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VARIL’S Customers Can Relax
.. . We Are Working Their Projects
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1/Q Hybrids « Transformers « Voltage Controlled Oscillators « Frequency Doublers « Switches
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No Oscillation With Any Load.

-
R LIV VIV TS

Our C-Locad” Op Amp Family Handles More Than 10,000pF.

. : , P - = # oo
wog:lacgg;l:ir:i3:2;1228li{}?g.;occjze::éef::;l;e(:;.l | Part # ng_‘i)sl Max Iy _Llli" Iour iBandwidth Slew Rate
op amps solves the problem of capacitive load LT1097* | 60V | 350pA | 57mA ‘ 700k Hz 02V/ps
induced oscillatioas. Our C-Load op amps slow LT152 | 10pV ' 100pA | 4mA 1MHz 1V/us
down when capaatively loaded, while other op LT1206 | 10mV SuA 250mA l 60MHHz 900V/us
amps oscillate. LTI220 | LomV | 300nA | 24mA | 45Mllz 250V/us
Driving coax, twisted pair and other difficult e | St 4T Y - m
LTI354* | 8W0pV | 300nA | 30mA 12MHz 400V/us

loads take no extra care when C-Load op amps l
LTI3S7* | 600pV | 500nA | 30mA

25MHz 600V /s
are used. C-Load op amps are stable when e ey | 3 ¥ ("
Al 1360 0 1pA 40mA S0M 800V
driving loads of over 10,000pF, more than most = ~ o ; =
! 1 9 LT1363* 1L.5mV 2uA 70mA 75MHz 100V /ps
applications requi-e.
LT1457 \ 800pV | 75pA l 10mA 1.7MHz 4V/ips
Capacitive load driving capability isn’t limited ‘ - i

*Duals and Quads are available. {

to any one type of amplifier. LTC's family of =}

C-Load op amps include devices from the 7pA. FET- Specifications for the table shown are low cost grades
input LT1457 to the 70MHz, 1000V/psec LT1363. in plastic DIP. Prices for our C-Load op amps start as

The LT1206 w th its 250mA minimum output cur- low as $1.05 for the LT1097CN8. For details, contact

rent has enough d-ive to slew 10,000pF at 50V/ps. Linear Technology Corporation, 1630 McCarthy Blvd.,
Precision instrumentation applications? The LTC1152 Milpitas, CA 95035/408-432-1900. For literature
rail-to-rail input and rail-to-rail output zero drift op only, call 1-800-4-LINEAR.

amp provides 10pV max offset as
well as C-Load driving.

TECHNOLOGY

FROM YOUR MIND TO YOUR MARKET
C-Load s a trademark of Linear Tedhnology Corporation. AND EVERYTHING IN BETWEEN.
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115MHz to 1880MHz from $19.95

1&Q Modulators and Demodulators....another smart offering from
Mini-Circuits that's pushing industry standards to new heights (and
prices to new lows)!

Intuse your cellular, radar and communication system project
with the powerful new 1&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, 1&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!

1/Q MODULATORS

] SONV CARRIER  SIDEBAND HARM PRICE
=D FREQ LOSS REJ REJ UPPRESS 8
{MHz) (dB1 d {(dBc) dB8c) Typ QTY

MODEL NO f, f, X 4 Typ IXQ  S5xiiQ  (1-9)
MIQA 10M 9 1 8 020 41 40 58 68 499
MIQA 21M 20 3 2 O 50 40 48 65 399
MIQA 70M : 01 38 38 48 58 399
MIQA. 70ML 3 7 38 38 48 58 499
MIQA-91M 86 95 5 38 38 48 58 499
MIQA-100M 95 105 5 38 38 48 58 499
MIQA-108M 103 e G | 0] 38 38 48 58 499
MIQA-195M 185 205 010 38 38 48 58 499
MIQC-88M 52 8¢ 57 41 34 52 66 499
MIQC-176M 04 176 55 0 : a7 549t
MIQC-895M 88 895 80 O 4( 52 58 999
MIQC-1785M 1710 1785 90 0 40 65 999
MIQC-1880M 1805 1880 90 O 35 40 65 999
O MiQy 70M 67 73 i3 40 3¢ 47 60 199
O MIQY-140M 14 34 45 &0 199

-~
o m o 1/Q DEMODULATORS

CONV AMP PHASE HARM PRICE
§° FREQ LOSS UNBAL UNBAL SUPPRESS s
(MHz) (dB) (dB) (Deg) (dBc) Typ QTy

MODEL NO 4 t X o Typ Typ 3xi/Q  5x/Q (1-9)

MIQA-10D 9 6 015 10 50 65 4995

MIQA-21D 2 61 )15 0 64 67 4995

MIQC-8950 868 895 80 020 01 40 55 9995

O MIQY-125D 115 135 50 010 01 59 67 2995

O MIQY-70D 5 1 0 52 66 1995

O MIQY-140D 1 0 4 70 1995

0O NON-HERMETICALLY SEALED
MIQA case 4 x 8x 4in
MIQY case Bx 8x.4in
MIQC case 8x .8x 4in
MIQS case Bx 4x 2in

All Models Available in Surface Mount Package

Consult Factory for Details

- @ - o @®
[IMini-Circuits
P O Box 350166. Brooklyn. New York 11235-0003 (718) 934-4500 Fax (718) 332-4661

For detaied specs n alt Mini-Circuits products refer to o THOMAS REGISTER Vol 23 ¢ MICROWAVES PRODUCT DIRECTORY @ EEM ¢ MINI-CIRCUITS' 740-pg HANDBOOK

CUSTOM PRODUCT NEEDS  LetOurExperience Work For You.
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DAICO’S SURFACE

—~ T

£

£

-DaitoSets the r 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 hoards.

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- IL | Iso Part No. #of | Freq LSB IL Con- Package
fig dB | dB | pSEC Sec MHz | Range | dB trol
tions dB ax

ERETRIEE I 5 T A K L TG
10-2000 (4 [ 1010w [ 115 | DAO?
- ; . : DAOT69
6 | 0050 DAQTS?
DSO742 10-1000] 163 [63 ] 0050 [ TTL DAOT86
P21 | 501 DSW25030 0.5/63" | 4. : DAOT95
10-1000 . DSO744 0.5/63.5 0. DAO717
SP4T : Ds0778 00
51 ver [ o [ 18 Jos T~ s ] tepmowe | owors

hea m DAICO INDUSTRIES, INC.
dB ) 2453 E. Del Amo Bivd., Rancho Dominguez, CA 90220
[ 050 [ o8 [10] oom [ 14 | ropnsup | peporas | Telephone 310/631-1143 « FAX 310/631-8078

WE ACCEPT VISA AND MASTERCARD INFO/CARD 4

SWITCHES ~ ATTENUATORS ~ PHASE SHIFTERS ~ MMICS  BIT DETECTORS  COUPLERS  MODULATORS  AMPLIFIERS
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26 Low Cost Doppler Detector

The Doppler detector in this car security sys-

50 ohm Antenna

tem uses 2.5 GHz. Using this lower frequen-
cy enables th2 use of less expensive compo-
nents.
— Miiton Luiz Gomes and
Adirson Mauro da Silva Jr.
jp View SAW BPF
cover storv
32 New Receiver Architecture

In the past, the 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

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.

— QGary A. Breed

design awards
80 Ladder Filter Design Made Simple

"LADDER", the 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 jroup delay responses. LADDER also performs Monte Carlo
analyses on the designed filter. — Richard Yeager
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HIGH POWER
QUADRATURE
HYBRIDS

FREQ. RANGE 100-1000 MHz
POWER 250 WATTS CW

TYPICAL SPECIFICATIONS

MODEL QH3198 100-300 MHZ
MODEL QH3199 300-1000 MHZ
L3 8 St S s 0.5db. max.
AMPBAL..........conieresinsisanns + 0.3db max.
ISOIEATION ... o.i e v e 20db typ.
PHNSES s e o e e 2. 5 90 + 2deg.
VISR .z o vvs v oo e 1.3:1 max.
CONNECTIORS: ..« i reivmtvasstmum Rvrtu svsas? 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
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RF editorial

My Wireless
Gadget
Christmas
List

By Gary A. Breed
Editor

| 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 | need in my
office and at home to make life easier:

A wireless mouse for my computer —
The cord 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, | 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 | can afford
to use — Maybe the new PCS services
will cut the cost down from the monthly
fee plus 50¢ a minute. A cellular phone
would te 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!

White I'm at it, | better get a radar
detector, too. With two children (OK,

they're young aduits) in college, we
make a lot of trips up and down 1-25.

For business, | could use a telephone
that's part of a wireless office system; so
| can carry it arcund 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!

| 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 | 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. | never
use that road, so | think I'll leave that off
my list.

| 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 | 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 wcrd 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, | also hope that
those who can’t af‘ord 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!

