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No Oscillation With Any Load. 

Our C-Load" Op Amp Family Handles More Than 10,000pF. 
Finally, op amps designed to operate with real 

world capacitive toads. LTC’s C-Load family of 
op amps solves the problem of capacitive load 
induced oscillations. Our C-Load op amps slow 
down when capacitively loaded, while other op 
amps oscillate. 

Driving coax, twisted pair and other difficult 
loads take no extra care when C-Load op amps 
are used. C-Load op amps are stable when 
driving loads of over 10,000pF, more than most 
applications require. 

Capacitive load driving capability isn’t limited 
to any one type of amplifier. LTC’s family of 
C-Load op amps include devices from the 7pA, FET-
input LT1457 to the 70MHz, 1000V/psec LT1363. 

The LT 1206 w th its 250mA minimum output cur¬ 
rent has enough drive to slew lO.OOOpF at 50V/ps. 
Precision instrumentation applications? The LTC1152 
rail-to-rail input and rail-to-rail output zero drift op 
amp provides lOpV max offset as 
well as C-Load driving. 

Part# Max V)S Max In Min Iout Bandwidth Slew Rate 

LT1097» 
LT1152 
LT1206 
LT1220 
LT1224* 
LT1354* 
LT1357* 
LT1360* 
LT1363* 
LT1457 

6O|1V 
10pV 
10mV 
1.0mV 
2.0mV 
81 Hip V 
600pV 
1.0m V 
1.5mV 
800pV 

350pA 
lOOp.A 
5pA 
3NbA 

KpA 
300nA 
500nA 
IpA 
2pA 
75pA 

5.7mA 
4m \ 
250mA 
24mA 
24mA 
30mA 
30mA 
40mA 
70mA 
10mA 

700kHz 
1MHz 
60MHz 
45MHz 
45MHz 
12MHz 
25MHz 
50MHz 
75MHz 
1.7MHz 

0.2V/ps 
IV/ps 
900V/ps 
250V/ps 
400V/ps 
400V/|is 
600V/ps 
800V/ps 
1000V/|ls 
4V/ps 

* Duals and Quads are available. 

Specifications for the table shown are low cost grades 
in plastic DIP. Prices for our C-Load op amps start as 
low as $1.05 for the LT1097CN8. For details, contact 
Linear Technology Corporation, 1630 McCarthy Blvd., 
Milpitas. CA 95035/408-432-1900. For literature 
only, call 1-800-4-LINEAR. 

C-Load is a trademark of Linear Technology Corporation. 

FROM YOUR MIND TO YOUR MARKET 
AND EVERYTHING IN BETWEEN. 
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LQ MODULATORS 



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

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

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

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

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

We’re redefining what VALUE is all about! 

I/Q MODULATORS 

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

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

□ MIQY-1 25D 
□ MIQY-70D 
□ MIQY-1 40D 

FREQ 
(MHz) 

CONV 
LOSS 
(dB) 

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

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

FREQ 
(MHz) 

9 
20 
868 
115 
67 
137 

23 
895 
1 35 
73 
143 

□ NON-HERMETICALLY SEALED 
MIQA case .4 x .8 x 4 in. 
MIQY case .8 x .8 x 4 in. 
MIOC case .8 x 8 x .4 in. 
MIOS case 8 x 4 x .2 in. 

58 
62 
62 
5 1 
55 
5 5 
55 

5.7 
55 
80 
90 
9.0 
&8 
58 

020 
014 
010 
010 
010 
010 
010 
010 
010 
010 
010 
0 30 
030 
020 
020 

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

SIDEBAND 
REJ 
(dBc) 
Typ 
40 

. 40 
38 
38 
38 
38 
38 
38 
34 
36 
40 
35 
35 
36 
36 

HARM 
SUPPRESS 
(dBc) Typ 

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

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

PRICE 
$ 

QTY 
(1-9) 
4995 
3995 
39 95 
49 95 
4995 
4995 
4995 
49 95 
4995 
54 95 
9995 
9995 
9995 
1995 
1995 

I/O DEMODULATORS 
CONV 
LOSS 
(dB) 

60 
61 
8 0 

5.0 
55 
55 

010 
015 
020 
010 
0 25 
025 

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

PHASE 
UNBAL 
(Deg) 
Typ 
1 0 
07 

15 
1.0 
0.5 
0.5 

HARM 
SUPPRESS 
(dBc) Typ 

3xl/Q 

50 
64 

40 
59 
52 
47 

5xl/Q 
65 
67 

55 
67 
66 
70 

PRICE 
S 

QTY 
(1-9) 
49 95 
4995 
99 95 
2995 
1995 
1995 

All Models Available in Surface Mount Package. 
Consult Factory for Details. 

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

For detailed specs >n all Mini-Circuits products reter to • THOMAS REGISTER Vol 23 • MICROWAVES PRODUCT DIRECTORY • EEM • MINI-CIRCUITS 740-pg HANDBOOK 

CUSTOM PRODUCT NEEDS Let Our Experience Work For You. 
INFO/CARD 3 F 156 Rev B 



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

Surface Mount Switches Surface Mount Attenuators 

Con¬ 

fig 

Freq 
MHz 

IL 
dB 

Iso 
dB 

Switch 
Speed 
pSEC 
Max 

Con¬ 
trol 

Package Part No. 

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

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

SP2T DC-2000 0.6 25 0.003 - SOIC8 DSO702 

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

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

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

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

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

SP5T 10-400 1.0 43 0.100 TTL 24 Pin SMP DSO705 

# of 
Sec 
tions 

Freq 
MHz 

LSB 
Range 
dB 

IL 
dB 

Switch 
Speed 
pSEC 
Max 

Con¬ 
trol 

Package Part No. 

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

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

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

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

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

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

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

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

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

Surface Mount Bi-Phase Modulators 

Freq 
MHz 
dB 

LSB 
Range 
DEG 

IL 
dB 

Switch 
Speed 
pSEC 
Max 

VSWR Package Part No. 

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

WE ACCEPT VISA AND MASTERCARD 

DAICO INDUSTRIES, INC. 
fyy 2453 E. Del Amo Blvd., Rancho Dominguez, CA 90220 

Telephone 310/631-1 143 • FAX 310/631-8078 
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featured technology 
26 Low Cost Doppler Detector 

The Doppler detector in this car security sys¬ 
tem uses 2.5 GHz. Using this lower frequen¬ 
cy enables the use of less expensive compo¬ 
nents. 

— Milton Luiz Gomes and 
Adirson Mauro da Silva Jr. 

cover story 
32 New Receiver Architecture 

In the past, tie gain in a receiver has been 
divided among several stages operating at 
different frequencies to ensure stability. This 
new receiver architecture applies gain 
among several stages operating at the same 
frequency, but at different times, enabling 
high gain, low noise receivers without het¬ 
erodyning. — Darrell L. Ash 

49 Designing Class-C Amplifiers Using Spice 
Despite their non-linear nature, Class-C amplifiers can be simulated using 
the linear simulator SPICE. This article presents some unique techniques 
and models for simulating amplifiers running in Class-C operation. 

— Charles E. Hymowitz and Bill Sands 
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tutorial 
70 High Speed Digital Signals 

As clock speeds in digital circuits climb, problems related to incorrect termi¬ 
nations, coupling and radiation appear. This article describes under what cir¬ 
cumstances these problems arise and how they can be combatted. 

— Gary A. Breed 

design awards 
80 Ladder Filter Design Made Simple 

"LADDER", tie program described here, can calculate element values for 14 
kinds of lowpass, highpass, and bandpass filters. Orders from second to 
tenth are handled, and the designed filter can be analyzed for frequecy, 
phase and group delay responses. LADDER also performs Monte Carlo 
analyses on the designed filter. — Richard Yeager 
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All the articles published in RF Design over the past two years, organized by 
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HIGH POWER 
QUADRATURE 
HYBRIDS 

RF editorial 
My Wireless 
Gadget 
Christmas 
List 

FREQ. RANGE 100-1000 MHz 
POWER 250 WATTS CW 

TYPICAL SPECIFICATIONS 

MODEL QH3198 100-300 MHZ 
MODEL QH3199 300-1000 MHZ 

LOSS . 0.5db. max. 

AMP.BAL. ± 0.3db max. 

ISOLATION . 20db typ. 

PHASE . 90±2deg. 

VSWR . 1.3:1 max. 

CONNECTORS . N 

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

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

WERLATONE INC. 
DECADES AHEAD 

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

By Gary A. Breed 
Editor 

I think it’s time to take advantage of 
the revolution in personal, portable, 
wireless technology. So, my list for 
Santa Claus this year will be loaded with 
RF devices! Here’s what I need in my 
office and at home to make life easier: 
A wireless mouse for my computer — 

The co'd keeps getting stuck under the 
edge of my CPU, making me uninten¬ 
tionally (of course) misplace modifiers 
and split infinitives. 
A wireless headset for my stereo sys¬ 

tem — This isn’t for convenience, I need 
it to shut out the sounds of Nirvana, 
Nine Inch Nails, Screaming Trees and 
Crash Test Dummies coming from my 
kids’ rooms. 
For one of my neighbors, I’ll get an 

“invisible fence" for his dog. A few 
weeks ago, she discovered that she’s 
grown big enough to jump over the 
fence separating our yards. 
How about a new spread spectrum, 

interference-free (?) cordless tele¬ 
phone? My neighborhood has so many 
49 MHz phones that none of the chan¬ 
nels is totally interference-free. Besides, 
some scanner enthusiasts are probably 
listening in on my calls (I'm not para¬ 
noid, of course). 
A cellular telephone that I can afford 

to use — Maybe the new PCS services 
will cut the cost down from the monthly 
fee plus 50c a minute. A cellular phone 
would be just a personal convenience 
for me, not business-related. 

I’m one of the lucky ones who doesn’t 
have a freeway commute, but my insur¬ 
ance bills would be lower if the family 
car had an anti-collision radar system on 
board over the past few years! 
While I’m at it, I better get a radar 

detecto', too. With two children (OK, 

they’re young adults) in college, we 
make a lot of trips up and down I-25. 
For business, I could use a telephone 

that’s part of a wireless office system; so 
I can carry it arc und the office. That 
way, your calls will reach me when I'm 
at the fax machine or lounging around 
on our sixth floor patio. You’ll agree with 
this one if you’ve ever gotten dumped 
into my voice mail with no way out! 

I should support the Colorado econo¬ 
my by getting a DBS receiving system. 
They’re a lot cuter than the big C-band 
TVRO systems that are still common. 
Maybe I should support my local cable 

TV company, too by finally putting in 
service (something less than 500 chan¬ 
nels will do nicely, however). 
We only have one five-mile stretch of 

toll road in the entire state, and it offers 
wireless automatic toll collection. I never 
use that road, so I think I’ll leave that off 
my list. 

I could also use a wireless printer¬ 
sharing device — at home, not at the 
office. When everyone is home from col¬ 
lege, we have six computers in the 
household and only three printers. Plus, 
my notebook computers would be a lot 
more convenient if I could hit the “print” 
command while sitting on the couch or 
working in the electronics lab. 

Finally, in the spirit of the original 
meaning of the werd wireless, my ham 
radio equipment is falling far behind the 
state-of-the art. It might be time to wish 
for some new RF equipment there, too! 

Seriously, although RF gadgets are on 
my list of fun things, I also hope that 
those who can’t afford these expensive 
toys have a happy holiday season, too. 
You can help by contributing to the char¬ 
itable group of your choice. Ho, Ho, Ho! 
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ULTRA-BROADBAND -
RF POWER AMPLIFIER SYSTEMS 

MODEL 710DLCWITH IEEE 488 

EMI-EMC-RFI 

• AC Operation 
• Fully Protected 
• Drive Mismatched Loads 
• No VSWR Shutdown 
• ALC Flat Gain Response 
• Remote Functions 
• Lowest Prices 
• IEEE Interface Capability 

ALL SOUD-STATE MOS FET RF AMPLIFIER SYSTEMS 

SPECIAL 
MODEL RF OUTPUT FREQUENCY RANGE GAIN USA PRICE 

700LC 1.5WCW .003-1000 MHz 33dB $ 1,795 
704FC 4WCW .5-1000 MHz 33dB $ 2,095 
210LC 10WCW .008-225 MHz 40dB $ 2,495 
71 OFC 10WCW 1-1000 MHz 40dB $ 6,695 
*727LC 10WCW .006-1000 MHz 44dB $ 7,950 
713FC 15WCW 20-1000 MHz 42dB $ 5,680 
225LC 25WCW .01-225 MHz 40dB $ 3,295 
*737LC 25WCW .01-1000 MHz 45dB $ 9,995 
712FC 25WCW 200-1000 MHz 45dB $ 6,950 
714FC 30WCW 20-1000 MHz 45dB $ 9,350 
250LC 50WCW .01-225 MHz 47dB $ 5,550 
715FC 50WCW 200-1000 MHz 47dB $14,990 
707FC 50WCW 400-1000 MHz 50dB $10,990 
716FC 50WCW 20-1000MHZ 47dB $17,950 
•747LC 50W CW .01-1000 MHz 47dB $18,550 
116FC 100WCW .01-225 MHz 50dB $ 9,500 
709FC 100WCW 500-1000 MHz 50dB $16,990 
717FC 100WCW 200-1000 MHz 50dB $19,500 
718FC 100WCW 20-1000 MHz 50dB $29,800 
7100LC 100WCW 80-1000 MHz 50dB $19,500 
•757LC 100WCW .01-1000 MHz 50dB $29,950 
122FC 250WCW .01-225 MHz 55dB $19,950 
723FC 300WCW 500-1000 MHz 55dB $29,995 
LA500V 500WCW 10-100 MHz 56dB $12,900 

LA500UF 500WCW 100-500 MHz 57dB $46,000 
LA500G 500WCW 500-1000 MHz 57dB $55,000 
LA1000V 1000WCW 10-100 MHz 60dB $22,500 

LA1000UF 1000WCW 100-500 MHz 60dB $75,000 
LA1000G 1000WCW 500-1000 MHz 60dB $99,000 
LS-1000 1000WCW .01-1000 MHz 60dB $230,000 

RUGGED VACUUM TURE DISTRIBUTED AMPLIFIERS 

116C 100WCW .01-220 MHz 50dB $ 9,995 
122C 200WCW .01-220 MHz 53dB $12,950 
134C 500WCW .01-220 MHz 57dB $20,500 
137C 1000WCW .01-220 MHz 60dB $28,950 
140C 2000WCW .01-220 MHz 64dB $46,500 

Warranty: Full 18 months all parts. Vacuum tubes 90 days. 
* = Indicates Dual-Band System (coaxial band switching) 

1-800-344-3341 
(206)485-9000 ^(206)486-9657 
21820 87th S.L WJOdinville, WA 38072 USA 

The World's Most Complete 
Line of RF Power Amplifiers 

IQUNTRY 
FRANCE 

REPRESENTATIVE TELEPHONE NO. FACSIMILE NO. 

iERMANY 

SWEDEN 

KMP ELECTRONICS 

EMCO ELEKTRONIK 

MAT & TEST TEK. 

146450945 

898562071 

87926100 

146452403 

898597785 

87923190 



Now you can get the high Q of an air 
core inductor. Plus the convenience 
and cost savings of a true surface 
mount component. 

Coilcraft springs come in values 
from 2.5 to 43 nH with Qs at high 
frequencies that reach 200 and higher. 
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for reliable soldering. 

Order our $60 Cl 02 Designer's 
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mount product catalogs. 
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♦ 1.8 to 30 MHz 
♦ 1500 to 10,000 Watts 
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commercial, government, 
and military installations 

around the world. 
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operation, call or write today 
for prices and specifications. 
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2050 South Bundy Drive 
Los Angeles, CA 90025 
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FAX 310-826-7790 
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ISM Band Dipole 
Antenna 
This 902 - 928 MHz antenna is 
designed for subscriber or infra¬ 
structure applications. Electrical 
performance does not degrade after 
repeated flex testing making this 
antenna highly durable. Available 
with pigtail and surface mount 
connector. 

P/N 3380-8030-0036 

M/A-COM, Inc. 1-800-366-2266 

CIRCLE READER SERVICE NO. 50 

Low DC Power High 
fT Transistor 
This 3 volt transistor is designed 
for battery operated equipment. 
Noise figure is 1.5 dB nominal with 
14 dB gain at 1 GHz with 0.5 mA 
current and 3 volts. It is useful for 
low DC power LNAs or low phase 
noise VCOs through 2.5 GHz. 
High fT: 14 GHz. 

P/N MA4T6310 

M/A-COM, Inc. 1-800-366-2266 

CIRCLE READER SERVICE NO. 49 

Low Intermodulation 
GaAs MMIC 
Changeover Switch 
SPDT changeover swLch with posi¬ 
tive or positive aid negative 
control. Operates from DC- 1.6 
GHz, and designed 1er internal and 
external switch apolications in 
portable telephones. T3 > 55 dBm 
typ., low loss meastres <0.5 dB. 
High power handling is > 1W. 

P/N SW-358 / SW-3! 9A 

Now, To See All The Advanced Features 
Of Our Wireless Components, 

You'll Have To Take A Goser Look. 

M/A-COM, Inc. 1-8)0-366-2266 

CIRCLE READER SERVICE NO. 51 

Place nose here. 

OSMT: Microwave 
Surface Mount 
Interconnect System 
The OSMT has a rrated height of 
4.2 mm, and a VSWR of 1.2:1 at 2 
GHz, and 1.4:1 max at 6 GHz. Ap¬ 
plications include Cellular, GPS and 
WLAN. Plugs are supplied in tape 
and reel packages aid cable jacks 
are available in pigtals or jumpers. 

OSMT Plug Receptacle 
P/N 2367-0000-54 
Right Angle Jack Cible Pigtail P/N 
9950-2200-23 

M/A-COM, Inc. 1-300-366-2266 

CIRCLE READER SERVICE NO. 52 

It's easy to see why M/A-COM is one 

of the world's leading manufacturers of 

wireless components. 

Of course, we're experts at making 

ever smaller, lighter components that con¬ 

sume less power. But that's just one of the 

reasons you should be working with us. 

There's also our wide range of solu¬ 

tions. Everything from GaAs and silicon 

MMICs to transceiver chip sets. Which 

means that no matter what type of wire¬ 

less portable product you are producing-

handsets, PDAs, computers, bar code 

scanners, whatever- chances are, we've 

got the components that can help you 

get to the market faster. 

Another advantage to 

doing business with M/A-COM 

is our experience with both 

analog and digital technology. 

What's more, our in-depth 

knowledge of RF and microwave 

technologies is vital to helping 

our customers get products 

right the first time. And you'll 

be pleased to find that M/A-COM 

components are always priced very 

competitively. 

To see how our tiny components 

could make a big contribution to 

for cellular 
handsets. 
PCN and 
private radio 
networks. 

your success, call M/A-COM today at 

1-800-366-2266, or the distributor nearest 

you. In Europe, +44 (0344) 869 595. 

In Asia, +81 (03)3226-1671. 

PCMCIA-mountable antennas and 
surmount components 

for wireless data 
transmission. 
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¡^-letters 
Letters should be addressed to: 

Editor, RF Design, 6300 S. Syracuse 
Way, Ste. 650, Englewood, CO 
80111. Letters may be edited for 
length or clarity. 

More ECL for RF 
Editor: 
This is a comment on the letter by Pat 

Conway in the September issue of HF 
Design about the June issue which had 
a letter entitled “A Note on ECL for RR 
by David Freeman. This letter was about 
the article on the analog use of ECL by 
R.N. Mutagi in the April issue. 
Since 1980 I have been using line 

Figure 3. Sine wave to ECL converter. 

receivers for crystal oscillators, limiting 
amplifiers and 50 ohm output devices 
(with differential output devices is is 
easy to get +3 dBm with 20 dB return 
loss). I have seen several designs which 
use the same circuit for converting a 
sine wave as is shown in Mr Conway’s 

Figure 1. Unbalanced input circuit. Figure 2. Balanced input circuit. 

letter (Figure 1). This will work fine in 
most applications, however, if the sine 
wave is small the offset is critical. 

I have used the circuit shown in Figure 
2 to balance the impedance and DC cur¬ 
rents to the inputs. The circuit shown in 
Figure 3. uses this approach, because 
of the high DC gain, the offset in this cir¬ 
cuit is critical. I have shipped thousands 
of these without any problems. 
The circuit may be less prone to oscil¬ 

lation that the type which used filtered 
DC feedback. Of course grounding and 
layout play a big role in stability. 

William Heathorn 
Hewlett-Packard 

I 

Guaranteed Specifications 
Frequency Output Noise Reverse 3rd DC 

Mocle l Range Gain P1dB VSWR Figure Isolation 0IP Power Housing 

(MHz) (dB) (dBm) (dB) (dB) (dBm) (Vdc/mA) 

QB-304 800-900 20.0 24.0 1.5:1 3.0 37 40 15/300 19202 

Q8'761 806-870 23.0 18.0 1.5:1 3.5 42 32 15/140 187-2 

QBH-1254 804-901 12.5 23.5 1.5:1 3.0 26 37 15/142 TO-8 

QBS-104 896-925 27.0 26.0 1.7:1 2.0 37 41 15/450 19069 

QBS-108 824-849 8.0 25.0 2.0:1 5.0 12 40 15/200 19134 

QBS-110 806-849 27.0 26.0 1.7:1 2.0 37 41 15/450 19069 

QBS-125 896-960 40.0 28.0 1.5:1 1.5 51 42 15/850 19130 

QBS-126-1 925-960 40 0 28.0 1.5:1 1.5 51 42 15/850 19130 

QBS-126-2 925-960 40.0 28.0 1.5:1 1.5 51 42 19-31/850 19105 

QBS-127-1 925-960 33.0 22.0 1.5:1 1.5 41 38 15/450 19130 

QBS-127-2 925-960 33.0 22.0 1.5:1 1.5 41 38 19-31/450 19105 

QBS-133 824-849 33.0 19.0 2.0:1 1.3 41 35 15/250 19121 

QBS-135 824-849 40.0 24.0 2.0:1 1.3 51 39 15/425 19121 

QBS-136 824-849 14.0 25.0 2.0:1 5.5 21 40 15/325 19134 

QBS-137 824-849 26.0 15.0 2.0:1 1.3 36 28 15/150 19134 

QBS-141-1 824-849 40.0 28.0 1.5:1 1.5 51 42 15/850 19130 

QBS-141-2 824-849 40.0 28.0 1.5:1 1.5 51 42 19-31/850 19105 

QBS-142-1 824-849 33.0 22.0 1.5:1 1.5 41 38 15/450 19130 

QBS-142-2 824-849 33.0 22.0 1.5:1 1.5 41 38 19-31/450 19105 

QBS-146-1 870-915 40.0 28.0 1.5:1 1.5 51 42 15/850 19130 

QBS-146-2 870-915 40.0 28.0 1.5:1 1.5 51 42 19-31/850 19105 

QBS-147-1 870-915 33.0 22.0 1.5:1 1.5 41 38 15/450 19130 

870-915 33.0 22.0 1.5:1 1.5 41 38 19-31/450 19105 
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Don’t fade away 
maM >, ï—_ SB BBBBBKI111 II U 

Rely on Marconi 2050 digital and vector signal generator: 
the first with built-in Rayleigh and Rician fading simulation. 

High buildings, cars, trees. ..they 
all cause fading problems for 
communications systems. The 
problem is that rea'istic testing 
means replicating real-world 
conditions: and that’s always 
needed expensive, specialist 
equipment. 

Now there’s the new Marconi 
2050 series. It’s the first-ever 
generator with a built-in 
Rayleigh and Rician fading 
simulator, allowing receivers to 
be tested under realistically 
adverse conditions. 

The 2050 series is highly 
versatile, with comprehensive 
IQ modulation facilities plus the 
ability to test new digital systems 

including TETRA and APCO 25. 
Covering an exceptionally 

wide carrier frequency range -
from 10 kHz to 5.4 GHz with 

the 2052 - it maintains a high 
standard of accuracy and 
stability. The flexible operator 
interface and large clear back-lit 
display, ensure simplicity of 
control and ease of use. 

Choose a one-box solution 
for testing receivers: get the 
Marconi 2050 in focus. 

Call your local office for 
more information. 

Marconi 
Instruments 
INFO/CARD 11 

Marconi Instruments Ltd, Longacres, St Albans, Herts AL4 OJN, England. Telephone: 01727 859292 or (UK only) free on 0800 282388 Fax: 01727 857481 

Marconi Instruments worldwide: Australia Tel (02) 638-0800 Fax (02) 638-3131 Benelux Tel (013) 63-95-40 Fax (013) 63-96-63 
France Tel (1) 60-77-90-66 Fax (1) 60-77-69-22 Germany Tel (089) 84936-0 Fax (089) 841-9142 Hong Kong Tel (852) 2-832-7988 Fax (852) 2-834-5364 

Latin America (Florida) Tel (305) 491-4188 Fax (305) 928-2801 Singapore Tel (65) 381-1470 Fax (65) 281-0113 
Spain Tel (91) 372-98-75 Fax (91) 307-69-39 USA Tel (201) 934 9050 Fax (201) 934 9229 



Gigatronics 

6080A&6082A 
Synthesized 

RF Signal 
Generators 

Giga-tronics Presents The Alternative 

To $30,000 And $40,000 RF Synthesizers. 

Hewlett-Packard makes a couple of 

very good RF synthesizers. And if 

you can afford the luxury of paying 

$30,000 or $40,000 for the name, 

by all means, call HP right now. 

They’ll be happy to take your order, 

and your money. 

However, if you’re looking for 

an RF synthesizer with outstanding 

performance and proven reliability 

for about half the price, you’d better 

call Giga-tronics. 

Here’s why: 

Performance. 

Check the charts. In virtually every 

category, the Giga-tronics 6080A 

and 6082A RF Synthesizers meet or 

exceed the specs of the HP machines. 

Anc they use the same GPIB com¬ 

mand set, for direct replacement 

without expensive new software. 

Experience. 

Granted, Hewlett-Packard has been 

around a long time. But, Giga-tronics 

is no Johnny-come-lately. 

Giga-tronics has a 14-year history 

of building test and measurement 

gear for the most demanding 

requirements. We’ve shipped 

thousands of instruments for use 

in the testing of radar, EW and 

communications systems. 

Reliability. 

Making reliable RF synthesizers is 

usually no fluke. 

However, in this case, it is. 

© 1993 Giga-tronics Incorporated 

FUNCTION 

The G.ga-tronics 6080A and 6082A RF Synthesizers give you great 

performance and proven reliability for a lot less money. 



Both the 6080A anc 6082A were 

originally introduced ir 1990 by John 

Fluke Manufacturing Company. To 

date, thousands have performed 

flawlessly in the field. 

For added confidence, the 

instruments incorporate self¬ 

testing, internal diagnostics and 

modular design for easy fault 

isolation and repair. 

Service. 

If a problem occurs, Gga-tronics 

technical support staff can often 

help you find and fix the problem 

over the phone. 

If you need to return an instru¬ 

ment for repair, we car service it 

at our factory in California, or at 

one of our worldwide sales and 

service centers. 

But at Giga-tronics, customer 

service starts even before you 

become a customer. 

Whether you’re looxing to buy 

one unit or one hundred, you’ll get 

the same assistance, including a 

demonstration at your facility. 

Price. 

Considering all this, the real ques¬ 

tion is not why Giga-tronics is so 

much less, but rather, why Hewlett-

Packard wants so much more? 

Specifications 
Hewlett-
Packard Giga-tronics 

Hewlett-
Packard 

! 

Giga-tronics 

HP8642A 
6080A 

HP8642B 
6082A 

Frequency 

Range 

Switching speed 

.I to 1057 MHz 

<85 ms 

,0l to I056 MHz 

< 100 ms 

.1 to 21 15 MHz 

<85 ms 

.1 to 21 12 MHz 

<100 ms 

Spectral Purity* 

Spurious 

Subharmonics 

<-100 dBc 

None 

<-100 dBc 

None 

<-94 dBc 

<-45 dBc 

<-94 dBc 

<-45 dBc 

Phase Noise* 

@ 20 kHz offset <-134 dBc/Hz <-l3l dBc/Hz <-125 dBc/Hz <-125 dBc/Hz 

Residual FM* 

(.3 to 3 kHz BW) <2 Hz <1.5 Hz <5 Hz <3 Hz 

Output 

Range* 

Accuracy 

Reverse Power Protection 

+ I6 to -I40 dBm 

±l dB>-l27dBm 

50 Watts/50 Vdc 

+ 17 to -140 dBm 

±1 dB >-127 dBm 

50 Watts/50 Vdc 

+ 16 to -140 dBm 

±1 dB >-127 dBm 

25 Watts/25 Vdc 

+ 13 to -140 dBm 

±1 dB >-127 dBm 

25 Watts/25 Vdc 

Amplitude Modulation 

Depth 

Distortion @ 30% 

0-99.9% 

<2% 

0-99.9% 

<1.5% 

0-99.9% 

<2% 

0-99.9% 

<1.5% 

Frequency Modulation 

Max. Deviation* 

Distortion 

3 MHz 

<2% 

4 MHz 

<l%@50%Dev. 

3 MHz 

<2% 

8 MHz 

<l%@50%Dev. 

Phase Modulation 

Max. Deviation* 100 Rad. 40/400 Rad. 200 Rad. 80/800 Rad. 

Pulse Modulation 

On/off 

Rise/fall time 

Minimum Pulse Width 

>40 dB 

<400 ns 

<2 ps 

>40/60 dB 

<15 ns (Typ 7.5 ns) 

<30 ns 

>40/80 dB 

<400 ns 

<2 ps 

>80 dB 

<15 ns (Typ 7.5 ns) 

<30 ns 

Internal Modulation Source 

Level Range 

Waveforms 

Programmable 

20 Hz to 100 kHz 

Oto 3 Vpk 

Sine 

Yes 

0.1 Hz to 200 kHz 

0 to 4 Vpk 

Sine/Sq/Tri/Pulse 

Yes 

20 Hz to 100 kHz 

Oto 3 Vpk 

Sine 

Yes 

0.1 Hz to 200 kHz 

Oto 4 Vpk 

Sine/Sq/Tri/Pulse 

Yes 

Memory Locations (NVM) 51 Full Function 50 Full Function SI Full Function 50 Full Function 

^t^jstPHc^^ $30,340 $16,950 $41, g $22,950 

The question is not why Giga-tronics is so much less, 

but rather, why Hewlett-Packard wants so much more. 
•Specifications for both the 6080A and the HP 8642A are at I GHz. Specifications for both the 6082A and the HP 8642B are at 2GHz. 
Prices and specifications for the HP 8642A and HP 8642B are from the Hewlett-Packard 1993 catalog. 
Prices for the Giga-tronics 6080A and 6082A are U.S. list prices. 

So, if you’re interested in paying 

a lot less for great performance 

and proven reliability, backed by 

a worldwide network of service 

and support, call us toll free at 

800 726 GIGA (4442). We’ll send 

you more information and arrange 

for a demonstration. 

Giga-tronics Incorporated 

4650 Norris Canyon Road 

San Ramon, California 94583 

Telephone: 800 726 4442 or 

510 328 4650 

Telefax: 510 328 4700 
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Richai Ison Elec 
has a ed a ver 

onics, Ltd. 
powerful link 

The world's largest RF power 
transistor distributor has linked 
its RF expertise with Philips 
Semiconductors to offer you the 
complete line-up of RF transistors, 
modules and Wireless ICs. 

Philips Semiconductors has signed 
Richardson Electronics, Ltd. as their 
RF specialists for Wireless 
communication products. 

As Philips leading RF transistor 
supplier you can now get exceptional 
design support, literature, value 
added and stocking capabilities on 
the complete line of Philips Wireless 
ICs for cellular, cordless, small 
signal, wireless LANS and personal 
communications. 

Richardson Electronics, Ltd. is the 
leading RF specialist in the industry. 
We have maintained and will 
continue to maintain the same values 
and strategies that have been the 
foundation of our success. By 
combining our RF resources with 
Philips Semiconductors we can now 
link you to all the wireless 
communication applications that are 
powering us into the future. 

For the latest literature, products and 
design support call 

1-800-RF-POWER 

PHILIPS 

Electronics, Ltd 
INFO/CARD 13 



UL calendar_ 
January 

5-6 Plastics in Portable Electronics 
Las Vegas, NV 

Information: Ms. Deborah Cawley, SPE, 14 Fairfield Drive, 
Brookfield, CT 06804. Tel: (203) 775-0471 . Fax: (203) 
775-8490. 

16-18 Second Annual Mobile Communications 95 Conference 
Dallas, TX 

Information: Frost & Sullivan Conference Division, 26524 
Golden Valley Rd., Suite 401, Santa Clarita, CA 91350. Tel: 
(800) 256-1076. 

23-26 ComNet 95 
Washington DC 

Information: IDG World Expo, 111 Speen St., P.O. Box 9107, 
Framingham, MA 01701-9107. Tel: (800) 225-4695 or (508) 
879-6700. Fax: (508) 872-8237. 

26-27 1995 Measurement Science Conference 
Anaheim, CA 

Information: John Schultz, 1280 Bison Ave., Suite B9-530, 
Newport Beach, CA 92660. Tel: (909) 987—4673 ext 443. 
Fax: (909) 466-4177. 

29-1 RF Expo West 
San Diego, CA 

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

29-1 EMC/ESD International 
San Diego, CA 

Information: EMC/ESD International, Registration Coordi¬ 
nator, 6151 Powers Ferry Rd. NW, Atlanta, GA 30339. Tel: 
(800) 828-0420. Fax: (404) 618-0441. 

February 
15-17 IEEE Solid-State Circuits Conference 

San Francisco, CA 
Information: Electronic Industries Association, EIA Compo¬ 
nents Group, 2001 Pennsylvania Avenue N.W., Washington, 
DC 20006-1813. Tel: (202) 457-4930. 

27-1 Second International Conference on Data Transmission 
London, UK 

Information: DT 95 Secretariat, IEE Conference Services, 
Savoy Place, London WC2R OBL, UK. Tel: 44-071-344 
5478/5477. Fax: 44-071-497 3633. 

March 
8-1 5 CeBIT 95 Hannover 

Hannover, Germany 
Information: Mette Fisker Petersen, Project Manager, Han¬ 
nover Fairs USA, Inc., 103 Carnegie Center, Princeton, NJ 
08540. Tel: (609) 987-1202. Fax: (609) 987-0092. 

TESLA 
Award Winning 
Communications 

Simulation 

“Tow have no idea how much 
effort this package has saved 

A.C. Brookfield, CT me. 

èMicrowavesAs 

Microwaves & RF and Spread 
Spectrum Scene have each 
awarded TESLA top honors for its 
contributions to RF engineering. 
What makes TESLA so special? 
It's simple and easy to use, yet it 
has the power you need. Does 
full nonlinear, mixed analog & 
digital simulation. Built-in spec¬ 
trum analysis shows you the 
results.You get the best tech sup¬ 
port in the business and a 30-day 
trial. At $695 it's a steal! Ask 
about TESLA's powerful options. 
Why not see for yourself? Call: 

800-631-1113 
U.S. and Canada 

Inti: 404-751-9785 Fax404-664-581 7 
TESOITInc. PO Box 305, Roswell GA 30077 

INFO/CARD 14 
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RF courses_ 
Rapid Prototyping: Technologies and Applications 

January 23-25, 1995, Los Angeles, CA 
Information: UCLA Extension, Engineering Short Courses, 
10995 LeConte Ave., Ste. 542, Los Angeles, CA 90024. Tel: 
(31 0) 825-1 047. Fax: (31 0) 206-281 5. 

DSP Without Tears 
January 25-27, 1995, Long Beach, CA 
February 8-10, 1995, Denver, CO 

Information: Z Domain Technologies, Inc., 325 Pine Isle Court, 
Alpharetta, GA 30202. Tel: (800) 967-5034, (404) 587-4812. 
Fax: (404) 518-8368. 

Optimal Design of Engineering Systems 
January 18-21, 1995, Lake Tahoe, CA 

Chemical Vapor Deposition for Microelectronics 
January 25-27, 1995, Monterey, CA 

Avionics and Weapons Systems Flight Test 
February 6-10, 1995, Washington, DC 

Ground Vehicle Navigation Systems: GPS & IVHS 
February 15-17, 1995, Dearborn, Ml 

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

International Workshop on Semiconductor Characterization: 
Present Status and Future Needs 

January 30-February 2, 1995, Gaithersburg, MD 
Information: Jane Walters, B344 Technology Bldg., Gaithers¬ 
burg, MD 20899-0001. Tel: (301) 975-2050. Fax: (301) 
948-4081. 

EMI/EMC Metrology Challenges for Industry: A Workshop on 
Measurements, Standards, Calibrations, and Accreditation 

January 25-26, 1995, Boulder, CO 
Information: Ann Bradford, NIST, 813.07, 325 Broadway, Boul¬ 
der, CO 80303. Tel: (303) 497-3321. Fax: (303) 497-6665. 

