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VCOs ARE OUR BUSINESS 
and the PRICE is YOURS 

VCOs at $9.95 List 
Model Package Frequency 
V-0060 MINI 50-70MHZ 

V-0120P Leaded 90-140MHz 

V-0120S S 90-140MHZ 

V-0140 MINI 110-170MHZ 

V-0180 MINI 150-210MHZ 

V-0250 MINI 200-300MHZ 

V-0350 MINI 300-400MHZ 

V-0450 MINI 400-500MHZ 

Model Package Frequency 
V-0550 MINI 500-600MHZ 

V-0600 MINI 400-800MHZ 

V-0750 MINI 650-850MHZ 

V-0880 MINI 860-900MHZ 

V-0902 MINI 875-930MHZ 

V-1150 MINI 1075-1150MHZ 

V-2300A MINI 2300-2400MHZ 

Minimum order = 5 pieces 

Ship within 48 hours ARO 

VCOs at $14.95 List | 
Model Package Frequency 
SMV-1845 SUB 1815-1875MHZ 

SMV-2100L SUB 2050-2150MHZ 

SMV-2200L SUB 2150-2250MHZ 

SMV-2500L SUB 2400-2485MHZ 

V-0800 MINI 750-850MHZ 

V-0965 MINI 950-980MHZ 

V-1000 MINI 600-1200MHZ 

V-1050 MINI 900-1 200MHz 

V-1075 MINI 1050-1100MHZ 

V-1100 MINI 700-1400MHz 

V-1200 MINI 800-1600MHZ 

Model Package Frequency 
V-1400 Leaded 900-1 900MHz 

V-1425P Leaded 1350-1 500MHz 

V-1425S S 1350-1500MHZ 

V-1800 MINI 1700-1900MHZ 

V-1950 MINI 1900-2000MHZ 

V-2000 S 1600-2200MHZ 

V-2250 MINI 2000-2500MHZ 

V-2300B MINI 2200-2400MHZ 

V-2500 MINI 2400-2600MHZ 

V-3350 MINI 3100-3600MHZ 

Minimum order = 5 pieces 

Ship within 48 hours ARO 

Z-COMM is the largest USA VCO supplier and one of the largest 
worldwide, with over 400 VCO products from 40MHz to 7GHz. 

MasterCard] VISA 

Z-Communications, Inc 
9939 Via Pasar • San Diego, CA 92126 
Phone: (619) 621-2700 Fax: (619) 621-2722 

Visit our web site at http://wvvw.zcomm.com/, or send us e-mail at sales@zcomm.com. 
International customers are invited to contact us for distributors near you. 
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the 

most 

Powerful 
wave 

HIGHLY RELIABLE, ULTRA-LINEAR POWER AMPLIFIERS 

FOR WIRELESS COMMUNICATIONS SYSTEMS 

wireless. 
LEADING THE WAY IN QUALITY, TECHNOLOGY, VOLUME AND SERVICE 

Powerwave 
' V V x 
TECHNOLOGIES 

INFO/CARD 41 

For more information about our products, please call toll-free 888.PWR.WAVE (888.797.9283) or 714.757.0530. 
Powerwave Technologies, Inc., 2026 McGaw Avenue, Irvine, CA 92614. An ISO 9001 Certified Company. 
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low pass, high pass, bandpass 
• less than 1dB insertion loss • greater than 40dB stopband rejection • surface mount • BNC, Type N, SMA available 
• 5-section, 30dB/octave rolloff • VSWR less than 1.7(typ.) • rugged hermetically sealed pin models • constant phase 

• meets MIL-STD-202 tests • over 100 off-the-shelf models • immediate delivery 



A to 3GHz f,om SU45

frequency 

low pt 
Model 
No. 

1SS, Plug 
Passband 
MHz 

loss < 1dB 

-in, de to 155MHz de to T 
Stopband, MHz 

loss loss Model 
> 20dB > 40dB No. 

’00MHz 
Passband 
MHz 

loss < 1dB 

Stopband, MHz 
loss loss 

> 20dB >40dB 
•★LP-1.9 
•★LP-2.5 
★LP-5 
★LP-10.7 
★LP-21.4 
★LP-30 
★LP-50 
★LP-70 
★LP-90 
★LP-100 
★LP-150 
All models pm 
• Exceptions 
On both m 

75 ohm versic 

de to 1 
SCLF-5 
SCLF-8 
SCLF- 10.7 
SCLF-21.4 
SCLF-25 
SCLF-30 
SCLF-45 
SCLF-95 
Price: SCLF 2 

DC- 1.9 
DC-2.5 
DC-5 
DC-11 
DC-22 
DC-32 
DC-48 
DC-60 
DC-81 
DC-98 
DC- 140 

sed qty. 1-9 ($e< 
★LP-1.9 P = 

odels, add follow 
ns available 

38MHz 
DC-5.0 
DC-8.0 
DC-1 1 
DC-22 
DC-25 
DC-30 
DC-45 
DC-95 

1.4-SCLF 420$ 

3.4-4.7 4.7-200 *LP-200 
3.8-5.0 5.0-200 *LP-250 
8-10 10-200 *LP-300 
19-24 24-200 *LP-450 
32-41 41-200 *LP-550 
47-61 61-200 *LP-600 
70-90 90-200 *LP-750 
90-117 117-300 *LP-800 
121-157 157-400 *LP-850 
146-189 189-400 *LP-1000 
210-300 300-600 *LP-1200 

L). Conn. Type P = 11.45. B = 32.95, S = 34.9 
3.95, B = 34.95, *LP-2.5 P = 14.95, B = 35.95 
ring to B price: $3.00 for N. $2.00 for S 

Surface-mount 
de to 1 

8-10 10-200 SCLF-135 
12.5-16.5 16.5-200 SCLF-190 
19-24 24-200 SCLF-225 
32-41 41-200 SCLF-380 
36-47 47-200 SCLF-420 
47-61 61 -200 SCLF-550 
70-90 90-200 SCLF-700 

146-189 189-400 SCLF-1000 
11.45 ea. SCLF-8, 10.7, 550, 700, 1000 $12.95 ea. 

DC-190 
DC-225 
DC-270 
DC-400 
DC-520 
DC-680 
DC-700 
DC-720 
DC-780 
DC-900 
DC-1000 

5. N = 35.95 

200MHz 
DC-136 
DC-190 
DC-225 
DC-380 
DC-420 
DC-550 
DC-700 
DC-1000 

SCLF-5 $14.95 

290-390 390-800 
320-400 400-1200 
410-550 550-1200 
580-750 750-1800 
750-920 920-2000 
840-1120 1120-2000 
1000-1300 1300-2000 
1080-1400 1400-2000 
1100-1400 1400-2000 
1340-1750 1750-2000 
1620-2100 2100-2500 

210-300 300-600 
290-390 390-800 
340-440 440-1200 
580-750 750-1800 
750-920 920-2000 
800-1050 1050-2000 
1000-1300 1300-2000 
1620-2100 2100-2500 

Qty. (1-9) 

Flat Time Delay, de to 1870MHz 

*r»WCV. r* *• *m 

HIGH PASS 

Model 
No. 

Passband 
MHz 

loss < 1.2dB 

Stopband 
MHz 

loss loss 
>10dB >20dB 

VSWR 
Freq. Range, DC thru 

0.2fco 0.6fco 
X X 

Group Delay Variations, ns 
Freq. Range, DC thru 

fco 2fco 2.67fco 
XXX 

★BLP-39 
★BLP-117 
★BLP-156 
★BLP-200 
★BLP-300 
★BLP-467 
ABLP-933 
ABLP-1870 
Price, (1-9 qty 
NOTE: a -93C 

DC-23 
DC-65 
DC-94 
DC-120 
DC-180 
DC-280 
DC-560 
DC-850 

), all models: pl 
and -1870 onh 

78-117 117 
234-312 312 
312-416 416 
400-534 534 
600-801 801 
934-1246 1246 
1866-2490 2490 
3740-5000 5000 

jg-in $19.95, BNC $36.95, 
with N and SMA connectors. 

1.3:1 2.3:1 
1.3:1 2.4:1 
1.3:1 1.1:1 
1.6:1 1.9:1 

1.25:1 2.2:1 
1.25:1 2.2:1 
1.3:1 2.2:1 

1.45:1 2.9:1 
SMA $38.95. Type N $39.S 

0.70 4.0 5.00 
0.35 1.4 1.90 
0.30 1.1 1.50 
0.40 1.3 1.60 
0.20 0.6 0.80 
0.15 0.4 0.55 
0.09 0.2 0.28 
0.05 0.1 0.15 

I5 

high pass, p\ug in, 
13 to 1200MHz 21 Oto 2200MHz 

frequency 

Model 
No. 

Stopband 
MHz 

loss loss 
> 40dB > 20dB 

Passband, 
MHz 
loss 

< 1dB 

VSWR 
Pass¬ 
band 
Typ-

★HP-25 
★HP-50 
★HP-100 
★HP-150 
★HP- 175 
★HP-200 
★HP-250 
★HP-300 

DC-13 13-19 
DC-20 20-26 
DC-40 40-55 
DC-70 70-95 
DC-70 70-105 
DC-90 90-116 
DC-100 100-150 
DC-145 145-190 

27.5-200 
41-200 
90-400 
133-600 
160-800 
185-800 
225-1200 
1290-1200 

1.7:1 
1.5:1 
1.5:1 
1.8:1 
1.5:1 
1.6:1 
1.3:1 
1.7:1 

Model 
No. 

Stopband 
MHz 

loss loss 
>40dB > 20dB 

Passband, 
MHz 
loss 
< 1dB 

VSWR 
Pass¬ 
band 
Typ. 

★HP-400 
★HP-500 
★HP-600 
★HP-700 
★HP-800 
★HP-900 
★HP-1000 

DC-210 210-290 
DC-280 280-365 
DC-350 350-440 
DC-400 400-520 
DC-445 445-570 
DC-520 520-660 
DC-550 550-720 

395-1600 
500-1600 
600-1600 
700-1800 
780-2000 
910-2100 
1000-2200 

1.7:1 
1.9:1 
2.0:1 
1.6:1 
2.1:1 
1.8:1 
1.9:1 

Price, (1-9 qty), al models: plug-in $14.95, BNC $36.95, SMA $38.95, Type N $39.95. For ★ HP-25, Add $2 ea. tLoss 1.5 dB max. 

BANDPASS bandpass, Elliptic Response, 
10.7 to 70MHz 

Constant Impedance, 
21.4 to 70MHz 

frequency 

Model 
No. 

Center 
Freq. 

(MHz) 

Passband 
I.L 1.5 dB 

Max. 
(MHz) 

3 dB 
Bandwidth 

Typ. 
(MHz) 

Stc 
I.L. 

> 20dB 
at MHz 

pbands 
I.L 

> 35dB 
at MHz 

★BP- 10.7 
★BP-21.4 
★BP-30 
★BP-60 
★BP-70 

10.7 
21.4 
30.0 
60.0 
70.0 

9.5-11.5 
19.2-23.6 
27.0-33.0 
55.0-67.0 
63.0-77.0 

8.9-12.7 
17.9-25.3 
25-35 

49.8-70.5 
58.0-82.0 

7.5 & 15 
15.5 & 29 
22&40 
44 & 79 
51 & 94 

0.6 & 50-1000 
3.0 & 80-1000 
3.2 & 99-1000 
4.6 & 190-1000 
6.0&193-1000 

Price. (1-9 qty), all models: plug-in $18.95, 
BNC $40.95. SMA $42.95, Type N $43.95 

Model 
No. 

Center 
Freq. 

MHz 

Passband 
MHz 
loss 
< 1dB 

Stopband 
loss 

> 20dB 
at MHz 

VSWR 
1:3:1 

Total Band 
MHz 

★IF-21.4 
★IF-30 
★IF-40 
★IF-50 
★IF-60 
★IF-70 

21.4 
30.0 
42.0 
50.0 
60.0 
70.0 

18-25 
25-35 
35-49 
41-58 
50-70 
58-82 

1.3 & 150 
1.9 & 210 
2.6 & 300 
3.1 &350 
3.8 & 400 
4.4 & 490 

DC-220 
DC-330 
DC-400 
DC-440 
DC-500 
DC-550 

Price, (1-9 qty), all models: plug-in $14.95, 
BNC $36.95, SMA $38.95, Type N $39.95 

NOT1 *Add Prefix P, B, N, or S for Pin, BNC, N, or SMA connector requirement. 

ÇZ3 Mini-Circuits' 
P.O Box 350166, Brooklyn, ITew York T1 235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com 

us int-l' 74
CIRCLE READER SERVICE CARO 

For detailed specs on all Mini-Circuits products refer to • 740- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 

CUSTOM PRODUCT NEEDS... Let Our Experience Work For You. F 200 Rev Orig 



SURF ACE-MOUNT ÓrPLUG-IN FROM 

SPECIFICATIONS 
Model 

Expose Mini-Circuits' TUF-mixers to 250°C for five minutes, or to the extreme shock 
and vibration stresses of MIL-M-28837, or to 200 cycles of thermal shock from -55° to 
+100°C... they’ll survive without any change in specs. They are mighty tough mixers! 

Available with LO drive levels from +7 to +17d8m, performance features include very 
low conversion loss flat over the entire band, high isolation (L-R, L-l), and well-matched 
VSWR at all ports. 

All-welded internal and external construction is used to assemble and package the 
TUF-unit in its tiny 0.5 by 0.2 by 0.25 in. metal case, for plug-in or surface-mount* assembly. 

TUF-Ultra-Rel” mixers are guaranteed for five years and boast unprecedented 
"skinny” sigma (ô) unit-to-unit repeatability as shown in the Table. 

Tough, tiny, and with tight repeatability ... Mini-Circuits’ Ultra-Rei” TUF-mixers with a 
five-year guarantee, priced from $3.95... available only from Mini-Circuits. 

UE1RARE1 MIXERS 
5-W. GUARANTEE 

with extra long life due to unique HP monolithic 
diode construction, 300°C high temp, storage, 1000 cycles 
thermal shock, vibration, acceleration, and mechanical 
shock exceeding MIL requirements. 

TUF-3 
TUF-3LH 
TUF-3MH 
TUF-3H 

TUF-1 
TUF-1LH 
TUF-1 MH 
TUF-1 H 

TUF-2 
TUF-2LH 
TUF-2MH 
TUF-2H 
TUF-5 
TUF-5LH 
TUF-5MH 
TUF-5H 
TUF-860 
TUF-860LH 
TUF-860MH 
TUF-860H 
TUF-1 1A 
TUF-1 1ALH 
TUF-1 1AMH 
TUF-1 1 AH 

LO 
Power 
(dBm) 

7 
10 
13 
17 

7 
10 
13 
17 
7 

10 
13 
17 
7 
10 
13 

Freq. 
LO/RF 
(MHz) 

0.15-400 

2-600 

50-1000 

20-1500 

actual sue 

■ Conv. Loss 
_(dB) 

7 
10 
13 
17 
7 
10 
13 
17 

860-1050 

1400-1900 

X 
498 
4.8 
5.0 
5.0 
5.82 
6.0 
6.3 
5.9 

5.73 
5.2 
6.0 
6.2 
6.58 
69 
7.0 
7.5 
6.2 
6.3 
68 
6.8 
683 
7.0 
7.4 
7.3 

6 
0.34 
0.37 
033 
033 

0.19 
0.17 
0.12 
0.18 
0.30 
0.3 
0.25 
0.22 
040 
0.27 
0.25 
0.17 
0.37 
0.27 
0.32 
0.31 
030 
020 
0.20 
0.28 

Isol. 
L-R 
(dB) 
46 
51 
46 
50 

42 
50 
50 
50 
47 
44 
47 
47 
42 
42 
41 
50 
35 
35 
35 
38 
33 
36 
33 
35 

Price, $ 
Ea. 

10 qty 
5.95 
795 
895 

10.95 
3.95 
595 
6.95 
8.95 

4.95 
6.95 
7.95 
9.95 
895 

10.95 
11 95 
1395 
895 

10.95 
11.95 
13.95 

14.95 
16 95 
17 95 
19 95 

*To_specify surface-mount models, add SM a*ter P/N shown 
■ X = Average conversion loss at upper end of midband (fu/2) 

ó = Sigma or standard deviation 

£□ Mini-Circuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com 

CIRCLE READER SERVICE CAPO 

For detailed specs on all Mini-Circuits products refer to • 740- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 
CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. 

F 145 RE\ 



Redesign 
engineering principles end practices ' 

contents 
February 1997 
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30 RF directional couplers 
The best theoretical performance available from a direc¬ 
tional coupler, using ideal transformers, is a function of 
the turns ratio and the terminating impedances. 
Equations can be derived to describe the performance of 
transformer-based directional couplers. At VHF and 
UHF frequencies, wire gauge and core material can be 
chosen carefully to approximate the response based on 
the solution of these equations. A computer program 
can be used as a design aid. 

—Michael G. Ellis, Ph.D. 

46 A Smith chart custom-control 
software program for Visual Basic 
The Smith chart probably is the graphical tool most commonly used by 
RF circuit designers. Its ability to condense a lot of information onto one 
chart and to interpret it graphically has made RF engineering tasks less 
tedious and less time-consuming. Various Smith chart computer pro¬ 
grams are available; nevertheless, there is often a need for original soft¬ 
ware to perform some special task that may be otherwise unavailable 
with commercial software. A Smith chart custom-control software pro¬ 
gram is easy to use. 

cover story — p. 62 

departments 
8 

14 
20 
22 
26 

—Viswanathan Iyer 

cover story 
62 Digital signal processors 

in RF systems 
In the past few years, the use of digital signal processors (DSPs) in the 
telecommunications industry has increased. The constant advances of 
DSPs have improved performance, increased speed and diminished cost 
for a number of devices. An evaluation of the usefulness of digital technol-

79 
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88 
91 
102 
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ogy vs. analog technology and a comparison of performance, quality and 
cost can be helpful. 

—Cesar Benavente and Fernando Cruz 

tutorial 
72 The analogy of quartz and coaxial resonators 

in an oscillator circuit 
Many people have designed crystal oscillator circuits without having a 
good understanding of the piezoelectric devices. Similarly, many design¬ 
ers are comfortable with the transmission line as an electrical compo¬ 
nent or device without understanding it as a resonator—nor do they rec¬ 
ognize the LC equivalence of the transmission line. It helps to under¬ 
stand the similarity of the electrical behavior of piezoelectric resonators 
to that of transmission line resonators, the connection between the two 
devices and their equivalency. 

—Wai-Tak P. Lee 

Coming in March 

• Modulation 

• Mixer tutorial 

• Cover story: GPS 

• Product forum: 
Test/Measurement 
Equipment 
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RF editorial 

Is digital 
all that it’s 
supposed 
to be? 
By Don Bishop 
Editorial Director 

FROM DROP-IN AMPSTO 
SUBASSEMBLIES 

WITH 
COMPETITIVE PRICING 

QUALITY PERFORMANCE 

MODEL# 

MSD-2488605 
MSH-5576601 
MSH-6455601 

MODEL# 

MSH-5555701 
MSH-5515701 
MSH-6545701 

MODEL# 

MSH-5617801 
MSH-6417802 
MSH-7407801 

MODEL# 

MSH-4427902 
MSH-5617902 
MSH-6607804 

1 WATT 
Ereq. 

0.5- 2.0 
4.0- 8.0 
8.0-12.0 

3 WATT 
Freq. 

4.0- 8.0 
5.9- 6.4 
8.0-12.0 

5 WATT 
Freq. 

5.9- 6.4 
9.0-10.0 
12.7-13.2 
10 WATT 

Freq. 

3.7- 4.2 
5.9- 6.4 
9.5-10.0 

KA) 

KA) 

KA) 

KA) 

10.5 

DESIGN OPTION 
* INTEGRATED FILTER 
* AGC 
* DETECTOR PORTS 
* COUPLER PORTS 
* MIL-SPEC 
*TTL 

PACKAGE OPTION 
* RACKMOUNT 
* POUERSl PPI A 
* LASER WELDING 
•HEATSINK 
•CUSTOMIZED 
HOUSINGS 

MICROWAVE SOLUTIONS INC 
National City, CA 91950 

1-800-9MSI-AMP 
F:(619) 474-7003 

http://www.mwsolns.com 

Digital modulation holds the promise 
to solve all electronic communications 
problems, from telephone to television 
to computer networks and beyond. Or 
does it? 

Support for digital comes in a shout; 
criticism of digital comes in a whisper. 
The whispers say that early promis¬ 

es of a 64:1 capacity increase by moving 
from analog to spread-spectrum, digital 
cellular have been quietly revised to 
32:1, to 16:1, to 8:1 or less. 

They’re saying that the field perfor¬ 
mance of narrowband digital radio com¬ 
munications networks doesn’t meet the 
expectations raised by predicted perfor¬ 
mance. One of my long-time associates 
who prepares theoretical analyses of 
wireless systems with complex modula¬ 
tion schemes had what was for him a 
rare field assignment to troubleshoot a 
digital system. “You wouldn’t believe 
the difference in the field,” he told me. 
“In some respects, these system don’t 
come close to predicted performance. 
It’s been a real eye-opener.” 
Another engineer with a lot of expe¬ 

rience in designing spectrum-efficient 
systems says that the benefits of digital 
modulation are readily apparent when 
bandwidth is virtually unlimited, as 
with a medium such as fiber optics. 
With limited bandwidth, such as radio 
spectrum allocated in frequency bands 
for over-the-air telecommunications, 
digital modulation can consume more 
spectrum than its analog counterparts, 
requiring either reduced range or 
reduced capacity to compensate. 

Criticism seems to come in a whisper 
because enormous sums have been 
spent to develop digital wireless tech¬ 
nology. A lot of people are depending on 
its success to sustain their jobs beyond 
the development phase. To say that it 

might not work as well as expected, or 
in some cases might not work well 
enough to meet requirements, could 
spell the end of some of those jobs. 
Some of the claims for digital are 

just plain silly. I heard a representative 
of a cellular carrier say during a broad¬ 
cast interview that the sound of digital 
cellular is better than analog. “It’s like 
the difference between records and 
compact discs,” he said. “Digital cellu¬ 
lar is like CD sound.” He vastly over¬ 
stated the case. But the relative quality 
of the sound probably isn’t the most 
important point. 

Engineers experienced with analog 
modulation, and perhaps even forms of 
amplitude modulation vs. frequency 
modulation, quietly point out that the 
bandwidth requirement is less, inter¬ 
ference is less and spectrum efficiency 
is greater than with digital. 
Some extremely capable people are 

working on each side of the issue. It’s 
likely that the performance results 
aren’t exactly clear-cut. If you have 
some observations about the results 
obtained with digital vs. analog in 
working mobile communications sys¬ 
tems, such as cellular, personal com¬ 
munications services (PCS) and 
enhanced specialized mobile radio 
(ESMR), I’d like to hear about them. 

Call for papers 
Be sure to come to the RF Design ’97 

Conference & Exposition scheduled for 
Sept. 10-12 at the Santa Clara 
Convention Center, Santa Clara, CA. 
All visitors are welcome, but you have 
an opportunity to take an active part, 
too. Look for our call for papers on page 
19. Your colleagues will be there for the 
presentation of technical papers, and 
your paper can be among them. Iff 
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MIXERS 
Send me 
more info 

Port 
Number Application Frequency 

MHz 
Conversion 

Loss RF L0 Isolation 

EMD40-9OOL Base Station 700-1000 7 Ode 35dB 

□ EMD401800L Handsets 1400-2000 8 Ode 25dB 

EMS-1X Bose Station 10-1000 60dB 30dB 

ESM0-C1 Bose Station 1-1000 65dB 40dB 

We've Got Everything 
You Could Ask For 
In Surface Mount 

TRANSFORMERS 
Send me 
more info 

Port 
Number Application Frequency 

MHz Ratio Insertion Loss 

□ ETC1-1-13 Wireless 4.5-3000 1:1 3 dB 

ETK4-2T Wireless 2-1000 4:1 3 dB 

ETC1 6-4-2 3 Wireless 500-2500 4:1 3 dB 

ETC4-1-2 Wireless 2-800 4:1 3 dB 

ETC9-1 Wireless 70-220 9:1 2.5 dB 

Small Size, Low Price, 
And Quick Delivery. 
You know that M/A-COM has earned 
a reputation as a world leader in RF 
Devices. And at Penstock, we make it 
our business to be the leader in product 
availability, ease of ordering, on-time 
delivery and customer service. It's a 
combination that OEMs of any size demand 
today. What's more, our technical support and product 
knowledge are unmatched in the industry. 

COUPLERS 
Send me 
more info 

Port 
Number Application Frequency 

MHz Ratio Insertion Loss 
_ 

ESDC-7-2-75 CATV 5-800 7+1 2.8 dB 

EMDC 16-2-75 CATV 40-1000 16+1.1 10 dB 

ESDC-20-2-75 CATV 5-1000 20±1 11 dB 

YOUR SOURCE FOR 
M/A-COM PRODUCTS 
We've got the R/F microwave components 
you need. We are a full line distributor of 
M/A-COM products from GaAs IC's to 
coaxial connectors. 

24 Hour 
Delivery 

Send me 
more inf ( Channels 

A ERS/COMBINERS 
Frequency 
MHz 

Isolation (dB) 
Insertion Loss (dB) Package P/N 

2 824-960 23 0.5 S0IC8 DS52-0001 

2 1850-1990 21 0.5 SOIC-8 DS52-0002 

2 1510-1660 20 0.4 SOIC-8 DS52-0004 

□ 3 824-960 18 0.6 SOIC-8 DS53 0001 

□ 4 824-960 23 1.0 SOW-16 0S54-0001 

4 1200-1660 23 1.0 SOW-16 0554-0003 

6 824-960 25 1.3 SOW 16 DS56-0001 

To see if you qualify for FREE samples, simply fill in this 
coupon and fax this ad back to us at 61 7-229-2429. 

Name 

THE KNOW-HOW COMPANY 
Our field support is the most highly 
regarded in the industry. We can give 
you fast expert advice, whether you're 
developing applications like CDPD, inter¬ 

active CATV, wireless telemetry or MMDS. 

Company 

Address 

«ï_ 

Phone 

Application 

State Zip 

Fax 

Time Frame of Program 

ISO 9001 SUPPLIER 
CERTIFIED 
We are certified in accordance with the 

highest international standards of ISO 9001 . 

Estimated Annual Usage 

PENSTOCK 
Penstock is an Avnet Company 

BFi 
IBE'XSA 

CALL 1 . 800. PENSTOCK 

(1 800 736 7862) In northern California, contact us at 1.408.745.8100 And in Canada, coll 1.800.736.7862. In Europe call United Kingdom and Eire 44-1622-882467 I Germany Austria and Switzerland 

49-89-3197670 1 France 33-1-69337400 1 Holy 39-2-336231 I Denmark 45-46753131 I Sweden, Norway Finland 46-8-6269900 / Spoin 34-1-3588516 / Belg turn, The Netherlands. Luxemburg 31-20-6531350 
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■ Small, Reliable, Rugged 
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xpertise in RF/microwave technology is helping manufacturers and their customers around the 

world. With the industry's broadest product line of innovative 

/ired and unwired network connectivity solutions. So no matter what RF applications you're 

'veloping for the home, call M/A-COM. And just ask us how. 

« 

. irait 

^plication# 

An 
TV 

RF/microwave network 
connectivity solutions 

for the home. 

Motion detection/sensing 
components for 

RF security systems. 

J  an AMP company 

A broad array ofRF solutions for 
cellular and PCS networks -from 

semiconductors to antennas. 

RF electronics for interactive 
TV, wireless CATV and satellite 

TV networks. And more. 

Sales offices in 33 countries around the world. 
Americas 1-800-366-2266 • Europe/Middle East/Africa 44 (1344) 869 595 • Asia/Pacific 81 (03) 3226-1671 
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The Wireless Solution Site 

900 MHz ANALOG CORDLESS PHONE 

MC13144 . MC13142 k MC13158 
LNA * LNA/Mixer/VCO IF Subsystem 

MMBV809 Varactor 

MC145220 
Dual Synthesizer 

MMBV809 Varactor 

MC13142 
Exciter/PA 

1.9 GHz WIRELESS SYSTEM 

MRFIC0903 MRFIC1814 
AntSw LNA/DownMixer 

MRFIC1814 
LNA/DownMixer 

MC13142 
LNA/DownMixer/VCO 

MC145230 * 
Dual Synthesizer 
w/ V-Doubler 

DSP5660X 

Data Conversion 

Mixed Signal Processing 

Power Management 
(MOSFETs. BRTs, Oiodes, TVS) 

MC13110 or MC13111 
Baseband Audio Processor, 

2nd L.O./Synthesizer 

MC683xx 
Protocol Processing 

MC68HC05xx 
MCI) 

MRFIC1818 
PA 

MRFIC1813 MRFIC0001 MRFIC0916 MRFIC1813 I. 
♦- PA Driver UpMixer ▼" IQ Mod 

Building the best in RF and baseband components. 
We have more than just the 

blueprints for your success. Built 
from decades of leadership in ICs 
for the communications industry, 
our diverse portfolio of RF, 
baseband and discrete devices 

offers superior solutions for a wide 
range of wireless systems. 
Not only do these components 

award unequaled compatibility and 
flexibility, each has Motorola’s years 
of experience built right in — from 

the antenna switches to the PLLs 
to the baseband processors. 

So, no matter what wireless 
application you’re designing, let 
Motorola’s Wireless Solution Site 
go to work for you. 

“ and Motorola are registered trademarks of Motorola, Inc. © 1997 Motorola, Inc. All rights reserved. "Production planned in 1997. Please call 1-800-201-0293 for product availability updates. 



2.4 GHz ISM BAND 

MRFIC1801 
AntSw 

MRFIC2401 
LNA/DownMixer 

MC145230 * 
Dual 

Synthesizer 
w/ V-Doubler 

PA Driver 

Call 1-800-201-0293 and refer 
to advertisement number PLL01 
for a comprehensive package of 
technical data and evaluation kit 
information. Or visit our web site at 
www.mot.com/wireless-solutions 

Come see us at Wireless 
Symposium, booth #403. 

MC13158 
IF Subsystem 

MC145170-1 
Synthesizer 

MC12210 
Synthesizer 

UpMixer 

DSP5660X 

Data Conversion 

Mixed Signal Processing 

Power Management 
(MOSFETs. BRTs, Diodes. TVS) 

MC683xx 
Protocol Processing 

MC12149 
VCO 

MOTOROLA 
Semiconductor Products Sector 

What you never thought possible? 



RF letters 
Letters should be addressed to the 

Editor, RF Design, 5660 Greenwood 
Plaza Blvd., Suite 350, Englewood, CO 
80111. Letters published may be edited 
for length or clarity. 

Exposure standards 
After reading Bob Schwaninger’s 

article, “The FCC’s RF Exposure Stan¬ 
dards—the Newest Design Hurdle,” in 
the November issue, I felt compelled to 
rebuff his closing remarks. Being 
involved in a small land mobile busi¬ 

ness, I can appreciate the work that 
Bob and his associates are accomplish¬ 
ing for us in Washington. Really 
though, “mandating foil-lined shoes” 
may appear to be typical Fed overkill, 
and attempting to follow the latest 
developments regarding RF exposure 
standards reveals a military maneuver 
appropriately labeled “Charlie Foxtrot.” 
Between the industry-sponsored com¬ 
mittees entrusted to guard the hen¬ 
house and the manufacturers’ finan¬ 
cially motivated downplaying of any 

Few companies 
introduce oscillator 
solutions with 
greater frequency. 
Now in its third decade, SaRonix is a leader 

in frequency control technology. Our four new 
families of high performance SMT oscillator 
and VCXO control products arc available in 
industry standard *6-pin plastic J-lead-
ed packages. We support our worldwide 
customer base with engineering, sales 
and manufacturing facilities in the U.S., 
Europe and Asia. We are an ISO9001/9002 
certified manufacturer. For more information 
about SaRonix and our new frequency control 
products, call today 1-800-327-4032. 
Email saronix@eonneetine.eom 
or visit www.saronix.com. 

related situations, there appears to be 
a lack of concern about the very people 
that make it possible for the counters 
to fiddle their beans. 
By the nature of their employment, 

RF, two-way radio and now even tele¬ 
communications technicians are re¬ 
quired on a daily basis to expose them¬ 
selves to RF fields that often may exceed 
the proposed acceptable standards. If 
they read this, those individuals certain¬ 
ly wall remember those many radiating 
mobile installations just a couple of feet 
from the standing wave ratio (SWR) 
meters they must read. Some of them 
routinely visit rooftop penthouses ringed 
by many radiating antennas clamped 
chest-high to handrails to save the cost 
of supporting structures. I often have 
wondered how much potentially harm¬ 
ful radiation my body is absorbing when 
the field strength anywhere on the 
rooftop measurably exceeds many times 
the antenna input burnout threshold of 
my service monitor. I think many others 
may have had the desire to know. 

The FCC conveniently has skirted the 
issue by setting a double standard for 
technicians’ exposure recommendations, 
separate from those of uninvolved 
laypersons. This opinion is based upon 
the premise that, because we are techni¬ 
cally more aware that our fannies could 
be fried, we should know better and 
must be expected to expose ourselves 
more. Legally, this is called informed 
consent. Now, why should a government 
agency not agree wdth that? 
Some industry authorities claim that 

telecommunications workers have giv¬ 
en consent, and the public hasn’t. 1 
would like to hear from any worker 
related to my field who actually has 
been asked to agree to expose himself or 
herself to this danger that no one really 
can define. Please include the response 
from your employer after you have, in 
turn, asked whether you could obtain a 
copy of the ANSI and IEEE standard 
from your local job safety authority, or 
indicate whether you have requested 
that the employer purchase a radiation 
dosimeter to ensure your safety. Your 
employer’s response probably will be 
“you’d better not get OSHA near here,” 
at the same time he or she reaffirms 
the location of the front door. Busines¬ 
ses just will not act until the law man¬ 
dates them to. 

Before the construction of cellular 
systems, telecommunications workers 
clipped buttsets to phone poles, spliced 
underground cables and toll-tested at 
the central office. With the advent of 

February 1997 

New SaRonix Product Families 
Frequency Pillability 

Series Type range Supply APR 

SEL3600 ECL Oscillator 70 to 155.52MHz 3.3V/5V 

S1228 HCMOS/TTL Oscillator 1 to 70MHz 5V 

S1528 HCMOS/TTL VCXO 1.6 TO 27MHz 5V TO ±100ppm 
SI 518 HCMOS/TTL VCXO 27 to 120MHz 5V to ±75ppm 

’Also available in 4pin package 

INFO/CARD 8 

In sync with your needs 
Lai ka Laxe, Palo Alto, CA 9430.1 



The World's Best Power Meter For CDMA Testing 

The world's best power meter just got better. 

The new Giga-tronics 8540C Universal 

Power Meter has the speed, accuracy, and 

dynamic range to accurately measure the 

power level of CDMA signals. 

The wide dynamic range of the 8540C — 

up to 87 dB with a single sensor — is ideal 

for IS-95 open-loop tests, which can require 

power verification over an 80 dB range. 

Because the 8540C can achieve fast readings 

over the GPIB bus, you can quickly measure 

power in I dB steps over the 48 dB range 

required for closed-loop tests. 

And no meter is as accurate over the 

wide range needed for CDMA testing. 

For more information, call us toll free at 

1-800-726-GIGA (4442). Outside the U.S. and 

Canada, call 1-510-328-4650. 

Giga-tronics INFQCARD25 

Giga-tronics Incorporated * 4650 Norris Canyon Road ■ San Ramon, California 94583 ■ Telephone: 510-328-4650 • Telefax: 510-328-4700 



interconnections of radio to phones, 
such workers have similar job titles 
whether we handle RF or not. 

Manufacturers and the government 
will haggle over the price of liability 
avoidance and whose fault it will be for 
bringing this up in the first place. I am 
sure that some of you will suggest that 
I stop lamenting and enduring the un¬ 
known, just quit and sell stereos in¬ 
stead. Communications service techni¬ 
cians will continue to be the unnoticed 
minority, unless we speak up in collec¬ 

tive individualism and insist to our few 
available authorities that our fates not 
be allowed to be the result of attention 
to other special interests. We must be¬ 
come visible as our own special interest 
lobby, so that physically, we do not 
become the “overkill.” I suppose there 
always will be some lawyers who will 
insist that if you raise dogs, you should 
expect to get bitten. 

Floyd H. Miltz, Licensed communica¬ 
tions technician 
Grand Rapids, MI 

Voltronics 

debunks 

the myths 

Surface 
mount 

trimmers 
sacrifice 

performance 
for size 
and cost. 

How about a 0 of 1500, 
capacitance to 40 pF, and 
2% stability even in damp 
heat and temperature 
cycling? 

VoltronicsJ Series 
variable ceramic 
chip capacitors 
deliver unparalleled 
performance and 
cost no more than 
less capable designs. 
They operate com¬ 
fortably to 3 GHz, 
and their Qs are 
twice that of the 
closest competitor. 
Stability is within 
2% after 1,000 hours of 
service, even in damp heat and 
temperature cycling. 

