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SOIULION SEIMVILES

[ Agilent EEsof EDA )l

..&"%.. Adgilent Technologies
. Inngvating the KP Way

RF Test Structure Design Service

% vlrrll%

Agilent EEsof provides
design services of on-wafer
RF test-structures as one of
the initial critical steps in
electronic device modeling.
Good REF test structures
enable consistent model
parameter extractions and
are needed for RF parasitic
characterization and de-
embedding. Proper RF test
structures addresses the
issues of scalable modeling
efforts and are also crucial
for optimum device design.
It also generates layout out
of passive/active devices for
accurate characterization
and model parameter
extraction at DC as well as
RF frequencies.

Agilent EEsof generates the
test structure layouts of
passive/active devices for
accurate characterization and
model parameter extraction at
RF/microwave frequencies,
and outputs industry-standard
file formats such as GDS 1L

With the test stmctures in ‘!:

foundries could efﬁc:1ent1y
model their devices.

Agilent EEsof also has the
expertise to accurately extract 0‘
the models and implement a
design kit, which allows easy
access of the foundries
processes to high frequency IC
designers.

~~~ development of models or as part

... Other Services

place, semiconductor~: i ~ =7 Bipolar Transistor Modeling

Capabilities At A Glance

» Layout of various individual
<=~ transistors, capacitors, varactors,
L. sresistors and inductors for the

of process characterization.

Test structure designs that
effectively minimize parasitics,
which are associated with the
interconnect metal lines and probe
pads, for the accurate device
characterization and modeling.

Appropriate test structures and
standards, which allow the
employment of up-to-date
calibration and de-embedding
techniques for accurate
RF/microwave measurements.

Test structure design files are in
industry formats, such as GDSII.

> Noise Characterization
* RF CMOS Modeling
S RF Sub-system Characterization
* Passive Component Modeling
. MESFET/HEMT Modeling
S Packages/Connector Modeling

¢ RF Production Test Board
Modeling

For more information, contact your local Agilent Sales Representative or
Agilent EEsof’s Microelectronics Modeling Center

Email : smmc@agilent.com Fax:[65] 2752608

Tel : |65} 2158286
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*,.. Agilent Technologies
. .. Innovating the HP Way

[ Agilent EEsof EDA }

Bipolar Transistor Modeling Service

Measured Vs Modeled

Medsured V3 Mateled 1

e

B

)
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v
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PRI B PRI

Agilent EEsof makes
accurate measurements of
your BJT/HBTs, and
extracts model parameters
based on state-of-the-art
electrical models for
accurate prediction of your
high-frequency circuit
performance. These models
include :

¢ Gummel Poon
VBIC
MEXTRAM

Depending on your design
needs, Agilent EEsof extracts
parameters of the model of
your choice

and provides you with
modeled-vs-measured
verification plots of DC and S-
parameter data. Model files
fully compatible with
Agilent’s Advanced Design ~ §
System will also be avdilable, <.~

PRECR

Capabilities At A Glance

* Gummel Poon, VBIC,
*MEXTRAM models with
. femperature parameters (optional)

N
S

¢ Accurate, Fast Turnaround, Cost
Competitive

* Make measurements up to
50 GHz, and ambient
temperatures up to 200 ° C

* Models accepted by most industry-
standard simulators

* Wide range of RF probes and
fixtures available

Model files fully compatible with
Advance Design System,
eliminating manual data entry

Other Services

* RF Test Structure Design

an Noise Characterization

L
"~

*.RF CMOS Modeling

S

;«9“} RF Sub-system Characterization

<

» Passive Component Modeling
* MESFET/HEMT Modeling

b@Q Packages/Connector Modeling

Q}\

* RF Production Test Board
Modeling

For more information, contact your local Agilent Sales Representative or
Agilent EEsof’s Microelectronics Modeling Center

Email : smmc@agilent.com

Fax : |65] 2752608

Tel : [65] 2158286
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[ Agilent EEsof EDA }

RF CMOS Modeling Service

[ Qual ity Factor
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To complement
semiconductor foundries’
in-house modeling facilities,
Agilent EEsof provides the
expertise to design RF test-
structures for CMOS
devices designed for
wireless applications. It also
generates models of
passive/active devices on
silicon, and validate them
against measured data at RF
frequencies.

Agilent EEsof EDA has the
expertise to accurately extract
the models and implement a
design kit, which allows easy
access of the foundries
processes to high frequency