Wireless System Design 
January 16-20, 1995, Los Altos, CA 

Information: Besser Associates, 4600 El Camino Real, Suite 210, 
Los Altos, CA 94022. Tel: (415) 949-3300. Fax: (415) 949-4400. 

Digital Cellular Radio 
January 17-20, 1995, Washington, DC 

Digital Cellular Telecommunications 
January 25-27, 1995, Washington, DC 

Digital Cellular & PCS Communications: The Radio Interface 
February 6-10, 1995, Washington, DC 

Analog and Digital Cellular Networks: CDMA versus TDMA 
March 6-8, 1995, Washington, DC 

The Cellular Telephone System 
March 27-29, 1995, Washington, DC 

Information: The George Washington University, Continuing 
Engineering Education, Academic Center, Room T-308, 801 
22nd Street, N.W., Washington, DC 20052. Tel: (202) 
994-6106 or (800) 424-9773. Fax: (202) 872-0645. 

Introducing RF 

18 

RFM's new group delay 

compensated low-loss 

SAW filters are ideal 

for GSM. INMARSAT, 

Uncompensated 
Group Delay 

PCN, and many other 

digital radiotelephone 

s Group Delay Corripensated Low-Loss SAW Filters 
IF applications. RFM 

technology holds group 

delay virtually flat 

Compensated 
Group Delay 

across the filter's 6 dB 

bandwidth, assuring 

low intersymbol inter¬ 

ference. RFM offers 

these filters in both DIP 

RF Monolithics, Inc. 

4441 Sigma Road, pallas, Texas 75244 USA Phone: (214) 233 

and SMT packages. 

For further information 

INFO/CARD 15 
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From r&TOKO & PENSTOCK 
CUT HERE AND DISPLAY 

For a FREE 10" x 15" reproduction, 
call 1-800-PENSTOCK (408-730-0300) 

RF TECHNOLOGY GUIDE 

? 
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VARIABLE COILS 
SMD LEADED 
5F 5PA, 7PA, 7PLA 

10PA, I2VXA 

VARIABLE COILS 
SMD LEADED 
5CCA, 5CCD, 5CCL 5P. 5PH. 7P 7PH, 7PL. 7PS, 

VARIABLE COILS 

CERAMIC 

ECFM2 
ECFM4 

FILTERS 
LEADED 
CFA 
CFM2 
CFMD 

IOEZ. IOEZH 5CBG, 5CCE 
LEADED 
5K. 5KM. 7KM. 7KL. 7KLS, I0K 

CERAMIC FILTERS 
SMD 
ECFSK 

LEADED 
CFSK 

INFO/CARD 16 

FIXED INDUCTORS 
SMD 
D7. 10RF. I2RF, 5CA 

LC FILTERS 
SMD LEADED 
5FS 5VHS 5VHW. 

5VHT. 
AB07/S/W/T 

LEADED 
8RB. 8RBS. 8RHT 8RHB. 8RDB, 1ORB I0RBM. 1ORHB 

FIXED CHIP INDUCTORS 

32CS, 43CS, LL2O12F, LL1608F, 33CS/36CS (Spring Coil») 

LC FILTERS 

4FS, 4FSW. 4FST, 4FUS 
LEADED 
5VUS, 5VSW, 5VST. 5V5Q, 5VFP 

HDTV LC FILTERS 
LEADED 
HBF DO. 5VZ 

B4F B5FL. B5T 

PHASE SHIFTER 

B4QF 

Offices Nationwide 

MOLDED CORS 
SMD LEADED 
MC152 MC 120 MC138 MC139, MC134, MCI36,MC141 

LC FILTERS 
SAAD LEADED 
5CCET 5KMT. 7KLT 

SAW FILTERS 
SWS Type 

LEADED 

HELICAL FILTERS 
LEADED 
CBW. CBT 

LAN LOW PASS FILTERS & PULSE TRANSFORMERS 

A Product for Every Application 
Penstock is ready for your order with over 2.500.000 
TOKO parts in inventory'. Call 1-800-PENSTOCK 
(800-7.36-7862) 408-7304)300 CANADA 613-592-6088 

DIELECTRIC FILTERS 
SMD LEADED 
4Df A 4DFB 6OFA, 6DFB. 6DFC 6DFD 

HELICAL FILTERS 
I LADED 
5HT, 5HW 7HT, 7HW 

HELICAL FILTERS HELICAL FRIERS HELICAL FILTERS 

5CHW 5CHT 5CHM 5CHLW 4CHW 

Call for Complete Specifications: r 
1-800-PIK-TOKO « UI\U 
1-800-745-8656 



RF news 
Wireless Office Market to Grow Nearly 20-Fold 
The US market for wireless office 

equipment will expand from $101 mil¬ 
lion in 1993 to $1.9 billion by the year 
2000, at a 52 percent compound annu¬ 
al rate, projects “Wireless Office Mar¬ 
kets: Anytime, Anywhere Communica¬ 
tions”, a new report from Frost and Sul¬ 
livan. The already dominant wireless 
local area network segment will 
increase its share of total revenues 
from 68 percent in 1993 to 91 percent 
of the year 2000’s much larger market, 
while the voice segment share - while 
growing healthily in absolute terms -
will plummet from 23 percent to 8 per¬ 
cent and integrated voice/data equip¬ 

ment will fall from 10 percent to 2 per¬ 
cent in the same period. Manufactur¬ 
ing, distribution, higher education, 
healthcare, and hotels will lead the 
intra-building wireless LAN market. 
Large corporate campuses will follow 
suit toward the end of the decade. 
Wireless inter-building LAN equipment 
will also show strong growth, particular¬ 
ly once these match the speeds of 
today’s wired LANs. Radio-frequency 
based wireless LANs will slightly out¬ 
sell infrared units. Wireless vendors will 
give greater attention to offering LANs 
with varied protocols to cater to a 
broader base of networking customers. 

Future Semiconductors 
May Use Electrostatic 
Glue 
Researchers in NIST’s Materials Sci¬ 

ence and Engineering Laboratory have 
patented a process that uses electrostat¬ 
ic charges as an adhesive for naturally 
acidic surfaces, like silicon oxide and 
some forms of gallium arsenide, which 
readily give up protons. The process 
involves bonding a single molecular 
layer of a basic chemical (one that takes 
up extra protons) to the silicon oxide. 
When the newly-processed silicon oxide 
and the gallium arsenide come together, 
the proton exchange creates two oppo¬ 
sitely charged surfaces with an electro¬ 
static pull between them. The top layer 
may be pulled up and repositioned - like 
a sticky yellow office note - without dam¬ 
aging the adhesive. The process works 
best with thin, smooth layers. 

Call For Papers 
The IEE announces a call for papers for 

the Sixth Annual Conference on Radio 
Receivers and Associated Systems, to be 
held September 26-28, 1995, at the Uni¬ 
versity of Bath, UK. Paper topics include 
RF techniques, signal processing, perfor¬ 
mance optimization, application-specific 
receivers, and receiver components. 
Papers in other related fields, particularly 
those dealing with system topics and com¬ 
ponent advances which bear on receiver 
design, maintainability, and operation 
costs, will be considered. A 250 word mini¬ 
mum synopsis of the paper should be sub¬ 
mitted by February 24, 1995. The selected 
authors will be asked to provide a full type¬ 
script of not more than five camera ready 
pages, including illustrations. Synopses 
should be sent to RRAS 95 Secretariat, 
IEE Conference Services, Savoy Place, 
London WC2R OBL, United Kingdom, 
tel:+44-71 -344-5477, fax: +44-71-

Semiconductor Industry Sets Billing Record 
The semiconductor industry estab¬ 

lished a new billings record of $3.16 bil¬ 
lion, marking the second time this year 
that the $3 billion mark was exceeded, 
according to data collected by the 
World Semiconductor Trade Statistics 
and released by the Semiconductor 
Industry Association. The September 
book-to-bill ratio of 1.03 for the North 
American market translates into the 
tenth consecutive month that the indus¬ 
try surpassed the 1.00 break even 
mark. A 1.03 bill-to-book ratio means 
that for every $100 worth of products 
shipped (billed), manufacturers 
received $103 of new orders (book¬ 
ings). The ratio is computed by dividing 

three-month average bookings and 
billings. The September book to bill 
ratio reflected the historical trend as it 
declined for the ninth consecutive Sep¬ 
tember. The September ratio has been 
below the 1.00 break even mark six 
times in the last ten years. September 
billings were $2.82 billion, a 1.4 percent 
increase from August’s $2.78 billion. 
Billings increased 31.6 percent over the 
September 1993 figure of $2.14 billion. 
1994 North American market bookings 
were virtually unchanged for Septem¬ 
ber, at $2.91 billion, although Septem¬ 
ber bookings were 33.5 percent higher 
than the $2.18 billion recorded in Sep¬ 
tember 1993. 

497-3633, E-mail: conference @iee. 
org.uk. 

Messiah Engineering 
Program Accreditation 
Messiah College announced the 

accreditation of its Bachelor of Science 
in Engineering degree by the Engineer¬ 
ing Accreditation Commission of the 
Accreditation Board for Engineering and 
Technology. For more information, con¬ 
tact Carl A. Erikson, Jr., Assistant Pro¬ 
fessor of Engineering, Messiah College, 
Grantham, PA 17027, tel: (717) 
766-2511, fax: (717) 691-6002, E-mail: 
erikson@mcis.messiah.edu. 

Engineers Observe 
“Heartbeat” of Super¬ 
conducting Circuits 
Engineers at the University of Rochester 

have observed the movement of the small¬ 
est packet of magnetic charge possible in 
a superconductor, which makes it possible 
to measure the “heartbeat” of new ultrafast 
superconducting electronics. The exis¬ 
tence of the single flux quantum (SFQ) 
was known for some time, but had not 
been observed until now because the SFQ 
signal is very fast and faint. SFQ pulses 
are at the heart o! the new ultra-fast elec¬ 
tronics that are being created around the 
country. Detecting and tracing SFQ mag¬ 
netism is key for engineers trying to build 
complex superconducting circuits. 

Software Helps Engi¬ 
neers Predict Signal 
A new software package developed to 

predict how radio waves transmit and 
are reflected inside structures could help 
reduce the cost of installing personal 
communications systems in offices or 
other buildings. The patent-pending cell 
engineering tool (CET) was developed 
by engineers at the Georgia Tech 
Research Institute through an applied 
research program sponsored by Hitatchi 
Telecom USA. The CET incorporates 
several distinct analytical methods into a 
single software package. By describing 
the geometric configuration of a build¬ 
ing’s walls, ce lings, windows, and 
doors, telecommunications engineers 
can use the tool to make educated 
judgements about where to locate PCS 
base stations, thereby requiring fewer 
stations for the system and reducing 
system cost. 
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Microwave Explorer offers 
superior Electromagnetic Simulation 
in both open and packaged environments! 
Compact Software’s Microwave Explorer Electromagnetic Simulator provides superior simulation of EM coupling and 
radiation effects in RF and microwave circuits. Only Microwave Explorer allows designers to model both radiating 
structures (antennas) and packaged devices using a single EM simulation tool! 

Microwave Explorer uses the Method of Moments technique to provide accurate 3D analysis of planar circuits in a fraction 
of the time associated with traditional 3D techniques. Advanced simulation techniques require less memory and CPU 
time than conventional implementations. 

Electromagnetic analysis of complex structures has never been this fast or this easy! The integrated geometry editor 
includes GDS II impor, capability. To find out more about the unique capabilities of Microwave Explorer and to obtain the 
name of the Compact Software Sales Representative for your area, please contact: 

North and South America 
Compact Software 
201 McLean Boulevard, Paterson, NJ 07504 
Phone: 201-881-1200 • Fax: 201-881-8361 

Europe 
Compact Software 
@ Electronic Software Components GmbH 

Alpenstrasse 20, D-85614, Kirchseeon, Germany 
Phone: +49-8091-6845 • Fax: +49-8091-4804 
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Asia-Pacific 
Compact Asia-Pacific Sales Center 
764 Dailey Avenue, San Jbse, CA 95123 
Phone: 408-362-0363 • Fax: 408-362-0507 

■ Compact _ Software 
MICROWAVE, RF and LIGHTWAVE CAD SOLUTIONS 

201 McLean Blvd. • Paterson, New Jersey 07504 • USA 
TEL: (201) 881-1200 «FAX: (201)881-8361 



news continued 

Business Briefs 
Motorola Introduces INReach™ Radio Telephone - Motorola’s Cellular Infra¬ 
structure Group has introduced its new radio telephone system. INReach™ is a 
radio telephone system that enables an individual to use a cellular phone to place 
and receive calls anywhere within a building or campus-like setting. Customers 
include mid-to-large industrial and commercial businesses for their mobile employ¬ 
ees, as well as convention centers, hotels, and resorts for temporary use by visi¬ 
tors and guests. 

Wavetek Acquires Communications Test Division from Schlumberger -
Wavetek Corporation announced that it has acquired the worldwide assets of the 
Schlumberger Communications Test Division. The division includes both the 
Radio Communications Test Equipment business and the Telecommunications 
Test Equipment business located in Saint Etienne, France. 

American Superconductor Achieves Record Performance in a High Tempera¬ 
ture Superconducting System - American Superconductor Corporation demon¬ 
strated a high temperature superconducting (HTS) magnet system that achieves 
world record performance. The HTS magnet coil exceeds the threshold of perfor¬ 
mance required of magnetic coils in commercial motors and generators, and sets 
the stage for the development of smaller, more efficient electrical equipment. 

Micronetics Acquires Sole Rights to Manufacture Qualcomm VCO Line -
Micronetics, Inc. announced that it has acquired sole rights to manufacture and dis¬ 
tribute wideband Voltage Controlled Oscillators (VCOs) designed and developed by 
Qualcomm, Inc. Micronetics plans to migrate the Qualcomm VCOs from pin- type to 
surface mount technology in order to cut production costs, offer more aggressive 
pricing, and provide customers with a wider choice of packaging options. 

Intelligent Instrumentation Wins Data Acquisition Software Competition -
Intelligent Instrumentation’s Visual Designer Application Generator Software was a 
winner in the “live test” Competition at the Messcomp show in Wiesbaden, Ger¬ 
many, September 13-16. Manufacturers of nine leading data acquisition and con¬ 
trol software packages participated in a live competition to demonstrate their ability 
to quickly solve a typical data acquisition and control problem. 

Intellitag Joins Industry in Statement Supporting 900 MHz AVI Frequency -
Intellitag Products has joined nine other electronic toll and traffic management 
(ETTM) manufacturers in support of continued use of the 902-928 MHz frequency 
band for Automatic Vehicle Identification (AVI). The statement of support was 
made to the Federal Communications Commission. The letter recommends the 
FCC finalize the process for reserving this frequency. 

Cadence Outlines Silicon-Based Logic Design™ Technology Roadmap -
Cadence Design Systems, Inc. has outlined a strategy for delivering silicon-based 
Logic Design (SBLD™) solutions that will improve first-run ASIC and IC success 
for systems designers. The SBLD tools will provide access to physical design 
information within the logic design process. 

Merix Receives Top Award in Oregon Quality Competition - Merix Corporation 
was named winner of the Governor’s award for quality in the first Annual Oregon 
Quality Awards Competition. Merix was judged best of all applicants against the 
state’s quality performance standards. 

Boonton Electronics Corp Moves to New Location - Boonton Electronics Cor¬ 
poration has announced the relocation of its corporate headquarters to a larger 
facility. The new address is 25 Eastmans Road, Parsippany, NJ, 07054-0465, tel: 
(201) 386-9696, fax: (201) 386-9191. 

Chomerics Acquired by Parker Hannifin Corp. - Chomerics, Inc. has been 
acquired by the Parker Hannifin Corporation from W.R. Grace & Co. Chomerics 
will operate as a division of the Parker Seal Group, headquartered in Irvine, CA. 
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Contracts 
Motorola and E.F. Johnson Sign Joint 
License Agreement - Motorola’s Land 
Mobile Products Sector and E.F. John¬ 
son Company have signed a joint licens¬ 
ing agreement for digital radio technolo¬ 
gy used in public safety and other mar¬ 
kets worldwide. The agreement gives 
E.F. Johnson technology rights to 
Motorola’s ASTRO™ and APCO Project 
25 digital radio products. 

RF Power Products Acquires Broun-
ley RF Technology - RF Power Prod¬ 
ucts has acquired critical technology for 
its next generation of radio frequency 
power supplies by signing an exclusive 
five year technology transfer and product 
development agreement with Brounley 
Associates. The purchase price includes 
cash, consulting services, and royalties. 

Scientific-Atlanta Gets NASA Con¬ 
tract - Scientific-Atlanta, Inc. will provide 
two 11 meter antennas with X and S band 
data reception for the National Aeronau¬ 
tics and Space Administration (NASA) to 
receive data transmitted by satellites, 
sounding rockets, and the Space Shuttle. 
The contact is valued at $11.6 million, 
with options bringing the total potential 
value of the award to $23 million. 

Aydin Vector Receives U.S. Army 
Contract - Aydin Corp, announced that 
it received a U.S Army contract to sup¬ 
ply Wideband Telemetry Systems. The 
contract, which calls for conditioning 
modules, digital encoding units, and 
wideband video transmitters to be used 
in the Weapons Systems Evaluation 
Program for air-to-ground missiles, is 
valued at about $3.9 million. 

Teknektron and McCaw to Develop 
PCS Specs - Teknektron Communica¬ 
tions Systems, Inc. and McCaw Cellular 
Communications Inc. have agreed to 
develop specifications for personal com¬ 
munications products based on the new 
IS-136 standard for TDMA digital. The 
new standard will provide new consumer 
benefits, and will allow for the develop¬ 
ment of PCS products and systems. 

Trans-tech Gets Duplexer Order -
Trans-tech received an order in excess 
of $20 million from Motorola’s Cellular 
Subscriber Group to build ceramic 
duplexer filters. The contract covers a 
two-year span, and will enable Motorola 
to keep pace with the dramatic growth in 
demand for its line of cellular phones. 
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Small talk 

Size is everything in 
today's wireless product market. 
Ever since 'he first cellular phone 
was designed, the big challenges 
have been now to make them more 
portable; how to reduce power con¬ 
sumption while extending talk time; 
and how to add more features. 

How do you do it? 
Simple. With ITT RFIC 

power amplifiers. Based on our 
MSAG®-Lite technology, our line of 
RFIC power amplifiers can help 
you reduce total system size while 
adding more features in the same 

space. Cell phone talk time can be 
extended by as much as 30% com¬ 
pared to using discretes or mod¬ 
ules. In addition, you can lighten 
up the entire system by reducing 
the battery weight required to 
power the phone. 

And all this at an extremely 
competitive price. 

Small wonder that designers 
of all kinds of wireless products are 
taking to us first. 

ACTUAL 
SIZE . 

What about you? 
CaU us at 703-563-3949. 

ITTgtc 
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Îjndustry insight_ 

RF Distributors and Reps -
Expertise is Part of the Bargain 
By Andy Kellett 
Technical Editor 

RF distributors and representatives 
hold a special place in the RF market¬ 
place. Whereas some electronic compo¬ 
nents are sold as commodities (DRAMs, 
for example) RF components still tend to 
be specialized devices. RF distributors 
and reps provide services without which 
buyers and sellers might never meet. 

RF Distributors 
What do buyers have to gain by mak¬ 

ing their purchases through a distributor? 
Being able to buy a part off the shelf from 
a distributor is preferable to waiting 
weeks to get a part directly from a manu¬ 
facturer. Steve Ulett, Marcom Manager 
for Penstock, Inc. points out that many 
companies are reducing paperwork and 
accounting costs by reducing the number 
of vendors from which they buy. John 
Williammee, President of Component 
Distributors Inc. gives another reason, 
“Let’s face it, distributors offer more flexi¬ 
ble credit terms.” 

Distributors also provide access to large 
manufacturers for smaller orders. Says 
Williammee, ‘The smaller customer gets 
partnering with a distributor who has sig¬ 
nificant clout.” In addition to acting as liai¬ 
son between a customer and a supplier, 
distributors can also be a direct partner in 
making purchase orders, carrying inven¬ 
tory, scheduling, and delivery says Greg 
Peloquin Business Unit Manager for the 
RF Components Division at Richardson 
Electronics, Ltd., “We've moved to the 
next step where we actually manage their 
purchasing and inventory,” says Peloquin. 
But apart from the advantages of buy¬ 

ing from a distributor qua distributor, 
there are other reasons why many RF 
parts are sold through RF distributors. 
“Front-end design requires a lot of knowl¬ 
edge,” says Penstock's Ulett, “so ninety 
percent of our sales force has at least a 
BSEE." “[Distributors] have to under¬ 
stand what the customer is saying, but 
they also have to be able to interpret the 
answers that the supplier gives them on 
a technical level,” says Richardson’s 
Peloquin. 

Selling through a distributor has advan¬ 
tages from the factory’s standpoint as 

well. Distributors can dedicate effort to 
smaller, second-tier accounts says CDI’s 
Williammee. Williammee points out that a 
produc: offered through a distributor lets 
potential customers know the product is 
real and available, “It’s something that 
does make a difference on new product 
introductions.” 
Clearly, the market for RF and 

microwave products is growing, and 
more broadline distributors are interested 
in getting a part of the RF market. How¬ 
ever, a distributor cannot become an RF 
distributor overnight. Richardson’s Pelo¬ 
quin notes that it takes a large dollar 
investment because of the type of sales 
people that must be hired, and it takes 
years of experience with customers to 
gain their trust in your knowledge. 
Of course one way to get that expertise 

and trust is to buy an established RF dis¬ 
tributor, as Avnet did when it acquired 
Penstock this last July. A source close to 
the deal that brought Penstock under the 
wing of Avnet says that people from the 
Avnet side of the deal acknowledged that 
it would have taken them five to ten years 
to gain the knowledge that Penstock has 
in the RF field. 
The changing RF marketplace has also 

changed the types of products sent from 
the factories to the distributors. As the 
larger manufacturers have narrowed their 
lines in recent years, smaller companies 
have stepped in to supply the niche mar¬ 
kets. “More and more niche suppliers are 
going after specific markets or programs 
or applications, as opposed to making 
broadlines,” says Peloquin. CDI's 
Williammee notes that the broadline dis¬ 
tributors often don't want to handle the 
relatively small volumes most RF compo¬ 
nent manufacturers deal in. 

RF Reps 
By acting as a “sales force for hire”, 

manufacturers’ representatives (or reps) 
can offer companies an effective sales 
effort with less overhead. Setting up a 
direct sales office can cost $100,000 a 
year says, Charles Dickinson, President 
of C/G Associates, Inc, by hiring a rep, a 
company nominally only pays commis¬ 

sion. Another advantage cited by Dickin¬ 
son is the continuity offered by reps. If a 
member of a srrall direct sales staff 
leaves a company, much of the informa¬ 
tion that salesperson has gathered is lost 
and must be regained. A rep firm is more 
likely to have its market expertise spread 
out among several people. 

In addition to being a substitute for, or 
an extension of, a direct sales force, reps 
can offer special selling expertise. For 
example, AET Associates represents 
several U.S. RF manufacturers to Japan¬ 
ese customers. “I think 80 percent of the 
problems U.S. companies encounter in 
trading with the Japanese are due to a 
communication gap,” says AET Associ¬ 
ates President, Dr. Eiji Tanabe. Accord¬ 
ing to Tanabe, Japanese companies find 
few problems selling to U.S. customers, 
while U.S. manufacturers have a harder 
time selling to Japanese customers. “It’s 
a sort of diode effect between the two 
countries," says Tanabe. Tanabe brings 
his knowledge of both Japanese lan¬ 
guage and business culture to potential 
customers in Japan, narrowing any com¬ 
munication gap between the Japanese 
buyer and the U.S. seller. 
Reps that handle only RF products are 

certainly not the rule, but there are plenty 
of those types of firms around says Ben 
Findley, President of Quattro Sales Asso¬ 
ciates, Inc. and Vice-President and Chair¬ 
man of the RF/rricrowave Marketing 
Group of the Electronics Representative 
Association. Reps in the RF marketplace 
have had to make some adjustments in 
recent years, but most have easily made 
those changes. “Many RF and 
microwave reps were used to working in 
small volumes and had to adjust to the 
cost sensitive aspects that you see in the 
commercial arena but it hasn’t been a 
significant problem,” says Findley. 
The services RF distributors offer may 

be just as important as the parts they 
supply in helping their customers get a 
design from the drawing board to the 
manufacturing floor. Likewise, an RF rep 
can help a manufacturer with a useful 
device find customers they may have 
never known about RF 
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Spanning The Decades 

High Power Directional Couplers 
OUTSTANDING PERFORMANCE 

100% HIGH POWER BURN-IN 

HIGH AVERAGE POWER RATINGS 

OVER 1500 MODELS AVAILABLE 

FREQ. RANGE 0.01-2000 MHz 

HIGH POWER COMPONENTS 

SINCE 1965 

Performance Specifications 
MODEL FREQUENCY COUPLING DIRECTIVITY POWER 
NO. MHz dB dB WATTS 

C2630 0.01-1000 40 20 100 

C1460 0.01-250 50 20 2Kw 

C3271 80-1000 50 20 1.5Kw 

C2717 1-30 70 35 lOOKw 

C2868 30-100 60 20 50Kw 

Werlatone Broadband Directional Couplers Offer No Compromise 

High Power Multi-Octave Performance 

Call us today for product information and your application needs. 

ERLAT0NE 
DECADES AHEAD 

Werlatone Inc. 
P.O. Box 47, Brewster, New York 10509 
Telephone: (914)279-6187 
FAX: (914) 279-7404 
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RF design awards_ 

A Low Cost Doppler Detector 
By Milton Luiz Gomes and Adirson Mauro da Silva Jr. 
M2SAT Eng. & Cons. Itda 

This project is part of an automotive 
alarm system using the Doppler effect in 
microwaves. When the Doppler sensor 
detects a large movement in the area 
under protection, it transmits trigger 
pulses to a microcontroller which actu¬ 
ates the vehicle’s horn, turns on its 
blinkers, and turns off the electronic 
ignition. 

According to reference 9, the action 
of ultrasonic, infrared and laser sen¬ 

sors can be subject to failure or impair¬ 
ment because of weather conditions 
such as frost, snow or even mud; ultra-

nents for microstrip applications at S 
band are lower than those for X band, 
the following problems arise from the 
use of a lower frequency: 

1. The target gain is inversely propor¬ 
tional to the wavelength, which diminish¬ 
es the range of the protected area for 
the same target size (Figure 1). 

2. The Doppler frequency obtained is 
directly proportional to the target velocity 
and frequency transmitted, impying a 
very low Doppler frequency for process¬ 
ing (Figure 2). 

3. Free space path loss (Figure 3). 
To obtain the Doppler effect with the 

^out P¡n -05 2Gant Gt (1 ) 

where: 
Pout = Transmitted power (dBm) 
Gant = Antenna gain (dBi) 
as = Two-way patch loss from Fig. 3 (dB) 
Pin = Received power (dBm) 
Gt = Target gain frorr Fig. 2 (dB) 

Pout - P|n = “S - 2Gt
-6 - Pin = 80 - 10 - 20 
Pin = -56 dBm 

Table 1. Radar equation calcula¬ 
tions. 

sonic sensors can become dulled due to 
heavy rain; and infrared sensors are 
affected by bright sunlight. All this would 
thereby favor the choice of the 
microwave Doppler sensor. The Doppler 
effect occurs when microwave energy is 
reflected by a moving target, giving a 
shift in frequency. All Doppler radars 
use this principle. 
On the international market there are 

manufacturers that produce Doppler 
sensor modules in waveguides, which 
thereby become impractical for use in 
automotive alarm systems due to high 
cost and the size of the sensors. 
Upon research we concluded that the 

best answer would be to use a MMIC 
(Monolithic Microwave Integrated Cir¬ 
cuits) based oscillator in order to reduce 
the sensor cost. 

Project Details 
Although the costs of active compo-

MMIC, it is necessary that the signal 
from the local oscillator be transmitted 
by the input port, at the same time that 
the signal goes to the mixer to convert 
the signal which comes from the direc¬ 
tional coupler or circulator (see Figure 
4). These configurations would necessi¬ 
tate oscillators, mixers, circulators or 
directional couplers, which in turn, would 
increase the final cost of the alarm. 
A preferable choice would be an inte¬ 

grated mixer and amplifier. To obtain the 
effect cf transmission and reception by 
the input port, it would be necessary for 
S12 to be equal to S21 for non-isolation 
of the system (Figure 5). Avantek/HP’s 
MMIC MSF8685 was used to avoid high 
isolation in accordance with functioning 
on the self-oscillator configuration (Fig¬ 
ure 6). We solved the problem of isola¬ 
tion with the RLC circuit seen on Figure 
6, which gave rise to a 60% cost reduc¬ 
tion, as well as reduced size. 

Theoretical and Practical Results 
The results seen in Figure 7, were 

obtained from the spectrum analysis of 
the oscillator. The transmission line in 
series with the tank circuit, ensures that 
the total electrical length of the device, 
be equal to 360 electrical degrees. The 
resistor will determine the loss of the 
tank circuit and at the same time give 
the maximum gain and change the com¬ 
pression point. 

In the final circuit, the resistor was 
eliminated to maximize the power level 
delivered to the antenna. This circuit can 
be seen in Figure 8. 

Performance of the System 
The antenna used was a rectangular 

microstrip patch, providing a gain of 5 
dBi with a covering range of approxi¬ 
mately 120 degrees in the E plane and 
90 degrees in the H plane (Figure 9). 

Target gain (dB) 10.5GHz Target gain(dB) 2.45GHz 

093 .93 930 9.3k 

Radar cross section (m2) Radar cross sectior (m2) 

Figure 1. Target gain versus target size for 2.45 and 
10.5 GHz. for 2.45 and 10.5 GHz. 
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DC-2000MHz 

In plastic and ceramic packages, for low-cost solu¬ 
tions to dozens of apolication requirements, select Mini¬ 
Circuits' flatpack or surface-mount wideband monolithic 
amplifiers. For examp e, cascade three MAR-2 monolithic 
amplifiers and end up with a 25dB gain, 0.3 to 2000MHz 
amplifier for less than $4.50. Design values and circuit 
board layout available on request. 

It’s just as easy to create an amplifier that meets 
other specific needs, whether it be low noise, high gain, 
or medium power. Select from Mini-Circuits’ wide 
assortment of models (see Chart), sketch a simple inter¬ 
connect layout, anc the design is done. Each model 
is characterized with S parameter data included in our 
740-page RF/IF Desgners’ Handbook. 

All Mini-Circuits' amplifiers feature tight unit-to-unit 
repeatability, high relability, a one-year guarantee, tape 

99« 
PLASTIC 
SURFACE-MOUNT 

add suffix SM 
to model no 
(ex. MAR-ISM) 

Unit price $ (25 qty) 

MAR-1 
1.04 
MAV-1 
1.15 

MAR-2 
1 40 
MAV-2 
1.45 

++VAM-3 
145 

MAR-3 
1.50 

♦ MAV-3 
1.55 

MAR-4 
1.60 
MAV-4 
1.65 

VAM-6 
1 29 

MAR-6 
1.34 

♦♦VAM-7 
1.75 

MAR-7 
1 80 

MAR-8 
1 75 

MAV-11 
215 

CERAMIC RAM-1 RAM-2 RAM-3 RAM-4 RAM-6 RAM-7 RAM-8 
SURFACE-MOUNT 4 95 4 95 4.95 4 95 4 95 4 95 4 95 
PLASTIC MAV-1 + MAV-2 ♦ MAV-3 * MAV-4 MAV-11 
FLAT-PACK 1.10 1 40 1.50 1.60 2.10 

MAR-1 MAR-2 MAR-3 MAR-4 MAR-6 MAR-7 MAR-8 
0.99 1.35 1.45 1.55 1 29 1.75 1.70 

and reel packaging, off-
the-shelf availability, with 
prices starting at 99 cents. 

Mini-Circuits’ monolthic 
amplifiers... for innovetive 
do-it-yourself problem 
solvers. 

MAV- MAV MAR VAM RAM 
SM 

Models above shown actual size 

Freq.MHz.DC to 

Gain, dB at 100MHz 

Output Pwr. +dBm 

NF. dB 

1000 

18.5 

1.5 

5.5 

2000 

12.5 

4.5 

6.5 

2000 

12.5 

10.0 

6.0 

1000 

8.3 

12.5 

6.5 

2000 

20 

2.0 

3.0 

2000 

13.5 

5.5 

5.0 

1000 

32.5 

12.5 

3.3 

1000 

12.7 

17.5 

3.6 

Notes * Frequency range DC-1500MHz 

designer's amplifier kits 
DAK-2: 5 of each MAR-model (35 pcs), only S59 95 
DAK-2SM: 5 of each MAR-SM model (35 pcs) only $61 
DAK-3: 3 of each MAR, MAR-SM. MAV-1 1. MAV-1 1SM 
(48 pcs) $74.95 

designer's chip capacitor kit 
KCAP-1: 50 of 17 values, 10pf to 0.1^ (850 pc). $9995 

Gain 1/2 dB less than shown 

chip coupling capacitors at 12C each 

95 
(50 min.) 
Size (mils) 
80x50 
80x50 
120x60 

Value 
10. 22. 47. 68. 100. 220. 470 680 pf 
1000. 2200. 4700. 6800. 10.000 pf 
.022. .047. .068. M 

Typical Circuit Arrangement 
Rbias 

f-W— vcc 

COLOR DOT îFC (optional) 

'block 
II— ’OUT 

£□ Mini-Circuits 
P.O Box 350166, Brooklyn. New York 11235-0003 (718) 934-4500 Fax (718)332-4661 

For detailed specs on all Mir i-Circuits products refer to • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM • MINI-CIRCUITS' 740- pg. HANDBOOK. 

F154REV A 
CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. 
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Figure 4. Circuit to produce illu¬ 
minating signal and to detect 
Doppler signal. 

MKR 2 495 399 0 GHz 

Two way 
path loss(dB) 2.45GHz 
265 
244 
223 
202 
181 
160 
139 
118 
97 
76 
55 

Figure 5. High isolation prevents 
Doppler detection 

Figure 7. Spectral output of the 
oscillator. 

.305 3.05 30.5 305 3.05k 30.5k 
distance (m) 

Figure 3. two-way free space path 
loss for 2.45 and 10.5 GHz. 

The system was tested in the labora¬ 
tory, using a metallic sphere of approxi¬ 
mately 35 cm diameter, equivalent to a 
radar cross section of 0.1 m2. With a 
minimum sensitivity adjustment we 
obtained a range of 1 meter. 

Figure 8. Actual implementation 
of Doppler detector. 

Minimum Sensitivity 
One way to determine the received 

power level in the sensor uses equation 
1 in Table 1, and Figures 1 and 3 
shown before. 
Table 1 shows the calculations used 

to calculate the expected received sig¬ 
nal strength. For a -56 dBm received 
signa level, the audio level for process¬ 
ing is approximately 200 pVrms , which 
provides a signal to noise ration (s/n) of 
approximately 16 dB. 
The audio level produced by this sys¬ 

tem is less than that produced by the 
waveguide modules because of the low 
video impedance. For this reason, low-
noise operational amplifiers were used 
for processing detected Doppler signal. 

Figure 6. Self oscillating circuit 
using a MMIC and feedback net¬ 
work. 

Frequency vs. Voltage and 
Frequency vs. Temperature 
The behavior of the oscillator remains 

stable for a tolerable voltage variation of 
±2 V with only frequency deviation. 
The frequency drift can be reduced by 

replacing the tank circuit of Figure 8 with 
a coaxial resonator. Temperature 
behavior was found to be very good, the 
frequency drift remaining around ±300 

kHz for a temperature variation between 
0 and 80 °C. 

Final Circuit 
Figure 10 is a photograph of the 

detector circuit and processor. The 
block diagram shown in Figure 11 
shows the processing sequence. (The 
detector provides a trigger pulse to the 
alarm activating processing sequence.) 
The circuit was built on a fiberglass 

circuit board material, using surface 
mount components. The results 
obtained were a total success. The 
number of false alarms was nearly 
reduced to zero by the use of the micro¬ 
controller. 

Defects did not occur related to detec¬ 
tor caused by stress due to vibration, 
thermal variations or noise produced by 
the vehicle itself. The circuit was duly 
patented in Brazil. 

Figure 9. Typical antenna radia¬ 
tion patterns for patch antenna. 
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Electromagnetic Field Exposure 
During the running of the vehicle, the 

oscillator remains turned off, thereby 
safeguarding the user from any electro¬ 
magnetic radiation. Also, when the car is 
stationary, the potential density remains 
at safe levels. According to ANSI C95.1-
1991 rules, the level permitted for 
human body exposure at 2.45 GHz is 
1.0 mW/cm2. Table 2 shows the calcula¬ 
tions used to find the power density. 

