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MCT/IGBT/DIODES PRODUCTS

Harris Semiconductor is a pioneer in developing and producing Discrete Power products for the most
demanding commercial applications in this world and beyond.

This databook fully describes Harris Semiconductor’s line of MOS Controlled Thyristors (MCTs),
Insulated Gate Bipolar Transistors (IGBTs) and Power Diodes/Rectifiers. It includes a complete set of
datasheets for product specifications, application notes with design details for specific applications of
Harris products, and a description of the Harris Quality and Reliability program. A New AnswerFAX
section has bee added which allows customers to request the very latest datasheets and have them
delivered immediately to their own fax machine. A detailed listing of product Packaging dimensions pro-
vides a wide variety of information at your fingertips.

Harris offers an extensive line of MCT/IGBT/Diodes components; « MOS Controlled Thyristors (MCTs) ¢
Insulated Gate Bipolar Transistors (IGBTs)  IGBTs with Anti-Parallel Diodes ¢ Current Sensing IGBTs ¢
Voltage Clamping IGBTs ¢ Ultrafast Diodes ¢ Hyperfast Diodes.

It is our intention to provide you with the most up-to-date information on MCT/IGBT/Diode products. For
complete, current and detailed technical specifications on any Harris devices please contact the nearest
Harris sales, representative or distributor office, listed at the end of the databook; or direct literature
requests to:

Harris Semiconductor Literature Department
P.O. Box 883, MS 53-204
Melbourne, FL 32902
Phone: 1-800-442-7747
Fax: 407-724-7240

See Section 13 for Information Available on AnswerFAX, 407-724-7800

Harris Semiconductor products are sold by description only. All specifications in this product guide are applicable
only to packaged products; specifications for die are available upon request. Harris reserves the right to make
changes in circuit design, specifications and other information at any time without prior notice. Accordingly, the
reader is cautioned to verify that information in this publication is current before placing orders. Reference to
products of other manufacturers are solely for convenience of comparison and do not imply total equivalency of
design, performance, or otherwise.

@HARRls
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MCT/GBT/DIODES

FOR COMMERCIAL APPLICATIONS

General Information “

* MOS Controlled Thyristors (MCTs) “
* Insulated Gate Bipolar Transistors (IGBTs) u
* General Purpose Diodes m

* Ultrafast Single Diodes m

* Ultrafast Dual Diodes [}

* Hyperfast Single Diodes “

* Hyperfast Dual Diodes m

* Preview Products “

Application Notes m

Harris Quality and Reliability
Packaging and Ordering Information m
How to Use Harris AnswerFAX m

Sales Offices m

* Product Selection Guide located at the beginning of section.



TECHNICAL ASSISTANCE

For technical assistance on the Harris products listed in this databook,
please contact the Field Applications Engineering staff available at one of the
following Harris Sales Offices:

UNITED STATES

CALIFORNIA Calabasas ...........ccovviviinnnnn 818-878-7955

CostaMesa ........................ 714-433-0600

Sandose ........... ... .. 408-985-7322
FLORIDA PamBay ................oovvvinn 407-729-4984
GEORGIA Duluth. ...t 404-476-2034
ILLINOIS Schaumburg. ............ . ... o 708-240-3480
INDIANA Carmel ... 317-843-5180
MASSACHUSETTS Burlington............ e 617-221-1850
NEW JERSEY Voorhees ...............ccoviinnnn. 609-751-3425
NEW YORK Hauppauge......................... 516-342-0291

WappingersFalls . ................... 914-298-1920
TEXAS Dallas. ......ccovviiiiiininnan.. 214-733-0800

INTERNATIONAL

FRANCE Paris............oooiiiiiiit 33-1-346-54046
GERMANY Munich ........ ..o 49-89-63813-0
HONG KONG Kowloon...............coouunnt 852-723-6339
ITALY Milano. .......... ... ..l 39-2-262-0761
JAPAN ToKYO .o ovvii i 81-3-3265-7571
KOREA Seoul ...t 82-2-551-0931
SINGAPORE Singapore. .............iiiiiiin, 65-748-4200
TAIWAN Taipel ..o 886-2-716-9310
UNITED KINGDOM Camberley .................. ... 44-1276-686886

For literature requests, please contact Harris at 1-800-442-7747 (1-800-4HARRIS) or call
Harris AnswerFAX for immediate fax service at 407-724-7800
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MCT Ordering Information

MCT - VvV - 3 - P - 60 - F - 1 - D
HARRIS MCTJ —I——- OPTIONS
D: Integral Reverse
Diode
PACKAGE 1: First Generation
V: 5 Lead TO-247 0
A: MO-093AA MAX: FALL TIME AT T, = 125°C
G: TO-247 A: <100ns
B: <200ns
CONTINUOUS CURRENT RATING ——— gf fggg"s
T =90°C or Tg = 115°C - =790ns
E: <tps
F: <2us
POLARITY — VOLTAGE RATING /10
P: P Channel 60 = 600V
N: N Channel 100 = 1000V
IGBT Ordering Information
HGT - G - 12 - N - 60 - D - - D
—_— —_ —_— .T - _—
HARRIS IGBT L OPTIONS
L: Logic Level Gate
D: Integral Reverse Diode
PACKAGE S: Surface Mount

A: 5 Lead TO-218
P: 3 Lead TO-220
G: 3 Lead TO-247
H: 3 Lead TO-218
D: TO-251/TO-252 D-Pak
V: 5 Lead TO-247

CONTINUOUS CURRENT RATING ——
T = +90°C or 25°C

C: Current Sense
V: Voltage Clamping

L——— 1: First Generation
2: Second Generation
3: Third Generation

MAX. FALL TIME AT T; = +125°C

A: £100ns
B: <200ns
POLARITY C: <500ns
Ro R Ghannel VOLTAGE RATING /10 g; gi‘s’“s
50 = 500V ;o
60 = 600V : S2Us
100 = 1000V G: <5us
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Rectifier Ordering Information

RXR X
RECOVERY SPEED J
U:  Ultrafast
H: Hyperfast
PACKAGE

P: 2 and 3 Lead TO-220

G: 2 and 3 Lead TO-247

H: 2 and 3 Lead TO-218

D: 2 and 3 Lead TO-251/TO-252
U: 1 Lead TO-218

XX XX XX

L— OPTIONS

CC: Common Cathode DUAL
S: Surface Mount

VOLTAGE RATING /10
20 = 200V
60 = 600V

100 = 1000V

'— CONTINUOUS CURRENT RATING

8=8A
50 = 50A
150 = 150A
MURXXX BYWS1XXX HRP2540
DIRECT EQUIVALENT PRO ELECTRON TRANSIENT SUPPRESSION
TO THE MOTOROLA SERIES REGISTRATION SERIES IN AUTOMOTIVE VEHICLES

1-21
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e

MOS CONTROLLED THYRISTOR PRODUCT MATRIX

TO-247 5 LEAD TO-247 MO-093AA
MCTG35P60F1 MCTV35P60F1D MCTV75P60E1 MCTV75P100E1 MCTAG5P100F1 MCTA75P60E1 UNITS
Vorm 600 600 600 1000 1000 600 v
Ikso ast ast 75 65 65 75 A
[ 50 50 120 100 100 120 A
Vrmat lkgo 1.35%% 1.35¢+ 1.3 1.4 14 13 v
tey 14 1.4 14 1.9 19 14 us
Diode Vg 1.411 - - . v
Diode tpg . 600 . . ns

t  Ik1s: Continuous Cathode Current rated at T¢ = +115°C.

1 Measured at Ixqys,

apINY Uono9jeS




BHars  MCTG35P60F1

35A, 600V
April 1995 P-Type MOS Controlled Thyristor (MCT)
Features Package
* 35A, -600V JEDEC STYLE TO-247
* Vry =-1.3V(Maximum) at | = 35A and +150°C
e 800A Surge Current Capability
* 800A/us di/dt Capability G
¢ MOS Insulated Gate Control
» 50A Gate Turn-Off Capability at +150°C
Description
The MCT is an MOS Controlled Thyristor designed for
switching currents on and off by negative and positive
pulsed control of an insulated MOS gate. It is designed for »
use in motor controls, inverters, line switches and other '6
power switching applications. =
The MCT is especially suited for resonant (zero voltage or
zero current switching) applications. The SCR like forward | Symbol
drop greatly reduces conduction power loss.
MCTs allow the control of high power circuits with very small G A
amounts of input energy. They feature the high peak current
capability common to SCR type thyristors, and operate at
junction temperatures up to +150°C with active switching.
PACKAGING AVAILABILITY
PART NUMBER PACKAGE BRAND
MCTG35P60F1 TO-247 M35P60F1 K
NOTE: When ordering, use the entire part number.
Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified
MCTG35P60F1 UNITS
Peak Off-State Voltage (See Figure 11). ... ...ttt iiiieeeee Voam -600 \Y
Peak ReverseVoltage . ....... ... ... Verm +5 v
Continuous Cathode Current (See Figure 2)
Tc=+25°C (Package Limited) . .........oiuti i lkos 60 A
o= +1180C e Ik11s 35 A
Non-Repetitive Peak Cathode Current (Note 1).......... ... ..., lksm 800 A
Peak Controllable Current (See Figure 10) ............ .ottt Ixc 50 A
Gate-Anode Voltage (Continuous) . . .. ... ...ttt Vga +20 \
Gate-Anode Voltage (Peak) .. ... Veam +25 \
Rate of Changeof Voltage . .. ... . o i dv/dt See Figure 11
Rate of Change of Current. . . ... ... i i di/dt 800 Alps
Maximum Power Dissipation ............. ... .. .. Pr 178 w
Linear Derating Factor . ... ... ..o e 1.43 wree
Operating and Storage Temperature . . .............oi ittt neen. Ty Tsta -55 to +150 °c
Maximum Lead Temperature for SOIderNg . ... .....vueireieere e T 260 °c
(0.063" (1.6mm) from case for 10s)
NOTE:
1. Maximum Pulse Width of 250us (Half Sine) Assume T (Initial) = +90°C and T, (Final) = T (Max) = +150°C
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 3602_3

Copyright © Harris Corporation 1995 2.3



Specifications MCTG35P60F1

Electrical Specifications T¢ = +25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Peak Off-State Blocking loRm Via = -600V, Tc = +150°C - - 15 mA
Current Vga=+18V
T = +25°C - - 50 pA
Peak Reverse Blocking lram Via = +5V Tc = +150°C - - 2 mA
Current Vga = +18V
To=+25°C - - 50 pA
On-State Voltage VTM IK = |K115- Tc =+150°C - - 1.35 Vv
Vga=-10V
Tc = +25°C - - 1.4 v
Gate-Anode Leakage Current lgas Vga = £20V - - 100 nA
Input Capacitance Ciss Vka = -20V, T, = +25°C - 5 - nF
Vga = +18V
Current Tum-On Delay Time toony L =200uH, Ik = Iky1s - 140 - ns
Rg=1Q, Vga = +18V, -7V
Current Rise Time i Ty=+125°C - 180 - ns
Via = -300V
Current Turn-Off Delay Time tooFF) - 640 - ns
Current Fall Time ta - 1.1 1.4 us
Turn-off Energy Eore - 5.6 - mJ
Thermal Resistance Rauc - 0.6 0.7 °C/W
Typical Performance Curves
100 — v T T — 100
- PULSE TEST 7 00
50 [~ PULSE DURATION = 250us -
T |- DUTYCYCLE<2% y 4 < w0
< 3 /Y &
- 20l 4 ~_ @ 70— PACKAGE LIMIT
[ T, =-40°C g 60
3 oo =17 | 2 s N
L £ Ty=+150°C - £ ] 8
3 J— Ty=425°C 2 40
E 5 71 f <
< G 30
o 3 I l [$]
- 7 a 20
2 =
/ I 10
1 0
0 0.5 1.0 15 2.0 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Vim, CATHODE VOLTAGE (V)

FIGURE 1. CATHODE CURRENT vs SATURATION VOLTAGE
(TYPICAL)

Tc, CASE TEMPERATURE (°C)

'FIGURE 2. MAXIMUM CONTINUOUS CATHODE CURRENT
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MCTG35P60F1

Typical Performance Curves (Continued)

T, =+150°C, Rg = 1Q, L = 200pH

200
g s e
> Vya = -200V
2 150 KA Pl
o
F4
0 125
z /// Vica = -300V
2 100
5 L~
& 75—

50

0 10 20 30 40 50 60

Ix, CATHODE CURRENT (A)

FIGURE 3. TURN-ON DELAY vs CATHODE CURRENT

(TYPICAL)
T, = +150°C, Rg = 10, L = 2004H
300
250
Via = 200V
£ 200
H 1
A
-
F 150 / 7 Via = 300V
- R4
F 7
50
0
0 10 20 30 40 50 60

Ix, CATHODE CURRENT (A)

FIGURE 5. TURN-ON RISE TIME vs CATHODE CURRENT
(TYPICAL)

Ty = +150°C, Rg = 1Q, L = 200uH

_ 2
2 | 4
| e
"g' ——— Vica = -300V |2
H 4 e
I os 7 Via = -200V
: 74
2
-/
2/
5

01

0 10 20 30 20 50 60

Ix» CATHODE CURRENT (A)

FIGURE 7. TURN-ON ENERGY LOSS vs CATHODE CURRENT
(TYPICAL)

T, = +150°C, Rg = 10, L = 200pH

800 Via = -300V

600 [ Vyc4 = -200V

toorry TURN-OFF DELAY (ns)
/
4

400
0 10 .20 30 40 50 60
Ik, CATHODE CURRENT (A)

FIGURE 4. TURN-OFF DELAY vs CATHODE CURRENT

(TYPICAL)
s T, = +150°C, Rg = 1, L = 2004H

125 Vika = -200V

g /

w

|4

- -

3 - Via = -300V

™

[

< 075
o.so 10 20 30 40 50 60

I, CATHODE CURRENT (A)

FIGURE 6. TURN-OFF FALL TIME vs CATHODE CURRENT

(TYPICAL)
Ty = +150°C, Rg = 1Q, L = 200pH

= 10 T
) ¥ }
E T
[V ——
§ — Via =300V 1
g =
é /V Via = -200V
£ ! i
(7] _'"
§ 05 —2Z

[4

P

E

W g4

0 10 20 30 40 50 60

Ik, CATHODE CURRENT (A)

FIGURE 8. TURN-OFF ENERGY LOSS vs CATHODE CURRENT
(TYPICAL)
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MCTG35P60F1

Typical Performance Curves (Continued)

T = +115°C, L = 200pH

-
=3
o

T

o
=

Vica = -300V
Via = -200V

/

N

Y
.

fmax1 = 0.05/ tporm

5| fmaxa = (Pp - Pc) / Eswiten

3 Pp: ALLOWABLE DISSIPATION

Pc: CONDUCTION DISSIPATION

2} (Pc DUTY FACTOR = 50%)
Rgyc = 0.6°C/W

10 20 30 50
Ix, CATHODE CURRENT (A)

n
o

N
S\
N

fuax» MAX OPERATING FREQUENCY (kHz)
-
©

100

«

FIGURE 9. OPERATING FREQUENCY vs CATHODE CURRENT
(TYPICAL)

T, = +150°C, Vga = 18V
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& A
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10 100
dv/dt (V/us)

1000 10000

FIGURE 11. BLOCKING VOLTAGE vs dv/dt

T, = +150°C, Vg, = 18V, L = 100pH
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PEAK CATHODE CURRENT (A)
@
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20 TURN-OFF
SAFE OPERATING AREA \
10 N\
)
200 300  -400  -500  -600
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FIGURE 10. TURN-OFF CAPABILITY vs ANODE-CATHODE

VOLTAGE
200 T T T
Cg =0.1yF, T, = +150°C
;1o°ECs=O.1uF,TJ=+25°C —
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X ¢ e et
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> s Cg = 14F, Ty = +25°C
7 Cg = 2F, Ty = +25°C
2 I
0 5 10 15 20 25 30 35 40

difdt (Alps)
FIGURE 12. SPIKE VOLTAGE vs d/dt (TYPICAL)

Operating Frequency Information

Operating frequency information for a typical device
(Figure 9) is presented as a guide for estimating device per-
formance for a specific application. Other typical frequency
vs cathode current (l5k) plots are possible using the informa-
tion shown for a typical unit in Figure 3 to Figure 8. The oper-
ating frequency plot (Figure 9) of a typical device shows
fmaxs or fuaxe whichever is lower at each point. The infor-
mation is based on measurements of a typical device and is
bounded by the maximum rated junction temperature.

fmaxi is defined by fyaxy = 0.05 / (tponp + toorr)1)- toony
+ Iporr) deadtime (the denominator) has been arbitrarily
held to 10% of the on-state time for a 50% duty factor. Other
definitions are possible. tpony is defined as the 10% point of
the leading edge of the input pulse and the point where the
cathode current rises to 10% of its maximum value. tporr)
is defined as the 90% point of the trailing edge of the input
pulse and the point where the cathode current falls to 90% of

its maximum value. Device delay can establish an additional
frequency limiting condition for an application other than
Timax- toorry is important when controlling output ripple
under a lightly loaded condition.

fMAXZ is defined by fyaxe = (Pp - Pc) / (EON+EOFF)' The
allowable dissipation (Pp) is defined by Pp = (Tymax - Tc) /
Rgyc- The sum of device switching and conduction losses
must not exceed Pp. A 50% duty factor was used (Figure
10) and the conduction losses (P¢) are approximated by PC
= (Vak ® lak) / (duty factor/100). Egy is defined as the sum of
the instantaneous power loss starting at the leading edge of
the input pulse and ending at the point where the anode-
cathode voltage equals saturation voltage (Vak = V1m). Eopr
is defined as the sum of the instantaneous power loss start-
ing at the trailing edge of the input pulse and ending at the
point where the cathode current equals zero (Ix = 0).
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MCTG35P60F1

Test Circuits

200pH RURG3060

1L
1AY
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DUT

FIGURE 13. SWITCHING TEST CIRCUIT

MAXIMUM RISE AND FALL TIME OF Vg IS 200ns
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FIGURE 15. SWITCHING TEST WAVEFORMS
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FIGURE 14. Vgpce TEST CIRCUIT
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FIGURE 16. Vgpice TEST WAVEFORMS

Vak

Handling Precautions for MCTs

MOS Controlled Thyristors are susceptible to gate-insulation
damage by the electrostatic discharge of energy through the
devices. When handling these devices, care should be exer-
cised to assure that the static charge built in the handler's
body capacitance is not discharged through the device.
MCT's can be handled safely if the following basic precau-
tions are taken:

1. Prior to assembly into a circuit, all leads should be kept
shorted together either by the use of metal shorting
springs or by the insertion into conductive material such
as “ECCOSORB LD26” or equivalent.

2.When devices are removed by hand from their carriers,
the hand being used should be grounded by any suitable
means - for example, with a metallic wristband.

3. Tips of soldering irons should be grounded.

4. Devices should never be inserted into or removed from cir-
cuits with power on.

5.Gate Voltage Rating - Never exceed the gate-voltage
rating of Vga. Exceeding the rated Vg, can result in
permanent damage to the oxide layer in the gate region.

6. Gate Termination - The gates of these devices are essen-
tially capacitors. Circuits that leave the gate open-circuited
or floating should be avoided. These conditions can result
in turn-on of the device due to voltage buildup on the input
capacitor due to leakage currents or pickup.

7.Gate Protection - These devices do not have an internal
monolithic zener diode from gate to emitter. If gate protec-
tion is required an external zener is recommended.

+ Trademark Emerson and Cumming, Inc.
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@ Harees MICTV35P60F1D

35A, 600V P-Type MOS Controlled

March 1995 Thyristor (MCT) with Anti-Parallel Diode
Features Package
¢ 35A,-600V E JEDEC STYLE TO-247

Vin = -1.35V (Max) at | = 35A and +150°C
800A Surge Current Capability

e 800A/us di/dt Capability

¢ MOS Insulated Gate Control

50A Gate Turn-Off Capability at +150°C
Anti-Parallel Diode

.

Description

The MCT is an MOS Controlled Thyristor designed for switch-
ing currents on and off by negative and positive pulsed control
of an insulated MOS gate. It is designed for use in motor con-
trols, inverters, line switches and other power switching appli-
cations. The MCT is especially suited for resonant (zero Sym bol
voltage or zero current switching) applications. The SCR like
forward drop greatly reduces conduction power loss.

MCTs allow the control of high power circuits with very small G
amounts of input energy. They feature the high peak current
capability common to SCR type thyristors, and operate at
junction temperatures up to +150°C with active switching.
This device features a discrete anti-parallel diode that
shunts current around the MCT in the reverse direction with-
out introducing carriers into the depletion region.

PACKAGING AVAILABILITY
PART NUMBER PACKAGE BRAND
MCTV35P60F1D TO-247 M35P60F1D

NOTE: When ordering, use the entire part number.

Formerly developmental type TA9789 (MCT) and TA49054
(diode).

Absolute Maximum Ratings T¢ = +25°C, Unless Otherwise Specified
MCTV35P60F1D UNITS

Peak Off-State Voltage (See Figure 11). .. ........... ... . i i il i il Vorm -600 \
Continuous Cathode Current (See Figure 2)

Te=+25°C (Package Limited). . . ... ...ouuunte it Ikas 60 A

T =4900 . e Ik11s 35 A
Non-repetitive Peak Cathode Current (Note 1) . ........ ... .o, lksm 800 A
Peak Controllable Current (See Figure 10) . . ... ..ottt lkc 50 A
Gate-Anode Voltage (Continuous). . .. ...ttt Vaai +20 \
Gate-Anode Voltage (Peak). . ... Vaam +25 \"
Rate of Changeof Voltage. . . ....... ... .. i dv/dt  See Figure 11
Rate of Change of Current. . . ........ ... i di/dt 800 Alus
Maximum Power Dissipation . .. ... ... . Py 178 w
Linear Derating Factor. . . ... ...t e 1.43 Ww/°c
Operating and Storage Temperature. ............ ...ttt Ty, Tste  -55t0 +150 °c
Maximum Lead Temperature forSoldering . .. ....... ... ... i i T 260 °c

(0.063" (1.6mm) from case for 10s)
NOTE: 1. Maximum Pulse Width of 250us (Half Sine) Assume T (Initial) = +90°C and T, (Final) = T, (Max) = +150°C

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 3694_2
Copyright © Harris Corporation 1995 2.8



Specifications MCTV35P60F1D

Electrical Specifications T = +25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Peak Off-State IbRM Via = -600V Tc=+150°C - - 5 mA
Blocking Current
Vga=+18V Tc=+25°C - - 200 pA
On-State Voltage Vm Ik =Ik115 T =+150°C - - 1.35 \"
Vea=-7V Tec= +25°C - - 1.4 \
Gate-Anode laas Vga =20V - - 100 nA
Leakage Current
Input Capacitance Ciss Vga =-20V, Ty = +25°C - 5 - nF
Vga=+18V
Current Tumn-On toon)t L =200uH, Ik = k115 - 140 - ns
Delay Time Rg=1Q, Vga = +18V, -7V
T,=+125°C
Current Rise Time R Vka = -300V - 180 - ns
Current Tum-Off Delay Time toFR) - 640 - ns l(-':
Current Fall Time tr) - 1.1 1.4 us =
Turn-Off Energy Eore - 5.6 - mJ
Thermal Resistance (MCT) Reuc - 6 7 °c/wW
Thermal Resistance (Diode) Rasc - 1.1 1.2 °c/w
Diode Forward Voltage Vka lka = 35A - - 1.4 \%
Diode Reverse Recovery Time trRR Ixa = 35A, di/dt = 100A/ps - - 600 ns

Typical Performance Curves

100 T v T . , 2 T, = +150°C
E PULSE TEST = 100 -

50 | PULSE DURATION = 2508 y 4 = [ [ [
& |- DUTY CYCLE <2% 4 < 1 1 1
= 30 1/ =) MCT SWITCHING LIMIT
& 20| 4 AN g — /
[ T, =-40°C « PACKAGE LIMIT

-~ 2
8 T | I o 60 /
© 10 71,=4150¢ £ 4 — — \\
Q - y i T, =+25°C — o
g 5 | " ] E 40 \ et
5 Hf 3 DIODE — ™ »
g:? 3 Vi I Q % \ \
£ AN ~Y
1 / I 0
0 05 1.0 15 20 20 40 60 80 100 120 140 160
Vrm, CATHODE VOLTAGE (V) Tc, CASE TEMPERATURE (°C)
FIGURE 1. CATHODE CURRENT vs SATURATION VOLTAGE FIGURE 2. MAXIMUM CONTINUOUS CATHODE CURRENT
(TYPICAL)
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MCTV35P60F1D

Typical Performance Curves (Continued)

Ty =+150°C, Rg = 1Q, L = 200uH
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FIGURE 3. TURN-ON DELAY vs CATHODE CURRENT
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FIGURE 5. TURN-ON RISE TIME vs CATHODE CURRENT
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FIGURE 7. TURN-ON ENERGY LOSS vs CATHODE CURRENT
(TYPICAL)
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FIGURE 4. TURN-OFF DELAY vs CATHODE CURRENT
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FIGURE 6. TURN-OFF FALL TIME vs CATHODE CURRENT

(TYPICAL)
T, = +150°C, Rg = 12, L = 200uH

_ 10 . . .
5 T T
E f e
o 5F—— "
§ Vica =-300v T
2 //4/
5 /] / Via = -200V
£ 1 vy,
@ ,';"
w
L 05 y 4
Q
z
[
2
-
('3
w
o o1

"o 10 20 30 40 50 60

Ix, CATHODE CURRENT (A)

FIGURE 8. TURN-OFF ENERGY LOSS vs CATHODE CURRENT
(TYPICAL)
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MCTV35P60F1D

Typical Performance Curves (Continued)

Te = +80°C, L = 200uH

T
1
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[ fmax1 = 0.05/ toiony + tD(OFF)I)

[ fmax2 = (Pp - Pc) / Eswircn

| Pp: ALLOWABLE DISSIPATION
Pc: CONDUCTION DISSIPATION
[ (Pc DUTY FACTOR = 50%)
Ro.c = 0.7°C/W
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FIGURE9. OPERATING FREQUENCY vs CATHODE CURRENT
(TYPICAL)

T, = +150°C, Vga = 18V
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FIGURE 11. BLOCKING VOLTAGE vs dv/dt
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FIGURE 13. DIODE CATHODE-ANODE CURRENT vs VOLTAGE
(TYPICAL)
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FIGURE 10. TURN-OFF CAPABILITY vs ANODE-CATHODE
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FIGURE 12. SPIKE VOLTAGE vs di/dt (TYPICAL)
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MCTV35P60F1D

Test Circuits
200uH @
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FIGURE 15. SWITCHING TEST CIRCUIT

MAXIMUM RISE AND FALL TIME OF Vg IS 200ns
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FIGURE 17. SWITCHING TEST WAVEFORMS
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FIGURE 16. Vgpike TEST CIRCUIT
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di/dt
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FIGURE 18. Vgpce TEST WAVEFORMS

Operating Frequency Information

Operating frequency information for a typical device
(Figure 9) is presented as a guide for estimating device per-
formance for a specific application. Other typical frequency
vs cathode current (1) plots are possible using the informa-
tion shown for a typical unit in Figures 3 to 8. The operating
frequency plot (Figure 9) of a typical device shows fyyaxs or
fmaxz Whichever is lower at each point. The information is
based on measurements of a typical device and is bounded
by the maximum rated junction temperature.

fMAX1 is defined by fyaxy = 0.05/ (tD(ON)I + tD(OFF)I)' tD(ON)I +
tp(orr) deadtime (the denominator) has been arbitrarily held
to 10% of the on-state time for a 50% duty factor. Other defi-
nitions are possible. tp oy is defined as the 10% point of the
leading edge of the input pulse and the point where the cath-
ode current rises to 10% of its maximum value. tpoFry is
defined as the 90% point of the trailing edge of the input
pulse and the point where the cathode current falls to 90% of

its maximum value. Device delay can establish an additional
frequency limiting condition for an application other than
Timax- toorry is important when controlling output ripple
under a lightly loaded condition.

fMAX2 is defined by fMAXZ = (PD - Pc) / (E0N+EOFF)' The
allowable dissipation (Pp) is defined by Pp = (Tymax - Tc) /
Rgyc. The sum of device switching and conduction losses
must not exceed Pp. A 50% duty factor was used (Figure 9)
and the conduction losses (P¢) are approximated by Pg =
(Vak * lak) / (duty factor/100). Eqy is defined as the sum of
the instantaneous power loss starting at the leading edge of
the input pulse and ending at the point where the anode-
cathode voltage equals saturation voltage (Vak = V1m)- Eorr
is defined as the sum of the instantaneous power loss start-
ing at the trailing edge of the input pulse and ending at the
point where the cathode current equals zero (I = 0).
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MCTA65P100F1

65A, 1000V
April 1995 P-Type MOS Controlled Thyristor (MCT)
Features Package JEDEC STYLE T0-247
* 65A, -1000V

ANODE ANCODE

* Viy<-1.4V atl=65A and +150°C

¢ 2000A Surge Current Capability

* 2000A/ps di/dt Capability

¢ MOS Insulated Gate Control

* 100A Gate Turn-Off Capability at +150°C

Description JEDEC MO-093AA (5-LEAD TO-218)

The MCT is an MOS Controlled Thyristor designed for switching ANODE ANODE

currents on and off by negative and positive voltage control of an CAE:?_E’EET URN

insulated MOS gate. It is designed for use in motor controls, /

inverters, line switches and other power switching applications. / GATE g
The MCT is especially suited for resonant (zero voltage or zero =
current switching) applications. The SCR like forward drop

greatly reduces conduction power loss. 4“ ODE (FLANGE)

MCTs allow the control of high power circuits with very small
amounts of input energy. They feature the high peak current
capability common to SCR type thyristors, and operate at junc- Sy mbol
tion temperatures up to +150°C with active switching.

