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900 MH:z MOBILE APPLICATIONS 30to ot s e SRS
Type | Power (W) | Freq. (MHz) Gain (db)min.| VCC (V) | Package 900 MHz
BLU9S 05 900 9.0 125 ,SOT—103 E1 Type Power (W) | Freq. (MHz)| Gain (db) min. | VCC (V) Package
BLV90 1 900 75 125 [SOT-172 BLWI6 200 30 135 50 SOT-121
BLV91 2 900 6.5 125 [SOT-172 BLV25 175 108 105 28 SOT-119
BLU99 4 900 73 125 |SOT-122 BLVB028| 80 175 65 28 SOT-119
BLV92 4 900 8.0 125 |SOT-171 BLV33F 85 225 105 28 SOT-119
BLV93 8 900 | 6.0 125 [soT171 BLV36 120 225 10.0 28 SOT-164
BLV94 15 900 6.0 125 |SOT-171 BLUS3 100 400 6.5 28 SOT-161
BLVG7 30 860 6.5 24 SOT-171
BLV57 38 860 65 25 SOT-161
5:::::: MOBILE APPLICATIONS ~m
s =4 el AMPLIFIER MODULES FOR LAND MOBILE
BLU60/12| 60 470 48 125 | SOT-119
BLU45/12 45 470 5.1 125 SOT-119 Type Freq (MHz) | P In(MW) | P Out (W) | VCC Package
BLU30/12| 30 470 6.0 125 | SOT-119 S T - 25 | Sortee
el ok S 85 3 Ceris BGY33 80-108 | 100 20 125 | SOT-132
BLWio2 3 | 470 i 125 | SOT-118 BGY35 132-156 | 150 20 125 | soT-132
iy i 470 % 125 | SOT-122 BGY36 148-174 | 150 20 125 | SOT-132
BLUS9 s | 70 105 125 | SOT-122 BGY43 148174 | 150 | 13 125 | SOT-1328
e . 470 oy il -~ BGY40A | 400-440 |100 75 125 | SOT-132C
B9 c S0 20 R SOk BGY41A | 400-440 | 150 13 12,5 | SOT-132C
BLX65 & 470 e L W I BGY40B | 440-470 | 100 75 125 | SOT-132C
BGY41B | 440-470 | 150 13 125 | SOT-132C
BGY40A | 470-512 | 100 75 125 | SOT-132C
el i e ki BGY41C | 470-512 |150 13 125 | SOT-132C
BLv7st2| 75 | 175 7.0 125 | SOT-119 BGY45A 68-88 | 150 30 12,5 | SOT-301-A-03
BLV45/12| 45 175 6.5 125 | SOT-119 BGY458 | 144-175 | 150 30 125 | SOT-301-A-03
BLV30/12| 30 | 175 8.2 125 | SOT-119 BGY46A | 400-440 | 30 15 9.6 | SOT-26NC
BLW60C 45 175 5.0 125 | SOT-120 BGY47A | 400-440 | 45 22 9.6 | SOT-26NC
BLW31 8 | 17 ‘ 95 125 | SOT-120 BGY478 | 430-470 | 45 2.2 9.6 | SOT-26NC
BLYBIC 25 175 6.0 125 | SOT-120 BGY47C | 460-512 | 45 2.2 9.6 | SOT-26NC
BFQ43 4 175 | 120 125 | TO-39E BGY22 380-512 | 50 29 125 | SOT-75A
BFQ42 2 | a7 105 125 | TO-39 BGY23 380-480 | 2.5 WATTS 7 125 | SOT-75A




One of the purest signals

your radios will ever receive.

The Fluke 6071A Signal Generator channel rejection, and other off-chan-  or contact your local Fluke Sales
Leading mobile radio manufacturers nel measurements. Spurious ouput Engineer or Representative. You'll pre-

worldwide have selected the Fluke levels are on the order of —90dBcto  fer the 6071A too. Pure and simple.
6071A as their preferred synthesized —100 dBc, while the typical broad- R ST e—
signal generator. band noise floor is — 150 dBc/Hz. PIus 1 u.s. ano o

Why? the 6071A offers built-in AM, FM, JM, ~ EUROPEAN COUNTRIES:  IN EUROPE:

As a critical element in RF tests sys-  and IEEE-488 compatibility! PO o000, MG 2500 P B S0 5004 €8
tems, the 6071A meets their demands The 6071A is backed by Fluke's 20 GEet WM ocer  Toganeetherands
for receiver testing to 1040 MHz. years of experience in RF technology.

How? And it’s available at a price that's half

Its —140 dBmto +13dBmoutput  of what you might expect to pay for
is strong enough to reach the upper equivalent performance. Only $18,100.
limits required for distortion tests, and Picture the 6071A in your RF test FLUKE ®

pure and quiet enough to easily make  system. Then to find out how to get it
multi-order intermodulation, adjacent  there give us a call at 1-800-426-0361

Copyright © 1984, John Fluke Mfg. Co., Inc. All rights reserved. Ad No. 6112-6070  For technical data circle number
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SRA-1

plck i
SBL-1
LMX-113
”
ASK-1
500 KHz to 1 GHZ from $395
hi-rel and industrial
L] L] L ]
miniature, flatpack, and low profile
MODEL FEATURES Freq. (MHz) tConversion Loss (dB) L-R Isolation (dB)
one octave total lower mid upper Price/Qty.
LO-RF IF bandedge range bandedge range bandedge
SRA-1* the world's standard . . . HTRB tested .5-500 DC-500 5.5 typ. 6.5 typ. 50 typ. 45 typr 35typ. 11.95 (1-49)
hi-rel 3 year guarantee
TFM-2* world's tinjest hi-rel mixer 1-1000 DC-1000 6.0 typ. 7.0typ. 50 typ. 40 typ. 30typ. 1195 (6-49)
only 4 pins for plug-in/flatpack mouting,
3 world's lowest cost industrial 1-500 DC-500 5.5 typ. 6.5 typ. 50 typ. 45 typ. 35 typ. 3.95 (100)
SBL-1 mixer, only $4.50, metal case e 45 & 4.50(10-49)
SBL-1X industrial grade, rugged 10-1000 5-1000 6.0 typ. 7.0 typ. 50 typ. 40 typ. 30 typ. 11.95 (1-9)
all-metal construction

ASK-1 world's smallest DBM 1-600 DC-600 5.5 typ. 6.0 typ. 50 typ. 35 typ. 30 typ.  5.95(10-49)
flatpack mounting, plastic case

[ MX-113* rugged flatpack, hermeticity tested 5-1000 DC-1000 6.5 typ. 7.0 typ. 50 typ. 40 typ. 35typ. 1495 (6-24)

thermal shocked to MIL-STD-202

*meets MIL-M-28837/1A performance
units are not QPL listed

tLO = +7dBm

finding new ways
setting higher standards

[ JMini-Circuits

A Division of Scientific Components Corporation

World's largest manufacturer of Double Balanced Mixers

P.O. Box 166, Brookiyn, New York 11235 (212) 934-4500

Domestic and International Telex 125460 International Telex 620156
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About That Shortage of
RF Design Engineers. . .

As an RF engineer, you have an ad-
vantage over most people, when it
comes to feeling needed. You actually are
needed. The chances are pretty good
you're being tracked right now by some
headhunting firm, eager to flush you out
of your present nest and herd you into a
new one. If you are right out of college,
your employer might have to pay you a
starting salary of over $30,000, in order
to stay competitive with other companies.
(Forgive us old-timers if we seem shocked
by that. You're worth every penny.)
The shortage of RF engineering talent
is ironic, in that electronics started with
radio: the present |IEEE was originally
named IRE. . .Institute of Radio
Engineers. It was the advent of the digital
computer, of course, that channeled so
much of electrical engineering training
down the paths of binary logic and on-off
switching. The preoccupation with digital
techniques has been so thorough that
now a glut has begun to develop. . . with
more digital engineers than there are jobs
for them. Following the law of supply and
demand, some of these wind up as RF
engineers, floundering for fundamentals.
It is largely because of this situation
that r.f. design magazine has conceived
RF TECHNOLOGY EXPO. . . athree-day
conference and exhibit intended ex-
clusively for RF design engineers. It will
be an annual event, with the first one be-
ing held next January 23-25 at the Dis-
neyland Hotel in Anaheim, California. The
technical conference will feature 100
papers, in 25 sessions, organized by Pro-
gram Chairman *“Andy” Przedpelski, V.P.
of Development for ARF Products, Inc.
While many of the papers will deal with
fundamentals of RF circuit and systems

design, for the sake of those who need
it, many others will follow a separate
theme, to satisfy another need. . .the
need to push forward the leading edge of
RF technology. For, just as RF fundamen-
tals have been neglected by engineering
schools, RF ‘‘high technology’ has been
neglected by engineering forums. Where
some are too digital or too general to be
useful to the RF engineer, others are too
microwave. There is certainly enough go-
ing on, in the lower reaches of high-
frequency, to justify an RF TECH-
NOLOGY EXPO. In fact, we think it will
fill a conspicuous communications gap,
and do as much as any project in our
society to help alleviate the shortage of
RF engineering knowledge.

Whether we are right depends a lot on
how you personally respond to the idea.
If you agree with this analysis of the need,
you ought to be there. Put it on your
calendar now, and let us know you're
coming. If you've been looking for a place
to present a paper and haven’t been able
to find one, step forward now to volunteer
it for RF TECHNOLOGY EXPO (call Andy
Przedpelski, Program Chairman, at 303-
443-4844.)

We believe that RF TECHNOLOGY
EXPO will be a major event in the engi-
neering world, beginning January 23-25,
1985. . . and the major event to your own
RF engineering community. We're spar-
ing no effort or expense to test that pro-
position. Now all we need is your par-
ticipation. See you in Anaheim.
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LOOK AT ALL THE SPACE YOU SAVE
WITH RT/DUROID 6010.

INFO/CARD 4

The large, empty space on the

left is brought to you by RT/duroid®
6010—the new soft substrate

from Rogers that can shrink a cir-
cuit by 30%. And let you design

in higher quality and reliability

to boot.

MAKE CIRCUITS 30%
SMALLER. AND
INFINITELY BETTER.

RT/duroid 6010 has a dielectric
constant as high as many ceramic
substrates—yet it's soft, durable
and easy to work with. It lets you
position components much more
compactly, without resorting to
touchy ceramics. And compo-
nents—with their interconnecting
traces—can be etched on a sin-
gle board, virtually eliminating
wirebonding. That means faster
assembly. Superior reliability. And
cost savings, across the board.
SHED UNWANTED
INCHES, FAST.
On RT/duroid 6010, one board
can do the work of several. Or an
oversize board can shrink to fit an
undersize space. And you'll get all
the 6010 you need, quickly and
cost-efficiently. That’s a promise
from Rogers.

SEND FOR A FREE SAMPLE.
Just mail the coupon, or call 602-
961-1382. We'll have you design-
ing on RT/duroid 6010 faster than
you can say, “Think small”.

© ROGERS

Rogers Corporation
Microwave Materials Division
Box 3000

Chandler, AZ 85224
602-961-1382

Please send a free sample of space-
saving RT/duroid 6010 to:

Title
Company
Address

City State
Zip
Telephone

© 1984 Rogers Corporation

|
|
|
|
|
|
|
|
|
|
] Name
|
|
|
|
|
|
|
|
|
|
|



INTRODUCING THE "ROYAL" SERIES OF HIGHPASS FILTER

The organ, of all musical instruments, is considered the "Royal" instrument
because of its versatility and richness/range of sounds. No other
instruvent can match the multiplicity of organ pipes in their range of
capabilities.

Cir-Q-Tel has again hit paydirt (gold) by introducing the low-cost, high-
performance coaxially configured highpass filter models FHC/P, C, B, G, & L
(Pseudo-Elliptic, Chebishev, Butterworth, Gaussian, and the NEW Levy A-Z).

THIS DESIGN HAS UNSURPASSED Q!
Without sufficient Q*, and enough of it, few filters perform well!

"Versatility" is the standard mode for design at Cir-Q-Tel:

1. Range: 100>2000 MHz at the time we go to press (+) Obsolete data!l

2. Power: Up to 200 W CW; see (1t).

3. Pseudo-Elliptic up to 15th order, Chebishev to 19th order, 2lst-order
Butterworth, Gaussian to 9th and, above all, the lLevy A-Z up to 23 poles.

4. Passband: >4 GHz and above. WHAT'S NEXT? Give us a call, please.

At Cir—-Q-Tel no filter problem is too great or too small for us to
consider. We have more engineers per total employment (25%) than any other
significant filter-producing company. Remember, we have over 30 years
experience and 10X demonstrated innovative abilities all wrapped up

in just one of our world class engineer/scientists.

*ithout sufficient Q, designing filters is not a task, it's
an impossible chore. The device configuration answer we've
chosen is very nearly ideal!

Call Dr. Dick Wainwright--his flat passband width at present
is 40 GHz!

0.2 0:3 0.4 3 0.5
-HIGHPASS-
[ MODEL FHC/P, C, B, G & L
REJECTION VS. VSWR BW
10}| FIG.: Practical Curves* for:
P. Pseudo-elliptic
5048 min. ripple
0.01dB pass ripple

. Chebishev

. Butterworth
. Gaussian**
. Levy A2
All n =13

N
o
rOw0

!
| g i
*Theoretical ratio x = FCTVSMR 1.5)
30f for: P. Pseudo-elliptic

C. Chebishev

G. Gaussian

L. Levy A-Z
**Gaugsian response relative to
VSWR BW (0.01dB frequency)
cannot be fitted on this
curve. Rate of roll-off
is too slow vs. Af,
e.g. see various

Attenuation (Rejection) dB

rs
o

HIGHPASS
FILTERS

High performance in
a low cost coaxial
configuration.

