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Table 1. The test conditions of three samples.
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Fig. 1. The Ip-Vg and Gm-Vg curves of HCI test
after TID test for 1# sample.

XFTNMOS &84 1) B L Vi, T &, Sl &
FR IR 5 PR RIS Vin SB080N PRI KR, 2 H.
FHER 7R B4 R X T 8 KBS T Gmovax) &,
SRR B SRR T RIS Gmaax) — IR
N, RHEAHZ ISR

NMOS #5424 283 300 krad (Si) je 77l 2 58 18
DA IR KRS S5 In-Ve M 28w & 2 fros. B 2 7]
DA H, 3B KRR A 15 #5471 A R 5 e ) )
B L VR gD, s LR RIS 1) 1 x 107° A
FEAREI 1 x 1076 AL 24 #3F S 77 S 4w B DL AR K
G JE B AR IR 2k an 1 3 fros. A3 T
DL, Bl - ik iy 1a) A 14 i, NMOS %
A R HL [ I [ R 38, b 3 I ) R FRLR

te

u
]
< 107 . 0.35 pm NMOSFET
~
£ 1o-s - W/L =50
-' Total dose irradiation
10-9 ] 50 rad(Si)/s dose rate
: m  Before radiation
10-10 x o 300 krad(Si)
10-11 -I * Annealing 200 h
u
10-12 T T B B Lo L

15 20 25 30 35
Va/V

2 24 RS EGTIRAR I DLIGR KRG G In-Ve 2R
Fig. 2. The Ip-Vg curves of TID irradiation and an-

nealing test for 2# sample.
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Fig. 3. The Ip-Vg and Gm-Vg curves of HCI test for
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annealing and HCI test in three samples.
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Fig. 6. The values of V4, versus times during TID and
annealing test in NMOS with ON bias.

SR RIS 7R KRR, B A 1S NMOS
AR AL Z AP B A, HLOFR A N
b TR AR R K S NMOS #8441 1B 48 L% IE
Ir) 38 10 P 000 /D T ) A R S ) A
JE 1) RS B UE, B ) R K E NMOS #3144
] P, TG Pk 2 38 R A R ) 0

M 5 AT LA H, NMOS #3448 #L
A4 HRIT 1 0.586 V, B4R E 1 0.524 V, BI{EH
JE¥ER T —0.06 V, 1210000 s #aii iR )5, B
B R4 2] 0.791 V, A T B 71056 71 R
B R38R 7 0.26 V7, AH LT i R FR R 4 K
T 0.2 V. 1] BT NMOS 2844 55751 8 48 1R 4k
B TR, F8F BUAE R AR 0 R b AT AR
TS0 A AT A ) A S A T R L R A
WRIRZ. BT L, 50 S BRI 7 1 P
RN, Bl B — 2 7 o ) 2 408 A T i

T FF 5 700 5 A AR 7 U 58 AT R B AL
JZ B BIF R A 0 TR S FR AT 51 RS 1 R H R AR AL
SN 7 Frs. BT AT DUR Y, RS TR

NMOS #14 HI 80 E B B f A S 08 3 i, X2 i T
A2 B B R ) 5 R e AR LT R T S B0
E SR AS I AR DR, e 551 o s 3 B A T A Y 3
Jof 5| A2 B AR H R A2 A E 25 0.03 'V, {H 10000 s F#4
B TR0 H 15 S T A 5 B0 B R R AR A
EF 0.2 V, A] WL EE R IE AR A AR

H T 5 2 O i S B0
0.25
000 | NMOSFET .
—=— AV, /7

0.15 F —o— AV, . .

> —a— AV A ./

X 0.10 Vd

< i
0.05 | #/'/

0
/ﬂ
L] —g——0
—0.05 "\€Dﬂ

0 50 100
7010 1 1 1 1 1 1 1 1

0 2000 4000 6000 8000 10000

Dose/krad(si) HCI time/s

Bl 7 GRS R TR P 14 B E BB A S
T A HLAAT (78 A S B0 R A H R A
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Abstract

The equipment and devices which are long-time running in space are affected by space radiation effects and hot
carrier injection effects at the same time which would reduce their optional times. Normally, the single mechanism test
simulation method is used on the ground simulation test but the multi-mechanism effect affects the space equipments
and devices, including total irradiation dose effect, hot carrier injection effect, etc. The total dose dependence of hot
carrier injection (HCI) effect in the 0.35 pm n-channel metal oxide

semiconductor (NMOS) device is studied in this paper. Three samples are tested under different conditions (sample
1# with total irradiation dose (TID) and HCI test, sample 2# with TID, annealing and HCI test, sample 3# only with
HCI test). The results show that threshold voltage of NMOS device with 5000 s HCI test after 100 krad (Si) total dose
radiation has been negatively shifted then positively during total dose irradiation test and HCI test, and the threshold is
higher than that of the device without radiation test. But the threshold voltage shift of NMOS device with 5000 s HCI
test and 200 h annealing test after TID test is higher than that of the devices without radiation test and lower than that
of the devices without annealing test. That is, the parameters of NMOS device vary faster with the combined effects
(including the total dose irradiation effect and HCI effect) than with single mechanism effect. It is indicated that the hot
electrons are trapped by the oxide trap charges induced by irradiation effect and then become a recombination centre.
And then the oxide trap charges induced by irradiation effect reduce and become negative electronic. The interface trap
charges induced by irradiation effect are reduced and then increased it is because the electrons of hole-electron pairs in
the Si-SiO; interface are recombined by oxide traps in the oxide during the forepart of HCI test but then the electrons
are trapped by interface traps in the Si-SiO» interface because the electrons from source area are injected to interface
during the HCI test. So the threshold voltage is positively shifted due to the negative oxide trap charges and interface
trap charges. The association effect is attributed to the reduction of oxide traps induced by recombination with hot

electrons and the increase of the interface traps induced by irradiation trapped hot electrons.

Keywords: total irradiation dose, hot carrier injection, association effects
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