The Voltronics J Series is truly SMT compatible too, 
thanks to a liquid crystal polymer body that shrugs off 
the effects of washing. And once you set a J Series trim¬ 
mer, it stays that way. So if you think you have to sacri¬ 
fice performance and reliability for small size, you should 
be talking to Voltronics. Call us today at (201) 586-8585 
for data sheets, samples. ..and our new low prices. 
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50,000 pieces 
any model 
4 weeks 
or less... 

Guaranteed! 

Voltronics 
INTERNATIONAL CORR 

The Trimmer Capacitor Company 

100-10 Ford Road 
Denville, NJ 07834 
201.586.8585 
FAX 201.586.3404 
e-mail: voltron^styx. ios.com 

WRITE, CALL OR 

Schwaninger replies 
In response to Mr. Floyd Miltz’s letter 

regarding my article, “The FCC’s RF 
Exposure Standards,” in which Mr. 
Miltz takes issue with my flippancy 
regarding the FCC’s attempt to articu¬ 
late a bright line between safe vs. 
unsafe levels of exposure, I wish to offer 
the following observation: Mr. Miltz is 
correct. The federal government should 
demonstrate concern for telecommuni¬ 
cations workers and their individual ex¬ 
posure to RF emissions. People who are 
made to come in close proximity to high 
levels of RF energy should be armed 
with sufficient knowledge regarding any 
alleged or proven health risks. And, 
given the paucity of information on this 
subject, to which the FCC’s recent deci¬ 
sion barely adds a jot of new data, Mr. 
Miltz’s concerns are fully justifiable. 
My conclusion took issue with the 

FCC’s approach to the matter, which 1 
feared might provide a false impression 
of concern with overall protection ol 
workers’ and the public’s safety. As 
noted somewhat by Mr. Miltz, the 
FCC’s focus was moreover on the RF 
emission levels from mobile, handheld 
equipment than on the type of expo¬ 
sure described by Mr. Miltz. Stated 
simply, the FCC concentrated more or 
the RF radiation from a cellphone thar 
on the radiation from a powerful array 
of antennas co-located on the roof of £ 
structure and the effect that the radia¬ 
tion might have on telecommunications 
workers. In fact, there is little in th« 
FCC decision that attempts to define 
quantify or explain the existence of th« 
risk to exposed workers. Instead, the 
workers are assumed to be informée 
and willing to accept the risk, at leasi 
at some level, and the FCC makes this 
assumption without even defining the 
assumed risk. 

Having worked with numerous man 
ufacturers and designers of RF equip 
ment, particularly unlicensed devices, . 
have often been amused by the FCC’s 
attempt to reduce the level of RF ends 
sions from say, garage door openers 
while ignoring the greater levels of RI 
emissions and spectrum pollutants 
from brush motors, spark emitters 
light switches, home wiring, véhiculai 
computers and the like. The unlicense« 
radio devices are within the agency’s 
jurisdiction, but vacuum cleaners an 
not. The effect of the FCC’s unbalance« 
treatment is that often the larger threa 
is ignored, while the smaller threat is 
handled with regulatory overkill. 

Mr. Miltz also may note that whih 
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Crunch time. 
It’s a winner- take-all design 
competition. Your boss is counting 
on you. You’ve got this idea. And, 
one incredible design partner: 
SystemView by Elanix. The most 
advanced design and simulation 
environment available today. 

You've got it made. 

Here’s why. Imagine simulating complete DSP, communica¬ 
tions, signal processing, and control systems. Effortlessly. 
And, with unheard of speed and accuracy. 

End-to-end comm systems. Design and test digital and analog 
communications systems including your choice of error cor¬ 
recting encoders/decoders and modulators/demodulators. 

Use our virtually unlimited librai}' of analog circuit components 
such as distortion -true mixers, amplifiers, RLC circuits, OpAmp 
circuits and more. No guesswork here. 

Bit true DSP design. You specify the exact arithmetic mode 
used by your target processor. SystemView will simulate it 
and even generate overflow, underflow and carry flags for 
your design analysis. 

For truly interactive time and frequency analysis, 
SystemView’s Sink Calculator™ creates visual frequency 
spectra, auto and cross correlations, histograms, BER 
plots, overlays and much more. 

Trace signals - in both time and frequency - throughout your 
system. And, even change token parameters while the system 
is running. All in real time using SystemView’s unique 
Dynamic System Probe.™ 

Tech support like no other. Talk to experienced design 
engineers, not technicians, who'll support you through every 
step of your design. Even help you debug it. 

That's why SystemView by Elanix is your design partner. 
Let us prove it. 

Call now for your free evaluation kit: 1-800-535-2649 
Or, download from our website any time! 
wTvw.elanix.com 

DSP • Communications • Signal Processing • Controls 

SystemView 
= ■ w 

BY ELANIX 

5655 Lindero Canyon Rd. Suite 721 . Vestlake Village, CA 91362 • 818-597-1414 - Fax 818-597-1427 • e-mail: SystemWew@elanix.com © ELANIX INC. 1997 

SystemView by ELANIX is a registered trademark of ELANIX, INC. European Distributor: EnTegra Ltd. • 2 Waltham Rd. • Maidenhead, Berkshire SL6 3NH, England • (44) 01628 829061 
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Quartz Crystals/ 
Clock Oscillators 

TOTAL SUPPORT! 
I Complete Design 
■ Full Engineering Support 
■ Prototypes In 3 Days 
■ Stock On Most Standard 

Frequencies 
■ Quick Turnaround On Small 

Quantities 
■ High Volume Capabilities 
■ Custom & Standard Frequencies 

FREE Selection Guide 
20 pages of: 
HC-49UP, SMX-
500 and -301, 
HC-49 and 50/U. 
HC-49/US, HC-
43/U, HC-25 and 
- HC18, UM-1, 
TO-5.LPO, 
HCMOS, TTL, 
FTTL, ECL. 
VXCO. 

s 
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CALL or FAX 
PH (818) 443-2121 
FAX (818) 443-9049 
E-Mail Stdxtl@val.net 

Standard 
Crystal Corp. 

9940 E. Baldwin Place 
El Monte, CA 91731 

the FCC was creating the RF emission 
thresholds described in my article, it 
was lowering the approval threshold for 
digital devices, changing the approval 
process from requiring certification to 
notification (the FCC form of allowing 
manufacturers to say, “trust me”). The 
agency also is licensing enhanced spe¬ 
cialized mobile radio (ESMR) systems 
throughout the United States that allow 
operators to transmit upon more than 
100 channels simultaneously, at higher 
than 800 MHz, thereby creating a col¬ 
lective high-powered, high-frequency 
RF emission risk, often at relatively 
low-level sites. 

In conclusion, Mr. Miltz and I do not 
disagree on the greater threat from RF 
emission exposure and the need to con¬ 
tinue to examine the area of worker 
safety. My fear is that we will see “foil-
lined shoes” mandated before we sec 
from the agency substantive progress 
that is designed rationally to confront 
the issue, rather than burying it under 
reluctantly created policy statements. 

Robert Schwaninger 
Washingon, DC 

FREQUENCY MULTI-LAYER... 
chip inductors with 
uncompromising 
performance 

For more information, catalogs, and data sheets, 
please call, FAX, or contact your local 
Taiyo Yuden Representative. 

HK2125 (0805 case) and HK1608 (0603 case) 
multi-layer chip inductors are designed for RF 
and other high frequency applications. These 
state-of-the-art inductors offer the engineer a 
wide range of values, tolerances, high Q’s, and 
excellent Part-to-Part/Lot-to-Lot repeatability. A 
must in critical RF amplif ier/f ilter applications. 
Designed for applications from 100 MHz through 
4.0 GHz, these inductors really perform! 

LK3216 (1206 case), LK2125 (0805 case), and 
LK1608 (0603 case) ferrite based multi-layer chip 
inductors provide excellent performance for new 
applications as well as replacements for wire 
wound chips in applications that demand high-
performance and low costs. Designed for ap¬ 
plications below 100 MHz, the LK product line 
meets the demanding performance requirements 
of today’s high-speed, high noise applications. 

Taiyo Yuden also utilizes the same high quality 
manufacturing processes and materials to pro¬ 
duce a wide array of other surface mount com¬ 
ponents such as Chip capacitors, Chip ferrite 
beads, Chip common mode chokes, and NTC 
Chip thermistors. All produced in factories that 
are certified to ISO 9001... 

TAIYO YUDEN (USA) INC. 
1930 N. Thoreau Dr., Ste. 190 
Schaumburg, IL 60173 
800-348-2496 
Fax: 847-925-0899 

Silicon Valley Office: 
800-368-2496 
Fax: 408-988-0657 
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SEPT. 10-12 
19 9 7 

Santa Clara 
Convention Center 
Santa Clara, C A 

CALL FOR PAPERS-
CALL FOR SESSION 
MODERATORS 

Do you have something to share? A unique solution to a common 
problem? A new technique or application? Whatever the topic, we 
would appreciate hearing from you. The RF Design '97 advisory board 
is seeking program suggestions 
words on relevant RF topics. The 
include: 

Applications 
■ GPS 
■ Wireless LANs 
■ Consumer electronics 
■ Personal communications 
■ Digital cellular 
■ Design-for-manufacturing 
■ Remote sensing 
■ Digital transmission 
■ Wireless communications 

and abstracts of fewer than 400 
deadline is March 31. Suggestions 

RF Top ics 
■ Oscillator design 
■ Frequency synthesis 
■ Analog/digital modulation 
■ Power amplifiers 
■ Microstrip techniques 
■ Filter design 
■ Test systems and methods 
■ CAD modeling and use 

Moderators are needed for sessions, or to help organize sessions on a subject of their 
special interest. All speakers and moderators receive free admission to the conference 
and a copy of the Proceedings (not including full-day short courses, travel or lodging). 

All abstracts should be sent 
by March 31 to: 

Don Bishop, Program Chairman 
RF Design '97 c/o Intertec 

5660 Greenwood Plaza Blvd. 
Suite 350 

Englewood, CO 80111 
Fax: 303-793-0454 



W calendar 
February 23-27 Nepcon West—Anaheim, CA. Information: 

Reed Exhibition Company, 383 Main Ave., 
Norwalk, CT 06852-6059. Tel. 800-467-5656; 
Fax 203-840-9656; Web site: 
http://www.nepcon.reedexpo.com. 

March 3-5 CTIA Wireless—San Francisco. Information: 
Dobson and Associates. Tel. 202-463-7905. 

13-19 CeBIT ’97 World Business Center: Office, 
Information and Telecommunications— 
Hannover, Germany. Information: Mette 
Fisker Peterson, Hannover Fairs USA, 
103 Carnegie Center, Princeton, NJ 08540. 
Tel. 609-987-1202; Fax 609-987-0092. 

17-20 European Design and Test Conference— 
Paris. Information: Conference Secretariat, 
CEP Consultants, 43 Manor Place, 
Edinburgh, EH3 7EB, United Kingdom. Tel. 
+44-131-300-3300; Fax +44-131-300-3400; 
E-mail edtc@cep.u-net.com. 

25-27 DSP World Spring Design Conference— 
Washington, DC. Information: Dana Dowell, 
Miller Freeman. Tel. 415-278-5322; 
E-mail dsp@exporeg.com. Web site 
http://www.dspworld.com. 

25-27 Communication Design Engineering 
Conference— Washington, DC. Information: 
Conference, 600 Harrison St. 4th Floor, San 
Francisco, CA. Tel. 617-821-9219; Fax 617-
828-8198; E-mail cdec@exporeg.com. 

April 2 Surface Mount Technology Association 
Exhibition and Sessions—Atlanta. Exhibit¬ 
ing information: Lynda Kelly, Tel. 770-518-
9039; Fax 770-642-1288; Sessions informa¬ 
tion : SMTA National. Tel. 612-920-7682; 
Fax 612-926-1819; E-mail smta@smta.com; 
Web site http://www.smta.org. 

14-17 International Conference on Antennas and 
Propagation—Edinburgh. Information: 
ICAP Secretariat, IEE Conference Services, 
Savoy Place, London WC2R OBL, United 
Kingdom. Tel. +44 (0) 71-344-5467/5473; 
Fax +44 (0) 71-240-8830; E-mail 
lhudson@iee.org.uk or mswift@iee.orguk. 

21-23 RF Design Seminar Series—Las Vegas. 
Information: Intertec Presentations, 6300 S. 
Syracuse Way, Suite 650, Englewood, CO 
80111. Tel. 303-220-0600; Fax 303-770-0253. 

22-24 International Wireless Communications 
Expo—Las Vegas. Information: Intertec 
Presentations, 6300 S. Syracuse Way, 
Denver, CO 80111. Tel. 800-288-8606 
or 303-220-0600. 
RF Pavilion—Manufacturers exhibits 
within IWCE. Components, test equipment, 
software and services for RF equipment 
manufacturing. 

22-24 Convergence Tech and IC Expo for 
microelectronics, communications 
and computer professionals—Dallas. 
Information: Electronic Conventions 
Management, 8110 Airport Blvd., Los 
Angeles, CA 90045. Tel. 800-877-2668, 
ext. 243; Fax 310-641-5117. 

23-26 Broadcast Technology—Jakarta, 
Indonesia. Information: Eileen Lavine, 

Information Services, 4733 Bethesda Ave., 
Suite 700, Bethesda MD 20814. Tel. 301-
656-2942; Fax 301-656-3179. 

May 5-7 Vehicular Technology Conference 
for cellular and mobile wireless communi¬ 
cations—Phoenix. Information: Wendy 
Rochelle, Registrar, IEEE Conference 
Service, 455 Hoes Lane, P.O. Box 1331 
Piscataway, NJ 08855-1331. E-mail 
w ,rochelle@ieee . org. 

6-8 Electronics Industries Forum of New 
England—Boston. Information: Linda 
Hanson. Tel. 914-779-0696. 

13-16 Computerand Communication Electronics 
Design Exposition—Dallas. Information: 
Reed Exhibition, 383 Main Avenue, 
Norwalk, CT 06851. Tel. 800-840-5614. 

28-30 IEEE International Frequency Control 
Symposium—Orlando, FL. Information: 
Wendy Ortega Henderson, National 
Institute of Standards and Technology. 
Tel. 303-497-3593; Fax 303-497-6461; 
E-mail ortegaw@boulder.nist.gov. 

June 1-5 Supercomm—New Orleans. Information: 
Telecommunications Industry Association. 
Tel. 202-326-7300. 

9-14 Asia Telecom—Singapore. Information: 
Tom Dahl-Hansen, senior vice-president, 
Telecom. Tel. +41-22-730-5298; Fax +41-22-
730-6444; E-mail. dahl-hansen@itu.ch. 

10-12 International Microwave Symposium and 
Exhibition—Denver. Information: Horizon 
House. Tel. 617-769-9750. 

11-13 Virginia Tech Symposium on Wireless 
Personal Communications—Blacksburg, 
VA. Information: Business Administrator, 
Jenny Frank, Mobile and Portable Radio 
Research Group, Virginia Polytechnic 
Institute, 840 University City Blvd., Pointe 
West Commons, Suite 1, Blacksburg, VA 
24061-0350. Tel. 540-231-2958; Fax 540-
231-2968; E-mail hilda@vt.edu; Web site: 
http://www.ee.vt.edu/mprg/home.html. 

13 Automatic RF Techniques Group on 
characterization of broadband telecommuni¬ 
cations components and systems—Denver. 
Information: Dr. Roger B. Marks, Confer¬ 
ence Chair, NIST, 325 Broadway, Boulder, 
CO 80303. Tel. 303-497-3037; Fax 303-497-
7828; E-mail r.b.marks@ieee.org. Web site 
http://www.boulder.nist.gov/ims/arftg. 

August 20-22 Piezoelectric Devices Conference and 
Exhibition—Kansas City. Information: Pete 
Walsh, Electronic Industries Association. 
Tel. 703-907-7547; Fax 703-907-7501. 

September 10-12 RF Design Seminar Series—Santa Clara, 
CA. Information: Intertec Presentations, 
6300 S. Syracuse Way, Suite 650, 
Englewood, CO 80111. Tel. 303-220-0600; 
Fax 303-770-0253. 

10-12 RF Design ’97—Santa Clara, CA. Informa¬ 
tion: Renie Mayfield, Intertec Presentations, 
6300 S. Syracuse Way, Denver, CO 80111. 
Tel. 800-288-8606 or 303-741-0215. 
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SIEMENS 

Bad news for the birds of North America 

Advanced wireless ICs are here. 

Siemens Wireless Communication ICs 
SIEMENS 
PART 

NUMBER 

PACKAGE 

TYPE(S) 
DESCRIPTION FEATURES 

PMB2201 P-TSSOP-24 VECTOR 

MODULATOR 

-Direct quadrature modulator with separate 
double balanced active mixer 
•LO frequency range from 800 MHz to 1.5 GHz. 

PMB2307 P-TSSOP-16 PLL 
3-wire serial control bus for fast programming 
(max clock frequency 10 MHz) 
-Phase detector signal with adjustable anti backlash pulses 
Extremely fast phase detection (<100 ps| 
High input frequency (220 MHz) 

PMB2314 P-DSO-8 PRESCALER -Switchable divide ratios 1 64/65 and 1:128/129 

for single and dual modulus frequency synthesizer 

-Wide input frequency range (100 MHz-2.3 GHz) 

PMB2333 T-SSOP-16 MIXER WITH 

DRIVER 

AMPLIFIER 

-Integrated LNA/Driver Amplifier 

-Frequency range up to 3.0 GHz 

-Very highly isolated RF, IF and L0 ports 

PMB2402 P-DSO-24 RF RECEIVER -Heterodyne receiver with on-board quadrature 
demodulation 
-Downward mixing from 1 MHz RF to the base band 
-Two balanced operational amplifiers for additional 
signal conditioning 
-Output bandwidth of 13.5 MHz 

Changing the communications 
landscape. 

Wireless has taken off. And Siemens 
leads the way with the RF solutions 
you need to make your ideas fly. With 
our distribution partner, Richardson 
Electronics, we provide the products 
for all your applications and standard 
requirements. 

Unique Bipolar technology means 
superior performance. 

B6HF is a 32 GHz process, enabling our 
ICs to operate at supply voltages as low 
as 2.7 V, with low current consumption 
and a high level of integration. Our 
PMB2201 Vector Modulator/ Mixer com¬ 
bines a 0.8 -1.5 GHz modulator with 0 
dBm output power, and a DC 
to 2.5 GHz mixer. The PMB2333 Mixer/ 

Amplifier may be used as an LNA with 
a noise figure of 1.7 dB at 1.8 GHz, or as 
a driver amplifier with 12 dBm output 
power at the 1dB compression point 
and an AGC range of 30dB. 

And our high level of integration, SMT 
packaging and experience in high-volume 
production gives you a smaller footprint 
and better reliability — saving money 
across the board. 

So call Richardson Electronics and 
ask about Siemens wireless ICs. And 
you'll never be stranded without the 
right wireless design solution again. 

A Richardson 
“^Electronics, Ltd. 
(800) RF-POWER http://www.rell.com 

©1996 Siemens Components, Inc. 1-800-77-SIEMENS http://www.sci.siemens.com 
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w courses_ 
Arizona State University—Wireless Digital Communi¬ 

cations: Access, signalling and management aspects; 
mobile, cellular, voice and data networks—April 28-
May 2. Information: Professional Development, ASU, 
P.O. Box 877506, Tempe, AZ 85287-7506. Tel. 602-965-
1740; Fax 602-965-8653. 

Besser Associates & Microwave Online Services—RF 
and Microwave courses are available on the World Wide 
Web exclusively through RF Globalnet. The courses will 
be given over a two-to-three week period. Applied RF 
Techniques I: Linear Circuits—begins in late February. 
Information: Larry Black, Microwave Online. Tel. 303-
415-9233; E-mail larry@mosco.com; Web site 
http://www.rfmicrowave.com. 

CKC Laboratories—Core EMC Design— March 11-12, 
Fremont, CA; June 17-18, Hillsboro, OR; Immunity to 
ESD—May 12, Orange County, CA; CE Mark Design and 
Compliance Routes—May 13—14, Orange County, CA; 
EMC for Medical Electronics—April 22-23. Information: 
Linda Grunow or Todd Robinson, CKC Laboratories, 
5473-A Clouds Rest, Mariposa, CA 95338. Tel. 800-500-
4362 or 209-966-5240; Fax 209-742-6133; E-mail 
Igrunow@ckc.com. 

Georgia Tech Continuing Education—Introduction to 
Radar Target Identification- Feb. 25-28, Atlanta; 
Infrared Countermeasures—March 4—6, Atlanta; Infrared 
Technology and Applications—March 18-21, San Fran¬ 
cisco; Advanced Electronic Warfare Principles—March 
25-28, Atlanta; Radar Cross Section Reduction—March 

25-28, Atlanta. Information: Department of Continuing 
Education, Georgia Institute of Technology, Atlanta, GA 
30332-0385. Tel. 404-894-2547; E-mail conted@gatech. 
edu; Web site http://www.conted.gatech.edu. 

Learning Tree International—Wireless Networks and Mo¬ 
bile Communications—Feb. 18-21 Washington. Informa¬ 
tion: Learning Tree Inti, 1805 Library St., Reston, VA. 
Tel. 800-850-9197 or 703-709-9119; E-mail uscourses@ 
learningtree.com; Web site http://learningtree.com. 

Mead Microelectronics—Architectural and Circuit Design 
for Portable Electronics Systems (3-days digital, plus 3-
days analog)—March 31-April 5; RF IC Design for 
Wireless Communication Systems-May 12-16; Data 
Communication ICs-May 14-16. Information: Mead 
Microelectronics, 7100 Grandview Dr., Corvallis, OR 
97330. Tel. 541-758-0828; Fax 541-752-1405. In Europe, 
contact Mead Microelectronics, Venoge 7, 1025 St. 
Sulpice, Switzerland. Tel. +41-21-691-0244; Fax +41-21-
691-0245; E-mail mead@netgate.net or valence@mead.ch; 
Web site http://www.netgate.net/~mead. 

Miller Freeman—ICSPAT Online, an interactive, 
educational forum for signal processing engineers. 
The virtual conference provides the experience of 
attending a conference via the World Wide Web. The web 
site includes the 1996 white papers covering 40 
application areas; interactive author Q & A; industry 
news; guest columnists; interviews with prominent 
thinkers in the field; a chat forum; design challenge 
contests; and future conference dates and speaking 
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PRODUCT DEVELOPMENT MINIATURE CELLULAR DIPLEXERS 

LOCUS 
Quality 

Products 
THE I ST 
Time. 

F 

LOCUS Incorporated 
1842 Hoffman Street 
Madison, WI 53704 
Fax: 608/244-0528 
Email: sales@locusinc.com 
http://www.locusinc.com 

For successful, proven OEM 
product development, depend 
on LOCUS -your strategic 
partner for: 

• Product Definition, 
Design & Production 

• Wireless, Medical, 
& Consumer Products 

• RF Systems, RFID, 
Spread Spectrum 

• DSP, Digital Radio, 
ASICs, FPGAs 

Embedded Microprocessor-
Based Designs 

• Rapid Time to Market 

• Innovative, Cost Effective 
Design Solutions 

For your next project call: 

608/244-0500 
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<1 .5 dB I. Loss 
16 dB R. Loss 

Small 
3" X 1" X 6" 

Silver Plated 

$199.00 1 9 Qty 
Stock Del. 1-2 weeks 

• Model IC853D, rugged, hi performing, low cost diplexer. 

• For use in Micro, Nano and Pico cells in AMPS, ETACS & 
TACS bands. Custom frequency pairs available. 

• Ripple < 0.2 dB. Tx to Rx isolation typically 60 dB. 
Stop band attenuation typically 90 dB. 

• 3rd order response better than - 60 dB. Power rating, SMA 
connectors, > 80 W CW 

Product information: 
www.indutec.com email: penny@ipa.net 

Indutec Corp. 
Fayetteville, AR 72702 

Tel. 501 444 6548 • Fax 501 444 6546 
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Introducing 
the world's smallest 
wirewound inductor 

Our new 0603 surface mount in¬ 
ductor is the industry's smallest 
wirewound coil, measuring just .067" 
x.045"x.040". 

Like all Coilcraft chip inductors, it 
has exceptionally high Q values, with 
many parts topping 75 at 1.7 GHz. 
And because of its ceramic body, 

parts, and you'll 
find significant 
performance 
advantages. 
Our Q factors 
are often twice 

Coilcraft 0603 wirewound vs 
competitor’s non-wirewound inductors 

L 

3.9 nH 
6.8 nH 
12 nH 
33 nH 

100 nH 

SRF 

>6000 5600 
5800 3750 
4000 2700 
2300 1500 
1400 830 

OCR 

.08 .25 

.11 .30 

.13 .40 

.22 .65 

.58 2.50 

as high, SRF's are 50 to 70% higher, 
and DC resistance is three to four 
times lower! 

For complete specifications on our 
new 0603 inductors, check out the 
Coilcraft Web site or call for a cata¬ 
log. For prototyping, order our Cl 12 
Designer's Kit with samples of all 19 
values from the series. 

Now you don't have to sacrifice performance 
for a small form factor. 

IL 60013 800/322-2645 Fax 847/639-1469 
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TNF-200 Tùneable Notch Filters 1.5-850 MHz 
Features 
• Deep notch to 35 dB 

• LowVSWR 

• Low loss: < 0.5 dB 

• Passes to 2.4 GHz 

• Up to 25 watts power 

• Rugged construction 

• Cost : low as 89.10 
TNF-200 is a family of nine models notch filters, covering 1.5 to 850 

MHz., with low insertion loss over an extremely wide bandwidth. For 
example the 30 MHz version passes >500 MHz or 13 times the notch 
frequency. This is superior to cavity filters, which also are much larger and 
more costly. Most of the models cover more than one octave using one 
easily tuned adjustment. High Q circuitry assures a deep notch and low 
insertion loss (less than 0.5 dB at 1.0 GHz) thus making EAGLE filters 
your best choice. 

These filters are useful for high 
performance spectrum measure¬ 
ments by providing a 20 to 30 dB 
improvement of analyzer dynamic 
range. In harmonic measurements, 
for example, simply notch the carrier 
and remove some attenuation to view 
low level harmonics. 

Notch filters can also be used to 
eliminate or identify off-band inter¬ 
ference in communication systems. - --

The TNF-200 filters are in stock for immediate delivery! 
But EAGLE is more than notch filters. We provide LC filters to 1.0 

KW, Power Combiners, Diplexers, Triplexers and Return Loss Bridges. 

Need More Information? Call or Write Today! 

Phone: (520) 204-2597 
Fax: (520) 204-2568 

PO Box 4010, Sedona, AZ 86340 
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ONLY TECDIA HAS IT ALL! 
SINGLE LAYER CHIP CAPACITORS 

Type A Type B Type C 

• Type A & B safety margin prevents 
shorts after epoxy attachment 

• Type C is solderable with Sn60, 62, 63 

/ Hi-Quality & Hi-Performance 
/ Competitive Pricing 
/ On Time Delivery (extensive 
inventory, stocked locally) 

✓ Rated #1 in customer service 

ITUlIA 
2672 Bayshore Pkwy #702 

Mt. View, CA 94043 
Tel: (41 5) 967-2828 
Fax: (41 5 967-8428 

Outside California call 1-800-832-3421 
E-mail tecdia@mcimail.com 
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opportunities. Web site http:///www.ICSPAT.com. 
RF Design Seminar Series—April 21-23, Las Vegas; Sept. 

9-11, Santa Clara, CA. Information: Intertec Presentations, 
6300 S. Syracuse Way, Suite 650, Englewood, CO 80111. 
Tel. 303-220-0600 or 800-288-8606; Fax 303-770-0253. 

University of Missouri-Rolla—Grounding and Shielding 
Electronic Systems: How to Diagnose and Solve Electrical 
Noise Problems—Feb. 19—21, Orlando, FL; March 10-12, 
Denver; May 19-21, Boston; June 25-27, Research 
Triangle Park, NC, August 13-15, Dallas; Circuit Board 
Layout to Reduce Noise Emission and Susceptibility—Feb. 
21, Orlando, FL; March 12, Denver; May 21, Boston; June 
27, Research Triangle Park, NC; August 15, Dallas; 
Electromagnetic Compatibility Certificate Program— 
Combination home study 40-hour video taped lecture and 
one-week on-campus laboratory course. Information: 
Continuing Education Coordinator, University of 
Missouri-Rolla, 103 ME Annex, Rolla, MO 65409-1560. 
Tel. 573-341-4132. Fax 573-341-4992; E-mail buddyp@ 
shuttle.cc.umr.edu; Web site http://www.umr.edu/~conted. 

Virginia Tech—Antennas: Principles, Design and Measure¬ 
ments—March 17-20, San Diego; May 19-22, St. Cloud, 
FL; Principles of Electronic Counter-countermeasures— 
April 8-10, Atlanta; Infrared Technology and Appli¬ 
cations—April 15-18 Atlanta; Phased-array Radar 
System Design—April 29-May 2, Atlanta. Information: 
Kelly Brown, Northeast Consortium for Engineering 
Education, 1101 Massachusetts Ave., St. Cloud, FL 
34769. Tel. 407-892-6146; Fax 407-892-0406. 

Designer and manufacturer 

of precision frequency 

control devices since 1927. 

applications 
• Wireless Communications 
• Telecommunications 
• Computers and 
Computer Peripherals 

• Satellite Communications 
• Avionics 
• Instrumentation 

product line 
. VCO TO 2.8 GHz 
• OCXO to +/- 5xlO 10

• TCXO to +/- 0. 1 ppm, 
Freq to 100 MHz 

• VCXO to 155 MHz 
• Oscillators to 200 MHz 
• Crystals to 200 MHz 

MONITOR PRODUCTS COMPANY, INC. 

Main Office/Factoiy 502 Via del Monte, Oceanside, CA 92054 
Phone 619-433-4510 Fax 619-434-0255 
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With our new PC software, 
high-frequency design 

Introducing 
HP EEsof Series IV/PC: 
Total integration from a 
single software package. 
Okay, so you can’t get your high-
frequency designs all the way to 
production just by pointing and 
clicking. But thanks to HP EEsof 
Series IV/PC, designing for manufac¬ 
turability is almost that simple. 
You see, HP EEsof Series IV/PC is a 
truly integrated high-frequency circuit 
design solution, bringing schematic 
capture, simulation, analysis and 
layout together in a single software 
package. That means you can now 
simulate and tune your designs 
directly from layout. And you only 
have to learn one tool. 
HP EEsof also features the world’s 
largest parts libraries — over 90,000 
models in all. So you not only get the 

HEWLETT 
PACKARD 

highest performance simulators 
money can buy, you get the accurate 
models you need. 
In fact, the Discrete Value Optimizer 
lets you fully analyze your designs 
with actual, not theoretical, parts. 
Making product development time 
shorter than ever. 
For more information on Series IV/PC, 
or the other innovative solutions 
HP EEsof is bringing to high-
frequency design, call 1-800-452-4844, 
Ext. 1396* or your local sales 
representative today for a 
free brochure. 
Taking your designs from 
concept to production has 
never been easier. 

There is a better way. 
*In Canada, call 1-800-276-8661, 
Dept. 255. 

http://www. hp. com/go/info/sivpc 
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HP EEsof Series FV/PC 
lets you solve real world 
problems using real 
world parts. 
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RF news 
Western Wireless launches 
Portland PCS system 
Western Wireless launched its Voice-

Stream wireless personal communica¬ 
tions services (PCS) system in Port¬ 
land, OR. Western Wireless was the 
first to win a PCS license in the Federal 
Communications Commission’s spec¬ 
trum auctions to launch commercial 
services. This is the fourth commercial 
PCS system the company has launched 
in less than six months, and is the sixth 
in the nation. 
The VoiceStream PCS combines a 

wireless phone, pager and answering 
machine in one pocket-sized handset. 
Other features of VoiceStream’s digital 
network include caller ID, call waiting, 
24-hour text messaging, improved 
sound quality and digital encryption to 
prevent fraud and eavesdropping. 
VoiceStream’s Portland-area network 
extends north to Woodland, WA, south 
to Salem, OR, east to Gresham, OR and 
west to Hillsboro, OR. It will reach cen¬ 
tral, coastal and southern areas of 
Oregon by the end of 1997. Western 
Wireless also plans to extend Voice 
Stream service to Boise, ID in 1997. 

Ho Chi Minh City gets 
wireless loop technology 
Ho Chi Minh City (formerly Saigon) 

Post and Telecommunications (HCM 
City P&T) has put Vietnam’s first high-
capacity, fixed-wireless telephone sys¬ 
tem into commercial operation, manu¬ 

factured by Washington, D.C. -based 
Hughes Network Systems (HNS). The 
company’s GMH 2000 system will pro¬ 
vide 20,000 wireless telephone sub¬ 
scriber lines in Vietnam’s largest city. 
Kanematsu of Japan signed a con¬ 

tract with HCM City P&T for turnkey 
implementation on the first phase one 
year ago. The company’s goal is 20 tele¬ 
phones per 100 inhabitants by the year 
2000. The wireless loop technology is 
based on high-capacity digital ad¬ 
vanced mobile phone systems (AMPS), 
with special fixed-cellular terminals 
capable of supporting digital voice, fax, 
data, pay phones and private branch 
exchange lines. 

Contracts 
Lindgren appoints northwest 

rep—Lindgren RF Enclosures has ap¬ 
pointed Olson Technical Sales, Issa¬ 
quah, WA, as its northwest regional 
sales representative for Lindgren EMI 
and RFI shielding systems in Northern 
California, Oregon, Washington and 
British Columbia. Olson will represent 
Lindgren’s line of industrial shielding 
systems including double electrically 
isolated (DEI) screen and solid rooms, 
cell-type enclosures and anechoic cham¬ 
bers for EMC testing. 

Agreement focuses on CDMA 
PCS handsets—Qualcomm has a-
greed with TriQuint Semiconductor to 
jointly develop RF integrated circuits for 
code-division, multiple-access (CDMA) 

handsets. The agreement addresses the 
radio frequency receive functions re¬ 
quired in Qualcom’s CDMA personal 
communications services (PCS) phones, 
including a focus on an RF receive com¬ 
ponent that provides critical radio per¬ 
formance required to achieve compliance 
with the North American IS-95 CDMA 
standard. The agreement combines 
Qualcomm’s design engineering and 
CDMA technology expertise with Tri¬ 
Quint’s high-quality semiconductor pro¬ 
duction capability and customer-owned 
tooling (COT) support. 

Catalog distributor takes on M/A-
COM products—M/A-COM, global 
provider of wireless components and 
sub-systems has an agreement with 
catalog distributor, Newark Elec¬ 
tronics. M/A-COM will provide wireless 
products including RF integrated cir¬ 
cuits, passive and control devices, an¬ 
tennas, cables and interconnects to 
Newark’s distribution centers through¬ 
out the world, giving Newark Elec¬ 
tronics’ customers access to a broader 
selection of wireless component prod¬ 
ucts within the catalog. 

Cadence licenses product to sup¬ 
port BIST—Cadence Design Systems 
has licensed LogicVision’s Icrambist 
product to automate built-in, self-test 
(BIST) for embedded memories in inte¬ 
grated circuit (IC) designs. Icrambist 
shortens the process of inserting com¬ 
prehensive at-speed embedded memory 
test. Under the agreement, Cadence 

Business Briefs 
Two power resistive products companies join 

forces—Skokie, IL-based Ohmite Manufacturing has 
acquired Memcor-Truohm, Huntington, IN. The company 
manufactures wirewound resistors and rheostats. Ohmite 
markets resistive and electro-mechanical components. For 
the time being, both companies will remain at their exist¬ 
ing locations under present management. Ohmite has 
appointed Electronic Salesmasters, Beachwood, OH to rep¬ 
resent the firm in Ohio and Western Pennsylvania. 

Alltel Mobile holds CDMA digital field trial—Alltel 
Mobile Communications has begun a field trial of super¬ 
conducting filters in a functional code-division, multiple¬ 
access (CDMA) cellular network. The test will be conduct¬ 
ed at a functional CDMA site in Little Rock, AR. 

Baystate Technologies acquires Cadkey product 
line—Baystate Technologies, developer and marketer of 

mechanical software for computer-aided design (CAD) sys¬ 
tems has acquired the line of Cadkey PC-based mechanical 
design tools from Cadkey, Windsor, CT. 

Mentor Graphics acquires Interconnectix—Mentor 
Graphics, Wilsonville, OR, has extended its position 
in high-speed printed circuit board (PCB) design by acquir¬ 
ing Interconnectix, Beaverton, OR, developer of intercon¬ 
nect synthesis software for designing high-speed, high-
performance digital systems. 

Philips acquires Polish magnetic components 
company—Philips Electronics, Netherlands, has acquired 
the Polish company, Ferpol, which manufactures compo¬ 
nents for use in electronics applications. Ferpol, located 
approximately 70 kilometers southwest of Warsaw, will be 
part of Philips Magnetic Products, which manufactures 
yoke rings, soft and hard ferrites and reed switches. 
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DCSIGN FROM STRRT-TO-ART 

1 GENESYS synthesis 
modules make it easy to 

create initial designs for 

L-C filters, matching 

networks, active filters, 

oscillators, printed and 

machined filters, 

amplifiers and group delay 

2 Schematics make it easy to enter your own designs, modify 
synthesis created designs and merge subcircuits. Schematics and 

equalizers. The many design alternatives and 

quick evaluation of each help you 

and achieve higher performance. 

save time 

=SuperStor= 
HIGH-SP€€D SIMULATOR 

UTIIITKS 

simulation are integrated 

for back annotation. The 

GENESYS schematic 

module also writes 

Touchstone and Spice 

=SCH€MftX= 

SP1C6 N€TLIST ■ =lflVOUT= NEW! 