Conclusions 
The Doppler effect could be usefully 
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Split 
Personality 

The Standarc for Performance 
For over fi teen years engineers and 

OEMs alike hive relied on PTS 
frequency synthesizers for unmatched 
stability , speed and spectral purity. 
These direct analog and direct digital 
synthesizers neet the most challenging 
systems devebpment requirements... 
ATE systems, satcom, wireless, medical 
imaging, sectre communications, and 
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production environments, where they 
play a key rote in quality assurance. 
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100 KHz to 1 GHz band with 0.1 Hz 

FREE OFFER 
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switching times from Igsec, spurious 
outputs as low as -75 dBc and 
outstanding phase noise characteristics 
(SSB phase noise at 1GHz, 1 KHz offset, 
-110 dBc/Hz). 

The Standard for Reliability 
PTS synthesizers were designed 

from the outset to deliver the best 
reliability in the business. We adhere to 
conservative derating practices, keep 
power consumption and internal heat 
buildup to an absolute minimum and 
subject finished systems to rigorous 
temperature cycling and electrical 
testing. The result: a field-proven 
25,000 hr MTBF. Since 1985 we've 
offered a fill] 2 year warranty and a 
flat-rate repair fee of just $350 for 
years 3 through 10. 

It’s time you had the best of both 
worlds. The best performance-price 
and the best reliability. Call today for 

more information and we’ll also send 
you a free copy of the RF Design 
Frequency Synthesis Handbook. 

Features and Options 
•BCD or GPIB remote control 
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•OCXO, TCXO or external 
frequency standard 
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•Digital phase rotation 
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entire security system. 

Figure 10. Photo of detector cir¬ 
cuit and processor. 

applied in many problems. With the 
advance of technology, costs are falling, 
thereby making the use of Doppler an 
increasingly useful and important tool./fF 

FROM THE WORLD LEADER IN VARIABLE CAPACITORS 

DP - (2) 
4äR2

where: 

P= transmitted power (mW) 
G = antenna gain (dBi) 
R = Distance for determined power 
density (cm) 
DP = power density (mW/cm2) 

R>0.28 cm for a safe level r = 0.28 x 
10 = 2.8 cm 

where the factor of ten is a safety 
factor 
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Cera-Trim II 
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Actual 
Size 

CERA-TRIM II™ are high 
performance, extremely 
durable, single turn, surface 
mount trimmer capacitors. 
The unique ceramic package 
assures excellent operating 
characteristics at an affordable 
price. 

■ Capacitance Range: 
0.5 -2.0 pF to 5.0 -15 pF 

■ Q >1000 @200 MHz 
(depending on model) 

■ Operating Temperature: 

: 400 

Johanson Manufacturing Corporation 
Rockaway Valley Road, Boonton, NJ 07005 USA 

201-334-2676 Fax 201-334-2954 
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Table 2. Power density calcula¬ 
tions for exposure levels. 
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New 3Volt Downconverters: 
From RF to IF for 99c

miniature downconverters are the latest addition 

to CEL's growing family of 3 Volt RF ICs. 

Need low distortion? Our new UPC2758Tdelivers 

+ lOdBm output IP3 Low current application? Choose 

the UPC2757T. It provides 13 dB of conversion gain 

from only 5.6 mA. Both feature a mixer, LO and IF 

buffer amplifier, and a Power Down function to 

prolong battery life. 

Another low current device, the UPC2756T, helps 

simplify your designs by combining mixer, IF amplifier 

and oscillator — all on a single chip. 

All three feature 3dB RF bandwidth to 2.0GHz, with 

3dB IF bandwidth of 10 to 300 MHz. 

Housed in miniature packages no bigger than a 

SOT-143, these devices are available now on tape and 
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1-575 
GHz 

reel and priced in quantity from only 995 . 

Best of all, they can be combined 

with CEL’s other MMICs and discretes to 

provide complete GPS, PCN or 2.4 GHz 
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PART OPERATING kc CONVERSION OUTPUT 
VOLTAGE GAIN IP3 

UPC2758T 1 3V 11mA 17dB +10dBm 

UPC2757T' 3V 5.6mA 13dB +5dBm 

UPC2756T 2 3V 5.9mA 14dB +5dBm 

i. Measured at 2.0GHz 2. Measured at 1.6GHz 

Need a higher level of integration? The 3 Volt 

UPC2753GR IF downconverter combines an RF input 

amplifier, Gilbert cell mixer, LO input buffer, IF 
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RF cover story_ 
New UHF Receiver Architecture 
Achieves High Sensitivity and Very 
Low Power Consumption 
by Darrell L. Ash, Sr. VP of Engineering 
RF Monolithics, Inc. 

For the first time in more than 50 
years, a basically new receiver architec¬ 
ture has been conceived and realized. 
This receiver’s characteristics are ideal 
for short range RF link applications. 
Without adjustments or critical PC board 
layouts to contend with, this new SAW-
based receiver demonstrates superior 
range performance compared to con¬ 
ventional receivers. The new receiver 
operates from a 3 volt lithium button cell 
with a current drain of approximately 1 
mA. The receiver is entirely self-con¬ 
tained, with an RF antenna input port 
and a CMOS compatible data output 
port in a small surface mount package. 
Unlike other receivers, the new receiver 
reliably operates in today’s crowded fre¬ 
quency spectrum due to outstanding fre¬ 
quency selectivity. 

Short range, unlicensed RF links are 
becoming extremely popular all over 

the world [1]. The applications include, 
but are not limited to, garage door and 
gate openers, remote entry/anti-theft 
systems for automobiles, wireless secu¬ 
rity systems for homes and businesses, 
remote utility meter readers, wireless 
bar code readers and wireless comput-
er/peripheral links. These links are pri¬ 
marily in the 200 to 960 MHz UHF band. 
For example, the most popular frequen¬ 
cy in Europe is 433.9 MHz, the Far East 
primarily uses 303.8 MHz, and the pop¬ 
ular US frequencies include 303.8 MHz, 
315 MHz, 345 MHz, 390 MHz, 418 MHz 
and the 902 to 928 MHz band [2], The 
transmitter power output is typically reg¬ 
ulated to less than 1 milliwatt for these 
applications. Most of the transmitters 
used in such applications are now SAW 
stabilized to prevent frequency drift with 
temperature and time, and to simplify 
meeting regulatory requirements for har¬ 
monic levels [1]. Receivers used in the 
past have primarily been 
inductor/capacitor-stabilized super-
regenerative receivers with their inher¬ 
ent problems of poor stability, little or no 
frequency selectivity, and poor sensitivi¬ 

ty. More recently, SAW-stabilized super-
regenerative receivers [3] and SAW-sta¬ 
bilized superheterodyne receivers [4] 
have been used to improve the perfor¬ 
mance of such systems. 
The receiver is the limiting factor in 

most low power RF links. There are pri¬ 
marily lour areas of concern: perfor¬ 
mance, cost, manufacturability, and 
ease of design and interface in the engi¬ 
neering phase. Included in these four 
areas of concern are the following 
industry needs: 

• Most applications need improved 
range. The typical open-air, line-of-
sight range for such systems varies 
from 100 to 300 feet. This range is fur¬ 
ther degraded when the receiver is 
placed inside an automobile or build¬ 
ing. The primary factors that affect 
range are receiver sensitivity and 
select vity. 

• Many of the receivers are powered by 
battery. As a result, the power con¬ 
sumption must be lowered. 

• “Tweaks” or adjustments need to be 
eliminated to make the receiver more 
engineering- and manufacturing¬ 
friendly as well as to improve its relia¬ 
bility. 

• Minimizing the number of receiver 
components and the PC board space. 

• Engineers with little or no RF experi¬ 
ence should be able to design the 
receiver into their system with pre¬ 
dictable results. 

Receiver Architecture 
Background 
Around the turn of the century, the first 

RF receivers were simple diode detec¬ 
tors, as shown in Figure 1 a. The receiv¬ 
er drove a set of headphones. This 
receiver was not very sensitive so an RF 
amplifier was added, (see Figure 1b). 
The sensitivity was then limited by the 
amount of stable gain that could be 
achieved in the RF amplifier. 

Prior to World War II, the super-regen¬ 
erative receiver was conceived, as 

Figure 1. Diode detector receiver 
(a), and Diode detector receiver 
with amplifier (b). 

shown in Figure 2 The extremely high 
gain exhibited by an oscillator during its 
turn-on cycle was used to advantage in 
this type of receiver. The RF oscillator 
was turned on and off by a quench oscil¬ 
lator running at many times the frequen¬ 
cy of the modulated data to be recov¬ 
ered. The oscillator turn-on time was 
changed by the level of the incoming RF 
signal applied to it. This change in turn¬ 
on time manifested itself as a change in 
the average power output of the oscilla-

Figure 2. Superregenerative 
receiver. 
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tor, which could be detected with a sim¬ 
ple detector circuit, as shown in Figure 
2. A primary disadvantage of this type of 
receiver was the need for at least two 
critical adjustments. The oscillator cen¬ 
ter frequency had to be adjusted to the 
desired signal frequency, and the oscil¬ 
lator turn-on time had to be set by 
adjusting the bias or gain of the amplifi¬ 
er. If the oscillator reached saturation 
too soon, the gain or sensitivity of the 
resultant receiver would be greatly 
decreased. Adjustment was, and still is, 
a balancing act. An advantage of this 
type of receiver is the low current 
requirement from the power supply. 
The superheterodyne was the next 

receiver architecture to be conceived 
(Figure 3). This receiver is really a return 
to the amplified diode detector receiver. 

The superheterodyne receiver solved 
the stability problem of the simple ampli¬ 
fied detector receiver and thus allowed a 
great increase in sensitivity. By splitting 
the gain between an RF amplifier and 
an IF amplifier, the stability issue was 
resolved. The principle at work here is 
simple frequency diversity. The RF 
amplifier and the IF amplifier are not at 
the same frequency, so the feedback 
from the IF amplifier output to the RF 
amplifier input does not cause a stability 
problem. Even more stable gain can be 
achieved with such a receiver by 
increasing the number of conversions or 
IF’s. In addition, the RF filter and the IF 
filter allow more rejection of unwanted 
signals than could be achieved by cas¬ 
cading RF filters, once again due to fre¬ 
quency diversity. The primary disadvan¬ 

tages of this receiver architecture are 
the need for a stable RF oscillator, mixer 
spurious responses, critical circuit board 
layout, relative complexity, the need for 
adjustments, higher cost, and high cur¬ 
rent consumption. 

The ASH Receiver 
A basically new type of receiver has 

been conceived at RFM to address the 
shortcomings of previous receiver archi¬ 
tectures in short range RF link applica¬ 
tions. This new receiver architecture 
achieves the same result as the super¬ 
heterodyne receiver, but it uses the prin¬ 
ciple of time diversity rather than fre¬ 
quency diversity. Figure 4 is a simplified 
block diagram of the new amplifier-
sequenced hybrid (ASH) receiver [5]. 
Referring to Figure 4, the incoming sig-
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About Wireless Telecom Group, Inc. 
Wireless Telecom Group is a public company 

traded on the American Stock Exchange under the 
ticker symbol (WTT). The Company was founded 
in 1985 under the name Noise Com. In 1991, Noise 
Com became a publicly held company and 
previously traded under the symbol (NOI). 

The Company designs, develops, manufactures, 
and markets test equipment. Noise Com and 
Wireless International Corp, form the two parts of 
Wireless Telecom Group. Each have become 
leaders in their fields. 

system (ISO-9001 
certification will 

In 
addition, certified 
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the near future). 
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inspectors, and 
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MIL-STD-2000 
workmanship 

Facilities 
Wireless Telecom Group occupies a 12,000 ft2 

modem facility in New Jersey, with a complete 
range of capabilities, such as a 150 ft2 Class 10,000 
clean room for hybrid microelectronics assemblies, 
computer-aided mechanical design, PC board 
layout systems supplemented by circuit 
simulation, software emulation, and environmental 
screening facilities. 

The People 
Wireless Telecom Group is an assembly of 

dedicated, knowledgeable, creative people who 
have a wide range of backgrounds in test and 
measurement of wireless and digital 
telecommunications. 

Products 
Wireless Telecom Group's average annual 

growth rate has exceeded 25% over the last 5 
years. This growth was 
generated from the sales 
of Noise Com products. 
Wireless International 
Corp, is dedicated 
toward the development 
of new products for 
test of satellite, cellular, 
and indoor/outdoor 
wireless data (LAN) 
communications. 
The Company is 
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products that cater specifically to large commercial 
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telecommunications markets. 

Quality 
Wireless Telecom Group ensures the quality of 

its products by maintaining a modern inspection 

standard are in-house. Wireless Telecom Group's 
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Customers 
Wireless Telecom Group has a broad customer 

base. It includes commercial electronic equipment 
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non-military government agencies. No one 
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Marketing 
Wireless Telecom Group markets its products 

through aggressive and innovative advertising 
in trade publications and through a network of 
more than 30 national and international sales 
representatives. In 1994, a series of innovative 
two-page, four-color ads was inserted in five 
international magazines. Additionally, the 
Company's new products were featured on five 
exclusive magazine front covers. Wireless Telecom 
Group also presented a major paper at the Wireless 
'94 conference in California. 

Service 
All Wireless Telecom Group products benefit 

from comprehensive in-house facilities. These 
capabilities combined with service-minded 
technical personnel produce highly reliable 
products, including complete test systems, in 
extremely short delivery time. In fact, 20% of our 
products are shipped on the day we receive the 
order and 50% are shipped within 10 days. 
Our efforts have been commended in writing by 
some of the largest and most critical system 
manufacturers in the world. 

For additional information or product literature, 
please call or write Wireless Telecom Group at 
E. 49 Midland Avenue, Paramus, NJ 07652, U.S.A. 
Tel: (201) 261-8797. Fax: (201) 261-8339. 
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180 - 450MHz 

Figure 5. 433.92 MHz coupled res¬ 
onator filter. 

Figure 7. ASH receiver functional block diagram. 

Figure 6. Frequency response of 
0.5 ps SAW delay line. 

nal is first selected by the SAW band¬ 
pass filter and then applied to the first 
RF amplifier. This RF amplifier is turned 
on by the pulse generator. The output of 
the RF amplifier is then applied to the 
input of a SAW delay lire. As is illustrat¬ 
ed in the diagram, the second RF ampli¬ 
fier is turned off when the first amplifier 
is on and vice versa. When the signal is 
emerging from the delay line, the first 
amplifier is turned off and the second 
amplifier is turned on. Tne output of the 
second amplifier is then applied to a 
detector circuit. Gains similar to that of a 
single-conversion superheterodyne 
receiver can be achieved with this new 
receiver with excellent stability. Since 
the two amplifiers are not on at the 
same time, feedback from one amplifier 
to the other does not cause the circuit to 
become unstable. The delay of the 
delay line is chosen to cbtain hundreds 
of samples per incoming data bit. A typi¬ 
cal delay used is 0.5 mic-oseconds. The 
gating signal is then simply removed 
from the data signal with a low-pass fil¬ 
ter following the detector. 
The amplitude response of the SAW 

delay line is tailored to provide further fil¬ 
tering of the incoming signal prior to 
detection. The out-of-band rejection of 
both the SAW bandpass filter and the 
delay line filter is approximately 50 dB 
each. Normally, two filtern at the same 
frequency would be limited in out-of-
band rejection to much less than the 
resultant cascaded 100 dB by the 
crosstalk level that could be achieved 

with a particular circuit layout. However, 
the same mechanism that provides isola¬ 
tion between the two amplifiers com¬ 
pletely eliminates crosstalk as a factor in 
the delay line filter. Crosstalk around the 
delay line filter is effectively gated out by 
the switched amplifiers. When the signal 
is present at the input of the delay line, 
the second amplifier is turned off. Since 
crosstalk is instantaneous, any signal 
leaking around the delay line filter is sim¬ 
ply ignored. Only the desired delayed 
signal is amplified in the second amplifi¬ 
er. The result is a receiver with sensitivity 
similar to a superheterodyne receiver 
and approximately 100 dB of rejection to 
undesired out-of-band signals. 
The analogy between the super¬ 

heterodyne and ASH receivers is also 
true for further increases in receiver 
gain. Additional switched amplifiers and 
delay lines can be added to the ASH 
receiver to further increase the available 
stable gain just as additional frequency 
conversions can be added to the super¬ 
heterodyne receiver. 
The ASH receiver architecture has 

many advantages over previous archi¬ 
tectures including the superheterodyne 
receiver. All of the functions, except the 
two SAW devices, can be included in a 
single custom integrated circuit, making 
it possible to put the entire receiver in a 
small hybrid package. No adjustments 
are needed since the frequency of the 
receiver is entirely determined by the 
two SAW devices. No RF oscillators are 
included in the ASH receiver, completely 
eliminating concerns about meeting 
strict LO radiation levels specified by the 
various regulatory agencies. The 
absence of an LO also eliminates con¬ 
cerns about spurious mixer responses 
like the image frequency. 

ASH Receiver Implementation 
The primary goal was to develop a 

new receiver that could be included in a 
surface mount package of approximate 

dimensions 0.5 x 0.4 x 0.1 inches. The 
surface mount module was to accept an 
RF input from an antenna and have a 
data output capable of driving CMOS 
logic. This requirement was driven by 
the recent introduction by RFM of a 
hybrid transmitter module in a similar 
style surface mount package of dimen¬ 
sions 0.4 x 0.34 x 0.1 inches. The hybrid 
transmitter has a CMOS-compatible 
modulation input and a pulse modulated 
RF output with greatly suppressed har¬ 
monics to meet regulatory requirements. 
Thus, the desire was to have a compan¬ 
ion receiver module. As mentioned in 
the previous section, this receiver archi¬ 
tecture lends itself well to total integra¬ 
tion of all of the active functions with the 
SAW devices performing the filter and 
delay functions. The frequency range 
had to be limited to ease the design 
requirements for the RF amplifiers in the 
proposed custom IC. The target specifi¬ 
cations for the new receiver are listed 
below: 

• Center Frequency: 180 to 450 MHz. 
• Pulse Modulation (On/Off Keyed) 
• -100 dBm sensitivity at a1.0 kb/s 

data rate 
• 50 Q input impedance 
• 80 dB ultimate out-of-band rejection 
• -20 dBm maximum desired signal 
level 
• 500 kHz minimum RF bandwidth 
• Operate with 2.7 to 3.5 volts battery 

voltage 
• 1.0 mA current at 3.0 volts and 25° C 
• Work with varying duty cycle data 

A secondary target specification was 
to make the receiver capable of han¬ 
dling data rates up to 56 kb/s with a sen¬ 
sitivity of -85 dBm. This meant the 
receiver baseband bandwidth and sam¬ 
pling rate would necessarily be variable 
to allow the receiver to be optimized for 
various data rates. The current con¬ 
sumption was expected to increase with 
higher data rates. 
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COMPLETE HIGH-FREQUENCY 
MIXED SIGNAL WITH 60K DIGITAL GATES • CUSTOM • HYBRIDS 

Get High-Frequency Designs Quick with QuickChip Design Automation 
Maxim’s QuickChip design automation approach consists of several “core" array families of 
high-speed bipolar transistors, capacitors, and resistors, optimally configured for interconnec¬ 
tion. QuickChip arrays are easy to use, and since there are only a few masks to design, 
QuickChip is less expensive and less time consuming than the full custom approach. Once final 
designs are completed and approved, finished wafers can typically be delivered within 4 weeks. 

This QuickChip 7 array on the GST-1 process has one digital (ECL) macro-tile and four analog macro¬ 
tiles for a total of: 592 NPNs, 56 PNPs, 64 Schottky diodes, 64 ESD diodes, 1,408 resistors, 48 MOS 
capacitors, and 40 pads. 

QuickChip Project Flow 

Using your QuickChip design, 
Maxim will manufacture die. Up to 
four custom masks required. 

Maxim packages ICs. Over 95% of 1st 
pass ICs meet the original objective 
spec. Production testing available. 

Final prototypes can be 
evaluated in your system. 

World-Class Design Tools and Process Capabilities 
Maxim’s design tools shorten design time and help meet target specifications on the first pass. 

QuickTools is a powerful software package that provides design engineers with complete IC, schematic, simu¬ 
lation, and layout capabilities. It includes: 

• ADS, an integrated schematic capture, circuit simulation, results processing, and display environment. 

• QuERC, a bias analysis electrical rules checKer. 

• QuicKic, a fast, error-free netlist-driven layout editor that checks process design rules, connectivity, and inter¬ 
connect parasitics as the layout is being accomplished. 

All processes are available for full custom work. C-Pi/SHPi and GST-1 have QuickChip arrays in various configu¬ 
rations to meet your requirements. 

NPNBVceo NPNÍt PNPBVceo PNPfy lr„ Sity METAL SCHOTTKY 
NAME (V) (GHz) (V) (GHz) JEET DENSITY IS0LATI0N layers d|0de

SHPi 8 9 9 0.1 YES 3K OXIDE 2 YES YES 

C-Pi 9.5 9 10.5 5.5 YES 3K OXIDE 2 YES YES 

GST-1 5.5 13 — 0.1 NO 20K TRENCH 3 YES YES 

GST-2 4.5 27 — 0.1 NO 60K TRENCH 3 YES YES 

• C-Pi is a recessed-oxide-isolated high-speed complementary bipolar process optimized for analog signal 
acquisition, amplification, and sourcing. Without the vertical PNP option, C-Pi is designated as SHPi 

• GST-1 is a high-speed self-aligned double-polysilicon bipolar process ideally suited for highly integrated, 
mixed analog, and digital ICs. GST-2 offers the highest speed and device density, with 27GHz frs and up to 
60K gates/IC. 



DESIGN SOLUTIONS UP TO 27GHz 
STATE-OF-THE-ART DESIGN TOOLS AND PROCESS TECHNOLOGIES 

Maxim’s Full Custom Approach 
In addition to the QuickChip approach, Maxim also offers a high-frequency full custom capabil¬ 
ity. This method is ideal for high-volume products where optimized unit cost reduction and ulti¬ 
mate high frequency performance are key factors. Full custom offers complete flexibility in 
choosing individual devices and location. Your custom IC can be fully designed by either 
Maxim’s experienced design staff or by your own skilled analog designers using Maxim’s 
design tools. 

This 8-bit 500 Msamples/sec A/D converter is a full custom design. It has full flash topology and 
greater than 500MHz small signal bandwidth. 

Hybrid and Module Development 
Our high-frequency hybrid design and manufacturing group can develop your com¬ 
plete system. Using HCAD-III, an internally developed hybrid software design and lay¬ 
out system, multi-chip modules (MCMs) can be developed that will work right the first 
time. Process capabilities include: thick film, thin film, multilayer ceramic, MCM, chip 
and wire, mixed technologies, electro-optic, and electrical test and trim up to 60GHz. 
Examples of previously designed hybrids include 350MHz video display drivers and 
ATE pin drivers for ICOMHz test systems. Our high-frequency packaging and assembly 
expertise is second to none! Let Maxim help you with high-frequency problems. 

This multichip module uses two full custom Maxim ICs and two custom CMOS ICs. It represents a complete 200MHz analog 
oscilloscope on a board. 

Our Free High-Frequency ASIC Development Handbook takes you 
through all the steps to integrate your 

circuitry on high-performance ASICs and Modules. 
To get started, call Maxim Toll Free at 1-800-809-0840 

to discuss your specific application. 

Another of Our Many Success Stories: AMP Uses Maxim’s QuickChip 
and Module Capabilities to Develop Low-Cost Fiberoptic Transceivers 

Cese History #6: AMP FDDI and ATM molded 
optronic transceivers contain three Maxim 
QuickChip semicustom ICs for fiberoptic com¬ 
munication physical media solutions. These 
QuickChips use Maxim’s high-speed bipolar 
process. In addition, Maxim's module capability, 
including precision chip-on-board processing, 
enables AMP to simplify the assembly process. 

yki>ixi>ki 
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Figure 8. Sequential gain timing. 

Front-End SAW Filter 

•Loss = 10 Log (RFI Duty Factor) 

Referring to Figure 4, the front-end fil¬ 
ter was most easily realized using SAW 
coupled-resonator technology [6,7]. The 
500 kHz minimum bandwidth could be 
realized using such a filter and the inser¬ 
tion loss of such a device is lower than 
that of a SAW transversal filter. An 
insertion loss of 3.5 dB was achieved at 
a center frequency of 433.92 MHz. The 
close-in frequency response of this filter 
is shown in Figure 5A and the wide¬ 
band response is shown in Figure 5. 
The filter has a 2-pole characteristic roll¬ 
off rate and exhibits 50 dB out-of-band 
rejection. This filter is very similar to the 
RFM RF1172 device used as an RF 
front-end filter in superheterodyne 
receivers with a 10.7 MHz IF [8]. 

SAW Delay Line 
Referring to Figure 4, the delay line 

was realized using a new low loss single 
phase unidirectional transducer 
(SPUDT) technology [9], A delay of 0.5 
microseconds was chosen as a compro¬ 
mise to make the input and output SAW 
transducers long enough to facilitate the 
customization of the input and output 
impedance levels, but not long enough 
to make the chip size cost prohibitive. 
This made the design of the RF ampli¬ 
fiers in the custom IC much easier. The 
final design impedance was approxi¬ 
mately 400 Q. In addition, the 0.5 
microsecond delay allowed the sample 
rate in the receiver to be such as to pro¬ 
vide hundreds of samples per data bit at 
the 1 kb/s data rate. The maximum 
insertion loss of the resulting delay line 
was 7 dB and the frequency response is 
included in Figure 6. Another prime con¬ 
sideration in the design of the delay line 
was to provide additional RF filtering in 
the receiver. A bandwidth of 1.5 MHz 
was chosen to provide the needed filter¬ 
ing. This bandwidth was also easy to 
achieve without compromising the size 
of the SAW chip. The cascaded 
responses of the coupled-resonator-filter 
of Figure 5 and the delay-line of Figure 
6 should theoretically yield approximate¬ 
ly 100 dB rejection removed 30 MHz 
from the 433.92 MHz center frequency. 

Sampling/Sensitivity 
Considerations 
Figure 7 includes a functional block 

Figure 9. 0.5 ps SAW delay line 
response to a 0.5 ps RF pulse. 

diagram of the custom IC developed for 
the receiver by RadioCom Corporation. 
This diagram includes the SAW devices, 
various control resistors and baseband 
coupling capacitor. The diagram also 
shows the gain and loss values for the 
signal path. Figure 8 is a diagram of the 
sequential gain timing. Referring to Fig¬ 
ure 8, the first line represents the pulse 
on/off modulated RF signal at the input 
to the f rst RF amplifier. A data “1” is car¬ 
rier on and a data “0” is carrier off. The 
“RF1” line represents the clocking of the 
first R= amplifier. When the pulse is 
high, the amplifier is turned on and vice 
versa. The “SAW input” line represents 
the RF pulses applied to the input of the 
delay line. The “SAW output” line repre¬ 
sents the RF output of the SAW delay 
line and the “RF2” line represents the 
clocking of the second RF amplifier. Fig¬ 
ure 8 also demonstrates that the data is 
sampled many times per bit by the 
switching of the two RF amplifiers. As 
described before, the two RF amplifiers 
are clocked sequentially to prevent feed¬ 
back instability in the receiver. The sec¬ 
ond RF amplifier is turned on immedi¬ 
ately aTer the first amplifier is turned off. 
The “on” time of the first RF amplifier is 
equal to or slightly greater than the 
delay of the delay line. The “on” time of 
the second amplifier is approximately 
1.1 times the “on” time of the first ampli¬ 
fier since the delay line stretches the 
pulse time to some extent. To illustrate 
the pulse stretching by the delay line, 
Figure 9 includes the time response of a 
0.5 microsecond SAW delay line to a 
0.5 microsecond RF pulse. 
The impact on the receiver sensitivity 

created by sequencing the first RF 
amplifier (sampling the RF input signal) 
can be modeled simply by preceding 
RF1 with a fixed attenuator whose loss is 
10(Log(RF1 duty factor)). This is shown 
in the block diagram of Figure 10. The 
RF1 duty factor is the ratio of the amplifi¬ 
er “on” time to the time for one complete 
clock period. Thus, a 10% duty factor 
would increase the noise figure of the 
receiver and decrease the sensitivity by 
10 dB over that which could be obtained 
with RF1 on 100% of the time. However, 

Figure 10. Impact of clocking RF1. 

an advantage of duty cycling the RF 
amplifiers is the resultant decrease in the 
average current consumption by the 
receiver. The two RF amplifiers require 
far more current than the remainder of 
the circuitry, making it possible to greatly 
reduce the current in the receiver by low¬ 
ering the time the amplifiers are on. 
Since the two amplifiers consume 
approximately the same current, the 
receiver architecture already decreases 
the current by 50%, because the ampli¬ 
fiers are never on simultaneously. 
The block diagram of Figure 7 illus¬ 

trates that the custom IC also includes 
the clock/pulse generator, a square-law 
detector following RF2, a 3-pole low-
pass filter in the baseband circuit, an 
operational amplif er and, finally, a data 
comparator with a built-in threshold. The 
pulse width of the ‘on” pulse for RF1 can 
be changed by changing the value of the 
resistor, RPW, and is entirely dependent 
upon the delay cf the delay line. The 
pulse width of the “on” pulse for RF2 is 
automatically set to 1.1 times that of 
RF1. The clock rate or period can be 
changed by changing the RFRQ resistor 
value. Thus, pulse width and duty factor 
can be adjusted for any application by 
setting the values of these two resistors. 
The bandwidth of the post-detection cir¬ 
cuit can be changed by varying the value 
of RFIL. The value of the coupling 
capacitor between the operational ampli¬ 
fier and the comparator input depends 
upon the maximum “on” or “off’ time of 
the data stream. 

Noise Power Bandwidth 
The noise power bandwidth of the 

receiver is 2x the 3 dB bandwidth of the 
low-pass filter following the detector. 
The required bandwidth of the baseband 
low pass filter depends upon the desired 
data rate. The bandwidth should be 
more than 2x the maximum expected bit 
rate. The parameters of concern are the 
rise and fall times of the individual data 
pulses being presented to the input of 
the comparator. If the rise and fall times 
are not small compared to the width of 
the data pulse, the pulse emerging from 
the comparator will be wider or narrower 
than the original pulse. The maximum 
bit rate divided by 2 is the maximum 
expected frequency to be encountered 
in the data stream. Thus, the preferred 
bandwidth is a minimum of 4x the maxi¬ 
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mum data frequency The other factor 
directly related to baseband bandwidth 
that must not be overlooked is that of 
receiver sensitivity. =or example, the 
receiver sensitivity is reduced by 3 dB if 
the baseband bandwidth is doubled. 
Thus, the sensitivity of this, or any 
receiver, is dependent upon the maxi¬ 
mum data rate. 

Final ASH Receiver 
Characteristics 
The final surface mount package 

dimensions for the complete ASH 
receiver are 0.540 x 0.370 x 0.1 inches. 
The case outline drawings for the new 
hermetic package are shown in Figure 
11. A block diagram showing the com¬ 
ponents and electrical connections 
required outside the receiver hybrid 
module is included in Figure 12. There 
are ten solder pads on the module, 
three of which are ground connections. 
Other than the antenna, only three 
external components are required. All 
three of these components are capaci¬ 
tors whose values a'e not critical. A 

bypass capacitor of 10 pF is used on the 
3 volt Vcc connection to both reduce 
externally generated noise on that line 
and to reduce crosstalk between the 
various functions included in the custom 
IC. For example, it is not desirable to 
have residuals from the internal clock 
generator present on the power supply 
line for the baseband operational ampli¬ 
fier and comparator circuits. A coupling 
capacitor, whose value depends upon 
the data rate, is required between the 
baseband output and comparator input 
pads. One of the design considerations 
was to capacitively couple these two 
amplifiers to reduce the impact of a CW 
or FM interfering signal on the perfor¬ 
mance of the receiver. Such a signal 
would generate a DC level on the output 
of the detector and the first operational 
amplifier. Such a DC level would cause 
the comparator to slam to one rail or the 
other on its output. The capacitor blocks 
the DC and passes only data pulses. 
The third capacitor is a 1.0 pF bypass 
capacitor on the voltage reference pad. 
This internal voltage reference must be 

bypassed to prevent instabilities in the 
various references used in the base¬ 
band amplifier chain. 

Referring to Figure 12, the RF input 
from the antenna is applied to pin 10 of 
the receiver. Best sensitivity is obtained 
if the antenna impedance is close to 50 
Q. A large VSWR presented to the 
receiver input will not cause instability 
problems but the resulting mismatch 
loss will reduce the sensitivity. The 
ground pin 9 is the RF ground point 
associated with the antenna input. Other 
than presenting a decent impedance to 
the receiver input, the PC board layout 
for the receiver is entirely non-critical. 
There are no points where the RF signal 
comes back out of the package for pro¬ 
cessing. The baseband output signal on 
pin 2 is the raw demodulated, 
unprocessed data. At signal levels up to 
the point where the operational amplifier 
begins to limit or saturate, the level of 
the data at pin 2 is dependent upon the 
input RF level. Thus, this output could 
be used for any function dependent 
upon signal level such as ranging, direc-

0.370 

Robust 

Figure 11. Surface mount package. Micronetics M3500 VCOs. developed 

at QUALCOMM Inc. offer 
rugged high performance 

in the 100MHz - 3.5GHz 

range at a very affordable 

price. To order call our 

new Customer Hotline at 

I 800 9NEEDVCO. 

MlPDilUETIPQ F°r more information write: Micronetics. lyilullUllLlIuU 26 Hampshire Drive. Hudson. NH 03051 
Tel: 603-883-2900 or Fax: 603-882-8987 

Figure 12. Block diagram and electrical connections. 
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Characteristic Sym Notes Minimum Typical Maximum Units 

Operating Radio Frequency fc 433.92 Normal MHz 
Received Carrier Modulation Type 1 Pulse Modulation (OOK) 
RF Band Sensitivity 

Max Operating Signal 
Channel Width 
Noise Equivalent BW 
Input Impedance 

2 -100 -102 dBm 
-15 
lc± 150 kHz 

4.8 
50 Q 

Interference Rejection Half Frequency Spurious 
fc±1 MHz 

3 105 dB 
20 

Sequencing (Sampling) Sample Duration 
Sample Repetition Rate 

4 700 ns 
250 kHz 

Baseband Data Rate 
3 dB Bandwidth 

5 2.4 kb/s 
2.4 kHz 

Comparator Threshold Default (Pin 5 NC) 
Override (Pin 5 LO) 

6 25 mV 
0 

Digital Output CMOS Load Capacitance 
HIGH Output 
LOW Output 
Rise Time 
Fall Time 

7 10 pF 

Vm VCc-0.2 Vcc V 

Vlo 0.0 0.2 

'r 10 ps 

tF 10 
Power Supply Operating Voltage 

Current at 25°C and 3.0 V 
Vcc 8 2.7 3.0 3.5 VDC 

Icc 1.1 1.2 mA 
Operating Ambient Temperature Ta 8 -40 +85 °C 
Lid Symbolization (In addition to lot or data code) RFM RX1000 

Table 1. Characteristics of the ASH receiver. 

tion finding or to drive an AGC circuit, if 
desired. AGC is not required for this 
receiver to function as a data receiver. 
As mentioned earlier, the baseband out¬ 
put is then capacitively coupled to the 
comparator input. The comparator has a 
built-in internal threshold of 25 mV 
which was chosen to give a data output 
from the comparator which would be rel¬ 
atively free of noise in the absence of an 
RF signal at the receiver input. This can 
be important in some applications where 
the logic being driven by the receiver 
would be confused by extraneous noise. 
The 25 mV level was chosen as the best 
overall compromise between receiver 
sensitivity and noise in the “no signal” 
condition; however, for those who are 
more demanding, a threshold override 
pin has been provided. Grounding pin 5 
completely disables the internal thresh¬ 
old, giving an equivalent threshold level 
of 0 volts. This is the most sensitive con¬ 
dition for the receiver, since the smallest 
signal present on the baseband output 
will cause the comparator to toggle. In 
the “no signal” condition, the zero 
threshold produces rail to rail noise on 
the comparator output. If the logic circuit 
can stand it, this would be the most 
desirable mode of operation for long 
data streams. For short data streams, 
“bursty data”, such as that used for con¬ 
trol functions, a threshold other than 0 

volts is desirable for optimum perfor¬ 
mance. Finally, the wiper of a poten¬ 
tiometer connected to pin 5 and the 
other two arms of the potentiometer 
connected to Vcc and ground, or a sim¬ 
ple fixed resistive divider, would give the 
engineer the freedom to set any thresh¬ 
old voltage level desired. The data out¬ 
put from the comparator on pin 7 is 
capable of driving a CMOS gate or an 
equivalent impedance. 

