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Abstract: The total dose damage to the Double buried oxide layer Silicon-On-Insulator silicon
Metal Oxide Semiconductor Field Effect Transistor(DSOI MOSFET) is studied as well as the regulation of
the back gate bias by the total dose radiation. The mechanism of the degradation of the electrical
parameters of the transistor caused by the radiation is analyzed, and DSOI transistor total dose effect
Simulation Program with Integrated Circuit Emphasis(SPICE) model is established. The model simulates
the transistor threshold voltage, the simulated and measured results are below 6 mV. The corresponding
back gate bias compensation model is given according to the total dose effect model. The SPICE model
simulation output of the total dose effect is regulated by the transistor back bias. Comparing the
compensation voltage with the experimental test results, the error of the back-bias control model of
NMOSFET is 9.65%, and that of PMOSFET is 5.24%.
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Table 1 Irradiation bias conditions of DSOI device and bias voltage

conditions of each port

bias of NMOS/V bias of PMOS/V
G 0 1.8
BOX2 D 1.8 0
S 0 1.8
B 0 1.8
BG 0 1.8
substrate Sub 0 0

Fig.1 Structure of DSOI MOSFET
%11 DSOI MOSFET 14 %]
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Fig.2 Influence of total dose radiation on transfer characteristic Fig.3 Influence of total dose radiation on threshold voltage of
curves of NMOSFET in DSOI process NMOSFET in DSOI process
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Fig.4 Influence of total dose radiation on transfer characteristic Fig.5 Influence of total dose radiation on threshold voltage of
curve of PMOSFET in DSOI process PMOSFET in DSOI process
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Fig.6 Schematic diagram of damage process of MOS structure by total dose irradiation
6 MOS 45 Ll AR B i B

P SE DSOT L 25 b A R 28007 ) S B DX R o 8 S5 7 BOX b | A S A 0y I BIF i i B 9 T B OF b i, 9 i
B B R A 7 A SR8 B8 /D SR A 0 o O R Ay, T A 0 R D e ) A TR, TR TR AR AR L A R A TR B
BFRLAT, T L BOX JZ A B 401 1 6 B FEL A7 X0oF 5 (A8 A SR 400 4002 2 S VR P DRI kel X (2) AT 280 R i T - B30 97 )
B F R VRS, T H ey DU S S0E 19 B R RS, X T NMOS R PMOS S A6 W B BiF ri il 1 FL 7 AR R A
AR

Xf - NMOSFET, A A 18 18 DXCH0R F P RUIB 2%, B 55 51 A B9 1E R B0 48010 0 B BOF vl A7 o 95 900 08 2 AR AR R
MR 4R SO T A IE 5 MRS & HIE , 5 VA3 5 1h0 A A2 AR S 2 (o T A o (A 10 (L PR T i) o I F B 2R AR B
I R 7 T A5 A A T T A R, AP T s, E R0 O R TR AT 8 R R B R T, BRI E AR S
O B H S AR G

880 880
860 - w 860 |- L
- - "
840 | s | .
820 | "
> > 820+
g g .
<.800 | : =
b " N b 800 -
< <
780 - .
NMOSFET 780 |- =
760 | ¥
W/L=4 pm/0.2 pm ' PMOSFET
740 | 760 W/L=4 um/0.18 pm
[]
720 - . 740 |
1 L L 1 1 1 1 1 L L
0 5 10 15 20 0 5 10 15 20
U N UV

Fig.7 Influence of positive back bias voltage on NMOSFET threshold Fig.8 Influence of positive back bias voltage on threshold voltage of
voltage in DSOI process PMOSFET in DSOI process
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Fig.9 Fitting results of NMOSFET threshold voltage drift Fig.10 Fitting results of PMOSFET threshold voltage drift
model in DSOI process caused by total dose radiation model in DSOI process caused by total dose radiation
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Fig.11 Influence of different back bias voltages on DSOI process transistor threshold voltage
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Fig.12 Change curves of measured transistor threshold voltage at different back bias voltages
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Fig.13 Model fitting and measured results of DSOI transistor threshold voltage regulated by back bias
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