MOTOROLA

I SEMICONDUCTOR
TECHNICAL DATA

Designer’s Data Sheet

Full Pak

NPN Silicon Power Transistor

1.0 kV Switchmode Ill Series
For Isolated Package Applications

Typical Applications:
Switching Regulators
® |nverters

® Solenoids

® Relay Drivers

¢ Motor Controls

e Deflection Circuits

MAXIMUM RATINGS

Features:

e Collector-Emitter Voltage — Vggy = 1000 Vdc

e Fast Turn-Off Times

80 ns Inductive Fall Time —100°C (Typ)
120 ns Inductive Crossover Time — 100°C (Typ)
800 ns Inductive Storage Time —100°C (Typ)

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

Extended FBSOA Rating Using Ultrafast Rectifiers

Extremely High RBSOA Capability

Isolated Overmold Package (4000 VRps Isolation)
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POWER TRANSISTOR
8.0 AMPERES
500 VOLTS
50 WATTS

-égs

Rating Symbol Value Unit
Collector-Emitter Voltage VCEOQ(sus) 500 Vdc
Collector-Emitter Voltage VCEV 1000 Vdc
Emitter-Base Voltage VEB 6.0 Vdc
RMS Isolation Voitage (for 1 sec, Per Figure 18 ViSOL4 4000 Vv
Ta = 25°C, Relative Humidity =< 30%) Per Figure 19 VISOL2 3000
Collector Current — Continuous Ic 8.0 Adc
— Peak(1) Icm 16
Base Current — Continuous I 6.0 Adc
— Peakl(1) IBM 12
Total Power Dissipation @ T¢ = 25°C* Pp 50 Watts
@ T¢c = 100°C* 20
Derate above Tg = 25°C 0.4 WrC
Operating and Storage Junction TJ: Tstg —55 to 150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case* Redc 25 °CW
Lead Temperature for Soldering TL 260 °C
Purposes: 1/8" from Case for 6 Seconds

OUTLINE DIMENSIONS
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CASE 340B-03

(1) Pulse Test: Pulse Width = 5.0 ms, Duty Cycle < 10%.

* Measurement made with thermocouple contacting the bottom insulated mounting surface of the package (in a location beneath the die), the device

mounted on a heatsink with thermal grease applied at a mounting torque of 6 to 8 in+lbs.
Designer’s Data for ‘“Worst Case” Conditions — The Designer's Data Sheet permits the design of most circuits entirely from the information presented. Limit
curves —- representing boundaries on device characteristics — are given to facilitate “worst case” design.

Designer’s, Full Pak and SWITCHMODE are trademarks of Motorola inc.
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ELECTRICAL CHARACTERISTICS (T¢ = 25°C unless otherwise noted)

L Characteristic 1 Symbol | Min | Typ J Max l Unit ,
OFF CHARACTERISTICS(1)
Collector-Emitter Sustaining Voltage (Table 1) VCEO(sus) 500 —_ — Vdc
(Ic = 100 mA, Ig = 0)
Collector Cutoff Current IcEV mAdc
(Vcev = 1000 Vdc, VBE(off) = 1.b Vdc) —_ 0.003 0.15
(VCgy = 1000 Vdc, VBE(off) = 1.5 Vde, Tg = 100°C) —_ 0.02 1.0
Collector Cutoff Current ICER — 0.02 1.0 mAdc
(Vcg = 1000 Vde, Rge = 50 Q, Tc = 100°C)
Emitter Cutoff Current iEBO — 0.005 0.15 mAdc
{(VEg = 6.0 Vdc, Ic = 0)

SECOND BREAKDOWN

Second Breakdown Collector Current with Base Forward Biased Is/b See Figure 14
Clamped Inductive SOA with Base Reverse Biased RBSOA See Figure 15
ON CHARACTERISTICS(1)
Collector-Emitter Saturation Voltage VCE(sat) Vdc
{ic = 3.0 Adc, Ig = 0.6 Adc) - 0.35 0.7
(Ic = 5.0 Adc, Ig = 1.0 Ado) — 0.5 1.0
{lc = 5.0 Ade, Ig = 1.0 Adc, Tc = 100°C) — 0.6 16
Base-Emitter Saturation Voltage VBE(sat) Vdc
{lc = 5.0 Adc, Ig = 1.0 Adc) - 1.0 1.6
{Ilc = 5.0 Adc, Ig = 1.0 Adc, Tc = 100°C) — 1.0 1.5
DC Current Gain hgg 5.0 8.0 - —
(lc = 8.0 Adc, Vg = 5.0 Vde)
DYNAMIC CHARACTERISTICS
Output Capacitance Cob — — 350 pF
(Vcg = 10 Vde, I = 0, figgt = 1.0 kH2)
Collector to Heatsink Capacitance Ce-hs —_ 5.0 - pF

