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Is it advanced?
Better believe it

* 0.67 dB accuracy up to 3 GHz

» 160 RBW settings

» -153 dBm DANL up to 3 GHz

* +17 dBm T0I

* -113 dBe/Hz phase noise @ 10 kHz offset

us. 1-800-452-4844, ext. 7286
canada 1-877-894-4414, ext. 7286

©2001 Agilent Technologies ADEP3464016/MAF

There is incremental change. And then there is the Agilent E4440A,
It's the first of a series of performance spectrum analyzers that show
what couldn't be seen before—the full performance of your design.

With a certainty never before possible.

Because now you can fine-tune your measurement with 160 resolution
bandwidth settings, and get just the dynamic range you need, You
can uncover spurs hiding in noise where they might not otherwise
be found, with -153 dBm DANL up to 3 GHz. You can measure the
power in adjacent channels with 0.67 dB accuracy. And stop having

to over-design to make up for your test equipment,

To find out more about the E4440A and its new platform, call us
or visit our web community. It's the PSA as advanced as the things

it measures.



Ideal For

Broadband Receivers, AGC & CFAR Circuits where power monitoring capability is important

Wlth P e et E L e
Wer I\/lDrutDrmg f

* |5dB M:ni'hm"um Ga;n - 7
+ Continuous Power Moni
* Hermetically Sealed Ui

Options:

» Military Screening For High Rehabnhty
Programs
* Instrumentation Configuration
Available

» Custom Designs

“Noise g Output | DC Power

- Frequency Gain Flotmess Figure VSWR @l dB Comp. +15V

Model Number  (GHz) (dB) (dB) (dB) Input Output  (dBm, min.)  (mA, Nom.)
CWGHOOIONBOODES 018 % 0 28 201 20 ¥ F

_ AVG4-00101200DFT8 0112 26 5 3 T T F
WG400101800DF18 0118 2% 25 3. T F
AVG4-04000800-DET8 48 5 1 0: = - §F 5
AGAOBODI200DES B12 W #1020 0 a0 B
 AVGA-02000800-DET8 28 4t 18 o3 - W0 0 7

AVG4-02001800-DET8 218 . o5 W 5 180

100 'avnds Dﬂve, Haupﬁauge NY 117
TEL.: (631) 436-7400 « FAX: (631) 951-4338/436-7,

mlteclﬁ:!’ '

Entar Na 290 at www mwirt com
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YIN 2-4 WEEKS ARO

{400 scador, Camarillo, CA 93012
4 5+ 8 8 Fax: (805) 987-6990
qma» jC @]c tec hc0m°www1catech com

GHz
JCA018-203
JCAO018-204
JCA218-506
JCA218-507
JCA218-407 2[] ISU

GHz
JCA04-403  0.5-4.0
JCA08-417  05-80
JCA28-305  2.0-80
8 JCA212-603 2.0-120
JCAG618-406  6.0-18.0
JCAG18-507  6.0-18.0

GHz
JCA12-P01  1.35-1.85
JCA34-P02  3.1-35
JCAS6-P01  5.9-6.4
JCAB12-P03 8.0-12.0
JCA1218-P02 12.0-18.0

GHz
JCA12-3001 1.0-20
| JCA24-3001  2.0-40
JCA48-3001 4.0-8.0
JCAB12-3001 8.0-12.0
' JCA1218-800 12.0-18.0

GHz
1.2-16
2.2-2.3
3.7-4.2
54-5.9

819-3001 18.1-186
301 202212

Features:

¢ Removahle SMA Connectors

dBmin dB max Flat+/-dB pt dBm min

20
25
3
35
30

§ Model Freq Range Gain

21
32
2
32
20
25

Model Freq Range Gain

35
40
30
40
22

Model Freq Ranqe Gain

dB min dB max Flat+/-dB pt. dBmmin

40
32
40
32
45

Freq Range Gain

25
3
30

4

LIFTERS

for every application

ULTRA BROAD BAND

Model Freq Range Gain

NF  Gain 1dB Comp. 3rd Order VSWR DC Current

50
40
5.0
50
50

NF  Gain

dB min dB max Flat+/dB pt. dBm min

5.0
45
50
5.0
6.0
6.0

NF

4.0
45
50
5.0
40

NF

08
12

2

18
20

NF

Options:

25
25
25
28
25

15
1.5
1.0
30
20
20

Gain
dB min dB max Flat+/-dB pt. dBm min

1.0
1.0
1.0
L5
20

Gain

1.0

1.0
1.0
1.0
1.0

Gain
d8 min B max Flat+/-dB pt. dBm min

0.5
0.5
0.5
0.5
0.5
0.5
0.5
05
0.5
10
05
05

1
10
15
18
21

17
17
20
14
25
21

3B
37
34
33
2

10
10
10
10
10

10
10
10
10

ICPtyp  In/Out max

17
0
2
28
3

21
2
30
24

35

3

4
45
42
40
35

2
2
20
20
2

NARROW BAND LNA'S

1dB Comp. 3rd Order VSWR DC Cumrent
ICPtyp  In/Out max

20
20
20
20
2
23
23
3
2
2
2
20

2.0:1
2.0:1
20:1
2.01
20,1

MULTI OCTAVE AMPLIFIERS

1dB Comp. 3rdOrder VSWR DC Curent
ICPtyp  In/Out max

201
2.0:1
20:1
201
201
20:1

MEDIUM POWER AMPLIFIERS

1dB Comp. 3rd Order VSWR DC Current
ICPtyp  In/Out max

2.0:1
2.0:1
20:1
2.0:1
2.0:1

201
2.0:1
2.0:1
20:1
2.0:1

2.0:1
201
201
2.0:1
20:1
1.5:1
15:1
1.5:1
2.0:1
2.0:1
2.0:1
201

mA
250
300
400
450
500

mA

mA
1000
2200
1200
1700
700

LOW NOISE OCTAVE BAND LNA'S

1dB Comp. 3rdOrder VSWR DC Current
ICPtyp  In/Out max

mA
200
200
200
200
250

mA
80
80
90
120
120
150
150
150
200
200
200
200

*_Alternate Gain, Noise, Power, VSWR levels if required

¢ Competitive Pricing

¢ Temperature Compensation

¢ (Comnact Size

o Gain Control



FEEL THE POWER!

#1 RATED INTERNET SITE

#1 VALUE OF OVERALL CONTENT"

#1 PRODUCT SEARCH ENGINE’

#1 EASE OF NAVIGATION’

#1 PRODUCT ORDERING MECHANISM
#1 ACCESS SPEED’

#1 ORGANIZATION OF SITE’

Enter No. 214 at www.mwrf.com
*Distributor Evaluation Study. October 2000, Beacon Technology Partners, LLC



Low Cost, High Performance

0.5 — 3W DEVICES

For Fixed Wireless Access

New 79A Package —
® Small size: just 4.0 x 4.2 mm
® Large grounding pad for efficient heat dissipation

1GHz
New Medium Power , l |
GaAs & LDMOS FETs saem | —
[ NES520379A
e High Qutput power, high linear gain ! ' | | |
and high efficiency. sudBm | W Pour vs. Frequency
* Low thermal resistance lets you drive : ’ \ ‘
your designs harder for higher linearity. 33dBm [ NEs520279A | - N
Typical Performance @ 2.3GHz, V,, = 5V .
/ Part Number Description P1ds (dBm) Gy (dB) Rru (°C/W)  Freq (GHz)
e NE6510179A GaAs 35 11 5 1.8-3.7
\ NE5520279A LDMOS 33 10 7 0.4-2.35 1
e NE651R479A GaAs 29 12 30 1.8-3.7 |
} NE552R479A LDMOS 28 11 10 0.4-27
i *Other devices available, visit our website
T
* Low voltage operation and miniature 29dBm | SREN ;51 R4 79A ,
size make these devices ideal for wire-
less modems, wireless LANs, mobile - |
) 28dBm | | 1
radios, cordless phones, cellular phones |_NES52R479A |
pagers and other handheld designs. |

NEC | [

California Eastern Laboratories =

2GHz 3GHz 4GHz

www.cel.com

DISTRIBUTORS: Arrow (800) 525-6666

Mouser Electronics (800) 346-6873

Santa Clara, California =

408 988-3500

Reptron Electronics (888) REPTRON

Electro Sonic (800) 567-6642 (CANADA)
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Agile Synthesizer
Reaches 6.4 GHz

The benefits of direct frequency
synthesis, including fine frequency
resolution, fast frequency-switching
speed, and high spectral purity, are
now affordable from 1 to 6400 MHz.

A Penton
Publication

Véctor Signal Generator
Keeps Pace With 3G

Miniscule Module Tracks
12 GPS Channels

MEMS Animates
Miniature RF Switch

SiGe Tuner Targets
Advanced Set-Top Boxes

A [enton
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Please send change of address to Microwaves & RF, Penton Media,
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For other subscription information or assistance, please call (216)
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Media, Inc., The Penton Building, 1300 E. 9th St., Cleveland, OH
44114-1503. Periodicals Postage Paid at Cleveland, OH and at addi-
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Sales Agreement Number 344311). CAN. GST #R126431964.

micROWAVES & RF I NOVEMBER 2001




It takes a delicate touch to perform
HF measurements with precision

= If making Microwave measurements with complete
/Z/PRDB’ contact control and limited over-travel is music to your

ears allow us to introduce the 1ZI Probe. New from
bkl Lol i L DA SUSS, the IZI Probe’s independent spring tips touch
down gently on even the most sensitive pads and make
alignment nearly effortless. After making contact, a
micromechanical design produces precise impedance
matching and exceptional insertion loss. And once
you're set up, you can perform numerous measurements
without interruption, as the patented transition from the
coax to the planar field has been perfectly calculated to
limit recalibration and reflections. The tips are also
robust, giving them exceptionally long life.

It's just another masterpiece in the SUSS line of
Microwave probing products. Sample supplies are
limited so visit our Web site today.

SUSS. Our Solutions Set Standards.

iy

A SUSS MicroTec Company

www.suss.com/zprobe

US: 802-244-5181, EU: +49 (0)35240 730, Japan: (81) 45 931 5600, Asia: +66 2 938 4426



You've found us! Boonton Electronics
4400A and 4500A Peak Power Meters
and Analyzers assure your radar
stays on target.

Boonton Electronics' 4400A and 4500A Peak
Power Meters deliver the widest peak power
bandwidth, fastest rise time, and most advanced
triggering capabilities on the market today.

They also provide automatic waveform capture,
automatic Pulse parameter measurements, and
Statistical measurements including PDF, CDF,
and 1-CDF. The 4400A and 4500A bring superior
measurement capabilities to all radar and
avionics applications.

When you're looking for someone who can meet
the most demanding testing needs, set your
sights on Boonton Electronics.

Boonton Electronics
(A Wireless Telecom Company)

PO Box 465
Parsippany, NJ 07054-0465

Phone: (973) 386-9696

Fax: (973) 386-9191

Email: sales@boonton.com
Web: www.boonton.com

Enter No. 250 at www.mwrf.com
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Introducmg the nghmmng‘ adband
latest addmon to the nghtnmgVNA famll”

repeatable accuracy needed for ma
- S-parameter measurements on
passive or active hlgh—fre, uenc
components and devices. Now, thro
in a compact module design that permlts
faster, easier integration for on-wafer measurements and you
can begin to see just how wide open the pbssibilitie
To find out more, check out our website product page
at www.us.anritsu.com/adsmailers/ME7808Avna.asp
-~ call 1-800-ANRITSU. You'll quickly see that for brpadb ]
s '.charactenzatlon of high speed devices in both R&D and
:‘productlon enwronments, the nghtmng Broadband VNA

ina class by itself
/mnt S

Dlscover What% Posslble

SU, Europe +44-1582-433433,



Slim and light.
With our
SiGe ICs,
you can do it!

.

S

| }}\%\%‘ S
ler

" www.atmel-w



The worl& leader i
in VCO and PLL technology.

Patented high-performance, low-noise CLV VCOs.

Our patented, ultra-low noise circuitry in our CLV VCO product line
runs about 15dB quieter than anything the competition can offer.
Finally, you have the margin you need for today’s advanced radios!

Part
Number

Maximum  Minimum
Start Freq. Stop Freq.

(MHz)

(MHz)

Tuning
Voltage
(Vdc)

Tuning
Sensitivity
(MHz/V)

Phase Noise

@10 kHz
(dBc/Hz)

Harmonic
Suppression
(dBc)

Supply Supply
Voltage Current
(Vdc, nom.) (mA, typ.)

CLVO815E
CLV0950E
CLVO915A
CLV108SE
CLV1385E
CLV1550E
CLV2465E

806

865

902
1050
1370
1500
2436

824
1035
928
1086
1400
1600
2496

0.5-4.5
1-10
0-4
0.5-4.5
0.5-4.5
0.5-5.0
1-4

27

-113
-114
-108
-112
-110
-106
-107

-35
-11
-30
-20
-20
-35
-20

5.0 1
5.0
3.0
5.0
5.0
5.0
5.0

VCOs for every application.
Unmatched performance for your next PCMCIA-compatible design!

Part
Number

Maximum  Minimum
Start Freq. Stop Freq.

Tuning
Voltage

Tuning
Sensitivity

Phase Noise
@10 kHz

Harmonic
Suppression

Supply Supply
Voltage Current

(MHz)

(MHz)

(vdc)

(MHz/v)

(dBc/Hz)

(dBc)

(Vdc, nom.) (mA, typ.)

SMVO162A
SMVI570L
SMV2165A
SMV2390L
SMV2660L

125
1540
2118
2290
2620

200
1600
2218
2485
2700

0.7-8.3

0.5-2.5
0-3
0-4

0.5-4.5

12
128
148
116

90

-100
-90
-91
-90
-91

-6
=15
-10
=11
-17

5.0
2.7
3.3
5.0
5.0

36

9
16
16
21

Another first - the world’s smallest VCO!

Utilizing the latest in thin-film and 0201/0107 component technology.
We have your compact VCO solution for your next hand-held design!

Part
Number

Maximum  Minimum
Start Freq. Stop Freq.
(MHz) (MHz)

2300 2360

Tuning
Voltage
(vdc)

0.5-2.5

Power
Qutput
(dBm)

0+3

Phase Noise
@10 kHz
(dBc/Hz)

-83

Harmonic
Suppression
(dBc)

-15

Supply Supply
Voltage Current

(Vd¢, nom.) (mA, typ.)
2.7 8

USSP2330

Higher integration PLL solutions.

Unmatched performance combining CSP packaging technology with our
patented ultra-low noise CLV technology. Complete evaluation kit available.

Part
Number

Start Freq. Stop Freq.

(MHz)

(MHz)

Step Size
(kHz)

int. Phase Phase Noise

Noise
('RMS)

at 10kHz
(dBc/Hz)

Output
Power
{dBm)

Supply
Voltage
(Vde)

Supply
Current
(mA)

PLLO210A
PLLO930A
PLL1260A
PLL1456A
PLL2710A

200
900
1230
1420
2670

230
960
1290
1490
2740

100
100
1000
1000
1000

0.50
0.75
0.75
0.75
1.25

-105
-101
-102
-103

-98

3.5+2.5
3+2
1+2
1+2
1x4

+5
+5
+5
+5
+5

25
40
40
40
30

When

PLL - 0.63"x0.866"x0.14"

it comes to your RF design, come to the source.
Z~COMM

F

a _ Z~Communications, Inc.

9939 Via Pasar « San Diego CA 92126
Telephone: 858-621-2700 « Fax: 858-621-2722

www.zcomm.com ¢ sales@zcomm.com

Eovadar Rla MO a
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RF TO IF DOWNCONVERTER

LOGIMETRIC
B 'F AMPLIFIER

CENTER
FREQUENCY RANGE
(MHz)

MODEL NUMBER

LIFD-3010P-80BC
LIFD-6020P-80BC
LIFD-7030P-80BC
LIFD-16040-80BC
LIFD-300100-70BC

CONSTANT PHASE LIMITING AMIPLIFIERS

CENTER
FREQUENCY
(MHz)

MODEL NUMBER

LCPM-3010-70BC
LCPM-6020-70BC
LCPM-7030-70AC
LCPM-16040-70BC

MODEL NUMBER

FMDM-30/6-3BC
FMDM-60/16-4BC

FMDM-70/36-10AC
FMDM-160/35-15BC
FMDM-160/50-15AC
FMDM-750/150-20BC
FMDM-1000/300-50AC

AUTOMATIC GAIN CONTROL LINEAR AMPLIFIERS

CENTER BANDWIDTH
FREQUENCY

MODEL NUMBER

AGC-7-10.7/4AC
AGC-7-21.4/10AC

AGC-5-70/30AC
AGC-7-160/30AC
AGC-7-300/400AC

VIDEO

LIMITED IF OUTPUT

IF FREQUENCY [
DISCRIMINATOR

CONSTANT PHASE
IF LIMITING  jgpus
AMPLIFIER

PHASE
DETECTOR

160

300

30
60
70
160

CENTER
FREQUENCY BANDWIDTH SENSITIVITY LINEARITY TIME
(MHz)

1000

(MHz)

10.7
21.4
70
160
300

VTR puise
DETECTOR

FREQUENCY
PROCESSOR

S —

——

— .
-
e

S —

T —

o
i

—
o
S——
~
DYNAMIC RISE LOGGING SLOPE R
LINEARITY TIME INTO 93 OHMS ...\'
(dBm, Min.) (dB, Max.) (ns, Max.) (mV/dB, Typ.) R
-80to 0 +0.5 :
-80t0 0 +0.5 P

-80to 0 +0.5

-

-80t0 0 1.0
-70t0 0 +1.0

POWER  PHASE
RANGE POWER  VARIATION VARIATION
(dB,Min.)  (dBm, Min.) (dB, Max.)  (Max.)

-70to 0 10 +0.5 +3°
-70to 0 10 +0.5 +3°
-65t0 5 10 +0.5 +5°
-65t0 5 10 +1.0 +3°

DYNAMIC OUTPUT

FREQUENCY DISCRIMINATORS

LINEAR RISE
(MHz, Min.) (mV/MHz, Typ.) (%, Max.) (ns, Max.)

1000 120
250

50

100

40

20

10

L50)0) idO [ o S AdALICf 2 [2LEL() 4

DYNAMIC OUTPUT POWER
(-3 dB) RANGE POWER VARIATION

(MHz, Min.)  (dBm, Min.) (dBm, Min.) (dB, Max.)

4 -70to 0 10 +0.5

10 -70t0 0 10 +0.5

30 -50 to 0 -4 +0.5

30 -70t0 0 8 £1.5

400 -65t0 0 3 +1.0
For

additional
information,

please contact
Bovris Benger at
(631) 439-9502.

MIT=6L]
100 Davids Drive

Hauppauge, NY 11788
(631) 436-7400 ¢ FAX: (631) 439-9540

Www. miteq.com
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www.PlanetEE.com

TABLE OFr CONTENTS

PlanetEE, the global resource for electronics engineers, is the home base for Penton Media Inc's Electronics Group.
We focus on your needs by offering a rich blend of news, in-depth articles, educational tools, product writeups, and other
resources. We've also separated the electronics industry into ten “technology communities; which corral all of a specific
technology's material into core areas. Some of what you'll find on Planet EE includes:

TECHNOLOGY COMMUNITIES

* Analog/Mixed-Signal * Digital ICs & ASICs * Communications/Networking
* Components & Assemblies * Electronic Design Automation * Computing & Information Appliances
* Embedded Systems * Interconnects/Packaging & Materials * Test & Measurement

* Power Control & Supplies

PRODUCT LOCATOR PLUS RESOURCES

* EE Product News' Product Locator * Breaking Industry News ~ « Literature

* Microwaves & RF's Product Data Directory * Career Forum * Events Calendar
* VITA VMEbus/ESOFTA Product Indexes * Ideas For Design * Education Center

Sign UP For Plam::‘lttEE;Is sTries of FITE: foc;uslt_ed
e-mail technology newsletters deliv-

Pla“etE E’S “Alert” er expert analysis, the latest prod-
ucts, design tips, tutorials, and mar-

E-NeWSIetters ket information to aic,l you in
developing your design projects. The

Bluetooth Alert "Alerts" are backed by the veteran

Communications Alert editorial strength of the Penton

& Media Electronics Magazine Group:
DISplay Alert Electronic Design’s David Morrison,

DSP Alert Ashok Bindra, and David Maliniak;

EDA Alert Wireless Systems Design’s Cheryl

L Ajluni; and Microwaves & RF’s Jack
Netronics Alert Browne, just to name a few. Go to

Power Alert www.PlanetEE.com and sign up now!

T e e e e —

Bloctponic,, EE o netronics UED
Wireless MicrowavessRF JPA

JON PEDDIE
ASSOCIATES
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Editor’'s Note

¥ Part 3 of the Design Feature article
series “Understanding Regulations For
Short-Range Radios™ by author Farron
Dacus does not appear in this month’s
issue. It will, however, appear next
month in one of our bigger (if not the
biggest) issues of the year. We apolo-
gize to our readers for this inconve-
nience. As a result of this change, Part
4 of this article series will appear in
our January 2002 issue.

Incorrect Figure

ppIn the August 2001 issue of Mi-
crowaves & RE, I noticed a strong edit-
ing error on page 85. Figure 1 was inad-
vertently replaced by a duplicated Figure
1 from another article in the same issue.
The wrong Figure 1 on page 85 came
from the article “LDMOS Delivers 500

(( feedback))

GCOMP7
Gain model
Without AM/AM Eqn1
cosep(t)]
PCOMP  cspuiT 2
72 2; ad i» Eqn1 :
CDELAY sinfe(t) Eqn2
AM/PM
DETRF * ® CSUM
T CDELAY CPH
AM/AM ASE |1 Output
(+90°) i
2 CSPLIT ; Vout(t) =
. 133 vitcosiut) D Pugsmo V(t).coslot + o(t)]
Input —> -
Viﬁ(t) VGAIN2 V(t).cos(wt)

W For IFF Systems” by Ron Olson,
Mike Mallinger, and Lee Max, which
began on page 185.

Several people who saw the article
were surprised by this and have ques-
tioned me about the confusion. I have
no idea what happened to the original
figure.

Due to the significance of this figure
and for reader comprehension, my co-
authors and I would appreciate it if

you could show the correct figure (shown
above) that corresponds to the caption
on page 85, “A block diagram of the
OMNISYS-based Memory Effects sim-
ulation is shown here.” This is the orig-
inal figure that should have appeared
on page 85. It is the only figure that shows
the OMNISYS-based system architec-
ture used for our IMD simulations.

Pascal Delemotte
France

- FEATURED PRODUCT -

Combline Filters in 10 days

Order online and save

an additional 5%!

Series Number
Select any Fo

Response
Prototype Price
Shipment

RF and Microwave Filters to 18GHz
www.tte.com

TTE, Inc, Los Angeles, CA » 800.776.7614/310.478.8224 e FAX 800.473.2791/ 310.445.2791
America’s Filter Specialist Since 1956

@ Enter NO. 416 at www.mwrf.com

microwAVes & RF [N NOVEMBER 2001

& Insertion Loss @ Fo
- -1dBc passband

: 315

- from 1000MHz to 6000MHz
: <2dB

. 1.5%Fo minimum

- 5 pole Chebyshev design

- <$400.00

: 2 weeks after receipt of order




BroVite ave products from basic components
ko cotpolatasysidi GEMItErs, combiners/dividers, front-end units,
B DD BProducts and more. From machining to

@ you time, effort, money, and wi!! support you
ind fast turnaround time. g

Continuously Variable Atten
Step-Rotary Attenuators
RF Switches

Filters & Filter Units
Power Splitters
Amplifiers

Directional Couplers
Circulators / Isolators
Tower Top Amplifiers
Front-End Units
Repeaters

Connectors & Cable Assemblies
Ceramics & Thin Film Products

1S09001 Certified



When planning for your project, plan with confidence, plan with MR\

Switchable Power Combiners / Dividers
Contactless Phase Shifters
Continuously Variable Attenuators
Step-Rotary Attenuators

RF Switches

Filters

Power Splitters

Amplifiers

Directional Couplers

Circulators / Isolators

Connectors & Cable Assemblies
Ceramics & Thin Film Products

Tower Top Amplifiers

Optic Repeater Combiner Divider Unit
Microwave Repeater Switchable Combiner Unit
Miniature Repeater Filter Unit
In-Building Repeater Channel Combiner Unit

Thin Film Products

KMW has a special offer on the Thomas Register website
www.thomasregister.com, which includes the following items:

Contactless Phase Shifters / Continuously Variable Attenuators

Step-Rotary Attenuators / RF Switches / Filters and more
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Please visit www.kmwinc.com for more information
on our extensive line of products.
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RF & Microwave Products
http://www.kmwinc.com

3-Way Beam Control Antenna * for Electrical Tilting Antenna '.A

« Vertical Down Tilting

[ —
s ( ) # Multi-Line Phase Shifter "-

» Horizontal Steering
« Beamwidth Switching

KMW Inc. (HQ, Korea) Tel: +82-31-370-8674 Fax: +82-31-376-9588 E-mail: info@kmwinc.com

KMW U.S.A Inc. Tel: 1-562-926-2033 Fax: 1-562-926-6133 E-mail: vchung@kmwinc.com

KMW Japan Inc. Tel: +81-45-478-2202 Fax: +81-45-478-2210 E-mail: izumi@kmwinc.co.jp
Enter No. 216 at www.mwrf.com KMW China Inc. Tel: +86-21-5899-9145 Fax: -+86-21-5899-9413 E-mail: kmwsha@online.sh.cn



xtreme Challenges

Reduce system complexity and cost
Deliver 3G performance now

Shorten time to market

See our infrastructure products
at www.macom.com

tq[','a / Electronics

s a

. ,_‘greater design flexibility

Extreme S_o_lutions

Powerful antegratlon technology and expenence =
breakthrough innovation

Breadth of 2G+ and 3G products available mday

On-sit Qn-d""mand capamty =

Your extreme challenge: creating next generation wireless
infrastructure — which means 2G+ and 3G systems. .
The challenge is more than technology; it's cost, system - ,
complexity and speed. Our engineers are building your -~
next generation RF solutions now. We understand your"
challenges — we've got your solution.

Go ahead. \
Turn our components into your competitive edge.



from the editor

WILL WE EVER
GO HOME AGAIN?

Change is often received with mixed feelings. Some
embrace change for the escape that it represents from
a current situation, while others recoil from it due to
a fear of the unknown. It is safe to say that, for most
of us, the world changed dramatically on September 11, 2001,
when terrorists hijacked four commercial airliners and used them
as weapons of mass destruction. A sense of security for many demo-
cratic peoples around the world dissipated that day, as it was
replaced with an uneasy sense of foreboding for what might come.

The American novelist Thomas Wolfe once wrote that "you
can't go home again." The world changes, and we change with it
or are left behind. The safety and security of an America untouched
by foreign threats are behind us now, but we cannot cower in the
shadows of the past. For those who embrace change, this is a time
not to think about going home again, but to consider how to make
"home" a better place. Otherwise, we will hand our descendants a
legacy of fear and distrust, with little hope for the future.

Microwave engineers enjoy the enviable position of command-
ing a group of technologies that can be used for military defense and
human health. In the past, microwave signals have been used as the
basis for sophisticated radar systems as well as for missile guidance
and remote triggering of weapon systems. But the same microwave
signals can also be used in treatments for various forms of cancer,
for dielectric probing of tumors, and for medical telemetry. And,
as most people are familiar, microwave signals are now probably
most closely associated with the cellular telephone.

Yet, the uses for microwave energy are almost unlimited, and some
of these uses may have benefits for a world that is facing the changes
of terrorism. Microwave energy has long been used for dielectric mea-
surements of materials, and it is conceivable that these same types
of (calibrated) measurements could form the basis of a nonmagnetic
airport-security detection system to differentiate such materials as
plastic explosives from luggage carriers. In addition, the approach
might also be used to screen the contents of envelopes and other mailed
packages for the presence of biological threats.