A
PACKAGING AVAILABILITY G
PART NUMBER PACKAGE BRAND
MCTV65P100F1 TO-247 M65P100F 1
MCTA65P100F1 MO-093AA M65P100F1 !
NOTE: When ordering, use the entire part number.
Formerly TA9900.
Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified
MCTV65P100F1
MCTA65P100F1 UNITS
Peak Off-State Voltage (See Figure 11). . ............... ... i, Vbrm -1000 v
Peak Reverse Voltage ... ...ttt VRreMm +5 \
Continuous Cathode Current (See Figure 2)
Te =+25°C (Package Limited) . . . ......oueentene it lkas 85 A
T =4900C o e Ikso 65 A
Non-Repetitive Peak Cathode Current (Note 1)............ ..o, lrsm 2000 A
Peak Controllable Current (See Figure 10) . ...........oo ittt iiiiiiiinnnnn. Iy 100 A
Gate-Anode Voltage (Continuous) . . ...t Vaa +20 v
Gate-Anode Voltage (Peak) . . ...........ueiiioiiiiiiiiii i Vea 125 \
Rate of Change of Voltage. . ..o dv/dt See Figure 11
Rateof Changeof Current. .. ... i i i e di/dt 2000 Alus
Maximum Power Dissipation . .. ...ttt Pr 208 w
Linear Derating Factor . .. ......oiuut i e 1.67 w/ee
Operating and Storage Temperature . . ......... ..ottt iiinanennn. Ty Tsta -55to +150 °c
Maximum Lead Temperature for Soldering ............. ... ... .. ..., T 260 °c
(0.063" (1.6mm) from case for 10s)
NOTE:
1. Maximum Pulse Width of 200ps (Half Sine) Assume T, (Initial) = +90°C and T (Final) = T, (Max) = +150°C
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 351 6_3

Copyright © Harris Corporation 1995 213



Specificatibns MCTV65P100F1, MCTA65P100F1

Electrical Specifications T = +25°C Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Peak Off-State IDRM VKA = -1000\/, Tc =+150°C - - 3 mA
Blocking Current Vga=+18V
T =+25°C - - 100 pA
Peak Reverse lrRM Vka = +5V, Tec= +150°C - - 4 mA
Blocking Current Vga =+18V
To=+25°C - - 100 pA
On-State Voltage VM Ik = lkgo T =+150°C - - 1.4 \Y%
Vga =-10V
T = +25°C - - 1.5 Y
Gate-Anode laas Vga =120V - - 200 nA
Leakage Current
Input Capacitance Ciss Vga =-20V, T; = +25°C - 10 - nF
VGA =+18V
Current Turn-On tD(ON)l L= 200}I.H, IK = |K90 =65A - 120 - ns
Delay Time Rg=1Q, Vga = +18V, -7V
Ty =+125°C
Current Rise Time tri Vka = -400V - 160 - ns
Current Turn-Off to(oFm) - 750 - ns
Delay Time
Current Fall Time tr ) - 1.45 1.9 us
Turn-Off Energy Eorr - 18 - mJ
Thermal Resistance Rouc - 0.5 0.6 °C/W

Typical Performance Curves

PULSE TEST 100, T T
PULSE DURATION = 250us
_ DUTY CYCLE < 2% - 90f~ PACKAGE LIMIT
g = £ ®
E r s w 70 \
iy 71 o N
x T, =+150°C / A 5 6o N
3 / o N
3 ’ W 50 \‘
= O
LEEENAI/EETEENN P a8
g F— s
< o 30
o v i J=— T, =-40°C o } N
» /4 / 2 20 N
X
[ - 1o| \\
1 / I OI
00 02 04 06 08 10 12 14 16 18 20 22 24 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Vyu, CATHODE VOLTAGE (V) T¢, CASE TEMPERATURE (°C)

FIGURE 1. CATHODE CURRENT vs SATURATION VOLTAGE FIGURE 2. MAXIMUM CONTINUOUS CATHODE CURRENT
(TYPICAL)
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MCTV65P100F1, MCTA65P100F1

Typical Performance Curves (Continued)

T, = +150°C, Rg = 10, L = 200uH
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FIGURE 3. TURN-ON DELAY vs CATHODE CURRENT
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FIGURE 5. TURN-ON RISE TIME vs CATHODE CURRENT

(TYPICAL)
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FIGURE 7. TURN-ON ENERGY LOSS vs CATHODE CURRENT
(TYPICAL)
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FIGURE 4. TURN-OFF DELAY vs CATHODE CURRENT

MCTs
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FIGURE 6. TURN-OFF FALL TIME vs CATHODE CURRENT
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FIGURE 8. TURN-OFF ENERGY LOSS vs CATHODE CURRENT
(TYPICAL)
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MCTV65P100F1, MCTA65P100F1

Typical Performance Curves (Continued)
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FIGURE9. OPERATING FREQUENCY vs CATHODE CURRENT
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FIGURE 12. SPIKE VOLTAGE vs di/dt (TYPICAL)

Operating Frequency Information

Operating frequency information for a typical device (Figure
9) is presented as a guide for estimating device performance
for a specific application. Other typical frequency vs cathode
current (lg) plots are possible using the information shown
for a typical unit in Figures 3 to 8. The operating frequency
plot (Figure 9) of a typical device shows fyax; or fuaxz
whichever is smaller at each point. The information is based
on measurements of a typical device and is bounded by the
maximum rated junction temperature.

fmax is defined by fyaxy = 0.05/ (toony + toorFy)- toiony +
to(orr) deadtime (the denominator) has been arbitrarily held to
10% of the on-state time for a 50% duty factor. Other definitions
are possible. tpony is defined as the 10% point of the leading
edge of the input pulse and the point where the cathode current
rises to 10% of its maximum value. tp(oFFy is defined as the 90%
point of the trailing edge of the input pulse and the point where
the cathode current falls to 90% of its maximum value.

Device delay can establish an additional frequency limiting
condition for an application other than Tymax- tporFy is
important when controlling output ripple under a lightly loaded
condition. fMAXZ is defined by fyaxo = (Pp - Pc) / (EON+EOFF)'
The allowable dissipation (Pp) is defined by Pp = (Tymax - Te) /
Rgyc: The sum of device switching and conduction losses must
not exceed Pp. A 50% duty factor was used and the conduction
losses (P¢) are approximated by Pg = (Vka ® Ik) / 2. Egy is
defined as the sum of the instantaneous power loss starting at
the leading edge of the input pulse and ending at the point where
the anode-cathode voltage equals saturation voltage (Vka =
Vm). Eore is defined as the sum of the instantaneous power
loss starting at the trailing edge of the input pulse and ending at
the point where the cathode current equals zero (I = 0).
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Test Circuits
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Handling Precautions for MCT's

Mos Controlled Thyristors are susceptible to gate-insula-
tion damage by the electrostatic discharge of energy through
the devices. When handling these devices, care should be
exercised to assure that the static charge built in the
handler's body capacitance is not discharged through the
device. MCT's can be handled safely if the following basic
precautions are taken:

1. Prior to assembly into a circuit, all leads should be kept
shorted together either by the use of metal shorting
springs or by the insertion into conductive material such
as “ECCOSORB LD26” or equivalent.

2.When devices are removed by hand from their carriers,
the hand being used should be grounded by any suitable
means - for example, with a metallic wristband.

3. Tips of soldering irons should be grounded.

4. Devices should never be inserted into or removed from cir-
cuits with power on.

5.Gate Voltage Rating - Never exceed the gate-voltage
rating of Vga. Exceeding the rated Vg, can result in
permanent damage to the oxide layer in the gate region.

6. Gate Termination - The gates of these devices are essen-
tially capacitors. Circuits that leave the gate open-circuited
or floating should be avoided. These conditions can result
in turn-on of the device due to voltage buildup on the input
capacitor due to leakage currents or pickup.

7.Gate Protection - These devices do not have an internal
monolithic zener diode from gate to emitter. If gate protec-
tion is required an external zener is recommended.

+ Trademark Emerson and Cumming, Inc.
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MCTV75P60ET1,
MCTA75P60E1

75A, 600V

April 1995 P-Type MOS Controlled Thyristor (MCT)
Features PaCkag e JEDEC STYLE TO-247 5-LEAD
e 75A, -600V

e Viy =-1.3V(Maximum) at | = 75A and +150°C
¢ 2000A Surge Current Capability

¢ 2000A/us di/dt Capability

e MOS Insulated Gate Control

* 120A Gate Turn-Off Capability at +150°C

Description

The MCT is an MOS Controlled Thyristor designed for switching
currents on and off by negative and positive pulsed control of an
insulated MOS gate. It is designed for use in motor controls,
inverters, line switches and other power switching applications.

The MCT is especially suited for resonant (zero voltage or
zero current switching) applications. The SCR like forward
drop greatly reduces conduction power loss.

MCTs allow the control of high power circuits with very small
amounts of input energy. They feature the high peak current
capability common to SCR type thyristors, and operate at
junction temperatures up to +150°C with active switching.

Symbol

G A
PACKAGING AVAILABILITY
PART NUMBER PACKAGE BRAND
MCTV75P60E1 TO-247 MV75P60E1
MCTA75P60E 1 MO-093AA MA75P60E1 K
NOTE: When ordering, use the entire part number.
Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified
MCTV75P60E1
MCTA75P60E1 UNITS

Peak Off-State Voltage (See Figure 11). .. ............. ... i Vbrm -600 \
Peak Reverse Voltage . ... ..ot s VRRM +5 \"
Continuous Cathode Current (See Figure 2)

T =+25°C (Package Limited) . . ......vetent i i lkos 85 A

T = 4900 et e lkso 75 A
Non-Repetitive Peak Cathode Current(Note 1).................. ... ... ... .. ... lksm 2000 A
Peak Controllable Current (See Figure 10) ....... ...ttt lkc 120 A
Gate-Anode Voltage (CONtINUOUS) . . ... oottt Vaa +20 v
Gate-Anode Voltage (Peak) .. ....... ... .o Vaam +25 \
Rate of Change of Voltage . . . .. ... it i dv/dt See Figure 11
Rateof Changeof Current. . ... ... ... . . i i di/dt 2000 Alps
Maximum Power Dissipation ... .........o ottt e e P 208 w
Linear Derating Factor . .. ... . ... i i 1.67 w/eC
Operating and Storage Temperature . . . ...t Ty Tsta -55 to +150 °Cc
Maximum Lead Temperature forSoldering .............. ...t T 260 °c

(0.063" (1.6mm) from case for 10s)
NOTE:

1. Maximum Pulse Width of 250us (Half Sine) Assume T (Initial) = +90°C and T, (Final) = T, (Max) = +150°C

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures.

Copyright © Harris Corporation 1995 2.18
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Specifications MCTV75P60E1, MCTA75P60E1

Electrical Specifications T = +25°C Unless Otherwise Specified
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Peak Off-State IbRM Via = -600V, Te = +150°C - - 3 mA
Blocking Current
Vga =+18V Te=+25°C - - 100 nA
Peak Reverse IRRM Vka = +5V Tc = +150°C - - 4 mA
Blocking Current
Vga = +18V Tc =+25°C - - 100 RA
On-State Voltage Vim Ik = lkgos Tc = +150°C - - 1.3 \'
VGA =-10V TC =+25°C - - 14 \
Gate-Anode Ias Vga = £20V - - 200 nA
Leakage Current
Input capacitance Ciss Via =-20V, T, = +25°C - 10 - nF
VGA =+18V
Current Tumn-on toony L =200uH, Ik = lkgo - 300 - ns
Delay Time Rg = 1Q, Vga = +18V, -7V e
T, =+125°C o
Current Rise Time tri Via = -300V - 200 - ns =
Current Turn-off tooFF)l - 700 - ns
Delay Time
Current Fall Time tr - 1.15 1.4 us
Turn-off Energy Eorr - 10 - mJ
Thermal Resistance Reuc - 5 6 °c/W
Typical Performance Curves
300 [ PULSE TEST I 120
PULSE DURATION - 250us o
— | DUTY CYCLE < 2% < 100
<100 > =
= 727 Z 90—+t PACKAGE LIMIT
z v 4 w
4 .4l & g 8
% Ty =+150°C / I 8 70
T y w60
w = 4+250¢ A a8
g8 4 T, = +25°C 7..,._/ g 50
T o ——F
5 W — s :‘; N
a 1 8 N
X
- ’ ’ F 20
/ 1 N~
1 0
00 02 04 06 08 10 12 14 16 18 20 25 35 45 55 65 75 85 95 105 115 125 135 145 155
Vm, CATHODE VOLTAGE (V) Tc, CASE TEMPERATURE (°C)
FIGURE 1. CATHODE CURRENT vs SATURATION VOLTAGE FIGURE 2. MAXIMUM CONTINUOUS CATHODE CURRENT 3
(TYPICAL) X
|
|
\
i
i
|
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MCTV75P60E1, MCTA75P60E1

Typical Performance Curves (Continued)
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MCTV75P60E1, MCTA75P60E1

Typical Performance Curves (Continued)
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FIGURE 9. OPERATING FREQUENCY vs CATHODE CURRENT
(TYPICAL)

T, = +150°C, Vga = 18V
725

-700
-675
-650
-625

-575
-550
-525

Rl
™~
58

Vprm, BREAKDOWN VOLTAGE (V)
g

5

-425
0.1 1.0 10.0 100.0 1000.0  10000.0
dv/dt (V/us)

FIGURE 11. BLOCKING VOLTAGE vs dv/dt

T, = +150°C, Vga = 18V, L = 200uH

150

3

130
120
110

88
/]

80 AN
70
60

TURN-OFF
SAFE OPERATING AREA

g
111

30

20
10 AN

Ig , PEAK CATHODE CURRENT (A)

o

-50 -150 -250 -350 -450 -550
Vka » PEAK TURN OFF VOLTAGE (V)

FIGURE 10. TURN-OFF CAPABILITY vs ANODE-CATHODE

VOLTAGE
- (]
200 (e = OAWF, Ty = +150°C < 5
-100 |Cg = 0.1pF, T, = +25°C — = s
Cg = 14F, Ty = +150°C S
s N
2 A =1
g » -_\.--'-- -w{mom =
= 73 / - -
o - -
¢ - -
g 10 '/0“ = ey -
Q Cg = 2yF, Ty = +150°C
5 —}Cs = 1uF, TJ:+25°CE

Cs =2yF, T; = +25°C ™|

p | |

1 6 1 16 21 26 31 36 41 46
di/dt (Alps)

FIGURE 12. SPIKE VOLTAGE vs di/dt (TYPICAL)

Operating Frequency Information

Operating frequency information for a typical device
(Figure 9) is presented as a guide for estimating device per-
formance for a specific application. Other typical frequency
vs cathode current (l5k) plots are possible using the informa-
tion shown for a typical unit in Figures 3 to 8. The operating
frequency plot (Figure 9) of a typical device shows fyaxy or
fumaxe whichever is smaller at each point. The information is
based on measurements of a typical device and is bounded
by the maximum rated junction temperature.

fMAX1 is defined by fMAX1 =0.05/ (tD(ON)I + tD(OFF)I)' tD(ON)l +
to(oFry deadtime (the denominator) has been arbitrarily held to
10% of the on-state time for a 50% duty factor. Other definitions
are possible. tpon) is defined as the 10% point of the leading
edge of the input pulse and the point where the cathode current
rises to 10% of its maximum value. tp(oFr) is defined as the 90%
point of the trailing edge of the input pulse and the point where
the cathode current falls to 0% of its maximum value. Device
delay can establish an additional frequency limiting condition for

an application other than TJMAX' tD(OFF)l is important when
controlling output ripple under a lightly loaded condition.

fMAX2 is defined by fMAX2 = (PD - Pc) / (EON + EOFF)' The
allowable dissipation (Pp) is defined by Pp = (Tymax - Tc) /
Reyc. The sum of device switching and conduction losses
must not exceed Pp. A 50% duty factor was used (Figure 10)
and the conduction losses (P¢) are approximated by Pg =
(Vak * lak) / (duty factor/100). Eqy is defined as the sum of
the instantaneous power loss starting at the leading edge of
the input pulse and ending at the point where the anode-
cathode voltage equals saturation voltage (Vak = Vrm). Eogr
is defined as the sum of the instantaneous power loss start-
ing at the trailing edge of the input pulse and ending at the
point where the cathode current equals zero (I = 0).

The switching power loss (Figure 10) is defined as fyaxz ® (Eon
+ Eopr). Because Tumn-on switching losses can be greatly influ-
enced by external circuit conditions and components, fyax
curves are plotted both including and neglecting turn-on losses.

2-21



MCTV75P60E1, MCTA75P60E1

Test Circuits
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Handling Precautions for MCT's

MOS Controlled Thyristors are susceptible to gate-insula-
tion damage by the electrostatic discharge of energy through
the devices. When handling these devices, care should be
exercised to assure that the static charge built in the han-
dler's body capacitance is not discharged through the
device. MCT's can be handled safely if the following basic
precautions are taken:

1. Prior to assembly into a circuit, all leads should be kept
shorted together either by the use of metal shorting
springs or by the insertion into conductive material such
as “ECCOSORB LD26” or equivalent.

2.When devices are removed by hand from their carriers,
the hand being used should be grounded by any suitable
means - for example, with a metallic wristband.

3. Tips of soldering irons should be grounded.

4. Devices should never be inserted into or removed from cir-
cuits with power on.

5.Gate Voltage Rating - Never exceed the gate-voltage
rating of Vga. Exceeding the rated Vg, can result in
permanent damage to the oxide layer in the gate region.

6. Gate Termination - The gates of these devices are essen-
tially capacitors. Circuits that leave the gate open-circuited
or floating should be avoided. These conditions can result
in turn-on of the device due to voltage buildup on the input
capacitor due to leakage currents or pickup.

- 7.Gate Protection - These devices do not have an internal

monolithic zener diode from gate to emitter. If gate protec-
tion is required an external zener is recommended.

+ Trademark Emerson and Cumming, Inc.
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HIP2030

30V MCT/IGBT Gate Driver

March 1995
Features Description
¢ + Polarity Gate Drive The HIP2030 is a medium voltage integrated circuit (MVIC)
« High Output Voltage Swing. ................... 30v capable of driving large capacitive loads at high voltage slew
o Peak OUtPUt CUITENt « . . ..o e eeeeeennnnnns 6.0A rates (dv/dts). This device is optimized for driving 60nF of
o FastRiseTiMe ............. ... 200ns at 60,000pF MOS gate capacitance at 30V peak to peak in less than

¢ Ability to Interface and Drive P-MCTs
¢ Programmable Minimum ON/OFF Time
Gate Output Inhibit Latch

e 5VReference ................... Sinks Up to 30mA
* High Side Charge Pump

e 120kHz Operation..................... at 15,000pF
Applications

* Motor Controllers

¢ Uninterruptible Power Supplies
¢ Resonant Inverters

¢ Static Circuit Breakers

¢ Inverters

¢ Converters

¢ Arc Welders

Ordering Information

200ns. The half bridge gate driver is ideal for driving MOS
Controlled Thyristor (MCT) and IGBT modules.

The architecture of the HIP2030 includes four comparator
input channels, a 5V regulator, a 12V clamp, and a high side
charge pump. The device provides the user with the ability to
control minimum low time (MLT) and minimum high time
(MHT) at the gate channel output (GO) by varying two exter-
nal capacitances. In addition, the device contains two
uncommitted comparator channels (channels A and B) that
can be used as monitors (temperature sensing), indicators
(LEDs or opto-couplers), input signal conditioning (both con-
tain Schmitt triggers), or oscillators.

The power requirements of the HIP2030 are low. The driver
can be easily configured to operate in one of three power
configurations. This allows the use of a small PCB mount-
able transformer or battery to provide isolated power to the
driver chip.

The HIP2030 supplies high output current drive to large
capacitive loads and requires few external components to
implement a wide variety of MOS gate driver circuits.

T T
MLT 13 14 MHT

TEMPERATURE
PART NUMBER RANGE PACKAGE
HIP2030IM -40°Cto +110°C | 28 Lead PLCC
Pinout Functional Block Diagram
HIP2030 (PLCC)
TOP VIEW A cmos N 2 A0
2L 4 . 4+ 0 0o V
o o < <« a Z 3 3 PMOS N
[2] [51 [2] [] [¢] [ [d] B1 , L % BO
. h
NMOS
o [3] 82 —Dt»—— 26 LO
21 POS
82+ [5] 7N —1a CHARGE 19 CPA
PUMP
-7 s LOGIC 17 cpB
L+ 3] T 28 P+
9—P> POWER UP _D— 23 GO
R3] "10 + RESET
[— 20 cLMP
R+ |10}
+E 22 PO
&[] ' o
1/ bt
1 MIN || MIN A 15 REG
G Low H HiGH H
12 TIME | | TIME
T I
— 16 P-

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.
Copyright © Harris Corporation 1995
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Specifications HIP2030

Absolute Maximum Ratings

Gate Channel Supply Voltage, P+toP-...............
Logic Supply Voltage, POtoP-.......................
All Other Pin Voltages

(A+, A-, B1+, B1-, B2+, B2-, L+, L-, R+, R-)

-0.5V to 32V

. 7Vto 18V

..... (P-)-0.5 10 (P+)+0.5

Thermal Information

Thermal Resistance 6,a
PLCCPAckage ........ovvuuennenannnnnnnn 60°C/W

Storage Temperature Range . ............. -65°C to +150°C

Junction Temperature . . ................ooin., +150°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

Recommended Operating Conditions T, = -40°C to +150°C Unless Otherwise Noted, All Voltages Referenced to P-

Gate Channel Supply Voltage, P+toP-............... -0.5V to 30V
Logic Supply Voltage, POtoP-....................... 10V to 15V
All Other Pin Voltages

(A+, A-, B+, B1-, B2+, B2-, L+, L-, R+,R-) .. ... (P-)+2V to (P0)+2V

Max Output Source Current, Channels A,B ........... 10mA

Max Output Sink Current, Channels A, L.............. 10mA

Min Load Current, RegtoP- . ....... ... ... ... ... ... 2mA
(Required for Proper Chip Operation)

Max Load Current, RegtoP-....................... 30mA

Static Electrical Specifications PO to P- = 15V, P+ to P- = 30V, P- = 0V, Reg to P- =

2mA. Full Temp T, = -40°C to +150°C

SYMBOL PARAMETER TEST CONDITIONS | TEMP MIN TYP MAX UNITS
Ipo PO Quiescent Supply Current Full - 35 5 mA
Ip, P+ Quiescent Supply Current +25°C - 1 10 uA

Full - - 250 HA
laros POS Quiescent Supply Current Osc Freq = 100kHz Full - 3 5 mA
BVp, P+ to P- Breakdown Voltage lgy = 100pA Full 30 35 - Vv
VReg Regulator Voltage, PO to Reg lpeg = 2mA +25°C 4.4 5.2 6.0 \

Full 4.0 - 6.5 \
RRreg Regulator Impedance, PO to Reg Igeg = 10mA, 30mA Full 3 8 17 Q
Veme | Clamp Voltage, CLMP to P- locLmp = 15MA Full 11 125 14 v
Reimp | Clamp Impedance, CLMP to P- lcLmp = 15MA, 30mA Full 7 20 32 Q

Fep Charge Pump Frequency Full - 200 - kHz
Dcp Charge Pump Duty Cycle Full - 50 - %
VOg¢p Charge Pump Vg7, P+ to P- IP+ = 500pA Full 28 28.5 29 \
VOcp Charge Pump Vg, P+ to P- IP+ = 4mA Full 26.5 27.5 28.5 v
N Comparator Input Leakage VINgmp = VP0/2 Full - .01 1 MA

Vos Comparator Offset Voltage Vem = VP0/2 Full - 10 50 mV
VCM Comparator Common Mode Voltage Range Full (VP-)+2 - VP0+2 v

RGOgpc | GO Output RDS, Sourcing Ispc = 2A +25°C - .6 1 Q

Full - - 1.5 Q

RGOgnk | GO Output RDS, Sinking Isnk =2A +25°C - 2 3 Q

Full - - 4 Q

RDSgrc | AO, BO Output RDS, Sourcing Ispc = 10mA +25°C - 85 150 Q
Full - - 175 Q
RDSgnk | AO, LO Output RDS, Sinking Isnk = 10mA +25°C - 75 125 Q
Full - - 150 Q
Dynamic Electrical Specifications Po0 to P- = 15V, P+ to P- = 30V, P- = 0V, Ref to P- = 2mA. Full Temp
T, =-40°C to +150°C

SYMBOL PARAMETER TEST CONDITIONS TEMP MIN TYP MAX | UNITS
THMIN Min GO Output Hi Duration Cioap = 20pF Full 600 1100 1600 ns
Tlvin Min GO Output Lo Duration CLoap = 20pF Full 200 750 1500 ns
TPLHAB Prop Delay, Lo - Hi, Chs. A, B CLoap = 300pF Full - 90 150 ns
TPLHL Prop Delay, Lo - Hi, Ch. L Cioap = 300pF, Vop = 2V Full - 115 170 ns
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Specifications HIP2030

Dynamic Electrical Specifications P0 to P- = 15V, P+ to P- = 30V, P- = 0V, Ref to P- = 2mA. Full Temp
T, =-40°C to +150°C (Continued)

SYMBOL PARAMETER TEST CONDITIONS TEMP MIN TYP MAX UNITS
TPuLa Prop Delay, Hi- Lo, Ch. A CrLoap = 300pF, Vop = 2V Full - 200 320 ns
TRag Rise Time, Channels A, B Cioap = 300pF, Vop = 2V Full - 20 50 ns
TFaL Fall Time Channels A, L CiLoap = 300pF, Vop = 2V Full - 50 75 ns
TPLHG Prop Delay, Lo - Hi, Ch. G CLoap = 60nF, Vop = 2V +25°C - 135 200 ns

Full - - 275 ns

TPhLg Prop Delay, Hi - Lo, Ch.G CLoap = 60nF, Vop = 2V +25°C - 280 400 ns
Full - - 475 ns

TRag Rise Time, Channel G CiLoap = 60nF, Vop = 2V +25°C - 150 300 ns
Full - - 450 ns

TFg Fall Time Channel G CLoap = 60nF, Vop = 2V +25°C - 235 340 ns
Full - - 500 ns

Timing Waveforms

Gt (Low)

o / \

o[

(LAST STATE)
(OUTPUT) ’
GO (HIGH)
(OUTPUT)
FIGURE 1.
GT (HIGH)

Lt [/
Rt __j—\

(LAST STATE)
Lo
(OUTPUT)
GO m '
(OUTPUT)

(UNDEFINED
STATE)
1 Refers to the state of the input comparator output

FIGURE 2.
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HIP2030

Pin Descriptions
PIN
NUMBER | SYMBOL DESCRIPTION
1 A- Negative Comparator input for A channel. This input has a Protected Comparator Input that is clamped to P+

and P- through a 330 ohm resistor. The common mode input voltage, for the Protected Comparator Input, rang-
es from (VP-) +2V and (VP0) +2V. The CMOS output AO (Pin 24) is low when input A- is “True” and input A+ is
“False”.

