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Introduction

In the present age of modern communication and
increasing mobility, there is an increasing demand for
remote control systems. Reasons for using wireless
systems are numerous and can not only be for comfort,
versatility and flexibility but also for safety and cost
savings. This is valid for various applications, such as
keyless entry systems for cars and buildings, alarm and
security systems, domestic installations and wireless data
transfer systems. Wireless data transmission, that means
IR- as well as RF-based systems, is well-suited to supply
the customer’s needs for safety and convenience.

TEMIC is working more than 20 years in the area of
remote control. With this experience, we can offer our
customers dedicated ICs for infrared remote control as
well as for radio frequency systems.

Keyless Entry

The remote keyless entry (RF or IR) replaces the tradi-
tional key and is either incorporated in the key chain or
mechanically integrated in the key. Small size is a must
for remote keyless entry. By offering complete chip sets
for compact system solutions and complete transmitter
micromodules in chip-on-board technique, the necessary
miniaturization can be realized.

The TEMIC 4-bit microcontroller family is suitable to
encode/ decode the transmission code as well as to control
the central door lock.

Immobilizer

A new security system for cars is the electronic immobi-
lizer with an integrated microtransponder in the key. This
system requests for an individual identification by the
owner of the car. Only if this identification, located in the
key, matches with the identifier in the car, the engine
functions are enabled.

The complete reader functions are integrated in TEMIC’s
reader IC, arranged round the ignition lock. It can be used
along with TEMIC’s transponder and the 4-bit micro-
controller family to create a complete, compact and
effective anti-theft system with a minimum of compo-
nents.

MARC4 Family

The TEMIC MARC4 microcontroller family bases on a
low-power 4-bit CPU core, the modular architecture is
HARVARD-like. This uC family is well-suited for key-
less entry- and immobilizer applications as an encoder/
decoder (RF- and IR-systems).

Issue: 06.95
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1. Keyless Entry

The U431xB IC family is designed to realize a low-
current UHF remote control system. This system is
flexible with regard to amplitude or frequency modula-
tion, different transmission coding and a wide range of
data rates. The transmitter as well as the receiver are like-
wise equipped with a surface acoustic wave (SAW)
resonator for purpose of frequency stabilization.

For both, the transmitter and the transceiver’s front end,
the UHF transistors S822T/ S852T arc used, as they are
well-suited for low-current operation. The superhetero-
dyne receiver is based on one of the receiver ICs U4311B/
U4313B of TEMIC.

These monolithic ICs in bipolar technology include all
necessary parts from IF signal processing to data output.
The receiver ICs, together with the transistors and the

System Solution for Keyless Entry

low-power microcontroller M44C260, make it possible
to realize an UHF receiver with an average current con-
sumption of approximately I mA. This out-standing
feature is achieved by a standby- or a polling concept in
conjunction with a special circuit arrangement.

A further type of receiver ICs is the U4314B, which is
suited exclusively for AM operation. It achieves a supply
current below 1 mA without any sleep mode, but also
without baseband processing.

The U2740B is a single-chip PLL transmitter for automo-
tive keyless entry. With an on-board voltage-controlled
oscillator (VCO), the U2740B provides a compact solu-
tion for small form-factor designs with improved
performance over SAW-based transmitters.

\V4 +5V
Batt—®
Regulator | Reset
BPV23FN watchdog
IR ‘“I [——= 'i

| U426B = U253SB [———————— -— - [ Deor

I | ’ ﬁ i locks

| i i e i

I| TSHAS5200 | | — Trunk

“Q 2 | Decoder ] l [
-he!
MarCs | | Supertet ! & | e :

I | control .
fami Tx Rx : | — Lights
family, | § IF strip | '
ce. 1 27408 RF ST I vene [T seest ' I

| S852T | I

M4C260 M44C260 |
encoder | 220 to 460 MHz. I 2 | I

| | |

l “Super-regen” ! | I

II : | Il_> Alarm

Tx Rx —>-| ‘
Ll sgoor j RF L S822T D»D.—J | ﬂ |
S852T S852T T I |
300 to 360 MHz Filter comparator -

DA5209/ DA5276
Ultrasonic alarm
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Comparison Infrared versus
RF-Systems

The infrared key for remote controlling of central locking
systems in cars is now a standard feature of luxury- and
mid-range cars. It will also be offered in the lower vehicle
ranges in the near future. IR remote control systems are
inexpensive, well experienced and can be easily realized
with conventional production techniques. Recently in
some areas, low-power radio links are replacing infrared
systems. Especially in the car market, RF-based systems
offer the advantage of not being affected by dirt, ice and
snow. Nowadays, the car’s windows are often addi-
tionally shaded to reduce excessive heating of the car
interior. Unfortunately, the shading attenuates the IR
transmission of the remote control systems just as much
as the emission from the sun.

If we compare the advantages and drawbacks of infrared
and radio frequency systems, it becomes obvious that
radio frequency technology helps to overcome some of
the restrictions of infrared technology. However, in the
infrared technology are other problems to be solved; so
both systems are likely to co-exist.

The Infrared System

Comimon infrared remote control systems use a gallium-
arsenide light-emitting diode as transmitter which emits
light of 800 nm to 1000 nm wavelength. It is possible to
speak of rectilinear propagation. Reflection mainly takes
place at visibly reflecting surfaces. Diffraction at edges is
restricted to just a few wavelengths and can therefore be
neglected. For this reason, several receiving diodes
should be installed to ensure correct operation under
various conditions. If appropriate, an omni-directional
receiving diode can be used. Operation of the system is
restricted to an area in which the user can see the reaction.
Interference may be caused by continuous light from the
sun and from the headlights of other vehicles, 100 Hz
components of mains-operated incandescent lamps and
their harmonics in the case of gas-discharge lamps.
Recently, interfering light in the 30-kHz band from
modern energy-saving lamps with switched-mode power
supply also has to be considered. Spectral components of
the data signal within these frequency bands should be
avoided by coding.

On the transmitter side, for purpose of current saving,
pulse position modulation with an extremely low mark-
to-space ratio is used. Operation is done by a single IRED
(Infra Red Emitting Diode) with an extreme directional

characteristic. This high directional characteristic of the
IRED is a frequent object of customer criticism, since
aiming at the target with the key is not accepted.

If we are looking at the receiver, the infrared system is
quite simple. A photodiode converts the received light
into a current which can then be converted into digital
signals by special circuits without a high-power require-
ment. Higher system costs may result from the use of
several receiving diodes due to the increased expense of
installation. The costs for the subassemblies of the IR
system however will always be low, compared to the RF
system.

The RF-System

RF systems operating in the UHF band are not restricted
to the line-of-sight coverage of optical systems due to
diffraction and reflection of radio waves at edges and con-
ductive surfaces as well as their capability to penetrate
dielectric materials. This becomes apparent in an even
illumination of space under complicated spatial circum-
stances as in buildings. Also the necessity to aim with the
transmitter at the receiver is removed, because the
commonly used small, low-gain aerials show an almost
perfect omni-directional radiation pattern. The range of
the RF system can not be well defined because of the
mentioned propagation characteristic and due to addi-
tional polarization losses. These may vary from zero up
to approximately 20 dB, depending on the relative
orientation of the transmitter and the receiver antennas.
Nevertheless in most cases, there is a high statistical
probability of sufficient field strength.

One the other side, a problem could be the probability of
excess range, such as when several conductive surfaces
are coincidentally located close to the transmitter or
receiver in a way that they form the elements of a
parabolic reflector. Wave guidance occurring along
conductive planes, for instance in a multi-storey car park,
may increase the operation range as well. In this case, a
considerable discrepancy between the optical perception
range of the user and the range of the transmission link
exists. For applications with higher security claims,
misuse must be prevented. Listening-in to the radio fre-
quencies with sensitive special receivers appears to be a
problem. Average technically-orientated criminal intelli-
gence is sufficient to receive, store and re-transmit a data
telegram without changing code. These problems were
mentioned before when infrared transmission links were
introduced, but seemed to be not critical owing to the
restricted range and directional effect of the IRED.
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Dedicated ICs for Keyless Entry/ Remote Control

Product ] Function

Key Features

Beneﬁ?s »

—

|

IR-remote control/ keyless entry

RF-remote control/ kexles&quy

U2535B-FP [IR preamplifier f=20to 100 kHz; Lowest power consumption
L I=typ.260pA at 12V . o -

U2538B-FP IR preamplifier AGC; I=typ. 500 uA at5V - Wide transmission distance

U426B-FP IR driver, transmitter |1=0.2t0 1.2 A; f up to 500 kHz _ | Universal IRED-driver

I

U4311B [UHF receiver, AM+FM demodulator, Eow-power consumption,
U4311B-FL 10.7 MHz, non-inverting clamping comparator typ. 1.0 mA, complete IF-
_ |IF amplifier, ‘ - | and baseband processing
U4313B data filter, and AM+FM demodulator, Low-power consumption,
U4313B-FL data shaper, inverting clamping comparator typ. 1.0 mA, complete IF-
log. RSS and baseband processing
U4314B-FP UHF receiver, AM demodulator, Low-power consumption,
10.7 MHz IF ampli-  |RF-level indicator typ. 0.8 mA
| fier., log. RSSI - -
U2740B UHF AM/FM trans- | Wide frequency range Increased system performance,
mitter (200 to 500 MHz), compared to SAW-based
output level control transmitters:

enlarged FM deviation and
reduced costs;
possibility to use

Microcontrollers: see chapter 3

PLL-Ref. XTAL foryC
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2. Immobilizer

The last years, increasing car theft statistics have shown
more and more the urgency for protection. Since 1995, car
insurances demand that new cars have to be protected
against theft by an immobilizer.

An immobilizer is a passive theft protection, that means,
the transponder needs no battery but is supplied via the
reader. Therefore, the immobilizer offers best safety and
reliability in operation.

System Solution for Immobilizer

Transponder / tag

RF field
typ. 125 kHz
—_—

® Contactless readout of up
to 128 bit unique identifier

® Power supply via RF field

® AM modulation by damping
the magnetic field by the code

U2270B

e l NF read channel I

® Tuneable oscillator to optimize
the magnetic coupling

® Flexible driver suitable for all
kind of antennas

® NF read channel with
HC-compatible output

The industry’s first single-chip reader IC for automotive
immobilizer anti-theft systems was released by TEMIC
in November 1994. The U2270B combines flexible
reader coil driver circuitry, a highly integrated NF read-
channel and an on-chip power supply. Along with
TEMIC’s €5530 transponder and M44C260 micro-
controller, the U2270B can be used to create a complete,
compact and effective anti-theft system with a minimum
of components.

Reader

MCU
M44C260

] EEPROM

Unlock

system

® The demodulated code
is compared with the identifier
in the EEPROM

® System is only unlocked if
codes are matching
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Reader IC U2270B
; 0osC
95 9860 CFEJ\ RF Vg Vian 08 e
COIL1 Driver J .
>~< * & Oscillator 51:);:;; _&_ﬂ__yh\
2
|_COJ"J>_ <| N J " C
< U2270B "
Output CODE
l_—)>_ NF read channel
Input
oA T . Ouput

The U2270B serves as interface between the transponder
and the microcontroller that compares the received data.
This interface operates bidirectional.

One direction is the energy transfer from the reader to the
transponder. The reader creates a magnetic field via a
reader air coil. This coil is operated by a special driver
circuit. The driver consists of two output stages that can
be operated in common or in differential mode via the pin
MS. Using this feature, the user is flexible in the design
of the antenna. The driver is controlled by an on-chip
oscillator. The operating frequency is programmed by an
external resistor. This enables the user to externally adjust
the frequency to the relevant circumstances. This feature
is important to compensate frequency tolerances of the
antenna and the transponder. The oscillator can be dis-
abled through pin CFE to enable read-write operation.

Dedicated ICs for Immobilizer

2 Enable

The other direction is the data transfer from the trans-
ponder to the microcontroller. The transponder modu-
lates the magnetic field with its internal data. This leads
to a tiny voltage modulation at the reader coil. Via a recti-
fier, this signal is fed into the input pin of the reader IC.
The NF read channel amplifies and conditions the signal
to convert it to the appropriate digital output data. The
gain of the amplifier can be programmed through pin
GAIN to adopt to the relevant reading distance. An open
collector output serves as interface to the connected con-
troller. With a logic signal at pin OE, the data output can
be disabled.

The reader IC also incorporates an internal power supply.
This enables the user to operate the system from a 12-V
supply but also from an existing 5-V supply rail. Via the
pin Standby, the U2270B can be set to a power-down
mode where the supply current is very low.

o V]LSuitable for R/W- and read-only

f Read-gnly?peralion

Benefits

Product | Function Key Features
U2270B-FP  |Reader IC RF generator, coil driver, filtering-on-chip
1 N A I _systems
| e5530* | Transponder | Contactless operation B
1€5550** Transponder |Read/ write (Q3/95) L
; e5560** Transponder |Read/ write, encryption key f
[ i (indevelopment. Q1/96¢) |

Microcontroller: see chapter 3
Note: * =
Hx = Available in PC (plastic case), PC is in

Available in GT (glass tube) and PC (plastic case); PC is in development (Q4/95)

development (Q4/95)
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3. MARC4 Microcontroller Family

The TEMIC MARC4 microcontroller family bases on a
low-power 4-bit CPU core. The modular MARC4 archi-
tecture is HARVARD-like, high-level language oriented
and well-suitable to realize high integrated micro-
controllers with a variety of application- or customer-
specific on-chip peripheral combinations. The MARC4
controller’s low voltage and low-power consumption is
perfect for hand-held and battery-operated operations.
The standard members of the family have selected peri-

Features

® 4-bit HARVARD architecture

e High-level language oriented CPU conception
® Three-stage pipeline structure

® 256 X 4 nibbles of RAM

e Up to 9 kBytes of ROM

® Eight vectored prioritized interrupt levels

® Low-voltage operation range

® Low-power consumption

® Power-down mode

® Various on-chip peripheral combinations available
® High-level language programming in gFORTH

® Programming and testing support by an integrated
Software Development System

Dedicated ICs for Microcontrollers

pheral combinations for a broad range of applications.

Programming is supported by an easy-to-use PC-based
Software Development System with a high-level
language gFORTH compiler and an emulator board. The
FORTH-oriented microcontroller conception enables the
qFORTH compiler to generate a very compact and
efficient MARC4 program code.

| Instruction
decoder

| System |
clock

Interrupt ‘
controller |-

=1, | Application
specific
peripherals

_ | Interrupt

inputs Timer

1/O-ports

95 10464

Product |  Function | KeyFeatwres | Benefits | Availabilty
M43C200 |4-bit MCU 101/0, 4 IN, Low standby current Now
o 3 interrupts | (3 modes), SO 24 o
M43C201 |4-bit MCU 81/0, 2 IN, Low standby current Now
2 interrupts (3 modes), SO16L
M44C260 |4-bit MCU 128-bit EEPROM, Optimized for remote Q3/95
2 timers control; low power,
] low current (1 uA) N -
M48C260 |4-bit MCU, User-programmable | Re-programmable, Q3/95
EEPROM instead of | M44C260 program memory
ROM
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U2535B-FP

Preamplifier for IR Remote Control

Description

The IC U2535B-FP is a complete IR receiver for data
communication. The PIN-photodiode converts the trans-
mitted IR-telegram into the electronic input signals. This
is separated by a special input circuit. The characteristics
(filter, gain) of the following amplifier is determined by

Features
® Low current requirement (typical 260 pA/ 12 V)
® Carrier frequencies between 20 to 100 kHz

e Supply voltages: 5 or 7 to 16 V with internal
stabilisation

® Filter characteristics and gain are specified by few
external components

@ Demodulator with Schmitt-trigger

® Open collector output
Block Diagram

959958

external components. The signal detector, consisting of a
comparator, an integrator and a Schmitt trigger, forms the
input signal to an output pulse that can be interfaced to a
microcomputer.

Applications
® Keyless entry
® Remote control

® Wireless data transfer

Case: SO8

Supply voltage|
for PIN-diode

L
IN »_”___

5 1k
! Vs +V
> 10 uF
7
Vs I I
O +Vee 10 uF
i

Integrator |— ﬂ

L
L

Figure 1. Block diagram

Rev. Al: 22.06.1995
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Pin Description

Pin_| Symbol | _ Function
] 1 A1 | Inverting input of band pass
’—‘—'4 . g . .
Y 8 | IN amplifier, pin connection for
— external filter function |
— 2 Ao | Output of band pass amplifier
Ao &i 7] Vsi 3 C; | Capacitor at Pin 3 to reject
(suppress) ripple during trans-
mission, also functions as dela;
& [Z 6 | GND time for reference voltage of thye
| comparator ]
1 4 (0 Switching output
Osw | 4 5] Vs W Itis an ogen cgllector output

which switches with time delay
and goes LOW (transistor
switched ON), when the signal is
identified at Pin 2.

5 Vs | Supply voltage

The integrated Z-diode (typical
17 V) protects the circuit against
positive voltage spikes

6 GND | Ground

7 Vs; | Unregulated supply voltage for
SVoperation |
8 IN  |Input connection for photodiode

| with regulated bias voltage

9510323

Absolute Maximum Ratings

Reference point Pin 6, unless otherwise specified

4 ) Parameters Symbol Value e Unit
| Supply voltagerange  PmnS | Vs | -03to+l6 | V. |
Supply currents: Pin § i Ig 20 mA
tp<s20ms  PnS | i | o150 ) mA
Input voltages Pin 1 Vam I -03t05 v
Pin 4 VO(SW) -0.3to 16 v
« . Pmn3g YW~ | 035 |V
Output currents Pins 2 and 4 Ip | +5 mA
Storage temperature range - o Ty 40w +125 _°c *
Ambient temperature range - Tamb —40 to +105 L °C
Thermal Resistance
Parameters Symbol Value Unit
[Junctionambient | Rpya | 180 | KW
12 Rev. Al:21.06.1995
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Electrical Characteristics

Tamb = 25°C, reference point Pin 6, test circuit, unless otherwise specified

Parameters Test Conditions / Pins Symbol | Min. Typ. Max. Unit
Supply currents Vs1=5V,IIN=0, Pin7 Is; 140 200 A
o Vs=12V,jN=0, Pin5 Is 200 ) 320 | pA
Internal stabilisation Vs=12V,IjN=0, Pin7 | Vg1 | 49 | 54 \%
Maximum input current Vs1=5V,ViN=0, Pin8 -IIn | o3 2 mA
Low level voltage Vsi=5V,loL=0.5 mA VoL 0.2 \Y
. R 'V R S S S
Leakagecurrent |V =5V,Vy=12V,Pin4 IoH I 1 A
Input stage, amplifier L
Cut-off frequency fL 15 kHz
o | fw | 100 kHz
Gain Vi =2 mVipg,
f =40 kHz Gy 47 50 dB
N |f=100kHz 1 G | 4 | 49 B |
Detector _ , |
Threshold voltage tqg <200 ps, f =40 kHz, Vao 150 mVims
- Pin 2 -
Delay time f=40kHz, Vaog =1 Vims tq 50 90 us
see figure 3
Storage time f =40 kHz, Voo =1 Vs ts 100 150 us
see figure 3

Test Circuit

6

Ci C3
100 nF 22 nF
1 kQ| IR,
Figure 2.

Rev. Al: 22.06.1995 .. .
Preliminary Information
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T 95 9960

Vao

Vi

400 T

Figure 3.

Application Circuit

) U2535B

95 9961

1 2 3 4
300 kQ
uC
Ry
o}] Cy
680 pF 100 pF
Ry C3
; 22kQ
1.2 kQ 47 nF
+
Figure 4.

. . . Rev. Al:21.06.1995
Preliminary Information
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U2535B-FP

Band Pass Filter Design
Center frequency

[P —
2rn JR, x C, X R, X C,

R, X C,

GAIN = R C, + ©

C, + G,

Bandwidth ~ 5 =5 %,

Note: R; should be about 300 k€.

Ri>>R;
CzC

BW << fo

Results can be influenced by feedback (Pin 2 — Pin 8)

Dimensions in mm

Package: SO 8

4.95 max
L =
14 s
i
r O01min __.| .25 8;2
3.75

52
50
‘ X 0.25
170 : N | S15
(a5 ’
3.85 max
6.2
60
e !

6_ _@ 94 8862

technical drawings
according to DIN
specifications

Rev. A1:22.06.1995
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IR Receiver for Data Communication

Description

The IC U2538B is a complete IR receiver for data
communication. The useful input signals are separated by
a special input circuit and amplified by a gain-controlled
amplifier. The bandpass filter suppresses the off-band
signals. The signal detector, consisting of a demodulator,

Features

® Few external components
® Low power consumption

® Microcomputer compatible

® Insensitive to ambient light and
other continuous interference

an integrator and a Schmitt Trigger, forms the input signal
to an output pulse that can be interfaced to a microcom-
puter. The AGC and the ATC circuit control the receiver’s
sensitivity, making it insensitive to ambient light sources.

Applications

® Keyless entry systems
® Remote control

® Wireless data transfer up to 4 kbit/s

Case: SO8 U2538B-FP

r{:—l—> Vs
95 9837

U2538B-FP
>— Input | Amplifier e Detector — uc
\;\ and filter _ﬂ
A A
B\ ¥
AGC/ATC

Modulated IR signal
carrier frequency 20 to 60 kHz
min. 6 pulses/burst

Hb-

j_mr

Figure 1.

Preliminary Information

Rev. A2: 31.05.1995
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U2538B

Pinning Pin Description
NC RF AGND IN Pin Symbol Function
| 8 I 7 6 5 1 VS Supply voltage
2 CAGC |AGC cgpapit;{ -
3 ouT Data output
SRS EchetlN sttt
U2538B-FP 4 DGND |GND - DEM/INT/ST
8 5 IN  |Input pin diode
6 AGND |GND amplifier
I 1 I 2 3 4 S S —
7 RF Frequency dg@;_mination
A& CAGC  OUT DGND 8 NC Not connected
Figure 2.
Block Diagram
Vs
Rpg
94 9286 Rp
]
it
IBIASl . @ 1
BPF
o 1Ll ®HO®
ITLQ
/4 b T
TIA CGA AGC ATCQ I DEM INT ST

AG CAGC Dg
(‘NDI Cace % AGC GND
Figure 3.
TIA Trans impedance amplifier ATC Automatic threshold control
CGA Controlled-gain amplifier DEM Demodulator
BPF Bandpass filter INT Integrator
AGC Automatic gain control ST  Schmitt Trigger
Rev. A2: 31.05.1995 17

Preliminary Information



U2538B

TEMIC

TELEFUNKEN Semiconductors

Functional Description

Input Stage (TIA)

The input stage provides the necessary bias voltage for the
photo diode and ensures decoupling of the useful signal.
This involves processing the dc and ac portions in sepa-
rate parts of the circuit: the bias voltage (BIAS) and the
transimpedance amplifier circuit (TIA). The bias voltage
circuit operates like a load resistor with respect to the
photo diode, the value of which is low for dc and low-fre-
quency signals (3 to 100 kQ) but as high as possible for
the operating frequency (100 kQ to | MQ) depending on
the input current) The ac portion of the input signal feeds
an inverted amplifier with a sufficiently low input resis-
tance (Z; < 10 kQ). If the input resistance were too high,
the useful signal would be lost to the junction capacitance
of the photo diode.

Gain Controlled Amplifier (CGA)

The gain controlled amplifier accounts for the greatest
part of the voltage gain and can be controlled via the volt-
age at Cagc (pin 2). Gain control is needed to support the
interference suppression of the detector. High-pass beha-
viour results from the capacitive coupling of the
individual stages. The cut-off frequency is approximately
20 kHz.

Bandpass Filter (BPF)

The bandpass filter is largely made up of integrated
componeiits. An external resistor determines the mid-
frequency. The filter quality is about 7 and is practically
independent of the selected mid-frequency (see figure 4).
The following formula can be used for calculating the

resistor, Ry:

_ 8855
Ry (kQ) = T (kHz) (kHz)_B
where: 20 kHz < f; < 60 kHz

120

80 ——f—w
1

Gl

60

|

\

| !
04 06 08 10 12 14 16
95 9851 f/fo

40

20

0

Figure 4. Characteristic of the bandpass filter

Automatic Threshold Control (ATC)

During the reception of an incoming telegram, the ATC
reduces the sensitivity of the demodulator to establish the
highest possible signal to noise ratio according to the sig-
nal strength. This prevents interferences, which may arise
during the transmission from affecting the output. The ad-
vantage of the circuit is attained, if its output voltage
exceeds Vrp, (Comp 1). That is the case, when the input
signal strength is more than double of the minimum de-
tectable signal intensity.

Automatic Gain Control (AGC)

The automatic gain control improves the circuit’s resis-
tance to interference by adapting the amplification of the
gain controlled amplifier to the relevant existing interfer-
ence level. In order to prevent the circuit from responding
to transmitted data signals, it gradually reduces the sensi-
tivity but only if the duty cycle exceeds a specific value
(see figure 5). When using telegrams with higher duty
cycles than this value, the capacitor, Cagc, maintains the
sensitivity for a certain time period. A higher cpacitance
enables a longer transmission time. A capacitance of C1
=22 nF is adequate for most known telegrams. A typical
value for the maximum duty cycle (DC) can be calculated
by the following formula:

Rev. A2: 31.05.1995
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Burst (N cycles)

Uy

Y

-

pl N=6 f=20to60kHz

T 94 9287

DC =

Figure 5.
Detector
The output signal of the bandpass filter is compared to a  cessed through a Schmitt Trigger. The internal pull-up
fixed reference (Comp 1) and to a reference generated by  resistor can replace an external resistor, in some applica-
the ATC circuit (Comp 2). The output of the comparator  tions.
with the higher threshold voltage controls the integrator. N
Use of the integrator keeps the output free of short-time  DCiwi = 15— 77N
interference. ’ '

The integrator drives the output stage after being pro-

Absolute Maximum Ratings

[  Parameters | Symbol { ~ Value [ Unit |
‘Supply voliage __ Pin 1 s 030460 V|
Input voltages Pins 2,3 and 5 L VN 0310 Vs v
L Pin7 . | —03tw+L5 - f
’} pput current  Pin7 7 , ‘ In | 0100.1 ~ mA [
Power unslpauuu Tamb = 165°C i 'r’i\’it 110 . ,,,_mﬁ’,,,,A
}Juncuon temperature B S i Tj 125 __°c
\Amblent temperature » i Tamb —40 to +105 _°c
| Storage temperature i 1 Titg 40 to +125 °c |
Maximum Thermal Resnstance

Parameters l Symbol |  Maximum Unit
nJuncnon ambient e _ i Rinia 180 K/W
Electrical Characterlstlcs
Tamp = 25°C, V=5V
 Pamametes | TestConditions/Pins | Symbol [ Min. | Typ. | Max. | Unit
(Supply voltage | Pinl Vs 45 e 55 \Y%
‘Supply current | Pinl | I 0.35 ] 065 | mA
‘Max. input current VINW_ 0 | - ,,,,Pi95 INn v 0.6 T 7? mA
Output voltage Pin 3 VoL 02 | Vv
low: Io, =2 mA | R | I R
Internal pull up resistor | Pin3 RL | 75 | 100 125 | k@
Center frequency of band- fo 333 35 36.7 kHz
lpassRF=240k | B ] N I B
Rev. A2: 31.05.1995 .o . 19
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" Parameters Test Conditions / Pins Symbol Min, Typ. Max. Unit
Q factor Q . 7 ﬂk
Fregency range f 20 60 kHz
AGC current source Pin 2 90 120 155 nA

sink 70 100 140 nA

AGC slope N Pin 2 20 dB/V
Nr. of pulses required 6
Sensitivity o Pin 5 - 0.7 nA(rms)
Switch on delay, Pin3 tdon 3 7.5 Period
iIN= 0.7 nA (rms) see figure 6
Switch off delay, Pin 3 tdoff 5 10 Period
iN=0.7nA (rms) see figure 6 |
Pulse width, Pin 3 too 4.5 10 Period
iiN= 0.7 nA (rms), see figure 6
|6 pulse burst

_ _885

Rio (kQ) = £, (ki) 13 kQ

Vi —— Burst, 16 cycles | Repetition rate = 10 ms

Vo
tpo

tdon LM; 94 9288

Figure 6.
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Application Circuit

Vs Vs Vs Vce
R, : R (kQ) = E}‘%{%—ﬁ 13

Soke | Ri|[220€

Ci

Cy
10 uF
oo T Tosfe P
C3
CR RF| 7

VccO—.'—l
2 U2538B
OUT —== 3| OUT GND| 6

5 5 LoH

1
GND —e= ext. Cy4 p, D Ds
470 pF H 4 | GND INY 5

95 9838

*) optional: feedback reduction

Dimensions in mm
Package: SO 8

4 .95 max

[_____:t___>_ 0.25

(170, ‘x 18
145

3.85 max

6.2
60

technical drawings
according to DIN 94 8862
specifications
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UHF AM/FM Transmitter

Description

The U2740B is a one-chip multi-purpose UHF AM/FM
transmitter designed for various applications in a wide
frequency range. When supplying a Chip-Select signal
(CS), the IC starts operation (Power-up, XTO, VCO, PD)
and the VCO is then locked to 128*f(XTO). The locked
status is indicated by the Lock-Detect (LD) output.

Features
®  One-chip solution with few external components
®  Wide frequency range (200 to 500 MHz)

® Single voltage supply (2.4 to 6 V) with power down
feature

® Adjustable output power with differential output for
loop antenna

® PLL lock-detect signal
® XTO output for uC clock
® ESD protection according to MIL-STD. 883

Block Diagram

The digital data is supplied to either an AM- or FM-input-
pin whereby the output power is set by use of the
AM-input-pin. A differential output provides simple
application with loop antennas. An output driver
(XTO out) can be used for clocking the microcontrolller.

Applications
® Keyless entry (automotive, domestic,...)
® Alarm systems
® Remote control

® Communication systems

LC tank

J Passive |}
loop filter
I E E L

Loop

antenna

OSC 1 I ANT 2
f
m |~
U2740B
PD
IRef
I
Clock
XTO out l I

XTAL |l
HH

949443

Lxta2 Gl [ T LpaGap
= ,

22
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Pin Description

osC1[1 | 16| AMin I | osCl |VCO tank
2 0SC2 |VCO tank
0sC2 {Z E PA GND 3 IC Internally connected
4 LD Lock-detect (open collector)
Ic 3] 14| ANT2 5 GND | Ground
’ 6 FMin |FM modulation input
LD E E ANT 1 7 PD out |Phase detector output
8 XTAL 2 |FM modulation capacitor
GND |5 | 12] Vs 9 | XTAL1 |XTAL
B 10 XTO out | XTO output (open collector)
FM in E ﬂ CS 11 CS Chip-select (power-up)
12 Vs Supply voltage
PD out E 10/ XTO out |13 ANT 1 |Differential output 1
14 ANT 2 |Differential output 2
XTAL 2 E E XTAL 1 15 PA GND | Power amplifier ground
16 AMin | AM modulation input N

959700

Absolute Maximum Ratings

All voltages are referred to GND (Pin 5). T4 = 25°C, unless otherwise specified.

5 _ ‘Parameters | Symbol Min. Max. Unit ]
Supply voltage Pin 12 Vs 24 6.2 \Y% |
Output current R4 =2.7 kQ connected to Vs =3 V
Lock-detect Pin 4 14 1 mA
Output current XTO out 110 1 mA

R10 = 2.7 k€ connected to Vg =3 V
. Pin 10 - ]
Input current AM in 116 0.5 mA

R16 = 2.7 kQ connected to Vg =3 V.

Pin 16
Junction temperature Timax 125 °C
Storage temperature Tstor -40 125 °C
Operating Range
All voltages are referred to GND (Pin 5). Ta = 25°C, unless otherwise specified.
Parameters Symbol Min. Typ. Max. Unit

Supply voltage Pin 12 | Vs 24 3.0 6.2 \4
Ambient temperature Tamb —40 85 °C

Rev. Al: 23.03.1995 Preliminary Information 23
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Maximum Thermal Resistance

All voltages are referred to GND (Pin 5). Ta = 25°C, unless otherwise specified.

I Parameters Symbol Min. Typ. Max Unit
| Thermal resistance ) Ripja 120 K/wW
Electrical Characteristics
Test conditions (unless otherwise specified): Vg =3V, Ty = 25°C
Parameters Test Conditions / Pins Symbol Min. Typ. Max: Unit
Supply current V11=0,116=0
(power-down) Pin 12 Is, oFF 005 1 HA
Supply current Vil=3V,116=0 Is. oN 1\ 5.0
(power-up) VIl =3V, 116 =0.4 mA Is, ON,0.4 9.5 mA
Pin 12
Power-down voltage 116 =0 Pin 11 V11,0FF 04 \"
Power-down current V11=0,116=0
Pin 11 III,OFF 0.1 HA
Power-up voltage 116 =0 Pin 11 Vil.oN 1.0 v |
Power-up current Vi1=3V,116=0
Pin 11 i Ti,oN 40 | pA
Output power ViI=3VIl6=0 ] Pout, OFF -40 | dBm
(fvco = 433.92 MHz) V11=3VI116=04mA Pout, ON 0 dBm
Pins 13 and 14
Hold in range Pins 13 and 14 Afy MH:z
Phase detector Pin 7 ] Ipp -1 1 mA
Output current
Enable settling time Pins 11/13 and 14 | Tenable us
Output frequency range Pins 13 and 14 fvco 200 | | 500 MH:z
XTO frequency range o Pins 9 and 10 fxto 3 6 | MHz
Input current AM in R16 = 0 connected to Vg
Pin 16 116 o 0.5 mA
Amplitude modulation Pin16 | BWay kHz
bandwidth |
Input current FM in V6=3V Pin 6 16 16 uA |
Frequency modulation Pin 6 BWgym kHz |
bandwidth | i ] N
Output current R4 =27 kQ connected to | ‘ |
| Lock-detect Vs Pin4 wh oo | ] mA
‘Output current XTO out | R10 =27 kQ connected to ] i
Vs __Pin10 oo | o1 mA |
Note: 1 depends on value of resistor connected to Vg

24
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Application Circuit (AM Modulation)

€y =22pF OSC U2740B  |AMin |
I
C,=2.7pF 0SC?2
j»—ll——l 2
= ic_|
i [
Vs R4 1 LD
1t
GND
Passivel |-—|_5 VO
loop FM in - s
filter : ) e % |
. I 6 B e Power»up"’sf' o
PD out| S . | xTO0u o RIOU
L7 ' 10
XTAL 2 XTAL | Co=12pF
|~
Ix:./_;.___xm :9 'I]' [
Clock
Vs o0—
uC P(Wﬁpup
Lock-detect Data
- 95 9845

Principle of Operation (AM Modulation)

CS (power-up) __' . I__
xoou MU LTUUULUUUUUIIULUUUULUUU

I/fxtal. :
o 4
LD | " I locked
4/fxtal ' !

AM in (data/power) ‘ | l I I l I | I | I l
RF out ML RAAAUUL_RARR_f0__

95 9849 time ——p
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Application Circuit (FM Modulation)

Cy=22pF_0scC 1| [AMin 6 Ri6
H 1 - 16 J {1+
L PA GND Loop antenna
2.7 pF_0SC 2
= ic_| ANT 2 14
i [ 1+ =
Pl c 10 nF
LD ANT | — loop
Vs R4 14 ——1 113
Passive] GND - s _Ll Is
loop 5 . |2 |———— O
H (N e [ 12 =—t—— Vs
filter M in T cs =
16 r : — 111
1 6 : ; Power-up "'_J”
PD out ] XTO out 10 Rl()[]
K . — 10 '
XTAL 2 P , i | xTAL ] Co=12pF
3 i e R — o
' ' Cg =39 pF
2 P
LL]
VST
Data 3 i Clock
Power-up
uc -
Lock-detect Output power
| 959846

Principle of Operation (FM Modulation)

CS (power-up) _J ‘ |_
oo U UL Uiy

/fxtal .
ﬂ " I = locked

D 4fxtal 7 -

AM in (power) J I_.__
FM in (data) [ I O 6 N
RF out ML AN AT

(iMe ey

LD

95 9850
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Dimensions in mm

Package: SO 16

5.2
5.0

i 9.85max ‘
14 fiid)
r_-m g;g r\?uz;_ 3.85max
|e—3.85max__|
-] 62
589 6.0
16 15 14 13 12 n 10 9
AABAAAAER
!
| =0
according to DIN
specifications
FHEHHEHSY s
1 2 3 a4 5 8 7 8

Rev. Al:23.03.1995
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Infrared Driver -

Description

The U426B is an IR-driver-IC for IR data communica-
tion. The circuit contains a programmable constant
current source (DRV) to drive the IRED. The current is
programmed by an external resistor (RS). With the

Features

® Programmable constant current 200 mA to 1.2 A
® Signal frequency up to 500 kHz

® Low power standby mode

® Internal voltage comparator

® Wide voltage range 2.4to 12V

internal comparator (COMP) an external voltage can be
monitored. The low power standby mode, controlled by
means of the WAKE input, makes the circuit well suited
for battery powered systems.

Applications
® Keyless entry systems
® Remote control

® Wireless data communication

VBau

| U426B IrReD

Controller DATA

N—
WAKE I
—

l/ DRV

MON-O

Rg

MON-I T

COMP
L

959947

Figure 1.
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Pin Description | Pin | Symbol _Function
L Vg Supply voltage
- E— i e
| 8 | GND |Circuitground
i 2 DATA | Data input for switching the
v | IRED output current on and off
S | ! 8| GND |7 IRED | IR-LED output, when the data |
} input is high this output supplies |
: the IR-LED with the constant
DATA| 2 7 | IrReD | current
U426B—FP ‘ 6 SHUNT | The resistor at this pin adjusts
| | the IRED output current
MON-T| 3 6 I SHUNT 3 MON-I | Voltage monitor input of the in-
! ternal comparator
L4 MON-O | Voltage monitor output. This
MON-O | 4 5 I WAKE open collector output is active
i when the voltage at MON-I is
05 0877 | | below the internal reference
‘ [ V3 =525 mV typ.
1 5 . WAKE  WAKE input. When LOW the
1 ! ‘circuit is in standby mode. A
1 'high level activates the circuit
Block Diagram
Vs
IRED
DATA
_ VShunt SHUNT
WAKE _— Power [ = 150 rur:V Ad
supply : I DRV
typ.
MON-0O *
MON-I
-+
V3
=525 mV COMP
typ. L

COMP Monitoring comparator
DRV  IRED constant current driver

Figure 2.

lGND

95 9948

Rev. Al:20.06.1995
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Constant Current Driver (DRV)

The constant current driver converts the incoming data
pulses into adequate constant current pulses. A high level
applied to the data-input causes a constant current flow
through the IR-diode connected to the IRED output. This
current can be programmed via the external resistor (RS).
To calculate the output current, use the following for-
mula:

\%
Ieep = 150—%’7
Power Supply

The power supply circuit generates the internal supply
voltage from an external voltage (Vs = 2.4 to 12 V).The
Vs-pin is protected by an internal suppressor diode

against voltages above 13 V. The internal supply voltage
can be switched on/off with a high/low-level at the
WAKE input. Setting WAKE to low level switches the cir-
cuit from busy to standby mode, which results in a very
low, current consumption (2 uA). Every change between
busy and standby mode needs a latency up to | ms. Data
transmission and voltage monitoring only takes place
while WAKE remains high.

Monitoring Comparator (COMP)

The monitoring comparator compares the voltage at pin
MON-I to an internal reference voltage of V3 = 525 mV
typ. The open collector output transistor is active, if the
voltage at pin MON-I falls below the internal threshold
voltage. The comparator can be used to monitor the power
supply battery.

WAKE l

Busy \

internal

circuit state Standby

{ll

tsB

DATA

IRED

tq

Output current

L] s

Standby
s

A

o TR oA T

oo I

LU

95 9878

Figure 3. Timing diagram
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Absolute Maximum Ratings

R Parameters : | Symbol | Value Unit
Supply voltage Pinl Vs 134 v
i Supply current ! Is [ 40 mA
o t<lops . IS0 | mA
| Input voltages Pin2,3and5 | Vi I Vs 1 \Y%
| ~ Pin6 e I R .
Input currents : Pins2,3andS | I | ! omA |
'Output voltage Pin 7 VA l 134 v
{ Output current <‘ I ‘| 1.5 A
‘ t< 100 us Pin 7 i Iy { 5 mA
| Pin 4 | -
| Power dissipation i
! Tamb = 85°C 1
; SO 8 : on p.c. board ‘ Piot 150 mW “
| on ceramlic S ‘ | 2 250 ‘, mW ’\
| on ceramic with silicon grease i Piot 430 ‘ mW !
: Junction temperature B - ] T :47”125 °C
 Ambient temperature range | Tam 401085 | °C
{Storage temperature range - ) 7 Ttg —40 to 150 _°C T\
Thermal Resistance
Pt ~ Parameters Symbol Value Unit |
Junction ambient { ’
SO 8: on p.c. board Rinja J 220 K/W |
on ceramic Rihja | 140 ] K/W [
~ onceramic with silicon grease | Rua [ 80 LKW
Electrical Characteristics
Vs =6 V. Tamp = 25°C, reference point pin 8, unless otherwise specified
Parameters [ TestConditions/Pins | Symbol | Min. | Typ. | Max. | Unit |
Supply current Pin1 o _,J
Supply voltage o Pinl | Vs | 24 12 \4 1
| Standby current B B + ' 1 b 2 | A
|Wake-upcurrent | Without pulse . h _ 1.5 mA |
Overvoltage protection  |[;=20mA | Vs | | 13 | v
DATA Pin 2
Input signal | High Vs, 3 36 | 42 v
- ew V) 16 | 21 | 26 A
lCommon mode input "TL'W - ] 0 '7 iﬁ Vg \ ‘
;{_liise time i ty - I ) 500 ns i
Lliall time N ot ; 500 ! ns
'Signal frequency B ‘ o f | 500 | kHz
(Inputcurrent . I T - 100 | wA
Rev. Al: 20.06.1995 31
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| Parameters | TestConditions/Pins | Symbol | Min. | Typ. | Max Unit |
MON-I Pin 3 - ]
Input current Vi=6V I3 ‘ - 0.3 uA
Reverse current lV;=0V Iy - B 0.8 BA ‘\
Input voltage high MON-I on V3 485 525 555 | mV
Input voltage low MON-O off V3 515 545 580 ! mVY
Hysteresis - - 4 Y
Temperature coefficient TC 100 | WA/K
MON-O Pin 4 ] - B
Output current [V4 2200 mv L o] rﬁA,
' Output current | V42400 mV. Iy 3 B | mA
| Reverse current ‘ V4<6V I - 102 1 uA
Output voltage High ‘ Vs A%
Saturation voltage l4=1mA Viat . ) | 200 | mv
WAKE Pin 5 - »
Input current ‘ Vs=6V Is ‘ ‘ C80 | uA |
| - Vs=0V Is | 02 | pA
Input voltage High Busy Vs Vs ‘ \Y%
 Input voltage LOW | Standby Vs 0 | 02 | \Y
|SHUNT Pin 6
Output current IRED Vg=24V;Rg=0.62Q Iy 205 ‘ 245 mA
Vs=6.0V;Rg=0.62Q I 220 ’ 265 mA
Vg=12V;Rg=0.62 Q I 235 2175 mA
Vs=6V;Rg=0.11 Q I 1.25 ‘ 1.5 A
L Vs=12V;Rg=0.11 Q I7 1.3 1.55 A
Shunt voltage V,=Vg=6V, Vshunt 140 ’ 150 160 mV
Rg=0.11Q |
Temperature coefficient I‘Tumh =-40 to 85°C Tc |40 uV/K
IRED Pin 7
éqtgul vnolt_age ] Vo=Vg=6V;, ;= 1A Vour | ‘ 1000 ‘[ my
'Output voltage - T\;z =0 V I;=0 Vout ‘ 12 13.2 v f
Reverse current V2=0ViV7=6V I | I nA
| Rise/Fall time t ' 300 | ms
Delay time [Pin 2 to pin 7 tg 1 us
| Standby/Busy ‘ ts . 1 ms
| Busy/Standby o ‘ o tgs 1| ms |
32 Rev. Al:20.06.1995
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Dimensions in mm

Package: SO 8

5.2

4.95 max 50
; ‘ 0.25
0.15

14 " T h 170
T T bas' [\ N
i 1.25 049 3.85 max
0.1min 0.35
6.2
375 60

technical drawings
according to DIN
specifications

94 8862
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Low-Current Superhet Remote Control Receiver

Description

The U4311B is a monolithic Integrated Circuit in bipolar
technology for low-current UHF remote control super-
heterodyne receivers in amplitude- or frequency-
modulated mode. Typical applications are keyless car

Features

® Usable for amplitude- and frequency- modulated
transmission systems

o Extremely low quiescent current approximately 1 mA
in the stand-by mode due to wake-up concept

® Wide power supply voltage range 3to 13 V

® Sensitive [F-amplifier for 10.7 MHz operating

lock-, alarm or telecontrol remote indication systems.
Especially for automotive applications it supports a
superhet design with about 1 mA total current consump-
tion, as required by the car manufacturers.

® Logarithmic AM demodulator
® FM demodulator
® Monoflop exit to wake up a microcontroller

® High performance operational amplifier to realize a
data recovering filter

® Non-inverting clamping comparator with amplitude-

frequency depending hysteresis for data regeneration
Block Diagram
Wake up out
Vs
‘ 10‘ ] 3 l 7 6
Vret=|2.4V] 13 5] Data out
) : Non — invert. —
= Bandgap Monoflop clamping
} >T comparator
Internal RF Wake up )
VRef=2.4V Level
10.7 MHz| y L
9 IF Quadrature Operational 2
_I D I__< amplifier »| detector amplifier —
1 - R
4 8 12 14 16 1
95 9968
log AM out _l_ FM out
Dat.
! ata ————
_L 107 MH‘I filter

Figure 1. Block diagram

34
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Pin Description

UL
OPpn, |1 \~// 16 0Py,
OPyy [:2 1 El Vs

— —
RCuake (3 | 14] PMow
|
|<.,,
GND2 E ' 13) Vier

Compoy, f 5: E Discr

RC- [6 11] GNDI
1 -/

RC+ |7 | 10| SWour
| -

AMoyt |8 9’J IFin

9510322

Figure 2. Pin description

Absolute Maximum Ratings

Pin | Symbol Function
R OP;, | OP amplifier non inverted input |
2 | OPgyy |OP amplifier output
3 RCyake |RC wake up reset time
4 GND2 Ground of the logical circuits |
5| Compoy |Comparaworoutput
| 6 | RC- |Comparatortimeconstant |
[ 7 RC+ | Comparator time constant
L 8 | AMyu | AM current output
L 9 IF;, IF input
10 SWou: | Wake up output
11 GNDI1 | Ground of the analog circuits
|12 Discr | FM discriminator tank
r 13 | Vet | Reference voltage
{ 14 | FMy, | FM discriminator output
(15 | Vs Supply voltage ;
e OP,,_ | OP amplifier inverted input |

Internal connections see figures 4 to 19

Parameters [ Symbol ~ Value | Unit
Supply volage - L Vs i3 Ly
Power dissipation  Tymb = 85°C ) l  Piot 400 | mW_ |
| Junction temperature S B }.—€
Ambient temperature | Tamb —40 to +85 °C
Storage temperatwre | Ta 55to+125 | °C
Thermal Resistance

Parameters Symbol Value Unit |
Junction ambient DIP16 Resa 120 KW |
. ___SoleL B 1 Rua 00 KW

Rev. Al: 23.06.1995
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Electrical Characteristics

Vs =5V, Tamp = 25°C, fiy = 10.7 MHz: FM part: foq = 1 kHz, fyey = 22.5 kHz; AM part: foq = 1 kHz, m = 100%

unless otherwise specified

Parameters ] ~ Test Conditions / Pins Symbol i Min. Typ. Max. | Unit |
Characteristics o I - -
Supply voltagerange | PinlS vso o3 [ T v
Quiescent supply current % ~ Pinl5 Iy 1 13 mA
Active supply current & Pinls | L | 028 1 36 | mA
Bandgap B o B e ]
Regulated voliage R Pin13 | Ver 23 | 24 | 25 | v
(Outputcurrent | Pin 13 rer L S| maA
| Source resistance Pin 13 Rpet 23 5 - Q
@‘(ernal capacitor ! ~_Pin13 | Crer 10 - uF
| Power supply rejection ‘ f=50Hz Pin 13 psit 60 dB
raio ) R J - 1
IF amplifier - S L
Input resistance ] Pin9  Ri 180 330 [ 520 | Q
Input capacitance  Pin9 Cin S L pF
Typical internal 3 dB IF level 70 dBuV f34B 8 12 MHz
frequency . Pins9and14, | . S R
\—3 dB limiting point . Pm9 [ Vemss | 30 | | dBuv
Recovered data voltage . Pinld ] Vemou 0 0 1301 230 | mV
FM detector output resis- Pin 14 REMout 50 kQ
tance o -
AM rejection ratio ) m = 30% Pins9and 14 | AM,, - 25 ~ dB
Maximum AM input Pin9 VAMmax 90 dBuv
voltage I B - o
AM quiescent current ~Pn8 | Iamow 10 22 37 UA
Maximum AM current Pin 8 N IAMoutmax | 100 uA
Operational amplifier L S ]
Gain bandwidth product B _Pins1,2and 16 | f, 3 4 6.5 # MHz
Excess phase B _Pins 1,2 and 16 5 - - 8o | degree
Open loop gain Pins 1,2 and 16 20 50 70 95 dB W
Output voltage range Pin 2 AV 55 7 v
Common mode input Pins 1 and 16 Vin 0.7 1.7 \%
| voltage - | B S U E S
nputoffsetvolage | Pinsland16 | Ve | 25 | 0 | 425 | mV
Mximum output current R o B T S A 5 mA |
' Common mode rejection Pin land 16 | cmrr 65 85 dB
‘ Total harmonic distortion Vin <300 mV, f=33kHz, | thd . | 3 Y% i
L - ~|unity gaincircuit  Pin2 B i - !
! Poyver supply rejection \ f=50Hz Pin 2 ! pstr 65 85 [ dB
ratio |

36
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B Parameters | Test Conditions /Pins | Symbol | Min. | Typ. | Max. | Unit |
Clamping comparator , ]
Typical common mode Pin2 Vemvr 0.8 1.6 \Y%
input voltage range S L )
Maximum distortion Viignal = 100 mV, V dmax 200 mV
voltage R+=R-=50 k&,
C+=C-=200nF,
fdisto = 50 Hz,
I fignay = 1kHz  Pin2 - B I
Output voltage V2> (Ve + V) 2 Veout VRef h
(10 kQ load to Vgef)
Pin 5
Output voltage Vo< (Vg+Vy)/2 Veout 0 150 250 mV
(10 kQ load to VRef)
Pin 5
Wake up circuit
[ Minimum wake up level ~_Pin9 | Vin | 40 dBpv?
| Internal charging resistor Pin 3 ‘ Rin 1.5 kQ
Threshold voltage Pin 3 Vin 1.6 v
Output switch current Pin 10 Isw 180 250 550 A
Output switch voltage Pin 10 Vsw 5.5 v
External wake up resistor | _Pins3and I3 | Rwy 2 | kQ
External wake up capacitor Pins 3 and 13 Cwu 10 uF
Holdtme (£30%) | Tt | ~ISXRwuxCwy | sY
{ Delay time (+ 30%) | Yo ~ Cyy X 0.75kQ Losh

IC version with inverting comparator available: U4313B

2) Measured at Pin 9, referred to 330 Q

3) Protected by a Z-diode, see figure 13

4) Valid for 0.1 uF < Cwy < 10 uF and 22 kQ < Rwy < 680 kQ2
Application

The U4311B is well-suited to implement UHF remote
control or data transmission systems, based on a low-
current superheterodyne receiver concept. SAW-devices
may be used in the transmitter as well as in the receiver
local oscillator. The front end should be a discrete circuit
application with low current UHF-transistors like S822T
or S852T from TEMIC TELEFUNKEN microelectronic
GmbH. The frequency of the local oscillator can be deter-
mined either by coaxial resonators or SAW-devices. Due
1o large SAW-resonator tolerance an IF-bandwidth — and

in a FM-system additionally the discriminator amplitude
characteristic (figure 28) — of 300 kHz or higher is
proposed. As the circuit needs only 3.0 V supply voltage
for operation the front end may be a stacked design in
order to achieve a total receiver current consumption of
approximately 1 mA. Figure 29 shows a principle
receiver concept diagram. The application notes
ANTO012, ANTO13, and ANTOI15 contain more detailed
information on complete RF links.
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Circuit Description
General functions

The integrated circuit U4311B includes the following
functions: IF-amplifier, FM-demodulator, wake-up
circuit with monoflop, operational-amplifier, non-
inverting data comparator and voltage-regulator.

The 10.7 MHz IF-signal from the front end passes the
integrated IF-amplifier which operates for amplitude- or
frequency-modulated signals to either a logarithmic AM-
demodulator which was implemented to avoid settling
time problems effected by use of an automatic gain
control system or a quadrature detector for FM. A data
shaping filter — advantageously realized with the
internal high performance operational-amplifier —
reduces system bandwidth to an optimized compromise
regarding transmission distance and data recognition.
Thus, an optimal bit error rate can be achieved without
any further active component.

The comparator connected to the output of the filter has
a level-dependent hysteresis and clamps its reference
voltage to the signal minimum and maximum peaks as
described later.

Without [F-input signal — in the normal mode — only the
IF-amplifier and the AM demodulator which operates as
a level strength indicator are activated. If the level of the
IF signal increases, the whole circuitry is turned on by the
wake-up circuit. This signal is externally available at

pin 10 and can be used to wake up a microcontroller.
After an adjustable reset time, determined by the mono-
flop time constant, the integrated circuit rests down to the
sleep mode. In this case typically 1 mA supply current is
required. An external resistor matched at pin 3 to ground
blocks the wake-up circuit and gives fully function at
lower IF-level as to recognize in figures 24 and 27, but
supply current increases up to typically 2.8 mA.

Function of the clamping comparator

The output signal of the operational amplifier is fed to the
input of the non-inverting comparator and two peak
detectors (Q1 and Q2, figure 3). Their time constants are
distinguished by RC+ and RC-. The components value
must be adapted to the transmission code. The time
constant should be large compared to the bit-rate for opti-
mized noise and hum suppression. To compensate the
input transistors base-emitter-voltage differences these
two signals are buffered by Q3 and Q4. The mean value
is used as comparator threshold, the difference of the peak
values controls the hysteresis. This clamping comparator
works as a data regenerator.

Another version of the IC, with an inverting clamping
comparator, is also available (U4313B). Therefore the
operational amplifier can be used either as a non-
inverting or an inverting filter without the need of any
additional components.

Op. amp.

ComparatoZ

<4
irm e e T e e O s I I
J L

Hysteresis

\

Comp. threshold

to pin 16

Figure 3. Principle function of the clamping comparator
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Internal Pin Circuitry

959970

Figure 4. Pin 1 OPjj,

[\

959971 l

Figure 5. Pin 2 OPqy

VRef

95 9972

Figure 6. Pin 3 RCy,a e

4

O—\

95 9973
Figure 7. Pin 4 GND2

959974

Figure 8. Pin 5 Compgy
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8

Figure 11. Pin 8 AM,,

6
9510127
Figure 9. Pin 6 RC— o
7 13 Figure 12. Pin 9 IF;,
@) O VRef
9510128

10

95 10125

Figure 10. Pin 7 RC+

Figure 13. Pin 10 SWyy
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Figure 14. Pin 11 GNDI
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Figure 15. Pin 12 Discr

9510131

Figure 16. Pin 13 VRef

9510134

13 VRef

14

9510132

Figure 17. Pin 14 FMyy

13

9510133

Figure 18. Pin 15 Vg

Figure 19. Pin 16 OP;,_.
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Figure 20. Time domain response of 2 kHz Bessel low pass data filter

Data Recovering Filter

The test circuit in figures 23 and 26 includes an example
of a data recovering filter realized with the components
Ry, Ry, Cy, Cy, Cs. Itis of a second order Bessel type with
low pass characteristic, a 3 dB cut-off frequency of 2 kHz
and an additional high pass characteristic for suppressing
dc and low frequency ac components. Simulation of time
domain and frequency response is drawn in figures 20 and
22. This filter gives a typical application of a 1 kBaud
Manchester code amplitude modulated transmission.

The capacitor C; is responsible for the high pass cut-off
frequency. For a correct pulse response this high pass cut-
off frequency should be as low as possible. Figure 20
shows the transient response and the influence of the dc
component. The first pulses might be wrong if the high
pass cut-off frequency is too low. For this reason some
burst bits must be transmitted before the real data trans-
mission starts. On the other hand, if the cut-off frequency
is too high, you might get in trouble with roof shaping of
the rectangle pulses at the operational amplifier output.

The low pass cut-off frequency and the maximum trans-
impedance V,,/lip are distinguished by the further
external elements. Careful design of the data filter gives
optimized transmission range. For designing other filter
parameters look for filter design handbooks or programs
or request TEMIC TELEFUNKEN microelectronic
GmbH for support. Some proposals can be found in the
application notes ANT012, ANT013 and ANTO15.

B ——
T I
‘l 00 dBuVv } 1 \
gof b ‘
: L
g ~ 70dBuv | \
H 60 i i ! 1 ! i
@
B ]
= | i !
o i |
£ ow = ,
< |
: S inns
20 | » — ;
30 dBuv P! !
[ |
0 ‘ _
6 8 10 12 14 16
95 10332 IF frequency ( MHz )
Figure 21. IF-frequency response
o
©
f
>
95 10334 Frequency ( kHz )
Figure 22. Frequency response of 2 kHz Bessel
low pass data filter
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Figure 23. AM test circuit with 2 kHz Bessel low pass data filter
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Figure 26. FM test circuit with 2 kHz Bessel low pass data filter
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Figure 27. Signal to noise ratio FM: deviation 22.5 kHz

Figure 28. FM-discriminator characteristic
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Figure 29. Principle diagram UHF remote control receiver

Ordering Information

| Extended Type Number | Package Remarks
\ U4311B-C 3 DIP16 -
| U4311B-CFL i SO16L | |
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Dimensions in mm

Package: DIP16

200 max
19.8 max 742

technical drawings
according 10 DIN

949128
Package: SO16L
105 9.25
$ | 104 875
||____| 03 —
245 [ 2.70 0.2
) T I (245! —’l
228 L .
-t s e
0.1min 0.35 73
[1.27) 0.55
- 889 :0‘5
|

94 8961

46 Rev. Al:23.06.1995



TEMIC
TELEFUNKEN Semiconductors U43 1 3B

Low-Current Superhet Remote Control Receiver

Description

The U4313B is a monolithic integrated circuit in bipolar  lock-, alarm or telecontrol remote indication systems.
technology for low-current UHF remote control super-  Especially for automotive applications it supports a
heterodyne receivers in amplitude- or frequency- superhet design with less than 1 mA total current
modulated mode. Typical applications are keyless car  consumption, as required by the car manufacturers.

