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TECHNICAL DATA BUS48A
SWITCHMODE 1I* SERIES 15 AMPERES
NPN SILICON POWER TRANSISTORS NPN SILICON
POWER TRANSISTORS
The BUS 48 and BUS 48A transistors are designed for high- 400 and 450 VOLTS (BVCEO)

850 — 1000 VOLTS (BVCES)

voltage, high-speed, power switching in inductive circuits where fall
175 WATTS

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

o Motor Controls design of most circuits entirely from
N - the information presented. Limit data

e Deflection Circuits ~ representing device characteristics

Fast Turn-Off Times boundaries - are given to facilitate

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

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 48 |BUS 48A|  Unit SoN ST
.o
Collector-Emitter Voltage VCEOIsus} 400 450 Vdc t i
- _
Collector-Emitter Voltage VCev 850 1000 Vdc -t m L] '|‘
N _—— - PN NASE
Emitter Base Voltage VEB 7 Vde - - ok EoLutcron
H Collector Current — Continuous Ic 15 Adc
— Peak(1) lcm 30
— Overload oL 60
Base Current — Continuous . g 5 Adc
— Peak(1) Iam 20
Total Power Dissipation — Tg = 25°C Pp 176 Watts nores
- T¢ = 100°C 100 2 CL] SSTATIG FOARE ARD OATUN
Derate above 26°C 1.0 wreC TN oL aANCE FOR
: . [ Trew@rve]
Operating and Storage Junction Tr Tstg °C nm
Temperature Range -65to +200 [ [rnes®T [vO[uE)
4 OIMENSIONS AND TOLERANCES PER.
ANSIYI4 5 1973
THERMAL CHARACTERISTICS e ToRs]_menit
oy AAT VK ll:;
Characteristic Symbo! Max Unit Henl oo
P T tons n:u ;
- Thermal Resi R 1.0 sCIwW et ‘
em’a esnstance', eJC B R saessc | oar
Junction to Case N Y
10 e |oisol e uss
Maximum Lead Temperature i 275 °C T S CI R
for Soldering Purposes: iul anfomelee
1/8" from Case for 5 Seconds
CASE 1-05 TO-3
{1) Pulse Test: Pulse Width = 5 ms, Duty Cycle S 10%.
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ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

Characteristic | Symbol | Min | Typ | Max | Unit |
OFF CHARACTERISTICS (1)
Coll Emitter Sustaining Voltage (Table 1) VCEO(sus) Vde
{ic =200 mA, Ig =0) L=26 mH o peod - -
Collector Cutoff Current Icev mAdc
(Voev =Rated Value, VBE(off) = 1.6 Vdc) o - - 0.2
{Vcev =Rated Value, VBg(off) =1.5 Vdc, Tc =125 C) - - 2.0
Collector Cutoff Current o, ICER mAdc
= = Teg= 26 C 0.5
(Ve =Rated Vcgy, RBe =10 Q) Ta=125° _ _ 30
Emitter Cutoff Current lIEBO mAdc
(Vgg =5 Vdc, Ig=0) - - 0.1
Emitter-base breakdown Voltage BveBo Vdc
{lg =50 mA - I =0} 7.0 - -
SECOND BREAKDOWN
S d kd Coll Current with Bese Forward Biased Is/p See Figure 12
Clamped Inductive SOA with Base Reverse Biased RBSOA See Figure 13
ON CHARACTERISTICS (1)
DC Current Gain hFE
{ic =10 Adc, Vg =5 Vdc) BUS48 8 _ _
(lg= 8Adc, Veg=5 V) BUS48A
Collectar-Emitter Saturation Voltage VCE(sat) Vde
{Ic =10 Adc, g =2 Adc) - - 1.6
{1c =16 Adc, Ig =3 Adc) BUS48 - - 6.0
{Ic =10 Ade, Ig =2 Adc, Tg = 100°C) - - 2.0
{ig= 8 Adc, Ig =1.6 Adc} - - 1.5
{ic =12 Adc, Ig =2.4 Adc) BUS48A - - 5.0
{ic= 8 Adc, Ig =1.6 Adc, Tc =100°C) - - 2.0
Base-Emitter Saturation Voltage VBE(sat} Vde
{Ic =10 Adc, ig =2 Adc) - - 16 :
(I¢ =10 Adc, tg =2 Ade, T¢ =100°C) BUS48 — - 16 !
{lc= 8 Adg, g =1.6 Adc} - - 16
{ic= 8 Adc, Ig =16 Adc, Tc =100°C) BUS48A - - 16
DYNAMIC CHARACTERISTICS
Output Capacitance Cob pF
(Vg =10 Vdc, {g =0, frgst =100 Khz} - - 350
SWITCHING CHARACTERISTICS
Resistive Load (Table 1)
Defay Time td — 0.1 0.2 us
— {(Vee =260 Vde, Ic=10 A,
Ti t - 0.4 0.7
Rise Time 181=2.0 A, tg =30 s, L
Storage Time Duty Cycle < 29/ , VBE(off) =5 V) te - 1.3 20
Fall Time ¢ - 0.2 04
inductive Load, Clamped (Table 1)
Storage Time (Te=25°C) toy - 1.3 - s
Fall Time licipk) =10 A, t ~ 0.06 ~
Storage Time \B1=204, ( — 15 25
oo VBE(off) =5V, . sy - -
Crossover Time VCE(ct) =250 V) (Te=100"C) tc - 0.3 0.6
Fall Time i - 0.17 0.35

