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Abstract Ultra low-power design and energy harvesting applications require digital
systems to operate under extremely low voltages approaching the point of balance between
dynamic and static power consumption which is attained in the sub-threshold operation
mode. Delay variations are extremely large in this mode. Therefore, in this paper, a new
low-power logic design methodology using asynchronous NCL circuits is proposed to reduce
power consumption and not to be affected by wvarious technology variations in nanoscale
MOSFET technology. The proposed NCL is evaluated using various benchmark circuits at
0.4V supply voltage, which are designed using 45nm MOSFET predictive technology model.
The simulation results are compared to those of conventional synchrouns logic circuits in
terms of power consumption and speed..
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<3 3> 7)E 2770 NCL Alo|E

NCL Gate Boolean Function
TH12 A+B

TH22 AB

TH13 A+B+C

TH23 AB + AC + BC

TH33 ABC

TH23w2 A + BC

TH33w2 AB + AC

TH14 A+B+C+D

TH24 AB + AC + AD + BC + BD + CD
TH34 ABC + ABD + ACD + BCD
TH44 ABCD

TH24w?2 A + BC + BD + CD
TH34w?2 AB + AC + AD + BCD
TH44w2 ABC + ABD + ACD
TH34w3 A + BCD

TH44w3 AB + AC + AD

TH24w?22 A+ B+ CD

TH34w?22 AB + AC + AD + BC + BD
THA44w?22 AB + ACD + BCD
TH54w?22 ABC + ABD

TH34w32 A + BC + BD

TH54w32 AB + ACD

TH44w322 AB + AC + AD + BC
TH54w322 AB + AC + BCD

THxor0 AB + CD

THandO AB + BC + AD

TH24comp AC + BC + AD + BD
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DATA1 | DATAO | DATA1 | DATAO | DATA1
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<3 5> NCL 4x4 +A47] AlgdolAd A3 % 6> NCL 3|29 F7] 329 Hi dELE H
X(3:0) Y (3:0) S(7:0) 1 (VDD=1.1V)
DATAO,DATAODATAO,
DATALDATAI, | DATAODATAO, DATAO, NCL 3= 3=
DATATDATAL | DATAODATAO | DATAODATAODATAO, : .
DATAOQ power transistor power transistor
DATAO,DATAO,DATAD, count ) count
DATALDATAI, | DATAODATAO, DATAO NAND 5.9838E-07 18 1.5892E-07 4
DATAIDATAI | DATAODATAIL DATALDATALDATAI,
TA NOR 3.4797E-07 18 1.4169E-07 4
DAIAODAIAOI)AIA], - -
DATA1DATAIL, | DATAO0DATAO, DATAOQ AND 34157E-07 31 2.0248E-07 6
DATAIDATAL | DATAIDATAI | DATALDATALDATAO,
DATAI OR 3.5325E-07 31 2.1525E-07 6
DATAO,DATAIDATAL -
DATALDATAL, | DATAODATAL DATAOQ XOR 3.549E 07 36 3 TA03E-07 16
DATAIDATAI | DATAIDATAI DATAl,l]))%”%g(i,DATAO, P I —— 6 S ——— -
DATALDATAL | DATALDATAL DATAL%%?X})DATAL Full-adder | 6.7143E-07 80 4.6952E-07 28
DATAIDATAL | DATAIDATAI DATAO,]]%/XI}:%({,DATAO, RCA 2 5025E06 286 LASTSE 06 08
Multiplier | 1.3443E-04 1286 9.2397E-06 584
D F/F 9.174E-07 106 2.390E-06 24
3. ABZ Up-Count | 8.908E-06 662 1.198E-05 152
= . 3 S 5 s|29] Aol A7k B
=4o] A4H B2 45nm OMOS 7168 Abgs  <F 7> NCL s|=eh 571 sjzel Ad ARk vlal
A A Hgith Aol VDDE 11Vl 04VE o (VDD=11V)
T — = S E =
ol Agsidrh. Aol A& NMOSe e NCL == 571212
total del istor | total del transist
(Vi) 0471Vela,  PMOSY (Vi) Moo | Tt | a0 | Moune
-0423Volt}t, 11VelA e A4z # 63 E 7S NAND 2.0922E-11 18 1.2156E-11 4
23] o F k. AAE 3Fo EUAXAE H—’Fé NOR 4.4984E-11 18 1.1694E-11 4
BH F7]2 AAHT NCL 3|2 AdAd i B E AND 45415E-11 31 1.8881E-11 6
WA A7} S = oA IEE gﬁ]é‘}%tﬂ 9] OR 5.7791E-11 31 2.0406E-11 6
old ] e HAo] Qs oujdlt} o]AS NCL XOR 82111E-11 36 2.3475E-11 16
AolEo] FE =3} s)AHIANA FE EALS T Half-adder | 5.5834E-11 46 2.7944E-11 2
#A3l7] 98 F7FHel s Z7F AFIE 7] o]} Full-adder | 55040E-11 80 1.8756E-11 28
A% AZoAE NCL 327 Be A8e anss= RCA 2.6132E-10 286 16577E-10 93
Ao o1 9t} spAw, B7] 3ze FHdx Multiplier | 5.0346E-10 1286 1.1009E-10 584
AnEE AES TR Wk, HE7] 32|49 D F/F 1.6350E-10 106 2.9230E-11 24
3491_9/] 73_?_% _ﬂi‘q §EEE§ %ﬂﬂioﬂ/ﬂ AN NCL§1 Up-Count 8.1750E-10 662 1.4615E-10 152
27} Sl RRnke A8 Aanst FolE 4 U o
A7 Aok d=2ZA, F8S AREsE D OFFY AE i 9dA9 2ol B8 = HA 108 oY A
Up_Counteroll A= NCL 3|27} 71825t d=g A A|gto] Frhehe ZoZ YEhyTh TEA
amst Ae doz ZAHt s B8z olsel 2AAWNA FrRE ey atxae
7 & o wEA el A R Elold @ x7o] fle  wWEShE Aol wlg- of# YA, 5 ®gtd ¢& 1l
NCLol A= A7bst EA417F 5= &5 Aolth A8l Aok AS o 5 ok v NCL 3|2+ B
04V ZAAGNE £ oAe} o] AR A& oW a3zl EX5HA & delay-insensitive =
o & NCL 3|27} dAZ =L HdES ARs= 21 Ho|ng =yAe HEd 938 a1 ¢a ik
om tem AW, oA Feol gt Hzeldr A5 & & An
NCL 271 48 Aeans dehad, g5al 5o

