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Reliability on Accelerated Soft Error Rate in Static RAM
of Thin Film Transistor Type
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Abstract

We investigated accelerated soft error rate (ASER) in static random access memory (SRAM) cells
of thin film transistor (TFT) type. The effects on ASER by cell density, buried nwell structure,
operational voltage, and polysilicon-2 layer thickness were examined. The increase in the operational
voltage, and the decrease in the density of SRAM cells, respectively, resulted in the decrease of ASER
values. The SRAM chips with buried nwell showed lower ASER than those with normal well structure
did. The ASER decreased as the test distance from alpha source to the sample increased from 7 m to
15 pm. As the polysilicon-2 thickness increased up to 1000 A, the ASER decreased exponentially. In
conclusion, the best condition for low soft error rate, which is essential to obtain highly reliable SRAM
device, is to apply the buried nwell structure scheme and to fabricate thin film transistors with the

thick polysilicon-2 layer.
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Fig. 1. Schematic diagram of the electrical
tester.
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Al e €3 & =%
NhEFE AEZE oﬂaig— A Gy o
7tE oA, 24 Ag 7 mmolAd b me
Yehhsith o= Agel wE & {xjake)
2 dap gare} WAl Ztee] o] AZE oY
o] J3g wE oz AztEo A

28 595 1 M 4 RAMT 4 M A= RAM
9 AAE WE AZE o9 WS e
At Twin Well T304, 54 H42 45V, €
o2 1 usollA FAFH 1 M A3 RAMO
el 4 M ™ RAMY # Alol=& 4u)e] =7
o, I A7]e vls} W T LZE JFHEL
vetlldth. Twin Well#zol4 4 M A3 RAM

e gzi
o b o o X



J. of KIEEME(in Korean), Vol. 19, No. 6, June 2006.

0\

5000

4000

3000

FIT

2000 \
1000 \
0 L

v

Triple
Well Structure

Twin

a8 6. Well 73 W& £2ZE ojz&9o W3l
Fig. 6. ASER comparing the triple well to the

twin well.
Vcee Vss Node
a - particle
—/LN;/ N
® Pwell
© ®
g Buried NWell

|4

g 7. Buried NWell ? 2 Has Mo 4=
E &9 F4& A=

Fig. 7. Schematic mechamsm for  ASER
decrement of the SRAM cell with

buried nwell.

9 Z FH Alolze e &l vz A=A
grrt oH s &

Iy 6ol AAH RAMOHH Twin Well H
Triple Well %l Oj3t A2 E dz]&g T2 A
o 45 VoAl ettt Triple Well& 74317
#1gt Buried NWell9] o] ¢ Phosphorous
(P31), 3E13, 15 MeV® &3t e v, Twin Well
o] w3 Buried NWell& #-&A7 Triple We119]
Ae AZE dElgo] FH3 Fo05S ¢ F A
o} ol= w2l Aol Buried NWellgtel “P‘:C‘Pﬂ
o 24 PWell# 7]l e Aol P
2 Qxle] olF] AME HA-HFT 4ol Buried
NWellZ 2] Vce Pick-upZ 22 w2 A Hol 4 A

510

1800

1500 x

1200 \

FIT

w

(=)

o
L

600

300

Vee

a8 8. Veco WE 2ZE o2 g2 W3l
Fig. 8. ASER according to Vcc.

F AL ez AnETHE. 2" 72 old W%
2ZE ogge 7a JHEE PUY mHow
Ve Atk
a9 8& vtat EdRAEHE AA RAME %

At “151-01] g AZE d8&E Jegd laﬂ"
old, MYAL(Veorol F7tee] mep 2ZE o7
& Jﬁo}ﬁq AZE g g HolgHE AA
R84 JE QeilCritical Charge)dll o)&] w7+

StEE AdAgdd s 2 F%FS

KR
e A @

it

S gtk AQAge) FASW e A weo
dstg wol F4F + JomE AZE ofdE
dod #yol Ao Ark HANY 27 VoI A

