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(Stress Induced Leakage Currents in the Silicon Oxide
Insulator with the Nano Structures)
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Abstract

In this paper, the stress induced leakage currents of thin silicon oxides is investigated in the
ULSI implementation with nano structure transistors. The stress and transient currents associated
with the on and off time of applied voltage were used to measure the distribution of high voltage
stress induced traps in thin silicon oxide films. The stress and transient currents were due to the
charging and discharging of traps generated by high stress voltage in the silicon oxides. The
transient current was caused by the tunnel charging and discharging of the stress generated traps
nearby two interfaces. The stress induced leakage current will affect data retention in electrically
erasable programmable read only memories. The oxide current for the thickness dependence of
stress current, transient current, and stress induced leakage currents has been measured in oxides
with thicknesses between 1134A and 814 A, which have the gate area 10 “cm® The stress induced
leakage currents will affect data retention and the stress current, transient current is used to
estimate to fundamental limitations on oxide thicknesses.

Keyword : Electric field, Oxide trap, Silicon Oxide, Stress Bias

Y IEER, YRR B

(Department of FElectronic  Engineering, Yuhan
College) el

X HF20024E10A 108, A4k 22:20024R12H3 8 kI R |l P ATy



o)

gt s @Are vieha, Alsh FA1) Zhae| wieh
a2 gho] 2R 2Edl s §7] PG} Hold
F Aeld s Ede) x|y} g gt
Bde) daed vepdd sdaAg) Qb F o
AR AolMFe 7ldane) ANAGASA L
Fuo], cEdxdFel Holdfe Arkdstel Axlel

Al Fe Absba) Alsbe Al fo)1" 23
o] s} tEHge] 3k 5Ey Al o8
ehn] ~Edazigh 2 S| SJEste
uto] &5 Rl SAELE, o5 F2el
BAA Aake] Asals opr| AR O
32 TDDB(Time Dependence Dielectric
off ulellshe, ol{dt Alslu} Aoislale ARl 7]

ske AT Bt YR ok e ¢
2 Alololla] FHA SR WAk ke Alols Alste

o] 7hE Sulsls ~EdAAGRE AsPEdl ukE
Ardatele] dapdso] o)&gicl Aleld abshy AR

S sEdaAg b & AR

S 9 muAse] ge dehis, e
Ak e A2l A AR AMEgIEE AT
gt A Feolc,

ske A2l absiel g shebshy) Slay 2=
Gl f7) AT Y G7E Aol Tk
rEdls §7) AR 24, ¥ Tela B4
Ashetol =) S wAe] ofgek cela Abs
wg o] ]

zE2A kel gRe ARbelA
AEHA §7] FAARFE AEdA #HY AEHA A
7hel] whe} wlEgle}, AEH 2 f7] FEAFE BFY
A Eds) Alstere) 47 o8-} 3AE vehdich
S f7] TAARE o AlRE
Apshel sape] AAA) sEiE|efol b gk AlR]E
bt RAAFE FARK] RS ATt

et

[=]

rEd

(336)

%8

75
o. & ¢
AR E AR nd ARE 7l LOCOS At

n'AEE Ao|EE ARgsle] Azleldc). Absitel F
7= 1134A04 814A7A|o]ch

2EY LA wE #eE AFEAL IV Meter
(4140B, HP), Arbitrary Wave Function Generator(395,
WaveTek) ~22]3 Micro Manipulator Probe Station2-
AAsle] ZAsigich o] o A eS| ~EH~AG
2 IV Meter(4140B, HP)S] A& AR83fed <1713}
g} wlelmz wpEeelel: 432K Shield Box)
2 sk Adsleien] slolsl(Wafer) AbdhollA] 324
Z07 Eashe Tipg ARS8k dolgle 32 =
oz Faksle Hell mA4AF)7] A IAFHZE A}
g3l9ich IV Meter(4140B, HP)= #@=x9ta) 31493
ool 2§k AFZ sy siM AMgslglen, &4

2] 10 P[Aldt). Test Lead Fixture®] Stray 15
) A EIAE 2 ZA Flolof os HAssledch &

q
.;,_z

o® o

H

Hs)oixl dloleliz HPVEEZ dlole] sjale H45}o]
EREE S

xepol olgk AP AFEe] W ek FYa
o A £ WAL, BANT, SAARE 2
o3 g gE WaATIHA daslin TEde
QFe AR AL Hsted ekt A
damifel Melafel AT Ao HHe ymd
£RGE DRI Wt 7k 5 SAssc

