1998 - 1 k@M E £ L 2e SFFELSLNAE B XY BAK M1k 98/6

2% F7H

£ nMOSFET®9 Hot carrier effect ¥3}

Hot carmier effect of nMOSFET s at elevated temperatures

won@eesemil .sogang.ac.kr
MyoungKyu-Won, DoHyung-Kim, Chul-An
Dept. of Electronic Eng. Sogang Univ.

ek

25T A 12007 exE EsRAYEA hot
carrier effectel 21§ nMOSFET @] degradation & drain
current Lranx;conductance"} Hats Sl gelEwt
th &%t £7E SR hot carrierel ¢ 3 degradation
o] HalHog 5011—‘"‘: He 2 F Atk stressH
7Fet & reverse modeZ H A d sawration 4
=gt} linear 9ol drain current® degradation®]
ZA VEpstew 250 Sr1EsE ojnigh Aol &
AW H A degradation®] TF4:dtg Ut transconductance
L= linear 92 saturation B HolA 7H7 FHE A=
d L%t 271845 linear 992l degradation®]

Wo] Tt

1. A&
VLSI 71&eo] wubslel MOSFETS aldzle|#t A
Hololag o Ihage met sl Az de Fote
short channel effect7t Al Fa8) Hch 2% hot
carrier effectoll @b degradatione] »F3 & 5 A7}
Flu gtk nMOSFET2 %2 hot electron effectof
o] &) substrate current’t F-7tshar, FElHske] F et
™, transconductance?t FA s 4zpe] el i
i @Aabe]l GeRvETH1]L el @ = oz}

glA el AR A= hot carier effect?t A2 ®.ch
ZbetAl 2], 4Ed 24049 hot carrier
effectiz ool wieoA A7t o] FejrHovt 12 &
Aol W AFE MY gt ixe FHEI Fel
v.ﬂ.):_i—_ vhg WA gyl 2d|7F EhEld 3o 2%
Zvhstd ®fok FAEnvh 2718 SR mobility
22 &l WH7) S hot carrier effecte] 9
Ygr e e Ao gt oeld
A28 T S0l dFE w4 Hoh B =R
My 23] ARda] 22og 252 2ddAM hot

carrier effectel 2]% degradation Wl & givh

1=,
=1
z7

,..

fo o o

2

Ao ALEE AatE gate’t L=05pm, W=20m,
L=1004, SEIHSELE 05V, spacers] Zo] 0.12ume]
PE 20keVE 3x10%/ni® doseZ ol& F¢¥ LDD
HEE Zhyr nMOSFETe] o
substrate current condition Vgs=05Vds (Vgs=3V,
Vds=6V)0. 2 &9 1[3], stressd 10000&272] 715 HA
A drain current$} transconductance® A Y. &
1zozhzb 237, 80T, 120CE e, 5HEL reverse
mode®, & stress¥ 7} F draindt source?l @ape
el Hdedr =4 el 2 4145BF AHE- )

u

er

stressts  maximum

IR

3. 43 % 24

- 363 -



1998 4 ) AWM E F LM G HHEEARE AE @ XK W2 E W1 98/6

231, 2, 3& 25¢, 80T, 120C M stressE 7131H7]
Ha Fo) d-vVd g Zelet, 257 ErtgdsE HF
o] A7|7t FolE 12 depradation® Eoiny AL B
& ol Vgs=3v @ A§ Aul ARz 77 135%,
8.0%, 48% 748t reverse mode ZAHSFEgo AR
saturation F oAM= degradatione] @A &HA e}

i gluf

0
ima)

] soof Vog=4¥

B=1=1ele]
forv

{1
21

0000 4.000
vo .4AQpo/aiy v

29 1 1d-vd A4 (2570
(1}stress O0x, (2)stress 100002
(Vgs=3Vel A% T 135% 24)

Io
{ma)

S .800)

. 9800
fa1v

vD ,A0D0/a1w [ v}

g 2 1d-Vd EAFH 800
(1)stress 0z, (2)stress 100003%
Vgs=3Vel 3% [ 80% @

o
(ma)
-
9. BOOL
Vgs=4v
I3
i2)
‘EjBGO'
davp Vossav |
i
i2)
Vg [
2]
voa=Iv i,
L0000
.DoCo 4000
V0 400070 v { v

ag 3 Id-Vd E43%4 0200
(1)stress 02, (Zstress 10000E
(Vgsza\hﬂ OT Imm 489 7\_1]'})

29 4% sawration 39l drain current’t stress

AZtel o2t degradations HEE B Fu gt

currents Vds=4V, Vgs=3Vol A ZH YT stress 7}

100002 stress £ % vl ¥ =6l degradation®) &%7t
a4 AAade HEg B 4 A

180
140 25'C .
12.0 .

10.0 .
80 .

