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Abstract : A novel asynchronous ACS(add2compare2select) processor for Viterbi decoder is described. It is controlled

by local handshake signals instead of the globe clock. The circuit s of asynchronous adder unit ,asynchronous compa2
rator unit ,and asynchronous selector unit are proposed. A full2custom design of asynchronous 42bit ACS processor is

fabricated in CSMC2HJ 016μm CMOS 2P2M mixed2mode process. At a supply voltage of 5V ,when it operates at

20M Hz ,the power consumption is 7515mW. The processor has no dynamic power consumption when it await s an op2
portunity in sleep mode. The result s of performance test of asynchronous 42bit ACS processor show that the average

case response time 19118ns is only 82 % of the worst2case response time 23137ns. Compared with the synchronous 42
bit ACS processor in power consumption and performance by simulation ,it reveals that the asynchronous ACS pro2
cessor has some advantages than the synchronous one.
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1 　Introduction

The advantages claimed for asynchronous cir2
cuit s are t hat such circuit s are capable of operating

at t he maximum speed determined by t he int rinsic

hardware ( t hey can be designed for average2case

rat her t han worst2case performance) ,t hey have no

problems with clock skew and t hey may have a

substantial low2power advantage over synchronous

circuit s[1 ] . Asynchronous circuit s are one possible

solution to clock dist ribution problems in VL SI cir2

cuit s[ 2 ] .

As a met hod of decoding convolution codes ,

t he Viterbi algorit hm is widely applied to digital

communications and data compression[ 3 ] . Alt hough

t he Viterbi algorit hm is comp utationally efficient ,

it s high2speed implementation is limited by t he

critical pat h that exist s in t he ACS processor .

Aria et al . [4 ] have brought forward an asyn2
chronous ACS for communication systems. In t heir

design ,there are two signal lines that need to be

rep resented as a t hree2state code. The signals cod2
ing is complex. The adder and comparator use

Manchester architect ure. C program is used to sim2
ulate t he delay t hrough the ACS processor . It as2
sumed t hat the delay t hrough all of t he gates is t he

same. There are no final experimental result s in
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t heir paper .

In t his paper ,effort is mainly paid to investi2
gate t he power saving and high performance poten2
tial of asynchronous circuit s in CMOS VL SI de2
sign. U sing the simple signal2coding mode ,an asyn2
chronous ACS processor for communication sys2
tems is designed. It is cont rolled by local hand2
shake signals instead of t he globe clock. The simu2
lation and experimental result s of t he asynchronous

ACS processor are p resented. The asynchronous

ACS processor has some advantages in perform2
ance and power consumption compared wit h the

synchronous one.

2 　Viterbi decoder and ACS

Viterbi decoder is a kind of maximum likeli2
hood decoder used for t he decoding of convolution

codes[ 5 ] . It s main operations are calculations of BM

(branch met ric) ,PM (pat h met ric) and t race2back.

BM calculation is the operation of addition and

subt raction in lit tle bit ( < 5bit) and the amount of

BM calculation is less than t hose of PM and t race2
back. PM calculation includes large numbers of

ACS(add2compare2select ) operations. Trace2back is

a series of memory reading and writing operation.

Convolution codes have t hree main parameters

( k , n , L ) . It means t hat blocks of inp ut data are k

bit s ,blocks of outp ut data are n bit s ,and outp ut s

are correlative not only wit h t he current block of

inp ut data but also wit h t he L - 1 blocks of p revi2
ous inp ut s. In Viterbi decoder ,one block of inp ut

data will operate 2 n addition and subt raction for

BM ,2L - 1 ACS operations for PM. The numbers

of t race2back operation depend on t he size of mem2
ory and t he t race2back dept h. When t race2back

dept h is 5L and using t he least amount of memory ,

each block of inp ut data needs 5L read operations.

In Viterbi decoder ,t he ACS module deals wit h

t he concurrent addition of operands to evaluate dif2
ferent path met rics ,and selection of one of t he met2
rics in accordance with t he relative magnit udes of

t hese met rics[6 ] . In p ractical application , k is com2

monly 1 , n is 2 or 3 ,and L is between 5 and 9. It in2
dicates that t he ACS operations are t he most f re2
quent operations and one of t he performance bot2
tlenecks of Viterbi decoder .

