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Abgtract : A novel asynchronous A CS(add-compare-select) processor for Viterbi decoder is described. It is controlled

by local handshake sgnalsinstead of the globe clock. The circuits of asynchronous adder unit ,asynchronous compar

rator unit ,and asynchronous selector unit are proposed. A full-custom design of asynchronous 4-bit ACS processor is
fabricated in CSMC HJ 0. &4 m CMOS 2P2M mixed-mode process. At a supply voltage of 5V ,when it operates at

20M Hz ,the power consumptionis 75 5mW. The processor has no dynamic power consumption when it awaits an op-
portunity in deep mode. The results of performance test of asynchronous 4-bit ACS processor show that the average
case response time 19. 18nsisonly 82 % of the worst-case response time 23 37ns. Compared with the synchronous 4-
bit ACS processor in power consumption and performance by smulation ,it reveals that the asynchronous ACS pro-

cessor has some advantages than the synchronous one.
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1 Introduction

The advantages claimed for asynchronous cir-
cuits are that such circuits are capable of operating
at the maximum speed determined by the intrinsc
hardware (they can be designed for averagecase
rather than worst-case performance) ,they have no
problems with clock skew and they may have a
substantial low-power advantage over synchronous
circuits’'. Asynchronous circuits are one possble
solution to clock distribution problemsin VL Sl cir-
cuits? .

As a method of decoding convolution codes,
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the Viterbi algorithm is widely applied to digital
communications and data compresson™® . Although
the Viterbi algorithm is computationally efficient ,
its high-gpeed implementation is limited by the
critical path that existsin the ACS processor.
Aria et al. ™ have brought forward an asyn-
chronous ACSfor communication systems. In their
design ,there are two sgnal lines that need to be
represented as a three-state code. The sgnal's cod-
ing is complex. The adder and comparator use
Manchester architecture. C programis used to sm-
ulate the delay through the ACS processor. It as
sumed that the delay through all of the gatesisthe
same. There are no final experimental results in
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their paper.

In this paper ,effort is mainly paid to investi-
gate the power saving and high performance poten-
tial of asynchronous circuits in CMOS VLS| de
sign. Using the smple signal-coding mode ,an asyn-
chronous ACS processor for communication sys
tems is designed. It is controlled by local hand-
shake sgnalsinstead of the globe clock. The s mu-
lation and experimental resultsof the asynchronous
ACS procesor are presented. The asynchronous
ACS processor has some advantages in perfornm-
ance and power consumption compared with the
synchronous one.

2 Viterbi decoder and ACS

Viterbi decoder is a kind of maximum likeli-
hood decoder used for the decoding of convolution
codes™ . Its main operations are calculations of BM
(branch metric) ,PM (path metric) and trace back.
BM calculation is the operation of addition and
subtraction in little bit ( <5hbit) and the amount of
BM calculation isless than those of PM and trace
back. PM calculation includes large numbers of
A CS(add-compare-select) operations. Trace-back is
a series of memory reading and writing operation.

Convol ution codes have three main parameters
(k,n,L). It means that blocks of input data are k
bits,blocks of output data are n hits,and outputs
are correlative not only with the current block of
input data but also with the L - 1 blocks of previ-
ousinputs. In Viterbi decoder ,one block of input
data will operate 2n addition and subtraction for
BM ,2L - 1 ACS operations for PM. The numbers
of trace back operation depend on the size of mem-
ory and the trace-back depth. When trace back
depth is5L and using the least amount of memory ,
each block of input data needs 5L read operations.

In Viterbi decoder ,the ACS module dealswith
the concurrent addition of operands to eval uate dif-
ferent path metrics,and selection of one of the met-
rics in accordance with the relative magnitudes of
these metrics™® . In practical application,k is com-

monly 1,nis2or 3,and L isbetween5and 9. It in-
dicates that the ACS operations are the most fre-
quent operations and one of the performance bot-
tlenecks of Viterbi decoder.

3 Asynchronous logic and asynchron-
ous data-path

3.1 Asynchronouslogic

The characteristic of asynchronous logic sys
tems control s the sequence of logic circuits by local
handshake sgnal sinstead of the globe clock in syn-
chronous circuits.