December 1994



ULTRA-BROADBAND
RF POWER AMIPLIFIER SYSTEMS

ALL SOLID-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 51000 MHz ~ 33dB 2,095
210LC  10WCW .008-225 MHz ~ 40dB 2,495
710FC  10WCW 1-1000 MHz ~ 40dB 6,695
*727LC  10WCW  .006-1000 MHz  44dB 7,950
713FC 15WCW 20-1000 MHz ~ 420B 5,680
225LC  25W CW 01-225 MHz ~ 40dB 3,295
*737LC  25W CW .01-1000 MHz ~ 45dB 9,995
712FC 25WCW  200-1000 MHz  45dB
714FC  30W CW 20-1000 MHz ~ 45dB
250LC  50W CW 01-225 MHz ~ 47dB
715FC  50WCW  200-1000 MHz ~ 47dB
707FC 50WCW  400-1000 MHz  50dB
716FC  50W CW 20-1000MHz ~ 47dB
*747LC  50W CW .01-1000 MHz ~ 47dB
MODEL 7100LC WITH IEEE 488 116FC  100W CW 01-225MHz  50dB
709FC 100WCW  500-1000 MHz  50dB
717FC 100WCW  200-1000 MHz ~ 50dB
EM’_ EME_ ”FI 718FC  100W CW 20-1000 MHz ~ 50dB
7100LC  100W CW 80-1000 MHz ~ 50dB
*757LC  100W CW .01-1000 MHz ~ 50dB
122FC  250W CW 55dB
723FC  300W CW 5508
LAS00V ~ 500W CW 56dB
LAS00UF  500W CW 100-500 MHz ~ 57dB

Ac Operatinn LA500G  500W CW 500-1000 MHz  57dB

LA1000V 1000W CW 10-100 MHz ~ 60dB
LA1000UF 1000W CW 100-500 MHz ~ 60dB

Fully Protected LA1000G 1000WCW  500-1000 MHz ~ 60dB
LS1000 1000WCW  .01-1000 MHz  60dB

Drive Mismatched Loads RUGGED VACUUM TUBE DISTRIBUTED AMPLIFIERS

116C  100W CW 01-220 MHz 50dB  $ 9,995
No VSWR Shutdown 122C  200W CW 01-220MHz 53dB  $12,950
134C  500W CW 01-220 MHz 57dB  $ 20,500

Alc Flat Gain nesponse 137C 1000W CW .01-220 MHz  60dB $ 28,950

140C 2000W CW .01-220 MHz  64dB $ 46,500

H Warranty: Full 18 months all parts. Vacuum tubes 90 days.
Remote Func“ons * = Indicates Dual-Band System (coaxial band switching)
Lowest Prices
IEEE Interface Capability

RS

EN G NENENIAR VG

1-806-344-3341 The World's Most Complete

(206) 485-9000 1(206) 486-9657

21820-870 S Waodivill, WA 38072 USA Line of RF Power Ampm's

OUNTRY REPRESENTATIVE  TELEPHONE NO. _ FACSIMILE NO.
RANCE KMP ELECTRONICS 146450945 146452403
ERMANY EMCO ELEKTRONIK 898562071 898597785

“WEDEN MAT & TEST TEK 87926100 87923190

INFO/CARD 6




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.

Need more Q? Try ournew
surtace mount spring inductors,

220 Our 2% tole-ance versions can help

a you eliminate circuit tuning altogether!

P They're tape and reel packaged
A

280 = and have a jacket with a flat top for
- auto insertion. We even tin the leads
180 for reliable soldering.

Q Order our $60 C102 Designer’s
At Kit with 10 spring values. Or call us
J for our complete RF and surface

mount product catalogs.

140 ]

Q] | .
200 400 600 800 1000 @of,&m_a,g{'
MHz  MHz MHz MHz MHz

1102 Silver Lake Road, Cary IL 60013
801/322-2645 FAX 708/639-1469
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HF POWER AMPLIFIERS

Hicr Revngiuiry, Gonmaercia Quauiry

¢ 1.8 to 30 MHz
¢ 1500 to 10,000 Watts

HENRY HF Power Amplifiers
have been the reliability
standard for 30 years.
Trousands are in use at
commercial, government,
and military installations
around the world.

If you require trouble-free,
24-hour-per-day, year-round
operation, call or write today
for pricas and specifications.

TOLL-FREE (800) 877-7979

Y RaDIO

2050 South Bundy Drive
Los Angeles, CA 90025

% ¥ 4
N N Phone (310) 8201234
e FAX 310-826-7790
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CIRCLE READER SERVICE NO.50

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

Low DC Power High
fr 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. 1t is useful for
low DC power LNAs or low phase
noise VCOs through 2.5 GHz.
High f}: 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 swi ch with posi-
live or positive and negative
control. Operates from DC-1.6
GHz, and designed far internal and
external switch apolications in
portable telephones. P3 > 55 dBm
typ-, low loss measures < 0.5 dB.
High power handling is > 1W.

P/N SW-358 / SW-3°9A

M/A-COM, Inc. 1-810-366-2266
CIRCLE READER SERVICE NO. 51

OSMT: Micrownave
Surface Mount

Interconnect System
The OSMT has a mated 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 sapplied in tape
and reel packages and cable jacks
are available in pigtals or jumpers.
OSMT Plug Receptacle

P/N 2367-0000-5+

Right Angle Jack C:ble 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

PCMCIA-mountable antennas and
surmount components
for wireless data
fransmission.

- -
- -
-y g

Place nose here.

Now, To See All The Advanced Features
Of Our Wireless Components,
You'll Have To Take A Closer Look.

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

components are always priced very 4 %e"l:'ar
o andsets,
competitively. PCN and
3 private radio
To see how our tiny components  PTe

could make a big contribution to

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.
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RF 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 RF
Design about the June issue which had
a letter entitled “A Note on ECL for RF”
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 | have been using line

1“—{

Resistor Network

Outputs

pb——0 -5.2V

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). | have seen several designs which
use the same circuit for converting a
sine wave as is shown in Mr Conway’s

Sine
Wave p
Input
-
Voo
Vee Vee

Figure 1. Unbalanced input circuit.

Sine
Wave O— }———4 —>
Input
V
\ 4 bb % %
V“ vee
f

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.

| 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. | 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

/ WIRELESS BASE STATION RECEIVE AMPLIFIERS

: >\

\ 7,
- 4
-

L \?\bntcr;/:; oratiéné\cﬁé/

Guaranteed Specifications
[ Frequency Output Noise Reverse 3rd DC
. Model Range Gain P1dB VSWR Figure Isolation oIp Power Housing
\ (MHz) (dB) (dBm) (dB) (dB) (dBm) (Vdc/mA)
\— 0B-304 800-900 20.0 24.0 1.5:1 3.0 37 40 15/300 19202 s_é
(B-761 806-870 230 18.0 15 35 42 32 15/140 187-2
- (BH-1254 804-901 12.5 235 1ESA] 3.0 26 37 15/142 T0-8
s 0BS-104 896-925 27.0 26.0 1.71 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 20 37 41 15/450 19069
Li¥ QBS-125 896-960 40.0 28.0 1521, 5 51 42 15/850 19130
Tl QBS-126-1 925-960 40.0 28.0 1.5 15 51 42 15/850 19130 s
\‘ ~{ QBS-126-2 925-960 40.0 28.0 UGE] 15 51 42 19-31/850 19105 _//
\ 0BS-127-1 925-960 33.0 220 RS 15 4 38 15/450 19130
= (0BS-127-2 925-960 33.0 22.0 1.5:1 185 41 38 19-31/450 19105
0BS-133 824-849 33.0 19.0 2.01 3, 41 35 15/250 19121
QBS-135 824-849 40.0 24.0 2.0:1 153 51 39 15/425 19121 IS
4 QBS-136 824-849 14.0 25.0 2.0 618 21 40 15/325 19134 |
0BS-137 824-849 26.0 15.0 201 113, 36 28 15/150 19134
QBS-141-1 824-849 40.0 28.0 1.5:1 159 51 42 15/850 19130
S~ | 0BS-141-2 824-849 40.0 28.0 12551 18 51 42 19-31/850 19105 il
QBS-142-1 824-849 33.0 220 1:58) L5 41 38 15/450 19130 )
0BS-142-2 824-849 33.0 220 1.51 1.9 4 38 19-31/450 19105
0BS-146-1 870-915 40.0 28.0 1] 15 51 42 15/850 19130
| 0BS-146-2 870-915 40.0 28.0 145K k5 51 42 19-31/850 19105 1
0BS-147-1 870-915 33.0 22.0 1.5:1 15 41 38 15/450 19130
/ QBS-147-2 870-915 33.0 22.0 (15581 41 38 19-31/450 19105 |

.
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INFO/CARD 10

-1838 \ \

December 1994



Don't fade awa

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 prcblems for
communications systems. The
problem is that reafistic testing
means replicating r2al-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 Ricizn fading
simulator, allowing receivers to
be tested under rezlistically
adverse conditions.

The 2050 series is highly
versatile, with comprehensive
1Q modulation facilities plus the
ability to test new digital systems from 10 kHz to 5.4 GHz with

including TETRA and APCO 25.

Covering an exceptionally
wide carrier frequency range -

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.

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

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.

© 1993 Giga-tronics Incorporated

Giga-tronics Presents The Alternative
To $30,000 And $40,000 RF Synthesizers.

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-
mard 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 |4-year history
of building test and measurement
gear for the most demanding
requirements. Ve'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.

The Giga-tronics 6080A and 6082A RF Synthesizers give you great
performance and praven 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, Giga-tronics
technical support staff zan often
help you find and fix the problem
over the phone.

If you need to retura 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 muct more!?

Hewlett- Sea Hewlett- s i
_ Iga-tronics Iga-tronics
Specifications Packard Y Packard Y
6080A 6082A
HP 86424 HP 86428
Frequency
Range .1 to 1057 MHz 01 to0 1056 MHz 102115 MHz J 10212 MHz
Switching speed <85 ms <100 ms <85 ms <[00 ms
Spectral Purity*
Spurious <-100 dBc <-100 dBc <-94 dBc <-94 dBc
Subharmonics None None <-45 dBc <-45 dBc
Phase Noise"
@ 20 kHz offset <-134 dBc/Hz <-131 dBc/Hz <-125 dBc/Hz <-125 dBc/Hz
Residual FM*
(3 to 3 kHz BW) <2Hz <i.5Hz <5 Hz <3Hz
Output
Range* +16t0-140dBm | +I7to-140 dBm +16t0-140dBm | +13 to -140 dBm
Accuracy +| dB>-127 dBm | %l dB >-127 dBm +1 dB >-127 dBm | i dB >-127 dBm
Reverse Power Protection 50 Warts/50 Vdc 50 Wates/50 Vdc 25 Watts/25 Vde | 25 Watts/25 Vdc
Amplitude Modulation
Depth 0-99.9% 0-99.9% 0-99.9% 0-99.9%
Distortion @ 30% <% <1.5% <2% <1.5%
Frequency Modulation
Max. Deviation™ 3 MHz 4 MHz 3MHz 8 MHz
Distortion <% <1% @ 50% Dev. <% <1% @ 50% Dev.
Phase Modulation
Max. Deviation® 100 Rad. 40/400 Rad. 200 Rad. 80/800 Rad.
Pulse Modulation
OnJoff >40 dB >40/60dB | >40/80 dB >80 dB
Rise/fall time <400 ns <15 ns {Typ 7.5 ns) <400 ns <15 ns (Typ 75 ns)
Minimum Pulse Width <2 s <30 ns <D s <30 ns
Internal Modulation Source | | 20 Hz to 100 kHz | 0.1 Hz to 200 kHz 20 Hz to 100 kHz | 0.1 Hz to 200 kHz
Level Range 0o 3 Vpk 0to 4 Vpk 0to 3 Vpk 0to 4 Vpk
Waveforms Sine Sine/Sq/Tri/Pulse Sine Sine/Sq/Tri/Pulse
Programmable Yes Yes Yes Yes
Memory Locations (NVM) 51 Full Function 50 Full Function 51 Full Function 50 Full Function

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

but rather, why Hewlett-Packard wants so much more.

