@ MOTOROLA

BUS 36
BUS 37

® Switching Regulators

® |Inverters

® Solenoid and Relay Drivers
® Motor Controls

Fast Turn-Off Times

Saturation Voltages
Leakage Currents (125°C)

60 ns Inductive Fall Time — 25°C (Typ)
110 ns Inductive Crossover Time — 25°C (Typ)

SWITCHMODE II* SERIES
NPN SILICON POWER TRANSISTORS

Operating Temperature Range — 65 to + 175°C

100°C Performance Specified for :
Reverse-Biased SOA with Inductive Loads
Switching Times with Inductive Loads

The BUS36 and BUS37 transistors are designed for low voltage,
high speed, power switching in inductive and resistive circuits where
turn-off times are critical. They are particularly suited for battery-
operated Switchmode applications and driver applications such as :

12 AMPERES

NPN SILICON
POWER TRANSISTORS

120 & 150 VOLTS
107 WATTS

Designer’s Data for
““Worst Case” Conditions

The DesignersA Data Sheet permits the
design of most circuits entirely from
the information presented. Limit data
— representing device characteristics
boundaries — are given to facilitate
“‘worst case’’ design.

MAXIMUM RATINGS

Rating Symbol | BUS36 BUS37 Unit
Collector-Emitter Voltage VCEO(sus) 120 150 Vdc
Collector-Emitter Voltage VCEV 250 300 Vdc
Emitter Base Voltage VEB 8 Vdc
Collector Current — Continuous 12
~ Peak(1) c 25 Ade
— Overload oL 40
Base Current — Continuous I 7 Adc
— Peak(1) Ism 15
Total Power Dissipation — Tc = 25°C Pp 107 Watts
- T¢ = 100°C 53
Derate above 25°C 0.71 wieCc
Operating and Storage Junction 1. Tstg °C
Temperature Range -65t0+175
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, RgJuc 14 °C/W
Junction to Case
Maximum Lead Temperature T 275 °C
for Soldering Purposes:
1/8" from Case for 5 Seconds

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle =< 10%.
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ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted)

BUS 36

BUS 37

| Characteristic | Symbol I Min Typ Max Unit —l
OFF CHARACTERISTICS (1)
Collector-Emitter Sustaining Voltage (Table 1) VCEO(sus) Vde
(Ic=50mA,Ig=0) L=25mH BUS36 120 -
BUS37 150 - -
Collector Cutoff Current ICEV mAdc
(Vcev = Rated Value, VBE(off) = 1.5 Vdc) - - 0.1
(VCEv = Rated Value, VBE (off) = 1.5 Vdc, T¢ =125°C) - - 1.0
Collector Cutoff Current Iceo mAdc
BUS36 : VCE =60 V - - 0.05
BUS37 : VCg =75V - - 0.05
Emitter Cutoff Current IEBO mAdc
(VER =6 Vdc, Ic =0) 0.1
Emitter-base breakdown Voltage BVEBO Vdc
(lE=50mA - Ic=0) 8.0
SECOND BREAKDOWN
Second Breakdown Collector Current with Base Forward Biased I1S/b See Figure 12
Clamped Inductive SOA with Base Reverse Biased RBSOA See Figure 13
ON CHARACTERISTICS (1)
DC Current Gain hFE -
(Ic =10 Adc, VCE =2 Vdc) 30 - -
(lc=0.5 Amp, VCg =2 V) 50 - -
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(ic=12 Amp, Ig =1.2 Amp) o - — 08
(lc=12 Amp, Ig =1.2 Amp, T =100 C) - - 1.0
Base-Emitter Saturation Voltage VBE(sat) Vdc
(ic=12 Amp, Ig = 1.2 Amp) - - 1.8
(ic=12 Amp, 1g =1.2 Amp, T =100°C) - - 1.8
DYNAMIC CHARACTERISTICS
Output Capacitance Cob pF
(Ve =10 Vdc, Ig =0, fregt = 100 khz) - - 300
Current Gain — Bandwidth Product (2) fr MHz
(Ic =1.0 Ade, Vg =10 Vdc, frest = 1.0 MHz 30 - -
SWITCHING CHARACTERISTICS
Resistive Load (Table 1)
Delay Time tq - 0.07 0.15 Ms
Rise Time fvec = 100 vde, Ic = 12 A, i - 0.15 03
- 1B1 = 1.2 A tp = 30 us,
Storage Time Duty Cycle S 2%, VBE(off) = 5 V) ' - 05 o
Fall Time tf - 0.12 0.25
Inductive Load, Clamped (Table 1)
Storage Time 1, - 0.5 - us
= (iC(pk) = 12 A, (Tc=25%) hd
Fall Time B1 = 12 A, tf; - 0.06 -
St Ti = t - 0.6 1.0
orage Time VBE(off) = 5V, {Tc=100%) sv
Fall Time VCE(c1) = 100 V) ti - 0.15 0.30

+(1) Pulse Test: PW = 300 us, Duty Cycle S 2%.
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BUS 36

HEg. DC CURRENT GAIN

* VgE, COLLECTOR-EMITTER VOLTAGE (VOLTS)

Ic, COLLECTOR CURRENT (uA)
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BUS 37

DC CHARACTERISTICS

FIGURE 1 — DQ CURRENT GAIN
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TABLE 1 — TEST CONDITIONS FOR DYNAMIC PERFORMANCE

BUS 36

VCEO(sus) RBSOA AND INDUCTIVE SWITCHING RESISTIVE SWITCHING
TURN ON TIME
10V > A~
" 20 o 220 !
"] ° 2
F4 '
- o S N S—— D1.D2 D3.D4 1N4934 - 81
2r 2 680pF 22 4 N
a - i pulses " dTh Adust 1gy adjusted to
20 = vl e:'oi; a8 * obtain the forced
s MRE54 hEg desired
o TURN OFF TIME
PW Varied to Attain nductive switching
Ic = 100 mA Vee ¢ as the input to
the resistive test circurt
t8
. . Leon 180 uH
8 3 ;eo-l i :07";;* Vee= 10V RZ:'" 005 2 Velamp - 250 V :CC saﬁov
33 coit Vee - 20V Rg adjusted 1o attain desired Igy e 10us
o> ! -
INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORMS RESISTIVE TEST CIRCUIT
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» ‘c
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S Input ) 4 1 0 1) — lt'-— O
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FIGURE 7 — INDUCTIVE SWITCHING MEASUREMENTS FIGURE 8 — PEAK-REVERSE CURRENT
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BUS 36

46

BUS 37

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 measure-
ments must be made on each waveform to determine
the total switching time. For this reason, the following
new terms have been defined.

tsy = Voltage Storage Time, 90% Ig1 to 10% Velamp

try = Voltage Rise Time, 10-90% Vciamp

tfi = Current Fall Time, 90—-10% I¢

tyj = Current Tail, 10-2% Ic

tc = Crossover Time, 10% Vciamp to 10% Ic
An enlarged portion of the inductive switching waveforms

is shown in Figure 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 obtained using the standard equation from AN-222:

PowT = 1/2 Vil f
In general, try + tfj = t.. However, at lower test currents
this relationship may not be valid.

As is common with most switching transistors, resistive
switching is specified at 26°C and has become a bench-
mark for designers. However, for designers of high
frequency converter circuits, the user oriented specifica-
tions which make this a “SWITCHMODE" transistor are
the inductive switching speeds (tc and tgy) which are
guaranteed at 100°C.

INDUCTIVE SWITCHING

FIGURE 9 — STORAGE TIME, Tsv
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The Safe Op ing Area fig h in Figures 12 and 13 are
specified for these devices under the test conditions shown.

FIGURE 12 — FORWARD BIAS SAFE OPERATING AREA
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BUS 36 -

SAFE OPERATING AREA INFORMATION

FORWARD BIAS

There are two limitations on the power handling ability
of a transistor: average junction temperature and second
breakdown. Safe operating area curves indicate Ic-VCE
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 Figure 12 is based on T¢ = 25°C: T y(pk)
is variable depending on power level. Second breakdown
pulse limits are valid for duty cycles to 10% but must be
derated when T = 25°C. Second breakdown limitations
do not derate the same as thermal limitations. Allowable
current at the voltages shown on Figure 12 may be found
at any case temperature by using the appropriate curve
on Figure 14.

TJ(pk) may be calculated from the data in Figure 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 seve |
means such as active clamping, RC snubbing, load lin~
shaping, etc. The safe level for these devices is specificd
as Reverse Bias Safe Operating Area and represents the
voltage-current conditions during reverse biased turn-off.
This rating is verified under clamped condition: so that
the device is never subjected to an avalanche mode. Figure
13 gives RBSOA characteristics.

BUS 37

47



BUS 36 —

r(t), TRANSIENT THERMAL RESISTANCE (NORMALIZED)

Ic. COLLECTOR CURRENT (AMPS)
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BUS 37

FIGURE 15 — THERMAL RESPONSE
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OVERLOAD CHARACTERISTICS

FIGURE 16 — RATED OVERLOAD SAFE OPERATING AREA
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OLSOA applies when maximum collector current is
limited and known. A good example is a circuit where an
inductor is inserted between the transistor and the bus,
which limits the rate of rise of collector current to a known
value. If the transistor is then turned off within a specified
amount of time, the magnitude of collector current is also
known.

Maximum allowable collector-emitter voltage versus
collector current is plotted for several pulse widths. (Pulse
width isdefined as the time lag between the faultcondition
and the removal of base drive.) Storage time of the tran-
sistor has been factored into the curve. Therefore, with
bus voltage and maximum collector current known,
Figure 16 defines the maximum time which can be allowed
for fault detection and shutdown of base drive.

OLSOA is measured in a common-base circuit
(Figure 17) which allows precise definition of collector-
emitter voltage and collector current. This is the same
circuit that is used to measure forward-bias safe operating
area.