2 A+ Positive Comparator Input for A channel. The CMOS output AO (Pin 24) is high when input A+ is “True” and
input A- is “False”.

3 B1- Negative Comparator input for B1 channel. The output of the internal B1-channel comparator is low when input
B1-is “True” and input B1+ is “False”.

4 B1+ Positive Comparator Input for B1 channel. The output of the internal B1-channel comparator is high when input
B1+is “True” and input B1- is “False”.

5 B2- Negative Comparator Input for B2 channel. The output of the internal B2-channel comparator is low when input
B2- is “True” and input B2+ is “False”.

6 B2+ Positive Comparator Input for B2 channel. The output of the internal B2-channel comparator is high when input
B2+ is “True” and input B2- is “False”.

7 L- Negative Comparator Input for L (Latch) channel. Latch mode operation is disabled when L- is “True” and L+ is
“False”. NMOS output LO (Pin 26) is active high in a no latch state. The GO output (Pin 23) is controlled by G-
channel inputs.

8 L+ Positive Comparator Input for L (Latch) channel. Latch mode operation is enabled when L+ is “True” and L- is
“False”. NMOS output LO (Pin 26) is active low in latch state. The GO output (Pin 23) goes to a
“P-MCT OFF” state (VGO = VP+) and is controlled by the internal L-channel latch; which bypasses the G-chan-
nel inputs. Latch mode always overrides the R-channel.

9 R- Negative Comparator Input for R (Reset) channel. Reset mode, for the internal L-channel latch, is disabled
when R-is “True” and R+ is “False”.

10 R+ Positive Comparator Input for R (Reset) channel. Reset mode, for the internal L-channel latch, is enabled when
R+ is “True” and R- is “False”. Reset mode (enabled) unlatches the internal L-channel latch; which allows the
G-channel inputs to control the GO output (Pin 23). Latch mode must be disabled to operate in reset mode.

11 G- Negative Comparator Input for G (Main) channel. The G-channel output (Pin 23) goes to a “P-MCT OFF” state
(VGO = VP+) when G- is “True” and G+ is “False”.

12 G+ Positive Comparator Input for G (Main) channel. The G-channel output (Pin 23) goes to a “P-MCT ON” state
(VGO = VP-) when G+ is “True” and G- is “False”.

13 MLT Input for programmable Minimum Low Time timing capacitor (Ct). MLT is set by connecting a capacitor between
PO (Pin 22) and MLT (Pin 13). MLT is approximated by the equation: (C1)(5V)/(100uA).

14 MHT Input for programmable Minimum High Time timing capacitor (Ct). MHT is set by connecting a capacitor be-
tween PO (Pin 22) and MHT (Pin 14). MHT is approximated by the equation: (Ct)(5V)/(100pA). MHT becomes
Minimum Low Time function for turning on N-MCT’s.

15 REG 5V regulator output. An opto-coupler or fiber-optic receiver may be power by connecting the positive voltage pin
of the IC to PO (Pin 22) and the IC common to REG (Pin 15). The internal regulator (REG) must sink 2mA of
current minimum for the MLT and MHT functions to work properly.

16 P- Chip negative supply. This pin is generally used as the DC bias power supply common. The regulator transistor,
charge pump and logic are referenced to P- (Pin 16).

17 CcPB Output of the Charge Pump Oscillator Inverter stage. A 0.47pF capacitor is normally connected from this output
to CPA (Pin 19).

18 NC Unused pin.

19 CPA Input of the charge pump steering diode. A 0.47uF capacitor is normally connected from this input to CPB (Pin 18).
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Pin Descriptions (Continued)

PIN
NUMBER | SYMBOL DESCRIPTION

20 CLMP An internal 12V clamp that can be used for additional regulation across P0 (Pin 22) and P- (Pin 16).

21 POS Positive supply rail for the charge pump.

22 PO Chip positive supply. This pin is generally used as the DC bias power supply positive input.

23 GO Main channel output (Gate Output). The gate output controls the switching of power devices and is normally
connected to the P-MCT gate. GO can sink or source greater than 6A peak at VP+ equal to 30V.

24 AO A-Channel Output. AO has a CMOS output that switches from PO (Pin 22) to P- (Pin 16). AO can source or sink
10mA of DC current.

25 BO B-Channel Output. B-channel has a PMOS output that connects BO to PO (Pin 22) when turned on. BO can
source 10mA of DC current from PO.

26 LO L-Channel Output. L-channel has a NMOS output that connects LO to P- (Pin 16) in latch mode. LO can sink
10mA of DC current.

27 NC Unused pin.

28 P+ High side output. Connects to the output of a charge pump steering diode. A 10.0pF capacitor is normally con-
nected from this output to PO (Pin 22) to supply the high side of the gate voltage.

HIP2030 Application Information

The Harris Photo-Coupled Isolated Gate Drive (HPCIGD)
circuit, illustrated in Figure 3, contains four subcircuits: a Single
Supply DC bias, a Regulated voltage divider reference, a Local
Energy Source Capacitance, and a Photo-Couple Receiver.

The Single Supply DC Bias Circuit, shown in Figure 3, con-
sists of a single external dropping resistor (R1) connected
between pins P+ (U1-28) and PO (U1-22). When an input volt-
age of 30V is applied across pins P+ and P- (U1-16), R1 forms
a resistive divider network with the input impedance located
between pins PO and P- (RVPO0). This allows the circuit
designer to adjust the value of R1 to obtain a desired bias volt-
age between pins PO and P- (VP0.). The value of RVPO can be
calculated by evaluating the equivalent Quiescent Input Imped-
ance (RQ) and the 5V reference impedance (RR) as parallel
resistances. The values for R1, RQ, RR, and RVPO can be
determined by using Equations 1(A, B, C, D) as shown in
Appendix A, Exercise 1.1.

The Regulated Voltage Divider Reference is comprised of
two resistors (R3 and R4) connected in series and are located
across pins PO and REG. This voltage divider provides a stable
voltage reference to all of the HIP2030 comparator inputs.
Resistors R3 and R4 are selected equal in value to create a
midpoint bias reference between the peak to peak input signal
of U2. Also, the midpoint bias method ensures that input sig-
nals generated from U2 and midpoint bias reference voltages
are within a safe common mode voltage range of the compara-
tors.

The Local Energy Source Capacitances, C1 and C2, are
needed to supply the charge required to drive large capaci-
tance loads at high dv/dts. The HPCIGD circuit uses low cost
“oversized” tantalum capacitors (C = 10uF) that are used for C1

and C2. If rise times and overshoot are critical, ceramic capaci-
tors with low ESL and ESR should be used to improve gate
drive signals. In a power circuit, where the gate driver is
exposed to high dv/dts, the network of C1 and C2 directs noise
current away from the HIP2030. This allows the HFOIGD circuit
to operate well in half bridge power circuits that use a trans-
former coupled power source.

The Photo-Coupled Receiver subcircuit consists of U2, R5, C4,
and R6. U2 is a photocoupler which combines an infrared emitter
diode (IRED) and a high speed photo detector to translate light
pulses to low voltage input signals. These signals are routed to
the G channel and are used to control the output GO. Compo-
nent R5 is used to limit the DC current through the IRED when
the input signal voltage switches to its most positive level. A wide
range of input voltages may be accommodated by varying R5 to
limit the IRED current to 25mA. C4 is a speed up capacitor and is
selected to match the forward bias capacitance of the IR diode.
The last component, R6, is an optional part and is intended to be
a termination resistor with the value set by the user.

The Harris HIP2030 Evaluation Board (HIP2030EVAL) is a
printed circuit board (PCB) developed to help evaluate the
performance of the HIP2030 MCT/IGBT Driver IC in power
switching circuits. The component layout of the HIP2030DB
circuit enables the user to conveniently populate the PCB for
either Photo-Coupled or fiber-optic receivers. In addition, the
PCB layout has provisions for “on board prototyping” and spe-
cial function components. This facilitates the gate drive circuit
design and allows the user to exercise the internal architec-
ture and special functions of the HIP2030. The schematic of
the HIP2030DB, illustrated in Figure 4, uses the basic
HPCIGD circuitry and has provisions for “on board prototyp-
ing” and special function components.
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TABLE 1. LOGIC

INPUTS OUTPUTS
G L R LO GO
0 0 LS H
0 0 1 H H
0 1 0 L H
0 1 1 L H
1 0 0 LS U
1 0 1 H L
1 1 0 L H
1 1 1 L H
1 = Input True U = Undefined
0 = Input False LS = Last State
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NOTES:

. Insert C7 for

© O N OAWN -

FIGURE 4. HARRIS HIP2030 EVALUATION BOARD (NOTE 9)

charge pump operation.

. Open J3 to disable the charge pump oscillator.
. Open J1 to disable the internal 12V regulator.

. R5 is added for noise rejection at high Cdv/dts.
. The internal 5V reference (REF) must be operational for MHT and MLT functions to work properly.
. P1- P12 are access pads for all comparator inputs.
. Request Harris File #3918 for a full description of the HIP2030EVAL board.

. Capacitors C5 and C6 are special function components which control MLT and MHT.
. Asymmetrical gate drive may be obtained by opening J2 and adjusting R1 and R2 for the desired voltage ratio.
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Typical Performance Curves
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Typical Performance Curves (Continued)
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Appendix A Exercises
Exercise 1.1

Q: How do | calculate the value of the series dropping resis-
tor R1, shown in Figure 3?

A: The values for R1, Rq, R and Rypg can be determined
by using Equations 1 (A, B, C, and D).

v
Rq = I—PQ- (EQ. 1A)
QPO
v
Rg = I-———-I'ﬂ-—l-— (EQ. 1B)
opto *'vbr*'RP
N
Fvpo = Ao (EQ. 10)
Ra Rp '

Where: Vpgo = Voltage between pins PO and P- (U1 - U22
and U1 - U16).
lapo = Quiescent current flowing into pin PO.
lapto = Quiescent current of the HBR-2521 fiber-
optic receiver.
lypr = Current flowing through R3 and R4 (volt-
age divider reference).
Irp = Current flowing through pull up resistor R2
(in “ON” or “OFF” state)

The maximum value of R1 can easily be determined in four
design steps:

1. Assume the following values:

Viy = 30VDC
lon 2.75mA at Vpo =15V
lopto = 5mA
lVDR = 2.5mA
IRP(ON) = 5mA, R2 = 1K, VR2 =5V

2. Select a usable value of Vpy between 7V and 15V DC.
Use Vpg = 15V
3. Solve for Rypg using Equations 1 (A, B, and C):

R 15V

= = ‘5K
Q™ 275mA 54

_ 15V _
R = (5mA +2.5mA +5mA) 1:20K

1
VPO T '_i_+_1“ = 984
5.45K = 1.20K

R

4. Solve for R1 using Equation 1(D):

Rypo (ViNn—Veo)

R1 =
Vpo

(EQ. 1D)

984(30V-15V) _ 4

R1 =
15V

84
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August 1994 Isolated MCT/IGBT Gate Driver Evaluation Board
Features Description
¢ 3000VDC Isolation The HIP2030 is a medium voltage integrated circuit (MVIC)
10,000V/uS dv/dt Capabilit capable of driving large capacitive loads at high voltage slew
* 10 i Hs eV i panity rates (dv/dts). This device is optimized for driving 60nF of
* tPolarity Gate Drive MOS gate capacitance at 30V peak to peak in less than
* Standard Opto-Coupler LED Input 200ns. The half bridge gate driver is ideal for driving MOS
e PeakOutputCurrent .................ccvunt. 6.0A Controlled Thyristor (MCT) and IGBT modules.
The architecture of the HIP2030 includes four comparator
' Power.CMCfS Output Stage input channels, a 5V reference, a 12V regulator, and a high
* FastRiseTime.................. 200ns at 60,000pF  side charge pump. The device provides the user with the
« Ability to Drive MCT or IGBT Modules ability to control minimum low time (MLT) and minimum high

time (MHT) at the gate channel output (GO) by varying two

* Programmable Minimum ON/OFF (Times) external capacitances. In addition, the device contains two

¢ On Board Prototyping Area ) uncommitted comparator channels (channels A and B) that

¢ 120kHz Gate Switching .......... CrLoap at 15,000pF  can be used as monitors (temperature sensing), indicators
) . (LEDs or opto-couplers), input signal conditioning (both con-

Applications tain Schmitt triggers), or oscillators.

o Resonant Inverters The Harris HIP2030 Evaluation Board (HIP2030EVAL) is a

printed circuit board (PCB) developed to help evaluate the
performance of the HIP2030 MCT/IGBT Driver IC in power
¢ Uninterruptible Power Supplies switching circuits. The component layout of the HIP2030EVAL
« Inverters circuit enables the user to conveniently utilize either photo-
coupled or fiber-optic receivers. In addition, the PCB layout
has provisions for “on board prototyping” and special func-
¢ Arc Welders tion components. This facilitates the gate drive circuit design
and allows the user to exercise the internal architecture and
special functions of the HIP2030.

¢ Motor Controllers

e Converters

Ordering Information

PART NUMBER TEMPERATURE RANGE
HIP2030EVAL -40°C to +85°C
Board Layout Simplified Board Diagram
ASSEMBLY LAYER
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HIP2030EVAL Application Information
Initial HIP2030EVAL Configuration

The HIP2030EVAL is populated with the Harris Photo-Cou-
pled Isolated Gate Driver (HPCIGD) components and is con-
figured as a dual polarity gate driver. To operate the driver
board, the user must provide a damping resistor, an isolated
DC bias voltage between 24V and 30V, and a control signal
to the photo-coupler subcircuit. The schematic of the
HIP2030EVAL shows the initial jumper and component con-
figurations in the PCB Schematic. For more detailed infor-
mation please refer to Applications Note AN9408.

DC Input Power

The HIP2030EVAL is configured for a 12V regulated single
supply DC bias (SSDCB) operation. The SSDCB bias
scheme allows the HIP2030EVAL to operate reliably with a
single isolated DC supply and will accept input bias voltages
ranging from 24V to 30V. Dropping resistor R9 and an inter-
nal clamp V¢ mp are used in combination to provide a regu-
lated 12VDC bias voltage for the HIP2030 logic circuitry. The
DC voltage input connections, for SSDCB operation, are
applied to connector J2 between inputs P+ and P-.

Control Signal

HIP2030EVAL photo-coupler input can be driven with any
signal generator that can supply a control signal with a pulse
amplitude of 5V peak and provide 25mA of diode current.
The input signal connections for the photo-coupled subcir-
cuit, shown in the Simplified Board Diagram, are applied to
connector J3 between inputs (+) and (-). The input signal
requirements of the HIP2030EVAL are designed to be sim-
ple and allows the user to control the driver board with
peripherals that contain either discrete logic or linear circuits.

Gate Output (GO)

The HIP2030EVAL is configured as a dual polarity gate
driver with the gate return referenced to PO. In this mode of
operation, the HIP2030 generates a -12V or a +18V output
voltage when the SSDCB voltage equals 30V. The GO out-
put connections, for -12V or +18V operation, are located at
connector J1 between inputs G and GR.

Methods of DC Bias

The HIP2030EVAL can be biased in one of three configura-
tions: a single supply (with a dropping resistor), a dual sup-
ply, and a single supply with a high side charge pump.
Single supply operation, using a dropping resistor (R9) and
Voump, uses one high side voltage supply and provides
enough charging current to drive large capacitive loads at
high frequencies. An example of this bias scheme is shown
in the PCB Schematic.

Dual supply biasing (DSB) is configured by removing the drop-
pigng resistor, adding a bias resistor and connecting two iso-
lated power supplies. Follow steps 1 through 6 to use the DSB.

1. Apply voltage source #1 (V1) between PO and P-.

2. Apply voltage source #2 (V2) between P+ and PO.

3. Install 10Q resistor R8.

4. Remove dropping resistor R9.

5. Adjust V1 to provide the desired negative gate drive voltage.

6. Adjust V2 to provide the desired positive gate drive voltage.

Adjusting Gate Drive Output Polarity

The driver board is configured for driving a generic power
switch and references the gate drive to PO; which is approxi-
mately half the voltage that is applied between P+ and P-.
The HIP2030EVAL has provided the ability to adjust the gate
drive output polarity to accommodate input voltage require-
ments for various power switches. Configurations for sym-
metric and asymmetric output polarities are given below.

Symmetric Output Polarity

Open JP2 (configures the middle of the R1/R2 voltage divider
for the gate return reference). Add R1 and R2 (select equal
values of R1 and R2; typical values are between 1K and 10K).

Asymmetric Output Polarity

Open JP2 (configures the middle of the R1/R2 voltage divider
for the gate return reference), select R2 with this equation:

A2 = |__(VPO) (R1)

((VP+) -VPO)
Add R1 and R2 (typical values are between 1K and 10K).
Jumper Settings

Jumpers JP1, JP2, and JP3 are initially configured as shorts.
Jumpers names and their functions are listed:

(EQ. 1)

JP1 - Connect the internal 12V clamp, located inside the
HIP2030, across PO to P-.

JP2 - Use PO for the gate return reference.
JP3 - Applies DC bias voltage to charge pump circuitry.

Minimum High and Low Time Functions

The HIP2030 provides two special functions that are unique
to driving MCT power devices. These functions are called
Minimum High Time (MHT) and Minimum Low Time (MLT).
MLT and MHT are used to ensure that input control signals,
with gate signals <1ps in duration, turn on and off the MCT
devices reliability. The time settings for MHT and MLT are set
as a function of MCT “ON” and “OFF” delay times. Both of
these time settings can be independently programmed by
installing a capacitor between its function pin (MHT and
MLT) and pin PO. The value of either capacitor can be
approximated by the equation:

(100pA) (DELAYTIME)
c= 5V

Monitor Channel Outputs

Channel outputs A, B, and L are accessed on the solder side
of the HIP2030EVAL and are located above jumpers JP3 and
JP4. The locations for AQ, BO, LO, J1, and J3 are illustrated in
the HIP2030EVAL PCB assembly layer drawing.

On Board Prototyping Suggestions

The HIP2030EVAL PCB furnishes the experimenter with a 1”
x 0.6” prototyping area that provides a 62mil solder pad
array at 100mil spacing. Pads P1 through P12, located at the
inputs of the voltage comparators, are used as access points
to the channel inputs and may be jumpered over to the pro-
totype areas. These pads are currently connected to either
the middle of the regulated voltage divider (between R3 and
R4), PO (U1-22), REG (U1-15) or control signal (U2-6).
These traces are easily cut with the use of an “exacto-knife”
and can be disconnected to prototype various circuits.

(EQ.2)
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PCB Schematic
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NOTES:

1. Capacitors C5 and C6 are special function components which control MLT and MHT.

2. Asymmetrical gate drive may be obtained by opening J2 and adjusting R1 and R2 for the desired voltage ratio.
3. Insert C7 for charge pump operation.
4. Open J3 to disable the charge pump oscillator.
5. Open J1 to disable the internal 12V regulator.
6. R5 is added for noise rejection at Cdv/dts.
7. The internal 5V regulator (REG) must be operational for MHT and MLT functions to work properly.
8. P1- P12 are access pads for all comparitor inputs.
TABLE 1. EVALUATION BOARD PARTS LIST

REFERENCE DESIGNATOR VALUE TYPE
R1, R2, A8, R12, R13, R14 Unpopulated 73W Metal Fim (1%)
R3, R4, R7 1K 1/3W Metal Film (1%)
R5 100Q 1/3W Metal Film (1%)
R6 510Q 1/3W Metal Film (1%)
R9 820Q 1/3W Metal Film (1%)
R10, R11 10Q 1/3W Metal Film (1%)
R12 (Damping Resistor) Unpopulated 1/3W Metal Film (1%)
R13, R14 Unpopulated 1/3W Metal Film (1%)
C1,C2 10pF Tantalum at 35V
C3 0.1uF Ceramic at 35V _
Cc4 47pF Mica at 50V
C5, C6 (MLT/MHT) Unpopulated (20pF - 100uF) Varies Based on Capacitance Size
C7 (Charge Pump) Unpopulated (0.01uF Typ) Varies Based on Capacitance Size
u1 HIP2030 28 Pin PLCC
U2 TLP2601 8 Pin Plastic Dip
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TABLE 2. LOGIC

INPUTS OUTPUTS
G L R Lo GO
0 0 0 LS H
0 0 1 H H
0 1 0 L H
0 1 1 L H
1 0 0 LS u
1 0 1 H L
1 1 0 L H
1 1 1 L H
1 = Input True U = Undefined

0 = Input False

LS = Last State

Board Layouts

TOP LAYER

{

Q)

/

BOTTOM LAYER
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SELECTION GUIDE
INSULATED GATE BIPOLAR TRANSISTOR DATA SHEETS

HGTDEN40ET,
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HARRIS IGBT PRODUCT LINE

MAXIMUM RATINGS
G
o>
S5 A2
p——
BVces Icgo lem
) (A) (A) ) TO-220AB TO-247 TO-218AC TO-251AA TO-252AA MO-093AA
400 6 75 1.0 HGTD6N40E1 HGTD6N40E1S
10 12 1.2 HGTD10N40F1 HGTD10N40F1S
10 175 1.0 HGTP10N40E1
0.5 HGTP10N40C1
12 17.5 1.0 HGTH12N40E1
0.5 HGTH12N40C1
15 35 1.0 HGTP15N40E1
0.5 HGTP15N40C1
20 35 1.0 HGTH20N40E1
0.5 HGTH20N40C1
500 5 10 1.0
0.5
6 7.5 1.0 HGTD6N50E1 HGTD6NSOE1S
10 12 1.2 HGTD10NS50F1 HGTD10N50F1S
10 17.5 1.0 HGTP10N50E1
0.5 HGTP10N50C1
12 175 1.0 HGTH12N50E1
0.5 HGTH12N50C1
15 35 1.0 HGTP15N50E1
0.5 HGTP15N50C1
20 35 1.0 HGTH20NS50E1
0.5 HGTH20N50C1

apINy uonosjes
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HARRIS IGBT PRODUCT LINE (Continued)

MAXIMUM RATINGS
t: P N
2
BVces Icoo lem t
) (A) (A) (us) TO-220AB TO-218AC TO-251AA TO-252AA MO-093AA
600 12 48 0.6 HGTP12N60D1
24 96 0.6 HGTG24N60D1
32 200 0.8 HGTG32N60E2 HGTA32N60E2
1000 20 100 0.68 HGTG20N100D2
34 200 0.87 HGTG34N100E2
1200 20 100 1.00 HGTG20N120E2
30 200 0.75 HGTG30N120D2
SHADING indicates DEVELOPMENTAL PRODUCTS
NOTES:

1. lggo = Maximum continuous current rating at Tg = +90°C.
2. lgm = maximum pulsed current rating.
3. tg measured at Tg = +150°C.

HARRIS IGBTs FEATURING LOGIC LEVEL DRIVE AND COLLECTOR-GATE VOLTAGE CLAMPING

MAXIMUM RATINGS AT T¢ = 25°C

BVcLamp Ic100 Veesan Rg Rge | INDUCTIVE USE
V) (A A) ©) %) TEST (A) TO-262AA TO-263AB TO-220AB
350-420 | 14at90°C |2.0at10A,4.5V| 1k (Typ) None | 17 atL =2.3mHy HGTP14N40P3VL
320 - 390 20 1.6at10A,4.5V[ 1k (Typ) 12k-24k | 26atL =2.3mHy | HGT1S20N35G3VL | HGT1S20N35G3VLS HGTP20N35G3VL
330 - 390 14 145at7A,45V[ 75 (Typ) 10k-30k | 17atL=2.3mHy | HGT1S14N36G3VL | HGT1S14N36G3VLS HGTP14N36G3VL
SHADING indicates DEVELOPMENTAL PRODUCTS
NOTES:

4. |g100 = maximum continuous current rating at T¢ = +100°C.

