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Building Blocks 
ORLO FOR A WIRE 

Spread Spectrum RF Modem 

ANNOUNCING 
• 2.4 GHz Frequency Hopping Spread Spec¬ 
trum RF Modems for unlicensed FCC Part 15 
operation with 
—Selectable data rates up to 1 Mbps 
—Various transmit power levels, 1mW 

to 100 mW 
—Built-in Diversity Antenna 

ALSO NEW FROM MOTOROLA 
• Synthesized Narrow Band RF Boards 
—Low current drain 
—Fast attack times 
—Surface mount technology 
—Small, compact size 

For years, design engineers seeking solutions have been turning to Motorola for product support. Our vision of 
new opportunities within the context of a wireless society has been realized again with powerful building block RF 
components that will enable you to move from design to production ... the RNet " Series of OEM RF boards, 
telemetry radios, RF modems and paging data receivers. 

Envisioning ... that's your job. Enabling ... that's ours. 

MOTOROLA 
Wireless Data Group 
50 E. Commerce Drive 
Schaumburg, IL 60173 

For more information and detailed specifications 
on RNet™ telemetry radios, RF modems, OEM radio 
modules and paging data receivers, 

Call 1 /800-624-8999, Ext. 105 
INFO/CARD 1 

@ , Motorola and RNet are registered trademarks of Motorola, Inc. Specifications subject to change without notice. 



Model AN930 
9 kHz to 22 GHz 
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Model AN920 
9 kHz to 2.9 GHz 

Model AN940 
9 kHz to 26.5 GHz 

REDEFINING PERFORMANCE & VALUE 
THE AN900 SERIES PORTABLE SPECTRUM ANALYZERS 

With frequency coverage of 9 kHz to 2.9 GHz for the AN920, 
9 kHz to 22 GHz for the AN930, and 9 kHz to 26.5 GHz for 
the AN940, the AN900 series of spectrum analyzers can match 
your RF and microwave testing requirements. 

In addition to being full-featured, portable spectrum analyzers, 
each AN900 series model provides unique measurement 
features never before available on any spectrum analyzer. 
A wide 30 MHz resolution bandwidth filter provides 

unequalled measurement capability on wideband or spread 
spectrum signals. When used in combination with the built-in 
FM/AM receiver and modulation measurement scales, direct 
measurement of wideband signal modulation components, 
including frequency agile signals, is possible. 
A 25 MHz digitizing rate enables zero span measurements on 

pulsed RF and digital signals at sweep rates as fast as 200ns/div. 
Pretrigger and posttrigger delay allow precise time interval or 
gated measurements. 

An automatic trace limits test function performs unattended 
monitoring and detection of erroneous signal conditions. 
Captured signals can be automatically stored in memory with 
time and date stamp for later recall and analysis or sent directly 
to a plotter via the standard RS-232 or IEEE-488 interfaces. 
A logical front panel control layout that avoids the use of 

menus or shift keys simplifies operation and enhances user 
productivity. For field use, a rugged portable design is comple¬ 
mented by the ability to operate from DC power sources or 
from an optional rechargeable battery pack. 

Other optional built-in features, including a 2.9 GHz tracking 
generator, quasi-peak detector, and 0.02 ppm time base, 
expand each model's possible uses. 

RENT DIRECTLY FROM IFR 
Call 1-800-835-2352, Ext. 207 for details 

Contact IFR for more information 
or to arrange for a demonstration of 
the AN920, AN930 or AN940. 

IFR SYSTEMS, INC. 
CHAFTfD WITH HUTH !H 

usa 10200 West York Street/ Wichita, Kansas 67215-8935 U.S.A. 
Phone 316/522-4981 /1-800-835-2352 / FAX 316/522-1 360 

INFO/CARD 2 
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DEMODULATORS 
1.15MHz to 1880MHz from $19.95 
l&Q Modulators and Demodulators... another smart offering from 
Mini-Circuits that's pushing industry standards to new heights (and 
prices to new lows)! 

Infuse your cellular, radar and communication system project 
with the powerful new l&Q Modulator and Demodulator, surface 
mount and plug-in units. Units so reliable, the specified statistical 
data on performance holds up with rock-solid repeatability 
unit-to-unit. 
For high speed assembly operations, l&Q Modulators and 

Demodulators are available in tape and reel format, so you can bank 
on consistent assembly performance for production efficiency time 

after time... and with prices starting at just $19.95, these powerful and 
compact units truly are the next generation of value on the market today. 

So, call your Mini-Circuits distribution center at a number listed 
below for guaranteed one week shipment or, turn to our applications 
department with your special specs for custom units at catalogue prices. 

We’re redefining what VALUE is all about! 

I/Q MODULATORS 

MODEL NO 
MIQA-10M 
MIQA-21M 
MIQA-70M 
MIQA-70ML 
MIQA-91M 
MIQA-100M 
MIQA-108M 
MIQA-195M 
MIOC-88M 
MIQC-176M 
MIQC-895M 
MIQC-1785M 
MIQC-1880M 
MIQY-70M 
MIQY-140M 

MODEL NO 
MIQA-10D 
MIQA-21D 
MIQC-895D 

□ MIOY-125D 
□ MIOY-70D 
□ MIQY-140D 

FREQ 
(MHz) 

CONV 
LOSS 
(dB) 

9 
20 
66 
66 
86 
95 
103 
185 
52 
104 
868 
1710 
1805 
67 
137 

23 
73 
73 
95 
105 
113 
205 
88 
176 
895 
1785 
1880 
73 
143 

58 
6.2 
6.2 
5.7 
55 
55 • 
55 
5.6 
5.7 
55 
80 
9.0 
9.0 
58 
58 

0.20 
014 
010 
010 
0.10 
010 
010 
010 
0.10 
010 
0.10 
0 30 
030 
0.20 
020 

CARRIER 
REJ 
(dBc) 
Typ 
41 
50 
38 
38 
38 
38 
38 
38 
41 
38 
40 
35 
35 
40 

SIDEBAND 
REJ 
(dBc) 
Typ. 
40 
40 
38 
38 
38 
38 
38 
38 
34 
36 
40 
35 
35 
36 
36 

HARM 
SUPPRESS 
(dBc) Typ 

3x1 /Q 
58 
48 
48 
48 
48 
48 
48 
48 
52 
47 
52 
40 
40 
47 
45 

5x1/Q 
68 
65 
58 
58 
58 
58 
58 
58 
66 
70 
58 
65 
65 
60 
60 

PRICE 
$ 

QTY 
(1-9) 
4995 
3995 
39 95 
4995 
49 95 
4995 
49 95 
4995 
49.95 
54 95 
99 95 
99 95 
99 95 
1995 
1995 

I/O DEMODULATORS 

FREQ 
(MHz) 

CONV 
LOSS 
(dB) 

9 
20 
868 
1.15 
67 
137 

23 
895 
1 35 
73 
143 

6.0 
61 
81 

5.0 
55 
5.5 

010 
0.15 
0.20 
010 
0.25 
0.25 

AMP 
UNBAL 
(dB) 
Typ 
015 
015 
015 
015 
010 
010 

PHASE 
UNBAL 
(Deg.) 
Typ. 
1.0 
0.7 

15 
1.0 
0.5 
0.5 

HARM 
SUPPRESS 
(dBc) Typ 

3xl/Q 
50 
64 

40 
59 
52 
47 

5x1/Q 
65 
67 

55 
67 
66 
70 

PRICE 
S 

QTY 
(1-9) 
4995 
4995 
99.95 
29 95 
19 95 
19 95 

□ NON-HERMETICALLY SEALED 
MIQA case .4 x .8 x .4 in. 
MIQY case .8 x .8 x .4 in. 
MIQC case .8 x .8 x .4 in. 
MIQS case .8 x 4 x .2 in. 
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Mini-Circuits 
P O Box 350166 Brooklyn. New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 

For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER Vol 23 • MICROWAVES PRODUCT DIRECTORY • EEM • MINI-CIRCUITS' 740-pg HANDBOOK 

CUSTOM PRODUCT NEEDS. Let Our Experience Work For You. 
F 156 Rev. A 
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MICO’S SURFACE 
MOUNT OFFENSIVE. 

Daico sets the standard for all military surface mounts 
Daico’s Surface Mount Packge (SMP), Dual-ln-line Package (DIP) and Flatpack control products will meet 
your military requirements and are ideal for your multi-layer boards. 
Whether its small quantities direct from stock or all encompassing blanket agreements... We have creative 
solutions to meet your price, quality and delivery objectives. 
We're in control and we’re there for you. 

Surface Mount Switches Surface Mount Attenuators 

Con¬ 

fig 

Freq 
MHz 

IL 
dB 

Iso 
dB 

Switch 
Speed 
pSEC 
Max 

Con¬ 
trol 

Package Part No. 

SPST 5-1000 0.7 45 0.035 TTL 12 Pin SMP DSO799 

SPST 10-2000 1.8 53 0.035 TTL 14 Pin SMP DSO790 

SP2T DC-2000 0.6 25 0.003 SO1C8 DSO702 

SP2T 10-1000 0.7 32 0.050 TTL 12 Pin SMP DSO712 

SP2T 5-1000 1.6 58 0.070 TTL 14 Pin SMP DSO742 

SP2T 50-1100 1.4 48 0.150 TTL 10 Pin SMP DSW25030 

SP4T 10-1000 1.0 57 3.0 TTL 24 Pin SMP DSO744 

SP4T 50-500 1.1 52 1.0 TTL 24 Pin SMP DSO778 

SP5T 10400 1.0 43 0.100 TTL 24 Pin SMP DSO705 

»Of 
Con 

tions 

Freq 
MHz 

LSB 
Range 
dB 

IL 
dB 

Switch 
Speed 
pSEC 
Max 

Con¬ 
trol 

Package Part No. 

1 20-700 10/10 1.0 0.035 TTL 12 Pin SMP DAT15015 

4 10-1000 1/15 1.9 0.030 TTL 12 Pin SMP DAO784-1 

5 300-1000 1/31 3.4 0.500 nt 24 Pin SMP DAO769 

5 10-1000 2/62 5.6 0.050 TTL 24 Pin SMP DAO757 

6 10-1000 1/63 6.3 0.050 TTL 24 Pin SMP DAO786 

7 30-500 0.5/63 r 4.5 20.0 TTL 38 Pin SMP DAO795 

7 30-250 0.5/63.5 6.1 0.035 TTL 38 Pin SMP DAO717 

7 30-150 0.1/12.7 4.0 0.035 TTL 38 Pin SMP DAO775 

VCA 20-300 718 0.8 - Analog 14 Pin SMP DAO735 

Surface Mount Bi-Phase Modulators 

Freq 
MHz 
dB 

LSB 
Range 
DEG 

IL 
dB 

Switch 
Speed 
pSEC 
Max 

VSWR Package Part No. 

10-500 0-180 1.0 0.070 1.4 12 Pin SMP DBPO738 

WE ACCEPT VISA AND MASTERCARD 

DAICO INDUSTRIES, INC. 
2453 E. Del Amo Blvd., Rancho Dominguez, CA 90220 
Telephone 310/631-1 143 • FAX 310/631-8078 
INFO/CARD 4 
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24 The Flux-Gate Magnetometer: 

A Very Sensitive ELF Magnetic 
Detector 
Build your own sensitive magnetic field mea¬ 
suring instrument following the instructions 
provided in this article. — Peter Vizmuller 

34 Solar Source Antenna Gain 
Degradation Measurements 
This Navy engineer was able to eliminate an 
expensive test set by using the sun as a sig¬ 
nal source for antenna performance mea¬ 
surements. — Glenn IV. Hurley 

cover story 
42 Multipath Fading Emulation for Wireless 

Communications 
A new simulator allows designers to verify digital transmission system per¬ 
formance in the presence of multipath fading, Doppler shift and time delays. 

— Bent Hessen-Schmidt 

tutorial 
56 Using RF Channel Simulators to Test New 

Wireless Designs 
RF designers are now concerned with transmission of digital information, 
which can be highly sensitive to the variations in signal propagation. This 
tutorial describes what problems must be addressed, and how simulator 
hardware duplicates “real-world” conditions. — Karl Fielhauer 

design awards 
62 Programs Help Design Vacuum Tube Amplifier 

Output Circuits 
Vacuum tubes remain the primary component in high power amplifiers. Here 
are three programs that assist in designing output networks in L, Pi and Pi-L 
configurations. — Thomas F. Crawford 
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66 Double Feedback Circuit Analysis 
Circuits with both series and shunt feedback paths are not adequately cov¬ 
ered in most references. The author remedies that situation in this article. 

—Frank Egenstafer 

73 Frequency Independent Phase Tracking System 
Creates a True Phase Locked Loop 
This patented technique allows phase detection in which the VCO tracks the 
reference at a seleced phase offset. — Glen A. Myers 

This issue's Featured Technology is Scientific Applications of RF. In the photo above, 
researcher Bob Chufo of the U.S. Bureau of Mines operates a test setup that analyzes 
reflected RF signals to measure coal seam depth. This method was reported at RF 
Expo East 1992. Photo courtesy U.S. Bureau of Mines. 
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HIGH POWER 
QUADRATURE 
HYBRIDS 

REeditorial 

RF is the 
King of 
Electronics 
in 1994 

FREQ. RANGE 100-1000 MHz 
POWER 250 WATTS CW 

TYPICAL SPECIFICATIONS 

MODEL QH3 198 100-300 MHZ 
MODEL QH3199 300-1000 MHZ 

LOSS . 0.5db. max. 
AMP.BAL. + 0.3db max. 
ISOLATION . 20db typ. 
PHASE. 90±2deg. 
VSWR . 1.3:1 max. 
CONNECTORS . N 

WERLATONE offers a full 
line of quadrature hybrids 
covering the 2-1000MHz fre¬ 
quency range at power lev¬ 
els to 1000 watts. 

BROADBAND HIGH POWER 
• DIRECTIONAL COUPLERS 
• POWER COMBINERS 
•HYBRID JUNCTIONS 

WERLATONE INC. 
DECADES AHEAD 

P.O. Box 47 
Brewster, NY 10509 
Tel. (914) 279 6187 
FAX. (914) 279 7404 

By Gary A. Breed 
Editor 

This is a monumental year for the RF 
industry. After all the talk and all the 
planning, the marketplace will finally get 
an opportunity to evaluate a whole host 
of new radio-linked products. Although 
there has been increasing action in the 
RF market over the past couple of 
years, 1994 will show a big jump in 
product introductions and sales. 
A trickle of RF products has begun in 

the area of personal digital assistants 
(PDAs). The best analysts refer to these 
products as communicators rather than 
computers. The emerging perception of 
the PDA is as a combination of pager, 
fax machine and cellular phone. 
Add-on RF links for notebook and lap¬ 

top computers generally fall into the 
same category, except for wireless LAN 
interconnections. WLAN products have 
slowly been working their way into 
offices, mainly in those special places 
where the higher cost and slower speed 
of an RF-linked network connection is 
offset by the need for portability. As 
computer users seek greater flexibility, 
this market will grow. 

I predict that this year will see the 
debut of “one person, one number” tele¬ 
phone services. Test operations are in 
place now, and the early response is 
positive. Smart networks that know 
when the user needs to be in the com¬ 
pany PBX, a corporate campus micro¬ 
cell, or the general cellular network 
should be promoted heavily later this 
year. Personal systems should follow 
shortly that will switch between a cord¬ 
less phone at home and a cellular 
phone elsewhere, reached by calling 
just one number. 
2450 MHz technology is developing 

rapidly, which should remove some of 
the concern over the overcrowded 
ISM/Part 15 band at 900 MHz. Those 
$750 spread specrum cordless phones 
will come down ir price, and plenty of 
new wireless gadgets will appear this 
year. I expect to see everything from 
cordless CD-quality headphones to 
household audio.'video systems that 
function as VCR broadcasters, video 
intercoms and alarm systems. 
Worldwide, GSM digital cellular should 

grow dramatically. Europe will lead the 
way, followed shortly by many other 
countries which have adopted that stan¬ 
dard. The U.S. cellular market will grow, 
but expansion with new technology will 
likely be NAMPS (a narrower bandwidth 
analog system), with digital cellular a 
few years away from large-scale instal¬ 
lation. 
The personal communication system 

(PCS) market will not have an impact on 
product sales in 1994; the FCC rules 
and spectrum distribution will come too 
late for products to reach the market. 
However, test marketing of new systems 
will whet the consumer’s appetite with 
prototype and pre-production models of 
products for 1995. 
We who are observers of the RF 

industry have been predicting the com¬ 
ing boom. Now, financial analysts, busi¬ 
ness publications, plus the general print 
and television media have recogn zed 
the importance of tnese developing mar¬ 
kets. Their reports will get the message 
to the general public, who will finally 
understand that these new capabilities 
for communications, convenience and 
information are not futuristic, but ready 
now for their evaluation. 
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WHAT YOU’VE BEEN WAITING FOR! 

Technology of the Future 
Available Today 

WORLD’S FIRST 
14 Octave 250W 

SOLID-STATE RF Amplifier 
MODEL 122FC 

Instantaneous bandwidth, no warm-up 
• Fully protected 

No VSWR shutdown, drives mismatched loads 
• ALC gain leveling & power limit set 

All front panel controls available via remote connector 

• IEEE488 / RS232 interface capability 
• 19" rack mountable, weight 50 kg 

•US $19,950.00 

250 Walls CW 
.01 -220MHz 

ne Worlds' Most Complete 
Une of OF Powop UmpUfieps 

1-800-344-3341 
(206) 485-9000 (206) 486-9657 

2182087th S.E. • Woodinville, WA 98072 • USA 

Paris, France 
146450945 INFO/CARD 6 1-4645-2403 

More Than 200 Standard Models 
to Choose From 

■■ 



VARIABLE CERAMIC 
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CALL MERRIMAC 
For The Ultimate In Wideband 

M Merrimac 
41 Fairfield Place, West Caldwell, NJ 07006 

Tel: (201)575-1300 I FAX: (201) 575-0531 
INFO/CARD 9 



Incredibly Fast and Accurate 
CW and Peak Power Measurements 
At A Truly Incredible Price. 

UNIVERSAL POWER 
MEASUREMENT 

Incredible is credible when describing 

an exclusive Burst Mode capturing 

more than 2,000 readings in the same 

tick of a clock. 
the 8540 Series of Universal Power And because the 8540 Series uses 
Meters. 

From Giga-tronics, the new power 

in power meters. 

diode sensors, you can measure all the 

way from —70 to +20 dBm with the 

same sensor, and without range 
For the very first time, you can make 

CW and peak power 

14.273 dBm 
692.77 riM 

The two-line display also lets you set the desired resolution 

and select either Lin or Log readout for each line. 

measurements quickly and accurately 

with a single meter—a Universal Power 

Meter. 

And all for about the same price 

you’d pay for the competitor’s CW 

only power meter. 

POWER MEASUREMENTS 
INSTANTLY 

Imagine seeing display updates 

instantly: measurement speeds over 

the GPIB exceeding 200 

readings per second and J 

Ê 1993 Giga-tronics Incorporated 

changing delays. 

If you’re worried about 

having to write new code for 

your computer controlled 

testing, don’t be: The 8540 Series 

uses the same GPIB command set as 

HP’s 436A.437B and 438A. 

Think about what all this will do 

for your ATE productivity as well 

as for your company’s bottom line. 

FAST, EASY PEAK POWER 
MEASUREMENT 

Now, an easy-to-use CW power meter 

can also measure pulsed RF signals with 

the simple addition of a peak power 

sensor. 

There are no time-consuming, 

unreliable duty cycle corrections, and 

you’ll get the same accuracy and speed 

you’d get with a much-more-

expensive dedicated peak power 

meter. 

View the pulsed signal’s amplitude 

profile on a scope and see the exact 

power measurement point on the 

pulse. Measure the overshoot. 

Measure the droop. 

Gigs ironies 

CALIBRATOR 

fl 

B/fll: 

ZERO 
CAL FREQ 

MENU dB/mW 

1- 1 

10.318 dBh 
31.492 dB 

REL 

RECALL 

□Zj 

ieries features intelligent design and sophisticated software. The result is 

a simplified front panel and extensive built-in capabilities that prevent many common 

operational mistakes that typically lead to inaccurate measurements. 



You’ll be confident of your peak 

power readings, and still have all the 

benefits of an incredibly fast CW 

power meter. 

ONE OR TRUE TWO CHANNEL 
OPERATION 
If a single-channel meter is what you 

need, the Model 854I is the meter for 

you. But if you need two-channel capa¬ 

bility, the Model 8542 lets you see read-

ings from both channels simultaneously. 

Surface Mount technology 

assures greater sensor 

accuracy and reliability 

just look 

at the incred¬ 

ible improvement 

in speed you’ll get with 

ga-tronics’ diode sensors. 

access to extensive built-in capabilities. 

For example, you use the same key 

to zero and calibrate the power 

sensors. The meter automatically 

determines the function you want by 

detecting whether a sensor is 

connected to the calibrator. 

Imagine all this power and perfor¬ 

mance. But why just imagine? Get the 

truly incredible Giga-tronics 8540 Series 

SIMPLE, INTELLIGENT 
OPERATION 

The 8540 Series has only half as 

many controls as other power meters, 

Universal Power Meter, and start 

measuring CW and peak 

power in a fraction 

of the time. 

but don’t let that fool you. Intelligent design 

and sophisticated software give you easy 

2 Power Meter 
FREQ CORR iiiiiiiiiriiiiiii 

FACTOR 

FREO CORR 

CAL FACTOR 

AVG 

REMOTE 
SRO 
TALK 
LISTEN 

POWER 

°N I OFF JI! I 1 

01 

•70 -60 -50 -40 -30 -20 -10 -0 10 
INPUT POWEH (dBm I 

The Giga-tronics 8540 Series delivers 

incredible performance by taking full 

advantage of the speed and dynamic 

range of diode sensors. 

What’s more, Giga-tronics has solved 

the challenge that previously limited 

A two-line back lit LCD display 
provides you more data in less time. 

R 14.375 dBr 
122.010 ul 

1 wISKSHHMiHHI Call us toll-free at 
I 800 726 GIGA. 

■flBi HBRMEKEKHflBfliiBRSSfi outside the u.s. 

■ HHHIMIMiHIHiMlMlMa call your local 

Giga-tronics 

representative, or 

The peak sensor adds a ca || QQ | 4O8 734 5780. We’ll send you 
marker on a monitor output . . . . 
. more information or arrange for an 
for setting an exact measure- 0

ment point on pulsed signals, incredible hands-on demonstration. 
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diode sensors to the “square law’ 

region—below -20 dBm—by utilizing 

a built-in power sweep calibration 

system. So you get speed and a 

full 90 dB dynamic range 

without sacrificing 

accuracy. 

Giaatronia 

Giga-tronics Incorporated 

488 Tasman Drive 

Sunnyvale, California 94089 

Telefax: 408 747 1265 



Radio Toolbox 
If you want to design state-of-the-art communications equip¬ 
ment, you’ve got to have the 
TESLA Block Diagram Simulator. 
Using blocks like filters, mixers and 
VCOs, you can build and test just about 
any kind of transmission system— DSP, 
FM. QPSK, 16-QAM. or spread¬ 
spectrum. As Randy Roberts, Editor of 
Spread Spectrum Scene puts it, “All this 
sounds complicated—doesn’t it? ...It’s 
not really so bad if you use TESLA..." 
Most people start simulating with TESLA 
the same day they get it. Runs on any PC. 

How can TESLA help? Unlike linear 
simulators, it can show you loops and 
demodulators actually performing. 
Models real-world non-linearities, 
multiple-carrier interference and 
multipath. Other non-linear simulators 
assume steady-state conditions. They 
can't show you a cycle-slipping Costas 
loop or a synthesizer settling-in. 

“Our system goes all the way 
from L-band through PLL 
tracking of a satnav signal and 
we're getting good results.” 

—J.D. Laguna Hills. CA 

How is TESLA different from SPICE? 
Much more powerful. Works at the block 
level. Has built-in spectrum analysis. You 
can run million-point simulations on 
TESLA. Takes about half an hour on a 
486/50. No way can you do that on SPICE. 
Most simulations take just a minute or so. 

How does TESLA compare to its 
much- more-expensive competition? 
Much easier to use. TESLA avoids the 
stacks of manuals, sluggishness and 
complexity of its brethren. And. you don't 
have to be a math professor to use it. Our 
philosophy: Keep It Simple. TESLA has 
tremendous power and flexibility but we 
arrange features so you can ignore them 
if you don't need them. 

You get a full year of top-notch 
support— access to our extensive 
experience in telecom simulation. If you 
have a problem, chances are we can solve 

in minutes. Still only $695 

O-day trial 404-751-978 
TESOFT. Inc. fax404-664-5817 
PO Box 305. Roswell GA 30077 

RF calendar_ 
January 

12-13 San Diego Electronics Show 
San Diego, CA 

Information: Epic Enterprises, Show Management, 8989 Rio 
San Diego Dr., Suite 160, San Diego, CA 92108-1647. 
Tel: (619) 294-2999. Fax: (619) 294-6699. 

27-28 Measurement Science Conference 
Pasadena, CA 

Information: Measurement Science Conference, John Schulz, 
Registrar, 1280 Bison Ave, Suite B9-530, Newport Beach, CA 
92660. Tel: (714) 863-9031. Fax: (714) 863-1723. 

February 
8-1 1 EXPO Comm Mexico 1994 

Mexico City, Mexico 
Information: TWI, International Exhibition Logistics, 3190 
Clearview Way, San Mateo, CA 94402. Tel: (415) 573-6900. 
Fax: (415) 573-1727. 

March 
8-11 Communications 1994 - Australian International 

Communications and Office Technology Exhibition 
Melbourne, Australia 

Information: TWI, International Exhibition Logistics, 3190 
Clearview Way, San Mateo, CA 94402. Tel: (415) 573-6900. 
Fax: (415) 573-1727. 

14-17 The Second International Symposium on Digital Audio 
Broadcasting 
Toronto, Canada 

Information: DAB Symposium ’94, 126 York Street, #401, 
Ottawa, Ontario, Canada, K1N 5T5. Tel: (613) 594-8226. 
Fax: (613) 565-2173. 

20-24 National Association of Broadcasters '94 
Las Vegas, NV 

Information: NAB ’94 Convention, 1771 N Street, NW, Washing¬ 
ton, DC 20036-2891 . Tel: (800) 342-2460, (202) 775-4972. 
Fax: (202) 775-2146. 

21-26 Applied Computational Electromagnetics Society 1994 
Conference 
Monterey, CA 

Information: Jodi Nix, Symposium Facilitator, Veda Incorpo¬ 
rated 5200 Springfield Pike, Suite 200, Dayton, OH 45431. 
Tel: (513) 476-3550. Fax: (513) 476-3577. 

22-24 RF Expo West 
San Jose, CA 

Information: RF Expo West, Registration Coordinator, 
6151 Powers Ferry Rd. NW, Atlanta, GA 30339. 
Tel: (800) 828-0420. Fax: (404) 618-0441. 

April 
1 2-1 5 EMC/ESD International 

Anaheim, CA 
Information: EMC/ESD International, Registration Coordi¬ 
nator, 6151 Powers Ferry Rd. NW, Atlanta, GA 30339. 
Tel: (800) 828-0420. Fax: (404) 618-0441. 
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RF letters 
Letters should be addressed to: Editor, 
RF Design, 6300 S. Syracuse Way, 
Suite 650, Englewood, CO 80111. Let¬ 
ters may be edited for length or clarity. 

ISO 9000 Responses 

Editor: 
I read the letter “ISO 9000: Barking up 

the Wrong Tree?” [RF Design, October 
1993, p. 14] and felt compelled to clarify 
some of the misconceptions Mr. Lohrer 
expressed. 

I am an ISO 9000 registered lead 
assessor recognized under both the 
United States (Registrar Accreditation 
Board) and United Kingdom (Internation¬ 
al Quality Assurance) systems. I assure 
your readers that “36-hour whiz kids” are 
not being used by registrars in systems 
audits as Mr. Lohrer suggests. Participat¬ 
ing in a Lead Assessors course and 
passing a written examination could 
qualify one as a provisional assessor; 
however, to conduct a registration audit, 
one must have experience, education 
and have been supervised in at least 5 
audits of greater than 2-day duration. 
Registrars are required to abide by these 
qualifications for their auditors as well as 
maintain a management system in com¬ 
pliance to EN 45012. 

Dennis Omanoff 
SynOptics Communications, Inc. 

Editor: 
I was disappointed to read the tirade 

against ISO 9000 by George Lohrer in 
your October issue. It does not have to 
be costly, ineffective or regimented. 