—Capability—
Pseudo-elliptic n:15
Chebishev n:19
Butterworth n:21
Gaussian n:9
Levy A-Z n:23

Range: 100>2000 MHz
Power: >200W CW
Passband: >4 GHz

Superior Products by Design

CIRQTIEL

INCORPORATED

10504 Wheatley Street
Kensington, Maryland 20895
Telephone: (301) 946-1800
TWX: 710-828-0521
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Dear Sir:

There appears to be a minor typographical error in the article
“Negative Feedback Amplifiers” (May/June) 1984, Page 49,
Equation 4. The input impedance is stated to be:

Zin ¥ ﬁ\ = Vln
|In Vin (1+BA) RIn

whereas it should be inverted to read:

Zln i \ﬁ\ S Vln (1+BA) F‘In
IIn Vin

Thank you for an informative article and a fine magazine.

Joe Cataifamo

Lockheed Missles and Space Co.
Dept. 76-60 — Bidg. 579
Sunnyvale, CA 94086

Dear Sir:

‘A Prompting HP67 . . . " [rf designer’s notebook, July/August
1984] works great even though during transit between Siliconix
and Englewood we got a couple of different programs!

Let me offer some corrections/improvements to the existing
program offered in rf design that should help the reader under-
stand the algorithm.

drop line remarks/additions/etc.

048 We have the data in Register

058 Again, the data is in Register 2

060 Stupid! We never recall
Register E!

change line

063 From RCL B to RCL 4 (34 04)
064 From RCL D to RCL 2 (34 02)
077 From RCL D to RCL 2 (34 02)
088 From gR—+Pto CHS ( 42)

The ultimate results are the same; now one can ‘“‘read’’ the
program and it (hopefully) makes more sense!

Sincerely,

Ed Oxner

Siliconix Incorporated
2201 Laurelwood Rd.,
Santa Clara, CA 95054

r.f. design

CURTIS RFI FILTERS..

“We Build A
Better Noise Trap

| e
UL Recognized,
CSA/VDE
Approved RFI

Filters are 100% Tested for
Quality Spec Compliance.

&) CURTIS imovsrass, ivc



VOLTAGE

CONTROLLED
ATTENUATORS

[J phase stable over full attenuation range [! internal linearizer [J internal driver

[ T — P
= E‘:“%
Q <~ TYPICAL PERFORMANCE (AT 200 MHz)
1.6 — 60— =
1.5 |—50 a +5 -
w
ATTENUATION &
1.4 |—40|— W
a
7
1.3 }—30f— O =
2=
(o1
w
1.2 —20}— >
BB
3
1110+ o5
VSWR
1.04= g~ —
0 +1 +2 +3 +4 +5
CONTROL VOLTAGE

DAICO DESIGN BRIEFS:

The phase compensated volt-
age controlled attenuator provides a
linear 40dB analog attenuation with
a maximum VSWR of 1.25 over the
full range. The phase variation is
typically less than +3° at 200MHz.
Daico phase compensated VCAs are
designed and fabricated utilizing in
house thin-film technology in
accordance with MIL-STD-883B.
They are offered in frequency
ranges through 500MHz and in
connectorized packages or MIC con-
figurations for P.C. mounting.

Also offered are 2300 varieties of
MIC & Connectorized Solid-State
Switches, RF Relays, Delay Lines &
Step Attenuators from DC to 6GHz.

TYPICAL PERFORMANCE (AT 200 MHz)

I PHASE COMPENSATED IS

10 20 30 40
ATTENUATION (dB)

TYPICAL SPECIFICATIONS

frequency 150-250MHz

phase stability 10° max over
specified attenuation

attenuatlon range 40 dB min

linearity +2dB

insertion loss 4 dB max

VSWR 1.25 max

control Oto +5 volts

RF power + 15 dBm max

DC power + 15 volts @ 40 mA
- 15 volts @ 40 mA

impedance 50 ohms

size 1.5 x 2.0 x .61in

connectors SMA

part number 100C1575

DAICO INDUSTRIES, INC.

2351 East Del Amo Blvd., Compton, CA 90220
Telephone 213/631-1143 » TWX 910-346-6741

INFOICARD 7
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New 2018/19

Signal Generator
options test
Radar and Avionics

The Marconi 2018 and 2019 Signal Generators now offer cost effective

options for demanding applications. For test and maintenance of radar

systems, the pulse option offers better than 65 dB carrier on/off ratio at

70 MHz. And the wideband circuits allow fast pulse edges to be handled.
The 0.045% DDM performance of the avionics option meetsthe ILS

test requirements. For simulating VOR transmissions the A.M. circuits are

d.c. coupled for minimal phase shift.

Ground support equipment for radar, ILS, VOR and radio
communications up to 1040 MHz can now be characterised quickly and
cost effectively with only one signal generator.

The Avionics and pulse modulation are just 2 of a series of 4 options
now available for the Marconi 2018 and 2019 signal generators. All their
successful features of course are retained; the 50 settings available for
instant recall, simple keyboard operation, and the ease of maintenance
and straight forward calibration. All these features and many more, are
available manually, or automatically with the addition of the GPIB
interface.

These Marconi Signal Generators can now be configured for your
application. They combine outstanding value with superb performance
and high accuracy. Look at your options and choose Marconi.

Write or call for details today.

= =S - s e e — - :
ARCONI INSTRUMENTS 15-1040MHz avionics signal generator 2019
CARRIER FREQUENCY 3 MODULATION T RF LEVEL
g o 'mganm “ an. ’ _ﬁl‘la 2
{ 334788800 u’ Uy e

RF QUTPUT 500

U.S.: 100 Stonehurst Ct., Northvale, N.J. 07647 (201) 767-7250 (East] ® (714) 895-7182 (West) marconl

U.K.: Longacres, St. Albans, Herts AL4 OJN Country Code 44 (0727) 59292. TELEX 23350
FRANCE: (1) 687-36 25 ® W. GERMANY: (089) 845085 ® CANADA: 514-341-7630 'nStruments

INFO/CARD 8




+12v

DOWNSTREAM MODEM

a7
"1— 100 pF >0C0
ELC
) g SQUELCH W
@ x\ 27K
12V e
WAL 15K
o0 <rG>J \ 2K
47K T 001 18K | INNOUT TERMINAL
—i= —l f% —-vw% CONN. PIN #'S
150 9F$ 7K n 33K 100 pF =L |
= 1 T
20 19 8 17 18 15 " 13 12 ]11
FSK RECEIVER RFIN __GND _ DATA COMP+ COMP- CAA DET SQ CONT DEMOD DEMOD  QUAD
out ouT  FILTER
=214
MH2 |===-q
|
1 1 |
! l
MC3356 23RS |
T uA
et e
RAF osc  osc X Quao
GND  EM COL MXOSC 8+ OUT  LFB+ LIMIN LIMBIAS LIMBIAS BIAS
1 e 2 3 4 s ) 7 ey o 0
001 3
o1 . 330
2703 L 34688 =7 i |
“Nlr 4 | BEAD 40 ut
(L ) g } 00 pF =21
1 '
150pF S6PF| {70 22 i g 4.0
MHz
Tuh t22un
o g 'K
BEAD | a0 47 560 %
5V [ e L.
14 g FSK TRANSMITTER g
) TP
A 47
g 14 1
Vec? Vel TANK |
62 °T 3
AAA— MC 8
I Qe "
100 47 pF
oUTauT LEVEL g VEg!  Veg? AGC Bias | DEVIATION
, J; _E
7
FIG 3-2 (B)

12

September/October



RF Modems — Part |

Part | provides an introduction to the subject of RF modems
and covers designs for single channel units.

By John Hatchett and Bill Howell
Motorola Semiconductor Products Sector
Phoenix, AZ

F modems provide a means of

relaying digital data between two
locations by modulating/demodulating a
carrier signal. In this sense they are like
more common modems that interface to
telephone networks. For telephone line
modems, however, the carrier signal fre-
quency lies within the audio range (<3
kHz) while for RF modems the carrier
signal falls in the RF spectrum and is
typically transmitted via the airways or a
broadband coaxial cable similar to that
used in CATV networks. RF modem car-
rier frequencies to over 400 MHz are
practical for cable systems and operation
to over 100 MHz is quite common. RF
modems offer high data rates and the
simultaneous use of many channeis (one
per RF carrier employed) and are fre-
quently used in distribution systems and
CATV networks.

The maximum data rate and number of
operating channels required of an RF
modem varies with the application. In
some cases a single channel (or a trans-
mit/receive channel pair) is sufficient. In
other applications a multi-channel
modem is required. The term “frequency
agile’’ is used to describe modems that
can be programmed to operate on various
channels or carrier frequencies. In addi-
tion to being a key cost determining fac-
tor, the data rate also establishes band-
width requirements for each RF channel
and thus sets the maximum number of
channels possible within a given system
bandwidth. For example, 6 MHz of sys-
tem bandwidth might be used to accom-

r.f. design

modate approximately 20 to 60 low data
rate (64 Kbit) channels or two high data
rate (approximately 1.5 to 2.5 Mbit)
channels.

The Basics

The major functions of a frequency
agile RF modem and its associated digital
interface are given in Figure 1 along with
ICs (also see Inset) useful for their im-
plementation. The digital interface pro-
vides the necessary system control and
data processing but is normally not con-
sidered as part of the RF modem itself.

The modem in Figure 1 can be pro-
grammed to operate on one of many RF
channels via the channel code provided
to the channel control function. This is ac-
complished by making the channel con-
trol function a phase-locked-loop (PLL)
RF frequency synthesizer. A synthesizer
controls both the transmitter’s RF output
signal frequency and the receiver’s local
oscillator or mixer injection signal fre-
quency. The local oscillator signal dic-
tates what RF channel the receiver will
respond to. Depending on the degree of
transmitter/receiver channel flexibility re-
quired, one or two PLL synthesizers may
make up the channel control function.
Also, in some design approaches, the
data to be transmitted (Ty data) may also
be applied to the program input of the
PLL that is controlling the transmit chan-
nel frequency (dashed connection in
Figure 1).

Non frequency agile modems are in-

tended for operation on only one RF
channel (or in some instances perhaps
two or three channels at the most) and the
frequency synthesizer channel control
function is not required. Instead, crystal
or ceramic resonator controlled oscillators
are used to set up the operating channel
frequency. A different resonating ele-
ment/oscillator must be provided if one
wishes to cause the modem to operate on
another channel. This can be accom-
plished by physically changing the ap-
propriate circuit elements or by electri-
cally selecting between channel elements
that are provided in a multiple fashion
within the modem itself. A single channel
modem can be produced for less cost
than a frequency agile modem but this
cost differential diminishes rapidly as the
number of operating channels is in-
creased.

System and Cost
Trade-offs

The most important RF modem char-
acteristics to be considered are:
e Number of channels.
¢ Maximum data rate.
* Channel frequency values/frequency
range.
e Paired or independent transmit/
receive channel frequencies.
e Transmit/receive frequency offset
value.
All of the above must be traded-off
against modem cost and suitability for a
particular application.
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The number of channels the modem is
capable of being programmed to operate
on dictates if a phase-locked-loop (PLL)
frequency synthesizer must be incor-
porated in the design. No synthesizer is
needed for single channel operation while
greater than three channels will normally
require a synthesized approach. Two and
three channels units fall into the “‘gray”’
area. However, even if not required for
channel generation, a PLL may some-
times still be incorporated as the method
of generating an FSK modulated carrier
for transmission. With the advent of
economical LS| PLL ICs and low cost
prescaler devices, the use of one or more
PLLs does not necessarily mean the
modem will be overly expensive.

Although system requirements may
dictate a multi-channel modem, cost
trade-offs still exsit since the transmitter
and receiver can be designed so that
channel control is available to each one
independently (fully frequency agile) or so
that the transmitter and receiver are con-
trolled together with a fixed frequency off-
set between their respective channels
(paired channel operation). For paired
channel designs, the choice of transmit/
receive offset will impact cost.

The number of operating channels
alone does not, however, tell the whole
story. One 'X'* channel modem may be
significantly more complicated than
another “X’’ channel modem — the ac-
tual frequency values involved and also
the frequency spread or bandwidth over
which the modem must perform can be
of equal or greater importance is setting
cost. Closely related to these issues is the
modem’s maximum data rate specifica-
tion. Higher channel data rates require
greater bandwidth per channel and thus
a wider total frequency range for a given
number of channels. It is worth noting
that, for a given total system bandwidth,
a small number of high data rate chan-
nels will give greater total data output
than a large number of lower rate chan-
nels. This is because a portion of the
system bandwidth must always be de-
voted to guardbands between adjacent
channels. This portion of bandwidth
becomes greater, of course, as the num-
ber of channels increases. In addition to
increased bandwidth requirements per
channel, higher data rate signals also
tend to be more difficult and expensive
to generate and to receive.

The wider bandwidth requirement im-
posed upon the modem’s receiver by
higher data rates can affect the choice of
frequency for the receiver’s IF. Relation-
ships exist between the IF filter’s pass-
band and center frequency that must be
adhered to. Also, the receiver’s |F value
and all signal frequencies present at the
receiver’s input (both desired and un-
desired) set the location and severity of
receiver spurious responses and the
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degree of receiver front end filtering that

will be necessary for adequate perfor-

mance.

Although the above trade-offs must be
dealt with, the application will usually fix
many of the key items such as maximum
data rate, channel frequencies, and
number of channels. This makes it easier 9
zero in”’ on the remaining consid-

to
erati

In general, one may summarize as

ons.

follows:

* |owest cost units can support data
rates up to approximately 200 Kbits e
per second. This breakpoint is set by
the bandwidth limit if available low cost

FM broadcast receiver IF filters.