2 =SuperStar= Professional redefines the circuit simulator 
standard. Step up to real-time tuning, statistical analysis, 

unrestricted global noise analysis, adaptive optimization, 

accurate models, unparalleled execution speed and the 

industry's easiest to use interface. Non-linear and time 

domain analysis is supported through the Spice interface. 

T The new layout 
module creates artwork 

on your plotter or 

printer and in DXF 

(AutoCad) and 

optimized Gerber file formats. Discontinuity and 

transmission line dimensioning, coplanar ground pours, 

multilayers, arbitrary polygons and user footprint libraries 

make RF and microwave layout easier than ever before. 

11th Ait uversary 

Our first program shipped in 1985. 

Today, with thousands of users 

worldwide. Eaglcware is a 

GENESYS 
Version 5.4 

recognized leader in RF and microwave 

design software for IBM and compatible PCs. 

Here are a few reasons why we feel GENESYS 

! provides uncqualcd value: 

J * Start-to-art solution including synthesis 

* One easy to learn interface for all programs 

‘ * Industry’s fastest execution means less waiting 

j * Accuracy verified with in-house lab 

* Reads industry standard S-parameter files 

I » Free technical support with no annual fees 

I » Low cost 

* 30 day money back satisfaction guarantee 

Eagleware products run on standard IBM and 

j compatible PCs under DOS. Windows 3.1. 

Windows NT and Windows 95. Windows 

=SuperStar= Professional simulator $999 
Simulator with schematic entry and layout $1990 
Complete GENESYS package with synthesis $5990 
Layout upgrade for current customers $699 
(Upgrade discounts available for a limited time) 

170 
TEL 03-3988-1731 FAX 03-3988-1706 

SRMC PRICES INTCRNATIONRllV 
DIAW SAIS & US6A SUPPORT 
8V FRI. PHONC OR LCTTifl 

i versions are 32-bit for even faster execution. 

€ñGL€UJnR€:= 
Eagleware Corporation 1750 Mountain Glen Stone Mtn, GA 30087 * USA 

http://www.eagleware.com A eagleware@eagleware.com 

TEL (770) 939-0156 * FAX (770) 939-0157 
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can use Icrambist worldwide to satisfy 
design services agreements and will 
add the product to its multivendor port¬ 
folio of IC test products. 

Andersen appoints reps—Ander¬ 
sen Laboratories has appointed new 
representatives to market their line of 
surface acoustic wave (SAW) products. 
The Thorson Company will market the 
products in Oklahoma, Arkansas and 
Louisiana. Krebill Components will 
market the products in Colorado, Utah, 
Idaho and Wyoming. 

Silicon technology benefits digi¬ 
tal cellular phones—Ericsson has 
specified VLSI Technology’s higher-

integration baseband silicon for its next 
generation of ultra-light, ultra-small 
cellular, personal communication net¬ 
works (PCN) and personal communica¬ 
tion services (PCS) handsets. Advances 
in VLSI’s silicon technology contributed 
toward a 15% increase in talk time, an 
83% improvement in standby time and 
a 12% reduction in weight compared to 
previous Ericsson global system for 
mobile communications (GSM) model 
handsets. 

Cell processor provides building 
block—Newbridge Networks has se¬ 
lected Motorola Semiconductor’s 
MC92500 ATMC controller chip for use 
in its 36170 Mainstreet ATMnet back¬ 

bone switch. The 36170 Mainstreet 
ATMnet architecture offers service pro¬ 
viders and large corporate users the 
high capacity and performance re¬ 
quired to build broadband backbone 
networks. 

Company makes appointments— 
Penny Technologies has appointed U.S. 
Technical Marketing, East Windsor, 
NJ, to market the company’s Micro¬ 
wave and RF filters, diplexers, delay 
lines, time-delay modules, directional 
couplers and power splitters in Nor¬ 
thern New Jersey and New York City 
Metropolitan area including Long Is¬ 
land, Westchester County and Fairfield 
County, CT. 

A Nezu Day is Dawning in the RF World 
for Contract Manufacturing. 

Since 1982, II Morrow has earned a reputation for innovative design, uncompromising quality and rock solid performance. 
Our OEM products set the standard in the aviation industry and now we ha ve expanded our capabilities to offer our customers 
Contract .Manufacturing, With our broad technical depth, and extensive experience, we can provide complete manufacturing and 

test services to an ever increasing RF/Wireless Market. Call II Morrow today to discuss your needs - remember, We Speak HF! 
■ ■ *v»o»*now 

800.879.6641 or visit our home page at http://www.iimorrow.com/contract.htm 
It Morrow Inc., 234 ¡ Pirner Rd SE, Salem OR 97302 
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AS MANY PLL CHOICES 
AS YOU HAVE IDEAS. 

BUILDING THE BEST SOLUTION 

You have great wireless design ideas and stringent 

performance requirements. To pull them off, 

you’ll need PLL solutions that give you all the 

performance your unique designs demand. 

Fujitsu, the pioneer in the PLL market, has just 

introduced the E, F and S Series, representing 

the next evolution in its expansive line of PLL 

devices. With Fujitsu’s broad PLL offering you 

can make your ideas a reality. 

Fujitsu’s high-performance E, F and S Series 

Maximum Current p . 
Frequency Consumption ac age

E Series 
(single) 2.5GHz 3.5mA 

16-pin 
SSOP 

F Series 
(dual) 2.0GHz 6.0mA 

16-pin 
20-pin 
SSOP 

S Series 
(masked) 300MHz 3.5mA 

8-pin 
SSOP 

PLLs deliver faster lock times, lower power 

consumption and improved phase noise to meet 

your design requirements in cellular, PCS and 

data communications. 

What’s more, Fujitsu’s exclusive S Series architecture 

is mask programmable—dramatically simplifying 

your system design since no external programming 

is required. Reference and divide counters are 

pre-programmed, making it easier to turn great 

ideas into great wireless products. 

And, Fujitsu’s wireless roadmap enables you to 

create highly integrated monolithic solutions based 

on an extensive portfolio of RF products, including 

their PLL family of devices that fit any design. 

So, if you’re geared up for the right PLL parts, 

set your sights on Fujitsu. Call us today at 

1-800-866-8608. Or visit our web site at 

www.fujitsumicro.com . 

Cellular 

FUJITSU 
Fujitsu Microelectronics, Inc., 3545 North First Street, San Jose, CA 95134. ©1996 Fujitsu Microelectronics, Inc. 
All trademarks or registered trademarks are the property of their respective holders. COMPUTERS. COMMUNICATIONS, MICROELECTRONICS 
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RF couplers 

RF directional couplers 
By Michael G. Ellis, Ph.D. 

The best theoretical performance 
available from a directional coupler, 
using ideal transformers, is a function of 
the turns ratio and the terminating im¬ 
pedances. Equations can be derived to 
describe the performance of transformer¬ 
based directional couplers. At VHF and 
UHF frequencies, wire gauge and core 
material can be chosen carefully to ap¬ 
proximate the response based on the so¬ 
lution of these equations. A computer 
program can be used as a design aid. 

Directional couplers separate signals 
based on the direction of signal 

propagation. These devices are used to 
split unequally the signal flowing in the 

main line and to pass unimpeded the 
signal flowing in the opposite direction. 
Ideally, some portion of the signal 
flowing into port A will appear at Port 
C. Similarly, any signal flowing into 
port C will be coupled to port A. Ports B 
and C are isolated from one another so 
that any signal flowing into port B will 
not appear at port C, yet it will feed 
through to port A. 

The universal RF directional coupler 
symbol, shown in Figure 1(a), usually 
represents two transformers connected 
as shown in Figure Kb). Directional 
couplers of this type have no character¬ 
istic impedance of their own. They be¬ 
come 50 ß or 75 ß directional couplers 

simply by matching all ports to either 
50 ß or 75 ß, respectively. 

Figure 2 is a universal model for 
analysis. In the forward mode of opera¬ 
tion, V] is the applied input voltage 
with V2, V3 and V4 replaced by shorts. 
Vo then becomes the output voltage. A 
portion of the output voltage, Vo, is cou¬ 
pled to R3 and, ideally, no voltage ap¬ 
pears across R4. In the reverse mode of 
operation, V2 is the applied input 
voltage with V], V3 and V4 replaced by 
shorts. The output voltage then be¬ 
comes the voltage across RP A portion 
of the output voltage (voltage across R]) 
is coupled to R4 and, ideally, no voltage 
appears across R3. The turns ratio of Tl 
is l:Nj, where N\ is the secondary of 
the transformer Tl. Similarly, the 
turns ratio of T2 is 1:N2, where N2 is 
the secondary of the transformer T2. 
The location of the dots beside the 
transformers denotes that the voltage 
across the primary is in phase with the 
voltage across the secondary. Voltage 
sources are shown at all four ports be¬ 
cause by shorting each of the three volt¬ 
ages sources to ground, the input im¬ 
pedance of the port with the non-zero 
voltage source can be found from the 
nodal equations. 
The equations shown in Figure 2 can 

be written down by inspection using 
Ohm’s law and Kirchhoff’s voltage and 
current laws. 

• Il is defined to be the current 
through Rp 

• The voltage across the primary of 
Tl is defined to be VL. 

• The voltage at Node 1 is defined to 
beVo. 

• The current flowing through R2 is, 
therefore, the voltage across R2, divided 
by R2, or (VO-V2)/R2. 

• The voltage across the secondary of 
Tl is Nj times the voltage across the 
primary of Tl, or NjVl. 

• If the current through the primary 
of Tl is Ip then the current through the 
secondary of Tl has to be Ij/Np 

• The voltage across the secondary of 
T2 already has been denoted as Vo; 
therefore, the voltage across the pri¬ 
mary of T2 has to be V(/N2. 

• The current through R3 has to be 
the sum of the voltages across R3 di¬ 
vided by R3. These three voltages are 
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Your Wireless Design 
Begins with 

Freedom 
PSEIect 

Designing 6 Sigma performance just got 1 

easier with PSEIect Semiconductor Guarantee 
Working with leading-edge products from major RF & Microwave Semiconductor 
suppliers, PSEIect will test and sort to your exacting specifications. To ensure 
your successful design through increased manufacturing yields, 

call PSEIect Now. 

1-888-PSG RF 4U 
For Immediate Assistance (1-888-773-7348) inwards 

Europe Call: United Kingdom and Eire 44-1622-882467 I Germany, Austria and Switzerland 49-89-3197670 I France 33-1-69337400 I Italy 39-2-336231 / 
-nmark 45-46753131 / Sweden, Norway, Finland 46-8-6269900 I Spain 34-1-3588516 / Belgium, The Netherlands, Luxemburg 31-20-6531350 



NEC Silicon MMIC 
Solutions... from 354 
Want to make life simpler? Reduce the parts count in 

your design with low cost Silicon MMICs from NEC. 

But be aware of the side effects! 

Reducing the parts count can also make your 

design more reliable. Your QC easier. And your 

assembly faster and more efficient. 

NEC MMICs come in a variety of package 

styles, including low cost plastic, surface mount, 

and on tape and reel. And their quality and relia¬ 

bility is proven. With a production rate exceeding 

20 million MMICs a month, no one knows this 

technology like NEC. 

Our Silicon MMIC Selection Guide lists 

specifications for these and dozens of other devices. 

For a copy, call your nearest CEL Sales Office, circle 

the number below, or call our 24 hour fax line. 

G
a
i
n
 (
dB
) 

5V Wideband MMIC Amps — from 35C 

PART FREQ. RANGE GAIN (dB) NF (dB) PidB(dBm) ICC (mA) (TEST 

UPC1676G 50MHz —1.3GHz 22 4.5 +1 19 500MHz 

UPC1678G 50MHz —1.9GHz 23 6 +15 49 500MHz 

UPC1688G 50MHz— 1.0GHz 21 4 0 19 500MHz 

UPC2708T 50MHz —2.9GHz 15 6.5 +7.5 26 1.0GHz 

UPC2709T 50MHz—2.3GHz 23 5 +7.5 25 1.0GHz 

UPC2710T SOMHz-l.OGHz 33 3.5 +7.5 22 500MHz 

UPC2711T 50MHz—2.9GHz 13 5 -3 12 1.0GHz 

UPC2712T 50MHz—2.6GHz 20 4.5 -2.5 12 1.0GHz 

UPC2713T 50MHz —1.2GHz 29 3.2 -4 12 500MHz 

3V Wideband MMIC Amps — from 55C 

Gain vs. Frequency 

NEC 

PART FREQ. RANGE GAIN (dB) NF (dB) PlcjB (dBm) Ice (mA) (TEST 

UPC2745T 50MHz-2.7GHz 12 6 -3.7 7.5 500MHz 

UPC2746T 5OMHz-1.5GHz 19 4 -4.5 7.5 500MHz 

UPC2747T 100MHz- 1.8GHz 12 3.3 -11 5 900MHz 

UPC2748T 200MHz- 1.5GHz 19 2.8 -8 6 900MHz 

UPC2749T 100MHZ-2.9GHZ 16 4 -12.5 6 1.9GHz 

UPC2762T 100MHz —2.9GHz 14.5 7 7 27 1.9GHz 

UPC2763T 100MHz-2.4GHz 19.5 5.5 6.5 27 1.9GHz 

UPC2771T 100MHz —2.1GHz 21 6 11.5 36 900MHz 

Prices at 100K quantity 



BOOTH 615 
Wireless Show 

BOOTH 2059 
CTIA 

3V and 5V Prescalers — from $1.30 3V Frequency Converters — from 99C 

RF Frequency Conversion Output IP-a 
PART (MHz) ICC (mA) Gain (dB) (dBm) 

UPC2756T1 1OO - 2000 5.9 14 0 

UPC2757T1 100 - 2000 5.6 13 0 

UPC2758T1 100 - 2000 H 17 +6 

UPC2753GR 1 DC - 400 6.9 79 -17 

UPC2768GR 1 10 - 450 7 80 -17 

UPC8106T2 100 - 2000 9 9 +1 

UPC8109T' 100 - 2000 54-4 

PLUS 

CEL IS ALSO YOUR SOURCE FOR NEC 
DISCRETE BIPOLAR TRANSISTORS 

These new devices are ideal for 
amplifier and oscillator applications 
in your portable wireless designs. 

Priced from 31c. 

NE686 Bipolar Transistors 
• High fT (15 GHz) 
• Low Noise 
• Excellent Insertion Power Gain 

NE687 Bipolar Transistors 
• Low Noise (1.3 dB @ 2 GHz) 
• High Gain Bandwidth 
• Noise match close to 50 ohms 

NE688 Bipolar Transistors 
• Low Phase Noise Distortion 
• Low Noise, High fT
• Large Absolute Max Collector Current 

All are available in six different low cost 

surface mount packages. 

1. Downconverter 

2. Upconverter 

NECs’ 

UPC8104GR 

Quadrature 

Modulator with 

up converter 

Mods & Demods — from $2.70 

UPC8104GR UPC2766GR 

CEL 

3-5 Volt operation 

Ports for IF filter 

10 MHz I/Q BW 

400 MHz IF Bandwidth 

1.9 GHz RF Output 

RF & LO — DC to 1 GHz 

IF (IQ)—DC to 100 MHz 

35 dB typ AGC dynamic range 

30 dßc typ distortion 

Seed 1‘ntducl Information Fast? 
Use CEL 's Automated Fax System! 

CEL TAX 
California Eastern Laboratories 800-390-3232 

(U.S. and Canada Only) 

CEL Headquarters 4590 Patrick Henry Drive. Santa Clara, CA 95054-1R17; (408) 988-3500 FAX (408) 988-0279 http//www.cel.com 

Santa Clara, (408) 988-7846 Los Angeles, CA (310) 645 0985 San Diego, CA (619) 450-4395 Bellevue. WA (206) 644-3307 

Richardson, TX (214) 437-5487 Olathe, KS (913) 780-1380 Woodridge, IL (708) 241-3040 Timonium, MD (410) 453-6600 

Middleton, MA (508) 762-7400 Hackensack, NJ (201) 487-1155 Snellville, GA (770) 978-4443 Altamonte Springs, FL (407) 774-7682 
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V3, V/N2, and NjVl, and they add be¬ 
cause they are all in phase. (If the solu¬ 
tion to the equations shows otherwise, 
then one of the currents simply will be 
negative, indicating that actually it 
flows in the opposite direction than was 
initially assumed.) The current through 
R3 becomes V3/R:1 + VyfNjRa) + N^l/R,. 

• The current through the secondary 
of T2 has to be equal to the current 
through Ra divided by N2, or Va/(RaN2) + 
vyrN^Rj + n1vi/(r3n2). 

• The current through R4 is equal to 
the voltage across R4, divided by R4. 
The voltages to the left and right of R4 

are N4VL and V4, respectively. They add 
because they are in phase; therefore, 
the current through R4 is N1VL/R4 + 
V4/R4. 
Now the current flowing into Node 1 

has to be equal to the currents flowing 
out of Node 1, therefore: 

/ _ , n,vl ! v„-v2 (1) 
1 R3N2 N2R3 R3N2 R2

Also, the currents flowing into Node 

2 have to be equal to the current 
flowing out of Node 2, or: 

-L = ïi + _Ke_ + ̂A7 +^ï + Y£ (2) 
N i Rj N2Rj Ri R4 R4 

It is necessary to eliminate the vari¬ 
able, VL, using the equation: 

vl=(vi-iiri-v0) (3) 

Substituting equation (3) into (1) and 
(2) and rearranging terms, the final 
nodal equations become: 

THE HUBER + SUHNER ADVANTAGE: 

Equations (4) and (5) easily are 
solved for Vo and It because V2, V3 

and V4 are known and only one is non¬ 
zero for a given analysis. From inspec¬ 
tion of Figure 2, the input impedances 
at each port are given by: 

V, +v 
ForV^O, ^.-^-2-

ForV2#0. R,„2 = -, 
yo v 2 

r2

ForV3*0, = V} 
Vj , V» , n,vl 

r3 n2r3 r3 t

For V4 * 0. 

(6 

The return loss, RL, at port x (for x = 
1, 2, 3 or 4) is given by: 

<7:

In the forward direction (V\ * 0) 

MANY VERSIONS AVAILABLE FROM STOCK! 

Handles currents up to 20 KA 

Low loss and VSWR 

34 

Operate to 12 GHz 

Many interfaces & configurations 

Protect your communication equipment 

from lightning strikes with Huber+Suhner’s 

gas capsule and quarter wave shorting stub 

EMP protectors. Grounding is achieved 

outside the structure, away from the 

sensitive electronics. Replacing the gas capsule 

is as easy as loosening the cap for maintenance. 

Huber+ Suhner’s EMP protectors are available 

in many interfaces and configurations to 

HUBER SUHNER 
One Allen Martin Drive, Essex, VT 

TIL: 802 878-0555 FAX: 802-878 0880 
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meet your requirements. 

Offices Worldwide 

110-1140 Morrison Dr., Ottawa, Canada 

TEL: 813-506-6846 FAX: 813 506 3001 
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To test advanced 
components, you need 

a high quality 
lcr meter. 

If your current testing method 
isn’t telling you enough about your 
advanced components, better get 
something you can be sure of: the 
HP 4263B LCR Meter. 

'' Save/Recall: 
Store and retrieve up 
to 10 measurement 

\ states. > 

You can be sure of the performance 
because the HP 4263B makes 
testing even complex components 
foolproof. Contact check and 0. 1% 
accuracy with open, short and load 
error compensation deliver the 
confidence. And 11 impedance 
parameters and a choice of 15 HP 
test fixtures assure versatility. 

Of course, you can be sure 
the HP 4263B will fit in your 
budget too. Because at 
prices as low as $4,300,* it 
sets a new price/performance 
standard. It’s also the first 
instrument in a complete 
family of HP LCR meters. 
Call HP DIRECT at 

1-800-452-4844, Ext. 1898. An 
engineer will help you determine 
which HP LCR meter is right for the 
operating frequency, impedance 
range, or operating test 
conditions you 
need to test. 
*U.S. list price 

Four-terminal Pair: 
Reduces errors due to 

. cable extension. 

' Frequency: 
Select one of five test 
frequencies between 
100 Hz to 100 kHz. 

“Call HP DIRECT 
at 1-800-452-48» 
Ext. 1898 to find 
out which HP 
LCR meter 
is right 
for you.” 

Only $4,300* 

Notahigh priced one. HEWLETT® 
PACKARD 

©1996 Hewlett-Packard Co. TMM1D6IÍ2/RFD 

Stop By And See Us At the Wireless Exhibition & Symposium, Booth #315. 
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from inspection of Figure 2, the loss at 
the various ports is given by: 

Forward insertion loss = -20 log Vq (8) 

Forward coupled port loss = -20 log 

V 
— + ̂ /VL n2

Rz 
«/ + «Z 

(9) 

Forward isolated port loss = -20 log 
Rz _ 

(10) 

In the reverse direction (V2 * 0), 
loss at the various ports is given by: 

the 

Reverse insertion loss = -20 log 'M 
R; 

(11) 

Reverse coupled port loss = -20 log 

Reverse isolated port loss = -20log 

N/Vl 
Rj 

V 
n2 ' ¿

R/ 
R, + «z 

(12) 

(13) 

36 

SINCE 1951 

Custom Crystals 
70 KHz 200 MHz 

N1 N2 

INSERTION 

LOSS (dB) 

COUPLED 

PORT LOSS (dB) 

INPUT RETURN 

LOSS (dB) 

OUTPUT RETURN 

LOSS (dB) 

COUPLED PORT 

RETURN LOSS (dB) 

1.0 

1.5 

2.0 

2.5 

2.5 

3.0 

3.0 

3.0 

3.5 

3.5 

3.5 

4.0 

4.0 

4.0 

5.0 

5.0 

5.0 

6.0 

6.0 

6.0 

7.0 

7.0 

1.0 

1.5 

2.0 

2.5 

3.0 

2.5 

3.0 

3.5 

3.0 

3.5 

4.0 

3.5 

4.0 

5.0 

4.0 

5.0 

6.0 

5.0 

6.0 

7.0 

6.0 

7.0 

7.96 

2.60 

1.29 

0.78 

0.65 

0.65 

0.52 

0.45 

0.44 

0.38 

0.33 

0.33 

0.28 

0.23 

0.23 

0.18 

0.15 

0.15 

0.12 

0.11 

0.11 

0.09 

1.94 

3.94 

6.15 

8.01 

8.76 

8.76 

9.57 

10.2 

10.2 

10.9 

11.5 

11.5 

12.1 

13.0 

13.0 

14.0 

14.7 

14.7 

15.6 

16.2 

16.2 

16.9 

14.0 

15.7 

19.4 

22.7 

26.1 

22.6 

25.6 

28.4 

25.6 

28.2 

30.6 

28.2 

30.4 

34.6 

30.5 

34.2 

37.5 

34.2 

37.3 

40.1 

37.3 

39.9 

14.0 

15.7 

19.4 

22.7 

22.6 

26.1 

25.6 

25.6 

28.4 

28.2 

28.2 

30.6 

30.4 

30.5 

34.6 

34.2 

34.2 

37.5 

37.3 

37.3 

40.1 

39.9 

14.0 

15.7 

19.4 

22.7 

22.6 

26.1 

25.6 

25.6 

28.4 

28.2 

28.2 

30.6 

30.4 

30.5 

34.6 

34.2 

34.2 

37.5 

37.3 

37.3 

40.1 

39.9 

Table 1. Directional coupler loss as a function of turns ratio. 

Table 1 summarizes a portion of the 
design data that is available from the 
computer program based on the pre¬ 
ceding equations. The return loss 
values in Table 1 are valid for any arbi¬ 

Quality 
TO-5 Packaged Crystals for 
Microwave, Radar, 
Telecommunications and Satellite 
Communications Applications 
10MHz- 180 MHz 
Rugged 2, 3 or 4 Point Mount 

Lifetime Warranty 

INTERNATIONAL CRYSTAL 

MANUFACTURING CO, INC 

P.O. Box 26330, 10 North Lee 
Oklahoma City. OK 73126-0330 

2 TURNS 

5 TURNS 

Figure 3. Transformer-type 3.5 dB power splitter. 

R = 75 for a 75 Í1 system. 

* 

Customer Service & Sales 

1-800725-1426 
Customer Fax 

1-800-322-9426 
Visit Our Worldwide Web Site: 

http://www.ieinig.com 
e mail: ireelandiQbs.net 
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trary characteristic impedance, Zo 

therefore, Table 1 can be used to desigr 
both 50 Í2 and 75 Í2 directional cou 
piers. A turns ratio of 1.5 is achieved bj 
two turns of wire on the primary, anc 
three turns of wire on the secondary 
Notice that the coupled port loss is ap 
proximated closely by the equation 
Coupled port loss « 20log(N), 

for N = N, = N2 and N a 2 (14 

The range of toroidal-based direc 
tional couplers can span two decades o: 
frequency and commonly covers the fre 
quency range of 5 MHz to 1 GHz. 
As the turns ratio of T1 and T2 ap 

proach N] = 1 and N2 = 1, the direc 
tional coupler does not degenerate int< 
a 3 dB splitter. If a coupled port loss o 
3.5-5 dB is desired, the splitter configu 
ration shown in Figure 3 should b< 
used. This basic splitter achieves 3.t 
dB loss on each port. A resistive pi-pac 
on the output port defined as the cou¬ 
pled port can give an additional 0-1.t 
dB or more of attenuation. The capac 
itor C typically is on the order of 1 pl 
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Conductive Coatings Providing Global EMC Solutions 

Spraylat Series 599 products offer state 
of the art conductive coatings solutions for 
plastic electronic enclosures. 

Spraylat Series 599 products are the most 
widely used and specified conductive 
coatings in the world - and growing. 

Series 599 products make possible the 
lowest cost, highest performance enclosure 
shielding solutions for business equipment. 

Spraylat shielding solutions group brings 
the following services to bear internationally: 

• Design consultation 
• Prototyping 
• Applicator network 
• Performance testing 

For more information or for a copy of our 
free video, please call 1-800-336-1936. 

SPRAYLAT CORPORATION 

716 South Columbus Ave • Mount Vernon, NY 10550-4795 
1-800-336-1936 
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and improves return loss. 
The ferrite binocular in Figure 4 can 

be used to realize both the T1 and T2 
transformers on a single twin-hole fer¬ 
rite core. Low-frequency response is 
dictated by the ferrite material charac¬ 
teristics. High-frequency response par¬ 
tially is governed by total wire length, 
because the core effects no longer are 
dominant near the high-frequency end 
[2], Interwinding capacitance, leakage 
inductance, copper losses and trans¬ 
former coupling below unity (k < 1) also 
reduce high-end performance. Small 
shunt capacitances to ground at the 
coupler ports can be used to improve 
match and directivity at the expense of 
bandwidth. At higher frequencies, lead 
length must be kept to a minimum to 
limit parasitic inductance. To achieve 
broadband performance, ground con¬ 
nection lengths must be kept short. 

Increasing the number of turns on 
the primary is limited by the number of 
wires that can fit through the core. For 
Figure 4, a turns ratio of 6:2, instead, 
or 3:1, can give superior results for a 
given frequency range. (The number of 

turns is determined by the number of 
times the wire is threaded through the 
center of the core, even though it may 
not make a complete 360° turn.) High-
frequency response increases as core 
size and wire diameter decrease. 
The response of the directional cou¬ 

pler can vary dramatically, depending 
on the interleaving of the primary and 
the secondary coils. If possible, inter¬ 
sperse the secondary windings with 
turns from the primary. Designers often 
will set the spacings of the primary and 
secondary coils to optimize certain de¬ 
sign characteristics. The insertion loss 
at high frequencies can be decreased in 
the main path at the expense of high-
frequency response on the coupled port 
by coupling loosely the primary and the 
secondary coils of T2, so that less high-
frequency energy is fed to the coupled 
port. Changing the diameter of the pri¬ 
mary wire relative to the secondary 
wire changes the coupling by tenths of a 
dB [3]. Using heavier-gauge magnet 
wire for the primaries reduces mainline 
insertion loss and improves power¬ 
handling capability. The isolated port 

Figure 4. A 10 dB directional coupler. 

should connect to a good Zo Í2 load im 
pedance, such as a small chip resistor. 
A small capacitor in the range o 

0.5-2 pF can be connected in paralie 
with this resistor to improve directivity. 
A response typical for the couplet 

port is shown in Figure 5 using a Fair 
Rite core and magnet wire. The couplet 
port frequency response is flat within a 
0.5 dB from less than 50 MHz to 90( 
MHz. 
McWhorter provides other examples 

using different materials [2]. A 10 di 

PRECISION CROs & DROs 
FOR TOUGH CUSTOMERS 

Impedance Converters 
(50 to 75 ohm or 75 to 50 ohm) 

Low frequency (.02-200 MHz) 

VHF ( 1-600 MHz) 

UHF (1-1000 MHz) 
Low loss .25 or .5 dB max 

Variety of connector options 

Other conversions such as 75 
to 93 ohms available. 

Wide Band Engineering 
Company, Inc. 

Phone/Fax (602) 254-1570 
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• Guaranteed 
Performance 

• On-Time 
• Priced Right 

Pick the frequency! 

CROs from 400MHz to 3GHz 

DROs from 3GHz to 42GHz 

DELPHI sources use MIC hybrids and surface mount devices to yield high 

performance in a small size. When internally phase locked, frequency stability of ±2.5 
PPM is achieved, with excellent phase noise and low microphonie susceptibility. 

Output power levels are available from +10 to +23 dBm or higher. Frequencies for 

CROs range from 400MHz to 3 GHz and DROs range from 3GHz to 42GHz. Phase 

locked units accommodate internal or external reference oscillators. 
Quick delivery of quality producís begins with fast crystal procurement, continuous 

process control, bar code tracking, and a strong stocking program. 
For more detailed information, call DELPHI 

at (714) 831-1771 or FAX (714) 831-0862 delphi 
JL Components, Inc. 

a Division of Aura Systems. Inc. 

DELPHI COMPONENTS, INC., 27721A La Paz Road, Laguna Niguel, CA 92677 
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MICROWAVE & RF Division 

Microwave diodes 

Ferrite devices 

Microvave modules 

Waveguide components 

TIME & FREQUENCY Division 

Quartz resonators 

Quartz oscillators 

Quartz filters 

Rubidium 

'TEKELEC I 
ITEM ex! 

L 
CERAMICS & CAPACITORS Division 

Ceramic capacitors 

Trimmer capacitors 

Filters and duplexers 

Dielectric and ferrite materials 

Tantalum capacitors 

Mica capacitors 

□ SMD XO and VCXO 

2E has developed a range of 
ID oscillators suitable for both 
immercial and military 
»plications. 

IT’S THE CRYSTAL 
THAT COUNTS I 

Ultimate 
stability : 
OCXO 1 to 130 MHz 
SC-cut crystal 
Glass holder 

:requency range : 3 kHz to 100 MHz 
stability : < 25 ppm 
Output HCMOS/TTL 
Instate option available 
Resistant to very high shock and 
ibration. 
I - leaded ceramic holder 
Types QEN 79 
Types QEV 79 

7 l.BE-11 0CX̂ -
1.5E-U l.SE-ig 

3.^ 

Renown for the quality of our products, 
TEMEX is a world leader in piezoelectricity, 
and we offer a complete range of products : 

WORLDWIDE 
w SALES OFFICES 

Belgium 
Tel :+32(O)2 715 90 20 

France 
Tel: +33 (0)149 88 49 00 

Tel: +33 (0)3 25 7645 00 

Germany 
Tel: +49(0) 89 51 64 0 

Italy 
Tel: +39 (0)2 761 10 168 

The Netherlands 
Tel : +31 (0) 79 331 01 00 

Nordic countries 
Tel : +46 (0) 8 756 70 40 

Spain 
Tel: +34 (0) 1 32041 60 

United Kingdom 
Tel : +44 (0) 1256 883 340 

AT AND SC-CUT RESONATORS, 

1 to 200 MHz Quartz and 

Lithium Tantalate ? 

(chemically and ionically milled) 

XO - VCXO -TCXO-DTCXO-OCXO 
Let us provide custom solutions for your 

resonator, oscillator and filter requirements ! 

You will be surprised by our performance 

and service level !!! 
INFQCARD 12 

High stability ovenized crystal 

oscillator 

• Fast warm-up : < 5’ for 5.W 
• Freq. /Temp: ±3.10’ 
• Phase Noise (5 MHz) : 
120 dBc/Hz- 10 Hz 
150 dBc/Hz -1kHz 
155 dBc/Hz -10 kHz 

•Ageing : 3.1O"/day 
• 100% screening 
• Low power 
• International holders 

TEMEX 
TEMEX ELECTRONICS 

3030 W. Deer Valley Road 
PHOENIX AZ85027 USA 
Phone: 602.780.1995 
Fax : 602.780.9699 



OUR STANDARD MONOLITHIC CRYSTAL FILTERS 
All 2 pole and 4 pole monolithics ship from stock on hand. 

90
.0
 M
H
z
 

70
.0

 M
H
z
 

45
.0

 M
H
z
 

21
.4
 M
H
z
 

10
.7
 M
H
z
 

NO. 
POLES 

TEMEX 
P/N 

PASSBAND STOP BAND LOSS 
dB 

RIPPLE 
dB-MAX 

ULT. REJ. 
dB-MIN. 

TERM. 
Í2/PF dB ±KHz dB ±KHz dB ±KHz 

2 

4 

TE5O0O 

TE5010 

3 

3 

3.75 

3.75 

20 

30 

18.0 

14.0 

• 2 

3 

1.0 

2.0 

50 

60 

18007/44 

1500//43 

6 TE5O20 6 3.75 60 12.5 - - 4 2.0 70 1500//+3 

8 

2 

4 

6 

8 

2 

4 

6 

8 

2 

4 

6 

8 

TE5030 

TE5040 

TE5050 

TE5060 
TE5070 

TE5080 

TE5O9O 
TE5100 

TE5110 

TE5120 
TE5130 

TE5140 

TE5150 

6 

3 

3 

6 

6 

3 

3 

6 

6 

3 

3 

6 

6 

3.75 

6.50 

6.50 

6.50 

6.50 

7.50 

7.50 

7.50 

7.50 

15.0 

15.0 

15.0 

15.0 

60 

20 

30 

60 

60 

20 

30 

60 

60 

20 

30 

60 

60 

10.0 

30.0 

15.0 

19.5 

13.0 

35.0 

17.5 

22.5 

15.0 

70.0 

35.0 

45.0 

30.0 

90 

80 

80 

80 

12.5 

17.5 

20.0 

40.0 

5 

1 

2 

3 

4 

1 

2 

3 
3 

1 

2 

2 

3 

2.0 

1.0 

2.0 

2.0 

2.0 

1.0 

2.0 

2.0 

2.0 

1.0 

2.0 

2.0 

2.0 

80 

50 

75 

90 

100 

50 

75 

90 

100 

35 

60 

90 

100 

1500//+3 

2700//0 

3100//0 

3100//0 

3100//0 

3000//0 

3300//0 

3300//0 

3300//0 

5000//-1 

5000//-1 

5000//-1 

5000//-1 

NO. 
POLES 

TEMEX 
P/N 

PASSBAND STOPBAND LOSS 
dB 

RIPPLE 
dB-MAX 

ULT. REJ. 
dB-MIN. 

TERM. 
n/PF dB ±KHz dB ±KHz dB ±KHz 

2 

4 

6 

8 

2 

4 

6 

8 

2 

4 

6 

8 

2 

4 

6 

8 

TE5180 

TE5190 

TE5200 

TE5210 

TE5220 

TE5230 

TE5240 

TE5250 

TE5260 

TE5270 

TE5280 

TE5290 

TE5300 

TE5310 

TE5320 

TE5330 

3 

3 

6 

6 

3 

3 

6 

6 

3 

3 

6 

6 

3 

3 

6 

6 

3.75 

3.75 

3.75 

3.75 

6.50 

6.50 

6.50 

6.50 

7.50 

7.50 

7.50 

7.50 

15.0 

15.0 

15.0 

15.0 

15 

30 

60 

60 

15 

30 

60 

60 

15 

30 

60 

60 

15 

30 

60 

60 

12.5 

12.5 

12.5 

10.0 

20.0 

22.5 

22.5 

17.5 

25.0 

25.0 

25.0 

20.0 

50.0 

45.0 

45.0 

33.0 

80 

80 

80 

80 

12.5 

22.5 

25.0 

45.0 

2 

3 

4 

5 

2 

3 

4 

4 

2 

3 

4 

4 

2 

3 

3 

4 

1.0 

2.0 

2.0 

2.0 

1.0 

2.0 

2.0 

2.0 

1.0 

2.0 

2.0 

2.0 

1.0 

2.0 

2.0 

2.0 

50 

70 

90 

100 

50 

70 

90 

100 

50 

70 

90 

100 

45 

60 

90 

100 

8507/46 

8507/45 

850//+5 

850//45 

13007/42 

1400//0 

14O0//0 

14O0//0 

15007/0 

1600//0 

160Û//0 

1600//0 

3000//O 

3000//-1 

3000//-1 

3000//-1 

NO. 
POLES 

TEMEX 
P/N 

MODE PASSBAND STOPBAND LOSS 
dB 

RIPPLE 
dB-MAX 

ULT. REJ. 
dB-MIN. 