Fortuately, in our company we are not 
burdened by a separate QC/QA heirar-
chy — quality is everybody’s responsi¬ 
bility, including mine as Engineering 
Manager. Last year, I was given respon¬ 
sibility for developing a Quality Manage¬ 
ment System to meet the requirements 
of ISO 9001, to cover R&D through 
installation and service. It was achieved 
in July this year, ahead of schedule and 
with minimal hassle. 

If Mr. Lohrer truly believes that he 
runs a good company which provides 
high quality products, then he must have 
good quality procedures already in 
place. This was the view we took with 
our analytical instrument business — we 
only had to write down what we did and 
have the documentation and processes 
examined by a “third party” in order to 
complete the assessment (first time!). 
Do not be fooled by so-called consul¬ 

tants who will offer the write this stuff for 

you; they get paid by the word! It’s your 
business, run it your way, write it down 
simply — and get a certificate (to go with 
the UL, CSA, etc. ones) to prove that 
what you say is true. This has to be the 
big advantage of ISO 9000; your busi¬ 
ness processes have been approved by 
an independent organization and not just 
claimed by your marketing operation. 
This process of self-examination is 
invaluable, and you will certainly come 
across improvements which need to be 
made — and for these, you can take Mr. 
Lohrer’s “time-honored problem-targeted 
pragmatic approach.” 

Paul Knight 
Finnigan MAT Ltd. 

Editor: 
I found George Lohrer’s letter to the 

editor to contain arrogant, biased and 
just plain inaccurate information. As an 
ASQC Certified Quality Auditor with ten 
years experience in the “QC/QA estab¬ 
lishment” he refers to, I decided it was 
only fair to answer Mr. Lohrer. 
the ISO 9000 series of quality stan¬ 

dards are nothing but a set of generic 
quality standards, not much different 
from the ones we are familiar with — 
military or otherwise. Unlike previous 
schemes, claiming compliance to an 
ISO standard is usually interpreted as 
being also “registered,” which means 
that your company has satisfactorily 
demonstrated to a Registrar its compli¬ 
ance one of the three ISO standards. 
Registration is the only cost aspect 
which is different between complying to 
an ISO standard or any other generic 
quality standard. 
The current feverish activity to 

become registered stems from customer 
requirements more than anything else. I 
imagine that educated customers prefer 
to do business with a company that has 
a stable quality system (usually one of 
the benefits of being registered), which 
in turn can produce a product with a cer¬ 
tain expected quality level. 

I would seriously suggest to the read¬ 
ers that they ignore Mr. Lohrer’s letter 
and do one very important thing: Listen 
to your customers’ requirements. If the 
requirements are for you to comply with 
any of the standards in order to do busi¬ 
ness, then you do not have much of a 
choice, do you? It is a case where a 
simple rule applies: The customer is 
always right. 

Mario Vaz de Medeiros 
Quad Tech, Inc. 

RF Design 

Sprague*Goodman 

Film trim” 
Single Turn Plastic 
Trimmer Capacitors 

• Cap ranges: 1.0-5.0 pF to 25-500 pF 
• Q to 5000 at 1 MHz 
• Operating temp: 

PTFE, Polycarbonate, Polyimide: 
-40° to +85°C 

Polypropylene: -40° to +70°C 
High temp PTFE: -40° to +125°C 

• 6 sizes from 5 mm to 16 mm 
• More stable with temperature than 

other single turn trimmers 
Phone, fax or write today for 
Engineering Bulletin SG-402E. 

SPRAGUE 
Gooomon 

134 Fulton Ave., Garden City Park, NY 11040 
Phone: 516-746-1385 • Fax: 516-746-1396 
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Sapphire 
Pistoncaps8
• Q to 4000 at 250 MHz 
• 6 mounting styles suitable for all 

RF structures 
• Designed to meet MIL-C-14409D 
• Operating temp: -55° to +125°C 
• Cap ranges: 0.3-1 .2 pF to 0.8-8.0 pF 
• Subminiature size 
• Multiturn resolution 
• Extremely stable over temperature, 
frequency, voltage, etc. 

Phone, fax or write today for 
Engineering Bulletin SG-207A. 

SPRAGUE 
GOODmAA 

134 Fulton Ave., Garden City Park, NY 11040 
Phone: 516-746-1385 • Fax: 516-746-1396 
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RF courses_ 
Avionics & Weapons Systems Flight Test 

February 7-11, 1994, Washington, DC 
August 22-26, 1994, San Diego, CA 

RF & Microwave Measurements & Applications 
March 7-10, 1994, San Diego, CA 

Navstar/GPS: Design Applications 
August 1-3, 1994, Washington, DC 

High Speed & Microwave Devices & Applications 
October 24-27, 1994, Boston, MA 

Information: University Consortium for Continuing Education, 
16161 Ventura Boulevard, M/S C-752, Encino, CA 91436. 
Tel: (818) 995-6335. Fax: (818) 995-2932. 

Radar Signal Processing: Theory, Technology 
and Applications 

January 24-27, 1994, Atlanta, GA 
Principles of Pulse Doppler Radar: High, Medium, 
and Low PRF 

February 15-17, 1774, Atlanta, GA 
Phased-Array Radar System Design 

April 19-22, 1994, Atlanta, GA 
Information: Georgia Institute of Technology, Continuing Edu¬ 
cation. Tel: (404) 894-2547. 

RF and Microwave Circuit Design II: Linear/Nonlinear 
Techniques and Applications 

January 31 -February 4, 1994, Los Angeles, CA 
Information: UCLA Extension, Engineering Short Courses, 
10995 LeConte Ave., Ste. 542, Los Angeles, CA 90024. Tel: 
(310) 825-1047. Fax: (310) 206-2815. 

Radio Frequency Engineering 
January 17-21, 1994, Colchester, Uniled Kingdom 

Information: Pat Crawford, The Short Course Office, Depart¬ 
ment of Electronic Systems Engineering, University of Essex, 
Colchester CO4 3SQ, United Kingdom. Tel: 44-206-872414. 
Fax: 44-206-872900. 

Coherent Radar Performance Estimation 
January 23-25, 1994, Atlanta, GA 

Phased-Array Antenna Design 
February 1-4, 1994, Atlanta, GA 

Antenna Engineering 
February 8-11, 1994, Atlanta, GA 

Introduction to Electromagnetic Compatibility 
Design Practices 

January 27-28, 1994, Milwaukee, Wl 
Design Techniques for Radiated Emissions 

January 31 -February 1, 1994, Milwaukee, Wl 
Information: University of Wisconsin-Milwaukee, Non-Credit 
Registration Office, Drawer No. 491, Milwaukee, Wl 53293. 
Tel: (414) 227-3200 or (800) 638-1828. Fax: (414) 227-3146. 
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Trilithic ... Today’s Icon in RF and Microwave Components 
ouble click on our attenuator group to select units with 
jquency ranges as high as 18 GHz. Types offered include 
ogrammable step, rotary step, bench top, pushbutton, 
echanically switched, or fixed. 
< 50 or 75 OHM impedance 
V Fixed values from 1 to 60 dB 
W Power ratings from 0.5 to 500 Watts 
V Dynamic ranges to 127 dB 
9 Step sizes as low as 0.1 dB 

all down our switch menu for a diverse assortment of 
ectromechanical RF switches and switching/control 
ibsystems. Ideal for RF. video switching and data routing 
iplications. 
V 50 or 75 OHM impedance 
9 Frequency range of DC to 1 GHz 
9 Typical isolation is 70 dB 
9 Voltages of 5, 12, and 24 VDC 
9 Options of TTL control or latching relays 

eturn to the filter group and there will be an unsurpassed 
■lection of surface mount L/C (first introduced by Trilithic). 
ivity, tubular, tunable and high power filters. 
9 Highpass, lowpass, bandpass and bandstop 
V Power ratings to 2 Kilowatts 
♦ For high reliability, military and wireless 

communications 
9 High volume production capability 
9 Connectorized, PC, or surface mount 

Find help in our passive component group with a useful 
mixture of detectors, matching pads, high and low power 
terminations, feedthrough terminations, calibrated 
mismatches and DC blocks for many production and 
lab tests. 

V Terminations to 1000 Watts 
W 50, 75, 93 and 600 OHM matching pads 
V 1.0:1 through 5.0:1 calibrated mismatches 
V 50 and 75 OHM RF detectors 
V Many items available from stock 

Call 1-800-344-2412 
for our new 93 page 
catalog and a free 
copy of TRICAT, a 
DOS-based filter 
catalog on a disk for 
your PC. 

TRICAT version 2.1 
is now available on 
a 3 1/2” diskette! 
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9202 E. 33rd Street 
Indianapolis, Indiana 46236 
(317)895-3600 (800)344-2412 FAX (317) 895-3613 



UEnews_ 
FCC Proposes Additional Channels for 
Cordless Telephones 
The Federal Communications Com¬ 

mission (FCC) has released RM-8094, a 
Notice of Proposed Rule Making which 
would add 15 new channel pairs to the 
existing ten channels allocated for cord¬ 
less telephone applications. The new 
channels will use frequencies in the 
ranges of: 43.71-44.49 MHz (base 
transmitter) and 48.75-49.51 MHz 
(handset transmitter). Existing channels 
operate on 46.60-46.98 MHz (base 
transmitter) and 49.66-50.0 MHz (hand¬ 
set transmitter). The current channels 
use specific base/handset frequency 
pairs, but equipment using the new 
channels may pair any base frequency 
with any handset frequency, an option 
intended to reduce interference. 
Although new services offered in the 

915 and 2450 MHz include cordless 
telephones, the FCC feels that the 
“enormous popularity” of lower cost of 
units offered in the 46/49 MHz range will 

continue for the forseeable future. Also, 
increased use of baby monitors which 
operate on five of the existing channels 
has made cordless telephone operation 
on these channels impossible in some 
areas. 
Because the are approximately 2800 

stations operating in this frequency 
range as part of the Forest Products 
Radio Service, Motor Carrier Radio Ser¬ 
vice and Petroleum Radio Service, anti¬ 
interference measures are required, the 
proposed rules include a provision that 
cordless telephones operating on the 
newly proposed channels “must incorpo¬ 
rate an automatic channel selection 
mechanism that will prevent establish¬ 
ment of a link on an occupied frequen¬ 
cy” 
Comment and reply comment dead¬ 

lines passed in November, and action 
on this proposal is anticipated by mid¬ 
year. 

AT&T Demonstrates 0.1 Micron Sili¬ 
con Devices — Silicon ICs with 0.1 
micron transistor geometries have been 
developed by AT&T’s Silicon Electronics 
Research Laboratory. The new process 
solves the problem of temperature rise 
in small-geometry devices that occurs 
because the lower doping level required 
at these dimensions increases the cur¬ 
rent leakage. For this reason, previous 
devices using 0.1 micron channels 
required cooling. Using this process, 
dividers operating to 10 GHz have been 
demonstrated, along with individual tran¬ 
sistors operating to 116 GHz for NMOS 
and 51 GHz for PMOS. Devices using 
the new AT&T process can run from 1.5 
volt power supplies. 

November ITU Conferences Plan for 
the Future — In November, the World 
Radiocommunication Conference (WRC 
93) closed with a draft agenda for the 
next two conferences to be held in 1995 
and 1997. WRC 93 is seen as a strate¬ 
gic planning exercise for future radio 
regulations, and a means of testing the 
new bi-annual system of World Radio¬ 
communication Conferences. The draft 
agenda for WRC 95 includes: Review of 
committee work started in 1990 that will 
simplify the Radio Regulations; review 
of technical constraints associated with 
Mobile Satellite Services (MSS) under 3 
GHz, intended to help facilitate their 

use; review additional matters regarding 
MSS and other satellite services, includ¬ 
ing feeder links, earth exploration satel¬ 
lites, broadcasting satellite services and 
other space services; and address the 
use of new HF bands recently allocated 
to broadcasting. 
WRC 97 has the following items on 

the draft agenda: Coordination of space 
and terrestrial services between 1 and 
40 GHz; allocation of unplanned space 
services; wind profiler radars; further 
work on HF bands allocated to broad¬ 
casting; and discussion of the Global 
Maritime Distress and Safety System. 
The first ITU Radiocommunication 

Assembly, successor to the Plenary 
Assembly of the International Consulta¬ 
tive Radio Committee (CCIR), approved 
a recommendation to assure compatibil¬ 
ity between VHF broadcasting and aero¬ 
nautical navigation, and continued 
progress on discussion of future mobile 
communications. Under the new struc¬ 
ture, this body can be characterized by 
its unofficial mission statement, to aim at 
“an efficient contribution to technical 
standards and the most effective utiliza¬ 
tion of the radio spectrum in the context 
of the world’s economies and needs.” 

Analog Devices and IBM Team Up on 
SiGe Technology — Analog Devices 
and IBM have announced an agreement 
regarding RF and mixed-signal integrat¬ 

ed circuits based on IBM’s ultra-high 
vacuum chemical-vapor deposition 
(UHV/CVD) silicon-germanium (SiGe) 
process. The agreement calls for the 
companies to design, produce and mar¬ 
ket ICs intended for high-volume radio 
and high-speed applications. The SiGe 
process has been shown to produce 
transistors with F- to 60 GHz, roughly a 
factor of three higher than previous sili¬ 
con IC processes. At the recent Interna¬ 
tional Electron Devices Meeting (IEDM), 
ADI and IBM reported on a 1 GHz 12-bit 
digital-to-analog converter fabricated 
using this process. The 3000-transistor 
size of the DAC indicates that the 
process will be suitable for single-chip 
implementation of many RF functions. 

NIST Describes EM Materials Mea¬ 
surement Services — A new publica¬ 
tion, NIST Measurement Service of 
Electromagnetic Characterization of 
Materials (NISTIR 5006), presents an 
overview of special test and measure¬ 
ment services for characterizing dielec¬ 
tric and magnetic properties of materials 
at radio and microwave frequencies, 
from 100 kHz to 26.5 GHz. Measure¬ 
ments can be made of permittivity and 
permeability, as well as loss tangents of 
low-loss materials. Copies of the publi¬ 
cation can be obtained from the National 
Technical Information Service, Spring¬ 
field, VA 22161; (703) 487-4650. Order 
by: PB 94-110186. 

Telephone-Over-Cable TV System 
Announced — Scientific-Atlanta has 
announced a system of telephone ser¬ 
vice delivery over broadband cable TV 
networks, enabling switched telephone, 
video, data and interactive TV services 
to be integrated into a single communi¬ 
cations network. Interfacing equipment 
is located in a box placed at the cus¬ 
tomer end of the cable drop, where tele¬ 
phone and cable TV wiring then enters 
the build in the same manner as the 
existing service. Delivery of the CoAc¬ 
cess™ system hardware in commercial 
quantities is expected in the first half of 
1994. 

Conductive Polymers are Water-Solu¬ 
ble — IBM research scientists have 
invented a new class of polymeric mate¬ 
rials which are both electrically conduc¬ 
tive and water soluble. These deriva¬ 
tives of polyaniline, called PanAquas™, 
the polymers can be made insoluble by 
exposure to radiation such as electron 
beams, x rays and ultraviolet ight. 
Advantages of these materials include 
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Is this what 
BIPOLAR 
TECHNOLOGY 
has finally come 

DOWN TO? 

12 GHz fT Bipolars: 

one third the size of a SOT-23! 

Need performance, but short on real estate? 

Our new bipolars from NEC deliver up to 9 dB Gain and 1.5 dB 

Noise Figure at 1.9 GHz — in an ultra-super mini mold "19" 

package that's just 1.6 X 0.8 mm! 

These bipolars operate below 3V and at low current to reduce 

battery size and increase battery life for your wireless applications. 

Want the performance, but not quite ready for the miniature 

package? They're also available in traditional SOT-23, 323, and 143 

style packages — and a new high performance 4 pin " 18" package 

that delivers MAG of 13.0 dB at 1V, 1 mA, 900 MHz. 

They're available now, on tape and reel, and priced to meet your 

needs. For Data Sheets and a copy of Automated Assembly of 

Miniature Parts, call your nearest CEL Sales Office or circle 

the number below. 
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NEC 
NEC Bipolars are available 

in these packages 
(shown approx. 2X size) 

NEC 19' Pkg 
Ultra Super 
Mini Mold 

NEC "18‘ Pkg 
4 Pin Super 
Mini Mold 

NEC "30‘ Pkg NEC ■33’ Pkg 
SOT- 323 Style SOT-23 Style 
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NEC -39- Pkg 
SOT-143 Style 

California Eastern Laboratories SSSSSS 
CEL Headquarters. 4590 Patrick Henry Drive. Santa Clara. CA 95056-0964: (408) 988-3500 FAX (408) 988-0279 □Santaclara, (408) 988-7846 □ Los Angeles, CA (310) 645-0985 

San Diego, CA (619) 450-4395 0Bellevue, WA (206) 455-1 101 □ Richardson, TX (214) 437-5487oOlathe, KS (913) 780-1380oWoodridge, IL (708) 241-3040 □ Cockeysville, MD (410) 667-1310 

Peabody, MA (508) 535-2885 □ Hackensack, NJ (201) 487-1155 OPalm Bay, FL (407) 727-8045□ Snellville, GA (404) 978-44430 Nepean, Ontario, Canada (613) 726-0626 

© 1994 California Eastern Laboratories 
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news continued 

processing without organic solvents, 
curability and removability. They may be 
most valuable as ESD charge dissipa¬ 
tors in both removable and permanent 
applications, either as a coating or 
blended into plastics and fabricated 
directly into structural components. 

IPC Develops School for PWB Tech¬ 
nology — To be held during the Printed 
Circuits Expo, April 1994 in Boston, the 
School for PWB Technology is present¬ 
ed by the Institute for Interconnecting 
and Packaging Electronic Circuits (IPC). 
Seventeen tutorials or workshops are 
currently planned, which are intended to 
cover topics ranging from laminating 
and flexible circuits to costing and ISO 
9000 implementation. For more informa¬ 
tion call IPC at (708) 677-2850. 

Hughes Promotes new CBiCMOS 
Process — Offering custom and semi 
custom integrated circuits, Hughes 
Microelectronics announces its CBiC¬ 
MOS process. The process supports 2 
micron CMOS gates, 2 GHz PNP tran¬ 
sistors and 5 GHz NPN transistors. 
Operating voltages as low as 1.5 volts 
can be obtained. Full custom and stan¬ 
dard analog building block semi-custom 
ICs are offered, based on this process. 

D.L.S. Electronic Systems Receives 
TUV Appointment — The first Certifi¬ 
cate of Appointment given by TUV 
Rheinland for EC EMC testing has been 
received by D.L.S. Electronic Systems, 
Inc., and EMC testing laboratory and 
consulting firm in Glenview, Illinois. The 
appointment means that D.L.S. may 
issue a Certificate of Conformance 
which their customers can then use to 
prove compliance and put the CE mark 
on equipment to be sold into the Euro¬ 
pean Economic Community. 

Signal Technology Acquires Systron 
Donner — Signal Technology Corp, will 
acquire the Microwave/lnstrument Divi¬ 
sion of Systron Donner Corp., a Thorne 
EMI company. The division manufac¬ 
tures microwave and instrumentation 
products for defense and commercial 
markets, with sales of approximately 
$12.5 million annually. The instrument 
division will operate under the name ST 
Systron Donner. 

New Thin Film Company Formed — 
Spectrum Thin Films is a newly formed 
company which manufactures standard 
and custom thin film devices for com¬ 
mercial and military applications. The 

company, based in Hudson, NH, will 
make thin film resistor, conductor and 
multilayer products for hybrid microelec¬ 
tronics, using an environmentally sound 
laser process. 

Proxim Announces Public Stock 
Offering — Proxim, Inc.has announced 
that has filed a registration statement 
with the Securities and Exchange Com¬ 
mission relating to the proposed initial 
public offering of 2,000,000 shares of 
common stock. 1,500,000 shares will be 
sold by the company, and 500,000 
shares sold by certain stockholders. Ini¬ 
tial pricing is expected to be between $9 
and $11 per share. Proxim designs, 
manufactures and markets spread-spec¬ 
trum based wireless networking prod¬ 
ucts. 

SpecTran to Acquire Ensign-Bickford 
Optics — SpecTran Corp, has 
announced that it will acquire substan¬ 
tially all of the assets of Ensign-Bickford 
Optics Co. and Ensign-Bickford Optical 
Technologies, Inc. The acquisition will 
result in SpecTran’s ability to offer a 
wide range of specialty fiber and value-
added fiber optic products. 

ESSCO Receives FAA Contract — 
Electronic Space Systems Corp. 
(ESSCO) has been awarded the Feder¬ 
al Aviation Administrations (FAA) 
Radome Replacement contract to man¬ 
ufacture and install sandwich radomes 
for primary and secondary surveillance 
systems at FAA facilities nationwide. 
The new sandwich radomes will accom¬ 
modate the more sophisticated and larg¬ 
er beacon phased array en route sur¬ 
veillance radar systems. 

Flight Test Contract Awarded to 
Aydin Vector — Lockheed Aeronautical 
Systems Co. has selected Aydin Vector 
Division of the Aydin Corporation to pro¬ 
vide the Flight Test Data Acquisition 
System for the F-22 Advanced Tactical 
Fighter. Nine vehicles will be built and 
rigorously tested through the year 2000. 
The contract, valued at $20 million, 
includes micro-miniature MMSC-800 
Narrow Band and Wide Band Data 
Acquisition units, high speed digital tape 
recorders, data handling equipment and 
ground support equipment. 

Varian to Acquire Quality Hermetics 
— Varian Associates announces that its 
Canadian subsidiary, Varian Canada, 
Inc., has acquired the assets of Quality 
Hermetics Co. of Toronto. Quality Her¬ 

metics is a privately held company 
which designs and manufactures glass-
to-metal hermetic seals for a variety of 
applications in solid state amplifiers, 
avionics equipment, high vacuum sys¬ 
tems and semiconductor manufacturing. 
Varian Canada manufactures 
microwave tubes and electronic equip¬ 
ment for medical applications. 

Analog Devices Announces RF Prod¬ 
uct Group — A new product line has 
been formed at Analog Devices, Inc. to 
continue development of products tar¬ 
geted at new wireless applications. 
Components for these applications have 
previously been part of the company’s 
Analog Signal Processing product line. 
The new group will combine RF ‘unc¬ 
tions with DSP, voice-band and base¬ 
band functions to address all portions of 
RF-based communications products. 

CMOS Technology License Agree¬ 
ment — TEMIC TELEFUNKEN micro¬ 
electronic GmbH and Mitsubishi Electric 
Corp, have reached a licensing agree¬ 
ment on the transfer of submicron 
CMOS technology as part of long-term 
cooperation agreement between the 
companies. Initially, a 0.5 micron 
process will be used at TEMIC’s French 
affiliate, MATRA-MHS, which makes 
ASICs, microcontrollers and micro¬ 
processors. The TEMIC microsystems 
group makes HF components, control 
and sensor systems, MCM modules and 
power hybrids. 

Superconductor Technologies Adds 
Manufacturing Capacity — A new 
deposition system purchased by Super¬ 
conductor Technologies will double the 
company’s high temperature supercon¬ 
ductors capabilities. The new chemical 
vapor deposition system will be used in 
conjuction with an existing laser ablation 
system to produce superconducting thin 
films used in computer, telecommunica¬ 
tions and medical MRI applications. 

Vendors Adopt HP Instrument Con¬ 
trol Library — Six I/O product suppliers 
have adopted the standard instrument 
control interface library which Hewlett-
Packard Company recently released as 
an open standard. The companies are 
IQTech Inc., Data Translation Inc., Capi¬ 
tal Equipment Corp., Keithly Metrabyte 
and RadiSys Corp. HP also announced 
that Microsoft Corp, has made a com¬ 
mitment to bring the library to the con¬ 
trol, engineering and manufacturing 
community. 
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New 3 Volt NEC Silicon ICs 

FINALLY! 

3 VOLT 
RFICs 
FOR HANDHELD 
WIRELESS 
PRODUCTS 

UPC2745 
Ultra Broad Band 

Amplifier 
DC to 2.7 GHz 
12 dB Gain 

-1 dBm Psat 
7.5 mA Icc 

UPC2746 
High Gain Amplifier 
DC to 1500 MHz 

19 dB Gain 
0 dBm Psat 
7.5 mA Icc 

UPB1502 
Frequency Divider 

0.5 to 2.2 GHz 
Divide by 64/65, 128/129 

6 mA Icc 

UPC2747 
Broad Band 

Low Noise Amplifier 
100 MHz to 1800 MHz 

12 dB Gain 
3.3 dB NF, 5 mA Icc 

UPC2748 
High Gain 

Low Noise Amplifier 
200 MHz to 1500 MHz 

19 dB Gain 
2.8 dB NF 
6 mA Icc 

UPB587 
Frequency Divider 

50 to 1000 MHz 
Divide by 2/4/8 

5.5 mA Icc 

...plus dozens of Bipolar Transistors 
characterized at 2.5 Volts, including: 

f= 1500 MHz 
NE68519 

f= 2.5 GHz 
NE68030 

f= 1000 MHz 
NE68039 

NEC’s new low current Silicon ICs not only 
reduce power consumption in your 3 Volt 
designs, they reduce the parts count, improve 

the reliability, and simplify the assembly. 
NEC is committed to 3 Volt Silicon technology; 

these park, are just an introduction. 
There are more on the way. Soon. 
If 5 Vo.t ICs are the solution, NEC has a wide 

selection of them as well, all available right now. 
And dc n’t forget NEC’s huge family of discrete 

devices. Many are characterized at 2.5 Volts and they're 
available in a variety of packages, including a new 
ultra-smaJ SMD that's a third the size of a SOT 23! 

For a FREE Product Selection Guide, call your 
nearest CEL Sales Office. Or circle the number below. 

1.3 dB NF 1.90 dB NF 1.0 dB NF 
10.0 dB Ga 7.2 dB Ga 11.6 dB Ga 

@ only 3 mA Ic @ only 3mAlc @ only 1 mA Ic 

Surface Mount packages sbou-n actual size 

...and a wide variety of 5 Volt RF ICs including: 

UPC2708 UPC2710 UPC2713 
Wide Band Wide Band Amplifier Wide Band 
Amplifier DC to 1000 MHz Amplifier 

DC to 2.9 GHz 33 dB Gain DC to 1200 MHz 
15 dB Gain 3.5 dB NF 29 dB Gain 
10 dBm Psat 3.2 dB NF 

UPC2723 UPC2721 UPC2726 
AGC Amplifier Down Convertor Differential 

100 MHzto 1100 MHz RF= 0.4 to 3.0 GHz Amplifier 
38 dB AGC IF= 50 - 600 MHz 400 MHz to 1400 MHz 
13 dB Gain Conversion Gain= 15 dB 15 dB Gain 

NEC 
Typical Performance at 25°C, Frequency Range is 3 dB Bandwidth 

California Eastern Laboratories 

CEL Headquarters. 4590 Patrick Henn Drive. Santa Clara. CA 950564)964: (408) 988-3500 FAX (408) 988-0279 J Santa Clara, (408) 988-7846 □ Los Angeles. CA (310) 645-0985 

San Diego, CA (6.9) 4€7-6727aBellevue, WA (206) 455-1101 □ Richardson, TX (214) 437-5487 □ Olathe, KS (913) 780-1380 aWoodridge, IL (708) 241-3040aCockeysville, MD (410) 667-1310 

Peabody, MA (508 535-28850 Hackensack, NJ (201) 487-1 155 or 487-1 160 □ Palm Bay, FL (407) 727-8045 □ Snellville, GA (404) 978-4443 0 Nepean, Ontario, Canada (613) 726-0626 

© 1993 California Eastern Laboratories 
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BF industry insight 

Why DSP Could Be 
the Key to Your Next RF Design 
By Andy Kellett 
Technical Editor 

Digital Signal Processing (DSP) has 
become faster and less expensive in 

the last decade, following a familiar pat¬ 
tern: new technology enables new appli¬ 
cations, drives new technology, enables 
new applications... New DSP chips are 
faster, more self-contained, and increas¬ 
ingly, they are tailored for specific appli¬ 
cations — applications such as digital 
cellular telephony, wireless LANs and 
digital video transmission. 
DSP is crucial to many potentially 

large RF markets. “This whole infra¬ 
structure of satellite based personal 
communications, cellular-based commu¬ 
nications and PCS require some DSP," 
says Doug Mitchell, Vice President of 
Marketing and Sales for array Microsys¬ 
tems, a Colorado Springs, CO manufac¬ 
turer of DSP chips and boards for vector 
processing of signals. “I don’t know that 
anybody disagrees when you say all 
those markets could be very large.” 
DSP processing power is up to the 

challenge offered by the emerging wire¬ 
less markets. High-end DSP chips (for 
instance, the AT&T DSP1617) operate 
around 50 MIPS (Million Instructions Per 
Second), and chips are available with 
16- to 32-bit, and fixed and floating point 
resolutions. What specification is the fig¬ 
ure of merit depends on your applica¬ 
tions says Thomas Hack, a Senior 
Design Engineer at Siliconix, and a fre¬ 
quent contributor to RF Design of arti¬ 
cles on digital RF technology . 
When a single processor can’t do the 

job alone, parallel processing can be 
employed. Multiprocessor DSP is cur¬ 
rently used in the most demanding 
applications for DSP. Radar and video 
signal processing often require the 
added power of parallel processing, as 
do digital cellular base stations, which 
have to handle several channels of 
information at once. Several chips are 
designed to make connecting several in 
parallel easier. “The TMS320C40 has a 
glueless interface,” says Tl’s DSP Mar¬ 
keting Manager, Kun Lin , “We have 
customers who have a thousand 
TMS320C40S in one system.” However, 
there are diminishing returns as more 

processors are connected. “At some 
point it's more work computing how to 
split the work, than it is to do the work 
itself," notes array Microsystems’ 
Mitchell. Still, that point of diminishing 
returns is well above the performance 
level of a single DSP chip. 

