an
overall tolerance of + 100 ppm. It is encapsulated in a
HC-51/u holder with an earth lead soldered to the top.

SL6659

The GPS SL6659 is used to limit the signal from the
crystal to produce a 198kHz square wave at pin 1 of the
device. This square wave is phase shifted by the
quadrature tuned circuit and fed to the FM demodulator.
This signal is compared with the in phase signal to
produce a demodulated output d¢/dt = 10mV p-p from
pin 3 of the device.

The source impedance of this output is 40k ohm.

This device can be obtained from the offices listed at
the back of this Applications Note.

QUADRATURE COIL

RS part number for the former is RS 228-214,
RM6/160.
This is a critical part of the radio design. Care should be
taken with the design of this inductor as it is working at a
high Q factor, (200) therefore drift due to temperature,
winding settling and other aging effects are important.
For the prototype radio 60 turns of 36SWG was used.

THE OUTPUT TRANSISTOR

The SL6659 output impedance is 40k Ohm therefore
a transistor is required to drive the input of the Sallen
and Key filter. The common emitter configuration used
also provides a DC gain of x 3. The DC voltage on the
collector of this transistor is used to set the tuning of the
quadrature circuit. When adjusted for resonance at
198kHz the output from this transistor will jump from 1.2V
to 4V. The slug in the inductor can then be adjusted so
the test point TP2 sits at 3V DC. (See Fig. 2)
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THE SALLEN AND KEY FILTER

One quarter of the LM324 quad op-amp is used as a
low pass filter. This filter prevents spurious signals such as
audio AM to PM conversion or noise spikes being amplified
and fed to the integrator. These signals would cause
distortion and rapid DC shifts on the ¢ output.

AMPLIFIER LM324

The signal from the filter is now amplified by x 47.
This gain can be adjusted to compensate for the Q factor
obtained from the quadrature coil (adjust 47k Ohm
feedback resistor).
NOTE: LP324 should not be used
A clean d¢/dt signal should now be seen. AT TP4.

Signal between
1.3V and 2V P-P

If this signal is distorted,

check the Sallen and Key filter bandwidth, the resistor in
series with the crystal or the 330pf smoothing capacitor,
which provides the DC reference for the ampilifer.

INTEGRATOR

This is a conventional capacitor feedback integrator
with one small exception. The input DC reference is
referred right back to the tuning of the quadrature
detector. Therefore any drift in this tuned circuit will be
automatically tracked out. The integrated output is now
the phase signal shown in Fig. 1.

THE COMPARATOR

The signal from the integrator will be between 1 and
3V p-p amplitude and has a DC component which can drift
between 1.5 and 4 volts. The comparator removes this
DC drift by comparing the smoothed DC signal with the
original unsmoothed input.

THE OUTPUT

The output signal from TP6 is capable of driving TTL
or CMOS inputs. The LED helps as a visual indicator, also
a small piezo-electric sounder across this output, aids in
alignment, as the empty two second data packets are
clearly audible.

THE OUTPUT DATA see Fig.1.

The output data comprises of two frequencies 12.5Hz
and 25Hz. From these two frequencies both data and
clock can be recovered.

Clock recovery is best handled using a micro
processor sampling the phase waveforms and looking for
edges. When the clock is recovered the data is sampled
to see if there is a falling or rising edge within the middie
of each 40ms clock period. A falling edge will be a ‘1’ and
a rising edge will be a zero.



CONCLUSION

Using the methods described a radio data receiver can
be built at a cost far below anything currently available.
Some field trials were performed in the north and south of
England. The radio operated successfully with only minor
aerial direction adjustment.

A wide range of products can be produced using radio
data, from simple time switches to complex data
transmission systems, covering the whole of the UK.

For volume applications it is more cost effective to
combine the radio data product onto just three or possibly
two chips.

GEC Plessey Semiconductors have experience with
these types of data and CRC error checking systems.
They would be pleased to review any volume applications,
from simple display drive to complex power control
systems. GEC Plessey Semiconductors range of Semi-
custom Arrays range from 500K gates using CMOS to
mixed analog and digital arrays on low power bipolar
technologies.

Radio Data Applications

ANB86

OTHER GEC PLESSEY DEVICES SUITABLE
FOR RADIO DATA RECEPTION

SL560 Amplifier
SL561 Amplifier
SL562 Amplifier
SL6270  AGC Amplifer
© Sie601 Phase Locked Loop for FM Detection

[ Ask also for the Personal Communications Hand
Book and Semi-Custom Product Guide ]

Acknowledgments to GEC Plessey Semiconductors
Radio Design Group.

BBC Research Department and AEL Crystals.

ADVERTISEMENT DISPLAY

RADIO 4 (198KkHZ2) ——

ok | "] DISPLAY

CUSTOMERS

RADIO CLOCK SYSTEM USING

SL6659 | | DATA PLESSEY
RECOVERY > SEMI - CUSTOM RELAY
: EXCHANGE RATE
UPDATING I~
| FAN
LIGHTING VENT MOTOR
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AN135

A VHF Superhet Receiver using the SL6659

This application note describes a single conversion superhet receiver which operates at a nominal frequency of 173MHz.
The nominal supply voltage is 5V. The circuit illustrated in Fig. 2 was designed for limited range reception of speech and data
and achieves an input sensitivity of about 300nV for 12dB sinad. Fig. 1 is a block diagram of the S1.6659 integrated circuit.

o e O e Q) o O e
14 5 4 1

13
—O -

1
O

2
|
] |
| 1pA |
. :
i 13 I
al
| SL6659 DETECTOR — '
I 40k
! I
! |
1
I i
|
+15dB (ADJUSTABLE) 90dB (LIMITING] |
i 100MHz MAX * 1.5mi11 MAX ) I
|
| MIXER 1
I
|
|
|

2

—— o —— — > o —

?
d

Fig. 1 Block diagram of SL6659

DESCRIPTION (FIG. 2)
RF amplifier.