¢ For lowest cost, receive channel fre-

quencies should be less than approx-

imately 150 MHz and receiver IF value

be

used.

less than approximately 30 MHz.
These breakpoints allow economical
data receiver ICs such as MC3356 to

Modem cost can be expected to rise
as the bandwidth over which the

modem’s RF channels fall increases.
* Other things being equal, a lowest to

highest cost progression can be ex-

pected for single channel, frequency
agile paired channels and fully fre-

quency agile modems, respectively.
A substantial portion of the increased
cost for wider bandwidth and higher
frequency can be attributed to the fil-

ters and crystals required rather than

the semiconductor content.
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As one would expect, cost of the digital
interface functions is also substantially in-
fluenced by the data rate (T, data and
Ry data speeds). Other parameters
being equal, some of the cost breakpoints
for these functions can be estimated to
be at about 10 Kbps (low cost MCUs such
as the MC6852). Actually, the capablllty
level and therefore cost of the digital in-
terface circuitry is frequently dictated by
system needs other than those of the RF
modems. It is thus usually best not to in-
clude this cost factor as part of the
modem’s cost when arriving at modem
performance/cost trade-offs.

Modulation Approaches

RF modem designs can employ any
one (or variations thereof) of the three
modulation methods: Amplitude Modula-
tion (AM), Phase Modulation (PM), and
Frequency Modulation (FM).

AM receivers or demodulators are sus-
ceptible to errors from impulse noise
which is prevalent in digital systems. FM
and PM are rather impulse noise immune
once the receiver signal is great enough
to cause IF limiting to occur. Phase
modulation requires a somewhat complex
receiver/demodulator to recover the data.
Being complex, it is not as cost-effective
as a frequency modulated system.

Even though FM may require slightly
wider bandwidths than correspondmg AM
or PM system, it is employed in many ap-
plications because it is more effective
than AM in combatting noise and inter-

r.f. design

ference and more cost-effective than a
corresponding PM system.

A simple form of frequency modulation
occurs when the modulating signal is a
binary serial data stream. The frequency
of the carrier is made to shift between two
values, one occurring when the data is
high and the other when the data is low.
Such a binary FM system is referred to
as a frequency-shift-keyed (FSK) system.

After considering cost, bandwidth re-
quirements, impulse noise susceptibility,
and the availability of proper transmitter
and receiver parts, FSK modulation was
selected for the RF modem designs de-
scribed in the following sections.

FSK Transmitters

Four means of generating RF carrier
signals for FSK transmission are:

* L/C Oscillator — The simplest but
typically can be used only when a
small number of channels are required
and when the channel bandwidth allo-
cation is great enough to allow the fre-
quency deviation to be a large percen-
tage of the carrier frequency. This
allows for proper data recovery even
though the carrier’s center frequency
is not extremely stable. The single
channel modems described in Figures
2 and 3 employ this approach.

Ceramic Resonator Stabilized
Oscillator — Can be used for system
requiring more frequency stability than
is possible with the L/C oscillator
method. A greater limit on the amount

of frequency deviation than can be
achieved is also imposed. An exam-
ple of this approach will be presented
in Part II.

Crystal Oscillator Followed by a Digital
Counter — The data to be transmitted
causes the counter to divide the oscil-
lator’s frequency by one of two possi-
ble values when the data is a logic
*high” and by the other value when
the data is a logic “‘low.” The single
channel modem in Figure 5 uses this
technique and employs a +10/+11
dual-modulus prescaler for the counter
function. This approach can provide a
very accurate and stable FSK signal.
However, it also has its limitations
since the data rate, frequency devia-
tion, counter divide values and the
oscillator's frequency are all inter-
related. This results in both upper and
lower limits on maximum data rates
and transmitter carrier frequencies
that can be achieved with practical
oscillator values.

Novel Phase-Locked-Loop (PLL) ap-
proach — Provides a way of achiev-
ing a high degree of flexibility while still
maintaining frequency stability. Both
the loop’s VCO and progammable
counter in the feedback path are
modified by the data to be transmitted,
This technique allows frequency mod-
ulation of the loop VCO with non-sym-
metrical binary waveforms and is thus
capable of processing NRZ data with-
out and baseband encoding. This
method will also be explored in Part Il.
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Non Frequency
Agile Modems

The designation “non frequency agile”
describes modems that operate on only
a single RF channel (or a transmit/receive
channel pair). To cause this type of
modem to operate on a different RF chan-
nel usually requires physically changing
certain frequency controlling elements,
e.g. the crystal(s). However, it is some-
times economical to consider a ‘““single
channel’’ design for operation on two or
poerhaps three channel pairs. This can
be accomplished by adding the neces-
sary frequency establishing elements for
each channel to the modem and switch-
ing them in/out as appropriate by:

» Physically changing the appropriate
circuit elements that control fre-
quency.

e Electrically selecting between the fre-
quency establishing circuit elements.
This requires that all the appropriate
elements be contained within the
modem for each operating channel
and that a means of selection be
provided.

At a minimum, either of the above
methods will require changing to one or
more new crystals or other resonating
elements for each additional channe! of
operation. In the case of switching elec-
tronically, switches exhibiting large on/off
impedance ratios are required. With
either approach, care must be taken dur-
ing the modem design to use circuit
techniques that are sufficiently broad-
band to allow operation over the intended
RF range. This becomes difficult and im-
practical for wide frequency changes.
However, for two or three channels (or
transmit/receive channel pairs) that are
closely spaced, either of the above ap-
proaches should be considered. For a
greater number of operating channels or
channels that are widely separated in fre-
quency, a frequency synthesizer design
approach should be employed.

Single Channel, 250
Kbps, CATV
Modem Pairs

The terms ‘‘upstream’’ and
“downstream’’ are frequently used in
relation to CATV networks. They are also
applied to modems used in these net-
works. An ‘‘upstream’’ modem resides at
a subscriber’s locations and a ‘‘down-
stream’’ modem is part of the headend
equipment. CATV system requirements
generally dictate that upstream modems
transmit on frequencies below 30 MHz
and receive on frequencies greater than
54 MHz. A typical receive channel fre-
quency will fall in the vicinity of 100 to 120
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MHz. The downstream modem transmits/
receives on the exact opposite frequen-
cies i.e. the receive/transmit frequencies
of the upstream modem.

The modem described in Figure 2 can
be considered an upstream modem and
the design in Figure 3 a downstream
modem. Their characteristics are sum-
marized in Table 1. Both modems repre-
sent low cost designs capable of transmit-
ting/receiving up to 250 Kbits per second
of FSK data. Primarily, each of the
modems requires only two ICs — the
MC3356 data receiver and either the
MC1376 (upstream modem) or the
MC1648 (downstream modem) for use as
the FSK transmitter. The LS devices in-
dicated are essentially used for recover-
ing a clock from the received data — a
feature that can be considered separate
from the RF modem itself. The upstream
modem is described as having a transmit
center frequency of 13.288 MHz and a
receive center frequency of 100.000 MHz.
The downstream modem operates on just
the opposite frequency pair, Both mod-
ems employ 21.4 MHz for their receiver
IF. Other frequency choices, within limits
of the ICs, can also be employed using
the same design approach.

Both the upstream and downstream
modems employ similar sections using
MC3356 with a discrete 3N201 RF front
end gain stage tuned to the frequency of
interest. The IF filters for the receivers
(MC3356 pins 5, 7) are implemented
using LC components. One may wish to
use ceramic or SAW filters for these func-
tions to improve band shaping and sys-
tem signal to noise performance. Both
receiver local oscillators (MC3356 pins 2,
3) are crystal controlled and require no
adjustments. Neither transmitter, how-
ever, is crystal controlled. This is only ac-

r.f. design

IC’S USEFUL IN RF MODEM DESIGN

Receiver

* The MC3356 is a wideband FM receiver designed for use in digital data communications equipment.
It includes an oscillator, mixer, limiting IF amplifier, quadrature detector, squelch, and data shaper com-
parator and is useful for RF inputs to over 150 MHz and IF value to approximately 30 MHz. Its -3 dB
limiting sensitivity at 100 MHz is 30 uVrms (20 pin DIP).

¢ The MC13010 TV parallel sound IF includes a preamplifier, IF amplifier useful to over 80 MHz,
quadrature AFT (automatic fine tuning) detector, and AGC outputs. The AFT output can be used to drive
external data shaping circuits to provide the modem'’s received data output. The 13010 can be used when
system requirements force the receiver's |F value to exceed the MC3356's capability (18 pin DIP).

Transmitter

* The MC1374 RF modulator includes an FM audio modulator, low and high frequency RF oscillators
and a dual input RF modulator which can also serve as a doubly balanced mixer. The low frequency
oscillator Is useful to over 14 MHz and the high frequency oscillator and mixer to over 100 MHz.

In a typical RF modem application, the FM modulator and low frequency oscillator are used to form
an FSK signal which is frequency converted in the mixer by adding/subtracting the two oscillator signals.
The high frequency osclllator can serve as a VCO with the action of an external varactor diode (14 pin DIP).

¢ The MC1376 FM modulator includes the FM audio modulator and low frequency oscillator functions
of the MC1374 described above (8 pin DIP).

* The MC1496 balanced modulator-demodulator can also serve as a doubly balanced mixer. Useful
to over 100 MHz (14 pin DIP, 10 pin metal can).

* The MC1648 voltage controlled oscillator is a low noise design and includes an output butfer. Its
frequency is determined by an external tank circuit which includes a varactor diode. The device is useful
to over 200 MHz (14 pin DIP).

¢ The MC12002 double balanced mixer includes an input buffer amplifier and temperature compen-
sated bias regulator. It Is useful to over 400 MHz (14 pin DIP).

Channel Control

* The MC145145 thru 58 LS| CMOS PLL frequency synthesizer family consists of eight members.
Each includes a crystal reference oscillator, reference frequency divider, digital phase detector and at
least one programmable counter as well as other functions. Depending on the device, the reference divider
Is either fully programmable or provides elght preselected values.

All devices are specified for 15 MHz min. over -40°C to +85°C at 5 V.- Higher speeds are possible
for higher supply voitages (to 10 volts maximum). Five of the devices are configured to control an exter-
nal dual modulus prescaler which can extend their programmable counter capabilities to 1 GHz. The
other five are intended for use without a prescaler or with a fixed value (single modulus) prescaler.

Three methods of programming are available: Four data bits combined with three address bits; a clocked,
serial data stream; or fully parallel (14 or 16 bits). Package sizes range from 16 to 24 pins.

* Single modulus prescalers:

¢ Dual modulus prescalers:

Divide Typlcal Max.  Pkg. Divide Typical Max. Pkg.

Device Values Freq. (MHz) Pins Device Values Freq. (MHz) Pins
MC3396 20 200 8 MC3393 15/16 140 8
MC12023 64 225 8 MC12009  5/6 500 16
MC12071 64,256 300, 950 14 MC12011 8/9 550 16
MC12073 64 1100 8 MC12013 10/11 600 16
MC12074 256 1100 8 MC12015  32/33 225 8
MC12016  40/41 225 8

MC12017  64/65 225 8

MC12018 128/129 520 8

MC12019  20/21 225 8

MC12022 128/129 1000 8

17




TABLE 1
SUMMARY OF CHARACTERISTICS FOR THE
RF MODEMS DESCRIBED IN FIGURES 2 AND 3
Type: Single channel General
Maximum
Data Rate: 250 Kbits/second (NRZ. other)
Modulation: FSK
Frequency
Deviation: 500 KHz (adjustable)
Transmitter Type:
RF Output: 0 to 35 dBmV (adjustable) ’
Input/Output Maximum Data Rate:
Impedance: 75 ohms nominal {in band) Modulation:
Clock: 250 KHz, synchronized on edges of received data. Positive Frequency Deviation:
going clock edges give timing for data sampling. ‘
Receiver IF: 21.4 MHz Transmitter RF Output:
gt Upstream Modem (Figure 2) ’"ﬁ“mtg‘;:’r:‘ée:
Power: +5V,. {terminal 5); +12V__ (terminal 16); GND (terminal 4)
RTS: Low enables, high disables transmitter (terminal 13)
T Data: Serlal data to FSK transmitter (terminal 11)
RE Input: Receiver input (F connector); data high = 100.250 MHz, Receiver Mixer
data low = 99.750 MHz Injection:
Outputs Crystal:
RF Output: Transmitter output (F connector); data high = 13.538 MHz,
data low = 13,038 MHz Receiver Spurs:
DCD: Data carrier detect — High in the presence of a received
carrier (terminal 2) Power:
R, Data: Received data — Demodulation of received FSK RF input 3
signal (terminal 12) T, Data:
R CLK: 250 KHz receive clock described above (terminals 6 and 7) RTS:
Inputs Downstream Modem (Figure 3)
Power: Same as above
RTS: Now used — transmitter always enabled when power is RF Input:
supplied
T Data: Same as above
RE Input: Like above except data high = 13.538 MHz, data
low = 13.038 MHz RF Qutput:
Outputs
RF Output: Like above except data high = 100.250 MHz,
data low = 99.750 MHz DCD:
DCD: Same as above
R, Data: Same as above R data:
R CLK: Same as above aaaia:

TABLE 2

SUMMARY OF CHARACTERISTICS FOR THE
RF MODEM DESCRIBED IN FIGURE 5

General

Single channel

1.5 Kbits/second (NRZ, other)
FSK

1.2 MHz

0 to 35 dBmV (ad]ustable)}

75 ohms nominal (in band)}
30.0 MHz center, -3 dB BW = 1.5 MHz — Bolth set
by SAW filter (Toshiba SBF0302)

High side, 132.0 MHz

Overtone, 132.0 MHz

image = 162 MHz, Half IF = 117 and 147 MHz

Inputs

+5V, ., +12V_, GND

Serial data to FSK transmitter

Ready to send signal — High enables, low disables

transmitter

Input for FSK receiver: data high =102.6 MHz,

data low ? 101.4 MHz

Outputs

Transmitter output: data high = 13.2 MHz,

data low = 12.0 MHz

Data carrier detect — High in the presence of a
received carrier

RF input signai

ceptable when proper shifts in carrier fre-
quency are used in representing the digi-
tal data and when adequate system band-
width and receiver IF bandwidth allow-
ances are made to accommodate the
potential frequency inaccuracies. In
general, crystal or ceramic resonator con-
trolled transmitter designs should be
employed.