3 　Asynchronous logic and asynchron2
ous data2path

3. 1 　Asynchronous logic

The characteristic of asynchronous logic sys2
tems cont rols the sequence of logic circuit s by local

handshake signals instead of t he globe clock in syn2
chronous circuit s.

3. 2 　Asynchronous data2path

Asynchronous systems use asynchronous data2
pat h. The beginning of the data2pat h is cont rolled

by a determinate signal and t he end of t he data2
pat h is cont rolled by another determinate signal .

The main influences on performance of inte2
grated circuit s are cell circuit s and connection of

t hem. The high performance of asynchronous cir2
cuit s is realized by t he average performance of data2
pat h f rom anot her point of view.

The base cells of data2pat h are realized by

domino complex gates. The connection of each se2
ries uses t he one2hot decoding. The base data2pat h

uses t he handshake module connection to form t he

subsystem.

4 　Function and structure of asyn2
chronous ACS

4. 1 　Asynchronous adder

When an asynchronous adder completes t he

addition operation ,a done signal will be p roduced.

It is t he base characteristic of asynchronous adder .

Garside[7 ] has brought forward a new design of a2
synchronous adder’s f unctions and circuit s. It p ro2
vides a moulding board for asynchronous adder .

The asynchronous adder also has t he st ruct ure of
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RCA ,CLA ,and so on. 2bit CL A has less quantity

of t ransistors ,lower power consumption ,less aver2
age delay and less worst2case delay t han RCA [8 ] .

The asynchronous 2bit adder unit is showed in

Fig. 1. The adder in this paper has higher speed

t han synchronous one , however , t he area is smal2
ler . The outp ut signals are simple compared wit h

Aria Eshraghi’s asynchronous adder.

Fig. 1 　Asynchronous 2bit adder unit

4. 2 　Asynchronous comparator

The comparator depends more on data correla2
tion t han adder . The usual comparator st ruct ure is

based on subt raction operation or concatenation of

1bit compare cells. In his paper , t he asynchronous

comparator is based on concatenation of 1bit com2
pare cells. The comparator uses t he 2’complement .

Types of the 1bit compare cell are signed compara2
tor unit and unsigned comparator unit , shown in

Figs. 2 and 3. The comparator has a done signal

generator t hat p roduces a done signal after compar2

ison result s are ready. It has fewer t ransistors than

Aria Eshraghi’s asynchronous comparator in Man2
chester architecture.

4. 3 　Asynchronous selector

The asynchronous selector is based on concat2
enation of 1bit selector unit s as shown in Fig. 4. It

is act ually an asynchronous multiplexer . This MU X

is cont rolled by handshake signal . It works af ter in2
p ut data and cont rol signal are ready. The selector

has a done signal generator t hat p roduces a done

signal after outp ut data are ready.

888
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Fig. 2 　Asynchronous 1bit signed comparator unit

Fig. 3 　Asynchronous 1bit unsigned comparator unit

Fig. 4 　Asynchronous 1bit selector unit

4. 4 　Asynchronous ACS

An asynchronous data2path ACS has two a2
synchronous adders ,one asynchronous comparator

and one asynchronous selector , shown in Fig. 5. It

is cont rolled by local handshake signals instead of

t he globe clock. Each device is an unat tached cell .

There is no clock2dist ributing problem as synchro2
nous circuit s have. The asynchronous ACS proces2
sor only works when t he inp ut data are ready.
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Fig. 5 　Architecture of asynchronous 4bit ACS

5 　Results

Another synchronous 4bit ACS p rocessor is

designed using t he CSMC2HJ 016μm CMOS tech2
nology library. The power consumption and per2
formance of two architect ures are estimated by

HSPICE simulation. In the simulation , there is no

consideration of inp ut and outp ut pads. A 5V sup2
ply voltage and 20M Hz operating f requency are as2

sumed in power consumption simulation. Table1

summarizes t he power consumption and perform2
ance simulation result s. The result s show that t he

power of asynchronous ACS design is reduced by

24 % and t he max operating f requency is up by

30 % ,compared with the conventional synchronous

ACS. The critical pat h delay of synchronous ACS is

much longer than t he response time of asyn2
chronous ACS.

