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High Power NPN Silicon Transistors
(15A, 400V and 450V, 175W)

FEATURES

e Designed for general-purpose switching
applications.

® Collector-Emitter saturation voltage
VCE(sat) =1.5Vy4c. (Max) @ Ic=8Adc

e High voltage capability, high current capability

DESCRIPTION

The BUX48 is a silicon epitaxial-base mesa
NPN transistor mounted in JEDEC TO-3 metal
case.

Itis intended for power switching circuits and
industrial applications from single and three-
phase mains.

APPLICATIONS

e Switch mode power supplies

e Flyback and forward single transistor low
power converters
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INTERNAL SCHEMATIC DIAGRAM

® |nverters S (TAB)
e Solenoid and Relay drivers )
e Motor controls B
e Deflection circuits @)
E
ABSOLUTE MAXIMUM RATINGS (T¢ = 25°C unless otherwise specified)
VALUE
SYMBOL PARAMETER UNIT
BUX48 BUX48A
Vces Collector to emitter voltage (Vgg = 0) 850 1000
VcER Collector to emitter voltage (Rgg = 10Q) 850 1000
\Y
Vceo Collector to emitter voltage (Ig = 0) 400 450
VEBO Emitter to base voltage (I¢c = 0) 7
Ic Collector current 15
lem Collector peak current 30
lcp Collector peak current, non repetitive (t, < 20us) 55 A
Ig Base current 4
IBm Base peak current 20
Tc=25°C 175
Total power dissipation W
Pp Tc=100°C 100
Derate above 25°C 1.0 w/eC
T; Junction temperature 200
Tstg Storage temperature -65to 200 oC
T Maximum lead temperature for soldering purposes : 1/8"
L 275
from case for 5 seconds
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THERMAL CHARACTERISTICS (T¢c = 25°C unless otherwise specified)
SYMBOL PARAMETER VALUE UNIT
Rih(-c) Thermal resistance, junction to case 1.0 °C/W
ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise specified)
SYMBOL PARAMETER CONDITIONS | min | max | uniT
© OFF CHARACTERISTICS
VCE = rated VCES 200 HA
lces Collector cutoff current (Vge =0)
VCE = rated VCES: TC =125°C 2.0 mA
Vce = rated Vcer 500 uA
Icer Collector cutoff current (Rgg = 10Q)
Vce =rated Vgegr, Tc=125°C 4 mA
leBO Emitter cutoff current Veg=5V,Ic=0 1.0 mA
BUX48 400
Vceo(sus)™ | Collector to emitter sustaining voltage | Ic =200mA, Iz =0, L =25mH
BUX48A | 450
BUX48 850 \Y
Vces Collector to emitter voltage Vge=0
BUX48A | 1000
VEBO Emitter to base voltage Ic=0,lg=50mA 7 30
© ON CHARACTERISTICS
Ic=10A, g =2A 1.5
Ic=15A, g =4A BUX48 3.5
Vcesa)® | Collector to emitter saturation voltage | Ic = 15A, Ig = 3A 5 \%
Ic=8A,lg=1.6A 1.5
BUX48A
Ic=12A, lg = 2.4A 5
Ic=10A, g =2A BUX48 1.6
VBEsaty” | Base to emitter saturation voltage \Y%
Ilc=8A,lg=1.6A BUX48A 1.6
lc =10A, Vcg =5V BUX48 8
hre DC current gain
lc =8A,Vceg =5V BUX48A 8
© DYNAMIC CHARACTERISTICS
Cob Output capacitance Veg =10V, Ig =0, fiest = 1 MHZz 350 pF

*Pulsed : Pulse duration = 300 ps, duty cycle < 2%, V1 =300V, VBE(off) = 5V, Lc = 180uH
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RESISTIVE SWITCHING TIMES
SYMBOL PARAMETER CONDITIONS MIN MAX UNIT
Ve =300V, Ic = 10A, Ig1 = 2A BUX48 1
ton Turn-on time
Vee =300V, Ic=8A,Ig1 =1.6A BUX48A 1
Vce =300V, Ic=10A,Ig1=2A BUX48 0.2
ty Delay time
Ve =300V, Ic=8A, Ig1 = 1.6A BUX48A 0.2
VCC=3OOV, |C= 1OA, |B1 =-|32=2A BUX48 0.7
ty Rise time us
VCC=300V, |C=8A, |B1 ='|BZ= 1.6A BUX48A 0.7
Vee =300V, Ic=10A,Ig1 =-lg2 = 2A BUX48 2
ts Storage time
Vee =300V, Ic = 8A, Igq = -lg2 = 1.6A BUX48A 2
Ve =300V, Ic=10A, Igs = -lgp = 2A BUX48 0.4
te Fall time
VCC =300V, IC =8A, |B1 = -|32 =1.6A BUX48A 0.4

*Vge =-5V, duty cycle =2%, t, = 30 s

INDUCTIVE SWITCHING TIMES
SYMBOL | PARAMETER CONDITIONS MIN | TYP | MAX | UNIT
Vee =300V, Ic=10A, Lg=3uH |1¢-25°C - 1.3
Ig1 = 2A, Vg = -5V Tc=125°C 25
ts Storage time us
Voo =300V, lo=8A,Lp=3uH  |T0=25°C | L
|B1=1.6A, VBE='5V TC:125°C 25
Veg =300V, I = 10A, Lg=3puH |Tc=25°C SUxds 0.10
ls1=2A, Vgg = -5V Te=125°C 0.4
tr Fall time us
Vce =300V, Ic =8A, Lg = 3uH Tom287¢ BUX48A -
|B1=1.6A, VBE='5V TC=125°C 04

*Duty cycle = 2%, t, = 30 us
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Fig.1 DC current gain
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Fig.2 Collector saturation region
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Table.1 Test Conditions for Dynamic Performance

