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Whew! Don't you wish you owned this meter?

We're working on it. In the meantime, check out
Boonton's accurately calibrated, lightning-fast 4530
Series of meters and high-speed sensors that
measure just about everything else: RF power versus

time, RF power versus probability, and peak power. B o ON I ON
Boonton - your trusted source for instrumentation.
Trust It.

Power Meters * Peak Power Analyzers * RF Voltmeters * Power Sensors * Capacitance Meters - Modulation Analyzers/Meters « Audio Analyzers
www.boonton.com * +1(973) 386-9696 * Fax +1 (973) 386-9191 « boonton@boonton.com

A Wireless Telecom Group Company
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These models
will get you simulated

For an exciting collection of models with great
curves, check out the Coilcraft web site.

our surface mount RF

files with data from 30 kHz up to 6 GHz.
Unlike the “ideal” or theoretical models

You’ll find equiva- published by most other
lent circuits for all of [RVAV VYL Y| (el s Mo 11VA11l e[S Ll manufacturers, ours are
based on empirical mea-

inductors, LC filters and power magnetics.

Choose PSPICE models
that describe perfor-
mance from DC up to
s 1.8 GHz, models for
‘AnEsdew non-PSPICE software

Qe mulnon o'
packages, or S-parameter

surements. So they’re as close as you can get

to a component’s true performance without ac-

tually building the circuit.
Start simulating yourself. Ask codera

for our CD catalog with all of the

models. Or download them at C&IAI.OG

www.coilcraft.com/models.

Cary IL 60013 800/322-2645 www.coilcraft.com
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THE WORLD'S LARGEST SELECTION

2""1 ,0 '2.66"1 from79¢

Need just the right surface mount, coaxial, thru mount, or flat pack power splitter or combiner for your project?
Mini-Circuits is on the case offering you thousands of high performance, cost-effective models off-the-shelf and
immediately available for your military and commercial applications. Choose from 2 and 3way to 48way; 0°, 90°,
180°; 50875 ohms covering 2kHz to 12.6GHz and beyond, all characterized with detailed data and performance
curves available to you in a flash 24/7 on "The Yoni Search Engine" at the Mini-Circuits web site. Surface mount
products include highly reliable LTCC designs giving you extremely small size, ultra-low profile, excellent stability over
temperature, and high performance repeatability. Tough built coaxial models are available with SMA, BNC, TNC, and
Type-N connectors and include broadband ZX10 units standing less than 3/4" in size. And when it comes to your
custom needs...just let us know what you're looking for and our development team will go to work! Add our 1 year
guarantee, knowledgeable applications support, and value pricing, and the decision is easy. Contact Mini-Circuits today!

Mini-Circuits...we're redefining what VALUE is all about!
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WCDMA versus GSM: handset performance testing — WCDMA
success may hinge on the availability of handsets that can provide a
user experience that exceeds current GSM products. WCDMA test
solutions must characterize the performance breakpoints, as well as
evaluate handset performance over a range of representative
scenarios.

— By Rob VanBrunt

COVER STORY
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Highly spectrum-efficient modulation techniques and other
technology advances take hold in aerospace electronics —
Advances in integration and technology are making their way into
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— By Ed Troy

Broadbandilicoimelogyaa e b muN R s i S S e LR 36
Bluetooth shifts up a gear: intelligent tools solve in-vehicle RF
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promises to ensure optimal data throughput.
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considers low-power techniques for different classes of algorithms.
— By Todd Moore
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Muititone IMD offers clearer picture of MCPA performance —
Characterizing distortion is essential when evaluating MCPA
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An integrated down-converter circuit in 0.8 pm SiGe technology
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Low Pass & High Pass

/l/%oq

g
E:?::Iiﬁ D C lo 6 . 3 GHZ only ; ea.qty. 1000

Deliver a wallop of very high rejection outside the passband and virtually Model Passband fco, (MHA]Nom. Stopband (MHz)  No. Of

e ] S o 9 (MHz) {Loss 3dB) {Loss >20dB) Sections
eliminate PC board space demand using Mini-Circuits LFCN low pass et  dadch 53’0 13'30 5
ﬂlt_ers and HFCN h|gh pass filters! Choose from a b_road range of models LFON.900  DG-900 1060 1225 7
with plenty of cutting-edge features starting with a tiny 0.12"x0.06" LFCN-1000 DC-1000 1225 1700 5
hermetically sealed package and an equally small price, so you can use s M et :
them ina multitude of military anq commercial applications WIthOUt puttlr\g LFCN-1750 DC-1750 2025 2395 7
a strain on your budget. Toss in Low Temperature Co-fired Ceramic LFCN-2000 DC-2000 2275 3000 5
construction for superior temperature stability, excellent ggmg% 2 ele 0 = 4
performance repef—.\tabnhty. and high power handling & HFCN-650 850-2490 650 480 7
capability, and you've got a high-value low-cost solution ot HFgN-MO 900-2800 740 550 7
; j A it bl HFCN-1200 1340-4800 1180 940 7
designed to give you the edge - competitive or tactical! HFGN-1500 1700-6300 1530 12680 2

So contact Mini-Circuits today and make your good
system great using LFCN and HFCN filters. New Blue Cell™ LTCC

Mini-Circuits...we're redefining what VALUE is all about! IED ek R d A ol o F oo s w X MR

LFCN » Low Paus HFCN « High Pass Patant Pending. Price: $1.99 ea. (Qty. 10}
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300MHz-6GHz

LTCC MIXERS

Actual l

For Commercial, Military, and Industrial Use, Mini-Circuits proudly introduces
MCAA1, the world's first commercially available line of low temperature cofired
ceramic (LTCC) frequency mixers! Highly reliable, extremely broad band, and
very low in cost, these patent pending double balanced mixers have excellent
electrical performance and are available in level 7, 10, and 13 (LO) models for your
300MHz to 6GHz designs. As for ruggedness and reliability, MCA1 mixers have
all circuitry hermetically embedded inside the ceramic making them impervious
to most environmental conditions. The process also gives you superior stability
under temperature, high repeatability, and compact 0.080" profite. They're ideal
for the COTS program, as well as your commercial and industrial applications.
So contact Mini-Circuits now. Our team is ready to handle your needs
worldwide with quick shipments, custom designs, high volume production
capability, and fast turn-around.

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

Size

Modet!
MCA1-24
MCA1-42
MCA1-60
MCA1-24LH
MCA1-42LH
MCA1-60LH
MCA1-24MH
MCA1-42MH
MCA1-60MH

BBLUI CELL

from

New Blue Cell™ LTCC
164 Page Handbook...FREE!

$0095 ¥

ea.(Qty. 1000)

Typical Specifications

LO
Level
(dBm)
7
it

Fraq. Conv. LO-RF

{MHz)

300-2400
1000-4200
1600-6000

300-2400
1000-4200
1700-6000

300-2400
1000-4200
1600-6000

Loss Isol
@B) (dB)
6.1 40
6.1 35
6.2 30
65 40
€10 .38
6.3, . 30
6.1 40
62 35
64 27

Price

ea.
10)
595
6.95
7.95
6.45
8.45

6.95
7.95
8.95

Delailed Performance Data & Specs Online at. www.minicircuits.com/mixer2.html

[ JMini-Circuits

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE

2]

F ISO 9001 ISO 14001 CERTIFIED

27

CIRCLE READER SERVICE CARL

The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www. minicircuits.com

385 Rev D



EiTOr’S N Ot © S /10—

The new RF Design

elcome to the new RF Design.

Obviously, we’ve made quite a few
changes to the magazine’s style and design.
I’1l run through a quick tour to point out all of
the changes, and highlight things that have
not changed.

First, the cover. Big change. Easily the
biggest change. We updated the style to
reflect modern design, and moved compo-
nents around to give readers more informa-
tion about the contents of each issue.

Survey Soligiate pr p,
% Doaign o oo oM< 0ver Teaiing &
Dightal CoAX Power
' Tumdng ® Trarpisror u’ur ”‘,{{:‘.
', ,

S

RF Design circa 1978

The most obvious change is probably the tag
line. Previously, RF Design was known as the
publication that covered “Engineering RF &
Wireless Products. . . .DC to Light.”” The new
tag line, “RF and Microwave Technology for
Design Engineers,” reflects our long-standing
coverage of both RF and microwave topics.
While RF Design has covered both frequency
ranges for years, there was an industry belief
that we only covered low-frequency issue.

Another obvious change is the addition of
separate graphics for the cover story and
product sections. Because products drive this
industry, we added space and graphics to
highlight our “Product of the Month” and
“Product Focus” sections. Readers can now
tell at a glance what product made our month-
ly blue ribbon section, and what topic is cov-
ered in the product focus.

Inside the magazine, we tried to make things
as simple and straight forward as possible. You
will notice that the articles have few of the tra-
ditional business-to-business graphics, includ-
ing color-coded sections and bright, multi-col-

ored headers. RF Design presents practical,
straightforward, tutorial-style articles to help
design engineers with every day problems, and
we changed our design to reflect that style.

If you’ve paid attention over the last nine
months, you’ll have noticed that we virtually
eliminated our monthly news and business
brief sections. We feel those time-

. —
faF Expo Eatt

e~y
wlmuumﬂ“'

RF Design circa 1990

ly topics are best covered on the rfdesign.com
Web site. We also added a column by our tech
editor, Keith Vick. This month, Keith reviews
Noble Publishing’s latest instructional CD
series and electronic publications.

One thing that has not changed is our dedi-
cation to covering the issues that affect the
wireless design industry. It may be a better
package, but the content engineers have relied
on for 25 years will remain. We will continue
to bring you daily news, product releases and
current industry events online, and practical
articles and product profiles between the pages.

Look for more, although less drastic, changes
to RF Design in the coming months, including
an updated Web site and a new quarterly publi-
cation dedicated to defense electronics.

And as always, I welcome your magazine
and industry comments and criticisms.

TS

Todd Judd Erickson
Editor
terickson @ primediabusiness.com
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500MHz-5.9GHz

MMIC AMPLIFIERS
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$ 35 \“/" ' MODEL Frea DG Gan8) PwOR  Pice
\ & & we s E
as low as ea. (Qty. 1000) N\

: ] ¢ ] AGTUAL MNA-2 0525 59 128 17; 1.90
Built-In RF Choke, Resistors, Bypass & Coupling Capacitors & .z 0525 50 ©1 114 g
Simplify your 500MHz to 5.9GHz designs Biasing +2.8 to +5V DC supply makes them MNA4 0525 ¢ 16.4 190 190
with Mini-Circuits easy to use MNA Configuration perfect for today's miniature battery -
and VNA amplifiers. With DC blocking Gecsweey  operated hand-held devices. Two different mnas 0525 59 12 122 160
capacitors and a biasing network o package styles are available; MNA's MNA-6 0525 5 236 180 2925
built-in, all you do is drop the amplifier aew reour leadless 3x3mm MCLP™ (Mini-Circuits £t : v
in place on your PC board, connect, * . “* Low Profile) SM package with exposed MnA7 1559 50 199 A
and the job is done! There's no biasing T Lyges metal bottom for excellent grounding ‘ WA21 0528 50 13.2 8% 1.80
to figure out and no external components and heat dissipation, and VNA's leaded 2 = oh 170 -
to connect. Broadband low and high power SOIC-8 for easier assembly..al value priced and e e <0
models offer gain from 9 to 23dB and power output  ready to ship! So simplify your design, your wWa-23 0525 30 183 100 4190
from 7 to 19dBm. High isolation, typically greater  manufacturing, and your life with Mini-Circuits 0 186 82
than 40dB, makes them terrific for use as an  all-in-one MNA and VNA MMIC amplifiers. e W A 20
isolator. And the versatility to operate from a  Mini-Circuits...we're redefining what VALUE is all about] VNA-28 0525 20 ?,53 1.0 1.95

Amplifier Designer’s Kits
Detailed Performance Data & Specs Online at. www.minicircuits.com/amplifier.html! K1-MNA: 10 of ea. MNA-2, 3, 5, 6...$69.95
K2-MNA: 10 of ea. MNA-2, 3, 4, 5, 6, 7...899.85
ppkaitior rote fof PCB layout ind
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Mini-Circuits VAT and HAT fixed attenuators rank at the top of their class Models Attenuation® (dB)

for high performance, big selection, and low cost! Choose from 14 different ~ SMA-M/F BNC M/F Faess  VSWA (1)
g . ¢ - DC-2GH. . v X
attenuation values; from 1 to 10dB in 1dB steps plus 12, 15, 20, and 30dB. D?,Angz HM_21 = NTm,'a' hgdzt())ang P"p Mﬁ’gnd,gp

All in stock, ready for immediate shipment, and value priced from only $9.95 for VAT-2 HAF-2 2 2 020010 120 12

BNC (HAT ) and $11.95 for SMA (VAT ). Performance wise, these devices offer iy {7 Qe 38 741 13

excellent attenuation flatness, low VSWR, and handle up to 500mW input VAT-5 HAT-5 5 5 0.10 0.06 115 1.1

power. Plus, rugged unibody construction makes them very easy to use in VAT-6  HAT6 6 6 010 002 115 11

systems, testing, and product development applications. So get the best VAL7  HAR-? 7 7 010 0B 115 1.1

= : W ek VA8  HAT-8 8 8 010 004 120 11

economy from your design with Mini-Circuits fixed attenuators. VAT-9 HAT-© 9 9 0.10 002 145 1.1

Mini-Circuits...we're redefining what VALUE is all about! S Qi Oall R 029,04,

VAT-12  HAT12 1212 0.10 005 120 1.1

VAT-15  HAT1% 1515 030 008 1.40 1.1

VAT:20  HAT20 2020 075 018 120 1.1

1.1

8
8

VAT-30  HAT30 0.30 038 1.15

Power: 0.5W at 70"C ambrent
* Atterwation varies by +0.30¢8 max. { VAT), +0.2dB max. {HAT ) over tamperature.
VAT MODELS $11.95¢a.(qty.7-9) ®HAT MODELS $9.95ea.(qty.1-9)
ALL MODELS IN STOCK
DESIGNER’S KITS AVAILABLE

K1-VAT: 10f Ea. VAT-3, -6, -10, -20, -30 (5 total) $49.95 K1-HAT: 1cof En HAT-3 -6, -10, -20, »30?5?0!&) $48.95
K2-VAT: 10f Ea. VAT-1, -2, -3, -4, -5, -6, -7, -8, -9,-10 (10 total) $99.95 K2-HAT: 1ot Ea HAT-1, -2, -3, 4, -5, -6, -7, -8, -9,-10 {10 totsl) $97.85
K3-VAT: 2 of Ea. VAT-3, -6, -10 (6 total) $59.95 K3-HAT: 2 of Ea. HAT-3, -6, - 10 (6 total) £58.95
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WCDMA versus GSM:
handset performance testing

While WCDMA technology may be on the brink of
widespread rollout, its successful commercial
deployment is gated upon the availability of wireless
handsets that can provide a user experience that
exceeds current GSM products. WCDMA test
solutions must characterize the performance
breakpoints of the all-new air interface technology,
as well as evaluate the device’s performance over a
wide range of representative scenarios.

By Rob VanBrunt

ideband Code Division Multiple

Access (WCDMA) technology is on
the brink of widespread rollout. This technol-
ogy will initially complement and then even-
tually replace current Global System for
Mobile Communications (GSM) systems as
the mostly widely deployed air interface tech-
nology in the world. The successful wide-
spread commercial deployment of WCDMA
is gated upon the availability of wireless
handsets that can provide a user experience
that exceeds what is currently offered on the
GSM networks. Legacy GSM handset test
methodology was focused on conformance
tests used to validate the underlying compo-
nents of the air interface technology.
However, the successful launch of WCDMA
services will require a more progressive, inte-
grated approach to evaluating the perfor-
mance of WCDMA user equipment (UE).
WCDMA UE test solutions must characterize
the performance breakpoints of the all-new air
interface technology, as well as evaluate the
device’s performance over a wide range of
scenarios representative of the user’s experi-
ence. Using the proper performance analysis
solutions can reduce time to market and
ensure customer satisfaction.

As was the case with GSM, the rollout of
the WCDMA air interface technology is gated
upon the availability of handsets that both
interoperate with network infrastructure and
provide a level of performance that ensures a
satisfactory user-experience. In addition, the
deployment bar has been set higher for
WCDMA, as an abundance of mature GSM
user services and third-generation (3G) hype
have raised the market’s expectations. Couple
these factors with a more complex UE devel-
opment process and increased pressure to
shrink time to market and it becomes apparent

that UE developers and network operators
must look for new, innovative ways to opti-
mize product development and launch.

Handset development phases

Over the last 10 years, wireless handsets
have evolved from voice-only telephony
devices on proprietary platforms to voice and
data-capable devices implemented on open
mobile computing platforms possessing high-
speed wireless connectivity. The development
process used to realize and launch wireless
devices has also grown more complex and
distributed.

As shown in Figure 1, the development of
a mobile device undergoes many overlap-
ping stages.

Each stage has unique requirements for
design verification and performance analysis
tools. At a high level, these stages can be
grouped into four phases: core platform
development, product realization, product
deployment and optimization, and application
development.

Core platform development: This phase is
either executed in-house from the ground up
by a handset manufacturer or is performed by
a third party technology provider that supplies
turn-key reference designs. In either case, this
phase includes the specification and imple-
mentation of the handset’s physical layer
(Layer 1) transmission scheme and access
stratum call processing stacks (Layer 2 and
Layer 3). The core platform development
does not usually include the handset’s final
physical form factor or the user interface.

Product realization: Regardless of whether
the core platform development was home
grown or outsourced, handset manufacturers
build a wide product portfolio of handset
models leveraged on this underlying platform.

Product Realization

B Analyze performance of integrated device (physicatl
layer & protocol layers)

B Validate against Minimum Performance &
Conformance test standards

W Identify performance breakpoints

Figure 1. Performance analysis phases during UE
product development.

Thus, the core platform undergoes a one-to-
many transformation as it is used as the basis
for a range of low to high-end devices, as well
as devices targeted at specific geographic
markets. The final form factor and specific
user interface is implemented in this phase.
During this phase handset manufacturers per-
form lab-based parametric and functional ver-
ification of the integrated handset to internal
specifications and self-testing to industry min-
imum performance/conformance standards.

Product deployment and optimization: As a
specific handset model approaches its launch
date, a large suite of tests is performed both in
the field and by third parties. This includes
interoperability tests with infrastructure manu-
facturers, conformance validation to 3GPP
specifications by independent test labs, and
acceptance tests by network operators. During
this phase, handset manufacturers optimize the
performance of the device by adjusting physi-
cal and signaling layer characteristics based on
analysis of the handset’s performance in vari-
ous test and user scenarios.

