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Study of 8-Bit Booth Asynchronous Multiplier Based on Two-Phase
Handshake Protocol with Bounded Bundle Data

HE An-ping' , LIU Xiao-ging' , CHEN Hong’
(1. School of Information Science & Engineering , Lanzhou University , Lanzhou , Gansu 730000, China ;
2. Institute of Microelectronics , Tsinghua University , Betjing 100084 , China )

Abstract. The arithmetic cell,especially the multiplier,is one of the key components of the modern digital systems,
which could affect the efficiency of the whole system dramatically. In this article, we propose an extended Booth algorithm,
which is different from the traditional one with the strategy of keeping all the partial products during shifting,then compress-
ing and finally summing. This new one could reduce the coupling of each function and simplify the control part of the cir-
cuit. Moreover, by following the asynchronous design methodology ,the control circuit with the Click based asynchronous mi-
cro pipeline that obeys a two-phase handshake protocol with “bounded bundle data” is implemented. With the policy of iso-
lating data processing from control ,an 8-bit asynchronous multiplier is designed and then implemented with FPGA. With the
FPGA of 45nm technology and the same architecture, this asynchronous Booth multiplier is over 12 times faster than the syn-
chronous one while keeping the area and power almost same.

Key words: Booth algorithm ;asynchronous design methodology ; two-phase handshake protocol with bounded bundle
data; Click based asynchronous controller ;micro pipeline
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&% 1 Extended 8-bit Booth Algorithm

01 : procedure multiplier( A,B,Out)
02 :Input: A, B;Output: Out;
03 :for( state =0 ; state <2 ;state + + )

04 . for( count =0 ;count <3 ;count + + ) begin

05 if (state =0 && count =0) begin

06 Shifter—{ A[00,01,10,11(01) ], B} ;

07. Output ;4 partial products( first[3:0] );
08 Compressor «<—|{ first[3:0] | ;

09 Output:4 compressed values(one[1:0] ) ;
10 end

11;else if (state =1 && count = 1) begin

12, Shifter«—{ A[00,01,10,11(10) ],B} ;

13:  Output:4 partial products(second[3:0] );

14. Compressor <—{ second[3:0] };

15 Output :4 compressed values(two[ 1:0] );
16;end

17 ;else if(state =1 &&count =2)

18 Compressor «<—{ one[ 1:0] ,two[1:0] |;
19. Output :4 compressed values(three[ 1:0] ) ;
20 :else ;

21 :end

22: Carry Look-ahead Adder«{three[1:0]};

23. Output: CLA value(Out )
24 .return

25 ;end procedure
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SRk

R2 REHRTR

Category SyncBooth AsyncBooth

Number of Slice Registers | 169 out of 54,576 153 out of 54,576

Number of Slice LUTs 196 out of 27,288 246 out of 27,288

Time per Multiplication 660ns 53. 4ns
Power(w) 0.38 0.38
6 it

AV SCHR T — Fof 8 i o U 6 IR i
() 35 e B A 7 Booth 53 , IXRW AL 8 1 7y Bt
ERILRINi-R S T R N & IR R | O PR
i, A SCaz I S 22 0t 2K R AL ) A0 21 D RE A B 58 T
For, e AN D RE , BT B A A J3E o, Wit e g
TR S AT A R A58 T (Y [R] 20 TR 5 AT L, AR SCHR
1 8 {5720 Tk A% 7L REAE AN T AR MR E B 20 T
TR R Tl 12 A RAASCR T Click f0f
IR IR 528 B Tk A SR B i R A .

AT H TSI R ek M w7 , 8 i 52 ek e Ak B
REJIA R, AU I TAF 2 TP 56T 1 Booth S7EIH
A 64 (7 SRR R , T3 ) SR RE L S A5
BRI INE A R AARRE. AN X TR Ko
T S L7 i i SRS £E AL AL SR 2
b SBET AA R R RAR DR A— T T A.

Bigt

R £ B 2N 2 K FF T AL P8 (ARC) #)
Ivan Sutherland # 4% . MarlyRoncken 2 #% VA & F= 3% 11 K
HAAE 91+ & Hoon Park ¥ 4+ & F ¥ i 4 B fent 5
SATARIR G F8 F A0 oA, R 2N K F R R e
F X AR XAt
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