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Building Block IC’s

Plessey integrated circuits are on the leading edge of
technology without pushing the ragged edge of capability.
We developed the first 2 GHz counter. And a
family of prescalers and controllers for your TV, radio

and instrumentation frequency synthesizers.

We have a monolithic 1 GHz amplifier. And a
complete array of complex integrated function blocks for
radar signal processing and radio communications.

We can supply data conversion devices with propa-
gation delays of just 2% nanoseconds.

And a range of MNOS logic that stores data for a
year when you remove the power, yet uses only standard
supplies and is fully TTL/CMOS-compatible.

To develop this edge, we developed our own
processes, both bipolar and MOS. The processes were
designed for quality and repeatability, then applied to our
high volume lines. Most of our IC’s are available screened
to MIL-STD-883B, and our quality levels exceed the
most stringent military, TV and automotive
requirements.

Millions of Plessey complex function building block
IC’s are being used in TV sets and car radios; CATYV,
navigation and radar systems; frequency synthesizers
and telecommunications equipment.

Our global scope of operations, our high volume
manufacturing facilities, our proprietary processes ensure
that we will continue to deliver state-of-the-art technology
and reliability in IC devices at the appropriate prices and

in the required volumes. Day after day. Week after
week. Year after year.

Plessey Semiconductors

1641 Kaiser Avenue, Irvine, CA 92714. (714) 540-9979
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Radar Signal Processing

Since the performance of a radar receiver
is critically dependent on the performance
of its L.F. strip, we offer a range of “build-
ing block” IC’s that can be used in systems
with different performance requirements

and configurations.

The logarithmic LF. strip shown is an
example of a low cost, high performance

strip fabricated with Plessey IC's. It uses

only five devices and a single interstage

filter to achieve a logging range of 90 dB,

+1 dB accuracy, —90 dBm tangential

sensitivity and a video rise time of

LOW NOISE,
AGC-ABLE PREAMP'

i SL1522 SL1523]

LOG IF. STRIP

SL1523 _ SL1521 |

SL1550

[ LOW NOISE BUFFER
{ AMP/LINE DRIVER

.. SLS60

minimum of external components (one
capacitor, one resistor per stage), yet has
a band-width of 500 MHz, a dynamic
range of 70 dB and has a phase shift of
only +3° over its entire range. As with
most of our other devices, it operates over
the full MIL-temp range and is available
screened to MIL-STD-883.

The chart summarizes our Radar Signal
Processing IC's. Whether you're working
with radar and ECM, weapons control or
navigation and guidance systems, our IC’s
are a simpler, less expensive, more flex-
ible alternative to whatever you're
using now for any LF. strip up to
160 MHz.

For more details, please use the
postage-paid reply card at the back
of this book to order our RADAR

AND RADIO COMMUNICA-
TIONS IC HANDBOOK, or
contact your nearest Plessey
Semiconductors representative.

VIDEO
ouTPUT

20 ns or less.

Three other Plessey IC’s
complete the system simply
and economically. The AGC-
able SL1550 on the front end
improves noise figure, dy-
namic range and sensitivity.
The SL541 lets you vary video
output levels, with on-chip
compensation making it easy
to use. And the SL560 is a
“gain block” that replaces
your hybrid and discrete
amplifiers, usually with no
external components.

Another advanced system
function block is the Plessey
SL531 True Log Amplifier. A
6-stage log strip requires a

Wideband Amplifiers for Successive Detection Log Strips

PLESSEY IC'S FOR RADAR L.F:S

SL521
SL523

SL1521 60 to 120 MHz center frequency, 12 dB gain.
SL1522 Dual SL1521 (parallel).

SL1523 Dual SL1521 (series).

Low Phase Shift Amplifiers

SL531 True log I.F. amplifier, 10-200 MHz, =0.5°/10 dB max

SL532

Linear Amplifiers

SL550

SL1550 320 MHz bandwidth version of SL550.
SL560 300 MHz bandwidth, 10 to 40 dB gain, 1.8 dB noise

Video Amplifiers and Detectors

30 to 60 MHz center frequency, 12 dB gain.
Dual SL521 (series).

phase shift.
400 MHz bandwidth limiting amplifier, 1° phase shift
max. when overdriven 12 dB.

125 MHz bandwidth, 40 dB gain, 25 dB swept gain
control range, 1.8 dB noise figure, interfaces to
microwave mixers.

figure drives 50 ohm loads, low power consumption.

SL510

SL511
SL541

Detector (DC to 100 MHz) and video amplifier (DC to
24 MHz) may be used separately, 11 dB incremental
gain 28 dB dynamic range.

Similar to SL510 with DC to 14 MHz video amplifier,
16 dB incremental gain.

High speed op amp configuration, 175 V/us slew
rate 50 ns settling time, stable 70 dB gain, 50 ns
recovery from overload.
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Our comprehensive line of radio system
function blocks is cutting costs, increasing
reliability and reducing the size of systems

Radio Communications

peak deviation. The SL6600 can be used
at .. frequencies up to 50 MHz, with

deviations up to 10 kHz.

system benefits from Plessey
products.

conductors representative.

in applications that range from
commercial communications
to military manpack radios.
Using our bipolar Process I,
the Plessey SL600 Series
(hermetic) and SL1600 Series
(plastic DIP) feature a high
degree of integration, low
power consumption and ex-
ceptional system design flex-
ibility for LEF’s up to 10.7 MHz.
Our SL6000 Series uses our
bipolar Process III to extend
our building block concept
even further. Devices all fea-
ture advanced circuit design
techniques that permit higher
levels of integration, lower
power consumption and
exceptional performance.
Typical is our SL6600, a
monolithic IC that contains a
complete IF amplifier, de-
tector, phase locked loop and
squelch control. Power con-
sumption is a meager 1.5 mA
at 6 'V, S/N ratio is 50 dB,
dynamic range is 120 dB and
THD is just 1.3% for 5 kHz

If any of the Plessey devices ap-
pear interesting, use the postage-
paid reply card at the back of this
book to order our RADAR AND
RADIO COMMUNICATIONS IC
HANDBOOK. The Handbook in-
cludes full details on our integrated
circuits, along with a number of ap-
plications circuits and design tips
that will help you get the maximum

Or if your need is more urgent,
contact your nearest Plessey Semi-

PLESSEY RADIO IC'S
Amplifiers
SL610 SL1610 140 MHz bandwidth, 20 dB gain, 50 dB AGC
range, low 4 dB N.F.,, low distortion.
SL1611 100 MHz bandwidth, 26 dB gain, sim. to SL610.
SL1612 15 MHz bandwidth, 34 dB gain, 70 dB AGC
range, 20 mW power consumption.

SL611
SL612

SL613 145 MHz bandwidth, 12 dB gain, limiting
amp/detector.

Mixers

SL640 SL1640 Double bal d jul li diode

rings up to 75 MHz, standby power 75 mW typical.

Detectors and AGC Generators

SL620 SL1620 AGC with VOGAD (Voice Operated Gain
Adjusting Device).
SL621 SL1621 AGC from detected audio.
SL623 SL1623 AM SSB detector and AGC from carrier.
S§L1625 AM detector and AGC from carrier.
AM/FM/SSB/CW detector with audio amplifier.

SL624
Audio Amplifiers

Microphone amp. with VOGAD and sidetone amp.

SL622
SL630 ' SL1630 250 mW microphone/headphone amplifier.
I.F. Amplifiers/Detectors

SL6600 FM double conversions with PLL detector.

SL6640 FM single conversion, audio stage (10.7 MHz).

SL6650 FM single conversion (10.7 MHz2).

SL6690 FM single conversion, low power for pagers
(455 kHz).

SL6700 AM double conversion.

Audio Amplifiers

SL6270 Microphone amplifier with AGC.

S$L6290 SL6270 with speech clipper, buffer and relay driver.
SL6310

SL6440 High-level mixer.

Switchable audio amplifier (400 mW/9V/8 ohms).

13
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R. K Hybrids

To enhance your systems even further, we have estab-
lished an R.F. hybrid manufacturing facility in our Irvine,
California, U.S.A. headquarters.

For small production quantities or extremely complex
functions, our hybrid capabilities can save you time and
money while improving your system performance, re-
ducing system size and increasing system reliability. We
can help with your LF. strips, instrumentation front ends,
synthesizer subsystems, high speed A-to-D and D-to-A
converters and other complex high-frequency functions.

They can be fabricated to MIL-STD-883 using thick
and thin film techniques, using our own integrated cir-
cuits in combination with discrete transistors, diodes and
other components.

Our IC functions represent the state-of-the-art in high
frequency integration, with f/’s as high as 5 GHz. The
chips are backed by an in-depth in-house systems knowl-
edge that encompasses radar, radio communications, tele-
communications analog and digital conversion, frequency
synthesis and a broad range of applications experience.

We can work to your prints, or we can design a full sys-
tem based on your “black box” specifications. For more
information, please contact: Plessey Semiconductors,
1641 Kaiser Avenue, Irvine CA 92714, (714) 540-9979.




e0e®
Il

15



Frequency Synthesis

Plessey’s IC’s offer a quick and easy way to lower
synthesizer costs while increasing loop response and
channel spacing all the way from dc through the HF,
VHF, UHF, TACAN and satellite communications bands.

Our single-modulus prescalers operate at frequencies
all the way up to 1.8 GHz. They feature self-biasing clock
inputs, TTL/CMOS-compatibility and all guaranteed to
operate to at least the frequencies shown, most of them
over the temperature range from —55°C to +125°C.

Our 2-modulus and 4-modulus dividers expand your
system flexibility and allow even tighter channel spacing.
All of them provide low power consumption, low propa-
gation delay and ECL-compatibility.

To simplify your systems even further, we also offer
highly integrated control chips. Our NJ8811, for example,
includes a crystal oscillator maintaining circuit, a pro-
grammable reference divider, a programmable divider to
control the four-modulus prescaler and a high performance
phase/frequency comparator so that you can phase lock
your synthesizer to a crystal with none of the usual head-
aches and hassles.

We've put together a FREQUENCY SYNTHESIZER
IC HANDBOOK that details all of the Plessey IC’s and
includes a number of applications circuits, practical
examples of how Plessey integrated circuits can simplify
your designs and improve system performance. .

For your copy of the Handbook, please use the postage-
paid reply card at the back of this book, or contact your
nearest Plessey Semiconductors representative.
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Telecommunications

Plessey functional building block IC’s
are exceptionally versatile. Designed
from a systems standpoint, they re-
duce complexity and lower costs while
increasing the performance of telecom-
munications systems.

Our SL600 Modulator/Phase Locked
Loops are used in waveform generators
and in AM, PAM, FM, FSK, PSK, PWM,
tone burst and Delta modulators.

Our SL1000 Series amplifiers meet
the most stringent demands of telephone
transmission equipment.

devices that plug directly into your
designs, we have a number of devices
designed for your low noise and ultra-
high frequency applications.

The Plessey TELECOMMUNICA-
TIONS ICHANDBOOK contains complete
information on all of these devices, as
well as application notes, to help you get
the most out of them. To get your copy,
please use the postage-paid reply card
at the back of this book or call your nearest
Plessey Semiconductors representative.

Our transistor arrays with
up to five electrically and
thermally matched transistors

Telecommunications Devices

on a chip are ideal for dis- | Miiaas
crete and hybrid amplifiers Mi1445
4

and mixers. In addition to

Data Communications MOS

HDB3 encoder/decoder

PCM synchronizing word generator
PCM synchronizing word receiver
HDB3/AMI encoder/decoder

standard second-source MP3812

MJ2841

32 x 8-bit FIFO memory, serial or parallel, up to
0.25 MHz data rates, easily stacked.

64 x 4-bit FIFO memory, 5 MHz clock rate.
/Phase Locked Loops

SL650

SL651
SL652

SL1001
SL1021
SL1025
SL1030

Telephone Circuits

Transistor Arrays

Modulator/PLL for AM, PAM, SCAM, FM, FSK,
PSK, tone-burst and Delta modulation;

VFO variable 100:1.

Similar to SL650 without auxiliary amplifier.
Similar to SL650, low cost.

Modulator/demodulator, 50 dB carrier and signal
suppression, —112 dBm noise level.

3 MHz channel amplifier, stable remote

gain control.

FDM balanced modulator, 50 dB carrier and signal
suppression, 5 dB conversion gain.

200 MHz wideband amplifier, programmable gain,
low noise.

SL363
SL3145

PLESSEY 2ND-SOURCE ~ PLESSEY 2ND-SOURCE
PART NO.  PART NO. PART NO. PART NO.
SL3081 CA3081 SL3051 CA3951
SL3082 CA3082 SL355 NONE
SL3083 CA3083 TBA673 TBA673
SL3183 CA3183 SL1495 CA1495L
SL3146 CA3146 SL1496 MC1496G
SL3093 CA3093 SL1496 MC1496L
SL3018 CA3018 SL1595 MC1595L
SL3018A CA3018A SL1596 MC1596G
SL3118A CA3118A SL1596 MC1596L
SL3118 CA3118 SL3054 CA3054
SL3050 CA3050 SL3086 CA3086
SL360 High frequency matched pair, ft=2.5 GHz.

SL2363/4 5GHz dual long-tailed pair.

Low noise matched pair, ft=2.2 GHz.

Five transistor array, ft=2.5 GHz.

18



Television IC’s

Plessey integrated circuits are in mil- receive up to four completely different

lions of homes, in television sets around standards (PAL, SECAM, SECAMF, and

the world. NTSC) in a single TV set. It has 100 chan-
Economical and reliable, our devices nel capability per standard, and includes

cover the range from remote controls a 32-program non-volatile memory that

to touch tuners to frequency synthesizers, contains channel, fine tuning and standards

as well as a range of second-source information. And it can be interfaced to

devices for the IF color processing and a Plessey or other microprocessor for

line oscillators. games, Teletext or similar applications.

For the 1980’s, we have introduced the Complete data on all our television
Plessey KEY System, designed for max-  devices has been assembled in our TELE-
imum flexibility, simplicity and ease of VISION IC HANDBOOK, along with
manufacture. The KEY System frequency  application notes to make them even
synthesizer offers accurate, high stability  easier to use. Please use the postage-paid
frequency selection, channel and program  reply card at the back of this book to order
identification, and the very finest digital ~ your copy, or simply contact your nearest
fine tuning. It can be configured to Plessey Semiconductors representative.
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ECL I1I Logic and Data Conversion

20

As radar and communications systems
become faster and more complex, the
need arises for digital processing.

We have developed a family of functions
with speeds unequalled anywhere.

Part of our family is a range of ECL III
logic that is a direct plug-in replacement
for MECL logic, including low impedance
as well as high impedance devices. We
extended the range by adding functions
with lower delays and much higher operat-
ing speeds. Our SP16F60, for example,
is the world’s fastest dual 4-input
OR/NOR gate, with a switching speed of
just 500 picoseconds. Devices can also
be selected for certain specifications
(such as threshold voltage orislew rate on
our SP1650/1, toggle rates

speed A-to-D converters. Our latching
SP9750 high speed comparator features
a maximum settling time of 2 ns, a prop-
agation delay of 3.5 ns and is capable of
operating at rates up to 100 million
samples per second.

Currently, our devices are being used
in radar and video processing, nucleonics
systems, transient recorders and secure
speech transmission systems. We have
compiled a number of application notes
and details on the devices in our ECL III
LOGIC AND DATA CONVERSION IC
HANDBOOK. To get your copy, please
use the postage-paid reply card at the
back of this book, or contact your nearest
Plessey Semiconductors representative.

or delays on our SP1670) to
handle your most demanding

L A , SP1648 Voltage controlled oscillator
applications. We've also SP1650 Dual A/D comparator, Hi-Z
developed a fal'nlly of hlgh gPlGSl 3u|a| A/D comparator, Lo-Z

P1658 loltage controlled multivibrator
spee(_i comparators and SP1660 Dual 4-1/P OR/NOR gate, Hi-Z
circuits for ultra- high SP1661 Dual 4-1/P OR/NOR gate, Lo-Z

SP1662 Quad 2-I/P NOR gate, Hi-Z

SP1663 Quad 2-1/P NOR gate, Lo-Z

SP1664 Quad 2-1/P OR gate, Hi-Z

SP1665 Quad 2-1/P OR gate, Lo-Z

SP1666 Dual clocked R-S Flip-Flop, Hi-Z
SP1667 Dual clocked R-S Flip-Flop, Lo-Z
SP1668 Dual clock latch, Hi-Z

SP1669 Dual clock latch, Lo-Z

SP1670 Master-slave D Flip-Flop, Hi-Z
SP1671 Master-slave D Flip-Flop, Hi-Z
SP1672 Triple 2-1/P exclusive-OR gate, Hi-Z
SP1673 Triple 2-1/P exclusive-OR gate, Lo-Z
SP1674 Triple 2-I/P exclusive-NOR gate, Hi-Z
SP1675 Triple 2-1/P exclusive-NOR gate, Lo-Z
SP1692 Quad line receiver

SP16F60 Dual 4-1/P OR/NOR gate

HIGH SPEED ECL lll LOGIC

HIGH SPEED DATA CONVERSION PRODUCTS

SP9680 High speed latched comparator.

SP9685 Ultra-fast comparator; 0.5 ns typical set-up time; typical
2.2 ns propagation delay; excellent CMR.

SP9687 Dual SP 9685.

SP9750 High speed latched comparator with precision current
source, wired-OR decoding; 2 ns min. set-up time; 2.5 ns
propagation delay.

SP9752 2-bit ADC expandable to 6-bit ADC; very fast 125 MHz clock.

SP9754 4-bit ADC expandable to 8-bit ADC; very fast 100 MHz clock.

SP9768 8-bit DAC; extremely fast; available 3rd quarter 1980.

SP9778 8-bit SAR; works with SP9768 to make a two-chip succes-
sive approximation ADC (20 MHz clock); available 4th
quarter 1980.




MNOS Non-Volatile Logic

As semiconductors become more pervasive in military
and commercial applications, the need for non-volatile
data retention becomes more and more critical.

Plessey NOVOL MNOS devices answer that need, and
will retain their data for at leasta year (—40°Cto +70°C)
in the event of “power down” or a system crash.

Our devices all operate from standard MOS supplies
and are fully compatible with your TTL/CMOS designs.
The high voltages normally associated with electrically-
alterable memories are generated on-chip to make
system interface simpler and less expensive.

Plessey NOVOL devices provide a reliable, sensible
alternative to CMOS with battery back-up or mechanical,
electro-mechanical and magnetic devices. Applications
include metering, security code storage, microprocessor
back-up, elapsed time indicators, counters, latching
relays and a variety of commercial, industrial and
military systems.

For more information, contact your nearest Plessey
Semiconductors representative, or use the postage-paid
reply card at the back of this brochure to order your copy
of the Plessey NOVOL literature package.

PLESSEY NOVOL MNOS

MN9102 4-bit Data Latch (+5V, —12V)

MN9105 4-Decade Up/Down Counter (+5V, —12V)

MN9106 6-Decade Up Counter (12V only)

MN9107 100-Hour Timer (12V only)

MN9108 10,000-Hour Timer (12V only)

MN9110 6-Decade Up Counter with Carry (12V only)
MN9210 64 x 4-Bit Memory

* 8 x 4-Bit Memory

* 6-Decade Up/Down Counter, BCD Output

* 6-Decade Up/Down Counter with Preset BCD Output

* COMING SOON
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Power Control

Plessey power control devices are highly
integrated not just to solve the problems,
but to solve them at a lower cost than any
other available method.

For timing, our devices use a pulse
integration technique that eliminates the
need for expensive electrolytic capacitors,
thus increasing accuracy and repeatability
while reducing costs. An integral supply
voltage sensing circuit inhibits triac gate
drive circuitry if the supply is dangerously
low to prevent half-wave
firing and firing without
achieving complete bulk
conduction. A zero-voltage

SL440 Proportional phase
control for motors, lamps
and lower power, fast

response heating.

SL441
proportional temperature
control and thermister
malfunction sensing, for
hairdryers, soldering
irons and food warmers.

SL442 Switch mode power sup-

ply control, up to 40 kHz,

integral oscillator, vari-
able ratio space/mark
pulses, soft-start, dynamic
current limiting, OVP.

SL443 Similar to SL441 with

manual power control,

long timing periods for
hot plates, electric
blankets and traffic lights.

SL444 Similar to SL441 for 240V

permanent magnet motor

with thermal trip,

current limit detector.

SL445 Proportional or On/Off

control, temperature trip/

inhibit circuitry, LED and
alarm drive facilities, for
ovens, heaters, industrial
temperature controllers.

SL446 On/Off servo loop temper-

ature controller, low exter-

nal component count, for
water and panel heaters,
refrigerators, irons.

TBA1085 Motor speed control

wrieir ano !

CURRENT
umirT o |
¢

Similar to SL440, with :L

Than REssion @

o caaciion

sroscatowL .
Pro:getacy

off20 RN, w o
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comon 2
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onoae suny

spike filter prevents misfiring on noise
inputs. Symmetrical control prevents the
introduction of dc components onto the
power lines.

Devices have been tailored for
specific applications as indicated in the
chart. For more information, please use
the postage-paid reply card at the back of
this book to order our POWER CONTROL
IC HANDBOOKXK, or contact your nearest
Plessey Semiconductors representative.

LOAD CURRENT
—

LJ

CURRENT
TRANSFORMER

. 5
| #

SUPPLY TO
CIRCUITS

VARIABLE
DELAY

PULSE
GENERATOR

For Exmmsion
R

SL445



Just as we applied our systems knowledge
to the partitioning of functions to make our
IC’s extremely flexible and cost effective,
we also developed an internal system con-
cept to ensure that we could deliver our
state-of-the-art solutions year after year.
Our concept of standard processes
and rigid design rules ensures that our
devices are reproducible this year, next
year and five years from now. Our con-
tinuing investment in research and

Lop

Fhelie FEEW

Processes, Iesting and Quality Control

development ensures that any new prod-
ucts we introduce will be on the leading
edge of technology, yet with the same
high performance and reliability that our
customers have come to expect as the
Plessey standard.

The result is that millions of Plessey
devices have been built into TV sets and
car radios; CATV, navigation and radar
systems; frequency synthesizers and
telecommunications equipment.
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Plessey MOS Processes

P-channel metal gate MOS has been
in production for years and is used for
both standard Plessey products and cus-
tom LSI. Using ion implantation to modify
transistor and field threshold voltages, we
can reproduce virtually any p-channel
metal gate process, with or without deple-
tion loads.

MNOS (non-volatile) is essentially a
p-MOS process with variable threshold
memory transistors fabricated alongside
conventional MOS transistors. A modified
oxide-nitride gate dielectric permits the
injection and retention of charge to change
the threshold voltage. Current Plessey
products will retain an injected charge
for at least a year, and include an on-
chip high voltage generator so that

they may be used with standard
supply voltages.

N-channel metal gate MOS uses
an auto-registration co-planar process
with layout similar to our p-MOS. Ion
implantation is used to define the thres-
hold voltage of the depletion and enhance-
ment transistors. The constant-current-like
characteristics of depletion load devices
give the most effective driving capability,
and enhancement-depletion technology
simplifies design and increases packing
density. The field threshold voltage is
also controlled by an ion implant, allowing
the use of a lightly doped substrate. This
reduces both the body constant and the
junction capacitance and results in faster
switching speeds.

‘ METAL GATE MOS J

[wos |

I
[ P-CHANNEL I

N-CHANNEL
T

l High/Low Threshold ‘ Integrated MOS & MNOS \ ' HIGH VOLTAGE—| l Low VOLTAGEI
lon Implantation V;(MOS)= —2 volts V;=18 volts V;=7 volts

Bo (MOS)=4 to 9 uA/V?
Vy FIELD>60 volts
BVpgs =60 volts

V1 (MNOS)=Electrically

alterable between 0 and
—16 volts typ.

Depletion/Enhancement

V;=1.0to 7.0 volts
Vi =>20 volts

Bo=4 to 12 pA/V2

CUSTOM DESIGNS MN9000 SERIES

BVpgs=20 volts BVpg5 =20 volts

Bo=20 to 30 LA/\2

Vy ENHANCEMENT = 1V=:0.2
V. DEPLETION=1.8V=0.3V
clocK FREQ.=8 MHz

CUSTOM DESIGNS,
AUTOMOTIVE AND
MICROCELL

TELECOMMUNICATIONS
SYNTHESIZER CONTROLLERS
TY SYNTHESIZERS



Plessey Bipolar Processes

Bipolar Process I is a conventional
buried +N layer diffusion process with
f,=600 MHz and other characteristics
similar to industry-standard processes.
Applications range from high reliability
military devices to high volume con-
sumer products.

Process Variant A B G D
Non

Application General Saturating Saturating  Linear
Purpose Logic Logic Consumer

BVcBO @ 10A 20V min. 10V min. 10Vmin. 45V min.

BVEBO @10pA 5.3Vto 5.15Vmin. 5.15Vmin. 6.8V to

5.85V 7.4V

LVceo 12Vmin. 8V min. 8Vmin. 20V min.

VCE (SAT) @

IB=1mA, 0.43V 0.32V 0.43V 0.6V
Ic=10mA max. max. max. max.
hFE@ Ic=5mA, 40to200 50 min. 50 min. 50 to 200

VCE=5V
fT @ Ic=5mA, 500 500 500 350
VCE=5V MHz MHz min.  MHz min. MHz min.

Bipolar High Voltage (HV) Process is
a variant of Process I that yields an LV,
greater than 45 volts. Doping levels can
be controlled and an extra diffusion used
to fabricate a buried avalanche diode with
a 40 V breakdown for absorbing powerful
noise transients without being destroyed.

Process Variant CA
BVCBO @ 10uA 80V min.
BVEBO @ 10uA 7.2V to 8.0V
LVCEO 45V min.
VCE (SAT) @ IB=1mA,
Ic=10mA 0.4V max.

hFE @ Ic=5mA

VCE=5V, 80 to 300
fT. @ Ic=5mA, VCE=5V 250 MHz min.

Bipolar Process Il uses very shallow
diffusion and extremely narrow spacing
for high frequency integrated circuits with
unusually low power consumption and
high packing densities. An f; of 2.5 GHz
allows us to routinely produce analog
amplifiers with bandwidths as high as
300 MHz and low power dividers and
prescalers that operate at frequencies up
to 1.2 GHz. Process variants allow us to
produce devices with an extended S,
higher breakdown voltages and very
small geometries.

Process Variant WE
Application Digital
BVcBO @ 10uA 10V min.
BVEBO @ 10uA 5.1V to 5.8V
LVcEO 7V min.
VCE (SAT) @ IB=1mA,

Ic=10mA 0.5V max.
hFE @ Ic=5mA, VCE=2V 40 to 200
fT @ Ic=5mA, VCE=2V 1.8 GHz

Bipolar Process 3V is an extension
of our Process IIL Ion implantation and
washed emitters have given the process
an f,=6.5 GHz, allowing us to produce
dividers working at 2 GHz, logic gates
with delays of less than 500 picoseconds
and linear amplifiers at 1 GHz.

Process Variant wv
Application Digital
BVCBO @ 10uA 8V min.
BVEBO @ 10uA 3.0V to 5.0V
LVCEO@ 5mA 6V min.
VCE (SAT) @ IB=1mA,

lc=10mA 0.5V max.
hFE @ Ic=10mA, VCE=5V 40 to 120
fT @ Ic=5mA, VCE=2V 6.5 GHz
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Testing and Quality Control

26

A major thrust of our development
work is to ensure that our processes will
routinely produce reliable devices. Our
Process III has a projected MTBF of
400,000 hours while our Process I is
even better.

Our facilities include the latest test
equipment (such as the Macrodata MD501,
Teradyne J324 and Fairchild Sentry VII
and Sentinel) to allow us to perform all the
necessary functional and parametric test-
ing in-house. We have an internal capability
to provide specific applications-oriented

screening, and most Plessey IC’s are avail-
able screened to MIL-STD-883 and other
international specifications. Our quality
levels exceed the most stringent military,
TV and automotive requirements as a
matter of course.

But the best proof of all these claims
is our products themselves. After you've
reviewed the products that could help you
with your systems, use the postage-paid
reply card or contact your nearest Plessey
representative for complete details.

ASSEMBLY OF INTEGRATED CIRCUITS
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Radio Linear Circuits
INTRODUCTION TO SL600 AND SL1600 SERIES

Plessey Semiconductors originally developed the SL600 series for use in
military SSB systems. For such applications, hermetic packages and full-
temperature operation are necessary: the SL600 series devices meet such
specifications. As the range expanded, requirements arose for less expensive
versions of SL600 devices and the SL1600 series was introduced. The SL1600
series consists of the same chips as are used in the SL600 series but packaged
in plastic DIL packages (mostly 8-lead minidips) tested to less stringent
specifications, and supplied with a —30°C to +70°C temperature specification.
In a few cases some of the pins present in the SL600 devices are omitted in the
SL1600 devices in order to allow a chip previously supplied in a 10-lead TO-5
to be encapsulated in an 3-lead minidip.

SL600 and SL1600 type numbers are used in section headings but to avoid
tedious repetition, only the SL600 type numbers will be used in the text
unless there are significant differences between the SL600 and SL1600
devices. Pin numbers generally refer to both types; in cases where pin
numbers differ, the pin numbers for the SL1600 device is given in brackets,
e.g. Pin 6(7).

SL600/1600 PRODUCT RANGE

AMPLIFIERS SL610 |SL1610|140MHz, 20dB
SL611 |SL1611|100MHz, 26dB
SL612 |SL1612|15MHz, 34dB

MIXERS SL640 |SL1640
SL641 |SL1641

DETECTORS SL621 |SL1621| AGC from detected audio

AND SL623 |SL1623 | AMSSB detector and AGC from carrier
AGC SL1625| AM detector and AGC from carrier
GENERATORS

AUDIO SL630 |SL1630| 200mW headphone amplifier
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SL610C, SL6TIC, SL612C,
SI1610C, SH16T1C & SL1612C
RF/IF amplifiers

The SL610C, SL611C and SL612C integrated RF amplifiers are similar
circuits, having typical voltage gains of 10, 20 and 50 and upper 3dB gain
points at 140MHz, 100MHz and 15MHz respectively. The first two draw a
supply current of about 15mA at 6V and have some 50dB AGC range while
the SL612C draws 3.5mA and has 70dB of AGC. All three are intended to use
with +6V supplies and have internal decoupling. They will drive an output
signal of about 1V rms. '

The cross-modulation of the circuits is 40dB down on signal at 1V rms
output with no AGC, and at 250mV rms input with full AGC. The input and
output admittances of the circuits are not greatly affected by AGC level.

CIRCUIT APPLICATIONS

There are seven connections to each circuit: an input, an input bias point,
an AGC input, the output, the positive supply pin and two earths — for input
and output respectively.

The positive supply should be 6V, but the devices will function at supplies
of up to 9V. Since internal HF supply decoupling is incorporated a certain
amount of HF ripple can be tolerated in the supply. LF ripple should be kept
down as it can cause intermodulation — especially at large HF signal
levels — and 10mV rms of LF ripple should be considered a maximum.

The AGC characteristic is shown in Fig. 1. It is temperature dependent, so
that while a potentiometer may be used to provide a gain control voltage the
gain so defined will not be temperature stable to better than + 2dB. The
AGC terminal will normally draw about 200 microamps at 5V — in some
SL610C and SL611C devices this may be as high as 600 microamps.

There are two earth connections: pin 4 is the input earth and pin 8 the
output earth. When several devices are cascaded pin 8 of one stage and pin 4
of the next should have a common earth point — also high common earth
impedances to pin 4 and pin 8 of the same device should be avoided. Fig.
2a shows a circuit where common earth impedance could cause instability
and Fig. 2b shows one where the input and output signals have correct point
earthing. If extra supply decoupling is used the capacitor should ground to
the output earth point. The can should be separately earthed in applications
at VHF or in the presence of a large RF field.

The input bias point (pin 6) is normally connected directly to the input (pin 5)
and the signal applied through a capacitor but occasionally, when the signal
is obtained from a tap on a coil, the arrangement in Fig. 2b may be used to
give slightly improved noise performance. Cp is a decoupling capacitor. The
SL610/611 noise figure is approximately 4dB at 300 ohms source impedance
and 6dB at 50 ohms and at 2.5 kilohms the noise figure for the SL612 is 3dB at
800 ohms source impedance.
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Fig. 1 SL610/11/112 AGC characteristics

(a) input circuit
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LOAD
==cp RESISTANCE RiouT)

COMMON EARTH

IMPEDANCE
/7;7 (b) Output circuit
Fig. 2(a) Incorrect connections of
earths Fig. 3 Equivalent circuits

Both the input admittance G11 and the output impedance G22 have negative
real parts at certain frequencies. The equivalent circuits of input and output
respectively are shown in Figs. 3a and 3b and the values of Rin, Rout, Cin
and Lout may be determined for any particular frequency from the graphs
Figs. 4 and 5. It will be seen that for the SL510C and the SL611C, Riy is
negative between 30 and 100MHz, and Rout is negative over the whole opera-
ting frequency range. For the SL612C, Ri, is not negative and Rout is negative
only below 700kHz.

If an inductive element having inductance L1 and parallel resistance R1 is
connected across the input, oscillation will occur if Rin is negative at the
resonant frequency of Cin and L1, and if R1 is higher than Rj,. Similarly, if a
capacitor C1 in series with a resistance R2 is connected across the output
oscillation will occur if, at the resonant frequency of Loyt and C1, Rouwt has a
negative resistance greater than the positive resistance R2. Where the input
is inductive, therefore, it may be shunted by a 1k resistor; where the load is
capacitive, 47 ohms should be placed in series with the output.
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Suitable input arrangements for the amplifiers are shown in Fig. 2b and
Fig. 6. The method shown in Fig. 6a is representative of all inputs — the
input and bias points are directly-connected and the signal is coupled via a
capacitor. If the input is inductive the 1k resistor shown in Fig. 6b may be
required, although usually it can be omitted. If a crystal filter is used it should
be correctly terminated, allowing for the impedance of the IC, and coupling
made via a capacitor.

CONDUCTANCE —— SL 610C
SUSCEPTANCE ——— ,

T
|/

L 611C
Y

7 L 610C
}

—]

i St 612C 7 |SL611C
ca

—— -7 L i

HdaglSL 612C

ADMITTANCE (mmho)
~

01 10 10 100
FREQUENCY (MHz)

Fig. 4 Input admittance with olc output (G11)

The output is a voltage source, with the impedance characteristics men-
tioned above. Output coupling is via a capacitor, with a series resistor if
necessary to preserve stability (Fig. 6c). If a current output to a tuned circuit
is required the arrangement in Fig. 6d is suitable, using almost any small
signal NPN transistor with an fr of over 300MHz and low Cog. To drive
particularly low impedances, e.g. a 50 ohm coaxial cable, this impedance
should be increased somewhat by a series output resistor (say, 100 ohms) as,
if the output is loaded directly by low impedance, most of the negative feed-
back will be removed — with consequently poor linearity and constancy of
gain. Examples of the use of these amplifiers are shown in Fig. 7.
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Fig. 6 Input and output circuits
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(a)

(b)

sey +PA SUPPLY

RFC

r—oO/P
ECZ

RE- P 00MH 001
FROM
MODULATOR

+6v (c)

Fig. 7 SL610/11/12

RF preamplifier. Use
SL610C up to 140MHz,
SL611C up to 70MHz,
SL612C up to 12MHz.
R1 may be omitted if
the load is neither
capacitive nor very low
impedance.

