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Fraser Drive Headquarters Building in Burlington, Ontario, which houses
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Gennum's business offices, R&D, Marketing, Masking, Test and Assembly areas

The Landmark Road facility

also in Burlington, Ontario, where all the silicon processes are located



Gennum Corporation supplies electronic components to
manufacturers of electronic systems all over the world.
Our business is the design, manufacture and marketing of
silicon integrated circuits, (ICs). Employing over 200
people. Gennum is housed in two modern facilities in
Burlington, Ontario, just a few miles west of Toronto.

A recent addition is the opening of an office in Tokyo,
Japan. To better serve our worldwide customers
Gennum has 31 agents and/or design centres in 14
countries

Gennum Corporation, created in 1987, continues the
integrated circuit operations, conducted since 1973, by
LTI, Gennum's parent company. This business which
Gennum Corporation continues has grown to some twenty
two million dollars of sales in 1988, sharing in the
tremendous growth which has been experienced in
electronic component manufacturing since 1973.

Gennum's continued growth has occurred because of a
business philosophy: - attention to individuals' needs;
customers, suppliers, employees and investors alike.

Capabilities in terms of human and physical resources
extend through all facets of the company. These include
technology development, new product design and
development, and all aspects of wafer fabrication, device
assembly and testing. Skills and abilities are constantly
improved through the application of the latest tools and
technologies anplied to new prodicts and existing
products alike. This gives Gennum customers the
competitive advantage essential to their success.

Currently Gennum Corporation serves five distinct areas
within the electronic systems and subsystems market.

- resonant mode controller ICs for power supplies,

- crosspoint switches for the video/broadcast industry

- special application products

- semicustom IC linear arrays

- low voltage, low current BiFET products such as
amplifiers and filters.

This comprehensive catalog provides detailed information
on products in all five areas, with data sheets, application
notes, and packaging information. Applications
assistance is available at any time from our applications
engineers.

Corporate Mission:

‘Excellence ‘Through ‘People and Technology!

- serve the customer
- respect people
- pursue excellence

The exacting processes of integrated circuit design and
production force a hard discipline on those who
manufacture them and Gennum Corporation is no
exception to this rule.

The company's silicon processing includes linear bipolar
producing circuits with operating ranges from as low as
1.0V up to 30V and transistor current handling capability
up to 3A. In combination with the above, ion implanted
JFETs and Schottky diodes can be added.

To help us stay in the forefront of technology, Gennum
maintains affiliations with the scientific and engineering
departments of five Canadian universities.

Computer aided design is a major component of our
product development cycle. The highly efficient
equipment and personnel are able to shorten design time
and cost while increasing reliability. Simulation programs
such as SPICE, SUPREM and COMPACT are available
in-house for design optimization. Their use allows
investigation of circuit performance under the most
extreme cases of device matching and over as wide a
range of temperature as necessary

To ensure that every product meets Gennum's high
quality standards, we perform in-line sample inspection
on each batch from incoming inspection, to the final test
of the finished product. Gennum's entire manufacturing
process is governed by strict production controls
performed by production personnel, as well as quality
control audit inspections to double check the quality
practices instituted by other groups.
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Order Acceptance

No order is contractually binding on Gennum Corporation unless accepted in writing by an authorized representative of
the Company. Allorders are accepted in accordance with the terms outlined herein notwithstanding any conflicting terms
which may appear on the Buyer's order

Orders will be accepted for:

Complete delivery in a single shipment on a specific date. These are called Single Shipment Orders

Delivery in many shipments spread over an extended period. These are called Extended Period Blanket (EPB) Orders.

Contractual Period

A purchase order which has been accepted in accordance with Paragraph 1 above. will be contractually binding on both
Seller and Buyer for the contractual period. which lasts from the date of first shipment to the date on which the total quantity
of units ordered has been shipped by the Seller or for twelve months, whichever comes first.

The contractual period may be extended beyond the twelve month limit provided both Buyer and Seller agree so to do
in writing.

Prices

Prices shown on a quotation will remain firm for the validity period of the quotation. Prices shown on an order acknow-
legement will remain firm during the contractual period. except that a price decrease which is freely offered by the Seller
will apply to all shipments made after its effective date.

Termination of an Order

An order shall be automatically terminated at the end of the contractual period. The Buyer may terminate an order pre-
maturely by providing the Seller with 60 days notice in writing. In the event of premature termination the following shall
appiy.

The Seller is entitled to ship all parts which were previously scheduled for shipment before termination date by the Buyer.

The Buyer is liable for payment for all parts shipped in accordance with Paragraph 4.1 above, including additional pay-
ments arising fromincreased per unit prices at the reduced quantity. The Buyer s liable for back billing for all parts shipped
at the applicable blanket order prices.

Payment of a reasonable charge based upon expenses incurred and commitments made in the execution of the purchase
contract by Gennum Corporation up to the date of receipt of the notice of termination; the charge being a minimum of
15% of the unrealized invoice value of the order

Extended Period Blanket (EPB) Orders

EPB Orders will be accepted for any products in quantities to cover expected requirements over the contractual period.
The total of all products ordered may be used to determine the per unit price of each proprietary product accordance with
the quotation submitted by the Seller to the Buyer.

Changes to EPB orders by the Buyer, including changes in device types ordered, and changes in order quantity, either
decrease or increase, will be accepted by the Seller subject to the following limitations:

Within 3 months from date of order acceptance, a change in total quantity ordered, either anincrease or decrease, which
results in the total number of units being in a different price/quantity range, will automatically change the per unit price
for all prior and subsequent shipments.

At any time after order acceptance, changes in device types ordered, either by addition, deletion. or substitution, shall
at the discretion of the Seller, require sixty days notice in writing.

Shipping Schedule

Unless purchase orders are accompanied by a shipping schedule, shipment will be at the Seller's discretion. In the case
of Extended Period Blanket Orders, the order must be accompanied by a shipping schedule which releases at least 40%
of the total order quantity for shipment in a period not to exceed five months from the beginning of the contractual period.
The remaining parts on a EPB order may be released at the Buyer's discretion provided:
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All parts are scheduled for shipment within the Contractual Period.

The Buyer provides the Seller with at least 12 weeks notice of any new shipping requirement or amendment to existing
shipping schedule.

Terms of Payment

The terms of payment agreed between the Seller and Buyer will be clearly shown on the Order Acceptance document
supplied by the Seller to the Buyer. Until credit terms have been negotiated, the only terms of payment which will be
accepted by the Seller are cash with order. Gennum Corporation reserves the right to apply a monthly service charge not
in excess of two percent per month, on the overdue payment balance, provided it supplies the Buyer with thirty days notice

in writing.

Loss or Damage in Transit or Short Shipment

All shipments should be inspected by the Buyer immediately upon receipt. If there is evidence of loss or damage during
transit, the Buyer should immediately file a claim with the carrier. Gennum Corporation will cooperate with the Buyer to
ensure that a proper adjustment with the carrier is obtained. In the event of short shipment, claims must be made directly
to Gennum Corporation in writing within fifteen working days after receipt of goods.

Warranty

Gennum Corporation warrants that its products will be free of defects in material and workmanship and will perform as
specified in the governing data sheet for one year from date of shipment. The liability of Gennum Corporation is limited
to repairing. replacing F.O.B. Burlington, Ontario. Canada, products which are returned by the Purchaser at his expense
during the warranty period. Final determination as to whether a product is actually defective rests with Gennum Corp-
oration. This warranty shall automatically become null and void if the products are used in an unreasonable manner or
in a manner which exceeds the absolute maximum ratings specified by the governing data sheet.

Returns - Warranty

An RMO number and authorization must be obtained from Gennum Corporation before material is returned.

If an entire shipment is being returned based on a Quality Assurance Sampling Process, the defective devices must first
be sent to Gennum Corporation for confirmation. Once confirmed, the entire shipment may be returned, following normal
procedures. Devices which have been used or subjected to any production process are not eligible for credit.
Non-Warranty

Any product returned for reasons other than defective must receive an RMO number and authorization and will be subject
to a restocking charge.

Limitation of Liability

Notwithstanding any other provision in this contract or any applicable statutory provisions, neither Gennum Corporation
nor the purchaser shall be liable to the other for special or consequential damages or damages for loss of use arising dir-
ectly or indirectly from any breach of this contract (fundamental or otherwise) or from any tortius acts or omissions of their
respective employees or agents and in no event shall the liability of Gennum Corporation exceed the unit price of the
product

Force Majeure

Gennum Corporation shall not be responsible or liable for any loss, damage, detention or delay caused by war, invasion,
insurrection riot, the order of any civil or military authority, or by fire, flood, weather or other acts of the elements, breakdown,
lockouts, strikes or labour disputes, the failure of its suppliers to meet their contractual obligations, or, without limitation
of the foregoing, any other cause beyond its reasonable control and the receiving of the product by the Purchaser shalll
constitute a waiver of all claims for loss or damage due to delay.



AVAILABLE PACKAGING

Gennum can provide a wide variety of proprietary and standard packages.
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Wafer Inspection

Automated Test Equipment and DIP Handler



RELIABILITY THROUGH

QUALITY

B Procedures designed to meet MIL-STD105D
B Quality audits

B All employees participate in
the “Quality Improvement Process”

B Products are sampled for reliability at all
stages of manufacture.

QUALITY POLICY

“In all activities
® know the job requirements,
® set standards to meet requirements,
e conform to standards.”

Quality is not just the concern of the
production area at Gennum. All departments
and employees are participants in the quality
program and each has responsibilities which
could affect the other. Therefore, with this
obligation in mind a total quality tradition is a
viable program which works for all aspects
of the company, be it design, production,
marketing and sales, or administration and
finance.

Performance indicators and goals are
monitored constantly and variances are
analyzed using techniques such as Pareto,
cause/effect, Taguchi methods and
brainstorming.

Throughout the wafer fabrication and chip
assembly areas, statistical process control
charts are used to monitor the consistency of
all parameters and the quality of all products
as they move from operation to operation.
Products are one hundred per cent
electrically tested twice during manufacture.
Other types of testing are done on a sample
basis both in-house and by outside,

independent testing laboratories.

Automated Wafer Probe

IN-LINE QUALITY CONTROL

At Gennum we maintain inspections and
statistical process controls at numerous key
points , from incoming material, through to
the tested and packaged product. All our
visual inspection is conducted to

MIL-STD 883, class B requirements.

Wire Pull Test

XV
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QUALIFICATION

The purpose of qualification is to ensure that
only reliable products will be introduced into
the manufacturing stage, and ultimately reach
the marketplace.

Two levels of qualification test routines are
performed on all new product designs at

Gennum.

1. Initial Qualification from
Design to Preproduction

® representative sample

* attribute tests

* high temperature storage
® temperature shocks

e attribute tests

® report

2. Follow-up Qualification from
Preproduction to Production

® representative sample

® attribute tests

* high temperature burn-in

® temperature cycle

e attribute tests

® pressure cook/temperature
humidity bias (95°C / 95%RH)

* attribute tests

® report

Environmental Lab

XVI

CALIBRATION

A calibration program has been established
which covers all equipment used to design,
manufacture, test and inspect products. This
program is traceable to national standards.

QUALITY LEVELS

Quality means conformance to defined
specifications and standards, through
measureable and monitable parameters.

At the output of Silicon Operations, and
Assembly Operations, Quality Assurance gates
have been established to ensure that in-line
systems are effectively producing products
which conform to specifications.

All finished devices are subject to both
mechanical and electrical inspection based in
MIL STD 105D sampling plans. All outgoing
inspection data is analyzed so as to monitor
outgoing quality performance.

Gennum is committed to reduce AOQ
(Average Outgoing Quality) levels by one half
each year and so minimize customer returns.

1988 1989 1990 1999
0.05% 0.03% 0.018% 0.01%

AOQ

The Ultimate Goal: Zero Defects

Q.A. Station
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Monolithic 1x1 Video Crosspoint
Switch with Two Latches

FEATURES

* differential gain at 3.58 MHz, 0.05% (max.)

* differential phase at 3.58 MHz, 0.025 deg.(max.)
* dual latches

* off-isolation at 10 MHz, 90 dB (min.)

* -3 dB bandwidth, 100 MHz (min.)

* insertion loss at 100 kHz, 0.03 dB (typ.)

FUNCTIONAL BLOCK DIAGRAM
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ORDERING INFORMATION

Part Number Package Temperature Range

GX411CS 8 pin SIP 0°C to 70°C

GX411 PRELIMINARY DATA SHEET

The GX411is a broadcast quality 1x1 video crosspoint featuring
two control latches, implemented in bipolar monolithic technology.
The device is characterized by low differential gain and phase,
extremely high offisolation, and a -3dB bandwidth of 100 MHz.

For use in NxM routing matrices, the GX411 features very high
output impedance in the disabled state. This allows multiple
devicestobe paralleled atthe input and output without additional
circuitry. Afully buffered unilateral signal path ensures negligible
outputtoinput feedback while delivering minimal output switching
transients through make-before-break switching.

To maximize system bandwidth, an external current source is
used to bias the output device of the crosspoint. One external
current source is required per output bus. For less demanding
applications, a load resistor can be used in place of the output
current source, causing a slight increase in differential phase.
Non-additive mixing will occur on the output bus if more than one
paralleled GX411 is enabled at a time.

Dual transparent latches allow asynchronous addressing and
synchronous switching. The control microprocessor can write to
the input latch using CK1, while the video timing clock can be
used toinitiate switching using CK2. Alternatively, one or both of

the latches can be made transparent by pulling CK'1or CK2 high.

The device operates over a supply voltage range from 7 to
+13.2 volts. With a supply voltage of £8 V, the device dissipates
only 8 mW in the disabled state.

APPLICATIONS
- video routing switchers

= video production and master control switchers
= CCTV/CATV

UUUUUUUU

IN GND CK1 EN CK2 VEE Vee

PIN CONNECTION
8 PIN SIP

Document No. 510 - 56

GENNUM CORPORATION P.O. Box 489, Stn A, Burlington, Ontario, Canada L7R 3Y3  tel. (416) 632-2996 fax: (416) 632-2055 telex: 061-8525
Tokyo Office: 301 Aoba Building, 3-6-2 Takanawa, Minato-ku, Tokyo 108, Japan tel. (03) 441-2096 fax: (O3) 448-8991



ABSOLUTE MAXIMUM RATINGS

Parameter

Supply Voltage

Operating Temperature Range

£135V
0°C<T,<70°C

Value

Parameter

Analog Input Voltage

Lead Temperature (Soldering. 10 Sec)

SVeV <\/cc+03\/orVEE+20\/

Value

260 °C

IN —
Storage Temperature Range 65°C<Tg<150°C Logic Input Voltage 0V <V <55V
ELECTRICAL CHARACTERISTICS (Vg=%8VDC, 0°C < TA < 70°C, RL = 10 kQ, CL = 30pF, I =2mA)
PARAMETER " SYMBOL CONDITIONS MIN | TYP MAX UNITS
i — 4
Supply Voltage +Vg 7 8 | 13.2 %
DC T -
Q2 =1 - 9.7 12.6 mA
SUPPLY 1+ e S !
| Q2=0 - 045 | 059 | mA
| Supply Current | | S S
N Q2 =1 - 95 | 124 mA
a of 2 mA not included) e |
| Q2=0 - 0.38 0.5 mA
Analog Output Vour ‘Extremes before
Voltage Swing | clipping occurs -2 - 55 \
STATIC Analog Input Bias s ' ; 20 ; pA
Current
Output Offset Voltage Vos T,=25°C -10 - 10 mV
OJP Offset Voltage Drift AVgg | AT ; 50 200 | wvi/ec
”Crosspowm selection ton __From CK2 - 0.7 - us
Turn-on time From EN - 0.8 -
Crosspoint selection torr From CK2 - 2.2 - us
Turn-off time From EN - 2.4 -
Clock Pulse Width tok 500 - - ns
LOGIC Logic Input Vi 1 2.0 - - \
Thresholds VIL 0 - - 11 Y
Enable Input loasen) | EN=T : 05 30 wA
Bias Current
CK1/CK2 Bias Current IBIAS|CK) CK1/CK2=0 - 0.7 5.0 uA
Insertion Loss I.L. 1V p-p sine or sq. wave 0.02 0.03 0.05 dB
at 100 kHz
Bandwidth (-3dB) B.W. 100 - - MHz
Gain Spread at 8 MHz | - - +006 | dB
Input Resistance Rin | Chip selected 1 - - MQ
DYNAMIC |  Input Capacitance Cin - 2 pF
Output Resistance Rour - 15 - Q
Output Capacitance Cour - 35 - pF
- T : ;
Differential Gain dg | a3 58 MHz - ‘L 0.05 %
Differential Phase dp | Viy=401RE - - 0.025 | deg
| Off Isolation | Crosspoint on output 90 | 100 - dB
j [ tognd f =10MHz ! |
| Slew Rate +SR | Vu =3Vpp(C =0pF) | 120 | 190 . Vins
| -SR | | 110 | 170 -




Fig. 1 Typical Application Circuit of Four GX411's
Connected as a 2x2 Matrix.

TO/FROM OTHER GX411s
ON THE SAME OUTPUT BUS
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VIDEO % mo%
INA 100 |
o —d t
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SWITCH B1
ouTje
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| Vee[e _ «
locke
| EN 4
1‘ cKi :—«T
GND
| N i‘ 1 |
VIDEO 100 ‘
INB l |
o - bt
L —0
ENB
) o ¢}
SELECT 1 VIDEO OUT A SELECT2  VIDEOOUTB
STROBE
* For purposes of clarity, all supply pins
are not shown connected together
Each V... and V, - pin should be
decoupled with a 0 1uF capacitor
LTI
12 k- , : ——+}
0 i Cionp = 47PF/ L1
| 27pF
|
8 T
6 | 12pF
! /
g, ‘ LI
z (
S 2 1 /& - N
5 \
2 B
4 T L |
o | |

10
FREQUENCY (MHz)

100

Fig. 3 Gain vs Frequency

Fig. 2 Typical Crosspoint Timing Diagram

CK1

Ck2

ouT

TO/FROM
OTHER
GX411s

ON SAME

INPUT
BUS

\ DON'T CARE

— —

500ns (min)

IN ‘A" SELECTED

k— 2200 ns —i

VTHRESHOLD

V.

THRESHOLD

IN'B'
SELECTED

CAUTION

ELECTROSTATIC SENSITIVE DEVICES
DO NOT OPEN PACKAGES OR HANDLE

DEVICES EXCEPT AT A
STATIC-FREE WORKSTATION
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Wideband, Monolithic 1x1
Video Crosspoint Switch

FEATURES

*

*

.

»

*

*

»

IN ¢ ' X O OuT
o
!
l
|
EN o 1
TRUTH TABLE
L BN | ouT |
| 0 | HGHZ |
|1 IN
L -
ABSOLUTE MAXIMUM RATINGS
Parameter Value
Supply Voltage +135V

differential phase and gain at 3.58 MHz, 0.01° & 0.01% (max.)
-3 dB bandwidth, 300 MHz (typ.) with C_ = 0 pF

off isolation at 100 MHz, 80 dB (typ.)

+4.5 V to £13.2 V power supplies

low disabled power dissipation, 0.8 mW at Vg=15V

input signal levels from -2.4 V to +3.0 V

logic input compatible with TTL and 5 V CMOS

FUNCTIONAL BLOCK DIAGRAM

N

Operating Temperature Range

Storage Temperature Range

0°C<T,<70°C
-65° C < Tg < 150°C

Lead Temperature (Soldering, 10 Sec) 260° C
Analog Input Voltage -4V < VIN <3V
Logic Input Voltage 0VsV <55V

GX4101 TENTATIVE DATA SHEET
CIRCUIT DESCRIPTION

The GX4101 is a wideband 1x1 video crosspoint imple-
mented in bipolar monolithic technology. The device is
characterized by excellent differential gain and phase in
the enabled state, and very high off-isolation in the dis-
abled state. The fully buffered unilateral signal path en-
sures negligible output to input feedback while delivering
minimal output switching transients through make-before-
break switching.

For use in NxM routing matrices, the device features a very
high, nearly constant input impedance, coupled with very
high output impedance in the disabled state. This allows
multiple GX4101's to be paralleled at the input and output
without additional circuitry.

Tomaximize system bandwidth, an external current source
is used to bias the output device of the crosspoint. One
external current source is required per output bus. For less
demanding applications, a load resistor can be used in
place of the output current source, causing a slight in-
crease in differential phase. Non-additive mixing will
occur on the output bus if more than one paralleled
GX41071 is enabled at a time.

The GX41G1 1s the first in a series of wideband video
crosspoints utilizing Gennum's proprietary LS| process.

APPLICATIONS

* very high quality video switching
* computer graphics

* high definition TV

* RF switching/routing

* PCM/data routing

I

INGND NC EN V. V

PIN CONNECTION
7 PIN SIP

cc OUT
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ELECTRICAL CHARACTERISTICS

(Vg = +8VDC. O°C < T, < 70°C, I = 3 mA)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Supply Voltage Vg +45 +132 \Y
DC ! I+ EN=1 - 2 - mA
SUPPLY  Supply Current | EN=0 - 100 . uA
| N . H L
_ (not including external - EN=1 19 - mA
| current load) EN=0 60 | HA
«( Analog Output Vour | Extremes before clipping
. Voltage Swing | occurs 24 30 \
S { il
STATIC | Analog Input Bias Taias | |
i Currgnt 1 ) 5 uA
. Output Offset Voltage Vos [T, =25C -10 10 mv
| ; ! j
| Output Offset Voltage AV /AT - 15 60  pv/C
| Drift- | |
. Crosspoint ton Control input to appearance - 100 200 ns
T”urrﬂnr»On Time - i of signal at output |
LOGIC | Crosspoint ‘ torr | Control input to disappear- 05 1.0 | us
Turn-Off Time ance of signal at output. ) ) |
Logic Input Vig 1 2.0 - - \
Thresholds v, 0 R LoV
Enable laasen) EN = 1 b 0.5 uA
Bias Current ‘
I ’ ] | ‘
Insertion Loss IL. 1V p-p sine or sq. wave ! - 0.05 - i dB
| at 100 kHz ‘ ‘ 1
Bandwidth (-3dB) B.W small signal C = 0 pF - 300 | - MHz
Input Resistance Rin 1 EN =0 ! 1.0 - - MQ
DYNAMIC | Input Capacitance Cin EN =1 ! - | 2 - ‘ pF
Output Resistance Rour EN = 1 14 - i Q
Output Capacitance Cour EN=0 ‘ - | 4 R “ oF
- i | |
Differential Gain | dg at 3.58 MHz i - ‘ - 001 %
- | | . |
Differential Phase dp Vi = 40 IRE - 0.01 | degrees
Off Isolation Enabled GX4101 on output - | 80 - | dB
f =100 MHz l }
Slew Rate +SR ; | 100 | ‘ -
-SR [V = 3V p-p (C_ = 0 pF) 100 i - Vius
|
| |
CAUTION

AVAILABLE PACKAGING
7 pin SIP

ELECTROSTATIC
SENSITIVE DEVICES

DO NOT OPEN PACKAGES OR HANDLE

EXCEPT AT A STATIC FREE WORKSTATION
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Monolithic 1x1 Video
Crosspoint Switch

FEATURES
* 100 MHz bandwidth (-3 dB)

*

insertion loss 0.03dB at 100 kHz

*

gain spread +0.075dB at 8 MHz

*

differential gain at 3.58 MHz 0.04% (max)

*

differential phase at 3.58 MHz 0.02° (max)

*

TTL and 5 V CMOS compatible logic inputs

*

compatible with all popular video standards

*

7 pin single-in-line package

*

built-in enable latch allows synchronous selection

FUNCTIONAL BLOCK DIAGRAM

: ~_ CROSSPOINT

ORDERING INFORMATION

Part Number Package Type Temperature Hange

GX401CS 7 Pin SIP 0° to 70°C

GX401 DATA SHEET

CIRCUIT DESCRIPTION

The GX401 is a low cost monolithic 1x1 video crosspoint
switch plus on-board latch, designed primarily for use in
video switching applications where 1 out of N channel
selection functionisrequired. Unlike similar devices using
MOS bilateral switching elements, the GX401 represents a
fully buffered unilateral transmission path when enabled,
and offers better than 90 dB of off isolation at 10 MHz when
disabled.

In addition, the GX401 offers wide bandwidth and superior
differential gain and phase performance.

Power supply requirements are £8 volts. Logic inputs are
TTL and 5V CMOS compatible.

PIN CONFIGURATION

I

IN GND CK EN -8V +8v OUT

ABSOLUTE MAXIMUM RATINGS

Parameter Value
Supply Voltage +100V
Operating Temperature Range 6C<7,<70°C
Storage Temperature Range -65°C < T < 150°C
Lead Temperature (Soldering, 10 Sec) 260° C
Analog Input Voltage “4V<V, <24V

IN~

Logic Input Voltage 4V<V <525V

NOTE: Output is not short circuit protected.
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ELECTRICAL CHARACTERISTICS

(VS =+8VDC. 0°C < T, < 70°C. R = 10kQ. C = 30pF Typical values are at TA:25“C)

DO NOT OPEN PACKAGES OR HANDLE
EXCEPT AT A STATIC-FREE WORKSTATION

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
- Sup;;l\rVoltage - Vvs + 75 8.0 77”8 5 v '
DC WA?]@ V Chip selected (EN=1) 15 18 mA
SUPPLY Chip not selected (EN=0) 0.7 09 mA
Supply Current 7 I- . Chip selected (EN=1) - 14 17 mA
| Chip not selected (EN=0) | 063 o085 mA
? Analog Output Vour | Extremes before
Voltage Swing | clipping occurs 1.2 +2.0 Vv
STATIC j Output Offset Voltage Vs 75 resistor on each 5 15 25 mv
input to gnd
" Output Offset Voltage AVl AT ‘ 50 . 200  wviC
! Drift- !
| 7T Crosrsrpomt togim » Control input to appearance i 300 i 4070 \ 500 ns
Turn-On Time of signal at output i |
WCVrVosispromt torr ! Control input to disappear- : 900 | 1200 1600 ns
,,7,,1“'”fqglﬁ,, ~ance of signal at output | }
1\ Clock input tek | Control input to appearance | 350 - ! - ns
4 Pulse width . of signal at output | ‘ i ;
LOGIC | Logic Input v, 1 1 .20 - Y
Thresholds v”* 75; 77777 ‘ - ‘ 0.8 ‘ \Y
Enabe Toasien 1\ EN = 1 ' : - 20 r A
Bias Current EV: 0 - - - | -0.1 pA
——mmhlins;rt\on VL;)ss I.L 17V p-p sine or sg. wave 002 ‘ 0.03 0.05 o dB
* at 100 kHz
Gandwwaﬂliidé)ii é.W v 7 100 MHz
7Gam S;;r;aad at 8 MHz - - +0.075 dB
Cinput Resistance | Ry, Chip selected (EN = 1) 900 .
DYNAMIC ! |ﬂpl;t Capacitance Cin . Chip selected (EN = 1) | j 2.0 i pF
j Chip not selected (EN = 0) - | 2.2 i pF
Output Resistance Rout | Chip selected (EN = 1) | - | 12 - Q
: Output Capacitance - Cour A Chip not selected (EN = 0) : ‘ 7 pF
D|fferéﬁtial Gain dg ‘ f =358 0r4.43 MHz - 0.03 004 %
: B;ffereni:a? Phase dp . Vi = 40 IRE . 0.01 } 0.02 ‘ degrees
7O;f Isolation - Crosspoint on output 90 - | daB
j tognd. f = 10 MHz
AVAILABLE PACKAGING (CAUTION |
7 pin SIP SENSITIVE DEVICES A




To other GX401s on same output bus

o o
4
1 = EN A
.
INPUT
BUSES > O CK
e} -
100nF 100nF
4
o ENB
- O
-8V +8V OUTPUT

BUS
To Buffer Ampilifier

TYPICAL GX401 APPLICATION CIRCUIT

- - >

SIGNAL
ENVELOPE

ACTIVE ACTIVE ! \ ACTIVE
ouT - T s [

o] S— ! —— S -
l ‘ —[ ‘ CONDITIONS

TTL or
5V CMOS

Input B:  grounded via 75¢2

ENA -+ . V—Ah—f—ff{ Input A: 1V p-p sinewave
|
1‘ DON'T CARE 1 T1=400ns
!  To-12us
DON'T CARE NOTE.
ENB : - ’

TYPICAL CROSSPOINT SELECTION TIMING DIAGRAM

Clock is level triggered
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Monolithic 4x1 Video
Crosspoint Switches

FEATURES

* low differential gain: 0.03% typ. at 4.43 MHz

* low differential phase: 0.012 deg. typ. at 4.43 MHz

* low insertion loss: 0.05 dB max at 100 kHz

* low disabled power consumption: 5.2 mW typ.

* high off isolation: 110 dB at 10 MHz

* all hostile crosstalk @ 5 MHz, 97 dB typ.

* bandwidth (-3dB) with 30 pF load, 100 MHz typ.

* fast make-before-break switching: 200 ns typ.

*TTL and 5 volt CMOS compatible logic inputs

* low cost 14 pin DIP and16 pin SOIC packages

* optimised performance for NTSC, PAL and SECAM
applications

APPLICATIONS

Glitch free analog switching for...
* High quality video routing
* A/D input multiplexing
* Sample and hold circuits

* TV/ CATV/ monitor switching

FUNCTIONAL BLOCK DIAGRAM

o

INT @

—e
N? @ ———— . X1\ | OUTPUT
N3 @ Lﬁl\/
A0 270 4 DECODER | cHe 5
A LOGIC SELECT

TRUTH TABLE

[C5 a1 a0 | outpuT
0oJo]o| Mo
0 o |1 N1
o1 ]o| N2
A ERE N3
T [x x| wez

X = DON'T CARE

GX414, GX424, GX434 DATA SHEET

CIRCUIT DESCRIPTION

The GX414, GX424 and GX434 are high performance low
cost monolithic 4x1 video crosspoints incorporating four bi-
polar switches with a common output, a 2 to 4 address
decoder and fast chip select circuitry. The chip select input
allows for multi-chip paralleled operation in routing matrix
applications. The chipis selected by applying a logic O on the
chip select input.

Unlike devices using MOS bilateral switching elements, these
bipolar circuits represent fully buffered, unilateral transmis-
sion paths when selected. This results in extremely high output
to input isolation. They also feature fast make-before-break
switching action. These features eliminate such problems as
switching 'glitches' and output-to-input signal feedthrough

This family of devices operates from £7 to + 13.2 volt DC
supplies. They are specifically designed for video signal
switching which requires extremely low differential phase and
gain. Logic inputs are TTL and 5 volt CMOS compatible
providing address and chip select functions. When the chip
is not selected, the output goes to a high impedance state.

TOP VIEW
Ny
INO JPIN 1 14 P+8v
TOP VIEW
GND [P AO INO g PIN 1 / 16 B +8V
IN1 F A1 GND H NC
GND I TS N1 5 P AOC
GND o B At
IN2 =2 O/P
IN2 =0t}
GND o P NC GNDO] b op
N3 7 8 P -8v N3 5 P Ne
NC o 8 9 B8V

PIN CONNECTION PIN CONNECTION

14 PIN DIP 16 PIN SOIC
GX414,GX424
TOP VIEW
INO 3 PIN 1 14 P+8V
TOP VIEW
GNO 5 [ AC NogPNt N 16 |m +av
iNT 5 B Al GND o B2 NC
GND o b Ts N1 S P A0
GND B A1
N2 o b or
N2 b TS
GND 5 F R, GND b oP
N3] 7 8 8V IN3 S P Rexr
NC g 8 9 | -8v

PIN CONNECTION
14 PIN DIP GX434

PIN CONNECTION
16 PIN SOIC
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ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION

" Parameter Value & Units Part Number Package Type Temperature Range
e R —
i Supply Voltage +135V " GX414CD 14 Pin DIP 0°to 70° C
|
GX414CK 16 P | ° ©
Operating Temperature Range 0°C<T,<70°C in SOIC 0°t070°C
GX424CD 14 Pin DIP 0°to 70° C
Qtaramna Tamnerature anno KR « T < 15N O
Storage Temperature Range 65°C < T<150°C
GX424CK 16 Pin SOIC 0°t0 70° C
Lead Temperature (Soldering, 10 Sec) 260° C
GX434CD 14 Pin DIP 0°t0 70° C
Analog Input Voltage -4V < V,\‘ < +24V
| GX434CK 16 Pin SOIC 0°to 70° C
‘ Analog Input Current 50pA AVG, 10 mA peak
|
‘ Logic Input Voltage VSV <455V

+10V*", +5V, GX424 only

@ +Vce

0.7pF 07pF  07pF 0.7pF
| |
v, ® . i { Vour
|
ouTt 4 -
12K |065V — - -
T 15pF TopF |1 = 16pF Common
= ouT
=13V| 6000 T 12pF
. I +~-e
L
RY =
Fig.1  Crosspoint Equivalent Circuit Fig. 2 Disabled Crosspoint Equivalent Circuit
ELECTRICAL CHARACTERISTICS (v, = +8VDC.0°C < T, < 70°C. C_=30 pF. R_= 10kQ2 unless otherwise shown.)
GX414 GX424 Gx434t
|
PARAMETER SYMBOL CONDITIONS MIN TYP | MAX MIN | TYP MAX | MIN | TYP MAX UNITS
Supply Voltage Vg 7 8 132 7 8 10 7 8 132 %
oc S o R SRS S I
SUPPLY I+ Chip selected (CS=0) - 1 14 - 11 18 - 10.5 15 mA
Chip not selected ((gﬂ) - 0.4 0.58 - 0.46 09 - 04 058 mA
Supply current I
| Chip selected (C$=0) . 105 | 14 - 105 18 - w2 12 | mA
Chip not selected (CS=1) - 025 | 038 - 025 04 025 0.38 mA
Analog Output VU‘ﬂ Extremes before clipping - +2 - +2 - +2
_Voltage Swing oceurs. o2 - 12 - - -1.2 v
Analog Input Bias laias 22 22 - 22 - HA
_ Current
STATIC Output Offset Voltage Vog T, = 25°C. 75 Qresistor
o on each input to gnd 2 5 12 20 2 30 0 7 14 mv
Output Offset Voltage AV, /AT - +50 +200 | +50 +300 - +50 +200 uv/i°c
Drift ) |
I

t -
Rexr = 332Kk 1%



ELECTRICAL CHARACTERISTICS continued

(VS =+8VDC 0°C < TA < 70°C CL = 30pF HL = 10kQ unless otherwise shown )

GX414 GX424 GX434*
PARAMETER SYMBOL CONDITIONS MIN TYP | MAX MIN | TYP MAX | MIN JTYF’ ] MAX UNITS
Crosspoint Selection 1»’«\[)” on | Controlinput to appearance 130 200 270 100 200 350 130 l 200 1 270 ns
Turn-On Time of signal at the output ] |
Crosspoint Selection IAW OFF Control input to disappear 390 600 800 300 600 950 390 600 \ 800 ns
Turn-Off Time ance of signal at output {
Chip Selection tcs on Control input 1o appearance 200 300 400 150 300 450 200 ‘ 300 T 400 ns
Turn-On Time of signal at output | ;
- 1 { -
Chip Selection tcs OFF Control input to disappear- 460 700 940 400 700 1100 460 700 \ 940 ns
Turn-Off Time ance of signal at output
LOGIC Logic input Vi 1 20 20 20 | T v
Thresholds R o N r | }
Y 0 11 AR - [ 1 \
L |
Address Input lams: ADR) Chip selected AD.A1 =1 50 50 E 50 | uA7
Bias Current Chip selected AO.A1 =0 ] 01 01 - 01 nA
. e S . ' ] I
Chip Select Bias Taasics) l - l 10 10 | 10 nA
S e S {
% Current ‘ [ 30 T 30 | 30 A
] Insertion Loss " Vp-psneorsq waveat | 002 | 003 | 005 | 0015 | 003 | 006 |0025 | 003 | 004 a8
100 kHz |
Bandwidth (-3 dB) BW %0 Jl 100 | 80 100 100 120 | MHz
Gan Spread at 8 MHz | +01 w046 | - - o0 @B
SRt SN SE— B R oz | | o feea b T
TA =25°C RS = 75Q f \
input to Output Signa! AIp f= 3579545 MHz i +035 +08 | £015 aegrees
Delay Matching . | [ | |
| (chip to chip) 0°C < T, < 70°C. Rg as | [ s07 +12 . - 1 +03 degree:
) b | |
o | | apove, fas above 1 S I “ ) \\*
i 1 |
Input Resistance R N } Chip selected (CS = 0) 900 900 | I - 900 [ K§2
- ~—— — b s —— - — — | 1 — + 4 -
1 |
DYNAMIC Input Capacitance (o Chip selected (CS = 0) 20 \ 20 { - | 20 of
S N A S — _— S S + 4
Chip not seiected (CS = 1) 24 l 24 | 24 oF
- 1
| |
Output Resistance Ry ¢ Chip selected (CS = 0) 14 i 14 ! 14 Q
. —+ 4
Output Capacitance Cour Crip not seiected (CS = 1) 15 15 15 pF
Differential Gain dg 003 005 003 01 . 003 005 %
I e —_— at FRTARAR MH 7 I . R .
Differential Phase dp V. =40IRE (Fig 7) - 0012 0025 0012} 005 - 0012 0025 aegrees
IN | g
S - S S — | - ]
All Hostile Crosstalk | X, (AH) Sweep on 3inputs 1V p-p
(see graph) I 4th input has 10 Q resistor to 94 97 - 92 97 94 97 dB8
g
gnd f =5MHz (Fig 6) 4
Chip Disabled Crosstalk mew‘,m 100 110 90 10 100 110 dB
(see graph) f =10MHz (Fig 5)
+SR "84 120 60 120 360 | 450 Vius
Slew Rate — V, =3Vpp(C =0pF) [T I — — 1 B EE—
-SR 70 100 50 100 { 160 200 Vius
* Ry = 332602 1%
exT " ° CAUTION
ELECTROSTATIC SENSITIVE DEVICES
DO NOT OPEN PACKAGES OR HANDLE >
DEVICES EXCEPT AT A
STATIC-FREE WORKSTATION
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TYPICAL PERFORMANCE CURVES OF THE GX414, GX424 AND GX434
For all graphs, V = #8 V DC and T, = 25°C. The curves shown above represent typical batch sampled results.
S A



DIFFERENTIAL PHASE AND
GAIN ( DEGREES AND %) CHIP DISABLED CROSSTALK (dB)

GAIN SPREAD (dB)

100}

=

=}
o
5}

+
~

GX414 GX424 GX434

FREQUENCY (MHz}

Chip Disabled Crosstalk vs Frequency
GX414 GX424 GX434

'dg%'

f = 358MHz
Bianking reve s

Campea o »/5 AS |

06 04 02 0 +02 04 +06 +08
INPUT BIAS (V)

dg/dp vs Input Bias

X434

S o
R

=3
=

08t
10
01

FREQUENCY (MHz)

Normalized Gain Spread C_ = 30pF

DIFFERENTIAL PHASE & GAIN

(DEGREES & %)

INPUT RESISTANCE

CHIP DISABLED CROSSTALK (dB)

GX414 GX424 GX434

| |
110 + ' 1

100 : : i ! | t t
Analog signal i |
IN s 40 IRE
(286 mV p p)
ar 10 MH,

an
80 | I
1 0 1 V2 V3
INPUT BIAS (V)
Chip Disabled Crosstalk vs Input Bias
GX414 GX424 GX434
1005 : ;
|
| Bancrg iove
-004 | Qv DC ;
| dge i
+003!
1002, ;
<001+ ‘ j
e !
! 2 3 4 5 8 10
358
FREQUENCY (MHz)
dg/dp vs Frequency
GX414 GX424 GX434
30 MQ e —— i
oma !
| |
Y .
100 kQ 227 |
i T
| 1 |
10 ke | L

INPUT BIAS (V)

Input Impedance

(3d) 30NVLIOVAYD LNdNI



10 ~Vidwv

0.5 ps/div

Fig.3 Switching Transient (crosspoint to crosspoint)

0 1V/idv

1 ps/div
Fig. 4 Switching Envelope (crosspoint to crosspoint)

Chip disabled crosstalk = 20 log

Q

ENABLED
CROSSPOINT

375Q

Fig. 5 Chip Disabled Crosstalk Test Circuit

All hostile crosstalk = 20 log

% R 210k

Fig. 6 All Hostile Crosstalk Test Circuit

LUMINANCE LEVEL

10 pH 10 pH
BLANKING LEVEL
__[ 2200 “ RELAY SWITCH
8V =
39k
CONTROL BIT
FROM /O PORT L
150 Q -
RF. SIGNAL
SOURCE
%0
ouT
1500

BUFFER

AC AMP

COUPLING
%Q

Fig. 7 Differential Phase and Gain Test Circuit

DIFFERENTIAL GAIN AND PHASE TEST CIRCUIT

The test circuit of Figure 7 allows two DC bias levels, set by
the user, to be superimposed on a high frequency signal
source. A computer controlled relay selects either the preset
blanking or luminance level. One measurement is taken at
each level and the change in gain or phase is calculated
This procedure is repeated one hundred times to provide a
reasonably large sample

The results are averaged to reduce the standard deviation
and therefore improve the accuracy of the measurement

The output from the device under test is AC coupled to a
buffer amplifier which allows the buffer to operate at a
constantluminance level so that it does not contribute any dg
or dp to the measurement.



OPTIMISING THE PERFORMANCE OF THE GX414, GX424
AND GX434

1. Power Supply Considerations

Table 1shows the effect on differential gain (dg) and differential
phase (dp) of various power supply voltages that may be used.
A nominal supply voltage of +8 volts result in parameter values
as shown in the top row of the table. By using other power
supply voltage combinations, improvements to these parameters
are possible atthe sacrifice of increased chip power dissipation.
Maximum degradation of the differential gain and phase occurs
for the last combination of +12 , -5 volts along with an increase
in power dissipation; these voltages are not recommended.

Supply Differential Gain Differential Phase
Voltage % degrees
(Typical) (Typical)
+8 0.030 0.012
+8/-12 0.010 0.007
+12 0.010 0.007
+12/-5 0.084 0.080

Table 2 shows the general characteristic variations of the GX4
family when different combinations of power supply voltages
areused. These changes are relative to a circuit using + 8 volts
Vce.

Supply Voltage Characteristic Changes

+8 1OWET 10giC threshoids
- max logic I/P (= 4.5V)
- loss of off isolation (=20 dB)
- poorer dg and dp

+8/-12 - slight increase in negative
supply current
- slight decrease in offset
- very similar frequency response
- better dg and dp

+12 - increase in supply current (10%)
- increase in offset (= 2-4 mV)

- very similar frequency response
- better dg and dp

+12/ -5 - loss in off isolation (=20 dB)
- poorer dg and dp

These devices do not require input DC biasing to optimise dg
ordp nordothey need switching transient suppression at the
output. Furthermore, both the analog signal and logic circuits
within the chip use one common power supply, making power
supply configurations relatively simple and straightforward.
Several of the input characteristic graphs on pages 4-5 show
that for best operation, the input bias should be 0 volts. The
switching transient photographs on page 6 show how small
the actual transients are and clearly show the make-before-
break action of the GX4 family of video crosspoint switches.

2. Freguency Response Considerations

At frequencies higher than1 MHz, the outputimpedance of the
crosspoint switches can be modelled as a voltage generator
having a series resistance and a series inductance. The gain/
frequency characteristics exhibit peaking above 10 MHz due
to the internal equivalent series inductance combined with any
load capacitance. The peaking can be reduced by adding
external series resistance to the output of the crosspoint.
Figure 8 shows the effect of adding a 33Q resistor to the output
of a circuit having 47 pF effective load capacitance. This
amount of load capacitance represents the equivalent of a 16
x1crosspointconfiguration using four ICs. Even though the fre-
quency response has been flattened, the differential phase and
gain have now changed as shown in Figure 9

o

|
!

GAIN (dB)

FREQUENCY (MH7)

Fig. 8 Gain vs Frequency

GX414 GX424 GX434

(in a 16x1 configuration)
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Fig. 9 Phase and Gain vs Resistance

The internal circuitry of the GX434 has been modified slightly
in order to widen the bandwidth. This results in more peaking
but the peaking frequency is higher. The response can be
flattened by using an external series resistor. Test results
yield a value of approximately 38 for a 16 x 1 configuration.



3.  Load Resistance Considerations

This family of crosspoint switches are optimised for load resis-
tances equal to or greater than 3 kQ. Figure 10 shows the
effect on the differential gain and phase when the load resis-
tance is varied from 100  to 100 kQ.

3 T
ENES
L f= 358 MH/. 20 IRE

LANKING LEVEL = 0V DC

| @

DIFFERENTIAL PHASE AND
GAIN (DEGREES AND %)
o

oo

R ()

Fig. 10 dg/dpvs R,

The negative slew rate is dependant upon the output current
and load capacitance as shown below.
SR =1 +3mA
C

L

I <8 mA

The current I is determined from the following equation
1 = l/_EE_ R>1kQ
R

Itis possible to increase the negative slew rate (-S.R.)and thus
the large signal bandwidth, by adding a resistance from the
output to - V.. This resistor increases the output current above
the 3 mA provided by the internal current generator and
increases the negative slew rate. The additional slew rate im-
proving resistance must not be less than 1kQ in order to
prevent excessive currents in the output of the device. An
adverse effect of utilising this negative slew rate improving
resistor, is the increase in differential phase from typically
0.009° to 0.014°. Under these same conditions, the differential
gain drops from typically 0.033 % to 0.021 %.

+8V

-

—— A0

1
2
IN 1 -—X——D—/o— L/\1
4
5

"o
GND —Cs
10
IN2 —_{></o— ——T——> OUTPUT
6 9 .
GND — NC
7 8 Rz 1k
N3 — -

8v

Fig.11 Negative Slew Rate (-SR) Improvement

4. Multi-chip Considerations

Whenever multi-chip bus systems are to be used. the total
input and output capacitance must be carefully considered.
Theinput capacitance of anenabled crosspoint(chip selected).
is typically only 2 pF and increases slightly to 2.4 pF whenthe
chip is disabled. The total output capacitance when the chip
is disabled is approximately 15 pF per chip.

