2000 6

Doctoral Dissertation

| nvestigation of the Physics M odels Applied
to the Quantitative Optimal Designing for
GAT Devices

Zhuang Bao-huang

June 2000


https://core.ac.uk/display/41425165?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

10384

B9724001 ubDC







1.1 GAT
1.2 H.Kondo GAT
1.21 H.Kondo GAT

1.2.2 H.Kondo
1.3 N “ H_.Kondo
1.4

1.1 GAT

1.2 GAT

GAT

2.1
2.2 OGAT
2.3 GAT .
2.3.1
2.3.2 GAT m
24 GAT

I I I
241 E(+D,0) “- E(x,0)- §~x" “-EQVY)-9~y”
242 m
25

21 (2.9 (21)~(2.5) (2.7)

GAT “ "

31 GAT W, Ve

© N 0GR

10
10
12
13

14
14
15
15

18

19

20

22
22

25

GAT



32 GAT Vo,

33 GAT
34 GAT

35 GAT m(

36 GAT “

37 GAT
38 GAT

39 GAT

3.10

GAT

4.1
42 AT

4.3 GAT Vi,
4.3.1 GAT

XBCO
432 GATBJIT

WB ’WBO

VPI ’VPI 0

25

27

29

31

38

41

46
48

52

57

61
61
61

63

63

66

GAT



433 GAT “

( ) A
4.3.4
4.4

4.5 GAT

W

4.6

51
5.2 GAT

5.2.1
5.2.2
5.3 GAT

5.4

5.1
GAT

6.1
6.2
6.3 GAT
6.4

6.4.1

6.4.2
6.4.3
6.4.4

6.5
6.5.1

GAT

13

M

GAT

(14

17

GAT

GAT
GAT
GAT

GAT
GAT

BV

a

m

67
68
71

72

73
73

74

74

75
75
77

77
79
80
80

83
83
83
84
88

88
88
92

93
97
97

GAT



6.5.2

6.5.3
6.5.4

6.5.5

6.5.6

13

6.6

7.1

7.2 GAT
721 GAT
7.2.2 CGAT
723 GAT
724 GAT
725 GAT
726 GAT
7.3 GAT
731 ¢
732 %
7.4 GAT
741 GAT
742 GAT
75 GAT

GAT

a

BJT

BJT

a [1]

(L,D)

a [

(L,D)

GAT
GAT L D

GAT

[1]

GAT

GAT

an

VPI ,GAT? VPI ,BJT

BV,

GAT

AT

* AT

GAT

GAT

cho,GAT

(L,D)

BV,

cbo,BJT

98

98
99
100

102
104
105

106
106

106

106

107

108

109

110

116

116

116

118
118
118
122

GAT



12

7.6

129
130
131

GAT



| nvestigation of the Physics Models Applied
to the Quantitative Optimal Designing for
GAT Devices

Dissertation for Ph. D.

By Zhuang Bao-huang

Supervisor: Professor Huang Me-chun

Department of Physics,Xiamen University

The People’'s Republic of China,June 2000




H.Kondo GAT  Gate Associated Transistor

GAT
H.Kondo
20 200 GAT
BJT
H.Kondo
H.Kondo
GAT
Vp1 Vi H.Kondo
1.1 GAT
1.2 GAT
GAT
(26) (28)~(212) (215 (2.16) (2.8)
GAT (2.12) GAT
GAT
?s
GAT
21 2.2 GAT
(2.8) (2.1)~(2.5)
(2.7)
3.1-3.3 GAT
W, (L,D) (NJ)
Vcb Vcb ~WH
V,, ? f(L,D,N/,W,) (3.15) GAT V.
(L,D) (NJ)
\%
Vo, Vo, P22 £(2)

pl




?[  GAT (L,D) ]
f(0)?1 f()?1.9286
(\/ep ?VCb WH?Wep?X})b?L) (L7 D’Wcol)
(NJ) (3.23) GAT
BJT W,
N/ N/; X
(3.26) (3.26)
(L,DW,) (NJ) 3.4
GAT
(3.59)
(3.60)
(3.59) (3.60) L 35 GAT
BJT ?s GAT
Wi ?s ~W,
I)
jﬁ W, ?L?D ?0 ?s
H
Y s| min * ?s W, ?L?D GAT
GAT “s|w, ?(12?)D GAT
L »
L D ?2(?— N
( 5 ) ¢
?s|w, 220,00 7 04650 3.6
GAT BJT ?, GAT




W, v ~ W,
?
jw_v W, ?L?D ?0 ?y
H
?V |max ? ?V W, ?L?D GAT
GAT 2y
L
GAT L D ?2(?—)
D
Nc? ?V‘WH?L?D,D?L ?1.9444
3.7 GAT
(3.88)~ (3.92) (3.92)
W, V, f(y) (3.90) (3.92)
" 3.8 (3.101) (3.102) (3.103) GAT
W,
W, ?L?D) (3.104a) (3.104b) (3.102)
(3.103) GAT
W, W, ?L?D)
GAT
a, W, (3.103) 3.9
GAT D V,
a, n
GAT a, ??L/D
(3.105)