_21_



I 8> NCL 32¢ %7 32 i HEAR H

3 (VDD=04V)
NCL 3] =& 713 =
power transistor power transistor
count count
NAND 3.9942E-08 18 2.4710E-09 4
NOR 1.0979E-08 18 2.1656E-09 4
AND 1.6123E-08 31 4.0615E-09 6
OR 1.6150E-08 31 4.0645E-09 6
XOR 1.5008E-08 36 4.9741E-09 16
Half-adder | 2.6144E-08 46 8.8920E-09 22
Full-adder | 3.8980E-08 80 1.1071E-08 28
RCA 1.5786E-07 286 4.7073E-08 98
Multiplier 3.2377E-07 1286 3.8915E-07 584
D F/F 3.828E-08 106 2.751E-07 24
Up-Count | 4.934E-07 662 1.073E-06 152

3E 9> NCL 3] =9} §7] 329 A AIZF H|
W (VDD=0.4V)
NCL 3= 7138 =
total delay | transistor | total delay | transistor

(sec) count (sec) count
NAND 9.0140E-10 18 5.7394E-10 4
NOR 2.0374E-09 18 6.3078E-10 4
AND 2.2929E-09 31 8.4866E-10 6
OR 2.7253E-09 31 8.8527E-10 6
XOR 3.2384E-09 36 1.0215E-09 16
Half-adder | 2.3718E-09 46 1.6640E-09 22
Full-adder | 1.5811E-09 80 1.5202E-09 28
RCA 7.3270E-09 286 1.0634E-09 98
Multiplier 3.5384E-08 1286 3.2543E-09 584
D F/F 6.3019E-09 106 2.0293E-09 24
Up-Count 3.1510E-08 662 1.0147E-08 152
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