Usually the GX4 crosspoint switches are used in a matrix
configuration of (n x 1) crosspoints perhaps combined inan
(n x m) total routing matrix. This means for example, that four
ICs produce a 16 x 1 configuration and have a total output
capacitance of 4 x15 pF or 60 pF if all four chips are disabled.
For any one enabled crosspoint, the effective load capacitance

will be 3 x15 pF or 45 pF.

In a multi-input/multi-output matrix, it is important to consider
the totalinput bus capacitance. The higher the bus capacitance
and the more it varies from the ON to OFF condition, the more
difficult it is to maintain a wide frequency response and
constant drive from the input buffer. A 16 x 16 matrix using 64
ICs (16 x 4), would have a total input bus capacitance of 16 x
2.4 pF or 40 pF.

Y ——
[

i ———

| | [ R ——

Fig.12 Multi-chip Connections



APPLICATIONS INFORMATION

The GX4 family of video switches are very high perform-
ance, wideband circuits requiring careful external circuit
design. Good power supply regulation and decoupling
are necessary to achieve optimum results. The circuit
designer must use proper lead dress, component place-
ment and PCB layout as in any high frequency circuit.

Functionally, the video switches are non-inverting, unity
gain bipolar switches with buffered inputs requiring DC
coupling and 75Q line terminating resistors when directly

An external address decoder is shown which generates
the 16 address and chip enable codes from a binary
number. The address inputs to each chip are active high
while the chip selectinputs are active low. Dependingon
the application and speed of the logic family used,
latches may be required for synchronization where timin
and delays are critical. Since the individual crosspoint
switching circuits are unidirectional bipolar elements, low
crosstalk and high isolation are inherent. The make-
before-break switching characteristics of the GX414

driven from 75Q cable. The output must be buffered to
drive 75Q lines. This is usually accomplished with the
addition of an operational amplifier/ buffer which also
allows adjustments to be made to the gain, offset and AVAILABLE PACKAGING
frequency response of the overall circuit. A typical video . .
routing application is shown in Figure 13. Four ICs are 14 pin DIP and 16 pin SOIC
used in a 16 x 1 crosspoint switching circuit. -

means virtually 'glitch’ free switching.

INPUTS VIDEO SWITCHES BINARY ADDRESS

01 +8V DECODER
Vo HiNo  Lvpe

N — e A0
INT AT
GND  C
N2 ouT]
GND  NC|>

V3 IN3 -V
4 3
75 75 +—oy 4 g A2
75 75 -8v 5 1, 2

2 ——A3
T4HC139

Vi

v2

DL ENABLE

75 75 GAIN

13 NOTES
GND  AQ NOTES

10 * Pin 9 on GX434 must be connected to ground
with a 33.2 k€, 1% resistor, otherwise pin 9

V15 IN3 -V is not used
0.1
75 s 75 75 —lr—q Unless otherwise shown all capacitors are in uF

8V and all resistors are in ohms

Fig.13 16 x 1 Video Crosspoint Circuit
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Monolithic 4x1 Video
Crosspoint Switch

FEATURES

* low disabled power consumption: 5.2 mW

* low differential gain: 0.03% typ. at 4.43 MHz
* low differential phase: 0.012° typ. at 4.43 MHz
* bandwidth (-3dB) 100 MHz with 30 pF load

* all hostile crosstalk at 5 MHz -97dB typ.

* low insertion loss 0.05 dB max at 100 kHz

* off isolation 110 dB at 10 MHz

* fast make before break switching: 200 ns typ.
* TTL and 5 volt CMOS compatible logic inputs
* for NTSC, PAL and SECAM applications

* low cost 14 pin DIP and16 pin SOIC packages

FUNCTIONAL SCHEMATIC
N o R _—
L1

IN1 O {

L 1 o}
IN2 O «{% OUTPUT
P ,‘__Jy.m,-_

B

| — . —
A0 2T04DECODER || CHP | —
Al LOGIC | sELECT S

TRUTH TABLE

CS | at| a0 ouTpPUT
ojo o INO
00 |1 INT
o1 |0 IN2
o1 [ 1] N3
1 x | x HI-Z

X = DON'T CARE
CAUTION

ELECTROSTATIC
SENSITIVE DEVICES )
DO NOT OPEN PACKAGES OR HANDLE
EXCEPT AT A STATIC-FREE WORKSTATION

GX414A PRELIMINARY DATA SHEET

CIRCUIT DESCRIPTION

The GX414 Ais high performance low cost monolithic 4x1
video crosspoint switch incorporating four analog video
switches and a 2 to 4 address decoder. An enabled input
allows paralleled GX414As to be operated in a switching
matrix with multiple inputs and a common output. Unlike
similar devices using MOS bilateral switching elements,
the GX414A represents a fully buffered unilateral trans-
mission path when enabled. The GX414A requires +8V
and is designed for use in video switching applications.
Logic inputs are TTL and 5V CMOS compatible, providing
input select and output enable functions.

APPLICATIONS

Glitch free analog switching for...
* High quality video routing
* A/D input multiplexing
* Sample and hold circuits
* TV/ CATV/ monitor switching
* Instrumentation and communication equipment

TOP VIEW
PNT N 14
iNo = P 8V TOP VIEW
GND o P A0 wod PN 16 |3 w8V
INT b At GND o | b ne
— |
GND o b Cs N1 j | P A0
w2 o L o GND ‘ =] 2
N2 o | P cs
GND 2 NC GND o b OF
N 8L v IN3 o S
NC I8 9 -8v
PIN CONNECTION PIN CONNECTION
14 PIN DIP 16 PIN SOIC
ORDERING INFORMATION
Part Numb Package Type Temperature Range
GX414ACD 14 Pin DIP 0°to 70° C
GX414ACK 16 Pin SOIC 0°to 70°C
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage

Operating Temperature Range

Storage Temperature Range

Value

+135V
0°C<T,<70°C
65°C < Tg< 150° C

Lead Temperature (Soldering. 10 Sec) 260° C
ELECTRICAL CHARACTERISTICS (v, =+8VDC 0°C < T, <7
PARAMETER CONDITIONS
Supply Current CS=0V+
— V’
CS=1V+
V-

Analog Output Voltage
Swing

Extremes before clipping occurs

Parameter

Analog Input Voltage

Analog Input Current

Logic Input Voltage

| V,=3Vp-p(C =0pF) -SR

Output Offset voltage | 75% on each input ground | -2
Output Offset Drift A Vg /AT -
N |
Address Logic Delay Control input to appearance
of signal on output 130
Chip Selection Delay Control input to appearance
of signal on output 200
Logic Input Threshold 1 -
0 2
Logic Input Current AO, A1 =1 -
A0, A1 =0 -
CS=1 -
CS=0 -
Insertion Loss 1V p-p sine or sg.wave at 100 kHz 0.02
Gain Spread at 8 MHz -
Bandwidth ( -3dB ) 90
Differential Gain at 3.58 or 4.43 MHz -
Differential Phase at 3.58 or 4.43 MHz -
Input to Output Delay 75Q source impedance T, = 25° -
Matching (chip-chip) at 3.579545 MHz | Full temp -
All Hostile Crosstalk Sweep on 3 inputs 1V p-p
4th input 10 Q to gnd at 5 MHz 94
Chip Disabled Crosstalk 5 14Q on output to gnd at 10 MHz 100
Input Resistance CS=0 -
input Capacitance CS=0 3 -
CS=1 | -
Output Resistance CS=0 ) -
Output Capacitance CS=1
Slew Rale B +SR

+50

200

40
40

-4V < V\N <424V

-éiVS\/l < +55V

Value

50pA AVG, 10 mA peak

1 degrees

mA

ns

ns

A

nA

nA

HA

aB

dB

MHz

%
degrees
| degrees

dB

daB

kQ

pF
pF
! Q
pF

V/us
V/us
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Fig. 1 Typical All Hostile Crosstalk
Performance (14 pin DIP)
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Fig. 3 Gain vs Frequency
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05 ps/div
Fig. 4 Switching Transient (crosspoint-to-crosspoint)

0.1 V/div

1 us/div

Fig. 5  Switching Envelope (crosspoint-to-crosspoint)

APPLICATION INFORMATION

As expected with any wide bandwidth circuit, the layout is
criical. Good pewer supply regulation and bypassing are
necessary, along with good high frequency design practice.
Proper lead dress, component placement and PC board
layout must be exercised for optimum performance.

The GX414A is non-inverting. Frequency peaking is compen-
sated on-chip and optimised for a 60 pF load. The inputs are
buffered and require 75Q line terminating resistors when
driven from 75Q cable. The output must be buffered to drive
75Q lines. The addition of an amplifier/buffer also allows
adjustments to be made to the gain, offset and frequency
response of the circuit. By reducing the load capacitance
from 60 pF, the GX414A can be used to compensate for the
frequency peaking of the buffer.

A typical application is shown in Figure 6 on the next page .
Two GX414A devices are paralleled to form an 8x1 crosspoint
switch. The three address lines make use of the AQ, A1 and
CSinputs. If more than two devices are used in parallel, a de-
coder will be necessary to generate the extra address inputs.
Depending on the application and the speed of the logic
family employed, latches may be required for synchroniza-
tion where timing and delays are important.

The active switching circuitry of the GX414A will ensure low
crosstalk and high performance over an input voltage range
of -1.2Vto+20V.



INPUTS VIDEO SWITCHES
0.1 +8V
—2
Vo iNo e
&-2]GND AopS A0
vi 3 IN 1 A1 12 A1
4 GND csH A2
5 10
V2 IN2 ou
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Fig. 6 Video Multiplexer Incorporating Two GX414As

AVAILABLE PACKAGING
14 and 16 pin Molded DIP
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‘““mm} ) GENINUM Monolithic 4x1Video

cesroRAaTION Crosspoint Switch

GX214 PRELIMINARY DATA SHEET

FEATURES CIRCUIT DESCRIPTIUN

* low cost . . .
The GX214 is a low cost 4x1 video crosspoint switch

* differential gain at 3.58 MHz, 0.05% max. containing four analog video switches and a 2 to 4 de-

* differential phase at 3.58 MHz, 0.05 deg. max. coder. A thp Seliect'mput a!lgws paralleled GX214s to be
operated in a switching matrix.

* off isolation better than 90 dB at 10 MHz

. ; The GX214 represents a fully buffered, unilateral transmis-

all hostile crosstalk at 3.58 MHz, 75 dB typ. (R, = 75 Q X ) o

yP- (Riy ) sion path when enabled. When disabled, the output is high

* make-before-break switching impedance.

The device operates from £7.5 V to £9.5 V supplies with

FUNCTIONAL BLOCK DIAGRAM TTL and 5 V CMOS compatible input logic levels.
OG- R
. s APPLICATIONS
N1, *B;ﬁ
[ )
N2o > ouTPUT * CATV and CCTV systems

* low cost video routing

IN3 J%\/
AD  2TO4DECODER | CHIP =
Ay LOGIC 1 SELECT

TOP VIEW
Nt 14
iNo = ’:- 8V
TRUTH TABLE SIG GND o = 0 Top viEw
S— N1 P A No o [PIN 16 b ey
€S| A1 | A0 | OUTPUT seonp o L = siG.6ND o L ne
0o |0 0 IN O N o B A0
[ { . - IN2 =4 = OUT
0 | 0 1 IN 1 SIG GND o b At
0 . o T TNe SIGGND = L22C N2 o b cs
7 8 SIG GND o b ouT
0 7; ! _ﬂ,:i,, 4 N3 = = 8 N3 o = (LB?\"G)IC
1 X X HI-Z pop—— ne o [8 9 gy
PIN CONNECTI
X = DONT CARE 14PIN DIP PN s
AVAILABLE PACKAGING
14 pin DIP and 16 pin SOIC
ORDERING INFORMATION
Part Number Package Type = Temperature Range CAUTION
- ELECTROSTATIC
GX214CD 14 Pin DIP 0° to 70°C SENSITIVE DEVICES s
B o - DO NOT OPEN PACKAGES OR HANDLE
G X21 AC K 1 6 Pin SO|C 00 to 700C EXCEPT AT A STATIC-FREE WORKSTATION
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ABSOLUTE MAXIMUM RATINGS

Parameter Value Parameter Value
Supply Voltage +100V Lead Temperature (Soldering. 10 Sec) 260 °C
Operating Temperature Range 0°C<T,<50°C Analog Input Voltage -4V < Viu Vcc*OB \
Storage Temperature Range -65 °C < T4<150°C Logic Input Voltage 0V <V <5 5V
NOTE: A short from output to ground or either supply will destroy the device For Rg,; use a 1.2 kQ 1%, ‘/A W resistor
ELECTRICAL CHARACTERISTICS (Vg =8V DC, 0°C < T, <70°C, R =121kQ 10V, C, = 30pF)
PARAMETER . SYMBOL CONDITIONS MIN TYP ! MAX UNITS
Vigljpp\y Voltage Vg 7.5 8.0 9.5 V
DC I+ ' Chip selected (CS=0) - 14 20 mA
SUPPLY Chip not selected (CS=1) - 06 0.95 mA
Supply Current I- Chip selected (CS:O)W” - 13 B 1; m;\
Cth not selected (C;S=1) - 0.58 777(;8‘ mAﬁ
o Analog OQtput Vour Extremes beférre N +75 Ov‘ \Y
Voltage Swing clipping occurs - - -1.2
STATIC | Analog Input Bias I . - 25 | - A |
Current
WOanut Offset Voltage Vos 75Q resistor on each -45 -80 420. mV
input to ground
WTurn—On Time ton Control input to disappear- 700 900 1100 ns
ance of signal at output
Turn-Off Time torr Control input to disappear- 1.2 2.0 3.0 us
| ance of signal at output ;
LOGIC | Logic Input . 1 2.4 - - v
Thresholds 0 0 - - ‘ 06 \%
Logic Input Igas Chip Selected A0AT = 1 - - ’ 10 nA
Bias Current Chip Selected A0,A1 =0 - - ‘ 60 | A
Insertion I;osrsr I.L. 7”7771;7;7)7-;) sim-;or sq waveﬁir B VO 1 Rl 0777?67 drBr
at 100 kHz
Bandwidth (-3dB) B.W. 65 8 - MHz
*inp:t Resnstan;zi N Chip selected (CS = 0) 900 - - kQ
DYNAMIC Tput Caparcritancewmw o &E@?ed (CS =0) 2.2 - oF
Crinp n;)I selected (CS=1) - 20 - oF
¥7OL;m*uthrieSIstance Rout Chip selected (CS=0) - 9 - Q
Etipuit”Capacnance Cour Chip not selected (CS=1) - 12| e prf;i
B afeireinrtial Gain : dg | ernﬂs 58 Mi;iz - - ‘ 0.05 %
V Diff(;}Ae‘-rwtrLVelI Phase dp Viy = 40 IRE - | 0 Oé dééA
S Sweep on 3 inputs 1V p-p ‘t ? ) S
All Hostile Crosstalk XTALNAH) 4th input has 75 Q resistor | 73 ; 75 | dB
T tognd. f =10 MHz | [
Chip Disabled Crosstalk XTALMCD) One xpt on output to ground 90 1 100 - dB
f =10 MHz i

2




APPLICATION INFORMATION

The circuit layout of any wideband circuit is critical. Good
high frequency design practice, proper lead dress and
PCB component placement along with a well regulated
and decoupled power supply will assure optimum
performance of the crosspoint

The GX214 is non-inverting. The inputs are buffered and
require 75Q line terminating resistors when driven from
75Q cable. The inputs may be driven directly from an
amplifier which has low output impedance.

The output of the GX214 must be buffered to drive 75 Q
lines. The addition of an amplifier/buffer also allows
adjustments to be made to the gain, offset and frequency
response of the circuit.

Signal Ground (SG) pins 2, 4 and 6 must be joined together
and preferably form part of a ground plane. The Signal
Ground must also be connected to the +8 V power supply
ground. The potential of the Logic Ground (LG) pin 9 can
deviate from the Signal Ground by +0.5 V maximum.
Alternatively, the signal and logic grounds can be joined
together at one point only

An external load current of 2 to 8 mA should be supplied
from each output bus to negative supply. For most
applications a load resistor of 1.21 kQ, 1% is recom-
mended to minimize offset drift with temperature. In order
to improve differential phase and tighten the insertion loss
tolerance, an external constant current active load may be
substituted for the load resistor. Note however, that since
only one GX214 output drives the output bus at any one
time, only one external load is needed for the bus.

A typical application is shown below. Two GX214 ICs are
paralleled to form an 8x1 crosspoint matrix. The three
address lines make use of the A0, A1 and CS inputs. If
more than two devices are used in parallel, a decoder is
necessary in order to generate the extra address inputs.

Depending on the application and the speed of the logic
family used, latches may be required for synchronization
where timing delays are critical. The active switching
circuitry of the GX214 ensures low crosstalk and high per-
formance over an input voltage range of -1.2 to +5.0 volts.

INPUTS VIDEO SWITCHES
01 8V
vo iNo Wi
¢2{sG o2 A0
vi 3Nt arH2 A1 ADDRESS
s cstH! A2
5 10
N2 ou
Ve 6 9
A
7

SG LG
8
v3 IN3 v
75 75 75 75 ‘—0"{
-8V
) 0.1
V4 INO Rkl

1
L2 |sa aolt2 " GAIN. OFFSET. FREQUENCY |
12 | RESPONSE ADJUSTMENTS
vs o Al 1" | !
4
)4 {sa cs N
v 5|2 outho ™ AN— Vour
6 s
.i SG LG —\9 I
V7 2N v ! !
\V/ 121K _ _AMPLIFIERBUFFER |
S 5SS 55 75 LAET

NOTES

Unless otherwise shown all capacitors are in uF and all resistors are in ohms

8x1 Video Multiplexer Incorporating Two GX214 Devices






CORPORAT.

(lly s=rvmom

Monolithic 4x4 Video
Crosspoint Matrix

FEATURES

* low cost

* maximum packing density

* 16 crosspoints in a 20 pin DIP or SOIC package

* fully buffered unilateral signal path

* low crosstalk

* wide bandwidth

* microprocessor-compatible control interface

*TTL and 5 V CMOS logic inputs

*+4.5V to £13.2 V supplies

PIN CONFIGURATIONS

TOP VIEW

EN vt N 20p IS0
INO =] B st
GND = k= ouTo
Nt o b v,
GNU = Ppoull
N2 o b GND
GND o L out2
IVER B v,
0S0 = OUT3
0s1 = 10 1 CK

PIN CONNECTION

TOP VIEW

EN o N B iso
INO o b is1
GND bouTto
INT A -] Vcc
GND & bouT!
IN2 B GND
GND o b out2
IN3 = =1 VEE
0S0 P OUT3
os1 5 b CK

20 PIN PLASTIC SOIC

PIN CONNECTION

GX244 ADVANCE INFORMATION SHEET

CIRCUIT DESCRIPTION

The GX244 is a microprocessor-compatible 4x4 video
crosspoint matrix implemented in bipolar monolithic tech-
nology. The device maximizes crosspoint density by inte-
grating 16 crosspoints in a 20 pin DIP or SOIC package.

The GX244 offers improvements over CMOS switches,
delivering wider bandwidth, lower crosstalk and lower
distortion, for upgraded performance in industrial video
applications.

For use in NxM routing matrices, the device features high,
nearly constant input impedance, coupled with high out-
put impedance in the disabled state. This allows multiple
devices to be paralleled at the inputs and outputs without
additional circuitry. A fully buffered unilateral signal path
ensures very low output-to-input feedback while generat-
ing minimal output switching transients through make-
before-break switching.

The six logic inputs of the GX244 allow four crosspoints to
be on at once. The input select (IS0, IS1) and enable (EN)
pins are decoded to determine which one of the four inputs
will be selected. This data is ciocked into one of the four
control latches as determined by the output select (OSO,
0S1) pins. Alow state on the clock input (CK) causes the
selected control latch to become transparent; data is
latched as the clock returns high. Using this method, one
output bus can be switched at a time.

APPLICATIONS
* closed-circuit TV switchers

20 PIN PLASTIC DIP (300 mil body) . . .
security / surveillance systems
* machine vision systems
* cable TV / industrial video
TRUTH TABLES
Input Control Output Control
. INPUT  |OUTPUT | OUTPUT
EN IS0 |IS1 ||SELECTED |SIGNAL cK 0S0 | OS1 || ADDRESSED
0|0 |0 0 INO 0 0|0 0
0 0 1 1
0 |0 1 1 IN1 .
0 1 0 P X don't care - immaterial
0 1 0 2 IN2 NCHG no change - matrix
0 1 3 maintains previous state
o 1 ‘ ! 3 IN3 Jr X NCHG _}' rising clock edge
1 X X none HI-Z 1 X NCHG none  no input is selected
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GENNUM CORPORATION P.0O. Box 489, Stn A, Burlington, Ontario, Canada L7R 3Y3 tel. (416) 632-2996 fax: (416) 632-2055 telex: 061-8525
Tokyo Office: 301 Aoba Building, 3-6-2 Takanawa, Minato-ku, Tokyo 108, Japan tel. (03) 441-2096 fax: (03) 448-8991



INO IN1 IN2 IN3 SWITCHING

MATRIX
co B sl I c2 —1 G, ouTo
J— L B\)— 0——§>—- —‘&T
ce cs l | ce } 7 ouTt
-— | S— > +— b — 1?——-‘
cs c9 i c10 ci ouT2
I
by e ey Doy
c12 —l C13 Cc14 C15 ‘ ouT3
CONTROL
LATCHES
1S0 5 L~ co
CONTRO [
EN — H b C4
I c7
—~— cs8
. . —— c1n
08— OUTPUT| = NI 17777
ost CONTROL —y— ©12
ck —9 —— ci15

FUNCTIONAL BLOCK DIAGRAM
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Monolithic 5x1 Video
Crosspoint Switch

FEATURES

* low differential phase and gain
“ make-before-break switching
*TTL and 5 V CMOS compatible logic levels

*

18 pin DIP packaging

FUNCTIONAL BLOCK DIAGRAM

INo %

INT o—
N2 o ‘B>
wao—_{é\/

A0 A1 A2

370 5 DECODER seLeCT
LOGIC

T T

6 & 4 s 4

TRUTH TABLE
os| os | a2 | Al a0 [our
0 X X X X | H-Z
X 1 X X X | HI-Z
1 0 0 0 0 | INO
1 0 0 0 1 | IN1
1 0 0 1 0 | IN2
1 0 0 1 1| IN3
1 ‘ 0 ‘ 1 0 0 | INg

X = don't care

cs CS

GX415 ADVANCE INFORMATION NOTE

CIRCUIT DESCRIPTION

The GX415 is a bipolar monolithic 5x1 crosspoint switch
suited to decade multiplexing systems

The bipolar signal path is characterized by low differen-
tial phase and gain. A fully buffered and unilateral
circuit assures high off isolation and low crosstalk.

APPLICATIONS

“broadcast quality routing
*CCTV/CATV/monitor switching
“decade multiplexing

TOP VIEW
INOTTPINT - 185 v,
GND B AO
N1 Al
GND b A2
N2 b cs
GND b CS
IN3 b out
GND— B NC
INdAc 9 10 P Vee

PIN CONNECTION
18 PIN DIP
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Monolithic 8x1 Video
Crosspoint Switch

FEATURES

* low differential phase and gain

»

low crosstalk and high off-isolation

* TTL and 5V CMOS compatible logic input levels

*

fully buffered unilateral signal path

*

minimal switching transients
* 28 pin PLCC packaging

simplified microprocessor interface

-

true and inverse chip select allows for paralleled operation

FUNCTIONAL BLOCK DIAGRAM

INO {}.

INT o B\/
IN2 {z(>
IN3 o {Z}/ :
N4 o B\, R
IN5 o J‘ﬁ\/ ' : :
IN6 o %L : : :
IN7 0—-{> . : . e
L]
[ 370 8 DECODER J' seiter
LOGIC
|
CKo—— 1 LATCHES '
i rr
T
A0 A1 A2 cs cs
TRUTH TABLE
A2 A1 A0 cs | Cs | cK out
X X X 0 X 0 HI-Z
X X X X 1 0 HI-Z
0 0 0 1 0 0 INO
o 0 1 1 0 0 IN1
0 1 0 1 0 0 IN2
0 1 1 1 0 0 IN3
1 0 0 1 0 0 IN 4
1 0 1 1 0 0 INS
1 1 0 1 0 0 IN6
1 1 1 1 0 0 IN7
X X | X X X g multiplexer
| - maintains
X X X X X 1 previous
[ I O I | sae
X = don't care

GX418 TENTATIVE DATA SHEET

CIRCUIT DESCRIPTION

The GX418 is a microprocessor-compatible 8x1 video
multiplexer featuring broadcast quality specifications,
implemented in bipolar monolithic technology.

For use in NxM routing matrices, this device features very
high, nearly constant input impedance, coupled with very
high output impedance in the disabled state. This allows
multiple devices to be paralleled at the inputs and output
without additional circuitry. A fully buffered unilateral signal
path ensures negligible output to input feedback while
delivering minimal output switching transients through
make-before-break switching.

The GX418 provides complementary chip select inputs to
allow easy expansion into Nx1 configurations. The device
operates over a supply voltage range from +4.5to +13.2
volts.

APPLICATIONS
* high density video routing switchers
* video production and master control switchers
* CCTV/CATV
* PCM/data routing matrices

INO Vee GND OUT GND Vet IN7
Mm 0 00 n

n 0

4 3 2 1 28 27 26
GNDH 5 ° 25 FGND
INTE] 6 TOP VIEW 24 9 ING
GNDS 7 23 = GND
N2 & 8 22 | INS
GNDH 9 21 =2 GND
IN3 & 10 20 N4
GND=H 11 19 = GND

12 13 14 15 16 17 18

T 0T 0T 0T 0T T 1T

NG CK A2 A1 A0 CS CS

PIN CONNECTIONS
28 PIN PLCC

ABSOLUTE MAXIMUM RATINGS

Parameter Value
Supply Voltage +135V
Operating Temperature Range 0°C<T,<70°C

Storage Temperature Range 65°C<Ty<150°C

Lead Temperature (Soldering, 10 Sec ) 260° C

Analog Input Voltage -4V < V‘N <6Vor \/ +O 3V

Logic Input Voltage (OAVAS VL <55V
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ELECTRICAL CHARACTERISTICS (v = 8V DC. 0°C < T, < 70°C, R, = 10k. C, = 30pF)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Supply Voltage *Vg 4.5 132 v
DC I+ Chip selected (CS=0) 12 mA
SUPPLY Supply Current Chip not selected (CS=1) - 1.4 - mA
|- | Chip selected (CS=0) ! " mA
' Chip not selected (CS=1) - 0.23 mA
Analog Output Vour | Extremes before
Voltage Swing clipping occurs 1.8 - 6 \
STATIC Output Offset Voltage Vos T, = 25°C. 75Q resistor -12 0 12 mV
on each input to gnd |
Crosspoint ton Control input to appearance \ - 500 ns
Turn-On Time | of signal at output i
b | } | :
LOGIC Crosspoint L Control input to disappearance | - 750 ns
Turn-Off Time . of signal at output |
Minimum clock tow : Control input to disappear | 200 ns
| Pulse width | ance of signal at output SN S | R
Logic Input Vi, 1 20 - v
b I N
Thresholds Vi i 0 - - 1.1 \
Insertion Loss I.L 1V p-p sine or sq. wave 0.04 = 0.055 0.09 ds
L lat 100 kHz J
Bandwidth (-30B) BW 90 - - MHz
— : 4 ! |
Gain spread at 8 MHz i - i +0.06 dB
Input Resistance | Ry Chip selected (CS=0) 1 - COMQ
e - - :
DYNAMIC . Input Capacitance Cin Chip selected (CS=0) - i 2.0 - ' pF
% Chip not selected (CS=1) - ] 2.2 pF
—_— i
Butput Resistance Rour Chip selected (CS=0) - 14 - a
i Output Capacitance Cour Chip not selected (CS=1) - 6 - pF
| Differential Gain dg at 3.58 MHz or 4.43 MHz | 0.07 %
Differential Phase dp Vi = 40 IRE ‘ | 0.035 ' degrees
All hostile crosstalk Xiak oy | SWeep on 7 inputs 1V p-p - 90 dB
(see graph) 8th input has 37.5Q
resistor to gnd. f = 5 MHz |
Chip disabled crosstalk XTALK coy | Crosspoint on output to gnd.. 110 1 - - dB
(see graph) | f =10 MHz ‘ ‘
CAUTION
ELECTROSTATIC

SENSITIVE DEVICES

DO NOT OPEN PACKAGES OR HANDLE
EXCEPT AT A STATIC FREE WORKSTATION




(““mw ml GENNUM Monolithic 8x1 Video Crosspoint

CoRPORAT. Switch with uP Interface

GX428 ADVANCE INFORMATION NOTE

CIRCUIT DESCRIPTION

FEATURES
* low differential phase and gain The GX428 is a bipolar high performance 8x1 multiplexer
} ) ) for use in video routing systems. It is characterized by
low crosstalk and high off-isolation being fully buffered, having make-before-break switching
* 1/0 control of address and chip select and low switching transients.
* 28 pin PLCC The device has on-chip /O which allows the address and
chip select to be read from the latches.
APPLICATIONS
* High quality Video Routing
* CCTV/CATV/monitor switching
FUNCTIONAL BLOCK DIAGRAM TRUTH TABLE
me o {>‘ 7o | A2 | A1 | a0 | cs | ©8|Grock out
INT X Il b
o D : X | x| x| x| o] x| o HI-Z
IN2 o — X1
N3 o l]/y>\/ S out X X X X X 1 0 HI-Z
W o [\B\/ — ol ol o o] 1,0 o INO
O S ol o, o] 1] 1, 0] o IN 1
IN6 o ll(/ : ' H : ' 1
A : 0 0 1 0 1 0 0 IN2
N7 o—b(\/ : + . — +
' [ 0| 0| 1 1 11 0] o IN3
0 1 0 0 1 0 0 IN4
3708 SELE‘SY
DECODER LoGC 0 1 0 1 1 ol o IN5
_ L | | I 0 1 1 0 1 0 0 IN6
CK t——' LATCHES
0 1 1 1 1 0 0 IN7
| 1 See note 1. ' 1 X
°_—“ O CONTROL X | x| x| x| x| x|a1 | maintains
| previous
Ao 1 i state

NOTES: 1. When I/Q is 1, the pins AO, A1, A2 and CS become outputs
and reflect the contents of the latches
2. When the clock is low, the latches are transparent.
3. X = don't care
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Monolithic 16x1 Video
Crosspoint Switch

FEATURES

*

low cost
microprocessor compatible control logic

*

.

*

differential gain at 3.58 MHz, 0.04% max. at +12 V supply.
off-isolation better than 120 dB at 10 MHz

all hostile crosstalk 90 dB (typ.) at 5 MHz.

gain spread at 8 MHz, +0.05 dB max.

insertion loss at 100 kHz, 0.05 dB (typ.)

44 pin quad, j-lead plastic package.

low disabled power consumption, 7mW typ. at +5V supply.

*

*

*

*

»

»

FUNCTIONAL BLOCK DIAGRAM

INO {?

IN1

T
LI

i
]

o— i P

o : P

IN14 H

IN15 % : :
LTI

cHP
I 470 16 DECODER SR

|

CK o— LATCHES

o—o
o—i
o—1
o—1

Blo—
o—1]
o—

NO N1 N2 N3 NG
GND GND GND  GND GND GND
0 0 n 0 o o0 00 042
6 4 2 ) 4 a2 0
ok o ° INS
[ Y 38 B GND
s o TOP VIEW L N
EN o 10 36 f GND
a0 o b N7
a2 34 = GND
a2 o B oiNe
A3 32 |3 GND
Vee o B N9
out o 16 30 = GND
Vie H B Nt
18 20 2 2 26 28
T o0 o0 o000 0 00T
GNO GND GND  GND GND GND
IN15 IN14 IN13INT2 N

PIN CONNECTIONS
44 PIN PLCC

differential phase at 3.58 MHz, 0.02° max. at £12 V supply.

GX416 TENTATIVE DATA SHEET

CIRCUIT DESCRIPTION

The GX416 is a microprocessor-compatible 16x1 video
multiplexer featuring broadcast quality specifications,
implemented in bipolar monolithic technology.

Foruseindense NxM routing matrices, the GX416 features
very high, nearly constant input impedance, coupled with
very high output impedance in the disabled state. This
allows multiple GX416 devices to be paralleled at the
inputs and output without additional circuitry. The fully
buffered unilateral signal path ensures negligible output-
to-input feedback while delivering minimal output switch-
ing transients through make-before-break switching

The logic inputs provide direct interfacing to microproces-
sor controllers, and are TTL and 5V CMOS compatible.
True and inverse chip select inputs allow simple multiplex-
ing of two or more GX416 devices.

The GX416 operates over a power supply range from £4.5
to £13.2 volts.

APPLICATIONS

* high density video routing switchers

* video production and master control switchers
* CCTV/CATV

* PCM/data routing matrices

TRUTH TABLE

EN Cs | CSs |[CK A3 A2 Al AO ouTt
1 1 10 1 0 0 0 1 IN1
1 1 0 1 0 0 1 1 IN 3
1 1 0 1 0 1 0 1 IN5
1 1 0 1 0 1 1 1 IN7
1 1 0 1 1 0 0 1 IN9
1 1 0 1 1 0 1 1 IN 11
1 1 0 1 1 1 0 1 IN 13
1 1 0 1 1 1 1 1 IN 15
X 0 X 1 X X X X HI Z

X X X v X X X X multiplexer

. maintains

previous

condition

X = don't care
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ABSOLUTE MAXIMUM RATINGS

Parameter

Supply Voltage

Operating Temperature Range

Storage Temperature Range

Value

£135
0°C<T,<70°

65°C < T <150°C

v
C

Lead Temperature (Soldering. 10 Sec) 260° C
Analog Input Voltage -4V < \/‘N <6V or VCC+O‘3V
Logic Input Voltage OVeV <55V
ELECTRICAL CHARACTERISTICS  (V, = +8V DC. O°C < T, < 70°C, R = 10KQ, C,_ = 30pF)
| i ' | | Il
B 1‘ ! VS = 5V i £8V | £12v
PARAMETER i SYMBOLi CONDITIONS MIN | TYP MAX | MIN | TYP | MAX | MIN ; TYPI MAX © UNITS
I | : H | S
T ‘ T T '1 T
Supply Voltage | EAVN |45 | - I 1132 \
| | |
- - o i i fee |
A Chip selected (CS=0) 2 | : | 12 ‘ 12 mA
| \ ‘ | ,
Supply Current i ‘ Chip not selected (CS=1) l 12 ‘ i 17 2.4 ‘ mA
| |
| | - |
! Chip selected (CS=0) | 11 11 ‘ 1 l; mA
i i |
; Chip not selected (CS=1) | 0.22 023 i 0.25 ; mA
| i
| | L i
Analog Output Vo, Extremes before ‘
Voltage Swing clipping occurs | | v
| Analog Input Bias - 22 20 22 |~ P uA
Current- | ’
I R | | - -
Output Offset Voltage V.. t, = 25°C, 75Q resistor 12 0 +12 '\ -12 0 | +12 -12 0 | +12 1 mV
on each input to gnd ! 1 |
Output Offset Voltage | AV._/ AT | B 200 200 200 | pvrc |
Drift — | | i
| | | |
- ! _ — e
Crosspoint Selection t,. Control input to appear- 500 500 500 ! ns
Turn-On Time ance of signal at output |
I s - i S
Chip Selection te Control input to appear- 750 750 750 | | ns
Turn-On Time . ance of signal at output |
Strobe Pulse Width tow 200 200 200 } ns
Logic Input Y 1 20 20 20 \
Thresholds v | 0 | D 11 ‘ R v
b S S S — U } , + ‘ } -
Logic Input Bias Current | laias Chip selected AD0, A1 = 1 \ 40 100 | ; 100 : 100 | HA




ELECTRICAL CHARACTERISTICS (continued) (V, = +8V DC. 0°C < T, < 70°C, R_= 10k(. C, = 30pF)

i VS = +5V +8V ; 12V i
PARAMETER . SYMBOL CONDITIONS MIN  TYP MAX MIN TYP | MAX = MIN  TYP MAX | UNITS
DYNAMIC
T T T
Insertion Loss | 1L 1V p-p sine or sq. wave | 004 | 006 01 004 005 = 009 0035 005 ' 008 aB
; at 100 kHz ‘ 1
i i | ' : |
Bandwidth (-3dB) i BW 190 | 90 ; 90 | MHz
r % L 1 : .
Gain Spread at 8MHz | ; 1007 | 1006 ] 1005 dB
| 1 | ; ! i i |
Input to Output Signal | T,=25C R, =75Q ! +008 | +007 | i +006 | ns
Delay Matching A f=3579545MHz | | j | | |
(chip to chip) 0C<T,70C, Rqas i 12 ERN | 110 | ns
i above, f as above i
! i i | ) " i i
Input Resistance R, Chip selected (CS=0) | 900 | 900 900 - kQ
| H | i i
Input Capacitance | C, Chip selected (CS=0) ‘ | 20 | 20 | 20 ¢+ - pF
1 i | i 4 . ;\
Output Resistance ! R Chip selected (CS=0) \ IRV 14 14 Q
{ |
| ' |
Output Capacitance C,. Chip not selected (CS=1) | 6 6 6 - pF
T | | 4 1
Difterential Gain I dg at 3 58 MHz 0.01 007 004 %
Differential Phase dp V, =40 IRE "o 10035 | i 002 degrees
All Hostile Crosstaik r Sweep on 15 inputs 1V p-p | i
16th input has 10 Q 77| 86 80 88 | 82 90 - B
resistor to gnd. f = 5MHz i |
' ; i i -
Chip Disabled Crosstalk | 14 €2 on output to gnd 100 110 | 120 | dB
| i |
f = 10MHz | |
i i f—mren o e
Slew Rate +SR VW=3Vpp(C_=0pF) 77 | 110 88 125 97 140 V/ps
SR 63 | 9 72 100 80 | 115 |

vBD
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Monolithic
Wideband 8x1 and 16x1
Video Crosspoint Switches

FEATURES

* low differential gain and phase
* wide bandwidth, -3dB at 300 MHz

* on-board decoding and latching logic

FUNCTIONAL BLOCK DIAGRAMS

GX4108

INO ) i’b‘

INT ¢ [ X >t

IN2 IX\,,J_;

NS o

IN4 LF)/(/

NS o X

N7 o] X
=g "

CK o———

o
Jou—
o—r1
o—o

| ©

A0 Al A2 cS cs
GX4116
2 ! P% i 1
o
X
3
O
IN145 X~
) . A :
IN15 > X e
[ L] 1
CHIP
470 16 DECODER |- SELECT
LOGIC
:
l 1 l
CKo : LATCHES
I ]
| |
o e (o] ) el O o
A0 Al A2 A3 cs ¢s EN

GX4108/GX4116 ADVANCE INFORMATION

CIRCUIT DESCRIPTION

The GX4108 and GX4116 are wideband video multiplexers
implemented in bipolar monolithic technology. The GX4108
is an 8x1 while the GX4116 is a 16x1 multiplexer. These
devices are characterized by excellent differential gain
and phase in the enabled state, and a very high off-
isolation in the disabled state. Fully buffered unilateral
signal paths ensure negligible output to input feedback,
while delivering minimal output switching transients through
make-before-break switching.

For use in NxM routing matrices, these devices feature
very high, nearly constant input impedance. coupled with
very high output impedance in the disabled state. This
allows multiple devices to be paralleled at the inputs and
output without additional circuitry.

Both devices feature a microprocessor-compatible TTL
and 5V CMOS control interface.

The GX4108 and GX4116 are members of the wideband
video crosspoint family utilizing Gennum's proprietary LSI
process.

APPLICATIONS

* very high quality video switching
* very high density video switching
* computer graphics

* high definition TV

* PCM/data routing matrices

ouTt
o
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TRUTH TABLES

GX4108 GX4116
A2 | A1 | A0 | CS | G| TK ouT EN | CS| Cs | CK| A3 [ A2| A1 | A0 out
X X X 0 | x 0 HiZ 1 1 0 1 0 of o] o INO
X N X X 1 0 HI-Z 1 1 0 1 0 0| o 1 IN1
0 0 0 4 o o NO 1 1 0 1 0 0] 1 0 IN2
0 0 | ] 0 0 NE 1 1 0 1 0 0| 1 1 IN3
0 : 0 ; 0 o IN 2 1 1 0 1 0 11 01 o0 IN 4
0 1 ] 1 o 0 N3 1 1 0 1 0 110 1 IN5
] 0 0 ’ 0 o N4 1 1 0 1 0 1] 0 IN6
; 0 | ’ 0 B IN5 1 1 0 1 0 1 1 1 IN7
. ] 0 1 0 0 ING 1 1 o 1 1 ol o] o IN8
3 ; ] 1 o 0 N7 1 1 0 1 1 o o 1 IN9
x | x | x x| & mutplore 1 1 0 1 1 o 1 0 IN 10
x | x X X 1 i 1 1 0 1 1 0| 1 1 IN 11
state 1 1 0 1 1 1 0 0 IN 12
X = don't care 1 1 0 1 1 110 1 IN 13
1 1 0 1 1 1 1 0 IN 14
1 1 0 1 1 1 1 1 IN 15
o X | X 1 X | x| x| x HI Z
X 0 X 1 X X | x| X HIZ
X X 1 1 X | X| x| X HI Z
X x| ox by X X X X mpleer
X X X 0 X X X X mamta:‘smc:ewous
X = don't care
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Fast Toggling Video
Crosspoint Switch

FEATURES
* 25 ns switching time (toggle)
* make-before-break switching

* 200 MHz at -3dB, bandwidth

* typically 0.025 dB insertion loss at 1 MHz

* less than 0.1 % differential gain at 3.58 MHz

* less than 0.1 degree differential phase at 3.58 MHz

FUNCTIONAL BLOCK DIAGRAM

@ OuUT1
NO R 150
I‘NW : o O 74: AN @ Ourz2
. ~ CONTROL
CTRL &—  “lo6ic
TRUTH TABLE
CTRL OuUTPUT*
.0 INO
1 IN 1
*1or2
ABSOLUTE MAXIMUM RATINGS
Parameter Value
Positive Supply Voltage +145V
Negative Supply Voltage -13.2V
Maximum Supply Voltage 19V
Differential (V+ to V-)
Operating Temperature Range 0°Cto70°C
Storage Temperature Range -65°C to 150° C
Lead Temperature (Soldering, 10 Sec) 260° C
Analog Input Voltage (IN 0. IN 1) -25Vto+35V
] Voet03V
Control Input Voltage Range -4 < Vg < or
ls70v

GY4102 TENTATIVE DATA SHEET

CIRCUIT DESCRIPTION

The GY4102 is a bipolar, monolithic SPDT video switch
incorporating fast control logic. The analog signal path is
characterised by low differential gain, low differential phase
and low insertion loss, coupled with a -3 dB bandwidth ot
typically 200 MHz into a 10 pF load.

Fast set-up times in the order of 20 nanoseconds allow
toggling of video or data up to 20 MHz. The control input
is TTLand 5V CMOS compatible. The GY4102 is available
in an 8 pin DIP.

APPLICATIONS

* Sub-pixel video switching

* Fast data sampling

* Modulation

* Special Effects video switching

TOP VIEW
iNoo PN 8 =CTARL
GND g F Ve
INT o = OuUT 1
R 5 3 OUT 2

PIN CONNECTION
8 PIN DIP

R T K
N |
\d }
R |
N4
> f
Q/w“/ 10
S5 OPERATING ! POSITIVE
Rovd VOLTAGE | SUPPLY
& AREA | o a W+
" |58
132 4.0 IS
i
|1
€ T B o
15 10 -5 1

NEGATIVE SUPPLY (V-)
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ELECTRICAL CHARACTERISTICS (V.

=+5VDC. T, =25°C)

AVAILABLE PACKAGING
8 pin DIP

ELECTROSTATIC SENSITIVE DEVICES
DO NOT OPEN PACKAGES OR HANDLE
DEVICES EXCEPT AT A
STATIC-FREE WORKSTATION

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Supply Current I+ - 10 mA
I- 10 - mA
Normal Supply Voltages Vs +5 +12/-5 +5/-12 \
Switch Turn-on/off Delay tdON/OH ‘ 20 ) 25 ns
— | | N
Switching Transients ! Duration is typically 10 ns 80 mVpeak
| unfiltered |
Control Input Bias I P | Control = 1 - 5 ‘ : UA
Logic Level threshold VLOG\(‘) 1 2 - ‘ Vi
- S 0 1.1 \
Signal Input Bias I PN . 5 - uA
Insertion Loss 1L C f=1MHz 002 . dB
f =10 MHz - 0.05 dB
Differential Gain | dg £ = colorburst +5v 0.05 01 %
3.58 or 4.43 MHz +8V 0.025 0.05
| - i .
Differential Phase dp f = colorburst +5V i 0.05 0.1 degrees
3.58 or 4.43 MHz +8V i 0.01 0.025 i
Crosstalk - XTALK = 358 MHz - 80 ; | aB
| |
I I i
Bandwidth fsas C, = 10pF 100 | : L 1 MHz
) R S | | ‘
Output Voltage Swing Vg ‘ | -2 | - +3 \
CAUTION
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Frequency Peaking Compensation
of the GX414 and GX424

by J lan Ridpath. Senior Applications Engineer. Video/Broadcast Products

INTRODUCTION

In video switching applications, the crosspoint switch must
meet several critical specifications which include differential
phase, differential gain and frequency response flatness. The
GX4 family of crosspoint switches exceed broadcast require-
ments for the above specifications. For wide bandwidth and
high bit rate data applications, the frequency/flatness per-
formance of these devices can be easily extended using
information in this application note. Information presented
gives the system designer two methods of frequency com-
pensating a systemusing the GX414 and GX424 Video Cross-
point Switches.

The first method uses a small value series resistor placed in
the output of each device. The second method utilises the
frequency roll-off characteristics of the external video buffer
amplifier

CHARACTERISTICS OF THE GX414 AND GX424

The GX414 and GX424 are bipolar video crosspoint switches
configured as shown in Figure 1. Each analog switch has an
emitter follower input, some level shifting and clamping cir-
cuits and an emitter follower output. The four switch outputs
are tied together and brought out to one common pin. At
frequencies above 1 MHz, the emitter follower switches nat-
urally exhibit frequency response peaking.

r ’ . +Vce
' cs
)
> N
| S .
i < .