This comprises a BFS17 transistor, TR2, configured in com-
mon emitter mode. The input is matched to a 50Q source
impedance by L6 and C13. The output load is a capacitor tapped
tuned circuit consisting of L5, C14, C15, and the input capaci-
tance of the mixer.

Mixer.

The mixer input is fed from the RF amplifier output as
described above. The local oscilator signal is obtained from a
crystal oscilator via C4. DC bias is provided from the internal
band gap reference via R3to one LO input and decoupled by C5;
the other input is biased via R4. The mixer output is terminated
by R7 to provide the correct source impedance for the ceramic
filter, F1.

Local Oscillator.

The external transistor, TR1, is biased from V¢ via R1 and
the base is decoupled by C23. The oscillator feedback circuit
comprises a capacitor tap C1, C2, C3 and a series resonant
crystal which is shunted by an inductor L3, to supress oscillation
at the crystal fundamental frequency. The emitter is DC
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connected to ground by inductor L2; R2 is connected in parallel
to damp out any spurious resonances.
Voltage Reference.

The band gap reference is used in this application to bias the
mixer inputs. It must be well decoupled to prevent oscillation.
This is achieved by C11.

IF Amplifier.

The limiting amplifier is fed from the mixer output via a
ceramic filter F1. Its input and feedback decoupling is provided
by C6 and C7 respectively. R6 provides the correct output
termination for the filter.

Detector.

The detector input is connected internally to the limiting
amplifier output and also via a quadrature network consisting of
C18, C17, L4 and R8. The audio output is filtered to remove the
IF component by the detector output resistance and C19. The
output bandwidth is limited by the addition of an RC network
consisting of R9 and C20.
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outpur 01 T2 clez=
. c17
c14
czo:L.: c19 :E L
1 c10 o
Ct552 I ) INpUT
C16 ==
GND
Fig. 2 SL6659 VHF superhet application circuit
Component Values
R1 180kQ L1 100nH C1 1-5pF C13 3:9pF IC1 SL6659
R2 1kQ L2 470nH c2 5-6pF C14 5:6pF X1 173MHz
R3 10kQ L3 220nH C3 5-6pF Ci15 2-20pF Crystal
R4 470Q L4 390pH Ca 5-6pF - C16 220nF
R5 1kQ L5 100nH C5 10nF c17 330pF F1 455kHz
R6 1-5kQ L6 100nH C6 220nF C18 10pF Ceramic
R7 1-5kQ C7 220nF C19 270pF
R8 33kQ Ccs8 10nF C20 4-7nF TR1 BFS17
R9 1kQ C9 100nF Cc21 2-2uF TR2 BFS17
R10 150kQ C10 inF c22 inF
Ci1 220nF c23 inF
Cc12 1nF
PCB Layout. Receiver Alignment.

The layout of the pcb is shown in Fig. 3. This has been
designed to make the maximum use of surface mount compo-
nents and tuneable inductors have been eliminated except for

one (L4) used in the detector quadrature network.

Thelocaloscillatoris monitored by loosely coupling afrequency
counter to the L.O. output and if necessary C1 is adjusted. The
output of the ceramic filter is monitored on an oscilloscope and

an unmodulated RF signal of about —50dB is fed into the RF
input. Capacitor C15 is adjusted for a maximum amplitude
455kHz signal on the oscilloscope.
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Fig. 3 PCB component layout. Scale = 2:1. Fig. 4 PCB track. Scale = 2:1.

NOTE: X1, F1and the RF connector are through-hole
mounted from the ground plane side.

346 Fig. 5 PCB ground plane. Scale = 2:1.



Section 9
Package Outlines

NOTES

1. Controllingdimensions are inches.

2. This package outline diagram is for guidance
only. Please contact your GPS Customer
Service Centre for further information.

GEC PLESSEY
A scviconpucTORS ]
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Headquarters Operations

UNITED KINGDOM

NORTH AMERICA

Cheney Manor, Swindon, Wiltshire, United Kingdom, SN2 2QW.

Tel: (0793) 518000 Fax: 0793 518411

P O Box 660017, 1500 Green Hills Road, Scotts Valley, California 95067-0017, USA.
Tel:(408) 438 2900 Fax: (408) 438 5576

Customer Service Centres

FRANCE & BENELUX
GERMANY, AUSTRIA and
- SWITZERLAND

ITALY

JAPAN

NORTH AMERICA
SOUTH EAST ASIA

SWEDEN
TAIWAN, ROC

UK, EIRE, DENMARK,
FINLAND and NORWAY

Z.A. Courtaboeuf, Miniparc-6, Avenue des Andes, Bat. 2-BP 142, 91944,

Les Ulis Cedex A. France.Tel:'(1) 64 46 23 45. Fax: (1) 64 46 06 07

UngererstraBe 129, 80805 Munchen 40, Germany.

Tel: 089/36 0906-0. Fax: 089/36 0906-55

Via Raffaello Sanzio, 4, 20092 Cinisello Balsamo (MILAN).