FIGURE 17 — OVERLOAD SOA TEST CIRCUIT
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Notes: - cc
® Vce=Vcc +VBE

@ Adjust pulsed current source
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@ MOTOROLA

BUS 45P

SWITCHMODE Il SERIES
NPN SILICON POWER TRANSISTORS

The BUS 45P transistor is designed for high-voltage, high-speed,
power switching in inductive circuits where fall time is critical. It is
particularly suited for line-operated switchmode applications such as:

o Switching Regulators

o Inverters

@ Solenoid and Relay Drivers

o Motor Controls

o Deflection Circuits

Fast Turn-Off Times
100 ns Inductive Fall Time—25°C (Typ)
150 ns Inductive Crossover Time—25°C (Typ)
400 ns Inductive Storage Time—25°C (Typ)

Operating Temperature Range —65 to +150°C

100°C Performance Specified for:
Reverse-Biased SOA with Inductive Loads
Switching Times with Inductive Loads
Saturation Voltages
Leakage Currents

3 AMPERES

NPN SILICON
POWER TRANSISTORS

450 VOLTS
75 WATTS

Designer’s Data for
““Worst Case” Conditions

The Designers Data Sheet permits the
design of most circuits entirely from
the information presented. Limit data
— representing device characteristics
boundaries - are given to facilitate
“‘worst case’’ design.

MAXIMUM RATINGS

Rating Symbol BUS 45P Unit
Collector-Emitter Voltage VCEO(sus) 450 Vdc
Collector-Emitter Voltage Vcev 850 Vdc
Emitter Base Voltage VEB 6 Vdc
Collector Current — Continuous Ic 3 Adc
— Peak (1) Icm 5
Base Current — Continuous g 1.5 Adc
— Peak (1) IBM 3
Total Power Dissipation — Tc = 25°C Pp Watts
- Tc = 100°C 75
Derate above 25°C wreC
Operating and Storage Junction T4 Tstg °C
Temperature Range -65to +150
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, RaJc 1.67 °C/W
Junction to Case
Maximum Lead Temperature T 275 °C

for Soldering Purposes:
1/8" from Case for 5 Seconds

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle = 10%.

STYLE 1:
PIN 1. BASE
2. COLLECTOR
3. EMITTER }
4. COLLECTOR 2.
76 [ 127
[ AT
CASE 221A-02
TO 220




BUS 45P

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted)

l Characteristic I Symbol | Min Typ Max I Unit l

OFF CHARACTERISTICS (1) .

Collector-Emitter Sustaining Voltage (Table 1) VCEO(sus) Vdc
(IC = 100mA, IB = 0) 450 - _

Collector Cutoff Current ICEV mAdc
(VCEV = 850V, VBE(off) = 1.5 Vdc) - - 0.5
(VCEV = 850V, VBE(off) = 1.5 Vdc, TC = 100°C) - - 2.5

Collector Cutoff Current ICER - - 3.0 mAdc
(VCE = 850 V, RBE = 50 Q, TC = 100°C)

Emitter Cutoff Current IEBO - - 1.0 mAdc
(VEB = 6.0 Vdc, IC = 0)

ON CHARACTERISTICS (1)

DC Current Gain hFE 6 - - -
(IC = 2 Adc, VCE = 5.0 Vdc)

Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic = 2 Adc, IB = 0.5 Adc) - - 1.0
{IC = 3 Adc, IB = 0.75 Adc) - - 3.0
(IC = 2 Adc, IB = 0.5 Adc, TCc = 100°C) - - 2.0

Base-Emitter Saturation Voltage VBE(sat) Vdc
(IC = 2 Adc, IB = 0.5 Adc) - - 1.5
(IC = 2 Adc, I8 = 0.5 Adc, TC = 100°C) - - 1.5

SWITCHING CHARACTERISTICS

Resistive Load (Table 1)

Delay Time td - 0.03 0.05 us

Rise Time (VCC = 250 Adc, IC = 2 A, tr - 0.10 0.40

- IB1 = 0.5 Adc, tp = 30 us,
Storage Time ts - 0.40 1.50
t 1 2%, V| = 5.0 vd

Fall Time Duty Cycle 5 BE(off) = 5.0 Vde) m - 0.175 | 0.50

Inductive Load, Clamped (Table 1)

Storage Time tsv - 0.70 20 us

Crossover Time (IC(pk) = 2 A, (TJ = 100°C) tc - 0.28 0.50

Fall Time IB1 = 0.5 Adc, tfi - 0.15 0.35

Storage Time VBE(off) = 5.0 Vdc, tsy - 0.40 -

Crossover Time |  YCE(pk) = 250 V) {Ty = 25°C) to - 0.15 -

Fall Time tfi - 0.10 -

50

(1) Pulse Test: PW = 300 us, Duty Cycle S 2%.

Ic
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QA) MOTOROLA

BUS 46P

SWITCHMODE Il SERIES
NPN SILICON POWER TRANSISTORS

The BUS 46P transistor is designed for high-voltage, high-speed,
power switching in inductive circuits where fall time is critical. It is
particularly suited for line-operated switchmode applications such as:

o Switching Regulators

o Inverters

o Solenoid and Relay Drivers

e Motor Controls

o Deflection Circuits

Fast Turn-Off Times
100 ns Inductive Fall Time—25°C (Typ)
150 ns Inductive Crossover Time—25°C (Typ)
400 ns Inductive Storage Time—25°C (Typ)

Operating Temperature Range —65 to +150°C

100°C Performance Specified for:
Reverse-Biased SOA with Inductive Loads
Switching Times with Inductive Loads
Saturation Voltages
Leakage Currents

5 AMPERES

NPN SILICON
POWER TRANSISTORS

450 VOLTS
80 WATTS

Designer’s Data for
“Worst Case” Conditions

The Designers Data Sheet permits the
design of most circuits entirely from
the information presented. Limit data
— representing device characteristics
boundaries — are given to facilitate
“‘worst case’’ design.

MAXIMUM RATINGS

Rating Symbol BUS 46P Unit
Collector-Emitter Voltage VCEO(sus) 450 Vdc
Collector-Emitter Voltage VCEV 850 Vdc
Emitter Base Voltage VEB 6 Vdc
Collector Current — Continuous Ic 5 Adc
— Peak (1) Icm 8
Base Current — Continuous I} 2 Adc
— Peak(1) IBM 4
Total Power Dissipation — Tc = 25°C Pp Watts
- T¢ = 100°C 80
Derate above 25°C wy/eC
Operating and Storage Junction TJ. Tstg °C
Temperature Range -65to +150

THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit

Thermal Resistance, Royc 1.56 °C/W
Junction to Case

Maximum Lead Temperature AN 275 °C
for Soldering Purposes:
1/8" from Case for 5 Seconds

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle S 10%.

T D
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| o SR
e
Y I
Tecran |
-

.89
STYLE 1: .73 | 0.

PIN 1. BASE .67 | 0 .
2. COLLECTOR .79 | 330 [0.110 | 0130
3. EMITTER .36 | 0.56 | 0.014]0.022
4. COLLECTOR 12.70 | 14.27 | 0.500 | 0.562
. 27 | 0.045 | 0.050
190 1 0.210
54 )4 100 | 0.120
.080 | 0.110

045 | 0,055 |

. .48 | 0.235 | 0.256
.76 . .030 | 0.050

[V 4 - .045 -

CASE 221A-02
TO 220




BUS 46P

ELECTRICAL CHARACTERISTICS (TC = 25°C unless otherwise noted)

L

Characteristic | Symbol | Min Typ Max Unit

OFF CHARACTERISTICS (1) R

Collector-Emitter Sustaining Voltage (Table 1) VCEO(sus) Vdc
(I = 100mA, I = 0) 450 - -

Collector Cutoff Current ICEV mAdc
(VCEV = 850V, VBE(off) = 1.5 Vdc) - - 0.5
(VCEV = 850V, VBE(off) = 1.5 Vdc, TC = 100°C) - - 2.5

Collector Cutoff Current ICER - - 3.0 mAdc
(VCE = 850 V, RBE = 50 Q, TC = 100°C)

Emitter Cutoff Current IEBO - - 1.0 mAdc
(VEB = 6.0 Vdc, IC = 0)

SECOND BREAKDOWN

Second Breakdown Collector Current with Base Forward Biased IS/b See Figure 12

Clamped Inductive SOA with Base Reverse Biased RBSOA See Figure 13

ON CHARACTERISTICS (1)

DC Current Gain hFE 7.0 - - -
(Ic = 3.0 Adc, VCE = 5.0 Vdc)

Collector-Emitter Saturation Voltage VCE(sat) Vde
(IC = 3.0 Adc, IB = 0.6 Adc) - - 1.0
(Ic = 5.0 Adc, I8 = 1.0 Adc) - - 3.0
(Ic = 3.0 Adc, IB = 0.6 Adc, TC = 100°C) - - 2.0

Base-Emitter Saturation Voltage VBE(sat) Vdc
(IC = 3.0 Adc, IB = 0.6 Adc) - - 1.5
(IC = 3.0 Adc, IB = 0.6 Adc, TC = 100°C) - - 1.5

DYNAMIC CHARACTERISTICS

Output Capacitance Cob - - 250 pF
(VCB = 10 Vdc, IE = O, ftest = 100 Khz)

SWITCHING CHARACTERISTICS

Resistive Load (Table 1)

Delay Time td - 0.03 0.05 us

Rise Time (VCC = 250 Adc, IC = 3.0 Adc, tr - 0.10 0.40

Storage Time 'r;“: =C°~‘I‘ AS";'%P\/: 30 us, 5.0 Vo) ts - 0.40 1.50

, = 5. c

Fall Time uty Lyee BE(off) m - 0.176 | 0.50

Inductive Load, Clamped (Table 1)

Storage Time tsv - 0.70 2.0 us

Crossover Time (Ic(pk) = 3.0 A, (Ty = 100°C) tc - 0.28 0.50

Fall Time iB1 = 0.4 Adc,' tfi - 0.15 0.30

Storage Time VBE(off) = 5.0 Vdc, tsv _ 0.40 _

Crossover Time VCE(pk) = 250 V) (T = 25°C) te - 0.15 -

Fall Time tfi - 0.10 -

52

(1) Pulse Test: PW = 300 us, Duty Cycle < 2%.