Linear power amplifier
for low power SSB
transceivers. L, C1 and
C2 form the output ™
tank circuit. The values
of PA supply and R
should be chosen to
suit the transistor used.
Cob should be as low as
possible.

Constant level RF am-
plifier stabilising at ap-
proximately 500mV rms
output over a range of
inputs greater than
20dB. SL610C, 611C or
612C may be used.
With tuned feedback,
this circuit makes an
excellent constant level
oscillator.
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SL640C, SL641C, SI1640C & SL1641C

Double balanced modulators
PRINCIPLES OF OPERATION

A simple double-balanced modulator is shown in Fig. 8 . It is evident that
the sum of the two output currents equals the tail current and that, from
considerations of symmetry, if either Vi=V2 or V3=V4 then |1=I2. Also if
R is much greater than Re the collector currents of TR1 and TR2 will differ
by an amount proportional to the difference between V1 and V2. If, therefore,
a small input at frequency f1 is applied between V1 and V2 and a large signal
at f2 is applied between V3 and V4, sufficient to turn the transistors TR3,
TR3, and TR4, and TR4, fully on and off, it is evident that switching modula-
tion, similar to that of a diode ring will occur and frequencies If1 +f2 | will
occur at the output as will sums and differences of f1 and the odd harmonics of
f2 i.e. If1 +-3f2 I,1f1 +-5f2 |, etc.

CIRCUIT DESCRIPTION AND APPLICATIONS

The circuits of the SL640C and SL641C are very similar but have different
signal input and output configurations — these are fully discussed below.

The circuits require a single, well-decoupled positive supply of between 6
and 9 volts and consume about 12mA. Pin 2, an internal bias point, must also
be decoupled by a low-leakage (less than 100nA) capacitor having a low
reactance at the lowest signal or carrier input frequency.

Pin 1, which is connected to the can, should be earthed to prevent HF
pickup.

V3 —1

TR1 TR2

Fig. 8 A transistor double-balanced modulator
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The input and carrier signals, which should not exceed 200mV rms, are
applied to pins 7 and 3 respectively. Both the SL640C and the SL641C have a
carrier input impedance of 1 kilohm and 4pF and the SL641C has a similar
signal input impedance. The signal input impedance of the SL640C is 500
ohms and 5pF. The input coupling capacitors should have a leakage of less
than 100nA and an impedance of less than 100 ohms at the lowest frequency
they will carry. This should be reduced to less than 10 ohms above 10MHz.

The output of the SL641C is intended as a current drive to a tuned circuit. If
both sidebands are developed across this load its dynamic impedance must
be less than 800 ohms. If only one sideband is significant this may be raised
to 1600 ohms and it may be further raised if the maximum input swing of
200mV rms is not used. The DC resistance of the load should not exceed
800 ohms. If the circuit is connected to a |6V supply and the load impedance
to +9V, the load may be increased to 1.8 kilohms at AC or DC. This, of course,
increases the gain of the circuit.

There are two outputs from the SL640C; one is a voltage source of output
impedance 350 ohms and 8pF and the other is the emitter of an emitter
follower connected to the first output, which requires a discrete load resistor
of not less than 560 ohms. The emitter follower output should not be used to
drive capacitive loads as emitter followers act as detectors under such
circumstances with resultant distortion and harmonic generation. Frequency-
shaping components may be connected to the voltage output and the shaped
signal taken from the emitter follower.

The circuits will operate with input frequencies between 1Hz and 70MHz
with the specified performance; the SL641C will operate at up to about

+6V +V
.
:f R FILTER
£ x
|R/F’ > HYsLeuich- :E——— ,R/'; —>—JHsteu1cl N

o Pl

LOCAL OsC. I/P LOCAL OSC /P

~100mV rms ~100mV rms

(a) SL641C with LC IF filter (b) SL641C with crystal filter

FILTER
RE > ypsiesock g S EEEN
e ~

LOCAL OSC I/P s

~,100mV rms

(c) SL640C with crystal filter

Fig. 9 SL640/41C receiver mixer circuits
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150MHz with reduced performance. To use them at frequencies below 100Hz
precautions must be taken to prevent leakage in the input coupling capacitor
from altering the device bias.

Some applications of the SL640C and SL641C are shown in Figs. 9 and
10 Power, decoupling, and earth connections are not shown.

Fig. 9a shows the SL641C used as a receiver mixer driving a wound IF
coil. Fig. 9b shows it driving a crystal filter. R and C must be selected to
match the filter. If R is less than 800 ohms it may be connected to the +6V
line supplying power to the SL641C; if it is between 800 ohms and 1.8 kilohms
it should be connected to +9V (while the SL641C supply must remain at
-+6V). If R is greater than 1.8 kilohms the circuit in Fig. 9b is unsuitable and
the SL640C circuit illustrated in Fig. 9 ¢ should be used.

The SL640C and SL641C have a noise figure of about 10dB at 100 ohms
source impedance. When used as receiver mixers they have better than
—40dB intermodulation products so long as unwanted signals do not exceed
30mV rms. Thus, either can be used as a receiver mixer at HF without an RF
amplifier since atmospheric noise will far exceed device noise at these
frequencies if the antenna is reasonably good. If an SL610C RF amplifier is
used the intermodulation threshold will be reduced to 3mV rms (since the
SL610C has a gain of 10). The SL640/41 is then less attractive as a mixer and a
diode ring mixer should be used.

Fig. 10a shows the SL640C used as an SSB detector. The capacitor con-
nected to output pin 5 decouples the sum frequency If1 +-f2l, while the audio
difference frequency Ifi — f2l is taken from pin 6. The phase comparator
shown in Fig. 10b is more useful. — it may be used as a detector for phase
modulated signals or as a comparator in phase-locking systems such as
frequency synthesisers.

A0 St at " >4 stssoc)—>orp
LIMITED AT
258 _—>—4Hstei0c orP 200mY rms
- 3
I REF. I/P
BFO 200mV rms
~AN00mV rms
(a) SL640C SSB detector (b) SL640C phase comparator
+6V

R2
10k

CARRIER S
. /P

(c) Signal and carrier leak adjustment
Fig. 10 SL640/41C detector circuits
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Signal and carrier leak may be reduced by altering the bias on the carrier
and signal input pins, as shown in Fig. 10c. With carrier but no signal R1 is
adjusted for minimum carrier leak. A similar network is connected to the
carrier input and with signal and carrier present, signal leak is minimised by
means of R2.

Fig. 11a shows the SL640C or SL641C used as a sideband generator. Both
sidebands are produced so that if a single sideband is required it must be
obtained by subsequent filtering (Fig. 11b). If pin 2 is earthed by a resistor of
about 15 kilohms (its actual value may need to be selected) the device’s
carrier leak is increased to a point where the DSB signal becomes AM.
This is useful where it is desired to select sideband or AM. In the circuit
shown in Fig. 11c a single sideband only is produced. It is important that both
the audio and carrier reference and quadrature signals should be accurately
90 degrees out of phase. The amplitude of one phase of audio should be
adjusted to obtain maximum second sideband rejection.

If the carrier reference is connected to input A, and the carrier quadrature
to input B, LSB output results. If the carrier quadrature is connected to input A,
and reference to input B, USB output results.

e
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AUDIO I/P 7 s DsB >
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SL6431C 85mVrms sfé'fm %
L
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(b) SSB

5u
AUDIO 7 5
REF /P —Hsteioc
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A
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~200mV EACH $—> Ss8
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8

3
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QUADRATURE —j H]sLes0ck—
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(c) SSB

Fig. 11 Sideband generators
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SL621C & SL1621C
AGC generators

The SL621C is an audio-operated AGC generator designed for use with the
SL610/11/12 RF amplifiers in SSB receivers., '

An ideal single sideband AGC generator must set the AGC rapidly when a
new signal appears and follow a rising or fading signal but, if the signal
disappears altogether (as in pauses in speech), retain the AGC level until
the signal recommences. If the signal remains absent for more than a preset
time, however, the system should rapidly revert to full gain. The SL621C will
perform these functions and will also produce short-lived pulses of AGC
to suppress noise bursts.

CIRCUIT DESCRIPTION

The operation of the circuit is described with reference to Fig. 12, which
also illustrates the dynamic response of a system controlled by an SL621C
AGC generator.

The SL621C consists of an input AF amplifier, TR1-TR4, coupled to a DC
output amplifier, TR16-TR19, by means of a voltage back-off circuit, TR5, and
two detectors, TR14 and TR15, having short and long .rise and fall time
constants respectively.

An audio signal applied to the input rapidly establishes an AGC level, via
TR14, in time t1. Meanwhile the long time constant detector output (TR15) will
rise and after t3 will control the output because this detector is the more
sensitive. If the signals at the SL621C input are greater than approximately
4mV rms they will actuated the trigger circuits TR6-TR8 whose output pulses
will provide a discharge current for C2 via TR10, TR13.

By this means the voltage on C2 can decay at a maximum rate which
corresponds to a rise in receiver gain of 20dB/sec. Therefore the AGC system
will smoothly follow signals which are fading at this rate or slower. However,
should the receiver input signals fade faster than this, or disappear completely
as in pauses in speech, then the input to the AGC generator will drop below
the 4mV rms threshold and the trigger will cease to operate. As C2 then has
no discharge path, it will hold its charge (and hence the output AGC level)
at the last attained value. The output of the short time constant detector
(TR14) falls to zero in time t2 after the disappearance of the signal.

The trigger pulses also charge C3 via TR9, thus holding off TR12 via TR11.
When the pulses cease, C3 discharges and after ts turns on TR12, rapidly
discharging C2 (in time t4) thus restoring full receiver gain. The hold time,
ts, is approximately one second with C3=100 microfarads. If signals reappear
during ts, then C3 will re-charge and normal operation will continue. The
C3 re-charge time is made long enough to prevent prolongation of the hold
time by noise pulses. Fig. 12 also shows how a noise burst superimposed
on speech will initiate rapid AGC action via the short time constant detector
while the long time constant detector effectively remembers the pre-noise
AGC level.
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The various time constants quoted are for C1=50 microfarads and C2=C3=
100 microfarads. These time constants may be altered by varying the appro-

priate capacitors.
CIRCUIT APPLICATIONS

The SL621 is used in an SSB receiver as shown in Fig. 13. AGC need only
be applied to two of the gain stages even if there are more than two such
stages in the receiver since AGC applied to two stages only will result in over
120dB AGC range. It is usual to apply AGC to the first RF stage and the first
IF stage and it will be seen from Fig. 14 that an SL612 IF amplifier reacts
earlier to an increasing AGC voltage than an SL610C RF amplifier. This has
the effect of delaying the AGC to the input stage, thus improving the receiver

signal to noise ratio at low AGC levels.
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Fig. 14 also shows the total attenuation to be expected at any AGC voltage
when AGC is applied to one SL610C and one SL612C in a system; from this
one can calculate the calibration of an ‘S’ meter for use with the SL621C.
Such a meter, as shown in Fig. 13, should have a sensitivity of 2.6V FSD and
be calibrated linearly from 0 to 120dB.

The output current capability of the SL621 is not high and it should not be
expected to drive more than three SL610/11/12 devices in addition to an ‘S’
meter circuit similar to that shown in Fig. 13.

There are two other important points to observe when using the SL621C:
supply de-coupling and input coupling. Since capacitors C1 and C3 may
need to charge very quickly, the source impedance of the 6V supply line at
low frequencies should be very low, if necessary being decoupled by a low
impedance 1000 microfarad capacitor placed near the SL621C.

The input should be applied to pin 1 via a capacitor of not more than
470 ohms reactance at the lowest input frequency encountered, and should
never exceed 1Vrms. Input voltages in excess of this level may cause the
internal amplifier to block, with consequent failure of the AGC voltage. The
condition can be avoided, if necessary, by using a diode limiter at the input.

In the presence of RF fields the AGC line may need to be decoupled: a
5000pF capacitor from pin 7 of each RF amplifier to earth and a 100 ohm
resistor from each pin 7 to the AGC line should be adequate. It is, however,
important not to use a capacitance greater than 15000pF, otherwise the
impulse suppression characteristic of the circuit will be degraded.

The SL621 may be used with supply voltages between +6V and +9V.
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SL623C, SI1623C & SL1625C
AM detector, AGC amplifier and SSB demodulators

The SL623C consists of an AM detector, an SSB detector and an AGC
generator designed for use with AM. The SL623C was introduced to enable
the small-signal sections of an HF AM/SSB transceiver to be completely
integrated — all functions with the exception of the power amplifier can be
realised with SL600 series integrated circuits. The outputs of the SL623C will
drive most audio output stages with input impedances over 10 kilohms, and
are particularly suitable for driving the SL630C .

In addition to its audio outputs, the SL623C AGC generator is designed to
control SL610/11/12 RF/IF amplifier strips, but, unlike the SL621C AGC
generator, which operates from an audio signal, the SL623C control voltage is
carrier-derived. It is therefore less suitable for use with SSB or CW. However,
the AGC output pins of an SL621C and an SL623C may be connected together
for an SSB/AM receiver, the gain then being controlled by the device with
the higher output voltage.

The SL1625C is an SL1623C without its SSB detector.

CIRCUIT DESCRIPTION (Fig. 15)

The IF input is applied directly to one input of a full-wave detector and, via
a unity-gain inverting amplifier, to the other input of the full-wave detector and
to the signal input of a balanced demodulator. Two outputs from the full-wave
detector are brought out of the package: audio and AGC. The AGC signal is
used as the input to the AGC amplifier of the device. The AGC amplifier
consists of two amplifiers in series. The first has a gain which may be varied
between —0.25 and —5 by an external resistor and the second has a fixed
gain of —20 and a frequency compensation point. The SSB detector, which
requires a carrier input of 100mV rms, consists of a simple balanced de-
modulator.

A single positive supply of between 4-6V and +9V is required. The supply
should be decoupled close to the can by a 0.1 microfarad capacitor. Current
consumption is approximately 10mA at 6V supply and zero AGC voltage, but
rises with both supply voitage and AGC output level.

CIRCUIT APPLICATIONS
AM Detector

The detected AM output has an output impedance of about 1 kilohm and
should be decoupled at RF with a 0.01 microfarad capacitor (C1). It should be
connected to the audio stage via a dc blocking capacitor. The other detector
output is similar but should be decoupled with a 50 microfarad capacitor
(C2) to remove AF, and connected via a preset potentiometer R28 to the AGC
amplifier input to provide rectified carrier for amplification as AGC. C1 and
C2 should be connected directly to the earth pin via the shortest possible
leads, which should not be common to any other components. C2 should have
an AF series resistance of under 1 ohm and, if it does not also have a low RF
impedance, should be shunted by a 0.01 microfarad RF bypass capacitor
(C3). These measures prevent instability due to possible RF current loops.
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Fig. 15 SL623C circuit diagram

AGC Generator

Pin 3, the AGC amplifier phase correction point, should be decoupled to
ground by a 1 microfarad capacitor (C4) ,keeping leads as short as possible.
The value of C4 is quite critical, and should not be altered: if it is increased the
increased phase shift in the AGC loop may cause the receiver to become
unstable at LF and if it is reduced the modulation level of the incoming signal
will be reduced by fast-acting AGC.

A capacitor connected to the phase correction point and the output of the
AGC amplifier helps to reduce the ripple on the AGC output. Its value varies
from system to system and with intermediate varying frequencies. Normally-
used values vary between 0.1 and 10 microfarads. As there is no easy way
to predict suitable values for particular systems, this component must be
‘selected on test’.

The AGC output (pin 4) will drive at least two SL610/11/12 amplifiers and the
‘S’ meter circuit shown in Fig. 13. The SL623 AGC output is an emitter follower
similar to that of the SL621C. Hence the outputs of the two devices may be
connected in parallel when constructing AM/SSB systems.

Less signal is needed to drive the SSB demodulator than the AM detector.
In a combined AM/SSB system, therefore, the signal will automatically
produce an SSB AGC voltage via the SL621C as long as a carrier (BFO) is
present at the input to the SSB demodulator of the SL623C. The AGC generator
of the SL623C will not contribute in such a configuration.

For AM operation the BFO must be disconnected from the carrier input of
the SSB demodulator. In the absence of an input signal, the SL621C will then
return to its quiescent state. To switch over a receiver using the SL623C
from SSB to AM operation it is therefore necessary to turn off the BFO and
transfer the audio pick-off from the SSB to the AM detector.
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Neglecting to disconnect the SSB carrier input during AM operation can
result in heterodyning due to pick-up of carrier on the input signal. In some
sets different filters are used for AM and SSB; these will also need to be
switched.

The 10 kilohm gain-setting preset potentiometer R28 is adjusted so that a
DC output of 2 volts is achieved for an input of 125mV rms. There will then be
full AGC output from the SL623C for a 4dB increase in input. A fixed resistor
of 1.5 kilohms can often be used instead of the potentiometer.

SSB Demodulator

The carrier input is applied to pin 6, via a low-leakage capacitor. It should
have an amplitude of about 100mV rms and low second harmonic content to
avoid disturbing the DC level at the detector output.

Pin 8 is the SSB output and should be decoupled at RF by a 0.01 microfarad
capacitor. The output impedance of the detector is 3 kilohm and the terminal
is at a potential of about +2V which may be used to bias an emitter follower
if a lower output impedance is required. The input to the audio stage of a
receiver using an SL623C should be switched between the AM and the SSB
outputs — no attempt should be made to mix them. Since the SL621C is
normally used in circumstances where low-level audio is obtained from the
detector, the relatively high SSB audio output of the SL623C must be attenu-
ated before being applied to the SL621C. This is most easily done by connec-
ting the SL623C to the SL621C via a 2 kilohm resistor in series with a 0.5
microfarad capacitor.

Input Conditions

The input impedance is about 800 ohms in parallel with 5pF. Connection
must be made to the input via a capacitor to preserve the DC bias. An input of
about 125mV rms is required for satisfactory carrier AGC performance and
20mV rms for SSB detection. Normally, the AGC will cope with this variation
but in an extreme case a receiver using an SL623C and having the same gain
to the detector in both AM and SSB modes will be some 10dB less sensitive
to AM.
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SL630C & SI1630C

Microphone/headphone amplifier

The SL630C is an audio amplifier having 40dB gain and an internal gain
control of approximately 60dB, and an output capability of 200mW into a
40 ohm load when used with a 12V supply.

CIRCUIT DESCRIPTION AND APPLICATIONS

To maintain HF stability — particularly on negative half-cycles — the
output (pin 1) should be decoupled by a 1,000pF, low series inductance,
capacitor placed directly between pins 1 and 10 (8) with leads cut as short as
possible. This component must be on the integrated circuit side of the output
coupling capacitor. At high supply voltages and/or low temperatures 10 ohms
must be placed in series with this capacitor and 100pF connected from pin 4
to earth. The output is coupled to its load with a capacitor of a low impedance
relative to the load at the lowest frequency to be used. The load may be
resistive or reactive and, for maximum power output, should lie on the
load/supply voltage line. Any higher value of load impedance is quite safe
but the device will over-dissipate and eventually destroy itself by overheating
if the output is short-circuited. The optimum load therefore, at any rate with
supplies of over 9V, can be regarded as a safe minimum. The circuit shown
in Fig. 16 which shows the SL630C used as a headphone amplifier, may also
be used with loudspeakers having suitable impedances. The distortion is
about 0.5 per cent at full output.

The power supply, to pin 2, should be between 46V and +12V and ad-
equately decoupled both at HF and LF. The quiescent power consumption at
various supply voltages is shown in the Power characteristics, as is the
relation of the supply voltage to the optimum load and the maximum power
available.
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Fig. 16 Headphone amplifier using the SL630C
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A capacitor connected to pins 3 and 4 defines the high frequency response

of the amplifier. The upper 3dB frequency, f, is given by the formula:
16000 L
f= C120 kHz. (C is in picofarads)

Pins 5 and 6 are input terminals. They may be used together as a differential
input, in which mode they present an impedance of approximately 2 kilohms
and result in a voltage gain (without gain control) of 100 (40dB). When the
input is obtained from a magnetic transducer or a transformer it is desirable
to use‘the differential input mode since the signal winding may be connected
directly between pins 5 and 6 and no other components are required.

An input may also be applied between pin 5 and earth. In this case the gain
is 200 (46dB) and the input impedance 1 kilohm. Pin 6 should be earthed by
1500pF. A coupling capacitor is required between the input and pin 5.

The circuit is muted by earthing pin 7. A muted circuit attenuates an input
by about 100dB. There is no mute facility on the SL1630.

Gain control is applied to pin 8, (7) which has an input impedance of 3.6
kilohms. It must be appreciated that even with full gain control the input
cannot exceed 50mV rms without clipping so that at high control levels the
output level is limited. The AGC characteristics will vary with temperature
but, as shown in Fig. 16 a potentiometer to give manual gain control can be
connected to the internal bias point at pin 9 which provides a temperature-
compensated reference at the voltage at which gain control commences.
This reference pin is omitted on the SL1630C. Pin 10 (8) is the signal earth
and negative power supply connection.
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Applications

The first part of this handbook describe Plessey Semiconductors’ range
of integrated circuits for Radio Communications and general techniques
of using them. This section describes a number of specific applications of
these circuits which have been developed at various times in our Applications
Laboratory.

These applications cover receivers and transceivers of several types and
some frequency synthesisers. Some of these applications have been de-
veloped in great detail and are engineered practically to pre-production
status, others are merely ideas which have been shown to be practical but
have not been taken further.

An AMreceiver using SL1600 circuits

This receiver is a single conversion superhet using SL1600 devices with
an IF of 455kHz. It was designed for use in 27MHz CB receivers, possibly
following another conversion to a first IF of about 10.7MHz. The receiver has a
sensitivity of about 1 microvolt and delivers 3 watts to an 8 ohm loudspeaker.

The block diagram of the receiver is shown in Fig. 60. It consists of a normal
single conversion superhet with a 455kHz intermediate frequency. An SL1641
double-balanced modulator acts as a mixer and is followed by a ceramic
ladder filter with a +3kHz passband.

The intermediate frequency amplifier consists of three SL1612 amplifiers
with a simple interstage ceramic filter between the second and third stages.
This amplifier has a gain of over 100dB and AGC is applied to all three stages.
It is followed by an SL1623 detector which also provides AGC.

The AGC line may be fed to an external ‘S’ meter and also goes to an SL748
used in a squelch system. After passing the squelch gate the audio goes to a
TBAS800 3-watt amplifier.

Fig. 61 is a detailed circuit diagram of the receiver.

THE MIXER

The mixer consists of an SL1641 double-balanced modulator. The SL1641
has a free collector output which is. used to drive a 2 kilohm resistive load to
provide the correct match to the Murata CFR 455H ceramic filter.

The SL1641 is intended to drive a load with a DC resistance which does not
exceed 800 ohms. To prevent saturation of the output transistors of the SL1641,
the 2 kilohm resistor must be connected to a +12V supply while the SL1641
itself runs from +4-6V. Furthermore, it is essential to decouple the supply to the
2 kilohm load most throroughly to prevent IF feedback via the supply line.

This mixer has several advantages — it has a conversion gain of 9dB
(which is sufficient to overcome the loss of a CFR 455H filter), a low noise
figure, and it requires only 200mV rms of local oscillator injection. It has a
signal input impedance of 1 kilohm in parallel with 5pF, which means that it
can be driven from a ceramic filter in dual conversion receivers. The local
oscillator port also has a high input impedance: 1 kilohm in parallel with 4pF.
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The other feature important in a receiver mixer is intermodulation. While
the SL1641 cannot compete with hot carrier diode or FET ring mixers, it has
considerably better performance than the transistor or FET mixers generally
used in Citizens’ Band receivers. Its third order intercept point is around
+8dBm.

CFR 455H SFD455
s A e
MiXErR Pt SLIB12 SL1612 suigiz  SL1623
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~ ~ -Hr
e %4 e >4
} " AGC LINE )
Lo GATE
THRESHOLD SQUELCH J |
SL748
T8A
800 |- >
Fig. 60 27MHz Citizens’ Band AM 3w
receiver block diagram

THE IF AMPLIFIER

The IF amplifier consists of three cascaded SL1612s, giving a maximum
gain of over 100dB. Since SL1612 amplifiers are broadband devices, a 100dB
untuned strip would have over 20mV of broadband noise at its output, and any
local oscillator signal getting through the first filter would be amplified.
Extra filtering is therefore necessary, and is provided by a simple SFD 455
between the second and third stages.

Although the three SL1612s have a maximum gain of over 100dB, the IF
strip is stable without any particular precautions — provided that the supply
rail is adequately decoupled and the ground layout is adhered to. The receiver
may be built on single-sided circuit board without trouble or it may be built
on ground-plane double-sided board, in which case both sides of each
integrated circuit ground connection must be soldered.

AGC is applied to all three stages. This is not absolutely necessary since
two stages will give 140dB gain control range but it is better to have dis-
tributed AGC. If AGC is applied to only two stages it should be applied to the
first two.

This IF amplifier has excellent performance and uses few discrete compon-
ents. Although the integrated circuits are more complex than the discrete
transistor equivalent, the saving in tuned circuits, discrete components, and
adjustment makes the integrated circuit amplifier far superior in both per-
formance and cost.

THE DETECTOR AND SQUELCH

The detector consists of an SL1623. The circuit detects AM and provides
carrier-derived AGC which may also be used to drive an ‘S’ meter. The ‘S’
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Resistor values are in ohms, capacitor values in microfarads unless otherwise stated.
IC1  SL1641C R13 10k C14 0.01 SKT1 Signal input
IC2 SL1612C R14 10k C15 1000pF SKT2 LO input (200mv)
IC3 SL1612C R15 1k C16 47 TANT
IC4 SL1612C R16 56 C17 0.1 P1 +12V supply
IC5 SL1623C R17 1 C18 0.1 TANT P2 Ground
IC6 SL748C R18 100 C19 1 TANT P3 Audio output
IC7 TBAS800 R19 10k C20 0.01 TANT
IC8 78L06 C1 0.1 C21  30pF P4
R1 2k c2 001 C22 10 TANT PS} Volume control
R2 3.3k C3 0.01 C23 1 TANT P6
R3 100 C4 0.1 C24 100 TANT P7 Squelch control
R4 100 C5 10 TANT C25 100 TANT P8
RS 330 Cé6 1000pF C26  1000pF P9 AGC line
R6 100 C7 0.01 C27 041 VR1 25k lin squelch control
R7 1.5k C8 1000pF ca28 0.1 VR2 25k log volume control
R8 10k (o]} 0.01 C29 100 TANT T1 Small sjgnal audio si NPN
R9 ™M C10 0.1 C30 10 TANT F1 455kHz Murata ladder filter boards
R10 10k C11 0.1 C31 0.1 TANT will accept CFS, CFR or CFM types.
R11 6.8k C12 100 TANT C32 10 TANT Recommended is CFR 455H.
R12 10k C13 56pF F2 Murata SFD 455D

Fig. 61 27MHz Citizens’ Band AM receiver circuit diagram




meter should consist of a voltmeter with a 2V offset reading from 2V (no
deflection) to 3.5V (full deflection). It should not draw more than 600 milliamps
and should be calibrated linearly.

The AGC is also applied to an SL748 operational amplifier which is used
as a squelch circuit. The SL748 is connected as a trigger circuit with a variable
threshold so that, as the AGC output rises past the threshold, the squelch
output goes high. This high output applies bias to an emitter follower in the
audio line which allows the detected audio to pass, via the volume control,
to the output stage.

The squelch output may also be used to turn on a lamp to indicate the
presence of a signal.

The SL1623 is an AM and SSB detector and has 14 pins. As the SSB facility
is not needed it may be replaced by the SL1625 — a version of the SL1623
without the SSB facility and encapsulated in an-8-lead minidip.

THE OUTPUT STAGE

The output stage uses standard 3 watt integrated circuit output stage which
will drive an 8 ohm loudspeaker.

POWER SUPPLIES

The mixer and the output stage require a 412V supply, the rest of the
circuits a 46V supply. The 4-6V supply is obtained from the +12V supply
with a 78L06 voltage regulator.

LAYOUT

The layout and component placing of the prototypes of this receiver are
shown in Figs. 62a and 62b. Other layouts may be used to occupy available
space, but two considerations are necessary — the mixer and IF strip should
be separated as much as possible (at least 2cm), and the topology of the IF
strip layout should be retained to prevent ground loop instability.

PERFORMANCE

The overall performance of this receiver depends on the system in which it is
used. Dual conversion systems have good image and spurious performance
but single conversion systems have better intermodulation performance.
In this performance summary parameters influenced by the external design
are therefore ignored.

In the Citizens’ Band service at 27MHz the noise figure of a receiver is less
important than its strong signal performance. This receiver has a sensitivity
of 1 microvolt at the SL1641 input for a 20dB S/N ratio, which is adequate,
and a third order intercept point of +-8dBm. lts dynamic range is well over
100dB.

On standby the power consumption is about 600mW, although this rises
during periods of high audio output.

Receiver passband and adjacent channel rejection depend on the filter
used — with a CFR 455H the passband is +3kHz and adjacent (+10kHz)
channel rejection is 65dB.
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Simple SSB transceiver

SL600 VERSION

This transceiver, shown in Fig.63, consists of a single conversion superhet
receiver with a 9MHz IF and a very efficient audio-derived AGC system, and a
filter type SSB generator, also working at 9MHz. Audio AGC in the modulator
path gives constant level output. The transmitter and receiver are arranged so
that no signal switching is required between transmit and receive, and the
RF components are common to both.

The RF input is direct to an Anzac MD-108 (or similar) hot carrier diode
ring mixer. This has 50 ohm ports and is also driven by the local oscillator,
at about +7dBm (500mV). The output is connected via a 3: 1 step-up trans-
former to a 9MHz crystal filter. This filter has the 2.4kHz bandwidth required
for SSB and a 90dB stopband. Filters with 60dB stopband can be used, but
additional filters may be required at low local oscillator frequencies to keep
the local oscillator signal out of the IF amplifier (and the overall receiver
performance will, of course, be degraded).
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The filter used, an SEI QC1246AX or a KVG XF9-B, has a terminating
impedance of 500 ohms, but only within the passband of the filter. At frequen-
cies outside the passband it may be very different, which means that the
impedance that the filter presents to the diode ring mixer via the transformer
will vary from 50 ohms. Such a mismatch will degrade the cross-modulation
and carrier leak performance of the diode ring. However, it was decided on
balance, that it was better to tolerate such degradation — which is not exces-
sive —than to complicate the design by incorporating a broadband impedance
match (which would probably not be bidirectional and hence would have to be
switched between transmit and receive).

The present design allows the same arrangement to operate in opposite
directions during receive and transmit without any switching. On the other
side of the crystal filter the transmit and receive signal paths diverge but
are still not switched.

The Receiver

The incoming RF signal is mixed with the local oscillator in the mixer
described above and then passes through an SSB bandwidth 9MHz crystal
filter. It is then amplified by three cascaded SL612C IF amplifiers, IC2, 3 and 4.
These amplifiers are untuned and since the strip has a maximum gain of
102dB careful attention must be paid both to noise and to stability. The
SL612C has a 3dB noise figure which means that the broadband noise at the
output of the three-stage strip is about 10mV RMS. This is not sufficient to
affect a product detector, which is only concerned with the component within
a few kHz of the BFO frequency, but would cause trouble if a diode detector
were to be used.

A broadband amplifier with 102dB gain is a likely candidate for stability
problems. The three-stage strip used in this receiver is less liable to power
supply feedback than most since the SL612C has internal supply decoupling.
Nevertheless it must be carefully laid out to minimise earth loops and input/
output feedback. The simplest way to do this is to use a double-sided printed
circuit board with the components side a continuous ground plane to which all
earth connections are made. If this is done the layout on the conductor side of
the board is not very critical but if single-sided board is used with the earth
conductors on the same side as the other conductors then it does become so.
The design of board in Fig. 64 is the most stable layout yet developed for such
strips on single-sided board, and it is strongly recommended that it be copied
exactly.

There are two other possible causes of instability in this transceiver: inade-
quate supply switching and inadequate supply decoupling. Since the only on-
board transmit/receive switching is by means of power switching it is essential
that the transmit supply be not only isolated but earthed during receive, and
vice versa. Both supplies should also be well decoupled at RF.

The IF strip has AGC applied to it by an SL621C audio AGC circuit, IC8.AGC
is applied via an emitter follower, which has the effect of reducing the AGC
range of each SL612C by 0.7V. The overall AGC range could be reduced to less
than 90dB were only two SL612Cs to have AGC applied to them. AGC is
therefore applied to all three to give 130dB, of which the usable AGC range is
about 115dB.

The IF output is applied to an SL640C double-balanced modulator (IC6),
used here as a product detector. When AGC is operating, the audio output of
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the detector is about 10mV RMS. The audio is fed to IC7, an SL630C audio
amplifier which has a voltage gain control. The SL630C can supply up to about
60mW to headphones, to a small loudspeaker or to an external amplifier.

The detected audio also goes to the SL621C audio AGC system (IC8). This
has an ideal characteristic for SSB reception. It operates from the receiver
audio, not from RF, and it has fast attack and fast decay unless a signal
disappears altogether — as in speech pauses — when it does not decay at all
for a second and then, if the signal has not reappeared, decays quickly. This
enables it to track rising or fading signals but prevents it overloading after
each brief speech pause. The circuit also incorporates very fast AGC action
to suppress brief noise bursts.

An FET oscillator is used to supply carrier to the product detector and to the
double-balanced modulator in the transmitter. The voltage applied to the ‘side-
band select’ terminal determines which crystal is used — upper or lower side-
band — but the terminal must not be left unconnected: it must either be con-
nected to +6V or to earth. The oscillator is supplied via diodes from both the
transmit and receive lines so that it continues to operate on transmit or receive.

The most basic receiver does not have an ‘S’ meter but if one is required it
may be connected to the emitter of the AGC buffer transistor. It should consist
of a moving coil meter connected in series with a resistor such that FSD corres-
ponds to 2.5V and three forward biased silicon diodes. This 'S’ Meter circuit
has a rather compressed scale for signals more than 40dB above the AGC
threshold. If a more linear scale is necessary the more complex system des-
cribed in the multimode transceiver should be used.

This receiver has a sensitivity of 1.0 microvolts for 10dB S/N. This means
that at HF with adequate antennas no RF amplifier is required since atmos-
pheric noise will limit system performance. At higher frequencies, or in
systems where small antennas are used, RF gain may be necessary to pre-
vent the performance being gain-limited rather than noise limited. Such
amplifiers increase gain but degrade intermodulation performance. In general,
without the RF amplifier, the receiver will tolerate about 200mV of adjacent
channel signal on the mixer without significant intermodulation. This is, of
course, a property of the mixer rather than of the rest of the circuit, although
the filter characteristics are also involved.