TERM. 
Q/PF dB ±KHz dB ±KHz 

2 

4 

2 

4 

2 

4 

2 

4 

TE9420 

TE93 10 

TE7420 

TE7430 

TE7440 

TE7450 

TE7730 

TE7740 

3-OT 

3-OT 

3-OT 

3-OT 

3-OT 

3-OT 

FUND 

FUND 

3 

3 

3 

3 

3 

3 

3 

3 

3.75 

3.75 

7.50 

7.50 

15.0 

15.0 

15.0 

15.0 

18 

30 

18 

40 

15 

30 

15 

40 

16.0 

12.5 

28.0 

30.0 

47.0 

50.0 

50.0 

60.0 

3 

3 

2 

3 

2 

3 

2 

3 

1 

1 

1 

1 

1 

1 

1 

40 

70 

40 

70 

40 

70 

40 

70 

200O//-1.0 

2000//-1.0 

3000//-1.0 

3000//-1.O 

8000//-1.5 

8000//-1.5 

11007/41.5 

800//41.0 

NO. 
POLES 

TEMEX 
P/N 

MODE PASSBAND STOPBAN D LOSS 
dB 

RIPPLE 
dB-MAX 

TERM. 
Q/PF dB ±KHz dB ±KHz dB KHz 

2 

4 

2 

4 

TE1040O 

TE10410 

TE10420 

TE10430 

3-OT 

3-OT 

3-OT 

3-OT 

3 

3 

3 

3 

7.5 

7.5 

10 

10 

18 

36 

15 

35 

¿30 

25 

30 

40 

35 

80 

35 

80 

-910 

-910 

-910 

-910 

2 

3 

= 

1 

1 

; 

2000//-1 

2000//-1 

2500//-1 

2500//-1 

NO. 
POLES 

TEMEX 
P/N 

MODE PASSBAND STOPBAND LOSS 
dB 

RIPPLE 
dB-MAX 

TERM. 
Q/PF dB ±KHz dB ±KHz dB KHz 

2 

4 

2 

4 

4 

TE10440 

TE10450 

TE10460 

TE10470 

TE10480 

3-OT 

3-OT 

3-OT 

3-OT 

3-OT 

3 

3 

3 

3 

3 

7.5 

7.5 

10 

10 

15 

18 

35 

15 

35 

30 

30 

25 

30 

40 

50 

35 

80 

35 

80 

80 

-910 

-910 

-910 

-910 

-910 

2 

3 

2 

3 

3 

1 

1 
1 

1 
1 

20O0//-1 

2000//-1 

2500//-1 

2500//-1 

4000//-1 

VISA AND MASTERCARD ACCEPTED 

European 
contacts: 

France or 
Benelux 
(Tel) 

(33)25.76.45.00 

(Fax) 

(33)25.80.34.57 

United Kingdom 
(Tel) 

(44)1.734.258.040 

(Fax)^^ 

(44)1.734.258.050 

Germany 
(Tel) 

(49)89.51.640 

(Fax) 

(49)89.51.64.194 

Nordic 
(Tel) 

46)8.756.70.40 

(Fax) 

(46)8.756.70.44 

Italy 
(Tel) 

(39)2.761.101.68 

(Fax) 

(39)2.738.54.62 

All Others: 
(Tel) 

(33)25.76.45.00 

(Fax) 

(33)25.80.34.57 

MONOLITHIC CRYSTAL FILTER PROTOTYPING KITS ARE STILL AVAILABLE 
CONSULT TEMEX FOR ALL YOUR FREQUENCY CONTROL PRODUCTS 

IN THE UNITED STATES CONTACT: TEMEX ELECTRONICS, INC. 
3030 W. DEER VALLEY RD. PHOENIX, AZ USA 85027 

(602) 780-1 995 FAX (602) 780-2431 
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NEW FROM OUR FACILITY IN 

NEUCHATEL, SWITZERLAND. 

RUBIDIUM TEMEX 
ATOMIC CLOCKS 

FEATURING: 
LOW TEMPERATURE 

SENSITIVITY 
UFE 

LOW PHASE NOISE 

EXCELLENT SHORT 4 
LONG TERM STABILITY 

PLUG-COMPATIBLE 
WITH AN INDUSTRY 

STANDARD 

LOW POWER 

CONSUMPTION 

FAST WARM-UP 

SMALL VOLUME 

RS 232 INTERFACE FOR 
CENTER FREQUENCY 
ADJUSTMENT AND 
MONITORING OF THE 

WORKING PARAMETERS 
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RFM Creates New Products That Fire 
the Imagination of Wireless Designers. 

Virtual Wire® Transceiver Boards New Virtual Wire® Development Kit 
Virtual Wire® transceiver boards are designed for RFM s Virtual Wire Development Kit is a powerful 
“embedded” low-power wireless data communica- engineering tool for evaluating the feasibility of a 
tions. They are available on 433.92 (DK1001B2-1) low-power wireless data communications applica-
and 916.5 MHz (DK1002B2-1). Operation is from 3 tion.The Kit facilitates low-power wireless system 
Vdc. The transceivers feature receiver AGO for development. It includes two RF transceivers, 
improved on-channel interference rejection, excel- along with application development boards imple-
lent out-of-band rejection, fast transmit/receive menting a link-layer packet protocol. A demon¬ 
mode switching, and low current consumption. A stration terminal program and test antennas are 
Development Kit supports the transceivers, as also included. Each transceiver-protocol board set 
detailed in the adjacent description. Single-unit operates from two AAA batteries. The Kit is avail¬ 
pricing for the DK1001B2-1 is $100 each, and for able on two frequencies, 433.92 and 916.5 MHz. 
the DK1002B2-1 is $120 each. INFO/CARD 46 Development Kit is priced at $350. INFO/CARD 47 

New, Low-Cost Transmitter Modules New ASH Receiver Chip Set 
This miniature transmitter module has self-con- RFM now offers ASH (amplifier-sequenced hybrid) 
tained RF functions that shorten development receiver technology in chip-set form for high-vol¬ 
time. It generates on-off keyed modulation from an ume OEM applications. Each chip set includes two 
external digital encoder. The carrier frequency is surface-mount SAW devices and a 20-pin SSOP 
quartz, surface-acoustic-wave stabilized. The cir- (CUSTOM ASIC) IC. Chip sets are currently avail-
cuit board is surface mountable and has a 1.7 cm2 able on two frequencies. The CS1000 chip set 
footprint. The result is excellent performance in a operates on 433.92 MHz, and the CS1100 operates 
simple-to-use device. The 916.5 MHz, AT1000 is on 303.825 MHz. Additional frequencies will be 
designed for unlicensed remote-control, wirelessÿ^^ introduced in the near future. RFM’s proprietary 
security, and data-link transmitters in the USA and ASH receiver technology offers -100 dBm sensi-
Canada. Other modules are available in, 303.825, tivity, excellent out-of-band rejection, and low-cur-
315.0, 403.55, and 418.0 MHz. INFO/CARD 48 rent operation (1.3 mA at 3 Vdc). The price of the 

..... ......... « chip set is $10.00 per 10,000 units. INFO/CARD 49 rfm, 
RF Monolithics, Inc. Visit us at http://www.rfm.com on the worldwide web. 
‘‘RI- Solutions for ToH Free: 1.800-704-6079. lei: (972) 448-3700, Fax: (972) 387-8148 
Communications 
and Computing" 

RFM. the stylized RFM logo, and Virtual Wire are registered trademarks of RF Monokthics. Inc 



coupler was fabri¬ 
rated on a Siemens 
362 152-A0008-
<030 core. Each 
irimary consisted 
>f one turn of #33 
nagnet wire. Each 
secondary consisted 
>f three turns of 
138 magnet wire. 
Phis coupler was 
ised in a contin-
jous wave (CW) 

CH1 S21AM tog MAG 2 dB/ REF -13.5 

START .300 000 MHz STOP 1 000.000 000 MHz 

inVirOnment With 
Figure 5. Typical coupled port response, 

ixcellent perfor-
nance in the 10-1,000 MHz band. 
Two Micrometals T25-0 phenolic toroids were used to 

.•reate a 20 dB coupler for use in the 500-2,200 MHz band, 
iach primary consisted of one turn of #32 silver-coated 
feflon-insulated magnet wire. Each secondary consisted of 10 
rums of #36 Formvar-coated magnet wire. 

Conclusion 
A computer program helps in designing transformer-based 

lirectional couplers. It was provided in a DOS BASIC version 
with source), a DOS Visual Basic version and in a Windows 
Visual Basic version. The program solves the equations de¬ 

Ri =[75 ] R2 =[75 ] 

Rin = [ 72.11765 
Rout = [ 77.99755 
Rcoupled = [ 72.11765 
Risolated = [ 77.99755 

Output Voltage = 
Reverse Output Voltage = 
Coupled Voltage = 
Reverse Coupled Voltage = 
Isolated Voltage = 
Reverse Isolated Voltage = 

R3 =[75 ] R4 =[75 ] N1 =[5 ] N2 =[5 ] 

] Input Return Loss = [ 34.16703 dB] 
] Output Return Loss = [34.16704 dB] 
] Coupled Port Return Loss = [ 34.16705 dB] 
] Isolated Port Return Loss = [ 34.16704 dB] 

[ .4898041 ]Total Input Power = [ 3.332054E-03 ] 
[ .4898041 ]Total Output Power = [ 3.332054E-03 ] 
[ 9.995982E-02 ] 
[ 9.995996E-02 ] 
[ 1.998995E-03 ] 
[ 1 999256E-03 ] 

Insertion Loss = 
Reverse Insertion Loss = 
Coupled Port Loss = 
Reverse Coupled Port Loss = 
Isolated Port Loss = 
Reverse Isolated Port Loss = 

[.1789969 dB] 
[.1789974 dB] 
[13.98644 dB] 
[13.98643 dB ] 
[47.97535 dB] 
[47.97422 dB ] 

Calculate Print Information Quit 

Figure 6. Sample design output screen. 

rived for arbitrary termination impedances and arbitrary 
turns ratios. A sample output screen is given in Figure 6 for a 
directional coupler terminated in 75 Q on all ports and with a 
turns ratio of 5:1 for both T1 and T2. 
The computer program accepts turns ratios for T1 and T2 

that are greater than unity, less than unity or negative. A 
turns ratio of 0.5 would indicate two turns on the primary for 
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A DREAM COME TRUE 
GerbARX ! 

Direct AutoCAD ♦ Gerber Code Generator 

miï V IBU EDDQ ft1 aamaj 
jKtöt« \ / / JfflKBl 

NO DXF’s REQUIRED 
Complete ♦ Accurate ♦ Easiest to Use 

NOW runs inside AutoCAD! 

From the creators of GerbART Pro emerges 
the ultimate Gerber Code Generator for the 
Pentium Generation & Windows NT/95. 

You don’t know the real value of 
something until you lose it! 
Failures can be costly and bargain components are 
not cost effective in the "long run." 

Trompeter has been designing and manufacturing 
"no compromise" RF interconnect components for over 
37 years. Our reputation in the mil-aero, telecom and 

Stores all conversion instructions inside the AutoCAD 
drawing for fully Automatic conversions. 

A PROVEN REALITY 
for use inside AutoCAD 
EPD offers complete 
design automation of: 

RF*Microwave»Hybrid/MCM«BGA 

til Autodesk 
Registered Application Developer 

broadcast industries is built on our unsurpassed quality. 
The excellence, reliability and long-life connections you expect from 

Trompeter are validated with a three-year warranty* covering defects in 
material and workmanship. 
*Terms of Trumpeter's exclusive warranty 
are available from the company. 

Quality doesn 't cost.. .it pays! 

Certified J ̂TROMPETER 

Call NOW! for Free EVAL KITS 
1-800-464-7630 

http://www.uscad.com 
US CAD Software. 2300 Michelson Dr.. Suite 100. Irvine, CA 92612 

PH: 800-464-7630 FX: 714-752-1380 email: les@uscad.com 

31186 LaBaya Drive, Westlake Village, CA, U.S.A. 91362 • (800) 982-COAX • (818) 707-2020 
Fax (818) 706-1040 • E-mail: trompeter@worldnet.att.net • http://www.trompeter.electronics.industry.net 
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GET IT FAST! 

Quick Circuit 
Circuit Board Prototyping System 
Reduce Time to Market for New Products 
Slash Development Costs 
Two Models to Choose From 
One Year Warranty 
Free Lifetime Phone Support 

See us in 
Booth #810 - Wireless Show 

and 
Booth #2116 

Nepcon West Show 

Variable Speed Spindle is Standard and Software Controlled 

Call 
us or check out our 
Website formore 

information! 

T-Tech, Inc. 
5591 -B New Peachtree Road 
Atlanta, Georgia 30341 USA 

voice: 770.455.0676 
fax: 770455.0970 

Web: http://www.t-tech.com E-mail: sales@t-tech.com 
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COMPETITIVELY PRICED 

IN-STOCK INVENTORY & 
FREQUENCY RANGE 

0 
O 

M-TROH DESIGN HOTLINE 
1-800-762-8800 

Mtron 
INDUSTRIES. INC. 

PO Box 630, Yankton. SO 57078-0630 

1-800-762-8800 FAX 605-665-1709 

www.mtron.com 

Over 30 years of looking to the future with frequency control products 
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every turn of the secondary. A negative turns ratio would in¬ 
dicate that the user desires to reverse the polarity of the sec¬ 
ondary of the transformer relative to the definition given in 
Figure 2. As can be seen from Figure 6, the return loss of a 
directional coupler theoretically never provides a perfect 
match. The total input power into the directional coupler is 
computed and compared to the sum of the power flowing out 
of the remaining three ports as a check on the accuracy of 
the computations. 

This program is available from the author on a 3.5" PC com¬ 
patible floppy for $15 to cover shipping and handling. 
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Other suppliers may promise you 
quality and reliable service.... 

Nears« delivers 

CT^^roducts include: 

RF/Microwave 
connectors 

- SMA, SMB. SMC, 
B\C, TNC, MCX, Mini 
CUE, N, rotating-

k nipple, RCA, CHE, 
Twin BMC, Twinax, E, 
components for 
antennas 
Cable Assemblies 

NEARSON, INC. 

7806 Preakness Lane. Fairfax Station. VA 22039 
Tel: 703-690-7850 • Fax: 703-690-8308 
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' Now you can leave the stacks of expensive, complex equipment back 

th at the lab and get the job done at a fraction of the time and cost. 

v^ciMpm^ricr ikriiti Cmnn Anritsu Wiltron's Site Master has all the capability you need to com-

nission an antenna system right at your fingertips, including: "Precision VSWR and 

Return Loss measurements "Accurate fault location "Immunity to live site interference 

•Frequency range that covers all PCS/PCN and cellular bands. 

Site Master incorporates advanced measurement and analysis performance that 

ather tools can't touch. Its exceptional noise immunity means accurate measurements at 

ive sites. Once you've made the measurements, powerful software helps you quickly 

track down faults, monitor RF performance over time, and view data 

n Smith chart format. 

If you want to commission your sites for a fraction of the cost, size and weight of 

More complex systems, call us today for more information or a hands-on demonstra¬ 

tion of the most easy-to-use, portable cable and antenna tester available. 

lad States: (800) 230-2972, Canada: (613) 828-4090, Europe: 44 (1S82) 41SSS3. Japan: (03) 3446-1111, Asia-Pacific: 81 (3) 3440-2770, South America: 5S-21-286-91 41 . Singapore: 6S-226S206 

www.anritsuwiltron.com 
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A Smith chart custom-control 
software program for Visual Basic 
By Viswanathan Iyer 

The Smith chart probably is the 
graphical tool most commonly used by 
RF circuit designers. Its ability to con¬ 
dense a lot of information onto one 
chart and to interpret it graphically has 
made RF engineering tasks less tedious 
and less time-consuming. Various 
Smith chart computer programs are 
available; nevertheless, there is often a 
need for original software to perform 
some special task that may be otherwise 
unavailable with commercial software. 
These tasks could range from collecting 
and displaying data from a network an¬ 
alyzer to design automation and testing. 
The task becomes a lot easier if core 
software is available that easily can be 
reused and customized. The following 
information describes a Smith chart 
custom-control software program and 
demonstrates the ease of its use. 

Visual Basic (VB) is probably one of 
the easiest programming tools de¬ 

veloped for the PC. A custom control is 
a special form of dynamic link library 
(DLL) consisting of functions that can 
be called from VB. Custom controls are 
time-savers, allowing developers to pro¬ 
duce specialized Windows applications 
by setting the desired properties either 
directly or during run time with VB 
statements. Controls have properties 
that define aspects of their appearance, 
such as size, shape, color and position. 

They can respond to events initiated by 
the user or triggered by the system. 
Additionally, it is possible to have mul¬ 
tiple copies of a control in the same pro¬ 
gram. 
By convention, custom control files 

have a .VBX extension. They are in¬ 
stalled in the windows \system sub¬ 
directory and are loaded in VB by 
choosing “Add File” command from the 
“File” menu. After the file loads, the 
property box can be opened by choosing 
properties from the window menu (or 
by using the F4 key). 

Smith chart custom control 
The Smith chart custom-control pro¬ 

gram draws a Smith chart, plots reflec¬ 
tion coefficient data and retains as 

many as 1,010 points in memory [1], 
(See Figure 1.) Additionally, it can 
draw the voltage standing wave ratio 
(VSWR), quality factor (Q) and other 
noise and gain circles. 

Properties and events 
The Smith chart control program has 

41 properties and 10 events. At design 
time, the properties can be found in the 
property box, and events can be ac¬ 
cessed by double-clicking on the con¬ 
trol. Figure 2 shows the Smith chart 
property box and events list. Custom 
properties and events (properties and 
events that apply only to this control) 
are marked with an asterisk (*). For in¬ 
formation on standard properties or 
events, refer to VB books [2]. 

Figure 1. A typical Smith chart control display. Figure 2. Smith chart control property box and events. 
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o Pout=30dBm 

HWL23NPB HWL26NPB HWL36NPC 

3.4V 3.4V 

-o Pout=27dBm 

HWL23NPB HWL26NPB HWL32NPA 

See us at Wireless Show, Booth#1026 

February 10-14, 1997, Santa Clara. 

Symbol Parameters & 
Condition 

Unit Typical Data at f=1900MHz 

HWL23NPB HWL26NPB HWL27NPB HWL3ONPA HWL32NPA HWL36NPC 

loss Satuated current 
Vds=5V, Vqs=0V 

mA 110 220 400 600 1100 2000 

PldB 
Power Output at 1 dB 
compression point 
Vds=3V, Ids=1/2 loss 
Vos=5V, los=1/2 Idss dB 

17.5 
21 .0 

21.5 
24.5 

24.5 
28 5 

28.5 29.0 
32.5 

GldB 

Gain at 1dB 
compression point 
Vds=3V, Ids=1/2 loss 
Vds=5V, Ids=1/2 loss dB 

13.0 
14.0 

10.0 
11.0 

8.0 
11.0 

8.5 10.0 
11.0 

All of above measuremei made using CW RF source. 

^HEXAWAVi 
Hexa wave, Inc. 

2 Prosperity Road II, First Floor 

Science-Based Industrial Park 

Hsinchu,Taiwan,R.O.C. 

Tel :886-3-57851 00 

Fax :886-3-5-77051 2 

E-mail :kchsu @ hw.com. tw 

WWW:http//hw.com.tw/~newone 

U.S.Customer Service: 

2069 Winchester Blvd. 

Camped,CA95008 

U.S.A. 

Tel :1 -408-378-3353 

Fax :1 -408-378-4630 

Toll Free:1 -888-439-2928 
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Description and usage of custom properties and 
events 

• Show Admittance Property 
Purpose : Draws admittance circle on the Smith Chart 
Syntax : [form.]smith.ShowAdmittance[= (True I False)] 
Data type : Integer (Boolean) 
Comments : The following table lists the Show Admittance 

property settings. 
Setting Description 
True Draws admittance circle on the chart 
False (Default) Admittance circles are not drawn 

• VSWRCircle/QCircle Properties 
Purpose : Draws VSWR/Q circles on the Smith Chart 
Syntax : [form, ¡smith. VSWRIor Q)Circle[= data ! ] 
Data type : Single 
Comments : The following table lists the VSWR/Q property 

settings. 
Setting Description 
>0 Draws VSWR/Q circles corresponding to entered value 
0(Default) VSWR/Q circles are not drawn 

• DataM/DataQ Properties 
Purpose : Plots and retains reflection coefficients magni¬ 

tude and angle data on the Smith Chart. 
Syntax : [form.]smith.DataM(or DataQ|[= data ! ] 
Data type : Single 
Comments : New data are plotted on the Smith chart after 

DataQ is entered. DataM and DataQ can be used 
to plot a series of as many as 1,010 data points 

Setting 
DataM 
DataQ 

by setting NumOfPoints and Sweep properties. 
The data entered are retained by the memory 
until the Reset property is set to True. The Color 
of the trace can be set by using ForeColor property. 
Range Description 
= (0 -1) Sets reflection coefficient magnitud« 
= (0 - 360) Sets angle in reflection coefficients 

• ThisPoint Property 
Purpose : Sets the current data point so that it can be iden¬ 

tified. 
Syntax : [form.]smith.ThisPoint[= point%] 
Data type : Integer 
Comments : The property setting for this point is from 0 to 

the number set by NumPoints property. 

• NumPoints Property 
Purpose : Specifies the number of data points. 
Syntax : [form.]smith.NumPoints[= point%] 
Data type : Integer 
Comments : The minimum value of NumPoints is 2, and the 

maximum value is 1,010. The default value is 5. 

• Sweep Property 
Purpose : Draws trace on the Smith Chart corresponding 

to DataM/DataQ values. 
Syntax : [form.]smith.Sweep[= (True I False)] 
Data type : Integer (Boolean) 
Comments : Sweep property allows DataM/DataQ values to 

be drawn as a trace by automatically incrementing 

Trans<^'sS'on

¡-g~ 

MAGNETIC SHIELDS 
Putting It All Together 

Transmission line 
Transformers 

plus $5.00 
shipping 

VISA, MC, AX 

TO most 

configurations, ^m w  work an 

I measurements on d and baluns. 

I _ 

k 

At Gerome Manufacturing, 
you can get a wide range of > 
magnetic shields to reduce Electro 
Magnetic Interference or Electro 
Magnetic Radiation - And, you 
can get a complete assembly! We 
will fabricate and assemble the 
metal structure of your instruments. 

electronic transmission, 
and parts are made on the most 

accurate and advanced equipment 
available. 
Order just the part or get the 

entire package! Either way you’ll 
save time and money when you 
call Gerome! Call us today at 

N®BLE Publishing 
2245 Dillard Street 
Tucker, GA 30084 

Tel: (770) 908-2320 Fax: (770) 939-0157 
www.noblepub.com 

We receive 12) 438-8544 or 
orders by mail, eróme e-mail us at: gerome 
disc, tape and Manufacturing Company @srvr.third-wave.com 

Uniontown, PA 15401 (412)438-8544 
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HOW MANY TOKO LL’S CAN YOU PLACE 

ON THE HEAD OF A PIN? 

HTOKO & PEMSTOEK 
h F/M tc nowtv f o 19 r ft / a u r / o n 

4N «vxr COtfMMY 

Your RF Design Team 

And how much board space can you gain? 

Such a micro size may seem impossible, but not 
to Toko engineers. The LL1OO5 (inductance range 
1.0 to 27.0 nH) is merely the latest addition to 
Toko’s micro-miniature line of ceramic multilayer 
chip inductors available from Penstock. With an 
0402 footprint and an 0.05 profile, the LL 1005 is 
the world's smallest-by far. 

Toko’s cutting edge design and leadership in 
ceramic multilayer technology helps in other ways, 
too. Toko chip inductors offer higher current hand¬ 
ling capabilities (up to 1 amp) and tolerance as low 
as 3% on some values. Plus: 

• Available 0402, 0603 and 0805 packages 
assure wide flexibility 

• E-12 series inductance from 1.0 to 470 nH 
makes design modification easy 

• Reflow solderable 

• Tape and reel packaging to ease manufacturing 

• Pricing that’s always competitive 

• Quick delivery 

As the world’s largest RF/microwave distributor, 
Penstock is the design engineer’s link to Toko’s ad¬ 
vanced technology. We inventory more than 5 million 

Toko parts -in stock- and serve the engineering 
community from over 25 sales offices throughout 
North America and Europe. With Toko and Penstock, 
you always know, there’s nothing more advanced-or 
more readily available- anywhere in the world. 

Toko LL Prototyping * moos f 
Kits Available Í1 C' lli608-f, lli608-fh 

LL2012-F 

can 1 -8OO-PENSTOCK 
In Northern California call: 1 -408-745-8190 
In Canada call: 1-800-PENST0CK 
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ThisPoint from its current value to NumPoints. 
Setting Description 
True Off 
False (Default) On (Default) 

• DrawMZDrawQ Properties 
Similar to DataM and DataQ in sweep mode except the data 
are not retained by the memory, and there is no restriction on 
number of data points. 

• ResetAll Property 
Purpose : Resets all properties to its default values. 
Syntax : [form.]smith.ResetAll|= (True I False)] 
Data type : Integer (Boolean) 
Comments : The following table lists the ResetAll property 

settings. 
Setting Description 
True Resets all properties and sets the value back to False 
False Default 

• Redraw Property 
Purpose : Repaints the Smith Chart. 
Syntax : [form.]smith.Redraw[= (True I False)] 
Data type : Integer (Boolean) 
Comments : The following table lists the Redraw property 

settings. 
Setting Description 
True Repaints Smith Chart and sets the value back to False. 
False Default 

• DataReset Property 
Purpose : Resets DataM/DataQ, ThisPoint, DrawM/DataQ 

and all Circles to 0. 
Syntax : [form.]smith.DataReset[= (True I False)] 
Data type : Integer (Boolean) 
Comments : The following table lists the DataReset property 

settings. 
Setting Description 
True Resets data and sets the value back to false. 
False Default 

• MarkerMZMarkerQ Properties 
Purpose : Places a marker corresponding to the MarkerM 

and MarkerQ input in terms of reflection coeffi¬ 
cients. 

Syntax 
Data type 

: [form.]smith.MarkerM(or MarkerQ)[= data ! ] 
: Single 

Comments : Marker can be turned on and off by using 
ShowMarker property. Marker property is useful 
to set up targets for impedance matching. 

Setting 
MarkerM 

MarkerQ 

50 

= (0-1) 

= (0 - 360) 

Description 
Sets marker magnitude in reflec¬ 
tion coefficients 
Sets angle in reflection coefficients 

• ShowMarker Property 
Purpose : Turn marker on or off. 
Syntax : [form.]smith.ShowMarker[= (True I False)] 
Data Type : Integer (Boolean) 
Comments : The following table lists the ShowMarker prop¬ 

erty settings. 

CERAMIC RF 
CAPACITORS 

C-D/SANGAMO 
MICA RF CAPACITORS 

VACUUM CAPACITORS 
VACUUM RELAYS 

SURCOM ASSOCIATES, INC. 

2215 Faraday Avenue, Suite A 
Carlsbad, California 92008 
TEL (619) 438 4420 
FAX (619)4384759 
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XB 
TECHNOLOGIES LTD 

OVER THIRTY YEARS 

EXPERIENCE IN 

THE MANUFACTURE OF 

MONOLITHIC CRYSTAL FILTERS 

_ PACKAGE FILTERS_ 

_ CRYSTALS_ 

RECRYSTALIZE GE ICOMS 

• PERFORMANCE • QUICK DELIVERY • PRECISION • RELIABILITY • 

• COMPETITIVE PRICING • SERVICE • 

• MADE IN THE USA • CUSTOM & STOCKING ORDERS • 

http://www.xtaltech.com 
Email: xtal@xtaltech.com 

28 MILLRACE DR • LYNCHBURG, VA 24502 • TEL 804-385-8300 • FAX 804-385-8100 

INFO/CARD 59 

February 199 



I4RIL 
We Have A Part In Your Future 

43 Years of High Reliability Products 

When Communications Count -
You Can Count on VARI-L 

VARI-L is a precision manufacturer of RF components for a wide range of Aerospace, Military. Industrial and Commercial applications. 
Products offered include: 
• Voltage Controlled Oscillators • Double Balanced Mixers • Power Dividers/Combiners • Phase Shifters 
• PLL Synthesizer Modules • Wideband Transformers • Phase Detectors • Special Integrated Assemblies 
Contact the Vari-L Sales Department for your special microwave and RF component assembly needs. PROUDLY MADE 

IN THE USA 

VARI-L Company, Inc. • 11101 East 51st Avenue • Denver, Colorado 80239 • Phone: 303/371-1560 • FAX: 303/371-0845 
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THE WORLD'S LARGEST SELECTION 

2kHz to 10GHz. Mini-Circuits will also supply your special needs such as wider 

bandwidths, higher isolation, lower insertion loss, and phase matched ports... all at catalog 

prices with rapid turnaround time. Models include surface mount, plug-in, flat-pack and 

standard connectorized designs such as SMA, N, TNC, C, and F connectors as well as 

custom designs. Ultra-miniature surface mount units provide excellent solutions in 

cellular communications, cable systems and countless wireless applications. All units 

come with a 1year guarantee and “skinny” 4.5 sigma repeatability unit-to-unit and 

production run to production run. Catalog models are guaranteed to ship within one week. 

Mini-Circuits... we’re redefining what VALUE is all about! 



Mini-Circuits RF/IF Surface Mount Designer's Guide features 
48 pages of the most up-to-date and complete product and 

specification information about Mini-Circuits surface mount 
components.The RF/IF Microwave Handbook is packed with 

740 pages of articles, selection guides and detailed 
specifications for Mini-Circuits components. 

Call, write or fax for your free Surface Mount Designer’s 
Guide and Handbook today! 

CT Mini-Circuits 
P.O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com CIRCLE reader service CARD 

For detailed specs on all Mini-Circuits products refer to • 740- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. F 194 Rev Orig 



Setting 
True 

False (Default) 

Description 
Displays marker corresponding to 
MarkerM/MarkerQ data 
Hides maker 

• CircleM/CircleQ/CircleR Properties 
Purpose : Draws Circles with specified center and radius. 

Center point corresponds to reflection coefficient 
CircleM and CircleQ (magnitude and angle) and 
the radius equals to the CircleR data. 

Syntax : [form.]smith.CircleM(or CircleQ or CircleR|[= 
data ! ] 

Data type : Single 
Comments : A maximum of 10 circles can be drawn by setting 

the Circlelndex property between 1 and 10. This 
property is useful for drawing constant gain or 
noise circles. CircleR property updates the new 
circle, hence it has to be entered last. 

Setting Range 
CircleM =(0 - 1) 

CircleQ = (0 - 360) 

CircleR = (0 -1) 

Description 
Reflection coefficient magnitude of 
center point 
Reflection coefficient angle of 
center point 
Radius 

• Circlelndex Property 
Purpose : Sets circle numbers or hides the circles. 
Syntax : [form.]smith.Circlelndex [= data % ] 
Data type : Integer 
Comments : This property tracks the index of the circles and 

has to be increased manually before a new circle 
is drawn. Circle can be hidden by setting to 0 and 
issuing a redraw command. 

Setting Range Description 
Circleindex = (1 -10) Sets the current circle number for 

a particular data point 
Circlelndex = 0 Hides the circle(s) after the next 

windows repaint or redraw 

• CircleColor Property 
Purpose : Sets circle color. 
Syntax : [form.lsmith.CircleColor [= color&] 
Data type : long 
Comments : This property sets the circle color corresponding 

to its index. 
Setting Description 
CircleColor = &H00000000& (Default) Black 
CirclelColor = (Color) Color specified using the color 

palette or RGB scheme 

• Z0 Property 
Purpose : Displays the characteristic impedance in ohms 

on the bottom right side of the chart. 
Syntax : lform.Jsmith.Z0 [= value!] 
Data type : Single 
Comments : This property is used to display current charac¬ 

teristic impedance of the chart. It also is used as 
a data storage for the host program, which may 
use this information to calculate impedance. 

Setting Description 

microbe Cut Your RF “Losses” with 
Hitachi Metals’ Components 

I 

MICROBE 
fiflO-EFFEC7 
Ír^stors 

plus $5.00 
shipping 

VISA, MC. AX 

„ymondS Pcos*"' 

design data, thvs bo^ designers or 
circuit d^'^Xse work involves 
any engineer wbose Wy covers 
Gate and operation, plus 
device labricatioi mixers , 
circuits tor amgj ■ d oW key 
oscillators swjcne and 470 
g^pSd^-aPon! 

Hitachi Metals’ RF and microwave components 
can increase your product performance and com¬ 
petitiveness in this tough international market. 

Want better impedance matching perfor¬ 
mance? Hitachi components are optimized to 
provide better matching. Specify Hitachi. 

Want to save circuit board area and package 
volume? Designed with our superior 
“Multi-Layered” technology, Hitachi 
components require minimal volume and 
circuit board area. Specify Hitachi. 

Specify Hitachi, a major international 
supplier of electronic components. 
Hitachi, setting the highest quality 
and reliability standards in the world. 
RF TRANSFORMERS 

CIRCULATORS. ISOLATORS 

COMBINERS AND SPLITTERS 

COUPLERS 

N®BLE Publishing 
2245 Dillard Street 
Tucker, GA 30084 

Tel: (770) 908-2320 Fax: (770) 939-0157 
www.noblepub.com 

DOUBLE AND SINGLE 
BALANCED MIXERS 

LOW PASS FILTERS 

ANTENNA SWITCHES 

Hitachi Metals America, Ltd. 
2101 S. Arlington Hts. Rd.. Suite 116 
Arlington Heights, IL 60005 
Tel: (847) 364-7200 Fax: (847) 364-7279 

INFO/CARD 61 

54 INFO/CARD 60 February 1997 



Street 
Smarts 

From Wall Street to 
Rodeo Drive, two-way paging is 
finally a reality. And when it comes 
to the RFIC power amplifiers you 
need to get the job done, the word 
on the street is ITT. 

MSAG®-Lite technology and a 
16-pin narrow body SOIC plastic 

package, you can pack more 
features in less space. 

Our power amplifiers know 
how to survive on the street. In 

Our new 3.3 volt power 
amplifier is proof. It's designed 
especially for the 890 to 942 MHz 
ISM and paging frequency bands. 
Put it into your two-way pagers 
and it'll deliver 1.2 watts of RF 
power into an easily matched 50 
ohm load. 

There's more. It works smart. 

fact, ITT guarantees both stability 
and ruggedness. And the low cost 
will surprise even the toughest 
Wall Street banker. 

So if you need a power 
amplifier with real street smarts, 
you're looking at it. To take a closer 
look, call us at 540-563-3949 or 
fax us at 540-563-8616. 

It operates on a single battery. 
And it's small. Thanks to ITT's 

ITT GTC 
7670 ENON DRIVE 
ROANOKE, VA 24019 

ITT GTC 
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>0 Displays the value on the bottom right of the chart 
50( Default) Default value is 50 ß 

• Clickin Event 
Purpose : To detect and retrieve coordinates of the point 

when the user double-clicks the left mouse 
button on the Smith chart. 

Syntax : Sub Smith l_Click!n (M As Single, Q As Single) 
// program code here 
End Sub 

Data type : M As Single, Q As Single 
Comments : When this event is triggered, a procedure is auto¬ 

matically invoked with arguments containing 
reflection coefficients (magnitude and angle) of 
the clicked point. This event is useful for dis¬ 
playing one or more interpretations of the same 
point on the Smith chart. 

• ClickOut Event 
Purpose : To detect when the user double-clicks the left 

mouse button outside the Smith chart’s outer¬ 
most circle, but inside the control (outside the 
Smith chart region). 

Syntax : Sub Smithl_ClickOut () 
// program code here 
End Sub 

Data type : None 
Comments : This event may be used to notify the user when a 

region outside the Smith chart is double-clicked. 

• MouseMove Event 
Purpose : To detect and retrieve the current coordinates of 

the mouse pointer when the user moves the 
mouse over the control. 

Syntax : Sub Smith l_MouseMove (M As Single, Q As Single) 
// program code here 
End Sub 

Data type : None 
Comments : When this event is triggered, a procedure auto¬ 

matically is invoked with arguments containing 
reflection coefficients (magnitude and angle) of 
the mouse pointer. If the mouse pointer is out¬ 
side the Smith chart region, then the arguments 
M and Q are set to 2 and 0, respectively. This 
event is useful for displaying Smith chart inter¬ 
pretations of the current mouse pointer location. 

Examples on Smith Chart properties and events 
The following section lists Smith Chart examples. To try 

these examples, start VB(3.0), load the Smith Chart control 
program and place it on the form. Open the Form_Load Sub¬ 
procedure by double clicking on the form, enter the code and 
run it by using the “Run” command in the Menu. The fol¬ 
lowing examples are performed during run time. Alternately, 
you can perform the same operation by using the property 
box during design time. 