_lc
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BUS 46P

TYPICAL ELECTRICAL CHARACTERISTICS

FIGURE 1 — DC CURRENT GAIN
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TABLE 1 — TEST CONDITIONS FOR DYNAMIC PERFORMANCE

VCEO(sus)

RBSOA AND INDUCTIVE SWITCHING
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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 measure-
ments must be made on each waveform to determine
the total switching time. For this reason, the following
new terms have been defined.

tsy = Voltage Storage Time, 90% ig1 to 10% V¢lamp

try = Voltage Rise Time, 10—90% Vcjamp

t§i = Current Fall Time, 90—10% Ic

tti = Current Tail, 10—-2% IC

tc = Crossover Time, 10% Vclamp to 10% IC
An enlarged portion of the inductive switching waveforms

is shown in Figure 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 obtained using the standard equation from AN-222:

PSWT =1/2 VCC'C(‘C“
In general, try + tfj = tc. 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 bench-
mark for designers. However, for designers of high
frequency converter circuits, the user oriented specifica-
tions which make this a “SWITCHMODE" transistor are
the inductive switching speeds (tc and tgy) which are
guaranteed at 100°C.

INDUCTIVE SWITCHING

FIGURE 9 — STORAGE TIME
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BUS 46P

The Safe Operating Area fig: h in Figures 12 and 13 are
specified for these devicas under the test conditions shown.
FIGURE 12 — MAXIMUM RATED FORWARD BIAS
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SAFE OPERATING AREA INFORMATION

FORWARD BIAS

There are two limitations on the power handling ability
of a transistor: average junction temperature and second
breakdown. Safe operating area curves indicate Ic-VCE
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 Figure 12 is based on T¢ = 25°C; Ty(pk)
is variable depending on power level. Second breakdown
pulse limits are valid for duty cycles to 10% but must be
derated when T¢ = 25°C. Second breakdown limitations
do not derate the same as thermal limitations. Allowable
current at the voltages shown on Figure 12 may be found
at any case temperature by using the appropriate curve
on Figure 14.

TJ(pk) may be calculated from the data in Figure 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 level 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. Figure
13 gives RBSOA characteristics.



M) MOTOROLA
& BUS 47A

9 AMPERES
SWITCHMODE li* SERIES NPN SILICON
NPN SILICON POWER TRANSISTORS POWER TRANSISTORS
The BUS 47 and BUS 47A transistors are designed for high- MAND::: lel;:: (Bveeo)

v_oltage, l'.ng.;h—speed, power syvntching ir) lnducti\(e circuits wherg fall 850 — 1000 V (BVCES)
time is critical. They are particularly suited for line-operated switch-
mode applications such as:

e Switching Regulators Designer’s Data for
o Inverters “Worst Case” Conditions
@ Solenoid and Relay Drivers The Designers® Data Sheet permits the

design of most circuits entirely from
® Motor Controls the information presented. Limit data
o Deflection Circuits — representing device characteristics
Fast Turn-Off Times boundaries - are given to facilitate

“‘worst case” design.
60 ns Inductive Fall Time—25°C (Typ) =
120 ns Inductive Crossover Time—25°C (Typ)

Operating Temperature Range —65 to +200°C
100°C Performance Specified for:
Reverse-Biased SOA with Inductive Loads
Switching Times with Inductive Loads
Saturation Voltages
Leakage Currents (125°C)

MAXIMUM RATINGS

Rating Symbol | BUS 47 | BUS 47A Unit
Collector-Emitter Voltage VCEO(sus)| 450 450 Vdc
Collector-Emitter Voltage Vcev 850 1000 Vdc
Emitter Base Voltage VEB 7 Vdc
Collector Current — Continuous Ic 5 Adc
— Peak (1) lem 18
. _— Overload o1, 36
Base Current — Continuous I} 5 Adc
- Peak(1) IBM 10
Total Power Dissipation — Tc = 25°C Pp 150 Watts "“,"glmm,m AND V ARE DATUMS
- TC = 100°C 85.5 2. [T] 15 SEATING PLANE AND DATUM.
Derate above 25°C 0.86 w/°C > oG wort g O
(e 130 @ [vE]
Operating and Storage Junction T, Tstg °C FOR LEADS
Temperature Range —65to +200 [+ [1u0m@ T [vE[ @]
4. DIMENSIONS AND TOLERANCES PER
ANSI Y14 5,1973.
THERMAL CHARACTERISTICS o -#-% Il: s
- 393 - 1.550
Characteristic Symbol Max Unit 038
.070
Thermal Resistance, RoJc 1.17 °C/W :
Junction to Case Pazim
1] ):“ I!!SQ 'IES
Maximum Lead Temperature T 275 °C . B TATTH]
for Soldering Purposes:
' f f S d:
1/8" from Case for 5 Seconds CASE 1-05 T0-3 TYPE

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle = 10%.

1:83/DSER1



BUS 47, BUS 47A

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

L Characteristic Symbol | Min Typ r Max l Unit
OFF CHARACTERISTICS (1%
Coll -Emitter Sustaining Voltage (Table 1) VCEO(sus) Vdc
- - = BUS47 400
(Ic=200mA, Ig =0) L=25 mH BUS47A 450 - -
Collector Cutoff Current ICEV mAdc
(Vcev = Rated Value, VBE(off) =1.5 Vdc) - - 0.15
(Vcev = Rated Value, VBE(off) = 1.5 Vdc, Tg = 125°C) - - 15
Collector Cutoff Current o ICER mAdc
_ _ Tc= 25°C 04
(Ve =Rated Vcgy, Rge =10 Q) Ta=125% - - 30
Emitter Cutoff Current IEBO mAdc
(VEg =5 Vdc, Ic =0) - — 0.1
Emitter-base breakdown Voltage BvEBO Vdc
(le=50mA - Ic=0) 7.0 - —
SECOND BREAKDOWN
Second Breakdown Collector Current with Base Forward Biased IS/b See Figure 12
Clamped Inductive SOA with Base Reverse Biased RBSOA See Figure 13
ON CHARACTERISTICS (1)
DC Current Gain hFg
(lc =6 Adc, Vcg =5 Vdc) BUS47 7 _ _
(lc =5 Adc, Vcg =5 V) BUS47A
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(lc =6 Adc, Ig =1.2 Adc) - - 15
(Ic =9 Adc, 1g = 1.8 Adc) BUS47 - - 5.0
(Ic =6 Adc, Ig =1.2 Adc, Tc =100°C) - - 25
(lc =5 Adc, Ig =1 Adc) — - 15
(Ic =8 Adc, Ig =1.6 Adc) BUS47A - - 5.0
(Ic =5 Adc, Ig =1 Adc, T¢ =100°C) - - 25
Base-Emitter Saturation Voltage VBE(sat) Vdc
(Ic =6 Adc, Ig =1.2 Adc) - - 1.6
(Ic =6 Adc, Ig =1.2 Adc, T¢c =100°C) BUs47 - - 1.6
(lc =5 Adc, Ig =1 Adc) - - 1.6
(Ic =5 Adc, Ig =1 Adc, T¢ =100°C) BUS47A - - 1.6
DYNAMIC CHARACTERISTICS
Output Capacitance Cob pF
(Ve =10 Vde, Ig =0, fresy = 100 Khz) - - 300
SWITCHING CHARACTERISTICS
Resistive Load (Table 1)
Delay Time tq - 0.05 0.2 us
Rise Time (Vee =250 Vde, Ic=6 A, t - | o5 08
y 1B1=12A,tp =30 us,
Storage Time Duty Cycle 2 . VgE(off) =5 V) tg — 1 2.0
Fall Time tf - 0.2 04
Inductive Load, Clamped (Table 1)
Storage Time :Ic(gkz ;?\A BUS47 (Te= 25°C) tey - 0.9 - Ms
Fall Time B1=1.2A, tf - 0.06 -
- VBE(off) =5V,
Storage Time VCE(c1) =250 V) tsy - 1.0 25
Crossover Time :C(Dl()fAs A Busa7a | (Tc=100°C) tc — 0.2 05
Fall Time B1= ti - 0.1 0.3

(1) Pulse Test: PW = 300 us, Duty Cycle = 2%.
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DC CHARACTERISTICS

FIGURE 1 — DC CURRENT GAIN
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BUS 47, BUS 47A

TABLE 1 — TEST CONDITIONS FOR DYNAMIC PERFORMANCE

VCEO(sus) RBSOA AND INDUCTIVE SWITCHING RESISTIVE SWITCHING
~
s 10V
TURN ON TIME
+10V > AM—P—0 1 1
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2
a| L
- g ﬂ pa— D1.02.03.04 1N4934 i:3)
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44
S - . Leon 180 mH Vv, 250V
93 | peon iy h veeT oy Reon <008 2 Vetamp - 250 V A 830
i . A
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» e Obtain Ic
= r3 |1— ty Clamped u
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BUS 47, BUS 47A

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 measure-
ments must be made on each waveform to determine
the total switching time. For this reason, the following
new terms have been defined.

tsy = Voltage Storage Time, 90% Ig1 t0 10% Vclamp

try = Voltage Rise Time, 10—-90% Vclamp

tfi = Current Fall Time, 90—10% Ic

tyi = Current Tail, 10-2% Ic

tc = Crossover Time, 10% Vciamp to 10% Ic
An enlarged portion of the inductive switching waveforms

is shown in Figure 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 obtained using the standard equation from AN-222:

PswT = 1/2 Veclelte) f
In general, try + tfj = tc. However, at lower test currents
this relationship may not be valid.

As is common with most switching transistors, resistive
switching is specified at 26°C and has become a bench-
mark for designers. However, for designers of high
frequency converter circuits, the user oriented specifica-
tions which make this a “'SWITCHMODE" transistor are
the inductive switching speeds (tc and tgy) which are
guaranteed at 100°C.

INDUCTIVE SWITCHING

FIGURE 9 — STORAGE TIME

FIGURE 10 — CROSSOVER AND FALL TIMES
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BUS 47, BUS 47A

The Safe Op. ing Area fig h in Figures 12 and 13 are
specified for these devices under the test conditions shown.