The Transmitter

The transmitter uses the standard filter method of generating SSB. Audio
from the microphone is fed to an SL622C microphone amplifier (IC9), which has
AGC giving a constant 100mV output over 60dB of input. The AGC ensures
an almost constant output from the transmitter, but can be inconvenient in
noisy environments when the transmitter will give full modulation on noise in
the absence of a speech input. Such noise modulation is avoided by the
addition of a single extra resistor (R5, between pins 8 and 9 of the SL622C)
which reduces the dynamic range of the AGC.

The constant-level audio from IC9 is applied to the signal input of an SL640C
double-balanced modulator (IC5). The output of the FET carrier oscillator is
applied to the carrier input of IC5 and a double sideband suppressed carrier
signal appears at its output. Carrier suppression is of the order of 40dB.

This DSB signal is amplified in an SL610C (ICl). The AGC pin of ICl is
brought out from the board and may be used either to preset the system gain
or as an ALC connection. The amplified DSB from IC1 is then passed through
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the crystal filter, which removes one sideband, leaving SSB. The SSB is mixed
to the final transmitter frequency in the diode ring mixer and then goes to a
linear amplifier which raises it to the transmitter output level. The output from
the diode ring is, of course. lower than the input to the filter and is about
100mV or less into 50 ohms.

The output of IC5 and the input of the first SL612C (IC2) are connected to the
same point on the filter via resistors. R6 is merely a buffer resistor but R2 and
R1 set the impedance which the filter sees in operation. This varies from 480
ohms on transmit to about 530 ohms on receive, but this small variation does
not affect filter performance. The loading effects of a turned-off SL612C during
transmission and a turned-off SL610C during reception are similarly insig-
nificant.

The transmitter output (atthe diode ring) consists of an SSB signal with carrier
below — 55dB and opposite sideband below — 60dB, provided that the carrier
oscillator is at the correct frequency. The degree of off-channel spurious
signals depends on the crystal filter used: 90dB stopband type gives excel-
lent performance but a cheaper one can sometimes cause trouble.

The Transceiver

The transceiver board needs few extra sub-systems to make a complete
transceiver. They are: a power supply, microphone, volume control and loud-
speaker and also a filter, local oscillator and linear amplifier. These are con-
nected as shown in Fig. 65.

Much of the performance of the final system will depend upon the standard
of design of the local oscillator, pre-selector, RF amplifier (if used) and linear
amplifier, but the performance of the transceiver board itself is excellent. The
Anzac MD-108 mixer used is capable of the required performance between
10kHz and 500MHz. If other diode rings were used the transceiver might be
used over an even wider range. lts power consumption is about 400mW on
either transmit or receive.

The most attractive feature of this transceiver, despite its high performance,
is its simplicity. It uses only 80 components and contains no tuned circuits or
other components requiring adjustment. It was designed for two purposes: (a)
to demonstrate the usefulness and versatility of the SL600 Series in SSB
applications and (b) as a ready-engineered SSB transceiver suitable for
those inexperienced in SSB design. It is capable of giving good performance
but can be constructed and commissioned by relatively inexperienced
personnel.

Physical Construction

The board and component layouts are shown in Fig. 64. The board is single-
sided and there are two jumper links on it carrying power supplies. As men-
tioned above the layout on a single-sided board carrying such a high gain
broadband IF strip is critical and it should not be changed. All passive com-
ponent leads should be as short as possible and integrated circuits should
not be mounted more than 6mm above the board.

The two transformers T1 and T2 are both wound on small toroids of high
frequency ferrite. The exact size and material are not important but the
material must be low loss up to at least 45MHz and it is essential that it has a
linear B/H characteristic, otherwise it will cause intermodulation at the receiver
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Fig. 64a Copper side of PCB for simple
SSB transceiver
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input. T2 is a simple transformer with a six-turn primary and a single turn
secondary but T1 is more complex. T1 is made from four 5cm lengths of 26
SWG (0.46mm dia.) enamelled copper wire twisted together. The length of
twist is used to wind two turns on the toroid and the ends are separated.
Three lengths are then connected in series in the same sense to form the
filter winding and the last length is used as the diode ring winding.

There are few other constructional details that need mentioning, but if a
receiver without a transmitter is required one may be built by omitting the
three transmitting integrated circuits (SL610C, SL622C and the SL640C)
between them), R1 to R5 inclusive and C1 to C13 and C40. To preserve the
filter impedance match a 500 ohm resistor should be connected from the filter
side of R6 to earth.

Component Value Rating Type
R1 100 1/8 W Hi-Stab.
R2 430 1/8 W Hi-Stab.
R3 100 1/8 W Hi-Stab.
R4 680K 1/8 W Hi-Stab.
R5 1K 1/8 W Hi-Stab.
R6 50 1/8 W Hi-Stab.
R7-R9 100 1/8 W Hi-Stab.
R10 330 1/8 W Hi-Stab.
R11 10 1/8 W Hi-Stab.
R12 100K 1/8 W Hi-Stab.
R13 330 1/8 W Hi-Stab.
D1-D6 1N4148 P
TR1 2N3819 } %;\s/:?élsar
TR2 2N706
T1, T2 See text.
Mixer Anzac
MD-108
Crystals 9.0015 MHz & Parallel (30p) resonant
8.9985 MHz
1C1 SL610C
1IC2-IC4 SL612C
IC5-IC6 SL640C
IC7 SL630C
IC8 SL621C
IC9 SL622C
C1-C4 inF 50V Weecon (Min Ceramic)
C5 10uF 6.3V Min. Tantalum
Cé 100pF 50 Ceramic
Cc7 47TuF 6.3V Min. Tantalum
(0] 10uF 6.3V Min. Tantalum
Cc9 4.7nF 50V Weecon
c10 2uF 6.3V Min. Tantalum
C11-C12 inF 50V Weecon
C13 100nF 50V Weecon
C14-C15 100pF 50V Ceramic
C16 4.7nF 50V Weecon

Table 4 Components list for the Simple SSB Transceiver (Fig. 63)

58




Component Value Rating Type
C17 100pF 50V Ceramic
C18 4.7nF 50V Weecon
C19 100pF 50V Ceramic
Cc20 4.7nF 50V Weecon
c21 100pF 50V Ceramic
Cc22 1nF 50V Weecon
Cc23 10uF 6.3V Min. Tantalum
C24 4.7nF 50V Weecon
C25 100nF 50V Weecon
C26 10pF 6.3V Min. Tantalum
c27 100pF 6.3V Min. Tantalum
c28 10nF 50V Weecon
C29 1nF 50V Weecon
C30 1uF 6.3V Min. Tantalum
C31 100pF 6.3V Min. Tantalum
C32 47uF 6.3V Min. Tantalum
C33 100pF 6.3V Min. Tantalum
C34 400uF 16V Min. Al. Elect.
C35-C36 68pF 50V Ceramic
C37-C38 10nF 50V Weecon
C39-C41 100nF 50V Weecon
C42 100pF 50V Ceramic
5K
TX +6V
ALC

PRE-SELECTOR
FILTER

I
TX O/F  TRANSCEIVER
RX 1/P BOARD
L jroomw
LINEAR Lo;ﬁapsmm RX TX  AUDO
- ,
AMPLIFIER SELECT  HT HT  GAN
5K
LOCAL 5K
0sC

s o4 o
4\ \“-----
S3
”I' ”J; +6V HT

Fig. 65 Block diagram of complete SSB transceiver

SL1600 VERSION OF THE SSB TRANSCEIVER

Figs. 66 and 67 show the circuit diagram and board layout respectively of
a version of the SSB transceiver which has been designed to use the SL1600
devices. In addition to the use of the SL1600 series circuits a single PNP
transistor is used in place of the SL610 in the transmitter and has only one
BFO crystal on the board.
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Resistor values are in ohms, capacitor values in microfarads

unless otherwise stated.

IC1  SL1612C
IC2 SL1612C
IC3 SL1612C
IC4 SL1640C
IC5 SL1621C
IC6 SL1630C
IC7 SL1622C
IC8 SL1640C
TR1 Si NPN - 2N706,
BC108 etc.

TR2 High frequency Si
PND — 2N3906 etc.

TR3 High frequency

N-channel FET -

2N3819, BF244B etc.

D1 Almost any small

D2 Si diode — 1N914
etc.

Diode ring - ANZAC MD-108

Filter - KVG Xf9-B

X1
T

R1
R2
R3
R4
RS
R6
R7
R8
R9
R10
R11
R12

R13
R14

30pF parallel resonant
8998 5kHz in HC18 or HC25
P 2 turns 2 hole

S 5 turns ferrite bead
470

47

120

120

120

10

470k

100

100

100k

1k

Select to give 200mV rms
at pin 4 of IC4

2.7k

8.2k
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All resistors 5 per cent $W

Fig. 66 SL1600 SSB transceiver
circuit diagram

All capacitors miniature ceramic
except ones marked TANT which are
bead tantalum.

C1
C2
C3
C4
C5
Cé

22pF
0.01
1000pF
1000pF
0.01
1000pF

C31
C32
C33
C34
C35
C36

5000pF
2 TANT
10 TANT
0.1
1000pF
0.1

Cc7

Cc8

(07]

c10
C11
c12
C13
C14
C15
C16
c17
Cc18
Cc19
Cc20
c21
c22
c23
C24
C25
C26
c27
Cc28
C29
C30

C37
Cc38
C39
C40

0.01
1000pF
0.1

1 TANT

1 TANT
10 TANT
0.1
1000pF
100 TANT
47 TANT
100 TANT
1000pF
100pF
5000pF
100 TANT
0.01pF
100 TANT
0.1pF
1000pF
1000pF
47 TANT
0.1

0.1pF

1 TANT

0.1
56pF
56pF
0.1
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MULTIMODE TRANSCEIVER

Like the simple SSB transceiver this multimode transceiver consists of a
single printed circuit board and requires the addition of a local oscillator, pre-
selector, power amplifier, microphone, loudspeaker and volume control, as
well as power supplies and possibly an RF amplifier, to make a complete
transceiver. ‘

The board, the block diagram of which is shown in Fig. 68, contains nearly
all the signal processing of the transceiver, including a noise blanker, VOX,
dual time constant AGC, an ‘S’ meter/squelch control and RF compression
during transmission. Since most sub-systems work independently the board
may be built without such refinements and used — either temporarily as a
stage in construction and evaluation, or permanently if particular functions
are not required. Thus the board may be used to build many different receivers
or transceivers.

DELAY AGC
AND MUTE

S METER SQUELCH

<|

BUFFER SL630

LOuUD
SPEAKER

SL613 SL613  SL610

SL

640
RLB

TOFM
MODULATOR % 4
SL64O
X
<4
RLA ! o !

ICARRIER|
SC

T0 TR

':‘-[ ? ? ':‘:l— RELAY CONTROL

% DISCRETE DEVICES

Fig. 68 Multimode transceiver block diagram
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RECEIVER DESIGN CONSIDERATIONS

The major problem of receiver design is that of strong signal handling
during weak signal reception. There is no single cure for it but designs of high
performance receivers usually have as little RF gain as possible, followed by a
mixer with good strong signal performance followed at once by a crystal filter.
The crystal filter removes the majority of unwanted signals and the rest of the
receiver is unlikely to be troubled by them.

The crystal filters do not follow the mixer directly in this receiver, for two
reasons: first, to improve the impedance match between the mixer and the
filter, and secondly to permit the use of a noise blanker to suppress impulse
interference.

A suitable mixer for high performance receivers must have low noise, as
little conversion loss as possible, and be able to handle strong unwanted
signals without intermodulation. In this transceiver (as a reasonable compro-
mise between cost and performance) a hot carrier diode ring mixer, the MD-
108 has again been chosen. Such ring mixers perform best when they are
terminated in 50 ohm resistive loads at all ports, but the input impedance of
crystal filters, besides being generally higher than 50 ohms, is reactive at
frequencies away from the filter passband.

In the Simple SSB Transceiver a transformer matching system was used
between the mixer and the filter and the reactive mismatch was ignored.
In this system a buffer amplifier, which is in fact also part of the noise blanker,
is used to terminate both the mixer and the filter correctly.

A major reason for the failure of receivers to produce weak AM and SSB
signals is man-made noise, typically ignition interference, at the antenna. This
noise is frequently in the form of very narrow pulses of very high amplitude
which can cause the crystal filter to ring at its resonant frequency. Once the
filter has been thus stimulated it will stretch the pulse so that it cannot be
distinguished from the wanted signal, which it swamps. Only by stopping the
ignition pulse before it reaches the filter can this interference be suppressed.
The noise blanker must therefore be somewhere in the receiver before the
crystal filter and the best place is between the mixer and the filter.

After the crystal filters the receiver design is quite conventional. There are
two filters, each feeding its own IF strip. One has a 12kHz passband and feeds
the FM IF system, which is a double conversion system with a 455kHz second
IF and a quadrature detector. This receiver was designed before the intro-
duction of the SL665, which would allow the use of a single 9MHz IF.

The other filter has a 2.4kHz passband and its output goes to the CW/SBB/
AM IF strip. This strip has a broadband gain of about 70dB followed by another
crystal filter, which is of 2.4kHz bandwidth for AM and SSB and 500Hz for
CW. There is then another IF amplifier stage followed by two detectors. For
SSB and CW there is a product detector and for AM there is an envelope
detector.

On AM the envelope detector provides carrier AGC to the system but on CW
and SSB an audio derived AGC system is used. Squelch and ‘S’ meter signals
are derived from the AGC line.

The decision to use a 2.4kHz filter for AM, removing one sideband, was
taken on cost grounds, as was the decision to use only one 500Hz CW filter
halfway down the IF strip, whereas two such filters, one at the input to the
strip, would certainly improve strong signal rejection in the CW mode. Ideally
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there should be four filters at the input (with bandwidths of 12, 6, 2.4 and
0.5kHz respectively for NBFM, AM SSB and-CW) and a further three filters
halfway down the AM/SBB/CW IF strip to reduce IF noise to a minimum. This
would entail an extra three expensive crystal filters compared with the
present system — for only a marginal increase in system performance.

The use of two filters halfway down the IF strip is well justified, however.
The CW filter in this position removes both unwanted CW signals in the 2.4
kHz passband and also much of the broadband noise which can cause
difficulty in copying very weak signals. The 2.4kHz filter is essential to
remove the broadband noise between 100kHz and 30MHz generated by the
first two IF stages which, if allowed into the AM diode detector, would greatly
degrade its performance.

The improvement due to this filter on the SSB product detector is much less,
since product detectors produce supersonic outputs from broadband noise
and these can be filtered without loss of wanted signal. There is nevertheless
a 3dB improvement in S/N ratio in systems where IF noise is the limiting
factor on system performance.

TRANSMITTER DESIGN CONSIDERATIONS

The transmitter has to generate all the modes that the receiver has to
receive. This is not particularly difficult, but several complexities have been
introduced to minimise spurious outputs and broadband noise while making
the transmitter as effective as possible.

The modulation envelope of SSB does not resemble the audio producing it
and normal audio speech processing techniques do not greatly improve the
S/N ratio at the receiver. RF clipping, however, reduces the peak/mean power
ratio of the signal and hence improves its mean power and readability.

It is also convenient to use the RF clipper for NBFM and AM, these signals
being demodulated from clipped SSB back to audio and the audio signal
applied to the NBFM or AM modulators. This technique gives up to 12dB
apparent signal to noise ratio improvement and the resulting recewed audio,
while obviously ‘processed’, is not unpleasant.

The audio input to the transmitter passes through an audio preamplifier
with AGC to ensure a roughly constant modulation signal regardless of micro-
phone or audio level. It is converted to DSB in a double-balanced modulator
and filtered to SSB which is then applied to a limiting amplifier which removes
all amplitude variations. This clipped signal is, of course, rich in both harmonics
and intermodulation products and must be filtered in a 2.4kHz bandwidth
filter to remove them. The quality of this filter determines the spectral purity
of the resulting clipped SSB and is more important than the first filter producing
the sideband.

The 2.4kHz bandwidth filter reintroduces amplitude variations into the
signal which must be amplified by a linear amplifier. The signal is then either
further amplified and mixed to the final transmitter frequency or demodulated
to yield processed audio which can be applied to the AM or FM modulators.

The FM system uses this audio to modulate the external VFO while the
transceiver board supplies a steady 9MHz output to the transmitter mixer. The
AM modulator — which also supplies this unmodulated carrier during FM
transmission — consists of a double-balanced modulator with deliberate carrier
leak. All transmitted signals pass through a 12kHz filter as they leave the
board — this costs nothing since the filter is already present in the FM receiver,
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and removes any broadband noise which the buffer amplifiers may have
introduced.

The CW transmitter uses the complete SSB system except that a keyed tone
is used as the audio input and the 500Hz filter is used instead of the 2.4kHz
filter in the SSB generator. This allows only a single frequency to go to the RF
clipper, rather than the several frequencies caused by harmonics from the tone
generator, which would result from the use of the 2.4kHz filter.

Like the simple SSB transceiver the majority of the transmit/receive switch-
ing is performed by switching power supplies and not signal lines. The power
switching itself, however, is performed by a relay which can be driven either
from a transmit/receive switch or by the VOX system. Mode switching, how-
ever, is performed by relays, so that when the transmitter and receiver are in
different modes some relays change state between transmission and re-
ception.

TRANSCEIVER SYSTEMS

To use the transceiver board it is built into a system very similar to that used
for the Simple SSB Transceiver illustrated in Fig. 65. A small difference is that
if FM transmission is required provision must be made for the processed audio
from the board to modulate the VFO. Otherwise the two systems are identical -
except that rather more power supplies and function switching are required
with the multimode transceiver.

Sub-systems may be omitted if a simple transceiver, or just a receiver, is
required. Similarly, the board may be built and operated as an SSB receiver,
then expanded to an SSB transceiver without RF clipping, then RF clipping
added, etc., as required.

CIRCUIT DETAILS

The circuit diagram of the complete transceiver board is shown in Fig. 69.
The whole circuit will be described but where sub-systems are built entirely of
SL600 devices conventionally used no explanation of circuit configuration will
be given. If this is required the reader is referred to Section 1.

The sub-systems into which the board has been divided are described
below.

The Mixer

The Anzac MD-108 mixer was chosen for its performance coupled with its
low price, but any hot carrier diode ring modulator with 50 ohm ports and ade-
quate strong signal performance (the MD-108 will handle over 200mV RMS
adjacent channel signal) combined with low noise and under 7dB conversion
loss could be used euqally well. The MD-108 has two ports with 5-500MHz
bandwidth and one with DC to 500MHz bandwidth. If the transceiver is used
with signals or VFO of under 5MHz it is important to ensure that this signal is
applied to the correct port.

It might be thought that the receiver performance on strong signals would be
improved by using a better diode ring, able to handle larger signals. This is not
in fact so: if the mixer is improved the noise blanker and filter become the
limiting factors in the strong signal performance. A mixer with better high
or low frequency performance may, however, be substituted if required.
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The Noise Blanker

Probably as much work went into the development of this noise blanker as
into the rest of the receiver. It has excellent performance and causes very little
degradation of the receiver strong signal characteristics.

A noise blanker is a receiver which receives noise pulses, amplifies and
shapes them, and uses them to turn off the main receiver while noise is
present. As noise is not evenly distributed throughout the frequency spectrum
the noise blanker receiver should be operated in the same frequency band as
the main receiver.

This in turn suggests that the noise receiver and the main receiver be
common and that the blanking pulse be applied late in the main receiver.
However if a noise puise is applied to a crystal filter it is stretched from its
original length of a few microseconds to as much as several milliseconds.
Blanking must therefore be applied before the crystal filters.

The noise blanker must therefore stop a noise pulse before it can reach the
crystal filter from the mixer. Furthermore if a blanking pulse has sharp (large
dV/dt) edges these will themselves act as noise pulses, negating the effect of
blanking the received noise.

There are therefore two conflicting requirements: the noise blanker must
act very quickly to prevent the leading edge of a noise spike from reaching the
crystal filter, and it must apply a blanking pulse with a slow rise time to the
noise gate to prevent the blanking pulse from acting as a noise pulse. The
only way these requirements can be met is to delay the signal between the
mixer and the filter in a linear delay line and to place the noise gate between
the delay line and the crystal filter.

Various forms of blanking gate were tried during the development of the
noise blanker - including diode modulators and single and balanced FETs -
but none of them gave better performance than an SL1496 double-balanced
modulator. The circuit diagram of an SL1496 is shown in Fig. 70 and a diagram
of the noise gate in Fig. 71. Transistors designated TR followed by a lower case
letter subscript are those internal to the SL1496. Transistor designations using
numerals are employed for all other devices.

In this application pins 5 and 14 of the SL1496 (IC1) are connected together
and the emitters of TRa and TRb are thus open-circuited. They are then con-
nected externally to the rest of the circuit. When there is no blanking pulse
TR10 is turned off and TRc and TRf are turned hard on. With TRc hard on TRa
acts as an amplifier to signals on its base and its output goes, via TRc to the
XF9-B crystal filter. Since TRd ‘and TRe are off no signal is applied to the
XF9-E filter.

When a blanking pulse is applied to TR10 it is turned on and TRc and TRf
turn off (slowly because of the resistor in TR10 collector and the 1 nF capacitor
between inputs 8 and 10 of the SL1496) and TRd and TRe turn on. The signal
path is now to F4 and the F1 is isolated — noise cannot pass to the CW/SSB/AM
IF strip.

The noise blanker is not effective during FM reception and is not used.
Instead TR8 is turned on and this balances the modulator so that TRc, TRd,
TRe and TRf are turned on and signals go to both IF strips. This is necessary
because the squelch is derived from the CW/SSB/AM strip in all modes,
including FM.
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The diodes between pins 8 and 10 of the SL1496 ensure that the switching
drive is at the correct level and the preset current source TR8 keeps the DC
current in the filter loads constant as the system switches from the unblanked
to the blanked condition.

The whole system is shown in Fig. 72. The noise receiver has its input via a
tuned circuit to prevent local oscillator leak from the mixer triggering the
system. The noise IF amplifier consists of an SL612C (IC2) and an SL613C (IC3)
which acts as a detector. Gain control is applied to IC2 to set the blanking level.

Pulse outputs from the detector in IC3 are buffered by a PNP transistor
TR18 to a simple monostable (TR6, TR7 and TR9) with a 10 microsecond
pulse. This pulse operates the noise gate. A 400 ns delay line between the
mixer and the noise gate ensures that the system is blanked before the pulse
that triggers the monostable arrives at the noise gate.

Lastly, a feature of the system is that it acts as a matching amplifier between
the 50 ohm mixer and the 500 ohm filters.
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The AGC ‘S’ Meter and Squelch Circuit

As mentioned above the SL623C (IC14) operates as a carrier AGC system
during AM reception. It also operates in the same.mode during FM reception
but does not apply AGC to the FM IF, the AGC line being used only for squelch
and to drive the ‘S’ meter. When the carrier oscillator is turned on, the product
detector in IC14 operates and a signal is applied to an SL621C (IC12) con-
nected to its output. The SL621C is more sensitive than the SL623C and so it
takes over as AGC source to provide an audio derived AGC system for CW and
SSB reception. Since the output impedance of both the SL621C and the
SL623C AGC systems are high when they have no input they are both con-
nected to the AGC line and do not load each other.

If fast AGC is required during tuning in the SSB and CW modes, the ICI2
may be turned off and control restored to the IC14. This will result in higher
outputs but faster decay when tuning from a strong signal. Some professional
receivers using SL621C circuits have facilities for dumping AGC from the
timing capacitors but it was felt unnecessary to this design.

The AGC line from these two devices drives the second SL612C (IC8) in the
CW/SSB/AM IF strip directly and also goes to the squelch and ‘S’ meter
circuitry shown in Fig. 73. TR3 acts as a buffer to drive the squelch circuitry,
and also as a diode drop (0.7V) to delay the AGC to IC7. The output of TR3 is
filtered by 1 kilohm and 100 nF and applied to a potentiometer (‘Squelch
Level’) and thence to the base of TR4, which acts as an inverter. The inverter
output drives TR5 which mutes the SL630C audio amplifier (IC15), by con-
necting pin 7 of IC15 to earth. A three-position switch which earths either TR4
collector (to disable the Squelch) or TR5 collector (to mute the receiver) is
included. Its centre position neither mutes the receiver nor disables the
squelch. If a mute position is not required, a single pole on/off switch may be
used.

As the AGC characteristic of SL600s is somewhat non-linear, a simple volt-
meter on the AGC line does not make a good ‘S’ meter since it tends to be too
sensitive to signal changes near the AGC threshold and not sensitivie enough
to large signals. The long-tailed pair TR1 and TR2 with the diode D12 form a
compensating circuit. All five transistors in this block of circuitry are on a single
chip, the SL3046, in a 14-lead DIL package. This saves board space and gives
a good match between TR1 and TR2.

The FM IF Strip and Detector

Double conversion is used in the FM receiver because of the difficulty of
providing adequate ‘Q’ at 9MHz for an NBFM quadrature detector. The 9MHz
output from the 12kHz-wide XF9-E filter F4 is amplified by an SL612C (IC17)
and is then mixed to 455kHz in an SL640C (IC20). A single tuned circuit is
used to remove the image and the signal is then passed to an SL624C working
as a limiting amplifier/quadrature detector. This receiver was developed
before the SL665 became available — otherwise a single 9MHz filter would have
been used and the SL624C replaced by an SL665C.

The CW SSB AM IF Strip

The IF strip is quite conventional. The output of the XF9-B 2.4kHz filter F1 is
applied to two cascaded SL612C amplifiers. The output of the second SL612C
(IC8) goes either to a 2.4kHz XF9-A or to a 500Hz XF9-M filter, (F3), depending
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on whether the receiver is in SSB/AM or in CW mode. The filters are switched
by two small relays. After the filter there is another SL612C (IC12) and an
SL623C detector (IC14). Without a carrier oscillator IC14 acts as an envelope
detector for AM and generates carrier-derived AGC in this mode. When the
carrier oscillator is applied IC14 acts as a product detector for SSB and CW
and an SL621C (IC12) at the product detector output takes over the AGC.
The audio output line must be switched between the two detectors.
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The Carrier Oscillator

The carrier oscillator has four different frequencies: 8545kHz for the second
mixer in the FM IF system, 8998.5kHz for USB, 9001.5KHz for LSB and 9001
kHz for CW. The circuit is a conventional FET Colpitts oscillator (TR19) and
uses diode switching to select one of four crystals.

The output of the oscillator is about 1 volt RMS and is therefore reduced in a
potentiometer to the 200mV RMS required by SL640Cs. This potentiometer
acts as a virtually constant load to the oscillator and an output buffer is not
required.

If the crystals used do not oscillate at their nominal frequency, either the two
47pF capacitors between gate and source and source and ground may be
changed in value while remaining equal. Alternatively, where only one or two
crystals need trimming, provision is made for crystal trimming by a varicap and
a potentiometer for each sideband crystal.

The Audio Amplifier and Sidetone Oscillator

The SL630C audio amplifier (IC15) is driven from a 412V line. It is capable
of providing up to 200mW to a small loudspeaker but if a greater output is
necessary an additional audio amplifier should be provided. The output of
the SL630C is also applied to the VOX circuitry, TR11 to TR15. Gain is control-
led by a voltage applied to pin 8 of IC15.

Since the output impedance of the SL630C is quite high when it is turned off,
and likewise that of the sidetone oscillator, the loudspeaker is connected
directly to both. The sidetone oscillator shown in Fig. 73, is an emitter-coupled
multivibrator keyed in the emitter of TR16. A signal is taken from the collector
of TR17 and applied to the transmitter audio input.

The sidetone frequency is 1kHz and the system relies on the CW filter to
produce a single tone output from the transmitter. If the 500Hz CW filter is
omitted the frequency should be raised to about 1750Hz to place the second
harmonic well down the SSB filter characteristic. In amateur transceivers an
accurate 1750Hz may have an additional use as a repeater access tone.

The Microphone Amplifier and SSB Generator

The audio from the microphone (or the CW from the sidetone oscillator) is
amplified by an SL622C (IC4). The SL622C contains its own AGC circuitry with
fast attack and slow decay so that its output is around 100mV RMS for over
60adB range of input. There is also a sidetone output which is not affected by
the AGC and is used to operate the VOX. R57 sets the microphone AGC
threshold and dynamic range. If R57 is open circuit, the threshold is 100
microvolts and the dynamic range is 60dB; if itis 1 kilohm the values are TmV
and 40dB, and ifitis 330 ohms they are 3mV and 30dB. C63 should be increased
to 0.05 microfarad if R57 is 1 kilohms and to 0.15 microfarad if it is 330 ohms.

The output from the SL622C is applied to the signal input of an SL640C
double-balanced modulator (IC9) whose carrier input is 8.9985 MHz or 9.0015
MHz from the carrier oscillator. The output is DSB which is applied to the
2.4kHz bandwidth 9MHz filter (F2) and one sideband removed to produce
SSB (USB if 8.9985 MHz is used, LSB if 9.0015).
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The RF Compressor

The SSB produced in the system above is normal SSB. Its peak/mean power
ratio is fairly large, even though its mean power level is quite constant as a
result of the audio AGC. It is therefore amplified in a three-stage amplifier
consisting of an SL610C (IC11) followed by two SL613Cs (IC10 and IC13). The
SL610C is merely to provide gain but the SL613Cs are high performance
limiting amplifiers with symmetrical limiting. The signal emerging from this
limiting amplifier preserves its phase information but has had practically all
amplitude variation removed from it.

Such a clipped signal is rich in both harmonics and intermodulation
products, so it is immediately filtered in another 2.4kHz bandwidth filter (F1)
which removes both, but reintroduces some amplitude variation.

The above system is used to process all signals which are to be transmitted,
in whatever mode the transmitter is operating. However if a CW signal is being
sent, the first 2.4kHz filter (F2) is replaced with a 500Hz filter (F3) to ensure
that a single tone is applied to the clipper. After the second filter, however,
different modes are processed in different ways.

Single-sideband and CW signals are amplified in a two stage linearamplifier,
applied to a 12kHz filter to remove noise and sent to the mixer via the transmit
buffer.

When the transmitter is operating in AM or FM mode the clipped SSB is
demodulated in an SL640C product detector (IC6) to yield clipped audio, which
is then applied to the AM or FM modulators. The SSB clipping produces audio
with a slightly artificial sound which, however, is not unpleasant under strong
signal conditions, and is particularly easy to copy through noise.

The AM modulator is another SL640C (IC5) with carrier leak deliberately
introduced so that the output is AM rather than suppressed carrier DSB. This
modulator is used both in the AM and FM modes, but in the FM mode no signal
is applied to the signal input and the output is an unmodulated carrier. In
either case the output is amplified, filtered in the 12kHz filter (F4), and sent to
the transmitter via the transmit buffer and the mixer.

In FM mode the circuit transmits an unmodulated carrier. Frequency modu-
lation is performed off the board by using the processed audio to modulate the
transceiver VFO during transmission.

The carrier on AM and FM is not, as one might expect, 9MHz. There is only
one carrier oscillator on the board and itis used during transmission to produce
clipped SSB. It is therefore working at 9001.5kHz or 8998.5kHz, depending on
the position of the sideband selector. The AM or FM carrier is at the same
frequency.

The Buffer Amplifiers

The buffer amplifiers used between the various parts of the transmitter are
simple transistor or FET circuits. The first designs of the transceiver used
integrated circuits to perform these functions but this led to unnecessary
complexity and cost with no corresponding increase in performance.

The VOX (Voice Operated Transmit Relay)

A VOX circuit is one which switches a transceiver from receive to transmit
when it detects speech at the microphone. The obvious problem with such
circuits is to prevent them from reacting to signals from the loud speaker.
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The simplest way to do this is to feed the loudspeaker signals to the VOX
circuit so that only microphone signals which are not also present in the
loudspeaker circuit affect its operation. This is quite difficult and is often liable
to cause spurious switching unless the system is carefully adjusted by the
operator to compensate for the microphone and the acoustics of the surround-
ings.

The system used in this transceiver is slightly different. The signal from the
microphone is gated by the internal signal to the loudspeaker so that no input
to the microphone will affect the VOX while there is a signal to the loudspeaker.
The only drawback to this system is that the VOX cannot operate during the
reception of non-syllabic noise. Such conditions are, however, unusual.

The circuit is shown in Fig. 74 and uses another SL3046 five transistor mono-
lithic array. Positive half-cycles from the microphone amplifier SL622C
(which is powered during reception) turn on TR13 unless prevented by the
presence of a loudspeaker signal on TR11. The time constant of the gate
circuit is such that VOX action can occur in the spaces between words in
normal speech.

TR13 turns on TR15 via TR14. An |ntegrator consisting of R61 and C98
controls the time which elapses between the cessation of speech and the
reversion to reception. For breakthrough CW operation (when the operator
listens between the dots and dashes of his own transmission) the time con-
stant may be reduced. If the relay is a low power one it may be connected
between TR15 collector and + 12V, otherwise a PNP driver should be used with
an input resistor in its base circuitry.

Power Supplies and Switching

The transceiver board uses three |12V supplies. One is present during
reception, one during transmission, and one is common. There are three
+6V integrated circuit regulators on the board, one for each 412V line, to
supply the appropriate SL600s. This type of regulation greatly reduces cross-
talk via the supplies.

Mode switching is accomplished by applying + 12V to the relevant one of
the three mode lines: CW, FM, or SSB. The two unwanted lines are earthed.



Construction

The transceiver board is constructed of double-sided printed circuit material
and earth connections are made on both sides of the board - plated through
holes would remove this necessity but were not used in the prototype for
reasons of cost and ease of modification. As the board is very small for the
complexity of circuitry it carries some of the relay connections were wired.
The board diagram is Fig. 75a and the component location is given in Fig. 75b.

It would be almost impossible to make such a system stable on single-
sided board but systems derived from this one and built on double-sided
board should not present any particular layout problems.