> o—7+‘7+
INO ¥ | ‘(
i k 10O ouT
|
L
! = ; cs () #2 >4
CS V 3 mA - #3
v | -
1 1 #4 >
— 74;“ - O

EE

Fig.1  Enabled Crosspoint Equivalent Circuit

The outputimpedance is roughly modelled as shown in Fig. 2.
R SIS
AN G0 me O
A 440 180 nH
9

Fig.2  Output Impedance Model

APPLICATION NOTE

The transfer function of this network is:

1

;- Vo Lc B
S, s?+s/H>+1
't/ e

This transfer function has a pair of complex conjugate poles
with 1

foo= L2
°  2miLC
1 [0\
and Q = <f\‘ // s .3
R/ \V C

The frequency response peaks when Q >1/V2 at a frequency
equal to f . but it is maximally flat when Q = 1/V2.

In the above equations. the capacitance C. represents the
load capacitor external to the device. With any value of C, a
value of R can be found which will make Q = 1/N2, thus
flattening the response. Practically, this can be accomplished
by placing an external resistor in series with the output of the
device.

In video routing or matrix switching applications, the load
capacitance on the output bus is determined by how many
devices are connected to the bus. A typical example as
shown in Figure 3, uses five GX414s or five GX424s wired as
a 20 x 1 matrix.

s . . Toouteut
BUFFER

|
12

ffff | |
! 5. GX414's
Bt
) C, =4 x 15pF
! = 60pF

IN 20 -

Fig.3 20 x 1 Matrix

For any single selected crosspoint, four of the devices will be
disabled and one will be enabled (selected). The output
capacitance of a disabled device is approximately 15 pF
resulting in the total load capacitance seen by the selected
device as approximately 60 pF. Assuming stray capacitance
adds a further 5 pF to the system output, the total external
capacitance will be approximately 65 pF.
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Method 1. Adding Series Resistance to the Output

Using equation 3). the value of R which will cause Q to equal
1/v2 will be;

R=(Vv2) V180 nH

V65pF

which yields; R = 74.4 ohms

ohms

Since the equivalent series output resistance of the device is
44 Q) (as shown in Figure 2), an additional 30.4 Q must be
added in series with the output in order to make the total resis-
tance equalto 74.4Q. Figure 4 shows the frequency response
of the above set-up along with the uncompensated response
For this graph, a 33 Q resistor was used and a 60 pF load
capacitor simulated the additional disabled devices
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Fig. 4  Frequency and Uncompensated Responses

With the same 33 Q resistor in the circuit, the load capacitors
were changed to 47 pF and 27 pF in order to see their effects
on the frequency response. The 47pF capacitor closely
simulates a 16 x 1 crosspoint circuit while the 27 pF approxi-
mates a 10 x 1 situation. Figure 5 shows the results of these
changes.
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Fig. 5 Frequency Responses due to a Change
of Capacitor Values

Precise modelling has been done yielding far more accurate
results. The effectonthe frequency response of any seriescom-
pensating resistor can be computer simulated using these
models. Figure 6 is an engineer-generated model of the
GX414 or GX424 device. This model has been simulated
using 'PSpice' (software by MicroSim Corporation) and com-
pared to measured results. A PSpice NETLIST is available on
floppy disk from Gennum for assisting the systems engineer
and designer. The input and output impedance parameters
are specified for frequencies up to 70 or 80 MHz and will
produce accurate frequency response results for load capaci-
tances between 10 pF and 100 pF

+ 500

Fig. 6  Engineer-generated Model of GX414 or GX424

Figure 7 is an approximate model of a disabled crosspoint
switch showing some of the circuit potentials and more impor-
tantly, the various capacitances associated with a disabled
switch

—

600 Q

t: i
1
Vin 065V — |

M’iﬁTTTEL ot

Fig. 7 Disabled Crosspoint Equivalent Circuit

The input capacitance of a disabled switch varies with the DC
bias voltage from 2.1 pF at -1 volt to 2.5 pF at +1.5 volts.
Futhermore, there is a slight change in C,, between the
disabled state ( 2.2 pF at 0 volts bias ) and enabled state ( 2.0
pF at 0 volts bias ). The slight variations would only be
significant if the input driver source impedance is high. The
output capacitance of the disabled chip is made up of four
times 0.7 pF, for the four output transistors, plus 12 pF which
is common to all outputs, giving a total of approximately 15 pF.



Method 2.  Frequency Compensation by the Output

Buffer Stage.

The only drawback of using a series resistor to compensate for
the peaking response of the GX414 and GX424 is the slight
degredation of differential phase through the switch and resis-
tor. Since the outputs are eventually buffered at the bus by an
operational amplifier or a specifically designed video buffer, it

seems reasonable to compensate at this point in the system.

INPUTS FOUR GX414s
01 -8V

Vo

Figure 8 shows a 16 x 1 systemthatis setup using four GX414's
and two popular buffer amplifiers. The first is an Elantec EL-
2020 and the second is a Signetics NE-5539. The EL-2020 is
a 50 MHz current feedback ampilifier specifically designed for
use in video applications. The NE-5539 is an ultra-wideband
operational amplifier having an external frequency compensa-
tion pin.
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Unless otherw'se shown all capacitors are in uF
and all resistors are in ohms
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Fig. 8 16 x 1 Video Crosspoint Circuit




Several combinations of resistor values were used in order to
set the gain of each amplifier to 6 dB and yet maintain stability
A small trimmer capacitor in conjunction with a series resistor
was used as a lag-circuit at the amplifier input. Along with this
circuit, in the case of the NE-5539, a compensating trimmer
capacitor was connected to the compensation pin

Each bufferamplifier was then independently connected to the
16 x 1 crosspoint circuit and the variable circuit elements were

ADDRESS 701

adjusted to flatten the frequency response. The frequency
response was observed and measured using the test set-up
as shown in Figure 9.

Initially. the buffer amplifiers were set up having as wide a
bandwidth as possible. Results approaching those shown in
the manufacturer's data book were achieved. The crosspoint
switches were then placed in the circuit and obvious amounts
of frequency peaking were noticed.
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The lag-circuit timmer, the compensating trimmer and gain
potentiometers were adjusted until a flat response was achiev-
ed. Figures 10, 11and 12 show the various frequency response
results.

[N
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Fig. 10 Amplifier Response

The wide bandwidth of the NE5539 is obvious with a -3dB
frequency of well over 200 MHz, while the -3dB point of the EL-
2020 is about 45 MHz.

GAIN (dB)

Cim ~ ~

T \y. u !
Predictable peaking occurs in both systems between 40 and
50 MHz.
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Fig. 12 Resultant Flat Response

Virtually all peaking has been removed. resulting in a flat
response to atleast 35 MHz for the NE5539 and at least 15 MHz
for the EL-2020.

CONCLUSION

This brief application note has dealt with the compensation for
flatness that is necessary when using the GX414 and GX424
video crosspoint switches. The video system designer is
concerned with flatness and insertion loss of any crosspoint
switch in his system at the colour burst frequencies of either
3.58 MHz or 4.43 MHz.

Theinsertion loss of the GX4 family of devices at these frequen-
cies in less than 0.05 dB. However, for wideband and high bit
rate data, it is important to have a flat response, out to at least
30 to 50 MHz. Using the techniques described in this applica-
tion note in conjunction with the buffer stages specified, the
GX414 and GX424 switches can be made to have a flat
response up to the frequencies mentioned above.

Indeed, the peaking response of the GX414 and GX424 canbe
used to advantage with a falling response found in most opera-
tional amplifier circuits in order to flatten the overall frequency
response.

Application engineers at Gennum are more than happy to work
along with system designers and will try to answer any cus-
tomer questions regarding the GX414 and GX424, high per-
formance Video Crosspoint Switches.
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Comparison of 4x1 Video
Crosspoint Switches

by lan Ridpath, Senior Applications Engineer, Video/Broadcast Products

INFORMATION NOTE

A Look at Parameter and Operating Differences
Between the GX414, GX414A, GX424 and GX434
Monolithic, Bipolar, 4x1 Video Crosspoint Switches

INTRODUCTION

It is perhaps worthwhile, before looking into the differ-
ences, to view the similarities between members of this
family of high performance video crosspoint switches.
Functionally, all the devices represent a 4x1 crosspoint
configuration as shown in Figure 1.

o
INO © X>—~f’~ -
X\ *
[ —]
N2 O R4 outeun
s |
1 [
A0 O————— 270 4 DECODER cHP |
Al Ot LOGIC seLECT [OCS

Fig. 1 Functional Diagram

They are all pin-for-pin compatible with the exception of the
GX434 which uses the normally unused pin 9 as a connec-
tion point for an external 1% resistor. They are all available
in standard 14 pin DIP and 16 pin SOIC packages

The data sheets provide detailed electrical parameter
specifications and performance graphs for each device.
This information note looks specifically at the differences in
some of the parameters, how they are achieved, and their
effect on the selection of a member of this family group for
a particular application.

DEVICE COMPARISONS

COMPARISON 1: GX424 vs GX414

The GX424 is identical in all operating respects to the
GX414; only the ‘test program’ varies for each device, in
order to allow the GX424 to pass with wider parameter
spreads and reduced specifications. These wider spreads
and reduced specifications are compared in Table 1.

PARAMETER UNITS GX424 GX414
Maximum supply current (mA) 18 14
Output offset voltage range (mV) -20 to +30 2to +12
Maximum offset drift uv/eC +300 +200
Input to output delay spread (deg) +0.80 +0.35
at 25°C (chip-to-chip)

Address logic (turn-on time) (ns) 100t0 350 130to 270
Chip selection (turn-on time) (ns) 150 to 450 200 to 400
Maximum difterential gain (%) 01 0.05
Maximum differential phase (deg) 0.05 0.025
Max. insertion loss at 10 kHz (dB) 0.06 0.05
Minimum 3 dB bandwidth (MHz) 80 90
(C_ =300pF)
Gain spread at 8 MHz (aB) +0.46 +0. 1
(C_ =30pF) -0.12
Min. OFF isolation at 10 MHz (dB) 90 100
Min. all hostile crosstalk (dB) 92 94
at 5 MHz
Minimum slew rate (CL = C pF) (Vlus) +60 +84
-50 -70
Relative cost lower

Table 1

The video system designer has the choice of using either
the GX414 or GX424 depending whether or not, for the sake
of cost-effectiveness, a sacrifice in performance is war-
ranted.

COMPARISON 2: GX414A vs GX414
Nearly all parameters are the same for the two devices. The
exceptions are shown in Table 2. (see over)

An additional processing stage (on-chip capacitance)

compensates for frequency peaking but reduces the slew
rate.
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PARAMETER UNITS GX414A GX414
Input to output signal delay (deg) +0.6 +035
matching (chip-to-chip)

Gain spread at 8 MHz (dB) +0.25 +0.1
Typical slew rate (C, = 0pF)  (V/us) +40 +188
Reiative cost higher

Table 2

COMPARISON 3: GX434 vs GX414

The parameters and operating characteristics of the GX434
most closely resemble the GX414. The normally unused pin
9 is now employed for connecting an external precision
resistor. The parameter differences between the two de-
vices are tabulated in Table 3.

PARAMETER UNITS GX434 GX414
Input to output signal delay
matching chip-to-chip
atT, =25°C (deg) +0.15 +0.35
-at Full temp.range (deg) +0.3 +0.7
Max. supply current (mA) 115 14
Min. 3 dB bandwidth (MHz) 100 90
(C_ =30pF)
Gain spread at 8 MHz (dB) +0.06 +0.1
-0.04
Typical slew rate (C\ =0pF)  (Vius) +450 +120
-200 -100
Table 3

This higher degree of delay matching and gain spread is
achieved by using an external 33.2 kQ, 1% resistor con-
nectedtopin 9. All the other 4x1 devices compared in this
note use an onboard resistor which has a tolerance of
between 20 and 25 percent. These resistors effectively
control currents within the chip that determine the input-to-
output signal delay. The tighter the control of the resistor
tolerance, the less is the chip-to-chip delay spread.

The difference in the frequency response values and slew
rate are due to a modification to the on-chip frequency
peaking compensation network.

CONCLUSIONS

Even though this particular group of devices is similar in so
many respects, the differences described are significant to
the video systems designer. This is especially true if a cost-
effective yet performance enhanced system is required

The design and application engineers at Gennum are
always happy to discuss system requirements for any of the
video crosspoint switch ICs.
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16x1 VIDEO CROSSPOINT
EVALUATION BOARD

by lan Ridpath. Senior Application Engineer. Video and Broadcast Products Group

INTRODUCTION

This application note describes the construction and use of the
GENNUM 16x 1 Video Crosspoint Evaluation Board. This board
is intended to demonstrate the straight forward application of
the GX414, GX414A. GX424 and GX434 video crosspoint
switches in a 16x1 multiplexer configuration

DESIGN FEATURES

In addition to the crosspoint switches, this board incorporates
address decoding and disable logic and an output buffer
amplifier. With a total parts count of only 28 (excluding optional
DIP sockets and 1/O connectors), the Gennum 16 x 1 circuit
represents the simplest, most cost effective and lowest power
consumption 16 x 1 video crosspoint module available

(See note 1. page 5)

Other features are highlighted below

" Extremely low differential gain and phase ( final result depends
on buffer amplifier used)

* Extremely high OFF isolation and low crosstalk
* Virtually 1o switching ghitchies.

* No external buffer transistors are needed in order to keep the
ON to OFF input impedance constant.

* Less than 30 mW disabled power consumption

The on board video buffer allows the multiplexed video signal
to directly feed a 75Q load. An additional unbuffered video
output allows the user to parallel up several boards and
connect an external buffer.

THEORY OF OPERATION (refer to Figure 1)

Each crosspoint IC has a Chip Select and two Address inputs
which operate according to the following truth table.

TRUTH TABLE
TS| a1{a0| outPut

ofo]o INO

oo |1 IN 1

oft]o IN2

o1 |1 IN3

1x | x HI-Z
X = DON'T CARE

APPLICATION NOTE

If more than one device is used, the ADDRESS inputs for each
device are simply connected in parallel. The address selection
bits are AO and A1 and determine which of the four crosspoints
per device are activated. However, until the chip has been
selected (chip select = 0), no signal path exists

The four C~h—ia§|~e_5t inputs must be decoded from the two most
significantaddress bits, A2 and A3. Furthermore. allthe devices
must be turned off if none of the 16 video inputs (IN1to IN16) are
required (circuit disabled). This decoding and disabling is
accomplished by one half of an MM74HC139N dual 2 to 4
decoder

The two most significant address bits are applied to pins 2 and
3 of this device. When the device is enabled (low on pin 1), a
unique low state output is generated at the output (pins 4, 5, 6
or 7). When the 74HC139 IC is disabled. (Disable = 1), all the
outputs go high and turn off all four GX4 devices. In this manner
any one of sixteen video paths can be selected or all can be
turned off by using five bits of data (A0,A1,A2 A3 and Disable.)

The video input signals are directly connected to the video
cwitches. If these cigrals are fed from a 75 Q cable, 275 0
resistor should be installed from the input to ground. In multi-
input applications where the inputis driven from alow impedance
buffer amplifier, these 75Q resistors are not needed. All unused
inputs should either be tied directly to ground or tied down with
75 Q resistors

Assuming that a video signal on input 1 (IN 1) is required to be
switched to the output, the data bits should be as follows;

A0 =0,
A1 =0,
A2 =0,
A3 =0,

DISABLE = 0 (enabled).

In this case, the first of the four crosspoint switches in IC1 is
because address bits A2 and A3 are low and because pin 1 of
the device is low (low = enable)

The low logic level coming from pin 4 of IC5, creates a chip
selection for IC1, enabling the crosspoint and allowing the video
signal on IN-1 to be routed to pin 10. From here it goes to the
buffer ampilifier, IC6 via the 22 € series resistor, R1 and a lag
circuit made up of R5 and C12.
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The series resistors R1-R4 dampen the Q of the frequency
peaking response of the crosspoint switches and the lag
circuit further tailors the frequency response in order to
produce a flat response (see note 2. page 5). The gain of the
bufferis nominally set for 2 (+6 dB) by the trimpot, R9, in order
to compensate for the loss through the 75 Q back matching
resistor, R8. Similarly, if the video signal on IN16 was select-
ed, the data bits would have to have the following logic levels;

AD=1, Al=1 1 DISABLE =0

=1, AZ=1, A3=1,

In this case. the fourth switch in IC4 would be activated and
that chip would be selected by the low output on pin 7 of IC5

Unbuffered video can be observed at the Unbuffered Video
Output. When this output is used. a load resistance of 10 k(2
or greater should be used. The frequency response will be
relatively flat up to 40 MHz or 50 MHz and is not dependent
upon the response of the on board buffer
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Figure 1 Circuit Diagram of the 16 x 1 Video Multiplexer Board



The power supply connections for the video buffer amplifier are
independent of the rest of the circuit. The board is laid out to
accept any of several video buffer amplifiers having the standard
opamp pin-outs as shown. Many of these can operate from the
same V. andV, as does the rest of the board. One amplifier
recommended however, is the VA708 video buffer from VTC
which has a maximum supply voltage rating of only 6 volts

The power supply voltage for the logic must not exceed 5.25 volts
This allows the use of either LS-TTL or 5 volt HCMOS. There is
however, anincrease of 35 mW power consumptionwhen LS-TTL
is used

CONSTRUCTION AND SET-UP

Artwork for the PCB is included in this application note along with
a parts list and typical performance results.  Construction is
straight forward and should present no real problems. An etched
and drilled PCB is available from Gennum Corporation at a
nominal price. Those interested in obtaining a board should
contact the Video/Broadcast Products Group at Gennum.

Two possible test set-ups are described in this application note.
They are shown in Figures 2and 3. One uses the on-board buffer
amplifier and the other is for use with an external buffer. In either
case, the address and enable logic levels can be generated by
DIP switches or the outputs of shift registers and/or latches. If DIP
switches are used, pull-up resistors must be included

Also  if the buffer amplifier is capable of operating at the same
supply voltages as the crosspoints, the appropriate supply pins
can be wired together. This would leave only the logic portion of
the board requiring a separate supply.
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Fig.2 Test Circuit 1
(On-board Buffer)

Fig. 3 Test Circuit 2
(External Buffer)

NOTE: -VB may be connected to -V¢

+VB may be connected to +V.

Figure 4 shows the placement of the
components on the PCB
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Fig. 4 Component Layout
Parts List
Qty Description Designation
1 Printed Circuit Board Gennum Corp (GVB16X1)
4 GX414CD IC Gennum Corp C1tolIC4
1 MM74HC 139N IC National 1 C5
1 VA708 or EL2020 or HA2544 video bufter IC 1 C6
11 0.1 uF, 100 V block capacitor CltoC11
1 2 to 10 pF trimmer capacitor c12
4 22Q, 1/, W. 1% resistors R1to R4
2 3309, 4W. 1% resistors R5, R7
1 680 /4W, 1% resistor R6
1 75Q, 1/4W, 1% resistor R8
1 500€2PCB mount trimpot R9
4 14 pin DIP sockets (optional)
1 16 pin DIP socket (optional)
1 8 pin DIP socket (optional)
4 8 way strip connectors (0.1 in.) (optional)
13 PCB connector terminals (optional)
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Test Results

Using test circuit 1 with a VA708 buffer amplifier, the following Using test circuit 2 with no on board buffer ampilifier. the following
quantities were measured and calculated: quantities were measured and calculated
Crosspoint supply voltage = +8V Crosspoint supply voltage = +8V
Buffer amplifier supply voltage = 5V Logic supply voltage = +5V
Logic supply voltage = +5V
1. Positive crosspoint supply current (disabled) = 1.65 mA 1. Positive crosspoint supply current (disabled) = 165mA
2. Negative crosspoint supply current (disabled) = 1.00 mA 2. Negative crosspoint supply current (disabled) = 100 mA
3. Positive crosspoint supply current (enabled) = 1142 mA 3. Positive crosspoint supply current (enabled) = 1142 mA
4. Negative crosspoint supply current (enabled) = 10.74 mA 4. Negative crosspoint supply current (enabled) = 1074 mA
5 Logic supply current (74L.S139) = 7.00 mA 5. Logic supply current (74LS139) = 7.00mA
6. Logic supply current (MM74HC139) = 0.10 mA 6. Logic supply current (74HC 139) = 0.10mA
7 Buffer Amplifier positive supply curent = 840 mA 7. Total DISABLED power consumption (74L.S139) = 562mw
8. Buffer amplifier negative supply current = 840 mA 8. Total ENABLED power consumption (74LS139) = 212mw
9. Total DISABLE power consumption (74LS139) = 140 mW 9 Total DISABLED power consumption (74HC139) = 21.25 mW
10.  Total ENABLED power consumption(75L.S139) = 296 mwW 10. Total ENABLED power consumption (74HC 139) = 178 mwW
11.  Total DISABLED power consumption (74HC139)= 105 mwW 11. Freqguency response (crosspoints alone)
12. Total ENABLED power consumption (74HC139) = 262 mW IN16 +20dB = 42 MHz
13.  Frequency response -0.1dB = 20 MHz -1.0dB = 65 MHz
-1.0dB = 32MHz -30dB = 80 MHz
-3.0dB = 42 MHz
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Fig.5 Frequency Response of Test Set-up 1 Fig.6 Frequency Response of Set-up 2
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The artwork is a photographic copy at 82% of full size and
may be reproduced and enlarged (122%). If plated through-
hole facilities are not available, the pad-vias may be made by
using tinned copper wire.

NOTES
1. Document 510-50 A Comparison of Various 16 x 1 Video Switching Matricies
2. Document 510-39 Application Note Frequency Peaking Compensation of the GX414 and GX424
(available from Gennum Corporation).
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Comparison of 16x1
Video Multiplexer
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by J. lan Ridpath, Senior Applications Engineer, Video & Broadcast Products

INFORMATION NOTE

INTRODUCTION

This document presents comparative technical information
betweenthe Gennum GX414 video crosspoint switches and
the various DCMOS products offered by Siliconix Inc. as
used in 16x1 video multiplexer. The 16x1 configuration was
chosen because it is quite often a basic building block
found in many production switchers and routing systems.

No direct cost comparison has been made since the final
assembled cost of a PCB varies, depending on whether
standard or surface mounting techniques are used. However,
a parts list is included for each circuit in order to allow the
design engineer to cost each system on its own. The only
assumption that has been made is that the best cost-
effective solution (with highest performance specifications)
is desired by the video design engineer.

The four circuits presented, compare the Gennum GX414
internally buffered bipolar 4x1 crosspoint to the Siliconix
16x1, 8x1 and 4x1 circuits represented by their DG536,
DG538 and DG540 DCMOS integrated circuits.

THE GENNUM GX414 SOLUTION

The desired 16x 1 configuration is simply implemented using
four GX414 video crosspoint integrated circuits along with
some address decoding and latching. No input buffer stages
are needed with this circuit. The features of the Gennum
solution are;

¢ extremely low differential phase and gain®
e extremely high isolation *
* no external transistors or resistors required
* minimal PCB board space (approximately 2" x 5")
e virtually no switching glitches
e virtually constant input capacitance
(2.0 pF to 2.4 pF maximum variation).

Parts List
4 - GX414 IC (switches)
10 - Supply rail bypass capacitors
1 - 74HC139 IC (chip select decoder)
1 - MC14042 IC (quad latch)
2 - 16 way connectors (video inputs and grounds)
1 - 10 way connector (address/ enable/ strobe/ power
and video out)
- PCB approx. 2" x 5"

—_

Total parts count = 20

* See Gernum Data Sheet 510-38
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Fig. 1

Circuit Diagram of the 16x1 Multiplexer

Using Four GX414 Devices
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THE SILICONIX DG-536 SOLUTION

This device has onboard address decoding and latching for
all 16 switches. The logic inputs include Chip Select, Enable
and Strobe. requiring virtually no external logic circuitry
When using split power supplies however, (for best differential
phase and gain), the logic inputs must be level shifted.

The MOS bilateral channels require buffering at their inputs
inorder to prevent the flow of signal and switching transients
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g. 2 Circuit Diagram of the DG-536 16x1 Multiplexer

THE SILICONIX DG-538 SOLUTION

This device is configured as an 8x1 analog switch having
improved specifications over the DG-536. As with the DG-
536, external input transistor buffers are required. Also, in
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Fig. 3 Circuit Diagram of a DG-538 16x1 Multiplexer

from output to input. The buffers are also necessary in order
to reduce the large capacitance change at the input of each
switch from the ON to OFF condition of the channel.

A level shifting NPN transistor is also required at the output
in order to restore the correct DC reference. It is usually
necessary to clamp the output during switching. These
transistors with their associated bias components and bypass
capacitors take up more room than the integrated circuit
itself resulting in a PCB of about 5 inches by 4 inches. The
associated component cost, PCB area and manufacturing
complexity does not make this arrangement as cost effective
as the Gennum solution

Parts List

1-DG-536 IC (16 switches, decoder/latches etc.)
16 - PNP bipolar transistors (buffers)
1 - NPN bipolar transistor (output level shifter)
50 - Resistors for above transistors
20 - Supply bypass capacitors
2 - 16 way connectors (video inputs)
1 -4 way connector (address)
1- 6 way connector (power, video out, control)
1-PCB - (5" by 4").

Total parts count = 93

order to make a 16x1 matrix, two DG-538 integrated circuits
are necessary. A small amount of external logic is required
in order to select each device. This circuit uses address bit
A3 as the controlling signal along with an ENABLE signal
that disables the entire 16x1 multiplexer.

Parts list

2 - DG-538 IC (switches, decoder/latches)
1 - 74HCO2 IC (A3 selection)
22 - Supply rail bypass capacitors
16 - PNP transistors (input buffers)
1 - NPN transistor (output level shifter)
50 - Resistors for the above transistors
2 - 16 way connectors (video inputs and grounds)
1 - 6 way connector (address, enable, video out)
1 - 4 way connector (power)
1 -PCB(4"x5")

Total parts count = 97



THE SILICONIX DG-540 SOLUTION

The DG-540 is configured as four independent analog
switches (quad SPST) and has improved frequency
performance specifications over the DG-536 and DG-538
due toreduced capacitances and channel ON resistances.
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Fig. 4 Circuit Diagram of a DG-540 16x1 Multiplexer

CONCLUSIONS

The Gennum GX414 is the only device described which is
specifically designed for video crosspoint matrices.
Furthermore. only the GX414 data sheets specify differential
gain and phase, two extremely important video parameters.

The GX414 is the only crosspoint using bipolar switches
having unidirectional signal paths and make-before-break
switching. These features mean that switching transients
are extremely small and that there is virtually no feedback of
these onto the input bus. Thus, no external input buffer
stages are needed. The bipolar low impedance signal path
also means that for high impedance loads (such as the
output buffer stage), insertion loss is typically less than
0.035 dB.

At first glance it may appear as though the more complex
internal circuitry of the DCMOS devices would have a
simpler design solution. However, on comparing system
component counts for the four circuits, it is evident that this
is not the case.

As with the two other devices, the DG-540 requires input
transistor buffers. Also, since the device is made up of
independent switches with no address decoding nor chip
enable function, these have to be provided by external
logic. Fortunately, a single 4 to 16 encoder such as the
Motorola MC 145148, will perform the Address Selection,
Enable and Strobe functions. This device is a 24 pin DIP and
occupies a fair amount of PCB real estate. This combined
with the area needed for the sixteen input buffers, makes the
size of the multiplexer board similar to that of the DG-536
and DG-538

Parts list

4 - DG-540 IC (switches)
26 - Supply rail bypass capacitors
16 - Transistors (input buffers)
1 - NPN transistor (output level shifter)
50 - Resistors for the above transistors
1 - MC14514B IC (decoder/ latch)
2 - 16 way connectors (video inputs and grounds)
1 - 6 way connector (address/ video out/ enable)
1 - 4 way connector (power)
1-PCB- (5" by4")

Total parts count = 102

The following table highlights the significant advantage
offered by the Gennum GX414 solution in designing a 16x1
video crosspoint multiplexer.

Solution | Component | PCB Area | Power Consumption
Count SQ. IN. (MW)

GX414 20 10 186"

DG536 93 20 242t

DG538 97 20 304"

DG540 102 20 313"

) Vee= 28V, Vi gg e =5V, Ty =25C
(one crosspoint selected. all puffers on 1 = 1 mA)

Vo= 412V, V= 3V

Engineers at Gennum are always willing to assist the video
design engineer in achieving a high performance, cost
effective solution to their video routing and switching
requirements.
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(Differential Gain and Phase)
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by John Francis and Paul Moore, Design Engineers Video/Broadcast Products

INFORMATION NOTE

INTRODUCTION

Measuring non-linearities in video switching systems can be
a demanding task when using standard test signal and
oscillographic techniques. While it may be possible to measure
the relatively large system distortions in this manner,
measurement of differential gain (dg) and differential phase
(dp) in the smallest system component, the video switch IC,
calls for more precise and accurate methods

In creating a line of video switch products, we have found it
necessary to develop improved resolution dg and dp
measurement techniques which yield better than 0.001% and
0.001 degrees accuracy. This measurement expertise allows
us to minimize crosspoint distortion through optimization of
circuit design and application methodology

THE TEST SIGNAL

IEEE Std 206 defines differential gain and phase as the
change in magnitude and phase of a small amplitude, high
frequency sine wave summed with a low frequency signal
changing between two stated levels. As it relates to a
composite color television system, differential gain and phase
are measured for 20 IRE units of color subcarrier superimposed
on aluminance signal which varies from blanking level (0 IRE)
to white level (100 IRE).

For AC coupled systems, the average picture level (APL)
should be maintained at 10%, 50%, or 90% to ensure that the
fullrange of average operating conditions are observed. Also,
a time-varying luminance signal of near 15kHz is usually used
as the low frequency component

For DC coupled systems, the APL does not affect the operating
point of the circuit under test and hence is not significant
Further, a well-defined DC luminance component can be used
if it is assumed that the DC response of the crosspoint is
equivalent to its low frequency response. This is a valid
assumption for the wideband video crosspoint. DC conditions
simplify the measurement while allowing the use of high
resolution test equipment

To simulate the operating conditions of an AC coupled,
composite video system while making a DC coupled
measurement, the following table may be used. It shows the
required blanking and luminance levels of the test signal for
10%. 50%, and 90% APL in steps of 12.5 IRE units per IEEE Std
206.

DC Coupled AC Coupled
APL irrelevant 10% APL 50% APL 90% APL
Blanking Luminance Blanking Luminance Blanking Luminance Blanking Luminance
Level (V) Level (V) Level (V) ‘ Level (V) Level (V) Level (V) Level (V) Level (V)
0 .089 -.029 i .060 -.250 ‘ -.161 -.464 -.375
0 A79 -.029 ‘ 150 -.250 ‘ -.071 -.464 -.286
0 | .268 -.029 239 -.250 ‘ 018 -.464 i -.196
0 . 357 -.029 | 328 -.250 i 107 -.464 -107
0 . 446 -.029 | 417 -.250 : 196 -.464 : -.018
0 | 536 -.029 } 507 -.250 i 286 -.464 072
0 | 825 -.029 } .596 -.250 | 375 -.464 161
0 [ 74 -.029 ! .685 -.250 ‘ 464 -.464 .250
/ | a

where white level = 100 IRE = 0.714 V (when DC coupled)
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Fig.1 System Block Diagram

MEASUREMENT METHOD

The test equipment used to measure dg and dp is shown

in Figure 1

It consists of :
HP8754A  Network Analyzer
HP 8748A  S-parameter Test Set
HP8656A  Signal Generator
HP3478A  Digital Multimeter
HP59301A ASCll-to-Parallel Converter
HP9816 Computer
HP2225A  Think Jet Printer

The signal generator is programmed to provide a stable
and accurate color subcarrier of user-definable frequency
and amplitude. This reference signal is applied to the
inputofthe S-parameter test setand thereby tothe device
under test (DUT) through port 1 (signal R). The output
from the DUT is sampled at port 2 of the S-parameter test
set (signal B). The forward transfer characteristic

(S21 = B/R) is passed to the network analyzer where the
magnitude and phase are measured. A DVM allows the
9816 computer to read the measurement over the General
Purpose Interface Bus (GPIB)

As shown in Figure 2, software running on the 9816
computer leads the user through the measurement routine
while controlling the test equipment over the GPIB. The
computer prompts the user to specify:-

a) gain or phase measurement

b) frequency and amplitude of the subcarrier. and

c) blanking and luminance levels

Setup system addresses & initialize bus

Y

—” Define test conditions |
| Setup for measurement I-_
l For 1 = 1to 100 ‘

!

—»[ Close relay to blanking level & read data —l

IC\OSC relay to luminance level & read data I

!

[Calcu\ale difference and update average l

!

_—__1 Next | |
[
Y
I Display result and test congitions |
Next 7 last e Repeat

_ Measurement?

v
Cee D

Fig. 2 Flow Chart of Differential Gain and Phase
Measurement Program.
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Fig. 3 Simplified Test Circuit

The test circuit of Figure 3 allows two DC bias levels. set by the
user, to be superimposed on the color subcarrier from port 1 of
the S-parameter test set. A relay.controlled by the 9816
computer, selects either the preset blanking or luminance level.
The programtakes one measurement ateach level and calculates
the change in gain or phase of S21. This procedure is repeated
one hundred times to provide a reasonably large sample. The
results are averaged to reduce the standard deviation and
theretore improve the accuracy ot the measurement.

The output from the device under test is AC coupled to a buffer
amplifier which drives the 50€2 line to port 2 of the S-parameter
test set. AC coupling allows the buffer to operate at a constant
luminance level so that it does not contribute any dg or dp to the
measurement.

MEASUREMENT ACCURACY
The accuracy of the measurement is dependant on :

a) the constancy of the subcarrier signal
b) noise
c) temperature drift.

Since dg and dp are relative measurements, the absolute gain
and phase of the forward transfer characteristic (S21) are
irrelevant. However. any change in gain or phase not resulting
from a change in the luminance level constitutes an error.

Two methods can be used to assess the accuracy of dg / dp
measurements:

In the first method, a shorting link is connected in place
of the device under test. A typical measurement of dg
and dp for this configuration is 0.0002% and 0.0006
degrees. The change in source impedance between
coupling the blanking and luminance levels to the input
contributes most ot this error.

In the second, disconnecting the control to the relay
places the device under test at a constant DC bias.
Measurements performed on this configuration should
give zero dg and dp; in fact, the results are less than
0.0001% for dg and 0.0001 degrees for dp

These checks ensure that:

a) error from noise is made insignificant by averaging
the measurements
b) drift problems do not contribute significant errors.

The important result of this exercise is that the typical GX414
data sheet specifications for dg and dp of 0.03% and 0.012
degrees are not our imagination but can be verified through
measurement!
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Virtually Glitch-free
Bipolar Crosspoint Switches

by J. lan Ridpath and Paul Moore. Design Engineers, Video & Broadcast Products

INTRODUCTION

Bipolar video crosspoint switches manufactured by Gennum
Corporationare virtually glitch-freewhen compared to switches
using CMOS and DMOS technologies

The reason?

Gennum designed a make-before-break switching circuit to
keep the output switching transients small. In addition. the
bipolar, unidirectional transmission path offers extremely high
output to input signal isolation.

MOS BREAK-BEFORE-MAKE SWITCHING

Both CMOS and DMOS switching are accomplished by altering
the channel resistance of the switching transistors from a high
impedance off-state to a low impedance on-state. The on-
state, (whether or not the switch is configured as a 'T') allows
bidirectional transmission of signals from the input to output as
well as output to input.

When switching to a second channel, a dead-time must be
incorporated to ensure that both channels are not on at the
same time. If they are, the two inputs would be effectively
shorted together by the on-channel resistances. This break-
before-make switching action causes severe glitches on the
output which areinpartcoupledto theinput by the bidirectional
transmission path

BIPOLAR MAKE-BEFORE-BREAK SWITCHING

In bipolar crosspoints, the output to the input isolation in the
enabled or on-state is typically in excess of 85 dB. A series of
emitter followers and level shifting diodes produce a
transmission path which is inherently unidirectional. Turning
on two crosspoints at once results in the signals mixing at the
output but interferes little with the input signals. This allows the
use of make-before-break switching which keeps the output
transient very small.

COMPARISON OF TRANSIENTS BETWEEN CMOS, BMOS
AND BIPOLAR SWITCHES

The test set-up to compare the switching transients of a
buffered MOS, a T-configured MOS and Gennum's bipolar
GX414 monolithic crosspoint is shown in Figure 1.

INFORMATION NOTE

INPUT OUTPUT
o I N o e
§ IN?
<
T CONTROL
-0
Figure 1

The signal causes the switches to alternate between Input 1
and Input 2. IN 1is tied to ground by a 75 Q resistor so that the
voltage on it can be monitored by an oscilloscope, while IN 2
is tied directly to ground.

Figures 2, 3and 4 show the results of these tests. The left hand
side of each of these figures show IN 1 and output waveforms
when the switch is toggled from IN 1 to IN 2. The right hand

A~ Al e ~ts when the switch is toacled bac
side shows the same yu-.uu WNRECH INC SWilChn CGG:\Ca 8acw

fromIN2toIN 1.

In the buffered CMOS example of Figure 2, an output glitch
appears which exceeds 250 mV in both the positive and
negative direction and areflected input glitchof approximately
10 mV. This output transient is reflected back to the input
because the channel is still ON for a short period of time.
When switching back from IN 2 to IN 1 the input glitch is
smaller, since the channel from IN 1 to the output is not yet
made. The duration of the input glitchis approximately 20 ns,
while the output transient rings for an additional 100 ns.

T T T T 7 T

INPUT A
(5 mv/div) v/
OUTPUT i
(200 mV/div)

B B

Fig. 2 T-Buffered CMOS ( 50 ns/div )
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Figure 3 shows that under similar switching conditions. the T-
configured DMOS device has alarge negative transient of over
100 mV at the input when switched from channel 1 to channel
2, and a smaller positive transient when the device is toggled
back. The large negative pulse at the output represents the
dead-time and clearly shows the break-before-make switching
action. However, it should be noted that a large amount of
overshoot occurs on the rising edge of the output signal.
Again, the duration of the input glitches is quite short and
varies between 20 ns to 40 ns, while the output dead-time
exceeds 70 ns.

INPUT N e .
(100 mV/div)

OUTPUT | 5

(200 mV/div) ‘ [ U
F [ N

;ﬁng_Lkgigggpfw,W”

Fig. 3 T-Configured DMOS ( 50 ns/div )

The last figure shows the minimal transients produced by the
bipolar crosspoint. Note the change in scales for both the
amplitude and time duration. The input glitches are not due to
the output transients, but are a function of the bias current on
the input emitter follower transistor. The negative going output
transient is less than 20 mV peak, and has a duration of
approximately 100 ns. Itis followed by a damped waveform of
less than 20 mV peak, having a fundamental period of about
600 ns. These low frequency transients do not create any
out-of-band noise and do not need to be filtered.

INPUT - L
(1 mV/div)

OUTPUT
(10 mv/div)

Fig.4 GX414 Bipolar ( 500 ns/div )

CONCLUSIONS

For MOS switches to be used as video crosspoints. extra
external circuitry is always needed. The external circuitry
usually consists of input buffers (having very low output
impedance) and an output clamping circuit

In DMOS circuits, the input buffer (which is usually an emitter
follower) is used to provide isolation from the switching trans-
ients present at the input of each switch. If the buffer was
not included and multi-inputs were used in a matrix
configuration, glitches would appear on the input bus and
affect all other crosspoints connected to that bus. Gennum's
GX414, GX414A, GX424 and GX434 bipolar crosspoints
have that buffer built-in.

Theratio of ON to OFF capacitance atthe input of a MOS switch
can be an order of magnitude or more. The absolute
capacitance could change from 4 pF to 45 pF. This means the
input drive signal sees an undesireable, widely changing
impedance. With the built-in buffer the Gennum products
listed have an input ON to OFF capacitance ratio near unity,
with absolute values of only 2.0 pF and 2.4 pF.

The serious output glitches produced by the MOS switches
could beinterpreted as sync pulses by subsequent equipment.
To remove this problem, the output must be clamped during
the switching dead-time. The output transients generated by
Gennum crosspoints are extremely small and clamping is not
needed.

Even though MOS crosspoint switches consume less power,
the saving is negated by the external circuitry necessary to
make the switch function properly inavideo system. Gennum's
family of bipolar crosspoints require no extra circuitry since
they are designed specifically for video routing and switching
applications.
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Resonant Mode
Power Supply Controller

FEATURES
* frequency range of 1 kHz to 2 MHz

* operating frequency range (min. and max.) set by a
resistor and a capacitor

* pulse width set by a resistor and capacitor
* synchronous overload shutdown with delayed restart

* synchronous overvoltage, undervoltage and remote
shutdown

* soft-start

* single-ended or complementary outputs

* drives power MOSFETSs directly ( 0.8A peak)
* low cost 16 pin DIP or SOIC

ABSOLUTE MAXIMUM RATINGS

Parameter Value & Units
Supply Voltage ) WEO\/ ]
Undervoltage/Overvoitage Input -04v - 6V
Overload Input 04V - 6V
Remote Shutdown -04V - Vce
VCO Input -04V - Vce
Storage Temperature 65°C < T, < 150-C
Lead Temperature (soldering. 10 sec ) 260°C
Junction Temperature 150°C
Power dissipation at T,<70C 720 mW
(derate 9 mW/°C for T, >70°C)
TOP VIEW
. W/
RSD =qPIN 1 16 p OL
Shutdown Shutdown
oLrRpe 2 15 Buyvov
Restart Delay Shutdown
vrete] 3 14 PR
Y
GND o 4 13 |@vco
PGNDH 5 12 PSS
Soft-start
ouTed s 1 |C
Veed 7 10 p SEOC
Single Output
OUTA=] g 9 PT o
Pulse Width

PIN CONNECTION
16 PIN DIP

GPB05 DATA SHEET

CIRCUIT DESCRIPTION

The GP605 utilizes frequency modulation instead of pulse
width modulation to achieve regulation. The pulse width is
held constant while the frequency is varied over an operating
range set by a resistor and capacitor. A feedback voltage
controls the switching frequency of the two complementary
outputs, which are capable of driving power MOSFETs directly.

Opening a normally grounded control pin puts the GP605 into
single-ended operation. Inthis mode the frequencyis doubled
and the two outputs are identical so they can be paralleled for
increased drive capability.

The high operating frequency of up to 2 MHz results in
significant reductions in the size of the required magnetic and
capacitive components in the power supply. This leads to
dramatic savings in volume, weight and manufacturing cost of
switching power supplies.

Included on the chip are peripheral functions such as soft-
start, undervoltage/overvoltage lockout, remote shutdown and
overload shutdown with delayed restart. All shutdown modes
are synchronous (the last output pulse is completed), and
defauit 1o soft-stait once the fauit condition is removed.

A 7
OLRD ~ O Vee
oL ) OVERLOAD ™ -—i  SYNCH i o
> — SHUTDOWN i GND
TG e
e I |
1+ TOVERVOLTAGE |
RSD  ©r~ UNDERVOLTAGE I SO 0 ss
RENGTE ] START f
15 !
uviov &
|
1 ) [ T
veo 2 vco i | MONOSTABLE
[ i L
T
14
Rosc C [ i
11 | |
Cosc O~ b . 5v | 3
. | t ~===C Vret
Ton 22 S T, R ‘ | REGULATOR |
’ |
| L T C ) e Pooua
seo o' Fue ‘ TN
| | | N o N 6
| \ [ o G ouT B
| L

I
‘
\ &5, PGND

FUNCTIONAL BLOCK DIAGRAM
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ELECTRICAL CHARACTERISTICS

Limits apply over 0°C < TA < 70°C for the GP605CD and GPB05CK.
-25°C =T, <85°C for the GPBOSID and GPEOSIK. and

Parameters tested on open loop test circuit
Typical values are at T, = 25°C

" Parameters marked with an asterisk® are valid onlyatT, =25C

55°C =T, <125°C for the GP605M vwl 12V
r PARAMETER ‘ CONDITIONS MIN TYP MAX UNITS —I
Chip Supply
i !
Supply Voltage 1 | 10 | 12 20 v
— | : i
Internal Vce Undervoitage | | 85 9.0 9.5 v
Threshold |
e | |
Threshold Hysteresis ! ‘ - 5 1 %
i 1
Supply Current ‘l Undervoltage condition 18 22 | 24 mA
. L
Voltage Control Oscillator
Maximum Frequency Single output i - 2 ‘ MHz
Complementary output 1 MHz
Tolerance of f max Fig. 6 +5 %
Tolerance of f min Fig. 5 - +20 %
Temperature coefficient fmax -300 -600 -900 ppm/°C
Temperature coefficient fmin 400 700 1000 ppm/°C
Dead Time TOFF‘ 200 300 ns
Operating Range of VCO Input max 6.5 - \
(Pin13) min 1.1 - \
Linearity of the VCO - - +5 %
Internal Pull-up Resistor (Pin 13) 8 10 12 kQ
QOutput Pulse Width Ty Tolerance - +5 %
Temperature Coefficient of Ton 0 400 800 ppm/°C
Output Section
Output Risetime 100pF Il 100kQ load on - 20 40 nsec
Output Falltime OUTA, OUT B - 15 30 n sec
Output Mismatch OUTA & OUTB, Pn10SEOopen | - 5 25 n sec
Output Low Level (sink) OUT Avs OUTB 20mA - - 07 \Y
200mA - - 2.7 \Y
Output High Level (source) OJT A&OUTB -20mA Ve -2.5 - - \
-200mA Ve 2.8 - - v
Reference Section
Output Voltage” 475 i 500 525 ‘ %
Temperature Stability -200 100 i 300 I ppm/°C
|
Max Current Capability 10 mA




ELECTRICAL CHARACTERISTICS continued

Open Loop Test Circuit

[ PARAMETER CONDITIONS MIN | TYP ; MAX UNITS
Shutdown Section
Soft-start (1 | C,=22uF VCO =7V 16 19 22 ms
|
Overload Restart Delay 2R =330kQ, C=68pF 1.0 i 13 1.6 sec
i |
o i
Propagation Delay to Shutdown : 2 i 200 300 nsec
Remote Shutdown (3 | Enabled Vce -0.8 - \%
! Disabled - - 3 \%
Overload Shutdown (OL) Threshold® 284 ! 3.0 316 v
OL Threshold Temp Coefficient | -400 100 500 ppM/°C
OL Hysteresis - 3 %
OL Trigger Pulse Width i 500 i n sec
OL Input current Range -1 - +15 HA
Overvoltage Threshold* Lockout 284 L 30 316 v
Undervoltage Threshold® Lockout 1.8 19 2 \
Temp. Coeff. of Thresh'd Voitage -400 i 100 500 ppm/°C
Hysteresis of the Lockout Voltage - A 3 i %
Input Current Range ( Pin 15) -1 ! - +22 HA
|
Thermal Impedance 16 pin DIL Plastic Package 8 JC | - ‘ 42 \ °C/W
16 pin DIL Plastic Package 6 CA | - i 70 | °C/W
116 Pin SOIC 8UA | _ ; 1m0 °C/W
NOTE
N 47K
"1 Soft-start time is meastired from output erable at minimum frequency to A A )
~ time at which maximum frequency is reached Y vV T 1 ‘
) L '>47K : t
{2 Ifthe shutdown input is triggered 200 ns before the next output pulse is N > i GCs Co 1 C: B
expected, there will be no pulses  If there s a pulse earlier than 200 ns =t/ 22”; 470F 1 L1000F ;3?'”
this pulse is completed in full before the output is disabled & l\ '5 \O Y
This 1s known as synchronous shutdown, a necessary feature in any (.?\ )’?Ro Q\,) )
resonant mode controller { < 22k <0 !
16 15 |14 \La J|2 1110 |9
.3 Refer to pin description for current required OL  UVOV Rogc VCO SS Cosc SEO Ton
GP605
ORDERING INFORMATION B ot s ano panp O0TB Ve GUTA
[EE 4 5 |6 7 ia
5 b
Part Numb. Pack Type Temperature Range \2 - h
GPB05CD 16 Pin DIP 0°to 70°C r b ———4
‘ e d 2R + ,‘_0 Wk
GPB05CK 16 Pin SOIC 0°to70° C § g?o,( owH  TiouF A\3/30»( ,E’}f, L-—«
>
GP605/D 16 Pin DIP -25°10 85° C T m
{ |
c
GPBOS5IK 16 Pin SOIC 25910 85° C | 6oF 2 J)
b
GP605M TBD -5521t0 125°C ) ps

RMD
1



175
/[ d
— 150 /
¢ /o5
I C=47uF / ;F.
X s /
e / _
g e
g /// C=11.5uF
o 100 / S
B ///
o
w7 ii| 7/
75
C=68uF
50 | i -
0 1 2 3
t (sec)
Fig. 1 Overload Restart Delay
=
I
2
>
(&)
2
w
2
a
w
13
INPUT VOLTAGE (V)
Fig. 3 VCO Frequency vs Input Voltage
R [ |
| |
L |
™~ !
I
>
o
2 j—
w
2
<]
w
[+ 4
w
s
2 |
§ +
2 i
s

800 1000

OSCILLATOR CAPACITANCE (pF)

Fig. 5  Minimum Operating Frequency

TYPICAL PERFORMANCE CURVES OF THE GP605
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For all graphs, Vcc = +12 volts DC and T, = 25 °C. The curves shown above represent typical batch sampled results



PIN FUNCTIONS

The GP605 is a complex device, so the best place to start is
with a functional pin description.