Features
® Usable for amplitude- and frequency-modulated ® Logarithmic AM demodulator
transmission systems e FM demodulator
® Extremely low quiescent current approximately 1 mA ¢ Monoflop exit to wake up a microcontroller
in the stand-by mode due to wake-up concept
® High performance operational amplifier to realize
® Wide power supply voltage range 3to 13V a data recovering filter
® Sensitive IF-amplifier for 10.7 MHz operating ® Inverting clamping comparator with amplitude-
frequency depending hysteresis for data regeneration

Block Diagram

Wake up out T
e T B

Vs |

L

i 10 ! 3 ] 7 ‘ 6
VRet =(2.4V| 13 v i | | 5§ Data out
{ / Inveting —
= Bandgap Monoflop clamping
} — ) comparator
11
Internal RF Wake up ]
VReef =24V Level
10.7 MHz L Y
9 IF Quadrature Operational 2
_| UI Y amplifier »| detector amplifier 2 Gl
L - !
4 8 12 14 16 1
95 1@
log AM out FM out
]
Data -
107 MHZI g

Figure 1. Block diagram
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Pin Description

OPyny [ 1 N

OPou |2
RCyake |3 |
GND2 |4 |
Compou |5 |
RC- |6
RC+ |7 |
AMoy |8 |

Figure 2. Pin description

16] OPy,_
1) vs
14] FMou
13] Veer
12] Diser
11] GNDI
10] SWou
9] IF,

Absolute Maximum Ratings

Pin Symbol Function
1 OPj,+ OP amplifier non inverted input
2 OPout OP amplifier output |
3 RCyake |RC wake up reset time
4 GND2  |Ground of the logical circuits
5 | Compyy | Inverting comparator output
6 | RC- Comparator time constant
7 RC+ Comparator time constant
8 AM,,« | AM current output
9 1F;, IF input ] - ]
10 SWour | Wake up output
11 GNDI | Ground of the analog circuits
12 Discr FM discriminator tank |
13 VRef Reference voltage
14 FMout | FM discriminator output
15 | Vs | Supply voltage
16 | OPj,_ | OPamplifier inverted input

Internal connections see figures 4 to 19

Parameters Symbol Value Unit
Supply voltage Vs 13 \%
Power dissipation  Tyyp = 85°C Piot 400 mW
Junction temperature N " T; 125 _°C ‘
Ambient temperature Tamb —40 to +85 °c
| Storage temperature Titg -55to +125 °C #
Thermal Resistance

Parameters Symbol Value i Unit
Junction ambient DIP16 Rihia 120 K/w

B SO16L Rinja 100 K/W
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Electrical Characteristics

Vs =5V, Tamb = 25°C, fiy = 10.7 MHz; FM part: fi04 = 1 kHz, fgey = 22.5 kHz; AM part:, finoq = | kHz, m = 100%

unless otherwise specified

Parameters Test Conditions / Pins | Symbol ( Min. ] Typ. [ Max. I Unit
 Characteristics - -
Supply voltage range i Pin 15 vs [ 3 [ 2oV
Quiescent supply current Pin 15 rlg, 1 1.3 | mA
| Active supply current Pin 15 Tact 2.8 36 mA
Bandgap - '

Regulated voltage Pin 13 Viet 23 | 24 25 v
Outputcurrent | Pin 13 Trer S mA
Source resistance Pin 13 RRef 2.3 5 Q
External capacitor Pin 13 Cref 10 uF
Power supply suppression f=50Hz Pin 13 pstr 60 dB
 IF amplifier o
| Input resistance Pin 9 Ri 180 330 | 520 Q
| Input capacitance 1 Pin 9 Cin o 5 | _pF
; Typical internal 3 dB IF level 70 dBpV f3dB 8 12 | MHz
| frequency Pins 9 and 14 I
=3 dB limiting point Pin9 | Vemids 30 | dBpv
Recovered data voltage Pin 14 | VEMout 50 130 230 mV
FM detector output Pin 14 | ReMout 50 kQ
resistance [ ! I
AMrejectionratio  m=30% Pins9and 14 | AMy - lL 25 | dB |
; Maximum AM input Pin9 VAMmax 90 dBuv
voltage o |
AM quiescent current Pin 8 IaMout 10 22 37 HA
‘Maximum AM current Pin 8 | TAMoutmax 100 | UA
}Operational amplifier S -
@Lbandwidth product Pins 1,2 and 16 fi 3 4 65 T*MH;
Excess phase Pins1,2and16 | & | ) 80 | degree
Open loop gain ~ Pins1,2and16 | gy 50 | 70 95 | dB
Output voltage range _ Pin2 AVou 155 v
Common mode input Pins 1 and 16 Vin 0.7 1.7 \Y
voltage t |
| Input offset voltage | Pins 1 and 16 Vos -2.5 0 +2.5 mV
Maximum output current ~Pin2 lowe || 5 | mA
Common mode rejection Pins 1 and 16 cmrr 65 85 dB
rawo -
Total harmonic distortion Vin <300 mV, f =33 kHz, thd 1 3 %
- unity gain circuit  Pin 2 L
Power supply rejection f=50Hz Pin 2 pstr 65 85 dB
ratio
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Parameters | TestConditions/Pins | Symbol | Min. | Typ. | Max. | Unit |
Clamping comparator ]
| Typical common mode Pin 2 Vemvr 08 16 | v }
input voltage range SRS O R R
 Maximum distortion | Vsignal = 100 mV, Vdmax 200 mV
i voltage 'R+ =R-=50kQ,
C+=C-=200nF,
faisto = 50 Hz,
R (fsigna=1kHz  Pin2
| Output voltage Vs> (Vg + V) 2 Veout 0 150 250 mV D
‘ (10 kQ load to Vgef)
. Pin 5 —— PN S S S — — -
Output voltage V< (Vg+ V7)) /2 Veour | VRef
(10 kR load to VRef) ;
B Pin 5 : J
Wake up circuit .
| Minimum wake up level Pin 9 Vin 40 B dBpv 2
Internal charging resistor ~ Pin3 Ripe | | 15 kQ
Threshold voltage Pin3 Ve | 1.6 v
Output switch current Pin 10 Isw 180 250 550 | wA |
Output switch voltage Pin 10 Vsw , 55 | V¥
External wake up resistor | Pins3and 13 | Rwy 22 L kQ |
| External wake up capacitor Pins3and13 | Cwu | | 10 uF
Hold time (+ 30%) th  A~LISXRwyXCwy | s
Delay time (+ 30%) 4 ~ Cwy X 0.75kQ sH

D IC version with non-inverting comparator available: U4311B

2 Measured at Pin 9, referred to 330 Q

3 Protected by a Z-diode, see figure 13

4 Valid for 0.1 uF < Cwy < 10 uF and 22 kQ < Rwy < 680 kQ
Application

The U4313B is well-suited to implement UHF remote
control or data transmission systems, based on a low
current superheterodyne receiver concept. SAW-devices
may be used in the transmitter as well as in the receiver
local oscillator. The front end should be a discrete circuit
application with low-current UHF transistors like S822T
or S852T from TEMIC TELEFUNKEN microelectronic
GmbH. The frequency of the local oscillator can be deter-
mined either by coaxial resonators or SAW-devices. Due
to large SAW-resonator tolerance IF-bandwidth — and in

a FM-system additionally the discriminator amplitude
characteristic (figure 28) — of 300 kHz or higher is pro-
posed. As the circuit needs only 3.0 V supply voltage for
operation, the front end may be a stacked design in order
to achieve a total receiver current consumption of approx-
imately 1 mA. Figure 29 shows a principle receiver
concept diagram. The application notes ANTOI12,
ANTO013 and ANTO15 contain more detailed information
on complete RF links.
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Circuit Description
General functions

The integrated circuit U4313B includes the following
functions: IF-amplifier, FM-demodulator, wake-up
circuit with monoflop, operational-amplifier, inverting
data comparator and voltage-regulator.

The 10.7 MHz IF-signal from the front end passes the
integrated IF-amplifier which operates for amplitude- or
frequency-modulated signals to either a logarithmic AM-
demodulator which was implemented to avoid settling
time problems effected by use of an automatic gain
control system or a quadrature detector for FM. A data
shaping filter — advantageously realized with the inter-
nal high performance operational-amplifier — reduces
system bandwidth to an optimized compromise regarding
transmission distance and data recognition. Thus an opti-
mal bit error rate can be achieved without any further
active component.

The comparator connected to the output of the filter has
a level-dependent hysteresis and clamps its reference
voltage to the signal minimum and maximum peaks as
described later.

Without IF-input signal — in the normal mode only the
IF-amplifier and the AM demodulator which operates as
a level strength indicator are activated. If the level of the
IF signal increases, the whole circuitry is turned on by the
wake-up circuit. This signal is externally available at

pin 10 and can be used to wake up a microcontroller.
After an adjustable reset time, determined by the mono-
flop time constant, the integrated circuit rests down to the
sleep mode. In this case typically 1 mA supply current is
required. An external resistor matched at pin 3 to ground
blocks the wake-up circuit and gives fully function at
lower IF-level as to recognize in figures 24 and 27, but
supply current increases up to typically 2.8 mA.

Function of the clamping comparator

The output signal of the operational amplifier is fed to the
input of the inverting comparator and two peak detectors
(Q1 and Q2, figure 3). Their time constants are distin-
guished by RC+ and RC-. The components value must be
adapted to the transmission code. The time constant
should be large compared to the bit-rate for optimized
noise and hum suppression. To compensate the input tran-
sistors base-emitter-voltage differences these two signals
are buffered by Q3 and Q4. The mean value is used as
comparator threshold, the difference of the peak values
controls the hysteresis. This clamping comparator works
as a data regenerator.

Another version of the IC, with a non-inverting clamping
comparator, is also available (U4311B). Therefore the op-
erational amplifier can be used either as a non-inverting
or an inverting filter without the need of any additional
components.

T b

o -
|1| |2| I3| |4| 5 6 7 Isl 9510214
Q4
Q1 Q3
& Q2
Inverter

Hysteresis

Op. amp. Comparator *

AR

Comp. threshold

to pin 16

Figure 3. Principle function of the clamping comparator
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Internal Pin Circuitry
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Figure 9. Pin 6 RC-
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Figure 10. Pin 7 RC+
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Figure 11. Pin 8 AMy,

9510127

Figure 12. Pin 9 IF;,
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Figure 13. Pin 10 SWqy,
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Figure 15. Pin 12 Discr
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Figure 17. Pin 14 FM,,,
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Figure 18. Pin 15 Vg
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Figure 19. Pin 16 OP;,-
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Figure 20. Time domain response of 2 kHz Bessel low pass data filter
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Figure 22. Frequency response of 2 kHz Bessel

low pass data filter

Data Recovering Filter

The test circuit in figures 23 and 26 includes an example
of a data recovering filter realized with the components
Ry, Ra, Cy, Cy, C3. Itis of a second order Bessel type with
low pass characteristic, a 3 dB cut-off frequency of 2 kHz
and an additional high pass characteristic for suppressing
dc and low frequency ac components. Simulation of time
domain and trequency response 1s drawn 1n figures 20 and
22. This filter gives a typical application of a 1 kBaud
Manchester code amplitude modulated transmission.

The capacitor Cj is responsible for the high pass cut-off
frequency. For a correct pulse response this high pass cut-
off frequency should be as low as possible. Figure 20
shows the transient response and the influence of the dc
component. The first pulses might be wrong if the high
pass cut-off frequency is too low. For this reason some
burst bits must be transmitted before the real data trans-
mission starts. On the other hand, if the cut-off frequency
is too high, you might get in trouble with roof shaping of
the rectangle pulses at the operational amplifier output.

The low pass cut-off frequency and the maximum trans-
impedance V,u/li, are distinguished by the further
external elements. Careful design of the data filter gives
optimized transmission range. For designing other filter
parameters look for filter design handbooks or programs
or request TEMIC TELEFUNKEN microelectronic
GmbH for support. Some proposals can be found in the
application notes ANT012, ANTO13 and ANTO15.
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Figure 23. AM test circuit with 2 kHz Bessel low pass data filter
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Figure 24. Signal to noise ratio AM

Figure 25. AM-demodulator characteristic vs. temperature
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Figure 27. Signal to noise ratio FM; deviation 22.5 kHz
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Figure 28. FM-discriminator characteristic
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Figure 29. Principle diagram UHF remote control receiver

95 10137

Extended Type Number Package Remarks
U4313B-A DIP16 -
U4313B-AFL - SO16L o o
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Dimensions in mm

Package DIP16
200 max
technical drawings
according to DIN
i 949128
Package SO16L
10. 9.25
r___i____,‘ { 8.75
= e I ~
245 2.70)
ETTTEL T 2.45
I ]
i B a4s 25 T
0.1min 0.35 13
= 8% |
8 .

94 8961
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Logarithmic AM Demodulator / RSSI

Description

The U4314B is a monolithic Integrated Circuit in bipolar
technology for low current super-heterodyne receivers. It
can be used as a logarithmic Received Signal Strength
Indicator (RSSI) or as a logarithmic AM demodulator. Its
bandwidth is optimized for intermediate frequencies of
9 to 10.7 MHz (see figure 9).

Its low current consumption and wide power supply volt-
age range make this IC predestined to add a temperature
compensated field strength indication to new or existing
receiver or instrumentation designs, missing such a func-
tion.

It can also be used as a logarithmic AM demodulator. Its
dynamic range in excess of 60 dB (see figure 10) supports
a receiver design without the need of an automatic gain
control (AGC). The usable data rate is up to several

Features
® [ ogarithmic RSSI/ AM demodulator output

® Sensitive [F-amplifier for 10.7 MHz operating
frequency

® Usable for ASK data systems up to several hundred
kBauds

® Extreme low current consumption typically 0.8 mA

hundred kBauds. Typical applications are keyless entry
and alarm systems for cars and buildings.

The U4314B supports a superhet receiver design with less
than 1 mA total current consumption, which is a peremp-
tory requirement claimed by international car
manufacturers. As this IC needs only 3.0 V supply volt-
age, the front end may be a stacked design in order to
reach this extremely low total receiver current consump-
tion.

A proposal for a discrete RF front end with a surface
acoustic wave (SAW) resonator based local oscillator
special low current UHF-transistors like S822T or S852T
can be found in the application notes ANTO12 and
ANTO13.

® Wide power supply voltage range 3to 12 V

® Temperature compensated reference voltage of 2.4 V
externally available

® Only one additional part (capacitor) necessary

® ESD hardened

Block diagram
Vs
$ 8
5 8 VRet
IFin O—m| IF - amplifier | Bandgap ————\‘I—»
VRef CRef
internal
Y \ I
Log RSSI / 4
Y
AM demodulator log RSSI
log AMow
1,2,3,6
95 10215 GND
Figure 1. Block diagram
60 Rev. Al:26.06.1995
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Pin Description

r———l —
GND | I | 8| Vs
GND [2’ 7| Vet
GND | 3 6 | GND
AMyu E %SJ IFin
o T o5 10461

Figure 2. Pin description

Absolute Maximum Ratings

Pin Symbol Function
1,2, GND Ground
3.6 , )
4 | AMgyy |RSSI/AM current output |
5 IF, (IFinpput
7 | VRet ngfg[ence voltage
8 Vg | Supply voltage

[ Parameters Symbol | Value | Unit
Supply voltage o Vs | 13 Loy
Power dissipation at Tym, = 85°C Pou 220 ComW

| Junction temperature oo 125 B S S
| Ambient temperature Tamb | —40 to +85 | °c
%Storage temperature L Tag | -55t0 +125 I°c
Thermal Resistance

z Parameters Symbol Value Unit J
| Junction ambient - Rihja 180 KW |
Rev. A1:26.06.1995 61



TEMIC

TELEFUNKEN Semiconductors

U4314B

Electrical Characteristics

Vs =35V, Tamp =25°C, fi, = 10.7 MHz unless otherwise specified. Test circuit see figure 8. IF voltage levels are referred
to the input of the matching network and therefore approximately 5.6 dB higher than referred to Pin 5.

Parameters | TestConditions/Pins | Symbol | Min. | Typ. | Max. | Unit
|Characteristies S
Supply voltage range 7h ] ~ Pn8 | Vg 3 | J 12 } \
Supply current ~ Pin8 I B 08 | 125 | mA |
Bandgap B - o )
Regulated voltage (without Pin 7 Vief 23 24 | 25 \Y
external load) I ) 1 R L
Source resistance o Pn7 0 Rer 2 | 5 | Q
Output current |\ Pin7 ' A 5 | mA
External capacitor - Pin 7 Cref 4.7 B | _WF
Power supply rejection f=50Hz Pin 7 psrr 60 T\ dB
ratio . R R | o
|IF amplifier e - S
Input resistance ] Pin5 | Ra | 200 [ 330 | 650 Q l
Input capacitance - Pin 5 G5 pF
-3 dB limiting point B ~__Pin5 ViFin 26 36 46 I dBuVv
Maximum AM input Pin 5 VIFinmax 96 dep.V
|voltage —— S N AU (N IS
AMoy quiescent current  [Rjoaq=10kQ  Pin4 | Iamow | 10 2 | 38 | uA
Maximum AM,,; current Virin = 96 dBpV, IAMoutmax 75 105 125 A

_ Ripag=10kQ  Pin4 | _ _

Circuit Description
General functions 1,2,3,6
The integrated circuit U4314B includes the following 05 10216

functions: IF-amplifier, logarithmic RSSI/ AM demodu-

lator and voltage-regulator. Figure 3. Pin 1,2,3,6 GND

7 9510219
The 10.7 MHz IF-signal from the front end passes the in-
tegrated IF-amplifier which operates to a logarithmic
RSSI/ AM-demodulator. A logarithmic demodulator
was implemented to avoid settling time problems ef-
fected by use of an AGC. The temperature compensated
reference voltage of 2.4 V is externally available. The
value of the external blocking capacitor can be adapted to
the maximum expected load current out of the voltage
regulator. The total supply current is typically 0.8 mA
plus this load current.

4

Figure 4. Pin 4 AM,,

62 Rev. Al: 26.06.1995



TEMIC
TELEFUNKEN Semiconductors U43 1 4B

95 10220 VS VRef lFin

O

CRef = 56 Q
5 4.7 uF 4.7 pF

L '*—m—l 300 @
) i

Figure 5. Pin 5 IF;,
U4314B
]
g
2
8 ! 2 3 4 Rioad =
10kQ
RSSI/ AMow
7
Figure 8. Test circuit
9510222 E
Figure 6. Pin 7 VRer -
<
2
5
E
a '
3 | i
g | 50 dBuV
I e e e |
Z 30dBuV | T ——
20 1 — -
8 |
ol 1| |
56 7 8 910 11 12 13 14 15 16
95 10463 IF-Frequency ( MHz)
9510223
Figure 7. Pin 8 Vg Figure 9. IF-Frequency response
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95 10462 IF-Input Level ( dBuV )

Figure 10. AM-demodulator characteristic (fj, = 10.7 MHz)

The following circuit is a mere proposal, how to improve
sensitivity and extend the dynamic range of U4314B to
more than 90 dB. However in most applications the basic
dynamic range of more than 60 dB is sufficient. TEMIC
TELEFUNKEN microelectronic GmbH makes no repre-
sentation that the use of this circuit will not refringe on
existing or future patents and no responsibility for the use
of the information contained herein is assumed. This
circuit is neither optimized concerning tolerances of the
components nor tested versus temperature. It should work
with a single supply voltage of 3 to 12 V. A npn transistor
array CA3045 or similar is used. At least four transistors

70
60 - i PR ‘ 7 S
sol

R Y &

20 : { ) |

AM Output Current (pA )

0 20 40 60 80 100
95 10335 IF-Input Level ( dBuVv )

Figure 11. 1AM, of U4314B in the application circuit of
figure 12 (fj, = 107 MHz)

are needed to realize two current mirrors and the fifth acts
as a preamplifier. The variable resistor Py is used to com-
pensate the quiescent current of the logarithmic
demodulator output and may be replaced by a fixed resis-
tor (typ. 3.3 k€2). The total supply current depends on the
IF-input level and varies between 2 and 7 mA. It is mainly
determined by the current through the PIN diode. We
recommend to use the BA679S PIN diode available from
TEMIC TELEFUNKEN microelectronic GmbH. The
input impedance of this application circuit is approxi-
mately 1.5 kIl 13 pF.

Rev. Al:26.06.1995



TEMIC

TELEFUNKEN Semiconductors

U4314B

iGND

IFin

O—eo

R = 50Q

ViFin
Vv,
50Q ‘¢

Vs VRet
BA679S

4.7 uH ;, 1 6.8 kQ
H I4.7 uFIlo nF 270Q onF

10 nF H I

L]
H | 10nF 10 nF - —
8 Hﬂ I()I rf‘;_] Fﬁ ||o| ]9[ 8
56 kQ
CA3045

) U4314B

10 k<

TIT

100 nF

TET

NE

95 10228

7

5.1kQ
100 pA
IAMout

Figure 12. Application circuit with a dynamic range in excess of 90 dB

Ordering Information

| Extended Type Number | Package | Remarks |
| U4314B-AFP l 7 ~SO8 | |
Dimensions in mm
Package SO8
5.2
‘ 4.95 max ‘ 5.0
I ; 0.25
; ! 0.15
14 e + (1.70) +
[0 [ . | 145 ' L
(04min __ .25 8:%% 3.85max
6.2
3.5 60

Q' @ 94 8862
technical drawings
according to DIN

specifications
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U2270B

Reader-IC for Immobilizers

Description

The U2270B is a bipolar integrated circuit which imple-
ments all important functions for immobilizer and
identification systems. The IC incorporates the required
circuitry for the energy transfer to the transponder, like on

Features

® Power supply: 5 V or battery voltage (7 V to 14 V)
® Tuning capability

® Microcontroller compatible

® Special coil driver function: common mode or differ-
ential mode

® Power supply output for microcontroller

® | ow power consumption in standby mode

chip power supply, oscillator and a powerful reader coil
driver. It also includes all signal processing circuits that
are necessary to form the small input signal into a micro-
computer output information.

Applications
® Car immobilizer
® Access control
® Animal identification

® Access control combined with credit card

Case: SO 16 U2270B-FP

Transponder / TAG Reader
Transp. ] MCU
|
1€ ! RE-Field [ U 2270 B M44C260 Unlock
| typ. 125 kHz System
€5530 ! NF read channel
EEPROM
94 9300

Figure 1.
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Pin Description

\J Pin | Symbol Function
E Gain

GND 1 GND |Ground
2 Output | Data output
Output E RF 3 OE Data output enable
4 Input | Data input
5 MS Mode select coil 1: Common

mode / Differential mode
6 CFE Carrier frequency enable

7 DGND | Driver ground
8

9

E Standby

E VBatt

Input

COIL 2 | Reader coil driver 2
COIL 1 | Reader coil driver 1

MS

i
2]
OE B 14] Vs
4]
5

CFE 6 E DVs 10 Vext |External power supply
T 11 DVg Driver supply voltage
DGND [i} ' ’@ VEXT 12 VBatt Battery voltage
“““ B - 13 Standby |Standby input
COIL2 E ﬂ COIL1 14 Vs Internal power supply (5 V)
] - 15 RF Frequency adjustment
999844 16 Gain | Gain control

Figure 2. Pinning

Block Diagram
DVS VEXT Vs Vau
‘ h Standby
Power supply
COIL1 =1 Ms
* CFE
COIL2 - & lt—1 ‘ . Frf:quency le«—O) RE
. adjustment
Driver Oscillator
DGND Q
* Output
Amplifier
i -0
Input P_ &
Low pass filter Schmitt trigger
|
e oD o 959692
Figure 3.
70 Rev. Al: 12.05.1995
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Functional Description
Power Supply (PS)

The U2270B can be operated from a single 5 V supply rail
or from the 12 V battery voltage of a vehicle. The 12 V
supply capability is achieved via the on chip power supply
(see figure 3). The power supply provides two different
output voltages, Vg and Vgxr.

Vg is the internal power supply voltage except of that for
the driver circuit. Pin Vg is used to connect a block capac-
itor. Vg can be switched off by the Pin Standby. In the
standby mode, the chip’s power consumption is very low.
Vext is the supply voltage of the antenna’s predriver.
This voltage can also be used to operate external circuits
i.e. a microcontroller. In conjunction with an external
NPN transistor, it also establishes the supply voltage of
the reader coil driver, DVS.

There are mainly 3 different possibilities to power the dif-
ferent systems of the reader IC.

1. One Rail Operation

All internal circuits are operated from one 5 V power rail
(refer to figure 1). Vg ,VgxT and DV serve as inputs in
that case. Vg, is not used, but should also be connected
to that supply rail.

2. Two Rail Operation

In that application, the driver voltage (DVs) and the pre-
driver supply (VExT) are operated at a higher voltage than
the rest of the circuits, to obtain a higher magnetic field.
Vs is connected to a 5 V supply, whereas the driver volt-
ages can be as high as 8 V.

3. Battery Voltage Operation.

Using this operation mode, Vg and VgxT are generated by
the internal power supply (refer to figure 2). Vgxr is an
output voltage in that case and supplies the base of the ex-
ternal NPN transistor. The emitter of that transistor can
deliver the current for the output stage of the antenna
driver.

Oscillator Osc

The frequency of the on-chip oscillator is controlled by a
current fed into the Rg input. An integrated compensation
circuit ensures a widely temperature and supply voltage
independent frequency which is selected by a fixed resis-
tor between R¢ (Pin 15) and Vg (Pin 14). For 125 kHz a
resistor value of 110 kQ is defined. For other frequencies
use the following formula:

- 14375

I folkHz] ~ 5 ke

95 9695

Figure 4. Equivalent circuit of pin Rp

Filter (LPF)

The full integrated low-pass filter (4th order butterworth)
removes the remaining carrier signal and high frequency
disturbances after demodulation. The upper cut-off fre-
quency of the LPF depends on the selected oscillator
frequency. The typical value is f(osc)/18. That means data
rates up to fosc/25 are possible if biphase encoding is
used.

A high pass filter results from the capacitive coupling at
the input (Pin 4) shown in figure 5. The input voltage
swing is limited at 2 Vp,. For frequency response calcula-
tion the impedances of the signal source and LPF input
(typical 220 k2) have to be considered.

%U
o
)

S
£

1
T
l Bias

95 9696

Figure 5. Equivalent circuit of Pin Input

Amplifier (AMP)

The differential amplifier basically has a fixed gain. The
Gain pin is used for dc decoupling and to set the gain to
a lower value by an additional resistor (RGain). The lower
cut-off frequency of the decoupling circuit and the gain
are as follows:

R,
G =30 Ri + Reuin

S = :
cut 2 CGain ( R, + RGuin)

The value of the internal resistor R; can be assumed to
2.5kQ.

Rev. Al: 12.05.1995
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Rcain (Optional)

Caain

T

Driver (DRV)

The driver supplies the reader coil with the appropriate
energy. The circuits consists of two independent output
stages. This output stages can be operated in two different
modes. In the common mode, the outputs of the stages are
in phase. In this mode, the outputs can be interconnected.
to achieve a high current output capability. Using the dif-
ferential mode, the output voltages are in antiphase. In
this way, the reader antenna is driven with a higher volt-
age, having a lower output current capability. These
functions are controlled by two digital inputs (MS, CFE.
refer to function list). The equivalent circuit of the driver
is shown in figure 3.

Function List

Figure 6. Equivalent circuit of pin GAIN MS low common mode
MS high differential mode
Schmitt-Trigger CFE low carrier disabled
CFE high carrier active
Finally the signal is proc§ssed by a schmm-mggcr to SUP- O Jow output enabled
press noise and to make it uC compatible. The hysteresis OE high output disabled
is 100 mV symmetrically to the DC operation point. The g utp )
open collector output is enabled by a low level at OE  Standby low standby mode
(Pin 3). Standby high IC active
Absolute Maximum Ratings
All voltages are referred to GND (pins 1 and 7).
Parameters/Conditions Pin Symbol Min. Typ. Max. Unit
Operating voltage Pin 12 VBar | Vs 14 v
Operating voltage Pins 10 and 14 Vs, VExt | 03 | 8 v
Range of all input and output voltages -0.3 Vg+0.3 v
~ Pins2,3,4,56,8,9,13, 15and 16 ) -
Output current Pin 10 I Igxr | 10 _ mA
Output current Pin 2 . lour 10 | mA
Driver output current ~ Pins8and 9 Lot | | 200 | mA
| Power dissipation SO 16 Piot 380 | mW
| Junction temperature ) Timax 50_, € |
| Storage temperature Tste 55 125 | *C
| Ambient temperature Tamo | 40 | | 105 °C
Maximum Thermal Resistance
i Parameters/Conditions Pin Symbol | Min. | Typ. | Max. | Unit |
' Thermal resistance SO 16 Rinia | 1200 0 KW

72
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Operating Range

All voltages are referred to GND (pins 1 and 7)

J Parameters/Conditions Pin Symbol | Min. Typ. | Max. | - Unit
 Operating voltage Pinl2 VBan_ 7 12 14 \%
‘Operating voltage Pin 14 Vs 45 5.3 6.0 v

| Operating voltage Pin 10 VEXT 45 |8

i Pin 11 DVs | ] . ]
Carrer frequency foe | 100 [ 125 [ 150 | KHz |
Electrical Characteristics

Test conditions (unless otherwise specified): Vgay = 12 V, Tamp = 25°C

‘[ Parameters J Test Conditions / Pins f Symbol Min. l Typ. Max Unit
| Data output i Pin2 | \ |

— collector emitter our =5 mA | VCEsat | | 400 mV
! saturation voltage i e
' Data output enable 0 Pin 3 | :
i~ low level input voltage | Vi 08 |V
~— high level input voltage ' Vi L 24 \Y
' Data input 3 Pin4 | i !
|~ low level input voltage | Va2 v
.~ high level input voltage ¢ Vip i 3.8 | \%
| inpul resistance i Rin | o220 | KQ
| — input sensitivity | f =3 kHz (squarewave) ; 10 g | mV
: ‘ gain capacitor = 100 nF ! }

{ Driver polarity mode | Pin § j | i
|- low level input voltage i 1 Vil ! 02 | \%
(- high level input voltage Vih 2.4 ’ M
| Carrier frequency enable Pin 6 |
'~ low level input voltage Vi 0.8 : \"

- high level input voltage Vin 3.0 - ‘!W v
| Operating current Pin 14 | Is ) 1.4 ‘ mA
Standby current ! Pin12 | I 16 28 40 wA
| Supply voltage | Pin14 | Vg 45 53 1 6 |V
| Driver output voltage I = £100 mA Pin 7 VDRV 3.3 4.0 | Vpp
i Vext Pin 10
{— Output voltage VEXT 5.0 55 i 6.0 Vv
! — Output current IC active IExT 35 mA
!~ Standby output current i standby mode I Tose 1 1.2 mA

Standby input | Pin 13
I~ low level input voltage ‘ Vil 0.8 \%
|~ high level input voltage | Vin 2.5 v
Rev. A1: 12.05.1995 73
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Electrical Characteristics

Test conditions (unless otherwise specified): Vg = 12V, Tamp =25°C

Parameters Test Conditions / Pins S);:ﬁbol Miix. Typ  Max. | Unit
Oscillator
— Carrier frequency RF-resistor = 110 kQ fo 123 125 127 kHz
(application 2) N
Low pass filter
— Cut off frequency Carrier freq. = 125 kHz feut 7 kHz
Amplifier
- Gain Gain capacitor = 100 nF 25 30 35
f=3kHz
Schmitt trigger
— Hysteresis voltage - 100 mV
Application 1
110 kQ 5V
LA ]
5V
o _T_ Ve ~ VEXTVs Vbp
47 nF 47 yF DVS U2270B M44C260
I RF
680 pF MS BP0O
Input CFE BPO1 osc IN
OE BPO2 32 kHz
Standby BPO3 —
Output BP10
Gain [— osc OUT ——]_
COILI —
Reader 100 nF Micro
circuit controller
COIL2
DGND  GND Vss
J_ J_ 4 _L 95 9693
Figure 7.
74 Rev. Al: 12.05.1995
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Application 2
A Tl
110 kQ I47uH lsv
C30
o Vga  VEXTVs Vbbp
pys  U2270B M44C260
RF
MS
INPUT CFE osc IN
OE 32 kHz
Standby BP10 —
Output BP13
Gain 4—‘"~—4i osc OUT
100 nF
ol oo i
eader icro
circuit controller
C31 COIL2
DGND GND Vss
Ll L 1L L L o590
Figure 8.
Dimensions in mm
Package: SO i6
20
‘ 9.85max ‘ .
1 . i 0 e f R
}_&'_""2_ ggg Cé_f?_ 3.85max
1.27,
889 s
16 15 14 13 12 n 10 9

HAAAAAARA

| a6

specifications

HEHEEHE

1 2 3 4 5 6 7 8
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128 Bit IDIC® for Radio Frequency Identification

IDIC® stands for IDentification Integrated Circuit and is a trademark of EUROSIL electronic GmbH.

Description

The e5530 is part of a closed coupled identification
system. It receives power from an RF transmitter which
is coupled inductively to the IDIC®. The frequency is
typically 100 to 450 kHz. Receiving RF, the IDIC®
responds with a data stream by damping the incoming RF
via an internal load. This damping-in-turn can be detected

by the interrogator. The identifying data are stored in a
128 bit PROM on the e5530, realized as an array of laser-
programmable fuses. The logic block diagram for the
e5530 is shown in figure 2. The data are output bit-
serially as a code of length 128, 96. 64 or 32 bits. The
chips are factory-programmed with a unique code.

Features Application
® Low power, low voltage CMOS
® Rectifier, voltage limiter, clock extraction RF [Tr?;mlttcr
on-chip (no battery) interrogator
® Small size
® Factory laser programmable ROM 9510318
® Operating temperature range —40 to +125°C Figure 1.
® Radio Frequency (RF): 100 to 450 kHz
® Transmission options
Code length: 128, 96, 64, 32 bits
Bitrate [bit/s]:  RF/8 RF/16, RF/32, RF/40,
RF/50. RF/64, RF/80, RF/100,
RF/128, RF/256
Modulation: FSK, PSK, BIPH. Manchester
BIPH-FSK
Analog front end 95 10155
Modulator
FSK at:
Load |l psk | Data
BIPH J
Manchester
Coil 5 g;
2 RS
N 126 bit PROM
2 R
Clock Clk - & Rl
extractor o RO
| EEREEEREEEREEEE
| ﬁiiﬁzi@xhc.ﬁvmm—:
§ LOOTUUTCUTUOULLT
Coil i | Column decoder
T
| J RN
o <3S 223z
Rectitier s Bitrate |-»
Counter
Eas
Db ¥ss Figure 2. Block diagram
76 Rev. Al:20.06.1995
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Functional Description
Read Operation

Once the IC detects the incoming RF, the IC repetively
reads out the code data as long as the RF signal is applied.
The transition from the last bit to bit 1 of the next se-
quence occurs without interruption. Data is transmitted
by alternating damping of the incoming RF via a load.
Different kinds of modulation and bitrates are optionally
available.

Rectifier

For internal power supply, an on-chip bridge rectifier is
used which consists of two diodes and two n-channel tran-
sistors. A Zener diode. which protects the circuit against
overvoltage on the coil inputs, and a smoothing capacitor
for the internal supply are also provided.

Damping Load

Incoming RF will be damped by the power consumption
of the IC itself and by an internal load, which is controlled
by the modulator. The loads are p-channel transistors con-
nected between Vpp and the coil inputs. The layout
includes metal mask options for the load circuit: single-
side, double-side and alternate-side modulation.

Modulator

One of four methods of modulation can be selected by
fuses. The timing diagram is shown in figure 3.

FSK

Logical *“1” and “0” are distinguished via different fre-
quencies of damping. The frequency for **1” is the RF
divided by 10, a “0” divides by 8.

PSK
A logical 1

phase shift on the carrier frequency, while a logical **0
causes no phase shift. The carrier frequency is RF/2.

BIPH

Logical “1” produces a signal which is the same as the bit-
clock and a logical “0” produces a signal of twice the
bitclock period.

»

* causes (at the end of the bit period) a 180°

()

Manchester

A logical “1”" causes a positive edge in the middle of a bit
period, while a logical 0" causes negative edge.

A combination of BIPH- and FSK-modulation is also
optionally available. The available combinations be-
tween the modulation types and the bitrates are shown in
table “Transmission Options™.

Rev. Al:20.06.1995
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DataClk | | | | | ] [ [ l ) | | 1 |

Data

FSK

PSK

Man

Biph ]

T o e

Figure 3. Timing diagram for modulation options

9510278

Absolute Maximum Ratings

: Parameters Symboi Value | Unit |
Maximum current into Coill and Coil2 10 f mA
Maximum power dissipation (dice) 7 100 | mW© |
Maximum ambient air temperature with voltage applied —40t0+125 i °C t
Storage temperature —65 to +150 i °C |

* Free-air condition. Time of application: 1 s
Stresses above those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device.
Functional operation of the device at these conditions is not imlied.

78 .. . Rev. Al:20.06.1995
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e5530

Operating Characteristics

Tam = 25°C, reference terminal is Vpp, operating voltage Vpp — Vss = 3 V dc, unless otherwise specified

Parameters Test Conditions / Pins Symbol | Min. Typ. * Max. Unit
Operating voltage Condition for logic test Vss | 15 | | =50 Vbe
Operating temperature Tams | 40 L 125 °C
Input frequency (RF) | fok 100 | 450 kHz |
Operating currentin fcLk = 125 kHz, I Icc 3 A

B - |Vss==2V )

'Clamp voltage |[I=4mA \78 67 10 \
* Typical parameters represent the statistical mean values

Transmission Options

FSK o RF/8, RF/10 RF/32, RF/40, RF/50, RF/64, RF/80,

7 - RF/100, RF/128

PSK ~ RE2 CF/4,8, 16,32

BIPH RF/8. RF/16, RF/32, RF/64, RF/100,
|RF/128

Manchester RF/8, RF/16, RF/32, RF/64, RF/100,

. - RF/128

Rev. Al1:20.06.1995 « . . 79
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Glass Tube Transponder

Description

The e5530GT is part of a closed coupled identification
system. It receives power from an RF transmitter (base
station, reader) which is coupled inductively to the IDIC.

Receiving RF, the IDentification IC (IDIC®) is powered
up and responds with a data stream by damping the
incoming RF via an internal load. This damping-in-turn

Features
® Low power, low voltage CMOS IDIC®
® [C antenna tuned to 125 kHz + 3%

® Needs only 6 A/m for correct operation

can be detected by the reader. The identifying data are
stored in a Laser-ROM on the €5530, which is factory-
programmed with a unique code.

The ID code and other features like bitrate and modula-
tion method are programmed according to the customer’s
request.

® Contactless read data transmission
® Up to 128 bits of factory-programmed ID code

® Several transmission options:

e Encapsulated in a tiny glass tube Code length: 32, 64, 96. 128 bits
dimel‘;m:g_ 10 x égz - Bitrate: RF/8, RF/16, RF/32, RF/40, RF/50
SIOm: 2 : RF/64, RF/80. RF/100. RF/128
® Contactless power supply Modulation: FSK, PSK. Manchester. Biphase
HANDHELD READER
Power supply TRANSPONDER
_

@

95 10277

Unique ID code
-

(= )

Figure 1. A transponder system example using the ¢5530GT

80
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eS530GT

Functional Description
Supply

The e5530GT consists of a tuned coil and the e5530
IDIC®. This tuned coil has to be inductively coupled to
the coil of the base station.

The base station coil generates a magnetic RF field,
which induces a current at the transponder coil. At reso-
nance frequency, several volts are available at the coil
terminals. The IDIC® is powered by this energy.

Since the 5530 needs only some micro watt for correct
operation, the transponder can operate in very weak mag-
netic fields.

Read

After power-up, the 5530 starts transmission of the ID
code in the laser ROM.

Data transmission occurs by damping the incoming RF by
an internal load. This load changing can be detected by
the base station.

There are four modulation methods available.

FSK Modulation

A data ‘1" and a data "0" are represented as two different
frequencics of damping. The frequency of a *1" is RF/10
and a ‘0’ divides RF/8.

PSK Modulation

The coil is damped with a carrier frequency of RF/2. The
data ‘1" causes a 180° phase shift on the carrier, while a
‘0’ does no phase shift.

Manchester Modulation

Logical 1" makes a falling edge during a bit time
(i.e., switch damping on). The ‘0’ makes a rising edge
(i.e., switch damping off).

Biphase Modulation

The coil is damped with a carrier frequency which is simi-
lar to the bitclock ata “*1’. A 0" doubles the carrier period.

__‘
—

DataClk —[ ||

|

N

| l

Data I 1 I 0 ’ 1 X
FSK
PSK
: T
Man
S Dy W
[ [
Biph
L I ]
95 10278 ! ' ' '

L 1
' '

T
=

Figure 2. Types of modulation (shown as transponder coil voltage)
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Absolute Maximum Ratings

Stresses above those listed below may cause permanent damage to the device.

Parameters Symbol Min. Typ. Max. Unit
Operating ambient temperature Top -0 | 85 °C
Storage temperature Ty 40 | 1o | cC
Assembly temperature < 5 min - ] Tassy | 170 - °C
Assembly pressure _ isostatic B Passy 50 | B | °C

Electrical and Magnetic Characteristics

Tamb = 25°C unless otherwise specified

Parameters Test Conditions / Pins Symbol Min. Typ. T Max. Unit
|Resonance frequency | | fres 121.25 125 128.75 kHz
LC quality | Veoit<05V Q 13 17 21 -
Resonance frequency %T =40 to +85°C Dfres -1 +1 %
|deviation | N R S R ]
Coilinductance ~ |LandCare % 5% L 399 4.20 4.41 mH
Resonance capacitor ,,,,V(,S,Oﬂed to met frcs+) - C | 370 390 | 410 | pF |
Minimum magnetic field @ freg Hopmin 6 |  A/m
strength B - B o )

Mechanical Characterristics

Parameters Description Comment Value Unit
Shock ] 6 shocks per axe, all 3 axes IEC 68-2-27 B 1500 g
Vibration 100 to 20000 Hz, 6 h/ axe, 1IEC 68 2-27 Fc 5 g
3 axes |
Mechanical strength Horizontal and vertical | ) L5 | N

82 Rev. Al: 13.06.1995
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Order Information
ID Code Selection

The customer can choose any ID code suitable to his
application. To avoid code duplication, TEMIC will
define a fixed header — i.e, the first 8 bits of the code —
for each customer. For programming the code into the
laser ROM, one of the following has to be supplied:

® D code on floppy disk or per email (i.e., the customer
is generating the codes). The format is:

— ASCII format
— Each line contain one ID code in hex notation

—  First 8 code bits must be the TEMIC-defined
header

- Each line must start with a unique sequence
number (please refer to our “e5530 Code Format
Application Note™ for further details)

® ID code algorithm which is implemented in our code
management software (i.e., we are generating the
codes as necessary)

E6 000000102D72 5D

4 ) .
/ | \

Header ID Code Checksum

Figure 3. Example for a 64 bit code

Options

Further, the customer has to select the following opera-
tion options:

® Bitrate, which is defined as field clocks per bit
(e.g., RF/40 = 125 kHz/40 = 3.125 kBit/s)

® Modulation (see page 2)
® Code length: 32, 64, 96 and 128 bits

Dimensions in mm

Order Code

The full order code for the e5530GT transponder is
e5530H—xxx GT, where xxx is the header number
defined by TEMIC.

Application

Samples

TEMIC supplies €5530GT samples, which are set to
Manchester modulation at RF/40 with a 64 bit ID code
(order code: €5530H-230 GT).

Reader

To read the e5530GT transponder, a reader unit is neces-
sary. Such a reader has to supply a sufficient magnetic
field. Further, it must detect and decode the damping of
the transponder in order to read the ID code.

TEMIC offers the U2270B, which implements all impor-
tant analog functions for such a reader unit.

® Special coil driver for5V or 12V

® Demodulator, input filter and amplifier to read
Manchester or biphase transponder

® Microcontroller-compatible data output
Reading Distances

The e5530GT is able to operate from very weak fields.
Nevertheless, there are some general rules which influ-
ence the achievable reading distance.

® Best results are accomplished when the transponder
points towards the reader coil.

® The transponder should not be embedded in metal,
which will reduce the applicable magnetic field and
thus the reading distance.

® The strength of the generated magnetic field and the
sensitivity of the demodulator are the most important
factors for a good reading distance.
(A typical system with a small coil and a simple
demodulator may reach ~3 cm, whereas a fully opti-
mized system may reach up to 20 cm.)

12.0 £ 0.5
\gl +0.03 9510279
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Standard R/W Identification I1C

Description

The e5550 is a contactless R/W-IDentification IC
(IDIC® for general-purpose applications in the 125 kHz
range. A single coil, connected to the chip, serves as the
IC’s power supply and bidirectional communication
interface. Coil and chip together form a transponder.

The on-chip 264 bit EEPROM (8 blocks 33 bits each) can
be read and written blockwise from a reader unit. The
blocks can be protected against overwriting. One block is

Features
® Low power, low voltage CMOS IDIC®

e Contactless power supply

® Contactless read/ write data transmission

e Radio Frequency (RF): 100 to 150 kHz

® 264 bit EEPROM memory in 8 blocks of 33 bits

® 224 bits in 7 blocks of 32 bits are free for user data

® Block write protection

Power

Base station
Data

reserved for setting the operation modes of the IC.
Another block can contain a password to prevent
un-authorized writing.

Reading occurs by damping the coil by an internal load.
There are different bitrates and encoding schemes
possible. Writing occurs by interrupting the RF field in a
special way.

® Extensive protection against contactless malpro-
gramming of the EEPROM

® Typical < 50 ms to write and verify a block

e Other options set by EEPROM:

Bitrate [bit/s]:  RF/8, RF/16, RF/32, RF/40,
RF/50, RF/64, RF/100, RF/128
BIN, FSK. PSK, Manchester,
Biphase
Answer-On-Request (AOR),
Terminator mode,

Password mode

Modulation:

Other:

Transponder

Controller

—
Coil interface

e5550

95 10202

Figure 1.
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e5550

Pads

Chip Dimensions

| Coill | 136 x 136 um? | Ist coil pad
e T i B P I:ICoilI
(Coil2 [ 136 x 136 um? |2ndcoilpad e5550
| Vad | 78 x 78um? | Positive supply voltage §
[ v 7 x 78um? | Neoative ciemlo velmon ] -~
{ ss 7 X 78 um (I\;%‘;tlve supply voltage D Coil2
| Testl | 78 x 78um’ [ Testpad Vad Ves Testpads
C Tes? | 78 x 78um? | Testpad | oo oo o
| Tes3 | 78 x 78um? | Testpad 2370
Area = 3.49 mm? 95 10205

€5550 Building Blocks

Analog Front End (AFE)

The AFE includes all circuits which are directly
connected to the coil. It generates the IC’s power supply
and handles the bidirectional data communication with
the reader unit. It consists of the following blocks:

® Rectifier to generate a dc supply voltage from the ac
coil voltage

® Clock extractor

® Switchable load between Coill/ Coil2 for data trans-
mission from the IC to the reader unit (read)

® Field gap detector for data transmission from the
reader unit into the IC (write)

Controller
The main controller has following functions:

® Load mode register with mode data from EEPROM
block 0 after power-on and also during reading

® Control memory access (read, write)

® Handle write data transmission and the write error
modes

® The first two bits of the write data stream are the
header bits. There are two valid headers (standard and
stop) which are decoded by the controller.

® In password mode, the 32 bits received after the
header are compared with the stored password in
block 7.

Bitrate Generator

The bitrate generator can deliver the following bitrates:
rf/8 — rf/16 — rf/32 — tf/40 — rf/50 — rf/64 — rf/100 - rf/128

Write Decoder

Decode the detected gaps during writing. Check if write
data stream is valid.

Test Logic

Test circuitry allows rapid programming and verification
of the IC during test.

HYV Generator

Voltage pump which generates ~18 V for programming
of the EEPROM.

Rev. Al:20.06.1995
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P
wll Modulator OR
. Frifes
:|" Mode register .
% E % * * i * * Memory
ENRG R "
£y Rt (264 bit EEPROM)
E =
< Controller
Coil2 - :g . - Input register
:: f
1)
Test logic HV generator
LI 95 10206
Vag Vs Test pads
Figure 2. Block diagram e5550
Power-On Reset (POR) Modulator

The power-on reset is a delay reset which is triggered
when supply voltage is applied.

Mode Register

The mode register stores the mode data from EEPROM
block 0. It is continually refreshed at the start of every
block. This increases the reliability of the device (if the
originally loaded mode information is false, it will be
corrected by subsequent refresh cycles).

The modulator consists of several data encoders in two

stages, which may be freely combined to obtain the

desired modulation. The basic types of modulation are:

e PSK: phase shift: 1) every change; 2) every ‘l’;
3) every rising edge (carrier: fc/2, fc/4 or fc/8)

e FESK:1)fl =rf/8 2 =rf/5;2) fl=r1f/8fl=rf/10

® Manchester: rising edge = H; falling edge =L

® Biphase: every bit creates a change, a data ‘H’ creates
an additional mid-bit change

Carrier frequency —ﬁ

HII

From memory

Biphase

e PSK1 i
B! PSK2 B
i PSK3 B

FSK1, la o

L FsK2,2a PL

95 10207

Figure 3. Modulator block diagram
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'
' ) \ ' '

DataClk —] I——1 | I | [ | l

ReadData | 1 l 0 | ' | o ‘ 0

—

: : f1 =FC/8 l f2 = FC/5 ' '
FSK2 | | | | | |
) f1 = FC/8 ‘ f2 = FC/10 ‘ ‘
Biph L LT | L
YET S s AN SO A O

' ' ' '
95 10208

Figure 4. Types of modulation

Note: The following modulation type combinations will
not work:
® Stagel Manchester or Biphase, stage2 psk2, at any psk
carrier frequency (because the first stage output
frequency is higher than the second stage strobe
frequency)
® Stagel Manchester or Biphase and stage2 psk with
bitrate = rf/8 and psk carrier frequency = rf/8 (for the
same reason as above)

® Any stagel option with any psk for bitrates rf/S0 or

rf/100 if the psk carrier frequency is not an integer

multiple of the bitrate (e.g., br = rf/50, pskcf = rf/4,

because 50/4 = 12.5). This is because the psk carrier

frequency must maintain constant phase with respect
to the bit clock.

Rev. Al: 20.06.1995
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Memory

The memory of the 5550 is a 264 bit EEPROM, which
is arranged in 8 blocks of 33 bits each. All 33 bits of a
block, including the lock bit, are programmed simulta-
neously. The programming voltage is generated on-chip.

Block 0 is reserved for mode data; it is not normally trans-
mitted (see figure 6).

Block 1 to 6 are freely programmable. Block 7 may be
used as a password. If password protection is not required,
it may be used for user data.

Bit 0 of every block is the lock bit for that block. Once
locked. the block (including the lockbit itself) cannot be
field-reprogrammed. It is only possible to override a
write-protect bit in test mode: this requires access to the
WTEST. RTEST and PRST pads.

Data from the memory is transmitted serially, starting
with block 1, bit 1, up to block "maxblk’. bit 32. ‘Maxblk’
is a mode parameter sct by the user to a value between 0
and 7 (if maxblk=0, only block O will be transmitted).

0 1 32
D Not transmitted L User data or password Block 7
L User data Block 6
L User data Block 5
L User data Block 4
L User data Block 3
L User data Block 2
L User data Block 1
L Mode data Block 0

’ |

32 bits 95 10209

Figure 5. Memory map
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e5550

[ N b o | 1 I |
0 1 1012 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
I | [ 1] [ T 1] [ |1 \ [ L
reserved BR MSI MS2  PSKCF MAXBLK |
| (21 (11 101 | {11 (0] (2] 1] 10) (1] (0] (21 111 (0] ‘ res’d
lock bit (never transmitted) FW RW ‘ ‘ l ; *useSTOP
| E | useBT
AOR t useST
usePWD
Key: | send blocks:
Fw Fast Write 0O 0 0 0
AOR Anwer-On-Request 0o 0 1 1
RW Restricted Write 0O 1 0 1t?2
useBT use Block Terminator 0 I 1 1lt3
useST use Sequence Terminator 1 0 0 1lto4
usePWD use Password 1 0 I 1ltS
useSTOP  obey stop header (active low!) ! I 1 0 1ltob6
BR Bit Rate ! \ 11 1 lw7
MSI Modulator Stage 1 | |
MS2 Modulator Stage 2 |
PSKCF PSK Clock Frequency |
MAXBLK see Maxblock feature
reserved do not use | 0 0 RF2
0 1 RFA
| 1 0 RFA8
| 1 1 reserved
i
L
- ;0 0 0 direct
¢ 0 1 psk! (phase chunge when input chunges)
0 1 0 psk2 (phase change on bitclk if input high)
0 1 1 psk3 (phase change on rising edge of input)
of/p freq. DATA=1 DATA=0
1 0 0 fski rf/8 rf/S
|1 0 1 fsk2 f/8 f/10
P10 fskla rf/5 /8
I 1 1 fsk2a rf/10 /8
0 0 direct
0 I Manchester
I 0 Biphase
1 1| reserved
0 0 O RFS bitrate_8cpb
0 0 1 RF/I6 bitrate_16¢pb
0 1 0 RF32 bitrate_32cpb
0 I 1 RFA40 bitrate_40cpb
1 0 O RF/50 bitrate_S0cpb
1 0 1 RF/64 bitrate_64cpb
1 1 0 RFI100 bitrate_100cpb
1 1 1 RFI28 bitrate_128cpb 95 10228
Figure 6. Memory map of block 0
Rev. Al1:20.06.1995 89
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Operating the e5550
General

The basic functions of the e5550 are: supply IC from the
coil, read data from the EEPROM to the reader, write
data into the IC and program these data into the
EEPROM. Several errors can be detected to protect the
memory from being written with the wrong data (see
figure 20).

Supply

The 5550 is supplied via a tuned LC circuit which is con-
nected to the Coill and Coil2 pads. The incoming RF
(actually a magnetic field) induces a current into the coil
which powers the chip. The on-chip rectifier generates
the dc supply voltage (Vg44, Vg pads). Overvoltage
protection prevents the IC from damage due to high-field
strengths. (Depending on the coil, the open-circuit
voltage across the LC circuit can reach more than 100 V).
The first occurrence of RF triggers a power-on reset pulse,
ensuring a defined start-up state.

Reader coil

IAC Energy
B
125 kHz }
. ’ g
Data c

-
/

Read

Reading is the default mode after power-on reset. It is
done by switching a load between the coil pads on and off.
This changes the current through the IC coil, which can
be detected from the reader unit.

Start-Up

The many different modes of the e5550 are activated after
the first readout of block 0. The modulation is off while
block 0 is read. After this set-up time of 256 field clock
periods, modulation with the selected mode starts.

Read Datastream

The first block transmitted is block 1. When the last block
is reached, reading restarts with block 1. Block 0, which
contains mode data, is normally never transmitted. How-
ever, the mode register is continuously refreshed with the
contents of EEPROM block 0.

Tuned LC

T
€5550

L]

oo oo O

9510229

Figure 7. Application circuit

Damping on

Damping off

VCoil1-Coil2
Loading block 0 (256 FCs — 2ms) o Read data with selected
modulation and bitrate
Power-on reset 05 10230
Figure 8. Voltage at Coill/Coil2 after power-on
90 Rev. Al:20.06.1995

Preliminary Information



TEMIC

TELEFUNKEN/Eurosil Semiconductors 65 5 50

| | | | | | |
SS NETW7/7/77, TR i J(S

Modulated  Modulation Y,
data-1 off

Modulated Modulation Modulated Modulation
data-1 off data-1 off

Manchester — | 1
Biphase — | I
FSK - 1 HMJ_L

Figure 9. Terminators

No terminators I 0 l Block 1 l Block 2 j/ Block 7 l Block 1 J Block 2 I

useST=on useBT=off I 0 m Block 1 l Block 2 // Block 7 [ Block 1 ! Block 2 I
useST=off useBT=on ’ 0 H Block 1 H Block 2 // Block 7 H Block 1 H Block 2 H
useST=on useBT=on i 0 m Block 1 H Block 2 j/ Block 7 m Block 1 m Block 2 —p
95 10232
Figure 10. Read data streams and terminators
MAXBLK=5 | 0 | Block1 ][ Block4 | Block5 | Blockl | Block2 |
MAXBLK=2 [ 0 ] Blockl | Block2 | Blockl | Block2 | Block1 |
MAXBLK=0 | 0 | Block0 | BlockO | Block0 | Block0 [ Block0 |
9510233
Figure 11. MAXBLK examples
Rev. Al:20.06.1995 91
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Terminators

The terminators are (optionally selectable) special
damping patterns, which may be used to synchronize the
reader. There are two types available; a block terminator
which precedes every block, and a sequence terminator
which always follows the last block.

The sequence terminator consists of two consecutive
block terminators. The terminators may be individually
enabled with the mode bits useST (sequence terminator
enable) or use BT (block terminator enable).

Note: The combination useST = 1 and useBT = 0 with
MAXBLK = 0 causes the 5550 to transmit a continuous
stream of terminators. It is not possible to include a
sequence terminator in a transmission  where
MAXBLK =0.

Modulation and Bitrate

There are two modulators in the e5550 (see figure 3)
whose mode can be selected using the appropriate bits in
block 0 (MS1[1:0] and MS[2:0] ). Also the bitrate can be
selected using BR[2:0] in block 0. These options are
described in detail in figure 6.

VCoil1-Coil2

Maxblock Feature

If it is not necessary to read all six user data blocks; the
MAXBLK field in block 0 can be used to limit the number
of blocks read. For example, if MAXBLK = 4, the 5550
repeatedly reads and transmits only blocks 1 to 4. If
MAXBLK is set to ‘0’, block 0 (which is normally
hidden) is read.

Answer-On-Request (AOR) Mode

When the AOR bit is set, the IC does not start modulation
after reading block 0. It waits for a valid signal from the
reader before modulation is enabled. This is used for
applications where ‘tag is here’ information is supplied
by some additional means (e.g., turning the key which
contains a tag). Therefore, in AOR mode, it is not possible
to read the tag by simply applying an RF field. The activa-
tion pattern (request), which re-enables modulation, is a
standard header followed by a valid password. If the
usePWD bit is not set, any 32 valid bits will do in place
of the password. The IC will remain active until the power
is cycled, or a stop header is sent if useSTOP is active
(low).

Modulation on

? Loading block 0 No modulation  Valid header followed by valid password

POR

because AOR=H

95 10234

Figure 12. Answer-on-request mode
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e53550

> 64 FCs = stop write

RF-field | Hy ] M H__H //
Start/' EI ! 0 : 0 :
A S O O

Write mode f

Modulation during read mode

!

Ji_// Load off |

Damping 4 I Load on
Write data i I [
Data clock l—\ ‘

Field clock [

N

Read mode Writing

05 10235

Figure 13. Signals during writing

| ] j 1

. '
 Programming . Read mode
: )

1 16 32 48 64
[
Write data decoder (FW=L) fail 0 fail | writing done !
1 8 16 24 32
|
Write data decoder (FW=H) fail 0 fail 1 writing done ]
1 9510236
Figure 14. Write data decoding schemes
Standard write I H | L I 1 Data bits 32| 2 ADR l—l
Password mode | H| | Password L Data bits 32[2 ADR I
AOR wake up | H I Password I
Stop modulation 9310237
Figure 15. Legal write data sequences
Rev. A1:20.06.1995 93
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Write

Writing data into the IC occurs via the TEMIC/Eurosil
write method (patent pending). It is based on interrupting
the RF field with short gaps. The time between two gaps
encodes the ‘0/1” information to be transmitted.

Start Gap

The first gap is the start gap which triggers write mode.
In write mode. the damping is permanently enabled
which eases gap detection. The start gap may need to be
longer than subsequent gaps in order to be detected
reliably.

By default, a start gap will be detected at any time after
block 0 has been read (field-on plus approximately 2 ms).
When the restricted write mode bit (RW) is set, a start gap
is only recognized during a terminator (block or
sequence). When no terminator is active, the RW bit has
no effect.

¥ Terminator

Daa__]| 31 | l

Read mode

Write mode

RF

Start of writing
95 10238 (Stan gap)

Figure 16. Start of writing in restricted write mode

Decoder

The duration of the gaps is usually 50 to 150 us. The time
between two gaps is nominally 24 field clocks for a ‘0’
and 56 field clocks for a ‘1°. When the fast write mode bit
(FW) is set, the decoding scheme is changed to enable
faster ( X 2) write data transmission. When there is no gap
for more than 64 (or 32) field clocks after previous gap,
the IC exits write mode; it starts with programming if the
correct number of valid bits were received.

