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Abstract

There have been great demands for higher density SRAM in all area of SRAM
applications, such as mobile, network, cache, and embedded applications. Therefore,
aggressive shrinkage of 6T Full CMOS SRAM had been continued as the technology
advances. However, conventional 6T Full CMOS SRAM has a basic limitation in the cell
size because it needs 6 transistors on a silicon substrate compared to 1 transistor in a
DRAM cell. The typical cell area of 6T Full CMOS SRAM is 70~90F?, which is too
large compared to 8~9F? of DRAM cell. With 80nm design rule using 193nm ArF
lithography, the maximum density is 72M bits at the most. Therefore, pseudo SRAM or
1T SRAM, whose memory cell is the same as DRAM cell, is being adopted for the
solution of the high density SRAM applications more than 64M bits. However, the
refresh time limits not only the maximum operation temperature but also nearly all
critical electrical characteristics of the products such as stand_by current and random
access time. In order to overcome both the size penalty of the conventional 6T Full
CMOS SRAM cell and the poor characteristics of the TFT load cell, we have developed
S® cell. The Load pMOS and the Pass nMOS on ILD have nearly single crystal silicon
channel according to the TEM and electron diffraction pattern analysis. In this study,
we present S® SRAM cell technology with 100nm design rule in further detail, including
the process integration and the basic characteristics of stacked single crystal silicon
TFT.

Key Words : TFT load cell, S8 cell, pull down n-MOS, load p-MOS, Pass n-MOS, I-V
characteristics
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Fig. 2.1 The block diagram of SRAM cell

3. S3 SRAM A9 AdA 2 Az}



©ZH A2IZ TFT Cellel 80 M2 SRAM &2 HIIA &4 759

3.1 S3 SRAM 49| A7 wa}ulg
¥ 3.12 S* SRAM 49 Fa 44 2 FH
v e g Yeldo,

¥3.1 S° SRAM A9 474 2 34 vy
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Design and process

Specification
parameter
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Fig. 3.2 The SEM Photograph of gate poly
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Fig. 3.4 The SEM photograph of load
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Fig. 3.7 The SEM photograph of pass
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Fig. 4.1 EDP and TEM analysis of bulk
and channel silicon

29 41 93 Ag=s A9

4.2 }3} p-MOS EJALHY §4 % 1F

A& Ba pMOS ERA A9 TFT
8t Ao)A A g Y Eg HeFE TFT
SOI p-MOS E&AXAEZHe] A7 EA
A A=, 39 4.29 13-V, 54 M4
Lt utg} o], 28 = ¥E—i{%‘ EA Zdox
SOl p-MOS EWX|XE 9} Hxgt EAES
9&001 8 Age 23} p-MOS ERA 2

= 0.7 V o] SOI p-MOS E#RA2EE 0.6

VE HAGA FEs] I F o,
4 GA & FAol7} YAl e AR Hol
do A4 HHrr @3F dEIIE FF

HI- A e e

el

o5

ke

Hﬂ
o % |

. Vol 6., No 5

T AR
A2 B3k pMOS ERAAE =g A
o] -0.1V, -2.0 Vv &, Zz9] -V, &
4L O 439 Z3, Ve BA FA
a9 449 2o, 53 A, =99 o
FAAFE 250 fA oli 29L& 94 mV/dec
oln, &/ W& ¢ ~10"24 W3 p-MOS
o viws] 2E st glok ol#Ed -V,
EA 34 92 B gez B #) §3 pMOS
Eﬂﬂxl*a«l A AzEL 423 LIy
£ ¢ F A

71239 Al BEAS #QAdr] 93d
AZg B3 p-MOS EWXAHE 7HAxn
"on" gEl]X NBTI 54& Z333ch 85
TolA], 15683}, AoJEd -45 Ve 2Eg2
E AN F -V, B8 & 47, 19 45
oA B uig} %ol 2E# 2 Azt F7)oj
we} -V, EA SAHA Alo]Ee o] At
o] ¢7tHE FHYGAdoA FAHAAFY ojwF
Bty goluvtx] f@gttt. olE s AdE y-3
p-MOS EMXAEI} -1.8 V oA F3 A
5% AL M F S Aoz dgd
F A