• Example 1—The following code draws Admittance circles 
on the Smith chart. 

Sub Form_Load () 

56 

ULTRA STABLE OCXO 
RIVALS ATOMIC STANDARDS 

• High stability (15 ppm) 
•High linearity (10%) 
• Wide operating range 
(-10to+80°C) 
•ECL& positive ECL outputs 
• High accuracy 
•Low jitter (50 psec) 
• Low price ($80) 
•622 MHz clocks also 

RALTR>il 
ELECTRONICS CORP. 

2315 NW 107 AVENUE 

MIAMI. FLORIDA 33172 U.S.A. 

(305) 593-6033 

FAX (305) 594-3973 

E-mail: sales@raltron.com 

ONLY RALTRON HAS IT ALL 
Crystals / Crystal Oscillators 

Crystal Filters / Ceramic Resonators 

http://www.raltron.com 
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260 Series Miniature OCXO (5 MHz) 

Frequency Range: 40KHz to 30MHz 
Thermal Stability (-30 to 70*C): 2.00E-010 
Aging/day: 5.00E-01 1 
Phase Noise: (10MHz): 1Hz = -110dBc 

100Hz =-150dBc 
lOKHz = -160dBc 

Electrical Tuning: 5.00E-007 to 1.0E-006 

Package Size : 50.8x50.8x38.6mm (2.0x2.0x1.52”) 

ZJAHT'PT MILLIREN 1 1 TECHNOLOGIES, INC. 
Two New Pasture Road Newburyport. MA 01950 

Ph (508) 465-6064 Fax (508) 465-6637 
INTERNET: http://www.mti-milliren.com 
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“Free-space” immunity and 
emissions testing In your lab. 

Under your control. 
The excellent field uniformity characteristics 

of open-air testing can he yours, indoors, when you 
test for immunity and emissions with the 

consider letting the ARcell System reduce your redesign 
and time-to-market costs. It’s a lot quicker than a test 
house for precompliance. And a lot easier to control. 

ARcell System.* 
This turnkey EMC test system offers you 

field uniformity that rivals free space, and 
the convenience of testing when you need 
it, where you need it. 

At the heart of the system is a micro -
anechoic test cell. Four sizes accommodate 
test objects from 0.3 to 1.5 meters. Add 
controls and amplification and you have 
precompliance immunity testing in your 
lab to 1EC- 1000-4-3 and 4-6 specifications. 

Let one of our engineers recommend an ARcell sys¬ 
tem that’s right for your application. Call 1-800-933-8181, 

e-mail info@ar-amps.com, or visit our website at 
www.ar-amps.com. 

If your test object is larger than a football, and 
you’re testing from the design level up, you should nmpiiFiBR 

research 
•Built by MA Instruments to AR specifications 

160 School House Road, Souderton, PA 18964-9990 USA • TEL 215-723-8181 • FAX 215-723-5688 x
www.ar-amps.com s 
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Figure 3. Output of Example 4. 

smi th 1. Show Admittance = True 
End Sub 

•Example 3—The following code plots 
a data point by moving the blue dot from 
the center to that point. 

Sub Form_Load () 
smithl.DataM = 0.5 'Magnitude of 

'reflection coefficient = .5 
smithl.DataQ = 48 'Angle of reflection 

' coefficient = 48° 
End Sub 

•Example 4-—The following code draws 
a trace of200 data points on Smith chart. 
(See Figure 3.) 
Sub Form_Load () 
smithl.ForeColor = QBColorfl) ' Set 

' trace color to Blue 
smithl.NumPoints = 201 ' Maximum 

' number of points set to 201 
smithl.ThisPoint = 1 ' Current data 

' counter set to 1 
smithl.Sweep = True ' sweep mode on 
For i% = 1 To 200 Step 1 
smithl.DataM = i% / 200 

•Example 2—The following code draws constant VSWR 
and Q circles. 

Sub Form_Load () 
smithl.VSWRCircle = 1.5 ' Circle of Constant VSWR = 1.5 
smithl.QCircle = 5 ' Circle of Constant Q = 5 
End Sub 

smithl.DataQ = i% * 10 
Next i% 
End Sub 

•Example 5—The following code sets a marker on the 
Smith chart. 
Sub Form_Load () 
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WIDE / NARROW BAND VCO’s 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

Are you looking for a VCO or Synthesizer 
that w ill make your production line take 
off like a Hocket! 

CALL US! 
WE RE THE VCO/SYNTHESIZER SPECIALISTS! 

PRODUCT FEATURES FOR OUR VCO’S: 
»• 200 MHz to 4.2GHz Frequency Range 
>• Low Cost 
y- +14dBm output power 

Superior Phase Noise 
»■ Linear Tuning 

Small SMT Package 

MINIATURE CELLULAR DIPLEXERS 

<1 .5 dB I. Loss 
16 dB R. Loss 

Small 
3" X 1 " x 6" 

Silver Plated 

SYNTHESIZER PRODUCT FEATURES: 
ï- Low Cost 

>■ Low Phase Noise 
>• Fast Switching Speed 
»■ Narrow Band or Octave Coverage 
>• Small SMT Package 
ï- Tuning Increments as low as 25KHz 

$199.00 1 9 Qty 
Stock Del. 1-2 weeks 

INTEGRATED COMPONENT SYSTEMS 
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Smithl.ShowMarker = True ' Turn marker on 
Smith l.MarkerM = .5 'Magnitude of reflection coefficient = 0.5 
Smithl.MarkerQ = 55 'Angle of reflection coefficient = 55° 
End Sub 

•Example 6—The following code draws constant circles on 
the Smith chart. (See Figure 4.) 

Sub Form_Load () 
'Draw first circle 
smithl.Circlelndex = 1 ' first circle 
smithl.CircleColor = QBColorfO) ' Set color to Black 
smith l.CircleM = .4 ' Magnitude = 0.4 
smithl.CircleQ = 255 ' Angle = 255° 
smithl.CircleR = .3 ' Radius = 0.3 

"Smith.vbx” 
End Sub 

Conclusion 
With the advancement of state-of-the-art programming, 

software is treated as components, allowing a novice pro¬ 
grammer to build applications quickly. With a Smith chart 
custom-control software program, you can write your own 
custom Visual Basic applications by setting its properties 
and events. Rf 
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'Draw second circle 
smithl.Circlelndex = 2 ' second circle 
smithl.CircleColor = QBColoril) 'Set color to Blue 
smith l.CircleM = .3 ’ Magnitude = 0.3 
smithl.CircleQ = 55 ' Angle = 55° 
smithl.CircleR = .4 ' Radius = 0.4 
End Sub 
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2. Microsoft Visual Basic Version 3.0, Professional 

Features Book 1, Microsoft. 

•Example 7—The following example uses Clickin event to 
display reflection coefficients. Enter this code in 
Smithl_ClickIn sub-procedure, which can be opened by 
double-clicking on Smith chart control during the design time. 

Sub Smithl_ClickIn (M As Single, Q As Single) 
MsgBox ("Gamma [Mag]: " & Format(M, "#0.000") & 

Chr$(13) & "Gamma [Angl: " & Format(Q, "###.00")), , 
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REcover story_ 

Digital signal processors 
in RF systems 
By Cesar Benavente and Fernando Cruz 

In the past few years, the use of dig¬ 
ital signal processors (DSPs) in the 
telecommunications industry has in¬ 
creased. The constant advances of DSPs 
have improved performance, increased 
speed and diminished cost for a number 
of devices. Processes that previously 
used only analog technology now use 
microprocessors or microcontrollers. On 
the other hand, digital applications 
may be expensive and may not always 
be competitive with analog technology. 
The following information evaluates the 
usefulness of digital technology vs. 
analog technology and compares perfor¬ 
mance, quality and cost. 

DSPs are optimized microprocessors 
and microcomputers for applica¬ 

tions that require high-speed data pro¬ 
cessing, numerical handling or mathe¬ 
matical operations in which involved 
operations require intensive multiplica¬ 
tion and accumulation. As such, DSPs 
offer numerous advantages over analog 
circuits, general-purpose microproces¬ 

sors and bit-slice devices. Although mi¬ 
croprocessors are well-known in elec¬ 
tronics because they are the “heart” of 
any computer, the literature and theory 
about DSPs has been scarce. But now 
the development of DSPs is on the in¬ 
crease. 
Many products have evolved their 

designs by integrating general-purpose 
DSPs. DSP technology and custom de¬ 
signs will improve the functionality and 
characteristics of a system and will 
minimize the form factor, power dissi¬ 
pation, board volume and system price. 
DSPs are becoming more specific. 

Examples are those designed to code 
and decode video signals using JPEG, 
MPEG and H.261 algorithms. Such 
outlines of coding and decoding can be 
implemented by general-purpose DSPs, 
but the problem encountered is the 
sub-use of the device possibilities. 
Sometimes it is more profitable to de¬ 
sign specific elements that are well-
adapted to concrete applications and 
that may be thought to offer the best 

performance possible. 
Figure 1 shows the general block dia 

gram of the Texas Instrument 
TMS320xx DSP family and its hard 
ware configuration. 

Analog vs. DSP 
The trend from analog toward digita 

communications standards has beei 
the result of numerous activities. On 
significant reason is that analog sys 
terns have been victims of themselves 
and in certain areas are oversaturatei 
[1]. Although a digital signal initial! 
requires a larger bandwidth than ai 
analog one for the same quality, digiti 
zation offers to designers several ad 
vantages, including incremenal effi 
ciency improvements due to com 
pression and discontinuous transmis 
sion. 

In the global system for mobile com 
munications (GSM, formerly Group 
Speciale Mobile) digital system, th 
processor has to carry out coding am 
decoding, compression and expansior 
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rror correction and 20 millisecond dis-
antinued transmission. These require-
lents help to explain why mobile dig-
al radio has come into use only in the 
ast few years. (See Figure 2). 
An indispensable requirement for a 
rSM system is the availability of fast 
•SPs. One estimation is that each 
bannel-coding function requires more 
lan 10 million instructions per second 
MIPS) of processing capacity. The DSP 
Iso could be used for tone generation 
nd echo cancellation. 
To analyze whether an architecture 

lat is not based on a DSP is suitable 
ar digital signal processing, it is 
elpful to see how it responds to a se¬ 
les of basic features such as the fol-
>wing. 
• Fast and accurate arithmetic. In 

le majority of systems, it is desirable 
lat the DSPs respond in real time, 
laking use of the computing speed and 
le availability of special data formats. 
• Fast and constant data flow. The 

imputing units should be used to the 
ighest potential. It will be useful to 
fly on special addressing modes such 
s bit inversion or circular buffers. It 
Iso would be desirable for two 
perands to operate on a single cycle. 
• Zero overload in curls. A program 

>r a digital signal processing applica-
on occasionally is a repetitive algo-
thm with a considerable amount of 
ata to handle. Discharging the central 
rocessing unit (CPU) jumps control-
ng work and decreases pointers, 
assing this function to other units, 
taking the algorithm in hardware if 
ecessary will increase the system 
iroughput. 
Some companies believe that DSPs 
nd analog circuits are complementary. 

It often is possible to take advantage of 
each. For example, if a DSP circuit is 
available, it is possible to diminish the 
non-linearity of an amplifier by ana¬ 
lyzing the intermodulation products 
and, based on some specifications, to 
make it work the best way. 
On the other hand, it is appropriate 

to emphasize that the cellular-
telephone market growth has exceeded 
the most optimistic forecasts. 
Technology has continued to improve, 
and the equipment costs have gone 
down. Cost reduction and performance 
improvement are a result of the ad¬ 
vance in component technology. An ex¬ 
ample is the realization of whole-voice 
and data processing by means of a 
DSP. The earliest cellular telephones 
used discrete analog circuitry and dig¬ 
ital processing for voice and data. 
The introduction of DSPs in the cel¬ 

lular telephone environment opens a 
new age for this technology because of 
the processor’s inherent high function¬ 
ality and flexibility, requiring a reduced 
number of components. Besides, DSP¬ 
based products have stable characteris¬ 
tics that perform in a wide range of 
temperatures. They eliminate the ne¬ 
cessity of tuning in the factory and 
minimize the problem of weak compo¬ 
nents, thereby ensuring more reliable 
products. 

Alternative architectures 
It could be supposed that other ar¬ 

chitectures, such as a reduced instruc¬ 
tion set computer (RISC) or the paral¬ 
leling use of processors, execute 
instructions fast. A big inconvenience of 
RISC processors is that their designers 
consider the multiplying instruction to 
be redundant because the operation 

would be accomplished by means of 
successive sums. In a general-purpose 
computer, this operation is not often in¬ 
troduced, but in a digital signal treat¬ 
ment application, this basic operation 
appears in numerous occasions. Older 
RISC models do not have a multiplying 
instruction, though the latest do intro¬ 
duce it. Digital signal processors inte¬ 
grate multipliers to carry out single¬ 
cycle calculations. 

It is possible that no specific archi¬ 
tecture’s speed is superior to that of a 
DSP, but one must keep in mind the 
type of operations carried out. The mil¬ 
lions of instructions per second that a 
RISC or a parallel architecture could 
carry out is not the same as what a 
DSP could carry out. Even so, it is not 
definitive to analyze the millions of op¬ 
erations per second on a floating point 
that these other architectures could 
carry out. 
When data-handling is considered, 

the scale begins to incline in favor of 
DSPs. For example, calculating the fast 
fourier transforms (FFTs) with 1,024 
points (radix 2), the RISC i860 from 
Intel would spend 1.024 milliseconds 
(at 50 MIPS & 80 MFLOPS), and the 
ADSP21020 would spend only 0.853 
milliseconds (at 33.3 MIPS & 66 
MFLOPS). The DSP is faster than the 
RISC, and better data handling allows 
the DSP to get a better result. This im¬ 
provement is caused by the capacity of 
the 21020 to do addressing with bit in¬ 
version, to the presence of units dedi¬ 
cated to address calculation, and to the 
fact that jumps are controlled by hard¬ 
ware. Addressing operations and jumps 
to the CPU of any general purpose¬ 
computer spend extra time when the 
system is not based on DSPs. 
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Figure 3. DSP's joint advantages from CISC/RISC 
devices and math coprocessors. 

Figure 3 demonstrates how DSP de¬ 
vices integrate advantages of complex 
instruction set computer (CISC) and 
RISC devices and mathematical co¬ 
processors. The graphs of Figure 4 com¬ 
pare the evolution that RISC, CISC 
and DSP devices have undergone in the 
last few years. 

Devices and typical applications 
Some of the latest novelties show the 

repercussion that DSP use has had in 
the sector. Some typical applications 
have been in use for a while. 
The TMS320C57 from Texas 

Instruments, developed for telecommu¬ 
nications, includes a C5x series DSP 
memory to implement digital-cellular 
telephone standards and two intelli¬ 
gent peripherals (a serial port with 
buffers and an interface for the host 
processor). The use of 3V technology 
permits the device to work with a sus¬ 
tained throughput of 40 MIPS. The de¬ 
vice consumes 5 uA in its standby 
state, and has a 32-kbyte read-only 
memory (ROM) and a 7-kbyte random¬ 
access memory (RAM). The serial port 
has a 2-kwords buffer. 
AT&T Microelectronics has intro¬ 

duced a family of digital signal proces¬ 
sors with flash memory. Many digital-

cellular telephone makers already use 
the new processor, FlashDSP1616, ca¬ 
pable of work at 50 MIPS with 5V DC 
and at 30 MIPS with 3V DC. The pro¬ 
gram data storage area can be erased 
electronically and reprogrammed. 
Without this feature, the user would 
have to program the ROM and change 
it when it is time to change the execu¬ 
tion program. The “store and load 
again” capacity of developed software 
in the same DSP chip could reduce con¬ 
siderably the typical development time. 
This device is compatible with the 
DSP1616x30. 

In the analog cellular telephone field, 
the DSP G5001/D chip set uses digital 
processing techniques to carry out all 
audio signal and data processing func¬ 
tions required in a subscriber emit. The 
basic functions carried out by the chip 
sets are dedicated to the following cel¬ 
lular standards: advanced mobile 
phone system (AMPS) (USA), TACS 
(Europe and Japan) and nor die mobile 
telephone (NMT) (Northern Europe). 
These functions include voice com¬ 
panding, filtering and limiting, joined 
to the signal processing. The chip set 
consists of a first-generation DSP of the 
TMS320 family, two codecs and an 
application-specific integrated circuit 
(ASIC) that includes most of the glue 
logic and hardware extensions. 

Microelectronics has implemented 
two types of modems for data transmis¬ 
sion in different formats. This allows 
free-hand use of integrated and dual¬ 
tone, multiple-frequency (DTMF) gen¬ 
eration. 
The audio processor of the subscriber 

unit manages signals coming from the 
handset to the transceiver and vice 
versa. Two coding standards are used 
to sample audio signals and to charac¬ 
terize the analog-to-digitai (A-to-D) and 

digital-to-analog (D-to-A) converters. 
In the audio transmission area, th 

signal coming from the microphone i 
sampled in the user codec, then the DS1 
carryies out the compression. The fol 
lowing pre-emphasis is carried out b 
means of a finite impulse response (FIR 
digital filter. In the audio reception ares 
the signal sampled by the transceive 
codec is fed through a low-pass filter an, 
is decimated (only in AMPS/TACS), cat 
rying out the de-emphasis by means c 
an FIR digital filter. Subsequently, thi 
signal is processed by the expandor. Th 
received data, once sampled, are carrie 
to the DSP for processing. The DSP cai 
ries out the non-return to zero (NR2 
data extraction, maintaining the syr 
chronisity of early and late improve 
techniques. 
Advanced digital signal processin 

techniques have been used to impk 
ment an audio processor, data pre 
cessing and supervision functions i 
analog telephone designs. This is a rel 
able and efficient approach to task 
that conventionally are supported b 
large amounts of analog and digital cii 
cuitry. The design is flexible enough t 
allow for improvements such as ech 
cancellation, full-duplex, hands-fre 
functioning and voice recognition fc 
automatic dialing. 
By means of a set of five circuit! 

AT&T [2] carries out the Persons 
Computer Memory Card Internationa 
Association (PCMCIA) functions on 
single board. These five devices fori 
the Spectre architecture of AT&' 
Microelectronics, and they integrate a 
the functions of a GSM front end, ir 
eluding the RF signal processing, an 
allow the construction of a portabl 
front end on a PCMCIA board. This is 
low-cost and low-power-consumptio 
application. It allows all GSM teh 

NOW 

Figure 4. The graphs represent the RISC, CISC and DSP evolution in the last few years in the features listed. 
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Figure 5. The block diagram of the AT&T chip set for GSM functions. 

phone functions, by means of the inclu¬ 
sion of some filters, low-noise ampli¬ 
fiers (LNAs), a microcontroller and a 
memory to store data service compara¬ 
tive parameters. The new family con¬ 
sists of a baseband signal processor, 
signal converter, radio transceiver, 
power gain stage and power amplifier 
controller. The DSP is a 26 MIPS de¬ 
vice with an internally shared memory 
architecture that facilitates the com¬ 
munication between both processors 
with minimal overload. Figure 5 shows 
the interconnection blocks diagram of 
the devices set developed by AT&T for 
GSM functions. 
The ST18932 DSP application¬ 

specific integrated circuit (ASIC)-core 
From SGS-Thomson has been designed 
to offer a versatile and low-cost product 
to consumers who require a dedicated 
DSP. The ST18932 offers all the specifi¬ 
cations required to carry out a voice 
coder (vocoder) GSM 06.10 in real time 
For a digital-cellular telephone. 
Initially, hardware and software are 
designed to help users in the develop¬ 
ment or to create a customized software 
vocoder for GSM. It could be used in 
any other design based on the 

ST18932, with minimal software adap¬ 
tations. 
The TCM320AC39 is a voice band 

processor that requires a minimum 
number of additional components [3], 
The device design is optimized for GSM 
system requirements, offering a linear 
conversion mode, fitting the filtering 
characteristics to the necessities speci¬ 
fied by the system. In a typical design, 
a microphone and a headphone are con¬ 
nected to a DSP through A-to-D and D-
to-A converters. Usually, discrete com¬ 
ponents are used to connect the 
microphone and the headphone, and a 
standard codec is used to connect with 
the DSP. Control could be carried out 
by means of external components or ad¬ 
ditional software in the DSP. 
An emerging application is a 

checking system for telecommunication 
by means of a universal adapter [4]. 
The digital signal processing universal 
adapter is used mainly as a general tool 
to solve generic telecommunications 
problems. The adapter could be con¬ 
nected to a general-purpose computer 
by means of an IEC625 bus or to the 
measurement system controller, using 
it for single or series measurement. It 

is based on a programmable DSP 
(TMS32010) and high-resolution A-to-D 
and D-to-A converters that allow an al¬ 
most completely digital implementation 
for voice-band measurement that con¬ 
ventionally is carried out by means of 
analog circuitry. With the suitable 
code, it could measure several magni¬ 
tudes, such as frequency spectrum, dis¬ 
tortion, voice and noise levels, or it 
could simulate transmission channels 
and a low-speed voice codec. It could be 
programmed to make pulse code modu¬ 
lation (PCM) measurements between 
analog ports and between analog¬ 
digital, digital-analog and digital¬ 
digital interfaces. It also could carry 
out signal processing, send it, take 
measurements and tasks to evaluate 
and meet the quality requirements. 

In general, tests require signal gen¬ 
eration, measurement and results eval¬ 
uation. When carrying out these func¬ 
tions in digital form, the wave-shape 
digital representations are generated 
and measured by a DSP, and the inter¬ 
face to input and output ports are real¬ 
ized by A-to-D and D-to-A converters. 
Conventionally, all the devices’ func¬ 
tions required several pieces of general-

RF Design 65 



Figure 6. The block diagram of the adapter for digital signal processing thought to solve telecommuni¬ 
cation measurement problems. 

purpose equipment as well as a few 
specific ones. These can be imple¬ 
mented by the adapter software. Figure 
6 shows the block diagram of the 
adapter for DSP. 

Compression technology 
Compression technology for DSP is 

still in its infancy. It has a great impor¬ 
tance in audio and video systems, and 
the hardware for these systems is 
based on DSP technology [3], Two cate¬ 

gories of these products have appeared 
on the market: those products dedi¬ 
cated to compression and program¬ 
mable devices. 
Because of its specific applications 

and cost restrictions, the consumer 
market will require dedicated compres¬ 
sion processors that carry out fixed-
standard algorithms. The greater ver¬ 
satility of the telecommunications 
products requires devices that can be 
configured or programmed so that they 

TOOLS TMS32OC30 DSP32C PD77230 ADSP21020 DSP96002 

ASSEMBLER 
LINKER 
C COMPILER 
SIMULATOR 
EMULATOR 
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BIBLIOGRAPHY 
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YES 
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NO 

YES 
YES 
NO 
YES 
YES 
NO 
YES 
YES 
NO 

YES 
YES 
YES 
YES 
YES 
NO 
YES 
YES 
YES 

YES 
YES 
YES 
YES 
NO 
NO 
YES 
NO 
YES 

TABLE 1. Tools and services available for different DSPs. 

are able to support different standards 
used in different applications, often via 
software. Programmable DSPs from 
Texas Instruments are used in audio, 
telephone, video and other applications 
in which a compression technique is 
used. 
The audio consumer market has in¬ 

cluded digital audio systems with DSP 
as the latest technology. DSPs are used 
in amplitude modulation (AM) stereo 
C-QUAM receivers for auditory effect 
creation, reverberation and echo can¬ 
cellation, as well as for compact disc 
(CD) quality sound [5], These specific 
applications demonstrate that DSP use 
in digital radio signal reception reduces 
analog circuitry requirements and pro¬ 
vides a higher-quality sound. 

Radar digital signal processing tech¬ 
niques involved in large-range and 
high-resolution target detection fre¬ 
quently use linear frequency varying 
signals (chirp) or biphase modulation 
[4J. Until recently, chirp signal com¬ 
pression in most radars was carried out 
by surface acoustic wave (SAW) de¬ 
vices. The last advances in very large 
scale integration (VLSI) technology has 
resulted in the development of special¬ 
ized DSPs with enough computing ca¬ 
pacity to implement adaptive digital fil¬ 
ters that could make real-time radai 
signal compression possible. 

Figure 7 is a block diagram of a dig¬ 
ital pulse compression system that 
could be integrated in radar systems. 

There are two techniques for imple¬ 
menting an adaptive filter digitally. 
One method is to use an FIR filter tc 
carry out cross-correlation. The most 
important advantage of this technique 
is the theoretical simplicity of the hard¬ 
ware design. The difficulty is in imple-

Figure 7. The block diagram of the digital pulse compression system used in radar. 
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mentation. The other technique con¬ 
sists of the use of the convolutional sum 
in the frequency domain. Because time¬ 
domain convolution is equivalent to 
multiplying in the frequency domain, 
taking the discrete fourier transform 
(DFT) of the sampled signal and multi¬ 
plying it by the conjugated transmitted 
signal and then multiplying by the con¬ 
jugated transmitted signal in the fre¬ 
quency domain, the spectrum of the 
correlations is formed. The output 
signal could be recovered by the inverse 
discrete fourier transform (IDFT). 
The DFT can be implemented effi¬ 

ciently by the FFT. The great avail¬ 
ability of DSP chips that carry out 
FFTs allows this method to be imple¬ 
mented in hardware. Several factors re¬ 
lated to the application should be con¬ 
sidered when determining the 
hardware used: word length, arithmetic 
type, windowing, scaling, FFT struc¬ 
ture, aliasing size and complexity. 
The digital signal processing theory 

and the necessary hardware to imple¬ 
ment a digital pulse compression 
system have been available for years. 
Some of the advantages of their use are 
guaranteed accuracy; flexibility and 
predictability through simulation; and 
a simple calibration process. The disad¬ 
vantages have been complexity, avail¬ 
able speed and cost. But the latest ad¬ 
vances in high-speed circuits have 
reduced or eliminated these inconve¬ 
niences, opening a wide field of applica¬ 
tions. 

Using digital pulse compressing sys¬ 
tems for wideband signals has been 
possible because of the use of advanced 
DSP chips. In the past, cost and com¬ 
plexity were substantial enough to out¬ 
weigh advantages. These inconve¬ 
niences have been eliminated by time 
bandwidth products and have been re¬ 
duced drastically in other products, re¬ 
sulting in the practical use of digital 
pulse compression, a viable technology 
for several real-time applications. 

Tools 
One of the important facts to con¬ 

sider when choosing a device is the se¬ 
lection of development tools that allow 
the designer to save considerable time. 
A deep knowledge of the instruction set 
is not necessary to program the device 
with the corresponding code. Tools are 
available to facilitate this work, in¬ 
cluding algorithms already designed 
that can be incorporated into the appli¬ 
cation for the device. 

Other tools include all those ele¬ 
ments that, although not part of the 
processor, have been created with the 
purpose of coordinating the internal 
and external operation. These tools will 
not influence the characteristics of the 
DSPs, but they do obtain better results. 
It is important to consider them be¬ 
cause they constitute the link between 

the DSP and the user, the user being 
the method of interchanging data and 
information. The more potent the tools, 
the simpler the processor handling at 
programming level and the simpler 
hardware circuitry, allowing the user to 
take advantage of the complete perfor¬ 
mance. Table 1 shows a comparative 
summary of tool aids available for dif-
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ferent processors [6], [7], [8], [9], [10]. 
Many icon-based design tools allow 

designers graphically to choose and 
place blocks that represent the func¬ 
tions of the application. The system 
compiles the functions to assemble 
them to the DSP code. 
A good C compiler largely facilitates 

the programming. This is important if 
the algorithm is complicated, because 

using an assembler language does not 
have the same complexity as using a 
high-level language to program. The C 
language is a usual way of implanting 
algorithms guided to digital signal pro¬ 
cessing, but one need not become a pro¬ 
grammer. Tools exist in the market 
that are suitable, so the designer does 
not have to program “by hand” using 
machine code. 
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Simulation software uses blocks abl 
to generate the C code needed to pre 
gram a DSP. Operations are simulate 
by means of the blocks. Subsequentlj 
the C code will be translated to th 
code of the corresponding DSP. Two es 
amples of this type of software ar 
Hypersignal for Windows an 
Simulink. 

Sets of software tools make the jo 
easier for the designer and reduce th 
design time. An example is the develop 
ment kit for multimedia application 
for Microsoft Windows for the 24-bi 
DSP56000 DSP pP, that includes voie« 
data and high-quality audio commun: 
cations with the personal compute 
(PC) media system. The software li 
braries include routines for the voie 
synthesis, fax and data modems 
MPEG algorithms, voice compressio: 
and text-to-voice conversion. 
Another example is DSP Lib, a li 

brary of signal-processing routines fo 
the devices TMS320C3x an. 
TMS320C40 from Texas Instruments 
The designer proportions the nexus i 
C code to tie these routines to the DSi 
program. Some functions that the li 
braries include are: FFT, FIR and inf 
nite impulse response (HR) filters, cor 
volution, correlation, windowing 
Gaussian noise generation and matri 
multiplication. The library can imple 
ment an FIR filter with 100 coefficient 
in 548 ps on the DSP TMS320C40 at 4 
MHz. 

In most development software tools 
it is not necessary to write the cod 
(because one could use the previous! 
programmed algorithm). Texa 
Instruments’ TMS320 software coopei 
ative offers a collection of data sheet 
with algorithms. The desired algo 
rithm can be selected from the packet. 

Other devices that facilitate desig: 
are those that incorporate analog RI 
functions as typical DSP functions 
thus decreasing the design time. Wher 
RF circuits and DSPs were not previ 
ously together, designers require prod 
ucts that can interconnect then 
without big restrictions. 

Expectations in radio 
communications 

Digital signal processing is crucial ú 
many RF markets. The infrastructure 
for satellite personal communications 
cellular communications and persona 
communications service (PCS) all re 
quire some type of digital signal pro 
cessing [11], 
The digital signal processing ca 

pacity has reached the height o 
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emerging wireless communications 
market expectations. Modern DSPs are 
faster, more self-contained and fre¬ 
quently are compounded for specific ap¬ 
plications such as cellular telephones, 
wireless local area networks (WLANs) 
and video transmission. 
DSPs (for example, the AT&T 

DSP1617) operate around 50 MIPS, 
and devices are available in 16-32 bits, 
with both fixed-point and floating-point 
arithmetic. The specification will de¬ 
pend on the application for which it is 
needed, so some devices will be more 
adequate for specific applications than 
others. 
Where a single processor cannot per¬ 

form the work alone, parallel pro¬ 
cessing offers an alternative. Radar 
signal processing or video processing 
frequently require parallel processing 
for greater capacity than is needed in 
cellular base stations. These have to 
manage a multitude of information 
channels simultaneously. 

Diverse devices are designed to be 
connected in parallel (for example, the 
TMS320C40). However, computational 
overhead is produced proportionally to 
the connection of more devices in par¬ 
allel. There is a point at which it is 
more expensive to compute the way in 
which the division of tasks will be car¬ 
ried out, than to do the actual work in 
the first place. Even so, that point is far 
above the level of a single DSP perfor¬ 
mance. 
The increase in DSP use in portable 

systems has guided the demand for 
low-consumption devices. Many DSPs 
get “wait and stop” states, and among 
the devices soon to be introduced will 
be the 3V technology. A clear example 
of this tendency is the ADSP2171 DSP 
pP with 33 MIPS, designed for applica¬ 
tions in which low power is one of the 
requirements [7]. This device is charac¬ 
terized by three energy-consumption 
optimization modes that can reduce re¬ 
quired power to a minimum of 0.5 mW. 
The device requires a maximum of only 
28 mW and 3.3 MIPS to execute the 
voice-coding algorithm used in GSM. It 
contains ADSP2171 forms, and its code 
is compatible with the ADSP-21xx 
family of 16-bit fixed-point devices. It 
has an improved architecture that in¬ 
cludes bit-handling instructions and an 
Xop-squared instruction. The memory 
included in the chip is 2 Kwords of 24 
bits for program data and an optional 
block of ROM program (8K x 24 bits). 

Sector companies 
One of the tendencies that has been 

observed is the formation of alliances 
between companies producing subsys¬ 
tems. This is often the result of the ne¬ 
cessity of making products competitive. 
In turn, alliances may require special¬ 
ized groups devoted to research and de¬ 
velopment, or agreements between 
companies with prestige in digital sys¬ 
tems development. 
Analog Devices formed a work group 

with the objective of continuing the de¬ 
velopment of devices for wireless appli¬ 
cations, starting with the analog signal 
processing line. The new group will 
combine RF functions with DSP, audio 
band functions and baseband to ad¬ 
dress all the communication issues in 
RF. 
The company has announced an or¬ 

ganization plan for the recently formed 
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communications division [12]. The divi¬ 
sion will consist of five groups devoted 
to different areas of the market, in¬ 
cluding GSM, the emerging wireless 
communications, wireless infrastruc¬ 
ture, telecommunications and RF. Each 
group will be supported by an engi¬ 
neering team and a systems develop¬ 
ment team. 

Analog Devices and IBM are 
working together in the design of cir¬ 
cuits composed of RF and signal mixing 
for wireless communications applica¬ 
tions. Initial efforts have resulted in 
the fabrication of a D-to-A converter of 
12 bits at 1 GHz. 
Cadence and Siemens reached an 

agreement to undertake digital logic 
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design, analog signal mixers, circuit de 
sign, simulation, physical design of in 
tegrated circuits, verification and engi 
neering services support. Siemens als< 
collaborates with Cadence in the devel 
opment of checking advanced applica 
tions. 

Texas Instruments and Teknekror 
Communications Systems (TCSI) hav< 
reached an agreement with the objec 
tive of developing a set of high 
integration level, next-generation de 
vices for cellular telephone [13], Th; 
agreement combines Texas Instrument; 
DSP technology and its range of linea: 
products, including RF Codecs ant 
audio-band, A-to-D and D-to-A con 
verters with TCSI’s experience in DSP 
based communication systems. Texa; 
Instruments provides products to cel 
lular telephone markets, from compo 
nents to chips sets, that allow the de 
sign of a complete system ant 
single-chip applications. 
Siemens offers optimized DSI 

macros for analog and digital tech 
nology [14], The company offers a largi 
number of Si and GaAs devices fo: 
voice, text, data and image applica 
tions. These are self-contained block; 
that form common parts of moderi 
telecommunication equipment. Th; 
company’s involvement in mobile com 
munications includes VLSI application; 
and low-power-consumption device set 
made for GSM 1900 and digita 
European cordless telephone (DECT 
standards. 
The Sony Electronics consumer prod 

ucts group has started a wireless dig 
ital communications division [9]. Th< 
division will market products to sup 
port all cellular-digital transmissioi 
standards. 

Conclusion 
New devices in the market offer ad 

vantages including low-power con 
sumption; faster computing speed 
memory integration; and A-to-D and D 
to-A converters to shorten design time 
Device programmability is important 
too. Development support is best whei 
it requires a short learning curve. Th< 
change to a new method should resul 
in as little time lost as possible. 
The integration of DSPs in difieren 

systems has encouraged custom systen 
design. A growing number of designer: 
use DSP technology to improve existing 
systems. The most suitable way of get 
ting high differentiation, optimizatioi 
and integration is by using low-cost 
custom-made devices. To facilitate tha 
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ntegration, a DSP could be used as a 
lost, joined to RAM and ROM modules, 
leripherals and ASIC logic, depending 
m the need of the particular applica-
ion. 
Many companies work in general-

lurpose DSP development, offering de-
ices with architectures and sets of in-
tructions that offer the designer a 
arge number of possibilities. Designers 
nust decide which of the algorithms 
md processes that will be carried out 
n the system will be integrated. 
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fu tutorial_ 

The analogy of quartz 
and coaxial resonators 
in an oscillator circuit 
By Wai-Tak P. Lee 

Many people have designed crystal 
oscillator circuits without having a 
good understanding of the piezoelectric 
devices. Similarly, many designers are 
comfortable with the transmission line 
as an electrical component or device 
without understanding it as a res¬ 
onator—nor do they recognize the LC 
equivalence of the transmission line. 
Some have expressed an interest in 
using the transmission line as a res¬ 
onator at a frequency of about 2.3 GHz 
[1]. The following information discusses 
the similarity of the electrical behavior 
of piezoelectric resonators to that of 
transmission line resonators, connects 
the two devices and demonstrates their 

Figure 1. Crystal LC equivalent model. 

