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CRYSTAL OSCILLATORS

AND THICK FILM HYBRID CUSTOMIZATION

@ FREQUENCY RANGE 1Hz TO 1GHz.

® ECL, XO, VCXO, ECL, PECL, MECL, ECL In PS, 10K, 100K
DIFFERENTIAL OUTS FOR SONET, LAN, ATM, DDS, AND OTHER
DATA RECOVERY APPLICATIONS.

® HIGHER LIMIT (HIGH FREQUENCY CLOCK OSCILLATORS)
CMOS, HCMOS, TTL, SINEWAVE TYPE OUTPUTS, UP TO 230MHz
(VARY WITH OUTPUT LOGIC).

® TCXO’S, VCXO’S, TCVCXO’S ALL LOGIC OUTPUTS INCLUDING
SINEWAVE IN DIP (.8” X .5” X .4”) AND (1” X 1” X .5”) PACKAGES.

@ CLIPPED SINEWAVE TCXO, VCXO, TCVCXO FOR CELLULAR
RADIO COMMUNICATION.

® CUSTOMIZATION TO YOUR REQUIREMENTS.

IHHYBR'DS 311 N. LINDENWOOD DRIVE / OLATHE, KANSAS 66062

INTERNATIONAL, LTD. PHONE: (913) 764-6400 * FAX (913) 764-6409
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LC - RF POWER AMPLIFIERS

S )
) (Standard or Custom)
—_— / [ ol N 4/
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 MHz 400-225-50-10 S50W 10dB 24/28V Al
30-2-5-35 5w 35dB 24/28V E3 400-225-50-18 50W 18dB 24728V A2
30-2-50-35 50w 35dB 24/28V E3 400-225-50-35 50w 35dB 24728V 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 MHz 400-225-100-35 100W 35dB 28V A3
100-30-5-35 5w 35dB 24/28V E3
100-30-100-35 100W 35dB 28V E3
225 MHz - 600 MHz
50 MHz - 150 MHz 600-225-30-10 30w 10dB 24/28V Al
150-50-2-40 2w 404B 12/15V C3 600-225-30-18 30w 18dB 24/28V 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 30w 10dB 24/28V Al
200-150-100-18 100W 18dB 28V A2 600-400-30-18 30w 18dB 24728V A2
200-150-100-35 100W 35dB 28V A3 600-400-30-30 30w 30dB 2428V A3, B3
200-150-200-35 200W 35dB 28V A3 925 MHz
925-1-8 W 8dB 12/15V D1
50 MHz - 250 MHz
250-50-200-10 160W 10dB 28V Al 100 MHz - 500 MHz
250-50-200-18 160W 18dB 28V A2 500-100-5-30 5W 30dB 2428V 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 12/15V Cc3 500-100-100-30 100W 30dB 28V A3
225 MHz - 400 MHz 500 MHz - 1000 MHz
400-225-1-35 W 35dB 1215V c3 1000-500-10-8 10W 8dB 24728V Al
1000-500-10-16 10W 16dB 24728V A2
400-225-10-35 {4 35dB 24/28V A3 1000-500-10-30 10W 30dB 24728V A3
400-225-30-10 30w 10dB 24/28V Al 10 MHz - 1200 MHz
400-225-30-18 ow 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, and electrical fuse protection
** Rack-mount amplifiers: 120 Vac - 60 Hz / 240 Vac - 50 Hz

MODULES - SMALL SIZE * HIGH EFFICIENCY

e 200 watts ¢ 100 watts

e 150 - 200 MHz e 225 - 400 MHz

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

* 484" x 2.0" x 1.0" e 3.0"x2.0"x1.0"

SYSTEMS - LOW COST - RUGGED PROTECTION

;o | & 10 MHz - 1200 MHz
Zz ¢ 10 watts CW

il : 40 dB

= - e 19" x7" x18"

100 i 35Ibs maximum

LCF ENTERPRISES + 651 Via Alondra, # 712 « Camarillo 93012 USA « Phone: 805-388-8454 « FAX: 805-389-5393
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T E M EXSTANDARD 10.7MHZ MONOLITHIC CRYSTAL FILTERS
CHANNEL SPACING FOR 12.5 ¢ 20 * 25 AND 50KHZ

ELECTRONICS,INC.

CRYSTALS ¢ CRYSTAL FILTERS e L/C FILTERS

NO. TEMEX PASSBAND STOPBAND LOSS RIPPLE | ULT. REJ TERM. (Rp//Cp)
POLES PN dB | $KHz dB | tKHz dB | 1KHz dB dB-MAX dB-MIN OHM/PF
2 TE5000 3 375 20 180 - o 2 10 50 1800//+4
4 TE5010 3 375 30 140 - e 3 20 60 1500/ +3
6 TES020 6 375 60 125 - — 4 20 70 1500/ +3
8 TES5030 6 375 60 100 90 125 5 20 80 1500/+3
2 TES5040 &) 65 20 300 - — 1 10 50 2700//0
4 TE5050 3 65 30 150 - — 2 20 75 3100/0
6 TE5060 6 65 60 195 - e 3 20 90 3100/0
8 TES5070 6 65 60 130 80 175 4 20 100 3100/0
2 TES5080 8 75 20 350 - — i 10 50 3000/0
4 TES090 3 75 30 175 - e 2 20 75 3300//0
6 TE5100 6 75 60 225 - — 3 20 90 3300/0
8 TES110 6 75 60 150 80 200 3 20 100 3300//0
2 TE5120 3 150 20 700 - oo 1 10 35 500041
4 TES130 3 150 30 350 - e 2 20 60 500041
6 TE5140 6 150 60 450 - oo 2 20 90 5000//-1
8 TES150 6 150 60 300 80 400 8 20 100 5000//-1
NOTES:

1. Maximum inband ripple over temp. range -20°C tc 70°C.

2. Parallel termination capacity is adjusted for optimum filter response. Nominal parallel capacity, Cp: +3pf. Impedance,
Rp specified above.

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

4. These models available in other packages not shcwn below.

# POLES PACKAGE SELECTION
TO ORDER: TEMEX P/N and PACKAGE TYPE: Example: TE5100M5. N SR
4 M3 or 4(x2)M5, 6, 7, 8 or 9
6 M3
o "5 or 4x3)M5, 6, 8 or 9
! | 8 M3 or 4(x4)M6 or 9
(x2)=2 cases (x3)=3 cases (x4)=4 cases
it TEMEX 595
TEMEX 1 i_ - ‘ - - - 230w |
/ 160 U h A, '
— .r‘7—-1E o L.ox DIA. l ¥ 3é5
0 | 2MIN, TEMEX 63 3|
| o | L) s
=L T 250 J6 el 065
—0—o % $-m-0i7Dia| MN I
' T e g - =096 s A —em] i 0/8
l.._ L —
PKG L A
PKG L w H P D PKG L w A M7 89 216
M3 435 185 |.45/.53| 192 017 M5 590 470 354 M8 132 435
M4 750 350 750 486 030 M6 745 496 528 M9 175 645
HC-18/3:M3 HC-6/3: M4

HC-49/3:M3

All specifications subject to change without notice.

Consult TEMEX for your custom crystal and filter requirements.

3030 W. Deer Valley Rd. ® Phoenix, AZ 85027 » 602-780-1995 ® (FAX) 602-780-2431
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'I' E M E STANDARD 21.4 MHZ MONOLITHIC CRYSTAL FILTERS
CHANNEL SPACING FOR 12.5 » 20 * 25 AND 50KHZ

ELECTRONICS,INC.

CRYSTALS  CRYSTAL FILTERS e« L/C FILTERS

NO. TEMEX PASSBAND STOPBAND LOSS RIPPLE ULT. REJ TERM. (Rp//Cp)
POLES P/N dB +KHz dB8 +KHz dB +KH2z dB dB-MAX dB-MIN OHM/PF

2 TES5180 3 3.75 15 12.5 - — 2 1.0 50 850// + 6
4 TES190 3 3.75 30 1285 - — 3 2.0 70 850//+5
6 TE5200 6 3.75 60 12.5 - — 4 2.0 90 850// +5
8 TE5210 6 3.75 60 10.0 80 225 5 2.0 100 850// +5
2 TES220 3 6.5 15) 20.0 = —_ 2 1.0 50 1300/ + 2
4 TE5230 3 6.5 30 22.5 — — 3 2.0 70 1400//0

6 TE5240 6 6.5 60 2215 - = 4 2.0 90 1400//0

8 TE5250 6 6.5 60 17.5 80 225 4 2.0 100 1400//0

2 TE5260 3 749 15 25.0 — — 2 1.0 50 1500//0

4 TES5270 3 75 30 25.0 = == 3 20 70 1600//0

6 TES5280 6 7.5 60 25.0 = = 4 2.0 90 1600//0

8 TES290 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 20 60 3000//-1
6 TES5320 6 15.0 60 45.0 2 = 3 2.0 90 3000//-1
8 TE5330 6 15.0 60 33.0 80 45.0 4 2.0 100 3000//-1

NOTES:

1. Maximum inband ripple over temp. range -20°C to 70°C.

2. Parallel termination capacity is adjusted for optimum filter response. Nominal parallel capacity, Cp: + 3pf. Impedance,

Rp specified above.

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

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

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

f
h

# POLES PACKAGE SELECTION
2 M1,20r 3
4 M1, 2 or 3(x2)M5, 6, 7, 8 or 9
6 M1, 2 or 3(x3)M5, 6, 8 or 9
8 M1, 2 or 3(x4)M6 or 9

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

N 7 !
TEMEX | 595
TEMEX '
i } et fipe——ll i || P
» - 160 J__” 25MIN, Sl TE FRTSE Y. J
A o ol o5
D 2MIN. p7-8 N | 325
TEMEX s B LD
~ - N Loy 0 =ik t { L]
| Ot —— @ w 0 et -1 —
Sy B 0% | o- [T .250]7 | e 065
| T ] #]
| |
S p— 4 o [=-096 oA | —emite0/8
PKG L W H P D PKG L A
M1 .300 .100 .310 114 .017 PKG L w A M7 .89 216
M2 .310 125 |320.345) 148 .017 M5 .590 .470 .354 M8 1.32 435
M3 435 185 |.45/.53] .192 .017 M6 .745 .496 .528 M9 1.75 .645
HC-44/3:M1 HC-45/3:M2 HC-18/3:M3
HC49/3:M3

All specifications subject to change without notice.

Consult TEMEX for your custom crystal and filter requirements.
3030 W. Deer Valley Rd. ® Phoenix, AZ 85027 ¢ 602-780-1995 ¢ (FAX) 602-780-2431
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'I' E M EXSTANDARD 45.0 MHZ MONOLITHIC CRYSTAL FILTERS

ELECTRONICS,INC.

CRYSTALS » CRYSTAL FILTERS * L/C FILTERS

45 MHz MONOLITHIC CRYSTAL FILTERS
NUMBER TEMEX PASSBAND STOPBAND | LOSS| RIPPLE | ULT. REJ. TERMINATION

OF MODE

POLES P/N dB *KHz dB *KHz dB dB-MAX dB-MIN Ohms/pF
2 30T TE7420 3 7.5 18 23 2 1 40 3000//-1.0
4 30T TE7430 3 7.5 40 30 3 1 70 3000//-1.0
2 30T TE7440 3 15 15 47 2 1 40 8000//-1.5
4 30T TE7450 3 15 30 50 3 1 70 8000//-1.5
2 FUND | TE7730 3 15 15 50 2 1 40 1100//+1.5
4 FUND | TE7740 3 15 40 60 3 1 70 800//+1.0

NOTES:

1. Maximum inband ripple over temp. range -20°C tc 70°C.

2. Parallel termination capacity is adjusted for optimum filter response. Nominal parallel capacity, Cp: *3pf.

Impedance, Rp specified above.

3. A tandem set is a combination of matched 2 pole filter units making up multipole filters [example: 4 pole
‘ P
response; (2) 2 pole units-matched.]
4. These models available in other packages not shown below.
5. Standard package = M2. # POLES PACKAGE SELECTION
6. 50 Ohms Z 1/0 available in our M5 or larger packages. 2 M1, 2 or 3
7. 30T = Third overtone crystals. 4 M1, 2 or 3(x2)M5, 6,7, 8 or 9
Fund = Fundamental crystals. (x2)=2 cases
8. Other models available, consult factory.
TEMEX 595
‘ i - 030 e |
Y 25MIN. = i l —- t
0 .2MiIN, LWW § .325
| 1S ] TEMEX € | Soy
j Py | '
; =5 K | R | L)
i z 1 " T 250 [T 6 ={f=065
123, /i Il { — {01701 f"i’f’_ L ¥ 1
L— [ ———a p— A ey e [ (096 tw—A -0 =018
PKG L w H P D PKG L A
M1 300 | 100 | 310 | 114 | 017 PKG L w A M7 89 216
M2 | 310 | 125 [32/.345| 148 | 017 M5 590 470 354 M8 1.32 435
M3 435 | 185 |.45/53| 192 | 017 M6 .745 496 .528 M9 1.75 645
HC-44/3:M1 HC-45/3:M2 HC-18/3:M3

HC-49/3:M3

All specifications subject to change without notice.

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

A [DOVER) TECHNOLOGIES COMPANY

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

Solder Seal OCXO Small Package

Output Options:

TR =k = DC to 50 MHz
HC = HCMOS = DC to 50 MHz
RC = +7dBm 50Q= DC to 50 MHz
Stability Options

A18 = +1 x10° 0° to +50°C
B28 = +2 x 10° 0° to +70°C
D27 = +2 x 107 -40° to +85°C
S38 = +5 x 10° -40° to +85°C

Screening Options:

Supply Options:
A

= +50VDC 3 Watts
B = +120VDC 3 Watts
C = +15.0VDC 3 Watts
D = +240VDC 3 Watts

Aging Options:

2 = 1x10%day 2x 10%year
3 = 5x10°%day 1 x 10%year
4 = 3x10%day 5x 107/year
5 = 1 x10°%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 E 100 Hz = -127 dBc
Typial Pa; 1.0 KHz = -148 dBc
HC RD K1 A 4 D27 C 10.000 MHz +10.0 KHz L GGG
RD Package sl
g Stability Pinouts:
Aging Pin 1 = Output
Supply Pin 2 = Gnd, Case
Predetermined Emg = ¥88 g\pfut'
Package ind = eference*
Output Pin 5 = Supply
*When specified
High Stability HF OCXO
2.004-1
e Output Options: Supply Options:
( w RC = +7 dBm 50Q B = +120VDC 12 Watts
o RE = +13 dBm 50Q C = +15.0VDC 12 Watts
8 D = +240VDC 12 Watts
Stability Options Aging Options:
A50 = 5 x10™ 0°t0+50°C ‘6 = 5x10"/day 1 x 107/year
400 A30 = £3 x 10" 0°to +50°C 7 = 3x10"/day 5 x 10%/year
B70 = =/ x10" 0° to +70°C 8 = 1x10"day 2 x 10®%year
Cc29 = SEERRGI0 -20° to +70°C 9 = 7x10"/day 1 x 10%year
c19 = +1 x 10° -20° to +70°C Phase Noise (5 MHz )
- -9 - o O
_L S29 = 2 x10 40° to +70°C At 0 b2 — 120 dBec
8 ; : 100 Hz = -140 dBc
TYP 7
; \ Screening Options: . 1.0 KHz — 155 dBo
C = Standard Commercial >10.0 KHz - -157 dBc
our S = Class “B" per MIL-O-55310
6-32-
UNC2A
4 Places ‘
| 200  Typical P/N: Frequency Options: Pinouts:
11 1MHz ~5MHz 10 MHz Pin 4 = Supply
.00 .
T RC V1 M1 C 7 C20 C 20MHz 50MHz 1os?cr|\gr;:mg Pin 2 = Gnd, Case
SETRERIEEES I T Stability Pin 3 = No connect
4% 1.00RAD , 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
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High Power RF Amplifiers,
Power Generators, Transmitters...
Amer LIFON can deliver

high power amplifiers from
stock, custom build your design
or design a product to your
specs from I to 250 MHz at
power levels up to 5000 watts.
We manufacture from start
to finish using modern CAD
tools and CNC machinery.
“erther y.().ll need one or Ameritron's 200 Watt Ameritron's chief
OEM quantities, you 1 get the 1 FET Linear Amplfier Module 2 engineer gives you 20 years of
lowest prices and the fastest is readv-to-use. Can be experience with high power

leliverv in the industr combined to procuce several kilowatts. vacuum tubes. Plus you get the field
aelvery in the industry. Modules available for 2-30 MHz; 30-120  experience of thousands of high powered
Here's how . . . MHz; 120-250 MHz. amplifiers in use all over the world.

T S ErE———r [ WP '

:

used for product mechanical eliminates expensive tooling used for precision forming of
design. Sheet metal layouts for prototyping your design. intricate mechanical pieces for
are downloaded to our Computer Changes can be made at a moment's your high power amplifiers.
Numeric Controller (CNC) punch press notice without costly tooling charge.
for precision stamping.

6 CAD workstations are 7 Our CNC punch press 8 Our CNC press brake is

b .
PC boa(d assemblies are We have dedicated Proper QC is stressed at
constructed in-house by our assembly lines made up of well Ameritron. QC tests during
experienced assembly workers. trained workers to make sure the assembly process permit
Every PC board assembly is tested and you get quality products. better visual and electrical inspections
quality checked by electronic techs so than are possible after final assembly.
you'll get first-rate products every time. i

Interested? Call Steven Pan, toll-free...800-647-1801
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2
PCB layouts are designed Ameritron's in-house Sheet metal is fitted and
using CAD work stations for printed circuit board proofed in our prototype metal
oplimum component and trace production facility can make shop. Your changes in sheet
placement. Our experienced engineers pmlolype boards to rapidly confirm PCB  metal design can be rapidly
are familiar with the quirks of RF layouts. In-house film and screen implemented.
grounding for feedback-free operation. processing eliminates outside delays.

X

I‘\

»._ ‘ | .
Ameritron can chemically In Ameritron's paint Everything from artwork

9 clean and etch sheet metal 1 O department we can apply a 1 1 to silk-screening is done in
parts in house. Our careful tough haked-on paint to your house to give you exact/y what

metal preparation helps ensure a durable,  product. We control the quality of your you want. Our graphic arts department
attractive finish for your product. cabinets from raw material to finished can create a cabinet design to your
product. specifications.

Every amplifier is protected Your instruction manuals You get excellent techical
by foam-in-place packing or are printed i Ameritron’s support from our group ot
re-usable die cut closed-cell- ar : triendly . well trained cvstomer

prnting department on modern

foam inserts -- you'll never get a off-set printing presses -- vou'll never be  service technicians,
damaged amplifier because of rough at the merey of vour printer's schedule
shipping and handling. agam.

AMERITRON

. the high power RF specialist
116 Willow Road * Starkville, MS 39759 « (601) 323-8211 « FAX: (601) 323-6351 » 8-4:30 CST. NMon.-Fri.
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Go the distance at RF Expo West by
presenting your paper and shape the
future of the RF industry.

Each presentation will be allowed the
amount of time necessary to properly
cover the topic, which may be 1/2 hour,
one hour or more. Speakers receive com-
plimentary full registration to the confer-
ence and exhibition (not including spe-
cial courses), plus a copy of the
Conference Proceedings.

Session organizers and moderators for RF Expo
West are needed, as well. Planning and running
an RF Expo technical session is both interesting
and rewarding. And because they provide a valu-
able service, moderators receive the same bene-
fits as speakers: complimentary registration and a
copy of the Conference Proceedings.

Send a brief abstract or outline of the proposad
paper, or your offer o organize and/or chair a ses-
sion, to the address below. Please include mailing
address, plus telephone and fax numbers.

DEADLINE FOR SUBMISSIONS:
July 22, 1994

RF Expo West

RF Design magazine

6300 S. Syracuse Way, Suite 650
Englewood, Colorado 80111
Fax: (303) 267-0234

Aftn: Gary Breed

ANNOUNCING
THE 1995
CALL FOR PAPERS

January 29-February 1, 1995
San Diego Convention Center
San Diego, California

Special Emphasis
Papers on Next-Generation

Technology and Techniques

(optical, DSP, space-based, semiconductor
materials, high-level integration)

in addition, topics can include...
Digital Cellular

Low Power Consumption
RFID Systems

Consumer Products

CAD Techniques

Low Noise Design

Test Methods

2.4 GHz Design

Spread Spectrum

Scientific and Medical Applications
Power Amplifiers

Oscillators

Filters
Modulation/Demodulation
System Design

Antennas and Propagation

Please Notel..nearly any current application or
useful RF technique is an appropriate topic!

Don’t forget RF Expo East
Disney’s Comtemporary Resort
November 15-17, 1994

Orlando, Florida

Call (800) 828-0420
for more information




data sheet

Bt St f d SMM-210
dNIOTr 1.5-2.5 GHz, 1Watt
E A GaAs MMIC
Microdevices June, 1994
Features Nkl e Vit
- 27dB Gain and 30dBm Output Power [
- Excellent VSWR: 1.5:1 Typical e o i . 1'*_-) Y
N 3 l P | = )‘ ==
- High Power Added Efficiency 3 LT %8 | e
- Characterized at 3 volts for portables 1 Ci a4, = ' L 3 LEL \
L_ (:l_ L -(5) - ' ‘ r J‘ 1] bl ] 3 '
Description oyt
Stanford Microdevices' SMM-210 is a high performance ‘ .
gallium arsenide monolithic-microwave-integrated-circuit 1 g S
(MMIC) housed in a low-cost surface mount package. ;—E—z | i b o |
Designed for operation in wireless systems operating : ]
in the 1500 to 2500 MHz frequency range; this amplifier i
has 30dBm of output power and 27dB Gain at P1dB. T T
PIN NO DESCRIPTION 1 S :(‘X; = TYPICAL
Also available in die form, its small size (2.0 x 1.5mm) P — ) I —Lra
makes it suitable for use on thin and thick-film circuits. I T — 0 — e e e |
Proven gold-based metaliization and die passivation iyt ] Nindcs s ikcalill
add to the reliability and durability of this device. (-t ;%Ei%%ﬁ*;%
Electrical Specifications at Ta = 25¢
Symbol |Parameters: Test Conditions Units Min Typ Max
P1dB |Output Power at 1dB Compression f=20GHz | dBm 30 31
Vdd=7.0V, Idd = 600 mA f=24GHz| dBm 29
Ga |Associated Power Gain f=20GHz dB 25 27
Vdd = 7.0V, Idd = 600 mA f=2.4 GHz dB 25
Psat |Saturated Output Power f=20GHz | dBm 31 32
Vdd =7.0V, Idd = 600 mA f=24GHz | dBm 30
P1dB |[Output Power at 1dB Compression f=20GHz | dBm 24 25
Vdd = 3.0V, Idd = 400 mA f=24GHz| dBm 23
Ga |Associated Power Gain f=20GHz dB 22 24
Vdd = 3.0V, Idd = 400 mA f=2.4GHz dB 20
VSWR |Input and Output Match 1.5:1
IP3  [Third Order Intermodulation Distortion dBm 37 40
PAE |Power Added Efficiency % 25 30
Vdd = 7.0 V, idd = 600 mA

Other Products from Stanford (Late '94)

Model Freq(GHz) |Description

SMM-228 1.5-2.0 |5 Watt MMIC Amp, 34dB Gain
SHM-610 5-7 3 Watt MMIC Amp, 27dB Gain
SMM-810 8-10 |5 Watt MMIC Amp, 15dB Gain
SMM-1410 13-15 |3 Watt MMIC Amp, 22dB Gain
SMM-108 0.5-3.0 |[LNA, 2dB NF and P1dB of 17dBm
SMM-810 2-8 Broadband Amp, 25dB Gain, 17dBm Po

INFO/CARD 54
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Commercial Radio & Cellular Band Amplifiers

860 880 900 920 940 960 s 980
Cellulor Base Statlon RX G;M Band
Public Safety Radlo ° QB_SOA : SMR
e QB304 °*9B761 QB304 «QB304 «QBS-104 o QBS 125
e QB-761 *SBH1254 [ op 761« QBH-1254 e QBS-126
e QBH-1254 * SB5-108 B 1254 o QBS-125 .« QBS-127
e QBS-110 *SBS-110 ® QBS-146 SMR « Specialized Mobile Radio
L4 QBS‘]SS ° QBS‘]47
* QBS-135
e QBS-136
e QBS-137
e QBS-141
e QBS-142
Specification Summary cuconteed specifications @ 25 °c
Frequency Output Noise  Reverse 3rd DC
Model Range Gain PidB  VSWR Figure Isolation olp! Power Housing
MHz dB dBm dB dB dBm vVdc/mA
QB-304 800-900 20.0 24.0 KSR 3.0 8Y 40/ 15/300 19202
QB-761 806-870 23.0 18.0 136=) 35! 42 32/ 15/140 187-2
QBH-1254 804-901 125 2885 1k | 3.0 26 37/ 15/142 TO-8
QBS-104 896-925 27.0 26.0 1780 2.0 37 41/ 15/450 19069
QBS-108 824-849 8.0 2910) 2.0:1 5.0 12 40/ 15/200 19134
QBS-110 806-849 27.0 26.0 171 2.0 37 a1/ 15/450 19069
QBS-125 896-960 40.0 28.0 IESE] 1.5 51 42/ 15/850 19130
QBS-126-1 925-960 40.0 28.0 INSRI ] J5S) 6il a2/ 15/850 19130
QBS-126-22 925-960 40.0 28.0 150 1.5 Sil 42/ 19-31/850 19105
QBS-127-1 925-960 33.0 22.0 IRSAY 11,5} 4] 38/ 15/450 19130
QBS-127-22 925-960 33.0 22.0 1.5:1 1.9 41 38/ 19-31/450 19105
QBS-133 824-849 33.0 19.0 2.0:1 13 41 35/ 15/250 19121
QBS-135 824-849 40.0 24.0 2031 ) 51 39/ IIS742S 19121
QBS-136 824-849 14.0 250 2.0:1 (51 65) 21 40/ 15/325 19134
QBS-137 824-849 26.0 15.0 2.0:1 1158} 36 28/ 15/150 19134
QBS-141-1 824-849 40.0 28.0 15S%] 15 5N 42/ 15/850 19130
QBS-141-2? 824-849 40.0 28.0 IFSAl 1.8 S 42/ 19-31/850 19106
QBS-142-1 824-849 33.0 22.0 1.5:1 19) 4] 38/ 15/450 19130
QBS-142-22 824-849 &18.0) 22.0 IESH 1.9 41 38/ 19-31/450 19105
QBS-146-1 870-915 40.0 28.0 1.5:1 |3 51 42/ 15/850 19130
QBS-146-22 870-215 40.0 28.0 IFSR! 1.5 S 42/ 19-31/850 19105
QBS-147-1 870-915 33.0 22.0 RSN 5 41 38/ 15/450 19130
QBS-147-22 870-915 8810 22.0 185 1.5 41 38/ 19-31/450 19105
Power Amplifiers
QBS-227 800-960 40.0 40.0 2.0:1 - 60 50 24/2600
QBS-230 800-960 40.0 43.0 2.0:11 - 60 58 24/4400
QBS-233 1800-2200 40.0 40.0 2.0:1 - 60 52 12/4600

SPECIFICATIONS ARE 25°C TypiCAL
' OIP = Oureur INTERCEPT POINT

2 SOFT FAIL DESIGN WITH BUILT IN REGULATION
AND FAULT INDICATION CIRCUITRY

1
WISA__ Q-bit CorrPoraTION © MaIN T 407/727-1838 ¢ ToL_ FRee SaLes B 800/226-1772 » FAX &= 407/727-3729 @ g
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RF Design now offers marketing services for academic software.
For more information, contact Gary Breed at 303-220-0600 (fax: 303-267-0234).

RFGAD

from the University of Central Florida

i
f
§
hi

3
a
Price: $99.00
Postpaid to U.S. and Canada. Foreign
orders add $15.00 shipping and handling fee.
Major credit cards accepted. All checks must

be in U.S. dollars, payable to a bank located
in the U.S. All orders must be prepaid.

Argus Direct Marketing Dept.
C151Powers Ferry Road, NW

Atlanta, GA 30339-2941
Tel: 404-618-0219 Fax: 404-618-0347

RF Amplificr Design

Optimization of Gain and Noise Figure
Stability Analysis

Maximum Unilateral Gain
User-definable Transducer Gain
Noise Figure Analysis

Circuit Diagram Generator

Wideband Amplificr Design
Optimizer

Stability Analysis

Circuit Diagram Generator

RF Oscillator Design
Negative Reistance
Oscillator Design
Colpitts Oscillator Design
Pierce Oscillator Design

Lumped Element Matching
Computerized Smith™ Chart
Interactive Design

Circuit Diagram Generator

Computer Requircments
IBM PC or compatible

VGA graphics

Math co-processor

Laser printer

)\

RF POWER AMPLIFIERS

HIGH PERFORMANCE
1MHZ-2GHZ « 1W-1KW

MODULES - SMALL SIZE - HIGH EFFICIENCY

4.84"x2.0°x1.0° - 200Watts » 150 - 250 MHZ
55% Effeciency » 35db gain

SYSTEMS - LOW COST - RUGGED PROTECTION

10MHZ - 1200 MHZ + 10 Watts

Automated Current Limiting
LCF ENTERPRISES
651 Via Alondra, Unit 712

LC _:»
r"’""‘““' Camarillo, CA 93012 USA

mr rowen ameueicns Dol 805-388-8454
Fax: 805-389-5393
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TEMEX

ELECTRONICS, INC.
3030 W.DeerValley Rd.
Phoenix, Arizona 85027

(602) 780-1995
FAX (602) 780-2431

O
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»
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P
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“Coaxial relay reliability
has always been a problem.
About five years ago, we
switched to TohTsu Coaxial
Relays in our high-power
amplifiers. Since that time
we have not experienced a
single relay failure.”

“TohTsu offers traditional
Japanese quality and workman-
ship. The contact designs are
exceptional, making a relay that
has proven itself both electrically and
mechanically reliable.”

“Henry Radio will now distribute a
full line of TohTsu Coaxial Relays.
Most common configurations and con-
nectors are available AT VERY
REASONABLE PRICES. Please call
or write today for complete informa-
tion, prices and specifications.”

— Ted S. Henry

= CX-600N

Y RADIO

2050 South Bundy Drive

Los Angeles, CA 90025

Phone (800) 877-7979
or (310) 820—1234
FAX 310-826-7790

INFO/CARD 56

RF Design Software

Programs from RF Design provided on disk for your canvenience

NOTE! There is no new program for this month (July 1994) I

June Program Disk — RFD-0694

“Phase-Locked Loop Parameters and Filters” by Jack Porter. Program provides
design and analysis of PLL active loop filters. (True Basic, compiled version and
source code).

Monthly program disks:
$25.00 (US/Canada) $30.00 (foreign)

Yearly disk sets available for 1989 through 1993:
Order #RFD-(year)-SET
$120.00 (US/Canada) $135.00 (foreign)

Special! All five years’ sets (1989-1993) at a package price:
$500.00 (US/Canada) $575.00 (foreign)

Annual Subscriptions — get every program for a year:
$170.00 (US/Canada) $220.00 (foreign)

All orders must be pre-paid by check, money order, or major charge card. All checks
must be in US dollars, payable to a bank located in the U.S. Prices include shipping.

RF Design Software
Argus Direct Marketing Dept.
6151 Powers Ferry Rd., NW

Atlanta, GA 30339-2941

Tel: (404) 618-0219

Fax: (404) 618-0347

82

RF ' software

Budget Version of
SPICE Simulator

ICAP/4Lite is a low-cost analog and
mixed-signal circuit simulation system. The
software is based on Intusoft’s professional
version of SPICE called ICAP/4Windows.
ICAP/4Lite allows unlimited size circuits with
a reduction in features. It performs AC, DC,
transient and temperature analyses. In addi-
tion, ICAP4/Lite includes an integrated
schematic entry program that produces a
complete SPICE netlist. Waveforms can be
displayed on a reduced features version of
IntuScope, a graphical data analysis pro-
gram.Until September 15, 1994, ICAP/4Lite
is available for $445.

Intusoft
INFO/CARD #206

RF Library for
DSP Simulation

Alta Group (formerly Comdisco Systems)
has introduced its RF Library for the Signal
Processing WorkSystem® (SPW™). The RF
Library is a collection of blocks for modelling
tha RF portion of a signal processing system.
The library includes laboratory-validated blocks
for components such as: nonlinear amplifiers,
switches, couplers, A/D converters and mixers.
Alta Group’s RF Library is priced beginning at
$5000 and will be available in the third quarter
of 1994.

Alta Group
INFO/CARD #207

Filter Design

Filtroid from Geesof synthesizes, joins,
edits and analyzes filter circuits. Lowpass,
highpass, bandpass and bandstop filters can
be designed using Tchebychev, Butterworth,
and Elliptic transfer functions or, user-speci-
fied masks, user-specified G-values or user-
specified K-Q values. Filtroid provides tabular
and graphic output of analysis of VSWR,
return loss, phase/phase linearity and other
parameters. Mechanical dimensions for many
distributed filters can also be calculated. Fil-
troid sells for $2995.
Geesaman Software, Inc.
INFO/CARD #208

PC-Based 3D EM Simulation
Developed by Zeland Software and Market-
ed by Bay Technology, IE3D performs 3D
electromagnetic simulation of electrical circuits
ranging from DC to over 100 GHz on a per-
sonal computer operating MS Windows. IE3D
supports all 2D and 3D simulation tasks previ-
ously done only on workstations. Using a full-
wave integral equation method-of-moments
algorithm, IE3D keeps the number of nodes to
a minimum without any reduction in accuracy
and with reduced compute time over worksta-
tion products. IE3D for MS-Windows operates
on any 386/486 PC and is priced at $5000 and
$10,000 (depending on model size) and
$29,000 for the Widows NT version.
Bay Technology
INFO/CARD #209
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RF literature

Crystal Oscillator
Catalog and Handbook

Vectron Laboratories has published its new
1994 comprehensive full-line handbook and
catalog. The 80-page publication details a
complete line of crystal oscillators available
from 0.01 Hz to beyond 2 GHz and highlights
new products recently introduced.