3.2 Asynchronous data-path

A synchronous systems use asynchronous data
path. The beginning of the datapath is controlled
by a determinate sgnal and the end of the data
path is controlled by another determinate sgnal.

The main influences on performance of inte
grated circuits are cell circuits and connection of
them. The high performance of asynchronous cir-
cuitsisrealized by the average performance of data
path from another point of view.

The base cells of datapath are redized by
domino complex gates. The connection of each se-
ries uses the one-hot decoding. The base datapath
uses the handshake module connection to form the
subsystem.

4  Function and <tructure of asyn-
chronous ACS

4.1 Asynchronous adder

When an asynchronous adder completes the
addition operation ,a done signal will be produced.
It is the base characteristic of asynchronous adder.
Garside!”’ has brought forward a new design of a
synchronous adder’ s functions and circuits. It pro-
vides a moulding board for asynchronous adder.
The asynchronous adder also has the structure of
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RCA ,CLA ,and s0 on. 2bit CLA has less quantity
of trangstors,lower power consumption ,less aver-
age delay and less worst-case delay than RCA™®.
The asynchronous 2bit adder unit is showed in

Vs

Fig. 1. The adder in this paper has higher speed
than synchronous one, however ,the area is smal-
ler. The output signals are smple compared with
Aria Eshraghi’ s asynchronous adder.
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Fg.1 Asynchronous 2bit adder unit

4.2 Asynchronous comparator

The comparator depends more on data correla
tion than adder. The usual comparator structureis
based on subtraction operation or concatenation of
1bit compare cells. In his paper ,the asynchronous
comparator is based on concatenation of 1bit com-
pare cell s. The comparator usesthe 2° complement.
Types of the 1bit compare cell are sgned compara
tor unit and unsigned comparator unit, shown in
Figs. 2 and 3. The comparator has a done sgna
generator that produces a done signal after compar-

ison results are ready. It hasfewer trand stors than
Aria Eshraghi’ s asynchronous comparator in Man-
chester architecture.

4.3 Asynchronous slector

The asynchronous selector is based on concat-
enation of 1bit selector units as shown in Fig. 4. It
isactually an asynchronous multiplexer. This MU X
iscontrolled by handshake signal. It works after in-
put data and control signal are ready. The selector
has a done sgnal generator that produces a done
signal after output data are ready.
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Fig.3 Asynchronous 1bit unsigned comparator unit
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Fig.4 Asynchronous 1bit selector unit

is controlled by local handshake sgnals instead of
the globe clock. Each device is an unattached cell.

An asynchronous datapath ACS has two a There is no clock-distributing problem as synchro-
synchronous adders,one asynchronous comparator nous circuits have. The asynchronous ACS proces
and one asynchronous selector ,shown in Fig. 5. It sor only works when the input data are ready.

4.4 Asynchronous ACS

2 © 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.
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Fig.5 Architecture of asynchronous 4bit ACS
sumed in power consumption smulation. Tablel
5 Results summarizes the power consumption and perform-

Another synchronous 4bit ACS processor is
designed usng the CSMCG HJ 0. 4 m CMOS tech-
nology library. The power consumption and per-
formance of two architectures are estimated by
HSPICE smulation. In the smulation ,there is no
condderation of input and output pads. A 5V sup-
ply voltage and 20M Hz operating frequency are as-

ance smulation results. The results show that the
power of asynchronous ACS design is reduced by
24 % and the max operating frequency is up by
30 % ,compared with the conventional synchronous
ACS. Thecritical path delay of synchronous ACSis
much longer than the response time of asyn-
chronous ACS.

Table 1 Comparison of synchronous and asynchronous 4bit ACS processors

Power consumption Max operating Critical path Average case response| Worst-case response
/ mwW frequency/ M Hz delay/ ns time/ ns time/ ns
Synchronous ACS 55.91 70 14.2 — —
Asynchronous ACS 42,46 100 — 6.81 8.08

The asynchronous 4bit ACS processor is de
signed in full-custom design method. It has been
fabricated in CSMCHJ 0 & m CMOS 2P2M
mixed-mode process and isfully functional on first
pass dlicon. The layout and photograph of it are
shown in Figs. 6 and 7. The chips are tested by
HP82000 IC validity check system. Figure 8 shows
that the actual output waves (Out0 Out3) coin-
cide with the expectations. At a supply voltage of
5V ,when it operates at 1M Hz, the power con-
sumption is 7. 5mW ;when it operates at 20M Hz,
the power consumption is 75 5mW.