The clock circuitry generates a 250 kHz
clock from the received data. It is syn-
chronized on transitions of the incoming
received data as shown by the waveforms
in Figure 4. An appropriate data sample
time is established by the clock’s positive
going edges.

Single Channel,
1.5 Mbps, Modem

The 1.5 Mbit RF modem illustrated in
Figure 5 needs only two ICs and four
discrete gain stages. The design receives
and transmits on center frequencies of
102 MHz (CATV channel A-3) and 12.6
MHz respectively. Additional perfor-
mance and operation characteristics are
given in Table 2.

Both the modem's receiver and trans-
mitter are crystal controlled by a single
oscillator located in the MC3356 data
receiver IC. The FSK transmit signal is
achieved by dividing this oscillator’s fre-
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quency by either ten (Ty data line high)
or by eleven (Ty data line low). Proper
division is accomplished by the MC12013
dual-modulus IC. The same oscillator pro-
vides the injection signal for the receiver’s
mixer which converts the incoming RF to
the receiver's IF passband. The mixer
and IF functions as well as the limiter,
FSK demodutator and data shaping cir-
cuits are also contained in the MC3356.
The receiver 30 MHz IF frequency
allows the use of a standard SAW filter
which has reasonably optimum band-
width to support a 1.5 Mbit data rate.
However, 30 MHz is somewhat higher
and the filter insertion loss greater than
desired for the MC3356 and therefore ad-
ditional IF gain is provided external to the
IC by the MPS6518 stage (MC3356 pin 5).
The transmitter’s RF output amplifier
can be implemented using a discrete
design as shown in Figure 5b or with a
broadband hybrid amplifier gain block
such as the MWA120 which is packaged
in a three terminal metal can. RF
transmission is inhibited by taking the
RTS input line low. This renders both the
transmitter’s output amplifier and 3N201
input buffer amplifier inactive.
Part Il to be included in the next issue
(Nov/Dec 84) will cover multiple chan-
nel (frequency agile) RF modem
designs.
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awarded one patent and has two
patents pending.
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FROM GENERAL MICROWAVE INCLUDE:

HIGH SPEED
DIGITALLY
CONTROLLED
ATTENUATORS

HIGH SPEED
SWITCHES

POWER _
' =11 !

\ |

)
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At General Microwave, we have
designed and built a variety of
complex MIC Assemblies that
have successfully satisfied the
requirements of major military
programs (RAPPORT Il
PERSHING I, F-15, F-16, ASPJ,
ALQ-117, ALQ-119, ALQ-172
and many others). These super
components have helped
system designers meet critical
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performance, size/weight and
reliability requirements.

For complete details, write or call
General Microwave Corporation,
155 Marine Street, Farmingdale,
N.Y. 11735, Tel: 516-694-3600.
TWX: 510-224-6406.

GENERAL '

MICROWAVE |
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How to avoid

in Washington. It's called FCC
Docket 20780. And the Cannon®
Shielded/Shrouded D Series of
subminiature connectors helps
manufacturers meet all its stringent
EMI/RFI requirements.

Our shield is crimped to the
cable to maximize shielding effec-
tiveness and provide a low-
impedance path to the ground.

The shroud/plastic backshell
protects the equipment from ESD
(Electro Static Discharge) and iso-
lates the user from ground poten-
tials. Plastic strain-relief members
are provided. The center-latched
version is available in configurations
of 15, 25 and 37 contacts.

Cannon's quality D Submini-
ature Transverse Monolith Filter
connectors reduce EMI/RFI noise.

The addition of the transverse
monolith filter expands the overall
shielding versatility of the D Submini-
ature without adding to the overall
dimensions of the connectors. These
Cannon connectors are available in
upto37 positions, witha widerange of
capacitances and cutoff frequencies.

N«

aptul Punishment.

Now there's a code of silence Silence FCC Docket 20780
with D Series subminiature

connectors.

The Shielded/Shrouded D and
Transverse Monolith Filter Series
connectors from [TT Cannon. The
best way to give FCC Docket
20780 the silent treatment.

So call Cannon. You'll get more
than great connectors. You'll benefit
from our expanded R&D program —
Response and Delivery.

For more information on Trans-
verse Monolith Filter Connectors,
contact Phoenix Division,

ITT Cannon, 2801 Air Lane,
Phoenix, AZ 85034. Telephone:
(602) 275-4792. Or for more
information on the D Subminiature
Shielded/Shrouded D Series,
contact Commercial Interconnect
Products, [TT Cannon, a Division
of ITT Corporation, 10550 Talbert
Avenue, Fountain Valley, CA 92708.
Telephone: (714) 964-7400. For the
local sales office nearest you, call
toll-free: (800) 845-7000.

cannon ITT

The Global Connection
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Programmable Attenuators

50P-136

Single Supply Programmable
TTL Control Logic

20-400 MHz  0-30 DB Continuously Variable

0-127 dB in 1 dB steps
$ 450.00 (1-9 qty.)

50P-076
Wideband Programmable
DC-1000 MHz

50AP-002
Analog Programmabie
10-500 MHz

$ 90.00 (1-9 qty.)

50AP-008

PCB Mount

Analog Programmable
50-500 MHz

0-127 dB in 1 dB steps  0-40 DB Continously Variable

$ 360.00 (1- qty.)

JFW Industries, Inc.

2719 E. Troy Avenue
Indianapolis, Indiana 46203
(317) 783-9875
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Many of today’s complex instrumentation systems
depend on programmable frequency synthesizers.
Varian Instrument Division, Palo Alto, is using
PTS 160 and PTS 200 low noise sources in their
state-of-the-art-products.

The reliability record established by these
synthesizers over the years has been outstanding.

If you need VHF-UHF Synthesizers for precision
frequency control in your system or lab,
follow the leaders, specify PTS with confidence.

FREQUENCY SYNTHESIZER MODELS
= 0 MHz, 160 MHz, 200 MHz, 500 MHz

-

Z,DD

)I(
P

PROGRAMMED TEST SOURCES, INC. Littleton, MA, 617-486-3008

INFO/CARD 13
I




oy — - - - —— ——

Finally.
Telemetry products that

aren’t hand-me-downs.

Repco designs RF Links products
specifically for monitor and data
transmission applications.

' Most RF Links products available to the
Telemetry market were modifications of two-
way radios. Then they were adapted as
telemetry products, possibly with some conces-
sions in quality and compromises in function.

Repco thinks you deserve better

We design products exclusively for your data
transmission and monitoring needs. We offer
design and engineering services. And, we have
a dealer network to support your RF needs in
over 700 locations throughout
North America.

These days, with the cost of
wireline data transmission
rapidly escalating, a lot of

people are tuming to wireless for
a wide range of applications.

We'll send you our free Applica-
tions Manual. It'll give you the speci-
fics on the kinds of products avail-
able and show you how RF Links and
low cost modems will work for you.

For further information call or write: Bob Lowvell,
Repco Incorporated, 2421 North Orange Blossom
Trail, Orlando, Florida 32804, (305) 843-8484
TELEX 56-6536
Repco. The one resource you can depend upon for
telemetry products that were designed to be
telemetry products.

rmo Distnbuted in Canada by Repco Radio Canada,
=/ Ltd. 1750 Plummer St , Unit 20 Pickering, Ontario,
Canada L1W3L7, (416) 839-5911
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What Good Are Good Electricals
If They Don’t Stay That Way?

INSULATION RESISTANCE

35°C, 95% R.H.

This test lllustrates the results obtsined using specific sampies of one manufacturer's FR-4, Tests using other
FR-4 samples may produce varying results. We suggest running your own long-term insulation resistance tests.




Actual curves for SO0 MHz.
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Real product available now.

Everyone has promised you every-
thing to build 800 MHz cellular systems.

Power amps. GaAsFETs. Base
station modules. Etc.

Most still promise. 800 MHz semi-
conductors are easier said than done.

The difference is. Motorola tech-
nology has done it. Designed. proto-
typed. tested. packaged. produced and
delivered a complete lineup of 800 MHz
devices covering virtually all design
needs. Today. Now.

We not only have the devices, specs
and curves you need for your designs.
but at least two years lead time over
any other catchup source in applying
difficult technologies to this new era
in communications.

All you have to do is pick the one
you want.

9 Mobile/base station discretes.

Fine-line, multiple-cell geometries.
input matching for broadband capa-
bility. silicon-nitride, gold-metallization
and a package developed specifically
for 800 MHz characterize this Motorola
competence from 3 to 40 W.

The Motorola-developed, CQ package
gets you closer to the die. This tech-
nique cuts lead-to-die distance and
inductance by 50% and is universally-
applicable over the entire 806-947
MHz range. No need for individual
narrow-band parts.

Most are common-base construction
for higher gain. all are 100% load-
mismatch tested to appropriate VSWR
specs —a standard Motorola procedure:

And gain ratings are best in the
industry.

Easy, time-saving 2- and 3-stage
modules.

They do the same thing as discretes.
but what an advantage in convenience
and performance!

The 7.5 W, MHW808/808A Class C
family offers 50 Q input/output imped-
ance, all biasing and matching net-
works. reliable. high-quality, thin film
construction and automatic gain con-
trol over 35 dB.a "must” in 800 MHz.
Typical gain ranges from 23 to 25 dB
with efficiency specing out at 35%.

Ideal for handhelds. they're stable.

consistent performers that save count-

less design hours.

MHW820 modules provide rugged.
18/20 W Pg,,¢ for conventional and
trunking applications.

GaAs and silicon versatility.

We've got both for front ends. mixers
and oscillators.

Where sensitivity to weak inputs is
desired. the MRF966/967 dual-gate.
1 GHz FET operates at 1.2 dB NF and
18 dB gain. typical. AGC-able from DC

gate bias (you can't do it with a bipolar)
it furnishes 50 mA IDSS for strong
signal capability.

Fine-line. fon-implanted. MRF571-73
bipolars offer 12 dB gain. 1.5 dB NF at
a gigahertz and very economical prices.

...and 500 more types.

Choose from hundreds of power
and small signal RF transistors and

|

hybrid amplifiers for avionics. CATV.
microwave. land-mobile. instrumen-
tation and military designs from
Motorola. Aline that's constantly
improving and moving towards real
solutions in communications semi-
conductors for today's designs.
Write Motorola Semiconductor
Products. Inc.. PO. Box 20912.
Phoenix. AZ 85036 for a new Selector
Cross-Reference Guide.

TOTAL RF CAPABILITY
LOW POWER DISCRETE LINEAR MODULES
120 standard parts 60 standard parts
700 special parts ac) 260 special parts
Commercial. Hi Rel 2 Gains to 34 dB
i Si. GaAs = NF 10 5dB
= NPN . PNP @
% NF (0 1 dB@ I GHz 5
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Electromagnetic Compatibility
Testing from 20 Hz to 18 GHz

w-- -

,P)”’

K e T
.

. 5 e L. g
Electro-Metrics CCS-750 computer-controlled system e . 5
provides faster, more comprehensive EMC measure- T b Y25
ment and offers the flexibility to handle virtually U 20 Hz to 18 GHZ";O. GHz frequency coverage Py
any application. The system includes a desk-top O Automatic calibration for improved accuracy

computer system, a Digital Interface Unit and three O Automatic antenna selection

EMI receivers to cover a frequency range of 20 Hz to O Control of all test parameters

18 GHz (expandable to 40 GHz!). O Reduced data tabulation time

O EMI emissions and susceptibility tests
per FCC:/VDE/CISPR and Mil-Std 461/462
requirements

The CCS-750 system displays signal strength vs.
frequency directly, with automatic correction for
antenna factors and RF attenuation. And all data can
be stored for later use. An IEEE-488 Interface Bus
controls signal sources as well as all other test Automate your emissions and susceptibility testing
parameters, and facilitates integration with other with Electro-Melrics complete CCS-750 system. Call
automated equipment. or wrile loday for more information.

100 Church Street = e e = ]

Amsterdam, New York 12010 Tel.: (518) 843-2600

TWX: 710-446-4798
A PENRIL COMPANY
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Synthesis of FM Signals

Signal generators are widely used to simulate communications
signals. Use a variable-frequency phase-locked loop instead of a

synthesis FM oscillator.

By Marcus da Silva
Hewlett-Packard Company
Spokane, Washington

he evolution in the uses for the RF frequency spectrum has

so transformed test equipment requirements that the sim-
ple tunable oscillators of a few years ago have become the com-
lex synthesized signal generators of today. Among many other
applications, signal generators are widely used to simulate com-
munications signals. This requires them to have versatile and
accurate modulation capabilities and wide frequency range along
with ever increasing levels of frequency accuracy, stability and
spectral purity.

