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(Fuzzy Model of Semiconductor Devices)

(Geun Taek Kang and Tae Ha Kwon)

3 #

B oo Foa) = ube A2 black box® 2l elo] #Hz 2wl A4S A8 Aaksie], #Hx  mwloflA
ALl sz A vy d4F kg FEAY e 8 A HA FAsr A s
A meo] ek dhe) dow wdd 4 UeE weld

cela, wbeal 2ol sia melol Wl Haboimid derd delE Aekn AT wols] A,
wholZ e} Eala~t]. MOSFET, GaAs FETol oiat 52 sele =idebm, $5 4448 o
(canonical piecewise-linear model)#} ®]arghct,

Abstract

This study suggests the use of fuzzy model in the semiconductor devices modeling as a black
box approach. When membership functions of fuzzy sets used in a fuzzy model are simple
piecewise-linear functions, the fuzzy model can be represented in a simple equation.

To show that the fuzzy model can be very realistic and simple when used in semiconductor
devices modeling, we construct fuzzy models for bipolar transistor, MOSFET and GaAs FET, and
compare those with canonical piecewise-linear models.
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Lt: 0.7
{ !t / ‘:0.5
If x, is , Xz is

2 3
then y* = 2 - 3 Xa

LZ.

0.4{ E
If x1 is

2

then ¥2 = 6 + X1 + 2 X2

a1, HA 2 Y e 9 qly (2,3)0 HE Ha A
e A4 A

Fig. 1. An example of fuzzy model and members-
hip values of fuzzy sets for input(2, 3).
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Fig. 2. The fuzzy sets used premises of fuzzy
models.
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Fig. 3. An example of fuzzy model.
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Fig. 5. The fuzzy model for i,
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Fig 7. (a) The emitter current in the Ebers-Moll
model given by (7).
(b) The emitter current in the canonical
piecewise-linear model given by Chua!",
(¢) The emitter current in the fuzzy model
given by (8),
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Fig. 8. The configuration of MOSFET, 1.67 7.23 -1.53 4.921
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Fig. 9. The fuzzy model for ip.
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D.A

Schichman-Hodges =% (A4) 2 52 2d (H4) 72 =z
The drain current in the Shichman-Hodges model given by (10.

€
a

b

¢) The drain current in the fuzzy model given by (1.

(d) Comparison between the Shichman-Hodges model (solid line) and the canonical
piecewise-linear model (dashed line).

(e) Comparison between the Shichman-Hodges model (solid line) and the fuzzy

model (dashed line).

The drain current in the canonical piecewise-linear model given by Chua'®.
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Fig. 11. The drain current in the analytical model
(solid line) and the measured data (point).
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If ws is L

-3.59 1.3
then inl = -134 + 42 wps - 53.9 ws

Lz.

If vos is ‘Ln Ves isl

-2.17 1.3 -3.64 0.06
then ip2?2 = -2.2 + 1.3 wps + 8.3 s

LS.

If ws is ‘L. Ves 1S _.4

-2.17 1.3 -3.64 1.72

then ip® = 86.9 + 3.85 vps + 5 Vs

a2z 2319 24 deleE ol gd sy
Fig. 12, The fuzzy model by the measured data sh-
owen in Fig.11.
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Fig. 13. Comparison of the fuzzy model (solid line),
the canonical piecewise-linear model (das-
hed line), and the measured data{point).
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