Vectron Laboratories, Inc.
INFO/CARD #220

Fiberoptic

Communications Guide

Ortel Corp. has released a four-page Prod-
uct Use and Selection Guide for the Wireless
Communications market. The guide includes
photos, specifications, technical diagrams
and applications for standard and specific
application cellular radio fiberoptic transmit-
ters. The guide is available free to all quali-
fied specifiers.
Ortel Corporation
INFO/CARD #219

Antenna and Accessory
Catalog

Antenna Research’s 127-page catalog
includes descriptions of the company’s lines
of omnidirectional, directional, GPS,
microstrip, aerospace, D.F., and search and
surveillance antennas, along with their anten-
na test equipment and accessories. Also
described is their line of individually calibrat-
ed antennas for EMI/EMC testing.

Antenna Research Associates, Inc.
INFO/CARD #218

Multichannel PA Catalog

AML Communications announces the pub-
lication of its Cellular/PCS Multichannel
Power Amplifier Catalog. The catalog details
amplifiers with PEP powers up to 240 W with
intermods as low as —-60 dBc. Designs
include feed-forward, class AB, and class A
types. Operating frequencies cover the North
American and International Cellular spectra.
AML Communications
INFO/CARD #217

Cables and Assemblies
Coaxitube is introducing its expanded prod-
uct catalog featuring semi-rigid and fiexible
coaxial cables and assemblies. This 64-page
muiti-color publication contains a cable identi-
fication guide and updated descriptions of
Coaxitube’s hand-formable Al and Cu semi-
rigid cables. Flexible cables and cable
assemblies are also featured along with a
wide choice of specialty type cables.
Precision Tube Co., Inc.
Coaxitube Div.
INFO/CARD #216

Low-Price Circuit Material

Literature
Rogers Corp. offers a literature package for

RF Design

its RO3003™ High Frequency Circuit Materi-
als for commercial microwave and RF printed
circuit boards. The literature includes a pre-
liminary data sheet and fabrication guide-
lines.

Rogers Corp.

INFO/CARD #215

Crystal Oscillator Catalog
Wenzel Associates’ 1994 catalog Crystal
Oscillators, RF Products outlines a variety of
high performance crystal oscitlators, frequen-
cy standards, multipliers, mixers and other
RF products designed for MIL, space and
commercial applications. The catalog
updates performance and engineering capa-
bilities for custom and standard products.
Wenzel Associates, Inc.
INFO/CARD #214

Updated Data Books

Motorola has released its revised RF
Device Data book for 1994 (DL110/D Reyv 5).
The product families include bipolar, LDMOS,
MOSFET RF power, and GaAs chip tech-
nologies. Motorola’s 1994 RF Selector Guide
and Cross Reference (SG46/D Rev 11)
includes a new RF Integrated Circuits catego-
ry. Either publication can be ordered by call-
ing (800) 441-2447, or by faxing (602) 994-
6430.
Motorola Semiconductor
INFO/CARD #213

Rental/Lease Guide

GE Rental/Lease announces its updated
product guide. The 210-page catalog details
many of GE Rental/Lease’s more than
120,000 name-brand test and measurement
instruments. In addition to equipment infor-
mation, the catalog contains financing option
information.
GE Rental/Lease
INFO/CARD #212

Detector/Limiter Brochure

A four-page, color brochure from Advanced
Control Components describes their lines of
tunnel diode detectors, limiter and pad detec-
tors, schottky diode detectors, and limiters.
Design considerations for both detectors and
limiters are listed.
Advanced Control Components
INFO/CARD #211

Circuit Fabrication
Capabilities

Polyflon has published a four-page, color
brochure describing their circuit processing
capabilities, including material selection,
CAD, plating. plated through holes, machin-
ing, quality assurance and control, and test-
ing. In addition, Polyflon offers a design data
sheet describing their mulilayer mixed media
capability, which allows combination of
microstrip and stripline circuits in one unit.
Polyflon Co.
INFO/CARD #210

Just Because

Somebodys
In Mnb?ll

Communications
Doesnt Mean
Theyre On
The A-List.

F

No deadbeats, no duds, no delivery
headaches. Mailing lists from Argus
deliver targeted, audited decision-
makers to maximize your marketing
investment. Direct from our blue
chip lineup of niche publications,
ranging from mobile communica-
tions to municipal government.
Don't just get a list. Get The A-List
from Argus. For our complete
catalog call Renae or Diane at
404-618-0154 or fax 404-618-0347.

ARGUS

Home of The A-List.

© 1994, Argus, Inc
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RO3003 circuit board material
puts the les$ back in wireless.

Introducing RO3003
from Rogers.
High performance,
low price.

Reducing material cost
in wireless applications used to
mean sacrificing performance.
Until now!

R0O3003 high frequency
circuit material provides a
temperature stable dielectric
constant of 3.0,typical dissipa-
tion factor of 0.0013 and a CTE
that is matched to copper for
excellent dimensional stability.

And, RO3003 is priced
competitively with the least

ROGERS

expensive high frequency
wireless materials. Rogers
quality and price are tough
to beat.

Call or write for more
RO3003 product data, samples
or to speak with an Application
Engineer concerning your
next project.

Microwave and Circuit Materials Division

Rogers Corporation » Microwave & Circuit Materials Division ¢ 100 S. Roosevelt Avenue, Chandler, AZ 85226 ¢ Tel: 602-961-1382  Fax: 602-961-4533
Rogers Japan Inc., Tokyo; Tel: 81-33-807-6430 FAX: 81-33-807-6319 ¢ Rogers Mektron, N.V., Gent, Belgium; Tel +32 9 235 36 11 FAX: +32 9 235 36 58

RO3003 is a registered trademark of Rogers Corporation
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You can’t buy

a better precision

timepiece for
under 2.4 GHz.

If youa’re operating in a frequency range from 100 MHz
to 2.4 GHz, you can’t buy a better oscillator than an
Andersen VCO. It gives you the highest spectral purity
with the lowest spurious (> -60dB). And typical single
sideband phase noise of > -119dBC @1 KHz offset.

It’s compact. It’s rugged. It operates in temperatures up
to 100°C. It can be tuned up to 1.5 MHz or phase-locked
to a reference. Plus, its low mass and low profile make it
ideal for surface-mount technology, DILS or flatpaks.

Isn’t it about time you discovered the precision, the
versatility and simplicity of designing with Andersen
oscillators? Contact Andersen Laboratories, 45 Old
Iron Ore Road, Bloomfield, CT 06002. Telephone
(203) 286-9090/FAX 203-242-4472.

@ ANDERSEN LABORAIORES
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Visual Reality

Sonnet Software’s complete product

suite provides electromagnetic simulation of a
broad class of complex circuit structures. For
graphical input, simulation, and insightful
visualization of electromagnetic behavior,
Sonnet offers em)* emvu and xgeom." as
well as patvu™ for antenna pattern plotting.

~he analysis results are easy to interpret
because Sonnet programs take distributed
current and field information and present it in
& congise visual form. Thus you can actually
see how the current flows through the circuit
in addition to the behavior of surrounding
electromagnetic fields.

Using a full-wave method-of-moments technique,
Sonnet provides precise simulation of 3D planar
structures with any number of substrate layers.
So these tools are ideal for analyzing multilayer
ICs and PCBs including microstrip, stripline,

Tangential electric field coplanar waveguide, suspended substrate, and
distribution over a meander line. cther transmission media.

As circuitry becomes increasingly
compact and complex, electromagnetic
analysis becomes increasingly important
to assess the parasitic and coupling
effects that impact circuit performance.
Sonnet Software shows you the way.

Sonnet Software is available on a wide
range of workstations and PCs. For
more information and pricing call
315-453-3096 or 315-451-1694

E SOFTWARE. INC.

SONNET
Radiation pattern of a 16-element (4 x 4)
microstrip patch array.

INFO/CARD 1



Model AN930
9 kHz to 22 GHz

it apab aial
isanaaad

Model AN940
9 kHz to 26.5 GHz

Model AN920
9 kHz to 2.9 GHz

THE AN900 SERIES PORTABLE SPECTRUM ANALYZERS

With frequency coverage of 9 kHz to 2.9 GHz for the AN920,
9 kHz to 22 GHz for the AN930, and 9 kHz to 26.5 GHz for
the AN940, the AN9OO series of spectrum analyzers can match
your RF and microwave testing requirements.

In addition to being full-featured, portable spectrum analyzers,
each AN90O series model provides unique measurement
features never before available on any spectrum analyzer.

A wide 30 MHz resolution bandwidth filter provides
unequalled measurement capability on wideband or spread
spectrum signals. When used in combination with the built-in
FM/AM receiver and modulation measurement scales, direct
measurement of wideband signal modulation components,
including frequency agile signals, is possible.

A 25 MHz digitizing rate enables zero span measurements on
pulsed RF and digital signals at sweep rates as fast as 200 ns/div.
Pretrigger and posttrigger delay allow precise time interval or
gated measurements.

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

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

A logical front panel control layout that avoids the use of
menus or shift keys simplifies operation and enhances user
productivity. For field use, a rugged portable design is comple-
mented by the ability to operate from DC power sources or
from an optional rechargeable battery pack.

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

I a IFR SYSTEMS, INC.

10200 West York Street / Wichita, Kansas 67215-8935 U.S.A.
Phone 316/522-4981/1-800-835-2352 / FAX 316/522-1360

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

INFO/CARD 2




SPLITTERS/

COMBINERS

the world's largest selection
2KHz to 10GHz from $295

With over 300 standard models, from 2-way to 48-way, 0% 90° and 1809,
50- and 75-ohms, covering 2KHz to 10GHz, Mini-Circuits offers the world’s
largest selection of off-the-shelf power splitter/combiners. And, with rapid
turnaround time, we'll also supply “special” needs, such as wider band-
width, higher isolation, lower insertion loss and phase matched ports.

Available for use in military and commercial requirements, models
include plug-in, flat-pack, surface-mount, connectorized standard
and custom designs. New ultra-miniature surface mount units
provide excellent solutions in cellular communications, GPS
receivers, Satcom receivers, wireless communications, and
cable systems.

All units come with a one-year guarantee and unprecedented
“skinny” sigma unit-to-unit and production run-to-production run
repeatability. All catalog models guaranteed to ship in one week.
Mini-Circuits . .. dedicated to exceed our customers’expectations.

finding new ways
setting higher standards

L] =] = - ™
V¥IE ACCEPT AMERICAN EXPRESS AND VISA

P O.Box 350166, Brooklyn,New York 11235-0003  (718) 934-4500 Fax (718) 332-4661
Distribution Centers NORTH AMERICA 800-654-7949 ¢ 417-335-5935 Fax 417-335-5945 ~ EUROPE 44-252-835094 Fax 44-252-837010

F134 RevD



For detailad specs on all Mini-Circuits products refer to
o THOMAS REGISTER Vol. 23 ¢ MICROWAVES PRODUCT DIRECTORY
o EEM e MINI-CIRCUITS' 740-pg HANDBOOK.

INFO/CARD 3
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Daico broadens it's product line with a proven series of
SR Flatpacks and almost every part in our catalog can be
manufactured in one of these packages! Please call us...we
have creative ways to meet all of your price, quality and

DS0551 3
performance requirements.

Daico...always in control
50962
INFO/CARD 4

DAICO INDUSTRIES, INC.
2453 E. Del Amo Bivd., Rancho Dominguez, CA 90220
Telephone 310/631-1143 » FAX 310/631-8078

WE ACCEPT VISA AND MASTERCARD
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BiCMOS Process Offers
Power, Performance and
Cost Advantages

The second-generation version of a Philips
Semiconductor BiCMOS process is
described. The process, called QUBIC-2, is
compared to its predecessor for speed and
power performance.

— Michael M. Sera and Bill Mack

A Direct Quadrature
Modulator IC for 0.9 to
2.5 GHz Wireless Systems

Carrier signals from 900 to 2500 MHz can be
directly modulated with | and Q signals using
a new IC from RF MicroDevices. The IC's
architecture and performance are discussed,
and its application in an example wireless
LAN is presented. — William H. Pratt

tutorial

64

72

78

Broadband Impedance
Matching Methods

The two-port matching problem is intro-
duced, and several methods for solving it are
presented.

— Thomas R. Cuthbert, Jr., Ph.D.

Program Calculates Cascaded

System Parameters

This algorithm calculates the dynamic range, noise figure, noise output, and
system gain of a chain of RF components. These quantities are calculated
using the noise figure, gain, noise bandwidth and 1 dB compression point of
each component in the chain. — Raymond P. Meixner

Novel Design for RF Power Meter

This low cost, 2 to 4 GHz power meter design puts a logarithmic, voltage
controlled attenuator, along with a fast detector diode, in the negative feed-
back loop of a fast op-amp. The design minimizes effects of diode nonlinear-
ities and provides a logarithmic output. — Larry Candell and Jeff Shultz
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WERLATONE

DECADES AHEAD

HIGH POWER
DUAL DIRECTIONAL
COUPLERS

MULTI-OCTAVE
BANDWIDTH
TYPICAL
SPECIFICATIONS
FREQ. RANGE ....... 80-1000 MHz

INS.LOSS ............... 0.1db
FLATNESS ............... +/-0.5db
DIRECTIVITY .......... 20 db min.
VSWRML ..o 1.2:1max.
MODEL C3240

COUPLING .......ccuvneee. 40db nom.
POWER CW ......cccccn... 200 watts
MODEL C3271

COUPLING .................. 50 db nom.
POWERCW................. 1500 watts
BROADBAND HIGH POWER

* DIRECTIONAL COUPLERS
* POWER COMBINERS
* HYBRID JUNCTIONS

]

P.O.BOX 47 « ROUTE 22 ® BREWSTER, N.Y. 10509 |
914-279-6187 » FAX 914-279-7404
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RF editorial

Abjure
Nebulous
Terminology!

By Gary A. Breed
Editor

abejure \ab-’je\ vt — 1 a: to renounce
upon oath b: to reject solemnly 2 : to
abstain from, to avoid.

Engineers require precision, mathe-
matical precision, in their work. It is a
necessary part of understanding nature
and turning physical principles into use-
tul products. We should ail become
upset when we encounter language that
lacks this kind of precision.

What I'm talking about is unclear enu-
meration of incompletely-conceptualized
ideas and principles — or, covering up
for what you don't know by being inten-
tionally vague. Politicians are well
known for this practice, but lately, it has
invaded our world of technology.

For example, does any one of you
know what the “information superhigh-
way” really is — or the “national informa-
tion infrastructure” (NIl)? These are
terms that that are thrown into conversa-
tion as if they were understood perfectly
by everyone; but what is their definition?

Here is how the NIl is described by
the Council on Competitiveness, a dis-
tinguished body made up of business,
labor and academic leaders:

“The information infrastructure will
enable all Americans to access informa-
tion and communicate with each other
easily, reliably, securely and cost effec-
tively in any medium -- voice, data,
image or video -- anytime, anywhere.
This capability will enhance the produc-
tivity of work and lead to dramatic
improvements in social service, educa-
tion and entertainment.” (from Competi-
tion Policy: Unlccking the National Infor-
mation Infrastructure, Advance Copy,
December 1993).

Well, that clears it up for me — NOT!
What we just read is a nice generaliza-
tion that sounds impressive, but lacks
precision. To be fair, the report contains
plenty of useful information, explores

b

several points of view, and raises impor-
tant issues. But, the NIl is never defined
beyond some nebulous collection of
telephone, cellular, satellite, broadcast,
cable TV and computing technologies.

Perhaps the reason for the lack of
clarity is contained in their own conclu-
sions. Two of the four findings by the
council are: Regulations and policies
are fragmented, and, It is impossible to
predict accurately the future path of the
market or technology.

Of course it is hard to define a con-
cept when there is no policy and no
direction! But why cover up this uncer-
tainty with the kind of grand ianguage in
the earlier quotation?

My point is simple — Tell it like it is! In
communications technology, the possi-
bilities for growth are exciting enough
without building unreasonable expecta-
tions with fancy talk.

Instead, try these clear statements:

¢ Communications markets and tech-
nology are growing at a rate that is excit-
ing to both engineers and businessmen.

e The political and business atmos-
phere is very supportive of these new
communications possibilities.

* There is a great deal of uncertainty
about which of the many uses being
developed will become major markets.

* We aren'’t sure who should build an
enhanced communications infrastruc-
ture and we don’t know how to pay for it.

* Despite uncertainties, we will forge
ahead. It is in our nature to respond to
the kind of technical and market chal-
lenges that have been put before us.

P.S. — This discussion applies to any
terms that lack clear definition (such as
most current references to wireless,
portable, and personal communications!)

And, thanks to John Sherman, whose
business card says, “abjure obfuscation.”
it's the inspiration for my comments.

August 1994



LTRA-BROADBAND
iF POWER ANVIPLIFIER SYSTEMS

ALL SOLID-STATE MOS-FET RF AMPLIFIER SYSTEMS

SPECIAL
MOOEL  RF OUTPUT _ FREQUENCY RANGE _ GAIN  USA PRICE

700LC  1.5WCW .003-1000 MHz  33dB
704FC 4W CW .5-1000 MHz  33dB
210LC 10W CW .008-225 MHz  40dB
710FC 10W CwW 1-1000 MHz  40dB 6,695
*727LC 10W CW .006-1000 MHz  44dB 7,950

$ 1,795

$

$

$

$
713FC 15W CW 20-1000 MHz  42dB $ 5,680

$

$

$

$

$

2,095
2,495

225LC  25WCW 01-225 MHz ~ 40dB 3,295

*737LC  25W CW .01-1000 MHz 4508 9,995

712FC  25WCW  200-1000 MHz 4508 6,950

714FC  30W CW 20-1000 MHz ~ 45dB 9,350

250LC  50W CW 01-225 MHz 4708 5,550

715FC 50WCW  200-1000 MHz 47dB  $ 14,990

707FC 50WCW  400-1000 MHz 50dB  $ 10,990

716FC  50W CW 20-1000MHz 47dB  $ 17,950

*747LC  S0W CW 01-1000 MHz 47dB  $ 18,550

MODEL 7100LC 116FC  100W CW 01-225MHz 50dB  $ 9,500
709FC  100WCW  500-1000 MHz 50dB  $ 16,990

717FC  100WCW  200-1000 MHz 50dB  $ 19,500

EM’_ EME_ ”FI 718FC  100W CW 20-1000 MHz 50dB  $ 29,800
7100LC  100W CW 80-1000 MHz 50dB  $ 19,500

*757LC  100W CW 01-1000 MHz  50dB  $ 29,950

122FC  250W CW 01-225MHz 5508 $ 19,950

723FC  300WCW  500-1000 MHz 55dB  $ 29,995

LAS00V ~ 500W CW 10-100 MHz 56dB  $ 12,900

- LAS00UF  500W CW 100-500 MHz  57dB  $ 46,000

AC Operation LAS00G 500WCW  500-1000MHz 57dB  $ 55,000
LA1000V 1000W CW 10-100 MHz 60dB  $ 22,500

LA1000UF 1000W CW 100-500 MHz  60dB  $ 75,000

Fully Protected LA1000G 1000WCW  500-1000 MHz 60dB  $ 99,000

IF-488 Interface $ 2,000

Drive Mismatched Loads RUGGED VACUUM TUBE DISTRIBUTED AMPLIFIERS

116C  100W CW 01-220MHz 50dB $ 9,995
No VSWR Shutdown 122C  200W CW 01220 MHz 53dB  $ 12,950
134C  500W CW 01-220MHz 57dB  $ 20,500

Alc Flat Gain Hesnonse 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 F“nc“nns ] * = Indicates Dual-Band System (coaxial band switching)
Lowest Prices
IEEE Interface Gapability

=

—
£ ’ o,

£ WVEIGE (N EX E CRLISINE TG

1-800-344-3341 The World's Most Complete

(206) 485-3000 w(206) 486-9657

21820-871n S.£ Woodinvill, WA 98072 USA Line of RF Power M’S

NTRY REPRESENTATIVE _ TELEPHONE NC. FACSIMILE NO.
PANCE KMP ELECTRONICS 3346450945 33146452403
RMANY  EMCO ELEKTRONIK 49898562071 49898597785
EDEN MAT & TEST TEK 4687926100 4687923190 e
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Class A rf amplifiers deserve
Class A directional couplers.

10 kHz to 1,000 MHz, 50 to 15,000 watts cw, to 50 kW pulse

Twenty-five years of building outstanding
rf power amplifiers has also taught usa
thing or two about couplers. Things that
give weight to the following recommen-
dation: To monitor the output of any
power amplifier in the ranges shown
above, couple it to your power meter,
scope, spectrum analyzer, DVM, or
other measuring instrument through
one of the AR dual-directional couplers
you'll find listed below.

With all our couplers, you can moni-
tor both forward and reflected power—
very important in the harsh VSWR
environment of EMC susceptibility test-
ing. And, even if you may accidentally
have bought someone else’s power
amplifier, you can still enjoy the band-
width, directivity and low loss of your
AR dual-directional coupler. Plus the
two-year AR warranty.

| 8R y“ns 7 ;‘)
/ [+ o /
Call toll-free (800-933-8181) sian'P8any |
. . . . "l’n,o Weg |
and talk it over with the applications Rity
engineer who’ll answer the phone. ANNTY
'1:9,,39 5“84 R
) TP
DC2500 DC3001 DC3010 DC4000 DC5000 DC6100 DC6180 DC6280
Frequency 10kHz- 100kHz- 10kHz- 10kHz- 220- 400- 80- 80-
range 220MHz 1000MHz 1000MHz 100MHz 400MHz 1000NHz 1000MHz 1000MHz
Power 2500 cw 50 cw 50 cw 15,000 cw | 2500 cw 1500 cw 600 cw 1500 cw
(max. watts) | 5000 peak 1000 peak 1000 peak | 50,000 peak | 5000 peak 3000 peak 1000 peak | 3000 peak
|
m"' 502108 | 4040608 | 4040608 | 60+1dB [50:1dB |[50+¢1d8 |[60+10B (632108
Directivity
typical 2548 25dB 25dB 2548 25dB 25dB 25dB 25dB
minimum 2048 2048 2048 20dB 20dB 20dB 20d8 2008
Insertion
oss, max. 0.15d8 05dB 0.6dB 0.1d8 0.2dB 0.2dB 0.15d8 0.15d8
9450

m 160 School House Road, Souderton, PA 189649990 USA;
n' q hone 215-723-8181; fax 215-723-5688. In Europe, call EMV:
RESERARLH M., 089.6128054; London, 0908-£66556; Parls, 1-64-61-63.29,
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QUALITY
JInnovation
EXCELLENCE
Reliability
PERFORMANCE

High Power Fixed Attenuators up to 600 watts
Terminations up to 600 watts

O . We Are The
s 07 Last Word In
Fixed Attenuators

...And More.

JEW Industries, Inc.

5134 Commerce Square Drive
Indianapolis, Indiana 46237
Tel. 317-887-1340

Fax 317-881-6790
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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

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.
And they usa the same GPIB com-
mand set, for direct replacement
without expensive new software.
Experience.
Granted, Hewlett-Packard has been

around a long time. But, Giga-tronics

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

is no Johnny-come-lately.
Giga-tronics has a |4-year history
of building test and measurement
gear for the most demanding
requirements. We've shipped
thousands of instruments for use
in the testing of radar, EW and
communications systems.
Reliability.
Making reliable RF synthesizers is
usually no fluke.

However, in this case, it is.

The Giga-tronics 6080A and 6082A RF Synthesizers give you great
performance and proven reliability for a lot less money.



Both the 6080A and 6082A were
originally introduced in 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 can often
help you find and fix the problem
over the phone.

If you need to return an instru-
ment for repair, we can 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 looking to buy
one unit or one hundred, you'll get
the same assistance, including a
demonstration at your facility.
Price.

Considering all this, the real ques-
tion is not why Giga-tronics is so
much less, but rather, why Hewlett-

Packard wants so much more?

US. ListP

§30,340

| $16.950

§41,680 §22,950

Hewlett- — Hewlett- I
3 Iga-tronics iga-tronics
Specifications Packard 96080 \ Packard g6082 A
HP 8642A HP 86428
Frequency
Range .} 10 1057 MHz 01 to 1056 MHz 10 2115 MHz w2112 MHz
Switching speed <85 ms <100 ms <85 ms <100 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 dBe/Hz <-125 dBc/Hz <-125 dBe/Hz
Residual FM*
(.3 10 3 kHz BW) <2Hz <I5Hz <5 Hz <3Hz
Output
Range* +16to0 -140dBm | +17 to -140 dBm +1610-140 dBm | +13 to-140 dBm
Accuracy t] dB >-127 dBm | %l dB >-127 dBm £l dB>-127 dBm | ] dB>-127 dBm
Reverse Power Protection 50 Wauts/50 Vde | 50 Wauts/50 Vdc 25 Warts/25 Vde | 25 Waus/25 Vde
Amplitude Modulation
Depth 0-99.9% 0-99.9% 0-99.9% 0-99.9%
Distortion @ 30% <2% <}.5% <2% <1.5%
Frequency Modulation
Max. Deviation™ IMHz 4 MHz 3 MHz 8 MHz
Distortion <2% <1% @ 50% Dev. <2% <1% @ 50% Dev.
Phase Modulation
Max. Deviation™ 100 Rad. 40/400 Rad. 200 Rad. 80'800 Rad.
Pulse Modulation
On/off >40 dB >40/60 dB >40/80 dB >80 dB
Rise/fall time <400 ns <15 ns (Typ 7.5 ns) <400 ns <15 ns (Typ 7.5 ns)
Minimum Pulse Width <2 ps <30 ns <2 ps <30 ns
Incernal 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 0to 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 6080A and the HP 8642A are at 1GHz. 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 1993 catalog.

Prices for the Giga-tronics 6080A and 6082A are U.S. list prices

So, if you're interested in paying

a lot less for great performance

and proven reliability, backed by

a worldwide network of service

and support, call us toll free at

800 726 GIGA (4442). We'll send

you more information and arrange

for a demonstration.

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

Letters should be addressed to: Edi-
tor, RF Design, 6300 S. Syracuse
Way, Suite 650, Englewood, CO
80111. Letters may be edited for
length or clarity.

is the first time | have ever seen the
possibility mentioned that RF can affect
ongoing chemical reactions within the
cell. It seems that every article | read on
the subject assumes the human body to

RF and DNA
Editor:

The article by Andy Kellett on RF radi-
ation hazards interested me because it

be a lump of inert material (well, I've
known some people ...) which is only
affected by the heating effects of RF.
The reasoning is that if there is not
enough energy to blast apart a strand of
DNA, how can RF cause cancer? But

.

The oscillators
with the quartz
crystals from
KVG measure
absolutely
everything,
even before
you'll see

or hear it.

ik
et

Oscillators with
quartz crystals
deliver the
quality you need,
quartz-predise.

A _~

Communication
and measurement
technique.
Worldwide.

KVG.

<l i'p

.

KVG

North America Inc.
Werner Mueller
2240 Woolbright Rd.

Boynton Beach

Fl. 33426-6325

Tel. (407) 734-9007
Fax (407) 734-9008

=g

Crystals
for GPS, Pager,

Telecommunication

@ Crystals W Frequency range 1 MHz to 36D
MHz W Low aging W Tight temperature stadility
M High shock and vibration resistance W Special
glass enclosures [ SMT solutions W Reliable and
produced under 1SO 9001 certified QS-System.

Crystal
Components

for Telecommuni-
cation Networks

W Oscillators @ Frequency range
3 kHz to 622,080 MHz W Low aging
W Tight temperature stability

B SMT solutions [ Reliable and produced
under 1SO 9001 certified QS-System.

PX0 vxo TQXO

V(‘T 0

DTCXO

roquency 00X0
(MHz) Y S |
1.544  T1(0S1) TI(DS1) TI(DST) TI(DS1) TA(DS1) -
12.352 LI(DS1) TI(DSI) FI(0S1) TI(DS1) TI(DS)) -
16.384  SDH SDH SDH SDH SDH SDH
SONET  SONET  SONET  SONET  SONET  SONET
ISON ISON  ISDN ISON ION  ISDN.
SDH/STH:1 SDH/STM-1 SDH/STMI - -

38.8¢ 50!@"41 ,,,,,
4443 A ATH ATH
~ T3(053) 1310053 T3(ps3) T30S - -
1,840 SONET/STS 1 SONET/STS 1 SONET/STS 1 SONET/STS 1 SONET/STS 1 —
155.520 ATM ATH AN AN - ey
STHI/STS3c STMI/STS 3 STHI/STS 3¢ STMHL/STS.3¢ — g
 SONET/0G:3) SONET/L0C3c) SONET/A0C-3c) SONET/I0C-30) -
622.080 - DHSTM4 - E =

- SONET/STS-12 — - - -
W Filter @ Frequency range | MHz to 200 MHz
W Discrete and monolithic types

M Reliable and produced under 1SO 9001
certified QS-System.

B For superior quartz crystals,
oscillator and filter products from the
1SO 9001 certified source, talk to us.

KVG North America Inc.
Together for quality.
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every time a cell divides, DNA mole-
cules are split and reconstructed, and
this happens billions of times each sec-
ond in the body. The real question we
should be asking is, can low level fields
bias the body’s chemical reactions,
increasing the probability that they will
not proceed as planned?

Hank Wallace
President, Atlantic Quality Design, Inc.

Biasing Blunder?
Editor:

I'm sure that Stanley Novak knows
how to bias transistors for stable opera-
tion, but in his article, “Combined Tech-
nology Amplifier Design,” in the May
issue, he has taken a shortcut which
should never be used in a real design.
Biasing the MRF 571 using just a 220k
base resistor to B+ will result in a mini-
mum collector current of 2.58 mA, with a
Vce of 8.9 volts, and the full saturation
at about 9.5 mA, where the hcg is 178.
Since the hzg can be as much as 300,
the bias scheme is obviously a no-no.

Two other reasons for avoiding this
bias, are that as the V,, and the |, vary,
the S-parameters of the device change,
nullifying the design calculations, and
even if the base resistor is chosen at
test for optimum bias, the bias will vary
considerably over temperature.

One of the simplest arragements for
stable bias (minimum number of compo-

|
11
g

i

< L

i %

Figure 1. A suggested biasing
scheme.

nents while maintaining the emitter at
DC ground) involves the use of a Zener
diode. See Figure 1. Use a Zener volt-
age about equal to the desired Vce. The
base-emitter drop is somewhat compen-
sated for by the fact that the Zener volt-
age will be lower than marked, due to
the low current through the diode.

Doug McGarrett
Sr. Engineer, ADEMCO

August 1994
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2.4 GHz Patch Antenna For |
ISM Band

This antenna can be used for a va-
riety of ISM applications such as
bar code scanning, auto toll collec-
tion, wireless LAN and medical
monitoring devices. The patch
antenna has a gain of +4 dBic @
zenith and a VSWR of 2.0:1.
Polarization: RHCP. Pattern
hemospherical/omnidirectional.
P/N ANP-C-116

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

Low Cost Two-Way Power
Dividers

DS52 Series is available in three
frequency ranges; 800-1000 MHz
(DS52-0001), 1600-2000 MHz
(DS52-0002) and 2000-2500
MHz (DS52-0003). Designed for
wireless applications, these power
dividers offer small size, phase
tracking of 1° typ. and isolation of
25 dB typ.

P/N DS52-0001 / -0002 / -0003

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

CIRCLE READER SERVICE NO.62 |

CIRCLE READER SERVICE NO.63

New High fT, Low Voltage,
Medium Power, Silicon
Transistors

Designed for battery operated sys-
tems with 3-5 volt collector bias.
Ideal for use as low phase noise
oscillators through 6 GHz and as
low noise moderate power drivers
or class C amplifiers through 3
GHz. Available in chip form or
ceramic package.

P/N MA4T3243

M/A-COM, Inc.  1-800-366-2266
CIRCLE READER SERVICE NO.61

OSMT: World’s First
Microwave Surface Mount
Interconnect System

The OSMT has a mated height of
4.2 mm, and a VSWRof 1.2:1 at 2
GHz, and 1.4:1 max at 6 GHz. Ap-
plications include Cellular, GPS
and WLAN. Plugs are supplied in
tape and reel packages and cable
jacks are available in pigtails or
jumpers.

OSMT Plug Receptacle P/N 2367-
0000-54

Right Angle Jack Cable Pigtail P/N
9950-2200-23

M/A-COM, Inc.  1-800-366-2266
CIRCLE READER SERVICE NO.60

In the race to the marketplace
it's easy to spot people using our
w1re1ess data transmlsswn solutions.

In today’s intensely competitive wireless
environment, the race goes to the swift (and the
smart). That's why so many smart companies
are turmng to M/A-COM to help make their

wireless allrphcahons areality.
|  Afterall, we've been

microwave and millimeter
wave technology for

Successful com-
panies have
learned that
M/A-COM has proven,
cost-effective solutions that work

today —across the s

You'll find our products are already hard at
work around the world in both LANs and
WANSs. Connecting everything from pen-based
computers to bar code scanners to personal

leaders and innovators in RF,

more than 40 years.

communicators. And while today we're helping
you with data and voice trans-

mission, we're also ready to
take you into the realm of
integrated data, voice and
video applications.

So if you're looking for more
than a supplier, if you're looking
for a strategic partner that will
help you with product develop-
ment, innovative solutions and
high-volume low-cost manufacturing,
look to M/A-COM. We'll give you such a
competitive advantage, it'll almost be unfair.

To learn more, call us at 1-800-366-2266.

In Europe, +44 (0344) 869 595. In Asia,
+81 (03) 3226-1671.
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PREVIOUSLY

WHY PAY
TOP DOLLAR
FOR THE BEST...

