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Abstract

Hot carrier induced device degradation characteristics under DC bias stress have been
investigated in n-MOSFETs with channel length of 1.2, 1.8 um, and compared with those of
LDD structure device with same channel length. Based on these results, the device lifetime in
normal operating bias (V;;=V,s=5V) is evaluated. The lifetimes of conventional and LDD n-
MOSFET with channel length of 1.2 um are estimated about for 17 days and for 12 years,
respectively.

The degradation rate of LDD n-MOSFET under the same stress is the lowest at n-region
implantation dose of 2.5E15 cm'z, while the substrate current is the lowest at the dose of
1E13 cm™2,

These results show that the device degradation characteristics are basic measurement para-
meter to find optimum process conditions in LDD devices and evaluate a reliability of
sub-micron device.
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(after stress).

100
n—MOSFET°
E o Tox=250 A
- W/L=30/1.2
- LDD
-
T 10 7
~ "
) A“/"
A - - -
= - -t _/
~ ." /
& [~ AT . n
2 A/‘ 4 .
N 1.0 f—- -
/' o Vpg (V)
Fo_-e / i 7.5
n .
) Iy e 7.0
L /./' . : 6.5
ot vl ol
102 103 10

STRESS TIME (Sec.)

816, Stress A 2tell W& transconductance FF4
320uA, 192 uA, 87uA)
Fig. 6. The decrease of the transconductance

(stress 44/" lsub

with siress time
(stress condition lgy,

=320uA, 192 A, 87uA).

Ao

74

Jlo2ela =gl Fa7h Az o "o
tfald, stressE 7Fah 719EA F2F Gnel 10%

sl Aele Al7d & 4242 F2 49 (lifetime) 2



. - n g
68 19885 2H BT TAE® L
107 . g
m .LDD 30/1.2 ]
:LDD 0.7/1.2
106 : Conv 30/1.2
: Conv 30/1.8
G
@
H
= 105
@
£
£
o
2 .
- A
“ .
= 104
o .,
3 ;
[ S
a
103 Tox =250 A “‘\‘
L]
*Lifetime= Agm(10%) A
102 S
100 10l 102
Isyb/W (uA/um)
&l 7. StressT 7}ok+- substrate A Fakx} a4z
Ftralstel
Fig. 7. Relationship bewteen device lifetime and

substrate current for several device.

o MAE R
9} LDD +%

Lo
ahe

Aelch, Qupdsl & E

kA v

C},_CH iH L4 _}E

digl 2

sA 7} Shgrel QA NelE

=18

2
w8} A

2.9~3.0°|%ch =3
e 719 A3t A F(10uA/um) & stress & 7FlS
W Gnel 10% A shazd] 22 LDD
27 1~2x10' sec Aol Adubdqgl gl -2
e 5~7x10%sec A5 24, LDD TF=7 X%
s} sl A Est Roz el
Bl AA Azbe) FaERE (Vps=5V, Vis=5V)E T2
o4 s ARE A Ao auE 0113-?%
ek F V=5V, Ves=5Vdul LDD 7=
kel & ookvial A F3he] 0.08~0. LuAo] i,
Ql malglyz &£#ke Zlakdw3tkel 0. 7~1,UA
7oA 9]4tsled -
2717F 30/1.291 AHbH el el 22
1.5x 10%sec o) sl 2, a7l LDD +2&
4 % 10%sec A xojoich
Takeda,® Hu” & £x9)
| #A 5

U

. 71g7]

s
Al

= A7k

1=
o

=

= S = R

iy

AR
L%
=1

G

A
&

olug gl Late] 4wl

BP”‘L
274 ok

Elb

s
an

1o
e

= &}
bl

#

okt

o 3}

7| s} %

P

2 o]
%o
A

Al &
R

A, n=constant)
A n 7~3. 154

Zb oEL

=

lifetime= A T4, "
24 Z2AsAc o
ol A ole 7|87
M F/ 7ol 7} 30um/1. 2umo) i1, n-<iod
4l =9$-=zko]| 7.5E12, 1E13, 2. 5E13,5E 13
Zatoll 100uAS] A 7t A5

Z
©

(gF A
714 nge- 2 &
7oA o) l%" T ek
a8l !

o=

9] o] &3

em* ¢l LDD

stress& 7t & ol G, 34 S 46 ok 100 wA
o A 7 {5 2hebr) A1 AlelEAgbet =gl
#Hote 7zl v, . =3~3.6, Vps =6. 8~ 7.5V°]M‘:}.

(186)

525 % 28

1073 106
=
&
s
m
H
= 4
2 &
n
o -4 -
> 10 — 105 &
el a
© o
° =
5 A \ -
o ‘l . @
E ' !/ T
- 5 o~ 4 o
107 \ 10
3 «\ ¥ £
= f—”
&
4 :LIFE TIME ®
&
i : Isub 2
10-6 I 1 103
1E13 1E14
n- IMPLANT DOSE (cm™2)
1218, N-implant £=9-Z#ko] o}t LDD n-MOSFET

of 4 stress Al 7boll W& G
1004A)

. The decrease of transconductance with

Gm A7 %
(stress 271 lgyo=
stress time for different n-implant dose

LDD MOSFET (stress condition lgy,=
100 1A).