= = =
AEp A 1134490 Aol 48 3 Aslet
ezt 5C/em’, 01C/em,  0.002C/em”  ZE]5L

D

0.00002C/cm’ 2 443t} EAsisich. Al AR
e~ stk WAE <aF 1> vebid

e —— ;ﬂ‘ﬁ% =
2} Abget Ae Eshs Bldy AFeldh a2ln
olzldl Eldy Af= ~EH gt X|pHoR v




20024 128 EIFILEEWGE

10E+02

10E+01 * 0.00002C/cne

@ 0.000C/cr
0.1C/cn

e 5C/cme

cesosese®?’
1DE+00
10E-01
10E-02

# ¥ 2B &
10E-03

FLUENCE [C/em 2]

10E-04

10E-05
11

GATE VOLTAGE [V}
redeAsds AR WA
. The relationship between fluences and stress
voltages.

—, 1.0E-04

1.0E-06
f?‘
K

PR |

1.0E-08

# initial

®0.02
0.1

1.0E-10 10

CURRENT DENSITY [A/cm 2

1.0E-12
4 6 8

GATE VOLTAGE [V]
| zEds A AF A AF 54
. Current voltage characteristics before and
after stress voltage.

wlolt}, a2|w 7 & Asleke ~EHAAY F]b
sz gate] vlehix] ok= okolrt wAEwAl
bk 10C/cnolA] B2l s dabe] vektct

stet AR 2Eels A o) GEre ek

Ay FAARE Skl BEy Ahe A4k
JF AE

A AR EE ~EHA dgE 2EHA A
Ha Bk e A A4
o]&) wsgic}. o|2idt Aed FEAF
#2aol] o3l Alske ulellA AE ARIE
2ol ]2 ghc)

Ashet S 1134480 2Abellx] 2Edls st
dlgk Akt Zg o) Alsbe ARdE B4 <o
2> Ve glTh

ek

QlrtslA] 92
Absiatel] ofgk Ak o) ARLUEE
EY A AGE el

% 39 4% TEHE # 4% 9
— 1.E-07
€ Oxide thickness 113.4A
(8]
~ G ate area 10 %cm?
i:' N type substrate M
> 1.E-09 8
Pl
9]
= + Initial State
) B After 1st
— 1.E-1 After 3rd
Z .+ After 5th
o x After 7th
o o After 9th
=2 « After 11th
O g-13
0 2 4 6 8 10
GATE VOLTAGE [V]
2| 3. HkEAgl oflolE Agtel] gk d4AHQl A
o0 AP
Fig. 3. Successive low level current voltage
characteristics for repetitive positive gate
voltages.
AFEe] 248 sk szl Be A
At FEARFIE 2715 21 T ok =3 25
daAsiake] ZKel wek AR FAAR 57
e welFm glek At edYARE AR=YY
%9} AspT Aslell 7)Qlele A eHstols

A=l ~EHA AL Q7b F A AR e
= AlgEhe Bt {FAg A~EdS f7] Edge 7]
Qlal= ylolzl Ao Fjolr) wAEHA S
7hstal b ¥, AEd AR ARsPYelA AdAle] 2B
2 4] Edgo] o8 agch AEeb eEE A
R Ak Bi gl frlsEE Al oE
g} AT LEEAM AR R AR
Wle AEdA Aslgko] 001C/em™ 3 Hskelr] A
zkatodcl.
areds AGE sk @
gt AbsleA R deE Add TR R blE
sle] vhehdAt Ale|® Aol o VAR ZAE
Hoodetel ot AFUEe] Fvhe FaEe] vehd
o = gle). olelgt ¥ARE maEw At 27
Arsinte] AMASLEr} 22 Efjo] 2§ dgfolr}
A= 7ol A2 1134A AREPeM ~E
e kel 28]

o

F, Alelx Akl

=]
pus

2
=

nes

oL

Qhshan SY



10 i TRl A 4hg 4
— 1E-07
oY)
[ Oxide thickness
k] 113.4A -
= Gate area 1072 ¢m? e
~ 1.E-09 A -,y
“ 5ot
(T) *
4
w
o
B TETTT g e « Initial State, PS No light
w o = After F 0.24, PS no light
o After F 1.05, PS No light
3 * Alter F 3.22, PS No light

1.E-13
2 4 6 8 10

GATE VOLTAGE [V]
32| 4. DC 2Ed2 F okAlo|E AHshel oizh

) _'E_r E./\-]
Fig. 4. Current voltage characteristics for positive

gate voltages after DC stress.