Application development: This is a rela-
tively new phase in the handset product life

14

www.rfdesign.com

September 2003



2We 5w
DC to 18GHz ATTENUATORS

fromsz 992 ég\

Rugged Stainless Steel Construction, High Repeatability, Miniature Size, Low Cost,
and Off-The-Shelf Availability are some of the features that make Mini-Circuits “BW"
family of precision fixed attenuators stand above the crowd! This extremely broad
band DC to 18GHz series is available in 5 watt Type-N and 2&5 watt SMA coaxial
designs, each containing 15 models with nominal attenuation values from 1 to 40dB.
Built tough to handle 125 watts maximum peak power, these high performance
attenuators exhibit excellent temperature stability, 1.15:1 VSWR typical, and cover
a weaith of applications. So contact Mini-Circuits today, and capture this next
generation of performance and value!

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

MODELS (Add Prefix BW-)
2WSMA 5WSMA SWType-N  annuation (dB)

$29.95 $44.95 $54.95 Nominal  Accuracys

S1w2 S1W5 N1W5 1 +0.40
Saw2 S2ws N2wS 2 +0.40
S3w2 S3wW5 N3WS5 3 +0.40
Saw2 S4W5 N4WS 4 +0.40
S5W2 S5W5 NSW5S 5 10.40
Sew2 S6W5 NEWS 6 10.40
S7TW2 S7TW5S N7W5 % 10.60
S8wW2 S8W5 N8W5 8 +0.60
Sow2 SOWS NOW5 9 +0.60
S10W2  S10W5 N10WS 10 10.60
S12w2  S12W5 N12W5 e +0.60
S15W2  S15W5 N1SW5 15 %0.60
S20W2  S20WS N20WS5 20 20.60
S30W2  S30W5 N3OWS 30 +0.85
S40W2  S40WS N4OWS5 40 +0.85

-At 25°C includes power and frequency vanations up to 12.4GHz.
Above12.4GHz add 0.50B typ. to accuracy.

DC-18GHz Adapters NOW AVAILABLE!

n

~ 5 s -2 ) ;
Foaw 60
N ' ¢ v @
Type-N to SMA SMA to SMA
$20%%  (qy1-49) 4 5 £g¢

For detailed adapter specs Visit: www.minicircuits.com/adapter.htm!
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~ WORLD’'S WIDEST SELECTION

95

12.5104000MHz .$11%...

Want a miniature surface mount, shielded plug-in, or rugged \
coaxial voltage controlled oscillator with the right stuff for your \

project? Contact Mini-Circuits! From custom designs to standard
catalog models always in stock, we'll supply extra robust, 100% tested
VCO solutions you need at a price you can afford. Choose from narrow to broad to octave band
widths. Select linear tuning, low phase noise, and 5V models optimized for PLLs and synthesizers.
And pick from an innovative array of miniature SM packages as small as 0.370" square for a variety of
designs and applications. You can quickly find the model you need using "The YONI Search Engine”
at the Mini-Circuits web site. Just enter your specs...click...and immediately start evaluating
suggested VCO solutions using the actual measured performance data displayed. But perhaps

you need a custom design. Not a problem! Contact us for our lightning fast response, low
prices, and quick turnaround. Give the competition real competition...specify Mini-Circuits VCOs!

New VCO Handbook...FREE!

S

Mini-Circuits...we’re redefining what VALUE is all about!
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cycle as mobile devices now feature an open
platform on which third party applications,
such as interactive gaming, can run. This
phase plays a prominent role in the end-user’s
satisfaction with the handset as applications
and user services are a key differentiator for
manufacturers and network operators. This
phase typically runs in parallel with the carlier
three phases. Applications are developed and
evaluated by original equipment manufactur-
ers, third-party software application develop-
ers, and network operators.

WCDMA versus GSM

Although the GSM mobile development
process has evolved over the past decade, it is
important to compare the processes at the
inception of each technology to have an
appreciation of the challenges facing
WCDMA deployment today. When the initial
wave of GSM handsets appeared in the early
1990s, the product realization and perfor-
mance analysis requirements were much dif-
ferent than today’s WCDMA UE product
development cycle.

Initially, underlying GSM handset hard-
ware and software was developed for specific
handset models rather than for generic plat-
forms and, thus, the end-to-end product devel-
opment process was much simpler and more
centralized. A far smaller range of models
was expected in the market.

Today’s network operators demand a wide
range of models to address markets spanning
from the adolescent to high-end corporate
user. There is a strong focus on accelerating
time to market as devices have a much shorter
shelf life since handset styles and features
change as quickly as fashion trends.

The GSM air interface standard was creat-
ed with voice as the primary application.
WCDMA, on the other hand, includes sup-
port for voice, high-speed packet data, and
multimedia applications. These applications
are cmployed on a wideband-CDMA-based
air interface and a completely different radio
network. The UMTS specifications are
orders of magnitude more complex than the
GSM standard with the support of new
applications and a new WCDMA radio net-
work engineered for 3G.

‘I'he underlying WCDMA air interface is
much more performance sensitive and its
operation shares many more similarities with
its rival CDMA2000 than its predecessor
GSM. To achieve link-level performance
gains over GSM’s equalization and frequency
hopping techniques, WCDMA uses rake
receiver technology for diversity gain. The
ability of the rake receiver to mitigate multi-
path interference and to perform soft-han-
dovers must be evaluated over a variety of
real-world conditions.

Overall WCDMA system capacity, a criti-

cal metric for network operators, has a soft
limit dependent on interference levels and
interference mitigation. WCDMA employs a
fast power control scheme — 1500 Hz on
both up and downlink — to deal with
CDMA’s inherent near-far interference
issues. GSM, which features a hard capacity
due to its fixed frequency reuse scheme,
employs a very slow (2 Hz) power control
scheme. Thus, finding the key performance
breakpoints of the WCDMA air interface
implementation has a direct correlation to
WCDMA system capacity and network oper-
ator revenue.

With fewer features and a smaller number
of infrastructure vendors, initial GSM interop-
erability tests required a smaller scale of test
scenarios prior to launch. WCDMA’s com-
plex “future-proof™ air interface standard
allows many different ways to perform simi-
lar mobile functions, greatly increasing the
change for signaling interoperability mis-
matches between handset and infrastructure.

Finally, early GSM handsets were built on
a closed platform that did not allow the range
of complex, high-bandwidth services and
applications expected to be deployed on
today’s multimedia mobile devices. But over
the years, a wide variety of mature user ser-
vices have been deployed on GSM networks.
WCDMA must initially, at least, equal and
eventually exceed the services and perfor-
mance available on GSM networks to acceler-
ate subscriber adoption.

While the respective initials launches of

GSM and WCDMA share common trials and
tribulations, the WCDMA design verification
and performance analysis proccss must
evolve to meel today’s market requirements.

WCDMA performance analysis
evolution

To meet the complex challenges associated
with the deployment of WCDMA services,
the development and design verification
process for WCDMA UE’s must evolve in
several key ways.

Integrated test approach

Given that today’s more complex handsets
must reach the market faster with fewer
issues, it is critical to employ an integrated
approach to device verification during the
product development lifecycle. It is highly
desirable to push design verification as far
back into product development as possible.
This way design issues can be uncovered ear-
lier and with less negative impact.

Since the overall design process has
become more distributed across geographic
locations, it is highly desirable to share com-
mon test tools between development and
deployment stages and user groups to align
test plans and results analysis. This also
enables product evaluators further down-
stream in the cycle, such as network opera-
tors, to share test conditions and results with
design engineers looking to recreate problems
and to optimize product performance.

Commercial test solutions offer significant

Network Emulation

RF Channel Emulation (Impairments)

Wireless Channel Noise & Interference
Emulator

Diagnostic Monitor

Emulator

WCDMA Network
Emulator

One Box
GSM/WCDMA
Radio Test Set

Spectrum Aalyler

Figure 2. WCDMA integrated test system configuration.
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LONGER and LIGHTER
HIGH PERFORMANCE 50Q2 ASSEMBLIES

RG+™ Cable Enables Longer Install Runs Without Signal Degradation

For applications that demand strong signal performance over long install runs,
there's a new solution — RG+ made-to-order assemblies. RG+ assemblies are based on
Semflex's proprietary RG+ cable, which delivers significantly superior transmission line

characteristics over standard RG. For example, at 6 GHz the performance rating via test is
50% better in VSWR (1.15:1 vs. 1.30:1) and 22% better in attenuation (38 dB/100ft vs 48 db/100ft).

In addition, RG+ is 60% lighter, exhibits greatly enhanced temperature stability

characteristics, and is highly flexible — an ideal solution for tight spaces.

All RG+ assemblies are fully designed and manufactured by Semflex from the ground up, which
means you can count on responsive customer service and technical support when you need it.

Take a look at the specs, then call Sandy at 800-778-4401
to schedule an on-site visit by one of our factory experts.

SPECIFICATIONS

Low Attenuation 38 dB/100 ft @ 6 GHz

Velocity of Propagation 82%

Phase Stable vs. Temp < 900 PPM change from -65° to +100° C
Shielding Effectiveness >85db

Cable Dimension 17200

Operating Temperature -65°to+125°(C

Standards MIL-C-39012, MIL-STD-348A, MIL-C-17
and other applicable industry specs

Need it FAST? Call Semflex!

Semflex provides the quickest delivery in the
industry. Ship Same Day* — on over 180 standard
products. Ship Within 48 Hours* — on made-to-order

assemblies with COTS components.

* When ordered before noon (PST) Szm fI zx
Call 800-778-4401 or Visit www.semflex.com MADE IN U.S.A.
Visit us at the EUMW Show October 6-10 in Munich, Germany Booth #H69 1ISO 9001

Circle 50 or visit freeproductinfo.net/rfd




advantages over unique, home-brew solu-
tions. Commercial solutions can be easily
replicated across development sites and
between companies. To be effective, integrat-
ed test systems must include the key compo-
nents shown Figure 2, enable manufacturers
and network operators to focus their attention
on analyzing product performancc rather than
developing unique custom test solutions.
Complementary mobile diagnostic moni-
toring tools are also useful to capture a hand-

set’s detailed performance metrics during
both lab and field tests simplifying the com-
parison of test results.

Inherent to utilizing common solutions across
the product development cycle is that a wide
range of users with unique areas of expertise
will need to be able to operate the tools. Legacy
GSM conformance (est systems based on com-
plex scripts require extensive protocol knowl-
edge to operate and create new test scenarios.

These systems typically only address one

10190 Coter On Wisswny Tachnakos ine. A% Agiis reserved.

)

TELEMATICGS

TO THE POWER OF

(dBi)

The Centurion Mercury tri-band
telematics antennas deliver a solid
3 dBi AMPS, PCS, GSM & DCS gain
and a 30 dBi GPS gain to keep your
application
network wherever it travels.

connected to the
High
gain is delivered by a surprisingly
thin 1/2" form factor that is easily
hidden for stealth and aesthetically
Designed

reliable

sensitive applications.
for a life-time of
performance, the rugged Mercury
antenna is waterproof, shockproof
and corrosion resistant.

Available in both AMPS-PCS-GPS
GSM-DCS-GPS tri-band
versions, and with either 3 or 5 volt
GPS LNA's,
Mercury antenna that's perfect for

and
there's a Centurion

your application. So call Centurion
today, or visit our website for
complete specifications!

(1

CENTURION
WIRELESS TECHNOLOGIES INC

CEERARRIVEIREAR V]
www.centurion.come800.228.4563

m Visit www.centurion.com to see our entire line of antenna and power products. as‘f
—3 -~

phase (such as the signaling protocol test) of
the overall test requirement, making them
inefficient and expensive. Next-generation
WCDMA test systems address paramelric
physical layer performance analysis, as well
as functional performance analysis of signal-
ing protocols and user services.

Performance analysis

As discussed earlier, the WCDMA air inter-
face is a much closer relative of CDMA2000
than it is to GSM. Both CDMA2000 and
WCDMA employ CDMA technology that is
highly performance sensitive. The evaluation
handset characteristics such as rake receiver
performance in the presence of dynamically
changing multipath delay spread, or the trans-
mitter’s ability to respond rapidly to power
control messages, is critical to predicting real-
world performance. The ability to pass the
minimum performance criteria outlined in con-
formance standards merely serves as a com-
mon baseline for qualifying potential handsets.

Network operators are concerned with pre-
dicting the quality of the end user’s experi-
ence and with overall network capacity.
These metrics require the handset to be evalu-
ated past the specifications found in confor-
mance standards to identify performance
breakpoints under representative real-world
conditions.

While systematic evaluation of each layer of
the handset implementation is part of a struc-
tured test methodology, the functional perfor-
mance of a handset must be analyzed, as well.

While voluminous, WCDMA conformance
test specifications do not specify how the user
interface of the handset should react to a call-
wailing event, or how to display an incoming
SMS message. Conformance test specifica-
tions cannot predict the latency of interactive
gaming conditions under harsh mobile envi-
ronments. However, these are critical ele-
ments of user/handset interaction that directly
affect subscriber satisfaction.

Once the WCDMA industry is able to
achieve basic interoperability and the air
interface begins 1o mature, the focus will
quickly shift 10 more extensive test methods
to evaluate the functional performance of
handsets from a user’s perspective.

Test automation

More thorough testing prior to deployment,
and a reduced time to market, are competing
objectives that handset manufacturers must
try to optimize in union with one another.
Analyzing each of the individual layers of a
handset implementation past minimum per-
formance requirements generates a multitude
of test scenarios. Functional testing is esscn-
tial to verifying how the layers interact in user
scenarios, but also makes the required test
campaign grow even larger.
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True Performance

Of Your
Power Amplifier.

ME7840A Power Amplifier Test System (PATS)
©2003 Anritsu Company Sales Offices: United States and Canada, I-800-ANRITSU, Europe 44(01582)433200,
Japan 81(03)3446-1111, Asia-Pacific 65-6282-2400, South America 55(21)527-6922, hetp://www.us anritsu.com

Circle 4 or visit freeproductinfo.net/rfd

Scorpion:..You Only Need One!

Have you experienced PATS, an
amazing turnkey RF Power Amplifier test
like no other on the market? Built upon
the Scorpion Vector Network Measurement
System (VNMS), PATS tames your toughest
measurement requirements with blazing
speed, unparalleled dynamic range and
ultimate accuracy.

With a single connection, see your
Power Amplifier’s:

* ACPR

+ IMD & PAE

+ Compression

* Harmonics

* S-Parameters

The ME7840A is a complete system that
includes the following:
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| ME7840A | Power Amplifier

| Test System (PATS)
_-__—A_fﬂ; _— D - - —
Scorpion | Easy-to-Use :
| PA Navigator™ | Easy-to-Customize :
[ | Software

| Scorpion Fast Measurements & :
Ultimate Accuracy

| PATS Test Set | Single Connection |
| i Flexible Configuration |

L . —

Whether you're involved with R&D or
manufacturing, you only need one PATS to
increase your throughput. For a demo,
call Anritsu at 1-800-ANRITSU or check
out our website. Then, you too, can see
your Power Amplifier’s true performance.
www.us.anritsu.com /pats /136
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As handset model turnover rate increases,
the market window for a given handset design
is shrinking. A handset launched several
weeks late can have a negative impact on the
handset manufacturer in the order of millions
of dollars or Euros. To accelerate the launch
of new handsets, manufacturers and network
operators must take advantage of the tremen-
dous efficiencies made possible through the
use of test automation.

Test automation enables tests to be

launched and executed without the need for
user intervention. This enables efficient use of
valuable test equipment and human resources.
Tests can be run 24 hours a day, seven days a
week, to ensure maximum lest coverage.

In addition to automating test execution,
next-generation, integrated test systems auto-
matically handle the translation of test set-
tings into instrument settings, calibration and
verification execution, and report generation
and analysis.

- NEW

Cougar Components introduces several new amplifiers for your
challenging signat processing applications.
We offer system designers a proven history of trusted components,
customer service, and invaluable experience.

hese highspeformance cascadable amp fiers cover (requencies
from 10 MHz to 8 GHz, and offer power output up to +32.5 dBm.
Freq.  Small Signal Noise Power Qutput Interce DC.
Range Gain Figure at1dB Comp. Point3rd/2nd Volts mA
Model (MHz) (dB)Typ. (@B)Typ. (dBm)Typ.  (dBm)Typ. Nom. Typ.
ARJ1049 20-1000 120 4.0 325 42714 15 600
AP1207 10-1200 1.0 28 255 43/66 15 188
AR2087 10-2000  16.0 45 210 /54 15 115
AC2205 100-2200 120 19 135 2848 5 50
AC2208 200-2200 190 20 18.0 2884 = B* 60
AR2538 10-2500  21.0 45 26.0 4054 15 185
AC2554 1000-2500  25.0 19 155 26145 5 72
AC2586 2000-2500 215 15 155 27142 15 45
AC3556 3000-3600 205 12 12.5 25/42 o 45
AS4221 1000-4200 130 18 14.0 2042 15 40
AS8002 100-8000  19.0 23 15.0 24130 15 82

AMPS!

Specifications are typical.

Contact Cougar's sales and application engineering staff
to discuss your specific application and the best solution:

408-522-3838

G/\/. Signal Processing Components & Subsystems

‘/.\ ¢
-

)

\L?J LOLIGR 15090 & MLPRF-3s534

COMPONENTS
. 290 Santa Ana Court, Sunnyyale, CA 94085 « 4

CERTIFIED

To fully benefit from the gains possible
through automation, the burden of handset con-
trol must also be removed from the user and be
performed by the host system controller. Test
platforms that enable flexible and powerful
handset interfacing, also know as an applica-
tion programming interface (APl), enable key-
strokes (o be automatically emulated to initiate
mobile-originated actions while simultaneously
monitoring handset performance.

Conclusion

Given market expectations and the sophis-
tication of the technology, WCDMA manu-
facturers and network operators are facing
challenges much greater than experienced
during the initial rollout of GSM service.

WCDMA handsets and their associated
product development processes have
increased in complexity and product launch
windows are shrinking. In addition, advanced
multimedia services have created an enhanced
expectation of user experiences. To optimize
the product realization process and to acceler-
ate deployment, manufacturers and network
operators must evolve their test methodology.

Using integrated, automated test solutions
focused on performance analysis will enable
more comprehensive evaluation of the end
user’s experience while still meeting time to
markel expectations.
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By Ed Troy

here was a time when electronics for

space and aerospace applications were
very different from electronics for commer-
cial applications. Aside from the obvious cost
difference, electronics for aerospace applica-
tions were typically a few years behind elec-
tronics found in commercial applications.
This was largely due to the fact that aerospace
electronics had to be extremely reliable and,
thus, only “tried and true” devices and tech-
nologies were used.

Unless a device or technology had years of
history, its reliability was questioned. Thus,
there always seemed to be a wide difference
between commercial electronics and aero-
space electronics.

Thanks largely to the cellular telephoncs,
satellite television, and the popularity of GPS,
today’s aerospace electronics are truly state-of-
the-an, and as technologically current as any
commercial or industrial electronics. When
new technologies and techniques are intro-
duced into truly massive markets, such as cel-
lular and the others mentioned, the reliability
of these new technologies are thoroughly test-
ed and evaluated in a very short period of time.

In the carly 1980s, conventional wisdom
was that GPS would only be used in military
systems, and perhaps commercial aviation,
since they were the only two segments of the
market that could afford the estimated
$25,000 for even the least expensive receiver.