designers.

T

Capabilities At A Glance

* BSIM3v3 modeling of CMOS
transistors for RF applications,
< Which include various short channel
““effects experienced by modern deep
Jsub-micrometer MOSFETs. BSIM4

will be available soon.

* Accurate modeling of passive
structures such as varactors,
MIM/MOM capacitors, resistors and
spiral inductors (octagonal,
circular,etc).

Test-structures design of
passive/active devices for accurate
RFIC characterization and model
parameter extraction.

* Make measurements up to
50 GHz, and ambient
temperatures up to 200 ° C

* Up-to date models accepted by most
industry-standard simulators

* Model files fully compatible with
Advance Design System,
eliminating manual data entry

: Other Services
-« RF Test Structure Design

o . ..
5“9 ¢ Noise Characterization
Q,Q

* Bipolar Transistor Modeling

\S
b“PQ- RF Sub-system Characterization

Q/Q

* Passive Component Modeling

* MESFET/HEMT Modeling

NS
@9@ * Packages/Connector Modeling

* RF Production Test Board
Modeling

For more information, contact your local Agilent Sales Representative or
Agilent EEsof’s Microelectronics Modeling Center

Email : smmc@agilent.com Fax :[65] 2752608 Tel : [65] 2158286
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[ Agilent EEsof EDAjJ

MESFET/HEMT Modeling Service

SUIULIOIT SCIVICES

Capabilities At A Glance
¢« EEHEMT, ROOT models

Measured Vs Modeled =%t ™%
S-Parameters K

.= ==~ available at various temperatures

‘:::fAccurate, Fast Turnaround, Cost

graocia

Competitive

* Measurements up to

50 GHz, and ambient
temperatures up to 200 ° C

* Wide range of RF probes and
fixtures available

Measured Vs Modeled gm

Need good electrical models
of your MESFETs or
HEMTSs ? Agilent EEsof’s
Solution Services group
makes accurate
measurements of your
transistors, and extracts
model parameters based on
the popular
EEHEMT/EEFET models,
or the measurement-based
ROOT models. These
models have been proven to
accurately represent your
physical devices in the
simulation environment.

* Model files fully compatible with
Agilent EEsof’s product offering,
such as Advance Design System

Depending on your design
needs, Agilent EEsof extracts
parameters of the model of
your choice

and provides you with
modeled-vs-measured
verification plots of DC and S-
parameter data. Model files
fully compatible with o
Agilent’s Advanced Design &'i' Noise Characterization
System are dlso dvailable. 3. ¥~. pE CMOS Modeling

Other Services

* RF Test Structure Design

' ;@: RF Sub-system Characterization
' * Passive Component Modeling
* Bipolar Transistor Modeling
@b"@ X Packages/Connector Modeling

* RF Production Test Board
Modeling

For more information, contact your local Agilent Sales Representative or
Agilent EEsof’s Microelectronics Modeling Center

Email : smmc@agilent.com

Fax: [65] 2752608 Tel : |65] 2158286




Resonext Communication Uses IC-CAP Modeling
Software to Provide Accurate RF Device Models for
Wireless Network IC Designs

Customer Success story

‘Customer"&Resonext

Tashe
omm}.lgicaﬁon, ne. -
W.reson

on ext.c'om)' .

sextract acorate in
qgtandard and custom:zed RF
Tmodels for v vanous acuve

v and gt

=3

.*c nems in order to gain

C essfulIy &'tractcd
“E:&EYSPIC&models for many
Jw(rFipassyg components

dus?‘f ecrmg

%{g‘ Qa\n&..z—dv've d
7 prodﬁmty'b -

“IC-CAP saves us engineering time and
development costs. We were able to take
measurements quickly and perform parameter
extractions effi c:ently. IC-CAP improves the
proﬁuctzvuy qf augengmeers and helps them
»n! \lﬁetr pm]ea deadlmes.

Ali Rezvani

Director of Device Characterization and

Mode}ing, Resonext Communication, Inc.

mussion is to develop silicon The device modeling group

ICs for Wireless Local Area needed to:
Network (WLAN)
applications. Their chipset e Build and extract in-house

consists of a radio chip for
front-end communication and devices, RF spiral inductors
a base-band chip that and MOS varactors.
implements algonthms for = - e  Customize extraction
OFDM (Orthogonal - % algorithms to fit specific
Frequency Division,, ) ’ process and device
Multiplexing) modulation. technology.

Both chips are designed to be e Create RF extensions to

manufactured using 0.18- standard models to improve
micron CMOS process design accuracy
technology.

models for many CMOS

The Solution

The Challenge

The management team at
Resonext realized that device
modeling was vital to the
success of the company:™

Resonext Communication used
IC-CAP software to control the
Agilent 85122A Precision
Modelmg System while it

. \acqulred DC and RF

The Company
Resonext Communication 1s
a recognized fabless IC
design company whose

—)
RESONEXT

COMMUNICATIONS INC