FIGURE 12 — FORWARD™BIAS SAFE OPERATING AREA
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SAFE OPERATING AREA INFORMATION

FORWARD BIAS

There are two limitations on the power handling ability
of a transistor: average junction temperature and second
breakdown. Safe operating area curves indicate Ic-VCE
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 Figure 12 is based on T¢ = 25°C; Tj(pk)
is variable depending on power level. Second breakdown
pulse limits are valid for duty cycles to 10% but must be
derated when T¢ 2 25°C. Second breakdown limitations
do not derate the same as thermal limitations. Allowable
current at the voltages shown on Figure 12 may be found
at any case temperature by using the appropriate curve
on Figure 14.

TJ(pk) may be calculated from the data in Figure 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 level 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. Figure
13 gives RBSOA characteristics.
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FIGURE 15 —THERMAL RESPONSE
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FIGURE 16 — RATED OVERLOAD SAFE OPERATING AREA
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OLSOA applies when maximum collector current is
limited and known. A good example is a circuit where an
inductor is inserted between the transistor and the bus,
which limits the rate of rise of collector current to a known
value. If the transistor is then turned off within a specified
amount of time, the magnitude of collector current isalso
known.

Maximum allowable collector-emitter voltage versus
collector current is plotted for several pulse widths. (Pulse
width is defined as the time lag between the faultcondition
and the removal of base drive.) Storage time of the tran-
sistor has been factored into the curve. Therefore, with
bus voltage and maximum collector current known,
Figure 16 defines the maximum time which can be allowed
for fault detection and shutdown of base drive.

OLSOA is measured in a common-base circuit
(Figure 17) which allows precise definition of collector-
emitter voltage and collector current. This is the same
circuit that is used to measure forward-bias safe operating
area.

FIGURE 17 -- OVERLOAD SOA TEST CIRCUIT

| Vee

= =
~

Notes:

® Vce =Vcc +VBE

® Adjust pulsed current source
for desired I, o




@ MOTOROLA BUS 47P
BUS 47AP

9 AMPERES
SWITCHMODE lI* SERIES NPN SILICON
NPN SILICON POWER TRANSISTORS POWER TRANSISTORS
. 400 AND 450 VOLTS (BVCEO)
The BUS 47P/BUS 47AP transistors are designed for high- 128 WATTS

voltage, high-speed, power switching in inductive circuits where fall
time is critical. They are particularly suited for line-operated switch-
mode applications such as:

850 — 1000 V (BVCES)

o Switching Regulators
o Inverters
e Solenoid and Relay Drivers
e Motor Controls
o Deflection Circuits
Fast Turn-Off Times
60 ns Inductive Fall Time—25°C (Typ) =
120 ns Inductive Crossover Time—25°C (Typ)

Operating Temperature Range — 65 to + 175°C
100°C Performance Specified for:
Reverse-Biased SOA with Inductive Loads

Switching Times with Inductive Loads F—-I—C 8
Saturation Voltages . -1 l‘—E ‘_IQ
Leakage Currents (125°C) ——
] r /é%
A 1 |
MAXIMUM RATINGS a b
Rating Symbol | BUS47P (BUS 47AP|  Unit L | l
Collector-Emitter Voltage VCEO(sus) 400 450 Vdc {
K
Collector-Emitter Voltage VCev 850 1000 Vdc [
Emitter Base Volt: V| 7 Vdc —W—
mitter Base Voltage EB -EL—J o
Collector Current - ggankti{\ﬂous Ic 2 Adc ~H G
— Overload lcm 36
N STYLE 1:
Base Current — Continuous s 5 Adc 1. BASE
— Peak (1) IBM 10 2. COLLECTOR
3. EMITTER
Total Power Dissipation — Tc = 25°C Pp 128 Watts 4. COLLECTOR
- Tc = 100°C 64.5
Derate above 25°C 0.86 wiec MILLIMETERS INCHES
DIM | MIN | MAX | MIN [ MAX
Operating and Storage Junction Ty, Tstg °C A | 20.32 | 21.08 | 0.800 | 0.830 ]
Temperature Range -65to +175 B[ 15.49]15.90 [ 0.610 | 0.626 |
- C 4.19 .08 | 0.165 00
THERMAL CHARACTERISTICS 192
.21 .
Characteristic Symbol Max Unit H .41 .20 | 0.095
J .38 .64 | 0.015
K .70 | 15.49 | 0.500
Thermal Resistance, Rauc 1.17 °c/w L .88 16.51 | 0.625 [ 0.650
Junction to Case N .19 | 12.70 | 0.480 | 0.500
a .94 | 4.19]0.155 [ 0.165
Maximum Lead Temperature T 275 °C
for Soldering Purposes: CASE 340-01
1/8" from Case for 5 Seconds TO-218AC

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle = 10%.

183/DSER1



BUS 47P - BUS 47AP

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

Characteristic Symbol Min I Typ I Max I Unit l
OFF CHARACTERISTICS (1)
Coll -Emitter Sustaini
i 20(5)2}\@;3 ustaini =:,2\I50:’t‘a'.4ge (Table 1) BUS47P VCEO(sus) 400 B ~ Vdc
’ BUS47AP 450
Collector Cutoff Current ICEV mAdc
(Vcev = Rated Value, VgE(off) = 1.5 Vdc) — - 0.15
(Vcev =Rated Value, VBE(off) = 1.5 Vdc, Tc =125 °c) - - 15
Collector Cutoff Current ICER mAdc
_ - Tc= 250¢C 04
(Vcg =Rated Vcey, Rge =10 Q) TG =125°C _ _ 30
Emitter Cutoff Current leBO mAdc
(VEg =5 Vdc, Ic=0) — - 0.1
Emitter-base breakdown Voltage BVEBO Vdc
(lg=50mA - Ic=0) 7.0 - -
SECOND BREAKDOWN
Second Breakdown Collector Current with Base Forward Biased Is/b See Figure 12
Clamped Inductive SOA with Base Reverse Biased RBSOA See Figure 13
ON CHARACTERISTICS (1)
DC Current Gain hrg
(lc =6 Adc, Vcg =5 Vdec) BUS47P 7 _ _
(lc=5 Adc, Vcg=5 V) BUS47AP
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic =6 Adc, Ig =1.2 Adc) - - 15
(Ic =9 Adc, I1g =1.8 Adc) BUS47P — - 5.0
(Ic=6 Adc, Ig =1.2 Adc, Tc =100°C) - - 25
(lc =5 Adc, Ig =1 Adc) - - 15
(lc =8 Adc, Ig = 1.6 Adc) BUS47AP - - 5.0
(Ic =5 Adc, Ig =1 Adc, T¢ =100°C) — - 25
Base-Emitter Saturation Voltage VBE(sat) Vde
(lc =6 Adc, Ig =1.2 Adc) - - 1.6
(Ic =6 Adc, Ig =1.2 Adc, T¢ =100°C) BuUS47P - - 16
(lc =5 Adc, Ig =1 Adc) BUSA47AP - - 16
(Ic =56 Adc, Ig =1 Adc, T = 100°C) usaz - - 16
DYNAMIC CHARACTERISTICS
Output Capacitance Cob _ _ 300 pF
(Ve =10 Vdc, Ig =0, fiest = 100 Khz)
SWITCHING CHARACTERISTICS
Resistive Load (Table 1)
Delay Time td - 0.05 0.2 us
: . (Vcc=250 Vde, Ic=6 A, t _ 05 08
Rise Tnme. g1 =1.2A, to =30 us, r
Storage Time Duty Cycle < 2% VBE(off) =5 V) tg - 1 20
Fall Time tf - 0.2 04
Inductive Load, Clamped (Table 1)
Storage Time (Ic(pk) = 6 A, BUSATP (Te=25°C) tsy - 09 — us
Fall Time {/31 =12A, tfi - 0.06 -
- BE(off) = —
Storage Tnmle IVCE(CH =250 V) . tsy ;2 zz
Crossover Time |C(p5)1_A5 A BUS47AP (Tc=1007C) tc — . .
| Fall Time 81~ ti - 0.1 0.3

(1) Pulse Test: PW = 300 us, Duty Cycle = 2%.



BUS 47P - BUS 47AP

hfg, DC CURRENT GAIN

VcEe. COLLECTOR-EMITTER VOLTAGE (VOLTS)

Ic. COLLECTOR CURRENT (uA)

DC CHARACTERISTICS

FIGURE 1 — DC CURRENT GAIN

FIGURE 2 — COLLECTOR SATURATION REGION
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FIGURE 3 — COLLECTOR-EMITTER SATURATION VOLTAGE
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FIGURE 5 - COLLECTOR CUTOFF REGION
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TABLE 1 — TEST CONDITIONS FOR DYNAMIC PERFORMANCE

BUS 47P - BUS 47AP

VCEO(sus) RBSOA AND INDUCTIVE SWITCHING RESISTIVE SWITCHING
v
TURN ON TIME
410V > AMN—P—0 1 220 MRB54 1
20
2
9 oJd L 1b1 Adwst
0 . F{ >——i D1.02.D3.D4  1N4934 =1 's1
2E 2 6800F 2 ) 102 Adst
&=  pukes W+ dTb Adwst 181 adjusted to
; a 4 L0 3% 6.-0-9‘ a obtain the forced
g mRgse hEg desired
o TURN OFF TIME
PW Varied to Attain Use inductive switching
Ic= 100 mA Vee driver as the input to
the resistive test circuit.
=4+
25 Leoi =80 mH Ve = 10V ;“" 180 uH v 280V Vee: 250V
&2 Reoil =07 92 coi * 005 2 Ry sarsted in Gesired | =830
z ; Vee - 20V 8 2djusted to attain desired Igy Pulse Whdth < 10 us
INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORMS RESISTIVE TEST CIRCUIT
ty Adjusted to
e Obtain Ic
»
E ri T
5 13 Reoil ‘Clpk) 1y Clamped Lcon“cpk’
Q i L
3 13! ' Vee
- .——l —— 1
o Input ‘ !t I ot ! "= Leoitlic,,)
(. See Above for Equivalent L3) g s ——2%
] Detsiled Conditions v J_L f Vee Veiamp
'IE clamp = = Vcc Vce or
)—] vV,
§ c'ame . Test Equipment
Scope — Tektronix
T
o me iy 475 or Equivelent

FIGURE 7 — INDUCTIVE SWITCHING MEASUREMENTS

FIGURE 8 — PEAK-REVERSE CURRENT

10
ic pk T
/C ~ VCE(pk) B _' 5
,/ I g 4 ic- 6A
/ 90% VCE(pk) 90% 'C(pk) §
't tsv v Uy —ete- Ty oy E 6
- g
2 —_—
z o —
Ve —T 10% Veepk) | 10% = /,
I8 90% g ook 20 icT = r
< 2
@
\ [P NP PR SUR
/‘/ 0
N1 0 1 2 3 4 5 6
VBE(off). BASE-EMITTER VOLTAGE (VOLTS)



BUS 47P - BUS 47AP

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 measure-
ments must be made on each waveform to determine
the total switching time. For this reason, the following
new terms have been defined.

tsy = Voltage Storage Time, 90% Ig1 to 10% Vclamp

try = Voltage Rise Time, 10—-90% Vciamp

tfi = Current Fall Time, 90—10% Ic

tti = Current Tail, 10—-2% Ic

tc = Crossover Time, 10% V¢jamp to 10% IC
An enlarged portion of the inductive switching waveforms

is shown in Figure 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 obtained using the standard equation from AN-222:

PSWT =1/2 Veelelte) f
In general, try + tfj = tc. 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 bench-
mark for designers. However, for designers of high
frequency converter circuits, the user oriented specifica-
tions which make this a “SWITCHMODE" transistor are
the inductive switching speeds (t¢ and tgy) which are
guaranteed at 100°C.