Common piezoelectric devices, 
known as crystals or ceramic res¬ 

onators, are constructed like a simple 
capacitor. When a DC electric field is 
applied to a typical crystal, the electric 
field strains the crystal. The strained 
crystal produces surface charges that 
generate an induced electric field. 
Because the induced electric charges 
depend on the voltage applied and on 
the structure and material of the capac¬ 
itor, the total capacitance of the piezo¬ 
electric crystal has two capacitance 
components [2]: 

C = CO(1 + K2) = CO+COK2 (1) 

where: 
C is the total capacitance; 
Co is the regular dielectric capaci¬ 

tance of the crystal, or the shunt capac¬ 
itance; 
K2 is the coupling constant of a piezo¬ 

electric material; 
COK2 is the piezoelectric capacitance. 
The piezoelectric capacitance is pro¬ 

portional to Co, which automatically 
takes into account the capacitor struc¬ 
ture of the crystal. This capacitance can 
be compared with the commonly known 
LC crystal equivalent circuit model 
shown in Figure 1. The total capaci¬ 
tance, C, of a piezoelectric device is 
given by: 

Cn=^ (3) 

Thus, the sum of Cn for all n = odd 
integers is 

Sc.-2^-c1xA.=c4 (4) 
n no 

The sum is the total piezoelectric ca¬ 
pacitance and, by Equation 2b, is equal 
to 

_2 

ycn=CoK2=C] — no 1 g 

or from Equation 3 
_ C, _ 8COK2

n „2 “ „22 

(5) 

(6) 

C = CO+COK2

From the crystal equivalent circuit 
model, it also is equal to: 

= C0+C1+C3+C5+C7+...+Cn (2a) 
for n = odd 

Therefore, 
COK2 =C0+C| +C3+C5+C7+...+Cn

Figure 2. Dynamic electrical behavior of a piezoelec¬ 
tric crystal. 

Because Cn is inversely propor¬ 
tional to n2, the different overtone ca¬ 
pacitance is related or can be ex¬ 
pressed in terms of Cp Therefore: 

or 

c,=^ (7)
7t 

The above derivation directly has tied 
the piezoelectric properties of the crystal 
to the model’s electrical parameters 
under the static condition. Because C„ = 
C/n2, the model has Ln = L, a constant. 
Figure 1 helps to explain the crystals 
equivalent circuit model completely. The 
model consists of a shunt capacitance, 
Co, in parallel with each overtone fre¬ 
quency resonator. The overtone fre¬ 
quency resonators consist of Ln and Cn 

in series. All L„ are the same and equal 
to L. With an understanding the equiva¬ 
lent circuit model, Cn easily can be mea¬ 
sured with an impedance analyzer [3]. 

The induced charges contribute to 
the piezoelectric capacitance, C0K2. 
Because of the strain of the crystal, the 
induced charges are in two forms. One 
part is the static surface charges and 
the other is the moving charge plane 
waves. The plane waves are not sta¬ 
tionary when a DC field first is applied. 
The plane waves eventually di¬ 

minish, leaving only the static surface 
charges. A positive charge plane wave 
front and a negative charge plane wave 
front move toward each other. (See 
Figure 2.) This movement generates a 
constant positive current from one end 
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SATCOM 

TCXO 

±0.1 PPM! 

Figure 3. Transmit line oscillator circuit for simulations. 

The parameters 
for the transmis¬ 
sion line model can 
now be derived 
from the piezoelec¬ 
tric capacitance. 
For any transmis¬ 
sion line, specify 
only its character¬ 
istic impedance, Zo, 
and the delay time, 
At. If the crystal is 
for 10 MHz, the 
delay time is half of 
the period or 100 
nsec; thus, the 
delay time, At, is 50 
nsec. The imped¬ 
ance can be calcu¬ 
lated as follows. 
The total capaci¬ 
tance of this trans¬ 
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of the crystal and a negative current of 
the same magnitude from the other 
end. The net current seen by the out¬ 
side observer is the sum of these two 
currents. A designer quickly can model 
this behavior with a transmission line, 
which will give the same current and 
delay as the crystal, by adjusting the 
characteristic impedance, Zo, and by 
specifying the delay time, At. To com¬ 
plete the model, add an external capac¬ 
itor to the transmission line to repre¬ 
sent the crystal’s shunt capacitance. 

Figure 3 shows the oscillator circuit 
with the transmission line model of the 
crystal. External resistors are added to 
the transmission line to account for the 
crystal’s loss. 
Ceramic material has large piezo¬ 

electric coupling constants. Assume K2 

= 0.16 for a ceramic material. For a typ¬ 
ical crystal of this material with a 
shunt capacitance, C„, of 4 pF, the 
crystal’s piezoelectric capacitance is 
C0K2 = 0.64 pF. Equation 6 can be used 
to calculate all the different Cn for the 
L-C equivalent circuit model parame¬ 
ters. For example, using the calculation 
results in: 

Cj = 0.5187 pF and L¡ = L3 = Ln 
= 0.48828 mh, a constant. The L-C 
equivalent circuit model parameters 
can be calculated as shown. The model 
parameters then can be used in the cir¬ 
cuit simulation (or transient analysis) 
of a crystal oscillator. In the simula¬ 
tions, only Ln and Cn as high as n = 5 
are included in the simulations. 
Because n goes to infinity, the number 
of resonators in the model must be lim¬ 
ited for simulation purposes. 

mission line, which is to model the 
crystal’s piezoelectric effect, is C0K2 = 
0.64 pF. The transmission line has the 
fixed delay At. The charging of the 
piezoelectric capacitor does not follow 
the resistive-capacitive (RC) time con¬ 
stant for charge and discharge times. 
The total charge stored, if a voltage V is 
applied, is equal to Q = VC„K2. Because 
the current, I, of a transmission line is 
constant for a constant applied voltage, 
V, the charge stored in a capacitor also 
can be calculated by Q = Atl. The two 
charges are equated resulting in: 

VCoK2=ATI (8) 

Therefore, 

Equation 9 is the formula for calcu¬ 
lating the characteristic impedance, Zo, 
from the piezoelectric capacitance, 
COK2, and the delay time. If the capaci¬ 
tance value, 0.64 pF, and the delay 
time 50 nsec is substituted, Zo = 78,125 
Í2; thus, the derivation of the parame¬ 
ters of the transmission model for a 
crystal has been demonstrated. The 
transmission line represents the piezo¬ 
electric capacitance only. It is neces¬ 
sary to add a capacitor in parallel with 
the transmission line to model the 
shunt capcitance. A resistance to repre¬ 
sent the crystal losses, as shown in 
Figure 3, also can be added. 

Transient circuit analyses [4] with 
both models described above in any os¬ 
cillator circuit can be run. The equiva¬ 
lency of these two models can be 
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lemonstrated. In circuit theory, if two 
ircuits produce the same impulse or 
tep responses, they are considered to 
»e equivalent. Because both models 
lave the same shunt capacitance, the 
hunt capacitance can be ignored. For 
he purposes of this model, crystal loss 
an be ignored, too. What remains are 
he LC resonators in one model and the 
ransmission line in the other. Both 
epresent only the piezoelectric capaci-
ance being modeled. The LC model in-
ludes only three LC resonators, n = 1, 
1 and 5. A voltage step is applied to 
>oth models. Judging from the trans-
nision line’s behavior, the current ré¬ 
ponse should be a square wave. The 
urrent responses of the two models are 
hown in Figure 4. Note how closely 
natched the two responses are for the 
irst half-cycle. The transmission line 
esponse is more ideal because the 
nodel contains the res-

Figure 4. Step responses of the LC circuit model and the transmission line circuit model. 

ferent piezoelectric capacitance. With 
circuit simulation, the effect of the 
piezoelectric capacitance on the oscilla¬ 
tion can be tested by varying the model 
parameters. One will find the larger 

the coupling constant K2, the easier the 
circuit will be able to oscillate. This 
translates into either faster oscillation 
build-up or a lower gain requirement 
on the amplifier. K2 can be interpreted 

mators for all overtone fre-
luencies. 
The LC model includes 

inly the three lowest-
requency resonators. 
Because of the rounding-off 
irrors, the various Cn are 
lot exact multiples of CP 
Phis difference implies that 
he various frequencies cal-
:ulated with Ln and Cn are 
lot exact harmonics of the 
undamental frequency. As 
ime progresses, various fre-
luencies cannot lock in 
ihase with the fundamental 
requency; thus, the current 
•esponse of the LC model 
:annot maintain the square 
vave response in the subse-
luent cycles. This phenome-
lon demonstrates the equiv-
dency of the two models and 
validates the calculations of 
hese two models’ parame¬ 
ers. 
Either model can be 

ilaced in an oscillator circuit 
or simulations. The res-
inators initially are charged 
-o excite the oscillator cir-
:uit. The simulation results 
or both models in the same 
ircuit are in Figure 5. Both 
undamental oscillations at 
LO MHz build up similarly. 
7igure 6 shows the close-up 
new of the oscillations. 
Different materials or dif¬ 
ferent cut crystals have dif-

LC-OSCILLATOR MODEL - 3/1 5/94 - TYP, 30C, 5V 
95/11/09 11 29:32 

8.0 U 
7.50 U 

10.0 U 12.011 14.0 U 16.0 U 18.0 U 

TIME (LIN) 
19.50 U 

tF Design 

NTX11 
VOUT 

TIME (LIN) 

Figure 5. Oscillation build-up of both models. The top one is the transmission model and the bottom is the LC model. 
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Figure 6. Enlarged view of the oscillation build-up. 

PROTOTYPE CIRCUIT BOARDS 
WITH THRU-HOLE PLATING.... 
FABRICATED AT YOUR BENCH 

The LPKF Protomat 93S System with optional 
automated AutoContac thru-hole plating system 
fabricates complete boards in less than four hours. 
Fully programmable speed control provides superior 
results for a full range of board materials. 

Input Gerber, Excellon or HPGL files and produce Analog, 
Digital, RF and Microwave prototype circuit boards. 

Windows software with programmable 
insulation width, multiple tool rub out, 
and full tool management. 

Solderable thru-hole plating with 
conductive epoxy. 

Tool speed to 60,000 RPM on FR-4, 
Duroid™, PTFE, G10 materials. 

Enviromentally safe - all mechanical, 
no etching chemicals 

Fast payback ■ typically 3 - 9 months. 

as the ratio between the regular dielec¬ 
tric capacitance and the piezoelectric 
capacitance of the crystal, intuitively 
recognizing that the piezoelectric effect 
is the cause for oscillator behavior. 
Similarly, the larger the piezoelectric 
effect, the better the oscillator circuit 
operates. If the simulations include the 
trap tank circuit for the fundamental 
oscillation, both the L-C model and the 
transmission line model will oscillate at 
the third overtone frequency [3]. 

Conclusion 
The piezoelectric resonator can be 

modeled either by an LC equivalent cir¬ 
cuit or by a transmission line in par¬ 
allel with a capacitor. They are equiva¬ 
lent circuits. Through the derivation 
and calculation of model parameters, a 
better understanding of the piezoelec¬ 
tric behavior of the crystal can be 
achieved. 
The larger the ratio or coupling con¬ 

stant, K2, the lower the gain required 
of the oscillator circuit; or the faster the 
oscillation build-up. By knowing how a 
transmission line or coaxial resonator 
can be used as a resonator in an oscil¬ 
lator circuit, a designer can see that the 
transmission line is a more exact model 
for the crystal. Rf' 
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RF product forum 

Oscillator manufacturers look to 
smaller packaging to keep up with 
current design trends 
fectron Laboratories 
It is well known that the use of a 

acuum-sealed enclosure that contains 
he crystal and oscillator circuitry can 
>e of significant value in enhancing the 
performance of oven-controlled crystal 
iscillators (OCXOs). These devices, 
lowever, often require custom packag-
ng and are relatively complex to man-
ifacture. 
Representing a new generation of 

)CXO technology for precision applica-
ions, Vectron's evacuated miniature 
rystal oscillator (EMXO) uses the ideal 
nsulating properties of a vacuum with 
. cold weld enclosure to achieve perfor-
aance levels significantly better than 
an be attained with any other technol¬ 
ogy. The new design maximizes the use 
f standard, off-the-shelf technologies, 
Iramatically simplifying the design 
ind construction. In addition, extended 
ife tests have demonstrated no signifi¬ 
ant increase in the EMXOs power con¬ 
umption while enclosed in this cold 
veld package, indicating no degrada-
ion in the vacuum insulation. 
The EMXOs ruggedized construction 

ind superior frequency stability make 
he unit the ideal choice for high relia-
lility, fast warm-up and low power 
ipplications. The unit can also be 
pace-qualified. 

nternational Crystal Manufacturing 
International Crystal Manufacturing 

nakes more than crystals. The compa-
ty has been manufacturing standard 
ind custom oscillators for more than 40 
ears. It currently manufactures a full 
ine of TCXO, VCXO and TCVCXO 
vith frequencies from 250 kHz to 125 
MHz and temperature stabilities up to 
.5 ppm over varying temperature 
anges. International Crystal 
Manufacturing also has a full line of 
lock oscillator in the standard 14 and 
; pin packaging with a choice of TTL or 
ICMOS output. A new line of oscilla-
ors with an output pin configuration 
hat is compatible with the standard 14 
’IN DIP oscillator, but are available 
vith up to 1 ppm temperature stability 

1 iming 
is everything! 

.<■5^ 

I 

3» 

IF Design 

JUST THE 
OSCILLATOR 
FOR YOUR 
APPLICATION... 
IN NO TIME AT ALL! 

'^¡3 

At Hy-Q, we know what you 
want. . .a world-class facility, 
producing the highest quality product, 
meeting your exact specifications... all in 
the most timely delivery schedule possible. 

Hy-Q’s “E" Series VCXO: 
Frequency Range: 1 MHz to 120 MHz 
Frequency Deviation: ±100ppm minimum WRT 25°C 
Temperature Stability: ±1 Oppm 0 to +50°C 

±25ppm -40°C to +85°C 
k Output: Squarewave HCMOS/TTL compatible 
Q Supply Current: +5 Volts de ±5% 

*Other frequency stability options available 
*Other frequency deviation options available 
Dimensions: Length: 0.82”, Width: 0.43", 

Height: 0.20" 

7 

*Koalaty ” 

International ( USA ) 
Crystals • Oscillators • Filters 

7438 Cox A venue 
Erlanger, Kentucky 41018 
Phone: (606) 283-5000 
Fax: (606) 283-0883 
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over various temperatures, will be 
available from 4-30 MHz. The compa¬ 
ny also offers engineering assistance to 
those who need custom specifications 
and packaging. It specializes in custom 
frequencies, custom packaging and 

quick delivery of both small quantities 
in standard and custom frequencies. 

M-tron Industries 
One of the fastest and ever-changing 

devices in the arena of electronic com-

Whether you need 
an inexpensive ceramic 
chip trimmer for mobile 

phones, a nonmagnetic 
trimmer for MRI, or a 
high-voltage trimmer for 

missiles and space, 
Voltronics has the 

solution. Not only do we manufacture 
the broadest array of trimmer 
capacitors, we deliver custom designs 
in record time. 

From undersea 
to outer space... 

No one gives you 
more choices in 
trimmer capacitors 
than Voltronics 

And best of all, the 
Voltronics Design 
Team will work with < 
you to solve your 
most complex 
challenge. The ' 
next time you 
need trimmer 
capacitors, call 
Voltronics with your design 
challenge. ..we'll take it from 

For more information, call us at 
(201) 586-8585, fax us at 
(201) 586-3404, or visit our home 
page at www.voltronicscorp.com. 

Voltronics^ 
CORPORATION 

100-10 Ford Road 
Denville, NJ 07834 
201.586.8585 
FAX 201.586.3404 
e-mail:voltron@styx.ios.com 
Visit our web site at: 

ponents has been the crystal clock oscil¬ 
lator. M-tron has been a manufacturer 
of frequency control devices since 1965 
and continues to look at better ways 
and new products to serve the growing 
clock oscillator market. 

M-tron is meeting the challenge of 
the ’90s with the development of a 
small ceramic package surface mount 
oscillator. This oscillator, measuring 5 
X 7 X 1.75 mm, will be available at fre¬ 
quencies up to 160 MHz and be 
ACMOS/HCMOS/TTL compatible with 
tri-state option. Tight stability over an 
extended temperature range will be 
available. This oscillator is targeted for 
telecommunications and PCMCIA 
applications where small size, high per¬ 
formance and reliability are critical. M-
tron provides the engineering support 
that is often needed with today's higher 
technology applications. 

Oak Frequency Control Group 
Tomorrow's electronic communica¬ 

tion infrastructure will cause the 
demand for better functionality, pack¬ 
age design and lower-cost frequency 
control devices to increase. Advance¬ 
ments in oscillator capabilities depend 
on improvements in quartz crystal 
technology. At Oak Frequency Control 
Group (OFC), major growth is expected 
for compact 1” square OCXOs using 
miniaturized SC cut crystal resonators. 
Also, system size reduction needs are 
providing steady growth for DIP 
OCXOs utilized in wireless PCS appli¬ 
cations. In 1997, new SC cut res¬ 
onators, under development, will make 
the popular DIP OCXO available with 
SC cut performance. A current trend is 
conversion to user preferred, surface 
mount type OCXOs, as evidenced by 
demand for OFC's surface mount 
OCXO product line. Tape and reeled, 
reflowable packaging format will see 
explosive growth over the next two 
years as hand installed OCXO designs 
are phased out. Future frequency spec¬ 
trum crowding and data throughput 
demands will increase the need for 
ultra high stability OCXOs which 
approach atomic oscillator accuracies 
for wireless infrastructure using 
CDMA and GSM formats. /¿/ 

The Trimmer Capacitor Company http://www.voltronicscorp.com 
WRITE, CALL OR FAX FOR CATALOGS 
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BF products 

Spectrum analyzers offer 
improved performance and ease of use 

The MS2653A spectrum 
analyzer covers the 9 kHz to 
8.1 GHz frequency range. It 
features a dynamic frequency 
range of 105 dB over the 
entire spectrum, sweep times 
of 12.5 ps, an average noise 
level is less than -110 dBm 
and noise sidebands at 10 
kHz offset are less than -90 
dBc/Hz. Designed for mainte¬ 
nance of wireless communi¬ 
cations equipment and 
devices, built-in functions 
automatically measure burst 
power, adjacent channel 
power, occupied bandwidth 
and channel power. Available 

options include a 1 Hz resolu¬ 
tion frequency counter, high¬ 
speed time domain sweep, 
internal and external trigger 
with gating function, AM/FM 
demodulator and an FM 
demodulation waveform dis¬ 
play. A Personal Computer 
Memory Card International 
Association (PCMCIA) mem¬ 
ory card interface for down¬ 
loading software to the ana¬ 
lyzer to provide fully auto¬ 
mated measurements is also 
available. The MS2653A is 
priced at $17,500. 
Anritsu Wiltron 
INFO/CARD 164 

Dual-channel 
synthesizer 
The PTS D310 is a broad¬ 

band dual-channel synthe¬ 
sizer configured in a single 
rack-mount cabinet. Each 
instrument contains two 
fully independent low-phase 
noise, low spurious output 
and fast switching frequency 
synthesizers. The PTS D310 
features two channels, each 

Wireless data 
control product 

Skyline RF modems, one 
of the wireless data commu¬ 

Ceramic capacitor 
has high capacitance 
The Mini-switchmode 

ceramic capacitor series 
combines the advantages of 
high capacitance found in 
tantalum capacitors with 
the ESR performance of 
ceramic capacitors. The J 
and L lead configurations 
provide mechanical stress 
relief to prevent cracking of 
large surface mounted 
ceramic capacitors due to 
thermal cycling. The capaci¬ 

OCXO designed for 
PCS, base stations 
The SMOCXO is a reflow¬ 

able surface-mount, oven-

MHz with 0.1 Hz resolution, 
a frequency switching speed 
af 20 ps, phase noise of -115 
dBc/Hz at 310 MHz with a 1 
kHz offset and an output 
power as high as 13 dBm. 
Each output channel is con¬ 
trolled through a separate 
50-pin parallel interface. 
Programmed Test Sources 
INFO/CARD 165 

nications products, consist 
of an integrated 2 W UHF 
synthesized transceiver, 
data modem and I/O inter¬ 
faces. Designed for a variety 
of applications from point-
to-point RF links to complex 
multipoint wireless data 
acquisition and control app¬ 
lications, features include 
the use of advanced error 
correction, addressing up to 
65,000 units and and a 
built-in store-and-forward 
repeater capability. 
Sonik Technologies 
INFO/CARD 166 

tors are supplied in SMT 
ready and are priced at 
$2-$3 each in quantities of 
10,000 pieces. 
Johanson Dielectrics 
INFO/CARD 167 

controlled crystal oscillator 
(OCXO) designed for person¬ 
al communications services 
(PCS), cellular base sta¬ 
tions, test equipment and 
synthesizers. The SMOCXO 
features a frequency range 
of 10-25 MHZ, meets a tem¬ 
perature stability specifica¬ 
tion of ±5 X IO-8 over a 0°C 
to 70°C range with, aging of 
±0.5 ppm/year, operates 
from a 5 V supply with 
steady state power of 1.0 W 
and has a phase noise of 
-130 dBc/Hz. The SMOCXO 
measures l"x l"x0.5". 
Oak Frequency Control 
INFO/CARD 168 
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AMPLIFIERS 

CDMA AGC amplifier for 
dual-mode cellular 
The RF2609, a complete automatic 

gain control (AGC) intermediate fre¬ 
quency (IF) signal amplifier, is 
designed for the transmit section of 
dual-mode, code-division, multiple¬ 
access frequency modulation (CDMA/ 
FM) cellular applications. The RF2609 
features a gain control range from —48 
dB to 42 dB and operates from DC to 
200 MHz. The circuit’s noise figure, IP3 
and other specifications are compatible 
with the IS-95 interim standard for 
CDMA cellular communications. The 
RF2609 is designed as part of a chip set 
that includes a receive IF AGC amplifi¬ 
er, a transmit upconverter and a 
receive mixer. 
RF Micro Devices 
INFO/CARD 169 

Low-noise, high-power, 
MOSFET amplifiers 

Designed for Cosite communication 
systems, this series of low-noise, high-
power metal oxide semiconductor field 
effect transistor (MOSFET) technology 
amplifiers amplifies high-level signals 
without saturation. The amplifiers fea¬ 
ture noise figures as low as 1.6 dB with 
output power in the 5—20 W range. The 
series includes a UHF satcom amplifier 
that operates from 200-400 MHz and 
higher power versions that operates 
from 30—400 MHz in three bands. All 
ampifiers have a maximum voltage 
standing wave ratio (VSWR) of 1.2:1. 
Prices for the amplifiers start at $850 
for a single unit. 
Pole/Zero 
INFO/CARD 170 

Class A/AB power amplifier 
operates from 1-30 MHz 
A 100 W class A/AB power amplifier, 

model 30-100-35-A3, is a high-power 
module that operates from 1-30 MHz. 
The amplifier features a gain of 40 dB 
typical with a 35 dB gain minimum, 
65% typical efficiency and measures 
4.84" X 2" X 1". The 30-100-35-A3 is 
designed for airborne communications, 
aircraft, radar, missiles and mobile 

communications and is priced at 
$2,595. 
LCF Enterprises 
INFO/CARD 171 

LNA operates 
from 1-2 GHz 
A low-noise amplifier (LNA), model 

AM-1477, features a nominal gain of 40 
dB, output power of 17 dBm and noise 
figures of 2.1 dB at 2 GHz and 1.4 dB 
at 1 GHz. It requires 15 VDC at 130 
mA. The unit is priced at $375 and 
comes equipped with SMA. 
Miteq 
INFO/CARD 172 

TOOLS, MATERIALS & 
PROCESSES 

Fast-curing adhesives 
for wire assembly 

Light-weld UV and ultra light-weld 
UV and visible adhesives cure in sec¬ 
onds and provide a cost-effective 
assembly for wire and coil assembly, 
unitizing, strain relief, coating and ter¬ 
minating. These adhesives provide 
structural adhesion to all types of wire 
and have better durability than tapes, 
cyanoacrylates, solvent-activated adhe¬ 
sives, hot melts or epoxies. 
Dymax 
INFO/CARD 173 

Polyolefin shrink tubing 
slides over connectors 

Insul-Grip HS-101-3X polyolefin tub¬ 
ing is a flexible, single-wall, polyolefin 
heat-shrinkable tubing that slides over 
connectors or irregularly shaped com¬ 
ponents that are larger than the wire 
bundle, fitting snugly over everything. 
The tubing features a 3:1 shrink ratio 
and is available in sizes ranging from 
1/16" to 1.5". 
Insultab 
INFO/CARD 174 

Adhesive films 
eliminate messy application 

Ablefilm supported and unsupported 
adhesive films provide electrical con¬ 
ductivity, electrical insulation or ther-

80 

mal conductivity to meet the needs of í 
variety of bonding applications 
Convenient, die-cut adhesive preform: 
eliminate messy paste application. Th< 
550-series is designed for difficult-to 
bond metals and retains bond strengtl 
after exposure to moisture. The 561 
series is designed for bonding material: 
with severely mismatched coefficient: 
of thermal expansion. The 5025E pro 
vides excellent thermal conductivity. 
Ablestik 
INFO/CARD 175 

TEST & MEASUREMEN1 
EQUIPMENT 

AWGN generator 
for CATV and cable modem 
The UFX-BER-CATV additive whit 

gaussian noise (AWGN) generator cov 
ers the frequency band from 5—85< 
MHz. Designed for testing CATV sys 
terns and cable modems by injectin¡ 
noise in the upstream and downstrean 
paths, the generator features a typica 
crest factor of 18 dB and automatic set 
ting of accurate C/N ratios. Direct set 
ting of Eb/No, C/N, C/No and C/I also i 
available. 
Noise/Com 
INFO/CARD 176 

RF amplifier covers range 
from 1-1,000 MHz 

Model 100W1000, an all-solid-stat 
RF amplifier, delivers a minimum c 
100 W of CW power over a frequenc 
range of 1-1,000 MHz. The minimur 
linear output power measured at the 
dB gain compression point is 60 W ove 
the same bandwidth. Minimum gain a 
maximum setting is 50 dB. The amplifi 
er will provide full-rated output powe 
without foldback into loads with a volt 
age standing wave ratio (VSWR) a 
high as 6.0:1. The unit is priced a 
$28,000. 
Amplifier Research 
INFO/CARD 177 

Television demodulators 
offer high performance 
The DS1000 family of televisio 

demodulators, designed for cable telev 
sion and network operators and installe 
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tion and maintenance service providers, 
assesses the quality of analog-television-
modulated RF transmission systems. 
The DS1000 family offers the precision 
needed to make accurate, repeatable 
measurements of RF signals from 
47.25-S60.25 MHz modulated with PAL 
or NTSC analog video. The DS1000 fam¬ 
ily also features a qaudrature output for 
the measurement of incidental carrier 
phase modulation (ICPM), sensitivity 
from -20 to 30 dBmV and is priced at 
less than $5,000. 
Tektronix 
INFO/CARD 178 

diplexer covering the standard AMPS, 
ETACS and TACS cellular bands. It 
features an insertion loss of 1.5 dB 
nominal, a ripple < 0.2 dB, transmit-to-

of ±50 ppm. They are priced from 80 
cents to $1.50 each in quantities of 1,000. 
Saronix 
INFO/CARD 184 

SUBSYSTEMS 

High-level sub-assembly 
for PCS applications 
A multiple-function subassembly 

featuring active and passive compo¬ 
nents is a cost-effective system for per¬ 
sonal communications services (PCS) 
and cellular frequency base stations. It 
integrates directional couplers, power 
dividers, mixers, filters, amplifiers and 
frequency synthesizers in a multilayer 
printed circuit board (PCB) with logic, 
alarm, monitor and control circuitry. 
The subassembly will transmit or 
receive at either the 800 MHz or the 1.8 
GHz band. 
KDI/triangle electronics 
INFO/CARD 179 

High-performance 
synthesized digital receiver 
The DCL-VHF-DX, a high-perfor¬ 

mance synthesized digital receiver 
operating in the VHF band (153-173 
MHz), supports digital data and has 
excellent audio output that outper¬ 
forms many high-end commercial 
radios. The receiver features a 10 MHz 
band spread and can be tuned to any 
frequency in the selected band. 
RF Neulink 
INFO/CARD 180 

SIGNAL PROCESSING 
COMPONENTS 

Miniature cellular diplexer 
The Model IC853D is a low-cost, 

high-performance miniature cellular 

RF Design 

receive isolation typically 60 dB and 
return loss typically better than 16 dB 
on all ports. Designed to be used in 
micro, pico and nano cells, the unit 
measures 3" x 1" x 6" and is priced less 
than $140 in production volume. 
Indutec 
INFO/CARD 181 

GPS filter 
Model 8158, a GPS filter with a cen¬ 

ter frequency of 1,401 MHz, features a 
0.8 dB bandwidth of 40 MHz minimum. 
The insertion loss is less than 4.0 dB 
and rejection points are 30 dB at 1,227 
and 1,575 MHz, and 50 dB at 1,050 
MHz. The unit measures 0.75" x 0.44" x 
0.32". 
Piezo Technology 
INFO/CARD 182 

SIGNAL SOURCES 

VCOs have low phase noise 

The 180S series of low phase noise 
VCOs features a power output of 13 
dBm typical, a tuning voltage of 0-12 
V, harmonics of greater than 15 dBc 
and an input power of 15 VDC at 50 
mA for a frequency range of 800-2,800 
MHz. The VCOs are available in com¬ 
mercial and military versions. 
EMF Systems 
INFO/CARD 183 

Universal surface-mount 
crystal packages 

In response to market demands for 
low-cost, high-performance surface¬ 
mount crystals, The 49SUB series fea¬ 
tures frequencies ranging from 3.5-66.67 
MHz and a standard frequency tolerance 

Voltage-controlled oscillator 
for UHF radio 
The V385ME01 surface-mount, 

voltage-controlled oscillator (VCO) for 
ultra-high frequency (UHF) radio appli¬ 
cations generates 360-410 MHz within 
a control voltage range of 0.5-4.5 VDC. 
The VCO features an output power 
level of 7.25 ± 2.75 dB into a 50 Ó load, 
and draws only 15 mA from a nominal 5 
VDC bias. The device pulls less than 2 
MHz with a 14 dB return loss and cov¬ 
ers the 50 MHz frequency range with 
an average tuning sensitivity of 40 
MHz/V. The V385ME01 measures 0.5" x 
0.5" x 0.22" and is priced around $15 in 
quantities of 1,000. 
Z-Communications 
INFO/CARD 185 

Quartz oscillators 
operate at 100 MHz 
The Model FE-102A-100 crystal 

oscillator features an operating fre¬ 
quency of 100 MHz at a profile of 1". 
Designed for low-frequency synthesis, 
doppler radar, low-noise phase lock 
loop (PLL) systems and phase-noise 
reference, the crystal oscillator’s typical 
phase noise is -135 dBc at 100 Hz from 
the carrier, -163 dBc at 1 kHz from the 
carrier and -173 dBc at 10 kHz from 
the carrier. 
Frequency Electronics 
INFO/CARD 186 

OCXO has high stability 
and reliability 
The 260-0536 10 MHz model oven-

controlled crystal oscillator (OCXO) 
uses an SC-cut resonator to offer a 
thermal stability of ±1.0 x 10-9 from 
-30°C to 70°C. Aging is specified at 3.0 
x 10—10 per day with a phase noise off¬ 
set of -125 dBc/Hz at 10 Hz. The device 
measures 2" x 2" x 1.5". Designed for 
paging and cellular base stations, 
instrumentation and telecommunica¬ 
tions, they are priced at $480 each in 
quantities of fewer than 100. 
Milliren Technologies 
INFO/CARD 187 
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RF software 

Layout editor, 
verification software 
Tanner Research has released ver¬ 

sion 6.0 of L-Edit and L-Edit Pro mask 
layout editor and chip verification sys¬ 
tem. This version offers 45° layout and 
verification needed in complementary 
metal oxide semiconductor (CMOS) and 
bipolar designs. All angle rotation of 
instances in L-Edit is now supported, 
and a replace instance capability has 
been added. Arc and torus drawing 
primitives are included, and L-Edit’s 
cross-section viewer provides variable 
etch and implant angle and undercut 
offset capability for simulating fabrica¬ 
tion steps. Windows 95 and NT support 
is provided, along with support for 
Windows 3.1 and DOS operating sys¬ 
tems. A subcircuit recognition capabili¬ 
ty permits layout at lower levels in the 
hierarchy to be defined and extracted 
as a subcircuit, reducing verification 
time. Device perimeter and source and 
drain area also are included in the ex¬ 
traction. Other new features include 
easy entry and editing of technology 
setups and design rules by importing a 
text file from a word processor or text 
editor. L-Edit version 6.0 is available 
for PCs, SunSpark, HP-9000 and Mac¬ 
intosh systems. Pricing starts at $1,495 
in the United States for PC and Mac¬ 
intosh platforms, and at $2,995 for 
Unix systems. 
Tanner Research 
INFO/CARD 153 

Software determines 
electromagnetic behavior 

Microwavelab is a 3D electromagnet¬ 
ic fields simulation software program 
for designing high-frequency devices 
such as antennas, microstrip and wave¬ 
guide components and resonators. 
Microwavelab is available on Unix¬ 
based workstations, multiprocessing 
super computers and Windows NT. 

Microwavelab is used to determine 
both the electromagnetic behavior of 
new designs before a prototype has 
been built and as a verification tool for 
existing designs to predict network and 
antenna specifications. Besides the 
insight from being able to see the fields, 
Microwavelab calculates scattering (S), 
admittance (Y) and impedance (Z) 
matrices; characteristic impedance; 
propagation constants; and a range of 
antenna metrics, such as efficiency, 

polarization ratios, sidelobe levels, gain 
and directivity. 
The results can be displayed in for¬ 

mats including Smith charts, omega¬ 
beta diagrams, polar plots, X-Y graphs, 
tabular matrices and field contours. 
Results can be converted into formats 
for use in complementary tools such as 
Supercompact and Touchstone. 

Microwavelab’s graphical user inter¬ 
face uses industry standard application 
specific integrated circuit (ASIC) solids 
geometry for both modeling precision 
and transfer to design systems. Auto¬ 
mated meshing features include mesh 
refinements based upon the accuracy 
needs of the user. Precision geometry, 
coupled with push-button meshing, 
facilitates the analysis of complicated 
devices and features. 
MacNeal-Schwendler 
INFO/CARD 154 

Software guides 
SMD placement 
Cognex has a machine vision soft¬ 

ware used in the assembly of printed 
circuit boards. Users will integrate 
Cognex machine vision engines and 
surface-mount device placement guid¬ 
ance package (SMDPGP) software with 
high-speed electronics assembly 
machines that automatically pick up 
surface mount devices and place them 
on printed circuit boards. The Cognex 
vision system locates fiducials on print¬ 
ed circuit boards for alignment, in¬ 
spects the quality of each SMD device 
and then guides placement of those 
devices onto the printed circuit boards. 
The software enables each place¬ 

ment equipment manufacturer to tailor 
the system to specific needs. Working 
in conjunction with any Cognex 4000 
series VMEbus or 5000 series PC plug¬ 
in vision processor, the Cognex 
SMDPGP package includes Cognex’s 
location technology for locating fidu¬ 
cials within complex printed-circuit-
board images. The software uses 
advanced inspection strategies to deter¬ 
mine the correct series of high-speed, 
edge-finding algorithms for locating 
and examining each lead on an SMD 
device. This enables repeatable place¬ 
ment even for devices that are front-lit 
or that have slightly bent leads. For 
ball grid arrays (BGAs), odd-formed 
devices and large devices with many 
hundreds of leads, the vision system 
can capture an image of the device 

using multiple fields of view (MFOX 
and can piece together the data fo 
accurate device inspection. 
When coupled with one of the Coj 

nex 4000 or 5000 vision processors, th 
package sells for between $7,500 an 
$15,000, depending upon quantity an 
configuration. 
Cognex 
INFO/CARD 155 

Scanning system maps 
electromagnetic emissions 

Designed to locate and quantify ele< 
tromagnetic activity on powered an 
functioning printed circuit boards an 
other equipment, Emscan has bee 
integrated with a high-performance P’ 
to enhance storage and data manage 
ment of broadband and frequencj 
specific emission scans. 
Emscan incorporates scanner, pei 

sonal computer and monitor in on 
desktop emit. The scanning surface cor 
sists of a 9" X 12" grid containing 1,28 
current probes spaced 0.3" (0.76 cer 
timeters) apart. The probes detect an 
transmit local magnetic-field-level ir 
formation to a user-supplied spectrui 
analyzer, which then feeds locatior 
level and frequency data to the PC 
Frequency response of the scannin 
grid is 10 MHz to 1 GHz. 
Emscan software, operating unde 

Windows 3.1, performs scans and dif 
plays results in color on-screen. Spike 
in spectral scans identify frequencies e 
which high emissions have been detec 
ed. Spatial scans at these frequencie 
identify levels and locations of emissio 
sources on the board. Spatial scan 
overlaid by on-screen board layout 
permit users to identify problem con 
ponents and connections. 

Broadband spectral scans can ident 
fy problem emisisons during any usei 
determined state of board activity 
Spatial scans can document and ma 
emission characteristics during usei 
determined board functions as wel 
Both spectral and spatial scans can b 
stored and compared with real-tim 
scans to check results of emissior 
affecting board changes. 
The software is used in combinatio 

with a receiver or spectrum analyzer, 
color monitor, keyboard, mouse and 
color printer for hard copies of scan 
(optional). The price is $33,000. 
Amplifier Research 
INFO/CARD 156 
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Interim standards published 
The Telecommunications Industry 

Association (TIA) has published several 
interim standards. 

