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Fig. 1. Gate voltage obtained by the maximum sub-

strate current method.
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Table 1. Test conditions for each device.

R EREEPE S

ERis ERo% S 0 8
Vas /V Vs/V Vbs/V Vhody /V Vaub /V
A IR AR ON 2 0 6.5 0 0
B HRHEOR KR R HLRE A ON 2 0 6.5 0 0
C BN Ty 2 0 6.5 0 0

3 RBEER

F B A G 5 T SE M U S B B R Vi,
GM UL J 2V X M A0 BLIAE (qs-linear, IDyy). BT
PAHE R 01X = AN HOAT IR B 1B 2 (a) BT
TN B A AT 4 R R L 77 (5000 s) W5 1

Ips-Vas 28, MW 2 (a) /T LLE ) W58 5 #5145
FEREVE Ml 265 F8 B 2. 28 B AE B R D $2 IR H
W BAE R 25 SRR R Vbs = 0.1 V, 33
WHE Vas = 0—5 V, Haum M8, 74 18
Wt Ips, TE %56 7 1 it 28 W0 39 {8 X 380K — B il
7y dIps/dVas, B — Bl 2 f RAELRT RE (4
Vas, TR SR AMEEN G — K B, % H
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475000 s FHLR 56 (1 R R il 2 (WA VR T A
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i)

Fig. 2. (a) Transfer characteristic of the device under
different test conditions for 5000 s electric stress ex-
periment (test method: Vpg = 0.1 V, scan Vg from
0 to 5 V, all other ports ground); (b) output char-
acteristic of the device under different test conditions
for 5000 s electric stress experiment (test method: the
grid voltage Vgg = 5 V, scan leakage pressure 0 to
5 V, all other ports ground).
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Fig. 3. The threshold voltage variation of each de-
vice after electrical stress test (the threshold voltage

variation of the device A, B, C shown in Fig. 7).
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k) TR Vas X Ing BI—Bisr)

Fig. 4. The transconductance variation of the device
under different test conditions for 5000 s electric stress
test (test method: the leakage pressure Vpg = 0.1 V,
scan gate voltage Vag from 0 to 5 V, all other ports
ground. Based on the test curve (transfer characteris-
tic curve), the first order differential Vg with respect
to Ipg is extracted).
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it 2 1B Ak B 2 1A R S 3R AT FELR e 1Y)
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Fig. 5. The changes of saturation current I Dy, in lin-
ear area of the device A, B, C (IDyj, test method: the
leakage pressure Vpg = 0.1 V, scan grid voltage Vgs
from 0 to 5 V, the rest of the ports grounding, the cor-
responding Ipg is Dy, by intercepting Vgg = 5 V).
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Fig. 6. Back gate transfer characteristic curve of the

device A.
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Fig. 7. The threshold voltage variation of each device (a represents annealing).
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Table 2. The contrast of GMmax, I Djj, degradation amount for the device A and C.
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Abstract

With the development of semiconductor technology, the small size silicon-on-insulator metal-oxide-semiconductor
field-effect transistor devices start to be applied to the aerospace field, which makes the device in use face dual challenges
of the deep space radiation environment and conventional reliability. The small size device reliability test under ionizing
radiation environment is conducible to the assessing of the comprehensive reliability of the device. With reference to
the national standard GB2689.1-81 constant stress life test and accelerated life test method for the general electric
stress, the conventional reliability of the sub-micron type partially-depleted silicon-on-insulator n-channel metal-oxide-
semiconductor is studied under the ionizing radiation environment. The experiment is divided into three groups marked
by A, B and C. For all the experimental devices, the gate oxide tox = 12.5 nm, channel length L = 0.8 pm and width
W = 8 um, and nominal operating voltage V' = 3.5 V. We carry out the electrical stress test on A group after irradiation
with 4-ray dose up to 1 x 10* Gy (Si) under the bias condition. Before group B is tested, it has been irradiated by the
same dose y-ray and annealed for one week. Group C is not irradiated by ~-ray before the electric stress test. After
irradiation we measure the DC characteristics of the devices: the drain current versus gate voltage (Ips-Vas) and the
drain current versus drain voltage (Ips-Vbs). The hot carrier injection (HCI) experiment is periodically interrupted to
measure the DC characteristics of the device. The sensitive parameters of HCI and irradiation are Vo, GM and I Dy,
and after HCI stress, all parameters are degenerated. Through the contrast test, we qualitatively analyze the influences
of the oxide trap charge and interface state on the sensitive parameters. We obtain the curve of the oxide trap charge
and interface state versus time, and the influences of the different stages on device parameters. The results show that the
combination of the total dose radiation environment and electrical stress causes the sensitive parameters of the device

to rapidly degrade, this combination of these two factors gives rise to bigger effect than a single influence factor.

Keywords: reliability, silicon-on-insulator n-channel metal-oxide-semiconductor field-effect transistor,

total ionizing dose effect, electrical stress
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