That all changed in the early 1990s when
GPS receivers were slated to become the pri-
mary means of navigation for all segments
of aviation, and when receivers could be pur-
chased for the consumer market for prices
ranging from a few hundred to a few thou-
sand dollars. Today anyone can buy a GPS

Advances in integration and technologies, such as
LDMOS, and new, spectrally efficient modulation
techniques, are making their way into aerospace
electronics; reducing size, weight, and power
requirements. This article explains a new
quadrature phase shift keying technology,

and a GPS translator technology.

receiver for less than $100.

One of the primary drivers of this technol-
ogy is the cellular market. Rapid advances in
cost and size reductions have been made pos-
sible by the integration of large amounts of
functionality into individual integrated cir-
cuits. A few years ago, if you wanted to
design a receiver, you needed hundreds of
parts, ranging from mixers and oscillators, to
amplifiers and switches. Today, you can buy
a complete receiver on a single integrated cir-
cuit. All that must be added is some peripher-
al components, such as capacitors, resistors,
and inductors.

Air and Space EleCtroniCs 1 —

Highly spectrum-efficient modulation
techniques and other technology advances
take hold in aerospace electronics

Interconnections

The increasing integration of functionality
into increasingly complex and useful integrated
circuits has had another advantage, however, that
is critical to the aerospace electronics industry.
Since one of the most common failure points in a
circuit is the interconnections between compo-
nents, if you reduce the total number of intercon-
nects, you increase the reliability.

This fact is especially important when the
systems are subjected to the extreme environ-
ments often seen by aerospace electronics.
Since the overall mean time between failures
(MTBF) is a function of the reliability of each

Figure 1: Oid 10 W HFQT810, and new HFQT605 5 watt transmitter.
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Figure 2: 25 kbps GMSK signal before nonlinear amplification.

Figure 3: 25 kbps GMSK signal after nonlinear ampilification.

of the individual components, if the overall
number of components is reduced, the relia
bility increases. As you squecze more and
more functionality onto a given integrated cir
cuit, you reduce the size and weight of the
overall system. This, obviously, is an advan
tage for any electronic system that is destined
for a space or aerospace platform.

There have been other significant changes
in the space and aerospace electronics tech
nologies, however, and they relate to
advances in signal processing and modulation
techniques. Again, much of this is related to
advances brought about by cellular technolo
gies, as well as the rising popularity of wire
less computer networks.

One of the biggest problems for the cellular
industry has been accommodating all of the
users in a given geographical area with limited
spectrum. In the wireless data industry, the
problem is to provide more usable bandwidth.
Just as cellular phones have evolved from sim
ple FM radios using analog modulation tech
niques, to radios that use complex digital mod
ulation techniques to squeeze more and more
users into a given spectrum allocation, radios
destined for space and aerospace applications
have evolved in a similar fashion.

One excellent example that shows how sig

nificantly advanced modulation techniques
can improve spectral efficiency is the Feher
patented quadrature phase shift keying
(FQPSK)'.

Using this technique, the spectral efficien
cy of a telemetry transmitter — used, for
example, in an F/A 22 — can be doubled.
This means that a transmission that had previ
ously required 10 MHz of spectrum now only
needs 5 MHz of spectrum?>.

An example of how electronics for aero
space applications have gotten both smaller,
lighter, and more spectrally efficient, is the
comparison of Herley Industries Inc.’s
(www.herley.com) HFQT810 synthesized
variable rate FQPSK telemetry transmitter,
and its newest FQPSK transmitter, the
HFQT605. As shown in Figure |, the new
transmitter is significantly smaller than the
old transmitter. The old transmitter was also
10 watts, while the new transmitter is 5 watts,
but this is not the major reason for the signifi
cant size reduction.

Generally, QPSK is not considered to be a
spectrally efficient method of modulation.
This is especially true when the transmitter
must use a nonlinear amplifier to save over
all power. This is one reason why gaussian
minimum shift keying (GMSK), and other

forms of frequency modulation, are often
preferred in applications, such as cell
phones, where power is supplied from bat
teries, and the life of the battery is a critical
consideration. Figure 2 shows a 25 kbps
GMSK signal before being put through a
nonlinear amplifier.

Figure 3 shows this same signal after being
put through a nonlinear amplifier.

As you can see, there is very little spread
ing of the signal. This is because in the case
of frequency modulation, the amplitude of the
signal does not go through any major transi
tions. This cannot be said for most forms of
phase shift keying.

Figure 4 shows a conventional QPSK signal
before being sent through a nonlinear amplifier.

Already, you can see that it is not as spec
trally efficient as the GMSK signal. And after
that signal is sent through a nonlinear amplifi
er, the spectral efficiency degrades even fur
ther, as shown in Figure 5.

In the case of FQPSK, however, this spec
tral spreading problem does not exist. In fact,
as shown in Figure 6 and Figure 7, respective
ly, the signal is even more spectrally efficient
than GMSK, and there is no additional
spreading after the signal is sent through a
nonlinear amplifier.
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Figure 4: 25 kbps QPSK signal before nonlinear amplification. Figure 5: 25 kbps QPSK signal after nonlinear amplification.

26 www.rfdesign.com September 2003



B E M. ECL

Voltage Control and Dielectric
Resonator Osciallator

Voltage Control Oscillators

©100 MHz to 18 GHz

®Low Phase Noise

®Up to Octave-band Tuning

®High Reliabilty Hybrid Construction

®Optical Clock Oscillators at 2.5 Gbit & 10 Gbit

®Wide choice of packages

®Available for Commercial Wireless, Defense
and Space Applications

Dielectric Resonator Oscillators

®High Stability

®Low Spurious

@4 GHz to 24 GHz Coverage

®Free-running

O®AFC Tunable

®Phase Locked Internal

®Phase Locked External

®Available for Commercial, Wireless, Defense
and Space Applications

WWW.REMEC.COM

(v i b o | p: (406) 432-9898
1590 Buckeye Drive f: (408) 432-1551
Milpitas, CA 95035-7418 €. sales@remec.com

Circle 42 or visit freeproductinfo.net/rfd




through any amplitude transitions as the vari-
ous bits of information are transmitted. In
QPSK, information is transmitted two bits at a
time. Table 1 describes the four possible data
bytes and their corresponding phases.

These are shown graphically in Figure 8.

When looking at Figure 8, the proper way
to interpret the graphic is to think of the
length of the line from the origin to the dot as
the as the amplitude of the signal, and the
angle of the line as the phase of the signal.

Thus, a “11” is represented by a signal
with magnitude 1 and an angle of 45 degrees.
In the same way, a “00” should be thought of

0
-10
-20
-30
-40
2 50
-60
-70
-80 3
-90 I T
100
-50 -40 -30 -20 10 0 10 20 30 40 50
MHz
Figure 6: 20 Mbps FQPSK signal before nontinear amplification.
Feher-patented quadrature phase
shift keying (FQPSK) | data Qdata Phase
This spectral efficiency is made possible 1 1 45
by the modulation technique patented by Dr. 0 1 135
Kamilo Feher known as FQPSK. In this tech-
nique, wavelets are used in a very clever way 0 0 225
to ensure that the QPSK signal does not go 1 0 315

Table 1. The four possible data bytes used for
QPSK, and their corresponding phases.*

as a signal with an amplitude of 1, but a phase
of 225 degrees.

The interesting concept is what happens
when you transition from, for example, a “11”
10 a “00.” With traditional QPSK, the signal
would have to follow the line through the ori-
gin from a magnitude of | at a phase of 45
degrees, 10 a magnitude of | with a phase of
225 degrees.

During that transition, the signal would
pass through the origin, thus going through an
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Figure 7 20 Mbps FQPSK signal after nonlinear amplification.

amplitude of 0. This creates a severe ampli-
tude change, producing a wide spectrum, like
any pulse amplitude modulated signal.

Of course, the waveform can be filtered to
lessen the amplitude changes, and by doing so
reduce the width of the spectrum, but it still
produces a wide spectrum. And, if this signal
is then fed into a nonlinear amplifier, the
spectrum that was saved by the filtering of the
waveform is regrown.

Even in the situation where the transmitted
bytes go from “11” to “01”, for example, the
amplitude of the signal will still go through a
reduction to approximately .707. This is not
quite such a major change in magnitude, but it
is still a magnitude change, and as a result,
will produce a wide spectrum.

A further look at the graph in Figure 8, and
a liule imagination, might suggest a solution to
the problem. What if the signal was encoded in
such a way that the transmitted waveform
could never transition through 0 amplitude?

This would prevent the pulse-like spread-
ing created by a transition directly from, say,
“11” 10 “00,”, or “01” to “10.” Furthermore,
what if the waveform was forced to follow a
circular trajectory from, for example, “11” to
“01,” or “10” 10 “11,” as shown in Figure 97

Now, there are no amplitude transitions,
and, thus, no spectral spreading, or regrowth,
after nonlinear amplification. It is, intuitively,
relatively easy to see what has to be done in
the case of transitioning from “11” to “01,” or
“10” to “11.” What is not so intuitive, howev-
er, is how it gets from “11” to ““00,” or “01” to
“107” This is where wavelets come into play.

Most complex modulation schemes use an
1/Q modulator to create the final signal. With
the I/Q modulator, there are two waveforms
that are multiplied together to produce the
final waveform. These waveforms, like any
other waveform, consist of magnitude and
phase information. Looked at another way. at
any given instant in time, these waveforms
have a definite amplitude.

The final waveform has an amplitude that
corresponds to the instantaneous product of the
amplitudes of the I and Q waveforms. The
trick used by FQPSK is to pick those wave-
forms so that at any given instant, the final,
modulated waveform has a constant amplitude.

In other words, if the ] channel waveform
was at ils maximum at one given instant, the Q
channel waveform would be at its minimum at
that moment. There are only 16 possible tran-
sitions for a byte consisting of two bits —
“00” 10 “00,” “00” to “01,” “00” to *10.” etc.

Because of this, a look-up table can be cre-
ated that contains the 16 necessary waveforms
for the I and Q channels. Then, depending on
the data and the data transitions, the appropri-
ate waveforms are selected and applied to the
I and Q channels.

If these basis functions are properly cho-
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Figure 8: Simple QPSK constellation and transi
tions.

sen, the system follows an almost perfect cir
cle , as shown in Figure 9, and there are no
amplitude variations. Thus, the system uses a
minimal amount of spectrum, and no spectral
regrowth is seen when it is passed through
nonlinear stages of amplification.

GPS translator

Another interesting use of technology is
the GPS translator. This product is mounted
on a missile, and allows for precise tracking

of that missile by interpretation of the trans
lated GPS signals.

In a normal GPS system, there are two sig
nals, the 1.1 signal, at 1575.42 MHyg, and the
L2 signal, at 1227.6 MHz. These signals can
be used to accurately locate an object in lati
tude, longitude, and altitude. However, the
most precise accuracy is obtained by using
differential GPS.

In differential GPS, the signals from a GPS
constellation is monitored at a known (accu
rately surveyed) location. Under the assump
tion that another GPS receiver is receiving
signals from the same constellation of GPS
satellites, and that it is within a few hundred
miles of the reference station, the precise
location of that other GPS receiver can be
determined by subtracting out the errors in
latitude, longitude, and altitude that are being
measured by the reference receiver. (After all,
they are both receiving the same signals and
those signals are passing through a similar
electromagnetic path, and thus they should
have virtually identical errors.)

The GPS translator works by taking the
GPS signals received by the missile, and fre
quency shifting those signals to a standard
telemetry band. Then, that data is transmitted
to the tracking station in real time. There, it

Figure 9: FQPSK constellation and transitions.

can be stored for later analysis, as well as
compared with GPS data received by the ref
erence station, to produce a real lime, highly
accurate position for the missile.

While this sounds almost trivial, it is
extremely complex. For one thing, GPS sig
nals are spread spectrum signals, and they are
widely spread. In fact, they are spread so
widely that a GPS signal is well below the
level of the background thermal noise.

GPS signals only become visible and use
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ful after they are de-spread. This means that
the system must be designed in such a way
that virtually no extra noise is added to the
signal. The more noise the system adds, the
morc difficull it becomes to eventually de-
spread the signal and determine useful posi-
tion information.

Also, if the highest degree of accuracy is to
be obtained, the precise phase characteristics
of the signal must be preserved. This further
complicates the translator system.

Other complications include the fat that the
missile is a highly dynamic vehicle. For this
reason, multiple GPS antennas must be placed
onto the missile and the various signals from
these antennas must be multiplexed and
inserted into the data stream.

In the case of the Herley Industries GPS
translator system, there are four antennas that
get multiplexed into three data channels. and
these three data channels are then translated
into a telemetry band, amplified, and send to
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LDMOS

the tracking station for analysis.

These two systems demonstrate the cutting
edge of aerospace elcctronics. They make
extensive use of the latest technologies in the
areas of laterally diffused metal oxide semi-
conductors (LDMOS) devices, integrated sub-
circuits, and modern ceramic and saw filter
technologies. as well as the one of the most
spectrally efficient modulation techniques
available today to systems where power effi-
ciency is a critical concern.

Both of these systems demonstrate the
rapid migration and adoption of technologies
and techniques that were made possible, in
large part, by the technological advances
brought about by the cellular and wireless
data markets.
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By Ken Noblitt

H ands-free mobile phone operation in
vehicles offers a huge potential market
for Bluetooth, and kits are already finding
their way into both after-market solutions and
embedded designs. Alongside hands-free
mobile phone operation, future Bluetooth
applications in-vehicle will include Internet
access, wireless additions to the infotainment
system. vehicle personalization and even
vehicle diagnostics.

To make all of this possible, there are
problems that must be overcome.

Other RF devices, such as car stereos,
global positioning system (GPS) navigation
equipment, satellite digital audio radio ser-
vices (SDARSes), GSM transceivers and
other electrical devices, that are already in-
vehicle can cause interference or be suscepti-
ble to interference.

Also, think of a car as a reflective tin-can,
where radio waves are reflected within the
vehicle cabin, which results in a phase shift
that, with superposition, can effectively can-
cel out or corrupt the wanted signal.

All this RF activity can be detrimental to the
data throughput of an in-vehicle wireless sys-
tem. As the applications for Bluetooth expand,
Bluetooth modules are likely to become more
widespread around the car. further compound-
ing the potential interference risk.

Existing interference defenses

Bluetooth already has an existing arsenal
of defenses to combat interference designed
into the standard. But the unique and difficult
conditions within a car have forced designers
| to sharpen their swords to lessen the consider-
able potential effects of interference.

One of Bluetooth’s standard weapons is
frequency hopping, which requires both the
receiver and transmitter to tune/hop to one of
its 79 different channels 1,600 times per sec-
ond in a predetermined pattern.

This provides a good level of immunity to
interference. If a data packet is lost or
received incorrectly, no acknowledgement
will be returned, and a retransmission will be

Broadband TeChn ol O Q) 1 m—m—m—m—m—m—m——————————

Bluetooth shifts up a gear: Intelligent tools solve
in-vehicle RF range and interference issues

In-vehicle broadband services offer a huge potential market for Bluetooth
technology. But interference from existing in-vehicle RF devices can be
detrimental to Bluetooth broadband signals and existing interference defenses
may not provide adequate protection. Channel quality driven data rate (CQDDR)
is a Bluetooth option that promises to ensure optimum data throughput.

Device A

Transmits data, receives
requests to change
transmit packet type

Data flow

Request to change packet type

Device B - with CQDDR

Recelves data, uses CQDDR

feature to monitor error rate,

transmits requests to change
transmit packet type

Figure 1. Effective bandwidth plotted against increasing BER.

sent at the next available time slot.

By utilizing frequency hopping technolo-
gy, and with care taken to separate the
Bluetooth antennas from other sensitive in-
cabin receivers or transmitters, interference
can be minimized. But even with these mea-
sures in place, a high amount of in-vehicle RF
activity can be detrimental to data throughput
and link reliability.

less equipment operating in the same band
(such as Wi-Fi).

The Bluetooth standard offers a range of
data packet types, known as DH and DM. DH
types have higher payloads; DM types sup-
port only medium payloads, but include for-
ward error correction for integrity in noisy
operating conditions.

All have cyclic redundancy checks (CRCs)

To ensure a good user experience,
packet types must be chosen not just
on the basis of how much data is waiting
to be sent, but also on the ambient error
conditions, which can greatly vary
in a vehicle cabin.

Channel quality driven data rate
(CQDDR)

Channel quality driven data rate
(CQDDR) is a Bluetooth option that ensures
that products will achieve the optimum data
throughput.

Most Bluetooth products support all data
packet types. However, if the IC’s finnware
decides to employ a type that doesn’t match
the noise environment, a designer can end up
with a very inefficient communications link.
This is because of noise, caused for example.
by users pushing products beyond their limits
for range and noise immunity, and other wire-

for error detection, but this cannot correct
errors. The payloads of DM packets are divid-
ed into blocks of 10 bits. with an additional
five bits for forward error correction. These
can be used to detect and correct all one-bit
errors, and to detect and reject all two-bit
errors in each 10-bit block.

Although DH packets, particularly DHS,
seem to give the best performance, in the
real world things aren’t so simple. To ensure
a good user experience, packet types must be
chosen not just on the basis of how much
data is waiting to be sent, but also on the
ambient error conditions, which can greatly
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Figure 2. CQDDR lets Bluetooth device dynamically switch packet types according to link conditions.

vary in a vehicle cabin. There are several
possible ways this can be achieved within
the current specification.

Designers of each layer of the stack can
choose either to add an extra layer of error
detection, and optional correction, to their
layer, or they can pass on the data unmodified.

The former allows them to make a
stronger reliability guarantee than the layer
below, whereas the latter keeps the layer
overhead low.

A simplistic baseband implementation may
choose the packet type purely on the number
of octets it has waiting to be sent. This means
that when there are many octets wailing, it
will choose DHS packets, as these have the
largest payload.

In laboratory conditions, this may look like
a good solution, but users will ultimately be
frustrated. At a bit error rate (BER) of 0.04 per
cent, for example, DHS packets have only a 33
percent chance of being received without error.

CQDDR allows a receiving device
to negotiate with the transmitter
to change the transmitted packet type
according to the conditions
experienced at the receiver.

In particular, the overhead for error correc
tion (as opposed to mere detection) is high.
Typically, all the data sent by a layer must be
buffered in that layer until it is acknowledged
(implicitly or explicitly) by the other side. As
flow progresses up the stack, the data transfer
latencies get higher, and, hence, the amount
of buffering increases.

In other words, it will take an average of
three attempts to send a packet — reducing
potential maximum bandwidth from 723 kbps
to just 241 kbps.

On the other hand, DM5 packets show virtu
ally no degradation from their maximum band
width of 477 kbps until 10 times that BER.

There is a mechanism built into the

Bluetooth scheme (version 1.1 of the
Bluetooth specification), which, if correctly
implemented, solves range and constant inter
ference issucs, that being CQDDR.

CQDDR allows a receiving device to
negotiate with the transmitter to change the
transmitted packet type according to the con
ditions experienced at the receiver. It requires
access 10 packet and BER statistics to make
an intelligent trade off between bandwidth
and data integrity. With CQDDR, if one side
finds that it’s receiving packets with many
errors, it tells the other side to switch to DM
packets. If the link clears up, then it can allow
the other side to use DH packets again.

