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Abstract

The asynchronous design methods proved to have the higher performance in power consumption
and execution speed than synchronous ones because it just needs to activate the required module
without feeding clock in the system. Despite the advantage of CISC machine providing the variable
addressing modes and instructions, its execution scheme is hardly suited for a synchronous pipeline
architecture and incurs a lot of overhead. This paper proposes a novel asynchronous pipeline
architecture, A8051, whose instruction set is fully compatible with that of Intel 80C51, an embedded
micro -controller. We classify the instructions into the group keeping the same execution scheme for
the asynchronous pipeline and optimize it eliminating the bubble stage that comes from the overhead
of the multi-cycle execution. The new methodologies for branch and various instruction lengths are
suggested to minimize the number of states required for instructions execution and to increase its
parallelism. The proposed A8051 architecture is synthesized with 0.35um CMOS standard cell library.
The simulation results show higher speed than that of Intel 80C51 with 36 MHz and other
asynchronous counterparts by 24 times.

Keywords : 4435 g2E, BIST, 2404, OTM

*IEER, BB HHRETTER 94 AFE WR v Bes, RSB BRET T

SEIERTERT (School of FElectrical & Computer Engineering.
(Department of Computer & Communication Eng. Chungbuk national University)
Chungbuk national University) S HFE20024E8H20, A2 U:2003F484H

(275)



.M E

VLSI 7% w2 AlolE X|9d-e gk mid X
Qo] AhH oz Zrisle] 28 4159 Fr)sr} o
A1 29 2F% EA)7} A=) = Exto)
220838 BEAE F¥E AFsroaa] A" AY
o] Fulrt Al olE S-Sk fldl, Aoy F¥
& A gdhe vlEr] 32 A ZYd B T
7} ghas] o) 2oiA) s g

Alzdl 2EUe] ] x]od A7he- o y[Est
of A ZESE T 714 Alagla e v
57) Aade 2 BB PF 3 Ao qdake]
FoE7[o F7|sbell gt Swsi=r} Ho] wmd 4l
7loll Agsic}. webr] ™ wlEr] Alsw AA
Holl Pt A9} A-g ZaA BEr] AA W
£ L7 AZE oFYAE Ze Z2A XL Al
A3 At Az Y 1% A4 98 oy
2] vlE7| gelzelql Z2AM= RISC o dXE
Ao,

o] Ze}]] AAHLE 7} 2ee]R|] Alejr} o]
A Q7R A x"] 2| AR, EE T Ao
Al Fztell wE oIE AlEd it Yoz =2
B2 xRl we} F714 2 ulEr)A] o=
glloz pra

<ay 1> 7o), §7)4 molzmalel AlaEe] RE
2eo| & Zo] oaf FAld LAstE, 28 7|
7t ~do]z|e] A 2} Azte=z FAH) w2}
Al A mo]zelel AlxEle JB 7] AA ARE 7
£ 2ol o8 Aol AL} w3 T B
293 REAE FYo] TPz Y Lwrt 2
5=

ool Hhal, nlEy] sjolzelel Alxele] z} ~go]A]
£ dudola Z2rIe AMgal ] 2dHo|x|<
1) g oJ R} ohe 2uo)A] AR FFsAe] o5
sjolzejele] FEHct Alzwhfe] mE Ho|x)7)
A7) 71401 wx] o} 2He]R|o] ARgo] Erle
& 739 slolzetel Age siceles W7] A7Hspace
time)gto] EAfgict wekx z+ 2dolxe HF B
Azke g Alsis]o], wka] 2wjo]A|7F Ao] AlEe] W=
o)z A7t F7tE Beslcl mwd B ek 2o

wl o
W

H}

b

1

Lo

CISC 9t = AEEeE AT N2 g7 sto]zeksl o}7] €A, A8051

(276)

==L

A

N

e B3e Sae el
71 Aol wls) wek e 4 :
do N e} slelxeial Alzge o)zl
TS ke FA Axgel dhal N el 4%e}
A& Ik, e Aol B dlele} oA i, A
2 ThE 2wlld SaAZ, BldE g9 oM

o AlelF ge] AW 59 olfm wr} Me

-
=)

oft

2]

o T

il

ol

4% e etk ASC YAds HEsds wst
Q) weols} oj=aly wEE AFT) o)k =e

B84E Aekm o e wlessl Az A8e
HEsht o wHel AolEw e Bkt Alo] wf
4

28

H
T

22 Q73ka o) Flo|Zulel Ala®] LA F
35 A 8gle] Hrk

=EollA Aokt ASBl T-2E Intel 80513 243
1 miwg

T o0

q

S ZeEth A e fs AA|, vl
7182 BAL o83t B ) <F wS
T ] wWEdR s Al = HAdeEE
Ak A, F5 vole g e 5 AEe]
#] spolzeiel e 2 sl A, ohF AlolF %
o} A Hhgs= o ZH&A1717] 98, multi-
looping& 31-8% RISCel| 717he- =t 3o A3
23o® Prjodz 2Esslrt