Test equipment manufacturers have turned to frequency syn-
thesis, typically using phase-locked loops, to achieve accuracy
and stability in their RF signal generators. Phase-locked-loops,
however, place some limitations on any type of angle modula-
tion (phase or frequency). These limitations are normally over-
come using a separate FM generator, usually a narrow-range
voltage controlled oscillator (VCO) whose modulated signal is
translated to the output frequency.

An alternate approach, used in the HP 8656B Signal
Generator, synthesizes FM signals by controlling phase inside
a variable-frequency phase-locked loop. This method eliminates
the need for a separate FM oscillator while providing
unprecedented FM performance. The synthesizer remains
locked while in FM mode, retaining its inherent accuracy and
stability.

The HP 8656B uses this scheme in a fractional-N phase-
locked loop?. This implementation provides DC-coupled FM with
drift rates of less than 10 Hz per hour and an initial offset of less
than 500 Hz. It also allows AC coupled FM with a lower 3-dB
frequency of less than one Hertz and a modulation index of 4000.
Also, the loop bandwidth remains unchanged in FM mode, main-
taining excellent phase noise and stability2. Low-drift DC FM is
necessary for low-rate digital FM such as the unsqguelching

r.f. design

signals used in mobile radios or signaling codes used in modern
pocket pagers. It can also be used as a general purpose VCO.
AC coupled FM is needed in any application where the center
frequency needs synthesized accuracy.

This article describes the theory and techniques used in
implementing such an FM synthesis system. Some phase-locked
loop basics are included as well as pertinent block diagrams.

Frequency (FM) and
Phase (PM) Modulation

Frequency is the time derivative of phase. The same relation-
ship holds for FM and PM3. For sinusoidal modulation,

f(t) = Afg cos wpt ]
where {(t) is the instantaneous frequency deviation and Afgy is
the peak frequency deviation.

$t) = S 2n f(t) dt

$(t) = 2n Afy sin wpt , and

Wm

$(t) = Afy Sin wpt = fsin wpt ’

fm
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where ¢(t) is the instantaneous phase deviation, and f,, is the
modulation rate.

Eq. 1 desribes the instantaneous frequency deviation. When
Eq.1 is integrated, it yields the instantaneous phase deviation
shown in Eq. 2. the quantity g is called the modulation index.
It is equivalent to the peak phase deviation and is measured in
radians. If instead of a sinusoid the modulating signal is a DC
level, the frequency is offest by a fixed amount. The phase devia-
tion is then the integral of the frequency deviation and increases
linearly with time. This point is illustrated by the following
example:

Example

Consider two 10 MHz signals initially in phase. If one of the
signals is DC frequency modulated with a deviation of 1 kHz,
it will be a single tone at 10.001 MHz. Their frequency difference
is 1 kHz as shown in Figure 1a. The phase difference between
the two signals is a ramp that increases at a rate of 1000 cycles
per second or 2000 n radian/sec. as shown in Figure 1b.

From Eg. 2 it follows that for sinusoidal FM with constant peak
deviation the modulation index, 8 increases as the modulation
frequency decreases. In the case of DC FM, 3 becomes infinite.
These relationships between phase and frequency are crucial
to the understanding of FM in a phase-locked loop.

FM V.
e INPUT
INPUT vV,
PD | N
REFERENCE
INPUT

FREQUENCY DOMAIN
REPRESENTATION

(SL10A) 3anLINdWY
N

10.000  10.001
FREQUENCY (MHz)

PHASE VS. TIME

% 2000 nRADIANS/SEC.

(SNVIaQvH) 3SVHd

TIME (SEC.)

Figure 1b. Time-domain representation of phase
deviation for a 10 MHz signal with kHz DC FM.
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Figure 2. Basic Phase-locked loop

FM and ¢M in a Phase-Locked Loop

Fig. 2 shows a simplified block diagram for a phase-locked
loop. It includes a phase detector (PD), an arbitrary loop filter
(F(s)), a voltage controlled oscillator (VCO), and a frequency
divider (I/N). Shown also are inputs for frequency and phase
modulation of the output signal.

The general transfer function for such a phase-locked loop
is given by:

K.Kop F(s)
S+KK; F(s)
N

$o(s) =
dref (s)

where $o(s)/éref(s) relates the phase of the output signal to the
phase of the reference signal. K, is the VCO gain constant (rad-
ian/sec. volt), K, is the phase detector gain (volt/radian), N is
the frequency divisor and F(s) is a transfer function that
represents any circuitry such as filters and amplifiers®.

The response to the $M input is given by the transfer function

po(s) = K.F(s)
V(s) S+K,Kp F(s)
N

which relates phase deviation of the output from its center value
to the voltage at the $M input.

The response to the FM input is

wo(s) = S K,
Ve(s) S+K,Kp F(s)
N

which relates deviation from center frequency of the output signal
to the voltage at the FM output.

September/October
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Figure 4. System for flat FM in a phase-locked loop.

The FM response due only to the integrated path is then

wo(s) = KK, F(s)
Vi(s) S+KK; Fis)
N

It the responses to both paths are added, the resuit is

wo(s) = S K, * KK, F(s)
V(s) S+K.Kp F(s) S+K Ky F(s)
Fir vy 2t
Let K=K,Ky/N, and

F(s)
wo(s) = K, S+K\Kp N =R
Vi(s) S+K,Kp F(s)

N

If the resulting gain of the integrator is chosen so that
Ki=K.Ko/N, the resulting FM response is only dependent on K,
as shown in Eq. 9. It does not vary with frequency and is com-

Figure 3. FM and ®M response of a phase-locked loop pletely independent of the loop filter F(s). This method allows

For the simple case where F(s)=1, the response to the $M in-
put is a low-pass function and the response to the FM input is
a high-pass function as shown in Fig. 3. The quantity K ,Ky/N
deterines the loop 3dB bandwidth. It follows that a phase-locked
loop can be phase modulated at rates that lie inside its loop band-
width, and frequency modulated at rates that lie outside its loop
bandwidth. These two properties are utilized in the method
described here for obtaining flat FM response. The FM input
signal is converted into an equivalent $M input signal via an in-
tegrator. Both the FM and ¢M inputs are then used in Fig. 4.

The transfer function of the integrator is given by

VO(S) = K|
Vi(s) S

r.f. design

the output of the phase-locked loop to be frequency modulated
at rates that lie both inside and outside the loop bandwidth.
Mathematically, the response of such a system can be extended
to an arbitrarily low frequency, even to DC. Real phase-locked
loops, however, have some limitations.

Limitations of Phase-Locked Loops

The ideal system for frequency modulation of a phase-locked
loop consists of a wide-bandwidth loop with both a phase detec-
tor and an integrator that have infinite range. Realizable systems,
however, cannot accommodate these requirements in a conven-
tional manner.

Phase Detector Range

The peak phase deviation of the output signal is given by .
The greatest phase difference between the two signals at the
phase detector is
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Fig. 5 Synthesized-FM System
A¢pk=-r%

The phase detector must operate linearly over a range of /N
if the phase-locked loop is to faithfully reproduce the modula-
tion signal. Double-balanced mixers have a linear phase measur-
ing range of a few tenths of a radian. Digital phase detectors
have ranges of up to 2n radians. The maximum possible phase
deviation at the output of a phase-locked loop using a digital
phase detector is 2n radians. This becomes a problem at low
modulation rates and high FM deviations. DC FM is impossible
since it requires an infinite modulation index.

Integrator Range

The integrator shown in Fig. 4 is typically implemented with
op-amp. The output voltage swing is inherently limited by the
power supply voltages. An ideal integrator’s response to a DC
input is a ramp that increases without bound. In a real integrator,
the ramp stops at the op-amp swing limits.

Loop Bandwidth

In a typical signal generator application, the RF signal must
be modulated at audio rates and relatively high frequency devia-
tions. This requires high phase deviations at the lower modula-
tion rates. the usual way to overcome the deviation limits is to
build a phase-locked loop with a very narrow bandwidth, atlow-
ing most or all of the modulation signal to fall outside of the loop
bandwidth.

The tradeoff of a low loop bandwidth is loss of the stability
provided by a wide band loop. Phase-locked loops reduce phase
noise at offsets from the carrier that are less than the loop band-
width. Narrowing the loop bandwidth therefore reduces the noise
improvement properties of the loop. Narrow-band loops are also
more susceptible to noise and jitter caused by external sources
such as powerlines and vibration.
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Synthesized FM in a
Phase-Locked Loop

The limitations of phase detector range, integrator range, and
loop bandwidth can all be overcome with the scheme shown in
Fig. 5. It consists of a system similar to Fig. 4 with the addition
of a variable-modulus prescalers, threshold detectors, and
switchable current sources.

The threshold detectors are used to sense the instant when
the integrator output voltage crosses either of two arbitrary
thresholds. One detector senses when the integrator output is
above the higher threshold, the other when the integrator is
below the lower threshold.

After one of the threshold is crossed, precision timing circuits
momentarily activate the appropriate current source. This adds
or removes a precise amount of charge from the integrator
capacitor, effectively resetting the integrator and maintaining its
output between two limits.

The prescaler is composed of a frequency divider with three
moduli (9, 10, and 11) and some synchronization circuitry. The
prescaler has three functions. Each time the REMOVE input is
activated, one cycle is removed from the divider input by the
prescaler. A current source is then turned on for a precisely con-
trolled time interval. It pumps just enough charge into the
integrator capacitor to compensate for the one cycle (2n radians)
removed by the prescaler. When the output of the integrator
crosses the lower threshold, a cycle is added to the divider in-
put and charge is subtracted from the integrator. The net result
is that even though the phase detector experiences a step
change in phase, the integrator step compensates for it. The
F(s) block contains a sampler so that at the time that each sam-
ple is taken, the effects of pulse removal or addition and those
of resetting the integrator have all settled, the transients occurred
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Figure 6. Figure 7. Time-domain and frequency-domain

between samples. The operation of the system is illustrated by
the square-wave input example shown in Fig. 6.

The system oulined above provides DC-coupled FM. A DC
input voltage will cause the output frequency to be offset by a
proportional amount. Any offset currents in the integrator cause
the integrator output voltage to drift, creating a shift in the out-
put frequency. Since zero drift integrators are not available, this
system will display an offset from center frequency even though
no voltage is present at the input. The magnitude of this fre-
quency offset can be made much smaller than that of a free-
running VCO which is the usual technique for generation of DC
FM. This offset is also relatively constant with time, unlike free-
running VCOs.

AC-Coupled FM

It is often necessary to frequency modulate a signal while
keeping its center frequency locked to a stable reference. The
system shown above has a small frequency offset caused by
integrator drift. Its center frequency, therefore, is not locked to
the reference. To accomplish this, it is necessary to move the
integrator pole away from 0 Hz by adding some DC feedback
around the integrator. Fig. 7 shows a conventional integrator
with DC feedback.

The resetting and pulse removal/addition action makes the
integrator in Fig. 5 inherently non-linear. Some method is re-
quired to reconstruct linear operation from the circuitry. The
signal fed back to the integrator input needs to be proportional
to the instantaneous phase deviation of the VCO output signal.

r.f. design

response of an integrator with resistive feedback.

This can be done with the scheme shown in Fig. 8. Resistors
R1, R2 and R3 provide feedback from the integrator output. The
up/down counter keeps track of the total net number of pulses
that have been deleted or added by the prescaler. The DAC con-
verts the count into an equivalent voltage. Resistor R4 feeds
that signal back to the integrator output. The resistor network
is chosen so that the current fed back to the integrator input
has the same gain through both paths. The Up/Down counter
and DAC reconstruct a staircase approximation of the instan-
taneous phase deviation, each step corresponding to one cycle
of phase (2n). Adding the feedback signal obtained from the out-
put of the integrator fills in the space between steps as shown
in Fig. 9. The overall operation of the system is that of an ideal
integrator with a resistor in the feedback path that cancels out
any offset currents in the integrator.

The amount of phase deviation that can be handled is deter-
mined by the number of bits in the counter and DAC. A 10 bit
DAC and counter will allow a total phase deviation of +512
cycles, or a f of 1024n. The DAC gain and the resistive divider
network determine the effective integrator pole location.

This scheme of counting deviation cycles gives us true syn-
chronized center frequency with no drift while allowing high
deviations and arbitrary placement of the integrator pole. The
HP 8656B implementation is capable of a peak phase devia-
tion or f3 of 4000 radians and has an integrator pole location of
0.75 Hz. Disconnecting the counter and resistive feedback allows
true DC-coupled FM with a center frequency offset that is deter-
mined only by the drift in the integrator. It is insensitive to VCO
drifts and offsets.
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IF YOU HAVE AN IDEA FOR A
PAPER, OR SEMINAR, YOU'D
LIKE TO PRESENT TO A LOT
OF MOVERS AND SHAKERS IN
THE RF ENGINEERING FIELD. ..
WE’VE GOT THE PERFECT
PLACE FOR YOU TO DO IT!

rfe chnology expgS

Disneyland Hotel, Anaheim, California
January 23-25, 1985
Sponsored by r.f. design magazine



echnology exprgys

CALL FOR SPEAKERS/
SESSION LEADERS

If you're like a lot of other RF design engineers, you've
had to keep your best ideas to yourself. . . just because
you couldn’t find a forum of your peers. . .people who
could use your ideas, to advance the state of the RF art.
Why? Because the vast majority of today’s electronic con-
ferences are too digital, too general, or too microwave,
to be much use to RF engineers. RF technology has been
ignored. . .in spite of an RF boom that makes it imperative
for RF engineers to stay abreast of each other’s work.

But now you can dust off that idea for a paper. . .or for
a seminar/session of several papers. . .with the secure
knowledge that there is a place for it. RF TECHNOLOGY
EXPO 85. . .the first annual conference and exhibit in-
tended specifically and exclusively for RF design engi-
neers. . .January 23-25 at the Disneyland Hotel, Anaheim,
California.

