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Designing of UltraHigh-Speed and Compact Variable Latency Pipelined
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To realize low-power and high-speed arithmetic units with future CMOS technologies, this
project focused on and carried out research that concerned with a circuit compaction
technique and a delay balancing technique. An input bit-sliced circuit partitioning method
for circuit scale compaction and a delay balancing methods based on logical effort theory for
wave pipelines have been proposed and evaluated. The experimental results clarified the
effective of both proposals.

AR TERA
(BHAHAL : )
[ERESES IS ESE SN
2007 42 1,700,000 0 1,700,000
2008 4 900,000 270,000 1,170,000
2009 4 600,000 180,000 780,000
FEE
FIE
% # 3,200,000 450,000 3,650,000
WFE R - A BRI
BHIFZE DS FL - MIE : FHRS AT L - Ky hT—7

F—U— K Ox—T4FF5 10, VLSI, [BIEHFE, By, SIEIEEE

1. WH7ERIAR YK DT 5
HEEIN TBAT O RO 22 AL & BT

By Y ORERHTIE, MERI N T
M OMEAIT R, Bz 2RSS BIF 02

AR OEHIC L > T, S, Homikke
A r7urakyPREHRHINTND., L
ML, FEEOEHE, Homie~A /7>

ENRTFHIN TS, ZOFTRAITKEN
KOO TWDIEEE LT, WEREHOEN
D Fy TOBNEED EAND L. E


http://kaken.nii.ac.jp/ja/p/19700037
http://kaken.nii.ac.jp/ja/p/19700037

BEOBINIF v 7 LORER2 FHESE, <
A7a7atyYOEHEEZE LR T &
HIEDD TR, wHIa A FORINE B L.
ZORERBURTFICRB W, KHEENHoE
Hh~Ar7un7aty VX, ERERERD
ORBUHAE AITH) A—/"—a v Ea—4F
T, ARBWBKRHHLATND

— 5T, FHERINTEM ORI IZ R,
~ A 7uruty Y OEEEOMEINKE
SEDLY2SOH L. FH/NNMTSHENTONmEL T
DOCMOSHN TH: Ay T Cix, §IREEE IO L
D 5 HNIG DR HEE 18 5 HEIG &
2D EMMESN TS, FHREEE
13, V—7EMICERNRL, PLEREZELFNAAL
T T ELITH ATV D BT, &
NEHEETH. V—r BRANICE T 24158
L7 A ALYV T DWICHFTE S T
%—HT, imPREIFEERFIEBEME TN T DT
SEEBEHATOR TV, Fak vy
OFIEE B DIIHH SN D 7 — MR p)
THIEND, BEE/NMYETEZ LI Lo
THWHEB D ZHIT 5 2 L3 AlHE
Z DT DFER O G IN TH A 2 725
[ B EE FHT AW TR EIE O /N L AMETHE &
IMEICKREL FETH 2 ERM/BINATVD
ZOXIRTEFROL &, FROEEIN T
Mz WT, BB MR/ MU LTz &
R E AR FIEOMEI NS H 2D D
LTWN5,

2. WO HB
7RI E BN BN/ 5 L nvbil T

W DR O EARI T FIcB W T, &

E-Hoﬁ%%%ﬁﬁ@%@%mﬁﬁm%ﬁ

, RO @O ER ARG O A

% Té EEAMROFEOAN T 5.

BARMIZIE, AIELVA T RAT T A,

V=T NAT T4, HARRBRROATIE Y

MEFIPEIZER L, 2N bORSEEFH L

@ﬁ/XTAm#%%ﬁﬁét WZEL RO 3

MERLNCTD.

(1) AIELAT UL T T4 % K0 ER
72 b DIZT B0, TV r—vav
NIRRT D F T FoREZE v MEx
T, T2 2 LT, ko~ ruaT
oty BREHIB W T, BRI R %

Thb.

1T 9 2 ORREHEFISM:, B KONk
N THAT T2 30T 2 18 FL B % 5 o il
EOESES

(2) B b UlEFMEE BT [E B R
Dffg/ N ik D Z & T, RO EE A T
&ﬁm%ﬁé@%ﬁﬁk%%%ﬁ®%%

L NE Ve Mg T@?ﬁi%lﬁlﬂk%ﬁﬁb\
T, KBy MEOHEEZITH 7-9I21E, B

m@%;mfﬁét/bv«wiﬂﬁ%
RIS HHTHILERLSL. LA T,
WHWEE, "~ R =T 3 A NOBLENG,
S L RAN A NPV 71 i Y Al R ==
EITH -0, BEOREMK T AT XAk
ZICRTET A E w b Ll s B

&
RB) V=T NRA T T UFEEFBT LT

5D DPFHR D G MNN THAT I I 1T 2 BIE
AL
3. ﬁn@ﬁ&
(R R IC A LA T 8o

774/%@%Lt%m%m¢.%t/b%
JLBRRIRE 72 R A 2 = v MZBWT, L)
vy MEMRnEy NLTFTHDIEGAIE, 7 —T7
v Ko7 my 7 #EifEHWT, 2nEy hOW,
FAine > N OALUZ B <97, F{nk >
NEOHROFHEEZITD . RITXK Y, HER
BRICHIAL, KL AT RO, K
BEHEFERTSH. L, F—F v Rrn
o ZIEEREFEE O S LR Y OF— =y
RBRE W2, @sERITR O CTIEARTER

