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Anode and Cathode Traps in High Voltage Stressed Silicon Oxides
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Abstract

This study has been investigated that traps generated inside of the oxide and at the oxide

interfaces by the stress bias voltage. The traps are charged near the cathode with negative

charge and charged near the anode with positive charge. The charge state of the traps can easily

be changed by application of low voltages after the stress high voltage. These trap generation

involve either electron impact ionization processes or high field generation processes. It determined

to the relative traps locations inside the oxides ranges from 113.4A to 814A with capacitor areas

of 10°cm® The oxide charge state of traps generated by the stress high voltage contain either a

positive or a negative charge.
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Fig. 2 The stress induced leakage currents of
a 1134A oxide after negative gate voltage
stressing at 13V

e
™
:‘I
1o
Ao
oxl
flo
ne
22
ﬂ.ﬂ
2
2

(LN b

m

o g I

Aee) Bldey A HF ZH(unstressed PM =
M), ~2E#A AY 10VE A7ste Asiet EF
wal ok AlojE Yo g ZA(Ist PM after PS
10V F4), 282 At 13VE A7Meto 4bg
o =Y w4 F AolE HYger ZAH(2nd PM
after PS 13V 24), ~E#d2& A 10VE A7
o] Absiet EY WAl o AlolE AYgeE &
ABrd PM after PS 10V 3F4), 2EHA #Ag
10VE Q7tete] Atstat e 44 & AolE A
gto 2 ZH(lst NM after PS 10V Z4), 2E
g2 &M 10VE Q7bste] Arsiel Eff day,
S AE AYeZ FAH(@2nd NS after NM
10V ), 22842 3L 10VE A7ksted A
o 59 vy agla o AlE AYeR A
(4th PM after NS 10V FA)E Aoz 4

-462-



P
i
i

S
Y
4
wr
=y
u
rir
Bl
3
off
s
%

=
>
)

2
>
o
lo
by
e
ox
do M
1
2

do 42 o R
e
o=
30,

m8
&
vy
>
m
i
>

N

[
fm =
i

ol
ual
to & > mx
ap
DL
o
>
Im
I
Ho
N
ST

s

AT ]
Hu
)
S
o
H
' N
% oo
S
- X 2 R

u
oX
Jo

2
w2 (030 (o o

© e gy
o
[l
-
2

2

£ u
2
N
do
ok
£
Au)
tlo
E‘

gt 24& AYsA}. sk T4
1134A, 204A, 3983A 231 81449
o & 2Ed 2 "]t 14V, 20V, 41V 19
OVE d7tstn 3 F, G &9 24 AU
2E#2 §7] FHAAFE 2¥ 3,4, 5 1

6o YRR

N sm
NOE ox
=

N
bt

P

ARSI |
R 2

000 000¢0000
PYPPY YY)
ove

o
L

|E-(BE

s I3

E oo ¢ Unstessea PS Oxde thickness 113 4A

s #PMater PS 14lV]  Nitype substate

i © NM atter PS 14{V] Gate area 1x10 ‘e’

z 1E-08

E °

2 :

o

g 1E-09 | ’9‘,
89° o

= 5888888

Z 1E-0 r:o3,,,.,...n;;;§3888 R

& ®ag0000°°° .

=

=]

o

LY 3

1E~42
Q 1 2 3 4 5 6 7

GATE VOLTAGE {VI]

Fig. 3 Polarity dependence of stress induced
113.4A
positive gate voltage stressing at 14V

leakage currents of a oxide after

1E06
x

fond # Unstressed PS Oxide thickness 398 34 %0
E VEB7 @PM after PS 41lV] N type substrate o
= ONM after PS 41(v]  Gate area 1x10 ‘o’ #
= s0*

1
t E-G8 L%
- B o
7] &

1]

Z1E LA o
& Rl gEEBRE uunnﬂﬂﬂnnu
o a® podg? .
= NDUDDD -
Z 'E50 pga ®secesvsee?
& LX X4
« co o
[SRY-ETh S
=2 .
[3]

tE2

0 3 10 15 20 P )

GATE VOLTAGE [V]

Fig. 4 Polarity dependence of stress induced
leakage currents of a 204A oxide after positive
gate voltage stressing at 20V

3" 3,4, 5 21 694 HAFE AT ol
Arster FA 7 Zhzb 11344, 204A, 398.3A 18
I 814A%0 Aol & AolE 2E#HA A 14

1E-68
[ ¢ Unstressed PS

e Oxide thickness 204A
o, E-60 ® PM after PS 20[V] N type substrate
< O NM after PS 20(V) Gate area 1x10 ‘e’
7]
Z 1E-0 "
w [ ]
=]
[
g W
w £d

@ 1E-41 P g
% jooel oo
© .

