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5GHz Wireless OFDM modem reaching data
rates up to 54Mbit/s
The wireless modem was built around IMEC’s OFDM baseband ASIC. This test

setup resulted in the world’s first demonstration of wireless OFDM communica-

tion in the 5GHz band at such high data rates.

the program is not directly linked

to IMEC’s HIMOS® technology

development program. Based on

IMEC’s extensive know-how on

flash memory (presently 0.18µm

HIMOS®), it was decid-

ed to establish a new

R&D program with em-

phasis on the 3 follow-

ing generic platforms:

scaling, reliability and

advanced concepts. The scaling

platform comprises basic non-

volatile memory device physics for

the 0.13µm generation and below,

continued p.12

This new program concentrates

specifically on integration is-

sues for embedded flash mod-

ules in CMOS. Besides IMEC’s

activities on its own proprietary

flash technology (reg-

istered as HIMOS® in

Europe and the US),

this IIAP mainly con-

centrates on more

generic topics that are

of mutual interest for most flash

cell concepts. To provide suffi-

cient leverage also towards oth-

er flash cells and technologies,

New IIAP on advanced flash memory concepts
IMEC launches industrial affiliation program (IIAP) on flash memory technology.

continued p.2

Applications like Internet and in-

home entertainment together with

the increasing interest for personal

services on portable devices that are

always on and always connected,

stimulate the demand for low-cost

broadband wireless networks.

goal is to achieve a wireless

communication between two or

more terminals, with a capacity

of well over 100Mbit/s, based on

orthogonal frequency division

multiplexing (OFDM) commu-

nication. 

At last years annual research re-

view meeting, IMEC presented

its first baseband ASIC, de-

signed in 0.35µm CMOS tech-

nology. This application specific

processor integrates the entire

OFDM functionality and is in

line with emerging standards for

Annual Research Review Meeting 2000

Test board for wireless OFDM point-
to-point communication
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To realize seamless proliferation of

these multimedia services in the

home, IMEC is developing the next

generation of broadband wireless

local area networks (WLAN). The
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broadband multimedia indoor com-

munication in the 5GHz band such

as ETSI Hiperlan/2, IEEE802.11a

and MMAC. During the past year,

the ASIC has been fully evaluated.

Meanwhile, the system was extend-

ed with a discrete RF front-end, op-

erating in the 5GHz band. With this

test setup, the first-of-its-kind wire-

less OFDM point-to-point commu-

nication in the 5GHz band was

demonstrated. As OFDM is a new

modulation scheme, most of the

performance results are based on

simulation data. With the prototype

system at hand, the knowledge of

the practical performance of OFDM

for broadband wireless communica-

tion will be expanded.

Currently, integration of the base-

band processor together with the

RF front-end in a single package is

targeted. For this purpose, IMEC’s

MCM-D (thin-film multi-chip-mod-

ule) technology was used. This sin-

gle-package integration will enable

the realization of high-performant,

low-cost and low-power wireless

communication systems.

In parallel, an improved OFDM

baseband ASIC has been developed

in a 0.18µm CMOS technology. A

more complex modulation tech-

nique (64 quadrature amplitude

modulation) was used to achieve

data rates of up to 54Mbit/s. This

ASIC will be the cornerstone for a

wireless network, consisting of sev-

eral base stations and mobile termi-

nals, with a network capacity ex-

ceeding 100Mbit/s. 

continued from p.1

As the shrinking of CMOS circuits is now approaching the crit-

ical scale of 100nm, there is a strongly increasing interest for

the possible use of nanoelectronics for future development of

IC technology. For example, the latest revision of the interna-

tional technology roadmap for semiconductors (ITRS) will in-

clude for the first time a survey of alternative device technolo-

gies, which could complement CMOS development or extend

the scaling process beyond the CMOS limits as they are cur-

rently perceived.

In the past, IMEC has built considerable expertise in the most

important quantum well (QW) device technologies (high elec-

tron mobility transistor, heterojunction bipolar transistor, QW

laser). This background

is now exploited in vari-

ous (mainly telecom-

oriented) application

projects. IMEC has also

actively participated in

the research on the so-

called  “second genera-

tion devices”, specifical-

ly vertical heterojunc-

tion MOS, single elec-

tron memories and spin

valves. The early phase of this activity was mainly funded by

European Union programs (ESPRIT Long Term Research). To-

day, development is continuing towards integration of these de-

vices into functional circuits, both for logic and non-volatile

memory applications. At the same time, the latest generation

of nanoelectronics, mainly based on molecular technology, is

now under investigation for applications in the biosensor and

bio-actuator area. On the European scene, networking activi-

ties constitute an important complement to the technology de-

velopment projects. For many years, IMEC occupied a leading

position in nanoelectronics networking through the PHAN-

TOMS NoE. Today, the NEON network and the EURACCESS

project provide new opportunities for collaboration in a Euro-

pean context. At the regional level, IMEC is coordinating a

Flemish interuniversity nanotechnology research consortium

around the use of its new electron beam writer.

From microelectronics 
to nanoelectronics

Viewpoint
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Low-cost uncooled thermal in-

frared detectors are expected to

open a wide variety of commercial

applications in the near future, e.g.

enhanced night vision in automo-

tive & security systems and intelli-

gent industrial & medical monitor-

ing. Only uncooled thermal detec-

tors, fabricated using CMOS tech-

nology, can achieve the necessary

low-cost for mass-market applica-

tion. 

nology, microbolometers with ex-

tremely high thermal insulation

levels (below 10-7W/K), and supe-

rior uniformity and yield could be

realized. First results indicate a

noise equivalent temperature dif-

ference below 100mK. To realize

future 2-dimensional microbolo-

meter cameras, different detector/-

read-out integration schemes are

under development. 

IMEC also developed linear In-

GaAs arrays for NIR spectroscopy

or imaging applications such as on-

line process monitoring in the

(petro)chemical industry, moisture

measurements on tobacco, sugars,

and other powders in food indus-

try, identification in cosmetics and

pharmaceutics, and telecom appli-

cations.