If there is a gap fail ~ i.e., one or more of the gaps was not
avalid ‘0" or ‘1" — the IC does not program, but enters read
mode beginning with block 1.

Writing Data into the e5550

The e5550 expects always to receive a header first. This
header may be followed by different information:

® Standard writing needs only the header. the block
address, the lock bit and the 32 data bits.

® Writing with usePWD set requires a valid password
between header and address/data bits.

® In AOR mode. header and a valid password are neces-
sary to enable modulation.

® A special header which is used to silence the €5550
(disable damping until power is cycled) is necessary.

Note: The data bits are read in the same order as written.
Headers

There are two valid headers. If the header is invalid, the
€5550 starts read mode beginning with block 1 after the
last gap.

The standard header (‘10’) precedes all write operations.
The stop header (‘11’) is used to stop the IC until a
power-on reset occurs. This feature can be used to have
a steady RF field where single transponders are collected
one by one. Each IC is read and than disabled, so that it
does not interfere with the next IC.

Note: The stop header should contain only the two header
bits to disable the IC. Any additional data sent will not be
ignored, and the IC will not stop modulation.

WJ Standard header

-
>

Write mode
95 10239

Read mode —[

Figure 17. Headers
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Password

When password mode is on (usePWD = 1), the first
32 bits after the header are regarded as the password.
They are compared bit-by-bit with the contents of block
7. starting at bit 1. If the comparison fails, the IC will not
program the memory, but restart in read mode at block 1
once writing has completed.

Note: If usePWD is not set, but the IC receives a write
datastream containing any 32 bits in place of a password,
the 1C will enter programming mode.

Note: In password mode, MAXBLK should be set to a
value below 7 to prevent the password from being trans-
mitted by the e5550.

Note: Every transmission of 2 header bits plus 32 bits
password plus 3 bits address plus 33 bits data (= 69 bits)
needs about 35 ms. Testing all 232 possible combinations
(about 4.3 billion) takes about 40,000 h, or over four
years. This is a sufficient password protection for a
general-purpose IDIC.

Writing done (> 64 clocks since last gap)

Write mode

Programming ends

Check Vpp L

e

16 ms

0.12 ms

Programming starts
(HV at EEPROMs)

HV on l\ "/

HYV on for testing if Vpp is ok

| E——
Modulation | |

[

Reading starts

No modulation

Operation I Write I Vpp/Loc.k‘(.)k? l

Program EEPROM | READ

95 10240

Figure 18. Programming

VCoil1-Coil2

.

o £

16ms Read programming block
helinnd

[ RERN

Read next block
-

programming

Write data into the IC

(= block 0)

with updated modes
(e.g., new bitrate)

9510241

Figure 19. Coil voltage after programming
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Programming

When all necessary information has been written to the
€5550, programming may proceed. There is a 32-clock
delay between the end of writing and the start of pro-
gramming. During this time, Vpp — the EEPROM
programming voltage — is measured and the lock bit for
the block to be programmed is examined. Further, Vpp is
continually monitored throughout the programming
cycle. If at any time Vpp is too low, the chip enters read
mode immediately.

The programming time is 16 ms.

After programming is done, the ¢5550 enters read mode,
starting with the block just programmed. If either block
or sequence terminators are enabled, the block is pre-
ceded by a block terminator. If the mode register (block 0)
has been reprogrammed, the new mode will be activated
after the just-programmed block has been transmitted
using the old mode.

Error Handling

Several error conditions can be detected to ensure that
only valid bits are programmed into the EEPROM. There
are two error types, which lead to two different actions.

Errors during writing

There are four detectable errors which could occur during
writing data into the €5550:

® Wrong number of field clocks between two gaps

® The header is neither the standard header nor the stop
header

® Password mode is active but the password does not
match the contents of block 7

® The number of bits received is incorrect:
valid bit counts are
® Standard write 38 bits (usePWD not set)
® Password write 70 bits (usePWD set)
® AOR request 34 bits
® Stop command 2 bits

If any of these four conditions are detected. the IC
starts read mode immediately after leaving write mode.
Reading starts with block 1.

Errors During Programming

If writing was successful, the following errors could
prevent programming:

® The lock bit of the addressed block is set
® Vppis too low

In these cases, programming stops immediately. The IC
reverts to read mode, starting with the currently-
addressed block.

96
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Power-on reset

Set modes

!

READ

Write mode
adr=1 adr=current

[ i

Header

Stop fail
Header

ok ‘

Password

ok *

Number of bits

ok *

Lock bit

fail

fail

fail

ok

fail

ok

tail

PROGRAM

"
ok ‘ 9510243

Figure 20. Functional diagram of the 5550
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Absolute Maximum Ratings

Parameters l Symbol { Value ] Unit
Supply voltage (Vaa— Va) L 03w+ v
Input voltage range (Vgs=0.3V)

- 0 (Vgq+0.3V)

Maximum currentinto COILI/COIL2 | o mA
Power dissipation (dice) b 100 mW
Operationg ambient temperature range ] 1 ~ -20t0 +70 ~°c
Storage temperature range 2 ) . A40w+125 °C
Maximum assembly temperature | +150°C for less than 5 min

Notes: 1)  Free-air condition, time of application: 1's
2) Data retention reduced

Stresses above those listed under “Absolute Maximum Ratings™” may cause permanent damage to the device.

Operating Characteristics

Tambient = 25°C: reference terminal is Vg, operating voltage Vgq — Vs = 3 V dc (unless otherwise noted)

Parameters | Comments Symbol | Min. | Typ. Max. Unit
RF frequency range ' frRE 100 125 150 kHz
Supply current frRr = 125 kHz, |
Read and write Igd s | uA
L | Programming _ - s A
| Clamp voltage 5 mA current into Coil1/2 Vo 6 | | 8 l \%
Programming voltage From on-chip HV Gen Vop 16 | 20 V.
Programming time frRr= 125 kHz tpp 16 [ ms
Dataretention ~ |I) tretention 10 | Years
Programming cycles 1) Neyele | 100000 | |
Reset delay time tl 0 | ‘bdn,,,,,i us
Reset recovery time 2 tbd. tbd. thd.  ms

Note

1) Since EEPROM performance may be influenced by assembly and packaging

. we can confirm the

parameters for dow (= die-on-wafer) and ICs assembled in standard package.
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Application Example
1AC
From 125 kHz 42mH 42mH 390 pF 9510242

oscillator Energy \S_ﬁil \
— >
minimininininl

;g ( . O ¢5550 (DIL16)

[N
-+ Coil2
To read Data

amplifier

=L = 125 kHz

fres =
2n/LC

390 pF

Figure 21. Typical application circuit
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Crypto IDIC® for Transponder

General Description

Contactless IDentification ICs (IDICs®) are used to build
transponder, which are small. smart and robust data
storage units. The IDIC® is connected to a tuned LC
circuit for power supply and R/W data communication
between a base station and the IDIC®.

Reading occurs by damping the coil by an internal load.
There are different bitrates and encoding schemes
possible. Writing occurs by interrupting the RF field in a
special way.

The e5560 is for applications which demand higher
security levels as standard R/W transponder ICs can
fullfil.

For that purpose, the ¢5560 has an encryption algorithm
block which enables a base station to authenticate the

Features
® Low power, low voltage CMOS IDIC®

® Contactless power supply

® Contactless read/ write data transmission
— Read: damping load (typ: 1 to 16 kbit/s)
— Write: field gaps (typ: ~2 kbit/s)

® Radio Frequency (RF) range: 100 to 150 kHz
® {024 bit EEPROM memory
— 768 bits free for user data (= 96 byte)

— 256 bits for encryption (also for user data)
— lockable memory blocks

® On-chip crypt algorithm for authentication

® Encryption time < 100 ms

Power -

Challenge
Response

Base
station

Data

transponder. Any attempt to fake the base station with a
wrong transponder will be recognized immediately.
Furthermore, the e5560 is able to do an authentication of
the base station. to control the access to its memory.

Authentication Procedures

For authentication, the base station transmits a random
number to the e5560. This challenge is encrypted by both,
I1C and base station. As both should posses the same secret
key, the results of this encryption are expected to be equal.

To authenticate the transponder, the IC’s results are trans-
mitted to the base station for comparison (response). The
€5560 can also check a response from the base station for
authentication.

® Options set by EEPROM:
Bitrate [bit/s]:  RF/8, RF/16, RF/32, RF/40,
RF/50, RF/64, RF/100, RF/128

Modulation: BIN, FSK, PSK, Manchester,
Biphase
Other: Answer_on_Request,

Password_Mode

® Packaging

— Bare die

— Plastic transponder (12 X 6 X 3 mm?)
® Applications:

— Access control

— Car immobilizer

— Identification of valuable goods

— Applications with high memory demand

Transponder
18
W
© o Memory
I E e~
1= £
HlzM380 om
8 |
e5560

9510201

Figure 1. Transponder system example using e5560
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MARCA4 - 4-bit Microcontroller

The M43C200 is a member of the TEMIC family of 4-bit single chip microcontroller. It contains ROM, RAM, parallel
/O ports and on-chip clock generation.

Features
Stack oriented HARVARD architecture

- 4K x 8-bit ROM
- 256 X 4-bit RAM
— 2 ps instruction cycle

Low power

~STOP mode @ 1 uA

— SLEEP mode typically 500 nA
- RUN mode typically 3 mA

@ 4 MHz OSC-frequency e High operating range
. — Supply voltage range 2.4 t0 6.2 V
® Programming ~ Temperature range —40 to 85°C

— User friendly in high level language qForth e Interrupt structure

- 2 external hardware interrupts
— 1 prescaler/timer interrupt
— Software interrupts

® Development system
- PC-based

— Highly optimising compiler ~ Autosleep
OSCAIN ~ OSC-OUT 4 kHz NRST Vob Vss oD TE

Clock
generator

Ext. Power-on ! Osc- Test-
TCL I Reset Reset | watchdog logic I
¥ | MHz RAM address ¥
registers
J—— T
ROM = ¥ = RAM
T [
4096 x 8 bit - RSPP Lo >
g N 256 x 4 bit
= |
|
P m count i
| -
r i
= - Meﬁ)ry bus ‘
Instruction bus o Instruction ‘ | CCR | ',,,
Interrupt decoder L ALU ]
controller ) M F
x | ! *
= =
= s Prescaler
4 4
g - R — 94 9040
PORT 0 PORT 1 PORT 4 PORT § INT 3
Figure 1. Functional block diagram
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INT3 [T]1 bt 24
oD [2 23
BP03 [T 3 22]
BP02 [T]4 31
BPOI [T]5 & 20
BPOO [T]6 &) 19
BPI3 (T]7 & 18
BPI2 [] 8 = 17
BPII [ 9 16
BP10 [T]10 15
NRST [I]l11 14
TCL [IJ12 13

HHHOUHUBEHGEHED

IP50
IP51
1P52
1P53
VDD
OSC OUT
OSC IN
VSS
TE

4 kHz
BP42
BP43

94 9041

Figure 2. Pin assignment SO24 (top view)

Table 1. Pin description

)

Please see the order information.

Pin Function 2
Vpp Power supply voltage 2.4t0 6.2 V ]
‘ Vss | Circuit ground I ~ |
| BPOO - BP03 |4 bidirectional I/O lines of port 0 *) R
BP10 - BP13 |4 bidirectional I/O lines of port 1 *) - o
BP42 — BP43 |2 bidirectional 1/O lines of port 4 *) I
IP50 —IP53 |4 input lines of port 5 o B
. OSCIN Oscillator input (32-kHz crystal)
OSCOUT | Oscillator output (32-kHz crystal) [
INT3 External interrupt input - N
4 kHz 4 kHz output e -
OD OD signal for emulation o —
NRST Reset input / output, a logic low on this pin resets the device. ]
TCL External system clock 1/0. This pin can be used for external clock operation. -
_TE | Testmode input. This input is used to control the test modes and the function of lherTCL pin.

The /O ports have CMOS output buffers. As input they are available with pull-up or pull-down resistors.

104
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1  General Description

The M43C200 is a member of the TEMIC MARC4 family
(single chip Modular ARChitecture 4=bit microcom-
puters). It contains ROM, RAM, I/O-ports, 15 stage
prescaler, 4-MHz oscillator and two external interrupts.

Note: For the self-test program about 0.5 Kbyte of the

4 Kbyte ROM are required.

The CPU is built around a stack based Harvard type archi-
tecture. where the program memory (in ROM) and the
data memory (in RAM) are physically separate and
addressed independently.

The M43C200 has a typical instruction cycle time of 2 us
@ 4 MHz oscillator frequency.

The SLEEP instruction allows the CPU to be stopped by
the program, thereby enabling reduction in current
consumption. Once the CPU has entered SLEEP mode it
can be revived into active state immediately, following
the receipt of an interrupt. In SLEEP mode, the CPU is
held in a defined state whereby all data are latched. In the
SLEEP mode the 4-MHz oscillator and the prescaler/
timer are still running. It gives the opportunity to wake up
the CPU in a defined time which is given by the prescaler.

The highest power saving mwode is the STOP mode. in this
case the CPU, oscillator and prescaler are all stopped
controlled by the internal NRUN-signal. If an interrupt
appears the 4-MHz oscillator will be started, controlled
by the SLEEP/ STOP logic. When the oscillator has

reached the exact frequency a reset is generated and the
program will start the SRESET routine.

1.1

The MARC4 can handle up to eight priority interrupts
which can be generated from on-chip modules (pre-
scaler), external sources (interrupt pads) or synchro-
nously from the CPU itself (software interrupts).

Interrupt Structure

An additional power-on reset interrupt is used for initial-
ising the CPU. This reset signal can also be supplied from
the RST pad. The purpose of the power-on reset is to start
the oscillator and to put the CPU into a well defined
condition after the operating voltage has been reached.
The reset interrupt has the absolute highest priority hav-
ing access to the CPU at all times. The processor will
automatically enter SLEEP when the lowest priority task
has been completed, so making maximum use of the
power saving capabilities of the MARC4.

1.2 Prescaler

A programmable prescaler driven by 31.25 kHz offers
1 interrupt. Table 2 (page 116) illustrates the eligible in-
terrupt frequencies. The prescaler powers up in the reset
condition.

Rev. Al: 13.06.1995
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2 Pin-, Signal-, Memory-, Core Registers- and Self-Check Description

2.1

21.1  Vpp, Vss

Vpp is the power for the pC core, RAM, ROM and the
peripherals, Vss is ground.

2.1.2 NRST

The NRST input is not required for start-up but can be
used to reset state of the microcontroller and provide an
orderly software start-up procedure. Refer to Reset
modes in section for a detailed description.

213 TCL

The system clock for the microprocessor is derived from
a fully integrated on-chip crystal oscillator circuit. This
oscillator tracks the supply and temperature to ensure
optimum operation of the microcontroller under all
conditions.

The TCL pin is necessary as clock input for the test- and
emulation mode.

Pin Description

2.14 TE, OD
These two lines are needed for test and emulation.
2.1.5 OSCIN, OSCOUT

An oscillator with a divider stage is integrated in the chip
to generate the 1-MHz clock frequency (TCL). This oscil-
lator is operated by simple connection of 4-MHz quartz
or ceramic resonator.

This osciliator can be controiied via port 42 (NRUN-sig-
nal). This means that the oscillator can be stopped in
SLEEP mode or remains active if operation of the pres-

caler is desired. However, this function can only be set by
software.

INRUN - signal “high”
the uC goes in sleep mode after finishing the low-
est ( Port 42 ) interrupt (oscillator running)

INRUN - signal “low”
the uC goes in STOP mode after finishing the
lowest interrupt (oscillator stop).

2.1.6 Bidirectional Ports

Port 0, 1 and 4 may be programmed as input or output
under software control. The direction of a port is deter-
mined by an IN or OUT instruction and is held until
another IN or OUT instruction for this port is executed.

The direction of this bidirectional ports is not switchable
on a bit-wise basis. The output latches hold the state of
last data value written to the port. At power-on or external
reset all pins of port 0, 1 and 4 are set to input mode and
all output latches are set to a logic 1. Whenever the port
is switched from input to output the last value stored in the
latches will appear on the outputs for one clock cycle.

When switching bidirectional ports from output to input
the stray capacitance of the connection wires may cause
the data read to be the same as the last data written to this
port. This behaviour can be used by connecting large
enough capacitors to the pins of the bidirectional port to
read back the previous data written to this port. On the
other hand, to avoid the negative effects of stray capaci-
tance the following approaches should be used:

Use two IN instructions, and DROP the first data nibble

read.
Vbp

only BP 13

Data In

Data Out

other BP xy

* optional

N

94 9042

ﬂ_

Figure 3. Bidirectional port schematics
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Instr.

X Port x

X ouT x LIT_2 x

Hi-Z (internal pull-up/

Fh Data | Data valid
Port xy x a ‘ pull-down) m
Port_Dir xy Output mode \ L Input mode / Output mode
. 94 9043
xxx ) Last written data contained in output latches, Fh after power-on-reset
Figure 4. Read and write cycle timing
2.1.7  Input Port 5
- » Vop
1P50 .. IP53 ESD +—<P37 ]
1/0 bus ¢ ' protection
IPSO | IPSI | TPS2 —<E57 ]
@
INT | ‘ < 1 94 9044

Figure 5. Input port

The data on port 5 is sent to the top of the expression stack
whenever an IN instruction (addressing port 5) is
executed. The pins IP50, IPS1 and IP52 of the port 5 may
generate an additional interrupt (priority level 1), when
any of the three input lines is driven low. This function is
useful for implementing an interrupt driven keyboard.
The interrupt lines are negative edge triggered and have
Schmitt-trigger characteristics to improve the noise im-
munity. The interrupt function is enabled after power-on
or external reset. This interrupt can be disabled by soft-
ware.

2.2 Memory

The MARC4 family of microcontroller is based on the
Harvard architecture with physically separate program
memory (ROM) and data memory (RAM).

The program memory (ROM) is mask programmed with
the customer application program during the fabrication

of the microcontroller. The ROM is addressed by a 12-bit
wide program counter, thus limiting the program size to
a maximum of 4096 bytes which cannot be extended by
using external memory. The user ROM starts with a
512 byte segment (‘Zero Page’) which contains prede-
fined start addresses for interrupt service routines and
special subroutines accessible with single byte (SCALL)
instructions. The corresponding memory map is shown in
figure 6.

The self test routines should be included as part of the free
program space. The 16-bit check sum (CRC) is located by
the compiler in the last two bytes of ROM.

The on-chip 256 X 4 bit RAM is divided in the 12-bit
wide return stack, the 4-bit wide expression stack (both
with a user definable depth) and the data memory. The
fixed return address (00Oh) which points to the $AUTO-
SLEEP routine is located at RAM address FCh.

Rev. Al: 13.06.1995
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Rom. RAM
(4K x 8 bit) (256 x 4 bit)
Zero Page Auto-Sleep
0000h -
. Zevo Page $AUTOSLEEP 000h FCh
1FFh -
pr o —
Self tests 008h -——‘-\ =+
$RESET v )
= —_— | | l Global
=~ =
INTO 040h _ Variables
N INT | 080h -
free
INT 2 0COh
program
space « INT3 100h
4 Expression
Sl o SP Stack
INT 5 180h (TOS-1)
FFEh 16 bit ROM INT 6 1COh
FFFh check sum INT 7 1EOh RP
Return
Stack
00h
949045 ek

Figure 6. Memory map

2.3 Core Registers

As shown in the programming model below, the MARC4 core has seven registers.

1 0
PC l ' J Program counter
7 0
RP[ ~ 7 7 "0 0| Returnstack pointer
7 0
SPl . { Expression stack pointer
7 0
X[ | RAM address register (X)
7 , 0
Y ( ' J RAM address register (Y)
3 0
TOS E::] Top of stack register
3 0

CCR|C —B 1 Condition code register
L— | 1
l___ élrtaeﬁ{;lﬁpt enable
L Unused
Carry / borrow

94 X976

Figure 7. Programming model
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2.3.1 Accumulator (TOS)

Because this microcontroller is a stack based machine
with two on-chip stacks located in the internal RAM, all
arithmetic, 1/0 and memory reference operations take
their operands from, and return their results to the 4-bit
wide expression stack. This stack is also used for passing
parameters between subroutines, and as a scratchpad area
for temporary storage of data. The top element of the
expression stack is immediately accessible through the
TOS register. The MARC4 can perform most of the op-
erations dealing with the top of stack items (TOS and
TOS-1) in a single byte, single cycle instruction.

2.3.2

The 8-bit wide stack pointer SP contains the address of the
next-to-top 4-bit item (TOS-1) on the expression stack,
located in internal RAM. After power-on reset the stack
pointer has to be initialised to the start address of the allo-
cated expression stack area (S0).

2.3.3 RAM Address Register (X and Y)

The 8-bit wide register X and Y are used to address any
4-bit item in the RAM.

Expression Stack Pointer (SP)

Using either the pre-increment address mode it is com-
fortable to compare, fitl or move arrays in the RAM area.

234 Return Stack Pointer (RP)

The return stack pointer (RP) points to the top element of
the return stack.

The 12-bit return stack is used for storing subroutine
return addresses and keeping loop index counts. The
return stack can also be used as a temporary storage area.
The MARCH4 instruction set supports the exchange of data
between the top elements of the expression and return
stack. The return stack automatically pre-increments and
post-decrements in steps of 4. This means that every time
a subroutine return address is stacked, 4-bit RAM loca-
tions are left unwritten. This locations are used by the
gFORTH compiler to allocate 4-bit variables.

After power-on reset the return stack pointer has to be
initialised to FCh.

2.3.5

The program counter (PC) is a 12-bit register that contains
the address of the next instruction to be executed by the
microcontroller.

Program Counter (PC)

2.3.6 Condition Code Register (CCR)

The 4-bit wide condition code register (CCR) indicates
the results of instruction just executed as well as the state
of the microcontroller. These bits can be individually
tested by a program and specified action will take place
as a result of their state. Each bit is explained in the
following paragraphs.

Carry/Borrow (C)

This flag indicates that a borrow or carry out of the arith-
metic Jogic unit (ALU) occurred during the last
arithmetic operation. This bit is also affected during shift
and rotate operations and the execution of SET_BCF,
CLR_BCF and CCR! instructions.

Zero (Z)

When the bit is set. it indicates that the result of the last
arithmetic or logical manipulation was zero.

Branch (B)

A conditional branch takes place wéen the branch flag
was set by one of the previous instructions (e.g.. a com-
parison operation).

Instructions such as SET_BCF. TOG_BF and CLR_BCF
allow the direct manipulation of the branch flag under
program control. The flag is affected by all AL.U opera-
tions except CCR@. DI. SWI, RTI and OUT.

Interrupt Enable (I)

This flag is used to interrupt processing on global basis.
Resetting the interrupt enable flag (using the DI instruc-
tion) disables all interrupts. The pC does not process
further interrupt requests until the interrupt enable flag is
set again by either executing an EI, RTI (return-from-in-
terrupt) instruction or entering the SLEEP mode. After
power-on or an external reset the interrupt enable flag is
automatically reset. The RTI instruction at the end of the
SRESET routine will set the interrupt enable flag and
thereby enable all interrupts.

23.7  Self-Check

The self test capability of the MARC4 provides the possi-
bility of checking the core, ROM, RAM, interrupt and
prescaler easily. The $SRESET routine (after power-on
reset) allows to choose the test routine or the application
program.

Note: The necessary test routine were delivered by

TEMIC.
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3 Reset Modes, Interrupts, Prescaler and Low Power Modes

3.1 Reset Modes

The M43C200 has three reset modes: an active low
external reset pin (RST), a power-on and an oscillator
watchdog reset function.

3.1.1 External Reset (NRST)

The external reset (NRST) input pin is used to provide an
orderly software startup procedure of the uC. When using
the external reset mode, the RST pin should be low for a
minimum of two instruction cycle times (typically 4 us).
The pin RST has an internal pull-up.

3.1.2

The power-on reset occurs when a positive transition is
detected on the power supply input. The power-on reset
is used strictly for power turn-on conditions and should
not be used to detect any drops in the power supply volt-
age. A power-down reset occurs when a negative
transition is detected on the power supply input for 5 ms
or more. To improve noise immunity the power-on reset
has Schmitt-trigger characteristics as shown in figure 8.

Power-on Reset

100l . Y
0 100110120130

—40-30-20-100 10 20 30 40 50 60 70 80 9
Temperature [°C]

Figure 8. Temperature versus Vpor

3.1.3  Oscillator - Watchdog Reset

Function

The oscillator-watchdog guarantee a well-defined clock
condition by using a quartz or a ceramic resonator.

After starting, normally this sorts of oscillator generates
undefined clock signals. In this case the amplitude is
controlled by the oscillator-watchdog. When the right
value of oscillator-amplitude is detected the RST-pin will
be hold LOW for 32 oscillator periods. After this time the
uC starts the SRESET routine.

When extern clock is used (pin OSCOUT as clock input)
the amplitude mustbe 0.9 x Vpp otherwise the oscillator
watchdog will detect an error.

3.1.4  Effects on Internal Circuitry

All reset modes guarantee a well-defined start condition
of the complete microcontroller. During RESET all inter-
rupts are disabled, all pending and active interrupts are
cleared, all on-chip peripherals are reset and a non-mask-
able interrupt request is generated. The RESET has the
absolute highest priority, having access to the microcon-
troller at all times.

Function Located | Max. | Interrupt
inROM | Length | Opcode
at [ROM :
bytes]
$RESET | Software & 008 h 56 Clh
hardware
miilization |||

The main tasks of the reset service routine (SRESET) are:
® Stack pointer initialization,

® Variable and array initialization, and

® [Initialisation and setup of the peripherals.

After execution of the reset service routine, the interrupts
are enabled automatically by the RTI or previously
executed El instruction.
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Do T nC
Core
delay-circuit
OSCOUT oscillator

watchdog

Clock

94 9047

Figure 9. Reset functions

3.1.5  Summary of all Reset Functions

Figure 9 shows all reset functions: external NRST, pow-
er-on and oscillator-watchdog. All these resets will
generate an internal reset after passing the delay circuit.
Normally the delay time is about 40 periods of the system
frequency (TCL).

3.2

The M43C200 can handle interrupts of 8 priority levels
(table 1). They are generated from on-chip modules (pres-
caler), external sources (port 5 and interrupt pad) or
synchronously from the core itself (software interrupts).
Each interrupt source has a hard-wired interrupt priority
and an associated interrupt service routine in the program
ROM. The programmer can enable or disable all inter-
rupts by setting or resetting the interrupt enable flag in the
CCR using the EI or DI instruction.

Interrupts

Table 1. Interrupt priority and address allocation map

When the interrupt enable flag is reset (interrupts dis-
abled), the execution of interrupts is inhibited but not the
logging of the interrupt requests in the interrupt pending
register. While interrupts are disabled (e.g., for a time
critical section of code) and an interrupt is generated the
interrupt will not be lost. Its execution will only be
delayed until interrupts are enabled again. Interrupts are
only lost when the pending register for a particular inter-
rupt priority is still set at the time of a further interrupt
transmission of the same level. The pending resister is re-
set cither on power-on reset or on compilation of
corresponding interrupt service routine by execution the
RTI instruction (see figures 10 and 11).

The uC automatically enters the SLEEP mode when the
lowest priority interrupt service routine has been com-
pleted. This guarantees a maximum use of the power
saving capabilities of the uC. For further information
please refer to low power modes.

| Priority Function Locatedin | Max. Length Interrupt
ROM at [ROM bytes] Opcode
INT7  |Software interrupt 1EOh | >24 FCh
INT6  |Software interrupt 1COh 32 | F8h
INTS Software interrupt 180h 64 FOh
INT4 Prescaler interrupt - ] 140h | 64 | E8h |
INT3 External hardware interrupt negative edge triggered | 100h 64 ~_EOh
INT2  |Software interrupt | 0Ch | 64 | D8 |
INT1 External hardware interrupt negative edge triggered 080h 64 DOh
(port 50, 51, 52) -
INTO [Software interrupt - oon [ 64 | csn
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Hardware interrupt

Wake up oscillator

v

Generate power
on-reset

SLEEP mode?

!

Wake up CPU

Start SRESET -
routine

| Software interrupt I

v

Application
program

Decode interrupt &

set INT x pending bt

Priority decode:
ending INT > active INT?

Set INT x active bit

!

Execute INT x

opcodes

A

Continue the
active INT routine

INT rouune finished
(RTD)

!

Reset corresponding
active & pending bit

Pending

register empty
R

SLEEP/STOP
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Figure 10. Interrupt flow chart

94 9045
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Autosleep

RTI

RTI

INT?2 active
RTI
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94 8978

Figure 11. Interrupt handling

3.2.1 Interrupt Handling

The integrated interrupt controller samples all interrupt
requests and latches these in the interrupt pending regis-
ter. It also decodes the priority of the interrupt requests,
and signals the pC when a higher priority interrupt
requests is present. If the pC (with interrupts enabled)
receives the interrupt controller’s signal, an interrupt
acknowledge cycle will be entered. During this cycle, the
uC saves the current PC on the return stack and loads the
PC with the start address of the corresponding interrupt
service routine. When the uC is in the SLEEP mode, it
will be activated by any hardware interrupt, by the means
of wake-up the CPU and decoding the interrupt.

Using the MARC4 way of interrupt transmission, it is pos-
sible to transmit more than one interrupt at the same time.
The transmitted interrupts are loaded into the interrupt
pending register asynchronously. The priority decoder
determines the interrupt with the highest priority and acti-
vates it as shown in figure 11.

If the uC was in stop-mode any interrupt will start the
oscillator. This will generate a reset and starts the $RE-
SET routine.

3.2.2

The interrupt latency is the time from the falling edge of
the interrupt to the interrupt service routine being acti-
vated. This time is between three or five instruction
cycles depending on the state of the core. The highest
frequency which can be reasonably handled on the duty
cycle of the application.

3.23

Software interrupts are executable instructions which are
supported by predefined macros named SWI 0 through
SWI7. The software triggered interrupts operates exactly
like any hardware triggered interrupt.

3.24
Port 5 interrupt

Interrupt Latency

Software Interrupts

Hardware Interrupts

Any of the input port 50, 51 and 52 may generate an inter-
rupt level 1 (see figure 5). The INTI is negative edge
triggered and has Schmitt-trigger characteristics.

External interrupt

The external interrupt INT3 is negative edge triggered
and has Schmitt-trigger characteristics to improve the
noise immunity (see figure 12).
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>

To interrupt logic 919049

Figure 12. External interrupt input

3.3 Prescaler Interrupt

The programmable prescaler is usually driven by an inter-
nal frequency of 31.25 kHz. The prescaler consists of a
stage divider chain. This divider chain offers an interrupt
source with the priority level 4. The prescaler module
powers up in the reset condition which corresponds to
control code Fh. The prescaler interrupt (INT4) has
15 programmable taps from 15.625 kHz down to 1 Hz.
They are selectable by writing a value of E...O into the
control register at port address 15.

331 Prescaler During SLEEP Mode

When the microcontroller enters the SLEEP mode, the
core clocks are halted. While the 4 MHz oscillator and
prescaler remain active, all uC actions are suspended.
The microcontroller exists in the SLEEP mode when an
interrupt is generated by the prescaler (in addition to a
logic low on an external interrupt (INT3), port 50, 51, 52
input pin (INT1), or an external reset).

Table 2. Selectable interval times for the prescaler

3.4 Low Power Modes

Two low power consumption modes of operation are
available: SLEEP and STOP mode. These operating
modes are initiated by executing the SLEEP instruction.

The SLEEP instruction is not a normal instruc-
tion as its function is depended on the state of the
interrupt pending register. SLEEP is therefore
available for use within the $AUTOSLEEP
routine only.

34.1 SLEEP Mode

By executing the SLEEP instruction (in the $SAUTO-
SLEEP routine) the microcontroller enters a low power
consumption mode. In this SLEEP mode, the program-
mable prescaler remains active, while the internal uC
clock is turned off causing all core processing to be
stopped. It can only be kept when none of the interrupt
pending or active register bits are set.

Note:

Control Code Port Interrupt Frequency fc/n fc=31.25kHz 1
Address 15 Time Interval ‘
. F I ~reset & hold complete prescaler N
. E =20 R 64 ps . |
b n=22 | o 128ws N
. Cc 0 om=2 256 .
B o om=24 512 o
A ~n=2 o 102ms
9 =2 L 2048 ms i
8 =2 o 40%ms |
7 =2t _819ms |
6 | n=29 | 16.384 ms
i 5 n=210 ! - 32.769 ms
4 - n=2" ] 65.536 ms
‘ 3 n=212 ? 131.072 ms
T N T 1 o eawm
T T L  524.288 ms )
R R R L S 1048 s o
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During the SLEEP mode, the I bit in the condition code
register (CCR) is set to enable all interrupts. All other
registers, memory, and parallel input/output lines remain
the same. The 4 MHz oscillator is not switched off, but
the prescaler may be disabled by the application program.
This mode will continue until any interrupt or reset is
sensed. At this time the event is decoded and the program
counter is loaded with the corresponding starting address
of the interrupt or reset service routine.

The MARC4 unique AUTOSLEERP feature allows the pC
to enter the SLEEP mode automatically when the lowest
priority interrupt service routine has been completed.

The SLEEP mode is a shutdown condition which is used
to reduce the average system power consumption in
applications where the uC is not fully utilised (figure 13).
Using SLEEP and interrupts, the full computational
speed of the core is always available. In this way, power
is only consumed when needed, allowing the uC to run in
high speed bursts from a weak supply (battery, capacitor,
or even a solar cell).

Calculating the average power consumption

The total power consumption is directly proportional to

Low activity example:

the active time of the uC. For a rough estimation of the
expected average system current consumption, the
following formula should be used:

Isys = IsLe + (Ipp * Tactive/Trotal)

34.2  STOP Mode

The lowest power consumption mode of the microcon-
troller is entered with the STOP operation. The current
consumption of the uC (without external loads) will be
reduced to 1 pA.

The STOP mode can be implemented by switching off
power supply of 4 MHz oscillator. This can be done with
a combination of INRUN (BP42 “L”) and SLEEP.

During the STOP mode, the I bit in the CCR is set to
enable external interrupts. All other registers, memory,
and all I/0 lines remain unchanged. This continues until
an external interrupt or reset is decoded. After an external
interrupt or reset the 4 MHz oscillator starts and generates
a reset signal. The program counter is loaded with the
reset service routine.

Interrupt Interrupt Interrupt
' Active Active Active
Activity Sleep Lo Sleep
Power R 7 Average power B
High activity example:
Interrupt Interrupt
i Active ! Active
- - -
Activity N "Sleeg B ‘
Power ! Average power i
94 9050
Figure 13. Average system power consumption and duty cycle
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4  Electrical Characteristics

4.1 Absolute Maximum Ratings

All voltage are given to Vss.
The circuit is protected against supply voltage reversal for 5 minutes typically @I, = 100 mA.

Parameters Symbol Value Unit
Supplyvolage | Vop | 03410  V_
Input voltage (on any pin) VIN i Vgg-0.3< VN < \Y

o ) L | VDD +0.3 ) -

Output short circuit duration | shem __ indefinite s
| Operating temperature range Tamb | 4010 +85 , c
Storage temperature range - - C Tgg | HA0to+130 1 °C
| Thermal resistance (PLCC) | Rewa | Ao | KW |
|Soldering temperature  (t<10s) T 260 °C

Absolute maximum ratings define parameter limits For proper operation it is recommended that Viy and
which, if exceeded, may permanently change or damage  Vour be limited to the range:

the device is required. All inputs and outputs are highly
protected against electrostatic discharges. However, pre-
cautions to minimize the built-up of electrostatic charges  If in the applications pin 1 (INT3) is not used it must be
during handling. connected to Vpp.

Vss < (Vinor VouT) < Vpp

4.2 DC Operating Characteristics
Supply voltage Vpp =2.410 6.2 V, Vgg =0V, Tymp = +25°C unless otherwise specified

4.2.1 Supply Currents

Parameters | TestConditions/Pins | Symbol | Min. | Typ. | Max. | Unit

Supply current active mode |Vpp =24V Ipp | 0.5 0.7 mA
o Vpp=62V | | 127 | 32 | mA

Supply current SLEEP Vpp=24V Iste | 100 130 uA

mode |Vpp=62V ol L[ 600 | 750 | wA

‘ Supply current STOP mode | Vpp =24V IsTp | 0.08 05 | pA

l _ Vpp=62V e .05 08 | upA

Input voltage pad OD, NRST, TE, port 0, 1,4, 5

Parameters Test Conditions / Pins Symbol Min. | Typ. Max. ! Unit
Input voltage LOW Vop=24-62V Voo | Vss | [02XVon V
|Input voltage HIGH Vpp=24-62V Vi [98xVoo | Vop | V. |

4.2.2 Power-on Reset (POR)

; Parameters Test Conditions /Pins | Symbol | Min. | Typ. | Max. Unit
PORvoltage | | [ Ve | 1S [ 213 V.
_POR voltage hysteresis Veor | 100} my
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4.2.3 DC Electrical Characteristics, Vpp =2.4 V @ 25°C

Parameters | TestConditions/Pins | Symbol | Min. | Typ. | Max. | Unit
Pad OD, NRST
Input current Vi = Vss I
p-channel
pull-up
Pad TE
Input current Viu= Vpp
n-channel i
Bidirectional ports 0.0 - 0.3,1.0 - 1.2, 4.2 and 4.3
Input current Viy = Vpp I
n-channel
pull-down .
Output current 1VoL=Vss+0.5V lo | 07 | | 26 mA |
n-channel | w | | ]
| pull-down B | R I R
Output current iVon=Vpp-0.5V loH -0.6 | =20 mA
p-channel |
pull-up I B . i !
Bidirectional port 1.3 )
Input current | VIL = Vss oI -0.8 i -5.3 A
p-channel ‘ {
pull-up J | | ; B
Output current VoL =Vss+0.5V lor, 1 07 | |26 7 mA
n-channel J j | | ‘ |
pull-down ‘ L - 7
Output current {Vou=Vpp-0.5V I Ion -0.6 L 20
p-channel } ; |
pull-up | |
Input port 5.0 - 5.3
Input current
p-channel
pull-up

N ——

I o8 | T 53T wa
|
i

Iig 7 l.l“

mA

Vi = Vss : | 61 | L 382 [ paA

4.2.4 DC Electrical Characteristics, Vpp = 6.2 V @ 25°C

Parameters |  TestConditions/Pins | Symbol | Min. | Typ. | Max. | Unit
Pad OD, NRST _ . S ‘
Input current ViL = Vss L | 80 | . =510 | wA
| | !
|

p-channel | ‘ !
pull-up ! ] L |
| Pad TE I
Input current Viu = Vpp [ I
n-channel
pull-down - o
 Bidirectional ports 0.0 -0.3,1.0-1.2,4.2and 4.3 -
Input current ] Viau = Vpp | Iig 8.2 ;362 A
n-channel

pull-down B | , 1

8.2 L 362 uA

e — [ S S N —
|
|
|
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Parameters Test Conditions / Pins Symbol Min. Typ. Max. ~ Unit
Output current Vor.=Vss+1.3V IoL 5.0 13.0 mA
n-channel
\pull-down B : |
Output current Vou=Vpp-13V Ion -5.0 ~14.0 ‘ mA
p-channel 1
pull-up - B - - | -
Bidirectionalport1.3 :
Input current ViL = Vss I -8.0 =51 uA
p-channel
pull-up B )
Output current VoL =Vss+1.3V IoL 5.0 13.0 mA
n-channel
pull-down | i .
Output current Vou=Vpp-13V Ioy -5.0 -14.0 mA
p-channel
pull-up -
Input port 5.0 - 5.3 B B
Input current ViL = Vss IiL =58 -366 A
p-channel
pullup
4.2.5 Oscillator
- Parameters Test Conditions / Pins Symbol | Min. Typ.. Max.  Unit
Frequency Cp=1pF f 4.0 MHz
Integrated input (@GN 10 pF
|capacitance -
Integrated output Cour 10 pF
capacitance o )
Start-up time quartz Vpp=24V" 8 90 ms
Vpp=3.0V ™ tsQ 4.5 10 ms
e _VQD: 50V ") 2.5 4 ms
Start-up time ceramic Vpp=24V*™ 250 — us
Vpp=3.0V™) tsc 150 300 s
L  |Vpp=50V™ x 150 160 | ps
*) Measured with a typical quartz **) Ceramic
C=32fF Cy=44pF
L; =490 mH L;=385uH
R =40 Ry =82
C() =14 pF C() =36.3 pF
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4.3 1/0 Port Characteristics
0.0
03 min ,7
-10 . 7
Z -l L . / /
E typ. _/

X S—
3.0 ,/
35 max. Vpp =24V
- Tamb =25 °C
-4 |
25 -2.0 -1.5 ~-1.0 -0.5 0.0
94 9051 Vou-Vpp (V)

Figure 14. P-channel source current
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-4 -35 -30 -25 =20 -1.5 -1.0 -0.5 0.0
94 9052 Vou~- Vpp (V)

Figure 15. P-channel source current
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Figure 16. P-channel source current

6
s max.
4 y.d
: /
typ.
E - yp
2 /
B
AN AT
/// min.
! ~ Vpp =24V
0 L
0 0.5 1.0 1.5 2.0 2.5
949054 VoL (V)
Figure 17. N-channel sink current
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Figure 18. N-channel sink current
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Figure 19. N-channel sink current
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Figure 20. Standardized p-channel source vs. Vpp Figure 22. Standardized p-channel source current vs. ambient
temperature
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Figure 21. Standardized n-channel sink current vs. Vpp Figure 23. Standardized n-channel sink current vs. ambient
temperature
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4.4 Characteristics of the Pull-Up and Pull-Down Transistors

0 0
min min
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= / o /
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-5 Vpp =24V el o i — Vpp=24V
Tamb = 25°C Tamb = 25°C
-6 ! ! 6 I L
0 0.4 0.8 1.2 1.6 2.0 2.4 0 0.4 0.8 1.2 1.6 2.0 24
949061 ViL(Vv) 949064 ViL (V)
Figure 24. PIN OD: p-channel source current Figure 27. PIN NRST: p-channel source current
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Figure 25. PIN OD: p-channel source current Figure 28. PIN NRST: p-channel source current
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Figure 26. PIN OD: p-channel source current Figure 29. PIN NRST: p-channel source current
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Figure 33. All PINs with pull-down:
Figure 30. PIN IP5x: p-channel source current n-channel sink current
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Figure 34. All PINs with pull-down:
Figure 31. PIN IP5x: p-channel source current n-channel sink current
0 40 T T
. Vpp=62V
min. KRl o
-50 // Tamb =25 C//' max.
-100 ya 30 Y/
¢ ol /
YPp. > 25 S
- -150 < /
< 4 =
= ~ — —
Z 00 4 / . /
= / — 15 / | ,,_A;yP_\‘
T =250 b— VA : /
-300 /,/ | 10 1
! min
350 max VDD =62V ] 5 -
Tamb = 25°C
_400 | | | 0 T
0 1 2 3 4 5 6 0 ! 2 3 N )
94 9060 VL (V) 95 10259 ViH(V)
Figure 35. All PINs with pull-down:
Figure 32. PIN IP5x: p-channel source current n-channel sink current
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Figure 36. Standardized p-channel source current vs. Vpp
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Figure 37. Standardized n-channel sink

current vs. Vpp
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Figure 38. Standardized p-channel source current vs. ambient
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5  Characteristics of the On-Chip Quartz / Ceramic Oscillator

Equivalent Circuit of the Quartz and Ceramic Resonator
Equivalent circuit
R S

o T
= A"

1
Co
The criteria for oscillation depends on R1 and CO. Fol-  the equivalent circuit of the ceramic-resonator for start up
lowing diagrams show the equivalent quartz circuits over  at Vpp = 3.0 V and ambient temperature range from —40
temperature range —40 to +125°C for two different values  to +125°C. For this test a resonator CSAC4.00 (MU-
of Vpp. The figure below shows the maximal values of RATA) was used.

10 60
o \ T T T ] \ ]
\ Criteria for 50 Criteria for |
8 oscillation does — oscillation does
7 \ not exist ] not exist
N 40 —
o 6 N\ i \ X typ resonator
s 8 L. S
2 s \\ s 3 AN i
g 4 N o \
o Permitted values for the ‘\ O 20 N ‘ ]
3t equivalent parameters N
2 | Rland CO of the quartz 10 |- Permitted values for the E—
1 | j ' equivalent parameters
X typ quartz R1 and CO of the quartz
0 — . 0 ! L . I
0 15 30 45 60 75 90 105 120 135 150 0 5 10 15 20 25 30
95 10164 R1;(Q) 95 10266 R1;(Q)
Figure 40. Vpp =24V Figure 42. Vpp=24V
80
20
\ ] \ T T
\ Criteria for 70 \ Criteria for
16 oscillation does —] 60 - ()chgl::;joes ]
not exist )
~ 50
z 12 N iz \\
= = 40 ~ —
_ 5 X typ resonator | \'\
] E——— L & T
Permitted values for the . N
equivalent parameters \ 20 b— Permmed values forthe L | | |
4} RI and CO of the quartz equivalent parameters
| | 10 — R1 and CO of the quartz —
0 X lworst CaS‘E quartz ‘ 0 } ‘ I ‘ l I
) 100 200 300 400 500 0 5 10 15 20 25 30 35 40 45 50
95 10165 RI; (Q) de 200-30 RI(Q)
Figure 41, Vpp =30V Figure 43. Vpp =3.0 V

Note:  For pc-board design place the quartz or ceramic
resonator nearby the pins because of low para-
sitic capacities (< 0.5 pF).
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6 Characteristics of the Schmitt Trigger Inputs

70 T 25 T T T
65 | Tamb=25°C Tamp = 25°C
max. 20
60 _
typ. 4
55 - — - 15 l/
Ve min. 4
T 50fb-— .= /

wy
> 7 10 |4 —

45

40

5 - B R
kL] —
30 0
2 3 4 5 6 2 25 30 35 40 45 50 55 6.0 65
95 10168 Vpp (V) 9510270 Vpp (V)
Figure 44. Voltage switch level for positive edge trigger Figure 46. Hystereses in percent of supply voltage vs. Vpp
vs. Vpp
70 T 140
— 780

65 - Tamb =25°C 130

60 120 f—+ 7 ~

55 110

2 50f 100 . ,/

n max o /
745 ] > 90

5 ' 7

Y — 2l 80

35 | — min. 70

30 60

2 3 4 5 6 —40 20 0 20 40 60 80 100 120 140
9510169 Vpp (V) 9510171 Temperature ( °C )
Figure 45. Voltage switch level for negative edge trigger Figure 47. Typical switch level vs. ambient temperature
vs. Vpp

Note: The values of min., typ. and max. for the positive ~ Note: For recognize a input pulse a minimum pulse
or negative edge trigger are matched. time of 50 ns is necessary. The transition time
must be < 10 ns.
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7  Ordering Information
Pin options

Please select the option setting from the list below.

'BPOO
BPOI
BPO2
BPO3
BP10 7 7
BPII ‘ ' ' T

BPI2 '
BPI3 -
BP20 o
BP21
BP22
BP23
BP30
BP31
BP32
BP33
IP40-INT6
IP41-TA
1P42-TB
P43
NWP

TE

ROM code
Please insert ROM CRC.

Size: KByte CRC: hex

Approval

Date: Signature:
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MARC4 - 4-bit Microcontroller

The M43C201 is a member of the TEMIC family of 4-bit single chip microcontroller. It contains ROM, RAM, parallel
1/0 ports and on-chip clock generation.

Features

o Stack oriented HARVARD architecture e Low power
—4K x 8-bit ROM — STOP mode @ 1 uA
—256 X 4-bit RAM — SLEEP mode typically 500 pA
— 2 ps instruction cycle — RUN mode typically 3 mA

@ 4 MHz OSC-frequency e High operating range

— Supply voltage range 2.4 t0 6.2 V

* Programming — Temperature range —40 to 85°C

— User friendly in high level language qFORTH
e Interrupt structure

e Development system — 1 prescaler/timer interrupt
— PC-based — Software interrupts
— Highly optimising compiler — Autosleep

OSC-IN OSC-OUT  4kHz v TE
- - DD s
- - 2 s . :
¢ >
siopM osc.}{ Divider |- On-+lip
1 Logi J 31,25kHz mﬂl
Clock Power-on | OSC- Test—
generator, Reset 1 watchdo logic
¥ iMHz RAM address
: __registers.
2 | X ]
ROM — N RAM
4096 x 8 bit Lo SP
P> RP - 256 x 4 bit
|
| =
\ ! M b !
i em
X x. ot x
Instruction bus " CCR ‘
Instructior] | \l
‘ ALU |
Interrupt | M decoder ‘ 1
| |

! | !

x I/O bus Bl * =
xterna ‘

I l/0| ) interrupts | ‘ ]
L INTI |

S
Q T p‘:‘? g i L
i 5 1
|| 3 Input N Prescaler Fl—?

i !4 , I [JZT { ¥ kiz|
1T 1

.
PORTO0 PORT1 PORT 5 949070

Figure 1. Functional block diagram
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BPO3[] 1 e 16 [ L] 1P51
BPO2[T] 2 1511 1p52
BPOI[T] 3 14[T] vDD
BPOO [T} 4 13 [T osc ouTt
sp13] 5 12[T]OSC IN
Bp12[T] 6 11 [ vss
BP11[L] 7 10 ] TE
BP10[L] 8 o[0rtcL .

Figure 2. Pin assignment SO16 (top view)

Table 1. Pin description

Name Function
Vbbp Power supply voltage 2.4 t0 6.2 V
Vss  |Circuitground
BP0O - BP03 |4 bidirectional I/O lines of port 0 *
BP10 - BP13 |4 bidirectional I/O lines of port 1 *

IP50 — IP51 2 input lines of port 5 , o , V_l

|OSCIN Oscillator input (32-kHz crystal) e o
OSCOUT Oscillator output (32-kHz crystal) S S

TCL External system clock 1/O. This pin can be used as input to provide the C _with an external clock. |
TE - Testmode input. This input is used to control the test modes and the function of the TCL pin. |

*) The I/O ports have CMOS output buffers. As  Note: For emulation use the M43C200 type in a SO24
input they are available with pull-up or pull- case.
down resistors. Please see the order information.
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1  General Description

The M43C201 is a member of the TEMIC MARC4 family
(single chip Modular ARChitecture 4-bit microcom-
puters). It contains ROM, RAM, /O ports, 15 stage
prescaler, 4 MHz oscillator and 2 external interrupts.

Note: About 0.5 Kbyte of the 4 K ROM are required for
the self-test program.

The CPU is built around a stack based Harvard type archi-
tecture, where the program memory (in ROM) and the
data memory (in RAM) are physically separated and
addressed independently.

The M43C201 has a typical instruction cycle time of 2 us
@ 4 MHz oscillator frequency.

The SLEEP instruction allows the CPU to be stopped by
the program, thereby enabling reduction in current
consumption. Once the CPU has entered SLEEP mode it
can be revived into active state immediately, following
the receipt of an interrupt. In SLEEP mode, the CPU is
held in a defined state whereby all data are latched. In the
SLEEP mode the 4-MHz oscillator and the prescaler/
timer are still running. It gives the opportunity to wake up
the CPU in a defined time which is given by the prescaler.

The highest power saving made is the STOP mode. In this
case the CPU, oscillator and prescaler are all stopped
controlled by the internal NRUN signal. If an interrupt

appears the 4-MHz oscillator will be started, controlled
by the SLEEP/STOP logic. When the oscillator has
reached the exact frequency a reset is generated and the
program will start the SRESET routine.

1.1

The MARC4 can handle up to 8 priority interrupts which
can be generated from on-chip modules (prescaler),
external sources (interrupt pad) or synchronously from
the CPU itself (software interrupts).

Interrupt Structure

An additional power-on reset interrupt is used for initial-
ising the CPU. The purpose of the power-on reset is to
start the oscillator and to put the CPU into a well defined
condition after the operating voltage has been reached.
The reset interrupt has the absolute highest priority hav-
ing access to the CPU at all times. The processor will
automatically enter SLEEP when the lowest priority task
has been completed, so making maximum use of the
power saving capabilities of the MARCA4.

1.2 Prescaler

A programmable prescaler driven by 31.25 kHz offers
1 interrupt. Table 2 (page 142) illustrates the eligible in-
terrupt frequencies. The prescaler powers up in the reset
condition.
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2 Pin-, Signal-, Memory-, Core Registers- and Self-Check Description

2.1 Pin Description
2.1.1 Vb, Vss

Vpp is the power for the uC core, RAM, ROM and the
peripherals, Vgg is ground.

212 TCL

The system clock for the microprocessor is derived from
a fully integrated on-chip crystal oscillator circuit. This
oscillator tracks the supply and temperature to ensure
optimum operation of the microcontroller under all
conditions.

The TCL pin is necessary as clock input for the test- and
emulation mode.

2.1.3 TE
These line is needed for test and emulation.
2.14 OSCIN, oscouT

An oscillator with a divider stage is integrated in the chip
to generate the 1 MHz clock frequency (TCL). This oscil-
lator is operated by simple connection of 4 MHz quartz
Or ceramic resonator.

This oscillator can be controlled via port 42 (NRUN-
signal). This means that the oscillator can be stopped in
SLEEP mode or remains active if operation of the pres-
caler is desired. However, this function can only be set by
software.

INRUN - signal “high”
the uC goes in sleep mode after finishing the
lowest (Port 42) interrupt (oscillator running).

INRUN - signal “low”
the uC goes in STOP mode after finishing the
lowest interrupt (oscillator stop).

2.1.5 Bidirectional Ports

Port O and 1 may be programmed as an input or an output
under software control. The direction of a port is deter-
mined by an IN or OUT instruction and is held until
another IN or OUT instruction for this port is executed.

The direction of this bidirectional ports is not switchable
on a bit-wise basis. The output latches hold the state of
last data value written to the port. At power-on or external
reset all pins of port 0 and | are set to input mode and all
output latches are set to a logic 1.

Whenever the port is switched from input to output the
last value stored in the latches will appear on the outputs
for one clock cycle (figure 4).

When switching bidirectional ports from output to input
the stray capacitance of the connection wires may cause
the data read to be the same as the last data written to this
port. This behaviour can be used by connecting large
enough capacitors to the pins of the bidirectional port to
read back the previous data written to this port.

On the other hand, to avoid the negative effects of stray
capacitance the following approaches should be used:
Use two IN instructions, and DROP the first data nibble
read.

only BP 13

ESD .
rotection ‘m

—\

—/
Data Out

Data In £

*

other BP xy

N

* 1 P
ﬂ_ optional 949042

Figure 3. Bidictional port schematics
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:X Port x X IN X OR |

Instr.

x Port x

X ouT X LIT_2 y

Port xy

Hi-Z (internal pull-up/

pull-down)

W Data valid

!
4
I
-
Fh XData |
I
Output mode \ 1

Port_Dir xy

Input mode

/ Output mode

94 9043

xxx ) Last written data contained in output latches, Fh after power-on-reset

Figure 4. Read and write cycle timing

2.1.6  Input Port5

The data on port 5 is sent to the top of the expression stack
whenever an IN instruction (addressing port 5) is
executed. The pins IPS1 and IP52 of the port 5 may gener-
ate an additional interrupt (priority level 1), when any of
the three input lines is driven low. This function is useful
for implementing an interrupt driven keyboard. The inter-
rupt lines are negative edge triggered and have
Schmitt-trigger characteristics to improve the noise
immunity. The interrupt function is enabled after
power-on or external reset. This interrupt can be disabled
by software.

2.2 Memory

The MARC4 family of microcontroller is based on the
Harvard architecture with physically separate program
memory (ROM) and data memory (RAM).

The program memory (ROM) is mask programmed with
the customer application program during the fabrication
of the microcontroller. The ROM is addressed by a 12-bit
wide program counter, thus limiting the program size to
a maximum of 4096 bytes which cannot be extended by
using external memory. The user ROM starts with a
512 byte segment (‘Zero Page') which contains prede-
fined start addresses for interrupt service routines and
special subroutines accessible with single byte (SCALL)
instructions. The corresponding memory map is shown in
figure 6.

The self test routines should be included as part of the free
program space. The 16-bit check sum (CRC) is located by
the compiler in the last two bytes of ROM.

The on-chip 256 X 4-bit RAM is divided in the 12-bit
wide return stack, the 4-bit wide expression stack (both
with a user definable depth) and the data memory. The
fixed return address (00h) which points to the $SAUTO-
SLEEP routine is located at RAM address FCh.

» Vbp
ESD
P50 ... IP53 F— !E EI l
/O bus ¢ ’ ’ protection

1PS0 1PS1 1P52 @

—<IP33]

(I
INT | < 4— 949044

Figure 5. Input port
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Jom. RAM
(4K x 8 bit) (256 X abi0
Zero Page Auto-Sleep
oo SAUTOSLEEP 000h Fch] 0 |
1FFh
= —l
Self tests 008h R— =
SRESET Y
= 3 Global
N i INTO 040h I I I Variables
T == ==
1 080h
free X
INT2 0COh
program
space INT 3 100h
Expression
AL H4on SP Stack
INT S 180h (TOS-1)
FFEh 16 bit ROM INT 6 1COh
FFFh check sum INT 7 1EOh RP
Return
Stack
00h i
s Tx 4 bi

Figure 6. Memory map

2.3 Core Registers
As shown in the programming model below, the MARC4 core has seven registers.
11 0

PCL ‘ 1 Program counter

7 0

RPT LT 0]  Return stack pointer
7 0

SP ' ' , W Expression stack pointer
7 0

X [iog e Wan | RAM address register (X)
7 0

Y [T 7 77 771 RAM address register (Y)

0
TOS E:i:j Top of stack register

3 0
CCR|C —B 1 Condition code register
—
l glrtggrcllllpt enable
Unused
Carry / borrow

94 8976

Figure 7. Programming model
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2.3.1 Accumulator (TOS)

Because this microcontroller is a stack based machine
with two on-chip stacks located in the internal RAM, all
arithmetic , I/O and memory reference operations take
their operands from, and return their results to the 4-bit
wide expression stack. This stack is also used for passing
parameters between subroutines, and as a scratchpad area
for temporary storage of data. The top element of the ex-
pression stack is immediately accessible through the TOS
register. The MARC4 can perform most of the operations
dealing with the top of stack items (TOS and TOS-1) in
a single byte, single cycle instruction.

2.3.2 Expression Stack Pointer (SP)

The 8-bit wide stack pointer SP contains the address of the
next-to-top 4-bit item (TOS-1) on the expression stack,
located in internal RAM. After power-on reset the stack
pointer has to be initialised to the start address of the allo-
cated expression stack area (S0).

233 RAM Address Register (X and Y)

The 8-bit wide register X and Y are used to address any
4-bit item in the RAM.

Using either the pre-increment address mode it is com-
fortable to compare, fill or move arrays in the RAM area.

234 Return Stack Pointer (RP)

The return stack pointer (RP) points to the top element of
the return stack.

The 12-bit return stack is used for storing subroutine
return addresses and keeping loop index counts. The
return stack can also be used as a temporary storage area.
The MARC4 instruction set supports the exchange of data
between the top elements of the expression and return
stack. The return stack automatically pre-increments and
post-decrements in steps of 4. This means that every time
a subroutine return address is stacked, 4-bit RAM loca-
tions are left unwritten. This locations are used by the
qFORTH compiler to allocate 4-bit variables.

After power-on reset the return stack pointer has to be
initialised to FCh.