.

tE-42

GATE VOLTAGE [V]

Fig. 5 Polarity dependence of stress induced
leakage currents of a 398.3A oxide after
positive gate voltage stressing at 41V

1E-06
3
“E 1E07 #® Unstressed PS Oxide thickness B14A
s @ PV atter PS 70{V] N type subslrme‘ »
E TE<8 O NM after £5 70[V) Gate area 1x10 ‘¢
2
it 1E-09 .
E .0. 0..0..0'0§Gg5'§§§l
* .
g so0 388888888
< 0° .
@« . °
S1E-n . .
o L]
1e-2 & J
o 10 0 30 0 0

GATE VOLTAGE [V}

. Fig. 6 Polarity dependence of stress induced

leakage currents of a 814A oxide after positive
gate voltage stressing at 70V

V., 20V, 41V 283 70VE <7bstn o & A
Edz {7 FEAF) 44 dEds 9 5 gl

- 463-



N
=)
i
fy 22

w1
X ox
o
=)
tlo
4
)
2
N
)
=
N
N
Rt
2

D 2
X (o
Lohy o oo

—n
N
2
o
‘Lr‘

O
4

i3
2
:oé
) Ho
B
N
rO
N
e
»
s
N
ey
2
M
=2,
piV

iy

® T m oo

)
il
o
e
°

nﬂ]

oX flo
> |m
ol
2
tlo _]‘\o“‘
i3
>
£ i
AN
>

S
N
3

oX A
B> B
> d
o rle

S
o
N
N

i)
o

A

.

SCIETEL

£
g

(<)

e
[
fm
&
[

ol
g

2

L2

2

Hu

fo 2

o

L

[
N
-
=

[
i g
o

roan de ool
m >

pg o Ly
fu

m

o)

>

2 b
w ol

ol
T

¥ ox

o
20
oy
>
i
o

2

Ay
in

=

.
& b

£ 0 Job o o= B jo
(i
2
)
)
o
ne
ox
ud
o

ox & rir
N

2 2

to Ly o
m
i
lo,
e
>

=
I
oy g K opg ot 2 2 02 O b

N o

2

dlo
o m

)
ek 230 o Lo

Q

.%

@]

e

O

i

RN

1L

oS 4

e ax

5o

L

grlr -

dnorx L I

-\1% 4
19.{-(102'“
m_£.4
® N
i 2
ogm;zgrﬂh
B

m. 2 e

dela Ase Sk 27 11344, 2044,
3983A 221 814AQ A% ARl Ashu
s4¢ AR,

1 atsiete) Sz 7hgel we By A
44, 699 A%, 29D HdY AR AL
Frhen WS RAGE F2E LA
2 DAY 2EHxA 0 VB ARE UH
SA Za@e me FUn VR Aty

3

< st

3. nAYG 2edxa Adee 7] FHEHARE
AAgG 2EHA Aslde] f7) FHAAFRT ¢
2 e BAFAL

4, ¥ &9 AoE 44 A g3 2EdL
&7 FARAR 49 ¥ A ASE EHY

AEYL fePs B3

da Aess pad g4 AL A%

m R
¥

2

Im

)

.

1

¢

B 9@

HAE AL o7t flEe &y

v. Btaesl

(11 D. J. Dumin, et al, IEEE Trans. on
Electron Devices, Vol. 40, No. 5, p. 986, 1993
(2] D. J. Dumin, et al, IEEE Trans. on
Electron Devices, Vol. 41, No. 9, p. 1570, 1994
[31 T. W. Hughes, et al,, J. Vac. Sci. Technol.
B, Vol. 13, No. 4, p. 1780, 1996

[41 M. M. Heyns, et al, IEEE Trans. on
Electron Devices, Vol. 43, No. 9, p. 1499, 1996
[5] D. J. Dumin, et al, IEEE Trans. on
Electron Devices, Vol. 43, No. 1, p. 130, 1996
{6] T. F. Lei, et al, IEEE Trans. on Electron
Devices, Vol. 45, No. 2, p. 567, 1998

[7] C. S. Kang, et. al, J. Electrochem. Soc.,
Vol. 145, No. 4, p. 1292, 1998

-464 -