The need for significant cost reduc-

tions in the infrared-imaging world

drives research on epitaxial growth

and processing of NIR arrays on

large inexpensive substrates. At

present, only GaAs is a suitable

candidate for low-cost infrared de-

tectors, especially because large 6”

substrates are readily available.

IMEC has developed NIR InGaAs

material that shows characteristics

close to the theoretical (bulk leak-

age) limits and the improvement

by cooling is not defect limited.

From this material, 128 pixel line-

arrays were realized. The arrays

will be cooled to –25°C using two-

stage Peltier coolers. Currently, 2-

dimensional NIR cameras are un-

der development, using flip-chip

indium-bump technology, together

with different detector/read-out in-

tegration schemes. 

Infrared-imaging components bas-

ed on IMEC’s technology will be

commercially available through

XenICs, a new IMEC spin-off. 

Low-cost infrared detector arrays

IMEC developed linear arrays of uncooled polySiGe microbolometers and linear

InGaAs arrays for NIR (near infrared) spectroscopy or imaging applications.

Technology report

Extended-wavelength InGaAs linear detector array

MCM hybrid of microbolometer array

and sensor readout ASIC

IMEC developed linear arrays of

uncooled microbolometers, using

polySiGe as resistive detector ma-

terial. To this end, new surface-mi-

cromachining process steps were

developed such as vapor HF re-

lease, the use of U profiles for

structural stiffness enhancement,

and TaN infrared absorbers. Com-

bined with CMOS fabrication tech-

Platform-based design of reconfigurable Internet appliances with OCAPI-xl

IMEC has developed a C++ library for system design of mixed hardware/software
architectures, called OCAPI-xl. It uses a unified model to represent both hardware
and software, allowing a fast exploration of the hardware/software partitioning.
The model is executable and can be refined to hardware and software. These fea-
tures make OCAPI-xl a good choice for the design of reconfigurable appliances.

Designs like an Internet protocol

stack have their implementation

targets evolving in time (e.g. from

workstations to micro-controller or

dedicated hardware implementa-

tions). So have the system descrip-

tions to express the protocol-stack

functions. Each time a new plat-

form is aimed, the same black mag-

ic is needed to port the specification

from one target to another. A possi-

ble approach to solve this problem

is OCAPI-xl, which supports the

creation of a target-independent

system specification, even beyond

the decision for hardware or soft-

ware implementation.

OCAPI-xl provides a unified model-

continued p.4



In his keynote speech at this year’s Design Automation Conference, Profes-
sor Hugo De Man, senior research fellow at IMEC and professor at the
Katholieke Universiteit Leuven, presented major system design challenges
posed by the post-PC era.

Progress of microelectronics, DSP, integrated sensors and RF CMOS

causes a paradigm shift in the ICT world referred to as the “post-PC”

era when wearable computing augments our consciousness, protects

our health and globally connects people and things. Designing such

systems differs radically from designing CPU architectures. 

Until recently, chip developers were designing standalone ASICs,

processors, and other complex ICs. System experts built systems by

interconnecting different chips on a PCB. Emerging deep submicron

process technologies enable the integration of dozens of processors

onto a single chip. Hardware as well as software IPs can be integrated

to create a system. By entering the post-PC era, designers can no

longer think in terms of hardware description languages such as Ver-

ilog and VHDL. Yet, SoC design demands for designers with hardware,

software and system knowledge.   

As CMOS technology is further scaled down, process costs (such as

mask cost) are rapidly increasing. It is expected that from 100nm on,

costs will be too high and development time too long for customized

ICs. “There will be an increasing tendency towards the design of re-

configurable hardware platforms for series of applications instead of

traditional chip design,” says Hugo De Man. “Design methodologies

will shift from EDA (electronic design automation) to the implemen-

tation of intelligence in systems, so that a general hardware platform

can be easily progammed for dedicated applications.”

The art will be to design a diversity of cheap, energy efficient, yet pro-

grammable platforms that can be configured over the Internet and

communicate with humans through non-keyboard interfaces. It re-

quires a grand convergence of previously separated domains such as

programmable/reconfigurable multi-processor architectures with em-

bedded software, broadband radio, MEMS (micro-electromechanical

systems) and biosensor interfaces.  Designing these platforms goes far

beyond the capabilities of today. Up to now, EDA industry concentrat-

ed on efficient design of mainly digital ASICs. Current EDA tools do

not even offer systematic design of both hardware and embedded soft-

ware. Tool vendors will have to concentrate on developing architec-

tural level design tools, which are very difficult to create. Not only

hardware and software knowledge is required. System design expertise

addressing new fields like biology, sensors and mechanics, … forms a

vital link. Only multi-disciplinary teams can cover this broad range of

expertise necessary to solve the architectural design problems.

“Electronics industry will have to invest in wide-ranging research to

create a standardized architectural methodology. Only the right mix of

people in areas of expertise can tackle this challenge successfully,”

concludes Hugo De Man.

System design challenges in the post-PC era
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ing style in C++ to represent both

hardware and software parts of a sys-

tem. Switching a process from hard-

ware to software implementation or

vice versa does not require a code

rewrite. It also provides a system mod-

el that expresses parallelism and intro-

duces a common notion of time be-

tween the hardware and the software

processes at different levels of abstrac-

tion. In addition, a set of high-level

communication primitives are intro-

duced, which allow to describe a wide

range of applications and which can

be refined to both hardware and soft-

ware. Finally, it offers a refinement

method and code generation to multi-

ple targets: hardware (VHDL, Verilog)

as well as software (C processes on

OS). 

The OCAPI-xl modeling style can de-

scribe mixed data and control flow

systems, making it a very suitable en-

vironment to design Internet appli-

ances. Since the unified model is im-

plementation independent, it can be

mapped quickly on different imple-

mentation platforms depending on

the appliance.