235

The program counter (PC) is a 12-bit register that contains
the address of the next instruction to be executed by the
microcontroller.

Program Counter (PC)

2.3.6 Condition Code Register (CCR)

The 4-bit wide condition code register (CCR) indicates
the results of instruction just executed as well as the state
of the microcontroller. These bits can be individually
tested by a program and specified action will take place
as a result of their state. Each bit is explained in the
following paragraphs.

Carry/Borrow (C)

This flag indicates that a borrow or carry out of the arith-
metic logic unit (ALU) occurred during the last
arithmetic operation. This bit is also affected during shift
and rotate operations and the execution of SET_BCF,
CLR_BCF and CCR! instructions.

Zero (Z)

When the bit is set. it indicates that the result of the last
arithmetic or logical manipulation was zero.

Branch (B)

A conditional branch takes place when the branch flag
was set by one of the previous instructions (e.g., a com-
parison operation).

Instructions such as SET_BCF, TOG_BF and CLR_BCF
allow the direct manipulation of the branch flag under
program control. The flag is affected by all ALU opera-
tions except CCR@, DI, SWI, RTT and OUT.

Interrupt enable (1)

This flag is used to interrupt processing on global basis.
Resetting the interrupt enable flag (using the DI instruc-
tion) disables all interrupts. The uC does not process
further interrupt requests until the interrupt enable flag is
set again by either executing an EI, RTI (return-from-in-
terrupt) instruction or entering the SLEEP mode. After
power-on or an external reset the interrupt enable flag is
automatically reset. The RTI instruction at the end of the
$RESET routine will set the interrupt enable flag and
thereby enable all interrupts.

23.7  Self-Check

The self test capability of the MARC4 provides the possi-
bility of checking the core, ROM, RAM, interrupt and
prescaler easily. The $RESET routine (after power-on
reset) allows to choose the test routine or the application
program.

Note: The necessary test routine were delivered by

TEMIC.
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3 Reset Modes, Interrupts, Prescaler and Low Power Modes

3.1 Reset Modes

The M43C201 has two reset modes: a power-on and an
oscillator watchdog reset function.

3.1.1

The power-on reset occurs when a positive transition is
detected on the power supply input. The power-on reset
is used strictly for power turn-on conditions and should
not be used to detect any drops in the power supply volt-
age. A power-down reset occurs when' a negative
transition is detected on the power supply input for 5 ms
or more. To improve noise immunity the power-on reset
has Schmitt-trigger characteristics as shown in figure 8.

Power-on Reset

4
It

l.()(ﬂ. . | B ]
—40-30-20-100 10 20 30 40 50 60 70 80 90 100110120130
Temperature {°C]
Figure 8. Temperature vs. Vpor
3.1.2  Oscillator - Watchdog Reset

Function

The oscillator-watchdog guarantee a well-defined clock
condition by using a quartz or a ceramic resonator.

138

After starting, normally this sorts of oscillator generates
undefined clock signals. In this case the amplitude is con-
trolled by the oscillator-watchdog. When the right value
of oscillator-amplitude is detected the RST pin will be
hold LOW for 32 oscillator periods. After this time the uC
starts the SRESET-routine.

When extern clock is used (pin OSCOUT as clock input)
the amplitude must be 0.9 X Vpp otherwise the oscillator
watchdog will detect an error.

3.1.3 Effects on Internal Circuitry

All reset modes guarantee a well-defined start condition
of the complete microcontroller. During RESET all inter-
rupts are disabled, all pending and active interrupts are
cleared, all on-chip peripherals are reset and a non-mask-
able interrupt request is generated. The RESET has the
absolute highest priority, having access to the microcon-
troller at all times.

Function Located | Max. |Interrupt
inROM | Length | Opcode
at [ROM
Bytes] ‘
$RESET | Software & 008h 56 Clh
hardware
| initialization

The main tasks of the reset service routine (SRESET) are:
® Stack pointer initialization,

® Variable and array initialization, and

® [Initialisation and setup of the peripherals.

After execution of the reset service routine, the interrupts
are enabled automatically by the RTI or previously
executed EI instruction.

Rev. Al: 26.06.1995
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external internal M43C201
int. RESET]
NrsT| [ ;
| 5 E—
? nC
p(‘wef—of' Core
l delay—circuit
)
0OsCouT) oscillator
watchdog Clock
=
I
OSCIN 95 10293

Figure 9. Reset functions

3.14  Summary of all Reset Functions
Figure 9 shows all reset functions: power-on and oscil-
lator-watchdog. All these resets will generate an internal
reset after passing the delay circuit. Normally the delay
time is about 40 periods of the system frequency (TCL).

3.2 Interrupts

The M43C201 can handle interrupts of 8 priority levels
(table 1). They are generated from on-chip modules (pres-
caler), external source (port 5) or synchronously from the
core itself (software interrupts). Each interrupt source has
a hard-wired interrupt priority and an associated interrupt
service routine in the program ROM. The programmer
can enable or disable all interrupts by setting or resetting
the interrupt enable flag in the CCR using the EI or DI
instruction.

Table 1. Interrupt priority and address allocation map

When the interrupt enable flag is reset (interrupts
disabled), the execution of interrupts is inhibited but not
the logging of the interrupt requests in the interrupt
pending register. While interrupts are disabled (e.g.. for
a time critical section of code) and an interrupt is gener-
ated the interrupt will not be lost. Its execution will only
be delayed until interrupts are enabled again. Interrupts
are only lost when the pending register for a particular
interrupt priority is still set at the time of a further inter-
rupt transmission of the same level. The pending resister
is reset either on power-on reset or on compilation of

.............

RTI instruction (see figures 10 and 11).

The pC automatically enters the SLEEP mode when the
lowest priority interrupt service routine has been com-
pleted. This guarantees a maximum use of the power
saving capabilities of the uC. For further information
please refer to low power modes.

Priority Function Locatedin | Max.Length | Interru
ROM at [ROM bytes] Opcode

INT7  |Software interrupt 1EOh >24 FCh
INT6 Software interrupt 1COh 32 F8h
INTS Software interrupt e 180h 64 B FOh
INT4 | Prescaler interrupt 140h 64 E8h
INT2 __ |Softwareinterrupt | 0COh 64 D8h
INT1  |External hardware interrupt negative edge triggered 080h 64 DOh
. j(port51,52) . .
INTO Software interrupt 040h 64 C8h

Rev. Al:26.06.1995
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STOP mode?

Hardware interrupt

Wake up oscillator

v

Generate power
on-reset

!

Start SRESET -

routine

!

Application
program

SLEEP mode?

Wakeup CPU

I Software interrupt I

Decode interrupt &
set INT x pending bit

Priority decode:
pending INT > active INT?

Set INT x active bit

!

Execute INT x
opcodes

T
A

Continue the
active INT routine

INT routine finished
(RTI)

!

Reset corresponding
active & pending bit

Pending

register empty
9

SLEEP/STOP
mode

Figure 10. Interrupt flow chart

94 9048
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INT7 \I

INT7 active

RTI
INTS\]

JINTS active

lNTS\l

INT3 active

INT2

Priority level
e

w
.
T

Main /
Autosleep

RTI

RTI

INT2 active

RTI
SWI0

INTO active

RTI

Main/ [¢
Autosleep )

Time

94 8978

Figure 11. Interrupt processing

3.2.1

The integrated interrupt controller samples all interrupt
requests and latches these in the interrupt pending regis-
ter. It also decodes the priority of the interrupt requests,
and signals the pwC when a higher priority interrupt
requests is present. If the pC (with interrupts enabled)
receives the interrupt controller’s signal, an interrupt
acknowledge cycle will be entered. During this cycle, the
uC saves the current PC on the return stack and loads the
PC with the start address of the corresponding interrupt
service routine. When the uC is in the SLEEP mode, it
will be activated by any hardware interrupt, by the means
of wake-up the CPU and decoding the interrupt.

Interrupt Handling

Using the MARC4 way of interrupt transmission, it is
possible to transmit more than one interrupt at the same
time. The transmitted interrupts are loaded into the inter-
rupt pending register asynchronously. The priority
decoder determines the interrupt with the highest priority
and activates it as shown in figure 11. If the pC was in
stop-mode any interrupt will start the oscillator. This will
generate a reset and starts the SRESET routine.

3.2.2

The interrupt latency is the time from the falling edge of
the interrupt to the interrupt service routine being acti-

Interrupt Latency

vated. This time is between threc or five instruction
cycles depending on the state of the core. The highest
frequency which can be reasonably handled on the duty
cycle of the application.

3.2.3

Software interrupts are executable instructions which are
supported by predefined macros named SWI 0 through
SWI 7. The software triggered interrupts operates exactly
like any hardware triggered interrupt.

3.24

Any of the input port 51 and 52 may generate an interrupt
level 1 (see figure 5). The INT1 is negative edge triggered
and has Schmitt-trigger characteristics.

Software Interrupts

Hardware Interrupts

3.3 Prescaler Interrupt

The programmable prescaler is usually driven by an inter-
nal frequency of 31.25 kHz. The prescaler consists of a
stage divider chain. This divider chain offers an interrupt
source with the priority level 4. The prescaler module
powers up in the reset condition which corresponds to
control code Fh. The prescaler interrupt (INT4) has 15
programmable taps from 15.625 kHz down to 1 Hz. They
are selectable by writing a value of E...0 into the control
register at port address 15.

Rev. Al: 26.06.1995
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Table 2. Selectable interval times for the prescaler

331

When the microcontroller enters the SLEEP mode, the
core clocks are halted. While the 4 MHz oscillator and
prescaler remain active, all pC actions are suspended.
The microcontroller exists in the SLEEP mode when an
interrupt is generated by the prescaler (in addition to a
logic low on an external interrupt (INT3), port 50, 51, 52
input pin (INT1), or an external reset).

34

T w vy vy

Prescaler during SLEEP Mode

Low Power M

odes

Two low power consumption modes of operation are
available: SLEEP and STOP mode. These operating
modes are initiated by executing the SLEEP instruction.

Note: The SLEEP instruction is not a normal instruc-
tion as its function is depended on the state of the
interrupt pending register. SLEEP is therefore
available for use within the SAUTOSLEEP rou-

tine only.

34.1  SLEEP Mode

By executing the SLEEP instruction (in the $AUTO-
SLEEP routine) the microcontroller enters a low power
consumption mode. In this SLEEP mode, the program-
mable prescaler remains active, while the internal
uC-clock is turned off causing all core processing to be
stopped. It can only be kept when none of the interrupt
pending or active register bits are set.

During the SLEEP mode, the I bit in the condition code
register (CCR) is set to enable all interrupts. All other

Control Code Port Address 15 Interrupt Frequency fc/n ! fc = 31.25 kHz Time Interval
F - | reset & hold compl. presc. |
E n=2! 64 us
D n=22 128 us
e a2 Wous
B =2 N stz
A n=25 1.024 ms
a 9 n=20 o 2048ms
8 n=27  4.096 ms ]
7 n=28 . 8192ms
6 n=2 ledsams
5 n=210 32.769 ms
4 n=2l 655%6ms
3 =202 131.072ms
. 2 n=2" 2e2044ms
1] =24 524.288 ms
0 n=215 - ~ 1.048s N

registers, memory, and parallel input/output lines remain
the same. The 4 MHz oscillator is not switched off, but the
prescaler may be disabled by the application program.
This mode will continue until any interrupt or reset is
sensed. At this time the event is decoded and the program
counter is loaded with the corresponding starting address
of the interrupt or reset service routine.

The MARC4 unique AUTOSLEEP feature allows the uC
to enter the SLEEP mode automatically when the lowest
priority interrupt service routine has been completed.

The SLEEP mode is a shutdown condition which is used
to reduce the average system power consumption in
applications where the uC is not fully utilised (figure 13).
Using SLEEP and interrupts, the full computational
speed of the core is always available. In this way, power
is only consumed when needed, allowing the pC to run in
high speed bursts from a weak supply (battery, capacitor,
or even a solar cell).

Calculating the average power consumption

The total power consumption is directly proportional to
the active time of the pC. For a rough estimation of the
expected average system current consumption, the
following formula should be used:

Isys =IsLe + (Ipp X Taciive/ Trotal )
34.2 STOP Mode
The lowest power consumption mode of the microcon-
troller is entered with the STOP operation. The current

consumption of the uC (without external loads) will be
reduced to | pA.

142
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The STOP mode can be implemented by switching off  and all I/O lines remain unchanged. This continues until
power supply of 4 MHz oscillator. This can be done with  an external interrupt or reset is decoded. After an external
a combination of INRUN (BP42 = "LOW”) and SLEEP. interrupt or reset the 4 MHz oscillator starts and generates
During the STOP mode, the I bit in the CCR is set to & reset signal. The program counter is loaded with the
enable external interrupts. All other registers, memory, ~ feset service routine

Low activity example:

Interrupt Interrupt Interrupt
! _ Active | _ Active Active
v k Y ;kr v LS
Activity B o WVSVleep } | VSlf.erp
Power o j‘[- KY o E l Average power e -
High activity example:
Interrupt Interrupt
| Active | . Active
- -
i |
Activity | Sleep |
Power ) : Average power Y ) - ! ,

94 9050

Figure 12. Average system power consumption and duty cycle
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4  Electrical Characteristics

4.1 Absolute Maximum Ratings
All voltage are given to Vss. The circuit is protected against supply voltage reversal for 5 min. typ. @I;,x = 100 mA.
Parameters Symbeol Value Unit
 Supply voltage B Vbp . 703w0+7.0 A
Input voltage (on any pin) VIN Vgs-0.3< VN A%
I Vpp+0.3 L
Output short circuit duration ) | thor | indefinite | sec
Operating temperature range - Tamb —40to +85 ~°C
Storage temperature range - Tae —40w0+130 | °C |
Thermal resistance (PLCC) Rinja 110 v Kw
Soldering temperature (t<10 sec) Tw | 200 | °C

Absolute maximum ratings define parameter limits
which, if exceeded, may permanently change or damage
the device is required. All inputs and outputs are highly
protected against electrostatic discharges. However,
precautions to minimize the built-up of electrostatic
charges during handling.

4.2 DC Operating Characteristics

For proper operation it is recommended that Viy and
Vour be limited to the range:

Vss<(Vinor Vour) < Vpp

Supply voltage Vpp =2.410 6.2 V, Vgs =0V, Tymp = +25°C unless otherwise specified.

4.2.1 Supply Currents
Parameters Test Conditions / Pins ] Symbol Min. Typ. Max Unit
Supply current active mode | Vpp=24YV Ipp 0.5 0.7 mA
'Vpp=62V ] ] 2.7 32 mA
Supply current SLEEP Vpp=24V IsLe 100 130 HA
mode B Vpp=62V 600 | 750 | uA
| Supply current STOP mode |Vpp =24V Istp 0.08 0.1 HA
! |Vpp=6.2V 05 | 08 UA
Input voltage pad TE, port 0, 1, 5
Parameters Test Conditions / Pins Symbol Min. Typ. Max Unit
Input voltage LOW Vpp=241t062V ViL Vss 0.2 x \%
Vbp ]
Input voltage HIGH Vpp=24t062V VIH 0.8 x Vpp \%
Vo ol
4.2.2 Power-on Reset (POR)
Parameters Test Conditions / Pins Symbol | Min. Typ. Max. Unit
POR voltage v Vpor | 15 23 v
POR voltage hysteresis AVPpoR 100 mV
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TEMIC
TELEFUNKEN Semiconductors M43 C 20 1

4.2.3  DC Electrical Characteristics, Vpp = 2.4 V @ 25°C

Parameters [ TestConditions /Pins | Symbol | Min. | Typ. | Max. | Unit
Pad TE - S BTy - - - . - P - - - e
Input current Viu= Vbp Iy 1.1 5.0 A
n-channel
pull-down
Bidirectional ports 0.0 - 0.3 and 1.0 - 1.2 e
Input current Viu=Vpp Iiy 1.1 5.0 A
n-channel
pull-down
Output current VoL = Vss+0.5V IoL 0.7 2.6 mA
n-channel
pull-down
Output currenl Vou = Vpp-0.5V Ion -0.6 -2.0 mA
p-channel
pull-up

— S S L —

Input current VL = Vss L | 08 5.3 HA
p-channel
pull-up

Output current VoL = IoL 0.7 2.6 mA

n-channel
.5
pull-down Vss+0.5V

Output current Vou = lon | -06 -2.0 mA

p-channel . | | ‘
pull-up Vop-0-5V i ' |

Input port 5.1and 5.2 v o
Input current ViL = Vss I -6.1 -38.2 nA

p-(_‘hannpl

| pull-up ; |

4.2.4 DC Electrical Characteristics, Vpp = 6.2 V @ 25°C
Pad TE

Input current Vig = Vpp Iy 8.2 362 | uA
n-channel
pull-down -
Bidirectional ports 0.0 - 0.3 and 1.0 - 1.2 i
Input current Vig = Vbpp Iy 8.2 36.2 A
n-channel
pull-down ] ] )
Output current VoL = Vss +1.3V IoL 5.0 13.0 mA
n-channel
pull-down -
Output current Vou = Vpp-1.3V Ion -5.0 -14.0 | mA
p-channel
pull-up - \
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Parameters

| TestConditions/Pins | Symbol | Min. | Typ. | Max. | Unit |
Bidirectional port 1.3 ) -
Input current ViL = Vss I -8.0 -51 HA
p-channel
pull-up B . — -
Output current VoL = Vss +1.3V IoL 5.0 13.0 mA
n-channel
pull-down —
Output current Vou = Vpp-1.3V Ion -5.0 -14.0 mA
p-channel
pull-up - B
Input port5.1and5.2 S
Input current Vi = Vss IiL -58 -366 @ uA
p-channel
pull-up . S
4.2.5 Oscillator
Parameters Test Conditions / Pins Symbol | Min. Typ. | Max. Unit
Frequency |CL=1pF f 4.0 MHz
Integrated input capaci- CiN 10 pF
tance o —
Integrated output capaci- Cout 10 pF
| tance ) |
Start-up time quartz Vpp=24V™ tsQ | 8 90 ms
Vpp=3.0V™ 4.5 10 ms
e VDD =50V ") 2.5 4 ms
Start-up time ceramic Vpp =24V ™) tsc ! 250 — ; us
| Vpp=3.0V 3 150 300 | s
L . Vpp=s50v™ 150 160 | us
*) Measured with a typical quartz **) Ceramic
C;=32fF Cy=44pF
L} =490 mH L;=385uH
R} =40 R; =82
Cp=14pF Cp=36.3 pF
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4.3 1/0 Port Characteristics

0.0 6
-0.5 , max.
min. ,/ 5
-1.0
4
A
U I S / 2 4
é typ ,/ £ typ.
e 2.0 d 3 /
=
[ <] L—
= 55 =
/ 24— / / . —
-3.0 A /// min.
35T Vpp=24V ! > T Vpp=24V
— Tamb = 25 °C Z Tamb = 25°C
-4 L 0 |
-2.5 -2.0 -1.5 -1.0 0.5 0.0 0 0.5 1.0 1.5 2.0 25
949051 Vou-Vpp (V) 94 9054 VoL(V)
Figure 13. P-channel source current Figure 16. N-channel sink current
0 12
-l max
5 ,/ 10 // :
3 min. // /
- / - 3 t
z 4 = / ¥p-
E 5]
CE dvi E AL T
X -
S typ. RS / / .
min.
B W4
. 2 A //
9 Vpp=3.6V ¢ %/ Vpp=3.6V
_ T, =25°C T, =25°C
max. — amb amb
10 ] ! I 0 ! !
-4 35 -3.0 -25 -20 -1.5 -1.0 -0.5 0.0 0 05 10 15 20 25 30 35 40
94 9052 Vou-Vpp( V) 949055 VoL (V)
Figure 14. P-channel source current Figure 17. N-channel sink current
0 / 30
max.
-5 25 ,/ :
_10 | _min. /J 20 / yp.
< < g
E / E
e -15 / - 15 - //
L typ. / // 2 p, min.
20 10 |- / /,
. ).V |
-25 7 Vpp =62V 5 7 Vpp =62V
MAX. |’ Tamb = 25°C Tamb = 25°C
_30 I ] 0 ! L
-6 -5 —4 -3 -2 -1 0 0 1 2 3 4 5 6
949053 Vou-Vpp(V) 94 9056 VoL (V)
Figure 15. P-channel source current Figure 18. N-channel sink current
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8
7
e -
E s :
S
=
g 4
f=3
2 3 Y.
E /
2 7
. / Vou =08 X Vpp
Tamb = 25°C
0 | I I |
2 25 30 35 40 45 50 55 60 65
94 9057 Vpp (V)

Figure 19. Standardized p—chaﬁnel source vs. Vpp

140

130 N

120

110

100 N
N
90 \

‘\
80 i !

\\\

IOH standardized ( % )

70

60
—40 =20 0 20 40 60 80 100 120 140

94 9059 Temperature ( °C )

Figure 21. Standardized p-channel source current vs. ambient
temperature

8 140
7 - 130
3 ° —t s 120 \\
Z‘gs 5 — // g 10 \
s / i \\
2 4 7 g 100 N
I / c
&) <
2 3 A = 90
= ~ 3 N
2 1 ~ 80 N
rd N
| VoL =02 X Vpp 70
Tamb = 25°C I
0 L | L | 60
2 25 30 35 40 45 50 55 6.0 65 —40 -20 0 20 40 60 80 100 120 140
949058 Vop (V) 949060 Temperature ( °C )
Figure 20. Standardized n-channel sink Figure 22. Standardized n-channel sink current vs. ambient
current vs. Vpp temperature
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0 6 T T
o fmin | > Voo =24V
: 5| Tamp =25°
~10 / / o max.
>

~ 5 Lup. ~ 4

< 7 <

ST - S S

= / z /

-~ - typ.
25 |—- s // P yp
-30

o Vpp=24V 1 //
35 |nax. pp=2d V] ~ min.
/, Tamb =25°C
-40 I L 0
0 0.4 0.8 1.2 1.6 20 24 0 0.4 0.8 1.2 1.6 20 24
94 9067 ViL(V) 95 10157 ViH(V)
. Figure 26. All PINs with pull-down:
Figure 23. PIN IP5x: p-channel source current n-channel sink current
0 L . — T
. Vpp=36V max.
min. -
-15 o 1 o =25°C
30 2y ' '
t o -

~ 45 YP- Z 10

< =

: / Z

g -60 - £ P
= - 6
-75 - i ~
4
-90 =N / .
105 |max, Vpp=36V _| 2 A oun
e Tamb = 25°C é
-120 I — 0 ‘
0 04 08 12 16 20 24 28 32 36 0 04 08 12 16 20 24 28 32 36
94 9068 ViL(V) 95 10158 Vig(V)
Figure 27. All PINs with pull-down:
Figure 24. PIN IP5x: p-channel source current n-channel sink current
40
0 T T
. Vpp=62V
min. 35+ o
-50 / / Tamb = 25°C /' max.
7/ o T

R iR
js)(o) / 15 /l/ typ.
-300 S — / 10 /

I (WA)

L (nA)

350 L™ — Vop=62V _| 5 - min
- Tamb = 25°C 0
400 1l
0 1 5 3 4 5 6 0 1 2 3 4 5 6
94 9069 VL (V) 95 10159 Vi (V)
Figure 28. All PINs with pull-down:
Figure 25. PIN IP5x: p-channel source current n-channel sink current
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8 T T T 140 T T
Vin = Vpp L P | Vm=Vop
T Tum=25°C /’ 130
B ~ N
3 ¢ | — s 120 \
?‘E 5 § 110 \‘
z 3
g 4l - E 100 - -
& E N
2 3 - v _— g 90 ~— s
oo} - n
= = |
— B e = ] \\
2 e 80 {1
|
1 70 :
0 60 ‘
2 25 30 35 40 45 50 55 60 65 —40 20 0 20 40 60 80 100 120
95 10160 Via(Vv) 95 1062 Temperature ( °C )

Figure 29. Standardized p-channel source current vs. Vpp

Figure 31. Standardized p-channel source current vs. ambient

temperature
10— 140 I
9F V=0V +— 130 ViL=Vpp
g | Tamn=25°C |
5 B | .4 < 120 !
s 7 < \\]
E 6 / L] 3 110 |-
b=} N \
= =
g s g 5 100 L |
(% 2 \
= 4 N g 90 4NN
S 03 - - = NN
/' — 80 —
2
) 70
0 60
2 25 30 35 40 45 50 55 6.0 65 —40 =20 0 20 40 60 80 100 120
95 10161 Vpp (V) 95 10263 Temperature ( °C )
Figure 30. Standardized n-channel sink Figure 32. Standardized n-channel sink current vs. ambient
current vs. Vpp temperature
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5  Characteristics of the On-Chip Quartz / Ceramic Oscillator

Equivalent Circuit of the Quartz and Ceramic Resonator

Symbol

Ekquivatent circuit

— ﬂim—

The criteria for oscillation depends on R1 and CO Follow-
ing diagrams show the equivalent quartz circuits over
temperature range —40 to +125°C for two different values
of Vpp..The figure below shows the maximal values of

10 1
o \ T
\ Criteria for
8 oscillation does —
7 \ not exist
\
—~ 6
o9
g s \\\
o 4 \‘
o Permitted values for the
3t equivalent parameters ~
2 | Rl and CO of the quartz ~
1 1
X typ quartz
0 i L i A
0 15 30 45 60 75 90 105 120 135 150
95 10164 R (Q)
Figure 33. VDD =24V
Y ]
Criteria for
16 oscillation does —
\ not exist
= 12 N
a
8" 8
Permitted values for the
equivalent parameters \
4 | R1 and CO of the quartz —
[ |
X worst case quartz
O n I L
0 100 200 300 400 500
95 10165 R1;(Q)

Figure 34. Vpp=3.0V

Rt €Ly
C

0

the equivalent circuit of the ceramic-resonator which are
necessary to start up by Vpp = 3.0 V and ambient temper-
ature range from —40 to +125°C. For this test a resonator
CSAC4.00 MURATA) was used.

60
L
|
50 Criteria for ~ __|
oscillation does
not exist
40 \
o X typ resonator
[=%
-~ 30— —X
. N
© ol \\
10 |~ Permitted values for the \‘
t‘q!!‘:\ ent pummcl:r.x
R1 and CO of the quartz ‘
0 L L L
0 5 10 15 20 25 30
95 10266 R1; ()
Figure 35. Vpp =24V
T [T T
70 Criteria for
oscillation does
60 |- not exist ]
50
c
S 20— ™S
& X typ resonator \\
& Wl
20 |— Permitted values for the
equivalent parameters
10 — R1 and CO of the quartz
Y S I
0 5 10 15 20 25 30 35 40 45 S0
de 200-30 RI; ()

Figure 36. Vpp=3.0V

Note: For pc-board design place the quartz or ceramic
resonator nearby the pins. It makes you sure that
the parasitic capacities are low (< 0.5 pF).
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6 Characteristics of the Schmitt-Trigger Inputs

70 T BT T T T
65 | Tamb= 25°C Tamb = 25°C ‘ 1
) max. 20 [ B N .
60 i/‘ . - 1
YP.
55 F_’_f’ o 1 S l// if_,_
/ min g [ !
T — \
w,_‘. 50 - >:I: / ‘
S 7 10 |—4 | —
|
40 b— —] | |
5 ‘ |
35 — - i
30 0 |
2 3 4 5 6 2 25 30 35 40 45 50 55 6.0 65
9510168 Vpp (V) 9510270 Vpp (V)
Figure 37. Voltage switch level for positive edge Figure 39. Hystereses in percent of supply voltage vs. Vpp
trigger vs. Vpp
70 ‘ 140 , : 1
b = 25° |
o5 |- Taw=2C L 130 L
v
60 —_ 120 7
55 —1- — 110 ST
- |
| |
2 50 — =100 ,/ -
s max| | > 9 - B —
t d
40 i 80 ;
} |
35 - min.| | 70 | ; 1 —1 ]
30 60 |
2 3 4 5 6 —40 20 0 20 40 60 80 100 120 140
95 10169 Vpp (V) 9510171 Temperature ( °C )
Figure 38. Voltage switch level for negative edge Figure 40. Typical switch level vs. ambient temperature

trigger vs. Vpp.

Note: The values of min., typ. and max. for the positive ~ Note: For recognize a input pulse a minimum pulse
or negative edge trigger are matched. time of 50 ns is necessary. The transition time
must be < 10 ns.
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7  Ordering Information
Pin options

Please select the option setting from the list below.

M43C201

IP40-INT6

IP41-TA
1P42-TB

1P43

NWP

TE. -

ROM code
Please insert ROM CRC.

Size:

KByte

Approval

Date:

Signature:

CRC:

hex

Rev. Al: 26.06.1995
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MARC4 - 4-bit Microcontroller

The M44C260 is a member of the TEMIC family of 4-bit single chip microcontrollers. It contains ROM, RAM,
EEPROM, parallel 1/O ports. 1 timer with watchdog function, 2 X 8/16-bit multifunction timer/counter and the on-chip
clock generation.

Features Benefits

® 4-bit HARVARD architecture o Low power consumption
® | us instruction cycle

® 4K X 8-bit application ROM
® 256 x 4-bit RAM

® 16 x 8-bit EEPROM o Self test functions

® Power down mode < 1 pA

® 2.4106.2V supply voltage

® 16 bidirectional I/0’s ® High level programming language in gFORTH
® 8 hard and software interrupt levels

® 2 X 8-bit multifunction timer/counter

® Interval timer with watchdog

® 32 kHz on-chip oscillator

NWP VSS VDD NRST TE TCL OSCIN OSCOoUT
- 1 | ‘ ‘
I v
Reset Test Clock
Sleep 7
‘ Timer 1 Timer 2
ROM RAM
4k x 8bit 256 x 4bit
EEPROM Timer B |[¢—
16 x 8bit ) ]
MARC4 Intervall i
i Ti A 1"
4-bit CPU core timer L tmer

T Tww 1T 1
T 0 1T 1T 1 1T

<
<_~

Interrupt Input

/0 1/0 /0 /o inpu[sp port 4

i T = Lj} T T 9

L ¢

t ‘ "_-——‘ INT6

d L
35 <5 < Ry '
Port 0 Port 1 Port 2 Port 3 P40 IP43 TA TB e

Figure |. Block diagram

154 Rev. Al: 19.06.1995

Preliminary Information



TEMIC

TELEFUNKEN Semiconductors

M44C260

BPO2 [1] ~ 28 BPOI
BP03 [2] 27 BPOO
NwWP 2d BP33
TE 73 BP32
0SC IN 24 BP31
oscour [g] 3 BP30
vop [7] M44C260 [23 vss
NRST [g] 21] TCL
BP20 [9] 20 IP40-INT6
BP21 [i9 19 1P41-TA
BP22 [1] 1§ 1P42-TB
BP23 [17 1P43
spio [13 [1d BP13
BRI E BP12 94 8972

Figure 2. Pin connections

Table 1. Pin description
Vbb Power supply voltage +2.4 to +6.2 V B ]
Vss Circuit ground B
B}’QU BR()S 4 bidirectional /'O __llr)es of port O o - B |
BP10-BP13 |4 bidirectional I/O lines of port 1 x e o 74;
LBPZO BP23 |4 bidirectional /O lines of port 2 * -
] | BP30 - BP33 4 bidirectional I/O lines of port 3 with alternate interrupt function.
{ | A negative transition on BP30/BP31 requests an INT2-, and on BP32/BP33 an INT3-interrupt if
1 . | the corresponding interrupt-mask is set. -
IP40-INT6 | Input port 40 line/interrupt 6 input *
A negative transition on this input requests an INT6 interrupt if the IM6 mask bit is set.
1P41-TA Timer/counter I/O/Input port 41 line *
This line can be used as programmable I/O of counter A or as port 41 input..
IP42-TB Timer/counter I/O/mput port 42 line * o
This line can be used as programmable 1/O of counter B or as port 42 input.
P43 ‘Input port 43 line *) -
NWP  |EEPROM write protect input, a logic low on this input protects EEPROM ro rows 12to 15.
OSCIN | Oscillator input (32-kHz crystal). B |
OSCOUT | Oscillator output (32-kHz crystal).
lNRST Reset input/output, a logic low on this pm resets the device. An internal watchdog reset is
indicated by a low level on this pin.
TCL External system clock I/O. This pin can be used as input to provide the C with an external clock
or as output of the internal system clock.
TE Testmode input. This input is used to control the test modes and the function of the TCL pin.

The /O ports have CMOS output buffers. As input they are available with pull-up or pull-down resistors.

Please see the order information.

Rev. Al: 19.06.1995
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1 MARC4 Architecture

1.1 General Description

Reset

Program

memory |

[

|
|
Instruction

bus < :

MARC4 CORE

RAM

256 x 4-bit

Memory bus 10
I TOS

On—chip peripheral modules

94 8972

Figure 3. MARC4 core

The MARC4 microcontroller consists of an advanced
stack based 4-bit CPU core and on-chip peripherals. The
CPU is based on the HARVARD architecture with physi-
cally separate program memory (ROM) and data memory
(RAM). Three independent buses, the instruction bus. the
memory bus and the I/O bus are used for parallel commu-
nication between ROM. RAM and peripherals. This
enhances program execution speed by allowing both
instruction prefetching. and a simultaneous communica-
tion to the on-chip peripheral circuitry. The integrated
powerful interrupt controller with eight prioritized inter-
rupt levels, supports fast processing of hardware events.

The MARC4 is designed for the high level programming
language qFORTH. The core contains both FORTH
stacks. expression stack and return stack. This architec-
ture allows high level language programming without any
loss in efficiency or code density.

1.2 Components of MARC4 Core
The core contains ROM. RAM. ALU., program counter.

RAM address register. instruction decoder and interrupt
controller. The following sections describe each of this
parts.

1.2.1 Program Memory (ROM)

The program memory (ROM) is mask programmed with
the customer application program during the fabrication
of the microcontroller. The ROM is addressed by a 12-bit
wide program counter. thus limiting the program size to
a maximum of 4 Kbytes. An additional 1 Kbyte ROM is
available for test software only.

The user ROM starts with a 512 byte segment (zero page)
which contains predefined start addresses for interrupt
service routines and special subroutines accessible with
single byte instructions (SCALL). The corresponding
memory map is shown in figure 4.

Look-up tables of constants can also be held in ROM and
are accessed via the MARC4's built-in TABLE instruc-
tion.
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FFFh
Program
memory
(4K x 8-bit)
3FFh
Self test
bank (1k)
IFFh
Zero page 000h
000h

irsh [
IFOh
IE8h
EOh | iEoh — INT7
‘ ———— 1Coh — INT6
g | . 180h — INTS
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008h 008h — SRESET
000h 000h — $AUTOSLEEP 04 8974

Figure 4. Progam memory map

1.2.2 Data Memory (RAM)

The MARC4 contains 256 x 4-bit wide static random ac-
cess memory (RAM). It is used for the expression stack,
the return stack and data memory for variables and arrays.
The RAM is addressed by any of the four 8-bit wide RAM
address registers SP, RP, X and Y.

® Expression Stack

The 4-bit wide expression stack is addressed with the ex-
pression stack pointer (SP). All arithmetic, I/O and
memory reference operations take their operands from,
and return their result to the expression stack. The
MARC4 performs the operations with the top of stack
items (TOS and TOS-1). The TOS register contains the

(256 x 4-bit)
Autosleep
s i N

top element of the expression stack and works like an
accumulator. This stack is also used for passing parame-
ters between subroutines, and as a scratchpad area for
temporary storage of data.

® Return Stack

The 12-bit wide return stack is addressed by the return
stack pointer (RP). It is used for storing return addresses
of subroutines. interrupt routines and for keeping loop in-
dex counts. The return stack can also be used as a
temporary storage area.

The MARCA4 instruction set supports the exchange of data
between the top elements of the expression stack and the
return stack. The two stacks within the RAM have a user
definable location and maximum depth.

Expression stack

30
'ros«lﬁ Sp
Global TOS-2
"7 variables —
g
|5 ~4-bit—~
Z
‘B0
e
2 _ Expression Return stack
9 stack
j 11 0
3 . —RP
eturn
<E: ——— stack | :
4 T ___ Global e
~07n variables N S —
|03k — 12-bit——

94 8975

Figure 5. RAM map
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1.2.3  Registers
11 0
pc[ """ " " " | Program counter

7 0

RP| ' "0 0| Returnstack pointer
T ' 0

SP I Gt TR ’ Expression stack pointer
7 0

X l ' J RAM address register (X)
7 T T T T T 0

Y ; . } RAM address register (Y)

L L L 1 L i

3 0
Tos[ |

Top of stack register

3 0
CCR|IC —B 1 Condition code register

Interrupt enable
Branch
Unused

[ —

Carry / borrow

94 8976

Figure 6. Programming model

The MARC4 controller has six programmable registers
and one condition code register. They are shown in the
following programming model.

® Program Counter (PC)

The program counter (PC) is a 12-bit register that contains
the address of the next instruction to be fetched from the
program memory. Instructions currently being executed
are decoded in the instruction decoder to determine the
internal micro operations. For linear code (no calls or
branches) the program counter is incremented with every
instruction cycle. If a branch-, call-, return-instruction or
an interrupt is executed the program counter is loaded
with a new address. The program counter is also used with
the TABLE instruction to fetch 8-bit wide ROM
constants.

RAM address register

The RAM is addressed with the four 8-bit wide RAM
address registers: SP, RP, X and Y. These registers allow
access to any of the 256 RAM nibbles.

® Expression Stack Pointer (SP)

The stack pointer (SP) contains the address of the next-to-
top 4-bit item (TOS-1) of the expression stack. The
pointer is automatically pre-incremented if a nibble is

moved onto the stack or post-decremented if a nibble is
removed from the stack. Every post-decrement operation
moves the item (TOS-1) to the TOS register before the SP
is decremented. After a reset the stack pointer has to be
initialized with ” >SP $xx ” to allocate the start address
of the expression stack area.

® Return Stack Pointer (RP)

The return stack pointer points to the top element of the
12-bit wide return stack. The pointer automatically pre- -
increments if an element is moved onto the stack or it
post-decrements if an element is removed from the stack.
The return stack pointer increments and decrements in
steps of 4. This means that every time a 12-bit element is
stacked, a 4-bit RAM location are left unwritten. These
location are used by the gFORTH compiler to allocate
4-bit variables. After a reset the return stack pointer has
to be initialized with ” >RP FCh .

® RAM Address Register (X and Y)

The X and Y registers are used to address any 4-bit item
in the RAM. A fetch operation moves the addressed
nibble onto the TOS. A store operation moves the TOS to
the addressed RAM location. Using either the pre-incre-
ment or post-decrement addressing mode arrays in the
RAM can be compared, filled or moved.
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® Top Of Stack (TOS)

The top of stack register is the accumulator of the
MARCA4. All arithmetic/logic, memory reference and 1/O
operations use this register. The TOS register gets the data
from the ALU, the program memory, the RAM or via the
1/0 bus.

® Condition Code Register (CCR)

The 4-bit wide condition code register contains the
branch, the carry and the interrupt enable flag. These bits
indicates the current state of the CPU. The CCR flags are
set or reset by ALU operations. The instructions
SET_BCF, TOG_BF, CCR! and DI allow a direct
manipulation of the condition code register.

Carry/Borrow (C)

The carry/borrow flag indicates that borrow or carry out
of arithmetic logic unit (ALU) occurred during the last
arithmetic operation. During shift and rotate operations
this bit is used as a fifth bit. Boolean operations have no
affect on the C flag.

Branch (B)

The branch flag controls the conditional program branch-
ing. When the branch flag was set by one of the previous
instructions a conditional branch is taken. This flag is
affected by arithmetic, logic, shift, and rotate operations.

Interrupt Enable (I)

The interrupt enable flag enables or disables the interrupt
processing on a global basis. After reset or by executing
the DI instruction the interrupt enable flag is reset and all
interrupts are disabled. The pC does not process further
interrupt requests until the interrupt enable flag is set
again by either executing an EI, RTI or SLEEP instruc-
tion.

124 ALU

The 4-bit ALU performs all the arithmetic, logical. shift
and rotate operations with the top two elements of the ex-
pression stack (TOS and TOS-1) and returns its result to
the TOS. The ALU operations affect the carry/borrow and
branch flag in the condition code register (CCR).

—{ TOS-1
TOS-2
TOS-3

TOS4

94 8977

Figure 7. ALU zero address operations

1.2.5

A MARCH4 instruction word is one or two byte long and
is executed within one or four machine-cycles. A
machine—cycle consists of two system clocks (SYSCL).
The MARC4 is a zero address machine. Most of the
instructions are one byte long and are executed in only
one machine—cycle. The CPU has an instruction pipeline,
this allows the controller to fetch the next instruction from
program memory at the same time as the present instruc-
tion is being executed. For more informations see section
"MARCH4 Instruction Set Overview”.

Instruction Cycles

1.2.6 I/0 Bus

The I/O ports and the registers of the peripheral modules
(timer 1, timer 2, EEPROM) are I/O mapped. The com-
munication between the core and the on-chip peripherals
takes place via the I/O bus and the associated I/O control
bus. These buses are used for different functions: for read
and write accesses, for the interrupt generation, to reset
peripherals and for the SLEEP mode. With the MARC4
IN-instruction and OUT-instructions the I/O bus allows a
direct read or write access to one of the 16 I/O addresses.
More about the I/0 access to the on-chip peripherals is de-
scribed in the section “"Peripheral modules”.

The 1/0 buses are internal buses and are not accessible by
the customer on the final microcontroller device, but they
are used as the interface for the MARC4 emulation (see
also the section “Emulation”).

Rev. Al: 19.06.1995
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1.2.7

The MARC4 can handle interrupts with eight different
priority levels. They can be generated from the internal
and external interrupt sources or by a software interrupt
from the CPU itself. Each interrupt level has a hard-wired
priority and an associated vector for the service routine in
the ROM (see table 2). The programmer can enable or dis-
able interrupts all together by setting or resetting the
interrupt enable flag (1) in the CCR.

Interrupt Structure

Interrupt processing

For processing the eight interrupt levels the MARC4 con-
tains an interrupt controller with the 8-bit wide interrupt
pending and interrupt active register. The interrupt con-
troller samples all interrupt requests during every non-l/O
instruction cycle and latches them in the interrupt pend-
ing register. If no higher priority interrupt is present in the
interrupt active register it signals the CPU to interrupt the
current program cxecution. If the interrupt enable bit is
set the processor enters an interrupt acknowledge cycle.
During this cycle a SHORT CALL instruction to the ser-

INT7 \J

vice routine is executed and the current PC is saved on the
return stack. An interrupt service routine is finished with
the RTI instruction. This instruction sets the interrupt en-
able flag, resets the corresponding bits in the interrupt
pending/active register and fetches the return address
from the return stack to the program counter. When the in-
terrupt enable flag is reset (interrupts are disabled), the
execution of interrupts is inhibited but not the logging of
the interrupt requests in the interrupt pending register.
The execution of the interrupt will be delayed until the in-
terrupt enable flag is set again. But note that interrupts are
lost if an interrupt request occurs during the correspond-
ing bit in the pending register is still set. After the reset
(power-on, external or watchdog reset). the interrupt en-
able flag and the interrupt pending and interrupt active
register are reset.

Interrupt latency

The interrupt latency is the time from the falling edge of
the interrupt to the interrupt service routine being acti-
vated. In the MARC4 this takes between 3 to 5 machine
cycles depending on the state of the core.

7 T INT7 active
INTS kn
of |
—
S 5T INTS active
=2 RTI
- INT3
=471
i
=]
‘= 3 INT2
A JINT3 active
RTI
2+ INT2 active
RTI
14 SWIO
0 T INTO active
RTI
Main / Main / (
Autosleep Autosleep )
Time
94 8978
Figure 8. Interrupt handling
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Table 2. Interrupt priority table

Interrupt Priority Vector Interrupt Opcode Function
- Address (Acknowledge)
[INTO lowest 040h C8h (SCALL 040h) Software interrupt (SWI0)
INTI 080h | DOh(SCALL 080h) | EEPROM writeready o
INT2 0COh | D8h (SCALL 0COh) External hardware mlerrupl
I } Ineg.edgeat BP30orBP31
INT3 100h | EOh(SCALL 100h)  |External hardware interrupt.
| >neg edge at BP32 or BP33
INT4 ~ 140h | E8h(SCALL 140h)  Timer I interrupt - ]
INTS | 180h | FOh(SCALL 180h)  |Timer 2 interrupt N
’ INT6 1COh | F8h (SCALL ICOh) ‘Exlemdl hardwaru interrupt, neg. edge at ¢
| ‘ [P40 pin ;
~INT7 highest 1EOh 'I FCh (SCALL 1EOh) 1SOfthre interrupt (SWI17) }

Software Interrupts

The programmer can generate interrupts using the soft-
ware interrupt instruction (SWI) which is supported in
qFORTH by predefined macros named SWIO to SWI7.
The software triggered interrupt operates exactly like any
hardware triggered interrupt. The SWI instruction takes
the top two elements from the expression stack and writes
the corresponding bits via the 1/O bus to the interrupt

Table 3. Hardware interrupts

pending register. Thus using the SWI instruction, inter-
rupts can be re-prioritized or lower priority processes
scheduled for later execution.

Hardware Interrupts

In the M44C260 are eleven hardware interrupt sources
with six different levels. Each of these sources can be en-
abled or disabled separately with an interrupt mask bit in
the IMR I or IMR2 register.

Interrupt E Priority \ Mask Interrupt Source

| J - \ Register } Bit o -
'EEPROM write ready [NTl |EMS : IMEP EEPROMpﬂdiot write cycle ~
- External interrupt x 'INT2 (IMR1 1IM30 Negdme edge at BP30

port 3 (BP30 OR BP31) i ! IM%I ' Negative edge at BP31

External interrupt INT3  IMRI  IM32 | Negative edge at BP32

port 3(BP32ORBP33) Lo r i IM33 §N_eggtive edge at BP33

'Timer 1 interrupt 1 INT4 ' IMR2 3IMT1 Timer 1

'Timer 2 interrupt |INT5 | T2IC 'IMAS | Timer A end of space/underflow
i f | [ IMAP \ Timer A end of pulse/capture
| I i IMBS "Timer B end of space/underflow
! | | IMBP Tlmcr B end of pulse/capture ) ]
| Ext. interrupt IP40 input INT6 IMR2 M6 Neganve edge at IP40 input

1.3 Reset

The reset puts the CPU into a well-defined condition. The
reset can be triggered by switching on the supply voltage,
by a break-down of the supply voltage, by the watchdog
timer or by pulling the NRST pad to low.

After any reset the branch-. carry- and interrupt enable

flag in the Condition Code Register (CCR) , the interrupt -

pending register and the interrupt active register are reset.

During the reset-cycle the 1/0 bus control signals are set
to 'reset mode’ thereby initializing all on-chip peripher-
als.

A reset is finished with a short call instruction (opcode
C1h) to the program memory address 008h. This activates
the initialization routine SRESET. With that routine the
stack pointers, variables in the RAM and the peripheral
must be initialized.

Rev. Al: 19.06.1995
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Power-on Reset

The power-on reset ensures that the core is activated not
before the operating supply voltage has been reached.

A reset is also generated when the supply voltage remains
below the operating range for more than 5 ms.

External Reset (NRST)

An external reset can be triggered with the NRST pin. For
the external reset the pin should be low for a minimum of
two machine cycles.

Watchdog Timer Reset

If the watchdog timer function of Timer 1 is enabled a re-
set is triggered with every watchdog counter overflow. To
suppress that the watchdog counter must be reset by an
access to the CWD-register (see also Timer 1/watchdog
counter).

The power-on reset and watchdog reset are indicated in
the same way as an external reset on the NRST pad.

1.4 Clock Generation

The M44C260 has two oscillators, one RC oscillator for
the system clock generation and an additional 32-kHz
crystal oscillator. The system clock generator provides
the core and Timer 2 with the clock. The system clock fre-
quency of the M44C260 is programmable for 1 or 2 MHz.
The crystal oscillator is used as an exact time base for
Timer 1. If no exact timing is required, the controller does
not need an external crystal. In this case Timer 1 is pro-
vided with the system clock.

The configuration for both oscillators is programmable
with the clock status control register (CSC), which is a
subport register located in port CSUB. The required con-
figuration has to be initialized after reset in the SRESET
routine. The default setting after a reset is 1 MHz system
clock and an active 32-kHz crystal oscillator.

After power-on or a SLEEP instruction the clock genera-
tor needs a start-up time until it runs with an exact timing.
The CRDY bit in the CSC register indicates the start-up
phase.

OSCIN
Q13 0SC32 fosc= 32 kHz
oscourD—
Stop

i

, - CL32 L TiMER|
o [oscs=1]

CSC ;|

‘OSCS ‘CRDYl CCs J

EE32 1] EEPROM

fG<=32kHz
0sCs Systemclock -
TIR Generator
. W 0SC
TAR E—
TBR Stop
EERDY —J
SLEEP ——1 S SYSCL TIMER2
0O T ; CORE
TCL B : 2
TCL - Controllogic
TE
94 8979
Figure 9. Clock module
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14.1 Clock Status/Control Register (CSC)
Address: Ch Subaddress: 2h
Bit 3 Bit 2 Bit 1 Bit 0
csc — oscs | croy | ccs Reset value: X000h
0OSCS Oscillator Stop
When OSCS = 0 the controller is configured to run with the 32-kHz crystal oscillator for Timer 1.
When OSCS = 1 the 32-kHz oscillator stops. For uC operation without crystal, this bit must be set
after reset. In that case Timer 1 is provided from the internal RC oscillator.
CRDY Clock Ready (status bit)
CRDY = 0 indicates the start-up time of the oscillators.
CRDY =1 indicates that the clock is ready. The uC runs with an exact timing.
CCS Core Clock Select
CCS =0 selects 1 MHz system clock (SYSCL/TCL)
CCS = 1 selects 2 MHz system clock (SYSCL/TCL)
14.2 TCL Signal The sleep mode can only be kept when none of the inter-

The TCL pin can be used as input to supply the controller
with an external clock. For this configuration the TCL pin
must be held low for at least 0.5 ms during the reset cycle.
The controller is working with clock frequencies up to
2.5 MHz. It is also possible to use the TCL pin as output
to supply peripherals with the system clock. In this case
the TE pin must be connected to Vpp level and the TCL
pin must have a high impedance load.

The sleep mode is a shutdown condition which is used to
reduce the average system power consumption in applica-
tions where the pC is not fully utilized. In this mode the
system clock is stopped. The sleep mode is entered with
the SLEEP instruction. This instruction sets the interrupt
enable bit (I) in the condition code register to enable all
interrupts and stops the core. During the sleep mode the
peripheral modules remain active and are able to generate
interrupts. The pC exits the sleep mode with any interrupt
or a reset.

Table 4. Power consumption at different power down modes

rupt pending or active register bits are set. The application
of the SAUTOSLEEP routine ensures the correct function
of the sleep mode.

The total power consumption is directly proportional to
the active time of the uC. For a rough estimation of the
expected average system current consumption, the fol-
lowing formula should be used:

Ttotat (VDD fOsc) = Isteep + (IDD * Tactive/Ttotal)
Ipp depends on Vpp and fo.
Systemclock Generator Stop

The M44C260 has different power down modes. When
the MARC4 core enters the sleep mode and no on-chip
peripheral needs a clock signal (SYSCL) the system clock
oscillator is stopped. Therefor the programmer should
stop timer 1 and timer 2 during the sleep mode if they are
not required. If the 32-kHz oscillator is not used it should
be stopped. Under this condition the power consumption
is extremely low (see following table).

'Mode | CPU- TIMER 1 [TIR] RCOsc. | 32-kHz- | Power-Con-
! Core TIMER 2 [TAR, TBR] Osc. sumption
L EEPROM [EERDY] [0SCS] [HA]
| 1| SLEEP |TIR=0 AND TAR=0 AND TBR=0 ANDEERDY=1 | STOP | STOP | <10
2 | SLEEP |TIR=X, TAR=0 AND TBR=0 AND EERDY=I STOP RUN | <10
3 | SLEEP |TIR=1 OR TAR=I OR TBR=1 OR EERDY=0 RUN STOP C<x
{ 4 | SLEEP |TIR=X,TAR=I OR TBR=I OR EERDY=0 RUN | RUN |  <x

5 RUN |TIR=X, TAR=X, TBR=X, EERDY=X RUN STOP_ | <y
e | RUN |TIR=X, TAR=X, TBR=X, EERDY=X RUN RUN <y
Rev. Al: 19.06.1995 165
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2 Peripheral Modules
2.1 Addressing Peripherals

The access to the peripheral modules (ports, registers) is
executed via the I/O bus. The IN- or OUT-instruction al-
lows the direct addressing of 16 /O ports. For the
peripherals with a large number of registers, extended
addressing is used. With two I/O operations an extended

Table 5. 1/0O-addressing

I/0 port allows the access to 16 subports. The first OUT-
instruction writes the subport address to the subaddress
register, the second IN- or OUT-instruction reads data
from or writes data to the addressed subport.

I/O Operation | qFORTH Instructions Description

Port 0, 1, 2, 3,4, T2SC, EMS

1/0 read port IN Read data from port
1/0 write data port OUT Write data to port
T2SUB, CSUB
Extended I/O read subaddress port OUT Write subaddress to port
port IN Read data from subaddress o
Extended I/O write subaddress port OUT Write subaddress to port
data port OUT Write data to subaddress
Extended I/O short read port IN | Read data from current subaddress
ESUB
Extended /O read (byte) subaddress port OUT Write subaddress to port
port IN Read data high nibble from subaddress
port IN Read data low nibble from subaddress
Extended I/O write (byte) subaddress port OUT Write subaddress to port
data port OUT Write data low nibble to subaddress
dataport OUT | Write data high nibble to subaddress
Subport Fh
Subport Eh
Subport Dh
Subaddress | -
Register . '
Subport 3
Subport 2
subaddress port OUT Subport 1
Subport 0
‘ data port OUT
port IN
1/0 port L_| Subport (;_J I/O port
- 1l D
I/O bus

94 X980

Figure 10. Extended 1/O addressing
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Table 6. Peripheral addresses

Addr. | Name - Function
0 Port 0 |Bidirectionalport B
1| Port1 |Bidirectional port o
2| Port2 |Bidirectional port
3 | Port3 |Bidirectional port - )
~4 | Port4 ilnputport I . . -
- .5_ S — .‘ —
6 | — ]
- 7 N N h
8 T2SC - 3 Timer 2 status and control register ]
9 T2SUB | Subport for timer 2 Sub- Name |Register
address L
0 TARCH | Timer 2A space reload/capture register, high
nibble -
! 1 TARCL | Timer 2A Space relbad/&apture register, low
| nibble }
% 2 TARH | Timer 2A pulse reload register N:
% 3 TARL | Timer 2A pulse reload register
J 4 TBRCH | Timer 2B space reload/capture register, high
| - nibble
5 TBRCL | Timer 2B space reload/capture register, low
i ,Aiii'bble
.6 | TBRH [Timer2B pulsereloadregister
| 7 TBRL | limer 2B pulse reload register
‘ L8 TAM! | Timer 2A mode register |
9 TAM2 | Timer 2A mode register2 B
A TBMI | Timer 2B mode register |
| ! B TBM2 | Timer 2B mode register 2 - |
C T2IC Timer 2 interrupt control
D ~ T2PC | Timer 2 prescaler control
E —
F -
A | EMS EEPROM status register
B | ESUB | Subport for EEPROM | B Row 0-RowF
C CSUB | Subport for watchdog, | Sub- Name |Register
timer 1, interrupt address
masks, and clock 0 “WDC Watchdog control regisggr
generator | CWD | Clear watchdog counter ~
2 CSC Clock status/control register
3 1 S
4 TIC | Timer I control register N
5 IMR1 | Interrupt mask register 1 o
6 | IMR2 |Interrupt mask register 2
| 7-F —_—
D | — | -
B | — -
§ E,,,4_,:j, -
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2.1.1

Input Port 4

Port 4 is the input port for the pins P40, IP43, TA and TB. IP40 is also the interrupt input for INT6, and TA and TB
are normally used for timer 1/O functions.

Bit3 Bit2 Bl Bit0
Input port 4 P4 TBAP42 | TANP4l | IP4OINTG |
VbD VbD

‘ *
L i Pull-up
/0 bus e

1O bus
INT6

.

[

_! Pull-down * oplional

94 89K 1
Figure 11. Input port P40, [P43

2.1.2 Bidirectional Ports
Ports 0, 1, 2 and 3 are bidirectional 4-bit wide ports and ® Use two IN-instructions and DROP the first data
may be used for data input or output. The data direction nibble read. The first IN switches the port from output
is programmable for a complete port only. The port is to input, DROP removes the first invalid pibble and
switched to output with an OUT-instruction and to input the second IN reads the valid nibble.

with an IN-instruction. The data written to a port will be
stored into the output latches and appears immediately
after the OUT-instruction at the port pin. After RESET all
output latches are set to Fh and the ports are switched to
input mode.

Note:

® Use an OUT-instruction followed by an IN-instruc-
tion. With the OUT-instruction the capacitive load is
charged or discharged depending on the optional
pull-up /pull-down configuration. Write a 1" for pins

o o with pull-up resistors and a “0” for pins with pull-
Care must be taken when switching bidirectional down resistors.

ports from output to input. The capacitive load at
this port may cause the data read to be the same
as the last data written to this port. To avoid this,
when switching the direction one of the follow-
ing approaches should be used.

168
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1/0 bus
~

<BPxy)

94 8982

VDD
D Q
™\
Reset L/
: *
OUT ; IE ‘
> s  Q}- I
IN *) optional »
> R NQ pull-up / pull-down
/ Reset resistor 1
Figure 12. Bidirectional port
Interrupt logic (INT2/INT3)
/I v
/O bus \[] DD Q
E3
i
VDD
N\
D Q ) lﬁ
™\
Reset L/
sk
PortX_OUT ' IE
> s Q) Bl
*) optional
POI[X—IN R NQ pull-up / pull-down
/ Reset resistor L

2.1.3

The pins IP40 and BP30 — BP33 can be used as external
interrupt inputs. IP40 is used for INT6, BP32 and BP33
are used for INT3, and BP30 and BP31 are used for INT2.
Pin IP40 is also used as an input port and BP30 — BP33 as

Rev. Al: 19.06.1995

External Interrupt Inputs

Figure 13. Bidirectional port 3 with interrupt input

BP3y)

94 8983

a bidirectional port (see figure 11). Each of these external

interrupt sources can be enabled or disabled with individ-

ually interrupt mask bits. A negative transition at one of
these inputs requests an interrupt, when the correspond-
ing mask bit is set. The interrupt masks are placed in the
subport registers IMR1 and IMR2 of port CSUB.
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IMRI: |1M33| IM32 IM31] IM30)
' v ' ]
oo
,;3 o . ‘\(3 ' [ 1
BP —0 . . . Interrupt
BP’%Z—E ot interface [ INT3
1
BP31 _—E =00 . Interrupt | N2
BP30 _{ilr o interface
Interrupt INT6
P40 '4"| N I 00 interface [ N
IMR2: |— | — [ IM6 | IMTI 94 8984

Figure 14. External interrupt inputs

2.2 Timer 1

Timer 1 is an interval timer for generating interrupts.
Additional to the timer can be used as watchdog timer.
The timer consists of a programmable 18 stage divider
which is supplied with a 32-kHz clock and a 3-bit counter
for the watchdog function (see figure 15). The time inter-
val for a timer 1 interrupt (INT4) can be programmed with
the timer control register from 1 ms up to 8.0 s. The timer
1 interrupt is maskable with the IMT] bit.

