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A Study on the Effect of Process Variation on the
Performance of Hybrid MOSFET-CNTFET based SRAM
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Abstract

CNTFET, which is receiving high attention as a next-generation semiconductor candidate due to its higher
performance and various utilization than traditional silicon-based semiconductor devices, is having difficulty in
commercialization because its unique process deviation such as CNT placement has not yet matured. To overcome
this difficulty, numerous studies have been continuously conducted to take advantages of CNTFET and compensate
its weakness by implementing circuits, which are less affected by process deviation due to repetitive circuit
placement, into MOSFET-CNTFET based hybrid circuits. This paper compares how much the performance of the
hybrid SRAM can be changed by semiconductor process variation existing in the traditional MOSFET SRAM or
CNTFET SRAM. Simulation results show that, if the CNT density can be maintained between 7 and 9 per 32nm,
hybrid SRAM is about 2.6 times and about 1.1 times more robust to process deviation than conventional MOSFET
SRAM in read and write operations, respectively.
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Fig. 1. (@ CNTFET (b) CNTFETO|AS] HE=l CNTE [9].
12 1. (@) CNTFET (b) Alignerd CNTs in CNTFET [9]
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channel effect)?} 4 AF(leakage current)?} 22
Aol Tl wet Al A 7|5 ERRAA
HE AT tefet vteA] Axto] tigt Tilo] A&
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NanoTube Field Effect Transistor(CNTFET)= 1%
19 (29} Zo] ¥tzA] A7k9] AA(source)@t =1
(drain) Alloll Carbon NanoTube(CNT)S BJXJAIA
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Fig. 3. Voltage on node ‘q" and ‘ng’ depending on gate
width ratio and CNT density.
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9 2+ [18]o14 AlQKst 6T hybrid SRAM /3&
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ol ARRE 1A, MN1Z MN2= dlolg] A&
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&3t 12 E 7HAANE SRAME] ¢719F 27] ol &
a3 93tg sk= glojg AdFE= CNTFETOZ AJs)
o] SRAM 6= #ole +X=E Hof Ut} 19 2004
CNTFET2 T2 MOSFET# ¥st7] a4 CNTE
A= U715 CNTFET Qo EAISHLY.
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X
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SRAMS] s BisteE EA5tA gt} 34 wAlolle
MOSFETZ CNTFET 250 ZEHo g ABE= gate
length®} widthe] ¥stE HESIG OH, CNTFET I-H
9] 374 WAl CNT <=}t 7H49] Wste 37 AESIA
o} T4 Aol o3 CNT $29] ¥t 9l wf 4%
o=2&= I9 19 (b)°k Zol] CNT Afe]9] 7Hzo] E413]
517 iR =u, dA AREER= CNTEFET go|HeE] =}
U9l A= H= CNT Abo]9] 7H4E shte] iRt Fof
g 4= 9lo], CNT Afe]9] 7Hzo] A st 790l tisiA]
T AEY OIS HES £ Stk wEhA, £ =RoA=
CNT 9] H3}= CNT "o HIKCNT Alel9] 74
o] YAt Lo gt CNT 49 Hahz HESIIA
SICH201(21].

Hybrid SRAM°] &2k ERlst] ¢oiA= SRAM
o] ¢J7] T 271E B&ok= Bl 'ngd EE ‘g9 Fol
SRAM9] HoJg] AHE F/dok= MOSFETS] &8 &
% 0.18V B} 22 ZES 7FAof gt} CNT72 CNT9
of tigt ole} T2 HEE [18]o1A Hdste] hybrid
SRAMe| &25HS ERI6t3 o CNT8olA= X1¥5}HA]
oottt AR N AAl CNTOSE HAE g & A
ARS AFPHHE W CNT Uxs dgsh] WslA 52
2 CNT ¥9&x% CNT9Y CNT7°] ofd CNT8o] € 4
T Stk webA, CNT8Y Wil SRAMo| AAFHo=
B2 =R gl o WUl Qth B =RoA=
CNT8 tigt ‘nqg’ E= ‘q =& AU AES Y5
o 1 AIE A 18] A+ Al A I 33 2
o] AgeIsiitt. 18 30] HAIE @52 531 MN4/MN2
Hl& E= MP5/MN1 Hl&o] 1/3Y o] CNT7, CNTS,
1831 CNT9 E5Fof sl ‘ng'%E= 'q° & AUl
0.18VELH ZR3-E(SRAMo] B28e) & 4 QUL