“DSP architectures are heading 
towards higher integration, with larger 
on-chip memory and on-chip peripher¬ 
als,” says Bill Windsor, Product Manager 
for DSP Processors at Analog Devices. 
Analog’s newest 32-bit floating-point 
DSP, the ADSP-21060, reflects this 
trend, containing 4M of RAM on-chip and 
extensive on-chip memory management. 
Increased integration reduces size and 
cost; both are important for . The 
increased inclusion of DSP in handheld 
devices also drives increased demand 
for power-conserving DSPs. Many DSPs 
have v/ait and stop modes, and many of 
the next round of DSP device introduc¬ 
tions will include 3 V devices. 
DSPs are also becoming more applica¬ 

tion specific. Examples of this type of 
DSP are devices designed to code 
and/or decode video signals using JPEG, 
MPEG and H.261. Such encoding decod¬ 
ing schemes could be implemented with 
sets of general purpose DSPs, says 
array Microsystem’s Mitchell, but, “no one 
could afford to buy it.” Instead a number 
of companies, including array Microsys¬ 
tems, are readying monolithic DSP chips 
dedicated to performing these video 
encode/decode tasks. Another type of 
application specific DSP chips are those 
which perform traditional analog tasks, 
such as Harris’ HSP50016. This chip per¬ 
forms digital down conversion and filter¬ 
ing, simply taking in a sampled signal and 
spitting out I and Q data streams. 
Nobu Okuyama, Senior Product Mar¬ 

keting Engineer for DSP products at 
NEC, points to the various competing 
digital cellular and wireless datacom 
systems when he says, "... wireless 
communication is not yet firmed up. So, 
in a sense, it is not the time to talk about 
customized DSP solutions.” 
Designing with DSPs has also 

become easier. Algorithms no longer 

have to be hanc-entered as machine 
code. “There are companies now that 
provide high level design tools which 
allow a designer to graphically pick and 
choose blocks to represent the functions 
in the application, and then the system 
will compile all the way down to DSP 
code,” says Tl’s Un. Companies such as 
Comdisco and Hyperception, among 
others, provide such software. 
C code is another popular way to 

implement DSP algorithms, but even 
here, the designer doesn't have to worry 
about becoming an ace programmer. 
Robert DeRobertis, Product Manager for 
Wireless Signal Processors at AT&T, 
offers an example, “We offer VSELP 
code, so all the person has to do is write 
an executive and call those libraries. 
We’ve had customers integrate this into 
their phone in two or three months, as 
opposed to the many months it would 
take to do a complete software develop¬ 
ment.” 
Complete chip sets incorporating both 

RF analog and DSP functions are 
another way manufacturers are helping 
reduce design times. “Where RF and 
DSP never touched before, we are now 
seeing customers who require products 
that are gluelessty interfaced together,” 
says AT&T’s DeRobertis. The comple¬ 
mentary nature of DSP and analog RF 
circuits is also seen by Charles Fadel, 
Corporate Marketing Manager for Ana¬ 
log Devices’ new Communications Sec¬ 
tor. “The advantage of providing a com¬ 
plete system is the ability to interplay the 
advantages of each section,” says 
Fadel, “For instance, if you have a DSP, 
you can offload the non-linearity of an 
amplifier with it.” 
DSP has become less expensive in 

the last decade. For instance, Tl’s 
TMS320C10 was originally priced 
around $500 when it was introduced in 
1982. Now, unit quantities sell for about 
$5. If this trend continues, RF designers 
should have some very useful and 
affordable DSP devices in the next 
decade. Says Tl’s Lin, "What looks 
expensive today will be very inexpen¬ 
sive tomorrow." RF 
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MIXERS 
UNPRECEDENTED 

IN VALUE. 

SURFACE MOUN-
board area .25 x .3C 

tape and reel available 

SOLDER PLATE 
OVER NICKEL METALIZATION 
improves solder reflow reliability 

and eliminates leaching 

actual size 

RUGGED CONSTRUCTION 
passes MIL-M-28837 

shock and vibration tests 

ALL-WELDED 
INTERNAL CONSTRUCTION 

withstands up to 240°C for 5 minutes 

ALL-CERAMIC 5 to 3000MHz 
Now you can buy very low-cost, high-performance 

commercial mixers with the ruggedness and reliability 
requi ed for military applications. That's value! 

... Only from Mini-Circuits. 

Midband, dB 
Model LO Freq. (MHz) Conv. Isol 

(dBm) LO.RF IF Loss L-R L-l 
RMS-1 1X +7 5-1900 5-1000 7.1 29 31 
RMS-1 1F +7 350-2000 DC-400 5.5 31 30 
RMS-30 +7 200-3000 DC-1000 6.5 26 22 
RMS-25MH +13 5-2500 5-1500 7.5 32 32 

$ea. 
(10-49) 
3.95 
4 95 
6.95 
7.95 

finding new ways ... 
setting higher standards 

Mini-Circuits .^ 
PO Box 350166. Brooklyn. New York 11235-0003 (718)934-4500 Fax (718) 332-4661 

Distribution Centers NORTH AMERICA 800-654-7949 • 417-335-5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44-252-837010 

For detailed specs on all Mini-Circuits products refer to • THOMAS REGISTER Vol 23 • MICROWAVES PRODUCT DIRECTORY • EEM • MINI-CIRCUITS' 74O-pg HANDBOOK 

CUSTOM PRODUCT NEEDS.. Let Our Experience Work For You. 
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Rf featured technology 

The Flux-Gate Magnetometer: A Very 
Sensitive ELF Magnetic Detector 
By Peter Vizmuller 

Interference between a switching 
power supply and a receiver's VCO 
prompted the magnetometer described 
in this story; a magnetic flux modulated 
at audio frequencies was permeating 
the VCO's compartment through three 
layers of shielding and extensive 
bypassing. A way to analyze low fre¬ 
quency magnetic fields was required. 
This article describes the magnetome¬ 
ter's theory of operation in sufficient 
detail to allow anyone to build an inex¬ 
pensive magnetic sensor of nearly 10 
V/gauss sensitivity. (In case you are still 
wondering about the problem that trig¬ 
gered this investigation, the interference 
between the VCO and power supply 
was solved by changing the switching 
transformer construction, preventing 
excess flux from leaving its ferrite core.) 

The flux-gate magnetometer has 
found use in an amazing range of 

applications. Interplanetary magnetic 
field mapping, submarine detection, 
non-contacting current measurements, 
ELF detection and mineral exploration 
are some of the uses for this versatile 
device [1], Until the discovery of the 
superconducting SQUID and other 
quantum mechanical detectors, flux¬ 
gate magnetometers were among the 
most sensitive, and certainly remain the 
most cost-effective devices for measur¬ 
ing DC and low frequency magnetic-
fields. 

Figure 1. Simplified magnetic flux 
gate for measuring DC current. 

The HP428A clip-on milliammeter was 
probably the first commercial instrument 
which utilized a flux-gate device to 
sense the magnetic field of a current-
carryirg wire passing through the probe 
head, thus allowing the measurement of 
DC currents below 1 mA without break¬ 
ing the circuit. A brief note in the instru¬ 
ment's manual, warning about errors 
introduced by the Earth’s magnetic field, 
hinted at the remarkable sensitivity of 
this little device [2]. The current-carrying 
wire was enclosed by a ferrite toroid of 
special shape, portions of which were 
periocically saturated by a sinusoidal 
gate s gnal, as shown in Figure 1. 
The two saturation windings are wound 

in such a way as to confine the saturation 
flux in the two thinner ferrite sections 
between A and B. Both pieces of ferrite 
between points A and B saturate twice 
per each cycle of the saturation current, 
(because there are two current peaks in 
each sinusoidal cycle, one positive, the 
other negative). This action gates the 
magnetic flux which is produced in the 
toroid oy the current to be measured. 
Because the magnetic path is interrupt¬ 

ed, or gated, at twice the rate of the satu¬ 
ration current, the flux density through the 
voltage sense winding will also change at 
the same rate, inducing a voltage in the 
sense winding at the second harmonic of 
the saturation gate signal. 
An easy way to visualize this flux gat¬ 

ing process is to realize that the ferrite 
between points A and B is effectively 
removed at twice the rate of the gate 
signal so that the overall effective per¬ 
meability of the whole toroid changes 
between two states: high permeability 
when unsaturated, and low permeability 
when partially saturated. The low per¬ 
meability is due to the presence of an 
'air gap’ between A and B when that 
portion is saturated. 
Yet another way to explain flux-gate 

operation is to quantify the various rela¬ 
tionships mathematically. Looking at the 
flux through the sense winding: 

V = -Ns^ 0) 
s dt 

where, 
V = voltage induced in sense winding 
Ns = number of turns in sense winding 
«!> = flux through cross-section of sense 
winding 

But we know that <I> = Ba and B = pH, 
therefore: 

V = -NsaH— (2) 
s dt 

where, 
a = ferrite cross-sectional area inside 
sense winding 
H = magnetic field, proportional to the 
measured current 
p = effective permeability of whole toroid 

Thus the induced voltage is directly 
proportional to current to be measured, 
and also depends on how fast the effec¬ 
tive permeability is changing. Because 
the permeability changes at twice the 
rate of the saturation signal, the sense 
voltage has a strong component at the 
second harmonic of the saturation cur¬ 
rent as well. We can immediately see 
that the sensitivity can be increased by 
using high permeability material, lots of 
turns in the sense winding and a high 
frequency for the saturation gating sig¬ 
nal. There are no inherent frequency 
limitations on H in the above equations, 

Figure 2. A practical flux-gate 
magnetometer using two 
2673002201 ferrite sleeves and 
two orthogonal windings. 
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You don't always get 
what you pay for. 

With PTS synthesizers, you get more. 
Because we’re synthesizer specialists, we give 
you more for your money in more ways than one. 
From our econcmy PTS xlO, to our space¬ 
saving PTS 310 to our top-of-the-line PTS 1000, 
we have more models to cover your source needs 
from 100 KHz to 1 GHz. 
And more options, including: 

• OCXO, TCXO or external standard, 
• choice of resolution from 
100 KHz to 0.1 Hz, 

• DDS with phase-
continuous switching, 

• digital phase rotation, 
• BCD or GPIB 
remote control, 

and almost a hundred 
others to let you specify a 
synthesizer so well-tailored 
to your requirements that

But wait, there’s less! 
All of our synthesizers feature low power 
consumption, low spurious output (as low as 
-75 dBc), low phase noise, and fast frequency 
switching (as fast as 1 psecond). 

And all of our models are available, at a lower 
price, in a remote-only OEM configuration for 
easy integration into your OEM system. 

Our full catalog has all the information you 
need to specify the 
most synthesizer for 
your money. 

Call or FAX us for your 
copy, or for immediate 
engineering assistance. 

it’s like having one custom made for you. 
Our priority in design and manufacturing is to 
make our synthesizers more reliable, and this 
has led to a demonstrated MTBF of 25,000 
hours. That’s why we can back them with our 
all-inclusive 2-year warranty, along with a flat¬ 
rate service charge for eight years following the 
warranty period. 

PROGRAMMED TEST SOURCES 
P.O. Box 517 Littleton, MA 01460 

508/486-3008 FAX 508/486'4495 
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the sensor will work at DC and at fre¬ 
quencies up to the gate frequency with 
equal sensitivity. 

In many cases, the magnetic field to 
be measured is not produced by a cur¬ 
rent carrying wire. Leakage from a cath¬ 
ode-ray tube, the Earth’s ambient field, 
magnetization of a mineral rock sample 
are all examples where it is impossible 
to interrupt a closed magnetic path, as 
in the above example. In order to mea¬ 
sure open field lines, the basic design 
can be modified as shown in Figure 2, 
but the principle of operation remains 
exactly the same: 
The primary, or saturation winding has 

the same function as before, except that 
in this case, all of the ferrite material is 
saturated twice per cycle, rather than 
only a portion of the material. Voltage is 
induced in the secondary because fer¬ 
rite effectively ‘appears’ and ‘disap¬ 
pears’ inside the secondary winding. 
The secondary, or sense winding will 
contain energy at the second harmonic 
of the primary frequency, only if there is 
an external magnetic field present. In 
the absence of an external magnetic 
field the secondary voltage will consist 
only of a small leakage signal from the 
primary. Because the two windings are 
wound at right angles, there is no trans¬ 
former action and the primary signal 
does not get to the secondary, except 
for a small imbalance signal plus a 
capacitively coupled signal. In any case, 
the input (primary) and output (sec¬ 
ondary) are at different frequencies, so 
they are easy to filter and separate. 
Note that the magnetometer is now 

sensitive to direction and polarity; maxi¬ 
mum output is obtained when an exter¬ 
nal magnetic field is along the long axis 
of the ferrite sleeves, and produces no 
output if the external field is perpendicu¬ 
lar to it. Again, there is no lower frequen¬ 
cy limit and the detector will respond to a 
DC field as well as to a changing field. 

Resonating both the primary and sec¬ 
ondary winding at their respective fre¬ 
quencies greatly improves the basic 
detector. Resonating the primary increas¬ 
es the current available for saturation and 
suppresses second harmonic energy. 
Resonating the secondary winding at the 
second harmonic filters out first harmonic 
energy and increases the available volt¬ 
age amplitude, if the secondary is termi¬ 
nated in high enough impedance. A par¬ 
allel caoacitor will also absorb any of the 
inevitable stray capacitance at the input 
and output connections (Figure 3). 
The effective permeability is different 

for the :wo windings. The permeability for 
the primary is very high, because prima¬ 
ry flux is almost entirely confined to the 
ferrite material, whereas the secondary 
flux passes mostly through free air. If we 
assume that there is no hysteresis in the 
ferrite and that the B-H curve (Figure 4) 
can be modeled as a hyperbolic tangent, 
we can derive some equations to 
describe detector performance. 

B = BS3t tanh -^-H 
I B sat J 

B = magnetic flux density 
H = magnetic field 
p, = permeability at H = 0, 
initial permeability 
Bsat = saturation flux density 

The above formula can be verified by 
calculating dB/dH at H = 0: 

= A 
The value of p, must be known for the 

ferrite sleeve, and is generally available 
in suppliers’ catalogs [3]. 

Primary and secondary 
wound at right angles 

High voltage 
AC source 
(HP200CD) 

High impedance load 
(oscilloscope) 

Primary 
resonant at 
frequency f 

Secondary 
resonant at 
frequency 2f 

Figure 3. Schematic of flux-gate magnetometer 
including important resonating capacitors. 
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Expanding equation 2 and noting that 

dB NJ zc\ 
= I = <0 COS(O)t), H¡nt = ̂ - (5)

then, 

V = -NsaH ext — f — ] (6) 
s ext dt I dH J 

After much manipulation, (left to the 
reader as an interesting challenge), we 
get the following expression for instanta¬ 
neous detector output voltage when 
measuring external magnetic field Hext 
along the long axis of detector: 

V = -2H extNpNsap2|oM . (7) 

Npp,l0 cos(œt) 
sinh —--

sin(cot) L Bsald 
Bsatd „ 3r Npn¡l0 cos(œt)] 

cosh —--
Bsatd 

V = secondary output voltage [V] 
Bsat = saturation flux density of ferrite [T] 
l0 = peak value of primary current [A] 
co = frequency of input current [rad/s] 
Np = number of turns in primary winding 
Ns = number of turns in 

secondary w nding 
a = cross-sectional area of 

both ferrite sleeves [m2] 
d = inside diameter of 

ferrite sleeve hole [m] 
Hext = external magnetic field 

to be measured [A/m] 
Hint = internal, saturating magnetic 

field [A/m] 
p¡ = initial permeability of ferrite sleeves 

(absolute, not relative) [H/m] 

The above equation states that the 
amplitude of the secondary signal is 
directly proportional to the magnetic field 
parallel to the lone axis of the detector. It 
is not immediately obvious that equation 
6 is periodic in 2w, but we can substitute 
some practical numbers as shown 
below, and then plot it, (Figure 5). 

Figure 4. Simplified B-H curves for toroid and sleeve 
of the same ferrite material. 
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Bsa, =0.2 T 
l0 =0.2 A 
œ = (2n)100 kHz 
Np = 5, N = 200 
a = 2x10^ m2 (2 square millimeters) 
d = 0.8x1 0-3 m (0.8 mn) 
Hext = 39.8 A/m (0.5 gauss) 
^ = 2x10-4 (= 160 xn^ 

The output is almost 4 volts peak to 
peak in a 0.5 gauss field (approximately 
equal to Earth’s magnetic field), and 
there definitely is a st ong second har¬ 
monic component in the waveform. 

Construction 
A practical detector can be construct¬ 

ed using two ferrite sleeves, (Fair-Rite 
part number 2673002201 or 2643002201), 
and using the number of turns and fre¬ 
quency specified in the example above. 
The 43 material gives higher output volt¬ 
age than 73 material, but its tempera¬ 
ture stability is worse The resonating 
values of the two capacitors can be 
found by experiment, using the detec¬ 
tor’s response to the Earth's magnetic 
field. First, decide on the input operating 

frequency (usually in the high 100’s of 
kHz) and determine the output capacitor 
value Cs required for resonance of the 
secondary at twice this frequency. Then 
feed the required signal into the primary 
and adjust Cp for peak output voltage. 
There is plenty of output voltage, even 
using the Earth’s magnetic field, so that 
this procedure can be carried out by ori¬ 
enting the detector with its long axis par¬ 
allel to the ambient field (the orientation 

Figure 5. Theoretical detector 
voltage in 0.5 gauss field showing 
its second harmonic relationship 
to primary saturating current. 

is almost vertical in U.S. and Canada). 
Despite the sleeves' small size (they 

are approximately 0.4 inches long and 
0.072 inch in diameter), the amount of 
signal required for good saturation is 
surprisingly high. An HP200CD oscilla¬ 
tor at full output, (producing 80 V p-p 
into an open circuit!), was required for 
satisfactory operation. The culprit is the 
high primary inductance; high input volt¬ 
age is required to force sufficient current 
into the primary winding for saturation. 
Equation 6 shows that the operating 

frequency should be as high as possible 
for a sensitive detector, but in practice 
the frequency is limited to several MHz 
or below, because of the self-resonance 
of the secondary winding. 
Desirable qualities for the ferrite 

sleeves are high permeability, low satura¬ 
tion flux density, and for the sleeves to be 
long. Large cross-sectional area would 
also be beneficial, but it would also 
increase primary inductance, which is not 
desirable. In addition, the ferrite material 
should have high resistivity in order to 
limit eddy currents, and low hysteresis to 
minimize heating. Perminvar ferrites, 
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The 9th Annual 
The 1994 RF Design Awards Contests 

• Deadline for entries is July 29, 1994 (post¬ 
mark date - received by August 8, 1994). 

• Winners will be published in the November 
1994 issue of RF Design. 

• Formal presentation of Grand Prizes will be 
made at RF Expo East, November 15, 1994. 

• As in recent years, there are two contests, 
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software. 

• Complete rules will published in the Febru¬ 
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• Prizes will be also be listed in February 
(they’re terrific, once again!) 
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Fifty years ago, getting the “big 

picture” at home depended mostly 

on your powers of imagination. But 

the pictures to be delivered to homes 

within this decade may exceed what 

all but the most ardent futurist 

by terrestrial or satellite broadcast, 

across the continent or across the 

room, here’s why it pays to have 

Sharp go to bat for you. 

A FINE LINE OF RF COMPONENTS. 

FINE-TUNED TO YOUR NEEDS. 

ever imagined. For years, Sharp has led the field in 

The TV set is the most likely the miniaturization, noise reduction 

point of confluence for 

all the innovations in 

and seamless integration of RF 

components, from Ku band LNBs — 

Sharp's ultra-compact DBS tuners — with their 

advanced designs, reduced component count 

and low power consumption — contribute to 

smaller system sizes and bare established 

new paradigms for reliability ami integration. 

the industry's smallest 

— to 22cc DBS 

tuners. The breadth 

of Sharp’s line and 

information our ability to custom-configure help 

exchange now us meet your size, packaging or 

converging on the home market, with 

every media from video disks to fiber 

power requirements readily. 

As North American DBS comes 

optic highways jostling for position. 

At Sharp, we’ve always been partial 

to the path of least resistance — the 

airwaves — ever since we created 

and marketed the first mass-produced 

crystal radio sets back in 1925. 

You might be surprised at the 

into its own, we ll Ite there to bring 

home whole new generations of 

products supporting, for example, the 

transmission of multiple signals and 

vast home programming options — 

the products of your imagination. 

number of areas in which 

Sharp continues to be the 

pacesetter in wireless com¬ 

munications components. 

Whether your transmission 

is in RF or IR bandwidths, 

H/V linear and R/L circular polari¬ 

zation LNBs from Sharp provide 

superior cross-polar discrimination, 

plus a waterproof, airtight structure 

which ensures reliable performance 

in the most severe conditions. 

From the crystal radio to the wire 
WE BRING TV SIGNALS TO 

THE HEART OF YOUR C0MPITER. 

It should come as no big surprise to 

see that Sharp, the 

world’s leading 

manufacturer of 

RF components, 

is one of the 

first to deliver 

a TV tuner/ 

demodulator 

in a flat-mount 

package offering easy integration in 

system design. 

It’s the start of a whole new bail¬ 

game. Manufacturers of desktop and 

portable PCs gain immediate entry 

into video and multimedia — two 

arenas where tuner size, mounting 

Sharp's 

flat-mount TV 

tuner/demodulator 

features a 55 - 801 MHz 

tune range and demodulated 

NTSC video and audio outputs. 

.4 pin-compatible PAL version of the module 

will also be available, based on a 5.5 MHz 

intercarrier frequency. 

and power requirements precluded 

their entry until now. And because 

this is a complete component module, 

they can avoid design and develop¬ 

ment at the subassembly level — 

always an enviable competitive edge. 
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ess revolution: we’re pulling the future out of thin air. 
SHARP IS ON YOUR WAVELENGTH 

IN THEIR SPECTRUM, TOO. 

Sharp is the first company to deliver 

market-ready technology for sh >rt-

range high-speed infra-red data 

transmission. Small size, low ccst, 

low power consumption, immunity 

to EMI and no FCC licensing require¬ 

ments make Sharp's IR product series 

a key player in a nearly limitless 

range of new applications, fron’ 

personal communications systems to 

Sharp’s RY5 Series iridíales receiver. transmitter 

and bi-diredit nial IR units. They support J8.4kb 

transmission rates over a I-meter range, operate 

from a 5 V source. and can Ire readily interfaced 

with existing digital circuitry. 

FREE! SHARP'S LATEST 

RF COMPONENTS CATALOG, 

WITH NO STRINGS ATTACHED. 

whether 

wireless joysticks and interactive TV. 

Transmission units providing ranges 

up to 3 meters, higher data rates and 

3-volt operation are soon to follow as 

Sharp continues to evolve its expertise 

and experience in IR communications. 

Sharp’s RF Components Short Form 

Catalog will show you a huge range 

of capabilities, sizes and 

packaging options indicative 

। >1 mu ( inr >iner n « in and 

cutting edge expertise. 

It’s yours free, 

just for calling. 

And the fact is, 

your best connection is Sharp 

your venture 

calls for high-end digital signal 

processing, the power to store 

hundreds of pages of graphics within 

the smallest possible space, uncom-

promising flat panel display 

quality, or a manufac-

g turer uncommonly 
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g to your own design ideas. 
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call us at 1-800-642-0261, Ext. 902. 
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which have nickel-zinc-cobalt composi¬ 
tion, are not suitable for flux-gate magne¬ 
tometers because their domain structure 
is semi-permanently changed by high 
magnetic fields [4]. The consequence of 
this is an effect similar to dielectric 
absorption in capacitors: the detector out¬ 
put voltage tends to drift toward its previ¬ 
ous value following a disturbance. 
Performance over temperature is prob¬ 

ably the single most important challenge 
in designing a flux-gate magnetometer. 
Stable operation will invariably require 
some form of thermal compensation. 
The most astonishing fact about flux¬ 

gate magnetometers is that under normal 
circumstances, their sensitivity is not limit¬ 
ed by thermal noise. A permanent mag¬ 
net, or a separate current-carrying coil 
can be suitably placed to cancel the ambi-

CELLULAR 
SOLUTIONS 

ent field, and the output signal amplified to 
increase the sensitivity even further. Even 
with field canceling and 30 dB gain, the 
detector output still does not contain 
much thermal noise. However, in addition 
to the ubiquitous 60 Hz signal, the output 
reveals events known as microfluctua¬ 
tions [5]: seemingly random variations of 
the Earth’s magnetic field itself. It is diffi¬ 
cult to imagine an object as large as the 
Earth changing its magnetic field in less 
than a second, but this is exactly what 
happens. These microfluctuations have 
been correlated to ionospheric distur¬ 
bances, ground currents produced by dis¬ 
tant thunderstorms, and even air tides [6]. 

Flux-gate magnetometers are easy to 
build and despite their simple structure, 
offer a rich set of design tradeoffs. Many 
variations of the basic design presented 
here are possible, and doubtless many 
more are yet to be discovered by inter¬ 
ested experimenters. RF 
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For cellular base station applications, these amplifiers offer 
unchallenged performance, with guaranteed specifications over 
temperature (call for complete data sheets). The QBS-141 and 
-142 also offer soft-fail designs, with completely redundant power 
supplies and RF circuits. Fault detection circuitry indicates (by 
increased current and/or LED indicators) if a failure has occurred. 

Typical Specifications (25°C) 

Specification QBS- 133 QBS-141 QBS- 142 
Gain (dB) 33 40 33 
Frequency (MHz) 824-849 824-849 824-849 
Noise Figure (dB) 0.8 1.2 1.2 
3rd Order OIP (dBm) +38 +45 +42 
VSWR Input/Output 1.5:1/1.5:1 1.2:1/1.2:1 1.2:1/1.2:1 
DC Voltage (Vdc) 15 19-31 19-31 
DC Current (mA) 220 800 425 
DC Power Connector Solder Pin Filtered 9-pin Filtered 9-pin 

D-sub D-sub 
RF Connectors SMA (J) SMA (J) SMA (J) 

Q-bit Corporation 
2575 Pacific Avenue ISE, Palm Bay, Florida 32905 

B 407/727-1838 • « 407/727-3729 
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Make your common mode 
EMI disappear into 

this black hole. 
This tiny toroid inside every 
Coilcraft EMI filter provides 
over 15 dB of true common 
mode noise suppression. 
By using a single magnetic structure to filter 
multiple lines, Coilcraft data line filters give 
you differential and common mode noise 
suppression, someth ng simple ferrite beads just 
can't do. 

You get > 15 dB attenuation from 30 to 300 
MHz. Or up to 40 dB just by adding capacitors! 

They're small anc easy to install. And they're 
far less expensive than filtered connectors. 

Order our D103 Designers Kit |S75| containing 
16 samples of our surace mount and DIP filters. 
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Surface Mount Filters Our ultra-
miniature surface mount filters come in 
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DIP Filters These filters reduce 
conducted noise by a factor of 32 from 
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SIP LC Filters With capacitors on 
each line, these filters achieve up to 
40 dB attenuation. We offer versions to filter from 
1 to 8 lines. 

