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Fig. 1. Structure of the GLPNP transistor.
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Fig. 2. Statistical characteristics of the base current of GLPNP under different total doses as indicated in each subfigure.

136102-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 70, No. 13 (2021) 136102
8 24
(2) 0.20 [P
o I
6 F 1929 0.16 A Ny
—v— Ny
2 < 012
K v
Og 4t 120 < IE .08l /
g _ SR 2
|/ 2 oal NN /|
2t ‘_; {18 > \ :/;_I
S LT
0F "’ﬂ 116 —0.04 +
0 3 6 9 12 0 3 6 9 12
Dose/krad Dose/krad
K3 /S8 (a) pHl (b)o BEEFE 2L AL

Fig. 3. Statistical parameters (a) p and (b) o as a function of the total dose.
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Fig. 4. Statistical characteristics of N,; under different total dose irradiations.
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Abstract

The base current (Ig) of silicon bipolar transistor degrades when it is subjected to total ionizing dose (TID)
irradiation, which is due to the generation of oxide trapped charges (N,;) in the oxide layer and interface traps
(Ny) at the silica/silicon interface. In this work, we investigate the statistical characteristic of Iy of bipolar
transistors and its possible microscopic origin. Especially, we carry out TID irradiation experiments on a large
sample size of gated lateral PNP (GLPNP) transistors. Forty GLPNP transistors are sequentially irradiated to
the total doses of 0.6 krad (Si), 2.6 krad (Si), 4.0 krad (Si), 7.4 krad (Si), and 10.8 krad (Si). The statistical
characteristics of their Iz, N, and N are obtained from the Gummel, gate sweep (GS), and sub-threshold
sweep (DS) curves, respectively. It is found that no matter what the dose is, Iy, Ny, and N all follow a
lognormal distribution. However, the distribution parameters change as the irradiation dose increases.
Remarkably, the statistical median and standard deviation of Iz as a function of dose show a strong correlation
with those of N, but essentially differ from those of N. This fact uncovers that for our research objects and
dose rate, the sample-to-sample variability of Iz mainly stems from the variation of N,. These interesting
results should have potential applications in exploring the mechanism and evaluating the irradiation reliability

of bipolar microcircuits.
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