INDUCTIVE SWITCHING

FIGURE 9 — STORAGE TIME

FIGURE 10 — CROSSOVER AND FALL TIMES
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BUS 47P - BUS 47AP

SAFE OPERATING AREA INFORMATION
The Safe Operating Area fig hy in Figures 12 and 13 are
specified for these devices under the test conditions shown.

FORWARD BIAS
FIGURE 12 — FORWARD BIAS SAFE OPERATING AREA There are two limitations on the power handling ability

of a transistor: average junction temperature and second
L 1T 1 ] |REAELI] . ™,

8 T \ | breakdown. Safe operating area curves indicate Ic-VCE

%nc

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 Figure 12 is based on T¢ = 256°C; T j(pk)
Lt is variable depending on power level. Second breakdown
o pulse limits are valid for duty cycles to 10% but must be
mi ”0 ;‘ derated when T = 25°C. Second breakdown limitations
l w<0s8us do not derate the same as thermal limitations. Allowable
current at the voltages shown on Figure 12 may be found
a at any case temperature by using the appropriate curve
on Figure 14,

TJ(pk) may be calculated from the data in Figure 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.
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FIGURE 13 — REVERSE BIAS SAFE OPERATING AREA

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

~
S

Quasi-saturation

means such as active clamping, RC snubbing, load line
shaping, etc. The safe level for these devices is specified
1) as Reverse Bias Safe Operating Area and represents the
_-I-T—__ voltage-current conditions during reverse biased turn-off.
° 200 200 500 300 woe  This rating is verified under clamped conditions so that
VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS) the device is never subjected to an avalanche mode. Figure

13 gives RBSOA characteristics.

Ic. COLLECTOR CURRENT (AMPS)
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FIGURE 14 — POWER DERATING
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BUS 47P - BUS 47AP

FIGURE 16 — THERMAL RESPONSE
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OVERLOAD CHARACTERISTICS
FIGURE 16 — RATED OVERLOAD SAFE OPERATING AREA OLSOA
(OLSOA)
200 ' OLSOA applies when maximum collector current is
limited and known. A good example is a circuit where an
5 160 . inductor is inserted between the transistor and the bus,
S Te=2s°C which limits the rate of rise of collector current to a known
< BUsd7ap — value. If the transistor is then turned off within a specified
E 120 \ amount of time, the magnitude of collector current is also
z known.
3 Maximum allowable collector-emitter voltage versus
T 0 tp=10us BUS47P | collector current is plotted for several pulse widths. (Pulse
'g width is defined as the time lag between the fauitcondition
3 and the removal of base drive.) Storage time of the tran-
S sistor has been factored into the curve. Therefore, with
o bus voltage and maximum collector current known,
Figure 16 defines the maximum time which can be allowed
for fault detection and shutdown of base drive.
0 100 200 300 400 450 500 OLSOA is measured in a common-base circuit
VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS (Figure 17) which allows precise definition of collector-

emitter voltage and collector current. This is the same
circuit that is used to measure forward-bias safe operating
area.

FIGURE 17— OVERLOAD SOA TEST CIRCUIT

500 uF’
500 v vee
Notes: = =

® Vce=Vcc +VBE

@ Adjust pulsed current source
for desired IC, tp

= VEE



w MOTOROLA

BUS 48A

mode applications such as:

o Switching Regulators

o Inverters

@ Solenoid and Relay Drivers
e Motor Controls

o Deflection Circuits

Fast Turn-Off Times

Saturation Voltages
Leakage Currents (125°C)

SWITCHMODE Ii* SERIES
NPN SILICON POWER TRANSISTORS

60 ns Inductive Fall Time—25°C (Typ) =
120 ns Inductive Crossover Time —25°C (Typ)

Operating Temperature Range —65 to +200°C

100°C Performance Specified for:
Reverse-Biased SOA with Inductive Loads
Switching Times with Inductive Loads

The BUS 48 and BUS 48A transistors are designed for high-
voltage, high-speed, power switching in inductive circuits where fall
time is critical. They are particularly suited for line-operated switch-

15 AMPERES
NPN SILICON
POWER TRANSISTORS

400 and 450 VOLTS (BVCEO)
850 — 1000 VOLTS (BVCES)
175 WATTS

Designer’s Data for
“Worst Case” Conditions

The Designers‘ Data Sheet permits the
design of most circuits entirely from
the information presented. Limit data
— representing device characteristics
boundaries - are given to facilitate
“worst case” design.

MAXIMUM RATINGS

Rating Symbol | BUS 48 | BUS 48A Unit
Collector-Emitter Voltage VCEO(sus) 400 . 450 Vdc
Collector-Emitter Voltage VCEV 850 1000 Vdc
Emitter Base Voltage VeB 7 Vdc
Collector Current — Continuous Ic 15 Adc
— Peak(1) lem 30
— Overload loL 60
Base Current — Continuous I 5 Adc
- Peak(1) IBm 20
Total Power Dissipation — Tc = 25°C Pp 175 Watts
- T¢ = 100°C 100
Derate above 25°C 1.0 wyeC
Operating and Storage Junction TJ. Tstg °C
Temperature Range -65 to +200
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, RoJc 1.0 °C/W
Junction to Case
Maximum Lead Temperature T 275 °C
for Soldering Purposes:
1/8” from Case for 5 Seconds

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle = 10%.

PN BASE
F EMITTER
COLLECTON

NOTES
1 DIMENSIONS Q AND V ARE DATUMS.
2 (7] 1S SEATING PLANE AND DATUM
3 POSITIONAL TOLERANCE FOR
MOUNTING HOLE 0

G Tiewe [[[ve]
FOR LEADS

C+[inewer [ve )

4 DIMENSIONS AND TOLERANCES PER
ANSIY145,1973 B

MILLIMETERS]  INCHES
MAX [N
3337
2108
638] 762
103 0.

e
it
H

-
:

T <lal
i |

CASE 1-05 TO-3

1-83/DSER1
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BUS 48 - BUS 48A

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

Characteristic 1 Symbol Min l Typ | Max Unit
OFF CHARACTERISTICS (1)
Coll -Emitter Sustaining Voltage (Table 1) VCEO(sus) Vdc
— — - BUS48 400
(Ic=200mA, 1g=0) L=25mH SUSABA 50 _ _
Collector Cutoff Current ICEV mAdc
(Vcev = Rated Value, VBE(off) = 1.5 Vdc) - - 0.2
(Vcev = Rated Value, VBg(off) = 1.5 Vdc, Tc = 125°C) - - 20
Collector Cutoff Current o ICER mAdc
_ _ Tc= 25°% 05
(Vcg =Rated Vcgv, RBe =10 Q) Ta=125° _ _ 30
Emitter Cutoff Current IEBO mAdc
(VE =5 Vdc, Ic=0) - — 0.1
Emitter-base breakdown Voltage BVEBO Vdc
(lE=50mA - Ic=0) 7.0 - -
SECOND BREAKDOWN
Second Breakdown Collector Current with Base Forward Biased Isib See Figure 12
Clamped Inductive SOA with Base Reverse Biased RBSOA See Figure 13
ON CHARACTERISTICS (1)
DC Current Gain hgg
(1c=10 Ade, Vg =5 Vdc) BUS48 8 _ _
(lc= 8Adc, Vcg=5V) BUS48A
Collector-Emitter Saturation Voltage VCE(sat) Vde
(Ic=10 Adc, Ig =2 Adc) - - 15
(Ic =15 Adc, Ig =3 Adc) BUS48 - - 5.0
(Ic =10 Adc, Ig =2 Adc, T =100°C) - - 2.0
(Ic= 8Adc, Ig =1.6 Adc) - - 15
(Ic =12 Adc, Ig =2.4 Adc) BUS48A - - 5.0
(lc= 8Adc, Ig =1.6 Adc, Tc =100°C) - - 2.0
Base-Emitter Saturation Voltage VBE(sat) Vdc
(Ic =10 Adc, Ig =2 Adc) - - 16
(Ic =10 Adc, 1g =2 Adc, T¢c =100°C) BUsas - - 1.6
(ic= 8 Adc, Ig =1.6 Adc) - - 16
(lc= 8 Adc, g =1.6 Adc, T¢ =100°C) BusasA - - 1.6
DYNAMIC CHARACTERISTICS
Output Capacitance Cob pF
(Ve =10 Vde, Ig =0, frest = 100 Khz) - - 350
SWITCHING CHARACTERISTICS
Resistive Load (Table 1)
Delay Time tq - 0.1 0.2 us
Rise Time (Vee =250 Vde, Ic =10 A, t - 0.4 0.7
- 181 =2.0A,tp =30 ps,
Storage Time Duty Cycle < 29/0 , VBE(off) =5 V) ts - 13 20
Fall Time tf - 0.2 0.4
Inductive Load, Clamped (Table 1)
Storage Time (Tc=25°) tsy - 1.3 - us
Fall Time (Ic(pk) =10 A, tf — 0.06 —
Storage Tim '81=204, 1 15 25
or: e — . .
ol VBE(off) =5 V, o -
Crossover Time VCE(c1) =250 V) (T¢c=100"C) te — 0.3 0.6
Fall Time i - 0.17 0.35

