FUJI HIGH POWER TRANSISTORS

. FOREWORD

Single and Darlington transistors from 4A to 15A
were previously developed and have been used and highly
acclaimed in the ignition system of automobiles and anoth-
- er engines, in low power motor control, power supphes and
other inductive loads.

Four kinds of high power 600V 30A, 600V 50A
Darlington transistors 2SD805, 2SD806 and single tran-
sistors 2SC2442, 2SC2443, have now been developed.
These transistors are for motor applications, and power
supplies for computers and other industrial equipment, and
employ the triple diffused planar structure as their fablica-
tion method, and their stable quality and high speed switch-
ing ability have been confirmed. The device design and fab-
rication method of high power transistors will be outlined
and their features of characteristics introduced below.

Il. OUTLINE OF DEVICE DESIGN AND PRODUCTION
METHOD

The following points were given special consideration

in the design of the Fuji high power transistors:

(1) Wide area of safe operation (ASO).

(2) Short switching time.

(3) High DC current gain 2pg (2SD805, 2SD806).
(4) High reliability.

Exterior views of the 2SC2442, 2SD805 (30A class
large TO-3 package) and 25C2443, 2SD806 (50A class large
TO-3 flat base package) are given in Fig. I, and the equva-
lent circuit of the 2SD805, 2SD806 is shown in Fig. 2. The
features of 2SD80S5, 2SD806 are no anti-parallel paracitical-
ly connected diode between collector-emitter and added
diode between the base-emitter of the driving transistor.
The former prevents destruction at the period of turn-off
and the latter improves the switching time (especially the
turn-off time).

The interior construction of this series is shown in Fig.
3. To prevent thermal fatigue between the Si pellet and
metal stem, a molybdenum plate is hard soldered to the
copper disc and the transistor pellet is soft soldered to
molybdenum plate. Since the quality of solder and solder-
ing conditions have a large effect on the ASO and power
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Fig. 3 Inner structure of high power transistors

cycle performance of the device, they have been given
special consideration.
The Darlington transistors 2SD805, 2SD806 employ a
2 pellet construction from the following standpoints:
(1) In the case of the one pellet construction, a anti-
parallel parasitic diode is usually added between the col-
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lector-emitter, resulting in an adverse effect on the
transistor at turn-off.

(2) In device design, the drive stage and output stage can
be designed separately, and the drive stage can be easily
applied high-speed transistor to shorten the total
switching time.

I1l. RATINGS AND CHARACTERISTICS

The ratings and characteristics of the Fuji high power
transistors 2SC2442, 2SC2443, 2SD805, and 2SD806 are
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Fig. 4 hfgg-Ic characteristics of high power transistors

given in Table 1, and their hpg—I characteristics are given
in Fig. 4.

1. Switching Time

One of the special features of this series is their short
switching time, especially their turn-off time 7, (sum of
storage time fgs and fall time #7). The turn-off time dis-
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Fig. 5 Distributions of turn off time (2SD806)

Table 1 Ratings and characteristics of Fuji high power transistors
Note) *1: Rpg = 2009, *2: Rpg = 50Q
Type 2SD80S 2SD806 28C2442 28C2443
Construction Darlington Darlington Single Single
Vcpo V) 600 600 600 600
VCER V)| * 450 *1 450 *2 450 *2 450
Maxi " VEBO \2) 6 6 6 6
aximum ratings Ic ) 30 50 30 %0
Pc W) 200 400 200 400
7j cO +150 +150 +150 +150
Icpo max (mA) 1 1 1 1
[VcBol [600V] [600V] [600V] [600V]
min typ max |min typ max|min typ max |min typ max
hFg 100 - — 100 - - 8 - - 8 - -
[VcE, IC] [5V,30A] [5V,50A] [5V,25A] [5V,40A]
Electrical VCE(sat) \2 2.0 2.0 1.0 . 1.0
characteristics [Ic, 1B} [30A,0.6A] [50A, 1A] [25A, 5A] [40A, 8A]
(Tc =25°C) VBE (sat) \2] 2.5 2.5 15 1.5
[Ic IB] [30A,0.6A] [50A, 1A] [25A,5A] [40A, 8A]
ton (us) 3 3 2 2
c Ip,] [30A, 0.6A] [50A, 1A] [25A, 5A] 30A, 6A]
Istg (us) 12 12 7 7
¢ IB,,,] [30A, 0.6A, 0.6A] | [SOA, 1A, 1A] | [25A, 5A, 5A] | [30A, 6A, 6A]
tf (us) 4 4 1 1
[ic 1B, , .l [30A, 0.6A,0.6A] | [SOA, 1A, 1A] | [25A, 5A, SA] | [304, 6A, 6A]
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tribution of the 2SD806 at room temperature is given in
Fig. 5 as an example, and its collector current I depend-
ence characteristic is given in Fig. 6.

The switching loss at turn-off is larger in the case of
inductive load. Fig. 7 shows an example of the operation
waveforms and testing circuit of inductive load of the
2SD806. The turn-off loss of 2SD806 when switched at
2kHz, VoE max) =400V, Ic = 40A, is approximately 20W,
and is smaller than that of conventional devices, From the
standpoint of practical use, the switching loss can be
reduced further by adding a snubber circuit, etc.