“Specifications for both the 60B0A and the HP 8642A are at | GHz. Specifications for both the 6082A and the HP 86428 are at 2GHz.
Prices and specifications for the HP 8642A and HP 86428 are from the Hewlett-Packard (993 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.

‘imauy‘ WQF'A‘P' ‘Tmﬁ
! ,, n’l‘ ’

Giga-tronics Incorporated
4650 Norris Canyon Road
San Ramon, California 94583
Telephone: 800 726 4442 or
510 328 4650
Telefax: 510 328 4700

INFO/CARD 12



onics, Ltd.
sowerful 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

Richardson
- Electronics, Lid.

INFO/CARD 13




RF calendar

Janua

ry
5-6

16-18

23-26

26-27

29-1

29-1

February

March

RF Design

15-17

27-1

8-15

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.

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.

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.

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.

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.

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.

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.

Second International Conference on Data Transmission
London, UK

Information: DT 95 Secretariat, IEE Conference Services,

Savoy Place, London WC2R 0BL, UK. Tel: 44-071-344

5478/5477. Fax: 44—071-497 3633.

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.

TESLLA

Award Winning
Communications
Simulation

“You have no idea how much
effort this package has saved
me.”” — A.C. Brookfield, CT.

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-
portin the business and a 30-day
trial. At $695 it’s a steal! Ask
about TESLA's powerful options.
Why notsee for yourself? Call:

800-631-1113

U.S. and Canada

Intl: 404-751-9785  Fax404-664-5817
TESOFT inc. 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:
(310) 825-1047. Fax: (310) 206-2815.

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.

EMVEMC 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.

DSP Without Tears

January 25-27, 1995, Long Beach, CA

February 8-10, 1995, Denver, CO
Information: Z Domain Technologies, Inc., 325 Pine Isie Coun,
Alpharetta, GA 30202. Tel: (800) 967-5034, (404) 587-4812.
Fax: (404) 518-8368.

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.

Digital Cellular Radio
January 17-20, 1995, Washington, CC
Digital Cellular Telecommunications
January 25-27, 1995, Washington, CC
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.

n ’ m

of [ |
RF Monolithics, Inc.
4441 Sigma Road,

Compensated
Group Delay

allas. Texas 75244 USA Phone: (214) 233-2903 Fix: (214) 387-8148

RFM’s new group delay
compznsated low-loss
SAW filters are ideal
for GSM, INMARSAT,

Uncompensated
Group Delay

PCN, and many other

digital radiotelephone

pensated Low-Loss SAW Filters
IF applications. RFM
technology holds group

delay virtually flat

across the filter's 6 dB

bandwidth, assuring
low intersymbol inter-
ference. RFM offers
these filters in both DIP
and SMT packages.

For further information

please contact RFM.

INFO/CARD 15
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RF news

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-

Wireless Office Market to Grow Nearly 20-Fold

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 0BL, United Kingdom,
tel:+44-71-344-5477, fax: +44-71-

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

Semiconductor Industry Sets Billing Record

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.

20

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 unil now because the SFQ
signal is very fast and faint. SFQ pulses
are at the heart of 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, ceilings, 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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Electromagnetic Simulation

Antenna
Analysis

Packaged
Device Analysis

Integrated
Geometry
Editor

11e)S MON © SeH

Current Density Graphic
and Piot
Direction Plots Outputs

in both open and packaged environmenis!

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 technigues 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 i 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 Europe

Compact Software Compact Software

201 McLean Boulevard, Faterson, NJ 07504 @ Electronic Software Components GmbH INFO/CARD 17
Phone: 201-881-1200 » Fax: 201-881-8361 Alpenstrasse 20, D-85614, Kirchseeon, Germany

Phone: +49-8091-6845 « Fax: +49-8091-4804

Asia-Pacific

Compact Asia-Pacific Sales Center

764 Dailey Avenue, San Jose, CA 95123
Phone: 408-362-0363  Fax: 408-362-0507

E Compact
= Software

MICROWAVE, RF and LIGHTWAVE CAD SOLUTIONS

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




m' n e WS 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 generaticn 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 Shuitle.
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 the first cellular phone
was desigred, 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

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
talking to us first.

RFIC power amplifiers can help
you reduce total system size while
adding more features in the same

ACTUAL
SIZE |

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

CIRCLE NO. 234

ITT crc
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RF industry 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
Peloguin 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
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well. Cistributors 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. CDlI's
Williammee notes that the broadline dis-
tributors often don't want to handle the
relatively small volumes most RF compo-
nent menufacturers 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 small 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/microwave 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.
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SPANNING THE DECADES

HicH POWER DIRECTIONAL COUPLERS

OUTSTANDING PZRFORMANCE
PERFORMANCE SPECIFICATIONS
100% HIGH POWER BURN-IN
MODEL FREQUENCY COUPLING DIRECTIVITY POWER
HIGH AVERAGE POWER RATINGS NO. MHz dB dB WATTS
OVER 1500 MODELS AVAILABLE C2630 0.01-1000 40 20 100
HIGH POWER COMPONENTS C3271 80-1000 50 20 1.5Kw
C2717 1-30 70 35 100K
SINCE 1965 & i
C2868 30-100 60 20 50Kw

WERIATONE BROADBAND DIRECTIONAL COUPLERS OFFER NO COMPROMISE

HicH POWER MULTI-OCTAVE PERFORMANCE

5

Call us today for product information and your application needs.

WERLATONE INC.
P.0. Box 47, Brewster, New York 10509

DECADES AHEAD 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.

ccording 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-
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-

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. Tre 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
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
S,, to be equal to S,, 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.

P, - P, =as-2G,, -Gy )]

ant ~
where:

P = Transmitted power (dBm)

G, = Antenna gain (JBi)

as = Two-way patch loss from Fig. 3 (dB)
P, = Received power (dBm)

Gy = Target gain from Fig. 2 (dB)

Pout = Pin = a8 = 2Gy
—-6-P,,=80-10-20
P,, = -56 dBm

Table 1. Radar equation calcula-
tions.

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 us2d 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 Doppler freq.(Hz) 10.5GHz Doppler freq.(Hz) 2.45GHz
120 110 100 30 l I
110 100 90 27 T 1
100 90 80 7 24
90 80 70 21
80 = 70 H 60 18
e c o sl L % 15 i
60 h 50 ’ = & e :
PP o ASEEEREy
1 L3
30 20 b ot 7 6 ;
20 i il 10 10 (e 3 W
e e (i gl SR SIS0 S e bt o A 0 01030609 1 3 6 91113 001030609 1 36 91113
Radar cross section () Radar cross sectior  (m?) target velocity ms target velocity m/s

Figure 1. Target gain versus target size for 2.45 and

10.5 GHz.
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Figure 2. Doppler frequency versus target velocity

for 2.45 and 10.5 GHz.
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DC-2000 MHz '

In plastic and ceramic packages, for low-cost solu-
tions to dozens of apalication 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 thay $4.50. Design values and circuit
board layout available on request.

It's just as easy fo 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 Designers' Handbook.

All Mini-Circuits’ emplifiers feature tight unit-to-unit
repeatability, high relability, a one-year guarantee, tape
and reel packaging, off-
the-shelf availability, ~ith
prices starting at 29 cents.

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

e

- MAV- MAv >MAR VAM
M AM  RAM

Models above shown actual size

AMPLIFIERS

¢ Unit price $ (25 qty)

PLASTIC ++VAM-3 +VAM-6  +-VAM-7
SURFACE-MOUNT 1.45 1.29 175
add suffix SM MAR-1 MAR-2 MAR-3 MAR-4 MAR-6 MAR-7 MAR-8
1o model no 104 1.40 1.50 1.60 1.34 1.80 175
(ex. MAR-ISM) MAV-1 +MAV-2 +MAV-3 MAV-4 MAV-11
1.15 145 1.55 1.65 215
CERAMIC RAM-1 RAM-2 RAM-3 RAM-4 RAM-6 RAM-7 RAM-8
SURFACE-MOUNT  4.95 495 495 4.95 495 495 495
PLASTIC MAV-1 +MAV-2 +MAV-3 +MAV-4 MAV-11
FLAT-PACK 1.10 1.40 1.50 1.60 210
MAR-1  MAR-2 MAR-3 MAR-4 MAR-6 MAR-7 MAR-8
0.99 1.35 1.45 155 1.29 1.75 1.70
Freq.MHz,0C to 1000 2080 2000 1000 2000 2000 1000 1000
Gain, dB at 100MHz 185 125 125 83 20 135 325 127
Output Pwr. +dBm 1.5 45 100 125 20 55 125 175
NF, dB 55 65 6.0 65 30 50 33 36

Notes: + Frequency range DC-1500MHz ++ Gain 1/2 dB less than shown

designer's amplifier kits chip coupling capacitors at .12¢ each
DAK-2: 5 of each MAR-model (35 pcs). only $59 95 {50 min.)
DAK-2SM: 5 of each MAR-SM model (35 pcs) only $6195  Size (mils)
DAK-3: 3 of each MAR, MAR-SM, MAV-11. MAV-11SM 80 x 50

Value
10, 22, 47, 68,100, 220, 470 680{)1

80 x 50 1000. 2200, 4700, 6800, 10,000 p

(R IE 120x60  .022..047..068. 140
designer's chip capacitor kit
KCAP-1: 50 of 17 values 10pt 10 0 1uf (850 pc). $99 95

Typical Circuit Arrangement

Rpias
e Vec
COLORDOT £

optional)

c 1 ,
IN Eb—r{kk—vl‘% . J ii—fom

L JMini-Circuits’ :

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661
For detailed specs on all Miri-Circuits products refer to « THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY * EEM  MINI-CIRCUITS’ 740- pg. HANDBOOK.

F154 REV A

CUSTOM PRODUCT NEEDS...Let Our Experience Work For You.
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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.

