28 % 452 * 5 K& 2 Vol.28 No.2
2007 4 2 A CHINESE JOURNAL OF SEMICONDUCTORS Feb. .2007

Rk nMOSFIT 28 4 2 7 £ 8 B 48 5T 330K

TXE A OB OE B Dus

AEH FAh

(P22 TR R 2 SEAR AT 2 SR MR S B P B A S SL =, % 71007D)

FE: BT R 0. 25pm T2 B &A1 HEAT BT 5T . 18 2o X33k 14 7 88 115G 285 T s WL W L B 5 A P 0 55 L 2 2
HEAT S0 AT A% 2 A 2 R B R O 9 BRI 2 A A 2 ) D IR R 3 4 A R R R B BE A L O X A S AL

FIEAT T 4 B AT BB IE

REW: XL BT BOMRRON s SR A T L
EEACC: 2560

FESES: TN386 XEARIRED: A

1 5]

Bt 25 6] B R R 10 K+ 8 ) 4 B 200
R B AZ BT B0 5C V2 4R R S 9 R AR R &
JEE B R AOK it B - ARG 45 LU 491 406 /0N 1 D00 Al 4 A
JEIEREW/INE] Snme LU o 6 50 200 52 2 LATE
RREST v A I A ) 2500, 58 8 ¢ ke T sy S 45 3 P
R T AR T A A PR T A TR BOK
T HAERE 2 2 B AR 20 L BOR BT S TE
A ER T BRI SR X T R AR HE R AR 1
WA AL JZ JEE B2 D Sm . g IR I 4R JEE BB 4 I
A W FE 45 A 2 W B 1) Ml 410 )2 B 2 {6k i 1F T
BT R P AR R AT I R A 3R RO B R Ok
BBt » & 22 AR M A S A T2 vb 7 A i B T B B R 4
P B BFAR 2D 33 0 A5 R RS 5 1 Hh 2 i i 55 85
EiR NI SR R N

AW 5T R W] B SR AR A A ) B R
AAFYIHI SR - H AT B A A STk 25 Bl A (7] B
207 A AR BEAT T 0 BRI S B

ARICOPRMETLZT 0. 25pm g5 5 #E A7 555 & 56
SF S5 3 o ) A% b R S RO U ik — 28 e T R IR
PROK B B T 8 S S 5 2800 1) 2 B i TR A AL
.

T

2 I

A2 30 BF A O AE 5 0. 25m 45 CMOS T
SR 45— 4R S SR PESE K I 5. Opm/

* [H R [ RBR A IS BT (kS 60376024)
T G 1E# . Email: yhao@xidian. edu. cn
2006-08-25 i 5] ,2006-10-11 & fy

XEHE: 0253-4177(2007)02-0241-05

0. 25ym;%:,ﬂﬁﬁq , T LM 5. Oym/O. 35;,Lm,ﬁlﬂ
SRR Snm. BLRY B 76 R PR BT MOS 254 2%
A O o g 5 2% AP 2 S T A ) R A0 1 3 B A
£ X% F nMOSFET, A 25 i & R A A% B A f HE
Ve MIERE Vop » et R FEK EWRE V.
Vs VsusB4%E OV) Oy B 45 i B . 3 42 B oy I B 37 4
EZhryH g ok I BB S . o 7 —E
18 A 7] T PR BRI S 0 B L TR AR TR S
B, e S g o AR v FATT R R N R T S i AR
R, DA S BIF 53 7 S AN R S5 0 1) g A4 PR A

S R R O A R A S R A
AROCOR 4100 #1 X G235 #4701 X &AL -
4 S ) B %8 1 X 10°rad (Si) /min, ZFH 87 8 3k
2x10°rad(Si). MOS % 19 2 B0l & J2 15 2 T 14
TE S B % D B A HPA155B | 58 Ji Y . ) 48 I
MOS #8412 J2 7 4 1R 3 — 8 ) 12 5 B8 o
A 0y s B A& U A 2 78 48 599 58 BUS 10min
AT

