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Section 2 - Video and Broadcast Products

data sheets document no.
page  2-1 GX401 Monolithic 1x1 Video Crosspoint Switch 510-9-4
2-5 GX411 Monolithic 1x1 Video Crosspoint Switch with 2 Latches 510-56
2-9 GX4201 Wideband, Monolithic 1x1 Video Crosspoint Switch 510-74-3
2-15 GX4301 Wideband, Monolithic 1x1 Video Crosspoint Switch 510-94
2-19 GY4102 Fast Toggling 2x1 Video Crosspoint Switch 510-40-2
2-23 GX414/424/434 Monolithic 4x1 Video Crosspoint Switches 510-38-2
2-33 GX414A Monolithic 4x1 Video Crosspoint Switch 510-19-1
2-37 GX214 Monolithic 4x1 CCTV Video Crosspoint Switch 510-55-1

2-41 GX4304/14/24/34 Wideband, Monolithic 4x1 Video Crosspoint Switch 510-91
2-45 GX4404/4414 Wideband, 4x1 Video Crosspoint Switch, with TALLY  510-90

2-47  GM8108/8110 HDTV, 8x1 & 10x1 Modular Video Multiplexers 510-93
2-49 GM8116/8216/8316, 16x1 Video Multiplexer Modules 510-76-3
application notes/application information
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3-27 LD405 Resonant Mode Power Supply Controller 510-4-2

3-29 GP2842 Current Mode PWM Controller 510-11-2
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page  5-1

application notes/application information document no.
The GP605 in a Variable Frequency, Zero Current Switching,

Half Bridge, Resonant Power Supply 510-62-2
The GP605 in a Variable Frequency, Zero Current Switching,

Forward Mode, Resonant Power Supply 510-63-2
The GP6040 in 50W series Resonant Mode Power Supply 510-98-1
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class B amplifiers
preamplifiers
programmable series
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ALPHABETICAL AND NUMERICAL
LISTING OF GENNUM PRODUCTS
AND DEVICE ORDER NUMBERS

DEVICE NO. PAGE NO.

GM8108
GM8110

GM8116
GM8216
GM8316
GM8416

GP2842

GP6040

GP6041

GP605

GP68050

GP6051

GP6140

GP6141

GX214

GX401

GX411

GXx414

GX414A

2-47

2-49

3-29

3-9

3-9

3-1

3-21

2-37

2-5

2-23

2-33

DESCRIPTION ORDER NO.
8x1 HDTV Mux 32 pin SIP GM8108 - CSG
10x1 HDTV Mux 40 pin SIP GM8110 - CSH
16x1 Mux 45 pin SOIC wide GM8116 - CSK
16x1 Mux 45 pin SOIC narrow GM8216 — CSK
16x1 CCTV Mux 45 pin SOIC wide GM8316 - CSK
16x1 CCTV Mux 45 pin SOIC narrow GM8416 - CSK
Current Mode PWM Controller 16 pin DIP GP2842 - ID -
Single-ended RM Controller 16 pin DIP GP6040 - CDC

16 pin SOIC GP6040 - CKC

Single-ended RM Controller 16 pin DIP GP6041 - CDC
16 pin SOIC GP6041 - CKC

RM Power Supply Controlier 16 pin DIP GP605 - - CDC
16 pin SOIC GP805 - - CKC

16 pin DIP GP805 - - IDC

16 pin SOIC GP605 - - IKC

Push-pull RM Controller 16 pin DIP GP6050 - CDC
16 pin SOIC GP6050 - CKC

16 pin DIP GP6051 - CDC

16 pin SOIC GP6051 - CKC

ZVS Single-ended RM Contr 16 pin DIP GP6140 - CDC
16 pin SOIC GP6140 - CKC

16 pin DIP GP6140 - EDC

16 pin SOIC GP6140 - EKC

16 pin SOIC GP6140 - MDC

ZVS Single-ended RM Contr 16 pin DIP GP6141 - CDC
16 pin SOIC GP6141 - CKC

16 pin DIP GP6141 - EDC

16 pin SOIC GP6141 - EKC

16 pin SOIC GP6141 - MDC

4x1 Crosspoint Switch 14 pin DIP GX214 - - CDB
14 pin SOIC GX214 - - CKB

16 pin SOIC GX214 - - CKC
1x1 Crosspoint Switch chip GX401 - - CC -
7 pin SIP GX401 - - CSN

1x1 Crosspoint Switch. dual latch 8 pin SIP GX411 --CSA
4x1 Crosspoint Switch chip GX414 - - CC -
14 pin DIP GX414 - - CDB

16 pin SOIC GX414 - - CKC

4x1 Crosspoint Switch 14 pin DIP GX414 - ACDB

16 pin SOIC GX414 - ACKC

DOCUMENT NO

510-93

510-76

510-11

510-59

510-59

510-43

510-58

510-58

510-97

510-97

510-55

510-9-3

510-56

510-38

510-19




LD405

3-27

RM Power Supply Controller

16 pin DIP
16 pin SOIC

For replacement parts only

LD405D
LD405K

DEVICE NO. PAGE NO. DESCRIPTION ORDER NO. DOCUMENT NO.

GX4201 2-9 4x1 Wideband Xpt Sw.(Tally) 8 pin DIP GX4201 - CDA 510-74
8 pin SOIC GX4201 - CKA

GX424 2-23 4x1 Crosspoint Switch 14 pin DIP GX424 - - CDB 510-38
16 pin SOIC GX424 - - CKC

GX4301 2-15 1x1 Wideband Crosspoint Sw. 8 pin SOIC GX4301 - CKA 510-94
8 pin SIP GX4301 - CSA

GX4304 2-41 4x1 Wideband Crosspoint Sw. 14 pin DIP GX4304 - CDB 510-91
14 pin SOIC GX4304 - CKB
16 pin SOIC GX4304 - CKC

GX4314 2-41 4x1 Wideband Crosspoint Sw 14 pin DIP GX4314 - CDB 510-91
14 pin SOIC GX4314 - CKB
16 pin SOIC GX4314 - CKC

GX4324 2-41 4x1 Wideband Crosspoint Sw 14 pin DIP GX4324 - CDB 510-91
14 pin SOIC GX4324 - CKB
16 pin SOIC (GX4324 - CKC

GX4334 2-41 4x1 Wideband Crosspoint Sw 14 pin DIP GX4334 - CDB 510-91
14 pin SOIC GX4334 - CKB
16 nin SOIC (GX4334 - CKC

GX434 2-23 4x1 Crosspoint Switch 14pin DIP GX434 - - CDB 510-38
16 pin SOIC GX434 - - CKC

GX4404 2-45 4x1 Wideband Xpt Sw. (Tally) 16 pin DIP GX4404 - CDC 510-90
16 pin SOIC GX4404 - CKD

GX4414 2-45 4x1 Wideband Xpt Sw. (Tally) 16 pin DIP GX4414 - CDC 510-90
16 pin SOIC GX4414 - CKD

GY4102 2-19 Fast Toggling Crosspoint Sw 8 pin DIP GY4102 - CDA 510-40
8 pin SOIC GY4102 - CKA

All above devices order (part) no.s must consist of a combination of 10 components, (letters, numbers or spaces).
See also page 1-16.
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Fraser Drive Headquarters Building in Burlington, Ontario, which houses
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 more than
seventeen million dollars of sales in 1989, 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 applied to new products 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 hearing instrument 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 i1s no
exception to this rule

The company's silicon processing includes linear bipolar
circuits with operating ranges from as low as 1.0V up to
30V. transistor current handling capability up to 3A, and
2.5 GHz f. transistors. In combination with the above. ion
implanted JFETs and Schottky diodes can be added. A
recent addition to our capablities is CMOS technology

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 companent 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.






(s SELLING POLICY
GENNUM GENNUMO10  1-11

CORPORAT I ON

1. Order Acceptance
No order is contractually binding on Gennum Corporation unless accepted in writing by an authorized representative of
the Company. All orders are acceptedin accordance with the terms outlined herein notwithstanding any conflicting terms
which may appear on the Buyer's order.
Orders will be accepted for:

1.1 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.

2. Contractual Period

2.1 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.

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

3. 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

4, 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
apply.

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

and

4.2 Ihe Buyer I1s liable for payment for aii parts shipped in accordance with Paragrapn 4.1 above, inciuding 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.

and

4.3 Payment of areasonable 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.

5. Extended Period Blanket (EPB) Orders

5.1 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.

5.2  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:

5.2.1  Within 3 months from date of order acceptance, a change in total quantity ordered, either an increase 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.

5.2.2 Atany 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.

6. Shipping Schedule
Unless purchase orders are accompanied by a shipping schedule, shipment will be at the Seller's discretion. Inthe 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:



6.1
and
6.2

9.1

9.1.1

9.2

10.

11.

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 sentto 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 shall
constitute a waiver of all claims for loss or damage due to delay.



AVAILABLE PACKAGING & PART NUMBERING (see page 1-16)
143

Gennum can provide a wide variety of proprietary and standard packages.
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OTHER STANDARD PACKAGING

All dimensions in millimetres
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GENNUM PROPRIETARY PRODUCTS PART NUMBERING SYSTEM

Description/Family Temperature/Qualification Prefix Device Suffix
- NUM
G - GENNU (Example) GX 4104 -CDE
A - Array
B - Buffer C - Commercial LJ U
C - Amplifier E - Extended Industrial
F - Filter | = Industrial
| - Interface M - Military
K - Custom
M —Modules
O -Oscillators ™ GENNUM
P - Power
T - Transconductance
FAMILY ——
DEVICE
The part number must consist of

a combination of 10 components, ~ REVISION
(letters, numbers or spaces).
| TEMPERATURE/
QUALIFICATION

PACKAGE
PACKAGES
CC Chip DA 8 0.3 plastic DIP EA 8 0.3 ceramic DIP
DB 1403 ’ ' EB 1403 g
DC 16 0.3 ' ' EC 1603
DE 180.3 : ' EE  180.3
DF 2003 ' ' EF 2204
DG 2204 ’ '
DH 2403 '
DI 2406
DJ 2803
DK 2806
DL 4006 g '
KA 8015 SoOIC PJ 28 PLCC SA 803 SIP
KB 140.15 ' PM 44 SF 20 :
KC 1603 ' SG 32 " MODULES
KD 180.15 ! SH 40 . ’
KF 2204 ' SK 45
SN 703 '

For product order number designations see pages 1-6 and 1-7
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Wafer Inspection Automated Wafer Probe

RELIABILITY THROUGH
QUALITY —

B Procedures designed to meet MIL.STD.105D

B Quality audits

B All employees participate in
the “Quality Improvement Process”

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

Wire Pull Test

Automated Test Equipment and DIP Handler



QUALITY IMPROVEMENT JOURNEY
Quality is important in any industry but even
more so in a high-tech environment.
Companies such as Gennum, that market on
a global scale must pursue quality
relentlessly.

This commitment to quality commenced in
earnest in the mid 1980'’s with intensive
quality tralning for all Gennum employees.
The quality focus is on employee
participation and interaction. Therefore
you'll find quality circles, or teams, or task
forces operating in design, marketing,
manufacturing, administration, human
resources and building services.
Performance indicators and goals are
defined and monitored constantly, and
variances are analyzed. The precepts of
quality are threefold:

In all activities

® know the job requirements,

® set standards to meet requirements,

e conform to standards.

Gennum's quality improvement results are
known and respected by our customers,
more than half of whom do not perform any
incoming inspection of our products. Our
average outgoing quality (AOQ) defects
level has been halved in each of the last six
years, a visible result of a quality program
that works. Our vision of quality
effectiveness is achieving a goal of zero
defects.

Gennum'’s products are sold in 20 countries
on five continents. With this wide customer
base and a broad spectrum of products,
customer satisfaction is of vital importance.
It has been said that quality means —
measure, measure, and measure. This is
especially true for measurement of customer
satisfaction. Since the late 1980's this has
been incorporated in the business plans of
the marketing groups. We are proud that
our customer's rating of their satisfaction

with Gennum is consistantly above industry
average.

THE PEOPLE

Gennum employees are the cornerstone of
our quality processes. As part of the quality
training, employees learn that:

knowlege + practice + feedback = success.
This is an integral part of the quality process
at Gennum and is followed by the
application of that training in all aspects of
the job. Finally the measurement feedback
assures that quality is an ongoing improve-
ment journey.

At Gennum the emphasis is on prevention of
error, rather than the analysis of failure. With
this in mind, Gennum’s Quality Assurance
department fulfills the function of auditing
the quality of processes, products, systems
and procedures, at the same time
endeavouring to instill in each employee an
awareness to be their own quality control
inspector. Of course Q.C. stations do exist
throughout the production and design areas,
however, the ultimate responsibility rests
with each employee within each process.
Prevention of error is, of course, much more
cost-effective than appraisal. Therefore the
Quality Assurance group is only a final
“gate” in the path to customer satisfaction.

THE TOOLS

Gennum'’s philosophy states that each
employee is responsible for quality and
quality improvement. Therefore, tools for
day-to-day work activities are an important
resource to attain quality and excellence.
These range from powerful networked PC's
and work-stations, to state-of-the-art
computer aided design (CAD) facilities. The
administrative data processing runs a full
“MRP II" program with capabilities to attain
class A operation.



In the last five years Gennum has spent an
average of 5% per annum of revenue to
increase,upgrade and operate its
computational, design and operational
hardware and software.

Gennum's Quality Assurance group has a wide
range of specialized and precision hardware.
This ranges from automatic test equipment
(ATE) for electrical tests , to scanning electron
microscopes for visual analysis. Process and
product qualifications use

sophisticated reliability and failure analysis
equipment.

WORLD CLASS EXCELLENCE

Gennum'’s benchmarks for excellence are

the industry norms. Traditionally industry
standards were set by the Japanese.

However, with the introduction in 1988 of the
Malcolm Baldridge National Quality Award in
the U.S.A., a new vigour has developed in the
West. This ensures that standards improve yet
remain competitive.

The judging critieria for the Malcolm Baldrige
National Quality Awards are sevenfold and
summarize Gennum'’s focus and efforts:
1. LEADERSHIP
It measures the success of senior man-
agement in creating and sustaining a
quality culture.

. INFORMATION AND ANALYSIS

This measures the effectiveness of the
company'’s collection and analysis of
information for quality planning and
improvement.

. PLANNING

Planning judges the effectiveness of
integration of quality requirements into
the company’s business plans.

. HUMAN RESOURCE UTILIZATION

It measures the success of the
company'’s efforts to utilize the full
potential of the workforce for quality.

. QUALITY ASSURANCE

QA looks at the effectiveness of the
company's systems for assuring quality
control of all operations.

. QA RESULTS

QA evaluates the company'’s results in
quality achievement and quality
improvement, demonstrated through
guantative measures.

. CUSTOMER SATISFACTION

It judges the effectiveness of the
company's systems to determine
customer requirements and demonstrated
success in meeting those requirements.

3eren FUNCTION/TASK OR DEPT. | Q8arenenty
Supplier Input - Mission e Customer
> - Objective
\ - Value Added C

FEEDBACK

Measurement FEEDBACK

IMPROVING THE QUALITY OF PROCESS




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

e attribute tests

* high temperature burn-in

® temperature cycle

¢ attribute tests

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

e attribute tests

e report

Environmental Lab

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 and
is performed inhouse by an independent
service from outside the company.

QUALITY LEVELS

Quality means conformance to defined
specifications and standards, through
measureable and monitable parameters.
MIL.STD.38510 is used for general specifica-
tions of microelectronics.

At the output of Wafer Fabrications, and
Assembly Operations, Quality Assurance gates
have been established to ensure that in-line
systems are effectively producing products
which conform to specifications. Guidelines for
Gennum quality inspection is MIL.STD.883C for
test methods and procedures for micro-
electonics, and BR513, a 70 page Die
Inspection Criteria document using method
2010, class B.

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.

The Ultimate Goal: Zero Defects

Q.A. Station
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GENNUM

CORPORAT.

i

Monolithic 1x1 Video
Crosspoint Switch

FEATURES

¢ 100 MHz bandwidth (-3 dB)

e insertion loss 0.03dB at 100 kHz

e gain spread +0.075dB at 8 MHz
 differential gain at 3.58 MHz 0.04% (max)

o differential phase at 3.58 MHz 0.02° (max)
e TTL and 5 V CMOS compatible logic inputs
o compatible with all popular video standards
e 7 pin single-in-line package

¢ built-in enable latch allows synchronous selection

FUNCTIONAL BLOCK DIAGRAM

[\CROSSPOINT
| X

IN O

ENABLE

ORDERING INFORMATION

Part Number Package Type

Temperature Range

GX401 - - CSN 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 functionis required. 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

UUUUUUU

IN GND CK EN -8V +8V OUT

ABSOLUTE MAXIMUM RATINGS

Parameter Value

+100V
0°CsT,<70°C
-65°C < Tg < 150°C
260° C

Supply Voltage

Operating Temperature Range
Storage Temperature Range

Lead Temperature (Soldering, 10 Sec)
<24V

Analog Input Voltage AVeVy

Logic Input Voltage

-4V<V €525V

NOTE: Output is not short circuit protected.

Document No. 510-39-4
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ELECTRICAL CHARACTERISTICS

(Vg = 8V DC, 0°C < T, < 70°C. R_= 10kQ, C_

= 30pF. Typical values are at TA:ZS"C)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Supply Voltage Vg * 7.5 8.0 8.5 \Y
DC I+ Chip selected (EN=1) - 15 18 mA
SUPPLY Chip not selected (EN=0) - 0.7 0:9 mA
Supply Current I- Chip selected (EN=1) - 14 17 mA
Vghxpﬁnot se\em‘ed (EN=0) - 0.63 0 85 mA
Analog Output Vour Extremes before
Voltage Swing clipping occurs -1.2 - +20 Vv
STATIC Output Offset Voltage Vos 75Q resistor on each 5 15 25 mV
input to gnd
Output Offset Voltage AV /AT - 50 200 uv/eC
Drift-
Crosspoint ton Control input to appearance 300 400 500 ns
Turn-On Time of signal at output
Crosspoint tore Control input to disappear- 900 1200 1600 ns
Turn-Off Time ance of signal at output
Clock input tex Control input to appearance 350 - - ns
Pulse width of signal at output
LOGIC Logic Input H 1 2.0 - - \Y
Thresholds V‘Lv 0 - - 078 %
Enable IBIAS(EN) EN =1 - - 2.0 A
Bias Current VEN = O- - - -0.1 A
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 - - +0.075 daB
Input Resistance Rin Chip selected (EN = 1) 900 - - kQ
DYNAMIC Tnpul Crai;rjacnamceﬁ R Cin - C;wip selecteé (EN j1) o a 20 - pF
Chiprotselected N =0) | - | 22 | - oF
Output Resistance Rour Chip selected (EN = 1) - 12 - Q
Output Capacitance COUT Chip not selected (EN = 0) - 7 - pF
Differential Gain dg f =3580r443 MHz - 0.03 0.04 %
Differential Phase dp V,y = 40 IRE o | 0.01 - 0 (52 :jegreez
Off Isolation Crosspoint on output 90 - - dB
tognd. f = 10 MHz
AVAILABLE PACKAGING [ SAUTION |
7 pin SIP Do NOTs ggz?i?cifoivs'gsiwm& S,
EXCEPT AT A STATIC-FREE WORKSTATION




To other GX401s on same output bus

(0] (‘f Cf (o] o
SW A
OENA
100
INPUT e -
BUSES o CK TTL or
- T 5V CMOS
L '—1
swa 100nF 100nF
OEN B
100
Lol
L o o o
8V +8V OUTPUT
BUS
To Buffer Ampilifier
TYPICAL GX401 APPLICATION CIRCUIT
T T
e D
. SIGNAL o CONDITIONS:
b ENVELOPE : Input B:  grounded via 75Q
o Input A: 1V p-p sinewave
v T1=400ns
B ! A B T2=12ps
ACTIVE ! ACTIVE ACTIVE
ouT E : NOTE
| 1 Clock is level triggered
LT T |
o i<~—»>: E<-—->§
CK 1 _I
EN A ; .
DON'T CARE
DON'T CARE
ENB

TYPICAL CROSSPOINT SELECTION TIMING DIAGRAM






| GENNUM Monolithic 1x1 Video Crosspoint

eeRPORATH Switch with Two Latches

Ik

GX411 PRELIMINARY DATA SHEET

FEATURES CIRCUIT DESCRIPTION
* differential gain at 3.58 MHz, 0.05% (max.) The GX411is a broadcast quality 1x1 video crosspoint featuring
* differential phase at 3.58 MHz, 0.025 deg.(max.) two control latches, implemented in bipolar monolithic technology.

+ dual latches The device is characterized by low differential gain and phase.
extremely high offisolation, and a -3 dB bandwidth of 100 MHz.
* off-isolation at 10 MHz, 90 dB (min.)

* -3 dB bandwidth, 100 MHz (min.) For use in NxM routing matrices, the GX411 features very high
output impedance in the disabled state. This allows multiple
devicestobe paralleled atthe inputand output without additional
circuitry. Afully buffered unilateral signal path ensures negligible
outputtoinput feedback while delivering minimal output switching
transients through make-before-break switching.

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

To maximize system bandwidth, an external current source is
FUNCTIONAL BLOCK DIAGRAM 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
N © ouT 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 CK 1, while the video timing clock can be
used toinitiate switching using CK2. Alternatively, one or both of
cK1 oK - the latches can be made transparent by pulling CK 1or CK2 high.

The device operates over a supply voltage range from 7 to
oz \ +13.2 volts. With a supply voltage of +8 V, the device dissipates

only 8 mW in the disabled state.

APPLICATIONS
TRUTH TABLES - video routing switchers
- video production and master control switchers
EN |ckilck2|| Q1| @2 a2 || out - CCTV/CATV
o1 ]o 0] Qz, 0 ||HIGHZ
01 |1 0] o 1 IN
1)1 |0 1] @,
1] 1 1 1 1
X 0 0 Q‘,,,‘ OZn_1
X 0 1 Q1n_‘ Qi ,
ORDERING INFORMATION N oGND CK1 En O VEE Vee
Part Number Package Temperature Range PIN CONNECTION
. 8 PIN SIP
GX411 --CSA 8 pin SIP 0°C to 70°C
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ABSOLUTE MAXIMUM RATINGS

Parameter Value Parameter Value
Supply Voltage +135V Lead Temperature (Soidering. 10 Sec) 260 °C
Operatng Temperature Range 0°C<T,<70°C Analog Input Voltage -5V <V, <V..+03Vor Vee v20V
Storage Temperature Range 65°C<Tg <150 °C Logic Input Voltage OV <V <55V

ELECTRICAL CHARACTERISTICS

(Vg = 8V DC, 0°C < TA < 70°C RL = 10 kQ, CL = 30pF. I =2mA)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Supply Voltage Vg 7 8 132 \
DC =
Q2 =1 - 97 126 mA
SUPPLY I+
Q2=0 - 0.45 0.59 mA
Supply Current
I- Q2 =1 - 9.5 12.4 mA
(I, of 2 mA not included)
Q2 =0 - 0.38 05 mA
Analog Output Vour Extremes before
Voltage Swing clipping occurs -2 - 55 \
STATIC Analog Input Bias IB\AS - 20 - A
Current
Output Offset Voltage \/OS T,=25°C -10 - 10 mV
O/P Offset Voltage Drift AVo [ AT - 50 200 uv/e°C
Crosspoint selection L., From CK2 - 07 - us
Turn-on time From EN - 0.8 -
Crosspoint selection tore FromCk2 - 22 - us
Turn-off time From EN - 2.4 -
Clock Pulse Width tox 500 - - ns
LOGIC Logic Input H 1 20 - - \
Thresholids L 0 - - 1.1 v
Enable Input Igiasen) EN=1 - 05 3.0 HA
Bias Current
CK1/CK2 Bias Current Lgiasick) CK1/CK2=0 - 0.7 5.0 uA
Insertion Loss L 1V p-p sine or sg. wave 0.02 0.03 0.05 dB
at 100 kHz
Bandwidth (-3dB) B.wW 100 - - MHz
Gain Spread at 8 MHz ) - +0.06 dB
Input Resistance Ry Chip selected 1 - - MQ
DYNAMIC Input Capacitance Cn - 2 - pF
Output Resistance Rour - 15 - Q
Output Capacitance Com - 35 - pF
Differential Gain dg at 3.58 MH/ - - 0.05 %
Differential Phase dp Vi = 40 IRE : - 0025 | deg.
Off Isolation Crosspoint on output 90 100 - dB
tognd f =10 MHz
Slew Rate +SR Viy =3Vo-p(C =0pF) 120 190 - Vius
-SR 10 170 -




TO/FROM OTHER GX411s

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

4

ON THE SAME OUTPUT BUS
p Y
SWITCH A1 SWITCH A2
ouTje OouTE
vecl—@ vec—@
Veef—@ VEEP—@
CKai CK2[2
ENEE EN |-
CK1 2 CK1 [
GND—) GNDE—
NP NP =
VIDEO - _
INA 100 100
o >
o
ENA
SWITCH B1 SWITCH B2
OUuTE ouTle
Veell Voel—@
Vee :_ VEEZ ) TO/FROM
ck2 CcK2 OTHER
ENf ENIS > GX411s
gs;} > CK1 7 ON SAME
v | G';"S’V_J‘ 1 INPUT
faa\ fan BUS
VIDEO 100 100
INB
o} >
0]
ENB
Oro purposes of clarity, all supply pins
are not shown connected together (B (_L 6 Ie) o
Each V(. and V¢, pin should be SELECT 1 VIDEO OUT A SELECT2  VIDEOOUTB
decoupled with a 0. 1uF capacitor STROBE
Fig 1 Typical Application Circuit of Four GX411's
Connected as a 2x2 Matrix.
., L]
12 C t —t—t \
"""""""""""""""""""""" Voot Loap = 47 F/
oK __/_\\ THRE SHOLD 10 i +H
N - ) 27p
Lo DON'T CARE 12pF
I 6
Do g OpF._/ \
L ﬂ """" VIHRESHOLD § 4 4
cK2 — ; 2 %
YT o 2 N
500 ns (min) LN T T- %
: 0
IN'A'SELECTED ! fomv
Vour L IN'B 2
70008 i tee SELECTED
L : -4
2200 ns —
-6
1 10 100
Fig. 2 Typical Crosspoint Timing Diagram FREQUENCY (MHz)
Fig. 3 Gain vs Frequency
CAUTION
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Wideband, Monolithic 1x1
Video Crosspoint Switch

FEATURES

*

-3 dB bandwidth, 300 MHz with C, = 0 pF

*

off isolation at 100 MHz, 80 dB

*

differential phase and gain at 4.43 MHz, 0.01° & 0.02%

*

600 uW disabled power consumption

*

input signal levels from -2 V to +3 V

»

logic input compatible with TTL and 5 V CMOS

*

open collector TALLY output

FUNCTIONAL BLOCK DIAGRAM

’—0 TALLY
™~

N © ‘IX/ O ouT
EN O
PATENT PENDING
TRUTH TABLE
EN | OuT TALLY
0 i HIGH Z OFF |
TN . ON
ABSOLUTE MAXIMUM RATINGS
Parameter Value
Supply Voltage 75V

Operating Temperature Range 0°C<T,<70°C
-65°C<Tg<150°C

260° C

Storage Temperature Range
Lead Temperature (Soldering. 10 Sec)
Analog Input Voltage 55V< VlN <55V
Logic Input Voltage -05V< VL <55V
Output Load Current 12mA

High Level TALLY Output Current 2mA

GX4201 PRELIMINARY DATA SHEET

CIRCUIT DESCRIPTION

The GX4201 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 GX4201's to be paralleled at the input and output
without additional circuitry.  An open collector PNP
toV (TALLY output provides indication of crosspoint se-
lection.