Cable Filters Plug one of 
these modules into a cable and i Ã 
its common mode magnetics 
will filter all lines including the 
frame ground. EMI is attenuated as 
much as 19 dB while leaving data signals undis¬ 
turbed. Choose DB-9, 15, 25 or IEEE 488 versions 

Tip and Ring Filters These 
low cost filters help telecom designers 
meet FCC Part 15 and 68 requirements. Available in 
2 and 4 wire versions, they provide 20 dB attenuation 
of common mode noise over a 30 to 250 MHz range; 
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Phone Line Filters Fix noisy phone 
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REfeatured technology_ 

Solar Source Antenna Gain 
Degradation Measurements 
By Glenn W. Hurley 
Naval Sea Support Center Atlantic 

The topic of antenna gain measure¬ 
ments stirs up visions of near and far 
field measurement set-ups, well 
equipped indoor and outdoor ranges, 
and special normalizing software and 
computers to support these tests. This is 
to be expected for manufacturers and 
systems integrators, but how does the 
end user (field personnel) determine 
whether an antenna is degrading grace¬ 
fully? 

The Navy, who is one of the 
microwave industry’s largest cus¬ 

tomers, has had to answer this question 
for many years. The sea, ever unforgiv¬ 
ing in its relentless abuse of every prod¬ 
uct man has known, has no pity on 
large microwave antennas used in the 
Navy’s many radars. Salt air corrosion, 
vibration, and radome abuse are only a 
few of the causes of gradual degration. 
With the aid of several microwave 
installations on each coast and a few 
overseas, the Navy has been able to 
check the critical parameters of many of 
these systems on a regular basis, dur¬ 
ing overhauls and pre-deployment peri¬ 
ods. With the “down-sizing” of the 
Defense Department, and specifically 

the Navy, most of these microwave 
checking installations have been 
decommissioned and replaced with 
portable towers. Also, changes in sys¬ 
tem specifications have eliminated 
some of these mandatory checks, fur¬ 
ther reducing the availability of these 
systems for testing. This, along with 
reduced manpower, has forced the 
Naval Sea Support Center to look for 
some simple method of establishing a 
confidence level of performance for the 
antennas used on these systems. The 
following discussion will describe the 
results of one simple method found for 
checking antenna sensitivity. 

In an effort to verify the gain parame¬ 
ter with minimal equipment, shore facili¬ 
ties, and manpower, the Naval Sea 
Support Center, Atlantic has been test¬ 
ing a procedure using the sun’s energy 
as a signal source and a spectrum ana¬ 
lyzer as the measurement device. The 
equipment chosen for this test was a 
ship based, G-band (5.0 - 8.0 GHz) 
tracking radar. In order to produce the 
required signal-to-noise ratio (S/N) at 
the spectrum analyzer, the introduction 
of a lew noise amplifier (LNA), at the 
antenna terminal, was necessary on 

figures contributing to the antenna gain measurement. 

this radar. Many surveillance radars 
have LNAs already incorporated in their 
design. The LNA was specified by the 
Naval Sea Support Center and two 
were built by Microwave Solutions, of 
National City, CA. 
Becuase only one technical person is 

needed to make the measurement, this 
procedure solves the manpower and 
minimum shore support requirements. 
The big advantage to this method is 
that the sun is a universal source of RF 
energy, and is in the antenna’s far field, 
eliminating any near field corrections. 

Test Methodology 
This procedure is a modified version 

of one previously published [1], The 
older procedure requires the measure¬ 
ment of power pe' unit bandwidth and a 
comparison of cold-sky to solar flux 
density ratio. Measuring the power per 
unit bandwidth is relatively simple with 
the new generation of spectrum analyz¬ 
ers, which use digital processing and 
incorporate dBm/Hz (power per 1 hertz 
bandwidth) normalizing. This mode 
eliminates the need to keep track of 
resolution bandwidth changes and the 
need to renormalize the measurements 
when resolution bandwidth is changed. 
The specifications for the LNA were dri¬ 
ven by the requirement to provide a 
S/N ratio 10 dB or more above the 
spectrum analyzer noise floor. This cri¬ 
teria resulted in the selection of an LNA 
with a gain of 45 dB and a noise figure 
of 3 dB, as seen in Figure 1. 
The modification of the procedure [1] 

involved eliminating the sky noise mea¬ 
surement. The older procedure required 
a cold-sky measurement because the 
procedure made no assumptions about 
the antenna gain or effective aperture. 
However, the antenna referenced in 
this article is factory specified to be 39 
dB (including waveguide losses). With 
the sun’s energy specified in 
watts/bandwidth/area, one can compute 
the received power based on antenna 
effective area, so no knowledge of the 
background sky noise is required The 
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Richardson Electronics is Your 
Global Partner in RF Technology 
Offering solutions to customer problems for 
more than 40 years, Richardson Electronics, 
Ltd. has grown into one of the world’s 
premier suppliers of RF devices. 
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DESIGN SOLUTIONS 
FOR THE RF INDUSTRY 

The best of RF technology, quality, and 
design comes from Silicon Valley Power 
Amplifiers, a leading manufacturer of high-

performance amplifiers and components. 

AMPLIFIERS 

Part Number Power Output 
Watts 

Gain 
dB 

Frequency 
Range MHz 

V-1000 1000 60 100-200 

U-1000 1000 60 225-450 

C-500 500 60 100-500 

measured power, corrected for hard-
ware/cable losses, (which are known 
system constants), and LNA gain is 
then compared to the measured solar 
data from the National Institute for Stan¬ 
dards and Testing (NIST). 
NIST serves as the data bank for 

several solar flux density measurement 
institutions around the world. Large cal¬ 
ibrated sensors, located in Maine, 
Hawaii, Australia and Italy, collect data 
and pass it to NIST on a daily basis. 
This data is available from their Col¬ 
orado location by phone (303-497-
3171). This data is given at several 
bands from VHF to EHF, and is 
expressed in watts/hertz/square meter. 
All of the measurements in this article 
were taken on the East Coast, there¬ 
fore solar flux density data from the 
Maine site was requested, since it rep¬ 
resented approximately the same longi¬ 
tude. Figure 2 contains both a table 
and a graph showing the solar flux den¬ 
sity as a function of frequency for two 
different time periods. Since NIST only 
specifies energy at certain frequencies, 
interpolation must be performed to find 
the solar flux for the frequency of inter¬ 
est. 
The solar flux density, during normal 

MODULES 
Part Number Power Output 

Watts 
Gain 
dB 

Frequency 

Range MHz 

10-150-4 4 36 10-150 

10-100-25 25 40 10-100 

10-100-100 100 40 10-100 

80-220-300A 300 60 80-220 

220-500-300A 300 60 220-550 

100-500-25 25 30 100-500 

100-500-100 100 40 100-500 

100-500-150 150 10 100-500 

This high-quality hardware is backed by: 

• Excellent service * Customized design 
• Fast response • Expert technical support 
» In-stock delivery • Standard/special parts 

For a free catalogue describing our 
complete range of power amplifiers 

and modules, 
call 408.986.9700 today! 

Table 1 
Solar Flux Density Wx10’22/Hz/m2 

Freq. MHz 09/01/89 07/10/90 
200 15 60 

11 Silicon Valley 
— P O W ER 
J—JU AMPLIFIERS 

The RF People 

1530 O'Brien Drive A Menlo Park, CA 94025 
408.986.9700 A Fax 408.986.1438 
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400 30 85 
600 50 110 
1500 110 175 
4000 160 230 
9000 255 300 
11000 300 360 
14000 390 440 

Figure 2. Solar flux measure¬ 
ments taken at Maine measure¬ 
ment location at two different 
times. 

non-flare up periods, increases in 
power versus frequency in a linear 
fashion, approximately 3 dB per octave 
and follows the relationship, 

Fx = 3.6 X10"30 X f (1) 

where Fx is the flux density in watts per 
Hz per square meter and f is the fre¬ 
quency in hertz [3]. The sun subtends 
0.5 degrees in the sky, therefore mea¬ 
surements of antenna gain where the 
beam width is less than 0.5 degrees 
should have a correction factor applied 
[1]. 
Using the relationship of antenna gain 

found in Skolnik [2], 

Gain = Ae x —y (2) 

and solving for Ae, the effective antenna 
area, was found to be 1.6 square meters 
in the G-band. 
The LNA noise contribution (3 dB), for 

the antennas tested using this p'oce-
dure, was found to be +0.51 dB. With a 
noise figure of 3 dB the LNA contributes 
noise power: 

P = kTB (3) 

P = (1. 38 x 10“23 J/ K)(290K)(1 Hz) 

= 0. 4002 x 10’20 W / Hz 
3.6/3.2 = 1.125 or 0.51 dB 

which is the power referenced to the 
input of the LNA. The solar flux multi¬ 
plied by the antenna’s effective area of 
1.6 m2 Ae would yield an additional 3.2 x 
10-2° w/Hz of noise power (signal). The 
total, 3.2 + 0.4 x W 20 = 3.6 x W 20 

W/Hz, would yield an LNA input power 
that is 0.51 dB higher than predicted. 

3.6/3.2 = 1.125 or 0.51 dB (4) 

With larger reflectors, for example one 
having an Ae of 6 meters, an error of 
only 0.142 dB would be realized. 

Procedure 
a. Record the spectrum analyzer power 
as “X” (dBm) 

b. Calculate received power = 

_ Fx(Ae)(G) 
Loss 

G = LNA gain 
Loss = coax loss 
c. Convert the result of step B to dBm. 

d. Calculate difference between power 
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measured in step A and power calculat¬ 
ed in step C +/- any corrections 

Example 
Measured power (X) = -123.2 dBm/Hz 

The solar flux from NIST, (Fx), at 4 
GHz is 2 X 10'20 W/Hz/m2. The effective 
area, (Ae), of the antenna at 4 GHz is 

1.6 m2 the low noise amplifier gain is 
31622.8 (45 dB), and cable loss is 2.0 (3 
dB). Calculating the theoretical power 
received we get: 

2x10~20 (1.6)(31622.8) 
2.0 

= 5.1x10~16

(6) 

Table 2 
Measured Antenna Gain 

Event 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

Gain 
38.5 
38.3 
39.1 
37.4 
36.6 
38.5 
39.4 
39.9 
40 
41 
41 

Mean 
39.06 

Std. Dev, 
1.32 

Figure 3. Test results of 11 antennas using the solar source measure¬ 
ment technique. 

*Proven-Reliablity 
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“Coaxial relay reliability 
has always been a problem. 
About five years ago, we 
switched toTohTsu Coaxial 
Relays in our high-power 
amplifiers. Since that time 
we have not experienced a 
single relay failure.” 
“TohTsu offers traditional 

Japanese quality and workman¬ 
ship. The contact designs are 
exceptional, making a relay that 
has proven itself both electrically and 
mechanically reliable.” 
“Henry Radio will now distribute a 

full line of TohTsu Coaxial Relays. 
Most common configurations and con¬ 
nectors are available AT VERY 
REASONABLE PRICES. Please call 
or write today for complete informa¬ 
tion, prices and specifications.” 

— Ted S. Henry 

CX-600N 

RADIO 
2050 South Bundy Drive 
Los Angeles, CA 90025 
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FAX 310-826-7790 
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Converting 5.1x1C-16 W/Hz to dBm/Hz, 
we get -122.9 dBm/Hz. 

Subtracting the power due to the 
noise contributed by the LNA from the 
measured power (X): 

-1 23.2 dBm/Hz - 0.51 dB = -1 23.71 (7) 

The difference between measured and 
calulated powers is -0.81 dB. Therefore: 

gain = 39-0.81 =38.19 dB (8) 

Results 
The test results from 11 systems, 

taken over 18 months, are displayed in 
Figure 3. Using the factory specified 39 
dB gain as reference, the mean of the 
data was 0.06 dB high, with a standard 
deviation of 1.32. No effort was taken to 
check these systems using alternate 
procedures due to location and availabil¬ 
ity. This method of field testing, using 
solar energy, only applies when the fac¬ 
tory gain is previously known. When 
testing gain on antennas where the 
effective aperture area is unknown, the 
cold sky to solar flux density ratio 
method is requirec. 

Conclusions 
Even though this procedure was 

accomplished at “G” band, it could also 
be applied at any frequency that NIST 
data is available and on any system 
where the antenna/LNA figure of merit 
provides a signal to the spectrum ana¬ 
lyzer greater than 10 dB above the ana¬ 
lyzer noise floor. 
The author wishes to thank those who 

helped prepare th s paper, especially J. 
Laulainen of Naval Surface Weapons 
Center, Port Hueneme, CA. RF 
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RF cover story_ 

Multipath Fading Emulation for 
Wireless Communications 

By Bent Hessen-Schmidt 
Noise Com, Inc. 

The operating environment of a 
mobile digital radio system requires 
designers to allow for variations in prop¬ 
agation. The greatest propagation effect 
is multipath fading, which occurs when 
two or more replicas of a radio signal 
arrive to the receiver with different time 
delays. Testing for multipath perfor¬ 
mance is essential for reliable system 
operation — it is the mobile telephone 
user who experiences this multipath fad¬ 
ing and, therefore, will associate it with 
the quality of the product he or she is 
using. 

Atypical multipath scenario is a 
mobile phone moving through an 

environment consisting of buildings, 
trees, ground, clouds, etc. The transmit¬ 
ter is omni-directional, and its energy is 
imposed on each of these objects. 
Objects with irregular surfaces scatter 
the reflected signal with varying ampli¬ 
tude and a random phase shift that is 
usually evenly distributed from 0 to 
360°. As they arrive at the receiver, the 
direct and reflected signals ad as vec¬ 
tors, causing the amplitude of the 
received signal to vary, and in the worst 
case, approach zero and interrupt the 
communication. 
Wireless communication systems 

such as GSM, DCS1800, CDMA, IS-54, 
DECT, and CT-2 mobile telephones are 
required to be tested while subjected to 
multipath fading [1], Truly, most line-of-
sight communication systems can bene¬ 
fit from multipath fading tests because 
the design margin for multipath fading is 
relatively large compared to the 
allowances for noise figure, carrier to 
noise ratio, and antenna gain (see Table 
1). While all the other allowances usual¬ 
ly are tested, the emulation of multipath 
has just recently become practical with 
the introduction of new instruments. 

Operation of the MP-2400 
Multipath fading can today be emulat¬ 

ed in the lab and at the manufacturing 

facility by use of a multipath fading emu¬ 
lator, such as Noise Com’s MP-2400. 
The RF link between the transmitter and 
receiver affects the signal in ways that 
can be emulated by multiple paths, nor¬ 
mally up to 12 paths, each having an 
associated Doppler shift, time delay, 
attenuation, and Rician or Rayleigh 
(classical) scattering. The multipath fad¬ 
ing emulator accepts inputs directly from 
a transmitter at up to +43 dBm (20 W). It 

downconverts the signal to an intermedi¬ 
ate frequency where it is passed 
through a large dynamic range, 12 bit, 
A/D converter and thereafter split into 12 
paths each emulating a reflected signal. 
The signal is spl t after A/D conversion 
to assure that each path is fed with 
exactly the same signal. 
Each path will have a signal strength 

that most likely is less than the power of 
the direct path. The average power of 

Transmitted power (2 W) (Px) +43 dBm 
Antenna gain, transmitter (Gt) +3 dB 
Antenna gain, receiver (Gr) +3 dB 
Loss due to distance between Tx and Rx (L) -100 dB 

Norn nal Received Carrier Power (C) 101 dBm 
Data Rate (64 kbit/s) 48 dB/Hz 

Nominal Received Bit Energy (Eb) -149dBm/Hz 
Noise Floor (kT) 174dBm/Hz 
Noise figure (NF) 7 dB 

Receiver Noise Density (No) -167dBm/Hz 
Bit Energy to Noise Density @ 10-9 BER (Eb/No) 18 dB 
Fading margin (M) 50 dB 

Nominal Received Bit Energy (Eb) -149dBm/Hz 

Table 1. Typical effect budget for a radio link. 
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In 10 years, 150 million people 
will have cellular phones. Were 

connecting them now 

At M/A-COM, the high-volume cellular market is 
today's reality, not tomorrow's goal. 

□ur capabilities encompass everything 
from design-to-cost product development to 
the integrated technology that enables analog 
and digital transmission. Working in partner¬ 
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low-noise 

amplifier. 
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specific problems of crowded metropolitan 
microcells. 

We cover cellular from A to D. 

Whether you are operating in an analog or 
a digital environment, building new base 
stations, or servicing and updating existing 
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expertise. Wc produce the full range of the Low-cost high-power 

high-volume, low-cost RF and microwave pro- passive components 

But more important than any specific product or 
technique is our broad-based capability. Simply put, 

we have the expertise you need to compete in 
the analog or digital cellular marketplace. 
Today. And ten years down the road. 

Call on us. 

*High per¬ 
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cables, 
cable 
assemblies, 
and 
connectors. 

ducts base stations require. And we use techniques such 
as process-or.ented manufacturing and CFM (Continu¬ 
ous Flow Manufacturing) to guarantee cost efficiency 
and high-vol ame production that meets technical per¬ 
formance recuirements. 

In addition, we are leaders in the design and pro¬ 
duction of the more challenging and technologically 
advanced products the emerging digital and microcellu-
lar market requires. 

Our new Linear Power Amplifier integrates a 
number of M/A-COM technologies 

including GaAs and Silicon MMICs 
(Monolithic Microwave Integrated 

We offer customers decades of RF 
and microwave expertise, a commitment to 

research and development that's backed by an 

Micro-miniature surface mount 
semiconductor discrete and integrated 
circuit products. 

annual investment of more than $40 million, production 
capabilities geared to volume and cost-competitiveness, 
and most important, a dedication to working closely 
with you in every area from product development 
through the timely delivery of high-performance 
products. 

To learn more about the advantages of working 
with M/A-COM in the changing world of cellular 
communications, call us at 1-800-366-2266. We can think 
of about 150 million good reasons to do it today. In 
Europe: +44 (0344) 869 595. In Asia: +81 (03) 3226-1671. 
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Figure 1. Multipath fading emulator, display for entry 
of fading path parameters. 

Figure 3. Display for dynamic mode emulation of 
fading from a mobile car telephone. 

each path can therefore be set relative 
to that of the direct or strongest path. 
The reflected signals are then delayed 
relative to the direct because the paths 
of the reflected signals are longer. 
Again, this is all done digitally in order to 
obtain the best accuracy. 
Paths with identical delay arise from 

reflectors located on an ellipse. All these 
paths will exhibit a Doppler shift due to 
the speed of the receiver, but the 
amount of Doppler shift depends on the 
angle of the reflecting object relative to 
the direct path, as: 

F<j = 2v^s(a) Fc (1)

where v is the speed of the vehicle, Fc 
is the center frequency of the radio 
transmitter, c is the speed of light, and a 
is the angle of arrival. 

If the mobile phone is moving directly 
away from the transmitter, then the 
Doppler shift of the direct path will 
reduce the frequency directly in propor¬ 
tion to the speed. If a reflector happens 
to be in front of the receiver, then the 
shift for that path will have equal magni¬ 
tude but opposite sign of the direct path. 
Objects to the side of the receiver will 
cause a Doppler shift between these 
two extremes. For a scenario with 
reflected signals whose angle of arrival 
is evenly distributed over 360° the result 
is a spectrum which spreads the signal 
energy over a band which is the trans¬ 
mitted frequency (Fc) plus and minus the 
Doppier shift (Fd). The spectral power 
distribution is not flat, but has peaking at 
the Doppler offset since the summation 
of power from reflectors at or near 0° 
and 180° will contain more power. This 
Doppler spreading, which may be of 

Figure 2. Diversity and interference test using 2 MP-2400S configured 
for 2 channels with 6 paths each. 

Rayleigh or Rician nature, is obtained by 
digital modulation of the A/D converted 
signal of each paths. Even though each 
path has a random and independent 
phase distribution, the paths may be 
correlated due to the relationship to 
each other in the scenario. This correla¬ 
tion is achieved in the MP-2400 by sum¬ 
ming a portion of the modulation signal 
from one path with a portion from anoth¬ 
er. 
The required differential path delay, 

attenuation, and correlation are pro¬ 
grammable for each path (Figure 1). 
The MP-2400 includes modules of iden¬ 
tical hardware each containing 3 paths. 
Each path includes a MAC 
(multiplier/accumulator) which performs 
the function of the Doppler spreading by 
mixing the l/Q signal samples with two 
filtered Gaussian signal sources. Each 
source is shaped using a digital FIR fil¬ 
ter with a bandwidth equal to the 
Doppler rate. The result is then delayed 
and attenuated digitally before being 
converted to an analog signal using a 
D/A converter. The paths (up to 12) are 
summed at the instrument output, emu¬ 
lating the summation which occurs at 
the receiver antenna. This summation of 
multiple signals with random phase 
causes the random amplitude fluctua¬ 
tions or fading. The maximum rate of 
fading is exactly the Doppler rate. 
he composite signal is upconverted to 

a microwave frequency using dual con¬ 
version, and then downconverted to the 
received frequency in order to maintain 
an output free of spurious responses 
without local oscillator leakage and with 
images. The final output is purely the 
desired signal and the output power can 
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variations. That’s Marconi’s 

Series of high performance 
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With a frequency coverage 

from 10kHz to 5.4G Hz, the 

2030/40’s wide range of modules 
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most demanding applications, 
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functionality to meet your needs. 
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and vector modulation to test new 

radio, broadcast and satellite 

systems with push button 

accuracy. You can c noose pulse 

modulation option to speed radar 

testing or our high power output 

for component testing. 
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available today Features you 
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Marconi Instruments, world 

leaders in electronic test 
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Marconi Instruments. 

Contact us now for more details. 

Marconi Instruments Ltd, Longacres, 
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In the USA: TOLL FREE 1 800 233 2955 
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Figure 4. MP-2400 block diagram 

be set between -10 and -100 dBm to 
match the level expected at the receiver 
input. 

Instrument Features 
The MP-2400 emulates a wireless 

communication channel with up to 12 
paths between a base station and a 
mobile station. It contains an embedded 
486DX-33 microprocessor with PC com¬ 
patible interfaces including an IEEE 
488.2 interface to provide an easily 
transportable self-contained instrument. 
The built-in AT style keyboard, mouse 
and flat panel color LCD display make 
the MP-2400 an extremely powerful tool 
as a stand alone instrument or as a con¬ 
troller for an entire test station. 
MP-2400 is easily upgraded to contain 

two independent channels of 6 paths 
each. These two channels are used to 
emulate multipath fading for the tests of 
diversity systems or to independently 
fade an interférer and a desired signal. 
The interférer may be an adjacent or co¬ 
channel signal as required for the test of 
GSM and DCS1800 mobile telephones. 
Figure 2 shows a block diagram of a 
diversity and interference test with two 
MP-2400S emulating 4 channels with 6 
paths each. 
Multipath fading can be emulated in 

both static and dynamic modes: 
1) STATIC MODE — Here the user 

individually sets each path with the 
desired parameters and that scenario is 

run continuously. Standard test condi¬ 
tions for GSM, DCS, NADC (CDMA), 
etc. are factory stored and can be 
recalled from memory. Up to nine sce¬ 
narios can be linked and run together. 
2) DYNAMIC (GRAPHIC) MODE — 

The user enters the initial and final para¬ 
meters for a dynamic scenario. For 
example, a mobile phone starts at rest, 
then accelerates to 96 km/h (60 Mph) 
over a 5 minute period. The user inputs 
the scenario including the reflecting 
objects on a graphic display, see Figure 
3. Software calculates intermediate 
states for Doppler, delay and attenua¬ 
tion. 
Figure 4 is the MP-2400 block dia¬ 

gram, showing a 12 path system. All sig¬ 
nal processing is done digitally with 12 
bit representation of the data. This pro¬ 
vides very consistent and drift free 
results. 

User Interface 
After selection of mode (STATIC or 

DYNAMIC) the user will supply the fol¬ 
lowing information to run a scenario: 

• Center Frequency 
• Rayleigh (Classical) or Rician distribu¬ 
tion 

• Vehicle speed or Doppler 
• Start and Stop time 
• Path characteristics: ON/OFF, Delay, 
Attenuation, Correlation 

The path settings are displayed on the 

VGA monitor in a tabular form. The 
instrument status and graphic represen¬ 
tation of certain scenarios, the Doppler 
spectrum, and the hardware configura¬ 
tion may also be displayed. 
Other available features are a help 

key for setting up path characteristics for 
desired scenarios and Recall/Save of 
setups. The user has the option to 
select the best matching shape of the 
Doppler spreading from a library if the 
antenna patterns are different from the 
standard omni-directional model. 
Thus, besides being a requirement, 

effective multipath testing of modern 
communication systems can also help 
make them more efficient. It is now pos¬ 
sible to make modern communication 
systems which tolerate severe multipath 
fadings. These new wireless systems 
employing sophisticated modulation, 
diversity antennas, adaptive equaliza¬ 
tion, forward error correction coding, 
phase locked synchronization, and 
adaptive transmitter power control tech¬ 
niques. They may soon be tested using 
multipath fading emulators. 
Readers desiring more information on 

the Noise Com MP-2400 may contact 
the author at the address or telephone 
number given below, or by circling 
Info/Card #150. RF 
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Designing 
telecommunications 

equipment? Here’s how to 
put your world on a string. 

Quite simply, tap into the proper sources. Because, 
while in one sense the world’s a lot smaller, it can 
seem pretty big when the support you need is on the 

other side of it. 
It needn’t be that way in passive com¬ 

ponents. Because Murata’s always nearby. 
Whether you’re building Global Positioning 
Systems in Singapore, RF modems in Milan, 
or telephone systems in Thailand. 

And we’re there in a big way With the 
technical expertise that 
ensures speed and flexibility 
in meeting new design 
requirements. With the 
high-volume manufacturing 
and distribution resources 
that -in getting parts where m ’ 
and when you need them -shrink the 
world to “neighborhood” size. And, of 
course, with undisputed Murata quality, 
backed by our unique 1.0 QRS (100% quality, 
reliability, service) program. 

Oh, yes-product line breadth. \bu’ll 
find our line, the largest, from chip caps to 
piezoelectric gyroscope systems, can make 
a world of difference in calculating the eco¬ 
nomic rewards of vendor reduction efforts. 

Call or write for details: Murata 
Electronics North America, Marketing 
Communications, 2200 Lake Park 

Drive, Smyrna, GA 30080; 1-800-831-9172, Fax: 
1-404-684-1541. Because, if it’s the telecommunica¬ 
tions world you’re after, you’ll want to string along 
with us. 