They needed ﬁcmieﬁﬁ © 7} i measurements directly from

models to imgrove thelt™: . silicon wafers. The measured
circuit design simulation and data was then used to extract
accuracy, which ultimately model parameters within IC-

provides a competitive CAP.
advantage.
deci The Results
The company decided to For CMOS and BJT transistor

build a device
characterization lab to test
and evaluate device models
from foundries and vendors
as well as to build in-house
models.

modeling, model parameters
from an external RF simulator
were imported into [C-CAP and
compared against the actual
measured results. This allowed
modeling engineers to provide

.. Agilent Technologies
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PHILIPS SEMICONDUCTORS reduces design
time using Agilent Advanced Design System

Customer Success Story

“Simulating complex circuits, particularly

under the condmons in which RF

wceinon, o Ly
i

thdnistors; :pem?'e in a power amplification

.‘.\-a
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The Company

Philips Semiconductors is the
third largest supplier of
semiconductors for the global
multimedia and

PHILIPS

-*regnm,’, cair'takeso much time using
conventional simulation tools that it is
diffictult to iterate the design enough times
to c‘reat} right-first-time silicon. ADS has
significantly reduced our design cycle

Jean-Pierre Manhout

Senior RF Design Engineer
/"*“"'»g -, PRI
/’“"w { . o~
P 6 : ;, M. v«{

telecommumcanons ‘markets.. technology in the 2.4 GHz
Its facility in Caen, ISM band.
Normandy, France, is a world
leader in the design and The Challenge

production of microelectronic
components for the digital
media, optical networks, and
telecommunications
industries.

A particularly imponant
market for Pfﬂllps Jnivira
Semiconductors is RFICS

(Radio Frequéncy Intégrated .

Circuits) for mobile
telephony and data
communications. This market
is booming ~ from cordless

To meet the needs of their
telephony customers, the
designers at Phulips
Serniconductors were faced
with the problem of
controlling analog, digital
and RF signals in very high-

?Tensxty circuits. For example,

mtegranng bxpolar transistors

- along51dc passive

components and high-speed
CMOS logic introduces
significant uncertainty in the
operational behavior of the

phones using the DECT circuits. Conventional
protocol to second-generation simulation tools are not up to
mobile phones using GSM, the task.

through GPRS and EDGE

(2G+), to third-generation Philips Semiconductors
(3G), W-CDMA and UMTS designs its ICs using its

devices, and beyond to the
future generation of wireless
connections using Bluetooth*

advanced QUBIC BiCMOS
process family. “The QUBIC
family is ideal for integrating

Agilent Technologies
Inngvating the HP Way



Agilent EEsof
Singapore Microelectronics Modeling Center
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Who are we ?

Agtlent Technalogies Establishes Bevice
dod g Center in

gapore

Agilent EEsof Modeling
Solutionsi‘Serv’ice Center
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Modeling Services for the RFIC Food Chain

1) test structure design service 1) IC Package modaling service (BGA,BCC,ete) 1) PCB modeling service
2) device modeling service 2) sccurate {C test spec 2) surface-mount active/
3) RF [P creation - contactor/socket modeling service passive device modaeling
1 - DUT board design modeling service

HP ADS
RFIC lndor/ she lxu-‘xc
RFIC Foundry o Co-Design \n\&.‘um o knnaamer

T

>

RFYC Vendor / Dex:
RAGJarthag< Qe House

oy SR
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SMMC Mission

Fast, Accurate, High Volume RF @ Active devices
Characterization

& Simulation Model Generation ® packaged or on-wafer

_®SiorGaASorSiGe
i &;:}'ﬂ:“~ o S "
UAll jrgf&tg staggarft‘ ;ggygce models
® Characterization to 50 GHz, up t0o 200° C

©® compaonent manufacturers
® semiconductor foundries

® wireless design houses
@ Discretes and ICs

Faster ® Passive devices
Better ® Chip capacitors, inductors, resistors, filters
Lower Cost ® Packages & Connectors
® Substrates/PCB

....then doing it yourself!

[ Tt of Procartaton Agilent Technologies Aedent Rusncrsd
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Partnering with SMMC's strengths

® Industry proven accuracy of Agilent Instrumentation

® 60 years of high-frequency design & medeling experience-

from the people who mvented the 8510 and ICCAP device
modeling tool

) _Si)ecialized staff & instrumentation focused-on fast pretision mgdsurement and modefing
Allows you to: s 8

® Quickly respond to changing business needs (customers /designers want updated
" accurate models; statistical models) v .

® Focus on your core expertise (product de\;elopmeﬁt & manufacturing)