=}
= 1600 FITY &< L}E]-L}]‘}iott] 3V ol
ol A& 1000 FIT ©]ste] @ A¥E o8 &g U
s & 5

vtk 2l 2 ~HE A4 RAMeIA Polysilicon—2
v AYAGA 2 HAHo g AL HA R = 2
! 9°ﬂE Polysilicon-2¢] F7 ¥ @& AxTE
&S ¥ F& A o A FRE Y 27
Vel A velU gl Polysilicon-29) F717F 500 A

A 1000 AZ FAS AFE HEZE oze A

R oz FAaH o, Polysilicon-29] F7
A Z Aol 1000FIT °]3}e] <F

ol

A

L

=

= —_—

AHoR W2 AZE JEs FE T 5 3N
=5 2 He

=

_u

gl 2o deolErt =
Polysilicon-22 F717} Z 715 o]

A ARG 2 AANS WE AF Aol
Zolgo] £ZE AHE FAAIE Ao 47
Ach =g G Agolne] T4 54 o7t 4



1800

1500

1200

FIT

200 <

600

300

700A  800A  850A 1000A

Polysilicon—2 Thickness

500A

. Polysilicon-2 579l w}& LAZE &
o] W3l

ASER according to Polysilicon-2 thick-
ness.

AZE JEe EAE N Aoz A5H
EAWNA~EEH A RAMOA AL

Ze dg&dd o3l
gnd £ e 2298

EdA26d FH RAMeI

A 2 A v
FAE L Well 72
W EME AAHG
g, dubxop FHe Agd wE £AZE
& W3E HARUTY = FEgdgD B
HARM o7 AEHX = Polysilicon-2¢ F7l

We sxe ddss BAGA,

Ao A3 Buried NWell TFXRAAE
Buried NWell& 2 &38tA &2 7ol dis 2=

E dggo] F43 gastderd, 1 M HF 4
M A4 RAMY £ZE o8jge F719d A
Axo ve) o Srbststh BE dddge) A
= AXE g FHE fEaAc
gt azoh H Atele] HH Al dF &
oflel-&2 waEEs, 727t $EsE g
ot e ERAAEY A RAMAA AdddA
a

A7) AR A 283 =8, A19Y 63, 200613 6Y

go] AF d45How FAstg o, Polysilicon-2
o T ZAEL AZE g sl AHAE
BRg ¢ e 203 449L 4 F UATH

[1] Y. Okazaki, T. Kobayashi, S. Konaka, T.
Morimoto, M. Takahashi, K. Imai, and Y.
Kado, “New well structure for deep sub-Um
CMOS/BiCMOS  using  thin
buried layer and trench  isolation”,
Symposium on VLSI Technology, p. 83, 1990.

2] S. Murakami, K. Ichinose, K. Anami, and S.
Kayano, “Improvement of soft-error rate in
MOS SRAM’s”, IEEE J. of Solid-state
Circuits, Vol. 24, No. 4, p. 860, 1989.

[3] C. Lage, D. Burnett, T. McNelly, K. Baker,
A. Bormann, D. Dreier, and V. Soorholtz,

epitaxy over

“Soft Error Rate and Stored Charge
Requirements in Advanced High-density
SRAMs", IEEE IEDM Tech. Dig., p. 821,
1993.

[4] P. M. Carter and B. R. Wilkins, “Influences
on soft error rates in static RAM's”, IEEE J.
Solid-State Circuits, Vol. SC-22, No. 3, p.
430, 1937.

[5] P. E. Dodd, “Device simulation of charge
collection and single event upset”’, IEEE
Trans. Electron Device, Vol. 43, p. 561, 1996.

[6] S.-W. Fu, A. M. Mohsen, and T. C. May,
“Alpha-particle-induced  charge  collection

measurements and the effectiveness of a

p-Well
memories”, IEEE Transactions on Electron
Devices, Vol. ED-32, No. 1, p. 49, 1985.

[71 D. S. Yaney, J. T. Nelson, and L. L.
Vanskike, “Alpha-particle tracks in silicon
and their effect on dynamic MOS RAM
reliability”, IEEE Trans. on Electron devices,
Vol. ED-26, p. 10, 1979.

[8] D. Burnett, C. Lage,
“Soft-error-rate improvement
BiCMOS SRAMs”, IEEE
Reliability Physics Symposium, p. 156, 1993.

novel protection barrier on VLSI

and A. Borrman,
in advanced
International