Minimum Sensitivity

One way to determine the received
power level in the sensor uses equation
1in 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 uV .., 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.

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
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MKR 2.495 399 0 GHz
REF_ 0.0 dBm__ATTEN 20 dB -5.80 dBm
—~_
K\//' oscillator G {
directioral coupler ?g;tm / ‘\
or circulator
Doppler 1
detected signal 1
mixer
1
17 1
Figure 4. Circuit to produce illu-
minating signal and to detect | “72CE JIEE o 0w TP w00 mec

Doppler signal.

— ' high isolation
Aty == no Doppler
detected signal

Figure 5. High isolation prevents
Doppler detection

P, at Fy

Pin (noise _y,
for oscillation)

G=Poy = A _
P, 1-AB

A = amp. open loop gain
B =feedback transfer function

L Tlne

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

kHz for a temperature variation between
0 and 8D °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.

Electromagnetic Field Exposure
During the running of the vehicle, the

Figure 7. Spectral output of the
oscillator.

MMIC
11 00f 8.2PF

R4,

0.5PF| w=2.8; L=16.9(mm)

{ Detected
audio

+12 4
470 100puH =400

Figure 8. Actual implementation
of Doppler detector.

H-glane

Figure 9. Typical antenna radia-
tion patterns for patch antenna.

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 expcsure at 2.45 GHz is
1.0 mW/cm?. Table 2 shows the calcula-
tions used to find the power density.

Conclusions
The Doppler effect could be usefully
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The Standarc for Performance

For over fiteen vears engineers and
OEMs alike have relied on PTS
frequency svithesizers for unmatched
stability, speed and spectral purity.
These direct znalog and direct digital
synthesizers neet the most challenging
systems devebbpment requirements...
ATE systems, satcom, wireless, medical
imaging, secre communications, and
more. You'll also find them in
production eavironments, where they
play a key roke in quality assurance.

Our synthesizer models cover the
100 KHz to 1GHz band with 0.1 Hz

Frequency
Synthesis
Handbook

FREE OFFER

plit
Personality

resolution. They are available with
switching times from lusec, 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 cveling and electrical
testing. The result: a field-proven
25,000 hr MTBF. Since 1985 we've
offered a full 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
vou a free copy of the RF Design
Frequency Svnthesis Handbook.

Features and Options
*BCD or GPIB remote control
*DDS with phase-continuous switching

*(QCXO0, TCXO or external
frequency standard

*Resolution to 0.1 Hiz

«Digital phase rotation

*Qutput power 1o +13dBm

eProven 25,000 hr MTBF

2 yr warranty

$350 repair fee, vrs 3 - 10
($500. Model PTS 1000)

)l(
—

PROGRAMMED TEST SOURCES, INC
9 Beaver Brook Road, Littleton, MA 01460
Tel: 508 486-3008 Fax: 508 486-4495
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Figure 11. Block diagram of
entire security system.

|
| @ s ‘ applied in many problems. With the
advance of technology, costs are falling,

Figure 10. Photo of detector cir-  thereby making the use of Doppler an
cuit and processor. increasingly useful and important tool. RF

FROM THE WORLD LEADER IN VARIABLE CAPACITORS

Cera-Irim

VARIABLE CAPACITORS

O Actual

___|Size

CERA-TRIM ™ are high ® Capacitance Range:
performance, extremely 0.5 - 2.0 pF to 5.0-15 pF
durable, single turn, surface B Q >1000 @ 200 MHz
mount trimmer capacitors. (depending on model)
The unigue ceramic package :
assures excellent operating - Ope_gatlng Temeerature:
characteristics at an affordable —55°C to+125°C
price. ® Working Voltage: 400 VDC
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B 4nR?
where:

P= transmitted power (mW)

G = antenna gain (dBi)

R = Distance for determined power
density (cm)

DP = power density (mW/cm?)

R>0.28 cm for a safe level r = 0.28 x
10=28cm

where the factor of ten is a safety
factor

Table 2. Power density calcula-
tions for exposure levels.
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New 3 Volt Downconverters:

a N EC miniature downconverters are the latest addition
AT PP to CEL's growing family of 3 Volt RF ICs.
p Need low distortion? Our new UPC2758T delivers

e | S +10dBm output IP3Low current application? Choose

VL e [Beea] T the UPC2757T. 1t provides 13dB of conversion gain
2 | from only 5.6 mA. Both feature a mixer, LO and IF
CRE = T 2 ;
- UPC2758T buffer amplifier, and a Power Down function to
8 vy, Y \\ prolong battery life.
§ & UPC2756T \‘\ Another low current device, the UPC2756T, helps
g simplify your designs by combining mixer, IF amplifier
5 & s \ and oscillator — all on a single chip.

i ol - TS Ji_ § £ L S| All three feature 3dB RF bandwidth to 2.0 GHz, with

5 = = =57 S0 7 3dB IF bandwidth of 10 to 300 MHz.

LO Frequency (MHz) Housed in miniature packages no bigger than a

- = .5d - MH . .
TR TR R L e SOT-143, these devices are available now on tape and

reel and priced in quantity from only 99¢.

RECEIVER LINEUP Best of all, they can be combined
s e = i with CEL's other MMICs and discretes to
uUPC2756T UPC2753GR .
‘ provide complete GPS, PCN or 2.4GHz '
. | | DC : ! 5
LGSH?zs o > ? ?_ | D 1o to wireless LAN solutions. .
1. dOMHz Tt rreseseeeaen oo e .
MHz Need a higher level of integration? The 3 Volt
Sp— X UPC2753GR TF downconverter combines an RF input

amplifier, Gilbert cell mixer, LO input buffer, IF

amplifier with AGC, external filter port, and IF output

T SR e G AT OR & limiting amplifier — all in a miniature 20 pin SSOP

PR  OPERATING lcc CONVERSION OUTPUT ] package. This device features DC to 400 MHz RF
VOLTAGE GAIN IP3

fomr

1' response, DC to 20 MHz IF response, and typical overall
| UPC2758T' 3V 11ma 17dB +10dBm | -

B = DT 7 conversion gain of 79dB.
UPC2757T' 3V 5.6ma 13dB +5dBm ot

- _ — : For data sheets and a Silicon MMIC Product
UPC2736T2 3V 59ma 14dB  +5dBm l . ‘ .

— R e e R = Selection Guide, call your nearest CEL Sales Office, or

1.Measured at 2.0GHz 2.Measured at 1.6 GHz
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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.

hort 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-

32

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 raceiver 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:

e 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.

* “Tweeks” 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 1a. The receiv-
er drove a set of headphones. This
receiver was not very sensitive so an RF
amplifier was added, (see Figure 1b).
The sersitivity was then limited by the
amount of stable gain that could be
achieved in the RF amplifier.

Prior to World War |l, the super-regen-
erative receiver was conceived, as

Data
Output

Data
7 Qutput

(b) f

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 lev2l 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-

' Phase
Shifter
Quench l
Oscillator —_—

Figure 2. Superregenerative
receiver.

Data
Output
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Simple, isn't it?

Designing RF and microwave
circuits? Now you can increase
the sophistication of these high-
frequency desigas. And make the
process easier at the
same time. How? It’s
simp e, really.
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Figure 3. Superheterodyne receiver

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.

Figure 4. Amplifier Sequenced Hybrid (ASH) 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 gein between an RF amplifier and
an IF amplifier, the stability issue was
resolvad. 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 zllow 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-

TEMEX ELECTRONICS
115MHz-100-4

S/N 126

TEMEX ELECTRONICS
164MHz-15-2
S/N 84

TEMEX ELECTRONICS
150MHz-20-4
SN 32

34

Quality Crafted
Custom and Stc

CRYSTALS

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

INFO/CARD 25

December 1994



It you're looking for noise or
communication test equipment,
we've got you covered!

Wireless
Telecom Group

Noise Com is the source for noise
generating compcnents and instruments.
Our products are used throughout the world
to evaluate the pe-formance of military and
commercial radar, digital communications,
and data transmission systems. Applications
range from built-in calibration references to
stand-alone additive white gaussian noise
(AWGN) generatcrs for the telecommunica-
tion industry. Noise/Com offers:

¢ Noise Diodes

¢ Amplified Noise Modules
* Coaxial Noise Sources

* Waveguide Noise Sources
¢ Calibration Service, Noise
e Noise Generators (AWGN)

Noise/Com hes established a solid
reputation for quaiity, performance, and
product support tk at is among the most
highly regarded in the industry.

NC)ISE{:QM

Wireless International Corp. manufactures
instruments for wireless and telecommunica-
tion performance testing. This test equipment
fulfills the need for emulation of a data
communication channel from antenna to
antenna or from transmitter to receiver.

Test equipment from WIC includes:

* Multipath Fading Channel Emulators
¢ Precision Eb/No Generators

* Amplifier NPR Test Stations

¢ Communication Channel Analyzers

¢ BER Testers

¢ VXI Modules

WIC’s comprehensive range of instruments
is targeted at the evaluation of modern digital
mobile, cellular, satellite, wireless modem,
PBX, LAN and HDTV communication systems
employing CDPD, CDMA, TDMA, burst,
GSM, frequency hopping, and advanced
coding techniques.

MLIC Wireless International Corp.




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.

Facilities

Wireless Telecom Group occupies a 12,000 ft*
modern facility in New Jersey, with a complete
range of capabilities, such as a 150 ft* 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 end
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.

S The Company is
continuing the development of additional
products that cater specifically to large commercial
markets, most notably the wireless and
telecommunications markets.

Quality
Wireless Telecom Group ensures the quality of
its products by maintaining a modern inspection

system (I50-9001

certification will R il it A
be completed in Administrocor's Award for Excellsnce
the near future). In Rk

addition, certified St

instructors, e e
inspectors, and Sae

assemblers for the

MIL-STD-2000 L. i
workmanship

standard are in-house. Wireless Telecom Group’s
EMI-shielded calibration department has standards
traceable to NIST.

Customers

Wireless Telecom Group has a broad customer
base. It includes commercial electronic equipment
manufacturers, telecommunication providers,
universities, cellular mobile telephone manufacturers
and operators, computer companies, as well as
major defense contractors, and military and
non-military government agencies. No one
customer dominates the Company’s sales.