=

H_ O
=2

T1 T2 13 T4 T5 T6 17
I i B oy W s WO oy W s WS (e (S
IF 1D EX wB :
" [ o o : :
AR ey == sy s R R
' H
13 —F ] D] EX_ [ "8 E
: 45 ! —F [ || EX WB ] :
(a) Synchronous pipeline by oo overmead
' [] Bubble state
m[F [ o ] X H we £ Space time
12 [ F 14 © Jf EX J] wWe ]
13 ¥ I b J Ex
14 [ F H o J W]

{b) Asynchronous pipeline
38 1. 5714 2 H1514 shelxatel wla
Fig. 1. A comparison of synchronous and asyn-
chronous pipeline.

==}

[<]

et R
g Aoz o

il

O

opA|Eke 2 JPH Zolo] wEe] Hz
R, Alxd FAAF BAE WxE &
2] Ag A3

B =52 OANA Intel 80C517 AS0514] o=
2 2 wRe] Ad 2208 vlwslga, MAke Ak
ulEr] slol=elel Fx Ao] wiF ) N&ska, IV

=0
o =



20034 4R BT ILBEWGE

I. intel 80C512 H|etEl A8B0BT #+x&

Intel 80C51-& 8-bit CISC YHll= HEEZRE <
g 2>e) o] WE wAE SFREY HR2HEFH
ALU 783 % Z2732 ROM#} dlo]e] RAM %
71t EE55o] dlole] & 98 Hich = XE
23& B o mrer) JAzget o] g =¥
o F3)A] 7z sH|e]Rlol|A] HFA R B2 i Fe
kel 29)Ae] AR,

A4k, =2, dlolg] A,
i I e A2 R A2 oX 7] e F
P2 FEEE 255719 thefdl W E A ds}e
ol 6 M Fa& A REE Zy 7PHAQ] HEe
Aol E Zrh 7 Wo) A 1, 2 283 4 #A
Atol gt et <2 3(@)>olA Ehd AXH,
7+ W] Alo]E-2 S1elA S69] 6 71 AElE vy,
7t A vle] d9E $A me A4t S Y
o elelgk ¥714] A8 27 CISC #WHAle] A$ o
Hol $3A] AMEE A eledA] 2Ho|AE
273%) 18 B9 INC A9 7% TF, ID 222 EX
2eo]x] Fauto] 27E 2 YmR] Al A
ez} feh 3ol Asfo] 1 wAl Ale]E2] w2
Aol wet 571345 A3 Al Alez) wAE

—

ol ulo,
ET 16w

B AH SDIF B 4% 87
! Ao I l RAM | | ROM l
1T *_ = e
Rgg (I _1> 4 S Butfer
I STACK I :
Inst l l

Common bus
a2l 2. Intel 80C51 £5%
Fig. 2. The block diagram of Intel 80C51.

1 Machine Cycle
e N e S e T~
S1 52 53 S5 7%,

ID
RAM acc.

OF
ROM acc.

Ex
QP->Temp

IF
RAM ace. § ACC->T2

{a) Example execution scheme of Intel 80C51
Redundancy state
[ T o | EX

[£] Handshake overhead
{b) Example executin scheme of A8051
28 3. INC A %3e] A3 23 #lw
Fig. 3. A comparison for INC A
execution scheme.

WB
ALU->Dest

11 IF

instruction

T olelg M selelde Axd A% see) 4dl
o] ek

CISC jo]zefel e 7paA
o Wee] AllEs) e S BEe] Y 2
wgoll RISC 72 Mlaf 348 Aol shrize] &
T} =G OE AllEe D& HEe] A4 Be
w Zeelx)7t BAstel ol Aol 2 Hlolel #)]
£ol @ ddElE FAR = HEy
£ Rash 7 zelolxle] B15HE Y DA

el

w2o]

32o] o]

=

®

212 4. AlerE A8051 o171 A
Fig. 4. The architecture for the proposed A8051.