Sponsored by r.f. design magazine, RF TECH EXPO will
do “live’” what the magazine has been doing in print. For
two and a half days, five large meeting rooms will be buzz-
ing simultaneously, as 100 papers are presented in 25
sessions. Many of these papers have already been
selected (by Andy Przedpelski, VP of Development at ARF
Products, Inc., who is serving as Program Chairman). The
rest will be selected by the end of October, 1984. That
leaves you time to act, but makes it clear that the time
IS now.

Here are some of the general subject areas that might be
explored, just to spark your thinking. . .

RF CIRCUIT DESIGN

RF SYSTEMS DESIGN

RF COMPUTER AIDED DESIGN
PHASE LOCKED LOOPS
OSCILLATORS

AMPLIFIERS

RF POWER DEVICES

ANTENNAS

CATV

SAW DEVICES

TRACKING SYSTEMS
SIGNAL SOURCES
JAMMING TECHNIQUES
SIGNAL ANALYSIS

EMI/RFI

SATELLITE COMMUNICATIONS
LOW NOISE RECEIVERS
TEST FIXTURING

DIGITAL COMMUNICATIONS
EW SYSTEMS

CELLULAR SYSTEMS
SIDEBAND SYSTEMS

RF MICROCIRCUITS
FILTERS

NAVIGATION

RESISTOR NETWORKS
INSTRUMENTATION

Use the facing response card to outline your idea for a
paper, or for a session of four or five papers, before an
audience of your peers. Mail the card directly to Andy
Przedpelski, Program Chairman, at ARF Products, inc.,
in Boulder. . . or, if you want to discuss your idea, call him
at (303) 443-4844.

YOUR PROPOSAL MUST BE RECEIVED BY
OCTOBER 15, 1984
SELECTION OF PAPERS AND SPEAKERS

TO BE ANNOUNCED BY OCTOBER 31, 1984
All speakers will be required to submit manuscripts in ad-
vance. Papers will be printed in a bound proceedings
volume, which will be provided free to speakers following
the Expo. Speakers will also receive full registration at the
convention without charge.
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Design Limitations and
Achieved Performance

The operation of this synthesized-FM system hinges on the
digital removal or addition of VCO cycles. The phase transients
caused by these abrupt phase steps must be cancelled by the
integrator reset currents. If these currents are not accurate, the
cancellation is not complete and the resulting errors show up
as sawtooth-shaped phase modulation components on the out-
put signal. These spurious modulation components have a
repetition rate equal to the integrator reset rate and show up
on a spectrum analyzer display as unwanted sidebands around
the carrier. For good spurious cancellation, the resetting cur-
rents must be made to track any phase detector gain variations
caused by aging, temperature, or component replacements.

The initial frequency offset and center frequency drift when
in DC FM mode are determined by offset currents present at
the input to the integrator. Good offset and drift performance
requires audio circuitry with minimum offset voltages, currents
and temperature effects.

The placement of the integrator pole determines the lower 3dB
frequency in AC FM mode. The pole location is controlled by
the ratio of feedback current to instantaneous phase deviation.
This ratio is determined in two parts. The first is the DC feed-
back path from integrator output to input. The second is the gain
of the counter/DAC system. There will be a certain amount of
center frequency jitter if these two paths are not well matched.

The HP 8656B implementation of the phase reconstruction
scheme provides spurious cancellation yielding sidebands
typically better than —60 dBC at offsets greater than 5 kHz and
-50 dBC of offsets less than 5 kHz. The initial frequency offset
in DC FM mode is less than 500 Hz, and the center frequency
drift rate is less than 10 Hz per hour including temperature
effects. In AC FM the center frequency is synthesized (no offset)
and the lower 3-dB frequency is less than 1 Hz. The peak fre-
quency deviation is 99 kHz. The maximum modulation modula-
tion index is 4000 in AC FM and uniimited in DC FM mode.
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Antenna Impedance Matching
Using a Sweep Generator

A job that used to take all day
can now be done during lunch.

By Riley Puckett
Burr-Brown Corp.
Tucson, AZ 85713

Reasons for the Method

he normal procedure for matching

a transmission line, through a coupl-
ing circuit, to any antenna which requires
an impedance transformation is usually
specified by the manufacturer as follows
(simplified):

1. install an SWR meter between the
coupler and the transmission line.

2. Key the transmitter (low power) and
adjust the coupler matching components
for the lowest SWR.

As anyone who has ever tried this
method can verify, this is easier said than
done. This is due to the fact that most
SWR meters require switching between
forward and reverse power indications
while making the adjustments. If you have
started from scratch and everything is in
left field you may get fwd/rev power
readings of almost anything. If you have
a dual reading meter the degree of dif-
ficulty is decreased somewhat, yet the
task is still less than ideal.

This method is also complicated due to
interactions between channels while tun-
ing, if a multi-channel coupler is used.
Other factors to be considered are in-
terference with other users while tuning
and some solid state amplifiers become
unstable at a high SWR further con-
tributing to interference by spurious
radiation.

A better way to accomplish this project
was found using the maximum power
transfer and voltage divider theorems in
conjunction with a sweep generator and
an RF detector. This method was devised
using a 10 channel coupler which worked
in the 2 to 3 MHz range. The normal time
required to match all channels to less
than 1.2:1 SWR was 8 hrs. After a brief
familiarity period the tuning could be com-
pleted in about 1 hr., an 8:1 savings in
time. The time decrease is due to being
able to see immediately any effects the
adjustments caused and the direction in
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Figure One

which the next adjustment had to be
made. Accuracy does not suffer because
the point of exact match can be seen if
the calibration was made correctly and
the method is understood.

Most modern laboratories have net-
work analyzers and the use of this instru-
ment can accomplish the same end re-
sults. However, they are expensive and
| have never had the luxury of using one
and it is felt that others out there may be
in the same situation.

A Review of the Theory

A series LC circuit exhibits an im-
pedance of zero at resonance (F) if it
has negligible losses within its com-
ponents. An amplitude vs frequency plot
for this type circuit is show in figure 1. In
figure 1A, a voltage detector will see
V. = 2ero at F as the sweep generator

t
croasses this frequency if R+ R, =

loss

Ifa variable resistor is inserted in place
of Rt R4 then the V_  at F will in-
crease with an increase in resistance.
This will allow the detector output voltage
(VW') scale to be calibrated in terms of
resistance. This resistance will later be
set to a value equal to the Z of the
transmission line, to which the antenna
will be matched. Note that bandwidth also
changes due to a decrease in circuit Q
which is analogous to antenna Q.

Any antenna will react in the same
manner. However, there are some restric-
tions. If the connection cannot be made
directly to the antenna or coupler circuit
then an electrical half wavelength of low
loss transmission line (or a multiple) must
be used to get a true measurement of the
antenna impedance. More on that later.
Some deviation from the mathmatical
model may occur when using a sweep
generator if sweep width is too large or
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sweep time is fast. The only area of in-
terest is near F,.

An antenna will exhibit an impedance
which can be analyzed as a series circuit.
This circuit will consist of a radiation
resistance (R, ). loss resistance (R, .),
inductance (L), and a capacitance (C) as
shown in figure 1. Capacitive and induc-
tive reactance cancels at F_leaving only
R4 and R .. On either side of F, the im-
pedance changes from resistive (real) to
complex and cannot be measured in this
manner. However, it is only the resistive
component that is of interest. Loss re-
sistance will be included within R_for all
examples.

Equipment Setup

The equipment is set up as shown in
figure 2. If an RF detector probe is not in-
cluded with your sweep generator one
can be fabricated or obtained commer-
cially. Some generators may not furnish
enough drive for this application. If this
is the case then a broadband amplifier is
needed. The Burr-Brown 3553 buffer amp
is good up to 30 MHz, and will furnish
more than enough drive. A stable fre-
quency marker generator will be helpful
if it is built into the sweep generator.

Use the following steps to calibrate the
equipment:

1. Disconnect the coupler (or transmis-
sion line or antenna) on the R, side of
the R,. Load the output with a carbon re-
sistor which matches the value of R,
(which should match the transmission line
characteristic impedance).

2. Set the sweep rate and width. A wide
sweep setting should be used initially. It
can be decreased later after gaining
familiarity with the method. Set the mar-
ker(s), their amplitude and the harmonic
spacing required.

3. Calibrate the scope scale with the
retrace at the bottom and the detected
signal level at mid scale. Midscale can be
an arbitrary point and is not absolute. This
point will not be changed after this setup
since it is your Z_ reference point for all
adjustments, DO NOT TOUCH. The
scope trace is shown, after calibration, in
figure 1. A value of 50 ohms, for R, will
be used for all examples. However, this
can be any value but it must match the
Z, of the transmission line used.

4. Disconnect the standard resistor and
connect the coupler (or transmission line
or antenna) back to the R, side of R_.

The trace must now be interpreted. It
looks complicated. However, after a few
minutes of adjusting L and C in the
coupler it becomes very simple. Several
examples will be given to give insight in-
to the hows and whys of the trace. Note
that distortion will occur at the point of
“zero” frequency and also above F. An-
other deviation will occur at the point of
interest due tg the response of the detec-
tor probe. For the final steps of adjust-

r.f. design

Theory: Why the method works.
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ment it is recommended that the sweep
rate be set to below 10 Hz and increased
until a change in any sharp transitions oc-
cur then back off a little. This caused con-
siderable problems in the beginning be-
cause the SWR measurements did not re-

late to the scope trace (shifting occured).

In the following examples the analysis
will not be as a series circuit. The trans-
former action of the matching circuits will
cause R, to be reflected as being equal
to R, when matched.
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QO D DD

Example #1

Figure 3: This is almost exactly the
same as the series resonant circuit and
is the result of holding all parameters con-
stant with the exception of L,. The goal,
a matched condition, is at 3 MHz and
Vo = ¥2 V.. This computer generated
figure will almost exactly represent the ac-
tual trace on the scope. Again, it is the
area around F_which is of interest.

F Figure 4: Here all parameters are held
] ] constant except C,, which is adjusted to

o lﬁ ) ! show the effect upon parameters near 3
— el
Ci= 185 pF 7 MHz.

AL SHESTI A study of the two figures reveals that

C, has the greatest effect upon amplitude

e and L, changes F, more than C,. It ap-

| pears that C; = load and L, = tune. What

8 9 10 could be simpler? A graphic display of the

two adjustments is now available and a
SWR meter is unnecessary!
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This process of repeatedly adjusting L
Figure Four and C to bring the dip toward the target
will result in a 1:1 SWR — a perfectly
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Froquency in Mz Figure 5: For any circuit to be resonant

the phase angle of Z_must be zero to
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become a pure resistance. In figure 5 this
becomes apparent. Notice that the phase
never reaches zero for L = 5 uH and for
L = 10 uH there are two solutions, one
near the peak and the other farther to the
left. The solution of interest is near the
peak where the phase crosses zero
again. This condition is not a true match.
However, it will yield low SWR due to low
reactive components. When L = 15 uH
the amplitude and phase cross a unique
frequency together. This is the condition
of a true match. Notice that the amplitude
is about 25% down the slope from the
peak at 2 V, . This is what we want.
One problem, it is located about 2.3 MHz
and should be at 3 MHz, the target.
Therefore, readjustment is necessary to
obtain the same condition at 3 MHz. From
this it is concluded that the afterthought
was worthwhile.

The plot of phase and amplitude in fig-
ure 7 shows a closely matched line and
antenna at 3 MHz. The phase plot shows
zero reactance at that point. For circuit
1 the reactance will always cross zero at
the dip regardless of the amount of mis-
match. The off resonance phase will de-
crease in amplitude as detector voltage
(at the dip) increases toward unity as
shown in figure 8.

Some special notes should be given
here with regard to the exact condition of
a good matched line to coupler. In all
cases the amplitude will be at 72 V_, at
whatever frequency is in question and the
phase will cross 0 at this point. From the
figures the frequencies of match are as
follows:

Figure 1 — 3.15 MHz

Figure 3 — 3.0 MHz

Figure 4 — 3.3 MHz

Figure 5 — 2.4 MHz

Figure 6 — 2.9 MHz (C, = 2500 pF.)

Figure 7 — 2.95 MHz

Figure 8 — No match

Figure 9 — 3.0 MHz

Figure 10 — 6.0 MHz

CONCLUSIONS: After using this meth-
od for 12 years, with excellent results,
from 2 MHz to 160 MHz | am convinced
that anyone can use it. The method does
not require any specialized equipment
(none that the normal shop or lab should
not have) and is very accurate in match-
ing a system. If a sweep generator is not
available, then an RF signal source can
be substituted. However, some problems
may arise in the interpretation of results.
Radiation resistance measurements may
be made if R, is made variable, and
direct SWR measurements by using an
RC type SWR bridge with scope output
taken at R,. This will give SWR and
R 4 t Ry Simuitaneously.

Example #3

Figure 9, Figure 10: Two more cases
arise when it is desired to look at an an-

r.f. design
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AFPENDIX 1, Figure 10, Case 2
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tuneable RF coils
cut development time
and product cost.

Save your time and the company’s money with Coilcraft’s new
“Slot Ten” series of variable RF inductors.

For prototyping, use our 108 piece Experimenters Kit. It puts
inductance values from 0.7 to 1143 uH at your fingertips, so you'll
save hours of hunting around for the right part.

The savings continue when you go into production because
no one beats Coilcraft’s low off-the-shelf pricing!

Our “Slot Ten" coils feature compact 10 mm packaging, easy
tuning, optional shielding, and one-piece molded construction that
guarantees low drift.