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, US.A.
Tel: (201) 261-8797. Fax: (201) 261-8339.

Wireless Telecom Group
NOISECOM  WIC mmcs
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Figure 6. Frequency response of
0.5 us 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 them applied to the
input of a SAW delay line. 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 deley line, the first
amplifier is turned off and the second
amplifier is turned on. The 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 caLse the circuit to
become unstable. The delay of the
delay line is chosen to ¢btain hundreds
of samples per incoming data bit. A typi-
cal delay used is 0.5 mic'oseconds. The
gating signal is then samply removed
from the data signal witk 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 filte-s 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

RF Design

Only Mode) Adus!

RPW Generator
Pulse RF1
Width Adjust Sample Clock
= 91 khz - 1.3 MHz Fop=25-150kHz
RFIL & Z19101a8
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Figure 7. ASH receiver functional block diagram.

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 ampilifi-
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

e —20 dBm maximum desired signal

tevel

* 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 e HYBRIDS
Get High-Frequency Designs Quick with QuickChip Design Automation

pgmmw 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 ard 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.

Determine feasibility, establish objective specifications, choose
process, order software.

Maxim engineers will train you to use QuickChip Design Tools included
in the QuickTools package: ADS (Analog Design System), QUERC, and
QuicKic.

Using ADS, you design and simulate the circuit, check electrical rules
with QUERC, and layout IC with QuicKic. Maxim will review both
design and layout.

o —
— -

Usmg your QuickChip design, Maxim packages ICs. Over 95% of 1st Final prototypes can be
Maxim will manufacture die. Up to pass ICs meet the original objective evaluated in your system.
four custom masks required. spec. Production testing available.

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:

e ADS, an integrated schematic capture, circuit simulation, results processing, and display environment.
* QuERC, a bias analysis electrical rules chec«er.

¢ 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.

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. NO 20K TRENCH 3 YES YES
GST-2 4.5 27 = 0.1 NO 60K TRENCH 3 YES YES

¢ C-Piis 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.

e 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 T0 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 1COMHz test systems. Our high-frequency packaging and assembly
expertise is second to none! Let Maxim heip 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.

High-Frecuency Our Free High-Frequency ASIC Development Handbook takes you
o L through all the steps to integrate your
% ”‘\ circuitry on high-performance ASICs and Modules.
Qi To get started, call Maxim Toll Free at 1-800-809-0840
A 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

Case History #6: AMP FDDI and ATM molded
ogtronic transceivers contain three Max,m
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,
emables AMP to simplify the assembly process.

B S A
MAXI @& A

150 900

iy

INFO/CARD 26



| b
B b a —
v O O O
- |
. Ipgl M

Figure 8. Sequential gain timing.

Front-End SAW Filter

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
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Figure 9. 0.5 us SAW delay line
response to a 0.5 us 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 frst 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
samplad many times per bit by the
switching of the two RF amplifiers. As
descrited 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 atter 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,

e

*Loss = 10 Log (RFI Duty Facton)

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, makirg 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 velue 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 electrizal 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 compoaents are capaci-
tors whose values a“e not critical. A

bypass capacitor of 10 uF is used on the
3 volt V. 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 uF 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 0.10 0241 ?-0355)
- (940) —e = (254) N (6l12) = e
| ﬁ TE t
>< .7 1 AR S 0.030
X 0.070 0.76
2 X H (1.78) 5 X
L b4 4 Places
0.540 ><
wmn) Y C = . =<
- !
= 5 =
[ ° H 71 0.100
TS ) Ly 4(2,54)
4 Places
Figure 11. Surface mount package.
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Figure 12. Block diagram and electrical connections.
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Characteristic Sym Notes Minimum Typical ] Maximum Units
Operating Radio Frequency i 433.92 Normal MHz
Received Carrier Modulation Type 1 Pulse Modulation (OOK)
RF Band Sensitivity 2 -100 -102 dBm
Max Operating Signatl ~15
Channel Width I+ 150 kHz
Noise Equivalent BW 4.8
Input Impedance 50 Q
Interference Rejection Half Frequency Spurious 8 105 dB
f. =1 MHz 20
Sequencing (Sampling) Sample Duration 4 700 ns
Sample Repetition Rate 250 kHz
Baseband Data Rate 5 2.4 kb/s
3 dB Bandwidth 24 kHz
Comparator Threshold Default (Pin 5 NC) 6 25 mV
Override (Pin 5 LO) 0
Digital Output CMOS Load Capacitance 7 10 pF
HIGH Output Vi V02 Ve \')
LOW Output Vio 0.0 0.2
Rise Time tn 10 us
Fall Time te 10
Power Supply Operating Voitage Ve 8 27 3.0 3.5 VvDC
Current at 25°C and 3.0 V lee 1181 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
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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 V.. 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
equivelent 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 us and the
perioc is 4.1 us 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 V. 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 senstivity 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-plus-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 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 frequenzy. 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 haif the
desired frequency. Fram Figure 13, the
response of the receivar to the half-fre-
quency signal was 105 dB below the in-
band response. The third and fourth
subharmonic resporses were at or
below the ultimate 1ejection of the
receiver. Thus, the new receiver is free
from any significant spLrious 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, line-of-sight range
for the ASH receiver {1 10]. The RF out-
put of the HX1000 was impedance-
matched to the metal k2y 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 MC145026D dig-
ital encoder IC was used to modulate
the HX1000. This encoder was used

#22 AVG Enameled Wire
$ Turns on
0.1(2.54) 10

Figure 14. 433.92 MHz antenna.

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 O 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 MC145028 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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Wideband
PLL

1.6 GHz Low-Power Q3216 PLL

If your application involves:

e VSAT, DBS and GPS

* Test Equipment

e Digital Radios and
Modems

* Frequency Hopping
Systems

3
Qy Call us today

for a free copy of the

Q3216 Technical Data
Sheet

The New Q3216 PLL

v Requires only < .5 W
power nominal
v DC to 1.6 GHz operation
v Three interface options
- Serial
- Parallel
- 8-bit bus
v 100 MHz phase/frequency
detector (no dead zone!)
v +10/11 dual modulus
prescaler
v Wide range of
programmable divide
ratios

v Parts in stock today!
v/ Evaluation boards also
available

UALCOM
MLSI Products

10555 Sorrento Valley Road
San Diego, CA 92121-1617
Tel: (619) 597-5005
Fax: (619) 452-9096
Or, send us a message via E-mail
to: visi-products@qualcomm.com

Figure 15. ASH rece ver demonstration circuit.

RF Design

INFO/CARD 27

43



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 vith a large VSWR on the antenna
port of the receiver.

The receiver does not use an RF
oscillazor 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 heve 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 ADB0€ are two
versatile parts that intejrate all
the components of a receiver's
RF/IF strip into a compect ultra-
low-power, high perfarmance
device. Both integrate a high per-
formance RF mixer (520 MHz
bandwidth with -5 dBm IP3 com-
pression point), with amp ifiers, fil-
ter driver, and compensation cir-
cuitry. The AD608 is intended for
limiting architectures with limit-
ing/RSSI outputs, while the
AD807 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 | and Q outputs of the AD607
can be interfaced directly to Ana-
log’s AD70xx family of baseband
converters. The AD608 provides
a logarithmic RSS! 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 erbitrary
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, tte linked
sequence mode allows linking
and looping of up to 40£6 wave-
form segments. In addition to the
standard built-in sweep capabili-
ty, the 1396 offers a fraquency

— ]

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 single-slot,
C-size VXlbus messace-based
device. It sells for $5,495.
Wavetek Corp.

INFO/CARD #249
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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-

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

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

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 forward
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 Ib
and is priced at $178,000.
Amplifier Research
INFO/CARD #247

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

T ’

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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Video Multiplexer

Burr-Brown's MPC104 is a
singie 2-to-1 multiplexer that
distributes and routes wideband
analog and digital signals. Key
specifications include: 210 MHz
bandwidth at 1.4 V__ signal
level, 500 V/us slew rate, 79 dB
channel crosstatk 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 weli 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

Saeriat I/0 Filter

serial data stream, keeping the
DSP’s parallel pcris free for
other uses. The 28-pin PDIP or
SOIC device sells tor $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 ¢B gain from
3000 to 4200 MHz. Noise fig-
ure is typically 2.2 dB over the
futl band. Pricing for model
SMM-010 is $55 in 1000-piece
quantities.
Stanford Microdevices
INFO/CARD #243

Product Spotlight: RF Integrated Circuits

1.2 GHz Op Amp
Comlinear’'s CLC443 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/us. The
CLC449 achieves 2nd harmon-

Frequency Response (Av=+2V/IV}

&

10 100
equendy M

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
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RF Power Modules
The Electronic Device Group
of Mitsubishi Electronics Ameri-

ca now offers high-power, high-
frequenzy 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/us slew rate, 300 MHz
gain bandwidth products, and a
typical MOS input-stage current
of 2 pA. The TSH321 operates
from supplies 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

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

46

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 Lebs offer a
number of power ralings and a
unique flange style which allows
easy mounting in confined

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

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

difference are provided. With the
RF inpct 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, G2S and
telecomm applications perform
from DC to 40 GHz. Choice of
outer conductors includes copper,
copper-stainless, and aluminum.

Quter diameter sizes are 0.034,
0.047, 0.086, 0.141, and 0.250
inches. End configuratioms and
bends are formed as specifed.
SSI Cable Corp.

INFO/CARD #233

SMA Receptacles
United Microwave Products
offers SMA female 2-hole and 4-
hole panel mount connz2ctors
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 a1d are
available in gold, pass vated
stainless, or nickel plated brass.
United Microwave
Products, Inc.
INFO/CARD #232

AMPLIFIERS

2 GHz FET Amps
CMT has introduced & com-
plete line of 2.5 to 2.7 GHz GaAs
FET power amplifiers for use in
MMDS (MultiChannel Mu tipoint
Distribution Service). Power lev-
els are from 2 to 100 W. The
units are designed for cass A
and AB operation, and optmized
for maximum linearity. Unts can
be configured for OEM aoplica-
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

RF Design

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

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 2x1078/year at 5
MHz with temperature stabilities
of +5x10710 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
dB¢/Hz at 20 kHz offset; typical
units meeting —178 dBc/Hz. An
SC-cut crystal provides tempera-

Sapphire
Pistoncaps

* Q to 4000 at 250 MHz
* 6 mounting styles suitable for all
RF structures

* Designed to meet MIL-C-14409D

* Operating temp: -565° to +125°C

* Cap ranges: 0.3-1.2 pF to0 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
GOODMAN

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

INFO/CARD 29

Surface Mount
Trimmer Capacitors

* 2 sizes:

32x45x 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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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.
o ENGINEERING AND DESIGN SUPPORT
o EXPERIENCED SALES STAFF

o CRYSTAL ANALYSIS

* EXPEDITE SERVICE

* CUSTOM CRYSTALS TO YOUR SPECS

o MICRO-BALANCED/LAB CRYSTALS
* SOON TO BE IS0 9001 CERTIFIED
o LIFETIME CRYSTAL GUARANTEE

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

WHEN QUALITY COUNTS...