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
GX4201 1s enabled at a ime.

The GX4201 is one of a series of wideband video cross-
points utilizing Gennum's proprietary LS| process

APPLICATIONS

* very high quality video switching
“HDTV

* computer graphics

* RF switching/routing

* PCM/data routing

PIN CONNECTIONS

TOP VIEW

EN g PIN1 8 = GND
EN T, s = GND
Vi = = IN Ve = N
Vee [ GND v o = GND
out =4/ ¢ 5o TALLY  °C

ouT = 4 5 1 TALLY

8 PIN SOIC

8 PIN DIP

Document No. 510-74 -3
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ELECTRICAL CHARACTERISTICS (V¢ = +5V DC 0°C < T, < 70°C. I =6 mA)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Supply Voltage +Vg +45 +5 +55 \
DC I+ EN= - 12 15.6 mA
SUPPLY  Supply Current EN=0 ; .50 100 pA
(not including external I- EN=1 - 11 14.3 mA
current load) ! EN=0 - 70 140 A
; } | 4 ;
Analog Output Vour . Extremes before clipping
Voltage Swing occurs -2 | - | 3 Y
. } i . B t
STATIC  Analog Input Bias Igias | ‘
Current ! ‘ - N ; - pA
1 1 I ! '
Output Offset Voltage Vog (T, =25°C -10 I - i 10 | mv
| ] |
; ; , i | | I
Output Offset Voltage | AV [ AT | o .25 -80 = pv/°C
Drift- | | |
— R - e | —
Crosspoint ton Control input to appearance I - 200 | 400 ns
~ Turn-On Time | of signal at output | |
LOGIC Crosspoint torr Contro! input to disappearance |05 1.0 - us
Turn-Off Time o | of signal at output | ; L o |
Logic Input Vig 1 20 - i - \
Thresholds v, 0 b - 08 v
,,,,, — —— + SR | S { i
! 1 i
Enable leiasEn) i EN=0 - T‘ - i 2 | pA
Bias Current o - L | ) o
- TALLY Output \/OH EN =1, IO = 1mA L4 80 4.89 4.92 \%
Insertion Loss L | 1V p-p sine or sg. wave ‘ |
at 100 kHz R =10K, C =30pF - 0.025 ! - . dB
- L S— + S —
Bandwidth (-3dB) B.W. - 300 - MHz
; See Fig. 1 . o [ 1 ol o
- Input Resistance Rin EN =1 .10 3.0 - MQ
DYNAMIC  Input Capacitance Ci EN=0 - R )
F R — - - + + |
. Output Resistance Rour EN =1 . 7 - : Q
I Output Capacitance Cour EN=0 - IRE - pF
. _SeeFig. 5 |
. Differential Gain dg at 3.58 MHz | - - 0.04 ! %
| i -
| Differential Phase dp V), = 40 IRE - - ! 0.04 | degrees
. SeeFg6 : S S S
. Off Isolation Enabled GX4201 on output - 80 | - dB
F . | !
Seefo 4 L f=100MHz V=W I I
Slew Rate [ +SR 250 400 -
| -SR Vi =3V p-p (C =0 pF) 250 350 - V/us
ORDERING INFORMATION
PART NUMBER PACKAGE TYPE TEMPERATURE RANGE
CAUTION
. . ELECTROSTATIC
GX4201 - CKA 8 PIN SOIC 0°to 70°C SENSITIVE DEVICES s
N DO NOT OPEN PACKAGES OR HANDLE
GX4201 - CDA 8 PIN DIP 0° to 70°C EXCEPT AT A STATIC-FREE WORKSTATION




TYPICAL PERFORMANCE CURVES OF THE GX4201
For all graphs, Vg =+5VDCandT, =25°C. The curves shown below represent typical batch sampled results

Phase
Gain (dB) (degrees)
24 0
——
21 03 \
8 086 \ \\
Load Capacitance oF \\\\\
15 09 \\\\\‘\10 pF 14—
" oo || o N \\\\
9 A l 15 \ \\\\
a7 p=I \ 22 pF
6 H , 18 \;
82 pF \ 47 pF
3 ot 21 \\
f 82 pF \
0 is \‘ 24
-3 \ \ \ 27
6 30
1 10 100 1K 1 2 3 4 5 6 7 8 9 10
Frequency (MHz) Frequency (MHz)
Fig. 1 Gain vs Frequency Fig. 2 Phase vs Frequency
Gain (dB) Off
Isolation (dB)
01 120 <
005 KN t 1 l
~
) // ‘O\\\‘ \\ V‘N, .\/p‘p
19 - ~
L V| ~~d AN I
005 -— +
R R = 100
~, L
01 100
External Series Resistance = 30 Q _—
015 — -
C, = 33pF N
oad = 1xpton O/Pto GND "\,
02 90 AN
025 T AN
(See test circuits)
03 80
035
04 70
1 10 100 1K 10 20 30 50 80 100
Frequency (MHz) Frequency (MHz)
Fig. 3 Gain vs Frequency Fig. 4 Off Isolation vs Frequency

continued over
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Input Disabled
Cap (pF) O/P Cap. (pF)
18 14

EN

13 / 12 I\
,. / N
12 N
I EN =0 ~
11 —
11
"
10 =~
\\\’ \\
09 -~
08 10
1 10 100 1K 20 15 10 05 0 +05 +10 415 +20
Frequency (MHz) Output Bias (V)
Fig. 5 C,, vs Frequency Fig.6 G vs Bias
Diff. Gain
Diff. Gain
ff. Ph
o ase Diff. Phase
+0 05
| | | +0 05
L004 Vi = 40 RE at 4.43 MHz l ! I
U T
1003 Viom = Verank + 0714V Viy = 40 IRE at 4.43 MHz
Blanking Level is clamped to Veias / +004 Vium = Veiank + 0714V
+002 ] Blanking Level 0V DC
dg % // R = 10kQ
+001 = -
dp - +0.03
0 — // dg %
001 // ’ P
— R = 10K +0.02 /,
-001 ]
-003 oo dp°
+
-1
004 ke ]
L
005 \_/
16 12 08 04 0 +04 +08 0
1 2 3 4 5 6 7 8 910
Input Bias (V)
; . Frequency (MHz)
Fig. 7 dg/dp vs Input Bias
Fig. 8 dg/dp vs Frequency
Diff. Gain
Diff. Phase
018 \
016
014 f = 443 MHz 40 IRE
Blanking Level OV DC
012 \
dg % \
0.10 \
008 \
006 \
A
004
w \
002
\_~~~~ E dp©
0
dg % N
+0.02
100 1K 10K

R ()

Fig.9 dg/dpvs R



55V 2 7
3
+55V l yoa 6 o5k
1L I+ LAM—4 5 —"VW—rt

Fig. 10 Burn-in Test Circuit

1 8 —
5V 2 7
+5V 3 6
L 4 5 200 mVidiv
+I10 T1o r
VCTRL ] Vour
! 8 OpF
1
2 7 pma TP
3 6 10 mvidiv
5V
r : :
741502 1 1 ps/div
Fig. 11a Switching Transient Test Circuit Fig. 11b  Switching Transient
OFF DEVICE
I 1 8
5V = 2 7 —0 INPUT
+5V 6 J-_ 1 8
J_ 1 SV = 2 7 0 INPUT
To! f 0.1 4 5 sv
+
= = ouTPUT l 3 6
ON DEVICE 01 =01 4 5 =
I T
1 8 = = QuTPUT
1K
2 7
3 6 LOAD 2 19 =
— J_ + 180 ADJUST FOR 2 x BFR96
0 T 01 I 4 5 = I, = 6mA
. [———— 01 ) ADJUST FOR
sv T 180 71" ema
NOTE  Off-isolation can be increased by eliminating the signal path i II 0.1
through the power supplies. This is demonstrated by replacing the sV =
enabled crosspoint with a 102 load resistor as shown in the passive
load circuit

Active Load Passive Load

Fig. 12 Off-isolation Test Circuits

All capacitors in pF, all resistors in Q unless otherwise shown.



ENBA O—
ENAA O— 1 8 |‘1 g —
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Repeat for Each
a2 d
NOTE 1 3 6 l 3 6 — ~ Crosspoint TALLY
l 4 55— l 4 5 Output
I T I T 47K
= = T 7—0 OUTA
EN BB o 1 =
6MA
ENAB O- 1 8 ! 8 o
2 7 2 7 |
5V
[ - DV -
4 5f—»
l 4 5fF—» T
I I f = I
= ‘ o ouTB
1l o +
° éf T INA v = INB JomA
5V 5V NOTE 2

Fig. 13 Application Circuit sv

All capacitors in pF. all resistors in Q 2 x 2 Matrix using Four GX4201
unless otherwise shown

NOTES: 1 * All decoupling capacitors are 0.1 uF. 50 V

ssoS R 18K
2 y6mA can be implemented by the following circuit 100
Choose a transistor with B/ fr atémA
f+1s > 800MHz Iow
sv. T =
3 Alternatively. an 8204 resistor may be used

The insertion loss will be increased to 0.1 dB
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Wideband, Monolithic 1x1
Video Crosspoint Switch

FEATURES

* -3 dB bandwidth, 300 MHz with C, = 0 pF

off isolation at 100 MHz, 80 dB

o differential phase and gain at subcarrier 0.01° & 0.01%
* 1.65 mW disabled power consumption (+ 5V Supplies)
e input signal levels from -2 V to +3 V (£ 5V Supplies)

e dual, transparent control latches

e +5Vto+ 12V supply voltage range

FUNCTIONAL BLOCK DIAGRAM

IN O X out

EN 0—1D a1 D

CK1 CK [ CK
|
CK2 o—————'

TRUTH TABLE
EN |CK1 |CK2 Q1 | Q2 Q2 | out
0 0 1 0 Q2 | 0 HIGH Z
0 0 0 0 0 1 IN
1 0 1 1 Qz, |
1 0 0 1 1
X 1 1 O1n_1 02n~1 X = DON T CARE
X 1 0 Q14 1A,

GX4301 TENTATIVE DATA SHEET

CIRCUIT DESCRIPTION

The GX4301 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 GX4301's to be paralleled at the input and output
without additional circuitry.

To maximize system bandwidth, an external currentsource
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
GX4301 is enabled at a time.

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

The GX4301 is one of a series of wideband video cross-
points utilizing Gennum's proprietary LS| process.

APPLICATIONS
* very high quality video switching
* HDTV switching and routing
* computer graphics
" RF switching/routing
~ PCM/data routing

PIN CONNECTIONS

Vee 1 sf= N
1.2 3 4 5 6 7 8 EN 2 7= GND
Vee H 3 6 3 (&
our =4 5 o CK2
cKi IN EN out
cK2  GND  Vge Voo
8 PIN SIP 8 PIN SOIC
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ELECTRICAL CHARACTERISTICS (Vv - +8VDC 0°C< T, <70°C R = 10kQ C_=30pF. I =6mA)

PARAMETER SYMBOL CONDITIONS ), MIN TYP MAX | UNITS
Suppiy Voltage =V, 45 - 13.2 \
DC I+ Q2=1 - 11 - mA
SUPPLY | Supply Current Q2=0 - 200 - A
(IL of BmMA not incluced) I- Q2=1 - 10 - mA
Q2=0 - 130 - uA
Analog Output Vour Extremes before clipping
%Vonage Swing occurs -2 - 3 \
STATIC | Analog Input Bias Igiag
Current - 12 - uA
Output Offset Voltage Vog T, =25C -10 - 10 mV
QOutput Offset Voltage AV | AT - - 100 | pv/°C
Drift-
Crosspoint selection ton From CK2 - 06 - us
Turn-On Time From EN - - 08 - us
LOGIC | Crosspoint selection Lore From CK2 - 20 - us
Turn-Off Time From EN - 15 - us
Clock Pulse Width toer 500 ns
Logic Input Vg 1 2.0 - - \
Thresholds Vi 0 - - 0.8 v
Enable Input liasEn) EN =1 - 0.1 - HA
Bias Current
CK1/CK2 Bias Current l81AsiER CK =1 - 01 - HA
Insertion Loss Il 1V p-p sine or sd v;ave
at 100 kHz - 0.025 - dB
Bandwidth (-3dB) B.W - 300 - MHz
Gain Spread at 30 MHz - - +0.1 dB
Input Resistance N Chip Selected 1 - - MQ
DYNAMIC| Input Capacitance N 1.1 - pF
Output Resistance Rour 7 - Q
Output Capacitance Cow - 11 - pF
Differential Gain dg at 358 MHz or 4 43 MHz - 001 - %
Differential Phase dp Vi = 40 IRE - 0.01 - degrees
Off Isolation Crosspoint on output - 80 - dB
to gnd f = 100 MHz
Slew Rate +SR 250 400 -
-SR Vi =3V p-p(C =0pF) 250 350 - Vius




ABSOLUTE MAXIMUM RATINGS

Parameter Value CAUTION
ELECTROSTATIC
SENSITIVE DEVICES ”
Supply Voltage +132V DO NOT OPEN PACKAGES OR HANDLE
EXCEPT AT A STATIC-FREE WORKSTATION

Operating Temperature Range 0°C<T,<70°C
Storage Temperature Range 65°C<Tg<150°C
Lead Temperature (Soldering. 10 Sec) 260° C AVAILABLE PACKAGING
Analog Input Voltage V. or (V.. -14.2V) <V <V . or (Ve + 16V) .

EE cc N~ Vee EE 8 pin SIP
Logic Input Voltage -05V<V <55V 8 pin Molded SOIC 247
Output Load Current 12mA - '
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Fast Toggling Video
Crosspoint Switch

GY4102 TENTATIVE DATA SHEET

FEATURES

* 25 ns switching time (toggle)

* make-before-break switching

* 300 MHz at -3dB, bandwidth

* typically 0.03 dB insertion loss at 1 MHz

* typically 0.01 % differential gain at 3.58 MHz

* typically 0.01 degree differential phase at 3.58 MHz

FUNCTIONAL BLOCK DIAGRAM

————0 OUTA
55

INO O ——— -
_— —MTF“*WV&*() outs

N1 O 40\/‘{//

2
CONTROL
CTRL —

Patents Pending

ABSOLUTE MAXIMUM RATINGS

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 of

typically 300 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 TTL and 5V CMOS compatible. The GY4102is available

in an 8 pin DIP.
APPLICATIONS

* Sub-pixel video switching

" Fast data sampling

" Modulation

* Special Effects video switching

TOP VIEW

N e

wodd PINT 8 B CTRL
GND = OUT A

\ = ouT B

EE O

IN1|:‘4 55 Vg

PIN CONNECTION
8 PIN DIP

Parameter Value
Positive Supply Voltage +6.0V
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)

Vee <Viy <\/CC +03V

Control Input Voltage Range SV < Vg < Vo+03 \Y

CTRL

TRUTH TABLE

CTRL | OUTPPT‘
0 INO.
1 IN1
*AorB
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ELECTRICAL CHARACTERISTICS

(Vg =#5VDC. T, =0-70°C.C_=0pF Unless otherwise shown)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Supply Voltage VS 45 5 55 v
B - t- -
DC Supply Current I+ B 20 - mA
SUPPLY I- - 21 - mA
Control Input Bias Iota, Control = 1 - 5 - uA
LOGIC Logic Level threshold VLOGIC 1 2 - - \
0] - - 0.8 v
Analog Input Ioias Selected channel - 11 - A
Bias Current Deselected channel - 25 - A
Output Voltage Swing o 12 B +3 v
STATIC Output Offset Voltage Vos T, =25°C -10 - +10 mV
Output Offset Drift AV /T - 5 - pv/eC
Insertion Loss L. f =100 kHz - 0.03 - dB
Differential Gain dg f = colorburst 3.58 or 4.43 MHz - 0.01 - %
DYNAMIC| Differential Phase dp f = colorburst 3.58 or 4.43 MHz - 0.01 - degrees
Crosstalk XTALK | f =10 MHz - 85 - dB
Bandwidth fads C_=10pF Ry =55Q 100 300 - MHz
Slew Rate +SR - 430 - Vius
-SR V.= 2 Vp-p TA = 25°C - 320 - V/ps
SWITCHING CHARACTERISTICS (Vg = %5V, T, =0-70°C, C_=10pF, Rq = 55Q)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Delay Time ty (on) Control input to output high
(90%) 0 to 1V transition - 11 - ns
(see figure 1) Ly (off) Control input to output low
(10%) 1 to 0 V transition - 21 - ns
Settling Time tg (on) To0.51REon 0 to 1V output,
(see figure 2a) Ty =25°C - 7 - ns
IS (of) To 0.5 IRE on 1to 0V output,
(see figure 2b) TA = 25°C - 3 - ns
Switching Transient Amplitude (unfiltered) CL = OpF - 35 50 mV
Duration (unfiltered) C = OpF - 23 4 ns




5V

ov

Control
Input

Settling

' (off)

-

AVAILABLE PACKAGING

8 pin DIP

0.5 IRE

Time

Fig. 1 Delay Time

CAUTION
ELECTROSTATIC
SENSITIVE DEVICES

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

Revision date March1990
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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 guality video routing
* A/D input multiplexing
* Sample and hold circuits
* TV/ CATV/ monitor switching

FUNCTIONAL BLOCK DIAGRAM

o >~
INC
TR
IN1T O IX\
'l L o outpur
N2 O x>
e

N3 © 'ﬁ\/
A0 270 4 DECODER CHIP &
Al LOGIC SELECT

Patents Pending

TRUTH TABLE
C5 | A1 A0 | ouTPuT
ofo]o INO
oo |1 IN1
o1 ]o IN2
o]t ]+ IN3

11X ] X HI-Z

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 alogic 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
= 1 sy TOP VIEW
Nogpnt N/ 16 |o 4av
GND B AO
GND H B NC
IN1 =)

. m N1 S b a0
GND o B TS GND o B A1
IN2 o b oP N2 b TS

GND 5 op

GND & [ NC IN3 o B NG

IN3 o 7 s b av NC o 8 9 kv
PIN CONNECTION

PIN CONNECTION 16 PIN SOIC

14 PIN DIP
GX414,GX424
TOP VIEW
INO PIN 1 14 [+8V
TOP VIEW
GND 5 [ AC NocdPnt S 16 b sav
N1 o P At GND B NC
GND o L s YRR~ b A0
GND B A1
IN2 by o
IN2 =i
GND o =X anod L oe
N3 7 8 B sV IN3 S P Rexr
NC o 8 9 pav

PIN CONNECTION
14 PIN DIP

PIN CONNECTION

GX434 16 PIN SOIC
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ABSOLUTE MAXIMUM RATINGS

ORDERING INFORMATION

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

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

Lead Temperature (Soldering, 10 Sec) 260° C
Analog Input Voltage -AVEV, <424V

Analog Input Current 50pA AVG, 10 mA peak

Logic Input Voltage -4V <V <+55V e

* £10V™, +5V, GX424 only

o +Vece
cs
IN :

out

= § CS (N #2

cs ama () #3

#4

, oV
Fig.1 Crosspoint Equivalent Circuit

Part Number Package Type Temperature Range
GXx414 CcDB 14 Pin D-I.P 7 o “O; 10 70°C
GX414 - - CKC 16 Pin SOIC 0°to 70°C
GX424 - - CDB 14 Pin DIP 0°to 70° C
GX424 - CKC 16 Pin SOIC 0°t0 70° C
GX434 cDB 14 Pin DIP 0°to 70° C
GX434 CKB 16 Pin SOIC 0°to 70° C

07pF  07pF  07pF 07pF
Vi © { } 1t l H Vour
1.2K [0.65V ; z
T 150F T 2pF :’: 1sp-F_ Common
1+ ouT
= 13V| s000 12pF
ST 1

Fig. 2

ELECTRICAL CHARACTERISTICS (v, = £8V0C.0°C < T, < 70°C. C_ =30 pf, R = 10k unless otherwise snown )

1

Disabled Crosspoint Equivalent Circuit

GX414 GXa24 Gxa34'
PARAMETER SYMBOL CONDITIONS MIN TYP | MAX MIN | TYP MAX | MIN | TYP MAX UNITS
Supply Voltage Vg 7 8 132 7 ] 10 7 8 13.2 v
DC
SUPPLY I+ Chip selected (CS=0) 1" 14 1 18 10.5 115 mA
Chip not selected (CS=1) - 04 |o0s8 046 | 09 04 058 mA
Supply current
I- Chip selected (CS$=0) 10.5 14 - 10.5 18 10.2 1.2 mA
Chip not selected ((?8:1) 025 [ 038 025 04 0.25 0.38 mA
Analog Output VO\” Extremes before clipping +2 +2 +2
Voltage Swing occurs -12 -1.2 12 \
Analog Input Bias 'Bms 22 22 22 HA
Current
STATIC Output Offset Voltage Vos T, =25°C. 75 Q resistor
on each input to gnd -2 5 12 20 2 30 0 7 14 mv
QOutput Offset Voltage A VOS/AT +50 | +200 +50 +300 +50 +200 uvreC
Drift

t

Rexr =332 1%




ELECTRICAL CHARACTERISTICS continued

*

+8VDC 0C « IA < 70C GL = 30pF ”I = 10x€2 uniess otherwise shown )
GX414 GX424 GX434*
PARAMETER SYMBOL CONDITIONS MIN TYP | MAX MIN | TYP MAX | MIN |TYP MAX UNITS
Crosspant Selection t; 2 ON Control inpat to appearance 130 200 270 100 200 350 130 200 270 ne
Turn On Time of signa: at the output
SSPOINt Seiection Control input to disappear 390 600 800 300 600 950 390 600 800 ns
Turn-Off Time ance of signal at output
Chip Seiection t. " Controlinpat to appeararce 200 300 400 150 300 450 200 300 400 ns
Turn-On Tme of signat at output
Chip Selection l‘ s OF Control nput to disappear 460 700 940 400 700 1100 460 700 940 ns
Turn-Otf Time ance of signal at output
LOGIC Logic Input Vin 1 20 20 20 v
Thresholds
\/H 0 11 1" " v
Adadress Inout Chip setected AQ A1 = 1 50 50 50 WA
Bias Current Chip selectea AOAT =0 01 0.1 01 nA
Chip Select Bias . CS=1 10 10 10 nA
Current Cs=0 30 30 30 uA
rsertion LOss I 1V p-p sine or sG wave at 002 00C C015 003 006 0025 003 004 dB
100 xHz
Banawidth (-3 dB) BW 90 100 80 100 100 120 MH2z
Gain Spread at 8 MHz. +01 +0 46 +006 dB
- - Q12 004
YA:QSC RS:75$2
Input to Output Signal at, f= 3579545 MHz =035 +08 +015 degrees
Detay Mach ng
(chio to cnip) 0°C « TA < 70°C RS as 07 12 +03 degrees
above. fas above
Input Resistance RW Chp selectea (CS = 0) 900 900 900 k2
NDYNAMIC Input Capac tance C N Chp selectec (CS=0) 20 20 20 of
Cnio not setected (CS = 1) 24 24 24 pF
Output Resistance Cnip selected (CS = 0) 14 14 14 Q
Qutput Capacitance Ct Cnip not selected (CS = 1) 15 15 15 pF
Differential Gain dg 003 005 003 01 003 005 %
202 R7QRAR MM
Differential Phase do = 40 IRE (Fig 7) 0012 0025 0012| 005 0012 | 0025 degrees
All Hostile Crosstaik Xiaim . Sweep on 3 nputs 1V p-p
(see graph) 4th input has 10 Q resistor to 94 97 92 97 94 97 dB
gnd. f =5MHz (Fig 6)
Chip Disabled Crosstalk | X, ., 100 110 90 10 100 110 dB
(see graph) f =10MHz (Fig 5)
+SR 84 120 60 120 360 450 Vius
Slew Rate Vi =3Vpp(C =0pF) [T~
SR : 70 100 50 100 160 200 Vius
Rey s =332kQ2 1%
ex 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. Vo= £8 VDC and T, = 25°C. The curves shown above represent typical batch sampled results.
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10 mv/dv

0.5 ps/div

Switching Transient (crosspoint to crosspoint

Fig.3

)

01 vidv

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

Chip disabled crosstalk = 20 log -

o

ENABLED
CROSSPOINT

375Q

Fig. 5 Chip Disabled Crosstalk Test Circuit

All hostile crosstalk = 20 log

Vo

R 210 kQ

Fig. 6 All Hostile Crosstalk Test Circuit

10 uH

BLANKING LEVEL >—"0 0\

8y = 220;1

150 Q E

150 Q

CONTROL BIT
FROM 1/0 PORT 1

RF.SIGNAL
SOURCE

75Q { 4

Ao~

10 uH

hf(jzj“_< LUMINANCE LEVEL

RELAY SWITCH

DUT

BUFFER

courLING AMP

FW ﬂﬂ

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. Acomputer 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
constant luminance 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, -7 volts along with an increase
in power dissipation; these voltages are not recommended.