Tel: (02) 66040867. Fax: (02) 66040993.

CTS Kojimachi Building (4th Floor), 2-12, Kojimachi, Chiyoda-ku, Tokyo 102.

Tel: (03) 5276-5501. Fax: (03) 5276-5510.

P O Box 660017, 1500 Green Hills Road, Scotts Valley, California 95067-0017, USA.
Tel: (408) 438 2900. Fax: (408) 438 7023 = -

No. 3 Tai Seng Drive, GEC Building, Singapore 1953.

Tel: (65) 3827708. Fax: (65) 3828872

Katarina Bangata 79, 116 42 Stockholm. Tel: 46 8 7029770. Fax: 46 8 6404736
Room 508, .5F, 131 Min-Sheng E Road, Sec 3, Taipei.

Tel: 886 2 5461260. Fax: 886 2 7190260

Unit 1,Crompton Road,Groundwell Industrial Estate, Swmdon Wilts, U.K., SN2 5AF.
Tel: (0793) 518510. Fax: (0793) 518582.

Power Division -

Carholme Road, Lincoln, U.K., LN1 1SG. Tel: (0522) 510500. Fax: (0522) 510550

North American Sales Offices

NATIONAL SALES
EASTERN

WESTERN
ARIZONA/NEW MEXICO
' SOUTH CENTRAL

NORTHWEST

SOUTHWEST
DISTRIBUTION SALES

CANADA

P O Box 660017, Scotts Valley, CA 95067-0017. Tel: (408) 438-2900.
ITT Telex: 4940840. Fax: (408) 438-5576.

Two Dedham Place, Suite 1, Allied Drive, Boston, MA 02026.
Tel: (617) 251-0100. Fax: (617) 251-0104.

1735 Technology Drive, Suite 100, San Jose, California 95110.
Tel: (408) 451-4700. Fax: (408) 451-4710.

4635 South Lakeshore Drive, Tempe, AZ 85282.

Tel: (602) 491-0910. Fax: (602) 491-1219.

9330 LBJ Freeway, Ste. 665, Dallas, TX 75243.

Tel: (214) 690-4930. Fax: (214) 680-9753.

7935 Datura Circle West, Littleton, CO 80120.

Tel: (303) 798-0250. Fax: (303) 730-2460.
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Tel: (407) 539-1700. Fax: (407) 539-0055.
385 Commerce Way, Longwood, FL 32750. Tel: (407).339-6660. Fax: (407) 339-9355.
2600 Michelson Drive, Suite 830, Irvine, CA 92715. Tel: (714) 852-3900.
Fax: (714) 852-3910.

1500 Green Hills Road, Scotts Valley, CA 95066.

Tel: (408) 438-2900. |ITT Telex: 4940840. Fax: (408) 438-7023.

3608 Boul. St. Charles, Suite 9, Kirkland, Quebec, HOH 3C3.

Tel: (514) 697-0095. Fax; (514) 694-7006.
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Semi-Custom Design Centres

AUSTRALIA

FRANCE & BENELUX
ITALY

GERMANY

JAPAN

N AMERICA: Canada

USA

Colorado, USA
lllinois, USA

UNITED KINGDOM

Unit 1, 38 South Street, Rydalmere, NSW 2116, Australia.

Tel: 612 638 1888. Fax: 612 638 1798.

Z.A. Courtaboeuf, Miniparc-6, Avenue des Andes, Bat.2-B.P. No.142 91944
Les Ulis Cedex A, France.Tel: (1) 64 46 23 45. Fax: (1) 64 46 06 07.

Via Raffaello Sanzio, 4, 20092 Cinisello Balsamo (MILAN).

Tel: (02) 66040867. Fax: (02) 66040993.

UngererstraBe 129, D 80805 Munchen 40. Tel: (089) 3609 06 0.

Fax: (089) 3609 06 55.

CTS Kojimachi Building (4th Floor), 2-12, Kojimachi, Chiyoda-ku, Tokyo 102.
Tel: (03) 5276-5501. Fax: (03) 5276-5510.

Alberta Microelectronics Center, 3553 31st St., N.W., Calgary, Alberta T2L2K?7.
Tel: (403) 289-2043.

Microstar Technologies, 7050 Bramelea Rd., #27A M|SS|ssaugo Ontario L5SITI
Canada. Tel: (416) 671-8111

P O Box 660017, 1500 Green Hills Road, Scotts Valley, California 95067-0017.
Tel: (408) 438-2900. Fax: (408) 438-5576.

Two Dedham Place, Suite 1, Allied Drive, Boston, Massachusetts 02026.

Tel: (617) 251-0100. Fax: (617) 251-0104.

2600 Michelson Drive, Suite 830, Irvine, CA 92715.

Tel: (714) 852-3900. Fax: (714)-852-3910.

Analog Solutions, 5484 White Place, Boulder, CO 80303. Tel: (303) 442-5083.
Frederikssen & Shu Laboratories, Inc., 531 West Golf Rd., Arlington Heights,
IL 60005. Tel: (312) 956-0710.

Cheney Manor, Swindon, Wiltshire SN2 2QW.

Tel: (0793) 518000. Fax: (0793) 518411.

Tweedale Way, Hollinwood, Oldham, Lancashire OL9 7LA.

Tel: 061 682 6844. Fax: 061 688 7898.

Doddington Road, Lincoln LN6 3LF. Tel: 0522 500500. Fax : 0522 500550.