8.0 L]
4.0 . i
20
0.0

(1d0-4d)Ad0 (%)

100 1000 10000
stress (fme)

1% 4 saturation ¥ el M) 1d9) degradation
(Vds=4V, Vgs=3V, stress 10000=)

2¥ 5y A&3 2294 drain current®
degradation®] drain voltages] W@ &4 E HoF
i oglth 28 259 W linear Y99l degradation®]
saturation @Yy 2@ ¢l2 g drain voltage®l
e slEgde 2x7t Ut E RAEE WE BT
arh

- 364 -



25 F7bo 2 nMOSFETS Hot carrier effect ¥2}

160
+

—~ 120
L T 25'C
1?% M e Y
§8‘0-...
) ., 120°C
= 40 L N T T

Q.0 =

a 1 2 3 4

Vs (V)

a9 5 e el Vdsell wE 1deg]
degradation (Vgs=3V, stress 100003)

ay 8, 7, 82 Zbz 25T, 80T, 120T A Ide} gm9
Vgsol o8 el Zeid, £n7t Z74g45e Id9 gm
o] A%} degradatione] frishir AE B o4 v

Hb gmel 7F7F 14.7%, 10.7%, 65% T 2¥u

D GM
(La) A7
270.0 280,
E-G6
27.00 28 .00
Fa-FY /diwv
00go! 2000
0000 2.000

Vi L2000/ 0w [

Y 6 gm-Vgs THE (gmapes 147% 2 a)
(257 ¥Vds=005V, stress 10000%)

io GM
(ual (Al
270 o 2800
E-0B
27 .00
sdav
€000
006G

G 2000701V v

28 7 pm-Ves I3 E (gmmee 10.7% 74D
(80T, Vds=0.05V. stress 10000%)

10 GM
fyal Al
270 .0} 280.0
E-0B
27 oo 28 00
saiv raav
0093 .00oo

6300 Z.000

VG 2000/dav V)

28 8 gm-Vas 18T {gma.. 6.9% 75D
(1207, Vds=0.00V, stress 10000%)

transconductance®] degradation® 2%t Fola =
linear @97 saturation WA TF FAHeon
linear G b @eo] 7Histes HE B F Qv
1600021 A% &m7F 23T 12008 Z713s o
saturation @A 106%0 M 45%2, lnear 9™
16.0%1 4 T8%E 7T degradatione] @Ak ¥
9, 10).

120 -
= 100 %5 co .
s (3

20
2 * 80°'C .
.Q: * = L ]
‘g 60 r . N L]
& 40 r . . bk at
E s - 120°C
=~ 20 w

] -

100 1000 10000
stress {(sec)

29 9 saturation FFANM gm2l degradation
(Vds=4V, Vgs=3V)

- 365 -



1998 4 18 A E 7 T2 & HFHESHHKE & LH H2% H 1% 98/6

18.0
16.0 r 25'C . *
140 & D
120 § . D ;
09 } . .

60 |
40 T 4
20 ¥

{gmD-gm)/gm0 (%)
-

100 1000 10000
shess (sec)

28 10 linear Aol M gmel degradation
{(Vds=1V, Vgs=3V)

hot carrier effecti= 53] short channel MQOSFET®]
A, F7kgk Azl ol#] channel® ol F3:= carrier
7t 2 oA 8 2e] channeld IHF drain B
gate oxide &l F&Eol 23 injection® 1} interface
statels:  "BAslel4]  drain
conductance?} ZFA43dlx, REzlgte]l FHrlsle F 9
degradation& ZejdtAl gk Hape] FEA Fo] HF
Bo 2onz og ZAMNe nMOSFETA A o 34
g vievit) oy 227 FrEA e AR "
o] EFED 2 phonon  scattering®]  E7FHERR
mobilitv$} saturation velocityiz 74 %} ulebA hot
carrier®] g4e]l FEA I hot camercl 2§
interface charge density® #3489} interface state?]
Fge] ZelTA B 2882 hot carmer effect
of 2% degradation®] #=ste doe® Azt

curreni 2 trans

NN
(in3
ri

257, 807C, 120C <A 712} stress$ 10000&2 7= 7
& reverse modei drain  current®  trans
conductance?] degradationg ZF#A§ch z&elA ho
carricr effectol 2] & degradation® A&l Hlsja =
Fogastes HAFgE sEth 22 2y 9 drain
currentt: saturation G A ET linear FHei M
degradation®] ©} il oj#igr HILL Fmep= Fit
). rransconductance?] degradation® k=7 2&h
e E FhWen linear G 2 A&7t v] AA

Pt

5 #1 ¢

(1) 4 x<d, “LDD nMOSFETel A fFEAMEHels F
7t2 48 Hot Carrier #3", H7disha urapst$

[2) C. Yao, J. Tzou and R. Cheung. "Temperature
Dependence of CMOS  Device Reliability”, IEEE
IRPS-86, Tech Ihg., pp.173-182, 1986

[3] €. Hu, Advanced MOS Physics, VLSI
Electronics, Vol. 18, Academic Press Inc., 1989

{4] Toshiaki Tsuchiva. Toshioc Kobayashi and
Shigeru  Nakajima, "Hot-Carrier-Injected  Oxide
Region and Hot-Electron Trapping as the Main
Cause in 51 nMOSFET Degradation”, IEEE Trans.
on Electron Devices, Vol ED-34, No. 2. pp.336-391,
1987

[5] Yoshihiro Satch, Kazuteshi DMivamoto and
Heihachi Matsumoto, "The Effect of Temperature on
Hot Electron Trapping in MOSFET's", Japanese
Journal of Applied Physics, Vol 22, No. 4,
pp.L221-1,222, 1983

[6] HS. Hwang., JS Goo, H Kwon and HS Shin,
"Anomalous Hot Carmer Degradation of nMOSFET's
at Elevated Temperatures”, [EEE Electron Device
Lett. Vol. 16, No. 4, pp.148-150, 1995

— 366 -