Supply Differential Gain Difterential Phase
Voltage % degrees
(Typical) (Typical)
+8 0.030 0.012
+8/-12 0.010 0.007
+12 0.010 0.007
+12/ -7 0.084 0.080

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

Supply Voltage Characteristic Changes

t/ - lower logic thresholds
- 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/ -7 - loss in off isolation (=20 dB)
- poorer dg and dp

These devices do not require input DC biasing to optimise dg
or dp nor do they 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.  Frequency Response Considerations

At frequencies higher than1 MHz, the output impedance 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 equivalentof a 16
x1 crosspoint configuration using four ICs. Eventhoughthe fre-
quency response has been flattened, the differential phase and
gain have now changed as shown in Figure 9.

GX414 GX424
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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€2 for a 16 x 1 configuration.
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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 k€.

0 e

f=358 MHz 20 IRE
BLANKING LEVEL = OV DC

DIFFERENTIAL PHASE AND
GAIN (DEGREES AND %)

100 T 10K 100K
R, ()

Fig. 10 dg/dp vs R

The negative slew rate is dependant upon the output current
and load capacitance as shown below.

SR =1 +3mA I <8 mA
G
The current / is determined from the following equation:
1= -V, R>21kQ
R

Itis possible toincrease the negative slew rate (-S.R.) and thus
the large signal bandwidth, by adding a resistance from the
outputto - 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°t0 0.014°. Under these same conditions, the differential
gain drops from typically 0.033 % to 0.021 %.

NG ‘?‘D“/ﬁ 3

GND —— = a0
3 12
Nt — o — A1
T
anp —4] —cs
5 10
N2 ——————{>—c/o— ouTPUT
6 9
GND — — NC
Rz 1kQ

7
IN3 —_l>_°/°_ 8

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.
The input capacitance of anenabled crosspoint (chip selected).
is typically only 2 pF and increases slightly to 2.4 pF when the
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 in an
(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
Forany 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
thetotalinput 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.
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APPLICATIONS INFORMATION

The GX4 family of video switches are very high performance,
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 placement and PCB layout as
inany 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 driven from
75Q cable. The output must be buffered to drive 75Q lines.
This is usually accomplished with the addition of an opera-
tional amplifier/ buffer which also allows adjustments to be
made to the gain, offset and frequency response of the overall
circuit. Atypical video routing application is shown in Figure
13. Four ICs are used in a 16 x 1 crosspoint switching circuit.

INPUTS VIDEO SWITCHES

GND A

An external address decoder is shown which generates the
16address and chip enable codes froma binary number. The
address inputs to each chip are active high while the chip
select inputs are active low. Depending on the application
and speed of the logic family used, latches may be required
for synchronization where timing and delays are critical. Since
the individual crosspoint switching circuits are unidirectional
bipolar elements, low crosstalk and highisolation are inherent.
The make-before-break switching characteristics of the GX414
means virtually 'glitch’ free switching

AVAILABLE PACKAGING
14 pin DIP and 16 pin SOIC

BINARY ADDRESS
DECODER

0.1 +8V
14
INO .V
vo 13
12

INT AT

GND  CsfL

IN2 OuT ’;
GND  NC|— *

IN3 v
8V

YTV AL

nonANEE

L

X RB— a2
————— i 2

6 74HC139

A3

[D— ENABLE

Jo|ols]o b -
)
z
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o
1;

GAIN

NOTES

LERERE
o
oF:
g:
O
w .

-8V

Fig.13

* Pin 9 on GX434 must be connected to ground
with a 33 2k, 1% resistor, otherwise pin 9
is not used

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

16 x 1 Video Crosspoint Circuit
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Monolithic 4x1 Video
Crosspoaint 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

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

FUNCTIONAL SCHEMATIC
INO O {?/
INTO L)(>———~
IN2 O—— ')(\ - OUTPUT
B
IN3 O

A0
Al

270 4 DECODER

LOGIC

—’._{

CHIP —_
SELECT Cs

TRUTH TABLE

C8 | At

A0

OuTPUT

0,0

0

INO

0|0

1

IN1

0

IN2

0
0

1

IN3

11X

X

X = DON'T CARE

CAUTION
ELECTROSTATIC
SENSITIVE DEVICES

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

ha

TOP VIEW
et N 12
N0 S P -8V TOP VIEW
GND 5 b %o ino e PINT 16 [ .8V
INT o B A GND 2 NC
GND =Je N p Ao
GND
IN2 o b OP 5 =
N2 P cs
GND P N GND 3 | OP
IN3 o 7 B::—BV N3 S p N
N o 8 9 -8v
PIN CONNECTION PIN CONNECTION
14 PIN DIP 16 PIN SOIC
ORDERING INFORMATION
Part Number Package Type Temperature Range
GX414 - - ACDB 14 Pin DIP 0°to 70° C
GX414 - - ACKC 16 Pin SOIC 0°to 70° C

Document No. 510-19 -1

GENNUM CORPORATION P 0. Box 488, Stn A, Burlington, Ontario, Canada L7R 3Y3  tel.(416) 632-2996 fax:(416) 632-2055 telex: 061-8525
JAPAN BRANCH: 301 Aoba Building, 3-6-2 Takanawa, Minatoku, Tokyo 108, Japan tel. (03) 441-2096 fax: (03) 448-8991
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ABSOLUTE MAXIMUM RATINGS

Parameter

Value

Parameter

Value

Supply Voltage
Operating Temperature Range

Storage Temperature Range

Lead Temperature (Solderng 10 Sec)

+13.5V
0C<T,<70°C
65°C < T < 150° C

260° C

Analog Input Voltage
Analog Input Current

Logic Input Voltage

-4V LV < +24V

N
50uA AVG. 10 mA peak

-4VSVL,<,+55\/

ELECTRICAL CHARACTERISTICS (V= +8VDC. 0°C < T, < 70°C. R_ = 10K, C_= 30 pF. unless otherwise shown )

PARAMETER CONDITIONS MIN TYP MAX UNITS
Supply Current CS=0V+ A 14
_ V- 105 14 mA
CS=1V+ - 04 0.58
~ V- - 1 0.25 038
Analog Qutput Voltage Extremes before clipping occurs +2.0 v
Swing -12
Output Offset voltage 75€ on each input ground -2 5 12 mV
Output Offset Drift A Vg /AT +50 +200 uv/<C
Address Logic Delay Control input to appearance
of signal on output 130 200 270 ns
- L S
Chip Selection Delay Control input to appearance
of signal on output 200 300 400 ns
Logic Input Threshold 1 - 1.1 \
0 2 - Y
Logic Input Current AD. A1 =1 - 50 HA
AD, A1 =0 : 0.1 nA
CS = - - 1.0 nA
CS=0 - - 30.0 uA
Insertion Loss 1V p-p sine or sg.wave at 100 kHz 0.02 0.03 0.05 dB
Gain Spread at 8 MHz - - +0.25 dB
Bandwidth ( -3dB ) 90 100 - MHz
Differential Gain at 3.58 or 4.43 MHz - 0.03 0.05 %
Differential Phase at 3.58 or 4 43 MHz - 0.012 0.025 degrees
Input to Output Delay 75Q source impedance | T, = 25° - - +0.6 degrees
Matching (chip-chip) at 3.579545 MHz Full temp R R +10 degrees
All Hostile Crosstalk Sweep on 3 inputs 1V p-p
4th input 10 Q to gnd at 5 MHz 94 97 - dB
Chip Disabled Crosstalk 14Q on output to gnd at 10 MHz 100 110 B daB
Input Resistance CS=0 - 960 - kQ
Input Capacitance CS=0 - 20 pF
CS=1 - 2.4 - pF
Output Resistance CS=0 14 Q
Output Capacitance CS=1 15 pF
Slew Rate +SR 40 ’ Vs
Vi =3Vpp(C =0pF) -SR 40 Vius
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10 mV/div

05 ps/div
Fig. 4  Switching Transient (crosspoint-to-crosspoint)

0.1 V/idiv

1 ps/div

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

APPLICATION INFORMATION

As expected with any wide bandwidth circuit, the layout is
critical. Good power supply requlation 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 GX414Ais 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 A0, 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.
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INPUTS VIDEO SWITCHES
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Fig. 6 Video Multiplexer Incorporatina Two GX414A Circuits

AVAILABLE PACKAGING
14 pin DIP and 16 pin SOIC
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Monolithic 4x1Video
Crosspoint Switch

FEATURES

* low cost

* differential gain at 3.58 MHz, 0.05% max.

* differential phase at 3.58 MHz, 0.05 deg. max.

* off-isolation better than 90 dB at 10 MHz

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

* make-before-break switching

FUNCTIONAL BLOCK DIAGRAM

INO O Jx\
11
INT o >
L
IN2 o l/)l( ouTPUT
IN3 o e~
AC 2704 DECODER CHIP =
At LOGIC | SELECT ‘—0
Patents Pending
TRUTH TABLE
CS| A1 | A0 | OUTPUT
0 0 0 IN O
0 0 1 IN 1
0 1 0 IN 2
0 1 1 IN3
1 X X Hi-2Z
X = DON'T CARE
ORDERING INFORMATION
Part Number Package Type Temperature Range
GX214 - - CDB 14 Pin DIP 0°to 70°C
GX214 - - CKB 14 Pin SOIC 0° to 70°C
GX214 - - CKC 16 Pin SOIC 0° to 70°C

GX214 PRELIMINARY DATA SHEET

CIRCUIT DESCRIPTION

The GX214 is a

low cost 4x1 video crosspoint switch

containing four analog video switches and a 2 to 4 de-

coder. A Chip Se

lect input allows paralleled GX214s to be

operated in a switching matrix.

The GX214 represents a fully buffered, unilateral trans-
mission path when enabled. When disabled, the output is

high impedance

The device operates from £7.5 V1o £9.5 V supplies with
TTL and 5 V CMOS compatible input logic levels.

APPLICATIONS

* CATV and CCTV systems

“low co

st video routing

TOP VIEW
PIN 1 / 14 L
INO = +8V
AO
SIG GND = = TOP VIEW
N1 A1
9 B iNo f |PINT 6 P .8V
SIG GND o L & SIG GND B NG
L N o )
IN2 = out
SIGGND b A
SIG GND = B &&%Gcono  we b cs
7 8 SIG GND
IN3 = SN 9 P Og: c
N3 o P oo
Ne o |8 9 gy
PIN CONNECTION PIN CONNECTION
14 PIN DIP 16 PIN SOIC

14 pin DIP, 14 pin SOIC and 16 pin SOIC

AVAILABLE PACKAGING

S

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

CAUTION
ELECTROSTATIC
ENSITIVE DEVICES

La

Document No. 510 - 55 -1
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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,<70°C Analog Input Voltage A4V < Vect03V
Storage Temperature Range 65 °C £Tg <150 °C Logic Input Voltage oV < V <55V
NOTE: A short from output to ground or either supply will destroy the device For FtExT usea 1.2kQ 1%. ‘/4 W resistor
ELECTRICAL CHARACTERISTICS (Vg =8V DC, 0°C < T, <70°C R =121kQ 10 V. C, = 30pF)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Supply 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=0) - 13 18 mA
Chip not selected (CS=1) - 0.58 0.88 mA
Analog Output Vour Extremes before +5.0 \
Voltage Swing clipping occurs - - -1.2
STATIC Analog Input Bias Iy - 25 - A
Current
Output Offset Voltage Vos 75Q resistor on each -45 -80 -120 mv
input to ground
Turn-On Time ton Control input to disappear- 700 ”éOO 116(5 ns
ance of signal at output o
Turn-Off Time torr Control input to disappear- 1.2 2.0 3.0 us
ance of signal at output
LOGIC Logic Input H 1 2.4 - - \
Thresholds W 0 - - 0.6 \
Logic Input Igias Chip Selected A0,A1 =1 - - 10 nA
Bias Current Chip Selected AO.A1 =0 - - 60 A
Insertion Loss I.L 1V p-p sine or sq. wave 0.1 0 ‘13 —“0—16 _F_
at 100 kHz
Bandwidth (-30B) BW 65 85 - MHz |
Input Resistance N Chip selected (CS =0) 1 900 - - kQ
DYNAMIQ  Input Capacitance N Chip selected (CS = 0) - 20 - pF
Chip not selected (C—:1) - 2.2 pF
Output Resistance Rour Chip selected (CS=0) - f 9 Q
Output Capacitance Com Chip not selected (C_S“ﬂ)w - 12 - pli
Differential Gain dg at 3.58 MHz - - - 0.05 %
Differential Phase dp Vi, = 40 IRE - - 005 deg
Sweep on 3 inputs 1V p-p
All Hostile Crosstalk X ALK(AHS 4th input has 75 Q resistor 73 75 dB
to gna f = 10 MHz - -
Chip Disabled Crosstalk Xmm([v One xpt on output to ground 90 100 7(18 |
f = 10MHz

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
o1 -8V
vo ino i
12 |sa Aof Ao
v 31 ArH2 A1 ADDRESS
1
b-41sa cspt A2
10
V2 5 IN2 ouT
6]eq L
7 8
V3 IN3 v
75 75 75 75 '—A‘ <<
-8V
.8V
_.&“__,
va IiNo Ry L P e e e mmm e
2 ]so aol3 | GAIN, OFFSET, FREQUENCY |
T , RESPONSE ADJUSTMENTS |
" 3 P T N I
4
— SG CcS 1 [}
Ve 512 outHe e NW—; Vour
5 9 | 75 1
L6 Isc LG X !
v7 Lims vi=d s AMPLIFIER/BUFFER !
V 1217k L T o -~ J
55 S 55 75 AT
) NOTES

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

8x1 Video Multiplexer Incorporating Two GX214 Devices
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Wideband, Monolithic 4x1
Video Crosspoint Switches

GX4304, GX4314, GX4324, GX4334 TENTATIVE DATA SHEET

FEATURES

* low differential phase and gain

e wide bandwidth, 300 MHz at -3 dB
e small switching transient

® +4.5 to £13.2 volts supplies

¢ low and high power versions

FUNCTIONAL BLOCK DIAGRAMS

No 0_{2\(

INT O 1'/‘\1(
N2 O- l/l]x\ ouUTPUT
N3 O %—
[ 270 4 DECODER
SELECT
High Power

GX4304, GX4314

INO O— {f)l(\i/
N1 >
o X

1/l(l\ --——Oo

IN2 O UTPUT
U~
IN3 O >
A0 270 4 DECODER CHIP
Al LOGIC SELECT
Low Power
GX4324, GX4334
TRUTH TABLE ALL VERSIONS

CS| A1) A0 | OUTPUT

olof| o INO

oo} 1 IN 1

o1 o0 IN2

0 j1 1 IN3

1 x| x HI-Z

X = DONT CARE

CIRCUIT DESCRIPTION

The GX4304, GX4314, GX4324 and GX4334 are wideband
video multiplexers implemented in bipolar technology.
These devices are characterized by excellent differential
phase and gain in the enabled state, very high off-isolation
in the disabled state and fully buffered unilateral signal
path. Make-before-break switching assures virtually glitch-
free switching.

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

Logic inputs are TTL and 5V CMOS compatible, provid-
ing address and chip select functions. The operation of
the devices is described in the Truth Table below.

The GX4304 and GX4314 require an additional 8 mA of
supply current over the low power versions.

In addition, the GX4304 and GX4324 require an external
1% resistor connected between pin 9 and Ground, in order
to tightly control signal delay matching from chip to chip
The GX4314 and GX4334 have an on-chip lower tolerance
resistor for this function. Table 1 highlights the various
device configurations.

All these devices are members of the wideband video
crosspoint family utiizing Gennum 's proprietary LSI
process.

The wideband GX4304 is pin for pin compatible with the
high performance GX434, extending the flat frequency
response characteristics from 50 to 100 MHz. Similarly,
the GX4314 can replace the GX414 in order to extend the
system frequency response.

APPLICATIONS

e HDTV

® Very high quality video switching
® Very high density video switching
e Computer graphics

* PCM / data routing

TABLE 1
POWER EXTERNAL R INTERNAL R
HIGH GX4304 GX4314
LOW GX4324 GX4334

CAUTION
ELECTROSTATIC
SENSITIVE DEVICES

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

La
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PIN CONNECTIONS

NO v, omos =V nod ] Y ey no = | = v
GND A0 GND = = GND = AC GND = = Ne
N1 Al N1 = = A0 N = b A Nt o = A0
GND Cs  GND = = Al GND L, G5  GND o Y
N2 our N2 = = S N2 = b= our N2 o L. s
GND R.,, GND = = ouT GND = ks ne GND k= out
N3 = Py, N3 = R N3 = = v, IN3 s Ne
NC = = Vee NC = v,
14 PIN DIP & 14 PIN DIP &
14 PIN NARROW 16 PIN WIDE SOIC 14 PIN NARROW 16 PIN WIDE SOIC
Selle GX4304 s0IC GX4314
GX4324 GX4334
(VS =18V DC. 0°C < TA < 70°C RL = 10kQ,
ELECTRICAL CHARACTERISTICS C_ = 30 pF. unless otherwise shown.) GX4304/14 GX4324/34
PARAMETER SYMBOL CONDITIONS MIN TYP | MAX [ MIN | TYP | MAX [UNITS
Supply Voltage *Vg Operating Range +45 - +132|+45 - |13 VvV
DC |5 CS=0 20 - 12 mA
SUPPLY Supply Current I CS=0 - 17 - - 10 - | mA
I CS =1 - e - lero| - | ua
1 CS=1 - 250 - 250 - | pA
Analog Output Voltage Swing Vout Extremes before clipping occurs 2.4 3 2.4 36| V
STATIC Analog Input Bias Current lgiag 5 5 HA
Output Offset Voltage Vos T,=25C -7 - 7 -7 7 | mv
Output Offset Voltage Drift AVig 15 60 15 60 |uv/°C
Chip Enable Time lon Enable input to appearance of signal - 350 | 500 350 | 500 | ns
LOGIC Chip Disable Time tops Enable input to disappearance 0.6 1.0 06 10 us
of signal at output
Logic Input Thresholds Vig 1 20 - 2.0 - \Y
Vi 0 - 08 - 081 Vv
Logic Input Current li - - 4 - 4 uA
insertion Loss Il 1V p-p sine or sq. wave at 100 kHz - 0.03 0.03 aB
Bandwidth (-3dB) B.W small signal CL =0 pF - 300 - 200 MHz
Input Resistance Ry L—s = (. crosspoint on 10 10 - MQ
DYNAMIC J—
Input Capacitance Cin CS = 0. crosspoint on - 15 15 pF
Output Resistance Rout (E = 0. crosspoint on 7 18 Q
Output Capacitance Cour C_S = 1. chip disabled - 4 8 pF
Difterential Gain dg f =358 MHz 0.03 003 %
Differential Phase dp V) = 40 IRE 002 - 0.02| deg
All Hostile Crosstalk XTLK 4 1Vp-p on 3 inputs 4 th input
has 10Q resistor to gnd f=30 MHz 80 80 aB
Chip Disabled Crosstalk Enabled device on O/P f=100 MHz 80 80 dB
Slew Rate +SR Vi =3Vpp (Ch = 0pF) 250 150 Vius
SR Vi = 3V pp(C = 0pF) 250 150 Vius




ELECTRICAL CHARACTERISTICS continued

ABSOLUTE MAXIMUM RATINGS

CONDITIONS | MAX GAIN | MAX XPT SCATTER (deg) Parameter Value
DEVICE SPREAD (0B)] Rg = 756 f = 358 MH/
f =30 MH, ) s v Volt 135V
- u oltage +
25 C 0-70C PRl 9
GX4304 | R, | = 33kQ 401 +0 1 0.2 Operating Temperature Range 0°C < TA <70°C
P!ZE; from pin § o GND Storage Temperature Range -65°C < T < 150° C
GX4314 +0.2 t02 +04
Lead Temperature (Soldering. 10 Sec) 260° C
GX4324 | R, | = 33k +02 +02 +0.4 Analog Input Voltage the greater of (V.. - 14.3V) or V,
L from pin 9 10 GND the lesser of (15.8V + V, ) or V.
GX4334 +04 04 +08 Logic Input Voltage 05V <V, <455V 243
APPLICATION CIRCUITS
+8V
__D_‘“j o +8v
vo INO Ryl
aND Aol » Vo no Y8k
2 N1 A2 Al L 2 {ono Aol 0
GND st cs Vi 3 Ny At ‘: A
v2 IN2 [c18); AU NV L4 N osf cs
GND R L2 v2 SIne OUTH—— B Vi
ext 5 5
v3 N3 vIe o Ncr
V3 IN3 v
oy Ria L
v 7 75S 75 75 oY
'Y = 8V
GX4304 / GX4324
"R, is nominally 33 kQ2. The power consumption of the GX4314 / GX4334

EXT

device may be reduced by up to 3 times by increasing the

value of R, ; up 1o 100 kQ. The bandwidth and slew rate will
be reduced under this condition.
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Wideband, Monolithic 4x1
Video Crosspoint Switches

FEATURES

* low differential phase and gain

¢ wide bandwidth, 300 MHz at -3 dB
» small switching transient

* +4.5 to +13.2 volts supplies

e individual TALLY outputs

* low and high power versions

FUNCTIONAL BLOCK DIAGRAM

TALLY QUTPUTS

T0 T T2 T3
o o o
INO X
N1 O- D
A ]
N2 O B ouTPUT
o ‘{%ﬁ‘

‘ 27O 4 DECODER

Lol

AO Al

] CHIP
SELECT

3l o—|

PIN CONNECTIONS

No = - = 10
GND = = Voo
INT = = A0
T = = Al
T2 = = CS
IN?2 = = out
GND = F= Vee
IN3 = = 13
16 PIN
‘NARROW' SOIC
(& 16 PIN DIP)

GX4404, GX4414 TENTATIVE DATA SHEET

CIRCUIT DESCRIPTION

The GX4404 and GX4414 are wideband video multiplexers
implemented in bipolar technology. These devices are
characterized by excellent differential phase and gain in
the enabled state. very high off-isolation in the disabled
state. Fully buffered unilateral signal paths ensuring
negligible output toinput feedback, while delivering minimal
output switching transients through make-before-break
switching.

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

The chip is disabled when alogic HIGH is applied to the
CS control pin. In this case, regardless of the ADDRESS
data, the output of the device assumes a high impedance
state

Individual PNP to Vee TALLY outputs provide positive
indication of crosspoint selection. The GX4414 is a lower
power version of the GX4404 and both are functionally
identical.

All logic inputs are TTL and 5V CMOS compatible.
Supply voltages can be between +4.5 to £13.2 volts.

These devices are members of the wideband video
crosspoint family utilizing  Gennum's proprietary LS!
process.