Pin 1 (RSD) - Remote Shutdown

Alowon pin 1shuts down the GP605. When the pinis released
the GP605 goes into soft-start. This pin is normally driven by
an open collector transistor where the current is given by:

?
Fig. 7
lhsp = Vee Voar 0TV oo
17.4kQ

For CMOS or bipolar circuitry. the configuration may be:

g
NV,
[
/A
“a
v,
.
>R
. SR
L v o
L N
L \/,;0
My
v{ C
|
|
-
i
Voo
[ TW 1/\
Ve
| )]
e
Fig. 8 i

In all cases the voltage must pull up to a minimum of

Vy =V -08V
assuming diode voltage V,,= 0.4V when itis off (non-conduct-
ing). If remote shutdown is not used, leave pin 1 open.

Pin 2 (OLRD) - Overload Restart Delay

A 330kQ + 330 kQ2 voltage divider in combination with a 6.8 uF
capacitor generates a 1.3 second shutdown to restart delay
every time the overload sense (pin 16) is activated. Timing
starts when the overload is removed; upon timeout soft-start
begins. Refer to Figure 1 to select RC combinations for other
delays.

v OVERLOAD .,  , |
NORMAL VoY 'i‘

- SHUTDOWN »
OLRD |
< j1sec ™
2R = 330K

C=68yF SOFT-START > =

Fig. 9

Pin 3 (5V) - 5V Reference

This is a 5% tolerance regulator used to power most of the
internal circuitry. To improve noise rejection it is recom-
mended to decouple this pin with a 10 pF tantalum capacitor
in parallel with a 0.1 puF ceramic capacitor.

Pin 3 can be used as a reference for any external circuitry as
long as the load is less than 10 mA.

Pin4 (GND) - Analog Ground

Greatcare must be takentoensure that grounds are run so that
any voltage drops from high ground currents are minimized
and do not interfere with feedback voltages and the reference.

Pin 5 (P GND) - Power Ground
Only the output transistors are connected to the power ground.
to minimize interference with the logic circuitry.

GND and P GND are to be connected outside the package,
with the decoupling of the supply to this point.

Pin 6 (OUT B) - Output B

Output B is an active low output driver, where the low duration
(pulse width)is T, . It is complementary to pin 8 (OUT A). For
proper operation, the voltage on the output pins must not go
below ground potential or above V¢ by more than 0.5 volts.

Pin 7 (V,.) - Supply Voltage

The power supply trace must be decoupled as close to pin 7
as possible. Currents of 0.5 A levels may be drawn by the
GP605. Minimum recommended decoupling is with a 10 uF
tantalum capacitor in parallel with a 0.1 uF ceramic capacitor.

Pin 8 (OUT A) - Output A
Output Ais an active low output driver, where the low duration
(pulse width) is Top @nd is complementary to pin 6.



Pin9(T,,) - Pulse Width

The constant pulse width T, is set by a resistor A, and
capacitor C,. This relationship is shown in Figure 2. A, x C,
should have atemperature coefficient of -500 ppm/°C for best
stability and fall within the following ranges:

5kQ<R;<no limit
47 pF <C, <100 nF

The R;and C, should be connected as close as possible to
GND to minimize ground noise variations. The upper limit

on pulse width is determined by chip-to-chip variation, power
supply and componenttolerances. The worst case combination
must give T, < t/fmax- T, where T, =200 nstyp. (300
ns max.). The off period s required by the design of the GP605.
The pulse width T, should be setto give an off period greater
than T, so that the circuit will operate correctly at fmax,
where f is the actual operating frequency. Rewriting the

equation as:
Toer = /- Ton

The GP605 will divide the output frequency by two when 7.,
decreases to 200 ns. This is a failsafe feature to ensure the
pulse width will never be incorrect by limiting fmax. Under

normal operation fmax should be limited using R ¢

Pin 10 (SEO) - Single Ended Output

This pin is normally grounded for complementary outputs in
push-pull applications. Opening pin 10 results in a single
ended output at double the frequency. OUTA and OUT B can
then be shorted together for increased drive capability.

OPEN —— — —— —— —
GND ————— _

oora vl L1 LD LI LLLLY
e oL LT UL (LTI

Fig. 10

SEO

Pin 11 (C ) - Oscillator Capacitor

The capacitor C,g.0n this pin, controls the minimum fre-
quency fmin of the VCO operating range. Refer to Figure 5 for
selection. Layout is critical for this component, keeping leads
as short as possible and connecting close to the GND pin.

Pin 12 (SS) - Soft-Start

A capacitor Cgon this pin provides a controlled start up from
fminto fmax. The delay is approximately rss(ms) =87 Cs(pF)
for Cg between zero and 47uF.

To ensure a full soft-start duration when soft-start is caused by
an undervoltage or overvoltage fault, it is necessary to have
the fault present for about half the soft-start time.

Pin 13 (VCO) - Voltage Controlled Oscillator Input

T S A S
> A
< <10
13
\jf’ e\\[ L
Fig. 11

The VCO input is designed for an optocoupler feedback
network from the secondary (output) side of the power supply
An internal 10 kQ pull-up resistor is provided but an external
resistor may be used if a lower value is required. The control
characteristic is shown in Figure 3. The linear input range is
from 1.1 V to 6.5 V where 1.1 V represents fmin and 6.5 V
represents fmax.

Pin 14 (R,4,) - Oscillator Resistor

The resistor R4 on this pin, controls fmax, the maximum
frequency of the VCO operating range. C_ . the capacitor
controlling fmin must be selected first, then refer to Figure & for
selection of R, For good stability, a 1% resistor with a
temperature coefficient of -600 ppm/°C, is recommended.
Minimum value for R, is 10 kQ.

Pin 15 (UVOV) - Undervoltage/Overvoltage

The input is a window comparator. A higher or lower voltage
than the thresholds specified will shut down the power supply
until voltage falls within the window again, at which point the
GP605 goes into soft-start. If pin 15is not used, it must be tied
toV . orthe 5 Vreference via a voltage divider, generating a
bias voltage, which falls within the window. The voltage divider
should carry approximately 1 mA. The maximum input voltage
on this pinis 6 V.

Pin 16 (OL) - Overload Input

A voltage exceeding the specified threshold on this pin will
cause the GP605 to shut down and activate the overload
restart delay function. This delay starts when the input voltage
drops below the threshold. Ontime-out, soft-start begins. The
maximum input voltage on this pinis 6 V. If pin 16 is not used,
short it to ground. No capacitor is required on pin 2 (ORLD),
but a bias voltage between V./3 and V,./3 + 5.7 Vis still
needed. A convenient voltage is V.. /2.

A TYPICAL APPLICATION CONFIGURATION

Figure 7 shows the GP605 as a resonant mode power supply
providing 5V DC output. L, and C, form the series resonant
tank. V..is generated locally for high efficiency. using a start-
up circuitwhich is biased off after V. . stabilises. T2 sensesthe
current in the primary of T3and provides the overload signal.

For more information, request Application Note 510-62
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AVAILABLE PACKAGING I CAUTION

16 pin DIP or 16 pin SOIC

ELECTROSTATIC
SENSITIVE DEVICES

EXCEPT AT A STATIC-FREE WORKSTATION

’ DO NOT OPEN PACKAGES OR HANDLE

RMD
1






Push - Pull, Resonant Mode
Power Supply Controllers

CORPORAT.

{ly s=rmvom

GPB050 and GP6051
PRELIMINARY DATA SHEET

FEATURES

CiRCUIT DESCRIP
* frequency range of 1 kHz to 3 MHz
The GP6050 and GP6051 are highly reliable, complementary
output, resonantmode power supply controllers. The GP6050
is an upgraded, pin-to-pin compatible version of the GP605.
The GP6051 provides an inverted driver output with respect
to the GP6050. These devices support resonant and quasi-
resonant topologies operating in variable frequency mode. To
achieve regulation the pulse width is held constant while the
* synchronous overvoltage, undervoltage and remote frequency is varied by a feedback voltage over an operating
shutdown range. Maximum and minimum frequency is setby an external
resistor and capacitor. Fixed pulse width is adjusted by an
external RC network.

* operating frequency range set by a resistor (max.)
and a capacitor (min.)

* pulse width set by a resistor and capacitor
* low start-up current

* synchronous overload shutdown with delayed soft restart

RMD
* soft-start

* complementary outputs

The complementary totem pole outputs have 0.8 A peak cur-
rent capability. The GP6050 provides active low driver
output. The GP6051 provides active high driver output.

* drives power MOSFETs directly ( 0.8A peak)
* low cost 16 pin DIP or SOIC

The high operating frequency of up to 3 MHz results in signifi-

ABSOLUTE MAXIMUM RATINGS cant reductions in EMI noise and minimizes the size of the

[ required magnetic and capacitive components in the power
| Parameter Value & Units supply.
| Supply Voltage 20V
‘1 Crdchuiage Cervaiiage input Gav - by Included on the chip are penpheral funchions such as soft-
| Overload Input 0av - oV start, undervoltage/overvoltage lockout, remote shutdown and
| overload shutdown with delayed restart. All shutdown modes
i Resrole Shutdown 04V - Vee are synchronous (the last output pulse is completed), and
I vCO Input 04V - Vee default to soft-start once the fault condition is removed. The
} Storage Temperature 65C < T, £ 150°C controller also contains power supply undervoltage lockout,
| S . .
| minimizing supply curren ring th -
‘, Lead Temperature (soldering. 10 sec ) 260°C 9 pply cu tdu g the start-up condition
|
| Junction Temperature 150°C OLRD 2 . 7 vee
Power dissipation at T, <70°C 720 mW o @}5@ ovERLOMD | suerNDC;WNT 4 GND
(derate 9 mW/"C for T, > 70°C) ! e —
L - z ’
1 OVERVOLYAGE \ i
RSD ¢ JUNDERVOLTAGE ' ! SOFT | 120 SS
REMOTE | 5{“‘”
TOP VIEW uviov ©'° / w |
A
N4 [
OL (SHUTDOWN) : ]
RSD (SHUTDOWN) ={PIN 1 % b veo u"{ wo | .MONOSTABLEI
OLRD (RESTART DELAY) f 2 15 B UVOV (SHUTDOWN) ] !
14
Vo, 5V 3 14 aPosc Flose © ’ 1 ‘
i Cosc O ‘ i ‘ | 5v 1 3.
GND o 4 13 B veo Ton O° i REGULATOR | O Vvref
PGND o & 12 PSS (SOFT START) \
— ¢ i ) — >0 85 ouTA
ouTe d 6 1" B C'm( NG 0‘0 ‘ FUP ! p E (GP6050)
FLOP L \ — S
V_ o 7 10 P NC ! | \ [Bo SO OuUT B
L 1 \ (GP6050)
OUTA= 8 9 b T (PULSE WIDTH) e S0 P GND

PIN CONNECTION
16 PIN DIP

FUNCTIONAL BLOCK DIAGRAM

Document No. 510-58-1

GENNUM CORPORATION P.0. Box 489, Stn A, Burlington, Ontario, Canada L7R 3Y3  tel. (416) 632-2996 fax: (416) 632-2055 telex: 061-8525
Tokyo Office: 301 Aoba Building, 3-6-2 Takanawa, Minato-ku, Tokyo 108, Japan tel. (03) 441-2096 fax: (O3) 448-8991



Co C- ;;1
_47pF 1100pF R,
Part Number Package Type Temperature Range | } 47K
\ e ; |
GP6050 CD 16 Pin DIP 01070 C o 28 | L
GPB051 CD T |
16 15 ]14 13 li2 11 10 o
8Eggg? gﬁ 16 Pin SOIC 0°t070° C OL  UVOV Rgg. VCO SS Cosc NC  Ton
GP6050 ID 16 Pin DIP -25°10 85° C GP6050/GP6051
GP6051 ID
GPBOSO 1K 16 Pin SOIC 2510 85° C RSO OLRO SV GND__PGND OUTB Ve OUTA
GPBO5 1 Ik re P s JS r I°
GPBOSO M 8D 55710 125° C o ] © °
GPB051 M \,T |
e |
| i oLl 2R o Lo
ORDERING INFORMATION < | Lo Wi o 330k Targr T
< 330K I M 1
} | | | |
c |
’\ | 6.8uF ‘ ‘2V<'/
l | | i
- e S . . -

OPEN LOOP TEST CIRCUIT

ELECTRICAL CHARACTERISTICS

Limits apply over Parameters tested on open loop test circuit

0°C<T, <70°C for the GPE0S0/51CD, andGPE0S0/51CK Typical values are al T, = 25°C
-25°C < T, <85°C for the GPE050/511D and GPE050/5 11K * Parameters marked with an asterisk” are valid only at Tpa=25
55°C< T, <125°C for the GP6050/5 1M Vee =12V
T T T
1 PARAMETER l CONDITIONS ‘ MIN ‘ VP | MAX ' UNITS
Chip Supply
- -
\ | \
Supply Voltage 10 ‘ 12 I 20 v
_— . ! +
Chip Enable V.. Threshold ( 1.3 12 ‘ 12.7 \%
. ! |
Ve Under Voltage Lockout | 85 9.0 { 95 v
Supply Current Undervoltage condition ‘ - \ 5 ; - mA
Normal condition 18 22 24 . mA
- !
Voltage Control Oscillator
Maximum Frequency Single output 2.4 | 3 - | MHz
Complementary output 1.2 " 15 - MHz
I A [ - B - i
Tolerance of fmax Fig. 6 E i +5 | %
Tolerance of f min Fig. 5 l i +20 %
Temperature coefficient  fmax -300 ‘ -600 | -900 ppm/°C
Temperature coefficient fmin 400 i 700 } 1000 i ppm/°C
| |
— - — ! I
Dead Time Torr i 100 i 125 ns
R — S |
Operating Range of VCO Input max - T 6.5 [ %
(Pin 13) i min - | 1.1 ! - v
E— - - | | | |
Linearity of the VCO | L | - | 15 %
S S I o . ; - ‘, ! -
T Internal Pull-up Resistor (Pin 13) i | 8 : 10 | 12 kQ
I L | . | |
Output Pulse Width T, Tolerancel i - | - | +5 %
,,,,, - e — | | . .
Temperature Coefficient of T, 1 ' 0 | 400 i 800 ppm/°C




ELECTRICAL CHARACTERISTICS continued

PARAMETER 1 CONDITIONS . MIN TYP | MAX f UNITS I
| | | |
Output Section
Output Risetime 100pF I 100kS2 load on L I 20 L0 | nsec
Output Falltime OUT A, OUT B ‘ | 1 | 30 ! n sec
i ; 1
Output Mismatch OUTA & OUTB. Pin 10SEO open | - | 5 ]‘ 15 | nsec
i | | t -
Output Low Level (sink) OUT Avs OUTB 20mA | i - \ 0.7 Y
200mA - | 22 v
I
Output High Level (source) OUTA&OUTB -20mA - | - | vec -2 %
-200mA - 1 - | Vec-22 v
Reference Section
Output Voltage* f 475 | 500 | 525 v
Temperature Stability l -200 | 100 300 ‘ pPM/°C
Max Current Capability : 1 - 10 | | mA
| | H .
Shutdown Section
Soft-start (1) | Cg=22yF, VCO=7V e 9 22 ms
; a | I
Overload Restart Delay ' 2R =330kQ, C=68uF 10 ‘ 13 16 sec
| 1 ! !
Propogation Delay to Shutdown 3 \ - 200 | 300 nsec
. ! I E—
Remote Shutdown (2) § Enabled | Vec -0.8 - | v
Disabled - - | 3 \
S i - | S —
Overload Shutdown (OL) Threshold* ' 2.84 3.0 | 3.16 ‘ \
OL Threshold Temp. Coefficient -400 100 ‘ 500 | ppm/°C
OL Hystersis 3 | - %
OL Trigger Pulse Width i 500 - | - | n sec
OL Input current Range | -1 - { +15 | A
Overvoltage Threshold* Lockout | 2.84 3.0 ‘ 3.16 ‘ Vv
Undervoltage Threshold* Lockout | 18 1.9 ! 2.0 y \
Temp. Coeff. of Thresh'd Voltage | -400 100 | 500 | ppm/°C
Hystersis of the Lockout Voltage | | - 3 | - \ %
Input Current Range ( Pin 15) ‘ -1 - : +22 i HA
| |
| |
Thermal Impedance ‘16 pin DIL Plastic Package 6 JC - 42 \ - °C/W
|16 pin DIL Plastic Package 8 CA | - 70 | - °C/W
{16 Pin SOIC 8JA | 2| - °CIW
| | !

NOTES
s
time at which maximum frequency is reached

~

t@ Refer to pin description for current required

\Q Soft-start time is measured from output enable at minimum frequency to

@ If the shutdown input is triggered 200 ns before the next output pulse is
expected, there will be no pulses. If there is a pulse earlier than 200 ns,
this pulse is completed in full before the output is disabled

This is known as synchronous shutdown, a necessary feature in any
resonant mode controller
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TYPICAL PERFORMANCE CURVES OF THE GP6050 AND GP6051
For all graphs, Vcc = +12 volts DC and T, = 25 °C. The curves shown above represent typical batch sampled results.



PIN FUNCTIONS

The GP6050 and GP6051 are complex devices, so the best
place to start is with a functional pin description

Pin 1 (RSD) - Remote Shutdown

A low on pin 1 shuts down the GP6050 or GP6051. When the
pin is released the controller goes into soft-start. This pin is
normally driven by an open collector transistor where the
current is given by:

M V.

T

.

S74kQ

PIN 1 | laso 1
SHUTDOWN A A [ h
SOFT smm“ Y ’ May Vgar N

s ¢

< !

. | |
Fig. 7

V.-V -0.7)V
lasp = Vee Vaar -0IV +20%

Asb 17.4KQ

For CMOS or bipolar circuitry, the configuration may be:

a

Fig. 8

In all cases the voltage must pull up to a minimum of

Vy =V - 0.8V
assuming diode voltage V,, = 0.4V when itis off (non-conduct-
ing). If remote shutdown is not used, leave pin 1 open.

Pin 2 (OLRD) - Overload Restart Delay

A 330 kQ + 330 kQ2 voltage divider in combination with a 6.8 uF
capacitor generates a 1.3 second shutdown to restart delay
every time the overload sense (pin 16) is activated. Timing
starts when the overload is removed; upon timeout soft-start
begins. Refer to Figure 1 to select RC combinations for other
delays.

|
ce OVERLOAD |. )
{ A ol
\ normaL o ¢ w\ ¢
<1 2R ! t
+‘ SHUTDOWN >“
|
T* < 1Sec ™

SOFT-START > <

Fig. 9

Pin 3 (5V) - 5V Reference

This is a 5% tolerance regulator used to power most of the
internal circuitry.  To improve noise rejection it is recom-
mended to decouple this pin with a 10 uF tantalum capacitor
in parallel with a 0.1 pF ceramic capacitor.

Pin 3 can be used as a reference for any external circuitry as
long as the load is less than 10 mA.

Pin 4 (GND) - Analog Ground

Great care must be taken to ensure that grounds are run so that
any voltage drops from high ground currents are minimized
and dnnotinterfere with feedback voltages and the reference

Pin 5 (P GND) - Power Ground
Only the output transistors are connected to the power ground,
to minimize interference with the logic circuitry.

GND and P GND are to be connected outside the package,
with the decoupling of the supply to this point

Pin 6 (OUT B) - Output B

The GP6050 provides on output B, an active low during fixed
pulse width. The GP6051 provides on output B, an active high
during fixed pulse width. Output Bis complementary to output
A (pin 8). For proper operation, the voltage on the output pins
must not go below ground potential or above V¢ by more than
05V.

Pin 7 (V) - Supply Voltage

The power supply trace must be decoupled as close to pin7
as possible. Currents of 0.5 A levels may be drawn by the
controller. Minimum recommended decoupling is with a 10 uF
tantalum capacitor in parallel with a 0.1 pF ceramic capacitor.

Pin 8 (OUT A) - Output A

The GP6050 provides on output A, an active low during fixed
pulse width. The GP6051 provides on output A, an active high
during fixed pulse width. Output A is complementary to output
B (pin 6).

RMD



Pin 9 (TON) - Pulse Width

The fixed pulse width T, is setby a resistor A, and capacitor
C,. This relationship is shownin Figure 2. R, x C, should have
atemperature coefficient of -500 ppm/°C for best stability and
fall within the following ranges

5kQ <R, <nolimit
47 pF <C, <100 nF

The R, and C, should be connected as close as possible to
GND to minimize ground noise variations. The upper limit on
pulse width is determined by chip-to-chip variation, power
supply and component tolerances. The worst case combina-
tion must give Ty, < 1//max - T where T, = 100 ns typ.
(125 ns max.). The off period is required by the design of the
GP605. The pulse width T, should be setto give an off period
greater than T, sO that the circuit will operate correctly at
fmax, where f is the actual operating frequency. Rewriting the
equation as:

Tore =1/ Ton

The controller will divide the output frequency by two when

Tore decreases to 100 ns. This is a failsafe feature to ensure

the pulse width will never be incorrect by limiting fmax. Under
normal operation fmax should be limited using R g -

ora Wl L
s ——l W« [ [

o

Fig. 10

Pin 10 - NC
Pin 11 (C,g.) - Oscillator Capacitor
The capacitor C,q on this pin, controls the minimum fre-

quency fmin of the VCOoperating range. Refer to Figure 5 for
selection. Layout is critical for this component, keeping leads
as short as possible and connecting close to the GND pin.

Pin 12 (SS) - Soft-Start

A capacitor Cs on this pin provides a controlled start up from
fminto fmax. The delay is approximately to(ms)=8.7 Co(uF)
for C between zero and 47uF.

To ensure a full soft-start duration when soft-start is caused by
an undervoltage or overvoltage fault, it is necessary to have
the fault present for about half the soft-start time

Pin 13 (VCO) - Voltage Controlled Oscillator Input

v,
P > /l\
SR, >
< J10n

13

* - +—a

- ) A

B :
|
1

Fig. 11

The VCO input is designed for an optocoupler feedback
network from the secondary (output) side of the power supply
An internal 10 kQ pull-up resistor is provided but an external
resistor may be used if a lower value is required. The control
characteristic is shown in Figure 3. The linear input range is
from 1.1 V to 6.5 V where 1.1 V represents fmin and 6.5 V
represents fmax.

Pin 14 (R,4,) - Oscillator Resistor

The resistor R4 on this pin, controls fmax, the maximum
frequency of the VCO operating range. C, 4. the capacitor
controlling fmin must be selected first, then refer to Figure 6 for
selection of A For good stability, a 1% resistor with a tem-
perature coefficient of -600 ppm/°C, is recommended. Mini-
mum value for A ¢ is 10 kQ

Pin 15 (UVOV) - Undervoltage/Overvoltage

The input is a window comparator. A higher or lower voltage
than the thresholds specified will shut down the power supply
until voltage falls within the window again, at which point the
controller goes into soft-start. If pin 15 is not used, it must be
tiedto Vorthe 5Vreference via a voltage divider, generating
a bias voltage, which falls within the window. The voltage
divider should carry approximately 1 mA. The maximum input
voltage on this pin is 6V.

Pin 16 (OL) - Overload Input

A voltage exceeding the specified threshold on this pin will
cause the controller to shut down and activate the overload
restart delay function. This delay starts when the input voltage
drops below the threshold. Ontime-out, soft-start begins. The
maximum input voltage on this pin is 6V. If pin 16 is not used,
short it to ground. No capacitor is required on pin 2 (ORLD),
but a bias voltage between V.. /3 and V.. /3 + 5.7 Vis still
needed. A convenient voltage is V... /2.

A TYPICAL APPLICATION CONFIGURATION

Figure 7 shows the GP6050 as a resonant mode power supply
providing 5V DC output. CapacitorsCr in series with inductor
L, formthe resonant tank. The load transformer T1is attached
in parallel to resonant tank capacitors. For more information,
request parallel resonant mode converter Application Note
510-62
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AVAILABLE PACKAGING
16 pin DIP and 16 pin SOIC

Typical GP6050 Application
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SENSITIVE DEVICES
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Single-ended Resonant Mode
Power Supply Controllers

FEATURES
* frequency range of 1 kHz to 3 MHz

* operating frequency range set by a resistor (max.)
and a capacitor (min.)

* pulse width set by a resistor and capacitor
* low stant-up current
* synchronous overload shutdown with delayed soft restart

* synchronous overvoltage, undervoltage and remote
shutdown

* soft-start

* single-ended output

* drives power MOSFETSs directly ( 1.6A peak)
* low cost 16 pin DIP or SOIC

ABSOLUTE MAXIMUM RATINGS

Parameter Value & Units

" Supply Voitage v
Undervoltage/Overvoltage Input 04V - BV
Overload Input 04V - eV
Remote Shutdown -04V - Vce
VCO Input -04Vv - Vee
Storage Temperature 65C < Ty < 150°C
Lead Temperature (soldenng, 10 sec.) 260 C

[ Junction Temperature 150°C

| Power dissipation at T, <70°C 720 mW

| (deratle 9 mW/°Cfor T, > 70°C)
[—

TOP VIEW
RSD ol
sudowr ! 18 P Snuoown
OLRD 2 uvov
estan dony 15 P Shudowr
Vet R,
= 3 14 P Hog
GND o 4 13 | veo
PGND 5 12 ss
Soft start
o o 6 " pcy
Ve g 7 10 P NC
oul o g s P,
on
Puise Width

PIN CONNECTION
16 PIN DIP

GPB040 and GPB041
PRELIMINARY DATA SHEET

CIRCUIT DESCRIPTION

The GP6040 and GP6041 are highly reliable, single-ended,
resonant mode power supply controllers.  These devices
support resonant and quasi-resonant topologies operating in
variable frequency mode. The pulse width i1s held constant
while the frequency is varied by a feedback voltage over an
operating range. Maximum and minimum frequency is set by
an external resistor and capacitor. Fixed pulse width is
adjusted by an external RC network.

The single totem pole output has a 1.6 A peak current capa-
bility. The GP6040 provides active low driver output. The
GP6041 provides active high driver output

The high operating frequency of up to 3 MHz resuits in signifi-
cant reductions in EMI noise and minimizes the size of the
required magnetic and capacitive components in the power
supply.

Included on the chip are peripheral functions such as soft-
start, undervoltage/overvoltage lockout, remote shutdown and
overload shutdown with delayed restart. All shutdown modes
are synchronous (the last output pulse is completed), and
default to soft-start once the fault condition is removed.

The controller also contains power supply undervoltage lock-
out, minimizing supply current during the start-up condition.

The GP6040 and GP604 1 are upgraded single-ended, pin-to-
pin compatible versions of the GP605.

2

OLRD ¢ ! 7o vee
16 '
oo | . SYNCH 4
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5V A * * T - - -
Part Number Package Type Temperature Range ( SRl e
Y, 22,:% aTpF
GP6040 CD 16 Pin DIP 0710 70° C - i '
GPE041CD w oy | Fro () .
GPB040 CK 16 Pin SOIC 0 1070 C ‘ e ‘ !
GPE041 CK 116 15 14 13 121109
oL uvov R . VCO S8S Cux Ton
GP6040 1D 16 Pin DIP 2571085 C
GP6041 1D GP6040/GP6041
8!5282(1) :IE 16 PnSOIC 251085 C RSD_OLRD_5V___GNO PGND_OUT Vee OUT
l\ 2 |3 4 s T6 7 8
GP6040 M 8D 55710 125" C I\ | I ——
GPE041 M Ne) 5 S
l)
2] l v
| + [0 1pF
ORDERING INFORMATION S oue s ok o 1
ST o [
Ll I 1* 1 .
) i “ | e'a]r ‘ ()
Lo O '
OPEN LOOP TEST CIRCUIT
ELECTRICAL CHARACTERISTICS
Limits apply over Parameters lested on open loop test circuit
0°C<T, <70°C for the GPE0A0/41CD, andGPBOA0/41CK Typical values are at T, = 25°C
205°C < T. <85C for the GPE040/4 11D and GP6040/4 11K * Parameters marked with an asterisk™ are vahd only at Ty=25
05°C < T, <8 /411D ¢
55°C< T, <125°C for the GPE0A0/4 1M Vee =12V
; T T
PARAMETER ‘ CONDITIONS MIN ! TYP | MAX l UNITS J
Chip Supply
| ]
Supply Voltage ‘ 10 12 20 | Y
Chip Enable Vcc‘ Threshold l 11.3 12 12.7 \
s | | H
| | ;
V¢ Undervoltage Lockout | 85 ! 9.0 95 | \
| | | i
Supply Current Undervoltage condition i - “ 5 - | mA
Normal condition 18 | 22 24 : mA
| | |
| | | i
Voltage Control Oscillator
! N
Maximum Frequency l | 2.4 1 3 i . MHz
A S — i R — | — — — i
| | | |
Tolerance of fmax ‘ Fig. 6 \ - +5 A
Tolerance of f min I Fig. 5 - i | x20 I %
. | | \ | o ]
Temperature coefficient fmax 1 -300 | -600 | -900 | ppm/°C
Temperature coefficient fmin | l 400 ! 700 | 1000 ppp/°C
- — { | - ( S .
Dead Time T .. ; ‘ i 50 ! 75 ! ns
—— e — — { 4 | — } ——
Operating Range of VCO Input max ‘ 6.5 v
(Pin13) min - ! 1.1 - v
Linearity of the VCO - ‘ - +5 %
Internal Pull-up Resistor (Pin 13) 8 10 | 12 kQ
. |
Output Pulse Width TQN Tolerance ! +5 %
Temperature Coefficient of Tom 0 400 800 ppm/°C




ELECTRICAL CHARACTERISTICS continued

l PARAMETER CONDITIONS MIN TYP MAX UNITS l
Output Section
Output Risetime 100pF 11 100 k€2 load on OUT | 20 40 ns
Output Falltime | i 15 30 | ns
Output Low Level (sink) 20mA ‘ - 07 v
200mA f Loe2 v
1 1
Output High Level (source) -20mA - Vee -2 \
-200mA - Vee -2 2 \
Reference Section
Output Voltage* ‘ 475 | 500 525 i v
+ | :
Temperature Stability -200 ‘ 100 300 ppm/°C
Max Current Capability 10 mA
Shutdown Section
Soft-start (1) | C =22yF, VCO=7V 16 19 22 ms
Overload Restart Delay | 2R =330k, C=68pF 1.0 13 16 s
Propagation Delay to Shutdown (‘5\5‘! - 200 ! 300 ns
Remote Shutdown (2) Enabled i Vcc -0.8 - 1 - \%
Disabled - - i 3 \
Overload Shutdown (OL) Threshold®! 284 30 316 v
OL Threshold Temp. Coefficient ; -400 100 500 ppm/°C
OL Hysteresis | - 3 %
OL Trigger Pulse Width \ 500 - ‘ ns
OL Input current Range | | -1 ‘ +15 j pA
- { t - 1
Overvoltage Threshold* Lockout | 284 ; 3.0 1 3.16 \%
Undervoltage Threshold* Lockout | - | 19 | 20 v
Temp. Coeff. of Thresh'd Voltage -400 | 100 | 500 | ppm/°C
Hysteresis of the Lockout Voltage - ‘ 3 - i %
{ Il i
Input Current Range ( Pin 15) 1 -1 - | +22 ; UA
I ] |
| ! !
Thermal Impedance 116 pin DIL Plastic Package 6 JC - 42 : - | °C/W
16 pin DIL Plastic Package 6 CA - 70 | | °C/W
16 Pin SOIC 8 JA - 112 | {ecw
\

NOTES

(1\/ Soft-start time is measured from output enable at minimum frequency to

time at which maximum frequency is reached

\,2/‘ Refer to pin description for current required

(é) It the shutdown input is triggered 200 ns before the next output pulse is
"7 expected, there will be no pulses. If there is a pulse earlier than 200 ns,

this pulse is completed in full before the output is disabled
This is known as synchronous shutdown, a necessary feature in any
resonant mode controller

RAMD



175r
- / /
H / C=-83
g C=4.7uF / WF
X s /
w / .
g s
a /// C=115pF
B 100 /
///
= V77| 7
75
N\
C-68uF
50L l
0 1 2 3
t (sec)
Fig. 1 Overload Restart Delay
10
\ el
08} ; /
|
s — o | /
X
H .
>
Q
4
o
2
<]
w
£
4 5 6 7
INPUT VOLTAGE (V)
Fig. 3 VCO Frequency vs Input Voltage
56 T T T - -
.
a8 [}t k— S -
T ool |
T 40 ‘ fot : —
5 0
N e e R -
] |
2 \
& 24 I E— |
w I i |
3 ‘ | T |
2 6N
H i ‘ |
2 ! | |
BN
L I N I R |
0 200 400 600 800 1000

OSCILLATOR CAPACITANCE (pF)

Fig. 5 Minimum Operating Frequency

Ton (n sec )

TIME ( n sec)

OSCILLATOR RESISTANCE ( k ohms )

TYPICAL PERFORMANCE CURVES OF THE GP6040 AND GP6041
For all graphs, Vcc = +12 volts DC and T, = 25 °C. The curves shown above represent typical batch sampled results

i :.'lx\. it

nHi

|

1

FRBREL PO
A L

it

1

[

[

3
S

1 ' ) 0
R, (kQ2)
Fig 2 Output Pulse Width

1
LOAD CAPACITANCE (nF)
Fig. 4 Output Risetime/Falltime

FREQUENCY [kHz]

Fig. 6 Maximum Operating Frequency



PIN FUNCTIONS

The GP6040 and GP6041 are complex devices, so the best
place to start is with a functional pin description

Pin 1 (RSD) - Remote Shutdown

A low on pin 1 shuts down the controller. When the pin is
released the controller goes into soft-start. This pin is normally
driven by an open collector transistor where the current is
given by:

t Ve
!
¢
<17 4KQ
PIN 1 lnf:.:w
- . - .
o W;N" DOWN ANy :\ + |
SOFTSTAR | YA ™
5 SAT P
2 f
*
Fig. 7
Ver- Ve, -0.7)V
IRSD = ( CC SAT ),, mA +20%
17.4 kQ

For CMOS or bipolar circuitry, the configuration may be

v Vee
cec -

- w S
~ Ve 'Vx 1
(S [
¥ -Vt J Vo4
“a { D

-

Fig. 8

In all cases the voltage must pull up to a minimum of
Vy =V -08V
assuming diode voltage V,, = 0.4V when itis off (non-conduct-

ing). If remote shutdown is not used, leave pin 1 open.

Pin 2 (OLRD) - Overload Restart Delay

A 330 k€ + 330 kQ voltage divider in combination with a 6.8 uF
capacitor generates a 1.3 second shutdown to restart delay
every time the overload sense (pin 16) is activated. Timing
starts when the overload is removed; upon timeout soft-start
begins. Refer to Figure 1 to select RC combinations for other
delays.

Ve J
ee OVERLOAD‘ ¢ x P \>“\} o
L NORMAL ANV AN

o oR oo P

! SHUTDOWN >
e ¢

o < 1SEC

»2R [ C J
3 SOFT-START |

\
Fig. 9

Pin 3 (5V) - 5V Reference

This is a 5% tolerance regulator used to power most of the
internal circuitry. To improve noise rejection it is recom-
mended to decouple this pin with a 10 uF tantalum capacitor
in parallel with a 0.1 uF ceramic capacitor. Pin 3 can be used
as a reference for any external circuitry as long as the load is
less than 10 mA.

Pin 4 (GND) - Analog Ground

Great care must be taken to ensure that grounds are run so that
ary voilage arops from nigh ground currents are minimized
and do not interfere with feedback voltages and the reference

Pin 5 (P GND) - Power Ground

Only the output transistors are connected to the power ground,
to minimize interference with the logic circuitry. GND and P
GND are to be connected outside the package, with the
decoupling of the supply to this point.

Pin 6, 8 (OUT) - Output

Pins 6 and 8 are internally shorted together. The GP6040
provides an active low output driver during fixed pulse width.
The GP6041 provides an active high output driver during fixed
pulse width. For proper operation, the voltage on the output
pins must not go below ground potential or above V¢ bymore
than 0.5 V.

Pin 7 (Voc) - Supply Voltage

The power supply trace must be decoupled as close to pin7
as possible. Currents of 0.5 A levels may be drawn by the
GP6040 and GP6041. Minimum recommended decoupling is
witha 10 uF tantalum capacitor in parallel with a 0. 1 puFceramic
capacitor.

RMD



Pin 9 (T,,) - Pulse Width

The fixed pulse width T, is set by aresistor A, and capacitor
C,. This relationship is shown in Figure 2. A, x C, should have
atemperature coefficient of -500 ppm/°C for best stability and
fall within the following ranges:

5kQ <R, <nolimit
47 pF <C, <100 nF

The R, and C, should be connected as close as possible to
GND to minimize ground noise variations. The upper limit on
pulse width is determined by chip-to-chip variation. power
supply and component tolerances. The worst case combina-
tion must give T, < 1//max - Topr where T, = 50 ns typ
(75 ns max.). The off period is required by the design of the
controller. The pulse width T, should be set to give an off
period greater than T, so that the circuit will operate
correctly at fmax. where f is the actual operating frequency.
Rewriting the equation as:

Tore = W/-Ton

The GP6040 or GP604 1 will divide the output frequency by two
when T, decreases to 50 ns. This is a failsafe feature to
ensure the pulse width will never be incorrect by limiting fmax.

Under normal operation fmax should be limited using R, ¢
Pin 10 - Not Connected

Pin 11 (Cosc) - Oscillator Capacitor

The capacitor Cosc on this pin, controls the minimum fre-
quency fmin of the VCO operating range. Refer to Figure 5 for
selection. Layout s critical for this component, keeping leads
as short as possible and connecting close to the GND pin.

Pin 12 (SS) - Soft-Start

A capacitor Cgon this pin provides a controlled start up from
fminto fmax. The delay is approximately tgo(ms)=8.7 Cq(uF)
for C4 between zero and 47uF.

To ensure a full soft-start duration when soft-start is caused by
an undervoltage or overvoltage fault, it is necessary to have
the fault present for about half the soft-start time.

Pin 13 (VCO) - Voltage Controlled Oscillator Input

N A,

et 1or\\T/
" 13 f
L

[
v A

i

The VCO input is designed for an optocoupler feedback
network from the secondary (output) side of the power supply.
An internal 10 kQ pull-up resistor is provided but an external
resistor may be used if a lower value is required. The control
characteristic is shown in Figure 3. The linear input range is
from 1.1 V to 6.5 V where 1.1 V represents fmin and 6.5 V
represents fmax.

Pin 14 (R, - Oscillator Resistor

The resistor R4 on this pin, controls fmax. the maximum
frequency of the VCO operating range. Cosc the capacitor
controlling fmin must be selected first, then refer to Figure 6 for
selection of A,¢ . Forgood stability, a 1% resistor with a tem
perature coefficient of -600 ppm/°C. is recommended. Mini-
mum value for B¢ is 10 kQ.

Pin 15 (UVOV) - Undervoltage/Overvoltage

The input is a window comparator. A higher or lower voltage
than the thresholds specified will shut down the power supply
until voltage falls within the window again, at which point the
controller goes into soft-start. If pin 15 is not used, it must be
tied to V.. or the 5V reference via a voltage divider, generat-
ing a bias voltage, which falls within the window. The voltage
divider should carry approximately 1 mA. The maximum input
voltage on this pinis 6 V.

Pin 16 (OL) - Overload Input

A voltage exceeding the specified threshold on this pin will
cause the controller to shut down and activate the overload
restart delay function. This delay starts when the input voltage
drops below the threshold. Ontime-out, soft-start begins. The
maximum input voltage on this pinis 6V. If pin 16 is not used,
short it to ground. No capacitor is required on pin 2 (ORLD),
but a bias voltage between V.. /3 and V. /3 + 5.7 Vis still
needed. A convenient voltage is V. /2.

A TYPICAL APPLICATION CONFIGURATION

Figure 7 shows the GP6040 as a resonant mode power supply
providing 5V DC output. CapacitorsC4 and C32in series with
inductor L_form the resonant tank. The load transformer T1is
attached in parallel to resonant tank capacitors. For more
information, request parallel resonant mode converter Appli-
cation Note 510-63.
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EXCEPT AT A STATIC FREE WORKSTATION

16 pin DIP and 16 pin SOIC { DO NOT OPEN PACKAGES OR HANDLE
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GX414A PRELIMINARY DATA SHEET

FEATURES CIRCUIT DESCRIPTION

»

frequency range of 10 kHz to 1 MHz . L
The LD405 utilizes frequency modulation instead of pulse

operating frequency range (min. and max.) width modulation to achieve regulation. The pulse width is
set by a resistor and capacitor

»

held constant while the frequency is varied over an

»

pulse width set by a resistor and a capacitor operating range set by a resistor and capacitor. A feed-

* synchronous overload shutdown with restart delay back voltage controls the switching frequency of the two

* synchronous overvoltage, undervoltage complementary outputs, which are capable of driving power
and remote shutdown MOSFETs directly.

* soft-start

Opening a normally grounded controt pin puts the LD405

*

single-ended or complementary outputs
into singie-ended operation. in this mode the frequency

»

drives power MOSFETSs directl
P y is doubled and the two outputs are identical so they can be

low cost 16 pin DIP or SOIC paralleled for increased drive capability. The high oper-
ating frequency of up to 1 MHz results in significant reductions

*

TOP VIEW in the size of the required magnetic and capacitive
A0 o em T ok oL components. This leads to dramatic savings in volume,
OLRD =3 = uviov weight and manutfacturing cost of switching power supplies.
CICB = Posc
GND 1 veo Included on the chip are peripheral functions such as soft-
DIOA [ ss start, undervoltage/overvoltage lockout, remote shutdown
ouTB 1 Coge and overload shutdown with delayed restart. All shutdown
Voo & I seo modes are synchronous (the last output pulse is completed),
ouTA =8 9 [ T, and defaultto soft-start once the fault condition is removed.
PIN CONNECTION

16 PIN DIP

ORDERING INFORMATION

Part Number Package Type Temperature Range
LD405D 16 Pin DIP 0°to 70" C
LD405K 16 Pin SOIC 0"t0 70" C

CAUTION B
ELECTROSTATIC
SENSITIVE DEVICES <
DO NOT OPEN PACKAGES OR HANDLE

EXCEPT AT A STATIC-FREE WORKSTATION
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The GP605 in a Variable Frequency
Zero Current Switching, Half Bridge
Resonant Mode Power Supply

1.0 INTRODUCTION

The continuous trend towards reducing the size of power
converters forces designers to increase operating
frequencies. Conventional quasi-square pulse converters
are now approaching the 300 to 500 kHz range. This
allows about a 3:1 reduction in the size of the major passive
components, such as magnetics and capacitors, as
compared to 20 kHz switchers. But these converters
(mostly pulse width controlled converters ), obviously have
higher switching losses in power semiconductors (see
Figure 1a), despite the use of MOSFETs. The resulting
inefficiency requires larger heatsinks, and thus defeats the
goal of reducing the size.

There is, however, a more efficient way to convert power at
ever higher frequencies. Itis called zero current switching
or sinewave current switching (see Figure 1b). Such a
waveform can be generated by either a parallel or series
resonating LC tank. The resulting class of converters is
called resonant.