Performance Characteristics 
Table 1 shows the performance char¬ 

acteristics of the ASH receiver internally 
configured for a nominal 1.0 kb/s or a 
maximum 2.4 kb/s data rate with a cen¬ 
ter frequency of 433.92 MHz (RX1000). 
The baseband bandwidth is set for 2.4 
kHz, giving a noise equivalent band¬ 
width of 4.8 kHz. The channel width is 
±150 kHz, which includes the effects of 
temperature and initial manufacturing 
tolerance on the SAW coupled res¬ 
onator filter. The actual minimum filter 
bandwidth is 500 kHz. The chosen width 
of the sampling pulse is 0.7 ps and the 
perioc is 4.1 ps for a sample repetition 
rate of approximately 250 kHz. This 
gives a duty factor for the first RF ampli¬ 
fier of 0.17, which increases the receiver 
noise figure by 7.7 dB over that achiev¬ 
able with the amplifier on full time 
(assuming stability could be achieved 

under such a condition). This duty factor 
of 0.17 causes the receiver current con¬ 
sumption to be approximately 1.1 mA 
with a Vcc of 3.0 volts. Changing the 
duty factor to 0.5 yields a current con¬ 
sumption of 2.1 mA and improves the 
sensitivity or noise figure of the receiver 
by 4.7 dB. The maximum operating sig¬ 
nal level of -15 dBm is very conserva¬ 
tive. The receiver has been demonstrat¬ 
ed to work very well up to 0 dBm and 
down to the sens tivity level for over 100 
dB of dynamic range. 

Frequency Selectivity 
The frequency response of the 433.92 

MHz ASH receiver is plotted in Figure 
13. This plot was generated by applying 
a pulse-modulated RF signal to the 
receiver input and raising its level until a 
10 dB signal-plLS-noise to noise ratio 
was obtained at the baseband output 
pin. The RF level was then recorded at 
each frequency to generate the frequen¬ 
cy response plot of Figure 13. This plot 
shows phenomenal performance for the 
receiver. When the tiny package size is 
considered, this performance would be 
difficult, if not impossible, to achieve 
with any other receiver architecture. On 
the low frequency side of the response, 
approximately 108 dB of rejection was 
demonstrated and approximately 90 dB 
was obtained on the high frequency 
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Figure 14. 433.92 MHz antenna. 

Figure 13. ASH receiver modulat¬ 
ed interference rejection. 

side. The 3 dB baidwidth of this 
response, which is primarily set by the 
response of the SAW coupled resonator 
filter, was approximate y 600 kHz. Theo¬ 
retically, the only spurious responses for 
the ASH receiver architecture are pro¬ 
duced by applying a subharmonic of the 
desired signal frequency. If the subhar¬ 
monic is large enough in amplitude, it 
could, theoretically, overdrive the first 
RF amplifier and produce a harmonic 
which would be “on-’requency”. The 
worst case subharmonic is at half the 
desired frequency. From Figure 13, the 
response of the receiver to the half-fre¬ 
quency signal was 105 dB below the in-
band response. The third and fourth 
subharmonic responses were at or 
below the ultimate rejection of the 
receiver. Thus, the new receiver is free 
from any significant spurious responses. 

Receiver/Transmitter Range 
Measurements 
An RFM hybrid transmitter, the 

HX1000, mounted on the head of an 
automobile ignition key, was used to 
evaluate the open-air, lrie-of-sight range 
for the ASH receiver [1 10]. The RF out¬ 
put of the HX1000 was impedance-
matched to the metal kay shank using a 
series chip inductor. This simple anten¬ 
na circuit, in conjunction with the 
HX1000, radiated a pcwer level of -10 
to -7 dBm. A Motorola VIC145026D dig¬ 
ital encoder IC was used to modulate 
the HX1000. This encoder was used 

only because it was readily available. 
The receiver antenna was a very low 
cost coil-loaded monopole as shown in 
Figure 14. This simple antenna has a 
gain about 2 dB below that of a quarter 
wave dipole antenna, whose gain is 
approximately 0 dB. Figure 15 is a 
schematic diagram of the receiver circuit 
used in the range test. A piezoelectric 
buzzer was used to obtain an audible 
indication that the MC1 45028 decoder 
recognized the code coming from the 
data output pin of the ASH receiver. The 
key-mounted transmitter was hand car¬ 
ried down the range, being held at a 
height of about 4 feet. The receiver was 
sitting on a cardboard box about 3 feet 
above the ground. The receiver was still 
recognizing the transmitted code at a 
distance of more than 1000 feet from 
the transmitter. On the same range, 
competitive receiver technologies were 
showing reception distances, with the 
same encoder/decoder combination, of 
150 to 300 feet. The measured sensitivi¬ 
ty of these receivers, which consisted of 
both super-regenerative and super¬ 
heterodyne technologies, was equal to 
and in one case better than the -100 
dBm sensitivity of the ASH receiver. The 
big difference was the selectivity of the 
other receivers compared to the ASH 
receiver. The typical rejection level of 
the competitive receivers was 60 dB 
with an occasional 70 dB. Using a dipole 
antenna and a spectrum analyzer, inter¬ 
fering signals as high as -20 dBm were 
measured, especially at pager, UHF TV, 
VHF TV and FM radio frequencies. In 
addition, there was the occasional 
radiotelephone transmission at the 
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same general level. If the receiver has a 
rejection of 70 dB and a sensitivity level 
of -100 dBm, a single -20 dBm interfer¬ 
ing signal would desensitize the receiver 
by more than 10 dB. Each 6 dB loss in 
sensitivity decreases the free-space 
range by a factor of two. The theoretical 
range for a -100 dBm receiver and the 
power level obtained from the key trans¬ 
mitter is approximately 1000 feet. If we 
assume that the average desensitization 
of the receiver with 70 dB of interfering 
signal rejection is 12 dB due to multiple 
signals and other factors, the theoretical 
range would be reduced to 250 feet. 
This is very close to the 300 feet mea¬ 
surements obtained with the better com¬ 
peting receivers. On the other hand, the 
ASH receiver with a minimum out-of-
band rejection of 90 dB on the high fre¬ 
quency side and more than 100 dB on 
the low frequency side would see no 
degradation due to -20 dBm interfering 
signals and would exhibit the full theo¬ 
retical range of 1000 feet. 

Conclusion 
A basically new receiver architecture 

has been conceived at RFM to address 
the shortcomings of previous receiver 
types used in short range RF link appli¬ 
cations. This new receiver has been 
realized using a custom IC for all of the 
active functions and two SAW devices, 
a coupled resonator bandpass filter and 
a delay line. The receiver is completely 
contained in a 0.54 x 0.37 x 0.1 inch 
hermetic surface mount package. The 
receiver can be powered with a 3 volt 
button lithium battery and consumes 

only 1.1 mA. The receiver requires only 
three external components, all of which 
are capacitors with non-critical values. 
There is no alignment or adjustment 
required with this receiver. The circuit 
board layout is non-critical and there is 
absolutely no tendency toward instability 
even with a large VSWR on the antenna 
port of the receiver. 
The receiver does not use an RF 

oscillator so the many problems associ¬ 
ated with meeting radiation require¬ 
ments as specified by the various gov¬ 
ernment regulatory agencies, become a 
non-issue. The new receiver does not 
have spurious frequency responses 
such as the familiar image frequency 
associated with superheterodyne 
receivers. With a sensitivity of -100 
dBm and an out-of-band interfering sig¬ 
nal rejection of approximately 100 dB, 
the ASH receiver has been demonstrat¬ 
ed to have an open-air range of 1000 
feet compared to 150 to 300 feet with 
competing receiver technologies. Com¬ 
peting technology receivers with the 
same measured sensitivity of -100 dBm 
were desensitized by normally-present 
interfering signals from pagers, UHF 
and VHF TV, radiotelephones and FM 
radio due to insufficient frequency selec¬ 
tivity. lin the current crowded spectrum 
conditions, it is not good enough to sim¬ 
ply have good sensitivity in a receiver. 
The sensitivity will be lost if sufficient fil¬ 
tering is not incorporated. The new ASH 
receiver appears to function very well in 
this environment due to its combination 
of good sensitivity and excellent out-of-
band rejection. RF 
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RF products 
3V IF Sub-Systems 
The AD607 and AD60E are two 

versatile parts that integrate all 
the components of a receiver’s 
RF/IF strip into a compact ultra-
low-power, high performance 
device. Both integrate a high per¬ 
formance RF mixer (530 MHz 
bandwidth with -5 dBm P3 com¬ 
pression point), with amp ifiers, fil¬ 
ter driver, and compensation cir¬ 
cuitry. The AD608 is intended for 
limiting architectures wrth limit-
ing/RSSI outputs, while the 
AD607 has a linear IF amplifier 
(100 dB range), and quadrature 
demodulator. Both parts operate 
off 3 V supplies and d aw less 
than 25 mW (operation guaran¬ 
teed at 2.7 V at -25 °C) The lin¬ 

ear I and Q outputs of the AD607 
can be interfaced directly to Ana¬ 
log’s AD70XX family of baseband 
converters. The AD608 provides 
a logarithmic RSSI output with 90 
dB range, while its limiter output 
provides a fast limited output of 
400 mVpp with transition times of 
7 ns and ±3° phase stability. The 
mixer in both devices is a double 
balanced ‘Gilbert Cell’ type, with a 
1 dB compression point of -15 
dBm, and conversion gain of 25 
dB. The AD608 is available in a 
16-pin SOIC for $4.95 in 1,000’s. 
The AD607 is available in a 20-
pin SSOP for $5.95 in 1,000’s. 
Analog Devices 
INFO/CARD #250 

Waveform 
Synthesizer 
Model 1396 is Wavete<’s high¬ 

est performance VXI arbitrary 
waveform generator. Standard 
sine waves are availab e to 20 
MHz, with square waves to 25 
MHz. User-defined waveforms, 
with 12-bit vertical resolution, 
may be created with as ew as 5 
waveform points anc up to 
131,072 points (524,283 points 
optional). For simulating complex 
waveform sequences, the linked 
sequence mode allows linking 
and looping of up to 4096 wave¬ 
form segments. In addition to the 
standard built-in sweep capabili¬ 
ty, the 1396 offers a frequency 

RF Die 
Probe Card 
Fresh Quest Corporation has 

developed a state-of-the-art pho¬ 
tolithographic pattern plated 
probe (P4) technology which pro¬ 
vides the unique foundation uti¬ 
lized in the high frequency P4 
probe card. The P4 RFM (RF 
Microwave) probe card allows for 
fully testing integrated circuits 
designed for RF/wireless applica¬ 
tions (up to 5 GHz) and elimi¬ 

1 kW, 1 GHz 
Broadband Amp 
The model 1000W1000M7 

Class A broadband RF amplifier 
from Amplifier Research pro¬ 
vides a minimum of 1000 W RF 
power over a frequency range of 
100 to 1000 MHz without 
bandswitching. Minimum gain is 

list function which can be used 
for custom sweeping or frequen¬ 
cy hopping applications. Versa¬ 
tile inter-module control allows 
triggering, summing ard phase 
control among multiple modules. 
The model 1396 is a shgle-slot, 
C-size VXIbus messace-based 
device. It sells for $5,495. 
Wavetek Corp. 
INFO/CARD #249 

nates the need for temporary 
bonding to the device. The P4 
probe technology provides a 
mechanical “scrub” action that 
penetrates surface oxide, if pre¬ 
sent, on the IC die pad under 
test. The RFM P4 probe card can 
be used for devices manufac¬ 
tured with aluminum, gold, and 
solder-bump bond-pad materials. 
The probe is manufactured using 
a photolithographic process that 
assures probe to pad alignment 
and addresses a wide range of 
pad geometries and device 
input/output/power/ground signal 
assignments. In addition, the P4 
technology provides low contact 
resistance, low power trace 
inductance, low crosstalk, elevat¬ 
ed and cold temperature perfor¬ 
mance, and high bandwidth. 
Fresh Quest Corp. 
INFO/CARD #248 

Connector & 
Antenna 
Connect-Tech Products 

announces their wireless LAN 
RCA jacks with built-in antenna. 
This new combination connector 
and antenna saves cost for both 
components and production 
labor, with a volume purchase 
cost of just $0.59 each. The 
antenna can be custom config¬ 
ured to any length to meet the 
specific needs of the application. 
The connectors are manufac¬ 
tured with metal brackets in one, 
two, or three positions high, as 
well as multiple widths, and can 
be easily and inexpensively 
modified for custom require¬ 
ments. Inserts can be any color 
and the metal brackets lend 
themselves to improved EMI/RFI 
radiation protection, grounding 

RF Design 

60 dB, and flatness with internal 
leveling is ±0.8 dB. The push-
pull circuitry used in all high-
power stages of the 
1000W1000M7 minimizes distor¬ 
tion and maximizes stability. A 
front-panel wattmeter permits 
convenient monitoring of (onward 
and reflected power, and a front¬ 
panel gain control with a range 
of 18 dB minimum permits con¬ 
venient power adjustment. A 
rear-panel connector gives 
remote access to POWER, 
STANDBY, OPERATE, and 
RESET control functions. Model 
1000W1000M7 weighs 750 lb 
and is priced at $1 78,000. 
Amplifier Research 
INFO/CARD #247 

capability, and ease of assem¬ 
bly. Center pin connections are 
made from phosphor bronze 
material for superior conductivity 
and long life. 
Connect-Tech Products, Inc. 
INFO/CARD #246 
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^ products continued 
Product Spotlight: RF Integrated Circuits 
Video Multiplexer 
Burr-Brown’s MPC104 is a 

single 2-to-1 multiplexer that 
distributes and routes wideband 
analog and digital signals. Key 
specifications include: 210 MHz 
bandwidth at 1.4 Vpp signal 
level, 500 V/ps slew rate, 79 dB 
channel crosstalk and 86 dB 
off-channel isolation, both at 30 
MHz. Differential gain and 
phase are 0.03%/0.01°. All per¬ 
formance is specified at ±5 V 
supply voltage. The MPC104 is 
available in 8-pin plastic DIP 
and SOIC packages, as well as 
in die form. Price is from $4.94 
in 100-piece quantities. 
Burr-Brown Corp. 
INFO/CARD #245 

24-Bit Hardwired 
Digital Filter 

Harris’ HSP43124 off-loads 
compute-intensive filtering func¬ 
tions from DSP microproces¬ 
sors in wide dynamic range 
applications, such as receivers 
and decimation filters for sigma¬ 
delta modulators. The chip 
implements a 32-bit coefficient 
filter which can operate on 24-
bit words and preserves over 
100 dB of input dynamic range. 
The HSP43124 operates on a 

1.2 GHz Op Amp 
Comlinear’s CLC449 is an 

ultra-high-speed monolithic op 
amp, with a typical -3 dB band¬ 
width of 1.2 GHz at a gain of 
+2. The op amp supports rise 
and fall times less than 1 ns, 
settling time of 6 ns (to 0.2%) 
and slew rate of 2500 V/ps. The 
CLC449 achieves 2nd harmon¬ 

SIGNAL 
PROCESSING 
COMPONENTS 

Phase Shifters 
Electrodyne Systems intro¬ 

duces the first of its family of dig¬ 
ital, high-power phase shifters. 
The RY-35PC operates over the 
frequency range of 350 to 450 
MHz and has an insertion loss 
less than 2.3 dB. The unit pro¬ 
vides better than 6° phase accu¬ 
racy at any phase shift angle. 
The RY-35PC can handle maxi¬ 
mum power of 50 W CW and 
500 W peak. 
Electrodyne Systems Corp. 
INFO/CARD #239 

Surface Mount 
Transformer 
Compact size and wide band¬ 

width are key features of Mini¬ 
Circuits’ TC4-1W RF trans¬ 
former. Measuring 0.16 x 0.16 x 
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serial data stream, keeping the 
DSP’s parallel pcrts free for 
other uses. The 28-pin PDIP or 
SOIC device sells lor $19.94 in 
quantities of 1000; accompany¬ 
ing filter design software is free. 
Harris Semiconductor 
INFO/CARD #244 

Low Noise Amp 
Stanford Microcevices has 

introduced a family of GaAs 
MMIC low noise amplifiers 
(LNAs) designed tc cover vari¬ 
ous communications operating 
within the 100-420C MHz spec¬ 
trum. The SMM-010 typically 
has 18 dB gain from 100 to 
3000 MHz and 16 cB gain from 
3000 to 4200 MHz. Noise fig¬ 
ure is typically 2.2 dB over the 
full band. Pricing for model 
SMM-010 is $55 in 1000-piece 
quantities. 
Stanford Microdevices 
INFO/CARD #243 

0.16 inches, the transformer is 
surface mountable, suitable for 
pick-and-place, and available in 
tape and reel. Bandwidth is 3 to 
800 MHz, with DC isolation from 
primary to secondary. Price is 
$4.95 each. 
Mini-Circuits 
INFO/CARD #238 

Terminations 
Flange-mounted terminations 

from Florida RF Labs offer a 
number of power ratings and a 
unique flange style which allows 
easy mounting in confined 

spaces. Part number 32-1034 
handles 30 W; 32-1036 handles 
60 W. Both have VSWR < 1.20:1 
to 4.0 GHz. Part number 32-

ic distortion of -73 dBc at 5 
MHz at a low supply current of 
12.6 mA. Gain is flat to 0.1 dB 
beyond 250 MHz, and differen¬ 
tial gain and phase are 
0.03%/0.02°. Pricing is $4.20 
each in 1000-piece quantities. 
Comlinear Corp. 
INFO/CARD #242 

RF Power Modules 
The Electronic Device Group 

of Mitsubishi Electronics Ameri¬ 

1055 handles 100 W and has 
VSWR <1.30:1 to 6.0 GHz. 
Florida RF Labs 
INFO/CARD #237 

Couplers and Power 
Dividers 
Lucas Weinschel announces a 

line of directional couplers and 
power dividers that operate over 
the 0.5 to 4 GHz frequency 
range. The couplers offer high 
directivity and low SWR in a 
miniature stripline configuration. 
Octave, broadband and 90° cou¬ 
pler models are available in cou¬ 
pling factors of 6, 10, 20, and 30. 
Lucas Weinschel 
INFO/CARD #236 

Phase Comparator 
TRM’s phase comparator, 

model PC 121-1000 features 1° 
phase accuracy at 1000 MHz 
and ±2° at its band edges at 875 
and 1125 MHz. Two outputs 
with sine and cosine relation¬ 
ships proportional to the phase 

ca now offers high-power, high-
frequency RF power modules 
for use in vehicle-mounted, two-
way 35W mobile FM radios. 
The modules provide 21.0 dB 
minimum gain and 40% mini¬ 
mum efficiency. The M67781L 
is intended for 135 to 160 MHz, 
while the M67781H is intended 
for 150 to 175 MHz. Both oper¬ 
ate on 12.5 V power supplies. 
Both are available now and are 
priced at $58.00 in 1000-piece 
quantities. 
Mitsubishi Electronics 
America 
INFO/CARD #241 

BICMOS Op Amp 
SGS-Thomson's TSH321 is a 

wideband op amp offering 
400V/ps slew rate, 300 MHz 
gain bandwidth products, and a 
typical MOS input-stage current 
of 2 pA. The TSH321 operates 
from supolies ranging from ±3 V 
to +7 V. Differential gain and 
phase are 0.01%/0.05°. Avail¬ 
able in DIP8 and SO8 pack¬ 
ages, the TSH321 is available 
now at $2.50 in 1000-piece 
quantities. 
SGS-Thomson 
Microelectronics 
INFO/CARD #240 

difference are provided. With the 
RF input levels at +10 and +4 
dBm, output levels of ±150 mV 
hmin pp into a 50 Q impedance 
are delivered. VSWR is less 
than 2.0:1. Size is 1 x 0.25 inch¬ 
es in a radial lead flatpack. 
Other packaging and frequency 
options are available. 
Technical Research 
and Manufacturing, Inc. 
INFO/CARD #235 

CABLES & 
CONNECTORS 

Improved Isolation 
Cables 
RF cables from Storm Prod¬ 

ucts offer improved isolation over 
traditional RG cables and are 
well suited for extended frequen¬ 
cy use through 5 GHz. Shielding 
effectiveness is -85 dB at 1 GHz 
with an insertion loss as low as 
0.15 dB/ft. These RG equivalents 
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use standard, commercially 
available connectors. 
Storm Products Co. 
INFO/CARD #234 

Miniature Cables 
Miniature coaxial cables and 

cable preps for wireless, G DS and 
telecomm applications perform 
from DC to 40 GHz. Choice of 
outer conductors includes copper, 
copper-stainless, and aluminum. 

Outer diameter sizes are 0.034, 
0.047, 0.086, 0.141, and 0.250 
inches. End configurations and 
bends are formed as specif ed. 
SSI Cable Corp. 
INFO/CARD #233 

SMA Receptacles 
United Microwave Products 

offers SMA female 2-hole and 4-
hole panel mount connactors 
with POGO, spring-loaded pins, 
on the terminal end. Such pins 
allow connection without solder¬ 
ing. Connectors meet all require¬ 
ments of MIL-C-39012 aid are 
available in gold, pass vated 
stainless, or nickel plated brass. 
United Microwave 
Products, Inc. 
INFO/CARD #232 

300 W Transistor 
Pallet 
A 300 W, 50 Q transistor pallet 

is now available from Richard¬ 
son Electronics. The P300-108 
is designed to address the 
power amplifier requirements of 
an 88-108 MHz FM broadcast 
transmitter. All the input and out¬ 
put matching circuitry has been 
added to provide a 50 ohm inter¬ 
face, so that all the systems 
engineer needs to do is connect 
a 48 VDC power source to the 
pallet and connections to input 
and output RF lines. 
Richardson Electronics, Ltd. 
INFO/CARD #230 

50W Single Channel 
Operating over the frequency 

band of 869 to 894 MHz, 
Microwave Power Devices’ new 
single channel amplifier pro¬ 
duces 50 W. The amplifier is 
designed for application in 
AMPS and CDPD systems. The 
amplifier’s efficiency is better 
than 35%, and output power can 
be controlled over a 28 dB range 
in 4 dB steps via TTL control 
lines. The unit also features 
built-in fault detection and grace¬ 
ful thermal overload protection. 
Microwave Power Devices, Inc. 
INFO/CARD #229 

SIGNAL 
SOURCES 

AMPLIFIERS 

2 GHz FET Amps 
CMT has introduced a com¬ 

plete line of 2.5 to 2.7 GHz GaAs 
FET power amplifiers for use in 
MMDS (MultiChannel Mutipoint 
Distribution Service). Power lev¬ 
els are from 2 to 100 V*. The 
units are designed for cass A 
and AB operation, and optmized 
for maximum linearity. Unts can 
be configured for OEM aiplica-
tions or in rack-chassis configu¬ 
rations with integral power sup¬ 
plies. Gains up to 60 dB are 
available. Nominal noise igures 
are 4 dB. 
Chesapeake Microwave 
Technologies, Inc. 
INFO/CARD #231 

PC Mount OCXOs 
Vectron Laboratories has 

introduced a series of subminia¬ 
ture PC board mount oven con¬ 
trolled oscillators (OCXOs) avail¬ 
able in frequencies from 32 kHz 
to 50 MHz in sinewave or logic 
outputs. The CO-738S oscilla¬ 
tors provide aging rates from 
1x10"7/year to 2x10-8/year at 5 
MHz with temperature stabilities 
of ±5x10-10 over 0 to 50 °C. The 
standard package measures 1.5 
X 1.25 X 0.86 inches. 
Vectron Laboratories, Inc. 
INFO/CARD #228 

Ultra Low Noise 
Oscillator 
Wenzel Associates’ model 

500-02789D, 100 MHz ultra low 
noise crystal oscillator boasts a 
guaranteed noise floor of -174 
dBc/Hz at 20 kHz offset; typical 
units meeting -178 dBc/Hz. An 
SC-cut crystal provides tempera-

RF Design 

Sapphire 
Pistoncaps 
• Q to 4000 at 250 MHz 
• 6 mounting styles suitable for all 

RF structures 
• Designed to meet MIL-C-14409D 
• Operating temp: -55° to +125°C 
• Cap ranges: 0.3-1.2 pF to 0.8-8.0 pF 
• Subminiature size 
• Multiturn resolution 
• Extremely stable over temperature, 
frequency, voltage, etc. 

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

SPRAGUE 
GooomAn 

1700 Shames Drive, Westbury, NY 11590 
Tel: 516-334-8700 • Fax: 516-334-8771 

INFO/CARD 29 

Surftrim® 
Surface Mount 

Trimmer Capacitors 
• 2 sizes: 

3.2 X 4.5 X 1.6 mm 
4.0 X 4.5 X 2.7 mm (sealed) 

• 4 mounting configurations 
• Carrier and reel, or bulk pack 
• 1.7 to 50 pF in 7 cap ranges 
• Operates to 85°C 

Phone, fax or write today for 
Engineering Bulletin SG-305B. 

SPRAGUE 
GooomAn 

1700 Shames Drive, Westbury, NY 11590 
Tel: 516-334-8700 • Fax: 516-334-8771 

INFO/CARD 30 
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RF products continued 
948 Years Experience! 
When reliability and accuracy count, call us. 948 
years of combined employee crystal experience 
and 43 years of service to businesses like 
yours translates into our dedication to 
the quality products and customer satis¬ 
faction that you deserve. 

• ENGINEERING ANO DESIGN SUPPORT 
• EXPERIENCED SALES STAFF 

• CRYSTAL ANALYSIS 
• EXPEDITE SERVICE 
• CUSTOM CRYSTALS TO YOUR SPECS 
• MICRO-BALANCED/LAB CRYSTALS 

• SOON TO BE ISO 9001 CERTIFIED 
LIFETIME CRYSTAL GUARANTEE 

Call or FAXf or more information about Crystals, 
Elements, Oscillators and Accessories. 

When Quality Counts. .. 
INTERNATIONAL CRYSTAL MANUFACTURING. CO., INC. 

PHONE 24-HOUR FAX 

1-800-725-1426 • 1-800-322-9426 
P.O. BOX 26330 • OKLAHOMA CITY, OK 73126 
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THE LOWEST 
PROFILE OCXO WITH A 
HIGH PERFORMANCE-

TO-PRICE RATIO. 

ture stability of better than 
±2x1 0-7 from 0 to 50 °C. 
Mechanical and electrical tuning 
are provided. A NIST calibration 
report is available. 
Wenzel Associates, Inc. 
INFO/CARD #227 

Voltage Controlled 
Oscillators 
KVG offers voltage controlled 

precision oscillators in the stan¬ 
dard DIL-14 and in a low-profile 
SMD-case. The VCXOs have a 
tuning range greater than ±100 
ppm. Clock rates from 2.048 up 
to 51 .84 MHz are available. 
KVG GmBH 
INFO/CARD #226 

OCXOs 
Oak Frequency Control 

Group’s 4851 and 4851 S OCXOs 
are designed to provide low cost 
and superior performance in a 2-
inch square by 1.0 inch high pack¬ 
age. The 4851 utilizes an AT-cut 
crystal to attain a temperature sta¬ 
bility of ±3x10-8 from -20 to +70 
°C, and aging of ±1x10“9/day. For 
higher precision, the 4851 S uti¬ 
lizes a low-cost SC-cut crystal to 
attain a temperature stability of 
±7x1 0“9 from -20 to +70 °C; its 
aging is ±5x10~1°/day. Both 
devices cover 2 to 10 MHz and 
offer sine or HCMOS output. 
Oak Frequency Control Group 
INFO/CARD #225 

TEST 
EQUIPMENT 
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0X0017 Series 
Low profile, high stability, small 
size, rapid warm-up, low power 
consumption. 

Frequencies: 9 MHz to 20 MHz 

Size: 35.8 x 27.5 x 16mm max. 

Frequency Stability: ±2x10 9

Output: HCMOS 

Voltage: 12VDC&5VDC 

Other options/packages available 

RHLTRen 
ELECTRONICS CORP. 

2315 NW 107 AVENUE 

MIAMI, FLORIDA 33172 U.S.A. 

FAX (305) 594-3973 

(305) 593-6033 

ONLY RALTRON HAS IT ALL 
CRYSTALS • CRYSTAL CSCILLATORS 

CRYSTAL FILTERS 

CERAMIC RESONATORS 

INFO/CARD 32 

Network/Spectrum 
Analyzer 
The NSA-1000A is a 

network/spectrum analyzer that 
covers 1 to 1000 MHz in one 
sweep. The network analyzer’s 
tracking generator has output 
attenuation levels of 0, -1 0, -20, 
and -30 dBm, with typical ampli¬ 
tude accuracy of +2 dB and flat¬ 
ness better than 4 dB peak-peak. 
The receiver portion has fixed 
resolution bandwidth of 150 kHz 
and input reference levels of 
+20, 0, -20, and -40 dBm. When 
used as a spectrum analyzer, 
typical sensitivity is -95 dBm. 
Options include FM demodulator, 
AM detector, DC power inserter 
and LPA-1000 log periodic 
antenna. Price is $3,875. 
Avcom 
INFO/CARD #224 

Peak Power/ 
Frequency Counters 
EIP Microwave has introduced 

a family of broadband 
microwave pulse/CW frequency 
counters that incorporate unique 
peak-power measurement capa¬ 
bility over the frequency range of 
0.25 to 26.5 GHz. The “Power 
Counter”™ models 595A/598A 
provice single-input frequency 
and power measurement from 
0.25 to 20 GHz (595A) and 0.25 
to 26.5 GH (598A), with frequen¬ 
cy measurement extendible to 
170 GHz (598A). Price for the 
595A is $13,900; price for the 
598A is $16,500. 
EIP Microwave, Inc. 
INFO/CARD #223 

Radio Transmitter 
Detector 
The Scout from Optoelectron¬ 

ics is intended to detect radio 
transmitters in the near field. 
The Scout can automatically 
detec: and record 200 unique 
frequencies and up to 250 
repeat hits on any that were pre¬ 
viously recorded. Data can be 
down oaded into a computer 
using software supplied and an 
optional TTL or RS-232C inter¬ 
face converter. The price of the 
Scout is $399. 
Optoelectronics Inc. 
INFO/CARD #222 

2.7 GHz 
Signal Generator 
Model 3222 from Leader 

Instruments is a synthesized sig¬ 
nal generator covering 100 kHz 
to 2.7 GHz and offering 10 Hz 
resolution to 1.35 GHz and 20 Hz 
resolution thereafter. Output level 
is controllable from +13 to -133 
dBm with 0.1 dBm setability. 
Modulation capabilities include 
seven modes with 14 simultane¬ 
ous combinations to choose 
from. GPIB control is standard. 
Fifty watt reverse power protec¬ 

tion is provided to avoid acciden¬ 
tal damage when working with 
transceivers. Price is $13,300. 
Leader Instruments Corp. 
INFO/CARD #221 
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RF amplifiers 

Simulating Class C RF Amplifiers 

By Charles E. Hymowitz, Intusoft 
and Bill Sands, Analog & RF Models 

Many designers believe that the 
analysis of the nonlinear characteristics 
of class C amplifiers is not practical with 
popular simulators such as SPICE. 
However, with the proper modeling of 
the RF transistors and proper account¬ 
ing of parasitics, virtually every aspect 
of the class C amplifie- can be studied. 
This paper explores seme unique tech¬ 
niques and models for simulating ampli¬ 
fiers running in class C operation using 
the general purpose SPICE circuit simu¬ 
lation program. Results of the simulation 
of an 870 MHz amplifier including the 
transient, power gain, power dissipation, 
power output and efficiency waveforms 
are given. 

SPICE can be a versatile tool for RF 
work as long a few simple precau¬ 

tions are taken. Signïicant parasitics 
must be included in tha circuit descrip¬ 
tion, models of active devices must be 
represented using subcircuits, and 
selection of transient analysis options 
must be considered The transient 
options include the total analysis time, 
the data printout step aid delay, and the 
simulator error tolerances. Of course, 
SPICE will also do AC analyses of RF 
circuits, but this is not is strong suit, as 
many other simulators will also do linear 
small-signal work. The 'eal strength of a 
SPICE-based simulator, such as 
IsSpice3, is in its time comain capability, 
where either repetitive or non-repetitive 
waveforms can be used as stimulus. 
This ability is handy for burst work, mea¬ 
surement of peak stresses under normal 
operation or momentan» fault conditions, 
detailed study of bypass networks and 
many other conditions. Since test points 
do not load the circuit in any way, mea¬ 
surements that would be impossible on 
the bench can be easi y made with the 
IsSpice3 simulation. 
Shown in Figure 1 is a typical circuit 

used to simulate the operation of a class 
C power device. The device used here, 
Xv is the Motorola MRF873 NPN power 
BJT. It can produce 15 watts of output 
power in the 806-960 MHz range. RG

Figure 1. Schematic of an RF amplifier running in class C operation at 
870 MHz. The waveforms reveal the transient response of the currents 
in the power supply, transistor collector, and capacitor, C5. 

provides 50Q impedance for the genera¬ 
tor. Cv C2, and L1 are used for input 
matching. LBB and RqB are for DC return 
to ground and Q limiting for the base. L^, 
C5, and C6 are used for output match¬ 
ing. Cc and Lc form a return to Vcc for 
the collector. RL is 50Q. The generators 
VB, Vc, and VC5 are zero valued 
sources used to measure the instanta¬ 
neous circuit currents. 
A typical simulation of Figure 2 

requires 23.6 seconds on a 486/33 
(RELTOL=.0003) using IsSpice3, a new 
SPICE simulator based on Berkeley 
SPICE 3E.2. The change in RELTOL 
was required for increased accuracy, 
although the default of .001 provided 
comparable results. At 870 MHz one 
cycle takes about 1.1 ns. Since class C 

circuits need some number of cycles to 
stabilize, this circuit was simulated from 
T = 0 ns to T = 20 ns with output data 
accumulated from 1 5 ns to 20 ns. The 
simulation has about 15 cycles to settle 
before data is gathered and is pretty 
well settled by that time. 

After initial testing of a nominal case 
(Vcc = 12.5, Power In = 3 W) the para¬ 
meter sweeping features of IsSpice3 
were used to sweep the input power. 
The input power is controlled by the volt¬ 
age of VIN . In order to easily control the 
simulation parameters, a simple subcir¬ 
cuit was made to convert input power in 
watts to the peak voltage required by 
the IsSpice3 voltage source. The power 
supply, Vcc , was also made a variable. 
The conversion is shown below. 

RF Design 

Replace: 

VCC 11 0 12.5 
VIN 1 0 SIN 0 Vpeak 870 .5N 

With: 

VCC 11 0 VTEMP 
X2 1 0 VSIN {PIN=PTEMP} 
.SUBCKT VSIN 1 2 
VIN 1 2 SIN 0 {(PIN*50)A.5*2*2A.5) 870 ,5N 
.ENDS 
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Figure 2. Power output, power gain, and power dissi¬ 
pation results. The square boxes show the data 
sheet response for power output. 

Figure 3. Power output and amplifier efficiency vs. 
Vcc . Square boxes indicate the data sheet response 
for power output. 

After setting up the extended syntax, 
the control statements, 

’OPT VTEMP=5 TO 17 STEP=.25 and 
*OPT PTEMP=.5 TO 6 STEP=.25 

can then be used to sweep the parame¬ 
ters VTEMP (equal to the power supply 
voltage) and PTEMP (input power in 
watts). 
During the simulation the waveforms 

at various points were sampled. IntuS-
cope, a SPICE data post processor, was 
used to reduce the IsSpice3 voltage and 
current data into output power and DC 
power values. After the sweep, IntuS-
cope then calculated the power gain 
(10*lgt(Pou/Pin)), efficiency (Pout/Pdc), 
and dissipation (Pout-Pdc). Since there is 
no circuit loading associated with moni¬ 
toring voltage and current, measure¬ 
ment of the capacitor RMS current and 
peak voltage is possible. For nominal 
power input, the peak-peak voltage 
across C5 was 93.00 V, while the RMS 
current was 2.082 A. This type of data is 
vital for making informed component 
selection decisions. 