MURATA ELECTRONICS NORTH AMERICA, INC. 
INFO/CARD 33 



ffF products_ 
1W MMIC Amplifier 
Stanford Microdevices has 

introduced a miniature, surface¬ 
mount GaAs MMIC amplifier 
designed to cover communication 
bands operating within the 1500 
to 2500 spectrum. These include 
INMARSAT, GSM, PCN and ISM 
bands. Using a supply voltage of 
7 volts, these class A amplifiers 
have 30 dB of gain and 33 dBm of 
output power from 1.7 to 1.9 GHz. 
Output power is 30 dBm at the 
band edges (1.5 and 2.5 GHz). 
When powered at 5 V, third order 
intermodulation distortion is typi¬ 
cally 32 dB at 1.8 GHz, and 
power added efficiency is typically 
25%. These devices may be 

operated at 3 volts, putting out 
500 mW of linear power. Input 
and output ports provide excellent 
matches with typical VSWR of 
1.4:1. No external bypass capaci¬ 
tors are required, minimizing 
board component count. Typical 
thermal resistance is 18 degrees 
C per watt. Pricing for model 
SMM-210 is $39 at 10,000 
pieces. The SMM-210 is available 
in a 10-pin surface mount pack¬ 
age, or as bare die. Products are 
available in tape and reel format. 
Parts are in stock, and samples 
are available upon request. 
Stanford Microdevices 
INFO/CARD #250 

Switching 
Modules 
A new series of switching mod¬ 

ules for RF applications is now 
available from Racal Instruments. 
The 1277-540 series permits 
switching of signals up to 1 GHz 
through the ARINO 608 interface. 
The switch is configured as nine 
1x4 tree multiplexers and up to 
six RF splitters. With insertion 
loss of less than 0.5 dB, crosstalk 
of less than -95 dB, isolation of 
better than -80 dB and VSWR of 
1.2:1, all at 100 MHz, the 1277-
540 is ideal for switching of low-
level RF signals. Maximum 
switchable RF power per channel 
is 60 W. The switch is available in 
three different models to facilitate 
different pin-out requirements. 
1277-540C provides six RF split¬ 
ters accessible through the inter¬ 
face connector. Model 1277-
540B offers three RF splitters, 
while 1277-540A contains no RF 
splitters. The 1277-540 is 
designed for use in Racal Instru¬ 
ments’ 1277 and 1262-77 main¬ 

PC Plug-In 
Synthesizer 
Novatech Instruments intro¬ 

duces the model DDS3 PC, a 12 
MHz synthesized signal source 
on a PC card for use in PC XT 
and PC AT or later SA bus com¬ 
puters. The DDS3 PC direct digi¬ 

frames. The former is an ARINO 
608A mainframe and interface, 
while the latter is a VXIbus main¬ 
frame with an ARINC 608A sub¬ 
chassis. Prices begin at $5775, 
with delivery in 10 to 12 weeks. 
Racal Instruments 
INFO/CARD #249 

tal synthesizer provides 5 ppm 
accuracy, 10 ppm/year stability 
and excellent spectral purity for 
the price of $399. It can generate 
sine and TTL/HCMOS clock sig¬ 
nals simultaneously from 2 Hz to 
12 MHz in 2 Hz steps. Output 
impedance is 50 ohms. Phase 
noise is less than -90 dBc at 1 
kHz offset, spurious signals are 
below -45 dBc and harmonics 
are less than -40 dBc. Output 
amplitude is 12 Vpp into an open 
circuit and can be attenuated in 
10 dB steps to 70 dB. The DDS3 
also has an external clock input. 
The DDS3 PC comes with a C 
language program that runs 
under DOS and makes it easy for 
users to set frequency and atten¬ 
uation or to sweep through a set 
of frequency attenuation and 
dwell time settings. A driver is 
also available for a third party 
Windows'" based ATE program¬ 
ming environment. 
Novatech Instruments, Inc. 
INFO/CARD #248 

40 MIPS DSP 
The ADSP-21060 from Analog 

Devices is the industry’s first DSP 
in the class of Super Harvard 
Architecture Computer (SHARC). 
It integrates the industry’s fastest 
general purpose floating-point 
core (the ADSP-21020) with a 
dual-ported 4-megabit SRAM, 
communication ports, and a 
sophisticated DMA (direct memo¬ 
ry access) controller on a single 
chip. The 32-bit single precision 
(or 40-bit extended precision) 
IEEE floating-point DSP core 
executes 40 MIPS per second, 
with 120 MFLOPS peak and 80 
MFLOPS sustained. The I/O 
processor includes a DMA con¬ 
troller, memory mapper and com¬ 
munications which handles trans¬ 
fers between memories and ports 
without impacting DSP core per¬ 
formance. A software develop¬ 

250 W MOSFET 
Amplifier 
A 250 watt, 14 octave MOS¬ 

FET RF amplifier with an instan¬ 
taneous bandwidth from 0.01 to 
220 MHz has been introduced by 
Kalmus Engineering. Using spe¬ 
cial broadband ferrite circuitry in 
conjunction with new high power 
field effect tranaisitors, the 122FC 
Offers 55 dB minimum gain, with 
±1.8 dB max. deviation from flat¬ 
ness (±0.6 dB when leveled). 
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ment system, including an 
instruction level simulator, an 
assembler, a linker, a C compiler 
and an extensive C runtime 
library is currently available. The 
ADSP-21060 will begin sampling 
1Q94. Target pricing for 1000 
piece quantities is $296.00. 
Analog Devices, Inc. 
INFO/CARD #247 

Three mW input is typically 
required for full output. Spurious 
outputs are -60 dBc minimum, 
and full power harmonics are typ¬ 
ically -23 dBc. The class A ampli¬ 
fier is unconditionally stable and 
has open/short, temperature and 
overdrive protection circuitry. For¬ 
ward ard reflected RF power are 
metered, and temperature, 
VSWR, overdrive and blanking 
have their own indicators. All 
major front panel functions are 
available for remote control and 
monito'ing. via IEEE-488 and 
RS-232 interfaces. The 122FC 
measures 48 x 51 x 39 cm and 
weighs 35 kg. Cooling is by 
forced air. Price for the 122FC is 
$19,950. 
Kalmus Engineering Inc. 
INFO/CARD #246 
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When it gets lonely out there at 1 GHz, 
you’ll be glad you have all this power. 

FREQUENCY (MHz) 

The only amplifier that can deliver 500 
watts through that balky decade from 
100 to 1,000 MHz is our new Model 
5OOW1OOOM7. That’s the majestic one 
on the left, with the front-panel bi¬ 
directional power meter, ALC, and a 
bagful of other controls that will let you 
actually enjoy automatic sweep testing 
in your lab. 

The 5OOW1OOOM7 presently heads 
our well-known “W” Series of all-solid¬ 
state linear amplifiers that cover four 
crucial decades of bandwidth from 100 
kHz to 1 GHz. Today, you may need 
only 1 watt (the little portable on the 
top), or 5, or 10, or 25, or 50, or even 
100 or 200 watts minimum—all with 
that fantastic bandwidth instantly avail¬ 
able without tuning or bandswitching— 
a combination of power and bandwidth 
that’s comforting when you work the 
outer reaches of the rf spectrum. Wher¬ 
ever your power requirements are 
today, they’re sure to go up. And one 
of these days you’re going to want 
a 500W1000M7. 

The “W” Series is part of a complete 
line of AR amplifiers offering rf power 
up to 10 kilowatts for rf susceptibility 
testing, nmr spectroscopy, plasma/ fus¬ 
ion research, and a host of other test 
situations that demand rf power of 
unconditional stability—immunity to 
even the worst-case load mismatch, 
shorted or open cable, wild swings of 
VSWR—with no fear of oscillation, fold-
back, or system shutdown. 

You might learn a lot from our free 
booklet, “Guide to Broadband Power 
Amplifiers.” Send for a copy. Or call our 
toll-free number (800-933-8181), which 
will connect you directly to one of our 
applications engineers. 

nmPLiFien 
ResenncH 

160 School House Road 
Souderton, PA 18964-9990 USA 
TEL 215-723-8181 • FAX 215-723-5688 
For engineering assistance, sales, and 
service throughout Europe, call EMV: 
Munich, 89-612-8054 • London, 
908-566-556 • Paris, 1-64-61-63-29 

INFO/CARD 34 
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continued 

Product Spotlight: 
Signal Analyzers 

octave bands up to 18 GHz. 
Noise Com, Inc. 
INFO/CARD #240 

Vector Signal 
Analyzers 
Hewlett-Packard has 

announced a vector-modula¬ 
tion-analysis option that gives 
designers of RF digital commu¬ 

nications systems a single tool 
with which to analyze a wide 
variety of modulation formats. 
The new option works with the 
HP 89440A (DC to 1.8 GHz) 
and 89410A (DC to 10 MHz) 
vector signal analyzers and pro¬ 
vides complete digital demodu¬ 
lation of several varieties of 
QPSK, DQPSK, MSK and 

QAM. Option AYA is priced at 
$4500. 
Hewlett-Packard Co. 
INFO/CARD #245 

Vector Network 
Analyzers 

Tektronix has introduced the 
Advantest R3762AH and 
R3763B vector network analyz¬ 
ers that combine exceptional 
performance from 300 kHz to 
3.6 GHz. The Advantest ana¬ 
lyzers are marketed and sup¬ 
ported throughout North Ameri¬ 
ca by Tektronix under a strate¬ 
gic alliance formed earlier this 
year. The R3762AH and 
R3763B make measurements 
at up to 0.5 ms per point. The 
R3762AH and R3763B series 
vector network analyzers are 
priced at $24,000 and $28,000 
respectively. 
Tektronix, Inc. 
INFO/CARD #244 

SEMI¬ 
CONDUCTORS 

Amplifier/Mixer 
IC for 900 MHz 
The HFA3600, from Harris 

Semiconductor, integrates a low 
noise amplifier (LNA) and single 
balanced mixer into one silicon 
chip to amplify and downconvert 
900 MHz RF signals to a 100 
MHz IF. For the combined ampli-

TEST 
EQUIPMENT 

Field Strength Meter 
w/GPS and PCMCIA 
“The Champ“ RF field strength 

meter now is available with GPS 
navigation and PCMCIA memory 
options, allowing automatic log¬ 
ging of location and field strength 
information. The handheld meter 
is available for the 900 to 932 
MHZ and 1.8 to 2.4 GHz bands, 
with other frequencies available 
on request. Sensitivity is -120 to 
-30 ±1 dBm (with 10 kHz IF BW). 
BER demodulation is also avail¬ 
able. 
Berkeley Varitronics 
INFO/CARD #243 

Extended BW 
Calibrators 
A wideband option for the 4800 

series of calibrators from 
Wavetek extends the instru¬ 
ment’s frequency range to 30 
MHz, enabling the calibration of a 
wide range of RF voltmeters. 
Option 70 uses direct digital syn¬ 
thesis to generate rms output for 

amplitudes up to 3.5 V, with 
response flatness better than 
0.35 % over the ent re bandwidth. 
Wavetek Corp. 
INFO/CARD #242 

Counter 
B+K Precision has improved 

their model 1856A multifunction 
counter. Its bandwidth is now 5 
Hz to 2.4 GHz, with a tempera¬ 
ture compensated crystal oscilla¬ 
tor with 0.5 ppm stability from 18 
to 28° C. Sensitivity at 2.4 GHz is 
50 mV. Retail price remains at 
$499. 
B+K Precision 
INFO/CARD #241 

Noise Sources 
w/ Isolators 

Noise Com has introduced a 
series of coaxial noise sources 
with built-in isolators for ATE and 
RADAR applications. The NC 
3400 series can oe calibrated 
more accurately and has better 
flatness, (available to ±0.25 dB), 
due to its low VSWR. The built-in 
isolators also allow the noise 
source to withstand 100 W peak 
incident RF power. The series 
NC 3400 produces white Gauss¬ 
ian noise with 26 tc 36 db ENR in 

fier/mixer at 900 MHz, power gain 
is 19.1 dB, noise figure is 3.1 dB , 
and third order intercept point is 
-7.0 dBm, referred to the input. 
The HFA3600 draws 13 mA at 5 
V. The device is packaged in a 
14-pin SOIC. Cost is $3.56 in 
quantities of 1000. 
Harris Semiconductor 
INFO/CARD #239 

Wideband, Low 
Distortion Op Amp 
Burr-Brown’s OPA628 is a low 

distortion, wideband operational 
amplifier that features 160 MHz 
bandwidth and 90 dB spur free 
dynamic range. The OPA628 is a 
unity gain stable, voltage feed¬ 
back, monolithic operational 
amplifier with high input imped¬ 
ance, high common mode rejec¬ 
tion and symmetrical differential 
input flexibility. Gain is flat to 30 
MHz. Price is $6.30 in 100 piece 
qty-
Burr-Brown Corp. 
INFO/CARD #238 

DBC Tuner IC 
Anadigics announces the avail¬ 

ability of a new 950 to 1450 MHz 
direct broadcast satellite (DBS) 
tuner IC for digital applications. 
The ADC20014 incorporates a 
local oscillator with phase noise 
at -80 to -73 dBc at 10 kHz offset. 
The tuner has 10 dB noise figure, 
5 dB conversion gain and oper¬ 
ates from a single 5 V supply. 
The device is supplied in a 16 pin 
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SOIC package. 
Anadigics 
INFO/CARD #237 

1 to 2 GHz 
Power Transistor 
Moto'ola has announced the 

availabi ity of a microwave power 
transistor designed for class A, 
common emitter power amplifiers. 
Operating from a 20 VDC supply, 
the MRF2000-5L microwave 
power transistor delivers 5 W of 
RF output power for 1 W RF input 
power. 
Motorola Semiconductor 
INFO/CARD #236 

Cellular DSP 
AT&T Microelectronics has dis¬ 

closed that it is sampling a 16-bit 
digital signal processor for cellu¬ 
lar applications. The DSP1617 
features 50 mega-instructions per 
second (MIPS), 4k RAM and 24k 
ROM on one chip, making it suffi¬ 
cient fcr both IS-54 speech pro¬ 
cessing and radio modem func¬ 
tions. Power consumption is typi¬ 
cally 10 mW/MIPS at 5 V and 
less than 2.7 mW/MIPS at 2.7 V. 
The DSP1617 is packaged in 
100-pin PQFP and TQFP pack¬ 
ages, and is pin-for-pin compati¬ 
ble with the DSP1616 family. 
Pricing is $49 in PQFP and 
$53.90 in TQFP, in lots of 10k. 
AT&T Microelectronics 
INFO/CARD #235 

AMPLIFIERS 

Cable 
Equalizing LNA 
Model VMEA 118-106 ampli¬ 

fiers provide gain which rises 
from 6 dB to 11 dB at 18 GHz to 
compensate for 20' of cable loss, 
resulting in flat system IICP and 
gain. DC may optionally be sup¬ 
plied via the RF cable. NF is < 6 
dB over most of the band, IICP3 
is > +7 dBm. Size is 1.0 x 1.0 x 
0.22 inches. DC power is +12 V 
at 80 mA. 
Veritech Microwave, Inc. 
INFO/CARD #234 

100 W Class A Amp 
ENI’s model 3100LA RF power 

amplifier produces 100 W of lin¬ 
ear class A output over the fre¬ 
quency range of 250 kHz to 150 
MHz. The amplifier features a 
nominal gain of 55 dB (±1 .5 dB) 
and will withstand a +13 dBm 
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ynergy has introduced 
a selection of high per¬ 
formance. low cost 
standard catalog and 

custom highpass, lowpass and
bandpass filters covering pass¬ 
bands within the DC to 2000 
MHz range. These filters are 
readily available in standard pin 
packages as well as the newest 
Synergy patented metal surface 
mount package wih either leaded 
or flush mounting configurations. 

Most importantly, when you 
specify Synergy, you benefit from 
our Sales and Applications team 
to assist you in the wide choices 
of available filters. 

For a copy of our latest catalog, 
contact: 
SYNERGY MICROWAVE 
CORPORATION, 
483 McLean Boulevard, 
Paterson, NJ 07504. 
Phone (201) 881-8800 or 
FAX (201) 881-8361. 

MCROWWE COPPOR SHON 

INFO/CARD 35 



RF SOLUTIONS F 
• Cellular RadtM^j 
• Personal Communi 

• Commercial Wireless/Spread-Spectrum 
Transceivers 

u-Band LNB Broadcast Satellite 

• C-Band LNB Television Receive Only 

• CATV Distribution & Set Tops 

• Global Positioning Systems 

• Millimeter Wave & Collision Avoidance Radar 

igmeers to answer your 

R>d., 

veo 
i**EGAnvCHccU)

HEWLETT 
PACKARD 

PENSTOCK 
WORLD’S LARGEST RF/MICROWAVE DISTRIBUTOR 

Cail 1-800-PENSTOCK 
(408-730-0300) 

Canada: 613-592-6088 

In today's highly competitive environment 
you need all the design tools to win. HP 

provides the solution. Penstock provides 
the products with overnight delivery. 

INFO/CARD 36 



RF products continued 
input signal for all output load 
conditions. The 3100LA's dimen¬ 
sions are 8.75 x 17 x 17, and it 
weighs 60 lbs. List price i 5 $7885. 
ENI 
INFO/CARD #233 

100 w 
Benchtop Amp 
The model 100W000M1 deliv¬ 

ers a minimum of 100 wads of cw 
power through a frequency range 
of 80 MHz to 1000 MHz. Mini¬ 
mum linear output measured at 
less than 1 dB gain compression 
is 60 watts through the same 
bandwidth. This amplifiers band¬ 
width precisely matches the 80-
1000 MHz bandwidth of the AR 
model AT1080 log-periodic 
antenna. Price is $25,000 
Amplifier Research 
INFO/CARD #232 

5W, VHF Power 
Module 

Motorola has introduced a new 
RF power module designed for 
portable radio applications operat¬ 

ing in the VHF frequency band of 
68 to 88 MHz. The MHW105 RF 
power module operates from 7.5 
V and requires only 1 mW of RF 
input power to deliver 5 W of out¬ 
put power. Epoxy glass PCB con¬ 
struction gives this device consis¬ 
tent performance and reliability. 
Motorola Semiconductor 
INFO/CARD #231 

1 to 1000 MHz 
Amplifier 
Power Systems Technology 

announces the development and 
availability of model AR1619-
50/3040, a broadband solid state 
amplifier covering the frequency 
range of 1 to 1000 MHz in two 
bands. Each band has indepen¬ 
dent input and output connectors 
with power output of 50 W for the 
1 to 500 MHz band, and 25 W for 
the the 400 to 1000 MHz band. 
The amplifier has a built-in power 
supply and measures 5.25 x 19 x 
22 inches. 
Power Systems 
Technology Inc. 
INFO/CARD #230 

SIGNAL 
SOURCES 

MHz.Typical phase noise is -150 
dBc at 1 kHz offset, and aging 
rate is 1x10-8/day at the time of 
shipment. The size is 3.00 x 3.00 

L-band Synthesizer 
The VDS-6000 L-band synthe¬ 

sizer is suited for INMARSAT-M, 
SCADA applications, and as a 
local oscillator in C and Ku-band 
VSAT systems. Its single loop 
design exploits Sciteq’s patented 
Arithmetically Locked Loop (ALL). 
The ALL combines digital signal 
processing with fractional-n to 
preserve 20log(n), but reducing n 
to improve phase noise for a 
given step size. The VDS-6000 
dissipates 4 W. Price of single 
units is $1395. 
Sciteq 
INFO/CARD #229 

Low Profile 
Ovenized Oscillator 

Piezo Crystal announces the 
availability of model 2920155. 
This oscillator utilizes Piezo's SC 
cut crystals and is available in the 
frequency range of 80 to 110 

x 0.50 inches. Approximate price 
for the model 2930200 is $320 to 
$350 in quantities of 500. 
Piezo Crystal Co. 
INFO/CARD #228 

SAW-based VCO 
AT&T Microelectronics has 

introduced a surface acoustic 
wave (SAW) based, voltage con¬ 
trolled oscillator specially 
designed for applications ranging 
in frequency from 155 MHz to 1.1 
GHz. Output is at 10k ECL levels. 
The VCO600 comes in a minia-

Building The 
Best Solutions 

In Rotary 
Attenuators 

JFW Industries, Inc. 
5134 Commerce Square Drive 
Indianapolis, Indiana 46237 

Tel. 317.887.1340 
Fax 317.881.6790 
INFO/CARD 37 

JFW Industries... Providing full support in design and performance. 
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ture 28-lead ceramic surface¬ 
mount package measuring only 
0.7 X 0.3 inches. In addition, it 
offers an output disable and 
clock-through feature, which 
improves on-board testing. 
AT&T Microelectronics 
INFO/CARD #227 

VCOs for Wireless 
Analop Engineering is pleased 

to announce two low cost, high 
performance VCOs designed par¬ 
ticularly for the wireless applica¬ 
tions in the 902 to 926 MHz and 
the 2400 to 2500 MHz bands. 
These 5 V devices consume only 
8 mA and deliver 0 dBm. Phase 
noise at 100 kHz is 110 dBc/Hz 
typ. 
Analop Engineering 
INFO/CARD #226 

mode and use Motorola’s 3 W 
cellular telephone platform. 
Motorola Cellular 
Subscriber Group 
INFO/CARD #223 

SUBSYSTEMS 

CABLES & 
CONNECTORS 

3/8 Inch, Flexible 
Cable 
Andrew Corp, announces the 

introduction of three new 3/8 inch 
superflexible 50 ohm HELIAX® 
coaxial cables. Type FSJ2-50 is 
similar to Andrew’s existing 1/4 
inch (FSJ1-50A) and 1/2 inch 
(FSJ4-50B) superflexible cables. 
Types ETS2-50T and ETS2-50 
are for higher power or plenum 
applications. Type ETS2-50T is 
jacketed; Type ETS2-50 is 
unjacketed. 
Andrew Corporation 
INFO/CARD #222 

Limiter-Mixer 
Preamps 
Alpha Industries announces its 

MX1011 and MX1010 miniature 
broadband limiter-mixer preamps 
covering 0.5 to 2 GHz and 2 to 18 
GHz EW bands, respectively. A 
mere 0.375 cubic inches in vol¬ 
ume, these mixers integrate a 
PIN diode limiter (50 W CW), a 
double balanced mixer and a low-
noise/high-power (+15 dBm) IF 
preamp in a hermetic package 
with field replaceable connectors. 
Alpha Industries, Components 
and Subsystems Div. 
INFO/CARD #225 

CDPD Modem 
Cincinnati Microwave has 

announced the first in a family of 
wireless modems for the Cellular 
Digital Packet Data (CDPD) net¬ 
work. The MC-DART 100 has a 
19.2 kbps data rate, up to three 
watts of RF power output, 
received signal strength indicator 
and optional switched antenna 
diversity. The MC-DART 100 is 
priced at $495, with volume 
quantities available in 1Q94. 
Cincinnati Microwave, Inc. 
INFO/CARD #224 

Modem for CDPD 
Motorola’s Mobile CDPD™ has 

a 9-pin RS-232 serial interface 
which supports speeds from 300 
to 19,200 bps. The airlink data 
rate is 19,200 bps. The new 
modem will operate in full duplex 

MCX Connector 
ITT Cannon/Sealectro announces 

availability of its line of MCX RF 
connectors. MCX connectors pro¬ 
vide a smaller, lighter alternative to 
an SMB connector when space 
and weight savings are a consid¬ 
eration.Snap-on mating allows for 
rapid connects and disconnects. 
The MCX performs well in 50 ohm 
applications up to 6 GHz. Durabili¬ 
ty is specified as a minimum of 
500 matings. 
ITT Cannon/Sealectro 
INFO/CARD #221 

2.92 mm Connectors 
A family of 2.92 mm coaxial 

connectors from Southwest 
Microwave are flange mounted 
and use field-replaceable one-
piece construction. The connec¬ 
tors launch to 0.012 diameter 
pins. Maximum VSWR is 1.15:1 
over the frequency range of DC 
to 40.0 GHz. 
Southwest Microwave, Inc. 
INFO/CARD #220 

SIGNAL 
PROCESSING 
COMPONENTS 

Wideband 
Quadrature Hybrid 
Synergy Microwave Corp, 

announces a new, miniature 
wideband quadrature hybrid. The 
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DQP-3-33 covers an 11:1 band¬ 
width between 3 and 33 MHz. 
Across the unit's 30 MHz band¬ 
width insertion loss is typically 0.5 
dB and amplitude imbalance is 
typically 0.7 dB. Phase unbal¬ 
ance is 90 ±4 degrees. Minimum 
isolation is 20 dB and VSWR is 
1.5:1 on all ports. These hybrids 
are available from stock and are 
packaged in 8-pin relay headers. 
Prices start at $69.95 in quanti¬ 
ties of 1 to 9 pieces. 
Synergy Microwave Corp. 
INFO/CARD #219 

Mixer 
The MA27LLX from Western 

Microwave is a triple balanced, 
multi-octave mixer. The input 
(RF) is 2 to 20 GHz and output 
(IF) is 1 to 10 GHz. Isolation is 
typically 23 dB, conversion loss is 
typically 6.5 dB, and third order 
intercept is typically +17 dBm. 
Required LO drive is +10 dBm. 
Price is $161 in quantities 
between 10 and 24. 
Western Microwave, Inc. 
INFO/CARD #218 

Herotek, Inc. 
INFO/CARD #216 

SP8T Switch 
The GL8T RF switch is part of 

a series of low cost switches 
offered in SPST through ST8T 
versions. The series operates 
over the 25 to 250 MHz range 
with maximum VSWR of 1.5:1. 
Prices range from $45 (SPST) to 
$225 (SP8T) 
Geoffroy Labs 
INFO/CARD #215 

Frequency 
Multipliers 
KW Microwave has introduced 

x4 multipliers to its multiplier 
product line. The x4 multipliers 
have input frequency fin = 714 
MHz and 2.16 GHz, with output 
frequency of tout = 2.856 GHz 
and 8.64 GHz, respectively. Input 
power is 0 dBm while output 
power s +5 dBm with -60 dBc 
spectral purity. Typical size is 3 x 
0.4 x 1 inches. 
KW Microwave Corp. 
INFO/CARD #214 

Delay Lines 
A new generation of fixed and 

variable delay lines have been 
designed for use in high speed 
computers, but also have applica¬ 
tion in high speed analog circuits. 
Delay times are available from 0 
to 30 ns. Minimum 3 dB band¬ 
width, depending on delay time, 
is as high as 1 GHz. 
Toko America, Inc. 
INFO/CARD #217 

Comb Generators 
A line of harmonic/comb gener¬ 

ators from Herotek have integral 
preamplifiers. Wideband outputs 
go up to 26 GHz when tuned to 
input frequencies between 30 
Mhz to 2.0 GHz. Features include 
optional input powers of 0 dBm or 
+10 dBm with outputs as high as 
-10 dBm at 18 GHz and -20 
dBm at 26 GHz, 5 V DC supply, 
and removable connectors for 
drop-in assembly. Hermetic pack¬ 
aging as small as 0.75 x 0.56 
inches is available. 
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RF Test Contacts 
Johnstech Inti, has introduced 

high performance RF contactors 
for plunge-to-board style gravity 
feed test handlers. Johnstech’s 
Short Contact™ test sockets are 
based on patented technology 
that combines outstanding electri¬ 
cal performance with superior 
contact reliability in automated 
and manual testing of RF and 
microwave devices. Each contact 
is individually replaceable. 
Johnslech International Corp. 
INFO/CARD #213 

Benchtop 
Coax Stripper 
The CTEL 1066 from Coastel 

Cable Tools is an A/C powered 
benchtop coax stripper. The 
CTEL 1066 has the ability to per¬ 
form al three strips simultaneous¬ 
ly in four seconds. The foot 
switch operated stripper has built-
in automatic brake stop and easi¬ 
ly replaceable cutter heads. 
Coastel Cable Tools Inc. 
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January 1994 



If This Is 
Your Idea Of 

Telecommunications... 

You Won't Be Needing Thee. 
If you're designing for today’s hottest applications -from cellular ccmmunications to digital switching, test 
instrumentation tc GPS - our new family of OCXOs have been 
developed with yoi r needs in mind. With precisely selected 
degrees of stability, aging and size. And competitive pricing, 
too. To receive an applications packet, call 717-486-341 1 or 
fax 717-486-5920. At OFC, we’ll keep on innovating - because 
nothing stays the Sime for very long. 

Series Freq. Rang* Stability 
1-20 to 70 Cl 

Aging 
(per day) 

Size 
(In.) 

Applications 

4834 4-7 MHz ±3x10’ 5x10 10 3x2x1.35 
Base stations 

Digital switches 

4840 7-15 MHz ±6x10’ 7x10 10 2x2x.75 
Digital switches 
Test equipment 

4839 2-8 MHz ±3x10’ 1x10’ 2.9x2.4x1.75 
Base stations 
Use w/battery supply 

4879 5-20 MHz ±5x10’ 2x10’ 1.5X1.5X.53 
Test equipment 

Synthesizers 

OAK Frequency Control Group" 

McCoy • Ovenaire • Croven • Spectrum 
an Oak Industries Group of Companies 

100 Watts Street • PO. Box B • Mt. Holly Springs, PA 17065 

INFO/CARD 38 



ly tutorial_ 

Using RF Channel Simulators to 
Test New Wireless Designs 

By Karl B. Fielhauer 
Litton Amecom 

Wireless digital communications sys¬ 
tems are experiencing spectacular 
commercial growth. Digital communica¬ 
tions using RF is among the most diffi¬ 
cult environments to design for reliable 
performance. Yet, customers will 
demand 100% reliability from their new 
wireless digital communications prod¬ 
ucts, despite RF propagation conditions. 
This article presents the propagation 
effects encountered by these systems 
that are replicated by RF channel simu¬ 
lators in the laboratory. 

With the implementation of systems 
like: the North American Dual¬ 

Mode Cellular System (NADC), Japan¬ 
ese Digital Cellular (JDC) telephone sys¬ 
tem, Personal Communications Network 
(PCN), Global System for Mobile Com¬ 
munications (GSM), Digital European 
Cordless Telephone (DECT), Advanced 
Cordless Telephones and High Defini¬ 
tion Television (HDTV), the need to real¬ 
istically test these new products is 
tremendous. RF channel simulators aid 
in the design of new exotic products and 
can statistically test how robust a new 
design is compared to a baseline, theo¬ 
retical or even a competitor’s perfor¬ 
mance. Presently, the biggest growth in 
the wireless industry is mobile communi¬ 
cations, with cellular leading the way 
and other technologies to follow soon. 
Present cellular systems use the 

Advanced Mobile Phone System 
(AMPS) that has been around since the 
early 1980’s. However, AMPS is an ana¬ 
log system requiring voice bandwidth. 
Because of an overcrowded spectrum 
due to limited frequency allocation, an 
AMPS user may not be able to use his 
cellular phone during peak hours, or 
may experience a dropped call. This is 
especially prominent in large metropoli¬ 
tan areas such as New York and Wash¬ 
ington, DC. To get around this problem, 
the FCC approved the NADC system, 
which increased the number of phone 
calls by reducing the information band¬ 
width by digitally encoding the channel, 

Figure 1. Multipath propagation of a cellular signal. 

name y n/4 DQPSK. This system can 
increase the numbers of users over the 
present AMPS by a factor of three, with 
more sophisticated voice CODECs, up 
to six — and with Extended TDMA, up 
to 15 times. However, along with the 
benefits of increased capacity due to 
digital encoding, comes the difficulties of 
demodulation in the presence of fading, 
multipath propagation, co-channel inter¬ 
ference, adjacent channel interference 
and of course Additive White Gaussian 
Noise (AWGN). 