TIA/EIA/IS-684, “Public Mobile and 
Personal Communications Systems-
Time Division Multiple Access (TDMA) 
Radio Interface-Radio Link Protocol 2,” 
specifies a radio link protocol (RLP2) 
that layer-3 entities may use to isochro-
nously transport data across a TDMA 
radio interface. This protocol maintains 
bit-count integrity by delivering cumu¬ 
lative nibble counts to layer 3. 

TIA/EIA/IS-129, “Interworking and 
Interoperability between DCS 1900 
and IS-41-based MAPs for 1800 MHz 
Personal Communications Systems-
Phase I,” addresses functions that 
require interworking and interoperabil¬ 
ity to ensure nationwide and global 
availability of personal communica¬ 
tions services (PCS) in the 1800 MHz 
broadband frequences for mobile users. 
To ensure seamless operation of ser¬ 
vices across dissimilar PCS systems, it 
is critical that specific interoperability, 
interconnection and Internet-working 
standards be developed nationally and 
internationally. 
TIA 
INFO/CARD 157 

Inductor, transformer 
products detailed 
Vanguard Electronics’ inductor and 

transformer products are detailed in 
several catalogs. Products fall into two 
broad categories—RF components and 
power magnetics. Each category is 
offered in both through-hole and sur¬ 
face mount packages, depending on the 
required performance characteristics. 
The RF components primarily are 

designed for applications at frequencies 
from 100 kHz to 1 GHz and power rat¬ 
ings as high as 1 W. Surface-mount RF 
components are suitable for a variety of 
mounting methods including infrared 
belt furnace and vapor phase soldering. 
Vanguard Electronics 
INFO/CARD 158 

Catalog contains 
technical tutorials 
The free, 696-page 1997 Instrumen¬ 

tation Reference and Catalog from Na¬ 
tional Instruments describes the com¬ 
pany’s more than 500 software and 

hardware products that engineers and 
scientists use to develop integrated, 
PC-base instrumentation systems for 
test and measurement and industrial 
automation. The catalog includes tutor¬ 
ials on data acquisition, GPIB, VXI and 
industrial automation; product line 
overviews; and selection guides. 
The first section of the catalog intro¬ 

duces the concept of virtual instrumen¬ 
tation and helps users choose compo¬ 
nents suited to their individual applica¬ 
tions. The five product sections feature 
tutorials with application examples to 
help readers learn about using plug-in 
data acquisition (DAQ) systems, signal 
conditioning, IEEE-488.2, VXI and 
MXI instrumentation, serial instru¬ 
mentation and fieldbus. 
National Instruments 
INFO/CARD 159 

Crystal, oscillator catalog 
released 

Micro Crystal has released a 12-page 
brochure detailing crystals and oscilla¬ 
tors. Crystals include metal can (SMD) 
and through-hole 30-200 kHz, 32.768 
kHz clock crystals (SMD and through-
hole) and ceramic package SMD 10 
kHz to 2.1 MHz and 8-30 MHz. 
Oscillators featured include OCXO (as 
high as 24 MHz), 14-pin clock oscilla¬ 
tors (as high as 160 MHz), tight stabili¬ 
ty VCXO (as high as 45 MHz) and SMD 
clock oscillators (as high as 160 MHz). 
The company’s products are known 

for their micro size, low-power dissipa¬ 
tion and environmental characteristics. 
Micro Crystal 
INFO/CARD 160 

Book covers theory for 
antennas, transmission line 
Antennas and Transmission Lines is 

a reference with diagrams and graphics 
included, adaptable to home study. The 
first third of the book covers basic an¬ 
tenna theory, including point array 
sources, wave interference, standing 
waves, collimators, lenses, apertures 
and simple radiators. 
The second third of the book deals 

with transmission lines, discussing 
such subjects as fine impedance match¬ 
ing, Smith and immitance charts, 
lumped circuits, waveguides, direction¬ 
al couplers, hybrid junctions, reactive 
elements, resonant circuits and quality 
factor (Q). 

The final third of the book consists 
of selected antenna topics such as self¬ 
impedance, balance, short and antifade 
antennas, frequency- and ground¬ 
independent antennas, half-space, 
noise and radio-range protection. The 
price is $19.95. 
MJF Enterprises 
INFO/CARD 161 

Filtering products 
eliminate EMI, RFI 
A 44-page catalog details a line of 

power products designed to eliminate 
EMI and RFI. This line of products 
includes high-current, single-line fil¬ 
ters, power arrays, power entry filters, 
power-line filters, multi-section filters, 
custom assemblies and power distribu¬ 
tion systems. 
The catalog provides features, appli¬ 

cations, catalog numbers, performance 
specifications, temperature characteris¬ 
tics, insertion loss curves, circuit dia¬ 
grams and line drawings for each of the 
product lines. Also explained in the 
brochure is the company’s overall EMI 
filtering experience and EMC testing 
services, application guidelines for us¬ 
ing EMI filters, EMI measurement 
guidelins and a design inquiry form. 

These EMI filtering power products 
are designed for use in a variety of ap¬ 
plications where a power source is in¬ 
volved, such as logic and telephone 
rack bus systems, cellular base sta¬ 
tions, power supplies, DC charging sys¬ 
tems, telecommunications switching 
networks, radar and transmission sys¬ 
tems, computers and peripherals, digi¬ 
tal equipment, medical devices, mili¬ 
tary and secure equipment. 
Spectrum Control 
INFO/CARD 162 

Crystal specifications, 
terminology detailed 
A technical reference and catalog 

from Oak Frequency Control (OFC) 
Crystals provides an in-depth look at 
critical areas of crystal resonator de¬ 
sign and fabrication. Key crystal per¬ 
formance specifications and terminolo¬ 
gy are discussed in detail, and the 
range of the company’s products and 
capabilities is presented. Products in¬ 
clude surface-mount devices and high-
frequency fundamental crystals. 
Croven Crystals 
INFO/CARD 163 
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RF website directory_ 

The following pages contain website addresses and descriptions of advertisers in 
this issue. The information is provided by the advertisers. For more information, refer 
to the ad index on page 102 for the page reference to the company’s advertisement. 

ritiplifibr 
RBSBRRCII 

Amplifier Research 
Power amps, interference generators, test cells 
http://www.ar-amps.com 

/Inritsu 
Wiltron 
Anritsu Wiltron 
Test and measurement solutions 
http://www.anritsuwiltron.com 

€RGl€UJRR€== 
Eagleware 
Synthesis and simulation tools for RF & microwave designers 
http://www.eagleware.com 

Ecliptek Corporation 
Quartz crystals, crystal oscillators and inductors 
http://www.ecliptek.com 

E L A N I X 
Elanix 
Supplier of Windows-based CAE/EDA software 
http://www.elanix.com 

[ California Eastern Laboratories 

California Eastern Labs 
Providing product solutions for RF & microwave devices 
http://www.rell.com 

Cinox Corporation 
Maunfacturer of quartz AT and SC cut crystals 
http://www.horandata.net/cinox 

CEL FUJITSU 
Fujitsu Microelectronics 
RF ICs, PLL, versi-TILE custom RF macro array, SAW filters 
http://www.fujitsumicro.com 

HEWLETT® 
PACKARD 

Hewlett-Packard EEsof 
High-frequency PC software 
http://www.hp.com/go/hpeesof 

Coilcraft 
RF inductors, EMI/RFI filters, RF transformers, LC filters 
http://www.coilcraft.com 

Delphi Components 
Precision DRO’s and CRO’s 
http://www.delphidro.com 

HEXAWAVE 
Hexawave 
Medium power GaAs FETs, MOSFETS and MMIC switches 
http://www.hw.com.tw/~newone 
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Huber & Suhner 
Antennas, tower mount amps, repeaters, EMF protectors 
http://www.hubersuhnerinc.com 

II Morrow 
Contract manufacturing specializing in RF 
http://www.iimorrow.com/contract.htm 

Indutec 
Filters, diplexers and tower mounted products 
http://www.indutec.com 

International Crystal Manufacturing 
Custom crystals, oscillators and filters 
http://www.icmfg.com 

Johanson Dielectrics/Technology 
Ceramic chip capacitors for wireless applications 
http://www.j ohanson-caps.com 

Lap-tech 
Frequency control products 
http://www.laptech.com 

Locus 
OEM product development 
http://www.locusinc.com 

LPKF CAD/CAM Systems 
Systems for fabricating prototype circuit boards 
http://www.lpkfcadcam.com 

Microwave Solutions 
Solid state microwave amplifiers 
http://www.mwsolns.com 

Milliren Technologies 
dUltra stable OCXO’s 
http://www.mti-milliren.com 

MOTOROLA 
Semiconductor Products Sector 

Motorola SPS 
RF semiconductor supplier 
http://design-net.sps.mot.com 

M-tron Industries 
Quartz crystals and hybrid oscillators 
http://www.mtron.com 

Moving and shaping the future" 

National Semiconductor 
Low-power frequency synthesizers 
http://www.national.com 

Nearson 
RF/microwave connectors, cable assemblies 
http://www.nearson.com 

Noble Publishing 
Books, videos and software for RF & microwave designers 
http://www.noblepub.com 

Mini-Circuits 
Mini Circuits 
Mixers, amplifiers, bias-tees, power splitters/combiners 
http://www.minicircuits.com 

Monitor Products 
High performance oscillators 
http://eemonline.com/monpro 

NO1S^oM
Noise-Com 
Noise testing products 
http://www.noisecom.com 

Oscillatek 
Manufacturers of precision crystal oscillators 
http://www.otek.com 

PENSTOCK 
Penstock, An Avnet Company 
RF/microwave components supplier 
http://www.penstock.avnet.com 
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Raltron Electronics 
Crystal units, oscillators, filters and ceramic resonators 
http://www.raltron.com 

RF Monolithics 
SAW-based RF components and modules 
http://www.rfm.com 

T-Tech 
Circuit board prototyping systems 
http://www.t-tech.com 

US CAD Software 
Design programs for use with AutoCAD 
http://www.uscad.com 

Vectron Laboratories 
Crystal oscillator manufacturers 
http://www.vectronlabs.com 

A Richardson 
Electronics, Ltd. 

Richardson Electronics 
Product soltuions for RF & microwave devices 
http://www.rell.com 

Rockwell Semiconductor Sysfems-Filter Products 
Electrical bandpass filters in the 3-600 kHz CF range 
http://www.rockwell.com/products/domestic/ 

semicond2.html 

Voltronics 
Suppliers of variable trimmer capacitors 
http://www.voltronicscorp.com 

Z-communications 
Supplier of VCO’s from 20-7,000 MHz 
http://www.zcomm.com 

Saronix 
Frequency control products: crystals, oscillators and filters 
http://www.saronix.com 

Sawtek 
SAW filters 
http://www.sawtek.com 

Tecdia 
Single layer chip capacitors, DC power boards, bias-T 
http://www.tecdia.com 

TEMEX 

Temex Electronics 
Crystal filters, crystals, oscillators, capacitors 
http://www.tekelec-temex.com 

Trompeter Electronics 
Manufacturer of RF interconnects for telecom, broadcast 
http://www.trompeter.electronics.industry.net 

You can write for 
RF Design} 

You may have just the knowledge our readers 
need on the subjects we’re featuring in 1997. We are 
accepting submissions on the following topics: 

Feature Technology: 
• Power Amplifiers 
• Transmitter Design 
• Microstrip Techniques 
• Testing 
• Receiver Design 

Tutorial: 
• Digital Modulation 
• Power Conservation 
• Antennas 
• Cost-saving Design 

We are also accepting articles for our Engineer’s 
Notebook and various other subjects not listed on 
our editorial calendar. 

Send an outline or abstract to: Technical Editor, 
RF Design, 5660 Greenwood Plaza Blvd., Suite 350, 
Englewood, CO 80111. Fax 303-793-0454. 
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The Aerospace Corporation is a private, non-profit company whose central mission is to assist the government in 
applying the full potential of science and technology to the advancement of space systems vital to national security. 
We are currently seeking exceptional Engineers who want to be involved in all phases of professionally challenging 
projects. You will analyze military communication systems in support of concept definition, tradeoff studies, proposal 
evaluations, and contractor monitoring. Current SBI required. If you are up to the challenge, then we have the following 
opportunities for you: 

Communications 
Communications Systems Hardware/Analysis (East Coast) 
Requires MSEE or Ph.D. in Communications Systems Engineering. Successful candidate will be able to perform in-depth, detailed 

analytical systems analysis; and anafysis/design of RF microwave hardware from baseband through mmwave. Familiarity with the 

design and operation of oscillators, synthesizers, amplifiers, fitters, mixers, and other microwave components is required. Proficiency 

with EEsof Omnisys, and Libra is highly desirable. Prior design experience, both analytical and on the bench, is required. 

Communications Systems Analysis ( East Coast) 
Requires MSEE or Ph.D. in Communications Systems Engineering. Successful candidate will have the ability to formulate analytical 
and simulation models for system performance evaluation; and a strong background in communications systems engineering, math 

and computer science that includes modulation, demodulation, coding, detection, synchronization, and digital communications theory. 

Prior work experience with EEsof Omnisys or Cadence SPW required. 

Electronic Circuit Designer (East Coast) 
Requires BSEE of MSEE. A strong background in electrical networks (both passive and active) and digital design is required. 

Successful candidate will have the ability to design/analyze both analog and digital circuitry (ADCs, DDS, FIR & HR filters) PLLs, filters, 

amplifiers, switching power supplies, and general baseboard circuitry. Prior experience in the actual breadboarding and hardware 

implementation of these circuits is highly desirable. Strong background in device characteristics which impose inherent limitations on 

electrical designs is desired. Prior work experience with EEsof Libra or PSPICE is also desired. 

Reliability Analysis (East Coast) 
BS or MS in Science, Mathematics, or Engineering. Prior experience in RMA analysis, and modeling of long-life, highly reliable, 

complex systems at varying levels of detail; and thorough knowledge of applicable military standards is necessary. The successful 

candidate will provide technical expertise in Reliability, Maintainability, and Availability (RMA) engineering ranging from analysis or 

overall systems to evaluation of subassemblies and picco parts. Specific tasks include development of RMA requirements for FMEA 

and RMAA reports, design analysis, and trade-offs. Perform in-depth RMA analysis, including allocations and predictions, 

statistical/data analysis, mathematical modeling, worst-case and circuit stress analysis. 

Solid State Microwave Electronics/Device Engineer 
(West Coast) 
Characterize and perform accelerated life testing of microwave and transistors of amplifiers to determine cause of failure. 

Sr. Digital ASIC Design Engineer (West Coast) 
Experience with ASIC design methodologies, industry-standard CA tools, testability/fault coverage, digital technologies. 

Join our team of more than 2,800 exceptional professionals dedicated to upholding The Aerospace Corporation's tradition of technical 

excellence. We offer competitive salaries and comprehensive benefits. Contact us for more information and our latest job openings 

at the addresses below, or visit our web page at www.aero.org For all opportunities, please forward your resume, indicating position 

desired and salary requirements, to: 

For East Coast Opportunities: The Aerospace Corporation, 1000 Wilson Blvd., Suite 2600, Arlington, VA 

22209-3988. FAX: 703-812-9415. E-mail (ASCII text): waddell@washdc.aero.org 

For West Coast Opportunities: The Aerospace Corporation, 2350 E. El Segundo Blvd., El Segundo, 

CA 90245. E-mail: harrell@courier4.aero.org 

We have space for your imagination. 

THE AEROSPACE 
CORPORATION 

Equal Opportunity Employer 
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K RF Literature/Product Showcase !i 
Congratulations Jake! 

You found the perfect Signal Generator! 
Eclipse 4.0 for Windows 

• Comprehensive 
Element Library 

• User-defined 
Equations 

• Flexible Sweep 
Capability 

• Multiple Graph 
Sheets 

• Manual Element/ 
Variable Tuning 

• Optimization 

• Customizable 
Graphs 

• Network Analyzer 
style Markers 

$795 
Quantity 1 
Made in USA 

Features: 
•DC-20 MHz, .1 Hz steps 
• Fully synthesized 
• 10 Setup save/recall 
Modes: 
• Sinewave 
• Int/Ext AM 
• Int/Ext FM 
• Int/Ext PM 
• Int/Ext SSB 
• Int/Ext BPSK 

• DC offset 
• RS232 remote Ctrl 
• Field upgradable 

• Linear/Log Sweep 
• Int/Ext FSK 
• Burst 
• DTMF Generation 
• DTMF Detection 
• Power Level Meas 

An Unparalleled R F/Microwave Unear Simulator 

only $495^ http://www.ardentech.com 
fora fully functional demo 

Fl MHz to 2GHz Portable Spectrum Analyzers 

Telulex Inc. 2455 Old Middlefield Way S 
Mountain View, Ca. 94043 
Tel: (415) 938-0240 Fax: (415) 938-0241 
khttp://www.telulex.com 

Arden Technologies, Inc. 
PO Box 286 • Forest. VA 24551 

Voice 804-525-6837 Fax 804-525-5376 
e-mail: arden@ardentech.com 

• PS - 550 0.1 - 550MHz PS - 5A 0.1 - 1100MHz 
• PS - 58 0.1 - 1100 & 900 - 2000MHz 
• Digital center/marker frequency display at 0.1MHz resolution 
• Measurement range: -108 to +20 dBm 
•5 resolution bandwidths: 10KHz - 1MHz 
•50 dB input attenuator in 10 dB steps 
•2/10 dB/Div log scale display with on screen marker cursor 
• Built-in AM / FM demodulation with monitoring speaker 
• Optional built-in Tracking Generator 
• AC / DC / Battery powered (optional +12 V battery pack) 
• Lightweight - Portable operating. Size: 11.5" x 5.4" x 12.9" 

Price $1675 (PS-550) $2275 (PS-5A) $2875 (PS-5B) 

V.Tech Instruments, Inc. Tel: (201)546-7635 

171 Burns Ave, Lodi, NJ 07644 Fax: (201 ) 546-7651 

INFO/CARD 100 INFO/CARD 101 INFO/CARD 102 

Vacuum Capacitor Catalog 
for RF Design Engineers 

COMET—recognized 
worldwide as the lead¬ 
ing supplier of high-
voltage, high-vacuum 
fixed and variable 
capacitors—offers a 
free 56-page catalog and 
reference guide cover¬ 
ing nearly 500 COMET 
products. 

COMET capacitors fea¬ 
ture capacitance ranges 

MINIATURE CRYSTAL 
CONTROLLED BLOCK 
DOWN CONVERTER 

4 New Models! 
ULTRA BROADBAND 

AMPLIFIERS 
26 ps Risetime 
65 kHz - 14 GHz 
10 to 24 dB gain 

+19 dBm 

$600 to $850 

from 3 to 6600 pF; current ratings to 1000 amperes; 
and peak test voltages up to lOOkV. Extensive 
supplies in-stock, custom designs readily available. 
For more information, contact: 

COMET NORTH AMERICA 
89 Taylor Avenue 

Norwalk, CT 06854 
(203) 852-1231 Fax (203) 838-3827 

✓ HEATER STABILIZED L.O. 
/ THICK FILM HYBRID CONSTRUCTION 
/ MACHINED ALUMINUM HOUSING 
/ RF INPUT: 50 MHz TO 2.5 GHz 
/ IF OUTPUT: 0. 1 TO 500 MHz 
V RF TO IF GAIN: -7dB TO +40dB, 

CUSTOMER SPECIFIED 

WUmanrn Moorpark- CA 93021 
VllllllallbU (905) 523-2390 FAX (805) 523-0065 

For digital telecommunications 
and other pulse and rf applications. 

f\ PICOSECOND P.O.Box44 

/ \ PULSE LABS. Inc Boulder, CO 
L — — - U.S.A. 80306 

Phone: (303) 443-1 249 Fax: (303) 447-2236 

INFO/CARD 103 INFO/CARD 104 INFO/CARD 105 

RF marketplace 
Classified display ads are available at $1 25 per column inch. Frequency rates available for multiple insertions. Please cal 
for further information, 303-220-4288. Or fax your ad copy for a rate quote to: (303) 793-0454. 

MIDWEST OPENINGS 

RF COMMUNICATIONS EQUIPMENT DESIGN ENGINEERS 
BS/MS. 2-8+ yrs. experience, base-band to3.0Ghz, in any of the 

following: Receivers. Transmitters, Power Amplifiers, Synthe¬ 

sizers, Spread Spectrum. RF ASIC/MMIC Design, Modems, 

Communications DSP. Reply with assured confidentiality to: 

Don C. Gallagher 
c/o Redstone Partners, Inc. 

2033 McCoy Rd., #206, Sun Prärie, Wl 53590 
(608) 837-5647 Fax (608) 837-6096 
Review our openings on the Web at: 
http://www.redstonepartners.com 

CAREER OPPORTUNITIES 
NATIONWIDE RF EXPLOSION 

92 

RF Communications Positions: 
— Test, Design, Applications — 

• Cellular & Wireless System & Equip. Design • CATV 

• Data Transmission • ICS • Digital & Analog Design Engi¬ 

neers • Electro-Optics • Active Components • Many more. 

ABF c/o Peter Ansara 

P0 239, W. Spfld., MA 01090. Tel (413) 733-0791 

Fax (413) 731-1466 E-mail: pa@ansara.com. 

Visit our home page: http://www.ansara.com 

RF state of the Art Developer seeks degreed engineers to join 

expanding staff Positions available tor the following: Fiber Optics, 

CATV, Cellular, Wireless, Analog/Digital, Test, MMIC, Mgmt. 

Additional oppts. available for Packaging, Mechanical Design, 

Power Supply, Acoustic, HW/SW, Systems Integration. 

For consideration send your resume to: 

Louis Schwartz. Technical Employment Consultants 

308 Lakeside Drive ■ South Hampton. PA 18966 

Ph: 2I5-396-I840 • Fax: 2I5-396-I5OI 
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Apply Yourself 
IM A WIRELESS WORLD 

With the innovative technologies of 
BellSouth Cellular Corp., opportunity 
knows no boundaries. If you're looking 
for the ultimate challenge in wireless 
telecommunications, we have the perfect 
landscape. 
Our engineers utilize the 

latest technologies and design 
solutions to provide the most 
powerful, reliable forms of 
telecommunications in the 
U.S.A. In fact, during the 
Olympics, we delivered one 
of the most sophisticated 
technical projects in communi¬ 
cations history. One hundred 

VVere 
working to 
become 
one of the 
best places 
to work in 
America. 

It's all part of an expansive network 
of wireless communication services 
that began in 1984 and now serves more 
than four million customers. 

BellSouth Cellular Corp, is better 
known locally as BellSouth Mobility 

Inc. and American Cellular 
Communications Corporation. 
Together, we provide service 
in more than 200 markets and 
we continue to expand as one 
of the fastest growing cellular 
service providers. We utilize 
TDMA and IS-136 to support 
a host of new digital features, 
while still providing our 

forty-four square miles of land in 
Atlanta was fortified to carry a level of 
wireless technology previously never 
attempted anywhere. And we are 
making an impact in other major 
markets in the U.S. like Atlanta, 
Los Angeles, Houston, Indianapolis, 
Birmingham and South Florida. 

__ American Cellular Communications 
B W A BELLSOUTH Company 

analog customers with the best call 
quality around. 

At BellSouth Cellular Corp., we're 
working to become one of the best 
places to work in America. You'll share 
ideas, suggestions, concerns... and be 
recognized for your accomplishments. 

BELLSOUTH 
CELLULAR CORP. 

What's more, your potential to learn 
and grow will unfold as ground¬ 
breaking technologies present unique 
opportunities. Positions are currently 
available for engineers with two 
or more years of experience in the 
following areas: 

□ RF Engineering 
□ Network Engineering 
J Field Engineering 
So apply yourself in our wireless 

world. Working for an industry leader, 
you'll find an excellent compensation 
package including stock investment 
options and a 401 (k) plan with immediate 
vesting. Please forward your resume, 
indicating position of interest and 
location to: 

BSCC Wireless Recruiting 
Suite 1401, Dept. RF 

1100 Peachtree Street N.E. 
Atlanta, GA 30309-4599 
Equal Opportunity Employer 

@ BELLSOUTH Mobility' 

Alabama • California • Florida • Georgia • Hawaii • Illinois • Indiana • Kentucky • Louisiana • Mississippi • Tennessee • Texas • Virginia • Wisconsin 
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You take 
more pride 

4 when 

owner. 

Dr. Dan Raicu. Design Engineer 

California Eastern Laboratories, Inc. (CEL) is one of the largest employee-owned 
corporations in California. CEL is NEC's business partner in sales, marketing and 
product development of RE, Microwave and Optoelectronic Semiconductors. With 
37 years in business, we have a history of stability. Today's growth results in major 
new opportunities for those who recognize quality when they see it. 

We are hiring qualified individuals with experience in the following areas: 

APPLICATIONS ENGINEERS 
(Optical and Power Products) 

DESIGN ENGINEERS 
(MMIC and Synthesizer/Logic) 

FIELD SALES ENGINEERS 

PRODUCT MARKETING MANAGERS 

TECHNICIANS 

Other current openings include: 

Product Marketing Manager, 
Optoelectronics Products 
Manage optoelectronic product lines. Direct experience with photocouplers, OC 
MOSFETS, IRDA and POF preferred. Requires BSEE or equivalent experience in 
marketing and engineering. Job 4227RFD 

Microwave Technician 
Support Power Product Development Engineers in making R17Microwave and 
DC measurements. Must be familiar with S-Parameters and knowledgeable of 
RF/microwave and DC test for microwave power semiconductors. Requires 
experience with CAD drafting programs. AA or equivalent plus 3 years of experience. 
Job #24ORFD 

Applications Engineer, Optoelectronics 
Provide technical support to the sales and marketing departments and to customers. 
BSEE or related field and 5 years of design experience using optical communication 
products, or 12+ years' experience without a degree. Job #246RFD 

Applications Engineer, Power Products 
Provide technical support to the sales and marketing departments and to 
customers. BSEE or related field and 5 years of design experience using power 
devices, or equivalent. Job #247RFD 

Design Engineer III (Synthesizer/Logic) 
Using CAD software programs, design Phase Urcked Loops, synthesizers and 
general logic interface circuitry. Requires familiarity with digital IC design and 
with semiconductor device processing techniques including bipolar, I2L, CMOS, 
ECI. and BiCMOS. BSEE with 5 years of experience or MSEE with 3 years of 
experience, coursework in PLL and synthesizer IC design. Job #248RFD 

For more information about CEL & our products, see our 
booth at the Wireless Symposium Exhibition in Santa Clara. 

Please submit your resume to: California Eastern Laboratories, indicatingjob #, 
4590 Patrick Henry Drive, Santa Clara, CA. 95054. FAX: 408/235-8897, e-mail: 
hr@cel.com. EOF. Principals only, please. 

Please visit our web site: http://www.cel.com 

CEL California Eastern Laboratories 

...YOUR CAREER 
Wireless Start-Up/RF Design Engineers: Design of Si RF ic's for Wireless Communication 
applications (AMPS. DAMPS, GSM, DECT, POS) Si RF ixc design experience in the 400-2400 
MHz: fast RF PLL synthesizer design experience; RF receiver/transmitter/design experience 
using Si Bipolar and MOS technologies_ 

Product Marketing Director Incumbent would be required to work closely with product man¬ 
agement and sales to design and develop product line strategy and tactical marketing programs 
in support of an enterprise wide strategy for success in the digital wireless terminal industry. 
Knowledge of cellular/PCS markets and/or wireless telephony is required. A proven ability to 
work with customers and product realization teams on marketing strategy development 

CATV Design: Rf Design experience should include LC filter, microstrip, amplifier, circuit 
modeling and system analysis in the 5-1000Mhz range. BS/MSEE fiber optics a plus. 

Project Leader Base Station: Design, fabricate, test and develop rf/mw components, circuits and subsystems for 
cellular basestation front-ends BSEE/MSEE 

Regional Field Sales: Aggressive individuals to create and serve new accounts. Positions are located throughout the 
U SA An engineer who wants to enter sales world is acceptable Base salary, commission and car. BSEE_ 

RF Microwave Test Engineers: Develop and refine automated RF/Microwave test methodologies for product 
characterization, production test, system test and FCC Certification BSEE 

RF Engineer: RF circuit design and development for wireless phones Develop radio architectures and RF circuit 
design for systems operating in the 800-900MHz and the 1800-2000MHz regions. 

Sr. Project Antenna Design: Lead the conception, design and development of a wide variety of antennas and antenna 
systems, including both reflector and array systems using microstrip, stripline and waveguide technologies BS/MS 
with 5 years experience. 

RF Design Manager: Lead a team of RF engineers from initial design and implementation through product integra¬ 
tion and testing into high volume production. 8+ years of RF design with emphasis on low cost radio design BS/MS 

Sr. MMIC Design: Design highly integrated GaAs MMlCs for advanced cellular products. Circuits to be designed 
include: power amplifiers, LNAs, mixers. IF amplifiers, buffer amplifiers. RF frequencies are 900 and 1800 MHz. 

Product Line Manager Wireless: Specific responsibilities include product line strategic planning, establishing rev¬ 
enue and price objectives, setting internal cost targets and oversight of internal product realization schedules 

RF PA Engineers: Requires 3+ years experience in design, test and manufacturing of high efficiency GaAS MESET 
and HBT class A and C power Amplifiers (c2watts) in the frequency range (-2GHz). Experience in both discrete and 
MMIC design a plus. 

Sr. Analog IC Designers: Responsible for conceptual circuit design and developing new analog/mixed signal ic's. 
BS/MS experience in A/D D/A, ASIC's bipolar and BiMOS 

Filter Design Engineer Development of microwave high *Q* coaxial cavity and machine filter designs for PCS base 
_ stations BS/MS familiar with simulation and modeling tools, three plus years filter design 

experience with direct *Q' designs (6-8000 O's) 

I I Applications Engineer: 5 years of directly relevant RF/MW engineering applications and 
11 I measurement techniques. Strong presentation and instructor skills; must be able to 
IJ communicate effectively with individuals and groups of all levels of technical expertise and 

experience_ 

I Senior RF Engineer Design RF and Microwave components for microwave digital 
communication links Develop RF hardware block diagrams and perform analysis 
for communication systems. BSEE or MSEE with 5+ years experience in Microwave 

~ circuit design such as microstrip, low noise amplifiers, power amplifiers, mixers. 
oscillators and RF circuits. _ _ 

I 13 COMMUNICATIONS 
■■■■TI I I ■ W# EXECUTIVE SEARCH 

We specialize in the placement of wireless, RF, microwave communications nationally. 

FOR THESE AND OTHER OPENINGS 800 Turnpike St. • North Andover, MA 01845 
CALL COLLECT: TEL: 508-685-2272 E-mail: micsearch^aol com_ FAX: 508-794-5627 

RF Engineers 
We are The global leader in medical diagnostic imaging. 

GE Medical Systems’ products include MRI, 
CT, X-Ray, Nuclear Imaging and Ultrasound. 
Our people are a key part of that global success. 

We need Individuals to provide engineering leadership 
for several RF antenna product development 
projects for Magnetic Resonance Imaging 
systems. The front end of the system requires 
highly sensitive low noise RF pick up antennas. 
The RF Project Engineers will lead the 
development effort for new antenna from 
concept to preproduction, and will conduct 
feasibility studies of new technology. 

Requires: BS/MS EE and 5 years of experience as a project 
engineer in analog electronics. Low noise preamps 
and RF electronics background preferred. 

Reply to When applying for the above positions, please refer 
to GEMS, AN089. Send your resume by E-mail - not 
as an attachment - to: resume@opportunities.ge.com 
(use the word “resume” in the subject heading), or 
you can fax your resume to (513) 583-7340. An 
acknowledgement letter will be sent to confirm 
receipt of your resume. 

GE Medical Systems 
An Equal Opportunity Employer 
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If you've been following the news lately, you've probably heard about the confusing array of choices 

consumers have in wireless technologies. With CDMA already deployed around the world, it's clearly 

destined to be the winning choice. 

So, if you want to be with a winner, join QUALCOMM on the forefront of wireless technology. We re changing 

the way the world communicates by providing a new generation of digital wireless services from cellular to PCS. Not 

only did we develop the technology, we re now leading the way in its application. We design, build and provide all 

types of products based on CDMA technology—everything from ICs to infrastructure and phones. And were 

constantly pushing the envelope to improve performance and develop new applications. 

Don't get stuck working on obsolete concepts. Take part in the future—join QUALCOMM in San Diego, CA today. 

RF Engineers Digital Systems Engineers 

We have 

opportunities 

available in 

Engineering. 
A 1 

IF Design 

Immediate design positions are available at 800 MHz. 1.6 GHz, 2 
GHz. 2.4 GHz, 4 GHz. 6 GHz and 12 GHz. Positions are also 
available in RF and analog ASIC development. Most positions 
require a 4-year degree, or equivalent, and RF design experience. 

RFTest Engineers 
Develop test methods, equipment and procedures for high-
volume production of digital wireless communications products. 
Including cellular phone and base station equipment. Provide 
technical leadership in the transition of products from design to 
high-volume production. Requires a BSEE and 5+ years' related 
experience. 

RF IC Engineers 
Apply your analog IC knowledge to the design of digital 
wireless phone systems. Circuits of interest are: LNA, 
mixers, IF amplifiers, continuous time filters. A/D K D/A 
converters, power amplifier drivers and power amplifiers. 
Low voltage and low power design techniques are 
emphasized. Requires a knowledge of SPICE, Cadence or 
other analog design tools, as well as transistor- level design 
(BiCMOS, bipolar. GaAsHPT, and MESFET). 

We are seeking Digital Systems Engineers who can brew complex 
digital systems from concept to production. You must be able to 
quickly assimilate and refine existing hardware designs; apply 
integration and problem solving skills in the lab; work closely 
with software engineers; maintain designs under revision control, 
and actively contribute toward the evolution of our products. You 
must be a self-starter and team player with a solid understanding 
of electrical engineering fundamentals, have a BSEE, and 3+ 
years experience in digital hardware. Telecom or wireless 
experience is a plus. 

Systems Integration/ 

Test Engineers 
We are looking for engineers of all experience levels for design 
verification of CDMA wireless communications systems using 
state-of-the-art test facilities You will design and implement 
tests to verify system functionality and performance to 
requirements. Test areas include call processing, PSTN 
interoperability, network management/OA8,M, air interface 
standards compliance, satellite telemetry/command, and data 
networks. You will also work with developers to introduce new 
components into the lab and to test the interoperability of 
components within the system. Requires a BSCS/BSEE plus 
experience in systems test, integration or development in one or 
more of the following areas: wireless/satellite communications, 
telephony, switching systems, network management/0A8.M, 
large software systems and computer networking. 

www.qualcomm.com 
SEND US YOUR RESUME: 

Mention Dept Code 706RFD and the job title in all submittals 
E-Mail (ASCII Only): resumes@qualcomm.com FAX: (6/9) 658.2 110 

Post: QUALCOMM Human Resources, P.O. Box 919013, San Diego, CA 92191-9013 

Qualcomm! 
N CORPORATED 

EQUAL OPPORTUNITY EMPLOYER 
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Career Opportunities 

HEAVYWEIGHT 
CHAMPIONS!! 

INDOOR SERIES OUTDOOR SERIES 

BOTH SERIES ARE 

A SHIPPED 

VIA UPS 

* NEMA RATED 

Jr MADE OUT OF 

OUR OWN 
ALUMIFLEX 

N Rounded corners 
N Powered textured finish 
A Adjustable rails (front to rear) 
N Two doors with locking system 
& Available in: two heights... 

30 inches and 42 inches 
and three depths... 17 inches, 
25 inches and 34 inches 

D.D.B. UNLIMITED 
THE CABINET PEOPLE 

800-753-8459 

A ALUMISHIELD—Top cover protects 
cabinet from the sun's heat and 
falling ice 

N Rails—Fully adjustable and 
aiodine coated 

& Dœrs—Front and rear doors secured 
with stainless steel padlocking handles 

N Vents—Front and rear, top and bottom 
with filtered panels (included) 

à Available in: three heights... 
50 inches, 62 inches and 78 inches 
and three depths .25 inches, 
34 inches and 42 inches 

DATA COLLECTION BOXES 
AVAILABLE 

I * PCS * CELLULAR • J 
FIRST 
SEARCH 

Employer Inquires Welcome 

Engineering 

à 6584 N.W. Hwy., Suite RF 

• Operations • Technical 

> RF Engineers 

ENGINEERING OPPORTUNITIES 
PROJECT ENGINEER 

SR. SOFTWARE ENGINEER 

SR. DESIGN ENGINEERS 

ANALOG DESIGN ENGINEERS 

RF ENGINEER 

PROGRAMMERS 
Lower Bucks County division of NYSE 
electronics corporation located just 10 
minutes fromTrenton, Bensalem and 
Levittown area has above openings. 
Individuals with technical expertise in 
one or more of the following areas: 

• Visual Basic, "C", "C++" 
• XILINX andALTERA 
• UNIX Operating System 
with Data and Graphics 

• Assembly Code for Z80 
and Z1 80 Processor 

• Assembly Programming 
• Thick Film Hybrid & DataAcquisition 
• Project Scheduling and Budgeting 
• Design debugging 
• Phase Lock Loop 
• Digital andAnalog Design 
• PSK and PCM Design 
• StrongAcademicAnalog 
and DSP Foundation 

• SCSI Bus 
•ECL 
• Transponders 

Competitive salary with full benefit package. 
Please send resume including salary history to: 

AYDIN CORPORATION 
AYDIN VECTOR 
P.O. Box 328 

Newton, PA 18940 
EO E M/F/D/V 

" Chicago, IL 60631 
Phone (773) 774-0001 
FAX (773) 774-5571 
e-mail: fsihunter@aol.com 
http://www.firstsearch.com 

> Cellular System Engineers 
> System Optimizers 
► Cell Site/Switch Maintenance 
► Performance Engineers 

Recruitment 
NATIONWIDE OPPORTUNITIES 

DIRECT & CONTRACT POSITIONS 

PCS/PCN/CELLULAR/CDPD 
RF/HW/SW/FW/DSP 
Terminals/Systems 

ITZPfíTRICK & fíSSOCIfíTES 

e  16540 East Ashbrook Dr. • Fountain Hills, AZ 85268-2832 
E-Mail: FITZPAT@ix.netcom.com 

FAX: (602) 956-7644 

RF DESIGN 
radio • data • phone 

RF design from circuit to 
system level. 