Figure 2 (top graph) shows the excel¬ 
lent tracking between the IsSpice3 simu¬ 
lation and the data sheet values for out¬ 
put power and power gain vs. input 
power. The lower graph contains the 

results for the power dissipation in the 
MRF873. Figure 3 shows the simulation 
results for efficiency and output power 
vs. Vcc at constant input power. 
Once the relationships were studied 

and a final output power and Vcc range 
were selected for detailed analysis, the 
physically impractical and somewhat 
narrow bandwidth lumped element net¬ 
works in Figure 4 were replaced with 
transmission lines. The Mine values 
were calculated to match published 
input and output impedances. Other val¬ 

ues were taken from the Motorola data 
sheet. The simulation results obtained 
were more accurate but still within 10% 
of the lumped element approach. 
SPICE 2G.6 based simulators have 
trouble running circuits containing ideal 
transmission lines with time delays that 
are short relative to the total analysis 
time. However, new algorithms in 
Berkeley SPICE 3E.2 and IsSpice3 
allow ideal transmission lines to be sim¬ 
ulated orders of magnitude faster that 
SPICE 2 based versions. For example, 

.SUBCKT MRF873 1 2 3 
LC 1 4 0.50E-9 
LB 2 6 0.60E-9 
LE 5 3 0.07E-9 
CC 4 3 15.0E-12 
CB 4 6 1.00E-1 2 
Q1 4 6 4 QR01 

MODEL QR01 NPN (BF=98 VAF=150 VAR=10.0 RC=.15 RB=1.43 RE=.26 
+ IXF=1.0 ISE=7.6E-14 TF=1.2E-11 TR=1.7E-09 ITF=1.7 VTF=5.3 
+ CJC=10.7E-12 CJE=12E-12 XTI=3.0 NE=1.5 ISC=2.4E-14 EG=1.11 
+ XTB=1.5 BR=2.29 IS=8E-15 MJC=0.33 MJE=0.33 XTF=4.0 IKR=0.5 
+ KF=1E-15 NC=1.7 RBM=1.02 IRB=1 60E-02 XCJC=0.5) 
.ENDS 

Table 1. The SPICE subcircuit netlist for the MRF873 RF power transis¬ 
tor. Connections are Collector (1), Base (2), Emitter (3). The subcircuit 
may be used with any SPICE simulator. 
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times and results achieved, either 
approach, lumped element or transmis¬ 
sion line, is acceptable for simulation 
purposes. 
The complete set of simulations con¬ 

tained in this article is available on flop¬ 
py disk from Intusoft for a nominal 
charge. (See the address given in the 
“About the Authors” box below.) 
From the accurate results presented 

here, it is clear that simulation of class C 
RF circuits using SPICE is practical and 
productive as long as the circuit and 
transistors are modeled properly. RF 

Figure 4. In order to provide a more realistic simulation, the physically 
impractical lumped elements are replaced with transmission lines. The 
transmission line values are calculated to match published input and 
output impedances. 

the simulation of Figure 4 took 521.85 
seconds on a popular evaluation ver¬ 
sion of a PC SPICE program based on 
SPICE 2G.6. IsSpice3 simulated the 

same circuit in 41 .25 seconds (using a 
486/25 PC). In addition, IsSpice3 
includes two types of lossy transmission 
lines. Based on the comparable run 

About the Authors 
Co-author Charles Hymowitz can 

be reached at Intusoft, 222 W. Sixth 
Street, Suite 1070, San Pedro, CA 
90731, tel. (310) 833-0710, fax (310) 
833-9658. Bill Sands of Analog & RF 
Models is the other co-author. His 
company specializes in the creation 
of RF device models. He can be 
reached at 602-575-5323, fax 602 
297-5160. 

RF Design 

220 SPECTRUM ANALYZER 

90% of the \ 10% of 
FUNCTIONALITY \ the COST 

NOW FOR $395, USING YOUR 
OSCILLOSCOPE DISPLAY: 

DYNAMIC RANGE >90DB TRACKING GENERATOR 
VARIABLE BANDWIDTH MARKER GENERATOR 
FREQ 20 Khz TO 200 Mhz AC AND DC OPERATION 

I see our entire product line at RF EXPO WEST | 

TO ORDER CALL: 

DC TO LIGHT 
(406) 586-5399 fax (406) 586-6556 

P.O. BOX 7140 BOZEMAN, MT 59771 

INFO/CARD 33 INFO/CARD 34 
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RF DESIGN HANDBOOKS 
Collections of the most popular articles by RF Design Magazine 

#R-1 
Oscillator Design Handbook 
You can benefit from the contributions of more than 20 top RF engineers as they 
share their expertise on oscillator theory, design and applications. Along with tradi¬ 

tional designs, this book includes some unique approaches not found arywhere else. 
80 pages . $25.00 + $5 shipping ($10 outside U.S.) 

#R-2 
Filter Handbook: Volume 1 - Applications 
The best practical filter circuits from RF Design are collected in this took, allowing 

you to see how the best engineers solve their design problems. Essential informa¬ 
tion on active, passive, lumped element, microstrip, helical and SAW filters will help 

make your filter design tasks easier. 
80 pages. $25.00 + $5 shipping ($10 outside U.S.) 

#R-3 
Filter Handbook: Volume 2 - Design 
Do you need to brush up on filter theory and analysis? This book offers fundamen¬ 
tal and advanced material on classic Butterworth, Chebyshev and elliptic filters, 
plus notes on filter implementation, including filter performance with real, not ideal 
components. Another highlight is a tutorial series on SAW filter basics. 
82 pages. $25.00 + $5 shipping ($10 outside U.S.) 

#R-4 
RFI/EMI/EMC: A Designer's Handbook 
The best design - for - compliance articles from RF Design and EMC Test & Design 

are collected in this practical handbook. Circuit board design, Part 15 techniques, 
ESD protection, filtering, bypassing and troubleshooting are among the featured 

topics. Notes on regulations and test methods are also included mak ng this a well-
rounded collection of EMC techniques. 
80 pages. $25.00 + $5 shipping ($10 outside U.S.) 

#R-5 
Power Amplifier Handbook 
This book is loaded with practical circuits for power amplifiers operating from HF 
through L-band, from a few watts to over a kilowatt, with clear explanations of how 

these circuits were designed. Articles on high power couplers , containers, biasing 
techniques and VSWR protection will help simplify the design of your next power 
amplifier system. 

80 pages. $25.00 + $5 shipping ($10 outside U.S.) 

#R-6 
Frequency Synthesis Handbook 
Phase locked loops and direct digital synthesis are the main focus of this hand¬ 

book, with articles ranging from Andy Przedpelski’s “PLL Prirrer” series to 

advanced analytical techniques. Theoretical material is complemented by practical 
circuits and application notes on some of the latest synthesizer products. 
80 pages. $25.00 + $5 shipping ($10 outside U.S.) 

#R-7 
Wireless Communications Handbook 
Engineering methods for the new wireless applications are highlighted in this col¬ 
lection from RF Design. Topics include spread spectrum systems. Part 15 
devices, digital modulation, demodulation, transmission, reception and signal 
propagation. A special feature is a repeat of our popular tutorial series on Com¬ 

plex Modulation. 
80 pages. $25.00 + $5 shipping ($10 outside U.S.) 

#R-8 
Test & Measurement Handbook 
This unique handbook covers general RF test information, specific test procedures 

and circuits for test applications. Universal test topics like spectrum and network 
analysis, phase noise measurement and IDM testing are complemented with spe¬ 
cific notes on A/D converters, companders, crystals and more. A collection of tes' 
circuits includes isolators, detectors, frequency standards and calibrators. 
80 pages. $25.00 + $5 shipping ($10 outside U.S.) 

#R-9 
Low Noise Design Handbook 
Our newest handbook has amplifier design information that every RF engineei 

needs in his or her reference library. Design principles include noise, gain anc 
matching fundamentals, along with advanced topics like broadband matching, com¬ 
ponent modeling and feedback. All this comes together in practical design exam¬ 

ples for front-end, IF, instrumentation and medical applications. 
80 pages. $25.00 + $5 shipping ($10 outside U.S.) 

Special Set Any Shipping Charge 
Domestic (Outside U.S.) 

#R-21 . 4. $70 . $5. ($25) 
#R-22 . 5. $85 . $6. ($28) 
#R-23 . 6. $100 . $7. ($30) 
#R-24 . 7. $115 . $8. ($34) 
#R-25 . 8. $130 . $9. ($36) 
#R-26 . 9. $145 . $10. ($38) 

Book# Title Qty Price 

Payment required with order Subtotal $ 
Payment $_ 
□ Check □ MC/VISA □ AM EX Shipping $ 
Exp._ 
Foreign by above ONLY 
(No wire transfers or foreign checks accepted) 

Card #_ 

Name_ 

Title_ 

Company_ 

Address _ 

City_ 

State/Zip_ 

Telephone _ Country 

SEND TO: Argus Direct Marketing • 6151 Powers Ferry Road, NW • Atlanta, GA 30339-2941 
OR FAX TO: (404) 618-0347 
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OSCILLATEK 
AI DOVER) TECHNOLOGIES COMPANY 

620 N. Lindenwood Drive • Olathe, Kansas 66062 
FAX (913) 829-3505 • Phone (913) 829-1777 

Solder Seal OCXO Small Package 

Output Options:_ 
TD = TTL = DC to 50 MHz 
HC = HCMOS = DC to 50 MHz 
RC = +7 dBm 50Q= DC to 50 MHz 

Stability Options 
A18 = ±1x10' 0° to +50°C 
B28 = ±2x10’ 0° to +70°C 
D27 = ±2 x 107 -40° to +85°C 
S38 = ±5x10’ -40° to +85°C 

Screening Options:_ 
C = Standard Commercial 
S = Class “B" per MIL-O-55310 

Typical P/N: 
HC RD KI A 

RD Package 

10.000 MHz 
- Screening 
- Stability 
- Aging 
- Supply 
- Predetermined 
Package 
Output 

Supply Options:_ 
A = +5.0 VDC 3 Watts 
B = +12.0 VDC 3 Watts 
C = +15.0 VDC 3 Watts 
D = +24.0 VDC 3 Watts 

Aging Options: 
2 = 1 X 108/day 
3 = 5x10 ’/day 
4=3x1 0 ’/day 
5 = 1 X 10 ’/day 

2 X 10^/year 
1 X 10^/year 
5 X 10 '/year 
2 X 10 '/year 

Phase Noise (10 MHz Sinewave) 
At 10 Hz 

100 Hz 
1.0 KHz 

>10.0 KHz 

= -100 dBc 
= -127 dBc 
= -148 dBc 
= -155 dBc 

Pinouts:_ 
Pin 1 = Output 
Pin 2 = Gnd, Case 
Pin 3 = VCO Input* 
Pin 4 = VCO Reference* 
Pin 5 = Supply 

’When specified 

High Stability HF OCXO 

Output Options: 
RC = +7 dBm 50Q 
RE = +13 dBm 50Q 

Stability Options 
A50 
A30 
B70 
C29 
C19 
S29 

±5 
±3 

±2 

X 

X 

X 

X 

X 

X 

10’° 
10” 
10” 
10’ 
10’ 
10’ 

0° to +50°C 
0° to +50°C 
0° to +70°C 

-20° to +70°C 
-20° to +70°C 
-40° to +70°C 

V1 Package 

Screening Options: 
C = Standard Commercial 
S = Class “B” per MIL-O-55310 

Typical P/N: 

RC V1 M 

Supply Options: 
B = +12.0 VDC 
C = +15.0 VDC 
D = +24.0 VDC 

Aging Options: 
6 
7 
8 
9 

= 5x10,0/day 
= 3 X 1O’°/day 
= 1 X 10 ,0/day 
= 7 X 10' ’/day 

12 Watts 
12 Watts 
12 Watts 

1 X 10 '/year 
5 X 10 ’/year 
2 X 105year 
1 X 1O’/year 

Phase Noise (5 MHz ) 
At 10 Hz 

100 Hz 
1.0 KHz 

>10.0 KHz 

= -120 dBc 
= -140 dBc 
= -155 dBc 
= -157 dBc 

Frequency Options: 
1 MHz 5 MHz 10 MHz 
20 MHz 50 MHz 100 MHz 
- Screening 
- Stability 
- Aging 
- Supply 
- Predetermined 
- Package 
- Output 

Pinouts:_ 
Pin 1 = Supply 
Pin 2 = Gnd, Case 
Pin 3 = No connect 
Pin 4 = Supply 
Pin 5 = VCO Reference* 
Pin 6 = VCO Input* 
Pin 7 = VCO Return* 

*When specified 

CALL FOR OUR 100 PAGE CATALOG FOR MORE OPTIONS 



_ /\w a 85.38 MHz 

JÍ INCORPORATED CDMA Subscriber SAW Filter 
Part Number 854596 

Recent innovative cesign enhancements have allowed 

Sawtek to manufacture the industry's smallest CDMA 

subscriber SAW filter. 

The excellent skirt selectivity of this device, coupled with 

the superior temperature stability of the quartz substrate 

material, ensures that adjacent channel suppression 

requirements are met or exceeded over an operating 

temperature range of -30* C to +80* C. 

The device is exterr ally impedance matched with stan¬ 

dard, fixed-value matching components and hermetically 

sealed in a ceramic surface mount package to preserve 

device integrity in the demanding environmental condi¬ 

tions typical of subscriber applications. 

Features 
▼ Low-profile, surface mount package 

▼ Quartz stability 

▼ Lowcost 

Device Characteristics at +25’C 
Parameters Units Min/Max Typical 

Center Frequency MHz 85.38 
nominal 

85.38 

5 dB Bandwidth MHz 1.26 min 1.31 

33 dB Bandwidth MHz 1.80 max 1.78 

Ultimate Rejection 
fo ± 9 MHz MHz 45 min >54 

Insertion Loss dB 
14 min 
16 max 14.71 

Passband 
Variation db 0.5 max 0.33 

Triple-Transit 
Suppression dB 30 min 34 

Phase Linearity degree (rms) 2.5 max 1.9 

▼ Excellent out-of-band rejection 

▼ Low phase and amplitude variation 

▼ Excellent triple-transit suppression 

PADS 2. 3. 4, 7, 8 A 9 ARE CASE GROUND 

DIMENSIONS ARE NOMINAL IN MILLIMETERS (INCHES) 

(SJtJECT TO CHANCE AT SAWTEK DISCRETION) 

Outline Drawing of SMP-75 Ceramic 
Surface Mount Package 

Frequency Response of the 
CDMA Subscriber SAW Filter 

For more information on the CDMA SAW filter, contact Jay Schlegel at Sawtek. 
Telephone: (407)886-8860 Fax: (407)886-7061 



NEW PRODUCT 2400 Series 

Cera-Trim II 
Trimmer Capacitors 
The 2400 series trimmer capacitors are extremely durable 
single turn surface mount devices that are available in a 
wide range of capacitance values. A high Q over a broad 
frequency range combined with a high maximum operating 
voltage (400 VDC) and temperature stability are the 
characteristics found with this unique ceramic package. 

Characteristics 
■ Rated voltage: 400 VDC (test voltage 800 VDC) 
■ Insulation resistance: >104 megil 
■ Operating temperature range: -55°C to+125°C 
■ Torque: 0.05 to 1.0 oz. in. 
■ Vibration: 15 g, 10-2000 Hz 
■ Shock: 100 g, 6 milliseconds 
■ Setting drift: <1% 
■ Moisture resistance: MIL-STD-202, Method 105 
■ Resistant to soldering temperatures and fluxes 
■ Washable construction 

JMC Tuning Tool 4192 

I- . 

Surface Mount 

.157 (3.99) 

- .180 
(4.57) 

Packaging 
Johanson standard tape and reel packaging is available 
in .472 inch (12 mm) carrier tape in quantities of 500 
on 7 inch (178 mm) reels and 2,500 on 13 inch (33C mm) 
reels. When ordering, add suffix to Johanson Part Number 
of either R1 for 7 inch reel or R2 for 13 inch reel. 

ROTOR 

.025 (.635) 
SQUARE DRIVE 
TUNING 

Dimensions: inches (mm) 

Specifications 
JMC 
P/N 

RANGE 
pF 

TC 
PPM/’C 

MIN. Q @ 
200 MHz 

2400-0 0.7 to 2.0 NPO±200 2000 

2400-1 1.5 to 4.0 NP0±200 1000 

2400-2 3.0 to 9.0 200 + 200 500 

2400-3 5.0 to 15.0 -750 ±500 400 

JOHANSON MANUFACTURING CORPORATION ROCKAWAY VALLEY ROAD BOONTON, NEW JERSEY USA 07005 TEL 201-334-2676 FAX 201-334-2954 

Specifications subject to change without notice. ©1994 Johanson Manufacturing Corporation 



RF POWER AMPLIFIERS 
(Standard or Custom) 

1 MHz - 2 GHz • 1 W - 1 kW 
Output MODULES 

Part No. Power Gain DC Supply PKG 
Output MODULES 

Part No. Power Gain DC Supply PKG 
i MHz - MmHi 400-2Í5-50-10 50W lOdB 24/28V Al 

30-2-5-35 5W 35dB 24/28V E3 
30-2-50-35 50W 35dB 24/28V E3 
30-2-100-35 100W 35dB 28V E3 
30-2-200-35 200W 35dB 28V E3 

400-225-50-18 50W 18dB 24/28V A2 
400-225-50-35 50W 35dB 24/28V A3 

400-225-100-10 100W lOdB 28V Al 
400-225-100-18 100W 18dB 28V A2 

30 MHz- 1 (XIV Hz 400-225-100-35 100W 35dB 28V A3 
100-30-5-35 5W 35dB 24/28V E3 
100-30-100-35 100W 35dB 28V E3 

225 MHz - 600 MHz 
50 MHz - 150 V Hz 600-225-30-10 30W lOdB 24/28V Al 

150-50-2-40 2W 40dB 12/15V C3 
150-50-100-35 100W 35dB 28V A3 

600-225-30-18 30W 18dB 24/28V A2 
600-225-30-30 30W 30dB 24/28V A3, B3 

150 MHz - 200 MHz 400 MHz - 600 MHz 
200-150-100-10 100W lOdB 28V Al 
200-150-100-18 100W 18dB 28V A2 
200-150-100-55 100W 35dB 28 V A3 

600-400-30-10 30W lOdB 24/28V Al 
600-400-30-18 30W 18dB 24/28V A2 
600-400-30-30 30W 30dB 24/28V A3, B3 

200-150-200-55 200W 35dB 28 V A3 925 MHz 
925-1-8 IW 8dB 12/15V DI 

50 MHz -250 MHz 
250-50-200-1) 160W lOdB 28V Al 100 MHz -500 MHz 
250-50-200-13 160W 18dB 28V A2 
250-50-200-35 160W 35dB 28V A3 

500-100-5-30 5W 30dB 24/28V A3 

500-100-10-30 10W 30dB 24/28V A3 
50 MHz -400 MHz 

400-50-1-30 IW 30dB 12/15V C3 500-100-100-30 100W 30dB 28V A3 

225 MHz - 400 MHz 500 MHz - 1000 MHz 
400-225-1-35 IW 35dB 12/15V C3 

400-225-10-35 10W 35dB 24/28V A3 

1000-500-10-8 low 8dB 24/28V Al 
1000-500-10-16 10W 16dB 24/28V A2 
1000-500-10-30 10W 30dB 24/28V A3 

400-225-30-1') 30W lOdB 24/28V Al 10 MHz - 1200 MHz 
400-225-30-13 30W 18dB 24/28V A2 
400-225-30-35 30W 35dB 24/28V A3, B3 

1200-10-10-30 low 30dB 24/28V A3 

* Test Fixture (Option "B") includes heat sink, fan, thermal shutdown, and electrical fuse protection 
** Rack-mount amplifiers: 120 Vac - 60 Hz / 240 Vac - 50 Hz 

MODULES - SMALL SIZE • HIGH EFFICIENCY 
• 200 watts 
• 150 -200 MHz 
• 55% overall efficiency 
• 35 dB gain 
• 4.84" X 2.0" X 1.0" 

• 100 watts 
• 225 - 400 MHz 
• 45% overall efficiency 
• 10 dB gain 
• 3.0" X 2.0" X 1.0" 

SYSTEMS - LOW COST • RUGGED PROTECTION 

• 10 MHz - 1200 MHz 
• 10 watts CW 
• 40 dB 
• 19"x7"x18" 
• 35 lbs maximum 

SMAL. SIGNAL GAIN VERSUS FREQUENCY CURVE 

LCF ENTERPRISES • 65 1 Via Alondra, # 712 • Camarillo 93012 USA • Phone:805-388-8454 • FAX: 805-389-5393 



Broadband Calibrated Noise Sources 
For Noise Figure Measurements 
NC 346 Series 
10 kHz to 60 GHz 
Features: 
■ Noise output on and off times less than 

20 and 80 ps respectively in repetitive 
operation. Single-shot turn on time less 
than 3 ms. 

■ VSWR less than 1.15:1 from 10 MHz to 5 
GHz for units with 5 to 7 dB or 14 to 16 
dB ENR 

■ Temperature coefficient less than 0.009 
dB/°C 

■ Noise output variation with voltage less 
than 0.002 db/%AV 

■ Operating temperature 0°C to +55°C 
■ Input power +28 VDC ±2 VDC at 15 mA 

typical for NC 346 A, B, & D 
■ Built-in regulator 

NC 346 COAXIAL SERIES 

Noise Com's NC 346 Series is designed 
for precision noise figure measurement 
applications. The VSWR has been im¬ 
proved, reducing multiple reflections of 
the test signals and significantly increasing 
the measurement accuracy of most noise 
figure set-ups. 
The NC 346 Series noise sources have 

broadband coverage and extremely good 
temperature and voltage stability, which 
makes them the finest noise figure meter 
compatible laboratory standards. Outputs 
of 6, 15.5 and 22 dB ENR are available, 
allowing the units to accurately measure 
noise figures up to 20, 30 and 36 dB 
respectively. 
The return loss of the noise sources is 

measured in both the on and off states and 
is included in the calibration report pro¬ 
vided with each noise source. Each noise 
source is also supplied with calibration 
data traceable to NIST. 
See page 16 for package styles and 

dimensions. 

NOISE COM 
MODEL 

RF 
CONNECTOR 

FREQUENCY 
(GHz) 

OUTPUT 
ENR (dB) 

VSWR (MAXIMUM @ ON/OFF) 

0.01-5 
GHz 

5-18 
GHz 

18-26.5 
GHz 

26.5-40 
GHz 

NC346Y SMA Male 10 kHz -1 GHz 14 to 16 1.20:1 

NC 346 A 

NC 346 A Precision 

NC 346 A Option 1 

NC 346 A Option 2 

NC 346 A Option 4 

SMA Male 

APC3.5 Male 

N Male 

APC7 

N Female 

0.01-18.0 

0.01-18.0 

0.01-18.0 

0.01-18.0 

0.01-18.0 

5to 7 

5to 7 

5 to 7 

5to 7 

5to 7 

1.15:1 

1.15:1 

1.15:1 

1.15:1 

1.15:1 

1.25:1 

1.25:1 

1.25:1 

1.25:1 

1.25:1 

NC346B 

NC 346B Precision 

NC 346B Option 1 

NC 346B Option 2 

NC 346B Option 4 

SMA Male 

APC3.5 Male 

N Male 

APC7 

N Female 

0.01-18.0 

0.01-18.0 

0.01-18.0 

0.01-18.0 

0.01-18.0 

14 to 16 

14 to 16 

14 to 16 

14 to 16 

14 to 16 

1.15:1 

1.15:1 

1.15:1 

1.15:1 

1.15:1 

1.25:1 

1.25:1 

1.25:1 

1.25:1 

1.25:1 

NC346C APC3.5 Male 0.01-26.5 13 to 17 1.15:1 1.25:1 1.35:1 

NC346D 

NC 346 D Precision 

NC 346 D Option 1 

NC 346 D Option 2 

NC 346 D Option 3 

SMA Male 

APC3.5 Male 

N Male 

APC7 

N Female 

0.01-18.0 

0.01-18.0 

0.01-18.0 

0.01-18.0 

0.01-18.0 

19 to 25* 

19 to 25* 

19 to 25* 

19 to 25* 

19 to 25* 

1.50:1 

1.50:1 

1.50:1 

1.50:1 

1.50:1 

1.50:1 

1.50:1 

1.50:1 

1.50:1 

1.50:1 

NC346E APC3.5 Male 0.01-26.5 19 to 25* 1.50:1 1.50:1 1.50:1 

NC346Ka K Male** 0.10-40.0 10 to 17 1.25:1 1.30:1 1.40:1 1.50:1 

NC346V VMale*** TBD-60.0 TBD to 17 Consult Factory 
'Flatness better than ±2 dB 
” Compatible with SMA and APC3.5 
*** Compatible with APC2.4 

NC 346 WAVEGUIDE SERIES WITH BUILT-IN ISOLATOR* 
Noise Com Model Flange Frequency ENR 

(dB) 
VSWR 
(on/off) 

NC346B WR229 CPR229F 3.7 -4.2 14to16** 1.15:1 

NC 346BWR90 UG39/U 8.5 - 9.6 14 to 16** 1.15:1 

NC346BWR 75 UBR 120 10.5-13.0 14 to 16** 1.15:1 
*lnqui'e for other flanges or waveguide sizes 
** Flatness better than +/-0.15 dB 

NOISt£bM E. 49 Midlond Avenue, Poromus, New Jersey 07652 

(201) 261-8797 • FAX (201) 261-8339 



ML Commercial Radio & Cellular Band Amplifiers 
800 820 840 860 880 900 920 940 960 980 

MHz 

' 1 
Cellular Base Station RX Public Safety Radio H GSM Band 1 

H ' • QB-304 Japanese Cellular Band 

• QB-304 
• QB-761 
• QBH-1254 
• QBS-110 

• QB-761 . QB-304 • Ç 
• QBH-1254 .QB_761 .c

• QBS- 108 »QBH-1254 . ( 
• QBS-110 . (
• QBS- 133 . c
• QBS- 135 
• QBS- 136 
• QBS- 137 
• QBS-141 
• QBS- 142 

3B-304 • QBS- 104 
2BH-1254 
3BS-125 
iBS-146 SMR • Specialized 

3BS-147 

• G 

Mobile Radio 

JBS-125 
ÎBS-126 
ÎBS-127 

Specification Summary Guaranteed Specifications @ 25 °C 
Frequency Output Noise Reverse 3rd DC 

Model Range Gain Pl dB VSWR Figure Isolation OIP' Power Housing 
MHz dB dBm dB dB dBm Vdc/mA 

QB-304 800-900 20.0 24.0 1.5:1 3.0 37 40/ 15/300 19202 
QB-761 806-870 23.0 18.0 1.5:1 3.5 42 32/ 15/140 187-2 
QBH-1254 804-901 12.5 23.5 1.5:1 3.0 26 37/ 15/142 TO-8 
QBS-104 896-925 27.0 26.0 1.7:1 2.0 37 41/ 15/450 19069 
QBS-108 824-849 8.0 25.0 2.0:1 5.0 12 40/ 15/200 19134 
QBS-110 806-849 27.0 26.0 1.7:1 2.0 37 41/ 15/450 19069 
QBS-125 896-960 40.0 28.0 1.5:1 1.5 51 42/ 15/850 19130 
QBS- 126-1 925-960 40.0 28.0 1.5:1 1.5 51 42/ 15/850 19130 
QBS-126-22 925-960 40.0 28.0 1.5:1 1.5 51 42/ 19-31/850 19105 
QBS-127-1 925-960 33.0 22.0 1.5:1 1.5 41 38/ 15/450 19130 
QBS-127-22 925-960 33.0 22.0 1.5:1 1.5 41 38/ 19-31/450 19105 
QBS- 133 824-849 33.0 19.0 2.0:1 1.3 41 35/ 15/250 19121 
QBS-135 824-849 40.0 24.0 2.0:1 1.3 51 39/ 15/425 19121 
QBS- 136 824-849 14.0 25.0 2.0:1 5.5 21 40/ 15/325 19134 
QBS- 137 824-849 26.0 15.0 2.0:1 1.3 36 28/ 15/150 19134 
QBS-141-1 824-849 40.0 28.0 1.5:1 1.5 51 42/ 15/850 19130 
QBS-141-22 824-849 40.0 28.0 1.5:1 1.5 51 42/ 19-31/850 19105 
QBS-142-1 824-849 33.0 22.0 1.5:1 1.5 41 38/ 15/450 19130 
QBS-142-22 824-849 33.0 22.0 1.5:1 1.5 41 38/ 19-31/450 19105 
QBS-146-1 870-915 40.0 28.0 1.5:1 1.5 51 42/ 15/850 19130 
QBS-146-22 870-915 40.0 28.0 1.5:1 1.5 51 42/ 19-31/850 19105 
QBS-147-1 870-915 33.0 22.0 1.5:1 1.5 41 38/ 15/450 19130 
QBS-147-22 870-915 33.0 22.0 1.5:1 1.5 41 38/ 19-31/450 19105 

Power Amplifiers 
QBS-227 800-960 40.0 40.0 2.0:1 - 60 50 24/2600 
QBS-230 800-960 40.0 43.0 2.0:1 - 60 53 24/4400 
QBS-233 1800-2200 40.0 40.0 2.0:1 - 60 52 12/4600 

Specifications are 25’C Typical 
' OIP = Output Intercept Point 

2 Soft fail design with built in regulation 
AND FAULT INDICATION CIRCUITRY 

Q-bit Corporation • Main O 407/727-1838 • Toll Free Sales C 800/226-1772 FAX e» 407/727-3729 MasterCard 



nr, microwave, ana rower □eiiiiuunuuuiura 

and Related Components 
Power semiconductors and components from the industry's leading manufacturers available off-the-shelf. 

:hardson Electronics. Ltd. has offered solutions to customer's problems for more than 40 years with its powerful line-up of produc 

RF Transistors, 
Modules & 

emiconductors 

Connectors & 
Cable Assemblies 

Capacitors Power 
Semiconducto 

Richardson Electronics, Ltd. 
USA/Canada (800) 348-5580 



RF & Microwave Component Testing, 
Matching, Modification, and Design Support 

Our RF Test Lab performs RF testing on devices and components. We are able to test specific 
requirements not -.ested for by the device manufacturer. Tests include parameters based on fre¬ 
quency, gain, and other characteristics of devices. The RF Test Lab is equipped with a significant 
amount of test equipment. A partial listing: 

• TEK 576 Curve Tracer 
• TEK 2232 Oscilloscope 
• HP 8753C Network Analyzer 
• HP 8592B Spectrum Analyzer 
• HP 8350B Sweep Oscillator 
• HP 437B Power Meter 
• HP 7475 Plotter 
• 8 GHz Signal Generators 

Value-Added Testing and Selection 
Our Value Added Department is able to provide a number of value-added services for customers 
who require transistors or MOSFETs which match their needs than better standard devices. We are 
able to screen and sort devices to meet the required specifications of the customer. These value-
added services include: 

• Matching by DC Current Gain (HFE) 
• Matching by Forward Transconductance (GFS) 
• Matching by Gate Threshold Voltage (VGSTH) 
• Selecting for a certain HFE or GFS range 
• Testing of Breakdown Voltage 
• Testing of Saturation Voltage 
• RF Testing and Selection 
• Test Data Results - Read & Record Data 

Modifications 
Our Value Added Department can meet your specifications: 

• Modifications of Device Packages 
-Custom cutting leads, lead trim 
-Cutting studs 
-Customer branding of part numbers 
-Special package marking for color dotting and letter coding 

• Enlarge Flange Holes (bore flange holes to custom fit equipment 
• Modify Flanges 
• Lead Forming 

RF & DC Design Engineering Sales Force 
In developing and growing as an RF & power semiconductor specialist, Richardson Electronics 
has added some o- the top RF & DC application engineers in the industry. Total RF Design Capa¬ 
bilities testing and support on a component or building block level. These design engineers are 
on-line and in the ield to help you with your current designs and future applications. 

Richardson Electronics, Ltd. 
1-800-348-5580 (USA) 

Call Richardson Electronics for all your design needs. 
See back side to locate local Richardson sales office. 



NEW PRODUCTS ! 
SILICON BIPOLAR MONOLITHIC AMPLIFIER 

MODEL NUMBER SBA-1 SBA-2 SBA-3 

Operating Frequency: DC - 2000 MHz DC - 2000 MHz DC - 2000 MHz 

Gain (dB): Typ Min Typ Min Typ Min 
100 MHz: 5.0 7.0 11.0 10.5 18.0 12.0 
500 MHz: 5.0 7.0 10.5 10.0 16.5 11.0 
1000 MHz: 8.5 6.5 9.5 9.0 15.0 10.0 
2000 MHz: 6.8 5.5 7.8 6.0 10.0 7.5 

Typical Output 1 dB Comp Pt.: 
100 MHz: +12 dBm +9 dBm +14.8 dBm 
500 MHz: +12 dBm +9 dBm +13.7 dBm 

1000 MHz: +9.5 dBm +8.5 dBm +11.8 dBm 
2000 MHz: +6.5 dBm +8.0 dBm +10.5 dBm 

Typical VSWR: Input Output Input Output Input Output 
100 MHz: 1.3:1 1.5:1 1.3:1 1.5:1 1.1 1 1.5:1 
500 MHz: 1.3:1 1.5:1 uj 1.5:1 1.2:1 1.5:1 
1000 MHz: 1.3:1 1.5:1 1.3:1 1.5J 1.2:1 1.5:1 
2000 MHz: 1.3:1 1.5:1 uj 1.5:1 1.3:1 1.5:1 

Typical Noise Figure: 
100 MHz: 6.0 dB 5.5 dB 3.5 dB 
500 MHz: 6.2 dB 6.0 dB 3.5 dB 

1000 MHz: 6.5 dB 6.2 dB 4.0 dB 
2000 MHz: 7.0 dB 7.O dB 5.0 dB 

Mechanical Outline: 

0.110 
0.120 

— 0016 

ACTUAL SIZE 

0 043—H 

0.019 — 

0.028 

0 005*0003 

SOT-143 Package 

NOTE. 

UNLESS OThERVISE specified. 
TOLERANCES ON THREE 
DECIMAL PLACES = ±0.005 

Maximum Ratings 

Parameter Symbol Unit 

Device Current 
Total Power Dissipation, 

T, < 99 °C 
RF Input Power 
Junction Temperature 
Ambient Temperature 
Storage Temperature 

Io 

Plot 
PrPíf 
T 

T.. 

60 mA 

250 mW 
10 dBm 
150°C 
-65 to +150°C 
-65 to +150°C 

Notes: 
Test Conditions: 

1. Ta = 25°C 
2. VD = 4.7Volts, lD =42 mA, Zo = 50Q 

201 McLean Boulevard *Paterson, New Jersey 07504* Tel: (201) 881 -8800*Fax (201)881-8361 

Specifications subject to change without notice. 
©1994 



T F à A p V STANDARD 10.7MHZ MONOLITHIC CRYSTAL FILTERS 
I L IVI L/V CHANNEL SPACING FOR 12.5 • 20 • 25 AND 50KHZ 
ELECTRONICS, INC. 

CRYSTALS • CRYSTAL FILTERS • UC FILTERS 

NO. 

POLES 

TEMEX 

P/N 

PASSBAND STOPBAND LOSS RIPPLE ULT. REJ TERM. (Rp//Cp) 

OHM/PF dB ±KHz dB ±KHz dB ±KHz dB dB-MAX dB-MIN 

2 TE5000 3 375 20 18.0 - — 2 1.0 50 1800//+4 
4 TE5010 3 3.75 30 14.0 — 3 2.0 60 1500//+3 
6 TE5020 6 3.75 60 12.5 - — 4 2.0 70 1500//+3 
8 TE5030 6 375 60 10.0 90 125 5 2.0 80 1500//+3 
2 TE5040 3 6.5 20 30.0 — — 1 1.0 50 2700//0 
4 TE5050 3 65 30 15.0 — — 2 2.0 75 3100//0 
6 TE5060 6 6.5 60 19.5 — — 3 2.0 90 3100//0 
8 TE5070 6 6.5 60 13.0 80 175 4 2.0 100 3100//0 
2 TE5080 3 7.5 20 35.0 — — 1 1.0 50 3000//0 
4 TE5090 3 75 30 175 — 2 2.0 75 3300//0 
6 TE5100 6 7.5 60 22.5 -- — 3 2.0 90 3300//0 
8 TE5110 6 75 60 15.0 80 20.0 3 2.0 100 3300//0 
2 TE5120 3 15.0 20 70.0 — — 1 1.0 35 5000//-1 
4 TE5130 3 15.0 30 35.0 - —— 2 2.0 60 5000//-1 
6 TE5140 6 15.0 60 45.0 - — 2 2.0 90 5000//-1 
8 TE5150 6 15.0 60 30.0 80 40.0 3 2.0 100 5000//-1 

NOTES: 
1. Maximum inband ripple over temp, range -20°C to 70°C. 
2. Parallel termination capacity is adjusted for optimum filter response. Nominal parallel capacity, Cp: ±3pf. Impedance, 

Rp specified aoove. 
3. A tandem set is a combination of matched 2 pole filter units making up multipole filters [example: 4 pole response; 

(2) 2 pole units-matches.] 
4. These models available in other packages not shown below. 

TO ORDER: TEMEX P/N and PACKAGE TYPE: Example: TE5100M5. 