APPLICATIONS
e HDTV
¢ Very high quality video switching
* Very high density video switching
e Computer graphics
* PCM / data routing matrices

TRUTH TABLE TALLY O/Ps
Cs|A1|Aa0| out T0 |T1 |T2 |T3
o|o0lo| INO ON[ * | | *
00} 1 IN1 * ONj * *
0| 1/0| IN2 . * |ON| *
0| 1]1} IN3 * ‘1 “|ON
1 X] X| HI-2Z * * * *

X = DONT CARE * = OFF (high impedance)

La
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ABSOLUTE MAXIMUM RATINGS

Parameter

Value

Parameter

Value

Supply Voltage

Operating Temperature Range

0°C<T,<70°C

+13.5V

Analog Input Voltage

Logic Input Voltage

the greater of (V. - 14.3V) or V,
the lesser of (158 V + V() or V¢

-0.5V €V, €+55V

Storage Temperature Range -65°C < TS <150° C L=
Lead Temperature (Soldering. 10 Sec) 260° C TALLY Output Current 2mA
(VS =18V DC, 0°C < Tas 70°C, R( = 10kQ,
ELECTRICAL CHARACTERISTICS C_ = 30 pF. unless otherwise shown.) GX4404 GX4414
PARAMETER SYMBOL CONDITIONS MIN TYP | MAX | MIN | TYP | MAX |UNITS
Supply Voltage Vg Operating Range +45 +13.2 | +45 £132] Vv
DC 1 C5=0 20 - 12 mA
SUPPLY Supply Current I CS=0 17 - - 10 mA
I CS=1 270 | - 270 A
1 CS =1 250 250 A
Analog Output Voltage Swing Vour Extremes before clipping occurs 2.4 3 2.4 36 |V
STATIC Analog Input Bias Current Igias 5 5 HA
Output Offset Voltage Vos Tpo=25C 7 7 7 7 |mv
Output Offset Voltage Drift AViyg 15 60 - 15 60 |uv/°C
Chip Enable Time ton Enable input to appearance of signal 350 | 500 350| 500 | ns
LOGIC Chip Disable Time tore Enable input to disappearance 0.6 1.0 0.6 10 Hs
of signal at output
Logic Input Thresholds M 1 20 20 \
Vit 0 08 08|V
Logic Input Current I 4 4 | uA
TALLY Outputs Vee Viay) Tracy = 1mA 100 {200 | 400 | 100 | 200 400 [mv
insertion Loss 1L 1V p-p sine or sq wave at 100 kHz 0.03 0.03 dB
Bandwidth (-3dB) B W small signal C, =0 pF - 300 200 MHz
Input Resistance R CS =0, crosspoint on 1.0 10 MQ
DYNAMIC —
Input Capacitance Cin CS = 0. crosspoint on 15 15 pF
Output Resistance Rour CS=0 crosspoint on 7 18 Q
Output Capacitance Cour CS=1. chip disabled - 4 8 pF
Differential Gain dg f =358 MHz 0.03 003 | %
Differential Phase dp V., =40 IRE 0.02 0.02 | deg
All Hostile Crosstalk XTLK 4y 1Vp-p on 3 inputs 4 th input
has 10€Q resistor to gnd f=30 MHz 80 - - 80 dB
Chip Disabled Crosstalk XTLK Enabled device on O/P f=100 MHz 80 - - 80 dB
Slew Rate +SR Vi =3Vpp(C =0pF) 250 150 Vius
-SR Vin =3V p-p(C, =0pF) 250 150 Vius
Gain Spread at 30 MHz AA, +02 +0.4 | dB
Crosspoint Scatter Ry = 75Q T,=25C +0.2 +0.4 |deg
f=358MHz| 0C< T,<70°C +04 +0.8 | deg
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HDTV 8x1 and 10x1
Modular Video Multiplexers

GM8108,/GM8110 ADVANCE INFORMATION NOTE

FEATURES

14.5 to +5.5 volts supplies

*  wide bandwidth,
300 MHz at -3 dB

less than 0.04% differential gain
at 4.5 MHz

less than 0.02° differential phase
at 4.5 MHz

greater than 70 dB all hostile crosstalk
at 10 MHz

greater than 70 dB off-isolation
at 30 MHz

expandable

" .

) ; | v-'f’\'Q,- AR
mm'a;..n "t‘;’;‘“:”'””g 43 4\.&»’3\“.\\“«

GM8108 8x1 Multiplexer Module

GM8108 — CIRCUIT DESCRIPTION

The Gennum GM8108 Multiplexer module uses eight
GX4201 wideband crosspoints configured as an 8x1 HDTV
video multiplexer. On-board decoding and latching com-
bined with tri-state outputs and extremely high input im-
pedance allows for simple multiplexer expansion.

The on-board logic uses a negative STROBE to latch the
address data. The latching occurs when the STROBE line
returns to a high logic level. A separate ENABLE input
controls crosspoint selection and is active low. When the
ENABLE line is high, all eight crosspoint switches are off.

The circuit is packaged on a miniature printed circuit
board (3.2in.x 0.5in.) having 32 pins spaced at 0.1in. ar-
ranged along one side. This SIP configuration means that
routing of inputs, outputs and control lines is straightfor-
ward and convenient. Power supply requirements are +5
volts and the module draws an average of 19 mA when
enabled and only 3.5 mA when disabled.

GM8108
14 12 1 20 24 28 32
I
H

GM8110 — CIRCUIT DESCRIPTION

The Gennum GM8110 Multiplexer module uses ten GX4201
wideband crosspoints configured as a 10x1 HDTV video
multiplexer. On-board decoding combined with tri-state
outputs and extremely high input impedance allows for
simple multiplexer expansion.

The circuit is packaged on a miniature printed circuit
board (4.0"x0.55") having 40 pins spaced at 0.1" arranged
along one side. This SIP configuration means that routing
of inputs, outputs and control lines is straightforward and
convenient. Power supply requirements are +5 volts and
the module draws an average of 20 mA when enabled and
only 3.6 mA when disabled.

CAUTION
ELECTROSTATIC GM8110
N 1) T4 812 6 N M B 2 % 4
EXCEPT AT A STATIC FREE WORKSTATION ERERRRRRRERRRRERRRRRRRRRRRRENERRRERERER
OZFO0NFTONFTONFTONONFTOANONNFTONOFTONANFTOONFTONZIOL _OPWOO
£085285n5285288°55558 08080388 88085h 2
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16x1 Video Multiplexer Modules

GMB8116, GM8216, GM8316, GM8416 TENTATIVE DATA SHEET

FEATURES

* single 45 lead SIP

* on-board decoding and latching

* minimal external parts required

* convenient 16x1 configuration

* both broadcast and CCTV versions

* high density routing: over 5 crosspoints per sq. in.

FUNCTIONAL SCHEMATIC - ALL VERSIONS

N2 O———— axt O
3 O—no CHIP VIDEO
N3 SELECTS ~ ADDRESS .

out
DECODER

4 BITLATCH

IN 12 O]
IN 13 O———

O— @ = 5
N 14 a EN A3 A2 AT A0 3T
IN 15§ O——

EN ST A3 A2 Al A0 OF
X X X X HI-Z
0 0 0 00 0 INO
6 0 0 0 0 1 IN?
0 0 0 0 1 0 IN?
0 0 0 0 1t 1 IN3
0 6 0 10 U N4
0 0 0 1 0 1 INS
6 0 0 1 1 0 NG
0 0 0 11 1 N7
6 0 1 0 0 0 INB
0 0 1 0 0 1 INGJ9
0 0 1 0 1 0 INTW
0 0 1 0 1 1 INT
0 0 1 1 0 0 Nt
0 0 1 1 0 1 INI3
0 0 1 1 1 0 IN4

0 0 1 1 1 1 N1 IN

o £ x X x X ach G
state

X = dont care V(:(:
V

bt

ouTt

PIN CONNECTIONS

CIRCUIT DESCRIPTION

These modules are designed as 16 x 1 video multiplexers
for use in broadcast and CCTV routers and switchers.
They use surface mount components made up of four 4x1
crosspoint devices, a monolithic decoder and a 4 bit latch
all on one miniature board.

The wide versions use 300 mil SOIC crosspoint devices
and are only 17.8 mm (0.7 in.) high. The narrow versions
use 150 mil SOIC devices and are a mere 14.0 mm (0.55
in.)in height. The overall length of the module isonly 116.8
mm (4.6 in.). These small dimensions mean that high
density matrices can be made using several modules.
Also, convenient SIP format pinouts make PCB layout of
large N by M matrices simple and straightforward.

The entire module may be disabled by applying a logic
ONE to the ENABLE input. Crosspoint selection is made
by applying the correct address code to the address
inputs and applying a logic ZERO to the STROBE input.
Returningthis leveltologic ONE latches ONthe crosspoints.

All logic inputs are TTL and 5 V CMOS compatible. The
supply voltage range for the 8116 and 8216 modules are
+7Vto+13.2V. and+7 Vto +9.5V for the 8316 and 8416
modules Both reqiire +5V for the logic circuite

APPLICATIONS
* Broadcast and CCTV video switching
" Building block for large video routers
* Very high density video matrices
* Stand alone 16x1 video multiplexers

Key for Pin Connections

video input NC = no connection
ground V. = logic supply voltage
positive supply voltage EN = enable

negative supply voltage ST = strobe

video output A = address input

(ACTUAL SIZE — WIDE VERSION)

45 PIN SIP (all versions)
COMPONENT SIDE

1 5 10 15 20 25 30 35 40 45
TITTTT T T I T IT I T IT T T ITIITTTTTT]
S03030T0Z003030503030505053030308LL00

S628185858085878782828382828:5,80R 0802 18REEZ
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ABSOLUTE MAXIMUM RATINGS

CONFIGURATIONS

Parameter Value Module Module Width Devices Used
Power supply Voltage (GM8116/8216) +135V
11 - -
Power supply Voitage (GM8116/8216) +100V GM8116 Wide Gx434 CKe
Logic supply voliage +55V GM8216 Narrow GX434 - - CKB
Analog input range (GM8116/8216) -4.0<Vg<+24V
Analog input range (GM8116/8216) -4.0 <V < (V. +0.3) V GM8316 Wide GX214 - - CKC
Logic input voltage range 0sV £+55 v
Operating temperature range 0<T,<70°C GM8416 Narrow GX214 - - CkB
Storage temperature range 65 < Ty < 150°C
Lead temperature (soldering 10 sec) 260°C
(Vg =+8V DC, 0°C =T, <70°C. R = 10K C =0 pF.
ELECTRICAL CHARACTERISTICS [(ON) means one crosspoint on] uniess otherwise shown
GM8116/8216 GM8316/8416
PARAMETER CONDITIONS MIN TYP | MAX MIN TYP MAX UNITS
Supply Voltage +Vg 7 8 13.2 7.5 8 9.5 \
Supply Current It Enable = 0 (ON) - 1.7 133 - 16 23 mA
Enable = 1(OFF) - 1.8 2.4 - 2.5 4 mA
T Enable = 0 (ON) - 1.0 12.5 - 15 21 mA
Enable = 1 (OFF) - 1.2 1.6 - 2.4 3.6 mA
Analog Output Voltage| V¢ Extremes before clipping - - +2.0 - - +5 \
Swing occurs - - -1.2 - - -1.2 \
Output Offset Voltage T,=25C
Vos 75Q on each input to ground 0 7 14 -45 -80 -120 mV
XPT Turn-On Time ION Control input to appearance
of signal 130 200 270 700 900 1100 ns
XPT Turn-Off Time tore Control input to disappear
of signal 390 600 800 1200 | 2000 3000 ns
Insertion Loss I.L. 1V p-p at 100 kHz 0.025 0.03 0.04 0.1 0.13 0.16 dB
Bandwidth (-3dB) B.W (see Note 1) 60 70 - 65 85 - MHz
Input Resistance Ry Enable = 0 (ON) 900 - - 900 - - kQ
Input Capacitance CIN Enable = 0 (ON) - 2.0 - - 2.0 - pF
Enable = 1 (OFF) - 2.4 - - 2.2 - pF
Output Resistance Rour Enable = 0 (ON) - 14 - - 9 - Q
Output Capacitance COUT Enable = 1 (OFF) - 60 - - 48 - pF
Differential Gain dg at colourburst 40 IRE - 0.03 0.05 - - 0.05 %
Differential Phase dp at colourburst 40 IRE - 0.03 0.04 - 0.03 005 | degrees
Crosstalk (all hostile) XTALK f = 10 MHz (Note 2) 70 75 - 70 75 - dB
Off-Isolation XTALK g | f = 10 MHz (Note 3) 90 95 - 85 90 - dB

Note!: Frequency peaking of +6 to +8dB between 40 - 60 MHz on 8316/84 16 modules  Frequency is flattened on the 8116/8216 modules and no peaking occurs
Note 2. Sweep on 15 inputs 1 V p-p. 16th input has 75Q to ground
Note 3 Qutput is loaded with one enabled module whose ON input has a 37 5 resistor to ground

2



TYPICAL APPLICATION CIRCUIT

i 2 33 3B --ooeemneemee e 45
O A0
NC —0 A
—O A2
VIDEO O A3
N O— O STROBE
-0 +5V
750 o ENABLE
O +V¢e
L ° e
J_ . i . = +8V
I "L
0.1
330 3 VIDEO
AAA 75 OUTPUT
2-10pF %
NOTE: = L
All pins marked G must be grounded -
GND all unused video inputs must be grounded ’ whended anmpiliers are
EL2030, EL2020,
* FREQ. S 330 1 CLC410. VA708
Power supply pins are internally bypassed COMP. 0.1
If external decoupling is necessary I
use 0.1 uF. 50 V block capacitors -8V =
GAIN 500
R 1.2kQ. 1% for 8316. 8416 modules only
CAUTION
ELECTROSTATIC
SENSITIVE DEVICES 4
DO NOT OPEN PACKAGES OR HANDLE
EXCEPT AT A STATIC-FREE WORKSTATION
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Measuring Up To Broadcast
(Differential Gain and Phase)

by John Francis and Paul Moore, Design Engineers, Video/Broadcast Products

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 tomeasure
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
aremeasured for 20 IRE units of color subcarrier superimposed
on aluminance signal which varies from blanking level (O IRE)
to white level (100 IRE).

INFORMATION NOTE

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, awell-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 12.5IRE units per [EEE 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 | .060 -.250 -.161 -.464 -375
0 179 -.029 i 150 -.250 -.071 -.464 -.286
0 .268 -.029 .239 -.250 .018 -.464 -.196
0 .357 -.029 | 328 -.250 107 -.464 -107
0 446 -.029 | 417 -.250 .196 -.464 -.018
0 .536 -.029 i .507 -.250 .286 -.464 072
0 625 -.029 | .596 -.250 375 -.464 161
0 ‘ 714 -.029 I .685 -.250 464 -.464 i .250
‘ | ;
| l

where white level = 100 IRE = 0.714 V (when DC coupled)
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ADDRESS 701

HP3478A
DIGITAL MUL TIMETER

HP87544

ANALYZER

. } ADDRF $S 723

’ TSI e

ADDRESS 706

INPUT
BNC CABLE CONNFCTOR J1

FLLE
MAG/PHASE

OuUTPUT

] NETWORK

HPOB1E

08748-6000¢

DESK COMPUTER PROGRAMMING
CONNECTORS
. 81202883
REFERENCH
PLANE EXTENSION R
CABI F PROGRAMMING
CONNECTOR
1HPB748A
SPARAMLIER
TEST SET
ADDRESS 707 HPBESBA

SIGNAL GENFRATOR

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 ASCli-to-Parallel Converter
HP9816 Computer
HP2225A  Think Jet Printer

The signal generator is programmed to provide a stable
andaccurate color subcarrier of user-definable frequency
and amplitude. This reference signal is applied to the
inputof the S-parameter test set and thereby to the 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 toread the measurement over the General
Purpose Interface Bus (GPIB).

As shown in Figure 2, software running on the 9816
computerleads 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

¢) blanking and luminance levels.

I Setup system addresses & initialize bus ]

Y

Define test conditions |

1
[S—

| Setup for measurement
I For 1 =110 100 I

L

!

*_._I Close relay to blanking level & read datﬂ

!

IClose relay to luminance level & read dalﬂ

LCalculate difference and update average ]

E— o ]

| Display result and test conditions J

!

Next Last
Measurement?

Repeat

Fig. 2 Flow Chart of Differential Gain and Phase
Measurement Program.



10uH 10uH
Blanking Level Luminance Level
l ” Relay Switch
L gy 220Q y
Control Bit 39Kk
ol i
from /O Port ] T
1000 - AC Line Driver
Coupling 50Q
50Q
2-55
50Q AL
Device CL
100Q Under =
— Test

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 program takes one measurement at each level and
calculates the changein 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 therefore improve the accuracy of the
measurement.

The output from the device under testis AC coupled to a buffer
amplifier which drives the 50Q line to port 2 of the S-parameter
testset. AC coupling allows the buffer to operate ata 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 notresulting
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 of 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

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
same time. |f 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 are inpartcoupled to the input 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 butinterferes 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, DMOS
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 o OUTPUT
O— B our O
edIN2
t
| T CONTROL
——e O
Figure 1

The signal causes the switches to alternate between Input 1
and Input 2. IN 1istied to ground by a 75 € 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
side shows the same points when the switch is togaled back
fromIN2to IN 1.

In the buffered CMOS example of Figure 2, an output giitch
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 ﬁ T L

L j L 4

INPUT e ™M
(5 mv/div) ,/W\/ v |
U T !

[t p— + 1

0 i

o | ‘

OUTPUT IS —
(200 mv/div) | \ }i i /\/W i
| i |

L I i S E— J

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 andclearly 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-ti

exceeds 70 ns

~o ~ AN + A~ i o~
t me

INPUT o
(100 mv/div) | \/‘ 1 _

OUTPUT
(200 mV/div) \

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 - | |
(1 mV/div)

+ + t e e + + 1
outPUT | /\ Vg \—— /\ AN~
(10 mV/div) U \/ ~ \] \/ N

S ! ! L { ! I L

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 ONto 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
couldbeinterpretedas sync pulses by subsequentequipment
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 in avideo 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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Comparison of 4x1 Video
Crosspoint Switches

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

INFORMATION NOTE

A Laok at Parameter and Qperating 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.

INO O j??
N1 O >

l/ﬁ/l\ —=°
N2 O lﬁ( ouTPUT
IN3O- >

2 TO 4 DECODER
LOGIC

A0 CHIP —
A1 SELECT cs

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
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.

4 AN ana AN
1. QA424 VS GA414

PARAMETER UNITS GX424 GX414
Maximum supply current (mA) 18 14
Output offset voltage range (mV) -20 to +30 -2t0 +12
Maximum offset drift puv/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) 100 to 350 130 to 270
Chip selection (turn-on time) (ns) 150 to 450 200 to 400
Maximum differential gain (%) 0.1 0.05
Maximum differential phase (deg) 0.05 0025
Max. insertion loss at 10 kHz (dB) 0.06 0.05
Minimum 3 dB bandwidth (MHz) 80 90
(C_ =30pF)
/“'sr\:"\;r\’w At Q ANid-> /HE\ ‘/’\_A'C FSralE]
CGain spread at 8 MHz (dB) C.46 +0
(C_=30pF) -0.12
Min. OFF isolation at 10 MHz ~ (dB) 90 100
Min. all hostiie crosstalk (dB) 92 94
at 5 MHz
Minimum siew rate (CL =0 pF) (V/us) +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 ali 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) +06 +035
matching (chip-to-chip)

Gain spread at 8 MHz (dB) +025 +0.1
Typical slew rate (CL =0pF)  (Vius) +40 +120
-100
Relative cost higher
Table 2

COMPARISON 3: GX434 vs GX414

The parameters and operating characteristics of the GX434
most closely resemble the GX4 14, 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 +07
Max. supply current (mA) 1.5 14
Min. 3 dB bandwidth (MHz) 100 90
(CL =30 pF)
Gain spread at 8 MHz (dB) +0.06 +0.1
-0.04
Typical slew rate (CL =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-
nected to pin 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. Thisis 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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Comparison of 16x1
Video Multiplexer

by J. lan Ridpath, Senior Applications Engineer, Video & Broadcast Products

INTRODUCTION

This document presents comparative technical information
between the Gennum GX414 video crosspoint switches
and the various DCMOS products offered by Siliconix Inc.
as usedin 16x1video 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.

INFORMATION NOTE

THE GENNUM GX414 SOLUTION

The desired 16x1 configuration is simply implemented
using four GX414 video crosspointintegrated 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
e 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)
1 - PCB approx. 2" x 5"
Total parts count = 20

*

See Gennum Data Sheet 510-38

_[” = 4.
3 - o| A0
b ADDRESS
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SELECTS | 74HC130 | | LATCH Lo s
= —to| A3
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5 0| ENABLE
v,
I—I‘—O Ve
o s
O
‘f—I——O GND
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O
pan| out -0 VIDEO
L2 J ouTt
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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.

o

1 (+12V) I

o—

oa— o AD
o= 2
ot+— -0

o L IN 1 o A3
o— LEVEL

o— DG-536 ser ) L

a— GND — I VIDEO QUT
= i

°or— ] o STROBE
o= © DISABLE
o o ENABLE
o1

= —>t4 EFFECTIVE
L DECOUPLING <
(3V)

—0 v,
Fig. 2 Circuit Diagram of the DG-536 16x1 Multiplexer

The MOS bilateral channels require buffering at their
inputs in order to prevent the flow of signal and switching
transients from output to input. The buffers are also
necessaryinordertoreducethelarge 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
- 16 way connectors (video inputs)
- 4 way connector (address)
- 6 way connector (power. video out. control)
-PCB - (5" by 4"

BN Vs

Total parts count = 93

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
ordertomake a 16x1 matrix, two DG-538 integrated circuits

0O
O+
o
O+
O+
o ENABLE
O
o
o
o
o]
Z: otV
o4 —0 GND
O
o1
o4
. N G
SHIFTER
— 4 o V..
l X2 I N
|

Fig. 3 Circuit Diagram of a DG-538 16x1 Multiplexer

are necessary. A small amount of external logic is required
inordertoselecteach 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 - 74HCO02 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
duetoreduced capacitances and channel ON resistances.

,,,,,,,,,,I,, o4V
16 ADDRESS I x4

= LINES

gurrer $——fDG-540
X 16
ouTS

MC 1451483

N
LEVEL ouT
SHIFTER
Xa
0 Vi,

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.

Atfirst 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 MC14514B, will perform the Address Selection,
Enable and Strobe functions. This deviceis 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" by 4")

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"

" VeeT BV Vg 5V, T, = 25°C,
(one crosspoint selected. all buffers on I. = 1 mA)

FVpp=+12V. Vo, =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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Frequency Peaking Compensation
of the GX414 and GX424

il ‘

by J lan Ridpath. Senior Apphications 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 re-
quirements for the above specifications. For wide bandwidth
and high bit rate data applications, the frequency/flatness
performance 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 system using the GX414 and GX424 Video
Crosspoint 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
circuits 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.

—O +Vee

INO—K
4 out
= ;CS #2

cs 3mAN #3
#4

O.v

EE

Fig.1  Enabled Crosspoint Equivalent Circuit

L
R Vo

¥ 44Q 180 nH
v
! I Cloao

Fig.2  Output Impedance Model

APPLICATION NOTE

The transfer function of this network is

1
;o Vo _ c
S v 82 + S( R \‘+ 1
L/ L
This transfer function has a pair of complex conjugate poles
with 1

foo= 2
° 7 on e

The frequency response peaks when Q >1/v2 at a frequency
equalto f , butitis maximally flat when Q = 1/v2.

and Q

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/¥2. 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.

INT —
[pp— TO OUTPUT
' _}—’ BUFFER
: .———3_‘
R 5-GX414's
N — <]
|
, C_=4x15pF
E —, = 60pF
—
'
[—
[ — 5}___.

IN20 ———

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.

Document No. 510 - 39

GENNUM CORPORATION P.0. Box 488, Stn A, Burlington, Ontario, Canada L7R 3Y3 tel. (416) 632-2996 fax: (416) 632-2055 telex: 061-8525
Japan Branch: 301 Aoba Bulding, 3-6-2 Takanawa, Minato-ku, Tokyo 108, Japan tel. (03) 441-2096 fax: (03) 448-8931

2-85



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;

=(\V2).V180 nH ohms
V65pF
which yields; R = 74.4 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

44 82 188 87 gure «), 1 aca ust te

added in series with the output in order to make the total resis-
tance equalto 74.4 Q. 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.

vin
20 ;

i 1 RJ:OQ/
15 C = 60pF |

05 //
g 0 -
i ~
O 05
Rd: 33{2\\
-10 T \
15 N\
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25 L

0 10 100
FREQUENCY (MH.)

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-d 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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FREQUENCY (MHz7)
Frequency Responses due to a Change
of Capacitor Values

Fig. 5

Precise modelling has been done yielding far more accurate
results. The effectonthe frequency response ofany 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 tomeasured results. APSpice NETLIST is available on

nnnnn Aiale fram Manm Ar angiotines tha o

uuppy disk from Gennum for assistir g uie by;u:‘ll\a Lﬂlyll ieer
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 ca-
pacitances between 10 pF and 100 pF.
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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.