Table 5 Components for the multimode transceiver (Fig. 69)

R23 33K
R24 47K
R25 1K
R26 2.7K
R27 1K
R28 330
R29 10K
R30 560
R31 10K
R32 560
R33 1K
R34 10K
R35 1K
R36 1K
R37 10K
R38 1K
R39 1K
R40 1K
R41 1K
R42 47K
R43 330
R44 100
R45 470
R46 100
R47 470
R48 1K
R49 10K
R50 10K
R51 82
R52 10
R53 560
R54 1K
R55 1K
RS6 2.2K
R57 See text
R58 470K
R59 1K
R60 100K
R61 100K
R62 1.8K
R63 15K
R64* 1K
R65* 1K

INTEGRATED
CIRCUITS

IC1 SL1496
IC2 SL612C
IC3 SL613C
IC4 SL622C
IC5 SL640C
IC6 SL640C
IC7 SL612C
IC8 SL612C
1C9 SL640C
IC10  SL613C
IC11  SLé10C
IC12  SL621C
IC13  SL613C
IC14  SL623C
IC15  SL630C
IC16  SL612C
IC17  SLé12C
IC18  78L06
IC19  78L06
IC20  SL640C
IC21 - 78L06
IC22 SL624
RESISTORS (ohms)
R1 470(NOB)
R2 100(NOB)
R3 56K

R4 100

RS 47K

R6 1K

R7 10K

R8 5.6K

R9 4.7K
R10 680

R11 47K
R12 = 10K

R13 1K

R14 10K
R15 47K
R16 1K

R17 220

R18 220

R19 560

R20 1K

R21 50

R22 47K

R66  4.7K(NOB)
R67t 15K

*

+

Vertical on board
May need selection

VARIABLE RESISTORS
RV1 10K
RV2 1K

RV3 1K

RV4 1K

RV5 10K
RV6 5K Lin.(NOB)
RV7 10K Lin.(NOB)
RV8 25K Lin.(NOB)
CAPACITORS
c1  47p

Cc2  0.1pF
C3  0.1pF
C4  47pF
C5  0.1pF
C6  0.1uF
C7  0.1yF
C8  4700pF
C9  0.1pF
C10  0.1uF
C11  1000pF
C12  0.1pF
C13  10pF
C14  100pF
C15  1000pF
C16  0.1pF
C17  1000pF
C18  1000pF
C19  0.1pF
C20  1000pF
C21  0.1pF
C22  1000pF
C23  1000pF
C24  0.1pF
C25 1000pF
C26  0.1pF
C27  1000pF
C28  1000pF
C29  1000pF
C30  1uF(T)
C31  1000pF
C32  0.1yF
C33  1000pF
C34  10uF(T)
€35  1000pF
C36 O0.1yF
C37  1000pF
C38  1000pF

C39
C40
C41
C42
C43
Ca4
C4a5
C46
C47
C48
C49
C50
C51
C52
C53
C54
C55
C56
C57
C58
C59
C60
Ceé1
C62
Ce63
Cé4
Cé5
C66
ce7
Cceé8
C69
C70
Cc71
C72
C73
C74
C75
C76
C77
C78
C79
C80
Ccs81
Cc82
cs83
C84
C85
C86
cse7

1000pF
1000pF
0.1pF
4700pF
1000pF
1000pF
220pF
50pF
0.1pF
1000pF
4700pF
0.01uF
0.1uF
100pF(T)
0.1uF
1000pF
0.1uF
1000pF
0.1pF
10pF
10pF
1000pF
0.1uF
10uF(T)
4700pF
330pF
1000pF
1000pF
1000pF
1uF(T)
47uF(T)
0.1uF
1000pF
100pF(T)
100pF(T)
1uF(T)
100pF(T)
47uF(T)
0.01pF(T)
100pF(T)
0.1uF
1uF(T)
4700pF
100pF
1000pF
10uF(T)
47uF(T)
1000pF
0.5uF(T)
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Table 5 (continued)

c88  O.1pF

C89  1000pF

C90  100uF(T)
C91  2.2uF(T)
C92  10uF(T)

C93  1000pF

C94  1000pF

C95  1000pF

C96  10pF(T)
Cc97  O.1yF

C98  20uF(T)
C99  10pF(T)
C100 0-1uF(NOB)
C101  1000uF(NOB)
C102 100uF(T)
C103  1000pF
C104  1000pF
C105 10pF(T)
C106  15pF(SOT)
C107 4.7nF

NOB = Not on board
All W film types
Tolerance 5%

SOT = Select on test

All capacitors except C101
(which is aluminium electrolytic)
are either bead tantalum
(marked T) or miniature ceramic;
tolerance 20%

Ti

L1
L2
L3

F1
F2
F3
Fa4

X1
X2
X3
X4

6:1 Toroidal RF transformer
3.1uH Nominal, slug tuned screened RF coil.

550uH Nominal, slug tuned screened RF coil.
370uH Nominal, slug tuned screened RF coil.

XF9-B
XF9-B
XF9-M.
XF9-E

8545KH
9001.5KHz
8998.5KHz
9001Khz

KVG crystal filters

Parallel (30p) resonant
HC18 or HC25 crystals

RL1-6 National R5-12V miniature relays
Diode ring - Anzac MD108

TRANSISTORS

TR1-5
TR6-10
TR11-15
TR16-17

SL3046C
SL3046C
SL3046C
SL301C Dual transistor

TR18 2N3906 or similar PNP

TR19 2N3819 or similar N-FET

TR20 2N3819 or similar N-FET

TR21 2N918 or similar fast NPN

TR22 2N706 or similar NPN

D1-8 1N914 or similar low capacity Si
switching diode

D9 MV1 1

D10-11 MBD101

D12 1N914

Delay line

Belfuse 0420-0400-05, or any delay line with
500 ohm ports, 300 to 800ns delay and less than
8dB insertion loss at 9MHz.
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27MHz AM/SSB transceiver

Fig. 76 shows the circuit diagram of a dual converion AM/SSB transceiver
intended for use on 27MHz Citizens’ Band. It has evolved from the versatile
multimode transceiver described above but where the multimode transceiver
is optimised for performance, this transceiver, being primarily intended for the
CB market, is optimised for economy.

Like the multimode transceiver, this system is equipped with a noise blanker
but instead of a delay line uses a low-cost ceramic 10.7MHz IF filter (which
also acts as the first IF filter) as the delay element. The filter has a delay of
about 1.5 microseconds.

The receiver is conventional. A 27MHz tuned circuit is followed by an
SL1610C RF amplifier and an SL1641C mixer to the first IF of 10.695MHz.
After a 10.695MHz filter (which also acts as a noise blanker delay) the signal
passes through an SL1496C noise gate and on to the SL1641C second mixer.
The noise blanker receiver is driven at 27MHz by the SL1610C RF amplifier
and consists of an SL1613C amplifier and detector followed by a CMOS 4011
acting as a monostable to generate the blanking pulse to the SL1496C.

The output from the second mixer, at 455kHz, is switched by diode switches
to one or other of two ceramic ladder filters — one with 2.4kHz bandwidth for
SSB and the other with 6kHz bandwidth for AM. The IF strip following the
filter consists of an SL1611C and two SL1612Cs and contains a simple ceramic
filter to minimise broadband noise. An SL1623C AM/SSB detector is used
which generates AGC during AM reception and an SL1621C generates AGC
during SSB reception.

Squelch is obtained from the AGC line by an SL748C op. amp. acting as a
threshold switch. Its output switches the audio path by turning on and off the
bias to a transistor amplifier. The audio output stage uses a TBA800 3 watt
integrated circuit audio amplifier.

The transmitter uses an SL1626C as a microphone AGC amplifier and an
SL1641C as either an AM modulator or as a DSB generator, depending on
switching. The 455kHz AM or DSB is passed through the appropriate filter and
mixed to 10.695MHz, where it is refiltered and mixed again to its final 27MHz
frequency. Both mixers are SL1600 devices — the SL1640C and the SL1641C
respectively.

The transceiver, like the others described above, requires the addition of
oscillators, an RF power amplifier and power supplies. It is intended for use
with the Plessey SP8921/8922 CB synthesiser but also requires an oscillator
which may be switched between 453.5kHz, 455kHz and 456.kHz for use as the
receiver BFO and the carrier oscillator in the transmitter.

Power supplies of +6V and +12V are required, which are switched in
various ways during transmission and reception. All supplies must be well
decoupled at HF and LF.
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Introduction to SL6000 Series

The Plessey Semiconductors SL6000 series of radio linear circuits extends the
concept of the ‘building block’ approach to wider systems. Each device features
advanced circuit techniques which result in higher levels of integration, lower
power consumption or exceptional performance. All products are available in
plastic and metal can or ceramic packages.

SL6000 PRODUCT RANGE

IF AMPLIFIERS/DETECTORS

SL6600 FM Double Conversion with PLL Detector

SL6640 FM Single Conversion, audio stage (10.7MHz)
SL6650 FM Single Conversion (10.7MHz)

SL6690 FM Single Conversion, low power for pagers (455kHz)
SL6700 AM Double Conversion

AUDIO

SL6270 Microphone Amplifier with AGC to give ‘constant’ output
SL6290 SL6270 plus speech clipper, buffer and relay driver
SL6310 Switchable audio amplifier (400mW/9V/8ohms)

SL6600C

LOW POWER IF/AF PLL CIRCUIT FOR NARROW BAND FM

The SL6600 is a single or double conversion IF amplifier and detector for FM
radio applications. Its minimal power consumption makes it ideal for hand held and
remote applications where battery conservation is important. Unlike many FM
integrated circuits the SL6600 uses an advanced phase locked loop detector
capable of giving superior signal-to-noise ratio with excellent co-channel inter-
ference rejection, and operates with a second IF frequency of less than 1MHz.
Normally the SL6600 will be fed with a first IF signal of 10.7 or 21.4MHz; there isa
crystal oscillator and mixer for conversion to the second IF amplifier, a PLL de-
tector and squelch system.

IF Amplifiers and Mixer

The SL6600 can be operated either as a single conversion circuit with a maxi-
mum recommended input frequency of 800kHz or in a double conversion mode
with a first IF of the input frequency (50MHz max.) and a second IF of 100kHz or ten
times the peak deviation, whichever is the larger. The crystal oscillator frequency
can be equal to either the sum or difference of the two IFs; the exact frequency is
not critical.

The circuit is designed to use series resonant fundamental crystals between 1
and 25 MHz.
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When a suitable crystal frequency is not available a fundamental crystal of one
third of that frequency may be used.

When a single conversion circuit is required a 6.8k resistor should be connected
in place of the crystal and a further 2.7k resistor connected between pin 1 and
earth. The overall gain of the circuit will be reduced by 12dB with this technique.

A capacitor connected between pin 4 and ground will shunt the mixer output and
limit the frequency response of the input signal to the second IF amplifier. A value
of 33pF is advised when the second IF frequency is 100kHz.
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C ATk 70K 33k
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Fig. 22 SL6600 Block diagram
Phase Locked Loop.

The Phase Locked Loop detector features a voltage controlled oscillator with
nominal frequency set by an external capacitor according to the formula (30/f)pF
where f is the VCO frequency in MHz. The nominal frequency may differ from the
theoretical but there is provision for a fine +10% frequency adjustment by means
of a variable resistor between the VCO output pins; a value of 470k has negligible
effect while 47k (recommended minimum value) increases the frequency by
approx. 10%.

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

The values of the filter resistor R2 and capacitor C1 must be calculated so that
the natural loop frequency fn and damping factor ¢ are suitable for the FM dev-
iation and modulation bandwidth required. Values of 6.2k and 2.2nF are reco-
mmended for =5kHz maximum deviation and 3kHz audio bandwidth when the
second IF frequency is 100kHz. These give fn = 20kHz £ = 0.707.
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Squelch Facility

When inputs to the product detector differ in phase a series of current puises will
flow out of pin 7. This feature can be used to adjust the VCO; when a 1mV un-
modulated input signal is applied to pin 18 the VCO frequency should be trimmed
to maximise the voltage on pin 7.

The squelch level is adjusted by means of a preset variable resistor between pin
7 and Vcc to set the output signal to noise ratio at which it is required to mute the
output. The capacitor between pin 7 and ground determines the squelch attack
time. A value between 10nF and 10pF can be chosen to give the required
characteristics.

Outputs

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

”'” ¢ r2 [ |re

22n 62k | |33k
300p
IF INPUT 10n
FROM o |
RECEIVER |—_,_LI L 470k |VCO FREQUENCY
ADJUST
2nd CONVERSION

FILTER B 17 16 15 14 13 12 1 10
SQUELCH
B{’O" LEVEL
ADJUST
OSCILLATOR

CRYSTAL : A — AF
10-8 MHz © outpuT
OR
- _o SQUELCH
OUTPUT

10-6 MHz

oLy Sk
POSSIBLE FREQUENCIES
IN RANGE 455kHz-25MHz

Fig. 23 SL6600 application diagram (1st IF=10.7MHz, 2nd IF=100 kHz)

LOOP FILTER DESIGN

The design of the loop filter determines the allowable deviation of the
received FM, the bandwidth of the modulating audio and the signal-to-noise
ratio which may be achieved. With wide-deviation signals the filter may be
omitted altogether and the system will work perfectly well, but with a some-
what reduced signal-to-noise ratio which is nevertheless quite acceptable
in many applications. The filter (Fig.24) consists of a resistor and capacitor
(R2 and C1) in series between pins 11 and 12. The external 30 kQ resistor
mentioned above produces a composite resistor, R1, of 20 kQ formed by the
series connection of the two resistors on the chip and the external resistor in
parallel with one of them.
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INTERNAL
CIRCUITRY

Fig. 24 SL6600 loop filter circuit

The loop constants of the SL6600 are:—

Ko = 2.4fo Radians/Volt second
Kb = 2.8 Volts/Radian
R1 = 20k Q

KoKp = 6.7fo sec-!

Other variables used in driving the loop filter are:—
fo The VCO centre frequency
Af The peak deviation
fn  The natural frequency of the loop
fm The maximum modulation frequency
@e The maximum phase error in the loop
¢ The damping Factor

The values of fm and Af are part of the system specification and together
with fo specify @e. The VCO centre frequency is generally chosen to be
100kHz or 10Af, whichever is the greater. Maximum frequency is 1TMHz. The

damping factor, &, is usually chosen to be 0.707. Fig.25 shows the relationship
between @Pe, fm and Af for ¢ = 0.707.
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Fig. 25 Phase error for damping factor = 0.707
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EXAMPLE  Af = 5kHz; fm = 3kHz, fo = 100kHz

0.93Af  0.93 x 5 x 10°

: = 100 %< 10° = 0.046 radians
o)

Therefore (e max =

The problem now is to deduce the value of fn from Fig. 4; this is an iterative process.

f 3
(i) Putf, = 10kHz. Therefore —+ = — = 0.3
fn 10
o Fia d g 2 03X X100 )
rom Fig. d)e——m——— .15 radians (too large)

; fm 3 ,
(it) Putfn = 20kHz. Therefore — = — = 0.15
fn 20

) 0.17 x 5 x 103 :
from Fig. 4 ¢e = BT SvET R 0.043 radians,

which agrees closely with the required value. Knowing the natural frequency the loop
time constants can now be evaluated —

Lo KoKD 877100
T T Rty (2 x <20 % 1092 eOHS

__® omr
2T omin w20 %108 | eHS

t
t, =31.7usC = —ﬁL = 16nF

1

t
RQ:EZ:M)
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SL6640 and SL6650

for single conversion receivers with quadrature detectors

The SL6640 and SL6650 are illustrated in Fig.26. Each consists of an IF
limiting preamplifier, a main limiting amplifier, a quadrature detector, a
squelch system, and a DC audio gain control. In addition, the SL6640 contains
a low-power audio output stage.

MAIN
LIMITING
PRE - AMP AMP

1P o/P
QUAD DC VoL AUDIO
—— o - --0
DET CONTROL ° 'ILPOWF_R AMP F
i L 1 -
| | |
——— — J

SQUELCH

Fig. 26 Block of SL6640 and SL6650 (broken line applies to SL6640 Only)

The IF preamplifier has a bandwidth of 26 MHz, a gain of about 46 dB
(200 times), and an input impedance of 5 kQ shunted by 2 pF. It consists of
five cascaded long-tailed pairs and has excellent limiting characteristics.

The main IF amplifier also has a bandwidth of 25 MHz but its gain before
limiting is about 60 dB (1000) and it consists of six long-tailed pairs. The third
and sixth of these stages contain detectors, the outputs of which drive the
squelch system. The output of the limiting amplifier feeds a double-balanced
modulator and also an external phase-shift circuit which in turn feeds the
other port of the double-balanced modulator. This double-balanced modulator
thus acts as a quadrature detector. The quadrature detector in the SL6640
and SL6650 has very good performance when demodulating narrow band
FM signals, even when working with intermediate frequencies of up to 21.4
MHz. This is because at over 50 kQ, the impedance of the quadrature port is
high and so the Q of the quadrature circuit is not impaired by being loaded,
as is so often the case with integrated circuit quadrature detectors.

The external phase shift circuit is fed via internal capacitors of only 2 pF
and so the quadrature circuit works well only at about 4.5MHz and above.
The SL6640 and SL6650 cannot, therefore, be used at the common 455kHz IF.
The SL6690 (see below) works very well at this frequency, however, and
should be used when 455kHz operation is required.

The audio output from the quadrature circuit goes to an audio amplifier
which is DC-controlled to allow the use of remote gain control. The output of
the SL6650 is taken from this gain control, but the SL6640 has an extra audio
amplifier capable of driving a small 8Q) loudspeaker.

The squelch system is driven by the detectors in the IF strip and contains a
comparator which requires an input to set the squelch level. A resistor between
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this programming input and the squelch output provides hysteresis to the
system. In the SL6650 the squelch system merely provides a DC output to
indicate the presence of a signal larger than the squelch threshold but in the
SL6640 the squelch controls the power supply to both the detector and the
audio stages. The standby power of the SL6640 is thus the lower even though
it is the more complex circuit.

The SL6640 is manufactured in an 18 lead DIL package and the SL6650 in a
16 lead DIL. The devices are designed so that as many as possible of their
pins are common i.e., pins 1to 6 are identical and pins 13 to 18 of the SL6640
are equivalent to pins 11 to 16 of the SL6650 and only the pins around the
audio stages differ. This allows similar board layout to be used in radios using
the SL6640 or the SL6650. In the pin-by-pin description which follows, pin
numbers are given for the SL6640, those of the SL6650, where they differ,
are given in brackets e.g., pin 18 (16).

Pin 1 is the bias point for the main IF amplifier. It must be decoupled
effectively by an RF capacitor to ground and connected by a coil or resistor
to the IF input, pin 14 (12). If a resistor is used, it should provide the correct
match for the interstage filter; if a coil is used it will probably be part of the
filter and must not have any DC connection to ground. The decoupling capaci-
tor must be at least 0.01 pF.

Pin 2 is the squelch programming point and pin 3 the squelch output pin.
The squelch level is set by a 470 kQ variable resistor (which should be in-
creased to 1 MQ if supplies of over 6V are used) in series with a 47 kQ resistor
between pin 2 and ground. Squelch sensitivity increases with the value of the
variable resistor. Pin 3 is at a high potential when no signal is present and
drops to near ground potential when a signal is detected. The output current
from pin 3 is less than 2 mA but it may, of course, be buffered if necessary.

The decoupling capacitor of 0.33 uF on pin 3 prevents brief breaks in signal
(such as mobile flutter) from squelching the circuit. Hysteresis in the squelch
is obtained by a resistor connected between pins 2 and 3. The amount of

+6V

100 A
é SIGNAL LEVEL

SQUELCH
OuTPUT

— T /"

SL6650

SQUELCH
PROGRAM

SL3046

Fig. 27 ‘S’ meter circuit for use with SL6650
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hysteresis depends on the squelch threshold, the resistor value and the
supply voltage. At 6V supply a 390 kQ resistor gives 3 to 4 dB hysteresis at
10 uV squelch level and about 10 dB at 100 uV squelch level. Larger resistors
are necessary at higher supply voltages and the minimum possible hysteresis
rises to about 7 dB with a 1.5 MQ resistor and a 9 V supply. Despite its varia-
tion with supply voltage, the squelch is quite stable with temperature and
alters by only 1 to 2 dB as the circuit is temperature cycled. If squelch is not
required the SL6650 squelch pins may be used, with an SL3046 transistor
array, to drive an S meter as shown in Fig.27. The system consists of a
negative feedback amplifier and is not possible with an SL6640, where the
internal squelch must always be used.

The quadrature circuit is connected between pins 4 and 5. This can consist
of an LC tuned circuit resonant at the centre of the IF passband, or one of the
commeicial crystal quadrature circuits for NBFM, or even a ceramic interstage
filter such as is made for broadcast receiver applications. Ceramic filters
usually need to be tuned by a parallel trimmer capacitor and their efficiency
as quadrature elements can vary widely from batch to batch. They are not,
therefore, the best quadrature elements to choose although they are non-
microphonic and smaller than most coils. The resistive element of the impe-
dance between pins 4 and 5 is over 50 kQ and so has little effect on the Q of a
wound quadrature element. Narrow FM can thus be demodulated, even with
an LC quadrature element, with an excellent signal-to-noise ratio — 50 dB or
better. If a lower Q is required the resistance between the pins may be reduced
by the use of an external resistor.

No DC path must exist between pins 4 and 5 and any other point, but they
themselves may be connected together if required. It is better to have a DC
path between them than not, so long as it is not at the expense of the Q of the
quadrature element.

The DC volume control consists of a fixed resistor of 47 kQ in series with a
variable resistor of 470 kQ connected between pin 6 and ground. The gain
range is typically 70 dB (3000:1) and gain is minimum when resistance is
minimum.

Pins 12 and 13 of the SL6640 and pin 11 of the SL6650 are the supply pins.
SL6640 pin 12 is the audio output stage supply while pin 13 supplies the
remainder of the circuit. In the case of the SL6650 pin 11 is the supply con-
nection for the entire circuit. The supply voltage is normally +6V but the
circuits will work with supplies between +5V and +9V. Consumption of
the SL6640 at 6V is 3.5mA (squelched) and 10mA (unsquelched), or more if
audio power is being supplied, while the SL6650 draws 6mA in either case.
Pin 12 of an SL6640 may be left unconnected if for any reason the audio
stage is not required but it must not be used with more than 0.5V difference
in potential between pins 12 and 13.

The power supplies must be well decoupled at RF with at least 0.1uF
having low inductance and short leads. The supplies should also have low
audio ripple and it is necessary to decouple the SL6640 supply very thoroughly
at LF if the audio stage is to operate at its highest powers and retain its AM
rejection.

Pin 14 (12) is the input of the main IF amplifier and should be biased by
being connected to pin 1 as described above. The input impedance is 5 kQ
shunted by 2 pF.
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Pins 15 (13) and 17 (15) are decoupling points within the circuit and should
be decoupled to earth by good RF capacitors, preferably 0.1 uF and at least
0.01 pF. Inadequate decoupling of these pins causes poor AM rejection and
can cause instability.

Bias circuitry for both the main amplifier and the preamplifier is shown in
Fig.28. The preamplifier input is pin 16 (14). It is not self biased but is fed with
bias from pin 18 (16) via a total of about 15 kQ. The input impedance of the
preamplifier is 5 kQ shunted by 2 pF. If, as is common, the preamplifier is fed
from a filter requiring a precise match, the value of resistor R2 should be
chosen to provide this. The source impedance driving the preamplifier should
be 750 Q or less to prevent instability. The input signal should be fed to pin 16
(14) via a capacitor or other DC block. The sum of resistors R1 and R2 should
be 15 kQ and their junction well decoupled at HF. The noise figure of the
preamplifier is 7 dB when driven by 350 Q.

The preamplifier output is pin 18 (16) and it has an output impedance of
300 Q. Signal is taken from the output of the preamplifier to the input of the

INPUT 1 00t

B |

Ol R2

R1 |
0tu
L | INTERSTAGE .

01
FILTER v

SL 6640
] ok

SL6650

Fig. 28 Bias circuit for SL6640 and SL6650

main amplifier via an interstage filter. This is a roofing filter to provide some
limitation of noise bandwidth, not the primary selectivity of the receiver which
must be provided by a high performance filter placed before the preamplifier.
This filter, therefore, need have neither a good shape factor nor large stop-
band attenuation. Any simple filter is suitable but at 10.7 MHz, cheap ceramic
filters are particularly useful since they are small and require no setting-up.
Much work with the SL6640 and SL6650 has used Murata SFE 10.7 MA filters
since they match the output impedance of the preampilifier.

The final part of this section deals with those pins whose functions differ
between the SL6640 and the SL6650. First the SL6640. Pin 7 is the output of
the DC controlled audio preamplifier and is an emitter follower with a low
current tail. It will only drive high impedance loads and needs an HF rolloff

0.01 pF
capacitor to earth of —f”— where f is the desired rolloff frequency in kHz.
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In normal use pin 7 is connected to pin 8, the input to the output stage, by a
0.1 uF capacitor. Pin 8 is biased by connecting it to the centre of two 220 kQ
resistors connected between the positive supply and ground!in series.

Pin 9 of the SL6640 is the inverting input to the output stage and is used
to provide negative feedback to define both DC operating point and
stage gain. The feedback resistor from the output pin 11 is 120 kQ and the
gain-defining resistor (which is connected from pin 9 to ground via an isolating
capacitor of 1 uF) can be any value greater than 1.2 kQ. The gain is equal to
the ratio of these two resistors, and hence when the smaller is 1.2 kQ the gain
is 40 dB (100). Attempts to achieve higher gain leads to instability and, more
important, excessive distortion since the open loop gain of the output stage
is only some 55 dB.

Pin 10 is earth and pin 11 is the audio power output. Pin 11 is decoupled to
earth with 0.22 pF to ensure HF stability and drives its load via a 100 pF
capacitor. With care, and a 9V supply, the SL6640 will drive an 8Q) loudspeaker
at 250mW but a more practical figure is around 175mW. A complete circuit
diagram of an SL6640 in use is shown in Fig.29.

IF /P 107 MHz o-—"oi]

vee 6v
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Fran e B
m

fom Bl r]1

B8 17 16 15 14 13 12 1 10

SL 6640 20 r]120k

%* Ry CHOSEN TO MATCH SOURCE
Rf max = tka

Fig. 29 10.7MHz application of SL6640

Pins 7 and 9 of the SL6650 are unused. Pin 8 of the SL6650 is earth and
pin 10 is the audio output. This output appears on the open collector of a
transistor and so must be connected to the positive supply by a resistor —
generally 10kQ). Audio is taken through a capacitor and the pin is also de-
coupled at HF.

0.015 puF . .
by a capacitor of ———— where f is the cutoff frequency in kHz.
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5L6690

ultra-low power consumption quadrature detector system

The SL6690 block diagram is shown in Fig. 30. The circuit consists of a limiting IF
amplifier which drives a quadrature detector, an LF amplifier and Schmitt trigger
(which can be used either as a signal-to-noise squelch system oras a squarer when
the circuit is used in a pager), and a voltage regulator which uses an external PNP
transistor.

9
L 3 » 2 P
z L —O o O o1
12
1

LIMITING IF TONE SCHMITT
AMPLIFIER 5 6 AMPLIFIER TRIGGER

15 DEMODULATOR

VOLTAGE
REGULATOR

!

n

16 0—

Fig. 30 SL6690 block diagram

The IF amplifier has a bandwidth of 1.5 MHz, making the circuit particularly
useful at the popular communications and paging IF of 455 KHz. Its input
impedance is 20 kQ shunted by 2 pF and its output impedance is about 2 kQ.
Bias is obtained by DC feedback from the outputs to the inputs.

The quadrature detector is a conventional double-balanced modulator using
transistor tree techniques. The quadrature circuit is an external LC tuned
circuit and the capacitors driving the quadrature circuit are also external,
which allows the detector to be used down to VLF as well as up to about
1.5 MHz.

The LF amplifier has a gain of 54 dB and is biased by a DC connection
from its output to its input. It is an inverting amplifier so its gain and frequency
characteristics may be defined by negative feedback. The Schmitt trigger is
driven directly by the LF amplifier. Its output is a free collector which may be
connected to either Vcc (the regulated supply) or the unregulated supply rail.
In its ON state it will sink up to 150 pA.

The regulator, which requires an external series PNP transistor, allows the
SL6690 to work from supplies between +2.5 and +6V. The external transistor
is necessary because monolithic PNP transistors have poor hte at very low
current levels.

Pin 1 is the Schmitt trigger output, a free collector which can sink up to
150 pA when the transistor is turned on and can rise to either Vcc or some other
positive rail up to +6V when turned off. The input to the Schmitt trigger and
the output of the LF amplifier are connected internally and the node brought
out to pin 2. Bias must be taken from this pin to the LF amplifier input, pin 3,
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via a resistance of 50 kQ or less. The LF amplifier inverts and its gain and
passband may be defined by negative feedback. An output may be taken from
pin 2 and the Schmitt trigger left unused in which case no connection need be
made to pin 1. The bias of the amplifier/Schmitt combination is sufficiently
accurate to give the Schmitt an output mark-space ratio of between 0.9:1 and
1.1:1 with a sine wave input to the amplifier. The LF amplifier input impedance
is 50 kQ and its open loop gain roughly 54 dB.

No DC connections should be made from pin 3 except the bias connection
to pin 2; all inputs should be coupled via capacitors. To prevent HF instability
2.2 kQ in series with 120 pF should be connected from pin 2 to ground.

The output of the quadrature detector is pin 4 and its output impedance is
1 kQ. The detector will give an output of 10 mV/Degree phase change and
distortion of about 3 per cent (more if a ceramic resonator is used as a
quadrature element). A single filter capacitor removes RF from the detected
output.

The quadrature circuit is connected between pins 5 and 6 and may be a
parallel tuned LC circuit or a ceramic resonator. The port has an input impe-
dance of 50 kQ shunted by 2 pF. The quadrature circuit may or may not present
a DC path between the two pins. Use of ceramic quadrature elements usually
results in greater distortion than the use of LC elements but such ceramic
elements occupy less space and do not require adjustment. The quadrature
circuit is driven by the output from pins 7 and 8 via two capacitors. Pin 7 drives
pin 5 and pin 8 drives pin 6. The value of the capacitors depends on the
frequency of operation and the quadrature circuit used.

Pins 9 and 10 are the outputs of the IF amplifier and are used to provide
bias to its inputs. A 100 kQ resistor is connected from pin 10 to pin 12 and pin
12 is grounded at AC by a capacitor. Pin 9 is connected to pin 13, the signal
input pin, by another 100 kQ resistor in series with a resistor of the correct
value to terminate the IF source. The junction of the two resistors is decoupled
at RF by a low inductance capacitor. The IF input is applied to pin 13 from the
IF filter, via a coupling capacitor if necessary to isolate pin 13 at DC.

Pin 11 is earth and-pins 14, 15, and 16 the supply/regulator pins. The supply,
which may be between 2.5V and 6V is applied to pin 16 and to the emitter of a
high gain PNP transistor whose base is connected to pin 15 and collector to
pin 14. Pin 14 is stabilised at 2V and must be thoroughly decoupled at RF by a
0.1uF capacitor. The SL6690 may be turned on in 12 milliseconds or less so
the power supply may be strobed in paging applications so that the mean
power dissipation in the circuit is an order of magnitude lower than its
normal 2mW (1mA @ 2V).

FM RECEIVERS USING SL6000 SERIES

The SL6600, SL6640, SL6650 and SL6690 are intended for use in NBFM
receivers — mobile, hand-portable, base station and paging. They are all
intended for use as IF Amplifier/Detector/Squelch modules and, of course,
the SL6640 has a low power audio output stage.

The circuits, having low power consumption and, indeed, limiting amplifiers,
have low resistance to intermodulation (although they have excellent dynamic
range) and must be used after the main selectivity of the receiver. Modern
receiver design emphasises strong signal performance even at the expense
of sensitivity and hence front ends having much gain are not popular. This can
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leave an uncomfortable gap between the 2 to 4 pV output from a receiver filter
and the 10 uV or so that these circuits require to give an adequate signal-to-
noise ratio. Redesign of the front end to give slightly more gain is possible
and certainly the easiest solution but it may produce an unacceptable reduc-
tion in intermodulation performance. An amplifier is therefore needed between
the filter and the SL6600/40/50/90.

This amplifier can be a convenience (some filters have matching impe-
dances so high that even the input impedances of these circuits are embaras-
singly low) but, preceeding as it does a very high gain integrated circuit, it
can suffer from stubborn instability. It also increases the power consumption
of the receiver which is annoying in a hand-portable, although a hand-
portable with its limited antenna is most likely to be able to tolerate a higher
gain front end and hence least likely to need an extra stage of IF gain.

Suitable amplifiers may be made with a single transistor or FET and two
circuits are shown in Fig.31. The FET circuit uses more current and an FET
with a good performance at 1 mA and a low pinch-off voltage is required. The
transistor circuit is far less demanding but has a lower input impedance
(which depends on hte and Cob and will vary from device to device). These
amplifiers must be very well isolated if the receiver is to be stable and the
powerful decoupling of the transistor circuit is a point in its favour.

TO INTEGRATED®

CIRCUIT TO INTEGRATED

CIRCUIT

Fig. 31 FET and bipolar buffer amplifier

Apart from the occasional necessity for a low-gain preamplifier these
circuits present few problems and are very easy to use. As mentioned above,
some attention must be paid to layout to isolate input and output, particularly
at the same frequency, as much as possible. Other points to be remembered
are the use of non-inductive capacitors (many capacitors are inductive at
frequencies as low as 5 MHz) and adequate decoupling of all bias points and
power supplies — in connection with this it is worth remembering that it is
useless to use a good RF capacitor with short leads if the printed connection
to it is long and narrow.

It is not intended to describe in detail the design of any complete receivers
using these circuits. However, a review of the various types of receiver where
these circuits may be used and the considerations affecting such use is given
below.
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LAND MOBILE RADIOS

in the VHF or UHF bands land mobiles use narrow deviation FM (between 1.5
and 12kHzAf) and generally use a first IF of 10.7 or 21.4MHz. Transceivers can be
hand-held or vehicle mounted. For hand-held transceivers the choice is between
the SL6600 which has low power consumption and can be strobed and the SL6640
which has an integral output stage. The signal-to-noise ratio of either circuit is
adequate when used with the recommended circuitry but there is a performance
difference. The capture effect of a PLL detector is much better than that of a
quadrature detector: a receiver using an SL6600 will capture the stronger of two
co-channel signals even if it is only stronger by 2 to 4dB. The SL6640 will be
affected by a co-channel interfering signal until it is 20dB or more below the
wanted signal. Both features can be valuable; some (including military) users need
to know of other signals on-channel while others, particularly in areas where
channels are shared with space diversity, prefer systems which ignore low-level
co-channel interference.

An advantage of the SL6640 is that it has only one conversion, saving a
crystal (although the crystal used with the SL6600 need not be expensive
since the main selectivity of the receiver preceeds the SL6600 and slight
frequency drift in the second crystal oscillator will not move the signal out
of the detector or squelch passband) and eliminating the possibility of
‘birdies’ from a second oscillator. Most manufacturers’ quadrature detectors,
having been designed primarily for TV use, require a low IF if they are to
give an adequate signal-to-noise ratio at low deviations but the SL6640 and
SL6650 are capable of giving over 50dB signal-to-noise ratio with deviations
as low as 1.5kHz at an IF of 10.7MHz.

In land mobile applications with FM deviations in the range 1.5 to 12kHz
the SL6600 is used with a second IF of 100kHz. The design of the loop filter
depends on the deviation and audio bandwidth (generally 3kHz for speech)
as mentioned above. The double conversion can ease problems of instability
if it is necessary to use an amplifier between the quartz filter and the SL6600
since the total gain of the first IF is not so high.