The lure of commercial ventures was strong during the 1990s,
and many microwave firms abandoned their once traditional mil-
itary businesses. Hopefully, government funding will return during
the next several administrations to encourage companies to perform
basic research on the capabilities of microwave energy for wartime
and peacetime uses. This is an industry with tremendous technical
talent. If properly encouraged, this talent could certainly find ways

for us to at least make home safer once again.

Publisher/Editor

Sprague-Goodman has kept its
commitment through the years to
provide the industry with the highest
quality, competitively priced trimmers.

Ceramic Dielectric

5 mm Rugged:
*Cap ranges: 1.5-5.5 pF to 15.0-90.0 pF
5 mm and 7 mm Economy:
+1.0-3.0 pF to 14.0-108.0 pF
Miniature types suitable for hybrids
e2 series: 2.0 X 1.2 mm; 3.0 X 1.8 mm
«Cap ranges: 1.0-3.0 pF to 6.0-40.0 pF
Plastic encased 4x4.5mm and 6 mm types
« Designed for volume applications
« SMT and printed-thru-hole models
« Cap ranges: 14-3.0 pF to 20.0-90.0 pF

SURFTRIM® Surface

4 sizes with 7 mounting styles:
22x31x1.2 mm

LY

3.2x45%1.

40x4.5x27 mm(sealed)

5.2 x 4.3 x 3.2 mm (sealed split stator)
eCarrier and reel or bulk pack
¢0.5-2.0 pF to 8.5-50.0 pF in 17 cap ranges

FLMTRIN® Single Turn

«Cap ranges: 0.5-4.5 pF to 25-600 pF
*Q to 1500 at 1 MHz
sOperating temp:
PTFE, Polycarbonate, Polyimide:
-40° t0 +85°C
Polypropylene: -40° to +70°C
High temp PTFE: -40° to +125°C
PPS: -25° to +85°C
8 sizes from 5 mm to 16 mm, including
4 SMT models
eMore stable with temperature than other
single turn trimmers

Glass and Quartz PIS!

«QPL models to MIL-C- 14409D

eExtremely stable over temperature,
frequency, voltage, etc.

eCap ranges: 0.5-3.0 pF to 1.0-120 pF

sZero backlash multiturn adjust
mechanism

«Operating temp: -55° to +125°C
(models to +200°C)

*Q to 1500 at 20 MHz

«PC, panel and surface mounting

«\/oltage ratings from 500 to 5000 V

For information on our complete line of
trimmers and other quality products, visit
our website, or phone, fax or write today.

e

SPRAGUE

GOODMAN

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

www.spraguegoodman.com
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Need to identify

multiple suppliers

for a new design
in a hurry?

o
Quote=(N=Hunter

A no nonsense Web site for
Microwave and RF professionals.

www.quotehunter.com

® Enter NO. 414 at www.mwrf.com

PULSE STRETCHERS

& LEVEL CONVERTERS

AVX-STR & AVX-SIP Series

These models are useful in applications where narrow pulses or high-frequency
sine waves must be converted to logic levels to trigger other instrumentation.

AVX-SIPA-PS - Pulse Converter

* Accepts a0.2t05.0 Vp.p sine wave

* 0 - 50 MHz operation

* Generates TTL output pulses, with
adjustable pulse width of 10ns -10us

* Qutput duty cycle: 50% maximum

AVX-SIPC-PS - Pulse Converter

* Accepts a 0.2 t0 5.0 Vp sine wave
* 0 - 250 MHz operation

* Generates ECL output pulses (-0.8V
Avtech manufactures a full line of general-  and -1.6V logic levels)

purpose and high-performance pulse * Output duty cycle: 50%, fixed
generators, function generators, delay AVX-STRA-PS - Pulse Stretcher
generators, laser diode drivers, amplifiers, Accepts inputs as narrow as 200 ps
frequency dividers, and accessories. Call Input amplitudes of +30 mV to +1V
us or visit our web site for information orto Input resistance of 50 Ohms
requestour 113 page catalog! * Operates to 10 MHz

* TTL output pulses (0 and 3-5 Volts)
* 50 ns output pulse width

* Propagation delay < 20 ns

% Additional models in the AVX-SIP and
AVX-STR series are described in detail
at hitp://iwww.avtechpulse_com/convert/

% Request a copy of Catalog No. 11 today!

Many Other Products

Data sheets & pricing on the Web!
www.avtechpulse.com

Enter your specifications into
the “Pick the Perfect Pulser”
parametric search engine!

BOX 265, OGDENSBURG

NY, 13669-0265

1-800-265-6681

(315) 472-5270

Fax: (613) 226-2802
ELECTROSYSTEMS il: info@avtechpulse.com
http:/iwww.avtechpulse.com
NANOSECOND
WAVEFORM ELECTRONICS
SINCE 1975

UK: LYONS INSTR., WALTHAM CROSS
JAPAN: MEISHO CORP, TOKYO
FRANCE: K.M.P. ELECT., CLAMART
GERMANY: FOIC, HAMBURG
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The Power of Choice.

Great Optw for 200-Watt Testing.

The 200T Series. Tried and true performers, these
three members of the T-Series the 200T1G3A,
200T2G8A and the 200T8G18A offer reliable,
cost-effective power for major 200-watt EMC
applications. Enjoy CW and pulse in each unit. A
total frequency response from 0.8 to 18 GHz. And
frequency response from 0.8 to 7.5 GHz when the
200T1G3A and 200T2G8A are combined— more
bandwidth at a lower price. They come backed

by a new two-year/9,000-hour warranty on
traveling-wave tubes*, and by AR'’s industry-leading
3-year warranty on the rest of the instrument.

Copyright© 2001 Amplifier Research. The orange stripe on AR products is Reg, US. Pat. & Tm. Off.

USA 215-723-8181 or 800-933-8181 for an applications engineer.
In Europe, call EMV—-Munich: 89-614-1710 ¢ London: 01908-566556 * Paris: 1-64-61-63-29 * Amsterdam: 31-172-423-000

Enter No. 241 at www.mwrf.com

The 200S1G4. The world’s only 200-watt,

0.8 t0 4.2 GHz, all-solid-state amplifier. Exceptional
linearity. Excellent harmonic performance.

100% mismatch tolerant. Unbeatable technology
and design.  An advanced instrument for 200-watt
testing, this is the amplifier of choice for linear
wireless applications, with digital front-panel displays
and AR’s famous 3-year warranty.

Make up your mind at
www.amplifiers.com/ampmicro.cfm.

*Other 200 T amplifiers carry a 1 year tube warranty.

1SO 9001
Certified

7. AMPLIFIER
RESEARCH

The Force Behind The Field.



UMTS Mixers
IIP3 > +30 dBm

>

PCS Mixer & @; ;

IIP3 > +30 dBm y 4 R
v &

Surface mount IC mixers
for exceptional performance in the PCS and UMTS bands.

~ HIGH IIP3 MMIC Mixers!

* For applications in the UMTS (MH101 and MH102)
and PCS (MH1) frequency bands

* Excellent linearity with Input IP3 > +30 dBm
* Return Loss > 15 dB
* Input P1dB = 16 dBm

* No external matching elements or bias needed

Input IP3 (dBm)

R Frequency | IF Frequency | LO Power ) ]
| (W | dbm | (G — * Available for immediate delivery
MH1 | 17002000 | 5050 | 417

CMHIOT | 19002200 | 50200 | 47 | 40 | 29 | * Low cost SOIC-8 package
MH102 [ 1900-2200 | 150900 | +7 | 430 B

SR}
Visi he web
@ Coonioee 1-800-WJ1-4401

Distributed In U.S.A. by Nu-Horizons Electronics: 888-747-6846; Richardson Electronics: 800-737-6937.
In Europe call WJ: +44-1747-860187 or your local Distributors; Richardsan Electronics-Worldwide: Telephone: (800) 737-6937 Web Site: www.rfpowernet.com/wj.asp.
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Turning in a flawless performance

takes talent.

Turning out a flawless component takes more.
RFMD's talented designers have six process
technologies right at their fingertips.
Carefully weighing the advantages of each,
they create a perfect balance of

package, performance and price.

True innovation involves more than juggling
drafting skill and technical know-how.
Our global design team takes

technology to its limit . . . and beyond.

Talent, technology and innovation.
Don't bother keeping your eye on the ball —

keep your eye on RFMD.

TALENT — it sets us apart.

F ) @

MICRO-DEVICES

Proprietary, State-Of-The-Art
RF Integrated Circuitss"

7628 Thorndike Road
Greenshoro, NC 27409-9421

Phone 336.664.1233
Fax 336.931.7454

Mention talent when contacting us. . www.rfmd.com

T™M & © 2000, RF Micro Devices, Inc.
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AMPS
CDMA
<DPD
DAMPS
DCs1800
ECM
EDGE
EW
GEO
GPRS
GPS
GSM900
HFC
IFF
LEO
LMDS
LMR

MMDS
NPCS
PCS
PC51900
RADAR
RFID
RLL

SMR
TDMA
TETRA
UMTS
WAP
WBA
WCDMA
WLAN
WLL
WWAN

TO ﬁnd- out how
Vari-L can “have a

part in your future,”’
please visit our website

or send us an email

at sales@vari-l.com.

4895 Peoria Street PLL Synthesizer Modules Wideband RF Transformers

Couplers

OUR

Denver, Colorado 80239 ¥ RPN Voltage Controlled Oscillators I Power Dividers/Combiners , m
T 303.371.1560 INCLUDE: |
PROUDLY MADE IN THE USA | 1509001 Certified ———

fax 303.371.0845
sales @ vari-l.com

Contact the Vari-L Sales Department for your special microwave and RF component assembly needs.

Var L Company, Inc.



the front end

News items from the communications arena.

To Begin Slow Rise In 2004

North American Fiber Demand Is Forecast

PROVIDENCE, RI—According to a KMI report, Fiberoptic Networks of Long-Distance Car-
riers in North America: Market Developments and Forecast, fiber deployment will slow sig-
nificantly over the next two to three years. The report is an update of a November 1999 report

that accurately forecasts a downturn in the US long-
distance fiber and cable market starting in 2001.
As a result of the slowdown, industry con- | 4 400 000

solidation is likely for the next two years. Car- 900,000
riers that survive the downturn in relatively good 800,000
health will be in a strong position to prosper 700,000
from the coming broadband boom as more end 600,000
users shift away from dial-up modems and put 500,000

more traffic on the Internet backbone. 400,000

At the end of 2000, North American carriers 300,000
had deployed some 672,000 route-km of fiber- 200,000
optic cable in long-haul networks (see figure). 100,000

ly 35 million km of fiber have been deployed, five
times the amount only four years earlier.

Long-haul cable and fiber deployment

in North America (Route-km)

OAnnual
@ Cumulative

At an average count of 52 fibers per cable, near- oLl
1997 19981999

N

000 2001 2002 2003 2004 2005
Year

of the peak years of 1999 and 2000.

Aerospace Industry Assesses
Impact Of Airline Crisis

WASHINGTON, DC—The Aerospace Industries
Association (AIA) has revised its estimate for
aerospace industry sales based on revised deliv-
ery projections of its manufacturers in the wake
of the terrorist attacks that occurred on Septem-
ber 11. Commercial aircraft and parts sales are expect-
ed to decline by approximately $2 billion from the
previous estimate. Total industry sales will decline
only by $400 million, to $143 billion—from the
$143.4 billion in sales in 2000. Prior to the events
of September 11, the Aerospace Industries Asso-
ciation had predicted industry sales of $145 bil-
lion, a $1.6 billion sales increase this year from 2000.

John Douglass, AIA president and CEQ, said
that industry sales could decline up to $5.6 billion

After reaching a peak of some 140,000 route-km in 1999, annual deployment of cable is
expected to fall back to just under 35,000 route-km by 2003. With increasingly higher fiber
counts cushioning the decline in terms of fiber-km, annual deployment of fiber drops from
a peak of just over 10.8 million fiber-km in 2000 to approximately 7 million fiber-km in 2003.

Beyond 2003, improved business conditions and friendlier capital markets, combined
with a resurgence in bandwidth demand (caused by new broadband applications), will lead
to positive growth in annual long-haul fiber deployment, though still at levels below those

in 2002 and by $6.7 billion in 2003. Increased sales
in space and defense markets may offset to some
extent the decline in commercial sales, he said, de-
pending on the way that the Bush administration
responds to the crisis.

“An air campaign would have a different
impact than a campaign involving the movement
of large-to-moderate ground and naval forces,”
says Douglass. He adds, “Space sales will prob-
ably increase in any event.” Douglass also says that
the final balance in sales will depend in large
degree on how quickly the Defense Department
adds funds to its procurement and spares budget.
“A lot will depend on the immediate stress on
the operations and maintenance budget,” Douglass
states.

AIA will continue to refine its sales estimates
as actions in the war against terrorism unfold.
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Protect your PHONE
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London’s Metropolitan Police have
undertaken a mobile-phone theft-
prevention initiative. This poster is
featured in the campaign.

London's Metropolitan Police
Launch Mobile-Phone Theft-
Prevention Campaign

LONDON, ENGLAND—The theft of mobile phones
has become an increasingly serious problem in
the United Kingdom. Each month, approxi-
mately 15,000 mobile phones are stolen nation-
wide. The monthly average for mobile-phone
thefts in London is 1600. In London’s West-
minster borough, approximately 50 percent
of all street robberies concern the theft of
mobile phones. The
Metropolitan Police of
London reported a four-
fold increase in personal
robberies involving mobile
phones between 1998-
99 and 2000-01. Last
year, there were 19,032
thefts of mobile phones on
London streets.

In an effort to combat
this disturbing trend, the
Metropolitan Police intro-
duced a campaign to help
prevent mobile-phone theft
earlier this year (see fig-
ure). Advertisements were
placed in several London
newspapers and a 30-sec-
ond spot concerning the
initiative aired on local
radio stations.

The aim of the campaign was to encourage
owners to record their phone’s identification
number, which can be accessed by dialing
*#06#. Then, if the phone is stolen, the iden-
tification number can be given to the local
police, and this would be filed on a data base
as part of the crime report. If the police then
come across a phone, they can check its iden-
tification number against those listed on the data
base to determine whether or not the phone has
been stolen.

Posters featuring information about the
mobile-phone anti-theft initiative were dis-
tributed to schools, mobile-phone retailers,
community groups, and in train stations. Mate-
rial supporting the campaign advises owners
to keep their mobile phones safe by: locking the
keypad when not in use; security marking the
phone and battery; not wearing the phone (i.e.,
hanging from the belt); and wherever possible,

the front end

not using their phone in crowded places, among
large, boisterous crowds, or wherever one feels
uncomfortable.

Chief inspector Nick Wood of London’s
West End Central Police Station, says, “Mobile-
phone thefts are a particular problem at the
moment in the West End.

“The busy streets of central London make
mobile-phone users easy prey to criminals. Peo-
ple often walk out of a tube station onto a busy
street, start talking on their phone, and before
they know it, the phone has been ripped from
their ear and someone has made off with it.

“If the users were to lock their phones using
the personalized code then they would be of lit-
tle use if they were stolen.

“And a quick note of the IMFI (or serial) num-
ber would also hamper the thief because, with
this number, the service provider can discon-
tinue the service, again making the phone use-
less. But we cannot emphasize the point enough:
when using your mobile phone, be aware of what
and who is around you.”

Several of the UK’s mobile-phone firms,
including Virgin Mobile and Vodafone, have
cooperated with law-enforcement officials in
the campaign. The mobile-phone firms in the
UK are devising ways to ensure that stolen
mobile phones are unusable once the theft has
been reported to the authorities and the theft
victim’s mobile-phone provider. Vodafone,
for example, bars the Subscriber Identity Mod-
ule (SIM) from the network as soon as the
theft is reported.

Florida Startup Firm
Begins Operations

TEMPLE TERRACE, FL—Maodelithics, Inc., a com-
pany focusing on precision RF and microwave
characterization and measurement-based com-
puter-aided-engineering (CAE) models, began
operations on August 1. More than 1200 sub-
strate-dependent models for passive surface-
mount components are available for licensing,
and contracts are underway for custom active
and passive-device characterization and mod-
eling services.

Modelithics was founded by University of
South Florida professors Tom Weller and Larry
Dunleavy. The firm is one of the first compa-
nies in a new, high-technology startup company
incubator near USF’s Tampa campus. More infor-
mation can be found at www.modelithics.com.
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Next Generation, Low Cost
YIG Components for Test and Measurement

“Look to the Leader in YIG-Technology”

== MICRO
V< LAMBDA, INC.

48041 Fremont Blvd. Fremont, CA 94538

Micro Lambda, Inc., the leader in YIG
technology offers the widest product
range of YIG-based devices for the Test
and Measurement Market. Designed
specifically for Spectrum Analyzers,
Signal Generators, Synthesized
Sources and a multitude of general
purpose Test and Measurement
equipment. Micro Lambda's YIG-based
components will put you ahead of the

competition in performance.

Whether your requirements are for low
noise, wide tuning bandwidth's, low
power consumption, miniature size or
low cost devices, Micro Lambda has

a solution for the most stringent
applications. Fast delivery of prototype
or evaluation units will help you meet
those impossible delivery schedules.

Covering the frequency spectrum of
500 MHz to 46 GHz, units are available
for 19" rack, VXI and VME configured

instruments.

(510) 770-9221 mcrolambda@aol.com

Enter No. 236 at www.mwrf.com

YIG-Tuned Fundamental

Oscillators 500 MHz to 30 GHz

* Double Frequency Qutputs
to 44 GHz

* 1.75" Cylinders

s 1.0" & 1.25" Cube

e VXI & VME Miniature Format

* PC Board Interface

* Frequency Synthesizers

YIG-Tuned Bandpass Filters
500 MHz to 46 GHz

¢ 17,14 &1.0" Cube

e VXI & VME Miniature Format
* PC Board Interface

YIG-Tuned Multipliers 1 GHz
to 20 GHz
* 1.7"&1.4" Cube

Driver Controls

* Analog 0 - 10 Volts

* Digital 12 Bit Parallel
* Remote Location

* FM Coil Drivers

www.micro-lambda.com



the front end

Innovation and
fierce competi-
tion is expected
to drive down
chip-set prices,
which in turn
will spur
greater market
penetration.”

Wireless Chip Sets Are Leading
Home-Network Silicon Market
Growth

OYSTER BAY, NY—In the midst of an industry-
wide semiconductor downturn, the home-net-
working silicon (Si) market will represent one
of the fastest-growing integrated-circuit (IC) mar-
kets over the next few years. Allied Business Intel-
ligence (ABI) forecasts that worldwide rev-
enues from wireless, power-line, and phone-line
home-networking chips, driven by embedded
implementations, are poised to grow from $49
million in 2000 to $887 million by 2006, an
average annual growth rate of 62 percent.
Leading the charge will be wireless ICs which,
by 2006, will account for 48 percent of all
home-networking chip sets shipped, and 66
percent of all revenue.

ABI’s report, “Home Networking Chipsets:
Wireless, Powerline and Phoneline IC Mar-
kets,” points out that wireless local-area-net-
work (WLAN) ICs are seeing dramatic price
declines due to increasing chip integration and
a ramp up in shipments. IEEE §02.11b, and to
a lesser extent HomeRF chip sets, will show
promising market penetration over the next
tew years with 5-GHz WLAN technologies,
such as 802.11a and HiperLAN2, enabling
multimedia home-networking applications in
the longer term.

“The prospect of strong growth in the home-
networking IC market has attracted a number
of silicon suppliers, especially in the wireless
and power-line segments,” says Navin Sab-
harwal, the report’s author and ABI’s vice pres-
ident of Residential and Networking Tech-
nologies. “Innovation and fierce competition
is expected to drive down chip-set prices which,
in turn, will spur greater market penetration.”

Product Makes GPS Antennas
Lighter, Cheaper, And Smaller

SALT LAKE CITY, UT—The Titan Corp. and its
subsidiary, e-tenna Corp., a developer of RF
technologies for commercial wireless applica-
tions, have unveiled e-tenna’s AccuWave G100
product, designed to make Global Position-
ing Systems (GPS) antennas significantly lighter,
cheaper, and smaller than today’s devices.
The first commercial product to emerge
from e-tenna’s AccuWave product line, the

AccuWave G100, is a groundplane designed
to minimize GPS position errors caused by
multipath. This common phenomenon in wire-
less systems occurs when RF signals bounce from
the earth or other surfaces and interfere
with the original RF transmission. The AccuWave
G100 uses e-tenna’s RF Mirror artificial mag-
netic conductor technology to greatly reduce
these bounced signals, thus minimizing
interference.

By reducing interference for GPS antennas,
the AccuWave 100 groundplane performs sim-
ilarly to a traditional choke-ring groundplane.
However, today’s choke-rings are significant-
ly larger, heavier, and more costly than the
AccuWave 100 groundplane. In fact, choke-ring
treatments are on average 3 in. (7.62 cm) thick
and 15 in. (38.1 cm) in diameter, weigh 10 to
15 Ibs., and cost thousands of dollars. In con-
trast, the AccuWave G100 groundplane which,
like choke-ring groundplanes, mechanically
attaches to GPS antennas, is less than 0.5 in.
(1.27 cm) thick while maintaining the 15-in.
(38.1-cm) diameter, weighs less than 2 Ibs.,
and costs from 50 to 75 percent less than
today’s choke-ring solution.

Kudos

Qualcomm, Inc. announced shipment of the com-
pany’s 500 millionth chip, which represents
Qualcomm CDMA Technologies’ (QCT) cumu-
lative CDMA chips shipped across all product
lines. From less than one million chips shipped
prior to 1996, QCT has become the world’s largest
provider of chip sets and system software for
code-division-multiple-access (CDMA) wire-
less systems...Analog Devices, Inc. announced
that its Othello™ and SoftFone™ Global Sys-
tem for Mobile Communications (GSM)/gen-
eral-packet-radio-service (GPRS) solutions
have achieved full type approval (FTA) in the
S600 mobile handset from Guangzhou South-
ern High-tech Co. Ltd. (Soutec), a Chinese
mobile-phone manufacturer...In response to
the September 11th terrorist attack on the US,
Gabriel of Scarborough, ME announced that
it is dedicating its resources to accommodate
relief efforts during this time of national dis-
aster. The coordination will include the com-
bined efforts of all sales and distribution chan-
nels and offer priority production and shipment
of wireless infrastructure equipment during
the reconstruction effort. Ll
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A new name for excellence.

Stanford Microdevices is now Sirenza Microdevices.

Stanford Microdevices, one of the industry’s most innovative
designers and suppliers of high-performance RF components for
communications equipment, has a new name: Sirenza Microdevices.

Our new name identifies a dynamic company— a company building
upon its solid leadership in RE/microwave technology to extend
uncommon innovation to emerging requirements in applications
such as fixed and mobile wireless infrastructure as well as CATV
and fiber-optic communications.

But, the new name is the only change you’ll see. SMDI products
will continue to meet the most demanding requirements for

connectivity, mobility, functionality, bandwidth and reliability in
today’s—and tomorrow’s—advanced communications networks.

State-of-the-art clean room
and engineering lab.

S SIRENIA

MICRODEVICES
www.sirenza.com ® 800.764.6642

© Copyright 2001 Sirenza Microdevices. Sirenza Microdevices is a registered trademark of Sirenza Microdevices. Other rrademarks are the property of their respective holder. All rights reserved.
Stanford Microdevices is neither affiliated with nor sponsored or endorsed by Stanford University.
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Best Reference On Earth.
Manufactured By National,

Calibrated By Thaler.

National's LM4140 And Thaler
Calibration Improve Accuracy To 0.05%
With VRE41xx Tempco To 1.0 ppm/°C

* Sub-bandgap Reference 1.024V

* Initial Accuracy of 0.05%

* Tempco of 1, 2 and 3 ppm/°C

* Industrial Temp. Range for 2 and 3 ppm/°C
* Low Voltage Operation at 1.8V

* Supply Current: <230 pA (Typ.)

* Disable Mode: <1 pA

* Thermal Hysteresis: 20 ppm

* SO-8 Package

25V Bandgap Competitive Com
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Z National & Thaler

Ideal for Use in Mechanical Applications,
Instrumentation, Measurement Systems, and
Scientific Instrumenration

For More Information on LM4140:
www.national.com
1-800-272-9959

For More Information on VRE41xx:

www.thaler.com

Thaler Corporation specializes in the design,
manufacture, and test of ultra-high precision
electronic circuits for a broad range of markets.
Visit POWER.NATIONAL.COM and simulate
your designs online with WEBENCH™,

a set of tools for the power design engineer,
featuring WebSIM™ and WebTHERM"™,

These tools speed up the design process,
improving productivity and time to market.

Free CD-ROM Data Catalog Available at:

freecd.national.com

o ~ New High-Precision Refe

LM4040/41

LM4050 TS
LM4120
LM385, LM336

LM4130 series

0.5% 1.0%
Initial Accuracy [%] ©
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Process Enhancements Spark

Semiconductor Advances

Motivated by increasing demands for
analog bandwidths and digital data rates,
researchers shared their thoughts on the
next generation of device technologies.

are still possible. The IEDM, the world’s
largest semiconductor device confer-
ence, is scheduled for December 3-5, 2001
at the Washington Hilton and Towers
(Washington, DC).

The 47th Annual IEDM features
more than 200 invited and contribut-
ed technical papers, selected from over
600 submitted abstracts by leading

Nanotube

b

C nanotubes are essentially wires for
nanoelectric circuits. There is potential
for making transistors that are as much
as 10 times smaller than existing Si
transistors.

ontinuing improvements in semiconductor technology gen-
erally require advances in processing equipment and meth-
ods. The 47th Annual IEEE International Electron Devices
Meeting (IEDM) offers evidence that there is still room for
growth in many semiconductor technologies and, even researchers and industry pro-
with mature technologies such as silicon (Si) complemen- fessionals. According to Paul
tary-metal-oxide-semiconductor (CMOS), breakthroughs

Packan, Program Manager
of Compact Device Modeling
at Intel Corp. (Santa Clara, CA), who
also serves as [EDM 2001 Publicity
Chairman, “Other meetings can’t com-
pare to the IEDM’s breadth of infor-
mation on leading achievements in so
many areas of microelectronics. Two
trends that are clearly evident this year
are the advancements in data storage and
processing and further breakthroughs
in the development of practical, high-
speed components for high-bandwidth
communications systems, such as 40-
Gb/s fiber-optic systems.”
Single-electron transistors (SETs)
have been among the more exciting
semiconductor developments in recent
years. These device architectures employ
Coulomb blockade effects to control the
transfer of individual electrons without
statistical fluctuations. SETs offer great
potential for gigabit-scale integrated
circuits (ICs) and extremely low-power
memory devices. An invited paper by
Junji Koga and associates from the
Advanced LSI Technology Laboratory
of Toshiba Corp. (Yokohama, Japan)
reported on advances in SETs for float-

microwAves & R [  NOVEMBER 2001




l IEDM PREVIEW |

ing dot-type memory devices as well
as in programmable SET logic devices,
with significant advances in function-
ality at room temperature compared
to conventional CMOS logic. Hiroshi
Inokawa and associates from the NTT
Basic Research Laboratories of NTT
Corp. (Kanagawa, Japan) also report-
ed on SETs, verifying the operation of
a merged SETs and metal-oxide-semi-
conductor field-effect transistors (MOS-
FETs) that were fabricated by pattern-
dependent oxidation (PADOX). The
combination of a SET and MOSFET was
used as a basic component in a multi-
valued logic system, showing that a
flash analog-to-digital converter (ADC)
and full adder for redundant number rep-
resentation could be made with half
the number of elements in conventional
implementations.

