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Low Power Consumption Arithmetic Units
in the “Plastic Hard Macro Technology”

Kazuo TakIt and KiyosHl KITAMURA'tt

A design methodology/porting methodology for high-speed and low power arithmetic units
library is proposed, which is called the “Plastic Hard Macro Technology”. The key design
feature is co-operating design optimization among circuit (netlist) design, cell design, and
layout design. A primary target is significant reduction of the energy-delay product. A ded-
icated symbolic layout tool helps the cell design and porting to different processes. A 16-bit
multiplier is designed for an example and ported to five different processes. Approximately
50% ED product reduction is attained, which is conpared with conventional multiplier design.
Very small porting cost is also realized.

Apr. 2001

1. 04000

ooboooooooooooooooboboooo
OOo0O LSI0000Ooooooooooooog LSt
goboobooobooooooobobbooooDboo
gbooooooooooooooobooobobon
gooobooooobooobobooobooboooa
oooooooooboooOoHDLOCOOOOOO
gboboooooooooobooobooobooooon
O000oo00oooooolio0 LsIooooooog

gobooobooooooooooooooooooon
gbooobooooooooooobocboooboooo
obooooooooooooooon

ooOooooogoo LSIgooogoooooono
goooobooooooooooboooooooobo
goooobooooooooooboooobooobooboo
gooboooboooobboobooooboooboooboooboo
goooobooooooooooboooooobooon
gbodoooboooodobooooooooboooooo
gooogd

fO0o0oooooooooooo
Department of Computer and Systems Engineering,
Faculty of Engineering, Kobe University

++ 000000000000
AIL Co., Ltd.

1023

Y 0000000000000 D000000000000000
goooooooooOoOoOoooOOOOOOOOOOOODOO
ooo0ooooooO0b0O0O00b0O0O00O00b00000000
O00000000000000000000000000A0
oooo0ooo0ooO0eOO0OOOOOOOOODO



1024

oooooooooooooboooooooon
gboboooboobocoooobobooooooooo
goooooooooboooooobocooboooooo
ooooo
(1) DOOUOODOOOOOOODUOOOOOOOO
gooooooooooooooboboobo
ooo
(2) 0ODOOOOOOODOOOOOOOODOOOOO
gooobooobooooooobooooaoo
gooobooooooboooooooooo
gboooooooooocooobooooboooo
gooog
(3) UDOOOOOUOOODODOODOOOOUDOOO
oooobooocobooooooobooooooo
oooo
(4) 0ODOOOOOOODOOOOOOOODOOOOO
oooooboooooooooboooooo
goooboooooooboooooooooo
gbbooooooooon
(5) 0OODDOOOODOOOODOOOODODOODO
gbooooooooooooo
oooboooooboooooboooooooaoon
goobooooooboobooooooboobooooooo
oogd
oobooooooooooboooooocooooon
goooboooooooooooooooooooo
gooooooooooooboopooobOobboo
gooooooooboboobooooooooooo
ocooboooooooooooOIpOOOOCOOO
goboboooooooboOooobooboooobooo
Oleodboooobooooooooooooooo
goboooooooo
200000000O00O0CODOOObObObODOOO
0o000oooooooooIpOO0OO0O0O0OO0OO
goooorpoOoboOoboOoooooooboooDboO
oobooooooooooooooooobooobo
goo3soooooooooobooboboonoooo
oooooebooooooooooobbOob40O
gooooboooodooooooobooooboobooobn
gbooooooooboooooocoboobooboooon
gboboocoobOosbobocoooooboooboboobooo
gboodoboooboooooocobooo leoooOo
obooooooooooooocooobobooooono
ooboooboooooooooobooooo1ooon
gooboboooooooooboooobooooobo
goobooobooooobooobenObOOODOD

goooooooo

Apr. 2001
gooooooo70000O0bDOOO
2. J00do0oouoobooooobod

2.1 O O
00000000000000000000000
000000000000000000000IPO
000000000000000000000000
000000000000 D0000000000000
0000000000D00000000000000
000000000D000000000000000
000 IPOODOOO0PHIPOOOODOOODOOOODO
PHIPOOODDOOOOOOOOO
PHIPOOODOOODODOO0OO0OO
(1) 00000000000 00000000
(2) DOOOOO
(3) Dooooo
00000000000000000000
(@) 00D0O0D0O0D0O0D0O0O0O0O0
(by 0OO0OOOODDOOOO
(¢ D0D00O0D00O0ODDOOOO0
0000000000000000000000000
000000000000 00000000PHIPO
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000D000000000000
000000000000000000000000
OEDOOODOODODDOOODDDOODDDOOO
O000EDOO 50%0000000000000
22 0000
0000000000000000000PHIPOO
00000000000000000000000 1
ooooooooo
(1)0000000000000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
00000000 PHIPOOOODOOODOOOOO
000D0D0000000000D0000000000
000000000000000000000000
0000000000000
1 O000000000000000000000
oooooooo
ooooo
000000000000000
00000000000000

= W N



Vol. 42 No. 4
.;ﬁgy,qg_p O /NEFE /LR T
FoIL—k BEEs Al
g @ EEDHE /LR EHAMT
’NAT5A>
=S 174
EDFE &R/ - EAE R/
EEE-EEE
|EsEAA A DY
BET— %7 o F v
2455
CB=2 )7 7 ss—nm )
|
/88—n-1 [l Rt L ERE
m\ » ORBLET S0RElE
7 R,
Tz?’u%JﬂE%E‘I‘L
0y, SORIBIE
|,‘»f7r7|~ LA7k
Y=Jb ORI
%@@ﬂb“44;477/

/\8—1
FRELE - EE R

OPHIPTRA—T7 1)L
(FHAV1E—L)

() w TOtRIER.
ZOthD K
INTA—E

BT —5
(FORRER) % J

01 0000000000 O0ODOOODOD
Fig.1 Plastic Hard Macro technology.
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Fig.2 Quad-row diffusion area placement scheme in
2-input AND gate.
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Fig.3 Measurement circuits.
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Fig.4 Comparisons for an inverting logic gate NOR and
a non-inverting logic gate OR.
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Fig.5 (a) A part of Wallace tree, (b) Full adder circuit
diagram.
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Fig.6 Multiplier layout. (a) OR/NOR gates, (b) Wallace
tree, (¢) BLCA.
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Table 1  Multiplier performance evaluation results in five different processes.

Process A (0.25 p) B (0.35 ) C (0.35 p*) D (0.35u*) | E (0.25 )
Design AO Ours (ratio) oo Ours (ratio) cO Ours (ratio) Ours Ours
#Tr. 9752 | 9058 (0.93) | 8870 | 9058 (1.02) | 8058 | 9058 (1.12) 9058 9058
Area [mm?] 0.090 | 0.057 (0.63) | 0.150 | 0.139 (0.93) | 0.135 | 0.159 (1.18) 0.159 0.077

Measurements TEGODO Simulation
Voltage [V] 1.8 3.3 3.3 3.3 2.5
Delay [ns] 475 | 4.625 (0.97) | 5.35 | 504 (0.04) | 472 | 4.79 (1.01) 5.30 3.01
Energy [pJ] 98.8 | 511 (0.52) 830 415 (0.50) | 542.9 264 (0.49) 280 131
ED [x10~18J.s] | 410 206 (0.50) | 4440 | 2091 (0.47) | 2562 | 1265(0.49) 1484 512
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\ Data
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Layout Data
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Fig.7 Portation scheme for a different fabrication

process.
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