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Abstract

The characteristics of highly integrated High-Speed Data-
Transmission-Systems for near future communication
standards are high mobility, low power, reliability, high
performance, low cost and short development time. Recent
available RF development tools do not allow the efficient
design of tailored, well partitioned, highly integrated, high
datarate communication systems targeting up to 6 GHz
carrier frequency. Reasons for this are the missing
flexibility and accuracy in the hierarchical design process
from system down to physical level. In this session
representatives of system houses, a leading EDA provider
and a silicon foundry will introduce and discuss the
challenges related to the specific areas. Considering the
market relevance of high data rate wireless
communication systems the missing overall design
technology today is a real hot topic.

Suggestions on how to improve the existing situation
addressing the design technology as a whole will be
discussed. Depending on the representatives perspective
converging requirements will be worked out and non-
converging requirements will be debated in a
controversial manner.

1. Motivation and Context

For future wideband telecommunication systems with
integrated RF-front-ends we neal higher abstradion levels
and more predse behavioural models considering process
and padkage physics at the sametime.

Therefore, existing methoddogies, flows, todls, modeling
and processinterfaces have to be improved. These ae not
separated damains, since they are influencing ead other.
The pradice to colled best tods and to define aflow on
top o it (state-of-the-art) becmes very risky for the

1530-1591/03 $17.00 & 2003 IEEE

Hans-Joachim Wassner,
Atmel Germany GmbH, Heil bronn, Germany

Michad Schroter,
CEDIC, Tednicd University of Dresden

development of future communicdion systems snce
battom up verification becomes extremely difficult and the
top-down design process may be unable to read the
physicd implementation level. Reasons are the non-
optimized interfaces between system, circuit and device
physics level. This reduces reliability and, therefore,
increases the probability for a required redesign, limits
reuse and increases the development time. Not less
important is the fad that system developers have no
chanceto addressthe full cgpability of modern processes.

Therefore, three different perspedives (system house,
EDA provider, technology vendor) will be presented in
order to refled the interface problem and also to discuss
existing solutions controversy. In the first presentation an
overview of todays challenges in the design of highly
integrated mobile transceiver systems with focus on
WLAN from System House perspedive will be given.
Bottleneds in existing work flows using various todls will
be pointed out. Demands for improvements of the design
technology for nea future high data rate wireless
Communicaion Systems will be discussed. A new design
flow solution from a leading EDA provider shown in the
sewnd presentation addreses the eisting design
chalenges. A new, verified design flow for WLAN
applicdions considering system architedures provided by
several system houses will be introduced. In this flow a
new testbench approach speeds up the design processin
presence of higher modeling acaracy and increasing
system complexity. The role of the silicon foundry in
improving the eisting design technology by providing an
enhanced interface to modern process technologies is
addres=d in the third presentation. A more flexible and
more acairate utili zation of modern BiICMOS and Bipodlar
proceses (e.g. SSGe2/ATMEL) has bemme available by
using a spedal implementation concept for introducing the
geometry-scdable bipoar compad model HICUM to a
conventional design kit.



Results presented in this ssgon partly have been worked
out in the BMBF Projed HGDAT (Design Technology for
high-speed datatransmisson system, Partners: Nokia,
Infineon, Atmel, Cadence Melexis and CST) No.
01M3054

2. Demands on RF Design Technology for
Near Future High Data Rate Wireless
Communication Systems from System
House Per spective (R. Wittmann, G. Trankle)

In this sdion, an overview of today's challenges in the
design of highly integrated mobile transceiver systems
with focus on WLAN (IEEEB0211a, Hiperlan2) will be
given. Espedally the design of an embedded RF-Front-
End (Fig. 1) is a demanding task of speda relevance
Bottlenedks in state-of-the-art RF-system design work
flows using various high quality tools will be pointed out.
Demands for improvements for the development of nea
future high data rate wirelesscommunicaion systems will
be discus=d.
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Figure 1: Block Diagram of an integrated WLAN Transceiver
Front-End (Source: Infineon Technologies AG)

The major demands address the seamnless integration of
foll owing aspeds into an appli caion oriented design flow:

- theinteradive semi-automated design assstance using
advanced testbenches

- animprovement of modeling predsion on al levels of
designin spite of increasing system complexity

- RF-oriented interfaces to CMOS and BiCMOS
processtechnologies (Design-Kits)

One of the biggest challenges to be successul with future
product developments will be the acarate scheduling of
the design milestones. If a market analysis figures out the
required performance profile for a planned product, then
besides fulfilli ng the spedficaion conformity, the on-time
introduction to the small market window is of high
relevance. Current technology platforms and commercially
available design todls enable in principle the design of
monolithic integrated solutions of complex wireless
transcevers. But the adual challenge isto doit faster and
with a higher design seaurity and time seaurity than today.

New toals dould clealy suppat the @ove targets of a
reliable, highly determined [C-development. As a
evauation platform the 5GHz ISM-WLAN covering
IEEBEB0211a and Hiperlan2 is utili zed within the HGDAT
projed [1]-[4]. Within this platform parameterizable
formalized simulation instructions (testbenchnes), which
are exeautable, have been defined for system refinement
and verificaion. These modeling testbenches offer a
seanless Top-Down/Bottom-Up simulation environment,
using different abstradion levels [5]. With this <enario
most of the design steps, beginning with system level
spedficaion, can be wmvered with the desired acaragy.
Nevertheless one missng step is the verificdion of the
system spedfication conformity on hardware level with the
appropriate physicd interfaces. This asped has to be
investigated more in the future. The ideais to combine dl
available information from adive and passve dements
(including parasitics) within the simulation testbench and
add the hardware verification results. This yields a lot of
additional information during the design cycle. With this
information the lack of criticad design parameters can be
cdculated. In anext step it should be possble to center the
design by using Built-in-Self-Test (BIST) and Built-in-
Self-Corredion (BISC) functionaliti es (e.g. [6]). The result
is a faster, highly determinable design flow. Fig. 2 shows
the interadion of the simulation and verificaion cycle.
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Figure 2 : Interaction of the Smulation- and Verification Cycle



In order to ensure that the new proposed design flow

works out the sophisticated vision, some aaumptions have

to be mnsidered:

- dl relevant parameters of the system spedficaions
must be expressble by appropriate stimuli

- aseanless smulation and verification testbench of all
analog and digital functions must be available for the
transmit- and recave dain

- dlinfluencetaking interfaces and environment
parameters must be included

- Modelsfor technology variations must be avail able

A designflow tailored like this does not only enable faster
and more seaure developments, it could also be akey
element in future multi-mode solutions, e.g. UMTS with
IEEEBO211b-WLAN, or different WLAN standards
sharing one RX/TX chain. This is because of the merged
BISC function which could work as a design centering as
well as adesign adaptive dement.

In genera, the reuse of function blocks within a design or
from one system/technology platform to another must be
improved. A higher degree of RF design automation is
urgently needed since the design process of high
performance integrated transceiver solutions requires
productivity accéeration. General design methoddogies
suppating RF analog design automation from system to
component level are rare. New high level RF-suited design
description langueges like VHDL-AMS and the discussed
AMS extension for SystemC enable the reseach on
efficient approachesin this area Today, design automation
is entering the traditional RF full custom sedion. Modern
C-level design langueges dlow to introduce
parameterizability and process portability also to the RF-
design. One example of such an approach can be found in
[7], [8]. This new mixed-signal/RF IP design approach
focuses on flexibility of design and process parameters in
mixed-signal and RF designs within a austomized
conventional design framework. Spedal feaures are the
flexible degree of automation and the mpatibility to
handcrafted designs.

The red benefits of such a proposed design platform with
discused aspeds are st and resource savings and
increased flexibility and competiti veness

3. Complete RFIC Front-to-Back Implemen-
tation starting from RF Architecture
Selection with Verification at Mixed-Signal
& System-Level for a WLAN application
(J. Hartung)

Besides advanced process technologies and circuit
designs, a complete design flow is the key to enable the

efficient design of modern wireless communicaion
systems targeting y to 6 GHz carier frequency, where
our main focus is the design of an optimal RF-subsystem
[10].