The high performance of asynchronouscircuits
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Fig.6 Layout of asynchronous 4bit ACS
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Fig.7 Photograph of asynchronous 4bit ACS
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Fig.8 Test wavesin HP82000

is realized by the average performance of data
path. Response timeis the popular measure for the
performance of asynchronous circuits® . The re-
sponse time of an asynchronous datapathisthe de-
lay between the request and the done signal. There
are two kinds of response time ,the worst-case re-
sponse time and the average case response time.
The worst-case regponse time is mainly dependent
on the circuit structure and implementation. How-
ever ,the average case response time relies not only
on the circuit structure but also on theinput data.
The results of performance test of asynchronous
4bit ACS processor show that the worst-case re-
sponse time is 23 37ns and the average case re-
sponse time is 19. 18ns.

In asynchronous circuits,delays are often data
dependent. To improve the performance of asyn-

chronous circuits, effort should be mainly paid to
the average performance analyss of asynchronous
datapath. A novel average performance analyss
method ,which is based on smulation and multi-de-
lay modeling ,is used to analyss the asynchronous
ACS procesor. Theinput data are divided into sev-
eral classes. Every class of data has smilar delay.
The szesof MOStransstorsthat mainly affect the
average response time are adjusted. More attention
isa s paid to the delays of done sgnal generators
to reduce the average response time.

6 Conclusion

In this paper ,an asynchronous 4bit ACS pro-
cesor for communication systems is implemented
in 0. ¢ m CMOS mixed mode technology. The &a
synchronous A CS processor will increase the effi-
ciency for Viterbi decoder. It isa good way to real-
ize the high-speed implementation of Viterbi algo-
rithm. Compared with the synchronous 4bit ACS
processor in power consumption and performance
by smulation, it reveals that the asynchronous
ACS processor has some advantages than the syn-
chronous one.But asynchronous circuits need some
additional circuits to control operation by using
handshake signals. These circuits would go against
power consumption and layout area of global cir-
cuit. It is a challenge for asynchronous logic design
techniques to be largely accepted by mainstream
designers because of the lack of desgn tools,algo-
rithms ,and methodology.

Ref erences

[1] Hauck S. Asynchronous desgn methodologies:an overview.
Proceedings of the |IEEE,1995,83(1) :69

[2] Meng T H. Synchronization desgn for digital system.Boston/
Dordreeht/ London : Kluwer Academic Publisher ,1991

[ 3] Forney GD. The Viterbi algorithm. Proceedingsof the IEEE,
1973 ,61(3) :268

[4] AriaE, Terri F, Tom F. Asynchronous implementation of
add-compare-select processor for communication systems.
|EEE International Symposumon Circuit and Systems,1994 ,

2% © 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



892

26

3:253

[5] Tsui CY,Cheng S K,Ling C.Low power ACSunit desgnfor
the Viterbi decoder. Proceedings of |EEE Internationa Symr
posum on Circuits and Systems,1999:137

[6] PRlla RV K,Arcy PD.On high speed add-compare select for
Viterbi decoders. Hectrical and Computer Engineering,2001 ,
2(2) :1193

[7] GarsdeJD. A CMOS VLS| implementation of an asynr

[8]

[9]

chronous AL U. Proceedings of the IFIP Conference on Asyn-
chronous Desgn Methodologies,1993 ,28:181

Kinniment D J,GarsdeJ D, Gao B. A comparison of power
consumption in some CMOS adder circuits. Power and Timing
Modeling , Optimization and Smulation (PATMOS) ,1995:
106

Ebergen J ,Berks R. Regponse-time properties of linear asyn-
chronous pipelines. Proceedingsof the IEEE ,1999 ,87(2) :308

100029)

4-bit ACS

: 0253-4177(2005) 05-0886-07

Viterbi ACS( -
4hit ACS, 0 ¢4 m CMOS
20M Hz 75 5mW.
19 18ns, 23 37ns
, ACS ACS
; Viterhi ; -
EEACC: 2570A; 2570D; 1265B
TN402 DA
* ( 160076017 ,90307004)
2004-08-31 ,2004-12-02

¢ 2005

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