Vceo(sus) RBSOAAND INDUCTIVE SWITCHING RESISTIVE SWITCHING
TURN-ON TIME
22 yF 1
2 oy 1 s D1 & uF  2N6438
<) 20 12" o 03 2
= 220 100 o lg1
a 0 B I —Wv AM—] MM3735 L| |—T VWA L L
=z 680 pF 22
o : lgs adjusted to
Q 0—32 _I _| . D1D2D3D4 1N4934 = obtain the forced
[ = = hee desired
o PULSES 680 pF 22
% 5=3% | AA—] 2N3763 l_| |—l W) TURN-OFF TIME
- PW Varied to Attain . AAA . . -
lc =200 mA 680pF 100 T 160 e Use inductive switching
c 33 —“— driver as the input to
2w DER 2 0.22uF  2N6339 the resistive test circuit.
—o Vcc
Eon
Suw Leoil = 180 pH Vee =300V
8 ) Leoit = 25 mH, Ve = 10V Rw'| -0 05';) Velamp = 300 V R(L:C= 83Q
- coit = 0.
D_! EI Reoi = 0.7Q Vo, = 20V Rg ADJUSTED TO ATTAIN DESIRED lg4 Pulse Width = 10 s
o>
INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORMS
RESISTIVE TEST CIRCUIT
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SWITCHING TIMES NOTE

In resistive switching circuits, rise, fall, and storage times
have been defined and apply to both current and voltage
waveforms since they are in phase. However, for inductive
loads which are common to SWITCHMODE power supplies
and hammer drivers, current and voltage waveforms are not
in phase. Therefore, separate measurements must be made
on each waveform to determine the total switching time, For
this reason, the following new terms have been defined.
ts = Voltage storage time, 90% Ig1 to 10% V¢jamp
tr = Voltage rise time, 10-90% V¢jamp
tf = Current fall time, 90-10% I¢
tt = Current tail, 10-2% Ic

tc = Crossovertime, 10% V¢jampto 10% Ic

INDUCTIVE SWITCHING

Fig.9 Storage time, tg
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An enlarged portion of the inductive switching waveforms
is shown in Fig.7 to aid in the visual identity of these terms.

For the designer, there is minimal switching loss during
storage time and the predominant switching power losses
occur during the crossover interval and can be obatined
using the standard equation from AN-222:

1
Pswr = > Veele- (to)f

In general, t; +t; = t.. However, at lower test currents this
relationship may not be valid.

As is common with most switching transistors, resistive
switching is specified at 25°C and has become a benchmak
for designers. However, for designers of high frequency con-
verter circuits, the user oriented specifications which make
this a “SWITCHMODE?” transistor are the inductive switching
speeds (tc and tg) which are guaranteed at 100°C.

Fig.10 Crossover and fall times
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The safe operating area figures 12 and 13 are
specified for these devices under the test conditions shown.
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Fig.12 Forward bias safe operating area
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SAFE OPERATING AREA INFORMATION

FORWARD BIAS

There are two limitations on the power handing ability of a
transistor: average junction temperature and second break-
down. Safe operating area curves indicate Ig-Vcg limits of
the transistor that must be observed for reliable operation:i.e.,
the transistor must not be subjected to greater dissipation
than the curves indicate.

The data of Fig.12 is based on T¢ =25°C; T (pk) is variable
depending on power level. Second breakdown pulse limits
are valid for duty cycles to 10% but must be derated when
Tc 2 25°C. Second breakdown limitations do not derate the

voltages shown on Fig.12 may be found at any case tem-
perature by using the appropriate curve on Fig.14

T; (pk) may be caluclated from the data in Fig.11 at high
case temperatures, thermal limitations will reduce the power
that can be handled to values less than the limitations imposed
by second breakdown.

REVERSE BIAS

For inductive loads, high voltage and high current must be
sustained simultaneously during turn-off, in most cases, with
the base to emitter junction reverse biased. Under these
conditions the collector voltage must be held to a safe level
at or below a specific value of collector current. This can be
accomplished by several means such as active clamping,
RC snubbing, load line shaping, etc. The safe leve for these
devices is specified as Reverse Bias Safe Operating Area
and represents the voltage-current conditions during reverse
biased turn-off. This rating is verified under clamped conditions
so that the device is never subjected to an avalanche mode.
Fig.13 gives RBSOA characteristics.

Fig.14 Power derating
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Fig.15 Thermal response
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OVERLOAD CHARACTERISTICS
Fig.16 Rated overload safe operating area
OLSOA applies when maximum collector current is limited
100 ‘ ‘ and known. A good example is a circuit where an inductor is
Te=25°C inserted between the transistor and the bus, which limits the
rate of rise of collector current to a known value. If the transistor
< 80 is then turned off within a specified amount of time, the magnitude
5 BUX48A of collector current is also known.
:“ Maximum allowable collector-emitter voltage versus collector
§ 60 current is plotted for several pulse widths. (Pulse width is defined
5 as the time lag between the fault condition and the removal of base
8 t, = 10us drieve.) Storage time of the transistor has been factored into the
i) 40 P BUX48 curve. Therefore. with bus voltage and maximum collector current
§ known, Fig.16 defines the maximum time which can be allowed for
g fault detection and shutdown of base drive.

20 OLSOA is measured in a common-base circuit (fig.18) which
allows precise definition of collector-emitter voltage and collector
current. This is the same circuit that is used to measure forward-

0 100 200 300 400 450 500 bias safe operating area.
Collector-Emitter voltage, Vce (V)
Fig.17 Ic = f(dV/dt)
5 Fig.18 Overload SOA test circuit
4
Notes:
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-2 P
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T
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dV/dt (KV/us)
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