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
iscommon toalloutputs, 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 th

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.

||(1h the switch and resis-

nen ana resis

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 amplifier specifically designed for
use in video applications. The NE-5539 is an ultra-wideband
operational amplifier having an external frequency

compensation pin.
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o DECODER
vo HINo v 14
L2{GND A A0
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vi 4 1
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8v
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6 1 JE—
Loy v ——— 7 ERRee
7
va 1IN0 Lvp4
$-21GND A o[i3
Vs 3IINT A1 "f LOGIC Ve ¢ 5V
4
UanD  CSf
V6 5[IN2  ouTHS
I Lolonp  Nel2
v7 N3V
75 75§ é . 01
75 75
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$-21GND A ofl3
Vo 3Ny AIP2
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Vit AT vE
L
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8V
01, +8V
it
1 14
V12 > INO v 3
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3 12
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+GND  cs "é
via SN2 ouT|
B 9
—{ GND NCr—
vis DN v
L
75 75 f S—E N
75 75
' -8V
i
NOTES

Pin 9is NC ( no connection - pin is floating)
Unless otherwise shown all capacitors are in uF
and all resistors are in ohms

Fig. 8

01

i

GAIN

16 x 1 Video Crosspoint Circuit
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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 connectedtothe
W

SRSRSTENTRY o

16 x 1 crosspoint circuit and the variabie circuit elements wi

ADDRESS 701

——

B

HP2225A DIGITAL MULTIMETER

1 HP3478A
PRINTER ‘

\

\

|
7

HP8754A
NETWORK
ANALYZER

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

equency pearing were 1
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Fig. 9

Test Set-up



The lag-circuit tnmmer, 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.
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Fig. 10 Ampilifier 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.
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Fig. 11 Amplifier and Switch Response
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 toatleast 35 MHz for the NE5539 and atleast 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
switChin ins syslern at the coiour ourst frequencies ot 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, itis important to have a flat response, out to at least
30to 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 GX4 14 and GX424 can be
usedto advantage with a falling response found in most opera-
tional ampilifier circuits in order to flatten the overall frequency
response.

Application engineers at Gennum are more than happy to work
alongwith system designers and will try to answer any customer
questions regarding the GX4 14 and GX424, high performance
Video Crosspoint Switches.
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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 16x1 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

Inaddition to the crosspoint switches, this boardincorporates
address decoding and disable logic and an output buffer
amplifier. With a total parts count of only 28 (excluding
optional DIP sockets and I/0 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 no switching glitches.

“No external buffer transistors are needed in order tokeep 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

CS| A1 ]| A0| OuTPUT
ofofo INO
ofo |1 IN 1
of1 o IN2
o1 |1 IN3
11X | x HI-Z

X = DON'T CARE

APPLICATION NOTE

If more than one device is used, the ADDRESS inputs for each
deviceare simply connectedin parallel. The address selection
bits are AOand 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 Chip Select inputs must be decoded from the two
most significant address bits, A2 and A3. Furthermore, all the
devices must be turned off if none of the 16 video inputs (IN1
to IN16) are required (circuit disabled). This decoding and
disabling is accomplished by one half of an MM74HC 139N
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). Whenthe 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
switches. If these signals are fed from a 75 Q cable, a 75 @
resistor should be installed from the input to ground. in multi-
input applications where the input is driven from a low
impedance buffer ampilifier, these 75Q resistors are not needed.
Allunused 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
selected by address bits AO and A1. Pin 4 of IC5 goes low
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 amplifier, IC6 via the 22 Q 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 € 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;

A3 =1 DISABLE =0

In this case. the fourth switch in IC4 would be activated anc
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 kQ
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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NOTES =

1 Pin 918 NC (no connection - pin is floating)when
using tne GX434 nstall a 33 2 kQ resistor from
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Unless otherwise shown all capacitors are n pF
and all resistors are in ohms

~
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Figure 1

Circuit Diagram of the 16 x 1 Video Multiplexer Board



+VB may be connected to *VCC

The power supply connections for the video buffer amplifier o —_
are independentof the rest of the circuit. The board s laid out | Z E
to accept any of several video buffer amplifiers having the | O o ©
standard opamp pin-outs as shown. Many of these can ™ < | (Doo
operale from the same V. and V,, as does the rest of the < m ‘Jg - [ ]
board. One amplifier recommended however, is the VA708 S ‘e
video buffer from VTC which has a maximum supply voltage L O—
rating of only 6 voiis ‘ @ D o o) (—_—)
< PN Rl N
The power supply voltage for the logic must not exceed 5.25 —_ e} L\ o
volts. This allows the use of either LS-TTL or 5 volt HCMOS. 8 - ~
There is however, an increase of 35 mW power consumption o N 0O
- — o
when LS-TTL 1s used. 5 { »-
<
5431 ] A0-
CONSTRUCTION AND SET-UP } ~ -
i
| w =
Artwork for the PCB is included in this application note along } % D d):o 8
with a parts listand typical performance results. Construction ‘ [v4] < 9 o CDO
is straight forward and should present no real problems. An | % O o (CJ;
etched and drilled PCBiis available from Gennum Corporation ' DA
at a nominal price. Those interested in oblaining a board 4 < - [ ]
| ) o [ -
should contact the Video/Broadcast Products Group at o r-o ey
Gennum. < O Q
, | L T —
Two possible test set-ups are described in this application (@) N O N
note. They are shown in Figures 2 and 3. One uses the on- ‘m' N o)
board buffer amplifier and the other is for use with an external Z —_ ()
buffer. Ineither case. the address and enable logic levels can i: 8 S
be generated by DIP switches or the outputs of shift registers ‘ { »-
and/or latches. If DIP switches are used, pull-up resistors ;z O_
De InCluaea. i
must INClu ‘> m o Q -
Also. if the buffer ampilifier is capable of operating at the same P (03] Z (e
supply voltages as the crosspoints, the appropriate supply 30 - ("; 4 - o
pins can be wired together. This would leave only the logic ) g . [o)) o C e E
-t
VIDEOQ e VIDEO
“‘;’@__Y__, R = St Ny o, V.8 &y Fig. 4 Component Layout on PCB (actual size)
I T nd o
i 7542 AD @—— A0 @——
i ‘? T o o S~ ... PartsList
A3 @—— A3 @—— Description Designation
N o—— N O—— | 1 Printed Circuit Board Gennum Corp (GVB16X1)
RV E VA 4 GX414CD iC Gennum Corp C110iC4
¢ " ' 1 MM74HC139N IC National Ic5
° UNBUFF g_| .
VIDIOUT 1 VA708 or EL2020 or HA2544 video bufter IC IC6
Vs @t Loy ° 11 01puF 100 V block capacitor CltoC11
VIDOUT 88 VIDIOUT ° R 1 2to 10 pF tnmmer capacitor ci12
' VB 0— 5 ° § .,‘LO KQ 4 22Q. V,W. 1% resistors R1to R4
. 2 330Q. 1/4W. 1% resistors RS, R7
e 8Y e 81 680Q. 1/, W. 1% resistor R6
S 1 - 1 1 75Q V4W. 1% resistor R8
= 1 500QPCB mount trimpot R9
Fig.2 Test Circuit 1 Fig. 3 Test Circuit 2 4 14 pin DIP sockets (optional)
(On-board Buffer) (External Buffer) 1 16 pin DIP socket (optional)
1 8pin DIP socket (optional)
NOTE: -VB may be connected to ‘VFr 4 Bwaystip connectors (0.11n.) (optional)
13 PCB connector terminals (optional)
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Test Results

Using test circuit 1 with a VA708 buffer amplifier, the following  Usingtest circuit 2 with no on board buffer amplifier, 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) = 165 mA 1. Positive crosspoint supply current (disabled) = 165mA
2. Negative crosspoint supply current (disabled) = 1.00 mA 2. Negative crosspoint supply current (disabled) = 1.00mA
3. Positive crosspoint supply current (enabled) = 1142 mA 3. Positive crosspoint supply current (enabled) = 1142 mA
4. Negative crosspoint supply current (enabled) = 1074 mA 4. Negative crosspoint supply current (enabled) = 10.74 mA
5. Logic supply current (74LS139) = 7.00mA 5. Logic supply current (74LS139) = 7.00mA
6. Logic supply current (MM74HC139) = 010mA 6. Logic supply current (74HC139) = 010mA
7. Buffer Amplifier positive supply curent = 840mA 7. Total DISABLED power consumption (74LS139) = 562mwW
8. Buffer amplifier negative supply current = 840 mMA 8. Total ENABLED power consumption (74L.S139) = 212mwW
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 mW 10. Total ENABLED power consumption (74HC139) = 178 mW
11, Total DISABLED power consumption (74HC139)= 105 mW 11. Frequency response (crosspoints alone)
12.  Total ENABLED power consumption (74HC139) = 262 mW IN16 +2.0dB = 42 MHz
13.  Frequency response -0.1dB = 20 MHz -1.0dB = 65MHz
-1.0dB = 32MHz -3.0dB = 80MHz
-3.0dB = 42 MHz
6
6
4
4
2 :\ \
2
0 ‘_’/
0 IN16 / A \
2 = 2 g
g 1
“ 2 g
5 g Nt ]
6
-8
IN1E | —T | -8
10
10
12 \ 12
INT 4T
14 14
! 10 100 1 10 100
FREGUENCY (MHz) FREQUENCY (MHz)
Fig.5 Frequency Response of Test Set-up 1 Fig.6 Frequency Response of Set-up 2
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Parameter Netlist for GX414 and GX424

FILE: MODL414.CIR

INPUT MID-CIRCUIT OUTPUT
C1 1 0 1.5P C3 4 5 8P R10 8 11 65
R1 1 2 65 R6 4 7 11.8 R11 11 12 1500
R2 2 3 1500 R3 5 0 100 C11 11 14 0.3P
Cc2 2 4 60P Cé 7 0 2.5P cio 11 16 60P
C4 2 6 0.3P R7 7 8 1.8 Ve 12 16 DC 0
Al 3 4 DC © c7 8 0 10P C13 14 0 2.2P
C5 6 0 2.2P R8 8 9 10K R13 14 0 25
R5 6 0 25 R9 8 10 80 F2 14 16 V2 125
F1 6 4 V1 125 c8 9 0 10 R12 14 16 33K
R4 6 4 33K C9 10 0 15P R14 15 0 20

Ci12 15 16 14P

1

Figure 3 shows how the signal source and load capacitance
are connected to the model.

NETWORK

Flgure 3

The load capacitance between nodes (16) and (0) is specified
as :
CL 16 0 ---P (NOTE 10 pF < CL < 100 pF)

and the input ac source between nodes (1) and (0)is specified
as:

sze 20 0 AC  <amplitude> <phase>
Rg 20 1 75
R 1 0 75

T
(if Rg = R;. then <amplitude> = 2, <phase> =0)

Figure 4

Note that node (20) is the junction of the generator and its
internal source resistance RS‘

The following PSpice® commands are used in this file.

e OPTIONS LIMPTS = 20000, NOMOD,NOPAGE
* AC DEC 50 1MEG 100 MEG

e PRINT AC VDB (16) VP (16)

* PROBE

* END

These allow for the printing in tabular form of the output voltage
in dB and phase in degrees versus frequency from 1 to 100
MHz. The ePROBE statement will allow for the graphical
representation of the output data using PSpice® PROBE.

GX414A & GX434

The variations for the GX414A and GX434 devices are
highlighted below. It should be noted that only one portion of
the crosspoint circuit is altered

For the GX414A, the value of R9is changed from 80 Q2to 55 Q
and the value of C9 is changed from 15 pF to 56 pF. For the
GX434 device, both of these frequency compensation
components are removed.

Figure 4. shows in detail, this area of the crosspoint equivalent
circuit.

GX414/424

GX414A




Parameter netlist for the GX414A  FILE: MODL414A.CIR
As per MODL414.CIR with the following changes.

R9 8 10 55
C9 10 0 56P

Parameter netlist for the GX434  FILE: MODL434.CIR

As per MODL414.CIR without R9 and C9.

The output data generates typical performance curves which
compare favorably with measured results. The spread in
results can be predicted by looking at the GAIN SPREAD
curves on the associated device DATA SHEETS.

This PSpice® design 'tool’ can be used to determine the value
of the series compensating resistor required to flatten the
overall frequency response of a multiplexer system.

(See Application Note No.510-39, FREQUENCY PEAKING

COMPENSATION OF THE GX414 AND GX424, available from
Gennum Corporation).

The application engineersinthe Video and Broadcast Products
Group at Gennum Corporation will assist in answering any
questions or providing any additional engineering information.

Floppy disks with the netlist files are available from the above
source.
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HDTV 8x1 and 10x1
Modular Multiplexers

by lan Ridpath. Senior Applicatons Engineer. Video and Broadceast Group

INTRODUCTION

High definition TV places additional requirements on cross-
point performance in video switching systems. These include
a wider flat frequency response and better high frequency
off-isolation and crosstalk performance. In larger routing
matrices, such considerations as ease of 1/O connections,
expandability and repeatability of system parameters from

APPLICATION NOTE

channel to channel, become even more important
The modular multiplexers described in this application
note. take these, as well as other points. into consideration and

FUNCTIONAL DESCRIPTION

Figures 1 and 2 are functional block diagrams of the 8x1 and
10x1 modules. In both cases, the 1x1 crosspoint iCs are
multiplexed to form the desired circuit configuration.

On the 8x1 version, a single CMOS device performs 3 to 8
line decoding as well as latching using a STROBE input. The
ENABLE input allows the entire module to be selected or dis-
abled in order to facilitate the multiplexing of other modules.

The 10x1 module uses a single BCD-to-decimal decoder
for crosspoint selection. By applying a binary code greater
than 100 1(9), all crosspoint devices can be turned off. This
as inthe 8x1 module, effectively turns off all crosspoints. Both
modules use +5 V suppilies for the crosspoints. The logic ICs
require +5 V only.

CIRCUIT DESCRIPTION

CROSSPOINT DEVICES (see Figures 3 and 4)

Each GX4201 device is a 1x1 video crosspoint characterised
by a low distortion, unilateral signal path consisting of emitter
followers at the input and output with level shifting circuits in
between.

Extemely high off-isolation in the order of 80 dB at 100 MHz
is achieved by internal clamping in the signal path. The input
impedance is extremely high and constant, allowing for multi-
input bussing.

Theinput may be directly driven from cables if aterminating
resistor, equal to the characteristic impedance of the cable, is
connected from input to ground.

The output requires a highimpedance load of at least 10kQ
to maintain the high degree of differential gain and phase,
characteristic of the crosspoint devices.

The device data sheet is available from Gennum corpora-
tion by ordering document number 510-74. It fully describes
the operation of the device along with electrical characteristics
and performance curves.

provide an optimal solution for the video design engineer. The  2-81
multiplexers are realised using Gennum's GX4201 wideband
1x1 crosspoint IC.
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LOGIC DEVICES

The 8x1 module uses a CMOS 74HC237 combination 3 to 8
decoder/latch for crosspoint selection. the 10x1 module uses
a Motorola MC14028B BCD-to-decimal decoder.

Figure 3shows the eight GX4201 devices with their outputs
tied together effectively forming an 8x1 multiplexer. Pin 1 of
each device is an ENABLE input requiring a logic HIGH level
in order to turn on the crosspoint. The logic level is provided
by the 74HC237 device.

Address A, B and C control tt
output goes HIGH for any of the eight address possibilities.

An ENABLE input on the 74HC237 is used to disable the
decoder inputsresulting in allthe outputs goingto a logic LOW
state. This causes all the GX4201 outputs to go to their high
impedance state, effectively disabling the module, simplifying
the multiplexing of additional modules.

All address bits are internally latched by the 74HC237. The
STROBE input is used as the clock for the latches and

operates on the transition from logic LOW to HIGH.

o decoder so that only one
e GEeCOCLTr SC nat eniy one

Ground pins separate each video input, and the video
inputs are situated to one end and in the middle of each
module. It is therefore. straightforward to parallel additional
module inputs.

The video output pinon the 10x1 module is separated from
any input by two ground pins. Furthermore. the output is
broughtout midway between the inputs to maintain somewhat
equal signal path lengths.

Al miaime o imm by e ol Lonmim o i Are bnr et s ot
Al POWET Suppiy anG iogiC iuncClons are Drougnt out at

nct one
end of each module. This allows for simplified multiplexing of

additional modules.

MODULE OPERATION
The Truth Tables shown in Figures
operation of the modules.

7 and 8 describe the

An 820 Q resistor is connected from the negative power T B8 A EN ST ouT D C B A ouT
supply rail to the output. This is a current source for the X X X 1 X H-z 00 0 o0 INO
GX4201 devices X X X X 0 H-Z 00 0 1 IN1

Video is applied to pin 7 of each crosspoint. The adjacent 0 g o 0 f INo g g 1 ? I:i

. . i
pins are connected to ground in order to maintain a high 3 \ ; g ¥ ‘:; o1 o o N4
degree of channel to channel isolation. The output of each o1 1 0o §ons 01 o0 1 NS
device (pin 4) is connected to the corresponding output of the 10 0 0 F INg 01 1 0 ING
other seven switches. o 1 0o §ows ot 11 N7

Both positive and negative supply voltages are routed to oo e toe o 0 NS

11 1 0 ¥ N7 1o 0 1 INg
eachdevice. CapacitorsC1,C2and C3function as supply rail To 1 o "z
decoupling capacitors. Lo o 11 HI-2

The 10x1 circuit, Figure 4, is very similar to the 8x1circuit Figure 7 1t 1t 0 o0 Hi-2Z
In this case, two additional GX4201 crosspoint devices have o0 HI-Z
been added and the decoding function is performed by the L L
MC14028B. Address bits A,.B,C and D are used for crosspoint Figure 8
selection. As in the 8x1 circuit, the functions of the 820 Q
resistor and the 3 capacitors are identical.

PIN CONNECTIONS
In designing these video multiplexers, careful consideration
was given to assignment of pin connections. Figures 5 and 6
show the resulting pin outs.
8x1 Module
Figure 5 1 4 8 12 16 20 24 28 32
NERERRRRRERRERRRRRRER RN
206)EOOEOOEOOEOOEODEOEOOOE'<>U’0F"\UJO
SE8 86ng6o88 880880888587 T8
Figure 6 10x1 Module
1 4 8 12 16 20 24 28 32 36 40
ERERERRERRRRRRER RN RN
030079003007 003020000200Z0020920020L  Q>P0O0
EEERE-E 1 £ £ EEEEREEEEERELE LA A



Forthe 8x1 version, the module is enabled with alogic LOW on
the ENABLE input, the output reflects the latched input se-
lected by ADDRESS BITS A. B and C when the STROBE input
is returned from a logic LOW to a logic HIGH.

In the 10x1 version, there is no laching and the module is
disabled by applying a binary code greater than 9 to the
address inputs A, B, C and D.

Since each video input is represented by a high imped-
ance, several inputs may be bussed to form multi-input
matrices. It is important in these situations to follow careful
motherboard layout, as well as use ample groundplane.

3.21in.

The bussed inputs should be driven from a stable, low imped-
ance buffer amplifier. In some case, a small value series
resistor at each video input will prevent unwanted R.F. oscilla-
tions.

PRINTED CIRCUIT BOARDS
The printed circuit boards are 0.03125 inch glass epoxy,
double-sided material with one ounce copper.

All componants are surface mounted except for the input/
output pins, which are ‘finger' type leadframes and are sol-
dered to both the componant and ‘copper’ side of the board

IETI. ILAIL TG IL L IL L
15 O TS LI \

Fig. 9 Component Side 8x1

Fig. 10 Copper Side 8x1
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L

NOTE;
All layouts are shown in actual size
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Component Layout 8x1

Fig. 11
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Fig. 13 Copper Side 10x1
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Fig. 14 Component Layout 10x1

285



TESTING PERFORMANCE

Once the assembly of the modules is complete, the task of
testing and evaluating the performance can be achieved
using a suitable test jig.

The jig itself should be constructed using careful R.F.
design techniques for the video signal paths. Suitable power
supply decoupling capacitors should be used for each of the
three supplies. Address selection can be made using toggle,
DIP or decoded thumbwheel switches. Each one of the logic
inputs requires a 10 kQ pull-up resistor.

The two test jigs used are shown in Figures 15 and 16.

Critical measuements of differential gain and phase can be
taken using a wideband network analyser such as the Hewlett-
Packard4195A. Avideo vectorscope can also be used but will
result in a less accurate measurement.

Asfar as the frequency response is concerned, the network
analyser can be used to produce extremely accurate results.
The advantage of using a network analyser, such as the
4195A, is that a hardcopy piot may be obtained for any
measurement made. Also, the measurement set-up data can
be stored for repeated tests.

8x1 MODULE
1 2 8o e 21 22 23 24 25 26 27 28 29 30 31 32
VIDEG oo = L o sTROBE
— 0O ENABLE
750 ENABLE
o cC
ADDRESS
1 © B} SELECT
0 A
VIDEOQ
0 o by —0 +5V ¢
75 1
2 iy O 5V Ve
I +5V
1 Adjust for = T
Ic =6mA L 44 Other recommended amplifiers are CLC410,EL2030

BFR 96

(See manufacturer's data sheets for
resistor values)

-5V

Fig. 15 Test Jig 8x1

NOTES

1. All logic inputs require a 10 kQ pull-up resistor

2. The BFR 96 current source circuit may be replaced with
an 820 L resistor to V. This will result in a slight
increase in insertion 10ss

All capacitors are chip type. 0.1 uF/50 V



The buffer amplifier shown is an NE5539 ultra wideband
operational amplifier. Other amplifiers such as the Elantec
EL2030 and the Comlinear CLC 110 unity gain buffer and the
CL410 video output buffer gave similar results. (It should be

ramambarad that tha cinna | bk

thin e
remermoereG wmatl e signar paun

without the modules is
initially normalised before any measurements are taken with
the network analyser).

Where this is not the case, the amplifier should be adjusted

to have a flat frequency response, to at least 100 MHz.

In order to measure off-isolation and all-hostile crosstalk, of
the modules themselves, the inputs must be extremely well
shielded and careful attention must be paid to the lead dress.
When using the network analyser, the measurements involve
applying a +15 dBm signal to the OFF switch in order to
maintain the noise floor below 100 dB. This level must be
reduced to -20 dBm for tests on ON switches.

Figure 17athrough 17f show typical results obtained using
the test jigs described here

10x1 MODULE
1234151617 18 19 .31 32 33 34 35 36 37 38 39 40
I'F HITH H
VIDEO = | = = = = N
INO ——O0 D
—— 0 ¢
750 ADDRESS
e — Y20
O A
0 5V Ve
VIDEO 7 01
IN9 I
© .5V vV,
750 0.1 o

Adjust for
Ic =6mA

il

BFR 96

-5V

Fig. 16 TestJig 10x1

Other recommended amplifiers are CLC410,EL2030
(See manufacturer's data sheets for
resistor values)

+5V

i

NOTES

1. Address inputs A, B, C, D require 10 kQ pull-up resistors

2. The BFR 96 current source circuit may be replaced with
an 820 Q resistor to V. This will result in a slight
increase in insertion loss.

3. All capacitors are chip type, 0.1 uF/50 V.
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Typical Test Results for the 8x1 and 10x1 Modular Multiplexers
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APPLICATION CIRCUIT INFORMATION

Basic 8x1 and 10x 1 video multiplexers can be implemented
using circuits similar to the test jigs. Figures 18, and 19 show
circuits of two other output buffers that can be used with the
modules.

Fig.18 EL2030 Buffer Amplifier Circuit

Fig. 19 CLC410 Buffer Amplifier Circuit

Both of them have exceptional differential gain and phase
performance combined with a wide flat bandwidth. The gain of
each amplifier was set to +6 dB in order to compensate for the
loss through the combination of the 75 Q back matching
resistor and the 75 Q load.

In both appliications, each VIDEO INPUT on the modules
must be tied to ground with a low value resistance usually
equal to the characteristic impedance of the input cable from
the connector back plane. Inthis case the video can be either
AC or DC coupled. In many applications however, DC
restoration takes place before the signal goes into the cross-
point switch.

The DC restorer quite often uses an operational amplifier at
it's output. This amplifier can be tied directly to

the VIDEO INPUT pin of the module without using a terminat-
ing resistor. A word of caution however, must be said at this
point.

The internal circuitry of the GX4201 limits the useful input
signal excursions. In a positive direction, the maximum
voltage should not exceed +3 V and the negative excursion
should not exceed -2 V. The device specifications indicate
that the absolute maximum limits are +5.5 and -5.5 V.

Itis important then, to never allow the output of any driver
stage to exceed these limits. This may occur if one of the
power supplies feeding the amplifier, fails. It is recom-
mended that some form of clamping or protection is consid-
ered in these applications.

Since the VIDEO OUTPUT from the modules is high im-
pedance when the module is disabled, it is very easy to
connect one output to another to form a wider, n x 1
multiplexer.

It is possible with the modules described, to produce
wider matrices for router cores. The 8x1 modules can be
expanded to form, for example, 8x8 systems. Similarly, the
10x1 modules can be usedto produce physically small sized
10x10 matrices.

Conclusions

The modules described in this application note can be used
as stand-alone multiplexers for both NTSC/PAL broadcast
and any HDTV format applications. In addition, by virtue of
their size, their performance and the SIP pin outs, they may
be used to form larger n x m, professional video matrices.

