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The Switching Characteristics of Series-Connected Power Transistors

(I UM B TR S A S R
(Beom-Seok Seo - Taeck-Kie Lee - Dong-Seok Hyun)

Abstract- The series connection of power switching semiconductor elements is
essential when a high voltage converter is made, so researches are being conducted to
“further develop this technology. In the series connection of power switching
semiconductor elements, the main problem is that simultaneous conduction at turn-on
and simultaneous blocking at turn-off together with voltage balancing are unattainable
because of the difference of their switching characteristics.

In this paper a novel series connection algorithm is proposed, which can implement
not only the synchronization of the points of turn-on and turn-off time but the
dynamic voltage balancing in spite of the difference of each switching characteristics.
The proposed method is that the compensated control signal is attained from the
voltage feedback signal and applied to the series-connected power transistors
independently. Computer simulation and experimental results verify its validity.
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Fig. 1 Stored charge distribution in the base and
collector drift regions of a power transis-
tor ; (@) cross section of power transis-
tor, (b) active saturation, {c) quasi-
saturation, (d) saturation, {(e) hard-
saturation
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Fig. 2 Schematic diagram
1. Compensation pulse
2. Estimation of the storage time
a. Reference control signal
b. Voltage sensing signal
¢. Actual control signal
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Fig. 4 Compensation pulse and actual turn-off
signal generator
{0 Voltage sensing signal
() Control signal of compensation pulse
® Reference turn-off signal
@) Actual turn-off signal
A. Compensation pulse generation
C. Clear
Q. Compensation pulse

@ o] 2axsdz Az 5 r]zH]
A4 ol7ba] Folop sk wlolAs HEQ A
%*17&

@ AW EHN A wheha] Edx) 2Er} A5 g
£ F A&7

oleld F =AL Az AtaA gled, H

Ak Aefoll A 30us7tA s FodH F Qe =
T AgolAE Akt o;;a]-;so] B}l A S o
Fateiw oz HNFE dAshdch

YR EUXAEHY AYABAl 2HY RY

@ HApie Ael4lz

ﬁ i ox

— 1(—-—1;2-“

. '¢—t3-tl

1

w o N O,

ag 5

9.

Fig. 5

2

.

oC =3 T Ul W

LR
] upol 8.
AH-8-a ol o
A7) AL Ao 7ol d - elakdt

SO ~3 O Ok 2O

ER- R

A, Bl d7bHE 7% £54%
Axatel A3 4344

Bae 44 4344

AxAE Aofale wama

BaAlE Alojeht wabHs

Azl clotsle AA £34%
Baajel al-lele 44 £34%
wgs sl drtHe g AxAe] 4
A 2347

woabsieo) Qlbslgigw Bade 4
S NE

Chronogram
1.

Turn-off signal into two elements A, B
Actual point of turn-off time in ele-
ment A

Actual point of turn-off time in ele-
ment B

Compensation pulse of element A
Compensation pulse of element B
Actual turn-off signal of element A
Actual turn-off signal of element B
Actual point of turn-off time with
compensation pulse in element A
Actual point of turn-off time with
compensation pulse in element B

5 FHelE AL 2ol aAY whel

7] o] ¥} (monnstable multivibrator)
ﬂot}/L;\v ]ivA o1e§ o7 )H/\ E

A 35 F8o

(clear) AZ 2 Agdlgd oy, o)A nhFolA B
£

AbsH A~ o

NEATATE

F AdEte %



2HE Aol aadeh,
aslsE Ay 2ol Adf =alxls
(A&B) & Acket Y aelZoz Aolela Qe ~

e g za}l_z]zzﬁi SDT 13305 4x#¢} SDT
% PSpice & oj&3to] A&
o] A Bhg o, Oliﬁ&i zdgol x 2502 4=
+ HEodAdste 5U7 wlo]2AFE Qv balgle
w2 otz £ Aol o 1245 P52 %wq
Elske, o] A e *l 7hale) = Ll

71 7] %‘—JOF"i

000
400 |
Ve
S
= a0
o
o
o
3
=
S 2%
* r
, Veez
wo{
o +——r——r—r— 77T
° 00000 00008 DOO0IZ  DOUGIE OO GOZ4 OO0
Time {sec)
[ETA R A I R R
L without compensall(m pulse
]
«00
Vee!
~
> %0
z
® }
% Veez
3
= 100
)
>
100
o T T ™ T Y T 7T A T
o COMMN  OOMMG  OOMIZ  GOO0IS  DCOM 00004 DO
Time {sec)
i) Mok olvbg A
(b} with compensation pulse
" u
A 6 ofEHal Ay

Fig. 6 Theoretical voltage distributions across
series-connected power BJTs
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