Richard Martel and co-workers from
the IBM Thomas |J. Watson Research
Center (Yorktown Heights, NY) pre-

sented a new technology for manufac-
turing carbon-nanotube FETs (CNFETS)
with metal single-wall nanotube con-
tacts. Carbon (C) nanotubes are essen-
tially metallic or semiconducting wires
with extremely small diameters (See
figure) that provide conductive regions
for nanoelectric circuitry. The researchers
note that C nanotubes may make it
possible to form transistors that are as
much as 10 times smaller than existing
Si transistors.

Minoru Ida and fellow researchers from
the NTT Photonics Laboratory of NTT
Corp. (Kanagawa, Japan) announced
results on the world’s fastest bipolar
transistor, featuring a cutoff frequency
of 341 GHz and high current density of
more than 800 kA/cm®. The indium-
phosphate/indium-gallium-arsenide (InP/
InGaAs) double-heterojunction bipolar
transistor (HBT) features a 150-nm-
thick collector region for high current den-
sity at a practical breakdown voltage. The

collector charging time is estimated to be
as low as 0.13 ps, while the carrier-tran-
sit delay time is only 0.26 ps.

Researchers at HRL Laboratories
(Malibu, CA) detailed a family of tran-
sistors that strike a balance between
the needs for high speed and low power
in dense logic circuits for 40-Gb/s OC-
768 optical-communications systems.
The InP-based HBTs are used in static
dividers for applications at 20 and 60
GHz. The dividers employ identical In-
aluminum-arsenic (InAlAs)/InGaAs
HBTs with a cutoff frequency of 180
GHz, but use different current bias for
the different operating frequencies. The
high-speed 64-GHz toggle rate com-
pares in speed with the 67 GHz report-
ed for a laboratory Si-germanium (SiGe)
device, but with one-fifth the power
per flip-flop reported for the smaller
SiGe device.

T. Matsumoto and co-workers from
Mitsubishi Electric Corp. (Hyogo,

A Complete Spectrum of COSITE
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Elccm

VB N RO S INNOVATIVE DESIGNS FOR THE FUTURE

Elcom’s automated, high volume manufacturing capabilities reduce response

time in order to keep your project cost-effective and on schedule.

RUGGED FREQUENCY
SYNTHESIZERS

A series of rugged frequency
synthesizers designed for high
capacity MW and MMW digital
radios up to 38 GHz. With an
emphasis on Guaranteed
Zero Phase Hits™", the DFS
Series offers extremely low
microphonics and wide operat-
ing temperature range.

DC Power consumption
below 4 watts is maintained
by utilizing low power compo-
nents resulting in low junction
temperatures and overall high
reliability.

SPECIFICATIONS

* Frequency Range:
0.5-23 GHz

* Tuning Bandwidths up
to 1000 MHz

¢ Switching Speed: <25 ms

* Phase noise meets |6,
32,128 & 256 QAM
requirements

* Output Power Range:
12-18 dBm

* Load VSWR I[.5:1

* Step Sizes:
0.125-10.0 MHz

Since 1995, Elcom Technologies, Inc., has experienced a
rapid growth rate. We have always set the highest standards
for quality, service and reliability with our products. As a
result of our success, we are moving to a new, 32,000 sq. ft.
modern facility in order to maximize our ability to meet our
ever growing customer needs.

MICROWAVE
FREQUENCY
SYNTHESIZERS

This line of compact frequen-
cy synthesizers employs a single
module design implemented
with CMOS, ASIC, advanced RF
MMIC and a dedicated micro-
computer. A Ku-band synthesizer
with | KHz step, 2.2 GHz band-
width and integrated L-band
LFLO consumes only 8 watts-a
65% savings compared to com-
peting units.

Very low phase noise
makes the MFS Series ideal for
applications in Satcom convert-
ers (L, X, C, Ku and Ka Bands),
Instrumentation and Wireless
Communications.

SPECIFICATIONS

* Output Frequency:
1-23 GHz

* Frequency Bandwidth:
1-2.25 GHz

* Phase Noise 20 dB Better
than IESS

* Step Size: | KHz or
125 KHz

¢ Switching Speed: 50 ms
* Power Output: 12-16 dBm
* Load VYSWR: 2.0:1
* In-Band Spurious: -70 dBc
¢ Out-of-Band Spurious:

-82 dBc

* Fixed L-Band Output:
Freq. Range: 0.5-3.0 GHz
Pwr. Out.: 12 dBm %2 dBm
Spurious: -95 dBc

* Low Profile: 0.73” high

¢ Meets IESS, Eutelsat and
MIL-STD-188/146

PHASE LOCKED
OSCILLATORS

The PDRO series of oscilla-
tors employ a unique technique
to phase-lock DROs to a crystal
reference of 5 to 100 MHz
Several models in the series
require only a single loop for
reliable phase-lock performance.
By utilizing just one loop, size
and power consumption are
minimized and multiple frequen-
cies can be realized from the
same reference. The low profile
and small size (2.5" x 3.5" x
0.65") features ultra low phase
noise and low DC power con-
sumption with a ruggedized
design and wide operating tem-
perature range.

SPECIFICATIONS

* Frequency Range:
0.5-18 GHz

* Fractional Reference
Multiplicator

¢+ -100 dBc Spurious

* Meets MIL-STD-188 &
IESS 308

* Integrated Reference
Optional (Same Package)

MINIATURE
PHASE LOCKED
OSCILLATORS

The miniature MPDRO sources
employ a unique technology to
phase-lock DRO to a crystal ref-
erence of 5 to 100 MHz. The
technique requires only a single
loop for reliable phase-lock per-
formance. By using just one
loop, size, power consumption
and cost are minimized.

SPECIFICATIONS FOR THE

MPDRO SERIES

* 0.5 to 26 GHz Operation

« Single Loop, locks to 5 to
100 MHz Reference

+ Ultra Low Phase Noise

* Integrated Buffer Amplifier

* -100 dBc Spurious

* Ruggedized

¢+ Low DC Power
Consumption

* Small 2.25” x 1.4” x 0.8”
Size

* Meets MIL-STD-188 and
IESS 308

Both the PDRO and MPDRO
series of Phase Locked Oscilla-
tors are ideal for applications in
Satcom Converters, Digital
Radios and Instrumentation. In
addition, the MPDRO series has
applications as a fiber optic clock
generator.

ADDITIONAL PROPBUCTS PLANNED FOR ELcOM
* Clock Encoders and Decoders for DWDM Fiber Optic

Networks up to 40 GHz

» Synthesized Clock Generator for DWDM Fiber Optic

Networks up to 40 GHz

Networks up to 40 GHz

Clock Recovery Modules for DWDM Fiber Optic

Dual Output Frequency Synthesizer for Digital Radios

Technologies

11 Volvo Drive * Rockleigh, NJ 07647

(201) 767-8030 = Fax (201) 767-6266
For detailed information and data sheets, please

visit www.elcom-tech.com
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Since 1973, OMNIYIG has been at

the forefront of advanced YIG

technology manufacturing state-of-the-

art YIG components, Detectors and Lim-

iters. The standard products shown here o
represent a fraction of our total capabil- YIG e

ities. We are always on the critical mis-
sion of manufacturing YIGs for EW/ECM/ MULT‘PUERS

JAMMERS/RADARS/INSTRUMENTS /for ?ﬂgggiﬂ S e Dl
Airborne/Space/Shipboard. No. Freg.  (GHz)  Power
OMNIYIG’s products are built under YM 1001 12GHz 213 6 dBm
stringent military specifications (MIL- YM 1002  100MHz 112 —33 dBm
E-5400) Class 1l/MIL-STD-883, typical). s T A R £
Our advanced products are designed YM 1026 1.2GHz  2-18 4 dBm
into some of the world’s most sophisti- YM 1027 100 MHz  1-18  —40 dBm
cated EW and ECM Programs, including m }838 ggg mz Hg gg ggm
the ALQ-99, ALQ-117, ALR-172, £ o
ALR-56C, ALR-62, ALR-64, ALR-67, i Al LR
AL:-BQ, APR'SQ. ‘#Lt?-sié ?Sapgo{tﬁﬂéhﬁﬂ *RF input power on all models 0.6 to 1.0 watts.
and we are aboard the F- B g | 2 P T N Y
EF111, B-1, B-52, C-130 and more. Enter No. 252 at www.mwrf.com
e DUAL 10-STAGE
=== BAND PASS/BAND
;‘;i;‘;;':; f;mfwid'h REJECT FILTERS

Model No. M138 M139

Frequency 2-8 GHz 8-18 GHz

Range Band Pass | Band Pass

Insertion Loss 45 dB 458

40 45 min, 3'dB Bandwidth |25:60 MHz | 25-50 MHz
No. Stages 4 4
0ff Resonance 70 dB 70dB

Isolation

Band Reject | Band Reject
30 dB Rejection | 15 MHz Min 75 MHz

Bandwidth
Spurious 2 dB max. 348 Bandwidth |125 MHz Max.| 150 MHz
b VSWR 211 2.5
No. Stages 6 6
Model # M138 M139
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FAST SWITCHING - 800 MICROSECONDS
FULL BAND TRACKING YIG FILTER/YIG OSCILLATOR
WITH INTEGRATED ANALOG OR DIGITAL DRIVERS

_The newest desi@n at Omniyig is the integrated Fast Switching Yig Tuned Filter/Oscillator build
in Mulnoctave-frequency ranges. This is achieved by Omniyig's proprietary fast switching mag-
“Netic shell design. and integrated tracking capability between oscillator and yig filter. The units

are BUHt to-meelithe MIL-STD-5450 Specification with the extreme temperature ranges between
b —55°C t0.#85°C. Some of the RF Specifications are outlined as follows:

“Technical Data:
= ey - Frequency Filter Oscillator Frequency Tracking Filter
A mniyig Range IL RF Power Between Os./Filter 3 dB BW
* Model No. (GHz) (dB) (dBm) (MHz) (MHz)
N129Y10 0520 55 7 5 15-30
S Mi20Y10 2-8 5.0 +17 +7 23-40
M2iyT0 - 818 5.0 +17 +8 2545
%‘RF Pe"nmnmSpeﬂMahnns' .ll.llll.‘ll...'....l.".
" @) Oscilfator frequéncy.range s typcaily _1o0"MHz.above the filter bandwidth. The oscillator frequency can also be l l 4
fagtory agjusted to anyv gm;t frequency requ%‘emems, Y’G osc’ TOH
b) Pulling Figure (1.250 VSWR) is Tess than 3 "MHz
¢) The Secand Harmogie s"typically 17 dBc and 14 dB¢ minimum below fundamental frequency. ULTRA Low NOISE
For final $hegification/data sheet, call Omniyig's Sales Department al BIPOLAHS & GAS FETS
2350 S&clcm nglsg«saég;‘ i;ﬁgs Enter No. 254 at www.mwrf.com
anta Clara, 31 e
maimachey aaa STANDARD e
X MVIQ . ;
e & 7 COMB GENERATORS
206 4 f" Omniyig Input Output
Model Freq.  Output Freq. Power Can
A ] No. (MHz)  Range (GHz) (dBm) / 3
s -taﬂ - b i
——— OHG 10118 100 0110180  —40 4 S
2 . § L OHG 20218 200 0210180 = —35 e AN
= % OHG51026 500 05t 180  —28 :
% o OHG 61026 1000 1010 18.0 18
4 —l / I e R R R R R R 7
Tl J Enter No. 256 at www.mwrf.com &
YIG FILTERS : Omniyig *Note
: ; Y,G BAND Maodel Frequency RF Power
Omniyig  Frequency Ins. Bandwidth
Model Range Loss at3dB REJECT F".TERS . Raogs Mitz YOulet i
No. (GHz) (dB)  (MHz) 6-Stages & §-Stages zgmg:g 9-?‘340 }g
-ST YOM1317 9-8 13
fnsozzmE 0.5-1.0 4 17-30 i, it ) YOM1515 40180 10
L102 1.0-20 3 24.35 %% | YOM1587 40-180 15
$102 20-40 25 2540 rneg % _ YOM1679 2.0:12.0 13.
102 4080 25  25.40 o, % YOM1516 50180 T
X102 8.0-12.4 2672540 B, YOM818-308  8.0-18.0 RIS
Kuto2 124180728 73045 - s "Notes. 1) Available al higher RF, power-oulpy
o levels -+13, +15-and +17 dBn
e Minimum. :
g 5 ;ggg i W 2) We have an additional. 200 designs fo
3 2035 T, X various frequency: ranges -and- Rl
3 25.40 Omniyig Freq. 40 dB Loss power outputs. N
5 Model Range (min.)  (max.) sssssesssssssssssanssReRRIL
3 21 No GHz MHz dB Enter No. 258 at mwrf.com
35 30-45 ¥ nter No. at www. 1
P106RX 0.5-1.0 10 15 ;
L106RX 1.0-20 10 15
35 ;g%g S106RX 2040 15 1.5 Contact Omniyig's sales department
4 20-35 %gggi 8453-182-00 gg :g for comprehensive specifications,
: ggzg CLH1OBRY 120480 50 i3 price and delivery information.
3 58.45 M102RX 40-120 8 15
M103RX 40-120 10 1.5
4 M104RX 40-180 8 2.0
P02 0510 35 170 Migax. 2088 o MO 18 v
L1022 1020 3 24.35 MI07RX 8.0-180 20 15 3350 Scott Bivd., Bldg. #66
§1022  20-40 25 2540 SreviseN v a s N ERRL N re gy Santa Clara, California 95054-3125
C1022 4080 25 2540 Enter No. 257 at www.mwrf.com (408) 988-0843 TWX 910/338-7356
X1022 8.0-12.4 2.5 25-40 : FAX: (408) 727-1373
Ku1022 12.4-18.0 25 30-45
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Get the devil out of the details

High Frequency Planar EM Software Solutions
from Sonnet®

Do your high frequency designs act as though they're
possessed by parasitics? Are your amplifiers tempted
to oscillate and your oscillators to amplify? Are
package resonances demonizing your circuit
performance?

Sonnet can exorcize those oscillating amplifiers,
correct your wayward filters, rebuke misbehaving
matching circuits and put a fork into those pesky
packaging problems, all before you ever build them.

Sonnet offers a heavenly array of electromagnetic
software solutions for your challenging planar
circuit and packaging designs.

The Sonnet em® Suite has been an industry standard
for accuracy and reliability in high frequency planar
3D EM analysis software for over 10 years. All EM
vendors quickly say they are “accurate”, but only
Sonnet quantifies it. Struggling with £5% error from
other EM software? With Sonnet +1% is easy, and
better than £0.1% is possible.

Sonnet has the power and experience you need for
analysis of the most demanding applications in planar
circuit and package technologies. And our technical
support is so solid you'd be tempted to think it was
from Above.

Contact us about taking the devil out of your high
frequency design details...don’t tempt fate!

Free Download:
Try Sonnet Lite for
your 1- and 2-

layer circuit
designs...FREE.

See our web site

for details.
www.sonnetusa.com

Sonnet Software, Inc.
toll free: 877/7-SONNET
877/776.6638
phone: 315/453.3096
fax: 315/451.1694
info@sonnetusa.com

Contact us for Full 3D EM
Software Solutions




NEWS

Japan) focused on improving the max-
imum frequency of oscillation of CMOS
devices when they are scaled down for
higher transition frequencies. The
researchers, using a Si-on-insulator
(SOT) CMOS technology, were able to
achieve a maximum frequency of oscil-
lation of 135 GHz and 10.98 maxi-
mum saturated gain at 40 GHz.

An even higher maximum frequen-
cy of oscillation for CMOS devices was
achieved by L.F. Tiemeijer and associ-
ates from the Philips Research Labo-
ratories (Eindhoven, The Netherlands)
as they reported a frequency of 150
GHz for a 0.18-pum gate-length device.
The researchers employed careful lay-
out optimization which targeted the
reduction of effective gate resistance. Side
benefits included a minimum noise fig-
ure below 1 dB for frequencies to 8 GHz
and a maximum cutoff frequency of
70 GHz.

In response to the CMOS researchers,

a session on high-speed SiGe bipolar
technology featured several perfor-
mance advances that targeted optical-
and wireless-communications systems.
In an invited presentation, Y.K. Chen
and associates from Lucent Technolo-
gies’ Bell Laboratories (Murray Hill,
NJ) used a 40-Gb/s optoelectronics
transceiver as an example to illustrate
the advantages and disadvantages of
various compound semiconductor IC
technologies. They also made projections
on which technologies would be suit-
able for 100-Gb/s optical-communica-
tions systems.

Katsuya Oda and associates from the
Central Research Laboratory of Hitachi
Ltd. (Tokyo, Japan) reported on self-
aligned selective-epitaxial-growth SiGeC
HBTSs with maximum frequency of oscil-
lation of greater than 170 GHz, with a
corresponding cutoff frequency of 124
GHz. Good uniformity and excellent
crystallinity of the SiGeC layer were

achieved by optimizing the selective
growth conditions.

M. Racanelli and co-workers from
Conexant Systems (Newport Beach, CA)
disclosed data on high-speed SiGe NPN
devices integrated into a 0.8-pum bipolar-
CMOS (BiCMOS) process. The scalable
NPN transistors feature a maximum fre-
quency of oscillation of 148 GHz with
a cutoff frequency of 163 GHz at a rel-
atively low current density consisting of
6 mA/pm.”

B. Jagannathan and fellow researchers
from IBM Microelectronics (Hopewell
Junction, NY) reported on a SiGe bipo-
lar transistor with a cutoff frequency
exceeding 200 GHz and maximum fre-
quency of oscillation of 150 GHz for opti-
cal-communications systems operating
beyond 40 Gb/s. The device is imple-
mented in a 0.18-pm technology with-
out the use of SOI technology or high-
resistivity substrates. The devices exhibit
200-GHz operation at a collector cur-
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Your choice of thousands of Microwave and
RF components, right at your fingertips.

Advanced Control Components
understands how you do your work,
A new project is moving ahead.

A new desidan is taking shape.

We're here to provide the
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it a success. Fast delivery on
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For a free copy of our poster o
(right) call us today or visitus &
at www.advanced-control.com.

Your ideas can't wait, . . .
and we can't wait to help you.

¢ DETECTORS

* LIMITERS

* SWITCHES

¢ ATTENUATORS

* PHASE SHIFTERS

* CUSTOM CONTROL COMPONENTS
* MULTI-FUNCTION ASSEMBLIES

GET THE COMPONENTS med
YOU NEED FAST FROM

Components

20 Meridian Rd, Eatontown, NJ 07724 e Tel 732 460-0212 * Fax 732 460-0214 » www.advanced-control.com
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It probably started with a conversation over in marketing: “Bluetooth
wireless technology is the next big thing! We have to put it in all
our products! Details? Bah, all you do is add an antenna. The
engineers will figure it out. Let's go see if they're finished yet."

And now you and a few thousand other engineers are figuring
out that Bluetooth integration is not a trivial task. From baseband
DSP to RF interference, you've got an integration challenge
worthy of legendary King Harald himself.

Welcome to the wild world of RF. New to RF? We've pooled
the talents of our digital, DSP and RF experts to identify the
most important signal checks you'll need to make when
integrating Bluetooth designs. Our online resources include
everything from an RF basics seminar to advanced measure-
ment technigues.

Something for the RF experts, too. If you have the luxury
of approaching Bluetoath from an RF background, we can offer
advice on the most-efficient test procedures and toolsets to
tackle a wide range of Bluetooth measurements.

The Bluetooth big picture. Most of the Bluetooth work we're
seeing today involves the integration of a Bluetooth module
into a new product design:

* Evaluating module performance and characterizing interoperability
* Understanding host-module integration issues

» Designing and debugging the host-madule interface

* Conducting pre-qualification RF testing

* Getting Bluetooth Qualification

* Manufacturing quality products

Some of the mare interesting problems show up in the second
stage, as you bring the RF transceiver into your host products.

Transmitter Burst
muﬂmllui
Burst ’

Low-Pass Filter

Baseband

Control/processor

DSP Baseband Processar
{burst mode control)

Receiver
Threshald

detector ™M
& clack demodulatar
recovery

Fraquency hopping control

Host Micro-
processor

Watch out for some interesting interoperability problems when yol integrate
a Bluetooth module into your host device
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Indium Phosphide is now
in production — on the fast track
to boost the performance of wire- -

less and fiber optic communications

systems. Components made of
breakthrough InP offer higher speed,

greater bandwidth and use less 4

-

power than conventional ICs.

First out of the gate are a family
of products for 40 Gbps 0C-768
fiber optic systems, and

power amplifiers for 2.5G and
3G wireless handsets.

These new InP products join our
current family of GaAs low-noise,
driver and high-power amplifiers
operating in frequency ranges from
18 to 64 GHz.

To keep pace with your high-
speed fiber optic and wireless
requirements contact Velocium,
a new TRW company.

The fast track just got faster.

Phone 1.310.814.5000
1.310.814.5749

Fax 1.310.812.7011

E-mail telecom.sales@velocium.com

© 2001 Velocium

OCIUM

A TRW Company




rent of 1 mA and operation at 78 GHz with only 100-p.A col-
lector current.

J. Bock of Infineon Technologies (Munich, Germany)
disclosed the company’s high-speed SiGeC bipolar technol-
ogy for achieving gate delays of only 6.5 ps with cutoff fre-
quency of 106 GHz and maximum frequency of oscillation
of 145 GHz. The Ge content is linearly graded across the base
to achieve an accelerating drift field for the electrons. A
double-polysilicon self-aligned emitter-base configuration is
used to achieve high stable gains of 29.9, 24.8,and 22.3 dB
at 2, 6, and 10 GHz, respectively.

The final presentation in the SiGe session featured a
report by B. Heinemann and associates from IHP (Frankfurt,
Germany) on how to integrate SiGe HBTs by using reliable
BiCMOS technology that does not require a buried epitax-
ial layer or deep trench isolation. The simple technology
yields HBTs with a cutoff frequency of 100 GHz, maxi-
mum frequency of oscillation of 130 GHz, and high break-
down voltage of +2.5 VDC. In addition, the devices achieve
ring-oscillator delays of only 8.3 psat 0.61 mA current per
stage.

In the area of high-power devices, L. Shen and associates
from the University of California at Santa Barbara (Santa Bar-
bara, CA) detailed work on a Ga-nitride (GaN)-based high-
electron-mobility transistor (HEMT) that is suitable for
high-power applications. A 0.7-pm gate-length device yield-
ed current-gain and power-gain cutoff frequencies of 28
and 56 GHz, respectively. When tuned for maximum power
in Class AB mode at +45 VDC, the device featured output-
power density of 8.4 W/mm at 8 GHz, with associated
power gain of 7.5 dB and power-added efficiency (PAE) of
28 percent.

Y. Ando and associates from the Photonic and Wireless
Devices Research Laboratories of NEC Corp. (Tsukuba,
Japan) reported on an AlGaN/GaN heterojunction FET on
a thinned sapphire substrate. A 16-mm-wide device achieved
22.6-W CW power with 9.4-dB linear gain and 41.9 PAE
at L-band and +26 VDC. A 32-mm-wide device achieved 113-
W pulsed output power and 6.8-dB linear gain at L-band and
+40 VDC.

Finally, a session on microelectromechanical systems
(MEMS) included a report by H.A.C. Tilmans and associ-
ates from IMEC (Leuven, Belgium) on wafer-level-pack-
aged RF MEMS switched fabricated in a CMOS fabrication
facility. Since standard wafer sawing will destroy a MEMS
device, packaging must be carried out on the wafer during
wafer processing. The researchers detailed their wafer-level
packaging process which relies on wafer or chip-stacking tech-
niques using benzocyclobutene (BCB) as the bonding and seal-
ing material.

For more information on the 2001 IEDM, contact Phyl-
lis Mahoney, Conference Manager, 16220 South Frederick
Rd., Suite 312, Gaithersburg, MD 20877; (301) 527-0900
ext. 103, FAX: (301) 527-0994, e-mail: phyllism@wider
kehr.com, Internet: www.ieee.org/conference/iedm. LA
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With SUHNER® QMA

The new cost effective solution for
next generation base stations!

M Similar performance to SMA
but much easier to mate

B User-friendly, fast and secure
mounting

B Higher packing density possi-

‘ HUBER+SUHNER
HUBER+SUHNER AG

Interconnect Division

@100 Herisau, Switzerland
Phone +41 [0)71 353 41 11
Fax +4] (0)71 353 48 30

www.hubersuhner.com
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editor’s choice

Analyzer offers real-time
remote monitoring

THE P9116 SATELLITE-COMMUNICATIONS
spectrum analyzer can be located at a
base station and operated remotely from
any PC. The P9116’s virtual spectrum-
analyzer front panel eliminates the need
for third-party software or hardware, as
the spectrum display can be viewed and
controlled in real time from anywhere with
a LAN, modem, or Internet connection.
The unitis optimally configured to ana-
lyze frequencies ranging from 100 kHz
to 1.60 GHz. A complete Pentium PC and
Windows NT operating system is built
into the spectrum analyzer’s industrial chas-
sis. Multiuser simultaneous access, data
logging, and multi-input switches are
optional. A CD-ROM demo of a fully func-
tional P9116 is available.

Morrow Technologies Corp., 2300 Tall
Pines Dr., Largo, FL 33771; (727) 531-
4000, FAX: (727) 531-3531, e-mail:
sales@morrowcorp.com, Internet:
WWW.MOorrowcorp.com.
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Generator targets field-
testing applications

THE NOVASOURCE X2TM dual RF Signal
Source is a programmable RF signal gen-
erator that combines the functionali-
ty of two individually controllable sig-
nal sources in a single package. The
unit is suitable for applications where
the use of two RF signals is required
simultaneously or in tandem. The unit
is available in bands from 45 MHz to
2.5 GHz with various step sizes, allow-
ing customers to mix and match two
separate frequency ranges to meet their
various requirements. Once set to an
exact frequency, the nonvolatile mem-
ory allows the units to be used repeat-
edly in the field or lab without repro-
gramming.

Nova Engineering, Inc., 5 Circle Freeway
Dr., Cincinnati, OH 45246; (800) 341-
NOVA, (513) 642-3000, FAX: (513) 642-
3300, e-mail: info@nova-eng.com,
Internet: www.nova-eng.com.
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MORROW TECHNOLOGIES
CORP.

NOVA
ENGINEERING, INC.

PASCALL
ELECTRONICS LTD.
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Amplifiers minimize
cable-loss effects

OPERATING FROM THE standard telecom-
munications —48-VDC supply, a line of
transmitting and receiving multicarrier
IF line-compensation amplifiers mini-
mizes cable loss and crossband slope in
broadband microwave wireless systems
without introducing any significant degra-
dation of the multicarrier signal, enabling
smaller-diameter cable to be used to con-
nect ground-level enclosures to mast-
head microwave Txs, Rxs, or transceivers.
A bias tee supplies DC power to the
masthead unit through an input or out-
put cable. MTBF exceeds 150,000 hours.
A gain profile compensates for the trans-
mission characteristics of commonly
used cables. Each unit has four switched-
gain settings so that the user can quick-
ly adjust the gain to the cable length and
type deployed at each individual site.
The 1-dB compression point (+36 dBm
minimum for the transmitting amplifier
and +23 dBm minimum for the receiv-
ing amplifier) makes the units suitable for
point-to-multipoint LMDS networks.
Pascall Electronics Ltd., Westridge
Business Park, Cothey Way, Ryde, Isle of
Wight PO33 1QT; 01983 817300, +44 1983
817300, FAX: 01983 564708, +44 1983
564708.
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Switch operates
from DC to 3 GHz

MODEL MS SMA 033 is a normally open,
low-cost, SP3T RF mechanical switch
that operates from DC to 3 GHz. The
switch offers a guaranteed operation of
one million cycles per switch position. Actu-
ating current is +28 VDC at 140 mA
maximum and insertion loss is 0.2 dB.
Temperature range is from =10 to
+60°C. VSWR is 1.2:1 and isolation is
80 dB.P&A:$225.00 (1 to 24 qty.) and
$205.00 (25 to 49 qty.).