PAGING RECEIVERS

Using the SL6690 a paging receiver can run on only two cells and consumes
only 2 mW, which may be further reduced to as little as 100puW if the receiver
is strobed. Such pagers are small, simple, inexpensive, and use few com-
ponents.

BROADCAST F.M. RECEIVERS AND TV SOUND IF SYSTEMS

These can use the SL6640/50 merely by using a quadrature element with
lower Q to accommodate the wider deviation. The circuit alteration can be as
simple as the addition of a resistor between pins 4 and 5 to load the quadra-
ture coil, although the main selectivity of the receiver must be suitable for the
bandwidth of the new type of signal. The SL6640 is especially useful in
portable FM receivers in that it will supply adequate power to a loudspeaker
but consumes only a few milliamps, porlonging battery life.

The SL6600 is less suitable for broadcast applications, although it works
very well when it is used with a second IF around 800kHz and gives parti-
cularly low distortion due to its PLL detector. Its disadvantage is the cost of the
crystal in the second converter although this is not too great and might be
overcome by the use of a series resonant LC tuned circuit.
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OTHER APPLICATIONS

These circuits can be used in various applications, including microwave
and telemetry receivers and, with the SL6640/50, simple SSB receivers
requiring very low power.

The choice of circuit in any application depends on a number of factors
including deviation and type of modulation. In general, providing the shift is
not too great, the SL6600 is better for RF FSK, although the loop filter design
requirements will differ from those described above when the modulation
departs so far from sinusoidal. On the other hand the SL6640/50 will cope
with deviations of 2 to 3MHz providing an IF of twenty-odd MHz is used and
the quadrature element has low enough Q.

Using the SL6640/50 as an SSB receiver involves replacing the quadrature
circuit with a BFO so that the detector works as a product detector, and
applying the AGC, preferably audio-derived with an SL621 or similar system,
to an amplifier preceeding the SL6640/50 to prevent its IF amplifier from
limiting.
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Introduction to SP8000 series

The SP8000 Series is a range of high speed digital dividers using ECL
techniques. Devices with division ratios from —2 to —256 are available and
some types operate at frequencies up to 1.5GHz. To describe the various
types in full is outside the scope of this book. However, since high speed
dividers have numerous applications in radio systems, a brief description of
the range and some notes on applications for the circuits will be given.

SP8000 PRODUCT RANGE

E <
Temperature § Supply ZE’ Control | Output Package
Range (°C) ] voltage (V) [ input
5 H 3 § | ¢
§ -551-40 | -30 0 % E =R g E %
3 | product |+125| +85 | +70 | +70 | £ |s0|s.2]esl7al g |E|8|FE| 8| 2| 8| &
3/1, SP8720A| @ 30| |@ 40 ° ° e
SP8692A| @ 200 | @ uleoeleloe|e °
5 |SPasozs ® | 200@ 1 o|lo|e|e® o
6|sps7a0a| @ 30| |@ 45 ° ° °
SP8740B ® 30| |@ 45 ° ° °
6 SP8741A| @ 30| |@ 45 ° ° °
7| sp8741B ® | 300 ® 45 ) [ ®
SP8691A| @ 200 | @ 1uloe|lelele °
g g|spesa1B ®|200® Hvelele|le °
9| spa743a 50| |@ sle|e ° °
SP8743B ® |50 |@ sle|le ° °
SP8690A| @ 200 | @ 1jo|lole|e® °
SP8690B ® | 200|® “Heolelole °
SP8647A| @ 250|@| @ 50 olo|e °
SP8647B ® | 250/@|@® 50 oleole °
1} SP8643A| @ 50| @ 50 ° ° °
T specssa| @ 500 |@ sle|e ° °
SP8685B ® |50 |@ slele ° °
SP8680A| @ 600| |® wiel el ele °
SP8680B ® 600 |@ w el el ele °
SP8785M ° 1000| | @ 85 ° ° ™
2/0 SP87858 ® [1000| |@ 85 ° ° °
40| SP8786M ° 1300| |@ 85 ° ° °
SP8786B ® [1300| |@ 85 ° ° °
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2 <
Temperature § Supply T:' Output Package
Range (°C) § voltage (V) e

z g : Bl

2 -55|-40|-30| of % Elalal 5] slg

[=) Product |+125)| +85 | +70 | +70 | S [5.0/5.2|6.8|74| ® | ~ | w = o o
SP8604A | @ 300 [ ] 12 [ BN J
SP8604B @® | 300 [ 12 [ BN )
SP8602A | @ 500 [ ] 12 [ BN J
SP8602B @ | 500 [ ] 12 [ BN ]
SP8607A | @ 600 [ ] 14 [ BN )
SP8607B @ | 600 o 14 [ BN J

2 SP8605M [ ) 1000 o 70 [ ] [
SP8605B @ (1000 [ 70 (] o
SP8608M [ J 1000 [ ] 70 [ ] ([ J
SP8608B @ (1000 [ 70 [ J o
SP8606M o 1300 [ 70 [ ] [ )
SP8606B @ [1300 [ J 70 [ J o
SP8609M [ J 1300 [ J 70 [ J [ J
SP8609B -@ |1300  J 70 [ J (]
SP8790A | @ 60| @ | @ 8| @ o
SP8790B [ 60 ® @ 8@ [ J
SP8601A | @ 150 [ ] 18/ @®| @
SP8601B ® | 150 [ ] 18|00 @@
SP8600A | @ 250 o 16(@ | ®@ | ®
SP8600B @ | 250 [ ] 16|00 @ | ©®

a4 SP8610M [ J 1000 [ ) 70 [ [
SP8610B @ (1000 (] 70 [ ] ([ J
SP8617M o 1300 ([ 80 o o
SP8617B @® {1300 [ ] 80, [ J [ )
SP8611M o 1500 o 70 ([ J o
SP8611B @ (1500 o 70 [ ] (]
SP8619M o 1500 o 80 o ]
SP8619B @ 1500 o 80 [ ] [ ]
SP8620A | @ 400 [ J 55 [ ] [ ]

S SP8620B @® | 400 o 55 o [
SP8794A| @ 1200 @ | @ 10/ @ [
SP8794B ®| 120/@®@ @ 10/ @ (
SP8670A| @ 600 o 45 [ ] [ ]

8 |sPs670B ® | 600  J 45 { (]
SP8735B @ | 600 o 7/0(0 [ J
SP8677M o 1200 o 70 [ J o
SP8677B @ [1200 [ J 70 [ J [ J

Table 3 Fixed-Modulus SP8000 high speed dividers
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¥ <
3
Temperature §> Supply = | Output Package
Range (°C) ] voltage (V) o
o ‘5 e

§ § > 3 E 2

2 -55 | -40 [-30 | 0| gl 2| 28|%

S | Product |+125| +85 | +70 |+70 | £ [s5.0]5.2[68|74|a |E| R | S| 8 | &
SP8660A| @ 200 @ | @ 10| @ [ J
SP8660B ® | 200|@® 10| @ o
SP8660 ° 200/ @@ 10| @ °
SP8632B @ | 400 ® 70 o [ )
SP8637B @ | 400 [ ] 7|0 | @ (]

10 sps630a | @ 600 |®@ 70 ° °
SP8630B @ | 600 o 70 [ ] [ ]
SP8635B @ | 600 o 750 | @ (]
SP8634B @® 700 |@ 750 | @ ()
SP8665B @ (1000 [ ] 80 [ ] [ ]
SP8667B @ (1200 [ ] 80 [ ] e
SP8659A | @ 2000 @ (@ 10| @ [ J

16 SP8659B 20000 @ 10| @ o
SP8650A| @ 600 [ ) 45 ([ J { ]
SP8650B @ | 600 [ 45 o { ]
SP8657A| @ 2000 @ | @ 10/ @ o

20| spP86s7B ® | 2000|® 10 @ o
SP8658 [ ) 200{ @ 200 @ o

24|spssse { l [ o | 200[0 | l 20 ol | I I QJ

32 SP8655A| @ 20000 | @ 10| @ [
SP8655B ® | 200000 10| @ o
SP8755A| @ 1200| @ 45| @ (]

64 SP8755B ® [1200| @ 45| @ [ ]
SP8750B @® |1000 o 68| @ [ ]
SP8752M [ J 1200 o 68| @ [ ]

80| sps627 ® 150 @ | @ 33| @ o

100| SP8628 ° 150/ @ | @ 3l e °
SP8629 [ J 150/ @ | @ 33| @ ®
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CIRCUIT DESCRIPTIONS

Table 3isummarises the SP8000 range of fixed modulus dividers (i.e. those
which divide by a single ratio) and Table 2 summarises the two-moduius
programmable dividers (i.e. those dividing by N or N+ 1 depending on the
state of a control input). It will be seen that there are a wide number of division
ratios and input/output interfaces but all the devices in the SP8000 range use
emitter coupled logic (ECL) chip circuitry.

The signal inputs of SP8000 devices can be differential or single-ended and
DC or AC coupled depending on the particular device. Signal is supplied to
AC coupled devices via an isolating capacitor (usually about 1000pF) but
DC coupled devices have no internal bias circuitry and may be driven either
from ECL Il or ECL Ill or be driven with AC via a capacitor and biased by a
separate external resistor network.

The datasheet for each device states which of the two ECL families is
appropriate and also describes the bias network. Devices with balanced
inputs may be driven with a differential signal, or a single signal may be ap-
plied to one input and the other decoupled to ground by a 1000pF capacitor.

If no signal is applied to a balanced input the device will tend to oscillate
at some ill-defined but high frequency. This may be prevented by applying a
bias to one of the inputs by means of a resistor connected from the input to
one or other of the supplies. This has the effect of desensitising the input but
preventing oscillation — the exact value of the resistor depends on the device
used but is generally around 10 kilohms. SP8000 series devices will operate
with sinewave inputs at high frequencies but low frequency sine inputs may
cause malfunction.

Dividers specified to have maximum operating frequencies of 700 MHz or more
should not be used with sine inputs under 80MHz. At frequencies lower
than this they should be driven with square wave inputs having rise and fall
rates in excess of 200V/microsecond. Lower frequency dividers may be used
with sine inputs down to 40MHz and then with square waves with 100 micro-
second rise and fall times. Some SP8000 circuits are less demanding —
details are given in their respective data sheets.

The input signal required by SP8000 series circuits for satisfactory operation
is between 400 and 800mV peak-to-peak except in the case of one or two of the
very high speed dividers which require a minimum of 600mV. Many dividers
will operate with inputs well outside this range but it is unwise to allow them
to do so as the circuit configurations used in the counters can lead to mis-
counting at certain frequencies if too high or too low an input level is used.

The control inputs of the two-modulus dividers are ECL-compatible.

The majority of SP8000 outputs are emitter followers, usually ECL-com-
patible, but some of the series have free collector or TTL compatible outputs.
Many of the devices have both Q and Q and some of the decades have BCD
outputs.

No particular problems arise in the output circuitry although the emitter
follower outputs should not be used to drive capacitivie loads.

The SP8000 series circuits require 5.2V supplies except a few of the faster
circuits, which require higher voltages such as 6.8V or 7.4V. The data sheets
suggest the use of positive ground supplies; this has the advantage of
minimising the risk of damage due to output short circuits but can be incon-
venient if the dividers are to be used in conjunction with other integrated
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circuits using the more conventional negative ground. But whether positive or
negative ground is used it is most important that the power supplies be
adequately decoupled. Quite small capacitors may be used — 100pF is more
than ample and in some applications as little as 15pF has been shown to
be sufficient.

The capacitors used must, however, be RF types having minimal lead and
package inductance. The capacitors should be sited as close to the inte-
grated circuits as possible and leads kept short. It is not use ensuring that a
capacitor lead is short if the printed track to it is long and thin — board tracks
must also be kept short and as wide as possible. A ground plane on one side
of the circuit board with all ground connections made to it minimises lead
inductance problems and is the best way to ensure satisfactory operation
of any high speed or high frequency circuitry.

Similar care to that spent on decoupling should be lavished on the bias
points in the circuit and the unused inputs. Capacitors need not be particularly
large but must have good high frequency performances and very short leads
and tracks.

MODULUS EXTENDERS FOR TWO-MODULUS DIVIDERS
THE SP8790 AND SP8794

The SP8790 and the SP8794 are designed for use with two-modulus dividers
to extend their division ratios and hence make them more suitable for use
with CMOS and low power TTL. The SP8790 converts a -~N/N-+1 counter to a
—=—4N/4N-+1 counter and the SP8794 converts it into a —8N/8N-+1 counter.

Each device consists of a counter with a balanced AC-coupled input, a
CMOS or TTL compatible output, and a control output designed to drive the
control inputs of the SP8000 series of two-modulus dividers. There is also a
control input which is CMOS or TTL compatible (but needs a 5 kilohm pullup
resistor when used with TTL).

In use, the control input from the programmable divider goes to the control
input of the SP8790 (or the SP8794) and is gated to the two-modulus divider
once every four (or eight) counts. Fig. 32 shows an SP8790 used with an
SP8690 to give a —40/41 counter; similar systems may be used with any of
the SP8000 two-modulus dividers.

PE, Vee SV CONTROL Ve +5v
Tl T S A
o1p L

] CMOS/TTL
SIGNAL — —{ctock spesso 07 —{ —crock <P8750 oPb—0 oS I e
SOURCE glag  (F10M10 W’Hl—m

I "l
VEE VEE
CMOS/ TTL

COMPATIBLE
CONTROL 1/P

Fig. 32 SP8790 with SP8690 to give a --40/41
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The SP8790 and SP8794 will normally be driven by SP8000 high speed
dividers which have fast output edges. If other sources are used, however,
the notes on input waveform slew rate in the preceding section should be
observed. Again, the input should be biased if there is likelihood of instability
in the absence of a signal, and the unused input should be decoupled to
ground if only one input is required. The input level should be between
300mV and 1V peak-to-peak.

The internal delays in the SP8790 and the SP8794 do not allow their opera-
tion at input frequencies (to the SP8790 or SP8794) of over 40MHz as a con-
troller. However, if the SP8790 or SP8794 are used as simple dividers they will
work at over 60MHz and 120MHz respectively.

Both devices require a single 5V supply which must, as usual, be well
decoupled. Neither device has any other points which need to be decoupled
with the possible exception of unused inputs.

Input characterisation for the SP8000 series

Because of the wide frequency range of the SP8000 series emitter-coupled
logic dividers, the input drive and impedance should be optimized.

The input impedance from 50MHz to 600MHz is mostly capacitive. Beyond
600MHz it becomes inductive.

To optimize the circuitto handle large overloads, small signals, and changes
of input impedance versus operating frequency some suggestions are offered
in Figs.33, 34 and 35.

Where the frequency range to be used covers an impedance change of
greater than three to one, a circuit shown in Fig. 33 could be added to the
input. By using the appropriate input impedance curve and calculating the
value of R &L, the total input impedance would be more constant over the
required frequency range.

i

HOT CARRIER
Y 7R Tooes 2

Fig. 34

+5V

!

SP8690
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In the case of large overloads the circuit shown in Fig. 34 could be used.

When using this circuit there is typically a 3dB loss in sensitivity but the
dynamic range would be increased from two to one to over four to one. The
value of R depends on the maximum overdrive voltage and the hot carrier
diodes used.

For low level inputs an SL1521 wideband amplifier could be used as a
preamplifier for a divider as shown in Fig. 35.

By using the SL1521 and the SP8690 low power 200MHz divide by 10/11
divider, as shown in Fig.35, the minimum sensitivity is reduced from 143mV
RMS to 36mV RMS. Both units are self biased and require only coupling
capacitors for interconnections. Also both parts operate from the same +5V
supply at 145mW total power.

When using the SP8600 series it is recommended that good low inductance
RF capacitors be used on all bias and power supply decoupling points.

The printed circuit board should be laid out with all input leads as short as
possible, ample ground plane around the device and using other normal RF
techniques.
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SP8602,4,7
INPUT IMPEDANCE

The input impedance is shown in Fig.36 for the frequency range of 50MHz
to 700MHz.

INPUT CAPACITANCE
The capacitance at 50MHz is 3.1pF.
TEST CIRCUIT
The test circuit is shown in Fig.37. All tests were made at 25°C.

y -52v
n
A,
8
\ CLOCK " 2
INPUT ——"—— ourt
~— TET

L
100 200 300 400 S00 600 700
FREQUENCY (MHz)

Fig. 36
SP8630,2

INPUT IMPEDANCE

The input impedance is shown in Fig.38 for the frequency range of 50MHz to
600MHz.

INPUT CAPACITANCE
The capacitance at 50MHz is 3.9F.

TEST CIRCUIT
The test circuit is shown in Fig.39. All tests were made at 25°C.

-52V
500 in
w00l—\ ’_"77_!
7
E 300 in
£ CLOCK 10
5 \ INPUT ——“‘— burt
200
_L1_2 13 |1
100 P~ n Tin
100 200 300 400 500 600 mn
FREQUENCY (MHz) Fig. 39
Fig. 38

111



SP8634,5,7
INPUT IMPEDANCE

The inpuf impedance is shown in Fig. 40 for the frequency range of 50MHz to
700MHz.

INPUT CAPACITANCE
The capacitance at 50MHz is 4.1pF.
TEST CIRCUIT
The test circuit is shown in Fig. 41. All tests were made at 25°C.

=52V
1000 \ in
wol N 3,
\ 5
§ 600 cLock L u
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100 200 300 400 500 600 700
FREQUENCY (MHz) F. . 1
Fig. 40 o 4
SP8643,7

INPUT IMPEDANCE

The input impedance is shown in Fig.42 for the frequency range of 50MHz to
350MHz.

INPUT CAPACITANCE
The capacitance at 50MHz is 2.4pF.
TEST CIRCUIT
The test circuit is shown in Fig.43. All tests were made at 25°C.
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Fig. 42 ?
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SP8650
INPUT IMPEDANCE

The input impedance is shown in Fig.44 for the frequency range of 50MHz to
600MHz.

INPUT CAPACITANCE
The capacitance at 50MHz is 6.0pF.
TEST CIRCUIT
The test circuit is shown in Fig.45. All tests were made at 25°C.

500 -52v
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400 —\\ }7_";7
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Fig. 44 Fig. 45

SP8655,7,9

INPUT IMPEDANCE

The input impedance is shown in Fig.46 for the frequency range of 50MHz to
100MHz.

INPUT CAPACITANCE
The capacitance at 50MHz is 3.6pF.
TEST CIRCUIT
The test circuit is shown in Fig.47. All tests were made at 25°C.
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Fig. 46
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SP8685
INPUT IMPEDANCE

The input impedance is shown in Fig.48 for the frequency range of 50MHz to
500MHz.

INPUT CAPACITANCE
The capacitance at 50MHz is 8.7pF.
TEST CIRCUIT
The test circuit is shown in Fig.49. All tests were made at 25°C.
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Fig. 48

SP8690

INPUT IMPEDANCE

The input impedance is shown in Fig.50 for the frequency range of 50MHz to
200MHz.

INPUT CAPACITANCE
The capacitance at 50MHz is 6.4pF.
TEST CIRCUIT
The test circuit is shown in Fig.51. All tests were made at 25°C.
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Preamplifiers for SP8000 series

The availability of low-cost hybrid amplifiers with a performance extending
to 1GHz, coupled with SP8000 High Speed Dividers, allows an unparalled
increase in instrument performance.

For example, using an Amperex ATF 417 as a preamplifier for an SP8610
(with a Schottky barrier diode limiter), the divider’s sensitivity can be improved
by at least 15dB. The circuit diagram is shown in Fig.52. Typical room tempera-
ture performance is shown in Fig.53, and a suitable PCB layout is given in
Fig 54.

Low end performance is limited by signal rise time requirements for the
SP8610, whilst high end sensitivity is limited by the amplifier limiter perform-
ance. This can be improved by operating the ATF 417 off a higher supply. By
increasing the supply to, say, 420V, a gain in sensitivity of, typically, 5dB
would be expected at 1GHz.

Similar results can be obtained using the ATF 417 with other dividers such
as the SP8667, 1.2GHz decade divider.

5 b
H oo ce
TIFE HH
D6
14
e 9] Ch 'spg8620| c12
(100 Mz ez ¢ €l
12 13
L
rif TR R9 RN | [ri2
390 1k 10k 1k
,1’ ov
Fig. 52 UHF instrumentation — 20 prescaler
COMPONENTS
D1 - D4 : Schottky barrier diodes, HP5082—-2811
A1 : Hybrid amplifier, Amperex ATF417 or Philips OM185
IC1 : Plessey Semiconductors SP8610B
1C2 : Plessey Semiconductors SP8620B
D5, D6 : 1 Watt, 5.1V Zener diode

R6, R10  : 100 ohms, 5 Watt, e.g. Plessey GWT-5
C1-C12 : 1nF ceramic, e.g. ITW EMCAPS
C13 : 0.33 microfarad

CIRCUIT DETAILS

The signal input (100MHz-1GHz) is AC-coupled to a Schottky barrier diode
bridge which limits at 100mV p/p. The signal is then amplified by the hybrid
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A1. This combination gives about 15dB of gain with a supply of 15V. The
amplifier is AC coupled, via C3, to an SP8616 —4 circuit (IC1). R7 provides an
input offset to prevent ‘no signal’ oscillation. The drive capability of IC1, is
increased by R8 and its output capacitively coupled to IC2 via C4 R9 provides
the input offset for IC2. The output of IC2 is suitable for driving ECL II.
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Fig. 53 Typical performance of UHF prescaler

Fig. 54a Component side of board
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Fig. 54b Solder side of board
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Synthesiser Circuits
INTRODUCTION TO SYNTHESISER SYSTEMS

Fig. 55 shows a typical frequency synthesiser. It consists of a voltage
controlled oscillator, a variable divider and a phase comparator. The output
frequency of the VCO is a function of an applied control voltage. In frequency
synthesisers the function is always monotonic and is generally as near linear
as possible.

OUTPUT
fo

(= N.fR)
PROGRAMMABLE
DIVIDER
REFERENCE PHASE
fo COMPARATOR

Fig. 55 Basic frequency synthesiser

The output of the phase comparator is a voltage which is proportional to
the phase difference between the signals at its two inputs. This output controls
the frequency of the VCO so that the phase comparator input from the VCO
via the variable divider (=N) remains in phase with the reference input, fg,
so that the frequencies are equal. The VCO frequency is thus maintained at
Nfr, Such a synthesiser will produce a number of frequencies separated by
fr and is the most basic form of phase locked synthesiser. Its stability is
directly governed by the stability of the reference input fgr, although it is also
related to noise in the phase detector, noise in any DC amplifier between
the phase detector and the VCO and the characteristics of the low-pass filter
usually placed between the phase comparator and the VCO.

The design of frequency synthesisers using the above principle involves
the design of various sub-systems; including the VCO, the phase comparator
any low-pass filters in the feedback path, and the programmable dividers.
The following deals mainly with the design of dividers.

PROGRAMMABLE DIVISION

A typical programmable divider is shown in Fig. 56. It consists of three
stages with division ratios K1, K2 and Ks which may be programmed by
inputs P1, P2 and P3 respectively. Each stage divides by K, except during the
first cycle after the program input Pn is loaded when it divides by P (which may
have any integral value from n to K). Hence the counter illustrated divides by
P3(K1K2) + P2K1 4 P1 and when an output pulse occurs the program inputs
are reloaded. The counter will divide by any integer between 1 and
(K1K2K3 — 1).

The commonest programmable dividers are either decades or divide-by-
sixteen counters. These are readily available in various logic families, including
CMOS and TTL. Itis possible to buy quad decades in CMOS in a single package.
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—_— K1 K2 K3

LOAD LOAD LOAD

Fig. 56 Typical programmable divider

Using such a package one can program a value of N from about 3 to 9999. The
theoretical minimum count of 1 is not possible because of the effects of circuit
propagation delays. The use of such counters permits the design of frequency
synthesisers which are programmed with decimal thumbwheel switches and
use a minimum of components. If a synthesiser is required with less obvious
frequencies and steps a custom programmable counter may be made using
some custom logic family such as PMOS, NMOS, CMOS or I2L.

The maximum input frequency of such a programmable counter is limited
by the speed of the logic used, and more particularly by the time taken to load
the programmed count. Few programmable counters of the type discussed
will operate with test frequencies much above 5MHz. The faster types,
operating perhaps 25 or 30MHz, use Shottky TTL which consumes consider-
able power and has a tendency to inject HF and VHF noise into supply lines.
The output frequency of the simple synthesiser in Fig. 55 is of course limited
to the maximum frequency of the programmable divider.

There are many ways of overcoming this limitation on synthesiser frequency.
The VCO output may be mixed with the output of a crystal oscillator and the
resulting difference frequency fed to the programmable divider; the VCO
output may be multiplied from a low value in the operating range of the
programmable divider to the required high output frequency. Alternatively,
a fixed ratio divider capable of operating at a high frequency may be inter-
posed between the VCO and the programmable divider. These methods are
shown in Figs 57a, 57b and 57c¢ respectively.

All the above methods have their problems although all have been used
and will doubtless continue to be used in some applications. Method (a) is
the most useful technique since it allows narrower channel spacing or higher
reference frequencies (hence faster lock times and less loop-generated
jitter) than the other two but it has the drawback that since the crystal oscillator
and the mixer are within the loop, any crystal oscillator noise or mixer noise
appears in the synthesiser output. Nevertheless, this technique has much to
recommend it.

The other two techniques are less useful. Frequency multiplication intro-
duces noise and both techniques must either use a very low reference
frequency or rather wide channel spacing. What is needed is a programmable
divider which operates at the VCO frequency — one can then discard the
techniques described above and synthesise directly at whatever frequency
is required.
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Fig. 57a Mixer synthesiser
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Fig. 57b Synthesiser with ouput multiplication
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Fig. 57¢ Synthesiser with prescaler

TWO-MODULUS DIVIDERS

Considerations of speed and power make it impractical to design program-
mable counters of the type described above, even using ECL, at frequencies
much into the VHF band (30 to 300MHz) or above. A different technique
exists, however, using two-modulus dividers.

Fig. 58 shows a divider using a two-modulus prescaler. The system is
similar to the one shown in Fig. 57c but in this case the prescaler divides
either by N or N 4 | depending on the logic state of the control input. The
output of the prescaler feeds two normal programmable counters.

Counters 1 controls the two-modulus prescaler and has division ratio A.
Counter 2, which drives the output, has a division ratio M.

In operation the ——N/N -+ | prescaler (Fig. 58) divides by N--1 until the count
in programmable counter 1 reaches A and then divides by N until the count
in programmable counter 2 reaches M when both counters are reloaded, a
pulse passes to output and the cycle restarts. The division ratio of the whole
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system is A(N+1) + N(M—A), which equals NM+A. There is only one con-
straint on the system — since the two modulus prescaler does not change
modulus until counter 1 reaches A the count in counter 2 (M) must never be
less than A. This limits the minimum count the system may reach to A(N--1)
where A is the maximum possible value of count in counter 1.

PROG

INPLQ—‘
TN/N+1
COUNTER 2
1 NM+A
RS RS NB. (M4 A)

Fig. 58 Divider system with 2 modulus prescaler

The use of this system entirely overcomes the problems of high speed
programmable division mentioned above. Plessey Semiconductors make a
number of —10/11 counters working at frequencies of up to 500MHz and
also=5/6, —6/7 and —8/9 counters working up to 500MHz. There is also a
pair of circuits intended to allow —-10/11 counters to be used in +-40/41 and
--80/81 counters in 25kHz and 12.5kHz channel VHF synthesisers.

It is not necessary for two-modulus prescalers to divide by N/N+1. The same
principles apply to =-N/N4-Q counters where Q is any integer but —N/N+1
tends to be most useful.

If the limitation that M must not be less than A is unacceptable the system
may be extended to use three or four modulus division. For example if a
—10/11 prescaler is used in a VHF synthesiser to be programmed in decades
the maximum value of A will be 9 and so the minimum frequency will be
99MHz (=A(N-+1)). Suppose instead that a —-100/101/110 counter (which may
be made as shown in Fig. 59) is used in the system in Fig. 60. At the start of a
cycle the counter divides by 110 until the programmable counter reaches A.
This releases the inhibition on programmable counter 2 and the prescaler
divides by 101 until counter 2 reaches A2, at which point the prescaler divides
by 100 until counter 3 reaches N and the cycle restarts. The division ratio is
therefore 110A1+101A2+100(N—A1—A2) which, by a bit of algebra, is equal to
A2-+10A1+100N.

This system allows a minimum count in the programmable counter 3 of
A1-+A2. Since the system is decimal the maximum value of A1 and A2 is 9.
The minimum value of N is therefore 18 and if the earlier system is replaced
with this system it will work down to 18MHz. A similar, but more complex
system involving =-100/101/111 prescaler allows operation down to 10MHz.
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Fig. 59 Basic 100/101/110 prescaler
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Fig. 60 Divider system with 100/101/110 prescaler
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SYNTHESISER PRODUCT RANGE
CRYSTAL OSCILLATORS

SP705 1 to 10MHz crystal, outputs at +~2, +~4
CRYSTAL OSCILLATORS WITH DIVIDERS

SP8760 also includes phase comparator
SP8921 also includes part of control circuit

CITIZENS BAND 27MHz PRODUCTS

SP8921

SP8922

SP8923

UNIVERSAL SYNTHESISER

SP8901 4 modulus divider 1GHz

SP8906 4 modulus divider 500MHz

NJ8811 Control circuit for use with SP8901 or SP8906

LOWER POWER SYNTHESISER
NJ8812 Control circuit for use with ~40/41 or +~80/81

SP705B

CRYSTAL OSCILLATOR

The SP705B is a square wave oscillator circuit designed to operate in con-
junction with an AT cut quartz crystal of effective series resistance less than 300
ohms. Four TTL outputs are provided, related in frequency to the crystal frequency
f as follows: f/2, /4. f/2 and f/4. The SP705B is therefore ideally suited to either
single or multi-phase TTL clock applications.

The crystal maintaining circuit consists of an emitter-coupled oscillator, with the
emitter resistors replaced by constant-current generators. The crystal is con-
nected, usually in series with 20pF capacitor, between pins 5 and 6. The 20pF
capacitor can be replaced with a mechanical trimmer to allow small changes in
frequency to be made, as shown in Fig. 62.

The circuit is designed to provide low crystal drive levels — typically, less than
0.15mW at 5MHz. This is well within crystal manufactures’ limit of 0.5mWw.

The compensation point, pin, 4 is made available so that the compensation cap-
acitance can be increased if necessary. However the 14pF capacitor included on
the chip is usually sufficient to prevent spurious oscillation at high frequencies.
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Fig. 62 Circuit diagram of SP705B oscillator
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Fig. 63 Deviation from nominal crystal frequency
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SP8760
General purpose synthesiser

The SP8760 is a general-purpose circuit intended for use in conjunction
with CMOS or TTL programmable counters, and with high speed prescalers,
in frequency synthesisers. It consists of a crystal oscillator with two-stage
divider, a -15/16 two-modulus counter, and a high performance type Il
phase/frequency comparator. All three sections of the device have CMOS/TTL
interfaces and the phase/frequency comparator offers better zero error and
phase jitter characteristics than other such integrated circuits.

CIRCUIT DESCRIPTION (Fig.64)

The crystal oscillator uses an emitter-coupled circuit with a series resonant
crystal connected between pins 4 and 5. It is internally rolled off to prevent
overtone operation and will not work at frequencies much above 10MHz.
This oscillator has a series resonant crystal and has a stability of about
0.2ppm/degree C, excluding the crystal itself.

If the divider is required but not the crystal oscillator, an external signal may
be applied to pin 4 via a small capacitor in series with 220 ohms. Pin 5 may,
in that case, either be decoupled or left open depending on the frequency and
amplitude of the signal on pin 4.

The output of the oscillator is not available externally but only via a 4
circuit. This circuit, like the rest of the logic interfaces on the SP8760, has a
CMOS/TTL compatible output, which is connected to pin 11.

The two-modulus divider (-~15/16) has a CMOS/TTL clock input on pin 6
and its output appears on pin 9. When the control input, pin 8, is high the divider
divides by 16 and when it is low it divides by 15. The standard TTL fan-in of the
clock input is 1 and the output fan-out is 3.

ouTPUTC PHASE/FREQUENCY INPUT A
- COMPARATOR ¢ -
OUTPUT D O———] ————— O INPUT B

e |

T 6 o—»— x1AL

=?O » 0oscC

\
|

—»——O0 OUTPUT

F——»——0 OUTPUT

CLOCK O——®»——— -+ 16/1
8/15 ——»————0 CONTROL

Fig. 64 SP8760 block diagram
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The maximum clock frequency of the SP8760 is at least 12MHz (typically
18MHz). Hence the use of almost any family of low speed logic is permissible
in the main divider of a synthesiser using the SP8760 since its output will never
exceed 1MHz under proper operation.

The comparator has an infinite pull-in range (subject, of course, to an input
frequency response of about 10MHz) and zero phase shift at phase-lock. The
comparator pulse width at zero phase shift is under 30ns, giving minimum
noise and jitter.

In operation the comparator triggers on the 1 to 0 transition of each input
and gives outputs on pins 1 and 2 proportional to the phase difference between
the two transitions. When the edge on pin 14 occurs before the edge on pin
13 the output on pin 1 will be low during the interval between the two transi-
tions and the output on pin 2 will remain low whereas if the edge on pin 14
occurs after the edge on pin 13 the output on pin 2 will be high between
the two transitions and pin 1 will remain high. The decision as to which is the
‘first’ transition is made by counting pulses at each input — if two pulses occur
at one input without any ocurring at the other the second of the two is con-
sidered to be the ‘first’ and the relevant output changes state until a 1 to 0
transition occurs on the other input. Once an input has counted two in this
way it remains the ‘first’ input until two transitions occur on the other input
without one ocurring on it, when the other input becomes the ‘first’ input.
The SP8760 phase comparator timing diagram is shown in Fig.65.

PIN 14 _n n n n ”_._“__JL”_

INPUTS

PIN 13 Il Il Il II l‘ n n J-l.

OUTPUTS

PIN 2 Il I l ll

Fig. 65 Phase comparator timing diagram

The output on pin 1 consists of the collector of an NPN transistor with a
10 kilohm resistor to Vee. Three ways of driving the varactor line of a voltage
controlled oscillator from these outputs are shown in Fig. 66. The simplest
way, shown in Fig. 66(a), is only suitable for use when the varactor voltage
change is very small — say, less than 1V from 2 to 3V. The low voltage charge
pump in Fig. 66(b) can be used with varactor voltages between 1V and 4V
and the high voltage charge pump in Fig. 66(c) is used where large varactor
voltage swings are necessary. The transistors and diodes used in these cir-
cuits should be silicon types with a fast switching speed to avoid degrading
the performance of the phase comparator. The transistors used in the circuit
in Fig. 66(c) need also a Vceo of at least 35V.