INTERNATIONAL CRYSTAL MANUFACTURING. €O., INC.
PHONE 24-HOUR FAX
1-800-725-1426 * 1-800-322-9426
P.O. BOX 26330 + OKLAHOMA CITY, OK 73126

INFO/CARD 31
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THE LOWEST
PROFILE OCXO WITH A
HIGH PERFORMANCE-
TO-PRICE RATIO.

RALTROI

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

0X 0017 Series

Low profile, high stability, small
size, rapid warm-up, fow power
consumption.

Frequencies: 9MHz to 20 MHz
Size: 35.8 x 27.5 x 16mm max

Frequency Stability: +2x10°
Output: HCMOS

Voltage: 12V0C & 5VDC

Other options/packages available

INFO/CARD 32
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ture stability of better than
+2x10~7 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 4851S 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~%day. For
higher precision, the 4851S uti-
lizes a low-cost SC-cut crystal to
attain a temperature stability of
+7x1079 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

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, =10, —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 535A/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 s $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
repeal 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-
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tion is provided to avoid acciden-
tal damage when working with
transcaivers. 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 prcper 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 scme 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 amplifer including the
transient, power gain, power dissipation,
power output and efficency waveforms
are given.

PICE can be a versatile tool for RF

work as long a few simple precau-
tions are taken. Sign#ficant parasitics
must be included in th= 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 axd delay, and the
simulator error tolerances. Of course,
SPICE will also do AC analyses of RF
circuits, but this is not fts strong suit, as
many other simulators will also do linear
small-signal work. The -eal strength of a
SPICE-based simulator, such as
ISSPICES, 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 momentarv fault conditions,
detailed study of bypass networks and
many other conditions. Since test points
do not load the circuit m any way, mea-
surements that would be impossible on
the bench can be easiy 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,
X,, is the Motorola MRF873 NPN power
BJT. It can produce 15 watts of output
power in the 806-960 MHz range. Rg

RF Design
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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, C..

provides 50Q impedance for the genera-
tor. C,, C,, and L, are used for input
matching. Lgg and Rqg are for DC return
to ground and Q limiting for the base. L,,
Ce, and Cg are used for output match-
ing. C. and L form a return to V. for
the collector. R,_is 50Q. The generators
Vg, Vg, and Vg 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=0ns toT =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
(Ve = 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 V. 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, Ve, was also made a variable.
The conversion is shown below.

Replace:

VCC 11 0 125
VIN 1 0 SIN O 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)*.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.

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-
CcoPE then calculated the power gain
(10°1gt(P o, /P.)), efficiency (P, /Py.),
and dissipation (P -P,.). 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 Cg; 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
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for power output.

results for the power dissipation in the
MRF873. Figure 3 shows the simulation
results for efficiency and output power
vs. V. at constant input power.

Once the relationships were studied
and a final output power and V. 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 t-line values
were calculated to match published
input and output impedances. Other val-

Figure 3. Power output and amplifier efficiency vs.
Vce- Square boxes indicate the data sheet response

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-12

Q1 4 6 4 QRO1

.ENDS

.MODEL QRO1 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 EC=1.11

+ XTB=1.5 BR=2.29 [S=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)

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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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

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

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.

PREVIOUSLY

RF Design

WHY PAY

TOP DOLLAR
FOR THE BEST...
WHEN YOU CAN
BUY AT A
DISCOUNT FROM

Aeccutest
Instru rrwrll.s"

P.O. BOX 130/Route 526
Clarksburg, NJ 08510

CALL TODAY
1-800-524-0747

(SATALOG AVAILABLE)
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%' 220 SPECTRUM ANALYZER

90% of the 10% of
FUNCTIONALITY the COST

NOW FOR $395, USING YOUR
OSCILLOSCOPE DISPLAY:

DYNAMIC RANGE >9DB TRACKING GENERATOR

VARIABLE BANDWIDTH MARKER GENERATOR
FREQ 20 Khz TO 200 Mhz AC AND DC OPERATION

sce 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 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......cccceveerneens $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 Eook, 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....cceeerrvererens $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......c.ccereeeenin $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 ........cceeereunen. $25.00 + $5 shipping ($10 outside U.S.)

#R-5

Power Amplifier Handbook

This book is loaded with practical circuits for power amplifiers opetating 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 , comoiners, biasing
techniques and VSWR protection will help simplify the design of your next power
amplifier system.

80 pages........ccveneennes $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 Primer” series to
advanced analytical techniques. Theoretical material is complemented by practical
circuits and application notes on some of the latest synthesizer products.

80 pPages ......ccreruvennene $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 tutoriat series on Com-
plex Modulation.

80 pages........ccereeeenene $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-
citic notes on A/D converters, companders, crystals and more. A collection of tes
circuits includes isolators, detectors, frequency standards and calibrators.

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

#R-9 \
Low Noise Design Handbook NEW )

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 .ccercrerrrncrennnn $25.00 + $5 shipping ($10 outside U.S.)
Special Set Any Shipping Charge
Domestic {Outside U.S.)

Payment required with order

Subtotal
Payment $ : %
Q Check @ MC/VISA JAMEX  Shipping $
Exp.
Total $

Foreign by above ONLY
(No wire transfers or foreign checks accepted)

Card #

Name

Title

Company __

Address

Cltyna S K T o B
State/Zip

Telephone Country

SEND TO: Argus Direct Marketing ¢ 6151 Powers Ferry Road, NW e Atlanta, GA 30339-2941
OR FAX TO; (404) 618-0347
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OSCILLATEK

Solder Seal OCXO Small Package

Output Options:

TD = TTL = DC to 50 MHz
HC = HCMOS = DC to 50MHz
RC = +7dBm50Q= DC to 50 MHz
Stability Options

A18 s 1 X108 0° to +50°C
B28 = +2 x 10° 0° to +70°C
D27 s 12 x107 -40° to +85°C
S38 =R SIDET0® -40° to +85°C

Screening Options:

Supply Options:
A

= +5.0VDC 3 Watts
B = +12.0VDC 3 Watts
C = +15.0VDC 3 Watts
D = +240VDC 3 Watts

Aging Options:

2 = 1x10%day 2 x 10®year
3 = 5x10°%day 1 x 10*year
4 = 3x10°%day 5 x 107/year
5 = 1x10%day 2 x 107/year

C = Standard Commercial Phase Noise (10 MHz Sinewave)
S = Class “B" per MIL-O-55310 At 10 Hz = -100 dBc
4 100 Hz = -127 dBc
Ipnee: 1.0 KHz = -148 dBc
HC BD Ki A 4 D27 C  10.000 MHz 210.0 KHz — -155 dBc
RD Pack | Screening
atEage Stability Pinouts:
Aging Pin 1 = Output
Supply Pin2 = Gnd, Case
Predetermined g!ﬂg = ://88 g\pfm' .
Package in4 = eference
Output Pin 5 = Supply
*When specifled
High Stability HF OCXO
2.00—.1
, il 1, Output Options: Supply Options:
( i RC = +7 dBm 50Q B = +12.0VDC 12 Watts
o RE = +13 dBm 50Q C = +15.0VDC 12 Watts
g D = +24.0VDC 12 Watts
Stab"lty Ophons Aglng Optlons:
A50 = 5 x 10" 0°to +50°C 6 = 5x 10"/day 1 x 107/year
L0 A30 = £3 x10" 0°to +50°C 7 = 3x10"/day 5 x 10%year
B70 = 27 x 10" 0°to +70°C 8 = 1x10"/day 2 x 10*year
C29 = 2 x10° -20°to +70°C 9 = 7x10"/day 1 x 10%year
C19 = +° x 10° -20° to +70°C Phase Noise (5 MHz )
= -9 .40° 0,
_5*0_ $29 = 2 x10 40° loHTC | e —~ 505
. 4 ; 100 Hz = -140 dBc
Tye 3
Screening Options: : 1.0 KHz - -155 dBo
C = Standard Commercial >10.0 KHz = -157 dBc
9 Mour S = Class “B” per MIL-O-55310
T
4 Places X

7, .

i ‘.1 ©—+— 2  Typical P/N: Frequency Options: Pinouts:

) L 1MHz S5MHz 10 MHz Pin1 = Supply
o l Lioo RC V1 M1 C 7 C29 IQ 20 MHz 50 MHz 100 MHz_ Pin 2 = Gnd, Case
SOLDERLUGS [ T gggﬁg’ng Pin 3 = No connect

_.j 57 L.l.,ﬁp 1.00 RAD Aging Pin 4 = Supply
Supply Pin 5 = VCO Reference*
Predetermined Pin 6 = VCO Input*
Package Pin 7 = VCO Return*
V1 Package Output

“When specified

CALL FOR OUR 100 PAGE CATALOG FOR MORE OPTIONS



«SAWTEK

INCOHRFPORATED

Recent innovative cesign enhancements have allowed
Sawtek to manufacwure 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 mat or exceeded over an operating
temperature range of -30° Cto +80° C.