Table 1 　Comparison of synchronous and asynchronous 4bit ACS processors

Power consumption

/ mW

Max operating

f requency/ M Hz

Critical pat h

delay/ ns

Average case response

time/ ns

Worst2case response

time/ ns

Synchronous ACS 55. 91 70 14. 2 — —

Asynchronous ACS 42. 46 100 — 6. 81 8. 08

　　The asynchronous 4bit ACS processor is de2
signed in f ull2custom design met hod. It has been

fabricated in CSMC2HJ 016μm CMOS 2P2M

mixed2mode process and is f ully f unctional on first

pass silicon. The layout and p hotograp h of it are

shown in Figs. 6 and 7. The chip s are tested by

H P82000 IC validity check system. Figure 8 shows

t hat t he act ual outp ut waves (Out0～Out3) coin2
cide wit h t he expectations. At a supply voltage of

5V , when it operates at 1M Hz , t he power con2
sumption is 715mW ; when it operates at 20M Hz ,

t he power consumption is 7515mW.

The high performance of asynchronous circuit s

Fig. 6 　Layout of asynchronous 4bit ACS
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Fig. 7 　Photograph of asynchronous 4bit ACS

Fig. 8 　Test waves in HP82000

is realized by t he average performance of data2
path. Response time is t he pop ular measure for the

performance of asynchronous circuit s[9 ] . The re2
sponse time of an asynchronous data2pat h is t he de2
lay between t he request and t he done signal . There

are two kinds of response time , the worst2case re2
sponse time and t he average case response time.

The worst2case response time is mainly dependent

on t he circuit st ruct ure and implementation. How2
ever ,t he average case response time relies not only

on t he circuit st ruct ure but also on t he inp ut data.

The result s of performance test of asynchronous

4bit ACS processor show t hat t he worst2case re2
sponse time is 23137ns and t he average case re2
sponse time is 19118ns.

In asynchronous circuit s ,delays are of ten data

dependent . To improve the performance of asyn2

chronous circuit s , effort should be mainly paid to

t he average performance analysis of asynchronous

data2pat h. A novel average performance analysis

met hod ,which is based on simulation and multi2de2
lay modeling ,is used to analysis the asynchronous

ACS processor . The inp ut data are divided into sev2
eral classes. Every class of data has similar delay.

The sizes of MOS transistors t hat mainly affect t he

average response time are adjusted. More at tention

is also paid to the delays of done signal generators

to reduce t he average response time.

6 　Conclusion

In this paper ,an asynchronous 4bit ACS pro2
cessor for communication systems is implemented

in 016μm CMOS mixed2mode technology. The a2
synchronous ACS processor will increase t he effi2
ciency for Viterbi decoder. It is a good way to real2
ize t he high2speed implementation of Viterbi algo2
rit hm. Compared wit h t he synchronous 4bit ACS

processor in power consumption and performance

by simulation , it reveals t hat the asynchronous

ACS processor has some advantages t han t he syn2
chronous one. But asynchronous circuit s need some

additional circuit s to cont rol operation by using

handshake signals. These circuit s would go against

power consumption and layout area of global cir2
cuit . It is a challenge for asynchronous logic design

techniques to be largely accepted by mainst ream

designers because of t he lack of design tools ,algo2
rit hms ,and methodology.
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一种适用于通讯系统的异步加2选择2比较器 3

赵 　冰 　仇玉林 　吕铁良 　黑 　勇

(中国科学院微电子研究所 , 北京　100029)

摘要 : 介绍了一种适用于 Viterbi 解码器的异步 ACS(加法器2比较器2选择器)的设计. 它采用异步握手信号取代了

同步电路中的整体时钟. 给出了一种异步实现结构的异步加法单元、异步比较单元和异步选择单元电路. 采用全定

制设计方法设计了一个异步 42bit ACS ,并通过 016μm CMOS 工艺进行投片验证. 经过测试 ,芯片在工作电压 5V ,

工作频率 20M Hz 时的功耗为 7515mW.由于采用异步控制 ,芯片在“睡眠”状态待机时不消耗动态功耗. 芯片的平

均响应时间为 19118ns ,仅为最差响应时间 23137ns 的 82 %.通过与相同工艺下的同步 42bit ACS 在功耗和性能方

面仿真结果的比较 ,可见异步 ACS 较同步 ACS 具有优势.

关键词 : 异步集成电路 ; Viterbi 解码器 ; 加法器2比较器2选择器 ; 响应时间
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