What is a RF Channel Simulator? 
The characteristics of mobile radio 

channels, although complex in nature, 
can often be adequately represented by 
known statistical distributions. RF chan¬ 
nel simulation, therefore, amounts to 
producing in the laboratory, signals that 
have appropriate statistical properties. 
Many companies manufacture RF 

channel simulators for different mobile 
and stationary systems from HF into 
VHF/'JHF. RF channel simulators now 
replicate the conditions of microwave 
channels conditions under rain fade and 
atmospheric multipath conditions. The 
simulators can produce ghost signals 
with which to test ghost cancellation 

designs for the emerging HDTV market. 
They are also available to test satellite 
aided mobile applications. Finally, RF 
channels simulators are now available 
to simulate mobile cellular conditions 
with multipath fading, Doppler, delay 
spread and interference. Each RF chan¬ 
nel simulator for each RF application 
has its own statistical distribution which 
best represents the channels propaga¬ 
tion characteristics. 
The RF channel simulator is a versa¬ 

tile tool to improve the quality of digital 
(and also analog) wireless designs 
before a new product is sent to market. 
In addition the simulator can be used in 
the production phase to measure and 
identify performance variations from unit 
to unit. By running different propagation 
simulations on the production line, the 
radio can be tested for Automatic Gain 
Control (AGC) performance, error cor¬ 
rection performance, etc., in a real envi¬ 
ronment. This can quickly be accom¬ 
plished using Automatic Test Equipment 
(ATE) and will insure quality before the 
radio is sent to market. 
This article focuses on RF channel 

simulators used for mobile communica¬ 
tions and the effects that will be encoun¬ 
tered in that environment, especially 
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Rayleigh Probability Distribution Function 

Rayleigh cpdf (dB) belo« mean value 

Figure 2. Rayleigh Probability Distribution Function. Figure 3. Rayleigh Cumulative Distribution Function. 

with the implementation of the NADC, 
JDC, DECT and GSM systems. Under¬ 
standing how an RF channel simulator 
works for mobile applications will enable 
a basic understanding of the other RF 
environments in which these simulators 
have applications. 

Why Use a Simulator? 
Before the advent of RF channel sim¬ 

ulators, field testing was the only way to 
test new wireless designs. However, 
using conventional field testing requires 
time to setup and take down, collect the 
data, and, worst of all, it is not repeat¬ 
able. With the use of RF channel simu¬ 
lators this is no longer true. The use of 
simulators enables design engineers to 
test their product under favorable and 
poor conditions in the laboratory and 
compare their results to previous 
designs. The outcome of test results are 
rapid, allowing a testing team to commu¬ 
nicate the results quickly to a design 
team for changes and revisions in DSP 
algorithms before ASIC’s are sent to be 
fabricated and before diversity combin¬ 
ing techniques are agreed upon. In addi¬ 
tion coding and modulation schemes 
and the evaluations of equalizations can 
be tested using a RF channel simulator. 
With a simulator it is possible to write 

a test plan incorporating such important 
parameters as fade margin, Eb/N0, type 
of fading to be tested, Doppler, the addi¬ 
tion of adjacent and co-channel interfer¬ 
ence and diversity combining tech¬ 
niques. With field testing, the environ¬ 
ment where the test is conducted cannot 
be controlled, therefore propagation 
effects cannot be tested individually. 
The effects of adjacent channel, co¬ 
channel interface, intersymbol interfer¬ 
ence and other effects can add upon 
each other, thus the isolation of each 
effect upon the radio is not possible. 
With the use of a RF channel simulator, 

the bit error rate performance in fading 
and interference can be compared to 
theoretical performance when the prop¬ 
agation effects are isolated thus estab¬ 
lishing a baseline of performance. The 
same lest procedure can be rerun to 
measure design improvements after 
design changes are implemented. A 
final benefit is that the data acquisition 
and test equipment control (including 
the RF channel simulator) can be, and 
usually is, fully automated to produce 
reliable and repeatable results quickly. 

What Does an RF Channel 
Simulator Do? 
The mobile radio will have to work in 

the ha'shest of RF environments. The 
major problem is that operation often is 
in built-up areas, where the mobile 
antenna is well below or located 
between surrounding buildings, and 
there is no line-of-sight path to the trans¬ 
mitter (Figure 1). Propagation is, there¬ 
fore, mainly by way of scattering from 
the surfaces of the buildings and by dif¬ 
fraction over and/or around them. The 
most pronounced effect in mobile cellu¬ 
lar communications is that of multipath 
signal propagation caused by the scat¬ 
tering signals. The multipath reflections 
grow more likely as the frequency of 
transmission increases. The three major 
effects of multipath propagation are mul¬ 
tipath fading (Rayleigh fading), delay 
spread and Doppler-frequency shifts. 
The RF channel simulators for mobile 

applications model multipath propaga¬ 
tion caused by the antenna being well 
below the transmitter (Mobile Telephone 
Switching Office, or MTSO). In addition, 
it is possible to incorporate Additive 
White Gaussian Noise (AWGN), adja¬ 
cent channel and co-channel interfer¬ 
ence to the RF channel simulator and 
test in the presence of fading. In the 
new markets of digital cellular radio, 

understanding and designing systems 
which work reliab y in multipath propa¬ 
gation conditions will be critical to win¬ 
ning the market. 

Multipath fading occurs when an RF 
carrier is reflected over more than one 
path producing multiple signals with dif¬ 
ferent arrival times (see Figure 1). The 
signals produce apparent phase differ¬ 
ences between the multiple reflections 
and the original, or the shortest path. 
Thus for a constant amplitude CW sig¬ 
nal, if a multipath reflection is 180° out 
of phase from the shortest path and 
equal amplitude,a total cancellation will 
occur. In some cases, there is construc¬ 
tive addition when two or more signals 
arrive in phase with one another. How¬ 
ever, in the real world the multipath 
reflections have random arrival times 
and random phase shift between multi¬ 
path signals, the fading is then called 
Rayleigh. This is because the fading is 
best describe by the Rayleigh probability 
density function (PDF). A Rayleigh dis¬ 
tribution is the root-mean-square (RMS) 
addition of two incependent Gaussian or 
normal distributions. The Rayleigh PDF 
is shown in Figure 2 and is defined as: 

(
2 \ 

, (0<v<~)(1) 
2a ) 

0, ( v < 0) 

where v2 = x21+x22, two independent 
variants, x1 and x2 and Gaussian-distrib¬ 
uted both having zero mean and the 
same standard deviation, and: 

2a2 = the mean square value of v over 
the distribution. 

The corresponcing Cumulative Proba¬ 
bility Distribution Function (CPDF) 
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Figure 4. Level crossing rate. Figure 5. Rayleigh power spectra. 

obtained by integrating p(v). The CPDF 
represents the probability that v is less 
than level A for an E-Field signal and 
defined by: 

( 2 \ 

z ï X (2) 

0, (v<0) 

Plotting the Rayleigh CPDF on a loga¬ 
rithmic scale as shown in Figure 3, the 
received radio signal has smaller attenu¬ 
ation (less severe fade} than 10 dB from 
its mean value during 94% of the time 
and a less severe fade than 18 dB dur¬ 
ing 99% of the time. When evaluating 
the performance of an RF channel simu¬ 
lator capable of Ray-eigh fading, the 
measured CPDF and the theoretical 
CPDF should match thus producing true 
Rayleigh characteristics for your simula¬ 
tion which is critical in mobile cellular 
applications. Rayleigh tading is relatively 
short term in duration yet can yield the 
deepest fades which are a significant 
impairment to all dig tai communica¬ 
tions. In the NADC system, a n/4 
DQPSK transmitted sic nal with constant 
amplitude in the presence of Rayleigh 
fading is converted into one with ran¬ 
domly varying amplitude and thus is a 
large problem for a demodulator to 
recover data error free if the fade depth 
exceeds the fade margin. Rayleigh fad¬ 
ing only exists when there is no line-of-
sight to the receiver oriy multiple reflec¬ 
tions. Rayleigh fading can be dealt with 
by adding error correc:ing codes, inter¬ 
leaving and diversity combining tech¬ 
niques. Since most RF channel simula¬ 
tors are dual channel, tierefore diversity 
improvement factors are measurable. 
For a satellite aided mobile link and 

some cellular links the received enve¬ 
lope obeys Rician statistics rather than 
Rayleigh and some RF channel simula¬ 
tors include both. Rician fading occurs 
where there may be a line-of-sight path, 
or a least a dominant specular compo¬ 
nent to the mobile receiver. It is intuitive¬ 
ly to be expected that there will be fewer 
deep fades and that the specular com¬ 
ponent will be a major feature of the 
spectrum. 

A mobile receiver does not experi¬ 
ence Rayleigh fading until the mobile is 
moving through a multipath environ¬ 
ment. A measure of the number of times 
per second that a mobile will encounter 
a multipath fade is represented by the 
Level Crossing Rate (LCR), an impor¬ 
tant consideration to the designer of a 
mobile digital communications systems. 
The LCR is the number of times per 
second (Hertz) the carrier envelope 
crosses a level relative to the mean. A 
plot of this is shown in Figure 4 for a 
mobile receiver moving at a rate of 100 
km/hour at a frequency of 900 MHz. The 
expected number of level crossing at a 
given signal amplitude v = A is: 

These statistics should be part of the 
specifications for the mobile RF channel 
simulator. 
Another propagation effect that is 

modeled by an RF channel simulator is 
Doppler frequency shift in a multipath 
environment. The Doppler frequency f 
is: 

RF Design 

where: 

B=2ji/X 
V = Speed of the vehicle (m/s) 

Careful attention should be paid both 
to the theoretical LCR and theoretical 
Rayleigh PDF to the measured perfor¬ 
mance when evaluating RF channel 
simulators for true Rayleigh fading. 

/ = —cos0 = fmcos0, 0 < 0 < rr (4) 

where fm is the maximum Doppler fre¬ 
quency. It is clear that in any particular 
case, the change in path length will 
depend on the spatial angle between 
the wave and the direction of motion. 
Generally, waves arriving from ahead of 
the mobile have a positive Doppler shift, 
i.e., an increase in frequency, while the 
reverse in the case for waves arriving 
from behind the mobile. Waves arriving 
from directly ahead of, or directly behind 
the vehicle are subjected to the maxi¬ 
mum rate of change of phase. If the 
mobile unit is moving through an area of 
multiple reflections and it is assumed 
that the angles of arrival are evenly dis¬ 
tributed over 360Q, then the Doppler shift 
will be on each of the multipath scatter¬ 
ing signals from the MTSO. The multi¬ 
path scattering signals will be arriving to 
the moving mobile with positive shifts 
and with negative shifts causing a 
spread in the received power spectra. If 
there are a large number of scattering 
signals, as in the case of mobile cellular 
phone, then the receive spectrum will be 
widened by the multiple Doppler shifts 
and is referred to as Doppler spread. 
The limits of the Doppler spectrum can 
be quite high, for example in a vehicle 
moving at 30 m/s (approx. 70 mph) 
receiving a signal at 900 MHz the maxi¬ 
mum Doppler shift is 90 Hz and is 
shown in Figure 5. Frequency shifts of 
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this magnitude can cause interference 
with the message information. The theo¬ 
retical power spectral density S(/) for a 
mobile in multipath environment is : 

(5) 

This spreading of the signal energy is 
an important characteristic of Rayleigh 
channel simulator. 
Another propagation event affecting 

largely the mobile receiver is delay 
spread. Delay spread occurs when the 
base station transmits an impulse signal 
to the mobile unit and because multipath 
scattering the received impulse signal is 
significantly lengthened. In a high data 
rate mobile communications environ¬ 
ment, a bit time can be significantly 
lengthened thus overlapping onto anoth¬ 
er bit period which is the cause for inter¬ 
symbol interference. 
Long term fading such as that caused 

by an obstruction or terrain absorption 
are characterized using the log-normal 
probability distribution function and is 
found on most RF channel simulators. 
Long term fading is also referred to as 
shadow fading because the mobile 
moves through the shadow of an 
obstruction which can take a consider¬ 
able amount of time. Long term fading is 
usually compensated by Automatic Gain 
Control (AGC) circuits. Of the three sta¬ 
tistics (Rayleigh, log normal and Rician) 
that are represented in RF channel sim¬ 
ulators, Rayleigh fading with Doppler is 
the most difficult environment for a 
mobile receiver to operate. 

Implementation of an RF Channel 
Design in Hardware 
Figure 6 represents a basic design of 

an RF channels simulator for mobile 
communications receivers which simu¬ 
lates Rayleigh fading. This is a simple 
hardware configuration for a Rayleigh 
multipath fading simulator that consists 
of two Gaussian noise generators, two 
variable low pass filters and two bal¬ 
anced mixers. The cut-off frequency of 
the two low pass filters is selected on 
the basis of the frequency and the 
assumed average speed of the mobile 
vehicle. The output of the simulator rep¬ 
resents the envelope and phase of a 
Rayleigh-fading signal. Tests on such 
simulators show the output signal enve¬ 
lope to be a close approximation to a 
Rayleigh distribution and the level-

Figure 6. Rayleigh RF channel simulator hardware. 

crossing rates agree well with theoreti¬ 
cal predictions. 
This hardware version is duplicated 

several times depending on the number 
of multioath signals that are to be simu¬ 
lated for the environment under consid¬ 
eration. The simulator uses digital delay 
lines to replicate the multipath delay on 
each of the multipath signals. The sev¬ 
eral delayed output signal from the 
Rayleigh-fading simulators are summed 
together to form a multipath signals. The 
NADC systems requires receivers to 
operate with at least two Rayleigh-faded 
signals spaced by a delay of up to 42 
ps. These standards have been imple¬ 
mented to guarantee functionality of the 
various mobile radio manufactures 
equipment. Usually the RF channel sim¬ 
ulator replicates this design to form two 
separate RF channels in which the fad¬ 
ing ccrrelation can be controlled 
between separate RF channels. This 
aids investigations of diversity reception 
techniques and the effects of co-channel 
and adjacent-channel interference. 

Conclusion 
The RF channel simulator is a valu¬ 

able new addition of test equipment for 
the evaluation of digital modulation and 
demodulation designs. The RF channel 
simulator can be used through the initial 

design stages through quality control on 
the production line and can simulate 
mobile as well as stationary systems. 
The RF channel simulator can be used 
to verify design improvements without 
field testing and performance variations, 
if any from unit to unit in the production 
process. RF 
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Redesign awards 

Programs Help Design Vacuum 
Tube Amplifier Output Circuits 

By Thomas F. Crawford 
Electronic Communications and Service 

High power amplifiers still commonly 
use vacuum tubes, despite the growth of 
solid state technology. Power triodes 
and tetrodes remain economical choic¬ 
es, especially for power levels above 
1000 watts in the HF, VHF and UHF 
ranges. The author’s entry in the 1993 
PF Design Awards Contest was a pro¬ 
gram which computes the component 
values for tuned output circuits in Pi, L 
and Pi-L configurations. This article 
describes the Pi-L network program. 

The Pi-L network program was origi¬ 
nally written to assist amateur radio 
operators in the design and construction 
of high power amplifiers operating in 
Class AB1 , AB2, B or C. It is intended to 
guide the user through the design 
process, allowing either the user or the 
program (actually, the program’s author) 
to determine various design criteria, 
depending on the user’s level of experi¬ 
ence and ability. The program begins 
with several information screens that 
may be bypassed after they have been 
read. The equivalent schematic of the 
network is shown in Figure 1. 
Before entering data for calculation, 

the program addresses plate resistance. 
The user may enter a calculated resis¬ 
tance value, or the program can calcu¬ 
late an approximate value based on 
plate voltage and current, using the fol¬ 
lowing equations: 

„ _ ePEAK (1) 
“rms — _ ' ' v2 

Figure 1. Equivalent schematic of the PI-L output network. 

2500 volts. There is no way for an ama¬ 
teur to measure ePEAK . The peak funda¬ 
mental component of current is one-half 
the peak current, or lDC x jt/2: 

In the program, the tt/2 current multi¬ 
plication factor (n/2 = 1.57) is replaced 
with 1.8. This is the same as declaring 
ePEAK ,0 be °-87 times the full DC volt¬ 
age. This estimation was determined 
empirically over many years of evalua¬ 
tion of electron tubes, and should be a 
good approximation for most applica¬ 
tions. 

Next comes selection of the operating 

Q, which requires a tradeoff between 
harmonic suppression and critical tun¬ 
ing. Typically, Q values from 10-30 offer 
acceptable harmonic rejection, but high¬ 
er Q results in a sharper peak at reso¬ 
nance and very “touchy” tuning charac¬ 
teristics. Select the desired Q for the 
highest frequency that the network will 
cover, and since Q increases at lower 
frequencies, harmonic suppression will 
not be compromised. 
The most difficult choice in the design 

is the selection of image resistance (RI). 
Since the program designs the Pi-L net¬ 
work as a cascace of three L-networks, 
an impedance fcr the junctions of the 
networks is required. This is somewhat 
arbitrary, but limited by the peak voltage 

- ENTER PROGRAM DATA -

Enter the selected PLATE VOLTAGE. (100-.5KV) 
Enter the PLATE CURRENT in AMPERS. (.1 to 2.5) 
The PLATE LOAD RESISTANCE is ... 
The PLATE POWER INPUT is ... 
Desired Plate Tank Oerating Q (1 to 30) 

[EP] = [3000] Volts 
[IP] = [.75 ] Amps 
[RP] = 2222.222 Ohms 
[PIN] = 2250 Watts 
[QI] = [15 ] 

R = e PEAK (3) 
loc 1-57 

In practice, the voltage swing, ePEAK, 
will be less than the DC voltage applied, 
depending on the tube characteristics, 
loading and drive. With 3000 volts 
applied, the voltage swing might be 

Select a trial value of IMAGE RESISTANCE 
(Values between 150 & 1500 Ohms) [RI] = [750 ] Ohms 

Remember — RA < RI 
Enter the Ant. or LOAD RESISTANCE (10 to 800) [RA] = [50 ] Ohms 

Would you like to change any one VALUE before continuing (Y or N) [ ) 

Figure 2. Main program screen 
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So why wait, solve your connection problems with 

Mini-Circuits' Bias-Tees. Available from stock. 

Model 

ZFBT-4R2G 

ZFBT-6G 

ZFBT-4R2GW 

ZFBT-6GW 

Freq 

MHz 

ft fu 
10-4200 

10-6000 

0.1-4200 

0.1-6000 

_ = low range 

Insertion 

Loss, dB 

Typ. 

LMU 

015 0.6 0.6 

015 06 1.0 

0.15 0.6 0.6 

0.15 0.6 1.0 

M = mid range L 

Isolation dB 

(RF)-(DC) 

(RF+DC)-(DC) 

Typ-

LMU 

32 40 50 

32 40 30 

25 40 50 

25 40 30 

= upper range 

VSWR 

Typ 

1.3:1 

1 3:1 

1.3:1 

1.3:1 

Price 

$ ea. 

Qty 

1-9 

$59 95 

7995 

7995 

89.95 

finding new ways 
setting higher standards 

C3 Mini-Circuits ._ 
■ ■ ■ ■ PO Box 350166. Brooklyn. New York 11235-0003 (718)934-4500 Fax (718) 332-4661 

Dlstributlo Cenfers/NORTH AMERICA 800-654-7949 .417-335-5935 Fax 417-335-5945 EUROPE 44-252-835094 Fax 44 252-837010 

For detailed specs on all Mini- Circuits products refer to • THOMAS REGISTER Vol 23 • MICROWAVES PRODUCT DIRECTORY • EEM • MINI-CIRCUITS’ 740-pg HANDBOOK 
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across the loading capacitor, where: 

Ep = xZP Po-2.414 (5) 

Design constraints require RI > RA, so 
values in the range of 150-1500 ohms 
are practical. 
The program allows the user to exam¬ 

ine the results for various values of Q 
and RI. Selecting analysis frequencies 
close together shows how critical the 
tuning is likely to be. Observing the 
component values shows what parame¬ 

ters will result in a realizable design. 

Program Operation 
After the initial information screens, 

the main input screen (Figure 2) is 
reached. Limits have been established 
for each entry, based on values deemed 
within a practical range. Since it was 
written for amateur applications, the pro¬ 
gram halts and asks for re-entry of data 
when the voltage and current selected 
are likely to result in power output 
exceeding the maximum permissible 
power of 1500 watts. [Modification of the 

Plate tuning capacitor reactance: 
XC1 = RP/Q1 (Q1 is selected tank Q) 

Virtual Resistance: 
RV = EP/(Q2 + 1 ) 

First half of tank coil: 
XL1A= R1/Q2 

First half of the loading capacitor: 
XC2A = RI/Q2 

Second half of tank coil: 
XL1B = RVxQ2 

Third network figure of merit: 
Q3 = SQR((RI/RA)-1) 

Second half of load ng capacitor: 
XC2B = RI/Q3 

Loading coil: 
XL2 = RA x Q3 

Total reactance of L1 is the sum of: 
XL1A + XL1 B. 

Total reactance of the loading capacitor is 
the algebraic sum: 

XC2 = (XC1A)(XC1B)/(XC1A + XC1B) 
Component values are calculated accord¬ 
ing to normal reactance formulas. 

ETF TECHNOLOGY INC. 
The Only Source For Your Thick Film Precision Circuits & SMT Resistors 

THICK FILM CIRCUITS 
Thru Hole Metallization 
.005“ Lines & Spacing 

Multilayers Up To 8 Layers 
Nickel Barriers 

Copper Metallization 
Hybrid Circuits 

Surface Mount Networks 
Chip & Wire 

SMT • RESISTORS 
0402 To 4020 

Zero ohm To 500 megohm 
Down To .1% Tolerance 

50 PPM*TCR 
Custom Sizes 

Custom Metal Terminations 
High Power Chips 

Figure 3. Program calculations. 

source code to allow higher power cal¬ 
culations for commercial applications 
should be straightforward — editor]. 
Frequency entry can be anywhere 

from 1-500 MHz, but the results for very 
high or very low frequencies can be very 
interesting! See the note above on prac¬ 
tical component values. The program 
output includes both reactances of the 
network components and the inductance 
and capacitance values. Operation of 
the entire program is easily accom¬ 
plished following the on-screen instruc¬ 
tions. When all data have been entered, 
the computation proceeds as shown in 
Figure 3. 
At the end of the calculations, the pro¬ 

gram gives the choices for printout of 
the data, calculation of more frequen¬ 
cies, check Q at the low frequency end 
of the range, do a new calculation, or 
exit. 
The program was written in GWBASIC 

and compiled in Quick Basic 4.5. Both 
an executable file and source code are 
included. This program, along with addi¬ 
tional programs for Pi-networks, L-net-
works and a coil-winding utility, is avail¬ 
able from the RF Design Software Ser¬ 
vice. See page 75 for ordering informa¬ 
tion. RE 
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r 400-100®"”^ 

RF AMPLIFIERS 

MODEL CLASS FREQ. RANGE POWER GAIN 

FOR PRIORITY SERVICE 
Fax This Ad To Us At 
(716) 427-7839 

Just fill in your name, address, 

and fax or phone in the spaces 
below! For specifications & 
pricing on specific models, place 
a Y in the first column. 

C
U
T
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E
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 LF/MF 

1040L B 10kHz -500kHz 400W 55dB (±1dB) 
1140LA B 9kHz -250kHz 1100W 55dB (±1dB) 
AP-40DB B 80kHz - 2.7MHz 400W 55dB (±1.5dB) 
240L A 20kHz -10MHz 40W 50dB (±1.5dB) 
2100L A 10kHz -12MHz 100W 50dB (±1.5dB) 

HF 
A- 150 A 300kHz -35MHz 150W 55dB (±1dB) 
A-300 A 300kHz -35MHz 300W 55dB (±1dB) 
A-500 A 300kHz -35MHz 500W 60dB (±1dB) 
A- 1000 A 300kHz -35MHz 1000W 60dB (±1.5dB) 

VHF 
325LA A 250kHz -150MHz 25W 50dB (±1.5dB) 
3100LA A 250kHz -150MHz 100W 55dB (±1.5dB) 
3200L A 250kHz -120MHz 200W 55dB (±1.5dB) 

UHF 
400AF A 150kHz -300MHz 3W 37dB (±1dB) 
403LA A 150kHz -300MHz 3W 37dB (±1dB) 
411 LA A 150kHz -300MHz 10W 40dB (±1.5dB) 
525LA A 1MHz -500MHz 25W 50dB (±1.5dB) 
550L A 1,5MHz-400MHz 50W 50dB (±1.5dB) 
5100L A 1,5MHz-400MHz 100W 50dB (±1.5dB) 
603L A 800kHz -1GHz 3W 40dB (±1.5dB) 
630L A 400MHz-1GHz 30W 51dB (±2dB) 
6100L AB 400MHz-1GHz 100W 51dB (±2dB) 

PHONE: (716) 292-7440 • FAX: (716) 427-7839 

ENI 
A Division of 
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100 Highpower Road 
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USA 
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UEcircuit analysis_ 

Double Feedback Circuit Analysis 
By Frank Egenstafer 
American Meter Co. 

Double feedback circuits are those cir¬ 
cuits incorporating both series and shunt 
feedback paths. The double feedback 
topology is a byproduct of many amplifi¬ 
er designs, but the interactions among 
the two paths and the active device 
have not been adequately characterized 
in the past. It is the purpose of this 
paper to afford the engineer an under¬ 
standing of how the double feedback 
stage operates and to supply him with 
some simple equations that will aid him 
in making circuit decisions. 

To design an amplifier of the type 
used in the CATV field it was previ¬ 

ously necessary to initiate that design 
without the use of engineering design 
equations, mainly because there were 
none. In most cases, the design was 
pursued by varying the emitter resis¬ 
tance (Re), shunt feed back resistance 
(R() and the transformer turns ratio until 
satisfactory results were achieved (Fig¬ 
ure 3). This procedure was followed 
first on a single stage, then on two 
stages together, then on three, etc. 
Mostly, by the time three stages were 
completed, the interaction had become 
complex and frustrating. 
The designer was plagued by all sorts 

of amplifier behavior, or rather misbehav¬ 
ior, that escaped explanation and rea¬ 
son. It was no simple task to design an 
amplifier with sufficient gain, wide fre¬ 
quency response, exceptional flatness, 
good input match, good output match, 
low noise figure, high output capability, 
linear distortion characteristics; especial¬ 
ly since when all was done, one of the 
elements had to be made variable (tilt 

control), which tended to degrade many 
of the aoove characteristics. 
Throughout this article, the terms ß 

and h(e are used interchangeably for the 
high-frequency current gain of a transis¬ 
tor, and the constant R( . Re = RL2 is 
often used because this equality puts 
order into the analysis. It permits the 
elimination of either Rf or Re from a 
complex equation and hence the solving 
of a single quantity in terms of another, 
and it eliminates an infinite number of 
value relationships that would exist 
between Rf and Re. 

Basic Feedback Circuits 
Take a transistor, put a resistor in the 

emitter circuit and a resistor from collec¬ 
tor to tase and you have a feedback 
ampifier. It sounds very simple but is, in 
essence, a very complex circuit, as will 
soon be shown. Analysis through the 
use of simple equations, logic, and con¬ 
firming experimentation indicates that the 
circuit obeys the family of laws described 
in the equations presented here. For this 
analysis, the transistor is considered to 
be a black box, and ß is the only para¬ 
meter which varies with frequency. The 
close agreement between theory and 
practice validates this assumption. 

First let us examine, separately, shunt 
and series feedback and see how each 
affects :he action of a simple transistor 
stage. Shunt voltage feedback tends to 
lower both the input and output imped¬ 
ance of a circuit and to stabilize the cur¬ 
rent gain under control of Rf and RL (Fig¬ 
ure 1). Series current feedback tends to 
increase both the input and output 
impedance and to stabilize the voltage 

gain under control of RL and Re (Figure 
2). 