WHEN YOU CAN
BUY AT A
DISCOUNT FROM

A ccutest
Instruments
o

P.0O. BOX 130/Route 526,
Clarksburg, NJ 08510

CALL TODAY
1-800-524-0747

(CATALOG AVAILABLE)
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CERAMIC RF
CAPACITORS

C-D/SANGAMO

MICA RF CAPACITORS

VACUUM CAPACITORS
VACUUM RELAYS

SURCOM ASSOCIATES, INC.

2215 Faraday Avenue, Suite A
Carlisbad, California 92008
TEL (619) 438-4420
FAX (619) 4384759
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RF calendar

August
25-28

29-1

September
5-8

27-29

27-29

October
3-7

25-26

25-27

IEEE Electromagnetic Compatibility Symposium

Chicago, IL
Information: Thomas Braxton, Vice-Chair, AT&T Bell Labora-
tories, Room 2B-217, 2000 N. Naperville, Road, Naperville, IL
60566. Tel: (708) 979-1299. Fax: (708) 979-5755.

Surface Mount International

San Jose, CA
Information: Institute for Interconnecting and Packaging Elec-
tronic Circuits, 7380 N. Lincoln Avenue, Lincolnwood, IL
60646. Tel: (708) 677-2850. Fax: (708) 677-9570.

The European Microwave Conference 1994

Cannes, France
Information: Jacqueline Baron, Sales Manager, 24th EuMC,
Nexus Business Communications Ltd., Warwick House, Aza-
lea drive, Sawanley, Kent BR8 8HY, UK. Tel: 44 322 660070.
Fax: 44 322 667633.

Wescon 94

Anaheim, CA
Information: Wescon/94, 8110 Airport Bivd., Los Angeles, CA
90045. Tel: (800) 8772668 or (310) 215-3976. Fax: (310)
641-5117.

16th Piezoelectric Devices Conference

Kansas City, MO
Information: Electronic Industries Association, 2001 Pennsyl-
vania Avenue, N.W., Washington, DC 20006. Tel: (202)
457-4930. Fax: (202) 457—4985.

Antenna Measurement Techniques Association

Long Beach, CA
Information: 1994 AMTA Symposium, School of Engineering
and Computer Science, Center for Research and Sciences,
California State University, Northridge, 18111 Nordhoff St. -
SECS, Northridge, CA 91330. Tel: (818) 885-2146. Fax:
(818) 885-2140.

Radio Solutions, Exhibition and Conference for the Low
Power Radio Industry

Birmingham, England
Information: Radio Solutions, Low Power Radio Association,
The Old Vicarage, Haley Hill, Halifax, HX3 6DR, UK. Tel:
0422 380397. Fax: 0422 355604.

Microwaves ‘94

London, England
Information: Anna Tapster, Nexus Business Communications,
Warwick House, Swanley, Kent BR8 8HY, United King-
dom. Tel: 44 322 660070. Fax: 44 322 614898.
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- With our SA620 Integrated Front-End,
the future of wireless is close at hand.

Yesterday’s wireless visions are quickly becoming The SAG20 is based on our advanced QUBIC

reality. To keep pace, you must develop innova- BiCMOS process technology which results in
tive products in less time. At Philips, we are performance that rivals today’s best GaAs dis-
committed to supplying state-of-the-art wireless  crete and IC designs—at a fraction of the cost.
communication [Cs thar allow you to succeed. Just look at the numbers:

The SAG20 is a major step forward in 1GHz SR o ey ) Lo
9 1 £ £-, y
front-end technology. A h'lgh perforrpanc; LNA, 1 GHa LNA, Mocer and VCO.
mixer and VCO are now integrated in a single Available in 20-pin SSOP

3V device. This complete front-end solution not &

only saves design time and external components, — [RSNSS o F o L LA PRep sy
@900MHz

; NF | Gain | NF | Gain
o) d =10~ )
but also reduces time-to-market 3v | 104mA| 1608 | 1248 | 8548 | 3dB.

Low power consumption makes the SAG20
ideal for portable products that must run longer So instead of designing front-ends the
on fewer bacteries. And our SSOP (Shrink Small ~ way you used to, save time, space and money
Outline Package) saves board space and makes by selecting the Philips SAG20 low-voltage
your products smaller and lighter than ever. Integrated Front-End.

1-800-4471500 ext. 1054RF

© Philips Electronics North America Corporation. 1993
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RF courses

Wavelet Transform: Techniques and Applications

September 12-16, 1994, Los Angeles, CA
Information: UCLA Extension, Engineering Short Courses,
10995 LeConte Ave., Ste. 542, Los Angeles, CA 90024.
Tel: (310) 825-1047. Fax: (310) 206-2815.

Avionics & Weapons Systems Flight Test
August 22-26, 1994, San Diego, CA
High Speed & Microwave Devices & Applications
October 24-27, 1994, Boston, MA
information: University Consortium for Continuing Education,
16161 Ventura Boulevard, M/S C-752, Encino, CA 91436.
Tel: (818) 995-6335. Fax: (818) 995-2932.

Low Earth Orbit Satellite Systems (LEO's)

November 14-16, 1994, 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.

Applied RF 1

August 22-26, 1994, Los Altos, CA
Wireless Systems

August 29-September 2, 1994, 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

August 24-26, 1994, Salt Lake City, UT

September 14-16, 1994, Toronto, Canada
Information: Z Domain Technologies, Inc., 325 Pine Isle Court,
Alpharetta, GA 30202. Tel: (800) 967—-5034 or (404) 587—4812.
Fax: (404) 518-8368.

Optimization Technology and Application in High

Frequency and Microwave Circuit Design
October 4-5, 1994, Duisburg, Germany

Information: John Bandler or Adalbert Beyer.

Tel: (905) 628-8228 or 49 203 378 9217.

Fax: (905) 628-8225 or 49 203 379 3218.

Digital Cellular and PCS Communications -
The Radio Interface

October 10-14, 1994, Spain
RF/MW Circuit Design: Linear/Non-Linear,
Theory and Applications

October 10-14, 1994, Spain
Active and Passive RF Components: Measurements,
Models, and Data Extraction

October 12-18, 1994, Spain
Wireless Digital Communications

November 7-11, 1994, United Kingdom
Information: CEI-Europe/Elsevier, Mrs. Tina Persson.
Tel: (46) 122-175-70. Fax: (46) 122-143-47.
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The HP 8647A Signal
Generator: a new level of
productivity at the touch
of a button.

Lowering manufacturing costs
couldn’t be simpler.

Start with one of the lowest
priced (under $5,000) and most
reliable synthesized signal
generators in its class. Then put
it at your technician’s fingertips
with a remote interface that
makes testing as easy as pushing
a button.

A button that sets up and runs
measurement sequences with a
single push. Using a simple user
interface that lets you get employ-
ees up and testing with a minimum
of training.

Yet the H> 8647A brings more
performance (o the production
line. The 250 kHz-1 GHz range and
clean +10 dBm output lets you
tackle more applications. Separate
manual frequency and amplitude
control knobs make dialing in
signals as easy as tuning a car
radio. And the reliability of an

electronic attenuator virtually
eliminates the most common
cause of failures.

Call HP DIRECT at
1-800-452-4844, Ext. 8030*
today for a FREE data sheet and
brochure on the HP 8647A Signal
Generator.

You'll find there’s not a lot to learn.

In Canada call 1-S00387-3867, Dept. 185

There is a better way.
K
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HEWLETT®
PACKARD

New!

HP 8648C
provides
3.2 GHz for
less than
$9,500.

1494 Hewlett-Packard Co/TMMID37ORFD



RF news

The Electronics Industry Associa-
tion's Metric Transition Steering Com-
mittee has decided that the change to
metric won't happen cold turkey. The
EIA policy statement is, “The EIA
actively supports a planned transition
to the S| based metric practice in the
design and manufacture of electronic
equipment.” This statement is consis-
tent with that of the SAE and other
statements from the industrial sector.

As part of the transition, certain
industrial “norms” will be identified —
internationally accepted practices that
are in inch-pound units and not
expected to change. Other practices
will be “hard metric.”

EIA Metric Committee Plans Changeover

The conversion process has the fol-
lowing timeline:

In 1994, all naw and revised EIA
standards will include the Sl system,
either in metric only, or as a dual sys-
tem with metric dimensions given first
and the U.S. customary units in paren-
theses. In 1996, all new standards will
be metric only, unless special circum-
stances requires dual dimensioning.
By 1999, all new, reissued and reaf-
firmed standards will be metric, also
subject to dual dimensioning in special
circumstances. Finally, by 2004, all
EIA standards will be metric. If
required, standards developed before
2000 may be dual dimensioned.

Microwave Update Conference
Scheduled for September — The ninth
Microwave Update will be held in Estes
Park, Colorado from September 22
through 25, 1994. The purpose of the
conference is for amateur microwave
experimenters to discuss and exchange
technical information on all aspects of
radio communications on frequencies
above 900 MHz. Although an amateur
radio activity, a majority of participants
in this in-depth, practical conference
also are professional RF and microwave
engineers and technicians. For more
information, contact William McCaa, 181
S. 80th Street, Boulder, CO 80303.

28,800 kbps Modem Standard is
Adopted — The International Telecom-
munications Union — Telecommunica-
tion Standardization Sector (ITU-T, for-
merly known as CCITT), has adopted
the V.34 modem standard for telephone
line communications. Dubbed V .fast in
its development stage, V.34 modems
will transfer data at twice the rate as
present technology, up to 28,800 kbps.
Included in the standard are line-probing
techniques that ascertain the quality of
the telephone line and adjust them-
selves for each connection. V.34 will
also identify itself to telephone switching
equipment (handshaking). Among the
applications expected to arise from high-
er speed capability is color fax transmis-
sion.

EIA Forms New Division — The
Microwave Solid-State Electronics Divi-
sion is the newest division of the Elec-
tronics Industry Association. The Divi-
sion will provide a focused voice and a
national forum to promote U.S. leader-
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ship in the microwave and millimeter-
wave industry. The Division expects the
microwave solic-state chip market to
grow by a factor of 10 to nearly $2 billion
by the year 2000. Driving forces in this
market include worldwide growth in
communications links, military smart
sensor defense systems, wireless per-
sonal communications, and smart vehi-
cle and highway systems. Companies
interested in joining this Division should
contact EIA’s Group Vice President
Gene Lussier at (202) 457-4933.

NIST and Ukraine in Agreement — To
enhance trade between the United
States and Ukraine, the National Insti-
tute of Standa-ds and Technology
(NIST) and the State Committee of
Ukraine for Standardization, Metrology,
and Certification (DERJSTANDART)
have signed a memorandum of under-
standing on scientific and technical
cooperation to remove non-tariff trade
barriers between the two countries. The
memorandum recognizes the growing
importance of the harmonization of stan-
dards and conformity assessment mea-
sures to improve international trade.
Ukraine has adcpted a law, for which
DERJSTANDART has established a
product certification program, which
requires that all goods and materials
must be certified before they are place
in the marketplace.

TRW Subsidiary Launches Commer-
cial Venture — ESL Incorporated, a
TRW company, has begun a new
advanced information technology ven-
ture. The new TRW Business Intelli-
gence Systems is headed by general
manager William A. Hogan. ESL has

ex:ensive information collection, analy-
sis and processing technology that will
be used in the development of system
and software products for telecommuni-
cations, digital video imaging, medical
imaging and other markets. Founded in
1964, ESL is a leading supplier of gov-
ernment reconnaissance and intelli-
gence systems, services and products.

Noise Com Forms Wireless Division
— The Wireless International Corp.
(WIC) has been formed by Noise Com,
Inc. to produce test equipment for OEMs
developing and manufacturing wireless
systems. Initially a supplier of solid state
noise-generating and noise measuring
devices to the military industry, Noise
Com has converted much of its product
line to serve commercial markets such
as satellite communications, cellular
telephone and cable TV. WIC President
Dale Sydnor notes that the customer
base and selling techniques for wire-
less-related products are different from
conventional electronic test equipment,
prompting the decision to create a new
division.

AMP Makes Investment in Intellon
Corp. — AMP Inc. of Harrisburg, Pa.
has taken an equity position in Intellon
Corporation, part of Intelion’s recent
$7.5 million private offering. Intellon is
the developer of CEBus® home automa-
tion equipment using their Spread Spec-
trum Carrier™ technology. AMP is a
supplier of connectors and interconnec-
tion devices.

Anadigics Recognized for Contribu-
tion — The City College of New York
(CCNY) School of Engineering has hon-
ored Anadigics for its continued financial
support of the CCNY electronics labora-
tory. Anadigics contributes $40,000
annually to fund the laboratory, and
donates surplus technological equip-
ment, as well. With an enroliment of
3000 undergraduate and 950 graduate
students, the School is one of the
largest engineering schools in New York
state.

Sage Moves to New Facility — Sage
Active Microwave, Inc. has established
its new headquarters in Hollis, New
Hampshire. The facility has 6000 square
feet of space, with expansion options,
containing a fully equipped hybrid micro-
circuit manufacturing operation. The
address is Sage Active Microwave, Inc.,
26 Clinton Drive, Suite 114, Hollis, NH
03049-6521, tel. (603) 598-6900.
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o 50 1200 MHz Coveraqe In Bands

» Compact EMI Sealed Package
1.5" x 2.0" x 0.625" Enclosure
* Low Power Consumption
<100 mW Most Models
« internal TCXO:
2 PPM 10 MHz Standard
Other Stabilities Avallable
» Wide Frequency Tuning Range
Up to 2:1
« Simple Three-Line Control
PC Driver Software and
Application Notes Supplied
* Low Phase Nolse
<-115 dBc/Hz @ 100 kHz
* High Level Buffered Output
+5 dBm 12 dB
* Fre uem;y Ste s Available:
5 kHz to 100 k
* Evaluation Unlts
Start at $470.00
Production Prices
Less Than $100.00

Custom Designs Available

as dl<woa
.‘/.'.\ W AN

ENGINEERING, INC.
4747 Devitt Drive e Cincinnati, OH 45246
Call Toll Free 1-800-341-NOVA
In Ohio (513) 860-3456
Fax (513) 860-3535

RF news e

transport time to landfills.

INTERNET: sales @ novaengr.com
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RFID Tags Aid Trash Collection — Mandatory recycling plans in many commu-
nities are becoming a challenge for consumers and waste collection companies
alike. In the city of Santee, Calif., Texas Instruments TIRIS RFID transponders are
attached to the various color-coded trash bins containing the various types of
waste (see photo). As each is dumped into the coliection truck, the RFID tag is
read and the information on the household and the contents of the bin is recorded.
The data is us2d to generate reports for evaluation of the recycling program,
including the number of bins containing recyclable material, and how often each
household sets out the bins. The information can also be used for time-and-motion
studies of route performance, such as time per stop, time between stops, and

EdB EMC Consultants Opens Office
— Edwin L. (Ed) Bronaugh has opened
a consulting bus ness under the name
EdB EMC Consultants, to provide assis-
tance in the areas of EMC measure-
ments, EMI emissions, EMI control
plans, standards, instruments and
antennas. Mr. Bronaugh is a NARTE
Certified EMC Engineer, Fellow of the
IEEE and Senior Member of the SAE.
EdB EMC Consultants can be reached
at (512) 258-6687 (voice) or (512) 258-
6982 (fax).

Dassault to Provide Cordless Public
Phone System — The Dassault Elec-
tronique Group has singned a contract
for the supply of & turnkey cordless pub-
lic telephone system for city of
Chongqing in Sechuan province, Peo-
ple’s Republic of China. The system ot
be provided is of the digital type, based
on microcells. Dassault will provide th
entire network in‘rastructure, including
base stations, netwvork interfacing equip-
ment, central supervision and control
systems, and the associated handsets.
Technical assistance and training are
also part of the contract. The Dassualt
system is based on the European

CT2/CAl protocol, and economical solu-
tion that also supports facsimile trans-
mission. The Chongqing region repre-
sents a market of several hundred mil-
lion French francs.

Hewlett-Packard Restructures CAE
Business — Hewlett-Packard Company
has announced the formation of the HP
EEsof Division, formerly part of the
Santa Rosa Systems Division (SRSD)
and part of the Microwave Communica-
tions Group (MCG). According to H-P,
the elevation to Division status reflects
its continued commitment to the
RF/microwave CAE market. The HP
EEsof Division includes the merged
operations of EEsof, Inc. acquired in
1993, and the H-P high-frequency CAE

group.

Vectronics Gets Accelerator Contract
— Vectronics Microwave Corporation
has been awarded a $376,000 contract
from the Continuous Electron Beam
Accelerator Facility (CEBAF) in Newport
News, Virginia. Vectronics will supply
104 Beam Position Monitor Multiplexers:
radiation-hardened modules shich con-
tain four low-loss SP5T PIN diode
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The feature rich Marconi 2050 series of digital and vector signal generators will test
most of the world’s emerging digital radio system standards with complex modulation
formats. Some of the features of the 2050 include: ~
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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 230 and higher.

Need more Q? Tty our new
surface mount springinductors.
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400
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800
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Our 2% tolerance versions can help
youeliminate circuit tuning altogether!

They're tape and -eel packaged
and have a jacket with a flat top for
auto insertion. We even tin the leads
for reliable soldering.

Order our $60 C102 Designer’s
Kit with 10 spring values. Or call us
for our complete RF and surface
mount product catalogs.

w Codleraft
MHz
1102 Silver Lake 3oad, Cary IL 60013
800/322-2645 FAX 708/639-1469
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HF POWER AMPLIFIERS

Hign Revinsiiry, Gommerciar Quawrry

¢ 1.8 to 30 MHz
4 1500 to 10,000 Watts

HENRY HF Power Amplifiers
have been the reliability
standard for 30 years.
Thousands 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 prices and specifications.

TOLL-FREE (800) 877-7979

i\i | .Jz‘; “ )} 2050 South Bundy Drive
Ve |\ /// LosAngeles, CA'90025

'/  Phone (310) 820-1234
FAX 310-826-7790
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RF news wuines

switches with TTL drivers and control
logic. They are used to switch up to four
RF signals from five beam position mon-
itors to a single beam position detector.
The contract includes four-year options
for spare parts for an additional amount
up to $223,000.

Compact Software Establishes Euro-
pean Subsidiary — Electronic Software
Components GmbH & Co. Trade KG
(ESC) has been formed in Munich, Ger-
many by Compact Software. ESC will
manage Compact's existing network of
European distributors and support mar-
keting activities throughout Europe. Ste-
fan Georgi, formerly of Rohde &
Schwarz, has been appointed President
of ESC. ESC will also oversee Euro-
pean sales and marketing of Synergy
Microwave’s product line. The telephone
number for ESC is +49-8091-6485.

Micro SMT Receives Patent — A
patent has been granted for the semi-
conductor packaging technology known
as Micro or Minimal SMT packaging.
The packaging enables semiconductors
to be packaged in the wafer state using
automated photomasking, silicon etch-
ing and encapsulating techniques. The
packaged device is approximately the
same size as the the semiconductor
device, and is sufficiently rugged to with-
stand multiple test contacts and SMT
assembly, according to Micro SMT, Inc.
Micro SMT also announces that M-
Puise Microwave is a participant in the
MSMT packaging technology.

Amtech Receives Automatic ID Con-
tract — Amtech Corporation announces
a $400,000 contract with Matson Navi-
gation to expand automatic equipment
identification (AEIl) systems to Matson’s
Los Angeles and Seattle terminals. The
equipment uses radio frequency identifi-
cation (RFID) technology for identifica-
tion of all tagged tractors, chassis, motor
generators, and containers entering and
leaving the terminals. A pilot system has
been operating since 1992 at Matson’s
Honolulu terminal, where gantry-crane
mounted equipment monitors all con-
tainers being loaded and unloaded.

Dataradio Gets RNET™ Line —
Dataradio has taken over distribution of
the Motorola RNETproduct line , includ-
ing a telemetry radio and a 9600 bps
radio modem. The Motorola division that
makes RNET products has chosen to
concentrate on manufacturing, and to
use other companies for distribution. RF
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Synergy’s new product line of Voltage Controlled Oscillators covers the
specfrum of 200 MHz to 2000 MHz. These low cost, high quality models exhibit
extremely low phase noise along with linear transfer characteristics. These new
Voltage Controlled Oscillators can be supplied in surface mount or plug-in
package styles. Additional information and specifications are available from the

Synergy Microwave Sales and Applications Department.
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Synergy Microwave Corporalion
201 McLean Boulevard, Paterson, N... 07504 USA
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RF industry insight

RF Issues Help Fill FCC Dockets

by Andy Kellett
Technical Editor

A number of RF systems which were
only the subject of speculation just a few
years ago are now about to be approved
by the FCC. This report will look at a few
of those systems and where they stand
with respect to FCC action and regulation.

Big LEOs — The spectrum alocation
and sharing rules for big LEOs will be
made by the FCC late this year, says
Lou Manuta, the Washington, D.C.-
based editor of Satellite Communications
magazine. Big LEOs are large constella-
tions of Low Earth Orbiting (hence LEO)
satellites, designed to give constant
communications coverage everywhere
on earth. The most familiar of these pro-
posed systems is Iridium, but systems by
Globalstar (a venture which includes
Loral and Qualcomm), TRW, Constella-
tion Communications, and Ellipsat are
also vying for orbital and spectrum
space. The big LEOs seek spectrum
space in the 2.4 to 2.5 GHz range.

PCS - Personal Communications Sys-
tems (PCS) have been divided into two
types, narrowband and broadband. The
final rules for narrowband PCS at 900
MHz are out, and spectrum auctions will
have taken place by July 25th.

The rules for broadband PCS services
have been finalized - after 67 compa-
nies asked the FCC to reconsider the
plans that were intitially presented in
September of last year. According to
Fred Thomas, an engnieer with the
FCC's Frequency Alocation Branch, the
plan that was finally adopted places
three 30 MHz blocks and three 10 MHz
blocks in the 1850 to 1990 MHz band.
Each 10 Mhz block is contiguous with a
30 MHz block. In addition, a 20 MHz
block has been approved for PCS from
1910 to 1930 MHz.

HDTV - The "Grand Alliance", the sin-
gle group that formed after the compet-
ing groups developing their own HDTV
systems merged, has spent six months
with an FCC appointed advisory commit-
tee, to form what will be the standard for
U.S. television. Prototype versions of all
the components in the system are cur-
rently being built, and they will begin ten
weeks of testing in late November at the
Advanced Television Test Center, says
Robert Bromery, Deputy Chief of Autho-
rization and Evaluation Division in the
FCC's Office of Engineering and Tech-
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nology. Bromery says he expects the
FCC to issue a Notice of Proposed Rule-
making sometim2 in mid-1995, and to
adopt a new television standard by the
end of 1995, or early 1996.

Because the naw standard will have
been developed under the guidance of
an advisory committee, the FCC should
quickly adopt the HDTV standard, pre-
dicts Bromery. What may arouse some
controversy could be the FCC's plans to
phase out NTSC transmissions after 17
years and the VHF television broadcast
bands after 15 years says Bromery.

RF Exposure Strandards - The FCC
is currently considering a proposal to
adopt the IEEE standard C95.1-91 for
RF radiation exposure as its own, says
Bob Cleveland, an Environmental Scien-

tist at the FCC's Office of Engineering
and Technology. The Notice of Proposed
Rulemaking regarding the standard has
ellicited some criticism from a few other
Federal agencies such as the FDA and
EPA says Cleveland.

How to Keep Tabs on the FCC
These are just a few of the RF-related
issues the FCC is currently dealing with.
To get current, detailed information about
what the FCC is doing can be dificult,
because as Satellite Communication's
Manuta notes, "The FCC rules change
every single day — no kidding.” However,
if you have the stamina, you can keep
track of the FCC's daily actions by ftp'ing
the FCC's information service on Intemet
at anonymous.fip@fcc.gov. RF

The Making of an FCC Rule

The FCC executes rules. Some are
bona fide laws, for instance, the Cable
Television Act, signed into law in 1993.
Likewise, the FCC may be called upon
to execute a court ruling or executive
order. However, the majority of the
FCC'’s work is th2 result of its own “rule-
making” process

“Anyone could write the FCC and say,
‘We want you to start the proceedings to
do X', and the FCC could do it,“ says
Satellite Communications' Manuta,
“that's where seventy-five percent of
their rule making comes from"

Figure 1 is a diagram [1] which out-
lines the flow of a “petition for rulemak-
ing”, which is a request for a new rule.

Any petition that is judged meritorious
by the FCC office or bureau that is con-
sidering it, will eventually result in one
or more of four actions being taken by
the FCC.

A Notice of Inquiry (NOI) is given
when the FCC wants to gather as much
information from as many people as it
can on some topic.

A Notice of Proposed Rule making
(NPRM) is given when the FCC is con-
templating a change or addition to its
rules.

A Memorandum Opinion and Order
(MO&O) is one of two final actions the
FCC can take on a petition. In this
action, the FCC denies a petion for rule-

making, concludes an inquiry, modifies
a decision, or denies a petition for
reconsideration of a decision.

Finally, a Report and Order (R&O) is
the other ultimate action the FCC can
make on a petition, resulting in the
statement of a new or amended rule or
a statement that the rules will not be
changed. This action is almost always
preceded by an NPRM.

1. Linthicum, Jack M., "A Guide to the
FCC's Rulemaking Procedures”, IEEE
Communications, July 1981, pp. 34 - 37.
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Figure 1. Flow diagram for a
proposed FCC rule.
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RO3003 circuit board material
puts the leg$ back in wireless.

Introducing RO3003
from Rogers.
High performance,
low price.

Reducing material cost
in wireless applications used to
mean sacrificing performance.
Until now!

R0O3003 high frequency
circuit material provides a
temperature stable dielectric
constant of 3.0,typical dissipa-
tion factor of 0.0013 and a CTE
that is matched to copper for
excellent dimensional stability.

And, RO3003 is priced
competitively with the least

ROGERS

expensive high frequency
wireless materials. Rogers
quality and price are tough
to beat.

Call or write for more
R0O3003 product data, samples
or to speak with an Application
Engineer concerning your
next project.

Microwave and Circuit Materials Division

Rogers Corporation ® M crowave & Circuit Materials Division ® 100 S. Roosevelt Avenue, Chandler, AZ 85226 ¢ Tel: 602-961-1382 » Fax: 602-961-4533
Rogers Japan Inc., Tokyo; Tel: 81-33-807-6430 FAX: 81-33-807-6319 » Rogers Mektron, N.V., Gent, Belgium; Tel +32 9 235 36 11 FAX: +32 9 235 36 58

RO3003 is a registered trademark of Rogers Corporation
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Only Compact Software
offers a complete family

of RF and microwave design tools for Windows!

Frequency-Domain Simulation - Compact Software offers a
complete family of linear and nonlinear circuit simulation tools
for the PC. The Super-Compact linear simulator offers
accurate analysis and optimization of circuits from DC through
millimeter-wave frequencies. The Microwave Harmonica
nonlinear simulator builds on this foundation by adding
harmonic-balance nonlinear analysis and optimization.
Microwave Scope completes the family by adding models of
optoelectronic devices including laser diodes, detectors, and
fiber-optic links.

Time-Domain Simulation - Compact’s Super-Spice
simulator combines the traditional capabilities of SPICE with
high frequency models for active devices and microstrip
discontinuties. A unique electromagnetic field solver provides
accurate modeling of inter-trace coupling effects.

Schematic Capture - Compact’s Serenade Schematic
Editor makes capturing RF and Microwave designs quick and
easy. Complete symbol libraries are included for both device
and layout features, allowing designers to drive the complete
capture-simulate-layout process.

Physical Layout - Serenade Layout, based on AutoCAD,
uses information from the designer’s schematic to
automatically generate a finished layout. Data is quickly
post-processed to popular manufacturing formats.

System Simulation - The Microwave Success system
simulator allows entire systems to be simulated and optimized

Device Modeling - Compact’'s Netcom and Scout programs
allow data to be acquired from popular vector network
analyzers and fitted to popular device models for simulation.

Best of all, Compact’s entire family of high-performance
PC CAD software is available NOW!

Compact
Software

MICROWAVE, RF and LIGHTWAVE CAD SOLUTIONS

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




For more information and
a free demo disk . ..
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Name:

Title:

Company:

Address:

Country:

Fax #:

Phone #:

Compact Software products are sold and
supported through a large network of
International Reps and Distributors.

To find the name of the Compact Sales
Representative for your area, please call:

North and South America
Compact Software

201 McLean Boulevard
Paterson, NJ 07504
201-881-1200
201-881-8361 FAX

Europe

Electronic Software Components GmbH
Alpenstrasse 20, D-85614

Kirchseeon, Germany

+49-8091-6845

+49-8091-4804 FAX

Asia-Pacific

Compact Asia-Pacific Sales Center
764 Dailey Avenue

San Jose, CA 95123
408-362-0363

408-362-0507 FAX

or complete this form, then mail or fax it to
us at one of the above locations.

Area(s) of Interest:

Frequency Domain Simulation

__ Super-Compact Linear Simulator
___Microwave Harmonica Nonlinear Simulator
__ Microwave Scope Optoelectronic Simulator

Time-Domain Simulation
__ Super-Spice Simulator

Schematic Capture and Layout
__ Serenade Schematic Capture
__ Serenade Layout

System Simulation
__ Microwave Success System Simulator

Device Modeling and Extraction
__ Netcom VNA Communication Package
__Scout Device Model Extraction Program

Compact
Software

MICROWAVE, RF and LIGHTWAVE CAD SOLUTIONS

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

BiCMOS Process Offers Power,
Performance and Cost Advantages

By Michael M. Sera and Bill Mack
Philips Semiconductors

With the explosion of personal wire-
less communication equipment, con-
sumers today expect cordless and cellu-
lar phones to provide hours of talk time
and yet fit in the palm of their hand.
Manufacturers are being challenged to
produce smaller more efficient telecom
terminals. The first portable cellular
phones used “bricks” for batteries, but
as the technology improves and the
demand sky-rockets, phone manufactur-
ers race to create the smallest and light-
est phones. Close to 30 percent of the
phones volume and more than 50 per-
cent of the weight is due to the batteries.
This demand has driven the IC manu-
facturers to also provide highly integrat-
ed solutions that require less battery
power.

The “battery bulk” can be reduced by
using fewer cells. This is done by reduc-
ing the supply voltage from five volts to
three. In addition, the current consump-

tion of the system needs to be reduced
to prolong the talk time. This can be
done with system architectures as well
as with device process improvements.

Designing for Low Power

Demands for 3V, rather than 5V
devices, is driving semiconductor manu-
facturers to design new products for this
supply range. To accommodate lower
power requirements, manufacturers are
making investments in new, lower
power-consumption processes. For the
purpose of this article, we define low
voltage as 2.7 \' to 3.6 V (three, 1.2 V
AA battery cells).

At Philips Semiconductors, nearly all
new RF ICs are designed to work from
2.7 V to 5.5 V, to address both the three
and five volt markets. The limiting factor
in today’s radio supply voltage require-
ments is the PA (Power Amplifier). They
still require 4.8 V to provide the power

levels required for existing systems. As
newer systems begin to use digital mod-
ulation (pulse power) and smaller cover-
age areas (micro- and pico-cells), lower
average output power will be utilized.
This will in turn allow the PA’s to work
down to 3.6 V unregulated. Once this
occurs, the demand for three volt
devices will be enormous as all systems
will be designed with three volt supplies.
The one limitation of going to three
volts is that the device will now require
more current to perform the same func-
tion. The way around this is to use a
process which requires less power.
Philips’ BICMOS processes provide this
advantage, along with high levels of
integration, to fuel the future wireless
communication requirements.

Device Processing
In 1987, Philips started working on a
process to create RF devices with high-
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Figure 1. QUBIC N-MOS and NPN cross sections.
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The Standard for Performance

For over fifteen years engineers and
OEMs alike have relied on PTS
frequency synthesizers for unmatched
stability, speed and spectral purity.
These direct analog and direct digital
synthesizers meet the most challenging
systems development requirements...
ATE systems, satcom, wireless, medical
imaging, secure communications, and
more. You'll also find them in
production environments, where they
play a key role in quality assurance.

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

Frequency
Synthesis
Handbook

FREE OFFER

resolution. They are available with
switching times from 1usec, spurious
outputs as low as -75 dBc and
outstanding phase noise characteristics
(8SB phase noise at 1GHz, 1 KHz offset,
-110 dBc/Hz).

The Standard for Reliability

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

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

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

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

*(CX0, TCXO or external
frequency standard

*Resolution to 0.1 Hz

+Digital phase rotation

*Output power to +13dBm

*Proven 25,000 hr MTBF

o2 yr warranty

*$350 repair fee, yrs 3 - 10
($500, Model PTS 1000)

= =

PROGRAMMED TEST SOURCES, INC.
9 Beaver Brook Road, Littleton, MA 01460
Tel: 508 486-3008 Fax: 508 486-4495
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SMALL SC-CUT OCXO
X05015 SERIES

Standard frequency: 10.0 MHz
Optional frequencies: 3.0 to 50.0 MHz
Stability options:
A: 1 5x10” over 0 to 50°C
B: + 1x10™® over 0 to 50°C
C: t 5x10™® over -55 to 85°C
Power: 2.0 watts max. @ -55°C
1.5 watts max. @ 0°C
1.25 watts max. @ 25°C
Package:
1.45 x 1.08 x 1.03 inches (Ixwxh)
36.8 x 27.4 x 26.2 mm (Ixwxh)
Phase noise at 10.0 MHz:

Offset (Hz) dBc/Hz
1 -90
10 -120
100 -140
1000 -145
Unit pricing at 10.0 MHz: (Qty of 1-9)
A: $350.00
B: $250.00
C: $250.00
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QUBIC QUBIC-2

Fmax 10 GHz 20 GHz
Fr 13 GHz 24 GHz
Bipolar emitter |

length 1um 0.7 um
CMOS channel

length 1pm 0.8 ym

Table 1. QUBIC and QUBIC-2

process comparison.

er levels of integration as well as
reduced power consumption. The result-
ing BiCMOS process was trademarked
QUBIC (QUality BiCMOS) and has been
used for most of the RF/wireless
devices manufactured by Philips.

