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Comparison of Synchronous Circuits and Asynchronous Circuits
under Low Voltage Environment

MAO SAKAMOTOT! MASASHI IMAT'!

With the progress of VLSI manufacturing technology, miniaturization and high integration are progressing, and higher
performance circuit design is possible. On the other hand, reducing the energy consumption of circuits is one of the issues. Since
energy consumption is proportional to the square of the voltage, it is effective to lower the supply voltage. Asynchronous circuits
that do not use global clock signals are highly tolerant to delay variations, and are expected to operate in a lower voltage
environment than synchronous circuits. In this research, synchronous and asynchronous circuits are designed for some benchmark
circuits, and the operating limit voltage is evaluated by simulation using HSPICE. We will clarify how to change the input and
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output throughput depending on the supply voltage and how to check the normal operation.
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Figurel Synchronous single-wire FF.

2 1 BRIERIIZFF

Figure2 Asynchronous single-wire FF.
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3 1 #RIERM Latch [F1EE

Figure3 Asynchronous single-wire latch.
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Figure4 Two-input C-element.
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Figure5 Evaluation model of benchmark s27(4input-1output)
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Tablel Scale of benchmark circuit.

FZ TR (fH) A WA
[A] 3% 44 sync_ff, async_ff async_latch bq bq
s27 150 251 4 1
s382 1246 2149 3 6
5400 1059 1962 3 6
s641 1435 2252 35 24
s713 1437 2254 35 23
s820 1717 1932 18 19
51423 4821 8003 17 5
51488 2882 3140 8 19
51494 3038 3296 8 19
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BUTFENB &, FF %, Latch E O RIS U CHEE
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4. FMEFERLER
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Latch D FHHRE % 3£ 2~4 (TR T.

BIT5 1 R
1 BIERM R T —

#F 2 s27 1R FF
Table2 27 Synchronous FF.

A0
JEB
[Hz]
HABEN]
0.9 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
0.8 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
0.7 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
0.6 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
0.5 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
0.4
0.3
0.2
0.1

1.0G{800M|500M[400M]250M|200M[100M| 50M | 40M | 25M | 20M | 10M | 5M

3 27 1 #R3ERM=RT — & FF
Table3 s27 Asynchronous bundled data FF.

AEAD

A%

[Hz)

HABENV

0.9 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
08 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
0.7 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
0.6 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
05 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
04 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
0.3 100 100
0.2
0.1

>
>

.0G [800M(500M]400M|250M[200M|100M| 50M | 40M | 25M | 20M | 10M | 5M
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F 4 s27 1 IFERHXT v F
Table4 s27 Asynchronous bundled-data Latch.

Adiho
JE WAk
[Hz]

1.0G [800M(500M|400M[250M[200M|100M| 50M | 40M

o EIEV]
0.9 100 | 100 | 100 | 100 | 100 | 100 | 100 [ 100 | 100
0.8 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
0.7 100 | 100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 100 | 100 | 100 | 100
100 | 100

RO VITHEAED 1.0[V] & ik LT, HAEED 100
WEH—FHLEESLHETHY, EFICEMELZEHELED
DOTHD. LT, HREOE/MTEFICEE L o745
tTho, BEAAOHEITNTNG, HELERIELE L
T 100 fHHF W D= LizhrrzR LTV

R Fw—7 [ s27 1T TélﬁH%tFFﬁlﬁ#
FE#ZCFF OFHmfRE R &tk 35 &, LR FE#I=CFF 130, 5[V]
EFTIHEDAHNDANL—T v FTHIEFICEMEL TV
—J5C, 1R T — % FF i3 1 B FEHX FF o@hfE
WIELLF CEMET 28R 50, 0.5~0.2[V]DKELE
THIEFIZEMET 2 & W HRER L Ae iz, FERMIXIERE D
RILZEBOMMEOm 0 b, BIEEIC ;5LL®£%O
X PBILE T VORI E Y, EEEE & RS
WREMEZ L7-E2 b5, BRETEEZ T CHLIEFIC
FET 2720, BEIEOEET XL —%2 RERHIED
ZEMTEL., AHIIDOAL—T v FEZIT LW E] KR
FCHIVFIERMRIEEE & AW 72 EIREE ORI L H1H
BT XX —DRELTHEND. £i2, SEORF
~— 7 BIEOFNI T, EEELETOMECTH- THEE
Te 1aFERMIZRIEE 0 5 S FEHIREE & F5E0Z 2L Eod)
ERRABIE Th o7z, [RMIRIAIR 2 IR IR TR D
MRECTEESHMZ D77 LTYH, ZFa—ubZa vy 7 )
N2 O IR 72 BT IH L B W B D 2 & OB A3
INTH DRED DRk % 72 B~ OISR IR S LS.