The high quality characteristics of the GX4201 devices
assure virtually 'straight wire' performance of any video
switcher in which they are used.

Additionalinformation on the various crosspoint products
manufactured by Gennum Corporation may be obtained
from the Application Engineer of the Video Braodcast
Products Group.
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Modular 16 x 1
Video Multiplexers

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

INTRODUCTION

There are several important considerations that must be
addressed when designing high performance video
switching systems. These include the ease of input/output
signaltracking, the ease of multiplexer expansion in order
toform large routing matrices, system crosstalk and the
repeatability of system parameters from channel to
channel.

APPLICATION NOTE

The modular multiplexers described in this application
note, take these, as well as other points, into consideration
and provide an optimal solution for the video design
engineer. The 16x1 circuits are realised using four Gennum
GX434 or GX214, 4x1 crosspoint ICs and two CMOS logic
control ICs.

FUNCTIONAL DESCRIPTION

Figure 1isafunctional block diagram of the 16x1 module.
The four 4x1 crosspoint ICs are multiplexed to form the
16x1 circuit. On-board chip selectlogic and enable logic
is combined with a 4 bit latch in order to provide positive
crosspoint selection. When the ENABLE line is HIGH., all
crosspoint devices are disabled, producing a high
impedance tri-state output.

Crosspoint selection is achieved by applying the
appropriate four bit datatothe addressinputs, AO through
A3 and pulsing the STROBE input. When the STROBE is
held LOW, the latches are transparent and the address
data flows directly to the crosspoint devices. In this
manner, synchronous switching is achieved by using
both the ENABLE and STROBE inputs.

CIRCUIT DESCRIPTION (see Figure 2. page 2)

1. CROSSPOINT DEVICES

Each GX434 or GX214 device, (IC1 through IC4) is a 4x1
video multiplexer having on-chip address decoding, and
chip selectlogic. The unilateral signal path consists of emitter
followers at the input and output with level shifting circuits in
between. Extremely high off-isolation is achieved by internal
clamping in the signal path. The input impedance at each
buffered input is extremely high, allowing for multi-input
bussing.

The inputs may be directly driven from cables if a
terminating resistor, equal to the characteristic impedance of
the cable is connected from the input to ground.

The output requires a high impedance load of at least 10
k€ to maintain the high degree of differential gain and phase
characteristic of the crosspoint devices. The use of any
number of high performance video buffers will allow the
module to drive low impedance loads.

The device data sheets are available from Gennum
Corporation (order document number 510-38 for the GX434
devices and document number 510-55 forthe GX214 devices).
They fully describe the operation of the devices along with
electrical characteristics and performance curves.

IN2O——— 4! —O

CHIP
IN3 O———
SELECTS ~ ADDRESS ouT

DECODER
L 4 BIT LATCH

N O 4x1

o
IN14O o EN A3 A2 Al A0 ST

2. LOGIC DEVICES
IC51s a 74HC 139, 2 to 4 decoder, selecting which of the four
crosspoint devices is to be enabled.

A logical LOW from the decoder outputs is applied to the
appropriate CHIP-SELECT input on each device.

Address bits A2 and A3 control the decoder sothat only one
output goes low for any of the four address possibilities.
Selection of the four crosspoint switches within each crosspoint
device is determined by the two address bits A0 and A1.

An ENABLE input on the 74HC139 is used to disable the
decoder inputs, resulting in all the outputs going to a logic
HIGH state. This causes all the GX4 outputs to go to their high
impedance state, effectively disabling the module, simplifying
the multiplexing of additional modules.

All address bits are latched by IC6, an MC4042 4-bit latch.
This device has a STROBE input which can either be positive
or negative acting. The polarity is determined by the logic level
on pin 6. In this circuit application, pin 6 is tied to ground
resultinginthe latching action occuringonthe STROBE transition
from LOW to HIGH.

Document No. 510-85-1
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JAPAN BRANCH: 301 Aoba Building, 3-6-2, Minato-ku, Tokyo 108, Japan tel. (03) 441-2096
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Fig. 2 16x1 Video Multiplexer Circuit

PIN CONNECTIONS

In designing this 16x 1 video multiplexer, careful consideration
was given to the assignment of pin connections. Figure 3
shows the resulting pin-outs the 16 inputs are
separated by a ground pin in order to maintain a low degree of
crosstalk.

Each of

The video output (pin 35), is separated from the inputs

45 PIN SIP (all versions)
COMPONENT SIDE

Figure 3

by the two crosspoint power supply pins. These supplies
are normally +8 V but can be as high as +12 V.

The control logic inputs and the associated +5 V logic
supply are all brought out at the opposite end of the video
inputs. Inputs to other modules may be conveniently paralleled
using this SIP format

Key for Pin Connections

IN = video input NC = no connecticn

G = ground V, = logic supply voltage
\/(t(/ = positive supply voltage EN = enable

Vi, = negative supply voltage ST = strobe

Out = video output A = address input



MODULE OPERATION

The Truth Table shown in Figure 4 describes the operation of
the module. A logic HIGH on the ENABLE input overrides all
other control inputs, resulting in the module being disabled
and the video output going to a high impedance state.
Thus,other module outputs may be directly interconnected to
form an expanded multiplexer such as a 32x1 etc.

When the module is enabled with a logic LOW on the
ENABLE input, the output reflects the latched input selected by
ADDRESS BITS AQ through A3 when the STROBE input is
returned from a logic LOW to a logic HIGH. Since each video
inputis represented by a high impedance, several inputs may
be bussed to form multi-input matrices. It is important in these
situations to carefully layout the motherboard using sufficient
groundplane.

The bussed inputs should be driven from a stable, low
impedance buffer amplifier. In some cases a small-value
series resistor at each video input will prevent unwanted RF
oscillations.

PRINTED CIRCUIT BOARD AND CIRCUIT OPTIONS

The printed circuit board may be either 0.0625in. or 0.03125in.
thick glass-epoxy, double sided material with one ounce
copper. Figure 5 shows the traces on the two sides of the
board. All components are surface mounted except for the 45
input/output pins. They are ‘finger’ type leadframes and are
soldered to both the component and ‘copper’ side of the
board. Figure 6 details the component placement. When the
GX434 devices are lised resistors RA through R are included
to set up currents in the devices in order to match the signal
path delays from chip to chip. They are not needed on the
GX214 devices and are replaced by a short circuit.
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Fig. 4 Truth Table

R1 through R4 are used at the output of each GX434 in order
to flatten the frequency response. The GX214 does not use
these resistors and they are replaced by a short circuit as well.

This produces frequency peaking which is a characteristic
ofthe crosspoint devices. Inthis case, the frequency response
is flattened by using the roll-off characteristics of the external
output buffer to compensate the natural peaking of the cross-
points.

As well, R1 through R4 may be omitted on the GX 434
version and replaced with short circuits. Again this will result
in frequency peaking but now at a high amplitude and at a
higher frequency. This may be easily compensated, as before,
by the external buffer but now producing an even wider
bandwidth flat response.
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TESTING AND PERFORMANCE EVALUATION

Once the assembly of the modules is complete. the task of
testing and evaluating the performance can be achieved using
a suitable test jig.

The jig should itself be constructed using careful R.F. de-
sign techniques for the video signal paths. Suitable power
supply
decoupling capacitors should be used for each of the three
supplies. Address selection can be made using toggle. DIP or
decoded thumbwheel switches. Each one of the logic
inputs
requires a 10k Q pull-up resistor

Critical measurements of differential gain and phase can
be done using a wideband network analyser such as the
Hewlett Packard 4195A. A video vectorscope can also be
used but will result in a less accuate measurement.

Asfaras the frequency responseis concerned, the network
analyser can be used to produce extremely accurate results.
The advantage of using a network analyser such as the 4195A
is that a hardcopy plot may be obtained for any measurement
made. Also, the measurement set-up data can be stored for
repeated tests.

Figure 7 shows the circuit of the test jig used in the lab at
Gennum.

The buffer amplifier shown is an NE5539 ultra wideband
operational amplifier. Other amplifiers, such as the Elantec
EL2030 as well as the VTC VA708 have been used and have
given similar results. (It should be remembered that the signal
pathisinitially normalised before measurements are taken with
the network analyser).

In order to measure off-isclation and all hostile crosstalk, of
the module itself, the inputs must be extremely well shielded
and careful attention must be paid to lead dress. When using
the network analyser, the measurements involve applying a
+15dBm signal to the OFF switch in order to maintain the noise
floor below 100 dB. This level must be reduced to -20 dBm for
tests on ON switches.

The following graphs are typical results obtained from
measuring 15 engineering prototypes. Both the GX434 and
GX214 modules were tested using the same jig. The GX214
version requires an external 1500 resistor from the Video O/P
to Ve,

Note: This current source is internal on the GX434 devices. Also, the
1500 Q resistor (R5) can be mounted as a chip resistor on the GX214
module itself if no other modules, with their own resistors. are to be
paralleled

VIDEO
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A0

Al

A2

A3
STROBE
+5V
ENABLE

+Vee

A —

it

—0 Vee

All capacitors in pF.
all resistors in Q,
unless otherwise stated

* Used on GX214 version only

Fig. 7 Test Jig Circuit
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Fig.8 Typical Test Results for the GX434 and GX214 Modular 16x1 Multiplexer
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Fig. 9
NES539 Buffer
Amplifier Circuit

Fig. 10
EL2030 Buffer
Amplifier Circuit

Fig. 11
VA708 Buffer
Amplifier Circuit

APPLICATION CIRCUITS AND INFORMATION

A basic 16x1 video multiplexer can be implemented using a
circuit similar to the test jig shown in Figure 7. Figures 9, 10 and
11 show circuits of the three different output buffers used to
evaluate the module. All of them have good differential gain and
phase performance combined with a wide flat bandwidth. The

gain of each amplifier was setto +6 dB in order to compensate for

the loss through the combination of the 75 Q back matching
resistor and the75 Q load

In this 16x1 application, each VIDEO INPUT must be tied to
ground with a low value resistance, usually equal to the
characteristic impedance of the input cable from the connector
back plane. In this case the video can be either AC or DC coupled.

In many applications however, DC restoration takes place
before the signal goes into the crosspoint switch

The DC restorer quite often has an op-amp at its output. This
amplifier can be tied directly to the VIDEO INPUT pin of the module
without using a terminating resistor.

A word of caution must be said at this point. The internal
circuitry of the GX434 limits the useful input signal excursions. In
a positive direction, the maximum voltage should not exceed
+2V andthe negative excursion should notexceed-1.2volts. The
device specifications indicate that the absolute maximum limits
are +2.4 and -4 volts. It isimportant then, to never allow the
output of any driver stage to exceed these limits. This may occur
if one of the power supplies feeding the amplifier, fails. It is
recommended that some form of clamping or protection is
considered in these applications

The situation for the GX214 devices is not as critical since the
maximum positive signal excursionis +5V. The maximumnegative
excursion remains the same.

One solution is to clamp the video at the output rather than at
theinput. The variation in DC offset from one crosspoint to another
in the module is only £7 mV, centred around +7 mV for the GX434
version.

The DC offset for the GX214 module is much wider, ranging
from -45 to -120 mV. Thus, output DC clamping is imperative.

Since the VIDEO OUTPUT from the modules is high impedance
when the module is disabled, itis very easy to connect one output
to another to form a wider, n x1 multiplexer.

Figure 12 shows a 32 x1 set-up using two modules. A few
points are worth mentioning when multiplexing additionalmodules.

The typical output capacitance of the GX434 module is
60 pF. The same parameter for the GX214 module is 48 pF.
Therefore, any additional module connected to the output bus will
add the amount of capacitance mentioned.
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Since the amount of peaking in an emitter-follower is  CONCLUSIONS

affected by the load capacitance, any other modules on the
output will alter the new system frequency response. If no on-
board frequency peaking compensation is included on the
modules. then the final frequency response can still be
tailored by the roll-off frequency response of the output
amplifier.

For the compensated GX434 module, this cannot be done.
The 27 Q on-board resistors that were used at the output of
each GX434 device, were chosen to flatten the response while
the module was driving a high impedance buffer amplifier with
virtually no input capacitance.

New, however, if an extra €0 gF is connccted to the cutput,
the response will roll-off at a much lower frequency. It is re-
commeneded that the on-board resistors be removed from the
GX434 module when it is to be used as part of a wider nx1
multiplexer system.

On the other hand, when the modules are to be used in
a 16 x nmatricies. the above problem does not occur because
each output is from only one module. The only problems that
may occur for wide-input matricies are, the possibility of insta-
bility due to poor input driver performance, or, long input cable
or lead lengths.

As mentioned before, this problem can usually be over-
come by adding a small series resistor (100 Q2 max.) as close
as possible to each input.

The convenient SIP pin-outs on the module mean that all
inputs can be easily paralleled from one module to another. As
long as sufficient groundplane is provided along the input bus
paths, these modules may be used in wide input/output matri-
cies. A practical example would be a 16x16 system.

In this case, module selection would be controlled from a
microprocessor using the ENABLE and STROBE inputs with
appropriate buffering and data latching.

It is possible with the modules described, to produce
a 16 x16 router core with dimensions. of only 5x 7 inches, ex-
cluding input/output buffers and logic.

The modules described in this application note can be used as
stand-alone multiplexers for both broadcastand CCTV applica-
tions. In addition, by virtue of their size, performance and SIP pin
outs, they may be used to form larger n x m, professional video
matrices.

Additional information on the various crosspoint products
manufactured by Gennum Corporation maybe obtained from
the Application Engineer of the Video and Broadcast
Products Group.

References
GENNUM Data Sheets:
GX434: Document No. 510-38
GX214: Document No. 510-55
GENNUM Application Notes:
Frequency Peaking Compensation:
Document No. 510-39
16 x 1 Video Crosspoint EvaluationBoard:
Document No. 510-48

Other Data Sheets:

EL2030: Elantec Incorporated
VA708: VTC Corporation
NE5539: Signetics Corporation.
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T 1 ON

Resonant Mode
Power Supply Controller

FEATURES

e 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

e synchronous overload shutdown with delayed restart

® synchronous overvoltage, undervoltage and remote

shutdown

* soft-start

¢ single-ended or complementary outputs

® drives power MOSFETSs directly ( 0.8 A peak)

® low cost 16 pin DIP or SOIC

ABSOLUTE MAXIMUM RATINGS

Storage Temperature

Parameter Value & Units
Supply Voltage 20V
Undervoltage/Overvoltage Input 04V -6V
Overload Input 04V -6V
Remote Shutdown 04V - Vee
VCO input 04V - Ve

65C < T, < 150C

S

Lead Temperature (soldering 10 sec ) 260 C
Junction Temperature 150°C
Power dissipation at T, <70°C 720 mW
(derate 9 mW/"C for TA >70°C)
TOP VIEW
RSD A4 1 oL
Shutdown PINT 6 - Shutdown
OLRD uvov
Restart Delay o2 BP Shutdown
V,
REF
sy 3 145 Ryge
GND H 4 13 VvCO
SS
12
PGND o 5 » Soft-start
ouTB H 6 11 P Coge
v J - SEO
cc H7 10 Single Output
OUTA o 8 9 b Ton
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 frequency is 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
aetault to soft-start once the tault condition 1s removed.
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ELECTRICAL CHARACTERISTICS

Limits apply over 0 C<T, < 70 C for the GP605CDC and GP605CKC Parameters tested on open 100p test circuit
=25 C<T, < 85C forthe GPE05IDC and GPE0SIKC Typical values are at T, = 25°C
and 55 C<T, <125 C for the GPE05SMDC " Parameters marked with an asterisk ™ are valid only at T,=25 (o}
Ve =12V
[ PARAMETER J CONDITIONS L MIN TYP MAX UNITS J
Chip Supply
Supply Voltage 10 12 20 v
Internal V.. Undervoltage 85 9.0 95 v
Threshold
Threshold Hysteresis 5 - %
Supply Current ™ Undervoltage condition 18 22 24 mA
Voltage Control Oscillator
Maximum Frequency Single output - 2 - MHz
Complementary output - 1 - MHz
Tolerance of f,,y " Fig 6 - - 5 %
Tolerance of f,,, ~ Fig 5 - - 20 %
Temperature coefficient VI 300 600 -900 ppm/°C
Temperature coefficient fun 400 700 1000 ppm/°C
Dead Time Toee - 200 300 ns
Operating Range of VCO Input MAX - 65 - \%
(Pin13) MIN 11 - \
Linearity of the VCO - - +5 %
Internal Pull-up Resistor (Pin 13) * 9.6 12 14.4 kQ
Output Pulse Width T Tolerance * - - +5 %
Temperature Coefficient of Ton 0 400 800 ppm/°C
Output Section
Qutput Risetime 100pF 11 100k€2 foad on - 20 40 n sec
Qutput Falltime OUT A, OUT B - 15 30 n sec
Output Mismatch OUT A & OUT B . Pin 10 SEO open - 5 25 n sec
Output Low Level (sink) ™ OUT Avs OUTB 20 mA - - 07 \
200 mA - - 2.7 \Y
—
Output High Level (source) ~ OUTA&OQUTB 20 mA Ve 25 - - v
-200 mA Vcc -2.8 - - \
Reference Section
Output Voltage ™ 475 500 525 \%
Temperature Stability -200 100 300 ppm/°C
Max Current Capability - 10 - mA




ELECTRICAL CHARACTERISTICS continued

r PARAMETER CONDITIONS L MIN —[ TYP Jj MAX } UNITS
Shutdown Section
Soft-start = (1) Cy=22yF VCO=7V 16 19 22 ms
Overload Restart Delay 2R = 330kQ, C=68uF 1.0 13 16 sec
Propagation Delay to Shutdown @ - 200 300 n sec
Remote Shutdown  (3) Enabled | V. -08 - - v
Disabled - - 3 \
Overload Shutdown (OL) Threshold * 2.84 3.0 3.16 Y
OL Threshold Temp. Coefficient -400 100 500 ppm/°C
OL Hysteresis - 3 - %
OL Trigger Pulse Width 500 - - n sec
OL Input current Range -1 - +15 uA
Overvoltage Threshold Lockout * 2.84 3.0 316V
Undervoltage Threshold Lockout * 1.8 19 2 v
Temp. Coeff. of Thresh'd Voltage -400 100 500 ppm/°C
Hysteresis of the Lockout Voltage - 3 - %
Input Current Range ( Pin 15) -1 - +22 uA
Thermal Impedance 16 pin DIL Plastic Package 6 JC 42 - °C/W
16 pin DIL Plastic Package 6 CA - 70 - “C/W
16 PnSOIC 0 JA - 112 - ~CIw
NOTE:
\T/\ Soft-start time is measured from output enable at minimum frequency
to time at which maximum frequency is reached
47K
2) It the shutdown input is triggered 200 ns before the next output pulse v VWV T T T !
s expected. there will be no pulses. If there is a pulse earlier than - e
200 ns. this pulse 1s completed in tull before the output is disabied h 47K ] c; E; " C.
This is known as synchronous shutdown. a necessary feature in any 3 {22 oFl —-1000F j; .
resonant mode controller " !
D Q RO %
(3} Refer to pin description for current required 22K
: !16 15 |4 B ]2 v jio Jo
oL UVOV Ry VCO SS Co.. SEO T
GP605
RSD OLRD_ 5V AGND_PGND_OUT8B Vec OUTA
Part Number (10 digits) Package Type Temperature Range [EE P 5 lﬁ 7 ls
GP605--CDC 16 Pin DIP 0" 1070° C \2
GP605--CKC 16 Pin SOIC 07 1070° C L - N oF
. ond T 330k T T
GP605--1DC 16 Pin DIP -2571085°C 330K|
{ |
GP605--1KC 16 Pin SOIC 25710 85° C I
68yF v
GP605--MDC 16 Pin DIP -557t0125° C E

ORDERING INFORMATION

OPEN LOOP TEST CIRCUIT

33
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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

Alowonpin 1 shuts 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

cC

174ka
PN 1| 'Rsb
SHUTDOWN ~
SOFT-START [ Vsar
Fig. 7
Vec - Vsat- 0.7
lnsp = ee-VsaT-0.7) 4 iope,

17.4 kQ
For CMOS or bipolar circuitry. the configuration may be:

Vee —

Fig. 8

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

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

Pin 2 (OLRD) - Overload Restart Delay

A 330k€2 + 330k voltage divider in combination with a 6.8 pF
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 tor other
delays.

OVERLOAD
NORMAL
._/
—— SHUTDOWN  ——p
OLRD
4 1SEC —
2R=330Kp
C=68 F
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 s 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

Greatcaremust be takentoensure that grounds are run sothat
any voltage drops from high ground currents are minimized
and do notinterfere with feedback voltages and the reference

Pin 5 (P GND) - Power Ground
Only the outputlransisters 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 Ty - Itiscomplementary to pin 8 (OUT A). For
proper operation, the voltage on the output pins must not go
below ground potential or above Ve by more than 0.5 volts.

Pin7 (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 A is an active low output driver, where the low duration
(pulse width) is Ty @nd is complementary to pin 6.

385



Pin 9 (Tyy) - Pulse Width

The constant pulse width T, is set by a resistor R, and
capacitor C;. This relationship is shown in Figure 2. Ry x C;
should have a temperature 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 < Vfyax- Tore . where Tep = 200 ns typ
(300 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
Fuax where fis the actual operating frequency. Rewriting the
equation as:

TOFF =1f- TON

The GP605 will divide the output frequency by two when ToFF
decreases to 200 ns. This is a failsafe feature to ensure the
pulse width will never be incorrect by limiting f,, . Under
normal operation f,,,. should be limited using Rosc:

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 OUTB can
then be shorted together for increased drive capability.

OPEN

SEO
GND
ouTA :l - |

TO N

Fig. 10

Pin 11 (Cy4) - Oscillator Capacitor

The capacitor COSC on this pin, controls the minimum fre-
quency f,, ,, 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 A GND pin.

Pin 12 (SS) - Soft-Start

A capacitor C¢ on this pin provides a controlled start up from
fminto f,, .y The delay is approximately TTS(ms') =87 CS (uF)
for C4 between zero and 47 uF.

To ensure a full soft-start duration when soft-startis 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

Vo,

[

Fig. 11
The VCO input is designed for an optocoupler feedback
network fromthe 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 fy, ..
Pin 14 (R,4.) - Oscillator Resistor
The resistor Rosc on this pin, controls f,,,.. the maximum
frequency of the VCO operating range. Cosc the capacitor
controlling f,,,,,must be selectedfirst, then refer to Figure 6 for
selection of Ryg For good stability, a 1% resistor with a
temperature coefficient of -600 ppm/°C, is recommended.
Minimum value for Rg. is 10 k.

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..orthe5 V reference 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. On time-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 Vo B +57 Vis still
needed. A convenient voltage is V. /2.

A TYPICAL APPLICATION CONFIGURATION

Figure 12 shows the GP605 as a resonant mode power supply
providing 5 VDC output. L
tank. V. is generated locally for high efficiency, using a start-
up circuit which is biased off aftervCC stabilises. T2 senses the

current in the primary of T3 and provides the overload signal.

and C,, form the series resonant

For more information. request Application Notes 510-62 and 510-63
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AVAILABLE PACKAGING

Fig. 12 Typical GP605 Application

16 pin DIP 16 pin SOIC

CAUTION
ELECTROSTATIC
SENSITIVE DEVICES

DO NOT OPEN PACKAGES OR HANDLE
EXCEPT AT A STATIC-FREE WORKSTATION
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Single-ended ZCS Resonant Mode
Power Supply Controllers

GPB040 and GP6041 PRELIMINARY DATA SHEET

FEATURES

e 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
e low start-up current
® synchronous overload shutdown with delayed soft restart

® synchronous overvoltage, undervoltage and remote
shutdown

e asynchronous shutdown

e soft-start

* single-ended output

e drives power MOSFETs directly ( 1.6 A peak)
e low cost 16 pin DIP or SOIC

ABSOLUTE MAXIMUM RATINGS

Parameter Value & Units
Supply \/onage 20V
Undervaltage/Dvervaitage Innot nay . ev
Overload Input 04V -6V
Remote Shutdown 04V -Veo
VCO Input 04V - Vcc

Storage Temperature 65°C < T < 150°C
Lead Temperature (soldering. 10 sec ) 260°C
Junction Temperature 150°C
Power dissipation at T, <70°C 720 mwW

(derate 9mW / C for T, » 70°C)

TOP VIEW
RSD oL
Shutdown Shutdown
OLRD |, UVOV
Restart delay Shutdown
\ .
RSE\; = K] @ P Ryge
GND 4 13 P veo
Ss
e Y
P GND ' ‘P Soft-start
outs e B S
Voo 10 B ASCH
OUTAH® s p Ton
Pulse Width

PIN CONNECTION
16 PIN DIP

CIRCUIT DESCRIPTION

The GP6040 and GP604 1 are highly reliable. single-ended,
resonant mode power supply controllers. These devices
support zero current switch (ZCS) resonant and quasi-
resonant topologies operating in variable frequency mode.
The pulse width is 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 adjust-ed by an external RC
network.