Narda Microwave, 435 Moreland Rd.,
Hauppage, NY 11788; (631) 231-1700,
FAX: (631) 231-1711, Internet:
www.dept26.com.
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Linearity. Reliability. Power!

Sirenza Microdevices’ SXA-289 and SXT-289 amplifiers  functions in repeaters and other infrastructure equipment
offer the infrastructure-equipment designer a rare covering the cellular, PCS, WLL, GSM, WCDMA, UMTS,
combination of efficient '/a-watt power with high ISM, IF and LO bands. And, exceptional linearity makes

linearity in a low-cost, surface-
mountable SOT-89 package. Both
products feature SMDI’s high-
reliability GaAs heterojunction
bipolar transistor (HBT) technology

them an ideal option for multicarrier digital applications.

Find out how the SXA-289 and SXT-289 can satisfy the

power-amplifier requirement in your equipment design.

For more information, visit us at sirenza.com.

SOT-89 Package

and deliver high output 3rd order intercept
performance of better than 40 dBm.

Part Number Frequency P1dB IP3 Gain Device Current
Range (dBm) (dBm) @1950 Voltage (mA)
(MHz) MHz
The wide frequency range and power efficiency of our SXA-289 | 5-2000 | +24 | +42 | 155 | 50 | 105
SXA/SXT amplifiers make them an excellent choice for driver SXT-289 |1800-2500| +24 | +41 | 150 | SO | 105

ESIREHZH

MICRODEVICES

www.sirenza.com ® 800.764.6642

© Copyright 2001 Sirenza Microdevices. Sirenza Microdevices is a registered trademark of Sirenza Microdevices. Other trademarks are the property of their respective holder. All rights reserved.
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HOWEVER TENTATIVELY, THE first 3G

wireless communications system based
on the WCDMA technology took to

i’.l_nz_mcmlnewg

3G Wireless Rises In The Orient

the air in Japan on October 1,2001. The
mobile-phone service was launched by
NTT DoCoMo, the country’s leading

PRECISION ADAPTERS

In-Series and Between-Series

Maury Microwave’s PRECISION IN-SERIES and BETWEEN-SERIES ADAPTERS are low
VSWR and low loss devices that operate from DC up to 50 GHz. Offered in all combinations
of connector type and sex, these adapters are ideal for precision measurement applications.
They are phase matched, minimum length, and feature a square flange for ease in connecting.

2.4mm

7921A

~

2.92mm
8714A1
A

(N

3.5mm

8714B1

8714C1
£

8021A2

£ Q /
. w

802182

/

8021C2

These adapters won’t roll
off the test bench.

Easily removed and
replaced at a relatively
low cost, these adapters
are highly popular as
VNA Test Port Savers
which protect the high
cost test ports of your
vector network analyzer
from the wear-and-tear of
frequent connection and
disconnection.

Bulkhead and panel
mount adapters are also
available.

Contact our Sales Staff
for details, or visit us on
the World Wide Web at
hetp://'www.maurymw.com.

Model Adapts From Adapts To Frequency Range and Maximum VSWR
8021A2 3.5mm female 3.5mm female DC - 18.0 GHz, 1.05
8021B2  3.5mm male 3.5mm male 18.0 - 26.5 GHz, 1.08
8021C2  3.5mm female 3.5mm male 26.5 - 34.0 GHz, 1.12
7926A 2.4mm female 2.92mm (K) female

79268 2.4mm female 2.92mm (K) male E% B 238 g:: 182
7926C 2.4mm male 2.92mm (K) female 200 - 400 GHz 112
7926D 2.4mm male  2.92mm (K) male ‘ ’ ' ’
7927A 2.4mm female | 3.5mm female

7927B | 2.4mmfemale  3.5mm male 1?% i ;gg gn; }82
7927C 2.4mm male 3.5mm female 265 - 340 GHz 112
7927D 2.4mm male | 3.5mm male s Z ‘
7921A 2.4mm female | 2.4mm female DC - 26.5 GHz, 1.06
7921B 2.4mm male 2.4mm male 26.5 - 40.0 GHz, 1.10
7921C | 2.4mm female 2.4mm male | 40.0 - 50.0 GHz, 1.15
8714A1 = 2.92mm (K) female 2.92mm (K) female DC - 4.0 GHz, 1.05
8714B1 = 2.92mm (K) male = 2.92mm (K) male 40 - 20.0 GHz, 1.08
8714C1  2.92mm (K) female 2.92mm (K) male 20.0 - 40.0 GHz, 1.12

2900 Inland Empire Blvd., Ontario, CA 91764 « TEL: (909) 987-4715 -«

MAURY MICROWAVE

C O R P O R A T

EMAIL: maury@maurymw.com

I O N

FAX: (909) 987-1112
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mobile telecommunications provider.
It is known as Freedom of Multi-Media
Access (FOMA) and, at least initially,
service will be limited to a 20-mile
radius of Tokyo.

NTT DoCOMo is betting that cus-
tomers will increase their monthly phone
spending to latch onto high-speed wire-
less services such as Internet surfing,
videoconferencing, and listening to
music. But the company must first clear
the hurdle of handset cost, estimated at
$560 for the standard version and $800
for a set that doubles as a video cam-
era. The pricey handsets will probably
limit the early adopters to profession-
al and corporate users rather than the
general public. Nevertheless, NTT plans
to open the service in other areas of
Japan by December, and to the entire
country by Spring 2002.

Although being first in any market
has traditionally given a company a head
start toward industry leadership, 3G
wireless is filled with potholes in unchart-
ed territory. Even now, NTT’s current
advanced i-mode service, which offers e-
mail, Web browsing, and games, gener-
ates only 10 percent of the company’s sales.
The company’s own estimates for its 3G
system are to have one in 10 subscribers
in the next three years. Another problem
is that advanced wireless features have
not been fast out of the gate. An exam-
ple is the highly-touted WAP that was in-
troduced in Europe a few years ago and
is still seeking widespread acceptance.

By being first with 3G, NTT hopes
to gain substantial shares of the Euro-
pean and American markets. Europe,
in particular, has proven to be shaky
ground for telecommunications, as
many industry observers feel that com-
panies have already spent too heavily
on 3G licenses. Some analysts place lit-
tle worth in the fact that NTT is first
on the market. One likened the coming
battle among competitors as a long
race rather than a sprint, while anoth-
er believes that 3G may not turn out to
be the panacea that many expect. [TR




InGaP HBT AMPLIFIERS WMGE_M

[METELICS

8

You asked for more power..

NEW MMA-700 FAMILY

The MMA701-S0OT89 is a low cost packaged InGaP HBT
ideally suited for Cellular, PCS, 2.5/3G, MMDS, WLL and
other types of wireless infrastructure applications where
flat gain and good linearity are required. This device
offers an exceptional combination of performance,
efficiency, and versatility to quickly bring a superior

solution to market.

The MMA710-S0T89 is a broadband fully matched
packaged InGaP HBT idedlly suited for narrow or
broadband performance applications. This device offers
a flat gain/power response from 1 MHz through 5 GHz,
with usable gain to 6 GHz. This device delivers an

outstanding combination of broadband P-4z
compression, linearity, and efficiency and is ideally suited

as a general purpose gain block or driver.

These devices have been designed and tested to offe
MMA 701 PERFORMANCE papyions e e eees - ’

the highest standards of reliability and performance you
e More Power .......... +27 dBm have come to know from Mefelics.

e High Linearity ....... +48 dBm :
o e wWe delivered,

e Available from stock ........... HBT AMPLIFIERS |

Model Frequency Vce Icc Gain* P-1a8** 1P3** Thermal
Range ) (mA) (dB) (dBm) (dBm) Resistance
(GHz) Typical Typical (°C/W)
PACKAGE DEVICES
MMA701-SOT89 0.001-4.0 7.0 130 12.5 +27 +48 70
MMA710-SOT89 0.001-4.0 7.0 95 12.0 +22 +37 70
AMPLIFIER DIE
MMAG601 0.001-5.0 7.0 130 12,5 +27 +42 70
MMA602 0.001-5.0 7.0 95 12.0 +21 +37 70

* Matched SSG at 2.0 GHz
** Measured at 2.0 GHz

These parts are available at Iv. L @75 Stewart Drive * Sunnyvale, CA 94085
& First Source inc. % b 408.737.8181 » £x 408.733.7645
800.225.7434 M ET E L ICS sales@metelics.com * www.metelics.com
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80905 Munich, Germany
sp GCtrum P.O. Box 45 05 33

Fax{49}-( 89 )-354-804-90, Telephone: {49}-(89)-354-804-0
http/www:spectrum-et.com e-mail: specelek@CompuServe.com
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CONTRACTS

TECOM Industries, a TRAK Communications Co.—Was
awarded a contract by Spacelabs Medical to provide an
antenna solution for the active telemetry portion of LANs
within hospital environments.

AR/Kalmus—Has signed a contract with United States Spe-
cial Operations Command (USSOCOM) for the purchase of
27 of its model M512-125 RF PAs. The amplifiers are val-
ued at $482,000.

Schema, Inc.—Announced a nationwide contract with a
major US TDMA carrier to optimize and increase their spec-
trum capacity. Schema was selected due to the ability of its
technology to increase the existing spectrum of wireless net-
works up to 40 percent, without additional infrastructure
costs.

Motorola’s Global Telecom Solutions Sector (GTSS}—Has been
awarded a $57 million contract from Econet Wireless Nige-
ria Ltd. to provide a GSM network in the populous north-
ern region of Nigeria. The first phase of network installa-
tion is under way and is scheduled for completion by the end
of this year.

EMS Technologies, Inc.—Announced that its SATCOM divi-
sion has won a contract valued at $2.5 million from the
Thailand Department of Aviation for ground-based equip-
ment to support search-and-rescue operations over the
Cospas-Sarsat satellite system. The US, Russia, Canada, and
France jointly operate the Cospas-Sarsat system, which pro-
vides distress alert and location data to assist search-and-res-
cue operations.

Aethercomm, Inc.—Has been selected by the Northrop-
Grumman Corp. to design, develop, and manufacture the
high-power solid-state LO driver amplifier for an airborne
application.

InnoWave ECI Wireless Systems Ltd.—Has won a contract
for supplying Botswana Telecom Corp. (BTC) with the
MultiGain Wireless (MGW), the company’s advanced FWA
solution. The implementation of phase one of the $13 mil-
lion contract commenced in April 2001 and is targeted for
completion by April 2002. The MGW installations will
cover urban, suburban, and remote regions of the country
and will operate over a 3.5-GHz frequency band.

FRESH STARTS

Agere Systems—Announced that NEC Corp. is using Agere’s
chips for two Internet-enabled cellular phones that NEC
plans to introduce to the GSM/GPRS market by the end of
the year. The two companies are also working together to
develop solutions for 3G cellular phones.

Eaton Corp.—Has been given approval by Underwriters Lab-
oratories, Inc. (UL) for higher ampere ratings for two of the

microwaves & RF G

company’s lines of Heinemann brand circuit breakers. The Heine-
mann GJ breaker is now approved to handle up to 280-A appli-
cations at +125 VDC. The GJ1P circuit breaker can now han-
dle up to 1200-A applications at +65 VDC and 700-A
applications at +160 VDC. While the UL current ratings have
increased, the physical packaging stays the same.

ITS Networks, Inc.—Announced that, after a long study, it
has decided to refocus its investment and expansion strate-
gy. In particular, it has postponed the acquisition of controlling
interests in WestEnd Communications, Inc. and 4Site Inter-
net. It has also decided to concentrate more on developing
its market share in Spain.

Intersil Corp.—Announced that Panasonic’s latest portable
PC incorporates the PRISM® WLAN chip set. The Mobile
Data Wireless Display (MDWD) and Toughbook 07 Mini-
PC are targeted for use under tough conditions, including
wireless computing at construction sites, on factory floors,
and for on-patrol police officers.

Decibel Products—Has launched a new and enhanced web-
site. The site, which is located at www.decibelproducts.com,
has been updated to provide greater customer convenience, serve
as a resource for up-to-the-minute information, and reflect Deci-
bel’s position as a manufacturer of wireless antenna systems,
site-management equipment and cable, and accessories.
Sprint—Revealed that MiCTA, a national association for non-
profit entities, has chosen Sprint ION®, the integrated on-
demand network service from Sprint, as the endorsed con-
verged network solution for the organization’s approximately
12,000 members. Under the terms of a three-year custom-
service agreement, MiCTA members are eligible to purchase
and enjoy savings on Sprint ION, as well as the portfolio of
value-added voice and data services offered by Sprint.
MiCTA’s membership includes colleges, universities, K-12
school systems, state and local governments, governmental
agencies, municipalities, health-care providers, libraries,
and other nonprofit entities.

Andrew Corp.—Has acquired the selected assets of Deltec
Telesystems International Ltd. of Wellington, New Zealand.
The acquisition brings to Andrew the assets of Deltec’s
Teletilt™ sales and development division, including its IP and
product-development facility in Wellington.

Accelerated Technology, Inc.—Has partnered with Inters-
peak of Stockholm, Sweden to offer embedded-network
security products to Nucleus users that are developing embed-
ded applications to access the Internet. Accelerated Technology’s
Nucleus RTOS expands Internet security through Integra-
tion with Interspeak’s network security products.

Hybrid Networks, Inc.—Announced that Thomcast Com-
munications, Inc. will provide Metromedia, Inc., an Austria-
based Internet service provider, with Hybrid’s base station
and Wireless Broadband Routers™ to deliver fixed broad-
band wireless service to residential and business customers
in Vilnius, Lithuania. The system will be the first two-way
fixed broadband wireless installation in Lithuania and
Hybrid’s seventh outside the US. & .
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Specialists in International Sales
of state-of-the-art Military
Microwave and RF Components.

FILTRONETICS.

>>Military Crystal Filters

Products include Passive LC Filters, Crystal
Filters, Programmable Active Filters, and
Microwave filters for Military and Commercial use.

P10N0N

CORPORATION

>>Surface Acoustic Wave Devices
Phonon Corporation is a global leader in design
and manufacture of RF signal processing
components subsystems based upon surface
acoustic wave (SAW) technology. SAW devices
are used to filter desirable signals from
interference noise commercial Military
Communications Industries.
,

>>Crystal Oscillators

Bliley Electric is one of the oldest and most
prestigious US-based manufacturers of
customized, high precision frequency control
products for military and commercial applications.

Techtrol Cyclonetics, Inc.

>>Military Frequency Devices
Techtrol  Cyclonetics, Inc. designs and
manufactures microwave frequency sources,
crystal oscillators, multipliers, and related
components. TCl serves both the military and
commercial markets with its self-contained
design and manufacturing facility, including:
> prototype or full-production quantities
> complete machine shop and fabrication facility
> MiL-spec approved quality assurance program
> component aging and testing laboratories
> computer aided electronic circuit design

and simulation

MX400A

Microwave Source - | to 18 GHz
Phase Noise: Typical at 9.7 GHz
100 Hz -82 dBc/Hz
IKHz -112 dBe/Hz
10 KHz -127 dBc/Hz
100 KHz -131 dBc/Hz
Frequency stabililty: +/-10 PPM
Temperature range: -20 deg. to 60 deg C
Harmonics: -40 dBc
Sub-harmonics: -50 dBc
Spurious: -90 dBc
Supply Voltage: +24 VDC
Output Power: 5 to 20 dBm available
Dimensions: Size varies depending upon specifications

LEMOS INTERNATIONAL
48 Sword Street Auburn, MA 01501
Tel: (508) 798-5004
Fax: (508) 798-4782
sales@lemosint.com

www.lemosint.com

BERNHARDT

Kivera—MICHAEL FISHER to executive vice
president; formerly held the title of
COO of GlobeXplorer.

Touch America—BILL LANNAN to vice
president of operations; formerly
employed as a consultant with Price
Waterhouse Coopers.

Rohde & Schwarz—WULF-DIETRICH
OERTEL to executive vice president of
the International Sales and Service Divi-
sion; formerly held the title of autho-
rized officer for sales in North Ameri-
ca and Latin America.

BAE SYSTEMS' Information & Elec-
tronic Warfare Systems (IEWS)—H.
MARSHAL WARD to the position of vice
president of the Space Systems Opera-
tions area; formerly a major general in
the US Air Force, serving as director of
Special Programs at the Office of the
Undersecretary of Defense for Acqui-
sition, Technology, and Logistics at the
Pentagon.

EMS Technologies, Inc.—JAMES S. CHIL-
DRESS to company vice president as
well as president and general manager
of the LXE, Inc. subsidiary; formerly vice
president of business development at LXE.
Mericom COrp.—ROY R. MARKERT I to
vice president of sales and markering;
formerly national sales director for
Sprint Sites USA.

The Montana Power CO.—THOMAS ASH-
BURN to the board of directors; for-
merly held the title of vice president
and general manager of HP Services at
Hewlett-Packard Co.

IPC—ROBERT VITAS to vice president of
professional development; formerly
employed as regional training manag-
er for Qualex, Inc.

Channel Master, LLC—WILLIAM “BILL”
FITZGERALD to director of program

& Fntar N0 A24 at www mwrf com

-people

ITT Industries, Avionics
Names Bernhardt

CHRISTOPHER C. BERNHARDT has been named vice
president and director of programs at ITT Indus-
tries, Avionics Division. He previously served in exec-
utive management positions with General Electric,
Smith Industries, and Allied Signal.

management; formerly held the title of
vice president of sales at COM DEV Inter-
national, Wireless Group.

U.S. Cellular—DAVID H. BENSON to direc-
tor of product development and man-
agement; formerly director of business
application integration.

AirNet Communications Corp.—GLENN
EHLEY to president and CEO; former-
ly senior vice president.

QualMark Corp.—JOSEPH A. RUTH to
vice president of sales and marketing;
formerly manufacturer’s representa-
tive covering the Southeastern US.
Atlas Venture—]JAY SHIVELEY to prin-
cipal in the Menlo Park, CA office; for-
merly senior vice president of worldwide
field operations of Vitria Technology.
Battelle—CARL F. KOHRT to president and
CEOQ; formerly executive vice president
and chief technology officer at Kodak.
CenturyTel—JOE SPENCER to vice pres-
ident of emerging applications; for-
merly product manager for frame-relay
services at BellSouth Business Services.

SPENCER

Thermshield, LLC—CHRISTOPHER A.
SOULE to engineering director; former-
ly employed at Aavid Thermalloy.
Pascall Electronics—DAVID PHYALL to
wireless communications director; for-
merly managing and operations direc-
tor at Basys Technology Ltd. [T
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The ESPI:
EMI Test Receiver and
Spectrum Analyzer
in one box

Two for the
price of one

If you want to keep tabs on the EMC of your ‘

products, precompliance measurements during
development are a must. And if these are not
reliable, you might just as well not bother carry-
ing them out. Does that mean you have to buy
expensive compliance measuring equipment
that you won't use very often? Only if there's no
alternative.

But now there is an alternative — thanks to the
multitalented ESPI. The ESPI is a genuine EMI
test receiver with all the extras: EMI bandwidths
and detectors, transducer

tables, preselection, limit

lines, and much more. But

that's not all. The ESPI is

also a full-featured spec-

ROHDE&SCHWARZ
»

Czech Republic (
33 4 Hungary

31 # Poland

# Netherlands (30) 6 00 17

(2 73590 @ Roman
nia (61) 7 Spain (9
52) 81137

" trum analyzer, which is virtually unrivaled in

its price range, with a level measurement
error of less than 0.5 dB, resolution bandwidths
from 10 Hz to 10 MHz, up to 30 measurements/s,
gated sweep, RMS detector, fast time domain
analysis and other first-rate features.
Since everyone needs a spectrum analyzer
anyway, the decision is easy. And when every-
thing you need for straightforward EMC mea-
surements is included, all the better. When
you see the bill, you'll think you ordered half
of the ESPI, and got the
other half for free,
Of course, if your con-
science bothers you, you
can always order two.

Discover more: www.rohde-schwarz.com

49 67 # Saudi Arabia (1) 4 65
21522 @ Taiwan (2|
4 Vietnam (4] 8
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Experience the
Nexyn Innovation

QUIET!

ﬂﬂ% and PRECISE

S
0% 22 GHz Phase Locked DROs
Ngw Products Detarfms_m_ﬂg_n_ _we__ebs:te :

22.0 GHz External Reference PLORO Phase Noise (NXPLOS-2200-01)

40 S— -

50 \.,

110 = -

10 100 1000 10000 100000
Frequency (Hz)

Phase Noise at 22 GHz (Typical)

100 Hz - 80 dBc/Hz
1 KHz -100 dBc/Hz
10 KHz -110 dBc/Hz
100 KHz -112 dBc/Hz
1 MHz -127 dBc/Hz

« Free Running/Phase Locked DRO

« Reliable and Rugged Design

« Extremely Low Microphonics

« 10-200 MHz External Reference
» Frequency: 3 to 23 GHz

'« Power output: +10dBm

'« Spurious: -80 dBc

'« -10 to +65 C (wider range options)

'« Internal Ref/Dual Loop options

Now offering PLO .3 to 3 GHz
Low Noise crystal refergnce

Nexyn Corporation

1089 Memorex Dr,

eX\jnSanta Clara, CA 95050

Tel: (408) 982-9339
Fax: (408) 982-9275

Visit our website at www.nexyn.com

Excellent Technical Support

Guaranteed Performance and
Competitive Pricing
(Seeking Sales Reps)

1000000 10000009

education

» SHORT COURSES

58th ARFTG Microwave Measurements
Conference: RF Measurements for a
Wireless World

November 27-28 (San Diego, CA)
Automatic RF Techniques Group (ARFTG),
IEEE Microwave Theory and Techniques
Society (MTT-S) and the National Institute of
Science and Technology (NIST)

David K. Walker, NIST

(303) 497-5490, FAX: (303) 497-3970
e-mail: walker@boulder.nist.gov

Internet: www.arftg.org

Advanced Wireless and Microwave
Techniques

December 3-7 (Mountain View, CA)
Besser Associates

201 San Antonio Circle

Bldg. E, Suite 200

Mountain View, CA 94040

(650) 949-3300, FAX: (650) 949-4400
e-mail: info@bessercourse.com
Internet: www.bessercourse.com

EMC Printed Circuit Board Design
December 3-5 (Milpitas,CA)

University of Wisconsin-Milwaukee

Center for Continuing Engineering Education
Milwaukee, WI 53203

(800) 222-3623, FAX (800) 399-4896
Internet: www.engoutreach.uwm.edu

Engineering and Planning
Telecommunication Local Loop Facilities
December 4-7 (Madison, WI)

The University of Wisconsin-Madison
Dept. of Engineering Professional
Development

432 N. Lake St.

Madison, Wi 53706

(800) 462-0876, FAX: (608) 263-3160
e-mail: custserv@epd.engr.wisc.edu
Internet: www.epdweb.engr.wisc.edu
RF Analog IC Design

December 11-14 (San Diego, CA)
MEAD Microelectronics, Inc.
Corvallis, OR 97330

(541) 758-0828, FAX: (541) 752-1405
e-mail: valence@mead.ch or
usmead@cmug.com

Internet: www.mead.ch

» MEETINGS

2001 IEEE International Electron Devices
Meeting (IEDM)

December 3-5 (Hilton Washington and
Towers, Washington, DC)

IEDM 2001

Phyllis Mahoney, Conference Manager
101 Lakeforest Blvd., Suite 400B
Gaithersburg, MD 20877

(301) 527-0900 ext. 103

e-mail: phyllism@widerkehr.com
Internet: www.ieee.org/conference/iedm

microwaves & RF - [IIE

COTScon West 2001 Conference and
Exhibition

December 4-5 (San Diego Concourse and
Civic Center, San Diego, CA)

Pennwell

98 Spit Brook Rd.

Nashua, NH 03062-5737

(603) 891-9267

e-mail: atdregistration@pennwell.com
Internet: www.milaero.com

Bluetooth Developers Conference
December 11-13 (Moscone Center,
San Francisco, CA)

Key3Studios

Foster City, CA 94404-1135

(866) 433-2877, FAX: (781) 449-2674
Internet: www.bluetooth.com/dev

Wireless Communications Association
8th Annual Technical Symposium
January 14-16, 2002 (Fairmount Hotel,
San Jose, CA)

Wireless Communications Association
International

Washington, DC 20036

(202) 452-7823, FAX: (202) 452-0041
Internet: www.wcai.com

SUPERNet 2002

January 21-24, 2002 (Santa Clara Convention
Center, Santa Clara, CA)
Telecommunications Industry Association
(312) 559-4600

Internet: www.supernet2002.com

2002 Measurement Science Conference
January 24-25, 2002 (Disneyland Hotel,
Anaheim, CA)

Measurement Science Conference

(888) 690-8880

e-mail: john.bowman@fluke.com

Internet: www.msc-conf.com

» CALL FOR PAPERS

IEEE MTT-S International Microwave
Symposium

June 2-7, 2002 (Seattle, WA)

|IEEE Microwave Theory and Techniques
Society (MTT-S)

Technical Program Chairs:

Eric Strid, Cascade Microtech, Inc.
e-mail: eric@cmicro.com

Ed Godshalk, Maxim Integrated Products
e-mail: ed_godshalk@or.mxim.com
Internet: www.ims2002.org

Deadline for technical paper summaries in
.DOC format: November 26, 2001

2002 Virginia Tech Symposium on
Wireless Personal Communications
June 5-7, 2002 (Blacksburg, VA)

Ms. Jenny Frank, Conference Coordinator
MPRG/Virginia Tech

Blacksburg, VA 24061

(540) 231-2971

e-mail: mprg@vt.edu

Deadline for abstracts: December 17, 2001
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Want to know the secret of suc n the land of Linux and Nokia? It’s APLAC. An industrial-strength simulation
technology that combines the functionality of Spice with the utility of an advanced RF simulator. APLAC, and or
APLAG, provides the accurate IC- and board-level models and precise methods to analyze non-linear circuit behavior
top RF and analog designers. The only approach up to the

complex design challenges ahead: 3G, Bluetooth, and beyond.

APLAC gives you something unique - the freedom to do things right. All
you do is supply the three ingredients mentioned above.

To learn more about APLAC, why not download a student version from

our website www.aplac.com and contact us at APL; olutions.

X

APLAC Solutions Inc APLAL bolutlons Corporatmn
320 Decker Dr, Suite 100, Irving, TX 62 Artomi ) I
tel. 972-719-25
www.aplac.com  e-mail: sales@aplac.com www.aplac.com  e-mail: sal plac.com

The Freedom To Do Things Right.