1st Stage 2nd Stage 3rd Stage 4th Stage 5th Stage
Mem Adr Dest_Adr
= Mem K—
)
H ! ¢ Data
: : ] Reg
H
[3
CTL
Ack_In
| Opcode  \}F— N | Ex Code | Result
Branch ] 11 Dest Adr
Predictor %g@ng : Adr Mod% —
Lt D Lt ™ ex Adr_Mode K
Unit rand = Unit
IF SN
Unit ™
Ack_Out Req_Out Req _In | Req_Out Req_In Ly
cTL cTL cTL
Req In Ack_Out Ack_Out; Ack_Out

277)




88
solzelel g = A web el
Wy Telzelgl ZeAE RISC F2E Al
o

2 =gl A ASBLE W] Solzelal T
22 4% (ISC PFIE AEB2] Aeslo], o)
A 71t e weeln g1 stelzelale] A

33 oA E ZeE o] A Rk A Alslsdh
ol5 Fd wedt Aol BF, ¥ AT P 2 AA
A o]5& AL E 3wt

4 RISCell 77he- selzeiel s A7) ¢4,
ARB1e] o] A ~70& MAsHcl F715HE $
g e AHE AAT £ o AlelEe] Fag 3
o] A ¢sl OF ¥ EX 2so|xute] clF 23
(multi-looping)-& 388 dlole] H2E FAIslc)
ol wE 2dHe]A] AA Pl ohel s =o] 28
M= el S FA] AR BlE7)4] gelx
2t Alzwlolld, ZE g3oirt 7 2eelxE 2%
AR o glon, Fxbo] dagh AHe| e &
Astsla Fatol B0a8t AHP|XES F=A] o
I DA dlo|e|uhe the AHO|A R HEah) o]FA
FAbo] BE 83 2HolAE v E(bubble)ole} F-Er
714 melzeijle] 79 o vma] o} e
ol WA 2ol fAsht} vlE7] I2Ee
Do Aot JAlAE FHEIIER o)2gt W o)
B3tk oA % vime|2iE deoler} Al
717k AW718k= space timewte] Basich mapd 9
o dF® INC A 319 A9 <aF 3bh)>olx B
A7 AAE oF- wre] Azt WB 2EllA7) B
dospy] diol olzg W 2Ho)AE FaPeix] &
IF, ID, 2| EX £Holzukg $8gt & F84
. =3k ARBL1E] 7t RES] solzel 43S 98l
TE7F] BAIS point-to—point ¥FAS A8l
Holzelel A8 <l Ao Fulell FFA7)E
Zk ¥)g7] RER BAMA R Mo 225
l2 Zb 2Ee)Re] Fatol| oel Beg Aok
g NAdsidck <ol 4>9) o] ARBl TERE
, ID, OF, EX, 28]z WB2| ti¥l 2Ho|#E Z=
glolzelel FRE  zZerh 2Ho]A] 2E2
4-phase ¥]E57] d=aolz HAE E3) dolelE A
F3hct melA Zb seo)A|e) w3e] Fy Ak
Hell o AAHA] ka1, 2F ~uo)x] ] Bt 8 A
Aoz it F ANE kg 2HP AR AHEih 7

-

k

L

W & o N
n‘ﬂ)r)vrl -
N

]

Fay

b5

CISC v = AEEZeE AT M2 wlF7] Fe|zatel op7| €A, A8

(278)

g s

zHo]z| 9] 8 7|5 ot 3ok

(@ A WA 2#Ho|x]= IF (Instruction Fetch) f4
o2 =Zgas dre|2Rele] we] HAE dddl
ol &3t Al s =E A7) 8 ZeldadE
53 X% el Ry wEe] offg w3,
7] wEod Ae H] 4 33l kel %
Hylole) F45 AL (b) F HA zElolx= ID
(Instruction Decode) AL A% == opcode
£ o]9 wlolzzEH R vigsln o ol
dlole] o|&XE AL & wkal dlely] st A
g 749 dlad drr] solzejlE AR (o)
Al WA 2~#lo]A|= OF (Operand Fetch) 422 =
2ol operandd wme|EHE gk (d) o HA
2#o]z2]= EX (Execution) A2 vle]zzrze]
o 2HAEE Al F vle|mEvEed ue} ik
Tl AAE Al AAEl (o) vHeE o
Ab AE HA| el dlole] HiRe|Re] AL WB
(Write Back) 2#lo]x]|7} wedgich

ARB19] xjed 22 DI (Delay Insensitive) =
7lukste] A, 2 B2 dHolelE sl 7
gl AZRE dloleld] 4-phase vlEY] W=solz
ZI2RIL AMSIIE <a® 5> <a¥ 52>
EE7L dlojel AHEE Hg d=slolm elolurE o}
Epfle, <I¥ 5> 2832 i Fa3F djele]]
FrAFS o B AXshe stg 4lse NS
A7 3 2E et

“
o

=0
=2

[s]
g

. A8051 mo|=a2tel Fx2t Ao

B IR ES
Z71A] Intel 80C51 FZoll B]E7]A] slolszalql
S AGAl, oF Aol Auigt A3t o] wd FAH

Eo] gt B Aellds AL oFEAeA o5
TARES 2] s AR o= A kel

sl 7]edct

1. oo} Als 2700l w}E ue] 153}
Ied 498 A, Intel 80C51S Hedo] 8
A 15 Sl B 5 eERA AkE Zed) 2
2 ASOB1 Eioli= 2ol o)a 2elol] AlolE 2
7 b WAl 2 2delAsl B4EE F 45 29