To order your “Slot Ten” Experimenters Kit or for complete
technical details, call us at 312/639-6400.

Experimenters Kit. Covers range from 0.7 to
1143 pH. Includes 54 shielded and 54 unshielded
coils, alternate core materials, magnetic shielding
sleeves, tuning tools, and detailed specifications.
$60 price is applied against your first order.
Call 312/639-6400.

Dept. D, 1102 Silver Lake Rd.. Cary. Il 60013
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APPENDIX 1- Fiqure 11

Formulas and Circuits
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Matching circuit | Antenna

tenna through a transmission line. Both
figures indicate a matched condition and
the plots are not exact. However, they will
give a general picture of what happens
when the load resonant frequency is
reached. In both cases the generator and
detector see the same thing as they
would if connected directly to the anten-
na or the coupler, with one exception, the
impedance level will be different for the
Ya wave line case as explained below.
Case #1, Figure 9: 3 MHz, % electrical
wavelength (or odd multiples). This is not
recommended since any small change in
R_is reflected as 2, ,=2Z2/Z . This
case will work if the match is exact.
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Case #2, Figure 10: 6 MHz, 2 elec-
trical wavelength (or any multiple). This
is the case to always use since at ' elec-
trical wavelength the load is exactly
reflected to the generator.

The Computer Program

Figure 11 shows the formulae used for
the computer program. The resultant im-

pedance was used (see figure 1A) to cal-
culate ouptut voltage using the voltage
divider theorem. The formulae are a form
of the Cauer expansion for network reali-
zation except in a reverse manner. Mean-
ing that in the program calculations were
started at the bottom right in each case
and then worked out toward the begin-
ning. This appeared to be the simplest
method to follow for this application.

All special program variables are
shown in parentheses in figure 11. L, and
L,, were used to simulate the case of a
longer than % wavelength antenna,
which will not be covered here.

The plotting and graphics were im-
plemented on an Epson QX10/MX80 sys-
tem using a program utility called Qplot-
ter, which is compiled BASIC called from
BASIC.
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25

30
38
40
S0
&0
70
100
101
103
104
105
106
108
110
120
!
130
140
150
15685
166
170
174
180
182
184
185
187
190
200
208
207
210
Z0Q0
400
S00
510
600
610
620
630

S REM *#¢sxaxuixnx® AFPFENDIX 1 E2 2 T 22X TR L LR TR TN RN
GOSUER 10000

INFUT"name of store file":iN$

28 N$&="bI"+Ns+"
FE="biblank
CALL OSTART:CALL QHOME

CALL QRETRV(RC,F$)

REM X=100:Y=70:V=50:W=30:L=5
REM
IN!'=1000

10000
10010
10020
1003
10040
10050 DDATE=O+84:DPDINT=Q+87:DUAD1=D+90:QUADZ=Q+93:QUAD3=Q+96
10060
10070
1007
10078

LS T
Hp L) R.C=c)

CALL QCURSOR(X,Y):CALL ©AXIS(V,W,L)

Ci!=6.8BE-11
Ca2'=2E-10
L1!=,000001
2!'=,000009
RS!'=50:RL!'=0
PI!=2%3.1415927+#
FP!=2.SE+06
AF!=1/PI!:BY'=R9'%(1/C1!):CP'=AF ' *#(1/C2'):DP'=P1 ' %L1':HP '=P ' %L2"
E?!'=1/F9!':X1 '=HP ! ¥EQ! I X2!=CP'*EP! i XL =D ' #FF ! s XT 1 =XL ' —=X2! 1 XM!=HFP ! #F9 ! 1 RS ' =RL

GOSUER 300

RS =GR i X3 !=(IJB'+(-1/XM"'))

GOSUE 300

R2!'=GF!+RG!':1X2'!'=JB'~-X1':R1'=69':X1'=JB'~X1"

GOSUE 400

Y=INT (7Q+F9 ! #300)

X=INT (100+ (FQ! /1E+0S) #50)

CALL QPOINT(X,Y)

Y=INT (220+ (3#W9 ' %¥57.2958) )
REM CALL QPOINT(X,Y)

CH3=INKEY$: IF CH$<>"" THEN GOTO 200

IF F9!=4E+0O& THEN RL'=RL'+5:G0TO 108
FR!=F9!+IN':60TQO 120
CALL QOSTORE (RC,N%) :N@=0Q:ST=0:CALL OPRINT (NQ, ST)
CALL QEND
LPRINT N$5C1!'5C2'50L1;L2!
END
TI!=RF!"2+XT!"2:G9'=RP' /T ' : JB!'==~X3'! /T : RETURN
Al!=R1!*R2!+X1?*XZ!:AB!=R2!‘2+X2!“2:G?5=01!/AB!:JB!=(R1!*X2!-X1!*RZ!)/AB!
PP ! =S0R(GP!"2+JR'"2) : WP ' =ATN(JE! /GF')
RETURN
LPRINT
LPRINT
LPRINT
RETURN
FOKE 1.9:FOKE 2,&HEE:Q=8HHEEOO: OSYSTEM=0+3:0START=0+&
OEND=Q+9:QCLEAR=Q+15:QSTDRE=O+18:DRETRV=Q+21:QPRINT=Q+24:QSTRING=O+27
QFAT=Q+30: Q0VER=Q+33: QZ00M=0+36: OPAN=0+39: OTRIANG=0+42: QHOME=Q+45
0 QCURSOR=0+48: 0OMOVE=0+51: QCHAR=0+54: ODRAW=0+57: QAX I S=0+&0: OARC=0+63
QLINE=O+66:OPGRAM=Q+69:ODIAM=Q+72:QCIRCLE=O+7S:QNHERE=O+78:QTIME=O+81

USING
USING
USING

THEHE. HHRC P
CHEHE . HHES Y
CHEHHHHER . O IFO

ODUAD4=0+99: ORECT=0+102: OPRINV=0+105: QORG1=0+108: Q0RG2=0+111: QORGI=0+114
QORG4=Q+117

2 DEFINT A-F,R-Z

RE TURN
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The new Model 5155A
synthesizer is ideal wherever a
very pure, high-frequency signal
source is needed at a reasonable
price in the laboratory and in
production for communications or
radar.

Its wide range — 100 KHz to
1 GHz —allows frequency to be set
precisely in 0.1 Hz steps. And
switching time is as fast as | usec.
Optional conversational GPIB
interface is ideal for ATE systems.
(BCD is provided to realize full
switching speed.)

The 5155A also ensures

1 usec switching

very low phase noise

under $15,000

Literature INFO/CARD 22
Demonstration INFO/CARD 23

transient-free switching because
frequency shifts of less than 100
KHz are phase-continuous. Due to
our patented Direct Digital
Synthesis, no switching transient
can interfere with phase-coherent
or frequency-agile radars,
frequency-hopping communi-
cations systems, or cellular
telephones.

Phase noise is exceptionally low,
particularly close to the carriers
where low phase noise is most
important for signal multiplication
or closely spaced communication
channel testing. Typical perfor-

mance is: — 100 dBc/Hz at 10 Hz
offset (500 MHz), and — 90 dBc/Hz
at 1 Hz offset.

Priced at less than $15,000, the
Model 5155A cost thousands less
than you'd have to pay for this
high-level performance elsewhere,
So get more details before you
spend too much and get too little
for your money.

Call or write Wavetek San
Diego, Inc., 9045 Balboa Ave.,
P.O. Box 85265, San Diego, CA
92138. Tel: (619) 279-2200;

TWX 910-335-2007.

WAVETEK:

The world’s fastest
switching synthesizer
now goes to 1 GHz.




OUR COMPANY IS KNOWN BY THE PEOPLE IT KEEPS

s iy
g ..‘ .

E-SYSTEMS, INC., ECI DIVISION, ST. PETERSBURG, FLORIDA

Our company is “"KNOWN BY THE PEOPLE WE KEEP.” We have designed our work environment and
personnel programs to enhance the professional engineer’s talents. Our Fortune 500 financial ranking,
employee stock ownership, and benefit program contribute to our “people success.”

RF ENGINEERS: BSEE with 4-10 years’ RF design experience. 30 MHZ to 2GC.

TRANSMITTER DESIGN ENGINEERS: BSEE with experience in VHF, UHF, or microwave frequencies:
1watt to 1 kilowatt output power.

RELIABILITY ENGINEERS: BSEE with experience in generating and implementing programs per MiL-
STD 756.

COMPONENT ENGINEERS: BSEE with experience in components engineering including part selection
specification generation, and part failure/problem resolution.

ANTENNA/MICROWAVE ENGINEERS: BSEE with experience in design/development of military anten-
nas and microwave circuits to assume technical management responsibilities.

EMI-TEMPEST ENGINEERS: BSEE with EMI-TEMPEST experience in military defense electronics
environment.

QUALITY ENGINEERS: BSEE with Quality Assurance/Control experience in military defense electronics
environment.

SYSTEMS ENGINEERS: MSEE or BSEE with at least 5 years’ experience in communications system design
addressing advanced systems development and system analysis. Experience should include one or
more of the following: System requirements definition, trade-off studies, subsystem hardware/soft-
ware specifications development, and system integration and test.

SOFTWARE DESIGNERS — ADA — PACKET SWITCHING: ECI has new contracts for sophisticated
packet switching systems for the Department of Defense. Be among the first to work on OPERA-
TIONAL ADA-based systems, using the most advanced packet protocols from satellite systems,

and packet radio systems. Requires BSCS or BSEE and five years’ experience in real-time embed-

ded computer systems, utilizing assembly and higher order languages. Significant hardware-

software interfacing experience, and the ability to perform analysis, design, and

implementation of data communications systems.

’

If you are looking for a people oriented company with a strong financial future submit your resume to:
Mr. T.B. Harris, Director of Employee Relations, E-Systems, Inc., ECI Division, Dept. RF, P.O. Box 12248, St.
Petershurg, Florida 33733.

@ E-SYSTEMS

The problem solvers.

An Equal Opportunity Employer, MF, V, H.
U.5. Citizenship Required.
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The Snyder Antenna

The Snyder Antenna is a new form of antenna with greater
tolerance to operating frequency shifts.

By Richard D. Snyder
Snyder Antenna Corporation
Costa Mesa, CA 92627

When in tune with the frequency of the
RF energy it must process, and in bal-
ance with the system it serves, an anten-
na functions as a resistive, predictable
load. Expressed as radiation resistance,
the antenna load in a circuit continues to
appear much like a fixed resistor so long
as all the factors which affect its function
remain the same. The two factors that
most affect the circuit value of the anten-
na are: Operating frequency shifts, and
the introduction of conductive or ground-
ed objects into its immediate environ-
ment. Operating frequency shifts ask the
antenna to operate at non-resonance.
Nearby, interfering objects cause the
antenna to change its natural, resonant
response.

on-resonant operation alters the an-

tenna as a circuit component — the
greater the shift from resonance, the
greater the change in character. The
change is from resistance toward reac-
tance. When the applied frequency is
higher than antenna resonance, the an-
tenna appears as a combination of re-
sistance and inductive reactance. When
the applied frequency is lower than
resonance, the antenna looks more like
a combination of resistance and capac-
itive reactance. Resulting mismatches

between the antenna and the system it
serves are expressed in terms of im-
pedance shift at the antenna input.

To illustrate a simple example of im-
pedance shift all one need do is mount
a half wave dipole at various levels above
earth. The radiation resistance of the
antenna, the main component of impe-
dance seen by the system, rises steeply
from under 30 ohms at 14, wavelength
above earth to over 90 ohms between Va
and 2 wavelength, and then falls to
around 72 ohms when the height is
stabilized at V2 wavelength above earth.
In terms of circuit and system function,
the results of such changes are obvious.
Add to this the effects of reactance intru-
sion, and the results are even more dra-
matic.

Nothing can be done to correct the
height-above-earth and other extra-
system induced changes in antenna
characteristics except to isolate the
antenna. When using conventional anten-
nas, whose tolerance to operating fre-
quency shifts is extremely narrow, only
limited options for correction exist.
Hence, a logical first step in an attempt
to stabilize the antenna as a circuit com-
ponent would be to provide a new form
of antenna with greater tolerance to op-
erating frequency shifts. Working with this
as a starting advantage, the designer can
find new opportunities in communication
system design.

The Synder Antenna

The Snyder design, which has been
proven in transceiving and receiving an-
tennas, produces antennas that are far
less sensitive to shifts in operating fre-
quency than are conventional units. The
range of frequency response is from 5 to
6 times as wide as in ordinary, fundamen-
tal antennas. The most easily derived
reading of antenna response is the Stand-
ing Wave Ratio plot. Increases of SWR
in a ‘clean’ antenna system that occur as
frequency is varied represent the anten-
na's intolerance of applied frequency.
Figure 1 shows two SWR plots. The
dashed line is the typical response of a
conventional dipole; the solid line plot is
typical of the response of a Snyder anten-
na. The frequency excursion is plus or
minus 10 percent.

The dashed line plot shows the usual
plus or minus 2 percent frequency shift
tolerance as the conventional antenna
presents a 2:1 SWR. The Snyder anten-
na tolerates a shift of plus or minus 10
percent before it presents the 2:1 SWR.
The acceptance of such shifts, whether
due to operating frequency or externally
induced effects, enables this form of an-
tenna to remain a more constant value
circuit component as compared to narrow
response antennas.

2:1 \ /
\ /
SWR
1:1 \+ /
2 CENTER FREQUENCY +10%
Figure 1

r.f. design
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Efficiency versus frequency chart

The left side of the chart represents
center frequency, or resonance, for any
fundamental dipole or monopole. The top
of the vertical coordinate is 100 percent
efficiency. Readings across the chart re-
flect the change in efficiency through a

frequency shift of plus or minus 8 percent
(conventional antenna SWR = 9:1). At this
extreme, the conventional antenna loses
64 percent of its ability to effectively pro-
cess signals. In the receiving mode the
rejected 64 percent of applied RF energy
is simply lost; in the transmitting mode it
is reflected back to the transmitter.

