Nilsen 1

Geg Nilsen

Prof. Ellen \al ker
Hi ram Col | ege

VLSI Design

10 May 2000

CMOS and VLSI for Wrel ess Conmmunication

The conplinentary netal-oxide sem conductor, or CMOS, is
the nmechanism used in the transistors that are found in many
m crochips. By controlling the flow of electrons in a material
(typically silicon) a transistor, conbining positive and
negative gates in order to mnimze power usage, IS created.
This technology has allowed for the rapid devel opnent of the
very |arge-scale integration (VLSI) processors that are in the
majority of the conputers of today, as well as many other
el ectroni c devi ces. The technol ogy has evol ved over the years,
and now eyes are | ooking towards w reless comruni cations. Three
areas of work are nost promnent in this area - digital phone
and nobile data networks, wreless |local area networks, and
transi stor optim zation.

In 1970, at a tinme when bipolar transistors were thought to
be the wave of the future, Intel developed a NMOS chip that
contained 2,000 transistors. Maurice W I kes, 1967 ACM Turing

Award wi nner, states that this may “mark the beginning of very
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| arge-scale integration” (16). The technology then switched to
CMOS where the power dissipation was nuch smaller than in either
NMOS or bipolar technol ogies (Hendrich). Wth the use of the
CMOS innovation, the nost advanced chips created today have as
many as 9.3 mllion transistors on them However, there are
still sonme features of the bipolar technology that are better
for current applications than the CMOS form This has | ead sone
researchers to work towards devel oping an integration of the two
cal l ed Bi CMOS. Each of these forns has becone a player in the
W rel ess communi cation field of today.

Digital phone and nobile networks are radio-frequency (RF)
networks that are primarily used for voice comunications, as
well as sonme limted data wutilities. They are designed to
handl e many users over a wde area at relatively | ow data rates.
These networks are typically used for phone systens, such as the
PCS Network devel oped by Sprint. Though sone signal format work
is necessary, nost of the concentration is on the actual
conmmuni cations units. The goals of these units are “mninmm
power consunption for battery autonony, mninmum silicon area for
maxi mum functional integration per die to obtain a small, |ow
cost pocket size radio tel ephone” (Haspeslagh, 71).

There are four main conponents that go into the
construction of a radiotel ephone transceiver. The first of

these is the |low noise radio receiver. In this unit, “one or
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two cascaded m xer stages bring the radio signal down fromRF to
base band with sufficient gain to further process the analog
receive signal in noisy standard CMOS technol ogy” (Haspesl agh,
71). The CMOS is also used in order to provide for a very | ow
power consunption neasure. The unit signal then goes through a
| ayer of CMOS filtering in order to properly process the base
band si gnal

Dependi ng on the arrangenent of the different processes and
the techniques used in the receiver, one of two different types
can be created. A heterodyne receiver has a local oscillator

frequency that separates itself nore easily fromthe other bands

on the receiver. However, the filters needed to separate these
frequencies have encountered many difficulties in their
integration with rest of the unit. The other type, a honobdyne
receiver, lends itself to easy filtering with CMOS filters.

However this receiver does cause an offset, but this problem has
been overcone using an offset subtraction CMOS filter
(Haspesl agh, 72-4).

The next portion of the transceiver is the voice codec.
Using an interface already in place with the existing anal og
interface found in regular telephones, a sinple converter into
the binary signal is used. Currently this process and the rest
of the processing within the phone are contained on separate

chips within the telephone unit. However, “nothing but the
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silicon area per die prevents us from integrating the voice
interface on a single chip wth the base band CMOS radio
transcei ver” (Haspeslagh, 74).

The third of the four portions of the transceiver is the
low noise radio transmtter. This unit picks out the noises
fromthe streamand filters out which ones need to be sent based
on how ‘strong’ they are. The part also has noise constraints
in order to prevent the phones from jamm ng one another and the
receivers of the base stations for distant users (Haspeslagh,
74). The problemwith this unit is that the power anplifier is
inefficient and expensive. Chip designers are trying to
alleviate this problem wth new designs in silicon and gallium
arseni ¢ (Haspesl agh, 75).

The final basic portion of the transceiver is the |ocal
oscillator synthesizer. These oscillators currently rely on
“tenperature controlled reference crystal oscillators” to
provide the local oscillator signal (Haspeslagh, 75). However ,
this does not seemto be the nost accurate nethod, and CMOS is
being | ooked into to provide a repl acenent.

From the descriptions of the parts of these radiotel ephone
transceivers, CMOS is an essential part of their design. Even
in portions where CMOS use is limted, it is being |ooked into
to provide an inproved product. The fact that CMOS transistors

use al nost no power when not needed keeps the power consunption
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of the processor |ow (Rosch). Those reasons, as well as the
decreasing silicon area per die, are nmain advantages of CMOS in
the area of digital phone and nobile networks. The future in
this area seens to belong to CMOS as researchers have seen that
they are only scratching the surface with its capabilities.
However, the successor to CMOS, BiCMOS nay take over the field
in the future because of its conbination of high speed and
menory capabilities.

Wreless |ocal area networks, or WLANs, are an extension of
the existing physically connected LAN architecture. Li ke the
digital phone and nobile networks, the wreless LANs run on
radi o-frequency schenes. However, these networks are designed
to have fewer users in a local area, transmtting at high data
rat es. Ideally these wreless LANs should be seamlessly
integrated with their existing wired counterparts, wth matching
speeds and hybrid connecti ons.