QUBIC is a tum process (the dimen-
sion of the polysilicon is 1um, the bipolar
emitter is 1um, the CMOS gate length is
also 1um, see Figure 1). It has an NPN
Fr of 13 GHz and an f_, of about 10
GHz. Combining high speed bipolar with
low power CMQOS on the same piece of
silicon supports higher levels of integra-
tion. The biggest advantage is that a
designer no longer has to make compro-
mises when designing systems on a
chip. They can take advantage of both
processes and optimize the design. The
Philips RF frequency synthesizer ICs
are a good exarple of QUBIC’s capabil-
ities.

The SA7025 and SA8025 fractional-N
synthesizers are produced in QUBIC
and operate up to 1 and 2 GHz, respec-
tively. The high speed bipolar portion of
QUBIC is used for the prescaler function
on these devices. For the logic portion
of the synthesizer, CMOS is used to
reduce current consumption (see Figure
2). Since most of the logic runs under 20
MHz, standard cell CMOS libraries are
used to minimize the die area, consis-
tent with lowering cost. For logic that
requires faster clock speeds, CML (Cur-
rent Mode Logic) is used.

The system designers benefit
because they can now get an RF device
which is highly integrated, runs down to
3 V and consumes less power. Other
RF/wireless devices which benefit from
the QUBIC process are; SA6XX front-
end series, SA575X audio processing
series, SA900 modulator upconverter,

UMA10XX synthesizer series, SA520X
RF amplifier series and the SA630 RF
switch.

Next Generation QUBIC

The demand for further levels of inte-
gration, lower power consumption and
higher operating frequencies has driven
Philips to invest in QUBIC-2. QUBIC-2 is
a 0.7 um process, with a very aggres-
sive CMOS. QUBIC-2 is expected to
provide three times the CMOS density
of QUBIC. It uses a 150 A gate oxide.
CML in QUBIC generally consumes 50
uA per gate. With QUBIC-2, simulations
show that 20 uA is adequate for the
same clock speeds.

For the bipolar portion of QUBIC-2 we
are expecting an NPN F; of 24 GHz and
an f_., of 20 GHz (see Table 1). F_ ., is
usemxfor determining gate delays in
digital circuits and bandwidths for ana-
log circuits. Although Fy is most often
quoted, it really is of lesser importance.
It does not factor in the base resistance
of the NPN. The base resistance is the
fundamental contributor to noise in
amplifiers. A very low base resistance is
needed for low noise RF front-end prod-
ucts at high frequencies (1 to 3 GHz).

A special technique called “Spacer
Technology” has enabled the base con-
tacts to be ten times closer then the
actual lithography would allow. This has
been crucial in getting low base resis-
tance and therefore low noise. For
example, the distance between the base
metal and polysilicon emitter is only
about 0.1 um, even using 1.0 um lithog-
raphy. Spacer Technology is used in
both versions of QUBIC. Thus, unlike
many CMOS technologies which add a
step or two to produce a low perfor-
mance bipolar, QUBIC-2 has a highly
optimized bipolar process plus state-of-
the-art CMOS.

Higher Levels of Integration

Some of our synthesizers, for exam-
ple, presently have about 5,000 to
10,000 gates. QUBIC-2 will offer in the
next two to three years, the capability of
manufacturing up to 50,000 gates on a
low-cost BICMOS chip. The biggest
advantage will be the current savings in
not having to go off and on chip. In

QUBIC QUBIC-2
LNA NF 2.5dB @ 1.8 GHz 1.9dB @ 1.8 GHz
Mixer NF 9dB @ 900 MHz 9dB @ 1.8 GHz
Switch Loss 1.8dB @ 900 MHz 0.9dB @ 900 MHz
Prescaler Icc 7mA @ 1.8 GHz 3.5mA @ 1.8 GHz

Table 2. QUBIC and QUBIC-2 RF device performance comparison.
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Why Wait For A Prescription
When You Can Buy
The World’s Best Quad Mods
Right Over The Counter.

The RF2422 quadrature modulator with HBT (Heterojunction Bipolar
Transistor) is just one example of what you can buy from us right over the
counter. It operates from 0.9 to 2.5 GHz for use in digital cordless phones,
PCS, and wireless LANS. It’s the only quad mod in the world operating in
this frequency range that requires no discrete components to get the job
done. And like the five other quad mods in our line, the RF2422 is
designed and produced and ready for delivery, no waiting, no lost time for
development. You'll also find that our active ingredients, whether they be
Silicon, GaAs, HBT, or combinations, have been carefully designed-in and
tested throughout our complete line of quadrature modulators.

So, if you think you need an expensive prescription to make your
wireless challenges get well, think again. RF Micro Devices has the quad
mod to fit your exact requirements right now and with our Optimum
Technology Matching™ what we have to offer will be the easiest
medicine you ever had to swallow.

RFID

MICRO:DEVICES
It’s How You Play To Win.
Manufacturers of RF Integrated Circuits Including: Quadrature Modulators ¢

Programmable Attenuators ¢ Linear Power Amplifiers ¢ Low Noise Amplifiers/Mixers *
Gain Controlled IF Amplifiers * Quadrature Demodulators ® Spread Spectrum Transmitters/Receivers

7341-D West Friendly Ave. ® Greensboro, NC 27410 ¢ Phone 910-855-8085 ¢ Fax 910-299-9809
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When you need more crystal
filter performance in less space,
we re-think basic assumptions.

For instance, we’ve packed four-
pole response--two networks--into
a single can. (15-250 MHz, as
small as .450"'H. x .420"’'W.). it
gives you the bandwidth selectivi-
ty and performance you need. In
half the space.

Then there's our HC45 package,
meeting or beating fundamental
filter specs at one-

third the usual

size. And our n
sub-mini tubular ~

(17-250 MHz,

.127D. x .32"'H.).

And our ‘ I
matched filter sets,

smallest in

the industry.

HC45,Sub-mini
Actual size

Two minus one equals two.
When you need more perfor-
mance in less space, call on us.
Our new formula

can't be equaled.

Crystal Products, Inc.
“*Where the Impossible Becomes the Ordinary
121 Water St.

Mineral Point, Wl 53565
(608) 987-3363, Telex 467581
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existing system designs where multiple
devices are used, each device must
provide the correct drive levels for the
next stage. This requires additional
buffering and signal conditioning either
on or off chip. This, coupled with match-
ing considerations, regeneration prob-
lems and crosstalk could be simplified
greatly by putting many of these func-
tions on the same silicon device. There-
fore, having the LNA, mixer, VCO, syn-
thesizer and PA driver all on the same
chip would require less board space and
current. There are obviously partitioning
limits that constrain how to divide the
amount of gain, which frequencies can
be used, etc.. This is less of an issue for
digital systems that use TDD (Time Divi-
sion Duplex).

Comparisons

The SA601 LNA and Mixer (1 GHz) is
an RF front-end device produced using
QUBIC. The LNA is a bipolar single-
stage design with a gain of 11.5 dB, NF
(Noise Figure) of 1.6 dB and an IIP3
(Input Third Order Intercept Point) of -2
dBm, all meastred at 900 MHz. The
mixer is a single-balanced design with a
gain of +6.5 dB (depending on the load),
NF of 9dB and 1IP3 of -2 dBm.

In radio receiver designs the system
designer always wants three things in
an RF front-end; high gain — because
this reduces the effect of the noise fig-
ures in the following stages, low NF —
because that sets the lowest limit for
signals, and a high IIP3 — because this
creates a receiver that is more tolerant
of distortion and interfering signals.
These three parameters are linked
together, and improving one usually
requires another to be degraded. The
other option is increased current con-
sumption, but this only reduces the bat-
tery life.

QUBIC-2 provides a much better solu-
tion by offering a better fundamental
trade off. For example, a QUBIC-2
SA601 LNA gain would be increased
from 11.5 dB to 16 dB, because of the
lower collector-to-base capacitance, and
the iower base resistance of the NPN.
The NF would benefit with an improve-
ment from 1.6 dB to 1.4 dB. These
enhancements would be realized with
no additional current penalty (see Table
2). Even with today’s QUBIC process we
have products trat have excellent per-
formance parameters.

A 2-GHz front end, realized in QUBIC,
provides about 13 dB gain on an amplifi-
er with a 2.5 dB noise figure. With
QUBIC-2 the same gain is possible, with

a 1.9 dB noise figure and 3 mA of cur-
rent consumption. Thus, the process
provides performance tradeoff flexibility.
LNAs, mixers and oscillators more or
less operate on the same principle. The
design sizes the main transistor as large
as possible until a loss of bandwidth
begins to occur. This large device, then
has the lowest noise figure because it
has the lowest base resistance.

Conclusions

QUBIC-2 is being driven by the wire-
less and disk drive market requirements
for low power, high performance and
cost effective solutions. BiCMOS
appears to be the best technology to
achieve these objectives. With QUBIC-
2's performance and frequency increas-
es of a factor of two, and CMOS device
density increases of a factor of three,
this technology is ideally suited for the
demanding world of personal wireless
communications.

Additionally, the traditional supposition
that BiICMOS can not compete with
GaAs (Gallium Arsenide) technology at
1-2 GHz is unfounded. Cost sensitive
versions of GaAs use lithography similar
to QUBIC-2, and thus have similar RF
performance (e.g. NF, gain, etc...). The
inability of GaAs designs to include
medium to large blocks of digital circuit-
ry prevents this technology from being
used for highly integrated low power
soutions in personal wireless communi-
cation devices.

The first devices using the QUBIC-2
process will be sampled at the begin-
ning of 1995, with full production later
that year. Philips will start producing
highly integrated products using this
technology, as well as improving the
performance of several existing prod-
ucts, by transferring them to QUBIC-2.

Special thanks to Todd Antes and Dr.
Saeed Navid for their assistance in edit-
ing this article. RF
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Noise Com.
Broadband
Noise Sources
for Wireless,
Space, Military
and Commercial
Applications.

Noise Com noise sources and noise subsystems
are being used throughout the world to evaluate the
performance of commercial and military, radar, satellite
communications, and data transmission systems.

Noise Com has established a solid reputation for qual-
ity, performance, and product support that is among the
most highly regarded in the industry. We have recently
enhanced our facilities and equipment to increase the
precision of our calibration, measurement, and testing
capabilities and we hope that you will benefit from this.

Every Noise Com product is based on the generation
of true white Gaussian noise, a result of years of re-
search and testing to produce devices with outstanding
stability and quality.

Noise Com routinely designs and manufactures
custom components, subsystems, and turnkey systems
with on-time deliveries. If you don't see a product here
that meets your requirements, just ask for it—call a
Noise Com representative for a prompt response.

A Noise Product
For Every
Application.
For more information
and quick response,
call NOISE COM,
the experts in testing,
at 201-261-8797.
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Chips and Diodes

- All Noise Com diodes deliver P, TYPlCAL STANDARD MODELS

. symmetrical white Gaussian e e =
x" noise and flat output power MODEL FREQUENCY RANGE
versus frequency. Noise Com NC 204 0.1 Hz — 500 MHz
diodes are available in a wide NC 302 10 Hz - 3 GHz
variety of package styles, and NC 401 100 MHz - 18 GHz
in special configurations on NC 406 18 GHz - 110 GHz
request.

| Drop in Modules for BITE

Thie: NO 300, séies oigpin ~ TYPICAL STANDARD MODELS

noise modules in TO-8 cans e e e e S oo ]
are an economical solution for MODEL ] FREQUENCY RANGE | OUTPUT ENR
buift-in test requirements. NC 501/15 | 0.2 MHz - 500 MHz 31dB

These devices contain com- NC 506/15 | 0.2 MHz - 5 GHz 31d8B

plete biasing networks and NC 511/15 | 0.2 MHz - 500 MHz 51 dB

need no external components. NC513/15 | 0.2 MHz - 2 GHz 51 dB

Also available are TO-39 and
surface mount packages.

Broadband Amplified Modules

The NC 2000 series amplified TYP'CAL STANDARD MODELS

noise modules are an excellent ——m—HM— H—o—0  — — -

choice when a high level noise MODEL FREQUENCY RANGE OUTPUT

output is desired and the noise NC 2101 100 Hz - 20 kHz 0.15 Vrms
source is to be mounted on NC 2105 500 Hz - 10 MHz 0.15 Vrms

a circuit board. 24 pin pack- NC 2201 1 MHz - 100 MHz +5 dBm

ages are standard, 14 pins NC 2601 1 MHz - 2 GHz -5 dBm

are available. ; .

The NC 1000 series ampifie | TYPICAL STANDARD MODELS |
noise modules produce white e e —— - et
Gaussian noise from -14 dBmto = MODEL FREQUENCY RANGE | OUTPUT

+13 dBm at frequencies Upto 6 " NC 1101A | 10 Hz - 20 kHz +13 dBm

GHz. They are designed for NC 1107A | 100 Hz- 100 MHz | +13 dBm

coaxial test systems, and are NC 1112B | 20 MHz - 2 GHz | 0dBm
available with several bias volt- NC 1126A |2 GHz - 6 GHz } -14 dBm

ages and connector options.

Calibrated Coaxial

Broadband Precision,

Noise Com’'s NC 346 series is . TYPlCAL STANDARD MODELS
designed for precision noise IR &b 2 SR D e s e A e e o M |
figure measurement applications. ~ MODEL | FREQUENCY RANGE —I OUTPUT ENR
These products are available with NC 346A 0.01 GHz - 18 GHz 6 dB

coaxial or waveguide outputs. For | e 3468 0.01 GHz - 18 GHz 15 dB

OEM applications, the NC 3200 | nC 346D | 0.01 GHz - 18 GHz 25 dB

series provides high performance NC 346Ka 0.1 GHz - 40 GHz 15 dB

in a small ruggedized package.

Broadband Calibrated Milimeter-wave
The NC 5000 series noise ‘ TYPICAL STANDARD MODELS
sources feature outstanding - - e S -
stability and convenience in MODEL l FREQUENCY RANGE ] WAVEGUIDE
waveguide bands up to 110 NC 5142 18 GHz - 26.5 GHz WR-42
GHz. NC 6128 26 GHz - 40 GHz WR-28

NC 5115 50 GHz - 75 GHz WR-15

NC 5110 75 GHz - 110 GHz WR-10



Coaxial with Built-in Isolators
The NC 3400 series are " TYPICAL STANDARD MODELS
precision calibrated noise L —
sources for extreme accuracy MODEL FREQUENCY RANGE OUTPUT ENR
and flatness enhanced by NC 3404 2 - 4 GHz 30-36
their low VSWR 1.25:1. NC 3405 4 -8 GHz 30-35
NC 3406 8 - 12 GHz 28-33 |
NC 3407 12-18 GHz 26-32 ‘

BER Testing Equipment

The UFX-BER accurately sets and dis- l
ons EBNGL G, N, 07 Gl betesh | TYPICAL STANI?ARD MODELS
giiserIShppNad s onallaund Mgl MODEL FREQUENCY RANGE | APPLICATION
generated white Gaussian noise. The 1
UFX-BER can be used for back to back | UFX-BER-70 50 MHz - 90 MHz General

or IF loop-back testing with extreme UFX-BER-IBS/IDR| 50 - 90; 100 -180 MHz | IBS/IDR

precision over a broad range of input UFX-BER-836 | 824 MHz - 849 MHz CDMA

or output power. Eb/No values can be UFX-BER-1850 | 1800 MHz-1900 MHz | DCS-1800

entered directly from the front panel or by ——— —

IEEE-488 bus.

Amplifier Test Station

The UFX-NPR series instruments perform L 3 fvﬁé AL— S—T—A—N_D- ARD MObEL‘S-*_i

automatic distortion measurements in

I SR \ODGAEE IEIvY) MODEL FREQUENCY RANGE
base stations, satellite communications

systems, CATV, and other equipment UFX-NPR-70 50 MHz - 90 MHz
operating in multi-signal environments. UFX-NPR-CATV 50 MHz - 1.0 GHz

Some models are available with tunable UFX-NPR-1700 1.6 GHz- 1.9 GHz
measurement frequency or with multiple UFX-NPR-2400 2.2 GHz- 2.6 GHz
measurement frequencies. UFX-NPR-11900 | 10.95 GHz - 12.8 GHz

Broadband Noise Generators

g s« | TYPICAL STANDARD MODELS |

generating instruments are designed for

applications on the lest bench or incoPo- | pmopEL | FREQUENCY RANGE | OUTPUT POWER
rated with other equipment to provide a b {
wide variety of functions. Each instrument NC 6107 100 Hz - 100 MHz +13 dBm

contains a precision noise source, amplifi- | NC 6110 100 Hz - 1500 MHz +10 dBm

cation, and step attenuators to provide | NCe6124 2 GHz - 4 GHz -10 dBm

repeatable symmetrical white Gaussian [ NC 8107 250 kHz - 100 MHz +30 dBm

noise with variable output power. L SE—— t—a

The new UFX-7000 series noise gener- |
ating instruments are extremely easy [ TYPICAL STAN DA R D M ODE LS l
QS0s GILINDESSCHEY eSS MODEL | FREQUENCY RANGE | OUTPUT POWER
control of operations and programming, d
with a large 4 x 20 character LCD dis- | UFX-7107 | 10 Hz - 100 MHz +13 dBm

play. Control of output power, filter set- UFX-7108 | 100 Hz-500 MHz +10 dBm

tings, and attenuator step size for both UFX-7110 | 100 Hz - 1500 MHz +10 dBm

the noise and the signal ( for units with UFX-7218 |2 GHz -18 GHz -20 dBm

internal combiners) is performed from UFX-7909 | 1 MHz - 300 MHz +30 dBm |
the front panel or remotely using the L . =S AN ] J

|EEE-488 interface.

NOIS Noise Com Inc.
M E. 49 Midland Ave., Paramus, NJ 07652
Tel: 201-261-8797 « Fax: 201-261-8339
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SPECIAL ADVERTISING SUPPLEMENT

TRAK MICROWAVE AND
TRAK EUROPE —

Strong * Stable * Diverse

MIiCROWAVE & RF PRODUCTS

TRAK manufactures a wide range of microwave and RF
subsystems and components. These range from highly complex
custom synthesizers to basic building blocks, such as
oscillators and isolators. A majority of the company’s products
are based around oscillators and frequency multipliers and
include assemblies such as upconverters and down converters.
Oscillator types include crystal controlled, phase-locked,
dielectrically stabilized and voltage controlled. Other active
components include comb generators and IF amplifiers.

RF & IF SIGNAL PROCESSING

In January, 1994 TRAK added a new product line
consisting of passive RF and IF signal processing components.
These products include mixers; couplers; power splitters;
hybrid junctions; 1/Q modulators and demodulators; phase
shifters; variable attenuators; and matching transformers. They
are available in a wide range of packages from surface mount
to connectorized versions. The engineers for this product line
have many years of design experience, offering products which
significantly outperform those from other suppliers.

TIME-RELATED PRODUCTS

TRAK Systems Division manufactures time-related
products and systems. These include Primary Reference Clocks
(Frequency Standards), GPS Station clocks, time code generators
and readers. Related products include distribution amplifiers,
micro phase steppers, and tape search and control units.

DIVERSE CUSTOMER BASE

TRAK serves a wide range of customers, including makers
of commercial communications systems such as cellular radio,
microwave links and VSAT. Defense system manufacturers
around the world use TRAK products in many systems such as
communications, radar, electronic defense, navigation and
identification. Platforms include satellites, deep space vehicles,
aircraft, submarines, land vehicles and fixed sites.

A STABLE COMPANY

TRAK, located in Tampa, Fla., has been in business since
1960 and has been a subsidiary of Tech-Sym Corporation
(NYSE) since 1964. TRAK Europe was established in 1987.

TECHNICAL SUPPORT
TRAK welcomes your calls to discuss products for your
specific application.

COMMERCIAL PRODUCTS BROCHURE AVAILABLE

PRODUCTS APPLICATIONS
* PLOs * Cellular Radio
* VCOs * Microwave Radio

« Circulators * VSAT

* Isolators « PCN/PCS
* LANs
* Medical

Circle Reader Service No. 95

i 5 4 it o A . i | | e Kt St e

YCOs
* Frequency: 0.5 GHz to 3 GHz
» Electronic Tuning: = 2 to + 10 MHz typical
 Harmonics: -20 dBc, typical
* Spurs: -80 dBc, typical
* Voltage: +5 to +15 VDC
*Size 1.1 x 0.7 x 0.5, typical

Circle Reader Service No. 96

PLOs

* Frequency: 500 MHz to 20 GHz
* Output Power:
+13 dBm min to 12 GHz
+10 dBm min above 12 GHz
« External Reference: Between 10 and 100 MHz
* Load VSWR: 1.7:1 maximum
* Harmonics: -20 dBc, typical
* Spurious: -80 dBc, typical

Circle Reader Service No. 97

SPACE PrRODUCTS HERITAGE

» Multi-Function Assemblies

* Crystal Controlled Oscillators
* OCXOs

* Frequency Multipliers

* [IF Amplifiers

« Circulators

* [solators

Circle Reader Service No. 98



SMD MooL No. Moper No. Mooet No.
Muxeas MXR/GEE-02HD MXR/3CF-02HD MXR/6EF-02 HD

RF/LO Freq 800 - 1000 MHz  10-2000 MHz 1000 - 2000 MHz
IF Freq 10-200MHz ~ 5-1000MHz ~ 10-200 MHz
LO Power Level ~ +17 dBm +10 dBm +17dBm

IP3 (input) +32dBmtyp.  21dBmiyp. +30 dBm typ.
Conversion Loss 8 dB max.” 9 dB max. 8 dB max.

Size (inches) 050x038x019  050x038x019 050x0.38x0.19
SMD Monet No. MootL No. Mopet No.
CoupLeas CPL/20EF-04 CPL/20BE-04  CPL/10BE-04
Freq 500-2000MHz  5-1000MHz ~ 5-1000 MHz
Loss 0.25 dB typ. 0.5dB typ. 0.50B typ.
Coupling 20 dB nom 20 dB nom. 10 dB nom.
Directivity 18 dB typ. 20 dB typ. 20dB typ.

Size (incnes) 031x025x019  031x025x019  031x025x0.19

Low-Cost, Hi-PERFORMANCE, SURFACE-

MounTt Mixers, CouPLERS, QUADRATURE

HysRrips, POWER SPLITTERS, AND MORE
— ALL From TRAK!

Yesterday, you had two choices in RF components:

(1) Cheap, with low performance, or (2) expensive, with high
performance. “/ like the price,”you'd say, “but...” Or, “Great
specs, but...” Now, TRAK gives you a third choice: Low-cost,
with high performance, and no “buts.”

& TRAK.

New: Low-GosT
QuaLITY IN

We Dip It Wrru Ferrrres. WE'RE Doing It Wrrn RF.

TRAK became a dominant name in ferrites by giving you top
quality, high-performance, highly reliable components. That’s
exactly what we’re going to do with our new RF and IF lines.
How? By providing more than 30 years’ tradition of top-grade
products. A company-wide TQM commitment. A strong
financial position. A continuous history as a single identity.
And brilliant in-house engineering.

Creck Toe PERFORMANCE TABLES ON Tais PAGE.
Compare our specs against similar products from the mass-
market houses (go ahead — their ads are in this same book!),
and you may get pretty excited, thinking what TRAK can do
for your designs. And when you hear the prices, you may
literally jump for joy.

CaLL Tooay For DETAILS.
We predict these components will make big waves in the
industry, and we’ve ramped up for volume production. Send
us your toughest requirements. Sample requests are welcome
(even encouraged). Call us, and we’ll send you all the details.

TRAKe MICROWAVE CORPORATION
4726 Eisenhower Blvd.

Tampa, FL 33634

Tel: (813) 884-1411

TLX: 52-827

FAX: (813) 886-2794

TRAKe EUROPE
Microwave Sales

Dunsinane Avenue

Dundee, Scotland DD2 3PN
Tel: (44) (382) 833411

FAX: (44) (382) 833599

THINK TRAK

¥ TRAK MICROWAVE
CORPORATION

A TECH-SYM COMPANY

J'A
TN
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MICROWAVES: A GROWING TECHNOLOGY FOR
PERSONAL AND BUSINESS COMMUNICATIONS

Let’s play word associations:

- Personal Communications — Citizens Band radio
27 MHz) — Cordless telephones (49 MHz) —
Cellular telephones (900 MHz)

- Business Communications — Two-way radio (150
or 450 MHz) — Specialized Mobile Radio (SMR,
800 MHz) — Or, the telephone system (Audio
Frequencies)

- New Applications — Digital Cellular (900 MHz) —
Personal Communications Service (PCS, 1800 MHz)
— Part 15 unlicensed products (915 or 2450 MHz)

If these are the things you thought of first, it’s
time to take another look! Here’s the same list with
an added microwave perspective:

- Personal Communications — Satellite television
systems (TVRO, 4 GHz, 13 GHz)

- Business Communications — Video and data links
(anywhere from 4 to 40 GHz) — Very Small
Aperture satellite Terminals (VSAT, 14 GHz)

- New Applications — Wireless Local Area
Networks (WLANs, 2.45, 5.7, 10, 24 GHz) —
Collision-avoidance systems (10-40 GHz)

B A LitTLe HiSTORY

In the 1970s, proven technology existed in VHF
and UHF radio. Many two-way radio systems were in
place in the 150 and 450 MHz bands. This technology
was reliable and relatively low cost. The first mobile
telephones used the 450 MHz band. In reality, they
were nothing more than a standard two-way radio
connected to a phone line at the base station. Early
cordless telephones were introduced about this time,
using 1.7 MHz and 49 MHz. Unfortunately, these first
efforts were very prone to interference.

Then came cellular telephones. Because cellular
systems had the potential to serve millions of people,
a sizable chunk of spectrum was needed. The Federal
Communications Commission took that space from
the highest television channels in the 800-900 MHz
range (mostly unused at the time), and set it aside to

be used for both cellular and more-or-less traditional
business radio. Once the frequency range was
established, the market for portable telephone service
was pursued vigorously by a few ambitious providers.
As we now know, it took eight to ten years for the idea
to be accepted on a large scale, taking a combination
of consumer awareness and competitive pricing to
reach the high level of usage we see today.

On a parallel course with cellular telephones was
the portable computer. Jokingly called “luggable”
instead of portable, the first units were definitely not
laptop, except maybe for a sumo wrestler. But as the
market gained momentum, computing power got
smaller, cheaper, and less power-hungry. Again, the
consumer had to become accustomed to the
technology, learning how to use computers on a
regular basis, and then see the need to have one that
could go anywhere. Like the cellular phone, it took a
while to take hold, but that hold is now firm, with
portable equipment representing 15 percent to 20
percent of the personal computer market.

During the same time period, other important
trends accelerated the growth of personal and business
communications. Increased competition following the
breakup of the Bell System lowered telephone prices
and increased the number of available services.
Cheaper phone service meant more phone lines for fax
machines and computer communications. We got
cheap voice mail, call waiting, custom ringing, and 800-
number cooperatives. We became hooked on lots and
lots of communications flexibility.

Today, these three courses have come together,
and we can see why people are excited. Portable
telephones and portable computing must be
combined if we are to have all that wonderful
communications capability wherever we go. The
voice-based original cellular system isn’t enough; we
need digital cellular and new services that aren’t at all
like a telephone. We need high-speed, high-capacity
data links. We need secure channels to avoid the loss
of confidential information. We need to be able to do
everything we’re used to doing — anywhere we go!

Then, when we return home or to the office, we
don’t want to bother with a lot of plugs and cables.
We need cheap, short-range wireless communications
to replace those inconvenient wires that go
everywhere. We want our friends and clients to reach
us directly, not some immovable object (that dinosaur,

T P VU U ———
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This is usual way of representing the radio spectrum, a logarithmic scale where each segment is ten times the frequency range of the previous
one! The view makes microwaves look like they are just one more ordinary part of the available spectrum.

the telephone) that’s stuck to a desk! We want our
portable computer to hook into the company network
without a messy bunch of cords. And we want that
computer on the conference table in front of us
instead of a yellow legal pad and a #2 Eberhard-Faber!

This is a tall order, requiring a lot of new ideas and
engineering talent to make it happen. The biggest
efforts have been mounted around the most familiar
way of sending information by wireless means: radio
frequency (RF) technology.

Bl WHEere DO WE PUT ALL THE SIGNALS?

Radio is defined as the part of the electromagnetic
spectrum between audio (up to 20 kilohertz, or kHz)
and lightwaves (hundreds of terahertz, or THz). In
between, we have many familiar and unseen services
that use radio technology: Navigation, voice
communications, broadcasting (AM, FM, TV and
shortwave), control systems, research systems, radar,
and lots more. Each service needs a place to operate.

Each of us is familiar with AM and FM radio. As we
tune across the band, we hear one station, then
another, and another. They all occupy specific
channels, and stations on the same channel are spread
a long distance apart so we don’t hear two of them at
once. Of course, sometimes when we are in just the
right place, or if atmospheric conditions are unusual,
we can hear more than one radio station on a single
channel, a very irritating situation if we only want to
hear the program on one of them!

Imagine if all the possible uses for radio-linked
communications were to be implemented in a small
segment of the spectrum! We would have too many
stations and too few channels to put them on — unless
we expanded our thinking to that part of the spectrum
beyond the familiar radio communications channels —
to microwaves, where there is a lot of unused or little-
used spectrum space.

B MICROWAVE SOLUTIONS COST MORE, RIGHT?

Well, yes and no.

The cellular boom, and an established mobile radio
market have created lots of low-cost components and
the engineering expertise to use them. Of course, a
wireless system that shares technology with an existing
application will share in the economy of scale.
However, this only applies to early developments. As
wireless products reach the same kind of mass market
status as cellular, the cost difference between unique
and shared technologies will diminish.

Microwave components generally tend to cost
more. And there have been some pretty sensible
reasons: Either they are smaller, more critical in their
construction, or they are more difficult to test. On top
of that, they haven’t been manufactured in the kind of
quantities that have been seen at lower frequencies.

This last statement needs to be qualified, however:
In the brief heyday of TVRO satellite dishes (before all
the major programming was scrambled), the 4 GHz
technology used in low noise amplifiers (LNAs) and
downconverters dropped dramatically in price as
quantities increased. Several component and system
companies started to learn how to make cheap
microwave devices and equipment. A new consumer
market for microwave technology will allow that
process to continue.

As noted before, there isn’t room in the familiar
mobile radio frequencies to accommodate all the new
ideas for wireless communications. Many innovations
will go undeveloped unless we use microwave
frequencies. The cost issue must be addressed, but
history tells us not to worry.

In the early days of radio (the original wireless), it
was thought that wavelengths less than 200 meters
were useless. Amateur radio operators were given free
access to these frequencies, located above the AM
broadcast band, and soon discovered that these “short
waves” between 2 and 30 MHz were indeed valuable

e it i S i Sk B! e Tk A S T S L 0
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0 100 MHz 200 MHz 300 MHz 400 MHz 500 MHz

500 MHz 600 MHz 700 MHz 800 MHz 900 MHz 1 GHz

1 GHz 1.1 GHz 1.2 GHz 1.3 GHz 1.4 GHz 1.5 GHZ

1.5 GHz 1.6 GHz 1.7 GHz 1.8 GHz 1.9 GHz 2.0 GHz
...and so on up through the microwave frequencies. . .

If the radio spectrum is laid out in a linear manner, where each segment is an equal amount of spectrum space, we can easily see that
microwaves represent a huge pool of available frequencies. 2 GHz to 40 GHz is the range of today’s technology — that’s 19 times the
spectrum space represented above — and it may soon reach to 100 GHz. Although many microwave frequencies are already in use for radar,
satellite and point-to-point communications, there remains a vast untapped resource of spectrum space for new uses.

for domestic and international communications. Once
their value was established, the scientists and
experimenters of the era quickly developed the
necessary components and design methods to make
equipment for these frequencies.

As might be expected, the same kind of technical
barriers arose for the very high frequencies (VHF, 30-
200 MH2), the ultra high frequencies (UHF, 200-500
MHz), and microwaves (once considered to be
everything above a couple hundred MHz). As the
value of each frequency range became apparent,
engineering efforts were initiated and the technical
problems were always solved. Sure, there were
roadblocks and difficulties along the way, but they
were always surmounted successfully.

There is no reason to think that microwave
technology will remain too costly if we have incentive
to develop new techniques, materials and components.

B NEw MICROWAVE APPLICATIONS

Many personal and business communications
applications are suitable for microwave
implementation. In fact, the very short wavelengths at
microwave frequencies can be an advantage where
miniaturization is critical — filters, couplers, and other
circuit elements can be much smaller than their
lower-frequency counterparts with equivalent
performance.

Where is this combination of performance and
miniaturization needed? PCMCIA card accessories for

B S =SS -1

notebook computers is one instance. Built-in
communications for the new generation of Personal
Digital Assistants (PDAs) is another.

Microwaves offer an additional advantage — the
available bandwidth. There is room to spread out, and
signals that must carry a lot of information can be
easily accommodated. High-speed data links that rival
wired systems are possible only at microwave
frequencies, because there is no way to allow such
broadband signals at 900, 1800 or other frequencies
considered prime for new wireless applications.
Satellite systems have been taking advantage of this
electromagnetic “open range” for many years,
transmitting many channels of wideband video, along
with voice and data channels.

Finally, microwaves do not carry very far in the
presence of obstructions, which is both a limitation and
an advantage. Satellite systems have an unobstructed
view of the earth, but it will be difficult to implement a
mobile radio service with microwaves, because it
won’t work well among buildings or indoors. However,
the self-limiting range under these conditions makes
microwaves ideal for very short range communications
— perhaps between your laptop computer and a
modem, printer or network connection.