SWITCHING CHARACTERISTICS
Inductive Load (Table 1)

Storage Time tgy — 800 2000 ns
Fall Time (Tg = 100°C) tfi — 80 200
- (ic = 5.0 Adc,
Crossover Time Ig7 = 0.66 Adec, tc — 120 300
Storage Time VBE(off) = 5.0 Vdc, tey — 1000 —
- VCE(pk) = 400 Vdc)
Fall Time (Ty = 150°C) tfi — 20 -
Crossover Time tc — 150 —
Resistive Load (Table 2)
Delay Time td — 25 100 ns
Rise Time (Ic = 5.0 Adc, (Ig2 = 1.3 Adc, ty — 400 700
Storage Time Vee = 250 Vde, Rp2 = 4.0 0} ts — | 1400 | 3000
- lg1 = 0.66 Adc,

Fall Time PW = 30 us, tf — 175 400

. Duty Cycle < 2.0%} — —
Storage Time (VBE(off) = 5.0 Vdo) tg 475
Fall Time tf — 100 —

(1) Pulse Test: PW = 300 us, Duty Cycle < 2.0%.
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lc/ig1 = 5, Tg = 75°C, VCE(pk) = 400 V

Ic/ig1 = 10, Tc = 75°C, VGE(pk) = 400 V
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Table 1. Inductive Load Switching
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Figure 13. Peak Reverse Base Current

Table 2. Resistive Load Switching
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GUARANTEED SAFE OPERATING AREA LIMITS
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Note: Test Circuit for Ultrafast FBSOA Vce (1000 V MAX)
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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 |[c—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 14 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 14 may be found
at any case temperature by using the appropriate curve
oh Figure 16.

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

Forinductive 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 shubbing, load line shaping, etc.
The safe level for these devices is specified as Reverse
Biased Safe Operating Area and represents the voltage-
current condition allowable during reverse biased turn-
off. This rating is verified under clamped conditions so
that the device is never subjected to an avalanche mode.
Figure 15 gives the RBSOA characteristics.
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TEST CONDITIONS FOR ISOLATION TESTS*

MOUNTED MOUNTED
FULL PAK PACKAGE FULL PAK PACKAGE
0.098" MIN
ADS
N AE! -y l
FE
0000 AT 0k eTsing T
—»] |<—o.11cr' MIN
Figure 18. Screw or Clip Mounting Position for Figure 19. Screw or Clip Mounting Position for
Isolation Test Number 1 Isolation Test Number 2

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

MOUNTING INFORMATION**

4-40 SCREW
PLAIN WASHER

T

N B
\l//%HEATSINK
COMPRESSION WASHER e //
N e
| NUT \V// HEATSINK
20a. Screw-Mounted Full Pak 20b. Clip-Mounted Full Pak

Figure 20. Typical Mounting Techniques*

Laboratory tests on a limited number of samples indicate, when using the screw and compression washer mounting technique, a screw
torque of 6 to 8in « Ibs is 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 « |bs 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 15 to 20 in » [bs without adversely affecting the package.
Howaver, in order to positively insure the package integrity of the Full Pak, Motorola does not recommend exceeding 10 in « lbs of mounting
torque under any mounting conditions.

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

Literature Distribution Centers:

USA: Motorola Literature Distribution; P.O. Box 20912; Phoenix, Arizona 85036.

EUROPE: Motorola Ltd.; European Literature Center; 88 Tanners Drive, Blakelands, Milton Keynes, MK14 5BP, England.
ASIA PACIFIC: Motorola Semiconductors H.K. Ltd.; P.O. Box 80300; Cheung Sha Wan Post Office; Kowloon Hong Kong.
JAPAN: Nippon Motorola Ltd.; 3-20-1 Minamiazabu, Minato-ku, Tokyo 106 Japan.
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