(penunuod) gpPINK) uono9les




Selection Guide (Continued)

HARRIS IGBT'S WITH AN INTEGRAL REVERSE DIODE

G
O
i
§F
MAXIMUM RATINGS
BVces | lcoo lcm tr
V) (A) (A) (us) TO-220AB TO-218AC TO-247
400 6 7.5 1.0 HGTP6N40E1D
10 12 1.2 HGTP10N40F1D
10 175 1.0 HGTP10N40E1D
0.5 HGTP10N40C1D
12 17.5 1.0 HGTH12N40E1D
0.5 HGTH12N40C1D
20 35 1.0 HGTH20N40E1D |‘£
0.5 HGTH20N40C1D 8
500 6 7.5 1.0 HGTP6N50E1D -
10 12 1.2 HGTP10N50F1D
10 175 1.0 HGTP10N50E1D
0.5 HGTP10N50C1D
12 175 1.0 HGTH12N50E1D
0.5 HGTH12N50C1D
20 35 1.0 HGTH20NS50E1D
0.5 HGTH20N50C1D HGTG20N50C1D
600 12 48 0.6 HGTG12N60D1D
24 96 0.6 HGTG24N60D1D

HARRIS IGBT'S WITH INTEGRAL CURRENT SENSING

MAXIMUM RATINGS
BVces lcgo lem tr
V) (A) (A) (us) TS-001AA (5 LEAD T0O-220)
600 12 40 1.0 HGTB12N60D1C

NOTES:
1. lggo = maximum continuous current rating at T¢ = +90°C.
2. lem = maximum pulsed current rating.
3. t- measured at Tg = +150°C.




Se|ecti0n GUide (Continued)

HARRIS “UFS” ULTRA FAST SWITCHING IGBT PRODUCT LINE

MAXIMUM RATINGS
BVces le11o t
A) SCWT (us) (1s) TO-220AB
600 20 4 at 15V 0.2 HGTP20N60B3
10 at 10V

NOTES:
1. lgy40 = maximum continuous current rating at T = +110°C.
2. SCWT = Short Circuit Withstand Time (minimum capability).
3. tr measured at Tg = +150°C.

HARRIS “UFS” ULTRA FAST SWITCHING IGBT PRODUCT LINE WITH AN INTEGRAL REVERSE DIODE

MAXIMUM RATINGS
BVces leo SCWT te DIODE
V) (A) (1s) (us) tar (ns) TO-247
600 20 4at15V 0.2 55 HGTP20N60B3D
10 at 10V

NOTES: ]
1. lg410 = maximum continuous current rating at T¢ = +110°C.
2. SCWT = Short Circuit Withstand Time (minimum capability).
3. tg measured at Tg = +150°C.
4. Diode tgg measured at lgc = 20A, dlgc/dt = 100A/us, T = 25°C.




% HARRIS HGTD6N40E1, HGTD6N40E1S,
semteonpberor  HGTD6N50E1, HGTD6N50E1S

April 1995 6A, 400V and 500V N-Channel IGBTs
Features Packages
HGTD6N40E1, HGTD6N50E1
* 6A, 400V and 500V JEDEC TO-251AA
. VCE(ON): 2.5V Max.
o Teape: 1.0us EMITTER coLLECTOR
¢ Low On-State Voltage // GATE
¢ Fast Switching Speeds COLLECTOR %/
—
¢ High Input Impedance (FLANGE)
Applications HGTDBN40E1S, HGTDENS0E1S
JEDEC TO-252AA

¢ Power Supplies

¢ Motor Drives o COLLECTOR
EMITTER f\'}]/ ~ (FLANGE)

¢ Protective Circuits

.. GATE
Description

The HGTD6N40E1, HGTD6N40E1S, HGTD6NSOE1, and
HGTDENS0E1S are n-channel enhancement-mode insulated N N
gate bipolar transistors (IGBTs) designed for high vottage, low | Terminal Diagram

on-dissipation applications such as switching regulators and N-CHANNEL ENHANCEMENT MODE
motor drivers. These types can be operated directly from low

IGBTs

power integrated circuits. c
PACKAGING AVAILABILITY
PART NUMBER PACKAGE BRAND G
HGTD6N40E1 TO-251AA G6N40E
HGTD6NS50E 1 TO-251AA G6N50E E
HGTD6N40E1S TO-252AA G6N40E
HGTD6N5S0E1S TO-252AA G6N50E

NOTE: When ordering, use the entire part number.

Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified

HGTD6N40E1 HGTD6NS50E1
HGTD6N40E1S HGTDENSOE1S  UNITS

Collector-Emitter Voltage . . .. ...t Vees 400 500 \
Collector-Gate Voltage Rge =1MQ . ... ... Vear 400 500 \
Gate-EmitterVoltage . ... Vae +20 +20 \
Collector Current Continuous at To =+25%C . ... ......ovviriiiineninenennn. lcos 7.5 75 A
A Te=4900C. ..\ttt Iceo 6.0 6.0 A
Power Dissipation Total at Tg=+25%C ... ... ..iuiitiniiiiiiiiieaanenns Pp 60 60 w
Power Dissipation Derating T > #25%C .. ..o .ttutireeiii e eineieannns 0.48 0.48 wr°c
Operating and Storage Junction Temperature Range . .. .................. Ty Tstg 5510 +150 -55 to +150 °C
HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:
4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762

4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951
4,969,027

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 2413.3
Copyright © Harris Corporation 1995 3.7



Specifications HGTD6N40E1, HGTD6N40E1S, HGTD6N50E1, HGTD6N50E1S

Electrical Specifications T¢=+25°C, Uniess Otherwise Specified

LIMITS
HGTDEN40E1 HGTD6ENS0E1
HGTD6N40E1S | HGTD6NS0E1S
PARAMETERS SYMBOL TEST CONDITIONS MIN MAX MIN MAX | UNITS
Collector-Emitter Breakdown BVces | lc =250pA, Vge = 0V 400 - 500 - \'
Voltage
Gate Threshold Voltage VeeaH) | Vee=Vee Ic=1mA 20 4.5 2.0 45 \"
Zero Gate Voltage Collector lces T,y = +150°C, Vg = 400V - 250 - - HA
Current T, = +150°C, Vg = 500V - - B 250 WA
Gate-Emitter Leakage Current lges Vge =120V, Vg = 0V - 100 - 100 nA
Collector-Emitter On-VoItage VCE(ON) TJ = +150°C, |c = 3A, VGE =10V - 2.9 - 29 \")
T,y =+150°C, Ig = 3A, Vgg = 15V - 25 - 25 v
Ty=+25°C, Ic = 3A, Vgg = 10V - 25 - 25 v
Ty=+25°C, I = 3A, Vgg = 15V - 2.4 - 24 v
Gate-Emitter Plateau Voltage Vaep lc=3A, Veg =10V 6.5 (Typ) v
On-State Gate Charge Qgon) | lc=3A Vgg=10V 6.9 (Typ) nC
Tumn-On Delay Time tpon) | Resistive Load, I = 3A, 90 (Typ) ns
— Vge = 400V, R = 133Q,
Rise Time tr T, = +150°C, Vg = 1 ov, 32 (Typ) ns
Turn-Off Delay Time toorr) | Ra=25Q 24 (Typ) ns
Fall Time te 1100 (Typ) ns
Tum-Off Energy Loss Per Cycle Worr 0.29 (Typ) mJ
(Off Switching Dissipation =
Woee x Frequency)
Tumn-Off Delay Time toorry | Inductive Load (See Figure 11), - 190 - 190 ns
" |c = 3A, VCE(CLP) = 400V,
Fall Time % | R =133Q, L= 50uH, T, = +150°C, | " ! - ! us
Tum-Off Energy Loss Per Cycle Wore | Vee =10V, Rg = 25Q - 0.43 - 0.43 mJ
(Off Switching Dissipation =
Woer x Frequency)
Thermal Resistance Junction-to- Reyc - 2.08 - 2.08 o°c/w
Case (IGBT)
Typical Performance Curves
75 75
g PULSE TEST, Vg = 10V £ |Vee=18V P aTION = 25018 goc
B PULSE DURATION = 250y & <05%, o 25
w — w - —
£ 60[DUTYCYCLE<2% £ 6.0 , Vgg =10V Ve =7.5V
2 =1
3] o ’ t
S as & as Vee=7.0V ]
E E / :
E_ E / Vge = 6.5V
g 3.0 g 3.0 P
E § Vge = 6.0V
3 15 Te =+150°C 3 1s - Ve =55V —
o Tc = +25°C o Vgg = 5.0V
] 8 —T
~ o0 I ~ o0
0 2 4 6 8 10 0 2 4 6 8 10

Ve, GATE-TO-EMITTER VOLTAGE (V)

FIGURE 1. TYPICAL TRANSFER CHARACTERISTICS

Vce, COLLECTOR-TO-EMITTER VOLTAGE (V)
FIGURE 2. TYPICAL SATURATION CHARACTERISTICS
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HGTD6N40E1, HGTD6N40E1S, HGTD6N50E1, HGTD6N50E1S

Typical Performance Curves (Continued)

T, = +150°C | |

Vge =10V

e

Vge =15V

//

Vce(ony SATURATION VOLTAGE (V)

1 10
Ice, COLLECTOR-EMITTER CURRENT (A)

FIGURE3. SATURATION VOLTAGE vs COLLECTOR-EMITTER
CURRENT (TYPICAL)

500
f=1MHz

400

200 — ciss

100 X\ coss

CRSS | ]
0 [ —t——

0 5 10 15 20 25
Ve, COLLECTOR-TO-EMITTER VOLTAGE (V)

FIGURE 5. CAPACITANCE vs COLLECTOR-TO-EMITTER
VOLTAGE (TYPICAL)

€, CAPACITANCE (pF)

15

T, =+150°C, Vge = 10V
Rg =25Q, L = 50pH

2 10 ™\
i \
E [ — Vg = 400V
-
b
£ 05

0.0

1 10

Ice» COLLECTOR-EMITTER CURRENT (A)

FIGURE 7. FALL TIME vs COLLECTOR-TO-EMITTER CURRENT
(TYPICAL)

12

10

ST~
NN

Ve = 10V

Icg, DC COLLECTOR CURRENT (A)
(-]

+25 +50 +75 +100 +125 +150
Tc, CASE TEMPERATURE (°C)

FIGURE 4. DC COLLECTOR CURRENT vs CASE
TEMPERATURE

03
T, +150°C, Vge = 15V, Rg = 500,
= Vg = 400V, L = 50uH
s
3 o2
(=]
'S
™
Q
F4
9
2 o1
T
w
(<]
5
0.0
1 10

Ice; COLLECTOR-EMITTER CURRENT (A)

FIGURE 6. TURN-OFF DELAY vs COLLECTOR-TO-EMITTER
CURRENT (TYPICAL)

10

T, = +150°C, Vgg = 10V
Rg = 25Q, L = 50uH

1.0 =

A~ — Vg =200V
/ "

0.1 /

1 10

Icg, COLLECTOR-EMITTER CURRENT (A)

Worr, TURN-OFF SWITCHING LOSS (mJ)

FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR-
EMITTER CURRENT (TYPICAL)

IGBTs



HGTD6N40E1, HGTD6N40E1S, HGTD6N50E1, HGTD6N50E1S

Typical Performance Curves (Continued)

§

==

Ty= +150°C, Te= +100°C, Vge =10V
Rg = 25Q, PT = 60W, L = 50uH
| |

g

E= Vce =200V =

I

Ve =400V TN

fmax = (Pp - PcVWorr

Pp = ALLOWABLE DISSIPATION
Pc = CONDUCTION DISSIPATION
1 1 1

-
(-]

fop, MAXIMUM OPERATING FREQUENCY (kHz)

1
1 10

Ice, COLLECTOR-EMITTER CURRENT (A)

500 10
) GATE- R_ = 166.70
w EMITTER laer = 0-18mA
g VOLTAGE ( / / \,GE =10V
- Vee = 1 Vcc =
3 ars
> BVces BVces
: =7 |
g »° 'ﬁ L 0.75 BVces 0.75 BVes| 5
3 0.50 BVggs 0.50 BVggs |-
§ \ 0.25 BVces 0.25 BVces. \
= 125
3 \\ !
o COLLECTOR-EMITTER
@ |l \ VOLTAGE
> 0 0
20 200 TIME (p8) latnen
_G(RER s _G(RER)
laacr) la(act)

FIGURE 9. MAXIMUM OPERATING FREQUENCY vs COLLECTOR  FIGURE 10. NORMALIZED SWITCHING WAVEFORMS AT

CURRENT AND VOLTAGE (TYPICAL)

CONSTANT GATE CURRENT

Vge, GATE-EMITTER VOLTAGE (V)

Test Circuit

1/Rg = 1/Rgen + 1/Rge

FIGURE 11. INDUCTIVE SWITCHING TEST CIRCUIT
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% SEMICONDUCTOR

HGTP6N40E1D,
HGTP6N50E1D

6A, 400V and 500V N-Channel IGBTs
with Anti-Parallel Ultrafast Diodes

April 1995
Features Package
« 6A, 400V and 500V JEDEC TO-220AB
* Latch Free Operation EMITI’EF:: OLLECTOR
® TeaLL: <1.0us // GATE
* High Input Impedance COLLECTOR \Q’
* Low Conduction Loss (FLANGE) @\y
« With Anti-Parallel Diode >
. tRFI < 60ns
Description

The IGBT is a MOS gated high voltage switching device combin-
ing the best features of MOSFETs and bipolar transistors. The

Terminal Diagram

s N N-CHANNEL ENHANCEMENT MODE
device has the high input impedance of a MOSFET and the low
on-state conduction loss of a bipolar transistor. The much lower
on-state voltage drop varies only moderately between +25°C c @
and +150°C. The diode used in parallel with the IGBT is an E
ultrafast (tgg < 60ns) with soft recovery characteristic. [T
The IGBTSs are ideal for many high voltage switching applica- G
tions operating at frequencies where low conduction losses
are essential, such as: AC and DC motor controls, power
supplies and drivers for solenoids, relays and contactors. E
PACKAGING AVAILABILITY
PART NUMBER PACKAGE BRAND
THGTPGN4OETD | TO-220AB G6N40E1D
HGTPBNS0E1D TO-220AB G6NS0E1D
NOTE: When ordering, use the entire part number
Absolute Maximum Ratings T¢ = +25°C, Unless Otherwise Specified
HGTP6N40E1D HGTP6NSOE1D  UNITS
Collector-Emitter Voltage . . . ... BVces 400 500 \
Collector-Gate Voltage Rge =1MQ . ... ...t BVeagr 400 500 \
Collector Current Continuous at Te=+25%C . . .. .....vuririnennnannnannnns Ic2s 75 75 A
at Tc =490%C . ... |cgo 6 6 A

Collector Current Pulsed (Note 1) .......... ..., lem 75 75 A
Gate-Emitter Voltage Continuous. . ............ ..ot Vaes +20 +20 \
Diode Forward Current at Te=+25%C. .. ... ..vueirin i iiiin e Ig2s 10 10 A

AtTE=490C. ..ottt Irgo 6 6 A
Power Dissipation Total at To=+25°C . .......vtiinrenieinienennanans Pp 75 75 w
Power Dissipation Derating Tg > +25%C .. .....vutnritintiii i 0.6 0.6 wre
Operating and Storage Junction Temperature Range . .................... Ty Tstg  -55t0 +150 -55 to +150 °c
Maximum Lead Temperature for Soldering . ..........................ooue. T 260 260 °c
NOTE:

1. Ty = +150°C, Min. Rgg = 25Q without latch.

HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:

4,364,073 4,417,385 4,430,792 4,443,931 4,466,176
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127
4,969,027

4,516,143
4,631,564
4,717,679
4,810,665
4,904,609

4,532,534 4,567,641
4,639,754 4,639,762
4,743,952 4,783,690
4,823,176 4,837,606
4,933,740 4,963,951

3-1

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures.
Copyright © Harris Corporation 1995
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Specifications HGTP6N40E1D, HGTP6N50E1D

Electrical Specifications T = +25°C, Unless Otherwise Specified

LIMITS
HGTP6N40E1D | HGTP6NS0E1D
PARAMETERS SYMBOL TEST CONDITIONS MIN MAX MIN MAX ] UNITS

Collector-Emitter Breakdown BVces lc = 1.25mA, Vgg = 0V 400 - 500 - A
Voltage
Gate Threshold Voltage VGE(TH) VGE = VCE- |c =1mA 2.0 4.5 2.0 4.5 \
Zero Gate Voltage Collector Ices T, =+150°C, Vg = 400V - 1.25 - - mA
Current T, = +150°C, Vgg = 500V - - - 125 | mA
Gate-Emitter Leakage Current lges Vgg = $20V, Vgg = OV - 100 - 100 nA
Collector-Emitter On-Voltage Veeony | Tu=+150°C, Ig = 3A, Vgg = 10V - 29 - 2.9 \Y

Ty=+150°C, Ic = 3A, Vgg = 15V - 25 - 25 v

Ty=+25°, Ig = 3A, Vgg = 10V - 25 - 25 v

T, =+25°, I = 3A, Vgg = 15V - 24 - 24 v
Gate-Emitter Plateau Voltage Veep | lc=3A, Ve =10V 6.5 (Typ) v
On-State Gate Charge Qgony | lo=3A, Veg =10V 6.9 (Typ) nC
Turn-On Delay Time toon) Resistive Load, I = 3A, 90 (Typ) ns

— Ve = 400V, R, = 133Q,
Rise Time tr T, = +150°C, Vgg = 10V, 32 (Typ) ns
Turn-Off Delay Time toorr) | Ra=25Q 24 (Typ) ns
Fall Time te 1100 (Typ) ns
Tum-Off Energy Loss Per Cycle Worr 0.29 (Typ) md
(Off Switching Dissipation = Wogg x
Frequency)
Tum-Off Delay Time tporr | Inductive Load (See Figure 13), - 190 - 190 ns
: Ic = 3A, VcgcoLp) = 400V, R = " -

Fall Time tr 133Q, L = 50uH, T, = +150°C, Vg ! ! K
Tum-Off Energy Loss Per Cycle Worr =10V, Rg =25Q - 0.43 - 0.43 mJ
(Off Switching Dissipation = Wogg x
Frequency)
Thermal Resistance Junction-to- Resc - 2.08 - 2.08 o°cw
Case (IGBT)
Thermal Resistance of Diode Rauc - 2.00 - 2.00 °cw
Diode Forward Voltage Vec lgc = 6A - 1.6 - 1.6 \
Diode Reverse Recovery Time trR lgc = 6A, dlgc/dt = 100A/us - 60 - 60 ns

Typical Performance Curves
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HGTP6N40E1D, HGTP6N50E1D

Typical Performance Curves (Continued)
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HGTP6N40E1D, HGTP6N50E1D

Typical Performance Curves (Continued)
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HGTP10N40C1, 40E1, 50C1, 50E1,
% mﬁ HGTH12N40C1, 40E1, 50C1, 50E1

10A, 12A,

April 1995 400V and 500V N-Channel IGBTs

Features Packages

« 10A and 12A, 400V and 500V HGTH-TYPES JEDEC TO-218AC

° VCE(ON): 2.5V Max. EMITTER

 To: 1uS, 0.5 COLLECTOR

Fe HS, ALoks COLLECTOR ' / GATE
¢ Low On-State Voltage (FLANGE)

¢ Fast Switching Speeds
¢ High Input Impedance
¢ No Anti-Parallel Diode

Applications
HGTP-TYPES JEDEC TO-220AB
¢ Power Supplies EMITTER

¢ Motor Drives COLLECTOR

COLLECTOR
* Protection Circuits (FLANGE) /// GATE
Description ‘ \ ]
The HGTH12N40C1, HGTH12N40E1, HGTH12N50C1, HGTH12N50E1, \@/

HGTP10N40C1, HGTP10N40E1, HGTP10N50C1 and HGTP1ON50E1
are n-channel enhancement-mode insulated gate bipolar transistors

s
IGBTs

(G sl o o sl sestrs 2 | Torminal Diagram

directly from low-power integrated circuits. N-CHANNEL ENHANCEMENT MODE
PACKAGING AVAILABILITY c

PART NUMBER PACKAGE BRAND

[HGTH12N40C1 TO-218AC G12N40C1

HGTH12N40E1 TO-218AC G12N40E1 G

HGTH12N50C1 TO-218AC G12N50C1

HGTH12N50E1 TO-218AC G12N50E1 E

HGTP10N40C1 TO-220AB G10N40C1

HGTP10N40E1 TO-220AB G10N40E1

HGTP10N50C1 TO-220AB G10N50C1

HGTP10N50E1 TO-220AB G10N50E1

NOTE: When ordering, use the entire part number.

Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified

HGTH12N40C1 HGTH12NS0C1 HGTP10N40C1 HGTP10N50C1
HGTH12N40E1 HGTH12NSOE1 HGTP10N40OE1 HGTP10NS0E1 UNITS

Collector-Emitter Voltage. . . ...................... Vces 400 500 400 500 v
Collector-Gate Voltage Rge = 1MQ................ Vear 400 500 400 500 v
Reverse Collector-Emitter Voltage ............ Vgcs(rev.) 15 15 -5 -5 v
Gate-Emitter Voltage . . . ......................... Vae +20 +20 20 +20 v
Collector Current Continuous ....................... I 12 12 10 10 A
Collector CurrentPulsed . . ........................ lom 175 17.5 175 17.5 A |
Power Dissipation at T =+25°C ................... Pp 75 75 60 60 w !
Power Dissipation Derating Above Tg >+25°C ........... 0.6 0.6 0.48 0.48 w/re
Operating and Storage Junction Temperature Range ... T, Tgtg  -55 to +150 -55 to +150 -55 to +150 -55 to +150 °c
|
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 1 697_3 i

Copyright © Harris Corporation 1995 3.15



Specifications HGTP10N40C1, 40E1, 50C1, 50E1, HGTH12N40C1, 40E1, 50C1, 50E1

Electrical Specifications T = +25°C, Unless Otherwise Specified

LIMITS
HGTH12N40C1, E1, | HGTH12N50C1, E1,
HGTP10N40C1, E1 | HGTP10N50C1, E1
PARAMETERS SYMBOL TEST CONDITIONS MIN MAX MIN MAX UNITS
Collector-Emitter Breakdown BVges |lc=1mA, Vge=0 400 - 500 - \
Voltage
Gate Threshold Voltage VeerH) | Vee=Vee lc=1mA 20 4.5 2.0 45 \
3 (Typ) 3 (Typ)
Zero Gate Voltage Collector lces Vg = 400V, Tg = +25°C - 250 - - pA
Current
Vg = 500V, Tg = +25°C - - - 250 HA
Vce = 400V, Tg = +125°C - 1000 - - pA
Ve =500V, Tg = +125°C - - - 1000 pA
Gate-Emitter Leakage Current lges Vge =+20V,Vee =0 - 100 - 100 nA
Collector-Emitter on Voltage Vceon) | lc=10A, Vge = 10V - 25 - 25
lc =17.5A, Vgg = 20V - 3.2 - 32 v
Gate-Emitter Plateau Voltage Vaep Ig=5A, Vgg = 10V - 6 (Typ) - 6 (Typ) v
On-State Gate Charge Qgon) | lc=5A, Vce= 10V - 19 (Typ) - 19 (Typ) nC
Turn-On Delay Time toony | lc = 10A, VegcLp) = 300V, - 50 - 50 ns
— L =50uH, T;=+100°C,
Rise Time tr Vge = 10V, Rg = 50Q - 50 - 50 ns
Turn-Off Delay Time tooFF) - 400 - 400 ns
Fall Time tr
40E1, 50E1 680 (Typ) | 1000 |680(Typ)| 1000 ns
40C1, 50C1 400 500 400 500 ns
Turn-Off Energy Loss per Cycle Worr Ic = 10A, Vcg(cLp) = 300V,
(Off Switching Dissipation = L =50pH, T; = +100°C,
Woee X Frequency) Vge = 10V, Rg = 50Q
40E1, 50E1 680 (Typ) uJd
40C1, 50C1 400 (Typ) ']
Thermal Resistance Rauc HGTH, HGTM - 1.67 - 1.67 °cw
Junction-to-Case
HGTP - 2.083 - 2.083 °cw
HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:
4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951
4,969,027
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HGTP10N40C1, 40E1, 50C1, 50E1, HGTH12N40C1, 40E1, 50C1, 50E1

Typical Performance Curves
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HGTP10N40C1, 40E1, 50C1, 50E1, HGTH12N40C1, 40E1, 50C1, 50E1

Typical Performance Curves (Continued)
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HGTP10N40C1, 40E1, 50C1, 50E1, HGTH12N40C1, 40E1, 50C1, 50E1

Typical Performance Curves (Continued)
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% SEMICONDUCTOR

April 1995

HGTP10N40C1D, HGTP10N40E1D,
HGTP10N50C1D, HGTP10N50E1D

10A, 400V and 500V N-Channel IGBTs
with Anti-Parallel Ultrafast Diodes

Features

¢ 10A, 400V and 500V

* Vce(on): 2.5V Max.

i TFALL: 1us, 0.5ps

¢ Low On-State Voltage
¢ Fast Sviitching Speeds
¢ High Input Impedance
¢ Anti-Parallel Diode

Applications
¢ Power Supplies

* Motor Drives
¢ Protective Circuits

Package
JEDEC TO-220AB
EMITTER

COLLECTOR
GATE

COLLECTOR
(FLANGE)

Terminal Diagram
N-CHANNEL ENHANCEMENT MODE

2 e c
Description
The HGTP10N40C1D, HGTP10N40E1D, HGTP10N50C1D,
and HGTP10ONSOE1D are n-channel enhancement-mode G
insulated gate bipolar transistors (IGBTs) designed for high
voltage, low on-dissipation applications such as switching reg-
ulators and motor drivers. They feature a discrete anti-parallel E
diode that shunts current around the IGBT in the reverse
direction without introducing carriers into the depletion region.
These types can be operated directly from low power inte-
grated circuits.
PACKAGING AVAILABILITY
PART NUMBER PACKAGE BRAND

HGTP10N40C1D TO-220AB 10N40C1D

HGTP10N40E1D TO-220AB 10N40E1D

HGTP10N50C1D TO-220AB 10N50C1D

HGTP10NS0E1D TO-220AB 10NSOE1D
NOTE: When ordering, use the entire part number.
Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified

HGTP10N40C1D HGTP10N50C1D
HGTP10N40E1D HGTP10NSOE1D UNITS
Collector-Emitter Voltage . ... ...........oiiiiiiiiiiiiiiiiiiiia, Vces 400 500 Vv
Collector-Gate Voltage Rge =1MQ . . ..., Vear 400 500 v
Gate-EmitterVoltage ...........cooiiiiiiiiii i Vae +20 +20 )
Collector Current Continuous at Tg=+25°C ...........covvvinvinnnn, lo2s 17.5 17.5 A
AtTE=490C . .ieeeeeieiiiniaenns lcgo 10 10

Power Dissipation Total at To =+25%C . ..........oviiiinininnnennnnn, Pp 75 75 w
Power Dissipation Derating Te>+25°C ..........vuiiininininininennnn 0.6 0.6 wre
Operating and Storage Junction Temperature Range ............... Ty Tsta -55 to +150 -55 to +150 °c

3-20
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Specifications HGTP10N40C1D, HGTP10N40E1D, HGTP10N50C1D, HGTP10N50E1D