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

P
x
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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

VCEO(sus) RBSOA AND INDUCTIVE SWITCHING RESISTIVE SWITCHING
TURN ON TIME
10V > WWA—P—0 1 220 100 \
20
g (] _’1 ﬂ Pt 1—90' 02 D3 D4 1N4934 B 2
-] 81 I
2 2 '8 ¢ 2 1g1 sdiusted 10
55 1 o N o
s 2N6339 hrg devied
Q = TURN OFF TIME
PW Varied to Attsin vee Use inductive switching
ig = 100mA drwver a1 the input to
the resistiva test cireunt.
Eg ¢ 80
=80 m - i - V80 uH =
a 2 :::',: . ;o'l n“ vee© 1oy "::.: =0050 x:l-mp - 250 v " :fs .;?v
g; Vec-20v 8 adjustad to sttan Setired igy Pelse Widih = 10 us
INDUCTIVE TEST CIRCUIT OUTPUT WAVEFORMS RESISTIVE TEST CIRCUIT
ty Adjusted to
P " Obtain Ig
E mh T 0
3 13 |Peon chyk- t Clamped Leantic,,! 3 L
e —— v
g Y ' Ve [ c¢
o taput F i 3itcon b—u—fuf— Leanfle,,) o
5 Sea Abave for Equiveiant | | 9 tg % ———BK
E Ostsiies Conditions Vesme T = vee Ver ch'w Velamp
lv""“ .. Test Equpment
" e Scope — Tekwron
o1n Tume 2= 475 or Ecurvetent
FIGURE 7 — INDUCTIVE SWITCHING MEASUREMENTS FIGURE 8 - PEAK-REVERSE CURRENT
g T 10 T
—— e VCE(pk) | _&-5 ]
A i 3 =104 7
- =
/ 80% VCEpk) J[\ 90% Igipk) 2 /
Ic v iy g —ofe Uy ond =
w §
\ =3
13 3
a 1~
r“é 4 /
Vee T "10% Ve | 10% s A
1 0% 1g) leok F21c] O
~ 2
JEGR R W P D RN PR £
-—— -
L 4] 0
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SWITCHING TIMES NOTE

in resistive switching circuits, rise, fail, 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 voitage
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.

tev = Voltage Storage Time, 80% Igq t0 10% V¢lamp

try = Voltage Rise Time, 10-90% Vciamp

¢ = Current Fall Time, 90—10% IC

ttj = Current Tail, 10-2% Ic

t¢ = 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:

Powt = 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 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 tey) which are
guaranteed at 100°C.