The device is exterrally 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
V¥ Low-profile, surtace mount package

V¥ Quartz stability

V¥ Low cost
4 ]
1.78 NOM. I 1 1
(.070) ” -
b
19.0 NOM.
(.748)
U o - — =
D0 D D 0 o
R D
4 A ) / ;

PADS 2, 3, 4, 7, B & 9 ARE CASE GROUND
DIMENSIOPS ARE NOMINAL N MILLIMETERS (INCHES)
(SUBJLCT TO CHANGE AT SAWTEK DISCRETION)

Outline Drawing of SMP-75 Ceramic
Su-face Mount Package

85.38 MH:z

CDMA Subscriber SAW Filter

Part Number 854596

Device Characteristics at +25°C

Parameters Units Min/Max Typical
Center Frequency MHz 85.38 85.38
nominal
S dB Bandwidth MHz 1.26 min a8
33 dB Bandwidth MHz 1.80 max 1.78
Ultimate Rejection
fo+ 9 MHz MHz 45 min >54
14 min
Insertion Loss dB 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
V¥ Excellent out-of-band rejection
V¥V Low phase and amplitude variation
V¥ Excellent triple-transit suppression
CH1 Spq 10Q NAG 10 9B/ REF -5.831 o8 L O ag
pa ©0.900 0o MHZ
v AREF=1

Cor

&

8w

cant:

1.7468 533 MH2z
85|380441 MHz

Q: 4§.886

pas: 6.834 o8

;!i‘-——~h___

i

!

CENTER

83 .380 000 MH2z

SPAN

10.000 000 MHZ

Frequency Response of the
CDMA Subscriber SAW Filter

For more information on the CDMA SAW filter, contact Jay Schiegel at Sawtek.

Fax: (407) 886-7061

Telephone: (407) 886-8860




NEW PRODUCT 2400 series

Cera-Trimll.

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

B Rated voltage: 400 VDC (test voltage 800 VDC)
B Insulation resistance: >10* megQ)

W Operating temperature range: —55°C to +125°C
W Torque: 0.05to0 1.0 0z. in.

@ Vibration: 15 g, 10-2000 Hz

B Shock: 100 g, 6 milliseconds

B Setting drift: <1%

m Moisture resistance: MIL-STD-202, Method 10€ r
8 Resistant to soldering temperatures and fluxes Surface Mount —
@ Washable construction {1 s
T TUNING
JMC Tuning Tooi 4192 Jl, esm & @f ul
f > g ==
ROTOR
. .08 (2.03) | 06 (152) 2x
Packagin !—_j ! =
g g . . . |e— 188 — 4
Johanson standard tape and reel packaging is available (4.78)
in .472 inch (12 mm) carrier tape in quantities of 500 ol
on 7 inch (178 mm) reels and 2,500 on 13 inch (33C mm) 1 ' — |
reels. When ordering, add suffix to Johanson Part Number 3 L 1 TERMINAL 2x |
of either R1 for 7 inch reel or R2 for 13 inch reel. SO =3, =
Jo— 130
. r {3.30)
Dimensions: inches (mm)
Specifications
Jme " RANGE TC 1 mnoe
PIN pF PPM/°C 200 MHz
2400-0 071020 NPO +200 2000
2400-1 151040 NPQ 200 1000
2400-2 301090 200+ 200 500
2400-3 5010150 750 +500 400

JOHANSON MANUFACTURING CORPORATION  ROCKAWAY VALLEY ROAD BOONTON, NEW JERSEY USA 07005 TEL 201-334-2676 FAX 201-334-2954
Spectfications subject to change without notice. ©1994 Johanson Manutfacturing Corporation



LCr.... RF POWER AMPLIFIERS

—— (Standard or Custom)
p{ETY e
1MHz-2GHz - 1W-1KkW
Output MODULES Output MODULES
Part No. Power Gain DC Supply PKG Part No. Power Gain DC Supply PKG
2 MHz - 30 MH: 400-225-50-10 S0W 10dB 24/28V Al
30-2-5-35 5W 35dB 24/28V E3 400-225-50-18 50w 18dB 24/28V A2
30-2-50-35 50W 35dB 24/28V E3 400-225-50-35 50w 35dB 24/28V A3
30-2-100-35 100W 35dB 28V E3
30-2-200-35 200W 35dB 28V E3 400-225-100-10 100W 10dB 28V Al
400-225-100-18 100W 18dB 28V A2
30 MHz - 100 MVHz 400-225-100-35 100W 35dB 28V A3
100-30-5-35 5w 35dB 24728V E3
100-30-100-35 100W 35dB 28V E3
225 MHz - 600 MHz
50 MHz - 150 MHz 600-225-30-10 30w 10dB 24/28V Al
150-50-2-40 2w 40dB 12/15V C3 600-225-30-18 30w 18dB 24728V A2
150-50-100-35 100W 35dB 28V A3 600-225-30-30 30w 30dB 24/28V A3, B3
150 MHz - 200 MHz 400 MHz - 600 MHz
200-150-100-10 100W 10dB 28V Al 600-400-30-10 3ow 10dB 24/28V Al
200-150-100-18 100W 18dB 28V A2 600-400-30-18 30w 18dB 24/28V A2
200-150-100-35 100W 35dB 28V A3 600-400-30-30 30w 30dB 24/28V A3, B3
200-150-200-35 200W 35dB 28V A3 925 MHz
925-1-8 1w 8dB 12/15V Dl
50 MHz - 250 M Hz
250-50-200-1) 160W 10dB 28V Al 100 MHz - 500 MHz
250-50-200-13 160W 18dB 28V A2 500-100-5-30 5w 30dB 24/28V A3
250-50-200-35 160W 35dB 28V A3
500-100-10-30 10W 30dB 24/28V A3
50 MHz - 400 MHz
400-50-1-30 1w 30dB 1215V C3 500-100-100-30 100W 30dB 28V A3
225 MHz - 400 UHz 500 MHz - 1000 MHz
400-225-1-35 1w 35dB 12/15V C3 1000-500-10-8 10W 8dB 24/28V Al
1000-500-10-16 10W 16dB 24728V A2
400-225-10-35 10W 35dB 24/28V A3 1000-500-10-30 10w 30dB 24/28V A3
400-225-30-19) 30W 10dB 24/28V Al 10 MHz - 1200 MHz
400-225-30-13 30w 18dB 24/28V A2 1200-10-10-30 10W 30dB 24/28V A3
400-225-30-35 30w 35dB 24/28V A3,B3

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

MODULES - SMALL SIZE * HIGH EFFICIENCY

e 200 watts * 100 watts

¢ 150 - 200 MHz e 225 - 400 MHz

* 55% overall efficiency e 45% overall efficiency
e 35 dB gain ¢ 10 dB gain

® 484" x 2.0" x1.0" e 3.0"x2.0"x1.0"

SYSTEMS - LOW COST « RUGGED PROTECTION

200 000 10000000
dBm  MHz/Ow MHz kaRas
-30
40 * 10 MHz - 1200 MHz
o * 10 watts CW
.70 ® 40 dB
-§0 w2 S B R A s o n n n
e - °© 19"x7"x18
100 ¢ 35 Ibs maximum
n 0.0000 1000.0000 2000.0000
OGBSI‘A“M. SIGNAL OA?N vEﬁ:BBF':EDuEM:Y CMW?EO'“’

LCF ENTERPRISES ¢ 651 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:

W Noise output on and off times less than
20 and 80 us respectively in repetitive
operation. Single-shot turn on time less
than 3 ms.

B VSWR less than 1.15:1 from 10 MHz to 5

GHz for units with 5to 7 dB or 14 to 16

dB ENR

Temperature coefficient less than 0.009

aB/°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

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. Qutputs
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.

VSWR
1.35:14- —
1.25:14
1.15:14
1.05:14
L L L
v 1) T
0.01 0.03 5 18 26,5
Frequency (GHz)

Typical VSWR for NC 346C

NOISECom

NC 346 COAXIAL SERIES

NC346Y SMA Male 10 kHz - 1 GHz 1410 16
I NC 346 A SMA Male 0.01-18.0 5to 7 1518315 1 N1225: I
NC 346 A Precision | APC3.5 Male 0.01-18.0 S5to 7 1S 152651 i
NC 346 A Option 1 ' N Male 0.01-18.0 Stv 7 | 1.15:1 | 1.25:1 ‘ |
| NC 346 A Option 2 APC7 0.01-18.0 5t0 7 USUSRUS sl ‘
NC 346 A Option 4 N Female 0.01-18.0 S5to 7 11553001 1122551
NC 346B SMA Male 0.01-18.0 1410 16 1.15:1 | 1.25:1
NC 3468 Precision APC3.5 Male 0.01-18.0 1410 16 1151 | 1.2511
NC 3468 Option 1 N Male 0.01-18.0 1410 16 i 1.16:1 || 19:28:1
NC 3468 Option 2 APC7 0.01-18.0 | 1410 16 1.15:1 | 1.251
NC 346B Option 4 N Female 0.01-18.0 1410 16 16:1 | 1:254
NC 346 C APC3.5 Male 0.01-26.5 131017 A5 il k2500 1.35:1
NC 346D i SMA Male 0.01-18.0 19to 25* 1.50:1 | 1.50:1 | ;
NC 346 D Precision ' APC3.5 Male 0.01-18.0 19t025* | 1.50:1 | 1.50:1
NC 346D Optiont | N Male 0.01-18.0 19 to 25* 1.50:1 | 1.50:1
NC 346 D Option 2 APC7 0.01-18.0 19to 25* 135631 |F1.5080 H
NC 346 D Option 3 N Female 0.01-18.0 19t025* | 1.50:1 | 1.50:1
NC346E APC3.5 Male 0.01-26.5 19t025* | 1.50:1 | 1.50:1 | 1.50:1
‘ NC 346 Ka K Male** 0.10-40.0 10t0 17 1.25:1 | 1.30:1 | 1.40:1 | 1.50:1
| NC346V V Malg** TBD-60.0 TBDto 17 | Consult Factory ]

*Flatnass better than =2 dB
** Compatible with SMA and APC3.5
*** Ccmpatible with APC2.4

NC 346 WAVEGUIDE SERIES WITH BUILT-IN ISOLATOR*

’ NC 3468 WR 229 CPR229F 37-42 142 16* 1.151 [
NC 3468 WR 90 UG39 85-9.6 1413 16 g
NC 3468 WR 75 UBR 120 10.5- 13.0 1413 16" 1.15:1