(1) Pulse Test: PW = 300 us, Duty Cycle = 2%.
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Ic. COLLECTOR CURRENT (uA)

BUS 48 - BUS 48A

HFE, DC CURRENT GAIN

VCE. COLLECTOR-EMITTER VOLTAGE (VOLTS)

DC CHARACTERISTICS
FIGURE 1 — DC CURRENT GAIN FIGURE 2 — COLLECTOR SATURATION REGION
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BUS 48 - BUS 48A

TABLE 1 — TEST CONDITIONS FOR DYNAMIC PERFORMANCE

VCEO(sus) RBSOA AND INDUCTIVE SWITCHING RESISTIVE SWITCHING
TURN ON TIME
+10V >—MMWA—P—O0 1 220 1
20 680pF 22 2
g 0 _I_L —f —1 01.02.03.04 1N4934 = 18y I
; 9 puises 680pF 22 °
e '-—_j 2 a- 3% 1t 2N3763 gy adjusted to
% [=] = osoer 100 '\ obtain the forced
g 13 2N6339 hF g desiced
o 2w TURN-OFF TIME
PW Varied to Attain Veo Use inductive switching
IC =100 mA driver as the input to
the resistive test circuit.
1+
_ _ Leoil = 180 uH -
33 | mouiaprveen oy Reoi - 005 02 Vetamp - 250 V " osn
&3 coil Vee - 20 v Rg adjusted to attain desired Igy th Width - 10 us
0>
INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORMS RESISTIVE TEST CIRCUIT
1y Adjusted to
e Obtain Ic
«
2 1 T
S 1 3 Reoit 'Clok) 1y Clamped Leaitllcp,!
0 [
b4 1N4937 Y t cc
S Input o ¥ 131, —t1— tp—
° Equivalent beoit Leoitllcy,,)
o See Above for s ——
m Detasiled Conditions Velsmp = L;Jvcc Vee Vce'O' Veiamp
Lo T Vciamp .
1 . Test Equipment
Scope — Tektronix
o1 q Tme 12— 475 or Equivalent
FIGURE 7 — INDUCTIVE SWITCHING MEASUREMENTS FIGURE 8 — PEAK-REVERSE CURRENT
o ok v] 10 T
- A\ VCE(pk) | B -5 P
@ Ic=-10A
e \1‘ g 8 c - 10 //
/ 0% VCE(pk) JI\ 90% Ic(pk) ] /
Ic [ ty 1y - 1y, o] E 6 /
e —\ g
3 -
8 4 ]
Vee — T 10% VeE(pk) | 10% @ A
Ig 90% Ig, lopk T 2ic : P
< 2
i Eadd T K IE I I N I s _ﬂ
.
A ] 0
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e VBE(off), BASE-EMITTER VOLTAGE (VOLTS)
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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 ‘thev 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 measure-
ments must be made on each waveform to determine
the total switching time. For this reason, the following
new terms have been defined.

tsy = Voltage Storage Time, 90% 1g1 to 10% Vclamp

try = Voltage Rise Time, 10—90% Vcjamp

tfi = Current Fall Time, 90—10% Ic

tyj = Current Tail, 10-2% Ic

te = Crossover Time, 10% V¢iamp to 10% IC
An enlarged portion of the inductive switching waveforms

is shown in Figure 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 obtained using the standard equation from AN-222:

PowT = 172 Vcleltef
In general, try + tfj = tc. 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 bench-
mark for designers. However, for designers of high
frequency converter circuits, the user oriented specifica-
tions which make this a “SWITCHMODE" transistor are
the inductive switching speeds (tc and tgy) which are
guaranteed at 100°C.

INDUCTIVE SWITCHING

FIGURE 9 — STORAGE TIME, Tsv

5

3

2

Tc =100°C

- /_’u——— i |
3, - T =259C
w
z
07

05

03

02

Bt=5
0.1
1 2 3 5 71 1w 20 30 50

Ic. COLLECTOR CURRENT (AMPS)
FIGURE 11a — TURN-OFF TIMES vs FORCED GAIN

T
2 N Te=250C
Ic=10A

Vbe(off) =5V

I~

0.7

05

03

Te

02

t, TIME (uS)

Tt \‘L\

0.07

0.05

0.03

0.02

B, FORCED GAIN

t, TIME (uS)
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The Safe Op ing Area fig! hy in Figures 12 and 13 are
specified for these devices under the test conditions shown.

FIGURE 12 — FORWA;!D BIAS SAFE OPERATING AREA
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SAFE OPERATING AREA INFORMATION

FORWARD BIAS

There are two limitations on the power handling ability
of a transistor: average junction temperature and second
breakdown. Safe operating area curves indicate Ic-VCE
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 Figure 12 is based on T¢ = 25°C; Ty(pk)
is variable depending on power level. Second breakdown
pulse limits are valid for duty cycles to 10% but must be
derated when T = 25°C. Second breakdown limitations
do not derate the same as thermal limitations. Allowable
current at the voltages shown on Figure 12 may be found
at any case temperature by using the appropriate curve
on Figure 14.

TJ(pk) may be calculated from the data in Figure 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. voitage 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 level 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. Figure
13 gives RBSOA characteristics.
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FIGURE 15 — THERMAL RESPONSE
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OVERLOAD CHARACTERISTICS

FIGURE 16 — RATED OVERLOAD SAFE OPERATING AREA
(OLSOA)

100
OLSOA

OLSOA applies when maximum collector current is
limited and known. A good example is a circuit where an
BUS48A inductor is inserted between the transistor and the bus,

A which limits the rate of rise of collector current to a known
value. If the transistor is then turned off within a specified
tp=104s BUS48 amount of time, the magnitude of collector current is also
40 = known.

Maximum allowable collector-emitter voltage versus
20 collector current is plotted for several pulse widths. (Pulse

width isdefined as the time lag between the faultcondition
and the removal of base drive.) Storage time of the tran-
sistor has been factored into the curve. Therefore, with
0 100 200 300 400 450 500 bus voltage and maximum collector current known,
VCE, COLLECTOR-EMITTER VOLTAGE (VOLTS Figure 16 defines the maximum time which can be allowed
for fault detection and shutdown of base drive.
FIGURE 17 — Ic = fldV/dt) OLSOA is measured in a common-base circuit
5 (Figure 18) which allows precise definition of collector-
emitter voltage and collector current. This is the same
circuit that is used to measure forward-bias safe operating
area.

80 Te=25%C
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BUS 48P
BUS 48AP

mode applications such as:

o Switching Regulators

o Inverters

® Solenoid and Relay Drivers
e Motor Controls

o Deflection Circuits

Fast Turn-Off Times

Saturation Voltages

Leakage Currents (125°C)

60 ns: Inductive Fall Time—25°C (Typ)
120 ns Inductive Crossover Time— 25°C (Typ)

SWITCHMODE 1I* SERIES
NPN SILICON POWER TRANSISTORS

Operating Temperature Range —65 to + 175°C

100°C Performance Specified for:
Reverse-Biased SOA with Inductive Loads
Switching Times with Inductive Loads

The BUS 48P/BUS 48AP transistors are designed for high-
voltage, high-speed, power switching in inductive circuits where fall
time is critical. They are particularly suited for line-operated switch-

15 AMPERES

NPN SILICON
POWER TRANSISTORS
400 and 450 VOLTS (BVCEO)

850 — 1000 VOLTS (BVCES)
150 WATTS

MAXIMUM RATINGS

—]

bﬂ&l
_-J >

L
N
Rating Symbol | BUS 48P |BUS 48AP|  Unit 2 s l l
Collector-Emitter Voltage VCEO(sus) 400 450 Vdc
Collector-Emitter Voltage Vcev | 850 1000 | Vdc 'l‘
Emitter Base Voltage VEB 7 Vdc —-u_
: | e 1=
Collector Current — Continuous & 15 Adc ~IH G
“— Peak(1) M 30
— Overload o1 60
i STYLE 1:
Base Current — Continuous s 5 Adc 1. BASE
— Peak(1) IBM 20 2. COLLECTOR
i et 3. EMITTER
Total Power Dissipation — Tc = 25°C Pp 150 Watts 4. COLLECTOR
- Tc = 100°C 75 '
Derate above 25°C 1.0 wiec MILLIMETERS | _INCHES |
Operating and Storage Junction T Tseg °C DIAM %%—%—%
Temperature Range —-65to +175 B T :49 15:90 | 4.001 | U.8J0 4
C 4.19| 5.08
THERMAL CHARACTERISTICS A
G 21| 572
Characteristic Symbol Max Unit H .41 .20
J .38 | 0.64
Thermal Resistance, Rauc 1.0 °c/w 'If } ;g : 29
Junction to Case N_[1219[127
a .94 | 441
Maximum Lead Temperature T 275 °Cc
for Soldering Purposes: CASE 340-01
1/8"” from Case for 5 Seconds TO-218AC

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle = 10%.
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BUS 48P - BUS 48AP

ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

Characteristic Symbol | Min | Typ I Max i Unit |

OFF CHARACTERISTICS (1)’