The Go4Net reconfigurable Internet

appliance is the first demonstrator

built using OCAPI-xl. It runs a GIF

encoder application that can be re-

motely reconfigured and connected to

a camera. This implementation is a

full hardware FPGA solution. It con-

sumes 700mW (2W with the sensor)

and can achieve a throughput of

80Mbit/s. As a next step, the same

high-level model will be mapped on

an embedded processor to demon-

strate the platform independence.

Further research focuses on protocols

to ensure the robustness of the recon-

figuration and dynamic reconfigura-

tion. In addition a technology-inde-

pendent FPGA configuration will be

developed, allowing the mapping of a

single configuration stream on a wide

span of FPGAs.

Viewpoint
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IMEC supports SmartMove’s efforts to standardize
digital short range communication

SmartMove investigates IMEC’s OFDM (orthogonal frequency division multi-

plexing) technology as base for digital short-range communication 

SmartMove is an IMEC spin-off

with nearly 100 employees. It de-

velops an open telematics platform

for vehicle communication. Vehicle

telematics combines advanced

computing power with telecom-

munication and positioning sys-

tems such that an unlimited num-

ber of services can be offered to the

driver and passengers. The Smart-

Move platform is a so-called third

generation system. It can imple-

ment already existing systems and

integrate them in one single sys-

tem. It is an open system, based on

Java technology that enables new

applications through one standard

platform. Several communication

channels are combined, such as

GSM, DSRC, TCP/IP,…

DSRC enables data transmission

between a beacon and the mobile

platform within a distance of

100m. Numerous applications are

possible such as downloading mul-

timedia images in the car (e.g. road

maps, movies, …), electronic toll

collection, parking information, lo-

cal (city) information and safety

enhancement (e.g. electronic trans-

mission of road information, traffic

density, …). 

SmartMove is an active member of

the US standardization committee

“DSRC standards writing group”,

set up by US DOT (Department of

Transportation). This group is cur-

rently standardizing DSRC. For

this purpose, SmartMove has set

up a research project with IMEC to

use IMEC’s OFDM technology as

base for DSRC. DSRC applications

require high bit rates combined

with high reliability that can be re-

alized with OFDM. OFDM systems

adapted towards DSRC realize po-

tential data rates of 24Mbit/s.

Moreover, OFDM can manage

multi-path signals very efficiently,

such that it is very suited in the

harsh and highly dynamic environ-

ment of ‘fast moving metal’ that the

roadside is. Note that the current

band set aside for DSRC is in the

5.8 GHz range, which complicates

issues like reflection, doppler shifts

and multi-path even more. OFDM

is also very useful to eliminate fre-

quencies that are disturbed by

strong interference, which is essen-

tial for vehicle communications.

Furthermore, it also offers the po-

tential advantage that it will be-

come possible to connect the car to

the in-home or in-office wireless

network when entering the garage.

Getting information from the ‘local

city loop’ is also a possibility.

In a second phase of the project,

the required modifications to

IMEC’s OFDM modem chip will be

investigated to make the chip use-

ful for DSRC. Based on these re-

sults, a possible new ASIC will be

designed that can be used in differ-

ent operating modes such as direct

communication of the vehicle with

the in-home network, communica-

tion with road beacons, …

Industry link
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In conventional LEDs, total inter-

nal reflection of light at the semi-

conductor-air interface limits the

efficiency to 2%. This problem can

be overcome by a non-resonant

cavity (NRC) LED design, which

comprises surface texturing and

the application of a rear reflector

on a thin-film LED. The light ex-

traction is significantly increased,

thanks to light scattering at the

textured surface.

IMEC’s NRC-LEDs emit at a wave-

length of 860nm. The LED diame-

ter, before encapsulation, is 45 mi-

crons.  The LEDs can be encapsu-

lated on a wafer by means of a

dome of transparent epoxy on top

of the LED. The required current

to emit 2mW of light is merely

2.6mA.  This corresponds to an ab-

solute external quantum efficiency

of 54%, which is only slightly less

than the world record of 55%.

Moreover, more than 4mW of light

is emitted with only 6mA. 

The LEDs are useful for applica-

tions where a high surface-emitted

intensity is required, or for com-

munication applications that de-

mand an array of small, yet intense

light sources.

IMEC developed a highly selective technique for substrate removal, which is very

convenient to integrate Ge MHEMTS in low-cost MCM-D substrates. Combined

with the low environmental load of this method, the process provides a high-per-

formance technology ready for advanced hybrid integration.

SEM photograph of an NRC-LED

encapsulated on a wafer

Hybrid integration of thinned metamorphic HEMTs on germanium

Research in monolithic microwave

integrated circuits (MMIC) is dri-

ven by a growing demand for low-

cost, high frequency microwave

systems in application fields such

as the automotive industry. 

An important step in this direction

is the successful hybrid integra-

tion of thinned metamorphic high

electron mobility transistors

(MHEMTs) on germanium (Ge) in

IMEC’s thin-film multi-chip-mod-

ule (MCM-D) technology. Integra-

tion of thinned individual HEMTs

with passive circuitry on these

MCM-D substrates can result in

low-cost advanced hybrid systems

for mass-market millimeter wave

applications.

High-performant InGaAs/InAlAs

MHEMTs can be fabricated on low-

cost Ge substrates. However, Ge

has a limited resistivity, introduc-

ing large parasitic capacitances and

resistances, which dramatically re-

duce the high-frequency perfor-

mance compared to GaAs sub-

strates. Removal of the conductive

substrate is the most feasible solu-

tion for this problem. 

The diced chip is mounted on a

glass substrate (MCM-D), active

side of the chip facing the glass, in

a 3µm thick polymer layer (BCB).

The frontside of the chip is now

protected by the BCB. The Ge sub-

strate can be removed by RIE (re-

active ion etching). Main advan-

tage of this plasma method is the

high selectivity of Ge towards

GaAs, which is the first epitaxial

layer on top of the substrate. 