North American Representatives

ALABAMA
ARIZONA

CALIFORNIA

CONNECTICUT

FLORIDA

GEORGIA

ILLINOIS
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Electramark, Inc., 500 Wynn Drive, Suite 521, Huntsville, AL 35816.

Tel: (205) 830-4400 Fax: (205) 830-4406.

Fred Board Associates, 7353 E, 6th Avenue, Scottsdale, AZ 85251.

Tel: (602) 994-9388. Fax: (602) 994-9477.

Gary Chilcote & Associates, P.O. Box 1795, 1902 Quite Ranch Road, Fallbrook,
CA 92028. Tel: (619) 728 7678.Fax: (619) 728 3738.

Jones & McGeoy, 5100 Campus Drive, Suite 300, Newport Beach, CA 92660.
Tel: (714) 724 8080. Fax: (714) 724 8090.

Stone Components, 123 Commerce St., Clinton, CT 06413.

Tel: (203) 669-4344. Fax: (203)669-9958.

American Micro Sales, 1325 N. Congress Ave., Ste 204, West Paim Beach,
FL 33401, Tel: (407) 689 3860.Fax: (407) 689 3168,

American M|cro Sales 274 WHShII'e Blvd., Ste 241, Casselberry, FL 32707.
Tel: (407) 831 2505. Fax: (407) 831 1842.

American Micro Sales, P.O. Box 399, 1033 Rosetree Lane, Tarpon Springs,
FL 34688/9. Tel: (813) 938 3073. Fax: (407) 831 1842.

Electramark, Inc., 6030-H Unity Drive, Norcross, GA 30071.

Tel: (404) 446-7915. Fax: (404) 263 6389

Micro Sales, Inc., 901 West Hawthorn Drive, Itasca, IL 60043.

Tel: (708) 285-1000. Fax: (708) 285-1008.



INDIANA
IOWA

KANSAS

MARYLAND

MASSACHUSETTS

MICHIGAN
MINNESOTA
MISSOURI

NEBRASKA

NEW HAMPSHIRE -

NEW YORK

OHIO

PENNSYLVANIA/

NEW JERSEY
TEXAS

WISCONSIN

CANADA

Leslie M. DeVoe, 4371 E. 82nd St., Suite D, Indianapolis, IN 46250.

Tel: (317) 842-3245. Fax: (317) 845-8440.

Lorenz Sales, 5270 N. Park Place N.E., Cedar Rapids, IA 52402,

Tel: (319) 377-4666. Fax: (319) 377-2273.

Lorenz Sales, Inc., 8645 College Blvd., Suite 220, Overland Park, KS 66210.

Tel: (913) 469-1312. Fax: (913) 469-1238.

Lorenz Sales, Inc., 1530 Maybelle, Wichita, KS 67212.

Tel: (316) 721-0500. Fax: (316) 721-0566.

Walker Associates, 1757 Gablehammer Road, Westmmster MD 21157.

Tel: (410) 876-9399. Fax: (410) 876-9285.

Walker Associates, 169 Queen Anne Bndge Road, Mitchellville, MD 20716.

Tel: (410) 249-7145.

Stone Components, 2 Pierce Street. Framingham, MA 01701.

Tel: (508) 875-3266. Fax: (508) 875-0537.

Stone Components, 10 Atwood Road, Newburyport, MA 01950. Tel: (508) 462-1079.
Greiner Associates Inc., 15224 E. Jefferson Avenue, Grosse Point Park, Ml 48230.
Tel: (313) 499-1088. Fax: (313) 499-0665.

High Technology Sales, 4801 West 81st Street, Suute 115, Bloomington, MN 55437.
Tel: (612) 844-9933. Fax: (612) 844-9930.

Lorenz Sales, Inc., 10176 Corporate Square Dr., Suite120, St. Louis, MS 63121.
Tel: (314) 997-4558. Fax: (314) 997-5829.

Lorenz Sales, 2801 Garfield Street, Lincoln, NE 68502.

Tel: (402) 475-4660. Fax: (402) 474-7094.

HLM Assoc., 333 Littleton Raod, Parsippany, NJ 07054.

Tel: (201) 263-1535. Fax: (201) 263-0914.

Stone Components, 436 S. Baboosic Lake Rd., Merrimack, NH 03054.

Tel: (603) 429-3462. Fax: (603) 429-3462.

HLM Assoc., 64 Mariners Lane, Box 328, Northport, NY 11768.

Tel: (516) 757-1606. Fax: (516) 757-1636.

Regan Compar, 3301 Country Club Road, Endwell, NY 13760.

Tel: (607) 754-2171 Fax: (607) 754-4270.

Regan Compar, 214 Dorchester Avenue, Syracuse, NY 13202.

Tel: (315) 432-8232. Fax:(315) 432-8238.

Regan Compar, 37A Brookhill Lane, Rochester, NY 14625.

Tel: (716) 271-2230. Fax: (716) 381-2840.

Scott Electronics, Inc., 3131 S. Dixie Dr., Suite 200, Dayton, OH 45434.

Tel: (513) 294-0539. Fax: (513) 294-4769.

Scott Electronics, Inc., 30 Alpha Park Drive, Cleveland, OH 44143.

Tel: (216) 473-5050. Fax: (216) 473-5055.

Scott Electronics, Inc., 916 Eastwind Dr., Westerville, OH 43081.

Tel: (614) 882-6100. Fax: (614) 882-0900.