“Inquice for other flanges or waveguide sizes
** Flatness better than +/-0.15 dB

E. 49 Midland Avenue, Paromus, New Jersey 07652
(201) 261-8797 « FAX (201) 261-8339



®
I Commercial Radio & Cellular Band Amplifiers

00 820 840 860 880 900 920 940 920 |\, 980
Collular Base Station RX GSM Band ‘
Public Sofety Radio QB'304 SMR
e@B304 *B7O1 .QB-304 +QB-304 «QBS-104 * QBS 125
eQB761 *SBHI2A (0761 o QBH-1254 * QBS-126
o QBH-1254 * SB5108 , opH-1254 « @BS-125 * @BS-127
S @B TI0 e =IO ¢ QBS-146  sMR « specialized Mobile Radio
eI o QBS-147
*» QBS-135
e QBS-136
e QBS-137
* QBS-141
e QBS-142
SpeC|f|Cthon Summdry Guaranteed Specifications @ 25 °C
Frequency Output Noise  Reverse 3rd DC
Model Range  Gain P1dB  VSWR Figure Isolation olpP! Power Housing
MHz dB dBm dB dB dBm Vdc/mA
QB-304 800-900  20.0 24.0 5] 3.0 37 40/ 16/300 19202
QB-761 806-870  23.0 18.0 5 3.5 42 32/ 16/140 187-2
QBH-1254 804-901 12.5 235 12Sil 3.0 26 37/ 15/142 TO-8
QBS-104 896925 270 26.0 {272 ] 20 S a1/ 15/450 19069
QBS-108 824-849 8.0 250 2.0:1 5.0 12 40/ 15/200 19134
QBS-110 806-849  27.0 26.0 1.7:1 20 37 41/ 16/450 19069
QBS-125 896-960  40.0 28.0 11580 1.5 51 42/ 15/850 19130
QBS-126-1 925-960 400 28.0 1.5:1 1.5 51 42/ 15/850 19130
QBS-126-22 925-960  40.0 28.0 1:5: 1S 51 42/ 19-31/850 19105
QBS-127-1 925-960  33.0 220 1260 15 1, 38/ 15/450 19130
QBS-127-22 925-960  33.0 220 351 'S 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-135 824-849 400 240 2.0:1 1.3 51 39/ 16/425 19121
QBS-136 824-849 140 25.0 2.0:1 5.5 21 40/ 15/325 19134
QBS-137 824-849 260 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  40.0 280 1.5:1 1.5 51 42/ 19-31/850 19105
QBS-142-1 824-849  33.0 220 1.6:1 1.5 41 38/ 15/450 19130
QBS-142-22 824-849  33.0 220 1.5:1 1.5 a1 38/ 19-31/450 19106
QBS-146-1 870915  40.0 28.0 1:5:1 15 51 42/ 16/850 19130
QBS-146-22 870915  40.0 28.0 153 1.5 5] 42/ 19-31/850 19105
QBS-147-1 870-916  33.0 220 1541 1.5 41 38/ 15/450 19130
QBS-147-22 870-915  33.0 220 1.5:1 1.5 41 38/ 19-31/450 19105
Power Amplifiers
QBS-227 800-960  40.0 40.0 2.0 - 60 50 24/2600
QBS-230 800-960  40.0 43.0 2.0 - 60 53 2414400
QBS-233 1800-2200 40.0 40.0 2.0:1 - 60 52 12/4600
SpeciFicATIONS ARE 25°C TypicAL 2 SOFT FAIL DESIGN WITH BUILT IN REGULATION
1 OIP = OutpuT INTERCEPT POINT AND FAULT INDICATION CIRCUITRY

sl
&SA Q-bit CorporaTioN ¢ Main T 407/727-1838 « ToLL FRee SaLes T 800/226-1772 « FAX em 407/727-3729
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1V, €
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 powertul fine-up of produc

N

A
”
L
N
/

RF Transistors, Connectors & Capacitors Power
Modules & Cable Assemblies Semiconducto
emiconductors

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




RF & Microwave Component Testing,

Matching, Modification, and Design Support

RF Test Lab

Our RF Test Lab performs RF testing on devices and components. We are able to test specific
requirements not zested 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 747% 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 field 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: ¢0 7.0 RO B15 18.0 120
500 MHz: @0 7.0 105 10.0 16.5 11.0
1000 MHz: 6.5 685 85 9.0 15.00  16:0
2000 MHz: 6.8 5.5 7.8 6.0 10.0 745
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 OQutput InpJt Qutput
100 MHz: .31 1.51 138 ST ki T4
500 MHz: T35 56 1,35 1151 L2 5
1000 MHz: S35 SRS i8Il 5 4 1.2:3, < {514
2000 MHz: 4.301 | %sed 131 1.51 134 151
Typical Noise Figure:
100 MHz: 6.0 dB 55dB 3.5dB
500 MHz: 6.2dB 6.0 dB 3.5dB
1000 MHz: 6.5dB 6.2 dB 4.0 dB
2000 MHz: 7.0dB 7.0dB 5.0 dB
Mechanical Outline: Maximum Ratings:
2 k2’ 30
i /
—0075—| 0'043‘] k Parameter Symbol Unit
—H ﬂ 1 ,’ﬁ Device Current | 60 mA
T f el i 0
[ N Total Power Dissipation,
P8 o2 | _Eﬂoee T,<99°C P, 250 mW
E—g RF Input Power P 10 dBm
e P ;;]”_0005.0003 Junction Temperature T 150°C
J , .r' . Ambient Temperature TJA -65 to +150°C
0030 b o0 Storage Temperature Toe -65 to +150°C

" ACTUAL SIZE ™

\ ©

\.—

SOT-143 Package

NOTE.
UNLESS OTHERWISE SPECIFIED,

TOLERANCES ON THREE
DECIMAL PLACES = $0.00S

Notes:
Test Conditions:
1.T,=25C
2.V, =4.7Volts, |, =42 mA, Z, = 50Q

(2 ALV A T\

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

o 8\ 0\ ) |
A A BV 111 %%
MICROWANE CORPORATION
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TEME

ELECTRONICS,

ILINJG.

STANDARD 10.7MHZ MONOLITHIC CRYSTAL FILTERS
CHANNEL SPACING FOR 12.5 » 20 » 25 AND 50KHZ

CRYSTALS ¢ CRYSTAL FILTERS e L/C FILTERS

NO. TEMEX PASSBAND STOPBAND LOSS RIPPLE | ULT. REJ TERM. (Rp/Cp)
POLES PN 4B | 4KHz dB | tKHz dB | +KHz dB dB-MAX dB-MIN OHM/PF
2 TE5000 3 375 20 180 e e 2 10 50 1800//+4
4 TES5010 3 375 30 140 - — 3 20 60 1500/+3
6 TE5020 6 375 60 125 - — 4 20 70 1500/ +3
8 TES030 6 375 60 100 90 125 5 20 80 1500//+3
2 TES5040 3 65 20 300 - — 1 10 50 2700//0
4 TES5050 3 65 30 15.0 - — 2 20 75 3100//0
6 TE5060 6 65 60 195 - —- 3 20 90 3100//0
8 TES5070 © 65 60 130 80 175 4 20 100 3100/0
2 TES5080 3 75 20 350 - — 1 10 50 3000/0
4 TES090 3 75 30 175 - o 2 20 75 3300//0
6 TES5100 6 75 60 225 - — 3 20 90 3300/0
8 TES110 6 75 60 150 80 200 g 20 100 3300//0
2 TE5120 3 150 20 700 - — 1 10 35 5000//-1
4 TES5130 3 150 30 350 - o 2 20 60 500041
6 TES5140 6 150 60 450 - — 2 20 90 5000//1
8 TES5150 6 150 60 300 80 400 8 20 100 5000//-1
NOTES:

1.
2.

3

4,

TO ORDER: TEMEX P/N and PACKAGE TYPE: Example: TE5100MS.

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

Rp specified asove.

A tandem set is a combination of matched 2 pole filter units making up multipole filters [exampie: 4 pole response;
(2) 2 pole units-matches.]

These models available in other packages not shown below.

TEMEX

|
il

PKG L H P D
M3 435 185 .45/.53| 192 017
M4 750 350 750 | .486 | .030

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

# 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
TEMEX 595
i ——— — L — —— 230 |m=
160 ! !
.25MIN, 1
f e L | T e X T, (5
—-l L LOI?DIA 1 825
63 L
- ? TEMEX , e 19 =T
| -9
{ I | ’ o U
0% T3 175 I I 250 1" :,“5‘ 065
el | —~—oi7oia|  MN_| | |
S 1 | i
fe A —emt - |- 096 tee— A —m=] t=-0I8
PKG L A
PKG L w A M7 89 .216
M5 590 470 354 M8 132 435
M6 745 496 528 M9 175 645

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 E M EXSTANDARD 21.4 MHZ MONOLITHIC CRYSTAL FILTERS
CHANNEL SPACING FOR 12.5 ¢ 20 ¢ 25 AND 50KHZ

ELECTRONICS,INC.

CRYSTALS » CRYSTAL FILTERS ¢ U/C FILTERS

NO. TEMEX PASSBAND STOPBAND LOSS RIPPLE ULT. REJ TERM. (Rp/Cp)

POLES P/N dB +KHz dB +KHz dB +KHz dB dB-MAX dB-MIN OHM/PF

2 TE5180 3 3.75 15 12,5 - — 2 1.0 50 850// +6

4 TES190 3 3.7 30 12.5 - ~— 3 2.0 70 850// +5

6 TES5200 6 3.75 60 12.5 - — 4 2.0 90 850// +5

8 TES210 6 3.75 60 10.0 80 12.5 5 20 100 850// +5

2 TE5220 3 6.5 15 20.0 = = 2 1.0 50 1300/ +2

4 TES5230 3 6.5 30 22.5 — — 3 20 70 1400//0

6 TES240 6 6.5 60 22.5 - 4 2.0 90 1400//0

8 TES250 6 6.5 60 17.5 80 225 4 2.0 100 1400//0

2 TES5260 3 7.5 15 25.0 = 2 1.0 50 1500//0

4 TES5270 3 7.5 30 25.0 - — 8 2.0 70 1600//0

6 TE5280 6 7.5 60 25.0 - — 4 20 90 1600//0

8 TE5290 6 7.5 60 20.0 80 25.0 4 2.0 100 1600//0

2 TES5300 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 TES5320 6 15.0 60 45.0 - = 3 2.0 90 3000//-1

8 TES330 6 15.0 60 33.0 80 45.0 4 2.0 100 3000//<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>