GAT




GAT Vp)

GAT
?0 GAT
25 GAT
C L N/
GAT
L N7
GAT GAT
GAT GAT
[1-2] GAT
GAT 51
GAT
GAT GAT
GAT ~ " GAT
Vpi GAT
GAT

(6.38.1) (6.38.2)
(6.38.3 (6.38.4) (6.40.1) (6.40.2) (6.40.3) (6.40.4)
GAT GAT
GAT

n [6] “ GAT

GAT : " (NGND)




Wy L,D; W) <y "

GAT fGAT(NC?,N;,WB,L,D)?O
BJT
fBJT(N;’,Nb?,WBO)?O GAT
BJT
GAT GAT
GAT
GAT
GAT GAT
GAT
GAT GAT BJT
GAT
[4] BV, ? 225V, f; ? 400MHz
205 ( ) BJT
60 GAT“ "
GAT c-e
GAT
1
2 3
GAT GAT
GAT
ABSTRACT

On the basis of GAT (Gate Associated Transistor) Proposed by H. Kondo,
the new physics models of GAT have been set up in great detail to modify the
ones established by H. Kondo, which fail to agree to the experimental results.
The solution to the two-dimensional Poisson’s Equation has been carried out.
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The model of amplification factor ?;O or ?QO, which describes the

shidlding effect of the gates to the bases, has been set up. The operating
mechanisms and characteristics of GAT were investigated and compared with
those of conventional BJT power transistors quantitatively, using our new
models. As aresult, it is exciting that our new models agree to our experiments
as well as H.Kondo's experiments very well.

In chapter one, the background of the investigation of this dissertation
isdiscussed . H.Kondo's simple one-dimensional theory for device GAT and its
disadvantage is narrated and two pinchoff voltages, i.e. the early pinchoff
voltage Vp; and complete pinchoff voltage V. is defined and differentiated.
The necessity and it's significance of improving, developing and
enriching H.Kondo’s theory is illuminated. In addition there are two
appendixes in this chapter. Appendix 1.1 offers the sketch map of the
design of drip configuration GAT Appendix 1.2 offers the sketch map of the
pinchoff process of strip configuration GAT.

As the innovation pursuit, there are six chapters, i.e. the chapters from
chapter two to chapter seven in this dissertation.

In chapter two, the two-dimensional analytical model of the electric

potential and field distribution in GAT s collector depletion space in the cut-off
state, function (2.6),(2.8)~(2.12),(2.15) and (2.16), is derived for the first time.

Here, the potential digtribution in GAT ’s collector depletion spaceis expressed
by formula (2.8), and formula (2.12) express the field digribution in GAT 's

collector depletion space. The formula for GAT's gate shielding effect is
derived and the gate shielding effect is proved quantitatively by a computer

simulation. The gate shielding effect factor ?_ is expressed to depict the

S

GAT's gate shielding effect and is predigested to offer the reference of the
engineering design for GAT. This model will provide assistance to the optimal
design of bipolar power transistor with high frequency as well as high
breakdown voltage. In addition, in appendix 2.1,the two-dimensional
distribution of electric potentia formula (2.8) about the solution of the
depletion layer in the channel area in a unit of a device GAT in Fig.2.2 in
chapter two is proved that it really satisfy the sdution of the functiona
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problem, formula (2.1)~(2.5) and (2.7).
In chapter three, from part 3.1 to part 3.3, the analytical relation

of V, ~W, in a form of apparent analytical
expression,V,, ? f(L,D,N7,W,), i.e formula (3.15) is derived, which
expressed the relation of the unknown parameter, i.e. voltage V,, with other
parameters, the width W,; of the space depletion area in the collector area of

adevice GAT, the GAT's known parameter, i.e. configuration parameter (L, D)

and material parameter (N_). The analytical relation between device GAT's
compl ete pinchoff voltage sz and its known parameter, i.e. the configuration
parameters (L, D) and material parameter (N_) is derived. f (?), which
isthe ratio of the complete pinchoff voltage sz to the early pinchoff voltage

V,, is derived and it illuminates that V, /V, ? f(?) is only a function of

p1l’

an only variable ? ,i.e. device GAT'’s ratio of the configuration parameter

LtoD Hee f(0) 21, f(1)?1.9286. The anaytica relative function

(323) (Vg ?Vy V\/H?\Nep?xj?b%) , which is the relation of device GAT's
punchthrough voltage of the epitaxial layer with the known parameter, i.e. the
configuration parameter (L,D,W,,) and materid parameter (N_) is

derived. And as a result, the function (3.26) of the ratio of device GAT's
punchthrough voltage of the epitaxial layer to the epitaxial layer punchthrough
voltage of the corresponding conventional device BJT under the same condition

of the same epitaxial thickness W, _, the same light doping concentration Nb?

of the base, the same doping concentration NC? of the epitaxia layer and the
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