2 Azt ol 9] 2%l 2.5E13m el Az}
Gmol 10% Zrashazdl Hele Alzke] 713 24 vieb
skow, o olde] Efzapel £ 288 a4
Zkol ﬁia—}akq. o] 24 LDD Axfefl 4+ bias stre-
ssoll HHala Guol dsxst dest 7ba e n-ofod
o] &39) m=eko 2 5E13em? H391% o 71 2
18194 LDD Lxboll4 n-od e of gl m9=

groll ejafx} 2]3bd kst 100pAS] Z1HF2 stre-

ss# 7HlE W Guol 10% #astedl AHele A7
& viebd Aeldh ZlEbA Fo e 7 Asxbepep 2
a4 abelzh vfrg delsgt 204 olAbe) & A
FL AL (Vs = 6V U alt), oA 9 s EA ket 2
Az n-oded ol 34 kol 1EI3em ™l Axbrt 7
oA Fgrel sha 2tA velvbe sbd, axbgeedel A

B ol £ Efzae] 2~2.5E13m el 4}
A% o & odch 2 fdele n-oddof FEol webA
29 29F sallglafolo] Aol oA (Egax) 7} ¥l sl
ab, AlelE Zhabatelol ok Enax® HAE ®sk7] o
ol Aez AMddsia glx, ® AelE shaizld of
3t Enax® x5 hot-carrier & 3ol 23} A =be] Al
Hrol Fog 4dE niA: 24tk 2} Fuax
o] Zkelvt, A& Axtstr)sb Aebsl £apsich. 2
Al ol LDD 4o HAZH 2L Foldle
I 0.2 bias stresse 7hslo] Axbe) AFAE A
5 EAT o2 A Tl Ade gl whl g gol g7
o},



Hot-carrier H3 &

10
| n-MOSFET
[ Lop _;7/
- w/L=30/1.2
/ s
- /-/;/n o
o g
1.0 }— o A y.,(
: e
|3 [ /-/
§ : /;/‘/‘/ /
& [) S
- / x
~
E n x .
o n- implant dose
< 0.1 —
% : 5E13 om~2
r 4 7.5 E12
x
= e : 1 EL3
~ X : 2.5 E13
ocorkndl 1 ol
102 103 104
STRESS TIME {sec)
28/ 9. N-implant £ $2eko) ot LDD n-MOSFET

ol 4 7]k f-9t & #hrd ]
(7134 F Vis= 6V Slulh)
(Z 4 ¢ lgus 100uAE stress -5
Wl Gmel 10% 4417h)

Isus and lifetime characteristics of LDD
n-MOSFET with different n-implant dose

E x]
&

A

Fig. 9.

(Lsus : measured at Vps=6YV)
(lifetime : stress at lgy,- 100uA,
AGnp ~ 10%)

olg{dt ArtR w)Fof
stog z#e LDD &4
o] ol W AFR T K 3
v bias stress& 7}l 4zl

o 44 ez g

o.J}‘_

Aol 444a)

N. & =3

7+ 1.2, 1. 8umsl

AXLO] ,{]

g Aelzp 7 n-channel MOSFET
Z{ o] (ﬂflL
(0)=4Gwm/

nike

of DC bias stress= 7}dlo]
2438 247 stress Al7toll W& AGw/Gm
Gm (0) ¢ (stress#] 7H) 2| HAE

7} A, ol

wbdel gl F& 4% 0.65~0.60190 2 LDD
4= 0,584 LDD F£&7) stressol wHall 4 A 52 8
e 4usk 498 o 4 ek olg /uj_ Vas =
Ves—5VE A 2ol A £ue FHL A A
" Z/A0l7t 30um/1. 2umel Azbe] 48 .-w."&"i al
sl Fax7b 217 olly, LDD P& ALxbe 12
J Az olglct

LDD 4ztoll 4 n-odoie] ol g9l & §-=gke] chg

2l gt MOSFET® A%

R

A o F

=
=1

o

lo

zabell el A Fol 4z FA g $43
7tk b 2l A sl n-9d o) of & 4
1E13em?¢l b9 bias stressoll &3l A58t
£ 2.5E13em™® Ftell 4l Zbad 2 vfebxteh

utebA bias stressell o8 4xke] Y55 &4
LDD xztel #H FAx271s 2o,
ol ik AlB =5 Hrislod] dbeA
ot

N~
"11’ ruh‘.

ol

“
10
c o

T

‘1"m

4

oX

trt

rle

hot-carrier &
%7 eolo} @

2%

£ X ™

{1] E. Takeda, Y. Nakagome and S. Asai,
“New hot-carrier injection and device
degradation in submicron MOSFETs,”
IEE PROC., vol, 130. Pt 1, no 3, 1983.
K.K. Ng and G.W. Taylor, “Effects of hot-
carrier trapping in n-and n-channel
MOSFET’s,” IEEEF  Trans. Electron
Devices, vol. ED 30, p. 871, 1983.

E. Takeda et al, “Submicrometer
MOSFET structure for minimizing hot-
carrier generation.” IEFE Trans. Electron
Devices, vol. ED-29,p. 611, 1981.

K.L. Chen, 8. Saller, I.A. Groves and
D.B. Scott, “Reliability effects on MOS
trnnsistors Due to hot-carrier injection,”
IEEE Trans. Electron Device, vol. ED-32
no. 2, pp. 386-393, Feb. 1985

F.C. Hsu, S. Tam, “Relationship between
MOSFET degradation and hot-electron
induced interface-state generation,”
IEEE Trans. FElectron Devices, Leet.,
vol. EDL-S5, no. 2, Feb. 1984,

E. Takeda, ‘“Hot-carrier effects in
submicrometer MOS VLSIs” IEE Proc.,
vol, 131, Pt. I, no. 5, Oct. 1984,

(2]

[3]

(4]

[5]

(6]

[71 C. Hu et al, “Hot-electron-induced
MOSFET degradation-Model, monitor,
improvement,” IFEE Trans. Electron

Devices, vol. ED-33 p. 375, 1985.

S. Baba, A. Kita and J. Ueda, ‘“Mechanism
of hot carrier induced degradation in
MOSFET’s,” IEDM Tech. Dig., pp. 734-
737, 1986.

[8]

(187)