1 N

N~

@

Figure 2

Figure 2

The two conductor elements appear to
torm a simple folded dipole with single
conductor extensions. Further examina-
tion shows that the elements’ two conduc-
tors are cross connected across the sec-
ondary of a trifilar transformer (balun). In
this unique arrangement, the two-con-
ductor portions of the elements become
opposing stubs whose function cancels
build up of reactance, allowing the anten-
na to appear much like a pure resistance
over a relatively broad frequency range.

The effect of maintaining the antenna's
radiation resistance at a relatively con-
stant level has two important ramifica-
tions. First, as a circuit component, its
characteristics remain acceptable with

operating frequency shifts and external-
ly induced resonance changes. Second,
antenna efficiency remains high despite
changes in either operation or environ-
ment.

The balun in the Snyder design is con-
ventionatl in all regards except the way it
is used. It may therefore be wound to ac-
commodate a variety of feedline and sys-
tem impedances. Its size is controlled by
power handling requirements. Receive-
only antennas, as in those for FM radios,
use bead cores about .200”’ long. Trans-
mitting antenna toroidal cores for powers
up to 5 KW are 2" in diamter. As in con-
ventional baluns, core configurations are
not important; rods or toroids may be
used.

Antenna Efficiency

Completely aside from the considera-
tion of the antenna as a circuit compo-
nent, it must also be looked upon as a
free-standing system segment. Theoreti-
cally, the antenna is 100 percent efficient

50

when operated at resonance and the
SWR in the antenna system is 1:1. As the
antenna is shifted from resonance, effi-
ciency drops. Chart shows how efficien-
cy changes with shift from resonance.

Inside The
Snyder Antenna

A Snyder dipole looks very much like
a conventional dipole. Its elements are
one quarter wavelength long, and they
may be installed in all the usual configura-
tions: flat top, inverted ““V,” flat “V,"”" loop,
or whatever. The resemblance stops
there. Electrically, the Snyder elements
are made of two conductors in place of
the conventional one. Figure 2 is a
diagram of the design.

Mechanical Construction

As in any antenna, Snyder elements
may be made from any suitable conduc-
tors, insulated or not. By far, the most
convenient arrangement of the two-con-
ductor portions of the elements is in coax-
ial relationship. This has led to the mis-
taken view that this design is related to
older coaxial antenna designs like the
“‘double bazooka’ that aroused some
controversy decades ago. An examina-
tion of the electrical diagram disproves
this, and performance differences are
vast.

Using The Snyder Antenna

In its simplest form, the dipole and the
monopole, the Snyder design merely pro-
duces a new form of antenna that direct-
ly replaces conventional types whose
center frequencies are the same. Using
them is simpler because resonance shifts
are not nearly as critical as in ordinary
antennas. They are cut to basic quarter-
wavelengths or multiples to suit frequen-
¢y band requirements, they possess fun-
damental harmonic characteristics, and
provide conventional radiation resistance
values. Off-shoot designs, such as sim-
ple and complex beams, multi-antenna
and multi-band arrays, as well as others,
can use Snyder antennas as elements in
much the same way ordinary elements
are used.

Present development of the Snyder
antenna has carried the design to the
range of frequency response previously
described. Commercial models are most-
ly for transceiver and receiver use in the
range of requencies from 1 to 150 MHz.
Most are used in communication systems
in the Western Hemisphere; the remain-
der are used in Europe and Asia. Only a
small amount of experimentation has
been conducted in antenna arrays, but
the subject is worthy of general dis-
cussion.

The vast majority of array designs have
three popular requirements. They are:
directivity, power gain and front-to-back
ratio. It is not always overlooked, but a
fourth dimension is just as important —
that of bandwidth. The reason bandwidth

September/October



Figure 3

Figure 3 is a photograph of a 7 MHz
Snyder dipole with elements coiled; it
shows how conventional this design ap-
pears in physical form. When extended,
the elements span 66 feet, with the two-

conductor portions occupying about 45
feet of that length. The two-conductor por-
tions are .180’' in diameter, the size be-
ing dictated by power rating (5 KW) and
the weight of the span they must support.

must be included is simple — if band-
width is very narrow, the antenna is
susceptible to resonance and operating
frequency shifts which result in higher
SWRs. As SWRs rise, directivity, power
gain and front-to-back ratios degrade.
Resonance shifts and non-resonant op-
eration are not solely responsible for in-
creased SWREs in array designs. Element
lengths, element diameters and spacings
between elements all change the inter-
relationships between driven and para-
sitic antenna components, individually

and collectively, to increase reactance,
diminish the values of desired character-
istics and to elevate SWR. The use of
elements with greater tolerance to fre-
quency and resonance shifts will not
erase all the fundamental problems in ar-
ray designs, but can give the designer a
basic component for new designs with far
more forgiving characteristics than those
available before.

Whether used in arrays or in their sim-
ple forms, the Snyder antenna designs
are fundamental. Frequency limits are

therefore closely matched to Hertzian
dipoles and Marconi monopoles, and ap-
plication ground rules are quite similar.
Costs of Snyder dipoles and monopoles,
in reasonable quantities, are only mar-
ginally higher than conventional units, the
extra cost being in the use of a second
conductor in each element. Arrays, on the
other hand, particularly those designed
for broad response and/or signal gain,
can cost less because of the reduced re-
quirement for the number-of elements
and size of the antenna structure.

Electrically, the balun is an integral part
of the Snyder design and is therefore in-
tegral to its mechanical structure.

Product Availability

Snyder Antenna Corporation, the ex-
clusive patent licensee, presently manu-
factures dipoles for a limited frequency
range. Transceiver antennas are avail-
able for frequencies from 1.8 MHz to 31
MHz, and receive-only antennas to 150
MHz. These are wire antennas whose
two-conductor sections are arranged in
coaxial configuration, and they are ‘rug-
gedized’ for use in environments that
might range from mild to extreme. Com-
panies that may want to use the Snyder
design for other antenna configurations
and designs should contact the company
in Costa Mesa, California.
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L ATC CAPACITORS ARE

myA PHONE CALL AWAY .
e ) 100 A &B . industry standard i

o 0.1pF 0 1000 pF to 500 WVDC. TC. +90 = 50 PPM/"éQ"' "ioh power for microstip and stp ine.

17 5 B Ultra high “Q",
~ PP
0.

N 10

N microwave capacitors for high

typically 4X high i i
iy y 'gher than ATC 100 at microwave frequencies. 1 pF to 100 PF to 500 WVDC. TC.

HF/VHF UHF low loss transmitter
capacitors for the most demanding requireme

1PF t0 2200 pF to 3600 WVDC. TC. 490 3’3%33,?%"3”8“"‘"9 i

X 7 00 A & B Uitra-stable NPO's with UHF characterizat
200A & B Highest

50 WVDC.

111 MICROCAPS

packaging density,

Low loss single-layer millimeter wavelen

UP1050 GHg. 0.1 e o ime oF T Wv%tg.capacitors for use at microwave frequencies

ATC capacitors are available with laser marking.

FOR RAPID DELIVERY, cALL

american technical ceramics
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porcelain capacitors. High voltage, high

ion. 0.1 pF to 5100 PF 500 WVDC. T.C.0 + 30 PPM~C

stable high K chip capacitors for bypass, coupling. 510 pF to 0.1 MF to

(516) 271-9600

one norden lane, hunti
516-271-9600 « twx 51O~2n

A /U ysp e ——

INCLUDING ATC’s W,
UN-TEE, EW RUGGED

=« PELLETS, AND

CHIPS, BARRIER/CAP~
LEADED DEVICES

“Q; high power

gton sta., ny. 11746
26-6993 « telex 221201
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Matrix Makes Switching
as Easy as “OFF” or “ON”

MATRIX MAKES
SWITCHING A SNAP

Whether you're switching VHF, HF, IF,
video, audio or DC, Matrix Systems
makes it a snap. That's because we
can tailor a system to your exact
needs using Reed, CMOS, or Pin

Diode relays. The chart tells the story.

It pays to deal with a company like
Matrix who really understands the
switching business. We've been
designing and delivering state-of-the-
art systems for over 15 years to
defense contractors, government
agencies, the TV industry, ATE
manufacturers - and more. Built to the
toughest electrical and packaging
specs imaginable.

BUILT TO YOUR SPECS

Don't spend months designing a
custom switching system when we
can do it faster and for far less
money. We assume total system
responsibility, including computer
compatibility, control panel, status
indicators, scanning functions and
power supplies. We can switch any
type of cable system: coax, twinax,
triax, common ground, floating ground
or twisted pair. And because our
systems are modular, repairs can be
made in minutes.

MATRIX COVERS THE
WHOLE FREQUENCY
SPECTRUM

BALANCED AUDIO

¢—P
CMOS RELAYS
BALANCED Agoco
REED RELAYS

VIDEO
i

>
CMOS COAX RELAYS
VIDEO, IF, HF

RELAY TYPE

IF, HF, VHF

-
COAX & TWINAX REED RELAYS

< —»
COAX PIN DIODE RELAYS

¢
0 FREQUENCY

’
300 MHz
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COMPUTER
COMPATIBILITY

Just apply a control input from your
computer and the system will instantly
route your signal to as many points
as needed. 16 bit parallel interface is
standard, and we also offer IEEE-488
and RS232, all with status feedback.

NEW PRODUCTS

We have a lightweight portable
system which is perfect for test, and
service. Plus an ULTRA-FAST
(microsecond range) pin diode coax-
ial system.

LEAVE THE SWITCHING
TO US

Don't make switching a chore. Make it
a snap. Matrix has the answers to
your switching problems, no matter
how tough they may be.

M AT R I x SYSTEMS CORPORATION

5177 NORTH DOUGLAS FIR ROAD
CALABASAS, CALIFORNIA 91302
(818) 992-6776 » TWX 910-494-4975



A designer’s guide to monolithic crystal filters.

Description. Monolithic crystal filters are today’s choice
for crystal filter applications — used everywhere from
mobile radios to medical monitors to satellite communi-
cations equipment.

Their unique construction replaces many
of the components and interconnections
found in discrete filters, resulting in in-
creased reliability, smaller packages
and significantly lower costs.

In their simplest form, monolithic
crystal filters consist of two, thin-
film electrode pairs deposited on
the faces of a quartz wafer to
form input/output resonators. ;

Acoustical coupling between the
electrode pairs creates a two-pole bandpass filter
response. These ‘‘two-pole’’ filters are housed in

single miniature (Type ‘‘F’’) or
: ultraminiature (Type ‘“‘A’’)
holders.

Four to ten-pole filters
are available in miniature/
ultraminiature, upright and

flatpack designs, as well as in
tandem sets — which are particularly suited for high-
volume production applications.

Tandem monolithic construction connects, in cascade,
two-pole monolithic filter sections using modern net-
work theory. This combines the simplicity and size ad-
vantages of monolithic filters with added mode suppres-
sion and ultimate attenuation.

INFO/CARD 27

How to specify. To ensure getting the right filter
to meet your needs, make sure to specify the nominal
center frequency (Fon), bandwidth and attentuation
(both passband and stopband), package specs and any
special requirements.

The above illustration shows various mono-
lithic crystal filter response parameters. Note
the advantage of using single-sided boundaries

for specifying bandwidths.

s Who to specify. Stick with the leader.
Piezo Technology is the largest U.S.
supplier of standard and custom mono-
lithic crystal filters.
Choose from over 100 standard
models from 10.7to 180 MHz, intwoto
ten-pole configurations. Or take advantage
of our unlimited custom capabilities.

A designer’s guide, free. Send for our PTI monolithic
filter specification form. This handy, easy-to-complete
checklist makes sure you don’t miss a thing when specify-
ing either standard or custom filters.

For more information and a copy of the PTI specifica-
tion form, contact your local PTI representative. Or
write to the address below.

Pliezo Technology, Inc.,
P.O. Box 7859, Orlando, Florida 32854
(305) 298-2000 TWX: 810-850-4136




nufudesigmnerns mote koo

Complex Arithmetic on the HP-11C

he program herein described performs addition, subtrac-

tion, muitiplication, division, and reciprocation on complex
numbers in either rectangular or polar form. Numbers are entered
in the standard HP format; that is, imaginary part or polar angle
first, then real part or magnitude next. Both numbers must be in
the same form. If the numbers are rectangular in format, flag 0
must be cleared (CLFO). If the numbers are in polar format, flag

0 must be set (STFO) before calling the desired function. Answers
come out in the same form (polar or rectangular) in which they
were entered.

All five letter labels are used and labels 0 through 4. Storage
registers 0 to 5, which are associated with the X function, are oc-
cupied, but only 1 and 3 are actually used.

Step Command Comment 29 GTO 1 if polar,goto LBL 57 RTN
1 *LBL A Addition 1 58 “LBL E reciprocation
2 F0? rect. or polar for- 30 GSB 3 go to —P routine 59 FO? rect. or polar?
mat? for two numbers 60 GTO 4
3 GSB 0 if polar format, go 31 *LBL 1 multiplication for 61 =P
to subroutine polar numbers 62 *LBL 4
4 CLR REG 32 Xy 63 1/x
5 2+ 33 R¢ 64 X2y
6 R 34 X 65 CHS
7 R 85 R! 66 X2y
8 T 36 + 67 FO? rect. or polar?
9 RCL = 37 Rt 68 RTN
10 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>