The time interval for a watchdog reset can be pro-
grammed with the watchdog control register for 0.5, 2.0,
8.0 or 16.0 s. When the watchdog is active (WDR =1,
TIR = 1) the controller is reset with the overflow of the
3-bit watchdog counter. The application software has to
ensure that the watchdog counter is reset by a write access
to the CWD port before it overflows. Because the watch-
dog timer is supplied by the interval timer it is necessary
that timer 1 is set active (TIR = 1).

TIC2Z [ 0 0 0 0 | i i I
I TIC1 0.0 ! ! 0 0 1 1
Ti1C ; TIRTTI(“ H(ILTI(()] TICO | 0 1 0 1 0 | 0
B it
T —, . . . . -» INT4
| | { ! | |
. T P ] ] - o
o L] B
. EINREN 7 5 \ lMRZT[Mﬁ]uMTH
J‘ el &1 ] | S \? |
| I3 ! ) i \ | ‘
‘ &1L Y 1 i
U SN 5 i \
| .j '\Q 1 }
CTIR=0_] DIVIDER - X | I
¥ I N E—
an—foof{ [T 1 Tolo] [o] |
{-’) J‘ i l,,, ! “L_(_)i Q(J \Loi; l()ml()‘n‘()l7 [ 1QI4‘QH‘OIG olx
[ TIR=1 . 2 | |
— I
[ . A ! {
| | 5| i > o Watchdog counter
;, §‘ - ‘ \C
&L i i :i WDR=0 | Divider /8
| ‘ T T 1 RESET
e |7 (NRsST)
I i i — S —
o T [ | ! ClI 0 0 Divider
WOC [or]| — ey i —
. ,, . e ] WRITE CWD 94 K983
Figure 15. Timer |
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Timer 1 register

The registers of Timer | are I/O-mapped. They are sub-
port register of port CSUB the access is made by extended
1/0 operations. The interval timer is controlled by the

prescaler control register T1C. The interrupt mask IMT]1
is placed in the interrupt mask register IMR2. The watch-
dog timer is controlled by the watchdog control register
WDC and port CWD. A write access to CWD resets the
watchdog counter.

22.1  TI1C - Timer 1 Control Register
Address: ‘C"h Subaddress 4
Bit 3 2 1 0
TIC | MR | mic2 [ micr | Tico | Reset value: 0000b
TiR Timer | run
T1R = 0 stops the interval timer
TIR =1 starts the interval timer
T1C2 Timer 1 control bit 2
T1C1 Timer 1 control bit 1
T1CO Timer 1 control bit 0
This both bits select the time interval for a Timer 1 interrupt.
omic2 | mict T Tmico ] Divider ! Time Interval |
| 0 ! 0 0 ! 2 09765625 ms ’
! 0 0 1 64 1.953125 ms
Lo I 0 256 7.8125 ms
i 0 I 1 1024 31.25 ms
| 1 0 0 4096 C 125ms
LI 0 1 16384 S0ms
1 1 0 65536 2s
1 1 | \ 262144 8s
2.2.2  WDC - Watchdog Control Register
Address: *C’h Subaddress 0
Bit 3 2 1 0
WDC . wbrR | — [ wpm1 | wpmo Reset value: 0x00b
WDR Watchdog run
WDR = 0 the watchdog counter is inactive and reset
WDR = 1 the watchdog counter is active and able to generate a reset when Timer | is running
WDC1 Watchdog mode 1
WDCO0  Waichdog mode 0

This both bits control the time interval for the watchdog reset.

Rev. Al: 19.06.1995
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2.3 Timer 2

Timer 2 consists of the two timer/counter blocks Timer A
and Timer B. Each block has one 8-bit downcounter and
a programmable prescaler. The clock inputs can be pro-
grammed to count the system clocks, Timer A clocks or
external clocks. The maximum clock rate for external
clocks is the half system clock frequency (SYSCL/2).
Each counter has a reload register for the pulse time and
a reload register for the space time. Every counter under-
flow toggles the output and reloads the downcounter
alternately from the pulse reload register or from the
space reload register. This allows the generation of any
duty cycles.

Addition both counters have a capture mode. In this mode
an external signal or the Counter B output causes the
current counter value to be captured into the correspond-
ing capture register.

The timer has two 1/O pins, TA for Timer A and TB for
Timer B. Used as output the pins have a high level during
the pulse time and a low level during the space time of the
timer. As input the pins are used for the external counter
clock or the capture signal. The inputs have a program-
mabie edge detection to seiect the active edge of an
external clock or capture signal.

Interrupts can be generated when a counter underflow or
a capture event occurs. The interrupt function for timer 2
can be programmed with the interrupt control register.
Both counter blocks share one interrupt vector (INTS).

Timer 2 Modes

There are various timer/counter modes for both blocks of
Timer 2. They can be used separately or combined. The
timer modes can be programmed with the timer control
and mode registers.

Single Timer Modes

® 8-bit timer
Counter A/B is supplied by the system clock and is
used to generate timer interrupts.

® Pulse width modulation
Counter A/B is supplied by the system clock. The

WDM | WDM 0 " Divider ‘ Delay time to Reset (s)
0 0 2048 0.5 ) ]
0 I 8192 2 o |
i "o 32768 7 8 ]
1 1 524288 16 }

TA/TB pin is used as counter output. The duty cycle
can be programmed with the pulse and space reload
register.

® Capture mode
Counter A/B is supplied by the system clock. The
TA/TB pin is used as input. An external signal at the
input causes the current counter value to be captured
into the capture register.

o Event counter
Counter A/B counts external clocks at the TA/TB pin.
The capture register contains the current counter
value and can be read.

Combined Timer Modes

® 16-bit timer
Counter A is supplied system clock and its output is
coupled with the input of Counter B. In this mode the
counter is used to generate timer interrupts.

® 16 bit capture mode
Counter A is supplied with the sysiem clock and
Counter B with the output of Counter A. An external
signal at the TA pin causes the current counter value
will be captured into the capture registers.

® 16-bit event counter
The output of Counter A is coupled with the input of
Counter B to count external clocks at TA. The capture
register of both counters contain the current counter
values.

® Burst generator
Counter A is supplied the system clock and its output
is coupled with the input of Counter B. The output of
Counter B controls the output signal of Counter A at
the TA pin. The TA output is enabled during the pulse
and disabled during the space of Counter B.

o Event counter with time gate
Counter A counts the clocks at the TA pin and Counter
B is supplied with the system clock. Each underflow
of Counter B causes the counter value of Counter A to
be captured into its capture register.

Rev. Al: 19.06.1995
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Timer 2 Register

All timer register are I/O mapped. The access to the Timer
2 status control register (T2SC) can be done with a direct
I/0 operation to T2SC. The status is read with an IN
operation and a command to control the timer is written
with an OUT operation. The remaining registers of Timer

2 are subport registers of port T2SUB. The access to those
registers needs an extended /O operation. The timer
function can be configured with the mode registers
TAMI1, TAM2, TBMI, TBM2 and the interrupt control
register T2IC. The timing depends on the contents of the
prescaler control register T2PC and the reload registers.
The capture registers are used to read the counter value.

SﬁY¥SCL TAM1
ﬁv—- Counter A D
© +
‘ , TARCHI[r] B
ACS = AOE
izxm| | | }
o -0
o AGB TA
| ™
ACE  ACLB AE1 AEO 17
| SOS—
‘[ — INTERRUPT] - ~INTS
BC‘SI BCISO B
. )
svse | o | gy = !#ﬂ,
o !
BCE BFA !
T { 1 L
Il o2 "
b O”K . N\F::fﬁ—ﬁ v e el T8
- 1 BE! BEO BOE
TBRCHIr] | <O
Note: all control bit switches are shown at value “0” 94 8987
Figure 16. Timer 2
Reload register
Input Output
Counter A/B - Counter A/B
———»—{ Presealer DOWN COUNTER A/B } IX}
Toggle
L x = A for Counter A,
T25C[w B for Counter B
r = READ
w = WRITE
Capture
Input A/B 4w

Figure 17. Counter A/B

Rev. A1:19.06.1995

173

Preliminary Information



TEMIC
M44C26O TELEFUNKEN Semiconductors

2.3.1 Timer 2 Status/Control Register (T2SC)

Address: 8
Control register Bit 3 2 1 0
T T 1
Write (T2SC) . TBM | TAM | TBR | TAR | Reset value: 0000b
Status register
Read (T2SC) | TBSU ! TBPC ‘ TASU | TAPC | Reset value: 0000b
TAM, TAR: Timer A control bits to start or stop Timer A.
TBM, TBR: Timer B control bits to start or stop Timer B.
TBM | TAM | TBR | TAR |Timer 2 Commands
I 0 | x 0 STOP_A A STOP command resets
1 0 X 1 RUN_A” ) the prescaler and counter.
0 1 0 X sro,B
0 1 1 X RUN_B A RUN command starts the
0 0 0 0 ] STOP_AB counter with the next clock
0 0 1 1 ] BUN_AB . taking the value from the
0 0 0 1 RUN_A-STOP_B | pulse reload register.
0 0 1 0 STOP_A-RUN_B
1 1 X X NOP
TBSU:  Timer B end of space/underflow status bit.
When BCE* = 0 this bit will be set at the end of space time of Counter B.
When BCE = 1 this bit will be set with every Counter B underflow.
TBPC:  Timer B end of pulse/capture status bit.
When BCE = 0 this bit will be set at the end of pulse time of Counter B.
When BCE = 1 this bit will be set when a capture event for Counter B occurs.
TASU:  Timer A end of space/underflow status bit.
When ACE* = 0 this bit will be set at the end of space time of Counter A.
When ACE = 1 this bit will be set with each Counter A underflow.
TAPC:  Timer A end of pulse/capture status bit.
When ACE = 0 this bit will be set at the end of pulse time of Counter A.
When ACE = 1 this bit will be set when a capture event for Counter A occurs.
*) ACE and BCE are the capture enable control bits in the timer mode registers TAM2 and TBM2.
The status bits TASU, TAPC, TBSU, TBPC will be reset after a READ access to T2SC!
174 Rev. Al: 19.06.1995
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2.3.2  Timer 2 Subport (T2SUB)
Address: 9
Table 7. Timer 2 subports
Subaddr. | Name Meaning Bit3 | Bit2 | Bitl | Bit0 |
0 {TARCH [w|* | Timer A reload high High-nibble
. TARCH|r]*  Timer A capture high : ]
1 iTARCL [w]* Timer A reload low Low-nibble
‘\TARCL [r]* | Timer A capture low -
2 | TARH Timer A reload high ~ High-nibble L
3 | TARL | Timer A reload low Low-nibble
4 | TBRCH [w]* Timer B reload high High-nibble |
[TBRCH [r]* | Timer B capture high -
S ITBRCL [w]* Timer B reload low ) Low-nibble
'TBRCL [r]*  |TimerBcapurelow B
6 |TBRH _ TimerB reload high High-nibble ]
‘ 7 . TBRL Timer B reload low ) Low-nibble B |
8 |TAMI Timer A mode register | i — AGB | ACS AOE
9 | TAM2 Timer A mode register 2 ACB ACE AE1 | AE0
A | TBM1 _ Timer B mode register | — BCS1 BCSO ' BOE
B TBM2 | Timer B mode register 2 | BcA BCE BElI | BEO
‘ C T2IC ;Timer 2 interrupt control | | IMBS | IMBP | IMAS } IMAP
| D | T2PC | Timer 2 prescaler control | | BPCI BPCO | APC1 | APCO
| E — | — — — | — |
. F — ! — — _

* [w] write only, [r] read only

233 Timer 2 Reload Register

The 8-bit wide reload registers of Timer A and B are used
to program the pulse and space width of the counter out-
put signal.

The first clock after a start command loads the down-
counter with the value (n) from the pulse reload register
and sets the counter output to 1. The downcounter decre-
ments with each following clock and each underflow
reloads alternately the value (m) from the space reload

Prescaler out _l_\_,_l_ﬂ_.

Counter out _I "
- T 4]

register or the value (n) from the pulse reload regis'ter and
toggles the counter output.

The pulse and space width can be calculated as following:
Pulse time: Pulse = (n+1) x prescaler clocks
Spacetime: Space = (m+1) x prescaler clocks

0 < m,n < 255

Rev. Al:19.06.1995
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Timer 2 Space Reload Register

The space reload register of Timer 2 is programmed by
two write accesses to the subport addresses TARCH and
TARCL or TBRCH and TBRCL of the Timer 2 subport
T2SUB. The value (m) in the space reload register deter-
mines the space width. At the end of pulse the
downcounter reloads the 8-bit value from the space re-
load register with the next clock of the prescaler output.

Space width: Space = (m+1) prescaler clocks
0<m<255

Timer 2 Pulse Reload Register

The pulse reload register of Timer 2 is programmed by
two write accesses to the subport addresses TERH and
TARL or TBRH and TBRL of the Timer 2 subport
T2SUB. The value (n) in the pulse reload register deter-
mines the space width. At the end of space the
downcounter reloads the 8-bit value from the pulse re-
load register with the next clock of the prescaler output.

Pulse width: Pulse = (n+1) prescaler clocks

234

The capture register is used to capture the current down-
counter value when a capture event occurs. The value is
kept in the capture register until the next capture event
and can be read independent of the state of the down-
counter. The capture events are programmable with the
timer mode registers TAM2 and TBM2.

Timer 2 Capture Register

The capture registers are also used to read the counter
value when the external capture mode is disabled. In this
case the 8-bit counter value is transferred into the capture
register by reading the high nibble TARCH or TBRCH.
If the 16-bit event counter mode is enabled the complete
16-bit value is captured by reading first the high nibble
TARCH of Timer A. This mechanism ensures the coher-
ence of the counter high and low nibble during the read
access.

0<n<255
2.3.5 Timer A Mode Register 1 (TAM1)
Address: 9 — Subaddress: 8
_ Bit3 2 1 0
TAMI — | AGB | ACS | AOE Reset value: 0000b
AGB Counter A output gated by Counter B output
AGB = 1 enables the burst generation mode. The output of Timer A is enabled during the pulse time
of the Counter B and disabled (TA= 0) during the space time of the Counter B.
ACS Counter A clock select
This bit selects the source of the Counter A clock. When ACS = 0 the timer is supplied with internal
SYSCL. When ACS = 1 the timer is supplied with an external clock on TA pin.
AOE Timer A output enable
AOE = 0 disables the counter output TA.
AOE = 1 enables the counter output TA.
176 Rev. Al: 19.06.1995
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2.3.6 Timer A Mode Register 2 (TAM2)

Address: 9 — Subaddress: 9

Bit3 2 1 0
TAM2 | ACB | ACE | AE1 | AE0 | Reset Value: 0000b
ACB Timer A captured by Timer B

Selects the capture source for Timer A. When ACB = 0 the signal at the TA pin is used to generate a
capture event. When ACB = 1 each transition at the Counter B output is used to generate a capture
event for Timer A.

ACE Timer A capture enable
ACE = 1 enables the capture mode for Counter A. The occurrence of a capture event causes that the
current downcounter value is loaded into the capture register.

AE1 Timer A edge select bit 1

AE0 Timer A edge select bit 0
Whit these bits the active edge for the counter clocks and capture signal is selected.

‘ AE1 ! AEQ | Active Edge for Counter Clock/Capture Events

1 0 ‘ 0 positive edge at TA pin -
l 0 { 1] negative edge at TA pin

‘ 1 | 0 first positive edge after timer start and then each transition at TA pin

|1 | 1 |firstnegative edge alter timer start and then each transition at TA pin

2.3.7 Timer B Mode Register 1 (TBM1)

Bit 3 2 1 0_
TBMI — | Bcst | BCSO | BOE | Reset value: 0000b
BCS1 Timer B clock select bit 1
BCS0 Timer B clock select bit 0

These bits select the source of Counter B clock.

BCS1 | BCSO | Counter B Input Signal
0 0 System clock (SYSCL)
L0 Output signal of Counter A
x | 1 External input signal at TB
BOE Timer B output enable

BOE = 0 disables the counter output TB.
BOE = 1 enables the counter output TB.

Rev. Al: 19.06.1995 177
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2.3.8 Timer B Mode Register 2 (TBM2)

Address: 9 — Subaddress: Bh

Bit 3 2 1 0
TBM2 ~ BCA  BCE  BEl | BE0 | Reset value: 0000b
BCA Timer B is captured with Timer A capture signal. With BCA = | the external capture signal for

Timer A is used to capture Timer B
simultaneously with Timer A.
Note: It is possible to capture Counter B by a read access to TARCH
BCE Timer B capture enable
BCE = 1 enables the capture mode for Counter B. A capture event loads the current downcounter
value into the capture register.
BE1 Timer B edge select bit 1

BEO Timer A edge select bit 0
With these bits the active edge for the counter clocks and capture signal is selected.

BE1 BEO | Active Edge for Clock/Capture Events w
0 0 positive edge on TB pin o ‘\
0 1 negative edge on TB pin “
1 0 | first positive edge after start timer and then each transition on TB pin i

1 1 |first negative edge after start timer and then each transition on TB pin

178 . . . Rev. Al:19.06.1995
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2.3.9 Timer 2 Prescaler Control Register (T2PC)
Bit 3 2 1 0
T2PC BPC1 | BPCO | APCI | APCO |
BPC1 Timer B prescaler control bit 1
BPCO Timer B prescaler control bit 0
These bits determine the divider for the prescaler of Timer B.
APC1 Timer A prescaler control bit 1
APCO Timer A prescaler control bit 0
These bits determine the divider for the prescaler of Timer A.
BPCI/APCI | BPCO/APCO |  Divider |
| R N R T
| 0 1 | 4 ]
e e
[ SN R SR SN - SN

2.3.10 Timer 2 Interrupt Control Register (T2IC)

Bit 3 - 2 1 0
T2IC | IMBS | IMBP | IMAS | IMAP |
IMBS Interrupt mask Timer B end of space/underflow

Address: 9 — Subaddress: Dh

Reset Value: 0000b

Address: 9 — Subaddress: Ch

Reset value: 0000b

IMBS = 1 enables an INTS5 interrupt, if BCE* = 0 at the end of space of Counter B,

or if BCE = 1 at each Counter B underflow.

IMBP Interrupt mask Timer B end of pulse/capture

or if BCE = 1 with a capture event for Counter B.

IMAS Interrupt mask Timer A end of space/underflow

IMBP = 1 enables an INTS interrupt, if BCE = 0 at the end of pulse of Counter B,

IMAS = 1 enables an INTS5 interrupt, if ACE* = 0 at the end of space of Counter A,

or if ACE = | at each Counter A underflow.

IMAP Interrupt mask Timer A end of pulse/capture

IMAP = | enables an INTS interrupt, if ACE = 0 at the end of pulse of Counter A,

or if ACE = 1 with a capture event for Counter A.

Each interrupt source can be enabled or disabled individually by setting the corresponding maskbit.

*) ACE and BCE are the capture enable control bits in the timer mode registers TAM2 and TBM2.

Rev. Al: 19.06.1995
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2.3.11

T2SC[r] :

TBSU

TBPC

TASU| TAPC

Timer A end of

pulse / capture

Timer A end of

space / underflow

Timer B end of

= INTS5

pulse / capture

Timer B end of

space / underflow

T2IC :

$O

i

IMBS

IMBP | IMAS

IMAP

[r] =READ

Figure 18. Timer 2 interrupt mask register

Timer 1/0 (TA/TB)

The timer I/O pins TA and TB are used as input for the
external clock or capture signal and as output for the
counter. The mode is controlled with AOE and BOE
control bit. When AOE/BOE = 0 the pin is switched to

(IP41/1P42)
Port4_IN

1/O bus /|

94 8988

input mode, when AOE/BOE = 1 the pin is switched to
output mode. The pins also can be read with an IN-
instruction via port 4 (TA with IP41 and TB with 1P42).

A

=}
v}

DD

Counter input
_—
(edge sense)

Counter output

T

o

TTI

™\

AOE/AOB-controlbit

P

L/

*) optional

.

pull-up / pull-do

resistor

Figure 19. Timer I/O (TA/TB)

wn

¥
'

94 RORY
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24 EEPROM

The EEPROM of the M44C260 is 128 bit wide and orga-
nized as an array of 16*8-bit. The EEPROM rows are /O
mapped and are subports of port ESUB. The access to any
8-bit row of the EEPROM is done by an extended 8-bit

1/0 operation or by special postincrement access. The
EEPROM rows 12 to 15 can be write protected by hard-
ware and software.

EEPROM SubPort (ESUB)
Address: Bh — Subaddress: 0-Fh

High nibble Low nibble
AN

Row 15
Write protectable
12 7
—— Memory
0
NWP[ | Control logic — INT 1
EMS ESUB 94 8990

Figure 20. EEPROM

Read operation
A read operation needs an OUT- and two IN-instructions
to port ESUB. First the the OUT operation writes the row

qFORTH example:

address. The following two IN-instructions read the high
nibble and then the low nibble of the addressed row.

Row address ESUB OUT ( —)
EPSUB IN ( —Data_High)
EPSUB IN (Data_High — Data_High Data_Low)

Write operation

A write operation needs three OUT-instructions to port
ESUB. The first operation writes the row address. The
following two OUT-instructions write the low nibble and

qFORTH example:

then the high nibble to the addressed row. After reset.
rows 12 to 15 are write protected. To enable write opera-
tions to these rows the write enable bit (EWE) must be set.
In all cases write accesses to these rows are disabled when
pin NWP is low.

Row address ESUB OUT (Data_High Data_Low — Data_High Data_Low)
EPSUB OUT (Data_High Data_Low —Data_High)
EPSUB OUT (Data_High —)

Rev. Al: 19.06.1995
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The internal EEPROM write cycle needs about 16 ms.
During this cycle the EEPROM ready bit is reset (EPR =
0). After the data high nibble is written to the port ESUB
the internal write cycle is started. During the internal
write cycle (while EPR = 0). only read and write accesses
to the EMS register are possible. All other EEPROM ac-
cesses have no effect.

Postincrement operations

The postincrement mode supports a fast access to consec-
utive EEPROM rows. A postincrement access is started
by setting the EPI bit in the EEPROM mode register
(EMS) followed by writing the row start address to port
ESUB. After that the read or write operations to the con-
secutive EEPROM area. beginning at the start address,
need only two IN- or OUT-instructions to read or write the

data. The row address is incremented automatically after
each complete row access (2 nibbles). A write access to
the EEPROM mode register (EMS) terminates the postin-
crement mode.

Note: In the postincrement mode. it is not possible to
change from read to write operations or vice
versa before the current postincrement operation

is finished.
Write ready interrupt (INT1)

At the end of the internal write cycle an interrupt is gener-
ated when the interrupt mask bit IMEP in the EEPROM
mode register EMS is set. With this interrupt, successive
write operations can be executed interrupt controlled
within the INT1 interrupt service routine.

Address: Ah

Reset value: 0000b

Reset value: xxx1b

EPI = | activates a postincrement access after the next row address is written to port ESUB

When IMEP is set an INT1 is generated with the end of the internal EEPROM write cycle

24.1 EEPROM Mode/Status Register (EMS)
Mode register Bt
Write (EMS) — |
Status register -
. Read (EMS) i
EWE EEPROM write enable bit
EWE = 0 disables write accesses to rows 12-15
EWE = 1 enables write accesses to rows 12-15 when the NWP pin is high
EPI EEPROM postincrement mode enable
IMEP Interrupt mask for EEPROM write ready interrupt
EPR EEPROM ready status flag

EPR = 0 indicates that the EEPROM is not ready for read or write operations

(an internal write cycle is executed)

EPR = [ indicates that the EEPROM is ready for read and write operations

After a write access to the EMS-Register postincrement operations are terminated and any incomplete EEPROM read

and write sequence must be started again!
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3  Appendix
3.1

For emulation all MARC4 controllers have a special
emulation mode. It is activated by setting the TE pin to
logic HIGH level during reset. In this mode the internal
CPU core is inactive and the /O buses are available via
port 0 and port | to allow the emulator the access to the
on-chip peripherals. The emulator. contains a special
emulation CPU with a MARC4 core and additional break-
point logic and takes over the core function. The basic
function of the emulator is to evaluate the customer’s pro-
gram and hardware in real time. Thus permits the
analysation of any timing, hardware or software problems
the simulation of the application. For more informations
about emulation see “Emulator Manual”.

3.2 MARC4 Instruction Set

The MARCH4 instruction set is optimized for the high level
programming language qFORTH. A lot of MARC4
instructions are gqFORTH words. This enables the com-
piler to generate fast and compact program code. The
MARCH4 is a zero address machine with a compact and ef-
ficient instruction code. Most of the instructions are
single byte instructions. This operations are performed
and no source or destination address information. Only
BRANCH, CALL and RAM access instructions need ad-
dress informations and a length of two bytes for long
address operations. In all there are five types of instruc-
tion formats with a length of one and two bytes.

Emulation

Zero address operations like arithmetical, logical, shift
and rotate operations are performed with data placed on
the top of expression stack (TOS and TOS-1). Also I/O-
and stack operations are single byte zero address opera-

tions and are performed with the top expression stack
location.

A literal is a 4-bit constant value which is placed on the
data stack. In the MARC4 native code they are repre-
sented as LIT <value>, where <value> is the
hexadecimal representation from 0 to 15 (0...F). This
range is a result of the MARC4's 4-bit data width. The
6-bit short address and the 12-bit long address formats are
both used to address the byte-wide ROM via CALL and
conditional branch instructions. This results ina ROM ad-
dress space of up to 4K*8-bit words.

The MARC4 instruction includes both short and long call
instructions as well as conditional branch instructions. On
execution the address part of the instructions word are di-
rectly loaded into the program counter. Long call and
branch instructions can jump anywhere within the pro-
gram memory area..The lower six bits from the short call
(SCALL) and short branch (SBRA) instruction are han-
dled in different way. The six bit SCALL address is
multiplied by three and then loaded into the PC. This al-
lows calls within the zero page (000 to 1FFh). The six bit
SBRA address is loaded immediately into the lower six
bits of the PC. This allows jumps within the 64 byte seg-
ment addressed by the upper six bits of the PC.

The CALL and SCALL instructions write the increm-
ented program counter contents to the return stack. This
address is loaded back to the PC when the associated
EXIT or RTI instruction is encountered. The long RAM
address format is used by the four 8-bit RAM address reg-
isters which can be pre-increment, post-decrement or
loaded directly from the MARC4's internal bus. This re-
sults in a direct accessible RAM address space of up to
256 X 4-bit.

Opcode

1) Zero address operation
(ADD,SUB, INC, OR,...) .

. Opcode
2) Immediate data operation

Literal (LIT_0, LIT_1, ...)

Opcode
3) Short ROM address operation

(SCALL, SBRA)

4) Long ROM address operation
(CALL, BRA)

5) RAM address operation
(>SP, >X,...)

6 bit addres

94 8708

4 bit data

Figure 21. MARC4 Opcode Formats
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3.2.1 MARCH4 Instruction Set Overview

{;Mr;emomc —»vilr)iciscnpuon a C.yiciés/ﬁ‘ Mnemonic | Deécrirptibnri - Aisrr(rf}rfcrles/w
| Bytes ‘

| Arlthmett( operations: Regmter (1pe7r¢7¢twn\ |

ADD  [Add o \ spe@ Feich the current SP-— | 11
/ADDC | Add with carry o l |[RP@  |Fetch the current RP o2
SUB  |Subtract | | Xe |Fetch the contents of X~ 2/1 |
|SUBB | Subtract wnh borﬁrgﬁi - VN 1 Yo lieich}hgcumems of Y ) ri 21 }
DAA |Decimal adjust | P Movethetop2inoSP | a1 |
INC Increment TOS n | e __|Move the top 2 into RP | 1|
'DEC | Decrement TOS o X! |Movethetop2intoX | 21 |
DECR Decrement. 4-bit index on | 2/1 e Move the top 2into Y | 2/1 |
ﬁ__; _ |returnstack _ _ >SP $xx_ Store direct address to SP | 2/2“ ‘
S ___ Compare operations: >RP$xx | Store direct address to RP B ‘
} CMP_EQ | Compare equal [ s | 1 >X $xx | Store direct address into X r 212 J‘
|[CMP NE | Comparenotequal | 1/l |>Y $xx | Store direct address into Y‘ 22
|CMP_LT Compare less than U _Stack operations: - l
‘CMP_I£ | Compare less equal 7?{ [ SWAP  |Exchange the top 2 nibble f S
CMP_GT | Compare greaterthan | 1/l OVER Copy TOS-l tothetop | 1/1 |
|CMP_GE | Compare greater equal Lo DUP 7Duplicu[é}VhéA &)p nibble | 171 ‘
~Logical operations: - _71\ *Riﬁ i 7 M'over TOS-2to the top j ‘ 3/[ B ‘\
XOR Exclusive OR | DROP |Remove the topnibble | 1/1 (
AND  |AND 4 mis ‘ >R Move the top nibble onto T v
OR OR 1/1 the return stack | |
jl}li()l_*” 11 spomblemcnt | 1n 7[ 2>R Move the top 2 nibble L3
SHL Shift leftinto carry | /1 J ____ |ontothereturn stack i S
SHR Shift r1ght Ln[o*(,dirry 1 N 3>R Move the top 3 mbblt, 41
ROL Rotate left through carry v _|onto the return stack J N
IROR Rotate right through carry 1/1 R@ COP)’ I nibble from the re- | v
Flag operatior; - L |m fl‘,lf,k L ,,,,,, ‘
@_@ Wﬁ?@aﬁﬂdg ) [7 i | 2R@ Copy 2 nibbles from the i 2/1
SET_BFC |Set branch flag ) : : return stack | l
DI VBi;abl;a;ll iﬁ&b“ - 1 - 3R@ Copy 3 nibbles from the i 4/1 |
CCR!  [StoreTOSinoCCR | 11 | _ |reumstack R
'CCR@ ‘1 Fetch CCR onto TOS | DROPR iz‘r:r;(o(vlezttéent)op of return | 1/1 ‘
’ . Program branching: B N e ush immediate valud ~ 1
. BRA $xxx7 | Conditional long branch T o LIT_n Push immediate valu¢ | 1/1 l
|CALL $xxx | Long call (current page) | 312 - (I nibble) onto TOS
[SBRA $xxx | Conditional short branch | 2/1 | __ ROMdataoperations: }
L§§£L$xxx Short call (zero page) | 2/1 | TABLE Fetch 8-bit constant from 3
{EXIT ~ |Return from subrog{nne L2 ROM B
RTL_ [Retum from intermupt | 2/1
TSWI | Software interrupt NN
(SLEEP | Activate sleepmode | 1/1
NOP [No operation B U
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| Mnemonic i Descnpnon CyclesT
I B Bytes
B ~ Memory operations: o
Xj@ ;Fetch I nibble from RAM | 1/1
(Yl@ ‘ |indirect gddressed by X-
» B |or Y-register ]
|+X]@ Fetch 1 nibble from RAM 111
indirect addr. by pre-in-
#Y]@” ~ |crem. X-or Y—rg;gg ]
X-1@ Fetch | nibble from RAM 1/1
indirect addr. by post-de-
[Yl@ ____|crem. X-or Y-rﬁzl;iﬂer i
[>X]@ $xx | Fetch 1 nibble from RAM 212
I direct addressed by X- or
[>Y]@E§X inef,mer ’
1X]! 'Store 1 nibble into RAM | 1/1
[Y)! mdlrcu addressed by [X]
i1+xl! 4 'Store 1 nibble into RAM - | 1/1
| mdlreu addressed by pre- |
[+Y]! ilpgpmemed [X] ’P :'
[X-]! ‘S[ore 1 nibble into RAM 1/1
(Y-]! (indirect addr. by post-de-
e \Lrem X-or Y-register B
H[>X]! $xx | Store 1 nibble into RAM 2/2
i , | direct addressed by X-or |
ihYL Sax | Y-register Wy ]
ﬁi o /O operations: ]
N ReadVOPoriomoTOS | 1/
LOUT | Write TOS to /O port 1/1
3.2.2 qFORTH Language Overview

MARC4 controller are programmed in the high level lan-
guage qFORTH which is based upon the FORTH-83
language standard, the qFORTH compiler generates
native code for a 4-bit FORTH-architecture single chip
microcomputer. the TEMIC MARC4.MARC4 applica-
tions are all programmed in gFORTH which is designed
specifically for efficient real time control. Since the
gFORTH compiler generates highly optimized code,
there is no advantage or point in programming the
MARCA4 in assembly code. The high level of code effi-
ciency generated by the gFORTH compiler is achieved by
the use of modern optimization techniques such as
branch-instruction size minimization, fast procedure
calls, pointer tracking and many peephole optimizations.

Langage features:

Expandability
Many of the fundamental qFORTH operations
are directly implemented in the MARC4 instruc-
tion set.

Stack oriented
All operations communicate with one another
via the data stack and use the reverse polish form
of notation (RPN)

Structured programming
gFORTH supports structured programming

Reentrant
Different tasks can share the same code.

Recursive
qFORTH routines can call themselves.

Native code inclusion
In qFORTH there is no separation of high level
constructs from the native code mnemonics.
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3.3 The qFORTH language -Quick Reference Guide

3.3.1 Arithmetic/Logical

- EXP (nl n2 —nl-n2) Subtract the top two values

+ EXP (nl n2 —nl+n2) Add up the two top 4-bit values
-C EXP ( nl n2 — nl+/n+/C) I’s compl. subtract with borrow
+C EXP (nl n2 — n1+n2+C) Add with carry top two values
1+ EXP(n—n+l) Increment the top value by 1
1- EXP(n—n-1) Decrement the top value by |
2% EXP (n—n*2) Multiply the top value by 2
2/ EXP(n—nDIV2) Divide the 4-bit top value by 2
D+ EXP (d1d2 —d1+d2) Add the top two 8-bit values
D- EXP (d1d2 —d1-d2) Subtract the top two 8-bit values
D2/ EXP(d—d/2) Divide the top 8-bit value by 2
D2* EXP(d —d*2) Multiply the top 8-bit value by 2
M+ EXP(dln—d2) Add a 4-bit to an 8-bit value
M- EXP(dln—d2) Subtract 4-bit from an 8-bit value
AND EXP (nl n2 —nl17n2) Bitwise AND of top two values
OR EXP(nln2—nlvn2) Bitwise OR the top two values
ROL EXP(—) Rotate TOS left through carry
ROR EXP(—) Rotate TOS right through carry
SHL EXP (n—n*2) Shift TOS value left into carry
SHR EXP(n—n/2) Shift TOS value right into carry
NEGATE EXP(n—-n) 2’s complement the TOS value
DNEGATE EXP(d—-d) 2’s complement top 8-bit value
NOT EXP(n—/n) I’s complement of the top value
XOR EXP (nln2—n3) Bitwise Ex-OR the top 2 values
3.3.2 Comparisons

> EXP(nln2—) If n1>n2, then branch flag set

< EXP(nln2—) If n1<n2, then branch flag set
>= EXP (nln2—) If nI>=n2, then branch flag set
<= EXP(nln2—) If nl<=n2, then branch flag set
<> EXP(nln2—) If nl<>n2, then branch flag set
= EXP(nln2—) If n1=n2, then branch flag set
0<> EXP(n—) If n <>0, then branch flag set

= EXP(n—) If n = 0, then branch flag set
D> EXP(d1d2—) If d1>d2, then branch flag set
D< EXP (d1d2—) If d1<d2, then branch flag set
D>= EXP(d1d2—) If d1>=d2, then branch flag set
D<= EXP (d1d2—) If d1<=d2, then branch flag set
D= EXP (dl1d2 —) If d1=d2, then branch flag set
D<> EXP(d1d2—) If d1<>d2, then branch flag set
DO<> EXP(d—) If d <>0, then branch flag set
D0= EXP(d—) If d =0, then branch flag set
DMAX EXP (dl d2 — dMax ) 8-bit maximum value of d1, d2
DMIN EXP (d1 d2 — dMin ) 8-bit minimum value of d1, d2
MAX EXP ( nl n2 — nMax ) 4-bit maximum value of nl. n2
MIN EXP ( nl n2 — nMin ) 4-bit minimum value of nl. n2
186 Rev. Al: 19.06.1995
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3.3.3 Control Structures

AGAIN
BEGIN
CASE
DO

ELSE
ENDCASE
ENDOF
EXECUTE
EXIT

IF

LooP

<n> OF
REPEAT

THEN
UNTIL
WHILE

+LOOP

#DO
#LOOP

DO
?LEAVE
-?LEAVE

2]

h,
.15
<name>

)
—

<ROT
>R
?DUP
DEPTH
DROP
DUP

1

J

NIP
OVER
PICK

RFREE
R>
R@

ROLL

EXP(—)
EXP(—)
EXP(n—n)

EXP ( limit start — )
RET ( — ullimitistart )

EXP(—)
EXP(n—)
EXP(n—n)

EXP ( ROMAddr —)
RET ( ROMAddr —)

EXP (—)
EXP(—)
EXP(cn—)
EXP(—)
EXP(—)
EXP(—)
EXP(—)
EXP(n—)

RET ( ullimitll — ullimit|I+n )
EXP(n—)RET (—ululn)
EXP (—)

RET ( ulull—ulull-1)

EXP ( Limit Start —)
EXP(—)

EXP (—)

3.34  Stack Operations
0

EXP(—n)

EXP(—n)
EXP (— ROMAddr)

EXP (nl n2 n—nnln2)
EXP(n—)RET (—ululn)

EXP(n—nn)
EXP(—n)
EXP(n—)
EXP(n—nn)

EXP (—1) RET ( ulull — ulull )
EXP(—J)

RET ( ululJ ulull — ulul) ulull )
EXP(nln2—n2)
EXP(nln2—nln2nl)

EXP ( x —n[x] )

EXP(—n)

EXP (—n) RET (ululn —)
EXP(—n)

RET (ululn — uluin)
EXP(n—)

Ends an infinite loop BEGIN .. AGAIN
BEGIN of most control structures
Begin of CASE .. ENDCASE block
Initializes an iterative DO..LOOP

Executed when IF condition is false
End of CASE..ENDCASE block

End of <n> OF .. ENDOF block
Execute word located at ROMAddr
Unstructured EXIT from *:’-definition
Conditional IF .. EL.SE .. THEN block
Repeat LOOP, if index+ 1 <limit
Execute CASE block. if n =c

Unconditional branch to BEGIN of BEGIN .. WHILE

REPEAT

Closes an IF statement

Branch to BEGIN, if condition is false
Execute WHILE .. REPEAT block,

if condition is true

Repeat LOOP, if 1+n < limit

Execute the #DO .. #L.LOOP block n-times
Decrement loop index by 1 downto zero

if start=limit, skip LOOP block
Exit any loop, if condition is true
Exit any loop, if condition is false

Push 4-bit literal on EXP stack

Places ROM address

of colon-definition <name> on EXP stack
Move top value to 3rd stack pos.

Move top value onto the return stack
Duplicate top value, if n <>

Get current expression stack depth
Remove the top 4-bit value

Duplicate the top 4-bit value

Copy loop index I from return to expression stack

Fetch index value of outer loop
[2nd return stack level

entry]

Drop second to top 4-bit value
Copy 2nd over top 4-bit value

Copy the x-th value from the expression stack

onto TOS
Get # of unused RET stack entries

Move top 4-bits from return to expression stack
Copy top 4-bits from return to expression stack

Move n-th value within stack to top
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ROT
SWAP
TUCK
2>R

2DROP
2DUP
2NIP
20VER
2<ROT
2R>

2R@

2ROT
2SWAP
2TUCK
3>R

3DROP

3DUP
3R>

3R@

EXP(nln2n—n2nnl)
EXP(nln2—n2nl)
EXP(nln2—n2nln2)
EXP (nln2—)

RET (— uln2inl)
EXP(nln2—)
EXP(d—dd)

EXP (d1d2—d2)
EXP(dl1d2—dl1d2dl)
EXP(dl1d2d —ddl1d2)
EXP(—nln2)

RET (uin2inl —)
EXP(—nln2)

RET (uln2inl — uin2inl)
EXP(d1d2d —d2ddl)
EXP (d1d2—d2d1)
EXP (dl1d2—d2d1d2)
EXP(nln2n3 —)

RET (— n3in2inl)
EXP(nln2n3—)
EXP(t—tt)
EXP(—mnln2n3)

RET ( n3in2inl1 —)
EXP (—nl n2n3)

RET ( n3In2Iin1 — n3in2inl)

3.3.5  Memory Operations

!

EXP ( n addr —)

Move 3rd stack value to top pos.

Exchange top two values on stack

Duplicate top value, move under second item
Move top two values from expression

to return stack

Drop top 2 values from the stack

Duplicate top 8-bit value

Drop 2nd 8-bit value from stack

Copy 2nd 8-bit value over top value

Move top 8-bit value to 3rd pos'n

Move top 8-bits from return to expression stack

Copy top 8-bits from return to expression stack

Move 3rd 8-bit value to top value

Exchange top two 8-bit values

Tuck top 8-bits under 2nd byte

Move top 3 nibbles from the expression onto
the return stack

Remove top 3 nibbles from stack

Duplicate top 12-bit value

Move top 3 nibbles from return

to the expression stack

Copy 3 nibbles (1 entry) from the return
to the expression stack

Store a 4-bit value in RAM

Subtract 8-bit value from a byte in RAM

Exclusive-OR 8-bit value with byte in RAM

Subtract 12-bits from 3 nibble RAM array

@ EXP (addr —n) Fetch a 4-bit value from RAM
+! EXP ( n addr —) Add 4-bit value to RAM contents
1+! EXP (addr —) Increment a 4-bit value in RAM
1-! EXP (addr —) Decrement a 4-bit value in RAM
2! EXP (d addr —) Store an 8-bit value in RAM
2@ EXP (addr —d) Fetch an 8-bit value from RAM
D+! EXP (d addr —) Add 8-bit value to byte in RAM
D-! EXP (d addr —)
DTABLE@ EXP ( ROMAddrn—d) Indexed fetch of a ROM constant
DTOGGLE EXP (d addr —)
ERASE EXP (addrn—) Sets n memory cells to 0

FILL EXP (addrnnl —) Fill n memory cells with nl
MOVE EXP ( n from to —) Move a n-digit array in memory
ROMByte@ EXP ( ROMAddr —d) Fetch an 8-bit ROM constant
TOGGLE EXP (naddr —) Ex-OR value at address with n
3! EXP ( nh nm nl addr —) Store 12-bit value into a RAM array
3@ EXP ( addr — nh nm nl) Fetch 12-bit value from RAM
T+! EXP ( nh nm nl addr —) Add 12-bits to 3 RAM cells
T-! EXP ( nh nm nl addr —)
TD+! EXP (d addr —) Add byte to a 3 nibble RAM array
TD-! EXP (d addr —) Subtract byte from 3 nibble array
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3.3.6 Predefined Structures

( cceecece)
\ cceecce
: <name>

[FIRST]
[LAST)
CODE
END-CODE
ARRAY
2ARRAY
CONSTANT
2CONSTANT
LARRAY

2LARRAY
Index
ROMCONST
VARIABLE
2VARIABLE
<n> ALLOT

AT <address>
: INTx
$AutoSleep

: SRESET

RET (—)
RET ( ROMAddr —)
EXP(—0)
EXP (—nid)
EXP(—)
EXP(—)
EXP(n—)
EXP(n—)
EXP(n—)
EXP(d—)
EXP(d—)

EXP(d—)

EXP (nld addr—addr’)
EXP(—)

EXP(—)

EXP (—)

RET (— ROMAddr )

EXP(—)

3.3.7 Assembler Mnemonics

ADD
ADDC
CCR!
CCRe@
CMP_EQ
CMP_GE
CMP_GT
CMP_LE
CMP_LT
CMP_NE
CLR_BCF
SET_BCF
TOG_BF
DAA

DAS

NOT

EXP (n1 n2 —nl+n2)
EXP ( n1 n2 — n1+n2+C)
EXP(n—)
EXP(—n)
EXP(nln2—nl)
EXP (nln2—nl)
EXP(nln2—nl)
EXP(nln2—nl)
EXP(nln2—nl)
EXP(nln2—nl)
EXP(—)

EXP (—)

EXP(—)

EXP ( n>9 or C set — n+6)
EXP (n —10+/n+C)
EXP(n—n-1)

RET ( ulull — ulull-1)
EXP(—)

RET (ululu —)

RET ( ROMAddr —)
EXP (—)

EXP ( port — data )

EXP(n—n+l1)
EXP (—)
EXP(n—/n)

In-line comment definition

Comment until end of the line

Begin of a colon definition

Exit; ends any colon definition

Index (=0) for first array element

Index for last array element

Begins an in-line macro definition

Ends an In-line macro definition

Allocates space for a 4-bit array

Allocates space for an 8-bit array

Defines a 4-bit constant

Defines an 8-bit constant

Allocates space for a long 4-bit array

with up to 255 elements

Allocates space for a long byte array
Run-time array access using a variable array index
Define ROM look-up table with 8-bit values
Allocates memory for 4-bit value

Creates an 8-bit variable

Allocate space for <n+1> nibbles

of un-initialized RAM

Fixed <address> placement

Interrupt service routine entry

Entry point address on return stack underflow
Entry point on power-on reset

Add the top two 4-bit values
Add with carry top two values
Write top value into the CCR
Fetch the CCR onto top of stack
If n1=n2, then branch flag set

If n1>=n2, then branch flag set
If n1>n2, then branch flag set

If n1<=n2, then branch flag set
If n1<n2, then branch flag set

If n1<>n2, then branch flag set
Clear branch and carry flag

Set branch and carry flag

Toggle the branch flag

BCD arithmetic adjust [addition]
9’s complement for BCD subtract
Decrement top value by 1
Decrement value on the return stack
Disable interrupts

Drop element from return stack
Exit from current ‘:’-definition
Enable interrupts

Read data from an 1/O port
Increment the top value by 1

No operation

1’s complement of the top value
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RP! EXP(d—) Store as return stack pointer
RP@ EXP(—d) Fetch current RET stack pointer
RTI RET ( RETAddr —) Return from interrupt routine
SLEEP EXP(—) Enter 'sleep-mode’, enable all interrupts
SWI0 SWI7 EXP (—) Software triggered interrupt
SP! EXP(d—) Store as stack pointer
SP@ EXP(—d) Fetch current stack pointer
SUB EXP (nl n2 —nl-n2) 2’s complement subtraction
SUBB EXP (nl n2 — nl1+/n2+C) I’s compl. subtract with borrow
TABLE EXP(—d)

RET ( RetAddr RomAddr —) Fetches an 8-bit constant from an address in ROM
OouT EXP ( data port — ) Write data to /O port
X@ EXP(—d) Fetch current X register contents
X]@ EXP(—n) Indirect x fetch of RAM contents
[+X]@ EXP(—n) Pre-incr. X indirect RAM fetch
[X-]@ EXP(—n) Postdecr. x indirect RAM fetch
[>X]@ $xx EXP(—n) Direct RAM fetch, x addressed
X! EXP(d—) Move 8-bit address to x register
X7 EXP(n—) Indirect X store of RAM contents
[+X1! EXP(n—) Pre-incr. X indirect RAM store
[X-}! EXP(n—) Postdecr. X indirect RAM store
[>X]! $xx EXP(n—) Direct RAM store, x addressed
Y@ EXP(—d) Fetch current Y register contents
[Y]@ EXP(—n) Indirect Y fetch of RAM contents
[+Y]@ EXP(—n) Pre-incr. Y indirect RAM fetch
[Y-]@ EXP(—n) Postdecr. Y indirect RAM fetch
[>Y]@ $xx EXP(—n) Direct RAM fetch, Y addressed
Y! EXP(d—) Move address to Y register
[Yjp EXP(n—) Indirect Y store of RAM contents
[+Y]! EXP(n—) Pre-incr. Y indirect RAM store
[Y-]! EXP(n—) Postdecr. Y indirect RAM store
[>Y]! $xx EXP(n—) Direct RAM store, Y addressed
>RP $xx EXP (—) Set return stack pointer
>SP $xx EXP (—) Set expression stack pointer
>X $xx EXP(—) Set X register immediate
>Y $xx EXP(—) Set Y register immediate
Notes:
RET (-) Return address stack effects
EXP (-) Expression (or data) stack effects
True condition Means branch flag set in CCR
False condition Means branch flag reset in CCR
n 4-bit data value
d 8-bit data value
addr 8-bit RAM address
ROMaddr 12-bit ROM address
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4  Electrical Characteristics
4.1 Absolute Maximum Ratings
Voltages are given relative to Vgg.

Parameters

i
i
|
|

- Supply voltage

slnpug voltage (on any pin)

! Output short circuit duration
;()peraling lemperature range

| Storage temperature range

i Thermal resistance (PLCC)
ESolderipg temperature (1< 10 s)

Symbol Value Unit
Vbp -03w+70 |V
VIN Vss 0.3 <V|NE Vpp +0.3 v
| Yhort ~ indefinite sec
Tamb —40 to +85 c
. T 4010 +130 °c
Rensa iU L
Tu 260 °C

Stresses greater than those listed under absolute maxi-
mum ratings may cause permanent damage to the device.
This is a stress rating only and functional operational the
device at any condition above those indicated in the op-
crational section of these specification is not implied.
Exposure to absolute maximum rating condition for an
extended period may affect device reliability. All inputs

4.2 DC Operating Characteristics

and outputs are protected against high electrostatic volt-
ages or electric fields. However, precautions to minimize
built-up of electrostatic charges during handling are rec-
ommended. Reliability of operation is enhanced if unused
inputs are connected o an appropriate logic voltage level
(e.g., Vpp).

Supply voltage Vpp = 2.4 10 6.2 V, Vss = 0 V, Tyyp = 40 to 85°C, unless otherwise specified

Parameters | Test Conditions / Pins | Symbol Min. 1 Typ. | Max. | Unit
Power supply o ]
Active current “ VDD =24V fsys(jL:] MHz ]DD { ‘ 1.0 | mA 1‘
i (CPU active) fsyscr.=2MHz 2.0 mA
! Vpp=6.2V fsyscL=1MHz 2.6 mA
) ) fsyscrL=2MHz | | 5.2 mA
Power down current {Vpp=24V fsysci=1MHz Ipp [ ! 0.4 mA
(CPU sleep, RC ‘ fsyscr.=2MHz 0.8 mA
oscillator active) Vpp=6.2V fsyscL=1MHz 0.6 mA
__fsysci=2MHz | B 1.0 _mA
Sleep current Vpp=24V ISieep T 1.0 HA
(CPU sleep, RC Vpp=6.2V 1.0 HA
oscillator inactive) ) N R
Sleep current Vpp=24V ISieep 0.5 UA
(CPU sleep, RC Vpp=62V | 0.5 HA
toscillator inactive) ! Tamb = 25°C | N B . i
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Supply voltage Vpp =2.4 10 6.2V, Vsg =0V, Tymp = 25°C, unless otherwise specified

Parameters | Test Conditions /Pins | Symbol | Min. | Typ. | Max. | Unit
| Power-on reset threshold voltage: Note x figure xx B 1

[POR 'POR threshold voltage | | Veor | 15 2 v

’ POR hysteresis | AVpor | 100 | | mV |
| Schmitt- -trigger input voltage: Pin INT6 TA TB, port 40 and port 3 i
Negative-going threshold | Vpp = 2.4 10 6.2V Ve | Vss 103*Vpp |V
 voltage | | "
Positive-going threshold Vpp=24t062V “ Vs 0.7*Vpp | { Vpb ; \%
voltage B | i
Hysteresis (VT £VT-) |Vpp=241062V | Vg 0.1*Vpp ]
| Input g)_ltﬁge Pin NRQT TE, NWP, TCL, and port 0, 1 2, port 43:

} Input voltage LOW Vpp=241062V ; Vi _.’_- Vss 0.2*Vpp \Y%
Input voltage HIGH Vpp=241062V | Vi 0.8*Vpp Vbbp \%
Input current: Bidirectional ports 0, 1, 2, 3, input port 4 with pull-up resistor
Pin NRST, TCL, INT6
Input LOW current Vpp=24V I T X 6.7 -13 pA

V= Vss ; | 28 -60 -103 HA
Vpp=6.2 V !

| Input current: Bidirectional ports 0 1, 2, 3, input port 4 with pull -down resistor

[Pm TE, NWP, TA, TB
Input HIGH current Vpp=24V Iig 2.7 6.3 12 pA

Vig=Vpp 30 60 100 p.A

‘G Vpp=6.2V 7 - i 1
Output current: Bldlrectlonal ports 0, 1, 2, 3 and TA TB B ]
Output LOW current | Vpp=24V L o 0.8 16 | 28 mA

Vo[_ 0. Z*VDD 6 11 17 mA
o Vpp=62V R ] i |
[Output HIGH current | Vpp=2.4V Lo 06 13 22 mA
i Voy =0.8%Vpp -4 =75 -12 mA
Vpp =62V I R
Output current: Pin TCL ] - - - -
Output LOW current Vpp=24V IOL 1.6 32 5.6 mA
VOL = 0~2*VDD 12 22 34 mA
Vpp=62V o
Output HIGH current Vpp=24V Ioy -1.2 -2.6 —4.4 mA

i V(‘)H = OAS*VDD ! -8 -15 -24 mA

i _Vpp=62V | I R S
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4.3 AC Characteristics

Supply voltage Vpp =2.410 6.2 V, Vgs =0 V, Tymp = 25°C, unless otherwise specified

Parameters I Test Conditions / Pins [ Symbol [ Min. [ Typ. [ Max. [ Unit |
Timer 2A and 2B input timing
Timer input clock ) fnp | SYSCL -
Timer input LOW time | Rise/fall time < 10ns |  try 50 ? ns |
Timer input HIFG time | Rise/fall time < 10 ns mt-nH 50 | B E ns
Interrupt request input timing B
Int. request LOW time | Rise/fall time<10ns t[RL 50 e ns
Int. request HIGH time | Rise/fall time < 10 ns R tiRY 50 ns
TCLoock | ‘ -
| TCL input clock 1 : o ] freL ] ] 2 MHz |
'TCL input LOW time o tTeLL 250 | | ns
"TCL input HIGH time ey | 0250 | T 10 T s
TCL rise time 0 Wt"TCLR 1 ‘ 71
TCLfalltme | e | I
. Reset timing ' ' k
{ Power-on reset time | Tpor = 7 100 | 500 i us
|NRES input LOW time - - Tpor J 4*SYSCL 5 | us
EEPROM write cycle B B
EEPROM write time | Note | | tEw | e ] ms |
| EEPROM write cycles | I B (L T (A | = |
Operation cycle time o , |
System clock cycle CCS =1 Note | l tsYSCL Y I 477 ns
CCS=0 954 ns
RC oscillator - - -
\Frequency %‘NQ‘,C,I frei 1048 | kHz
Stability Note 1 Af/f 2000 | ppm
Stabilization time ] Note 1 - ts 1000 S
32 kHz oscillator )
Frequency T i 32.768 kHz
|Startup time | ] tsQ 1 s
Stability ~ |Note2 N -10 10 ppm |
Integrated input/output CiNn
capacitances Cout 10 pF
External 32 kHz crystal parameters
Crystal frequency B fx - 32.768 | kHz
| Series resistance o | RS | 30 50 kQ
| Static capacitance Co 1.5 pF
| Dynamic capacitance [ ] cr 3 fF
Note 1: With connected crystal (pin 5, 6) and after start up time of crystal oscillator.
Note 2: Depend on the connected quartz crystal.
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Crystal Power-on reset
S 1l . 2.0
O 0 O 8 —
i \ i L
OSCIN 0SCOUT : —~ VpoR + max
16 ~——— s
Cl T —
L RS 1.4 - |
Bquivalent - || S . |
circuit - P — VpoRr — min
. ! x 1O
. | T
: 0.8 I l —
T H ‘ 06 1
Hysterese:

o 04 Vi gp = 300 mV

Figure 22. Equivalent crystal circuit 0.2 : 1 . s
0 L]

—40 -20 0 20 40 60 80 100
948991 Tamb (°C)

Figure 23. Thresholds for POR vs. ambient temperature

BT T 0 RN
VoL =0.2-Vpp -1 V()‘Hz(),S-Vm)
10 |— Tamb = 25°C // h Tamb = 25°C
2} |
8 / \ |
” / z 3 AN
g £ 4
Z ° = N T
L -
5 - - | ]
4 ,/ —]
v 6 :
2 AT \
P 7 . 1N
N\
0 -8 . ‘
2 25 30 35 40 45 50 55 60 65 2 25 30 35 40 45 50 55 60 65
94 8998 Vpp (V) 94 8999 Vpp (V)
Figure 24. Output LOW current vs. supply voltage Figure 26. Output HIGH current vs. supply voltage
150 140 .
140 - 130 XK‘ 1 J
130 - 20 b N ‘ I |
s 120 - = \‘ Lo
¥ S 0
o 10— N\ : <
& &
z 100 \\ 0 \ 17T
2 9 N R - N -
80 \\ 80 S i R aa \\ =T
70 f—rF—+ - 70 " 1 \F
|
60 ™ 60 | i L
—40 20 0 20 40 60 80 100 120 40 -20 0 20 40 60 80 100 120
949000 Tamb ( °C)H 949001 . Tamb ( °C)

Figure 25. Output LOW current standardized to 25°C vs. temp.  Figure 27. Output HIGH current standardized to 25°C vs temp.
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0 6
max.
| min LY S L ? m—
< 2 / <
E typ. £ 3 typ.
3 |
3 B — -
7 2 ~
/ / min.
max. L Vpp =24V > Vpp =24V
| Tunn = 25°C Tamb = 25°C
-5 0 .
0 0.5 1.0 1.5 2.0 25 0 0.5 1.0 1.5 2.0 25
94 8992 Vou (V) 94 8995 VoL (V)
Figure 28. Output HIGH current vs. output HIGH voltage Figure 31. Output LOW current vs. output LOW voltage
0 14
max
12 —
-2 - e
min.
10
) ) ) /
£ £ =
typ.
g sl yp- E ______-.—-—-
E E , e
R / | min.
o — o
max. — Vpbp=36V
" Tamb = 25°C
12 .
0 1 2 3 4 2 3 4
94 8993 Vou (V) 94 8996 VoL (V)
Figure 29. Output HIGH current vs. output HIGH voltage Figure 32. Output LOW current vs. output LOW voltage
0 T 35 -
| | max.
-5 /z 30
min. L /// 25
R / _ .
E A/ f B — —
= -15 | 7 b
3 typ. o 15
20 - L | min
10 !
25 | e Vpp=62V T 5 ? {— Vpp=62V _
max. Tamb =25°C T;nnh =25°C
-30 - L 0 L 1
0 1 2 3 4 5 6 0 1 2 3 4 5 6
94 8994 Vou (V) 94 8997 VoL (V)
Figure 3(). Output HIGH current vs. output HIGH voltage Figure 33. Output LOW current vs. output LOW voltage
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0 T 14 T T
Vpp=24V max.
2 . //7 12 Tymn=25°C
4 min. - / 10 Y 4 B — -
3 s N /
= . ~ typ
= 8 yp- | _ E 6 / | — - - |
-10 l 4
/ | / mn_|
-12 / Vpp =24V 2
max. | ‘ Tamb = 25°C V
~14 I | 0
0 0.5 1.0 1.5 2.0 2.5 0 0.5 1.0 1.5 2.0 2.5
94 9002 ViL(V) 94 9005 Vig(V)

Figure 34. Input LOW current vs. input LOW voltage Figure 37. Input HIGH current vs. input HIGH voltage

0 35 | —
-5 e Vpp=3.6V
min. LV, / 30 [ Tymp=25°C —
_10 // o | // max
" ~ ) / )
typ. -
R VAR ; 20 S
.—:ﬁ / ool y typ.
25 E 15 v
30 —7/ il 10 |—A //
s [max Vbp =36V // T min.
: ‘ Tamp = 25°C 5 7 ‘
40 [ 0 |
0 05 10 15 20 25 30 35 40

0 05 1.0 15 20 25 30 35 40

7
949003 ViL (V) 94 9006 Vi (V)

Figure 35. Input LOW current vs. input LOW voltage
& P P ¢ Figure 38. Input HIGH current vs. input HIGH voltage

0 120 l T
) Vop =62V
_20 |mun- _ /% 100 | T, = 25°C
-~ // ! .
! |
—40 } 'Z / i 80 i //
z p. ~ / 3 -/
= 60 = 60
= / E / typ.
80 / 0 /
: i .
_100 max. VD]) — 62 \Y; ] 20 l / B min.
Tamb = 25°C L~
~120 L ‘ ‘ L 0 ’
0 1 2 3 4 5 6 0 1 2 3 4 5 6
94 9004 ViL (V) 949007 ViH(V)
Figure 36. Input LOW current vs. input LOW voltage Figure 39. Input HIGH current vs. input HIGH voltage
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0 70
R IR
- —
10 N ViL=Vss | 60 — ViH=Vpp y
\\ Tamp = 25°C Tamb = 25°C /,
20 N 50
- \\ - /,
< -30 < 40 —
= 2
40 \ £ 30
--50 \ 2 /
N\ ’ A
-60 10 7
~70 0
2 25 30 35 40 45 50 55 6.0 65 2 25 30 35 40 45 50 55 6.0 6.5
94 9008 Vpp (V) 94 9009 Vpp (V)
Figure 40. Input LOW current vs. supply voltage Figure 42. Input HIGH current vs. supply voltage
140 150
130 \\ 140
120 —N 130
110 s 120 \\
- AN & 110
Z 100 N 2 N\,
S|
= 9 \\ = N
- 90
80 N N
1\\ 80 N
70 70 N
60 60
—40 -20 0 20 40 60 80 100 120 —40 20 0 20 40 60 80 100 120
949010 Tamb ( °C) 949011 Tamb ( °C)
Figure 41. Input LOW current standardized to 25°C vs. Figure 43. Input HIGH current standardized to 25°C vs. tem-
temperature perature
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4.4 Schmitt-Trigger Inputs
The following figures show the Schmitt-trigger input specs used at timer inputs TA, TB and interrupt inputs.