Surprisingly few companies have imple
mented CQDDR in their firmware in spite of
the great improvements it brings to data trans
fer and link reliability in environments, such
as a vehicle cabin.

The incredible amount of in vehicle func
tionality that Bluetooth could enable requires
thought and foresight to implement. By taking
care to consider the entire vehicle system,
automotive designers can avert many of the
problems associated with implementing a
Bluetooth system.

Interference control is a vital element for
any RF designer, and the vehicle environment
only magnifies this factor. With a number of
safeguards already put into place in the
Bluetooth standard, designers are almost
there. CQDDR offers the opportunity for
automakers and OEM suppliers to ensure
interference is not an issue and to deliver on
Bluetooth’s promise of a multifaceted wire
less connectivity.
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By Todd Moore
and Rick Schmalbach

any of today’s high assurance embed-

ded systems require highly capable,
high-spced cryptographic solutions. Many
applications need to sustain lengthy mission
profiles using standard, commercial battery
technology (such as unmanned aerial vehi-
cles, smart sensors, smart munitions, and
handheld soldier radios). Low power con-
sumption is essential to the success of these
missions by maximizing the application’s bat-
tery life. This paper will describe various
techniques that can be used to meet these pro-
grammable Infosec systems’ requirements.

FPGA power consumption

Programmable Infosec solutions typically
have been composed of large FPGA-like pro-
grammable elements capable of implementing
a variety of cryptographic algorithms. These
programmable elements require complex
structures that need large numbers of gates.
Incorporation of these elements inflates the
die size, incrcases cost, increases power, and
reduces the maximum operating frequency.

The dynamic power consumption on
FPGAs can be separated into three parts:
datapath, synchronization and off-chip power.

 Datapath corresponds to the combina-

tional blocks and associated intercon-
nection power.

» Synchronization is the consumption by

registers, clock lines and buffers.

« Off-chip power is the fraction dissipated

in the circuit output pads.

Knowledge of the relationship between
these components for a given FPGA technol-
ogy is fundamental in calculating an FPGA-
based system’s power consumption'.

The power consumption of the datapath
interconnection (programmability) is the
highest of the three parts and will increase lin-

System-on-a-chip (SoC) ASIC technology is one of
the most effective ways to produce high-speed,
low-power products. Various techniques can be
used to reduce the power consumption of SoC
designs, however, many may not be adequate

to meet programmable Infosec device requirements.
This paper will consider specific low-power
techniques for different classes of algorithms.

(1-1024)

Figure 1: Clock generator block diagram.

early based on the input clocking frequency.
Various techniques (including pipelining and
partitioning) can be applied to an FPGA
design to reduce this datapath power con-
sumption'. Even though an FPGA-based
design provides the highest degree of flexibil-
ity and programmability, it also consumes the
largest amount of power.

System-on-chip designs

One alternative to an FPGA-based design
is a system-on-chip (SoC) application specific
integrated circuit (ASIC). The SoC ASIC pro-
vides the optimal mix between hardware and
software, allowing functional components to
be partitioned to provide the best mix of
speed and power enhancements.

Voitage
Controller
Oscillator

Secure CommUNICaTiON S /——————————

Low power design techniques for high-speed
programmable embedded Infosec systems

Feedback
Divider
(1-1024)

Reference
Divider
(1-1024)

Phase/
Frequency
Detector

Charge
Pump

In particular, components that can gain
from the benefits of hardware implementation
will be implemented in hardware accelerators
and discrete logic. Software is written 10 pro-
vide the necessary hardware initialization and
configuration, but many time-extensive, num-
ber crunching operations (such as power-hun-
gry) arc provided by the hardware.

Overall, the power-budget of a SoC ASIC
will be much less than an FPGA-based
design. The tradeoff is that programmability
will be limited to the flexibility of the hard-
ware accelerators. Lower power consump-
tion (and subsequent higher speeds, in some
cases) may be an acceptable compromise for
many power conscious applications.
Additional hardware interfaces, as well as
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software functionality, will help offset any
programmability concerns.

Power reduction techniques

Vanous techniques can be used to reduce
the power consumption of SoC ASIC
designs, including dynamic frequency con-
trol, dynamic power management and the
ability to idle embedded processors.

An SoC ASIC external reference clock and
internal clock generator can be used to pro-
vide dynamic frequency control. The refer-
ence clock frequency is proportionally related
to the SoC ASIC’s power consumption (e.g.
lower reference clock frequency results in
lower power consumption).

The reference clock is provided by the sys-
tem (host) and can be scaled (externally)
based on the intended mode of operation. An
internal clock generator can also be used to
scale system clock frequencies (and power
consumption) dependent on the desired mode
of operation. This internal clock generator
will contain a PLL used for setting the inter-
nal clock rate.

The PLL logic contains three programma-
ble dividers designated as reference, feed-
back, and output. The maximum and mini-
mum values of the reference clock frequency
input and the VCO output affect the phase jit-
ter, which affects the ASIC’s performance.
Figure | shows a sample PLL-based variable
clock-generator circuit.

Disabling, or turning-off, the internal clock
to unused or idled functional SoC ASIC sub-

Instrycon
and Data
Memoret

Insructon
ond Data
Caches

Cryptographic Processor

| Securty |
| Logic

blocks will decrease the amount of power
consumed. For example, every piece of logic
hardware (or gate) that is clocked will con-
sumes some amount of power. By applying
the appropriate amount of dynamic clock con-
trol or power management, the amount of
power consumption can be reduced signifi-

this register that disables the clock to that block.
Each functional block can also be initialized to
a known state by setting the reset bit. Dynamic
power management is an internal SoC ASIC
function controlled by external software.

Some SoC ASIC designs contain an
embedded processor. Software is written for

Various techniques can be used to reduce
the power consumption of SoC ASIC
designs, including dynamic frequency

control, dynamic power management and

the ability to idle embedded processors.

cantly for a specific mode of operation.

Dynamic power management requires
some degree of up-front planning and organi-
zation. The SoC ASIC needs to be divided
into the appropriate functional blocks to
ensure that the maximum benefit can be
achieved by disabling a specific piece of the
hardware design.

The SoC ASIC will need to contain the
logic necessary to control power up, power
down, and reset of individual function blocks.
This may include a clock tree register that
enables or disables the clock to a specific
functional block.

Each functional block can be powered down
by setting the appropriate power down bit in
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Figure 2: Detalled ASCI block diagram.
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this processor to perform the necessary config-
uration and control operations. Most modern-
day embedded processors contain an instruc-
tion that will place the processor into an idle,
or sleep, state. Once the processor enters this
state, only an external stimulus (such as
defined interrupt) can wake-up the processor.

The processor will consume a very mini-
mal amount of power while in the idle state.
This low power consumption is a benefit for
SoC ASIC designs assuming that no, or limit-
ed, software intervention is requircd for a par-
ticular function.

Once the SoC ASIC has been configured,
the processor can idle itself and only be uti-
lized during specific times (such as initializa-
tion or mode change). A complete up-front
system design and hardware/software parti-
tioning is required to reap the maximum ben-
efits of processor idling.

These techniques can be generically
applied to SoC ASIC designs, but may not be
adequate in themselves to mect programmable
Infosec device requirements. The SoC ASIC
approach may need to be extended to pro-
grammable Infosec devices by dividing the
composite set of cryptographic algorithms into
classes and applying optimal hardwarc/soft-
ware tradeoffs.

Infosec considerations

A SoC ASIC approach can be applied to
today’s cryptographic algorithms to meet
Infosec device requirements. By reviewing
the requirements for various cryptographic
algorithms, the maximum benefit from the
SoC ASIC technology and low power con-
sumption can be achieved.

Cryptographic algorithm functionality can
be broken down into several types of classes,
parallel and serial. Other unique cryptograph-
ic functions, including pattern detection, shift-
registers, multiplication, randomization, hash,
permutation and combining can be optimized
in hardware.
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tion in many applications. The ASIC’s clock
rate can be dynamically varied to the mini-
murmn necessary rate for a specific application
(function). The ASIC was designed (parti-
tioned) such that the clock can be turmed off to
circuit blocks that are not in use. The RISC
processors can be disabled when not in use.

Conclusion
Through the proper partitioning and classi-
fication of hardware and software require-

© 2002, LS Laser & Dectrosscs. A8 b

HERING

ments, optimal SoC ASICs can be designed
and developed. Dynamic frequency and clock
control, processor idling and functional group-
ing are common techniques to provide low
power consumption for SoC ASIC designs.
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By Marta Iglesias

haracterizing distortion is essential

when evaluating multicarrier power
amplifier (MCPA) performance. Traditional
two-tone tests for intermodulation distortion
(IMD) or single-carrier adjacent channel
power ratio (ACPR) measurements are not
sufficient to evaluate MCPAs. These ampli-
fiers must instead be evaluated using multi-
ple carriers as the stimulus, which more real-
istically simulate conditions the amplifiers
will encounter in service. However, the test
set-up for multicarrier ACPR measurements
typically requires multiple sources along
with other components.

As an alternative to multiple carriers, mul-
tiple tones with the proper phase relationships
can be used to accurately represent multicarri-
er signals. By using new digital multitone sig-
nal generation techniques. and following pru-
dent measurement methodologies, these com-
plex amplifiers can be evaluated more easily,
at less cost, and with high repeatability.

Amplifier measurement

In digital communications systems, a digi-
tally modulated signal with the appropriate
signal format is used as the stimulus in an
amplifier measurement system. ACPR is the
ratio between the transmit power in the
desired channel and the undesired power it
has “splattered” into an adjacent channel.

The power statistics of some digital modu-
lation schemes can vary depending on the sig-
nal’s configuration. In CDMA systems, for
example, the peak-lto-average power ratio sta-
tistics of the signal vary with the number of
code channels, and code channel number
assignments. These power statistics can be
depicted by the complementary cumulative
distribution function (CCDF) curve, which
directly affects ACPR measurement results.

Multicarrier signals have more demanding
CCDFs than single-carrier signals and require

AN i€ 1S

Multitone IMD offers
clearer picture of MCPA performance

Characterizing distortion is essential when evaluating
multicarrier power amplifier (MCPA) performance.
Typically, these amplifiers must be evaluated using
multiple carriers as stimulus to more realistically
simulate service conditions. As an alternative to
multiple carriers, multiple tones with the proper
phase relationships can be used to accurately
represent multicarrier signals.

3000 tor_1es for
Distortion 600 kHz notch, 200 tones in notch é\éngN;'ke
Corrector for good averaging st e

|

Figure 1: Stimulus configuration using the digital tone-generation approach to test a GSM MCPA for 14

carriers and an additional carrier off in the center.

MCPAs with more linear performance. For
example, the spectrum measurement and
CCDF of a GSM signal with 16 carriers that
have random phases and data shows that
while the peak-to-average power ratio of a
GSM signal is close 1o zero, the CCDF of a
16-carrier GSM signal approaches a 10 dB
peak-to-average power ratio for a 0.001 per-
cent probability.

Since ACPR is influenced by peak-to-
average power ratio, single-carrier ACPR
measurements cannot provide a realistic
measure of the real performance of MCPAs,

and, instead, multicarrier signals are needed.
However, because of the high cost and the
complexity of a multicarrier measurement
setup (often requiring several sources, as
well as combiners, isolators and band stop
filters), multitone IMD measurements are
often used as an alternative to multicarrier
ACPR measurements.

Generating tones

There are two basic ways to generate multi-
tone signals. The analog approach, which has
been widely used, requires one signal source
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for each tone. Each source can be indepen-
dent, or all sources can be orchestrated with a
controller. Obviously, the latter approach is
preferred, since controlling so many sources
manually is a frightening prospect.

In contrast, the digital approach generates
multiple tones from a single source. The digi-
tal technique allows pre-distortion to be used
to improve the dynamic range of the source,
and provides very repeatable measurements.

There are two possible ways to generate
analog signals. In the first, separate analog
sources are used and LO drifting of the differ-
ent sources is leveraged to create the phase
randomization necessary to create spectral
distribution similar to that of additive white
gaussian noise (AWGN). This approach is
viable, but it means long measurement times
as the carriers slowly drift and build the
CCDF curve.

An alternate method is to use analog
sources within a system in which the phase
can be set to random and the rate of phase
change of each tone can be controlled to pro-
duce the randomization necessary to obtain
an AWGN distribution in a reasonable time.
However, this still does not provide a very
repeatable signal, and multiple measure-
ments still must be averaged to provide
repeatable results.

In contrast, the digital technique employs a
digital signal generator in combination with
signal studio for enhanced multitone software
or signal studio for NPR software, and a spec-
trum analyzer.

The signal generator can produce thou-
sands of tones with random phase distribu-
tion at high spectral density to approximate
the CCDF of AWGN or the CCDF of the
multicarrier signal of interest. The multitone
signal must be configured with a notch that

Figure 2: The effect of different devices on measurement dynamic range.

has hundreds of tones that represent one of
the channels.

Signals with a lower number of tones can
also be used if a random phase set that pro-
vides the CCDF of interest (typically close to

tain period, the measurement is much more
repeatable than analog techniques.

An example of the stimulus configuration
using the digital approach is shown in Figure
1. In this case, the device under test is a GSM
MCPA with 15 carriers (14 carriers with one
carrier off in the center) and 600 kHz separa-
tion. The signal generator produces 3,000
tones with a tone spacing of 3 kkz over a fre-
quency range of 9 MHz. Each carrier is repre-
sented by 200 tones (600 kHz). The notch is
created over 600 kHz, so it covers 200 tones,
and represents one of the carriers.

The distortion in the notch must be inte-
grated (equivalent to averaging the distortion
in the 200 tones), which will reduce the mea-
surement variance. This is because the IMD at
a single frequency consists of the vector sum
of all the third-order two-tone and three-tone
terms at that frequency.

The large number of tones used at the same
amplitude makes it possible to assume that for
each IMD tone in the notch there will be the
same number of third-order two-tone and
three-tone terms. However, the phases of the
fundamental tones are random, so the third-
order terms will add as vectors in a different
way for each IMD tone. As a result, their

SOURCE
DR

INITIAL

SOURCE
+

AMP
DR

BB SIGNAL

PRE-
DISTORTED
BB SIGNAL

---------- CARARRrescesorarsrooned

e Ay PRE-DISTORTION

Booster

Figure 3: During the calibration stage of the digital approach, the distortion products at the output of
the source and booster amplifier are measured and used to pre-distort the stimulus signat.

the CCDF of the multicarrier signal or of
AWGN) is carefully chosen.

The test is made by measuring the distor-
tion in the frequency band of interest.
Integrating the distortion power over the band
of interest basically provides the averaging of
all the distortion tones in the notch, which
reduces the measurement variance.

Averaging the distortion over several mea-
surements can also be used to further improve
repeatability. In addition, since the stimulus
signal is generated digitally, and it has a cer-

amplitudes will vary. Placing many tones in
the notch allows all possible phases to be inte-
grated over frequency.

Gaining dynamic range

The second challenge in multitone distor-
tion tests is how to make the measurement
with enough dynamic range to avoid mea-
surement uncertainty caused by instrument
distortion. The measurement dynamic range
is limited by both the source and the signal
analyzer, as shown in Figure 2. Although, for
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Figure 4: With the digital approach, the distortion products at the output of the source and booster
amplifier are 180 degrees out of phase and subtract, resulting in a stimulus that has the dynamic range

needed to feed the DUT.

the purpose of illustration, the distortion from
each device has been placed linearly on top of
the distortion of the following device, the dis-

l tortion from the different devices will not nec-

essarily add in-phase.

| Digital signal source generation allows

pre-distortion to be used so the dynamic range

I can be improved by measuring and compen-

sating for the IMD generated by the source
and any booster amplifier used.

The measurement is performed in two
stages. In the first “calibration” stage, shown

| in Figure 3, the baseband signal (which has

no distortion) and the distortion from the
source (generated by the RF section) and
booster amplifier are measured.

The attenuation in the signal analyzer is set

| so its distortion does not contribute to the dis-

tortion from the source and booster amplifier
it is measuring. The distortion measured by

| sa

the signal analyzer is used to pre-distort the

stimulus signal.

The baseband pre-distorted signal will then
consist of the initial wanted tones and 180-
degree out-of-phase distortion products
intended to cancel the source and booster
amplifier distortion. The calibration cycle
must be repeated until the required dynamic
range (the leve!l of distortion relative to the
level of the fundamental) is reached at the
output of the booster amplifier or at the output
of the source, if no booster amplifier is used.
Pre-distortion also corrects for the power lev-
els of each fundamental tone, which enhances
the measurement repeatability.

In the measurement phase, shown in
Figure 4, the 180-degree out-of-phase distor-
tion products at the output of the source and
booster amplifier subtract from the distortion
generated by the source and booster amplifier.

Now the resulting stimulus signal has the
required dynamic range at the output of the

5b

booster amplifier. The attenuation in the spec-
trum analyzer is set (o minimize distortion
generated within the analyzer. The effective-
ness of calibration is demonstrated in Figurc
5, which shows the improvement in the stim-
ulus signal used earlier (3,000 tones, 200
tones in the notch). The spectrum shows part
of the notch before and after calibration.

From a spectrum analysis point of view,
the best dynamic range will be obtained by
choosing the optimum mixer level for the
measurement.

The two-tone case is the simplest case to
analyze. Figure 6 shows a spectrum analyz-
er’s dynamic range chart example for two-
tone IMD. The absolute maximum dynamic
range occurs when the IMD is nearly equal to
the displayed average noise level (DANL).
However, this might not be the best mixer
level 10 use because the analyzer’s IMD will
be coherent to the DUT’s IMD and the
DANL will be incoherent. The coherent dis-
tortion has a larger effect on measurement
uncertainty than incoherent distortion.

To achieve | dB of uncertainty (for exam-
ple, 0.9 dB of error from the spectrum analyz-
er’s generated IMD and 0.44 dB of error from
its DANL), the analyzer’s IMD must be at
least 20 dB below the DUT's IMD, while the
DANL must be only about 4 dB below the
DUT’s IMD.

To calculate the maximum useable
dynamic range for 1 dB uncertainty, and the
optimum mixer level for 1 dB uncertainty,
the IMR and DANL lines must be offset by
20 dB and 4 dB respectively. as shown by
the dotted lines in Figure 6. The coherence-
versus-incoherence phenomenon moves the
optimum mixer level to the left (lower mixer
level) and effectively reduces the available
dynamic range.

To ensure to maximum dynamic range, a
good operating point is to have an error bud-
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get in which 90 percent of the error is allocat-
ed to the coherent distortion (such as the spec-
trum analyzer’s IMD) and the remainder of
the error budget is allocated to the incoherent
distortion (such as the spectrum analyzer’s
DANL). The contribution to dynamic range
from the analyzer’s phase noise might also be
of concern if the measurement is made at fre-
quency offsets close to the main tones.

Figure 6: A spectrum analyzer dynamic range chart for two-tone IMD.