The GaAs buffer can then be re-

moved selectively in a sulfuric acid

based solution. As a final process-

ing step, the metamorphic transi-

tion buffer, used to transform the

Technology report

54% Efficiency LEDs

In collaboration with the Vrije Universiteit Brussel and the University of Erlangen, Germany, IMEC has developed high-effi-

ciency surface-textured light-emitting diodes (LEDs), suitable for integration into one- or two-dimensional arrays.
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Technology report



7

N
ew

sl
et

te
r 

28

cessing steps. Substrate removal

also serves to solve this problem. 

Measurements done on these glass

(MCM-D) wafers reveal a slightly

reduced DC performance com-

pared to devices based on GaAs

substrates, but the RF performance

recovers and is almost as good,

reaching an fT of 70 GHz.

lattice constant of the Ge substrate

into the one of InGaAs/InAlAs,

needs to be removed outside the

active region. Therefore, a lithogra-

phy step has to be performed and a

non-selective etching, based on

phosphoric acid, is used. After this

step, the metal contacts of these

very thin devices (2µm) are re-

vealed and can be contacted by

probe needles from the backside.

To be able to integrate these tran-

sistors in MCM-D substrates, their

thickness has to be less than 5µm

to circumvent planarization prob-

lems in subsequent MCM-D pro-

Recently the ESPRIT project QU-

CUISS was finalized. This project

was devoted to the physical mod-

eling of leakage currents in inver-

sion layers, caused by quantum

mechanical tunneling through ul-

tra-thin dielectric layers. The topic

is of great interest for downscaling

CMOS since gate leakage currents

are an important design issue e.g.

for portable applications. 

Although quantum leakage cur-

rents have been modeled for some

time, a complete understanding

that is fully in agreement with the

rules of the quantum world was

still lacking. In the QUCUISS pro-

ject this issue has been addressed

and a model of quantum currents

has been derived based on analogy

with nuclear decay. Just as an un-

stable nucleus may decay, an elec-

tron in an inversion layer may re-

side in a subband state for a limit-

ed time. Therefore, an essential in-

gredient in the expression for the

quantum-leakage current is the

lifetime of electrons in such states. 

The nuclear-decay theory, devel-

oped in the thirties by the famous

physicists Gordon Breit and Eu-

gene Wigner, was exploited in this

project. The theory has been

adapted for the behavior of elec-

trons in an inversion layer. Where-

as a nucleus can only decay once, a

subband can be refilled and partic-

ipate again in the current genera-

tion. A good agreement was

achieved between the theory and

experimental data obtained by

STMicroelectronics and IMEC.

Furthermore, the results were

compared with the predictions

from the models for quantum-

leakage currents that were derived

by researchers from ETH using

Bardeen’s perturbative methods.

Again good agreement was ob-

tained. These results enhance our

confidence in the theoretical mod-

eling of quantum leakage currents.

The software has been integrated

in the ISE tool suite. (Funding

from the EC is gratefully acknowl-

edged.)

Technology report

Simulation of quantum leakage currents in MOS inversion layers 
using nuclear decay theory

The reduction of the deposition temperature of poly-SiGe and the increase of
maximum post-processing temperature on CMOS wafers allow post-processing
of MEMS on standard CMOS wafers.

Cross section and photograph of a thinned MHEMT glued in a BCB layer on glass

Glass

BCB C-gate

Ohmic
Hetero

junction

    Graded buffer
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The enormous technological chal-
lenges in next generation IC tech-
nologies and the increasing market
pressure force partnerships be-
tween companies and R&D centers
such as IMEC. The joint research
project IMEC-Philips strengthens
their worldwide position in state-
of-the-art silicon technologies.
IMEC and Philips already worked
together on 100nm CMOS devel-

gy such as 130nm. Both process
steps and modules will be pushed
to their limits. In parallel, possible
alternatives will be investigated as
back-up solution, which will also
be implemented for the 70nm node
and below. The joint development
will cover all process steps: litho-
graphy, etching, cleaning, new ma-
terials for both low-k and high-k
dielectrics and Cu deposition.

Industry link

Philips and IMEC fully cooperate on 100nm CMOS development

Philips and IMEC have entered into a strategic alliance to accelerate the devel-

opment of 100nm CMOS, which requires merging of high-level capabilities.

opment within the IST project
HUNT (HUndred Nanometer
CMOS Technology). The strategic
alliance between Philips and IMEC
is strongly linked to the activities
in HUNT, but goes much beyond
this. 
The main target of the cooperation
is to develop a 100nm CMOS tech-
nology based on a scaled-down
version of planar CMOS technolo-

Technology report

Low-noise particle detector front-end ASIC for space missions

IMEC designed a programmable, mixed analog-digital, low-noise particle detec-

tor front-end ASIC intended for various space experiments.

The increasing demand to lower
the cost of space missions is a dri-
ving force to reduce size and pow-
er of space instrumentation. That’s
why ESA is developing a chipset
for particle detection front-end
and back-end electronics. The
back-end is based on an 8052 mi-
crocontroller and both masters the
system and takes care of the data
generated by the particle detector
front-end (PDFE) ASIC. The low-
noise, low-power PDFE was de-
signed by IMEC in a standard
0.7µm process. The chip compris-
es besides the analog amplification
chain an 8-bit analog-to-digital
converter and control logic. 
The analog chain consists of a
charge-sensitive amplifier, which
integrates detected particles, and a
pulse-shaping amplifier, which
shapes the signal into a semi-
gaussian pulse to increase the sig-
nal-to-noise ratio of the chain. The
amplitude of the pulse is a mea-

sure for the energy of the detected
particles. A baseline restorer is in-
tegrated in the analog chain to
eliminate the effect of random off-
set on the DC level of the shaper
output. The analog chain also
comprises a peak detector that
holds the maximum value of the
semi-gaussian pulse during con-
version by the ADC, and a dis-
criminator that detects the occur-
ance of an event. The ADC runs at
250kHz and is a subranging two-
step flash structure. A second ana-
log channel is provided for (anti-)
coincidence purposes. 
The ASIC is made as versatile as
possible by implementing several
digitally programmable operating
modes. These modes can be select-
ed through a serial link. Through
this link, several ASICs can be cas-
caded, allowing easy scalability
and hence further enabling the use
of the PDFE in various instru-
ments. 

