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Design and Evaluation of Low-power CMOS Cell Library

Bu-YEOL LEE,t KAzuO TAKI,tt KIYOHIDE HORIt
and YUTAKA MURATA?

In this paper we present a new design of a low-power CMOS standard cell library. It re-
duces the power dissipation by transistor sizing and small cell area without changing the
design flow. However, naive transistor sizing causes large output delay. Our method has the
following favorable properties: (1) Use positively ‘an output inverter’ in a cell, in which we
reduce the transistor size without increasing output delay. (2) Place transistors in double
rows in both PMOS and NMOS areas, in which we reduce the cell area without changing
the cell height. We synthesize and layout MCNC benchmark circuits with a low-power cell
library. In comparison with conventional CMOS cell library, the results show that our method
reduces the power dissipation by 42% and the chip area by 12% on average without loosing
the operation speed. Furthermore, we applied our method to an 8-bit CPU, and the results
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show that the power dissipation is reduced by 32.8% and the chip area by 6.6%.
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Fig.1 n-input NOR and OR gate.
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Fig.2 Comparison OR gates with NOR gates.
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Fig.3 Placement of transistors in double rows in case of
2-input AND.
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Fig.4 Representations of NAND32. (1) for SWset,
(2) for DWset.
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Condition1 Condition2 Condition3
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Fig.5 Composition ratio of cell library sets’ area in
LPmx-Lib.
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Table 2 Logic synthesis results.

B RtV ERE [um?](ratio)

[Bli#% % % Org SZmx | LPmx
[ns] -Lib -Lib -Lib

C3540 | 12.01 54331.21 | (1.01) | (0.85)
C7552 8.93 88935.00 | (1.07) | (0.77)
alud 10.01 34690.04 | (1.08) | (0.89)

# | dalu 6.88 37147.88 | (1.00) | (0.84)
# | frg2 7.32 35875.84 | (1.02) | (0.90)
% | i10 15.43 | 103121.47 | (1.01) | (0.81)
% | i8 6.34 | 52584.83 | (0.84) | (0.78)
1| k2 7.78 44111.75 | (1.06) | (0.92)
pair 5.66 75179.72 | (1.04) | (0.80)
x3 3.03 37385.04 | (1.02) | (0.88)
o (1.01) | (0.83)

C3540 8.22 54891.76 | (1.04) | (0.88)
C7552 6.33 92729.55 | (1.09) | (0.84)
alud 6.61 38182.77 | (0.98) | (0.87)

# | dalu 4.83 37514.41 | (1.03) | (0.90)
# | frg2 4.34 37126.32 | (1.04) | (0.96)
% | il0 9.84 | 104932.52 | (1.02) | (0.85)
# | i8 3.90 46957.68 | (1.09) | (0.91)
2 | k2 4.95 45513.16 | (1.09) | (0.96)
pair 3.82 78607.77 | (1.04) | (0.85)
x3 2.09 37837.80 | (1.04) | (0.93)
F o (1.05) | (0.88)

C3540 4.43 71449.84 | (1.12) | (1.02)
C7552 3.72 | 104328.83 | (1.08) | (0.91)
alud 3.34 60518.90 | (0.96) | (0.91)

# | dalu 2.78 42904.40 | (1.09) | (0.96)
# | frg2 1.55 65369.91 | (0.96) | (0.92)
% | i10 4.25 | 135741.77 | (1.05) | (0.90)
# | i8 1.46 83609.68 | (1.07) | (0.99)
3 | k2 2.11 70134.68 | (1.01) | (1.01)
pair 2.13 | 104048.54 | (1.09) | (0.98)
x3 1.16 45836.56 | (1.09) | (0.95)
o3 (1.05) | (0.95)

& Org-Lib & Y #FF#ML /2. Zhid SZ-Lib Dt
BEBRRBEITONTES Y, LV DEREHO AN
FTLZOTH 5.

—7%, LPmx-Lib D3F4, BEHHIBVLME1T
1& SWset, DWset O HIEEHFAT N2 FEY 80%,
15% & &ho 95%% L&, Wt VEEZ Org-Lib
83% (F) BT B 2 LAST &, &2 DBAT
b SWset, DWset O EREMARIZ 212N 63%,
20% & &=hD 83% % 5, ¥t L EHE Org-Lib O
88% (FH) ICHIRT & 72, SBESIHIRD EonE
f# 3 Tlx SWset, DWset D EREHEI Fh ZFNE
¥ 19%, 19%& &0 38%% EH A28 F ), &
LIV ERIE Org-Lib @ 95% (F£¥) THh o7z, BLE
DI s, BETAT 5 OWEL 2 BREAE LS
IV ERBEIRIC SR TS 2 2 L HSRET.