The leakage on the varactor line must be as low as possible since any
leakage leads to jitter as the charge pump replaces the lost charge. A high
impedance buffer may be placed between the output of the charge pump and
the varactor line and indeed is essential if varactor line losses are high.
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Since noise in this buffer will itself cause oscillator jitter, it is better to use a
non-leaky varactor line and no buffer if at all possible.

The SP8760 uses a single 5V supply, which must be well decoupled at HF
and LF and draw about 45mA.

NaN|
PIN 2 Bt TO VARACTOR
PIN 1 —-|Q——

-

Fig. 66a Simple charge pump

+5V

OUTPUT
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C

OUTPUT OUTPUT
D 0

1 1.

ov

Fig. 66b Low voltage Fig. 66¢c High voltage
charge pump and charge pump and
filter. Divider clock input filter
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SP8921/2

CITIZENS' BAND SYNTHESISER

The SP8921/22 combination is intended to synthesise the frequencies
required in a 40-Channel Citizens’ Band transceiver. The 40 channels are
spaced at 10kHz intervals (with some gaps) between 26.965 and 27.405MHz.
Local oscillator frequencies for the reception of these channels with inter-
mediate frequencies of 455kHz, 10.240MHz, 10.695MHz and 10.700MHz are
also synthesised. Table 4 shows the relationship between the program input
and the channel selected. By using a program other than one of the 40 given
other frequencies may be selected - in fact there are 64 channels at 10kHz
separation available from 26.895 to 27.525MHz and programming starts at all
zeros on inputs A through F for 26.895 and each increase of one bit to the
binary number on these inputs increases the channel frequency by 10kHz until
all ‘1’s give 27.525MHz. The A input is the least significant bit, F the most
significant. The programming input on pin 16 of the SP8922 is normally kept
high but making it low increases the programmed frequency by 5kHz. Table 5
shows the programming required to obtain various offsets.

The circuit diagram of a CB synthesiser is shown in Fig. 67. It is intended
for use in double conversion receivers with IFs of 10.695 and 455kHz and
generates either the frequency programmed or the frequency programmed
less 10.695MHz.

If other offsets are programmed the connections to pin 15 of the SP8921
and pin 2 of the SP8922 must be altered according to Table5.

The synthesiser consists of the SP8921 and the SP8922 plus an SP1648
voltage controlled oscillator.

The programming inputs to the SP8922 are as shown in Table 4. Logic ‘1’ is
+3V or more, logic ‘0’ is either ground or an open circuit. The circuit diagram
of a programming input port is shown in Fig. 68. If a switch, constructed so as
to select the correct combination for each channel, can be obtained this is the
obvious way to program the synthesiser; otherwise a ROM may be suitably
programmed and placed between the switch and the SP8922.

The crystal oscillator in the SP8921 is trimmed by a small variable capacitor,
C3, which must be set up during alignment of the synthesiser so that the output
frequency on pin 4 is 10.240000MHz. The only other adjustment is to set the
core of L1 so that the varicap control voltage is 2.85V when the synthesiser is
set to channel 30 transmit. Since the difference between transmit and receive
frequencies is over 10MHz it is not possible to tune both with the same tuned
circuit and an extra capacitor is switched by means of a diode during reception.

The phase/frequency comparator of the SP8921 can have an output swing
from 0.5V to 3.8V but it is better to work in the range 1.5V to 3.0V as the phase-
error output voltage is more linear in this region. The ZC822 tuning diode
specified for this synthesiser may be replaced by any other tuning diode
provided it will tune the VCO over the required range, or a little more, as the
control voltage goes from 1.5 to 3.0V. With slight coil changes the MV2105
has been used successfully in this synthesiser.
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Channel Input Code Output frequency
No. FEDCBA |withR/T =0 (MHz)
1 000111 26.965
2 001000 26.975
3 001001 26.985
4 001011 27.005
5 001100 27.015
6 001101 27.025
7 001110 27.035
8 010000 27.055
9 010001 27.065
10 010010 27.075
11 010011 27.085
12 010101 27.105
13 010110 27115
14 010111 27.125
15 011000 27135
16 011010 27.155
17 011011 27.165
18 011100 27.175
19 011101 27.185
20 011111 27.205
21 100000 27.215
22 100001 27.225
23 100100 27.255
24 100010 27.235
25 100011 27.245
26 100101 27.265
27 100110 27.275
28 100111 27.285
29 101000 27.295
30 101001 27.305
31 101010 27.315
32 101011 27.325
33 101100 27.335
34 101101 27.345
35 101110 27.355
36 101111 27.365
37 1170000 27.375
38 110001 27.385
39 110010 27.395
40 1170011 27.405

Table4 SP8922/1 O/P frequencies with 10.240 crystal (0 =

contact open, 1= contact closed to Vcc)
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All resistors are in ohms and $W + 10% unless otherwise stated. Capacitor values are

in microfarads unless otherwise stated.

IC1
IC2
IC3
T
D1
D2
D3
X1
L1
L2
L3
R1
R2
R3
R4
R5
R6
R7
R8
R9
C1
Cc2
C3
C4
C5
Cé
C7
c8
Co
C10
c11
Cc12
C13
C14
C15
SW1

SP8921

SP8922/SP8923

SP1648

2N 3906

ZC822, Ferranti varactor diode
1N4148 Silicon diode

LED lock indicator

10.240MHz crystal, series mode
11 turns 30 gauge cotton covered wire on Neosid A7 assembly
100 microhenries RF choke

100 microhenries RF choke
1.0k + 5%

1.0k + 5%

8.2k + 5%

33k

10k

150 (adjust for LED brightness)
1k

1k

470 (adjust for required output level)
0.1 .
100, 10V solid tantalum

2 — 22pF variable

100 10V solid tantalum

110V solid tantalum

0.1

1000pF

22pF + 10%

0.01

100pF + 10%

0.01

0.1

10 solid tantalum

0.1

1000pF

2 pole, 1 way switch,
(receive/transmit)
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Offset SP8921 | SP8922

0 0 0 o—{" "}
—455kHz 0 1 '
VEE

—-10.240MHz 1 0
Fig. 68 Program input circuit
-10.695MHz 1 1
Table 5

The low pass filter of the PLL consists of C5, C6 and Ra3. If faster lock (at the
expense of larger noise and reference sidebands) is required the filter may be
redesigned. If the synthesiser is used in a scanning receiver, a switched filter
should be used to give fast lock during scanning but a slower lock and cleaner
signal during normal operation. The lock output on pin 8 of the SP8921 is
used to light an indicator when the loop is not locked and should also be used,
in a transmitter or transceiver, to prevent transmission when the loop is
unlocked.

Fig. 69 shows the circuit board layout and component placing of this synthesiser.
It requires a single +5V supply and draws about 60mA. The performance is im-
proved if double-sided board is used with a ground plane on one side. A small
further improvement would come from the use of a grounded screening can over
the whole system.

Fig.69a Printed circuit layout for CB synthesiser
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Fig. 69b PCB component layout for CB synthesiser

The synthesiser has reference frequency sidebands 50dB down at 1.25kHz
from the carrier. All output over 5kHz from the carrier is over 70dB down. Lock
time for a change from channel 0 to channel 40 (a frequency change of
440kHz) is around 35ms. Photographs of the output spectrum and the change of
control voltage with time during a step from channel 0 to channel 40 are shown
in Fig. 70. Stepping from transmit to receive or vice versa takes somewhat
longer because of the much larger change of frequency but is generally
complete within 75ms.

This synthesiser is quite basic but has adequate performance for the
majority of CB applications. If improved performance is required there
are two possibilities; an improved FET oscillator having lower floor noise
instead of the SP1648 or an improved low pass filter to reduce reference
frequency sidebands.
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Fig. 70a Typical output spectrum of basic synthesiser (Vert.:16dB/div.,Horiz.: 2kHz/div.,)
BW:300Hz, fo :27.065MHz

Fig. 70b Typical transient response of basic synthesiser. Response of varactor line to
step program change 1-40. Vert.:200mV/div.,Horiz.:5msl/div.
N.B. Droop of response is due to the measuring instrument being AC-coupled.
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RADAR
APPLICATIONS



Introduction

The performance of a radar receiver depends very much on the performance
of its IF strip. It must provide enough gain and dynamic range to allow for the
expected variations in echo signal power, and without saturation. It must have
a low noise figure, especially as this affects the overall noise performance of
crystal mixer/amplifier combinations. The bandpass characteristic is also
important: the overall receiver bandwidth is essentially determined by that of
the IF stages. In addition, the IF amplifier must have a high centre frequency
compared with the signal bandwidth if IF signal spectral components are not
to appear within the passband of the video amplifier.

Plessey Semiconductors contribution to the design of radar IF amplifiers
is a range of integrated circuits which may be regarded as building blocks
from which IF systems of different requirements and configurations can be
built. These circuits are summarised in Section 2, followed by detailed
application information given in the remaining sections of this handbook.

Table 1 summarises the range of integrated circuits for radar applications
available from Plessey Semiconductors. Full technical data for each of these
circuits is given in Section 6.

1 Plessey ICs for radar IFs

Successive detection log. amplifier

SL521 30 to 60MHz centre frequency, 12dB gain
SL523 Dual SL521 (cascade)
SL1521 120 to 160 MHz centre frequency, 12dB gain

SL1522 Dual SL1521 (parallel)
SL1523 Dual SL1521 (cascade)

Linear amplifiers

SL550 125MHz bandwidth ,40dB gain, 25dB gain control range, 1.8dB
noise figure )

SL560 300MHz bandwidth, 10 to 40dB gain, 1.8dB noise figure

Video amplifiers and detectors »

SL510 Detector (DC to 100MHz), video amp. (DC to 24MHz)

SL541 Op. amp. configuration, slew rate 175V/us, settling time 50ns,

recovery from overload 50ns.

A to D conversion

SP750B High speed latched comparator, min. set-up time 2ns, propaga-
tion delay 3.5ns (typ.)

Table 1 Plessey ICs for radar IF systems
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SUCCESSIVE DETECTION LOGARITHMIC IF STRIPS

The well established SL521 integrated circuit has been widely used in
logarithmic IF strips for many years. New products have been introduced in
recent years to satisfy the needs of higher IF frequencies and reduced weight/
volume. The first of these, the wide bandwidth SL1521, is described in detail
(together with the design for a log. strip) in Section 4.

GROUND

]
BIAS Cl) RF INPUT GROUND
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204—Vcc
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SL1522

Fig. 1 Log IF amplifiers SL1521/2/3

More recently, products have been introduced which combine two SL521
or SL1521 chips in a single encapsulation. The SL523 and SL1523 contain two
stages in cascade; the SL523 is pin compatible with the SL521 (see data
sheet page 41). The use of the SL1523 or SL523 enables the user to obtain a
major size reduction in the IF strip; for example a high performance 60MHz

strip with a 90dB log. range can be built using only four SL523 packages (see
Fig. 2).
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The SL1522 also contains two SL1521s, but this time they are essentially
connected in parallel. It is intended that the SL1522 should be used in the first
stage of a log strip; when included in this way the strip maintains its log
characteristic for input signals 12dB larger than the simple strip. This is a
simple example of the ‘lift’ technique described for the SL1521 strip below.
The SL1522 can be substituted in most cases for the first SL521 or SL1521 in an
existing strip with only minor changes to the board being necessary.

LINEAR AMPLIFIERS

The two most important linear radar IF amplifiers are the SL550 and SL560.
The SL550 is ideal for use where variable gain is required up to 100MHz.
Strips incorporating STC (sensitivity time control) or swept gain are easily built
with this device. Section 3 describes the practical details of a simple strip of
this type.

The versatility and high performance of the SL560 makes it ideal for fixed
gain pre-amplifiers. Section 3 describes the design of a wide dynamic range,
low-noise, preamplifier suitable for interfacing between a microwave mixer
and an SL521 or SL1521 log strip.

VIDEO AMPLIFIERS AND DETECTORS

Two circuits are available for use in the video sections of a radar. The SL510
is a general purpose detector and video amplifier and is described in more
detail in Section 5. The SL541 is a high speed video amplifier, the configura-
tion of which follows that of an operational amplifier. Apart from the high slew
rate (175 volts per microsecond) the important features of the SL541 are its
fast settling time and its ability to deliver a clean video pulse with a minimum
of overshoot and ringing even when severely overdriven. Positive and negative
output swings are limited to £ 3 volts without saturating any transistor in the
circuit so that the circuit can recover from a 10 times overload in less than
50ns.
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A TO D CONVERSION

Two conversion methods dominate the field of fast analogue-to-digital
conversion: the all-parallel and the parallel-series-parallel converter.

The all-parallel conversion technique provides the highest rate of conversion
available. For an N-bit converter, (2N-1) comparators compare the input with a
linearly divided reference voltage. The decisions of the comparators are held
by the application of a latch signal until the comparators are unlatched
to receive new data. The conversion rate is therefore determined by the
response time of the comparators. Fig. 3 shows the block diagram of such a
converter. Using the SP750B a conversion rate of 100 Megasamples per
second or more can be obtained.
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Q@ COMPARATORS

ANALOGUE
INPUT

—D—OZ’W

3-BIT
DECODER |—»—02' > BINARY
OuTPUT

|—»—0 2°

\] -VE LATCH
REF INPUT

Fig. 3  3-bit all parallel A-D converter

The all-parallel converter becomes rather expensive in comparators if more
than 5 or 6 bit accuracy is required, where the parallel-series-parallel techni-
que illustrated in Fig. 4 may be preferred. Sampling rates of up to 30 Mega-
samples per second can be achieved with 8-bit accuracy using the SP750B.
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The SP750 has several features which make it more suitable for use in A-D
converters of these types than other fast comparators. The basis of the SP750
is a fast comparator with a latch facility, which allows the device to be used in
the sample-and-hold mode. The comparator has a relatively low gain in the
follow (i.e. unlatched) mode, which assists in achieving an extremely fast
response. However, due to the positive feedback action of the latch facility,
the gain approaches infinity during the latch cycle, thereby permitting high
resolution to be achieved.

In addition to the basic comparator, functions are included which are
purpose designed to aid in optimising the design of parallel and parallel-
series-parallel converters.

They are:
1. A two-input gate for simplified comparator output logic.

2. Four emitter follower outputs from the gate to provide wired OR decoding
for up to 4 bits.

3. A precision current source set by an external resistor and a reference
voltage.

4. A high speed switch for the current source to provide a fast and con-
venient reconstruction of the analogue input.

Fig. 6 shows a block diagram of the SP750 illustrating these functions.
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Fig. 6  SP750B block diagram

2 A wide dynamic range preamplifier

SL560 GENERAL DESCRIPTION

The SL560, containing three very high performance transistors and associ-
ated biasing components, forms a 300MHz low noise amplifier. The configura-
tion employed permits maximum flexibility with minimum use of external
components.
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A common base configuration is obtained when pin 6 is decoupled (see
Fig. 7). In this form a well-defined low input impedance is obtained, which
could be utilised either for a low noise/low source operation (pin 7 input) or
for 50o0hms input impedance (pin 8 input).

GAIN SET 5 O—rrq

INPUT
(COMMON EMITTER
CONFIGURATION) § O— ¢

INPUT 7 O—— 3 OuTPUT
(COMMON BASE

CONFIGURATION) [

, OUTPUT CURRENT
SET

INPUT

(50 APPLICATIONS) 8 O—1

O 1 EARTH

Fig. 7  SL560 circuit diagram

Operating the circuit with the input transistor in the common emitter con-
figuration can be achieved by decoupling pin 7 and using pin 6 as the input.
A gain of 35dB with a bandwidth of 75MHz and with a noise figure of 2dB can
be achieved with this configuration.

To obtain maximum bandwidth from the circuit, the capacitance at the
collector of the input transistor must be kept to minimum. To give some
flexibility in the choice of collector loading and meet the above requirement, a
split collector load has been introduced. This minimises the influence of can
and bonding pad capacitances on the frequency response of the amplifier.
If shaping of the amplifiers roll-off is required, then external capacitance can
be connected to pin 5.

The output is taken from the emitter follower stage, pin 3; this gives a low
output impedance and maximum voltage swing. If higher current swing is
required, then pin 2 is earthed. Depending on the configuration, the amplifier
can be operated from a supply of 2V to 15V. Additional flexibility in the selec-
tion of biasing condition of the first transistor is available by paralieling
external resistors with the internal 10k bias resistors. With all the options
available, care must be taken to ensure that the temperature rating of the
circuit is not exceeded. The chip-to-ambient thermal resistance is 225°C/
Watt, chip-to-case is 65°C/Watt, and the permitted maximum junction tem-
perature is 150°C.

To obtain best noise performance, the SL560 would normally be operated in
common emitter mode, with pin 6 as input and pin 7 decoupled; it is also
important to operate the input transistor at the correct quiescent current. For a
typical device, the optimum first stage current is given by lopt = 200/Rs,
where Rs is the source impedance in ohms and lgpt is in mA. The desired
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current can be achieved by a suitable choice of supply voltage or by changing
the bias voltage of pin 6 by external resistors to earth or to the positive supply.

The noise figure of the SL560 is given by the standard equations for bipolar
transistors. If operated under optimum conditions a useful formula is that the
noise figure will be approximately 10 log (1.3 -+ 20/Rs). For more detailed
calculations, typical data on the transistor is given in Table 2.

Parameter Value
hte 40 to 120
I'bb 17Q

fr (@ 2mA) 1.0GHz
fr (@ 10mA) 2.0GHz

Table 2 SL560 Typical transistor data

As the SL560 employs transistors with high fr, care must be taken to avoid
high frequency instability. Capacitors of small physical size and good electri-
cal quality must be used; the leads must be as short as possible to avoid
oscillation induced by stray inductances. The use of a ground plane is recom-
mended when using printed circuit boards.

PREAMPLIFIER CIRCUIT DESCRIPTION

The SL560 is a general purpose, low noise, high performance amplifier and
as such it has numerous applications, some of which are listed in the Data
Sheet (see Section 6).

An example of its uses and ease of application is best appreciated by
construction of the wide dynamic range pre-amplifier shown in Fig. 8. The
circuit is designed to the performance specification given in Table 3.

Characteristic Performance
Gain 35dB
Bandwidth > 150MHz
Noise figure (Rs = 200 Q) < 2.0dB
Dynamic range (BW = 1MHz) > 80dB
Current consumption < 50mA
Output voltage > 1.0V rms
into 100 Q
(resistive)

Table 3 Performance specification of SL560 preamp. (Fig. 8)
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Fig. 8 Wide dynamic range preamp. (2 X SL560)

The circuit consists of 2 stages of SL560, both in common emitter con-
figuration, with the first stage giving 20dB gain and the second 15dB. The
input transistor of the first device is operated at 1.5mA, which gives a low
noise figure for a source impedance around 200 ohms. The input transistor
of the second SL560 has a feedback resistor in its emitter, which reduces the
stage gain and degrades slightly the noise figure, but increases the band-
width and signal handling ability.

At high frequencies, the layout of the PCB has a considerable effect on the
overall frequency response of the amplifier. This is mainly due to the high fr
chip transistors and also to stray capacitance. The PCB to use, in this case,
is one with the minimum of copper track removed from the reverse side and
a continuous ground plane on the components side. The response is also
affected by supply line decoupling and for smooth frequency-apmlitude
response each stage of amplification is individually decoupled by high grade
ceramic capacitors. The layout of a suitable PCB for this amplifier is shown
in Fig. 9.

The influence of variations due to the PCB and the devices can be com-
pensated by incorporating a trimmer capacitor across the second stage feed-
back resistor. This allows variation of emitter peaking and helps to achieve
an amplitude-frequency response within -- 0.5dB up to 200MHz. Fig. 10 shows
frequency response obtained with this amplifier, and Fig. 11 the power output
v. frequency.

When satisfactory frequency response is obtained other characteristics of
the amplifier can be measured. Typical figures obtained are given in Table 4.

Characteristic Typical Performance
Output power for 1dB compression 10mwW
Noise Figure 1.8dB
Output voltage (supply 6V) 1.1V rms
Current consumption 35mA

Table 4 Typical performance figures for Fig. 8
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Fig. 9  Printed circuit board for 2 stage SL560 preamplifier
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3 AT120MHz log strip using SL1521s

SL1521 GENERAL DESCRIPTION

The SL1521 is a wideband IC amplifier intended for use in successive
detection logarithmic IF strips operating at centre frequencies up to 200MHz.

Many radar systems use logarithmic IF amplifiers as a simple means of
compressing the dynamic range of the received signal from 90dB at the input
to a more manageable range for the processing circuit. This system was
chosen because in it the maximum output signal is provided by all stages
working in parallel.

GROUND & 4t Q [J

[
500p L —O GROUND

Fig. 12 SL1521 circuit diagram

A single stage of SL1521 is capable of TmA (typ.) output when driven into
saturation with 0.5V rms signal as shown in Fig. 14. The device has a defined
gain and frequency response, it provides a limiting characteristic, rectified
and non-rectified outputs and has a sensibly low noise figure (3dB typ.). It
is also capable of handling an overload input signal of 1.5V rms without being
paralysed.

Jvee

&1 POTENTIAL
_— DIVIDER
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470pF DC BLOCKING
CAPACITOR
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Fig. 13 Simplified circuit diagram of SL1521

14¢



The circuit, Fig. 12, consists of an emitter coupled pair amplifier-limiter
with an emitter follower completing the amplifier section. The gain and
frequency response are controlled by series voltage feedback; a second
emitter coupled pair provides a low level detector with a current output.

Fig. 13 shows a simplified equivalent circuit of the SL1521. The potential
divider defines the gain of 4 and an amplitude-frequency response of 350MHz
(typ.) The 470pF blocking capacitor defines the low frequency cut-off (6MHz
typ.). Careful design of both the long tailed pairs, the bias and the feedback
circuitry ensures that the amplifier limits symmetrically.

The supply line is internally decoupled by a single RC network consisting
of a 78 ohm resistor and 1000pF capacitor; this minimises problems of supply
line decoupling when devices are cascaded.

The long tailed pair input and emitter follower output forms an amplifier
with high input and low output impedances. This arrangement gives a flat
frequency response when the devices are cascaded because it stimulates
the condition of a voltage (low impedance) source feeding a high impedance
load.

08 \

N

04

MAX RECTIFIED VIDEO OUTPUT (mA)

02

10 20 30 40 50 60 70 80 90100 200 300
FREQUENCY (MHz)

Fig. 14 Video output of SL1521 series

Some problems may occur if very fast edge IF pulses are applied to an
SL521 or SL1521 strip. Fast leading edges, in general, do not cause problems
but a trailing edge faster than about 30ns may give rise to a small spike on
top of the video pulse just before it falls (see Fig. 15). The maximum amplitude
of this spike should not exceed 5% of the pulse height under worst case
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conditions. In the event of this spike being troublesome it can be eliminated
by one or more of the following methods:-

1. Slowing down the trailing edge of the IF pulse.

2. Raising the low cut-off frequency of the strip by AC coupling or including
a filter.

3. Video filtering

If an IF filter is used to eliminate this spike, not more than three stages
should be cascaded before or after the filter.

j«—— | F PULSE

‘ - VIDEO SPIKE AMPLITUDE
'

’ l VIDEO PULSE

o

Fig. 15 Response of log amp. to a very fast pulse input

LOG IF STRIP DESCRIPTION

* The circuit diagram design of an IF strip using the SL1521 is shown in Fig.
16. This amplifier consists of six stages of cascaded SL1521 integrated
circuits and two additional units are employed as ‘lift’ stages to extend the
dynamic range to over 80dB.

The IF signal is amplified by each stage in turn until a point is reached where
the input to the last stage is sufficient to drive it into saturation. It then con-
tribute no more to the video summation line. With increasing input the pre-
ceeding stage saturates and so on until all stages are saturated and there
is no further increase in video output. It is this multiplying and subsequent
summation that constitutes the logarithmic action. The first amplifier in the
cascgade gives its full output current at an input signal of about 100mV rms.
The input signal could be increased to 1.8V rms without overload. This feature
can be used to extend the dynamic range. If the input, as well as being applied
to the first device of the main amplifier, is attenuated and fed to one or more
additional.|Cs in such a manner as to ensure that they do not add to the output
until the main amplifier is about to go into saturation, then we have a means by
which the dynamic range can be extended. The limiting criterion is the maxi-
mum input signal before overload which would paralyse the main amplifier.
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Included in series with each video output is a 1k ohm resistor to prevent
instability caused by feedback along the summation line. A grounded base
transistor stage is also used to buffer the summation line and it can be followed
with a simple low pass LC filter in order to reduce IF breakthrough to a sub-
sequent video amplifier.

The strip described above includes ‘stopper’ resistors in the supply line
which reduce unwanted feedback along the supply line and improve stability.
Interstage resistors are also included which improve the overall frequency
response of the amplifier. The measurements made on the above amplifier
indicate an IF bandwidth of 10 to 120MHz, with less than 3dB ripple in the
passband (see Fig. 18). The dynamic range is in excess of 80dB and the log
linearity - 0.75dB (see Fig. 17). The amplifier uses SL1521B devices; with
A grade devices a slight improvement in bandwidth (7.5MHz to 130MHz),
dynamic range (85dB) and log law (- 0.5dB) can be expected.

Layout of the SL1521 sirip is not critical as long as short earth leads are
used — a suitable printed circuit board is shown in Fig. 19.
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Fig. 18 Frequency response of log strip
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4 A swept gain IF strip and detector

SL550 GENERAL DESCRIPTION

The SL550 is a general purpose wideband amplifier with an external remote
gain control facility. It has been designed to operate from a 200 ohm source
and it is therefore suitable for use with microwave mixers. The gain of 40dB
over the band of 125MHz is obtained with good noise figure (2dB). The external
gain control facility can be used to obtain a swept gain function; the SL550
is thus ideal for linear IFs or low noise pre-amplifiers in logarithmic strips.

The SL550 consists of a fixed gain amplifier, a variable amplifier together
with input and output buffer stages (see Fig. 20). External gain control is
performed in the feedback loop, hence the noise figure and output swing are
only slightly affected as the gain is reduced. The gain is specified with an
accuracy of =1dB for a given input control current, hence a defined gain-time
law can be achieved.

The input transistor can be used in either common emitter or common
base and the output current of the emitter follower can be increased with the
addition of an external resistor to enable a low impedance load to be driven.
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Fig. 20 Schematic of SL550

SL510 GENERAL DESCRIPTION

The SL510 consists of a detector, a voltage regulator and a video amplifier.
The long tailed pair detector has both input bases accessible so it can be used
as a full-wave or half-wave detector. The detector can be used either on its
own or with the internal video amplifier, which in conjunction with the detector
will give 5.5dB gain in the half-wave mode of operation. The detector band
width is 100MHz and the video is 24MHz. The device can handle pulses as
short as 16ns, has a dynamic range of 25dB and can develop 0.5V across 50
ohms.

DESIGN OF STRIP

Fig. 21 shows an amplifier using two SL550s plus an SL510 detector. The
first stage is connected in the common emitter configuration which gives low
noise performance when driven with a 200 ohm source which simulates a
typical microwave mixer.

The second stage is connected in the common base configuration with 750
ohms at pin 7. The AGC current inputs are obtained through 3k ohm resistors.
These resistors were chosen to give 30dB of gain control with optimum
dynamic range.

Careful layout of circuit and selection of resistors for the AGC control lines,
together with the use of physically small ceramic capacitors, ensures stable
operation of the amplifier. A gain of 80dB at 30MHz is obtained with a gain
reduction of 32dB with 6V control voltage.

An SL510 has been added to this strip to provide detection and video
amplification. The SL510 is connected in its half-wave rectified mode using
RC input coupling. The RF input is connected to pin 4, the base of the long
tailed pair. The other base is earthed through a capacitor.

The positive-going half cycle of the input voltage is detected by the long
tailed pair and appears as a change in the voltage at pin 8, which is connected
through pin 9 to the input of the video amplifier. Due to the DC coupling
between pins 8 and 9, the output quiescent voltage depends on the current
flowing in the detector load. To make this less dependent on the beta of the
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input pair, extra current is injected into pin 8 through a resistor R which is
connected to the internal supply line.

The amplifier-detector combination will handle linearly input signals up to
2.5mV peak to peak when the gain is reduced by the AGC. The minimum
input signal for a detectable video input is 2 microvolts peak to peak with maxi-
mum gain on the SL550s. Hence, the total dynamic range when used with
swept gain is 62dB.

With the component values shown on the circuit diagram the minimum RF
frequency is about 1MHz. At frequencies below this, the RF breakthrough
would be excessive.

A printed circuit board suitable for the construction of this circuit is shown
in Fig. 22 and the frequency response in Fig. 23.
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Fig. 21 Circuit diagram of variable gain amplifier
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The SL362C is a bipolar integrated circuit consisting
of a pair of NPN transistors with exceptionally good noise
performance and an fy in excess of 1.6 GHz. It is in the
same family as the SL360C, with the same close tracking of
parameters inherent in a monolithic circuit, and is therefore
suitable for use in circuits requiring a pair of well matched,
high frequency, low noise transistors. A typical application
in a DC to 200 MHz low noise amplifier is described in
detail, but some general data on the noise performance of
the SL362C is given first.

LOW NOISE TRANSISTOR STRUCTURE
At frequencies between the low frequency flicker

noise region and the high frequency region in which the
noise increases due to gain fall off effects, the dominant

parameter contributing to noise in the transistor is base
resistance. The base resistance inherent in a particular
transistor - process can be reduced by connecting a number
of elementary transistors in parallel to form a larger
transistor with much reduced base resistance. Using this
technique, the base resistance of the SL362C has been
reduced to 30§2 compared with 2502 for the SL360C.
Fig.1 shows a typical noise figure for the SL362C versus
emitter current at the optimum source resistance for each
current. This optimum source resistance is shown against
emitter current in Fig.2.

The major trade-off in the design of this type of low
noise transistor structure is noise performance against high
frequency performance. However, the high fr of the
SL362C (see Fig.3) makes it possible to use the device at
frequencies well in excess of 60 MHz.
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SIMPLE FEEDBACK AMPLIFIER (FIG.4)

The amplifier has a response down to DC achieved by
the use of a long-tailed pair in the input stage, which also
gives low offset voltages and a convenient method of
applying negative feedback. The input is applied to Tr 1
and negative feedback applied to Tr 2 via resistors R 6 and
R 7. Tr 3 is current-driven from the long-tailed pair and
gives the output vpltage across R 3. It is important to keep
the stray capacitance from R 3 to ground as small as
possible for the best high frequency performance. By the
use of the very high fy transistor pair SL360C for Tr 3 and
Tr 4 any shunting effect of transistor capacitances across
R 3 is reduced.

The frequency response of the amplifier shown in
Fig.5 is flat to within £ 1 dB from DC to 240 MHz. The
small peak at 200 MHz is not layout dependent but is due
to parasitic lead inductance in the transistor packages.
Measurements were made with a 5052 source impedance
and a load of 0.1 MQ + 2.5 pF. The amplifier will drive a
5082 load up to 150 MHz if required. For simplicity the
noise figure was measured with a 5082 source impedance
and a spot noise figure of 4.2 dB was measured at
frequencies of 30 to 200 MHz. The calculated variation of
noise figure with source impedance is shown in Fig.6, which
indicates an optimum noise figure of 2.5 dB at 20052 source
impedance.
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LAYOUT

It has been found that the circuit is not particularly
sensitive to layout change, but the obvious precautions in
constructing VHF circuits should be observed. Transistor
leads should be kept as short as possible, in particular the
emitters of Tr 1, Tr 2 and Tr 3. The leads of R 7 should
also be short and if accurate gain stability is not required, a
carboncomposition resistor will give minimum inductance.

NOISE REDUCTION

Two techniques are available to reduce the noise
figure at low source impedances. One is to use a
transformer to produce a source resistance nearer to the

optimum of 200S2. The other method is to connect two
transistors in parallel as shown in Figure 7. The effect of
this combination is compared with a single transistor in
Figure 8. The graph shows the calculated noise figure versus
emitter current with a 5052 source impedance for both long
tailed pair and common emitter configurations. As can be
seen, a noise figure of 1.6 dB at 5052 source can be achieved
with the arrangement of Figure 7 in a grounded emitter
configuration. The parallel connected combination will, of
course, have double the output capacitance of the single
device, but the effect of this on the high frequency
performance can be reduced by feeding into a low
impedance. Also, the combination will have a lower f1 than
a single transistor at a given operating current. However, if
the current is doubled in the combination, little
degradation will occur.
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Fig.7 Parallel connection of two transistors
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1. INTRODUCTION

Successive detection logarithmic IF Strips have held
a dominant place in professional and military pulse
radars for many years. Their ability to handle signals in
a very wide dynamic range without losing amplitude in-
formation is very difficult to better with other
techniques.

The advantages of log IF Strips have not been avail-
able in the past to manufacturers of low cost radars
due to the high price of the components required.

Now Plessey is offering low cost ICs which can be
used to make a very wide dynamic range strip at a
component cost below £10.

This major cost reduction has been possible by our
experience in manufacturing the SL521 series of
military grade log amplifiers, by the use of
sophisticated automatic test equipment and the choice
of an eight lead plastic package for the integrated cir-
cuit.

This note contains a brief introduction to the opera-
tion of successive detection IF Strips, a description of
the circuitry used in the Plessey integrated circuits and
practical details of a strip which can be used at 30 or
60 MHz. The main features of the Strip are: —

Centre Frequency 30 or 60MHz
Bandwidth up to 15MHz
Input Signal Range —80to +15dBm

20V to 1.2 volts rms

Output Voltage Range 0.1to 2.0 volts

Current Consumption 140mA
Video Rise Time 20ns
Noise Figure 4dB

2. SUCCESSIVE DETECTION LOG STRIPS

The basic stage used in a log strip is shown in Fig. 1.
A limiting amplifier with a gain of around 10dB is
followed by a low level detector. One input and two
outputs are provided, an RF output and a detector out-
put which is commonly referred to as the video output.

RF OUTPUT (rms)

LIMITING
AMP

RE RE

INPUT l/ outPuT
VIDEO
outeuT

DETECTOR

Fig. 1 Basic log stage

The responses, RF in to RF out and RF in to video out,
for a typical member of the SL521 family are shown in
Fig. 2. An important feature is that the video and RF
outputs limit at a particular input level.
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Consider a 3 stage strip built with circuits of this
type as shown in Fig. 3. The first stage will clearly give
a video output identical to the single device. The
second stage receives an input signal increased by the
gain of the first stage. Over the range of the detector
this gain is constant so when a logarithmic scale is
used for the RF input the second stage video output
will be identical to that of the first stage just displaced
to the left by the stage gain, as shown in Fig. 4.



STAGE STAGE
GAIN GAl
+ T T
! T
i bt A~ TTT
- T T :
5 A LA
g H
3 : /| :
go a
2 {sTace 3 /stGE 2 fstace
H /]
T
o /]
% {
Sy Tomv 100mv w

INPUT VOLTAGE
Fig. 4 Video outputs from 3-stage strip

The final step in making a log strip is to sum the
video outputs from each stage. The schematic and
corresponding response is shown in Fig. 5.