The clear advantage of sinewave currentis that, as switching
generally occurs at zero current, switching losses in power
semicondictors are almnat eliminated The primary
disadvantage of a resonant converter is that for a given
power level, the actual peak currentis 3to 4 times greater

SIMULTANEOUS VOLTAGE &
CURRENT DURING SWITCHING

CURRENT THROUGH SWITCH

VOLTAGE ACROSS SWITCH

APPLICATION NOTE

than that of a PWM converter. This can be overcome by using
lower on resistance semiconductors, creating a practical
means to increase operating frequencies up to 1 MHz and
higher. These frequencies allow designers to achieve power
densities in excess of 25 watts/cubic inch, which is about 4
times better than is possible at 100 kHz.

There are many types of resonant and quasi-resonant
topologies. Besides a sinewave switching current, most of
them employ FM control, which provides a fixed on time
(Top ). and variable period T. Conversely, PWM uses fixed
period, variable on time.

This application note describes a 125W resonant mode power
supply, with Gennum's GP605 performing both control and
housekeeping functions

The GP605 is an upgraded version of the first commercially
available resonant mode controller - Gennum's LD405. ThisIC
combines all the necessary features of modern power
controllers.

. n e ~lance refarta Oann im's
tfycu arc netfamiliar with the GPECE please refer to Gennum's

data sheet 510-43.

CURRENT

VOLTAGE

:
VARIES
1b) FM

Fig. 1 GP605 Block Diagram
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Fig. 3 Detailed Schematic of the Supply for Figure. 2




2.0 RESONANT POWER SUPPLY

A Rectifier/Voltage Doubler block provides an unregulated
300V DC (VNR) bus for the high frequency resonant converter.
A resonating tank, consisting of an inductor L 1 and capacitor
C7. is connected in series. Sinusoidal voltage across the
capacitor C7 to the output stage is stepped down via the
power transformer T1 . As far as the driving sequence is
concerned, this resonant converter operates similarly to a half
bridge square pulse converter. During the first resonating
cycle switch Q2is off. The full cycle takes place in Q7, the
parallel combination of C7 and the primary winding on T1
(along with one turn of the current sense transformer 72), and
inductor L1. The return current flows via diode D4. Capacitor
C1 serves as a voltage source for this cycle.

In the second resonating cycle switch Q2is on and Q1 is off.
The second cycle takes place in Q2. the inductor L 1, and the
parallel combination of C7, and the primary winding on T71
(again one turn on the current sense transformer T2). The
return current in this case flows via diode D5 Note that the
current in the second cycle has reversed its polarity as com-
paredtothe currentinthe firstcycle. thus transformer T7works
in a bipolar mode. Capacitor C2 serves as a voltage source
forthe second cycle. During the period of time when switch Q2
is off, diode D4 clamps the voltage across Q2to the level of the
VNR bus. The diode D5 does the same thing for switch Q1.
Thus switches Q7and Q2. as well as diodes D4 and D5, can
oe rated 1o onily 420 voits. Therefore the high line (132V AC
RMS or 264V AC RMS) after being doubled and rectified. still
leaves a safety margin of about 50 volts.

The output stage is fairly straightforward. It is a full-wave
Schottky, centre-tap rectifier. composed of D12, D13, L2, and
output capacitor C12. The output here is 5V DC at 25 amps.

Regulation is achieved by changing the commutating fre-
quency of the controller GPE05. Its VCO gets the input signal
from an error amplifier via the optical coupler U3. The
controller also performs the following functions:

soft-start

hiccup current limit

VNR bus undervoltage and overvoltage shutdown

remote shutdown

In order to provide fast turn-on and turn-off of the power
switches Q1 and Q2, driving requires an additional stage.
Although the average power needed to drive both switches is
under 1 watt, it takes up to 0.75A of short-duration current
pulses to charge and discharge the gate source capacitance
of the MOSFET switches Q7and Q2. Thisis achieved by using
totem-poletype MOSFET stages. Transistors Q5and Q6drive

switch Q2, while transistors Q3 and Q4 drive switch Q17 via a
pulse transformer 73.

The controller and driver are powered by the 12VDCV, ,, bus
During start-up this voltage is supplied from one half of the
VNR bus via thermistor A6, and zener diode D15.

About 18V is supplied to the v, , bus on start-up. Once the
supply is up and running (about 20 ms) v, . is supplied by the
additional winding, 6-8, of the power transformer T1. The
voltage from this winding is rectified and regulated to the level
of 12V +5%.

The supply utilizes primary current sensing. This involves the
primary winding of the power transformer T1being connected
in series with a single turn winding of the ‘/4 inch diameter
current-sensing transformer T2. This transformer has a turns
ratio of 1:40. Its secondary winding voltage is in linear
proportion to the primary winding current, and the voltage
pulses look like current pulses in the primary of the power
transformer T1.

After rectification and some filtering, an essentially sawtooth
voltage level, (whichis proportional to the total load), is applied
to pin 16 of the controller. Once this sawtooth reaches a
programmed threshold, the controller shuts down for approxi-
mately 1second. Thiswaiting periodis setbya4.7 uF tantalum
capacitor connected to pin 2. When it has elapsed, the con-
troiler  starls ygeneraling its puise-rrain. — initiaily the puise
frequency is approximately 10 kHz, then increases, following
apresettime constant. Inabout 20 ms the power supply either
reaches a normal regulation mode, or if the overload condition
on the output continues, it goes into shutdown again. The
supply will stay in the hiccup mode until the overload is
removed

The maximum commutating frequency of this supply is
600 kHz (300 kHz per transistor) and tQe resonating frequency
of the C7-L1tank is about 750 kHz.

The value of C7is 8200 pF and the value of L1is 5 uH. The
resonating frequency /, can be calculated from the following
equation:

where C and L, are resonating components.

The primary power transformer winding inductance is at least
100 times higher than that of L 7, therefore it does not affect the
resonating frequency /-




3.0 DESIGN SEQUENCE
3.1 Integrating the GP605 into the Power Supply

3.1.1 Maximum VCO Frequency

Inthis design fmaxls setat600kHz. Forthe oscillator capacitor
(Cpgp) @ temperature stable NPO (COG), ceramic, 150 pF
capacitor is recommended. Keep the leads on this capacitor
very short to minimize the parasitic inductance. According to
Gennum's data sheet 510-43, R, .- 17.4 k2, 1%. Tolerance
of fmax from chip to chip is £5% (570 kHz to 630 kHz).

3.1.2 Set Output Pulse Width (T,,)
The timing for the MOSFET switch Q7 (Q2) is set to shut off
during the diode D4(D5) conduction, (see Figure 1). The best
method of doing this is to terminate the T, pulse right in the
middle of a negative half of a sine wave current:

1
fr
Then relative inaccuracy in T, will not affect the circuit 's
operation. Inthis case f,=750kHz, and T, = 1 us. A 100 pF
capacitor is chosen and placed in series with R, (R19) whose
value is determined to be 9.4 kQ, as seen from the graph
(Figure 2) in data sheet 510-43.

Ton = 075

3.1.3 Soft-start Capacitor

Capacitor C21 is needed to provide a relatively slow change
in the VCO operating frequency , from minimum value (about
11 kHz for C,¢. = 150 pF) to the value which is set by the
feedback loop. The result is a soft start-up of the power
supply. Usually 2 to 3 cycles of the input AC line are sufficient
to charge the input filter capacitors. This means that 30 ms to
48 ms Soft-start Delay (50-60 Hz) is necessary. A 4.7 uF
capacitor value provides about 40 ms of soft-start (see 510-
43 data sheet pin description). The higher the power level of
the converter, the longer the soft-start time is needed. A value
of 100 to 200 ms could be used for a 500 W supply

3.1.4 VCO Input
In this application design, the input voltage is set by an error
amplifier via an optocoupler.

The proper level of the current in the photo-transistor is set by
an external resistor R18. Ifthe VCO input is set at 4.0V, (in the
middle of the 1.5V - 6.5V range of VCO), and Voe=12V, the
parallel combination of 10 kQ internal pull-up resistor and
external R18 resistor, is about 2.3 kQ. Thus R18 = 3 kQ.

3.1.5 UVOV Shutdown

This pin is used to set the input voltage operating range for the
power supply. The nominal value for the rectified 220V AC bus
is about 350V (taking input diode drops into consideration)
Normally this pin level is set to 2.5 volts.

Resistive divider R12- R13carries just under 1 mA of current.
Having R12 = 360 kQ andA 13 = 3 kS sets up the range from

220V DC (78V AC x 2 x 1.4) to 390V DC (138 V AC x 2 x 1.4) which
is quite acceptable for most designs. To change undervoltage and
overvoltage threshold levels, apply resistance between UVOV
input (pin 15) and reference voltage (pin 3)(Fig. 4)

=<
H

| 5V
REF

5] yvov

R13 GP605

AN AN

Figure 4

The value of the resistors can be calculated from the equations
. (Vyx V) - (V xV) oo
= ————— X
(V xV )-(V xV )
u no

o] inu

R12 x V. x (V_-V)
r o] r

FH3=\/x( - V -V)+ (VxV -VxV )
r no nu u o] o] no u no
where v, - the GP605 overvoltage threshold lockout
v, - the GP605 undervoltage threshold lockout
v, - reference voltage
% - requested line overvoltage lockout

no
% - requested line undervoltage lockout

nu

3.1.6 Overload Protection (OL)

The current sensing is provided by the current transformer T2.
With a turns ratio of 1:40 it reduces the primary current of the
power transformer T7, by a factor of 40. Only positive pulses pass
by diode D14. The resulting voltage drop across resistor R16, is
applied to pin 16 (OL) of the GP605 via resistor capacitor filter R15
-C19. Thetime constantof this filteris 3.5 us. Therefore the voltage
across C19 looks like a saw tooth. Once the level reaches 3.2V
(+£0.3V), the controller shuts down the power converter for a period
of time set by the capacitor C17. AsR11 = R10 = 300kQand C17
= 4.7 uF, this overload restart delay is about 0.7 seconds. If the
overload condition remains (look for a possible short on the output),
the power converter will continue to try to come back on-line with 40
ms soft-start every 0.7 seconds. The resulting average currentinto
the short will be very low, less than 0.05 [ . where Lo is set by
the value of A16 and turns ratio of 72.

a.

3.1.7 Driving Large Area MOSFETs

Although the output stages of the GP605 are capable of delivering
0.6A peak current, it might be beneficial to use buffer driving
stages between the chip and large area MOSFETs. In order to
charge 200 pF of gate-source capacitance in 100 ns, the driver
stage must deliver up to 0.75 ApeaK of short current pulses



It can be achieved by a totem-pole, small signal MOSFET
stage, Q3-Q4(Q5-Q6). In this case the GP605 output drives
only about 70 pF load. Both driver MOSFETs have R

of 8 Q and can provide high current pulses to charge Boon
and discharge CgS of power MOSFETSs.

3.2 Pawer Transformer Design
The practical design starts with finding the turns ratio 'n’
between the primary winding (1-2) and the secondary wind-
ings (3-4) = (4-5) of the power transformer T1

Assuming low line condition (V = 115V DC for a typical
supply), the converter will operate with minimum dead-time
(about 25%) and the voltage across the primary will be very
close to an ideal sinewave V, , =V sinw 4t,

0.707v
n= .
1.25 (Vi r + V)
Where V,, ,is the rectified output voltage and V.. is a forward

drop across a Schottky diode
ForVQUT =5V. V., =05V, andV =115V :n=12

In transformers above 500 kHz, the practical amount of turns
for the 5V secondary winding is one turn
Then (3-4)=(4-5)=1turnand (1-2) = 12 turns

The fundamental relaticnship in the transformer is

aB
1. e = NA -~ 108
€ dt
Where e is instantaneous voltage across a winding in volts, N
is the number of turns in that winding, A, is the transformer
core area in cm’ and dB/at is the instantaneous rate of

change of flux density in gauss per second.

108 T2
2 Time= )=
A B (over a Time 5 ) NA, IO edt

where T is the operating period in seconds.

In the sinewave converter

2n
3. = E si t
e sin- =

where E = sinewave peak.

Tf2 T/2 2n
4 edt = E | sin— tdt
¢} o] T
T 2r T T ET
=E (-- cos . + cos0) =
2n T 2 4 hid

10 ET
NA * 2n
e
From this equation maximum operating flux density can be

calculated:

5. So AB =

100 v e Tr
B= 1 .4
2n N e A
e
Bisin gauss, Vis the peak voltage in volts, T is the period of
resonating frequency in seconds, N = primary turns, and
A, = core area in cm?

For Magnetics core F - 43622 - UG,
A, = 159 cm? nominal V = 150V. If resonating
frequency of 750 kHz is chosen, then

g 107 x 150V x 1.33sec x 10
To2m x 12 x 159

According to Magnetics Inc. Data, this will result in about
100mW/cm? core loss (F material). The 43622 core has a
volume of 8.46 cm®. Total core losses will be approximately
850 mW, quite acceptable for a 125 W transformer.

6
= 166 gauss

Winding Losses:
Skin depth can be calculated from this equation:

where 8 is in meters, f is in Hertz.
For 750 kHz operation § = 0.076 mm = 3 mils.
In a flat conductor both sides can be considered a surface.
So, at 750 kHz frequency, 5 mils of copper foil can be
considered a good choice for 1 turn, 25 amperes secondary
winding. The average length of turn for this transformer is
ALT = 0.244 ft.
Foil width is about 0.5 in.
Foil area is 0.5in. x 0.005in = 0.0025 sq. in
It is about the same as the area of #16 AWG wire, and it has
aresistance of about 4 mQ per foot. Sothe resistance of 1turn
of foil is about 1 mQ. In a full wave secondary winding of this
power transformer, one can assume that I,y (secondary) =
25A and R = 1 mQ then power dissipation in the foil:
P(secondary) = I, . (sec) x Rsec = 625mwW.

RMS
Conservative estimate for | primary)

RMS(

1
: _ AM
IRMS (primary) = ;

(sec)

o

n
l

where 1 is the efficiency of the supply (0.75 is the design
goal).
Then 1 (primary) 25A 2.78A
i - = -2

ams PIMAY)I = 150.75)
The #30 AWG wire would be a good choice for the primary
winding; because it has a diameter of only 10mils this wire is
quite efficient at 750 kHz.




Due to skin effects however. its DC resistance value has to
be multiplied by 1.5 to obtain the true AC resistance at 750
kHz. The DC resistance of #30 wire is 100 m€2 per one foot.
So the AC resistance will be 150 mQ per one foot. Twelve
primary turns have the total length of about three feet, there-
fore total AC resistance value of one strand is 0.45 Q. Six
strands in parallel will have resistance of Rm =75mQ. Then
power dissipation in the primary:

=(2.78)° x 0.075 = 580 mW

P =1

2
pri RMS pri X Rpr

Total Transformer Power Dissipation

P; =Pc0!e+Psec+Ppn =850mW +625 mW +580 mW =2055 mW
Rule of thumb is that in a well designed switching power
supply, total losses in the transformer should not exceed 2%
of the output power. In this case 2W transformer losses

represent about 1.6% of the output.

The primary winding in this design is split into two halves, each
halfis 6 turns of 6 strands of #30 wire. The secondary windings
are sandwiched between these halves. Such construction
greatly reduces the leakage inductance and enhances power
conversion.

3.3 Resonating Tank

Itis always a challenge to choose the right value for C and L.
If the inductor is too small, the excessive peak currents will
make the design inefficient. Ifthe inductance L istoo high, the
amount of power available for conversion will be limited. A
good starting point is:

2
Cr\/ Cpeak
Pour = T * f
2Pour
Then C = — -
2
VC peak * f
f= fnax = B00kHz at low line when v, peak = 220V
2 x 125W
Then C, = X125 - 8608 pF

(220V )° x 600 x 10°

The closest standard value is 8200 pF. Then L, can be
calculated from the equation

9

| =
L =

r

C, 4n? f(?

for f,

750kHz L = 55pH

3.4 Power Semiconductor Selection

Every bidirectional switch in this supply actually consists of
three power semiconductors. a Schottky diode D2 (or D3), a
MOSFET Q17 (or Q2), and afastrecovery diode D4 (or D5). The
only purpose for D2is to block an internal parasitic diode of the
power MOSFET. This internal diode is too slow for the
purpose. Since the switches Q7and Q2operate out of phase.
the maximum duty cycle for an individual MOSFET is about
38%. That happens at low line and maximum load, when f =
f max = 600 kHz.

ma.
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Figure 6

Under these conditions the return current via the diodes D4
and D5 almost disappears and peak currents in transistors
reach 8A. So, Tows for Q1 and D2 will be the same as for Q2
and D3

lams osrem) = Tpeax 4T

0.38

Since TON = 0.38 Tmm. lows = 8A v 4 = 2.46A

The power dissipation in every transistor will be limited to
conduction losses:

2 _ o
Pas = Pas = (gyg)”™ X Ry, (T, = 100°C)

For IRFP450 MOSFET, R, ( TJ = 100°C)
= 1.7R (T =25°C )= 177 x 0.4Q = 068Q

dson J

Then Py, = Py, = (2.46A)° x 0.68Q = 413W

Q



The efficiency can be improved by lowering the MOSFET
junction temperature. For example, at 60°C IRFP450 maxi-
mum R, will be 0.52 Q and losses will drop to 3.15W per
transistor

However, if IRF841 transistor is used, its

R, (T =60C)=125R__

dson

(T =25°C) 1.25 x 0.85 =1.06Q

n

Then Py, =P, =64 watts.
Although it is more efficient to use larger area MOSFETSs ,
economical considerations may dictate the usage of IRF841

but at a lower junction temperature, (less than 60°C)

Schottky diode losses can be calculated from the following

equation.
Poo = Poy = laws X Vaus
TON 0.38 Trmn
where Vo =V, 2T =V 2T 7 -0436V

Assuming V= 0.6V for a typical Schottky diode, V.~
0.26V. and F§7D2 Py, = 0.6 watts. Return diodes D4 and D5
conduct very little current at nominal load. Only at light loads
do they conduct significant current, and then, the duty cycle
is very low. Although these diodes must be rated for up to
IOWM currents, they dissipate little power, approximately
0.5W each. Diodes must have 35ns - 50ns recovery time, so,
Py, =Py, = 0.5 watts. Each power switch loss = Pow + Py, +
P_;=64W=05W=75watts Both switches (six semicon-
ductors) dissipate 15 watts.

OUTPUT SCHOTTKY

Py, +PL,,=25A x0.55V = 14 watts. Switching losses are

D12 013
low due to the sinusoidal character of the current

K

3.5 Snubbers

These RC networks across power switches are needed to
dampen voltage spikes. They reduce EMI and improve

reliability
Power losses:
2 12 2 5
CoVics frae 47 x10 (220) 6x’1707
Pra=Prs= 5 x5 = 2 2

=0.340W (lowline, nominal load), total losses are 0.7W

It should be noted that at nominal line, snubber losses will be
higher because they are proportional to VCP. For example, at
nominal line

Vi =300V and f = 350 kHz, then Py, , = P, = 0.74 watts.
Total losses will be 1.5 watts.

3.6 Power Supply Efficiency

Power switch losses 15.0W
Output Schottky diode losses 14.0W
Losses in snubbers 1.5W
Power Transformer losses (est) 2.0W
Control/drive circuits 1.0W
Output inductor dissipation (est) 2.0W
Resonating inductor dissipation (est) 0.5W
Input rectifier dissipation (est) 3.0W
TOTAL LOSSES 39.0W
) ) 125W 0 o
Estimated efficiency n = 164W x 100% =76.2%
Measured efficiency n = 125W = 748%
167W

Additional losses totalling 3W are miscellaneous losses in
device leads, printed circuit board etches, and proximity
effect losses in the power transformer etc. A target for an off-
line 5V output switching power supply is 75% efficiency.

3.7 Possible Modifications to the Power Supply

This topology can be easily modified to achieve multiple
output units. Additional windings can be placed on the power
transformer as long as the total power does not exceed the
rated vaiue. Higher power supplies would require modifica-
tion in the switches, transformers. as well as in the resonating
tank Output stages also would have to be beefed-up. The
control circuit would require very minor modifications in the
areas of current sensing and the compensation network.

4.0 PERFORMANCE ANALYSIS

Among the most important characteristics of a power supply,
are: efficiency, line and load regulation, transient response,
and output ripple. The measured efficiency of the GP605
supply was approximately 75%. Line regulation (95V AC to
132V AC) was better than £0.5 percent. Load regulation (5%
to 100%) was better than + 1.5 percent. Total regulation band
was better than +2 percent. Transient response for 50% -
100% load-step was an excursion of less than +5% of the
output voltage, with total recovery under 500us. Output ripple
was less than 100 mV p-p.

All the above characteristics are quite acceptable for an off-
line switching power supply.

5.0 WAVEFORMS
Figure 7 shows the GP605 output driving totem-pole signal

MOSFETs. Figure 8 shows the actual power supply resonat-
ing current versus GP605 outputs.




Fig. 7 Output Stage Driving
Totem-pole MOSFETs
Veo=12VDC

a) 0 bus/div
Output Current 100mA/div
Output Voltage 5V/div

b) 50 ns/div

Fig. 8 Oscillograms of
GP605 Output Stage
Voltage and Power
Transformer Current

Upper trace
Power Transformer Primary Current

5A/dv

Tu
Middle trace
Drive A Voltage 10V/div

Lower Trace

Drive B Voltage 5V/div



6.0 CONCLUSION

THhe GP605 provides an easy and cost effective way to control
and protectresonant and quasi-resonant converters. The lack of
suitable FM controllers has stopped many designers in the past
from going to new topologies and higher frequencies, - now they
have a choice

References

(@] Neville Mapham, "An SCR Inverter with Good Regulation
and Sine-Wave Output,” IEEE Trans. on Industry and
General Applications, Vol IGA-3. pp. 176-187, March/
April 1967

(2) Alex Estrov, "Power Transformer Design for 1MHz
Resonant Converter' Proc. First High Frequency Power
Conversion Conference" April 1987, Intertec
Communications, Ventura,California.

(3) N.O. Sokal and A.D. Sokal, "Class E - a new class of
high-efficiency tuned single-ended switching power
amplifiers," IEEE J.Solid-State Circuits, vol. SC-10. no
3. pp. 168-176. June 1975

(4) Alex Estrov, lain Scott, "FM Controller IC Supports up
to 1 MHz Resonant supplies” PCIM. September
1987, Intertec Communications, Ventura, California

RESONANT POWER SUPPLY BILL OF MATERIALS

Cl.C2 Capacitoral.el. 330 uF 200V
C3.C4 Capacitor met.polypropolene 1uF 200V
C5.C6 Capacitor cer.NPO 47pF 1kV

Cc7 Capacitor cer NPO 8200 pF 1kV
€8, C10, C11,C18, C30 Capacitor cer. ./R 0.22 u+ 25V

C9. C31 Capacitor tant.conformally coated
4.7uF 35V
C1e,C17,C21,C27 Capacitor tant.conformally coated
4.7uF 16V
C12,C13,C14.C15 Capacitor tant.conformally coated
220 uF 10V
C19,C24 Capacitor cer. X7R 0.022 pF 25V
C20, C26 Capacitor cer. NPO 1000 pF 25V
Cc22 Capacitor cer. NPO 150 pF £5% 25V
c23 Capacitor cer. NPO 100 pF £5% 25V
C25 Capacitor cer. X7R .047 uF 25V
C28, C29 Capacitor film 1000pF 250VAC 'Y' type

D1 Diode bridge 4A 600V
Gen. Instr. KBU4J

D2, D3 Diode Schottky IN5823

D4,D5 Diode UFRD Amperex BYV29-500

D7 Diode IN4001

D8.D9 Diode UFRD Motorola MUR105

D10,D11,D14 Diode IN4148

D12,D13 Diode Schottky Motorola MBR3045PT
(each)

D15 DiodeZener IN967A

F1
L1

L2

L3
Q1.
Q3.
Q4.
R1
R2,
R4,
R6
R8,
R10
R12

R13,

R14
R15
R16
R17
R19
R20

R21.

R23
R24
R25
R26
T1

T2

T3

U1
u2
u3
U4

Fuse 5A 250VAC slo.blo.

Inductor 5 pH £ 5%, Core:Micrometals T51-8/90
12 turns of #28 AWG

Inductor 7.5 uH £ 10%.

Core: Arnold Eng. A-445146-2 or

Magnetics 55344-A2. 7 turns of 5 strands in

parallel #20 AWG.
Inductor 330 pH, 85 ma. TDK ELO606 SKI-331K

Q2 MOSFET IRF840
Q5 MOSFET Supertex VPO104N3 P-channel 8 Q
Q6 MOSFET Supertex VN1306N3 N-channel 8 €
Thermistor NTC 3A Ametek SG220
R3 Resistor 33 kQ 5% 0.25W
R5 500 © 10% 1W Corning FP1
Thermistor PTC 3 kQ Midwest 220Q32214
R9 Resistor 100 k€2 5% 0.25W
CR11 300 k€2 5% 0.25W
360 kQ 1/2W 400V
R18 3kQ 5% 0.25W
17.4kQ 1% .25W
240 Q 5% 0.25W
56 Q 5% 0.25W
10k Q 5% 0.25W
9.31kQ 1% 0.25W
1MQ 5% 0.25W
R22 470 Q 5% 0.25W

910 Q 5% 0.25W
1kQ 5% 0.25W
Trim pot. 200 Q
Resistor 20 k Q2 5% 0.25W
PWR.Transformer. Core: Magnetics
DF43622-UG. (1-2) = 12 turns of #30 AWG, six
strands in parallel. split 6 turns + 6 turns. (3-4)
=(4-5)=1turn of 0.005" copper foil, sandwiched
between two halves of the primary (1-2). (6-7)
= (7-8) = 3 turns of #30 AWG
Transformer. current sense
Core: Magnetics 40705-TC-F (1-2) = 1 turn of
#28 AWG (3-4) = 40 turns of #32 AWG
Transformer, gate drive. Core: Magnetics
40705-TC-F. (1-2) = (3-4) = 20 turns of #32,
double insulated wire, wound bifilar.
Linear Regulator LM78M12
FM Controller Gennum GP605
Optocoupler Motorola MOC604A
Shunt Regulator Tl 431CLP

Gennum Corporation assumes no responsibility for the use of any circuits described herein and makes no representations that they are free from patent infringement

© Copyright 1989 Gennum Corporation  All rights reserved. Printed in Canada







The GPB05 in a Variable Frequency,
Zero Current Switching, Forward Mode
Resonant Mode Power Supply

APPLICATICN NOTE

CORPORAT.

(lly s=nmom

1.0 INTRODUCTION

Conventional quasi-square wave converters, mostly PWM
controlled, have been very effective tools for power supply
designers for quite afew years. Their most natural operating
frequencies are between 20 kHz to 200 kHz. Lately,in the
search to reduce size and cost, these converters are
approaching the 500 kHz region, which is exotic for this
topology. Recent developments in high frequency
magnetics materials and high frequency capacitors make
it possible to operate even in the high frequency region up
to 1 MHz. This allows about a 3:1 reduction in the size of
major passive components, as compared to 20 kHz
switchers.

The biggest disadvantage for SMPS converters at these
frequencies is high switching losses in power
semiconductors. The resulting inefficiency requires larger
heat sinks and thus defeats the goal of reducing the size.

There is, however, a more efficient way to convert power at
ever higher frequencies. This class of converters is called
‘resonant” and can implement a zero current switching or
zero voltage switching technique. A sinusoidal waveform
can be gencrated cither by a paralle! or series resenating

by a par or series rescr
LC tank.

The clear advantage of the sine waveform is that switching
generally occurs at zero crossing and switching losses in
power semiconductors are almost eliminated or greatly
reduced. The primary disadvantage of aresonant converter
is that, for a given power level, the actual peak current is
three to four times greater than that of a PWM converter.
This can be overcome by using in some topologies fast
SCR or, in general, by using low ‘'on resistance"
semiconductors. This creates a practical meanstoincrease
operating frequencies up to 1 MHz and higher. High
frequencies allow designers to achieve power densities in
excess of 25 W/cubic inch, which is about four times better
than is possible at 100 kHz.

There are many types of resonant and quasi-resonant
topologies. If you are interested in a brief review of some
of these topologies, request the article published in IEEE
Spectrummagazine, " Resonant Mode Power Supply Design:
A Primer " by Fred Sykes , Gennum Corporation.

Inthis application note you will find a description of the zero
current switching topology in variable frequency mode. An
FM control type provides a fixed "on time" (TON),and variable
frequency (f). Conversely PWM uses fixed period and

variable on "time".

This paper describes features and applications of the GP605
resonant mode controller in one type of resonant power sup-
ply. The GP605 is an upgraded version of the LD405, which
was the first commercially available resonant mode controller

2.0 GP605 BLOCK DIAGRAM

Figure 1 shows a functional block diagram of the GP605. The
heart of this IC is a voltage controlled oscillator (VCO) and a
monostable. The VCOsets a variable commutating frequency,
while the monostable sets a fixed T, time.
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Fig. 1 GP605 Block Diagram

The IC can work either in a single-ended, or in a push-pull
mode. Grounding pin 10 (SEO) enables a "steering’ flip-flop to
control the output AND gates, thus sending the drive to
OUT A and OUT B in a push-pull mode. Opening pin 10 puts
the chip into single-ended operation. In this mode the fre-
quency is doubled compared to individual outputs in push-pull
mode. The outputs are identical, so they can be paralleled for
increased drive capability. T, time is independent of the

mode of operation.

The chip has an overvoltage/undervoltage (OVUV) window
comparator, the threshold of which can be set externally.

A soft-start block allows relatively slow frequency change,
(usually measured in tens of milliseconds) from minimum VCO
frequency to the value set by the VCO input pin 13. The soft-
start initiates with every power-on of the chip, as well as after
any forced shutdown.
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Shutdown can be achieved by grounding the remote shut-
down pin 1 (RSD), by applying on pin 15 (OVUV) a voltage
outside of the window comparator, or by applying a voltage
level in excess of 3.2 V to the overload input pin 16 (OL).

Every shutdown of the GP605 is synchronous with the mon-
ostable, meaning that the controller never interrupts the Tonin
the middle of the pulse. This feature is especially suited for
resonant power supplies, since resonant cycle interruption
might cause excessive voltage spikes. These high dv/dt
spikes could damage switching semiconductors, especially
power MOSFETSs. It is much safer to allow the cycle to elapse,
and then to shut down the converter

Every time the overload block shuts down the chip. it does so
for 0.5 to 2 seconds resulting in a "hiccup” mode of overload
protection. The exacttiming is set by an external capacitor on
pin 2 (OLARD). Such overload protection effectively "folds
back" output on any prolonged overload or short. The con-
verter will stillhave an automatic recovery once the voltage on
OL pin drops below the threshold level.

3.0 RESONANT CIRCUIT THEORY OF OPERATION
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Fig. 2

In the circuit which consists of L, C, R and A there is a
commutating switch S. Its function is to apply DC voltage of
a known source V1o a series resonating tank LC. Resistor A,
represents a load and "steals" some current from the tank.
Once theresonant process is finished, the switch S is opened
interrupting the power conversion from the source V to the
resistor RL. After a time interval, switch Sis closed and the
process repeats itself. One can change the commutating
frequency, thus changing the average power being dissi-
pated in the resistor R,. If L, Cand Swere ideal components
(which they are not), there would be no power dissipated
anywhere, except into the load RL and resistor R.

Let us first assume that R =

=i =i +ig (1)

di 1
V:\/L+VC+VR:L +

[icdt +ieR (2
dt

The LC circuit has resonant conditions when:
X =X (3)

1
ie. ol = oC (4)

Resonant frequency w , = 2 nf, can be determined from the
expression 1

0, = m (5)
Impedance of resonating tank Z at the frequency o

1 /L
Z=ol=0,C=V C (6)

Ratio of reactive voltage V, orV/ to the real voltage V,,, is
called Quality factor Q:

\Y Zei z
Rei= R (7)

\

L —

vV_ "V
R

Q =

R

Quality factor Q@ shows how many times voltage across induc-
tor or across capacitor will exceed the source voltage V.
Letus determine the sum of the energy of magnetic and electric
fields in the tank:

W=W +W (8)
mag electric
current in the tank: i= IDeak ® sin ot 9)
Then -
Vc = cheak ® sin (u)ot o ) = -cheak cos ot (10)
Li®  Cv?

w=w_oew o= T 4T

mag electric 2 2

2 2

LI peak 5 CY Cpeak 2
= 2 sin wot + > cos (uot 11
1 \/L
But VCpcak = (DOC ¢ lpeak = ngg( C (72>
2 2
So cv Cpeak = L1 peak (13)
2 2
2 2
L1 peak C\/ Cpeak
ThenW=W___+W__ =", = Py = const
mag electric 2 2

i.e. the sum of the magnetic fields does not change in time. The
decrease in the electric field is compensated by the increase
in the magnetic field and visa versa. Thus a constant conver-
sion of the magnetic field into the electric field and back again
is taking place.



The power dissipation takes place only in the resistor R. If the
switch Siis turned on for a period of time:

1 1
T = =
¢} o, 27(f0

one complete resonant cycle will take place with power loss in
the resistor R.

P= (P *R (14)

Differential equations for the circuit in Figure 2 are well known.
The solutions are:

Rt
\
V.=V + ee lesin (o t+ ) (1%)
c w)/ LC ©
N . Rt
i= — ee ? egin (wt) (16)
0
u)oL
\Y =
oL . n
Vo= = e @ ®sin (WAt -5 ) (17)
L .wojL'C o2

The resulting waveforms are shown in Figure 3. Voltage Vi is
circulating around the source voltage V. It cannot exceed V
multiplied by 2. This voltage reaches its maximum point
around IO

2
The current is also circulating, although around zero.

Fig. 3 Series Resonant Tank

For anideal tank R = O

VC= \/~Vcosmot (18)
. V.o

i =\/FC sin wot (19)
V =Vcoswgt (20)

This means that the resonating process would continue indefi-
nitely. Inthe case of R, being connected across capacitor C,
the load will see an AC voltage V. across it and thus will
dissipate power. In practice, circuit R, is connected to the tank
via an isolation power transformer. The new value Hz "isthen

ol

R'=n’R, . wheren = is the turns ratio.

N
|

sec
4.0 RESONANT POWER SUPPLY

A block diagram of a parallel resonant converter is shown in
Figure 4 . The detailed schematic diagram of this supply is
shown in Figure 9.

An input circuit provides filtered DC bus voltage for the high
frequency resonant converter. In the case described in this
paper, the input circuit consists of input capacitors C2, C3.
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Fig. 4 Block Diagram of a Parallel Resonant Converter

The startup circuit provides energy for circuit operation at the
time 7= 0. Startup energy is supplied by current source Q2
The GP605 is in the OFF condition if voltage is below 9 V
(typical). Once the power supply is up and running, energy is
taken from the power transformer auxiliary winding T2.

The voltage from the winding is rectified (CR8, CR7) and
regulated (VA7) tothe level of 12 V. If the startup current is too
high for your application please request the GP6040 data
sheet 510-59. The GP6040 features very low startup current.

A resonating series tank consists of an inductor L2 and
capacitors C4,C32. The load is connected in parallel to the
resonant capacitor via stepdown transformer 72, This type of
converter, following old RF definition is called parallel resonant
converters, despite the series resonant circuit.




The GP605 delivers constant “on" time to the switch and
voltage regulation is achieved by frequency variation. Switch
Q1is "on" for a period of time long enough for half of the full
resonant cycle. A parallel diode to the switch provides a
return path for the resonant current

In order to provide fast turn-on and turn-off of the power switch
Q1, driving requires an additional stage. This is achieved by
using MOSFET transistors (Q3, Q4) in a totem-pole circuit
configuration. Such an approach limits controller power
dissipation and therefore increases product reliability

The error amplifier in this particular application is designed on
the secondary side. The error signal is transmitted to the
primary via optocoupler U2and applied to the Voltage Control
Oscillator (VCO input) pin 13.

The soft -start function is controlled by capacitor C16 con-
nected to pin 12. The controller of T = 0 applies minimum
frequency to the circuit. The rate of frequency increase is
controlled by capacitor C16. The frequency increases until it
reaches the value set by the error amplifier.

The supply utilizes primary current sensing. Current sensing
transformer T7 is connected in series with the power trans-
former T2. The transformer has the turn ratio 1:50. On the
secondary side the voltage signal s linearly proportional to the
current on the primary side of the current transformer (CT ).
After rectification and some filtering, an essentially " saw tooth’
voltage level is applied to pin 16 of the controller. Once the
signal reaches a programmed threshold, the controller shuts
down for approximately 1 sec. The period is set by capacitor
C11 connected to pin 2. When time elapses the GP605
applies a normal pulse train, beginning from lowest fre-
quency, as during soft-start function. Ifoverload s still present
the circuit goes to shutdown mode again. The supply will stay
in the "hiccup" mode until the overload is removed.

The output stage is a fairly straightforward design. It is a full-
wave Schottky, center-tap rectifier. composedof CR10, CR11,
L3 and a row of output capacitors.

5.0 DESIGN SEQUENCE
5.1 Integrating the GP605 in the Power Supply

5.1.1 Maximum and Minimum VCO Frequency (/.

mlmmax)
The maximum operational frequency of the GP605 is 2 MHz.
However usable frequency is limited by the dead time intro-
duced internally to the end of each T, time, to prevent over-
iapping of the compiementary outputs.

Since energy conversion takes place only during 7, time, the
limitation in D duty cycle) lowers the practical maximum

ax (
max
frequency (f, ). Table 1 gives useful information on T,

max”’’

Jmaxand D for single-ended operation

X

fra 2000 1500 1000 600 500 400 kHz

Ton 200 366 700 1366 100 2200 ns
D, .. 40 55 70 82 85 88 %
Table 1.

If your application requires a high duty cycle in the 3 MHz
frequency range, request GP6050, or GP6040 data sheets
(documents 510-58 and 510-59 respectively. avail. Fall '89).
In this design /nm issetat510kHz. Areasonable capacitor
value from the noise point of view is 100 pF. For a 100 pF
capacitor, from Figure 5 on GP605 data sheet, the minimum
frequency is 12 kHz. From Figure 6 on the same data sheet.
oscillator resistance is 26 k€.

Recommendations for oscillator components are:
- C17 ( oscillator capacitor ) ceramic. temp. coef. NPO, 100 pF
- R14 (oscillator resistance ) metal film, 1%, 26.1 kQ

Tolerance of/max

from chip to chip is 5% (484 kHz to 536 kHz).

5.1.2 Set Output Pulse Width T,

The chosenresonant frequency is /= 600kHz. The T, pulse
initiates the resonant cycle. The pulse must be terminated
during conduction of the diode CR3 (negative voltage on
switch Q7). The best way to terminate the T, pulse is rightin
the middle of a negative half of the sinewave current:

1
=075
fr

From the above equation T, = 1250 ns To limit the number
of parts used in design, the value of the timing capacitor(C18)
is equal to the oscillator capacitor, C18 = 100 pF.

TON

From Figure 2 on the GP605 data sheet (510-43 ) the timing
resistor R16 = 10kQ. A metal fiim, 1% resistor is recom-
mended.

5.1.3 Soft-start Capacitor

This capacitor is connected to pin 12 and provides controlled

startup from f_ to f . Startup requirements vary from

application to application; for 100 W power level, a delay

of 40 ms is chosen. The delay is approximately equal to:
Ty [Ms] =8.7x C [uF]

From the above, capacitor C16 = 4.7uF

For a 500 W supply a delay time of 200 ms could be used



5.1.4 VCO Input
Inthis designthe VCOinput voltage s set by an error amplifier
via an optocoupler.

The proper level of the current in the photo transistor is set by
an external resistor R15 parallel to an internal 10 k2 resistor.
To achieve a VCO input level of 3.8 V (middle of the VCO
range) R15 = 3.9 kQ

5.1.5 Overload protection (OL)

Current sensing s provided by currenttransformer T1. Current
on secondary side of the transformer is reduced by a factor of
50. Afterrectification andfiltering, the voltage across capacitor
C13is applied on pin 16. Once the level reaches 3.2V. the
controller shuts down the power converter. The period of time
the converter is shutdown is adjusted by capacitor C171. To
achieve current limiting of 0.05 L. itis necessary to obtain
restart every 1s with additional 40ms soft -start feature. From
Figure 1 on the GP605 data sheet ( 510-43 ), C11 =4.7uF
and R6 = R7 = 300 k2 (resistance on Figure 1 represents the
parallel connection of R6 and R7 ).

5.1.6 Driving Large Area MOSFETs

The GP605 is capable of delivering 0.6 A current in short
pulses. but by using this feature it is very easy to exceed the
maximum power dissipation of the package. Increased
temperature of the chip will usually decrease reliability numbers.
In this design the power MOSFET is driven by the totem pole
small signal MOSFET stage Q3. Q4. The GP605 is driving only
approximately 70pF load. Great care must be taken to prevent
the voltage on the output pins from going below ground
potential, or more than 0.5V above Vee:

5.2 Power Transformer

Calculation of the power transformers for 500 kHz frequency
range always causes a great challenge to the designer. The
best choice is probably to use standard or custom made
planar magnetics, whose electrical characteristics are best
suited for a high frequency environment. Refer to (2) and (5)
in the reference section.

If, for development purposes, it is required to design power
magnetics for that high frequency, some useful information is
presented in our application note 510-62 (Half Bridge Resonant
Power Supply).

5.3 Resonating Tank

A very important part of the design is to choose the proper
value of the resonant capacitor and resonant inductor. Too
small an inductor creates high current peaks, too large an
inductor leaves a small amount of power available for
conversion.

A good starting point to choose the resonant tank capacitor is
the output power estimation:
C xV.2

N r C peak
POUI B 2 xf
ten L _ 2 x Py, 1
= V] .
i VC peak I
f=f,., =510kHz
POUT = 100 W
vCpeak =72V

The calculated value of the capacitor is 0.0756 uF

The iteration process to limit size, current peaks. and inductor
size limits selected resonant capacitance to 0.044 pF.

The inductor can be calculated from equation

L = 1,
C'x4xn2xf2'

f, =600 kHz
Resonant inductor L2 = 2.2 uH
5.4 Power Semiconductor Selection

Used in this application the bilateral or fullwave switch consists
of three major components. the MOSFET transistor Q1. the fast
recovery diode CR3 and the Schottky diode CR1. Transistor
Q1is the main switching device and has a high requirement
for maximum peak current. The Schottky diode CR1 prevents
the MOSFET parasitic diode from conducting (too slow for the
purpose). The fast recovery diode CR3 conducts to return
resonant current.

Under maximum load condition the return current almost
disappears and the peak current in the transistor can be cal
culated from

_ 2 X P‘N
peak
LY X fmax
Peak current 1 =14.7A

peak

Then transistor RMS current

fmax
L4xf
RMS current Iowg =6.8A

[ =

RMS peak




The power dissipation in resonant mode converters is limited
mainly to conduction losses.

For IRFP250

P, =(I

2
dt x R (T

Rus ) i Ty = 100 °C)

P, =(68A) x 0.136 = 629W
The transistor requires very efficient cooling.

Schottky diode losses can be calculated from the following
equation.

SH RMS RMS
- f
where VRMS - Vpeak max
4 x f,
AssumingV . = 0.6Vandly, =6.8A, power dissipationon

the Schottky diode is Pg,, = 1.89 watts.

The return diode CR3 conducts very little current at nominal
load. Only at light loads will the diode conduct significant
current, and then, the duty cycle is very low. The diode must be
rated up to the transistor peak current. The power dissipation
of this component is approximately 1 W. The total power dis-
sipation for the bilateral switch is:

Pp=629+189+1 =9.18W

5.5 Snubbers
Snubber calculation is done as for a normal PWM converter.

The power loss on the resistor is

Co x V
— ma
PPS - 27 ” X fmax
C5 = 680pF
V... = 100V
fome = 510kHz

The total snubber losses are P, = 1.74 watts.

5.6 Power Supply Efficiency

Power switch losses 9.2 watts
Output Schottky diode losses 11.0 watts
Losses in snubbers 1.8 watts
Control/drive circuits 0.5 watts
Power transformer losses (est) 2.0 watts
Output inductor dissipation (est) 2.0 watts
Resonating inductor dissipation (est) 0.5 watts
Miscellaneous losses 3.0 watts
TOTAL LOSSES 30.0 watts

100 W
Estimated efficiency = 130 W x 100% =78 %
Measured efficiency = 81%

5.7 Possible Modifications to the Power Supply

This topology can be easily modified to achieve multiple
outputs. Additional windings can be placed on the power
transformer as long the total power does not exceed the rated
value. If your application requires half bridge topology please
request Application Note 510-62.