Bongj in Jung and Wayne Burl eson tell us:

In contrast to wreline conmunication, the physical
bandwidth of RF wreless conmunication systens s
relatively limted and is unlikely to grow significantly
in the future. Hence it is advantageous to increase the
effective bandwi dth of conmunication channels at the

expense of conplex processing at both the sending and
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receiving entities.to inprove the performance of wreless
| ocal area networks (27).
An existing LAN has a fairly broad range of bit transfer rates,
ranging from 10 Mops in Ethernet to 100 Mops in FDD. The
frequency bandwdth is limted to begin with, but wreless LANs
require the use of a spread spectrum which |eaves the actua
data bandwi dth being less than one tenth of the original. For
this reason, efficient bandwidth use is a nust in order to
obtain even 10 Mips speeds over the wireless LAN
One nethod of making bandw dth use nore efficient is |oss-
| ess data conpression (Burleson, 27). As the nane inplies, this
is a nethod of transmtting data w thout |osing any information.
This is done because in the case that sone of the transmtted
data is lost, then bandwdth is wasted. This is unlike the
digital phone and nobile networks that have a high tendency to
send excess information in order to assure that enough
information reaches its destination. That is due to the wde
area nature of those types of networks.
In order to process this |oss-less data conpression, real-
time conpression and deconpression is necessary (Burleson, 27).
This would be done to mnimze the network delay. If the
network delay were to becone too high, then performance woul d be
affected and data | oss woul d becone i mm nent as the receiver ran

out of space to hold incom ng transm ssions.
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Unlike wred LANs, whose bandwdth seenms to be alnost
l[imtless, the bandwidth of wireless LANs is the bottleneck for
hi gh- speed data connecti ons. However, wth the use of VLSI
architecture, this bottleneck becones nuch less of a problem
Jung and Burleson present a |owpower VLSI architecture that
achieves a high conpression rate, which they state is “well
above the data rate required by any current or foreseeable
future wireless LAN (38). In fact, they have been able to
achi eve an average conpression rate of 50 Mps, which stacks up
very well against existing wired LAN systens (Burleson, 27).

While looking to inprove the capabilities of the wreless
LAN, these nethods also |ook for cost- and power-consci ous ways
to inprove the technol ogy. But then, when has it been good to
take a step forward in one direction and one backward in another
di rection?

Another area of focus in wreless communication is on
transi stor optimzation. Though this area is not unique to the
wreless domain, it is extrenely inportant because of all the
power that researchers and conpanies are trying to put into very
smal |, wusually handheld, devices. Since many devices contain
several small VLSI chips, it would be advantageous to optim ze
the transistor so they could all be fit onto one VLSI chip. The

discipline works to mnimze the area each transistor occupies,
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as well as the power consunption while mnimzing the delay on
t he chi p.

The transistor optimzation is done for several reasons.
One reason is that by mnimzing power consunption, it allows
devices to be used for nore extended periods. The optim zation
can also increase the efficiency of the chip. If the
transistors are arranged in a way that optimzes them and | owers
the delay of the chip, then the chip beconmes nuch nore efficient
at processing data. By putting nore power into |ess space, the
market is potentially opened up for nore devices that becone
i ncreasingly powerful.

Transistor optimzation is done wusing technol ogy-nmapping
al gorit hns. These algorithns rearrange the |layout of the
transistors on the VLSl chip in ways that try to mnimze the
area occupied and power consuned while ensuring that the delay
does not exceed an upper |imt (Prasad, 281). According to
Prasad and Roy, “the existing algorithnms do not take power
consunption into account and/or require too long a run-tine to
be used on the large circuits of today” (281).

That statenent canme from the duo in 1996. That sane year
they introduced a new algorithm for transistor reordering. This
method “is used to select an ordering of series-connected
transistors found in CMOS gates to achieve |ower power

consunption” (Prasad, 281). Were nost algorithns are based
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on iterative inprovenent, theirs is based on dynam c progranm ng
for conmputing the longest path in the circuit along with circuit
optim zation wusing gate-input-reordering. The conbi nation of
these two nethods results in a nore efficient and nore effective
algorithmfor transistor reordering (Prasad, 280-2).

Currently, the field of wireless comunications is a very
busy and vol atile one. There are many areas of research going
in many different directions, but they still are working
together to inprove one another. Soneday there will probably be

an integrated phone and network system in place that utilizes

the transistor optimzations. However, today is not that day
and the different areas are still working towards nore
specialized goals, and it is very likely that they wll be

reconbined in the future. This gives the potential of having an
integrated system which functions better than what exists
today, without all the wres. \Werever the technol ogy does |ead
our society, it is not difficult to see the promse of the
Wi rel ess comuni cations field.

The use of the CMOS and VLSI technologies in these areas is
abundant. These tools have allowed for the rapid devel opnent in
the field, and will continue to do so in one form or another,
whether it is CMOS, BIiCMOS or sone other new technol ogy that

wll no doubt be based on the existing techniques in sonme way.
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Still, the use of these technologies is very inportant to the
field and should continue to be far into the future.

There is alnbst no limt to the possibilities that can be
seen in the wireless realm And in all that, CMOS and VLSl have
been key players. Thanks to the use of these technol ogies, the
wreless field will be able to conplete its dianond of evolution
— taking the thing apart to find which parts need to be
i nproved, and then taking those inprovenents and putting them

al | back together.
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