# POLES PACKAGE SELECTION 
2 M3 or 4 

4 M3 or 4{x2)M5, 6, 7, 8 or 9 
6 M3 or 4(x3)M5, 6, 8 or 9 

8 M3 or 4(x4)M6 or 9 

(x2)=2 cases (x3)=3 cases (x4)=4 cases 

PKG L W H P D 

M3 .435 .185 .45/53 .192 .017 

M4 .750 .350 .750 .486 .030 

PKG L W A 
M5 .590 .470 .354 

M6 .745 .496 .528 

PKG L A 
M7 .89 .216 

M8 132 .435 

M9 1.75 .645 

HC-18/3:M3 HC-6/3:M4 
HC-49/3:M3 

All specifications subject to change without notice. 

Consult TEMEX for your custom crystal and filter requirements. 

3030 W. Deer Valley Rd. • Phoenix, AZ 85027 • 602-780-1995 • (FAX) 602-780-2431 



T F Ik J P Y STANDARD 21.4 MHZ MONOLITHIC CRYSTAL FILTERS 
I L IVI L/V CHANNEL SPACING FOR 12.5 • 20 • 25 AND 50KHZ 
ELECTRONICS, INC. 

CRYSTALS • CRYSTAL FILTERS • UC FILTERS 

NO. 

POLES 

TEMEX 

P/N 

PASSBAND STOPBAND LOSS RIPPLE ULT. REJ TERM. (Rp//Cp) 

OHM/PF dB ±KHz dB ±KHz dB ±KHz dB dB-MAX dB-MIN 

2 TE5180 3 3.75 15 12.5 -- .... 2 1.0 50 850// + 6 
4 TE5190 3 3.75 30 12.5 — — 3 2.0 70 850// + 5 
6 TE5200 6 3.75 60 12.5 — — 4 2.0 90 850// + 5 
8 TE5210 6 3.75 60 10.0 80 12.5 5 2.0 100 850// + 5 
2 TE5220 3 6.5 15 20.0 - — 2 1.0 50 1300// + 2 
4 TE5230 3 6.5 30 22.5 - 3 2.0 70 1400//0 
6 TE5240 6 6.5 60 22.5 - — 4 2.0 90 1400//0 
8 TE5250 6 6.5 60 17.5 80 22.5 4 2.0 100 1400//0 
2 TE5260 3 7.5 15 25.0 - — 2 1.0 50 1500//0 
4 TE5270 3 7.5 30 25.0 - — 3 2.0 70 1600//0 
6 TE5280 6 7.5 60 25.0 - — 4 2.0 90 1600//0 
8 TE5290 6 7.5 60 20.0 80 25.0 4 2.0 100 1600//0 
2 TE5300 3 15.0 15 50.0 - — 2 1.0 45 3000//0 
4 TE5310 3 15.0 30 45.0 — — 3 2.0 60 3000//-1 
6 TE5320 6 15.0 60 45.0 - — 3 2.0 90 3000//-1 
8 TE5330 6 15.0 60 33.0 80 45.0 4 2.0 100 3000//-1 

NOTES: 
1. Maximum inband ripple over temp, range -20°C to 70°C. 
2. Parallel termination capacity is adjusted for optimum filter response. Nominal parallel capacity, Cp: ±3pf. Impedance, 

Rp specified above. 
3. A tandem set is a combination of matched 2 pole filter units making up multipole filters [example: 4 pole response; 

(2) 2 pole units-matched.] 
4. These models available in other packages not shown below. 

TO ORDER: TEMEX P/N and PACKAGE TYPE: Example TE5280M3 
» POLES PACKAGE SELECTION 

2 M1, 2 or 3 

4 M1, 2 or 3(x2)M5, 6, 7, 8 or 9 
6 M1, 2 or 3(x3)M5, 6, 8 or 9 
8 M1, 2 or 3(x4)M6 or 9 

(x2) = 2 cases (x3) = 3 cases (x4) = 4 cases 

PKG L W H P D 

M1 .300 .100 .310 .114 .017 

M2 .310 .125 .320'.345 .148 .017 

M3 .435 .185 ,45/.53 .192 .017 

PKG L W A 
M5 .590 .470 .354 

M6 .745 .496 .528 

PKG L A 
M7 .89 .216 

M8 1.32 .435 

M9 1.75 .645 
HC-44/3:M1 HC-45/3:M2 HC-18/3:M3 

HC49/3:M3 

All specifications subject to change without notice. 

Consult TEMEX for your custom crystal and filter requirements. 

3030 W. Deer Valley Rd. • Phoenix, AZ 85027 • 602-780-1995 • (FAX) 602-780-2431 



TEMEX STANDARD 45.0 MHZ MONOLITHIC CRYSTAL FILTERS 
ELECTRONICS, INC. 

CRYSTALS • CRYSTAL FILTERS • L/C FILTERS 

45 MHz MONOLITHIC CRYSTAL FILTERS 

NUMBER 
OF 

POLES 
MODE 

TEMEX 

P/N 

PASSBAND STOPBAND LOSS RIPPLE ULT. REJ. TERMINATION 

Ohms/pF dB +KHz dB tKHz dB dB-MAX dB-MIN 

2 30T TE7420 3 7.5 18 28 2 1 40 3000//-1.0 

4 30T TE7430 3 7.5 40 30 3 1 70 3000//-1.0 

2 30T TE7440 3 15 15 47 2 1 40 8000//-1.5 

4 30T TE7450 3 15 30 50 3 1 70 8000//- 1.5 

2 FUND TE7730 3 15 15 50 2 1 40 1100//+1.5 

4 FUND TE7740 3 15 40 60 3 1 70 800//+1.0 

NOTES: 
1. Maximum inband ripple over temp, range -20°C to 70°C. 
2. Parallel termination capacity is adjusted for optimum filter response. Nominal parallel capacity, Cp: t3pf. 

Impedance, Rp specified above. 
3. A tandem set is a combination of matched 2 pole filter units making up multipole filters [example: 4 pole 

response; (2) 2 pole units-matched.] 
4. These models available in other packages not shown below. 
5. Standard package = M2. 
6. 50 Ohms Z I/O available in our M5 or larger packages. 
7. 30T = Third ovenone crystals. 

# POLES PACKAGE SELECTION 

2 M1, 2 or 3 

4 M1, 2 or 3(x2)M5, 6, 7, 8 or 9 

Fund = Fundamental crystals. 
8. Other models available, consult factory. 

(x2) = 2 cases 

PKG L W H P D 

M1 .300 .100 .310 .114 .017 

M2 .310 .125 .327.345 .148 .017 

M3 .435 .185 .457.53 .192 .017 

PKG L W A 
M5 .590 .470 .354 

M6 .745 .496 .528 

PKG L A 
M7 .89 .216 

M8 1.32 .435 

M9 1.75 .645 
HC-44/3:M1 HO45/3:VI2 HC-18/3:M3 

HC-49/3:M3 

All specifications subject to change without notice. 

Consult TEMEX for your custom crystal and filter requirements. 
3030 W. Deer Valley Rd. • Phoenix, AZ 85027 • 602-780-1995 • (FAX) 602-780-2431 



I4RIL Low Cost Surface Mount VCO’s 
The new VCO 190 Series Voltage Controlled Oscillators represent the latest high 
performance surface mount source designs for cost sensitive wireless applications. 

Electrical 
The VARI-L patented oscillator circuit is applied as required, to 
provide the portable wireless designer with the very best combina¬ 
tion of excellent power efficiency coupled with low output phase 
noise. In addition, each device contains a high isolation pad/ 
buffer stage to provide flat spurious free power into almost any 
output load. All VARI-L VCO designs are fundamental single 
ended oscillators and therefore totally free of non-harmcnic 
spurious outputs. Further, the harmonic outputs of these new 
oscillators are filtered and controlled as specified to provide for 
simplified end use designs. 
A separate frequency modulation (FM) control port is supplied 

on some models for locked loop modulation, coarse/ fine high 
speed dual loops, or DC fine tune requirements. This option is also 
special order available on other models shown. 

Many of these oscillators are incorporated into the new award¬ 
winning* PLL 200 Programmable Phase Locked synthesizer mod¬ 
ules for wireless and commercial applications. For this reason, the 
VCO-190 models shown were developed with full know ledge of 
the unique requirements for phase locked wireless applications. 

Finally, all oscillators are 100% electrical tested using fully 
automatic computer controlled test stations. Simply, every part 
shipped is guaranteed specification compliant with S.P.C. data 
retained for monitoring quality and yield and associated continu¬ 
ous process tuning. 

Assembly 
The 190 Series of VCO's are available in tape and reel and are 
designed to withstand a minimum of two automatic reflow inser¬ 
tion exposures. 

Mechanical 
The unique surface mount package shown provides excellent 
mechanical solutions to shielding, low profile, ease of mounting, 
and repeatable in-circuit performance. These new VCO's are auto¬ 

matic re-flow assembled using the latest very high volume robotic 
manufacturing techniques. This results in superior electrical and 
mechanical product uniformity while allowing for low cost and 
virtually unlimited production capacity. Volume manufacturing is 
accomplished in an ISO 9000 compliant facility. 

Temperature 
Tuning linearity, output power, and phase noise are stable and flat 
over 0 to 70 °C commercial temperature range. Operation from 
-35 °C to +85 °C is also specified with derated performance. 

Supply 
All specifications are published utilizing a 5 Volt supply. 
However, operation with a supply of 3 Volts or less is routinely 
possible with reduced parameter performance. Conversely, a 
series dropping resistor will allow proper operation at any greater 
supply voltage. The dropping resistor may be used in conjunction 
with an appropriate bypass capacitor (RC Filter) to yield: 
improved power supply, de-coupling/noise suppression, 
improved oscillator supply voltage regulation with temperature, 
as well as improved oscillator pushing performance. 

General 
Detailed product data sheets for the models shown are available 
upon request. In addition to the standard catalog line, VARI-L 
offers a complete line of custom designed devices to meet specific 
customer requirements. These include tailored frequency ranges, 
custom output buffering, improved performance of selected para¬ 
meters such as linearity, noise, modulation rale, etc., custom pack¬ 
aging, additional temperature range or temperature compensation 
and special power supply requirements. (For example contact 
VARI-L Sales Engineering for information on optimized 3V 
designs.) 

•Winner of the Microwaves & RF Top 12 Product Award for 1993. 

Note, Unless otherwise specified: 
1. The metal case is ground and is 
composed of tin electroplated brass. 

2. This dimension is between the metal case 
and the edge of the board. 

3. All half via contacts are plated thru from 
the pad on the top side to the pad on the 
bottom side of the board. 

4. All dimensions shown in Detail-A and B 
are typical of all isolated contact pads. 

5. Cross hatched areas are ground and are 
covered with LPI solder mask. All con¬ 
tact areas are plated with SN-63 solder. 

6. Substrate material: FR-4. 

7. For surface mount pad patterns, request 
Bulletin 101 "Surface Mount Package 
User's Information." 

DETAIL A DETAIL B 

PIN OUT 
STYLE (S) STYLE (T) 

PIN APPLICATION PIN APPLICATION 
2 Vt 2 Vt 
6 N/C * 6 N/C * 
10 RF OUT 10 RFOUT 
14 Vcc 14 Vcc 

All other pins are ground 
• Optional Audio Modulation Port (types with suffix -M" on 
Part No ) 

TABLE A 
HEIGHT DIM 
•1 250 
-2 180 
-3 200 
-4 100 
-5 

Note For special height require¬ 
ments contact VARI-L Sales 
Engineering 

VARI-L Company, Inc. • 11101 East 51st Avenue • Denver. Colorado 80239 • Phone: 303/371-1560 • FAX: 303/371-0845 
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_ Separate Modulation Port_ 

Phase Deviation Distortion 
Noise Average Variation 1 KHz at 1 VPP 

Tuning RF Supply Supply 10 KHz Modulation Modulation Harmonic Deviation Over Bandpass Package Style/Height 
Model Frequency Voltage4 * Power6 Voltage’ Current Offset' Sensitivity Bandwidth Suppression Pushing Pulling’ Drift 1 VPP at 1 KHz* the Band .3 - 3 KHz See Table 1 

VCO-190" MHz Min/Max dBm Volts mA dBc/Hz MHz/Volt MHz dBc MHz/V MHz-PP MHz/C KHz % % S T* 
45 44-46 1-4 0 5 9.5 116 .7 >.5 20 .05 .05 -.008 1 
70 68-72 1-4 0 5 9.5 116 1.0 >.5 20 .07 .07 -.01 1 
72 70.5-73.5_ 1-4_ 0_ 5_ 9.5_ 116_ 1.0_ >.6_ 20_ .07_ 07_ -.01_ 1_ — 
72M 70.5-73.5 MOS 9.5 116 1.0 >.6 20 .07 .07 -.01 1012 ±10 <.5 1 
112 7,5-1.50 1-16_ 0_ 5_ 08_ 1H_ 1.0_ _ 10_ 4_ .25_ -O2_ _ 1_ — 
125 120-130 1-9 0 5 9.5 H8 1.2 > 8 20 .10 .10 -.015 1 1 
135 130-140 1-9 0 5 9.5 117 1.3 >.8 20 .15 .15 -.015 1 
150 100-200 1-16 0 5 9.5 113 75 >.5 10 .5 .3 -.025 1 1 
200 150-250 1-16 0 5 95 113 10.0 >.75 10 .75 .4 -.028 1 
250 245-255 1-4 0 5 9.5 116 2.6 >1.0 20 .25 .25 -.025 1 
25OA 200-300 1-12 0 5 9.5 113 12.0 >.75 12 1.0 .5 -.03 1 
300 250-350 1-10 0 5 9.5 113 13.0 >.75 12 1.1 .7 -.035 1 
350 300-100 1-9 0 5 9.5 112 15 >1.0 12 1.3 .8 -.037 1 
400 350-450 1-9 0 5 9.5 112 16 >1.0 12 1.4 .85 -.04 1 
422 415-430_ 1-1 0_ 5_ 10.0_ 118_ 7.0_ >2.0_ 20_ 5_ 5_ -.04_ 1_ 3 
422M 415-430 1-4 0 5 10.0 118 7.0 >2.0 20 .5 .5 -.04 1012 110 <5 1 3 
450 442-458 1-1 0 5 9.5 118 7.25 >2.0 20 .5 .5 -.04 1 3 
450M 442-458 1-4 0 5 9.5 118 7.25 >2.0 20 .5 .5 -.04 10±2 ±10 <.5 1 3 
450A 400-500 1-9 0 5 9.5 112 16 >1.0 12 1.5 1.0 -.045 1 3 
450AM 400-500 1-9 0 5 9.5 112 16 >1.0 12 1.5 1.0 -.045 1113 135 <.5 1 3 
490 482-498 1-4 0 5 10.0 118 7.5 >2.0 20 5 5 -.04 1 3 
550 500-600 1-9 0 5 9.5 110 17 >1.0 12 1.8 1.3 -.06 1 3 
675 600-750 1-9 0 5 10.0 108 23 >2.0 12 2.5 1.8 -.08 2 3 
680 667-693 1-4 0 5 9.5 112 11 >1.0 20 .55 1.5 -.05 2 3 
752 739-765_ 1-4_ 0_ 5_ 10.5_ 110_ H >1.0 _ 20 _ 6_ 15_ -06_ 2_ 3 
Hi 760-786 1-4 0 5 10.5 110 11 >1.0 20 .6 2.0 -.06 2 3 
775 700-850 1-9 0 5 10.0 107 26 >2.0 12 3.0 2.2 -.09 2 3 
810 797-823 1-4 0 5 10.5 110 11 >1.0 20 .65 2.0 -.065 2 3 
836 823-849 1-4 0 5 10.5 110 10 >1.5 20 .7 2.0 -.070 2 3 
836M 823-849 1-4 0 5 10.5 110 10 >1.5 20 .7 2.0 -.070 10±2 ±10 <.25 2 3 
864 851-877 1-4 0 5 10.5 110 10 >2.0 20 .8 2.0 -.075 2 3 
900 800-1000 1-9* 0 5 10.0 106 30 >2.0 12 3.5 2.5 -.10 2 3 
902 889-915 1-4 0 5 10.5 110 10 >3.0 20 .8 2.0 -.08 2 3 
915 902-928 1-4 0 5 10.5 110 10 >3.0 20 .8 2.0 -.08 2 3 
926 913-939_ 1-4_ 0_ 5_ 10.5_ 110_ 11_ >3.0_ 20_ 8_ 2.0_ -.08_ 2_ 3 
947 934-960 1-4 0 5 10.5 109 11 >3.0 20 .85 2.0 -.085 2 3 
964 951-977 1-4 0 5 10.5 108 11 >3.0 20 .85 2.0 -.085 2 3 
992 979-1005 1-4 0 5 10.5 108 11 >3.0 18 .85 2.2 -.085 2 3 
1100 1085-1115 1-4 0 5 10.75 106 11.5 >4.0 18 .85 2.2 -.085 2 3 
1100A 1000-1200 1-9* 0 5 11.0 104 30 >2.0 12 4.5 3.5' -.13 2 3 
1200 1185-1215 1-4 0 5 10.75 106 12.0 >5.0 18 1.0 2.3 -.09 2 3 
1500 1450-1550 1-6 0 5 11.0 103 28 >10.0 15 1.2 2.5 -.13 2 3 
1550 1500-1600 1-6 0 5 11.5 102 28 >10.0 15 1.3 2.7 -.15 2 3 
1650 1600-1700 1-6 0 5 11.5 100 28.5 >10.0 15 1.4 2.7 -.16 2 3 
1750 1700-1800_ 1-6_ 0_ 5_ 115_ 99_ 285_ >10.0_ 15_ 15_ 3.0_ -.18_ 2_ 3_ 
1850 1800-1900 1-6 0 5 11.5 98 28.5 >10.0 15 1.5 3.1 -.19 2 3 
1900 1500-2300 1-15 0 12 14.5 80 70 >10.0 10 2.5 5.0 -.3 2 3 
1950 1900-2000 1-6 0 5 11.5 97 29 >10.0 15 1.6 3.2 -.2 2 3 
2050 2000-2100 1-6 0 5 11.5 96 30 >10.0 15 1.7 3.4 -.26 2 3 
2150 2100-2200_ 1-6_ 0_ 5_ 115_ 95_ 30_ >10.0_ 15_ 2.0_ 3.5_ -.28_ 2_ 3_ 
2250 2200-2300 1-6 0 5 11.5 95 30 >10.0 15 2.5 3.7 -.30 2 3 
2200 1800-2600 1-15 0 12 155 80 70 >10.0 10 3.8 7.5 -.4 2 3 
2350 2300-2400 1-6 0 5 11.5 95 30 >10.0 15 2.9 3.9 -.3 2 3 
2450 2400-2500 1-6 0 5 115 95 30 >10.0 15 3.0 4.0 -.22 2 3 
245OA 2400-2500 1-4 0 4.5 11.5 90 50 >10.0 20 3.7 6.0 -.37 — 4 
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Compact Software 
End-of-Year Special 

fíF/Microwave Oscillator Design System 

Pays for Itself by Replacing Months of Prototyping 
with Minutes of Analysis! 

900 MHz Ceramic Oscillator Simulated and Measured 
Phase Noise 

♦ Complete Workstation-based RF/Microwave Oscillator 
Design System, including: 

Schematic capture 
Nonlinear circuit simulator 
Phase noise analysis capability from RF to mm-wave 
Available with and without layout module 
Supports oscillator types: Crystal, L-C, CRO, DRO, VCO, YIG & more 

Special Year-End Pricing available for a Limited Time Only ! 
(USA/Domestic Customers only) 

For more info, coll (201) 881-1200. 
Ask for Kathy or Nancy in Sales. 

Compact 
Software 
MIC ROW AJE. RF and LIGHTWAVE CAD SOLUTIONS 



RF EXPO 
NEW TIMING makes RF Expo West 
the first RF show of the year-
first with the latest information on today’s 
most exciting areas of RF technology: 

• Digital Communications & DSP 

• Test & Measurement 

• Essential RF Circiits 

• Wireless Personal Communications 

• Specialized Design Techniques 

• Wireless Applications 

• RF Component Applications 

• Next Generation Technology & Techniques 

AN ALL-NEW PROGRAM of high-caliber presentations and papers features 
the industry’s leading experts sharing their 
knowledge and insights. 

NEW HOURS & LOCATION give you more time to check out all the quality RF products 
and services in San Diego—the emerging wireless capital 
of the world. 

AND A NEW ALLIANCE with the EMC/ESD International Show adds an essential 
update on electromagnetic compatibility and electrostatic 
discharge standards. 

These are the improvements you’ve been asking for. 
And RF Expo West is the only place you’ll find them. 
For registration details, fax 404-618-0441 
or call 800-828-0420. 

THE WIRELESS SHOW THAT JANUARY 29 THROUGH FEBRUARY 1, 1995 

SAN DIEGO CONVENTION CENTER, SAN DIEGO, CA 
GOES THE DISTANCE 

Sponsored by: 

Redesign ® 



RE tutorial_ 

Notes on High-Speed Digital Signals 

By Gary A. Breed 
Editor 

Although space is limited for this 
month’s tutorial, we will try to identify the 
problem areas presented by high-speed 
digital signals. These signals have a 
combination of digital and RF properties 
that offer challenges to engineers 
designing both purely digital systems 
and combined systems with analog and 
digital circuitry. 

From a design engineer’s perspective, 
there are three primary issues that 

arise from high-speed digital signals: 

• Transmission line effects on their digi¬ 
tal behavior. 

• Increased radiation over lower fre¬ 
quency digital signals. 

• Self-interference in combined analog 
and digital systems. 

These issues are all interrelated, and 
they all deal with the high frequency 
nature of the signals. In many cases, 
these problem areas affect both RF/ana-
log and digital designers. 

Transmission Line Effects 
Behavior of signals in lines (reflection, 

radiation, dispersion, coupling) is a func¬ 
tion of wavelength. Of course, higher 
frequency signals have shorter wave¬ 
lengths. When physical dimensions 
remain the same, a higher frequency 
system will have more pronounced 
effects. 
For example, the original IBM PC had 

a clock of 4.77 MHz. A 12-inch trace on 
a circuit board is only about 0.005 À at 
that frequency. Microprocessors and 
DSP devices now routinely operate with 
50 MHz clock frequencies, where that 
same circuit trace is more than 0.05 k. 
This is 18° electrical length at 50 MHz, a 
“long” conductor to any RF engineer. 

If this transmission line is not terminat¬ 
ed in its characteristic impedance, 
power will reflected and standing waves 
will occur, altering the shape of the 
wave and potentially causing a failure to 
reach the logic threshold voltage at the 
destination device. 

Making the situation worse, digital sig¬ 
nals have plenty of energy in harmonics 
of the clock frequency. The actual 
amount of energy is dependent on the 
repetition rate (clock frequency), the rise 
and fall times, and the duty cycle [1]. A 
line carrying a 50 MHz clock signal 
should perform well to at least the third 
harmonic of 150 MHz. 
While termination is the first step in 

dealing with high-speed digital signals, it 
doesn't fix everything. Coupling to adja¬ 
cent lines is a significant problem. While 
smaller size helps with signal transmis¬ 
sion, it unfortunately places lines close 
together, creating the opportunity for 
coupling. 
Proper routing of signal lines is the 

typical solution to coupling problems. 
High-speed data lines need to be kept 
as far apart as possible, while low-
speed or status lines can be grouped 
closer to one another. 

Radiation Problems 
Radiation is one more problem that 

arises in high-speed digital systems. Not 
only does it make compliance with FCC 
Part 15 standards difficult, it can create 
problems internal to the unit. Self-inter¬ 
ference will be discussed later, but for 
comp iance purposes, there are a few 
key techniques to be evaluated by the 
designer. 
One method is to place signal lines 

between ground plane layers in multi¬ 
layer circuit boards. This creates 
stripline transmission lines, which have 
far better field containment than 
microstrip, which has a ground plane 
only below the conductor. Multi-layer 
boards are widely used for both higher 
density signal routing and control of 
electromagnetic radiation. 
Another, more extreme, method is to 

use localized shielding in areas of the 
circuit where high frequency energy is 
concentrated. Product compliance can 
be very expensive if failure to meet the 
required standards delays shipment. As 
a repair or retrofit technique, shielding is 
the most expedient, although it is usual¬ 

ly much more costly than a integral solu¬ 
tion designed into the product earlier in 
the process. 
Nearly all high-speed digital products 

are packaged in metal or conductive 
plastic enclosures. This measure of 
shielding is necessary for compliance, 
but even shielding has areas of concern 
to designers. 
Cables and apertures are the primary 

trouble spots, since this is where the 
continuity of the shield is broken. Aper¬ 
tures include slots for disk drives and 
CD-ROMs, keyboards and displays. 
Waveguide theory suggests how much 
they will radiate, but it’s not a complete 
analysis. The apertures are usually pen¬ 
etrated by panels, and various wires and 
circuit board conductors approach the 
outside of the enclosure. 
Perhaps the most difficult radiation 

problems are caused by cables. Filtered 
connectors can be some help, as can 
shielded cables. However, the high¬ 
speed signals must still be carried 
through the cables’ conductors, and 
even a small amount of energy can cre¬ 
ate a significant electromagnetic field 
strength when the “antenna” comprising 
the cable and equipment is a sizeable 
fraction of a wavelength (especially if it 
becomes resonant!). 
The integrity of the cable shield is 

essential, as is the reduction of current 
on the outside of the cable. The latter 
may require ferrite chokes or 100 per¬ 
cent shield coverage instead of just 
braided shielding. The proper selection 
of connectors for high-reliability mating 
is very important too. 

Self-Interference in Combined 
Analog and Digital Systems 

In the November 1994 issue of RF 
Design, a self-irterference situation wa 
described by Egan and Lucas [2]. In this 
case, a high-speed prescaler had a low-
frequency oscillation that modulated a 
VCO in a synthesizer. This points out an 
unusual problem with high-speed digital 
devices — they can have very high ana¬ 
log gain, which s related to the inverse 
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Actual Size 

VNÃ Amplifiers +17.5dBm, O.5to2.5GHz 
Vfery New Amplifiers .. .at a very affordable do 

price, from Mini-Circuits! Yes, VNA-25 RF amplifiers are very ?1 

small, yet incredibly powerful (+17.5dBm typ. output at 1dB |n o_ ’x o Out

compression). Tbe SOIC-8 pin surface mount units operate n 3 /[ 6 
directly from a +3V to +5V single DC supply with 18dB typ. I 
gain and cover the popular 0.50-2.50GHz wireless band. 2’4’5’| 7| 8

These units are very easy to use because all capacitors are ~ 
internal and RF/DC connections are separate, eliminating the 
need for both external coupling capacitors and an RF choke. You can buy these very 
new amplifiers for tie low price of just $2.95 ea., qty. 1000. Development qty. 10, only 
$4.95ea.l So, call Mini-Circuits today for immediate off-the-shelf availability and 
guaranteed 1 week shipment. 

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

Freq.(GHz) .5-.8 .8-1.0 1.0-2.0 2.0-2.5 

Gain (dB) typ. 14.0 17.0 18.0 16.0 
Max. Output (dBm) 
@1dB Comp. typ. +18.0 +18.5 +17.5 +17.0 
IP 3rd Order 
(dBm) typ. +27 +27 +27 +27 

VSWR Output typ. 1.5:1 1.7:1 1.7:1 1.5:1 
VSWR Input typ. 6.4:1 2.8:1 2.0:1 1.4:1 

DC Power.: +5.0V for specified performance. 
Current, (mA): 85typ., 105 max. 
Thermal Resistance. Junction-to-case: 125°C/W 
Price ($) ea. : 2.95 (qty. 1000), 4.95 (qty. 10). 

•All specs at 25°C (case temp. 35°). 
•Available in Tape and Reel. 
•Mill- at 150°C max. junction temp.: 3x107hrs.typ. 
"Case' is defined as mounting surface of leads. 

Mini-Circuits’ 
P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 

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

CUSTOM PRODUCT N E E D S .. .Let Our Experience Work For You. 
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of frequency. If nothinç else, this exam¬ 
ple illustrates that these devices can 
present new problems not encountered 
with previous generations of digital 
devices. 
Although unusual problems occur, an 

engineer is more likely to find more typi¬ 
cal problem areas. These well-known 
problems include ground bounce, power 
supply line coupling, and crosstalk. In a 
high-speed environmert, the frequency-
related behavior already noted makes 
them more difficult to address. 
Ground bounce is the small variation 

in ground potential caused by the pulsed 
current consumption cf digital circuits. 
With lower-frequency logic, ground 
bounce is usually far removed from the 
RF frequencies of analog circuitry. Sep¬ 
arate ground planes for analog and digi¬ 
tal circuitry are usually sufficient in this 
case. But high-frequency digital signals 
are within the RF operating range of 
many applications. Isolation between 
digital and analog circuitry must be 
improved beyond grounding, to avoid 
coupling from digital g ound to RF cir¬ 
cuits. 

Power supply lines are subject to 
effects similar to ground bounce. In this 
case, the typical solution is better 
decoupling at the device. Usually, the 
normal bypass capacitor is augmented 
by a ferrite bead, to create a lowpass L-
C filter. New types of planar capacitors 
may help, as well. They have high 
capacitance and very low inductance, 
making them more effective at high fre¬ 
quencies. 

Finally, crosstalk is the most common 
digital-into-analog/RF problem. This 
topic cannot be even introduced effec¬ 
tively in this short note, except to say 
that wide separation of digital and RF 
signals is usually required to keep 
crosstalk under control. In small hand¬ 
held equipment, this is certainly a chal¬ 
lenge. Refer to the list of references for 
more information. 
Dealing with high-speed digital signals 

in circuitry common to RF/analog func¬ 
tions is a rapidly growing problem. 
Through this note, we hope that RF 
engineers gain an appreciation for the 
nature and severity of the problems that 
they may encounter. RF 
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RE design awards_ 

Ladder Filter Design Made Simple 

By Richard Yeager 
Hughes Network Systems, Inc. 

LADDER is a PC compatible soft¬ 
ware program for the design and analy¬ 
sis of lumped-component RF ladder fil¬ 
ters up to 2 GHz. Professionals and 
beginners may use the program to 
quickly explore many kinds of filters. 
The program includes features such 
as: 14 kinds of filters, unequal termina¬ 
tion impedances, selectable compo¬ 
nent Qs, 5%/10% value substitution, 
editable SPICE file generation, analysis 
and monte carlo simulation on magni¬ 
tude, phase and group delay, and 
hardcopy output. 

Have you ever wanted to quickly 
design an LC filter, but didn’t want 

to go through the tedious denormaliza¬ 
tion calculations needed to convert 
Zverev’s [1] or Williams’ [2] tabularized 
designs? Did you ever want to see the 
effect of using standard 5% or 10% 
inductors and capacitors in your 
design? What do you do when you 
need unequal termination impedances 
in a common ladder filter design? Have 
you ever wanted to do Monte Carlo 
runs on phase and group delay, as well 
as magnitude? I know I have wanted or 

needed to do these things over the 
years. LADDER is a PC application that 
allows you to do all this. 

LADDER - The Program 
LADDER is an IBM PC-compatible 

DOS software program written to 
design lumped-component all-pole lad¬ 
der filters. The program uses a menu-
driven, point-and-click architecture to 
design 14 kinds of lowpass, highpass, 
and bandpass filters. Available filter 
orders range from 2nd to 10th order in 
general. Design values are taken from 
Zverev [1] and Fink [3]. Once a filter 
has been designed, the user may go to 
an analysis module that can produce 
the frequency, phase and group delay 
responses for the design, plus do 
Monte Carlo runs on the filter. Hard¬ 
copy output, to printer or file, can be 
produced at any time during the analy¬ 
sis session. 
The design philosophy for LADDER 

centered on the objective of being easy 
to use - that is, requiring as little typ¬ 
ing-in of information as possible. To 
this end, itemized menus, radio-button 
pick-lists, and push-type command but¬ 

tons are used wherever possible. This 
requires that some parameters be 
quantized to particular values and a 
discrete choice be given. For instance, 
the choices of source to load termina¬ 
tion impedance (R S/R L) generally 
ranges from 0.1 to 1.0 or 1.0 to 10.0 
with ten choices in each range. One 
should be able to find a suitable choice 
in this case for most applications. Many 
filter design parameters such as family, 
type (lowpass, highpass, bandpass), 
topology (LO-Z, Hl-Z), component toler¬ 
ances, and order can be set entirely 
with mouse clic<s on menus or lists. 
Other parameters such as frequency, 
bandwidth, impedance level, etc., are 
entered manually in various dialog 
boxes. Help messages at the bottom of 
the screen give the user information on 
the allowable range of values for these 
inputs. A HELP main menu item dis¬ 
plays a help file giving information on 
the operation of the program in general. 
There are three basic modules in 

LADDER: the MAIN MENU, the 
ANALYSIS module, and the HARD¬ 
COPY module. All available filter 
design parameters are set via the 

File Family Parameters Design Analysis Help Exit 
[LC-LADDER FILTER DESIGN: Ver. 0.1 (c) 1994, R. Yeager] 

[FILTER] 
FAMILY = CHEBYCHEV 0.25 dB 
ORDER =2 
TYPE = BANDPASS 
TOPOLOGY = LO-Z 

[COMPONENT] 
Q(L) = 99999 
0(C) = 99999 
%TOL(L) = EXACT 
%TOL(C) = EXACT 

Z0 =50.000000 ohms 
Fc =100.000000 kHz 
BW =1.000000 kHz 
RS/RL =2 
RS =100.000000 ohms 
RL =50.000000 ohms 
RIPPLE =0.25 dB 

MAIN MENU 

Figure 1. LADDER'S main menu showing design 
parameters for a 100 kHz bandpass filter. 

Figure 2. Default graphical analysis mode of LAD¬ 
DER showing delay, phase and magnitude of exam¬ 
ple 100 kHz bandpass filter. 
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RF —IH 

Easily combines RF+DC signais 
for your modulation or 
test req jirements. 

RF+DC 

DC 

Now up to 200mA DC current 100kHz-6GHz 
Now you can DC connect to the RF port of an active device, and modu ate 
a laser over a very bread frequency range. Using statistical process conrol 
and a patent-applied or technique of combining magnetics and 
microstrip, large DC currents may pass through the 
Bias-Tee without satuEtion and degradation of 
performance. At 1/3 to 1/4 the price of competitive 
units, these new Bias-Tees are available in surface 
mount, pin and SMA connectorized models. 
So why wait, solve ycur connection problems with 
Mini-Circuits' Bias-Tee. Available from stock. 

Model 

aZFBT-4R2G 
aZFBT-6G 
aZFBT-4R2GW 
aZFBT-6GW 
aZFBT-4R2G-FT 
aZFBT-6G-FT 
aZFBT-4R2GW-FT 
aZFBT-6GW-FT 
■PBTC-1G 
■PBTC-3G 
■PBTC-1GW 
■PBTC-3GW 

•JEBT-4R2G 
•JEBT-6G 
•JEBT-4R2GW 
•JEBT-6GW 

Freq 
(MHz) 

1&4280 
10-6000 
0.1-4200 
0.1-6000 
10-4200 
10-6000 
0.1-4200 
0.1-6000 
10-1000 
10-3000 
0.1-1000 
0.1-3000 

10-4200 
10-6000 
0.1-4200 
0.1-6000 

Insertion Loss 
(dB Typ.) 
LMU 

0.15 0.6 0.6 
0.15 0.6 1.0 
0.15 0.6 0.6 
0.15 0.6 1.0 
0.15 0.6 0.6 
0.15 0.6 1.0 
0.15 0.6 0.6 
0.15 0.6 1.0 

0.15 0.3 0.3 
0.15 0.3 1.0 
0.15 0.3 0.3 
0.15 0.3 1.0 
0.15 0.6 0.6 
0.15 0.7 1.3 
0.15 0.6 0.6 
0.15 0.7 1.3 

Isolation 
(dB Typ.) 
LMU 
32 40 50 
32 40 30 
25 40 50 
25 40 30 
N/A N/A N/A 
N/A N/A N/A 
N/A N/A N/A 
N/A N/A N/A 

27 33 30 
27 30 35 
25 33 30 
25 30 35 

32 40 40 
32 40 40 
25 40 40 
25 40 30 

VSWR 
(Typ) 

1.13:1 
1.13:1 
1.13:1 
1.13:1 
1.13:1 
1.13:1 
1.13:1 
1.13:1 
1.101 
1.60.1 
1.101 
1.601 

Price 
$ ea 
1-9 qty. 
59.95 
79.95 
79.95 
89.95 
59.95 
79.95 
79.95 
89.95 

25.95 
35.95 
35.95 
46.95 

39.95 
59.95 
59.95 
69.95 

L = Low Range M = Mid Range U ■ Upper Range 
NOTE: Isolation dB applies to DC to (RF) and DC to (RF+DC) ports. 
aConnectorized Models «Pin Models • Surface Mount Models 

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

^Mini-Circuits 
“ “ “ w P.O Box 350166, Brooklyn. New York 11235-0003 (718)934-4500 Fax (71 8)332-4661 

For detailed specs on all Mini-Cinuits products refer to • THOMAS REGISTER • MICROWAVE PRODUCT DATA DIRECTORY • EEM • MINI-CIRCUITS' 740- pg. HANDBOOK. 