6.0 PERFORMANCE ANALYSIS

Efficiency 80%
Line regulation 36V to 60V +0.1%
Load regulation 2A to 20A +0.5%
Output ripple 33 mv

7.0 WAVEFORMS See next page
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Fig. 5 Resonant Supply Waveforms Fig. 6 Resonant Supply Waveforms

Upper trace: VDS 50V / div Upper trace: VDS 50V / div
Middle Trace: 1,,,. 5A/div Middle Trace: I, 5A/div
Lower Trace: VGS 5V /div Lower Trace: VGS 5V /div
atV,, =48V at I, =20A

1ps/div 1 us/div

Fig. 5b. Io,;=15A

Fig. 6¢. V), =60V
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RESONANT MODE POWER SUPPLY
BILL OF MATERIAL

Part No. Description Part No.
C2.C3 6.0uF 100V +10% Electrocube 230BIB605k R5
C4.C32 0.022pF 200V NPO +5% KEMET C340C223J2G5CA R6,R7
C5 680pF 200V NPO (COG) +5% KEMET C323C681J2G5CA R9
C6.C8 22uF 16V tant. dipped cap. Sprague 199D226X9016DA 1 R10
C7.C10,C15.C19,C20.C22 0.22uF 50V Z5U +20% Sprague R11
1C10Z25U224M0508
R12
Cc9 47uF 20V tant. dipped cap. Sprague 199D476X9020EE2
R13
C11,C16,C33 4 7uF 16V tant. dipped cap. Sprague
199D475X9016BA1 R14
C14,C21,C12  0.001uF 100V +10% Sprague 1C10X5R102K 1008 R15
C13 0.022pF 50V £20% Sprague 1C10Z25U223M0508 R16
C17.C18 100pF 100V +5% Sprague 1C10C0G101J050B R17
C23,C24 0.0022uF 100V COG Sprague 1C10C0G222T050B R18.R22
C25,C26.C27 220pF 10V 20% solid tantalum KEMET R19.R20

T262D227M010MS or CSR21C227KM

Description
22Q1/4W 5%
300 kQ 1/4W 5%
3.6 kQ 1/4W 5%
1kQ 1/4W 5%
220 Q 1/4W 5%
36 Q 1/4W 5%
22 kQ 1/4W 5%
26.1kQ 1% 1/4W
3.9 kQ 5% 1/4W
10 k€ 1% 1/4W
1 MQ 5% 1/4W
470 Q 5%1/4W

1 kQ 1% 1/4W

R21 10 kQ 5% 1/4W

C29.C30 0.0022uF 500V CER. DISK Sprague 5TSD22 or 5GAD22
R23 R24 51Q 1W 5% RCD RSF1A

CR1 Schottky diode T0-220AB DUAL Amperex BYV4335
or Motorola MBR2035CT R25 100 Q2 5% 1/4W
CR2 Zener diode 170V +10% 5W IN5385A L2 2uH 5% Core: T68-2D Micrometals 10 Turns
#30 AWG x 5 (wire length = 10 inches)

CR2 UFRD 15 A 200 V TQ 220 AC Singlc Ampcrex BYV29-200
or Motorola MUR1520 L3 MTI-125-02-02 GAP=.012 Multisource Technology Inductor
CR4 Zener diode 12V £5% 1/4W IN4699 L4 330uH 0.6 ohm Inductor AL0410-331K
Northeastern Electronics (315)455-7561

CR5.CR6 IN4001 1A 50V

T1 Current Sense Transformer

CR7.CR8 UFRD AXIAL 1A 200V Amperex BYV27-200 Primary: 1 turn #18 AWG
or Motorola MUR120 Secondary: 50 turns #34 AWG
Core: Ferroxcube 1041CT060/3E2A

CR9 IN4148 Signal diode
T2 MTT-125-DC-06-02-06C Multisource Technology Transformer

CR10,CR11  Schottky diode T0-220, DUAL Motorola MBR2545CT
or Amperex BYV 43-45 VR1 LM7812 12V regulator
Q1 MOSFET IRFP250 International Rectifier T0-247AC U1 GP605 Gennum Resonant Mode Controller
Q2 TIP 29C TI bipolar transistor u2 CNY17-4 TRW Opto-coupler
Q3 MOSFET VPO104N3 Supertex or Plessy ZVP2106A VR2 TL431 CLP TI Shunt Regulator
Q4 MOSFET VN1306N3 Supertex or Plessy ZVN3306A MOUNTING HARDWARE 4 - 40 nuts and flathead bolts
TO - 220 insulating bushings
R1 180 Q 1/2W 5% Bergquist insulators K4 - 90, K4 - 35
Washers for PCB spacing
R2 3.9 kQ 1/2W 5% Baseplate
Heatsink
R3.R8 51 kQ 1/4W 5% PCB
Keystone #8190 terminals with screws

R4 47 Q@ 3W 5% RCD RSF2B or Clarostat VC-3D

Gennum Corporation assumes no responsibility for the use of any circuits described herein and makes no representations that they are free from patent infringement

© Copynght 1989 Gennum Corporation  Ali rights reserved  Printed in Canada
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DC-DC Converter Kit - X485

FEATURES

» small size 5.25" x 3.5" x 0.625"

high power density

lightweight

small inductors and transformers

500 kHz switching frequency

100 W 5V output

high efficiency 82%

ideal for onboard power supply applications

wide input range 36 V - 60 V DC

overload protection

short circuit protection

T ca2
S S

|CR2| CR3
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INFORMATION NOTE

48V Input to 5V at 20 A Output, DC-DC Converter
using the GP605 Resonant Mode Controller IC

This is a power supply kit being offered to demonstrate the
potential of resonant mode as a control method for high
performance power supplies.

The topology is based on a single-ended forward converter
that has been converted to zero current switching by the
introduction of a series resonant LC tank.

The GP605 resonant mode controller is a dedicated high
performance controller that is used in this design. The GP605
provides the gate drive signal to the switching MOSFET. The
GP6B05 generates fixed pulses at a varying frequency to
regulate the output voltage. As well as providing the control,
the GP605 also provides all the necessary peripheral functions
such as Softstart, Undervoltage, Overvoltage and Overload
Shutdown.
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DC-DC Converter Kit

Specifications Kit Components

Size 5.25"x 3.5" x 0.625" To eliminate any problems associated with resonant mode
evaluation, the DC-DC Converter Kit is a complete power supply

Input voltage 36 VbC - 60 Vbc provided in unassembled form.  The kit is comprised of all
necessary components including the PCB, heatsink, and

Output  5VDC at 20A backplate.

Efficiency 80%

To simplify the assembly and testing. a manual is also provided
Line Regulation  0.1% showing how to assemble the power supply, and how to test for
proper operation. All the major waveforms are provided for

Load Regulation +0.5% :
comparison.

Output Ripple 50 mVpp
For information on the theory and development of an original

design ask for the Gennum Application Note 510-63, The GP605
in Variable Frequency Zero Current Switching, Forward Mode,
Resonant Power Supply.

Gennum Coroorator assumes ro respors:b ity for ine use of ary circuits aescr bea nereir and ma<es no represertat ors that ey are ee "o patent nirrgement

¢ Copyrgn: 1989 Gernur Corporaton Al ngnts reserved  Pratec it Caraca
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GENNUM - YOUR SOURCE FOR HIGH FREQUENCY
POWER SUPPLY CONTROLLER ICs.

FM Controller IC
Supports up to 1 MHz
Resonant Supplies

A new FM controller IC for use with resonant
supplies provides regulation, soft-start,
undervoltage / overvoltage shutdown, overload
current limit, remote shutdown and direct drive
for output switches. An example of resonant
converter using the controller is detailed.

Alex Estrov

Multisource Technology Corporation
Newton, Massachusetts, USA

and Iain Scott

Gennum Corporation

P.O. Box 489, Station A

Burlington, Ontario, Canada L7R 3Y3
(416) 632-2996

P.O. Box 284

Buffalo, N.Y. USA 14220
1-800-263-9353

ost resonant and quasi-resonant topology power

supplies employ frequency modulation (FM)

control that provides a fixed pulse width and
variable period. These supplies can be simplified by use
of the LD405 FM controller, the first IC specifically intend-
ed for frequency-modulated resonant supplies.

Resonant converters are an efficient technique for
converting power at higher frequencies. They use "zero
current” or “'sine wave’ current switching (Figure 1)
generated by either a parallel or series resonating LC tank
circuit.

The advantage of sine wave current is that transistor
switching generally occurs at zero current, which
practically eliminates switching losses in power
semiconductors. The primary disadvantage of a resonant
converter is that for a given power, the actual peak current
is three to four times greater than that of a PWM converter.
This can be overcome by using lower ON resistance
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semiconductors, so the technique allows operating
frequencies above 1MHz. These frequencies allow
designers to achieve power densities more than 25W/in3,
which is about four times better than a 100kHz converter.

A block diagram of the LD405 and its pinouts are shown
in Figures 2 and 3, respectively. At the heart of this device
is a high stability, voltage-controlled oscillator (VCO) and
a monostable multivibrator. These two circuits control the
pulse width and operating frequency of the output drivers.

A resistor and capacitor at pin 9 sets the fixed pulse
width, Toy of the monostable. The VCO is intended for an
optocoupler (Figure 4), or any other type of feedback
network from the secondary (output) side of the power
supply. Its control characteristic (Figure 5) is linear within
+5% over the range of 1.5V (fyy) to 6.5V (fyax). A
capacitor on pin 11 (Cosc) sets fyy. After selecting the
capacitor, a resistor on pin 14 (g5c) sets fyax-

The three shutdown modes are Remote Shutdown (RSD)
on pin 1, Undervoltage / Overvoltage Shutdown (UVOV) on
pin 15 and Overload Shutdown (OL) on pin 16. Every
shutdown is synchronous with the monostable and the
controller never interrupts the output pulse. This feature
is well-suited for resonant supplies because resonant cycle
interruption might cause excessive voltage spikes that can
damage switching semiconductors, particularly power
MOSFETSs. It is much safer to allow the cycle to finish and
then shut down the converter for a relatively long time.

The soft-start block allows a slow (usually tens of
milliseconds) change from minimum VCO frequency to the
value set by the VCO input voltage. A capacitor on pin 12
(SS) controls the soft-start delay, which is triggered at
power-on and after any forced shutdown. To achieve
shutdown, ground the remote shutdown (RSD) pin 1, apply
a voltage greater than 3.2V to pin 16 (OL), or apply less
than 1.8V or more than 3.2V to UVOV (pin 15).

Overload shutdown starts the Overload Restart Delay
(OLRD, pin 2), which lasts for 0.5 to 2 sec, depending on
the capacitor value at pin 2. This overload protection
method effectively folds back the output for a prolonged
overload. Once the voltage on the OL pin drops below its
threshold, the converter automatically recovers.

Push-pull outputs OUTA and OUTB are capable on
driving power MOSFETs. OUTA and OUTB both require
external anti-saturation diodes, which can be 1N914s of
their equivalents.

The LD405 can operate either single-ended or push-pull.
Grounding SEO (pin 10) causes push-pull operation and
opening pin 10 provides single-ended operation at twice
the push-pull frequency. Both outputs are identical,
allowing parallel operation for increased drive capability.
The pulse width, Tgy, is independent of the operating
mode.
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Figure 6. Resonant power supply block diagram.

Design example

An example of an off-line resonant supply is shown in
the block diagram of Figure 6 and its schematic in
Figure 7.

The rectifier/voltage doubler block provides an
unregulated 300VDC (VNR) bus for the high frequency
resonant converter. The resonating tank consists of
inductor L1 and capacitor C7 connected in series. Power
transformer T1 accepts the sinusoidal voltage across C7
and steps it down to the output stage.

In terms of its driving sequence, this resonant converter
operates in a manner similar to a half-bridge square wave
converter. The resonating cycle involves switch Q1, the
parallel combination of C7 and the primary winding of T1,
inductor L1 and one turn of current sense transformer T2.
Return current flows via diode D4 and capacitor Cl is a
voltage source for the resonating cycle. Initially, switch
Q1 is ON and switch Q2 is OFF.

Except for using switch Q2 instead of Ql, the second
resonating cycle involves the same components as the first
cycle. Return current flows through diode D5 and capacitor
C2 is a voltage source for the second cycle. Note that
current reverses its polarity in the second cycle (compared
with the first cycle), so Tl operates in a bipolar mode.
During the time Q2 is OFF, D4 clamps the voltage across
Q2 to the level of the VNR bus. D5 does the same for Q1.

Q1. Q2, D4 and D5 need a rating of only 420V because
the line voltage (132V or 264Vrms) after rectifying and
doubling allows then a 50V safety margin.

The 5VDC, 25A output stage is straightforward, using
a full-wave, center-tapped Schottky diode bridge
consisting of D12, D13, L2 and C12.

Regulation

Changing the commutation frequency of the LD405
controller provides regulation. Its VCO receives the input
signal from an error amplifier via optical coupler U2. The
controller performs the functions previously described:
soft-start, overload current limit, VNR bus undervoltage
and overvoltage shutdown, and remote shutdown.

An additional driver stage consisting of Q3, Q4, Q5 and
Q6 and transformer T3 provides faster turn ON and OFF
for power MOSFET switches Q1 and Q2. The average power
to drive both switches is under 1W, but the switches
require short duration pulses up to 0.75A to charge and
discharge the gate-source capacitance.

The 12VDC VAUX bus powers the LD405 and the drivers.
C2, via limiting resistor R6, transistor Q7 and diode D6
provide this voltage during start-up. Zener diode, D15,
holds Q7's base at a constant 12V during start-up,
providing about 10.6V to the VAUX bus. Winding 6-8 of T1
provides the voltage source for the VAUX bus when the
supply is running, usually about 20msec after start-up. D8
and D9 rectify the voltage from this winding and U1
regulates it to 12V +5%. After start-up, D6 is reverse-
biased, which prevents power loss from Q7 and R6.

The primary of power transformer T1 is in series with
the single-turn winding of current-sensing transformer T2.
T2 has a turns ratio of 1:40 and its secondary winding
voltage is linearly proportional to the primary winding
current. These voltage pulses mirror the current pulses in
the primary of T1.

Diodes, capacitors and resistors rectify and filter the
output of T2's secondary, providing a sawtooth voltage to
OL (pin 16 of the LD405) that is proportional to the total
load. Upon reaching its threshold, the LD405 shuts down
for about 1 sec, as determined by the 4.7mF tantalum
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capacitor connected to pin 2. When this period has
elapsed, the controller starts generating its pulse train.
The frequency of these pulses is initially about 10kHz
(fmiy) @and increases according to a preset time constant.
In about 20 msec, if the overload condition continues, it
shuts down again. The supply stays in this “hiccup” mode
until removal of the overload.

The maximum commutation frequency (fyax) of the
supply is 600kHz. C7 is 8200pF and L1 is 5mH, therefore
the resonant frequency is about 750kHz. T1's primary
inductance is at least 100 times higher than that of L1,
so it does not affect the resonant frequency of C7-L1.
Figure 8 shows current waveforms in L1 vs the outputs of
the LD405 at different load and line levels. Only the first
pulses appear to be in focus because the controller
constantly changes the commutating frequency to reject
input AC line ripple.

8c) 125 watts, 132VAC

S5A/division
10V/division QUTA
5V/division  OUTB
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High Performance
AGC Amplifier

FEATURES

.

high stability of output level

40 dB AGC operating range
adjustable AGC threshold
adjustable attack and release time

.

levels adjustable with external components

.

can be operated as a voltage controlled gain amplifier

two gain blocks may be used separately

maximum frequency 100 kHz

threshold detector (squelch option)

operates from standard 5V power supply

industrial or military temperature range

TOP VIEW
cPINT 16
Vaes Ve
MUTE — P AMP,
THRADJ: B NC
oc,, = 1 COMP 1
Vi, S b COMP 2
Vom': P AMPIN
DCoyr P Fg
GND = 8 9P AC,,

PIN CONNECTION
16 PIN DIP

Part No. 16 Pin Package Temperature Range

LC403D PLASTIC -25°C TO +85°C

LD403D CERAMIC -55°C TO +125°C
MIL 8838 screened

ORDERING INFORMATION

LC403, LD403 DATA SHEET

INTRODUCTION

The LC/LD403 can be divided into three functional blocks plus
a voltage regulator. The voltage regulator takes the power
supply voltage of 5V to 10 V and regulates it down to 3.65 V
for internal use. Itis also brought out on Pin 1 for decoupling
and external applications. Up to 1mA may be drawn from it.
The three functional blocks are the output amplifier, atten-
uator-preamplifier, and the automatic gain control section.
Refer to Figure 1
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Fig.1 Functional Block Diagram
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DESCRIPTION

Amplifier

The main amplifier is brought out on five pins as a separate
component. COMP1, COMP2 are intended for a nominal
150 pF capacitor, which gives a bandwidth of 500 kHz.
Access is provided to the non-inverting input (AMP,, ) and the
internal feedback network (FB). The gain is set at 18dB but
this may be modified using the feedback pin FB.

The output stage of the amplifier is designed to drive a 600
load to 2.3 Vpp (maximum), and can be biased by directly
connecting the preamplifier output to the non-inverting amplifier
input. This internal bias level is optimised for V. = 5 volts
The amplifier operates off V. and whenV. . > 5 volts, it may
be advantageous to bias the input externally in order to obtain
increased output voltage and symmetrical clipping. The
optimum bias voltage versus V. is

%

CZC -0.5V

A capacitor will be necessary between the preamplifier output
and amplifier input for DC isolation

Attenuator-Preamplifier

The input signal to the attenuator (V,,) must be connected
through a capacitor. A direct connection will disturb the
internal bias levels of the LC403. The attenuator is driven by
the automatic gain control (AGC) circuit. The gain of the
preamplifier is +24 dB and the output is connected to the AC
to DC converter through a capacitor. Because of current drive
limitations, the minimum load resistance on the output of the
preamplifier is 10 kQ

AGC Section

When the signal at the input of the AC to DC converter (AC,,)
exceeds a reference threshold, both positive and negative
peaks charge the AGC capacitor C

LC403
DC/N DC()U? AC/N V()Uf
4 7 9 6
Ra
— A \\N\—4
r T +
1T

" R

R

Figure 2

The DC voltage developed on this capacitor is applied to the
attenuator control circuit at DC,,, which varies the attenuation
to maintain the input signal to the preamplifier at a constant
level. For performance and stability reasons, this capacitor
must be at least 2.2 uF (minimum). The attack and release time
constants are determined by R, and R together with C. The
minimum value for A, is 1 MQ.

OPERATING MODES

The AGC threshold is set by a resistor (R,) on pin 3 (THR,;,.)-
Alower threshold represents higher initial gain. ie.the attenuator-
preamplifier reference gain setting is controlled by R, . Refer
to Figure 12. R, vs AGC Threshold V, and Figure 11, AGC
Characteristic.

Preamp
Qutput
(dB) Linear Mode l AGC Mode
(Muting On) I (Muting OF)
S . _! 0 dB=220 mV |
] AGC Thresnold
y Set by R,
2 o
Ny nv
Input Signal (VW)
Figure 3

At input levels less than the threshold, the attenuator and
preamplifier operate in a linear mode with fixed gain. This gain
is determined by R, . Alternatively, a voltage can be applied
atpin 4 (ATT,,) to control the gain (refer to Fig. 13 Attenuation
Function of DC Control Voltage). When the input reaches and
exceeds the AGC threshold, attenuation isincreased to maintain
the preamplifier output at a constant level. The attenuator and
preamplifier are now operating in the AGC mode. As the input
varies, the attenuation tracks it with attack and release time
constants set by R,, A, and C.

A Cautionary Note
The resistor A, sets up a current given by:
I = VLC,,JQV*
R, + 5kQ
This current is used to set the AGC threshold. V. mustbe well
regulated and decoupled as close to the chip as possible.

ABSOLUTE MAXIMUM RATINGS

Parameter Value & Units
Supply Voltage V. 0V
Input Signal V 4 Vpp(capacitive coupled)

03Vto+35V
03V1ioV, +03V

Attenuator Control Input DC,
Amplifier Input AMP |
Operating Temperature Range
LC403D
LD403D

-25°C to +85C
-55°C to +125°C
Storage Temperature Range -65°C <T < 150°C
Lead Temperature (Soldering 10 sec) 260°C

150°C

(al T, = 25:C) 500 mW

Junction Temperature

Power Dissipation




ELECTRICAL CHARACTERISTICS
Limits apply over -25'C < T, <+85C for the LC403 and -55 C < T, < +125C for the LD403. V(:(; = 5V Typical values are at

T, =25C Parameters marked with a * are valid only at T, =25C. The test circuit is shown in Figure 4.

SECTION ‘ PARAMETER 1 CONDITIONS / NOTES } MIN ; TYP ‘ MAX 4 UNITS —l
] N\/N i Supply Voltage o ‘[ 475 ' 50 ’ 100 | \
lo : Supply Current. No Signal ’ ‘T 12 | 16 mA
Viea | Regulated Output* I 3a7 T 365 385 | v
Temperature Coefficient of VREG' $‘ 100 - ppm/C
[N Max Output Current for Vaea 3 ; mA
Chea ‘ Decoupling Capacitor for Vaea 47 : 7‘ uF
General CS Power Supply Decoupling Capacitor 10 i - o | ]F
S/N Signal To Noise Ratio at Amplifier Output with Vi = 200mVpp - 7 65 T dB
j at 1kHz AGC Mode, 300Hz - 10kHz |
; THD | At Ampliier Output For V,, = 100 -1000 mVpp at 1kHz . ' 03 . | e
i A2 ; Amplifier Gain with Internal Resistors 17 ! 18 20 \' dB
| | Temp Coefficient Of Amplifier Gain i - - i 500 i ppm/C
“ Z, ., ‘ Amplifier Input Impedance ‘ 10k I ! I kQ
' Zours | Ampiitier Output Impedance at 1 kHz | . l : ' 10 Q sPD
‘ Clipping TB;OO !; Load Internal Bias . - l 3 ‘ - Vpp ] 1
Amplifier | Voltage 2 kQ Load External Bias - i Vee-1 ! | Vpp |
j Slew Rate 1600 Q Load 1 - “ 3 i | Vius
! { S | . I . -
; Input Biag | AMP L ‘ : i 2 | 4 | HA
j Output ' Source [ 20 ! 1 | mA
; Current o :émk E 5 ! { mA
‘ TCR Feedback Resistor Temp Coefficient 1 | 2000 ‘ o 1 pipr:n//C
| Bandwidth ‘ at -3dBC = 150 pF 05 . 1 MHz
I T Ve Attenualor Input at 1 kHz. 0.3 % THD 1 - 1 T 000 i mvpp
| AGC Threshold = 20 mV pp i |
[ Preamp Output In AGC Mode ’ T j B -
| Vox,' | Minimum 10 kQ2 Load™ 180 {‘ 230 280 mVpp
A1 Preamp Gain in Linear Mode - - i 24 ' - B
Attenuator/ Z”\ ' Attenuator Input Impedance at 1kHz | 10 o B - kQ
Preamplifier Zom | Preamp Output Impedance at 1kHz - 20 . } Q
Clipping \/ollaQé Vour (10 kQ Load) 7 | 1 08 %‘ o Vpipiv
Slew Rate Vo1 (10 k2 Load) [ Loas T s
Bias Level Preamp Output DC Bias Level No Signal - 2.1 - " . \Y )
R Source Impedance for V,,, - ) 5777L7 k&
Atten't'n Range | Not Including Preamp Gain 2 - 40 dB
Output | |Source 3 . - mA
Current Sink 0.5 | - - o W}nxiﬁﬁ
AVOLJT Preamp Output Level Shift with Input Level - { 0.2 i B dB
Change V =20 to 1000 mV pp \‘

continued over



ELECTRICAL CHARACTERISTICS continued

MIN

iSECTlON PARAMETER CONDITIONS / NOTES TYP UNITS
AN AC to DC Converter 5 - kQ
Input Impedance (AC,, )
Z\\a Attenuator Control - 2000 k€2
input impedance (DC‘,\)
C Attack / Release Time
AGC Constant Capacitor 22 uF
R, Attack Time Constant Resistor | 0 10 k€
7 Ry Rclca§0 Time Constant Resistor 05 : 1 47 MQ
v AGC Threshold R, = o 20 mV pp
Q1 ; Muting Transistor Sink Current - 1 mA
i
Ve 4 7pF
. Co=10puF  Rg=1MQ
R Ch=47uF R, =0
+
— ¢ C=22uF .=
_L—_._n N Ce = 150 pF
co LF Ve = 5V (INTERNAL BIAS)
16 14 1 10 13 12
8 - g 47uF
N.V f, COMP 1 COMF
cc C YRE 8 15 +
GND aMP _——-‘
I h
= LC403 oo
I8
Vs 2 * s
THR,,,,DC,,  DCqyy MUTE AC, AMF, vV

All resistors in ohms. all capacitors in uF unless otherwise stated

1 =
# BIAS INT/EXT

R2
. 20k
| A ‘

1WF
i « 1oour
S 2 24F 3
3
MUTING 001uF
ON/OFF 100k L

Fig.4 Test Circuit
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APPLICATIONS

The circuit in Figure 5 represents an application for minimal
external components. There is no provision for adjusting the
output level or the input signal range. The attack time is set at
minimum; however the release time can be controlied by
selecting proper values for C and R,

The circuit in Figure 6 provides more flexibility in selecting
levels. Theinputsignal range, nominally 7 to 350 mV RMS can
be shifted towards higher levels with the attenuator A7 and R2.
The combination of A7 and R2 can also be used for matching
the sourceimpedance, where necessary. The output level can
be reduced by up to 8 dB with the potentiometer. The input
threshold is not affected. The attack time can be reduced with
R, Thethreshold can be adjusted with R, The muting feature
is obtained by R3, C1and R4.

R -1MS.! |

y—‘ C =224 |
13 12

When the input signal is under the threshold the mute pin is
pulled down and C1 shorts the AC signals to ground, cutting
off the noise when there is no input signal or the input signal is
toolow to be useful. The level at which the muting operates can
be adjusted by selecting the proper value for A,

The circuitin Figure 7 offers a few extra features. The amplifier
input is biased from the power supply voltage. This will permit
higher output levels when the power supply voltage is more
than 5volts. The AGC signal is taken from the amplifier output
rather than from the preamplifier. Resistor, R5 controls the
outputlevel, butinthis case the AGC threshold is also affected.
With this configuration, the total harmonic distortion can be
reduced to 0.1%.

10uF |+
14

16 13 12
16 v L Fo COMP TOOMP 2 OUTFUT
8 oM CoMP OuUTPUT g V"\" ¢ RS B 15 L
‘ & 5 JTPL € P |
GND e “__J }—— 4.47uf
L LC403 outl A = LC403
INPUT 5| i MUTE AC AK
ADJDC,  DC. . MUTE AC,. V. o AMP, N g =22ypF
i AL - 7 2o |6 1=22pF
Wea[ e T 2[o s 1 l b o H
Cor
l ’ L“’ R = 1MQ
+ . Ry M 1 A3 =47k
¢ A I —C1 R4 = 100kQ
F
R4

All resistors in ohms, all capacitors
= in uF unless otherwise stated

Fig.5 Minimum Components

= All resistors in ohms, all capacitors
in uF unless otherwise stated

Fig.6 Adjustable Characteristics with Muting
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Fig.7 Overall AGC Control / High Linearity
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‘“"m”mw} GENNUM Low Voltage - Low Power

RPO R A Operational Amplifier LC810

PRELIMINARY DATA SHEET

FEATURES DESCRIPTION

+ low voltage design - operates down to1.0 V total The LC810 is a silicon monolithic operational amplifier
employing specialized circuit design techniques to enable
operation on supply voltages as low as 1.0 V. The class AB
+ low power consumption - 200 pA typical output stage is designed to swing to within a single transistor
saturation voltage of either supply rail, and can drive load
impedance as low as 180 Q. The PNP input stage has

supply voltage

quiescent supply current

« single or dual supply operation acommon mode inputrange which extends below the negative
AB . . ) . supply rail, making the amplifier ideal for single supply
« class AB output stage swings virtually rail-to-rail applications.
ABSOLUTE MAXIMUM RATING Pin Out
Parameter Value / Units Top View
Power supply (3% J
OFFSET ’ 8 OFFSET
Differential input voltage + 20 Nt NuLL
INVINPUT [} v,
Input voltage range (either input; ref (Vce-)) -0.7 to + 20V ce. SPD
NON - INV. (— — outeut 2
Storage temperature range -65°C to +150°C
) VCC S a 5 ’:] 83TPUT FREQ
Lead temperature (soldering, 10s) 300°C MP
% fvs
1.0V-5.0V

3 N 22pF

LC810 > !
WH

100k 5k

m Z 22000

O ov

Ali resistors in ohms, all capacitors in uF unless otherwise stated l

FUNCTIONAL DIAGRAM
Document No. 510-10-1

GENNUM CORPORATION P.O. Box 488, Stn A, Burlington, Ontario, Canada L7R 3Y3  tel. (416) 632-2996 fax: (416) 632-2055 telex: 061-8525
Tokyo Office: 301 Aoba Building, 3-6-2 Takanawa, Minato-ku, Tokyo 108, Japan tel. (03) 441-2096 fax: (03) 448-8991



TYPICAL ELECTRICAL SPECIFICATIONS

Conditions: Ta =25°C, Vs =(Vcc+) - (Veec-) = 1.3V unless otherwise noted:
Parameter Typical Value (Range) Units
D.C. Voltage Gain 1000 VimV
Input Resistance 1.0 MQ
Input Offset Voltage (£2.5) mV
Input Bias Current 50 nA
Input Offset Current (£ 5) nA
Gain-Bandwidth Product 600 kHz
Slew Rate 02 Vius
Output Current +5 mA
Output Curreni? Vs: éV - +W170, -50 mA o
Output Current, Vs = 1.7V +7,-30 mA
Max. Differential Input Signal 20 v
Max. Common Mode Input Signal (Vce-)-03 to
(Vcc+) -0.7) '
Common Mode Rejection 110 dB
Power Supply Rejection o 115 dB
Supply Current B © 200 - HA o
(no load, no signal)
120pA 200pA
! —@vec +
80pA
BIAS
5pA CIRCUIT
Inv 2pA A

Input ¥ 1op 12pA 8
Non =Inv -—-—(:)Oulput

Input @~

PHASE Output
SPLITTER ©Fret'.]uency
+ Comp O -Vec
Offset G I g 1t Offset Null
Null
®-
@ Ve -
1§ J ¢ — /S
Patent Pending Ay = 30 A, =3000 Ay,=12.5

All resistors in ohms, all capacitors in pF unless otherwise stated

Typical LC810 Application Headphone Amplifier 0 - 26dB

Gennum Corporation assumes no responsibility for the use of any circuits described herein and makes no representations that they are free from patent infringement.

@ Copyright 1989 Gennum Corporation. All rights reserved. Printed in Canada.
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SEMICUSTOM
ARRAY
PRODUCTS

SCD

data sheets

Gennum engineers and others
in our Marketing Department
are always available to discuss
any proprietary design/semicustom product
requirements you may have.

Please ask for our brochure BR508

1\

N\

SCD






CORPORAT.

(p ==mom

LA200 Series
LA250 mBan&EEsS

ADVANTAGES OF THE SEMICUSTOM ARE:
- custom circuitry at low cost
« quick turnaround
+ high reliability
- design proprietorship
« reduced PCB size

For complete information about Gennum linear array
products, please refer to our Semicustom Design Manual.
Kits and manuals are available from Gennum or your local
representative.

SEMICUSTOM LINEAR ARRAYS DATA SHEET

CIRCUIT DESCRIPTION

The Gennum semicustom integrated circuits are arrays of
bipolar transistors, p diffused resistors, pinchresistors, junction
capacitors and Schottky diodes. The individual components
on the chip are uncommitted.

The user can design his own proprietary circuit using the
transistors, resistors, and capacitors available on the chip.
Once the circuit is designed and tested with discrete
components (provided with the design manual), the
interconnection layout is generated and used to manufacture
the proprietary circuit.

SEMICUSTOM BIPOLAR ARRAY COMPONENT LIST (20 V MAX. OPERATING VOLTAGE)
LA250 LA200
ACTIVE COMPONENTS L A251 LA252 LA253 LA201 LA202 LA204
Small NPN - standard 122 92 52 83 46 17
- Schottky clamped 18 12 8 - - 8
- low noise 8 8 8 -
Total 148 112 68 83 46 25
Large NPN -ic < 100mA - 2 2 2 2
- lc £ 300mA 4
Total 4 2 2 2
Lateral PNP  -split collectors (2) 36 24 16 26 14 9
-multiple collectors (6) 13 10 4
Total 49 34 20 26 14 9
Zener Diode 4 4 1 1 1
Large Diode 2 2
PASSIVE COMPONENTS
Junction Capacitor - 75 pF capacitors 4 4 4 3 3
- 56 pF capacitors - 3
Total a4 4 4 3 3 3
| Various P-Diffused Resistors (total resistance) | 1000 K 670 K 340K 450K | 240K 170K
40 K Pinch Resistors 28 28 20 10 8 6
BONDING PADS 40 32 24 24 18 14
CHIP SIZE (mils) 150 x 144 151 x 111 92x 111 127 x 94 78 x 94 56 x 91

Document No. 500 -67 -4

GENNUM CORPORATION P.0. Box 483, Stn A, Burlington, Ontario, Canada L7R 3Y3  tel. (416) 632-2996 fax: (416) 632-2055 telex: 061-8525
Tokyo Office: 301 Aoba Building, 3-6-2 Takanawa, Minato-ku, Tokyo 10B, Japan tel. (03) 441-2086 fax: (03) 448-8991

SCD



ULA COMPONENT DESCRIPTION

Legend for component drawings

NN\

Emitter

Z

Base and Isolation

Metallization Contact

Small Emitter NPN

The most common circuit element in the array and the one
around which the process is optimized is the small npn cell.
Since it is the most common cell, it makes sense to include the
basic structure to implement cross-unders right in the layout.
This is accomplished by making use of the low resistance
emitter diffusion which forms the wrap-around collector structure,
so that connections made to an npn collector on the circuit

7

gz
7

ponsg

DeepCollector
Diffusion

Base and Isolation
in Zener Structure

)

%

c4
Collectors
c3

c2
Contacts
c1

(b)
schematic may be made to any of the 4 collector contacts. It Base
is not necessary for a particular npn to be used in the circuit )
before it can be used to implement a cross-under, in which (e) Emitter
case the transistor collector behaves like a low value resistor.
In this mode, the base and emitter contacts should be shorted /%
together.
Small NPN Characteristics
PARAMETER CONDITIONS MIN TYP MAX UNITS
Hpg I = 1TmA Ve = 12V 80 320
Var Ie = 10 A Vg = 12V 600 640 mv
Versar, Ic=10mA I = 1TmA 270 400 mv
Ie = 1mA Iz = 1mA 100 200 mv
BVgo I = 20pA Iy = 0 20 27 v
BVipo Iy = 20 A Ip = O 65 75 v
Icko Vep = 12V 10 pA
Iego Veg = 12V 5 PA
v, Iy = 10pA Ve = 5Vand 15V 50 100 v
Cos f=1kHz. Vg =0 35 oF
fr Ic = 3mA Ve = 12V 250 MHz
AV, for adjacent devices 2mV typ (5mV max)
NPN Graphs
Hre, Hre
400" 400
VCE= 12V
360 360
VCE =12V
320 320
280 280
240 MAX 240
TA=+125°
200 200
160 TYE 160 \
TA=+25°
120 120
MIN
80
. %\
40 40
4 0ap M 1op  100p  1m 10m 100m Op i 10p 1004 im  10m 100m
Ic(A) Ic(a)

DC Current Gain vs Collector Current

Typical DC Current Gain vs
Collector Current over Temperature



NPN Graphs (continued)

x 100%

VCE=12v

(HFE{ ~ HFE 2)

HFE + HFE 5)

A

MAX

1YP

100p m 10m
Ic(a)
'Ad,acem Devices on Array

Hgg Matching Error (%)

* HFE Matching Error (%)=

VCE(mV)

300
270
240
210¢
180
150:
120:
90
60
30;
100m

10p 10m

100 m
IE(a)

Saturation Voltage vs Emitter Current

VCE (mV)
100 : i

95

20

85

80

75

70

65 i
60
55 ' i
50.t.....

80 120 160 200

[ a0
%)

Typical Saturation Voltage vs

Ambient Temperature

! FT(MHz)

NORM

1.10

(=3
@

o
o

IB=6uA
104

1.02

1.00
0.98
0.96
0.94
0.92

0.90

6.5 8 95 11 125 14 155 17 185 20

(v)
Normalized Forward Gain vs
Collector Voltage

+ VCE(mV) . - SR . S S

200
180,
160
140
120
100

80, SCD

60,

40!

2 12 22 32 42 52 62 72 82 92 102
HFE

Typical Saturation Voltage vs Forced HFE

500
450
400
350!

VCE=12V
300 d

250}

10m 100m

100 ! 1im
. NN

Typical Gain Bandwidth vs
Collector Current



NPN Graphs (continued)

VBE(mV)
800

720
640
560
480
400
320
240
160

80

n 10n  100n

VCE=12V

i

10p 100p 1m 10m 100m
Ic(A)

Base Emitter Voltage vs Collector Current

SCHOTTKY CLAMPED NPN

This npn transistor has an additional Schottky diode connected
between its base and collector by allowingthe metal to contact
the epitaxial layer through a hole in the base diffusion. This
Schottky diode can prevent hard saturation when the cell is
used as annpntransistor, oritmay be accessed independently
with the base and collector contacts. Since this transistor cell
is not suitable in low saturation applications, the normal wrap-

*VgEg Matching Error (mv)

9
8"
7
6
MAX
5
4
3
2 TYP
1
[S— B
1 0p 100p im 10m
Ic(a)

*
Adjacent Devices on Array

Vge Matching Error

BURIED LAYER

b

around collector has been replaced by two separate pick-ups

which may still be used as low resistance cross-unders, with

the resistance between the two collector pick-ups as €

approximately 150 Q.

Schottky NPN Characteristics

PARAMETER CONDITIONS MIN TYP MAX UNITS
Hpy Io = 1MA Ve = 12V 80 320
Vee Ic = 10 A Ve = 12V 600 640 mv
Vae Io = -10 pA Iy = 10 pA 410 450 mv
Vegisar, Ie = 10 pA Ig = 1 pA 200 290 mv
BV o Io = 20uA Iy = 0 20 27 v
BVigo Iy = 20pA I =0 65 75 %
Iego Vep = 12V 200 pA
Iepo Veg = 12V 20 PA
v, Iy = 10 uA. Ve = 5Vand 15V 50 100 Y
Cop f=1kHz V=0 37 pF
fr Ic= 1TMA Ve = 12V 400 MHz




Schottky Graphs

VCE Fr
) 1 (MHz)
500 | 500
VCE=12V
450 1
400 | | | i i A 400
500,
350 : A—;——::ﬁgfz::::;;%;;;A%:==;:— ////—-\\\\\
10¢

300 ; ; i , . | 300
250 {
200 j 200
150 g
100 ] 100

501 | 4

[+ SR - j 0-

2 12 22 32 42 52 62 72 82 92 102 10p 100 im 10m 100m
HFE Ic(a)
Typical Saturation Voltage Typical Gain Bandwidth vs
vs Forced HFE Collector Current
V""‘;‘g ‘ A SPLIT COLLECTOR PNP

6

560
480
420
360
300
240
180

120

60

Note: For characteristics not shown see section on

The pnp transistors are of the lateral action construction with
the collector split into two equal segments.

This structure may be used as a single pnp when both
collectors are connected together. It may also be considered
as two pnp transistors with common emitters and common
bases. When considered as two transistors it can be used to
implement current sources, current mirrors and area ratios

in 10n

100n
Ip(A)

Tw

10p 100p

Diode Voltage vs Diode Current

Small Emitter NPN

on an integrated circuit. my
Emitter 2
(e)
m
(b)
Base
cl1c2
Collectors

Split Collector PNP

(with both collectors connected together)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Hep Io= 30 pA Vep = 12V Vg = 20V 15 40
Var Ie = 10 pA Vg = 12V, Vgyg = 20V 540 600 mv
Vepsan Ie = 100 pA. Iy = 50 pA Vi = 20V 90 120 mv
BViro Ie =20 pA Ig = 0 20 27 v
BV g0 I = 20 pA 1o = Q 20 27 v
Ieko Vep = 12V 100 pA
Icgo Veg = -12V S PA
V, Iy = 10pA Ve = -5Vand-15V 30 42 Y
Cog f=1kHz Vg =0 0.96 pF
fr Ie = 100 A, Vg = 12V, Vgyp = 20V 35 MHz

AVp, for adjacent devices 2mV typ (6mV max)

n
-9



PNP Graphs

HFe [ HFE
100 + 50
VCE= - 12V TA=+125% VCE= -12V
90} H 45
: VSUB= -20V VSUB = -20V
80; s 1 § 40
| MAX
70 35
60 30
50 25,
40 20
30 15
20} . : 10
; |
1OM 5
olp 1p 10p  100p im 10m  100m 0.1p 10u  100p im 10m 100m
I (A) Ic(A)
. Typical DC Current Gain vs
DC Current Gain vs Collector Current Collector Current over Temperature
5
° &R
x 50t S 2.5
Sl as: -
ele Slw
HEXY | Z2 {
+ H
u‘.l— - [N i
i 35 s !
iz | N
~ X 30! Ty 15
i) i iy H
® 25; LA
S 20! 5 4,
5 I :
o 15 o MAX
c i c x
£ 10l £ osi
- i TYP
g s B
[ S i 49 ol " _—
I o1 1 10 100 1000 * o. 1 10 100 1000
I Total(nA) Iave (uA)="2(Icq+ 1)
*Matching of the Split Collectors in one PNP Cell
’Adjacen( Devices on Array with both Collectors joined Collector Current Matching (%)
Hgg Matching Error
VBE(mV)r .
900: 10
820! 9
740; : 3 8 P
660 ! £ 7 !
i 5 MAX
580 c 6 _—.—\_/
w 1
5001 o 5 i i 1
£
420} §a ;
| ®
340 =, i
H VCE =-12V w
260} : a2} 4
i vsuB=-20Vv » TYP
150‘ : i 1} :
1001 i
i 10p 100 p 1m 10m 0. 1 10 100 1000
Ic(a) Ic (uA)
*Adjacent Devices on Array with both Collectors joined
Base Emitter Voltage vs Collector Current Vge Matching Error



PNP Graphs (continued)

VCE(mV)

800
HFE=2
720

VSUB=-20V MAX

640
560
480

400

240

160

80
10p 100m im
Ic(a)
Saturation Voltage vs Emitter Current

Frlvn;)

VCE =-12V

VsuB=-20v

{ou 100 p im 10m ) 160m
Ic(a)
Typical Gain Bandwidth
vs Collector Current
LARGE NPN

This is approximately equivalent to 12 small npns connected
in parallel. Since there are only two in the array, no provision
has been made for cross-unders in this structure, although
care has been taken to allow the base connection to be made
from either side of the transistor. Note that each of these
transistors can pass substantial current but the main limiting
factor is probably the power being dissipated by the device.
Here, the power is the product of the voltage across the
transistor and the current in the collector, e.g. P,=V. I

This is one contribution to the overall power being dissipated
on the die, which should be limited according to the chosen
package.

-

VCE(V)

1.0
0.9

VSuB=-20v
0.8

10uA

2 5 8 1" 14 17 20 23 26 29 32
HFE

Typical Saturation Voltage vs Forced HFE

VCE(mv)

160

150
140

130"
120:
10;
100

90

80
70:
-a0 o 40 80 120 160 200
(c®
Saturation Voltage vs
Ambient Temperature

7%

A AT VA A7 07 7 A7 7

’

ALLL LT,

(c) Collector

(b)
Base
x12

(e) Emitter

SCD



Large NPN Characteristics

PARAMETER CONDITIONS MIN TYP MAX UNITS
Hpp Io = 12mA. Vep = 12V 80 400
Vs Jo = 10mA Vg = 12V 790 850 mv
Io = 1mA Vg = 12V 680 740 mv
Vepsan) Io=1mA Iy = 1mA 60 100 mv
Io = 10mA Iy = TmA 160 350 mV
BVero Io=20pA Iy =0 20 27 v
BV, 50 I, = 20pA I =0 65 75 v
Iero Vep = 12V 15 PA
Iego Veg = 12V 30 pA
v, Iy = 10 A Vi = 5Vand 15V 50 100 v
Cop f=1kHz Vg =0 10.7 pF
f; Io = 18 MA Ve = 12V 350 MHz
1mV typ (5mV max)
Large NPN Graphs
HFE HFE
400 400
VCE =12V VCE=12V
360 360
320 320
280 280
240 240:
200 200"
160 160! .
TYP ' TA=+125°
120 120 )
80° MIN 80 .
TA=+25°
40 40! :

(HFE1-HFE2) 4 100%

*HFE Matching Error (%):‘/Z(HFH"HFEN

0.1

10p  100p  1m

10m
Ic(A)

100m

Typical DC Current Gain vs Collector Current

50

45

16y

op
Ic(a)

VCE = 12V

im 10m

'Ad,acenl Devices on Array

Hgg Matching Error

~TA= - a0°

(MH2),

450

400+~

350

300

2501

200

150

100

50

10p  100p 1m 10m

Ic(a)

Typical DC Current Gain vs
Collector Current over Temperature

VCE=12V

16m
Ic(a)

vs Collector Current

100m

Typical Gain Bandwidth

100m




Large PNP Graphs

VBE(V) ' ]
1.50 10: ;
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Base Emitter Voltage vs Collector Current Vie Matching Error
VCE(V) vCE(mV)
1.0 400
HFE=10
0.9 360
50mA
X} 320
0.7 280
0.6 240
MAX
0.5 200
25mA TYP
0.4 160
SCD
0.3 120 1
0.2 80
0.1 1mA 40
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Typical Saturation Voltage Saturation Voltage vs Emitter Current
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50
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LOW NOISE NPN
Legend for component drawings

- = T

Metallization Contact Emitter

Base and Isolation

pred

Base on Isolation Deep Collector

in Zener Structure Diffusion
% i
// %
A
This device features alarge base contact area which provides » ) .
lower noise and better high frequency performance than the  ¢1.74- ' c2
A
standard small npn. - _‘ e ca
U c3
Although intended primarily for the input stages of amplifiers, c2
it may also be used for any standard small npn applications. cl
The two collector pick-ups may be used as cross-unders if B (b)
required, andinthisrespectthe device is similar to the Schottky ’; Base
npn transistor. 3] ¥ ca (e) Emitter
V.
A
b
Low Noise NPN Characteristics
PARAMETER CONDITIONS MIN TYP MAX UNITS
Hpg Ie = 1mA Vg = 12V 80 320
Ve Ie = 10 A Vg = 12V 600 640 mv
Veesan Ic=10mA Iz = 1mA 270 400 mv
I = 1mA Iz = 1mA 100 200 mv
BVego Ic=20uA I5 =0 20 27 v
BVigo I =20pA I =0 65 75 v
Icko Vep = 12V 12 pA
Iepo Veg = 12V 6 pA
Vv, Iy = 10 uA Vep = 5Vand 15V 50 100 %
Cop f=1kHz Vg =0 3.7 pF
fr Ie = 3mA Vg = 12V 350 MHz
Fr(MH SR — - JR— -
T z) ] ‘ Rg (0 1
500 : ; ‘ 150
VCE=12V |
| v 135 ;
! !
400 . 120 i
105 . i
300 90
75 |
200 60 . ;
a5
100 30
i i i 15 |
It | i . - Q
10p 100p im 10m 100m 100 im 10m
Ic(n) Ic(a)

Typical Gain Bandwidth vs
Collector Current

10

Typical Base Resistance vs
Collector Current



Low Noise NPN Graphs (continued) VBE
e — SV
300 . 3 ¢ 1000 '
HEE = 10 ! VCE =12v
270 ‘ . { 900 :
240 800
210 700
180 600
150 500
120 400
90 300
60 {200
30 ‘ ‘ {100
104 100 im 10m 100m 1n 10n 100n 1y 10p 100y 1m 10m 100m
Ig(a) Ic (A)
Saturation Voltage vs Base Emitter Voltage vs
Emitter Current Collector Current

Note: For characteristics not shown see section on Small Emitter NPN

MULTIPLE COLLECTOR PNP |

These pnp transistors are of the lateral action construction with

the collector split in six segments. e Z

7
Collectors c1, ¢2, c4 and c5 have the same effective "emitter | el b e2
area’ as standard split collector pnp's. Collectors ¢3 and ¢6 y
are "double area”.

b A SCD

The device can be used as a muitipie current source or by 1
connecting all collectors together as a pnp with better current
handling, i.e. peak H, approx .- 120 HA. | cfc2¢3 c6c5ca

We suggest el and e2 be shorted together to prevent
possible crosstalk between emitters. If c6 and c3 are <4
considered as two single collectors in parallel, then the current
matching performance of the collectors is as described by the

V.

collector current matching graph for the twin collector PNP. c6
Multiple Collector PNP

(with all collectors connected together and emitters connected together)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Hee Ie = 120 pA Vg = =12V, Vgyg = =20V 20 65

Ve Ie = 40 pA Vg = =12V, Vg = - 20V 540 600 mv
Vegsan) Ic = 400 pA, Iy = 200 pA, Vgyg = —20V 90 120 mv
BVcgo I =20pA Iy = 0 20 27 v
BVigo Ig =20 pA I = 0 20 27 v
Icgo Vg = =12V 400 pA
Icso Veg = —12V 20 pA
v, Iy = 10pA, Ve = ~5Vand 15V 30 70 v
Cop f=1kHz, Ve = 0 38 pF
fr Ic = 400 pA, Vg = =12V, Vsyg = =20V 35 MHz

11



Multiple Collector PNP Graphs (continued)

Hee s HFE
150 ; ‘ 100
VCE=-12V MAX i VCe= -12V
1351 90 v
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DC Current Gain vs Collector Current Typical DC Current Gain vs
Collector Current over Temperature
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Vsuyg = -20V
800; 4 H |
700}
600
500
400
300 .
VCE =-12V
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Base Emitter Voltage vs Collector Current
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Typical Gain Bandwidth vs Collector Current
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0.6

40uA

80 o.1M
1 10p 100 im 10m 2 5 8 1 14 17 20 23 26 29 32
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Typical Saturation Voltage vs Forced Hgg
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Multiple Collector PNP Graphs [continued)

Veglmv)r -
160 |

i

150!