Electrical Specifications T = +25°C, Unless Otherwise Specified

LIMITS
HGTP10N40C1D, HGTP10N50C1D,
HGTP10N40E1D HGTP10N5S0E1D
PARAMETERS SYMBOL TEST CONDITIONS MIN MAX MIN MAX UNITS
Collector-Emitter Breakdown Voltage BVcgs |lc=1mA,Vge=0 400 - 500 - \
Gate Threshold Voltage VeeHy | Vae = Vee Ic=1mA 2.0 45 2.0 4.5 \
Zero Gate Voltage Collector Current lces Vg = 400V, Tg = +25°C - 250 - - pA
Vce =500V, Tg = +25°C - - - 250 pA
Ve = 400V, Tg = +125°C - 1000 - - HA
Veg =500V, Tg = +125°C - - - 1000 pA
Gate-Emitter Leakage Current lges Vge =20V, Vee =0 - 100 - 100 nA
Collector-Emitter On Voltage Vceon) |lc=10A, Vge = 10V - 25 - 25 \
lc =17.5A, Vgg = 20V - 3.2 - 3.2 \
7]
Gate-Emitter Plateau Voltage Vaep lc =5A, Vg = 10V - 6 (Typ) - 6 (Typ) \ 5
[}
On-State Gate Charge Qgon) |l =5A, Vg =10V - 19 (Typ) - 19 (Typ) nC
Turn-On Delay Time toony lg=10A, Vcg(cLp) = 300V, - 50 - 50 ns
L =50uH, T, = +100°C,
Rise Time tmi VGE =10V, Rg = 50Q - 50 - 50 ns
Turn-Off Delay Time tooFF) - 400 - 400 ns
Fall Time tn
40E1D, 50E1D 680 (Typ)| 1000 ]680(Typ)| 1000 ns
40C1D, 50C1D 400 (Typ) 500 400 (Typ) 500 ns
Tum-Off Energy Loss per Cycle (Off Wore Ic=10A, Vcg(cLp) = 300V,
Switching Dissipation = L =50puH, T, = +100°C,
Work x Frequency) Vgg = 10V, Rg = 50Q
40E1D, 50E1D 1810 (Typ) [N}
40C1D, 50C1D 1070 (Typ) wd
Thermal Resistance Junction-to-Case Rauc - 1.67 - 1.67 °cw
Diode Forward Voltage Vee lgc = 10A - 2 - 2 v
Diode Reverse Recovery Time trRr lgc = 10A, di/dt = 100A/ps - 100 - 100 ns
HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:
4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951
4,969,027
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HGTP10N40C1D, HGTP10N40E1D, HGTP10N50C1D, HGTP10N50E1D

Typical Performance Curves
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HGTP10N40C1D, HGTP10N40E1D, HGTP10N50C1D, HGTP10N50E1D

Typical Performance Curves (Continued)
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HGTP10N40C1D, HGTP10N40E1D, HGTP10N50C1D, HGTP10N50E1D

Typical Performance Curves (Continued)

1000

Ve = 10V, Vog(cLp) = 300V |
900 | | = 25,H, Rg = 250 ~ 20, 40E1/50E1

800

700

600 - 20A, 40C1/50C1 ™4
500 ,/ 7//
400 ,/ —

/:, 10A, 40E1/50E1

300
200 ] 10A, 40C1/50C1 ]
"

100

Worr, TURN-OFF ENERGY LOSS (uJ)

0
+25 +50 +75 +100 +125 +150

T,, JUNCTION TEMPERATURE (°C)

FIGURE 13. TYPICAL CLAMPED INDUCTIVE TURN-OFF
SWITCHING LOSS/CYCLE

T T T T
TYPICAL DIODE ON VOLTAGE

10 1/ 8
// QI N T, = +150°C
I |
Ty = +100°C
| |
1 /// // P 1, - 250
1 |

TJ=-50°C
v/ | |

04 06 08 1 1.2 14 16 1.8 2
Vgc, EMITTER-COLLECTOR (V)

FIGURE 15. TYPICAL DIODE EMITTER-TO-COLLECTOR
VOLTAGE vs CURRENT FOR ALL TYPES

Igc, EMITTER-COLLECTOR CURRENT (A)

10

o
8

Ry =250
le(mer) = 0.76mA

| Vae =10V

GATE-
EMITTER
VOLTAGE

|
_‘Vcc =BVces
=
[

I~ Veo= 0.25BVces N
L l 1
T T ]

«
~
L

N
(4]
o

T
NOTE: 4
FOR TURN-OFF GATE CURRENTS IN
EXCESS OF 3mA. Vcg TURN-OFF IS
\ NOT ACCURATELY REPRESENTED
BY THIS NORMALIZATION. 2

A \\\ U

l OLLECTOR-EMITTER VOLTAG
| | | | 0

1
20 20 80 Logen
la(acn la(acm)
FIGURE 14. NORMALIZED SWITCHING WAVEFORMS AT CON-

STANT GATE CURRENT. (REFER TO APPLICA-
TION NOTES AN7254 AND AN7260)

B
|
4

Ve, GATE-EMITTER VOLTAGE (V)

Vg, COLLECTOR-EMITTER VOLTAGE (V)

TIME (us)

TYPICAL REVERSE RECOVERY TIME

50

® / dlgo/dr 2 100A/us
VRp =30V, T, = +25°C

trr, REVERSE RECOVERY TIME (ns)
8

10

0 2 4 6 8 10 12 14 16 18 20
Igc, EMITTER-COLLECTOR CURRENT (A)
FIGURE 16. TYPICAL DIODE REVERSE-RECOVERY TIME FOR
ALL TYPES

Test Circuit

1/Rg = 1/Rgen + 1Rge
L i L]
I

Rgen = 100Q

PR —

R, =13Q

FIGURE 17. INDUCTIVE SWITCHING TEST CIRCUIT

3-24




%HARRIS

SEMICONDUCTOR

HGTP10N40F1D,

HGTP10N50F1D

10A, 400V and 500V N-Channel IGBTs

with Anti-Parallel Ultrafast Diodes

April 1995
Features Package
¢ 10A, 400V and 500V JEDEC TO-220AB
¢ Latch Free Operation EMITTER
* Typical Fall Time < 1.4us COLLECTOR
¢ High Input Impedance GATE
¢ Low Conduction Loss COLLECTOR
¢ Anti-Parallel Diode (FLANI 8
* thp< 60ns
Description
The IGBT is a MOS gated high voltage switching device combin-
ing the best features of MOSFETs and bipolar transistors. The - -
device has the high input impedance of a MOSFET and the low | Terminal Diagram
on-state conduction loss of a bipolar transistor. The much lower
on-state voltage drop varies only moderately between +25°C N-CHANNEL ENHANCEMENT MODE »
and +150°C. The diode used in parallel with the IGBT is an c B
ultrafast (tgg < 60ns) with soft recovery characteristic. IS}
IGBTSs are ideal for many high voltage switching applications
operating at frequencies where low conduction losses are G
essential, such as: AC and DC motor controls, power
supplies and drivers for solenoids, relays and contactors.
PACKAGING AVAILABILITY E
PART NUMBER PACKAGE BRAND
e -
HGTP10N40F1D TO-220AB 10N40F1D
HGTP10N50F1D TO-220AB 10N50F1D
NOTE: When ordering, use the entire part number
Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified
HGTP10N40F1D HGTP10N50F1D UNITS
Collector-Emitter Voltage . . .. ........... ... ool BVces 400 500 \
Collector-Gate Voltage Rge =1MQ . .. .............. ... ... ..., BVcar 400 500 \
Collector Current Continuous atTc=+25°C ..............ccovuuenn.. lgos 12 12 A
AtT=490C ..ot Iceo 10 10 A
Collector Current Pulsed (Note 1) . .......... ...l lom 12 12 A
Gate-Emitter Voltage Continuous. . ................. ... ..o Vaes +20 +20 \
Diode Forward Current at Tg=+25%C ..........ccoviuiiiinnanennn.. lgos 16 16 A
AtTE=490C ..ottt Iego 10 10 A
Power Dissipation Total at Tc=+25°C ................ooiuiiiininn... Pp 75 75 w
Power Dissipation Derating Te > +25%C .........ovniiiiiennnnnnnnnnnn. 0.6 0.6 Wrec
Operating and Storage Junction Temperature Range . .............. Ty Tste -55 to +150 -55 to +150 °c
Maximum Lead Temperature for Soldering . ........................... T 260 260 °c
NOTE:
1. Ty =+150°C, Min. Rgg = 25Q without latch.

HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:
4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951
4,969,027

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 2751 _2

Copyright © Harris Corporation 1995



Specifications HGTP10N40F1D, HGTP10N50F1D

Electrical Specifications T = +25°C, Unless Otherwise Specified

LIMITS
HGTP10N40F1D | HGTP10NSOF1D
PARAMETERS SYMBOL TEST CONDITIONS MIN MAX MIN MAX | UNITS
Collector-Emitter Breakdown BVces | lgc=1.25mA, Vge =0V 400 - 500 - \
Voltage
Gate Threshold Voltage VGE(TH) VGE = VCE' IC =1mA 2.0 45 20 45 Vv
Zero Gate Voltage Collector lces T, = +150°C, Vg = 400V - 1.25 - - mA
Curent T, = +150°C, Vog = 500V : y - 125 | mA
Gate-Emitter Leakage Current lces Vag = 20V, Vgg = OV - 100 - 100 nA
Collector-Emitter On-VoItage VCE(ON) TJ = +150°C, |c =5A, VGE =10V - 25 - 25 \'
TJ = +150°C, lc = 5A, VGE =15V - 22 - 22 v
Ty =+25°C, Ig = 5A, Vgg = 10V - 25 - 25 v
Ty =+25°C, Ig = 5A, Vge = 15V - 22 - 22 '
Gate-Emitter Plateau Voltage Vaep Ic =5A, Vgg = 10V 5.3 (Typ) Vv
On-State Gate Charge Qgon) | lc=5A,Vce =10V 13.4 (Typ) nC
Tumn-On Delay Time toon) Resistive Load, I = 5A, 45 (Typ) ns
T Vce = 400V, R_=80Q,
Rise Time tr T,'= +150°C, Vg = 10V, 35 (Typ) ns
Turn-Off Delay Time to(oFF) Rg =25Q 130 (Typ) ns
Fall Time tg 1400 (Typ) ns
Tum-Off Energy Loss Per Cycle Worr 0.64 (Typ) mJ
(Off Switching Dissipation = Woeg X
Frequency)
Turn-Off Delay Time toorry | Inductive Load (See Figure 13), - 375 - 375 ns
- Ic = 5A, Vcg(oLp) = 400V, R = N .
Fall Time tr 80, L= 505H, Ty = +150°C, Vg = 1200 1200 ns
Tum-Off Energy Loss Per Cycle Worr 10V, Rg = 25Q - 1.2 - 1.2 mJ
(Off Switching Dissipation = Wogg X
Frequency)
Thermal Resistance Junction-to- Reyc - 1.67 - 167 | °Cw
Case (IGBT)
Thermal Resistance of Diode Rgyc - 2.0 - 2.0 °C/W
Diode Forward Voltage Vee lgc = 10A - 1.7 . 17 \
Diode Reverse Recovery Time tRR lgc = 10A, digg/dt = 100A/us - 60 - 60 ns
Typical Performance Curves
12 o v 10 T T
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E ;o | PULSE DURATION = 2501 Te =-55°C E 2 Voe = 10V & J
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= 6 H 1
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FIGURE 1. TYPICAL TRANSFER CHARACTERISTICS
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FIGURE 2. TYPICAL SATURATION CHARACTERISTICS
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HGTP10N40F1D, HGTP10N50F1D

Typical Performance Curves (Continued)

4

[
T, = +150°C
: /
§ Vae = 10v Jf
g /4
2 T
5 //'vczasv
&
%‘ 1
g
>
0
1 10 100

Icg, COLLECTOR-EMITTER CURRENT (A)
FIGURE3. SATURATIONVOLTAGE vs COLLECTOR-EMITTER

CURRENT (TYPICAL)
1000 T
f=1MHz
800
.\
C
8 e00
-
5 ciss
& a00
<
(4]
)
200
N
o LCRss e —
0 5 10 15 20 25

Ve, COLLECTOR-TO-EMITTER VOLTAGE (V)

FIGURE 5. CAPACITANCE vs COLLECTOR-TO-EMITTER
VOLTAGE (TYPICAL)

1 T T TTTTIT
T, = +150°C, Vgg = 10V
Rg =250, L = 50uH

N

N

tg, FALL TIME (1)
-

Vee = 400V

1 10 100
Icg, COLLECTOR-EMITTER CURRENT (A)

FIGURE 7. FALL TIME vs COLLECTOR-TO-EMITTER CURRENT
(TYPICAL)

18

16

18 Vg = 15V

12 -—

10

. vGE=1oNk

Ice, DC COLLECTOR CURRENT (A)

o \
+25 +50 +75 +100 +125 +150

T, CASE TEMPERATURE (°C)
FIGURE 4. DC COLLECTOR CURRENT vs CASE

TEMPERATURE
05
T, +150°C, Vg = 400V
L=50uH
g 0.4 [remm—
>
3 i
w
o 03 = F;====
t
Q
E Vge = 15V, Rg = 50Q
2 %2 Veg=10v,Rg=500 7
é Vge =15V, Rg = 25Q
3 0.1 |— Vge =10V, Rg = 25Q
0.0
1 10

Ice; COLLECTOR-EMITTER CURRENT (A)

FIGURE 6. TURN-OFF DELAY vs COLLECTOR-TO-EMITTER
CURRENT (TYPICAL)

10

—
[— T, =4+150°C, Vgg = 10V
[ Rg=250,L=50uH

Vee = 400V

1.0 A

/
7/

1 10 100
Ice, COLLECTOR-EMITTER CURRENT (A)

FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR-
EMITTER CURRENT (TYPICAL)

Worr, TURN-OFF SWITCHING LOSS (mJ)

0.1

3-27

IGBTs



HGTP10N40F1D, HGTP10N50F1D

Typical Performance Curves (Continued)
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HARRIS HGTD10N40F1, HGTD10N40F1S,
sewtconoueror  HGTD10N50F1, HGTD10N50F1S

April 1995 10A, 400V and 500V N-Channel IGBTs
Features Packages
e 10A, 400V and 500V HGTD10N40F1, HGTD10N50F1
JEDEC TO-251AA

* Vcg(on) 2.5V Max.

® TeaLL <l.4us

* Low On-State Voltage
» Fast Switching Speeds COLLECTOR

NN
« High Input Impedance (FLANGE)
Applications
] HGTD10N40F1S, HGTD10N50F1S
* Power Supplies JEDEC TO-252AA

¢ Motor Drives

COLLECTOR

¢ Protective Circuits ~—(FLANGE)

Description

The HGTD10N40F1, HGTD10N40F1S, HGTD10N50F1, and
HGTD10N50F1S are n-channel enhancement-mode insu-
lated gate bipolar transistors (IGBTs) designed for high volt-
age, low on-dissipation applications such as switching
regulators and motor drivers. These types can be operated | Terminal Diagram

directly from low power integrated circuits. N-CHANNEL ENHANCEMENT MODE

IGBTs

PACKAGING AVAILABILITY
PART NUMBER PACKAGE BRAND c
[FGTDT0N4OF1 TO-251AA G10N40
HGTD10N50F1 TO-251AA G10N50
HGTD10N40F1S TO-252AA G10N40 G
HGTD10N50F1S TO-252AA G10N50
NOTE: When ordering, use the entire part number. Add the suffix 9A to E

obtain the TO-252AA variant in the tape and reel, i.e., HGTD10N40F19A.

Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified

HGTD10N40F1 HGTD10NS0F1
HGTD10N40F1S HGTD10N50F1S UNITS

Collector-Emitter Voltage . . . .......... ..o o i Vces 400 500 \
Collector-Gate Voltage Rge =1MQ .. . ... ... i VeaR 400 500 )
Gate-Emitter Voltage . ......... ... ... i Vae +20 +20 \
Collector Current Continuous at Te=425°C .. ... ....vitinrinenneinenennnnn Icos 12 12 A
AtTE=490% ..ot ieet e Icgo 10 10 A
Power Dissipation Total at To=+25%C .. ........iuieiiintiiaieaennnns Pp 75 75 w
Power Dissipation Derating Te > +25%C . ... ...ovuiniiiiiiiiiiiiiaenen.. 0.6 0.6 WrC
Operating and Storage Junction Temperature Range .. ................... Ty Tstg  -55t0 +150 -55 to +150 °c
HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:
4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762

4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951
4,969,027

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 2425_3
Copyright © Harris Corporation 1995 3.00



Specifications HGTD10N40F1, HGTD10N40F1S, HGTD10N50F1, HGTD10N50F1S

Electrical Specifications T = +25°C, Unless Otherwise Specified

LIMITS
HGTD10N40F1 HGTD10N50F1
HGTD10N40F1S | HGTD10N50F1S
PARAMETERS SYMBOL TEST CONDITIONS MIN MAX MIN MAX | UNITS
Collector-Emitter Breakdown BVces | lc=250pA, Vgg = 0V 400 - 500 - \
Voltage
Gate Threshold Voltage VeemH) | Vee=Vee lc=1mA 20 45 2.0 45 \
Zero Gate Voltage Collector lces T, =+150°C, Vg = 400V - 250 - - pA
Current T, = +150°C, Vg = 500V - N X 250 | pA
Gate-Emitter Leakage Current lges Vge =20V, Vgg = 0V - 100 - 100 nA
Collector-Emitter On-VoItage VCE(ON) T, J= +150°C, |c =5A, VGE =10V - 25 - 25 \"
TJ = +150°C, |c = 5A, VGE =15V - 2.2 - 22 \")
Ty =425, Ig = 5A, Vgg = 10V - 25 - 25 v
Ty=+25°C, Ig = 5A, Vgg = 15V - 2.2 - 22 v
Gate-Emitter Plateau Voltage Vaep lc=5A, Veg = 10V 5.3 (Typ) \
On-State Gate Charge Qgon) | lc=5A, Ve = 10V 13.4 (Typ) nC
Turn-On Delay Time toon) Resistive Load, I = 5A, - 45 (Typ) ns
- Ve = 400V, Ry = 80Q,
Rise Time tr T, = +150°C, Vg = 10V, 35 (Typ) ns
Turm-Off Delay Time toorr) | Rg=25Q 130 (Typ) ns
Fall Time tr 1400 (Typ) ns
Tum-Off Energy Loss Per Cycle Worr 0.64 (Typ) mJ
(Off Switching Dissipation = Wogg X
Frequency)
Tum-Off Delay Time to(oFF) Inductive Load (See Figure 11), - 375 - 375 ns
- Ic = 5A, Vgg(cLp) = 400V, - -
Fall Time te R, = 80, L = 50uH, T, = +150°C, 1200 1200 ns
Turn-Off Energy Loss Per Cycle Worr Vge = 10V, Rg = 25Q - 1.2 - 1.2 mJ
(Off Switching Dissipation = Wogg X
Frequency)
Thermal Resistance Junction-to- Reuc - 1.67 - 1.67 °cwW
Case (IGBT)
Typical Performance Curves
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FIGURE 1. TYPICAL TRANSFER CHARACTERISTICS
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FIGURE 2. TYPICAL SATURATION CHARACTERISTICS
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HGTD10N40F1, HGTD10N40F1S, HGTD10N50F1, HGTD10N50F1S

Typical Performance Curves (Continued)
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HGTD10N40F1, HGTD10N40F1S, HGTD10N50F1, HGTD10N50F1S

Typical Performance Curves (Continued)
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HGTH12N40C1D, HGTH12N40E1D,
HGTH12N50C1D, HGTH12N50E1D

12A, 400V and 500V N-Channel IGBTs
with Anti-Parallel Ultrafast Diodes

IGBTs

April 1995
Features Package
¢ 12A, 400V and 500V JEDEC TO-218AC
. VCE(ON): 2.5V Max. EMITTER
® TearL: 1us, 0.5us COLLECTOR
* Low On-State Voltage GATE
* Fast Switching Speeds
¢ High Input Impedance g:?_';\'ﬁ%céo"
¢ Anti-Parallel Diode
Applications
¢ Power Supplies T inal Di
« Motor Drives erminal Diagram
« Protective Circuits N-CHANNEL ENHANCEMENT MODE
c
Description
The HGTH12N40C1D, HGTH12N40E1D, HGTH12N50C1D,
and HGTH12N50E1D are n-channel enhancement-mode G
insulated gate bipolar transistors (IGBTs) designed for high
voltage, low on-dissipation applications such as switching
regulators and motor drivers. They feature a discrete anti- E
parallel diode that shunts current around the IGBT in the
reverse direction without introducing carriers into the
depletion region. These types can be operated directly from
low power integrated circuits.
PACKAGING AVAILABILITY
PART NUMBER PACKAGE BRAND
HGTH12N40C1D TO-218AC G12N40C1D
HGTH12N40E1D | TO-218AC G12N40E1D
HGTH12N50C1D | TO-218AC G12N50C1D
HGTH12NS0E1D | TO-218AC G12NS0E1D
NOTE: When ordering, use the entire part number
Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified
HGTH12N40C1D HGTH12N50C1D
HGTH12N40E1D HGTH12NS0E1D UNITS
Collector-Emitter Voltage . ... ........ ... i Vces 400 500 v
Collector-Gate Voltage Rge =1TMQ . ... ... ... ..ot Veer 400 500 \
Gate-EmitterVoltage . ......... ... ... i Vae 20 +20 v
Collector Current Continuous . . ..........oooviiiit i lc 12 12 A
Collector Current Pulsed .............c.oiiiiiiiiiiiiiiiiiiinn., lem 17.5 17.5 A
Power Dissipation Total at T =+25%C ............oviuirinennennnn.. Pp 75 75 w
Power Dissipation Derating Tg > +25%C .. ......ovvtviinnnneennnn 0.6 0.6 wrc
Operating and Storage Junction Temperature Range ............... T4 Tsta -55 to +150 -55 to +150 °c
HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:
4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951
4,969,027

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures.

Copyright © Harris Corporation 1995

File Number 2273.3
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Specifications HGTH12N40C1D, HGTH12N40E1D, HGTH12N50C1D, HGTH12N50E1D

Electrical Specifications T = +25°C, Unless Otherwise Specified

LIMITS
HGTH12N40C1D, | HGTH12N50C1D,
HGTH12N40E1D HGTH12NS0E1D
PARAMETERS SYMBOL TEST CONDITIONS MIN MAX MIN max | units
Collector-Emitter Breakdown Voltage BVces | lc=1mA,Vge=0 400 - 500 - v
Gate Threshold Voltage VeerH) | Vee=Vee lc=1mA 2.0 4.5 2.0 45 Vv
Zero Gate Voltage Collector Current lces Vg = 400V, Tg = +25°C - 250 - - pA
Vg = 500V, Tg = +25°C - - - 250 pA
Ve = 400V, Tg = +125°C - 1000 - - pA
VCE = 500V, Tc = +125°C - - - 1000 M
Gate-Emitter Leakage Current laes Ve =120V, Ve =0 - 100 - 100 nA
Collector-Emitter On Voitage Veeon) |lc=10A, Vge =10V - 25 - 25 \
lc = 17.5A, Vgg = 20V - 32 - 3.2 v
Gate-Emitter Plateau Voltage Vaep Ig =5A, Vgg = 10V - 6 (Typ) - 6 (Typ) \"
On-State Gate Charge Qgon) | lc=5A, Vge=10V - 19 (Typ) - 19 (Typ) nC
Turn-On Delay Time 'D(ON)I = 10A, VCE(CLP) =300V, - 50 - 50 ns
L =50pH, Ty = +100°C,
Rise Time tri Vge = 10V, Rg =50Q - 50 - 50 ns
(Note 9)
Turn-Off Delay Time toFm) - 400 - 400 ns
Fall Time tF|
40E1D, 50E1D 680 1000 680 1000 ns
(Typ) (Typ)
40C1D, 50C1D 400 500 400 500 ns -
(Typ) (Typ)
Tum-Off Energy Loss per Cycle WOFF |c = 10A, VCE(CLP) = 3OOV,
(Off Switching Dissipation = Wopg X L =50pH, T, = +100°C,
Frequency) Vae = 10V, Rg = 50Q
40E1D, 50E1D 1810 (Typ) w
40C1D, 50C1D 1070 (Typ) [}
Thermal Resistance Junction-to-Case Rauc - 1.67 - 1.67 °cwW
Diode Forward Voltage Vec lgc = 10A - 2 - 2 v
Diode Reverse Recovery Time trr lgc = 10A, dlgg/dt = - 100 - 100 ns
100A/us
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HGTH12N40C1D, HGTH12N40E1D, HGTH12N50C1D, HGTH12N50E1D

Typical Performance Curves
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HGTH12N40C1D, HGTH12N40E1D, HGTH12N50C1D, HGTH12N50E1D

Typical Performance Curves (Continued)
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HGTH12N40C1D, HGTH12N40E1D, HGTH12N50C1D, HGTH12N50E1D

Typical Performance Curves (Continued)
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HARRIS

SEMICONDUCTOR

4

HGTP12N60D1

April 1995 12A, 600V N-Channel IGBT
Features Package
* 12A, 600V JEDEC TO-220AB
¢ Latch Free Operation EMITTER COLLECTOR
* Typical Fall Time <500ns GATE
¢ High Input Impedance
COLLECTOR

¢ Low Conduction Loss

Description
The IGBT is a MOS gated high voltage switching device

combining the best features of MOSFETs and bipolar
transistors. The device has the high input impedance of a
MOSFET and the low on-state conduction loss of a bipolar
transistor. The much lower on-state voltage drop varies only

Terminal Diagram

N-CHANNEL ENHANCEMENT MODE

NOTE:
1. Repetitive Rating: Pulse width limited by maximum junction temperature.

moderately between +25°C and +150°C. c
The IGBTSs are ideal for many high voltage switching applica-
tions operating at frequencies where low conduction losses
are essential, such as: AC and DC motor controls, power G
supplies and drivers for solenoids, relays and contactors.
PACKAGING AVAILABILITY E
PART NUMBER PACKAGE BRAND
HGTP12N60D1 TO-220AB G12N60D1
Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified
HGTP12N60D1 UNITS

Collector-Emitter Voltage . . .. ...t e BVces 600 v
Collector-Gate Voltage Rge =1MQ . ... ... i BVcar 600 v
Collector Current Continuous at To=+25°C ............coovviiininannnn.. lcos 21 A

at VGE =15V at Tc =490°C ... lCQO 12 A
Collector Current Pulsed (Note 1) ............ ..ot lem 48 A
Gate-Emitter Voltage Continuous. . ....... ..o Vaes 125 \
Switching Safe Operating Area at Ty=+150C............ccvireneanenn.. SSOA 30A at 0.8 BVgeg -
Power Dissipation Total at To =+25%C ... ... .vutiriniin i eaeannn Pp 75 w
Power Dissipation Derating Tc > +25%C .. ......o.iuitieiniiiiiiiiaiannn.. 0.6 WrPC
Operating and Storage Junction Temperature Range . .................... Ty Tsta -55 to +150 °c
Maximum Lead Temperature for SOIderning ... ........ouuiiireeereninneennnnn L 260 °c

4,364,073 4,417,385 4,430,792 4,443,931 4,466,176
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127
4,969,027

HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:

4,516,143 4,532,534 4,567,641
4,631,564 4,639,754 4,639,762
4,717,679 4,743,952 4,783,690
4,810,665 4,823,176 4,837,606
4,904,609 4,933,740 4,963,951

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures.