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

The high operating frequency of up to 3 MHz results in
significant 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 asynchronous shutdown provides emergency OFF for
catastrophic failures. The controller also contains power
Supply undervoilage 1oCkoul, minimizing supply current
during the start-up condition

The GP6040 and GP6041 are upgraded single-ended. pin-
to-pin compatible versions of the GP605. The controller has
been design optimized to support zero current switching
topologies.

cc

r—o GND

OVE RVOLTAGE
UNDERVOLTAGE
REMOTE

— % SS

MONOSTABLE

FUNCTIONAL BLOCK DIAGRAM

Document No. 510-59-4

GENNUM CORPORATION P.O. Box 483, Stn A, Burlington, Ontario, Canada L7R 3Y3 tel. (416) 632-2936 fax: (416) 632-2055 telex: 061-8525
JAPAN BRANCH: 301 Acba Building, 3-6-2, Minato-ku, Tokyo 108, Japan tel. (03) 441-2096 fax: (03) 448-8991
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Part Number (10 digits) Package Type

Temperature Range

GP6040-CDC 16 Pin DIP
GP6041-CDC
GP6040-CKC 16 Pin SOIC
GP6041-CKC
GP6040-EDC 16 Pin DIP
GP6041-EDC
GP6040-EKC 16 Pin SOIC
GP6041-EKC
GP6040-MDC 16 Pin DIP
GP6041-MDC

0"t070°C

0't070°C

-40°t085° C

-40°t0 85° C

-55%t0 125° C

ORDERING INFORMATION

ELECTRICAL CHARACTERISTICS

Limits apply over

0°C<T, < 70°Cfor the GP6040/41CDC. and GP6040/4 1CKC

47K ‘CC
5v ’
B Cs Co 10-
7K 220l _LarpF 100pF <F o
7( T T 47K
10K }g
RO .
2K
16 15 4 13 12 1 10 |9
OL  UVOV Rosc vco  SS Cosc ASCH Toy|
GP6040 / GP6041
RSD. SV GND PGND OUTB Vec _OUT A
12 3 4 s |6 7 |8
o
[} o
i 4
owf[ Tigd R + 0.14F
330K Tane T
|
¢ 1
6.8)F ZVCP

OPEN LOOP TEST CIRCUIT

Parameters tested on open loop test circuit

Typical values are at

Ta=25°C

40°C < T, ; 85°C for the GP6040/41EDC, and GPE040/41EKC
B5°C<T, < 125°C for the GP6040/4 1MDC *  Parameters marked with an asterisk* are valid only at Tp=25C
PARAMETER CONDITIONS ’ MIN ' TYP ‘ MAX J UNITS I
Chip Supply
Supply Voltage 10 12 20 V
Chip Enable V. Threshold * - 13.0 - v
V¢ Undervoltage Lockout ” - 9.0 - %
Supply Current Vee=11V (WY condition) - 2 5 mA
Vee =12V 18 24 26 mA
Voltage Control Oscillator
Maximum Frequency 24 3 - MHz
Tolerance of f,, " CO =100pF V,cq=10 vV - - +5 %
Tolerance of f, ., * Ry= 12kQ Vico= 0V - +20 %
Temperature coefficient  f,,,y RO = 12kQ Co =100 pF -400 -700 -900 ppm/°C
Temperature coefficient ~ f, R;= 47kQ C,=100pF 600 900 1100 ppm/°C
Dead Time Tore - 90 ns
Operating Range of VCO Input max - 6.5 v
(Pin13) min - 1.1 \
Internal Pull-up Resistor (Pin 13) ~ 9.6 12 14.4 kQ
Output Pulse Width T, Tolerance ™ |R; = 4.7 kQ  C, = 100 pF +5 %
Temperature Coefficient of T, [T, =500ns| GPE040 -200 B PPM/°C
GP6041 -780 ! ppm/“Cv—




ELECTRICAL CHARACTERISTICS continued

BRAMETER i CONDITIONS MIN TYP MAX UNITS
Output Section
Output Risetime 100pF 11100 k€2 load on O, 10 30 ns
Output Falltime (See Fig. 7) 10 30 ns
Output Low Level (sink)” oyrg = 20mMA - 07 v
: Iyt = 200MA - 22 \Y
Output High Level (source)* loure = -20mA cc20 - v
lour s = ~200mA cc22 \Y
Reference Section
Output Voltage™ lyer = 10MA 4.75 5.00 5.25 v
Temperature Stability -200 100 300 ppm/°C
Maximum Current Capability ‘ : - 10 mA
Shutdown Section
Prop. Delay to Sync. Shutdown (1" 300 400 ns
Remote Shutdown Trigger Level Enabled « Vcc -0.8 - \
! Disabled - 3 Y
Remote Shutdown Current Trigger” 250 - HA
Overload Shutdown (OL) Threshold’ ‘ 3.04 3.2 | 3.36 \
OL Threshold Temp. Coefficient -400 100 500 ppm/°C
OL Hysteresis - 3 - %
OL Trigger Pulse Width 500 - - ns
OL Input Current Range (Pin 16) -1 +15 pA
Overvoltage Threshold™ Lockout 1 3.04 32 | 336 Y%
Undervoltage Threshold” Lockout - 19 - 20 \
Temp. Coeff. of Thresh'd Voltage -400 100 . 500 ppm/°C
Hysteresis of the Lockout Voltage - 4 Lo %
Input Current Range ( Pin 15) -1 - 422 HA
| |
Propogation Delay to Asynchronous | ‘
Shutdown’ (ASCH) i - 70 - 100 ns
ASCH Threshold Lockout” | 3.32 3.5 \ 3.68 \
Input Current Range (Pin 10) i ‘ -1 L o+22 HA
Thermal Impedance 16 pin DIL Plastic Pack. q JC | - 42 | °C/W
16 pin DIL Plastic Pack. g CA" - 70 ‘ °C/W
112 - °CIW

16 Pin SOIC q JA

NOTES

’1 ) if the shutdown input is triggered 200 ns (typ.) or earlier (e.g. 300 ns)
before the next output pulse is expected, there will be no pulses. If the
shutdown input is triggered between 200 ns and the time the output pulse is
on the output pin, this pulse will be completed in full before the output is

disabled
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TYPICAL PERFORMANCE CURVES OF THE GP6040 AND GP6041
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Fig. 4 VCO Frequency vs Input Voltage
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Fig. 6 Overload Restart Delay
GP6040/41

For all graphs. Vcc = +12 volts DC and T, = 25 °C. The curves shown above represent typical batch sampled results.
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PIN FUNCTIONS

Pin 1 (RSD) - Remote Shutdown

A low level (or in current mode - high sink current) on Pin1
synchronously shuts down the GP6040 or GP6041. When the
pin is released ( in current mode - zero current), the controller
goes to soft-start. If remote shutdown is not used, leave Pin 1
open. InFig. 9 the simplified remote shut down internal circuit

is shown.

The transistors T1 and T2 con-
stitute the current mirror. To acti-
vate shutdown it is necessary to
source from the GP6040 o1
GP6041 current IRSD = 250 pA
(min). The ability to choose be-
tween current or voltage mode
shutdown allows for operation in
a noisy environment. Figure 10
shows some sample applications
for the shutdown external circuits.

SHUT 1
SOFT DOWN ¥
START [__ -Vgar

: A

pn1| Tnis

Figure 9

Pd (mW)

70

Ambient temperature

Fig. 8

Tp (€)

Pin 2 (OLRD ) - Overload Restart Delay

Thisinput sets the overload restart
delay if pin 16 (Overload sense) is
activated. Timing starts when the

overload is removed; upon time-out,

soft-start begins. RefertoFig. 6to

select proper value of the capaci- r-a0k r

tor. Recommended value of the
bias resistor is 330kQ. For over-
load restart delay time it makes no
difterence it the capacitor is con-
nected to the ground or to the Vee
line. However if the capacitor is

Fig. 11

150

connected to the ground, during initial power up condition, the
soft-start will be delayed by the time equal to the overload
restart delay time. If the capacitor is connected to the Vicline,
soft-startfollows only 1ms internal delay time (necessary to sta-

bilise +5V reference line).

Figure 10




Pin 3 (Vgee) - +5V Reference

The 5% tolerance regulator is used to power most of the
internal circuity. It can be used as a reference for external
circuity as long as the load is less than 10mA. Fora 1%
tolerance regulator contact Gennum's Power Products
Department.

To improve noise rejection ratio it is recommended to
decouple pin 3 to the logic ground with a 2.2 pF tantalum
capacitor in parallel with a 0.1uF ceramic capacitor

Pin 4 (GND) - Ground

Great care must be taken to ensure that grounds are run so
that any voltage drops from high ground currents are
minimised and do not interfere with feedback voltages and
references.

Pin5 (PGND) - Power Ground

Only the output transistor should be connected to the
power ground, to minimize interference with the logic
circuity. GND and PGND are to be connected outside
the package. The connection point should be carefully
chosen and decoupled.

Pin6 (OUT B) - Output B

The GP6040 provides an active low fixed pulse width
output. The GP6041 provides an active high fixed pulse
width output. For the risetime and falltime characteristics
refer to Fig.7

Pin7 (V) - Supply Voltage

The power supply trace must be decoupled as close to
pin7 as possible. Currents of 1.6A levels may be drawn by
the GP6040 and GP604 1. Minimum recommended decou-
pling is 10 pF tantalum capacitor in parallel with 0.1 pF
ceramic capacitor

The controlleris equipped with a low startup current circuit.
The hysteresisis adjusted as follow: turnonat 13V (typ)and
synchronous turn off if the voltage drops to 9 V (typ). The
threshold voltage of the hysteresis was chosen to make
controller compatible to its predecessor GP605. If diff-
erent threshold voltages are required contact Gennum'’s
Power Products Department.

Pin 8 (OUTA) - Output A

This output has all basic characteristics identical to the
Output B (pin 6) but is connected into it through a 1.5Q
(£10% ) serial resistor. Such a configuration allows for
eliminating the series resistor in some applications. Itis still
possible to join Output A and Output B together

Pin9 (Tg,,) - Pulse Width

The constant pulse width T, is set by a resistor R, andca-
pacitor C.. This relationship is shown in Fig.1 for GP6040
and Fig. 2 for GP6041. R. x C; should have a temperature
coefficient of +200 ppm/°C (GP6040) and +750 ppm/-C
(GP6041) for best stability. The T, time is generated by

a monostable multivibrator and may have any required dura-
tion. The only limit is the minimum value of the resistor R, 2
3.3 k€ due to the current capability of the pin 9. The mon-
ostable works in re-triggerable mode. It means that if the
maximum frequency set by external components is higher
than specified in description of the pin 14.the T, t time remains
constant. however the frequency will divide by two. This
feature could be used as an inherent current limit. Under
normal operation f,,,, should be clamped by proper choice
of the resistor Rosn'

Pin 10 (ASCH) - Asynchronous Shutdown

This input is added in place of the single-ended input used on
the GP605. In zero current switching topology it may prevent
transistor damage in some catastrophic failures ( eg. short
output diode). The triggering level of the asynchronous
shutdown is set in such a way that it is possible to use it
simultaneously with the overload sense circuit.

In ZCS topology ASCH input is meant to be used in emer-
gency situations only. There are two ways 1o reset the asyn-
chronous shutdown. By disconnecting the V. line or by
forcing pin 10 to the level below 0.5V. The release of the asyn-
chronous shutdown does not provide any of the soft-start
features. For soft-start options, connect pin 10 to either the
OVUV or OL synchronous shutdown pins. The reset functionis
not available on early release devices marked 'PRE" on the top
of the package.

Pin 11 (Cqg) - Oscillator Capacitor

The capacitor on this pin, C ;. controls the minimum frequency
fran Of the VCO operating range. The capacitor C,, must be
selected as the first component of the oscillator section. Refer
to Fig. 5 for selection. For good stability a capacitor with a
temperature coefficient of -750 ppm/°C is recommended.

Pin 12 (SS) - Soft-Start
A capacitor Cggon this pin provides a controlled start-up
from £, tothe frequency setby the VCO input. The delay is
approximately = 06 x Ry x Cy
where Css - soft slart capaoﬁtor

Rss - external resistor (if resistor not usec 8 = 5 1 M 20%)
Thevalue of the C is not limited. Toensure a full soft-start after
UVOV fault, itis necessary to have the fault present for half the
soft-start time (to ensure discharge of the C , capaci tor).

Pin 13 (VCO) - Voltage Controlled Oscillator Input

The VCO input is designed for an optocoupler feedback
network from the secondary (output) side of the power supply.
An internal 10 k€ (typ.) pull-up resistor is provided but an
external resistor may be used if a lower value is required. The
control characteristic is shown in Fig. 4 .

Pin 14 (Ryqc) - Oscillator Resistor
The resistor on this pin, R. controls  f,,,,. the maximum
frequency of the VCO operating range. Refer to Fig. 3 for



selection of R . This resistor should be selected after C,was
chosen. The use ofa 1%, zero temperature coefficient res|stor
is recommended for good stability. Minimum value for R,
8.2k Q . For normal operation the maximum frequency should
be set no higher than:
1

Ton+Tor
where T - COnstant pulse width

Ty - dead time specified in the data sheet.
If this requirement is not fulfilled the controller divides the
output frequency by two.

fmax <

Pin 15 (UVOV) - Undervoltage/Overvoltage Shutdown

This input is a window comparator. A higher or lower voltage
than the thresholds specified will
synchronously shutdown the Vi
power supply until the input volt-

age falls within the window again, R
at which point the GP6040 or
GP8041 goes into Soft-Start. If 15
Pin 15 is not used. it must be tied

to V. via a voltage divider gener- R9

ating a bias voltage which falls

within the window. The maximum

input voltage on this pin is 6YV. To adjust the shutdown
hysteresis levels use an additional resistor connected to the
+5V line.

3
5V REF

R15

uvov

CPrNaQ

AVAILABLE PACKAGING
16 PIN DIP AND 16 PIN SOIC

The value of the resistors can be calculated from the equa-

tions:

(Vo x V¢) (Vu x V)

R15 = i x R8
(Vu xV ino) - (Vo xVinu)
Ro - R8 x Vyx (Vo - V)
X (Vino - Vinu + Vu Vo) + (Vo x Viny - Vy X Vino)
where VO - the GP6040/41 overvoltage threshold lockout

\Y u -the GP6040/41 undervoltage threshold lockout

\ - reference voltage

\ - requested line overvoltage lockout

\ - requested line undervoltage lockout
Pin 16 (OL) - Overload Input

A voltage exceeding the specified threshold on this pin will
cause the GP6040 or GP604 1 to synchronously shutdown and
activate the overload restart delay function. This delay starts
when the input voltage drops below the threshold. On time-out
Soft-Start begins.  The maximum input voltage on this pin is
6V. If Pin 16 is not used, short it to ground.

CAUTION
ELECTROSTATIC
SENSITIVE DEVICES <9
DO NOT OPEN PACKAGES OR HANDLE
EXCEPT AT A STATIC-FREE WORKSTATION
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1||||mm“ | GENINUM Resonant Mode

CORPORAT I ON
Power Supply Controllers

GPB050 and GPB0O51 TENTATIVE DATA SHEET

FEATURES CIRCUIT DESCRIPTION

e frequency range of 1 kHz to 3 MHz The GP6050 and GP6051 are highly reliable, complementary
output, resonant mode 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
* pulse width set by a resistor and capacitor 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

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

® low start-up current

e synchronous overload shutdown with delayed soft restart frequency is varied by a feedback voltage over an operating
« synchronous overvoltage, undervoltage and remote range. Maximum and minimum frequency is set by an external
shutdown resistor and capacitor. Fixed pulse width is adjusted by an
external RC network.
o soft-start
e complementary outputs The complementary totem pole outputs have 0.8 A peak

current capability. The GP6050 provides active low driver 30“!7

¢ drives power MOSFETSs directly ( 0.8 A peak
P Y peak) output. The GP6051 provides active high driver output.

* low cost 16 pin DIP or SOIC
The high operating frequency of up to 3 MHz results in

ABSOLUTE MAXIMUM RATINGS significant reductions in EMI noise and minimizes the size of
the required magnetic and capacitive components in the
Parameter Value & Units power supply.
Supply Voltage 20V

Included on the chip are peripheral functions such as soft-
start, undervoltage/overvoltage lockout, remote shutdown and
Overload Input 04V -6V overload shutdown with delayed restart. All but one shutdown
Remote Shutdown 04V Ve modes are synchronous (the last output pulse is completed),
and default to soft-start once the fault condition is removed.

Undervoltage/Cverveitage input S4AV -6V

VCO Input 04V -Vee )
) o The controller also contains power supply undervoltage lock-
Storage Temperature 65°C < Tg < 150°C out, minimizing supply current during the start-up condition.
Lead Temperature (soldering, 10 sec ) 260°C
Junction Temperature 150°C
Power dissipation at TA <70°C 720 mwW
(derate 9 mW /°C for T, > 70°C) 2 START-UP 70 Vee
OLRDO—— CIRCUITS
SYNCH.
oL o [ o
TOP VIEW — 1 [oveRvoLTAGE 12
A\ OL (SHUTDOWN RSD 0— UNDERVOLTAGE 125 sS
RSD (SHUTDOWN) ={PIN 1 16 | OLC ) REMOTE

15
OLRD (RESTART DELAY) of 2 15 |3 UVOV (SHUTDOWN) uviove
Veer 6V 3 14 Posc veoo MONOSTABLE
R
GND 4 13 B osc
g vco oo m 5 R
5 P FLIP
P GND of 12 B SS (SOFT START) . . A —

ouTB g 6 1" pc | s
o ASCHoL2__|ASYNCHRONOUS ——=0 POWER GND
VeeH 7 10 P ASCH SHUTDOWN
3 sV — 6. ——
OUTA = s 9 P Top (PULSE WIDTH) V rer © REGULATOR ___i)—o ouTB

PIN CONNECTION
16 PIN DIP

FUNCTIONAL BLOCK DIAGRAM

Document No. 510-58-2

GENNUM CORPORATION P.O. Box 489, Stn A, Burlington, Ontario, Canada L7R 3Y3  tel. (416) 632-2996 fax: (416) 632-2055 telex: 061-8525
Japan Branch: 301 Aoba Building, 3-6-2 Takanawa, Minato-ku, Tokyo 108, Japan tel. (03) 441-2096 fax: (03) 448-8991
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| GP6050/GP6051

enp GUTR

Vee OUT A

i

e

OPEN LOOP TEST CIRCUIT

ELECTRICAL CHARACTERISTICS

Parameters tested on open loop test circuit

Typical values are at T, = 25°C

AVAILABLE PACKAGING

16 pin DIP

16 pin SOIC

CAUTION
ELECTROSTATIC
SENSITIVE DEVICES

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

PARAMETER CONDITIONS MIN I TYP I MAX UNITS
Chip Supply
Supply Voltage 10 12 20 v
Chip Enable \/CC Threshold - 11 - \Y
Vi Under Voltage Lockout 8.5 90 95 %
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 12 15 - MHz
Tolerance of ,“MAx Fig. 6 - - +5 %
Tolerance of f,, Fig. 5 - - +20 %
Temperature coefficient ;’MAX -300 -600 -900 ppm/°C
Temperature coefficient fMlN 400 700 1000 ppm/°C
Dead Time TOFF - 100 125 ns
Operating Range of VCO Input MAX - 6.5 - v
(Pin13) MIN - 11 - v
Linearity of the VCO - - +5 %
Internal Pull-up Resistor (Pin 13) 9.6 12 14.4 k€2
Output Pulse Width T Tolerance - +5 %
Temperature Coefficient of Ty 0 400 800 ppm/*C




ELECTRICAL CHARACTERISTICS continued

ITDARAMETER CONDITIONS MIN TYP ‘ MAX UNITS l
Qutput Section
Output Risetime 100pF 11 100k€2 load on - 20 40 nsec
Output Falltime QUTA OUTB - 15 30 n sec
Output Mismatch OUT A & OUT B . Pin 10 SEO open - 5 25 nsec
Qutput Low Level (sink) OUT Avs OUTB 20mA - - 0.7 Vv
200mA - - 22 \Y
Output High Level (source) OUTA&OUTB -20mA - - V(:c'? Vv
-200mA - VCC 2.2 \
Reference Section
Output Voltage 475 5.00 5.25 \
Temperature Stability -200 100 300 ppm/°C
Max Current Capability - 10 - mA
Shutdown Section
Soft-start (1) Cy=22yF, VCO =7V 16 19 22 ms
Overload Restart Delay 2R =330kQ. C=68uF 10 13 16 sec
Propagation Delay to Shutdown (3) - 200 J 300 n sec
Remote Shutdown (2) Enabled V.08 - - %
Disabled - - 3 \
Overload Shutdown (OL) Threshold 284 30 316 Y
OL Threshold Temp Coefficient -400 100 500 ppm/ C
OL Hysteresis - 3 - %
OL Trigger Puise Width 500 - - nsec
OL Input current Range -1 - +15 pA
Overvoltage Threshold Lockout 284 3.0 3.16 \Y
Undervoltage Threshold Lockout 18 19 20 \
Temp Coeff. of Thresh'd Voltage -400 100 500 ppm/°C
Hysteresis of the Lockout Voitage - 3 - %
Input Current Range ( Pin 15) -1 - +22 pA
Thermal Impedance 16 pin DIL Plastic Package 8 JC 42 - "CW
16 pin DIL Plastic Package 6 CA 70 “CW
16 Pin SOIC 0 JA 112 - *C/W

NOTES

@ Soft-start time is measured from output enable at minimum
frequency to time at which maximum frequency is reached

@ Refer to pin description for current required

Rewision Date April 1990

@ If the shutdown input is triggered 200 ns before the next output
pulse s expected. there will be no pulses. If there is a pulse earlier
than 200 ns. this pulse 1s completed in full before the output s

disabled

This is known as synchronous shutdown. a necessary feature in
any resonant mode controlier
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| GENINUM

CORPORAT.

Single-ended ZVS Resonant Mode
Power Supply Controllers

FEATURES

frequency range of 1 kHz to 3 MHz

operating frequency range (max.) set by a resistor,

and (min.) by a capacitor and resistor

low start-up current

soft-start

single-ended output

low cost 16 pin DIP or SOIC

pulse width set by a resistor and capacitor

overload shutdown with delayed soft restart

overvoltage/undervoltage shutdown

drives power MOSFETs directly ( 1.6 A peak)

ABSOLUTE MAXIMUM RATINGS

Parameter

Value & Units

Supply Voltage
Undervoltage/Overvoltage Input
Overload Input

Remote Shutdown

VCO Input

Storage Temperature

Lead Temperature (soldering, 10 sec.)
Junction Temperature

Power dissipation at T, < 70°C
(derate 9 mW /°C for T, > 70°C)

20V
04V -6V
04V -6V
04V 'VCC
04V -V,
65°C < Ty < 150°C

260°C

150°C

720 mW

TOP VIEW

RSD N 7 ’
soutaowr = PN 6P
oD o 2 1 b5 wov
Restar deiay 5 P Snotdown
vret 3 =1

& A 14 osc
GND =] 4 1 b veo
= s$
pann = 5 2 P S
oot s 0 B
V(:(‘ 7 10 P RMN
NC o 8 9 b= Ton
Pulse Wicth

PIN CONNECTION

16 PIN DIP

GP6140 and GP6141 PRELIMINARY DATA SHEET

CIRCUIT DESCRIPTION

The features of the GP6140 and GP6141 are specifically
designed to support the Zero Voltage Switching (ZVS) topolo-
gies. The controllers support resonant and quasi-resonant
circuits operating in variable frequency, fixed pulse mode. The
pulse is held constant while the frequency is varied by the
voltage on the VCO input. The maximum frequency is set by
an external resistor, and the minimum is determined by a
capacitor and resistor combination. The fixed pulse width is
set by a resistor and capacitor network

The controllers feature such peripheral functions as soft-start
from the maximum frequency, undervoltage/overvoltage shut-
down with delayed restart. The power supply undervoltage
lockout minimizes supply current during the start-up condition

The Zero Voltage Switching operation results in an even higher
reduction of switching losses in the power transistor. Due to

the high frequency operation a cost reduction of the main
power components can be achieved.

FUNCTIONAL BLOCK DIAGRAM

START UP 7 Vee
2 CIRCUITS ©
OLRD O7—
—4 SHUTOOWN r— f—# GND

,..___‘_20 SS

6
oL OVERLOAD

1 | OVERVOLTAGE L_JF_L-/
RSD O— UNDERVOLTAGE

—— —

[Vele) 13 vco J—_* MONOSTAELEL

GP6140
6

out

Document No. 510 - 87-1
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Japan Branch: 301 Aoba Building, 3-6-2 Takanawa, Minato-ku, Tokyo 108, Japan tel. (03) 441-2096 fax: (03) 448-8991
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47K
Part Number (10 digits) Package Type Temperature Range v ‘L\M ! SRR ?
Css 1 J l
GP6140-CDC 16 Pin DIP 0°to 70° C 47K 22Ni c.
GP6141-CDC B 1000F jvﬂ(
10K
GP6140-CKC 16 Pin SOIC 0°t0 70" C RO §
GP6141-CKC 2K
16 15 J14 13 2 11 Im [
GP6140-EDC 16 Pin DIP -40° 10 85° C OL  uvov Rosc veo  ss Gan Bun Ton
GP6141-EDC
GP6140 / GP6141
GP6140-EKC 16 Pin SOIC -40°to 85" C o
GP6141-EKC | RSD_QLRD 5V GND  PGND NC |
1 2 3 4 5 7 8
GP6140-MDC 16 Pin DIP -55°10 125° C

GP6141-MDC

ouT  Vec
6
onpf] Tiopr R . 0 1uF

TanF T

ORDERING INFORMATION

12v(.