CUSTOM PRODUCT N E E D S ...Let Our Experience Work For You. F 164 Rev A 
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200-V/m 
susceptibility 
testing: 
Your fields 
shouldn’t 
fade as the 
frequencies 
rise. 

A broadband amplifier that’s operating 
Class A isn’t squandering a good portion 
of its output power to feed unwanted 
harmonics. And superior load/VSWR tol¬ 
erance keeps it pumping its full rated 
power even under outrageous mismatch 
conditions. 

Let’s compare the actual minimum 
output of our two newest high-power 
Class A solid-state amplifiers with some 
well-regarded Class AB amplifiers. You 
could buy a 1,000-watt Class AB amplifi-

as the frequencies 
rise. Conservatively 
rated, oar models 
500HB and 1000HB 
deliver a minimum 
of 500 and 1,000 
watts respectively 
throughout the 400-
1,000 MHz frequen¬ 
cy range. And our 
Series AT4000 horn 
antennas display 

1000 
900 

800 

no 
600 

2 E 500 
2 400 

Si 200 

600 700 800 

FREQUENCY (MHz) 

1000 

er and wonder why it can’t give you 
more than 450 watts. The reason is its 
inherent load/VSWR foldback. Think 
about what that would do to the fields 
you think your kilowatt is generating. 

In the band from 400 to 1,000 MHz, 
Class A performance really pays off. 
Notice how the fields created by our 
matched amplifier/antenna systems are 
maintained and even increase in strength 

the happy faculty of maintaining the field 
level as the frequency sweep goes up. 
To assure yourself of the 200-volts-per-
meter field at every sampling in the test, 
you need the team of amplifiers and 
antennas that comes only from AR. 

Other matched systems of AR ampli¬ 
fiers and antennas cover the frequency 
spectrum from 10 kHz to 1 GHz with 
reliable power from 1 to 10,000 watts. 

You can get systems for generating fields 
as low as 20 V/m through that entire 
five-decade range, up to and beyond the 
200-V/m systems shown here. 

If you'd like to chat—on our nickel— 
with one of our applications engineers 
about your rf susceptibility-testing situa¬ 
tion, he’ll answer tie phone himself 

when you dial 1.800-933-8181. 

nmpiiFicn 
nesennui For engineering assistance, sales, and service throughout Europe, call 

EMV • Munich, 89-612-8054 • London, 908-566-556 • Paris, 1-64-61-63-29 
160 School House Road • Souderton, PA 18964-9990 USA • TEL 215-723-8181 • FAX 215-723-5688 
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Figure 3. Monte Carlo analysis of 
filter of Figure 1 with 3 trials and 
10% tolerances for components. 

MAIN MENU which appears on pro¬ 
gram start-up. The ANALYSIS module 
will produce frequency sweeps and 
Monte Carlo runs on magnitude, phase, 
and group delay. The HARDCOPY 
module can output analysis results in a 
variety of printer formats. 

Designing Filters 
All-pole filters consist of an alternat¬ 

ing sequence of series/shunt branches 
from input to output; no series-connect¬ 
ed parallel traps or non-adjacent node 
bridges are allowed. The MAIN MENU¬ 
FAMILY selection allows you to choose 
filters from BUTTERWORTH to TRAN¬ 
SITIONAL GAUSSIAN families. I have 
chosen to call the topology of a filter, 
(i.e., the way the branches are 
arranged), by the names LO-Z and Hl-
Z. LO-Z signifies that the first branch 
seen by the source is a shunt branch. 
This implies that the filter input imped¬ 
ance tends toward a short circuit in the 
stop-band. The Hl-Z topology sees a 
series branch first, and tends toward an 
open circuit in the stopband. Driving 
and load impedances may be different, 
but in a specific way. Even-ordered LO-
Z topologies must have source imped¬ 
ances equal to or greater than load 
impedances. Odd-ordered LO-Z topolo¬ 
gies must have souice impedances 
equal to or less than load impedances. 
If you change the topology to Hl-Z, the 
RS/RL relationships are reversed. All 
designs are produced such that the 
load impedance is always equal to Zo, 
the system impedance of the filter. 
Remember that passive filters are bi¬ 
lateral; hence you may drive them from 
either end, should you prefer the 
impedance ratio reversed from that 
shown by LADDER. Lewpass and high-
pass cut-off frequencies and bandpass 
bandwidth frequencies are always the 3 
dB values in LADDER. 

Two features are provided to make 
your designs more realistic. Inductor 
and capacitor Qs (each as a group) 
may be set individually. Finite Q is 
modeled as a fixed resistance in series 
with components and is included in 
LADDER’S analysis as well as the gen¬ 
erated SPICE files. Inductors and 
capacitors may also be set to exact val¬ 
ues, or, to the nearest 5% or 10% stan¬ 
dard values with the click of the mouse. 
This is particularly valuable for the pro¬ 
duction-minded engineer. 
The actual component values and cir¬ 

cuit schematic may displayed at any 
time by choosing the MAIN MENU-
DESIGN-Show Design selection. Filter 
parameters and values may be saved 
to an ASCII text file with the MAIN 
MENU-FILE-Save selection. A SPICE 
text file for your design will be written to 
file ‘FILTER.CIR’ when you select the 
MAIN MENU-DESIGN-Write Spice File 
item. The SPICE file will appear in a 
mini-text editor, allowing you to edit the 
file before an ESC key saves and clos¬ 
es the file. 

Analyzing a Filter 
LADDER contains a frequency analy¬ 

sis capability. Choosing the MAIN 
MENU-ANALYSIS menu item sends 
you to the analysis module. In the initial 
dialog parameter entry screen you may 
enter the minimum and maximum 
sweep frequencies, plotted point reso¬ 
lution, and Monte Carlo run parameters 
including the variable quantity to which 
the Monte Carlo operation is applied 
(magnitude, phase, or group delay). 
Monte carlo variations are uniformly 
distributed in the percentage range 
entered. Clicking the ‘Do Analysis’ 
command button sends you into the 
analysis display. This display initially 
plots the nominal magnitude, phase, 
and group delay of the current design. 
A vertical scroll bar allows you to view 
attenuation down to 120 dB. The ‘0 dB’ 
button will normalize the magnitude dis¬ 
play to 0 dB at the highest displayed 
magnitude value (this mode is toggled 
on and off by the '0 dB’ button). To 
make measurements from the plot, 
choose the ‘SPOT’ button. In this mode 
the three quantities are continuously 
displayed on the screen according the 
position of the mouse along the fre¬ 
quency axis (this mode also toggles on 
and off with a mouse click). Figure 1 
shows a typical example of the analysis 
display while in the SPOT mode. 
To perform a Monte Carlo run, click 

the ‘MONTE CARLO’ button. Each 

sweep will be displayed, concluded by 
a highlighted MIN-MAX envelope. The 
Monte Carlo mode also has a ‘SPOT’ 
mode which will continuously display 
the minimum and maximum values on 
the run for the selected variable quanti¬ 
ty. To make a different run you must 
exit the analysis display to the parame¬ 
ter dialog box and do another analysis. 
Choosing the HARDCOPY button in 

the analysis display sends you to the 
hardcopy module. The nominal fre¬ 
quency sweep and Monte Carlo run (if 
one was executed) can be output to a 
printer of your choosing. Each data set 
is first displayed for your inspection (hit 
any key to continue past it). Next a dia¬ 
log box appears to choose printing 
parameters. I prefer to send my outputs 
to a file usually, so that the plot may be 
copied from DOS to a printer as many 
times as I like. The HARDCOPY mod¬ 
ule returns to the analysis module 
when finished. 

Conclusion 
LADDER is a versatile PC program 

intended to aid in designing RF ladder 
filters. A large selection of filter families 
allows the working engineer to quickly 
design and analyze several designs in 
a short time in order to evaluate and 
compare various performance factors. 
Hardcopy output provides permanent 
records of analysis results. The pro¬ 
gram is also useful as a tutorial for 
exploring the shapes and variabilities of 
various filter structures. 
LADDER is available through Argus 

Direct Marketing. See page 86 for 
ordering information. RF 
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RF product forum_ 

Frequency Synthesizers Moving Up 
in the Wireless Marketplace 
This month’s product forum highlights 
frequency synthesizers. Several manu¬ 
facturers offer their opinions on today’s 
marketplace and trends in the industry. 

Programmed Test Sources, Inc. 
In the test and measurement OEM 

markets for frequency synthesizers, 
growth is being driven primarily by two 
forces: the expansion of high frequency 
communications technologies (PCS, 
Mobile phone), and the increasing 

The PTS D620, 1-620 MHz. 

emphasis on component test at higher 
and higher clock frequencies (e.g. A/Ds, 
D/As). Both of these applications 
demand high quality, low-noise signal 
sources at “commercial volume” prices. 
PTS serves this market with a complete 
line of high-performance, low-noise sin¬ 
gle and dual channel synthesizers, and 
will soon be announcing a product cov¬ 
ering the 3 GHz spectrum. 
Technologically, low frequency syn¬ 

thesizers (below 100 MHz) will continue 
to be driven by improvements in direct 
digital synthesis. But this technology still 
only provides a high quality RF signal 
(better than -60dBc SFDR) over a very 
limited bandwidth. As a result, higher 
frequency developments will continue to 
rely on traditional analog technologies. 

Frequency Electronics, Inc. 
The market for specialized frequency 

synthesizers has been concentrated in 
the military and aerospace sector. 
Specifically, high stability, low noise 
multiple frequency satellite generators 
and vibration tolerant sources for mobile 
military platforms have been required in 

small cuantities. This emphasis allowed 
frequency Electronics, Inc. to develop 
synthesizers having g-sensitivities of 
less than 2x1 0-10 per g and noise floors 
of -175 dBc per Hz. Development and 
manufacturing of such devices is expen¬ 
sive, since a considerable percentage of 
the cost is involved in alignment and cir¬ 
cuit optimization to achieve the required 
performance. 
Although these unique applications 

still exist, their number had dramatically 
decreased and a large number of hun¬ 
gry defense contractors are after the 
available orders. The commercial sector 
has exploded, and frequency synthesiz¬ 
ers for satellite ground stations, PCS, 
and wireless applications are required in 
large volume with cost and reliability as 
the design drivers, rather than state-of-
the-art electrical performance. 
Advanced high volume manufacturing 
techniques and the availability of low 
cost integrated circuits and MMICs 
afford the system designer the opportu¬ 
nity to develop high performance syn¬ 
thesizers that are extremely reliable, 
consume low power, and are low cost. 
FEI is applying its extensive experience 
in thermal control and miniature packag¬ 
ing of aerospace system to a new class 
of satellite ground station and wireless 
commjnications products. 

Nova Engineering, Inc. 
The proliferation of the “wireless mar¬ 

ketplace” is driving traditional RF mod¬ 
ule-level circuitry to integrated RFIC 
devices, allowing designers expedient 
turna-ound options to meet market 
demands. The future of RF synthesizers 
will encounter transformations equivalent 
to those of “block” RFIC devices which 
currently include receive front-ends, 
downconverters, and power amplifiers. 
The greatest challenge on the horizon 
will most likely be the future “Information 
Superhighway”, which in most cases will 
be supported through RF links. Although 
the expectations for this market are 
potentially exaggerated, the demand for 
increased bandwidths and channel 
capacity will ultimately expand. 
Commercial viability will require a high 

degree of of integration in synthesizer 
designs to cover these bandwidths while 

maintaining low cost. A further con¬ 
straint is synthesizer spectral purity nec¬ 
essary to support the higher order mod¬ 
ulation techniques required for the vast 
information flow through limited band¬ 
width. For the synthesizer marketplace, 
this combination of requirements will 
form a substantial challenge which will 
only be met w th enhanced RFIC 
approaches. 

Anritsu Wiltron 
The growing ccmmercial communica¬ 

tions sector is driving demand for signal 
sources, and is making price competi¬ 
tion more keen. Commercial users will 
pay for only the performance required in 
their application, and not extra features 
that are unused and unneeded. Manu¬ 
facturers are being driven to offer price-
competitive products with specific sets 
of features and performance optimized 
for specific applications. Therefore, a 
critical capability s to offer sources that 
can have features and performance 
upgraded to meet new application 
requirements as tney emerge. 
The biggest technological trend dri¬ 

ving microwave signal sources is using 
software correction algorithms to com¬ 
pensate for inherent analog inaccura¬ 

cies. Non-linearity in the tuning 
response of a YIG-tuned oscillator is 
corrected by a software look-up table 
having stored correction factors. Soft¬ 
ware compensations allows accuracy in 
frequency and power to deliver at least 
an order of magnitude better compared 
to relying on the analog performance 
alone. 

RF Prototype Systems 
The market is growing for lower cost 

commercial synthesizers. The market is 
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shrinking for high cost nilitary synthesiz¬ 
ers, such as DDS (Direc: Digital Synthesis) 
and machined aluminum housings. This 
type synthesizer, com non a few years 
back for the miliary markets, now is in less 
demand. To address this change, we have 
developed a line of low cost synthesizers in 
the 10 MHz to 3500 MHz range. Today's 
market has many smaller companies than 
in the past, companies with application 
specific requirements fo' low cost synthe¬ 
sizers that need to be built in a few weeks. 
Our synthesizers are designed to be flexi¬ 
ble, to accommodate many synthesizer 
architectures, and our factory is set up to fill 
these needs in a short period of time. This 
will be the trend over ths next few years -
products that offer greeter performance, 
higher reliability, lower cost, and all in a 
short period of time. 

Stanford Telecom 
The Stanford Telecom ASIC & Cus¬ 

tom Products Division b a world leader 
in direct digital synthesis, with numerous 
monolithic NCO families using CMOS, 
ECL, and GaAs technologies. Each 
NCO family is supplemented by board 

level and complete synthesizer subsys¬ 
tems. These board-level synthesizers 
provide excellent demonstration units for 
the applicable NCO, and can also be 
used as standard products where a 
board-level synthesizer is preferred to 
building one from ICs. Finally, stand¬ 
alone chassis-level products offer the 
ultimate in DDS subsystem hardware. 
Stanford Telecom NCOs provide a 

wide variety of features, including sine 
and cosine outputs for quadrature gen¬ 
eration, numeric FM and PM on chip, up 
to 48-bit frequency resolution, both bina¬ 
ry and decimal (BCD) devices, and up to 
900 MHz clock rates. All feature on-chip 
sine/cosine look-up tables. The newest 
member of the family is a very low cost 
NCO/modulator for the interactive CATV 
and telephony-over-cable markets. RF 

A Special Commitment 

For more information on frequency 
synthesizers, circle the Info/Card num-
ber next to the company of interest: 

Accutest Instruments, Inc 165 
Analog Devices 166 
Anritsu Wiltron 167 
Communication Techniques 168 
Comstron, Inc. 169 
Delphi Components, Inc 170 
Frequency Electronics, Inc. 171 
Frequency Products, Inc. 172 
GEC Plessey Semiconductors 173 
Keithley Instruments, Inc. 174 
Microsource, Inc. 175 
MITEQ, Inc. 176 
NCI Systems 177 
Nova Engineering 178 
Novatech Instruments 179 
Pentek, Inc. 180 
Programmed Test Sources 181 
Proxim, Inc. 182 
RF Prototype Systems 183 
Radian Technology, tic. 184 
Rapid Systems 185 
Rohde & Schwarz GmbH 186 
Sciteq Electronics, Inc 187 
Stanford Telecom ASIC Div 188 
Synetcom Digital, Inc. 189 
Syntest Corp. 190 
Systron Donner Corp. 191 
TRAK Microwave Corp. 192 
Tron-Tech 193 
Vari-L Company, Inc. 194 
Z-Communications, Inc. 195 

Since 1965, COMET has been committed to one objective — 
keeping our customers satisfied with the highest quality 
vacuum capacitors available. 

Our experienced technical staff is dedicated to the 
advancement of capacitor technology, and will meet your 
custom requests with a design proposal in a matter of days. 
And, while we do specialize in made-to-order designs, we 
also stock a number of popular capacitor types for your 
off-the-shelf needs. 

Call COMET when you have a special design request, want 
expert technical service, or need a replacement capacitor now. 

COMET NORTH AMERICA, INC. 
11 Belden Ave. • Norwalk, CT 06850 (203) 852-1 231 • FAX (203) 838-3827 
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Saving you 
TIME and MONEY 

E.E Johnson's 3-piece SMA connectors save you time 
in terminating with fewer component pieces and a 
crimpable center contact, which snaps and locks into 
the insulator for complete captivation. Choose either 
brass or stainless steel for reliable and consistent per¬ 
formance ... and save time and money! 

Start saving money today! 
Call 1-800-247-8256 

299 Johnson Ave., Waseca, MN 56093 
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RF Design Software 
Programs from RF Design provided on disk for your convenience 

December Disk — RFD-1294 
"Ladder Filter Design Made Simple" by Richard Yaeger. The program LADDER 

designs lumped-element all-pole ladder filters. 14 lowpass, highpass and band¬ 
pass achitectures are included. A 1994 RF Design Awards contest entry. 

November Disk — RFD-1 194 
"Designing Accurate Small Inductors for Microwave L-C Filters" by A. Klap¬ 

penberger. LX program determines inductance, PCAIRL program designs induc¬ 
tors for 10 nH and higher. 
"Broadband Impedance Matching - Fast and Simple" by T. Cuthbert. CRABIM 

program helps identify topologies for broadband networks and approximate L 
and C values. 

Monthly program disks: 
$25.00 (U.S.) $30.00 (foreign) 

Yearly Disk Sets and Annual Subscriptions Available: 
Call for More Information 

All orders must be pre-paid by check, money order, or major charge card. All checks must be 
in US dollars and payable to a bank located in the U.S. Price includes shipping. 

RF Design Software 
Argus Direct Marketing Dept. 
6151 Powers Ferry Rd., N.W. 

Atlanta, GA 30339-2941 
Tel: (404) 618-0219 
Fax: (404) 618-0347 

RF Design Software has been available since 1989 — call to get our catalog 

RF software 
Time Domain Simulation on 
Workstations 
Compact software announced that it has 

released a verisor of its Super-Spice time¬ 
domain simulator for HP 9000 Series work¬ 
stations. Super-Spice uses Compacts Envi¬ 
ronment for Analog Simulation (EASi) user 
interface to provide extensive menu-driven 
control and graphical output facilities. The 
EASi interface is based on the OSF-Motif 
and W-Windows standards. Super-Spice can 
accept input from either the integrated Sere¬ 
nade schematic editor or standard SPICE 
2G.6 netlists. Super-Spice 1.0 for HP Work¬ 
stations is available for immediate delivery. 
Compact Software 
INFO/CARD #215 

Filter Design and Analysis 
TSV Engineering announces the release 

of version 1.20 of Filter Designer Plus, an 
RF filter design and analysis program. The 
low-cost program designs and analyzes 14 
of the most commonly used lumped element 
filters, including Butterworth, Chebychev, 
and Elliptic responses in high, low, and 
bandpass configurations. Analysis options 
include frequency response, Monte Carlo 
simulation, and yield analysis. Filter Design¬ 
er Plus requires 300k RAM, EGA color 
graphics, and 1M hard disk space. Price is 
$59.95 plus $5.00 shipping/handling. Deliv¬ 
ery is from stock. 
TSV Engineering 
INFO/CARD #214 

Analog Optimization 
MicroSim has released Paragon, an ana¬ 

log optimizer for Microsoft Windows NT, Win¬ 
dows 3.1, and Sun. Paragon simulates an 
analog circuit using PSpice or PSpice A/D 
and adjusts design parameter values until it 
finds the solution that best meets your target 
performance specifications. Paragon imple¬ 
ments both constrained and unconstrained 
minimization algorithms. Paragon, along with 
a year of maintenance, sells for $2,185 on 
Windows, $4,485 on Sun. When purchased 
with PSpice or PSpice A/D (and anual main¬ 
tenance for those programs) before Decem¬ 
ber 23, 1994, that price is reduced by 20%. 
MicroSim Corp. 
INFO/CARD #213 

EMC Compliance 
Cadence Design Systems has released 

DF/EMControl™ , which automates the task 
of verifying printed circuit boards for EMC 
compliance. A robust set of 30 rules are ini¬ 
tially used as an “EMC checklist” to check 
and warn of EMC problems. Rules and 
design advice generated by resident EMC 
experts can be captured and built into the 
tool for in-process rule checking. DF/ENCon-
trol will be availaole in the fourth quarter of 
1994 at a U.S. list price of $35,000. 
Cadence Design Systems, Inc. 
INFO/CARD #212 
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TMM high frequency materials. 
Superior performance. 

Competitive price. 

For commercial antenna applications such as 

patch antennas for digital cellular, GPS, and 

pagers, TMM temperature stable microwave 

laminates combine the best properties of ceramic 

and PTFE and oat-perform FR-4. Its K' tolerance 

makes performance highly predictable, so there’s 

less fine tuning, and it’s available in a K' range of 

3.27 to 9.8. 

High volume means low prices. 

Pricing is attractive for cost sensitive commercial 

antenna applications. The higher the volume, the 

lower the price. 
For design assistance, call an Application 

Engineer at (602) 961-1382, or send for the TMM 

test data and free samples. 

ROGERS 
Microwave & Circuit Materials Division 

ISO 9002 Registered 

Rogers Corporation Microwave and Circuit Materials Division • 100 S. Roosevelt Avenue, Chandler AZ 85226 • Te : 602-961-1382 FAX: 602-961-4533 

Rogers Japan Inc. Tokyo; Tel: 81-33-807-6430 FAX: 81-33-807-6319 • Rogers-Mektron, N.V., Gent, Belgium; Tel: +(32) 9 235 36 11 FAX: +(32) 9 235 36 58 

TMM is a registered trademark of Rogers Corporation 
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It Is Dangerous To Put 
Limits On Wireless” 

Guglielmo Marconi, 1932 

The Wireless Symposium & Exhibition Reveals 
The Technology of Today And The Future 

How right Marconi was! 

The Third Annual Wireless Symposium & 
Exhibition is the vital link to the industry’s biggest 
trends, including shorter time-to-market cycles, 
transition from military to commercial markets, and 
reduced power consumption. With more timely 
technical paper presentations and workshops than 
any place else, you’ll learn from the leading experts 
on how to use tomorrow’s technologies today. 

Typical topics on key application areas in unlimited 
wireless design include: 

Satellite Communications 
Wireless Data 
Automotive Electronics 
RE Identification (RFID) 
Personal Communications 

Cellular Telephony 
Global Positioning Systems 
Microwave Radio 
Test and Measurement 
Medical Systems 

Get Ready For High-Vblume, 
Worldwide Wireless Applications 

From integrated circuits to local-area networks, 
wireless products are reaching out across the globe. 
As new applications continue to be found, manu¬ 
facturers are developing products that will be 

essential to a successful business. 

February 15, 16, 17, 1995 

Santa Clara Convention Center 

Santa Clara, California 

The Third Annual Wireless Symposium & Exhibition 
is the one place where you can make the link with all 
the latest electronic product developments that are 
driving the industry. 

For more information, please return the attached 
card or call Mary Begley at (201) 393-6289. 

The Third Annual 

WIRELESS 
SYMPOSIUM 
EXHIBITION 



RF Product Showcase 
ew 3 Volt front end Down Converter ICs from NEC RF POWER AMPLIFIERS New NEC L-Band Down Converter MMIC with AGC 

signed for PCN and wireless LANs, the UPC2758T features: 

• High 5 dBm Iw @2.0GHz 

• 17 dB Conversion Gain 

• Power Down battery save 
1 MHz-2GHz 1W-1KW 

>r low current requirements, the UPC2757T features: 

• 5.6 mA 1^ 2.0 GHz 

• 13 dB Conversion Gain 

• Power Down battery save 

• Small Size • High Efficiency • Durable 

• Module and Rack Mount Systems 

• Customization Available 
signed for GPS. the UPC2756T simplries circuits by combining 

-board oscillator, IF amplifier, and down converter in one minia¬ 

re package. For more information, contad CEL at 408-988-5183. 

:el California Eastern Laboratories RF POWER AMPLIFIERS 

651 Via Alondra, #712 
Camarillo, CA 90312 USA 

TEL: (805) 388-8454 
FAX: (805) 389-5393 
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RF Design Produci Showcase ®MTI MILLIREN TECHNOLOGIES, INC. 

?F Design is pleased to announce the 
availability of the Product Showcase sec-
ion. Your ad in this new monthly adver-
ising section will allow you to: 

❖ Introduce New Produc s 

Ideal for TVRO. DBS, and VSAT applications, the new NEC 

UPC2731GS down converter from CEL features: 

• Dual switchable IF amplifiers 

• On-board oscillator with a buffered output port 

• AGC amplifier with 65 dB of gain control 

• Filter ports after the mixer for off-chip filtering of unwanted 
spurious signals 

• Available in bulk or on tape and reel 

Both operate at 3 VDC and together draw only 6 to 7 mA. For more 

information, contact CEL at 408-988-5183. 

CEL [California Eastern Laboratories 
INFO/CARD 87 

TCXO’s IN “NO TIME 

❖ Boost Awareness of Existing Lines 

❖ Reach Prime Prospects - more than 
40,000 readers who are design and R 
& D engineers, engineering managers 
and corporate staff in the military, 
aerospace, communica ions and elec¬ 
tronics industries 

❖ Achieve Four Color Impact in this 
highly visible cost-effective section 

❖ Get our Reader Reply Service Free 

2 00 X 2 00 X 1 .52" 
51 X 51 X 39 mm 

Hy-Q’sD Series" TCXO 

w 
o 

G) 
w 
o 
co 
CXI 

Model Number 260-0503 260-0502 260-0504 

Frequency 5 MHz 
Stability (-30/70*0 2x10* 
Aging (per day) 5x10 10

Phase Noise 
1 Hz -35 dBc 
100 Hz -140 dBc 
10 kHz -150 dBc 

10 MHz 5 MHz 
2x10’° 2x10’° 
3x10’° 5x10” 

-95 dBc -110 dBc 
-145 dBc -150 dBc 
-160 dBc -160 dBc 

Two New Pasture Road, Newburyport, MA, 01950, USA 
Tel (508)465-6064 Fax (508)465-6637 

Frequency: 8 MHz. to 30 MHz. 
Available Outputs: Clipped Sinewave; TTL; HCMOS 
Supply Voltage: 5 vdc 
Stability: ±0.5ppm 0”to50°C 

±2.0ppm -40°C to +85"C 
"other stability options available 

Various voltage control options available 

Dimensions: Length 0.8" 
Width 0.8" 
Height 0.4" 

Typical Delivery: Stock to 6 weeks ARO 

Hy-Q International (USA), Inc. 
1438 Cox Avenue • Erlanger, Kentucky 41018 
Phone: 606-283-5000 • Fax: 606-283-0883 
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Redesign 
PRODUCES THE 

ELLOW Page D 

CALL 
1-800-443-4969 
FOR DETAILS ON 
AN EXCITING 

INTRODUCTORY 
OFFER! 

Ory Section 

Redesign / 
Classified Department w 
6151 Powers Ferry Road NW 
Atlanta, GA 30339-2941 
(404) 955-2500 Fax: (404) 618-0342 



REACH TODAY'S NEW 
STANDARDS IN EMC/ESD 

at EMC/ESD International 1995 
January 29 -February lz 1995 

San Diego Convention Center, San Diegoz California 

When it comes to compliance, electromagnetic compatibility 
(EMC) and electrostatic discharge (ESD), standards are 
emerging as critically important engineering considerations. 

EMC/ESD International lets you reach new standards by 
offering four days of high-caliber technical programming 
covering today's most important issues: 

EMC/ESD International 
Joins RF Expo West 
A new alliance with the RF Expo West 
Show adds an essential opportunity 
to find the most current information, 
new products and latest technologies 
shaping the RF industry. 

■ U.S. Regulations— 
Mandated and Voluntary 

■ European and other 
Foreign Regulations 

■ EMI Control in Both Digital 
and Analog Design 

■ Practical EMI Fixes— Case Histories 

■ ESD Control Techniques 

■ EMC Test Methodology 

■ Specifications and Application 
of EMC/ESD Control Components 

■ EMC-Robust Manufacturing Methods 

January 29 through 
February 1, 1995 
San Diego Convention Center 
San Diego, California 

Take advantage of this opportunity to find out what's going on 
in EMC/ESD. For registration details, fax 404-61 8-0441 or 
call 404-618-0499. (Inside the U.S., call 800-828-0420.) 

Sponsored by: EMC 
OTEN 



^literature 
Software Catalog 
A 12-page catalog from ingSOFT presents 

the RFDesigner® solution for RF and 
microwave design engineers. Packed with 
detailed technical specifications, the catalog 
describes the family of software from prod¬ 
ucts from ingSOFT and third parties, all work¬ 
ing together as an integrated design environ¬ 
ment. Featured software operates on all Mac¬ 
intosh configurations, including the new 
Power Macintosh. 
ingSOFT Ltd. 
INFO/CARD #210 

Broadband Amplifiers 
A wider selection of broadband microwave 

amplifiers from Amplica, Inc. has resulted in a 
new 36-page catalog from the company. 
Lower noise figure models and higher output 
power models have been added for the pre¬ 
existing eight frequency ranges of 2 to 18 
GHz, and standard EW bands. Amplica is 
also offering more options for gain combina¬ 
tions - from 10 to 50 dB. The new catalog 
includes electrical and mechanical specifica¬ 
tions for Amplica’s narrowband microwave 
amplifiers and integrated subassemblies. 
Amplica, Inc. 
INFO/CARD #209 

Trimmer Catalog 
Voltronics has issued a new eight-page 

catalog of its line of ceramic trimmer capaci¬ 
tors. There are six different size types with 
maximum capacitances ranging from 2 to 40 
pF. Sizes are from 0.096 to 0.33 inches in 
diameter, with choices of vertical or surface 
mount construction. 
Voltronics Inti. Corp. 
INFO/CARD #208 

Military Databook 
A 326-page databook describing 150 linear 

and data acquisition products for military 
(MIL-STD-833, DESC SMD and JAN) appli¬ 
cations is now available from Harris Semicon¬ 
ductor. The new databook, called Analog Mili¬ 
tary Databook Supplement 1994-95, covers 
new and redesigned products brought to mar¬ 
ket since publication of the comprehensive 
1989 Analog Military Product Databook. 
Harris Semiconductor 
INFO/CARD #207 

Test Equipment 
A 12-page, full color, short-form catalog of 

Anritsu Wiltron test and measurement prod¬ 
ucts has been released oy the company. 
Products in the short-form catalog are orga¬ 
nized by application with a concise listing of 
specifications and features. A list of all inter¬ 
national Anritsu Wiltron offices is included. 
Anritsu Wiltron 
INFO/CARD #206 

EM Simulator Applications 
A document from Sonnet Software pre¬ 

sents key elements from published papers 
illustrating circuit and antema designs where 

Sonnet’s electromagnetic analysis tools have 
played an essential role. Illustrated design 
applications include microwave and wireless 
multi-layer 3D planar circuits, MMICs, anten¬ 
nas, modules, high-temperature supercon¬ 
ductor circuits, shielding effects and precision 
planar filter designs. 
Sonnet Software, Inc. 
INFO/CARD #205 

Wireless Catalog 
Narda’s comprehensive 44-page Wireless 

Catalog covers components, networks, and 
instruments for cellula', SMR, and PCS appli¬ 
cations. In addition to traditional components, 
this catalog features advanced products such 
as receiver multicouplers, high power hybrid 
combiners, and the CellGuard™ power and 
VSWR monitor. 
Loral Microwave-Narda 
INFO/CARD #204 

Antenna Catalog 
The Decibel Products Division of Allen 

Telecom Group Inc. has released an exhaus¬ 
tive reference guide (241 pages) to the com¬ 
pany’s complete line of base station antennas 
and antenna systems. All products in the cat¬ 
alog are for applications within the 30 to 2500 
MHz frequency spectrum. 
Decibel Products Div. 
Allen Telecom Group Inc. 
INFO/CARD #203 

RF and Microwave Products 
Murata Electronics North America has 

released an all-new RF and Microwave Cata¬ 
log, no. M-10-C, featuring 90 pages of 
detailed information on the complete product 
line. The catalog highlights electrical and 
mechanical specifications on crystal oscilla¬ 
tors and VCOs, dielectric resonators, LC fil¬ 
ters, isolators, delay lines, microminiature 
coaxial connectors, HICs, CR chips and the 
company’s new phase lock loop modules. 
Murata Electronics North America, Inc. 
INFO/CARD #202 

Cable Guide 
Andrew Corporation is offreing a free, 40-

page planning guide fo' 1/2-inch and smaller 
Heliax® coaxial cable, connectors and 
jumper cable assemblies. The guide provides 
a detailed comparison between Heliax® 
coaxial cable and braided cable. 
Andrew Corp. 
INFO/CARD #201 

Integrated Circuit Guide 
Hearst Business Publishing announces a 

pre-publication savings offer on the 1995 IC 
MASTER Catalog. IC MASTER provides elec¬ 
tronic design engineers with technical infor¬ 
mation on all commercially available integrat¬ 
ed circuits in one complete and easy-to-use 
reference source. Subscription orders post¬ 
marked by January 31 1995 will receive a 
$20 discount of the regular list price of $185. 
Hearst Business Publishing 
INFO/CARD #200 

RELIABILITY 
& ACCURACY. 

Precision Quartz 
CRYSTALS 

70 KHz to 200MHz. 
ICM is a major supplier 

to the commercial, 
communications, industrial, 
and O.E.M. crystal markets. 

INTERNATIONAL CRYSTAL MFG. CO., INC. 
10 N. Lee • P. O. Box 26330 

Oklahoma City, OK 73126-0330 
Phone (405) 236-3741 • FAX (405) 235-1904 

Toll Free Phone 1-800 725-1426 
24 Hour Toll Free FAX 1-800 322-9426 
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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)4384420 
FAX (619)4384759 

INFO/CARD 46 
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]\l_ marketplace 
Classified display ads are available at S11 5 per column inch. Frequency rates available for multiple 
insertions. Please call for further information, 1-800-443-4969, ask for Jon Tuck. Or fax your ad copy for a 
rate quote to (404) 618-0342. 

fama«»..,mJ 
' Nationwide opportunities in the 
CELLULAR/WIRELESS industry. 

Debra Sola-Furnari 
TELE-TECH SEARCH 
4773 Split Rail Place 

W. Melbourne, FL 32904 
.(407) 951-4200 FAX (407) 951-0808 

RF Design 
Marketplace 

Contact: 
Jon Tuck 

800-443-4969 

Career 
Opportunities 

INFO/CARD 90 
{for more information) 

■7 Ml' WP- U WRI 

Equipment 
for Sale 

HP4815A Z-METER PROBES: 

INFO/CARD 91 

HP has granted Sandford 
Associates the right to repair the 
Prooe. Former HP Tech/Supv, 
with Z-meter expertise, specs, 
parts, special tooling, restores & 
warrantees probes to HP/QA 
specs. Many HP 481 5A factory 
parts available. Tel/write: 

Sandford Associates 
110 Highview Ter., Hackettstown, NJ 07840 

(908) 852-7989 • CIS: 72540, 1345 
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for Proposal 

Request for Proposal 
Reopened for Bid 

- Electronic Serial Number (ESN) Reader -
Spy Supply, Inc., a major supplier of surveillance and 
counter-surveillance devices to the Federal Government, 
is soliciting proposals for a cellular ESN reader. The 
device must be capable of intercepting and storing 
ESN’s, (Electronic Serial Numbers), MIN (Mobile ID 
Number), Station Class Mark (SCM) and the number 
dialed. 

Interested firms may obtain a complete copy 
of the proposal by calling (617) 327-7272. 

SPY SUPPLY, INC. 
1212 Boylston St., #1 20 • Chestnut Hill, MA 021 67 

Voice: (617)327-7272 • Fax: (617)928-1514 

Interested 
in placing 
an ad in 

this 
section? 