Is

MN4/MN2 H]& E= MP5/MN1 H[Eo] 1/4Y wi=
CNTOR! 9] dhehsier SRAMO] BATE L % 9

AUt o= MN4/MN2 ®l& F= MP5/MNI1 HEZ

Table. 1. Delay, Power, and PDP in Write and Read Operation

1. 7] 02|14 &7| SA0IMS XS, DY, J=|3 PDP

Read Write

MN4 MN2 . Delay Power PDP Delay Power PDP

ops) | vy | NTRemsiv | eyt | ) | @) | e | aw | @)
all MOSFET SRAM [18] N/A 234.9 0.041 9.540 35.6 0.604 21.480
all CNTFET SRAM [18] 3 1 CNT7 [18] 116.0 0.009 1.000 33.8 1.407 47.585
CNT7 [18] 104.0 0.080 8.308 11.7 0.752 8.802

1 CNT8 103. 0.081 8.411 18. 0.761 14.0
hybrid SRAM 3 53 E l 57
CNT9 103.7 0.082 8.543 18.6 0.765 14.236
4 1 CNT9 104.1 0.084 8.731 23.5 1.022 24.017
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1/32 HAIshd, CNT9| 27} CNT7, CNTS, 1]
il CNTOZ HslHet, &, WA 574 & CNT2 &
A7F CNTOE 71202 1~27] %= #ofR|Ef2e SRAM
< AdHor FE  9dee &+ 3

= 2 T M

Table 2. Standard Deviation of Delay, Power, and PDP
in Read Operation.

=RoA= MN4/MN2 Hl& E= MP5/MN1 H]Eo]
1/391 Z2-of diefATt gate length 18|31 width &
A HAF B4E Zggotaat gt

Table 3. Standard Deviation of Delay, Power, and PDP
in Write Operation.
B 3 &7 SEOIM XS, I, 22|10 PDPe| HEEHA}

E 2 87| SH0IM X, o), 2|10 PDPO| HEHR}

CNT Delay Power PDP
Density (ps) W) (a))
all
MOSFET N/A 3.997 50.087 2.002
SRAM
all CNT7 0.206 1.689 0.003
CNTEET CNT8 0.227 1.770 0.004
SHA CNT9 0.249 5.197 0.013
CNT7 1.152 50.450 0.581
Hybrid
SRAM CNT8 1.162 50.458 0.586
CNT9 1.164 50.015 0.582

CNT Delay Power PDP
Density (ps) (W) (a))
all

MOSFET N/A 5.903 7.287 0.430

SRAM
all CNT7 0.523 0.820 0.004
CNTEFET CNT8 2.414 3.139 0.076
Sl CNT9 3.248 4627 0.150
CNT7 4.760 7.224 0.344

Hybrid
SRAM CNT8 5.263 7.626 0.401
CNT9 5.350 7.769 0.416

o|9} 72 MN4/MN2 Hl& E& MP5/MNI1 HlE]
s hybrid SRAM “3'5= HSPICEE ol-&st A
(Delay), IQ(Power), 18|11 PDPE 7|&0& HA3}
Fom, 1 Zig & 13} Zo] A5} 1 12HE
SRAM=Z CNTFETL=ERE -Hgstd MOSFETLERE -
Jote wEot AREAQl Aol PDP SHoA ¢l
83 2710A Zzb oF 9.58) 121l 2.24) PES
& & Q%A hybrid2 74g5t9S o 2F 10.9% 17
1 28.9%9] A5 ol = & & AU Hybrid
SRAMO] 7%, MN4/MN2 €& E= MP5/MNI1 Hl&
o] 1/34 @ CNT "7} CNT72%¥ CNT8 E+=
CNT9Z Hstt{ete 27| A|o] 7 psita S7lsk= A
ol9lo] T2 A ;oA E & WPt gleS & & AUtk
E£5], CNT8Z CNT9 ¢l 99 s Wsk= 1% U
2 e 2SS & 4 Sk olFet A9 22 Hel=
hybrid SRAME] “ds°] CNT 57 Ao 23t CNT
U Hslol] A9l RS A o= s ES Ho
Zt1 2 £ 9t 3712, MN4/MN2 HE E=
MP5/MN1 H|& 1/40]3 CNT Y%7} CNTOY uf 2
7] 452 E¥, MN4/MN2 H|& E&= MP5/MN1 Hl&
o] 1/3¥ wi¢} vlwste] F Ao|7F S & 4 Ut
MN4/MN2 B]& EE MP5/MNI1 H]E&o] t2rh= 9
t|= gate width7} TFErh= oJujo|E& Qo & =05t
gate length 18|11 width 37 HA} EAoA 3743
45 HISE Hlwsh] ofgrial & 4 QUoh wEhA, &