A TWD., £ 2 TANIETIE, EHM

7R RN OHN, B RRBEHIRIC X D HE
B OHRERA, K215 d, AJALT
Y ROE Y AT A AFEIZESL, ]
BLAT YT =TT T4 FiEER
R, TOEBZARRICT D BRI OMT
ZHiET.

ir:lui_T 2r-bit inpul_B 2n-oit
Cperand bit width detectar
X
it Ia.ml rpul 2 Hg)
Output Registers

X X
b bre|  [rpul® e

i

______________________________________



1. A BV AT 310 7T 4 4k ALU

5 . —
= =]
N_- 48'
m
o © s
a o) Ll 2
£ £ 2 =] B
5l |e 2 g
2 |8 g |
= = w =
a 20 =]
o m w 's] [=1
< B 5
o = o
18
3
Es o]
_|_ _l_
f———e— - | :
'
— B
L ool o
Global Clack CONTHOLLER _La_al_C'k;__

2 INIRIEB L AT T 2 —T 8 75 A 4k ALU

ETHHETIE, ANAFXT REEY b
L AEFIVEIZ EE S E DA ~RT » RIThy
HTLHZ L CH-OEBRE CTAIZELA T
VA T A R FEBIT D, Operand bit wi
dth detectorliZBWT, AT ROEEIZ
XTLHEE Y MEAZHEL, BV 2 ¥ THE
BLEN R 20T A 7 VBl S EAUZ RV A
WL, X7 RaEo% LEAERERICAT T
. TRV E—oEFEFEKE TRERE Y
MNEZETHAXT v RELOHEE % eI
45, L,mL, BT XAk - T
ANART o Nig & BIERE OBIR M S, A
AT U REEy hATA ALY 5EIL
AT 2 2 & CHEBICET 2B IERE R A3 N
THEBZENLRH .
ZOREETRT DD, Ta—T AT T
AVFEEBEAL, AL—7y FOH EEX
L, Dx—TRATITAVFEFLIASE
AWV T 5 FEOT-D, BIRHEE
BIHDPERD IS, TF7 4 FELD 07 <,
J vy WA TN ERERDSA T T A4
FIELD LRMICETARETH H. T DFFH
WZEB L, X7 NIERATIZ IS\ CHEEA
WCLBER A 7 VBN EW & X IXERgic 7 1
vy L—REEE L, BIWHEE O
MHlTsZ L ARETHDL EEZLND.

4. WFIERE
RO E 28 TR L) 15 B)DHRY
W2 > TR,

(1) E7 7V r—a AZBF 4T
ROEZE v MEMNT, 36 K OMFRO -8R
I TEA T 3T B 18 H B O REPEfE AT 2
¥ o7z, SPEC DfifMT 1T o 7o i R, K
HAEMTIZBWT, ARy NI 16 B
FATOLDREmNEGEEZRLTNDZ &
EHERL, BEEEICBWTIREL TS A
ey NOWFIMEE S B W/ NVREE LA
T UV T T AP ERNR IR A AT O
AREMEZA L CNDZ & e MR LTz,

F 72, Predictive Technology Model % FHu>
T, BEEOIMERIE % 350nm 7> 32nm D4
WA THAT TR L7=. X 31%, Fidhizhn
THiffr, #tdic Ripple Carry Adder DIEIE
TIEHAL U7z & BN [E OB A 2 7~ LT
4. ITHERRETRIc > T, Biff7araY
R 5 OFRIEREF O A F e D 2 & D3l B
TE 2. ILHEAOBRb 3 e & EE R
WTT O, BURBIEDORENKREL 2D L
R L. ZoZ b, 7w fan-out,
DI WELRRE AR O i, (KT ) e
B FHIMEARAAR THDLZEE2H D
DT L, RO - ARTHEE ) 7ol A A%
PO BB 2157

[T°18 )
______________ —
§ am}
|___________-_-‘-_- B — il s VR
§ I_-—-______-—:!«'-"‘¢-'_"""“'——-———--——~—l——-_"
ns
i P S _ / " o
h_-_-—---———-—-_
GA-—=—
ara -
Mnfd, —a—
BriGad —&—
ate L ; - - -
™ @ W 1; B o “ =
Tachnology m]

3. ANTHAF & 7Y R AORIED BIR
(2) ABE >y hrENC X 5 AR R T
EOBRF 1T 7. BHOMNERE, FHR
OB SEIFIEEZ R L, FHCRRERKE
FHZIBWT, S FERIRER O S Z2TEH L
7o, BIRDEITFIEEZREL, TORMEEH
o Uiz, Eiz, EOREEIBGROFN T
NIY RN T =R a—XokikeE
DEIFERER FTEIC X - T, RO/ E
BVPRES (LT D L AR LTz,
FRET HRIESENEEZHWT, ko
FERRIEHGFENE 225 2 LS