B EstaBLISHED USES ARE GROWING, TOO
Satellite communications, point-to-point terrestrial

communications and radar are the three biggest uses

of microwaves. All of these applications are growing.
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We might think of radar as primarily a military
business, but there is a huge commercial market as
well. Those automatic doors that sense your presence
and open as you approach use motion detectors that
are simple radar systems. Small water craft owners
are buying more radar systems as the prices drop and
performance improves. Both the aviation and
automotive industries are implementing collision
warning and avoidance systems using short-range
radar. Radar “speed guns” aren’t just used by the
police anymore. Every professional baseball scout
uses one to evaluate pitching prospects, and they
even show up at little league games from time to
time!

Satellite communications is growing by leaps and
bounds in some applications. VSAT technology can
put an inexpensive receiving system on every building
to obtain stock market data, real-time information
from business analysts, or inventory and financial
reports from the home office. At sea, all ships will soon
replace their shortwave ship-to-shore radios with
satellite communications gear (the large shipping lines
already have). Not only do these links carry the usual
messages concerning navigation, weather and

seagoing traffic, but they provide telephone, data and
fax capabilities, as well.

Terrestrial point-to-point services are changing,
opening new markets, and scaling down existing ones.
Some existing services, like television links between
cities, are being replaced by satellite hookups.
Telephone system microwave towers are coming
down as telecommunications companies bury more
fiber optic cables. Instead, the new microwave links
tend to be short range, linking buildings in an
industrial campus, for example, or connecting several
offices located throughout a large city. Instead of
relying on the local telephone company, or
undertaking the construction of a wire or fiber
network, a small microwave network can be
inexpensive and flexible. Plus, it’s all under the
control of its owner.

In short, microwaves are an active part of the
electronics business, and more uses are being
developed. Cellular, PCS, and other applications in a
lower frequency range may be getting most of the
attention these days, but that will change as potential
applications go to market. Microwaves will be part of
many real-world wireless communications products. i

FOCUS Microwaves is pleased to announce the
following Measurement SERVICES and LEASING Options:

Measurement and Design Services

Our Load Pull.Characterization and High Power Amplifier Design Capability is

now available to Customers as a SERVICE!
- S-parameter from 0.1 to 40 GHz

- High Power Load/Source Pull of Transistors (up to 75Watt Pout)

- Full Load Pull Contours and I'opt

- Power-Gain-Intermod-intercept-Efficiency-AM/PM distortion
- Load Pull from 0.7 to 5§ GHz

- High Power Amplifier Design from Load Pull Contours

Load Pull and Noise Measurement System Leasing
Our popular Series of Load Pull and Noise Parameter Measurement &3

Systems are now available for LEASING!
- 3, 6 and 12 month terms

- 0.6 to 100 GHz (0.8 to 26.5 GHz from stock)

- 4 Noise Parameters, Fmin

- Gain-Power-Intermod-Efficiency...

- P Contours, Peak Search

- Test Fixture and Wafer Probe operation

- TRL characterization

SRS

For more details ask for our Product Notes No 6 (Measurement N
Services) and No 14 (Rent a Measurement System)

FOCUS

Microwaves inc.

277 Lakeshore Road, Pointe-Claire,
(Quebec) Canada HIS 4L2

Tel: (514) 630-6067 Fax: (514) 630-7466
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CALIFORNIA EASTERN LABORATORIES AND THE NEC CORPORATION

This unique partnership delivers high quality semiconductor products and
comprehensive engineering support based in the United States.

California Eastern Laboratories (CEL) is NEC'’s Sales and
Marketing arm for RF and Microwave semiconductors in
North America. The partnership dates back to the late 1950s,
when NEC was not as well-known in the domestic
semiconductor market as it is today. To make it easier for
engineers to put NEC’s devices to work, CEL had to expand
considerably the role of the traditional sales representative.

CEL built an extensive test and applications facility and
also produced data sheets, catalogs and documentation in
English. More recently, a joint NEC/CEL Design Center was
established to develop ICs specifically for domestic markets.

SALES AND MARKETING INDEPENDENCE

CEL develops its own strategic marketing and sales
policies and responds to all domestic RFPs and RFQs. The
company provides engineering and design assistance,
maintains an extensive onshore inventory, sets pricing and
extends credit.

ENGINEERING SUPPORT AND
APPLICATION-SPECIFIC ICS

CEL’s engineering facility provides customers with
product characterization: measurement of S-parameters, noise,
gain and power characteristics, as well as circuit simulation,
custom testing and product selection.

The NEC/CEL Design Center develops custom ICs to
meet the needs of specific customer applications. Located at
CEL headquarters in Santa Clara, the Design Center is staffed
by engineers from both CEL and NEC. Fabrication is
completed at NEC facilities in Japan, while performance
evaluations and characterization are executed by CEL.

6.7 SIGMA QUALITY

NEC product quality is undisputed. While the company
ships more than 250 million RF semiconductors a month, the
customer return rate is less than 0.04 parts per million — a
quality figure exceeding 6.7 Sigma!

CEL’s own internal Quality Assurance program is just as
rigorous. Throughout the years CEL has audited, analyzed and
refined its procedures to assure they meet or exceed customer
requirements for product handling and delivery.

Order processing, inventory control, warehousing and
shipping procedures also are designed to meet customers’
demanding “just-in-time” production schedules.

The new UPA8OOT Array is designed for applications that require two closely
matched NPN transistors. The miniature package will reduce the parts count,
simplify the assembly, and lower the cost of pager, bar code reader, and other
handheld wnrreless designs.

RFD8
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For wireless applicat-ions, CEL offers a wide selection of 3 Volt NEC MMIC
amplifiers, downconverters and prescalers in miniature packages.

THE NEC/CEL ProbDUCT LINE

Discrete Devices
¢ Small Signal & Power
Bipolar Transistors
¢ Low Noise & Power
GaAs FETs

Silicon MMICs
® Prescalers
¢ AGC and Wideband
Amplifiers
® Frequency Convertors
¢ Application-Specific ICs

GaAs ICs
¢ Prescalers
e Amplifiers
¢ Switches
® Frequency Convertors

AV

These two new 3 Volt MMICs provide a complete Silicon down conversion solution
for GPS receivers. The miniature UPC2756T features an onboard oscillator and
typical conversion gain of 14 dB at 5.9 mA Icc. The UPC2753GR combines an
RF input amplifier, Gilbert cell mixer, LO input buffer, IF amplifier with AGC,
external filter port and IF output limiting amplifier — all in a single package.

CEL has fourteen Field States Offices throughout North
America. Product Selection Guides and Data Sheets are

available from any one of them, or from Marketing Services at
CEL Headquarters in Santa Clara, Calif.

Califomia Eastern Laboratories

4500 Patrick Henry Drive
Santa Clara, CA 95054-1817
Phone: (408) 988-3500

Fax: (408) 988-0279




New 3 Volt Downconverters:

From RF to IF for 99¢

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

CONVERSION GAIN =l
+10dBm output IP3_ Low current application? Choose

Y ) e A the UPC2757T. 1t provides 13dB of conversion gain
By | from only 5.6 mA. Both feature a mixer, LO and IF
E w‘ buffer amplifier, and a Power Down function to
R — | UPC2757T prolong battery life.
é < UPC2756T \\\ Another low current device, the UPC27567, helps
g’ simplify your designs by combining mixer, IF amplifier
i \ and oscillator — all on a single chip.

All three feature 3dB RF bandwidth to 2.0 GHz, with
LR v U oy P yers Bt [aihe 3dB IF handwidth of 10 to 300 MHz.

LO Frequency (MH2) Housed in miniature packages no bigger than a
Vee = 3V LO P = -5dB IF = MH . 9
o lad ey SOT-143, these devices are available now on tape and

1 reel and priced in quantity from only 99¢.
RECEIVER LINEUP Best of all, they can be combined
FeT S YT T S R AThER | with CEL's other MMICs and discretes to
UPC2756T UPC27553GR

provide complete GPS, PCN or 2.4GHz

T DC : : .
1-GsH725 o __? ?__ O to wireless LAN solutions. .

idd JOMHz  Ctttterereesececaecaieaaaa.
MHz Need a higher level of integration? The 3 Volt
S 5 e UPC2753GR IF downconverter combines an RF input
. amplifier, Gilbert cell mixer, LO input buffer, IF
g amplifier with AGC, external filter port, and IF output
e i v L L limiting amplifier — all in a miniature 20 pin SSOP
PART OPERATING lcc CONVERSION OUTPUT package. This device features DC to 400 MHz RF
VOLTAGE GAIN P3
LRGeS Pr i response, DC to 20 MHz IF response, and typical overall
UPC2758T' 3V  11ma 17dB +10dBm :
- conversion gain of 79dB.
UPC2757T' 3V  5.6ma 13dB +5dBm r
e Ty e : For data sheets and a Silicon MMIC Product
UPC2756T 3V 59ma 14dB  +5dBm
— - — = R | Selection Guide, call your nearest CEL Sales Office, or

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

circle the number below.

LI I I )
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CEL Headquarters 4590 Patrick Henry Drive, Santa Clara, CA 95054-1817; (408) 988-3500 FAX (408) 988-0279 Santa Clara, (408) 988-7846 Los Angeles, CA (310) 645-0985 San Diego, CA (619) 4504395 Bellevue, WA (206) 644-3307
Richardson, TX (214) 437-5487 Olathe, KS (913) 780-1380 Woodridge, IL (708) 241-3040 Cockeysville, MD (410) 667-1310 Peabody, MA (508) 535-2885 Hackensack, N (201} 487-1155 Paim Bay, FL (407) 727-8045 Snellville, GA (404) 978-4
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SPECIAL ADVERTISING SUPPLEMENT

MURATA ELECTRONICS NORTH AMERICA INC.
¢

Murata is one of the world’s largest manufacturers of a wide range of ceramic electronic passive components.
Mentioned recently in both BusinessWeek and Forbes magazines as a technology leader with over 2,500
patents, Murata supplies more than 50% of the world’s multilayered ceramic capacitors necessary to the
operation of almost every electronic device. Murata also has approximately 80% of global market share in
ceramic filters — widely used in electronics relying on radio frequency. With factories in 10 countries and 40
subsidiary companies in North and South America, Europe and Asia, Murata provides solutions-oriented
technology worldwide to electronics customers in wireless and telecommunications industries, automotive
and computer.

¢

Murata’s microwave components — from VCOs to dielectric ceramic microwave filters to complete
functional modules — are part of the wireless revolution. For example, Murata can supply up to 75% of the
microwave components for the front end of a GPS receiver. In one year’s time, Murata has reduced the size of
many of its microwave components by 30%, while increasing frequency ranges and lowering power
consumption. Murata’s advances are the perfect complement to any miniaturization needs, such as
PCMCIA cards.

¢

Murata’s North American corporate headquarters are located in Atlanta, Georgia, providing one of the
world’s broadest ceramic components product lines to the United States, Canada and Mexico.

¢

For more information on Murata’s complete line of produucts, contact:

MURATA ELECTRONICS NORTH AMERICA INC. * 2200 Lake Park Drive * Smyrna, GA 30080

Or simply call: 1-800-831-9172.

Ask for Murata’s short form catalog and a list of Murata’s authorized distributors nearest you.

¢
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There’s something comforting

about a product that always lets

you know where you stand.

Though they’re relatively new, Global

-

S

Positioning System products have
already come a long way. They’re even available as a
small receiver attached to a PCMCIA card. So you can
be in the middle of nowhere and read positions right
into a laptop PC application. Murata microwave com-
ponents, from voltage-controlled oscillators (VCOs) to
dielectric ceramic microwave filters to complete func-
tional modules, are part of the GPS revolution. We can
supply up to 75% of the components for the front end

of a GPS receiver. In just a year’s time, we've reduced

the size of many of our components by 30%, while
increasing their frequency ranges and lowering power
consumption. And Murata advances in miniaturiza-
tion mean that our components are also perfect for
PCMCIA cards. So when you’re designing your next
wireless product, give us a call. If you’d like to know
where you stand with us, it’s simple: we just want to
be a small part in your success. For more information,
call 1-800-831-9172, ext. 139.

multata

- A small part

in your success
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Performance

MicroCal™ Module MicroSource™ VCO

e An easy and inexpensive way for you to * A low phase noise voltage controlied
monitor the frequency performance of oscillator (VCO) that enhances overall
front end wireless components wireless system performance

* Integrates into your wireless receiver, so
you get maximum reliability, along with a
self-test capability, built right into the

¢ |Improves transmission quality; increases
channel capacity

system e Compatible with a wide range of analog
* Helps you to cut costs by eliminating the and digital cellular base stations and
need for external test sources. wireless Local Area Networks (LANS).

Micronetics

Micronetics, Inc., designs and manufactures high performance components and test
equipment for use in a wide range of analog and digital wireless systems. The company's
products are essentially "building block" technologies designed to deliver optimum
performance and reliability levels within a larger wireless system.

Although the commercial wireless communications industry is only a few years old,
Micronetics has essentially been in the "wireless" industry for more than fifteen years,
designing and manufacturing microwave components and broadband microwave test
equipment for both military and commercial applications. These components can be found in
satellite, radar and communications systems around the world.

Today, Micronetics has adapted its microwave technologies, once used primarily in military
applications, for use in the commercial wireless marketplace. In addition to the MicroCal
Module and the MicroSource VCO, Micronetics also offers a MicroSwitch™ product line that
meets the need for high performance switches offering the long term reliability now required
in today's digital wireless systems.

M InHuNE Tlcs For more information call us at (603) 883-2900,
or write to us at 26 Hampshire Drive, Hudson, NH 03051.

A - ] Our fax # is (603) 882-8987.
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WE GO THE DISTANCE

1O BRING YOLU

TOMORROW'S

WIRELESS TECHNOIOGEY

E X P O

THE WIRELESS SHOW THAT

E A S T

GOES THE DISTANCE

@ 9 4

November 15-17, 1994
Disney’s Contemporary Resort
Orlando, Florida

Sponsored by:

RFdesign

As today's wireless technology races m This November, come to

ahead, savvy RF engineers like you
count on RF Expo East to go the dis-
tance. Because they know they'll
find the most current information,
new products and latest technolo-
gies needed to succeed.

You'll find dozens of highcaliber
presentations and papers covering:
® Digital Communications & DSP

® Test & Measurement

® Essential RF Circuits

® Wireless Personal Communications
® Specialized Design Techniques

® Wireless Applications

® RF Component Applications

RF Expo East and see for
yourself why it’s consistently
ranked as one of the top
shows in the electronics
industry.

For registration details,
fox 404-618-0441
or call 800-828-0420

For exhibit space information,
contact Account Executive

Jessica Cook at 404-618-0422.




SPECIAL ADVERTISING SUPPLEMENT
SONNET SOFTWARE, INC.

ADVANCING "BLACK ART” TO STATE-OF-THE-ART

Sonnet Software develops, distributes and supports microwave electromagnetic software for 3-D planar multi-layer circuits
and radiating structures. Having sold commercial software since 1989, Sonnet is the pioneer and leader in this field, focusing on
the transformation of electromagnetic software from academic research to mainstream microwave design — fundamentally
changing the way microwave and wireless designers work.

Sonnet’s dominant popularity in the RF design industry is underscored by the attention the company receives via MTT
Symposium papers. At the 1994 MTT Symposium session on Applied Electromagnetic Software, 70% of the papers presented
dealt primarily with the use of Sonnet in critical, real-world designs.

SAVING TIME & MONEY
Sonnet eliminates the fabricate phase of the design-fabricate-measure design cycle for 3-D planar circuits, replacing it with a
precise electromagnetic, computer-generated analysis. For Sonnet’s customers, complete design times are reduced by a factor of
two to four. When you want to beat the competition in the size (and cost) of your circuit and in your time-to-market, there is
simply no alternative!

Anp You Don’t Neep A PH.D. To GET Up TO SPEED!

Using our software is easy. You can import your designs directly from GDSII file format, or use the direct interfaces provided
by HP/EEsof or Cadence. You may even draw your circuit using our window-based circuit layout editor, then simply analyze it.
Sonnet’s accurate electromagnetic analysis yields S-, Y- or Z-parameters or a SPICE subcircuit, which you may use directly in the
circuit theory-based microwave software of your choice. Just treat the calculated parameters as though you had built the circuit
and measured it. You may also wish to see the currents, fields or radiation pattern of your circuit.

FOR EXAMPLE ...

Here’s an example: In the left-hand photo below, the current distribution of a triple patch antenna (from Matra Defense,
France) is shown. You can see the feed point (via a coaxial center conductor) near the edge of the center patch. The right photo
shows the radiation intensity pattern, with the zenith in the center and the horizon on the edge. Red indicates strong intensity,
while blue shows low intensity. Note the detail and the fine resolution of the plots. Current is very high near the edges of the
metal and there is another discontinuity in current at the feed point. Notice how the current flows from patch to patch. Fine
detail in the current distribution (i.e., small subsection size) means high accuracy. No one in the industry combines accuracy,
resolution, speed, and ease of use like Sonnet.

e

TesT DRIVE IT ToDAY!

Get in touch with Sonnet to resolve your 3-D planar design problems. You'll find a proven, well-documented, well-
supported and capable family of tools. As for computers, we support Sun, HP, IBM RS/6000, DEC and IBM-PC/DOS. Need
something affordable? Our PC version on a 586 outperforms all but the fastest workstations and is functionally identical to our
workstation version. A free evaluation of the software is available to qualified customers. Need to do 3-D arbitrary geometries?
We have some important news coming soon — stay tuned!

SonnEeT. The future has arrived ... and it’s waiting for you.

135 Old Cove Road ° Suite 203
Liverpool, NY 13090

Phone: (315) 4563-3096

Fax: (315) 451-1694

SONNET SOFTWARE.INC.
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500MHz - 8.4GHz

" POWER
DIVIDERS

2Way to 16Way ..°54%

When you tum to Mini-Circuits to locate the right power
dvider for your applications, you can choose from dozens
of low cost 2way to 16 way models. Thanks to advanced
microstrip design, these units are able to handle high
matched power with good VSWR (1.2:1 typ.) and low
insertion loss. ... just 0.1dB (typ., above 3dB) for 2way units
to 0.5dB (typ., above 12dB) for 16 way. Additionally, this
performance packed series features high isolation between
ports ( 30dB typ.) and rugged construction to handle
operational temperatures of -55°C to +100°C. Immediate
off-the-sheff availability is backed by our 1 week shipment
guarantee. So, if you're looking for a better blend of usability
and affordability in a power divider...

there's only “1 way” to go...Mini-Circuits ! G

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

SPECIFICATIONS
Freq. Price Freq. Price
MODEL (GHz)  $ea (1-9)  MODEL (GHz) Sea. (1-9)
» ZC2PD-900  80-90  64.95 mev ZAPDJ2(180°  10-20 719
» N2PD-920  80-.92 5995  , gapp.p 10-20 8995

a ZN2PD-920W  .70-1.05  54.95

ne ZA4PD-4 20-420 89.95
: :Zzg;ggg 580640 8995 meZB4PD42 170420 99.95
e 2t 010 5435 s BbD 075 Bratre 9908
sev ZAPD-2 10-20  54.95 ~ 7B4PD1-950 SSloar oo
LzLnd 20420 5995  [07mipnygaow 725105 94.95
ZAPD-21 50-20 5995 "* 3 Pl g
E°Y e ZB4PD1-8.4 6.70-840 14995
T  2C4PD-900 80-90  B9S5
« ZNIFD-90OW 65105 6995 % 2NFD-920 e
me ZA3PD-1 50-10 8995 " b0 BETOREO %
we ZA3FD-15 75150  89.95 ' :
ne ZA3FD-2 1Dag s et =P ot
ZA3FD-4 20-420 8995 oo S i
e we 7B8PD-4 2.0-4.20 138.95
N Ty T o 288°D-8.4 7.10-8.40 149.95
. %oepo-?g%v w';g.}'go };3-32 = ZC9PD- 1000 80-1.0  169.95
- CGFD o ' .
u ZOBPD-1900W 1.50-2.0 129.95 a ZC10PD-900 80-90 17895
we ZB6PD1-900  .80-90 139.95
ae ZB6PD1-060  .B9-.96  139.95 & ZC16PD-900 80-90 29500
me ZB6FD1-1900 1.70-1.90 149.95 » ZC16PD-960 89-96  295.00
a ZC16PD-960W  .70-10  265.00
e ZAPDQ-2 t 1020  79.95 a ZC16PD-1900  1.70-1.90 349.20
me ZAPDQ-4 {907 20-4.20  79.95 = ZC16PD-1900W  1.50-2.10 319.00

For detalled specs refer to Mini-Circuits Short Form Catalog,
Trade Directories listed below or consult factory.
Connector Type: BSMA ON W BNC

L_JIMini-Circuits’

P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661
For detailed specs on all Mini-Circuits products refer to « THOMAS REGISTER Vol. 23 « MICROWAVES PRODUCTS DIRECTORY « EEM « MINI-CIRCUITS' 740- pg. HANDBOOK.

CUSTOM PRODUCT NEEDS...Let Our Experience Work For You.
INFO/CARD 35 F 177 Rev Orig



GaAs

SWITCHES

$
DC-2GHz Immediate Delivery o (303 )

Finally! A line of SPDT absorptive, reflective and transfer switches that
appeals to your technical side, and business side as welll It's
Mini-Circuits GaAs switches...providing outstanding performance
features such as very high isolation (up to 60dB), superfast 3nsec
switching speed and excellent compatibility with surface mount
soldering techniques. Additionally, the entire series is built
extremely tough and is immediately available from stock with a
1 week shipment guarantee. At only $2.95 (gty.10), this
top-of-the-line value is priced with your bottom line in mind!
To order, call or Fax Mini-Circuits with your requirements today.
Mini-Circuits...we’re redefining what VALUE is all about!

Insertion 1dB In-Out Price

Freq. Loss® Comp.® Iso, @ $ea.
Model No. (GHz) dB{max) dBm{typ) dB (typ.) (aty.10)
MSW-2-20 DC-2.0 1.0 +24 2.95
(Reflective)
MSWA-2-20 DC-2.0 1.3 +27 40 3.45
(Absorptive)
MSWT-4-20 DC-20 18TX@ +28TX®@ 30 3.95
(Transf 20RX® +27RX®

® Midband, 500-1000MHz @ Transmit @ Receive
All Units: SOIC 8pin Package
@ rcvasee

—
Bl

SPOT REFLECTIVE

ol
Ny

SPOT ABSORPTIVE

Antenna

A
meal  >em

Antenna
TRANSFER

= - - ] ®
Ini=-Gircuits
g ; il P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661
or detailed specs .on alt Mini-Circuits products refer to « THOMAS REGISTER Vol. 23 » MICROWAVES PRODUCTS DIRECTORY ¢ EEM » MINI-CIRCUITS' 740- pg. HANDBOC

CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. I
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In today’s highly competitive
~ environment you need all the
‘design tools to win. HP provides
the solﬁtion.\Penstock provides the

products with@.mmight delivery.

call 1-800-PENSTOCK
(408-730-0300)
Canada: 613-592-6088

HEWLETT
(/510] PACKARD

/

//
Find out how to receive the new HP communications .

= WORLD'S LARGEST RF/MICROWAVE DISTRIBUTOR
catalog with Block Diagrams. Over 980 pages of GaAs Penstock has 17 offices nationwide with
and silicon products. staffed engineers to answer your questions.
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F SOLUTIONS FOR...

¢ Cellular Radio

¢ Personal Communications Systems
¢ Cordless Telephones

¢ Commercial Wireless/Spread-Spectrum
Transceivers

¢ Ku-Band LNB Direct Broadcast Satellite
e C-Band LNB Television Receive Only

e CATV Distribution & Set Tops

¢ Global Positioning Systems

¢ Millimeter Wave & Collision Avoidance Radar



RF cover story

A Direct Quadrature Modulator IC
for 0.9 to 2.5 GHz Wireless Systems

William H. Pratt
RF Micro Devices

As wireless system designs have
moved from carrier frequencies at
approximately 900 MHz to wider band-
width applications like Personal Com-
munication System (PCS) phones at 1.8
GHz and wireless local area networks at
2.4 GHz, designers have been forced to
implement discrete RF designs because
of the absence of RF integrated circuits
(RFICs) at these higher frequencies.
System designs at these higher fre-
quencies have a great need for highly
integrated RFICs for quadrature modu-
lators, power amplifiers, and low noise
amplifiers/mixers.

oreseeing the wireless expansion to

higher data rates and higher carrier
frequencies, RF Micro Devices initiated
a product development schedule for
RFICs for use in these applications. The
first of these high-frequency products is
the RF2422 direct quadrature modula-
tor. This low-cost, high performance
quadrature modulator (see Figure 1)
operates from carrier frequencies of 0.9
to 2.5 GHz and integrates a 90° carrier
phase shift network, limiting amplifiers,
two doubly-balanced mixers, a summing
amplifier, and an output stage that dri-
ves 50 ohms. The unit features opera-
tion from a single 5 volt power supply, a
built-in standby power supply switch,
and is packaged in a 16-lead small out-
line integrated circuit (SOIC).

The RF2422 is implemented using
TRW'’s advanced Gallium Arsenide Het-
erojunction Bipolar Transistor (GaAs
HBT) process. There are many features
of this high performance process that
make it ideal for the RF2422. First, the
process features transistors with f; of
approximately 25 GHz. This high f;
allows the IC designer to use fewer
devices and less current to attain gain at
high frequencies. The process also pro-
vides thin-film resistors and high-Q
metal-insulator-metal (MIM) capacitors.
Thin film resistors possess excellent
matching which is important in a quadra-
ture modulator design where the | and Q

circuitry must be identical. MIM capaci-
tors allow the IC designer to implement
DC blocking and filtering on chip instead
of requiring the system designer to pro-
vide these externally. Another extremely
important aspect of GaAs HBT is the
semi-insulating substrate. The semi-
insulating substrate results in negligible
metal-to-substrate parasitics which
means less high-frequency crosstalk
and leakage, and superior grounding.

Operation and Performance

The function of a quadrature modula-
tor (also known as a vector or I/Q modu-
lator) is to modulate a high-frequency
carrier with lower frequency data. The
beauty of a quadrature modulator is that
it can be used to create all forms of ana-
log and digital modulation. Amplitude,
phase, and frequency modulation can all
be implemented with a quadrature mod-
ulator. In order to evaluate the perfor-
mance of a quadrature modulator, it is
necessary to choose a specific modula-

.’
% < .

tion that is easy to generate and that
allows the user to judge the important
characteristics of the modulator. In gen-
eral, RFIC manufacturers and users
have settled on sinusoidal single side-
band suppressed carrier (SSB or
SSBSC) modulation.

SSB modulation aillows the user to
evaluate several important characteris-
tics of a quadrature modulator: output
power, carrier suppression, image sup-
pression (phase and amplitude error),
and harmonic distortion. To implement
SSB modulation is a relatively simple
task. The user connects a sinusoidal
carrier to the local oscillator (LO) input
of the modulator at the frequency of
transmission. The | and Q ports are
each driven with sinusoids of equal fre-
quency and amplitude that are in phase
quadrature with each other. The fre-
quency used should reflect the data rate
that will be used in the system. The out-
put of the modulator is viewed with a
spectrum analyzer centered at the carri-
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Figure 1. RF2422 functional block
diagram.

Figure 2. Typical SSB output
spectrum.
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Figure 3. Modulation vs. output
power (SSB); LO=2 GHz, -5 dBm.

er frequency. This method of evaluating
modulator performance is inexpensive
and fast for manufacturers and simple
for end users to utilize.

A typical SSB output spectrum s
shown in Figure 2. Proceeding from
right to left, the frequency spikes repre-
sent the upper sideband, the carrier, the
lower sideband, and harmonic distortion.
The upper sideband is, of course, the
desired output and the other responses
are all unwanted. The power level of the
upper sideband, measured using spec-
trum analyzer, is defined as the SSB
output power. Raising and lowering the
amplitudes of the | and Q signals will
raise and lower the output power. The
LO level should be kept constant and
not used to change output power. Figure
3 shows a graph of 1/Q amplitude versus
output power with an LO level of -5
dBm at 2 GHz.

The frequency spike immediately left
of the upper sideband is the carrier. The
difference in power between the upper
sideband and the carrier (in dB) is the
carrier suppression. Carrier suppression
is determined by the DC voltage match-
ing between the ISIG, IREF, QSIG, and
QREF pins, and by the amount of LO
leakage to the output. The DC voltages
at the | and Q input pins control the DC
currents in the | and Q mixers. In order
for the carrier to be suppressed, these
currents must be identical. If the user
provides DC voltages at the four | and Q
input pins that are identical, then the
RF2422 exhibits excellent carrier sup-
pression. This is due to the superior
matching of thin-film resistors in TRW’s
process. As mentioned before, suppres-
sion is also affected by LO leakage
through the package and PC board. The
higher the carrier frequency, the worse
this problem becomes. Even with leak-
age, carrier suppression can be opti-
mized by adjusting DC voltages at the |
and Q inputs relative to each other.
Generally, adjustments of just a few mil-
livolts will allow the user to null the carri-
er. It is important to note that carrier
suppression is a relative measurement
in that it is dependent on SSB output

RF Design

Figure 4. Carrier suppression vs.
frequency.

power. As | and Q modulation levels are
decreased, the SSB output power will
decrease, but the carrier will not, thus
yielding less carrier suppression. It fol-
lows that users must be sure of what
modulation levels are being used when-
ever reading a manufacturer's carrier
suppression data. Figure 4 illustrates
that carrier suppression in the RF2422
is typically below —30 dBc across the
operating frequency range, without any
adjustment. Note: The | and Q ports
were each driven with 500 mV_

The next frequency spike is the lower
sideband. The difference in power
between the upper sideband and the
lower sideband (in dB) is the image sup-
pression. Image suppression is an indi-
cator of phase and amplitude error. The
more the phase and amplitude error, the
worse the image suppression. These
errors are caused by such things as
package parasitics, nonlinear transistor
operation, and layout asymmetry.
Although these problems are addressed
in design, they can never be completely
eradicated. Amplitude and phase errors
are largely frequency dependent, but
they can also depend in a lesser extent
on LO power level and power supply
voltage. It is very important to evaluate
the modulator under system operating
conditions. Image suppression can be
adjusted externally by changing the
phases and amplitudes of | and Q rela-
tive to each other. Phase error in the
RF2422 is very minimal. As shown in
Figure 5a, phase error is typically within
a few degrees at any given frequency.
Amplitude error (Figure 5b) is only a few
tenths of a dB at the frequency
extremes. These small phase and ampli-
tude errors combine to yield image sup-
pression numbers that typically range in
the mid 30s, as shown in Figure 5c.

The two frequency spikes furthest to
the left are harmonic distortion. Although
there are other spurious products that
can be viewed if the spectrum is
spanned at higher frequencies, these
specific products are the closest to the
carrier with the most power, and there-
fore the most difficult to filter. In addition,

RFdesign

Reprints:
Available and
Invaluable

You can order reprints of any
article that appears in any of
RF DESIGN's regular issues.
Reprints make effective sales
tools, develop strong direct
mail campaigns and can
educate your sales force.
Reprints are also great for
distributing at trade shows and
conferences to generate interest
from your target audience with
informative and attention-
getting copy. Reprints are
available in standard or
customized formats.

Minimum order: 100

For more information
and orders, call Vivian
Peterson, Reprint Sales

Manager, at (303) 220-0600.
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Figure 5a. Phase error vs. fre-
quency.

manufacturers usually only specify the
suppression of the distortion spike fur-
thest to the left since it is stronger than
the one that is closer in. As the ampli-
tudes of the | and Q signals are
increased, the power of this harmonic
will increase, much like an 1M, product.
Like the carrier and the lower sideband,
system designers prefer harmonic dis-
tortion to be kept to a minimum to pre-
vent saturation of the power amplifier or
any components in the receiver.

Description of Design

The LO connection to the RF2422 is a
single-ended, 50 ohm termination so
that no transformer or balun is needed.

Figure 5b. Amplitude error vs. fre-
quency.

The port is DC blocked internally so that
no external blocking capacitor is need-
ed. Having entered the part, the LO sig-
nal immediately travels through an R-C
network that acts a phase splitter. The
R-C network consists of a high-pass and
a low-pass filter which each shift the LO
signal 45 degrees, but in opposite direc-
tions. The result is that the LO signal is
split into two signals of equal frequency
but 90 degrees out of phase. The output
of one filter will propagate to the | mixer
while the output of the other filter will go
to the Q mixer. The R-C network is
designed around a 2 GHz center fre-
guency so that when the LO signal is
below 2 GHz, the high-pass filter attenu-

Figure 5c. Image suppression vs.
frequency.

ates the amplitude of its signal; likewise
for the low-pass filter when the LO is
above 2 GHz. In order to equalize the
two filter outputs, limiters must be used
after the R-C network.

Each of the two limiter stages consists
of a high-gain differential amplifier. The
limiters’ function is to amplify the two
quadrature signals to the point where
the waveforms are clipping. The clipping
effectively equalizes the two signals
since both limiters are designed identi-
cally and will clip at the same time.
Obviously, if the LO signal is low
enough in power or far enough in fre-
quency from 2 GHz, the limiters will not
be able to equalize the two signals,

High Power RF
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causing a transmission amplitude error.
The recommended LO power level for
the RF2422 is -5 dBm.

The quadrature LO signals proceed to
the | and Q mixers where they are each
coupled to the top four transistors in a
Gilbert cell. Because the signals are
high amplitude square waves, the top
transistors act like high speed switches.
The bottom differential pair of each of
the mixers (Gilbert cells) act as the
inputs for the lower frequency modulat-
ing signals. In the | mixer, these input
pins are referred to as ISIG and IREF; in
the Q mixer as QSIG and QREF. There
is no DC blocking on any of these
inputs; each input effectively looks into
the base of a transistor. This translates
to a very high impedance looking into
each input (approximately 30 kohms),
and therefore these ports will draw very
little DC current (40 pA) unless the part
is operated in saturation mode. Satura-
tion occurs when the voltage at these
inputs approaches 4 V. When the volt-
ages at these pins approach 1.5 V, the
transistor current sources associated
with the each of the Gilbert cells begin
to saturate, causing nonlinear operation.
From this information it is clear that for
linear operation the 1 and Q pins should
be driven with signal levels between 1.5
to 4 V. The recommended offset voltage
is from 2.5 to 3 VDC. In order to boost
the input compression point of the mix-
ers, emitter degeneration is used in the
bottom differential pair of each mixer.

