

















SWITCHING TIME NOTES

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 any coil driver, 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.

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

tfj = Current Fall Time, 90-10% Ic

ttj = Current Tail, 10-2% Ic

tc = Crossover Time, 10% Vc¢lamp to 10% I
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An enlarged portion of the turn—off waveforms is shown in
Figure 13 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 AN222A:

Pswrt =12 Vcclc(te) f
Typical inductive switching times are shown in Figure 14. In
general, try + tfj [ltc. However, at lower test currents this rela-
tionship may not be valid.

As is common with most switching transistors, resistive
switching is specified at 255C and has become a benchmark
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 tgy) which are guaranteed at 1005C.
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Figure 11. Turn—On Time (Resistive Load)
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Figure 13. Inductive Switching Measurements
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Figure 12. Turn—Off Time (Resistive Load)
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Figure 14. Typical Inductive Switching Times
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Table 2. Applications Examples of Switching Circuits

CIRCUIT

LOAD LINE DIAGRAMS

TIME DIAGRAMS

SERIES SWITCHING

16A — — TURN-ON (FORWARD BIAS) SOA
REGULATOR — ton 310 s e
100 W DUTY CYCLE 3 10%
= = 5
z \ Pp=3200w(® .
o & 300V TURN-OFF (REVERSE BIAS) SOA off
A 0—¥ o 3 ga 15V 3 VBE(offy 39V
o t
& TURN-ON DUTY CYCLE 3 10% TIME
= 5 v
vee y § TVo |3 TURN-OFF ) ] CE
8 —
| Vee
400V 700V
R @) ®
(e, O Vee
COLLECTOR VOLTAGE
Notes: TIME
@ See AN569 for Pulse Power Derating Procedure.
ELYBACK tTUR3N1-(§)N (FORWARD BIAS) SOA
INVERTER BA ———— on S H0HS Ic
DUTY CYCLE 3 10%
o—9 *+ —0 | . Tc=100sC __\  Pp=3200W(Q) ot
Vee "l = Vo | @
3 o | = \ \ 300V TURN-OFF (REVERSE BIAS) SOA ton
B s Ne 3 8A S 15V 3 VBE(ofy 39V t
5 TURN-0FF \ ™ / DUTY CYCLE 3 10% Ve LEAKAGE SPIKE
T (5) Veet
o] Vee +N (Vo) NV [
38 | SEakac (Vo)
Y SPIKE Vee
g T A sv@® 700v @D l
Vee +N(V, COLLECTOR VOLTAGE
= Notes: cc*N Vo) t
@ See AN569 for Pulse Power Derating Procedure.
PUSH-PULL TURN-ON (FORWARD BIAS) SOA Ic
INVERTER/CONVERTER 16A ———— L ton310ps
DUTY CYCLE 3 10%
\ Pp=3200W(Q) bof
M\]-_o _ Tc =100C ,5\ D= ton t
=
E \ 300V TURN-OFF (REVERSE BIAS) SOA
C v 3 8A 15VvV3 VBE(Oﬁ) 39V VCE
b 0 = TURN-ON DUTY CYCLE 3 10% 2Vee
° gllli ol
Vee 5 Vee
WA 8
TURN-OFF
Si—E S,_E Vee  400vV(QD 00v (D t
1 L COLLECTOR VOLTAGE
Notes:
@ See AN569 for Pulse Power Derating Procedure.
TURN-ON (FORWARD BIAS) SOA
SOLENOID DRIVER 168 ———— ton 310115 |
DUTY CYCLE 3 10% C
° Tc = 1005C S\ Pp=3200w (@ toff
t
Vee = \ 300y TURN-OFF (REVERSE BIAS) SOA on
& oA 15V 3VBE(ofy 39V t
ol ¥ SOLENOID 3 DUTY CYCLE 3 10%
e Vce
o
5 TURN-OFF
= | Vee
o |—(
¢ 3 TURN-ON I
= * Vee  a0v(@® 700v @
t
COLLECTOR VOLTAGE
Notes:
(D see AN569 for Pulse Power Derating Procedure.
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TEST CONDITIONS FOR ISOLATION TESTS*

MOUNTED MOUNTED MOUNTED
FULLY ISOLATED FULLY ISOLATED FULLY ISOLATED
cLIP PACKAGE CLIP PACKAGE 0.107" MIN PACKAGE 0.107" MIN
LEADS LEADS LEADl
HEATSINK HEATSINKT HEATSINKT
*4 0.110" MIN
Figure 15. Screw or Clip Mounting Position Figure 16. Clip Mounting Position Figure 17. Screw Mounting Position
for Isolation Test Number 1 for Isolation Test Number 2 for Isolation Test Number 3

* Measurement made between leads and heatsink with all leads shorted together

MOUNTING INFORMATION

\ cLip

4-40 SCREW
%/PLAWWASHER
e l—

\ 2\ HEATSINK

|
COMPRESSION WASHER & =
X =,

| NUT v o HEATSINK

Figure 18. Typical Mounting Techniques
for Isolated Package

Laboratory tests on a limited number of samples indicate, when using the screw and compression washer mounting technique, a screw
torque of 6to 8in - Ibs s sufficient to provide maximum power dissipation capability. The compression washer helps to maintain a constant
pressure on the package over time and during large temperature excursions.

