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The 'factors involved in the wear—out of the thin oxide film.
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Department of Electrical Engineering, Korea University.

ABSTRACT
Recently, it is reported that the behavior of

ti’lermal Si0; under high electric field and
current condition has a major effect on MOS
device degration. Furthermore, when thin oxide
films are applied in practical device, the prese-
nce of oxide defects will be a serious problem.

In this paper, because TDDB is the useful
method to measure the effective density of defec-
ts, we stressed MOS structure that is 150 A
of thermally grown SiOp as a function of electric
field (9-19 MV/cm),  temperature (22°C - 150°C)
and current.

By examing TDDB under positive voltage, long-
term oxide breakdown reliabiliy is described.

From these data, breakdown wearout limitation

for the oxide films can be characterized.

1.8

2gd VISI Auid Stelste] 2=zl vl Mzt
o2 FYEI Fobgelupel LAz wEnE P
23 gL TPRIHo] A £3H2 Y.
Zeu olshd R Ayste 2UAZ Yo g bias
stress 2 33 AA4AE 247 QA5 422
BAY 25 V4ol T3 wAskET TAH
obFE AT, TAMHE QY 2ol Aol 2
A7t =g,

2 EEAME PP A} &5 stress of o) 3 TDDB

(Time-Dependent-Dielectric Breakdown)$ 4 2]
dM ez, axte FH2PAMY 4% A%
Aol , 084§ Yohx et

T PV5 stressE Aol WE FA A= Hg
%% zAHAD,clolutE charging EHT Y
B3 wWoEE w2 B, ok g T Y
Copper decoration 23 %% %o SEAY YEE
ool

2.M28 ARY %

71@ez wx¥o] 0.1-10 Q-cm ¢ (100)

A py A2 HolHE A8,
Hae] FHoxr g LHNE ARANNAAE
900-1000 °C o§ A} 1 L/min & XtA.gF % 150 A
HEe ge AUe YYAUT. LRF 900 °C,N

F471 AN @& 160027 ojdg st
o)l U EAL Nenoscope (ANELVA 911-9150)&

A4 stel HRakaivk.

ARY AR AFFA% ANE A A
0.8 mn,1 mm,1.3 mm 2 Al%} W& WAstAct.
sy PSE HRE o gt oAdPE THE Al
2217 ohmic contackd T E Qt}.

HAutz Z4L remp rate 0.1 V/secd! remp W&
Q7}st 3 breakdown £ 78 P <¢g peak dectectori
holding st} %73t 9ich.

2elgte] TDDB 24 & HHY stress (9,9.5,10
MW/em)st @ AWes = (22 * C,100 * C,150 * )
up et o] | 2 3} of
&3 shgirt.

Aozt doldmAa e AT

-359-



o2 Akstule] Wear-out 443} A 9=}

Y M e stress £ 0.00377 A/enf o] WUz 2

A Fof %713t stress 4] Tto] 40,100,140 2 O
old C-VEHE Yoza 52 A= oo F4E
Atwlw ,Si0, o) charging T 3}E R 9ch.
$E WY UE FYL YA 9M/on o BAE
AP SPAZ 1000 sec A FAWAEE
Zze BaYHAA o, =P
decoration & A7 ¥ ¥ulR 4V Mol Y%
g 7het gk,
Capacitor?]

Copper

breakdowng 10 ¥ A 23stE

BaodMe QP AR R Y.

3. A¥AAY AFE
281 & A By 2e odd AP T
e}zl o4& "ol ©# ramp B¢ stressg 7}3lo

49 w3 NAE2AE e .

1508 -
gofF ramp rate 0.1V/sec

T=22°C

~ | Bxad

T | Dt

T40F A=13.27x10%n?

[~

2 o

[~]

hel

|

§ 20¢

o
. . . Pz

0 2 4 6 8 10 12
Breakdown field (MV/em)

23 1.8i07 %2 AL FALXE.

gand ez ey o

NAZoR o] EUL pinhole 2 AYpLE

I AT H

He

£A27ldEe 2 AR BT
29 200ME 2% 19 geEd EEE Veibull
£Ex ushuge.

vB Y WA wAzARA Uy wY Bie

ad

q¥ezr FuAWU ‘QE.%— 23 322 3¢
ot Aol gsl 33T,

D (tf) =1/A ( F (tf)/(1-F (tf)))
At MOS capacitors] W3 WH, tf: 1000sec,
F(tf)E 1000secrt ) 8] %4 u}a| §olvh.
2% 3odM HMelmH u AMe%e f1 YPYLUE:

23 defects/cnf ,75 defects/cnf ojt} .

99 ) l
o slMz g 1
o Madg /
. ®
150A
2'C / o 1°
50 A=13.27x10%m? /
ot [ ]
.2
= / 11
B
. 20f s ° Tm
c / =
S ° / 42 u
g | o -
o ° / E
Z5F 43 €
s [
3
: /
O 44
05 \ , P
0 2 L6 8 10 1
Average breakdown field(MV/cm)
T3 2. 4oinba) £ =0 Welbull 2 X .
1ol 22°¢ o |
1504
9MV/em
08 o usus
o yay
06 t =1000sec °
Hod yd .
- . 0/
T oz _—
o]
o~

AQG%nD

03 3.9 3 Ho] ul®  F(tf)/(1-F(tf)).