Cc.()‘ll((:ezcg(-)grrr::erlssis:)a)ml_uf ;:/50:;? (Table 1) BUS48P VCEO(sus) 400 _ B Vde
! BUS48AP 450
Collector Cutoff Current ICEV mAdc
(VcEv = Rated Value, VBE(off) = 1.5 Vdc) - - 0.2
(Vcey =Rated Value, VBE(off) =15 Vdc, Tc = 125°C) - - 2.0
Collector Cutoff Current _ o ICER mAdc
(Vcg =Rated Vcev, RBe =10 Q) Te= 25°C - - 05
Tc=125°C 3.0
Emitter Cutoff Current lEBO mAdc
(VEg =5 Vdc, Ic=0) - - 0.1
Emitter-base breakdown Voltage BVEBO Vdc
(lg=50mA - Ic =0) 7.0 — —
SECOND BREAKDOWN
Second Breakdown Collector Current with Base Forward Biased Is/p See Figure 12
Clamped Inductive SOA with Base Reverse Biased RBSOA See Figure 13
ON CHARACTERISTICS (1)
DC Current Gain hEg
(lc =10 Adc, Vcg =5 Vdc) BUS48 8 _ _
(lc= 8Adc, VCg=5V) BUS48A
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(Ic =10 Adc, Ig =2 Adc) - - 1.5
(Ic =156 Adc, 1g =3 Adc) BUS48P - - 5.0
(Ic =10 Adc, Ig =2 Adc, Tc =100°C) - - 2.0
(Ic= 8 Adc, Ig =1.6 Adc) ) - - 15
(lc=12 Adc, Ig =2.4 Adc) BUS48AP - - 6.0
(Ic= 8 Adc, Ig = 1.6 Adc, Tc =100°C) — — 2.0
Base-Emitter Saturation Voltage VBE(sat) Vdc
(lc =10 Adgc, Ig =2 Adc) - - 1.6
(Ic=10 Adc, Ig =2 Adc, Tc =100 °c) Busasp - - 1.6
(Ic= 8 Adc, Ig =1.6 Adc) - - 1.6
(Ic= 8 Adc, Ig =1.6 Adc, Tc =100 °c) BUsasAP - - 1.6
DYNAMIC CHARACTERISTICS
Output Capacitance Cob pF
(Ve =10 Vdc, Ig =0, frest = 100 Khz) - - 350
SWITCHING CHARACTERISTICS
Resistive Load (Table 1)
Delay Time tq - 0.1 0.2 Us
— (Vce =250 Vdc, Ic=10 A,
— .4 A
Rise Time 181=20A, tp=30us, tr 0 0.7
Storage Time Duty Cycle 2 ,VBE(off) =5 V) ts - 13 2.0
Fall Time tf — 0.2 0.4
Inductive Load, Clamped (Table 1)
Storage Time (Tc=25°) tsy - 13 - Us
Fall Time (Ic(pk) =10 A, tf — 0.06 —
Storage Time 1;331:( 2“()) ‘_\ tsy — 1.5 2.5
- off) =
Crossover Time VCE(c1) =250 V) (Tc=100°C) tc - 0.3 0.6
Fall Time tfi - 0.17 0.35

(1) Pulse Test: PW = 300 us, Duty Cycle = 2%.
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DC CHARACTERISTICS

FIGURE 1 — DC CURRENT GAIN FIGURE 2 — COLLECTOR SATURATION REGION
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TABLE 1 — TEST CONDITIONS FOR DYNAMIC PERFORMANCE

BUS 48P - BUS 48AP

VCEO(sus) RBSOA AND INDUCTIVE SWITCHING RESISTIVE SWITCHING
<10V
TURN ON TIME
410V > AN—P+—0 1 220 1
» 680pF 22
2 ° H P 01.02.03.04 1N4934 d ‘g1
5 9 680pF ', b2 Adyust
- 2 puises 22 -~ aTb Adst 1g1 adjusted to
F] o i_ o s:o:'p, 00 2N3ves 7] obtain the forced
-2 - MABS4 heg desired
8 2N6339 TURN OFF TIME
PW Varied to Attain Use inductive switching
Ic =100 mA Vee driver as the input to
the resistive test circuit.
cg
=) Leoit =80 mH Ve = 10V Leoil - 18O UM A Ve = 250V
02 Ao 0 AR Rcou - 005 0 etame - 250 Y o a3
€ c Vee = 20 v B adjusted to attain desired Igy Puise Width = 10 s
0>
INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORMS RESISTIVE TEST CIRCUIT
t; Adjusted to
e Obtain I
0
E ri ,' Clamped
S 1S | Reoi Clok) 1 Clampe _ Leonticgy)
1y~ ol ek
& RN L—— ' Vee
o Input AT Leoit —t1—{ = Leanticoy)
- See Above for Equivalent L2 g~ — Bk
g Detsited Conditions Vesmp = T vee Vee Vce'W Veiamop
ctame Test Equipment
oS Toe |'—‘ - - Scope — Tektronix
- 2 475 or Equivelent
FIGURE 7 — INDUCTIVE SWITCHING MEASUREMENTS FIGURE 8 - PEAK-REVERSE CURRENT
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- s 8 A
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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 measure-
ments must be made on each waveform to determine
the total switching time. For this reason, the following
new terms have been defined.

tsv = Voltage Storage Time, 90% 1g1 to 10% Vciamp

trv = Voltage Rise Time, 10—90% V¢iamp

tfj = Current Fall Time, 90—10% Ic

tti = Current Tail, 10—2% IC

tc = Crossover Time, 10% V¢jamp to 10% Ic
An enlarged portion of the inductive switching waveforms

is shown in Figure 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 obtained using the standard equation from AN-222:

PSWT =1/2 Veelelte) f
In general, try + tfj = 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 bench-
mark for designers. However, for designers of high
frequency converter circuits, the user oriented specifica-
tions which make this a “SWITCHMODE" transistor are
the inductive switching speeds (tc and tgy) which are
guaranteed at 100°C.

INDUCTIVE SWITCHING

FIGURE 9 — STORAGE TIME, Tsv

FIGURE 10 — CROSSOVER AND FALL TIMES
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The Safe Op ing Area fig h in Figures 12 and 13 are
specified for these devices under the test conditions shown.

FIGURE 12 — FORWARD BIAS SAFE OPERATING AREA
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BUS 48P - BUS 48AP

SAFE OPERATING AREA INFORMATION

FORWARD BIAS

There are two limitations on the power handling ability
of a transistor: average junction temperature and second
breakdown. Safe operating area curves indicate Ic-VCE
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 Figure 12 is based on T¢ = 25°C; Tj(pk)
is variable depending on power level. Second breakdown
pulse limits are valid for duty cycles to 10% but must be
derated when T¢ = 25°C. Second breakdown limitations
do not derate the same as thermal limitations. Allowable
current at the voltages shown on Figure 12 may be found
at any case temperature by using the appropriate curve
on Figure 14,

TJ(pk) may be calculated from the data in Figure 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 level 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. Figure
13 gives RBSOA characteristics.
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FIGURE 16 — THERMAL RESPONSE
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OVERLOAD CHARACTERISTICS

FIGURE 16 — RATED OVERLOAD SAFE OPERATING AREA
(OLSOA)
100

OLSOA

80 Tc=25°C OLSOA applies when maximum collector current is
limited and known. A good example is a circuit where an
BUS48AP inductor is inserted between the transistor and the bus,
& which limits the rate of rise of collector current to a known
value. If the transistor is then turned off within a specified
tp= 10us BUS4sgP | amount of time, the magnitude of collector current is also
known.

Maximum allowable collector-emitter voltage versus
collector current is plotted for several pulse widths. (Pulse
width isdefined as the time lag between the fault condition
and the removal of base drive.) Storage time of the tran-
sistor has been factored into the curve. Therefore, with
0 100 200 300 400 450 500 bus voltage and maximum collector current known,
VCe. COLLECTOR-EMITTER VOLTAGE (VOLTS Figure 16 defines the maximum time which can be allowed
FIGURE 17 — Ic = f(dV/dt) for fault detection and shutdown of base drive. o

OLSOA is measured in a common-base circuit
5 (Figure 18) which allows precise definition of collector-
emitter voltage and collector current. This is the same
4 circuit that is used to meastire forward-bias safe operating
area.

20

IC, COLLECTOR CURRENT (AMPS)

FIGURE 18 — OVERLOAD SOA TEST CIRCUIT
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@ MOTOROLA BUS 98
BUS 98A

30 AMPERES
SWITCHMODE Il SERIES NPN SILICON
NPN SILICON POWER TRANSISTORS POWER TRANSISTORS
. 400 AND 450 VOLTS (BVCEO)
The BUS 98 and BUS 98A transistors are designed for high- 250 WATTS
voltage, high-speed, power switching in inductive circuits where fall 850 — 1000 V (BVCES)
time is critical. They are particularly suited for line-operated switch-
mode applications such as:
Designer’s Data for
Switching Regulators ““Worst Case” Conditions

[ ]
o Inverters The Designers‘ Data Sheet permits the
@ Solenoid and Relay Drivers design of most circuits entirely from
the information presented. Limit data
o Motor Controls — representing device characteristics
e Deflection Circuits boundaries — are given to facilitate
X “‘worst case” design.
Fast Turn-Off Times
60 ns Inductive Fall Time — 25°C (Typ)
120 ns Inductive Crossover Time — 25°C (Typ)

Operating Temperature Range — 65 to + 200°C

100°C Performance Specified for :
Reverse-Biased SOA with Inductive Loads
Switching Times with Inductive Loads
Saturation Voltages
Leakage Currents (125°C)

MAXIMUM RATINGS ' Tl “8 o7
Rating Symbol BUS 98 | BUS98A Unit ' 1 i
'
i i
Collector-Emitter Voltage VCEO(sus) 400 450 Vdc E o o M
1
Collector-Emitter Voltage VCEV 850 1000 Vdc _ R ooeae
Emitter Base Voltage Vg 7 vdc -2 CASE CotLecron
Collector Current — Continuous Ic 30 Adc
— Peak (1) Icm 60
— Overload lol 120
Base Current — Continuous g 10 ‘Adc u-
— Peak (1) IBMm 30 NOTES
1 DIMENSIONS O AND V ARE DATUMS
Total Power Dissipation — Tc= 25 C Pp 250 Watts 2 (1] 15 SEATING PLANE AND DATUM
—_ Tc — 100 c 142 3 PUOSIV\:M:;L TUOIE[;ANI:E FOR
MOUNTING HOL
Derate above 25°C 142 w/°c G inew o [1[vo)]
FOR LEADS
Operating and Storage Junction TJ, Tstg °c [+ [1sumeT Vo] i@
Temperature Range - 65 to + 200 + OWERSIONs A0 mmnczs
vies 1
THERMAL CHARACTERISTICS ﬂ%j“‘ﬁ
— 0830 |
Characteristic Symbol Max Unit i %@
giEram S
et e
Thermal Resistance, RoJc 0.7 °C/W [ozses
Junction to Case [Suol 0w
I — 5050
Maximum Lead Temperature i 275 °C TiotaiEe

for Soldering Purposes:

CASE 1-05
1/8" from Case for 5 Seconds

(1) Pulse Test: Pulse Width = 5 ms, Duty Cycle = 10%.