The switching time is governed by the drive condition
and junction temperature. The relationship between the
case temperature and switching time when the reverse
current between the base-emitter is made 2A constant and
the forward base current is made a parameter is shown in
Fig. 8. tr has a large temperature dependence and becomes
approximately 2.5 times larger at 25°C than at T = 150°C.
Compared to this, Istg changes very little. On the other
hand, the change of tr relative to the forward base current

Fuji High Power Transistors

30
20
AR
- 10 5=O= o N T Conditions
g ki A =1AT]
Y [Obste T2 0= 1 Tp = 50us
=5 o/ %% RL =20
X Ny 2 Reverse base current
X3 °/@//_3’}‘> 2A constant
3 ([/ )/X\’ ™ nstan
2 A2
1
50 100 200 300 500

1,000
K—>case ltemperature (°C) :

Note) (K—~100)°C represents the actual termperature.

Fig. 8 Temperature dependence of switching time (2SD806,
reverse biased)

30 - l*° 5 =28 ] Conditions Tp =50us
I B L | I s
ol ] ystemn
HJ‘(Z//' N )
—~10 L ‘,‘ A<
¢ J.\O__/’_I /}’.{\7‘
e V1N ©
— Vi
" 4
%
I3 o/ )
A
2 (1m)
1
50 100 200 300 800 1,000

HK—case temperature (°C)
Note) (K—100)°C represents the actual termperature.

Fig. 9 Temperature dependence of switching time (2SD806, not
reverse biased)

is extremely small.

Fig. 9 is the temperature dependence when the
28D806 base drive system is changed and the case when
the base junction is not reverse biased and the case when an
overdrive prevention diode (so-called collector-catcher
diode) has been added are shown. Especially, the point that
is different from the switching time when the base is reverse
biased is that the temperature dependence characteristic of
I is higher, and is a difference of about 4 times at T¢ =
150°C and 25°C. However, the simple base circuit is the
greatest advantage of this system.

2. Area of Safe Operation (ASO)

In a chopper or inverter circuit, at a shorted circuit or
other abnormality, the transistor plunges into the active
region and the ASO is exceeded and then the device is often
destroyed before the protection circuit is operated. The
25C2442, 28D805 are 30A transistors, but have a pulse
current capability of double, or 60A, and the 25C2443,
2SD806 are 50A transistors, but have pulse current capabil-
ity of 100A. Moreover, the power limit line at the region of
Ims or less that is a problem in practical use is widened con-
siderably. The non-repetitive ASO of the 2SD806 is shown
in Fig. 10 and its repetitive ASO characteristic is shown in

57



200

|
100 - N
=N\
N > @
50 NVCRET
N AN
< 30 \Q@
= 20
-
8
N
3 10 .
S N
kst
g
8 5
3|__| Te =25C, ]
Non-repetitive single pulse
2

1
20 30 50 100 200 300 500 1,000
Collector voltage Vee (V)
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Fig. 11 Repetitive ASO of 2SD806

Fig. 11 as examples.

3. Antiparallel Connected Diode Between Collector-
emitter (for Darlington Transistor)

When TR, and TR, are in the ON state at the induc-
tive load inverter circuit shown in Fig. 12, energy is stored
in the load by the current route TR; >L—->TR,. TR, and
TR, are then placed into the OFF state, the energy stored
in the load is discharged through the route L—~D;—>power
supply >Dg.

On the other hand, the Darlington transistor has a
stabilization resistor Rpp between the base-emitter of the
output transistor. This resistor is formed by shorted hole
between the base-emitter (Fig. 13). As a result, when the
collector-emitter is viewed from the reverse direction, the
anti-parallel connected diode is built-in and discharge of the
accumulated energy of the load is performed by branching
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to an externally connected diode and this parasitic diode,
but since the current capacity of the parasitic diode is not
very large, it may be destroyed. .

Moreover, since this parasitic diode is a so-called low-
speed diode and its reverse recovery time Z,, is about several
us even though it is not destroyed, after a certain time has
elapsed after TR; and TR, at the circuit of Fig. 12 have
been placed in the OFF state, TR3 and TR, are placed into
the ON state, but the reverse current of the parasitic diode
at t,, increases the turn-on loss of TR3 and TR,4.

Ample consideration has also been given to this point
in the Fuji high power transistors 2SD805, 2SD806, and
their circuit desien can be flexible.

4. dv/dt Characteristic

In the case of Darlingtom transistor especially, consid-
eration may have to be given to the sudden rise voltage that
is such a large problem with thyristors. If the output
capacitance of the driving transistor is made Cyp, the out-
put stage transistor is driven by the displacement current
caused by C,p x dv/dt, and a fairly large transient current
flows. Against this, the dv/dt capability is improved by
appropriate setting of Rpg and considering the output
capacitance of the output transistor. The change of the
current value caused by dv/dt when Rgg has been changed
at the 2SD806 is shown in Fig. 14.

IV. RELIABILITY

The Fuji high power transistors were developed as an
extension of the ¢ = 4~15A one pellet Darlington tran-
sistors and high-speed switching transistors up to 400V,
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Fig. 15 Results of power cycle test

30A, and utilize the same production technology. Excellent
results are obtained in the voltage impression (BT) test,
heat cycle test, and other common reliability tests. Since a
molybdenum plate is hard soldered as described in section
Il, it has ample reliability against thermal fatigue that poses
a trouble when the pellet size is large, even in the power
cycle test (intermittent powering) shown in Fig. 15.

V. CONCLUSION

This series was developed with user requirements in
mind, and they were designed along this line as much as
possible. First, we feel that elimination of trouble, small
variation of characteristics, short switching time, etc. are

-almost completely satisfied. The further popularization of

high power transistors is dependent on progress in reducing
the cost of devices further, and we will be happy for your
assistance from all standpoints in the future.
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