If we combine these two circuits we 
have a circuit that is both current and 
voltage gain stabi ¡zed under control of 
external resistances. If the gains are 
equal, 

which is the expression for checking the 
bridged-T equation under matched con¬ 
ditions. The gain equations in Figures 1 
and 2 are also simplified forms of the 
complex gain equation. 

If we now produce a model embracing 
both Rf and Re, equations may be 
derived which describe the input imped¬ 
ance, the output impedance and the 
gain under control of Re, R(, and ß. 

A = 2RL(nßRf-(ß + 1)Re)- <2) 

[Rs((ß + DRe + RL(nß + i) + Rf) 

+(ß + 1)Re(Rf +Rl)]-1

Letting R( • Re = RL2, and Rs = RL: 

A = 2[nßRf-(ß + i;Re) (3) 

[2(ß + 1)Re +(nß + ')RL 

+(ß + 1)RL+Rf]-1

Letting ß = ~ :

A _ 2[nR( -Re) 
RL(n + 1) + 2Re

Letting n = 1 : 

rT 
- WV\r 

A, = RL/Re

Figure 1. Shunt feedback circuit 
showing load, source and feed¬ 
back resistors. 

Figure 2. Series feedback circuit 
showing load, source and emitter 
resistors. 

TR = n = 20/18 = 1.11 

Figure 3. Double feedback circuit. 
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A lot more than a varactor company 

FSI semiconductors mean 
buying made easy. 
Just about every microwave or RF semicon¬ 
ductor you need to manufacture commercial 
or military components or sub-systems is 
now available from FSI. 

Not just tuning varactors, but PIN and NIP 
diodes, limiters, multipliers, SRD's, MNS 
capacitors and spiral inductors. In any of a 
dozen or more packages including chip, 
beam lead, glass, ceramic and surface mount 
configurations. 

As an added benefit, every product is 
available off lhe shelf or it's in process of 
replenishment. So we can give you a hard-
and-fast shipping date. 

Typical switch with FSI semiconductors. (A) GC9002 Spiral 

Inductor; (B) GC84020 MNS Chip Capacitor; (C) GC86001 MNS 
Chip Capacitor; (D) GC4901 Beam Lead; (E) GC84030 MNS 
Chip Capacitor; (F) GC4221 PIN Diode; (G) GC15004 Linear 

Tuning Varactor; (H) GC84001 MNS Chip Capacitor. Beyond that, we've been 
providing this kind 
of quality service 
for more thar 
20 years. 

Sample requests filled promptly. 
Comprehensive, 120-page catalog free 
on request. For more information, 

call or write Donna Langan, 
Semiconductor Sales Manager, 

Loral Microwave-FSI, 
16 Maple Road, 

L Chelmsford, MA 01824. 
Tel: (508) 256-4113. 

Fax: (508) 937-3748. 
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Let Rf = RL2/Re: 
□ 

A = — -1 (Voltage Gain) (6) 
Re 

Let Re = Rl2/R(: 

A = ̂ L-1 (Current Gain) (7) 
rl 

Linder matched conditions the voltage 
gain equals the current gain. 
Since this feedback circuit has ele¬ 

ments connected directly between the 
output and input, there exists a finite and 
measurable signal path opposite to the 
designed direction and it is called the 
reverse signal path. By analyzing the cir¬ 
cuit for gain from output to input, an 
equation may be realized that sets the 
order of magnitude for the reverse path. 
Amplifier circuits involved with oscillators, 
mixers, frequency doublers and isolation 
stages require gain stages with controlled 
or predictable reverse gain values. 

Ar = 2RsRe(ß +1) ■ (8) 

[Rlr6(P + 1) + RsRL(nP +1) + 

Re(P + i)(Rs + Rf) + (RsRf)]’1

Beta vs. Gain 
These graphs were plotted from a 

computer run of the complex gain equa¬ 
tion 3 with n = 1. Since there were many 
different values of Re, two graphs were 
required in order to avoid confusion (only 
one is shown here). The computer pro¬ 
gram varied ß from 3 to 21 for values of 

Re from 6 to 28 ohms, with the constrain¬ 
ing value of Rf, determined by 752/Re = 
Rf, also computed. 

The equations and the graphs indicate 
that: 
(a) Gain increases with increasing ß. 
(b) Gain increases with increasing Rf. 
(c) Gain increases with decreasing Re. 
(d) Gam variation with ß decreases with 

increasing R . 
(e) Gain variation decreases with 

increasing ß. 

Beta was discontinued after 21 
because the variation of gain from 21 to 
infinity is very small and the variation 
may easily be projected. 
The graphs may be used by assuming 

a transistor with an ft of say 1400 and a 
frequency of interest (fm) of 200 MHz. 
This says that ß or current gain will be 7 
(ß = f/fm). Go into the graph at ß = 7, 
and intersect, for instance, the line of 
the equation of Re = 16. The gain may 
be read from either side of the graph. 
The notation at the left of each line indi¬ 
cates what the gain would be at ß= oo 
We now have a group of equations 

that describe the operation of a feed¬ 
back amplifier in terms of gain but, as 
yet, they are not useful. This is to say, 
in their present form they cannot help in 
designing an amplifier. All the equations 
do is to permit one to plug in values 
after completion of the design. 
Up to now, we have no way to prede¬ 

termine the values of Rf and Re. One 
way to start is to use the simplified gain 
equation where gain is described in 
terms of Re or Rf (with Rf ■ Re = RL2). 

Solving equations 6 and 7 for Re and 
Rf, respectively: 

Re=RL/A+1 (9) 
R,= Rl(A+1) (10) 

With Rl = 75 and a required gain of 
say 3 (about 9.5 dB), 

Re= 75/4 = 18.7 ohms 
R( = 75(4) = 300 ohms 

Low-Frequency Gain 
Instead of solving for many values of 
Re, a graph was constructed which 
enables one to select the correct value of 
Rf and Re for a given gain or vice-versa. 
Figure 5 was plotted from the simpli¬ 

fied gain equation 5 where Rf ■ Re = RL2 
, ß= <*>, and n = 1. Since ß is not in the 
simplified equation, no frequency 
dependability is implied; however, in the 
design of most amplifiers it is found that 
the low-frequency end of the response 
is higher than the high-frequency end. 
This effect is caused by variations of ß 
and distributed circuit capacitance with 
frequency. The result is a tilted or slop¬ 
ing response, so that figure 5 can be 
used to set the low-end response only. 
This graph proved very accurate and 

useful in many instances, even though 
the equations were calculated with n = 1 
and the circuits all had transformers with 
n greater than 1. The reason for the 
accuracy will become evident later when 
a new graph will be plotted for different 
values of n. 
The accuracy was noted when the 

graph was used to calculate gain with ß 
at infinity. The calculated gain was very 
nearly the gain of a transistor amplifier 
with the same Re and R( but with a trans¬ 
former. The increase in gain because of 
the transformer was in many cases simi¬ 
lar to the gain when ß was at infinity. 

(11) 
(12) 

n - 1 Rf • Re = R^2

ff 2[nßRf-(ß+1)ReJ 
ß = hfp =- G =-

,e fn 2(ß+1)Re+(nß+1)RL+(ß+1)RL+Rf 

(only when) 

Figure 4. Gain versus different betas. Figure 5. Graph relating Rf, Re and gain. 
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To use the graph, select a gain at the 
right side of the graph, move to the left 
and intersect the ga n equation line, 
move down to emitter resistor Rp value, 
move up to the curve of Rf • Re = RL2, at 
the intersection go left to the feedback 
resistor Rf value. 
Since this graph reoresents the low 

frequency end of the response some 
degree of tilt will be exh ibited. In order to 
insure that the slope will not be severe, 
refer the Re value chosen to figure 4. In 
practice, with or without a transformer 
there will always be seme inductance in 
the circuit that will hold up the gain at the 
high frequency end of the response 
curve. This inductance effect will be 
explained subsequently. 

Input and Output Impedances 
The equations for input impedance 

are: 

z (ß + 1)Re(Rf+RL) (13)
(ß + 1)(Re) + RL(n3 + 1) + Rf 

1. Zin (in ohms) increases from a value 
below 75 ohms with: 
(a) Increasing ß 
(b) Increasing Rf
(c) Increasing Re

2. Zout (in ohms) decreases from a 
value above 75 ohms with: 
(a) Increasing ß 

(b) Decreasing Rf
(c) Decreasing Re

Experience and analysis of the input 
and output impedance values obtained 
from the computer run indicate that 
match and gain are direct trade-offs. 
This means that when an amplifier 
design is initiated it is not gain or match 
alone that is to determine the constants, 

SWfTCH To Arrowsmhw! 
For All Your Microwave Switch Needs -
The N-Series Microwave Switches from 

Arrowsmith Shelburne 

Let ß = °» 

z _ Re(R f +rl) (14) 
in Re+nRL

Let n = 1 and R. • R = R. 2
Zin = RL <15) 

The equations for ojtput impedance 
are: 

z _ (ß + 1)Re (Rs + R f )+ (RfRs ) (16) 
°ut (ß + D(Re) + (rß + DRs 

Let ß = ~ 

Re(R f +Rs) (17) 
out Re+nRs

Let n = 1 and R( ■ Re = RL2
Zout = R s <18 > 

Equations 13 and 16 are very similar 
and are equal to each ether when ß is at 
infinity, and equal to the input and out¬ 
put terminations Rs and RL when R( • Re 
= Rl2 and n = 1. It was found that the 
easiest way to evaluate the action of Rf, 
Re and ß on Zin and Z^ was to select 
appropriate values and look at the 
results. In order to obtain many reliable 
numerical values, equations 13 and 16 
were programmed into a computer with 
Rf varying from 150 to 300 ohms, Re 
varying from 10 to 40 ohms and ß vary¬ 
ing from 3 to 40. The action of the para¬ 
meters of the equations for Zin and Zout 

may be summed up as follows: 

Oes f GM fM MfGM QUAUTY AMD 
SVPCR/OR PGRfORMAMCe AT A 

RCASOMAßLC COST 
The N series switches 
are available with 50 or 
75 ohm impedance SMA, 
SMB, BNC, TNC, F, 
and N type connectors. 
Custom voltages are 
available. Other options 
include TTL compata-
bility, self de-energiz.ing, 
indicator circuitry and 
suppression diodes. 
Please contact a sales 
representative for price 
and availability today. 

N303-10179-X 
TYPICAL RF PERFORMANCE 

Shelburne, Inc. 
2085 Shelburne Road • Shelburne, Vermont 05482 

802-985-8621 • FAX: 802-985-1042 
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ble time. The graph shows that with a 
particular ft and a particular desired 
input match one set of Re and Rf will be 
approximated that will match the curves. 
When tne transistor (and therefore the ft) 
is changed, the graph shows that other 
values of Re and gain are optimal. How¬ 
ever, tne graph will show the varying 
input match with varying ft and a con¬ 
stant R9 quite accurately . 
The graph also indicates that gain and 

match are divergent and that a trade-off 
is required in the design of an amplifier. 

Further, the graph indicates that with a 
constant Re the input match will vary 
with ff. The extent of the variation is also 
indicated. 

gain and input impedance. 
but what match at what gain. This con¬ 
straint is inescapable. With this in mind, 
it was decided to rearrange the input 
equation, put on the constraint. 

Rf = RL2/Re, 

and solve the equation for Re. 

Re2(Zjn(ß +1) - Rl(P + 1)) + (19) 

Re((nß + 1)RLZin - 752Zin = 0 

Design Example 
Given a transistor with ft = 1300, and 

the highest frequency of operation is 
200 MHz, then: hfe = 1300/200 = 6.5. 
Go into graph on the left hand side at 
hle = 6.5. As you traverse to the right, a 
number of lines labeled Zin will be inter¬ 
sectec; these curves represent input 
impedances. Choose Zin and traverse 
down to the abscissa labeled “Re”. For 
example, let us choose a Zin of 50 ohms 
or -14dB. An h(e of 6.5 intersects Zin at 
an Re of 16 ohms. 
This says that a transistor with an ft of 

1300 and an Re of 16 ohms, along with 
the constraining Rf = 5626/16 = 354, will 
give an input match at 200 MHz of 16 
dB. Since Rf, Re, RL are related in the 

The purpose of this quadratic equation 
was to combine the relationship 
between gain and match. Although gain 
is not part of the equation it is implied 
since gain varies inversely with Re. A 
convenient graph may be constructed 
from the equation by plotting different 
values of Zin with ß and Re as the coordi¬ 
nates. In essence this graph permits 
the designer to go from theory to prac¬ 
tice by relating Re to ß as frequency. In 
practice all the input impedance vs. Re 

graphs were found to be very accurate, 
within 10% of Zin in ohms. The degree 
of accuracy is reasonable when you 
consider that the input of the double 
feedback circuit is resistive with reac¬ 
tance secondary in nature. 

Input Impedance (with n = 1), 
The purpose of figure 6 is to permit a 

designer to obtain a first approximation 
of a particular design in the least possi¬ gain and output impedance. 

gain equation by (Rf-Re)/(RL+Re), equa¬ 
tion (4), the gain obtained (in this case 
11.5 dB) is included along with Re. 
Working with the general equations 

indicates that Zin , Zout and gain change 
very little after an hfe of 20. With h(e in 
the general equation, the response of an 
amplifier is usually shown to be falling 
off at the high-frequency end because of 
the reduced hfe . This effect is noted in 
practice, and makes ingenuity a must for 
designing a flat amplifier. 
A number of transistors were checked 

for ft where the values ranged between 
1000 and 1800. These transistors were 
then inserted in a typical feedback circuit. 
By converting the ft to ß or frequency it 

was possible to predict with reasonable 
accuracy the input match at various fre¬ 
quencies, and the gain of the circuit 
associated with a particular emitter resis¬ 
tor. The match values obtained were 
accurate to 1 dB in the test circuits used. 
A plot of the input or output impedance 

curve may be con structed by selecting a 
value of Re from graph #5 or 6 and mov¬ 
ing up that line noting the intersection 
between the plots of Z and current gain 
on the left Use graph #7 as a guide for 
assigning coordinates and values. 

Output Impedance (with n = 1) 
Figure 7 was constructed for Zout 

using the same principle. However, after 
the graph was made it became obvious 
that Zjn and Zout are symmetrical about 
75 ohms and, therefore, are equal in dB 
at all points if Rf ■ Re = RL2 . This means 
that graphs #6 and #7 may be used for 
both Zin and Zou( , in dB only. 

All input impedances are below 75 
ohms in dB and all output impedances 
are above 75 ohms in dB. 
For practical use, convert any dB from 

the output graph for input use by con¬ 
verting the dB value to ohms below 75; 
for using the input graph for output 
match, converting the dB value to ohms 
above 75. 
The quadratic equation used for figure 

7 is: 

Re2((ß + 1)(Rs-Zo)) + Re(752(ß + 1)-

RsZ0(nß + 1)) + 752Rs = 0 (20) 

The accuracy of the output impedance 
graphs 7, 9b and 9d is limited by the 
shunting effect of the output capacitance 
of the transistor and associated circuitry 
which is in the order of 2 to 3 pF. In 
practice the effect of this is to lower the 
actual output imoedance (in ohms) by 
approximately 20%. As ß increases the 
error reduces in magnitude. 
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Figure 8. Graph showing how 
input and output impedances 
vary with beta. 

Input and Output Impedance vs. 
Beta 
This graph shows how :he input and 
output impedances vary with ß and with 
respect to the 75-ohm reference. Note 
that the impedances are equal and 
opposite, in dB, with respect to ß and 
that the input and output curves for a 
given Re are equidistant from the refer¬ 
ence. This occurs only for n = 1. This 
graph clearly indicates hat a trade-off of 
match vs. gain is mandatory in the 
design of an amplifier s:age. 

The graph was derived from the com¬ 
plex input and output equations with Rf 

■Re = rt2 and n = 1 
This graph also indicates what hap¬ 

pens when two similar stages are cas¬ 
caded. At a ß of 10 and an Re of 24 the 
output impedance is about +19dB and 
the input impedance is about -19dB. 
Measured individually the stages appear 
to function very well but when they are 
coupled together the resulting perfor¬ 
mance is degraded because you are 
coupling 94 ohms to 60 ohms matched 
in dB but not in ohms. 
The solution is to use a transformer 

that will make the transformation from 
high output Z to low input Z more com¬ 
patible. Since both impedances vary 
with ß the transformer turns ratio will 
have to be a compromise which lowers 
the high frequency output impedance 
closer to 75 ohms and lowers the low 
frequency impedance below 75 ohms to 
a value close to the existing input 
impedance of the following stage. 

“n” and the Design Equations 
With n appearing in both the numera¬ 

tor and denominator of the complex gain 
equation, its function is not immediately 
obvious. Let R( • Re = RL2

A = 2(nßRf-(ß +1)Re)- (21) 

[2(ß + 1)Re + (nß + 1)Rl + (ß + 1)Rl + Rf ]-

Let ß = ~ 

A = 2(nRf-Re) 
RL(n + 1) + 2Re

In the simplified equation 17, n 
appears in both the numerator and 
denominator but, since Rf is always larg¬ 
er than Rl, the net result of increasing n 
will be an increase in gain. A few calcu¬ 
lations will confirm this fact. 

In both the input and output equations 
n appears in the denominator, so that 
increasing n reduces the value of Zin or 
Zoul . Since the input impedance for prac¬ 
tical values of ß and Re is always less 
than 75 ohms, making n greater than 1 
always takes the input impedance fur¬ 
ther away from 75 ohms. 
The output equation is another story. 
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Figure 9a, 9b, 9c, 9d. Input impedances (9a, 9c) and output impedances (9b, 9d)for n = 1.11 (9a, 9b) and for n = 
1.25 (9c, 9d). 

Here the impedance for practical values 
of ß and Re is always above 75 ohms, 
so that making n greater than 1 moves 
the output impedance toward 75 ohms. 
The action of, n greater than one, on 

figure 8, “Input and Output Impedance 
vs. Beta”, is to move all curves down 
from their present position. What this 
does is to change the asymptote, now 
75 ohms, to a value lower than 75 in 
accordance with the value of n. Any 
transformer then tends to make the 
amplifier input and output impedances 
lower in value. With 75 ohms as a refer¬ 
ence this improves the output imped¬ 
ances but worsens the input imped¬ 
ances. 
The simplified input and output equa¬ 

tions are the same except for RL and Rs 

being interchanged. 

Let ß = oo 

z _ Re(Rt + rl) /23 ) 
Re +nRL

With n = 1 and R. • R = R. 2
Z= rl (24) 

Input and Output Impedance 
(with n > 1) 
These graphs were plotted from the 
same quadratic equations, 19 and 20, 
as were figures 6 and 7; however, for 
figures 9a-d, values of n greater than 1 
were used. The values of n used were 
1.25 (trifilar 4-4-2 winding) and 1.11 (tri¬ 
filar 9-9-2 winding). By comparing some 
equivalent Re vs. hfe points on each of 
the graphs n = 1, n = 1.1 1 and n = 1.25 

it becomes evident how n affects the 
impedances. 
These graphs may be used in the 

same manner as were figures 6 and 7. 

High Frequency Gain vs. Beta 
(n Variable) 

Figu'e 10 was derived from the com¬ 
plex gain equation with R( • Re = RL2, n = 
1, n = 1.11, and n = 1.25. 
As mentioned previously in a practical 

amplifier with a transformer in the collec¬ 
tor, the leakage inductance of the trans 
former starts to increase the gain above 
75 MHz to a greater value than the turns 
ratio a one would indicate. 
Within the frequencies of interest and 

with the transistors available, a ß of 21 
was used in the gain equation calcula¬ 
tion for constructing the graph. This 

Figure 10. Gain versus beta in 
high frequency operation and 
with variable n. 
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value will be, for most transistors, 
below the point frequency where leak¬ 
age inductance needs to be consid¬ 
ered. This means that the graph will be 
useful as a first approximation for 
design. 

Notice that the maximum difference in 
gain from n = 1 to n = 1.25 is about 1.5 
dB, which is approximately equal to the 
difference between the gain at ß = 21 
and the at ß= ~ on the ß vs. Gain graph, 
(figure 4). Compare figure 10 with the 
low frequency gain graph (figure 5) and 
note the numerical similarity of gain for a 
given value of Re as was mentioned in 
the discussion of graph #3. RF 
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RF synthesizers 

Frequency Independent Phase 
Tracking System Creates 
A True Phase Locked Loop 
By Glen A. Myers, Ph.D. 
Kintel Technologies, Inc. 

In a phase-locked loop, the phase of 
the VCO output voltage relative to that 
of the input voltage varies with the fre¬ 
quency of the input vodage. This article 
considers the realization of a circuit for 
which this phase is selectable with an 
applied DC voltage and held constant 
independent of the frequency of the 
input voltage. The operation of this 
patented circuitry and some possible 
applications are presen ed here. 

The block diagram o a phase-locked 
loop (PLL) is shown as Figurei . The 

phase detector consists of a voltage 
multiplier followed by a lowpass filter 
(LPF). Most PLLs are contained in sys¬ 
tems as dedicated integrated circuits 
(ICs). And, most of these are configured 
using digital techniques; the voltage-
controlled oscillator (*CO) may be a 
multivibrator (flip-flop), and the phase 
detector multiplier an XOR or XNOR 
gate (1). A limiter, which is commonly 
part of the IC, converts the analog input 
into a two-level voltage suitable for one 
input of the XOR gate. Apart from all the 
advantages of digital IDs (cost, repro¬ 
ducibility, stability, operability), this real¬ 
ization of PLLs provides linear charac¬ 
teristics of the VCO and also the phase 
detector (Figures 2 and 3). 
A PLL is usable when the frequency of 

the VCO output voltage equals that of 
the PLL input voltage. This is called the 
lock condition. Suppose the frequency 
of the input moves from a value of fA to 
a new value fB as shown in Figure 2. To 
maintain lock, the frequency of the VCO 
output must move in a Ike manner. This 
will occur only if the VCO input voltage 
moves from vA to vB (Figure 2). This 
voltage must come fiom the phase 
detector, and this means that the differ¬ 
ence in phase of its two input signals 
must move from 0A to 0B as shown in 
Figure 3. Clearly, the loop is not phase 
locked (fixed in phase). Rather, a PLL is 
frequency locked. 
This operation can be explained math¬ 

voltage output 

Figure 1. Block diagram of a PLL. 

ematically for the characteristics of Fig¬ 
ures 2 and 3 by writing: 

f0 - fr = kfv for the VCO 

V = kp(0 - <J)O) for the phase detector 

where: 

f0 = frequency in Hz of the VCO output 
voltage 

fr = constant = “at rest” frequency of the 
VCO (f0 when v = 0) 

kf = slope of the VCO characteristic in 
Hz per volt (constant) 

v = VCO input voltage = phase detector 
output voltage 

kp = slope of the phase detector charac-

teristic in volts per radian (constant) 
0 = relative phase of the phase detector 

inputs 
0O = that value of phase for which v = 0 

Combining these two equations by 
eliminating v and setting (kf)(kp) = kL 
gives: 

(0 - 0O) = (f0 - fr)/kL = (fin - fr)/kL

which shows dependence of 0 on f0 = fin 
(lock condition) where fin is the frequen¬ 
cy of the input 
A few comments are in order here 

before proceeding: 
1) The constant kL includes any volt¬ 

age gain in the loop. 

RF Design 

Figure 2. VCO voltage/frequency 
characteristics. 

Figure 3. Phase detector charac¬ 
teristics. 
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2) In the use of a PLL, fr is usually set 
by suitable choice of a resistor and 
capacitor external to the IC. 

3) The value of <|)0 depends on the 
design of the IC. In analysis, <)>0 is com¬ 
monly taken as rt/2 radians. In practice, 
unipolar logic is common and <f>0 has 
other values. See Figures 2 and 5 of 
Reference 1 for example. 

4) The equations as presented are for 
the static case. They are also useful in 
the case of a changing frequency (mod¬ 
ulation) of the loop input voltage provid¬ 
ed the loop LPF can accommodate (out¬ 
put follow) the dynamics of the input. 

5) The loop has two usable outputs as 
shown in Figure 1. The lowpass voltage 
is used when the loop is functioning as a 
frequency demodulator. The bandpass 
voltage is used when the loop is func¬ 
tioning as a bandpass filter or as part of 
a frequency synthesizer. 
Now, let us open the loop and apply 

an external voltage vx by means of a 
summer as shown in Figure 4. We then 
have: 

f0 — fr = kf(v + vx) 

V = kp(4> - <|>0) as before. 

Therefore, 

<0 - fr = ̂ x + W* - 0o) or-

0 - 0O = (f0 - fr - kfVxWp 

Previously (vx = 0), 0 =<|>0 when f0 = fr 
Now (vx * o), 0 has to adjust to accom¬ 
modate this external voltage. The 
amount of the adjustment (from <>0) is 
-vx/kp radians. This is a well known 
method of using a PLL as a phase mod¬ 
ulator (2). 
We have now set the stage for the 

presentation of a true phase-locked loop 
— a patented circuit whose output main¬ 
tains a constant phase relation with the 
input voltage independent of the fre-
quencyof the input voltage (3), see Fig¬ 
ure 5. We have added a second PLL-
whose behavior is affected by both out¬ 
puts of the first PLL. Let the subscripts 1 
and 2 be applied to parameters of the 
first and second PLL respectively. With 
both loops in lock, then f02 = f01 = fin . As 
with any one PLL, this condition must be 
satisfied for the phase tracking circuit 
(PTC) to be usable. By coupling the cor¬ 
rect voltage (“DC”) from loop 1 into loop 
2, we can force the second loop to com¬ 
pensate for this voltage by adjusting its 
phase <|>2 such that <|>1 + <|>2 does not vary 
with frequency. Therefore, we have real¬ 

ized a frequency independent phase 
tracking system. 
This operating principle of the PTC is 

readily revealed by example. Suppose 
fin moves from a value of fA Hz to a new 
value of fB Hz. Consider that this 
requires a 0.75 volt change at the input 
to the VCO of the first PLL to maintain 
lock. Let this correspond to a 20 degree 
increase in . Assume kf1 = kf2 and k^ 
= k 2. This is reasonable if identical ICs 
and identical external circuitry (LPFs) 
are used to realize loops 1 and 2. For 
this case, we need a 0.75 volt change at 
the input to the VCO of the second PLL 
for it to maintain lock. But we have 

injected into loop 2 the value of (2)(0.75) 
= 1.5 volts. This means the phase 
detector of loop 2 must create -0.75 
volts which it does by causing <|)2 to 
decrease by 20 degrees or the same 
amount that phi1 increased. The net 
result is a value of 0, + <j>2 which 
remains constant with fin. The circuit is, 
then, a frequency independent phase 
tracking circuit — a circuit which is 
locked in frequency and set in phase. 
A general equation for <j>p = 0, + q2 

involving all the parameters of loops 1 
and 2 can be der ved for the static case 
in a straightforward manner. This does, 
perhaps, provide no more insight than 

Bandpass 
output 

Figure 4. Block diagram of a PLL with an external applied voltage, vx. 

Phase-locked 
bandpass voltage output 

Figure 5. Block diagram of the phase tracking circuit. 
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the numerical example. 
We have built, tested and operated 

various such phase racking circuits. 
Excellent phase track ng is maintained 
under dynamic condtions (frequency 
modulated [FM] input) over the entire 
lock range of the PLL. 