INDUCTIVE SWITCHING

FIGURE 9 — STORAGE TIME, Tsv

FIGURE 10 — CROSSOVER AND FALL TIMES
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SAFE OPERATING AREA INFORMATION

The Safe Operating Area figures shown 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
0 F——+ L1 breakdown. Safe operating area curves indicate Ig-VCE
My | | limits of the transistor that must be observed for reliable
R T operation; i.e., the transistor must not be subjected to

s ac — E’.-'}‘," greater dissipation than the curves indicate.
2 | ! o 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

02 do not derate the same as thermal limitations. Allowable i
o e uS015  current at the voltages shown on Figure 12 may be found

I, COLLECTOR CURRENT {AMPS)
g =
]
]
1111
’

005 =% = $ = at any case temperature by using the appropriate curve
on Figure 14. t

002 A TJ(pk) may be calcufated from the data in Figure 11.

™ At high case temperatures, thermal limitations will reduce

1 2 [ 10 20 50 100 200 0 1woo the power that can be handled to values less than the

Vgg, COLLECTOR-EMITTER VOLTAGE (VOLTS} limitations imposed by second breakdown.

FIGURE 13 — REVERSE BIAS SAFE OPERATING AREA

B
_ REVERSE BIAS
g " For inductive loads, high voltage and high current
g must be sustained simultaneously during turn-off, in
& » most cases, with the base to emitter junction reverse
3 suss —§ |~ |susse biased. Under these conditions the collector voltage
«
g \ 1 must be held to a safe level at or below a specific value of
R \\ collector current. This can be accomplished by several
% means such as active clamping, RC snubbing, load line
T e Vhe {ofll =5 V shaping, etc. The safe level for these devices is specified
n:=|u'u°c as Reverse Bias Safe Operating Area and represents the
1¢/ig) 5 = voltage-current conditions during reverse biased turn-off.
[} 1 . '3 . Iyes et
N 200 0 0 a0 o0 'trhhlsdrat.mg. is venfne(li).undzr t:h:mptadI COI:\dItIOI‘IS s:.that
VCE, COLLECTOR EMITTER VOLTAGE VOLTS e device is never su |ect? ‘to an avalanche mode. Figure
13 gives RBSOA characteristics.
FIGURE 14 — POWER DERATING
10 ]
+
£a SECOND BREAKDOWK
= THERMAL '\.":“" ING
g DERATING ~ .
) \‘ -
H \\
£
<
& 4 \\ .
o n
- § \\ i
e 2 :
i
0 -
[] 49 80 120 160 200

T¢, CASE TEMPERATURE {9C}

P

3-474

o

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6083025/BUS48.html

MOTOROLA SC {XSTRS/R F} 9t DE ll:.EH:?ES'—l 00&a0741 9 r

- - -

r 6367254 MOTOROLA SC (XSTRS/R F) 96D 80741 D l

BUSAS,: BUS48A | T-33-/%

FIGURE 15 — THERMAL RESPONSE
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OVERLOAD CHARACTERISTICS '
;
FIGURE 16 ~ RATED OVERLOAD SAFE OPERATING AREA
(OLSOA)
100
OLSOA
] Te=25° 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,
i 60 A which limits the rate of rise of collector current toa known
g value, If the transistor is then turned off within a specified
4 tp =104 sus4s_| amount of time, the magnitude of collector current is also
g 40 known.
5] Maximum allowable collector-emitter voltage versus
§ 20 collector current is plotted for several pulse widths. {Pulse
o 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
) 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 = t(dV/dt} OLSOA is measured in a common-base circuit
6 (Figure 18) which allows precise definition of collector-
emitter voltage and collector current. This is the same
a circuit that is used to measure forward-bias safe operating
area.
s 3 et
£ FIGURE 18 — OVERLOAD SOA TEST CIRCUIT
2 . ] /f
///// Notes:
1{——Rbe=100 o [ —1—]
Roe= 10 0 Pt~ ] ® Vce=Vce +VBE
Rbe= 2,2 0 ot .
Rbe= "9 ® Adjust pulsed current source
1| for desired Ic. tp .
[} 2 4 ] 8 10 '
dVvidt {(KV/uS) '
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