Challenges For
Miniaturizing
PCS Antenna
Designs

O

Use DSP

For Phase-
Noise
Measurements

\ R&D roundup

ANTENNAS FOR PCS applications, especially
mobile devices, must be virtually invisible. The
size of the antenna, unfortunately, is general-
ly dictated by wavelength and the laws of
physics, although with some clever design tech-
niques, it is possible to shrink the size of PCS
antennas. A.K. Skrivervik, J.F. Zurcher, O.
Staub, and J.R. Mosig of the Laboratory of
Electromagnetics and Acoustics, Ecole Poly-
technique Federale de Lausanne (Lausanne,
Switzerland) explore the physical limitations of
electrically small antennas and suggest various
ways to shave the size of these antennas. The
chief methods for miniaturizing antennas (com-
monly used in mobile communications sys-
tems) include loading the antenna with lumped
elements, high-dielectric-constant materials,
or conductors; using ground planes and short
circuits; optimizing the geometry of the anten-
na; and using the antenna environment (such
asits enclosure) to reinforce the antenna’s radi-
ation patterns. A more recent approach is to com-

bine two antennas into one, offering multiple-
frequency-band coverage and versatility of
polarization. The authors review several unique
designs for miniature antennas, including a
patented smart integrated-L antenna (SMILA)
fabricated on temperature-stable TMM-101
substrate material from Rogers Corp. (Chan-
dler, AZ). The antenna, which was designed for
use with GPS Rxs, has a diameter of only 35
mm and a thickness of 1.27 mm. Circular polar-
ization results from two small notches in the struc-
ture, which allow two orthogonal modes to be
excited at two slightly different frequencies.
Other designs for miniaturization include a
dual-frequency planar inverted-F antenna (PIFA)
and a dual-frequency SMILA. For more infor-
mation on the antennas and the methods used
by the authors to measure the performance of
these designs, see "PCS Antenna Design: The
Challenge of Miniaturization," IEEE Antennas
& Propagation Magazine, August 2001, Vol.
43, No. 4, pp. 12-25.

PHASE-NOISE MEASUREMENTS on high-frequen-
cy signals have long been one of the great chal-
lenges for metrology laboratories and develop-
ers of test equipment. Several (generally expensive)
commercial test solutions are available which
deliver relatively good accuracy with varying
degrees of operator difficulty. But there is hope
for engineers who are involved with phase-noise
measurements, since several researchers from Italy
have developed a method of applying DSP to the
measurement of phase noise at a variety of off-
set frequencies. L. Angrisani of the Diparti-
mento di Informatica e Sistemistica of the Uni-
versita di Napoli Federico II (Napoli, Italy)
along with M. D’Apuzzo and M. D’Arco of the
Dipartimento di Ing. Elettrica of the Universi-
ta di Napoli Federico II have developed an
approach that offers an alternative to analog mea-

O

surement systems as well as time-interval ana-
lyzers. By properly oversampling the input sig-
nals, and applying an optimized quadrature
demodulation scheme, the method enables the
analysis of noise on sinusoidal carriers at off-
sets from a fraction of a Hertz to hundreds of
megaHertz. The goals of the researchers’ devel-
opment program included the creation of an
approach that would deliver a noise floor lower
than that possible with dedicated measurement
systems and a quantization noise power lower
than that possible with high-performance time-
interval analyzers. To learn more about the
measurement technique, see " A Digital Signal-
Processing Approach for Phase Noise Mea-
surement," IEEE Transactions On Instrumen-
tation And Measurement, August 2001, Vol. 50,
No. 4, pp. 930-935.

Tackling Digital
Data Rates At
Microwave

Bus Speeds

INCREASING DATA RATES are blurring the line
between traditional digital and microwave
design. Where transmission-line lengths and
parasitic circuit elements were once of little con-
cern in digital designs, they now impact the per-
formance of high-speed digital systems. But
developers Haw-Jyh Liaw, Gong-Jong Yeh, Pak
Shing Chau, and Greg Pitner of Rambus, Inc.
(Los Altos, CA), writing in the technical jour-
nal Insight from Agilent Technologies (Santa Rosa,
CA), provide some insights into designing PCBs

and circuits for high-speed data buses. They
report on simulations of the transfer function
of an eight-device bus operating at 1.6 Gb/pin
and what types of measurements and analysis
can be performed to minimize PCB skin loss, PCB
dielectric loss, and device resistive loss. They exam-
ined coupling noise from pin to pin of packaged
devices. More information is available by vis-
iting the Agilent website at www.agilent.com/
find/RandD and viewing"A 1.6 Gbit/pin Mul-
tilevel Parallel Interconnection.”
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For additional information, contact Synergy's
sales and application team.

201 MclLean Boulevard, Paterson, NJ 07504
Phone: (973) 881-8800 Fax: (973) 881-8361
E-mail: sales@synergymwave.com

World Wide Web: www.synergymwave.com
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802.11a & HiperLAN2 802.11b WLAN
Antenna Switches TVSarray® Protection

ij]rjtgxgalgtvitches ch;;iction

SPECIFICATIONS

Sanduid USB0803CS08PC™
100MHz — 6GHz Series “

Isolation: .
900 MHz (LMDS): 40 dB(typ.) i ESD I/O Port Protection
2400 MHz (PCS): 30 dB (typ.)
5600 MHz (WLAN): 20 dB (typ. FEATURES
Insertionzu(-,;ss; ) e B Single line bi-directional
900 MHz (LMDS): 0.25 dB (typ.) ' ® Low 5pF capacitance
2400 MHz (PCS): 0.5 dB (typ.) Standoff 3.3 Volts max

5600 MHz (WLAN): 1.0 dB (typ.) ; Breakdown 4.0 Volts max
Power Handling: ] IEC 61000-4-2 and

10 Watts : IEC 61000-4-4 compliant

Third order IP: ;
+39 dBm (typ.) ; APPLICATIONS

Switching speed: 1 ® Ultra high speed data protection
10 nS (typ.) - B WLAN chipset protection
Patented Package: ® On Intersil reference design
MMSM™ hermetic-on-microstrip; ] for PRISM® 2.5 WLAN chipset
EPSM™ ceramic ]

Footprint:

75 x 100 mils (max.)
Bias supply:

+/- 20 mA

Control supply:
Reverse bias polarity

NEW! nNanomount” Technology Sehematic

PRISM® is a trademark of Intersil Americas Inc.

Serves Entire 100MHz - 6GHz Spectrum

Microsemi's breakthrough surface mount MNM4200™ Series provides four ] usBeB1™
patented MMSM PIN diodes on a single 75 x 100 mm ceramic substrate for — ESD I/O Port Protection n
“transfer,” “diversity,” “transmit/receive” and single pole double throw (SPDT) 3

switching functions. 1 FEATURES

. Single and Two-Line protection
The MNM4200 Series serves the entire 100MHz — 6GHz sprectrum, a complete : Stand-Off 5.0 Volts max

line of silicon antenna switches meeting the demanding requirements of 802.11a Breakdown 6.0 Volts min

and HiperLAN2 broadband wireless LAN applications. 3 Clamping 9.8 Volts max
Capacitance 5 pF typical
New NanoMount technology creates a wide-bandwidth, high-power solution with Temp Coefficient 3mV/°C max

outstanding isolation, insertion loss and power handling capabilities. All on easy- : IEC-6000 ESD compliant
to-use tape and reel packaging. ]

i APPLICATIONS
Visit our website for details on Microsemi’s entire line of 802.11a and HiperLAN2 ! ® PDAs USB Port Protection

antenna switches, switch protection, bias circuits, power limiters, power 1 | Data line Protection
detectors and low noise pre-amplifiers. ]

Vbus
PIN 1
PROTECTED
DATA-
PIN3 T 1c

Signal IN ——

GND
PIN 4

Microsemi products are distributed
by ACI, All American, Arrow, Avnet,

| | [ 1
Future, Richardson, Universal, and
4 other distributors and representatives
: worldwide. Check locations on our

more than solutions - enabling possibilities™ . website: www.microsemi.com

® 2001 Microsemi Corporation All trademarks of Microsemi Corporation




DETECTING FQPSK

Noncoherent Detection
Improves FQPSK System Performance

Eight noncoherent detection techniques are
examined to determine which offers the
best BER performance for FQPSK signals.

ultiyear studies by the US Department of Defense (DoD),
NASA, American Institute of Aeronautics and Astronautics
(AIAA), and the International Committee Consultative on
Space Data Systems (CCSDS) have confirmed that Feher
quadrature-phase-shift-keying (FQPSK) technologies inalinear-amplified system.™
patented by Kamilo Feher offer the most spectrally efficient 110Wever, since phase noise is

and robust (smallest degradation from ideal theory) bit- caused by oscillators and fre-
quency synthesizers, and rel-

8

HYUNG CHUL PARK

Ph.D Candidate
KWYRO LEE

Professor

Dept. of EECS and MICROS Research
Center, Korea Advanced Institute of
Science and Technology (KAIST)
Taejon, 305-701, Korea; +82-42-869-
5433, FAX. +82-42-869-8590, e-mail:
chori@dimple kaist.ac.kr

KAMILO FEHER

President

Digicom, Inc., 44685 Country Club Dr.,

El Macero, CA; (530) 753-0738, FAX:
(530) 753-1788, e-mail:
feherk@yahoo.com

error-rate (BER) performance of non-
linear-amplifying (NLA)-RF power-
efficient systems."”” This has led to their
standardization in many applications.

For coherent FQPSK-B detection, a
signal-to-noise ratio (SNR), Ey/Ng =
9.8 dB is required for a BER = 10 * if
the simplest symbol-by-symbol detection
is used. To obrtain the same BER for
FQPSK-B with trellis decoding using
the Viterbi algorithm, the reduced E,/N,,
of 9.1 dB is required.” These NLA
requirements of FQPSK-B are 1.4 and
0.7 dB worse, respectively, than that of
the suitable theoretical QPSK operating

atively large Doppler spread®’ may
degrade the performance of relatively low-
bit-rate coherent demodulators and
increase synchronization time, nonco-
herent detection is preferred for certain
mobile applications.'’ In this article,
eight noncoherent detection techniques
for FQPSK-B signals are proposed and
their BER performance in a Gaussian
channel is compared using a simulation
study as well as hardware evaluation.

In the FQPSK-B modulator, the
amplitude parameter A of the cross
correlator is chosen to be 1/4/2 for the
modulated signal to have a quasi-con-

stant envelope.

FQPSK-B modulator,
QDE which does not have

And the instanta-
neous phase of

tial encoder.

1. A special coding scheme, QDE without a differential
encoder, is equivalent to the IRIG standard requiring a differen-

differential en r M -B si
NRZ pi encoder | modulated signals i%iifeﬁ ;‘gﬁz
data IRIG 106-00 standardizea| ' ldentical : yh
PDE FQPSK'B modUIator' .................E Wave orm-s ap_
~ which has ing rule of FQPSK-
differential encoder B modulation. >

These character-
istics of FQPSK-B
signals allow them
to be interpreted
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NEW ! Small Enough, Good Enough

Broadband Amplifiers (2-8 GHz | 6-18 GHz | 18-26.5

GHz | 26-40 GHz) have been
modified to have a smaller size.
Four models (NB00375,
NB00376, NB00377 and
NB00378) are available now.
Each model covers 2-8 GHz, 6-
18 GHz, 18-26.5 GHz and 26-
40 GHz, respectively. Typical
gains of those models are

around 20 dB and output powers are about 20 dBm.

New Tiny LNA's (NF: 1.1 dB, 1810-1910 MHz | 1710-
1780 MHz) have been developed.
Four models (NL00379, NL00380,
NLO0381 and NLO0382) are
available now with Noise Figure as
low as 1.1 dB. Two of them covers
1850-1910 MHz and the other two
models cover 1710-1780 MHz.
Typical gain is 25 dB. Output IP3
are 33 - 39 dBm. Two more models will come out in
October 2001 with higher gain of 36 dB covering 1850-
1910 MHz.

Visit Our Website WWW NEXTEC-RF.COM and Find more about

- Broadband amplifiers

- Linearized Power Amplifiers: 2110-2170 MHz, 30 W average WCDMA signal
(coming in October 2001)

- Ka Band Up/Down Converters

- 10 Gbps Clock Amplifiers for optical communication network equipment

- Frequency Multipliers

- Transceivers

- LNA/HPA (Cellular, PCS, IMT-2000/UMTS Bands)
- Duplexers (Cellular, PCS, IMT-2000/UMTS Bands)
- Filters (Crystal filters, LC filters and Ceramic filters)

MICROWAVE & RF

WWW.NEXTEC-RF.COM
2255 Martin Ave. Suite E, Santa Clara, CA 95050
INCORPORATED Phone: (408)727-1189 Fax (408)727-5915 Email: sales@nextec-rf.com

Are you looking for an Offshore Contract Manufacturer-

N

extec Microwave & RF, Inc. has a sister company in Indonesia, PT RF Hitek, which is a Contract

Manufacturer. We provide assembly work with a very attractive price. If you are looking for an
Offshore Contract Manufacturer, Please contact us.

Enter No. 264 at www.mwrf.com



DESIGN

as a continuous phase modulation
(CPM).'"""3 The interpretation of the
FQPSK signals as a nonquadrature
CPM''""? enables the detection of a
FQPSK-B modulated signal noncoher-
ently by differential decoding of the in-
phase (I) and quadrature (Q) channel
data separately. Observations 1 and 2

a limiter-discriminator (LD) detection
scheme for noncoherent detection with
the instantaneous frequency-deviation

the aforementioned references supports
the use of the differential detection of
the phase change or LD followed by inte-
grate-and-dump (I&D) detection schemes
for noncoherent detection with the
characteristic phase transition at the
Ty, interval.

Detection Techniques

The FQPSK-B signal can be detected sym-
bol-by-symbol using LD detection
(Method 1). Observations 1 and 2 sup-
port the detection of the FQPSK-B sig-
nal using 3-level frequency discrimi-
nation (i.e., +Af, 0, and —A).

In addition, differential decoders in
the respective [ and QQ data channels are
required for noncoherent detection

of refs. 11 through 13 permit the use of

characteristic. And observation 3 of

i Frequency !
: discriminator
RF and IF ; "‘ i Output
stage ! % data
5 n ; sampling
5 i rate=1Tb wo-threshold

decision

2. This Rx structure based on LD, followed by symbol-by-symbol detection for the
QDE FQPSK signal, provides good BER performance.

100

3. The BER per-
formance of LD

—~—

10-1

—— LD+ 3-symbol observation
and middle-bit correction
— LD+ 5-symbol observation
and middle-bit correction

followed by
multiple-symbol
observation

— LD+ 7-symbol observation
and middle-bit correction

O\

and middle-bit 102
decision
schemes with

various symbol

BER

10-3

N\

AN

observation
intervals is
shown in these

104

v

N
A\

curves.

8 0 12 14 16 18
Ep/No—dB

techniques for FQPSK-B signals. Dif-
ferential decoding experiences error
propagation. Thus, a special encoding
scheme, known as quadrature differential

encoding (QDE), is proposed to solve
this problem. This is to encode differ-
entially for the I and Q data channels
separately:

["Wsdo4 ONILO3L3A |

Generate Custom Chirp Waveforms at 1 GHz Clock
Speeds with our Direct Digital Chirp Synthesizer

stand alone 2375STF interface module and PC
compatible control software. Visit our web site

for all the details. www.ittmicrowave.com

A 1 GHz update rate and 32-bit resolution give the STEL-2375A the highest
performance of any digital synthesizer available. Originally designed for creating
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DESIGN

You = yz(n—/) ® Xon

Yon+t1 = Yon—1 ® Xon+1 (])

where:

x = the nonreturn-to-zero (NRZ)
input data,

y = the QDE output, and

both equations = modulo-2 addi-
tion. The IRIG 106-00 standardized
FQPSK-B also specifies the use of a dif-
ferential encoder.” This is somewhat
different from QDE. However, QDE is
equivalent to a cascaded precoding dif-
ferential encoder (PDE) and differential
encoder in the IRIG 106-00 standard,
as shown in Fig. 1. PDE is represented
by Eq. 2.

Yne1 =Y ® x (2)

n n

where:
X = the inversion of NRZ input data,
y = the PDE output, and
the equation = modulo-2 addition.
Note that if QDE is employed, then
a very simple receiver (Rx) structure

QUIET DROS - CLEAR COMMUNICATION

The desire for low noise
' Dielectric Resonator
Oscillators to enhance
clear communication,
spectral purity, contin-
ues. Typical phase noise
@ 100 KHz offset of
-126 dBe/Hz for 10
GHz, -115 for 18 GHz,
and =108 for 38 GHz
are being measured on
our pr()ducti(m DROs.
Harmonics measure be-
tween =50 dBc and —80

' ‘ " dBc. Spurious are less
than —90 dBc with —120 dBe available by request. Designs under way
promise to reduce phase noise even more significantly. Check the Lucix
Website for ()utstandmg features of our DROs, such as low power consump-
tion, very small size, high output power, ultra stability. Tell us your special
needs. At Lucix, we Listen.

800 Avenida Acaso, Unit E
Camarillo, CA 93012
Phone: 805-987-6645

-
Luc
Fax: 805-987-6145

Corporation website: www.lucix.com

can be obtained, as displayed in Fig. 2,
which also provides better BER
performance.

Also, only certain combinations of
phase changes of FQPSK-B-modulated
signals are permitted (i.e., the FQPSK
signal has memory). In this case, it is
well-known that the detection based
on multiple-symbol observation per-
forms better than symbol-by-symbol
detection.'* " For multiple-symbol
observation based on noncoherent
detection, an instantaneous frequency-
deviation vector that is composed of
“N” instantaneous frequency-devia-
tion components is required. However,
it is obtained by a N + 3 data se-
quence.”"" This means that many of
the input vectors (N + 3 data sequence)
are mapped into the identical vector
(“N” instantaneous frequency-devia-
tion components), in m-space. As the
symbol observation interval increases,
the ratio (m/M), of the number of sup-
ported instantaneous frequency-devia-
tion vectors to the total number of
random combinations of symbol-by-
symbol data (3 level in this case) is
reduced significantly. This means that
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DESIGN

the correction ability for the erroneous LD output value
improves greatly.

Three detection techniques with multiple-symbol obser-
vation are studied: multiple-symbol observation and middle-
bit decision (Method 2), multiple-symbol observation and
majority voting (Method 3), and maximum likelihood
sequence detection (MLSD)'® with multiple-symbol obser-
vation (Method 4). In Method 2, the detector calculates the
distance between the N-tupled vector formed by consecutive
LD output symbols and those in m-space, chooses the vec-
tor with the smallest distance, and makes a decision on the
middle bit. In Method 2, only the middle bit is decided from
the best-matched vector which, however, also has some
information on other bits. One simple way to consider this
is to decide on a bit based on the majority voting among those
found from the nearest N vectors. It is Method 3.

Better BER performance than the two methods men-
tioned before is expected when using the MLSD of multi-
ple-symbol observation data. In the proposed MLSD, the
states of trellis consist of permitted instantaneous frequen-
cy-deviation vectors in m-space. The branch metric is defined
as the distance between the N-tupled vector formed by con-
secutive LD output signals, and that by the permitted instan-
taneous frequency-deviation vectors. The survival path is that
which has the smallest accumulated branch metric (i.e.,
state metric). Output data are the middle bits of states,
which are permitted instantaneous frequency-deviation vec-
tors in m-space, on the survival path.

Also, it is well-known that 1&D detection can provide bet-
ter BER performance than simple sampling-based detec-
tion."” Thus, better BER from I&D of LD output signals is
expected, which is only the phase transition. It can be

100

/]
/]
/
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/
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s \ \ N\
1
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1073 E N\ A N
| \
| \
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104 | \ h
4 6 8 10 12 14 16 18 20
Ep/No—dB
— FQPSK-B coherent symbol-by-symbol
detection
—— LD | and D with MLSD using 5-phase shift
observation

—— LD I and D with 5-phase shift observation
and majority voting

—— LD I and D with 5-phase shift observation
and middle-bit decision

—— LD I and D symbol-by-symbol detection

4. BER performance for various LD I&D noncoherent detection
techniques is shown here.

shown that when differentially encoded bit 0 is transmitted,
the absolute value of the sum of the two-phase transition val-
ues between t = (n — 1)T,, and t = (n + 1) T}, interval is less than
or equal to /4, and it is larger than /4 when 1 is transmit-

Modular DDS Concept Cuts Delivery Time on
High Performance Wideband Synthesizers

If you're looking for a synthesizer with super fast switching, high tuning resolution,

and ultra high spectral purity, but can't wait — call ITT. Direct Digital Synthesis concepts

have been combined with microwave mix/divide circuits to achieve the most

advanced performance available. Best of all, these synthesizers are built from

generic modules which can be interchanged quickly without readjustment.

Designs are available up to 20 GHz with several
fixed frequency outputs. Visit our web site for
more details. www.ittmicrowave.com
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ITT Industries, Microwave Systems, 59 Technology Drive, Lowell, MA 01851 « 978-441-0200 * www.ittmicrowave.com
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| DETECTING FQPSK |

ted. Thus, transmitted data can be detect-
ed on a symbol-by-symbol basis from
the observation of the total phase tran-
sition in 2T}, periods. It is the LD 1&D
followed by symbol-by-symbol deci-
sion (i.e., Method 5).

Similarly, in LD-based detection tech-
niques, the multiple phase-transition
observation method can improve the
performance of LD 1&D detection.
There are also three methods: multiple
phase-transition observation and mid-
dle-bit decision (Method 6), multiple
phase-transition observation and major-
ity voting (Method 7), and MLSD with
multiple phase-transition observation
(Method 8). The permitted multiple
phase-transition vectors and element
values differ from that of LD detection.

Simulation Results

To show the BER performance of the pro-
posed noncoherent detection techniques,
MATLAB simulation is performed using
a baseband equivalent model.'® The Rx
BPF, which is implemented with equiv-
alent LPF in MATLAB, is the phase-
equalized fourth-order Butterworth fil-
ter, BT}, = 0.5. The LPF of LD output
signals is a raised cosine filter with roll-

Random bit

generator | | PPE

_ Datarate is 1 Mb/s
Carrier frequency is 70 MHz

Fourth-order
Butterworth LPF, |!
-3-dB bandwidth |
=420 kHz |

Oscilloscope

5. This noncoherent detector block circuitry was implemented for detector-output

measurements.

off factor = 0.5 and —6-dB bandwidth
= 0.42(1/T,). Hard limiter is assumed
to approximate the nonlinear amplifi-
er in the transmitter (Tx). Suitable sym-
bol synchronization is assumed.

The LD followed by symbol-by-sym-
bol decision scheme suffers as large as
9.5-dB degradation at BER = 10~ * from
the best symbol-by-symbol coherent
detection.” But this degradation decreas-
es significantly as observation time is
increased. Middle-bit decision, major-
ity voting, and MLSD based on 5-sym-

bol observation leads to 5.3-, 4.6-, and
3.8-dB degradation at BER = 10~ * com-
pared with best symbol-by-symbol
coherent detection of FQPSK-B per-
formance. Figure 3 shows the BER-per-
formance comparison of different
symbol-observation intervals with LD
followed by multiple-symbol observa-
tion and middle-bit decision schemes.
It is shown that the performance is
increased as the symbol-observation
interval increases. Figure 4 represents
the BER performance of the various
detection techniques

with LD 1&D
scheme. The num-
ber of observed sym-
bols is chosen at N =
5.The LD I&D, fol-
lowed by symbol-by-
symbol decision
scheme, suffers 8.6-
dB degradation at
BER = 10" from the

W

best symbol-by-sym-
bol coherent detec-
tion of FQPSK-B per-
formance. But this
degradation decreas-
es significantly as
observation time
increases. Middle-

0 2 4 6 8101214161820 0 2
Time—ps

4 6

Time—ps

8101214161820 0 2 4 6 8 1012 14 16 18 20
Time—yus

bit decision, major-
ity voting, and MLSD
based on 5-symbol

6. A comparison of actual (upper) and computer generated (lower) waveshapes of the noncoherent-detec- observation leads to
tor output shows a close resemblance to one another.
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| DETECTING FQPSK |

dB degradation at BER = 10~* compared
with best symbol-by-symbol coherent
detection of FQPSK-B performance.
However, simulation results are not
optimized. BER performance results of
various detection schemes for FQPSK-
B are summarized in the table.

To measure the noncoherent detec-
tor output of FQPSK-B signal, the sim-
ple noncoherent detector is implemented
(Fig. 5). In the experimental system, the
data rate is 1 Mb/s, the carrier fre-
quency of the transmitted signal is 70
MHez, the delay time for the nonco-
herent detection is approximately 35 ns—
approximately 1/30 of the bit period —
and the —3-dB bandwidth of the
Butterworth LPF is 420 kHz. The
implemented noncoherent detector is an
approximate model of the LD detector
with small delay time (i.e., 7= 35 ns =
1/30(Ty,). The measured time patterns
of detector output are compared with
the computer-generated patterns as
shown in Fig.6, noting that the measured
and generated time patterns are simi-
lar to each other.

Based on the CPM-based interpre-
tation, eight noncoherent detection
techniques for FQPSK-B are proposed.
It is shown that the BER performance
of the LD and LD I&D-based nonco-
herent detection techniques improves sig-
nificantly using the inherent memory in
the FQPSK-B-modulated signal phase
(i.e., multiple-symbol observation fol-
lowed by middle-bit decision, majori-
ty voting, and MLSD).

Simulation results show that LD fol-
lowed by MLSD with 5-symbol obser-
vation performs BER = 10~ * at E,/N,,
=13.6 dB. Also, LD I&D, followed by
MLSD with 5-phase-transition obser-
vation, performs BER = 10 * at E,/N,
as low as 12.7 dB. These noncoherent
Rxs suffer 3.8- and 2.9-dB degradation
at BER = 10™* from the best symbol-by-
symbol coherent detection of FQPSK-
B performance, respectively. [LHi
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1. Typical distribu-
tions of the sector
antenna coverage are
shown for azimuth (a)
and elevation (after
ref. 3) [b].
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Antenna

Optlons For LMDS

As the spectrum at lower frequencies
becomes scarce, wireless-systems devel-
opers look to higher millimeter bands
for wireless connectivity. The poten-
tial for LMDS, or local multipoint-
communication system (LMCS) as it
is known in Canada, appears to be
enormous. These systems, which range
in frequency from 10 to 66 GHz, could
someday provide ample bandwidth for
households, businesses, and govern-
ments at affordable prices. But before
these great market opportunities could
be realized, numerous technical challeng-
es must be resolved.

Various domestic and internation-
al standards committees are hard at
work developing guidelines for these
promising technologies.' Primarily,

ocal multipoint-distribution service (LMDS) represents
strong candidates for broadband wireless Internet and
other services. To bring LMDS to the masses, however,
certain technical hurdles will have to be overcome,
including the development of high-gain antennas at mil-
limeter-wave frequencies. This article will focus on
some of the design options for these antennas.

there are two standard devel-
opment bodies —one is section
802.16 of the IEEE and the
other is ETSI-BRAN—in an
effort to develop unified standards for
wireless broadband access (WBA).

Why consider LMDS for broadband
access? Simply put, it is due to its promise
of broadband wireless connectivity at
"potentially" much lower deployment
cost than wiring (fiber-optic lines or
coaxial cables) systems everywhere.
But successful deployment of LMDS
still requires provision of a supporting
infrastructure similar to, although more
advanced than, second-generation (2G)
and third-generation (3G) cellular sys-
tems, with the further distinction of
being for fixed, rather than mobile use,
requiring data rates of many tens of
megabits per second rather than a cou-
ple of megabits per second.

It is difficult to predict the level of
success of the LMDS

Ex Ey

market. Its proba-
bility of success could

be improved by tech-
nical innovations lead-

-2
(b)

-45
(@

+45

+3 +45 ing to lower-cost sys-
tems for developers

and customers. The

|
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antenna is key to this. The antenna's pri-
mary function will impact the customer
premises equipment (CPE) and the base-
station units. The antenna ultimately will
determine the Quality of Service (QoS)
and determine the ability of a system to
coexist with other systems in adjacent
frequency bands. It could be consid-
ered one of the most critical parts of the
system design.

Successful LMDS CPE units will
have highly integrated baseband chips
and radio components. In addition to
the antennas, the LMDS high-power
amplifier and low-noise amplifier (LNA)
must also provide high performance
with low cost. The high-power ampli-
fier must be very linear to prevent inter-
modulation (IM) pollution with the
high-performance antennas to adhere
to the radiation mask as dictated by
the applicable standard. At millimeter-
wave frequencies, where LMDS will
be mass produced, the challenege will
be to provide the high levels of anten-
na performance that are required at
low cost.