TW5 R RE RIS EHTE A L,
ZOHREDOHR L OFETITo72. Zh b D

PR ORGSR, HEERIEAE ALy MY E
AW THETLZ ik, EERKREDBHR
FENENY, A DETRELRIEE N O KA
ZRIBIZHIR CEX 5 Z L 2oL,
(3)?:~7ﬂ47?4V@%E%W$&
LT, KAIRTERIS, BER AL R
AN T 4 — kBRI ~%’D< 7= R~ A
VU FERRE L. BET D RIEREE
T, fan-out ZHIE Lo, IR EIESR T
DIFEANETF— AV 7iIck i+ 2
LT, EREERIEEE AL EBT L. 2o
FIEREFEE AR L, ~— Ry =7 REib
Sl XA, FEEA R OZICHELN D TR
Yy MU A NEATETHZ LT, BIEHES
NIZEEPAGONDEEAMHELZ. b
Z NRE BRI L 7= R R 2 X 51T, AL
Bro =TT VEMESE TGS
DO SFHm A X 6 (2T

Calculate Delay Based on

Gain-Based Delay Model

DO, Check the delay difference Do n
DO of input pins of all gates

DO | |

Delete Delay Elemnents |

Deluy st #:D, ED—
Dalay 2t @: 0,
o
DOm=D, -0, oy
o, 2 M Ml ﬁD»
———— — -

%E

RIEIE L OB

| Insert Delay Elements | Gate Sizing |

4. 42

Dmax(halanced)
B Dmax-Dmin(Balanced)

B Dmax
¥ Dmax-Dmin
] —

el

RCA1l6

o

dqug(nﬁL

=

CLAl6 RCA32 CLA32

X 5. BIEFERS R

M5 X0, BEFIEICELY, HAdbEimeE
6] % O Fe RARFE & Fo/NEBIE D 76 % i) S+,
HRIERFE DAL I N TND Z & PR T
5. itl6i@ BETIEITL D ERkE
N EBIERIE E 7 = — T A 75 A [h
e LCTEES TGS, RO A T T4
PRELD QIEREBEE N RO L EBT D
ZEEHOMNTLT.
DX, s EHOBERRITIEAH
MRAE VA Ty 7T A A% E
FLAEE OFEME, B/ NEEAL O 7= D[R 43
BRE Tx—T AT I ERT AT
O OBRIEFHREE L fe R D mE - /R
v%%yyﬁx~7ﬂ4f?4ym@%@
Bt 2 HBT AT DI ERA KR H O

ThHY, H%wm@ EHo, IKIHEE 72
HERHRGHCBWNT, HR2mAEZEDZ L

ﬂf%tkéib

B ot balanced conventional pipelined ®hbalanced

350
300 —

250 —

00 —
E‘_ ...
. 'm _"m = B

RCA1l6

=
=
T

== D
o
=}

Power (mW)

o
=

=}

CLAl6 RCA32

X 6. BIERHEZRIHEEED

5. ERFEEImLE
(Wr7efa&¥E . wHoe
LT
[ﬂEHILHHﬁjC] (§+2ﬁ:)

[1] Ryusuke Egawa, Tasku Ito, Tomoyuki
Inoue, Jubei Tada, Ken—ichi Suzuki
and Tadao Nakamura: “Scaling Effects
in Combinational Logic Circuit
Design” Journal of Information Vol. 10,
No.5. 695-702 (2007).  (##HiA)

(Fa%ER) GHboth)
[1] Ryusuke Egawa, Jubee Tada, Hiroaki
Kobayashi, and Gensuke Goto
“Evaluation of Fine Grain 3-D
Integrated  Arithmetic  Units,”
Proceedings of IEEE 3D System
Integration Conference 2009, 2009 £
9H29 R, KEY 7T AT,

[2] Ryusuke EGAWA, Jubee TADA, Hiroaki

Kobayashi and Gensuke GOTO, ” Gain

Gy e OSBRI 78812



[3]

[4]

Based Delay Balancing in the Deep
Submicron Era,” Proceedings of The
23nd International Technical
Conference on Circuits/Systems,
(ITC-CSCC 2008), 2008 47 H 8 H, Ik
Ju .

Vey ik —BR, 2 W+ fefr, L0 P,
BB " =T AT T DT
D DAL TR RIS A 0FE, 7 BT
THa(E T EREEEIZES, 2008 4F
3HS5H, il

Jubee Tada, Ryusuke Egawa, Keiichiro
Sano, Gensuke Goto, TadaoNakamura

”Gain—based Delay Balancing
Technique for Wave Pipelining”
Proceedings of International
Technical Conference on
Circuits/Systems, Computers  and
Communications 2007, 200747 H 1 O
A, #E 280

6. WFITHLR

(1) WFzefRE

i)l FEf (EGAWA RYUSUKE)

HAKRF - A NP A A Z— -

Bh#

WH7EE 5 - 80374990