Copyright © Harris Corporation 1995 a.38
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Specifications HGTP12N60D1

Electrical Specifications T = +25°C, Unless Otherwise Specified

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Collector-Emitter Breakdown Voltage BVees lc =250pA, Vgg =0V 600 - - Vv
Collector-Emitter Leakage Voltage lces Vce =BVcees T =+25°C - - 1.0 HA
Vg =0.8 BVggs Tc=+125°C - - 4.0 mA
Collector-Emitter Saturation Voltage Vce(sam Ic = lgceo, Vge = 15V | Tg = +25°C - 1.9 25
To=+125°C - 21 2.7
Gate-Emitter Threshold Voltage VGE(TH) Ig = 250uA, Vgg = Vgg, Te = +25°C 3.0 4.5 6.0 \
Gate-Emitter Leakage Current lges Vgg =120V - - +500 nA
Gate-Emitter Plateau Voltage Vaep Ic =lcgo Ve = 0.5 BVegs - 72 - v
On-State Gate Charge Qg(on) lc = lcgos Vge =15V - 45 60 nC
Vee=08BVees |93 ; 70 90 nC
Current Turn-On Delay Time toony L = 500uH, Ig = Icgo, Rg = 259, - 100 - ns
Current Rise Time tri xGE : ;savé;rf = +150°C, - 150 - ns
ce=0.8BVces
Current Turn-Off tooFF)I - 430 600 ns
Current Fall Time tr - 430 600 ns
Turn-Off Energy (Note 1) Worr - 1.8 - mJ
Thermal Resistance IGBT Resc - - 1.67 °c/wW

NOTE:

1. Turn-off Energy Loss (Woeg) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and
ending at the point where the collector current equals zero (Icg = 0A). The HGTP12N60D1 was tested per JEDEC standard No. 24-1
Method for Measurement of Power Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss.

Typical Performance Curves
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HGTP12N60D1

Typical Performance Curves (Continued)
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HGTP12N60D1

Typical Performance Curves (Continued)
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CURRENT
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Operating Frequency Information

Operating frequency information for a typical device (Figure
10) is presented as a guide for estimating device performance
for a specific application. Other typical frequency vs collector
current (Icg) plots are possible using the information shown
for a typical unit in Figures 7, 8 and 9. The operating
frequency plot (Figure 10) of a typical device shows fyaxq or
fmaxz Whichever is smaller at each point. The information is
based on measurements of a typical device and is bounded
by the maximum rated junction temperature.

fMAX1 is defined by fMAX1 = O'OSAD(OFF)I' tD(OFF)l deadtime
(the denominator) has been arbitrarily held to 10% of the on-
state time for a 50% duty factor. Other definitions are possible.
tp(oFr) is defined as the time between the 90% point of the
trailing edge of the input pulse and the point where the
collector current falls to 90% of its maximum value. Device

turn-off delay can establish an additional frequency limiting
condition for an application other than Tyqax. tporr) is
important when controlling output ripple under a lightly loaded
condition.

fmaxz is defined by fyaxe = (Pp - Pc)/Wogr The allowable
dissipation (Pp) is defined by Pp = (Tymax - Tc)/Reyc.- The sum
of device switching and conduction losses must not exceed Pp.
A 50% duty factor was used (Figure 10) and the conduction
losses (Pc) are approximated by Pg = (Vcg ¢ Icg)/2. Woer is
defined as the integral of the instantaneous power loss starting
at the trailing edge of the input pulse and ending at the point
where the collector current equals zero (Icg = 0A).

The switching power loss (Figure 10) is defined as fyaxo ®
Worg- Tum-on switching losses are not included because they
can be greatly influenced by extemal circuit conditions and com-
ponents.
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@ Harris HGTB12N60D1C

April 1995 12A, 600V Current Sensing N-Channel IGBT
Features Package
* 12A, 600V JEDEC TS-001AA (5 LEAD TO-220)
. rDS(ON) ............... sesssessesssssresascssansannnanne 0.27Q
. Lochg(sm—,atZSA. ...... crssaessssanas ...........2.5V('I‘Vp)
o Ulra-Fast TUM-ON ........ceeinennananennannnne. 100ns (Typ)
* Polysilicon MOS Gate - Voltage Controlied Turn On/Off
* High Current Handling at +100°C. ............. T 10A
¢ Current Sensing Pilot
Description

The HGTB12N60D1C Insulated-Gate Bipolar Transistor is a MOS-gate
tum on/off power switching device combining the best advantages of
power MOSFETs and bipolar transistors, and current sensing pilots. The
result is a device that has the high input impedance of MOSFETs and the N N
low on-state conduction losses similar to bipolar transistors. The device | T€rminal Diagram

design and gate characteristics of the IGBT are also similar to power MOS- N-CHANNEL ENHANCEMENT MODE
FETs. An important difference is the equivalent rpg(ony drain resistance

which is modulated to a low value (ten times lower) when the gate is tumed S
on. The much lower on-state voltage drop also varies only moderately
between +25°C and +150°C, offering extended power handling capability.
The IGBT is ideal for many high-voltage switching applications operating at G E
low frequencies and where low conduction losses are essential, such as
AC and DC motor controls, power supplies and drivers for solenoids, S Ex
relays and contactors.
PACKAGING AVAILABILITY
PART NUMBER PACKAGE BRAND
HGTB12N60D1C TS-001AA 12N60D1C
NOTE: When ordering, use the entire part number.
Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified
HGTB12N60D1C UNITS

Collector-Emitter Voltage (Vg =0V). ... ... iiiiiii i Vces 600 v
Collector-Gate Voltage (Rge =1MQ) . ... ...t Vear 600 \
Collector Current Continuous at Te=+100°C . .........ooiiiiiiiiininininnnnn... le 12 A

AT =425%C . ettt et e I 18 A
Collector Current Pulsed (Note 1) . ..........iiiiii it lem 40 A
Gate-EmitterVoltage ... Vae +25 Vv
Power Dissipation Total at Tc=+25%C ..........cvoiuiininiiniiianniinenn.n. Pp 75 w
Power Dissipation Derating Te > +25%C .. ... vuutttnt it ee i ai et 0.6 Wrc
Operating and Storage Junction Temperature Range . ........................ To Tsta -55 to +150 °c
Thermal Resistance, JunctiontoCase. ................cooiiiiiiii i, Rauc 1.67 °cw
Maximum Lead Temperature for Soldering . ................cooiiiiiiiiin.n, T 260 °c

(1/8 inch from case for 5s)
NOTE: 1. Repetitive Rating: Pulse width limited by maximum junction temperature. Gate control turn-off not allowed above 50A.

HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:

4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951
4,969,027

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 23263
Copyright © Harris Corporation 1995 3.42



Specifications HGTB12N60D1C

Electrical Specifications T = +25°C, Unless Otherwise Specified
LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN I TYP ] MAX | UNITS
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage BVces Ig = 254A, Vgg = 0V 600 - - \
Collector Cut-Off Current ICES Tc = +25°C, VGE =0V, - - 250 ].LA
Ve = Maximum Rating
Tc = +150°C, Vgg = 0V, - - 4 mA
Ve = Maximum Rating x 0.8 (Note 1)
Gate-Emitter Leakage Current laes Vgg = 120V - - +500 nA
ON CHARACTERISTICS (Note 2)
Gate Threshold Voltage VGE(TH) Vee = Vae: Te= +25°C 2 4 5 \'
Ic = 250uA
T =+150°C - 25 - v
Collector-Emitter Saturation Voltage Veean | Vae =15V, o = 10A, T = +25°C - 25 27 "
Vge = 15V, Ig = 10A, Tg = +150°C - 28 - \
Vge = 10V, Ig = 10A, Tg = +25°C - 29 - \ @
-
DYNAMIC CHARACTERISTICS g
Input Capacitance ClES VGE =0V, VCE =25V, f=1MHz - 1050 - pF
Output Capacitance Cokes - 340 - pF
Reverse Transfer Capacitance Cges - 10 - pF
SWITCHING CHARACTERISTICS (See Figures 8 and 9) (Note 2)
Turn-On Delay Time E to(on) Resistive Load, T, = +125°C, - 100 - ns
— Ic = 10A, Veg = 500V, Vge = 15V,
Rise Time tr Ra(oN) = 509, Rg(orr) = 100Q - 100 - ns
Turn-Off Delay Time tD(OFF) - 0.4 - us
Fall Time e - 25 - us
Turn-Off Delay Time toorry | Inductive Load, T, = +125°C, - 0.8 1.2 us
- L=45pH, Ic=10A, Vcg(cLamp) =500V,
Fall Time tg) Ve = 15V, Rgon) = 509, - 0.8 1.0 us
Equivalent Fall Time treq) Ra(orr) = 100Q . 0.6 08 ps
Turn-Off Switching Losses Worr - 1.6 2.0 mJ
PILOT CHARACTERISTICS (Notes 2, 3 and 4)
Pilot-Emitter Kelvin Voltage Vpek Vge = 15Vpc, Rp = 2kQ
Ic=5A - 1.25 - \Y
Ic=10A 1.4 1.67 1.8
lc=20A - 2.06 -
NOTES:
1. Applies for 3.3°C per watt maximum thermal resistance, case-to-ambient.
2. Pulse test: Pulse widths < 300ps, duty cycle < 2%.
3. Refer to Figure 10.
4. When not in use connect S to emitter.
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HGTB12N60D1C

Typical Performance Curves
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Typical Performance Curves (Continued)
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Test Circuits and Waveforms

IGBTs
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HGTG12N60D1D

12A, 600V N-Channel IGBT

April 1995 with Anti-Parallel Ultrafast Diode
Features Package
* 12A, 600V JEDEC STYLE TO-247
o Latch Free Operation EMITTER
» Typical Fall Time <500ns COLLECTOR
« Low Conduction Loss COLLECTOR GATE
. . (BOTTOM SIDE
¢ With Anti-Parallel Diode METAL)
° tRR < 60ns >
Description ]—-—-
The IGBT is a MOS gated high voltage switching device
combining the best features of MOSFETs and bipolar
transistors. The device has the high input impedance of a
MOSFET and the low on-state conduction loss of a bipolar | Terminal Diagram
transistor. The much lower on-state voltage drop varies only
moderately between +25°C and +150°C. The diode used in N-CHANNEL ENHANCEMENT MODE
parallel with the IGBT is an ultrafast (tgg < 60ns) with soft c
recovery characteristic.
The IGBTSs are ideal for many high voltage switching applica-
tions operating at frequencies where low conduction losses G
are essential, such as: AC and DC motor controls, power
supplies and drivers for solenoids, relays and contactors.
PACKAGING AVAILABILITY E
PART NUMBER PACKAGE BRAND
HGTG12N60D1D | TO-220AB G12N60D1D
NOTE: When ordering, use the entire part number
Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified
HGTG12N60D1D UNITS
Collector-Emitter Voltage . . .. ... BVces 600 \
Collector-Gate Voltage Rge =1MQ . . ... BVcar 600 \
Collector Current Continuous at To=+25°C . . ........oiviiiii i lcos 21 A
AtTE=4900C . .ttt Iceo 12 A
Collector Current Pulsed (Note 1) . ....... .o e lem 48 A
Gate-Emitter Voltage Continuous. . .. ...ttt Vaes +20 \
Switching Safe Operating Area at Ty=+150C . .. ........coviuiininiininnnenn SSOA 30A at 0.8 BVcgs -
Diode Forward Current at To=+25°C. . ... ...ttt Ir2s 21 A
at Tc = 4000 . IFQO 12 A
Power Dissipation Total at To = +25%C .. ... ..ttt Po 75 w
Power Dissipation Derating T > +25%C . ... vu ettt 0.6 wree
Operating and Storage Junction Temperature Range . ........................ Ty, Tsta -55 to +150 °c
Maximum Lead Temperature for Soldering . ............ ..., T 260 °c
(0.125 inches from case for 5s)
NOTE:
1. Repetitive Rating: Pulse width limited by maximum junction temperature.

HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:
4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951
4,969,027

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures.

Copyright © Harris Corporation 1995 3.46
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Specifications HGTG12N60D1D

Electrical Specifications T = +25°C, Unless Otherwise Specified

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Collector-Emitter Breakdown Voltage BVces Ig = 280pA, Vgg = OV 600 - - \%
Collector-Emitter Leakage Voltage lces Vee =BVces T =+25°C - - 280 pA
Veg = 0.8 BVgeg T =+125°C - - 5.0 mA
Collector-Emitter Saturation Voltage VcEsan Ic = lggo, Vg = 15V | Tg = +25°C - 1.9 25
To=+125°C - 2.1 2.7
Gate-Emitter Threshold Voltage VaeH) Ig = 250pA, Vee = Vge, Te = +25°C 3.0 45 6.0
Gate-Emitter Leakage Current laes Vge = $20V - - +500 nA
Gate-Emitter Plateau Voltage Vaep lc =lcgor Vog = 0.5 BVges - 72 - \
On-State Gate Charge Qg(on) lc = lcgo Vge =15V - 45 60 nC
Voe=08BVees G0 - 70 90 nC
Current Turn-On Delay Time toonyi L =500uH, Ig = lcgo, Rg =25V, - 100 - ns
Current Rise Time tri xgg : Sivéz‘é:s” 50°C, - 150 - ns
Current Turn-Off tooFm) - 430 600 ns
Current Fall Time tr - 430 600 ns
Turn-Off Energy (Note 1) Worr - 1.8 - mJ
Thermal Resistance IGBT Resc - - 1.67 °c/w
Thermal Resistance Diode Reuc - 15 °c/w
Diode Forward Volitage Vec lgc = 12A - - 1.50 \Y
Diode Reverse Recovery Time trr lgc = 12A, dlgc/dt = 100A/us - - 60 ns

NOTE:

1. Tumn-off Energy Loss (Wogk) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and
ending at the point where the collector current equals zero (Igg = 0A). The HGTG12N60D1D was tested per JEDEC standard No. 24-1
Method for Measurement of Power Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss.

Typical Performance Curves
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FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL)
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FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL)
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HGTG12N60D1D

Typical Performance Curves (Continued)
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HGTG12N60D1D

Typical Performance Curves (Continued)
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Operating Frequency Information

Operating frequency information for a typical device (Figure
10) is presented as a guide for estimating device
performance for a specific application. Other typical
frequency vs collector current (Icg) plots are possible using
the information shown for a typical unit in Figures 7, 8 and 9.
The operating frequency plot (Figure 10) of a typical device
shows fiax1 Of fmaxz Whichever is smaller at each point. The
information is based on measurements of a typical device
and is bounded by the maximum rated junction temperature.

fMAX1 is defined by fMAX‘l = O.OSAD(OFF),. tD(OFF)I deadtime
(the denominator) has been arbitrarily held to 10% of the on-
state time for a 50% duty factor. Other definitions are
possible. tpoFry is defined as the time between the 90%
point of the trailing edge of the input pulse and the point
where the collector current falls to 90% of its maximum
value. Device turn-off delay can establish an additional

frequency limiting condition for an application other than
Timax- toorF) is important when controlling output ripple
under a lightly loaded condition.

fMAXZ is defined by fMAXZ = (PD - PC)/WOFF' The allowable
dissipation (PD) is defined by PD = (TJMAX - TC)/HGJC' The
sum of device switching and conduction losses must not
exceed Pp. A 50% duty factor was used (Figure 10) so that
the conduction losses (Pg) can be approximated by Pc =
(Vce X Ice)/2. Wope is defined as the sum of the instanta-
neous power loss starting at the trailing edge of the input
pulse and ending at the point where the collector current
equals zero (Icg - 0A).

The switching power loss (Figure 10) is defined as fyaxq X
Wogg. Turn on switching losses are not included because
they can be greatly influenced by external circuit conditions
and components.
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% SEMICONDUCTOR

HGTP14N40F3VL

14A, 400V N-Channel,

April 1995 Logic Level Voltage Clamping IGBT
Features Package
¢ Logic Level Gate Drive JEDEC TO-220AB
¢ Internal Voltage Clamp EMITTER
COLLECTOR
¢ ESD Gate Protection GATE
- O,
* Ty=+150°C COLLECTOR
¢ Ignition Energy Capable (FLANGE)
Applications
¢ Automotive Ignition
* Small Engine Ignition
¢ Fuel Ignitor
on Symbol
Description COLLECTOR §
This N-Channel IGBT is a MOS gated, logic level device which is
intended to be used as an ignition coil driver in automotive ignition
circuits. Unique features include an active voltage clamp between
the drain and the gate and ESD protection for the logic level gate. W
Some specifications are unique to this automotive application and GATE 0— S
are intended to assure device survival in this harsh environment. kﬂ
The development type number for this device is TA49023.
PACKAGING AVAILABILITY
PART NUMBER PACKAGE BRAND
HGTP14N40F3VL TO-220AB 14N4OFVL EMITTER &
NOTE: When ordering, use the entire part number.
Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified
HGTP14N40F3VL UNITS
Collector-Emitter Breakdown Voltage at 10mA .. ...........coviiiinvinnnnn. BVces 420 \'
Collector-Gate Breakdown Voltage Rge =10kQ . . ..., BVcar 420 \'%
Collector Current Continuous
Vge=4.5VatTg= 2500 leos 19 A
VGE =45V at Tc =000 L e, IC90 14 A
Gate-Emitter Voltage Continuous. . ... ...t Vaes +10 v
Gate-Emitter Voltage Pulsed or ............. ...t VGEM +12 v
Gate-Emitter CurrentPulsed . ...........covituiiiiiiiii i lgem +10 mA
Open Secondary Tum-Off Current
L=23MHAE425% oottt e ettt et e et et Ico 17 A
L=28MmHat +150%C ...\ttt ettt e et e Ico 12 A
Drain to Source Avalanche Energy atL =2.3mH, Tc=+25°C ..................... EAS 330 mJ
Power Dissipation Total at Te=+25%C ... ... ..ottt Py 83 w
Power Dissipation Derating T¢ > +25°C 0.67 wrc
Operating and Storage Junction Temperature Range .. .............covuuee... Ty Tsta -40 to +150 °c
Maximum Lead Temperature for Soldering . ............ccvviiiiiiiiieeinninennn T 260 °c
Electrostatic Voltage at 100pF, 1500Q. . .. ... ...ttt ESD 6 KV
HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:
4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951
4,969,027

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures.

Copyright © Harris Corporation 1995

File Number 3407.2
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Specifications HGTP14N40F3VL

Electrical Specifications T = +25°C, Unless Otherwise Specified

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Collector-Emitter Breakdown Voltage BVees lc=10mA, Tg =+150°C 345 370 415 \
) VGE =0V
T =+25°C 350 375 420 v
Tc =-40°C 355 380 425 \
Collector-Emitter Clamp Bkdn. Voltage BVcecr | lc=10A Tc =+150°C 350 385 430 v
Emitter-Collector Breakdown Voltage BVecs Ic=1.0mA T =+25°C 24 - - v
Collector-Emitter Leakage Current Ices Ve = 250V T =+25°C - - 50 HA
VeE = 250V T =+150°C - - 250 pA
Collector-Emitter Saturation Voltage Vcesan | lc=10A T =+25°C - - 2.0 v
Vge = 4.5V
Te=+150°C - - 23 \Y
Gate-Emitter Threshold Voltage VaerH) | lc=1.0mA Te=+25°C 1.0 15 2.0 v
Vee = Vae
Y
Gate-Emitter Leakage Current lges Vge =10V - - +10 pA m
(Y] !
Gate-Emitter Breakdown Voltage BVges lges = +1.0mA +12 - - \ - i
Current Turn-off Time-Inductive Load torri + | RL=32Q, Ic = 10A, Rg = 25Q, - 12 16 us
tp(opp)l L= 550}[H, Vc[_ =320V, VGE =5V,
Te=+125°C
Inductive Use Test uis L=2.3mH, Tc=+150°C 12 - - A
Vg=5V,
Figure 13 T =+25°C 17 - - A i
Thermal Resistance ReJc - 15 - ocw ‘
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HGTP14N40F3VL

Typical Performance Curves
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HGTP14N40F3VL

Typical Performance Curves (Continued)
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HGTP14N40F3VL

Test Circuits

2.3mH

PULSE
GEN

FIGURE 13. USE TEST CIRCUIT

L =550uH
c

1/Rg = Rgey + 1Rge

Pmmm————— n

1 Reen=500 | g but .

! A = Vee

! ! T. 320v

1 ] <

1 | S Rge =500

1 1 9

| R - o o E

FIGURE 14. INDUCTIVE SWITCHING TEST CIRCUIT

Handling Precautions for IGBT’s

Insulated Gate Bipolar Transistors are susceptible to gate-
insulation damage by the electrostatic discharge of energy
through the devices. When handling these devices, care
should be exercised to assure that the static charge built in
the handler’s body capacitance is not discharged through
the device. With proper handling and application procedures,
however, IGBT’s are currently being extensively used in
production by numerous equipment manufacturers in
military, industrial and consumer applications, with virtually
no damage problems due to electrostatic discharge. IGBT’s
can be handled safely if the following basic precautions are
taken:

1. Prior to assembly into a circuit, all leads should be kept
shorted together either by the use of metal shorting
~springs or by the insertion into conductive material such
as “YECCOSORBD LD26" or equivalent.

2. When devices are removed by hand from their carriers,
the hand being used should be grounded by any suitable
means - for example, with a metallic wristband.

3. Tips of soldering irons should be grounded.

4. Devices should never be inserted into or removed from
circuits with power on.

5. Gate Voltage Rating - Never exceed the gate-voltage
rating of Vgem. Exceeding the rated Vg can result in per-
manent damage to the oxide layer in the gate region.

6. Gate Termination - The gates of these devices are
essentially capacitors. Circuits that leave the gate open-
circuited or floating should be avoided. These conditions
can result in turn-on of the device due to voltage buildup
on the input capacitor due to leakage currents or pickup.

+ Trademark Emerson and Cumming, Inc.




HARRIS

SEMICONDUCTOR

@

HGTP14N36G3VL,
HGT1S14N36G3VL,
HGT1S14N36G3VLS
14A, 360V N-Channel,

June 1995 Logic Level, Voltage Clamping IGBTs
Features Packages
¢ Logic Level Gate Drive JEDEC To-zzoABEM"TEH

¢ Internal Voltage Clamp
* ESD Gate Protection

e Ty=175°C

¢ Ignition Energy Capable

Description

This N-Channel IGBT is a MOS gated, logic level device
which is intended to be used as an ignition coil driver in auto-
motive ignition circuits. Unique features include an active
voltage clamp between the collector and the gate which pro-
vides Self Clamped Inductive Switching (SCIS) capability in
ignition circuits. Internal diodes provide ESD protection for
the logic level gate. Both a series resistor and a shunt
resister are provided in the gate circuit.

PACKAGING AVAILABILITY

COLLECTOR

COLLECTOR
(FLANGE)

JEDEC TO-262AA

EMITTER

JEDEC TO-263AB
COLLECTOR

/ (FLANGE)

PART NUMBER PACKAGE BRAND
HGTP14N36G3VL TO-220AB 14N36GVL
HGT1S14N36G3VL TO-262AA 14N36GVL
HGT1S14N36G3VLS | TO-263AB 14N36GVL

NOTE: When ordering, use the entire part number. Add the suffix 9A
to obtain the TO-263AB variant in the tape and reel, i.e.,
HGT1S14N36G3VLS9A.

The development type number for this device is TA49021.

Terminal Diagram

N-CHANNEL ENHANCEMENT MODE
COLLECTOR

GATE

NOTE: May be exceeded if Iggy is limited to 10mA.

Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified

Collector-Emitter Bkdn Voltage at 10mA .......................
Emitter-Collector Bkdn Voltage at 10mA . ......................
Collector Current Continuous at Vgg = 5V, Tg=+25°C............
at VGE =5V, TC =+100°C...........

Gate-Emitter Voltage (Note) . . . ...t
Inductive Switching Currentat L = 2.3mH, Tg=+25°C . ...........
atL=23mH, Te=+175°C...........

Collector to Emitter Avalanche Energy at L = 2.3mH, Tg = +25°C. . . .
Power Dissipation Total at Tc=+25°C ..........coovviiennnnn.
Power Dissipation Derating Tg > +25%C. . ... ..vvveneenennnnnn..
Operating and Storage Junction Temperature Range .............
Maximum Lead Temperature for Soldering .....................
Electrostatic Voltage at 100pF, 1500Q. .......... ... ..o vvnn.

HGTP14N36G3VL,

HGT1S14N36G3VL,

HGT1S14N36G3VLS UNITS
......... BVcer 390 v
......... BVecs 24 \Y
........... lczs 18 A
........... Ic100 14 A
.......... Vaem +10 v
........... Iscis 17 A
........... |3Ec|s 31 322 "A‘J
........... AS
............ Po 100 w
.............. 0.67 Wrec
........ T Jr TSII-G -40 ;()6;175 :g
............. L
........... ESD 6 KV

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures.

3-55

Copyright © Harris Corporation 1995

File Number 4008

IGBTs




Specifications HGTP14N36G3VL, HGT1S14N36G3VL, HGT1S14N36G3VLS

Electrical Specifications T =+25°C, Unless Otherwise Specified

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Collector-Emitter Breakdown Voltage BVcer Ic = 10mA, To=+175°C 320 355 400 \
Rgg = 1kQ Tc =+25°C 330 360 390 \'
Tg =-40°C 320 350 385 \'
Gate-Emitter Plateau Voltage Vaep lc=7A, Tc =+25°C - 27 - )
Vee = 12V
Gate Charge QG(ON) |c =7A, TC = +25°C - 24 - nC
Vee =12V
Collector-Emitter Clamp Breakdown BVcgen) | le=7A Tc=+175°C 350 380 410 v
Voltage Rg = 1000Q
Emitter-Collector Breakdown Voltage BVgcs lc=10mA T =+25°C 24 28 - \'
Collector-Emitter Leakage Current Icer Ve = 250V Tc = +25°C - - 25 pA
Rge = 1kQ
Tg=+175°C - - 250 pA
Collector-Emitter Saturation Voltage Veesan | le=7A T =+25°C - 1.25 1.45 \
To=+175°C - 1.15 1.6 \
lc=14A Tc = +25°C - 1.6 22 \
Vge =5V
T =+175°C - 17 | 29 v
Gate-Emitter Threshold Voltage VeemH) | lc=1mA T = +25°C 13 1.8 22 v
Vee=Vee
Gate Series Resistance Ry Tc=+25°C - 75 - Q
Gate-Emitter Resistance Ry T =+25°C 10 20 30 kQ
Gate-Emitter Leakage Current lges Vgeg =110V +330 +500 | 1000 pA
Gate-Emitter Breakdown Voltage BVges lges = 2mA +12 +14 - v
Current Turn-Off Time-Inductive Load torri+ | lc=7A, R =28Q - 7 - us
tF(OFF)I RG =25Q,L = 550uH,
VeL =300V, Vge =5V,
Tc =+1 75°C
Inductive Use Test Iscis L =2.3mH, T =+175°C 12 - - A
Vg=5V,
Tc =+25°C 17 - - A
Thermal Resistance Reyc - - 15 °C/W




HGTP14N36G3VL, HGT1S14N36G3VL, HGT1S14N36G3VLS

Typical Performance Curves
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HGTP14N36G3VL, HGT1S14N36G3VL, HGT1S14N36G3VLS

Typical Performance Curves (Continued)
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HGTP14N36G3VL, HGT1S14N36G3VL, HGT1S14N36G3VLS

Typical Performance Curves (Continued)
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HGTP14N36G3VL, HGT1S14N36G3VL, HGT1S14N36G3VLS

Handling Precautions for IGBT’s

Insulated Gate Bipolar Transistors are susceptible to gate-
insulation damage by the electrostatic discharge of energy
through the devices. When handling these devices, care
should be exercised to assure that the static charge built in
the handler’s body capacitance is not discharged through
the device. With proper handling and application proce-
dures, however, IGBT'’s are currently being extensively used
in production by numerous equipment manufacturers in mili-
tary, industrial and consumer applications, with virtually no
damage problems due to electrostatic discharge. IGBT’s can
be handled safely if the following basic precautions are
taken:

1. Prior to assembly into a circuit, all leads should be kept
shorted together either by the use of metal shorting
springs or by the insertion into conductive material such
as 1“ECCOSORBD LD26” or equivalent.