Call: 
(800) 443-4969 

Ask for: 
Jon Tuck 

Fax: 
(404) 618-0342 
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SENIOR REDESIGN ENGINEER 
This key position with a major Midwest supplier of telecommuni¬ 
cations system interface products requires a BSEE and 5-«- years 
design and project manage nent experience in the development 
of RF products such as combiners, splitters and distribution 
amplifiers using RF CAD design and simulation tools. Requires 
strong technical and market knowledge of Telecommunications 
and CATV network systems. Excellent salary and benefits. Attrac¬ 
tive Upper-Midwest location Contact in confidence: 

Don Gallagher MSEE, President 
Gallagher & Associates 

1145 Linn Ridge Rd Mt. Vernon, IA 52314 
Phone 319-895-8042 Fax 31 9-895-6455 

INFO/CARD 93 

A Maryland Corporation is seeking 
a Filter Design Engineer to design 
and develop a wide variety of 
Microwave Filters and Multiplexers. 
The candidate must have an 
extensive knowledge of transmis¬ 
sion line fundamentals. Direct 
hands-on experience in the design 
and testing of combline, interdigi¬ 
tal, and cavity filters, as well as 
filters in microstrip and stripline 
topologies, is required. Familiarity 
with CAD design tools, as well as 
good mechanical ability, is also 
required. The candidate must pos¬ 
sess BSEE or equivalent, and have 
a minimum cf six years of applica¬ 
ble experience. 

■ ■ ■ 
Please respond in confidence, with 
salary requirements and references, 
to the following address: 

Attn: Jon Tuck 
Special Advertising 

BOX: MFDE 
6151 Powers Ferry Rd. N.W. 

Atlanta, GA 30339 
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ENGINEERS 

Join the Harris Team! 
RF Communications is a division of the $3.3 billion, 
Fortune 200 Harris Corporation. Our sophisticated 
radio commu tication ststems have earned a repu¬ 
tation for quaJty, dependability and ruggedness 
...and are in service around the world. We have a 
variety of pos tions at our expanding operations in 
the scenic Finger Lakes Region of western New 
York State. This location offers a progressive modem 
city; an attractive cost of living with a recognized 
high quality of life; and proximity to mountains, 
open rural countryside and nearby Canada. 

Engineering Managers 
Successful candidates will be responsible for 
managing a la^ge engineering group engaged in 
the development of radio communications prod¬ 
ucts. BSEE (MJ EE and/or MBA preferred) with 8+ 
years of HF, VHF, UHF experience or hardware 
development required. Experience in an electronics 
government contracting environment preferred. 

Firmware Engineers 
Responsible fix' developing communications soft¬ 
ware and firmware including Intel family of micro¬ 
processors or ~MS320 hardware and software 
development. 3SEE or BSCS required with 2+ 
years experience with Intel PL/M programming 
language, assembly languages, and C programming 

Hardware Development 
Engineers 
Responsible for the design of complex digital circuits 
using programmable logic, ASICs and state-of-the-art 
CAE tools. BSEI preferred with experience in micro¬ 
processor basee HW design and SMT PC board devel¬ 
opment. Exposure to product design for harsh 
environments, MS-DOS, ISA-Bus interface, EM1/RFI, 
Video Frame G-abber, or RS-170A video interface 
technologies desired. Must be capable of transform¬ 
ing a written spec into a deliverable product. 
C programming, Unix and project management 
experience a p us. 

For prompt consideration, please send or fax 
resume in confidence to: HARRIS CORPORATION, 
RF Communications Division, HR Dept. 277, 
1680 Universif Avenue, Rochester, NY 14610. 
FAX: 716-256-1 592. 

Let it work 

for you! 

RF Design 

Marketplace 

Contact: 

Jon Tuck 

404«618‘0217 

RF Engineer 
NEC America, Inc. is a recognized leader 
in information technology and telecom¬ 
munication. Due to growth in our Mobile 
Radio Division, we are seeking an expe¬ 
rienced RF Engineer at our Dallas, Texas 
location. 

Position is responsible for the design 
and development of NEC voice/data 
subscriber equipment for cellular 
telecommunication systems and related 
equipment. 

Qualifications include BS degree in EE 
with 6+ years experience in 900 MHZ RF 
transmitter and receiver design at both 
system and circuit level. In-depth expe¬ 
rience with analog and digital modula¬ 
tion and demodulation techniques and 
circuit implementation is required. Such 
experience includes system architectur¬ 
al design, component selection, hard¬ 
ware debugging and testing. Knowledge 
of cellular concepts and technologies 
(AMPS, GSM, TDMA, CDMA, RF Propa¬ 
gation, Antennas, delay spread, channel 
equalization, A/D conversion, AGC, and 
synchronization) are desirable. 

For immediate consideration: FAX resume 
to: L. White, NECAM (214)751-7051. 

An Equal Opportunity Employer 
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Cellular Basestation: Will design RF circuits for commercial basestation product line. Design 
responsibilities include specification/evaluation of components & subassemblies, circuit synthesis 
& analysis, schematic capture, supervising PCB layout, & test, evaluation & integration of design. 

RF Design Engineer: Design and develop various RF circuits (including but not limited to PA's, 
LNA's, mixers and filters). Perform subsystem and system level testing. BSEE/MSEE 5-7 years RF cir¬ 
cuit design experience with proven track record of developing RF subsystems from concept through 
manufacturing introduction. 

“WE VALUE A DIVERSE WORKFORCE" 

An Equal Opportunity Employer, M/F/D/V 

BSEE, MSEE desirable plus 5-10 yrs. exp. in design and development of commercial radio products. 
RF/Fiberoptics CATV: Design and development. RF experience should be with SCMA circuits 
in the 5-1000 Mhz region. Fiber optic experience should be with analog circuits using DFB and FP 
lasers as well as InGaAsP photodetectors, control design of TECs is also desired-

PCS DSP Engineers: You will play a key role in defining and developing architectures and key technolo¬ 
gies for next generation wireless mobile communications systems Expenence and background in DSP 
alognthm design and simulation in Digital Cellular, CDMA, TDMA, PCS Systems, etc. BS/MS 

INFO/CARD 95 

- Redesign 

Filter Design Engineer: B.S. Minimum 3 years experience in the design and development 
of Broad Band, comb-line strip line, interdigital, low pass and high pass filters, multiplexers, 

diode switches, (phase shifters), attenuators and microwave sub-sys¬ 
tems desirable. 

Mecahnical Design Engineers: To design mechanical packages and concep¬ 
tualize mechanical design of cellular communications products mainly consist¬ 
ing of injection-molded plastic parts. Successful candidate should have a 
BSME with 3 or more years of electromechanical design experience with 
emphasis on consumer products. Experience in 3-D CAD very desirable with 
Unigraphics background a plus. 

ngineer — GSM: We are seeking RF engineers with a BSEE 
SEE preferred). 2* years RF development experience, includ¬ 
ing RF circuit design, and background with amplifier, oscilla¬ 

tor, VCO, PLL mixer, noise, modulation, filtering matching, 
linear and non-linear distortion. 

Realize the Potential! 
Tel: (800) 4434969 • Fax (404) 618-0342 

4IMICRO COMMUNICATIONS EXECUTIVE SEARCH 

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

RF Design INFO/CARD 97 



Career Opportunities 
SUNBELT OPPORTUNITIES 

Several of our growing commercial major electronic companies located in the 
southeast have asked us to identify candidates in the mid-level experience range. 

1) BSEE- RF Receiver design, Sat Comm, Commercial wireless product 
Design/Development 

2) BSEE - RF evaluation/QA engineer - Spearhead products through design QA 

3) BSEE - RF Circuit Design Engineer - Frequency Synthesizers 

4) BSEE - Section Manager Analog IC Design 

5) MSEE - MMIC for Military Systems - L Band thru KU Band (2-18 GHtz) -
Knowledge of non-linear modeling. 

üf-or-tu-n-e 
PERSONNEL CONSULTANTS OF RALEIGH, INC. 
P.O. Box 98388R • Raleigh, NC 27624-8388 
Phone: 919-848-9929 • Fax: 919-848-1062 

\_ Stan Deckelbaum_ . 

INFO/CARD 98 

Let it 
work 

for you. 

404»618«0217 

KSG 

SENIOR WIRELESS ENGINEERS 

KSG, a specialist in cellular 
communications, is accepting resumes 

for Domestic/lntemational positions 
from individuals with experience in 

CDMA TDMA, and/or GSM. 

• Software Engineers/Developers 
• RF System Design Engineers 
• MSC • BSC • BTS 
• Technical/Tes* Support 
• Operations Experts 
• Staff • Supervisors • Managers 
• Switch Technicians 
• Contract/FulFTime Employees 

MicroUnity Systems Engineering, Inc. is a well-financed startup company in the San 
Francisco Bay area. We are interested in adding experienced engineers to further 
strengthen our wireless team. 

The selected candidates will play a key role in developing the wireless link architecture 
and driving hardware and software engineering for ver/ innovative digital communications 
products, utilizing extremely advanced semiconductor and circuit technology. 

Principals only. Please submit your resume, quoting the appropriate department code 
on the cover letter and envelope, to: MicroUnity Systems Engineering, Inc., Wireless 
Project Team, 255 Caspian Drive, Sunnyvale, CA 94089-1015. 

2694 1 Cabot Road, Suite 115 
Laguna Hills, CA 92653 

Tel: 714-582-7800 • Fax: 714-582-7900 
eMail: ksgSearthlink.net 
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R.F. Engineers 

Wireless System Design Engineer 
\Ne are seeking engineers with both theoretical and p'oduct experience in the design of 
digital communication links. A thorough understanding of transmitter and receiver 
architectures, modulation formats, access methods, packet protocols, propagation 
characteristics and link budgeting is required. Knowledge of handoff protocols in cellular 
systems would be an advantage. Dept. RFD/WS 

National & International 
Wireless, Microwave, Etc. 

Over 20 years service in the Com-
munica:ions Industry. 

All Levels, Relocation Available 

Fees paid by employers 

Call Elaine Cohen or Steve Young 
1-800-875-2230 Fax: 714-250-8535 

RF Design Engineer 
We are seeking engineers experienced in the design and construction of RF circuits from 
HF to UHF; a background including 2.4 GHz or 5.8 GHz ISM projects would be an 
advantage. Considerable practical experience with surface mount microstrip technology 
is necessary. Dept. RFD/RF 

Fortune Communications Group 
18552 MacArthur Blvd. Suite 345 

Irvine, California 9271 5 

RF IC Design Engineer 
INFO/CARD 101 

We are seeking engineers experienced in linear high frequency integrated circuit design, 
who have applied their skills to the development of low-noise amplifiers, mixers or 
oscillators in silicon bipolar or BiCMOS technologies. Dept. RFD/RFIC 

DSP Engineer 
We are seeking engineers with both theoretical and product experience in signal 
processing for digital communications, who can lead modem design and implementation 
efforts across a variety of modulation schemes and physical media, and who are 
extremely familiar with architectural and algorithmic t'adeoffs in this area. Strong 
software skills are an advantage. Dept. RFD/DSP 

Serving the top clients in the 
WIRELESS INDUSTRY SINCE 1988 

RF Test Development Engineer 

International & Domestic 

Judy Wachs, President 
Phone 212.691.2491 

Facsimile 212.691.1670 
RF ENGINEERING 

We are seeking an RF test development engineer with lhe ability to enhance testability 
through design and improved testing techniques in development and volume situations. The 
candidate's experience should include RF fixturing and hardware as well as the use of DSP as 
a test tool in applications that include transmitters, receivers, up/down 
converters, filters and PLLs. RFD/RFT 

microunity 
INFO/CARD 99 
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1.800-443-4969 
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Products & Services 
Only TECDIA has THREE! 
SINGLE LAYER CHIP CAPACITORS SPECTRUM PROBE® 

ONE 
Type A 
250V 

TWO 
TypeB 
250V 

THREE 
Type C 
100V 

IM ■ This low circuit loading scope probe 
produces a 60 dB spectrum analyzer 

EMC RFI 
display on your inexpensive scope 

FOR CAPACITORS WITH: 
• Extremely smooth and uniform metalized surfaces 
• Pt metalization to withstand 400 C die attach temperature up to 20 min max 
• TiW adhesion layer to preven diffusion and provide stability at very high temperatures 

1M — ’ ’ =—X ■ 2672 Bayshore Parkway, Suite 702, Mountain View, CA 94043 
I tLUIrl Tel: (415) 967-2828 Fax: (415) 967-8428 

Ask for application notes, specifications, sales & warranty info. 
255 Spectrum Probe 30 KHz to 2.5 MHz $279 

107 Probe 1-100 MHz $249 ($279 extra shielding) 
Accessory Current Adapters: IA6 $19 IA7 $29 

SMITH DESIGN (215)661-9107 
207 E. Prospect Ave, N.Wales, PA 19454 
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LOCUS 
INCORPORATED 

¿LPHk 
COMPONENTS, INC. 

• Product Defir ition, Design, and Production 
• RF Systems I Spread Spectrum 
• Microprocessor Based Designs 
• DSP / Digital Radio 
• Harris and Hiachi Authorized Design Center 

1842 Hoffman St. Madison, WI 53704 
(608) 244-0500 FAX (608) 244-0528 
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1106 E. Simpson Road 
Mechanicsburg, PA 17055 

FILTERS 
Manufacturers of Quartz Crystal and L-C Filters from Audio 
to 500MHZ since 1973. Standard & surface mount for both 
military, commercial, medical and consumer markets. 

Tel: 717 697-8595 • FAX: 717 697-8608 
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COMTRONIX SYSTEMS, INC. 
CUSTOMIZED 

SOLID STATE*HIGH POWERED-VHF/UHF 

AMPLIFIERS 
DESIGNED AND EUILT TO YOUR SPECIFICATIONS 

IP TO 200 WATTS 
HIGHEST QUALITY/BEST PRICES 

CALL OR SEND FOR INFORMATION TEL413/785-1313 FAX 413/739-1352 

RSG-10 
SIGNAL GENERATOR 

The $2495 profit generator 
Quality crafted in the USA 

Finally, a synthesized signal generator that’s 
designed to help you generate more than just signals. The Ramsey RSG-10, is the signal gen¬ 
erator you can afford, the signal generator that’s designed to do what a signal generator is 
meant to do- provide a very stable, accurate, easy to control signal from 100 Khz to 1.0 Ghz. 

For the price, you wouldn’t expect any more. But, there is more to the RSG-10. An intelli¬ 
gent microprocessor controlled/programmable memory, for example, can store up to 20 of 
your most commonly used test set-ups. And unlike other units, just one touch of the memory 
exchange button is all it takes to quickly shift from one test set-up to another. You get more 
work done, easier and faster. 

At $2495, the Ramsey RSG-10 is your profit generator. 

RAMSEY ELECTRONICS 
793 CANNING PARKWAY, VICTOR, NY 14584 
Fax: (716) 924-4555 
TELEX: 466735 RAMSEY Cl 

ORDER DIRECT—CALL 1-800-446-2295 
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Coaxial Connector Socket 

Designed to reach between 
tightly packed COAXIAL CON¬ 
NECTORS, this socket is the 
perfect tool for tighter ing SMA 
type connectors to specific 

ELECTRONICS 

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

• L/C FILTERS 
• STANDARD IF FREQUENCYCRYSTALS 
• SURFACE MOUNT AND LEADED 
PACKAGE 

torque values. The socket fits a standard 1/4” drive 
wrench. SMA (5/16), SSMA (3/16), SMC (1/4) sizes 
available. Fabricated ’’rom High Strength Steel. 

KCR Products 800 - 283 - 6368 

Call or Fax requirements. 
16406 N. Cave Creek Rd. #5 
Phoenix, AZ 85032-2919 

Phone & Fax (602) 971-3301 

RF Design 
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ERVICES 

RF RESOURCE 
RF/Wireless Circuits or Systems; Voice or Data 
RF, IF, mod/demod; detectors, receiver systems 

Mobile comms., PART 15, narrower spread-spectrum 
ADVANCED TROUBLESHOOTING A SPECIALTY 

Ask about Bit-Error-Rate reduction 

Call 1-800-890-5427 
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A-Comm Electronics 
Refurbished Test Equipment 

DC-26ghz HP GR Wavetek Tektronix 
♦ Send for Catalog listing 

7198 S. Quince Street 
Englewood, Colorado 80112 

303 290 8012 Fax 303 290 8133 

INFO/CARD 112 

............. 

RF Design 
1.800-443-4969 

ANALOG & RF MODELS 
SPICE models from DC to 10 GHZ 
Full non-linear models including: 

RF pin diodes, class C, opto, & logic. 
We also do measurements and consulting. 

Give us a call at (602) 575-5323 

NOLAN LABORATORIES, INC. 
Consulting, Design, Test and Manufacture 

FOR 

RF, Microwave, Antennas, Electromagnet¬ 
ics, EMI/RFI, Bioeiectromagnetic Sensors 
Design and Support for Manufacturability 

James A. Nolan, MSEE PO Box 567 
President Conifer, CO 80433-0567 

(303) 838-0057 
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A World Of 
Information... 

Publishers of 65 trade 
magazines reaching over 

2 million qualified professionals. 

Business-To-Business 
Market; Research 

Put the power of one of the 
world's largest publishers of 
business-to-business publications 
to work for you. Argus Business 
Research Division can help you 
achieve your marketing goals and 
ensure your success. 

For A No-Cost Consultation, Contact: 

Michael Applegate 
(404J 618-0303 

Multipath Channel Emulator 
Noise Com has introduced a new multi¬ 
path fading emulator with increased 
bandwidth (6 MHz) for digital wireless 
applications such as LAN, CDMA, GSM, 
DECT and cellular data modems at fre¬ 
quencies at frequencies up to 2500 
MHz. The channel emulator model 
MP2500 can contain up to 12 paths on 
one or two channels (2x6 paths). 
Built-in synthesized local oscillators are 
available. Stored CDMA, GSM, DECT, 
and other specifications plus customer 

INFO/CARD 114 

generated two-dimensional map models can be run via the built-in 486 PC. 

The MP2500 has a built-in peak power meter with AGC and provides calculated 
output power from -10 to -110 dBm with better than ±1 dB accuracy. Spuri¬ 
ous, local oscillator leakage, and image are suppressed more than 60 dBc 
through double frequency conversion and filtering techniques. 

For free application notes or more information about the new MP2500 channel 
emulator contact Gary Simonyan at (201) 261-8797. 
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RFD Literature Showcase 
This NEW special section in RF Test & Design puts your 
sales literature or catalog into the hands of our readers — 
more than 40,000 design and R & D engineers, engineering 
managers and corporate staff of military,aerospace, commu¬ 
nications and electronics industries. 

1995 Literature Showcase Rates 
(1/8 page) 

1 X. $590 
2 X. $500 
4X . $460 

Each unir includes a four color photograph of your catalog or brochure. 

Next Available Issue: January Closes: December 2 

December 1994 



¡̂design 
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 a: the rates shown. 

i«8 (Máte 
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 

TAd $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: 

3E E 
For information on closing dates and details on a 
special Introductory Offer, call 1-800-443-4969. 
Ask for your yellow page representative. 

DISCRETE COMPONENTS 
CAPACITATORS 
Chip 
Sprague Goodman . 134 Fulton Ave.. Garden City Park. NY 11040-5395 . (516) 746-1385 
Variable 

SPRAGUE 
GOODmnn 

TRIMMER CAPACITORS, 
INDUCTORS AND 

MICROWAVE TUNERS 

RESISTORS 
Hig h Power 
Richardson Electronics, Ltd., 40W267 Keslinger Rd., LaFox, IL 60147 . (800) 348-5580 

TRANSISTORS 
RF Power Bipolar 
Richardson Electronics. Ltd.. 40W267 Keslinger Rd.. LaFox. IL 60147 . (800) 348-5580 
RF Power FET 
Richardson Electronics. Ltd., 40W267 Keslinger Rd.. LaFox, IL 60147 . (800) 348-5580 

MODULAR COMPONENTS 

1700 Shames Drve. Westbury. NY 11590 
Tel: 516-334-8730 • Fax: 516-334-8771 

AMPLIFIERS 
Broadband 
Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724 . (908) 542-113 Fax (908) 542-1118 

Vacuum 
Richardson Electronics, Ltd., 40W26Î Keslinger Rd.. LaFox, IL 60147 . (800) 348-5580 
Surcom Associates, Inc., 2215 Faraday Ave., Suite A, Carlsbad, CA 92008. (619) 438-4420 

CRYSTALS/RESONATORS 
H.K. Crystals Co., Unit H, 22/F, Shieli Ind. Ctr., 
34-36 Chai Wan Kok St., T.W. H.K. Tel (852) 4120121 Fax (852) 4985908 

Quartz 
Bomar Cyrstal Co., 201 Blackford Ave , Middlesex, NJ 08846 . (800) 526-3935 

Hybrid 
Richardson Electronics, Ltd., 40W267 Keslinger Rd.. LaFox. IL 60147 . (800) 348-5580 

FILTERS 
Crystal 
Reeves-Hoffman, 400 W. North St, Carlisle, PA 17013. (717) 243-5929 
Saw 
Phonon Corp., 7 Herman Dr., PO Box 549, Simsbury, CT 06070 . (203) 651-0211 
SAW Components 4 Subsystems . Fax (203) 651-8618 

|<kss> Quartz Crystal 
American KSS Inc. PRODUCTS 

Head Office eastern Regional Office Southern Regional Office 
1735 Technology Dr. #790 *01 E. Louther St 5696 Peachtree Parkway 
San Jose, CA 95110 Carlisle, PA 17013 Norcross, GA 30092 
Tel: (408) 437-9577 Tel: (717) 243-6008 Tel: (404) 263-3768 
Fax (408) 437-1717 lax: (717) 243-4343 Fax: (404) 263-3769 

Oak Frequency Control Group. 
100 Watts St., P0 Box B. Mt. Holly Örings. PA 17065 . (717) 486-3411 

MIXERS 
Merrimac Industries, Inc., 
41 Fairfield PL, W. Caldwell, NJ 07006 . (201) 575-1300 Fax (201) 575-0531 

MODULATORS 
FSK 
Merrimac Industries, Inc., 
41 Fairfield PL, W. Caldwell, NJ 07006 . (201) 575-1300 Fax (201) 575-0531 

l&Q 
Merrimac Industries, Inc., 
41 Fairfield PL, W. Caldwell, NJ 07006 . (201) 575-1300 Fax (201) 575-0531 

OSCILLATORS 

H REEVES-HOFFMAN 
= _ -= DIVISION DYNAMICS CORPORATION OF AMERICA 

For your AT Crystal requirements, including High 
Frequency Fundamental Oscillator Crystals up to 
155.52 MHz and Filter Crystals to 150 MHz HFF. 

400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079 

kJ REEVES-HOFFMAN 
=  DIVISION DYNAMICS CORPORATION OF AMERICA 

For your Crystal Oscillator requirements, Clocks, 
TCXO's, VCXO’s, OCXO's, Hybrid & Discrete. 

400 W. North St., Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079 

DIODES 
PIN 
Richardson Electronics, Ltd., 40W267 Ceslinger Rd., LaFox. IL 60147 . (800) 348-5580 

INDUCTORS 
Ferrite Cores 
Spraque Goodman. 134 Fulton Ave., G> rden City Park. NY 11040-5395. (516)746-1385 

Fixed 
Sprague Goodman. 134 Fulton Ave., Gaden City Park. NY 11040-5395. (516)746-1385 

variabl e 
Coil Speciality Co., 
2730 Carolean Industrial Dr., P0 Box 378, State College PA 16801 . (814) 234-7044 

Sprague Goodman. 134 Fulton Ave.. Gaden City Park. NY 11040-5395. (516)746-1385 

INTEGRATED CIRCUITS/MCM 

Crystal 
Oak Frequency Control Group, 
100 Watts St., PO Box B, Mt. Holly Springs, PA 17065 . (717) 486-3411 

Wilmanco, 5350 Kazuko Ct.. Moorpark, CA 93021 . (805) 523-2390 

SYSTEM SUBASSEMBLIES 

AMPLIFIERS 
Broadband 
Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724 ....(908) 542-1133 Fax (908) 542-1118 
LNA 
Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724. ...(908) 542-1133 Fax (908) 542-1118 
Linear Power, RF 

NEC Wireless Semiconductor Products I 
Small Signal & Power GaAsFETs Small Signal & Power Bipolars 

Silicon & GaAs MMICs: Amplifiers, Prescalers, Downconverters 

California Eastern Laboratories 
4590 Patrick Henry Dr Santa Clara CA95054-18Í 408-988-3500 FAX 408-988-0279 

Micro Hybrids. Inc., 2864 Route 112. Mei ford, NY 11763 . (516) 732-3448 

PACIFIC AMPLIFIER CORP. (805) 375-5773 

• LO-MED-HI-POWER LINEAR AMPLIFICATION 
• CELLULAR, TELEPHONY MULTI CHANNEL USE 
• -30 dBc STANDARD; -60 dBc FEED FORWARD 

RF Power 
Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724 ....(908) 542-1133 Fax (908) 542-1118 
High Dynamic Range 
Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724. ...(908) 542-1133 Fax (908) 542-1118 
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SYSTEM SUBASSEMBLIES CRYSTAL BLANKS 
Reeves-Hoffman, 400 W. North St., Carlisle, PA 17013 . (717) 243-5929 

SYNTHESIZERS 
Sciteq Electronics, 4775 View Ridge Ave., San Diego, CA 92123 . '619) 292-0500 TEST EQUIPMENT 

RF TRANSMISSION COMPONENTS 

CABLE ASSEMBLIES 
Kaman Instrumentation. 1500 Garden of the Gods. Colorado Springs. CO 80907 ... (719) 599-1821 

DIRECTIONAL COUPLERS 
Merrimac Industries, Inc., 
41 Fairfield PI., W. Caldwell. NJ 07006 . (201) 575-1300 Fa»(201 ) 575-0531 

FILTER ASSEMBLIES 

PRA. Inc., 8320 E. Gelding Or., #103, Scottsdale. AZ 85260 . (602) 991-4180 
Test & Measurement Systems . Fax (602) 991-4362 

fl REEVES-HOFFMAN 
DIVISION DYNAMICS CORPORATION OF AMERICA 

For your Crystal Filter requirements from 1 KHz to 
150 MHz Fundamentals and up utilizing Overtone 
Crystals. 

400 W. North St.. Carlisle, PA 17013, Tel: 717-243-5929, Fax: 717-243-0079 

Quality Reconditioned TEST EQUIPMENT 
- by -

HP, Tektronix, Fluke, Wavetek, Wiltron, etc. 
Oscopes, Analyzers, Signal Generators, Multimeters 
- Sales and Rentals -

We also buy your surplus test equipment! 

| M d I Phone: 800-336-7723 ♦ Fox: 707-928-1963 

Racal Instruments. 4 Goodyear St., Irvine, CA 92718 .   (800) 722-3262 

SERVICES 

MICROWAVE CONNECTORS 
Southwest Microwave. Inc., 2922 S. Roosevelt St., Tempe, AZ 85282 . (800) 587-5995 

MULTICOUPLERS 
Trontech, Inc., 381 Industrial Way East, Eatontown, NJ 07724 . (908) 542-1133 Fax (908) 542-1118 

PHASE SHIFTERS 
Merrimac Industries, Inc., 
41 Fairfield PI.. W. Caldwell, NJ 07006 . (201) 575-1300 Fa: (201) 575-0531 

POWER DIVIDERS/COMBINERS 
Merrimac Industries. Inc., 
41 Fairfield PI., W. Caldwell, NJ 07006 . (201) 575-1300 Fax (201) 575-0531 

RF CONNECTORS 

ANTENNA MEASUREMENT SYSTEMS 
Jef Consultants. Inc.. 8501 Beck Rd.. Bldg. 2227, Belleville. Ml 48111-1254 . (313) 482-5505 

ANTENNA DESIGN & MEASUREMENT 
Antenna Design Specialists, 1171 Melayn Dr., Lebanon, OH 45036 . (513) 932-3385 

CONSULTANTS 
Management Recruiters of Boulder . Fax (303) 447-9536 Tel (303) 447-9900 

Windy Bradfield CSAM, Bob Sund. 

ITT Cannon RF Products, 585 E.Main ST., New Britain, CT 06051 . (800) 532-3750 
Molex, Inc., 2222 Wellington Ct., Lisle, IL 60532 . 800-MOLEX78 
Richardson Electronics. Ltd.. 40W267 Keslinger Rd.. LaFox, IL 60147 . _.(800) 348-5580 

EMC/EMI TESTING 
Liberty BEL EMC SVCS. , P.O. Box 5431 . MS20, Compton. CA 90224 . (310) 537-4235 

Above MS20 represents RF Design 

INSTRUMENT RENTAL/LEASING 
Naptech. 12312 Hwy 175, Cobb, CA 95423. (800) 336-7723 Fax (707) 928-1963 
EMC Consulting, P.O. Box 496, Merrickville. Ont. K0G1N0 . (613) 269-4247 

OEM PRODUCTS 
Locus, Inc., 1842 Hoffman St., Madison Wl 53704 . (608) 244-0500 

TELEMETRY SYSTEMS & ENGINEERING 
Telemetry Technologies, Inc.. 3307 West St., Rosenberg, T> 77471 . (713) 344-9000 

CAD/CAE SOFTWARE & SYSTEMS - SOFTWARE EMC PRODUCTS 
Waypoint Software, P.O. Box 132, Waseca, MN 56093 . ...(507) 835-7429 

SYSTEM SIMULATION 
Tesoft, Inc.. 205 Crossing Creek Ct.. Roswell, GA 30076 . (800) 631-1113 
Makers of TESLA Com Simulator . Fax (404) 664-5817 Inti (404) 751-9785 

AC LINE FILTERS 
EMC Consulting, P.O. Box 496, Merrickville. Ont. K0G1N0 . (613) 269-4247 

EMI FILTER COMPONENTS 
EMC Consulting, P.O. Box 496, Merrickville, Ont. K0G1N0 . (613) 269-4247 

MATERIALS AND HARDWARE 

COMPONENTS/HYBRID PACKAGES 
Reeves-Hoffman, 400 W. North St.. Carlisle. PA 17013 (717) 243-5929 

Redesign 
Introduces the 
Yellow Page Directory Section 

CALL 
1-800-443-4969 
FOR DETAILS ON 
AN EXCITING 

INTRODUCTORY 
OFFER! 

98 December 1994 



EF EXPO 
PROCEEDINGS 
Successful engineers like yourself are constantly searching for information to keep them up-to-date 

on the rapidly changing world of electronic technology. Twice a year, this vital information is 
presented in the technical sessions and complete tutorial series at the RF EXPOs. 

If you were unable to attend a show or particular session — you can now obtain the same information in 
the RF Expo Proceedings. These proceedings cover almost every paper presented at the shows, topics 
including: 

... PIN diodes, transistors and other RF components ... Direct Digital Frequency synthesizers 
... amplifier and oscillator design ... test methods ... and many other essential RF topics. 

Now a special opportunity to purchase your own copy of the RF Expo Proceedings at reduced prices. 

... Hurry, supplies are limited ... 
For editions from 1992 and prior — only $50 each* 

Please send me the following Proceedings: 

□ RF Expo West 94. $145 

RF Expo East 94 . $145 

□ RF Expo West 93. $145 

□ RF Expo East 93 . $145 

□ RF Expo West 92. $50* 

□ RF Expo East 92 . $50* 

□ RF Expo West 91 . $50* 

□ RF Expo East 91 . $50* 

□ RF Expo West 90. $50* 

□ RF Expo East 90 . $50* 

□ RF Expo West 89. $50* 

□ RF Expo East 89 . $50* 

□ RF Expo West 88. $50* 

□ RF Expo West 87. $50* 

□ RF Expo East 87 . $50* 

□ RF Expo East 86 . $50* 

Shipping Charge: 
$5 each domestic — outside U.S., add $30.00 for first pro¬ 
ceedings anc $10 for each additional proceedings 

Name_ 

Title_ Phone_ 

Company Name_ 

Address_ 

Bldg. No._ M/S_ 

City_ State_ ZIP_ 

Country_ Postal Code_ 

Payment: (Payment must accompany order) 

□ Check enclosed □ Visa/MC □ AMEX 

Card #_ 

Exp._ 

Signature_ 

Date_ 

SEND TO: ARGUS Direct Marketing *6151 Powers Ferry Rd NW • Atlanta, GA 30339 
OR FAX TO: (404) 618-0347 
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ARRL Radio Designer 
Heavyweight RF CAD features 
without a heavyweight price 
If you’ve done any hobby computer-aided design, you’ve 
probably used CAD mainly for designing and enhancing 
your antenna system. Now with your PC and ARRL Radio 
Designer you’ll be able to build, test and evaluate audio and 
radio circuits without warming up your soldering iron, 
running out of parts, or investing in a benchful of expensive 
test equipment. 

Here’s what you and ARRL Radio Designer 
will accomplish quickly and easily: 

31 
■¡Circuit edkor c\d»te\ard\ulrtti¿7 
Retenn« Tuner in RoMe, Moi» 
Mutchin« un I np e dune e of 1.1 

OptimlzeUon D»f 

O Gradient <* Qandomi □ Randamlfe □ Display 

Optimization Completed 

• Model passive anc small-signal linear circuits from audio to RF. 

• Do “what if” circuit modifications without tedious cut-and-try 
experimentation anc measurement. 

• Predict and analyzs the performance of linear, small-signal 
active and passive de, audio and RF circuitry, including amplifiers, 
filters, matching networks and power splitters and combiners. 

ARRL Radio Designer simulates and reports 

• S, Y, Z, group delay and voltage probe parameters for 
n-port networks; 

• Chain (ABCD), hybrid (H), inverse hybrid (G), gain, voltage 
gain, and stability parameters for two-port networks; 

• Magnitude of reflection coefficient, phase of reflection 
coefficient, VSWR and return loss parameters for one-port 
networks; 

• Enter circuits in neilist form using the text-based Circuit Editor. 

• Optimize circuit performance to meet goals you specify. 

• Display the signal evel at any point in a simulated circuit with 
Voltage Probe. 

• Simulate comportant value variations due to temperature and 
tolerance with Monte Carlo statistical analysis. 

• Simulate circuit pedormance in response to a steady-state 
time-domain signal using impulse, step, pulsed carrier or user-
defined stimuli. 

• Synthesize matching networks with Circles, an interactive 
Smith® Chart utility. 

• Use manufacturer-supplied noise and S-parameter device data 
for highly realistic ci cuit simulations. 

• Gain, gain matching and noise parameters; and 

• Complex S, Y, Z, H, G, chain (A), gain matching, noise 
matching and voltage probe parameters. 

ARRL Radio Designer reports can be— 
• Rectangular and polar graphs—onscreen and via any 
Windows™ compatible printer, in the colors, fonts and line 
weights you specify 

• Tables—onscreen, in file form and via any Windows™ 
compatible printer 

ARRL Radio Designer 1.0’s 28 Circuit elements include 

• Active devices (bipola* and field-effect transistors, operational amplifier) 
• “Black box" elements Two-terminal impedance specified by resistance 
and reactance; two-terminal one port specified by admittance, impedance 
or reflection coefficient three-terminal two-port specified by admittance, 
impedance or S parameters) 

• Controlled sources (current-controlled current, current-controlled 
voltage, voltage-controled current, voltage-controlled voltage) 
• Lossy capacitors, inductors, coaxial cables and transmission lines 
• Transformers (ideal two- and three-winding types, specifiable in terms of 
turns ratio or impedanca) 

Technical Specifications for ARRL Radio Designer 1.0 Analysis: 

(mam ,ec °' “mpaate 
* 8 Mbytes of ram 9 V Commended) 

* Microsoft Windows™ 31 n .. 

Space

We’re pleased to offer 
ARRL Radio Désigneras your doorway into a new 
phase of ham radio’s growing computer tradition. 
The package includes two 3.5” diskettes, circuit 
examples and a comprehensive reference manual. 

ARRL Order No. 4882 Retail $150 (add $5 for UPS delivery). 

Maximum number of nodes per circuit block* 250 
Range of node-numbe* values 0 through 999 
Maximum number of ports per circuit block 30 
Maximum number of frequency steps 512 
Maximum number of s:atistical histograms 20 

* The number of circuit nlocks allowed depends on their complexity; 
generally, 50 or more clKuit blocks may be defined in a single ARRL Radio 
Designer netlist. 

ARRL Radio Designer is a derivative of Super-Compact®, an industry-standard linear 
circuit simulator by Compact Software of Paterson, New Jersey. 

ARRL 225 Main St. • Newington, CT 06111-1494 
Phone (203) 666-1541 

INFO/CARD 47 



IMPEDANCE 

Synergy offers a wide 
range selection of low-cost 
RF impedance transformers for 
a wide variety of signal processing 
applications. These transformers 
come in various transformation ratios, 
from 1:1 up to 36:1 , and in a large selection 
of package styles ... surface mount - plug-in -
connectorized ... all competitively priced. 
Frequency ranges cover 0.01 MHz up to 1200 MHz 
in various bandwidths. 

4 

And, as always, the experienced Synergy Applications 
Engineering Team is ready to answer technical questions and 
help with your high volume or custom designs for transformers, 
mixers, power dividers, couplers, filters, modulators, and VCOs. 

SMC 
TRANSFORMERS 