1 #RFERMIRRT — & FRIZBA L TiE, AHJID A L—
7y FEETEETWIZSNT, 0.2[V] £ CEIfEEE
FERTEETHEFICEELE. BREEE TFIET
F2IE EWEEENIER SN DD, ZOKiE MOS k7>
CABDAA vy F U TPREL R, BIROBEITKT L
TLEID, HEBHERIBEOEEILINL— RF 70
BAfRIZ2 5. MEZREMEEZZRE L TR L TN OR
BETHDH. ARICEDECHE#EET5 2 & T, M
BB/ ML E W L RIEERF O FERIC o Rn D,

Fim, NUFv—EK 27 D 1 #7 Latch AR, 5
22N, 1 RRFERIBAR FF IR TR OHREN K& W
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%5 5382 PR (s LARIFHAFE, | BIERMIART — ¥ FF, | SOEMBIRT — ¥ Latch)
Tableb s382 Evaluation results
Ao AdEAD AEHD
Ak R 3
[H2] 1.0G | 800M | 500M | 400M | 250M | 200M | 100M | 50M | 40M (2] 1.0G | 800M | 500M | 400M | 250M | 200M | 100M | 50M | 40M [Hz) 1.0G 800M | 500M | 400M | 250M | 200M
HARIEN] HARE) HITBFELV]
09 0.9 0.9
08 08 0.8
0.7 0.7 0.7
0.6 0.6 0.6
05 0.5 0.5
04 04 0.4
03 03 0.3
0.2 0.2 0.2
%6 5400 FEAMFERE (S LARIFHIAFE, | MIERMART — & FF, | SOERBIRT — ¥ Latch)
Table6 s400 Evaluation results
Ao Atho AEHD
Rt ) , Bl Rk
) 1.0G | 800M | 500M | 400M | 250M | 200M | 100M | 50M | 40M | 25M ) 1.0G | 800M | 500M | 400M | 250M | 200M | 100M | 50M | 40M | 25M THz) 1.0G | 800M|500M | 400M| 250M [ 200M | 100M | 50M | 40M | 25M
HABEN] HHEEV] HAEENV]
09 09 09
08 08 0.8
0.7 0.7 0.7
06 0.6 0.6
05 05 05
04 04 04
03 03 03
02 0.2 02
® T 51488 FHMAER (O 1RRIFEIIAFE, 1 BERZORT — 4 FF)
Table7 1488 Evaluation results
AHH D N:-Pslo]
JA % J e
[Hz) 1.0G | 800M | 500M [400M [ 250M [ 200M | 100M | 50M | 40M | 25M [Hz] 1.0G [ 800M|500M [400M|250M | 200M [ 100M| 50M | 40M | 25M
HEEV] HAEEV]
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
OEERNETR IR E O Z /S L TWDH S, 1 #RIER olz, NIIDOALV—T> h& 25[MHz] £ CIRFSE 5

WIFF ERERIC A IIOANLN—T w FEIRTFEEDHZ & T,
FOIKBEETHLEFICEMET 2 2 B FETH-72. 1 #
FERPAXOKRT—Z FFO U &y MIEFFHT% 3D
v MtE D-latch FFI2E &2 T 1 HRIEFRBIKXORT
— % Latch & L CWA7®, RIEKIZKITH5ESE -0y
DEBMNEEZ TS Z EIZER L TREBENTE L2 qﬁﬁ
PN EREREESEL 25, LrL, BERME
FEAAE R A R D &, 1 ﬁ#ﬁ%ﬂFF@ﬁﬁﬁ%iw,
1 BIEFIAIRLT —# Latch 07N ERERIZEERREE
DIETFTLTODZEBERTED. AHHDAL—T> b
EE A2 AV CRIBOBEEL KRS 5546, 1 ##
FEFMRIT —# Latch DR RMTHD L E25.
$382 DLME D FAf#E A DWW T, WA O S b, s382,
$400, 51488 DFTAfi#E A4 5~7 TRT. 7ok, 382 LI
TIREAE B D 5720, i ROFITB TR
WO —BHEOTHITE TN S,

Ry F<w—7EEs641 & sT13(TDOWTC, DR F~—
7B L LT, BERRAEER SO E BT ORR L
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EEMERABEIL 0.4[VITH-o72. 1 K FF 2K F
~v— 7 EERLTHET S & AHTIOA V=T i3 50~
40[MHz] 2> E{EBED 0.3[V]I TEHFI %ﬁbfwék
5, s641 & s713 D 1 #RIEFRBI FF OBERAEE
mﬁ@xw—7yk%wwmmﬂifﬁFéﬁf%04W]
LFEYTHoTe. R F~v— 7 [EIE 641 & 5713 D@ A &
LU CIARAER AL <, FREA#ER T2 F 7 PR
2 OB SN E VD Z L Th D, KR, FHlifE R D
ATTE RSB T ERR SV EE 28 @V MR 23 Rz T 5
iz, ANEYRZNE L0 ZL OB RNV F —0R3 08
RO EWVEREENSLE LR D.

ARy F— 7 [AlH $382 & 5400 (O T, BIERFEEDN
AHRFDAN—T > MZIE T T 0.3~0.2[V]E72Y, LT
HIRWEETHEIRPSEFICEIET 5 2 L AR T& 7z,
Ny Fw— 7 [AH s382 & s400 DR E LTI, ASEA 3
DEIFITDRL, BIBEHERT D T VAL O LI
BRI D 720 Th D, BIEA~OANTIEN 35 L L
F~— 7 [Ali# s641 & s713 NEHERRS R 23 LAY I 5 <
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HBLTWAZ L, BIERASOATEN 3 LDy
F~— 7 [AH s382 L& s400 OEERREEBRIRIZAL T
LICHFERT DL, BIEA~OATEDO RN BEEEE D I
WZH2DBERRENVEBZLND.

Ry Fv—7 EK 1423 [2OWT, 9 DD F v — 7 [H]
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ARECH D LR E .

N Fw— 7 [\ 820 [IZOWT, AHAER( Mo F
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