3 FEREH

B 1 g5t T 0.25pm T 20F S8 B P9 4 25 14 7
AN [R] B4 S TR T R R R 1 1 2 Akl £k R B
I-V R il 2 3R B A F e Dk BB e M LR 1 T AR
I Y B O A R PR 9 G AN U DX 22 [R) A T TE) g 2. I-
VR 2 AT I TR R G ST 8 L 0 B T A
A2 b AR Y AR 2 B B A R S T R B R e ]
DI 2 W% . B s 55 B9 & 2R 5 100krad (Si) /min. M
Bl 1) Hna] DLE 3 6 T4 — 20 4 14 Bl o5 4 5 5 )
A HG I, SCAH U HUE — ELAER AR A S R A

©2007 P EEFES



242 kT Otk

¥

% 28 &

S AL 2 B Bk H A7 (R 5] 35 B 200krad (S 2 )5 56
25 1Mk U R AT A B s B R A B 1Mrad (SD B,
HOIA R B0 A

FATR TR B 5 A 2 1 AR A TR) 1 8 S A7) o
R R E R S Ll 2R AE B 1 (o) gy . ] e aT
PLE 50 T ULA8 1 Bl 2 B R 0 i s, H ok
A5 Y U HL 9 5 AT — AL — R 2 B A A A
{14 358 00 T 58 00 %) A (HLJ: 5 A 3O A A
i B AR R B i 3] 1Mrad (S B, 56 25 U R
T AT SR A B T (S i A A B L L T
ALk )2 JE B L IR R O M AR )2 s oA B R
TR A ) 7 A AR AT LA 220 o S 320 %50 ) 5 i) A
hEBHEK.

10+ (a)
10°F
< 10T 2Mrad(Si)
= -7
5 10K
2 10°1 900kg
£ 10°F
s 10 400krad,
(=) 10-10F
101 F 200krad(Sj 0.25pum W/L=5.0/0.35
102 Pre-ra Dose rate=100krad(Si)/min
1 " 1 1 1 1 1 " 1
-0.5 0 0.5 1.0 1.5
Gate bias/V
10+H(®)
| —*—Pre-rad
10" —.—400krad(Si)
< .. —+—600krad(Si)
2 10°F —-—800krad(Si) §=
g —+—1Mrad(Si) -
5 ]0—7 - £1010F - H
5 3
£ 10% £
g 10 a
a 10° 10" (')
Gate bias/V
1010 0.25um W/L=5.0/0.25
Dose rate|: 1 OOkrad(Si)/mi]n
10" 0 0.7 14
Gate bias/V

B 1 BrikPigh 0. 25pm 5T B 1 i B R 1k I 4 3 ) o
Bomag AR 2k Ca) 55 — 2 . AL B 58 S AN L IR OV I Y
K 7 U FL L S 5 () B T2 L ol B AR ST AN L S OV
PP PRy 2K 285 Tt T P O 6 (L 38 1) i 36 AN K

Fig.1 Dependence of sub-threshold current charac-
teristics on total dose for chosen 0. 25pm devices (a)
Group 1:lonizing radiation exposure increases the off-
state leakage current obviously corresponding to 0V
gate bias; (b)Group 2:The increase is very little
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Fig.2

the gate voltage measured with V, = 0.1V for chosen

nMOSFET transconductance as a function of

0. 25pm devices (a) Group 1:First the transconduct-

ance degenerates,then it achieves the saturation condi-
tion; (b) Group 2: The transconductance dose not de-
generate corresponding to total dose
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Fig.3 Gate current curves of before and after irradi-
ation as a function of the gate voltage for the chosen
0. 25pm devices (a) Group 1 ;(b) Group 2
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Fig.4 Cross-section of an n-channel MOSFET isola-
ted by a field oxide
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Total Ionizing Dose Effects of Deep Submicron nMOSFET Devices”
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(Key Laboratory of the Ministry of Education for Wide Band-Gap Semiconductor Materials and Devices ,

Xidian University, Xi’ an

710071, China)

Abstract: We study the total ionizing dose sensitivity of 0. 25pm nMOSFETs. The off-state leakage current, transconduct-
ance,and the gate leakage current of the devices are monitored. Experiment shows that the effect on irradiation is mostly

caused by the space charges in the field oxide,which is verified by simulation.
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