We now have a log response. For each increase in
input level corresponding to the stage gain, a contribu-
tion equal to the maximum video output from a single
stage is added to the summed video output. It is in-
teresting to see from Fig. 5 that by careful shaping of
the detector turn on characteristic {such that it goes
from minimum to maximum output for an input
change equal to the stage gain) a very accurate log law
can be obtained.

©
S

SUMMED VIDEO v

ouTeuT A

VIDEO OUTPUT
>

°

/ I [ VIDEO QUTPUT l

mv 10mv 100mv w
INPUT VOLTAGE

Fig. 5 Output from strip

The dynamic range of a log strip can be extended by
simply increasing the number of stages. The limit is
reached when the last stage in the cascade reaches full
video output solely on the noise produced by the first
stage.

The number of stages can then only be increased if
the bandwidth of the strip is reduced. It is common
practice to insert a bandpass filter in the centre of the
log strip for this purpose. Another technique for in-
creasing the dynamic range is to attenuate the input
signal and apply it to another short strip operating in
parallel to the main strip. The video output from this
subsidiary strip is added to that from the main strip.
Normally the log response limits when the input signal
exceeds that necessary to produce full video output
from the first stage. However the subsidiary strip is
being fed with an attenuated signal so will continue to
give an output change. The limit to this technique is
reached when the input voltage is sufficient to cause
damage to, or overload in, the first stage of the main
strip.

Thus, using the techniques outlined above with a
simple stage of the type shown in Fig. 1, a log IF Strip
can be built with a dynamic range limited at one end
by the noise and at the other by the overload level of
the first stage. With well matched stages the strip will
give an accurate log law and video detection is an in-
tegral part of the strip.

3. THE SL521 SERIES CIRCUITRY

The Limiting Amplifier

The circuit diagram of the SL521 is shown in Fig. 6.
This IC contains all the components necessary for a
single stage of the type described above. Voltage
amglification is provided by the long-tailed pair TR1,
TR2.

The gain (x4 or 12dB) is defined by feedback deriv-
ed directly from the RF output and applied to the base
of TR2. This feedback also controls the RF output
quiescent voltage. The difference between the input
and output quiescent voltages is kept low so that
cascaded stages can be directly coupled.

The Detector

TR4 and TR5 form a simple half wave detector with
an open collector, current output.
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CASE

Fig. 6 SL 521 circuit diagram

In the quiescent state the base of TR5 is biased at a
voltage approximately 100mV lower than the base of
TR4. Hence TR5 is off and virtually no current is drawn
by the detector output. When an RF voltage is applied
to the input of the SL521 the base of TR4 is driven
with the RF output voltage by the emitter follower
TR3.

Since the base of TR5 is decoupled by the 350pF
capacitor, no RF voltage will be present.

On the negative going half cycles of the RF, TR4 will
switch off and TR5 will conduct.

The 100-ohm resistor between the emitter of TR4
and TR5 causes the video output current to increase
gradually with increasing RF input over a 12dB range
so that a straight line log characteristic can be
obtained.

The open collector video output enables the video
outputs to be summed by just connecting all the out-
puts to a common load resistor.
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There is no smoothing of the video output provided
internally and the video output at frequencies up to
B60MHz follows closely the negative half cycles of the
RF waveform. There is no internal limit on video rise
time. Obviously there must be some video filtering to
remove the RF component present on the video line
and this can be an important part of the strip design
when very fast rise times are involved. However in
most cases simple R-C filtering is sufficient.

Cascading Stages

Several features of the design have been included
specifically to ease problems of cascading many
stages. The low input-output differential voltage
means that the amplifiers can be cascaded without
coupling capacitors. Internal supply line decoupling is
provided by the 150-ohm resistor in series with the
supply and the 500pF internal capacitor. This is suffi-
cient to largely eliminate the problem of feedback from
output to input along the supply lead. Another poten-
tial source of oscillations is feedback along the video
line. The simplest way of preventing this without
sacrificing video response time is to put a resistor in
series with each video output and then sum the cur-
rents in a stage with a low input impedance. Fig. 7
shows a simple method of achieving this with a com-
mon base summing transistor.

o BF
ouTRUT

VIDEO
outPuT

+vee

Fig. 7 Use of common base summing stage

Oscillations caused by earthing problems do not oc-
cur as long as the earth pins are connected by short
leads to a good ground plane.

4. SELECTION GUIDE

The table above describes the current
Plessey Semiconductors devices suitable for building
successive detection log strips. The general feature of
the devices is that the cost of a device depends mainly
on the tightness of its specification. The premium
device, the SL521A has a gain specification of 11.5dB
min. and 12.56dB max. at 30MHz and the device we
have used in the low cost strip is the SL1613 which has
a specification of 10.4 min. to 13.3dB max.

5. GENERAL DESCRIPTION OF LOW COST
STRIP

The low cost strip using the SL1613 is shown in Fig.
8. The strip basically follows the concepts outlined in
previous sections. The most unconventional feature is
the use of a negative supply. This feature makes
decoupling and earthing a little more difficult but has
been used to simplify the video output. A conventional
strip will have a positive supply and the video output
will be generated in a resistor connected to this supply.
In many systems it is undesirable to have the output
referred to the supply and a high slew rate OP amp has
to be used to obtain an output voltage referred to
ground. This works very satisfactorily and a circuit us-
ing the SL541C video amplifier is shown in Fig. 9.
However the cost of this circuitry is significant and can
be eliminated by using a negative supply and
generating the video output in a resistor connected to
ground. The video output is then a negative going
voltage referred to ground which can be easily pro-
cessed by succeeding circuits.

A detailed circuit description and constructional
details are given below. Typical performance graphs
are also given. Since the SL1613 has wide gain and
video output variations the accuracy of the log law will
be quite variable. However several strips have been
built here and they all lie well within the expected
+ 3.5dB accuracy.

SELECTION GUIDE

Number | Type | Package | Frequency Range | Grade Acf:;::': ¢y | Lo ;Xg':::a cy Application
SL521 Single | TO5 20 — 80MHz A +0.5dB +1dB Military/Professional
Stage B +0.7dB +1.5dB Log Strips

C +1.0dB +2db
SL523 Dual |TOS 20 — 80MHz B +1.5dB +1.5dB Very small/lightweight
Stage [ +2dB +2dB Log Strips
SL525 Single | TO5 30 — 60MHz C +1.5dB +3dB Low Cost Strips
Stage
SL1613 | Single |8 Lead DIL 30 — 60MHz [ +1.7dB +3.56dB Very Low Cost Strips
Stage | Plastic
SL1521 | Single | TO5 20 — 200MHz A +0.5dB + 1db Wide Band IF Strips
Stage B +0.8dB +1.5dB
C +1.2dB +2.56dB
SL1523 | Dual |TO5 20 —- 200MHz Cc +2dB +2dB Small/lightweight
Stage Wideband Strips
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Fig. 8 Circuit diagram of low cost strip
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Fig. 9 Video output stage

6. CIRCUIT DESCRIPTION

The connection to each of the IC’s is very similar.
Pins 1, 8 and 5 are joined together and connected to
the negative supply, Pin 2 is earthed and the input is
applied to Pin 6. IC’s 1, 5 and 8, being the first devices
in directly coupled cascades, have the bias Pin 7 con-
nected to Pin 6. The video output is taken from Pin 4
and the RF output from Pin 3. The resistors R1 to R9
prevent feedback along the video line which is
decoupled by C7 and feeds into the output transistor
TR1. R14 and R15 provide bias for the base of TR1
which is decoupled by C6.

The output voltage is generated across R13 which
could be varied to adjust the slope of the log
characteristic. The video response time is determined
by C7. Lower values for this capacitor would improve
the response time at the expense of IF breakthrough.

The resistor network at the input to the strip R10 and
R16 provide a 50-ohm input impedance and attenuate
the input signal for application to the subsidiary strip
IC8 and 9. The value of R10 should be in theory be 15
times R11 but in practice it is chosen to give a straight
log law at input signals greater than 0dBm. The filter
between IC’s 4 and 5 defines the IF bandwidth. The
values given are for 60MHz operations with a band-
width of about 15MHz. The bandwidth of the filter is a
compromise between sensitivity and response time. If
the bandwidth is too wide IC7 will produce full video
output on the noise produced by the first stage and the
dynamic range will be reduced. Another important re-
quirement on the filter is that it should, at resonance,
have unity voltage gain. Any errors in the filter will pro-
duce a kink in the log characteristic at input level bet-
ween —50 and —60dBm.
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The log strip is not designed to drive long lines on
the video output. To prevent a degradation in video
response time the load capacitance should be kept
below 20pF.

7. CONSTRUCTIONAL DETAILS

The schematic of a printed circuit board is given in
Fig. 10.

Double sided PCB has been used with a minimum
amount of copper removed from the component side.
It is advisable to solder all earth connections to both
sides of the board.

The resistors used on the prototypes were 0.125W
moulded carbon throughout and the capacitors were
general purpose radial lead ceramic types similar to
‘Erie Redcaps’. The inductor is a fixed Cambion type.
The component overlay shows recommended supply
line decoupling components. Provision has been made
on the PCB for additional decoupling capacitors but
they have not been necessary on the prototype strips.
Two negative supply points are marked on the PCB
which can simply be connected to a common supply.

8. PERFORMANCE

The input output characteristic of a typical SL1613
strip is shown in Fig. 11. The 60MHz input power in
dBm. (dB with respect to 1 milliwatt in 50 ohms) is
plotted on the X axis and the negative output voltage
on the Y. It can be seen that a log range greater than
90dB is obtained from +15dBm —75dBm and that all
the points are within 3dB of a best straight line. This
response was measured at 60MHz with a CW source.
Figure 12 shows the input/output characteristic of a
typical strip as the supply voltage. The only effect over
a voltage range of —5.5to —7.0 volts is a small varia-
tion in the slope of the log characteristic.

The pulse performance of the strip is shown in Figs.
13 and 14. Figure 13 shows the pulse response with an
input pulse at 60MHz of 0.5us varying in amplitude
from 0dBm to —80dBm. Figure 14 illustrates the effect
of input pulse lengths from 0.1pus to 0.6ps. The video
rise and fall times are about 0.05 s and the pulse is
stretched by about 0.05us at the 50% points. If these
rise and fall times are not fast enough then the video
smoothing capacitor can be removed, which increases
the 60MHz breakthrough but approximately halves the
rise and fall times. Figure 15 (a) shows the response of
the normal circuit to a 0.1ps pulse and Figure 15 (b)
shows the effect of removing C7. Figure 15 (c) shows
the response of a strip with C7 = 0 to 60MHz pulses
with widths of 0.050, 0.1 and 0.15ps. The peak video
response to a 0.05s pulse is about 20% less than that
of a CW signal.
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9. A FEW HINTS ON TESTING LOG STRIPS

The log characteristic such as Figure 11 is one of the
most important measurements to be carried out on a
log strip. This is most easily measured with a CW
source, a digital voltmeter and an attenuator. A high
quality attenuator is, of course, needed for measuring
strips with an accurate log law. It is not uncommon to
find a previously unknown fault on a lab attenuator
when testing an accurate log strip.

As explained in Section 6 the log characteristic can
highlight several possible faults, for instance a change
in slope above 0dBm indicates an error in the input at-
tenuator (R10-R11) and a kink around —50 to 60dB
suggests problem with the filter. Measuring log
responses by a manual point by point method can be
rather tedious and a commercial log test set can be
used to speed this up. It is also possible to use a signal
generator which includes a programmable attenuator
linked to a X Y plotter. The block diagram of the
simple test system is given in Figure 16.
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Fig. 10 Printed circuit board Scale 2:1
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The measurement of bandwidth can also be carried
out with the equipment shown in Figure 16 but turning
of the filter is more easily achieved with a swept tuning
system such as that in Figure 17.
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Fig. 16 Log characteristic measurement
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Fig. 17 Bandwidth measurement

Bandwidths can be measured by using the input at-
tenuator and reading 3dB, 20dB widths etc. from the
oscilloscope. It is much easier to measure IF to video
characteristic as above than to measure from IF input
to IF output. The IF output of the strip limits at just 10
to 20dB above the noise and the combination of the
high IF gain and this small dynamic range makes it a
rather difficult measurement.

Once the log characteristic and the bandwidth have
been measured the only important characteristic left is
the pulse response. The only difficulty with this
measurement is the generation of a suitable IF pulse.
The best method is to generate a pulse at a microwave
frequency (say 2GHz) with a PIN diode modulator and
then mix this down to IF. In this way a pulse with a
high on-off ratio and with very small video break-
through can be generated. This however involves a lot
of expensive test equipment and simpler methods can
be used to generate a usable pulse directly at IF. It
should be remembered that the log amp will exag-
gerate any small imperfections in the pulse. An on-off
ratio of 80—90dB is needed and breakthrough of the
video pulse edges must be kept very low. Two cascad-
ed double balanced mixers can generate a pulse with a
high enough on-off ratio but will generally have a video
breakthrough level which is too high for most measure-
ments. High isolation solid state switches are available
which will generate an adequate pulse at IF frequen-
cies and such a switch was used for Figures 13 and 14.
A log amp will have a strange effect on a pulse with
exponential rise and fall shapes as shown in Figure 18.
The log amp will apparently sharpen the leading edge
and slow down the trailing edge of such a pulse. This
effect is not caused by any deficiencies in the log amp
but happens for a theoretically perfect amplifier.
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Fig. 18 Effect of log. amp on pulse response
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Introduction

Most variables encountered in electronic systems change in a continuous
or analogue fashion, and indeed most transducers provide analogue outputs.
Nevertheless, there is a growing trend to apply more and more digital control
and computation hardware to commercial, industrial and military equipment.
One reason for this is the increasing availability of digital logic and memory
integrated circuits at very attractive prices. Recently, the high speed capabili-
ty of the ECL logic family has extended the range of frequencies for which
digital processing is possible. The advantages of digital processing tech-
niques are well known, and include such benefits as high accuracy and high
noise immunity in environments which could seriously impair the perform-
ance of an equivalent analogue system. Analogue to digital converters
(ADCs) are an essential part of all such systems.

Digital signal processing is now practical at video and IF frequencies and
is consequently being applied to television and radar systems. Other areas
in which high speed analogue to digital conversion is being used are fast
transient analysis, fast data transmission and secure speech transmission.

T A to D conversion

CONVERSION METHODS

There is a great variety of conversion techniques which are at present
being pursued. It is fair to say that the majority of these are more suitable for
lower speeds where they have achieved low cost, low power consumption,
or extremely high accuracy up to at least 14 bits. When the highest possible
conversion speed is essential the choice of techniques is narrowed down
considerably.

The majority of ADCs accept an AC input signal, which can occupy an
equal positive and negative range, and the input/output function is usually
linear. The output code is normally a binary N-bit code in which the all ‘0’s
state corresponds with the most negative input voltage and the all ‘1’s state
corresponds with the most positive input voltage. In some cases the outputs
may be presented as an N-bit output code plus a sign bit, giving the converter
effectively N +1 bit accuracy. ADCs do exist which differ from these formats
to fit special needs, such as a Gray coded output or logarithmic transfer
characteristic.

All parallel

The fastest known conversion method is the all parallel converter shown
in Fig. 1. It is so called because 2n-1 comparators compare the analogue
input with an equal number of reference voltages. The reference voltages are
uniformly spaced, and span an equal positive and negative range. The centre
reference voltage is therefore zero. The outputs of the comparators are
encoded by logic circuitry to give an N-bit logic code. A latch signal is fed to
the comparators which forces them to make an unambiguous decision, i.e.
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give a true logic ‘0’ or ‘1’ at the output, so preventing spurious output codes.
In this way, a synchronous output is obtained. This is a very basic converter
schematic and a practical ADC may include refinements such as output
latches to re-time the output bits, an input sample and hold circuit, or the
provision of a ‘‘conversion complete” timing signal. The speed of this type
of converter is in principle only limited by the time the comparators take to
make an unambiguous decision. There is also the advantage that if the
‘“‘acquisition times'’ of the comparators are well matched, the system can be
operated without an input sample and hold circuit.
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Fig. 1 The all parallel conversion method

All parallel, or “flash’ converters as they are sometimes called, can be
conveniently constructed using discrete comparators up to four or five bits.
Beyond this it is highly desirable to have more than one comparator inte-
grated into a single monolithic chip, to offset the problem of increasing size
and cost. It is difficult to distribute the analogue input signal to a large array
of discrete comparators with sufficient amplitude and phase accuracy, and
to provide adequate latch timing accuracy. In addition, the output encoding
gives rise to timing problems for higher bit accuracies. An integrated circuit
which offers four or more comparators in a single package will considerably
ease the above problems.

All-parallel converters have been built which are capable of clocking at
up to 100 million samples per second, and with accuracies of up to 6 bits.
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Parallel/series

The parallel/series conversion method is a hybrid form which is a com-
promise between the characteristics of all-parallel and all-series converters.
A variety of designs are possible using 2, 3 or even more stages of conversion.
Fig. 2 shows a converter in which two four-bit stages are connected in series
to give eight-bit conversion accuracy. The analogue input is fed into a four-
bit all-parallel converter of the type previously described, after first being
sampled by a sample and hold circuit. Here, a coarse quantisation is per-
formed which provides the four most significant bits (MSBs) of the output
code. The output is fed into a four-bit digital to analogue converter (DAC),
having eight-bit accuracy. The result is an analogue level which is an approxi-
mation of the input to the nearest four-bit code below the original signal.
This is then fed into a subtractor circuit element together with the sampled
analogue input.
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o—r—

AND HOLD

SUBTRACTOR

4LBIT MSB LBIT 4BIT LSB
COMPARATOR || ENCODER |1 DAC COMPARATOR [>]ENCODER
STAGE STAGE

OUTPUT  LATCHES

MEXEREXRW

S BIT BINARY QUTPUT
Fig. 2 The parallel series conversion method

The difference voltage will come within the range of the second four-bit
ADC stage, which is again an all-parallel converter. The quantised output
provides the four least significant bits (LSBs). Since the analogue signal has
to propagate through an ADC and a DAC, and be compared with the input,
the sample and hold is required to store the analogue signal for approxi-
mately one clock period to the full eight-bit accuracy. The outputs from the
two stages are re-timed in a group of latches to give synchronous outputs.

The parallel-series converter has the advantage over the all-parallel of
using less hardware, and hence less power is consumed. For example, an
eight-bit all-parallel ADC uses 255 comparators, whereas a 4 x 4 bit parallel/
series converter uses only 30 comparators. However, because the analogue
signal has to propagate through several stages, conversion rate is lower than
is possible with the all-parallel converter. The parallel/series ADC therefore
provides a compromise between cost, power consumption, size and con-
version speed. Other versions of the parallel/series converter may have more
stages, for instance, 3 x 3 X 3 bit stages could be used to give nine-bit
accuracy using 21 comparators, at correspondingly lower speed.
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Successive approximation

The third converter to be described is the successive approximation type.
It has been hitherto regarded as a slow conversion method, but with today’s
technology — ultra fast comparators, fast current switching, etc—a very useful
performance is obtainable. An attractive feature of the successive approxi-
mation technique is that it requires very little hardware. It is consequently
possible to integrate an ADC of this type onto a single chip with eight-bit or
higher accuracies. The successive approximation converter, shown in block
form in Fig. 3 uses a.DAC in a feedback loop. In operation, the shift register
sets a 1 in the MSB latch, all other latches being in the logic 0 state. The DAC
output is compared with the analogue input and the MSB latch remains set
or is reset to 0 depending on whether the analogue input is greater or less
than the DAC output. During successive clock periods this process is repeated
with bits of diminishing significance. The DAC output therefore becomes a
progressively more accurate approximation to the analogue input, taking N
clock periods to achieve N-bit resolution. As with the parallel/series ADC a
sample and hold is essential, although it may not be included in a mono-
lithic converter. Using present-day technology, a monolithic successive
approximation converter of eight-bit accuracy and a sample rate of 15MHz
is feasible.
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Fig. 3 The successive approximation conversion method
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SPEED, RESOLUTION AND ACCURACY

The most important parameters when designing an A-D converter system
are speed, resolution and accuracy. Speed is usually expressed as maximum
sample rate and the maximum input frequency is limited by the Nyquist
theorem to half of the maximum sample rate. In most converters, it is essential
that this input limit does physically exist in the form of a low pass filter.
Furthermore, the Nyquist limit point is actually 3db down, so for a flat response,
the input should be rather less than half the sample rate.

Resolution of a converter is defined by the number of bits available, e.g.
an eight-bit converter has a resolution of 1 partin (28 — 1) or 1 in 255 (zero is
also a step, so 256 levels are defined).

Accuracy may be equal to, or better than, the resolution, i.e. the converter
may be specified as -3LSB or even - 1LSB, or, exceptionally, - +LSB.
While +%LSB is the minimum accuracy that will guarantee monotonicity,
+2ZLSB may be useful when, for instance, the temperature coefficient is
%L SB over the range. In this case, the sum of a +JLSB basic accuracy,
plus a +XLSBtemperature shift will give a --1L.SB accuracy over the tempera-
ture range. Many converters are not specified to the most desirable degree of
accuracy. A common specification on eight-bit conversion is 1% i.e. +0.5%
when the resolution is 1in 255, i.e. the resolution is greater than the accuracy.

Usually, this type of converter will be monotonic over the full range, but
departs from the ideal linearity in the mid-range; the error occurs at the mid-
range, because the start and end points are defined by scale and offset
factors. At lower speeds, specific systems may demand a higher resolution
(i.e. number of bits) than can be achieved with a matching accuracy and
linearity. A typical example is high quality audio in which quantisation noise
and hence dynamic range is of extreme importance, but absolute accuracy
is of less importance.

At video speeds, resolution and accuracy are usually equal except under
transient conditions, when small inaccuracies are tolerable — an example is
in video processing when the interval between fields may be used for pro-
gramme source change.

THE COMPARATQR - AN IMPORTANT CIRCUIT ELEMENT

The ADCs described above use at least one comparator. Indeed all con-
version techniques use a comparator of some kind. The speed performance
in most, if not all, conversion systems is dependent on the response time of
the comparator(s). Even low speed converters can require fast comparators,
especially when very high resolution is required.

To achieve the highest possible conversion rates, a comparator with an
extremely fast response is needed. To make an impact on the attainable
performance of high speed converters it is essential to start with the com-
parator design.

Until recently, commercial comparators have used high gain (greater than
1000) to obtain the mV resolution necessary in A-D conversion.

When the converter operates in a synchronous mode (which is invariably
the case in present-day converters) there will be a clock puise available to
enable the comparators to operate in the latching or sample and hold mode.
In essence a latch is a positive feedback circuit: during the latch cycle, the
gain tends towards infinity. This feature ensures that a comparator of even
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very low gain in the sample mode will resolve a 1mV signal. By accepting a
low gain, the comparator design can be optimised for a very wide bandwidth
and extremely fast response time.

Later sections of this handbook describe the Plessey high speed compara-
tors which use this principle to achieve set up times of 2ns and input to output
delays of less than 3ns.

2 Practical system design

MICROSTRIP TECHNIQUES

Microstrip techniques have been used in the microwave field for many
years and are now well characterised. Relatively recently, the advantages of
accurate matching and minimisation of reflections associated with microstrip
have been adopted for high speed digital circuitry. When the edge speed in a
circuit is comparable with the propagation delay down the lines in use,
microstrip is needed.

A cross-section diagram is shown in Fig. 4. Points to note are that the
devices are usually mounted on the ground-plane side of the double-sided
board; the presence of the ground plane accurately defines the line impe-
dances, provides low impedance current path for the ground supply and
convenient decoupling for the other rails.

e {

T

DIELECTRIC €r h

GROUND PLANE

Fig. 4

The characteristic impedance, Zo, of a microstrip line is

87 5.98 h
zo——' /o (=2
[Er +1.41 0.8w +t
r = relative dielectric constant of the board, typically r =5
for glass-epoxy.
w, h and t are defined on Fig. 4.

Standard tables and graphs are available in the literature on microstrip to
calculate the line width needed for a given Zo (Fig. 5).

In practice, line impedances greater than about 150 ohms are not realisable
in the copper-glass-epoxy system.
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The technology of microstrip board is relatively straightforward and follows
good printed circuit board practice. The use of double-sided board is strongly
recommended.
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Fig. 5 Characteristic line impedance as a function of the line width for microstrip
lines (Parameter is board thickness h(mm) Er =5t = 35u)

The choice of board thickness and specification depends primarily on the
application; best results are obtained with good quality board of reproducible
characteristics. The capacitance per unit length of conductor is predictable
from modified parallel-plate capacitor formulae; in practice, the graph of
Fig. 6 is a good guide. Variations in dielectric constant of the board change
Zo in the ratio of about -1 2% in Zo for 5% in &r.
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Fig. 6 Intrinsic line capacitance as a function of line width for microstrip lines.
(parameter is board thickness £r = 5,t = 35p)
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The inductance per unit length of the line may be calculated from the
formula:
Lo = Zo2. Co
where Zo = characteristic impedance
Co = capacitance per unit length

The propagation delay of the line is approximately
tpa = 3.3 X 10-2. [0.475 Er + 0.67 ns/cm

Most glass-epoxy board has Er 5, so tpd = 0.05€ ns/cm. The relationship
between ty4 and &r'is illustrated in Fig. 7.
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Fig. 7 Propagation delay as a function of the relative dielectric constant of the
board material for microstrip lines

Line loading

Most devices connected to the microstrip load the lines capacitively. In
some cases, such as logic inputs, there is only a single load capacitance on
a relatively long line, and the effect can be ignored. On parallel outputs,
especially where settling times are important, the effect of loading on the line
must be compensated for. Basically, this means that the total load capacitance
per unit length of line must be calculated and then the line designed in such a
way that the loaded impedance matches the actual working impedance
desired. Load capacitance per device is taken from the manufacturer’s data
or by measurement from the devices.

A fairly accurate assessment of the inter-device spacing is needed, and
the types of device must be considered. Eventually, some figure of Cp, the
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load capacitance per unit line length, can be derived. The standard equation
for loaded lines is

70 — Zo’

14+ Cp
v Co

where Zo’ is the characteristic unloaded impedance
Zo is the loaded impedance
Cp is the load capacitance in pF/cm
Co is the line capacitance in pF/cm
Tables and graphs for this function are shown in Fig. 8.
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Tables and graphs for this function are shown in Fig. 8.

Loading in most systems is distributed, in the way described, along the
lines but, in reality, does represent discrete ‘lumps’ of capacitance at finite
points, and so any compensation scheme cannot be perfect, but practical
systems if well-designed show minimal line impedance disturbance. Of
course, the propagation delay is increased by capacitive loading, in the ratio

tpd = t'pd '1 +_C_D
Co

where tpa = final delay
t'ba = delay of unloaded transmission line

This function is illustrated in Fig. 9.
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tpd =58 (ps/cm)
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Fig. 9 Variation of the propagation delay line of a microstrip line as a function of
the capacitive load per unit length. Er = 5, Parameter is Zo

ECL IN ANALOGUE TO DIGITAL CONVERTER SYSTEMS

Plessey A-D products are ECL compatible in terms of input and output
logic levels. If full use is to be made of the advantages of ECL, proper trans-
mission line design rules must be observed. Fig. 10 shows a simple line with
driver and load. Initially, we assume that the line delay is appreciably longer
than the rise and fall times, so that reflections occur at full amplitude. The
output voltage swing at point A is a function of the internal device voltage
swing, the output impedance, and the line impedance

Zo
VA = VINT X
Ro + Zo
Normally, Ro is small, so Va =~ VInT.
This signal arrives at point B after time t. The voltage reflection coefficient
at the distant end of the line is pL, which is given by the formula
RL —Zo
pL = ——
RL + Zo
If RL = Zo there is no reflection; even if RL is an approximation to Zo, the
reflections will not be large, as a 1% change in RL changes pL by only 0.5%.
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When a reflection occurs, however, it will return to A, arriving at a time 2t,
and be reflected with a reflection coefficient

Ro — Zo

ps = ——————
Ro + Zo

LINE Z0

VINT VB
VA

L

, |
|

-6 3 D
/ﬁk

R| MAY BE (OMPOSITE
COMPONENT

Fig. 10 Transmission line in ECL

In the worst case conditions, the signal will suffer many reflections of
significant amplitude: clearly this is not permissible, as it represents ‘ringing’
on the line. In ECL practice, ringing should be maintained below 15% under-
maintained for short runs; Table 1 illustrates the maximum lengths allowed,
assuming 20%-80% rise/fall times of 3ns.

Line Fanout
impedance 1 2 4 8

50 21.1 19.1 17.0 14.5
68 17.8 15.7 12.7 10.2
75 17.5 15.0 1.7 9.1
82 16.8 145 10.7 8.4
90 16.5 13.7 9.9 7.6

100 16.0 13.0 9.1 6.6

Permissible unterminated line lengths (cm)
Table 1

The simplest termination scheme is shown in Fig. 11a. Since the input
impedance of ECL parts is relatively high, RL is made equal to Zo. Then pL =0
and the voltage on the line is the full ECL swing. In large systems, this tech-
nique is used extensively but has the disadvantage of requiring a —2 volt
rail in addition to the normal supply. Fig. 11b shows a convenient realisation
of the same circuit using 0 and —5.2 volt rails only. With parallel terminated
lines, the load provides the pulldown for the driving device. This termination
is the fastest form for ECL. The full amplitude signal is progapated down the
line, undistorted and, as pL =~ 0, overshoot and ringing are practically elimi-
nated. The Thevenin form (Fig. 11b) is fully equivalent to the system of Fig. 11a
but operates on more convenient power rails. Clearly, the parallel combination
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Fig. 11 Terminated line parallel termination

(a) Single resistor —2V rail needed
(b) Dual resistor —5V rail only

of R1 and R2 must be equal to Zo, while the defined voltage at the input must

be the —2v used in Fig. 11a (when the driver output is ‘low’). These conditions
lead to:

for Zo = 50Q
R1 = 81Q
and R2 = 130Q
General results are given in Fig. 12.

When driving a large fanout, loads may be distributed along the full length

of a parallel terminated line, although only a single line is permissible at
50Q.

The other major form of line termination is the series system (Fig. 13).
Reflections are eliminated at the driving end of the line by making

Rs + Ro = Zo
The reflection coefficient of the load is —1.
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This represents a 100% reflection at the load end of the line. As the pro-
pagated signal is of only half amplitude, the 180° phase change at the load
interface is essential to provide the full logic swing at this point.

Typically, Ro for ECL10k devices is 7Q, so in 50Q systems, Rs = 43Q. Re is
fanout dependent, and is given by

10Zo — Rs
Remax= —  where n = fanout.
n

The advantage of series termination is in simplicity, both in configuration
and power supplies. Disdavantages are that distributed loading is not per-
missible, although lumped loading at the line end is satisfactory.

Voltage drops across Rs limit loading to less than 10. However, multiple
Zo lines, with separate Rs resistors may be used. Overall slower propagation
delay in series terminated mode may be a disadvantage, partly overcome by
multiple transmission lines. This leads to the final line termination form,
Fig. 14.

@

4

52V

Fig. 14 50Q line driver

It can be seen from Fig. 14 that the driver is doubly terminated, and resem-
bles both series and parallel systems. At the distant (B) end of the line,

Rs = Zo
so there is no reflection.

At the driving end, Rs acts as a series damping resistor, and, although it is
not generally possible to accurately match Zo at this point, any residual
reflections on the line are further attenuated. The chief advantage of this
scheme is the ability to drive a 50 ohm line terminated directly to ground,
while using the conventional 0V and —5.2V supplies. Another advantage is
the ability to drive long lines with low reflections; the disadvantage is that
the effect of Rs and R is to reduce the signal amplitude on the line; the device
at B should be some form of line receiver or comparator.

At the driving device output, the ‘low’ level must be pulled down to —2 volts.
Therefore

Rs + Rs 2

Rs + Re + Rs 5.2
and Re = Zo (usually 50Q for output line driving)
and Re may be set within limits, arbitrarily, to provide an adequate ‘pull-down’
current.
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Convenient practical values are

Re = 50Q
Rs = 27Q
Re — 1300} Nearest preferred values.

Further information can be obtained from ECL data and applications hand-
books.

A TYPICAL SYSTEM

Modern equipment practice is heavily weighted in favour of 50Q systems,
and in key items such as coaxial cable and connectors it may not be easy to
procure a wide range of alternatives. In this environment, where board-to-
board, or board-to-external facility connections are used, coaxial 50Q design
is strongly advised. On an individual board, interconnection at 50Q is com-
monly used for analogue lines, although digital signals may be conveniently
operated at higher impedances. For the ultimate in performance, however,
50Q) (loaded) systems are preferred.

System design demands a range of component blocks with, desirably, a
high state of integration. However, two circuit blocks currently not economi-
cally available in integrated form are the buffer amplifier and the sample-and-
hold. Typical applications of the buffer amplifier are high speed driving of 50Q
analogue lines, DAC output buffering, and sample-and-hold buffering. A
commercially available hybrid buffer amplifier (LH0O063) has been used with
success. Discrete buffer amplifiers can be constructed, the main parameters
being slew rate and phase distortion. The ability to drive 50Q lines is essential.

A sample-and-hold is needed in those video systems where the aperture
time must be short compared with the time taken for the A-D to perform the
conversion. Typical examples are systems where series-parallel type con-
verters are used; an input analogue sample-and-hold is essential, as the
LSB’s are encoded some time after the MSB’s. Fully parallel analogue to
digital converters can operate without sample-and-hold; this is sometimes
known as ‘sampling-on-the-fly’. In this case, the parallel converter, by virtue
of its latch action, performs an effective sample-and-hold function on the
digital output word.

One measure of a sample-and-hold ‘quality’ is the aperture time, which is
the uncertainty in the time at which the sample is taken. The best analogue
sample-and-holds have taperture =20 ps rms. Digital sample and holds are
more difficult to measure, but should be approaching this figure. The aperture
time requirement of a sample-and-hold is calculated from the maximum input
slew rate and the accuracy required. If the maximum input frequency is f, and
the number of bits is n, then:—

1

t < —
aperture oni1 nf,

In an 8-bit system, if the input bandwidth is 10 MHz, and therefore the sample
rate > 20 MHz, the required aperture time is calculated to be 62 ps or better.

Current analogue high speed sample-and-hold circuit design is discrete,
using a ring of Schottky diodes for fast switching, usually transformer driven,
The basic circuit is shown in Fig.15, A long tailed pair of very fast transistors
is driven by a narrow ECL-derived pulse.
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Fig. 15 Sample-and-hold

Normally, the diode ring is biased ‘off’ but, during the pulse, a relatively large
forward current, of the order of 20-30 mA, is driven through the ring. The ‘hold’
capacitor charges to the voltage present at the output of the driver stage.
After the pulse, the only discharge paths for the capacitor are the internal
leakage, the diode ring reverse leakage, and the input current of the buffer
amplifier. Low discharge rates imply low ‘droop’ of the signal output from the
buffer amplifier; an FET input for the buffer is usually necessary. An advantage
of this type of circuit is the full balance, which tends to cancel out feedthrough
of the sampling pulse. The limiting factors are the time taken for the input
pulse to switch the diodes, the parasitic capacitances of the diodes, and the
finite input current and bandwidth of the buffer amplifier.