OPEN LOOP TEST CIRCUIT

ELECTRICAL CHARACTERISTICS

Limits apply over

0°C<T, < 70°C for the GP6140/41CDC, andGP6140/41CKC Parameters tested on open loop test circuit
-40°C<T, < 85°C for the GP6140/41EDC, and GP8140/41EKC Typical values are at T, = 25°C
-55°C < T, < 125°C for the GP6140/4 IMDC * Parameters marked with an asterisk* are vaiid only at T,=25C
PARAMETER CONDITIONS MIN I TYP l MAX UNITS J
Chip Supply
Supply Voltage 10 12 20 v
Chip Enable V. Threshold * - 13.0 - \%
V¢ Undervoltage Lockout * - 90 - \Y
Supply Current Voo =11V (UV condition) - 2 5 mA
Veg =12V 18 24 26 mA
Voltage Control Oscillator
Maximum Frequency 24 3 - MHz
Tolerance of f,.. * Cq = 100 pF Vyco = 10V - - +5 %
Tolerance of f,, . * Ro= 12kQ Vyco = 0V - - +5 %
Temperature coefficient Fuax Ry=12kQ Cg =100 pF -400 -700 -900 ppm/°C
Temperature coefficient fun Ry =47kQ C;=100pF -400 0 400 ppm/°C
Dead Time Torr ™ - 90 - ns
Operating Range of VCO Input max - 8 - \
(Pin13) min - 3 - \
Internal Pull-up Resistor (Pin 13) * 9.6 12 14.4 k€2
Output Pulse Width T Tolerance * | R, =4.7kQ  C; =100 pF - - +5 | %
Temperature Coefficient of T Ton = 500 ns GP6040 - -200 - ppm/°C
GP6041 - -780 - ppm/°C




ELECTRICAL CHARACTERISTICS continued

[ PARAMETER CONDITIONS MIN T TYP [ MAX UNITS
Output Section
Output Risetime 100 pF Il 100 k2 load on OUT | 10 30 ns
Output Falltime (See Fig. 7) - 10 30 ns
Output Low Level (sink) * Ioyr = 20mA - 07 \Y
lOUT = 200 mA - N 22 v
Output High Level (source) * loUT = -20mA Ve 20 - - \
Ioyr = -200mA Ve 2.2 - - \
Reference Section
Output Voltage * Ipge = 10mMA 4.75 5.00 5.25 \Y
Temperature Stability -200 100 300 ppm/°C
Maximum Current Capability - 10 mA
Shutdown Section
Prop. Delay to Shutdown - 300 400 ns
Overload Shutdown (OL) Threshold * 3.04 3.2 3.36 \
OL Threshold Temp. Coefficient -400 100 500 ppm/°C
OL Hysteresis - 3 - %
OL Trigger Pulse Width 500 ns
OL Input Current Range (Pin 14) -1 +15 A
Overvoltage Threshold Lockout * 3.04 3.2 3.36 \
Undervoltage Threshold Lockout * - 1.9 2.0 \
Temp. Coeff. of Threshoid Voltage -400 100 500 ppm/°C
Hysteresis of the Lockout Voltage - 4 - %
Input Current Range ( Pin 13) -1 +22 A
Thermal Impedance 16 pin DIL Plastic Pack. 6 JC - 42 - °C/W
16 pin DIL Plastic Pack. 6 CA - 70 - °C/W
16 Pin SOIC 6 JA - 112 - °C/W
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TYPICAL PERFORMANCE CURVES OF THE GP6140 AND GP6141
For all graphs. V.. = +12 volts DC and T, = 25 °C. The curves shown above represent typical batch sampled results
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PIN FUNCTIONS

Pin 1 (RSD) - Remote Shutdown

Alow level (orin currentmode - high sink current) on Pin1 shuts
down the GP6140 or GP6141.

When the pin is released ( in

current mode - zero current),

the controller goesto soft-start. 77’7\' T

Ifremote shutdown is not used, T T’{”

leave Pin 1 open. InFig. 9 the o~

simplified remote shut-down /| 1.5 :‘:‘0" L_J/

internal circuit is shown. 1T Lo
The transistors T1 and 72 250

constitute the current mirror. r

To activate shutdown it is *

necessary to source from the Fig. 9

GP6140 or GP6141 current

Ipgp=250pA (min). The ability

to choose between current or voltage mode shutdown allows
for operation in a noisy environment.

Pin 2 (OLRD ) - Overload Restart Delay

This input sets the overload restart delay if pin 16 (Overload

sense) is activated. Timing starts

when the overload is  removed; Vee

upon time-out, soft-start begins.

Refer to Fig. 6 to select proper value

of the capacitor. Recommended 330=k

value of the bias resistor is 330 kQ.

For overload restart delay time, it 2
: . . OLRD

makes no difference if the capacitor

is connected to the ground or to the

V¢ line. However if the capacitor is

connected to the ground, during initial power-up condition, the

soft-start will be delayed by the time equal to the overload

restart delay time. If the capacitor is connected to the V. . line,

soft-start follows an internal delay time of 1ms (necessary to

stabilize +5 V reference line).

Fig. 10

P, (mW)
800

o

600

400

200 | Lot

Fig. 8 Power Dissipation GP6140/41

Pin3 (Vgee) - +5V Reference
The 5% tolerance regulator is used to power most of the
internal circuitry. It can be used as a reference for external
circuitry as long as the load is less than 10 mA. For a 1%
tolerance regulator contact Gennum's Power Products De-
partment

To improve noise rejection ratio it is recommended to
decouple pin 3 to the logic ground with a 2.2 pF tantalum
capacitor in parallel with a 0.1 puF ceramic capacitor.

Pin4 (GND) - Ground

Great care must be taken to ensure that grounds are run so that
any voltage drops from high ground currents are minimized
and do not interfere with feedback voltages and references.

Pin5 (PGND) - Power Ground

Only the output transistor should be connected to the power
ground, to minimize interference with the logic circuitry. GND
and PGND are to be connected outside the package. The
connection point  should be carefully chosen and de-
coupled.

Pin6 (OUT ) - Output

The GP6140 provides an active low fixed pulse width output
and low level in the standby condition. The GP6141 provides
an active high fixed pulse width output and high level in the
standby condition. For the risetime and falltime characteristics
refer to Fig.7.

Pin7 (V) - Supply Voltage

The power supply trace must be decoupled as close to
pin 7 as possible. Currents of 1.6 A levels may be drawn by
the GP6140 and GP6141. Minimum recommended decou-
pling is a 10 pF tantalum capacitor in parallel with 0.1 uF
ceramic capacitor.
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The controller is equipped with a low start-up current circuit.
The hysteresis is adjusted as follows: turn on at 13 V (typ) and
turn off if the voltage drops to 9 V (typ).

Pin 8 (NC) - Not Connected

Pin9 (T - Pulse Width

The constant pulse width T, is set by a resistor R; and
capacitor C,. This relationship is shown in Fig.1 for GP6140
and Fig. 2 for GP6141. R, x C, should have a temperature
coefficient of +200 ppm/°C (GP6140) and +750 ppm/°C
(GP6141) for best stability. The T, time is generated by a
monostable multivibrator and may have any required duration.
The only limit is the minimum value of the resistor R, > 3.3 k€2
due to the current capability of the pin 9. The monostable
works in re-triggerable mode. It means that if the maximum
frequency set by external components is higher than specified
in description of the pin 14, the T time remains constant,
however the frequency will divide by two. This feature could be
used as aninherent current limit. Under normal operation f,,
should be clamped by proper choice of the resistor R ..

Pin 10 (R,,,\) - F\yn Oscillator Resistor

The resistor on this pin, R, . together with the oscillator
capacitor, C,,.,, on pin 11 controls the minimum frequency
(fynn) Of the VCO operating range. The resistor Ry and
capacitor Crqu- must be selected as the first components of

the oscillator section. Refer to Fig. 5 for selection.

Pin 11 (C,,) - fyn Oscillator Capacitor

The capacitor on thispin, C,, . together with oscillator resistor
on pin 10, Ry, controls the minimum frequency (fyn) Of the
VCO operating range. The capacitor, C,, . and resistor Ry,
must be selected as the first components of the oscillator
section. Refer to Fig. 5 for selection.

Pin 12 (SS) - Soft-Start

A capacitor CSS on this pin provides a controlled start-up
from f,,,4 10 the frequency set by the VCO input. The value
of the C4 is not limited. To ensure a full soft-start after UVOV
fault, it is necessary to have the fault present for half the soft-
start time (to ensure discharge of the C. ¢ capacitor)

Pin 13 (VCO) - Voltage Controlled Oscillator Input

The VCO input is designed for an optocoupler feedback
network from the secondary (output) side of the power supply.
An internal 12 k€ (typ.) pull-up resistor is provided but an
external resistor may be used if a lower value is required. The
control characteristic is shown in Fig. 4 .

AVAILABLE PACKAGING

16pin DIP 16 pin SOIC

Pin 14 (Ryc) - Oscillator Resistor
The resistor on this pin, R, controls fMAX . the maximum
frequency of the VCO operating range. Refer to Fig.3 for
selectionof R ;. Thisresistor should be selected after C,, ,,and
Ry is chosen. The use of a 1%, zero temperature coefficient
resistor is recommended for good stability. Minimum value
for Ry, is 8.2 kQ. For normal operation the maximum
frequency should be set no higher than:

1
Ton+Tor

fmax <

where Toy - CONstant pulse width

Ty - dead time specified in the data sheet

If this requirement is not fulfilled the controller divides the
output frequency by two

Pin 15 (UVOV) - Undervoltage/Overvoltage Shutdown

This input is a window comparator. A higher or lower voltage
than the thresholds specified

will shutdown  the power Vin
supply until the input voltage

falls within the window again,
atwhich point the GP6140 or R15
GP6141 goes into soft-start. 15
If Pin 15 is not used, it must

be tied to V. via avoltage R9
divider generating a bias

voltage which falls within the

window. The maximum input

voltage on this pinis 6 V. To

adjust the shutdown hysteresis levels use an additional resistor
connected to the +5 V line.The value of the resistors can be
calculated from the equations:

R15 = (Vo xVr) - (Vu xVg) « R8

(Vu xV ino) - Vo xV Ny

R9 = R8 x VRX_(VO - ij -
Ve x (Vino - Vinu + Vu - Vo) + Vo x Vinu - Vu x Vino)

3
5V REF

uvov

GP6040

Fig. 11

where V - the GP6140/41 overvoltage threshold lockout
vV,  -the GP6140/41undervoltage thresholdlockout
vV,  -reference voltage
Vi o -requested line overvoltage lockout
V yu - requested line undervoltage lockout

Pin 16 (OL) - Overload Input

A voltage exceeding the specified threshold on this pin will
cause the GP6140 or GP6141 to synchronously shutdown and
activate the overload restart delay function. This delay starts
when the input voltage drops below the threshold. On time-out
Soft-start begins. The maximum input voltage on this pin is
6 V. If pin 16 is not used, short it to ground.

CAUTION
ELECTROSTATIC

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

SENSITIVE DEVICES

REVISION DATE Agr 1990



CORPORATI ON

() senmum

Resonant Mode
Power Supply Controller

FEATURES

»

frequency range of 10 kHz to 1 MHz

»

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

*

pulse width set by a resistor and a capacitor

»

synchronous overload shutdown with restart delay

*

synchronous overvoltage, undervoltage
and remote shutdown

»

soft-start

*»

single-ended or complementary outputs

»

drives power MOSFETSs directly

»*

low cost 16 pin DIP or SOIC

TOP VIEW
D s/ — OL
OLRD = uvov
DIOB 3 fosc
GND = vco
DIOA = = ss
ouTB 9 Cog
Ve, 3 SEO
oyTA = 2 Ton
PIN CONNECTION
16 PIN DIP
CAUTION
ELECTROSTATIC

SENSITIVE DEVICES

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

La

LD405 DATA SHEET

CIRCUIT DESCRIPTION

The LD405 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 feed-
back 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 LD405
into single-ended operation. In this mode the frequency

is doubled and the two outputs are identical so they can be
paralleled for increased drive capability. The high oper-
ating frequency of up to 1 MHz results in significant reductions
in the size of the required magnetic and capacitive
components. 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 default to soft-start once the fault condition is removed.

ORDERING INFORMATION

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

CORPORAT. I

Ml

Current Mode
PWM Controller

FEATURES

¢ optimized for off-line control

¢ internally trimmed temperature compensated oscillator
* maximum duty-cycle clamp

* V¢ stabilized before output stage is enabled

® low startup current

* pulse-by pulse current limiting

* improved U/V lockout

* double pulse suppression

* 1% trimmed bandgap reference

* high current totem pole output

GP2842 DATA SHEET

CIRCUIT DESCRIPTION

The GP2842 series of current-mode control ICs are
available in an 8 pin mini-dip package. They provide all
the features necessary to implement off-line, fixed
frequency current-mode control with a minimum of external
components.

GP2842 incorporates a new precision temperature
controlled oscillator with an internaily trimmed discharge
current to minimize variations in frequency. A precision
duty-cycle clam eliminates any need for an external
oscillator when at, or near. a 50% duty-cycle condition.
Duty-cycle greater than 50% are also possible. Special
logic ensures that V. is stablized before the output stage
is enable. 15, implant resistor provide tighter control of
under-voltage lockout

Other features include low startup current. pulse-by-
pulse currentlimiting, and a high-current totem pole output
for driving capacitive loads. such as the gate of a power
MOSFET. The output is low in the off state. consistent with
N-channel devices

7
Veg o
UNDERVOLTAGE
LOCK-OUT CIRCUIT
34V
SET/ 5-V
5 L RESET |REFERENCE |
GND © ‘ i 1}
= 16V

8
O Veer

[
5V
INTERNAL
A 50 mA

25V

OUTPUT
ENABLE

i
Ry/Crof] OSCILLATOR

O OUTPUT

Vs
COMP © CURRENT
SENSING
CURRENT ;3 COMPARATOR
o=
SENSING

Block Diagram
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ABSOLUTE MAXIMUM RATINGS

Parameter Value / Units
COMP v,
Supoly Voitage (1. < 30 mA Seif Limting v o V.
Supp'y Voitage (Low Impederce Source) 30V " S
Ve = OuTPUT
Qutout Current 1A SEns
Outout Energy (Capacitive Loaq) Sud R G 5 GROUND
Analog Inputs (P 2. Pin 3) -03VtoV
Error Amp Output Sink Current 10 mA ) ) )
B Fig. 1 Pin Connection
ELECTRICAL CHARACTERISTICS
uness otnerwise stated specifications apply for -25 <7, <85 C Ve = 15V (Note 1) Ry = 680 Q C, - 022 uF
Parameter Conditions } Min. ‘ Typ. Max. \ Units
Reference Section
Output Voltage T, = 25C 1, = 1 mA 495 500 505 \
Line Regulation 12<V £25V 6 20 mv
Load Regulatior 1<y <20 mA 6 20 mV
Temp Stabilty (Note 2) 02 04 mv/ C
Total Output Variation Line. Load. Temp. (Note 2) 4.90 510 Vv
Output Noise Voltage 10 Hz € f < 10 kHz. T,=25C (Note 2) - 50 Y
Long Term Stability T, = 125°C. 1000 hours (Note 2) 5 25 mvV
Output Short Circuit T,=25C -30 -100 -180 mA
Oscillator Section
[nitial Accuracy T,=25C 47 52 57 kHz
Voltage Stability 12V 525V - 02 1 %
Temp Stability Tuin S Ta € Tyax (Note 2) 5 %
Amplitude Vpn 4 PE2K 10 peak 17 \
Discharge Current T,=25C 7.8 83 88 mA
T Ta < Tyax 75 9.0 mA
Error Amp Section
Input Voitage VC“N ) = 25V 2.45 250 2.55 \
Input Bias Current -0.3 -1 HA
AL 25V, <4V 65 9 - dB
S
Unity Gain Bandwidth (Note 2) 07 1 MHz
PSRR 12V < 25V 60 70 dB
Qutput Sink Current Vo o= 27 V.V =11V 2 6 mA
Long Source Current Vo »=23V. V5, =58V 05 08 mA
Ve Migh Vi » = 23V R =15 kQto ground 5 6 \
Vi, Low Vi » =27V R = 15kQ10Pin 8 07 11 v




ELECTRICAL CHARACTERISTICS (continued)

Unless otherwise stated, specifications apply for -25 < T, <85°C V.. = 15V (Note 1). R, = 680 Q. C - 022 uF
| Parameter i Conditions | Min. Typ. Max. Units
|
Current Sense Section
Gamn (Note 3 & 4) 2.85 3 3.15 V/V
Maximum Input Signal Vo 1= 5V (Note 3) 09 1 11 \
PSRR 12 <V <25V (Note 3) 70 d8
Input Bias Current 2 -10 HA
Delay to Output TJ = 25'C (Note 2) 150 300 ns
Output Section
Output Low Level Igink = 20 mA 01 04 \
Ig,nk = 200 MA 15 22 v
Qutput High Level Isource = 20 MA 13 135 \
Isquncr = 200 A 12 135 %
Rise Time TJ =25°C Cl = 1 nF (Note 2) 50 150 ns
Fall Time TJ =25C, C‘ = 1 nF (Note 2) 50 150 ns
Output Leakage Vee = 14V UVLO Active. Vi, 6=0 -001 -10 HA
Total Standby Current
Startup Current 05 1 mA
Operating Supply Current Veino=Vpng=OV.Ry = 10kQ. C; =33nF 11 17 mA
Tf:c Zer;é; Voltage - Ioc =25mA 34 \Y
Undervoltage Lockout Section
Start Threshold 15 16 17 \
Minimum Operating Voltage . After Turn ON 9 10 " \
Notes: 1.Adjust V.. above the start threshold before
setting at 15 V.
2. These parameters, although guaranteed, are not
o . ON/OFF COMMAND
100% tested in production. ‘ v 70 REST OF 10
3. Parameter measured at trip point of latch with leg
Vo, = 0.
) ) AV
4.Gain defined as: A = —ﬁ'—
PIN 3
0<Vpy,<08V.
E < 15 mA.
b o e W <1mA — "
v 18V Vee
Fig. 2
ORDERING INFORMATION During undervoltage lock-out, the output driver is biased to
Part Number (10 digits) Package Type Temperature Range a high impedance state. Pin 6 should be shunted to ground
with a bleeder resistor to prevent output leakage current
GP2842 ID 16 Pin DIP 25 1085 C o
from activating the power switch.
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GP2842 Timing

To generate the PWM waveform the control voltage
from the error amplifier is compared to a current sense signal
which represents the peak output inductor current. An
increaseinV,, causesthe inductor current slope to increase,
thus reduicingthe duty cycle. Thisisaninherentfeed-forward
characteristic of current mode control, since the control
voltage does not have to change during changes of input
supply voltage.

When the power supply sees a sudden large output
currentincrease. the control voltage will increase allowing the
duty cycle tomomentarily increase. Since the duty cycletends
to exeed the maximum allowed, to prevent transformer
saturation in some power supplies. the internal oscillator wave
form provides the maximum duty cycle clamp as
programmed by the selection R,/C, components.

Frequency
K 600 —— R
(kHz) 0 l I J o T
500 J ‘J l . A_H,_:IL_,
| L
R, =680Q
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R,= 15Kk N\ N\ il
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Fig. 5 Oscillator Frequency vs C,
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SENSITIVE DEVICES Q)

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




CORPORATI ON

(i =iy

The GPB0S5 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 3:1reduction 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, amore 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
semiconductors are almost 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

Fig. 1

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
(Tyy ). @nd 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. This IC
combines all the necessary features of modern power
controllers.

If you are not familiar with the GP605 please refer to Gennum's
data sheet 510-43.

CURRENT

C

—— -

VOLTAGE

T
VARIES

1b) FM

GP605 Block Diagram
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2.0 RESONANT POWER SUPPLY

A Rectifier/Voltage Doubler block provides an unregulated
300V DC (VNR) bus for the high frequency resonant con-
verter. A resonating tank, consisting of an inductor L1 and
capacitor C7, is connected in series. Sinusoidal voltage
across the capacitor C7 to the output stage is stepped down
viathe 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 resonat-
ingcycle switch Q2is off. The full cycle takes placein Q1, the
parallel combination of C7 and the primary winding on T1
(along with one turn of the current sense transformer 72), and
inductor L1. Thereturn current flows via diode D4. Capacitor
C1 serves as a voltage source for this cycle.

Inthe second resonating cycle switch Q2 is on and Q1 is off.
The second cycle takes place in Q2, the inductor L1, and the
paraliel combination of C7, and the primary winding on T1
(again one turn on the current sense transformer T2). The
return current in this case flows via diode D5. Note that the
currentin the second cycle has reversed its polarity as com-
pared to the current in the first cycle, thus transformer T1
works in a bipolar mode. Capacitor C2 serves as a voltage
source for the second cycle. During the period of time when
switch Q2 is off, diode D4 clamps the voltage across Q2 to
the level of the VNR bus. The diode D5 does the same thing
for switch Q1. Thus switches Q1 and Q2, as well as diodes
D4 and D5. can berated to only 420 volts. Therefore the high
line (132 VAC RMS or 264 VAC 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, composedof D12, D13,L2, and
output capacitor C12. The output here is 5 VDC at 25 amps.

Regulation is achieved by changing the commutating fre-
quency of the controller GP605. 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 Q1 and Q2. This is achieved by
using totem-pole type MOSFET stages. Transistors Q5 and
Q6 drive

switch Q2, while transistors Q3 and Q4 drive switch Q1 via a
pulse transformer T3.

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 R6, and zener diode D15.

About 18V is supplied to the Vaux Dus on start-up. Once the
supply is up and running (about 20ms) 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 T1 being 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 propor-
tion 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, (which is 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 1 second. This waiting period is setby a 4.7 uF tantalum
capacitor connected to pin 2 When it has elapsed, the con-
troller starts generating its pulse-train. Initially the pulse
frequency is approximately 10 kHz, then increases, following a
preset time constant. In about 20 ms the power supply either
reaches anormal 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 the resonating frequency of
the C7-L1 tank is about 750 kHz.

The value of C7 is 8200 pF and the value of L1is 5 pH. The
resonating frequency f, can be calculated from the following
equation:

fa 1
2nVCala

where CRand Lgare resonating components.
The primary power transformer winding inductance is at least

100 times higher than that of L1, therefore it does not affect the
resonating frequency f .
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3.0 DESIGN SEQUENCE
3.1 Integrating the GP605 into the Power Supply

3.1.1 Maximum VCO Frequency

In this design f,,,, is set at 600 kHz. For the oscillator
capacitor (C, ). atemperature 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 kQ,
1%. Tolerance of f,,,, from chip to chipis £5% (570 kHz to
630 kHz).

3.1.2 Set Output Pulse Width (T

The timing for the MOSFET switch Q1 (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 rightin the
middle of a negative half of a sine wave current:

1
f

R
Then relative inaccuracy in T, will not affect the circuit 's
operation. Inthis case f_ =750kHz, and Ton=1Hs A 100pF
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 = 0.75

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 Cyq = 150 pF) to the value which is set by the
feedback loop. The result is a soft start-up of the power
supply. Usually 2to 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 pF
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-starttime 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 currentin
the photo-transistor is set by an external resistor R18. If the
VCO input is set at 4.0V, (in the middle of the 1.5V -6.5V
range of VCO), and V. = 12V, the parallel combination of 10
kQ internal pull-up resistor and external R18 resistor, is about
2.3kQ. Thus R18 = 3 kQ.

3.1.5 UVOV Shutdown

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

Resistive divider R12 - R13 carries just under 1 mA of current.
Having R12 =360 kQandR 13 = 3kQ sets up the range from

220V DC (78 VAC x2x 1.4)t0 390 V DC (138 V AC x 2 x 1.4)
which is quite acceptable for most designs. To change
undervoltage and overvoltage threshold levels, apply resis-
tance between UVOV input (pin 15) and reference voltage
(pin 3)(Fig. 4).
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Figure 4

The value of the resistors can be calculated from the equations:

(Vo x VR) - Mu x VR)

= x R12
(Vu x Vino) - Vo x Vinu)

R12 x VR x (Vo - Vu)

R13=
Va x (Vino - Vinu + Vu - Vo) + Vo x Vinu - Vu - Vino)

where Vg - the GP605 overvoltage threshold lockout

v, - the GP605 undervoltage threshold lockout

Vg - reference voltage
Vino - requested line overvoltage lockout
Viyu - requestedline undervoltage lockout

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 T1, 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. The time constant of this filter is 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-startevery 0.7 seconds. Theresultingaverage currentinto
the short will be very low, less than 0.05 1,,,. where 1, is
set by the value of R16 and turns ratio of T2.

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 areaMOSFETs
In order to charge 200 pF of gate-source capacitance 