Note: The values for switch levels are standardized to supply voltage.

80 30 T
70 <
s 2
- 60 Lo fmaxy - 8
< i <
s 220 -
» 50 1 B B e bt o
- typ. 2{:
S A oo T ]
< S !
=30 | |t
W min + 10 — "
b 20 . ) 7 i; Tamp =25 °C
> I 5 _ |
10 — S
0 | 0 i P
2 25 30 35 40 45 50 55 6.0 65 2 25 3.0 35 40 45 50 55 6.0 65
949012 Vpp (V) 949014 Tampb ( °C)
Figure 44. Schmitt-trigger positive going threshold voltage Figure 46. Schmitt-trigger hysteresis vs. supply voltage
80 140
max
~ 70 . ~ 130 .
- 60 |—| + ~ 120 f
= typ. 2 v
g = v
- 50 B ~ 110 1 / B
= min & /
£ 40 & 100 ,,_,,/' 1
530t A T —
1 Tamb =25 °C " / Tamb =25 °C
R e e R R S
> >
10 [ - - | 70 ]
0 \ 60 L—.
2 25 30 35 40 45 50 55 60 65 40 20 0 20 40 60 80 100 120
949013 Vpp (V) 94 9015 Tamb ( °C)
Figure 45. Schmitt-trigger negative going threshold voltage Figure 47. Threshold temperature drift

Note:  For a pulse 10 be recognizable, it must be a minimum of 50 ns long with a rise time < 10 ns.
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S Pad Layout

Nwp BP0 gpo2  Bpo1 BPOO gp33
T | o0 1) BP32
. |
\ | | BP31
XTALI
v {1 | BP30
XTALO | i (1 |AVSS
| I VSS
VDD | || |
AVDD | M44C260 {1 TCL
NRST 1 |1P40
BP20 | [ 1pal
—— '1P42
BP22 BPZSBPW BP1I BP12 BP13 P43 95 10245

Figure 48. Pad Layout

Table 8. Pad coordinates

BP2 00

1 . | | |
2 BP23 4045 |00 | 1T 2515 | 37415
3 BPI0 809.0 0,0 18 22470 | 37415
4 BPII 13985 0.0 9 18305 37415
s | BPI2 | 810 0.0 20 | 11365 37415
6 BPI3 | 22235 | 00 21 L7200 37415
7 | P43 | 26865 | 00 2 | 3035 37415

8 | IP42 30560 | 5090 23 0,0 3660,0

9 IP41 30560 | 965.0 24 XTALI 0,0 31030
10 P40 | 30560 1363,0 25 XTALO | 00 26250 |
| TCL 3056,0 18020 | 26 VDD dig. 00 | 23150

12 Vss 30560 | 22475 27 | VDDana. | 240 2044,0

13 AVSS 3056,0 24575 28 NRST 00 1707,0

14 BP30 3056,0 33010 | 29 BP20 00 | 11645

15 | BP3I 3056,0 37415 | 30 BP21 00 | 4245

The M44C260 is also available in the form for COB mounting. Therefore the substrate, i.c., the backside of the die.
sould be connected to Vgg.

Die size: 3.5Imm x 4.19 mm
Pad size: 90 um * 90 um
Thickness: 480 + 25 um
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6  Ordering Information

Pin options

Please select the option setting from the list below.

IP41-TA

IP40-INT6

1P42-TB
1P43
NWP

ROM code
Please insert ROM CRC.

Size:

KByte CRC:

Approval

Date:

Signature:

hex
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MARC4 - 4-bit Microcontroller

The M48C260 is a member of the TEMIC family of 4-bit single chip microcontrollers. It is the user programmable
version of the M44C260. It contains EEPROM progra,m memory, RAM, EEPROM data memory, parallel /O ports,
I timer with watchdog function, 2 X 8/16-bit multifunction timer/counter and the on-chip clock generation.

Features

4-bit HARVARD architecture

Benefits

Low power consumption

¢ [ usinstruction cycle ® Power down mode < | A
® 4K X 8-bit application EEPROM program memory ® 241062V supply voltage
® 256 X 4-bit RAM .
® Self test functions
® 16 X 8-bit EEPROM RT
® High level programming language in gFORTH
® 16 bidircctional /O's £ prog & nghage g
Tq o P 1 P 1cati
e 8 hard and software interrupt levels ® User programmable with the application program
® 2 X §8-bit multifunction timer/counter
® Interval timer with watchdog
® 32 kHz on-chip oscillator
NWP  Vgs  Vpp NRST TE TCL OSCIN  OSCOUT
L t | r *
v v ) v
Reset Test Clock
Sleep 7
Timer 1 Timer 2
EEPROM RAM
4k x 8bit 256 x 4bit Watch- .
EEPROM dog Timer B |+
16 x 8bit F—
MARC4 Intervall
i Ti A |4
4-bit CPU core tmer fmer
T. ~
l [ d 1/0 bus J ' T |
) e A | S A 1A
L7
Int t Input
/0 /0 /o /0 'i’n;f;‘;p port 4
L Y
07T [T
INT6
< > - > <> v v
Port 0 Port | Port 2 Port 3 IP40 P43 TA TB 949038

Figure 1. Block diagram
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BP2 [[] [ BPol
BPO3 [2] 27 BPOO
NWP [3] 24 BP33

TE [4] 23 BP32
osciN [5] 24 BP3!

oscout [6] 23 BP30

vop [7] M48C260 [23 vss
NRsT [E] 21 Tl

BP20 [9] 20 1P40-INT6
BP21 [ [[d 1P41-TA
BP22 [1d 1P42-TB
BP23 1) 17 1P43

spio [13 id BP13

P11 [14 13 BPI2 o

Figure 2. Pin connections

Table 1. Pin description
Name Function
Vbp Power supply voltage +2.4 to +6.2 V - - -
Vss Circuit ground
BP0O — }37}’237744 bidirectional 1/0 lines of port 0 *
|BP10-BP13 j4 bidirectional 1/O lines of port | * B
| BP20 - BP23 | 4 bidirectional I/O lines of port 2 *
'BP30 - BP33 |4 bidircctional /O lines of port 3 with alternate interrupt function.
A negative transition on BP30/BP31 requests an INT2-, and on BP32/BP33 an INT3-interrupt if
- the corresponding interrupt-mask is set. S |
IP40-INT6 Input port 40 line/interrupt 6 input *
A negative transition on this input requests an INT6 interrupt if the IM6 mask bit is set.
[P41-TA Timer/counter I/O/Input port 41 line *
| This line can be used as programmable I/O of counter A or as port 41 input.
1P42-TB Timer/counter I/()/mput port 42 line *
| | This line can be used as programmable I/O of counter B or as port 42 input.
1P43 | Input port 43 line -
iNWP ~|EEPROM write protect input, a logic low on this input protects EEPROM rows 12 to15.
| OSCIN ) Osc1lldEg[ilggyLQZWkHz crystal). B )
0Oscou’ T | Oscillator output (32-kHz crystal).
NRST Reset input/output, a logic low on this pin resets the device. An internal walchdog reset is
indicated by a low level on this pin.
'TCL External system clock /0. This pin can be used as input to provide the C with an external clock
‘L ) | or as output of the internal system clock.
'TE Teslmode input. This input is used to control the test modes and the function of the TCL pm

The 1/0 ports have CMOS output buffers. As input they are available with pull-up or pull-down resistors.
Please see the order information.
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1  MARCA4 Architecture
1.1  General Description

MARC4 CORE
Reset X
Program z RAM
memory SP 256 x 4-bit
RP
Instruction ,J L
bus ,>
' " . Memory bus
nstruction
decoder ! TOS ]
System ,
clock Interrupt CCR ALU —J
controller I T“’

On—chip peripheral modules

94 8973

Figure 3. MARC4 core

The MARC4 microcontroller consists of an advanced
stack based 4-bit CPU core and on-chip peripherals. The
CPU is based on the HARVARD architecture with physi-
cally separate program memory (EEPROM) and data
memory (RAM). Three independent buses, the instruc-
tion bus, the memory bus and the 1/O bus are used for
parallel communication between ROM, RAM and pe-
ripherals. This enhances program execution speed by
allowing both instruction prefetching, and a simultaneous
communication to the on-chip peripheral circuitry. The
integrated powerful interrupt controller with eight priori-
tized interrupt levels, supports fast processing of
hardware events.

The MARC4 is designed for the high level programming
language qFORTH. The core contains both FORTH
stacks, expression stack and return stack. This architec-
ture allows high level language programming without any
loss in efficiency or code density.

1.2 Components of MARC4 Core

The core contains program memory, RAM, ALU, pro-

gram counter, RAM address register, instruction decoder
and interrupt controller. The following sections describe
each of this parts.

1.2.1 Program Memory (EEPROM)

The program memory (EEPROM) is programmed with
the application program by the customer using a special
programming device (see capter “Progamming the
EEPROM Program Memory”). The ROM is addressed by
a 12-bit wide program counter, thus limiting the program
size to a maximum of 4 Kbytes. An additional 1 Kbyte
ROM is available for test software only.

The EEPROM starts with a 512 byte segment (zero page)
which contains predefined start addresses for interrupt
service routines and special subroutines accessible with
single byte instructions (SCALL). The corresponding
memory map is shown in figure 4.

Look-up tables of constants can also be held in EEPROM
and are accessed via the MARC4’s built-in TABLE
instruction.
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FFFh
Program
memory
(4K x 8-bit)
3FFh
Self test
bank (1k)
IFFh |
Zero page 000h
000h

1ksh [ -
IFOh | -
|E8h
IEOh [ IEOh — INT7
o E ICOh — INT6
5 | 180h  — INTS
%’5 . Zero | 140h — INT4
E ‘ page | 1ooh — INT3
z ! 0COh — INT2
5 .
2 ! 080h — INT1
' 040h  — INTO
020h
ish |-
010h
008h |- 008h — $RESET
000h 000h — $AUTOSLEEP o4 974

Figure 4. Progam memory map

1.2.2 Data Memory (RAM)

The MARC4 contains 256 x 4-bit wide static random ac-
cess memory (RAM). It is used for the expression stack,
the return stack and data memory for variables and arrays.
The RAM is addressed by any of the four 8-bit wide RAM
address registers SP, RP, X and Y.

® Expression Stack

The 4-bit wide expression stack is addressed with the ex-
pression stack pointer (SP). All arithmetic, /0 and
memory reference operations take their operands from,
and return their result to the expression stack. The
MARC4 performs the operations with the top of stack
items (TOS and TOS-1). The TOS register contains the

RAM
(256 x 4-bit)
Autosleep

top element of the expression stack and works like an
accumulator. This stack is also used for passing parame-
ters between subroutines, and as a scratchpad area for
temporary storage of data.

® Return Stack

The 12-bit wide return stack is addressed by the return
stack pointer (RP). It is used for storing return addresses
of subroutines, interrupt routines and for keeping loop in-
dex counts. The return stack can also be used as a
temporary storage area.

The MARCH4 instruction set supports the exchange of data
between the top elements of the expression stack and the
return stack. The two stacks within the RAM have a user
definable location and maximum depth.

Expression stack
30

Ft‘h— . |FFh
N ) ) Sp
- [ ; (‘nlqbglI
X . R variables
5 X d +4-bit=
o
B
T
2 Expression Return stack
5] stack
v 11 0]
=]
3 . RP
eturn
<§t' stack -
o - Global )
07h variables Foos
103h - .

94 8975

Figure 5. RAM map
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1.2.3 Registers
1 ———— 0
PC ' ] R R ] Program counter
7 S . 0
RP |_ _ . . . . 0 0] Returnstack pointer
L . 0
SP ‘ L : T J Expression stack pointer
7 0
X | 0 7 7 7 "] RAM address register (X)
LA 0
Y l . ' =L ] RAM address register (Y)

o5 t:ij

CCR Cl————B 1

Top of stack register

Condition code register

Interrupt enable
Branch

[—

Unused
Carry / borrow

94 8976

Figure 6. Programming model

The MARC4 controller has six programmable registers
and one condition code register. They are shown in the
following programming model.

® Program Counter (PC)

The program counter (PC) is a 12-bit register that contains
the address of the next instruction to be fetched from the
program memory. Instructions currently being executed
are decoded in the instruction decoder to determine the
internal micro operations. For linear code (no calls or
branches) the program counter is incremented with every
instruction cycle. If a branch-, call-, return-instruction or
an interrupt is executed the program counter is loaded
with a new address. The program counter is also used with
the TABLE instruction to fetch 8-bit wide ROM
constants.

RAM address register

The RAM is addressed with the four 8-bit wide RAM
address registers: SP, RP. X and Y. These registers allow
access to any of the 256 RAM nibbles.

® Expression Stack Pointer (SP)

The stack pointer (SP) contains the address of the next-to-
top 4-bit item (TOS-1) of the expression stack. The
pointer is automatically pre-incremented if a nibble is

moved onto the stack or post-decremented if a nibble is
removed from the stack. Every post-decrement operation
moves the item (TOS-1) to the TOS register before the SP
is decremented. After a reset the stack pointer has to be
initialized with ™ >SP $xx ™ 10 allocate the start address
of the expression stack area.

® Return Stack Pointer (RP)

The return stack pointer points to the top element of the
12-bit wide return stack. The pointer automatically pre-
increments if an element is moved onto the stack or it
post-decrements if an element is removed from the stack.
The return stack pointer increments and decrements in
steps of 4. This means that every time a 12-bit element is
stacked, a 4-bit RAM location are left unwritten. These
location are used by the gFORTH compiler to allocate
4-bit variables. After a reset the return stack pointer has
to be initialized with ” >RP FCh ™.

® RAM Address Register (X and Y)

The X and Y registers are used to address any 4-bit item
in the RAM. A fetch operation moves the addressed
nibble onto the TOS. A store operation moves the TOS to
the addressed RAM location. Using either the pre-incre-
ment or post-decrement addressing mode arrays in the
RAM can be compared, filled or moved.

Rev. Al: 19.06.1995
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® Top Of Stack (TOS)

The top of stack register is the accumulator of the
MARC4. All arithmetic/logic. memory reference and /O
operations use this register. The TOS register gets the data
from the ALU, the program memory. the RAM or via the
/O bus.

® Condition Code Register (CCR)

The 4-bit wide condition code register contains the
branch, the carry and the interrupt enable flag. These bits
indicates the current state of the CPU. The CCR flags are
set or reset by ALU operations. The instructions
SET_BCF, TOG_BF. CCR! and DI allow a direct
manipulation of the condition code register.

Carry/Borrow (C)

The carry/borrow flag indicates that borrow or carry out
of arithmetic logic unit (ALU) occurred during the last
arithmetic operation. During shift and rotate operations

this bit is used as a fifth bit. Boolean operations have no
affect on the C flag.

RAM

Branch (B)

The branch flag controls the conditional program branch-
ing. When the branch flag was set by one of the previous
instructions a conditional branch is taken. This flag is
affected by arithmetic, logic, shift, and rotate operations.

Interrupt Enable (I)

The interrupt enable flag enables or disables the interrupt
processing on a global basis. After reset or by executing
the DI instruction the interrupt enable flag is reset and all
interrupts are disabled. The puC does not process further
interrupt requests until the interrupt enable flag is set
again by either executing an EI, RTI or SLEEP instruc-
tion.

124 ALU

The 4-bit ALU performs all the arithmetic. logical, shift
and rotate operations with the top two elements of the ex-
pression stack (TOS and TOS-1) and returns its result to
the TOS. The ALU operations affect the carry/borrow and
branch flag in the condition code register (CCR).

[ sp | TOS-1 [£
TOS-2
TOS-3

TOS+4

94 8977

Figure 7. ALU zero address operations

1.2.5

A MARC4 instruction word is one or two byte long and
is executed within one or four machine-cycles. A
machine—cycle consists of two system clocks (SYSCL).
The MARC4 is a zero address machine. Most of the
instructions are one byte long and are executed in only
one machine-cycle. The CPU has an instruction pipeline,
this allows the controller to fetch the next instruction from
program memory at the same time as the present instruc-
tion is being executed. For more informations see section
"MARCH4 Instruction Set Overview”.

Instruction Cycles

1.2.6 I/0 Bus

The I/O ports and the registers of the peripheral modules
(timer 1, timer 2, EEPROM) are 1/0 mapped. The com-
munication between the core and the on-chip peripherals
takes place via the I/O bus and the associated I/O control
bus. These buses are used for different functions: for read
and write accesses, for the interrupt generation, to reset
peripherals and for the SLEEP mode. With the MARC4
IN-instruction and OUT-instructions the I/O bus allows a
direct read or write access to one of the 16 I/0 addresses.
More about the /O access to the on-chip peripherals is de-
scribed in the section "Peripheral modules™.

The 1/O buses are internal buses and are not accessible by
the customer on the final microcontroller device, but they
are used as the interface for the MARC4 emulation (see
also the section “Emulation”).

208
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1.2.7

The MARC4 can handle interrupts with cight different
priority levels. They can be generated from the internal
and external interrupt sources or by a software interrupt
from the CPU itself. Each interrupt level has a hard-wired
priority and an associated vector for the service routine in
the ROM (see table 2). The programmer can enable or dis-
able interrupts all together by setting or resetting the
interrupt enable flag (I) in the CCR.

Interrupt Structure

Interrupt processing

For processing the eight interrupt levels the MARC4 con-
tains an interrupt controller with the 8-bit wide interrupt
pending and interrupt active register. The interrupt con-
troller samples all interrupt requests during every non-I/O
instruction cycle and latches them in the interrupt pend-
ing register. If no higher priority interrupt is present in the
interrupt active register it signals the CPU to interrupt the
current program execution. If the interrupt enable bit is
set the processor enters an interrupt acknowledge cycle.
During this cycle a SHORT CALL instruction to the ser-

INWAI

INT7 active

RTI
INTS \]

M48C260

vice routine is executed and the current PC is saved on the
return stack. An interrupt service routine is finished with
the RTI instruction. This instruction sets the interrupt en-
able flag, resets the corresponding bits in the interrupt
pending/active register and fetches the return address
from the return stack to the program counter. When the in-
terrupt enable flag is reset (interrupts are disabled), the
execution of interrupts is inhibited but not the logging of
the interrupt requests in the interrupt pending register.
The execution of the interrupt will be delayed until the in-
terrupt enable flag is set again. But note that interrupts are
lost if an interrupt request occurs during the correspond-
ing bit in the pending register is still set. After the reset
(power-on, external or watchdog reset), the interrupt en-
able flag and the interrupt pending and interrupt active
register are reset.

Interrupt latency

The interrupt latency is the time from the falling edge of
the interrupt to the interrupt service routine being acti-
vated. In the MARCH4 this takes between 3 to 5 machine
cycles depending on the state of the core.

JINTS active

INT3 \J

INT3 active

INT2

Priority level
F =N

Main/
Autosleep

RTI

RTI

INT2 active

RTI

SWI0

RTI

(" Main/ (

Autosleep )

Time

94 8978

Figure 8. Interrupt handling
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Table 2. Interrupt priority table

71;(6;11}[)1 Priority Vector 1 lmerrupi Opcode Function
Address (Acknowledge) | - o
. INTO lowest 040h I C8h (SCALL 040h) Software interrupt (SWI10)
| INTI | | 080h I DOh (SCALL 080h) EEPROM write ready
INT2 0COh | D8h (SCALL 0COh) External hardware interrupt.
| - 1 ) neg. edge at BP30 or BP31
INT3 100h - EOh (SCALL 100h) External hardware interrupt, |
7 3 neg. edge at BP32 or BP33 f
INT4 140h i E8h (SCALL 140h) Timer 1 interrupt :
INTS 180h ; FOh (SCALL 180h) Timer 2 interrupt ) ]
INT6 1ICOh | F8h(SCALL 1COh) External hardware interrupt, neg. edge at
| [ IP40 pin |
| INT7 | highest IEOh | FCh(SCALL IEOh) |Software interrupt (SWI7) |

Software Interrupts

The programmer can generate interrupts using the soft-
ware interrupt instruction (SWI) which is supported in
gFORTH by predefined macros named SWI0 to SWI7.
The software triggered interrupt operates exactly like any
hardware triggered interrupt. The SWI instruction takes
the top two elements from the expression stack and writes
the corresponding bits via the 1/0 bus to the interrupt

Table 3. Hardware interrupts

pending register. Thus using the SWI instruction, inter-
rupts can be re-prioritized or lower priority processes
scheduled for later execution.

Hardware Interrupts

In the M44C260 are eleven hardware interrupt sources
with six different levels. Each of these sources can be en-
abled or disabled separately with an interrupt mask bit in
the IMR1 or IMR2 register.

Interrupt Priority J Mask | Interrupt Source
I Regiser | Bit
EEPROM write ready INTI EMS IMEP EEPROM end of write cycle
| External interrupt INT2 IMRI1 IM30 Negative edge at BP30
[port 3 (BP30 OR BP31) IM31 { Negative edge at BP31
iF,xlernal interrupt INT3 IMR1 IM32 ENcguli ve edge at BP32
port 3 (BP32 OR BP33) IM33 Negative edge at BP33
Timer 1 interrupt ) INT4 IMR2  |IMTI Timer 1|
Timer 2 interrupt INTS5 | T21C IMAS Timer A end of space/underflow |
‘ IMAP Timer A end of pulse/capture |
IMBS ' Timer B end of space/undertlow
) IMBP Timer B end of pulse/capture
(Ext interrupt [P40 input -~ | INT6  IMR2 IM6 Negative edge at IP40 input
1.3 Reset During the reset-cycle the I/0 bus control signals are set

The reset puts the CPU into a well-defined condition. The
reset can be triggered by switching on the supply voltage,
by a break-down of the supply voltage, by the watchdog
timer or by pulling the NRST pad to low.

After any reset the branch-, carry- and interrupt enable
flag in the Condition Code Register (CCR) . the interrupt
pending register and the interrupt active register are reset.

210
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to ‘reset mode” thereby initializing all on-chip peripher-
als. )

A reset is finished with a short call instruction (opcode
C1h) to the program memory address 008h. This activates
the initialization routine $RESET. With that routine the
stack pointers, variables in the RAM and the peripheral
must be initialized.
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Power-on Reset

The power-on reset ensures that the core is activated not
before the operating supply voltage has been reached.

A reset is also generated when the supply voltage remains
below the operating range for more than 5 ms.

External Reset (NRST)

An external reset can be triggered with the NRST pin. For
the external reset the pin should be low for a minimum of
two machine cycles.

Watchdog Timer Reset

If the watchdog timer function of Timer 1 is enabled a re-
set is triggered with every watchdog counter overflow. To
suppress that the watchdog counter must be reset by an
access to the CWD-register (see also Timer I/watchdog
counter).

The power-on reset and watchdog reset are indicated in
the same way as an cxternal reset on the NRST pad.

OSCIN 3
D = -
Q133 0SC32 fosc= 32 kHr
()S(‘()[,):gi,,_
Stop
T

M48C260

1.4 Clock Generation

The M48C260 has two oscillators, onc RC oscillator for
the system clock generation and an additional 32-kHz
crystal oscillator. The system clock generator provides
the core and Timer 2 with the clock. The system clock fre-
quency of the M48C260) is programmable for 1 or 2 MHz.
The crystal oscillator is used as an exact time base for
Timer 1. If no exact timing is required. the controller does
not need an external crystal. In this case Timer 1 is pro-
vided with the system clock.

The configuration for both oscillators is programmable
with the clock status control register (CSC). which is a
subport register located in port CSUB. The required con-
figuration has to be initialized after reset in the SRESET
routine. The default setting after a reset is | MHz system
clock and an active 32-kHz crystal oscillator.

After power-on or a SLEEP instruction the clock genera-
tor needs a start-up time until it runs with an exact timing.
The CRDY bit in the CSC register indicates the start-up
phase.

- 2
_g__‘i TIMER1

f
' — | R
. . EE3? |
CSC :’ — ;'()S('SECRI)YE s l L T T "'LEEPROM
‘ -
— <= 32 kHz
| ' |
; :
0ses _— ' I Systemclock —
R -4 oscl  lnw - ' Generator
TAR N R | . X
TBR IS } Lo Stop | | '
FRDY ——— ) | ? 1 2 0.
SLEEP —— 1L — ) [ > SYSClY
| r 1 /41 CCS=0 I (%.\O T
S -5 i OO T .
| : X
TCL. W+ e 4 . .
] - ———t
[ ) 7
TCL - Controllogic
TE B T — B
- 91 %979
Figure 9. Clock module
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14.1 Clock Status/Control Register (CSC)
Address: Ch Subaddress: 2h
Bit 3 Bit 2 Bit | Bit 0
T acece L erpy | cos |
CSC | — | 0OSCS | CRDY T ccs | Reset value: X000h
OSCS Oscillator Stop
When OSCS = 0 the controller is configured to run with the 32-kHz crystal oscillator for Timer 1.
When OSCS = 1 the 32-kHz oscillator stops. For uC operation without crystal, this bit must be set
after reset. In that case Timer 1 is provided from the internal RC oscillator.
CRDY Clock Ready (status bit)
CRDY = 0 indicates the start-up time of the oscillators.
CRDY = | indicates that the clock is ready. The uC runs with an exact timing.
CCS Core Clock Select
CCS =0 selects 1 MHz system clock (SYSCL/TCL)
CCS = | selects 2 MHz system clock (SYSCL/TCL)
1.4.2 TCL Signal The sleep mode can only be kept when none of the inter-

The TCL pin can be used as input to supply the controller
with an external clock. For this configuration the TCL pin
must be held low for at least 0.5 ms during the reset cycle.
The controller is working with clock frequencies up to
2.5 MHz. It is also possible to use the TCL pin as output
to supply peripherals with the system clock. In this case
the TE pin must be connected to Vpp level and the TCL
pin must have a high impedance load.

1.5 Power Down Modes

The sleep mode is a shutdown condition which is used to
reduce the average system power consumption in applica-
tions where the uC is not fully utilized. In this mode the
system clock is stopped. The sleep mode is entered with
the SLEEP instruction. This instruction sets the interrupt
enable bit (I) in the condition code register to enable all
interrupts and stops the core. During the sleep mode the
peripheral modules remain active and are able to generate
interrupts. The uC exits the sleep mode with any interrupt
or a reset.

Table 4. Power cnnsumpnon at d]fferem power down modes

rupt pending or active register bits are set. The application
of the $AUTOSLEEP routine ensures the correct function
of the sleep mode.

The total power consumption is directly proportional to
the active time of the uC. For a rough estimation of the
expected average system current consumption, the fol-
lowing formula should be used:

Itotal (VDDs fOse) = ISleep + (Ipp * Tactive/Ttota))
Ipp depends on Vpp and fosc.
Systemclock Generator Stop

The M48C260 has different power down modes. When
the MARC4 core enters the sleep mode and no on-chip
peripheral needs a clock signal (SYSCL) the system clock
oscillator is stopped. Therefor the programmer should
stop timer 1 and timer 2 during the sleep mode if they are
not required. If the 32-kHz oscillator is not used it should
be stopped. Under this condition the power consumption
is extremely low (see following table).

[Mode | CPU- 'TIMER 1 [TIR] RCOsc. | 32-kHz- | Power-Con- |
| Core | TIMER 2 [TAR, TBR] Osc. sumption
| ‘ EEPROM [EERDY] - | 1oscsi | Al
|| SLEEP |TIR=0 AND TAR=0 AND TBR=0 AND EERDY=1 | STOP | STOP | <10 |
2| SLEEP |TIR=X, TAR=0 AND TBR=0 AND EERDY=! STOP | RUN <10
3 | SLEEP |TIR=1 OR TAR=I OR TBR=1 OR EERDY=0 RUN STOP <x
. 4 | SLEEP |TIR=X.TAR=1 OR TBR=1 OR EERDY=0 RUN RUN x|
5 | RUN TIR=X.TAR=X.TBR=X,EERDY=X RUN | STOP | <y
6 RUN  TIR=X.TAR=X. TBR=X. EERDY=X RUN | RUN <y
212 Rev. Al: 19.06.1995
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2
2.1

Peripheral Modules
Addressing Peripherals

The access to the peripheral modules (ports, registers) is

executed via the I/O bus. The IN-

or OUT-instruction al-

lows the direct addressing of 16 1/0O ports. For the
peripherals with a large number of registers, extended
addressing is used. With two [/O operations an extended

Table 5. 1/0-addressing

/0 port allows the access to 16 subports. The first OUT-
instruction writes the subport address to the subaddress
register, the second IN- or OUT-instruction reads data

from or writes data to the addressed subport.

] /O Operation o

|

Port 0, 1,2,3,4, T2SC, EMS

LI/Q read

VOwrite

T2SUB, CSUB
Extended I/O read

‘ Fkleﬁdéd VI/O write
!
Extended 1/O short read

ESUB
‘Extended I/O read (byte)

l
i

é Extended /O write (byte)
|
|
|

subaddress port OUT

] ~ gFORTH Instructions ]

portIN
|data port OUT

Description

Read data from port
Write data to port

| subaddress port OUT
jportIN_

, subaddress port OUT
| data port OUT

\ port IN

‘ subaddress port OUT
jport IN

_|portIN -
| subaddress port OUT

data port OUT
| data port OUT

Write subaddress to port
Read data from subaddress
Write subaddress to port
Write data to subaddress

_ |Read data from current subaddress

Write subaddress to port

Read data high nibble from subaddress

Write subaddress to port

| Write data low nibble to subaddress

Read data low nibble from subaddress

| Write data high nibble to subaddress

Subport Fh
Subport Eh
Subport Dh

Subaddress
Register

'

—s !

=

Subport 3
Subport 2
Subport 1
Subport 0

data port OUT
port IN

1/0 port

Subport

1/0 port

]

L 1l

)

I/0 bus

Figure 10. Extended I/O addressing

94 8980

Rev. A1: 19.06.1995

Preliminary Information

213



M48C260

TEMIC

TELEFUNKEN Semiconductors

Table 6. Peripheral addresses

Li\gdr. Name 7 Function )
0 Port 0 | Bidirectional port - -
1| Portl |Bidirectional port -
| 2 | Port gwl‘Biﬂ(V]irecrlional port - - -
, 3| Port3 |Bidirectional port N B R
4 Port4 | Input port B
s — o *
6 | —
7 — ’
| 8 L2S§ : o - Timer 2 status and control register
9 T2SUB | Subport for timer 2 Sub- Name | Register
0 | TARCH | Timer 2A space reload/capture register. high
nibble
| 1 TARCL  Timer 2A space reload/capture register. low
| nibble
‘ i 2 TARH | Timer 2A pulse reload register B -
| 3 TARL | Timer 2A pulse reload register
| 4 TBRCH | Timer 2B space reload/capture register, high
nibble
5 | TBRCL |Timer2B space reload/capture register, low
.| |nibble - |
6 TBRH | Timer 2B pulse reload register -
7 TBRL | Timer 2B pulsc reload register -
8 TAM1  Timer 2A mode register |
9 | TAM2 |Timer 2A mode register 2
A ~ TBMI Timer 2B mode register 1
B TBM2 | Timer 2B mode register 2 ]
c | Tc Timer 2 interrupt control :
D T2PC Timer 2 prescaler control -
[ B P — o
A | EMS EEPROM status register
B | ESUB  Subport for EEPROM ~ RowO-RowF
C CSUB | Subport for watchdog. = Sub- Name  Register
| timer 1. interrupt | address )
; i masks, and clock 0 WDC | Watchdog control register -
; generator b CWD 1 Clear watchdog counter B
| 2 CSC Clock status/control register
3 T
| 4 TIC  |Timer I control register
} | 5 . IMRIl | Interrupt mask register |
; i 6 IMR2 | Interrupt mask register 2
P . TE —
b — |
I E  — |
214 Rev. Al: 19.06.1995
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2.1.1 Input Port 4

Port 4 is the input port for the pins IP40, IP43, TA and TB. P40 is also the interrupt input for INT6, and TA and TB
are normally used for timer 1/0 functions.

Bit 3 Bit2 Bit 1 Bit 0
| | - |
Input port 4 f P43 { TB/IP42 | TA/1P41 ! IP40/INT6 |
VbD Vbp

| — il -
| |+ T,
n . |
L } -! Pull-up JV*L l _J Pull-up
1O bus ¢
/O bus Fq;ﬁ—-ﬂ’ﬂ —————&—IP40/INTS]
Voo | INT6
| — A
I | .
o
Lo _ Pull-down * optional
94 89K

Figure 11, Input port IP40, 1P43

2.1.2 Bidirectional Ports
Ports 0, 1, 2 and 3 are bidirectional 4-bit wide ports and ® Use two IN-instructions and DROP the first data

may be used for data input or output. The data direction nibble read. The first IN switches the port from output
is programmable for a complete port only. The port is to input, DROP removes the first invalid nibble and
switched to output with an OUT-instruction and to input the second IN reads the valid nibble.

with an IN-instruction. The data written to a port will be
stored into the output latches and appears immediately
after the OUT-instruction at the port pin. After RESET all
output latches are set to Fh and the ports are switched to
input mode.

® Use an OUT-instruction followed by an IN-instruc-
tion. With the OUT-instruction the capacitive load is
charged or discharged depending on the optional
pull-up /pull-down configuration. Write a “1” for pins
with pull-up resistors and a “0” for pins with pull-
Note: Care must be taken when switching bidirectional down resistors.
ports from output to input. The capacitive load at
this port may cause the data read to be the same
as the last data written to this port. To avoid this,
when switching the direction one of the follow-
ing approaches should be used.

Rev. Al: 19.06.1995 o e . 215
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\%
1/O bus DD @
I
VDD
D Q
<BPxy)
R ™\
I )’ |
Reset L/ ‘
ouT e
- S QF— jE
*) optional
IN‘ R NO pul]—up / pull-down
/ Reset resistor L .
Figure 12. Bidirectional port
Interrupt logic (INT2/INT3)
/I \Y;
1/O bus \], DD
<>
*
|
vDD
D Q )
<{BP3y)
R I
l )) l
Reset L/ ‘
*
PortX_OUT IE
> s Qp |
*) optional ‘
PKTXJN R NQ pull-up / pull-down
/ Reset resistor - 94 8983

Figure 13. Bidirectional port 3 with interrupt input

2.1.3 External Interrupt Inputs

The pins [P40 and BP30 — BP33 can be used as external
interrupt inputs. IP40 is used for INT6. BP32 and BP33
are used for INT3. and BP30 and BP31 are used for INT2.
Pin IP40 is also used as an input port and BP30 - BP33 as

a bidirectional port (see figure 11). Each of these external
interrupt sources can be enabled or disabled with individ-
ually interrupt mask bits. A negative transition at one of
these inputs requests an interrupt. when the correspond-
ing mask bit is set. The interrupt masks are placed in the
subport registers IMR1 and IMR?2 of port CSUB.
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IMRI: [1M33] IM32] IM31{IM30)
' L L :
' L} 1 '
' ' ' )
U 1 '
BP33 ‘H‘O\O . . . Interrupt INT3
BP32 *\ No interface :
[\ AR
BP3 ;
Pl E ~o'%o . Interrupt INT2
BP30 ~-—~o‘o-«— | interface
Interrupt
]
IMR2: |— | — | IM6 | IMTI 94 KOR4

Figure 14. External interrupt inputs

2.2 Timerl1

Timer 1 is an interval timer for generating interrupts.
Additional to the timer can be used as watchdog timer.
The timer consists of a programmable 18 stage divider
which is supplied with a 32-kHz clock and a 3-bit counter
for the watchdog function (see figure 15). The time inter-
val for a timer I interrupt (INT4) can be programmed with
the timer control register from 1 ms up to 8.0 s. The timer
I mterrupt 1s maskable with the IMT] bit.

The time interval for a watchdog reset can be pro-
grammed with the watchdog control register for 0.5, 2.0,
8.0 or 16.0 s. When the watchdog is active (WDR = 1,
TIR = 1) the controller is reset with the overflow of the
3-bit watchdog counter. The application software has to
ensure that the watchdog counter is resct by a writc access
to the CWD port before it overflows. Because the watch-
dog timer is supplied by the interval timer it is necessary
that timer 1 is set active (TIR = 1).

I TIC! I 0 0 1
10

0

TIC | " ;:T-m‘:l'rl(‘l{v'ru:u% ITico | o 0 i 0 ' EMTL':—'O"
[T T - .. . N
| J ‘ . ] T T ! ‘T T L INTS
. RN , i s | N
(NN S 0 R ] R R S G $
[ Y | | & T lMRZN M6 [ M|
[ ‘ 5 ‘ J) § >f ' e M
] 1R I |
| W‘ a i'\(g > \Q ‘ i‘
DIVIDER ) \? " ‘ ’
“ i ! ' I‘ Qii Qh“ } QXJ iQIU’ Q]Ié Q12 Q13 QH]‘()”ISIQM’ ‘[Q[KE
- I
R s
,* S t - T Watchdog counter
| 7l n
‘ - '[5!7 rrrrrrrrrrrr } S WOROT b vider 8
s . o} e
. ( b
woc [won | ovc yoc] haba ]2 — s
f — i WRITE CWD 94 8Y8S

Figure 15. Timer 1
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Timer 1 register

The registers of Timer 1 are [/O-mapped. They are sub-
port register of port CSUB the access is made by extended
1/0 operations. The interval timer is controlled by the

prescaler control register TIC. The interrupt mask IMT]
is placed in the interrupt mask register IMR2. The watch-
dog timer is controlled by the watchdog control register
WDC and port CWD. A write access to CWD resets the
watchdog counter.

2.2.1 T1C - Timer 1 Control Register
Address: ‘C’h Subaddress 4
Biz 21 0
TIC | TIR | TIC2 ‘TiCt = TiCo Reset value: 0000b
TI1R Timer | run
T1R = 0 stops the interval timer
TIR = 1 starts the interval timer
T1C2 Timer 1 control bit 2
TiC1 Timer | control bit 1
T1CO Timer 1 control bit 0
This both bits select the time interval for a Timer 1 interrupt.
. TIC2 TICI “TICO Divider |  Timelnerval
0 o | o % 0976525ms. _
0 0 1 1 64 . 1953125ms o
0 e I 0 ! 256 . N 7.8125ms B
0 [ T E AR L S . 3125ms
1 o 4 0 L4096 _ . 12®ms ﬂl
! o e 500 ms il
L 0 ese o
S N 1 I 262144 _8s ]
2.2.2 WDC - Watchdog Control Register
Address: ‘C’h Subaddress 0
_Bit3. 2 ] L
WDC WDR  — WDM1 WDMO Reset value: 0x00b
WDR Watchdog run
WDR = 0 the watchdog counter is inactive and reset
WDR = 1 the watchdog counter is active and able to generate a reset when Timer [ is running
WDC1 Watchdog mode |
WDCO0 Watchdog mode 0
This both bits control the time interval for the watchdog reset.
218 Rev. Al: 19.06.1995
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f WDM 1 WDM 0 ’ Divider Delay time to Reset (s)
0 0 1 2048 0.5
|0 | ! Jr 8192 . 2
I lL 0 32768 o

| | 1 | 524288

2.3 Timer 2

Timer 2 consists of the two timer/counter blocks Timer A
and Timer B. Each block has one 8-bit downcounter and
a programmable prescaler. The clock inputs can be pro-
grammed to count the system clocks, Timer A clocks or
external clocks. The maximum clock rate for external
clocks is the half system clock frequency (SYSCL/2).
Each counter has a reload register for the pulse time and
a reload register for the space time. Every counter under-
flow toggles the output and reloads the downcounter
alternately from the pulse reload register or from the
space reload register. This allows the generation of any
duty cycles.

Addition both counters have a capture mode. In this mode
an external signal or the Counter B output causes the
current counter value to be captured into the correspond-
ing capture register.

The timer has two I/O pins, TA for Timer A and TB for
Timer B. Used as output the pins have a high level during
the pulse time and a low level during the space time of the
timer. As input the pins are used for the external counter
clock or the capture signal. The inputs have a program-
mable edge detection to select the active edge of an
external clock or capture signal.

Interrupts can be generated when a counter underflow or
a capture event occurs. The interrupt function for timer 2
can be programmed with the interrupt control register.
Both counter blocks share one interrupt vector (INTS5).

Timer 2 Modes

There are various timer/counter modes for both blocks of
Timer 2. They can be used separately or combined. The
timer modes can be programmed with the timer control
and mode registers.

Single Timer Modes

® 8-bit timer
Counter A/B is supplied by the system clock and is
used to generate timer interrupts.

® Pulse width modulation
Counter A/B is supplied by the system clock. The

TA/TB pin is used as counter output. The duty cycle
can be programmed with the pulse and space reload
register.

® Capture mode
Counter A/B is supplied by the system clock. The
TA/TB pin is used as input. An external signal at the
input causes the current counter value to be captured
into the capture register.

® Event counter
Counter A/B counts external clocks at the TA/TB pin.
The capture register contains the current counter
value and can be read.

Combined Timer Modes

® 16-bit timer
Counter A is supplied system clock-and its output is
coupled with the input of Counter B. In this mode the
counter is used to generate timer interrupts.

® 16 bit capture mode
Counter A is supplied with the system clock and
Counter B with the output of Counter A. An external
signal at the TA pin causes the current counter value
will be captured into the capture registers.

® 16-bit event counter
The output of Counter A is coupled with the input of
Counter B to count external clocks at TA. The capture
register of both counters contain the current counter
values.

® Burst generator
Counter A is supplied the system clock and its output
is coupled with the input of Counter B. The output of
Counter B controls the output signal of Counter A at
the TA pin. The TA output is enabled during the pulse
and disabled during the space of Counter B.

® Event counter with time gate
Counter A counts the clocks at the TA pin and Counter
B is supplied with the system clock. Each underflow
of Counter B causes the counter value of Counter A to
be captured into its capture register.
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Timer 2 Register 2 are subport registers of port T2ZSUB. The access to those
registers needs an extended I/O operation. The timer
All timer register are 1/0 mapped. The access to the Timer  function can be configured with the mode registers
2 status control register (T2SC) can be done with adirect  TAMI, TAM2, TBMI1, TBM2 and the interrupt control
/O operation to T2SC. The status is read with an IN  register T2IC. The timing depends on the contents of the
operation and a command to control the timer is written  prescaler control register T2PC and the reload registers.
with an OUT operation. The remaining registers of Timer ~ The capture registers are used to read the counter value.

SYSCL .
1 {Counter A R
SR Y . + -
| A(TZS TARC }f“lt T\ D i
{ r i - aanel -
1 TAMI ] (— e ‘ | AOE
} ’T 171 . O\\’T AGB = | 4 Ita
| - > R
.‘ ACE ACB - AETAE0 |
1 ' { =
. | i ~ ] - INTS
! [ R W |V
i BCSI BCSO — —
? |
o | 2
SYSCL -
%if 1 Counter B | T ‘ | [READ)
( BCE BCA |
i
| | SR |
o
[ P i ‘ — TB
. [BM2] i o’fw
| BE! BEO | BOE
L R
Note: all control bit switches are shown at value 0™ 94 %087
Figure 16. Timer 2
Reload register
PULSE SPACE
TxRH{w] | TxRL{w]]| [TXRCH[w]TxRCL{w
T2PC
Input ;,,,,, Output
Counter A/B Prescaler 1 ~1 Counter A/B
—“ﬂB ——.‘ DOWN COUNTER A/B | l—><j
Toggle
@ x = A for Counter A.
D w i N ar
Capture register : _[:{g)/;r()'“unm B
TXRCHr] | TXRCLI1] w = WRITE
Capture 04 ROXG
Input A/B

Figure 17. Counter A/B

Rev. Al: 19.06.1995

220 B . . . o
Preliminary Information



TEMIC
TELEFUNKEN Semiconductors M48 C260

2.3.1 Timer 2 Status/Control Register (T2SC)

Address: 8

Control register Bit 3 2 1 0 -

Write (T2SC) | TBM | TAM | TBR | TAR | Reset value: 0000b
Status register ] ) i

Read (T25C) | TBSU | TBPC [ TASU | TAPC | Reset value: 0000b
TAM, TAR: Timer A control bits to start or stop Timer A.
TBM, TBR: Timer B control bits to start or stop Timer B.

| TBM | TAM | TBR | TAR |Timer2Commands |

-t 10 X 0 sroeA A STOP command resets

L 0 X 1 RUN_A | the prescaler and counter.

| 1 _ =

S0 10 x |STOP_B J

} o 1 I | x RUN_B ] A RUN command starts the

| 0 0 ] 70 0 STOP_AB counter with the next clock

oo I 'RUN_AB taking the value from the

0 | 0 0 1 | RUN_A-STOP_B J pulse reload register.

- ‘ - S

|0 v I | 0 |STOP_A-RUN_B

1 1 X x |NOP |

TBSU:  Timer B end of space/underflow status bit.
When BCE* = 0 this bit will be set at the end of space time of Counter B.
When BCE = [ this bit will be set with every Counter B underflow.

TBPC:  Timer B end of pulse/capture status bit.
When BCE = 0 this bit will be set at the end of pulse time of Counter B.
When BCE = 1 this bit will be set when a capture event for Counter B occurs.

TASU:  Timer A end of space/underflow status bit.
When ACE* = 0 this bit will be set at the end of space time of Counter A.
When ACE = 1 this bit will be set with each Counter A underflow.

TAPC:  Timer A end of pulse/capture status bit.
When ACE = 0 this bit will be set at the end of pulse time of Counter A.
When ACE = 1 this bit will be set when a capture event for Counter A occurs.

*) ACE and BCE are the capture enable control bits in the timer mode registers TAM2 and TBM2.
The status bits TASU, TAPC, TBSU, TBPC will be reset after a READ access to T2SC!

f—{cv. Al:19.06.1995 o e . 221
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2.3.2 Timer 2 Subport (T2SUB)
Address: 9
Table 7. Timer 2 subports
'Subaddr. |  Name | Meaning | B3 | Bit2 | Bitl | Bit0
0 [TARCH[w]* TimerArcloadhigh High-nibble |
TARCH [r]*  Timer A captre high I L .
I TARCL([w]*  Timer A reload low ] Low-nibble
TKI{CL Ir]* | Timer A capture low - B ,
2 TARH  Timer A reload high  High-nibble
3 TARL Timer Arcloadlow _ Lownibble
4  |TBRCH[w|* | Timer B reload high High-nibble z
. |TBRCH|f*  TimerBeapwrehigh [ | I _
‘ 5 | TBRCL [w]* Timer B reload low L Low-nibble ]
L L’@RCI: [r]* Timer B capture low B Foe | - - |
|6 |TBRH _ |TimerB reload high b High-nibble
7 7[T_B_BL Timer B reload low Low-nibble v
L8 |TAMI Timer A mode register 1 L | — | AGB ACS | AOE
L 9 TAM?2 Timer A mode register2 ACB | ACE AEl | AE0
A TBMI Timer B mode register | — | BCSI_| BCSO | BOE
B |TBM2 Timer B mode register 2 . | BCA | BCE | BEI | BE0O
C T2IC | Timer 2 interrupt control .| IMBS | IMBP . IMAS ; IMAP |
b [T2PC | Timer 2 prescaler control _| BPCl | BPCO | APCI | APCO_ |
E | — = = = =
_F = ] 1 =1 =1 =1 =]

* [w] write only, [r] read only

233 Timer 2 Reload Register

The 8-bit wide reload registers of Timer A and B are used
to program the pulse and space width of the counter out-
put signal.

The first clock after a start command loads the down-
counter with the value (n) from the pulse reload register
and sets the counter output to 1. The downcounter decre-
ments with each following clock and each underflow
reloads alternately the value (m) from the space reload

Prescaler out _I—l_l—Lﬂ_

register or the value (n) from the pulse reload register and
toggles the counter output.

The pulse and space width can be calculated as following:

Pulse time: Pulse = (n+1

Spacetime: Space = (m+

) x prescaler clocks

1) x prescaler clocks

0 <m,n < 255

n-1 n-2 1 0

Counter out J n
< n+1

PULSE
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Timer 2 Space Reload Register

The space reload register of Timer 2 is programmed by
two write accesses to the subport addresses TARCH and
TARCL or TBRCH and TBRCL of the Timer 2 subport
T2SUB. The value (m) in the space reload register deter-
mines the space width. At the end of pulse the
downcounter reloads the 8-bit value from the space re-
load register with the next clock of the prescaler output.

Space width: Space = (m+1) prescaler clocks
0<m<255

Timer 2 Pulse Reload Register

The pulse reload register of Timer 2 is programmed by
two write accesses to the subport addresses TERH and
TARL or TBRH and TBRL of the Timer 2 subport
T2SUB. The value (n) in the pulse reload register deter-
mines the space width. At the end of space the
downcounter reloads the 8-bit value from the pulse re-
load register with the next clock of the prescaler output.

Pulse width: Pulse = (n+1) prescaler clocks
0<n<255

2.35 Timer A Mode Register 1 (TAM1)

Bit3 2 1
— | AGB

TAM1 |

AGB

. Acs |

Counter A output gated by Counter B output

2.34

The capture register is used to capture the current down-
counter value when a capture event occurs. The value is
kept in the capture register until the next capture event
and can be read independent of the state of the down-
counter. The capture events are programmable with the
timer mode registers TAM2 and TBM2.

Timer 2 Capture Register

The capture registers are also used to read the counter
value when the external capture mode is disabled. In this
case the 8-bit counter value is transferred into the capture
register by reading the high nibble TARCH or TBRCH.
If the 16-bit event counter mode is enabled the complete
16-bit value is captured by reading first the high nibble
TARCH of Timer A. This mechanism ensures the coher-
ence of the counter high and low nibble during the read
access.

Address: 9 — Subaddress: 8

Reset value: 0000b

AGB = | enables the burst generation mode. The output of Timer A is enabled during the pulse time
of the Counter B and disabled (TA= 0) during the space time of the Counter B.

ACS Counter A clock select

This bit selects the source of the Counter A clock. When ACS = 0 the timer is supplied with internal
SYSCL. When ACS = | the timer is supplied with an external clock on TA pin.

AOE Timer A output enable
AOE = 0 disables the counter output TA,

AOE = 1 enables the counter output TA.

Rev. A1: 19.06.1995
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2.3.6 Timer A Mode Register 2 (TAM2)

Address: 9 — Subaddress: 9

Bit3 2 1 0
TAM2 ACB VL, ACE | AE1 | AE0 | Reset Value: 0000b
ACB Timer A captured by Timer B

Selects the capture source for Timer A. When ACB = 0 the signal at the TA pin is used to generate a
capture event. When ACB = | each transition at the Counter B output is used to generate a capture
event for Timer A.

ACE Timer A capture enable
ACE = 1 enables the capture mode for Counter A. The occurrence of a capture event causes that the
current downcounter value is loaded into the capture register.

AE1 Timer A edge select bit 1

AE0 Timer A edge select bit 0
Whit these bits the active edge for the counter clocks and capture signal is selected.

AEl ‘ AEO |Active Edge for CouTter Clock/Capture Events
| 0 |positive edge at TA pin

negative edge at TA pin

0
0 1 - - -
1 0 | first positive edge after timer start and then each transition at TA pin
1 1

2.3.7 Timer B Mode Register 1 (TBM1)

Address: 9 — Subaddress: Ah

_ Bit3 2 1 0
TBMI | — | BCSI | BCSO | BOE Reset value: 0000b
BCS1 Timer B clock select bit 1
BCS0 Timer B clock select bit 0

These bits select the source of Counter B clock.

| BCSI | BCSO | Counter B Input Signal |
0 0 |Systemclock (SYSCL)
L1 0 |Output signal of Counter A i
. x| 1 |Externalinputsignalat TB
BOE Timer B output enable

BOE = 0 disables the counter output TB.
BOE = | enables the counter output TB.

224 e . Rev. Al: 19.06.1995
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2.3.8  Timer B Mode Register 2 (TBM2)

Address: 9 — Subaddress: Bh

Bit 3 2 1 o
TBM2 | BCA | BCE | BEl | BE0 | Reset value: 0000b
BCA Timer B is captured with Timer A capture signal. With BCA = 1 the external capture signal for

Timer A is used to capture Timer B
simultaneously with Timer A.
Note: It is possible to capture Counter B by a read access to TARCH
BCE Timer B capture enable
BCE = 1 enables the capture mode for Counter B. A capture event loads the current downcounter
value into the capture register.
BE1 Timer B edge select bit 1

BEO Timer A edge select bit 0
With these bits the active edge for the counter clocks and capture signal is selected.

| BEL | BEO |Active Edge for Clock/Capture Events

.0 | 0 _positive edge on TB pin

o : I negativeedgeonTBpin -
Lo *\ 0 first positive edge after start timer and then each transition on TB pin

‘ | darst positiv

I

first negative edge after start timer and then cach transition on TB pin

Rev. Al: 19.06.1995 225
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2.39 Timer 2 Prescaler Control Register (T2PC)

Address: 9 — Subaddress: Dh

Bit3 2 1 0

T2PC BPCI  BPCO  APCI  APCO Reset Value: 0000b

BPC1 Timer B prescaler control bit 1

BPCO Timer B prescaler control bit 0
These bits determine the divider for the prescaler of Timer B.

APC1 Timer A prescaler control bit 1

APCO Timer A prescaler control bit 0
These bits determine the divider for the prescaler of Timer A.

| BPCUAPCI | BPCO/APCO |  Divider

| L]

R U S U S S
0 I | 4

2.3.10 Timer 2 Interrupt Control Register (T2IC)
Address: 9 — Subaddress: Ch

Bit3 2 1 0

T2C | IMBS | IMBP  IMAS | IMAP Reset value: 0000b

IMBS Interrupt mask Timer B end of space/underflow
IMBS = 1 enables an INTS interrupt, if BCE* = 0 at the end of space of Counter B,
or if BCE = 1 at each Counter B underflow.

IMBP Interrupt mask Timer B end of pulse/capture
IMBP = | enables an INTS interrupt, if BCE = 0 at the end of pulse of Counter B.
or if BCE = 1 with a capture event for Counter B.

IMAS Interrupt mask Timer A end of space/underflow
IMAS = | enables an INTS interrupt, if ACE* = 0 at the end of space of Counter A,
orif ACE = [ at each Counter A underflow.

IMAP  Interrupt mask Timer A end of pulse/capture
IMAP = 1 enables an INTS interrupt. if ACE = 0 at the end of pulse of Counter A,
orif ACE = 1 with a capture event for Counter A.

Each interrupt source can be enabled or disabled individually by setting the corresponding maskbit.

*) ACE and BCE are the capture enable control bits in the timer mode registers TAM2 and TBM2.
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T2SC[r] ;] TBSU| TBPC| TASU| TAPC

Timer A end of
pulse / capture O\,\O——

Timer A end of |
space / underflow O\-\O

— INTS

Timer B end of
pulse / capture ‘

Timer B end of _ O\,\O

space / underflow
i

T2IC : | IMBS | IMBP | IMAS | IMAP

Irl=READ

94 R9%8

Figure 18. Timer 2 interrupt mask register

2.3.11 Timer /O (TA/TB)

The timer 1/0 pins TA and TB are used as input for the  input mode, when AOE/BOE = 1 the pin is switched to
external clock or capture signal and as output for the output mode. The pins also can be read with an IN-
counter. The mode is controlled with AOE and BOE instruction via port 4 (TA with IP41 and TB with IP42).
control bit. When AOE/BOE = 0 the pin is switched to

1/O bus /_[]'l VoD
P4 2 R
(IP41/1P42) \] ot
Port4_IN ; { :
‘ Vb ML B
Counter input
( cd‘ge sense) ]
Counter output ~N JATB
AOE/AOB-controlbit L *1
" ! IE :
*) optional N N
pull-up / pull-down
resistor -
94 8989
Figure 19. Timer 1/O (TA/TB)
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24 EEPROM

The EEPROM of the M48C260 is 128 bit wide and orga-
nized as an array of 16*8-bit. The EEPROM rows are 1/O
mapped and are subports of port ESUB. The access to any
8-bit row of the EEPROM is done by an extended 8-bit

1/0 operation or by special postincrement access. The
EEPROM rows 12 to 15 can be write protected by hard-
ware and software.

EEPROM SubPort (ESUB)
Address: Bh — Subaddress: 0-Fh

High nibble Low nibble
Row 15 N
Write protectable
12 /
Memory
0
NWP[ | Control logic | INT1
EMS ES UB 94 8990
Figure 20. EEPROM

Read operation

A read operation needs an OUT- and two IN-instructions
to port ESUB. First the the OUT operation writes the row

qFORTH example:

address. The following two IN-instructions read the high
nibble and then the low nibble of the addressed row.

Row address ESUB OUT ( —)
EPSUB IN ( —Data_High)
EPSUB IN (Data_High — Data_High Data_Low)

Write operation

A write operation needs three OUT-instructions to port
ESUB. The first operation writes the row address. The
following two OUT-instructions write the low nibble and

qFORTH example:

then the high nibble to the addressed row. After reset,
rows 12 to 15 are write protected. To enable write opera-
tions to these rows the write enable bit (EWE) must be set.
In all cases write accesses to these rows are disabled when
pin NWP is low.

Row address ESUB OUT (Data_High Data_Low — Data_High Data_Low)
EPSUB OUT (Data_High Data_Low —Data_High)
EPSUB OUT (Data_High —)

228
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The internal EEPROM write cycle needs about 16 ms.
During this cycle the EEPROM ready bit is reset (EPR =
0). After the data high nibble is written to the port ESUB
the internal write cycle is started. During the internal
write cycle (while EPR = 0), only read and write accesses
to the EMS register are possible. All other EEPROM ac-
cesses have no eftect.

Postincrement operations

The postincrement mode supports a fast access to consec-
utive EEPROM rows. A postincrement access is started
by setting the EPI bit in the EEPROM mode register
(EMS) followed by writing the row start address to port
ESUB. After that the read or write operations to the con-
secutive EEPROM area, beginning at the start address,
need only two IN- or OUT-instructions to read or write the

M48C260

data. The row address is incremented automatically after
each complete row access (2 nibbles). A write access to
the EEPROM mode register (EMS) terminates the postin-
crement mode.