Scott Electronics, Inc., 10901 Reed Hartman Hwy.; Suite 301, Cincinnati, OH 45242.
Tel: (518) 791-2513. Fax: (513) 791-8059.

Metz-Jade Associates, Inc., 7 Wynnewood Rd Suite 203, P.O.Box 276, Wynnewood,
PA 19096.

Tel: (215) 896-7300. Fax: (215) 642-6293.

Oeler & Menelaides, Inc., 8430 Meadow Rd., Suite 224, Dallas, TX 75231.

Tel: (214) 361-8876. Fax: (214) 692-0235.

Oeler & Menelaides, Inc., 8705 Shoal Creek Rd., #103, Austin, TX 78758.

Tel: (512) 453-0275. Fax: (512) 453-0088.

“Micro Sales, Inc., 210 Regency Ct., Suite L101, Waukesha, WI 53186-0545.

Tel: (414) 786-1403. Fax: (414) 786-1813.

GM Assoc. Inc., 7050 Bramalea Road, Mississauga, Ontario L5S 1T1 (Toronto).
Tel: (416) 671-8111. Fax: (416) 671-2422.

GM Assoc: Inc., 3860 Cote-Vertu, St. Laurent, Quebec H4R 1N4.

Tel: (514) 335-9572. Fax: (514) 335-9573.
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Distributors

364

AUSTRALIA and
NEW ZEALAND

LTRSS

AUSTRIA

BULGARIA
CANADA

CHINA

CZECH REPUBLIC

DENMARK

EASTERN EUROPE

FRANCE

GM Assoc. Inc., 301 Moodie Dr., Nepean, Ontario K2H 9CR (Ottawa).
Tel: (613) 820-3822. Fax: (613) 820-7633.

GM Assoc. Inc., 300-3665 Kingsway, Vancouvr, BC V5R 5W2.

Tel: (604) 439-3383. Fax: (604) 439-8479.

GEC Electronics Division, Unit 1, 38 South Street, Rydalmere, NSW 2116, Australia.
Tel: 612 838 1888, Fax: 612 638 1798,

Eurodis Electronics GmbH, Lamezanstrasse 10, A-1232 Wien.
Tel: 1 610620. Fax: 1 61062151.
Macro Sofia, 116 Geo Miller Str, BI 57 AP70, 1574 Sofia. Tel/Fax: 359 2 708140.
Semad, 1825 Woodward Dr., Ottawa, Ontario K2C OR3.
Tel: (613) 727-8325. Fax: (613) 727-9489.
Semad (Corp.), 85 Spy Court, Markham, Ontario L3R 4Z4.
Tel: (416) 475-8500. Fax: (416) 475-4158.
Semad, 243 Place Frontenac, Pointe Claire, Que HOR 4Z7.
Tel: (514) 694-0860. Fax: (514) 694-0965.
Semad, 6815 8th St. N.E., Ste. 175, Calgary, Alberta T2E 7H7.
Tel: (403) 252-5664 Fax: (604) 420-0124.
Semad, 8563 Government St, Burnaby, BC V3N 4S9.
Tel: (604) 420-9889. Fax: (604) 420-0124.
Gain Tune Ltd, Room 709, Oriental Building, 39 Jianshe Road,
Shenzen, China.Tel: 755-2284970. Fax: 755-2284971.
World Peace Industrial Co Ltd, Room 709, Oriental Building, 39 Jianshe Road,
Shenzen, China.Tel: 755-2284970. Fax: 755-2284972.
Macro Weil SRO, Bechynova 3, 160 00 Prague 6.
Tel: 422 3112182. Fax: 42 2 24310335.
Scansupply A/S, Gladsaxevej 356, DK-2860 Soeborg.
Tel: 45 39 66 50 90. Fax: 45 39 66 50 40.
Scansupply A/S, Marselisborg Havnevej 36, 8000 Arhus C.
Tel: 4586 12 77 88. Fax: 4586 12 77 18.
FA Bernhart GmbH, Melkstattweg 27, PO Box 1628, D 8170 Bad Toelz., Germany.
Tel: 80 41 41 676 Fax:80 41 71 504 Tx: 526246 FABD.
3D:
6-8 rue Ambroise Croisat, Z.I. des Glaises, 91120 Palaiseau. Tel: 1 64 47 29 29.
Fax: 164 47 00 84.
3 rue Berthelot, 69627 Villeurbanne CEDEX. Tel: 72 35 22 00. Fax: 72 34 67 72.
Z.1. du terroir, rue de l'industrie, 31140 Saint Alban.
Tel: 61 37 44 00. Fax: 61 37 44 29.
Parc Club du golf, Batiment 1, 13856 Aix-en-Provence CEDEX 3. Tel: 42 16 77 88
Fax: 42 39 4728.
1 rue de la Faisandereie, Bat B1 P.C. de Tanneries, F-67883 Tanneries CEDEX.
Tel: 8877 26 46. Fax: 88 76 13 30.
6 rue Abbe Henri Gregorie, F-35000 Rennes. Tel: 99 32 44 33. Fax: 99 513393
22 rue de Seclin, F-59175 Vendeville. Tel: 20 62 07 67. Fax: 20 62 07 66.
Omnitech Sertronique:
C.A. de Montheard, 11 rue Edgar Brant, 72016 Le Mans CEDEX.
Tel: 4386 74 74. Fax: 43 86 74 86.
165 boulevard de Valmy, Evolic Batiment 1, 92706 Colombes.
Tel: 146 1307 80. Fax: 146 1307 90.
ZAC des Petites Landes, 44470 Thouare-sur-Loire. Tel: 40 49 90 90.
Fax: 40 68 06 72.
99 boulevard de I'Artillerie, 69007 Lyon. Tel: 72 73 11 87. Fax: 72 73 18 00.