140

130!

120

10

100

90

80

70

-40 o 40 80 120 160 200

(oc)
Typical Saturation Voltage

vs Ambient Temperature

POWER NPN

This transistor has approximately twice (2x) the emitter area of
the large npn device on the LA200 series arrays and twenty
four times (24x) the emitter area of the small npn; hence' a
correspondingly higher current capability (1C max. = 300 mA).
In addition to being physically larger, the device has a number
of extra features which offer an enhanced performance over
the LA200 series large npn.
Tnese features are:
* Four separate emitter structures to provide improved
gain at high collector currents.
* Five base contacts to reduce the VBE for high base
currents and improve switching speed.
* An all-around deep collector diffusion to ensure a low
saturation voltage in switching applications.

Power NPN Graph

HFE

01y  1p 10§ 100§ 1m

VCE =12V

IC(A)

”10m 100m

DC Current Gain vs Collector Current

x24
Power NPN Characteristics

PARAMETER CONDITIONS MIN TYP MAX UNITS
Hep Ie = 20mA, Vg = 12V 100 400
Vs Ie = 10MA, Vg = 12V 660 mv

Ie = 1MA Vg = 12V 595 mv
Versan Ic=1mA Iz = 1mA 15 26 mV

I = 10mA, I = 1 mA 50 100 mv
BV¢ro Ic=20uA Ig =0 20 27 Y
BVpo Ig =20pA I =0 6.5 7.5 %
Iego Vep = 12V 50 pA
Icgo Veg = 12V 25 pA
vV, Ig = 10pA, Vee = 5Vand 15V 50 100 v
Con f=1kHz, Vg =0 14 pF
fr Ic = 36mMA, Ve = 12V 350 MHz

13



Power NPN Graph (continued)

HFE - ; ‘ .
400
360
Vce= 12V
320 '
280
240 . ; .

T =*‘25°‘/—!\
200} o / :
160 L 5

Ta =425
120 1
8o TTa=- 40°
40} } i
I i i e
100n 1y 10y 100 im  10m 100m
1cla)

Typical DC Current Gain
vs Collector Current over Temperature

FT(MHz)

500

Vee=12v

450
400 -
350
300
250
200
150

100}~

50

100 p im 10m

Ic (A)

100m

Typical Gain Bandwidth
vs Collector Current

MAX

Vgg Matching Error ( mv)
(2]
T

100p im
Ic A

Vge Matching Error

Hrgy - HFE2
Yo (HFeq+ HFE2)

VCE=12V

;
|
|

* o,
HEE Matching Error (%0)

51 TYP
w;.P _— 100,1 — - woom
'Adjacent devices on Array
Hge Matching Error
VBE (V)
1.50
1.35
VCE= 12V
1.20 :
1.05
0.90
0.75
060
045"
0.30
015
0n 100n 14 10 100§ 1m  10m 100m
ICa

Typical Base Emitter Voltage
vs Collector Current

52 62 72 82 92 102

Typical Saturation Voltage vs Forced Hrg



Power NPN Graph (continued)

VCE
(mV)
400

360 ¢
Heg=10
320
280
240
200
160
120
80

40

"

10y 100 im 10m
Ig(A)

Saturation Voltage vs Emitter Current

Zener Diode Graphs
Vo

100m

(v)
0_9 . ¢ + 3
0.6
0.5
0.4

01! ; 5 H i i ‘ .

oL

Ip (A

T small npn base collector diode (p type base, n type ep1)

Oin 1n 10n 100n 1y 10y 100y Im 10m

_____ pnp base collector diode (n type epi, p type base ditfusion)

=~ =———~- large npn base collector diode (p type base, n type epi)

Vo
(v)

1.0
0.9
0.8
07
0.6

O.dn 1n  10n 100n 1 10p 100p im  10m

Ip (A)

small npn base emitter diode (p type base, n type emitter)

______ pnp base emitter diode (n type epi, p type base diffusion)

—— - ———— - large npn base emitter diode (p type base, n type emitter)

Diode Voltage vs Diode Current

ZENER DIODE

. K
This is a generally accepted term for
any p-n junction used in thereverse
breakdown mode. The voltage at A

which the reverse biased junction Anode to substrate
starts to pass significant current is a function of the doping
levels of the p-type and the n-type semi-conductorin question.
Any number of components on the array may be used in such
a way that it will break down a junction and pass current,
however, the voltage at which this happens directly affects the
temperature coefficient of the resulting reference voltage. The
zener diode which is specifically provided as a voltage
reference has a breakdown of approximately 5.8 V with
respectto substrate. The sandwich capacitors may be used
in this mode with a zener diode breakdown of approximately
58 V +0.5 V across the capacitor contacts and without
respectto substrate. The temperature coefficient of breakdown
voltage is +200 ppm/°C.

Any npn transistor may be used as a zener reference by
reverse biasing the base-emitter junction which will break
down at approximately 7.5 V with a slope resistance of 100 Q.

e () 5.0

45

4.0

3.5 e

3.0

25

20 e

1 2 3 4 5 6 7 8 9 10(V)

Breakdown Voltage of Reverse Biased
Base — Emitter Junction of Small NPN

.
50 ; I R

45
4.0
35
3.0~

A R T S 1 SR N
20 RN R
s NS R A
1.0 i '

0.5 to 4

A SN SN S S

Zener Diode Breakdown Characteristics
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DIODES

Large Diode

Twolarge diodes are provided onthe LA251 ans LA252 arrays
for applications where high forward current is required. The

reverse breakdown characteristic is similar to that of an npn
base-emitter junction.

‘\‘\\%‘

:OOp 1m‘ 10m
Ip (A)
Typical Diode Voltage vs Diode Current

100m

10n  100n 1y 10p

Implementing Diodes using Array Transistors

Diode Reverse

Voltage Breakdown
at 10 pA  Voltage
Small/Low noise npn  base - emitter 06 75V
Small/Low noise npn  base - collector 06 >20V
Small/Multiple pnp base - emitter 0.6 >20V
Schottky npn base - collector 0.4 >20V
Large/Power npn base - emitter 06 75V
base - collector 0.6 >20V

CAPACITORS

The three large area capacitors which are in the corners of the
die are junction capacitors with an emitter (diffusion) on base
(diffusion) on isolation construction which is often referred to
as a sandwich capacitor. This type of capacitor has an
equivalent circuit as shown: Thus the forward bias voltage is
approximately 0.6 V and the reverse bias breakdown voltage
is that of the zener diode at 5.8 V (approximately). The nominal
value is 75 pF.

In addition, the intrinsic capacitance of any of the structures
may be used. In particular, the reverse biased collector to
base junction of the npn structures may be used atany voltage
upto20V.

Y

+

Capacitors
TEMPERATURE
ZENER COEFFICIENT OF

NOMINAL TOLERANCE BREAKDOWN BREAKDOWN
TYPE VALUE OF NOMINAL VOLTAGE VOLTAGE
Sandwich *75 pF + 20% 58V + 05V + 200 ppm/°C
Collector-Base Junction 0.4pF + 20% > 20V Do not use in
of small npn breakdown mode
Collector-Base Junction 47 pF + 20% > 20V DG not use in
of large npn breakdown mode
Emitter-Base Junction 0.7pF + 20% 75+ 1V + 500 ppm/°C
of small npn
Emitter-Base Junction 5.7 pF + 20% 75+ 1V + 500 ppm/°C
of large npn

* 56 pF on LA204 array




Capacitors (continued)

IR (mA)

10 ;
8

7
6
.
3
1

0 1 2 3 4 5 6 '7 B 9 16..\/R(V)
Reverse Breakdown Characteristic
of Sandwich Capacitor
RESISTORS

All the resistors in the common land are formed during the
base diffusion for the npn transistors and are termed “base
resistors”.

They have nominal values of 10 k (250 series only), 5k, 2.5k,
1.25 k and 390 Q as shown on the diagram of a resistor
grouping but their absolute values are dependent on the
base diffusion sheet resistivity and so may have a variation of
+25%. However, a ratio of one resistor to another is
considerably better and for identical resistors lying side by
side on the die the matchingtolerance will be + 4% atthe three
sigma points.

45]
35|
2.5]
Reverse
Breakdown Bias T ;?;:’a'd
1.5*
:
o ———————
/~ 05
/
<_|_ l/ : 1 1 d A I A >
-20 -0.4 -0.2 (o] 02 04 06 08

Vo (v)

Normalized Capacitance
(with respect to C,)

for a PN Junction Capacitor

125kT———25k ‘—‘

Notes

1 Resistor values are shown in ohms and are the resistance between adiacent contacts

ey

e e 10K

SCD

2 Inthe above combination of narrow and wide resistors matching is worse than for like types

Resistors
NOMINAL ABSOLUTE MATCHING TEMPERATURE

TYPE VALUE TOLERANCE TOLERANCE COEFFICIENT
A 5k + 25% + 4% + 2000 ppm/°C
B 25k + 25% + 4% + 2000 ppm/°C

125k
[} 125k + 25% + 2000 ppm/°C

390 + 2%

390 + 2%
D 10 k + 25% + 4% + 2000 ppm/°C
Pinch 40 k + 100% + 15% + 5000 ppm/°C

- 50%
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PINCH RESISTORS

A pinchresistor is formed by putting emitter diffusion on top of
a base resistor so that theeffective thickness of the resistor is
greatly reduced. In this way, the resistance may be increased
by a factor of ten.

CURRENT FLOW
IN BASE RESISTOR

[—

;——————— CONTACT HOLES ———————
1
K k % EMITTER

PINCHED REGION OF BASE
Sectional View of Pinch Resistors

BASE

By applying a bias voltage to the emitter region, the associated
depletion region further pinches off the base resistor until the
reverse breakdown voltageis reached. Since thisis the same
as areverse biased base emitter junction of an npn transistor,
the pinch resistor will break down at approximately 7.5 volt. A
full description of the voltage dependence of the resistor as the
bias voltage is applied is shown on the graph Pinch Resistance
vs Applied Voltage.

CROSS - UNDERS

Standard Small NPN
The resistance between the four collector contacts is
distributive, hence it is best described by a matrix.

e.g. RAC =20Q
A B
Q B (] D " ]
A 20 23
B - 16 20
c 16 | - 7 |l |
D C
Additional Data for Emitter Diffusion Resistors
(cross - unders)
ABSOLUTE MATCHING TEMPERATURE
TOLERANCE TOLERANCE COEFFICIENT
+ 50% + 5% + 600 ppm/°C

SCHOTTKY/LOW NOISE NPN

LA250 SERIES PINCH RESISTOR

This is essentially the same device as on the LA200 series,
except a separate contact is provided for applying the bias
voltage, allowing greater flexibility in layouts. As always, the
bias contact should be connected to the most positive end of
the resistor.

f 2 3 4 s s 71 8 9
Pinch Resistance vs Applied Voltage

MULTIPLE COLLECTOR PNP BASE

SPLIT COLLECTOR PNP BASE

!——10011—--?

T

120 120

4w -l i

T

Rg=12Q

D—UTD_IJ
E:-UEB:]
—] | (—]
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LA251 (SIZE 150 x 144 mils)
Maximum number of bonding pads available - 40 MODULA LA250 SERIES ARRAY LAYOUT
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LA253 (SIZE 92 x 111 mils)
Maximum number of bonding pads available - 24 MODULA LA250 SERIES ARRAY LAYOUT
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LA201 (SIZE 127 x 94 mils)

Maximum number of bonding pads available - 24
LA200 SERIES ARRAY LAYOUT
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LA204 (SIZE 56 x 91 mils)

Maximum number of bonding pads available - 18

LA200 SERIES ARRAY LAYOUT

LA202 (SIZE 78 x 94 mils)

Maximum number of bonding pads available - 18

LA200 SERIES ARRAY LAYOUT
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LCS08 Class A Amplifier
with 3 Independent
Gain Blocks

FEATURES

» 1 uVinput referred noise

« 1.0 to 5 VDC operating range

+ 73 dB typical gain (adjustable)

+ 0.28 to 2.0 mA range of transducer current

» 1% electrical distortion

« the first and second blocks, or second and third blocks
can be DC coupled

» 100 Hz to 50 kHz frequency response

« suitable for active filtering

ABSOLUTE MAXIMUM RATINGS

Parameter Value / Units
Supply Voltage 5 VDC
Power Dissipation 25 mW

Operating Temperature -10 to +40°C

Storage Temperature 20tc 175°C

TYPICAL ELECTRICAL CHARACTERISTICS

(refer to test circuit and conditions))

PARAMETER MIN TYP MAX UNITS
Gain (Closed Loop) ‘
51,582 Closed 69 73 77 daB
Distortion - 1 4 %
Amplifier Current

Ity 160 245 340 MA
Transducer Current (1))

S3 Closed 11 13 1.7 mA
S3 Opened 200 275 350 pA
Input Referred Noise - 1 2 uv

Stable with Battery

Resistance (RB) to: - - 22 Q
Input Bias (’5)
Note 2,3,& 4 -50 0 50 nA

DATA SHEET

DESCRIPTION

The LC508 is a 10 pin Class A amplifier utilizing Gennum's
proprietary low voltage bipolar JFET technology. It consists of
3singleended, low noise inverting gain blocks. The firstblocks
have a minimum open loop gain of 40 dB, typically 50 dB. The
closed loop gain is set by the ratio of the feedback resistor to
the impedance of the source resistance. Whenthe microphone
is used as the source, the gain is set by the ratio of the gain trim
resistor A, to the microphone impedance (see application
circuit). If a telecoil is switched in, which typically has half the
impedance of the microphone, the gain is increased by
approximately 6 dB. This results in a higher sensitivity for the
telecoil. The third block is an open collector output transistor
with the bias being set by R,

Typically, the gain of the first 2 blocks is set to 25 dB each, with
the third block at 23 dB. giving a total gain of 73 dB

Gain trim can be accomplished with the use of a feedback
resistor on the first block, while the volume control is used as
the feedback control on the second block. This gives a volume
control range greater than 40 dB.

5 4.0kn

FUNCTIONAL SCHEMATIC
———
oND p'/Nﬁ ’0}:1 A2 P
-,
A1 0P 2 A3IP

A21/P I Re
AlIP —3 A30P
MIC d5 6
Ve
1 cc

BIAS

PIN CONNECTION

Document No. 500 - 61 -8

GENNUM CORPORATION P.0. Box 4883, Stn A, Burlington, Ontario, Canada L7R 3Y3  tel (416) 632-2996 fax: (416) 632-2055 telex: 061-8525
Tokya Office: 301 Aaba Building, 3-6-2 Takanawa, Minata-ku, Tokyo 108, Japan tel. (03) 441-2096 fax: (O3) 448-8991
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I, Rg  Vg=l.3voc

Vo
Output
§RL=1k
- Hammond
| 99966
| 0.015
| KF
| e
| -
500 Signal -4
Generator =
74.1 dB Attenuator 56.2k 2.7ak 1pF
Amplifier Gain =20Log 5 * 741 dB - -
All external resistors in ohms & +1% tol.. ali capacitors n uF & +10% to! uniess otherwise stated
NOTES
1 Amplifier gain = 20 Log Vo + 74.1dB 3. Tocalculate I for stage B, measure V2 with S2 open Ig = 4
Vi Vi1 1.047 MQ

>/ f A 5 1with S7ope = Tra
2. To calculate /g for stage A, measure Viw open g 1.056 MQ 4 For V1and V2measurements a high impedance DCVM must be used (>1 GQ)

Fig. 1 Test Circuit

The tone control for the LC508 is calculated by using the input TEST CONDITIONS ) - -
capacitor(C1) and the source impedance (Fv’s) as the RC PARAMETER VALUE / UNITS |
network, except for the third block, where it can be calculated v B T T {3vDC
by the input impedance (R,,) and the input capacitor (C3). B o 1
| Source Impedance 3.36 kQ !
The open loop output impedance for blocks A and B are | Frequency 1 KHz l
i ly 7 Q. - T T T T
approximately Output Level 0.5V RMS l
| Load Impedance 1kQ ) !
AVAILABLE PACKAGING — e — e e e
10 pin PLID*, MINIpac, Nosseﬂgr Bandwmj Vat 172dB/ocrtﬁ 0.2 - 170 kHz |
MICROpac & SLT L/—\mment Temperature 25°C |

VB=135VDC

MIC

Volume Control (R VC)

Gain Trim (Rfp)

Closed R
Loop Gain Gain of stage A = 20 Log 10 FA Ganof siage B = 20 Log 10 VC Ganof siage G - 20 Log 10
Al resistors in ohms, ali capaciors 1 pF unless otherw se stated Ry R1 Re

Fig. 2 Typical Hearing Aid Circuit
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Class A
Compression Amplifier

FEATURES

+ 64 dB typical electrical gain

+ 0.94 VDC voltage regulator

« 7 ms attack time, 40 ms release time
« 15 dB threshold adjustment

« low noise and distortion

« compression ratio « : 1

» 0.3 kHz - 6 kHz frequency response

ABSOLUTE MAXIMUM RATINGS

; Parameter Value / Units
! Supply Voltage 24V
) Power Dissipation 25 mW
l Operating Temperature -10to +40°C
( StO(age Temperature -40 to +75°C

TYPICAL ELECTRICAL CHARACTERISTICS

(refer 10 test circuit)

PARAMETER VALUE

Gam 60 64 65; dB
Input Referred Noise - 20 40 mV
Total Harmonic Distortion +Noise - 1 3 %

Amplifier Current (I,) - 04 0.6 mA
Transducer Current (1)) 135 16 2.0 mA
Input Impedance - 15 - kQ
Regulated Voltage Output 090 09 10 VDC

COMPRESSION ACTIVE (S1 CLOSED)

COMPRESSION INACTIVE (S1 OPEN ) MIN TYP MAX UNITS

Compression Range - oo - VdB 7
Total Harmonic Distortion + Noise

(V2= 1mv) - 40 70 %
Attack Time

(V2 switched from 112 uV to 2 mv) - 7 - ms
Release Time - 40 - ms
Compression Output (V2= 1mV) - 010 0.18 VewMms

LD511 DATA SHEET

DESCRIPTION

The LD511 is a Class A compression amplifier which can
operate over a range of DC battery voltages from 1.1V
to

2.4 V. A voltage regulator, which is independent of supply
voltage variations, is on-chip to supply a stable 0.94 VDC bias
to the amplifier circuitry and to the microphone.

The LD511, in compression, has approximately 15 dB of
threshold adjustment by varying A, (see application circuit)
and a compression function ratio of e : 1.

Attack and release times are fixed at a ratio of 7 ms and 40 ms
respectively and they can be adjusted simultaneously by
changing the filter capacitor on pin 8.

The output stage bias can be set to accomodate different
receiver impedances by changing the value of RE The voltage
across A, (pin 2 to ground) is a constant 27 mV so the bias

currentis 27 mV divided by the total value of A, in parallel with

500 Q.
Vin _1" d 10 Vour P
B | Vi FRE
Vour “ Chga
GND I | Vara
AGC, . . . Ve,
PIN CONNECTION
‘ 7 10
:
' 800 VReg
T
85 | Sko
k0
& . l J
i N
0.8
K0
ik
|
|
[
| 4 r | Y Jl
! _— L
1 S . %
s 5 1
FUNCTIONAL SCHEMATIC

Document No. 500 - 32 - 6

GENNUM CORPORATION P.0. Box 488, Stn A, Burlington, Ontario, Canada L7R 3Y3
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35k | Stage

Output

Signal Generator
Pttt s
60 dB Attenuator

TEST CONDITIONS

All resistors in ohms. all capacttors in uF unless otherwise stated

Fig.1 Test Circuit

A RB Ve
470 1.30vDC
I
6
Q=——- vout
|
| 0;‘0_68
| RL
: ‘9”%
|
13 | Hammond
99966
[e]
S1
COTPVGSSiOn
100047
0 \ ;
\ |
01 ; T ‘
02 i —
i
i
03 | - |
1 | ‘
04 T i
1
05
0 10 20 30 40 50 66 70 80 90 100

PARAMETER VALUE / UNITS %
= z
i SupplyVoltage 1.30 VDC 3
[ Test Frequency 1.0 kHz 8
o <
| Signal Source Impedance 3.9 kQ 3
| Output Testing Level 0.50 VRMS ;
[Noise Filter Bandwidth z

at -12 dBjoct. 0.2-10kHz
'Ambient Temperature 25°C
Battery Resistance 4.7 Q

63
_ 62 — T —
: |
< |
2 . <
Q } :»_
< | | 0
0 60 ! i -
9 | i

59 [ + i 05

58

08 09 10 11 12 13 14 15 16 17

BATTERY VOLTAGE (V)

Fig.2 Voltage Gain vs Battery Voltage

BATTERY RESISTANCE ()
Fig. 3 Voltage Gain vs Battery Resistance

09 10

Fig.4

1

BATTERY VOLTAGE (V)

1ot Vs Battery Voltage



V REG (VDC)

MiC|

RELATIVE VOL TAGE GAIN (dB)

095

093

091

089 “}“ e
| | | |
| I |

087 | - 4—1—'—‘—
| o
085 I | !

09 1 13 15 17
BATTERY VOLTAGE (mV)
Fig.5 Voltage Regulator vs Battery Voltage

FREQUENCY (Hz)
Fig.6 Frequency Response

mv)

PUT VOLTAGE «

INPUT VOLTAGE (mV)
Fig.7 Threshold Adjustment

5

Lo |

0.022 - d
i :
Volume
Control LDS1 0.0047 550k
10 s 4
" ] 8 a 2 I3
20
Threshold 0.068
Control

Fig.8 LD511 Stand Alone

100 VB
%10 VW 1.3v
0033
l’“—l = '-_II:_‘aa—E]r-e.s
, 6 10 1 2 ) 2 .
TIovF LDs11 1Cg54Q ; &“;ec(ﬂver [
ETH Pk A 006 ”\4850
= ot |1, o| 1227 AVAILABLE PACKAGING
° 10 pin MICROpac,
€L, l_' PLID*, MiNIpac and SLT
I 0.0047

All resistors in ohms. all capacitors in ..F unless otherwise stated

Fig.9 LD511/LC549 Configured for Reduced Start Up Transients on the LC549






‘““W“ w QRE!\DINH Vi High Power, Class B

Output Stage - LC551

DATA SHEET

FEATURES DESCRIPTION

+ adjustable gain to 48 dB The LC551 is a 10 pin low voltage, class B amplifier which
« capable of driving low impedance receiver (110 ) operates over a battery voltage range of 1.1V DC to 3V DC.
+ low component count, 3 small capacitors and 1 resistor The LC551 consists of three gain blocks. The first block is an
inverting amplifier with the gain set by two external resistors.
o ) This gain trim feature can be used as a volume control in
+ minimal start - up transient hearing aid applications. The second block is an inverting
« frequency bandwidth of 18 kHz unity gain amplifier which serves as a phase splitter. The
outputs from the first and second blocks drive the differential
inputs of the third block. The third block has a fixed AC gain
of 28 dB when driving a receiver.

« gain trim can be used as volume control for reduced noise

TYPICAL ELECTRICAL CHARACTERISTICS

{refer to test circuit and conditions) This ampilifier has internal compensation eliminating the need
| I for a capacitor across the receiver. Two ground pins are
PARAMETER MIN  TYP MAX UNITS available for "star' grounding to reduce any second harmonic
e T — — distortion produced by ground line resistance
Gain 46 48 50 dB
Gain Expansion . ; 3 o ABSOLUTE MAXIMUM RATINGS
Quiescent Current _
Amplifier 120 210 335 pA Parameter Value / Units
Transducer 120 220 405 pA Supply Voltage 5V DC .
Total 040 230 740 Operating Temperature -10to + 40 °C
— - . - S 0,
Input Referred Noise - 13 25 v Storage Temperature -40to +75°C
fotal Harrﬁomc Distortion o -
atV,=0707 Veams - 12 25 % o ’,;leff 0 FJ or
10 = o
atVg =13 Veus o3 %% GND — O
Stable with battery DECOUPLE ) DECOUPLE
resistance to - 22 - Q |
(_ PREG U 9 Vag
PRE\N 5 6 lL:J V(.(,
FUNCTIONAL BLOCK DIAGRAM PIN CONNECTION
ve

1.3vDC

|

|

1 1

! 20d8B N

1 5 2848 : Min 11000
| Impedance
|

1

|

Preamp
(Lcsos, L0502)

Gain Trim
or Ryc

| Y
2
Ground 1 Ground 2

Patent Pending
All resistors in ohms. all capacitors in uF unless otherwise stated —_—

Document No. 500 - 77 - 4
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POWER QUTPUT mW

10

6

200 400 600 800 Tk
RESISTANCE (<)
Fig. 1 Power Output vs Load Resistance

at 7% Distortion RB =0 VB =135V

A Olg Rg
O

TEST CONDITIONS

PARAMETER VALUE / UNITS
Vg 13vDC
EN 10 kQ
ﬁ;duency ) 1 KHi
B Outp] Lé;él for Gain 0.707 VRMS
| G:m E%bansxon 1.3 VRMS
Load Impedance 400 Q
Noise Filter Bandwith at 12 dB/oct 0.2-10 kHz
Ambient Temperature 25 °C
R 47 Q
Rv(; 100 kQ

NOTES: 1 To measure noise. point A is grounded.

2. Output impedance is typically 8 Q with V ; = 0.5 VRMS

3 Gain expansion =Gain (at 1.3 VRus output) - Gain
(at 0.707 VRms output)

Rg

S

All resistors in ohms. £1%

all capacitors in ,F £10%,

Fig. 2 Test Circuit

<
@

Volume
Control

All resistors in ohms. ali capacitors in 4 unless otherwise stated

Fig. 3 Typical Hearing Aid Circuit

&0

Impedance

Min 1100
[Recewer

VWA

Hammond

99966

AVAILABLE PACKAGING

[
|
‘ 10 pin PLID*, MICROpac. & SLT
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(B s=nnum

Dual, Continuous, Analog
Highpass Filter - LF580

FEATURES

+ only 2 small capacitors required

» 200 to 10 kHz adjustable corner frequency

« dual 12 dB/oct Butterworth filter (24 dB/oct cascaded)
» 1.1 to0 3.0 VDC operating range

« adjustable by a single potentiometer

ABSOLUTE MAXIMUM RATINGS

(Parameter Symbol Value / Units
Power Supply Vg 5vVDC
Lsrorage Temperature Tara -40 °C to 100 °C
Gno PN 8 INA
N:.C OuT A

CONTROL :‘ NB
Vg 4 5 FI outs
PIN CONNECTION

FUNCTIONAL SCHEMATIC

DATA SHEET

DESCRIPTION

The LF580 continuous analog filter consists of two second
order (12 dB/oct), tunable (0.2to 10 kHz) highpass Butterworth
filter blocks.

Tracking and corner frequency of each block are controlled
by a single potentiometer. Cascading the two blocks together
results in a single 24 dB/oct. high pass filter requiring only two
external 0.001 pF capacitors for the filter response, and one
external 0.1 uF output capacitor.

Anautomatic high pass filter can be developed with the LF580.
Controlling the current from pin 3 to ground either by a variable
resistor. or a transistor current sink will allow electronic control
of the filter corner frequency. The voltage at pin 3 is typically
fixed at 18 mV.

The output noise of each filter stage is typically 5.6 pV.
Cascading the two filter blocks together will produce a noise
level which is

/

2 2
Vy :\M/ (Vi)™ + (V) or8puv
Where V, is the total output noise of both filters, V, ,and V, ,
IS the noise ot each filter.

To improve the signal-to-noise ratio of the filter the LF580
should be placed after a preamplifier, provided that the signal
level does not exceed the maximum signal handling capability
of 50 mVRMS

200
kQ

= -
* AVAILABLE PACKAGING
8 pin PLID*, MINIpac,
MICROpac & SLT

100| 30kQ
kn 1k0,

AN—
()

|
P

—

_

=9
3

I

!
F

D

ta :

R
]
1

US Patent No. 4.633,166,
Patented in other countries
Other patents pending E;] Ej
All resistors in ohms, all capacitors in N A OUT A
HF unless otherwise stated

B

Control

{ |
T%m{%
Y o

INB ouTB
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TEST CONDITIONS
(measured at 25 C). Refer to Test Circuit

c2= ==c3
0.1'1' To.om

Out 1 in2

Applications 1 24 dB per Octave Filter varable high pass (marual)
2 Automatic High Pass Filter
3 Dual 12 dB per Octave Filter vanable high pass
NOTES Corner Frequency (fc) adjusted by R1 at -24 ¢B / oct from 200 Hz to 10 kHz
C1=C2=0001 for Filter Response
All resistors in ohms. ali capacitors n uF unless otherwise stated

Fig. 2 Dual High Pass Filter

Parameter VB Close Procedure and Formula
(VDC) Frequency Vin Switch to Determine Parameter
Insertion Loss (0B) 130 1kHz 1 VAus S1. 82 TTloss=20Log(V, IV 12
Current/Drain 1.30 N/A N/A S4 N/A
CornerFreguency 1.30 1 kHz 1 Vams A) S1, 82 A -Measure output voltage V.
B)S1.83 B -Measure output voltage vV, ,
fo = 1000 (V4 A Vot o)
Distortion 1.30 1 kHz 1.250 Vims S1.82 Measure Distortion
Output Noise 1.30 N/A o N/A S2 OutputNoise =V, ./ 1000
(Filter Bandwidth 200 Hz- 10 kHz
‘ : @-12dB/Oct)
f— — |
Supply Rejection 3.0 N/A N/A S2 SR =20Log(V,, ) -40
“NOTE: with 1 Vams Modulation @ 1kHz
0.001 a7 Vg
ELECTRICAL CHARACTERISTICS AAA e}
(Refer to Test Circuit and Conditions)
Parameter Min. | Typ Max ‘ Units 7 s
i - ‘ ViN 182k 150  0-001 L 10210%
Insertion Loss ; o2 3 dB s
S . | — — ,
Curfent Drain (I,) 200 280 370 | A Attenuator 5621
—_— - +- )‘ -
Output Noise | R =
! 1 \Vi 10k (X
(filters combined) | 8 i 0 ‘ H s2 \53 \S4
| |
Total Harmonic i . -
Distortion } I 2 5 % 100
Supply Rejection | i 45 ‘i 56 { dB 10K
“Comer Frequency | 1300 | 1650 | 1900 | Hz
‘ \ ‘ NOTES. 1) Tolerances of all resistors and capacitors are +1%
2) All switches are normally open unless otherwise stated
3)ICI = LT1001CN low noise operational amplifier
4) All resistors in ohms, all capacitors in pF unless
otherwise stated
Frequency Cutoff Fig. 1 Test Circuit
Adjustment
Frequency Cutoff
Adjustment
______ !
|
|
! I
| I
| s |
Input | Qutput Control ]
(A) Filter (A) Filter (B) B)
In1® c|1 8 12 dBloct 12dB1oct O!s c“4 > Out 2 gt | [ — 1 L output
0.001 0.1 (A) Filter (A) Filter (B) | (8)
!—____ Y, W' Y. I tnput »— F—0— 1248 oct 1208] oct —O——{s = outp.
Output (A)]7 67 Input (B) o g:“ ! | g::
: ( input (8) _ I )
3 -

I____ Qutput (A4
7
c2

0.001

NOTES Corner Frequency (fc) adjusted by R1 at -24 6B / oct from 200 Hz 1o 10 kHz
C1=C2=0001 for Flter Response
Al resistors in obms. ali capacitors in uF unless otherw:se stated

Fig.3 High Pass Filter
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Gain Trim

500k
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10k
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Adjust

10k
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8 by i
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w 11
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[e] I8
© i
: Il
| |
i u
i 1 w |
100k \ L -
200 1K 2k 10k 10 100 1k 10k 100k
CORNER FREQUENCY (Hz) RESISTANCE ()
Fig. 4 LF580 Current Drain Fig. 5 LF580 Corner Frequency Adjustment
A
1.35vDC
L
6.8 0.001
I : fon A2
— =68 T-68
3 ‘ T Vol.Control °
0.01 0.001 01 10k J-
M2 Lcsoe ofHF—* Lrsso s—i 'LCILDS49
0.047
\ N 470
-[“ 5 3 ' 3 typ
2.2
Fc
Gain Tri Adjust
ain Trim
10k 100k NIC
Al resistors inohms all capacitors in pf uniess otherwise stated -
Fig. 6 Typical LF580 Filter Application for Hearing Aids using the LD502 & LC549
ve
1.35vDC

E

&

400N
typ

~0.047

All resistors in ohms. all capacitors in pF unless otherwise stated
Note Use LD549 with LV506

Fig. 7 LC506 / LF580 / LC549 Typical Hearing Aid Circuit
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\]
1.35VDC

Vol.Control
Gain Trim
50k

0.001

[

1kn

100k ~0.015

Al resistors ir ohms, all capac ors n ufF unless otherw:se stated
Fig. 8 LF580/LC508 Typical Hearing Aid Circuit
M)
1.35vDC

All resistors in ohms all capacitors ir pf urless oinerwise stated
Note 22 uF when recever s > 3kQ

Fig.9 LF580/LC550 Typical Hearing Aid Application
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CORPORATI ON

Digitally Controlled
Transconductance Block

il

GT5B0/LV560 DATA SHEET

FEATURES

1.0 to 5V DC supply voltage

= 701 A of analog current drain (typical)

* 6uA of memory current drain (typical)

+ single or dual switch control

+ touch plate compatible (for GT560 on 30M( typ impedance)

+ typical 42dB range

+ adjustable clock frequency increases or decreases
time required to change diode impedance

LOGIC SUPPLY ANALOG

CIRCUIT DESCRIPTION

The GT/LV560 s a low voltage transconductance block which
can be used as an electronic volume control.  The
transconductance element consists of two diodes back-to-
back, whose impedance is varied by changing the amount of
current through the diodes

The impedance of the diodes is controlled by digital circuitry
which consists of:
¢ an oscillator with an external capacitor, C, to set the
ramp frequency f_ i
fo 5(); 10

¢ T
 logic interface, which senses the volume up-down controls
¢ a digital / analog converter
e the control logic/debounce logic

* synchronous up-down counter

Toincrease or decrease the LV560 impedance, the switching
mechanism can be touch sensitive contacts or a mechanical

(MEMORY) SUPPLY
Q switch. In either configuration. the switches are connected
E | T from pin 8 to ground and pin 9 to ground. Any resistance, up
MODE — ] to 6 MQ from pin 8 or 9 to ground will activate the GT/LV560
RN ] control circuitry and the device will change impedance levels.
O
LOGIC CONTROL DIGITAL |,
oo 8 neuT L e 0
CONTROL 9| | INTERFACE 7] ANALOG | NP; OPERATION
DOWN ] ) | USED
CONTROL (____J
| 1 The impedance can be controlled using one of two methods
] | CURRENT LINEAR The first method utilizes a Single Pole Single Throw (SPST)
c o \,,f;ﬁ!j?i?,-xw ] fg?jy‘(g?\k‘(?r@k——'—i J’?Vf‘%w‘, ] momentary contact switch which combines the up/down
! i ‘ function in one action (see Fig. 2). The second method (see
I | Fig. 3) uses one Single Pole Double Throw (SPDT). or two
3 ?[ bl) SPST switches which provide a separate action for the up-
O o} down function. These switches can be mechanical or touch
R, R GROUND

5

FUNCTIONAL BLOCK DIAGRAM

ANALOG SUPPLY &5

R, =3 DOWN CONTROL

5

|
Rac ‘l 3 UP CONTROL
|
£ MODE CONTROL

6
=3 LOGIC SUPPLY

PIN CONNECTION

sensitive.

To operate the GT/LV560 using a single switch, the Mode
Control (MC) is connected to the positive supply, the switch
willthenactinanalternatingmanner firstincreasing impedance
when activated, then decreasing impedance when activated
asecond time, both at a rate determined by the externai timing
capacitor.

If separate UP or DOWN switches are used, the Mode Control
pin connects to ground. Making contact to the DOWN switch,
the diode impedance will decrease until the switch is released
or the diodes reach minimum impedance (4kQ). Similarly,
contact to the UP switch will increase the diodes impedance
until the switch is released or the maximum value of diode
impedance has been reached (500k€2).

Document No. 510 - 64
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Once the minimum (4 k€2) or maximum (500 kQ) impedance is
reached and the switch is still closed. the impedance will stop
changing until the switch is released and the direction is
reversed. Should both switches be closed simultaneously. the
output impedance will remain unchanged.

In order for the LV560 to be activated and change impedance

the switch must be pressed for at least one time constant, ¢ .

where t = l-

c f
Normally the timing cacpacitor C,.is connected to ground, as
shown in Figure 1. Whenthe circuitisturned on, C,isrequired
to charge from 0 VDC to approximately 0.56 VDC. During this
charge up condition, the clock is disabled and ramping of the
impedance by the touch contacts or switches will be inactive

until C,is charged.

Small values of C, eg. 0.1 uF, will cause a time delay of less
than 2 seconds, however as the value of C, is increased, eg
1.0 uF the charge time can be as high as 20 seconds.

If the length of the charge time is undesirable, the capacitor
can be referenced to a microphone decoupling pointas shown
inFigure 13. Inthis configuration the capacitor charge time will
be less-than 2 seconds with a 1.0 uF capacitor

It is required that C, be connected to a positive reference
voltage which has a high supply line rejection ratio, such as a
voltage regulator, or amicrophone decoupling point. If C,was
referenced directly to the supply, any battery line signals
greater than 10 mVRus will affect the clock rate on the GT/
LV560. This would cause the ramp speed to become erratic
as the impedance is being changed

When the hearing aid is initially turned on, e.g. insertion of the
battery , the diode impedance will be at a random setting for
the LV560 and a mid gain setting (which is typically 7 steps
from the minimum impedance setting) for the GT560. Once the
desired impedance is determined this value will be held
constant by the memory circuitry on the LV560. Connecting
the memory supply (VM), to the battery positive bypassing the
on-off switch, will allow the volume control to retain the
selected impedance even with the hearing aid switched off.
The memory current drain is extremely low at 6 pA. If however
the battery is removed, memory will be lost.

The 560 may be used as the feedback impedance across an
inverting gain block, such as a LC508 preamplifier. The gain
of the amplifier would then be determined by the ratio of the
diode impedance to the source impedance of the LC508
preamplifier. For example, if a microphone with a typical
impedance of 4 kQ were to be used as the source to the LC508
preamplifier, and the GT/LV560 connected across the input
and output pins with a minimum impedance of 4 kQ, the
minimum gain would be a ratio of 4:4 (or 0 dB).

With the maximum impedance at 500 k€2, the maximum gain
would be a ratio of 500:4 approximately (or 42 dB). The
volume control range is 42 dB

It is important that either A, or R, on the LV560 be DC
coupled to the LC/LP508 preamplifier stage to set up a
reference voltage on the diodes, otherwise the volume control
will not be biased properly. The LV560 pins R,and Ag, will
operate from 200 mV below supply to 500 mV above ground

Note: A resistor of 1.2 MQ is required between Pin 2 and Pin
3 to limit the step size to 3.0 dB. If this resistor is not used at
high gain settings the steps will be greater than 3.0 dB.
resulting in high distortion on the LC/LP508.

ABSOLUTE MAXIMUM RATINGS

Parameter Value & Units
Supply Voltage 5VDC
Power dissipation at T, < 70°C 25 mW

-10°C to +40°C
-20°C to +70°C

Operating Temperature
Storage Temperature

ELECTRICAL CHARACTERISTICS
(refer to test circuit and test conditions)

Parameter Min Typ Max Units
I Analog 40 70 130 uA
ILOgIC - 6 10 UA

Distortion - 1 29 %

Step Size 1.0 25 4.0 dB

Impedance :

Low 25 4 6 kQ
High 250 500 700 kQ
VCO 36 42 48 dB

TEST CONDITIONS (refer to test circuit)

Parameter Value Units
Supply Voltage 1.3 VDE-
Source Impendance 3.94 kQ
Frequency 1.0 kHz
Output Level for

Impedance Test 15 mVims

Distortion 10 mVams
Temperature 25 °C




TEST PROCEDURES

1) IAMOu measured with the 560 impedance set to
minimum

to lowest impedance setting.
Vour = 15 mVand measure Vin

VAN Vo (3.94Kk)

\
IN
3) To calculate ZMAX set the impedance of the 560 to
maximum.

Set the output (V)10 15 mV and measure V///v

z

max = Vour (3.94K)

NOTE: Vin
St1and S2

- for GT560. is referenced to the power supply

- for the LV560. is referenced to ground

vV, = 13vDC

3

. o

! For GT560

: s2
o

For Lv560

F

Note Al " ohms. all capacitors in uF un.ess

2

erwisE st
$1 can ve a momentary SPST switch or a pair of
contacts

Onnita’ power-up (inserton of the battery) the
gain wil be at a random sett ng

Fig.2 Typical Hearing Aid Circuit

v O
NOT For GIS60
REQUIRED '

'
$1 s2
! 4 6 ? ? .
FILTER o8
Cul o :
GT/LV560 N For !
5 .
i e} M. LV560 !
A Ry ;
— 3 2 — =
- 1 2MQ
50pF
____”_ —
v

+15
\ 01 Oult
'}g R °
15

’ Note All resistors nohms. al capacitors in uF uniess
o otherwise stated
I 15uF IC1 = CA 3140 Operationa: Ampifier

LVS60 P 4 could be used for Cilck suppression
= however 111s not reaured

Fig.1 LV560 Test Circuit

~

For GT560 s3
};(
I
I

LV560 i RCVR
AB G \1\2?

Note Al res stors ir onms. al capac tors in uF unless
otherwise stated
5152 are momenrtary swiches or contacts
Closing S1 1ncreases gan
Closing 82 decreases gain

Fig.3 Typical Hearing Aid Application

BD



IMPEDANCE RANGE (dB)

50

50

40

30

STEPS

Fig.4 Output Impedance Characteristics
without External Shunt Resistor

AVAILABLE PACKAGING
10 pin MICROpac,
PLID*, and SLT

50
|
| 50 - |
{ A
) 8
g 0 c
5 D
g
a0 |
w
5 \
H
z
g |
i 20 f Al =500a R . =12MQ
B, =25rA R =12MQ
101 C-ly, =0rA R . =12MQ
D1, =25nA R . =390kQ
0 .
18 0 2 4 6 8 10 12 14 16 18
STEPS
Note I'm 1s the Input Bias Current o' the LP/LC508 Preamp f ers

Fig.5 Output Impedance Characteristics
with R_,, = 1.2 MQ

EXT

Vg = 135V DC

O
} ON-OFF

+ .
I b b
= Lo -
8 |9 |6 [
Vig Ve CU CD
( .| GTLVse0 |2
H R R
A B
01 01 Cr Mg |Crove
5 10 7
A
1.2M
=01
1
- Note' Aliresstors ir ohms. all capacitors in uF unless otherw se stated

Fig.6 LD502/LV560/LC551 Typical Application
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Adaptive Highpass Filter
LF581

FEATURES

« unity gain 12 dB/oct. highpass Butterworth filter

« adaptive frequency range from 200 Hz to 2 kHz
(hmits are adjustable but remain one decade apart)

« rectifier threshold set to 82 dBspL* (adjustable)

« low noise, typically 3 pV

- typically 260 pA current drain

» operates from 1.1 to 3VDC

oot 001

[ IeV)

Lw/

NOTES -

1. To change corner frequency limits. the values of C, and Cg are

increased or decreased
R1 sets the threshold
Pins 5 and 6 are not connected

" 2. Using a microphone with a sensitivity of -60 dBV / uB at tkHz

3. All resistors in ohms, all capacitors in uF unless otherwise stated

FUNCTIONAL BLOCK DIAGRAM

l AVAILABLE PACKAGING
| 10 pin PLID* & MICROpac
L 8 pin DIP

DATA SHEET
DESCRIPTION

The LF581 level-sensitive, adaptive highpass filter reduces
low frequency noise with respect to increasing input levels
On-chip, the LF581 is comprised of a current controlled
highpass filter, a half-wave rectifier, and a voltage regulator for
microphone bias.