— 1.E-07
NE Oxide thickness
S 113.4A
T~
< Gate area 10" %cm?
> 1.E-09
=
e
P
w
(]
— 1.E-11
prd . Inmal State, PS No Light
e P’ ™ After F 0.24, NS Light
% A After F 1.05, NS Light
® After F 3.22, NS Light
© 1.E-13 g
0 2 4 6 8 10
GATE VOLTAGE [V]
O3l 5. DC 2E#2 F IAPIE Al g A

AF A
Fig. 5. Current voltage characteristics for negative
gate voltages after DC stress.

AdogRe ~elag rln W ¥ YT AF
Aol 564 Al AR SRR BeF
ok ojuf whEAQl AEH AV} ZrlEkeE A
AR S7RE B4F givk ook akel AoV
ol FE] 2ol o7 WA e ARk 9
8 A SRR SR i°=l—m_ At

2B A BlE & F oHlelE Akl
ek At AR 548 ST 2 <ad o9 3
th

<3 e AF AEd2 AHE 100x 59 ot
3jo] zhzke) A FFo] 024, 1.06, 32 Clem’d o) W&
ZAREA] @1 HlelE A ~shHA 4T A
s AREAolck

Il oF ol ulsk o] 27)8] AEw

Ao sEdA 47 FARF

(E%

£ A AR 2vh8o] =4 Fkskelont v
BHe] 2Edor) AdAdeR At A
AARe) il A e ogr & glek =9
29 Agepo] Zyld<4E gdr] & % 52 W3-80
Aolg & 4 gick By zdobu Wl ey
2 ARkl AL dret ~=dx AfFe] F o F
7V o 4= ek

AR 2mde AFee] G2 LAllE
A AFEAL <18 5>0f Rk,

<af 5>ellA] o 5 ol Hie} 3] AlolE Agke
SRgoR ~9% W aelelE WAA €Y
g ARE WE7] ek e zapkin $Alels
ARE AReslo] 2R3 Aot AR et o4zl
o sEdx AFHE WA SIA 24
ek 2vsh 5VAle]e] Al E Agtel gk MY
BT Frhe mAY 2Eds Afe) wet 27}
sigiek ol smdls AFES A7 024 105,
3.22C/crrro| e,

Akt AFEEe] dolel= HPA40Bel| A& A|z¢
& AHE3led 02&md) 02Ve] 28] AHE Ql7bskA
=x381edch nd) AlelE 7]gela] AzkE 2zl o
AlelE Zste rfslaA 2Ag Y AFUE
o] fAkal Hele) ARANE AQek 0¥ A1l
zARRE AL 24 Aeleld wgAA g
Askae A7) igoldt,

2Ed2E Rk & F P A0JE e o

st 24T A4 AFENS SHD dolHe

A

1

%

RV
= o o_LL d

O

m o
[3

— 1.E-07
o After stress fluence 1.05
£ Oxide thickness 113.4A
2 Gate area 1073 cm? £
— N type substrate o
> 1.E-09 e
[ )
w
pd
L 4
=) - set )
— 1.E-11 oot 000“"‘" .o Inmal State
& a 1st PS, No Light
e o 2nd PS. No Light
% x 1st NS, Light
O 1E-13 ¢ 2nd NS, Light

0 2 4 6 8 10
GATE VOLTAGE [V]
T8 6. 2EdA AFE 106Cem” F F & Ae]
E Agbol] dizh AtAdF 54
Fig. 6. Current voltage characteristics for negative

and positive gate voltages after stress
fluence 1.06C/cm?



0024 128 BFIZEH

<a# 6>3 7tk

<a¥ 6> P 29 2EfHs HFE
L06C/cm™E Q1718kar b F ok AlolE Aale] digh
Agt ARUES & o]l JWEHoﬂ gk 2V
oAl 5VAko]2) xizﬂ;_l FAAFE 1.00x10 M ~1.60%
10 "A/emlolm 2 2EH A % -;Er"* 106 C/emE
Zhskar b F, 3 WA oFAle| B Asdel gt A FEk
Wz 500x10 ' ~2.76x10 PA/cmiela F WA o
o|E Hglel] ulgk AFeF wsh= 300x10”~176x
10 “A/crfolgint. ~9 ~EH A AFEE 1.06C/cm’
Ql7psla wt F A WA A0 E skl oigh 7‘3‘11‘0
o] wWah= 450x10 °~6.15x10 YA/emiela T wiA &
AolE Hglell ot AFeF wshe 260x10 " ~152x
10 “A/em’olsict. maEw 2 AGE 7k F okS
A A AFEAAS %“é‘}sl o] kg A
Ab HEEAL A5 A WA AFEAH) 73S
Hefo] o & viepdch Ze]3 ofAle|E Ay A
ot ~7ﬂolE At oty F¢ 4 5
At