GERMANY

GREECE

HONG KONG

HUNGARY
INDIA

ITALY

JAPAN

KOREA
MALAYSIA
NETHERLANDS
NORWAY
POLAND

PORTUGAL
RUSSIA

SLOVAK REPUBLIC
SOUTH AFRICA

SPAIN

SWEDEN

SWITZERLAND

37 rue Saint-Eloi, 76000 Rouen. Tel: 35 88 00 38. Fax: 35 1506 22.
20 rue Cabanis, 59041 Lille. Tel: 20 43 96 44. Fax: 20 56 00 49.
Parc Cadera Sud, Batiment F, 33700 Bordeaux Merignac. Tel: 56 34 46 00.
Fax: 56 34 47 13. )
AS Electronic Vertriebs GmbH, In den Garten 2, D-61352 Bad Homburg.
Tel: 06172 458931. Fax: 06172 42000.
Farnell Electronic Services GmbH, Bahnhofstrasse 44, 71696 Moglingen.
Tel: 071 41-4 87-212. Fax: 071 41-4 87-359.
Micronetics GmbH, Dieselstrasse 12, D-71272 Renningen. Tel: 07159-925830.
Fax: 07159-9258355. '
Weisbauer Elektronik GmbH, Heiliger Weg 1, D-44135 Dortmund. Tel: 0231 579547.
Fax: 0231 577514.
Impel Ltd., 30 Rodon Str, Korydallos, Piraeus, Greece. Tel: 010 30 1 49 67815,
Tix: 213835. Fax: 01 49 54041.
Gain Tune Ltd, Room 809, 8th Floor, Hunghom Commercial Centre, Tower B,
37-39 Ma Tau Wai Road,Hunghom, Kowloon, Hong Kong. Tel: 852-3654860.
Fax: 852-7641129. '
Macro Group, Etele ut 68,Budapest 1115. Tel: 36 1 2698110/1853111.
Fax: 36 1 1850061.
Mekaster Telecom PVT Ltd., 908 Ansal Bhawan, 16 Katuba Ghandi Marg,
New Delhi, 100 001 India Tel: 11 3312110 Fax: 11 3712155.
Adelsy - Divisione della Generalmusic SpA, Via Novara 570, 20153 Milano.
Tel: 02 3810310. Fax: 02 38002988.
Eurelettronica SpA, Via E. Fermi 8, 20090 Assago (MI). Tel: 02 457841.
Fax: 02 4880275.
Fanton Srl, Milano - Torino - Bologna - Firenze - Roma - Padova.
Tel: 02 48912963. Fax: 02 4890902.
Cornes & Company Ltd., 2-5-12 Higashi-Kanda, Chiyoda-ku. Tokyo 101.
Tel: 3-5821-1651. Fax: 3-5821-1904.
Cornes & Company Ltd., Cornes House, 13-40 Nishi-honmachi 1-chome,
Nishi-Ku, Osaka 550. Tel: 6 532 1012.Tx: 525-4496. Fax: 6 541-8850.
KML Corporation, 6th Floor, Dukmyung Building, (A-Dong) 113-3, Banpo-Dong,
Shucho-Gu, CPO Box 7981, Seoul. Tel: 2 595 9101-6. Fax: 2 595 9107.
Adequip Enterprise Sdn Bhd, #6-01 6th Floor, Wisjma Stephens,
88 Jalan Raya Chulan, 50200 Kualar Lumpur, Malaysia. Tel: 2423522. Fax: 2423264,
Tekelek-Airtronic B.V., PO Box 63, NL-2700 AB Zoetermeer. Tel: 079 310100.
Fax: 079 417504 )
Skandinavisk Elektronikk A/S, Ostre Aker Vei 99, Postboks 99 Veitvet, Oslo 5.

" Tel: 2264 11 50. Tx: 71963 Fax: 22 64 34 43.

Macropol Co. Ltd, Ul Bitwy Warszawskiej 11, 02 366 Warsaw. Tel: 48 22 224337.
Fax: 48 22 229136.

Anatronic SL, Urbanisazao Do, Infantado, Lote 18, 2° ESQ, Loures. Tel: 1 79 33 2 99.
Anastasia Neklusova, St Petersburg, Ul Zamshina 15. Tel: 7 812 545 0723.

Fax: 7 812 254 51256.

Macro Zilinia, Vysokoskolakov 6, 010-01 Zilinia. Tel: 42 89 634181/45041.

Fax: 42 89 634109.

T.E.C. Tellumat Electronic Components, 1 Jansen Road, Jet Park, Boksburg 1459,
P.O. Box 8174, Elandsfontein 1406. Tel: 2711 823 2950. Fax: 2711 823 2668.
Anatronic SA, Avda de Valladolid 27, 28008 Madrid. Tel: 91 542 4455/6.

Fax: 91 2486975.

Anatronic SA, Bailen, 176, Estresuelo 1°, 08037 Barcelona. Tel: 93 258 1906/7.
Fax: 93 258 7128.

Pronesto AB (Microwave Products Only), Finlandsgatan 18, 16475 Kista.