In our practice, an external DC voltage 
is applied to the summer of Figure 5 to 
set the desired value of <|>p and to com¬ 
pensate for differing values of the rest 
frequencies of the two PLLs. This is a 
static adjustment. With a FM input, the 
gain of the voltage amplifier is then 
adjusted to make kL the same for both 
loops. This ensures that phip does not 
vary with frequency. These adjustments 
are readily made by observing a suitable 
oscilloscope presentation. 
A constant value of = 0 is desirable 

for some applications (frequency syn¬ 
thesizers, coherent demodulators). We 
have used a value of op = it radians to 
suppress a strong interfering carrier. 
This same value provides us with a 
patented Power Multiplexing™ capabili¬ 
ty (multiple frequency reuse) which we 
have successfully demonstrated (4, 5). 
PLLs are also used as bandpass fil¬ 

ters. In this case, the PTC provides a 
constant-phase bandpass filter. When 
the input is FM, for example, no inciden-
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tal phase modulation is created by the 
filtering action of the PTC. 
The ability to vary 0 in a known, con¬ 

trolled manner with an external voltage 
(third input to the summer of Figure 5) 
has useful applications. For example, in 
the interferometry method of direction 
finding, 0 can compensate for the 
phase shift between two antenna ele¬ 
ments and thereby create constructive 
or destructive interference when their 
outputs are summed. The condition of 
interference when detected can be relat¬ 
ed to wave angle of arrival (patent pend-
ing)(6). Conversely, in a transmitter 
feeding multiple antenna elements, use 
can be made of the voltage-controlled 
phase to sweep the beam spatially in a 
prescribed time-dependent manner. 
Clearly, using reciprocity, the same 
beam-forming system can be used to 
create a phased array for reception 
(search mode of the receiver). So, use 
of a PTC in series with each radiating 
element creates a simple, rapid, highly 
flexible and easily programmable (com¬ 
puter control of the tuning voltage) 
phased-array antenna. 
Use of multiple phase tracking circuits 

connected in series or other combina¬ 
tions can serve other useful purposes 
such as suppression of strong interfer¬ 
ence and measurement of angle of 
arrival of each of several FM carriers in 
the same frequency band. We continue 
to explore applications of the frequency 
independent phase tracking capability. 
We invite the involvement of others in 
the development of this technology. RF 
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RF product report_ 

Power Transistor Manufacturers 
Aim for New RF Markets 

By Gary A. Breed 
Editor 

RF power transistors continue to be an 
active part of RF research and product 
development. At this time, the primary 
force behind these products is the 
potential for large new markets in the 
900-2450 MHz range. However, new 
satellite systems also 'epresent a major 
area of development activity. 
The continued move toward massive 

new markets in personal and business 
communications has been included in 
the strategy of nearly all RF power tran¬ 
sistor makers. The tracitional large man¬ 
ufacturers are extremely active, and at 
the same time, smaller companies are 
growing. 

Young Companies _ook for A 
Piece of Growing RF Business 
Among the newer emrants into the RF 

power marketplace is RF Micro Devices, 
which is developing Heterojunction 
Bipolar Transistor technology (HBT) for 
digital cellular and other digital transmis¬ 
sion applications, initially in the 800-
1000 MHz range. 
RF Products is developing MOSFET 

technology for linear amplification in the 
900 MHz range, as well. A recent 
announcement was the WRLS0941 
power amplifier module, a 1 watt device 
operating from a 12.5 volt supply. 
MicroWave Technology continues its 

development of Solid Slate Triode (SST) 
technology with devices for HF, VHF 
and UHF/L-band. The company’s SLAM 
linear internally-biased devices target 
medium and high power applications 
from 1-100 MHz, ard their L-band 
pulsed power products have been 
developed for transponder and radar 
applications. 
Modular products, davices with sup¬ 

porting circuitry to make complete ampli¬ 
fier modules, is anothe' growing area of 
RF power transistor development. The 
demands for shortening the design cycle 
and for reducing manufacturing com¬ 
plexity are both servec by value-added 
products. Power amp ifiers using dis¬ 
crete components heve traditionally 
been engineering-intensive, involving 

matching network design, broadband 
optimization, allowances for variations in 
production specifications, plus mechani¬ 
cal considerations like mounting and 
heat dissipation. These issues are 
solved almost completely by designing a 
RF product with a drop-in power amplifi¬ 
er module. 
Motorola, M/A-COM, MicroWave Tech¬ 

nology, and Philips all offer amplifier 
modules that incorporate their transis¬ 
tors. Efforts are underway to meet addi¬ 
tional needs for low voltage operation, 
low standby power consumption, good 
linearity for digital modulation and of 
course, lowest possible cost. 

Applications and Requirements 
The RF power applications seen as 

most important range from digital cellu¬ 
lar to PCS to satellite communications. 
Other applications that are getting tran¬ 
sistor manufacturers’ close attention are 
MRI systems, RF heating and sputter¬ 
ing, television broadcasting, VHF/UHF 
mobile radio, collision avoidance radar. 
Military applications in voice and data 
communications at HF through 
microwaves, plus various countermea¬ 
sures and radar systems, represent sig¬ 
nificant business at some companies, 
and continue to get special attention. 
All digital transmission systems, includ¬ 

ing digital cellular and PCS require sev¬ 
eral performance features, including lin¬ 
ear amplification for the complex digital 
modulation envelope, power control 
capability, and good efficiency, although 
this conflicts directly with the linearity 
requirement. Complicating product 
development and designer’s choice of 
an appropriate device is the fact that the 
900-2000 MHz range represents a tran¬ 
sition region. Bipolar technology is not 
as simple as it is at lower frequencies, 
especially at higher powers needed for 
base stations, but GaAs FET devices 
are expensive and may have special DC 
power requirements. HBT devices and 
SST technology are other alternatives, 
as mentioned above. 
Satellite communications remains a 

strong market as more companies 
establish worldwide networks, maritime 
communications changes from HF to 
satellite, and as more aircraft are fitted 
with satellite communications links. Cali¬ 
fornia Eastern Laboratories is actively 
marketing NEC power MESFETs for 
satellite systems, including a new line 
for C-band (4.4-8.5 GHz) transponders, 
with per-device power output to 18 
watts. 
MRI has faded as a headline item, but 

these medical systems represent a sig¬ 
nificant market niche. Vacuum tubes 
and transistors share this market, which 
covers the 10-100 MHz range, with 
amplifier outputs in the hundred watt to 
kilowatt range. 
Industrial applications at 13.56, 27.12 

MHz and other ISM-bands are quietly 
growing. These heating, sputtering and 
plasma applications require high effi¬ 
ciency techniques, often using switch¬ 
ing-mode amplifiers, although class C is 
the dominant technique. High power 
handling and efficiency are key transis¬ 
tor specifications. 
VHF/UHF mobile radio systems are a 

well-established market, and many 
regions of the country are nearly satu¬ 
rated with users. Among companies 
active in this area is SGS-Thomson, 
which has made particular efforts to 
develop high power transistors for base 
stations. Inland and coastal marine radio 
is in this same part of the spectrum, and 
is a steadily growing market. These sys¬ 
tems are virtually all FM, requiring 
straightforward class C amplifiers. 
Military systems is a shrinking market, 

but fewer companies are targeting mili¬ 
tary applications for their products. The 
remaining business is a significant num¬ 
ber of dollars, and companies which are 
successful at mixing a military and com¬ 
mercial customer base can realize con¬ 
tinued profits. 
This last example may be the best 

indicator of the RF market. There are 
many different applications to be served, 
and flexibility is as much a marketing 
asset as a good product line. RF 
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EMPLOYMENT OPPORTUNITIES 
COMWAVE located in Wilkes-Barre adjacent to the picturesque Pocono mountains of Pennsylvania, and is 

recognized as the leading designer and manufacturer of distance learning (ITFS) and wireless cable transmission 
products. COMWAVE supplies microwave transmitters, amplifiers, repeaters, and signal boosters worldwide. COMWAVE 
celebrates over a decade of dedicated qualty services to the industries, including complete turnkey systems. 
COMWAVE seeks: 

Circuit Design/Project Engineer 
We are seeking an individual with 10 yrs recent microwave or RF analog circuit design experience and minimum 

3 years project management experience. A BSEE is desired, but a combination of education anc experience will be 
considered. 

Field Service Engineer 
Minimum 5 yrs installation/service experience in the microwave communications industry. 

Test Technicians 
A minimum of 3 yrs experience in related industry, excellent growth opportunities for individual with ASEE or 

education/experience equivalent. 
Sales Engineers 

Assertive professional with strong sales experience and technical background in electrical engineering. Salary 
plus commission provides high income for those willing to go the extra mile. 

0,1

The area offers: 

Affordable Living Symphony 
Hunting h

fishing Education 
Camping y 

‘Theatre 

Parks (State & Local) 

Golf Boating Activities 

Great 
Shopping 

Ballet 

Low Crime Health Care 
Triple A Baseball 

com\wave 
div. Of 
Communication Microwave Corp. 
Crestwood Industrial Park, P.O. Box 69 
Mountaintop, PA 18707 
Telephone: 717-474-6751 
FAX: 717-474-5469 
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RFclesign 
MARKETPLACE 
WHEN YOU ARE READY TO BUY-SELL-TRADE CALL RF DESIGN MARKETPLACE 
Increase your REVENUES with RF Design Marketplace advertising! Over 40,000 prospects read 
and buy from this section each month. To reach this sophisticated, targeted market call Michael 
Applegate at (404) 618-0217 today . 

REcareer opportunities 
SUNBELT OPPORTUNITITES ' 

Several of our growing commercial major electronic companies located in the 
southeast have asked us to identify candidates in the mid-level experience range. 
1) BSEE- to design analog/RF circuitry for receiver/transmitters in 300-900 

MHTZ- P-Spict 
2) BSEE - RF Test Engineer - 50 MHTZ to 1GHTZ. Spectrum analyzers, net 

work analyzers; HP Basic 
3) BSEE - High power anulifier design engineer - Class AB 100-200 watts; 

800-900 MHTZ 
4) BSEE- Power supply design engineer -switch mode; power factor correction 
5) MSEE - To design high efficiency power MM1CS for military systems. L 

Band thru KU 3and (2-18 GHtz). Knowledge of non-linear modeling. 

W-o-r-t-u-n-e 
PERSONNEL CONSULTANTS OF RALEIGH, INC. 
P.O. Box 98388R • Raleigh, NC 27624-8388 
Phone: 919-848-9929 • Fax: 919-848-1062 

_ Stan Deckelbaum_ S 
INFO/CARD 55 

- IOWaL^MIDWEST-
RF/MICROWAVE t WIRELESS 
WORK WITH AN RF ENGINEER IN YOUR MOVE TO THE MIDWEST! 

My clients need top-notch RF Design Engineers and Managers. 
3 to 10+ years experience. HF to 3.0 GHz, Receivers. Transmit¬ 
ters. Power Amplifiers. Synthesizers. Spread Spectrum. 
AS1C/MMIC Design. Modems. Communications DSP. 

DON GALLAGHER MSEE 

Phone: 319-895-8042 Fax: 319-895-6455 
1145 LINN RIDGE RD. MT. VERNON. IA 52314 
40 YEARS OF RF ENGINEERING. MANAGEMENT. AND PLACEMENT OF ENGINEERS 
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RF Design Marketplace 
Get In • It Works 

404-618-0217 

ELECTRONICS ENGINEER - RF/COMMUNICATIONS 

Research and development: radio-communication 
circuits, antennas, and systems. Requires knowledge 
of both theory and hardware, ability to write clearly 
and concisely. Minimum BSEE plus two year’s expe¬ 
rience. U.S. citizenship. Small, well-recognized com¬ 
pany. Send resume to: 

Dr. F. H. Raab 
Green IVountain Radio Research 

50 Vermont Ave. 
Colchester, VT 05446 

YOUR CAREER 
Cellular Engineers: Design/develop Rf and analog circuits for high capacity cel¬ 
lular systems. Requires minimum of 2 years experience in any of the following: 
DSP. ASIC Design, Cae Development, Digital Moduclation. Digital Mobile Com¬ 
munications, Channel Equalizers, Transmitter-Receiver Synthesizer or Audio 
Design, Digital Signal Processing. 

Regional Sales Manager: Responsible for sales, promotion and technical support 
within a specified geographical region with the support of field sales representa¬ 
tives Identifies new opportunities and coordinates efforts to secure contracts. 
Responsible for ensuring that field sales representatives are satisfying the cus¬ 
tomer's needs and providing technical training. This position requires a BS degree 
in electrical engineering with 1 -3 years experience in the RF components industry 
This person could be a design engineer with a desire to begin a sales career. 

Analog Design EE • BSEE min., MSEE pert • 5 to 7+ years design exp . professional maturity • 
Strong (85% of project history in analog board level design. DC to RF (500 MHz to 4 GHz) with mod¬ 
ule level exp . use of RF and microwave test equip at these frequencies • Exp in analog/digital inter¬ 
facing and in design tradepffs in processing signals in analog and digital sections • Self-starter: able to 
plan design, and prototype proof-of-concepts, a hands-on person • Adaptable personality (a specialist 
in one or more application areas but welcoming any opportunity to dive into another) • Analog and dig¬ 
ital circuit breadboarding and debugging exp. 

INFO/CARD 56 
Consumer Electronics Engineer: Design and development of microwave compon waveguide 
horn antennas. X and Ka-band Gunn Diode oscillators, mixers. VCO's filters/receiver front ends. 
BSEE 

BIG SALES. 
Satcom Systems: Familiarity with equipment and systems utilized by broadcast organizations for the 
distribution of analog and digital audio programming via satellite Familiarity with the following specific 
technical areas: communications systems design, data communications principles, modem design, 
satellite communications receiver design, and satellite link budget calculations. 

RFIC Design: MS or PhD in Electrical Ebngineering with minimum 5 years related experience 
preferred. The candidate should have a good knowledge and experience in Linear Bipolar High 
Frequency IC design and measurement techniques in design IC's like Amplifiers. Mixers. Oscilla¬ 
tors. VCO's. Prescalers. Synthesizers. Limiting Amplifiers, etc. operating up to 2 GHz in Bipolar or 

BiCMOS technologies. 

small packages. 
Ask about our special advertising 
packages in RF Design Marketplace. 

Michael Applegate 
Phone: (404) 618-0217 
Fax: (404) 618-0342 

MMIC Design Engineer: Develop US band GaAs MMIC power amplifiers for 
commercial wireless communications. Requires: M.S. or BSEE. +2 years expe¬ 
rience with GaAs MMIC design, simulation, packaging and test 

Design Engineer: Responsible for the design and development of 900 
MHz wireless consumer electronic products. Designed and developed 
AM/FM/FSK transmitters/receivers in 902-926 MHz frequency range. 
Hands-on experience on HF/VHF/UHF systems and subsystems which 
includes LNAs. medium power amplifiers, down converters, saw 
and coaxial resonator oscillators. VCOs. AM/FM IF systems. RF 
modulators/demodulators. PLLs & Audio video circuits. 

‘«MICRO COMMUNICATIONS EXECUTIVE SEARCH 

871 Turnpike St. • North Andover. MA 08145 
We specialize in the placement of communications both nationally and internationally 
FOR THESE AND OTHER OPENINGS 
CALL COLLECT: TEL: 508-685-2272 FAX : 508-794-5627 
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RE career opportunities 

/¡ZONK 

Axonn Corp, is the leading supplier of high 
performance, low cost, embedded spread 
spectrum technology. Axonn’s Fortune 500 
customers integrate our SW and HW designs 
into an impressive array of innovative, very 
high volume applications. Our designers work 

Interested in placing an ad in 
RF Design Marketplace? 

Contact: Michael Applegate 
6151 Powers Ferry Road N.W. 
Atlanta GA 30339 
Phone: (404)618-0217 
Fax: (404) 618-0342 

hand-in-hand with engineers worldwide to create future product lines. 
Axonn continually researches new, patentable RF communication 
techniques. If you want challenge, variety, design creativity and the 
growth available in a smaller company, call or FAX your resume. 

RF products 
SENIOR & STAFF RF DESIGN ENGINEERS 

Hands-on design exp. required with freq, synthesizers, rcvr. design, 
X-mitter design and 900 to 2400 MHz. Must be proficient with RF 
modeling software such as Touchtone or Eagleware and familiar with 
surf, mount. 5 to 10 yrs. exp. required for Sr. position. 

Phone: (504) 282-81 19 Fax: (504) 282-0999 
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• Voltage Controlled Oscillators 
• Phase Locked Oscillators 

• Frequency Synthesizers 
• Radar Receivers 
• Subsystems 

• Integrated Assemblies 
—! ee - SH -_a« ' « - HS se « . as : =r - es 

i delpiïi I 
A Components, Inc. 

A DirLism of Aura Systems Inc. 

27721-A La Paz Road 
Laguna Niguel, CA 92677 

Ph: 408.280.7073 Fax: 408.280.1633 

RF products & services 
INFO.'CARD 60 

COMTRONIX SYSTEMS, INC. 
CUSTOMIZED 

SOLID STATE- HIGH POWERED -VHF/UHF 

AMPLIFIERS 
DESIGNED AND BUILT TO YOUR SPECIFICATIONS 

UPTO 200 WATTS 
HIGHEST QUALITY/BEST PRICES 

CALL OR SEND FOR INFORMATION TEL 413/785-1313 FAX 413/739-1352 

• STD. 5 AND 10 MHZ OCXO 
• TCXO • VCXO • TC-VCXO 
• VCO’s • CLOCK OSCILLATORS 
• CUSTOMIZED CRYSTAL FILTERS 
STD. 10.7 MHZ. 21.4 MHZ and 45 MHZ 

• L/C FILTERS 

CaD or Fax your requirements. 

16406 N. Cave Creek Rd. #5 
Phoenix, AZ 85032-2919 

Phone & Fax (602) 971-3301 

INFO/CARD 61 INFO/CARD 62 

NOVA RF Systems, Inc. 
The Complete RF/Microwave Solution 

— RF/Microwave Systems 
— Custom Design/Consulting 
— Simulation Software 
— Synthesizers (PLL/DDS) 
— Complete Lab/Machine Shop 
— TDMA/CDMA/Spread Spectrum 

CAL CRYSTAL LAB^INQ«COMCLOK, ING 

80 

International Inquiries Welcome 
1740 Pine Valley Dr. Vienna, VA 22182 

(703) 255-2353 

- -

Need Clock Oscillators or Crystals? Call 1-800-33 3-9825 «714-991-1580 
Quartz Crystals 50Khz to 200Mhz_ 

TTL Clock Oscillators 250Khz to 70Miz_ 
HCMOS Clock Oscillators 3.5Mhz :o 50Mhz_ 

Tri-State, Half Size and Surface Mount also available on request 

Fast Service - 3 weeks or less 
Special frequencies our speciality 

1142 N. Gilbert, Anaheim, CA 92801 • FAX 714-491-9825 
VssWs- • •• ss 
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RFproducts & services 

PC FI LT L-C and transmission 
line filter design and 
analysis for your 
PC compatible 

After 6 years of development, could this 
be the best thing since sliced bread? 

ALK Engineering You be the judge! 
7525 Titleist Dr. 
Salisbury, Maryland 21801 
Fax (410) 860-9069 
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Interested in placing an ad in 
RF Design Marketplace? 

Contact: Michael Applegate 
6151 Powers Ferry Road N.W. 
Atlanta, GA 30339 
Phone: (404) 618-0217 
Fax: (404) 618-0342 

RSG-10 
SIGNAL GENERATOR 

FREQUENCY CONTROL PRODUCTS 
The $2495 profit generator 

Quality crafted in the USA 

Finally, a synthesized signa) generator that’s designed to help you generate more than just 
signals. The Ramsey RSG-10, is the signal generator you can afford, the signal generator 
that’s designed to do what a signal generator is meant to do- provide a very stable, accurate, 
easy to control signal from 100 Khz to 1.0 Ghz. 

For the price, you wouldn’t expect any more. But, there is more to the RSG-10. An intelli¬ 
gent microprocessor controlled, programmable memory, for example, can store up to 20 of 
your most commonly used test set-ups. And unlike other units, just one touch of the memory 
exchange button is all it takes to quickly shift from one test set-up to another. You get more 
work done, easier and faster. 

At $2495, the Ramsey RSG-1C is your profit generator. 

CRYSTAL OSCILLATORS 
VCXO's 
TCXO's 
OCXO's 

CRYSTAL OVENS 
M05 
M18 
M43 

¡'LOW PROFILE i^SINE OR SQUARE WA VE 
TIGHT STABILITIES VPHASE LOCKING INPUTS 

^INTERNAL SMD CONSTRUCTION 

RAMSEY ELECTRONICS 
793 CANNING PARKWAY, VICTOR, NY 14584 
Fax: (716) 9244555 
TELEX: 466735 RAMSEY Cl 

SOTEMP 
■ RESEARCH. INC 

ORDR DIRECT—CALL 1-800-446-2295 
P.O. Box 3389 Charlottesville VA 22903 
(804) 295-3101 FAX (804) 977-1849 
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Advertiser Index 
ADVERTISER . PAGE# 
ALK Engineering . 81 
Amplifier Research. 49 
Anderson Laboratories. 86 
Arrowsmith Shelburne, Inc. 69 
Axonn Corp. 61 ,80 
CAL Crystal Laboratory, Inc. 

- Comlock, Inc. 80 
California Eastern Labs. 19,21 
Coilcraft. 33 
Communications Concepts . 76 
Compact Software . 26-27,39 
Comtronix Systems, Inc. 80 
Comwave . 78 
DAICO Industries, Inc. 6 
Delphi Components, Inc. 80 
ENI . 65 
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Nova RF Systems, Inc. 80 
Oak Frequency Control . 55 
Penstock, Inc. 52 
Programmed Test Sources, Inc. 25 
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Sharp Microelectronics Group . 30-31 
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Temex Electronics. 16 
Tesoft, Inc. 14 
Trilithic. 17 
Voltronics . 10 
Werlatone, Inc. 8 
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RF software RF literature 
GPS API 

Rockwell Inti. Corp, now offers Application 
Programming Interfaces (APIs) for its Nav-
Card™ , MicroTracker™ and NavCore V™ 
GPS receiver engines. The GPS engine API 
currently supports DOS and Windows operat¬ 
ing systems and provides access to a wide 
variety of GPS-related parameters, as well as 
standard interface features. The API is avail¬ 
able at no cost to qualified application devel¬ 
opers and software publishers. 
Rockwell International Corp. 
INFO/CARD #211 

Multi-Processor DSP Code 
MultiProx 1.2 automatically creates multiple 

programs from a single DSP algorithm opti¬ 
mized to run on multiple processors. The 
algorithms are developed using Comdisco’s 
DSP Framework™ program. The code is 
generated, compiled and downloaded to each 
processor. All necessary inter-processor 
communications are completed automatically. 
MultiProx supports Motorola’s DSP96002 and 
Tl’s TMS320C30/C40 floating point proces¬ 
sors. MultiProx 1.2 is immediately available 
and priced at $15,000. 
Comdisco Systems, Inc. 
INFO/CARD #210 

Intermodulation-Test 
Software 
Maury Microwave announces the availabili¬ 

ty of PC based software for the Maury Auto¬ 
mated Tuner System, designed to provide 
fast, accurate characterization of the inter¬ 
modulation distortion (IMD) parameters of a 
device. The new MT993D IMD application 
software is an add-on to the Maury Power 
Characterization Software, and provides 
graphic and tabular displays of several para¬ 
meters. 
Maury Microwave Corp. 
INFO/CARD #209 

Site Interference 
ComSitePlus™ is an integrated communi¬ 

cations site RF interference analysis pack¬ 
age. The program automatically looks-up dig¬ 
itized transmitter noise and receiver de-sense 
curves, vertical and horizontal space isolation 
graphs, insertion and rejection losses, and 
other curves. ComSitePlus calculates actual 
signal levels in intermod “hit” lists and allows 
a user to concentrate on only the “hits” most 
likely to cause receiver problems. 
Douglas Integrated Software 
INFO/CARD #208 

Active Filter Design 
AFDplus is an active filter design and 

analysis package. The package creates low-
pass, highpass, bandpass, bandstop and all-
pass filters, using any of several response 
functions. The menu-driven program includes 
sensitivity and worst case analyses, PLL syn¬ 
thesis and analysis, netlist generation and 
cascadable filter designs. AFDplus ships from 
stock for $995. 
Webb Laboratories 
INFO/CARD #207 

Standard Parts Catalog 
The Standard Parts Catalog from Synergy 

Microwave contains descriptions of Synergy’s 
lines of surface mount mixers, surface mount 
power dividers, surface mount 90° hybrids, 
surface mount 180° hybrids, wideband 90° 
hybrids, and passband filters. Also included in 
the 38-page catalog are a surface mount tuto¬ 
rial and technical articles on SMD-MIL pack¬ 
aging and a metal hermetic SMT package. 
Synergy Microwave Corporation 
INFO/CARD #206 

Switch/Attenuator Catalog 
M/A-COM has published a new GaAs 

MMIC Switch and Attenuator catalog. The 
catalog provides product specifications, appli¬ 
cation rotes and outline drawings for compo¬ 
nents designed for cellular, PCN/PCS, IVHS, 
GPS, medical and military applications. 
Among the products in this expanding prod¬ 
uct line are eight new plastic components. 
M/A-COM, Inc. 
INFO/CARD #205 

UHF Radio Products 
An updated guide to RF Monolithics’ (RFM) 

low-power UHF radio products is now avail¬ 
able from the company. The guide lists 
RFM’s wireless products for original equip¬ 
ment manufacturers. SAW components with¬ 
in the 224 to 928 MHz range are matched to 
frequencies used around the world. Surface 
mount hybrid AM transmitters, resonators, 
and delay lines are among the devices listed. 
RF Monolithics, Inc. 
INFO/CARD #204 

Full Line Catalog 
Active and passive devices operating in the 

5 MHz to 26.5 GHz range are described in 
Microwave Communications Laboratories’ 
85-page catalog. Dividers/combiners, cou¬ 
plers, hybrids, D.R.O.s, filters, switches, ter¬ 
minations and attenuators are among the 
products described. 
Microwave Communications 
Laboratories, Inc. 
INFO/CARD #203 

Historical MIL Specs 
Information Handling Services® has 

announced that its collection of unclassified, 
canceled and superseded U.S. Military Speci¬ 
fications, Standards, Drawings and related 
documents is now available on CD-ROM. 

Over 190,000 documents and 1.29 million 
pages are represented. 
Information Handling Services 
INFO/CARD #202 

Inductor Catalog 
A 52-page catalog of inductive components 

for RF applications is available from Coilcraft. 
It includes detailed specifications on a broad 
range of surface mount inductors and trans¬ 
formers, tunable inductors, axial lead chokes, 
wideband RF transformers, LC filter modules, 
test fixtures, tuning tools and low cost design¬ 
er’s kits. 
Coilcraft 
INFO/CARD #201 

Trimmer Catalog 
Sprague-Goodman offers a four-page engi¬ 

neering bulletin featuring their complete line 
of trimmer capacitors and inductors for 
microwave tuning. Bulletin SG-670 incorpo¬ 
rates features and specifications, plus pho¬ 
tos, outline drawings and charts for the six 
elements available: metallic tuning elements, 
dielectric tuning elements, metallic and 
dielectric tuning rotors, dielectric resonator 
tuners, LC tuning elements and resistive tun¬ 
ing elements. 
Sprague-Goodman Electronics, Inc. 
INFO/CARD #200 

Antenna Catalog 
Antenna Research's 130-page catalog of 

transmit and receive antennas and acces¬ 
sories for communication, direction finding, 
GPS, telemetry, search and surveillance is 
now available. Tha catalog covers a full 
range of omnidirectional, directional and 
hemispherical cove -age antennas from 100 
Hz to 40 GHz. Accessories include field 
intensity meters, tripods, preamps, rotators, 
masts and an antenna analyzer. 
Antenna Research Associates, Inc. 
INFO/CARD #199 

Semiconductor Data Book 
Raytheon Semiconductor has published a 

1994 data book detailing their high perfor¬ 
mance products targeted for video process¬ 
ing. multimedia, test & instrumentation, avion¬ 
ics and high-speed communications. The 
1700 page book incorporates information on 
all Raytheon Semiconductor’s standard and 
application specific products and capabilities. 
Raytheon Semiconductor 
INFO/CARD #198 
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R-2600 
Bob Wendt of Canyon State Communications 

"We take it to the mountain.” 

" We bought our Motorola R-2600s for features, ease-of-use, and quality. 

As an independent two-way service.business we are always looking for 

equipment tnat will help us get the job done right. Computerized, digital 

accuracy, w.th an analog feel. Dependable on the job. I particularly like its 

software upgrades. Our regular use of the R-2600 is on the bench, but 

when necessary (just about every day) we take it to the mountain." 

Bob Wendt. Manager 
Phoenix Technical Operations 
Canyon State Communications 

For more information call 1-800-235-9590 Test Equipment CBU 
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You can’t buy 
a better precision 
timepiece for 
under 2.4 GHz. 

If you’re operating in a frequency range from 100 MHz 
to 2.4 GHz, you can’t buy a better oscillator than an 
Andersen VCO. It gives you the highest spectral purity 
with the lowest spurious (> -60dB). And typical single 
sideband phase noise of > -1 19dBC @1 KHz offset. 

It’s compact. It’s rugged. It operates in temperatures up 
to 100°C. It can be tuned up to 1.5 MHz or phase-locked 
to a reference. Plus, its low mass and low profile make it 
ideal for surface-mount technology, DILS or flatpaks. 

Isn’t it about time you discovered the precision, the 
versatility and simplicity of designing with Andersen 
oscillators? Contact Andersen Laboratories, 45 Old 
Iron Ore Road, Bloomfield, CT 06002. Telephone 
(203) 286-9090/FAX 203-242-4472. 

® ANDERSEN LABORATORIES 
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