The total equivalent noise charge
of the chip is 800 electrons rms at
100pF detector capacitance, 1nA
detector leakage and a shaping
time of 1µs. The conversion gain is
30mV/fC and the maximum de-
tectable charge is 0.1pC. The fully
operational chip consumes only
50mW power. A baseline shift of
15mV is realized at a maximum
counting rate of 250kHz for inputs
limited to 2.5fC (25kHz for
0.1pC). To make the chip as insen-
sitive as possible for radiation (sin-
gle-event upset and total dose radi-
ation), special design techniques
were used both at the transistor
and architectural level. 

Layout of the analog port of the PDFE ASIC



IMEC’s IIAP on high-k dielectrics
targets the development of manu-
facturable processes for the gate
stack needed for sub-100nm de-
vices with low leakage current and
high reliability. The IIAP covers all
required aspects to develop this
new gate stack: deposition of high-
k dielectrics using ALCVD (atom-
ic-layer chemical vapor deposi-
tion) and MOCVD (metal-organic
CVD), cleaning and contamination
control, physical and electrical
characterization of high-k materi-
als, reliability of gate stack and
transistors, metal gates, process in-
tegration issues and ES&H (envi-
ronment, safety and health) con-
siderations.
As semiconductor devices are fur-
ther scaled down, traditional
processes and materials reach their
physical limits. Thinner effective
gate dielectrics for sub-70nm de-
vices have to be used. “Silicon
dioxide, which has been the heart
of the MOS transistor for over 40
years, now has to be replaced,”

states Marc Heyns, director of
IMEC’s high-k program. “This
enormous technological challenge
requires a global collaboration to
meet the requirements of the inter-
national technology roadmap for
semiconductors (ITRS).”
Considering these huge problems,
it is extremely important to coor-
dinate these new gate stack activi-
ties on a global scale. By sharing
cost and risk in a global project,
and by combining expertise, one
of the major roadblocks of the
ITRS can be overcome. IMEC has a
long-standing relationship with
several member companies of In-
ternational SEMATECH who were
aware of IMEC’s potential and thus
favored the idea of forging a link
between their respective high-k
programs. International SEMATE-
CH is the first to cooperate in
IMEC’s advanced gate stack pro-
gram. “The collaboration with In-
ternational SEMATECH brings to-
gether a majority of the world’s
semiconductor manufacturers,”

says Gilbert Declerck, President
and CEO of IMEC. 
“Non-SEMATECH members are
also invited to join the program, so
that a worldwide collaboration and
consensus for these new gate
stacks can be achieved.”
International SEMATECH and
IMEC will work together to devel-
op effective equipment, materials
and processes for gate stacks for
100nm and smaller semiconductor
devices. This will include, among
other activities, evaluation of vari-
ous high-k dielectric materials; de-
velopment of processes for de-
positing those materials; evalua-
tion of various metal stacks, devel-
opment of cluster integrated
processes; fabrication of etched
gate structures and feasibility
study of potential integration in
full CMOS processes. The initial
EOT (effective oxide thickness)
targeted is 1nm. However, the final
aim is a feasibility demonstration
of 0.5nm EOT gate stack. Both or-
ganizations will add their specific 9
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Shallow-trench isolation, gate
stack, ultra-shallow junctions, sili-
cides and back-end Cu/low-k mod-
ules will be integrated into a full
process. The results obtained in
IMEC’s industrial affiliation pro-
grams (IIAPs) on 193nm lithogra-
phy, cleaning, silicides, low-k and
Cu damascene will be exploited for
this 100nm CMOS development.
“Both Philips and IMEC are inter-

IMEC’s high-k industrial affiliation program gains momentum through
partnership with International SEMATECH

IMEC has a long-standing expertise in growth, characterization, reliability and process integration of thin gate

dielectrics. This background provides a solid base for its current industrial affiliation program (IIAP) on high-

k dielectrics. The recent partnership with International SEMATECH, with its expertise in materials screening

and techniques, tool/process evaluation and tool manufacturing worthiness development, rendered this pro-

gram a rocket start in finding a suitable material for future gate stack technology.

nationally renowned institutes,
which can accelerate their innova-
tion by international collaboration
projects,” says Gilbert Declerck,
President and CEO of IMEC. “Af-
ter 6 months, the cooperation be-
tween IMEC and Philips has al-
ready resulted in an acceleration in
the research on 100nm CMOS.” As
such, 100nm CMOS will be intro-
duced much faster than expected.

“By creating a larger pool of brain-
power, IMEC and Philips can take
advantage of their respective
strengths,” states Max Collet, Se-
nior Vice President of Philips Re-
search. A complete 100nm CMOS
process will be developed and inte-
grated at IMEC premises with fo-
cus on applications.



XenICs, a new IMEC spin-off,
launches onto the infrared spectroscopy and imaging market 

IMEC’s latest spin-off company
XenICs NV develops and markets
new infrared image sensors. These
image sensors are based on a num-
ber of patented technologies and
on key know-how which, in ex-
change for a shareholding, IMEC
has brought to the new company
via exclusive license agreements.