E72, SWset DA 5D ERYIRIEIAE N
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Table 3 Layout results of using original, only sizing, and proposed library.
Org-Lib SZmx-Lib LPmx-Lib

4 [iAEs T W8 | HRER iy T g | HREN [k #Te.ig | HERER
[um?] {pm] [mA] (ratio) (ratio) (ratio) (ratio) (ratio) (ratio)

C3540 | 0.059 | 14218.4 1.52 (1.01) (0.44) (0.66) (0.86) (0.39) (0.61)
C7552 | 0.095 | 23489.2 4.95 (1.07) (0.45) (0.62) (0.79) (0.38) (0.50)

alud 0.039 9109.8 0.91 (1.14) (0.52) (0.72) (0.98) (0.44) (0.63)

#l | datu 0.044 9795.8 0.77 (1.00) (0.41) (0.61) (0.86) (0.36) (0.54)
| frg2 0.040 9388.4 0.85 (1.10) (0.39) (0.67) (0.96) (0.37) (0.63)
% | i10 0.134 | 26860.4 2.51 (1.02) (0.41) (0.71) | (0.92) (0.36) (0.61)
# | i8 0.075 | 14089.6 1.20 (0.78) (0.32) (0.60) | (0.81) (0.31) (0.60)
1| k2 0.053 | 11701.2 0.55 (1.02) (0.47) (0.74) (0.99) (0.41) (0.74)
pair 0.083 | 19768.0 1.97 (1.02) (0.47) (0.70) (0.83) (0.38) (0.61)

x3 0.044 | 9850.4 1.00 (1.01) (0.40) (0.67) (0.86) (0.38) (0.58)

¥ 1 (1.02) (0.43) (0.66) (0.88) (0.38) (0.58)
C3540 | 0.060 | 14383.6 1.50 (1.09) (0.55) (0.75) (0.88) (0.47) (0.72)
C7552 | 0.101 | 24515.4 5.00 (1.10) (0.59) (0.67) (0.83) (0.52) (0.61)
alud 0.044 9972.2 0.98 (1.00) (0.60) (0.67) (0.86) (0.54) (0.65)

# | dalu 0.044 9919.0 0.73 (0.99) (0.51) (0.70) (0.87) (0.50) (0.63)
W o| frg2 0.044 9704.8 0.88 (1.01) (0.49) (0.69) | (0.91) (0.44) (0.60)
% | i10 0.135 | 27417.6 2.54 (1.07) (0.49) (0.73) (0.98) (0.42) (0.64)
% | i8 0.074 | 12399.8 1.22 (0.80) (0.53) (0.68) (0.79) (0.43) (0.63)
2 | k2 0.058 | 12055.4 0.57 (0.99) (0.59) (0.77) (0.91) (0.52) (0.76)
pair 0.086 | 20729.8 2.00 (1.08) (0.57) (0.74) (0.88) (0.50) (0.67)

x3 0.044 | 10003.0 1.03 (1.01) (0.53) (0.75) (0.89) (0.49) (0.64)

¥ 1 (1.01) (0.55) (0.72) (0.89) (0.48) (0.686)
C3540 | 0.077 | 19614.0 | 2.27 (1.12) (0.90) (0.96) (1.07) (0.83) (0.89)
C7552 0.112 | 27785.8 5.13 (1.09) (0.79) (0.87) (0.91) (0.71) (0.83)

alud 0.066 | 17071.6 1.93 (1.00) (0.82) (0.75) (0.91) (0.80) (0.81)

# | dalu 0.051 | 11452.0 0.85 (1.01) (0.85) (1.13) | (0.90) (0.70) (1.03)
W | fre2 0.074 | 18194.4 1.50 (0.92) (0.85) (0.82) | (0.89) (0.82) (0.89)
% | 110 0.174 | 36773.8 3.32 (1.05) (0.75) (0.91) (0.91) (0.67) (0.86)
# | i8 0.092 | 24484.6 2.13 (1.10) (1.01) (1.28) | (1.00) (0.91) (0.97)
3 | k2 0.078 | 19310.2 1.58 (1.00) (0.85) (0.98) (0.99) (0.88) (0.98)
pair 0.112 | 28684.6 2.76 (1.09) (0.88) (0.92) (1.00) (0.83) (0.88)

x3 0.051 | 12433.4 1.26 (1.14) (0.85) (0.88) (1.00) (0.80) (0.81)

F o (1.05) | (0.88) (0.95) | (0.95) | (0.80) (0.89)
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SYVAYBBIUFHHEERELERS IRT. B
POV YU ARYIBIZABRINZAKOZ N TV I RAID
2 — MBOHBMTHY, EROBEEARICT TR
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DA TRL 72, £ 3121 Org-Lib DAEEZRL,
SZmx-Lib ¢ LPmx-Lib & Org-Lib {249 5 [ D
HERLT.
FPERETIE, SZmx-Lib DFHEIIB LV EEFER
Org-Lib iC l~EFHIML 72. —F, LPmx-Lib 0¥
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NGUVRIEROELVEDDS, FIUTU RIS
BRLTOHARIZA VN — 4 2 BB L BB )
BLIZEVOFFEBRERDBN SV P AFEER LD
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5. 8E v b CPU DEREHEMI

Intel HO8¥ v b~ Ay uay hu—35 8051 Hife
DRILERY 7 a7 IP (LF, M8051) % Hv/-
REFEFICOWTHRET 5. M8051 IZBIEY 1 3>
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FHEDDDF A ISY — 13 % 4 3 72 A
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e M8051DLAT7Yh
Fig.6 MB8051 (Layout).
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