Perhaps the most dominant archi-
tectural method for LMDS is the cellular
approach, which requires a network
of base stations and hubs serving numer-
ous customers equipped with a CPE,
There are also alternative proprietary
approaches that are being developed,
although antennas remain as critical
elements in each approach.

The base-station antenna must pro-
vide impeccable performance, since it
ultimately determines the QoS. For this
reason, LMDS base-station antennas
will be more complex, challenging, and
higher in cost than those that are used
in CPEs, and network owners must be
prepared to invest in the proper devel-
opment and deployment of these base-
station antennas. There will probably
be several versions of base-station an-
tennas to meet the requirements of var-
ious markets and cell architectures. For
this reason, antennas can be catego-
rized into several service classes. For
example, different types of cell cover-
age involve omnidirectional, sector,
and/or shaped-beam antenna patterns.
Often, the antenna must have a shaped
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2. These are typical azimuth radiation-pattern masks proposed for LMDS antennas,
using three classes of sectored base-station antennas (after ref. 4).

elevation pattern to provide optimum
coverage for a cell site. Figure 1aand b
shows a simplified description of a 90-
deg. cell site for azimuth and eleva-
tion.” Although conceptually simple,
the implementation of this antenna
could be difficult.

Base-station antenna emissions must
also comply with the limits of stan-
dardized radiation masks. These masks
are usually recommended by stan-
dardizing bodies and enforced by the
regulatory agencies of each govern-
ment. For LMDS, there are several cat-
egories of radiation mask that may be
approved, and some proposed masks for
azimuth and elevation are shown in
Figs. 2 and 3 for three classes of ser-
vice, according to the permitted sidelobe
level.*

Traditionally, masks are expressed
in terms of the beamwidth of the main
beam, such as one beamwidth. Figure
2, for example, shows three classes of
azimuth masks with respect to angle
a. For Class 1, the sidelobe level at 2«
is —10 dB; at 3a, itis —18 dB; and at
155 deg., it is =25 dB. The require-
ment for Class 2 (in Fig. 2) is more
stringent, as shown by the —20-and —30-
dB levels, respectively at 2o and 3. In
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Fig. 2, Class 3 is proposed in two sep-
arate categories of a <30 deg. and o >30
deg. Note also that the requirement masks
apply not only to copolarization, but also
place a limitation on the amount of
crosspolarization.

Figure 3 shows proposed radiation
masks for antenna elevation patterns,
below and above the horizon. Class 1
is relatively less restricted, but Classes
2 and 3 are highly restricted on the per-
mitted radiation above and below the
horizon.*

The standard development process
requires that these and similarly proposed
masks be studied by committees, com-
mented upon, and voted upon for
approval or rejection. Once approved
as part of a standard, they will be
enforced by the appropriated regulatory
agencies.

One requirement for base-station
antennas is an omnidirectional design
with high gain. This requirement is usu-
ally difficult to achieve and requires
careful development of array and aper-
ture technologies, with sectoring and
combining. However, a clever approach
is proposed in reference 3 and is shown
in Fig. 4 in the form of a "mushroom"
antenna. The wave off a parabolic dish
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on top is deflected in azimuth by the con-
ical reflector. Conceptually, this design
may seem simple, but pattern shaping
in elevation could still provide some
difficulties in manufacturing.

The traditional base-station anten-
na is usually based on a circular cell
overlapping at the boundaries, using
an omnidirectional antenna such as the
one shown on the lefthand side of Fig.
5. However, an advanced LMDS sys-
tem could benefit from a square cell
shape (see righthand side of Fig. 3).
This type of square cell requires a very
sharp aperture distribution (Fig. 6).”
Although this might appear difficult to
implement, the performance benefits
of this design might outweigh any ad-
ditional costs in manufacturing.

CPE Antenna

For the CPE antenna, performance
goals must be met at minimal cost.
However, the CPE antenna must also
adhere to the radiation mask that is
required at a particular location to sup-
port coexistence of the LMDS system
with nearby services and provide the high-
est possible QoS. Two proposed anten-
na radiation masks are shown in Fig. 7,*
for two directivity categories and three
different classes of service. Category
one could be suitable for uncluttered
service areas such as rural markets, and
category two could be used for more
metropolitan markets.*

CPE antenna cost adds to the afford-
ability of an LMDS system to the end
user or customer. What follows is an
examination of three approaches to the
CPE antenna: the planar array, the Fres-
nel Zone Plate (FZP), and the parabol-
ic reflector. Depending upon the frequen-
cy and the application, the required
gain of a CPE antenna may be between
18 and 45 dBi approximately. These types
of gain requirements (for frequencies
from 10 to 66 GHz) usually dictate
that the antenna be tens of wavelengths
in physical size, and perhaps of an aper-
ture-type design. When comparing these
three antenna approaches, a frequen-
cy of 40 GHz will be assumed, with a
gain requirement of 40 dBi. For the
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3. These are typical elevation radiation-pattern masks that were proposed for LMDS

antennas, using three classes of sectored

sake of illustration, assume that the
antenna efficiency is 50 percent and
that a directivity of 43 dBi will be nec-
essary. The three approaches will be
examined with reference to the same radi-
ation mask, a variation of the Federal
Communications Commission (FCC)
Category A mask (for illustration pur-
poses only).

First, consider a planar-array imple-

base-station antennas (after ref. 4).

mentation. To quickly evaluate the
physical parameters of a planar array,
several approximations will serve as a
good starting point. For instance, the
standard uniform aperture formula will
be used to estimate the size of the array
aperture.

D, = 4n(4,/ ¥) (1)
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4. This conceptual design represents an
omnidirectional antenna for LMDS base
stations (after ref. 3).

This is the formula for standard
directivity, according to the IEEE,” for
a uniform aperture of physical area of
A, Working backward from the required
directivity of 43 dBi, the necessary
square aperture size will be approximately
11.82 in. (30.02 cm) on a side.

To provide a useful discussion of a
planar-array antenna, isotropic ele-
ments can be used for simplicity. Fur-
thermore, assuming element spacing
of one-half wavelength, approximate-
ly 80 x 80 elements will be needed.
This is a huge number that can per-
haps be reduced by increasing the ele-
ment spacing. As a matter of fact, the
optimum will be determined when the
elements are also specified and other op-
timizations are made.® Now it is desir-
able to try this antenna for a uniform
array excitation. (Simple array-radia-
tion pattern formulas are available from
the author at www.antennem.com and
are included in Appendix A of the Inter-
net version of this article at www.mw
rf.com.).

Figure 8 shows the radiation pattern
of this antenna compared to the desired
radiation mask. The first step is to check
the pattern of Fig. 8 to see if the direc-
tivity is as expected, which can be per-
formed by using Egs. 2 and 3. Eq. 2
appears on the next page.

Do: = 4 x (3)
Qa
where Eq. 2 refers to the antenna beam
solid angle, which integrates the power-
radiation pattern of the array antenna
over the solid angle. Once this is solved,
Eq. 3 can be used to find the directiv-
ity. However, it is possible to use a

D 0o
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Qu: = L L P(6, 9)° x sin(6) d6dp

y

quicker approximate approach based
on the main beam half-power beamwidth
(HPBW):’

D,. = 32, 383(HP;HPy) (4)

For a rectangular uniform aperture,
the two HPBWs are the same, so from
Fig. 8, the half-power of approximately
1.2 deg. provides approximately 43-
dBi directivity. Thus, with 50-percent
efficiency, a gain of 40 dBi results.

For a linear-array approximation, at
an element spacing of one-half wave-
length, the directivity of the array is
approximately the number of elements
for the isotropic elements. For a planar
array, it is possible to approximate the
array directivity by:

°D=2D, xD, (5)

This approximation provides an esti-
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mate of the direc- \ ]
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array thatiscom- i
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prised of two
orthogonal linear-
array directivities.
The gain is, there-  date this, however.
fore, simply G =
eD, where e is the
antenna efficiency.

Note that the ideal antenna of Fig.
8 seems to meet the gain requirement,
but fails to meet the limits of the radi-
ation mask. For the uniform array, the
sidelobe level is approximately —13.3
dB, as expected, but is too high for the
desired radiation mask. The next step
is to achieve this mask for the desired
sidelobe levels. The sidelobes will also
be a function of the ultimate element sep-
aration, the radiation pattern of ele-

5. Traditional overlapping circular cells can be replaced with
square cells for best results in an LMDS system. A specific
antenna aperture distribution must be designed to accommo-

ments, the coupling, and the diffrac-
tion, among other things, which are
not included in this approximation. A
full-scale computer-aided design (CAD)
and optimization would be needed to
achieve the design objectives when con-
sidering all factors. Any tapering of the
amplitude distribution to reduce side-
lobes will come at the cost of reducing
directivity, requiring an iterative pro-
cess or full CAD analysis.

The most likely method is to use a
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6. This azimuth aperture distribution is
for the proposed base-station antenna
of Fig. 5.

pattern synthesis approach.” A basic
synthesis approach for a smaller lin-
ear array will now be discussed. An
18-element array has been designed for
simplicity, to provide gain and a radi-
ation mask. For a uniform array, the gain
is higher and the sidelobes are at —13.3
dB. A Taylor Line Source expansion
was used with —30 dBand n = 4, to syn-
thesize the distribution. With this power-
distribution taper, the radiation pat-
tern meets the mask, but note that the
main beam has widened, which trans-
lates into lower directivity and, there-
fore, lower gain.

Note that this example was highly
simplified to illustrate the mechanism
of development. Other shapes and forms
of arrays are possible. In these cases, a
computer-aided-synthesis technique
can be developed to optimize the design.
Furthermore, achieving the design objec-
tive on paper does not guarantee prac-
tical implementation. A series of pro-
totypes must be developed and tested,
and the process iterated until a viable
design is obtained. At that stage, the
emphasis will have to change to low-
cost manufacturing of the antenna.

Furthermore, the array antennas are
practical only if the power distribution
to the elements can be achieved effi-
ciently. This means the that array ele-
ments and size must be minimized for
an optimum design, and the material sel-
ection must be made with lower loss tan-
gent. Cost will always be the ultimate
issue. One advantage of this approach
is that these antennas could be made to
be lightweight with a very-low profile.

Lenses provide an alternative ap-
proach, but, with some trade-offs. The
focus now shifts to the sample imple-
mentation of the antenna using FZP
technology. Again, use a simplified and

I 2 e




approximate approach. The FZP is a
holographic antenna that, in one form,
consists of a set of concentric rings or

7. These are sug-
gested radiation-pat-
tern masks for CPE
antennas. Three
classes of antennas
are proposed here.

dark and light regions. There are other
versions which will not be considered
here. (Approximate formulas for the radi-
ation pattern of a circular lens with a
flat face are available from the author
at www.antennem.com or in the Appendix B of the Inter-
net version of this article at www.mwrf.com.) These approx-
imate formulas were derived from the physical optics, and
have been verified against measured data at 94 GHz. For the
approximate lens diameter, the aperture formula for an
equivalent dish antenna was used. This approximation
works reasonably well as a starting point:

D, = [a(DA)]’ (6)

This directivity is calculated for a uniform-distribution
circular aperture. For the 43-dBi directivity, this translates
into a diameter of 13.3 in. (33.8 cm). To obtain 14 rings,
adjustments were made to diameters, and the final lens
ended up as approximately 14.4 in. (36.6 cm) in diameter.
This FZP was used as a reflective lens with a feed point at
E/D = 0.355. The alternate rings were reused by quarter-wave
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chokes for additional gain. Essentially
all of the lens surface was used and,
for this reason, the approximation of
the aperture seemed to hold.

The radiation pattern of this lens
antenna with the desired radiation mask
will now be discussed. The feed of the
lens was assumed to be a scalar (axi-
symmetric pattern) with cosine taper.
Note that the radiation mask seems to
be nearly met at near the main beam,
and not met at outer sidelobes. Since the
approximate formulas that are used
cannot be relied on for accurate side-
lobes, it is difficult to judge how badly
the sidelobes are missing the mask with-
out more sophisticated analysis. High-
er-order effects, such as diffractions,
have been developed for the lens but not
used for this quick example. It is also
possible to find the directivity of the lens
by integration of the power-radiation
pattern as noted before or by using the
following approximation for the aper-

| ANTENNA OPTIONS |
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8. This is a normalized radiation pattern of an 80 X 80 planar array of uniformly dis-
tributed isotropic sources compared to a sample radiation mask.

ture antennas. This approximation is used
for a circular aperture with some taper-
ing,” and rotationally symmetric pattern:

D¢ = 39, 000/HP? (7)

From the radiation pattern that was
just discussed, the HPBW is approxi-
mately 1.35 deg., thus translating into
about 43.3-dBi directivity from Eq. 7.
The slight discrepancy is due to the
slightly larger diameter mentioned
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before. Evidently, more work needs to
be done to reduce the sidelobe levels.
This antenna is flat (in contrast to hav-
ing a parabolic shape), and uses a feed
similar to that of reflector antennas.
For some classes of LMDS, FZP may
provide a viable option for CPE anten-
nas at very low cost.

Parabolic Reflector

The reflector-antenna approach was
also considered for LMDS. Parabolic
reflector antennas offer the best per-
formance, although production cost
may be an issue. Furthermore, to meet
some stringent antenna-radiation masks,
such as ETSI, a reflector antenna design
may have to be more complex (i.e.,
requiring multiple reflectors with shap-
ing and surface synthesis, such as the
Cassegrian and Gregorian antennas),
thereby increasing complexity, cost,
and overall size.

The radiation pattern for a simple
prime-focused parabolic antenna sim-
ilar to the previously mentioned lens,
with a diameter of 13.3 in. (33.8 cm),
is for a cosine-tapered scalar feed for
example. With the HPBW being 1.4
deg., it provides approximately 43-dBi
directivity.

This pattern suggests that the side-
lobe level could be met for a selected
antenna-radiation mask, but the main
antenna beam must be made slightly nar-
rower. This suggests increasing the
aperture diameter. Feed tapering due to
spherical spreading of the wave may
be included. If this spreading was exclud-
ed, the sidelobe level of —17.6 would

(Continued on page 107)
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1. A Gilbert-cell mixer

was chosen as the
sample circuit for
analysis in the new
harmonic-balance
simulator.

VHDL Approach Improves

Nonlinear Simulation

advanced, up-to-date approaches, apply-
ing harmonic balance and complex time-
domain techniques for fast simulation
of nonlinear analog circuits. Fortunately,
an approach has been developed to
enhance the performance of harmonic-
balance simulation through the use of
extensions to standard very-high-defi-
nition-language (VHDL) models.

In the low-frequency area, the SPICE

Ebers-Moll model is used for all BJTs
1=1x10-12 RS

a'=35 1500

to more

icrowave and RF designers have long sought higher levels
of performance and accuracy in their simulation tools. Due
to the special considerations in the microwave and RF
region, there has been a complicated evolution ranging
from the application of linear approaches of Touchstone circuit description format is
and Simulation Program with Integrated-Circuit Emphasis considered a de-facto stan-
(SPICE) simulations on nonlinear circuits

dard. For high-frequency
modeling (above approxi-
mately100 MHz), this has not been the
case, however. The wide variety of RF
and microwave elements has demand-
ed more advanced description languages
to accurately describe their behavior
over varying conditions. To that end,
most EDA suppliers created their own
proprietary description languages to
describe these components. However,
it appeared to be a situation in need of
T} standardization.
For modeling
digital circuitry, pro-
prietary and stan-
dards-based lan-
guages were created.
The latest and most
useful versions—

VHDL and Ver-

a'norm = ajny = 0.99
R5
E2 —- "M\
+4.0 100
vDC
R3
1500
E1
1.8
VvDC

ilog—entered the
. public domain and
- became widely used
- standards. Increas-
-~ ing demands for sim-
- ulating complex ana-

log, digital, and

o o R T e e s

et mixed digital ana-

MICROWAVES & RF NOVEMBER 2001




ynergy ofrers the largest selection of MIXERS in the industry... :
for commercial and military apphcatlons - dmg double

balanced, quadrature IF and Image Reject, housed in a variety

of package styles...all very competitively priced.

Most models meet or exceed MIL-M-28837 requirements and
applicable tests of MIL-STD-202.

Harmonic and Starved L.O. drive models are also available.

For ddl onal information,
Synergy s Sales and Appllcatlon team.

l\\lll'hﬁ\l@

d A\
; GE INmENA Y
MICROWAVE CORPORATION
Enter No. 200 at L"WﬂM



New advances
in DuPont’s

electronic materials Sl CE=]
technology
can help solve O
tough interconnect
problems o4
for your RF or S

portable wireless
applications.

Green Tape™

e
i
BRI PRI €3 st AT TVTEA Gt

' simplifies those
complex inter-
connect issues by allowing you
to integrate inductors, capacitors
and resistors into the substrate.
That integration gives you more
options for size and cost reductions
as well — dispelling the myth that
ceramic technology is more
expensive. Learn how DuPont's
improved Green Tape™ LTCC [
system can provide you
with superior design flexibility and  §
high-frequency performance
characteristics, all while reducing
process steps. Call DuPont
at 1-800-284-3382, then press 3,
or visit the DuPont Microcircuit
Materials Website

at www.dupont.com/mcm.

The miracles <f science’



DESIGN

0.25
0.20
0.15
0.10
0.05
0
-0.05
-0.10
-0.15
-0.20
-0.25

0.14 T T

0.12

0.08 V1

0.06 |

0.04 Vo

0.02

log circuits led to development of exten-
sions of these languages, VHDL-AMS
and Verilog-AMS, although the
microwave and RF simulation area
remained without a standard descrip-
tion language. Fortunately, the use of
extensions to a standard language, such
as VHDL, may be able to accommodate

<~—Vout—> .

[

I L 1 1

2. In this simulation of the Gilbert-cell mixer, a high LO level of 100 mV was used.

the needs of microwave and RF design
applications.

Apart from harmonic balance, a
technique that simulates the circuit in
the frequency domain, certain time-
domain techniques are also useful for

0 i 1
0 4.0%10°6 8.0x106 1.2

X107 1.6x10°7 2.0x10~7

high-frequency simulations, although
they carry certain limitations. These
time-domain methods include Microwave
SPICE, the shooting approach, and
SpectreRF.

The use of SPICE (specifically,

F(X) = L{@, 7;) x X + N(X, jaX, e"f"”fx) +1=0 (1)

[ 39NVIVE JINOWNHYH |
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Microwave SPICE) is perhaps the most
traditional high-frequency modeling
techniques and one of the oldest meth-
ods. This approach uses numerical inte-
gration of component equations and
Kirchoff’s laws in the time domain to

The time steps can then be graphed to
examine the behavior of an overall cir-
cuit under various drive conditions.
SPICE suffers from the usual draw-
backs of time-domain techniques, includ-
ing long computation times due to large

create a solution for each time step. | time-constant differences found in

1SO 9002

‘tf\wlgﬂler% REGISTERED
our
ick film products

2N take you . . .

Imagine

the future of thick film techfology

SUBSTRATES

Alumina, BeO, Aluminum Nitride, Ferrite, Quartz & Titanate Ceramic- Au or Ag Filled Via
Holes: Metalized Edge Wraps - Printed Resistors, Capacitors and Thermistors

Etched Multilayer Circuits with Lines/Spaces to 1 mil- Thick/Thin Film Integration

on 99.6% Alumina.

CHIP RESISTORS

QPL Listed in MIL-PRF-55342 - Custom Sizes to 30 x 20 mils - Standard Tolerance to +1%
Values from milliohms to gigaohms - High Power & Voltage Applications

Variety of Termination Styles - Pd/Ag, P/Au, Au & Nickel Barrier Terminations

ATTENUATORS
Microwave & RF Applications to 18 GHz - Power up to 4 Watts CW
Microstrip or SMT Application - Standard Sizes to 92 x 42 mils - Stock from 0.5dB to 30dB

TOTAL PROCESSING TECHNOLOGY

CO, Laser Machining- Semi-Automatic Printing - Laser & Abrasive Trimming
Diamond Sawing - Custom and Tape & Reel Packaging

Amitron, Inc.

85 Flagship Drive,North Andover, MA 01845
| _Tel: (978) 686-1882  www.amitron.com

@ Enter NO. 423 at www.mwrf.com

microwave circuits, and an inability to
handle transmission lines well, includ-
ing the need for using lumped-element
approximations and long computation
times. Among the advantages of SPICE
are the ability to solve simple circuits
and the simplicity of the software itself.
Most engineers are familiar with SPICE
and can apply the software quickly.

A new technique using the shoot-
ing approach has also been introduced
to deal with the differing time-con-
stants issue.' The shooting approach
eliminates excessive computations while
a steady-state solution is being found.
There is also an appropriate technique
to find the transient response with dif-
ferent time constants present (such as
with SpectreRF). These tools are ade-
quate for their tasks, but the library of
components with complex frequency
dependency lacks. Both aforementioned
techniques are suitable for ordinary
differential equations (ODE) but not for
equations with complex frequency-
dependent components, which are not
described by ODE.

The use of harmonic balance over-
comes both limitations found in the
shooting or SpectreRF approaches—
neither different time constants nor
complex frequency-dependent passive
components impact the technique’s
ability to accurately solve circuit equa-
tions and provide meaningful results.”
Harmonic-balance equations usually
are formulated by Eq. 1, where:

o = the angular frequency in radians,

7, = the explicit delay component in
circuit,

L(w, 7;) = the complex linear oper-
ator, representing the linear part of the
circuit,

X =complex spectrum of variables,

joX = the image of the variables’
derivatives,

e" X = the image of the delayed
variable component,

N(X, jwX, e’ X) = the complex
response of the nonlinear subcircuit,
and

I = the vector of the free sources in
the frequency domain (complex ampli-
tudes).

Parameter X usually contains all of
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DESIGN

the necessary frequency components
(fundamental and harmonic compo-
nents with orders from 5 to 20).

Most complex calculations are con-
tained in the N term of Eq. 1. There is
no closed-form formula to calculate
response of the nonlinear elements in
frequency domain, excluding only some
special cases (e.g., polynomials). To
deal with this, frequency-transforma-
tion techniques are applied.

With frequency-transformation tech-
niques, the response Fast Fourier trans-
form (FFT) is typically used. First, the
time-domain waveform of the stimulus
is computed through an inverse FFT.
Then, its time-domain response is com-
puted using nonlinear functions of ele-
ment(s), and its frequency-domain
response is calculated through the for-
ward FFT. Multidimensional FFTs are
used to enable transformation of quasi-
periodic waveforms.

The Newton method is used to solve
the harmonic-balance equation. Mod-
ern implementations use modifications
that provide the capability to handle large
and complex systems. The Krylov sub-
space approach is an example of this.’

To simplify a depiction of its func-
tion, assume that the usual Newton
method is applied. Then, according to
Eq. 1, the sequence of steps is:

Xi+]=XJ-+ki><Si (2)
Si=-J'E
dF
= — 3
% (3)

which should converge to the solu-
tion of Eq. 1.

This is guaranteed only if the initial
point, X, is close enough to the solu-
tion point.* If not, different globaliza-
tion strategies are helpful.* Usually it con-
sists of choosing proper value of k; to
allow Eq. 2 to converge to a solution,
where F = 0.

As usual, the described approach
carries advantages and drawbacks that
must be assessed. The ability of harmonic
balance to obtain a steady-state solu-
tion is often mentioned among its main
advantages. This follows directly from

the formulation of Eq. 1. Another key
advantage is its ability to handle circuits
of any linear circuit, including black
boxes with measured frequency respons-
es. Referring to the term L(w, 7;)X in Eq.
1, L can represent any possible linear
transformation of X in the complex

plane, so any imaginable linear circuit
(as long as Kirchoff’s laws are satisfied
at its ports) may be represented by L

This includes elements with complex fre-
quency-dependent behavior, such as
microstrip lines, lines under layered
substrates, under anisotropic substrates,
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| HARMONIC BALANCE |
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3. In this simulation 6f the Gilbert-cell mixer, a low LO level of 5 mV was used.

and others. Using the multidimension-
al FFT in harmonic balance supports the
solution of circuits under quasi-peri-
odic excitation, so different time con-
stants are not an issue.

The main disadvantage of harmon-
ic balance is the large computational time
needed to provide a solution. The har-

monic-balance task has an approxi-
mate cubic algorithm complexity, which
is defined as a “bottleneck” of the algo-
rithm (solving Eq. 3 to define the step).
Another time-consuming procedure is
calculating the response of the nonlin-
ear subcircuit term N in Eq. 1. It requires
many nonlinear function calculations,

along with forward and reverse FFT, Har-
monic-balance-based envelope tech-
niques,® mixed shooting/time-integra-
tion schemes such as in Spectre RF,
and/or direct time-domain integration
are more suitable.

The need for microwave and RF
engineers to have a standard description
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DESIGN

language points to a frequency-domain
version of VHDL that is compatible
with a harmonic-balance simulator.
With the advent of VHDL-AMS, which
provides for the description of analog
and mixed-signal models, the founda-
tion has been laid for an extension of

that language into the frequency domain.
This further extension is referred to as
VHDL-FD.

Referring to the VHDL-AMS Lan-
guage Reference Manual (LRM),”
VHDL language may be divided into dig-
ital and analog components, as well as

TRIMMER
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a third circuit-descriptive component,
which handles circuit decomposition
into elements or vice-versa (combining
elements and circuit sub blocks). This
third component supports the con-
struction ability of the language.

The digital component is imple-
mented using signals, processes, and
the methods for their interconnections:
concurrent statements and sequential
statements. The analog component is
implemented through quantities, ter-
minals (such as the special case of struc-
ture of quantities with conservation se-
mantics), and simultaneous statements.
The descriptive component is repre-
sented by a component-instantiation
statement and serves as the infrastruc-
ture of the language for describing the
topology of a circuit.

For an analog circuit representa-
tion, VHDL-AMS uses two techniques:
basic-element representation and low-
level (with respect to design hierarchy)
equation-level representation. The equa-
tion-level representation builds a mod-
eling basis for component-library design.
A designer can build equations of any
complexity, using functions as need-
ed. The VHDL-AMS language sup-
ports the use of standard, physics-based
equations along with branching “if”
statements and procedural statements.

Given the equation support, design-
ers can build higher-level blocks and
connect them to create more complex
structures. Two approaches are avail-
able for this: making connections using
“quantities” and making connections
through “terminals.” Quantities are
standard variables in the scope of VHDL-
AMS. Several blocks can share the same
variables, and connection via quanti-
ties facilitates this. It is convenient to
describe signal-flow diagrams and sim-
ple closed systems using quantities.

Terminals carry out additional work —
they assume preservation of conserva-
tion laws—such as Kirchoff’s laws in
electrical engineering. Terminals contain
two quantities: an “across” variable and
a “through” variable. The “across” quan-
tity acts similar to the voltage at a node
(or branch) and the “through” quantity
acts like the incident current of the node.
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DESIGN

Another useful feature of the behav-
ioral approach is that it is multidisci-
plinary. It is possible to describe and
simulate mixed systems, such as electro-
mechanical and electrohydraulic sys-
tems, using this approach. These extreme-
ly useful characteristics provide a

significant inducement to use VHDL-
AMS as the basis language for adaptation
in the microwave-design realm, as a
frequency-domain form (VHDL-FD).

Consider the classes of circuits that
may be represented through this anal-
ogous subset of VHDL-AMS. The fol-
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lowing items can be used in equations
as part of the language:

* Variables (or quantities, using the
terminology of VHDL-AMS).

e Derivatives of variables (which
are mapped onto ‘DOT attribute).

e Integrals of variables (‘INTEG
attribute).

¢ Delayed values of variables
(‘DELAYED attribute).