WA ool c}s AEjo]x)e] AL b of ¥ol ule}




20034 4R BFILEEH

spolxzetel AlaPS AR} F ol9} 22 wlole] 2
£ AR slo]zeielo] FatEwm 2 ag 2]
A& AR 7] dhiell WE 2Eo]2l Besl
714 Folzeilict whdt dlole] H2E Zhech

e, 2] el AeiAl FaA Bl AS
7] g ol ke suT Weole) Fa AL F
seo Aol B A9 thg el Mok 9
2 glo] WA $93 WYelE Fraly, 299

aayeel o] AAE Q4o $uE 4 9ok
= ol 2o 23] Al WA W] WEe L3l7
F22 #7] el Qe the Wl Az o
slel, IF 2lolx] §4 Azke] 71 shlel Wede &
aslo] 9317 EhA Bae] Alse] HHE

5 derh

-
= Btock
(A)

Completion

Aout
singal

(a) Interconnection Block

—

Combination

Lout

Aout

Rout

n

(b) Signal transition of 4-phase
handshake

(c) Generation of completion signal

2] 5. A805]1 handshake model
Fig. 5. The handshake model of the AS051.

E] Handshake penod
A Arvitration period
| O lteretion

Groupi

Group2

Group3 I

Groupd \F

Group5 I IF

2t
[}

%40 % SDR H 4% 89

Mo o] Ad 2718 ZEE A} & &
7] £7] wzolel NOP wEele] A% IF 2ee]#]
ake] Fabo] Hoslug chd AHP|XRE 2| o
3 87] Fau ARG F g s FaI =
A7) ddake] A= ablgrel s odak At
A EX ~de]A] F2hllel] F3tEinz OFel WB
2eo]z] 32 BEgsic) o)el 22 BRiwiA] 2w
o]AE AlBlE FAAIZLRA] FEAQ] W] 4
o] 7Fs3bet oleb 22o), A4 wEle] AYET} A
dol HAE&pE S 2 Aes A& 4 9] w2,
AR51-E Balgh CISC w3delo] As ~718 3H43)s}
o wpgl A1y molzajel Al zho] ExlEeE
T3 ol EHadh ~Hpo|x|o] A} HeA
2Hlo]z]e] HRE-S- 383kt <E 1>2 ARB1Y] BE
gejol7} ojw o] Ae 2718 vl vt
o] =zalele- =4 IF, ID, OF, EX —1&l3. WB2 574
2] zHlolX 2 A= 7 WA 252 deg &
elo]#] AARES 8Eta, oA 2Eo|XEe] whE
& 343kct & 2§ 5 6 281 7S OF% EX 2H]
o|A|7} Hig == WEo] A3 ~7S zher) ARG
A zHo]x|7ke] wRE-S- &437|ol|, OF 2dHlo|#|7}
oF Wajele] Hrulgl g-7e) wEe] oIn fuloE

=

L

¥E AEslE 277 A6 49 4 olw, B
3=l o7l OF 2ElolA 2 Re] A4gt 875 2
S92 FALCE w0l dlal SUeAE *

Jshs A BF3 S7HH4l Ao} 2357 Pasich

E: 1. AR wEo] A 2~
Table 1. The re-defined instruction execution

Group6

1 lteration
[ > T A= =

2\on
Group? Ln: El D £ OF( )EX ” wB |
a2l 6. A806]1 HHo] A 27 ==

Fig. 6. The logical layout for execution scheme in
an AR051.

oleld o= ASK51E
=5 W] Ay Az12 sl iR s
Zhz §714F vlast] fF ARkl wol Aasw
Y HolRAE ghasEg XaE A
et mak ASB1E <z 6> 1l AAF

[

(279)

= ]] v ] scheme.
Group Scheme Num Example
1 |IF 9 |Unconditional branch, NOP
2 |TF-ID-EX 13 |Function Alor C)
Function A Rn(or @Ri, dir, #data)
Function C, bit
3 |IF-ID-OF-EX 43 |[MOVX A, @Ri(or @DPTR)
MOVX €DPTR, A
MUL, DIV, POP
Function Rn(or @RI, dir), A
TR ARy Function bit addr
4 [iFSTPOFEXY 94 \MOV Rulor Ri). dir(or #data)
MOV dir, Rn (or @Ri)
i . . MOVX €Ri. A, PUSH
gazk Ao AwS 28} Function A, @A+DPTR (or PC)
5 |HCID-OF-EX-| 4 1NC DPTR
OF-EX
MOV DPTR, #data 16
6 IF-ID-OF-EX- 5 Function dir, #data
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Co s =7 (T Y
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