The output currents of the two mixers
are summed at the collectors across two
load resistors. The summed outputs are
then amplified by a differential amplifier
which acts as a driver to the output
stage. Emitter degeneration is once
again used for maximum linearity.

The output stage is required to con-
vert the differential output from the dri-
ver to a single-ended signal. In order to
keep current consumption to a mini-
mum, a push-pull configuration is used.
The output impedance is designed to
look like 50 ohms across the frequency
operating range.

External Components

The RF2422 is extremely easy to
insert into a wireless system. Only three
external components are required to
make the RF2422 fully operational. All
three components are bypass capaci-
tors. Two capacitors are needed to
bypass the VCC1 and VCC2 pins and
the third capacitor is used to bypass
IREF and QREF if the baseband-to-1/Q
connections are single-ended (IREF and

RF Design

QREF would be tied together in this
case). If IREF and QREF are being
used in a differential connection, then no
bypass capacitor would be needed for
those pins. As with all RF board
designs, bypass capacitors should be
placed as close as possible to the part.
The LO port has a 50 ohm input
impedance and is generally coupled to a
synthesizer with 50 ohm microstrip.

Although an input level of -5 dBm is
suggested for the LO input, this number
is not critical for operation. In fact, the
part will continue to operate at levels
less than —10 dBm, but with less conver-
sion gain and degraded amplitude accu-
racy. Therefore, the match between the
LO port and the synthesizer may or may
not be important, depending on system
requirements. The output impedance of

M-tron has the.apswers: Affordable VCXOs with
1S0 8001 quality. Otr-line of VCXOs offers cost-
effective solutions for a wide-range of telecom-
munications and other applications. Yeu can also
depend on us to work with your engineers-to,
meet your special needs and quality objectives.

INDUSTRIES, INC

P.0. Box 630, Yankton, SD 57078-0630
Phone: 1-800-762-8800

Call or write for
FREE CATALOG

Registered

1SO %001

EN 29001

BS 5750: Part 1

@ 1894 M-tron Industries, Inc. All Rights Reserved.
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RF2422

ga 2.45GHZ

RF2431

Figure 6. A simplified wireless LAN system block diagram.

the RF2422 is 50 ohms and is usually
coupled to a power amplifier or driver
with 50 ohm microstrip. There is internal
DC blocking so that no external series
capacitor is needed. Generally the
match between the output and the fol-
lowing amplifier is quite important, so as
to achieve maximum power transfer. |f
the input impedance of the following
power amplifier is a 50 ohm termination,
then no extra matching components are
needed between the two unless DC
blocking is required for the amplifier.

The PD pin is used to power down the
part when operation is not needed. For
example, in time division duplex (TDD)
systems where the transmitter and
receiver are operated in alternating time
slots, the RF2422 could be powered

down when the receiver is in use to min-
imize current consumption and thus
extend battery life on handheld units.
The PD pin can be directly driven with a
CMOS driver where +5 VDC powers up
the part and ground powers it down.
The modulation input pins of ISIG,
IREF, QSIG, and QREF can be driven
with any modulating waveforms. ISIG
and IREF are differential inputs to the |
mixer on the RF2422 as QSIG and
QREF are differential inputs to the Q
mixer. For carrier suppression, the DC
voltages at all four pins must be equal.

Applications

Wireless local area networks using
direct-sequence spread-spectrum mod-
ulation can successfully use the RF2422

as illustrated in the simplified system
block diagram in Figure 6. In the trans-
mitter, | and Q baseband data are first
modulated by a pseudo-random bit code
that is much higher in frequency than
the 1/Q data. Once this frequency
spreading has taken place, the resulting
signals are fed into the | and Q inputs of
the RF2422. The RF2422 enables the
spread signals to perform what is typi-
cally GMSK or QPSK modulation direct-
ly onto a 2.45 GHz carrier. This
approach eliminates much of the fiitering
and LO requirements necessary for mul-
tiple upconversion schemes. Other
applications include PCS and DCS1800
digital systems operating at 1.8 to 2
GHz, and satellite communications sys-
tems operating in L-band.

Conclusion

The RF2422 direct quadrature modu-
lator fills an important gap in 2 GHz
wireless systems. Direct modulation up
to 2.5 GHz is now possible with a
proven chip that can greatly simplify a
wireless transmitter. The RF2422 packs
numerous discrete functions into one
small SOIC package so that system
designers can reduce size, cost, and
valuable engineering time.

For more information, readers may
contact the author at the address below,
or circle Info/Card #191 RF

About the Author
William H. Pratt is involved in the
design, testing and marketing of
RFICs at RF Micro Devices, 7341-D
West Friendly Avenue, Greensboro,
NC 27410. Tel. (919) 855-8085, fax
(919) 299-9809.

The RF People
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RF products

Compact Spectrum Analyzer

Tektronix has unveiled what it
claims to be the lightest and most
compact RF spectrum analyzer
on the market, the U4941. The
model U4941 weighs only 14
pounds, packs a full 2.2 GHz
spectrum analysis capability into
just 5.75 x 11.375 x 13.25 inches,
and is the only product in its class
to feature a color liquid crystal
display. The U4941 is the first
jointly labeled product offering to
emerge from Tektronix' strategic
alliance with Tokyo-based Advan-
test Corp. The U4941 can utilize
power from AC mains, +10 to +16
VDC, or an optional Ni-Cad bat-
tery pack that attaches onto the

back of the analyzer. Spectrum
analysis specifications include a
frequency range of 9 kHz to 2.2
GHz; display dynamic range of 90
dB; and a frequency counting
function with minimum resolution
of 1 Hz, which can count the fre-
quency of any displayed signal
with SNR = 25 dB. Two standard
memory card slots conform to
JEIDA Version 4.1 and PCMCIA
Release 2.0. GPIB and RS232
interfaces are also included. U.S.
pricing of the Tektronix/Advantest
U4941 RF spectrum analyzer is
$14,500.

Tektronix, Inc.

INFO/CARD #250

High-Efficiency
Tetrode

Varian Associates has
designed a cost-effective, muiti-
phase cooled, high-efficiency
tetrode suitable for 100-kilowatt
shortwave transmitters. The
Eimac® 4CM100,000A is a
ceramic/metal high power
tetrode, and is well suited for use
as a plate-and-screen modulated
class C RF amplifier. The tube is
characterized by high gain, sim-
plifying drive circuit requirements.
Its rugged dense mesh thoriated-
tungsten filament provides ample
emission for long operating life.
The multi-phase water/vapor-
cooled anode is capable of dissi-
pation in excess of 100 kW.
Direct interelectrode capaci-
tances( with grounded cathode)
are C;, = 400 pF, C,, = 65.6 pF,
Cgp = 1.1 pF. Direct interelec-

trode capacitances (with ground-
ed grid) are C;, = 200 pF, C,,, =
66.2 pF, Cpk =0.39 pF.

Varian Associates, Inc.
INFO/CARD #249
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GPS Receiver
LNAs

Celeritek has announced a
family of low-noise amplifiers
designed for GPS receiver appli-
cations. The devices are pack-
aged in hermetically sealed, sur-
face-mount, ceramic packages.
The amplifier family includes five
models with guaranteed specifi-
cations operating at 25 °C, and
five models with guaranteed
specifications operating over the
-54 °C to +90 *C temperature
range. Noise figures as low as
1.2 dB (model 395-1593), and

e < -:r.(',' .

DC current as low as 18 mA, at
+5 VDC (model 395-1592) are
available. Frequency ranges in
which the amplifiers operate
include the commercial and mili-
tary GPS bands of 1210 to 1240
MHz, 1560 to 1590 MHz, and
from 1200 to 1600 MHz. The
Celeritek GPS amplifiers are
packaged in low-profile, 16-lead
ceramic packages (measuring
0.287 x 0.395 x 0.090 inches)
which are hermetically sealed
and designed for surface mount-
ing. Pricing is approximately $125
in quantities of 1000.

Celeritek

INFO/CARD #248

High IP3 Mixers

TRAK Microwave Corporation’s
family of high IP3 surface mount
mixers provide an exceptionally
high ratio of input third order
intercept (I1P3) to LO drive. For
example, model MXR/2DF-02-T
is competitively priced for cellular
radio applications and provides

an IP3 level of 17 dB above the
LO drive level. A further advan-
tage to the system designer is the
passive design requires no bias
supply, so system efficiency is
enhanced. The mixers are
designed for RF frequencies of
830 to 970 MHz and IF frequency
of 131 MHz (fixed). Typical con-
version loss is 6.4 dB, and input
IP3 is +27 dBm at +10 dBm LO
drive. LO to RF isolation is 33 dB.
Temperature range is 0 to 70 "C.
Price is less than $25 in 1000
piece lots. Other center frequen-
cies and/or IF output frequencies
are available, as are other pack-
age styles.

TRAK Microwave Corp.
INFO/CARD #247

Bandpass Filter

w/ Readout

A tunable RF bandpass filter
with digital readout has been
released by Pole Zero. Each
module provides the functional
equivalence of having 251 filter
units readily available for RF test-
ing use. The range of 1.5 MHz to
1000 MHz is covered by eight fil-
ter units, each having 251 selec-
table center frequencies which
provide continuous coverage
over the entire band. The tunable
filter bands are 1.5-4, 4-10, 10-
30, 30-90, 90-200, 200-400, 400-
700, and 700-1000 MHz. The fil-

ters have a two-pole Butterworth
response with a slight skew yield-
ing higher side frequency rejec-
tion. Selectivity is excellent, with
a 3 dB bandwidth as low as 2%.
The filter has power handling
capability of 1 W inband and 5 W
in the stopband. Operating volt-
age for the tunable bandpass fil-
ter module is provided by a wall
plug-in source. Prices for the
modules, including power supply,
start at $840.

Pole Zero Corp.

INFO/CARD #246
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and Synthesizers

Complex Signal Generator
A signal generator family launched by
Marconi Instruments features digital and
vector modulation capability. An IQ modula-
tor on the 2050 series enables generation of
a wide range of modulation formats. A vari-
ety of QAM (quaternary amplitude modula-
tion), PSK (phase shift keying), broadband

AM and spread spectrum signals can be
generated. Another capability is Rayleigh
and Rician fading simulation. The frequency
range for all members of the series begin at
10 kHz, with the 2050 extending to 1.35
GHz, the 2051 extending to 2.7 GHz, and
the 2052 extending to 5.4 GHz. Prices for
the series start at $19,200.

Marconi Instruments, Inc.

INFO/CARD #245

Direct Analog Synthesizers
Sciteq announces the immediate availabil-

Product Spotlight: Signal Generators

|ty of the ND-1000 series of fast switching
frequency synthesizers, built by Schomand!
in Germany. The ND-1000 covers 100 kHz
to 1000 MHz in 0.10 Hz steps. Switching
speed is typically 10 us (with 20 us guaran-
teed), and speed is better that 1 us when
the start/stop frequencies are less than 1
MHz apart. Spurious signals are better than
—-65 dBc (guaranteed at any frequency), and
phase noise is <-120 dBc at 10 kHz from
the carrier. Spurs and phase noise improve
by about 6 dB under 500 MHz. The ND-
10000 is priced at about $3000 plus options.
Sciteq Electronics, Inc.

INFO/CARD #244

20 GHz Signal Generators
Tektronix has introduced the SMP 02 and
SMP 22 microwave signal generators, man-
ufactured by Rohde & Schwarz. Operating
from 10 MHz to 20 GHz, both the 02 and 22
have harmonic suppression of =50 dBc,
non-harmonic suppression of —60 dBc, and
SSB phase noise at 10 GHz and 10 kHz off-
set of -92 dBc/Hz. Both instruments can
perform automated test routines, and both
can perform AM, FM, PM and pulse modula-
tion in any combination. The SMP 02 has an
output level of up to +10 dBm, while the
SMP 22 has an output level of up to +20
dBm. U.S. pricing for the SMP 02 and SMP
22 are $26,500 and $34,150, respectively.
Tektronix, Inc.
INFO/CARD #243

TEST
EQUIPMENT

Scalar Measurement

System

Anritsu Wiltron introduces the 54100A
scalar measurement system positioned for
both manufacturing and field service applica-
tions. There are 11 different models, covering
frequency ranges from 1 MHz to 26.5 GHz.
The 54100A uses a 486 microprocessor and
performs fast data storage in standard ASCIi
format to a 1.44 MB DOS disk. The series
exhibits low source harmonics, with ~60 dBc
harmonics. Prices for the 54100A series
range from $12,300 to $60,000.
Anritsu Wiltron Sales Co.
INFO/CARD #242

Switching Systems

Universal Switching has introduced the
model S600A switching mainframe/controller.
Switching array sizes ranging from 8 input by
2 output, through 32 input by 32 output are
available utilizing individual plug-in modules.
Standard control interfaces include RS-232C,
RS-422A, IEEE-488, or fiber optic. The

RF Design

S600A can route such signals as RGB video,
audio data and RF.

Universal Switching Corp.

INFO/CARD #241

SEMICONDUCTORS

900 MHz Mixer/Exciter

The MRFIC2101 is a transmit mixer and
exciter operating with RF frequencies from
800 to 1000 MHz and IF frequencies from 0
to 250 MHz. The on-board LO buffer reduces
LO power requirements (=15 dBm typical)
and eliminates the need for an external LO
balun. The mixer has output IP3 (-5 dBm
outtone) of 14 dBm. The exciter has typical
small signal gain of 16 dB. Exciter bias cur-
rent is externally adjustable. The device typi-
cally draws 2 pA when in its power-down
mode. Pricing is $2.70 in high volumes.
Motorola Semiconductor
INFO/CARD #240

Semicustom Arrays

Walmsley Microsystems Ltd USA has
announced the introduction of their HSB
series of analog/digital semicustom arrays.
These arrays utilize a 20 GHz Si bipolar

Pistoncaps
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* QPL models
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* Zero backlash multiturn adjust
mechanism
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* Voltage ratings from 500 to 5000 V

Phone, fax or write today for

Engineering Bulletin SG-205A.

| SPRAGUE
GO0DMAN
134 Fulton Ave., Garden City Park, NY 11040

Phone: 516-746-1385 ¢ Fax: 516-746-1396
INFO/CARD 45

61



process to permit very high speed
RF, analog and digital signal pro-
cessing. The WMA100, WMAS00
and WMA3000 have 100, 900
and 3000 transistors, respectively.
Transistors with peak f; at 1 and
5 mA are included in all arrays,
with 0.25 mA transistors included
on the WMA900 and 3000. Mili-
tary screening through S-Level is
available.

Walmsley Microsystems Ltd
INFO/CARD #239

2400 MHz GaAs VCO

The PM2501 from Pacific
Monolithics is an ultra small, sur-
face mountable, voltage con-
trolled oscillator. The VCO con-
tains a fundamental osciltator,
integrated matching network,

buffer amplifier, and all bias net-
works. A varactor diode and spi-
ral inductor approach provides a
low cost oscillator which can be
varied from 2100 to 2500 MHz.
Power output is +14 dBm, and
tuning voltage is between 0 and
10 V. Phase noise is -80 dBc at
2445 MHz and 50 kHz offset. The
VCO operates from a +5V supply
and typically draws 35 mA.
Pacific Monolithics

INFO/CARD #238

SIGNAL
PROCESSING
COMPONENTS

Band Reject Filter

Model F-10840 from RLC Elec-
tronics provides a minimum 30
dB rejection bandwidth of 10
MHz and maximum 3 dB band-
width of 24 MHz. Insertion loss is
less than 0.5 dB when more than
20 MHz from the notch center fre-
quency of 885 MHz. Typical
passband VSWR is 1.5:1. Prices
start at $475 in small quantities.
RLC Electronics, Inc.
INFO/CARD #237

2-Way 90° Splitter
Housed in a low-cost plastic
surface mount package, the
SCPQ-150 2-way 90" splitter from
Mini-Circuits has phase balance

62

of 0.5° and amplitude balance of
0.7 dB. Frequency range is 95 to
150 MHz, with typical isolation of
22 dB and typical insertion loss of
0.3 dB. Typical applications
include 1&Q and QPSK modula-
tors/demodulators, image rejec-
tion mixers and signal process-
ing. The SCPQ-150 sells for
$14.95 each.

Mini-Circuits

INFO/CARD #236

12-Channel

Channelizer

K&L Microwave model
12DM11-700/CT1300-O/0 is a
12-channel dielectric resonator
channelizer covering the frequen-
cy range of 700 to 1300 MHz.
The 3 dB bandwidth of each
channel is 50 MHz, with selectivi-
ty of —45 dBc at f, + 50 MHz.
Insertion loss at each channel's
center frequency is —16 dB (due
to padding). VSWR is 1.8:1 at the
input port. Insertion loss flatness
is 0.5 dB among channels.
K&L Microwave, Inc.
INFO/CARD #235

SPDT Switch

ISLT-51000 from ST Olektron is
a wideband, phase-matched
SPDT switch covering 5-1000
MHz. The device is guaranteed to
consistently phase match within
1.5 degrees. Features include
current consumption of just 10 mA
from a singie +5 VDC supply,
insertion loss of 2 dB max, and
switching rise time of 2 ns max.
The ISLT-51000 comes with inter-
nal TTL driver in a flatpack pack-
age for $195 (qty 1-9).
ST Olektron Corp.
INFO/CARD #234

Double Balanced

Mixer

M/A-COM has announced a
passive, double balanced mixer
in a low cost plastic surface
mount package. The mixer has
an exceptionally low conversion
loss of 8.5 dB. The MD40-7100
has a frequency bandwidth of
1400-2000 MHz and has an LO
drive range of +4 to +13 dBm. LO
and RF ports are interchangable,
with LO to RF isolation of 30 dB.
LO to IF isolation is 20 dB.
M/A-COM, Inc.
INFO/CARD #233

High Power Coupler
TRM’s 30 dB directional cou-
pler, model DDS 3030, operates

over the frequency range of 2.5
to 3.5 GHz. RF power handling is
400 W CW, VSWR is 1.2:1 max,
insertion loss is 0.20 +0.50 dB
max, and directivity is 20 dB min.
Connectors are SC female on
input and output, and SMA
female on coupled line. The cou-
pler is designed for the standards
of the airbourne environment.
Other connectors, frequency
bands and power handling capa-
bilities are available.

Technical Research

and Manufacturing, Inc.
INFO/CARD #232

Matching Pad

JFW Industries announces an
addition to its impedance matching
pad line. Models 57Z-3GN and
75Z-3GN offer a frequency range
of DC to 3 GHz. Insertion loss
accuracy is +0.3 dB from DC to 1.5
GHz and +0.5 dB from 1.5 to 3
GHz (above the nominal 5.7 dB
insertion loss). Impedance match-
es are 50 to 75 ohms and 75 to 50
ohms. Maximum VSWR is 1.2:1
from DC to 1.5 GHz and 1.35:1
from 1.5 to 3 GHz.
JFW Industries, Inc.
INFO/CARD #231

Case-Free Hybrid
Merrimac Industries offers a
quadrature hybrid in a 0.26 x 0.16
inch case-free package. The QHZ-
23A series is available with center
frequencies from 30 MHz to 160
MHz, with bandwidths up to one
octave. It is designed to be less
than 0.135 inches high, so it may
be readily integrated into a low
profile case along with MMIC com-
ponents for applications where
lumped element components are
essential. These models are avail-
able for 90-day delivery.
Merrimac Industries, Inc.
INFO/CARD #230

Drop-in

Power Dividers

Stripline design power dividers
in flat, drop-in packages are
available from Polyflon. Model
PDI-2WL-1700-6000-SMA oper-

ates from 1700 to 6000 MHz with
0.1 dB amplitude balance and 2°
phase balance. Both input and
output VSWR are 1.2:1. Insertion
loss is 0.3 dB. The divider pack-
age measures 1.75 x 0.75 x
0.075 inches. The dividers are
priced at $19.95 each in quanti-
ties of 100.

Crane Polyflon Co.

INFO/CARD #229

SUBSYSTEMS

Fiberoptic

Cellular Transmitters
Ortel has introduced the 3561A
1550 nm cellular radio fiberoptic
transmitter. The 3561A transmit-
ter uses a 1550 nm laser and is
designed to allow uplink and
downlink signals to pass on a sin-
gle-tiber, bidirectional link by
using waveguide division multi-
plexing. The transmitter is format
independent, carrying any cellular
format including TDMA, CDMA,
analog and dual-mode formats.
Ortel Corp.
INFO/CARD #228

Optical Link

United Technologies Photonics
has introduced a high perfor-
mance externally modulated opti-
cal link for microwave and RF
applications. The tumkey unit pro-
vides engineers with a well char-
acterized RF solution at frequen-
cies to 20 GHz. Spurious-free
dynamic range in a 1 Hz band-
width exceeds 110 dB. The link
may incorporate a standard or 200
mW 1320 nm, low noise laser.
United Technologies
Photonics, Inc.
INFO/CARD #227

Airborne

Control Receiver
Aydin Vector’s model RCC-
200-SPM airbome command con-
trol receiver is a dual conversion
superheterodyne UHF receiver
capable of operating in L/S or TV-
bands with a 100 MHz tuning
range. Size is 6.0 x 3.25 x 2.065
inches, and weight is 42 oz. Oper-
ating voltage is 24-36 VDC.
Aydin Vector Div.
INFO/CARD #226

Fiberoptic

X-mtr/Rcvr.
Two fiberoptic transmitters and
a fiberoptic receiver for cellular
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link applications have been
released by Lasertron. The trans-
mitters come in two wavelengths,
1300 nm (QLXS1300-200) and
1550 nm (QLXS1550-200). The
receiver module (QRXS-200) is
designed to work with either
wavelength. Though designed for
the 800-1000 MHz band, they
provide excellent performance
from 100-1000 MHz.

Lasertron

INFO/CARD #225

Telemetry Radio

E.F. Johnson has announced
the DL-3472 synthesized UHF
data telemetry radio and the
development of an optional 9600
baud telemetry modem. The DL-
3472 radio is available at 403-
512 MHz, with standard frequen-
cy splits. The unit has been
upgraded to operate at 12 VDC
and can be ordered with or with-
out a 9600 baud modem. Stan-
dard features of the DL3472
includes user programmable fre-
quencies, selectable baud rates,
and TTL or RS232 interfaces.
E.F. Johnson
INFO/CARD #224

AMPLIFIERS

2-18 GHz Amplifier
Amplica has introduced an ultra-
broadband 2-18 GHz amplifier
with 25 dB typical gain and +1.5
dB gain flatness. Typical noise fig-

ure is 5.5 dB over a temperature
range of +10 to +85 "C. The ampli-
fier has +18 dBm minimum output
power at 1 dB gain compression
and VSWR of 2.0:1. Current con-
sumption is 450 mA, and size is
1.49 x 0.7 x 0.22 inches.

Amplica, Inc.

INFO/CARD #223

Low Noise, High Gain

Model VMA 052A-342 from
Veritech Microwave covers 0.5 to
2.0 GHz with an ultra low noise
figure of 0.75 dB (typ.), coupled
with gain of 42 dB. Output power
is +20 dBm and VSWR is less
than 1.5:1. Housed in a 1.5 x 0.99
x 0.22 inch package, this unit

RF Design

operates from +15 VDC at 320
mA. An alternative version mea-
sures 1.5 x 0.66 x 0.22 inches.
Other amplifier in the series offer
noise figures as low as 0.65 dB.
Veritech Microwave, Inc.
INFO/CARD #222

AMPS/GSM, 200W

Chesapeake Microwave Tech-
nologies has fielded its model
APG 960-200, a 200 W silicon
class AB amplifier configured for
CW service. CW output power is
available in excess of 200 W min.,
275 W typ. The gain of the ampli-
fier is in excess of 40 dB. An inte-
gral output isolator is included, as
is reverse polarity protection to 35
V and an over-temperature inter-
lock. Available options include
forced air or liquid cooling, and
rack chassis configurations with
integral AC power supplies.
Chesapeake Microwave
Technologies, Inc.

INFO/CARD #221

SIGNAL
SOURCES

High Performance
OCXO

A series of high performance
oven controlled crystal oscillators
(OCXOs) from MTI rival the per-
formance of atomic clocks. The
260 series oscillator offers a ther-
mal stability of +1x107'° over a
temperature range of —-30 to +65
*C. The aging per day is better
than 1x1071% and the annual rate
is 1x10°8. This OCXO also
achieves supply voltage and load
sensitivity performance of
£1x10710,

MTI-Milliren Technologies, Inc.
INFO/CARD #220

Dual Polarity VCXOs

Champion Technologies intro-
duces the K1527 series of voltage
controlled crystal oscillators. The
K1527 series is suitable for appli-
cations where the control voltage
is bipolar, with the nominal volt-
age centered at 0.0 V. The output
of the K1527 series is both TTL
and CMOS compatible. Phase
noise for the series is ~70 dBc/Hz
at 10 Hz offset from the carrier.
Members of the series measure
0.82 x 0.52 x 0.245 inches in a
DIP metal package and are priced
under $15.00 in the hundreds.
Champion Technologies, Inc.
INFO/CARD #219

g-Insensitive

Oscillators

Sawtek has introduced a line of
ultra-low g-sensitivity fixed fre-
quency oscillators (FFOs). The
performance of the FFOs is high-
lighted by 3x10-1%/g average sen-
sitivity, as demonstrated by a 1
GHz FFO vibrated normal to its
worst-case axis (i.e., normal to
the substrate plane) using a peak
acceleration level of 3g. The
FFOs are available from 500 to
1000 GHz, with typical noise floor
of =170 dBc/Hz. Output power is
as much as 14 dBm. Members of
the line measure 0.87 x 0.5 x
0.24 inches.
Sawtek Inc.
INFO/CARD #218

DISCRETE
COMPONENTS

Sealed Trim Caps

The water-tight MAV SR series
sealed air dielectric trimmer
capacitor from Microelectronics
Ltd. is designed to withstand
organic solvents and aqueous
solutions used in the cleaning of
circuit boards. The capacitor is
available in a capacitance range
from 1 to 30 pF and 10 mechani-
cal mounting configurations. The
series meets or exceeds all
requirements of MIL-C-14409.
Microelectronics Ltd.
INFO/CARD #217

Quartz Crystal

Resonator

Micro Crystal has introduced
an AT strip quartz crystal thick-
ness shear resonator in a 2 mm
diameter, 6 mm long, metal can.
The MXAT is available in fre-
quencies between 14-25 MHz,
The MXAT features high stability
(50 ppm typical) and low aging
(3 ppm the first year). The
series is available in through-hole
and surface mount versions. Pric-
ing for the 16.00312 MHz, +20
ppm, extended range tape and
reel version is $1.77 in quantities
of 100k.
Micro Crystal, a Div of SMH
INFO/CARD #216

Trimmer Capacltors
CERA-TRIM 1I™ is a high per-
formance ceramic trimmer capac-
itor from Johanson Manufactur-
ing. The series features a high Q
over a broad frequency range, a

high operating voltage (400 VDC)
and excellent temperature stabili-
ty. The single-tumn, surface mount
capacitors are available in capac-
itance ranges from 0.5 - 2.0 pF to
5.0 - 15.0 pF. Price is $0.85 each
in quantities of 1000.

Johanson Manufacturing Corp.
INFO/CARD #215

Shielded SMT

Inductor

Dale Electronics has intro-
duced a shielded surface mount
inductor, model 1SC-1210. The
inductor is designed to minimize
magnetic coupling to other com-
ponents in RF circuitry. Model
ISC-1210’s dimensions are 0.098
x 0.126 x 0.087 inches, and it is
available in inductances from
0.01 uH to 100 uH. Standards tol-
erances are 20 and +10 %, with
other tolerances available on
request. A typical member of the
series, with an inductance of 1
uH and a +10% tolerance is
priced at $0.214 each in quanti-
ties of 4000.
Dale Electronics, Inc.
INFO/CARD #214

CABLES &
CONNECTORS

Coax Coupling

Closure

The AMP® CERTI-SEAL™
coax coupling closure is a one
piece plastic closure for buried or
aerial CATV service drop repair.
The gel-filled closure, which
meets Bellcore TR-NWT-000975
immersion specifications snaps
together to provide a seal and
protect the cable splice from
harsh elements. Pricing for the
closure is approximately $6.00
each in quantities of 500.
AMP Inc.
INFO/CARD #213

Composite Cables
Custom composite cables and
assemblies for fiber optic,
RF/microwave and twisted pair
transmission lines are available
from Storm Products. Capabilities
include designs with standard
inner cables to reduce cost, man-
ufacturing short-run prototypes,
terminating channels with a vari-
ety of connector options, and pro-
viding testing and data for any or
all channels.
Storm Products Co.
INFO/CARD #212
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RF tutorial

Broadband Impedance Matching

Methods

By Thomas R. Cuthbert, Jr., Ph.D.
Consultant

Matching complex load impedances
to a resistance or to complex source
impedances over wide frequency
bands is often an essential part in the
design of amplifiers, antennas, and
many other applications. Given tables
of impedances versus frequency, it is a
common but flawed practice to guess a
matching network topology and values
for its components, and then use an
optimizer program to see if the power
transfer from source to load can be
improved over the band. The current,
more sophisticated, approach to this
problem requires a complete knowi-
edge of complex polynomial and net-
work synthesis theory while still using
optimization programs at various
design stages.

Figure 1 shows a lossless network
inserted between a source and load
to improve or control the power trans-
fer over a frequency band. When both
Zg and Z, are resistances, the network
in Figure 1 usually is called a filter or
an impedance transformer. Complex
impedance terminations require the
more difficult broadband matching net-
work. Amplifier input and output net-
works are often designed to match
active device impedances to 50 Ohms
over a frequency band (single match-
ing). For amplifier interstage networks,
the desired insertion loss between
complex source and load impedances

1 2
Z. —o—1 at
S ° |
: Lossless LC

= Matching Z
—> Network < |

—o0—+ o

Z, Z,

Figure 1. Representation of a network for broadband matching sets of

terminating impedances.

(double matching) can be specified
versus frequency and may be sloped
to offset gain slope. For example, radi-
an frequency samples between 0.3
and 1.0 and corresponding goals of
S,,=0 dB are contained in the comput-
er file shown in Table 1. The
Z =R +jX_ and Zg=Rg+jXg imped-
ances are the complex number sets
shown in Tables 2 and 3, respectively,
and correspond to the radian frequen-
cies in Table 1.

Impedance matching data is usually
normalized to 1 radian/second and one
ohm as in Tables 1-3. Normalization is
also convenient, since at 1 radian/sec-
ond, henrys are equal to ohms and
farads are equal to mhos. When unnor-
malizing, actual L's and C’s are

inversely proportional to radian fre-
quency. Actual L's are directly propor-
tional to terminal impedance level,
while actual C’s are inversely propor-
tional to terminal impedance level [1].
Insertion loss S,, is the ratio of
power delivered to Z, and the maxi-
mum power available from the source:

Sy = -10Iog(:—Ls) dB (1)
a.

The maximum power available from
the source is delivered when Z, =Z4"
(Zg conjugate) in Figure 1:

Esf’

- @)
8 " 4Rg

"CAS 2/90 EX#3. RAD/SEC & GOAL SET"

S NDO LK ®
OO0 O0OO0OO0OO0O0O

"CAS 2/90 EX#3. .3-1., 8 PNTS LINEAR ZL"
8

0.59016 0.71680

0.71910 0.74944

0.80000 0.77500

0.85207 0.80503

0.88688 0.84174

0.91103 0.88470

0.92837 0.93288

94118  0.98529

“CAS 2/90 EX#3. .3-1., 8 PNTS LINEAR ZL"
8

0.71313 -0.45230

0.56081 -0.49629

0.41945 -0.49347

0.29915 -0.45789

0.20274 -0.40204

0.12909 -0.33530

0.07539 -0.26403

0.03846 -0.19231

Table 1. Radians/second and S,,
dB goals.
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Table 2. R, and X, load imped-
ance data.

Table 3. Rg and Xg load imped-
ance data.
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Having difficulty locating RF or pulse
transformers with low droop, fast risetime or a
particular impedance ratio over a specified frequency
range”?....Mini-Circuits offers a solution.
Choose impedance ratios from 1:1 to 36:1, in
connector, TO-, flatpack, surface-mount, or pin
versions (plastic or metal case built to meet
MIL-T-21038 and MIL-T-55631 requirements*).
Coaxial connector models are offered with 50 and 75
ohm impedance; BNC standard, other types on request.
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“units are not QPL listed.
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Mini-Circuits
P O Box 350166, Brooklyn, New York 11235-C003 (718) 934-4500 Fax (718) 332-4661
For detailed specs on alt Mini-Circuits products refer to ¢ THOMAS REGISTER Vol. 23 ¢ MICROWAVES PRODUCT DIRECTORY e EEM e MINI-CIRCUITS' 740-pg HANDBOOK.
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Figure 2. A lowpass matching network with an L-RC load and depen-

dent source resistance r [1].

Any power that enters port 1 in Fig-
ure 1 must be delivered to load imped-
ance Z,, since the network is lossless.
Therefore, the matching problem is
often expressed in terms of generalized
reflection coefficients [1]:

P
S = 1-fpyf = 1=, )
asS

where

Z,-2Zg
= - 3
P1 S (3a)
and
-Z
pp = 22 (30)
22 +ZL

Clearly, broadband matching networks
must be designed to make lp,| (or Ip,l)

as small as possible over the frequency
band.

Current Broadband Matching
Methods

There are some very old and very
new broadband matching methods
available to the designer other than
guessing and then using an optimizer.
It is helpful to review the essentials of
the major methods in order to appreci-
ate the difficulties and rewards that
await the designer. References are pro-
vided for those interested in more
details.