These values may be combined
through algebraic functions to form
the equations. This mechanism creates
the ability to express any system of dif-
ferential-algebraic-equation (DAE) sets
when modeling. In terms of circuit sim-
ulations, this is equivalent to incorpo-
rating nonlinear and common linear-reac-
tive elements, such as inductors and
capacitors. Since the methods for mod-
eling of distributed systems are not yet
available with VHDL-FD, except as
lumped-circuit approximations, it will
be necessary to create the necessary
extensions to accommodate frequen-
cy-domain modeling capabilities that have
distributed reactive elements.

The high-frequency, extremely lin-
ear parts of microwave circuits are best
described in the frequency domain,
while the nonlinear parts are best mod-
eled in the time domain. Thus, the
microwave-design tool should be able
to describe a model in the frequency
domain. However, while not preclud-
ed, it is not an initial VHDL objective.”

To enable frequency-domain mod-
eling, it is necessary to operate with
quantities in the frequency-domain and
time-domain together in one module.
Thus, a frequency-domain extension
is proposed to accommodate this need
for handling quantities with VHDL in
both domains. Under this scenario, an
extended description capability is:

ui'FD = Zk( frequency) X iinFD (4)

where:
ui’FD and iin’FD = the images of ui
and iin in the frequency domain (com-
plex values) and
Zk(frequency) = some complex value
of (frequency-dependent) impedance.
This notion enables the use of fre-
(Continued on page 102)
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New architec-
tures needed
for 3G wireless

application notes

THE RECENT introduction of a 3G wireless net-
work in Japan marks the world’s first deploy-
ment of this highly anticipated technology. But
this system is in its very early stages and prob-
ably bears little resemblance to what the quick-
ly evolving technology will look like a few years
down the road. Some interesting speculation on
the subject comes in the form of a 10-page
Texas Instruments (Dallas, TX) application
note entitled“Evolving Cellular Handset Archi-
tectures but an Insatiable Desire for DSP MIPS.”

After providing a brief roundup of cellular-
telephony standards from analog to 2G to
2.5G, the note describes the state of handset archi-
tecture today (i.e, a 2G voice-centric cellular
phone). This phone relies heavily on its DSP for
numerous functions, including modulation and
demodulation, encryption and decryption, and
compressing and decompressing the speech sig-
nal. But as 3G approaches, the function and pro-
cessing capability of the DSP will have to change
to handle an increasing transition from voice
to data.

Although next-generation handsets will
remain very DSPcentric, the note claims that the
current microcontroller, which is based on a RISC
architecture, will either have to be enhanced or
a second RISC device will be added to the archi-

tecture. The reason for this second processor
is to support operating systems, such as Win-
dows CE and PalmOS, that will allow a user
to gain access to advanced features such as per-
sonal-information management, multimedia
communications, image mail, navigation, and
others.

At the same time, 3G will also impose a new
set of functional and performance demands on
the DSP. The software environment of the DSP
will have to change to support downloadable
applications such as the type previously men-
tioned. The device will also have to operate at
much greater speed to support the increased com-
munications load that is imposed by high-band-
width 3G standards. Moreover, DSPs may also
be called upon to process functions, such as
speech recognition and image/video coding,
thereby increasing their MIPS load. If the pro-
cessing load becomes too great, a second DSP
could be needed for the handset or other appli-
ance used for communications.

The note, SPRA650, can be downloaded
from the company’s website.

Texas Instruments, Inc., 12500 Tl Blvd., Dallas, TX

75265; (800) 336-5236, Internet: www.ti.com/sc/
docs.
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But as 3G approaches, the function and processing capability of the DSP will have to

change to handle an increasing transition from voice to data.

Prevent probe
distortion in
oscilloscope
measurements

NO FUNCTION is as fundamental to the practice
of electrical engineering as testing and mea-
suring electronic circuitry with an oscilloscope.
Modern scopes have exceptional measuring
and computational capabilities, but the probe
can be a weak link that masks what is actual-
ly happening in a circuit. A useful application
note that reminds designers of the pitfalls of probes
is entitled “Are You Measuring Your Circuit
or Your Scope Probe” from Agilent Tech-
nologies (Englewood, CO).

Most designers should know that capaci-
tive loading by the probe poses the greatest
measurement problem. As the note points out,
capacitive loading effects can lead users down
blind alleys, creating problems that do not actu-
ally exist. A number of practical suggestions for
minimizing capacitive loading are provided.
Of course, a probe can also load a circuit resis-
tively or inductively.

Inductive loading in the probe shows up on
the scope as ringing in the observed signal. A

simple formula for the ringing frequency of a
LC circuit is provided, yielding the maximum
signal rise time that the user can measure with-
out the ringing having an effect. Ground-lead
and tip inductance of the probe must be con-
sidered when figuring the total inductance in
the measuring circuit.

Resistive loading is not as heavily considered
as capacitive or inductive, but it is a factor in
measurements. The lower the probe resistance
is, the greater the loading effect on the circuit
being measured is, resulting in an erroneous am-
plitude reading,.

Also covered in the note are sections on
active and passive probes and the importance
of good mechanical design in probe perfor-
mance. The note was published in Agilent’s
Insight Magazine, Vol. 5, No. 3, 2000, p. 15.
Agilent Technologies, Inc., 395 Page Mill Rd., P.O.

Box 10395, Palo Alto, CA 94303; (650) 752-5000,
Internet: www.agilent.com.
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From Start To Finish. You're in the driver's seat with GENESYS V8's
winning synthesis modules for amplifiers, oscillators, PLLs, filters and more.
Need to design an x-band amplifier for example? Choose your transistor
and start your engines.

The First Two Ways Make It Easy!

1. Use our MATCH module to synthesize your amplifier matching circuit.
Simply enter your device models and matching network topologies and
MATCH calculates the network parameters needed for an optimal match
between source and load.

2. Then use ADVANCED T/LINE to automatically convert schematics
between ideal, microstrip, stripline, coplanar and transmission line types.
You'll jump start your design without even switching gears.

So Grab a Seat and Hold On! And get the extra power, speed and
accuracy you need. With synthesis packages starting under $3,000 US,
you'll land the pole position every time.

Phone: +1 678-291-0995 AG LEWARE

- RF and Microwave Design Software
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WITH GENESYS V8 SYNTHESIS

T/LINE transforms into stripline,
microstrip, coplanar and others

Fax: +1 678-291-0971



FREQUENCY SYNTHESIZER

cover stor Yy
The benefits of

®
Aglle direct frequency
s synthesis, including

®
fine frequency
ntheS|zer resolution, fast
frequency-switching
Reaches64GHz -
¢ spectral purity, are

now affordable
from 1 to 6400 MHz.

est applications vary widely, with some requiring
complex modulation and others only needing a
clean source of sine-wave (unmodulated) signals.
But the characteristic that is common to many mod-
ern test applications is speed—generators with fast
frequency-switching speed to increase test
throughput or accommodate spread-spectrum sig-
nal formats. For those test applications through

6.4 GHz, the PTS 6400 frequency synthesizer from Programmed Test
Sources (PTS; Littleton, MA) is a cost-effective solution with microsecond
switching speed and low phase noise.

PTS has been a dependable supplier of signal sources based on direct fre-
quency synthesis since 1975. The firm’s earliest test solutions operated at
frequencies below 1 GHz although, several years ago, the company pushed
its frequency coverage to 3.2 GHz with the PTS 3200 (see Microwaves &
JACK BROWNE RF, May 1998, p. 248). And now, with the PTS 6400 (Fig. 1), that frequency
publisher/Editor coverage extends to 6.4 GHz, without sacrificing the spectral purity and switch-
ing speed associated with a PTS frequency synthesizer.

While direct frequency synthesis is still the basis for PTS synthesizers, the
company has also blended other synthesis techniques, such as direct digital
synthesis (DDS), to achieve improved frequency resolution. In direct frequency
synthesis, a number of auxiliary or standard frequencies are derived from
a low-noise reference oscillator, usually a temperature-compensated crys-
tal oscillator (TCXO) or oven-controlled crystal oscillator (OCXO). By
performing arithmetic operations on these frequencies through the use of
filters, switches, mixers, multipliers, and dividers, a wide range of output
frequencies can be generated with relatively high resolution and minimal delays
between frequency steps. The mix-and-divide approach to direct frequen-
cy synthesis lends itself to modular manufacturing methods, supporting the
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use of common modules across a
wide range of frequency synthesizers
with different frequency ranges.

In contrast, indirect frequency
synthesizers typically employ phase-
locked loops (PLLs) to stabilize a tun-
able oscillator to the phase of a refer-
ence source, tuning the oscillator with
the PLL’s loop filters when a new fre-
quency is needed. A variety of approach-
es is available for indirect synthesis,
including the use of conventional PLLs,
the use of fractional-N synthesis inte-
grated circuits (ICs), and the use of
mix-and-divide architectures with embed-
ded loops. In each case, the loop is gov-
erned by some derivative of the fre-
quency standard (a crystal oscillator).
The switching speed of an indirect fre-
quency synthesizer is on the order of mil-
liseconds, while the switching speed of
a direct frequency synthesizer is on the
order of microseconds.

With the introduction of the PTS

1. The PTS 6400 blends direct analog
and digital frequency-synthesis tech-
niques to achieve high spectral purity
and fast frequency-switching speed
from 1 to 6400 MHz.

6400, developers of automatic-test-
equipment (ATE) systems can add the
microsecond switching speed of a PTS
synthesizer to their racks for applica-
tions through 6.4 GHz. Similar to other
synthesizers in the PTS line, the PTS
6400 combines direct analog and DDS
technologies. The most significant dig-
its of frequency resolution down to
1 MHz are produced by direct analog
techniques (arithmetic operations on

main and auxiliary frequencies),
whereas DDS or repetitive mix-and-
divide modules are used for fre-
quency resolution down to 1 Hz.
The PTS 6400 features three dis-
tinct sections (Fig. 2). The company’s
proprietary DDS circuitry is used to
achieve fine resolution in steps of 1 Hz
to 100 kHz. Two drift-canceled loops
(DCLs) achieve fast frequency switch-
ing while avoiding the no-lock failures
common to PLLs.
In the PTS 6400, an internal 10-
MHez crystal oscillator (or external 10-
MHz reference source) is processed
into various standard frequencies through
multiplication and division. A DDS
module, which contains a DDS source
and frequency upconverter, generates
signals from 2 to 3 MHz (in step sizes
of 1 Hz to 100 kHz) which are upcon-
verted to 14 to 15 MHz and then fed
to a direct-memory-access (DMA) mod-
ule in the 1-MHz step section. The
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Gain CONTROL of your integrated subsystem design

filter lead time.

and this isn’t the ending...

One story of how we
developed a solution

to help our customer
gain control...

We took the cus-
tomers’ existing

designed all but

the filters into

one wide band
multifunction
module and...

the net result:
product development
time was reduced to the

e reduced cost by 25%
¢ reduced procurement hassles

Micronetics is an expert

in the design and

integration of high

performance control

design of 20 components, switches,
different narrow attenuators and phase
band compo-

nents and shifters; in addition our

multifunction modules

utilize wide band

amplifiers, mixers,

detectors and filters.

MIGRONETIG

R E L E S S

26 Hampshire Drive, Hudson, NH 03051
Tel: 603-883-2900 / Fax: 603-882-8987
WWW.micronetics.com
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Front-panel and

PTS 6400 block diagram
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From low cost, in-line pads and termina-

Fixed Attenuators

tions to high performance custom designs,

JFW has the solutions to your attenuation
needs. Applications include cell site instal-

lation, base station design, laboratory test-

ing, and instrument protection. For more
information, please contact us or visit the

Fixed Attenuator and Termination sections

on our web site at
www.jfwindustries.com/fixed.htm! and
www.jfwindustries.com/terminations.html

Models are available with the
following feature:
* 50 and 75 ohm versions

» Large range of bandwidths from
DC to 26.5 GHz

¢ Up to 1.5 KW continuous RF power
* Peak power ratings up to 2500 watts

* Right angle and custom connector
configurations

¢ Low IMD options

JFW Industries, Inc.

Specialists in Attenuation and RF Switching
TeL (317) 887-1340 « Toll Free 1 (877) 887-4539 » Fax (317) 881-6790

5134 Commerce Square Dr. » Indianapolis, Indiana 46237

Internet- http://www.jfwindustries.com

E-mail- sales@jfwindustries.com
ISO 9001 Certified



You need to design communication systems
with speed and flexibility.

succeed with Symphony

Encode, multiplex, modulate, upconvert, filter, amplify, transmit, receive, reverse
and recover. Symphony's end-to-end communication system design suite lets

you simulate your baseband, transceiver and channel with speed and flexibility.

Make key architectural decisions and component specifications at any stage of
your development. Optimize performance such as noise figure, BER,
ACPR, or SINAD with a comprehensive library of RF and
DSP behavioral models, along with
frequency, discrete-time

domain and mixed Ra p i d

mode analyses.

Symahony provides Deployment
the speed and

power for

TR A ’ ! - :
Hirtfyg oy ; e simulating systems

ity
A sse

such as GSM, CDMA

A
et

and 3G. As a part of
Ansoft's Serenade Design
Environment, Symphony provides a
seamless link to circuit simulation, 3D and planar

electromagnetics in addition to Matlab co-simulation.

Design with speed and flexibility.

Discover the difference Symphony makes in your system

development and component specification

For your free evaluation copy of Symphony, or any of the tools in

high performance EDA
Ansoft's Serenade Design Environment call 412-261-3200 or

send e-mail to info@ansoft.com. www.ansoft.com
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The Wireless/Portable Symposium has, in the past, had a reputation for being a
cell-phone show. This year, the show re-emerges with a stronger identity that more accurately
reflects the market in which it serves. Accompanying this new image is a new name-

ereless Systems Design Conference and Expo 2002.

formerly Wirel /Portable Symposium & Exhibitionu |

8vslems

Design Conference & Expo

7

E DESIGN SOLUTION for Wireless

February 25 28 2002 ] San Jose Conven’a

The most important distinction is its new systems level

view of the wireless world. This years show will examine
the development of wireless systems from a true system-
level. It will focus equally on hardware and software, and
delve into the technical details of what today's wireless
engineer needs to know to be successful. As such, Wireless
2002 will continue to cover technology pertaining to the
traditional wireless staple — the cell phone — but it will

also broaden its scope to cover a variety of other topics
contained under the wireless umbrella. Some of these areas
include base stations, software defined radios, antennas,
digital signal processors and the wireless Internet as they
pertain to such applications as medical and automotive.

CONFERENCE: February 25-28, 2002
EXPO: February 26-28, 2002 '

San Jose Convention Center, San Jose, CA
www.mrelesssystems2002.com

Conference Directors:
Cheryl Ajluni, Editor-In-Chief, WSD
Jack Browne, Publisher, Microwaves & RF

ter | San Jose CA

One full day dedicated to Full-Day
Conference Workshops

9 Technical Conference Tracks consisting
of approximately 50 sessions:

— Wireless networking

— Short-range communications/ PANs

— Fixed wireless

— Handset design

— Power management

— Wireless modeling and testing

— Wireless internet

— Software

Over 400 prominent companies in the
wireless industry

Special Events:

— Industry Awards Presentation and Dinner
— Keynote Address

— Industry Panel Luncheons

— VIP Golf Tournament

For further details on Wireless Systems
2002 Design Conference and Expo please
call us at 888-947-3734 (WireReg).

A PENTON EVENT PLATINUM SPONSOR: GOLD SPONSORS:
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DMA module feeds 140-to-150-MHz
signals to the 10-MHz step section,
which includes mixers, filters, a voltage-
controlled oscillator (VCO), and ampli-
fication to produce 200-to-300-MHz sig-
nals to feed a 100-MHz step section.
Signals from the 100-MHz step sec-
tion feed an intermediate amplifier
module with frequency doubler to pro-
duce output signals ranging from 1 to
3200 MHz. These signals are doubled
again to produce 1 to 6400 MHz, in steps
consisting of 1 Hz to 100 MHz.

The switching speed, which is defined
as the time required to settle within 0.1
radian of a new frequency, is a mere 20
ps when switching with 1-GHz, 100-
MHz, and 10-MHz resolution. The
switching time is less when switching
with smaller digits, typically only 5 ps.

Output signals are available at lev-
els from —3 to +7 dBm with output
flatness of =1 dB. When measured at
full output level (+7 dBm), discrete spu-

rious content is —60 dBc from 1 to
3200 MHz and —355 dB from 3200 to
6400 MHz. Subharmonic levels are
—45 dBc from 1600 to 6400 MHz,
while harmonics are —30 dBc.

For carriers ranging from 1600 to
3200 MHz, the SSB phase noise is
—99 dBc/Hz offset 100 Hz from the
carrier, improving to —108 dBc/Hz
offset 1 kHz from the carrier, —116
dBc/Hz offset 10 kHz from the carri-
er, and —118 dBc¢/Hz offset 100 kHz
from the carrier. For carriers span-
ning 1 to 1600 MHz, the single-side-
band (SSB) phase noise is improved
by 6 dB (thus, the phase noise offset
100 Hz from a 1-GHz carrier is —105
dBc¢/Hz) while, for carriers from 3200
to 6400 MHz, the SSB phase noise is
degraded by 6 dB (thus, the phase
noise offset 100 Hz from a 4-GHz
carrier is —93 dBc/Hz). The PTS 6400
supports a noise floor of —130
dBc/Hz above 3200 MHz. Below

3200 MHz, the noise floor is also
improved by 6 dB.

The PTS 6400 is available with an
internal 10-MHz TCXO or OCXO. The
TCXO features an aging rate of
1 X 10~ ¥/day, while the OCXO provides
an aging rate of 3 X 10 “/day. The syn-
thesizer can also operate with either a 5-
or 10-MHz external reference oscillator.

The PTS 6400 can be controlled
manually by its front-panel keyboard
or remotely with TTL-level parallel
binary-coded-decimal (BCD) logic or
optional GPIB. For those applications
that do not require complex modula-
tion, but demand clean signals with
fast switching speed, the PTS 6400 may
be the answer through 6.4 GHz. Pro-
grammed Test Sources, Inc., 9 Beaver
Brook Rd., Littleton, MA 01460; (978)
486-3400, FAX: (978) 486-4495, e-
mail: sales@programmedtest.com, Inter-
net: www.programmedtest.com.
Enter No. 51 at www.mwrf.com
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JACK BROWNE

Publisher/Editor

SIGNAL GENERATOR

Vector Signal Generator
Keeps Pace With 3G

This vector signal generator offers the fast
sampling rates, broad modulation band-
width, and large waveform memory needed
to emulate 2.5G and 3G waveforms.

enerating test signals that can meet the requirements of
emerging wireless standards requires power and flexibility.
The latest addition to the ESG line of digital signal genera-
tors from Agilent Technologies (Santa Rosa, CA), the
E4438C ESG vector signal generator, features a generous baseband generator can meet
dose of both traits, with wider RF bandwidth, expanded the modulation needs of the

connectivity, greater waveform memory, and faster

processing and switching speeds than
earlier generations of the instrument. The
E4438C is available in five frequency
ranges spanning 250 kHz to 1, 2, 3, 4,
or 6 GHz.

The E4438C (see figure) features
+17-dBm output power across each
full frequency range, with typical out-
put-power flatness of =0.5 dB through
2 GHz. The phase noise is less than
—134 dBc/Hz offset 20 kHz from a 1-
GHz carrier. The frequency and ampli-
tude switching speeds are 15 ms or less.

The instrument’s impressive 160-
MHz external RF modulation band-
width and 100-Msymbols/s internal

0000000

The latest ESG test-signal source, the EE4438C vector sig-
nal generator, is available in models operating from 250
kHz to 1, 2, 3, 4, or 6 GHz.

latest two-and-a-half-gener-
ation (2.5G) and third-gen-
eration (3G) wireless-communications
standards. This increased modulation-
bandwidth ESG provides flatter ampli-
tude performance over the typical 20-
MHz span of 3G multicarrier amplifiers,
especially critical for designers work-
ing to improve adjacent-channel-power-
ratio (ACPR) performance through the
use of predistortion techniques.

The in-phase/quadrature (I/Q) sym-
bol builder and faster microprocessor
allow the E4438C to create all physical-
layer channels for wideband-code-divi-
sion-multiple-access (WCDMA) con-
formance testing. It can provide fully
coded signals on the traffic channels,
compressed mode, and 16 OCNS for
WCDMA. The E4438C also has an inte-
grated high-performance additive white
Gaussian noise (AWGN) generator that
allows CDMA users to set a calibrated
level for E/N,, E/N,, or carrier-to-noise
ratio (CNR).

The E4438C’s 100-MHz sample
rate is achieved through 16-b, 400-
MHz analog-to-digital converters (ADCs)
and digital-to-analog converters (DACs)
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1 ynergy's new line of COMBLINE Rx/Tx band pass FILTERS and ‘
DUPLEXERS adds to our wide range of high performance
) Low Pass, Band Pass and High Pass filters. With its high rejection
i,/ of greater than +70 dB and an insertion loss of less than +1 dB,
these Filters and Duplexers are the perfect choice for your cellular
and PCS band requirement. Varying from model to model, the power handling
capacity of these new line of filters ranges from 20 watts to 100 watts.

CROWAVE CORPORATION

Phone: (973) 881-8800 Fax: (973) 881-8361
E-mail: sales@synergymwave.com e wwwd‘““”"‘”'“
Visit our web site at hitto://www.svhergvmwave.com

For additional information, l\\l‘l“ﬁ_\l@
contact Synergy's Sales and Application team. s ‘.“?‘“"ﬁ““
201 McLean Blvd., Paterson, New Jersey 07504 s M
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operating at a four-times oversampling
rate. The high sample rate eliminates the
need for multiple reconstruction filters
that are typically required to remove unde-
sired signal images in the sampled spec-
trum. These filters are traditionally re-
quired because when an analog signal
is digitally sampled in the time domain,
multiple copies of the spectrum are re-
turned (separated by the sample rate),
rather than a single signal spectrum.
Reconstruction filters remove the extra
images, returning the digitized signal to
a single spectrum. But if the sample
rate is too low for the spectrum of inter-
est, the digitized signal resolution will
be limited and close-together images
will be difficult to filter without remoy-
ing portions of the desired spectrum. The
E4438C’s high sampling rate allows
the images to be sufficiently spread
with high-enough digital resolution to
support a single reconstruction filter.
The arbitrary waveform memory in

the E4438C has been increased to 160
MB, supporting 32 MSamples. Memo-
ry allows multiple waveforms to be load-
ed simultaneously, with high-crest-fac-
tor and error-vector-magnitude (EVM)
scenarios to be loaded at the same time.
The built-in waveform sequencer allows
operators to quickly and easily build up
test-signal sequences with multiple wave-
forms and power levels, helping to reduce
the test time needed to evaluate linear, high-
intercept-point power amplifiers (PAs) that
require a sequence of many different
waveforms. Custom waveforms can be
imported from their source to the instru-
ment’s memory or 6-GB hard drive.
The E4438C supports current and
evolving wireless-communication stan-
dards, including 3GPP WCDMA,
¢dma2000, cdmaOne, 1xEV-DO, Glob-
al System for Mobile Communications
(GSM)/Enhanced Data Rates for Glob-
al Evolution (EDGE), wireless local-area
network (WLAN) [802.11a and b], and

Bluetooth. Each format can be widely cus-
tomized to create high crest factors and
unique payload sequences. When the
E4438C s configured with an optional
baseband generator, it can exploit the com-
pany’s Signal Studio software tools. Sig-
nal Studio is a Windows-based software
utility that creates waveforms for specific
communications formats, including
802.11a and b, 1xEV-DO, and Blue-
tooth, while providing wide flexibility in
tailoring each waveform characteristic.

Other features are alternate timeslot
power control that simulates a real
GSM/EDGE transmitter (Tx) and send-
ing multiple signals at rapidly varying
power levels to ensure testing under real-
istic conditions. P&A: $16,750 and up;
stock. Agilent Technologies, Test and Mea-
surement Organization, §301 Stevens
Creek Blvd., MS 54LAK, Santa Clara,
CA 95052; (800) 452-4844 ext. 7603,
Internet: www.agilent.com/find/esg. [T
Enter No. 54 at www.mwrf.com
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OGETHER, TAKING OEM PERFORMANCE TO A HIGHER LEVEL

A NEW BRAND OF RF AMPLIFIER FOR OEM.

Combining the top talent in engineering from AR and Kalmus,

AR/Kalmus brings a new level of technology and field-proven
integrity to the OEM marketplace, meeting the most
demanding customer needs in military, communications and

Industrial/Scientific/Medical applications.

No other brand offers this product range or depth, this much
experience or guaranteed performance. AR/Kalmus amplifiers
are all backed by best-in-the-business warranties and a

worldwide support and service network.

P KaLmus

11807 North Creek Parkway South, Suite 109, Bothell, Washington USA 98011 Tel 425 485 9000 - Fax 425 486 9657 www.arkalmus.con
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DESIGN

(Continued from page 88)
quency-domain modeling. If the model
in the time domain is described as:

i=Cxvidot (5,

It may be simply and automatical-
ly transformed into frequency-domain—
see Eq. 6 on page 102

The time-domain model can be
simply represented in the time-
domain as well, but many complex
frequency-domain models (e.g., with
dispersion) have a very complex time-
domain description. Using frequency-
domain extensions, such as that
shown in Eq. 6, it is possible to
extend the modeling capabilities of
VHDL-AMS to high-frequency
bands.

Ridgetop Group (Tucson, AZ) has
created a working simulator, Rincon™,
that employs the VHDL-FD extensions

i'FD = C x math _ j x math _2 _ pi x FREQUENCY x v'FD

Comparing different simulation and modeling techniques

SIMULATOR  RELATIVE ACCURACY MODEL NEW MOD- COMMENTS
TYPE COMPUTATION - LIBRARY ELING
- TIME : : : CAPABILITY
Harmonic Average Excellent | Proprietary | Limited Model
balance limitations
Rincon® Average Excellent | Open Extensive | Newly
Simulator- introduced
harmonic
balance with
VHDL-FD
modeling
capabilities
SPICE Long Poor SPICE None Widely
primitives understood
SpectreRF Short Medium Proprietary | None Limited
library
REFERENCES

with a harmonic-balance simulator (see
table). The simulator can be demon-
strated through the analysis of a Gilbert-
cell mixer (Fig. 1). Figure 2 shows the sim-
ulation results when using a high
local-oscillator (LO) level of 100 mV,
while Fig. 3 shows the simulation results
using a lower LO level of $ mV. [

(6)

1. Shooting Technique Reference, Cadence Design Systems,
San Jose, CA, internet: www.cadence.com.

2. Envelope technique reference www.Agilent.com.

3. V. Rizzoli et al., “Fast and Robust Inexact Newton Approach
to the Harmonic-Balance Analysis of Nonlinear Microwave
Circuits,” IEEE Microwave and Guided Wave Letters, Vol. 7,
No. 10, October 1997, pp. 359-361

4. .M. Ortega and W.C. Rheinboldt, Iterative Solution of Non-
linear Equations of Several Variables, Academic Press, New
York, 1970.

5. L.E. Dennis, Jr. and R.B. Schnabel, Numerical Methods for
Unconstrained Optimization and Nonlinear Equations, Pren-
tice Hall, Englewood Cliffs, NJ, 1983.

6. Harmonic-balance-based envelope techniques, for exam-
ple, Agilent Technologies, www.agilent.com.

7. VHDL-AMS Language Reference Manual from the IEEE.
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Power Dividers

online catalog

- www.pulsarmicrowave.com

2 WAY SURFACE MOUNT 0©¢°
Insertion Amp. Phase Input
Freq. Loss Iso. Balance Balance Power
Range (dB) (dB) (dB) (Deg) VSWR (watts) P/N Cost
(GHz) max. min. max. max. max. max. Qty. 5-99
800-1000 05 20 0.2 2.0 1.40:1 10 PB2 $490
1750-2050 0.5 20 0.2 2.0 1.40:1 1.0 PB-4 $4.99
2200-2500 0.6 18 03 3.0 1.40:1 1.0 PB5  $4.99
800-1000 0.6 18 0.2 2.0 1.40:1 100 PB-14 $9.99
1300-1600 0.7 18 0.2 2.0 1.40:1 100 PB-10  $9.99
1700-2000 0.7 18 02 2.0 1.40:1 100 PB-11  $999
2300-2700 0.7 18 0.3 3.0 1.40:1 10.0 PB-12 $9.99
\_3000-3800 0.8 18 0.3 3.0 1.40:1 100 PB-13 $9.99 /

90° Hybrids
Amp.  Phase

Low Cost
Components.