28] SAANE W3l EA
AL <a® >3 2t

<a# 2 2y AYE 02V, 04V, 06V, 08V,
LOVE WshAlA At AFEAS SA3E =9 A
skel wElge] FlgeE AH AR wike
o] Z71gre & & ik

TrEd 2 Al o3 A %

A% A

ql

4.0

A

A7)

2738 =

pil

Ak AR

;:

-

SHFE ASHY

] wAE =alel] Agch A AT Zyl=
AEY A0 9 AkEbet o] wbgEl Ewle] 4o w)
—1.E-07

N

(E) Oxide thickness 113.4A

T

< Gate area 10 *cm?

>_1 .E- 09 N type substrate x

= « B

195}

LZu B S x yos“.l

e LR o" >, “m”“ RN

gre W SV 0.4V

o SV 0.6V

o % SV 0.8V

= xSV 1.0V

O1E-13

2 4 6

GATE VOLTAGE [V]
% 7. AelE Astd wkE At AF EA
Fig. 7. Current voltage characteristics according to
the step gate voltage.

8

>
oy

(339)

£3948 TERE £ 4% 11
Agcl 2ae Ase A Y st A Eis
o] ek 2Edze] ofF] MAE RF Alo]E Aol
o3k A AR A2 Absietel e E
ol Aol HEE=AEE vehin) AERR W=
Ee e AR vl

A3

V. 2 g
e ARl peeld mamds gl o3 A
EA 8] FAARE 2Asle] cley) ke HES
A5Act.
1 2E#H2 Agle] FIERE ~edA {7PpdAd
B 2Zylslgdon ukEAe] AEwAdE Zrslgdch

2. % & Alo|E Aol 23 AE A
B e o] Ay AFEA] et
A7t &
$71 A FERFe A AEd ARy
Fashe Ao eyl

4 zEdx Al ol@ smda fPRdAFe
Z7he Abshetel AEl Eale] 2w whbdel] o3
A Uitk

5 Exjo} mspels B 0} AEHS f7)HF

Wlell s 2Eed: f7IAARE WEH

picdmnckikiy

z A NJENCU BN

].

24

g]
ek

* 8

Ho

i

ik,

[1] S Bruyere, E. Vincent,
Induced Leakage
Dielectric
Reliability Extrapolation Modeling”, Micro-
electronics Reliability, Vol. 39, pp. 209~214,
1999.

B. D. Salvo, G. Ghibaudo, G. Pananakakis, B.
Guillaumot, G. Reimbold, “Study of Stress
Induced ILeakage
Resolution ~ Measurements”,  Microelectronics
Reliability, Vol. 39, pp. 797 ~802, 1999.

A S, Spinelli, A L. Lacaita, D. Minelli G.
Ghidini, “Analysis of Space and Energy
Distribution of Stress Induced Oxide Traps’,
Microelectronics  Reliability, Vol. 39, pp. 215~

G. Ghibaudo, “Stress
in Very 'Thin

Limitations

Current

Layers : Some to

[2}

Current by Using High

(3]



12

(4]

(5]

219, 1999.

P. Riess, G Ghibaudo, G. Pananakakis,
“Analysis of the Stress Induced Leakage
Current and Related Trap Distribution”, Applied
Physics Letters, Vol. 75, No. 24, pp. 3871~
3873, 1999.

B. Ricco, A. Pieracci, “Tunneling Bursts for
Negligible SILC Degradation”, IEEE Transac

% & #F(EgA)

19824 2R : AT AREL T8E: By FYE
TEfEE B TR
TR By BUR

2R BB KRB
2H i TRBR KR

PSP |

[6]

A 7] FAAF

EEF

tions on Electron Devices, Vol. 46, No. 7, pp.
1497~1500, 1999.

E. Miranda, J. Sune, R. Rodriguez, M. Nafria,
X. Aymerich, L. Fonseca, F. Campabadal, “Soft
Breakdown  Conduction Ultrathin ~ Gate
Dielectres”, IEEE Transactions on Electron
Devices, Vol. 47, No. 1, pp. 82~89, 2000.

n

19864
19924¢
19964

128 : Clemson University(U.S.A) Post Doctor.

(340)