1E4
1ES !v1L=100nm/1oowln
1es V020V

1e7 p
E8F  sol
1E9 |- Transistor,
1E-10
1E-11
1E12

1E-13
1814 | Convetional Poly-Si TFT

PP PRSP FUTI PR P
2 1 0 -1 2 -3
2% 4.2 load p-MOS$} SOI p-MOS
EdA2EY LV, B4 34
Fig. 4.2 The 14—V, characteristics of load
and SOI p-MOS transistor

f o ox 2@

SSTFT




1E-4
1E-6
1E-6
1E-7

1E8}

1E-9
1E-10
1E-11
1E-12

‘E-13p

‘E-14
‘E-16

1.

a9

A AEE TFT Celld HE0l ME SRAM &2 MI|X E4 763

.

L =, A

T OB 00 DB TR.5 20 25 3.0
4.3 §38F pMOS EWXLEY -V,

= 3L
= =4

Fig. 4.3 The 14-V; characteristics of load

p-MOS transistor

-
o
LM SASE BRdn EAJN BLEN 0o NA EAN J

1%

V= 1.8V
- - VG 1.0V
06 -10 156 -20 -26 -3.0
4.4 X3} pMOS ERXAHY [1-Vy

54 2

Fig. 4.4 The I4—-V4 characteristics of load

1E-4

1E-5p o Initial

1E-6f . 300X

1E-7 600=

1E-8 b 900X

1E-9 P o 1000

1E-10

1E-11
1E-12
1E-13
1E-14 A . s A

2 1 [} - -2 -3

p~MOS transistor

a9 4.5 #3} p-MOS EWA2E 9] NBTI

Fig.

54 24
4.5 NBTI characteristics of load
p—MOS transistor

4.3 #M& n-MOS ERXN2EHS E4 2 1&

AZE A n-MOS EWRA2EY =39l
Aol 0.1V, 20V ¥4 W, Z+Z -V, &
A AL a9 463 23Z, L1-Ve B IA
< 09 478 2 A A3, ZEHU o
FAAFE 1 pA ]2 29L& 113 mV/deco]
o, &/9 X HlE o ~10"2 A W3 n-MOSS
v 2E fo47 ok olE® -V, &
43 9 BA geg E 9 #2 n-MOS
EWXN2HY Ad HdIEL ¢ZA HAgEY
< ¢ F AN

a¥ 4.8 A nMOS EWAX2AE 9 EE
Aol AE EA TAHAEL YN a9 4.9

I FEAFY AX B4 FH4E Yz
Atk 2¥ 4.894 B nle} Zo] EE AL
o AXE +10 % WIE ZF ZAHY 9o
o, 28 4.9 RE wie} Zo] AF & 2
T :HAFI 1 pA FEE SRAM A F
&3t7]e] S8t

dutrd oz g FEold s ERR2H
FEAge] W @ YRy AL FHAZL
olg} 3tz BT 10dL 7|Fe= dAsn 9
o}, o8 & Aol Immunity 3 A, =
g "AY 2.0 VoA FEAIZe] 109 ¢ 23
e 2xE d9ow, oy Aigr Hx
nMOS ERA2H7 1.8V 53 Al 28T A
AHE M+ J& Aoz wadd 4 U4
t} 29 4.10& s~ nMOS ERAXH &
ME o] Immunity EA ITXE& vepdl

1E-4

s f—VD=0av
s | —VD=20V

1E-7

1E-8

1E-9
1E-10
1E-11
1E-12
1E-13

1E-14 P P BEPUE PR SRR T
-1.0 -0.6 00 0.5 10 1.6 20 26 3.0

1% 4.6 A n-MOS EWAXAH Y -V,

=4 34
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54 34

Fig. 4.7 The I4—Vq characteristics of pass
n—-MOS transistor
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