® Reduce risks of inaccurate design simulation and preduct delay for you or your
customers

® Increase design wins by providing simulation models to try before buy

P it of Premtzoms ‘::} Agilent Technologies

Agist Restrcued
Fie Locanen

Modeling Capabilities

® Bipolar Transistors - Standard GP
-VBIC
- EEBJT
- MEXTRAM
© MESFET/HEMT - EEHEMT, RGI_J,I,‘E:EEQ:'Q

© Diode - Diode mode! il

© Connector/Package - First order approximations
- Equivalent Circuit (for IC simulation)
- EM model for design optimization

® Substrate/PCB - accurate modeling of Er and tangential loss

© RF/high speed DUT board modeling - contactor modeling
- accurate prediction of IC performance

Pages Tik of Presamtaces <=4 % Agilent Technologies gk Rasoered
Fle Lacatn et
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verely compromised.

To overcome this model shortcom-
ing, the HP 85124 A Pulsed Modeling
System was developed. The goal of
this modeling system (see table) is to
pulse the bias of a DUT and measure
the DC and AC characteristics be-
fore the junction temperature can
change appreciably (since the bias
pulse widths are much shorter than
the thermal time constant of the de-
vice material). In this way, the mea-
sured device data will not contain
any thermal information other than
the device’s ambient junction tem-
perature. Consequently, any param-
eters derived from this data will be
equally free of any implicit thermal
information. The result is an isother-
mal nonlinear model.

The final step of the modeling pro-
cess is to explicitly determine both
the static and dynamic thermal char-
acteristics of the various device mod-
el parameters. Once these thermal
properties have been coupled back
into the model, the result is a truly-
dynamic thermal nonlinear device
model that is accurate and, except

BIPOLAR MODELING

The Pulsed Modeling

for two parameters, independent of
its measurement environment.
Many issues arise when develop-
ing a2 measurement system that is
capable of making DC and RF mea-
surements under both steady-state
and pulsed conditions. The system
should be accurate but also easy to
use, minimizing muitiple connections
to the device. Some of the“issues

Lk

Q blgs networks)

encountered in developing this sys-
tem include:

¢ the need for high-current, low-
impedance pulsed sources with suffi-
cient rise and fall times,

¢ the integration of steady-state
and pulsed DC and pulsed RF mea-
surement capabilities,

* the necessity of minimizing cable
lengths and impedance mismatches

|
2. This block dlagram
Hlustrates the Pulsed
o) - EO . Madeling System.
= 000002 O [I u
HP 851106L
HP 83620A RF synthesizer puised-RF
| test set / ==
o IC-CAP software
o Socoom o @ @ |—  HP 8510C #008 network analyzer
HP 383620A LO synthesizer I , — - 000
] ias netwo ; I - S
e/ 1 O B - rembaichia
HEH A HP 546028 datilloscops
\ b e
HP 41428 DC source/monitor B
h
—y 103 | HP §629A powar supply
v [——————y
HP 85120A bi I
K46 bias pulser a 1 D
— -X-] o
S— a gg HP 3488A switch unil HP 85120A X48 bias pulser
HP 3458A digitat multimetar - oo X 33
u Q0
Iml HP 3458A digital multimeter HP 345BA digital multimater
HP 8110A pulse gensrator |ml
HP 8110A pulse generator
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BS Conformance Test System

7.6 Intermodulation characteristics

Interference signal source

MG3692A

Interference signal source

ATT3
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CNONLSE26Z JRIATICY & CRETATIVITY

Space-Time-Adaptive-Processing
Concept

In the area of advanced radar signal processing, DSO is
exploring innovative concepts in Space-Time Adaptive
Processing (STAP). It has obtained interesting results
based on the STAP concept by using adequately
scaled-down acoustic experiments. These experiments
on STAP have deepened DSO’s understanding of the
technique beyond publications and Matlab

simulations.

Smart Built-in-Test

The Smart Built-in-Test (BIT) concept helps to classify
BIT failures into hard failures, intermittent failures and
fatse alarms. This is intended for applications where
intermittent failures constitute a high percentage of
reported failures. The Smart BIT combines
temperature and vibration sensors with a neural

Tio
22 Civa. 1 eaed zZanag 2000

~—

C -

network to learn and correlate environmental stress
with the occurrence of intermittent failures that is usz<
for the classification task.

Radar Super-Resolution Algorithms
This is aq,jn-h_ogs\e technology development project o

avélop superiresalution radar algorithms using

Origingl Processed SAR Image




ABDVANCED ELECTRONICS
AND SIGNAL PROCESSING

The Centre conducts research and devetopment i t \

; synergrstlc areas. The f’ rst :s in the area of m:xed—s&gn