B2 =FojA+E all MOSFET SRAM, all CNTFET
SRAM, 183l hybrid SRAMO|| sl gate length®?t
width7} B4l +5% Wsk= 73-9Z HSPICE Monte
Carlo AlEHo]4ES 100038] AAJsHR o 1 EFHA}
= o7l a8 A7) S&) dis & 2 183 & 39
Z¥Zr 2ot A E HF7T gate length®?t width
AA WA 5 s2= MOSFETOZRE 449 all
MOSFET SRAMS! 7% gate length 18]3 width &
7 WAl 7P 93 HEE BoFqlal, CNTE B9
AF7F 32+= CNTFETZRE 735 all CNTFET SRAM
Ql H$ gate length 183 width 5% WX} 71
A% 25S HolFelon, MOSFET# CNTFETO]
S AR2E hybrid SRAMO] 7<% all MOSFET} all
CNTFETY 57t A== 34 Hxpo] vget 25
oFQty. FAZo® MOSFETO &4t 4% SRAMS
CNTFETO.Zqt 2AJohd gate length®t width 574
Hxpol tisf] 7104 F 109.5H) 1]l A7|ofA] oF
3.7819] A%t RS Holil, hybrid= Fdshd €17
of| A oF 2.6H] 7)o A oF 1.1419] AL HojFEc)

AF7HA Y] AlEHold ZAIE HH, all CNTFET
SRAM©] hybrid SRAM Ht} 2= SH(As0H 34
w02l AR AAE EES HolFr] ulizo] all
CNTFET SRAMO| ¥%ZA hybrid SRAMETL Zth=
A4S 7Hd 4= Jlov, & B4 ZAujolA] 7hatstA] ot
ofgh HE-2 all CNTFET SRAMOA SRAME g5}
£ RE CNTFETS] CNT ¥IkE HI=A] CNT7 ©Alo]
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ojof glth= oo}, TeF CNT Wil CNT7 mjvto g
Gojx|A =9 [18]o|4 83t Hie} o] SRAMZ &4t
SHA] QA Eleh. wEbA, o]2gt Augk CNT 9= 24
o] AjAHor EXF FXE 7HK HlolE ARRolA
49 4 Qb I 9ite g hybrid SRAMS A5
ofst "Wa 7t Qlrt,

Fot @80 AT dhEA] FHE

=2 45 o
A 1h7 Q)= CNTFETS CNT Hj#]|2} Z-& CNTFET
33 A Z7go] oF7] A&EA] Yot AR8skER] B

st QJt} o]t BEbASH 24 9] SHAE metsly Af
8319 7Fsde =017l S8l & ==clA+= hybrid
SRAMOIIA 9] 574 HARE AJAls] wAfstlt. 1 23,
CNT "EE CNT7 ooz fA1& 4= QIohd, hybrid
SRAMS 7]Z MOSFET 7]dt SRAMET} &2 A}
374 HA A4 2] mieel SRAM HAAIE
CNTFETO.2 74317] $1ak 34T 2Ho] ofd] A&HA)
A}cHA hybrid SRAME 7]& MOSFET 7|8t SRAM
o] SIS Hol d& 4 S 8T ujtew 1T
4 itk Azt
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