Analytic Gain-Bandwidth Theory

Originally developed by Fano [2] and
later extended by Youla [3], this classi-
cal approach assumes a resistive
source (Xg=0) and a complex load
impedance, Z, that must be the input
impedance of a lossless two-port reac-
tance network terminated in a resis-
tance (i.e., the model). Figure 2 shows
a lowpass matching network and a load
impedance consisting of the unit resis-

THE NEW TCXO
SOLUTIONS FROM
RALTRON.

RTX0-100
RTX0-146

* Small size

* Wide temperature range
*+5VDC, +12 VDC
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* Voltage control option

* Custom options

* Lower cost
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RF POWER AMPLIFIERS

1 MHz-2GHz 1W-1KW

* Small Size * High Efficiency ¢ Durable
* Module and Rack Mount Systems

e Customization Available

- 651 Via Alondra, #712
LC P om:))) Camarillo, CA 90312 USA
TEL: (805) 388-8454
FAX: (805) 389-5393
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RF PRODUCT SHOWCASE

MILLIREN
TECHNOLOGIES, INC.
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Figure 3. A Chebyshev lowpass
response with flat loss for broad-
band matching [1].

tance, capacitance g, and part of
inductance g,. The classical transducer
gain function such a system can pro-
vide is:

H(w) = ':LLS 14K +e2(To(@)? @)

here T, is the Chebyshev equal ripple
function of degree n. The resulting
response shape is shown in Figure 3
for a lowpass matching network. For
example, consider Figure 2 with n=4,
corresponding to four reactive elements
91, 9, 93, and g,, which always include
the load. It is common practice to num-
ber the elements from load to source.
Broadband matching for only a single
reactive element in the load, g, in Fig-
ure 2, allows minimization of the manxi-
mum loss over the entire 0-1
radian/second frequency band in Fig-
ure 3. The price of this optimal result is
the 1+K2 “flat loss” shown in Figure 3.
Matching network elements values for
this important case have been graphed
[4] and can be calculated by simple for-

RF Design

mulas [5]). When the load consists of an
L in series with a parallel CR as in Fig-
ure 2, then the one degree of freedom
to minimize the maximum passband
loss is no longer available. Thus, the
flat-loss parameter K then depends on
a chosen ripple factor € and degree n
as described by Chen [6]. For practical
purposes, this LCR load (and its dual)
is the most complicated case treated by
analytic theory with any generality, and
even this is not simple. To apply analyt-
ic theory, your load, perhaps augment-
ed, must be identified as one of the
tractable ideal load models.

The single-reactive load case is very
important for understanding the funda-
mental limitations to broadband imped-
ance matching. First, note that the low-
pass prototype network in Figure 2
could equally well have had a series LR
load. Also, in every lowpass broadband
matching case, the source resistance r
(often labeled g, ) cannot be equal to
1 ohm due to the flat loss at DC. Fur-
thermore, a bandpass network with 1
radian/second center frequency may be
created from a lowpass prototype net-
work: first, replace all series L's by
series LC branches with L, =g,Qg,, and
then replace parallei C’s by parallel LC
branches with C.=g.Qg,, and finally,
resonate all branches at band center
w,=1 radian/second. The inverse of
fractional passband width is:

QBW = (5

where o, and w, are the lower and
upper passband edges corresponding
to the loss level at 1 radian/second in
Figure 3. Qgy,=1 for lowpass networks.

The single-reactive load has a

“loaded Q" parameter which is defined
at =1 as:

o =X (6)
X, Rs

where “p” denotes a parallel connection,
“s” denotes a series connection, and X
is the load reactance at w=1, L or 1/C
(minus signs ignored). For example, the
loaded Q of g, on Figure 2 is Q, =g,.
The definition in equation 6 also applies
to bandpass networks with resonant
loads, where reactance X is that of
either the inductance or capacitance,
since they are equal at wy=1. Now the
most important result of analytic gain-
bandwidth theory can be illustrated
using the main parameter in broadband
matching — the decrement:

8_.— 7

Figure 4 shows the best broadband
match available when the load is a sin-
gle lowpass reactance or its corre-
sponding resonant LC bandpass
branch. The load is the N=1 line shown
in Figure 4, i.e., the load is connected
to the resistive source with no matching
network in between. Looking from the
source, the SWR and equivalent reflec-
tion coefficient, p, in equation 3, are
seen to decrease with increasing
decrement, .

Figure 4 shows that very substantial
improvement in impedance match
across the frequency band is obtained
by using just one matching network
branch (N=2). There are two clear mes-
sages in Figure 4: first, Qg /Q, and N
are the main parameters, and second,
there is very little reason to use more
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Figure 4. Maximum possible reflection vs. decrement  Figure 5. Norton transformation to eliminate ideal

for broadband matching (N=1 is load) [1]. transformers.

than about four branches in matching Real Frequency Broadband minating impedances are encountered
networks (N<5). This means that there Matching in tabular form versus frequency as in
is little reason for more than four L's A big change in broadband matching Tables 1-3.' The singlg matcr} problem
and C's in lowpass networks and eight design was introduced in 1977 by Car- (Zg real) will be described briefly; the
in bandpass networks. lin [7] to deal with the fact that most ter- double match problem (both Zg and Z;
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are complex) also can be solved by this
method with some additional complica-
tions [8]. The key to the real-frequency
method is to note that the Thevenin
impedance Z,=R,+jX, in Figure 1 con-
trols the transfer function H(w)=P,o/P_
according to equation 3. Furthermore,
the Hilbert transformation theorem
relates R, and X,, namely, if the R,
function of @ is known for 0<w<eo, then
X(w) is determined and easily calculat-
ed. A brief description of the four
design steps follow. The details may be
daunting unless you are well acquaint-
ed with complex variable theory.

Step 1 is to represent the real part of
Z, in Figure 1, namely R,, by a simple
function such as a piecewise linear
function [7] or a cosine series [9]. A
guess at the coefficients of this repre-
sentation of R,(w) is made, then X, at
any o can be obtained by a Hilbert
transform calculation, and the resulting
Z, is substituted into equation 3 to find
H(w)=P,¢/P, over a set of frequency
samples. That resuit is compared to the
desired values of H at those frequen-
cies, and the errors are reduced by an
optimization procedure that adjusts the
coefficients in the simple R,(w) func-
tion. The initial guess of coe?ﬁcients in
the piecewise linear function is usually
made by assuming a conjugate match
at port 2 in Figure 1.

Step 2 is to create a rational function
approximating Ry(w), since a rational
function is required for network synthe-
sis. This requires a second optimization
procedure to fit the simple function
from step 1 to a rational one of degree
n by automatically varying the coeffi-
cients of the rational function.

Step 3 is to convert R,y(w) to Z,(s)
where s=c+jw, the Laplace frequency
variable. This requires root finders,
polynomial operations, and one matrix

operation (in the Gewertz procedure) to
obtain the rational Z,(s) impedance
function (Figure 1). A reoptimization is
usually performed at this point to read-
just Z,(s) to the desired transducer gain
function while maintaining a positive-
real function, a Z,(s) that represents a
passive, physical network.

Step 4 is to convert Z,(s), an RLC
function (the R is Rg), to an LC reac-
tance function (just the LC network)
and then realize Z,(s) in the form of a
ladder network by network synthesis.
Synthesis will be discussed later, but
the software tools and examples of
their use in the real-frequency method
are available [1].

Parametric Broadband Matching
The optimization operations in steps
1-3 above are compiex, and often the
polynomials and matrix are numerically
ill-conditioned. These difficulties can be
avoided by using a parametric polyno-
mial method [10]. One simply starts at
step 4 above by representing Z,(s) in a
special form, one similar to a partial
fraction expansion, but restricted to
represent only positive-real functions.
Thus, it can be assured that the Z,(s)
represented by these Brune functions
will definitely be a physical network, but
the problem remains of how to initially
select the n poles (s, =6, +jw,) to be
adjusted to obtain the desired transduc-
er gain function. The initial choice of
the n pairs of ¢, @, is found by per-
forming real-frequency steps 1-3 one
time. Then these optimization variables
are adjusted from that point to obtain
the desired match over the frequency
band. Conversion of the RLC imped-
ance function to an LC function and
network synthesis are still required.
The claimed advantage of parametric
representation by Brune (positive-defi-
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nite) functions is that broadband match-
ing is thus reduced to a classical prob-
lem in numerical optimization. That is
also true if some matching network
topology is chosen and its LC values
are adjusted by an optimizer. But the
Brune function method only requires a
choice of the number of network ele-
ments, n, and the number of zeros of
transmission at DC, without any other
prior knowledge of the ladder network
topology.

Network Synthesis

Most practical matching networks
have a simple ladder topology with
zeros of transmission only at DC and
infinity, produced by parallel L's and
series C's, and by series L's and paral-
lel C’s, respectively. (Bandpass net-
works are those having at least one
zero of transmission at both DC and
infinity). There are 24 classes of low-
pass, highpass, and bandpass ladder
networks classified according to their
port impedance behavior at DC and
infinity [11], and each class represents
literally dozens of permutations of L’s
and C’s in networks that each realize a
particular Z,(s) function [12]. There are
excellent network synthesis computer
programs to generate all possible
topologies for your inspection {13], but
it will be necessary to examine many
candidate solutions.

Each of the 24 classes of lowpass
and bandpass networks ends in an
ideal transformer with a dependent
turns ratio. Since there is no such
physical transformer, it is important to
know that the Norton transformation
may eliminate an ideal transformer at
the price of one additional L or C. Fig-
ure 5 shows two subnetworks that are
exactly equivalent at all frequencies,
and a similar equivalent pair exists
using all L’s instead of all C’s. There is
no possibility of finding two adjacent
C’s or two adjacent L’s in a lowpass
network, so the source r in Figure 2
cannot be modified. Some permuta-
tions of L's and C’s in synthesized
bandpass networks may allow an inde-
pendent source resistance by adding
one more like element to eliminate the
ideal transformer.

Graphical Methods

The Smith chart was introduced in
1939 and has served ever since as a
manual design aid for matching net-
works composed of lumped and/or dis-
tributed elements. Techniques for using
the Smith chart for matching have been

described in numerous sources, e.g.
[14]. Lately, an excellent computer pro-
gram that displays the impedance
transformations versus frequency in
color has been made available at no
cost [15]. A degree of skill is required to
produce efficient matching networks
using graphical aids, especially for the
double match case.

Intelligent Systematic Search
Methods

Abrie [16] has described and pro-
grammed a broadband impedance
matching method based on the so-
called “1+Q2" method for impedance
matching at a single frequency. The Q
employed at each element’s interface
in the network is that defined by equa-
tion 6. Abrie observed that the value of
the Q factor seldom exceeds four, and
that the frequency selectivity of the
matching circuit can be approximately
related to Q (as in Figure 4). Each trial
is a set of Q values which are used to
design a matching network. His pro-
gram MuitiMatch exhaustively searches
over a grid in N dimensions (N<6) for
—4 < Q £ 4 in steps of 0.5. Thus there
can be 17N trials, e.g., N=4 results in
83,521 trials. His program avoids some
trials of values for input elements by
enforcing a 1+Q? impedance match to
within a Ip,| circle. Also, finer search
grids may be applied about solution
points. Average run times on 25 MHz
PC’s with a numeric coprocessor are
between 2.5 and 5.5 minutes.

The labor of manual matching
design, the complexity of the real-fre-
quency methods, and the skill level
required for both methods demand a
way to design matching networks that
is fast and simple, especially for the
double match case. A future article will
describe a computer program called
GRABIM which quickly and simply finds
optimal network topologies and ele-
ment values for matching networks. RF

References

1. Cuthbert, T.R. (1983). Circuit
Design Using Personal Computers.
Republished 1994 by Krieger, Malabar,
FL.

2. Fano, R.M. (1950). "Theoretical
limitations on the broadband matching
of arbitrary impedances”, J. Franklin
Inst. V249, Jan.: 52-83; V249, Feb.:
129-155.

3. Youla, D.C. (1964). “A new theory
of broadband matching®, /IEEE Trans.
Circuit Theory, CT-11. Mar.: 30-50.

4. Matthaei, G. L., L. Young, and E.

August 1994



M. T. Jones (1964). Microwave Filters,
Impedance-Matching Networks, and
Coupling Structures. NY: McGraw-Hill.

5. Levy, R. (1964). "Explicit formulas
for Chebyshev impedance-matching
networks", Proc. IEE. June: 1099-1106.

6. Chen, W. K. (1988). Broadband
Matching Theory and Implementations.
Teaneck, NJ: Scientific Publishing Co.

7. Carlin, H. J. (1977). "A new
approach to gain-bandwidth problems”,
IEEE Trans. Circuits Syst. April: 170-
1175

8. Carlin, H. J. and B. S. Yarman
(1983). "The double matching problem:
analytic and real frequency solutions”,
IEEE Trans. Circuits Syst. Jan.: 15-28.

9. Carlin, H. J. and P. P. Civalleri
(1992). "An algorithm for wideband
matching using Weiner-Lee transforma-
tions", IEEE Trans. Circuits Syst. July:
497-505.

10. Yarman, B. S. and A. Fettweiss
(1990). "Computer-aided double match-
ing via parametric representation of
Brune functions", IEEE Trans. Circuits
Syst. Feb.: 212-222.

11. Skwirzynski, J. K. (1971). "On

Thomas R. Cuthbert Jr., Ph.D., PE, is a
consultant and teacher based in Plano,
Texas. He was Director of Advanced Technol-
ogy at Rockwell International, and Manager of
Microwave Technology at Texas Instruments.
He studied at M.I1.T., Georgia Tech, and
S.M.U. His two John Wiley books are: Circuit
Design Using Personal Computers (1983) and
Optimization Using Personal Computers
(1987). He can be reached at 1709 Hastings
Ct., Plano, TX 75023

About the Author

synthesis of filters", IEEE Trans. Circuit
Theory. Jan.: 152-163.

12. Kim, H. K. and E. Kim (1981).
"Generation of equivalent Cauer-type
canonic ladder networks", IEEE Trans.
Circuits Syst. Oct.: 1004-1006.

13. Szentirmai, G. (1977). FILSYN -
"A general purpose filter synthesis pro-
gram”, Proc. IEEE. Oct.: 1443-1458.

14. Carson, R. S. (1982). High Fre-
quency Amplifiers (2nd Ed.). NY: John
Wiley

15. Moline, D. (1992). Motorola’s
Impedance Matching Program (MIMP).

Motorola, Inc.

16. Abrie, P. L. D. (1985). The
Design of Impedance-Matching Net-
works for Radio-Frequency and
Microwave Amplifiers. Boston: Artech
House

RF i)esig"n Awards Contest

Look for the winning designs
and designers in the November
issue of RF Design.

LAP-TECH ic

FREQUENCY
CONTROL
PRODUCTS

LAP-TECH inc.
230 SIMPSON AVE.

BOWMANVILLE, ONTARIO
CANADAL1C 2J3

* QUALITY ¢
JSO 9002 pendihg

o QUARTZ CRYSTALS 2 - 250 Mhz
Precision glass encapsulation
Cold Weld and Resistance weld holders
Leaded and surface mount styles
Standard and custom design

* GLOCK OSCILLATORS 0.25 - 170 Mhz
TTL, HCMOS AND ECL
Hermetic packages with through hole
and surface mount configurations

» EMERGENCY SERVICE DEL

-

INFO/CARD 52
RF Design

For RF,
Use EF...EF Johnson

RF Subminiature Connectors
SMA, SMB & SMC

New Surface Mounts

i\; EFjohnson

COMPONENTS

299 Johnson Ave., Waseca, MN 56093

1-800-247-8256

INFO/CARD 53
7l



RF system design

Program Calculates Cascaded
System Parameters

by Raymond P. Meixner

An algorithm is presented which
analyzes a chain of RF components
similar to those in receivers and
exciters of radar systems. It uses the
component’s four major parameters:
noise figure, gain or loss, noise band-
width, and 1 dB compression point to
calculate the dynamic range, noise fig-
ure, noise output, and system gain of
the chain. An example of the power of
the algorithm is given by analyzing a
simple five element chain. A print out
of the results and a listing of the code
is given in the appendix.

With the advent 20 years ago of the
modular broad band microwave
integrated circuit (MIC) amplifier, the
ground rules for designing microwave
subsystems have changed. System
design became one of ganging a chain
of components in a line with the appro-
priate placement of filters to satisfy the
system requirements. What this did
was to increase the number of building
blocks in the system from a few to
many. During system tradeoff studies it
is difficult and a little complicated to
move or change these blocks, compute
the new results, and analyze and com-
pare these designs. The algorithm
CHAIN GANG, see Appendix A, eases
some of this frustration and work load,
since it is a simple routine that uses
the four major components parame-
ters; noise figure, gain or loss, noise
frequency bandwidth, and the one dB
compression point. The concept of
“noise figure” (NF) in this paper will fol-
low the defined figure of merit for an
RF system as Friis did in his classic
paper [4], but will not refer to noise fac-
tor. When “NF” or “noise figure” is used
it will be so stated as to what is used,
i.e whether a numerical ratio or a log in
dB of that ratio. After initial designs
using CHAIN GANG more sophisticat-
ed and powerful CAD routines are
commercially available that can ana-
lyze these designs in greater detail [1].

CHAIN GANG is especially helpful in
veritying the design of low power RF
receiver and exciter chains for radar
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Amplifier Ampifier Filter Ampilifier Amplifier
Input Output

Parameter Units
Element Number 1 2 3 4 5
Gain Ratio/dB | 4/6 57 0.5/-3 | 5/7 6/7.78
Noise Ratio/dB | 2/3 3/4.77 | 2/3 3/4.77 | 3/4.77
Figure
Noise Ghz 0.5 2.0 1.0 2.0 3.0
Bandwidth
1dB dBm +10 +20 +5 +20 +20
Compression Point

Figure 1. Five element cascaded chain with system noise bandwidth of

10 MHz

systems. These chains usually involve
a string of cascaded custom compo-
nents, such as filters, amplifiers, mix-
ers, switches, attenuators, etc., many
of them digitally controlled. This last
requirement for digital control is what
makes this program highly useful. The
system design, which is usually laid
out by hand, can quickly be analyzed
through most of the digital modes with
this algorithm. Reconfigured designs
can quickly be analyzed as well.

The author is indebted to two pub-
lished articles by Bertsche [2] and
Sorger [3] that helped improve the
crude routines the author had been
using for years. Bertsche picks up the
effects of the various noise bandwidths
in the system and their impact on the
output signal to noise ratio (SNR).
Sorger does a similar analysis by final-
izing the system 1 dB compression
level after summing up the contribution
of each element in the chain. Refer-
ence [S] gives a more detailed analysis
of the compression distortion using the
third order data for each component.

Significant features of this program
are that it can pinpoint in the compo-
nent chain where the excessive noise
figure loading occurs and where the

input level for 1 dB compression dra-
matically changes. It lists the SNRs
and determines dynamic range using
the criteria of the noise floor and gain
compression.

To simplify matters the five element
chain of Bertsche [2], as shown in fig-
ure one, is used as a demonstration
circuit along with some typical values
of for 1 dB compression points.

A print out of the calculated data,
shown in Figure 2, includes system
noise figure, system gain, output signal
to noise ratio after each chain element,
input signal level for 1 dB compression
gain, and dynamic range.

Figure one shows a typical RF chain
containing five elements. Once system
and component parameters are
entered, several DO LOOPs sift this
data and calculate all you would want
to know about this chain. What follows
in an explanation of the printed data
for each LOOP as shown in Appendix
B which contains the print out for a run
of CHAIN GANG.

A note is in order here about how
CHAIN GANG works with up and down
converters. The algorithm handles
them in the same way as any compo-
nent by using a slightly higher value of
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Type in one line of iess than 80 characters
a descriptionof the system being designed

The number of components in the chain is 5,

Individual component parametrs starting from the front

Noise figure in dB

3.000 4.770 3.000 4.770 4.770
100

Gain {Loss s negative gain} in dB

6.000 7.000 -3.000 7.000 7.780
100

Bandwidth in Hz

5.000E+082.000E+09
1.000E-01

1.000E+09 2.000E+093.000E+09

—1dB output compression point in dBm

10.000
100

20.000

5.000 20.000  20.000

The required system noise bandwidth is 1.000000E+07

Input dynamic range in dB or input signal levet in dBm are
95.500000 or 0.000000E+00

***** The input data printout is done *****

“**** DATA from DO 40 ****
°****Finding the narrowest system noise bandwidth*****

The system element number that has the smallest noise BW
is# 0
ata "BW-" of 1.000E+07 Hz

****DATA FROM DO LOOP 10°***
*‘BACKWARD LOOP*****

NF in front of each element starting with the last
& adding elements as you progress toward the front.

Noise figure in dB
of the system by the {F12=F1+(F2-1)/G} Friis formula
4.452 6.183 8.312 51812 4.770

Apparent noise figure calculation from the output
toward the input using the following equation;
Fa = F1 + {F2(B2/MIN(B1,B2) - 1.0}/G1

Noise figure in dB
6.655 7.592 11.689

5.679 4.770

The over all system gain in ratio in front of each
components as elements are added in the front:
15.066 5.998

300.608 75.509 30.061

The minimum bandwidth, Bmin, is; 5.00000E+08

The apparent bandwidth, Ba, is; 8.305091E+08

essasananann servetvecsisentnsirareseisaisarasans

The output noise power in dBm due to apparent bandwidth is:
~55.55
The output noise power in dBm due to apparent noise figure
is:
~55.55
****Data from DO LOOP 15°**

tssesss s EORWARD LOOP*******
Front end Friis noise figure in ratio as elements are added in
the rear

EI9E 2497 2.547 2.747 2.787

Front end apparent noise figure in ratio as elements are
added in the rear

1.995 3.251 3.351 4.350 4.629
System gain in ratio is printed from front to reaer

as elements are added in the rear

3.981 19.953

10.000 50.1119  300.608

casevsecasnasesannaee

aanee

*****Data from DO LOOP 5°***
******Total Noise power after each element™*****
Input Friis noise figure in ratio as each element
is added in the rear of the cahin
1.995 2.497 2.547 2.747 2.787
Input apparent noise figure in ratio as each element
is added in the rear of the chain
1.995 4.757 3.351 4.350 4.629
Noise output power in dBm as each component is added

in the rear of the chain

—77.988 —67.214 -71.736  —63.602 -55.552
Total gain is: 300.607600: Apparent bandwidth(Ba) is:
8.305089E+08

“**** DATA FROM DO LOOP 25*****
***“Total nolse power using the Narrowest Bandwidth ****

The thermal noise at input is: ~103.977200dBm, using the
narrowest system noise bandwidth of 1.000000E+07

Noise power(dBm) after each element using the narrowest
system noise BW and the forward noise figure calcuiations.

-94.977 —87.002 —89.916 82588 -74.746
*****DATA FROM DO LOOP 95°****
“***Summation of system signal to noise ratios*****
**r*=**After each component******
Elmnt. System From Signat Noise SN
# Gain 1dBpt Level power Ratio
Actual BW Actual BW

dB daB8 dBm dBm dBm dB daB

0 0 .0 -85 ~104.0 -1040 955 955
1 6.0 12158 52.50%, =7810\N=g51GF " 75ISRN9ZI5!
2 13.0 165 45 -672 -870 71.7 915
3 10.0 35 1.5 -71.7 -899 733 914
4 17.0 IMBERSNBIS! -63.6 826 721 911
5] 248 37 163 -556 -747 719 910

“****DATA FROM DO LOOP 90****
“**1dB system compression levels after each component™**

Front Output
Level 1dB Level
Eimnt. System From Signal tnput After Component
Gain  1dBpt Levet 1dB  Element 1dB Point

dB dB dBm dBm dBm dB
6.0 2.5« =2.6° 510 10.0 10.0
1810, * 1518 » 45 3.2 15.2 20.0
100 35 1.5 -48 42 5.0
12.01 1158 §8'5 ~-53 107 20.0
248 37 163 -76 162 20.0

Dos W

Final chain dynamic range for narrowest BW in dB is:
90.912030

Actual dynamic range at the output in dB is:  71.718580

THE PRINT OUT IS OVER YOGI BERRA

Figure 2. Printout of a typical run of Chain Gang with a string of five components.

mixer conversion loss as the parame-
ter for calculating noise figure. The
author uses a separate algorithm for
analyzing the spurious responses,
called MEIXER [6}, for each separate
frequency conversion when designing
cascaded two port components.

DO LOOP 40 searches for the com-
ponent with smallest RF bandwidth and
uses this value in the SNR calculations.
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DO LOOPs 10, 15, and 5 correspond
to Bertche’s subroutines NFACT1,
NFACT2, NFACTS3 respectively.

DO LOOP 10 determines the system
NFs. Calculations start with the last
two coupled elements at the end of the
chain and continues back on down to
the first input component. The loop
monitors the NF at each component
interface and thus allows you to spot

when the NF has a dramatic change in
its value. Two NFs are computed; one
uses the “apparent” NF and the other
the apparent noise bandwidth (Ba).
Both give the same results for the
actual output noise power. For two
stages the Friis NF equation is

. (F2-10) (1)
G

F-F,
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and the “apparent” NF equation [2] is

{F B

| 2 MINB,.B,)
Gy

where the minimum between B1 and

B2 is B~, and the “apparent” bandwidth
B, is defined as

\
—1.0} @)

Fa -F1+

Ba = Bin -2 @)
The final loop values for the circuit in

figure one are used to calculate the

final noise power output as follows

P = FGKgTB, = 55.55 dBm 4)
and
P =F,GKgTB,i, = 55.55 dBm (5)

Do LOOP 15 determines the contri-
bution of ea “apparent” NF and is refer-
enced at the input of the first compo-
nent as others are added in the rear.
Again large NF loading can be spotted
with this routine.

Do LOOP 5 computes, using the
Friis and “apparent” NF methods, the
total noise power after each element.
Calculations start at the front end and
proceed as one component at a time is
added at the rear for each run through
loop.

DO LOOP 25 defines each internal
interface, the system signal gain and
noise power using the narrowest sys-
tem noise bandwidth obtain from
LOOP 40 and the Friis NF from LOOP
5. This is helpful in system design if
the determining noise bandwidth lies
outside the chain for it allows you to
monitor the final SNR as the calcula-
tions progress through the chain.

After entering the required dynamic
range or the input signal level DO
LOOP 95 tabulates all the system sig-
nal levels. It lists at each component
interface the system gain, signal level,
and how far it is from the 1 dB com-
pression level. It goes on to list the
actual noise power and noise power
referenced to the narrowest system
bandwidth (BW) and further list two
SNRs using these last two noise power
levels. Note by properly picking the
correct value for the dynamic range or
input signal level an approximate value
of the dynamic range from noise power
to -1 dB compression point can be
evaluated. DO LOOP 90 calculates a
more precise value of the system
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dynamic range.

The final DO LOOP 90 sums up in
tabular form the input signal level that
drives the chain output signal level to
the 1 dB compression point as shown
in column six of the print out. Sorger[3]
lists several equations for determining
the total 1 dB gain compression and
this LOOP chooses the input signal
level at the front of the chain as the
reference point and not the output. The
equation, used for k elements in the
chain, is

1 ! (6)
PidB 21 P1d,N

where P1dB is the input signal level
that drives the final output to its com-
pression level, and PIdB, N is the input
level that drives the Nth intermediate
element to its 1 dB compression level.
One point needs to be clarified about
the phase relationships of the generat-
ed 1 dB distortion and how it vectorial
adds from two port component to two
port component. A worse case analysis
is assumed barring a more detailed
description of the nonlinearities [5].
Usually this is sufficient since it builds
in a safety margin for this requirement.

The last two lines of the printed data
define the classic system dynamic
range between the noise floor and the
one dB compression point. The final
dynamic range caiculated at the output
of the cascaded chain is, for the nar-
rowest system BW, 90.9 dB, and for
the actual noise output power, 71.7

The author wishes to acknowledge
the following organizations who gave
me the time and encouragement to
write this program over the last twenty
years: the search radar branch of the
radar division of the Naval Research
Laboratory, in Washington, DC where |
started writing these Fortran routines;
Norden System at Gaithersburg, MD
where | converted the code to Fortran
77, while a Vitronics contract employee

at the Harry Diamond Labs in Adelphi,
MD where | converted the code to a
Microsoft Fortran; and finally at Hori-
zons Technology where this final draft
of this paper was written.

CHAIN GANG is available on disk
from the Argus Direct Marketing
Department. For ordering information
please see page 84. RF

References

1. J. Baprawski, N.G. Kanaglekar,
“OMNISYS: Simulator for the
Microwave System Designer”,
Microwave Journal, Vol 31, No 5, May
1988, pp 379-387.

2. G.J. Bertsche,”"Noise Cascaded
Two-port Devices of Unequal Band-
widths”, MSN & CT, Vol 18, No 5, May
19888, pp 129-142.

3. G.U. Sorger, The 1 dB Gain Com-
pression Point for Cascaded Two-port
Network”, Microwave Journal, Vol 31,
No. 7, July 1988, pp 136-142.

4. H.T. Friis, “ Noise Figure of Radio
Receivers”, Proceedings of the IRE,
Vol 32, No. 7, July 1944, pp 419-422.

5. Kanaglekar, R.E. Mcintosh, W.E.
Bryant, “Analysis of Two-port, Third
Order Distortion in Cascaded Two-
ports.”, IEEE Transactions of the MTT,
Vol 36, No.4, April 1988, pp 701-704.

6. R.P. Meixner, “Determine Convert-
er Spurious Responses”, Microwaves
& RF, Vol 24, No. 5, May 1985, pp
112-114.

About the Author

Raymond P. Meixner holds a BEE
and a MEE from the Polytechnic Uni-
versity in Brooklyn, NY. For the past
25 years he has plied his RF and
microwave engineering knowledge
on receivers and transmitters for use
in Navy and FAA surveillance radars.
He can be reached at 16524 Red-
land Road, Rockville, MD 20855, or
by telephone at (301) 869-6854.

Attention Colleges and Universities!
RF Design Now Offers Academic Software Services

Let RF Design help market those computer programs you
have developed for RF applications. We know how diffi-
cult it can be to advertise, arrange duplication and printing,
fill orders, and maintain financial records. We have many
years of experience in software distribution, and can pro-
vide these services for you.

For more information, contact Gary Breed at (303) 220-0600.
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RF product forum

Spectrum Analyzers Gain Flexibility

IFR’s Observations

The spectrum analyzer market is
growing, although not as rapidly as sev-
eral years ago. The slower growth is pri-
marily the result of reductions in spend-
ing on military and aerospace programs.
As military programs and facilities have
been cut back, surplus test equipment
has come onto the market, reducing the
demand for new equipment.

The emerging wireless and PCS mar-
kets have helped to create new opportu-
nities for spectrum analyzers that have,
to some extent, oftset the decline in the
military market. New requirements
placed on commercial communications
by government regulatory agencies
have also helped to boost demand for
spectrum analyzers in the past year.

There is a clear trend towards more
applications-specific test functions, like
those required by the CDMA or GSM
cellular phone systems. There is a cer-
tain amount of downside risk in pursuing
these emerging technologies, however,
as not all systems under development

today will be implemented.

IFR manufactures RF and microwave
spectrum analyzers that cover testing
requirements up to 26.5 GHz. They are
very optimistic about business for the
next two years. Although the growth
rate of the market is not expected to
change significantly, the company has a
new product line that is enjoying good
customer response in both U.S. and
international markets.

The View from Hewlett-Packard

Hewlett-Packard continues to see
worldwide growth in spectrum analyzer
products. Key markets are wireless com-
munications test and cable TV test.
Industry standards and regulations con-
tinue to influence both markets. Manufac-
turers must stay current on these stan-
dards and regulations to fully understand
their impact on customers, and to quickly
incorporate them into test solutions.

The digital revolution continues to
impact the communications industry,
especially as the lines between wireless

and cable blend. This technology trend
will drive a greater investment in the
development of digital test equipment for
cable as well wireless communications.
HP believes key factors for success in
these markets are anticipating customer
needs and technology trends. Compa-
nies that invest in understanding cus-
tomers needs will be more successful at
developing flexible products that provide
accurate, economical and upgradeable
test solutions. RF

For Spectrum Analyzer information, contact:
Company Info/Card #
Advantest America 179
Anritsu 180
Avcom of Virginia 181
B&K Precision 182
Hewlett-Packard Co. 183
IFR Systems 184
Marconi Instruments 185
Morrow Technologies 186
Rohde & Schwarz 187
Tektronix 188
Wandel & Goltermann 189
Wayne Kerr 190
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IMPEDANCE CONVERTERS

The A6S Series uses a ially designed, i

I Ahand rs

mer for

ly tuncd b

converting 50 ohms to 75 ohms or 75 ohms to 50 ohms with virtually no loss (.15 dB typical).

This device repl the | MLP (mini

loss pad) where extra paddmg is

unnecessary. Model A65 is frequently attached directly to a 50 ohm test instrument for usc in a
system requiring a 75 ohm impedance. The unit is also valuable when attached to both poris of a
dcvmc under test of opposite impedance than the measuring system. When the A65 series is

d for two
a gain of app!

MLPs on cach end of a two port device or on both generator and
ly 11 dB is added to the circuit.

MIMIMUM LOSS PADS
MLP Series is a resistive minimum Joss pad (MLP) for convening 50 and 75 ohm

ThISIS

| for direct connection to the “device under test” for critical impedance

natch  isol It ides accurate and repcatable through loss and gain measurements.
Available as standard value of 5.7 dB or other values such as 6.3 dB for RF Bridge Supression.

ATTENUATOR PADS

Matehi

g pads are

ilable by special order for any value from 0-40 dB.

Freq. Range MHz

VSWR Loss dB

Price (BNC conns.)

1-500

1.2:1 max.
1.05:1 max

1-500 MHz
2-500 MHz

.25 max.
.16 max.

.8-500 MHz
5-500 MHz

$50.00

1-500

1.2:1 max.
1.03:1 max

1-500 MHz
5-500 MHz

.25 max.
.16 max.