2. When devices are removed by hand from their carriers,
the hand being used should be grounded by any suitable
means - for example, with a metallic wristband.

3. Tips of soldering irons should be grounded.

4. Devices should never be inserted into or removed from
circuits with power on.

5. Gate Voltage Rating -The gate-voltage rating of Vgem
may be exceeded if Iggy is limited to 10mA.

+ Trademark Emerson and Cumming, Inc

HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:

4,364,073 4,417,385 4,430,792 4,443,931
4,587,713 4,598,461 4,605,948 4,618,872
4,641,162 4,644,637 4,682,195 4,684,413
4,794,432 4,801,986 4,803,533 4,809,045
4,860,080 4,883,767 4,888,627 4,890,143
4,969,027

4,466,176 4,516,143 4,532,534 4,567,641
4,620,211 4,631,564 4,639,754 4,639,762
4,694,313 4,717,679 4,743,952 4,783,690
4,809,047 4,810,665 4,823,176 4,837,606
4,901,127 4,904,609 4,933,740 4,963,951
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HARRIS

SEMICONDUCTOR

i

HGTP15N40C1, 40E1, 50C1, 50E1,

HGTH20N40C1, 40E1, 50C1, 50E1

15A, 20A,
April 1995 400V and 500V N-Channel IGBTs
Features Packages
HGTH-TYPES JEDEC TO-218AC

* 15A and 20A, 400V and 500V
* Vceon) 25V

* T 1us, 0.5us

¢ Low On-State Voltage

¢ Fast Switching Speeds

¢ High Input Impedance

¢ No Anti-Parallel Diode"

Applications

¢ Power Supplies
¢ Motor Drives
¢ Protection Circuits

Description

The HGTH20N40C1, HGTH20N40E1, HGTH20N50C1,
HGTP15N40C1, HGTP15N40E1, HGTP15N50C1 and HGTP15N50E1
are n-channel enhancement-mode insulated gate bipolar transistors
(IGBTs) designed for high-voltage, low on-dissipation applications such as
switching regulators and motor drivers. These types can be operated

HGTH20NSOET,

directly from low-power integrated circuits.
PACKAGING AVAILABILITY
PART NUMBER PACKAGE BRAND
HGTH20N40C1 TO-218AC G20N40C1
HGTH20N40E1 TO-218AC G20N40E1
HGTH20N50C1 TO-218AC G20N50C1
HGTH20N50E1 TO-218AC G20N50E1
HGTP15N40C1 TO-220AB G15N40C1
HGTP15N40E1 TO-220AB G15N40E1
HGTP15N50C1 TO-220AB G15N50C1
HGTP15N50E1 TO-220AB G15N50E1

NOTE: When ordering, use the entire part number.

EMITTER
COLLECTOR

COLLECTOR
(FLANGE)

HGTP-TYPES JEDEC TO-220AB
EMITTER
COLLECTOR
(FLANGE) COLLECTOR

Terminal Diagram
N-CHANNEL ENHANCEMENT MODE
C

Collector-Emitter Voltage. . . ...................... Vces
Collector-Gate Voltage Rge=1MQ. . .............. Vear
Reverse Collector-Emitter Voltage ............ Vces(rev.)
Gate-Emitter Voltage. . . ......................... Vae
Collector Current Continuous ....................... lc
Collector CurrentPulsed . . ........................ lcm
Power Dissipation at To =+25°C ................... Pp
Power Dissipation Derating T >+25°C ... ..............

Operating and Storage Junction Temperature Range ... T, Tgtg

Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified

HGTH20N40C1 HGTH20N50C1 HGTP15N40C1 HGTP15N50C1
HGTH20N40E1 HGTH20NS0E1 AGTP15N40E1 HGTP15NS0E1 UNITS
400 500 400 500 Vv
400 500 400 500 v
-5 -5 -5 -5 Vv
+20 +20 20 20 v
20 20 15 15 A
35 35 35 35 A
100 100 75 75 w
0.8 0.8 0.6 0.6 wree
-55 to +150 -55 to +150 -55 to +150 -55 to +150 °c

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures.

Copyright © Harris Corporation 1995
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Specifications HGTP15N40C1, 40E1, 50C1, 50E1, HGTH20N40C1, 40E1, 50C1, 50E1

Electrical Specifications T = +25°C, Unless Otherwise Specified

LIMITS
HGTH20N40C1, E1, | HGTH20NS0C1, E1,
HGTP15N40C1, E1 | HGTP15N50C1, E1
PARAMETERS SYMBOL TEST CONDITIONS MIN MAX MIN MAX UNITS
Collector-Emitter Breakdown BVces |lc=1mA,Vge=0 400 - 500 - \
Voltage
Gate Threshold Voltage VGE(TH) VGE = VCE' IC =1mA 2.0 4.5 2.0 4.5 Vv
Zero -Gate Voltage Collector lces Vgg = 400V, Tg = +25°C - 250 - - MA
Current
Vgg =500V, Tg = +25°C - - - 250 pA
Ve = 400V, Tg = +125°C - 1000 - - HA
Ve = 500V, Tg = +125°C - - - 1000 pA
Gate-Emitter Leakage Current laes Vge =120V, Ve =0 - 100 - 100 nA
Reverse Collector-Emitter lce Rge =0Q, Vgc =5V - -5 - -5 mA
Leakage Current
Collector-Emitter on Voltage Vceon) | lc=20A, Vge =10V - 25 - 25 \
Ic = 35A, Vgg = 20V - 32 - 32 v
Gate-Emitter Plateau Voltage Vaep lc=10A, Vgg = 10V - 6 (Typ) - 6 (Typ)
On-State Gate Charge Qson) | le=10A, Veg = 10V - 33 (Typ) - 33(Typ) | nC
Tum-On Delay Time tD(ON)I Ic =20A, VCE(CLP) =300V, - 50 - 50 ns
L =25pH, T, = +100°C,
Rise Time tai Vge = 10V, Rg = 25Q - 50 - 50 ns
Turn-Off Delay Time tooFF) - 400 - 400 ns
Fall Time 1]
40E1, 50E1 680 (Typ)| 1000 680 (Typ)| 1000 ns
40C1, 50C1 400 500 400 500 ns
Tumn-Off Energy Loss per Cycle Worr Ic = 10A, VcgcLp) = 300V,
(Off Switching Dissipation = L = 25uH, T, = +100°C,
Woer x Frequency) Vge = 10V, Rg =25Q
40E1, 50E1 1810 (Typ) w
40C1, 50C1 1070 (Typ) w
Thermal Resistance Reuc HGTH, HGTM - 1.25 - 1.25 °CW
Junction-to-Case
HGTP - 1.67 - 1.67 °C/wW

HARRIS SEMICONDUCTOR IGBY PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:

4,567,641
4,639,762
4,783,690
4,837,606
4,963,951

4,364,073 4,417,385
4,587,713 4,598,461
4,641,162 4,644,637
4,794,432 4,801,986
4,860,080 4,883,767
4,969,027

4,430,792
4,605,948
4,682,195
4,803,533
4,888,627

4,443,931 4,466,176
4,618,872 4,620,211
4,684,413 4,694,313
4,809,045 4,809,047
4,890,143 4,901,127

4,516,143
4,631,564
4,717,679
4,810,665
4,904,609

4,532,534
4,639,754
4,743,952
4,823,176
4,933,740
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HGTP15N40C1, 40E1, 50C1, 50E1, HGTH20N40C1, 40E1, 50C1, 50E1

Typical Performance Curves
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FIGURE 1. MAX. SWITCHING CURRENT LEVEL. Rg = 25Q,
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FIGURE 3. TYPICAL NORMALIZED GATE THRESHOLD VOLT-
AGE vs JUNCTION TEMPERATURE
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HGTP15N40C1, 40E1, 50C1, 50E1, HGTH20N40C1, 40E1, 50C1, 50E1

Typical Performance Curves (Continued)

€, CAPACITANCE (pF)

2700

2

=
8

@
8

o
=3
o

»
3

0

f=1MHz
ciss
T~
N COSS
1
crss T~
0 10 20 30 40 50

Ve, COLLECTOR-TO-EMITTER VOLTAGE (V)
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HGTP15N40C1, 40E1, 50C1, 50E1, HGTH20N40C1, 40E1, 50C1, 50E1

Typical Performance Curves (Continued)
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April 1995

@HARRIS

SEMICONDUCTOR

HGTP20N35G3VL,
HGT1S20N35G3VL,
HGT1S20N35G3VLS
20A, 350V N-Channel,

Logic Level, Voltage Clamping IGBTs

Features Packages
* Logic Level Gate Drive
¢ Internal Voltage Clamp

¢ ESD Gate Protection g?.klh%cg)on\\
L4 TJ = 175°C

 Ignition Energy Capable

Description

This N-Channel IGBT is a MOS gated, logic level device
which is intended to be used as an ignition coil driver in auto-
motive ignition circuits. Unique features include an active
voltage clamp between the collector and the gate which pro-
vides Self Clamped Inductive Switching (SCIS) capability in
ignition circuits. Internal diodes provide ESD protection for
the logic level gate. Both a series resistor and a shunt resis-
tor are provided in the gate circuit.

JEDEC TO-220AB

PACKAGING AVAILABILITY
PART NUMBER PACKAGE BRAND
[ HGTP20N35G3VL T0-220AB | 20N35GVL
HGT1520N35GaVL T0-262AA | 20N35GVL - -
HGT1S20N35G3VLS T0-263AB 20N35GVL Terminal Dlagram
NOTE: When ordering, use the entire part number. Add the suffix 9A N-CHANNEL ENHANCEMENT MODE

to obtain the TO-263AB variant in the tape and reel, i.e.,
HGT1S20N35G3VLS9A.

The development type number for this device is TA49076.

GATE

COLLECTOR

EMITTER
Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified
HGTP20N35G3VL
HGT1S20N35G3VL
HGT1S20N35G3VLS UNITS
Collector-Emitter Bkdn Voltage At 10mA, Rge=1kQ. ...................... BVcer 375 \
Emitter-Collector Bkdn Voltage At10mA .. .............. ... ...l BVgcs 24 \'
Collector Current Continuous At Vgg = 5.0V, Tg = +25°C, Figure 7 . ............ lcos 20 A
AtVge=5.0V,Tg=+100°C...............cuun lc100 20 A
Gate-Emitter-Voltage (Note). . . ... Vaes +10 v
Inductive Switching Current AtL =2.3mH, Tc=+25°C ................ou0e Iscis 26 A
AtL =2.3mH, Tc =4175°C ... ISCIS 18 A
Collector to Emitter Avalanche Energy AtL =2.3mH, Tc=+25°C .............. Eas 775 mJ
Power Dissipation Total At Tg=+25°C .. .....ouviuenuenenrineneenenennnnn Pp 150 w
Power Dissipation Derating Tg > +25%C. ... ....vvviiiiiiiiiiei i 1.0 wrc
Operating and Storage Junction Temperature Range . .................... Ty Tsta -40to +175 °c
Maximum Lead Temperature for Soldering .....................oiiiiiin., T 260 °c
Electrostatic Voltage at 100pF, 1600Q. .. .........ccciiiiiiiiii i, ESD 6 KV

NOTE: May be exceeded if Iggy is limited to 10mA.

Copyright © Harris Corporation 1995
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Specifications HGTP20N35G3VL, HGT1S20N35G3VL, HGT1S20N35G3VLS

Electrical Specifications T = +25°C, Unless Otherwise Specified
LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Collector-Emitter Breakdown Voltage BVces lc = 10mA, To=+175°C 310 345 380 \
Vge =0V
T =+25°C 320 350 380 v
T =-40°C 320 355 390 \
Collector-Emitter Breakdown Voltage BVcer :Ic = mg\‘/A Tg=+175°C 300 340 375 v
GE =
Rge=1kQ Tc=+25°C 315 345 375 v
T¢ =-40°C 315 350 390 v
Gate-Emitter Plateau Voltage Vgep Ic=10A T =+25°C - 3.7 - v
Vee =12V
Gate Charge QG(ON) |c =10A TC =+25°C - 28.7 - nC
VGE =5V
Vee =12V
Collector-Emitter Clamp Bkdn. Voltage BVcgcry | le=10A Tc=+175°C 325 360 395 v
Rg =0Q 7))
&
Emitter-Collector Breakdown Voltage BVecs Ic=10mA T =+25°C 20 32 - ' [C]
Collector-Emitter Leakage Current lces Ve = 250V To=+25°C - - 5 pA
Ve = 250V To=+175°C - - 250 HA
Collector-Emitter Saturation Voltage Vcesan | lc=10A Tg=+25°C - 13 1.6 v
Ve = 4.5V
To=+175°C - 1.25 1.5 \
lc=20A To = +25°C - 16 28 \
Vge =5.0V
To=+175°C - 1.9 35 v
Gate-Emitter Threshold Voltage VGE(TH) lc=1mA T =+25°C 1.3 1.8 23 \
Vee =Vae
Gate Series Resistance Ry T =+25°C - 1.0 - kQ
Gate-Emitter Resistance R Tc =+25°C 10 17 25 kQ
Gate-Emitter Leakage Current lges Vgg =110V +400 +580 | +1000 pA
Gate-Emitter Breakdown Voltage BVges lges = 2mA +12 +14 - v
Current Turn-Off Time-Inductive Load | tporry+ | lc=10A, Rg =25Q, - 15 30 us
troFF) L=550H, R =26.4Q, Vgg =5V,
VgL =300V, To=+175°C
Inductive Use Test Iscis L=23mH, Te=+175°C 18 - - A
Vg=5V,
Rg = 0Q To =+25°C 26 - - A
Thermal Resistance Reuc - - 1.0 °cwW
i
|
i
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HGTP20N35G3VL, HGT1S20N35G3VL, HGT1S20N35G3VLS

Typical Performance Curves
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HGTP20N35G3VL, HGT1S20N35G3VL, HGT1S20N35G3VLS

Typical Performance Curves (Continued)
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HGTP20N35G3VL, HGT1S20N35G3VL, HGT1S20N35G3VLS

Typical Performance Curves (Continued)
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FIGURE 17. USE TEST CIRCUIT

FIGURE 18. INDUCTIVE SWITCHING TEST CIRCUIT
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@D Harys HGTG20N50C1D

20A, 500V N-Channel IGBT

April 1995 with Anti-Parallel Ultrafast Diode
Features Package
* 20A, 500V JEDEC STYLE TO-247
. EMITTER
¢ Latch Free Operation COLLECTOR
¢ Typical Fall Time < 500ns COLLECTOR GATE
* High Input Impedance BOMETALE
¢ Low Conduction Loss
¢ With Anti-Parallel Diode
. tnn < 60ns
Description
The IGBT is a MOS gated high voltage switching device | Terminal Diagram
combining the best features of MOSFETs and bipolar
transistors. The device has the high input impedance of a c
MOSFET and the low on-state conduction loss of a bipolar »
transistor. The much lower on-state voltage drop varies only E
moderately between +25°C and +150°C. The diode used in ]
parallel with the IGBT is an ultrafast (tgg < 60ns) with soft G
recovery characteristic.
IGBTs are ideal for many high voltage switching applications E I
operating at frequencies where low conduction losses are
essential, such as: AC and DC motor controls, power
supplies and drivers for solenoids, relays and contractors.
PACKAGING AVAILABILITY
PART NUMBER PACKAGE BRAND
e———
HGTG20N50C1D | TO-247 G20N50C1D
NOTE: When ordering, use the entire part number.
Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified
HGTG20N50C1D UNITS
Collector-Emitter Voltage . . .. ... ... i BVces 500 \
Collector-Gate Voltage Rge = TMQ . .. ..« .ttt e et e e eenns BVcar 500 v
Collector Current Continuous at Te=+25%C ... .....o.iutirininnennee e, loos 26 A
AtTE=4900C . . oottt lego 20 A
Collector Current Pulsed (Note 1) ........ ..., e lem 35 A
Gate-Emitter Voltage Continuous. . ........... ..o, Vaes +20 \
Diode Forward Current @t To=+25%C. . ... ..vuuneit e eiea e Ir2s 26 A
AtTE=4900C . . ittt e Irgo 20 A
Power Dissipation Total at To=+25°C ....... ..ottt Pp 75 w
Power Dissipation Derating To > +25%C .. .. ..vintititit i iiaeienenannn 0.8 Wwrc
Operating and Storage Junction Temperature Range . ..................ouuee. Ty Tsta -55 to +150 °c
Maximum Lead Temperature for Soldering .............cccviiiiiiiiiinnnennn. T 260 °c
NOTE: 1. T, =+150°C, Minimum Rgg = 25Q without latch
HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:
4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951
4,969,027
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 2796.3

|
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Specifications HGTG20N50C1D

Electrical Specifications T = +25°C, Unless Otherwise Specified

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN MAX UNITS

Collector-Emitter Breakdown Voltage BVces lc=1mA, Vgg = 0V 500 - \
Gate Threshold Voltage VaGE(TH) Vge =Vee lIc=1mA 2 4.5 )
Zero Gate Voltage Collector Current lces Vg = 500V - 250 MA

To = +125°C, Vg = 500V - 1000 nA
Gate-Emitter Leakage Current lges Ve =120V, Vgg = 0V - 100 nA
Collector-Emitter On-Voltage Vcesan lg =20A, Vgg = 10V - 25 \'

Ig =35A, Vgg = 20V - 32 \Y
Gate-Emitter Plateau Voltage Vaep lg =10A, Vgg = 10V - 6 (Typ) \"
On-State Gate Charge Qgon) lc = 10A, Vg = 10V - 33 (Typ) nC
Turn-On Delay Time toony Ic =20A, Vcg(cLp) = 300V, L = 25pH, - 50 ns
P——— ™ T, =+100°C, Vgg = 10V, Rg = 25Q - p” —
Turn-Off Delay Time tooFF) - 400 ns
Fall Time g 400 (Typ) 500 ns
Tum-Off Energy Loss Per Cycle (Off Switching Worr lc =20A, Vcg(cLp) = 300V, L = 25pH; 1070 (Typ) 18]
Dissipation = Woeg x Frequency) Ty =+100°C, Vgg = 10V, Rg = 25Q
Thermal Resistance Junction-to-Case (IGBT) Reyc - 1.25 °cwW
Thermal Resistance of Diode Reuc - 15 ns
Diode Forward Voltage Vee lgc = 20A - 1.8 \
Diode Reverse Recovery Time tRR lgc = 20A, digc/dt = 100A/us - 60 ns

Typical Performance Curves

Vge=Vee Ic=1mA

e
)
& 100 < 13
: 3
<] § z 1.2
g 80
< o
‘:3» \ % + \\
2 e \\ % 1.0 \\
w [
; \ w \
S 4 E 09 ~]
) N 3 \
@ \ o os
g 2 N
< 07
=
T
2
0 +25 +50 +75 +150 +100 +125 +150 -50 0 +50 +100 +150

T¢, CASE TEMPERATURE (°C)
FIGURE 1. POWER DISSIPATION vs TEMPERATURE

DERATING CURVE

T,, JUNCTION TEMPERATURE (°C)
FIGURE 2. TYPICAL NORMALIZED GATE-THRESHOLD

VOLTAGE vs JUNCTION TEMPERATURE
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HGTG20N50C1D

Typical Performance Curves (Continued)

35 1 T
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FIGURE 3. TYPICAL TRANSFER CHARACTERISTICS
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HGTG20N50C1D

Typical Performance Curves (Continued)
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FIGURE 9. TYPICAL INDUCTIVE SWITCHING WAVEFORMS FIGURE 10. TYPICAL FALL TIME (ic = 10A)
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FIGURE 11. TYPICAL FALL TIME (ic = 20A) FIGURE 12. TYPICAL CLAMPED INDUCTIVE TURN-OFF
SWITCHING LOSS/CYCLE
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NOTES AN7254 AND AN7260)
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HGTG20N50C1D

Typical Performance Curves (Continued)
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FIGURE 15. FORWARD VOLTAGE vs FORWARD CURRENT CHARACTERISTIC

Test Circuit

R_=4Q
AAA
AAAS

L =25uH

8sov

1/Rg = 1/Rgey + YRge Ve (CLP) =
300V

FIGURE 16. INDUCTIVE SWITCHING TEST CIRCUIT
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@ SEMICONDUCTOR

April 1995

"HGTH20N40C1D, HGTH20N40E1D,
HGTH20N50C1D, HGTH20N50E 1D

20A, 400V and 500V N-Channel IGBTs
with Anti-Parallel Ultrafast Diodes

Features

¢ 20A, 400V and 500V

* Vceon) 2.5V Max.

* TeawL 1us, 0.5us

¢ Low On-State Voltage
¢ Fast Switching Speeds
¢ High Input Impedance
¢ Anti-Parallel Diode

Applications
* Power Supplies
* Motor Drives

* Protective Circuits

Description

The HGTH20N40C1D, HGTH20N40E 1D, HGTH20N50C1D,
and HGTH20NS0E1D are n-channel enhancement-mode
insulated gate bipolar transistors (IGBTs) designed for high
voltage, low on-dissipation applications such as switching
regulators and motor drivers. They feature a discrete anti-
parallel diode that shunts current around the IGBT in the
reverse direction without introducing carriers into the
depletion region. These types can be operated directly from
low power integrated circuits.

Package
JEDEC TO-218AC

COLLECTOR

COLLECT!
(FLANGE) GATE

Terminal Diagram

N-CHANNEL ENHANCEMENT MODE
Cc

PACKAGING AVAILABILITY
PART NUMBER PACKAGE
HGTH20N40C1D | TO-218AC
HGTH20N40E1D | TO-218AC
HGTH20N50C1D | TO-218AC G20N50C1D
HGTH20N50E1D | TO-218AC G20N50E1D
NOTE: When ordering, use the entire part number.

BRAND
G20N40C1D
G20N40E1D

Collector Current Pulsed
Diode Forward Current Continuous at Tg = +25°C

Power Dissipation Derating T¢ > +25°C

Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified

Collector-EmitterVoltage . . .. .............. ... o i
Collector-Gate Voltage Rge = 1TMQ ... ...t
Gate-EmitterVoltage ................. .. il
Collector Current Continuous. . ...........ooiiiiiiiinn ..

atT;=+90°C................
Power Dissipation Total at To=+25°C ............covviuinnnn.

Operating and Storage Junction Temperature Range . ............