1-83/DSER1
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BUS 98 -—
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BUS 98A

ELECTRICAL CHARACTERISTICS

(TC = 25°C unless otherwise noted)

| Characteristic | Symbol | Min Typ | Max Unit |
OFF CHARACTERISTICS (1)
Coll -Emitter Sustaining Voltage (Table 1) VCEO(sus) Vdc
(Ic=200mA, Ig=0) L=25mH BUS98 400 - -
BUS98A 450 — —
Collector Cutoff Current ICEV mAdc
(VcEv =Rated Value, VBE(off) = 1.5 Vdc) - - 04
(VCEv = Rated Value, VBE (off) = 1.5 Vdc, Tc = 125°C) = - 40
Collector Cutoff Current o ICER mAdc
(Vce =Rated Vcey, RBe =10 ) Tc= 25 C - - 1.0
Tc=125°C - - 6.0
Emitter Cutoff Current 1EBO mAdc
(VER =5 Vdc, Ic =0) 0.2
Emitter-base breakdown Voltage VEBO
(Ig=100mA - Ic =0) 7.0 Vdc
SECOND BREAKDOWN
Second Breakdown Collector Current with Base Forward Biased Is/b See Figure 12
Clamped Inductive SOA with Base Reverse Biased RBSOA See Figure 13
ON CHARACTERISTICS( 1)
DC Current Gain hFE -
(Ic =20 Adc, Vcg =5 Vdc) BUS98 8 _ _
(lc =16 Adc, Vg =5 V) BUS98A
Collector-Emitter Saturation Voltage VCE(sat) Vdc
(1c =20 Adc, Ig =4 Adc) - - 15
(1c =30 Adc, I1g =8 Adc) BUS98 - - 35
(Ic =20 Adc, Ig =4 Adc, T¢ = 100°C) - - 2.0
(Ic =16 Adc, Ig =3.2 Adc) - - 15
(1c =24 Adc, Ig =5 Adc) BUS98A - - 5.0
(Ic =16 Adc, Ig =3.2 Adc, T =100°C) - - 2.0
Base-Emitter Saturation Voltage VBE(sat) Vdc
(1c =20 Adc, 1g =4 Adc) - - 1.6
(16 =20 Adc, Ig =4 Adc, T = 100°C) 8USe8 - - 16
(1c =16 Adc, 1g =3.2 Adc) - - 1.6
(1 =16 Adc, Ig =3.2 Adc, T¢ =100°C) BUS98A - - 16
DYNAMIC CHARACTERISTICS
Output Capacitance Cob pF
(VB =10 Vde, Ig =0, fiest = 100 khz) - - 700
SWITCHING CHARACTERISTICS
Resistive Load (Table 1)
Delay Time W 250 | td - 0.1 0.2 us
- - cc= Vdc, Ic =20A,
Rise Time 181 =4.0A, ‘9530“5’ tr - 04 0.7
Storage Time Duty Cycle <2%, VBE(off) =5 V) t - 1.55 2.3
Far TS (for BUS98A : Ic = 16A, by =3.2A) o — 53 o7
Inductive Load, Clamped (Table 1)
Storage Time tsy - 1.65 - us
IC(pk) =20A =25°
Fall Time |b,(°=!4A 1 (8usse) (Tc=25"C) " — 0.06 -
§ \ =5V
Storage Time BE(off) . tsv - 1.8 2.8
- VCE(c1) =250 V) °
Crossover Time | =16A (Tc=100"C) tc - 03 0.6
Stek) ] (Busssa)
Fall Time 1By =3.2A tfi — 0.17 0.35

(1) Pulse Test : PW =300 us, Duty Cycle <2%.



Ic. COLLECTOR CURRENT (uA)

HEE, DC CURRENT GAIN
3
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o

DC CHARACTERISTICS

FIGURE 1 — DC CURRENT GAIN

Ic, COLLECTOR CURRENT (AMPS)
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Ic. COLLECTOR CURRENT (AMPS)

FIGURE 5 — COLLECTOR CUTOFF REGION
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BUS 98 — BUS 98A

FIGURE 2 — COLLECTOR SATURATION REGION
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BUS 98 — BUS 98A
TABLE 1 — TEST CONDITIONS FOR DYNAMIC PERFORMANCE
VCEO(sus) RBSOA AND INDUCTIVE SWITCHING RESISTIVE SWITCHING
-Vvc1
_L l ADJUST V¢
TO OBTAIN
v BUV20 Io'w' Isn"' DES'REL')B' TURN ON TIME
oV Ao J l r BD352A !
7] ° -10v 2
1
o5 2 i i
ak 0——j 1gq adjusted to
20 L Iw, IW“' ob:nin the forced
s N hg g desired
(3} ADJUsYch TURN OFF TIME
PW Varied to Attain TO OBTAIN Use inductive switching
IC =100 mA driver as the input to
DESIRED g2 the resistive test circuit
cd
_ _ Leow  1BO M B
3 3 :con‘ (2mveet oy R s Velamp - 250 V Ve 250V
g; o Vee - 20v Pulse Width - 10 us
INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORMS RESISTIVE TEST CIRCUIT
’ ty Adjusted to
" e Obtain Ic
£ 58 T
3 13 [ Reon "Cion) 11 Clamped Leoilicy,)
o o~ 2t Cok
o< | | -t Vee
o Input Eauiea m!! I {1 tcon —1— e Leoticy,!
[ See Above for uivale Ry T
g Detailed Conditions Velamp = L;Jvcc Vee VcE'D' Veiame
<1ame . Test Equipment
= | Scope — Tektronix
Tme o] 475 or Equivalent
FIGURE 7 — INDUCTIVE SWITCHING MEASUREMENTS FIGURE 8 — PEAK-REVERSE CURRENT
Igpk V' 20 T
o~ YCE(pk) B =5 _~
T . |-Br= _
,/ | 2 | Ic=20A L~
/ 90% VCE(pk) f|\ 90% icipk) 3 ]
| 1 -] -] =
C v Ty i n E 12 /
1 <
3 >
G 8 1 |
Vee —T 10% Vgepk) |10 — = //
I8 90% I, ook 2 01c) L
\ =
Rt Bl o E IR [P NS [ (S -
\‘ // o
N 0 1 2 3 4 5 6
e VBE(off). BASE-EMITTER VOLTAGE (VOLTS)
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BUS 98 — BUS98A

SWITCHING TIMES NOTE

In resistive switching circuits, rise, fall, and storage
times have been defined ang 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 measure-
ments must be made on each waveform to determine
the total switching time. For this reason, the following
new terms have been defined.

tsy = Voltage Storage Time, 90% Ig1 to 10% Vciamp

try = Voltage Rise Time, 10—-90% Vciamp

tfj = Current Fall Time, 90—10% Ic

ttj = Current Tail, 10-2% I¢

tc = Crossover Time, 10% V¢jamp to 10% IC
An enlarged portion of the inductive switching waveforms

is shown in Figure 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 obtained using the standard equation from AN-222:

PSWT =1/2 Veelelte)f
In general, try + tfj = 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 bench-
mark for designers. However, for designers of high
frequency converter circuits, the user oriented specifica-
tions which make this a "SWITCHMODE" transistor are
the inductive switching speeds (t; and tgy) which are
guaranteed at 100°C.

INDUCTIVE SWITCHING

FIGURE 9 — STORAGE TIME, Tsv

FIGURE 10 — CROSSOVER AND FALL TIMES
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BUS

The Safe Op

98 —

BUS 98A

g Area fi h in Figures 12 and 13 are

specified for these devices under the test conditions shown.

Ic. COLLECTOR CURRENT (AMPS)
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Ic. COLLECTOR CURRENT (AMPS)

-

FIGURE 12 — FORWARD BIAS SAFE OPERATING AREA
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FIGURE 13 — REVERSE BIAS SAFE OPERATING AREA
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SAFE OPERATING AREA INFORMATION

FORWARD BIAS

There are two limitations on the power handling ability
of a transistor: average junction temperature and second
breakdown. Safe operating area curves indicate Ic-VCE
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 Figure 12 is based on T¢ = 25°C; T j(pk)
is variable depending on power level. Second breakdown
pulse limits are valid for duty cycles to 10% but must be
derated when T¢ = 25°C. Second breakdown limitations
do not derate the same as thermal limitations. Allowable
current at the voltages shgwn on Figure 12 may be found
at any case temperature by using the appropriate curve
on Figure 14.

TJ(pk) may be calculated from the data in Figure 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 level 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. Figure
13 gives RBSOA characteristics.



BUS98 — BUS98A

FIGURE 15 — THERMAL RESPONSE
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OVERLOAD CHARACTERISTICS

FIGURE 16 — RATED OVERLOAD SAFE OPERATING AREA
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OLSOA

OLSOA applies when maximum collector current is
limited and known. A good example is a circuit where an
inductor is inserted between the transistor and the bus,
which limits the rate of rise of collector current to a known
value, If the transistor is then turned off within a specified
amount of time, the magnitude of collector current is also
known.

Maximum allowable collector-emitter voltage versus
collector current is plotted for several pulse widths. (Pulse
width isdefined as the time lag between the faultcondition
and the removal of base drive.) Storage time of the tran-
sistor has been factored into the curve. Therefore, with
bus voltage and maximum collector current known,
Figure 16 defines the maximum time which can be allowed
for fault detection and shutdown of base drive.

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

FIGURE 18 - OVERLOAD SOA TEST CIRCUIT

-

Notes: cc

Vil
W

® Vce=Vcc +VBE

® Adjust pulsed current source
for desired I, tp
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