For example, for the three-tone case
(assuming independent and random phases
with uniform distribution), the power level of
the IMD at the frequencies immediately
above and below the main tones is five times
(7 dB) greater than the two-tone case.

Therefore, an offset of 7 dB should be
added to the two-tone IMR line to obtain the
three-tone IMR line for the IMD at the fre-

3rd Order Dynamic Range Chart for N-Tone IMD
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The analyzer’s dynamic range chart for a
multitone IMD measurement can be built
from the two-tone measurement dynamic
range chart (Figure 7).

An offset must be added to the two-tone
IMR line (IMR,) to obtain the IMR line for N
tones (IMR,). The offset is the ratio between
the n-tone IMD power at the frequency of
interest and the two-tone IMD power.

Figure 7: A spectrum analyzer dynamic range chart for multitone IMD built from the chart in Figure 6.

quency immediately above or below the fre-
quencies of the main tones.

The phase relationship among the tones
will affect the peak-to-average power ratio
and offset level. In general, the higher the
peak-to-average power ratio, the higher the
IMD, and, therefore, the higher the offset for
the IMR line.

If the frequency of interest is not a discrete

frequency offset, but it has a certain band-
width, the offset will be a function not only of
the frequency offset, but also of the band-
width over which the distortion power needs
to be integrated.

The resulting offset could also be negative
(the IMR line could be below the two-tone
IMR line) if the IMD integration bandwidth
falls out of the area with the highest distor-
tion. When integrating across a bandwidth,
the DANL line will increase by about 2.5 dB
plus 10 times the log of the ratio of the band-
width of integration to the noise bandwidth in
which DANL is measured.

Summary

As is probably obvious from discussions in
this article, the designer faced with character-
izing the performance of an MCPA has a con-
siderably more difficult task than when char-
acterizing single-channel amplifiers used in
the past.

Not only are simple two-tone tests inade-
quate, but the choice of the signal used to
stimulate the amplifier under test must simu-
late the conditions the amplifier will experi-
ence in service as accurately as possible. Two-
tone CW signals used for this purpose have
proven to deliver results that, in some cases,
allow amplifiers to be deployed that simply
cannot perform adequately when stressed.

Generating multicarrier signals or multiple
tones, when performed with multiple signal
sources, can be expensive and produce a test
system with a maze of cables and connections
that must be switched. Generating multitone
signals digitally dramatically reduces this
complexity, allows pre-distortion to be used
to improve dynamic range, enables an appro-
priate time-domain profile to be established,
and creates an overall stimulus environment
that is extremely realistic and repeatable, as
well as highly configurable.
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Frequcncy converters are an important
part of most RF front-ends. As there are
no ADCs with several bits that can process
information at GHz frequencies, the frequen-
cy downconverter circuit plays a decisive
role on every receiver. Besides, the imple-
mentation of a direct conversion topology 1o
baseband or low IF allows an optimal inte-
gration due to the reduction in the use of dis-
crete components. In Figure 1, a block dia-
gram of the direct conversion topology can
be seen. The integrated components present-
ed in this article are gray shaded and marked
with a dotted line.

As seen in Figure 1, a mixer, which is
active and based on the Gilbert cell, and a dif-
ferential cross-coupled oscillator with inte-
grated LC tank form the presented downcon-
verler circuit.

Of course, frequency conversion must be
done without introducing noise or degrading the
signal, thus, there are two important specifica-
tions in the performance of the downconverter
circuit: the oscillator should have low phase
noise and the mixer should present high linean-
ty. Besides, if the oscillator phase noise fulfills
the requirements of DCS-1800, it is verified that
there will not be inter-channel interferences.

To improve the phase noise of the oscilla-
tor, a good quality factor tank circuit was
designed'. A balanced inductor and two PN
junction varactors form this tank circuit. The
way 1o improve the linearity of the Gilbert
cell mixer without too much degradation in
conversion gain and noise figure is to use a

By E. Hernandez, R. Berenguer,
J. Meléndez, N. Rodriguez, and J. Aguilera

class-AB input stage’.

Although the technology used to imple-
ment the circuits is a 0.8 pm SiGe, the oscilla-
tor was integrated with only MOS transistors,
as will be explained later. On the other hand,
the mixer was designed with HBT transistors,
except for the current source, which has been
implemented with MOS transistors.

The oscillator’s design

As explained below, the configuration
used is a differential cross-coupled with inte-
grated LC tank. The oscillator’s schematic is
shown in Figure 2.

Topology selection

The first remarkable characteristic of the
oscillator is that it was implemented with
MOS transistors. The limitations of the tech-
nology made impossible the use of HBT tran-
sistors due to their low base-emitter break-
down voltage, which was approximately 1 V.
This implies that the maximum output power
of the oscillator is around -6 dBm®.

As mentioned in N. Rodriguez’s 2002
Ph.D. dissertation, “Mezcladores Integrados
en Tecnologias SiGe y BiCMOS para
Frecuencias inferiores a 1.8 GHz',” Gilbert-
cell-based active mixers in the technology
have an optimum performance with a LO
power around 0 dBm. As it is impossible 1o
obtain such output power using HBT transis-
lors, it was decided to design the VCO with
MOS transistors, even though MOS transis-
tors include higher high-frequency noise.

After selecting a

Y

SO

MOS topology, among
the possible architec-
tures that employ
these transistors, the

—>1

LSInuloldll

l [ | [~ ] cross-coupled CMOS
;LM ‘ @ L = 34 kg :G‘:.:,‘:::,,f was sclected due to its

L r : best ratio between

@ ; phase noise and power

—{ X Q| consumption when

working in the current

Figure 1: Block diagram of the direct conversion receiver.

limited region®®. It

Integrated Sub Sy STen S

An integrated downconverter circuit in 0.8 pm
SiGe technology for DCS-1800 applications

Frequency converters are an important part of most RF front-ends. As there are
no ADCs with several bits that can process information at GHz frequencies, the
frequency downconverter circuit plays a decisive role on every receiver. This
article describes a downconverter circuit for DCS-1800 applications.

will be demonstrated that with this architec-
ture, a proper design of the tank allows fulfill-
ing the restrictive DCS-1800 phase noise
requirements without an excessive increase in
power consumption.

Moreover, two tail capacitors were added
in parallel with the biasing current source
because their presence can improve the
phase noise of the oscillator®. Simulations
show that, not only is the phase noise
improved, but the output power is also
increased with an insignificant reduction of
the oscillation frequency.

To select the value of these capacitors,
there is a trade-off between the improvement
in phase noise and output power, the sensitivi-
ty of the oscillator to supply voltage varia-
tions®, and the occupied area.

Puassive elements design

Since, as derived from the Leeson model,
the VCO phase noise performance depends
highly on the quality factor of the tank circuit,
it is necessary to design passive elements with
quality factors as high as possible.

Due to the fact that at the frequency of
interest (1.8 GHz) inductors usually dominate
the quality of the tank', this section will
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Figure 2: CMOS architecture of the oscillator.
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Radius | Width | Spacing | N® Turns

N2 P+ islands

Dimensions

P+ island size

P+/N+ distance

105um | 10pm | 1.9 um 3.5

210 * 230 pm2 27 * 30

3.6 * 3.6 ym2

1pm

Table 1: Geometrical characteristics of the bal-
anced inductor.

Figure 3: Microphotograph of the balanced
inductor.

emphasize the design of the inductor. To
design a differential oscillator, the inductor
configuration must fulfill the symmetry
requirements. Thus, the choice must be made
between the use of two standard inductors
symmetrically placed, or a balanced inductor.

The standard technology used includes a
highly conductive P-type substrate, thus, sub-
strate losses will have an imponant effect in
the quality of the inductor.

The way to decrease these losses is to
reduce the inductor’s area. A balanced config-
uration was selected for the inductor because
balanced inductors present more coupling
effects between their turns. Thus, a bigger
inductance can be obtained using the same
area with two symmetrically placed standard
inductors, so substrate losses will be reduced.
Furthermore this inductance is obtained with
less metal length, and the inductor’s resistance
is lower than one in a standard inductor>’.

An additional advantage that comes from
using a balanced inductor is avoiding the par-
asitic coupling that occurs between the two
inductors symmetrically placed.

Table 2. Geometrical characteristics of the varactor.

1

b

Figure 4: Microphotograph [&li the varactor.

As explained before, substrate losses will
be important, affecting the quality of the
inductor, however, resistive losses are as
much important as substrate losses.

To reduce these ohmic losses, two
improvements were made. The first was to
connect, in parallel (except in the under-
passes), the two available metal layers to
diminish the series resistance of the coil.
The second was to design the spiral hollow
to avoid the high resistance of the inner
turns due to proximity effect'.

The geometrical characteristics of the
designed balanced inductor are presented in
Table 1 and a microphotograph is shown in
Figure 3. As seen in Figure 5, at the frequen-
cy of interest, it has an inductance of around
2.15 nH, with a quality factor of 7.6.

The second element in the tank circuit is
the varactor. In this particular case, the inte-
grated varactor is based on the variable capac-
itance that appears in a P-N junction when it
is reverse biased. The varactor consists of P+
islands diffused in an N-well and surrounded
by a N+ zone. In this way, the depletion zone

appears around all of the P+ diffusion so the
capacitance is higher, which explains the
capacitance variation®,

To increase the varactor quality, some
improvements were made:

* N+ contacts have been included in the N-
well because they are useful to decrease
the series resistance of the device.

* The distance between P+ and N+ diffusions
was reduced to the minimum. This way, the
N-well resistance is decreased. Being this
minimum distance of 1 pm higher than the
maximum length of the depletion zone, the
avalanche breakdown is avoided®.

» The P+ islands are square and have the
minimum side length allowed by the
technology. This way the series resistance
of the varactor can be minimized®.

* Another important parameter is the width
of the metal track that connects diffusions
of the same type. If this width is
increased, the resistance of the track will
be decreased but the parasitic capacitance
will increase and the auto-resonance fre-
quency will decrease. Simulations give a
trade-off solution of 1.2 pm®.

* Finally, a N+ buried layer was included
under the N-well zone to provide a low
impedance way for the current?®.

The geometrical characteristics of the var-
actor are presented in Table 2 and a micropho-
tograph is shown in Figure 4. As seen in
Figure 6, at the frequency of interes, it has a
capacitance variation between 3 pF and 5 pF
with a quality factor between 35 and 60.

The measurement system used for the
characterization of the passive elements
consists of the Hewlett Packard Co.
(www.hp.com) HP8719ES vector network
analyzer and the Cascade Microtech Inc.
(www.cascademicrotech.com) ACP40 GSG
microprobes. To calibrate the measurement
system the SOLT method was used. Finally,
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Figure 5: Measured results for the inductor. Figure 6: Measured results for the varactor.
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Figure 7: Equivalent conductance of the tank circuit.
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Figure 7a presents the calculated equivalent conductance of the tank, using
Equation 1.

Figure 7b presents the variation of this conductance in the frequency range
of interest. This conductance must be compensated by the active clrcuit.
Starting from the obtained value, the rest of the oscillator will be designed.

the Four Step De-embedding Method'"’ was
used to remove the parasitic effects intro-
duced by the measurement structures.

The measured results of the passive ele-
ments are presented in Figure 5 and Figure 6.

Once the passive components are¢ mea-
sured and characterized, using Equation 1, the
equivalent conductance of the tank can be cal-
culated, as seen in Figure 7a.

A !
W (RL +R; )(("C)2

Oscillator design

The negative conductance generated by the
CMOS oscillator active circuit can be
obtained as a first approximation, as seen in
Equation 2. It can be calculated as a much
more complex and accurate expression taking
into account the parasitic capacitances and the
channel admittance of the transistors®.

_ &mnmos T &mpros

G = =
A4 2 gm
K'I W
N s
L,

Knowing the equivalent conductance of
the tank, the transconductance for each of the
transistors of the active circuit can be
obtained. It is normal to include a security
factor around 2 or 3 in the negative conduc-
tance of the active circuit'. As the transcon-
ductance of a transistor can be approximately
obtained with Equation 2, it can be seen that
there is a trade-off between an increase in the
tail current (and, thus, in the power consump-
tion) and an increase in the transistor width
(and, thus, a decrease in the oscillation fre-
quency and the gain at high frequencies).

Once the tank circuit is modeled and the
active circuit is designed, the phase noise can be
calculated. With Equation 3, an approximation to
the phase noise of the oscillator can be obtained'.

Equation 5 represents the noise of the

2
PN@AS =1000 kTqu (l . A)fo mixer, where 1, is the base resistance of the
@ g 0.5 AszAz transistors, Zg is the source impedance, and

With this equation. the estimated phase
noise of the oscillator at 100 kHz from a 1.8
GHz carrier is -107.9 dBc/Hz.

Mixer design

The downconversion mixer operates in the
direct conversion receiver presented in Figure
1 with the signal from the LNA. To avoid
intermodulation problems due to unwanted
signals, the mixer should present as high a lin-
earity as possible.

The gain of the LNA is high so the noise
figure of the mixer is not a critical parameter.
Besides, the conversion gain of the mixer must
be high enough to compensate for the loss of
the filters that come after it. The linearity
improvement usually implies a worsening in
the gain and noise figure of the circuit®. Then
it becomes necessary to reach a trade-off solu-
tion between linearity, gain and noise figure.

The most widely used downconversion
mixer is the Gilbert cell'', which, being
active, has enough conversion gain, but is not
linear enough for our application. The only
way to achieve acceptable levels of gain and
linearity in a Gilbert cell is to turn the stan-
dard RF input stage into a class-AB stage
with resistive degeneration*. The schematic of
this mixer is shown in Figure 8.

The mixer presented in Figure 8 was
designed with SiGe HBTs because of their
gain. However, the current source was imple-
mented with MOS transistors due to their bet-
ter noise and stability characteristics.

Equation 4 represents the conversion gain
of the mixer, where V, is the thermal voltage
and R, is the mixer’s output resistance. As
the gain depends on the transconductance of
the input transistors (M,, M, or M) it depends
on the bias current of each branch (I, or I,).

4 4( 1

A ==g R, =L IR
v ngm our n Vr our

X)) is the transistor’s current gain, which is
frequency dependent.

The first term represents the contribution of
thermal noise to the total noise; the second and
third terms represent the contribution of collec-
tor and base currents shot noise, respectively.

S - ) 3& ; i/q_{._ 2
v =4( kT )+ V,\“l ] %)

The way to decrease the noise of the mixer
is to decrease the base resistance, increasing
the area of the input transistors. To further
reduce this resistance, the transistors used
have double base contact. Also, an increase in
the bias current improves the noise, but it has
one disadvantage, which is that the input
impedance matching becomes worse®.

The RF and IF ports must be matched to
50_ . The output matching is achieved by plac-
ing two series resistors (R, and Ry;,). The input
matching is obtained with a trade-off between
the biasing current, the input transistor’s width,
and the degenerative resistor’s values’.

To avoid degrading linearity, the LO power
level must guarantee the appropriate switching
performance in the mixer core. In this design,
mixer LO power level is close to 0 dBm.

Due to this quite high value, the isolation
between the LO input and the IF output must
be high 10 avoid feed-through and interfer-
ence problems. To suppress the LO signal at
the IF output, the differential Gilbert cell was
used. In addition, other ways of increasing
LO-IF isolation, maximizing the layout sym-
metry, or using common centroid techniques
have been used.

Layout considerations
Once the oscillator and the mixer have been
designed, the final step to implement the down-
converter circuit is to lay them out together.
The microphotograph of the downconvert-
er circuit is presented in Figure 9. The chip
area is about 1900 x 700 pm2. In the layout,
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Figure 8: Architecture of the class-AB mixer.

some capacitors between the DC voltage pads
and ground were added to stabilize the supply
voltage, eliminating the high frequency vana-
tions in this voltage, which can adversely
affect the circuit response.

Another consideration is that several sub-
strate contacts connected to the ground pad
were added around the transistors to provide a
stable substrate voltage. Finally, the layout
was designed with the maximum symmetry to
reduce the phase noise of the oscillator® and
increase the LO-IF isolation.

As seen in Figure 9, between the oscillator
and the mixer two pads were included. This is
to fill the need of feeding back the oscillator’s
output signal to the loop of the PLL.
Moreover, two series capacitors have been
included 1o isolate the oscillators’ output DC
level from the input of the mixer.

There is another important characteristic
that must be taken into account — the para-
sitic resistance introduced by the metal tracks
that connect the passive elements of the tank
circuit with the active circuit.

In Figure 10, the phase noise variation —
when the parasitic resistance of the metal
tracks increases the inductor or varactor resis-
tance — is presented. The biggest phase noise
variation occurs when the inductor’s resistance
increases, so special care must be taken when
designing the connections of the inductor.

To minimize the resistance of the metal
tracks, the two metal layers connected in par-
allel were used. The track width must be a
trade-off between the parasitic resistance,
which increases the phase noise, and the para-
sitic capacitance, which decreases the output
frequency and tuning range.

Measurements

The downconverter circuit’s response was
measured with the HP E4407B spectrum ana-
lyzer. For the supply and control voltages, the
Cascade Microtech DCQ-05 PPGPP and
ACP40 GSG microprobes were used. The

supply voltages of the mixer and the oscillator
are independent. For the input RF and output
IF signals, the Cascade ACP40 SGS micro-
probes were employed.

The measurement of the phase noise
response of the VCO at a frequency of 1.8 GHz
is presented in Figure 11. This measurement
was done for a core current of 8 mA, and the
optimum performance of the oscillator was
obtained with it. With this current, the oscillator
is operating in the current-limited region, but
near the limit of the voltage-limited region®.

As seen in Figure 11, the measured phase
noise at 100 kHz offset from the 1.8 GHz carri-
er is -103.8 dBc/Hz. As it can be observed, the
previously calculated approximation -107.9
dBc/Hz is good, but optimistic because it gives
a value around 4 dB better than the real phase
noise. This difference can be attributed to the
parasitic resistance of the metal tracks, which
connect the passive elements of the tank circuit.

The whole downconverter circuit’s mea-
surements were done with the same current of
8 mA in the oscillator’s core. Figure 12 shows
the mixers output frequency variation when
the voltage is applied to the varactor changes.

As seen in Figure 12, there are two bias-
ing points where the output frequency is 36
MHz: fiy - fio when f o < fiy and f, - fix
when f; 5 > fi\.

Measurements show that the phase noise
response, and the rest of the mixer character-
istics, are worse when f; 5 > fi\, so all the fol-
lowing measurement results have been
obtained with a control voltage of 4.5 V.
These results are presented in Table 3.

As seen in Table 3, the design goals were
achieved. The gain is not very high, but
enough to compensate for the loss of the low
IF filters. The noise figure is relatively high,
but as the LNA has high gain, this result is
acceptable. The IP3 is high enough for our
application and higher than the one of a stan-
dard Gilbert cell. Finally, the input and output
matching is good.

Figure 9: Microphotograph of the downconverter
circuit.

Conclusions

A fully integrated core low power consump-
tion VCO, which achieves the restrictive phase
noise specification for DCS-1800, was designed.
The measured phase noise is -103.8 dBc/Hz at a
100 kHz offset from a 1.8 GHz carrier.