The next century will see a revolu-
tion in the infrared imaging and
spectroscopy market with a shift to
uncooled and cheap devices. The
potential applications of these de-
vices are enormous, provided that
system prices will be drastically re-
duced. It is XenICs’ vision that in
the future infrared cameras will be
available for 1.000 Euro or less
such that they are affordable for
any application.
Sales of infrared imaging devices
have long been determined by high
costs due to their cryogenic cool-
ing requirements and their com-
plex production processes. XenICs
will license two innovating tech-
nologies from IMEC. One technol-
ogy is based on new III-V semicon-
ductor materials for infrared detec-

tion in the wavelength range from
1 to 5µm, the second is based on
polySiGe micro-bolometers operat-
ing in the wavelength range from 8
to 12µm. Both technologies have
the advantage that they require less
to no cooling. They allow volume
production on large substrates
such that economies of scale be-
come a reality. Other advantages
include low power consumption,
small pixel size, and the possibility
of integrating a number of elec-
tronic functions together with the
sensor on-chip.
Applications for infrared spec-
troscopy and imaging systems can
be found in most industries for on-
line quality control, process moni-
toring or for predictive mainte-
nance. In addition, these vision
systems can be applied in the auto-
motive industry for improved night
vision or improved vision in bad
weather conditions. Other applica-
tion domains are telecommunica-
tions, security for nighttime sur-
veillance, medical applications, etc.
At start-up, XenICs will mainly fo-
cus on sensor products, the heart
of any infrared imaging system.
These products will in general be
sold to OEMs or system integrators
that implement these components
into their spectrometers, line-scan10
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Focus on flanders

cameras or 2D cameras. XenICs
will address the market by focus-
ing on the development of a range
of standard products in order to
keep costs down. 
The new company also intends to
collaborate with IMEC on the de-
velopment of infrared image sen-
sors for space applications, mainly
for ESA (European Space Agency).
XenICs already got support from
the ESA Technology Transfer Pro-
gram that stimulates the start-up of
new spin-off companies that will
make space technology available
for civil use.

For more information, contact:
Bob Grietens
XenICs, Kapeldreef 75
B-3001 Leuven, Belgium
Or send an email to 
Bob.Grietens@imec.be

Partnering Your Infrared Solution

strengths to the joint program.
IMEC has world-class skills and
talent in major areas relevant to
the project, such as surface condi-
tioning and cleaning, physical and
electrical characterization of di-
electrics and device reliability
studies. IMEC’s pilot line offers the

possibility of performing full-
process compatibility studies of
the novel materials and tech-
niques.
International SEMATECH is a
non-profit research and develop-
ment consortium of the following
semiconductor manufacturers:

AMD, Conexant, Hewlett-Packard,
Hyundai, Infineon Technologies,
Intel, IBM, Lucent Technologies,
Motorola, Philips, STMicroelec-
tronics, TSMC, and Texas Instru-
ments. Additional information on
International SEMATECH can be
found at http://www.sematech.org.
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New 157nm program attracts major semiconductor players

Recently, 157nm lithography has

become the most likely candidate

for the critical layers of the 70nm

node. It is clear that 157nm pho-

toresist and process development,

together with appropriate resolu-

tion enhancement techniques, will

have to be completed within an ac-

celerated time frame to meet the

international technology roadmap

for semiconductors (ITRS). Today,

one of the major potential show-

stoppers is the timely availability

of 157nm photoresists. 

Last July, IMEC announced its

157nm lithography process devel-

opment program aimed at deliver-

ing manufacturable 157nm litho-

graphy processes by 2003. The

program is set up in close collabo-

ration with ASML, who is current-

Clean Track ACT8

platform to be in-

terfaced to the

mid-field stepper,

and metrology sys-

tems needed to de-

velop a production

worthy lithography cell.

Also nine leading-edge semicon-

ductor manufacturers (including

Advanced Micro Device, Infineon,

Intel, Micron, Motorola, Philips,

STMicroelectronics) are in the

process of joining IMEC’s 157nm

process development program

(status September 22, 2000). 

The first ASML 157nm full-field

scanner will be installed at IMEC

to which the developed process

will be transferred. At that time, a

full-field scanner 157nm develop-

ment program will be started, very

similar to the current 193nm pro-

gram, focusing on the 70nm and

exploring the 50nm technology

node.

Shortly after IMEC’s announcement of its new 157nm lithography process devel-

opment program, several leading-edge semiconductor companies decided to join

the program. This wide industrial collaboration aims to deliver manufacturable

157nm lithography processes by 2003.

ly developing a 157nm exposure

system in an industry-wide 157nm

lithography technology program. 

The 157nm process development

program focuses on (i) accelerat-

ing the development of appropri-

ate resist processes and (ii) com-

paring the printing performance of

157nm reticles manufactured in

different ways. IMEC is currently

building the necessary infrastruc-

ture for a 157nm lithography cell,

including a mid-field stepper, in-

terfaced to a TEL track and with

the necessary metrology equip-

ment. The lithography cell will be-

come operational mid 2001. The

stepper has an NA up to 0.75 and

uses a reticle magnification of 6,

which closely approaches that of

first generation full-field step-and-

scan systems. This lithography cell

allows resist companies and mask

shops with an active 157nm devel-

opment program, to have early ac-

cess to such an exposure tool to

test their own materials. Also IC

manufacturers will be able to build

up early experience with 157nm

lithography for early dry etch and

device development work.

In the meanwhile, TEL (Tokyo

Electron Limited) has decided to

join the 157nm program. The col-

laboration between IMEC and TEL

will concentrate on resist coating

thickness and CD uniformity opti-

mization, and on the need for crit-

ical ambient control during coat-

ing and development of photore-

sist. TEL will provide its famous
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with a clear focus on tunnel

and inter-poly dielectric scal-

ing limitations as well as on al-

ternative program/erase mech-

anisms. Secondly, the reliabili-

ty platform addresses the main

problems associated with en-

durance, retention, soft-write,

disturb effects and stress-in-

duced leakage currents, all of

which are expected to become

more and more critical with

device scaling. The last topic

deals with advanced or ‘be-

yond-conventional’ flash con-

cepts that can boost the per-

formance and scalability of to-

morrow’s non-volatile memo-

ries, such as dual-bit and mul-

tilevel schemes, and nano-

flash cells using crested barri-

ers for low-voltage tunneling. 

continued from p.1

Technology report

Radiation tolerant 180nm CMOS library

ASICs for space applications re-

quire radiation hard technologies.

