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Abstract

H]57]4] 32, NCL, Null convention logic, Y= &% MOSFET

Conventional synchronous design circuits cannot only satisfy the timing

requirement of the low voltage digital systems, but also they may generate wrong

outputs under the influence of PVT variations and aging effects. Therefore,

in this

paper, a NCL (Null Convention Logic) design as an asynchronous design method has
been proposed, where the NCL method doesn’t require any timing analysis, and it has a
very simple design methodology. Base on the NCL method, a new low power reliable
ALU has been designed and implemented using MagnaChip-SKhynix 0.18um CMOS
technology. The experimental results of the proposed NCL ALU have been compared to
those of a conventional pipelined ALU in terms of power consumption and speed.
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bounded delay (BD) E@3} delay insensitive (DI)
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2. NULLConvection Logic (NCL)
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(c)
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3. 4-bit ALU
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<% 3> Pipelining ALU &%+
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power delay transistor power delay # of
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<3 5> NCL¥A 3 571729 A7t 3
3t 2 v (VDD=0.6V)
NCL Synec.(freq.=200MHz)
power delay | transistor power delay # of
(uW) (ns) count (uW) (ns) | transistors
ALU 235 8.5 5296 31.8 69.8 2150

AA Azl gl = ARgelA F713 27 A
108 o] XA Alzre] FT7hslE Ao® YEhyth
AAdNAN F7E 2 ElolY 2F2AS WSS

ulg- o)X, ojF W] ¢ I
= AL & 4 9k wbd NCL 32% Elol
Z7o] EAEA e Add WA
(e}

(= g
B2 meAE SEd 9% w4 gn g

7ol

[e]
i

- &
oy rlo of

55 3 5 drk 29 62 018um sACE T8
gfolzzlel  ALUS NCL 7]uke]  ALUS]
Fojob-g v, 17 78 ZF ALUS| AlE# o)A
S Yerl L ok

_63_



BT TET— s ox]
s

i ::v.;‘ . el L;H-i

| et

<29 6> ALU Layout: (a) SFo]Z#3l ALU, (b)
NCL 7]4+e] ALU.

o 2000 400 500 2000

st 1hit

(a) (b)

b
(3:0) bt e Toes
y(3:0) BOK [moee e =
instz:0)  6bit o
1 it

ka Toit [
830 obit |

st 1bit

G
¥
\ns!(l 9 ih

W

@
s(3:0)

<2¥ 7> ALU Mgl #g: (a) do]Ze}ql
ALU, (b) NCL 7]5ke] ALU.

sl E w2 HstelA ole] 7HA] wolgd] @
WA Fo eholy 24
NCL (Null Convention
§5 AN Ay A% (ALU)
25 waux-SKatelY 2 0.18um FAHoE A
a}a ¥191 ALUSF 2 280l
2ol ALU 3|Z2& vja ¥
3R oy 272
= % oo, s viele] 3%
S W7k A= wkd, NCL 3|2+ Elold &
] wzbsA] e wd

w =
A ¥aL, AATE HRE N

=
Qo
©
c
ok
£
o
! &
>~
>
fo
%
)

oM
ol
5
=
=
_orL
3R
KOl
Z
T‘
n:

= = T
@ 4 Ak e, 2498 A D
H

& AlzElold NCL a2 nj$- %&f‘& 71%0

oA e [0 N 2t Heod

References

[1] Scott Hauck, Design  Meth-
odologies: An Overview”, Proceeding of the
IEEE, Vol. 86, No. 1, pp. 69-93, Jan. 1995.

[2] HVan Gageldonk et al, “An Asynchronous

80cbl  Microcon—

International Symposium Advanced Re- search

“Asynchronous

Low-power troller,” Proc.
in Asynchronous Circuits and Systems, pp.
96-107, 1998.

[3] Kyung Ki Kim, “Minimal Leakage Pattern
Generator,” 3=k A B 83 «=8%] V. 16, No.
5, pp.1-8, 2011 12¢.

[4] Scott C. Smith, Jia Di, “Designing Asynchronous
Circuits using NULL Convention Logic (NCL),”
Morgan&Calypool Publishers, 2009.

[6] M. Singh and S. M. Nowick, “Teaching
Asynchronous Design in Digital Integrated
Circuits,” IEEE Trans. on Education, Vol. 47,
No. 3, pp. 397-404, Aug. 2004.

(6] Kyung Ki Kim, “t}= MOSFET &#elA 2] %A
ek NCL 3|2 A S5 A wehs] =i
V. 17, No. 4, pp.17-23, 201213 08¢

_64_



[71 R. D. Jorgenson, M. S. Hagedorn, T. H. Friddell,
"Ultralow-Power  Operation in  Subthreshold
Regimes Applying Clockless Logic,” Proceedings
of The IEEE, Vol. 98, No. 2, pp. 299-314, Feb.
2010.

[8] C. M. Smith, S. C. Smith, ” Comparison of
NULL Convention Booth2 Multipliers,” IEEE
MWSCAS, pp. 394-397, 2012.

[9] F. A. Parsan, S. C. Smith, "CMOS implementation
of static threshold gates with hysteresis: A new
approach,” IEEE VLSI-SoC, pp. 41-45, 2012.

[10] F. A. Parsan, S. C. Smith, "CMOS implementation
Comparison of NCL Gates,” IEEE MWSCAS,
pp. 394-397, 2012.

v ﬁ" A 72 7] (Kyung Ki Kim)

- 439
v 19959 89y Azt

Fop)

19979 89y AA-zet

FopaAL

+ 2008 1€ (1)) Northeastern University #7]74x}
38t F kAL

+ 20089 29 ~ 2009 1€ (¥]) SUN Microsystems
A9 (Technical Staff)

+ 2009 1€ ~ 20109 2€ (W]) Dlinois Institute of
Technology <749

< 20109 3¥ ~ A di7roiEtaw FRFANE At
A7 E e g

« Aok SoC A7, s3] & “d7], Microprocessor.
High performance and low power design

methodology, Nanotechnology.

= A g 920139 09€ 16¥Y
12k ks 20139 109 11¢
A A& A 420139 10¥€ 15¢

_65_