The oscillator was designed using 0.8 ym
MOS transistors. The ability of the CMOS
technology to achieve good phase noise
results, if a proper LC tank is designed, was
demonstrated.

It was also demonstrated that a careful
design allows obtaining mixers based on
Gilbert cells with enough conversion gain and
linearity. A class-AB input stage should be
used to improve the linearity. After laying the
oscillator and the mixer out together, the
resultant downconversion circuit fulfills the
specifications of a baseband or low IF direct
conversion receiver for DCS-1800.
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Figure 10: Phase noise variation with parasitic resistance.

Figure 11: Phase noise of the oscillator.
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RF Active Mixer ICS

High Linearity, DC-3GHz

LT5511

Demo Board

LYWTW
408) an_‘ ’ L

oos e 15512
LT5512PCS1 Demo Board

1IP3 Up to +21dBm at 950MHz; +17dBm at 1900MHz

Our new LT®5511 and LT5512 are precision up and down-converting active mixer ICs, respectively, which feature “Best In Class”
linearity and excellent port-to-port isolation. Reduced external component count and simplified input/output matching make
these ICs easy to use. LO drive requirements are greatly eased by an integrated LO driver with single-ended or differential
input. Low distortion operation makes these mixers ideal for use in wireless and cable infrastructure as well as RF instrumenta-

tion and radio links.

M

Upconverter Downconverter
LT5511 LT5512
_Conversion Gain 0dB 12 T SideiS e
1IP3 950MHz +17dBm +21dBm
1900MHz +15.5dBm +17dBm
[ 11P2 = +52dBm | NA
| SSB Noise Figure ~ 15dB ~ 13.3dB
"LO-Input Leakage NA | -53dBm
| LO-Output Leakage|  -46dBm |  -46dBm
LODriveLevel | -15to-5dBm |  -15to-5dBm
[ Supply Current ~ 56mA R
‘Supply Voitage  4Vto525V |  45Vt0525V
Package 16-Lead SSOP 4mm x 4mm QFN

WV Data Sheet

www.linear.com/go/5511

WV Online Store

www linear com/lineardirect

WV More Information

Call. 1 800 4 LINEAR
Visit: www.linear.com 1y
Info: 408-432-1900
Fax: 408-434-0507

AT, 17C and LT are registered trademarks and
SwitcherCAD is a trademark of

Linear Technology Corporation,

1630 McCarthy Blvd., Milpitas, CA 95035

TECHNOLOGY

Become a Linear Insider
www.linear.com/insider
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Direct conversion
quadrature demodulators

Linear Technology Corp. introduced two new direct conversion quadrature demodulators
that promise to simplify radio design for cellular basestations and microwave and satellite links.

The LT5515 and LT5516 direct conversion quadrature demodulators deliver high lineari-
ly, providing more flexible system design and wide spur-free dynamic range, the company
says. On a single chip, the devices integrate the functionality of a signal splitter, two high lin-
earity down-converting mixers, a precision local oscillator quadrature generator (0
degrees/90 degrees). and 260 MHz bandwidth output buffers with single-pole, low pass fil-
ters on each of the outputs.

The LT5515 and LT5516 have applications in cellular infrastructure and in microwave and
satellite links, where they directly convert an RF signal to baseband in-phase (I) and quadra-
ture-phase (Q) components. The devices’ matched I and Q channels ensure precise gain and
phase matching. so that significantly less calibration is required, the company says. The
direct conversion receiver ICs also eliminate the need for additional intermediate fre-
quency (IF) stages, local oscillators, and associated filtering.

The devices address two different and adjacent frequency bands. The LT5515
operates over an input frequency range of 1.5 GHz to 2.5 GHz, and the LTS516
operates with RF input from 0.8 GHz to 1.5 GHz. Both devices are designed
for high linearity applications, including wireless infrastructure of all types,
such as basestations for GSM, CDMA, WCDMA and fixed wireless commu-
nications, as well as for satellite and microwave receivers, high-performance
radios, and instrumentation.
The high linearity of the LT5515 and LTS516 provides excellent spur-free dynamic
range, for example in a RF receiver, even with fixed gain front-end amplification. These
direct conversion receivers can eliminate the need for intermediate frequency (IF) signal
processing, as well as the corresponding requirements for image filtering and IF filtering.
Channel filtering can be performed directly at the outputs of the I and Q channels. These out-
puts can interface directly to LPFs or to a baseband amplifier.

The LT5515 and LT5516 are offered in 4 mm x 4 mm QFN packages. Pricing starts at $6.75

each for the LT5515 and $7.40 each for the LT5516 in 1,000 piece quantities.

ﬂ
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Standard Options:
s fonnector Options:
SMA, BNC, Type N o;: 50
e Integrated Limiters : =
* Input Bias Tee for
Fiber Optic

Photodete

OPERATING GAIN NOISE FIGURE QUTPUT
FREQUENCY MODEL GAIN FLATNESS VSWR NF, NF5; NFp POWER
{MiHz) NUMBER (dB, Min.} (+dB, Eiax.) IN/OUT {dB, Max.) (dBm, Min.)

0.001 - 500 AU-1534
0.01 - 200 AU-1442
0.01 - 200 AU-1447
0.01 - 250 AU-1559
0.01 - 400 AU-1565
0.01 - 500 AU-1310
0.01 - 1000 AU-1402
0.01 - 1000 AM-1300
0.01 - 1000 AM-1431

0.1 — 2000 AM-1364

1-200 AU-1464

1 - 400 AU-1421

1-500 AU-2A-0150

1-500 AU-3A-0150

1 -500 AU-4A-0150

1-1000 AM-2A-000110

1-1000 AM-3A-000110

5§ -200 AUP-1568

6 - 300 AUP-1495

5 - 300 AUP-1496

5 - 300 AU-1021

5 - 300 AUP-1479

5 - 1000 AM-1475

5 — 2000 AM-1573

5 - 2000 AM-1590

5 - 2000 AM-1591
100 ~ 1000 AM-1412
100 — 2500 AM-1585
200 - 2000 AM-1569

1000 — 2000 AM-1477

@ e
1S0 9001
WARRANTY

From Stock to 2 weeks"

For additional information, please contact BllllP6pe at
(631)48B-9115 or e- “mail wpope @miteg.com

% IT= 100 Davids Drive, Hauppauge, NY 11788
TEL: (631) 436-7400  FAX: (631) 436-7430

www.miteg.com
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PRODUCT
HIGHLIGHTS

The latest information on new
products & services that bring
Sast, simple wireless to OEMs.

RF Integration — Simplified
Much more than just a few pieces of
hardware, AeroComm's Design Suite
provides a full development system
plus support for rapidly integrating RF.
AeroComm, (800) 492-2320 ext 213.

* Both 900MH: and 2.4GH: kits available.

* RF modides, adapter boards, power
adapters, antennas, software, docs, efc.

« 2.4GH:= Design Suite includes a FREE
Spectrum Analyzer, a 3495 list value.

Wireless for Any Application

RF232™ transparent protocol enables
true plug-and-play installation. No RF
experience necessary — over-the-air
issues are managed in the firmware.
AeroComm, (800) 492-2320 ext 213.

o 24GH:=, YWOMH:= and 868 MH: bands.

» Supports point-to-point, point-to-multi,
multi-to-multi network configurations.

* Operates in 40" to +80° C temp range.

* As low as $39, quantity discounts avail.

——————— e
Circle 2 or visit freeproductinfo.net/rfd
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Product FOCUS
Unlicensed Technologies

Precision location system

Multispectral Solutions Inc. announced the grant of equipment authorization from the
FCC for the company’s PAL650 UWB precision asset location system. The PAL650 utilizes
ultra wide bandwidth pulses to provide sub foot precision for the 2 and 3 D location of
tagged objects. The UWB tag itself is about half the size of a golf ball and can transmit con
tinuously for nearly four years on a single cell battery. The PAL650 is designed for tracking
equipment and personnel in hospitals, factories and other highly cluttered environments.

Multispectral Solutions Inc.
www.multispectral.com

Flip chip assembly

TriQuint Semiconductor Inc. announced
its collaboration with Amkor Technology, Inc.
to commercialize a low cost flip chip assem
bly process for GaAs semiconductors based
on TriQuint’s CuFlip bumping technology.
Using CuFlip copper bumps, electrical con
nections once made by wire bonds are now
possible by directly linking contact points on a
semiconductor die to the module ceramic or
laminate substrate, the company says.

TriQuint has already introduced the CuFlip
process in the ultra small 6 mm x 6 mm TQM
7M4009 GSM power amplifier module (PAM).

The CuFlip process is compatible with
standard laminate substrate materials.
Semiconductors manufactured for CuFlip
assembly require substantially less processing
compared to products intended for wire bond
assembly, resulting in lower cost due to high

er yield, faster cycle time, reduced work in
progress, and lowered capital equipment
expenses, the company says.

The repeatability of a CuFlip based mod
ule is increased compared to an equivalent
wire bond module due to better control of the
interconnect process resulting in improved RF
performance, the company says.

TriQuint Semiconductor Inc.
www.triquint.com

Amkor Technology Inc.
www.amkor.com

PLL circuit design software

Analog Devices Inc. announced the avail
ability of ADIsimPLL version 2.0, the next
generation of its software development tool
for PLL circuit design.

Using ADIsimPLL, a designer can observe
detailed performance data for a PLL design,
make changes to the design, and re simulate
the design based on the new data, all within
minutes, the company says.

This simulation tool is offered as a free
download from ADI's Web site and cuts
design cycles by up to 80 percent by remov
ing iterations from the design process, thereby
resulting in faster time to market for commu
nications product, the company says.

ADIsimPLL version 2.0 includes the abili
ty to model all newly released PLLs from
Analog Devices. In addition, ADIsimPLL

www.rfdesign.com
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MMIC AMPLIFIERS

DC-10GHz .. 99¢ .
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GAIN FROM 8 up to 23dB, OUTPUT POWER up to +20dBm

If you need to find a MMIC amplifier with just the
right performance and size to fit your design,
your job just got easier! Introducing Mini-Circuits
LEE, Gali, and ERA-SM families. Now you can
select from a variety of over 40 broadband InGaP HBT
and low noise silicon based models with flat gain from
8 up to 23dB, low to high output power of +2.8 to
+20dBm, and very high IP3 up to 36dBm typical. These
affordable, rugged, compact amplifiers have low thermal
resistance for high reliability, and come in three different

Delailed Performance Data & Specs Online at. www.minicircuits.com/amprlifier._html

[JMini-Circuits 2 A

>

package styles to suit your design layout
requirements; the leadless 3x3mm “Mini-Circuits
Low Profile” (MCLP™} package with exposed metal
bottom for superior grounding and heat dissipation,
plus the SOT-89 and Plastic Micro-X with leads for easier
assembly. You'll find all the performance specs and data
on our web site, plus a wide selection of amplifier
Designer's Kits with free test fixture included! So broaden
your MMIC amplifier choices and maximize performance
with Mini-Circuits LEE, Gali, and ERA-SM.

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

Actual Size

o D o

ax3mm  SOT-89 Plastic
MCLP™ Micro-X

INT'L 25

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access to product information see MINI-CIRCUITS CATALOG & WEB SITE
&,‘r; " The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS Al: www. minicircuits.com
-

' ISO 9001 ISO 14001 CERTIFIED

Enaineers Masler)

376 Rev. A



features a new PLL wizard that includes
short-form selector guides for choosing the
PLL chip and VCO device. Version 2.0 is
backward compatible and can read its prede-
cessor’s files; displays phase jitter results in
degrees, seconds or error vector magnitude;
and includes enhancements 1o the loop filter
synthesis routines and transient simulation,
the company says.

Analog Devices Inc.
www.analog.com

Tri-band internal antenna

Centurion Wireless Technologies Inc.
announced the tri-band D-Puck internal
antenna that simultaneously supports 802.11a,
802.11b and 802.11g applications.

The D-Puck is a tri-band micro antenna for
portable devices such as laptops and PDAs, as
well as fixed devices such as WLAN access
points and cable modem gateways.

The D-Puck supports the 802.11 standards
at 2.4 GHz to 2.5 GHz and 5.15 GHz to 5.875

Need precise Noise? |

& Standard models available to 3GHz

¢ Custom solutions to 30GHz

¢ Noise attenuator resolution 0.015dB

o Reliable solid state design

Give us a call to discuss your Noise Generator needs...

CNG Series

The CNG series allows carrier to noise
(C/N) or carrier to interference (C/I)
ratios to be easily programmed in a user
specified occupied signal bandwidth. The
instrument can automatically track and
remove signal variations to maintain a
precise noise ratio. At the heart of the
instrument is a temperature stabilized
“smart” noise attenuator with 0.0i5dB
resolution and 95dB dynamic range.

Carrier/Noise (CNG) Series
Frequendg ra tge
v(s

Model
6/180 1 B

¢ Extremely fast execution time

WGN series

WGN Series

The WGN series is a cost effective,
highly accurate Additive White Gaussian
Noise generator with a oven stabilized
noise source (with high crest factor) and
a precision temperature stabilized noise
attenuator. It is ideally suited for noise
applications requiring extremely accurate
and repeatable White Gaussian Noise.

Broadband Noise (WGN) Series
Model Frequency range
- 172 IMHz - 200MHz

CNG-70/140 S50MHz - 180MHz

WGN-5/1008 SMHz - 1005MHz

CNG-800/2700 800MHz - 2700MHz

diBm, LLC
6 Highpoint Drive e Wayne, NJ 07470
Tel (973) 709-0020 o Fax (973) 709-1346

www.dbmcorp.com

CNG-800/1000 800MHz - 1000MHz WGN-800/1000 800MHz - 1000MHz
CNG-870/1750 870MH/z - 1750MH, WGN 870/1750 870MHz - 1750MHz
CNG-800/2400 800MH7 - 2400MHz WGN-800/2400 800MH7 - 2400MHz
CNG-1700/2400 1700MHz - 2400MH: WGN-100/3000 10OMHz - 3000MH,
CNG-2200/2700 2200MHz - 2700MH7

Please consult factory for udditional models

RF Test Equipment for Wireless Communications

GHz. Roughly the size of a computer chip,
the D-Puck can also be used as the internal
companion to an external antenna to enable
antenna diversity.

The D-Puck features mixed polarization,
and is an internal planar inverted F antenna
(PIFA) that requires a small ground plane to
radiate efficiently at a gain of +3 dBi in all
operation bands. The antenna weighs 2 grams
and has dimensions of 16 mm x 16 mm x 6
mm. It comes in tape and reel packaging for
high volume manufacturing.

Centurion Wireless
Technologies Inc.
www.centurion.com

Bluetooth collaboration

Synopsys Inc. announced that it is collabo-
rating with STMicroelectronics N.V. on an
embedded Bluetooth solution. The companies
say the collaboration will provide joint cus-
tomers with a low-cost, low-power solution,
by extending Synopsys’ DesignWare BluelQ
Bluetooth core to support STMicroelectronics’
STLC2150 radio IC.

The joint solution includes the Synopsys
Bluetooth Development Kit, featuring
the DesignWare BluelQ core, and the
STMicroelectronics’ STLC2150 radio.

Synopsys’ DesignWare BluelQ Core is a
synthesizable IP core that includes a complete
Bluetooth link manager and baseband con-
troller. It can be targeted to ASIC processes or
FPGAs. The core is optimized for low power
and easy integration into new and existing
designs and includes a 681 |-compatible 8-bit
microcontroller that completely offloads the
host CPU of all real-time Bluetooth activity,
the companies say.

The DesignWare BluelQ core support for
the STMicroelectronics STLC2150 radio will
be available at no additional cost to
DesignWare BluelQ licensees and is sched-
uled for general availability in the third quar-
ter of calendar 2003.

Synopsys Inc.
WWW.Synopsys.com

STMicroelectronics N.V.
www.st.com

Circle 13 or visit freeproductinfo.net/rfd
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AWR

1993 2003

Existing Analog EDA Systems Analog Office™ 2003
| |

You can finally stop using analog and RFIC
design architecture from the last century.

The Mosaic browser had just launched. Windows was still on version 3.1. And spectrum and processors were measured in
MHz not GHz. Unfortunately, you've been stuck with design architecture from way back then. Not anymore. Introducing
Analog Office, a brand new system that ties together everything you need to design GHz devices and interconnects. It tackles
high-frequency impairments and delivers complete "RF closure" between system and circuit, electrical
and physical, and design and test activities before costly IC fab. Unlike existing “digital-centric” data
models, Analog Office embodies an RF-accurate net model that offers multiple levels of abstraction—

AY,

environment and database. For more information, call us at 3 10-726-3000 or visit www.analogoffice.com. Office 2003

“"short-circuit”, lumped element, fully distributed transmission line, and full 3-D EM—using a single

© 2003 Applied Wave Research, Inc. All rights reserved.
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Amplifiers

Power amplifier module

Skyworks Solutions Inc. introduced a
power amplifier (PA) module with a 6 mm x 6
mm Xx 1.2 mm module for tri band
GSM/GPRS cellular handsets. The SKY77321
provides handset manufacturers with a single
component solution for GSM phones, regard
less of geographic region or frequency band,
the company says.

The module consists of an EGSM900,
DCS 1800 and PCS1900 PA block, and 50
ohm fully matched input/output ports to
reduce the number of external components
required for a tri band design. It also supports
Class 12 GPRS multislot operation.

Skyworks’ devices are based on a 50 GHz
gallium arsenide (GaAs) heterojunction bipo
lar transistor (HBT) process technology and
support GSM handset operation in more than
180 countries.

The SKY77321 PA module is availabie
now. Modules are priced at $2.75 in quanti
ties of 10,000.

Skyworks Solutions Inc.
www.skyworksinc.com

Variable gain amplifier

Analog Devices Inc. introduced the
AD8370, a high linearity, fully differential,
digitally controlled variable gain amplifier
(VGA) designed for wireless and wired com
munication networks.

AD8370: 700 Mz Bigitally Contralied V6A

The AD8370 provides a 700 MHz band
width ( 3 dB), enabling the amplifier to be
used at intermediate frequencies (IF) up to
380 MHz. The AD8370 enables designers 1o
select between two gain control ranges (a
high gain mode adjustable from 6 dB to 34
dB, and a low gain mode adjustable from 1|1
dB to +17 dB) through a 3 bit serial interface.

The AD8370 amplifier comes in a compact
16 pin TSSOP package and operates over the
temperature range of 40° C to +85° C.

Samples and pre production quantities are
available for immediate shipment, priced at
$4.20 per unit in 1,000 piece quantities.
Analog Devices Inc.
www.analog.com

Solid state power amplifier

Aethercomm introduced the SSPA 10.7
11.7 30, a high power, X band, solid state
power amplifier that operates from 10.7 GHz
to 11.7 GHz. At 25° C, the saturated output
power is 35 W, small signal gain is 44 dB
with noise figure at 4 dB, the company says.
Both input and output VSWR is 2.0:1 maxi
mum. This amplifier operates from 40° C to
+65° C base plate temperature.