Two years ago, IMEC studied in an

ESA (European Space Agency) pro-

ject design methods to minimize

total dose effects, and to circum-

vent single-event type radiation ef-

fects, such as single-event upset

and single-event latch-up for VLSI

standard cell libraries. Based on

two studies, IMEC has developed

for ESA a radiation tolerant cell li-

brary for the UMC 180nm CMOS

technology. The library is expected

to be single-event upset immune

and total dose tolerant up to over 1

MRAD. Special techniques were

applied to avoid leakage currents

within the transistors and inter-de-

vice leakage, which are the major

problems with total dose radiation.

Using a deep-submicron technolo-

gy is very beneficial for total dose

performance, since as technologies

are scaled, thinner oxides are used,

resulting in an almost negligible

shift in threshold voltage after radi-

ation. Redundancy was used to

avoid single-event upset. Com-

pared to the commercial library, the

gate density is only a factor

two/three smaller. Validation of

first silicon is being started. The

European space industry shows

great interest to use such a technol-

ogy, since today’s lack of radiation

tolerant technologies in Europe is a

major bottleneck in designing

ASICs for space applications.

Advanced device integration program

Increasing CMOS device perfor-

mance for the 70nm regime and

below is becoming increasingly

more complex as compared to pre-

vious technology generations.

Therefore, innovative solutions

and breakthroughs with new mate-

rials and/or device architectures

are required.

The objective of the Advanced De-

vice Integration Program (ADIP)

for sub-70nm technology is to ex-

perimentally identify the most crit-

ical limitations of scaling conven-

tional CMOS while also investigat-

ing potential advanced or alterna-

tive solutions for further improve-

ments of silicon based MOSFET

technology.

CMOS experiments will focus on

the front-end-of-line (FEOL) is-

sues such as isolation, gate stack,

channel doping, shallow junction

and spacer technology and silici-

dation. The second component ex-

plores introduction of new materi-

als and architectures such as SiGe,

high k, double gate SOI, ….

The program also includes the

support of advanced numerical

and analytical simulation tools

(quantum effects, …) and ad-

vanced characterization tech-

niques (2D profiling, …).

The program provides a unique

platform to prove and incorporate

the advanced IMEC work on

process steps into real devices.
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Microelectronics Training Center

Silicon processing for ULSI circuit fabrication
The course offers a comprehensive, state-of-the-art, training program in the practice, fundamentals, and emerging

trends of silicon wafer processing for deep submicron devices. It is useful for both professionals new to the semi-

conductor industry and for experienced engineers in the field that may not find adequate time to keep up with the

rapidly changing technologies. 

Who should attend: Engineers, supervisors, managers, and directors working in, or having responsibility for process

development, field process support, process integration, device design, chip manufacturing, process and metrology

tool development and support, materials for IC processing, and technical marketing and sales.

Scheduled on: October 23-26, 2000 at IMEC

How to write code for high-performance low-power 
multimedia applications?
The course will focus on reduced cost, low-power-oriented system-level design approaches for the efficient realiza-

tion of data-dominated applications, especially in real-time multimedia and telecom processing. The main empha-

sis will be on tradeoffs with respect to total system power and chip size or board size for given timing constraints.

Data transfer and storage analysis techniques will be discussed, resulting in systems with higher performance and

a gain of a factor 20 in power consumption. The approach is applicable both to hardware and software realizations. 

This course will be followed by a course on address optimization. 

Scheduled at IMEC on: December 11-14, 2000
May 7-10, 2001
September 17-20, 2001
December 10-13, 2001

Layout training
Based on the success of a first program organized for Alcatel Microelectronics, MTC

has set up in cooperation with the local employment office (VDAB) a second train-

ing program to retrain candidates without any knowledge of electronics to do lay-

out. The program consists of three parts: a basic education in electronics by the lo-

cal employment office, elementary knowledge in technology and layout, and practi-

cal training in layout. After this 5-week course, all 11 candidates will be able to draw

a layout from a given schematic with a commercial EDA tool. 

IMEC offers deep submicron layout service
IMEC offers a deep submicron layout service, starting from gate-level

netlist. Over a period of 3 years, tens of circuits have been successfully

taped out, for 3 up to 6 metal-layer processes, both for in-house developed

systems-on-a-chip, as for ASICs developed by third party design houses, re-

search institutes and universities. Circuit complexities handled were up to

500.000 equivalent gates, system clock-rates up to 200MHz, circuits with

over 50 different clock-regions, targeting European and Asia-Pacific

processes down to 180nm.

For more information: Bart De Mey  •  Bart.DeMey@imec.be  •  Tel: +32 16 281 249  •  http://www.imec.be/mtc/



IMEC member of the OFDM Alliance

The OFDM Alliance was set up

under strong impulse of Wi-LAN

Inc. and Philips Semiconductors.

It is a voluntary association of

hardware manufacturers, software

firms and other users of orthogo-

nal frequency division multiplex-

ing (OFDM) technology in wire-

less applications. The OFDM Al-

liance was created to foster a sin-

gle, compatible OFDM standard,

Industry link

needed to implement cost-effec-

tive, high-speed wireless networks

on a variety of devices. OFDM is a

cornerstone technology for next

generation of high-speed wireless

data products and services for both

corporate and consumer use. With

the introduction of the

IEEE802.11a, ETSI Hiperlan/2

standards, and multimedia appli-

cations, the wireless world is ready

Patrick Schaumont received the VSIA Outstanding Contributor Award

The Virtual Socket Interface Al-

liance (VSIA) aims to dramatically

accelerate system-chip develop-

ment by specifying

open standards that

facilitate the mix and

match of virtual com-

ponents from multi-

ple sources. VSIA members work

together to solve the technical bar-

riers to design integration of SoCs

(system-on-chip). Since 1999,

Patrick Schaumont (researcher at

IMEC’s DESICS division) is mem-

ber of the VSIA SLD (System Level

Design) group. He contributed to

the system level behavioral inter-

face documentation standard

(SLIF) by means of a pilot project.