Destructive laboratory tests show that using a hex head 4-40 screw, without washers, and applying a torque in excess of 20 in - Ibs will
cause the plastic to crack around the mounting hole, resulting in a loss of isolation capability.

Additional tests on slotted 4—40 screws indicate that the screw slot fails between 15to 20in - Ibs without adversely affecting the package.
However, in order to positively ensure the package integrity of the fully isolated device, Motorola does notrecommend exceeding 10in - Ibs
of mounting torque under any mounting conditions.

**For more information about mounting power semiconductors see Application Note AN1040.

Motorolareserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
and specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters can and do vary in different
applications. All operating parameters, including “Typicals” must be validated for each customer application by customer’s technical experts. Motorola does
not convey any license under its patent rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as components in
systems intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the failure of
the Motorola product could create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such
unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part.
Motorola and « 4. are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.
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PACKAGE DIMENSIONS

SEATING
—» B e F —T—] PLANE
l /_ —» C (e—
1
T s_| < NOTES:
4 L T > 1. DIMENSIONING AND TOLERANCING PER ANSI INCHES MILLIMETERS
Y14.5M, 1982. | DIML MIN_| MAX | MIN | MAX
A 2. CONTROLLING DIMENSION: INCH. A | 0570 | 0620 | 1448 | 1575
) 3. DIMENSION Z DEFINES A ZONE WHERE ALL B | 0380 | 0405 | 0.66 | 10.28
i BODY AND LEAD IRREGULARITIES ARE C | 0160 | 0190 | 407 | 482
ALLOWED. D | 0.025 | 0.035 0.64 0.88
I T U F | 0142 [ 0147 | 361 | 373
G | 0095 [ 0105 [ 242 | 266
K H [ 0110 | 0155 | 280 | 3.93
J [ 0018 [ 0025 | 046 [ 064
{ K | 0500 | 0562 | 12.70 | 14.27
L [ 0045 [ 0060 | 1.15 [ 152
N | 0190 | 0210 | 483 | 533
Q | 0100 [ 0120 [ 254 | 304
L R l«— R | 0080 | 0110 | 204 | 279
S | 0045 | 0055 | 115 | 1.39
«—— J T | 0235 | 0255 | 597 | 6.47
U [ 0000 | 0050 | 000 1.27
<«—D v o045 | — [ 115 —
N — z — Jooso | — | 204
STYLE L:
PIN1. BASE
2. COLLECTOR
3. EMITTER
4. COLLECTOR
CASE 221A-06
TO-220AB
ISSUE Y
—T_| SEATING
T= | BLANE
> < —> C r<— NOTES:
F 1. DIMENSIONING AND TOLERANCING PER ANSI
¢ — =S Y145\, 1982,
2. CONTROLLING DIMENSION: INCH.
T Q0 [ ¥ U
T oY & INCHES MILLIMETERS
A q T DIM[ MIN | MAX | MIN | MmAX
D A | 0621 | 0629 [ 1578 | 1597
¢ " J 3 B | 0394 | 0402 | 1001 | 10.21
c | o181 [ 0189 [ 460 | 480
T H ‘ D [ 002 | 0034 | 067 086
- F [ 0121 [ 0129 | 308 [ 327
K | G 0100 BSC 254 BSC
i H | 0123 [0120 | 313 [ 327
J [ 0018 [ 0025 046 [ 064
K | 0500 | 0562 | 1270 | 14.27
7 G —J L [ 0045 [ 0060 | 114 [ 152
—> N l«— R N 0.200 BSC 508 BSC
1 L Q | 0126 [ 0134 [ 321 | 340
R [ 0107 | 011 | 272 | 281
—>le— D 3PL S | 0096 | 0104 | 244 | 264
U [ 0259 | 0267 | 658 | 6.78
| 0.2500100®|B @ Y] p—
PIN1. BASE
2. COLLECTOR
3. EMITTER
CASE 221D-02
ISOLATED TO-220 TYPE
ISSUE D
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