and d:gttaf etectromcs for wndeband drglta! recerve;

‘ and htgh performance srgna[ and data processm?
mrmaturtsed and packaged to meet harsh env;ronment
constramts. The second area is in advanced s;gna[ an
;mage processmg concepts and techmques for detectro
parameter estsmatlon and trackmg apphcatrons und

cha[lengmg real-tlme constramt

We conduct research in high-speed digital and mixed-signal design, high-density electronic
packaging, including chip-on-board and multichip module technologies, high performance
signal processor architectures, and low-power electronic devices. We are developing the
capability to design high-density CMOS AS{Cs at high clock rates and high speed silicon
bipolar ASICs.

On the signal processing front, we focus on how we can exploit and interpret signals that
arise from a range of sensors such as aeral and acoustic signals, visual signatures, and rad:
waveforms. The work in image processing focuses on techniques to manipulate images, as

well as to understand scenes in images.

IMAGE-ON-DEMAND (I0OD) DEMONSTRATOR
‘We have successfully developed an image-on-demand
technology demonstrator that finds wide-ranging
survetllance apptications. The technologv caters (o
mcreasing demand for transmission, storage and retrieval
af mgn resotution, large 1mage sizes (mor2 than 16000 <
000 Jikels, . dts ey f2atures atlow multinle users
SIMUTAN2905 10 Cess and Hexipility o Jewdn? an redions

Moaaferast rom o rhe seamin g at




gxamples of the Centre’s work include the following:

MOBILE ACOUSTIC SURVEILLANCE SYSTEM (MASS]

We have developed and successfully demonstrated on-the-move acoustic detection
and localisation of targets. The small acoustic array and noisy moving platform
presented non-trivial technical challenges. Adaptive signal processing is the key
technology researched and implemented to yield signal enhancement and platform
noise reduction.

DIGITAL RECEIVER ENABLING TECHNOLOGY (DRET)

We are currently developing building btocks and exploring technologies for
digital receivers. These include analog-to-digitat converters and digital-to-analog
converters with high dynamic range and fast sampling rate. Another enabling
technology being developed is a deep and fast memory architecture with flexible
addressing. At the same time, high speed ASICs for Fast Fourier Transform (FFT)
are being developed. We have partnerships with renowned companies to achieve
the best synergy in our research efforts. Advanced packaging concepts, like direct
die attach and multi-chip moduie will be employed to achieve more functionality

in any given space.



ELECTROMAGNETICS

This Centre focuses on establishing a high level of
competency in radar signatures, antennae, electro-
magnetic interference and compatibility (EMI/EMC),

and miniaturised radie frequency systems to

enhance platform survivability, weapon effectiveness

and systems operability.

A miniaturised RF transmitter.




Highlights of the Centre’s bcapabilities_ and facilities include the following:

RF COMPONENT DESIGN AND DEVELOPMENT
We focus on the design and development of RF companents for defence and
commercial applications such as radar and communications and phased array systems.
We design and fabricate microwave filter and active components like oscillators,
small-signal amplifiers and power amptifiers. Our focus is in miniaturisation of RF
systems.

ELECTROMAGNETIC COMPATIBILITY (EMC) -
EMC is the ability of equipment and systems to function as designed in their
intended operational environment without adversely affecting or being affected by
other equipment and systems. Our specialised expertise includes EMC design of,
electranic systems, electromagnetic interference (EMI) prediction and measurement,
certification and trouble-shooting, electromagnetic radiation hazard assessment ta
ordnance, personnel and fuel, and managing' EM compliance programmes.

FIRST COMPACT RANGE IN SINGAPORE
We are building the first Compact Range in Singapore, in joint collaboration V\}ith
the National University of Singapore. This Compact range, when completed, will
offer very high accuracy testing of electromagnetic scattering from complex objects,
antennae and radomes.

ANTENNAE DEVELOPMENT AND
CUSTOMISATION

Communication has become very much a part of modern life
and the modern battlefield. Communication devices depend
on antennae to transmit and recetve information. We have
the capabilities to analyse and custom-design antenna
systems for military and commercial applications, such as
communications and radar. Some of our speciaities include
printed antennae, wire antennae, tapered slothine antennae,

aperture antennae and radomes

An Electromagnetic Freld Distribution in

Taparcad Slothne Antennae