The internal rectifier senses the long term average signal level
and controls the filter response by setting the control current to
the filter. The rectifier input threshold has been set to 82 dBspL
(2.5 mVRMms) and the sensitivity, with respect to the input signal.
can be increased by placing a preamplifier gain, such as the
LC/LP508 preamplifier, before the rectifier.

Important features of the LF581 are attack and release times,
setto 30 ms and 90 ms respectively orhigher. providingatime
frame by which to discriminate between short term average
speech levels and long term average noise levels. The
average time period of a speech frame is about 15 ms which
is not long enough to activate the filter, however long term
average noise, which can have time periods greater than 30
ms, will activate the filter provided that the amplitude is above
the rectifier threshold

An increase of 20 dB above this threshold will automatically
increase the corner frequency one decade above the initial
corner frequency. Thefilter will only allow anincrease in corner
frequency of one decade, regardless of further increases inthe
input signal level.

PIN 1

VREG A1OP
vee 1 CA
RECT 1P c8
RECT | _
cap = — GND
Ne =0 1 NIC
PIN CONNECTION
10 pin PLID* & MICROpac
\\ .
out o PINT 8 Py
REG
Cl g ]
Vee
c2 H REC,,
GND = 4 5 P REC.p

PIN CONNECTION
8 PIN DIP
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LF581 ELECTRICAL CHARACTERISTICS

(Refer to test conditions and test circuit) DC MEASUREMENTS
PARAMETER MIN. TYP. MAX. UNITS
- ' ' For Ie -Close S3 and Measure 1, as 1,
le 145 280 395 HA (VDC2 = 0 Vdc) -
Vieg (Pin 1) ' 0870 . 0925 .o 990 | vdc I measure Pin 4 DC Voltage (V. o
~ Rect Input (Pin 3) . 0490 0.580 0670 . Vdc -set VDC1 to = 180 mvdc + V.,
Rect Filter (Pin 4) | 0.490 0.580 0.670 vd close 54
ect Filter (Pin 5 c
; . . -close 83 and measure 1, | as |,
Pin 8 Voltage (Vp8) 0.550 0780  Vvdc
: J ’ ’ ! | -measure V,
Pin 9 Voltage (VP9) 0550 0780  Vdc o SsetvoeT = 3'm deC Vs
Filter Insertion Loss | 0 1 13 dB <close 54
- i ; ; -close S3 and measure [m as |,
Distortion 2 3 %
- ! ' 1. -measure V,
Rectifier Gain 4 6 8 b2 _set VDC1 = §‘5de6 + VP4
' oo 0700 . 10 13 uA -close 54
e ! : ‘ 1 i -close S3 and measure lm as lD,
'HAN"( 8 10 12 ! | 1.-1 <
© | } ! Slope of Filter = D2 D1 14K
 Slope 075 10 125 | 0.05
\ Vy,, (Rect threshold) 196 25 32 | mvdc RECTIFIER GAIN-
o : | |
fe 140 | 200 | 260 | Hz | -Close S2
| < | | } | -set VAC2 = 10 mVAMS
| Max. I/P Signal (5%THD) 1 65 ImVRMS -measure Vo, , as Vm1
| AR ! |
] ; i | 1 -set VAC2 = 18 mVams
Pi()g}pu{nﬁe S : 3 i | wv ] -measure Vy,, , a Vm2
| Attack Time ‘ |15 | L ms Rectifier Gain = 2 x (Vm1 - Vm?2)
S { + —1 i
 Release Time ; |45 | ms RECTIFIER THRESHOLD
B ‘ - ‘ V,,, = VAL/RECTIFIER GAIN x SLOPE
vV, = +85mV) - ((I )/SLOPE ) x 14K
_ ELECTRICAL TEST CONDITIONS AL o2'loo
Ao . o CORNER FREQUENCY (f.):
PAHAMETER VALUE UNITS c
S - .‘ -set VDC2 = 18mV + Vo, o
Frequency (VACW VACZ) 1.0 kHz -measure l as l
- — : - setvoc2 2V, 2 18mv
Temperature 25 °C i -measure 1, as I
s 7 a1
Qutput Level for 1
p | 2= 3X(Iy,+1)
Insertion Loss (S1 closed) 85 mVRMS 4 - (l lbi )
Distortion  (S1 closed) 85 mMVRMS fo= 432844000
- S C [ ettt et
| Input Level for ‘ (V1) + 112 - loo)
Rectifier Gain (S2 closed) ds ]
| ! T Il ‘ |
AC2 10 mVRMS | | | |
| |
-10 )'/ e / I
AC2 18 mVRMS | / q
"""" B S A A

-20 / /

30 b / H
1/P = 60 dB SPL i |
a0 A A L
/ /1P -80aBSPL
50 - 4 HHH - -
/ i |
/1 1 | ‘
60 1AL IS ‘ |
{ K i | | 1
| |
70 ’ K ) [ | l Ll
100 0 1k 10k

FREQUENCY (Hz)

Fig. 1 Frequency Response of the Test Circuit (Fig. 2)
(with a 20 dB Preamplifier and the output taken
from Pin 10 of the LF581)
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Fig.2 LF581 Test Circuit

NOTE

— O Vg 13vC
R6 R7
15k 82 5¢
c6 !
01 . cr
= Ol S C0T vaur
10 R e
o
| LTCT001 OP AMP
- OR EQUIVALENT
10k -

All switches are normally open
Unless otherwise stated all resistors in ohms
all capacitors in uF unless otherwise stated

&0
}—l 4?——(1)9

Cc3 c4 |
001 001

_[RecTFiER
4 conTROL

[o: el
EEN w—
L

- R

e "V Y

NOTE: All resistors in ohms, all capacitors in uF uniess other-
wise stated

If a 200 Hz bandwidth is too wide, the low frequency cut-off can
be changed by increasing the value of C1

Rx and C6 are optional. These two components produce a
-20 dB plateau

Fig. 3 LP508/LF581 Typical Application Circuit
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Adaptive Highpass Filter
with Independent Gain Block

FEATURES
+ unity gain 12 dB/oct. highpass Butterworth filter
« adaptive frequency range from 200 Hz to 2 kHz
(Imits are adustable, but remain one decade apart)
« rectifier threshold set to 82 dBspL (adjustable) see note 2
+ low noise, typically 3 uV
+ I, typically 300 nA

« operates from 1.1 to 2 VDC

- preamplifier with 45 dB open loop gain

FUNCTIONAL BLOCK DIAGRAM

VB =13V0C

RECTIFIER

NOTES

1 To change corner frequency limits. the values of CA =
and CB are increased or decreased

2 Using a microphone with a sensitivity of -60dB / uB @ 1kHz

3 Allresistors in ohms, all capacitors in pF unless otherwise
stated

LS581 TENTATIVE DATA SHEET
DESCRIPTION

The LS581 level-sensitive, adaptive highpass filter reduces
low frequency noise with respect to increasing input levels
The LS581is comprised of a current controlled highpass filter,
a half-wave rectifier, a voltage regulator for microphone bias
and a separate preamplifier.

The internal rectifier senses the long term average signal level
and controls the filter response by setting the control current to
the filter.

The rectifier input threshold has been set to 82 dBsPL
(2.5mVRMs) and the sensitivity, with respect to the input signal,
can be increased by placing the internal preamplifier (A1)
before the LS581. The preamplifier has a minimum open-loop
gain of 45 dB and includes an internal 265 kQ feedback
resistor from its input to its output, to facilitate in setting the
gain.

An important characteristic of the LS581 is the proper setting
of the attack and release times. It is recommended that the
attack and release times are set to 30 ms and 90 ms
respectively. This provides a time frame by which to
discriminate between short term average speech levels and
long term average noise levels. The average time period of a
speech frame is about 15 ms which is not long enough to
activate the filter, however long term average noise. which can
have time periods greater than 30 ms, will activate the filter
providing that the amplitude is above the rectifier threshold

An increase of 20 dB above this threshold will automatically
increase the corner frequency one decade above the initial
corner frequency. The filter willonly allow anincrease in corner
frequency of one decade. regardless of further increasesin the
input signal level.

PIN 1 10
VREG E“ )
)

4

1 A20/P

VCC — 1 CA
RECT /P L2 o CB
RECT

e ) GND
arop 1 ° A11P
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LS581 ELECTRICAL CHARACTERISTICS
(Refer to test conditions and test circuit)

PARAMETER MIN.  TYP. = MAX.
165 | 300 450

I

10T

Voeo (PN 1) 0870 0925 | 0990
RectInput (Pin3) | 0490 | 0580 | 0670
Fitter (Pin4) 0490 0580 | 0670 ‘

:L Pin 8 Voltage (Vs ;) 0.550 | | 0780
. Pin 9 Vollage (Vo) | 0550 1 x 0.780
| Pin5Voltage (V) 0490 | | 0670
 Fiter Insertion Loss o |1 3
1 Distortion : 2 3
L Rectifier Gain 4 ‘ 6 8
Ly, S o700 | 10 13
‘.,JEANQE - | 8 | l 2
| Stope 078 | 10 s
} j/ngFjechreshoxd)i‘ 1.96 25 32
L fe 140 | 200 260
LN bgencorop Gain ‘3 45
i R}ir 7 7 * 175 265 355

Al Lsounce - %5 -15
A s | w
77?&,,57'9”%5% THDVJL 65 1
| Output noise ‘ 3

Attack Time ; 15 ‘
' Release Tme | s

| PARAMETER ‘

i | VAWE |
! Frequency (VACL VAC2) S10 \
| Temperature ! 25 ‘
Output LevelifoTV :‘ ‘
1 Insertion Loss (S2 closed) ‘ 85 i
Distortion  (S2 closed) ‘ 85 \
Input Level fgr ? 7 !
Rectifier Gain (S2 closed)
AC2 10
AC2 |18

AC Open Loop Gain (S5 closed)
ACH 75

UNITS
: -
VDC
vDC
VDC
VDC
VDC
VDC
dB

%

HA

UNITS
kHz

mVRMS

mVRMS

mMVRMS

mVRMS

mVRMS

DC MEASUREMENTS

For Iy -Close 83 and Measure 1, as I,
(VDC2 = 0 Vdc)
Iy -measure Pin 4 DC Voltage (V,, 4)
-set VDC1to = 180 mVdc + Vg, 4
-close S4
-close S3 and measure 1, as 1,4
15, -measure V. ,0C
-set VDC1 = 35 mvdc + V.,
-close S4
-close 83 and measure 1, as 1,
Ioo -measure Vy,, ,OC

-set VDC1 = 85mVdc + VP4
-close S4

-close S3 and measure I, as 1,
Slope of Filter = (lDz'lm) /0.05 x 14K

RECTIFIER GAIN

-Close S2
-set VAC2 = 10 mVRms
-measure V., as vmi

-set VAC2 = 18 mVRMS
-measure Vp,, , as Vm2

Rectifier Gain = 2 x (Vm1 - Vm2)

RECTIFIER THRESHOLD:
Vi = VAL/RECTIFIER GAIN x SLOPE

Vi = (Vo o + 85mMVY) - (I, T, )SLOPE x14K

CORNER FREQUENCY (f.):
-set VDC2 = 18mV + V,
-measure 1, as 1
-set VDC2 =V, 4 - 18mv

-measure I, as lh

PIN 9

3 x (ly,+1)
12 A DO a
4l + 1)
432844009
fo = 0 T
| 12 -1
wu Ut



R9 Rt
10k 39k

Vg - 13VDC
| )
)
O
[ G I
! . R6 17
' z\'} Tk g o6k
s |
' [ e [ 8
l A2 e L ~. l 01
L } > -0
R } - Vour
L1C1001 OP AMP
! NI
| ) ) ‘ Re - OREQUIVALE
i S . . 10k 1
| |
o {RECTIFIER ) l
e L
Ls %3 7 ia
o

O vps

. | i /54
] 7 VDC2 | ! vDC1
“ . +
k ‘ ce +
10 |22
A ) lAs ]
P S s . B G
V.3 |
. | g
R g
520 H3 i cs
Tk
\? Lo
L R4 NOTE ALl SWITCHES ARE NORMALLY OPEN

VAC2(ny 9 110 UNLESS OTHERWISE STATED
. ALL RESISTORS IN OHMS ALL CAPACITORS
i IN uF UNLESS OTHERWISE STATED

Fig.1 LS581 Test Circuit

NOTE  ALL RESISTORS IN OHMS. ALL CAPACITORS =

IN uF UNLESS OTHERWISE STATED
GAIN AT - 20 Log { Re Ry }
Re - Ry

Rg

Fig. 3 LP508/LS581 Typical Application Circuit
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FREQUENCY (Hz)

Fig. 3 LS581 Frequency Response (with 20 dB Preamplifier)

AVAILABLE PACKAGING

10 pin PLID*, MICROpac
& MINIPAC

GAIN (dB)

30 ‘
sl
=T
) \i |
|
1
10 S S
|
| il
| I
E i i
0 d i ‘T"H
[
i |
‘ L ‘ |
- | [
oL | L
] | ! f I
85a dB ! ‘ ‘ | \“
| | |
. | j Ll
100 1k 10%

FREQUENCY (Hz)

Fig. 4 LS581 Gain Curve (with 20 dB Preamplifier)
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Designing with
the 508 Family

INTRODUCTION

The 508 family of Class A amplifiers are presently offered in
either an 8 pin or 10 pin version, which utilize Gennum's
proprietary low voltage BIiFET technology. This relatively new
technology allows these amplifiers to operate with lower
currents and increased supply rejection.

CIRCUIT DESCRIPTION

The LP508 is the 8 pin version consisting of a preamplifier, a
4 kQ microphone decoupling resistor, and an output stage
with a 27 mV reference voltage at the emitter of the output
stage (Re pin).

The LC508 is a 10 pin device which contains 2 preamps, a 4
kQ microphone decoupling resistor and an output stage with
a54mV reference voltage at the emitter of the output stage (Re
pin). Access to pin Re allows the manufacturer to set the
amountofbias current flowing through the receiver for maximum
efficiency.

The preamps found on both the LP508 and the LC508 can be
compared to an operational amplifier. Most rules that apply to
op-amps also apply to the preamp of a 508.

The negative input of anideal op-amp would appear as a virtual
ground when used as an inverting amplifier. This is also the
case with the input of a 508 preamp. Any impedance or

resistance connected tothe input pin becomes the equivalent
input impedance of the preamplifier, as with the industry
standard op-amp of Fig.1a. Fig.1b shows how a 508 preamp
performs the same function, while only requiring a single
polarity power supply.

a. General Purpose Op - Amp b LP508 Preamp
Fig.1 Op-Amp Equivalent Circuit
vs 508 Preamp Equivalent Circuit

The gain of an inverting amplifier can be determined by the
ratio of the feedback resistor (RF) to the source impedance
(R,). The gain (A ) in dB can be calculated by the following
formula :

Ay=20log R/ Ry for A, <<A  where A = open loop gain

LC508/LP508 APPLICATION NOTE

Typically the open loop gain (Avo') of a 508 preamp is 45 dB.
Knowing this value is important when calculating the gain of an
amplifier, because closed loop gain must always be lower than
open loop-gain. Itis recommended that the maximum closed
loop gain be 20 dB lower than the open loop gain. If the closed
loop gain is less than 20dB from the open loop gain, the gain
should be calculated by:

vol
= A =Closed Loop Gain
vel
1+A xR
vol s

R

vel

F

The preamplifier has an open loop output impedance of
typically 7 kQ. When the preamplifier feedback loop is closed,
the output impedance will be reduced by the difference
between open loop gain and closed loop gain (AVO] - Avcl). eg.,
if (Avol -Avcl) =20dB, or 10 times lower, the closed loop output
impedance would be 700 Q.

The 508 preamp and output stages are internally bias
compensated preventing any DC current flow, via the volume
control (feedback resistor), into or out of the input terminals of
the device. No internal biasing would resuit in an audible
scratchiness during changes in velume control settings. This
also allows DC coupling between stages because the inputs
and outputs of all stages have identical DC voltage levels.

Since noop-ampisideal, aresidualamount (+ 50nA maximum)
of bias current could flow. Coupling between any two stages
is possible without any appreciable DC voltage or current
offset being created at the output.

OUTPUT STAGE
The current drive output stage of the 508 family is also an
inverting amplifier. It is a unity gain voltage follower from the
inputto the R_ pin. The DC voltage at pin R, is determined by
an internally fixed reference voltage. This reference voltage,
inconjunction with R , sets the bias current flowing through the

receiver.
For the LP508, 1
LC508, I

=27 mV/R[
=54 mV/IR

BIAS

BIAS Where Rt = Re//Rex

t
The maximum inputlevel that the output stage of the LP508 can
handle is 27 mV peak. Since the LC508 output stage emitter
(Fte pin) is referenced at 54 mV, it can handle input levels as
large as 54 mV peak before limiting occurs.
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It is also important to know the maximum output drive capabilites of the 508 preamps. The maximum
source current on the output of the preamps is typically 30pA +45%. This means that once R is

reduced to 1k 2, the maximum peak voltage that the preamp can swing, at its output before limiting,

is:
V=1xR
= 30pA x 1kQ
= 30mV peak

Once R goes below 1kQ, the preamp will become the limiting factor and not the output stage. On
the LP508 the output limiting voltage of the output stage is 27mV peak and a 1kQ feedback

resistor would be the limit before the preamp saturates prior to the output stage. As for the LC508,
the limit resistor would be 2kQ because the peak output limiting voltage of the output stage is

higher, at 54mV.

It was necessary on the LP508, that an internal 18kQ2 resistor be placed on the collector of the output
stage because of instability resulting from positive feedback (from output to input) and receiver
impedance characteristics. This resistor limits the maximum gain of the amplitier.

The LC508 is an inverting amplifier, using negative feedback from input to output, therefore no
output stage collector resistor is necessary. Input impedance of the output stage on both LC and
LP508 is typically 33kQ . Knowing this impedance value makes calculating the output stage low-end

frequency response straightforward.

O O
Gnd Re(54 mv)

LP508 Output Stage. LC508 Output Stage

Fig.2



EFFECTS OF VARYING MICROPHONE IMPEDANCE

Since the tolerance of the output impedance of a Knowles microphone could vary by up to

=+ 4.7dB, and the closed loop gain of the preamp is dependant upon microphone output impe-
dance, gain can also vary.

One way to reduce the effect of gain variance, (due to microphone impedance tolerances) is to use a
resistor in series with the microphone.

e.g. If an 18kQ2 series resistor is used, the gain variation range will change from +4.7dB down to
+1dB. The only disadvantage to this method is that at room temperature the 18kQ resistor has about

2.4411V of noise associated with it.

N=}n1+n2

where n1 is 2.44uV for an 18kQQ resistor and n2 is 4uV of microphone noise (26dB).

To calculate total noise use :

Therefore, overall system noise can increase from 4uV to 4.68uV with the addition of an 18k series

resistor.

FREQUENCY SHAPING

Because all input and output pins are accessible to the designer, frequency shaping can be easily
achieved in many different areas of the amplifier.

Starting at the input of the preamp, a tone control can be achieved by using a capacitor value,

selected for the desired corner frequency.

For low - end frequency filtering, ( high pass filter), the -3dB break point is calculated by:
1
fo(-3dB) =
2xm x Rgx Cy

Where Rg is the source impedance, (usually the output impedance of a microphone), and Cjy is the
input coupling capacitor.
eg. ifRg _ 3.5kQ and Cj\y=0.1pF

the f, (-3dB) !

2xnxRgxCpy

1
2 xm x (3.5kQ ) x ( 0.1puF)

= 456Hz



Another accessible point for filtering is between the preamp and output stage. The input impe-
dance (Zjy) of the output stage is known to be 33k Q therefore
1

fe = 2 xm x(Z|N) x (C2)

where Z) is the input impedance of the output stage and C2 is the coupling capacitor to that stage.
Because of the nature of the current drive output stage, low pass filtering can be achieved at the
output stage collector by placing a capacitor in parallel with the reciever. This is sometimes called

peak shifting and is shown in Fig. 3.

01.3V
Knowles
ED1919

No Cap

100
C=0.01pF

C = 0.022uF
C = 0.047uF

T T
| |
| |
I |
| |
| |
!
1

—-80.0

LEVEL W

dB \ |
|
|
I
1
|
i
|
|
I
|
[}
]
|
1

i
[
I
i
1
!
T
|
|
1
100 o Hz 10k
EgUENCY

Fig. 3. Peak Shifting using a Parallel Capacitor.



ACTIVE FILTERING TECHNIQUES

MULTIPLE FEEDBACK FILTERS

The most common type of higher - order active filter designs involves the use of operational amplifi-
ers. The 508 family of ICs can be used to design multiple feedback active filters. Detailed calcula-
tions and a more in depth understanding of active filterings available in Gennum 600-9 article on
Active Filtering for Hearing Aids.

ACTIVE BUFFER FILTERS

The output stage of a 508 may also be used as an active buffer filter, similar to an op-amp non-
inverting buffer circuit. The following buffer circuits are designs using general purpose operational

amplifiers (741).  The same filters can be designed using the 508 output stage.

Cc2
I -
— I
+15
R1 =R2
R R2 C2-=2C1 1
c1 o/p f.=
741 O c
JT: _ 2 xmxRtixClx~v2
-15

2xnxR1xC1x~v2

Fig. 5 High Pass Filter using a General Purpose Op-Amp

Output of the 508 is not an ideal op-amp therefore modifications are necessary when using the out-

put stage as a buffer filter. The following diagrams show how this can be achieved.

B+
R1 =R2

C2=2C1

112
LA

1
olp fe =
o 2xm x R1 xC1xv2

Fig. 6 Active Buffer Low Pass Filter using a 508 Output Stage.



R1 C1=02
%% R2 = 2R1
R2 =27
Z\N =33kN
(03] Cc2 1
fC

2 xmx Rt xC1 x+2

Fig. 7 Active Buffer High Pass Filter using a 508 Output Stage.

Note: 1) R1 and R2 must be 10 times less than Z)y for low pass.
2) Collector output pin is tied to supply.

OTHER FEATURES
Both the LP and LC508 each have an internal 4k € microphone decoupling resistor.

With the addition of an external capacitor an effective decoupling network is achieved.

APPLICATION CIRCUITS

The circuit of Fig. 8 is an LC508 Class A Amplifier with the LV560 used as a digitally controlled
volume control. The LV560 was designed to work around the feedback loop of a 508 preamp.
Typically the impedance of the LV560 is adjustable between 4k( - 500kQ (42dB). The gain of the
LC508 preamp s calculated in the same manner as if afixed resistor was used externally.

For more information on the LV560 Digitally Controlled Transconductance Block, refer to data

—O0
+13vDC
Ss3

sheet No.500 - 88 - 4.

8_1{8? Di S2|7 [

vm V+ Cy Cp Mc 10

Lvs60  Crf%
G|

R
s Reciever
2 1k Impedance
1.2M s
1

10 o| /3 7
l,_ LCs508

(]

Re

A~

All resisi0r3 10 ohms. all capactors in uF uniess otherwise stated —

Fig. 8 LC508 with LV560 used as a Digitally Controlled
Volume Control
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Microphone Compression
Preamplifiers

() cErNLW

LD511 APPLICATION NOTE

INTRODUCTION

This application note describes four methods of using the
LD511 as a compression amplifier. The first three methods
show the LD511 as a preamplifier in conjunction with the
LC549 push-pull output amplifier. The last method illustrates
how the LD511 can function as a 'stand-alone” Class A
compression amplifier

This note provides basic suggestions which can be used by
the circuitdesigner to develop circuits tomeet his own particular
needs, rather than to be an indepth study of compression
circuits

The LD511 as a Compressor

The LD511 is essentially a distortion free limiter in contrast to
a peak clipping circuit, which is a high distortion limiter.
However. both types of limiter provide compression. That is,
they compress the input dynamic range into a narrower output
dynamic range. At low input signal, the LD511 functions as a

Compression Characteristics

The terms input and output compression have been avoided
in this note because of their varied interpretation. In addition,
the use of these two terms implies that only two compression
characteristics (being a graph of output vs input) are possible,
whereas this note describes three types of compression
characteristics (Fig. 4 being a version of Fig. 1)

In general, there are three important parameters which define
the compression characteristic: gain, threshold, and limiting
output. Each of these may be adjusted, usually by means of
a variable resistor or potentiometer. In the relatively simple
circuits described in this note, a single potentiometer (or
variable resistor) is used to change two of the key parameters
simultaneously, while the third remains fixed. The choice of
circuit configuration therefore depends on the designer's
objectives. A single design could incorporate multiple
potentiometers and/or switching to achieve more than one
type of characteristic

linear amplifier. As the input "threshold" is approached, the 140
compression circuitry is activated and serves to hold the
output constant despite further increases in input signal. The 130 [
LD511 employs delayed automatic gain control to achieve its <
compression action. <
~ 120
COMPRESSION AMPLIFIER CIRCUITS 2
g 10
Method 1 - Limiting Output Constant
Fig. 1 shows a configuration in which gain and threshold are 100
adjusted by a single potentiometer (VC) while the limited
output remains constant. The compression characteristic a0
resulting from this circuit is depicted in the graph of Fig. 1a. 40 50 60 70 80 % 100
dBSPL in at 1 kHz
Fig. 1 Limiting Output Constant Circuit Fig. 1a
4.7% 413y
A%
\ 0.033 J".c
20k ’—] -1:
390k 0.047 =
L 9 6 10 1 6
r 2 ____l ‘___ 2 5 J_
3.9 LD51 o LC549 N
7 3 8 0.068
J' 8 4 s 1 4
27k
. :'LZ,Z L| b 6.8‘ 6.8
-[‘° T 0.0047 I T
Auves»smrsm-cnms chaDa‘cv\ms in uF unless otherwise stated —_E *55. Notes 1 & 2
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Method 2 - Gain Constant e \

In Fig 2. a single potentiometer (R;) adjusts threshold and 130 [
limited output. Gain below threshold remains constant. The
compression characteristic is depicted in the graph of Fig. 2a
The circuit in this example could be simplified by making R, a
200 kQ resistor between pin 2 and ground. However, this

GRSPL OUT (HA - ©

simplification reduces the possible range of compression 10 L RS S I
characteristic adjustment |
1
100 b —
wl |
40 50 60 70 80 90 100
Fig. 2 Gain Constant Circuit dBSPL in at 1 kHz
Fig. 2a
100 47* 13v
VA VWO
. 10
0.033 RT I
20k =
390k 0.047
10 1 6
9
3 2 s
3.9k LD511 LC549 lE““
7 0.06
8
8 4 2 5 7 1 a4
0.047|
27K
E E 2.2 tLG.B’ 6.8
10
0.1
470 *See Notes 1 & 2
Alt resistors in .ohms, a‘H capacitors in uf u;ness otherwise stated ) é
140 T - ‘
‘ \ Rroo
Method 3 - Threshold Constant LR N S - _
- | ‘ \
in Fig.3, a single VC potentiometer adjusts gain and limited < ‘ GAIN | MAX VC
. . ) FRF:. J IS S prm—
output, while the threshold remains constant. The compression 3 ,
characteristic is shown in the graph of Fig. 3a. z 1 feve
& {
A similar result can be achieved in Method 1, by adding a | 14 ve
variable resistor R, in series with pin 3. For example, an 100 / |
additional family of curves with a limiting output at 130 dBSPL / T , R
can be generated. \
% J ‘
40 50 60 70 80 0 100
dBSPL in at 1 kHz
Fig. 3 Threshold Constant Circuit »
Fig. 3a
100 4.7 1.3V
W% AMN—O
0.033 *J.
IlO
390k 0.047 =
I 9 6 10 1 6
2 5 T
3.9 , LpsM LC549 4850
3 Ry o 0.068
A 5 180k He s , “

+ 27k* * vc o1

8
L L
10 ’ 0.047 68 | 68
4 *S N &2
L . o e -J_ ee Notes 1

All resistors in ohms. all capacitors in uF unless otherwise stated
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As anexample of the flexibility in this method, the graph of Fig.
3b shows the effect of adding a variable resistor R; in series
with pin 3ofthe LD511. For every value of R;.acompletely new
family of curves can be generated which are identical in shape
to those of Fig. 3a, but for which the maximum value of the
limiting output has been increased.

140
T - 180k

| GAIN

130

120

SPL N (A

aBS

40 50 60 70 80 90 100

dBSPL in at 1 kHz

Fig 3b

L,
L

Method 4 - The LD511 as a "Stand-Alone" Class A
Compression Amplifier

This circuit example shows the LD511 as a "stand-alone" Class
A compression amplifier driving a 1000 € receiver. The
characteristics obtained from this configuration will be similar
to those of Method 1. That is, gain and threshold are adjusted
by a single VC potentiometer and limiting output remains
constant. Increased flexibility can be obtained by adding
variable resistor R;. This will allow adjustment of the limiting
output independent of the effects of VC

When used as a "stand - alone" Class A compression amplifier,
the LD511 is essentially similar in performance to the LD501.
For this reason, Application Note No. 500 - 24, The 501 as Input
and Output Compression Amplifier, can be utilized for further
development of LD511 circuits.

Notes

1 The 4 7Q resistor shown in series with the 1.3 V supply in Figures
1.2,3 and 4 1s intended only to simulate the source impedance of a
typical battery for test purposes. This resistor should be omitted in
actual hearing aid designs

2. InMethods 1.2 and 3. the 27kQ resistor from pin 7 to ground serves
to simulate the DC current drain of a typical electret microphone. This
resistor should be omitted in actual hearing aid designs

10000

0.022 7

—-“—_‘9

20k Ve LD511

4

0.0047 200k Ry

(4

10
1 8
oo | L
.1..2.2

22

Al resistors in ohms, all capacitors in uF unless otherwise stated

Fig. 4 LD511 as a Stand-Alone, Class A Compression Amplifier

Gennum Corporation assumes no responsibility for the use of any circuits described herein and makes no representations that they are free from patent infringement
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Input Compression
Amplifier System - LD511

INTRODUCTION

Thisnote describes the application of the LD511in combination
with a single external amplifier to produce a highly flexible input
compression Class A system for ITE and BTE aids.

The terminput compressionimplies a delayed AGC (automatic
gain control) system, where the feedback is taken between the
preamp output and the volume control. This results in having
the volume control simultaneously adjust the gain and the
maximum output; while the threshold level, determined by
AGC, remains unaffected

The inputcompression circuitwiththe LD511 was quite suitable
for behind- the-ear or in-the-ear hearing aids. Inputcompression
requires that only four additional components are required to
be connected to the typical stand alone LD511 amplifier

The LD511 input compression was tested in the BTE
configuration. Withthe compression disconnected. amaximum
output of 123 dBSPL peak and a gain of 50 dB peak was
achieved. Withcompression active, the volume control (VC)and
threshold trim resistor (RT) can be adjusted to provide a wide
range output and threshold levels

HEARING AID CIRCUIT

The LD511 was initially designed as an output compression
amplifier Its flexibility allows it to be incorporated in an input
compression system with the addition of an external transistor
T1 and its associated components (R7, R8 and C6) shown in
Figure 1

All capac tors © il a res 5108 1 ohms uniess ofherw s stated

Fig.1 Input Compression Hearing Aid Circuit

APPLICATION NOTE

Transistor T1is used as the AGC amplifier which has a gain of
25dB. Itsinputis coupled via capacitor C6 to the output of the
LD511 compression amplifier. As such. the volume control
VC is outside the feedback loop and provides the input
compression characteristic depicted in Figure 2. The output
of the volume control is coupled via capacitor C3tothe LD511
output stage at pin 1. This output stage drives a two terminal
receiver such as the Knowles BK1606 or equivalent. If other
receivers with differentimpedances are used, the bias current
can be adjusted by resistor R6 connected to pin 2

By connecting C6 to the volume control centre tap instead of
pin 10, the circuit of Figure 1 can be converted to an output
compression system. Its characteristics will be similar to
those of a 'Stand-alone’ Output Compression Amplifier, see
Application Note 500-35. The principle difference being that
the feedback signal which activates the AGC amplifier is
derived from a linear resistive load rather than from the
frequency dependent inductive receiver. A much smoother
compression active frequency response will result

HEARING AID PERFORMANCE

The acoustic performance of the LD511 input compression
system is shown in Table 1.

PARAMETER VALUE  UNITS CONDITIONS
Supply Voltage 1.35 vDC |
Total Current 1.45 mA !
Acoustic Output 110 dBsPL 60dBSPL

I/P at 1kHz
Max.Acoustic O/P 123 dBsPL 90dBSPL

1/P at 1kHz
Acoustic Gain 50 dB 60dBSPL

IP at 1kHz
H.F. Average 117.6 dB
SSPL30
Attack Time 3 ms
Release Time 45 ms
Volume Control Range oo

Table 1 Acoustic Performance
Note: The above data was measured using the circuit arrangements
depicted in Figure 1
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The receiver was coupled into 32 mm of No. 15 and 25 mm of
No. 13 tubing into a HA-2 coupler connected to a B&K 2203
sound level meter.

The attack and release times of the circuit were measured at
3ms and 45 ms respectively; they are adjusted by increasing
or decreasing the value of C4 which will increase or decrease
the attack and release times. The ratio of the attack and
release times will remain constant at 1:15, independent of C4.

Figure 2 shows the transfer characteristic of the compression
hearing aid for two settings of the volume control. Note that
adjustment of the volume control adjusts both gain and
maximum output simultaneously, while the input threshold or
knee point remains unaffected. This is typical of all input
compression systems, whatever the circuit employed.
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Fig. 2 Volume Control Adjustment

The results in Figure 3 show the effect of R, on the transfer
characteristic. Changing R, from 0 Q to 200 kQ achieves a
threshold shift of 10 dB. This is accompanied by a similar
increase in maximum output with this gain remaining const-
ant. If the value of Ry is greater than 200 k€2, the amplifier will
saturate due to its own output limitations even before the
AGC is activated. If this happens, both the value and
predictability of the attack and release times and their ratio
will be substantially different to those reported in Table 1
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Fig. 3 Compression Threshold Adjustment

Figure 4 depicts the hearing aid frequency response with both
the compression inactive (Response A) and compression
active (Response B). This data was measured using the test
arrangement of Figure 1. The input signal was mixed with a
pink noise™ source and set to an equivalentinput level of 70dB
SPL. The output was measured using a tuneable narrow band
notch filter (Q = 20) followed by a level detector.

“Pink noise is broadband noise whose energy decreases with
increasing frequency at the rate of 3 dB/octave. Itis more represent-
ative of ‘real life' signals than a pure tone.

Apart from a difference in gain, Response A and Response B
are very similar in shape which indicates that the circuit
components have been optimized for the desired low frequency
response.
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Fig. 4 Frequency Response with Compression
Inactive (A) and Active (B)

SETTING THE HEARING AID LOW FREQUENCY
RESPONSE

Determining the low frequency response on a single channel
input (or output) compression hearing aidrequires a deliberate
compromise between frequency response, discriminationand
distortion.

If an extended low frequency responseis utilized, thenlistening
situations which involve ambient noise with high energy may
activate the AGC circuitry and depress the gain of the hearing
aid. Desired information at higher frequencies will receive too
littte amplification with consequent degradation in
discrimination. A partial solution to this problem is to use C6
(Figure 1) tofilter low frequency signals out of the AGC circuitry.
This will prevent gain reduction with the presence of low
frequencies but may lead to overload of the output stages of
the amplifier which will distort the desired information signal.
A safer approach is to select C2 to attenuate low frequency
signals before they enter the amplifier.

Asuggested method for optimizing C2,C4 and C6is as follows:
(a) With the compression loop deactivated (RT = 1)and using
a pure tone inputof 80 dBSPL select C2 to obtain the desired
low frequency response.



(b) With the compression loop activated (R =0) and

C4=10uF, compare the compression activated and deactivated
frequency response. Reduce the value of C6 until a slight
boost in the compression active frequency response occurs

(c) Select C4 to obtain the desired release time. To prevent
distortion due to too short a release time, C4 should be
adjusted o provide a release time at ieast five times the period
of the frequency at which the boost was observed. For
example, for low distortion at 200 Hz, a release time of at least
25 ms is required

LD511 INPUT COMPRESSION AS A LOW FREQUENCY
SIGNAL PROCESSOR

Since the compression function of the LD511 is frequency
dependent, the LD511 can also be used as a type of signal
processor whether it be input or output compression. With
proper component selection. the LD511 will automatically
adjust the gain of the low frequencies when noise and speech
are present

This is accomplished by having the output of T1 (Figure 1) fed
back through a coupling capacitor C5 into an AC/DC con-
verter rectifying the AC signal. This DC voltage is then filtered
by C4 and the level of the DC voltage determines the gain of
the first stage. Therefore, if the output voltage is high, the
signal feedback and the DC level from the rectifier is high and
the gain of the first stage is reduced. The threshold at which
this occurs is controlledby R;

With the AGC feedback being frequency dependent. low
frequencies are attenuated by the combination of C5 and the
input impedance of the AC/DC converter. Since the input
impedance is fixed, C5 solely determines the low frequency
gain

It C5 is set to 0.001 pF, the break point at which the low
frequency rolls off the AGC feedback amplifier becomes 1.2
kHz. Thus any frequency above 1.2 kHz will activate the AGC.
decreasing the gain.

Figure 5 shows how the low frequency gain is affected when a
pure tone sweep is mixed with a fixed frequency. Curve 1isthe
response of the hearing aid with a pure tone frequency sweep
without any other signal mixed in.

Curve 1 - pure tone swept frequency
2 - pure tone swept frequency mixed with 500 Hz
3 - pure tone swept frequency mixed with 1 kHz

4 - pure tone swept frequency mixed with 3 kHz

5 - pure tone swept frequency mixed with 4 kHz
If the maximum low cut response is required, the measurement
can be made by using a pure tone sweep with a pink noise as
depicted in Figure 6.
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Fig. 5 Acoustic Frequency Response of LD511
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Fig. 6 Low Frequency Signal Processor BTE Acoustic of
LD511 Frequency Response /P Compression.

It should also be noted that the feedback capacitor C5 be
carefully chosen, because if it is too large in value, the low
frequency gain will be greater than the bandpass gain using
apure tone sweep. This would allow the low frequency signal
to overioad the hearing aid, especially if there was no speech
present to decrease the low frequency gain of the circuit
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Designing with the
Adaptive High Pass Filter
LS581, LF581

DESCRIPTION

The LF / LS581 is a unity gain adaptive 12 dB/oct. highpass
Butterworth filter. The filter corner frequency varies from
200 Hz to 2kHz, as the background noise level increases
20 dB above a predetermined threshold level of the internal
rectifier. Once the noise level has increased 20 dB above the
threshold, no further changes in the corner frequency will
occur.

There are two versions of the 581. The LF581 (Figure 1),

LS581 (Figure 2), contains an added preamplifier.

ists of a filter, voltage regulator and a rectifier while the ~ Vin R c2
consists ge reg ctifie B e
1

Designing with the 581 allows two options for placement of the
filter section. Itcanbe placed immediately after the microphone
output or following a preamplifier. This choice is possible due
to an input dynamic range of approximately 86 dB, based
upon its typical noise floor level of 3 uV and large signal
handling level of 65 mV at 5% distortion.

The rectifier on the 581 controls the position of the corner
frequency of the filter. It has a typical input threshold of
2.5 mVRMs before it begins to adjust the corner frequency.
Since 2.5 mVRMS input corresponds to 82 dBSPL (using a
microphone with a sensitivity of -60 dBV / uB at 1 kHz) a
preamplifier is required to lower the threshold to 60 dBSPL
INPUT. Thus the 581 is required to have at least 20 dB of
oreamplification in front of the rectifier for operation.  This
preamplifier is available onthe LS581 while the LF581 requires
aseparate preamplifier. The preamplifier on the on the LS581
is an inverting op-amp with a typical open loop gain of 45 dB.
A 265 kQ resistor is connected across the preamplifier to
simplify gain setting and to reduce external components.

Fig.1 LF581 Block Diagram

rova=13vno

2

mI

w C]c 8
P + 10] 0.1
—
ca OP
RECTIFIER
+CONTROL
G

C3
22

LF581

Note:

To change corner frequency limits, the val-
ues of C areincreased or decreased. R1 sets
the threshold. Pins 5 & 6 are not connected.
Electrical input determined by using amicro-
phone with a sensitivity of -60 dB/uB @ 1Hz

All resistors in ohms, all
capacitors in pF unless -
otherwise stated

APPLICATION NOTE

Fig. 2 LS581 Block Diagram

—— Va=13VDC
L °®
2

o
C'f(f’—— REG

Al resistors in ohms, all
capacitors in uF unless
otherwise stated

Note: -

Tochange corner frequency limits, the values of C are increased or decreased
R1 sets the threshold. Pins 5 & 6 are not connected. Electrical input
determined by using a microphone with a sensitivity of -60 dB/uB @at1Hz

THEORY OF OPERATION

The LF/LS581 adaptive filter is designed to remove low
frequency noise in the presence of speech. This is
accomplished by using an adaptive filter with a varying corner
frequency from 200 Hz to 2 kHz. The corner frequency
location of the filter, depends upon two conditions. The first
is that the signal must exceed a predetermined threshold, set
by the preamplifier into the rectifier. The second is the
periodic duration of the incoming signal. The latter is the most
important condition because it is this characteristic which
differentiates between short term average speech and long
term average noise.

The differentiation between speech and noiseis accomplished
by the setting of the attack time on the rectifier. With the attack
time set to 30 ms or higher, the filter will not react as much to
shortterm average speech frames less than 30 ms, but will be
more responsive to relatively stationary background noise,
which has a long term average level.

Once the rectifier has sensed the noise, the actual position of
the filter corner frequency is dependent upon how far the noise
level has exceeded the threshold level. This detection method
provides a wideband response for speech and a narrow band
for noise when present.
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This characteristic of differentiation of noise from speech is
shown in the following figures.

Figure 3 Illustrates the frequency response of the filter
measured at3input levels, 60 dBSPL, 70 dBSPL and 80 dBSPL.
Pink noise is used as a source to simulate noisy conditions.
Since the input is a constant noise the filter will always react to
the signal once it is above the rectifier threshold. At60 dBSPL
IN the corner frequency of the filter begins at 200 Hz, while at
70 dBSPL IN it begins at 700 Hz and at 80 dBSPL IN, the corner
frequency is at 2 kHz.

To demonstrate that the 581 is not as sensitive to speech as it
is to noise a simulated speech pulse is used as a test signal
which simulates the temporal characteristic of speech. This
speech weighted signal is filtered from 200 Hz to 4 kHz and it
has a time period of 30 ms, see Figure 4.
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Figure 4

By applying the speech weighted signal to the input of the filter
atalevel equivalentto 70 dBSPL, adual channel FFT analyser
is used to extract the frequency response of the 581 filter and
it is compared to the response of the filter with a pink noise
input, also at 70 dBSPL IN, see Figure 5.

The inputlevels for the speech weighted signal and pink noise
are then increased to 80 dBSPL, with the resultant frequency
response shown in Figure 6. Notice that the frequency
response of the speech weighted signal has increased slightly
from Figure 5 to Figure 6. This is because the 581 filter, as
previously stated, is also effected by signals exceeding the
rectifier input threshold. However since it is pulsed noise, the
average signal level is lower than that of the average signal
level of pink noise at the same peak level.
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APPLICATION CIRCUITS

The LF/LS581 will operate in conjunction with linear amplifiers

or compression amplifiers, and is compatable with a variety of
output stages.

For the linear configuration, which is also the lowest parts
count circuit, the LS581 could be combined with the LS505 as
shown in Figure 7. It is important that the gain of the
preamplifier to the 581 rectifier be set to approximately
20 - 25 dB, in order to set the threshold to 60 dBSPL or as
required
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Figures 10a,b,c Acoustic Performance Graphs of the LP508/LS581

For an improved version where the gain of the hearing aid
circuit can be trimmed, the LS581 can be combined with the

LP508, Figure 9, with the corresponding acoustic curves
shown in Figure 10.

If compressionis required to limithighinput transients, combine
the LS581 with tha LD511 (Fig.11) for output compression , or
the LF581/LD502/LC508 (Fig.12), and the LS581/LD512 (Fig.
13) for input compression.

It is not recommended that the compression amplifier drive
the LF/LS581 rectifier, because the gain of the compression
amplifier is dependent upon the input signal level.
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Since the gain of the compression amplifier is changing, the section of the LC508, should be used to drive the rectifier

threshold of the 581 rectifier will not be constant. Instead, a control circuitry, making the threshold on the 581 independent
linear preamplifier, such as the LS581 preamplifier or a of the gain of the compression amplifier.
VB = L3 VDC
o]
I
— i
i
E-L—{ & l REC
2 - |
8 I
> Losu ;19> }_T;;&;‘? : k 0! ceo e
cé LDsSu 2
10 RIN 22k ¢ - | 4
. 1
]
‘. cs > P
22 0.0047 — : SE s
1
a5 |
Fig. 11 4
LS581/LD511
Typical Application 2T ) o
Circuit (for output l
compression) -
=
VB = 1.3VDC
— - )
RVC 100K
REC
MIC . C10 0.1
R2 10K
| | §
Fig. 12 4
LF581/LD502/LC508 )
Typical Application
Circuit (for input
compression)
VB = 1.3 VDC
o)
|
18w — :
AR |
= EN SR
.01 001 lg I
&
3
01
RVC
100K
W
Fig. 13
LS581/LD512
Typical Application
Circuit (for input
compression)

Gennum Corporation assumes no responsibility for the use of any circuits described herein and makes no representations that they are free from patent infringement.

© Copyright 1989 Gennum Corporation. All rights reserved. Printed in Canada.



A ——






GENNUM CORPORATE INFORMATION & SELLING POLICY
G AVAILABLE PACKAGING
RELIABILITY THROUGH QUALITY

vBD  VIDEO & BROADCAST DATA SHEETS

VIDEO & BROADCAST APPLICATION NOTES

RMD  RESONANT MODE CONTROLLER DATA SHEETS

RESONANT MODE CONTROLLER APPLICATION NOTES

Spp SPECIAL PRODUCTS DATA SHEETS

8CD SEMICUSTOM IC ARRAY DATA SHEETS

- BD BiFET PRODUCTS DATA SHEETS

BiIFET PRODUCTS APPLICATION NOTES