Freq. Coupling Iso. Balance Balance .

Range Loss (dB) (dB) (Deg) VSWR PN Cost e Large Quantity Discounts.

(GHz) (dB) min. mex. _mex. max. (ty. 5-9) » Custom Designs at little to
509525 32+02 20 02 20 1301 QS2-B6-4632 $99.99

520-540 32+02 20 02 20 1251 QS2-B8-4632 $99.99 no extra cost.

400800 33+03 18 14 40 1251 QS2-05-4632 $99.99 ¢ Quick Delivery.

610640 32+02 20 02 20 13011 QS2-B7-4632 $99.99

450900 32403 18 10 20  130:1 QS2-B10-4632 $089.99 ¢ Convenient Online Catalog.
10.80-1200 33+03 20 05 20 1251 QS2-B9-4632 $99.99
\ 1250-1350 33+03 20 05 20 1251 QS2-B11-46372 $99.99 / ISO 9001
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GPS MODULE

JACK BROWNE

Publisher/Editor

Miniscule Module

Tracks 12 GPS C

hannels

One of the world's smallest GPS Rxs packs
an RF Rx, baseband processor, Flash
memory, and resonators into a module
measuring only 13.00 x 15.00 x 3.75 mm.

PS Rxs are invaluable for navigation and position location,
as many users of onboard automotive GPS units are dis-
covering. Due to the increasing trend of integrating GPS
electronics into other wireless products, such as cellular

telephones and PDAs, there is a strong need for mi
GPS Rxs with low power consumption. The GPS2020
module from SyChip (Warren, NJ) is a suitable solut

that need, providing 12 GPS channels
and onboard Flash memory in a mod-
ule package measuring only 13.00 X
15.00 X 3.75 mm.

The tiny GPS2020 module contains
several ICs, including a baseband pro-
cessor, an RF Rx, and memory. The
baseband chip includes a 50-MHz
ARMYT7 processor core, a DSP engine,
a GPS core, dual UARTSs, and power-
management software. This IC is capa-
ble of retrieving all necessary GPS data
from a received signal while providing
a complete navigation solution through
the module’s serial port. Digital process-
ing is used to remove the effects of Dop-
pler shift, while the ARM processor
computes the position, velocity, and
time from the received GPS signals.

The radio IC features a crystal res-
onator, VCO, PLL synthesizer, dual-stage
LNAs, [F and RF filters, and AGC cir-
cuitry. The module also contains boot
ROM, SRAM, 1-Mb EDO RAM, and
8 Mb of Flash memory to support a
wide range of custom application
firmware. The module also includes a

niature GPS crystal resonator with
GPSRx A center frequency of 24.5535
MHz. A second crystal, the
RTC, is external to the mod-
ule. The RTC, which is normally found
in cellular and PDA applications, can
be made available for GPS applications.
SyChip, a venture of Lucent Tech-
nologies, has successfully leveraged the
CSM technology that was originally
developed at Bell Laboratories into the
development of the GPS2020 module.
It operates at the standard GPS frequency
of 1.57542 GHz, running on a power-
supply voltage of +3.3 VDC. The 12-chan-
nel Rx features 100-ms reacquisition
time and can detect signals as low as
—140 dBm. The Rx can acquire signals
at speeds as fast as 1852 km/h and pro-
vide position accuracy of typically 15 m.
For dedicated GPS designs, or low-
power portable designs requiring an
additional GPS function, the GPS2020
module offers a ready-to-use solution
with small size, low power consump-
tion, and time to market. SyChip, Inc.,
30 Technology Dr., Warren, NJ 07050;
(908) 941-1111, FAX: (908) 941-1174,
e-mail: sales@sychip.com, Internet:
www.sychip.com. [
Enter No. 53 at www.mwrf.com
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MEMS RESEARCH

MEMS Animates

Miniature RF Switch

MEMS research has received much
attention among optical designers,
although the technology is also suit-
able for such devices as RF and
microwave switches.

EMS is often associated with its potential for miniature
medical machine systems as well as optical switching, but
the technology also has promise for RF and microwave
applications. A case in point is a miniature MEMS SPST
latching switch that is available from Dow-Key Microwave contact can be made or bro-

Corp. (Ventura, CA) with extremely low insertion loss

through 4 GHz.

JACK BROWNE

Publisher/Editor

MEMS technology allows
this miniature SPST mi-
crowave switch to operate
over an extremely long
lifetime with minimal RF
performance degradation
and power consumption.

A MEMS is a machine fabricated to
the scale of a semiconductor device. A
MEMS switch is fabricated with semi-
conductor processing, yet it is a device
with moving parts, such as a cantilever.
The low-power switch (see figure) is
the result of a team effort between Dow-
Key and researchers from MEMS spe-
cialist Microlab, Inc. (Chandler, AZ).
The company brings its unique micro-
magnetic-latching
(MagLatch™) tech-
nology to the Dow-
Key product de-
velopment effort,
allowing the MEMS
switch to remain in an
on or off state with
Zero power con-
sumption.
Basically, a MagLatch switch con-
sists of a cantilever, an embedded pla-
nar coil, a permanent magnet, and elec-
trical contacts. The cantilever can be
thought of as a miniature child’s “see-
saw,” with an electrical contact at one
end and the coil at the other end. The

MICROWAVES & RF IIRLLE NOVEMBER 2001

ken by passing current puls-
es through the coil. The per-
manent magnet holds the
cantilever in the up (open) or down
(closed) position after switching,.

The Dow-Key/Microlab MEMS
switch has been tested to 4 GHz and pro-
vides usable performance through 8
GHz. The insertion loss through 4 GHz
is only 0.22 dB, with approximately
40-dB isolation. The SPST MEMS switch
die measures only 1.50 X 1.25 mm,
with future versions expected to be a frac-
tion of that size. The device is rated for
switching speed of 100 s and power-
handling capability of 2 W CW. It is also
rated for an impressive operating life-
time of 100 million switching cycles.

Designed for +5-VDC operation,
the switch draws only 60-mA current.
Using Au-contact interfaces, the design
achieves contact resistance of only 50
m{). The firm is currently offering the
device on chip carriers or as part of a
MEMS RF switch test board for eval-
uation. Dow-Key Microwave Corp.,
4822 McGrath St., Ventura, CA 93003-
7718; (805) 650-0260, FAX: (850)
650-1734, Internet: www.dowkey.com.
Enter No. 52 at www.mwrf.com




More than a decade ago CTT, Inc.
made a strong commitment to
serve the de?ense electronics
market with a simple goal: quality,
performance, reliability, service and on-
fime delivery of our products.

Since then, tens of thousands of microwave
amplifiers and assemblies have been delivered into
applications including: ESM, radar systems, missiles, UAVs,
seekers and decoys.

(TT's products contain the latest advancements in thin-
film, GaAs FET MIC and MMIC technology. These high
quality products include:

* Low-Noise Amplifiers

* Medium Power Amplifiers
* High Power Amplifiers

® Limiting Amplifiers

o Amplifier Subassemblies

| Microwave Amplifiers and Subassemblies
for Defense Electronics

As military budgets have
continued to shrink, the threats

V' have continued to become more

¥ lethal and diverse. CTT has, however,
continued to incorporate excellence in
engineering and production technology info
our products in order fo make your programs
— whether new or upgrade — effective.

Our goal is to be the number one supplier of
amplifiers and subassemblies in the marketplace. In fa,
we are currently supplying replacements for many hard-to-
find assemblies.

Give us a call o find out how our commitment can
support your success.

L7

Enter No. 251 at www.mwrf.com

3005 Democracy Way * Santa Clara ¢ California 95054
Phone: 408-988-8521 « www.cttinc.com * E-mail: amplifiers@cttinc.com



JACK BROWNE

Publisher/Editor

The MT2111 tuner
takes advantage of a
patented circuit
architecture and
high-speed SiGe BiC-
MOS process to
achieve low noise
and low distortion in
cable STB designs.

SiGe TUNER

SiGe Tuner Targets

Advanced Set-Top Boxes

The promise of SiGe semiconductor
technology pays off in high-performance,
low-power, small-form-factor tuners for
next-generation multimedia set-top boxes.

access, streaming media, PVR, as well
as programming using analog and dig-
ital signals, including HDTV. To meet
the stringent demands of modern set-
top boxes, Microtune (Plano, TX) has
developed a high-performance tuner
based on a patented microcircuit archi-
tecture fabricated with a high-speed
SiGe semiconductor process.

The demands for new set-top-box
tuners can challenge the best designs,
but the MicroTuner™ MT2111 satis-
ties these new requirements (see fig-

ure). With an input range of 45 to §70
MHz, it is the first
cable tuner to be fab-
ricated with a SiGe
BiCMOS process.
The process allows
the MT2111 tuner
to achieve reduced
interference and dis-
tortion, delivering
clear video signals
that are free of visu-
al artifacts even at
low signal levels.

esigners of advanced cable set-top boxes are discovering
that there are many new tuner requirements due to multi-
ple audio, video, and data streams in digital as well as ana-
log formats. A traditional tuner cannot satisfy the needs of
integration, power, and performance that is required by the Based on Microtune’s
latest set-top boxes that offer picture-in-picture, e-com- Patented microcircuit archi-
merce and home banking, interactive viewing, Internet

tecture, the MT2111 tuner
package measures 8 X 8 mm
and consumes 1.5-W power. Housed in
a 56-pin package, the tuner includes
on-chip, fully integrated VCOs. In the
MT2111, a variable-gain IF amplifier,
which maintains constant input voltage
to the demodulator, is also on-chip. In
other Si solutions, this function is con-
tained in a second chip.

Dynamic range and noise are criti-
cal specifications in next-generation
set-top boxes, and the MT2111 tuner
offers the levels of performance need-
ed for trouble-free end-product designs.
For example, the MT2111 achieves
CTB performance of —63 dBc, CSO
performance of —60 dBc, and cross
modulation of —57 dBc at up to +3-
dBmV take-over point. The MT2111’s
noise figure is specified at 9 dB maxi-
mum, while SSB phase noise is better
than —85 dB¢/Hz offset 10 kHz from
the carrier, and typically —88 dBc/Hz.
Microtune, Inc., 2201 10th St., Plano,
TX 75074;(972) 673-1600, FAX: (972)
673-1602, Internet: www.microtune.
com. [IH
Enter No. 58 at www.mwrf.com
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DESIGN

(Continued from page 74)

be obtained for uniform distribution,
(i.e., with no cosine tapering), and
approximately a —24.6-dBi sidelobe
level would be obtained for a cosine
spreading, which should be similar to
the parabolic feed distribution. (The
various approximate formulas for
the radiation pattern of a parabolic
reflector antenna are available from
the author at www.antennem.com
and are included in Appendix C of the
Internet version of this article at
www.mwrf.com.).

The antenna is a highly critical ele-
ment of the LMDS. It is the key to the
system’s ability to coexist with others
and provide the highest QoS. If LMDS
is to be a viable commercial success, it
is imperative that the antennas be devel-
oped with high performance and very
low cost. This article merely touched
upon some possible approaches for the
CPE antennas and the challenges that
lie ahead.

Furthermore, once CAE synthesis
and optimization techniques for CPE
antennas are developed, the same tech-
niques can be applied to the develop-
ment of more complex base-station
antennas. It should be remembered in
this presentation that various approx-
imations were used in the interest of get-
ting an overall idea of trends for design.
Specifically, no diffraction, mutual cou-
pling, and other higher-order consid-
erations were included. It is hoped that
these simplifications will aid the LMDS
audience to appreciate the technical
obstacles that must be overcome before
successful deployment of LMDS. [IH
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0.5 TO 26.5 GHz ! - - DAMASKOS, INC.
SIGNAL GENERATORS ; " we Measurement Solutions
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programmable
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0.5 to 26.5 GHz
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DeskTop AntennaMeasurement
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® Free Software vo“R souﬂ([
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& Gain Slopes

'
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movement :<)
Interfaces with
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~ 21089 Longeway Road, Sonora, CA 95370 USA
www.ess-systems.com Phone 1-800-735-6560 5
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RF POWER
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 5,10.& 15 mil thickness &
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NEW SAW DESIGN

IN HALF THE TIME
SAW Electronic Solutions & Developer
and suppller of SAW components - AEC Ltd.

RF/MW Component Distributor
847-926-9060 Voice, 847-926-9061 FAX

info@rfcomps.com www.rfcomps.

RFcomps.com
expresses
great sympathy
and sorrow
for those families
and friends
affected by the
tragedy of
September 11, 2001.
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Why should SES & AEC be the one to choose?

- we deliver your custom designed SAW samples
in just a couple of weeks

- we have minimum or no design charges

- we offer extremely competitive prices

- we provide excellent quality and minimum lead-time

- We deliver SAW filters, SAW resonators, SAW
delay lines

Please contact our expert service at SES (SAW
Electronic Solutions)

Tel./Fax 770-360-8292, 678-473-8595, E-mail
ses4@mediaone.net, visit our catalog at
http://on.wplus.net/aec/
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_RF DIRECT CONNECTION ADS

WAVECON Enter No. 561 at www.mwrf.com

PRECISION HYBRID
DIVIDER/COMBINERS

2-Way and 4-Way Models
FREQ Ranges (MHz): 3-100, 1-500, 5-1000
VSWR: 1.5:1 max., 1.1:1 typical
ISOLATION: 20 dB to 45 dB
IMPEDANCE: 50 ohm & 75 ohm
PRICE: $69.00 - $220.00
WIDE BAND ENGINEERING COMPANY, INC.
P.O. Box 21652, Phoenix, Az 85036

Phone & Fax 602-254-1570
www.wbecoinc.com
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T/R Subsystems
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Cavity Filters

Cavity Diplexers
Cavity Duplexers

Multiplexers
Delay Lines
Dual Bands

Large Inventory of
Standard Product

Custom Designs
w/o NRE

1000’s of Designs
off - the - shelf

Telephone (501)750-1046
Toll Free (877)420-7983
Fax (501)750-4657
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Personal
Probe
Station

Very Low Cost

High Function

A compact full featured, modestly priced, manually operaled probe station
developed for engineers and scientists.

Measure Microwave, RF and DC paramelers of Semiconductor Devices,
Packages and Assembilies with NIST traceability

= BenchtopSize(<11%) » Vacuum chuck ® X-Y-@ stage =
o X-Y-Z prabe positioners «Top Plate 2-1ift Vacuum Accessory Manifoide
* 7X-40X Stereo Zoom Microscope * Adjustable Halogen Hlluminator »
*Vacuum Accessories ® Compatible with 40GHz+ probes »
= Accessories for Thermal Chucks and Probe Cards

= Test walers, microstrip packages and surface mount componentse

o microTechnology
3744 NW Bluegrass P
Port o, OR 97229
G14-9500
ﬁwhw R e
A Probe Station On Every Bench
J MICROTECHNOLOGY
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Software Designs
Antenna Devices

MICRO-STRIPES 5.5 IS 3D EM simula-
tion software for the design of anten-
na and microwave devices. Features
include fully interactive geometric
model creation and problem defini-
tion, fully editable/parameterized
models, CAD import/export, auto-
mated ports, SAR output, and auto-
matic graded meshing and cell
lumping. Libraries of materials, fre-
quency-dependent solid media, wires
and multiwire cables, lumped circuits,
and thin slots are also provided. New
Project Management Window fea-
tures include target-oriented tasks
and guided project setup.

Flomerics, Inc., 257 Turnpike Rd., Suite
100, Southborough, MA 01772; (508) 357-
2012, FAX: (508) 357-2013, Internet:
www.micro-stripes.com.
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Termination Spans
DC To 40 GHz

MODEL T3M IS a coaxial termination
that was subjected to thermal shock
testing per MIL-202, Method 107,
Test Condition B. Undergoing five cy-
cles of thermal shock throughout the

—-65 to 125°C temperature range,
Model T3M covers the entire fre-
quency band, ranging from DC to 40
GHz. With a maximum VSWR of
1.2:1, the standard connector is 2.4
mm male. P& A: $245.00; stock to 3
wks.

Krytar, 1292 Anvilwood Ct., Sunnyvale,
CA 94089; (408) 734-5999, FAX: (408) 734-
3017, Internet: www.krytar.com.

Enter No. 64 at www.mwrf.com
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Capacitors Tune
0.4 To 1.2 pF

THE A2W1 AND A2DW1 are trimmer
capacitors for high-frequency use.
The parts tune from 0.4 to 1.2 pF.
The A2W1 has a single 0.090-in.
(0.229-cm)-wide lead and the
A2DW1 has two 0.90-in. (0.229-cm)-
wide leads 180 deg. apart. DC work-
ing voltage is 250 and DC withstand-
ing voltage is 500. Temperature
coefficient is 0 =150 PPM/°C from
-65 to +125°C. P&A: $2.76 (10,000
qty.); 1 week for samples and 4 wks.
(more than 1000 qty.).

Voltronics Corp., 100 Ford Rd., Denville,
NJ 07834; (973) 586-8585, FAX: (973) 586-
3404, e-mail: info@voltronicscorp.com,
Internet: www.voltronicscorp.com.
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Kit Serves 13.56-MHz
RFID Devices

THE 13.56-MHZ RFID microlD™
MCRF355/450 Developers Kit
(DV103005) contains an advanced
dual-microcontroller circuit. The
interrogator also features three differ-
ent sizes of modular antennas for fast
evaluation of multiple design trials.
An anticollision reference reader/
interrogator, schematics, source code,
functional tag samples, and a design
reference guide complete with PICmi-
cro® microcontroller code files are
included. Accompanying RFLAB 3
user-interface software showcases the
advanced features of the MCRF3XX
and MCRF4XX series transponders.
P&A: $1999 each.

Microchip Technology, Inc., 2355 West
Chandler Blvd., Chandler, AZ 85224-6199;
(480) 786-7200, FAX: (480) 899-9210, Inter-
net: www.microchip.com.
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Oscillator Suits
Satellite Communications

A SERIES OF Rb atomic clock oscilla-
tors has a temperature sensitivity of

micrRowaves s RF RO  NOVEMBER 2001

less than 1 X 107'3/°C. This was

accomplished using a double-oven
construction with an SC-cut crystal
oscillator The RAFS exhibits short-
term stability of less than § X
107"%/10,000 s and a drift of less than
3 % 107"%/day. The first year's long-
term stability of less than 1 x 107" is
controlled by a systematic burn-in
and preaging process. Input voltage is
+22 to +26 VDC or +8 to +12 VDC
and is connected through a 15-pin
sub-D and two surface-mount-archi-
tecture (SMA) connectors.

Temex Electronics, Inc., 3030 West Deer
Valley Rd., Phoenix, AZ 85027; (623) 780-
1995, FAX: (623) 780-2431, Internet:
www.temex.ch.
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Materials Target Test
And Measurement

THE MICROLAM FAMILY of dielectric
materials is built upon ePTFE struc-
tures that are impregnated with vari-
ous filled resins. MICROLAM 200
dielectric material is engineered with
a low-loss tangent (0.0036 through
10 GHz), making it suitable for laser
HDI printed wiring boards or RF
module applications. The coefficient
of thermal expansion MICROLAM
400 dielectric material (19 PPM/°C) is
isotropically matched to Cu, support-
ing fabrication of fine-pitch chip-
package substrates.

W.L. Gore & Associates, Inc., 750 Ott's
Chapel Rd., Newark, DE 19714, (800) 445-
4673, (302) 292-5100, FAX: (302) 737-2819,
Internet: www.gore.com/electronics.
Enter No. 68 at www.mwrf.com
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PHASE BALANCE
-
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3dB SURFACE MOUNT
HYBRID COUPLERS

Performance...

Part Frequency Insertion Amplitude Return
NO.  (MHz) Loss  Balance Loss

HY89 815-960 0.13dB  0.30dB -20dB
HY185 1700-2400 0.15dB  0.30dB -20dB

HY185 TYP. PERFORMANCE (min)

» 1. Transmission &M Log Mag 0.5dB/ Ref -3.00 dB C
p 2. Transmission /M Phase ~ 1.0°/ Ref -90.00°

BT s couelng -- Meas 1: Mt 2 1850.000 Mtz
PHASE BALANCE
-2
33"

Start 1 500.000 MHz Stop 2 500.000 MHz

M M dB K oq
1: 1700.00 -3.061 © 170000  89.397
2> 1850.00 -2.989 2> 1850.00 90.133
3 240000 -3.186 3 240000 89359

PLUS... We Meet
Competitor Pricing!
Additional Advantages:

* Lowest Insertion Loss

* Best Isolation: 25dB typ.

» Custom Couplers Available
Upon Request

MID-ATLANIIC
“SBRF SYSTEMS, INC,

PO Box 745,

Forest Hill, MD 21050

Tel.: 410/893-2430

Fax: 410/638-5193

email: info@midatlanticrf.com
www.midatlanticrf.com

-looking back«—

MORE THAN 11 YEARS AGO, a report by then Senior
Editor Ron Schneiderman examined a growing defense
industry in Japan. At that time, imports were projected

to be a small part of an estimated $30 billion defense
budget, with the FSX fighter representing a key business

opportunity for US contractors.

»next month

Microwaves & RF December Editorial Preview
Issue Theme: Wireless Show Preview

News

While TIAs are usually eclipsed by other
optical-communications-systems com-
ponents, they play a pivotal role in deter-
mining overall performance. Thatrole is
poised to grow further, as data rates will
increase from 10 (OC-192) to 40 Gb/s
(OC-768) in the next few years. With
bandwidths greater than 40 GHz, these
systems pose a millimeter-wave design
problem that requires a solution based
on InP, a compound that has its own set
of positive (and negative) characteris-
tics. A Special Report in December will
examine the TIA marketplace, from the
10-Gb/s CMOS, SiGe, and GaAs devices
that are currently offered by many ven-
dors, to the 40-Gb/s development envi-
ronment that is commanded by InP, and
explore what manufacturing and test
problems remain to be solved.

Design Features

December’s Design Features section
offers a detailed look at active and pas-

MICROWAVES & RF

sive RFID technologies, especially con-
cerning their compatibility with 2.45-GHz
WLAN and Bluetooth systems. An author
from Motorola will provide a geometric
interpretation of error-vector magnitude
and show how it can be simply applied
to RF system design.

Product Technology

The December Product Technology sec-
tion highlights a new IF digitizing sub-
system IC from a leading supplier. The IC,
which simplifies the design of narrowband
mobile base stations and handsets and
provides better than 80-dB selectivity,
can work with IF signals from 10 to 300
MHz. Additional product features will
examine a line of microwave substrate
materials from a new supplier, a line of
low-cost coaxial connectors, a software
package that helps guide the selection
of antenna/cell sites for wireless com-
munications systems, and a line of HBT
PAs that employ active bias control in order
to save energy under changing signal
conditions.
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The best deal in town The best deal in town
... from ARRA, of course! ... from ARRA, of course!
FIXED
ATTENUATORS BROADBAND
DC-18 GHz P COAXIAL

e Models to 55 dB %" TERMINATIONS

e SMA or Type N conn. _
e 50 W average models e DC-18 GHz model

Freq. Range Average Model No. N } A .)“ W Il](ﬁ)t“(‘l
(GH2) Power (Wi [ N Conn. |SMA Conn » e SMA or Type N conn.

1 ! NO412 * 9412.*
1 N4402 " 4401
5 N4405 * 4405.*

10 N4410 * 4410-*

25 N&425 * 4425*

50 N4450 * 4450

e of atltenuation

-

Average
Power (W)

.0
0
0
0
0
Q

o 4

4425 Types 4
4

4

9412 & 4401 Types
(1.14")

N9412 Types
(2.427)

Call (631) 231-8400 or Call ((;31) 231-8400 or
Fax (631) 434-1116 Fax (631) 434-1116

...the last word in variable attenuators ...the last word in variable attenuators

ARRA NG, ARRA ING.
| ANTENNA & RADOME RESEARCH ASSOCIATES l | ANTENNA & RADOME RESEARCH ASSOCIATES l

15 Harold Court @ Bay Shore. N.Y. 11706 15 Harold Court & Bay Shore. NY. 11706

A I'he best deal in town A The best deal in town
.. . from ARRA, of course! .. from ARRA. of course!

¥  WAVEGUIDE
WAVEGUIDE LOADS COMPONENTS &

SPECIAL ASSEMBLIES
Write for new literature or call (631) 231-8400

* Low VSWR
e Fast delivery!

e WR281 thru WR62

Freq. Range Medium Power High Power
(GHz) Average (Wil Model No Average (W) Mode! No

284-925 284 920
229-925 229920
187925 187 920
159-925 159920
137-925 137-920
112 925

ORI D00~ B
OCPLOONOOYW
SHhowvm

Call (631) 231-8400 or

Fax (631) 434-1116 . N e
...the last word in rvariable attenuators ({“‘:l‘(l Egﬁ}; i;l[i:?ﬁll(l)g or

ARRA ... the last word in variable attenuators
oarcs | ARRA .
ANTENNA & RADOME RESEARCH ASSOCIATES l— - me.
ANTENNA & RADOME RESEARCH ASSOCIATES

15 Harold Court & Bay Shore. VYO HITOO

15 Harold Court @ Bay Shore, VYO IT06

Visit our website at www.arra.com
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I'm thinking of a
transceiver that'll withstand

subzero temperatures

six months of the year.

Well then, our performance guarantee should
warm yOUI' heal't. Heat. Cold. Vibration. Power spikes and outages.

Doesn’t matter what you throw at our products. Every wireless component and assembly we
manufacture adheres to a strict testing and QC regimen to meet your growing demands for
reliability, durability, and power. And if any Anaren® product falls short of its performance
benchmarks, we'll provide you with an immediate replacement or refund. That's our exclusive
100% OnSpec™ guarantee. Take the first step to benefit from our performance guarantee:

get your free Anaren “Thinking Kit.” To reply, use the reader service number.

‘| .

Hybrid and Terminations, Circulators and Splitter/Combiner Backplanes and
Directional Couplers; Resistors, and Isolators Assemblies Custom Products
Combiners and Attenuators

Dividers

Enter No. 239 at www.mwrf.com

Think Anaren® ...
when low loss is very
high on your list of

coupler priorities.

_BE Power:
/_—_.———'_\

that high-power amp you're working on?

Need a coupler for

Choose from Anaren®'s fast-growing line of
RF Power-brand “B-style” couplers. With
insertion losses as low as 0.15 dB, power
handling from 100 to 300 watts, and
frequency ranges from 400 to 2300 MHz,
they're an excellent option, whether you're
designing a balanced amplifier or other
signal distribution platform. Need a tiny
footprint? They're a mere 1.0" x 0.5". Need
to meet a standard? They support AMPS,
GSM, DCS, PCS, and 3G. Want to replace
your costly hand soldering process? Our
“B-style” couplers come in surface-
mountable, tape and reel formats ... and
arrive 100% tested, to help keep your
yield where it belongs.

Whatever's on your mind, use the
reader service number below to receive
your free Anaren “Thinking Kit.” Or email

Anaren at rfpcoupler@anaren.com.

Anaren

What'll we think of next?™

800-411-6596 > www.anaren.com
In Europe, call 44-2392-232392 > IS0 9001 certified
Visa/MasterCard accepted (except in Europe)
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