This SSPA is ideal for X band radar and
communication systems that require high relia
bility, excellent linearity and high power in a
rugged and compact module, the company says.
Aethercomm
www.aethercomm.com

Digital Systems

DAC with interpolation filters

Maxim Integrated Products Inc. intro
duced the MAX5858, a dual, 10 bit, 300
Msps DAC with integrated digital interpola
tion filters. This device integrates two, 10 bit
DAC cores, 2x/4x programmable digital
interpolation filters, divide by N clock output,
and an internal reference.

The MAX5858 also features digital control
of channel gain matching to within £0.4 dB in
16 0.05 dB steps. At a 20 MHz output fre
quency (165 MHz sample rate), the spurious
free dynamic range (SFDR) is 75 dBc. The
adjacent channel leakage ratio (ACLR) is 69
dBc when the output frequency is 30.7 MHz.

The MAXS5858 is available in a 48 pin
TQFP package specified for the industrial
temperature range ( 40° C to +85° C). Prices
start at $11.80 in 1,000 piece quantities.
Maxim Integrated Products Inec.
www.maxim ic.com

PO/l U C S

Digital analog converter

Analog Devices Inc. introduced a new
digital analog converter (DAC) with a con
version rate exceeding 600 Msps. In addition,
this device also features noise performance of

161 dBm/Hz for output frequencies between
100 MHz and 300 MHz and 169 dBm/Hz at
20 MHz output. The AD9726 provides a fast
low voltage differential signaling (LVDS)
input interface. The AD9726 is intended for
use in high frequency, high bandwidth broad
casting and communications applications,
such as MMDS (multipoint multichannel dis
tribution service), and LMDS (local multi
point distribution system) in addition to other
industries. The AD9726 is priced at $35.00
per unit in 1,000 piece quantities.

Analog Devices Inc.
www.analog.com

Fiber Optics

Optical filter

Aegis Semiconductor Inc. announces the
introduction of a new optical filter. The filter,
tunable over the 35 nm of C band, was built
using the company’s active thin films technol
ogy platform, which enables the manufactur
ing of tunable components at the size, reliabil
ity, and price of passive components, the
company says. Evaluation samples of the
multi cavity tunable filter will be available
this fall for lead customers.
Aegis Semiconductor Inc.
www.aegis semi.com

10 mW laser diode modules

California Eastern Laboratories (CEL)
announced the availability of two new 10 mW
DFB laser diode modules from NEC Corp.
Developed for CATV and metro transmission
systems, the new NX8563LA Series modules
feature an extended 20° C to +85° C tempera
ture range and, under small signal modulation
conditions, bandwidth that exceeds 2.5 GHz.

Due to the intrinsic low chirp characteris
tic of the DFB design, NX8563LA series
lasers are ideally suited for digital transmis
sion at 1550 nm, the company says. Based
on standard single mode fiber with non zero
dispersion, the maximum dispersion penalty
is less than 2 dB at BER = 10, 10 for total
dispersion of up to 1800 ps/nm for the
NX8563LAS, and 4320 ps/nm for the
NX8563LA.

Both are housed in a hermetically sealed,
14 pin butterfly packages with single mode
fiber and SC APC connector. They feature an
internal isolator and thermo electric cooler, and
meet Telcordia GR 468 CORE qualification.
California Eastern Laboratories
www.cel.com
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High Performance EM Simulation and Optimization

and Electronic Design Automation

Feland Sultware has bes corTEEnl A e e Bl T i (ETer e e S 5

er laboratories,

> "rlrl-e.

simulation and design tools for microwave, semiconductor, wireless, and telecom industries,
and universities around the world.

Applications of Zeland's Software include MMICs, RF ICs, LTCC circuits, RF IDs, 3D IC interconnects and packages,
high-speed digital circuits, multilayer PCBs, MCMs, HTS circuits and filters, microstrip antennas, wire antennas, conical
and cylindrical helix antennas, inverted-F antennas, antennas on finite ground planes, other RF antennas, waveguides,
EMC/EMI, biomedical effects of electromagnetic waves, and many more.

We are committed to satisfying our customers with high performance software and quality technical support. We love
to discuss design challenges with customers and provide our input. We welcome any feedbacks or tough EM simulation
and design problems from customers.

Introducing the '™ 5", Version10.0

This is not a pair of fashion eye-glasses. It is the near field distribution on two coupled octagonal spiral inductors in a
RFIC visualized on the modern EM simulator, the IE3D Version 10. RFICs involve lossy and thin substrates, arbitrarily
angled and thick traces, and strong 3D structures. They are tough EM problems. However, they are easy for the IE3D.
You certainly can do much more with this highly capable and accurate simulator with optimization and synthesis
capabilities. For more information, please visit our web or contact us directly.

ZELAND SOFTWARE, INC.
39120 Argonaut Way, PMB 499, Fremont, CA 94538, U.S.A.,
Tel: 510-623-7162 Fax: 510-623-7135 E-mail: zeland@zeland.com

Web Site: http://www.zeland.com
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Integrated
Subsystems

Transceiver module

Maxstream Inc. introduced its 9XCite 900
MHz wireless transceiver module, which pro-
vides FCC-approved, frequency hopping
spread spectrum or single channel TTL (or
RS-232/422/485) communications.

The 9XCite requires no set-up, operates
from 2.85 VDC 1o 5.50 VDC, provides long
range with receiver sensitivity of -108 dBm,
extends battery life using power-down mode
of 20 A, and delivers data throughput rates of
9600 bps and 38400 bps, the company says.
Pricing starts at for $37 in quantities of 1,000
and is available now.

Maxstream Inc.
www.maxstream.net.

Single-chip transceiver

Maxim Integrated Products Inc. intro-
duced an 802.11b, single-chip transceiver
with an integrated power amplifier and trans-
mit/receive switch. The MAX2822-based RF
PCB area measures 200 mm’. Typical appli-
cations include PDAs, cellular smartphones,
compact flash, secure digital (SD), and other
embedded module applications.

The MAX2822 delivers 17 dBm linear
power at the PA output, with a total power
control range of 20 dB, while meeting 802.11b
adjacent and alternate channel requirements.

An integrated PA power detector, with
+0.5 dB accuracy, allows implementation of a
closed-loop power control function. The
transceiver utilizes a direct conversion (or
zero-IF) architecture, eliminating the need for
an external RF image-reject bandpass filter
and an external IF SAW filter.

The MAX2822 operates over a2.7 V t0 3.0
V supply range and is available in a 48-pin
QFN (7 mm x 7 mm) leadless package. Prices
start at $5.91 in 10,000 piece quantities.
Maxim Integrated Products Inc.
www.maxim-ic.com

GSM/GPRS module
Spreadtrum Communications Inc.
announced the production of its GSM/GPRS
module SM5100 that incorporates all base-
band, radio frequency hardware and software
needed for a full feature GSM/GPRS termi-
nal, the company says. It offers all-in-one
voice communication and high-speed data
transmission via GPRS class 10. The SM5100
GSM/GPRS module uses the Spreadtrum
baseband chipset SC6600 and its own proto-
col stack software. The Spreadirum module
and chip are in volume production.
Spreadtrum Communications Inc.
www.spreadtrum.com

Interconnect/Interface

Military-standard connectors

Northrop Grumman Corp. announced
the introduction of its new Blindmate RF con-
nectors, designed to the interface dimensions
of Military Standard 348. The connector was
developed by Winchester Electronics, a busi-
ness unit of Northrop Grumman’s Component
Technologies sector.

The BMA Blindmate connectors are
designed for use in Blindmate applications
where multiple RF connectors need to be
mated simultaneously. Typical applications
include wireless base station infrastructure
equipment, microwave subsystems, test and
measurement, and military radar and satellite
communication equipment.

The connector’s blindmate capability is
accomplished by the slide-on, non-locking
BMA interface, designed to allow a maxi-
mum of .02-inch radial and .06-inch axial
misalignment.

Northrop Grumman Corp.
www.ngcomptech.com

10 Gbps laser diode module

California Eastern Laboratories an-
nounced the availability of a new un-cooled,
1310 nm, directly modulated laser diode mod-
ule from NEC Corp. Designed for 10 Gbps
transmission applications in which high densi-
ty mounting and power consumption are a
concern, NEC’s new NX8340 series modules
are the world’s first 10 Gbps AlGalnAs un-
cooled DFB laser diodes to be fabricated using
Al oxidation-free all-selective MOVPE with-
out semiconductor etching, the company says.
The NX8340 series module is available now.
California Eastern Laboratories
www.cel.com.

Materials

Microwave ceramics

Temex introduced a new range of
microwave ceramics dedicated to space appli-
cations. The E3000 range was designed to
make complete oscillator assemblies extreme-
ly stable throughout the rigorous environments
experienced in space, the company says.

The E3000 family is targeted specifically
al space and military applications requiring
temperatures ranging from -55° C to +125° C.
The new ceramic material gives a high dielec-
tric constant to around 35 aiding size reduc-
tion while maintaining a high Q factor for sta-
ble DRO designs.

The E3000 range is manufactured to pro-
vide a wide selection of temperature coeffi-
cients, all with tight frequency tolerances, the

company says. There are currently six options
available with temperature coefficients rang-
ing from 0 ppm/degree C to 10 ppm/degree C,
all offering a Q factor of 4,000 at 10 GHz.
Temex

www.temex.net

Passive Components

Coaxial terminations

Meca Electronics Inc. released new medi-
um power loads optimized for low reflections
1o 3 GHz. The company’s 404-F3 series and
480-F3 series coaxial terminations dissipate
35 W and 50 W average, respectively, at 5
kW peak through natural air convection with
maximum VSWR of 1.05:1 to 1 GHz, 1.10:1
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to 2 GHz and 1.15:1 to 3 GHz.

The 35 W 404 F3, and 50 watt 480 F3
series are offered in N male, SMA male,
BNC male and TNC male connectors. Higher
frequency versions are also available with low
VSWR to 8 GHz.

Meca Electronics Inc.
www.e meca.com

Satellite
Communications

Satcom amplifiers

MK Milliwave Technologies, a division
of Mast Keystone Inc., launched a new line of
low noise satcom amplifiers, designed specifi
cally for the harsh demands of satellite com
munications. Standard X and Ku bands are

available, and the amplifiers incorporate the
latest GaAs MMICs and hybrid circuitry con
figurations, the company says. The units have
a WR 75 input, 35 dB of SSG, 9 GHz to 10
GHz, 1.0 Nf at +50° C, +15 P | dbm of
power and a TNC output.

MK Milliwave Technologies
www.mkmilliwave.com

Semiconductors

RF receiver

Micrel Semiconductor Inc. announced its
new MICRF008 RF receiver, which, accord
ing to the company, eliminates the need for
production tuning.

The product incorporates a patented sweep

mode, which enables the superheterodyne
receivers to sweep a relatively wide RF band
width, in effect emulating the wide capture
bandwidth of a superregen receiver.

In thousand piece quantities, the MICRF008
in 8 pin SOIC packaging is priced at $1.29
each. Samples are from stock, and an evalua
tion board is available.

Micrel Semiconductor Inc.
www.micrel.com

GaAs FET device
biasing solution

PIVC LLC introduced an integrated solu
tion to the biasing of GaAs FET devices often
used in millimeter wave amplifiers, without
requiring knowledge of the GaAs FET gate
voltage versus drain current characteristics.

41
g

The HBC 1 provides tight clamping of
gate voltage to prevent damage to the MMIC
being biased. The device is fully functional
over the full military temperature range, and
temperature is easily monitored via the tem
perature sense voltage. A logic level on/off
feature allows the gate to be turned on and
off, thus minimizing power consumption by
the MMIC. The HBC 1 is available in die
form (3.77 mm2), as well as a 14 pin ceramic
SOIC package.

PIVC LLC
www.pivc.com

Signal Processing
LTCC filters

Mini Circuits introduced its new LFCN
low pass filters and HFCN high pass filters,
which the company says delivers high rejec
tion outside the passband and virtually elimi
nates PC board space demand.

A number of model sizes were introduced,
starting at the 0.12 inch x 0.06 inch hermeti
cally sealed package. The company says the

RF Design

www.rfdesign.com

MINI-CIRCUITS

LTCC Filters
DC-10 GHz

W minicircuiis.com

LTCC construction offers superior tempera
ture stability, excellent performance repeata
bility, and high power handling capability.
Mini Circuits
www.minicircuits.com

Signal Sources
2.5 V HCMOS oscillator

Fox Electronics Inc. introduced the F340
series oscillator. The product is designed to
consume half the power of previous oscilla
tors and have a small footprint. Measuring 3.2
mm X 2.5 mm x 1.2 mm, the new 2.5 V
HCMOS oscillators are available in frequency
stabilities of +100 ppm, £50 ppm, +25 ppm,
and +20 ppm, and a frequency range from 1.8
MHz to 50.0 MHz (1.8 MHz (0 32 MHz at 10
mA, and 32 MHz to 50 MHz at 12 mA).

Standard operating temperature for the

series is 10° C to +70° C, with an extended
temperature range of 40° C to +85° C avail

able on most models. Output symmetry is 45
percent to 55 percent at 50 percent VDD over
the frequency range.

The new F340 series features a standby
function for extended battery life, and comes
standard in a 2,000 piece tape and reel.
Pricing for the new oscillator with a stability
of +25 ppm and a frequency of 40 MHz starts
at $3.44 per unit in quantities of 2,000.

Fox Electronics Inc.
www.foxonline.com
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Voltage controlled
SAW oscillator

Connor Winfield Corp. introduced its
new VSPLD63TE voltage controlled SAW
oscillator (VCSO), which the company says
provides design engineers with the lowest
cost alternative for SONET equipment at
622.08 MHz.

Low jitter in the SONET bandwidth is less
than 0.5 pS, and overall jitter is less than 3 pS.
The oscillator has an overall total frequency
tolerance of 120 ppm with an absolute pull
range of +30 ppm minimum. With its low jit
ter and economical cost, this oscillator is a
significant alternative for the SONET and
SDH telecom equipment OEMs. This new
VCSO has the lowest jitter for a 622.08 MHz
oscillator in a 9x14 mm. low profile surface
mount package, the company says. The pric
ing is at $35.00 each in 1,000 quantities.
Connor Winfield Corp.
www.conwin.com

Dual PLL [
frequency synthesizers

Fujitsu Microelectronics America Inc.
introduced a new series of dual PLL frequen
cy synthesizers, featuring power supply cur
rent as low as 2.5 mA at 2.7 V. The company
says the new MBI5SF7xUYV series provides
the low noise and rapid hopping intervals
required by the new generation of wireless
communications systems, such as CDMA,
WLAN and fixed wireless access.

Each member of the series can operate
with a 2.4 V supply voltage, and offers selec
table charge pump currents — either £1.5 mA
or +6 mA. A high sensitivity on chip
prescaler can accept a minimum of 15 dBm

input signal level at 50 ohm termination.

The new series includes four dual PLL
synthesizers operating at frequencies between
0.35 GHz and 6 GHz. packaged in 18 pin
bump chip carrier (BCC18) packages that
measure only 2.4 mm x 2.7 mm x 0.45 mm.
The members of the new dual PLL synthesiz
er series include:

«the MBI5F72UV, with operating fre

quencies of 0.35 GHz and 1.3 GHz, and
2.5 mA current consumption;

»the MB15F73UV, with operating fre
quencies of 0.6 GHz and 2.25 GHz, and
3.2 mA current consumption;

«the MB15F74UV, with operating fre
quencies of 2 GHz and 4 GHz, and 9 mA
current consumption; and

«the MB15F76UV, with operating fre
quencies of 1.5 GHz and 6 GHz, and 8.5
mA current consumption.

Pricing starts at $1.00 each in 10,000 unit

quantities.
Fujitsu Microelectronics America Inc.
www.fma.fujitsu.com

TCVCXO series

ILSI America Inc. announced three new
series of high stability TCVCXOs. The 1711
and 1712 series are in the “Euro Package,”
with the 1711 designed for TTL/HCMOS out
puts and the 1712 for sine wave.

The 1713 series output is TTL/HCMOS,
and is in a 1.0 square inch package. The 1714
series output is TTL/HCMOS and is in a DIP
package. All three series offer frequency
range from 1 MHz to 100 MHz and stabilities
of +1 ppm over a temperature range of 0° C
1o +50° C at 20 MHz. Pricing is from $12
each in quantities of 1,000.

ILSI America Inc.
www.ilsiamerica.com

Test and
Measurement

Microwave synthesizer
Giga tronics Inc. announced the introduc
tion of its new 2400 series microwave synthe
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sizer. The low noise, high power, and fast
switching features of the 2400 Series
Synthesizer make it an ideal test solution for a
wide range of CW, swepl, and stepped fre
quency applications in both R&D and manu
facturing environments, the company says.
The 2400 series is capable of a switching
frequency in less than 400 microseconds, over
the entire frequency range, suitable for anten
na characterization, T/R module evaluation,
or RFIC manufacturing, the company says.
The synthesizer series offers two distinct
models: The 2400L comes with a front panel
keyboard and display, ramp frequency and
power sweep, and USB interface The
2400AL comes with a blank front panel, rear
RF output, and GPIB interface. The 2400AL
optimized for the ATE environment. Each
model is available in three frequency ranges:
10 MHz 10 8 GHz, 10 MHz to 20 GHz, and
10 MHz to 40 GHz. List pricing starts at
$17,000 with customer shipments expected 1o
begin in August.
Giga tronics Inc.
www.gigatronics.com

Tx/Rx

Phase shifters

Planar Monolithics Industries Inc. intro
duced a number of digital phase shifters that
operate up to 20 GHz. One model, number
PS 360 90 2 202F. is a temperature compen
sated, 2 Bit, 360 degree digital phase shifter
operating from 1.7 GHz to 2.3 GHz having
phase shifts of 45 degrees, 90 degrees, 135
degrees, 270 degrees, and 360 degrees, with
phase error of 7 degrees over the entire fre
quency band. This unit is TTL controlled and
operates on +5 VDC at 50 mA and 5 VDC at
50 mA. It measures 2.0 inches x 2.0 inches x
0.50 inches.

The company also introduced a 3 dB quad
rature hybrid, part number QC 052 YR3, that,
when a signal is applied to any port, the
hybrid will split that signal equally between
the ports on the side away from the input with
the port adjacent to and on the same side as
the input port remaining isolated.