Tel: (08) 752 9080: Fax: (08) 751 4111.

Basix fiir Electronik AG, Hardturmstr 181, CH-8010 Zuerich. Tel: 1 2761111.

Fax: 1 2764199.
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TA!WAN

THAILAND

TURKEY

UNITED KINGDOM

USA: Alabama

Arizona

California

North Carolina

South Carolina
Colorado

Connecticut

Prospect Technology Corporation, 5, Lane 55, Long-Chiang Road, Taipei, Taiwan.
Tel: (886-2) 721-9533. Fax: (886-2) 773-3756.

World Peace Industrial Co Ltd, 8th Floor, 76 Cheng Kung Road, Sec. |,

Nankang District, Taipei, Taiwan ROC. Tel: (886-2) 788-5200. Fax: (886-2) 788-3255.
Westech Electronics Co. Ltd, 77/113 Moo Ban Kitikorn, Ladprao Soi 3,

Ladprao Road, Ladyao, Jatujak, Bangkok 10900. Thailand. Tel: 2 5125531.

Fax: 2 2365949.

EMPA, 34630, Besyol Londra Asfalti Florya |s Merkezi Sefakoy, Istanbul.

Tel: (1) 599 30 50 Tx: 21137 Etna tr Fax: (1) 598 53 53.

Celdis Ltd., 300 Kings Road, Reading, Berks RG1 4GA. Tel: 0734 666676.

Tx: 818142. Fax: 0734 263100.

ESD Distribution Ltd, Edinburgh Way, Harlow, Essex CM20 2DF.

Tel: 0279.626777. Tix: 818801. Fax: 0279 441687.

Farnell Electronic Components Ltd., Canal Road, Leeds LS12 2TU.

Tel: 0532 636311, Tx: 55147. Fax: 0532 633404.

Gothic Crellon Ltd., 3 The Business Centre, Molly Millars Lane, Wokingham,
Berkshire RG11 2EY. Tel: 0734 788878, 787848. Tx: 847571. Fax: 0734 776095.
Gothic Crellon Ltd., P.O.Box 301, Elizabeth House, 22 Suffolk Street, Queensway,
Birmingham B1 1LZ. Tel: 021 643 6365. Tx: 338731. Fax: 021 633 3207.

Macro Group, Burnham Lane, Slough SL1 6LN. Tel: 0628 604383.

Fax: 0628 666873/668071.

Semiconductor Specialists (UK) Ltd., Carroll House, 159 High Street Yiewsley,
West Drayton, Middlesex UB7 7XB Tel: (0895) 445522. Tx: 21958.

Fax: (0895) 422044.

Unitel Ltd., Unitel House. Fishers Green Road, Stevenage, Herts.

Tel: (0438) 312393. Tx: 825637. Fax: (0438) 318711.

Pioneer Technologies, 4835 University Square #5, Huntsville, AL 35816.

Tel: (205) 837-9300. Fax: (205) 837-9358.

Hammond, 4411-B Evangel Circle NW, Huntsville, AL 35816. Tel: (205) 830-4764.
Fax: (205) 830-4287.

Insight Electronics, 1515 W. University Dr., Suite 103. Tempe, AZ 85281.

Tel: (602) 829-1800. Fax: (602) 967-2658.

Insight Electronics (Corp.), 6885 Flanders Dr., Unit C, San Diego, CA 92121.

Tel: (619) 587-0471. Fax: (619) 587-0903.

Insight Electronics, 2 Venture Plaza, Ste. 340, Irvine, CA 92718. Tel: (714) 727-3291.
Fax: (714) 727-1804.

Insight Electronics, 4333 Park Terrace Dr., Ste. 101, Westlake Village, CA 91361.
Tel: (818) 707-2101. Fax: (818) 707-0321.

Insight Electronics, 1295 Oakmead Parkway, Sunnyvale, CA 94086.

Tel: (408) 720-9222. Fax: (408) 720-8390.

Pioneer Standard, 217 Technology Dr., Ste. 110, Irvine, CA 92718.

Tel: (714) 753-5500. Fax: (714) 753-5074.

Pioneer Standard, 5850 Canogo Ave., Ste. 400, Woodland Hills, CA 91367.

Tel: (818) 883-4640. Fax: (818) 883-9721.

Pioneer Technologies, 134 Rio Robles, San Jose, CA 95134.

Tel: (408) 954-9100. Fax: (408) 954-9113,

Hammond, 2923 Pacific Ave., Greensboro, NC 27406. Tel: (919) 275-6391.

Fax: (919) 272-6036.

Pioneer Technologies, 2200 Gateway Centre Bivd., Ste. 215, Morrisville, NC 27560.
Tel: (919) 460-1530. Fax: (919) 460-1540. -

Hammond, 1035 Lowndes Hill Rd., Greenville, SC 29607. Tel: (803) 232-0872.
Fax: (803) 232-0320.

Insight, 384 Inverness Dr. S., Ste. 105, Engelwood, CO 80112.

Tel: (303) 649-1800. Fax: (303) 690-4754,

Pioneer Standard, 2 Trapp Falls Rd., #100, Sheton, CT 06484. Tel: (203) 929-5600.
Fax: (203) 929-9791.



Florida

Georgia

lllinois

Indiana
Maryland
Massachusetts

Michigan

Minneapolis

Missouri
New Jersey
New Mexico

New York

Ohio

Oregon
Pennsylvania

Texas

Hammond Ft. Lauterdale, 6600 N.W. 21st Ave_, Ft. Lauderdale, FL 33309.
Tel: (305) 973-7103. Fax: (305) 973-7601.