What isthe IDEAL RFIC designflow?

Alrealy in paragraph 2 several major demands are given.
Typicd requirements a complete design flow neels to
suppat are;

e Enabling Top-Down & Bottom-Up design

« Fast architedural exploration for optimized RF spec
« Complete gplication-spedfic testbenches

¢ Complete RFIC implementation environment

e Comprehensive ansideration of parasitic efeds

« Verificaion at system-level during ead stage

A proposed RFIC design flow is given in Figure 3. The
main stages during the flow will be described in more
detail within the next sedions. Three main parts are
identified within the proposed solution:

1. RF Architedure Seledion & Optimization
2. Verificaion & Exploration at System Level
3. RFIC Implementation

To seled an appropriate achitedure of a RF Transceiver
for a spedfic wireless $andard like W-CDMA, WLAN,
Bluetooth and enabling comprehensive parameter studies
and optimizations, a cmplete set of testbenches for the RF
and the System-related measurements to perform all
conformancetestsis necessry.

The caability to verify, explore and ogimize the entire
analogue front-end of an RF IC in a Mixed-Signal & DSP
design environment is one of the main chall enges, but very
crucia, in todayswireless sandards.

Based on the seleded RF architedure described at
behavioral level, the maor task is the mmplete
implementation from transistor-level redization, layout
and parasitic extradion.
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Figure 3: Proposed RFIC Design Flow.
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To design, verify, explore and ogtimize an candidate RF
architedure, a wide range of measurements need to be
performed against the standard spedficaion. In principle
we can distinguish between RF and System measurements.
Besides the measurements edfied within the standard
several other measurements needs to be performed to
investigate the impad of the non-ided effeds on the
modulated signdl, like IQ imbalance, phase and hias error.

Standard design environments only provide limited
suppat to perform these measurements within a singe
setup. New ‘measurement-focused’ approaches were
necessry to enable a omplete testbench built from
stimuli’s, analysis, post-processng and further appli cation-
spedfic parameters.

Beside the testbench setup another important point for
enabling top-down design and architedure exploration at
behavioral level are the models themselves. To perform a
caeful high-level architedural design before procealing
with the detailed block-level design, a complete set of RF
behavioura building blocks neal to be available. Aslong
as typicd RF measurements like Gain, Noise Figure, or
Intermodulation need to be done under single and multi-
tone excitation, where the available RF analysis could be
used, these models are sufficient to analyse agiven RF
architedure. But when alternative RF architedures neeals
to be compared and also system-level measurements needs
to be done with a digitally modulated signal applied, the
performance of simulations at passand level are too slow.

Based on a complex lowpass $gnal representation [9],
baseband models for RF function blocks that simulate
what happens to the baseband representation of asignal as
it passes throughthe block have been introduced.

In todays wireless sandards it is very important to verify,
explore and optimize the entire analogue front-end of an
RF IC in aMixed-Signal & DSP design environment.
Since the RF/Analog blocks are a subset of the mixed-
signal circuitry they are diredly available within the
mixed-signal environment, therefore RF blocks could be
eally extended with analog/mixed-signal/digital blocks
(e.g. A/D converter) to dofurther studies.

Also for system designer several approaches exist to
consider RF/analog non-ided effeds during their studies
in a DSP design environment [1], [3]:

¢ Complex lowpassequivalent RF modelsin C
e Co-simulation techniques
» Extraded model techniques

A library implemented in C (also based on [9]) with
similar blocks and parameters as the one within the IC
flow implemented in a analog behavioral language dlows
you to redize the achitedure in both “worlds’ and just
update the @rresponding parameters.

Besides cycle-based, event-driven and analog circuit
simulations, where the latter one offer severa advanced
RF simulation cgpabiliti es like envelope analysis [11], co-
simulation techniques as a mmbination of the different
choices offer new approaches to address the necessary
trade-off s between acaracy and simulation speed and to
combine different types of models and dfferent levels of
abstradion.