This pilot project demonstrated

the practical application of the

standard, and resulted in a refer-

ence example section included in

the released standard. For this

work, Schaumont received the

VSIA outstanding contributor

award at last Design Automation

Conference.

Recently, IMEC became member of

VSIA. As center of excellence in

SoC design, IMEC wants to active-

ly contribute to state-of-the-art, in-

dustry-strength standardization

and transfer techniques of virtual

components. As a result, also

IMEC’s research partners will ben-

efit from the in-house standardiza-

tion expertise that is created out of

this effort.

IFST 2001 - Fourth international forum on semiconductor technology
March 7-8, 2001, Antwerp, Belgium

The IFST symposium is designed

to bring together scientists and

business people from around the

world, to discuss advances in

semiconductor technology, fo-

cussing on international collabora-

tions, and more specifically em-

phasizing issues related to the

famous international technology

roadmap for semiconductors

(ITRS). It is sponsored by a variety

of semiconductor consortia and

industry organizations. In 2001,

the IFST symposium will come to

Europe for the first time, and will

be organized by IMEC, with the

help of various international con-

sortia such as ASET, COSAR, In-

ternational SEMATECH, MEDEA,

SELETE, SRC, and others.

Following a plenary session, there

are 5 technical sessions on ad-

vanced lithography (157nm opti-

cal and next-generation lithogra-

phy), 300mm fabs and fab produc-

tivity, ES&H (environment, safety

& health) and full-cycle analysis,

limitations faced by the roadmap

(the so-called “red brick wall”),

and finally a panel discussion. 

The IFST meeting will immediate-

ly follow the SEMI Industry Strate-

gy Symposium (March 5-6, at the

same location).
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for products based on OFDM tech-

nology. 

IMEC is member of the OFDM Al-

liance and has presented its OFDM

technology under great interest. To

date, IMEC is the only institute

with ASICs for wireless in-door

communication.

Awards

Events



Upcoming conferences, workshops, symposia

International forum on semiconductor technology (IFST 2001) March 7-8, 2001 Antwerp, Belgium  

EUROSIME conference April 9-11, 2001 Paris, France  

International symposium on VLSI technology, 

systems and applications (2001 VLSI-TSA)  April 18-20, 2001 Taiwan  

International workshop on information processing 

in cells and tissues (IPCAT’2001) August 13-17, 2001 Leuven, Belgium  

For more information: http://www.imec.be/6/6.html  

Calendar

15

N
ew

sl
et

te
r 

28

Contributed to this number:

Gonçal Badenes, Jan Bormans, Kris Beyen, Ambika Carter, Rudi Cartuyvels, Roger DeKeersmaecker, Hugo

De Man, Bart De Mey, Bob Grietens, Bert Gyselinckx, Marc Heyns, Tom Huybrechts, Jean-Yves Mignolet,

Kurt Ronse, Patrick Schaumont, Wim Schoenmaker, Raf Vandersmissen, Chris Van Hoof, Jan Vanhoudt,

Marc Van Rossum, Reiner Windisch

Publisher:

Prof. Gilbert Declerck, President

Editor:

Katrien Marent, IMEC

Kapeldreef 75

B-3001 Leuven, Belgium

Tel: +32 16 281 880  •  Fax: +32 16 281 637

E-mail: Katrien.Marent@imec.be

Public Relations & Marketing Communications Manager:

Marianne Van den Broeck (Tel: +32 16 281 491)

USA contacts:

Rik Graulus and Kris Beyen,

IMEC, Inc., 960 Saratoga Ave,

Suite 206, San Jose, CA 95129

Tel: (408) 551 45 00

Fax: (408) 551 45 05

E-mail: graulus@imec.be

beyen@imec.be

http://www.imec.be/

Europe
Method for programming a semiconductor memory device. (EP 0740306)

US
Method and device for measuring the charge carrier distribution in a semiconductor element. (US 6091248)

Low temperature adhesion bonding method for composite substrates. (US 6093577)

Fully overlapped nitride-etch defined device and processing sequence. (US 6071825)

Control flow optimization for fast system simulation and hardware/software storage minimization. (US 66064819)

Japan
Method and apparatus for resistance measurements on a semiconductor element. (JP 3069129)

Patents



I want to receive more information on:

❑ IMEC’s OFDM technology

❑ SoC++ design environment

❑ Hybrid integration of thinned metamorphic HEMTS on germanium

❑ IMEC’s industrial affiliation programs on ..........................................................................................................

❑ Other: ...........................................................................................................................................................

Please put me (or my colleague) on your mailing list for following publications:

❑ IMEC scientific report                      ❑ IMEC annual report                         ❑ IMEC newsletter

Name ..................................................................... Phone ...................................................................

Job title ..................................................................... Fax ...................................................................

Company ..................................................................... e-mail ...................................................................

Address .............................................................................................................................................................

Main activities of the company are: .........................................................................................................................

...................................................................................................................................................................................

fax or Marianne Van den Broeck, Public Relations Group, Business Development 

send to: IMEC, Kapeldreef 75, B-3001 Leuven, Belgium
tel. +32 16 28 14 91      fax +32 16 28 16 37

imecn e w s l e t t e r28

Request for more information

no October 2000
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The entire contents of this publica-

tion are protected by copyright, full

details of which are available from

IMEC. All rights reserved. No part of

this publication may be reproduced,

stored in a retrieval system or trans-

mitted in any form or by any means

– electronic, mechanical, photocopy-

ing, recording or otherwise – with-

out the prior permission of the copy-

right owner.  

Contact person: 

Marianne Van den Broeck 

(tel: +32 16 281 491)

IMEC Newsletter is published

quarterly.