Digital sample-and-hold facilities are sometimes provided in all-parallel
converters, by supplying a latch signal to all comparator stages in precise
synchronism with the input analogue voltage. This means that the propagation
delays of the lines must be accurately designed. When properly designed,
digital sample-and-hold will compare favourably in aperture time with the best
analogue circuits, and have the additional advantage of an indefinitely long
‘hold’ time, making them ideal for fast sample, long hold applications.

Testing the assembled system

The usual test instrument for high speed A-D systems is'the oscilloscope,
either real-time or sampling. Certainly, the oscilloscope display will illustrate
whether the device is operating, and give some idea of the accuracy, limited
to about six bits or so in dynamic range by the on-screen resolution. A fast D
to A converter can help in A-D projects by reconverting the digital output so
the difference between signals can be examined, either in the analogue mode
by D-A converting the A-D output, or digitally, by D-A converting a digital input
and reconverting in the A-D. In either case, the permissible error functioniis
relatively easily described and is amenable to calculation.
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The A-D and D-A test method was applied to a 5-bit A-D converter with the
results shown in Figs. 16 and 17. The first of these shows the digitising of a
300 kHz ramp to 5 bits resolution; there are no missing codes and no signifi-
cant glitches. Sampling near the Nyquist rate is shown in Fig. 17. The tech-
nique here is to set up for a small difference frequency between the input
signal and half the clock frequency. The oscilloscope timebase is set to a
relatively low sweep rate, and the output waveform observed is the ‘beat’
frequency between the input and half the clock rate. If the clock were to be
set at precisely twice the input frequency, the display would consist of only
two sample points per cycle of the input, positioned according to the phase
separation between the input and the clock. With a small difference in
frequency, successive conversions produce an output waveform in a manner
similar to a sampling oscilloscope.

No sample-and-hold was used on the A-D; the on-chip latches proved
satisfactory to a clock rate of 125 MHz.

One of the major problems in practical systems is ripples caused by
reflections. A useful tool in checking line impedances is the time domain
reflectometer; accuracies of 1% in line impedance measurement can be made,
and line discontinuities are detected as distances in physical dimensions, so
positive location is possible. Redesign of the defective components may
significantly help the overall system performance.
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Fig. 17

3 The SP9750 comparator

GENERAL DESCRIPTION

The SP9750 is a high speed comparator tailored to the needs of the parallel/
series type of converter described in Section 1.

Its most important features are:

1. The response is faster than other commercially available comparators
2. Integrated onto the comparator chip are additional features relevant to
the construction of fast A-D converters.

The addition of the extra features on to the comparator not only reduces
the system cost and complexity but also allows higher performance systems
to be built. :

Using the low gain principle already discussed, the comparator design
could follow the latest high frequency amplifier practice. Fig. 18 shows the
schematic diagram of the comparator section of the SP9750. It consists of a

TRANSCONDUCTANCE TRANSRESISTANCE ECL
STAGE STAGE OUTPUT STAGE

giﬁ
N
>

O—————]_
LATCH INPUT

Fig. 18 Schematic diagram of the comparator section of SP9750

INPUT >
VREF
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mutual conductance or ““gm’’ stage, a trans-resistance second stage, finally
feeding an ECL logic output stage. The trans-resistance stage is a shunt
feedback amplifier in which the transfer resistance is approximately equal
to the feedback resistor value. The input impedance of this stage is low and
so the effect of shunt capacitance on this point is minimised. Output impe-
dance is also low giving similar advantages. The resulting circuit has a
300MHz bandwidth in the sample mode and can acquire an input signal
change in 2ns. The input offset voltage is --5mV and the resolution is 1mV,
i.e. -£0.5mV.

In the design of very high speed converters, the propagation delays between
IC packages have a strong influence on the maximum conversion speed
attainable. By including additional system functions on the comparator chip
these are minimised, and the bonus of a lower package count and lower
power dissipation also ensues. The following four functions are available:

1. A two-input gate

2. Four emitter follower outputs from (1) for wired “OR’’ decoding
3. A precision current source set by an external resistor

4. A high speed precision switch for (3)

Qo GATE 1P

LATCHED COMPARATOR
MULTI - COMPARATOR
+5v GATING

wpuT o ‘ L_DO_D_
ore ]

REF STAGE ‘

; L
-52v —e FE
o— .
R WIRED OR
PRECISION DECODING
EXTERNAL SWITCHED
RESISTOR CURRENT
(Reat] SOURCE
a2 o3 as

RseT a1

LATCH
INPUT

ANALOGUE CURRENT
OUTPUT 1o

Fig. 19 SP9750 complete schematic diagram

These are shown in block form in Fig. 19. Fig. 20 shows how fifteen SP9750s
can be interconnected in a four-bit converter stage. The comparators are
connected to form a four-bit all-parallel ADC similar to Fig. 1. The two input
gates decode the comparator outputs by detecting the highest level comparator
with a logic ‘1’ at the output. The gate at this level puts out a unique ‘1’ to
the four emitter followers which can be wired “OR” connected to give a
four-bit binary code. Also shown in the diagram is the function of the precision
current output. These currents, which are equally weighted for all com-
parators, turn on when the comparator input is above the reference voltage.
Therefore by summing all of these currents, an analogue reconstruction of the
input signal to the nearest four bits below the input is obtained. Only fifteen
comparators are required to construct a 4-bit ADC and a 4-bit DAC. Such a
stage can be used as the MSB stage of a parallel/series type converter. The
temperature compensation of the current output is sufficient to allow its use
in converters of at least eight-bit accuracy. Similar stages can form the LSB
stage of a parallel/series system, only in this case the current output would
not be used.
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Fig. 20 A 4-bit converter using SP9750 showing the top 6 levels only

The SP9750 has been optimised for use in a four by four bit parallel/series
converter system, but it is by no means limited in its application. It is not only
being designed into a variety of other systems, but also its extremely fast
response has found it a place in such areas as fast pulse detection and
instrumentation.

Circuit description

Fig. 21 shows the complete circuit diagram of the SP9750. The inputs are
buffered with emitter followers to avoid the switching effect of input currents
which would exist with a direct connection to the long-tailed pair first stage.
The diodes in the collectors of the first stage are for DC level shifting. The
DC conditions are arranged so that for a perfectly matched circuit with the
inputs shorted together, there is zero voltage across the feedback resistors (Rs).

The output from the second stage which is a swing of about 400mV is fed
into the current switch via an attenuator. This direct route to the current switch
gives the fastest possible D to A function. The attenuator avoids using exces-
sive drive to the switch which would increase the settling time of the analogue
current output. The analogue current source transistor uses a novel connec-
tion of transistors which minimises the effect of temperature and Hfe etc,
on the output current stability.
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The ECL output stage is conventional but an unusual circuit is used to
provide the comparator output gating. The Boolean function required is:
gate output = AB, which might be described as a partial exclusive ‘OR’
function. It is achieved by level shifting the B input by one half of an ECL
output voltage swing, and feeding this into a single ECL gate structure. This
circuit uses minimal chip area. Four emitter follower outputs from the gate
are provided which can be wire OR-ed as previously described.

Conversion rate/Hardware tradeoffs

An ‘n’ bit converter can be arranged in a number of ways using parallel
and series parallel techniques. For example, three stages could be used,
each resolving some of the bits.

iie. a-4+b+c=n

In an ‘a’ bits conversion, the number of comparators needed is (28 — 1).

Thus the total number of comparators is:—

(22 —1) + (2 —1) + (2 —1)

In some circumstances, under and over-ranging may be needed, which will
require two extra comparators.
Typical examples are the 4 x 4, two stage converter for eight bits, where:—

a+b=n
4 +4=28

Number of comparators =24 + 24 —2 = 30

When stages are cascaded in this way, the interstage delay must be taken
into account. Of primary interest is the D/A current output settling to the desired
accuracy.

Each SP9750 contributes one fifteenth of the full scale current, and only
one or two comparators are likely to be in a critical settling condition when the
latch closes. Therefore if settling to 3 LSB is required (0.2%) two comparators
need to settle to 3% or 1.5% for individual comparators. This takes place in
less than 10ns. Allowing 10ns for the interstage difference amplifier to settle
and a further 10ns for the sample and hold function and logic timing errors, the
total conversion period is 30ns or a sampling rate of 33MHz. The correspond-
ing figure for 3 stage is 20-25MHz.

Improved circuit design techniques would increase these figures. For
instance, analogue delay could be used between stages to equalise the
settling delay of the D/A current output. Perfect cancellation would reduce the
conversion period by 10ns bringing the sampling rate to 50MHz. Another
technique which has been used is additional comparators in the second or
subsequent stage to correct errors from the first stage brought about by
latching the first stage before the sample and hold has fully settled. The
improved performance offered by such circuit innovations is traded against
increased circuit complexity and hence cost.

D TO A CONVERTER USING THE SP9750

When used as originally intended, in a 4 x 4 parallel-series ADC, the output
currents from the first four bits of conversion are summed to produce the
interstage digital-to-analog function. It is this D-A facility which is used here,
but with a binary weighting for the output currents instead of the equal
weighting of the A-D system.

197



A total of ‘n’ devices only are needed for the ‘n’ bit conversion, unless the
MSB current needed is more than 10mA. If, say, 20mA MSB current is needed,
two devices will run in parallel, as in the scheme to be described, giving a
total of ‘n + 1’ devices. The D-A system block diagram is Fig. 22.

vggr  VREF™LOGIC MIDPONT IO&T
®
SP9750
N\ C8VReF 100
g ———— =4
M RSgT 330
100
1 100
T * OmA |
M 330
100
m 100
26 o- T > OmA |
M 330
50
7 220
S =
M — %80
50
/7L57 470
24 o I : 751
M 5k
50
7 1
M 3%
50
2k
M Tk
50
7 10k
2o
I j 03125
M 22K
)
77 100k
20 o +
T > 156725 é
180K
50 50
LATCH INPUT
Fig. 22 8-bit DAC using SP9750s
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In the D-A application, the ‘analog’ inputs are switched by logic signals
from the ‘n’ bits of incoming data, giving a marginal improvement in the
operating speed compared with normal analog operation. The ancillary
facilities (Qo — Q4 outputs) which are used in the ADC encoding matrix are not
used in the DAC. The SP9750 incorporates a latch, as is becoming standard
in high speed comparators, and this feature is exploited here to provide a fast
digital sample-and-hold. The current output settling time (10ns to 0.2% for the
SP9750) is the main limiting factor in this type of DAC; eight-bit accuracy
should be available in about 10-15ns from the input command.

The comparator has a maximum input current of 25uA, which allows it to be
set up to receive logic input swings (ECL or TTL) by connecting the reference
input to the appropriate voltage. The ECL input to the latch stage is made low
for follow or high for hold.

The output current is set by an external resistor and the —8 volt rail, which
should be stable enough for the accuracy needed. The maximum output
current from a single device should not be much more than 10mA; the relation-
ship of output current to negative reference rail is nominally

Vrail

lout =

2 X Rext

In practice, deviations from this rule are found at low output currents, due
to on-chip bias conditions, and a table has been drawn up (Table 2) which
illustrates the values of Rext for given output currents.

Output current Tail resistor (Rext)
(mA) Fixed | Variable
(mA) Q) (Q)
10 330 100
5 680 220
2.5 1.5k 470
1.25 3k 1k
0.625 7.5k 2.2k
0.312 22k 10k
0.156 180k 100k
Table 2

System Aspects

The most used type of high-speed DAC is probably the eight-bit system, so
the description here is for eight bits, with an MSB of 20mA, which requires
two SP9750s in parallel. No problems are encountered in parallel device
operation. The total of nine comparators are laid out in a U-shaped configura-
tion on %" PCB with a top surface ground plane. The design value for the
transmission line signal paths is 50Q), enabling the DAC to directly drive
50Q systems, or the 50Q) input of a fast real time or sampling scope. The
option of terminating the board end of the transmission line or leaving it
open is available. The latter case provides a full-scale swing of 2 volts (40mA
into 50Q)) while termination of the line on the PCB halves the output voltage
swing by giving an effective 25Q) load, but gives better settling time by reduc-
ing reflections on the summing line.
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The device input capacitance is small, and 50Q0 nominal lines are used
with 50Q) terminations. The two MSB devices are fed through 100Q lines with
100Q) terminations in parallel. Drive from ECL matched to 50Q) by terminating
networks optimises the switching speed, although TTL-level (LS or S) is also
possible by resetting the Vies inputs rail to a mid-level point.

On the output current summing line, the typical output capacitance per
device is 2pF. The line is fed from both sides, so an unloaded line impedance
of 110Q is predicted for the 50Q) loaded condition. All input lines are made of
equal lengths, although some advantage may be gained by equalising the
input to output delays; in either case, the MSB should be located furthest
from the output connector and as close as possible to the end termination of
the line.

Testing the DAC

Each comparator is configured as in Fig. 23 and the potentiometers have
to be ‘set up’ to provide eight-bit accuracy. There are two ways to do this:
either DC, using a DVM and setting each current independently of the others
or dynamically, driving the inputs with a digital code. The dynamic method
provides ‘hands-on’ practical feel for the DAC operation at high speed, and
is recommended if a fast real time scope is available. A simple drive circuit
uses two ECL10k Hexadecimal counters (MC10136s) in synchronous count
mode, overflowing at the 256 count. For the eight-bit converter, this gives a

oV
ov
50 50
INPVT P PRECISION
SWITCHED CURRENT
URRENT SUMMING
VREF ¢ LINE
o——— REF SOURCE
MID POINT OF
LOGIC FAMILY USED
eg ECL OR TTL
o 1 VALUES FROM
LATCH INPUT (ECL) TABLE 1
-8V
Fig. 23 Comparator configuration

full-scale ramp output, which is easily trimmed for linearity. The system
diagram is shown in Fig. 24. Nominal MSB is 20mA, bit 7 is 10mA and so on
down. A small overall scaling error can be trimmed out using the —8 volt
rail. Independent setting of the current sources instead of the conventional
R-2R ladder improves speed performance and prevents interaction between
sources.
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FAST SCOPE OR SAMPLER

RAMP OUTPUT
LINEARITY DEPENDS ON
ACCURACY OF CURRENT

SOURCE SETTING

50n | S0n

L[]
DAC BOARD 500 LINE

ouT
S0n
8 DRIVE LINES 50 TERMINATED LINES

CLOCK ECL 10k DRIVER
Sova ] | H l 2X HEXADECIMAL
z COUNTERS  (MC 10136)

Fig. 24 Setting up the DAC

Fig. 25 shows the full-scale ramp maintaining linearity at more than 50MHz
input to the LSB. The full-scale transition (Fig. 26) at the end of the ramp,
takes less than 15ns, dominated of course by the MSB transition, shown
clocked at about 14MHz in Fig. 27.

The limiting factor in the DAC testing is the ECL10k drivers; output glitches
are seen at the MSB transition (0111 1111 to 1000 0000) and at the lower
counter fuil transition (0000 1111 to 0001 0000); these are attributed to timing
errors caused by internal ‘counter full’ to ‘carry out’ delay. The manufacturer’s
figures put this at 5ns, although the glitches seen are shorter, about 3ns
overall. The minimum clock period accepted by the counters is 9ns so the
DAC LSB state changes occur at this interval, comparable to the loyt settling
time of the SP9750 (typically 10ns to 0.2%) indicating a maximum data rate
of more than 50MHz.
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Fig. 27

4 The SP9685 comparator

GENERAL DESCRIPTION

The SP9685 is a high speed latched comparator, the circuit diagram for
which is shown in Fig. 28. The unlatched gain is approximately 50dB at
frequencies up to over 200MHz. The main differences between the SP9685
and the SP9750 are as follows:—

1. The SP9685 is a simple comparator and does not include the gates and
precision current sources of the SP9750.

2. The unlatched gain of the SP9685 is greater than that of the SP9750.

3. The latch enable control of the SP9685 has the opposite phase of operation
to that of the SP9750 latch control.

4. Two gain stages follow the latch of the SP9685 whereas only one is used
on the SP9750.

5. Q and Q outputs are provided on the SP9685.

Short pulse detector

This simple circuit for the SP9685 has applications in nucleonics and high
energy physics. In its simplest form, the circuit is shown in Fig. 29.

A positive going pulse of any width, down to the minimum defined by the
propagation delay plus the setup time, and of any height between the maxi-
mum common mode signal and the minimum overdrive that will reliably
switch the comparator can be quickly detected and will cause the circuit to
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latch, ignoring further inputs. Practical minimum values are a 3ns pulse
width and a 10mV amplitude for reliable latching. The input biasing should
be set for a mid input range threshold. Alternative forms of the same basic
circuit could be used to detect negative going pulses, by feeding Q back to
the latch, or detect pulses greater than a preset height, by shifting the
threshold bias point.

Resetting the simple circuit can only be achieved by removing the power
supplies. It is possible to produce an external resettable latch using ECLIII
which will not degrade the performance if powering down is not an acceptable
method.

SINGLE PULSE

-

N Q ouTPUT

SP9685 28
a OUTPUT !

©0)50a LOAD

LATCH
ENABLE

5V
=52V

=52V

Fig. 29 Short pulse detector

An ECL two-phase clock oscillator

This simple oscillator circuit is capable of relatively high stability and wide
frequency range (up to 200MHz). The maximum frequency limit is determined
by the device propagation delay (typically 2ns) and the external strays. At low
frequencies (below 5MHz) operation is possible, but high frequency instability
on the clock edges may be seen. In practice, this is unlikely to be a restriction
on the use of the device. An empirical relationship between R and C values
and frequency is shown in Table 3. In the circuit shown (Fig. 30) output
matching networks are included so that the device can drive 50ohm lines
terminated to ground. Where higher impedance lines or short runs are used
the output networks may be omitted. However, because the device edge
speeds are comparable with ECLIII, good ECL practice in line matching and
termination, preferably with a ground plane structure, should be employed
as described in Section 3. The input bias conditions are determined by the
output potentiometer R1:R2. It can be shown that a ratio of 3.6:1 will give a
minimum of HF instability when operating at low frequency.
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Cq pf Fosc(R3 = 1KQ)MHz | Fosc(R3 = 330Q0)MHz
0 161 190
2.2 64 160
2.7 59 156
3.3 54 152
3.9 46 140
47 42 132
5.6 38 120
6.8 33 103
8.2 30 88

10 28 \ 77

Table 3

One side of the capacitor C1 is grounded, and all or part of the effective
capacitance can be made voltage variable, producing a high frequency
voltage controlled oscillator with direct ECL drive. Spectral analysis indicates
that the noise sidebands from this type of oscillator are 40dB down at 50kHz
away from the carrier.

OPTIONAL
VOLTAGE
CONTROL ov

100k

R3 27
e

S -

SP9685

+

I
L1

oV —

Fig. 30 ECL clock oscillator 0V

A HIGH SPEED WINDOW DETECTOR

The SP9685 can be used to detect whether an input is within a specified
voltage range. The basic circuit is well known and is shown in Fig. 31 in a
form to give ECL levels. The output drives a 50Q) load to ground or, without
the 27Q) series resistor, further ECL stages.

Fig. 32 illustrates the operation of the circuit which has been set up to detect
a window of +20mV about 0 volts. As the input voltage crosses zero the
output changes from high to low and back again in a time mainly determined
by the ECL rise and fall times. This circuit is thus detecting the crossing of the
40mV window by a signal slewing at 50V/p sec.

Applications of the high speed window detector are in fast tracking A-D
converters and high speed zero crossing detectors. The operational limit is
the device propagation delay (typically 2ns) which defines the minimum
width of the threshold crossing pulse.
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SP9685
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Fig. 31 High speed window detector

5ns /division
50mv
/division +50mV
INPUT
—50mV
200mV
[division R ECL HIGH
OUTPUT
ECL LOW

Fig. 32 Performance of high speed window detector
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© PLESSEY

SEMICONDUCTORS

SL301K

SL301K&L

SL300 SERIES

MATCHED TRANSISTORS

SL301L

DUAL NPN TRANSISTORS

The SL301K and SL301L are dual NPN transistors
manufactured as monolithic integrated circuits. Their
close parameter matching and thermal tracking are
considerably better than conventional ‘two chip’ duals;
the frequency response is equally superior.

The SL301K and L have identical electrical specifica-
tions but differ in packaging. The SL301 is pin compat-
ible with existing SL300 series products and available
in both metal can (CM) and ceramic dual-in-line (DG)
packages. The SL301K is available only in metal can
(CM) and is pinned to be compatible with conventional
discrete ‘two chip’ products. Note, however, that an
extra connection is required to allow the substrate to be
connected to the most negative part of the circuit.

ORDERING CODES:

SL301K - CM
SL301L - CM
SL301L - DG

QUICK REFERENCE DATA

M Maxvoltage 12V-to 20V
B Operating temperature range —55°C to
+175°C

VOLTAGE RATING

The maximum voltage allowed between collector and
emitter of each transistor is limited by dissipation and
voltage breakdown. Assuming dissipation is low the
rating may be determined from the following details :
(a) Forward bias condition

If the transistor is conducting the maximum collector-
emitter voltage allowable is at least equal to Vceo
(12V). In cases where the collector current does not
exceed 5mA and a resistor R is connected between base
and emitter the Vcer rating may be determined from
Fig. 8; this voltage lies between 12V and 20V depending
on the value of R.

(b) Unbiased condition

If the transistor is operated with no connection to the
base the maximum safe collector-emitter voltage is
Vceo (12V). In cases where the base emitter voltage
has been reduced so the transistor is conducting at alow
level it is generally permissible to increase this towards
Vceo (20V).

(c) Reverse biased condition

If the base of the transistor is connected via the re-
sistor to a supply voltage equal to, or more negative
than, the emitter voltage the maximum collector-emitter
voltage Vcex allowable (assuming negligible collector
current) is limited by Vceo (20V). For example, if the
base is at —5V with respect to the emitter, the maximum
collector voltage will be +15V.

113 50271

212 6 (13)16]

NV 7 () 15)

8(1(8]

ISOLATION
PIN NUMBERS ARE SHOWN THU
1,8LEADTO & (EXCEPT SLSOTK) Sems)
(2)-14 LEAD DIL (0G cms

B3 e 05 (8050 k onwny come)
DG14

Fig. 1 SL301 circuit diagram

FEATURES

M Close Vee Matching

B High Gain

B Good Frequency Response
B Excellent Thermal Tracking

APPLICATIONS

M Differential Amplifier
W Comparator
M Stable Current Source

ABSOLUTE MAXIMUM RATINGS

All electrical ratings apply to individual transistors :
thermal ratings apply to total package dissipation.

Theisolation pin must always be negative with respect
to the collectors.

No one transistor may dissipate more than 75% of the
total power.
Storage temperature —55°C to +175°C
Chip operating temperature +175°C
Chip-to-ambient thermal resistance :

TO-5 (CM) 250°C/W
Ceramic DIL 106°C/W
Chip-to-case thermal resistance:
TO-5 (CM) 80°C/W
Ceramic DIL (DG) 39°C/W
Vceo 20V

Vceo 12v

Vcer 12V to 20V (see graph)
Veso 5V

Veio 25V

lem 50mA
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SL301K&L

ELECTRICAL CHARACTERISTICS

Test Conditions (unless otherwise stated):

Tamb = +25°C
Characteristics Value Units Conditions
Min. Typ. Max.
Each Transistor
BVceo 20 Vv lc =10 pA
BVceo 12 \ lc = 5BmA
BVeso 5 v le =10 pA
BVcio 25 \ lc =10 BA
hre 30 50 Vce = 5V, Ic = 10 pA
40 70 Vce = 5V, Ic = 100 pA
60 100 Vce = 5V, Ic = TmA
50 80 Vce = 5V, Ic = 1T0mA
Vce (sat) 0.36 0.6 Vv Ic = 10mA, Is = TmA
VBE (SAT) 0.7 0.8 0.9 \% Ilc = 10mA, Is = TmA
Icso 10 nA Ves = 10V
leso 10 nA Veg = 2V
lcio 10 nA Ve = 10V
Cos 2 pF Ves = 5V
Cis 4 pF Vee = Ov
(o] 6 pF Vo = 6V
fr 400 680 MHz | Vce = BV, Ic = BmA
Matching
heei/ hre2 0.9 11 Vce = 5V, Ic = 100 pA
0.9 1.1 Vee = 5V, Ic = TmA
A Vee 3 mV Vce = 5V, Ic = 100 pA
3 mV Vce = 5V, Ic = TmA
@4vie 10 V/°C|Vee = BV, Ic = 100 pA
aTnmb s cE= r e s
24 1200

1000——
20 \

®
S
S

e \\ i
g ‘nmn o g OPERATING REGION CASE RATING
16 I
3 \ g
AN 2
14 2
\\ i \\
12 T=425°C \\ AMBIENT n‘m, \
G — 200
10 . \
08 0
0 1 2 3 4 H -20 0 +20 60 100 %0 180 220
VOLTAGE (V) TEMPERATURE (°C)
Fig. 2 Output capacitance (Cop) v. voltage Fig. 3 Power dissipation derating curves (TO-5 package)
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Fig. 5 fr v. collector current (fr = f|hse| . f = 100 MHz)
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@ PLESSEY
SEMICONDUCTORS

SL303L

SL300 SERIES

MATCHED TRANSISTORS

SL303L

TRIPLE NPN TRANSISTORS

The SL303 is a silicon monolithic integrated circuit
comprising three separate transistors, two of which have
closely matched parameters ; the third transistor may be
used as, for example, a tail transistor. The SL303
devices are available in 10-lead TO—5 (CM) and 14-
lead dual-in-line (DG) packages.

ORDERING CODES:

SL303L — CM

SL303L — DG

FEATURES

M Close Vee Matching

W High Gain

W Good Frequency Response
B Excellent Thermal Tracking

VOLTAGE RATING

The maximum voltage allowed between collector and
emitter of each transistor is limited by dissipation and
voltage breakdown. Assuming dissipation is low the
rating may be determined from the following details :
(a) Forward bias condition

If the transistor is conducting the maximum collector-
emitter voltage allowable is at least equal to Vceo
(12V). In cases where the collector curre.it does not
exceed 5mA and a resistor R is connected between base
and emitter the Vcer rating may be determined from
Fig. 8 this voltage lies between 12V and 20V depending
on the value of R.

(b) Unbiased condition

If the transistor is operated with no connection to the
base the maximum safe collector-emitter voltage is
Vceo (12V). In cases where the base emitter voltage
has been reduced so the transistor is conducting at a low
level it is generally permissible to increase this towards
Vceo (20V).

(c) Reverse biased condition

If the base of the transistor is connected via the re-
sistor to a supply voltage equal to, or more negative
than, the emitter voltage the maximum collector-emitter
voltage Vcex allowable (assuming negligible collector
current) is limited by Vcso (20V). For example, if the
base is at —5V with respect to the emitter, the maximum
collector voltage will be +15V.

i 0 10 (1] ISOLATION
—0 3
312 o——f 1w
O 1 (2
—o0 7 (5

(68 R2
T ]

$————O0 6 12
s R3
&)
PIN NUMBERS ARE SHOWN THUS
1.10 LEAD TO-5 (CM10)
(2)-14 LEAD DIL (DG14)

DG14 CM10
Fig. 1 Circuit diagram
APPLICATIONS
W Differential Amplifier
M Comparator
QUICK REFERENCE DATA
B Maxvoltage 12V to 20V

W Operating temperature range —55°C to
+175°C

ABSOLUTE MAXIMUM RATINGS

All electrical ratings apply to individual transistors
thermal ratings apply to total package dissipation.

The isolation pin must always be negative with respec
to the collectors.

No one transistor may dissipate more than 75% of the
total power.
Storage temperature —E5°C to +175°C
Chip operating temperature +175°C
Chip-to-ambient thermal resistance :

T0O-5 (CM) 250°C/W
Ceramic DIL 106°C/W
Chip-to-case thermal resistance:
TO-5 (CM) 80°C/W
Ceramic DIL (DG) 39°C/W
Vceo 20V

Vceo 12v

Vcer 12V to 20V (see graph)
Veso 5V

Vcio 25V

lem 50mA
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SL303L

ELECTRICAL CHARACTERISTICS

Test Conditions (unless otherwise stated):

Tamb = +25°C
Characteristics Value Units Conditions
Min. _Typ. Max.
Each Transistor
BVcso 20 \% lc =10 pA
BVceo 12 \% lc = 5mA
BVeso 5 \" le =10 A
BVcio 25 \") Ic =10 pA
hre 30 50 Vce = 5V, Ic = 10 pA
40 70 Vce = 5V, Ic = 100 pA
60 100 Vce = 5V, Ic = TmA
50 80 Vce = 5V, Ic = 10mA
VCcE (sAT) 0.36 0.6 \Y Ic = 10mA, Iz = TmA
VBE (SAT) 0.7 0.8 0.9 \% lc = 10mA, Is = TmA
Iceo 10 nA Veg = 10V
leso 10 nA Ves = 2V
lcio 10 nA Ve = 10V
Cos 2 pF Ves = 5V
Cis 4 pF Vege = Ov
' Ca 6 pF Ve = 5V
fr 400 680 MHz | Vce = 5V, lc = bmA
Matching(TR1, TR2 only)
heel/ heez 0.9 1.1 Vee = 5V, Ic = 100 pA
0.9 1.1 Vee = 5V, lIc = TmA
A Ve 3 mV Vce = 5V, Ic = 100 pA
3 mV Vce = 5V, Ic = TmA
davee e 10 WV/°C | Vee = 5V, Ic = 100 pA

e 120!
2 2\ \
NN

\\ 7= 4+100°C OPERATING REGION
16 \\
" \\ \

N AN

12 T 425 \ AMBIENT num-,\ \

! \\

0"0 2 3 4 5 920 0 +20 60 100 140 180 220
VOLTAGE (V) ’ TEMPERATURE (*C)

CASE RATING

Cop PF)
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Fig. 2 Output it (Cob) v. voltag Fig. 3 Power dissipation derating curves (TO-5 package)
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SL355C SL1796C

© PLESSEY MODULATOR
SEMICONDUCTORS DEMODULATOR

SL355C TBA673C

4-TRANSISTOR MODULATOR/DEMODULATOR

The TBA673 and SL355 are monolithic integrated
4-transistor modulator/demodulator circuits. Featuring
close similarity in the characteristics of the individual
transistors and optimal tracking of parameters with
temperature, these devices give better balancing (and
therefore less carrier leakage) than discrete circuits. The use
of transistors instead of the more conventional diodes
results in an improved isolation between input and output
circuits.

The choice between TBA673 and SL355 will depend

T

largely on the application. For example, the TBA673 has lv 1_10

higher voltage characteristics than the SL355, but the CcM10

SL355 would be used where high frequency performance is -

the prime consideration. Fig. 1 Circuit diagram
APPLICATIONS

FEATURES

_ B DSB/DSBSC/AM Modulation

B AVge =+5mV M}ax‘ B Synchronous Detection

M Close hgg Matching B FM Detection

B High f1 : 260 MHz (TBAG673) M Choppers

600 MHz (SL355) B Signal Routeing

B Telephone Transmission (TBA673)

ABSOLUTE MAXIMUM RATINGS

Electrical (Each Transistor)

Rating Symbol TBA673 SL355 Units
Collector-emitter voltage Vceo 45 12 \
Collector base voltage Veso 80 20 \
Emitter-base voltage VEBO 72 5 \
Collector-isolation voltage Vel 80 25 \
Collector current Ic 100 20 mA

Power
Total power dissipation: See Fig. 3
Temperature

Storage temperature, Tgyg: —35° to +125°C
Operating temperature, T,y See Fig. 3 °

NOTE
The substrate pin must be more negative than each of the collectors.
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SL355C TBA673C

ELECTRICAL CHARACTERISTICS — TBA673

Test conditions (unless otherwise stated):
Tamb = +25°C
Characteristics apply to each transistor

Value
Characteristic Symbol Units Condition
Min. | Typ.| Max.
Each transistor
Collector-base breakdown voltage BVceo 80 V |lc=10uA, lg=0
Collector-emitter sustaining voltage LVcEo 45 V |lc=5mA,lg=0
Emitter-base breakdown voltage BVego 7.2 8.0 V | lg=10uA,Ic=0
Collector-isolation breakdown voltage BVcio 80 V | Ic=10uA
Collector-base leakage current IcBo 10| nA | Veg=10V,lg=0
Emitter-base leakage current lego 1 nA | VEg=2V,Ic=0
Collector-isolation leakage current Icio 3 nA | Vg =10V
Large signal current transfer,ratio hee 80 300 lc =5mA, Vcg =5.0V
Transition frequency fr 250 MHz | Ic =6mA, Vcg = 5.0V
Collector-isolation capacitance Cc) 65| pF | Ves=0V
Matching characteristics
Base-emitter voltage difference
TR1-TR2 Vge1—VBE2 20| 50| mv
TR3-TR4 Vge3—VBEa 20| 50| mv Ve (all transistors) = 5.0V
Large signal current ratio matching
TR1/TR2 hggq/hgg2 | 0.9 Ig (all transistors) = 100uA
TR3/TR4 hgga/hges | 0.9
300
E}
£
- 200 \
0 AN
0
-25 0 50 100
Tamb (°C)

Fig. 2 Power dissipation
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TBA673C SL355C
ELECTRICAL CHARACTERISTICS — SL355
Test conditions (unless otherwise stated):

Tamb = +25°C
Characteristics apply to each transistor

Value
Characteristic Symbol Units Condition
Min.{ Typ.| Max.
Each transistor
Collector-base breakdown voltage BVceo 25 V | lc=10uA, lg =0
Collector-emitter sustaining voltage LVceo 12 | 18 Vv lc=5mA, lg=0
Emitter-base breakdown voltage BVEBO 5 V | 1Ig=10uA,lc=0
Collector-isolation breakdown voltage BVcio 25 V | lg=10uA
Collector-base leakage current Icso 03| 1 nA | Vcg=10V,Ig=0
Emitter-base leakage current leBo 1 10| nA | VEg=2V,Ic=0
Collector-isolation leakage current Icio 1 10| nA | Vg =10V
Large signal current transfer ratio hege 10| 55 Ig = 100pA, Vg = 5.0V
Transition frequency fr 600 MHz | Ic =BmA, Vcg =5.0V
Collector-isolation capacitance Ceci 65| pF | Ves=0V
Matching characteristics

Base-emitter voltage difference

TR1-TR2 Vee1—VBE2 20| 50| mVv

TR3-TR4 Vge3—VBE4 20| 50| mVv V¢ (all transistors) = 5.0V
Large signal current ratio matching

TR1/TR2 hFE1/hFE2 0.9 Ig (all transistors) = 100uA

TR3/TR4 hg