Hammond Orlando (Corp.), 1230 West Central Bivd., Orlando, FL 32805.

Tel: (407) 849-6060. Fax:(407) 648-8584,

Pioneer Technologies, 674 South Military Trail, Deerfield Beach, FL 33442,
Tel: (305) 428-8877. Fax: (305) 481-2950.

Pioneer Technologies, 337 South Northlake Blvd., #1000, Altamonte Springs.
FL 32701 Tel: (407) 834-9090. Fax: (407) 834-0865.

Hammond, 5680 Oakbrook Pkwy., Suite 160, Norcross, GA 30093. ]

Tel: (404) 449-1996. Fax: (404) 242-9834.

Pioneer Technologies, 4250C Rivergreen Pkwy., Duluth, GA 30136.

Tel: (404) 623-1003. Fax: (404) 623-0665

Pioneer Standard, 2171 Executive Drive #104; Addison, IL 60101,

Tel: (708) 495-9680. Fax: (708) 495-9831

Pioneer Standard, 9350 N. Priority Way W. Drive, Indianapolis, IN 46240.

Tel: (317) 573-0880. Fax: (317) 573-0979.

Pioneer/Tech. Group. Inc.; 9100 Gaither Rd., Gaithersburg, MD 20877.

Tel: (301) 921-0660. Fax: (301) 921-4255

Pioneer Standard, 44 Hartwell Avenue, Lexington, MA 02173. Tel: (617) 861-9200.
Fax: (617) 863-1547

Pioneer Standard, 13485 Stamford, Livonia, Ml 48150. Tel: (313) 525-1800.
Fax: (313) 427-3720.

Pioneer Standard, 4595 Broadmoor Ave. S.E., Ste. 235, Grand Rapids, Ml 49512,
Tel: (616) 698-1800. Fax: (616) 698-1831.

Pioneer Standard, 7625 Golden Triangle Dr., Eden Prairie, MN 55344.

Tel: (612) 944-3355. Fax: (612) 944-3794.

Pioneer Standard, 2029 Woodland Pkwy. #101, St. Louis, MO 63146.

Tel: (314) 432-4350. Fax: (314) 432-4854.

Pioneer Standard, 14-A Madison Rd.. Fairfield, NJ 07006. Tel: (201) 575-3510.
Fax: (201) 575-3454.

Alliance Electronics, 10510 Research Rd. SE, Albuguerque, NM 87123,

Tel: (505) 292-3360 Fax: (505) 275-6392

Mast, 710-2 Union Pkwy., Ronkonkoma, NY 11779. Tel: (516) 471-4422.

Fax: (516) 471-2040.

Pioneer Standard, 68 Corporate Drive, Binghamton, NY 13904.

Tel: (607) 722-9300. Fax: (607) 722-9562.

Pioneer Standard (Corp.), 60 Crossways Park West, Woodbury, NY 11797.
Tel: (516) 921-8700 Fax: (516) 921-2143.

Pioneer Standard, 840 Fairport Park, Fairport, NY 14450. Tel: (716) 381-7070.
Fax: (716) 381-5955.

Pioneer Standard, 4800 East 131st St., Cleveland, OH 44105.

Tel: (216) 587-3600. Fax: (216) 587-3906.

Pioneer, 4433 Interpoint Blvd., Dayton, OH 45424, Tel: (513) 236-9900. .

Fax: (513) 236-8133.

Insight, 8705 SW Nimbus Ave., #200, Beaverton, OR 97005. Tel: (503) 644-3300
Pioneer Technologies, Keith Valley Business Center, Horsham, PA 19044,
Tel: (215) 674-4000. Fax: (215) 674-3107.

Pioneer Standard, 259 Kappa Drive, Pittsburgh, PA 15238. Tel: (412) 782-2300.
Fax: (412) 963-8255.

Insight, 12701 Research BI.Ste 301, Austin, TX 78759.

Insight, 1778 Plano Rd., Suite 320, Richardson, TX 75081. Tel: (214) 783-0800.
Fax: (214) 680-2402.

Insight, 15437 McKaskle, Sugarland, TX 77478.

Pioneer Standard, 1826-D Kramer Ln., Austin. TX 78758. Tel: (512) 835-4000.
Fax: (512) 835-9829.
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Pioneer Standard, 13765 Beta Road, Dallas, TX 75244.
Tel: (214) 386-7300. Fax: (214) 490-6419.
Pioneer Standard, 10530 Rockley Rd. #100, Houston, TX 77099.
Tel: (713) 495-4700. Fax: (713) 495-5642.
Washington Insight, 12002 115th Ave. N.E., Kirkland, WA 98034. Tel: (206) 820-8100.

Fax: (206) 821-2976.

Wisconsin Pioneer Standard, 120 Bishop's Way #163, Brookfield, Wil 53005.
Tel: (414) 784-3480. Fax: (414) 784-8207.

UK Export

(To countries other than GEC Plessey Semiconductors , Unit 1, Crompton Road,
those listed) Groundwell Industrial Estate, Swindon,
Wilts, UK SN2 5AF. Tel: (0793) 518510. Fax: (0793) 518582.
Whiteaway Laidlaw (Overseas) Ltd., PO Box 93, Ambassador House,
Devonshire Street North, Manchester M60 6BU Tel: 061 273 3228 Fax: 061 274 3757
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