Further on, different extradion techniques are supparted
that creaes an equivalent representative of the RF/analog
circuit within the DSP design environment without
saaificing much simulation performance This approach
would still allow BER studies by taking into ac@unt non-
ided RF effeds.

After the achitedure optimization and its conversion into
passhand models and a @rresponding testbench setup, the
implementation of the transistor-level circuits and later on
the physicd redizaion starts. These passand testbench
will be used during the complete implementation process
and allows a combination of different levels of abstradion
for ead block and subsystem. We'll only highlight some
of the implementation stages with its requisite feaures
givenin Figure 3 here.

The first stage is to redize transistor-level circuits for the
blocks of the adua architedure & the passand
representation. Based on the block spedficdion, a
topdogy and ranges for independent variables (size of
devices, currents, voltages, etc.), multiple simulations are
done during the sizing process and later on the designer
can analyze trade-offs between goals and sensitivities to
design variables.

Due to higher frequencies and a higher integration, passve
components (padage, transmisson line, spira on-chip
inductors, etc.) become more and more important for
todays RFIC's. There ae various ways to
model/charaderize these mponents (modeling todls
based on formulas or look-up tables, eledromagnetic field
simulations, and/or measurements). The results are dways
RLC lumped-element models and/or simulated/measured
S-parameter data that could be used within the drcuit
simulation.

Similar as passve component modeling, a mmprehensive
consideration of parasitic dfeds is absolutely mandatory.
Espedally substrate aupling and the inductive nature of
interconneds are of vital importance in todays designs. As
important as a fast and acarate extradion technology, isa
seamless integration into the flow enabling parasitic re-
simulations at different levels of abstradion.

The presentation will highlight the @ove mentioned
aspeds of the proposed design flow redized within the
Cadencetoal environment.



4. SiGe Design Kit with geometry scalable
Compact Mode integration introduces
new degrees of flexibility to the RF design
process (H.-J. Wassener, M. Schréter)

The acaracy of asimulation is dependent on threefadors,
the acwracy of the models, the aror caused by the
simulator agorithms, and the drcuit set-up itself.
Unreliable and erroneous results will thus be obtained if
poa model parameters are being wsed or if the models do
not acaurrately refled physicd effeds that are important for
the drcuit behavior.

Atmel has to ded with al the topics mentioned above. As
afoundry with internal and external design adivities a fast
feadbadk is required if problems arise with the supparted
design kits and dfferences between simulated and
measured results. Continuous improvements have to be
made in order to improve the overall designflow.

A longterm partnership with Prof. Schréter led to the
introduction of the HICUM transistor model [12] in
Atmel’s RF design kits. This transistor model, geometry
scdable axd generated from TRADICA [18], is an
improvement compared to the Gummel-Poon model. But
desigrers are difficult to convince & there ae some more
fadors influencing the simulation results.

Starting with the previous projed HF-Frontends and
continued with the projed HGDAT a partnership with
Cadence started, addressng the topic padkage modeling.
Other topics were and are parasitic extradion and substrate
coupling.

In order to crosschedk the results of a parasitic extradion
and to get broad band models of structures like padkages,
bond wires or integrated coils a 3D-EM simulator has to
be used. CST is an asociated partner within the projed
HGDAT and gives suppart for this task.

Bad to the cre devices namely the HICUM transistors,
where several tasks were or are in the queue.

With its around 80 prameters, the HICUM transistor
model is more cmplicated compared to the Gummel-Poon
with its about 50 parameters. Overall, there ae more than
200 NPN models, both simultaneously generated by
TRADICA, included in the existing design kit. HICUM's
cgpability to also simulate self-heding can crede possble
convergence problems during the simulation, depending
on how the model is implemented in a drcuit ssimulator. It
turned out that SpedreRF is very robust regarding such
problems.

One of the main applicaions for SiGe technologies are
power amplifiers. All topics addres=d later are espedally
important for PAs. Addtionaly reliable parasitic

extradion is important as most of the transistor area is
metal i nterconnedion.

The first set of models being available in a bipolar design-
kit describes typicd values. As a first step towards
statisticd simulations corner models were introduced using
the advanced knowledge base of TRADICA. Though wsing
corners is not very common for bipolar RF technologies
this was the only avail able possgbility to enhance Atmel’s
design kits.