¥ sl% o % Copper decoration ¥ 9 FW.E& ¥y
oz Ay Az 2y 49 e EWE F &
soitt.

% 5% Aleola 9,9.5,10 MV/em &) 4
HAsolA Az Yol TIY TODB & W3}F Weibull
paper of EAS AT, o LEEH T BANGAL ¢
L MAe H¥A3A 50 % cumulative failureo}

i

ojz2x ATE YvEP? ReE r = 1.25 om/MV

goj T,

-360~



'89 tigtd 18ty Al FFsreds =83 1989.7.21

(®) =z 9

28 4.2 wixz2] o] vl¥ copper decorat

ion¥ 8] Hu) @ A4, ¢ 450 wy)
99
: S
of ¢
3 o |
890 127 x10%m? / /
40
L /
50}
£ 40
/ o~
< 20} \OMV/cm/ =
S P
g 1o ] £
[T =1
v £
5 st / 4-3
"E'i 1;; 9MV/em
3 5 9sMviem /’
A 4-4
(o)
1} / /
Qq Aea d 4, | Y a4 A
0 1 102 1©0° 10
Time (sec)

2% 5. BAZ vebuje e ToDB 24 o
Weibull £,
2% 62 10 MV/om & YA Y stressshoja 22 °C,
100°C, 150°C 8| 2527 oA teyd A Z3to
Weibull$ ¥ 3 L}E};ﬂ\:}
ol o

£x7h4 A% « V%

g2 ol —r°1"‘t}
a = exp [ Ea/K (1/Tg -1/Tp) )
Tor ¥8te TH42x, ke

» Bax ¥4 3 oy elct.

-361-

2% 69 TP Ealt2 0.28eve @ gr}.
99
o5 } A/ ./ 11
90 o
80 o /
701150'C, A / 1o
Lo /
e s0f /100" ’
Eps / o/ -
B o A& 2C 1 (s
« 30 A/ ® =
—lte
;‘:‘ 20¢ / -
* 1°¢
=% A c
> 10, . -
3 5l 13.27 x 16%m? 43
g2 4 1504
3 3 10 MV/cm
2 —q &
1
il | RTIW § A
0.51 o v 10 ‘0‘
Time (sec)
2% 6.2 E webulEi T Y TODB B4 9
Weibull 2 X,
2 TS QoA I VA 4 AL R ol gshe,
23 59 datag S HxtA g 0.01%}a o 4ls)of

2o 24 E 4 Eal 2.

Time to 001°% failure(sec)

s 150 A

L MY

15 2 25 3 35
Eox (MV/cm)

2% T.Eox %43 M AXR 0.01% 3yt oo
YA,



ok Akstutel Wearout ¥4} A eiA}

T VYol 2V oY 0.01%hA] 1000 Ae £ E
#3248 U428 5UAT.

2% 82 4% TA M/emE YA w3
Ao Fads ¢4E vetu D vt

1504
9Mv/cm
13.27 x10%m’ /v'/
16°F
Breakdown
74
~— <8
Em o [ ]
L
(8]
\
167re_
'\9\0
1&1 N " " N N
0 40 80 120 160 200 240

Time(sec)

29 s.stAA LA V5 V2 @4,

D38 95 WV stressA o] wpE FRPE
Aoy g bt
tr 150A o—""
J=0.0377A/cm?
0.8
Q
0.6
S
P~o.at
0.2}
0 20 40 60 80 100 120 140
Stress time(sec)
23 9.3 A% stress Ao} uwtE FHARE
e By,
2% 10¢ Y% stresss|Zol wE trapping¥ ¥

Wsl= repydck. A Zto) x| dol ulet trapping

BE o FLYE YT,

_362_

Sant

;:;10:- 1504

3

a 9

Z10%

5 ;\o\

gt o

(W

16" n N " N s i A
200 40 60 80 100 120 1O

Stress time (sec)

J% 10.4Y M ® gtress

T A3,

Al o] ul 2 trapping

H 2% stressstol M Vet Ao wpeh =bobA
Hed, ol 22 VAUSA ¥a] trapssl WA o]
7)

QEYE 4¥a2T At ol trapgo] g

8)
UMY deime = oy FAhstel, o o]
STl H3Z2hx WA capacitor £ A 9 up3) o}

Vo 4 B,

[

L

2 s del sy F2 Y trap Tol2lsl ¥4
ohmic pathej ‘7ﬂ‘35.

B3z %)

1) S . Raider ; Appl.Phys.Lett vol 23, p 34

(1973)

2) I . Chen ,S . Holland ,C . Hu + IEEE.

ED-32, p 413 (1985)

3) T . Kusaka ,Y . Ohji, K . Mukai ; IEEE .

ED-8 ,p 61 (1987)

4) s . P.Li, J. Maserjian ; IEEE .. ED-23 .p

525 (1976)



89 A1y A FHIEU =7 1989.7.21

5) J . Mcpherson , D . Baglee ; J .Electrochem
.Soc , vol 132, 1903 (1985)

6) E.. Anolick , G . Nelson ,in Pric ; Int
.Reliability Symp p 8 (1979)

7) Takasia Kusaka , Yuzuru Ohji ; IEEE EDL-8, p
61 (1987)

8) D .R.Wolters ; First International Symposium

on ULSI Science and Tech (1987).

-363-