1-500 MHz
5-500 MHz

63.00

1.2:1 max. .05-250 MHz
1.05:1 max. .1-200 MHz
1.1:1 max.  2-900 MHz
1-900 1.05:1 typical 10-900 MHz

.35 max.
.15 max.

.020-200 MHz

-ty .05-100 MHz 63.00

5 max. 1-900 MHz S Wew 75.00

Freq. Range MHz VSWR (Return Loss)
0-500 1.05:1 max. (32 dB min)
MLPU 0-900 1.05:1 max. (32 dB min)

Loss (dB)
5.7 nominal

Loss Flatness
$.1 dB max.
t.2 dB max.

Power Price (BNC conns.)
25 Wew $45.00
25 W cw 75.00

WIDE BAND ENGINEERING COMPANY, INC.

P.0. BOX 21652, PHOENIX, AZ 85036 TELEPHONE/FAX: (602) 254-1570

5.7 nominal
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RF design awards

Novel Design for RF Power Meter

by Larry Candell and Jeff Shuitz
MIT Lincolin Laboratory

This RF power meter represents a sim-
ple circuit that one can dedicate to sys-
tems that must measure peak power lev-
els for both CW and pulsed signals of
more than 3 us duration. Our design
goals were low cost, high speed, wide
dynamic range, and a logarithmic output.

ne possible approach uses a detector

diode and corrects for diode non-lin-
earities with complex circuitry to achieve a
logarithmic output. The circuit must com-
pensate for both the square law and linear
operating regions of the diode. Our solu-
tion, by contrast, matches the diode with a
voltage variable attenuator that has a log-
arithmic response. By varying the attenu-
ation until the diode output is zero, the
resulting attenuation value then corre-
sponds to the input power level. Because
the voltage variable attenuator's output is
logarithmic, diode non-linearities become
negligible.

This process can be automated with
closed loop feedback as shown in Figure
1. For instance, when a power level of -10
dBm is fed to the attenuator’s input, the
op-amp responds by applying a positive
voltage to the to the attenuator's control
pin until the detector diode is zeroed. This
control voltage is then offset and inverted,
thus yielding a value which is proportional
to the logarithm of the input power.

Component Specifications
Parts were selected for the meter based

on an operating range of 2-4 GHz and a
dynamic range of 40 dB (from -30 to 10
dBm). The ARRA 4572-60D voltage vari-
able attenuator, which has a 10 dB/volt
output response, 60 dB dynamic range,
and a 2-4 GHz frequency range was cho-
sen. The detector is an ACTP1514N tun-
nel diode, with 2-6 GHz frequency range.
As shown in Figure 1, these components
comprise the feedback network for an
AD811 high speed (2000 V/us) current
feedback op-amp. The current feedback
op-amp has an advantage over conven-
tional op-amps in that its low inverting
input impedance is better matched to the
tunnel diode’s video impedance. There-
fore, no impedance matching circuitry is
required.

A TLO082 dual op-amp follows the feed-
back stage and constitutes offset and
inversion stages. The gain adjustment
potentiometer R2 calibrates for a 100
mV/dB display output. Potentiometer R4
offsets the sensed control voltage to yield
a voltage proportional to the actual input
power level (1 V/10 dBm), rather than the
nominal control voltage.

A simple volt meter will display the out-
put voltage when operating in CW mode.
For pulsed mode operation, an oscillo-
scope can be used for monitoring the
response. An example oscilloscope out-
put, Figure 2, shows the time response of
a signal stepping between a level of —10
to —20 dBm. Note that the circuit
responds in less than 3 us and the volt-

ARRA 4752-60D
Voltage Controlled Attenuator
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Figure 1. Schematic of the power meter.
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Figure 2. Meter response to a sig-
nal stepping from —10 to -20 dBm.

age swings from —1 to -2 volts.

An improved display for the output volt-
age might consist of an A/D converter
that operates in both CW and pulsed
mode. In puised mode the A/D could
sample 3 us after the initial transition to
insure a stabilized output. Further
improvements could result from using a
10-bit A/D followed by a PROM. The
PROM would store additional calibration
information to remove any system non-
linearities, while the 10-bit A/D could
increase resolution from 0.5 dB to 0.25
dB.

This work was funded by the Air
Force. RF

About the Authors

Larry Candell is a technical staff
member for the Countermeasures
Technology Group of MIT Lincoln
Laboratory. He holds a BS and MS
in Electrical Engineering from MIT.

Jeff Shultz is a Senior Technician
for the Countermeasures Technolo-
gy Group of MIT Lincoln Laboratory.
He holds a BSEET from the Univer-
sity of Massachusetts, Lowell.

Both can be reached at M/S L-157,
MIT Lincoln Laboratory, 244 Wood
Street, Lexington, MA, 02173.
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RF marketplace

Classified display ads are available at $115 per column inch. Frequency rates available for multiple
insertions. Please call for further information, 1-800-443-4969, ask for Carmen Hughes. Or fax your ad
copy for a rate quote to (404) 618-0342.

RF POWER CONSULTING
Engineer with over 20 years of experience in high power
HF-VHF designs is available for consultation.
{Recently retired from a major semiconductor manufacturer).

Specialties: MOSFETS, amplmots (classes A-D), power combiners, RF
transformers, filters, PC lay-outs, directional couplers, ETC.

Modem RF Iab is available at the premises.
H.0. Granberg
Phone: 602-943-0401 Fax: 602-944-5019

INFO/CARD 73

RF Design

My clients need top-notch RF Design Engineers and Managers,
3to lo+yeusexpeneme. HF to 3.0 GHz, Reccivers, Transmit-
ters, Power Synthesi Spread Sy
ASIC/MMIC Design, Modems Communications DSP.

DON GALLAGHER MSEE
Phone:  319-895-8042 Fax:  319-895-6455
1145 LINN RIDGE RD. MT. VERNON, IA 52314
40 YEARS OF RF ENGINEERING, MANAGEMENT, AND PLACEMENT OF ENGINEERS

®
— 1owAERMiowEST —————
RFMICROWAVE o WIRELESS A CEIENT
WORK WITH AN RF ENGINEER IN YOUR MOVE TO THE MIDWEST!
RECRUITERS®

OF BOULDER, INC.

The search and recruiting specialists

H. WINIFRED BRADFIELD

RF / MICROWAVE SPECIALIST

INFO/CARD 74

1-800-443-4969

CONTINENTAL BLDG., SUITE 301
1401 WALNUT STREET, P.O. BOX 4657
BOULDER, COLORADO 80306
(303) 447-9900
FAX(303) 447-9536

INFO/CARD 75

AREER OPPORTUN

RF Engineer

Design antennas from 25 MHz to
6 GHz for the leading manufacturer of
portable antennas, batteries and
carcom.

Our rapid growth has created a
position with opportunity for
advancement for a results-oriented
individual who can quickly turn
creative ideas into products. Respon-
sibilities includes design, testing,
and introduction of new products.

BSEE, 3 years designing or building
antennas and a solid mechanical
background are required. Equivalent
amateur experience and education
considered.

Salary commensurate with ability
and experience. As an associate of
Centurion, you will enjoy a full benefit
package, wages based on work
performance, and excellent working
conditions at an ideal midwestern
location. Send Resume and salary
requirements to:

Attn: Human Resource Dept.
P.O. Box 82846
Lincoln, NE 68501
1-402-467-4491

EOE/AA
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(CAREFER OPPORTUNITIES

Ericsson GE MoBiLE COMMUNICATIONS LAND
MogiLe Rapio Division in Lynchburg, Virginia
has immediate openings for qualified senior
level engineers for our RF Hardware design
and systems. B.S.E.E. or M.S.E.E. required
with 5-10 years Hardware design experience.
Thorough knowledge of Land Mobile Radio a
plus. Candidates must be proficient in design
and test of one of the following RF modules;
Power amplifier, receiver, synthesizer or
system.

We are also currently seeking qualified devel-
opmental and staff engineers responsible for
the design and test of RF modules for
terminal and base station products.

learn DSP and
put your
knowledge to

thout| 2z

Te arS : IMMEDIATELY!

For immediate consideration please call
(804) 948-6540 or send resume to:
Ericsson GE Mobile Communications
Mountain View Road, Room 1401
Lynchburg, VA 24506
Fax: (804) 948-6543

A U U

We are a leading company in Mobile
communications and experts in EDACS. We

Sl Domain Technologies, |

I COMING TO A 7 . also offer attractive benefit packages,

- i A W85 7-5034 i i competitive salary, an incentives.

Iy Nzar You § 600967 JQ% . By taking this p ry v

&1 Atlanta San Jose 4045874512 Bl lounge ERICSSON 2 @

. Long Beach, CA Hours 9-5 EST. you will really -~

: ulashington, D.C Ask for a brochure Iearn DSP Ericsson GE Mobile Communications, Inc. is an

= P, Our 2-Day Advanced G d equal opportunity employer.

= Toronto Austin Course is ready. Call for uaranteed!

: Scottsdale, AZ more info. INFO/CARD 79
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VS Lhannel Master ©

A leading manufacturer of Satellite Earth
Stations and Television antennas located in
Smithfield, N.C., has an immediate opening

““" RF DESIGN
ENGINEER

To assist in the development of TV and
satellite reception distribution equipment.

Qualifications: Five years RF design
experience in the 50-1450 MHz frequency
range. Must be familiar with CAD tech-
niques and SMD component technology.

Channel Master provides competitive salaries,
a comprehensive benefit package plus profit
sharing and a tuition reimbursement program

Send resume with salary history to:
Manager, Human Resources
Channel Master

P.O. Box 1416

Smithfield, NC 27577

An Equal Opportunity Employer M/F/D/V

The World's Leading Manufacturer
of TV Recepftion Products Since 1949.

INFO/CARD 80

RF Design

1-800-443-4969

small packages.

Ask about our
special advertising
packages in RF Desian

Marketplace.

Carmen Hughes
Phone: (404) 618-0217
Fax: (404) 618-0342

As o worldwide supplier of CATV components, Lindsay
Specialty Products is looking for:

RF Design Engineers with @ minimum of 5 years experi-
ence to augment our team developing and designing
CATV/RF products up to and exceeding 1 GHz band-
width.

The candidate should have a solid theoretical back-
ground and practical expertise in RF design techniques.
Fomiliarity with computer aided design tools and their
applications is @ must.

Senior Technologists with @ minimum of 2 years experi-
ence in the repair and re-design of RF electronic boards
and test equipment.

The interested applicant will be an Electronics Technolo-
gist or equivalent. Duties will include providing support to
Engineers involved in the development of new products
and existing product lines; maintenance of electronic test
equipment; calibration schedules; and development and
design of cost efficient production test stafions.

Interested in @ challenging and rewarding career oppor-
tunity? Forward resume in confidence fo:

Linda Gordon ® Manager, Human Resources
UNDSAY SPECIALTY PRODUCTS
50 Mary St. W.
LUNDSAY, Ontario ® K9V 457
Fax: (705) 324-5474
No phane calls plecase, only those selected for an inferview will be contoded

INFO/CARD 81
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"RODUCTS &

ANALOG & RF MODELS

SPICE models from DC to 10 GHZ
Full non-linear models including:
RF pin diodes, class C, opto, & logic.
We also do measurements and consulting.

Give us a call at (602) 575-5323

INFO/CARD 82

A-Comm ELECTRONICS
Refurbished Test Equipment
DC-26ghz HP GR Wavetek Tektronix

NOLAN LABORATORIES, INC.
Consulting, Design, Test and Manufacture
FOR

RF, Microwave, Antennas,
Electromagnetics, EMI/RFI,
Bioelectromagnetic Sensors

Design and Support for Manufacturability

Let it work
for you.

= Send for Catalog listing = James A. Nolan, MSEE PO Box 567
7198 S. Quince Street President Conifer, CO 80433-0567 [ ] é
303 300 8013 Fax 303 290 8133 (303) 838-0057
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Need Clock Oscillators or Crystals? Call 1-800-333-9825 » 714-991-1580
Quartz Crystals 50Khz to 200Mhz

TTL Clock Oscillators 250Khz to 70Mhz
HCMOS Clock Oscillators 3.5Mhz to 50Mhz
Tri-State, Half Size and Surface Mount also available on request
Fast Service - 3 weeks or less
Special frequencies our specialty
CA 92801 » FAX 714-491-9825 §

I TS G0N R S S
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G-10
SIGNAL GENERATOR

The $2495 profit generator
Quality crofted in the USA

Finally, a synthesized signal generator that’s
designed to helggou generate more than just si . The Ramsey RSG-10, is the signal gen-
erator you can afford, the signal generator s designed to do what a si generator is
meant to do- provide a very stable, accurate, easy to control signal from 100 to 1.0 Ghz.
For the price, you wouldn't expect any more. But, there is more to the RSG-10. An intelli-
gent microprocessor controlled/| le memory, for example, can store up to 20 of
your most commonly used test set-ups. And unlike other units, just one touch of the memory
exchange button is all it takes to quickly shift from one test set-up to another. You get more
work done, easier and faster.
At $2495, the Ramsey RSG-10 is your profit generator.

RAMSEY ELECTRONICS
793 CANNING PARKWAY, VICTOR, NY 14584
Fax: (716) 9244555

TELEX: 466735 RAMSEY CI
ORDER DIRECT—CALL 1-800-446-2295 m
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* STD. 5 AND 10 MHZ OCXO

¢ TCXO * VCXO » TC-VCXO

* VCO’s * CLOCK OSCILLATORS

* CUSTOMIZED CRYSTAL FILTERS
STD. 10.7 MHZ, 21.4 MHZ and 45 MHZ

* L/C FILTERS

* STANDARD IF FREQUENCYCRYSTALS

¢ SURFACE MOUNT AND LEADED
PACKAGE

KTS/
ELECT;ONICB

T " Where your dreams tarn inse roclity * |

Call or Fax requirements.
16406 N. Cave Creek Rd. #5
Phoenix, AZ 85032-2919
Phone & Fax (602) 971-3301
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O.E.M. Electronic Products

* Computerized ¢ RF Systems

* Spread Spectrum Communications

» Custom, RF/Digital ASICs ¢ 14 Year History
* Harris and Hitachi Authorized Design Center
* Complete, Fulltime Professional Staff

“by:  LOCUS,Inc

1842 Hoffman St., Madison, WI 53704
TEL 608/244-0500 FAX 608/244-0528

INFO/CARD 87

'PCFILT)|

* 7 years in development.

* Internal analysis and optimization.

* Pole placers or lowpass reference scaling.

* Practical and flexible.

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

ALK Engineering

1310 Emerson Ave.
Salisbury, Maryland 21801
(410) 546-5573 Fax (410) 860-9069

INFO/CARD 88

COMTRONIX SYSTEMS, INC.
CUSTOMIZED
SOUD STATEHIGH POWEREDsVHF/UHF

AMPLIFIERS

DESIGNED AND BUILT TO YOUR SPECIFICATIONS

UPTO 200 WATTS
HIGHEST QUALITY/BEST PRICES

CALL OR SEND FOR INFORMATION  TEL 413/785-1313 FAX413/739-1352

INFO/CARD 89
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RF software

3D EM Simulator

Compact Software is demonstrating ver-
sion 3.0 of its Microwave Explorer 3D Electro-
magnetic simulator. The new version features
antenna analysis capabilities, ability to simu-
late circuits in either an open or packaged
environment, and speed improvements
based on advances in the gridding algorithm.
Explorer 3.0 computes antenna radiation
losses and surface wave losses. Microwave
Explorer 3.0 is slated for release in 3Q94.
Explorer runs on Sun SPARCstation and HP
700/800 series engineering workstations.
Compact Software
INFO/CARD #207

System Design Software
SysCad 6, from Webb Laboratories, fea-
tures compatibility with the HP/EEsof
OmniSys® block description standard; swept
power; swept frequency, unequal two-tone,
and intra-system excitation and analysis
modes. The updated block-level simulator
also includes the all-new UniSpur spurious
analysis engine. UniSpur solves for and clas-
sifies all 2" families of spurs, including all
2N-1 classes of coincident produc,s.
Webb Laboratories
INFO/CARD #208

Linear Analysis Worksheet
An Excel spreadsheet from Engineering
Solutions performs frequency and transient
response analysis of linear system models
such as PLLs, AGC loops and autotracking
servo control loops. The worksheet also
draws the system’s block diagram and
includes on-line help. The software requires
Excel 3.0 or later. Available for the IBM or
Macintosh, the software costs $129.
Engineering Solutions
INFO/CARD #209

Bundled EM Analysis

Software

Hewlett-Packard has bundled the Series IV
Electromagnetic Test Bench with its stand-
alone version of the HP Momentum planar
electromagnetic simulator. This step contin-
ues HP's strategy to develop a merged
design software product based on the best
features of HP's and EEsof's high-frequency
design products. HP offers the stand-alone
version of HP Momentum with links to the
Electromagnetics Test Bench at $32,000.
HP-EEsof
INFO/CARD #210

Oscillator Design

Crystal Oscillator Design and Analysis
(CODA) version 3.0 is now available. This lat-
est version adds varicap control design and
also allows the use of MIC and other pack-
aged amplifiers in VHF/UHF designs. The
cost for this IBM-compatible program has
been reduced to $200 for new users and
$100 for qualified updates.
Albert Benjaminson
INFO/CARD #211
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RF literature

Integrated Module Brochure
A brochure from Technical Research and
Marketing describes their RF and microwave
signal processing ASIMs (Application Specific
Integrated Modules). A broad range of active
and passive components including power
amplifiers, beamformer networks, image
reject mixers, phase comparators, vector
modulators and specialized custom products
are offered.
Technical Research and Manufacturing, inc.
INFO/CARD #196

Capabilities Brochure

An eight-page, full-color brochure from RF
Monolithics gives an overview of the compa-
ny's SAW and RF technical expertise, prod-
uct lines, manufacturing facilities, qualities
standards and customer support programs.
RF Monolithics, Inc.
INFO/CARD #197

RF Component Brochure

A six-page, fold out brochure from Lucas
Weinschel describes their lines of attenua-
tors, directional couplers, power
splitters/dividers, terminations and loads. For
each product category, a table describes the
specifications for each model and provides a
picture of each individual model.
Lucas Weinschel
INFO/CARD #198

DSP Data Book

A 532-page data book describing high
sample rate hardwired DSP chips for commu-
nications, video and imaging applications, is
now available from Harris Semiconductor.
Digital Signal Processing Databook 1994 pro-
vides long-form data sheets, applications
notes, and general information. To order,
contact Harris Semiconductor at 1-800-442-
7747 and ask for extension 7250, or FAX 1-
407-724-3937.
Harris Semiconductor
INFO/CARD #199

High Voltage and RF Relays

Kilovac now offers specifiers and pur-
chasers of electronic components a free 12-
page catalog featuring its high voltage and
RF vacuum sealed power "S* series reed
relays. The "S" series currently comprises 20
standard models with low contact resistance
(as low as 50 milliohms), high isolation resis-
tance, low power consumption and low leak-
age current.

Kilovac Corp.
INFO/CARD #200

Magnetic Products Brochure

Arnold Engineering offers a six-page
brochure Describing their line of cores for
inductive products, along with their precision
rolling capabilities and permanent magnet
shapes and assemblies. Arnold offers tape
wound cores of various high permeability
materials, bobbin cores, molybdenum-
permalloy powder cores, Hi-Flux™ cores and

high electrical resistivity cores.
Arnold Engineering Co.
INFO/CARD #201

RF and Microwave Courses
Courses in RF circuit engineering,
microwave circuit engineering, wireless com-
munications systems and statistical tech-
niques are described in a six-page brochure
from Besser Associates. In addition to course
descriptions, the brochure contains a list of
instructors and a description of the format of
the courses.
Besser Associates
INFO/CARD #202

NIST Electronics Report

A report titled Electronics and Electrical Engi-
neering Laboratory: 1993 Technical Accom-
plishments (NISTIR 5355) is available from the
National Institute of Standards and Technology
(NIST). The report outlines research projects
in microwaves, electronic compatibility, light-
waves, superconductors, magnetics, and semi-
conductors. The report is available for $17.50
prepaid from the National Technical Informa-
tion Service, Springfield, VA 22161, (800) 553-
6847. Order by PB 94-136777.
NIST
INFO/CARD #203

Circuit Board Design Guide
A microwave circuit design guide is avail-
able without charge from the Soladyne Divi-
sion of Rogers Corp. The 40-page literature
item gives generally accepted fabrication
guidelines for multilayer, microstrip, and
stripline circuits. Topics covered include
material selection, machined features, pat-
temning, PTFE activation, metalization, band-
ing, design for manufacturability, and quality
assurance.
Rogers Corp., Soladyne Div.
INFO/CARD #204

Coils, Inductors and Chokes
Standex Electronics has released a catalog
of coils, chokes and inductors for RF applica-
tions, as well as power supply and EMI/RF!
filter assemblies. The catalog offers many
types of low inductance, insert moided, vari-
able and fixed, through-hole and surface
mount RF inductors. Toroidal inductors and
common-mode chokes meet many switching
power supply and EMI/RFI filter require-
ments.
Standex Electronics
INFO/CARD #205

Inductor Catalog

Delevan/SMD Divisions of American Preci-
sion Industries offer a 42-page catalog on
their extensive line of inductors, with com-
plete specifications and technical notes. The
catalog details the company's molded, shield-
ed and unshielded RF coils; variable RF
coils; shielded and unshielded surface mount
inductors and more.
Delevan/SMD Divisions
INFO/CARD #206
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RF guide to editorial coverage

ADEMCO

Albert Benjaminson
AMP

Amplica

AMTA Symposium
Amtech Corp.
Anadigics

Anritsu Wiltron Sales
Amold Engineering
ARRA

Atlantic Quality Design
Aydin Vector Div.
Besser Associates
CE|-Europe/Elsevier
Celeritek

Champion Technologies

Chesapeake Microwave Technologies

City College of New York
Compact Software

Crane Polyflon

Dale Electronics

Dassault Electronique Group
Dataradio

Delevan/SMD Divisions

EdB EMC Consultants

EF Johnson

Electronic Industries Association

Engineering Solutions
ESL Inc.
George Washington Univ.

63
20
82
62

Harris Semiconductor
Harry Diamond Laboratory
Hewlett-Packard

Horizons Technology
HP-EEsof

|IEEE

intellon Corp.

IPEC

JFW Industries

Johanson Mfg. Corp.

K&L Microwave

Kilovac Corp.

Lasertron

Low Power Radio Association
Lucas Weinschel
M/A-COM

Marconi Instruments
Merrimac Industries

Micro Crystal

Micro SMT
Microelectronics Ltd.
Milliren Technologies Inc.
Mini-Circuits

MIT Lincoln Laboratory
Motorola

Naval Research Laboratory

Nexus Business Communications

NIST
Noise Com
Norden Systems

22,

24,

20,

82 Ortel Corp.

76 Pacific Monolithics

77 Philips Semiconductors
76 Photonics Inc.

82 Pole Zero Corp.

16 RLC Electronics

20 Rogers Corp.

16 RF Micro Devices

62 RF Monolithics

63 Sage Active Microwave
62 Sawtek

82 Sciteq Electronics

63 ST Olektron

16 Standex Electronics

82 Storm Products

62 Technical Research & Mfg.

61 Tektronix
62 Texas Instruments
63 TRAK Microwave

24 TRW Business Intelligence

63 UCLA Extension

63 Universal Switching Corp.

62 Varian Associates

78 Vectronics Microwave
61 Veritech Microwave

76 Walmsley Microsystems
16 Webb Laboratories

82 Wescon 94

20 Wireless International
76 Z Domain Technologies

62, 82
60, 61

505-092 SMA * 1P4T o Solid State Switch ¢ 500- 1000 MHz
505-788 N o 1P2T « Solid State Switch 20 Watts Average Power * 500-1000 MHz

Many standard models « 50 and 75 Ohm » Matrix switches ¢ Many configurations

.

JEW Industries, Inc.

5134 Commerce Square Drive

Indianapolis, Indiana 46237
Tel. 317-887-1340 ¢ Fax 317-881-6790
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Jnnovation
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RF Design
Software

Programs from RF Design
provided on disk for your convenience

August Program Disk — RFD-0894
“Program Calculates Cascaded Sys-
tem Parameters” by Raymond
Meixner. CHAIN GANG program
analyzes a chain of RF components
by gain, NF, noise bandwidth, 1 dB
compression point. (FORTRAN,
compiled, directly executable).

(Note: There is no July disk)

June Program Disk — RFD-0694
“Phase-Locked Loop Parameters and
Filters” by Jack Porter. Program pro-
vides design and analysis of PLL
active loop filters. (True Basic, com-
piled version and source code).

PRICES:

Monthly program disks:
$25.00 (U.S.)
$30.00 (foreign)

Yearly disk sets:
Available for 1989 through 1993
Order #RFD-(year)-SET
$120.00 (U.S))
$135.00 (foreign)

Special! All five years’ sets (1989-
1993) at a package price:
$500.00 (U.S))
$575.00 (foreign)

Annual Subscriptions —
get every program for a year:
$170.00 (U.S.)
$220.00 (foreign)

All orders must be pre-paid by check,
money order, or major charge card.
All checks must be in US dollars and
payable to a bank located in the U.S.
Prices include shipping.

For more information on available
software, please call or write.

RF Design Software
Argus Direct Marketing Dept.
6151 Powers Ferry Rd., NW

Atlanta, GA 30339-2941

Tel: (404) 618-0219

Fax: (404) 618-0347

RF advertising index

ADVERTISER .....ccevveniienrrnieceenierinacieniinennnns PAGE# .....ovveeenencncrcnnns READER SVC #
A-Comm Electronics BT et saeaneeane 83
Accutest Instruments, In L J 12
ALK Engineering .......... 8. 89
Amplifier Research.........ooceeeiveorvceinianns 10
Analog and RF Models Bl s 82
Ameritron B0 bbbt 39
Axonn Corporation USSR S—— 21, . 17
Cal Crystal Labs SO ) [P 85
California Eastern Labs..........cccovveveccecrcccevennnnns RFD8-RFD9 . 31
Centurion International Inc. ....... . 79 . 76
Channel Master...........coveeeererercrvenerneennnsiiiens 80 et 80
Coilcraft .. ettt s e anaenes 28 .ot sa s 20
Compact Software revereetee et eas 28-29. .24
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Daico Industries..... RN 4
Don Gallagher & Associates. 79 74
EAQIeware ............coevvevevvereeimnnneneee 59 43
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Emhiser ReSearch...........ccceeevvrerevercrcenmsnsninnans BT et 58
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GIQA-LrONICS INC....cvueveeerrererecseeneemerenessenessesnseass 12-13........ 9
Henry Radio.........ccceenenenene ...24 21
Hewlett Packard....... . 19 16
Hy-Q International.................... B7 oottt nenes 72
H.0. Granberg..........cccooueevrvererevenne . 4 OOV OVROE 73
IFR Systems, INC..........cooveeverrenierecccsiriannne B et et nnan 2
Int’'l Crystal Mfg. et 56,68 ... 40, 14
JFW Industries . 11, 83 . 8,57
E.F. Johnson 4 [ U 53
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K.S. EIECITONICS......cvveverrrerrneernsesesesesseseneneneneoeeseessanns 81... 87
LaAPECN......cererre et ... 52
LCOF EMEIPIISES......cvoreeeeicncneireeenenemrscscenenensenrsnsnbesaens 67 ....... . 70
Lindsay Specialty Products...........ccceiiececccnnneninnnnniniinens 80 . 81
Locus, INC.....covvvevervmrrenrnne 81 88
M-Tron.. 57 . 4
M/A Com (3 divisions)................ 15

Management Recruiters of Boulder, Inc 79

Marconi Instruments, Ltd. ........ccccovveeevenenee 23 bbbt 19
Micro Communications Executive Search. £ VO PO UURTORRI 77
Micronetics ................ e rreneseneas BFDI2 vt 33
Mini Circuits.........ccccerrrrennne 4-5, 65, 73, 75, RFD15-RFD16.......................... 3, 35, 36, 46, 54, 56
MTI-Milligren Technologies, Inc. .................. B7 e 4|
Murata Electronics North America................... RFD10-RFDIT ...t eneaas 32
Noise/Com Inc. bbb tens 35-36

Nolan Laboratories..........cc.c.ev..... BT s s 84
Nova ENgineering..........ccoevuercvernereeeseeenerereses 22 ettt 18
Penstock, Inc................. S 53 — 37
Philips Semiconductors............cooervveececennnes 17

Piezo Technology.......... 32 .26

Programmed Test Sources.............
Raltron Electronics........
Ramsey Electronics ...
RF Micro Devices, Inc
Richardson Electronics
Rogers Corporation ...........ccceveeeeveceerrrccsnieinens
Silicon Valley Power Amps
SOKOI Crystal........cocvevvevrererreenreneieereiseereeenanene
Sonnet Software
Sprague Goodman Electronics
Surcom Associates
Synergy Microwave
Temex.
Tesoft, Inc.
Trak Microwave
TTE, Inc.
Voltronics
Werlatone, Inc
Wide Band Engineering....
Z-Domain Technologies, Inc.
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Other Products:

e Airborne Transmitters
» Airborne Receivers

« Command Encoders

= Command Decoders

» Beacon Transmitters

» Amplitiers « VCO's
(Rack Mount Available)

RF VIDEO LINKS AVAILABLE IN ANY
COMBINATION OF THE FOLLOWING FEATURES:

« High Efficiency GaAs FET Design » Frequency Bands:
b > » Switch Selectable RF Power D2 =1710 to 1850 MHz (L/S Band)
! « Low Profile Transmitter El =2200 to 2299 MHz (Lower S Band)
, » Dual Audio Subcarriers E2 =2300 to 2400 MHz (Upper S Band)
-‘ « ALC on Audio Inputs
: ¢ Pre-Emphasis / De-Emphasis ) -
« Channelized in 1 MHz Steps Call our engineers with your
1 « Signal Strength Indicator specific requirements
'
|

2705 Old Highway 40 West TEL: (702) 345-2705
v P.O. Box 189 FAX: (702) 345-2484
¥ ' Verdi, Nevada 89439-0189 USA
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RF Gain, Lid.

A Division of
Richardson Electronics, Ltd.

Reduce your Design Cycle with
Richardson Pre-Built and Tested
MMIC Evaluation Boards

MOTOROLA Th ree
Part Number Description Freq. Gp NF PidB Vd -
MRFIC2006 900 MHz Amp 9GHz  23dB -~ 155dBm 3V Purchasi ng
MRFIC2001 900 MHz Down Converter .9 GHz  23dB 5.5dB -10dBm 3V .
MRFIC2002 Double Balance Active Mixer .9 GHz  10dB 10dB  8dBm 3V OptIOI'IS
MRFIC2003 GaAs SPDT Antenna Switch .9 GHz -.8dB 21dBm 3V
MRFIC2004 900 MHz Drier & Ramp IC .9 GHz  21.5dB - -1dBm 3V To Choose

M/A-COM From:

Part Number  Description Freq. Gp NF PidB vd .
MAAM-41034 Cascadable Amp 1 GHz _ 15.0dB  5.50B 13dBm __ 3.3v| |#! Builtup boards

H

(device included)
$79.00 each

- No additional devices
- Minimum 3 boards

Part Number Description Freq. Gp NF PidB vd
BA-08 Microwave Amp 1 GHz 22dB 3.3dB 12.5dBm 7.8V

#2 MMIC Evaluation Kit

$499.00 each
NEC - 5 built up boards

Part Number Description Freq. Gp NF PidB vd - Extra components
UPC2710T  Wideband Amp .5 GHz 33dB 3.5dB  13.5dBm(1) 5v to build an additional
UPC1678G  Wideband Amp .5 GHz 23dB 6dB  18.0dBm(1) 5V 2 boards excluding
UPC2745T Wideband Amp 1 GHz 12dB 5.5dB -2.5dBm(1) 3V connectors
UPC2746T  Wideband Amp 1 GHz 18.5dB 4.2dB -1dBm(1) 3v - Choose any 5
UPC2747T  Si MMIC Amp 900 MHz 12dB 3.3d8 -7dBm(1) 3v MMIC devices
UPC2748T Low Noise Amp 900 MHz 19dB 28dB  -3.5dBm(1) 3V - Deliveradh biack
UPC2715T Si MMIC Amp .5 GHz 19dB 4.5dB -6dBm(1) 3V

anti-static case

HEWLETT PACKARD #3 Design your own
Part Number Description Freq. Gp NF P1dB vd RF line-up
INA-02186 Low Noise Amp 5GHz 31dB 2dB 11dBm 5.5V - Application specific
MSA-0611 Low Noise Amp .5 GHz 18dB 3dB 2dBm 3.3V building block
MSA-1105 High Dynamic Range Amp 5GHz 12dB 3.6dB 17.5dBm 5.5V - Call or write for quotation
MSA-0505 Cascadable Gain Block 1 GHz 7dB  6.5dB 18dBm 8.4V

SAMSUNG .
Total RF Design

Part Number  Description Freq. Gp NF P1idB Vd C biliti
HMP-130203 _ GaAs IC Amplifier 2.4 GHz 155dB _ 2.5dB 10dBm 5V apabiities,
HMP-100008-1 GaAs IC Attenuator DC-4 GHz  -2dB - 20dBm(2) -3V Tesﬁng, And
HMP-100008-2 GaAs IC Attenuator DC-4 GHz -3.5dB - 25dBm(2) -3V A
HMP-110206  GaAs IC Amplifier  1.8-4 GHz  12dB  6.5dB 17dBm 5V Support Available
HMP-220203  GaAs IC Amplifier  1.8-3 GHz 17dB 2.6dB 12dBm +5V

*All data shown has been specified as typical

Note (1) - Psat Typical
Note (2) - Max. linear attenuation

Richardson
Electronics, Ltd.
CALL 1-800-737-6937(u.s.A.)

CANADA (800) 348-5580 SPAIN (1) 528 37 00
U.K. (0522) 542631 GERMANY 089/80 02 13-1

FRANCE (1) 34.26.4000 JAPAN (3)3874-9933

ITALY (055)420.10.30 SINGAPORE (65) 7442128
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