The direct port and the coupled port will be
90 degrees out of phase. What is most signifi
cant about the QC 052 YR3 is that it is in a
500 MHz to 2.0 GHz hybrid/coupler with a
1.45 inches x 0.75 inches x 0.22 inches pack
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MIXERS TO 60 GHz

» Single-, double-, and triple-balanced
» Image rejection and I/&
 Single-sideband, BPSK

and @PSK modulators
+ High dynamic range
* Active and passive

frequency

multipliers

INTEGRATED
SUBASSEMBLIES
TO 60 GHz

* Integrated up/downconverters

* Monopulse receiver front ends

* PIN diode switches

* Uitra-miniature switch matrices

* Missile receiver front ends

* Switched amplifier/filter
assemblies

IF AND :
VIDEO SIGNAL . —
PROCESSING

* Logarithmic amplifiers
Constant phase-limiting amplifiers
Frequency discriminators
AGC/VGC amplifiers
1/Q processors
Digital DLVAs
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FREQUENCY SOURCES
TO 40 GHz

* Free-running VCOs/DROs
Phase-locked cavity oscillators
Phase-locked coaxial resonators
Synthesizers for SATCOM
Fast-tuning communication
synthesizers

AMPLIFIERS TO 60 GHz
s Octave to ultra-broadband
* Noise figures from 0.35 dB
* Power to 10 watls
Temperature compensated
Cryogenic

PASSIVE POWER
COMPONENTS
* Power resistors and terminations
* Power dividers
Attenuators
Directional couplers
90 degree hybrids

(N

&F
FIBEROPTIC SYSTEM
COMPONENTS

* Wideband fiberoptic links
Fiberoptic transmitters
Fiberoptic receivers

¢ 40 Gb/s drivers & linear ampilifiers

p RZ and NRZ drivers, low noise
‘ & limiting amplifiers
! * 10 & 12.5 Gb/s modulator drivers

EN
100 Davids Drive

Hauppauge, NY 11788
TEL.: (631) 436-7400 - FAX: (631) 436-7430

Circle 38 or visit freeproductinfo.net/rfd




age, and the SMA connectors are removable
for surface mounting.

Planar Monolithics Industries Inc.
www.planarmonolithics.com

Subminiature
solid-state switch

American Microwave Corp. introduced a
subminiature, absorptive SP4T solid state
switch that operates from 1.2 GHz to 1.4 GHz
with a minimum isolation of 60 dB and maxi-
mum insertion loss of 2.1 dB.

The VSWR is 1.5:1 both on and off, while
the total switching speed is less than 300 ns.
The input RF power handling is +16 dBm, the
DC power supply is £5 VDC and the size is
2.0 inches x 1.0 inch x 0.19 inches. The
switch was developed to replace obsolete
parts no longer available to defense or com-
mercial incdustries.

American Microwave Corp.
www.americanmicrowavecorp.com

Hybrid ring divider/combiner

Meca Electronics Inc. introduced a high
power, hybrid ring divider/combiner
designed to cover wireless bands from 1.7
GHz 10 2.0 GHz, with average RF power
handling capability of 1,000 W (5 kW peak)
when an external termination is used at the
isolation port.

The 700-3 (2-way, N-Female) is ideally
suited for high power dividing or combining
applications and measures 4.29 inches diame-
ter x 1.56 inches. The divider/combiner pro-
vides 25 dB isolation, VSWR of 1.20:1 and
insertion loss of less than 0.1 dB.

The unit is equipped with brass N-Female
conneclors, gold plated copper contact pins,
virgin electrical grade PTFE insulation within
the connectors, and an aluminum housing for
shielding. Operating temperature range is -65°
Cto+150° C.

Meca Electronics Inc.
www.e-meca.com

—

20 W high-power limiter

Planar Monolithics Industries Inc. intro-
duced a high power limiter. the PMI1 model
number LM-20M80M-10-20W, that operate
from 25 MHz to 80 MHz with an input power
level of 20 Watts. Insertion loss is 0.5 dB

maximum, it has a VSWR of 1.5:1 typical
and | Fsec recovery time. The output limiting
1s +15 dBm maximum. The size is 1.0 inch x
1.0 inch x 0.40 inches.

Planar Monolithics Industries Inc.
www.planarmonolithics.com

Thin-film chip attenuators
State of the Art Inc. (SOTA) introduced a
new line of thin film chip attenuators utilizing
(AlN)aluminum nitride. Case sizes 0706, 1005,
and 1512 are available with several different
termination styles in addition to styles avail-
able for wire bonding and epoxy mounting.
These devices are available with attenua-
tion factors of 1 dB to 20 dB in 1 dB incre-
ments with a frequency range from DC to 20
GHz. Attenuation stability is typically better
than 0.5 dB over the entire frequency range.
Packaging options include waffle pack and
tape and reel. Pricing for these components is
under $1.39 in production quantities.
State of the Art Inc.
www.resistor.com

Wi-Fi/Bluetooth

Single-chip WLAN transceiver
Airoha Technology Corp. announced the
Airlink AL2210; what the company is calling
the industry’s most integrated single chip
WLAN ftransceiver with an embedded power
amplifier (PA) for WLAN RF applications
based on Jazz Semiconductor Inc.’s
(www.jazzsemi.com) SiGe technology. The
single chip transceiver is highly integrated
with on-chip components such as a VCO,
LNA, oscillator, and balun.
Airoha Technology Corp.
www.airoha.com.tw

80

www.rfdesign.com

RFDESIG

RF AND MICROWAWE TECHNOLOGY FOR DESIGN ENGINEERS

September 2003



witt
g’\‘.“ d

O;;r/(’

v 4
sm o“"’ﬁf’ 03

2003 Software Defined Radio Technical
Conference and Product Exposition
November |17-19

Disney’s Contemporary Resort, Orlando, Florida
www.sdrforum.org/sdr03/main.html

Followed by the SDR Forum General Meeting on November 20.

Learn about current SDR technologies, standards, business, and
regulatory activities around the world. Visit product exhibits from
the leaders in reconfigurable radio technologies.

More Than 80 Technical Papers and Tutorials Covering:

B Enabling Technologies B Hardware for SDR

B Networks and Protocols B Systems

® Cognitive Radio B Wireless Security

B Spectrum Management B Software Radio Architecture
B Software Download and Security B Tools and Techniques

Keynote Speakers
Jorge M. Pereira, Ph.D., Scientific Officer, European Commission
lvo Bolsens, Ph.D., Vice President and Chief Technology Officer, Xilinx

Technical Program Chair
Professor fred harris, San Diego State University

Honorary Conference Chairs
Harlin McEwen, National Public Safety Telecommunications Council
Jorge M. Pereira, Ph.D., Scientific Officer, European Commission
Ryuji Kohno, Ph.D., Professor, Head of Division, Yokohama National University

Sponsors
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SEEC SO v — 5=
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sm Hospitality Provided by: Xilinx and Pentek
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This Number
May Not Save
Your lLife...

QXC' ™ But it could make it a lot easier!
lte Especially when it comes to
900 MHz Transceiver ordering non-standard connectors.

RE/MIC GONNECTORS

 Specials our specialty vintually any SMA, N, TNC,
BNC, SMB, or SMC delivered in 2-4 weeks
« Cross reference library to all major manufacturers.
 targe inventory of piece parts for all types of
coaxial connectors.
« Experts in supplying “hard to get” RF connectors.
g katy » Connectors supplied 10 your drawings and specs.
3 * Qur 56 Standard adapters can satisfy virtually any
- =y 5/ - i combination of requirements, between SMA,
FCC Approved i Low COSt w"eless TNC, N, 7mm, BNC and others.
Long Range o for device-to-device * Extensive inventory of passive RF/Microwave
< components including attenuators, terminations

Low Power 8 networking and dividers.

[
Order our latest technology today, n=m’\L
L Cats S Costons]

(development kit only $199)

=T TN NEMAL ELECTRONICS INTERNATIONAL, INC.
- 12240 N.E. 14TH AVENUE
Maxstr 2a L ~ NORTH MIAMI, FL 33161

TEL: 305-899-0900  FAX: 305-895-8178
E-MAIL: INFO@NEMALCOM

www.maxstream.net toll-free 866-765-9885 URL: WWW.NEMAL.COM
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THE WORLD'S MOST COMPLETE AND
VERSATILE W/RELESS PRODUCT LINE FOR
INDUSTRIAL, COMMERCIAL AND RESIDENTIAL.
FOR ANALGG /O, SERIAL 1/O, PROCESS CONTROL,
SECURITY, SAFETY AND ALARMING. ALL WITH
OTEK'S EXCLUSIVE ¥IRTUAL WIRE TECHNOLOGY.
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4016 E. Tennessee St., Tucson, AZ 85714
Tel: 520-748-7900 * Fax: 520-790-2808
www.otekcorp.com ® Email: sales®otekcorp.com
www.otekcorp.com/wireless.htm
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SURGE PROTECTION

< COAXIAL Surge
Suppressors for
PCS. GPS, RF
Equipment

< AC Protector
UL1449

< Surge Arrester
Gas Tubes

* Voltage from
5V
To 2500V

¢ Available in
Surface Mount

CITEL. Inc.
Tel: 305-621-0022
Fax: 305-621-0766

www.citelprotection.com

JYEBAQ®

Up to 6 GHz
4

TERMINATOR
SMA3900-0006

JYEBAO CO., LTD

Web: www.jyebao.com.tw
Tel: 886-2-29029282 * Fax: 886-2-29029283
9F, No 651-7. Jung-Cheng Road
Hsin - Jung City, Taipei, Taiwan

Miniature Duplexers (50/75 ohm)

design the Duplexers (1~4 Watts) for

We are expertise in producing Helical Filter to

D-CATV : DGC23L-713M/743M-6M(bw)
WLAN+Amps : DHS318-813.5M/858.5M-15M
(bw) & DHS32S-81 5M/860M-18M(bw)
WLAN+GSM : DIS318-902.5M/947.5M-15M(bw)

[ Tell us your Spec Request, we work for you. |

Visit us "www.temwell.com.tw"
"Several thousand filters data for selections.”

[TEMWELLYJ--- ISO9002}--- RF Expert|
Email : temwell@ms12.hinet.net
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2 - 18 Ghz 6-Way Power Divider/Combiner

Model PS-S000-6S is a 6-way Power Divider Combiner
operating over 2-18 Ghz. This divider teatures: 2.8dB
Insertion loss, 16dB isolation, 1.9:1 sum port/1.55:1
Output ports VSWR, +13° phase balance. Unit measures
L=5.3" x W=3" x H=0.4".

Product Line:

. Solid State Variable Attenuators

. DC-Blocks, Bias Tee’s, Transformers

. Directional Couplers

. Hybrid Couplers (90°/180°)

. Power Dividers/Combiners

. Solid State Switches

. Special Function Subsystems
Universal Microwave Components
Corporation

5702-D General Washington Drive
Alexandria, Virginia 22312
Tel: (703) 642-6332

Fax: (703) 642-2568

Email: umecc@umcc111.com
Web: www.umcc111.com

OIltﬂ-lz to 3.1GHz Portable Spectrum Analyzers
PS - 550 0.1 - 550MHz PS - SA 0.1 - 1100MHz (1300MHz optional

PS - 68 0.1 - 20500z (2 banda) PS . 6C 0.1 - J100MHz (3 bands
CenterMarker frequency displey with on screen marker cursor
Measurement Range: -108 to +20 dBm
Five Resolution Bandwidtha: 10KHz, 30KHz, 100KHz, J00KHz, tMHz
50 dB Input Attenuator in 10 4B steps
2710 dB/Olv vertical display with Base Line Clipper
Built - In AMFM demoduiation with monitoring speaker
Optional built-in Tracking Generator
AC 1 DC / Battery powered (optional internal ¢12V bettery pack)

L - Portabie Size: 11.8" x 5.4 x 12.97

Tol: 973-548-7635
Fax: 973-546-7651
E-mail: viechinst@erots.com

V.Tech Instruments, Inc.
171 Burns Ave, Lodi, N J 07644
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career opportunities

MANAGEMENT
RECRUITERS®
OF BOULDER, INC.

The search and recruiting specialists

WINDY BRADFIELD

RF/MICROWAVE SPECIALIST

4885 RIVERBEND ROAD, SUITE F
P.O. BOX 4657
BOULDER, COLORADO 80306
(303) 447-9900
windy@mrboulder.com

For Subscriptions call:
1-800-441-0294

or E-mail: subs@primediabusiness.com

83



R F Fundam ent S - 1m——————————

Training materials for all types —

a review of Noble Publishing’s instructional CDs

By Keith Vick

recently received a set of instructional CDs

from Samuel Dennis Ford of Noble
Publishing Corp. (www.noblepub.com).

Having been brought up on instructional
CDs from the PC industry I fully expected to
yawn and roll my eyes at the presentation of
the material. However, I was pleasantly sur-
prised and impressed by the presentation and
content of the CDs.

In particular, the “RF Fundamentals” CDs
were excellent presentations of both the back-
ground theory and practice. Randy Rhea’s
CDs were interesting due to the liberal use of
slick graphics and presentation.

The important thing to keep in mind if you
are considering purchasing the CD sets is that
they appeal to two different and specific types
of markets.

RF Fundamentals | and Il

“RF Fundamentals 1,” by Less Besser of
Besser Associates (www.bessercourse.com),
covers many topics beginning with the basics of
complex mathematics, high frequency models
of passive components and eventually ends up
in more advanced topic of small signal amplifi-
er design. In most of the lessons, the individual
topics end with coverage of a real-world exam-
ple. The “RF Fundamentals I"" course set is fol-
lowed by “RF Fundamentals I1.”

The screen presentation is that of screens
showing video, course navigation and notes.
The upper left quadrant of the screen with a
video presentation alternating between
footage of Les and notes he scribbles.

The right side is a more formalized presen-
tation of his scribbles and notes. The lower
left hand side consists of the navigation menu
of the course. This arrangement is highly suit-
ed for easy navigation of the topics. The CD
didn’t seem to mind my rather dilettante style
skipping around and amicably oblige my
requests with minimal skipping or hesitation.

The CDs are priced at $595 for “RF
Fundamentals 1,” and $595 for “RF
Fundamentals 11.” Obviously, the pricing
needs to be considered in context of investing
in engineers by an organization.

I highly recommend the set as a library
item for engineers to check out in addition to
initial training materials for new engineers
joining an organization. I know that I would
have appreciated a formal set of painless train-
ing materials to introduce me to RF concepts.

The Basic RF and Microwave
Design series

The publication I reviewed is “Basic RF
and Microwave Design” series by Randy
Rhea. This CD is part of a series of publica-
tions that are single servings of a particular
topic. The CD | reviewed was that of “Q from
AwZ”

It covers the topic of Q, or component qual-
ity. The real value of the CD is the in the thor-
oughness of the examination of the topic and
how it relates to topics such as the Smith chart
and resonators. The clarity of definition of dif-
ferent types of Q and adhering to the defini-
tion is very helpful in following the course.

The presentation of the material was slick-
er than “RF Fundamentals.”

Although the overall appearance of the
screens were rather nice, and the organization
precise, the actual navigation proved to be
somewhat clumsy. I don’t know if it is
because of my rather weak 600 MHz Intel
Celeron laptop, or the processing require-
ments of the program, but the video skipped
and there were annoying delays when navi-
gating around the course.

The pricing of the “Q from A to Z” CD is
$79. There are other CDs covering topics
such as “Lumped Element Transforms” and
“Filter Design by Transmission Zeros.” The
CD:s are single servings in depth examination
of topics, so the interested market is going to
be different than that of “RF Fundamentals.”

The market for “Q from A to Z” is that of
an engineer that isn’t quite satisfied by the
information he or she gets from text books,
and would like a nice presentation that covers
a topic clearly and concisely.

I believe that CD series are excellent addi-
tions to a company’s technical library
resource. The CDs can be easily checked out
and reviewed by engineers enough to justify
their meager costs. When one considers that
part-time engincering education can cost
thousands of dollars per course at a local uni-
versity, these CDs are positively bargains
because they are available on demand and
with limitless viewings.

Keith Vick
Technology Editor
kvick @primediabusiness.com
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SuPer FasT
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SPDT, DC-5GHz Fror‘f 1 o WIS

Mini-Circuits wideband SPDT switches offer very high isolation up to 90dB at  SPECIFICATIONS (@ 1GHz)

1GHz, built-in TTL driver with blazing fast 10nsec switching speed, and the ability Modet Freq. In-Outlsol. Ins.Loss 1dB Comp. Price $ea.
to withstand severe operating temperatures ranging from -40°C to +85°C. . (;(G:HZ) dB(typ)  dB(typ) dBm(typ) (Qty. 10)
But that’s not all! Reflective and absorptive models are available to suit your ¢ M3SW-2-500R 45 80 -1 2 495%
design requirements; M3SW's 3x3mm MCLP™ surface mount package with VA sOOR beds 6 o “ 4’?59*
exposed metal bottom for excellent grounding and heat dissipation and ZASW's tough  , sasw.o.5008  DCs % 17 20 ‘039,55’
buitt coaxial design with SMA-F connectors. No matter which model you choose, s ZASWA-2-500R  DC-5 90 1.7 20 89.95
you'll get strong performance and rugged reliability at a price that crushes the  Supply vottage +5V, -5v. TTL control.

competition. So look no further. You'llfind just the right switch for your commercial, R.s‘f"‘ﬂe";“zg nr:emw. mm
industrial, or military application right here at Mini-Circuits! Low Profie (MCLP™)
Mini-Circuits...we're redefining what VALUE is all about! Detailed Performance Data & Specs Online at: www.minicircuits.com/model

[JMini-Circuits’ S~

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 For quick access 1o product information see MINI-CIRCUITS CATALOG & WEB SITE
M,a’ ™ The Design Engineers Search Engine Provides ACTUAL Data Instantly From MINI-CIRCUITS At: www. minicircuits.com
Rad >

ISO 9001 ISO 14001 CERTIFIED o 379Rev G

See our 244 page RF/IF Designer's Guide iy EEM (Blectronic Engineers Master)



NO MATTER WHAT YOUR
SHORT RANGE APPLICATION,
WE HAavE A MEDIUM POWER

TRANSISTOR TO DRIVE IT.

WHY DISCRETE POWER?

Two WAY RADIO. WIRELESS SECURITY.
METer Reaoers. If you're working on a
150 to 2500 MHz short range design, our
medium power devices will get you to market
faster and at a lower initial cost than a
MMIC solution. Plus discretes offer several
inherent benefits: Single power supply
Faster to Market  Operation. Better heat
Lower Price dissipation. And
Greater Design  higher efficiency —
Flexibility which can help prolong
More Efficient  battery life in your fixed
Better Heat and portable designs.
Dissipation  Best of all, with our
broad product offering we probably have a
device ideally suited to your specific applica-
tion. Want data sheets? Visit us online now:

www.cel.com/srw.asp

Part No. FEATURES Pour DesSCRIPTION

NES520379A 3W LDMOS 35d8m@5V Applications to 1800 MHz

NESSZOZ79A 1W LDMOS 32dBm@s5Vv Applications to 2,48 GHz

NES52R479A 0.5W LDMOS 27dBm@5V >Applicationstoz.486Hz

NE664MO4 0.4W Sili:or 26dBm@3.6V Driver or Medium Power omﬁ
NE678MO4 60mW Silicon 18dBm@2.8V Driver or Medium Power Output
NE677MO4 30mW Silicon 15dBm@2.8V  Driver or Medium Power Output

sl

California Eastern Laboratories

N California Eastern Laboratories = Santa Clara, California = 408 988-3500
A Business Partner of NEC Compound Semiconductor Devices, Ltd DISTRIBUTORS: Arrow (800) 525-6666 Nu Horizons (888) 747-6846
NEC i a trademark of NEC Corporation Mouser Electronics (800) 346-6873
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