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Design of Asynchronous Pipelines for Low power
Microprocessor

SHI Wei, WANG You rui, CHEN Fang-yuan, REN Hong guang, LU Hong yi, WANG Zhi ying
( College of Computer, Natimal Univ. of Defense Technology, Changsha 410073, China)

Abstract: As the CMOS technology enters the deep submicron design era, the richness of the computational resources brings about
alot of problems, such as cock distrbution, clock skew and high power dissipation. Asynchronous circuit style is an efficient approach
to solve the problems, and it is becoming significantly attractive to the designers. The design of asynchionous pipelnes is a very impor-
tant issue in the process of designing asynchronous microprocessors. In this paper, various pipeline structures are summarized and their
asynchronous equivalents are presented, and then an asynchronous flow is proposed, aiming at speeding up the asynchronous circuit de-
sign. Fnally, the flow is used to design several asynchronous pipelines. The experimental results show that the asynchronous technique
can reduce the power consumption of microprocessor effectively.
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Tab.1 Comparison of four phase handshake protocols
FLC RFLC FDFLC
(Um?) 1123 213.6 257.7
(ns) 0.39 0.71 0.93
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Tab. 2 The pipeline structures in microprocessor
RFLC
ALU DEMUX MERGE
FORK JOIN
/ MUX DEMUX
2.2
FORK JON MUX DEMUX MERGE" 2
FORK- JOIN
(1) , RFLC FORK JOIN MUX DEMUX
MERGE 5

(2 ) ;

(3) , ;

(4) ;

5 (2 (4)

(6)
2.3



36

2009

2 3 2 2
ok} !
I CL1 R c12 o
DI DO DO
2| e
i
2 3
Fig.2  Mult:- branch linear pipeline Fig.3 The datapath of mult+ branch linear pipeline
3 , 3 Ltl 12 43 Ltl
DEMUX R TY) ,
; 113 , MERGE
DEMUX MERGE 4 5
2 K
P s E—— |
Red in e Req 1 -Phase |
€q_1 ) ] E | Latch > i 7—}: out
l 4{;:“:‘: _D_‘—b Req 2 Ack_1 = | Controller | ¢ i =
|| Controller N <—i— Ack_1 Req 2 \; 4-Phase g
™ Ack 2 i Latch 3 |
Ack_in I I _____________ e B e : Ack 2 Controller C !
i. ________ . i;\\,k out
! :
Op.t Op.f Op_ack Ltl 2
4 DEMUX 5 MERGE
Fig.4 Structure of DEMUX handshake component Fi.5 Structure of MERGE handshake component
Req_in =3 @ Req_out
et Ack 1 q* =
Ackin| @ |Rea2 4-Phase _»._’ch (D3 =
1 7 [ak2~— Lach |,cy3 = —
- Controller Ack_out

Ltll Top

6

lLlZ ll,ﬂ

Fig.6 The contwol path of multt branch linear pipeline

AlU,
; ALU

Mentor Calibre

Booth Wallace

Synopsys



Nanosim 5

10 ,

3
Tab.3 Comparison of asynchronous and synchronous pipelines

ALU
(mnz) 0. 321 0. 342 0. 153 0.171 0. 125 0 141
(ns) 213 221 1.97 1.91 203 218
(mW) 45. 58 23. 85 25. 37 12. 43 17. 87 9. 89
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