Note: In the postincrement mode, it is not possible to
change from read to wrile operations or vice
versa before the current postincrement operation

is finished.
Write ready interrupt (INT1)

At the end of the internal write cycle an interrupt is gener-
ated when the interrupt mask bit IMEP in the EEPROM
mode register EMS is set. With this interrupt, successive
write operations can be executed interrupt controlled
within the INT1 interrupt service routine.

24.1 EEPROM Mode/Status Register (EMS)
Address: Ah
Mode register Bit 3 2 1 0
Write (EMS) — 7IL7EWE EPl | IMEP 3 Reset value: 0000b
Status register )
Read (EMS) 1 — : — ; T Reset value: xxx1b
EWE EEPROM write enable bit
EWE = 0 disables write accesses to rows 12-15
EWE = | enables write accesses to rows 12-15 when the NWP pin is high
EP1 EEPROM postincrement mode enable
EPI = I activates a postincrement access after the next row address is written to port ESUB
IMEP Interrupt mask for EEPROM write ready interrupt
When IMEP is set an INT1 is generated with the end of the internal EEPROM write cycle
EPR EEPROM ready status flag

EPR = 0 indicates that the EEPROM is not ready for read or write operations

(an internal write cycle is executed)

EPR = 1 indicates that the EEPROM is ready for read and write operations

After a write access to the EMS-Register postincrement operations are terminated and any incomplete EEPROM read

and write sequence must be started again!
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3  Appendix

3.1 Emulation

For emulation all MARC4 controllers have a special
emulation mode. It is activated by setting the TE pin to
logic HIGH level during reset. In this mode the internal
CPU core is inactive and the /O buses are available via
port 0 and port | to allow the emulator the access to the
on-chip peripherals. The emulator contains a special
emulation CPU with a MARC4 core and additional break-
point logic and takes over the core function. The basic
function of the emulator is to evaluate the customer’s pro-
gram and hardware in real time. Thus permits the
analysation of any timing, hardware or software problems
the simulation of the application. For more informations
about emulation see “Emulator Manual™.

3.2 Programming the EEPROM
Program Memory

Programming the 4K X 8-bit EEPROM program
memory is done using a special PC—controlled program-
ming device. Details on use of this device and the
corresponding software are given in the Programming
Device User Manual.

To start programming the data memory, the micro-
controller is switched to a special I/O mode. where the
core and all peripherals are set inactive and the two /O
buses are available via port 0 (data) and port 1 (control).
Then the customer application data is transfered to the
controller vio port 0 in blocks of 64 nibble size. Program-
ming is started automatically after each block. The
programming high voltage is generated on chip.

After programming the memory a verify run is started,
where the just written data is read out and compared bit
by bit to the original source file. This ensures that the con-
tents of the ROM is error free.

3.3 MARCA Instruction Set

The MARCH4 instruction set is optimized for the high level
programming language qFORTH. A lot of MARC4
instructions are qFORTH words. This enables the com-
piler to generate fast and compact program code. The
MARCH4 is a zero address machine with a compact and ef-
ficient instruction code. Most of the instructions are

single byte instructions. This operations are performed
and no source or destination address information. Only
BRANCH, CALL and RAM access instructions need ad-
dress informations and a length of two bytes for long
address operations. In all there are five types of instruc-
tion formats with a length of one and two bytes.

Zero address operations like arithmetical, logical, shift
and rotate operations are performed with data placed on
the top of expression stack (TOS and TOS-1). Also I/O-
and stack operations are single byte zero address opera-
tions and are performed with the top expression stack
location.

A literal is a 4-bit constant value which is placed on the
data stack. In the MARC4 native code they are repre-
sented as LIT <value>, where <value> 1is the
hexadecimal representation from 0 to 15 (0..F). This
range is a result of the MARC4’s 4-bit data width. The
6-bit short address and the 12-bit long address formats are
both used to address the byte-wide ROM via CALL and
conditional branch instructions. This results in a ROM ad-
dress space of up to 4K*8-bit words.

The MARCH4 instruction includes both short and long call
instructions as well as conditional branch instructions. On
execution the address part of the instructions word are di-
rectly loaded into the program counter. Long call and
branch instructions can jump anywhere within the pro-
gram memory area..The lower six bits from the short call
(SCALL) and short branch (SBRA) instruction are han-
dled in different way. The six bit SCALL address is
multiplied by three and then loaded into the PC. This al-
lows calls within the zero page (000 to 1FFh). The six bit
SBRA address is loaded immediately into the lower six
bits of the PC. This allows jumps within the 64 byte seg-
ment addressed by the upper six bits of the PC.

The CALL and SCALL instructions write the increm-
ented program counter contents to the return stack. This
address is loaded back to the PC when the associated
EXIT or RTI instruction is encountered. The long RAM
address format is used by the four 8-bit RAM address reg-
isters which can be pre-increment, post-decrement or
loaded directly from the MARC4's internal bus. This re-
sults in a direct accessible RAM address space of up to
256 X 4-bit.

[3S)
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1) Zero address operation
(ADD.SUB, INC, OR,...)

94 8708

X Opcode 4 bit data
2) Immediate data operation T
Literal (LIT_0, LIT_1. ...)

. Opcode 6 bit address
3) Short ROM address operation e wam= T

(SCALL, SBRA)

Opcode 11— |2 bit address ¢——— 0
4) Long ROM address operation F #
(CALL. BRA)
Opcode
5) RAM address operation
(>8P, >X....)
Figure 21. MARC4 opcode formats
3.3.1  MARCA Instruction Set Overview | Mnemonic ! Description | Cycles/ |
— i Bytes
' Mnemonic Description Cycles/ ! ’
I Bytes | Flag operations: )
1 Arithmetic omerations I'TOG_BF 'Toggle branch flag 1/1
N 12 AN - (RS S
B Tadd <P Y 'SET_BFC | Set branch flag o
ADDC 1Add ith ca " ‘DI _ | Disable all interrupts /1
i w — e
MSUB ' Subtract ai T :CCR' ~Store TOS into CCR |
SUBB "SlLllbtract with e CCR@ TFetch CCRono TOS | 11|
\ i | 1
; ! Pr()gram branching: ‘
| DAA D | t ! ; | 1
IN C lni:le%‘;_ﬁ%d%l(l;s T n {BRA $xxx  Conditional long branch 2/2
'DEC ﬂﬁf)ééremem TOS ‘ m CALL $xxx | Long call (current page) 3/2
' DECR ! Decrement. 4-bit index on 2 2/1  SBRA $xxx | Conditional shortbranch | 21
P return stack (. | SCALLS$xxx | Short call (zero page) 2/1
Cumparé (.)ﬁéra fions. I {EXIT Relum from subroutine 2/1
‘CMP EQ Compare equal = T RTI ___Return from interrupt 2/1
3 4 : —— f SWI Software interrupt 1/1
CMP_NE Compare not equal |11 -
CMP_LT ; Compare less than Y SLEEP Activate sleep mode 1/1
CMP_LE  Comparelessequal | 171 | NOP 1:0 operation 7
CMP_GT | Compare greater than 1/1 e = eglz]st;r operat zo;z; 5
CMP_GE I Compare greater equal 1/1 ctchthe currentSP | 21
Logical ()peratriﬂorn';"" o ) RP@ | Fetch the current RP ) 2/1
XOR 'Exclusive OR ; " X@ | Fetch the contents of X 2/1
ND '%'AND\ m Y@ Fetch the contents of Y 2/1
‘OR TTTTTTOR 0 SP! Move the top 2 into SP 2/1
;NOT - s cdfﬁplement 1 RP! _Move the top 2 into RP | 211
}'s"i-iLm"' "~ IShiftleftintocarry | I/I X |Movethetop2inoX | 21 |
R 4 B Ty H
SHR Shift right into carry 11 LEN Move the top 2 into Y 21
R OL  |Rotate left through carry n \>SP $xx | Store direct address to SP 2/2
lROR 77777 | Rotate ri ght through carr); |1 >RP $xx_ | Store direct dddre% to RP 212
B ’“ >X $xx | Store direct address into X 2/2
>Y $xx | Store direct address into Y 2/2
Rev. Al: 19.06.1995 23]
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Mnemonic : Description ‘ Cycles/
B L o Bytes l
} Stack operations: - i
“Sﬁ\{/ﬁAP Exchange the top 2 nibble = 1/1 |
OVER  Copy TOS-ltothetop /1 |
7]5UP Duplicate the top nibble /1
ROT Move TOS-2 to the top IC7) B
DROP 7 Remove the top nibble |1 }
‘ >R Move the top nibble onto VA
; the return stack |
2R Move the top 2 nibble o
onto the return stack
3>R Move the top 3 nibble 4/1
L ~__|onto the return stack
R@ C()py 1 nibble from the re- T
turn stack | 1
2R@ Copy 2 nibbles from the | 2/1 |
return stack
3R@ . Copy 3 nibbles from the 4/1
return stack
| DROPR Remove the top of return 171
stack (12-Bit) |
LIT_n Push immediate Vd]ue 7 1/1
|1 nibble) onto TOS | \
- __ROM data operations: ‘
TABLE Fetch 8-bit constant from | 3
S rom |
332 gFORTH Language Overview

MARCH4 controller are programmed in the high level lan-
guage qFORTH which is based upon the FORTH-83
language standard, the qFORTH compiler generates
native code for a 4-bit FORTH-architecture single chip
microcomputer, the TEMIC MARC4.MARC4 applica-
tions are all programmed in gFORTH which is designed
specifically for efficient real time control. Since the
qFORTH compiler generates highly optimized code,
there is no advantage or point in programming the
MARCH4 in assembly code. The high level of code effi-
ciency generated by the gFORTH compiler is achieved by
the use of modern optimization techniques such as
branch-instruction size minimization. fast procedure
calls. pointer tracking and many peephole optimizations.

232

Mnemonic | Description Cycles/
L By
~__ Memory operations:
[XIO [Fetch 1 nibble from RAM 1/1
Y@ ( indirect gddrcss,ed by X-
{or Y-register
[+X]@ Fetch | nibble from RAM 1/1
indirect addr. by pre-in-
Ifﬂﬁi ~|crem. X- or Y—r)é,;stcr |
|X-]@ Fetch 1 nibble from RAM i
indirect addr. by post-de-
[Y—IE@ - crem. X- orYr)églxler
[>X]|@ $xx i Fetch 1 nibble from RAM 2/2
[>Y]@ $xx (dlrect addressed by X- or
3 | Y-register
[X|' Store | nibble into RAM 1/1
(Y] indirect addressed by [X]
[+X]! Store | nibble into RAM 1/1
indirect addressed by pre-
|+Y717! ~|incremented [X] 'P |
[X-! Store 1 nibble into RAM 11 i
(Y-]! indirect addr. by postvdo |
. |crem. X- or Y-register !
[>X]! $xx Store 1 nibble into RAM 212
[>Y]! $xx direct addressed by X- or 1
T | Y-register [
/0 ()peratmm A
IN | Read 1/0-Port onto TOS mn
OUT | Write TOS to 1/O port mn

Langage features:

Expandability
Many of the fundamental qFORTH operations
are directly implemented in the MARC4 instruc-
tion set.

Stack oriented
All operations communicate with one another
via the data stack and usc the reverse polish form
of notation (RPN)

Structured programming
qFORTH supports structured programming

Reentrant

Different tasks can share the same code.

Recursive

qFORTH routines can call themselves.

Native code inclusion
In qFORTH there is no separation of high level
constructs from the native code mnemonics.

Rev. Al:
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3.4 The qFORTH language -Quick Reference Guide

34.1 Arithmetic/Logical

- EXP (nl n2 —nl-n2)
+ EXP (nl n2 —nl+n2)
-C EXP ( nl n2 — nl+/n+/C)
+C EXP (nl n2 —n1+n2+C)
1+ EXP(n—n+l)
1- EXP(n—n-1)
2% EXP(n—n*2)
2/ EXP(n—nDIV2)
D+ EXP (dl1d2 —d1+d2)
D- EXP (dld2 —d1-d2)
D2/ EXP(d—d/2)
D2* EXP (d —d*2)
M+ EXP(dln—d2)
M- EXP(dln—d2)
AND EXP(nl n2 —nl”*n2)
OR EXP(nln2—nlvn2)
ROL EXP(—)
ROR EXP(—)
SHL EXP(n—n*2)
SHR EXP(n—n/2)
NEGATE EXP(n—-n)
DNEGATE EXP(d—-d)
NOT EXP(n—/n)
XOR EXP(nl1n2—n3)
34.2 Comparisons

> EXP(nln2—)

< EXP(nln2—)

>= EXP(nln2—)

<= EXP(nln2—)

<> EXP(nln2—)

= EXP(nin2—)
0<> EXP(n—)

= EXP(n—)
D> EXP(d1d2—)
D< EXP (d1d2 —)
D>= EXP(d1d2—)
D<= EXP (d1d2—)
D= EXP (d1d2—)
D<> EXP(d1d2—)
DO<> EXP(d—)
DO= EXP(d—)
DMAX EXP (d1d2 —dMax)
DMIN EXP (d1 d2 — dMin)
MAX EXP (nl n2 — nMax)
MIN EXP ( n1 n2 — nMin )
Rev. Al: 19.06.1995

Subtract the top two values

Add up the two top 4-bit values
1’s compl. subtract with borrow
Add with carry top two values
Increment the top value by 1
Decrement the top value by 1
Multiply the top value by 2
Divide the 4-bit top value by 2
Add the top two 8-bit values
Subtract the top two 8-bit values
Divide the top 8-bit value by 2
Multiply the top 8-bit value by 2
Add a 4-bit to an 8-bit value
Subtract 4-bit from an 8-bit value
Bitwise AND of top two values
Bitwise OR the top two values
Rotate TOS left through carry
Rotate TOS right through carry
Shift TOS value left into carry
Shift TOS value right into carry
2’s complement the TOS value
2’s complement top 8-bit value
1’s complement of the top value
Bitwise Ex-OR the top 2 values

If n1>n2, then branch flag set
If n1<n2, then branch flag set
If n1>=n2, then branch flag set
If nl<=n2, then branch flag set
If n1<>n2, then branch flag set
If n1=n2, then branch flag set
If n <>0, then branch flag set
If n = 0, then branch flag set

If d1>d2, then branch flag set
If d1<d2, then branch flag set
If d1>=d2, then branch flag set
If d1<=d2, then branch flag set
If d1=d2, then branch flag set
If d1<>d2, then branch flag set
If d <>0, then branch flag set
If d =0, then branch flag set
8-bit maximum value of d1, d2
8-bit minimum value of d1, d2
4-bit maximum value of n1, n2
4-bit minimum value of nl, n2
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343 Control Structures
AGAIN EXP(—) Ends an infinite loop BEGIN .. AGAIN
BEGIN EXP(—) BEGIN of most control structures
CASE EXP(n—n) Begin of CASE .. ENDCASE block
DO EXP ( limit start — ) Initializes an iterative DO..LOOP
RET ( — ullimitistart )
ELSE EXP(—) Executed when IF condition is false
ENDCASE EXP(n—) End of CASE..ENDCASE block
ENDOF EXP(n—n) End of <n> OF .. ENDOF block
EXECUTE EXP ( ROMAddr —) Execute word located at ROMAddr
EXIT RET ( ROMAddr —) Unstructured EXIT from *:"-definition
IF EXP(—) Conditional IF .. ELSE .. THEN block
LOOP EXP(—) Repeat LOOP. if index+1<limit
<n> OF EXP(cn—) Execute CASE block. if n =c
REPEAT EXP(—) Unconditional branch to BEGIN of BEGIN .. WHILE
REPEAT
THEN EXP(—) Closes an IF statement
UNTIL EXP(—) Branch to BEGIN. if condition is false
WHILE EXP(—) Execute WHILE .. REPEAT block,
if condition is true
+LOOP EXP(n—) Repeat LOOP. if I+n < limit
RET ( ullimitll — ullimiti{I+n )
#DO EXP(n—)RET (—ululn) Execute the #DO .. #LOOP block n-times
#LOOP EXP(—) Decrement loop index by | downto zero
RET ( ulull—ulull-1)
DO EXP ( Limit Start — ) if start=limit, skip LOOP block
?LEAVE EXP(—) Exit any loop, if condition is true
-?LEAVE EXP (—) Exit any loop. if condition is false
3.4.4  Stack Operations
0..Fh, EXP(—n)
0..15 EXP(—n) Push 4-bit literal on EXP stack
’ <name> EXP (— ROMAddr) Places ROM address
of colon-definition <name> on EXP stack
<ROT EXP (nl n2 n—nnln2) Move top value to 3rd stack pos.
>R EXP (n—)RET (— ululn) Move top value onto the return stack
?DUP EXP(n—nn) Duplicate top value, if n <>0
DEPTH EXP(—n) Get current expression stack depth
DROP EXP(n—) Remove the top 4-bit value
DUP EXP(n—nn) Duplicate the top 4-bit value
| EXP (—1) RET (ulull — ulull ) Copy loop index I from return to expression stack
J EXP(—1J) Fetch index value of outer loop
[2nd return stack level
RET ( ululJ ulull — ululJ ulull) entry]
NIP EXP(nln2—n2) Drop second to top 4-bit value
OVER EXP(nln2—nln2nl) Copy 2nd over top 4-bit value
PICK EXP ( x — n[x]) Copy the x-th value from the expression stack
onto TOS
RFREE EXP(—n) Get # of unused RET stack entries
R> EXP (—n ) RET (ululn —) Move top 4-bits from return to expression stack
R@ EXP(—n) Copy top 4-bits from return to expression stack
RET ( ululn — ululn)
ROLL EXP(n—) Move n-th value within stack to top
234 Rev. Al: 19.06.1995
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ROT EXP(nln2n—n2nnl)
SWAP EXP(nln2—n2nl)
TUCK EXP(nln2—n2nln2)
2>R EXP(nln2—)

RET (— uin2inl)
2DROP EXP (nln2 —)
2DUP EXP(d—dd)
2NIP EXP (dl1d2 —d2)
20VER EXP (d1d2 —d1d2d1)
2<ROT EXP (dl1d2d —d d1d2)
2R> EXP(—nln2)

RET (uln2inl —)
2R@ EXP(—nl1n2)

RET ( uln2inl — uin2in1)
2ROT EXP(d1d2d —d2ddl)
2SWAP EXP (d1d2 —d2d1)
2TUCK EXP (d1d2 —d2d1d2)
3>R EXP(nln2n3—)

RET ( — n3in2inl)
3DROP EXP(nln2n3—)
3Dup EXP(t—tt)
3R> EXP(—nln2n3)

RET ( n3in2inl —)
3R@ EXP(—nln2n3)
RET ( n3in2Inl1 — n3in2inl)

34.5 Memory Operations

! EXP ( n addr —)
@ EXP (addr —n)
+! EXP ( n addr —)
1+! EXP ( addr —)

1-! EXP ( addr —)

2! EXP (d addr —)
2@ EXP (addr —d)
D+! EXP (d addr —)
D-! EXP (d addr —)

DTABLE@ EXP (ROMAddrn—d)
DTOGGLE EXP (d addr —)

ERASE EXP (addrn —)

FILL EXP (addr nnl —)
MOVE EXP ( n from to —)
ROMByte@ EXP ( ROMAddr —d)
TOGGLE EXP ( n addr —)

3! EXP ( nh nm nl addr —)
3@ EXP (addr — nh nm nl)
T+! EXP ( nh nm nl addr —)
T-! EXP ( nh nm nl addr —)
TD+! EXP (d addr —)

TD-! EXP (d addr —)

Move 3rd stack value to top pos.

Exchange top two values on stack

Duplicate top value, move under second item
Move top two values from expression

to return stack

Drop top 2 values from the stack

Duplicate top 8-bit value

Drop 2nd 8-bit value from stack

Copy 2nd 8-bit value over to value

Move top 8-bit value to 3rd pos'n

Move top 8-bits from return to expression stack

Copy top 8-bits from return to expression stack

Move 3rd 8-bit value to top value

Exchange top two 8-bit values

Tuck top 8-bits under 2nd byte

Move top 3 nibbles from the expression onto
the return stack

Remove top 3 nibbles from stack

Duplicate top 12-bit value

Move top 3 nibbles from return

to the expression stack

Copy 3 nibbles (1 entry) from the return
to the expression stack

Store a 4-bit value in RAM

Fetch a 4-bit value from RAM

Add 4-bit value to RAM contents
Increment a 4-bit value in RAM
Decrement a 4-bit value in RAM

Store an 8-bit value in RAM

Fetch an 8-bit value from RAM

Add 8-bit value to byte in RAM
Subtract 8-bit value from a byte in RAM
Indexed fetch of a ROM constant
Exclusive-OR 8-bit value with byte in RAM
Sets n memory cells to 0

Fill n memory cells with nl

Move a n-digit array in memory

Fetch an 8-bit ROM constant

Ex-OR value at address with n

Store 12-bit value into a RAM array
Fetch 12-bit value from RAM

Add 12-bits to 3 RAM cells

Subtract 12-bits from 3 nibble RAM array
Add byte to a 3 nibble RAM array
Subtract byte from 3 nibble array

Rev. Al: 19.06.1995
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3.4.6 Predefined Structures

( ececcece)
\ ccceece
: <name>

[FIRST]
[LAST]
CODE
END-CODE
ARRAY
2ARRAY
CONSTANT
2CONSTANT
LARRAY

2LARRAY
Index
ROMCONST
VARIABLE
2VARIABLE
<n> ALLOT

AT <address>
: INTx
$AutoSleep

: $RESET

RET (—)
RET (ROMAddr —)
EXP(—0)
EXP (—nld)
EXP(—)
EXP(—)
EXP(n—)
EXP(n—)
EXP(n—)
EXP(d—)
EXP(d—)

EXP(d—)

EXP (nld addr—addr’)
EXP (—)

EXP(—)

EXP (—)

RET (— ROMAddr)

EXP(—)

34.7 Assembler Mnemonics

In-line comment definition

Comment until end of the line

Begin of a colon definition

EXxit; ends any colon definition

Index (=0) for first array element

Index for last array element

Begins an in-line macro definition

Ends an In-line macro definition

Allocates space for a 4-bit array

Allocates space for an 8-bit array

Defines a 4-bit constant

Defines an 8-bit constant

Allocates space for a long 4-bit array

with up to 255 elements

Allocates space for a long byte array
Run-time array access using a variable array index
Define ROM look-up table with 8-bit values
Allocates memory for 4-bit value

Creates an 8-bit variable

Allocate space for <n+1> nibbles

of un-initialized RAM

Fixed <address> placement

Interrupt service routine entry

Entry point address on return stack underflow
Entry point on power-on reset

Add the top two 4-bit values
Add with carry top two values
Write top value into the CCR
Fetch the CCR onto top of stack
If n1=n2, then branch flag set
If n1>=n2, then branch flag set
If n1>n2, then branch flag set
If nl<=n2, then branch flag set
If n1<n2, then branch flag set
If nl<>n2, then branch flag set
Clear branch and carry flag

BCD arithmetic adjust [addition]
9’s complement for BCD subtract
Decrement value on the return stack

Drop element from return stack
Exit from current *:’-definition

Read data from an 1/O port
Increment the top value by 1

1’s complement of the top value

ADD EXP (nl n2 —nl+n2)

ADDC EXP (nl n2 —nl1+n2+C)

CCR! EXP(n—)

CCR@ EXP(—n)

CMP_EQ EXP (nln2—nl)

CMP_GE EXP(nln2—nl)

CMP_GT EXP(nl1n2—nl)

CMP_LE EXP(nln2—nl)

CMP_LT EXP(nln2 —nl)

CMP_NE EXP(nln2—nl)

CLR_BCF EXP(—)

SET_BCF EXP(—) Set branch and carry flag
TOG_BF EXP (—) Toggle the branch flag
DAA EXP ( n>9 or C set — n+6)

DAS EXP (n — 10+/n+C)

DEC EXP(n—n-1) Decrement top value by |
DECR RET (ulull — ulull-1)

DI EXP(—) Disable interrupts
DROPR RET (ululu —)

EXIT RET ( ROMAddr —)

El EXP(—) Enable interrupts

IN EXP ( port — data )

INC EXP(n—n+l)

NOP EXP(—) No operation

NOT EXP(n—/n)

236
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RP!

RP@

RTI
SLEEP
SWI0 SWI7
SP!

SP@

SUB

SUBB
TABLE

ouT
X@
[X]@
[+X]@
(X-]@
[>X]@ $xx
X!

X1
[+X]!
[X-]!
[>X]! $xx
Y@
[Y]@
[+Y]@
[Y-]@
[>Y]@ $xx
Y!

e
[+Y]!
[Yy-1!
[>Y]! $xx
>RP $xx
>SP $xx
>X $xx
>Y $xx

Notes:

RET (~)

EXP (-)

True condition
False condition
n

d

addr »
ROMaddr

EXP(d—)
EXP(—d)

RET (RETAddr —)
EXP(—)

EXP (—)
EXP(d—)
EXP(—d)

EXP (nl1 n2 —nl-n2)

EXP ( nl n2 — n1+/n2+C)
EXP(—d)

RET ( RetAddr RomAddr —)
EXP ( data port —)

EXP(—d)
EXP(—n)
EXP(—n)
EXP(—n)
EXP(—n)
EXP(d—)
EXP(n—)
EXP(n—)
EXP(n—)
EXP(n—)
EXP(—d)
EXP(—n)
EXP(—n)
EXP(—n)
EXP(—n)
EXP(d—)
EXP(n—)
EXP(n—)
EXP(n—)
EXP(n—)
EXP(—)

EXP(—)

EXP(—)

EXP(—)

Return address stack effects

Expression (or data) stack effects
Means branch flag set in CCR

Means branch flag reset in CCR

4-bit data value
8-bit data value
8-bit RAM address
12-bit ROM address

Store as return stack pointer

Fetch current RET stack pointer

Return from interrupt routine

Enter *sleep-mode’, enable all interrupts
Software triggered interrupt

Store as stack pointer

Fetch current stack pointer

2’s complement subtraction

1’s compl. subtract with borrow

Fetches an 8-bit constant from an address in ROM
Write data to 1/O port

Fetch current x register contents
Indirect x fetch of RAM contents
Pre-incr. X indirect RAM fetch
Postdecr. X indirect RAM fetch
Direct RAM fetch, x addressed
Move 8-bit address to X register
Indirect x store of RAM contents
Pre-incr. X indirect RAM store
Postdecr. x indirect RAM store
Direct RAM store, x addressed
Fetch current Y register contents
Indirect Y fetch of RAM contents
Pre-incr. Y indirect RAM fetch
Postdecr. Y indirect RAM fetch
Direct RAM fetch, Y addressed
Move address to Y register
Indirect Y store of RAM contents
Pre-incr. Y indirect RAM store
Postdecr. Y indirect RAM store
Direct RAM store, Y addressed
Set return stack pointer

Set expression stack pointer

Set X register immediate

Set Y register immediate

Rev. A1: 19.06.1995
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4
4.1

Voltages are given relative to Vss.

Electrical Characteristics
Absolute Maximum Ratings

Parameters | Symbol Value | Unit
Supply voltage o ) , Vbp -03t0+7.0 o \Y
Input voltage (on any pin) © VN Vss-03SVNsSVpp+03 V.
| Output short circuit duration - tshort indefinite sec
Operating temperature range Tamb ‘ —40 to +85 °C
Storage temperature range o Tag " 400 +130 ‘ °«c !
Thermal resistance (PLCC) - Ria | 110 ‘ Kw
"Soldering temperature (1< 10's) Tu 260 | e

Stresses greater than those listed under absolute maxi-
mum ratings may cause permanent damage to the device.
This is a stress rating only and functional operational the
device at any condition above those indicated in the op-
erational section of these specification is not implied.
Exposure to absolute maximum rating condition for an
extended period may affect device reliability. All inputs

4.2 DC Operating Characteristics

and outputs are protected against high electrostatic volt-
ages or electric fields. However, precautions to minimize
built-up of electrostatic charges during handling are rec-
ommended. Reliability of operation is enhanced if unused
inputs are connected to an appropriate logic voltage level
(e.g., Vpp)-

Supply voltage Vpp =2.410 6.2V, Vgg =0V, Tymp = —40 to 85°C, unless otherwise specified

Parameters ‘ Test Conditions / Pins \ Symbol Min. I Typ. | Max. [ Unit
Power supply S
i Active current J Vpp =24V fsysc=1MHz 1 Ipp } i 1.0 mA
(CPU active) | fyyscL=2MHz | | 20 mA
Vpp=62V fsyscL=IMHz | 1 26 mA
o sy ‘ | 52 1 mA
Power down current Vpp=24V | Ipp 04 mA
(CPU SleepA RC fsyscL.=2MHz i ; 0.8 mA
foscillator active) Vpp=6.2V fsysci=IMHz ‘ 06 mA
. fSY'SCL=2MHZ o : ! 1.0 mA
Sleep current Vpp=24V ISieep ‘ ‘ 1.0 HA
| (CPU sleep, RC Vpp=62V } ‘ 1.0 LA
Loscillator inactive) — | R R
Sleep current Vpp=24V ISieep " 0.5 UA
| (CPU sleep, RC |Vbp=62V | \ 05 LA
coscillator inactive) | Tymp = 25°C ! i l I
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Supply voltage Vpp =2.410 6.2 V, Vgg =0 V. Tynp = 25°C. unless otherwise specified

Parameters | TestConditions/Pins | Symbol | Min. | Typ. | Max. | Unit |
Power-on reset threshold voltage: Note x figure xx
{ POR threshold voltage L Veor | LS 21 vV
POR hysteresis | AVpor | 7 [ 100 mV
Schr@tﬁtﬁtngger input voltage: Pin INT6, TA TB port 40 and port 3 )
Negative-going threshold | Vpp=24106.2V \% . Vss 0.3*Vpp 5 v
voltage i
Positive-going threshold | Vpp = 2.4 t0 6.2 V Vie | 0.7%Vpp | Vbb v
vollage S S [ ]
Hysteresis (VT = VTa) [Vpp=241062V Vy [ 0.1*Vpp |
Input voltage: Pin NRST TE, NWP TCL, and port 0, 1 2,portd4d. e
[Inputvoltage LOW  Vpp=241062V |V ; Vss | 02%Vpp .V
| Input voltage HIGH Vpp=241062V | ViH | 0.8*Vpp | B Vbp |V
"Input current: Bidirectional ports 0, 1, 2, 3, mput port 4 with pull up resistor i
i Pin NRST, TCL, INT6 o 1
"Input LOW current 'Vpp=24V TS 2.7 -6.7 13 pA
| i V|[ =Vss 4 -28 -60 : -103 ‘ UA
1 Vpp=6.2V ‘ A [ R
| Input current: Bldlrectlonal ports 0 l 2 3 mput port 4 with pull-down resnstor 1
‘Pm TE,NWP, TA,TB - e
'Input HIGH current ‘Vpp=24V m 27 6.3 12 HA
| VlH =Vpp ! | 30 60 100 HA |
‘Vpp=62V ! I R
Output current: Bidirectional ports 0, 1, 2, 3 and TA, TB - |
Output LOW current Vpp=24V i loL 0.8 1.6 2.8 mA
i VoL = 0.2*Vpp ! | 6 | 11 17 I mA
; ) ‘Vpp=62V j L] |
Output HIGH current ~ Vpp =24V oy = -06 13 22 mA
! |Vou = 0.8%Vpp -4 -75 -12 | mA
{Vpp=62V : | |
: Output current: Pin TCL
Output LOW current ' Vpp=24V oL 6 32 | 56 | mA
| ; VoL =0.2*Vpp i i 12 | 22 ! 34 ! mA
: - ‘ Vpp=6.2V : | | ;
| Output HIGH current {Vpp=24V { o | -12 | =26 | 44 | mA
Vo =08*Vpp, | o8 -5 | 24 mA
\ 'Vpp=62V i ’ ‘ B S N
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4.3 AC Characteristics

Supply voltage Vpp = 2.4 10 6.2 V, Vsg =0V, Tymp = 25°C, unless otherwise specified

Parameters { Test Conditions / Pins Symbol ! Min. Typ. Max. Unit
Timer 2A and 2B input timing s - ) o
Timer input clock ] fT1 | SYSCL -
Timer input LOW time Rise/ﬁfglﬁl}ﬂ}{e <10ns i 50 - ns
Timer input HIFG time Rise/fall time <10 ns tTIH o ns
Interrupt request input timing
_I;l—t.ﬂrequesFLOVW time  |Rise/fall time < 10 ns URL 50 ns
Int. request HIGH time Riier:/@l]jime <10ns tIRH 50 ns
TCLelock
TCLinputclock fre. 2 MHz
TCL input LOW time - tTCLL 250 ns
TCL input HIGH time ~ tTCLH 0.250 10 us
TCL rise time {TCLR
TCL fall time TCLF 0 "
Resettiming .
Power-on reset time Tpor 100 500 us
|NRES input LOW time | Tpor | 4*SYSCL ps
EEPROM write cycle
EEPROM write time Note | tEEW 16 oms
| EEPROM write cycles nw 5%10° 100 =]
| Operation cycle time ]
System clock cycle CCS =1 Note 1 tSYSCL 477 ns
CCS=0 954 ns
RCoscillator i ) o
Frequency _|Notel frei g to48 | | KHz
Swbility  [Notel | amr 2000 | ppm
Stabilization time Note 1 7 - is oo | | s
32 kHz oscillator - - -
Frequency 1 fx 32.768 kHz
Startup time tsQ 7: 777777 S
Stability Note 2 AE | -10 10 | ppm
Integrated inpul/outbﬁt R - CiN
capacitances 10 pF
R R Cout I o
External 32 kHz crystal parameters -
Crystal frequency o fx 2768 ki
Series resistance RS 000050k
Static capacitance - Eel) 15 | pF
Dynamic capacitance - ci 3 ; | fF

Note 1: With connected crystal (pin 5. 6) and after start up time of crystal oscillator.

Note 2: Depend on the connected quartz crystal.
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Crystal Power-on reset
i |
O i In —
1.8 -
OSCIN 0OSCouT Vpor + max
1.6 \\
Cl T~
L RS 1.4 —
Equivalent -
Cqui - || S o ‘
circuit | _ Vpor - min
‘ x 1.0 — e
‘ ‘+ >g \\
0.8
” ) ) 0.6
Hysterese:
o 04 Vh yp. = 300 mV I
Figure 22. Equivalent crystal circuit 02— + { t —
0 L1 1 ]
—40 =20 0 20 40 60 80 100
948991 Tamb (°C)

Figure 23. Thresholds for POR vs. ambient temperature

12 0
R 1 1 1
VoL =0.2-Vpp -1 Vou=08-Vpp __|
0 Tum=25°C // N Tamb = 25°C
-2
/
~ 8 / -~ 3 ™
< < N\
g E N,
e 2 AN
) / -5 N
A 0
6 N
2 "/ 7 \
N
0 -8
2 25 30 35 40 45 50 55 60 6.5 2 25 30 35 40 45 50 55 6.0 65
94 R99R Vpp (V) 94 8999 Vpp (V)
Figure 24. Output LOW current vs. supply voltage Figure 26. Output HIGH current vs. supply voltage
150 140
140 \ 130 \\
130 120 N
s 120 s N
S S 10—
5 110 AN g \
g \ Z 100 ™
= 100 = N
3 \ Z 90 N
= 9% \\ - N
NG 80 . -
80 o N
70 O f—t—1 1
60 60
40 20 0 20 40 60 80 100 120 —40 -20 0 20 40 60 80 100 120
94 9000 Tamb ( °C) 949001 Tamb ( °C)

Figure 25. Output LOW current standardized to 25°C vs. temp. ~ Figure 27. Output HIGH current standardized to 25°C vs temp.
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T 6 ;
i 1 max.
5 ‘ et
|
< < / ‘
= = 2 t
= S / / yp
-~ 2 |
2 -
1/ o
iy e " Vpp=24V
Tamb = 25°C
0 .
0 0.5 1.0 15 2.0 25
94 8992 Vou(V) 94 8995 VoL (V)
Figure 28. Output HIGH current vs. output HIGH voltage Figure 31. Output LOW current vs. output LOW voltage

0 T m— 14
| % max.
2 ) | ./ 12 b—

min. _.//

10

/
< - ‘ / " < typ.
-8 / s /// VminA
e

10 max. L Vpp=3.6V 2 //

. 1 Vpp=36V 1
/ Tamb = 25°C y 1

Tamb = 25°C
-12 0 .
0 1 2 3 4 0 1 2 3 4
94 8993 Vou (V) 948996 VoL (V)
Figure 29. Output HIGH current vs. output HIGH voltage Figure 32. Output LOW current vs. output LOW voltage
0 35
} | l | max
s | ‘f/// : 30
- I
min. / / / 25
- -l / 4 ~ typ
Y, o “
- -5 + > - !
3z yp- 2 s i —t
_20 | | min.
f : 10 T e
| ‘ // / |
=25 f ! ! Vpp =62V ] 5 Vpp =6 -{Y —
max. | ’ Tamp = 25°C Tamp =25°C
-30 . L . } I 0 j i I
0 1 2 3 4 5 6 0 I 2 3 4 5 6
94 X994 Vo (V) 94 8997 VoLt V)
Figure 30. Output HIGH current vs. output HIGH voltage Figure 33. Output LOW current vs. output LOW voltage
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0 / 14 T T
Vpp=24V max.
2 ] 7 12F Tymn =25°C
4 min. y. 10 /)
: . Z W/
2 = ° / .
= typ. = YP-
= -8 / - 6 _—
10 b 4 - / -
/ / min.
1 /. Vop=24V 2
max. Tamb = 25°C W
~14 I . 0
0 0.5 1.0 1.5 2.0 2.5 0 0.5 1.0 1.5 2.0 2.5
94 9002 Vi (V) 94 9005 VIH(V)
Figure 34. Input LOW current vs. input LOW voltage Figure 37. Input HIGH current vs. input HIGH voltage
0
T ! } 35 : - -
-5 | o Vpp=36V
min - // 30 b Tymp=25°C A2 T
-10 - / | / ‘ max
5 | | i
- 15 ) B P / ] 3 ! |
< typ. o 2 '
= 20 ; 20
= s / = s P typ.
| /[
30 e R | 0| A / | ,
| |
_35 pmat Vpp=36V s // j/J" min
Tamb = 25°C . o |
40 ] J ] 0 |
i
5
0 05 10 15 20 25 30 35 40 0 05 10 15 20 25 30 35 40
949 \Y
49003 (v 94 9006 ViH(V)

Figure 35. Input LOW current vs. input LOW voltage . X
Figure 38. Input HIGH current vs. input HIGH voltage

0 - 120 T T
| ! !
. Vpp=62V
| min. 100 b 1,0 = 25°C

P
// max
40 / 80 |——
2P 60 /

/
/
-60 !
_80 / / 40 / L
el i

.
by (A)

L (nA)

max. Vpp=6.2V 2 / - min
-100 — 0
Tamb = 25°C %/ .
~120 | | | 0 |
0 1 2 3 4 5 6 0 1 2 3 4 5 6
94 9004 ViL(V) 94 9007 Vig(V)
Figure 36. Input LOW current vs. input LOW voltage Figure 39. Input HIGH current vs. input HIGH voltage
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0 1 1 1

_10 ™~ ViL=Vss  __|
‘\ Tamb = 25°C
-20 | .
< 30 AN
= \
= 40 e \
75() \\,7ﬁ
60 | N
-70
2 25 30 35 40 45 50 55 6.0 65
94 9008 Vpp (V)

Figure 40. Input LOW current vs. supply voltage

140

130 AN

120

110 \

100 |- N

N\
90 N
80 I — ™S

~N
70 RN
60

-40 <20 0 20 40 60 80 100 120
949010 Tamb ( °C)H

I Myast %)

Figure 41. Input LOW current standardized to 25°C vs.

temperature

70
T
60 — Vm=Vbpp , |
Tamp = 25°C /
50 f ,/ .
: @ A1
= .
ZE 30 ‘ .
20 / ~
7
N ,
P
0 L
2 25 30 35 40 45 50 55 6.0 65
94 9009 Vpp (V)

Figure 42. Input HIGH current vs. supply voltage

150
140

120

100
90

lIH /IIHZS( %)

| A
e J N
0p—t N
00 L N

40 =20 0 20 40 60 80 100 120
949011 Tamb ( “°C)

Figure 43. Input HIGH current standardized to 25°C vs. tem-

perature
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4.4 Schmitt-Trigger Inputs

The following figures show the Schmitt-trigger input specs used at timer inputs TA, TB and interrupt inputs.

Note: The values for switch levels are standardized to supply voltage.

80
—_ 70 b+
«
S 60 max
g ™
Z 50
=~ typ.
ZD 40
530
i min
L20
>

10

0

2 25 30 35 40 45 50 55 60 65

949012 Vpp (V)

Figure 44. Schmitt-trigger positive going threshold voltage

80

I I ' 1
| |
R max{ | | |
154
60
g typ.
~ 50
> min
£ 40
30 .
" Tamh =25 °C
20—+ et = —
>
10
0
225 30 35 40 45 50 55 60 65
949013 Vpp (V)

Figure 45. Schmitt-trigger negative going threshold voltage

3
53
2
g
X 20
a
2 s
NS
L0 p——T
Z Tamb =25°C
T .
>
0
2 25 30 35 40 45 50 55 60 65
949014 Tamb ( °C)

Figure 46. Schmitt-trigger hysteresis vs. supply voltage

140 . :
ol L]

S
~ 120 4/__
s /
= 110
& 100 ’/

(Vp N

90 A L
80 v Tamb = 25 °C

T

Thres ™

V.

70

60
-40 20 0 20 40 60 80 100 120
949015 Tamb ( °C)

Figure 47. Threshold temperature drift

Note:  For a pulse to be recognizable, it must be a minimum of 50 ns long with a rise time < 10 ns.
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5 Pad Layout

TE

XTALI
XTALO  —

VDD |
AVDD

NRST
BP20 | '

BP21 | -

BP22

Table 8. Pad coordinates

NWP

BPO3 ppo2  BPo1 BPOO gp33

o - ~ |BP32
~ |BP31

C 'BP30
AVSS
L Vss

M44C260

~ TCL
T IP40
1 1Pl
1 IP42
BP10 BP1Z o, o IP43

BP11 95 10245

BP23

Figure 48. Pad Layout

1| BP2 ( 0.0 . BP32 3056, 37415
2 | BP23 404.5 0.0 | BP33 2651.5 37415

3 BP10 809.0 0.0 . BROO 22470 | 37415

4 BP1] 1398,5 0,0 BPOI 18305 | 37415

5 BP12 1811.0 0.0 BPO2 1136,5 37415

6 BP13 22235 0.0 21 BPO3 7200 37415

7 IP43 2686,5 66 22 | NWP o 3035 | 37415

8§ | Ipd2 | 30560 590 | 23 TE_ 00 36600

2 P4l | 30560 | 9650 24 XTALL 00 3103,0

10 P40 30560 | 13630 25 | XTALO 0.0 | 26250 |

11 CTCL | 30560 18020 | 26 | VDDdig 0.0 2315,0

12 VSS  3056.0 27 VDDana | 240 | 20440

13 | AVSS 30560 | 28 | NRST | 00 1707.0

14 BP30 3056.0° 3301,0 29 | BP20 0,0

15 1 BP3I 30560 | 37415 30 | BP2I 0.0

The M44C260 is also available in the form for COB mounting. Therefore the substrate, i.e., the backside of the die,

sould be connected to Vgg.

Die size: 3.5Imm x 4.19 mm

Pad size: 90 pm * 90 um

Thickness: 480 + 25 um

246 Rev. Al: 19.06.1995
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6  Ordering Information
Pin options

Please select the option setting from the list below.

BPO3 [ [
BP10 ] |
BPI1 I .
BPI2 i | |
BP13 T i
BP20 ;
BP21 |
BP22 B
BP23 | T R
BP30 | o
BP31 | | o o
BP32 1 ! ]
BP33 ! 1 R -
1P42-TB | | ]
NWP ! f
— |

| TE ‘
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Sales Offices

Europe

Denmark

TEMIC Dansk

c/o AEG Dansk Aktieselskab
Roskildevej 8-10

2620 Albertslund

Tel: 4542 64 8522

Fax: 45 43 62 62 28

France

TEMIC France S. O. E.

Matra MHS

Les Quadrants

3, avenue du Centre

78054 St. Quentin en Yvelines
Cedex

B.P. 309

Tel: 3313060-70 00

Fax: 3313064 0693

Germany

TEMIC TELEFUNKEN
microelectronic GmbH
Erfurter Strasse 31
85386 Eching

Tel: 4989319700
Fax: 4989319462 1

North America/
USA
Alabama

TEMIC North America
125 Electronics Boulevard,
Ste. C-1

Huntsville

Alabama 35824

Tel: 1205 461 ~7894/95
Fax: 1 205 461 -7928

California

TEMIC North America
12431 Landale Street
Studio City

California 91604

Tel: 1 818 985 -0558
Fax: 1 818 985 -0418

TEMIC TELEFUNKEN
microelectronic GmbH
Kruppstrasse 6

45128 Essen

Tel: 49201 244 -1
Fax: 49 201 24 42 47

TEMIC TELEFUNKEN
microelectronic GmbH
Theresienstrasse 2

74072 Heilbronn

Postfach 3535, PLZ 74025
Tel: 49 7131 67 -0

Fax: 49 7131 67 21 00

TEMIC TELEFUNKEN
microelectronic GmbH
Sieboldstrasse 19

90411 Nuernberg

Postfach 15 02 65, PLZ 90114
Tel: 499119526 -0

Fax: 49911 95 26 476

TEMIC North America
c/o Siliconix Inc.

2201 Laurelwood Road
Santa Clara

P.O. Box 54951
California 95056

Tel: 1408 970 -5700
Fax: 1 408 970 -3979

Michigan

TEMIC North America
2701 Troy Center Drive,
Ste. 100

Troy

Michigan 48084

Tel: 1810244 -0610
Fax: 1 810 244 —0848

Hungary
TEMIC TELEFUNKEN

microelectronic Hungary Kft.

Szent Laszlo ter 20
1102 Budapest

Tel: 36 126 00 -358
Fax: 36 126 20 —692

Italy

TEMIC Italiana

c/o AEG Italiana S.p.A.
Via Stephenson 94
20157 Milano

Tel: 39233212-1
Fax: 39233 212-201

Spain
TEMIC Iberica

c/o AEG Iberica de Electricidad

S.A.

Principe de Vergara, 112
28002 Madrid

Tel: 34 156 2 -7600
Fax: 34 1 56 2 -7514

New Hampshire

TEMIC North America
c/o Siliconix Inc.

20 Heather Court
Nashua

New Hampshire 03062
Tel: 1603 886 —9603
Fax: 1 603 886 —9603

New Jersey

TEMIC North America
1322 Route 31 North
Annandale

New Jersey 08801

Tel: 1908 735 -6100
Fax: 1 908 735 -2258

Sweden

TEMIC Nordic AB
Kavallerivaegen 24
17202 Sundbyberg
Box 2042

Tel: 46 873 3 -0090
Fax: 46 8 73 3 0558

United Kingdom

TEMIC UK. Lud
Easthampstead Road
Berkshire RG12 1 LX
Tel: 44 1344 48 -5757
Fax: 44 1344 42 -7371

Texas

TEMIC North America

2100 West Loop South, Ste.800
Houston

Texas 77027

Tel: 1713297 -8871

Fax: 1713 297 -8872

TEMIC Technical Support
Center

5605 North Mac Arthur Blvd.
Irving

Texas 75038

Tel: 1214756 -0302

Fax: 1 214 756 -0702
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Mexico

AEG Mexicana S. A.

c/o AEG Mexicana S. A. de C.V.
Paseo De La Reforma 35-2

06030 Mexico, D.F.

Tel: 1152554 6 -9276
Fax: 52 5 56 6 —0840/20

Asia Pacific / Japan

Hong Kong

TEMIC Hong Kong Limited

Suite 1701,
World Finance Centre

17 Canton Road, Tsimshatsui

Kowloon
Tel: 85223 789 -789
Fax: 852 23 755 -733

India

TEMIC India

c/o MATRA

New Delhi

Tel: 91 11 578 -9133
Fax: 91 11 578 -9133

South Korea

TEMIC Korea

Suite 803, Hosung Bldg.
Seoul, 150-010
Youngdeungpo-ku

Tel: 82 2785-1136
Fax: 82278 5-1137

Singapore

TEMIC (S) Pte Ltd
25 Tampines Street 92
Singapore 1852

Tel: 65 788 -6668
Fax: 65 788 —0988

Taiwan
TEMIC Taiwan

c/o Siliconix Taiwan Ltd.

Ho—pin East Road
Taipei

City

Tel: 8862755-6108
Fax: 886 2 75 5 4777

Japan

TEMIC Japan K.K.
1-9-9, Roppongi

106 Minato—ku
Tokyo

Tel: 813 5562-3321
Fax: 81 3 55 62 -3316
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Representatives

Europe

Austria

Elbatex

Eitnergasse 6

1233 Wien

Tel: 43181602215
Fax: 43 1 81 60 24 00

Croatia

Dolenc d.o.o0.

Ivana Mazuranica 31
41211 Zagreb / Zapresic
Tel: 3854170 4 -905
Fax: 38541 70 2 -769

Germany

Ing. Buero Rainer Koenig
(TFK only)

Koenigsberger Strasse 16A
12207 Berlin

Postfach 420, PLZ 12174
Tel: 49 30 76 89 09 -0
Fax: 49 30 77 89 09 -30

EMPA elektronik
Kapuzinerstrasse 7a
80337 Muenchen

North America / Canada

USA

Alabama Colorado

Rep. Inc. QuadRep Rocky Mtn. Inc.
11535 Gilleland Road 6500 South Quebec Street,
Huntsville Ste. 210

Alabama 35803
Tel: 1205881 -9270
Fax: 1 205 882 -6692

Alaska

see Washington

Arizona

QuadRep Southern Inc.

40 W. Baseline Road, Ste.116
Tempe

Arizona 85283

Tel: 1602 839 -2102

Fax: 1 602 839 -2126

Arkansas
see Texas (Arlington)
California

QuadRep Southern Inc.
11995 El Camino Real,
Ste. 305

San Diego

California 92130

Tel: 1619 755-1188
Fax: 1 619 793 -9269

QuadRep North, Inc.
2635 North First Street,
Ste. 116

San Jose

California 95134-2009
Tel: 1408 432 -3300
Fax: 1 408 432 -3428

Englewood

Colorado 80111

Tel: 1303771 -6886
Fax: 1 303 771 -6887

QuadRep Rocky Mitn. Inc.
19410 Rim of the World
Monument

Colorado 80132

Tel: 1719 488 -9097
Fax: 1 719 488 -9312
Conneticut

see New York (Metro/L.1.)
Delaware

see New Jersey

District of Columbia
see Maryland

Florida

Rep. Inc. South

235 South Maitland, Ste. 211
Maitland

Florida 32751

Tel: 1407 628 4837

Fax: 1 407 645 0356

Georgia
Rep. Inc.

1944 Northlake Parkway, Ste. 1

Tucker

Georgia 30084

Tel: 1404 938 -4358
Fax: 1 404 938 -0194

Poland

APL

AEG Polska sp. z 0.0.
ul. Mokotowska 4/6
00641 Warszawa
Tel: 4839 12 0-533
Fax: 48 39 12 0 -533

Rep of Ireland

Memec Ireland Ltd
Block H - Lock Quay
Limerick

Tel: 35361411842
Fax: 353 61 41 18 88

Hawaii
see California

Idaho

QuadRep Crown, Inc.
10451 West Garnerdale,
Ste. 209

Boise

Idaho 83704

Tel: 1208 735 -9868
Fax: 1 208 323 -9386

Hlinois

Victory Sales

1030 West Higgins Road,
Ste. 101

Hoffman Estates

Illinois 60195

Tel: 1708 490 -0300
Fax: 1708 490 -1499

Indiana
Victory Sales

3077 East 98th Street, Ste. 135

Indianapolis

Indiana 46280

Tel: 1317 581 -08 80
Fax: 1317 851 -08 82

Iowa

Stan Clothier Company
1930 St. Andrews NE
Cedar Rapids

lowa 52402

Tel: 1319393 -1576
Fax: 1319 393 -7317

Turkey

ERDA elektronik A.S.
Keskin Kalem Sokak No.15
80300 Esentepe-Istanbul
Tel: 90212288 1213
Fax: 90 212 27 5 0540

United Kingdom

Abercomn Electronics Ltd
Pardovan

Linlinthgow EH49 6QZ
West Lothian

Tel: 44 1506 83 42 22
Fax: 44 1506 83 45 54

BCD Microelectronics Ltd
3 Station Road

Cambridge CB5 ONB

Tel: 44 1223 81 2598
Fax: 44 1223 81 26 86

Kansas

Stan Clothier Company
13000 West 87th Street
Parkway, Ste. 105
Lenexa

Kansas 66215

Tel. 1913492 -2124
Fax: 1913 492 -1855

Kentucky

see Indiana
Louisiana

see Texas (Arlington)
Maine

see Massachusetts
Maryland

Arbotek Associates, Inc.

2408 Peppermill Drive, Suite I

Glen Burnie
Maryland 21061

Tel: 1410768 -5355
Fax: 1410768 -8118
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TEMIC

Massachustts

Technology Sales Inc.
332 Second Avenue
Waltham
Massachusetts 02154
Tel: 1617 890 -5700
Fax: 1 617 890 -3913

Michigan

see TEMIC Sales Offices,
Troy, MI

Minnesota

Stan Clothier Company
9600 West 76th Street, Ste.A
Eden Prairie

Minnesota 55344

Tel: 1612 944 -3456

Fax: 1 612 944 -6904

Mississippi
see Alabama
Missouri

Stan Clothier Company

3910 Old Highway 94, South
Ste. 116

St. Charles

Missouri 63304

Tel: 1314928 -8078

Fax: 1314 447 -5214

Montana
see Washington
Nebraska
see Missouri
Nevada

QuadRep Sierra

987 Tahoe Bivd.
Incline Village
Nevada 89451

Tel: 1702 832-2701
Fax: 1 702 832 -2703

New Hampshire

see Massachusetts

Mexico

TEMIC Mexicana
Division Semiconductores
13 Sur No. 505, 10 Piso
72000 Puebla, Pue.

Tel: 22 46 46 34/46 47 17
Fax: 22 46 44 04

Nem Jersey

Astrorep Inc., South
525 Route 73, Ste.100
Marlton

New Jersey 08053
Tel: 1609 983 -1020
Fax: 1 609 983 —1879

New Mexico

QuadRep Southern Inc.
4163 Montgomery NE
Albuquerque

New Mexico 87109
Tel: 1505 880 -8770
Fax: 1 505 881 -1007

New York

Astrorep Incorporated

103 Cooper Street

Babylon

New York (Metro/L.1.) 11702
Tel: 1516422 -2500

Fax: 1 516 422 -2504

Technology Sales, Inc.

920 Perinton Hills Office Park
Fairport

New York 14450

Tel: 1716223 -7500

Fax: 1 716 223 -5526

North Carolina

Rep. Inc.

2500 Gateway Centre Blvd.
Morisville

North Carolina 27560

Tel: 1919 469 -9997

Fax: 1919 481 -3879

North Dakota

see Minnesota

Ohio

Victory Sales

32901 Station Street, Ste. 104
Solon

Ohio 44139

Tel: 1216498 -7570

Fax: 1 216 498 -7574

Puerto Rico

Technology Sales, Inc.
Edificio Rali, Ste. 216
San German

P.O. Box 121

Puerto Rico 00683-0121
Tel: 1809 892 -4745
Fax: 1 809 892 ~1128

Victory Sales

7333 Paragon Rd, Suite 210
Centerville

Ohio 45458

Tel: 1513436-1222

Fax: 1 513 436 -1224

Oklahoma

see Texas (Arlington)
Oregon

QuadRep Crown

17020 S. W. Upper Boones Ferry

Road., Ste. 202
Portland

Oregon 97224

Tel: 1503 620 -8320
Fax: 1 503 639 —4023

Pennsylvania (Eastern)

see New Jersey

Pennsylvania (Western)

see Indiana

Rhode Island

see Massachusetts

South Carolina

see Tenessee

South Dakota

see Minnesota

Tennessee

Rep. Inc.

1908 Branner Avenue
Jefferson City

P.O. Box 490
Tennessee 37760

Tel: 1615475-9012
Fax: 1 615 475 —6340
Texas

Ton Associates, Inc.

2221 East Lamar, Ste. 250
Arlington

Texas 76006

Tel: 1817 695 ~8000
Fax: 1 817 695 -8010

Ion Associates, Inc.
14347-A Torrey Chase Blvd.
Houston

Texas 77014

Tel: 1713537 -7717

Fax: 1 713 537 -5612

Ion Associates, Inc.

9390 Research Blvd., Ste. 210
Austin

Texas 78759

Tel: 1512794 -9006

Fax: 1 512 794 -9008

Utah

QuadRep Rocky Mtn. Inc.
180 South 300 West, Ste. 231
Salt Lake City

Utah 84101

Tel: 18015214717

Fax: 1 801 821 —4745

Vermont

see Massachusetts
Virginia

see Maryland
Washington

QuadRep Crown, Inc.

375 118th Avenue, South East,
Ste. 110

Bellevue

Washington 98005

Tel: 1206453 -5100

Fax: 1206 646 -8775

West Virginia
see Maryland
Wisconsin

Victory Sales

405 North Calhoun Road,
Ste. 208

Brookfield

Wisconsin 53005

Tel: 1414789 -5770
Fax: 1 414 789 -5760

Wyoming

see Colorado
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Canada

Ontarion

Electronics Sales Professionals
(ESP) Inc.

86A Kennedy Road South
L6W3E7 Brampton

Ontario

Tel: 1905453 6313

Fax: 1 905 453 —4655

South America

Argentina

Romex S. A.

Av. Leandro N. Alem 762
1001 Buenos Aires

Tel: 541315-4569
Fax: 54 1312 -39 36

Electronics Sales Professionals
(ESP) Inc.

36 Guildford Circle

LSR OSZ Markham

Ontario

Tel: 1905415 -9470

Fax: 1905 415 -9531

Brasil

Mikrotron Representacao

e Consultoria S/C Ltda.

Rua Morato Coelho 798, ¢j.71
05417-001 Sao Paulo-SP
Tel: 5511 814 -7315

Fax: 55 11 815 -8790

Africa / Middle East

Algeria Israel

AEG Aktiengesellschaft Tritech Ltd
Bureau de liaison pour 4, Hayetzira Street

I’ Algerie

24 B, Cite des PTT
16035 Hydra, Alger
Tel: 21326070 24
Fax: 213 2 59 -1564

Asia Pacific

Australia

IRH Components
1-5 Carter Street
2141 Lidcombe
NSW

Tel: 612364-1766
Fax: 61 264 7-1545

Hong Kong

Array Electronics Ltd

Willas - Array (Holdings) Ltd.
Unit 1,24/F,

Wyler Centre Phase 2
Kowloon

Kwai Chung, N.1

Tel: 8522418 -3700

Fax: 852 481 -5872

43100 RA'ANANA
P.0.Box 2436

Tel: 9729917 -277
Fax: 9729982616

Audio Mechanical Corp. Ltd
Suite 1701 A

World Finance Centre

17, Canton Road, Tsimshatsui
Kowloon

Tel: 852273 6-8192

Fax: 852273 5 -0926

Koalink Trading Company
(Eurosil only)

39 Healthy Street East
North Point

Tel: 8522805 -5988
Fax: 852 2 80 5 -5922

India

Blue Star Limited

Veer Savarkar Marg

400025 Prabhadevi, Bombay
Tel: 912243 0-6155

Fax: 912243 0-7078

Electronics Sales Professionals
(ESP) Inc.