A reliable prediction of circuit yield is not possble when
using corners. Though several tools are avalable for
statisticd simulations they depend on scdable models. So
at the moment there is a gap between those tods and
TRADICA which is presently employed to generate a
large variety of fixed (discrete) models in a library. The
methoddogy and program though are cagable of
generating continuously geometry scaable models and to
allow geometry sweeps. To close this gap will be one of
the major topics in the nea future. Besides implementing
dtatisticd tods into the Cadence design flow the key will

be TRADICA which has to generate do the statisticd

HICUM bipodar models.

The first part described more or lessthe view of creaors
or users of Atmels's SiGe design kits. The second part
below will present the view of Prof. Schréter.

An advanced physics-based compad bipoar transistor
model, HICUM (HIigh-CUrrent Model) [12], has been
developed particularly for high-speed/high-frequency
circuit applicdions, fabricaed in modern Si/SiGe
BiCMOS processtedinologies. Compared to the standard
SPICE Gummel-Poon model, HICUM has been
demonstrated to be significantly more acarate over both a
wider operating and temperature range.

Transistor sizing is mandatory for circuit design and
optimization (e.g. [13]), thus requiring a geometry
scalable transistor model. Further benefits of such a model
are the cgability of, eg., matching and statisticd
simulation. Geometry scding means that every element in
amodel equivalent circuit hasto be described as a function
of device dimensions. While thisis fairly simple for some
elements it can become very complicated for other
elements in a given process (s. below). For instance
geometry effeds may not only depend on the device
dimensions but also, for given dimensions, on bias and
frequency. Also, sometimes certain verticd dimensions are
allowed to be dhanged if requested by a austomer, adding
another degreeof required model flexibility.

In addition to “genera” geometry effeds occurring at
lower frequencies, there ae a number of effeds that
become important at high frequencies but have not yet
adhieved the gpropriate dtention. The presently most



important geometry scding isaues from a (h.f.) circuit
designpoint of view are:

* Colledor-base breskdown caused by the lateral pinch-
ineffea [14];

e Therma coupling caused by self-heaing urder
adjacent emitter fingers or transistor cdls[15];

» Highfrequency noise from distributed injedion and
current flow under the amitter [16];

e Substrate coupling (intra and inter device).

In all cases, aspatially distributed representation of certain
transistor regionsis necessary for acairately predicting the
circuit behavior. The &wciated dstributed compad
models can only be generated efficiently from a physics-
based scdable model parameter set. Thus, it is easly
imaginable, that a flexible model and parameter generation
methoddogy for pradicdly relevant device topdogies,
spanning from minimum size single-base to muilti-finger
transistors and including all important effeds, requires a
physics-based scdable gproach with partiadly fairly
complex equations, and significant coding effort .

As a posdgble solution for offering geometry scdable
models, sometimes a simplified set of equations is
implemented into the model subcircuit (e.g. [17]), using a
simulator's gedfic scripting language. However, since
this has a number of serious drawbadks, besides the large
variety of bipolar transistor processes and device designs,
a sophigticated set of scding equations have been
implemented into a stand-alone program cdled TRADICA
[18].

Using the synergy between the modeling capabiliti es at
CEDIC (TU Dresden), Atmel's foundry service with the
feedbadk of itsinternal and external users (designers), and
the EDA provider Cadence TRADICA has been
integrated into the Cadence Design Framework. The
achievement of this new milestone in the field of bipolar
transistor modeling, design kit suppart as well as tod and
flow integration allows to use acacrate geometry-scdable
bipdar transistor models for modern Bipodar/BiCMOS
processs. The gproach is also more flexible cmmpared to
seleding models from a library with limited dscrete
transistor sizes. This fadlitates a flexible path towards
automated circuit design and opimizaion as well as
parametric yield simulation. An important condition
though for achieving this goa is the availability of a
physics-based compad model, such as HICUM, which is
supparted by both TRADICA and SPECTRE-RF, within
the Atmel's SiGe and SiGe-BiCMOS design kits.
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