Lanni Johnson, CPC 

OFALBI Qt'ERQl E. INC. 

505-262-1871 
FAX 505-268-4954 

Excel of Albuquerque, Inc. 
see us at www.excelalb.com 
1700 Louisiana NE, Suite 21 0 

Albuquerque, New Mexico 87110 

COMMUNICATION 
M ENGINEERS M 
Our clients are hiring RF engineers with the 
following skills: 

Wireless Telecomm, Cellular, 
Mobile, Telephony, NPCS, 
spread spectrum, DSP, AMPS, 
SMR, GSM, CDPD, TDMA, 
CDMA, WLAN, WPBX, trans¬ 
mitters, receivers, modulators, 
demodulators, low noise 

• Never a fee 

to applicants 

• Send email, 

fax or call 

Randy Brei 

today! 

amps, mixers, oscillators, filters, DDS, 
synthesizers, 900/1900 MHz. 

Brei & Associates, Inc. 
P.O. Box 445 • Marion, IA 52302-0445 
(319) 377-9196 • Fax: (319) 377-9219 

RBREI@NETINS.NET 
http://www.NETINS.NET/showcase/RDBREI 
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Career Opportunities 

CMI, with on impressive nationwide clientele oí fortune 500 
companies, provides you with immediate opportunities to 
realize your full abilities. Vite offer a $500 Sign On Bonus, 
excellent salaries, and 401 K plan. We seek IS Professionals 
with expertise in the following areas: 

• SOFTWARE/FIRMWARE DESIGN & 

DEVELOPMENT: Wireless and Landbased 
Communications Applications, Real Time 
OS application development with C, C++, 
DSP, MC68000, i960 in UNIX or DOS 
Development Environments. 

• SYSTEMS ENGINEERING: All Wireless and 
Landbased Communications Applications. 

• HARDWARE DESIGN/ENGINEERING: 

Circuit/Application Schematic Design, 
Mentor Graphics Circuit Design Tools. 

• SYSTEM TEST: H/W, F/W, S/W Application 
Testing. 

• PURE ATRIA PRODUCTS ADMINISTRATION: 

ClearCase, ClearMake, MultiSite Installation 
and Administration. 

• INTERNET/INTRANET DEVELOPMENT AND 

ADMINISTRATION: Web Masters, HTML 
Development. 

Contact us at: 
PH: 908-450-1100 ■ 

FX: 908-450-0715 IM 

140 Broad Street 
Red Bank, NJ 07701 
E-Mail: cmi@cmi-jobs.com 

Configuration Management, Inc. 

Responding to Challenge with Vision, Innovation, and Performance. 

CONTRACT 
AND 

FULL-TIME POSITIONS 

Great 
leading 

Wireless Communications, 
Telecommunications, Multimedia, 
Networking & More... 
* RF Design Engineers 

■ PCS I Cellular / GSM I Wireless Data 
* Security HW & SW Engineers 

- Cryptography / Digital Signatures / Authentication 

* Software & Firmware Engineers 

- Embedded I Real time / Microcontroller 
* Digital Hardware Engineers 

• ASIC I DSP I Microprocessor IFPGA 
» IC Designers 

■ RF I Analog I Digital 
* RF Technicians 

* Product Managers I Marketing / Soles I Applications Engs 
* Executive I Management & More... 

Mail/Fax to: dept. 1 80 http://www.esiweb.com 
Phone: (408) 369-9500 E-mail: esi@ix.netcom.com 

FAX: (408) 369-9595 

All Fees are paid by the employer 

ESSENTIAL^ SOLUTIONS 
EXECUTIVE 4 TECHNICAL RESOURCES 
2542 South Bascom Avenue, Suite 225, Campbell, CA 95008 

At Sanders, A Lockheed Martin Company, vision, inspiration and commitment are the hall¬ 
marks of our engineering teams. They are also the qualities that empower our technical vision¬ 
aries to continually define the cutting-edge of innovation. 

Sanders is engaged in the development and manufacture of advanced defense and com¬ 
mercial electronic systems. Our products include countermeasures for aircraft self-protection, 
surveillance systems including communications signal intercept, exploitation and jamming, 
commercial wireless telecommunications, avionics and space electronics and displays, mission 
planning systems, training and simulation systems, underwater acoustic and imaging systems 
and automatic test equipment. In addition we have expanded our signal processing technology 
center and have been designated the microwave center of excellence for the corporation. 

Today, with more than 250 in-house projects currently underway and 400+ open positions, 
we can offer excellent opportunities, including entry level, with the ongoing challenge and 
rewards of finding the solutions of tomorrow. 

MiCPOWaVC Modules (Entry level to Task leaders) 
Design and develop microwave and millimeter wave modules and components in a frequency 
range of 1 - 94 Ghz for both commercial and military applications. Designs include both active 
and passive circuits with an emphasis on MMIC's. CAD tools include Touchstone, Omni-Sys, 
Libra, Supercompact, Spice and Sonnet. BS/MS Engineering. Experience with microwave 
module and component design is required for senior positions. 

Microwave Packaging 
Design microwave packages utilizing MMIC, MIC, Hybrid and advanced material technologies, 
as well as develop, assemble and test technologies. A BS/MS Engineering and microwave 
packaging design, assemble and test experience is required. 

MMIC Design (Entry level to Task leader) 
Design MMICs on advanced PHEMT and InP covering 2 to 200 GHZ. Knowledge of CAD tools is 
required including Touchstone, Libra, HFSS and Sonnet. BS/MS in Microwave Engineering with 
knowledge of MMIC design is required. 

Antennas and Array Design 
Design, build and test antenna's and beam forming networks in the millimeter wave frequency 
band. BS Engineering and 4+ years experience including familiarity with millimeter waveguide 
components, especially power dividers and radiating elements. Experience in space applica¬ 
tions also desired. 

Transceivers Design 
Design transceiver (sensor and exciters) systems, from concept through release to production. 
Perform module cascaded system analysis. Designs include a variety of active and passive 
RF/microwave circuits and digital processing, control circuits. BS/MS EE and experience. Must 
have experience with microwave control components. Experience with applications using GaAs 
MMIC desirable. 

RF Systems Engineers 
Lead systems architecture, establish requirements baselines, make H/W - S/W trade-offs and 
validate and optimize systems performance. Opportunities in the following applications: 
• Automated Test Equipment • Countermeasures 
• Surveillance • Telecommunications 

For consideration, please send your resume and salary requirements, in strictest confidence, to us at the 
below address. Since all resumes are scanned electronically, please use plain white paper, standard for¬ 
mat and fonts (Arial or Helvetica), 12 points, no bolding, underlining, italicizing, or bulleting. 
Sanders, A Lockheed Martin Company, Attn: 7011, P.O. Box 2029, Nashua, 
NH 03061-2029; Fax (603) 885-6398. EMAIL: hrrep@mailgw.sanders.com 

For consideration, candidates must include Attn: 701 1 on their resume/ cover letter. Only one resume is 
necessary for application. Please indicate 
position® of interest on your resume/cover letter. 
Applicants selected may be subject to a 
government security investigation and must 
meet eligibility requirements for access to 
classified information. US citizenship required 
for some positions. Sanders is an equal 
opportunity/affirmative action employer. 

A Lockheed Martin Company 

Visit us on the World Wide Web:http://www.sanders.com 
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Career Opportunities 

OSCILLATOR 
ENGINEERS 
» Crystal Oscillator Engineers 

Experience in the design and man¬ 

ufacture of TCXO's and VCXO's 

required. Hybrid design and man¬ 

ufacturing experience a plus. 

Hy-Q International is a world¬ 
wide manufacturer of frequency 
control products. If you are an 
experienced engineer looking for 

the opportunity to use all of your 

talents, then we would like to talk 

with you. 

Please send your resume, with salary 
requirement to: 

Hy-Q International (USA), Inc. 
James Buchanan 
1438 Cox Ave. 
Erlanger, KY 41018 

WE ARE AN EQUAL OPPORTUNITY EMPLOYER 

CD 
CDI Telecommunications is part of 
a large public corporation (NYSE) 
serving customers nationwide. 

We are seeking experienced personnel 
for the following positions: 

CELLULAR & PCS 

Program Managers Real Estate Specialists 
RF Engineers Technicians 

Network Engineers Installers 

Call: (800) 669-1890 ext. 396 

or Fax resume to: 
CDI Telecommunications, Inc. 

800-875-1904 
P.O. Box 4056 Dept. RFD 

Scottsdale, AZ 85261-4056 
E.O.E. 

REDESIGN ENGINEER 
Sencore Electronics is a leader in the development and 

manufacture ofelearonic test instruments. 

Opportunities in this midwest company are available 

for team players with demonstrated skill in design 

and development of: 

▲RF Circuits 
▲Video, CATV, and 

Wireless Applications 

Qualified candidates will possess a BSEE or MSEE 

with 3-5 years experience. Sencore offers a team 

oriented work place, competitive compensation and 

a comprehensive benefits package. For immediate 

consideration reply to... 

e-mail -hra sencoce.com «— ,,— u „— 
1-605-339-0100 «= 
1-8OO-736-2673 Attn: Human Resources (SDENG) 

ENGINEER, SYSTEMS DESIGN 
LOCUS is a growing, leading edge OEM product developer/supplier specializing 

in wireless communications and embedded systems products. Our exciting, 

fast paced environment offers an opportunity to work on a variety of challenging 

projects for a number of diverse industries. 

Ideal candidates will have a minimum five years experience in complete product 

development including: RF circuit simulation, digital radio, RF propagation, 

FCC regulations, and production test. Analog experience a plus. 

YOUR 
RECRUITMENT 

EFFORT 
SHOULD START 

HERE 

Locus offers an excellent salary and benefits package as well as continuing 

opportunity for professional growth. EOE/Smokefree Office. Forward resume 

and salary history (principals only) to: Attn: Ms. Rounds 

13 LOCUS LOCUS, Inc., 1842 Hoffman St., Madison, Wl 53704 

Phone: 608-244-0500 FAX: 608-244-052 

http://www.locusinc.com 

Use 
COLOR 

To Make 
Your Ad 

Stand Out! 

Contact 
Terri Stenson 

for more 
details: 

303-220-4288 

Go with one of the nation's most 
established search firms, the leader in the 
Wireless Industry. We have earned the 

respect of America's Wireless 
organizations through a reputation built on 

experience, integrity and results. 
Let F-O-R-T-U-N-E work for you. 

800.875.2230 

-o-r-t-u-n-e 
JJ J J Communications Group 

Div. of Fortune Personnel Consultants 
18552 MacArthur Blvd. #345 

Irvine, CA 9271 5 
Fax:714-250.8535 
Fax: 71 4.250.8046 

ENGINEERING 
PERSONNEL SERVICES 

• RF / Analog & Digital Circuit Design 

• Hardware I Software Design 
• Cellular I PCS System Design 

Send resume to address below 
ALL LEVELS OF POSITIONS FILLED GLOBALLY 

Employer inquiries welcome. 

P.O. Box 141397, Cincinnati. OH 45250 

606-491 -5410 fax 606-491 -4340 

E-Mail, Careercom@AOL.com 

I HAVE 30 YEARS EXPERIENCE 
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Career Networks 
Recruiters for the Wireless 
& Telecom Industries 

800-JOB LINK? 
Specializing in Sales, Marketing, 

Technical. Engineering, Software Development 
L & Executive Placements 

ENGINEERING 
- OPPORTUNITIES -
Nationwide positions available for 

Engineering, R & D and Management 

candidates with our Wireless, Broad¬ 

band and Telecommunications Clients 

in Venture Capitol to Fortune 100 

corporations. 

_ Reply confidentially to: 

EXECUTIVE SEARCH NETWORK 
7 1/2 E. Miner St. • Dept RF3 
Arlington Heights, IL 60004 

Fax (847) 394-1841 / 1891 (alternate) 
E-mail: mike@searchnetwork.com 

As a Nationwide RF Specialist. Microwave. Amplifiers, 
Transmitters, Receivers, Synthesizers. Filters, NMIC, 
L-Band, KU-Band, Satellites. Antennas, Audio, Video, 
Telecomm, CATV, Wireless. VHF, UHF. Radio. Commercial 
or military Communications. 

Call, Fax, Mail Resume to: Bill Elias, Dept. RF 
P.O. Box 396, East Brunswick, NJ 08816 
Phone: 908-390-4600 Fax: 908-390-9769 

ELIAS ASSOCIATES 
Annually A National Award Winning Search Firm 

R.F. ENGINEERS: NATIONWIDE 
R.F./CELLULAR/WIRELESS/PCN/PCS 

CDMA/TDMASPREAD SPECTRUM/VSAT 
STAFF & MANAGEMENT POSITIONS 

Respond to: CTH, Ltd. 
440 Harlem Ave-Glenview, IL 60025 

Ph. 847/657-0102 Fax 847/657-0061 
email <cth@ais.net> 

Gables One Tower, Suite 801 
1320 S. Dixie Highway 
Coral Gables, FL 33146 

joblink@aol.com 
www.cnijoblink.com 

Fax Resume to (800) JOB-FAXX 

MANAGEMENT 
RECRUITERS 
OF BOULDER, INC. 
The search and recruiting specialists 

WINDY BRADFIELD 
RF I MICROWAVE SPECIALIST 

CONTINENTAL BLDG., SUITE 301 
1401 WALNUT STREET, P.O. BOX 4657 

BOULDER, COLORADO 80306 
(303) 447-9900 

FAX(303) 447-9536 
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F Design 

Career Opportunities 

We're Doing Exciting Work 
That's Heard Around The World. 
Spectrian is the leading OEM supplier of ultra linear, high-power RE amplifiers 

to cellular infrastructure manufacturers worldwide. Our product features 

enable our customers to improve spectrum efficiency, lower capital costs 

per subscriber, enhance the quality and reliability of service and achieve 

rapid and large scale deployment of wireless infrastructure equipment. 

Join our success in Northern California in one of the following: 

RESEARCH AND DEVELOPMENT, RF AMPLIFIER ENGINEERING 

• Design Engineering Manager 
• RF Design Engineers 

• Mechanical Engineers 

RF AMPLIFIER MANUFACTURING 

• Manufacturing Engineers - RF or Microwave 
• Manufacturing Engineers - ICT 
• RF Microwave Test Engineers 

SEMICONDUCTOR WAFER FABRICATION AND ASSEMBLY 

• Process/Test Engineers 
• Fab Manager 

• Product Engineers 
• Application Engineers 
• RF Design Engineers 

You'll enjoy a team environment that fosters and encourages creative ideas, 

in a company that appreciates its employees with competitive salaries, stock, 

quarterly profit sharing, 401(k) and more. Please forward your resume, indi¬ 

cating position of interest and code: RFD, to: Spectrian, Professional Staffing, 

350 West Java Drive, Sunnyvale, CA 94089. Fax: <408) 541-0260. E-mail 

HR Resumes@spectrian.com. EOE. 

See us on the Web at 
http://www.spectrian.com 

SPECTRIAN 

ENGINEERING OPPORTUNITIES 

«W MEW 
A global leader in the manufacture of quality electronic identification 

devices, AMTECH SYSTEMS CORPORATION has a number of 
outstanding opportunities in our state-of-the-art facilities in Albuquerque. 

• RF/Analog Engineer 
The position requires a combination of skills in antenna, microwave, 
and analog design. Experience in the design of high volume RF products 
desirable. 

• RF Design Engineer 
RF/Microwave circuit design experience to include microstrip and stripline 
design of discrete oscillators (both crystal and voltage controlled), 
amplifiers, and mixers. Microwave CAD experience necessary. Minimum 
of 5 years experience and BSEE required. 

• Microwave Technician 
Minimum of 5 years experience in RF/Microwave circuit development, 

including microstrip and surface mount components, significant 
experience with common microwave test equipment and ability to 

demonstrate knowledge of advanced electronic principles. 

We also have positions available in other engineering disciplines such as: 

Software, Analog, Digital Design, and R & D. 
If you are a self-starter who works well with a team in an organized 

project environment, join AMTECH. We offer an excellent 
compensation benefits package and tremendous growth potential. For 
consideration, send resume with salary history to: Michelle Eagleman, 
AMTECH, 8600 Jefferson St. NE, Albuquerque, NM 87113. FAX: 
505-857-0715 

jhmteck 
Technology a Generation Ahead 

Get the EDGE over 
your competitor! 

Advertise in RF Design! 
RF Design is the only technical publication written exclusively for 
engineers working in radio frequencies (RF), where the electronic 
behavior of circuits and systems requires specialized design techniques. 

Coverage spans the portion of the spectrum between audio frequen¬ 
cies and microwave, encompassing virtually all of the new wireless 
portable and personal communications systems. 

RF Design presents both classical and leading-edge RF design methods 
using a practical, instructional approach — bridging the gap between 
general concepts taught in the engineering curriculum and the 
specific practices required for the successful design of products using 
RF technology. 

The broad range of RF applications includes communications, 
navigation, medical and industrial systems for commercial, consumer, 
aerospace and military uses. 

Your sales message in RF Design reaches more than 
40,000* engineers and engineering managers. 

Contact Terri Stenson: 303-220-4288 Fax: 303-793-0454 
‘Based on the June I996 BPA International Statement 

Redesign 

Products 
& Services 

Part 15 Wireless Designs 
u se one of our proven RF 
designs for your next 
wireless project. Apex 
offers over 70 years 
of combined wireless 
design experience and 
extensive test and 
simulation 
capabilities 

■ Spread Spectrum 
Systems 

■ Portable, 
Low Power, 
Small Size Devices 

■ RF Identification 
Devices 

■ Pagers 

■ Keyless Entry 

2400 Central Ave., Suite A, Boulder^CQ 80301 
(303) 443-6699 FAX (303) 443-4974 

E Mail: 75017.3120@Compuserve.com 

Place A Classified Ad Today! 
Contact Terri Stenson for more details: 
303-220-4288 • Fax: 303-793-0454 
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RFdesign 
The Buyers' Guide is a convenient guide to suppliers 

of products and services available for design and 

development engineers. Buyers' Guide listings are 

sold on an annual basis at the rates shown. 

Per Issue Total/Year 
Regular Listing $22.00 $264.00 
Additional Line_ $19.00 $228.00 
Bold Listing $25.00 $300.00 
Additional Line_ $21 .00 $252.00 
VAd $200.00 $2,400.00 
Drop Out In White $25.00 $300.00 

All orders must be prepaid. You can forward 

your check or charge your ad to: 

ZZ S 
For information on closing dates and details on a 

special Introductory Offer, call 1-303-220-4288 

Ask for Terri Stenson. 

DISCRETE COMPONENTS MODULAR COMPONENTS 

CAPACITORS 

Vacuum 
COMET North America, 11 Belden Ave.. Norwalk, CT 06850 . (203) 852-1231 
Surcom Associates, Inc., 2215 Faraday Ave., Suite A, Carlsbad, CA 92008 . (619) 438-4420 

Variable 
COMET North America, 11 Belden Ave., Norwalk, CT 06850 . (203) 852-1231 

CRYSTALS/RESONATORS 

Phase Locked 
Universal programmer for phase-locked loop ICs 
MYcom Instruments, 142 N. Milpitas Blvd . Ste. 277, Milpitas, CA 95035 .... (408) 946-197 
Fax: (408) 262-4763_ 

SYSTEM SUBASSEMBLIES 

For your SC-cut crystals requirement frequency 4-20 Mhz 3rd overtone, High Q, low 
aging 5x10'" - 1 x 10 '° per day, calibration +0.5 ppm, G-sensitivity up to <3xlO '°/g 
Holders HC37, HC40. 

11 Beith Hadfu-s SU, Jerusalem 95483 Israel Tel. +972-2-6510082 Fax.+972-2-651 0292 

Quartz 
Oak Frequency Control Group 
100 Watts St., PO Box B, Mt. Holly Springs, PA 17065 . (717) 468-3411 

email: sales@ofc.com web site: http://www.ofc.com 

DIODES 
Loral Semiconductor Division. 75 Technology Dr., Lowell, MA 01851 ...(508) 256-4113 ext.3311 

Varactor 
Knox Semiconductor, Inc. 
13 Quarry Rd., P.O. Box 609, Rockport, ME 04856 ... (207) 236-6076 Fax (207) 236-9558 

INTEGRATED CIRCUITS/MCM 
NEC/California Eastern Laboratories, 
4590 Patrick Henry Dr., Santa Clara, CA 95054-1817 (408) 988-3500 Fax (408) 988-0279 

RF, Analog & Mixed-Signal ASICs 

Full-Custom Designed ICs: Bipolar; CMOS, BiCMOS 
Frequency Synthesis, Mixers, Amplifiers, A/Ds, D/As, Switch Cap Circuits 

n T TEL: (310) 534-3016 • FAX: (310) 534-3728 
■% I Kl, Inc. RO. Box 3986, Torrance, CA 90510 • E-MAIL sales@rtg.com 

PRINTED CIRCUIT BOARDS_ 

CALL SOUTHWEST CIRCUITS NOW! (800) 279-5572 
•PROTOTYPES AND SHORT RUNS FOR ALL MICROWAVE AND WIRELESS APPLICATIONS 

•ALL POPULAR MICROWAVE LAMINATES: PTFE - TEFLON - DUROID - GX 

•MULTI-LAYERS - QUICK TURN - EXOTICS 

Southwest Circuits, 3760 E. 43rd Place, Tucson, AZ 85713 
TEL (602) 745-8515 FAX (602) 747-8334 MODEM (602) 747-5108 

RF TRANSMISSION COMPONENTS 

INDUCTORS & CHOKES 
Kintronic Labs, 
144 Pleasant Grove Rd., Bluff City, TN 37618 . (423) 878-3141 FAX: (423) 878-422 

ISOLATORS/CIRCULATORS 

AEROTEK COMPANY LIMITED 
—  Manufacturers of Circulators and Isolators 

Coaxial and Drop-in types, 400 MHz-18 GHz 

"TOP QUALITY, REASONABLE PRICE" 

1756 Sukhumvit 52, Sukhumvit Rd., Bangkok, Thailand. 
AEROTEK Tel: (662) 311-4448, 332-5035 Fax: (662) 332-5034 

Coaxial Connectors, Inc. 
1500 N.W. 62nd St., Ste. 501, Ft. Lauderdale, FL 33309 . (305) 772-266 

SURGE & TRANSIENT PROTECTORS 

Lightning Suppressors • D.C. - 26 GHz 
Coaxial • Powerline • Digital 

MODULAR COMPONENTS 

AMPLIFIERS 

Broadband 
Dressler HF Technik Gmbit, 
Werther Str. 14-16, D-52224, Stolberg, Germany+49-2402-71091 Fax: (-71095)FILTERS 

Delta Microwave Inc., 840 Vira Alondra, Camarillo, CA 93012 . (805) 987-6892 

OSCILLATORS 

Crystal 
Oak Frequency Control Group, 
100 Watts St., PO Box B. Mt. Holly Springs, PA 17065 . (717) 468-3411 

email: sales@ofc.com web site: http://www.ofc.com 

Wenzel Associates, Inc., 1005 La Posada Dr., Austin, TX 78752 . (512) 450-1400 

-- FISCHER CUSTOM COMMUNICATIONS, INC. - (310)891-0635 | 

SWITCHES 

Electromechanical 
MBF Microwave, Inc., Rt. 2, Box 252A, Hardy, AR 72542 . (501) 856-268 

VACUUM CAPACITORS 
COMET North America, 11 Belden Ave., Norwalk, CT 06850 . (203) 852-123 

Place Your Buyer's Guide or EMC Test & Design Listing Today! 
Contact Terri Stenson — Classified Sales Manager 

303-220-4288 • FAX: 303-793-0454 

You won't 
get any calls 
if no one 
knows your 
number. 

The RF Design Buyer's Guide and EMC Test & Design 
products and services directories can help you solve tha 

problem. Our directory will put you in touch with over 
40,000 decision makers in the RF Design and EMC 

industry. Fantastic introductory offers make advertising 
even easier. Contact Terri Stenson today. 

Call 1-303-220-4288 for details, 
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RF TRANSMISSION COMPONENTS 

WATTMETERS & LOADS 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■i 
ZWïSWïW Wattmeters, Elements, Directional 
■U HU * Couplers, Loads, Attenuators, etc. 

h Stock 
x^HENRY RADIO toilers (8oo>tn-im 
2050 S Bundy Dr, Los Angeles, CA 90025 • Phone (310) 820-1234 • FAX 310-826-7790 

WAVEGUIDES & COMPONENTS 

ectromechanical 
BF Microwave. Inc., Rt. 2, Box 252A, Hard», AR 72542 . (501) 856-2685 

EMC 
TESI&DESIGN 

Directory is a convenient 

guide to suppliers of prod¬ 

ucts and services for the 

EMC/ESD industry. Prod¬ 

ucts & Services Directory 

listings are sold on an 

For information on rates, 

closing dates and details 

on a special Introductory 

Offer, call 1-303-220-4288 

Ask for Terri Stenson. 

ELECTRONIC COMPONENTS AND EQUIPMENT 

MATERIALS AND HARDWARE 

^CKAGING/CRYSTAL HOLDERS 

ystal Holders 
lited Glass to Metal Sealing, Inc., 
11A Executive Park Dr.. North Billerica, MA 01862 . (508) 670-6494 

C BOARDS 

iminates. Polyester Copper Clad 
asteel Industrial Laminates, RO. Box 910, Collierville, TN 38027 . (901) 853-5070 

PRODUCT DEVELOPMENT 

EMI SUPPRESSION COMPONENTS 

Ferrite Beads, Rods, Forms 
Fair-Rite Products Corp., P.O. Box J, Wallkil , NY 12589 . (800) 836-0427 

ESD AND SURGE CONTROL COMPONENTS 

Lightning Arrestors 
Fischer Custom Communications. 2905 W. Lomita Blvd., Torrance, CA 90505,(31 0) 891 -0635 
EMC TEST EQUIPMENT - EMISSIONS 

Current Probes 
Fischer Custom Communications, 2905 W. Lomita Blvd., Torrance, CA 90505. (310) 891 -0635 
Line Impedance Stabilizati on Networks 
Fischer Custom Communications, 2905 W. Lomita Blvd., Torrance, CA 90505. .(310) 891-0635 
Power Amplifiers 
Applied Systems Engineering Inc., 8623 Hwy. 377 S„ Fort Worth, TX 76126 .. (817) 249-4180 

USTOM OEM PRODUCT DEVELOPMENT/SUPPLY 
cus, Inc. 1842 Hoffman St.. Madison, Wl 53704 . (608) 244-0500 

MATERIALS, HARDWARE AND PACKAGING 

TEST EQUIPMENT 

ical Instruments, 4 Goodyear St., Irvine, CA 92718 . (800) 722-2528 

NTENNA TEST & RF INSTRUMENTATION 
iritsu Wiltron Co., 

490 Jarvis Dr.. Morgan Hill, CA 95037 . (408) 776-8300 Fax (408)776-1744 

ayson Electronics, 
306 Enterprise Dr., Forest, VA 24551 . (800) 800-7463 Fax (804) 385-7692 

SERVICES 

VIC/EMI TESTING 
IV Rheinland of North America, Inc., 

12 Commerce Road, Newtown. CT 06470 . (203) 426-0888 Fax (203) 270-8883 

F & MICROWAVE INSTRUMENTS 
tided Wave Solutions, 73 Mt. Vernon St, Reading, MA 01867 . (617) 942-WAVE 
design.test.hardware.software email: sales@guidedwave.com http://www.guidedwave.com 

SHIELDING MATERIALS 

Conductive Adhesives 
Venture Tape Corp, 30 Commerce Rd, Rockland, MA 02370 , (800)343-1076 Fax: (617)871-0065 
Conductive Fiber/Fabric 
Venture Tape Corp, 30 Commerce Rd, Rockland, MA 02370 .. (800)343-1076 Fax: (617)871-0065 
Ferrite Absorber Tiles 
Fair-Rite Products Corp., P.O. Box J, Wallkil, NY 12589 . (800) 836-0427 

Gasketing Materials 
Venture Tape Corp, 30 Commerce Rd, Rockland, MA 02370 , (800)343-1076 Fax: (617)871-0065 
Laminates 
Venture Tape Corp, 30 Commerce Rd, Rockland, MA 02370 , (800)343-1076 Fax: (617)871-0065 
Sheilding Foils and Tapes 
Venture Tape Corp, 30 Commerce Rd, Rockland, MA 02370 , (800)343-1076 Fax: (617)871-0065 

ESD ENVIRONMENTAL CONTROL 

Antistatic or Conductive Flooring 

nora® 
SOFTWARE & SYSTEMS, CAD/CAE 

ESD Safe Rubber Flooring for Work Areas 
1-800-332-NORA 

Nora Rubber Flooring 

rcuit Simulation 
¡Soft Ltd.-the providers of the RF Designer’ Solution . (416) 730-9611 
213 Dunview Ave., North York, ON M2N-4H9, Canada . Fax: (416) 226-0861 

KSTEM SIMULATION 
IR Latxiratories, 207 Harding Blvd. W„ Richmond Hill, Ontario. CN L4C 8X6 . (905) 884-2392 
soft, Inc., 205 Crossing Creek Cl., Roswell, GA 30076 . (800) 631-1113 

Makers of TESLA for Windows Simulator . Fax (770) 664-5817 Inti (770) 751-9785 

TEST LABORATORIES AND CONSULTANTS 

LABORATORIES 
TUV Product Service, Inc, 1775 Old Hwy. 8, New Brighton, MN 55112 
CONSULTANTS 
Kimmel Gerke Assoc. Ltd, 1544 N. Pascal, St. Paul, MN 55108 .... 

(800) 888-0123 

(612) 330-3728 
EMC Design/Troubleshooting-Medical, Industrial, ITE, Vehicles & More-50+ years exp. 

TEST EQUIPMENT 

F TEST & MEASUREMENT EQUIPMENT 
laxial Dynamics, Inc., 

15210 Independence Pkwy., Cleveland, OH 44135 .. (216) 267-2233 FAX: (216) 267-3142 

PLACE YOUR BUYER'S GUIDE OR 
EMC & TEST DESIGN LISTING TODAY! 

CONTACT: TERRI STENSON 
303-220-4288 

FAX 303-793-0454 
An INTERTEC 7K-III Publication 

design^ 

READY 
WHEN YOU ARE 

fAs soon as you’re ready, you can reach over 40,000’ technical 

professionals with the subscriber list from RF Design. 
Professionals from all segments of the marketplace rely on RF Design 
for the latest in industry developments and for your ad message. 

Don’t keep them waiting. Call Lori Christie today and put your £ 

advertising message directly in front of your customers. 

•Based on the June 1996 BPA International Statement 

Lori Christie 913-967-1875 « Fax 913-967-1897 
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Analog Devices . 69 Krebill Components . 27 Programmed Test Sources . 79 
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NEW 

MUPUFBtS 
^DCto8GHz $119
" (up to +18.5dBm output) From ̂ (1000 qty.) (up output) 

Mini-Circuits ushers-in a new era of technology and economy with ERA 
monolithic GaAs amplifiers. Just check the specs! These surface mount and drop-in 

amplifiers cover your applications to 8GHz with higher gain, more output, and 
flatter response. Characterized with S-parameter data, these amplifiers are very 

easy to use. Simply sketch an interconnect layout, and the design is done. 
And ERA’S are engineered with wider bandwidths to eliminate your need for costly 

compensation networks and extra gain stages. So, review your present design 
and replace with Mini-Circuits new ERA technology. Lower overall cost, 

wide bandwidth, and lots to. ..gain! 
Mini-Circuits... we’re redefining what VALUE is all about! 

Model 

ERA-1 
ERA-1 SM 

ERA-2 
ERA-2SM 

ERA-3 
ERA-3SM 

ERA-4 
ERA-4SM 

ERA-5 
ERA-5SM 

ERA-6 
ERA-6SM 

*Freq. 

(MHz) 

DC-8000 
DC-8000 

DC-6000 
DC-6000 

DC-3000 
DC-3000 

DC-4000 
DC-4000 

DC-4000 
DC-4000 

DC-4000 
DC-4000 

Ga n 

(dB) 

11.8 
11.8 

156 
15.2 

20.8 
20.2 

13.5 
13.5 

18.8 
18 5 

11.3 
11.3 

Max. Power Out 

(dBm,@ 1dB Comp) 

Dynamic Range 

11.3 

128 
124 

12.1 
11.5 

*17.0 
<16.8 

<18.4 
<18.4 

<18.5 

NF(dB) 

5.3 
5.5 

4.6 

3.8 
3 8 

5.5 
5.2 

4.5 
4.3 

8.4 
8.4 

IP3(dBm) 

26.0 
26.0 

26.0 
26.0 

23.0 
23.0 

<32.5 
<33.0 

<330 
<32.5 

a365 
a360 

©Device 
Current(mA) 

40 
40 

40 
40 

35 
35 

65 
65 

65 
65 

70 
70 

OPrice 
$ea.(10Qty.) 

1.80 
1.85 

1.95 
2.00 

2.10 
2.15 

4.15 
4 20 

4.15 
4.20 

4.15 
4.20 

Nole: Specs typical at 2GHz, 25°C. Exception: a indicates typ. numbers tested at 1 GHz. 
♦ low frequency cutoff determined by external coupling capacitors, 

© Price (ea.) Qty.1000: ERA-1 $1.19, -2 $1.33. -3 $1 .48. -4, -5 or -6 $2.95. SM option same price. 

DESIGNER'S AMPLIFIER KITS: 

K1-ERA: 10 of each ERA-1,-2,-3 (30 pieces) only $49.95 
K1-ERASM: 10 of each ERA-1SM.-2SM.-3SM (30 pieces) only $49.95 
K2-ERA: 10 of each ERA-4,-5 (20 pieces) only $69.95 
K2-ERASM: 10 each ERA-4SM.-5SM (20 pieces) only $69.95 

Chip Coupling Capacitors at 12c each (50 min.) 

Size (mils) 
80x50 

120x60 

Value 
10, 22, 47, 68. 100, 220, 470, 680, 1000, 
2200, 4700, 6800, 10,000 pf 

.002, .047, .068, .1 gf 

Typical Biasing 
Configuration ERA 
DOT 

R bias (Required) 

V 

ERA-1 ERA-1SM 

ACTUAL 
SIZE 

C block 3 

RFC(Optional) 

C block 

vd 
For ERA models, pin 1 
identified by Red dot. 

C3 Mini-Circuits US INTV 

CIRCl F READER SERVICE CARD 
P O Box 350166, Brooklyn, New York 11235-0003 (718)934-4500 Fax (718)332-4661 INTERNET http://www. minicircuits, com 

For detailed specs on all Mini-Circuits products refer to • 740- pg. HANDBOOK • INTERNET • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM 
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INTRODUCING NATIONAL'S NEW 
ULTRA LOW-POWER 

FREQUENCY SYNTHESIZERS. 

LOW POWER 
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§ 
g 
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60% LOWER. g 
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Our newest PLLatinum"' single and dual PLLs are the low¬ 
est low-power frequency synthesizers you can choose for 
your wireless designs. As much as 60% lower, in fact, at a 
very tight-fisted 2mA for 1 GHz. And they manage such fru¬ 
gality without compromising on performance in any way. 
With the lowest phase noise floors available (-167dBc/Hz 
for singles and -169dBc/Hz for duals) and industry-leading 
chaige pump leakage and balance specs. Supply voltage 
versatility (2.3-5.5V for singles and 2.7-5.5V for duals). And 
a broad choice of operating frequencies, from 550MHz to 
3GHz. 

Check out National’s new ultra low-power PLLatinum 
frequency synthesizers. Combining the lowest power con-

us in Booths 1251-1253 

1997 Wireless Symposium 

Exhibition in Santa Clara. 

sumption and the lowest phase noise floor ever available in 
PLLs, they can help you set new highs in wireless RF 
design. 

For a complete selection guide to National’s line of 
PLLatinum Frequency Synthesizers and information on 
ordering your FREE samples, please call 1-800-272-9959 
Ext 716. 

Visit National’s web site: www.national.com. 

In Europe, fax us at +49 (0) 180-5-12-12-15; in Japan, call 81-43-299-2300; 
in Southeast Asia, fax us at 852-2376-3901. 

National Semiconductor 

Moving and shaping the future.' 
INFO/CARD 92 