104-215 Stafford Road

K2H 9C1 Nepean

Ontario

Tel: 1613 828 —6881

Fax: 1613 828 -5725

Venezuela

Electronica Uribe C.A.

Piso 1, Oficina G Calle 3-A,
L Uribina

62621 Caracas

Tel: 58 2 241 -2689

Fax: 58 2 241 0192

South Africa

Electrolink (PTY) Ltd
Fleetway House

Martin Hammerschlag Way
Cape Town 8000

P.O. Box 1020

Tel: 27 21 21 53 50
Fax:27214196256

South Korea

Changnam Electronics Ltd
Rm.903, Hosung Bldg.
Seoul

Youngdungpo—Ku

Tel: 822782-0412

Fax: 822784 -7702

Malaysia

Scan Components (M) Sdn.Bhd.

761-B, Jalan Sultan Azlan Shah
Penang

Tel: 604 835-136

Fax: 60 4 83 6 -320

Singapore

Scan Technology (S) Pte Ltd
50 Kallang Bahru #04-01/03
Singapore 1233

Tel: 65 294 -2112

Fax: 65 296 —-1685

Quebec

Electronics Sales Professionals
(ESP) Inc.

10690 Peloquin St.

H2C 3K3 Montreal

Quebec

Tel: 1514 388 6596

Fax: 1 514 388 -8402

QuadRep Marketing (S) Pte.Ltd
1 Marine Parade Central
Singapore 1544

Tel: 65 346 -1933

Fax: 65 346 -1911

Taiwan

World Peace Industrial CS Ltd
(WPI)

8 Fl., 76 Chang Kung RD Sec. 1
Nankang District

Tel: 88627885200

Fax: 88627883255

Dynamar Taiwan Co. Ltd
11-7F, #142,
Chung-Hsiao East Road
Taipei

Tel: 8862 721 -3007
Fax: 886 2 775 -1597
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Austria

EBV ELEKTRONIK GmbH
EBV

Diefenbachgasse 35/6

1150 Wien

Tel: 4318941774 -0

Fax: 431 8941 775

Elbatex

Eitnergasse 6

1233 Wien

Tel: 43186642 -0
Fax: 43 1 86 64 2 -201

Farnell Electronic Services
Farnell

Akaziengasse 42

1234 Wien

Tel: 4316945170
Fax: 4316945 10

Spoerle Electronic GmbH
Spoerle

Heiligenstaedter Strasse 52
1190 Wien

Tel: 43131872700
Fax: 4313692273

Belgium

Farnell Electronic Services
Farnell

Belgicastraat 2

1930 Zavantem

Tel: 3227253533

Fax: 3227254135

DIODE SPOERLE

Spoerle

Keiberg Il — Minervastraat 14
1930 Zaventem

Tel: 32272 54 -4660

Fax: 32272 54 4511

EBYV Elektronik
EBV

Excelsiorlaan 35
1930 Zaventem

Tel: 32271600-10
Fax: 32272 0-8152

Denmark

EBV Elektronik
Egsagervej 11

8230 Aabyhoj

Tel: 45 8625 0466
Fax: 45 68625 0660

AEG Dansk Aktieselskab
Roskildevej 8-10

2620 Albertslund

Tel: 4542 64 8522

Fax: 45 43 62 62 28

Farnell Electronic Services
Farnell

Naverland 29

2600 Glostrup

Tel: 45 4245-1822

Fax: 45 42450786

EBV Elektronik
EBV

Gladsaxevej 356
2860 Soborg

Tel: 45 3969 0511
Fax: 45 3969 -0504

Finland

Farnell Electronic Services
Farnell

Tyopajakatu 5

00580 Helsinki

PL 25

Tel: 358 7391 00

Fax: 358 70 1568 3

France

EBYV Elektronik

EBV

1 Square du Chene Germain
35510 Cesson Sevigne

Tel: 3399384338

Fax: 33 99 38 92 65

EBYV Elektronik

EBV

16, rue Galilee

77436 Champs-sur-Marne
Tel: 33 1 64 68 86 00
Fax: 33 164 68 27 67

Farnell Electronic Services
Farnell

16, avenue des Andes
91941 Les Ulis Cedex A
16 ZA de Coutraboeuf
Tel: 33 1 64 46 02 00
Fax: 33 1 64 46 95 95

Arrow Electronique
73-79 Rue des Solets
94663 Rungis

B.P. Silic 585

Tel: 33149784978
Fax: 33 149 78 05 96

SCAIB

Sonepar

80, rue d’ Arcueil - Silic 137
94523 Rungis Cedex

Tel: 33146872313

Fax: 33 145 60 55 46

EBYV Elektronik

EBV

33, Av. du Docteur Georges
Levy, Bat 55

69693 Venissieux Cedex
Tel: 33178776777

Fax: 33 178 00 80 81

Germany

Spoerle Electronic GmbH
Arrow

Branch office
Kackertstrasse 10

52072 Aachen

Tel: 49 241 88969 -0
Fax: 4924181162

Farnell Electronic Services
GmbH

Farnell

Heubergstrasse 43

72631 Aichtal

Tel: 497127 50 8 -78
Fax: 49 7127 56 2 -25

Farnell Electronic Services
GmbH

Farnell

Maubacher Strasse 30
71522 Backnang

Tel: 497191 6893 1

Fax: 49 7191 68 93 1

Farnell Electronic Services
GmbH

Farnell

Bantorfer Brink 75

30890 Barsinghausen

Tel: 49 5105 51 46 63
Fax: 49 5105 51 46 63

EBYV Elektronik GmbH
EBV

Branch office

Behaimstrasse 3

10585 Berlin

Postfach 100208, PLZ 10562
Tel: 49 30 34 21 041/44
Fax: 49 3034 19003

Eurodis Enatechnik
Electronics GmbH
Eurodis
Sickingenstrasse 1
10553 Berlin

Tel: 49303441043
Fax: 49 303449 54 4

Farnell Electronic
ServicesGmbH
Farnell

Lubminer Pfad 3
13503 Berlin

Tel: 49304362011
Fax: 4930431550 1

Spoerle Electronic GmbH
Spoerle

Branch office

Rudower Strasse 27-29
12351 Berlin

Postfach 47645, PLZ 12315
Tel: 49 3060 60 11

Fax: 49 3060 14057

Spoerle Electronic GmbH
Spoerle

Branch office
Hoepfigheimer Strasse 5
74321 Bietigheim-Bissingen
Postfach 1727, PLZ 74307
Tel: 49 71427003 -0

Fax: 49 7142 70 03 -60

EBYV Elektronik GmbH
EBV

Branch office

In der Meineworth 21
30938 Burgwedel
Postfach 1355, PLZ 30929
Tel: 49 5139 80 87 -0
Fax: 49 5139 51 99

Eurodis Enatechnik Electronics
GmbH

Eurodis

Rheinstrasse 24

64283 Darmstadt

Tel: 49 6151 1741 0

Fax: 49 6151 17 41 -11

Future Electronics Deutschland
GmbH

Future

Hauert 8

44227 Dortmund

Tel: 492319750480

Fax: 49 231 97 50 48 23

Spoerle Electronic GmbH
Spoerle

Branch office
Hildebrandstrasse 13

44319 Dortmund

Postfach 130362, PLZ 44313
Tel: 492312180167

Fax: 492312180167

Spoerle Electronic GmbH
Arrow

Headquarter
Max-Planck-Str. 1-3

63303 Dreieich

Postfach 102140, PLZ 63267
Tel: 49 6103 30 4 -0

Fax: 49 6103 30 4 -344

Eurodis Enatechnik Electronics
GmbH

Eurodis

St. Petersburger Strasse 15
01069 Dresden

Tel: 493514962400

Fax: 49351496240 1

EBV Elektronic GmbH
EBV

Burgstrasse 81-83
65817 Eppstein

Tel: 49 6198 59 20 -50
Fax: 49 6198 95 20 -70
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Farnell Electronic Services
GmbH

Farnell

Fr.—Engels-Strasse 54/94
99086 Erfurt

Tel: 4936173162 -83
Fax: 49 361 73 16 2 -83

Future Electronics Deutschland
GmbH

Future

Wilhelm—Wolff-Str.6

99099 Erfurt

Tel: 4936142087 0

Fax: 49 361 4 20 87 -60

Farnell Electronic Services
GmbH

Farnell
Andreas-Schramm-Strasse 14
90537 Feucht

Tel: 499128 127 -73

Fax: 499128 147 -72

EBV Electronic GmbH
EBV

Branch office
Schenkstrasse 99
60489 Frankfurt

Tel: 49 69 78 50 37
Fax: 49697894 458

Farnell Electronic Services
GmbH

Farnell

Am Geissberg 8

71292 Friolzheim

Tel: 49 7044 44 0 49
Fax: 497044 44 1 48

Farnell Electronic Services
GmbH

Farnell

Kurze Strasse 1

74376 Gemmrigheim

Tel: 49714394390

Fax: 49714394390

Spoerle Electronic GmbH
Spoerle

Branch office

Rodeweg 18

37081 Goettingen
Postfach 3352, PLZ 37023
Tel: 495519040

Fax: 49 551 90 4 46748

EBYV Elektronik GmbH
EBV

Headquarter
Hans-Pinsel-Strasse 4
85540 Haar bei Muenchen
Tel: 4989456100
Fax: 49 89 46 44 88

Farnell Electronic Services
GmbH

Farnell

Feithstrasse 41

58095 Hagen

Tel: 49 2331 58 99 -40
Fax: 49 2331 58 99 —40

Spoerle Electronic GmbH
Spoerle

Branch office

Winsbergring 42

22525 Hamburg

Postfach 540824, PLZ 22508
Tel: 4940853134-0

Fax: 49 40 85 31 3491

Eurodis Enatechnik Electronics
GmbH

Eurodis

Randsburger Str. 24

30559 Hannover

Tel: 495116151061

Fax: 49 511 61 51 06 4

Future Electronics Deutschland
GmbH

Future

Black & Decker-Strasse 17B
65510 Idstein

Tel: 49 6126 54020

Fax: 49 6126 51 62 9

EBYV Elektronik GmbH

EBV

Branch office
Matthias—Claudius—Strasse 2A
41564 Kaarst

Tel: 49 2131 96 77 -0

Fax: 49 2131 96 77 -30

Eurodis Enatechnik Electronics
GmbH

Eurodis

Henschelring 5

85551 Kirchheim/Muenchen
Tel: 49899049820

Fax: 49 89 90 49 82 40

Eurodis Enatechnik Electronics
GmbH

Eurodis

Max-Stromeyerstrasse 3
78467 Konstanz

Tel: 49 7531 61 04 8

Fax: 497531 6726 0

Future Electronics Deutschland
GmbH

Future

Johannes—Daur-Strasse 1
70825 Korntal-Muenchingen
Tel: 49711 83 08 30

Fax: 497118308383

Farnell Electronic Services
GmbH

Farnell

Platanenstrasse 33

86899 Landsberg

Tel: 49 8191229 -45
Fax: 49 8191 229 45

EBYV Elektronik GmbH
EBV

Branch office
Boeblinger Strasse 13
71229 Leonberg

Tel: 49715230009 -0
Fax: 49715275958

Farnell Electronic Services
GmbH

Farnell

Othlinghauser Strasse 29A
58509 Luedenscheid

Tel: 49 2351 6340 34
Fax: 49 2351 63 40 34

Spoerle Electronic GmbH
Spoerle

Branch office
Hauptstrasse 103

04416 Markkleeberg

Tel: 49341356220
Fax: 49 341 3562 2 -66

Farnell Electronic Services
GmbH

Farnell

Stiftstrasse 14

32427 Minden

Tel: 49 5718401 12

Fax: 49 57184 01 12

Farnell Electronic Services
GmbH

Farnell

Elektronik Vertrieb Headquarter
Bahnhofstrasse 44

71693 Moeglingen

Tel: 497141487 -0

Fax: 49 7141 48 7 -210

Eurodis Enatechnik Electronics
GmbH

Eurodis

Hellersbergstrasse 14

41460 Neuss

Tel: 49 213191 89 -0

Fax: 49 2131 91 89 -30

Eurodis Enatechnik Electronics
GmbH

Eurodis

Bucherstrasse 100

90408 Nuernberg

Tel: 4991134750

Fax: 49 911 34 75 -30

Spoerle Electronic GmbH
Spoerle

Branch office
Rathsbergstrasse 17
90411 Nuernberg

Tel: 49911 52 1560
Fax: 49911521563 5

Farnell Electronic Services
GmbH

Farnell

Am Saalbach 5

76661 Philipsburg

Tel: 49 7256 78 78

Fax: 49 7256 78 78

Spoerle Electronic GmbH
Spoerle

Branch office
Wernher—von—Braun—Strasse 9
85640 Putzbrunn

Tel: 498945618 0

Fax: 49 89 45 61 8 -399/397

Eurodis Enatechnik Electronics
GmbH Headquarter

Eurodis

Pascalkehre 1

25451 Quickborn

Tel: 49 4106 701 -0

Fax: 49 4106 701 -268

Eurodis Enatechnik Electronics
GmbH Lieferadresse

Curodis

Ulzburger Landstrasse 406
25451 Quickborn

Future Electronics Deutschland
GmbH

Future

Max—Weber-Strasse 3

25451 Quickborn

Tel: 4941067102 1

Fax: 49410675226

Famnell Electronic Services
GmbH

Farnell

Kirchroettenbach 47
91220 Schnaittach

Tel: 49 9126 39 -94

Fax: 49 9126 39 -95

Farnell Electronic Services
GmbH

Farnell

Roemerstrasse 116

59379 Selm

Tel: 49259298 1213
Fax: 49 259298 12 13
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Eurodis Enatechnik Electronics
GmbH

Eurodis

Dreifelder Str. 36

70599 Stuttgart

Postfach 720 150, PLZ 70577
Tel: 49711458960

Fax: 49 711 45 89 6 —66

Spoerle Electronic GmbH
Arrow

Branch office

Am Gansacker 10

79224 Umkirch

Tel: 49 7665 9855 -0
Fax: 49 7665 9855 -98

Future Electronics Deutschland
GmbH

Future

Headquarter-D

Muenchner Strasse 18

85774 Unterfoehring

Tel: 498995727 -0

Fax: 498995727 -173

Farnell Electronic Services
GmbH

Farnell

Saphirweg 14

71665 Vaihingen

Tel: 49704292 0-17
Fax: 49 704292 0-17

Farnell Electronic Services
GmbH

Farnell

Finkenweg 7

38159 Vechelde

Tel: 49 5302 84 01 -12
Fax: 49 5302 84 01 -12

Farnell Electronic Services
GmbH

Farnell

Hansjakobweg 7

75045 Walzbachtal

Tel: 49 7203 52-78

Fax: 49 7203 52 -78

Italy

Farnell Electronic Services
Farnell

Viale Milanofiori, E/5
20094 Assago (Milano)
Tel: 392824701

Fax: 3928242631

Avnet EMG S.R.L.

Div. de Mico

Viale Vittorio Veneto 8
20060 Cassina de Pecchi
(Milano)

Tel: 39295343600
Fax: 39295344371

EBV Elektronik S.R.L.
Via C. Frova 34

20092 Cinisello Balsamo
(Milano)

Tel: 3926609 61

Fax: 39 2 66 01 70 20

CO.V.ELSR.L.
(TFK only)

Via Redipuglia 5
35013 Cittadella (PD)
Tel: 39499401 02 -6
Fax: 3949597513 -6

Cecchi Gianni

Farnell

Via del Guarlone 58/B
50135 Firenze

Tel: 3955672793

EBYV Elektronik

Via G. Manignalli
50127 Firenze

Tel: 39 55350 -792
Fax: 39 55 350 -483

Camel Elettronica S.R.L.
Viale Degli Artigianelli 6
20159 Milano

Tel: 392 66 802 -788
Fax: 392 66 802 -919

Lasi Elettronica S.P.A.
Div. Della Silvestar Ltd.
Viale Fulvio Testi 280
20126 Milano

Tel: 39266 14 31

Fax: 39266 10 13 85

Vector Electronic S.R.L.
Via Dei Gracchi 30

20146 Milano

Tel: 39 2 48 00 4229/3422

29
Fax: 39249 84 187

EBV Elektronik

Via Scaglia Est 143
41100 Modena

Tel: 39 59 344 -752/736
Fax: 39 59 344 -824

EBV Elektronik

Via Coriolano, 8
80124 Napoli

Tel: 39 81239 -5540
Fax: 39 81 239 -19 88

Marina Scotti

Farnell

Via Epomeo 57
80126 Napoli

Tel: 39812392333

2F Elettronica SAS
Farnell

Via Savelli 54

35129 Padova

Tel: 39498072033

D.C.E. System SNC

Farnell

Via Risorgimento 136

40069 Riale ola P. - Bologna
Tel: 39 51750924

EBV Elektronik

Viale Giorgio Morandi, 199
00155 Roma

Tel: 39 622533678
Fax: 39 6 225 33 -69

Farnell

Farnell

Via Citta di Cascia 29/31
00191 Roma

Tel: 3963335817

Romagnolo Massimo
Farnell

Via Nizza 1/A

17100 Savona

Tel: 39 19 81 50 90

Mantovani Marilena
Farnell

Via Bonopera 34

60019 Senigallia — Ancona
Tel: 3971 65376

EBV Elektronik

Via Dante Alighieri, 41
36050 Tavernelle di Sovizza
(VD)

Tel: 39 444 572 -366

Fax: 39 444 574 -939

Setri di Bordin U. & C. SNC
Farnell

Via Paolo VI 13

36016 Thiene — VI

Tel: 39 445 38 04 00

CO.VEEL.SR.L.

Via Vittorio Veneto 82
35019 Tombolo (PD)
Tel: 39 49 94 70 970
Fax: 39499471 018

EBV Elektronik

Via Borgaro, 87/11

10147 Torino

Tel: 3944 11216 -15 31
Fax: 39 44 11 216 -71 16

Farnell

Farnell

Via Baltimora 136
10137 Torino

Tel: 39113299 329

Netherland

EBV Elektronik

EBV

Planetenbaan 2

3606 AK Maarssenbroek
Tel: 31 3465 62353
Fax: 31 3465 64277

Diode Components BV
Arrow

De Run 1120

5503 LA Veldhoven
Postbus 7139

Tel: 3140 54 54 30
Fax: 31 40 53 55 40

Diode Components BV
Spoerle

Coltbaan 17

3439 NG Nieuwegein
Tel: 31340291234
Fax: 31340235924

Norway

Arrow-Tahonic A/S
Arrow

Sagreien 17

0404 Oslo

Tel: 47223760 20
Fax: 472237 41 40

Farnell Electronic Services
Farnell

Nedre Kalbakkevei 88
1081 Oslo

Tel: 4722321270

Fax: 47 22325120

Portugal

ADM electr¢nica s/a
Sonepar

Branch Office

En 107, No. 743, Ardegaes,
Aguas Santas

4445 Ermesinde

Tel: 35129736957

Fax: 35129736958

Spain

ADM electr¢nica s/a
Sonepar

Branch Office
Mallorca, 1-2nd (1B)
08014 Barcelona
Tel: 3414266892
Fax: 34 1425054 4

EBYV Elektronik

Calle Paris, 71

08029 Barcelona

Tel: 34934 10-8533
Fax: 34 93 4 19 08 25

ADM electr¢nica s/a
Sonepar

Branch Office

Herriko Gudarien, 8-1B
48200 Durango

Tel: 3416201572
Fax: 341620233 1
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ADM electr¢nica s/a
Sonepar

Head Office

Tomas Breton, 50 30 2
28045 Madrid

Tel: 3415304121
Fax: 3415300164

EBV Elektronik
EBV

Calle Maria Tubau 6
28049 Madrid

Tel: 3413588608
Fax: 34 13589430

Sweden

Farnell Electronic Services
Farnell

Ankdammsgatan 32

17126 Solna

Box 1330

Tel: 46 8 83 00 -20

Fax: 46 8 27 -1303

North America
USA

Alabama

Marshall Industries

3313 Memorial Pkwy. South,
Ste. 150

Huntsville

Alabama 35801

Tel: 1205 881-9235

Fax: 1 205 881 -1490

Future Electronics Corp.

Future

1825 University Square, Ste. 12
Huntsville

Alabama 35816

Tel: 1205 830 -2322

Fax: 1 205 830 —6664

Hamilton/Hallmark—#23

4890 University Square, Ste. 1
Huntsville

Alabama 35816

Tel: 1205 837 -8700

Fax: 1205 830 -8404

Pioneer Tech.

4835 University Square, Ste. 5
Huntsville

Alabama 35816

Tel: 1205 837 -9300

Fax: 1205 837 -9358

Arrow - TH's
Arrow
Arrendevagen 36
16303 Spanga

Box 3027

Tel: 468 3629 70
Fax: 468 76 1306 5

Switzerland

EBV Elektronik
EBV
Vorstadtstrasse 37
8953 Dietikon

Tel: 4117456161
Fax:4117415110

EBYV Elektronik

EBV

10 Passage St. Francois
1003 Lausanne

Tel: 41213112804
Fax: 41213112807

Fabrimex Spoerle
Spoerle

Cherstrasse 4

8152 Opfikon-Glattbrugg
Tel: 41187462 -62
Fax: 41 1 87 46 2 -00

Arizona

Future Electronics Corp.
Future

4636 East University Drive,
Ste. 245

Phoenix

Arizona 85034

Tel: 1602 968 -7140

Fax: 1 602 968 —0334

Marshall Industries
9831 South S1st Street,
Ste. C108

Phoenix

Arizona 85044

Tel: 1602 496 —0290
Fax: 1 602 893 —9029

Hamilton/Avnet—#04

30 South Mc Kemy Avenue
Chandler

Arizona 85226

Tel: 1602 961 —6400

Fax: 1 620 902 4747

Bell Industries

140 South Lindon Lane, Ste. 102
Tempe

Arizona 85281

Tel: 1602 966 -3600

Fax: 1 602 967 —6584

Fabrimex Spoerle
Spoerle

8, rue des Pecheurs

1400 Yverdon-les—Bains
Tel: 4124219222
Fax: 4124 21 81 41

Farnell Electronic Services
Farnell
Brandschenkestrasse 178
8027 Zuerich

Tel: 411204611 1

Fax: 4112046311

United Kingdom

Abacus Electronics Ltd
Abacus House

Bone Lane

Berkshire RG14 5 SF
Tel: 44163536222
Fax: 44 1635 38 67 0

Macro-Marketing Ltd.
Burnham Lane
Berkshire SL1 6LN
Tel: 44 1628 60 43 83
Fax: 44 1628 66 68 73

Hamilton/Hallmark

1626 South Edward Drive
Tempe

Arizona 85281

Tel: 1 800332 -8638
Fax: 1 800 257 -0568

California

Hamilton Corporate

10950 West Washington Blvd.
Culver City

California 90230

Tel: 1310558 -2000

Fax: 1 310 558 -2076

Bell Industries

30101 Agoura Court, Ste. 118
Agoura Hills

California 91301

Tel: 1818 879 -9494

Fax: 1 818 991 -7695

Future Electronics Corp.
Future

27489 West Agoura Road,
Ste. 300

Agoura Hills

California 91301

Tel: 1 818 865 -0040
Fax: 1 818 865 -1340

Future Electronics Ltd

Future

Headquarter—-UK

Future House, Poyle Road
SL3 OEZ Berkshire SL3 OEZ
Tel: 44 1753 68 70 -0

Fax: 44 1753 68 91 00

Micromark Electronics Ltd.
159 Boyn Valley Road
Berkshire SL6 4DT

Tel: 44 162876 17 6

Fax: 44 1628 78 37 99

HB Electronics Ltd
Lever Street

Lancs BL3 6BJ

Tel: 44 1204 2554 4
Fax: 44 1204 38 49 11

Pioneer Std.

5126 Clareton Drive, Ste. 160
Agoura Hills

California 91301

Tel: 1818 865 -580

Fax: 1 818 865 —5814

Marshall Industries
26637 Agoura Road
Calabasas

California 91302-1959
Tel: 1818 878 -7000
Fax: 1 818 880 —-6846

Taitron (TFK only)
25202 Anza Drive
Santa Clarita
California 91355-3496
Tel: 1805257 —6060
Fax: 1 805 257 -6415

Hamilton Electro Sales #01
21150 Califa Street
Woodland Hills

California 91367

Tel: 1818 594 -0404

Fax: 1 818 594 -8234
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Hamilton/Avnet—#48
21150 Califa Street
Woodland Hills
California 91367

Tel: 1818 594 —0404
Fax: 1 818 594 —8233

Marshall Corporate
9320 Telstar Avenue
El Monte

California 91731

Tel: 1 818 307 -6000
Fax: 1 818 307 —6297

Future Electronics Corp.
Future

5151 Shoreham Place, Ste. 220
San Diego

California 92122

Tel: 1619 625-2800

Fax: 1 619 625 -2810

Bell Industries

5520 Ruffin Road, Ste. 209
San Diego

California 92123

Tel: 1619576 -3924

Fax: 1 619 492 9826

Hamilton/Hallmark—#02
4545 Viewridge Avenue
San Diego

California 92123

Tel: 1619571 -7540
Fax: 1 619 277 -6136

Marshall Industries
5961 Kearny Villa Road
San Diego

California 92123

Tel: 1619 627 4140
Fax: | 619 627 4163

Hamilton/Hallmark—#29
3170 Pullman Street
Costa Mesa

California 92626

Tel: 1714 641 -4100
Fax: 1 714 641 —4122

Future Electronics Corp.
Future

1692 Browning Avenue
Irvine

California 92714

Tel: 17142504141
Fax: 1 714 250 -4185

Bell Industries

220 Technology Drive, Ste. 100
Irvine

California 92718

Tel: 1714 727 -4500

Fax: 1714 453 4610

Future Electronics Corp.

Future

25B Technology Drive, Ste. 200
Irvine

California 92718

Tel: 1714453 -1515

Fax: 1 714 453 -1226

Marshall Industries

1 Morgan

Irvine

California 92718

Tel: 1714 859 5050
Fax: 1714 581 -5255

Pioneer Std.

217 Technology Drive, Ste. 110
Irvine

California 92718

Tel: 1714 753 -5090

Fax: 1 714 753 -5589

Zeus Electronics

6 Cromwell, Ste. 100
Irvine

California 92718

Tel: 1714 581 4622
Fax: 1 714 454 —4355

Bell Industries

1161 North Fairoaks Avenue
Sunnyvale

California 94089

Tel: 1408 734 -8570

Fax: 1 408 734 8875

Marshall Industries
336 Los Coches Street
Milpitas

California 95035

Tel: 1408 942 —4600
Fax: 1408 262 -1224

Zeus Electronics

6276 San Ignacio Avenue, Ste. E
San Jose

California 95119

Tel: 1408 629 —4789

Fax: 1 408 629 4792

Hamilton/Hallmark-#03
2105 Lundy Avenue
San Jose

California 95131

Tel: 1408 435 -3500
Fax: 1 408 435 -3720

Future Electronics Corp.
Future

2220 O’Toole Avenue
San Jose

California 95131-1326
Tel: 1408 434 -1122
Fax: 1408 433 -0822

Pioneer Tech.

333 River Oaks Parkway
San Jose

California 95134

Tel: 1408 954 -9100
Fax: 1 408 954 -9113

Future Electronics Corp.
Future

755 Sunrise Avenue
Roseville

California 95661

Tel: 1916 783 -7877
Fax: 1916 783 -7988

Marshall Industries

3039 Kilgore Avenue, Ste. 140
Rancho Cordova

California 95670

Tel: 1916 635 -9700

Fax: 1 916 635 —6044

Bell Industries

4311 Anthony Ct., Ste. 100
Rocklin

California 95677

Tel: 1916 652 -0418

Fax: 1 916 652 -0403

Hamilton/Hallmark—#35
580 Menlo Drive, Ste. 2
Rocklin

California 95765

Tel: 1916 624 -9781
Fax: 1 916 961 -0922

Colorado

Hamilton/Hallmark—#06

12503 East Euclid Drive, Ste. 20
Englewood

Colorado 80111

Tel: 1303 799 -7800

Fax: 1303 790 —4991

Future Electronics Corp.
Future

12600 West Colfax Avenue,
Ste. B110

Lakewood

Colorado 80215

Tel: 1303232 -2008

Fax: 1303 232 -2009

Bell Industries

9351 Grant Street, Ste. 460
Thornton

Colorado 80229

Tel: 1303691 -9270

Fax: 1 303 691 -9036

Marshall Industries

12351 North Grant Street, Ste. A
Thornton

Colorado 80241

Tel: 1303451 -8444

Fax: 1 303 457 -2899

Conneticut

Future Electronics Corp.
Future

700 West Johnson Avenue
Cheshire

Connecticut 06410

Tel: 1203 250 -0083
Fax: 1203 250 -0081

Hamilton/Haltmark—#21

125 Commerce Court, Unit 6
Chesire

Connecticut 06410

Tel: 1203271 2844

Fax: 1 203 272 -1704

Bell Industries

1064 East Main Street
Meriden

Connecticut 06413
Tel: 1203 639 -6000
Fax: | 203 639 -6005

Pioneer Std.

2 Trap Falls Road
Shelton

Connecticut 06484
Tel: 1203 929 -5600
Fax: 1203 292 -9791

Marshall Industries
20 Sterling Drive
Wallingford
Connecticut 06492
Tel: 1203265 -3822
Fax: 1 203 284 -9285

Florida

Reptron (TFK only)
14401 McCormick Drive
Tampa

Florida

Tel: 1813 854 -2351
Fax: 1 813 854 —1324

Future Electronics Corp.
Future

650 South Northlake Blvd.,
Ste. 1024

Altamonte Spring

Florida 32701

Tel: 1407 767 -8414

Fax: 1 407 834 -9318

Bell Industries

650 South Northlake Blvd.,
Ste. 400

Altamonte Springs

Florida 32701

Tel: 1407 339 -0078

Fax: 1 407 339 -0139

Marshall Industries

650 South Northlake Blvd.,
Ste. 1024

Altamonte Springs

Florida 32701

Tel: 1407 767 -8585

Fax: 1 407 767 -8676

Pioneer Tech.

337 South Northlake Blvd.,
Ste. 1000

Altamonte Springs

Florida 32701

Tel: 1407 834 -9090

Fax: 1 407 834 0865

Zeus Components

37 Skyline Drive, Bldg. D,
Ste. 3101

Lake Mary

Florida 32746

Tel: 1407 333 -3055
Fax: 1 407 333 -9681
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Hamilton/Avnet—#76
7079 University Blvd.
Winter Park

Florida 32792

Tel: 1407 628 -3888
Fax: 1407 678 4414

Hamilton/Hallmark—#17

3350 North West 53rd Avenue,
Ste. 105

Fort Lauderdale

Florida 33309

Tel: 1305 484 —5482

Fax: 1 305 484 —4740

Marshall Industries

2700 West Cypress Creek Road,
Ste. D114

Fort Lauderdale

Florida 33309

Tel: 1305977 -4880

Fax: 1 305 977 —4887

Pioneer Tech.

674 South Military Trail
Deerfield Beach

Florida 33442

Tel: 1305 428 -8877
Fax: 1 305 481 -2950

Future Electronics Corp.
Future

2200 Tall Pines Drive, Ste. 108
Largo

Florida 34641

Tel: 1813530-1222

Fax: 1 813 538 9598

Hamilton/Hallmark—#25
10491 77th Street North
Largo

Florida 34647

Tel: 1813541 -7440

Fax: 1 813 544 -4394

Georgia

Bell Industries

3020 Business Park Drive,
Ste. D

Norcross

Georgia 30071

Tel: 1404 446 -7167
Fax: 1 404 446 -7264

Future Electronics Corp.
Future

3150 Holcomb Bridge Road,
Ste. 130

Norcross

Georgia 30071

Tel: 1404 441 -7676

Fax: 1 404 441 -7580

Marshall Industries

5300 Oakbrook Pkwy., Ste. 140
Norcross ’

Georgia 30093

Tel: 1404 923 -5750

Fax: 1404 923 -2743

Hamilton/Hallmark—#76
3425 Corporate Way, Ste. A
Duluth

Georgia 30136

Tel: 1404 623 -4400

Fax: 1404 476 -3043

Pioneer Tech.

1250C Rivergreen Pkwy.
Duluth

Georgia 30136

Tel: 1404 623 -1003
Fax: 1 404 623 -0665

Illinois

Bell Industries

870 Cambridge Drive
Elk Grove Village
Hlinois 60007

Tel: 1708 640 -1910
Fax: 1 708 640 -1928

Pioneer Std.

2171 Executive Drive, Ste. 200
Addison

Illinois 60101

Tel: 1708 495 -9680

Fax: 1 708 495 -9831

Hamilton/Hallmark—#10
1130 Thorndale Avenue
Bensenville

Illinois 60106

Tel: 1708 860 ~7780
Fax: 1 708 773 -7969

Zeus Electronics

1140 West Thorndale Avenue
Itasca

Illinois 60143

Tel: 1708 595 -9730

Fax: 1 708 595 9896

Marsh Electronics, Inc.
1450 East American Lane,
Ste. 1400

Schaumburg

IHlinois 60173

Tel: 1708 240 -9290
Fax: 1 708 240 -5808

Marshall Industries

50 East Commerce Drive, Unit |
Schaumburg

Minois 60173

Tel: 1708 490 -0155

Fax: 1 708 490 -0569

Future Electronics Corp.
Future

3150 West Higgins Road,
Ste. 160

Hoffman Estates

Illinois 60195

Tel: 1708 882 1255
Fax: 1 708 490 -9290

Indiana

Marsh Electronics, Inc.
8888 Keystone Crossing,
Ste. 1300

Indianapolis

Indiana 46240

Tel: 1317 575 -4094
Fax: 1 317 575 -2774

Pioneer Std.

9350 North Priority Way West
Drive

Indianapolis

Indiana 46240

Tel: 1317 573 -0880

Fax: 1317 573 -0979

Hamilton/Hallmark-#28
4275 West 96th Street
Indianapolis

Indiana 46248

Tel: 1317575 -3500
Fax: 1 317 575 -3535

Bell Industries

5230 West 79th Street
Indianapolis

P.O. Box 6885
Indiana 46268

Tel: 1317 875 -8200
Fax: 1317 875 -8219

Bell Industries

525 Airport North Office Park
Fort Wayne

Indiana 46803

Tel: 1219490 -2100

Fax: 1219 490 -2104

Bell Industries

3433 Washington Bivd.
Fort Wayne

Indiana 46803

Tel: 1219422 -4300
Fax: 1219 423 -3420

Iowa

Hamilton/Hallmark—#44
2335-A Blairsferry North East
Cedar Rapids

lowa 52402

Tel: 1319393 -0033

Fax: 1319 393 -7050

Kansas

Future Electronics Corp.
Future

8826 Santa Fee Drive, Ste. 150
Overland Park

Kansas 66212

Tel: 1913649 -1531

Fax: 1 913 649 -1786

Marshall Industries
10413 West 84th Terrace
Lenexa

Kansas 66214

Tel: 1913492 -3121
Fax: 1913 492 -6205

Hamilton/Hallmark-#58
10809 Lakeview Avenue
Lenexa

Kansas 66219

Tel: 1913 888 —4747
Fax: 1 913 888 -0523

Kentucky

Hamilton/Hallmark

1847 Mercer Road, Ste. G
Lexington

Kentucky 40511-1001
Tel: 1606259 -1475
Fax: 1 606 288 —4936

Maryland

Pioneer Tech.

9100 Gaither Road
Gaithersburg
Maryland 20877

Tel: 1301921 -0660
Fax: 1 301 921 4255

Hamilton/Hallmark—#12

71347 Gateway Drive, Ste. 100
Columbia

Maryland 21045

Tel: 1410720 -3400

Fax: 1410720 -3434

Bell Industries

8945 Guilford Road, Ste. 130
Columbia

Maryland 21046

Tel: 1410290 -5100

Fax: 1 410 290 -8006

Future Electronics Corp.
Future

6716 Alexander Bell Drive,
Ste. 101

Columbia

Maryland 21046

Tel: 1410290 -0600

Fax: 1410 290 -0328

Marshall Industries
9130B Guilford Road
Columbia

Maryland 21046

Tel: 1410880 -3030
Fax: 1 410 880 -3232

Massachusetts

Future Electronics Corp.
Future

41 Main Street

Bolton

Massachusetts 01740
Tel: 1508 779 -3000
Fax: 1 508 779 -5143

Bell Industries

100 Burtt Road, Ste. 106
Andover

Massachusetts 01810
Tel: 1508 474 8880
Fax: 1 508 474 —8902
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Zeus Electronics

25 Upton Drive
Wilmington
Massachusetts 01877
Tel: 1508 658 —4776
Fax: 1 508 694 -2199

Zeus Components
607 North Avenue
Wakefield
Massachusetts 01880
Tel: 1617 246 -8200
Fax: 1 617 246 8293

Marshall Industries
33 Upton Drive
Wilmington
Massachusetts 01887
Tel: 1508 658 -0810
Fax: 1 508 657 -5931

Hamilton/Hallmark—#18
10D Centennial Drive
Peabody

Massachusetts 01960
Tel: 1508 532 -3701
Fax: 1 508 532 -9802

Pioneer Std.

44 Hartwell Avenue
Lexington
Massachusetts 02173
Tel: 1617 861 9200
Fax: 1617 863 —1547
Michigan
Hamilton/Hallmark—#66
41650 Gardenbrook, Ste.100
Novi

Michigan 40375

Tel: 1313347 4271
Fax: 1 313 347 4021

Future Electronics Corp.
Future Electronics Inc., Quebec
Celeste Doerwald

35200 Schoolcraft Road,

Ste. 106

Livonia

Michigan 48150

Tel: 1313261 -5270

Fax: 1313261 -8175

Marshall Industries
31067 Schoolcraft Road
Livonia

Michigan 48150

Tel: 1313525 -5850
Fax: 1 313 525 -5855

Pioneer Std.

44190 Plymouth Oaks Drive
Plymouth

Michigan 48270

Tel: 1313416 -2157

Fax: 1 313 416 -2415

Pioneer Std.

4467 Byron Center Road
Wyoming

Michigan 49509

Tel: 1616 534 -0500
Fax: 1 616 534 -3922

Future Electronics Corp.
Future

4505 Broadmoor South East
Grand Rapids

Michigan 49512

Tel: 1616 698 —6800

Fax: 1 616 698 6821

Minnesota

Hamilton/Hallmark—#63
9401 James Avenue South,
Ste. 140

Bloomington

Minnesota 55341

Tel: 1612 881 -2600
Fax: 1 612 881 -9461

Future Electronics Corp.
Future

10025 Valley View Road,
Ste. 196

Eden Prairie

Minnesota 55344

Tel: 1612 944 -2200
Fax: 1 612 944 -2520

Pioneer Std.

7625 Golden Triangle Drive
Eden Prairie

Minnesota 55344

Tel: 1612944 -3355

Fax: 1 612 944 -3794

Marsh Electronics, Inc.
9001 East Bloomington
Freeway, Ste. 148
Bloomington
Minnesota 55420

Tel: 1612 948 —0464
Fax: 1 612 948 -0467

Marshall Industries

14800, 28th. Avenue North,
Ste. 175

Plymouth

Minnesota 55447

Tel: 16125592211

Fax: 1 612 559 -8321

Missouri

Hamilton/Hallmark—#05
3783 Rider Trail South
Earth City

Missouri 63045

Tel: 1314291 -5350
Fax: 1 314 770 -6363

Marshall Industries

514 Earth City Expressway,
Ste. 131

Earth City

Missouri 63045

Tel: 1314770 -1749

Fax: 1 314 770 -1486

Future Electronics Corp.
Future

12125 Woodcrest Executive
Drive, Ste. 220

St. Louis

Missouri 63141

Tel: 1314 469 -6805

Fax: 1 314 469 -7226

New Hampshire

see Massachusetts

New Jersey

Bell Industries

271 Route 46 West,
Ste. F202-203
Fairfield

New Jersey 07004
Tel: 1201227 -6060
Fax: 1 201 227 -2626

Marshall Industries
101 Fairfield Road
Fairfield

New Jersey 07006
Tel: 1201 882 -0320
Fax: 1201 882 -0095

Pioneer Std.

14 ”A” Madison Road
Fairfield

New Jersey 07006
Tel: 1201 575-3510
Fax: 1 201 575 -3454
Future Electronics Corp.
Future

1259 Route 46 East
Parsippany

New Jersey 07054
Tel: 1201 299 -0400
Fax: 1201 299 -1377

Hamilton/Avnet-#19
10 Lanidex Plaza West
Parsippany

New Jersey 07054
Tel: 1201 757 -3390
Fax: 1 609 751 -2552

Hamilton/Hallmark—#14
One Keystone Avenue
Cherry Hill

New Jersey 08003

Tel: 1609 424 -0100
Fax: 1 609 751 -2509

Future Electronics Corp.
Future

12 East Stow Road, Ste. 200,
Bldg. 12

Marlton

New Jersey 08053

Tel: 1609 596 —4080

Fax: 1 609 596 —4266

Marshall Industries

158 Gaither Drive, Unit 100
Mt. Laurel

New Jersey 08054

Tel: 1609 234 -9100

Fax: 1609 778 -1819

New Mexico

Hamilton/Hallmark—#22
7801 Academy Road
Albuquerque

New Mexico 87109-3147
Tel: 1505 345 -0001
Fax: 1 505 828 -0360

Bell Industries

11728 Linn North East
Albuquerque

New Mexico 87123
Tel: 1505292 -2100
Fax: 1 505 275 -2819

New York

Zeus Electronics

100 Midland Avenue
Port Chester

New York 10573

Tel: 1914 937 -7400
Fax: 1 914 937 -2553

Future Electronics Corp.
Future

801 Motor Parkway
Hauppauge

New York 11788

Tel: 1516 234 -4000
Fax: 1 516 234 -6183

Hamilton/Hallmark—#20
933 Motor Parkway
Hauppauge

New York 11788

Tel: 1516434 -7470
Fax: 1 516 434 -7419

Pioneer Std.

60 Crossways Park West
Woodbury

New York 11797

Tel: 1516921 -8700
Fax: 1 516921 -2143

Hamilton/Hallmark—#08
100 Elwood Davis Road
Syracuse

New York 13212

Tel: 1315453 4000
Fax: 1 315453 4010
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Future Electronics Corp.
Future

200 Salina Meadows Pkwy.,
Ste. 130

Syracuse

New York 132124513

Tel: 1315451 -2371

Fax: 1 315451 -7258

Marshall Industries
100 Marshall Drive
Endicott

New York 13760

Tel: 1607 785 -2345
Fax: 1 607 785 -5546

Pioneer Std.

1249 Upper Front Street,
Ste. 201

Binghamton

New York 13901

Tel: 1607 722 -9300
Fax: 1607 722 -9562

Pioneer Std.

840 Fairport Park
Fairport

New York 14450

Tel: 1716 381 -7070
Fax: 1 716 381 -5955

Future Electronics Corp.
Future

300 Linden Oaks
Rochester

New York 14620

Tel: 1716 387 -9550
Fax: 1 716 387 9563

Hamilton/Hallmark—#61
1057 East Henrietta Road
Rochester

New York 14623

Tel: 1716 475-9130
Fax: 1 716 475 9119

Marshall Industries
1250 Scottsville Road
Rochester

New York 14624

Tel: 1716235 -7620
Fax: 1 716 235 -0052

North Carolina

Pioneer Tech.

2200 Gateway Center Blvd.,
Ste. 215

Morrisville

North Carolina 27560

Tel: 1919 460 -1530

Fax: 1919 460 —1540

Future Electronics Corp.
Future

5225 Capitol

Raleigh

North Carolina 27604
Tel: 1919790 -7111
Fax: 1919 790 -9022

Hamilton/Hallmark
5234 Greens Dairy Road
Raleigh

North Carolina 27604
Tel: 1919 872 -0712
Fax: 1 919 878 -8729

Marshall Industries
5224 Greens Dairy Road
Raleigh

North Carolina 27604
Tel: 1919 878 -9882
Fax: 1 919 872 -2431

Future Electronics Corp.
Future

Charlotte Motor Speedway
Concord

P.O. Box 600

North Carolina 28026

Tel: 1704 455 -9030
Fax: 1704 455 -9173

Future Electronics Corp.

Future

8401 University Executive Park,
Ste. 108

Charlotte

North Carolina 28262

Tel: 1704 547 -1107

Fax: 1 704 547 -9650

Ohio
Hamilton/Hallmark—#79
111 Dearboran Lane, Ste. L
Worthington

Ohio 43085

Tel: 1614 888 -3313
Fax: 1 614 888 —0767

Pioneer Std.

4800 East 131st Street
Cleveland

Ohio 44105

Tel: 1216 587 -3600
Fax: 1216 587 -3906

Future Electronics Corp.
Future

6009 East Lander Haven Drive
Maryfield Heights

Ohio 44124

Tel: 1216 449 6996

Fax: 1 216 449 —8987

Marshall Industries

30700 Bainbridge Road Unit A
Solon

Ohio 44139

Tel: 1216248 -1788

Fax: 1 216 248 -2312

Marshall Industries
3520 Park Center Drive
Dayton

Ohio 45414

Tel: 1513 898 —4480
Fax: 1 513 898 —9835

Pioneer Std.

4433 Interpoint Blvd.
Dayton

Ohio 45424

Tel: 1513236 -9900
Fax: 1513236 -8133

Future Electronics Corp.
Future

1430 Oak Court, Ste. 203
Beaver Creek

Ohio 45430

Tel: 1513426 —0090
Fax: 1 513 426 -8490

Zeus Components

8200 Washington Village Drive
Dayton

Ohio 45458

Tel: 1513291 -0276

Fax: 1513 291 -9060

Bell Industries

446 Windsor Park Drive
Dayton

Ohio 45459

Tel: 1513 434 -8231
Fax: 1513 434 -8103

Hamilton/Hallmark—#64

7760 Washington Village Drive
Dayton

Ohio 45459

Tel: 1513439 -6721

Fax: 1 513 439 -6705

Oklahoma

Hamilton/Hallmark

5411 South 125th East Avenue,
Ste. 305

Tulsa

Oklahoma 74146

Tel: 1918252 -7297

Fax: 1 918 254 -6207

Pioneer

9717 East 42nd Street, Ste. 105
Tulsa

Oklahoma 74146

Tel: 1918 665 -7840

Fax: 1918 665 -1891

Oregon

Bell Industries

9275 South West Nimbus
Beaverton

Oregon 97005

Tel: 1503 644 3444
Fax: 1503 520 -1948

Hamilton/Hallmark—#27

9750 South West Nimbus Ave.
Beaverton

Oregon 97005

Tel: 1503 526 -6200

Fax: 1 503 641 -5939

Marshall Industries
9705 South West Gemini
Beaverton

Oregon 97005

Tel: 1503 644 -5050
Fax: | 503 646 —8256

Oregon Future Electronics
Future

8905 South West Nimbus Ave.,
Ste. 160

Beaverton

Oregon 97005

Tel: 1503 626 7300

Fax: 1 503 626 -5300

Future Electronics Corp.
Future

15236 North West Greenbrier
Beaverton

Oregon 97006

Tel: 1503 645 -9454

Fax: 1 503 645 -1559

Pensylvania

Pioneer Std.

259 Kappa Drive
Pittsburgh
Pennsylvania 15238
Tel: 1412782 -2300
Fax: 1 412 963 -8255

Hamilton/Avnet—#43

213 Executive Drive. Ste. 320
Mars

Pennsylvania 16046

Tel: 1412281 -4150

Fax: 1412772 -1890

Pioneer Tech.

500 Enterprise Road
Horsham
Pennsylvania 19044
Tel: 1215674 -4000
Fax: 1215 674 -3107

Bell Industries

2556 Metropolitan Drive
Trevose

Pennsylvania 19053

Tel: 1215953 -2800
Fax: 1 215 364 4927

Texas

Zeus Electronics

3220 Commander Drive
Carrollton

Texas 75006

Tel: 1214 380 -4330
Fax: 1 214 447 -2222

Bell Industries

1701 Greenville Avenue,
Ste. 306

Richardson

Texas 75081

Tel: 1214690 -0486
Fax: 1 214 690 -0467
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Future Electronics Corp.
Future

800 East Cambell
Richardson

Texas 75081

Tel: 1214437 -2437
Fax: 1 214 669 2347

Marshall Industries

1551 North Glenville Drive
Richardson

Texas 75081

Tel: 1214 705 -0604

Fax: 1 214 705 -0675

Zeus Components

1800 North Glenville Drive,
Ste. 120

Richardson

Texas 75081

Tel: 1214783 -7010

Fax: 1 214 234 4385

Pioneer Std.

13765 Beta Road
Dallas

Texas 75244

Tel: 1214 386 -7300
Fax: 1 214 490 —6419

Marshall Industries

10681 Haddington, Ste. 160
Houston

Texas 77043

Tel: 1713 467 -1666

Fax: 1 713 467 -9805

Hamilton/Hallmark—#11
8000 West Glenn
Houston

Texas 77063

Tel: 1713781 -6100
Fax: 1 713 953 -8420

Future Electronics Corp.
Future

10333 Richmond Avenue,
Ste. 970

Houston

Texas 77082

Tel: 1713 785-1156
Fax: 1 713 785 4558

Pioneer Std.

10530 Rockley Road, Ste. 100

Houston

Texas 77099

Tel: 1713 495 -4700
Fax: 1 713 495 5642

Hamilton/Hallmark—#26
12211 Technology Blvd.
Austin

Texas 78727

Tel: 1512258 8848
Fax: 1 512 258 -3777

Pioneer Std.

1826 D Kramer Lane
Austin

Texas 78758

Tel: 1512 835 -4000
Fax: 1 512 835 -9829

Future Electronics Corp.
Future

9020 I Capital of Texas Hwy.
North

Austin

Texas 78759

Tel: 1512502 -0991

Fax: 1 512 502 0740

Utah

Marshall Electronics

2355 S. 1070 West, Ste. 10 D
84119-1552 Salt Lake City
Utah

Tel: 1801973 -2288

Fax: 1 801 973 -2296

Bell Industries

6912 South 185 West, Ste. B
Midvale

Utah 84047

Tel: 1801 561 —9691

Fax: 1 801 255 2477

Future Electronics Corp.
Future

3450 South Highland Drive,
Ste. 301

Salt Lake City

Utah 84106

Tel: 1801 467 —4448

Fax: 1 801 467 -3604

Hamilton/Hallmark—#09

1100 East 6600 South, Ste. 120
Salt Lake City

Utah 84121

Tel: 1801 266 -2022

Fax: 1 801 263 -0104

Washington

Bell Industries

1715 114th Avenue,
South East 208
Bellevue

Washington 98004
Tel: 1 206 646 —8750
Fax: 1 206 646 -8559

Pioneer Tech

2800 156th Avenue, South East
Bellevue

Washington 98007

Tel: 1206 644 7500

Fax: 1 206 644 -7300

Future Electronics Corp.

Future

19102 N. Creek Pkwy., Ste. 118
Bothell

Washington 98011

Tel: 1206 489 -3400

Fax: 1 206 489 -3411

Marshall Industries

11715 N. Creek Pkwy., South,
Ste. 112

Bothell

Washington 98011

Tel: 1206 486 —5747

Fax: 1 206 486 —6964

Bell Industries

8553 154th Avenue North East
Redmond

Washington 98052

Tel: 1206 867 -5410

Fax: 1 206 867 -5159

Hamilton/Hallmark—#07

8630 154th Avenue, North East
Redmond ’
Washington 98052

Tel: 1206 881 6697

Pioneer Std.

120 Bishops Way, Ste. 163
Brookfield

Wisconsin 53005

Tel: 1414784 -3480
Fax: 1 414 784 -8207

Wisconsin

Future Electronics Corp.
Future

250 N. Patrick Blvd., Ste. 170
Brookefield

Wisconsin 53045

Tel: 1414 879 -0244

Fax: 1 414 879 0250

Hamilton/Hallmark—#57
2440 South 179th Street
New Berlin

Wisconsin 53146

Tel: 1414780 -7200
Fax: 1 414 780 -7201

Bell Industries

W.226 N-900 Eastmound Drive
Waukesha

Wisconsin 53186

Tel: 1414 547 -8879

Fax: 1 414 547 —6547

Future Electronics Corp.
Future

20875 Crossroads Cir., Ste. 200
Waukesha

Wisconsin 53186

Tel: 1414786 -1884

Fax: | 414 786 —0744

Marshall Industries
20900 Swenson Drive
Waukesha

Wisconsin 53186

Tel: 1414 797 -8400
Fax: 1 414 797 -8270

Marsh Electronics, Inc.
1563 South 101st Street
Milwaukee

Wisconsin 53214

Tel: 1414 475 -6000
Fax: 1414 771 -2847

Marsh Electronics, Inc.
N1046 Towerview Drive
Greenville

Wisconsin 54942

Tel: 1414757 -0800
Fax: 1 414 757 -0804
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Canada / Mexico

Alberta

Future Electronics Corp.
Future

3833-29th Street North East
T1Y 6BS Calgary

Alberta

Tel: 1403 250 -5550

Fax: 140329 1 -7054

Future Electronics Corp.
Future

4606 97th Street

T6E 5N9 Edmonton
Alberta

Tel: 1403 438 -2858
Fax: 1403 434 -0812

British Columbia

Hamilton/Hallmark—#45
8610 Commerce Ct.
VSA 4N6 Burnaby
British Columbia

Tel: 1604 420 -4101
Fax: 1 604 420 -5376

Future Electronics Corp.
Future

1695 Boundary Road
V5K 4X7 Vancouver
British Columbia

Tel: 1604 294 -1166
Fax: 1 604 294 -1206

South America

Argentina

Compania de Semiconductores y
Componentes S.A.

Parana 751/55

1017 Buenos Aires

Tel: 54149 40-91/92-4

Fax: 5413258 689

Manitoba

Future Electronics Corp.
Future

106 King Edward Court
R3H ON8 Winnipeg
Manitoba

Tel: 1204 786 -7711
Fax: 1204 783 -8133

Ontario

Future Electronics Corp.
Future

5935 Airport Road, Ste. 200
L4V 1W5 Mississauga
Ontario

Tel: 1905612 -9200

Fax: 1905 612 -9185

Hamilton/Hallmark—#59
151 Superior Blvd.

LST 2L1 Mississauga
Ontario

Tel: 1905 564 -6060
Fax: 1 905 564 —-6033

Electrocomponentes S.A.
Solis 225/227/229

1078 Buenos Aires

Tel: 5414761864
Fax: 5413258076

Africa / Middle East

Israel Morocco
Tritech Ltd Elec Telec

4, Hayetzira Street Complexe Reda
43100 RA'ANANA 9, rue Mellilia
P.O. Box 2436 Rabat

Tel: 9729917-277
Fax: 9729982 -616

Tel: 212772 64 85
Fax: 212772 13 56

Marshall Industries

6285 Northam Drive, Ste. 112
L4V 1XS5 Mississauga
Ontario

Tel: 1905612 -1771

Fax: 1905 612 -1988

Future Electronics Corp.
Future

1050 Baxter Road

K2C 3P2 Ottawa
Ontario

Tel: 1613 820-8313
Fax: 1 613 820 -3271

Quebec

Future Electronics Corp.
Future

237 Hymus Blvd.

HIR 5C7 Pointe Claire
Quebec

Tel: 1514694 -7710
Fax: 1 514 695 -3707

Brasil

Politronic Produtos
Electroelectronicos Ltda.
Rua Manoel Ignacio Moreira
200

13210770 Jundiai-SP

Tel: 55 11 737 -2420

Fax: 55 11 737 -1012

South Africa

Electrolink (PTY) Ltd
Fleetway House

Martin Hammerschlag Way
Cape Town 8000

P.O. Box 1020

Tel: 27 21 21 53 50

Fax: 27 21 41 96 25 6

Marshall Industries
148 Brunswick Blvd.
HIR 5P7 Pointe Claire
Quebec

Tel: 1514 694 -8142
Fax: 1 514 694 —6989

Future Electronics Corp.
Future

1000 Avenue St. Jean—Baptiste,
Ste.100

G2E 5GS5 Quebec

Quebec

Tel: 1418 682 -8092

Fax: 1 418 682 8303

Hamilton/Hallmark—#65

7575 Transcanadiene Highway,
Ste. 600

HAT 1V6 St. Laurent

Quebec

Tel: 1514 335-1000

Fax: 1 514 355 -2381

Atlas Componentes Electronicos
Ltda.

Rua Loefgreen 1260/64
04040-001 Sao Paulo - SP

Tel: 55 11 574 -0404

Fax: 55 11 573 -3144

Tunisia

Teletek

63, avenue H. Bourguiba
Tunis

Tel: 216 171 1-356
Fax: 216 1 71 1 -356
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Asia Pacific / Japan

Australia

IRH Components
1-5 Carter Street
2141 Lidcombe
NSW

Tel: 612364-1766
Fax: 61 2 64 8 -3505

Hong Kong
Array Electronics Ltd.

Willas — Array (Holdings) Ltd.

Unit 1,24/F,

Wyler Centre Phase 2
Kowloon

Kwai Chung, N.T.
Tel: 8522418 -3700
Fax: 852 2 481 —6992

Audio Mechanical Corp. Ltd.
Suite 1701 A

World Finance Centre

17, Canton Road, Tsimshatsui
Kowloon

Tel: 8522736-8192

Fax: 852273 5 0926

Koalink Trading Company
(Eurosil only)

39 Healthy Street East
North Point

Tel: 8522805 -5988
Fax: 852 2 80 5 -5922

India

Blue Star Limited

Veer Savarkar Marg

400025 Prabhadevi, Bombay
Tel: 912243 0-6155

Fax: 91 2243 0-7078

Japan

Ryoden Trading Co., Ltd
4-1-4, Miyahara

532 Osaka
Yodogawa—ku

Tel: 816399 -3435
Fax: 81 6 39 9 -3460

Ryoden Trading Co., Ltd
3-15-15 Higashi-Ikebukuru
170 Tokyo

Toshima-ku

Tel: 8135396 -6233

Fax: 81 3 53 96 6443

Tomen Electronics Corp.
1-1,Uchisaiwai—cho 2 Chome
100 Tokyo

Chiyoda—ku

Tel: 81 33506 -3504

Fax: 81 3 35 06 3497

South Korea

Changnam Electronics Ltd
Rm.903, Hosung Bldg.
Seoul

Youngdungpo—Ku

Tel: 822782-0412

Fax: 82278 4-7702

Malaysia

Scan Components (M) Sdn.Bhd.
761-B, Jalan Sultan Azlan Shah
Penang

Tel: 604835-136

Fax: 60 4 83 6 -320

New Zealand

Components + Instrumentation
NZ Ltd.

19-21 Pretoria Street

Lower Hutt

P.0.Box 38099, WMC

Tel: 64 456 6-3222

Fax: 64 4 56 6 -3722

Singapore

Scan Technology (S) Pte Ltd
50 Kallang Bahru #04-01/03
Singapore 1233

Tel: 65 294 -2112

Fax: 65 296 -1685

QuadRep Marketing (S) Pte Ltd
1 Marine Parade Central
Singapore 1544

Tel: 65 346 -1933

Fax: 65 346-1911

Taiwan

World Peace Industrial CS Ltd
(WPI)

8 Fl., 76 Cheng Kung RD Sec. 1
Nankang District

Tel: 88627885200

Fax: 886278 83255

Dynamar Taiwan Co. Ltd
11-7F, #142, Chung-Hsiao East
Road

Taipei

Tel: 8862 721 -3007

Fax: 886 2 775 -1597
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