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Modeling High Power Semiconductor Device Using
Backpropagation Neural Network

e FE-SHET-FTAFTCEE -2 8 K8
(Byungwhan Kim * Sungmo Kim - Dae Woo Lee + Tae Moon Roh * Jongdae Kim)

Abstract - Using a backpropagation neural network (BPNN), a high power semiconductor device was empirically
modeled. The device modeled is a n-LDMOSFET and its electrical characteristics were measured with a HP4156A and a
Tektronix curve tracer 370A. The drain-source current (Ips) was measured over the drain-source voltage (Vps) ranging
between 1 V to 200 V at each gate-source voltage (Vgs). For each Vgs, the BPNN was trained with 100 training data,
and the trained model was tested with another 100 test data not pertaining to the training data. The prediction accuracy
of each Vgs model was optimized as a function of training factors, including training tolerance, number of hidden
neurons, initial weight distribution, and two gradients of activation functions. Predictions from optimized models were

highly consistent with actual measurements.
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Fig. 1 Structure of backpropagation neural network
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Table 1 Training factors and ranges for optimizing model
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Fig. 2 Evaluation of model prediction accuracy as a function
of training factors

5)

gNA yigt ¥

AA ZAX9 RHd2EEHY dSAE
ARsn, n& HAE Hole g Fo|t} F¥ HFUFE A
3 g FHeAxl, F FHE&E, bipolar sigmoid ¥4
linear &9 AAe Z2] 013 12 nAsIET 27190 E
o BxE +12 nAsSU. 28 26049 o], Heise
Halol mel dEAHEdnE= By or Wiy FHE 59
A HHe mdg A}tk T ASFEE 000023205 FES
€ 5% 1A%y, dgole FF5HLEEE AR 2¥ 2
dlxe} o], B gxe] Mol BFstn 2 dSHPTT
7t gl wEsY 3HE8=E Zy] 59 0109 2A3
% z7|golEY AV|E 0644 147+ 02 FHo=
AN FIEA 2d 5458 A3 sldn a9 20049
Zol z719)01E9] A7} gl de}, EHGEE Y
Hoz sA=gn glod, £12¢4 HAHgS 7M. 2 4
000022201tk Hed A AAE 4] 2ARE H Az
AARE F, vpo]EE AMazos #FEFAE WA 2
Y 200Nt go] AALY] Frtbol welN AFErE AsisEx
Ren, wetr 039 AAeA HHe nde 3 5 I
o 2 £XE 00001970k A g FALe] Fote A
T, d3A3gEs ALHA Ast"da Uk 019 AALAA F
e mdg den, o £ 00001960t ol AP
A2 de 2dd v 4 155%9 AHE 9EH g
€ Holx FX oy, ol A Ao AAE YFdE A}
# o}

FTUF Aoz U 4719 Vesoll e 2a& s
feH, 7zt mdd dislN 3T shde E 24 A
sttt 4 g5AAtd Y 2de JdEAIgcE #IE
el A3t E 294 g% QFol, Va7t 1VY AHS

292

YL g5 8ro Wil s Agslgdoen, Vet 4Ve
5Vl Afe dsiME bRt BEgE Holm Yt #H,
Ves7F 2V 3Vl A $ol= wlolZa Aaxols 59 A
AF dEREEC A BE ABE Fu Y. FAF
z33%t9 HAzg 2de i3, Vg7t 1Veh 2ve A
15%0]49] 48 q238=8 At

=
=2
[+

5

x 2 = X33 stEQlXtet o SHE T
Table 2 Optimized training factors and corresponding
prediction accuracy

Z27]9o|EL A= i3 3]
Vo| v | seses | PSR ) A8
1V [3(998E-07)|0.06(8 ToE-07) | £0AQR 17E-07)| LOBITE-07) | 15B17E-07)
01(2.32E-04)| £1.0(222E-04)| 0.3(1.97E-04) | 0.1(1. 96E-(4)

( +
2V (5(2.32E-04) *
3V |5(378E-04)| 0.1(3.78E-04)| £0.6(374E-04)! 0.3(329E-04) [ 0.1(3.29E-(4)
4V |4(451E-04)]0.06(447E-04) | £1.2(4.45E-04)| 0.3(4.44E-(4) | 044 HUE-04)
5V |4(548E-04)| 0.04(5.08E-(4) | £1.0G.07E-04)| 0.5(5.08E-04) | 04(5.05E-04)

3.25E-02
3.00E-02 |
B 2 75e-02 |
b 2.50E-02 |
i 2.256-02 |
2.006-02 |
?ﬂ" 1.756-02 |
=
8 1.50e-02 |
W 1.256-02 |
<l 1.00E-02
1 7 50E-03
U 5.00E-03
2.50E-03
0.00E+00

VGS=1V

2 X0 3B 55 74 R 110 128 146 164 182 A0
=g of-aA MY (Vos)

" 3 AHsEE 2do o EMs
Fig. 3 Prediction performance of optimized model
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