HGTH20N40C1D HGTH20N50C1D

HGTH20N40E1D HGTH20N50E1D UNITS
..... Voes 400 500 v
..... Veer 400 500 v
...... Vae 20 +20 v
........ o 20 20 A
....... lom 35 35 A
...... IF2s 35 35 A
...... IFeo 20 20 A
....... Pp 100 100 w
......... 0.8 0.8 wre
.. TJ, TSTG -55 to +150 -55 to +150 OC

4,364,073 4,417,385 4,430,792 4,443,931
4,587,713 4,598,461 4,605,948 4,618,872
4,641,162 4,644,637 4,682,195 4,684,413
4,794,432 4,801,986 4,803,533 4,809,045
4,860,080 4,883,767 4,888,627 4,890,143
4,969,027

HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:

4,466,176 4,516,143 4,532,534 4,567,641
4,620,211 4,631,564 4,639,754 4,639,762
4,694,313 4,717,679 4,743,952 4,783,690
4,809,047 4,810,665 4,823,176 4,837,606
4,901,127 4,904,609 4,933,740 4,963,951

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures.
3-76
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Specifications HGTH20N40C1D, HGTH20N40E1D, HGTH20N50C1D, HGTH20N50E1D

Electrical Specifications T = +25°C, Unless Otherwise Specified

LIMITS
HGTH20N40C1D, | HGTH20N50C1D,
HGTH20N40E1D HGTH20NSOE1D
PARAMETERS SYMBOL TEST CONDITIONS MIN MAX MIN MAX UNITS
Collector-Emitter Breakdown Voltage BVces lc=1mA,Vge =0 400 - 500 - \
Gate Threshold Voltage VeerH) | Vae=Vce lc=1mA 2.0 45 2.0 45 v
Zero Gate Voltage Collector Current Ices Ve = 400V, T¢ = +25°C - 250 - - HA
Ve = 500V, Tg = +25°C - - - 250 nA
Vee = 400V, T = +125°C - 1000 - - pA
Vee = 500V, T = +125°C - - - 1000 pA
Gate-Emitter Leakage Current lges Vgg =420V, Vee =0 - 100 - 100 nA
Collector-Emitter On Voltage Vceon) | lc=20A, Vg =10V - 25 - 25 \
Ic = 35A, Vgg = 20V - 3.2 - 3.2 v
Gate-Emitter Plateau Voltage Vaep lg = 10A, Vgg = 10V - 6 (Typ) - 6 (Typ) v ﬁ
On-State Gate Charge Qgon) | l!c=10A, Vce = 10V - 33 (Typ) - 33 (Typ) nC g
Turn-On Delay Time toony lc=20A, Veg(cLp) =300V, - 50 - 50 ns
L =25puH, T, = +100°C,
Rise Time tri Vge = 10V, Rg = 25Q - 50 - 50 ns
Turn-Off Delay Time tpoFm) - 400 - 400 ns
Fall Time tg
40E1D, 50E1D 680 1000 680 1000 ns
(Typ) (Typ)
40C1D, 50C1D 400 500 400 500 ns
(Typ) (Typ)
Turn-Off Energy Loss per Cycle Worr Ic=20A, Vcg(cLp) = 300V,
(Off Switching Dissipation = Wogg X L = 25puH, Ty =+100°C,
Frequency) Vge = 10V, Rg = 25Q
40E1D, 50E1D 1810 (Typ) ]
40C1D, 50C1D 1070 (Typ) w
Thermal Resistance Junction-to-Case Resc - 1.25 - 1.25 °c/w
Diode Forward Voltage Vec lgc = 20A - 2 - 2 \
Diode Reverse Recovery Time tRr lec=20A, digc/dt = 100A/us - 100 - 100 ns
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HGTH20N40C1D, HGTH20N40E1D, HGTH20N50C1D, HGTH20N50E 1D

Typical Performance Curves
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FIGURE 4. TYPICAL TRANSFER CHARACTERISTICS
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HGTH20N40C1D, HGTH20N40E1D, HGTH20N50C1D, HGTH20N50E1D

Typical Performance Curves (Continued)
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FIGURE 7. CAPACITANCE vs COLLECTOR-TO-EMITTER
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'HGTH20N40C1D, HGTH20N40E1D, HGTH20N50C1D, HGTH20N50E1D

Typical Performance Curves (Continued)
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FIGURE 14. NORMALIZED SWITCHING WAVEFORMS AT CON-
STANT GATE CURRENT (REFER TO APPLICATION
NOTES AN7254 AND AN7260)
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FIGURE 16. TYPICAL DIODE REVERSE RECOVERY TIME
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FIGURE 17. INDUCTIVE SWITCHING TEST CIRCUIT
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I rHarys HGTP20N60B3

March 1995 40A, 600V, UFS Series N-Channel IGBT
Features Package
* 40A, 600V at T¢ = +25°C JEDEC TO-220AB

¢ Square Switching SOA Capability
« Typical Fall Time - 140ns at +150°C
¢ Short Circuit Rated

¢ Low Conduction Loss

Description

The HGTP20N60B3 is a MOS gated high voltage switching
device combining the best features of MOSFETs and bipolar
transistors. The device has the high input impedance of a MOS- _ _
FET and the low on-state conduction loss of a bipolar transistor. | Terminal Diagram

The much lower on-state voltage drop varies only moderately
NT
between +25°C and +150°C. N-CHANNEL ENHACNCEME MODE
The IGBT is ideal for many high voltage switching applications
operating at moderate frequencies where low conduction losses 2
are essential, such as: AC and DC motor controls, power sup- g ‘
plies and drivers for solenoids, relays and contactors. G = i
PACKAGING AVAILABILITY
PART NUMBER PACKAGE BRAND E

HGTP20N60B3 TO-220AB G20N60B3
NOTE: When ordering, use the entire part number.
Formerly Developmental Type TA49050.
Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified

HGTP20N60B3 UNITS

Collector-Emitter Voltage . . ... BVces 600 v
Collector-Gate Voltage, Rge =1MQ. .. ... BVcar 600 \"
Collector Current Continuous . :

AT = 4250 . o ettt et e et e e e Icos 40 A

At Tc =41100C . |c11o 20 A
Collector Current Pulsed (Note 1) . ...ttt lem 160 A
Gate-Emitter Voltage Continuous. .. ............ ..o Vaes +20 v
Gate-Emitter Voltage Pulsed . ............ ... ... Vaeem +30 v
Switching Safe Operating Area at Tg=+150°C. . ... .....coivvinrennennn... SSOA 80A at 0.8 BV¢eg :
Power Dissipation Total at Tc=+25%C ...........ooiviniuiniineninnnenn... Pp 165 w
Power Dissipation Derating Te > +25%C ... .. .vvinttet i 1.32 wrc |
Operating and Storage Junction Temperature Range . .................... Ty Tsta -40 to +150 °c
Maximum Lead Temperature for Soldering .. ..............coooiiiennnnn. T 260 °c i
Short Circuit Withstand Time (Note 2) atVge =15V .......................... tsc 4 us
Short Circuit Withstand Time (Note 2) atVge =10V ................ ...t tsc 10 us
NOTE:

1. Repetitive Rating: Pulse width limited by maximum junction temperature.
2. VCE(PK) = 350V, Tc = +125°C, RGE =25Q.

HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:

4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 ‘
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 !
4,969,027

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 3723.1
Copyright © Harris Corporation 1995 3-81



Specifications HGTP20N60B3

Electrical Specifications Tc = +25°C, Unless Otherwise Specified

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Collector-Emitter Breakdown Voltage BVees Ig = 250pA, Vgg = OV 600 - - \
Collector-Emitter Leakage Current lces Vee =BVees Tec= +25°C - - 250 A
VCE = BVCES Tc =+150°C - - 1.0 mA
Collector-Emitter Saturation Voltage Vee(san le =lg110 To=+25°C - 1.8 20 v
Vge = 15V
T = +150°C - 21 25 Y
Gate-Emitter Threshold Voltage VGE(TH) Ic = 250pA, To=+25°C 3.0 5.0 6.0 A
Vee = Vee
Gate-Emitter Leakage Current lges Vgg =20V - - +100 nA
Latching Current L Tc = +150°C 80 - - A
Veepk) = 0.8 BVces
Vge= 15V
Rg=10Q
L= 45}1H
Gate-Emitter Plateau Voltage VGEP lc= 'C“o, VCE =0.5BV¢eg - 8.0 - \'
On-State Gate Charge Qg(on) lc =lc110s Vge = 15V - 80 105 nC
Vce =0.5BVges
Ve = 20V - 105 135 nC
Current Tumn-On Delay Time toony! T =150°C - 25 - ns
Ice = lc11o
Current Rise Time tri VcePk) = 0.8 BVces - 20 - ns
Vge = 15V
Current Turn-Off Delay Time : tpoFF) Rg=10Q - 220 275 ns
L = 100pH
Current Fall Time tn - 140 200 ns
"Tum-On Energy Eon - 475 - ]
Tum-Off Energy (Note 1) Eore : - 1050 - w
Thermal Resistance Reuyc - - 0.76 °c/wW

NOTE:

1. Tum-off Energy Loss (Eqg) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and
ending at the point where the collector current equals zero (Icg = 0A) The HGTP20N60B3 was tested per JEDEC standard No. 24-1
Method for Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss.
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HGTP20N60B3

Typical Performance Curves
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FIGURE 1. TRANSFER CHARACTERISTICS

50

40

\ Vge = 15V

30 \\

20 AN
N

10

N

Ice, DC COLLECTOR CURRENT (A)

+25 +50 +75 +100 +125 +150
T¢, CASE TEMPERATURE (°C)
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HGTP20N60B3

Typical Performance Curves (Continued)
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FIGURE 7. TURN-ON DELAY TIME AS A FUNCTION OF
COLLECTOR-EMITTER CURRENT
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COLLECTOR-EMITTER CURRENT

toorFy» TURN-OFF DELAY TIME (ns)

tm, FALL TIME (ns)

500 T, = +150°C, Rg = 10Q, L = 100pH
400
300 —— VcE(pk) = 480V, Vgg = 15V
200
100
0 10 20 30 40
Ice, COLLECTOR-EMITTER CURRENT (A)
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HGTP20N60B3

Typical Performance Curves (Continued)
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Operating Frequency Information

Operating frequency information for a typical device
(Figure 13) is presented as a guide for estimating device
performance for a specific application. Other typical
frequency vs collector current (Icg) plots are possible using
the information shown for a typical unit in Figures 4, 7, 8, 11
and 12. The operating frequency plot (Figure 13) of a typical
device shows fjpaxq Or fmaxe whichever is smaller at each
point. The information is based on measurements of a
typical device and is bounded by the maximum rated junc-
tion temperature.

'MAX1 is defined by fMAX1 = 0'05/(tD(OFF)I+ tD(ON)I)' Deadtime
(the denominator) has been arbitrarily held to 10% of the on-
state time for a 50% duty factor. Other definitions are possi-
ble. tporr) and tpony are defined in Figure 17.

Device turn-off delay can establish an additional frequency
limiting condition for an application other than T yyax- tooFF)
is important when controlling output ripple under a lightly
loaded condition.

fMAXZ is defined by fMAXZ = (PD - PC)/(EOFF + EON) The allow-
able dissipation (Pp) is defined by Pp = (Typmax - Tc)/Reyc-

The sum of device switching and conduction losses must not
exceed Pp. A 50% duty factor was used (Figure 13) and the
conduction losses (Pg) are approximated by P = (Vgg X Igg)/2.

Eon and Egpp are defined in the switching waveforms
shown in Figure 17. Egy is the integral of the instantaneous
power loss (Icg x Vgg) during turn-on and Egg is the inte-
gral of the instantaneous power loss (Icg X Vcg) during turn-
off. All tail losses are included in the calculation for Eggg; i.e.
the collector current equals zero (Igg = 0).
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HGTP20N60B3

Test Circuit

Rg =100

AAA,
A\AAs

FIGURE 16. INDUCTIVE SWITCHING TEST CIRCUIT

tri
— toony

FIGURE 17. SWITCHING TEST WAVEFORMS

Handling Precautions for IGBT’s

Insulated Gate Bipolar Transistors are susceptible to gate-
insulation damage by the electrostatic discharge of energy
through the devices. When handling these devices, care
should be exercised to assure that the static charge built in
the handler’s body capacitance is not discharged through
the device. With proper handling and application proce-
dures, however, IGBT’s are currently being extensively used
in production by numerous equipment manufacturers in mili-
tary, industrial and consumer applications, with virtually no
damage problems due to electrostatic discharge. IGBT’s can
be handled safely if the following basic precautions are
taken:

1. Prior to assembly into a circuit, all leads should be kept
shorted together either by the use of metal shorting
springs or by the insertion into conductive material such
as “YECCOSORBD LD26” or equivalent.

2. When devices are removed by hand from their carriers,
the hand being used should be grounded by any suitable
means - for example, with a metallic wristband.

3. Tips of soldering irons should be grounded.

4. Devices should never be inserted into or removed from
circuits with power on.

5. Gate Voltage Rating - Never exceed the gate-voltage rat-
ing of Vgem. Exceeding the rated Vg can result in per-
manent damage to the oxide layer in the gate region.

6. Gate Termination - The gates of these devices are es-
sentially capacitors. Circuits that leave the gate open-cir-
cuited or floating should be avoided. These conditions
can result in turn-on of the device due to voltage buildup
on the input capacitor due to leakage currents or pickup.

7. Gate Protection - These devices do not have an internal
monolithic zener diode from gate to emitter. If gate pro-
tection is required an external zener is recommended.

+ Trademark Emerson and Cumming, Inc.
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@D HarRs HGTG20N60B3D

40A, 600V, UFS Series N-Channel IGBT

May 1995 with Anti-Parallel Hyperfast Diode
Features Package
* 40A, 600V at T¢ = +25°C JEDEC STYLE T0-247

« Typical Fall Time - 140ns at +150°C
¢ Short Circuit Rated

* Low Conduction Loss

¢ Hyperfast Anti-Parallel Diode

Description

The HGTG20N60B3D is a MOS gated high voltage switching device
combining the best features of MOSFETs and bipolar transistors. The
device has the high input impedance of a MOSFET and the low on-
state conduction loss of a bipolar transistor. The much lower on-state
voltage drop varies only moderately between +25°C and +150°C. The
diode used in anti-parallel with the IGBT is the RHRP3060. Terminal Diagram

The IGBT is ideal for many high voltage switching applications oper- N-CHANNEL ENHANCEMENT MODE
ating at moderate frequencies where low conduction losses are

essential. ¢
PACKAGING AVAILABILITY
PART NUMBER PACKAGE BRAND
HGTG20N60B3D ?0-247 G20N60B3D G
NOTE: When ordering, use the entire part number.
E

Formerly Developmental Type TA49016.

IGBTs

Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified

HGTG20N60B3D UNITS

Collector-Emitter Voltage . . .. ... BVces 600 \
Collector-Gate Voltage, Rge=1MQ. . .. ........ ... ..., BVear 600 \
Collector Current Continuous

ALTE=4250C. loos 40 A

AtTo=4+1100C. . . s lc110 20 A
Average Diode Forward Currentat +110°C........... ..., lava) 20 A
Collector CurrentPulsed (Note 1) . ...t i lem 160 A
Gate-Emitter Voltage Continuous. . ............ ... Vges +20 \%
Gate-Emitter Voltage Pulsed . ............... ... i i, VGem +30 \
Switching Safe Operating Areaat Tg=+150°C............cooviniienan... SSOA 80A at 0.8 BV¢gs
Power Dissipation Total at To = +25%C . ... ....uuiuiintiinn e Pp 165 w
Power Dissipation Derating Tg > +25%C .. ... ..iviuiniiiiit it 1.32 w/°C
Operating and Storage Junction Temperature Range ..................... Ty Tsta -40 to +150 °c
Maximum Lead Temperature for Soldering . ................... ... ... ... ... T 260 °c
Short Circuit Withstand Time (Note 2) at Vge =15V ........... ... ..o at tsc 4 us
Short Circuit Withstand Time (Note 2) at Vg =10V ................oieia, tsc 10 us
NOTE:

1. Repetitive Rating: Pulse width limited by maximum junction temperature.
2. Veg(pk) = 360V, Te = +125°C, Rgg = 25Q.

HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:

4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 i
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 :
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 1
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 |
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 ‘
4,969,027 ;
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 3739.2 }

Copyright © Harris Corporation 1995 3.87



Specifications HGTG20N60B3D

Electrical Specifications T = +25°C, Unless Otherwise Specified

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Collector-Emitter Breakdown Voltage BVces lc =250pA, Ve = 0V 600 - - Vv
Collector-Emitter Leakage Current lces Vee = BVges Tc =+25°C - - 250 HA
Vg = BVges T =+150°C - - 20 mA
Collector-Emitter Saturation Voltage Veesan Ic = lct1os Tc =+25°C - 1.8 2.0 \'
Vae = 15V
T =+150°C - 241 25 \
Gate-Emitter Threshold Voltage Vae(TH) Ic = 250pA, Tc = +25°C 3.0 5.0 6.0 \
Vee = Vae
Gate-Emitter Leakage Current lges Vgg = 20V - - +100 nA
Latching Current IL Tc = +150°C, 80 - - A
Veepk) = 0.8 BVces
VGE = 15V,
Rg = 10Q,
L= 45)IH
Gate-Emitter Plateau Voltage Veep lc =lc110, Vog = 0.5 BVges - 8.0 - v
On-State Gate Charge Qg(on) Ic = lc110r Vge = 15V - 80 105 nC
Veg=0.5BVces :
Vge =20V - 105 135 nC
Current Turn-On Delay Time toony T =+150°C, - 25 - ns
lce = leto
Current Rise Time tri Vee(pk) = 0.8 BVcEs, - 20 - ns
VGE =15V
Current Turn-Off Delay Time tooFFI Rg = 10Q, - 220 275 ns
L =100pH
Current Fall Time tr - 140 200 ns
Turn-On Energy Eon - 475 - T8}
Tum-Off Energy (Note 1) Eorr - 1050 -
Diode Forward Voltage Vee lgc = 20A - 15 1.9 \
Diode Reverse Recovery Time trr lgc = 20A, digc/dt = 100A/us - - 55 ns
lgc = 1A, dlgg/dt = 100A/us - - 45 ns
Thermal Resistance Reyc IGBT - - 076 | °cw
Diode - - 1.2 o°cw

NOTE:

1. Turn-off Energy Loss (Eogr) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and
ending at the point where the collector current equals zero (Igg = 0A) The HGTG20N60B3D was tested per JEDEC standard No. 24-1
Method for Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss.
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HGTG20N60B3D

Typical Performance Curves
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HGTG20N60B3D

Typical Performance Curves (Continued)
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HGTG20N60B3D

Typical Performance Curves (Continued)
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Test Circuit and Waveforms

FIGURE 18. INDUCTIVE SWITCHING TEST CIRCUIT
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FIGURE 19. SWITCHING TEST WAVEFORMS

Operating Frequency Information

Operating frequency information for a typical device (Figure 13)
is presented as a guide for estimating device performance
for a specific application. Other typical frequency vs collector
current (Icg) plots are possible using the information shown
for a typical unit in Figures 4, 7, 8, 11 and 12. The operating
frequency plot (Figure 13) of a typical device shows fyyaxy OF

fmaxe Whichever is smaller at each point. The information is

based on measurements of a typical device and is bounded
by the maximum rated junction temperature.

fMAX1 is defined by fMAX1 = 0'05/(tD(OFF)| + tD(ON)I)' Dead-
time (the denominator) has been arbitrarily held to 10% of
the on- state time for a 50% duty factor. Other definitions are
possible. ‘D(OFF)I and tD(ON)I are defined in Figure 19.

Device turn-off delay can establish an additional frequency
limiting condition for an application other than Tjyax. toorF)
is important when controlling output ripple under a lightly
loaded condition.

fMAX2 is defined by fMAXZ = (PD - PC)/(EOFF + EON)' The
allowable dissipation (Pp) is defined by Pp = (Tymax - Tc)/
Rgyc- The sum of device switching and conduction losses
must not exceed Pp. A 50% duty factor was used (Figure 13)
and the conduction losses (Pg) are approximated by
Pg = (Ve X lge)/2.

Eon and Eqgg are defined in the switching waveforms shown
in Figure 19. Egy is the integral of the instantaneous power
loss (Ige x Vo) during turn-on and Egg is the integral of the
instantaneous power loss during turn-off. All tail losses are
included in the calculation for Eqgg; i.e. the collector current
equals zero (Igg = 0).

Handling Precautions for IGBT’s

Insulated Gate Bipolar Transistors are susceptible to gate-
insulation damage by the electrostatic discharge of energy
through the devices. When handling these devices, care
should be exercised to assure that the static charge built in
the handler's body capacitance is not discharged through
the device. With proper handling and discharge procedures,
however, IGBT’s are currently being extensively used in pro-
duction by numerous equipment manufacturers in military,
industrial and consumer applications, with virtually no dam-
age problems due to electrostatic discharge. IGBT’s can be
handled safely if the following basic precautions are taken:

1. Prior to assembly into a circuit, all leads should be kept
shorted together either by the use of metal shorting
springs or by the insertion into conductive material such
as T“ECCOSORBD LD26" or equivalent.

2. When devices are removed by hand from their carriers, the
hand being used should be grounded by any suitable
means - for example, with a metallic wristband.

3. Tips of soldering irons should be grounded.

4. Devices should never be inserted into or removed from cir-
cuits with power on.

5. Gate Voltage Rating - Never exceed the gate-voltage rat-
ing of Vgem. Exceeding the rated Vg can result in
permanent damage to the oxide layer in the gate region.

6. Gate Termination - The gates of these devices are essen-
tially capacitors. Circuits that leave the gate open-circuited
or floating should be avoided. These conditions can result
in turn-on of the device due to voltage buildup on the input
capacitor due to leakage currents or pickup.

7. Gate Protection - These devices do not have an internal
monolithic zener diode from gate to emitter. If gate pro-
tection is required an external zener is recommended.

fTrademark Emerson and Cumming, Inc.
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@ Harys HGTG20N100D2

May 1995 20A, 1000V N-Channel IGBT
Features Package
e 34A, 1000V JEDEC STYLE TO-247
* Latch Free Operation EMITTER COLLECTOR
¢ Typical Fall Time 520ns
. GATE
¢ High Input impedance
* Low Conduction Loss COLLECTOR
L. (BOTTOM SIDE
Description METAL)
The HGTG20N100D2 is a MOS gated high voltage switching
device combining the best features of MOSFETs and bipolar
transistors. The device has the high input impedance of a MOS-
FET and the low on-state conduction loss of a bipolar transistor.
The much lower on-state voltage drop varies only moderately | Terminal Diagram
between +25°C and +150°C.
N-CHANNEL ENHANCEMENT MODE
IGBTs are ideal for many high voltage switching applications @
operating at frequencies where low conduction losses are essen- ¢ E
tial, such as: AC and DC motor controls, power supplies and [T
drivers for solenoids, relays and contactors. -
PACKAGING AVAILABILITY G
PART NUMBER PACKAGE BRAND
HGTG20N100D2 ?0-247 G20N100D2 E
Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified
HGTG20N100D2 UNITS
Collector-Emitter Voltage . . . ...t BVees 1000 v
Collector-Gate Voltage Rge =1TMQ . ... ... BVcar 1000 \
Collector Current Continuous at Te=425°C . ... .....oviuinrineninnanenn. leos 34 A
at TC =490%C . ... IC90 20 A
Collector Current Pulsed (Note 1) . ...ttt it lem 100 A
Gate-Emitter Voltage Continuous. ................ ... ... ... .. ... ..., Vaes +20 \
Gate-Emitter Voltage Pulsed . .............. ... .. .o, Vaeem +30 v
Switching Safe Operating Areaat Ty=+150°C............................ SSOA 100A at 0.8 BVcgg -
Power Dissipation Total at Te=+25%C ... ....viineiii i Pp 150 w
Power Dissipation Derating Tg > +25°C .........ooiuiuinitiniiiiiiiiaanns 1.20 wrec
Operating and Storage Junction Temperature Range ... .................. Ty, Tsta -55 to +150 °c
Maximum Lead Temperature forSoldering . ..................... ... ... T 260 °c
(0.125 inch from case for 5 seconds)
Short Circuit Withstand Time (Note 2) atVge=15V........... ... ... . .ooout, tsc 3 ps
atVge=10V.. ... tsc 15 us
NOTES:
1. Repetitive Rating: Pulse width limited by maximum junction temperature.
2. VCE(PEAK) =600V, Tc = +125°C, RGE =25Q.
HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:
4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 !
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 !
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 ‘
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951
4,969,027
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 28263

Copyright © Harris Corporation 1995 3.03



Specifications HGTG20N100D2

Electrical Specifications T¢ = +25°C, Unless Otherwise Specified

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Collector-Emitter Breakdown Voltage BVees I =250mA, Vgg = 0V 1000 - - \
Collector-Emitter Leakage Voltage lces Vce = BVces Tc =+25°C - - 250 HA
Vee=0.8 BVgeg | T = +125°C - - 1.0 mA
Collector-Emitter Saturation Voltage Vcesan Ic = lcgos To = +25°C - 3.1 38 v
Vee =15V To=+125°C - 29 3.6 v
I = lcgo To=+25°C - 3.3 4.1 v
Vee =10V To = +125°C - 3.2 4.0 v
Gate-Emitter Threshold Voltage VaGE(TH) Ic =500pA, To=+25°C 3.0 45 6.0 \
Vee =Vae
Gate-Emitter Leakage Current laes Vae = 120V - - +250 nA
Gate-Emitter Plateau Voltage Vaep Ic = lcgo» Vg = 0.5 BVges - 74 - Vv
On-State Gate Charge Qg(on) lc = lcgo, Vgg =15V - 120 160 nC
Vee=05BVees [ -""%0v - 163 | 212 nC
Current Tumn-On Delay Time toony \I;= 5?;:!;;;(;: l_cngggg 25Q, - 100 - ns
Current Rise Time [ Vg: —08 ,BV':; ;s ’ - 150 - ns
Current Tumn-Off Delay Time toFR)I - 500 650 ns
Current Fall Time tr - 520 680 ns
Turn-Off Energy (Note 1) Worr - 3.7 - mJ
Current Turn-On Delay Time toonyt L =50pH, Ig = Iggo, RoG =25Q, - 100 - ns
Current Rise Time tRi xgi : S%V'B&é:s“zs C. - 150 - ns
Current Turn-Off tooFR) - 410 530 ns
Current Fall Time te - 520 680 ns
Turn-Off Energy (Note 1) Worr - 3.7 - mJ
Thermal Resistance Reyc - 0.7 0.83 °cw

NOTE: 1. Tum-off Energy Loss (Wogr) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and
ending at the point where the collector current equals zero (Icg = 0A) The HGTG20N100D2 was tested per JEDEC standard No. 24-1
Method for Measurement of Power Device Tum-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss.

Typical Performance Curves
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HGTG20N100D2

Typical Performance Curves (Continued)
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HGTG20N100D2

Typical Performance Curves (Continued)
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Operating Frequency Information

Operating frequency information for a typical device (Figure
10) is presented as a guide for estimating device performance
for a specific application. Other typical frequency vs collector
current (Igg) plots are possible using the information shown
for a typical unit in Figures 7, 8 and 9. The operating
frequency plot (Figure 10) of a typical device shows fyaxy or
fmaxe whichever is smaller at each point. The information is
based on measurements of a typical device and is bounded
by the maximum rated junction temperature.

fmaxi is defined by fyaxs = 0.05/tD<0FF);. tD(OFF)l deadtime
(the denominator) has been arbitrarily held to 10% of the on-
state time for a 50% duty factor. Other definitions are possible.
tp(orry is defined as the time between the 90% point of the
trailing edge of the input pulse and the point where the
collector current falls to 90% of its maximum value. Device

turn-off delay can establish an additional frequency limiting
condition for an application other than Tymax- tporr) is
important when controlling output ripple under a lightly loaded
condition.

fmaxe is defined by fmaxe = (Pp - Pc)Woge. The allowable
dissipation (Pp) is defined by Pp = (Tymax - Tc)/Reyc- The sum
of device switching and conduction losses must not exceed Pp.
A 50% duty factor was used (Figure 10) and the conduction
losses (Pg) are approximated by Pg = (Vg © Ice)2. Woer is
defined as the integral of the instantaneous power loss starting
at the trailing edge of the input pulse and ending at the point
where the collector current equals zero (Icg = 0A).

The switching power loss (Figure 10) is defined as fyaxo ©
Worg. Tum-on switching losses are not included because they
can be greatly influenced by extemal circuit conditions and com-
ponents.
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@ Harres HGTG20N120E2

April 1995 34A, 1200V N-Channel IGBT
Features Package
* 34A,1200V JEDEC STYLE TO-247
¢ Latch Free Operation EMITTER
¢ Typical Fall Time - 780ns COLLECTOR
* High Input Impedance / GATE
¢ Low Conduction Loss (gg#OEgrSOIEE
L. METAL)
Description
The HGTG20N120E2 is a MOS gated, high voltage switch-
ing device combining the best features of MOSFETs and
bipolar transistors. The device has the high input impedance
of a MOSFET and the low on-state conduction loss of a
bipolar transistor. The much lower on-state voltage drop . .
varies only moderately between +25°C and +150°C. Terminal D lagram
IGBTSs are ideal for many high voltage switching applications c
operating at frequencies where low conduction losses are
essential, such as: AC and DC motor controls, power
supplies and drivers for solenoids, relays and contactors.
The development type number for this device is TA49009. G
PACKAGING AVAILABILITY
PART NUMBER PACKAGE BRAND E
HGTG20N120E2 ?0-247 G20N120E2
Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified
HGTG20N120E2 UNITS
Collector-Emitter Breakdown Voltage. .. ..............cooivii i . BVees 1200 v
Collector-Gate Breakdown Voltage Rge =1MQ. .. ...t BVcar 1200 v
Collector Current Continuous
AUTE=425%C . . oottt et lo2s 34 A
At Tc = +90°C ..................................................... 'cgo 20 A
Collector Current Pulsed (Note 1) .......... ...ttt lem 100 A
Gate-Emitter Voltage Continuous. .. ......... ..., Vaes +20 v
Gate-Emitter Voltage Pulsed . ................coiiiiii i Vaem +30 \
Switching SOA @t Te=+150°C ...\ttt eeieeeeieeieenns SSOA 100A at 0.8 BV¢es -
Power Dissipation Total at To=+425%C ... ...vvuttnnrieiiieninnnnnnnnns Pp 150 w
Power Dissipation Derating Tg > +25%C .. .......cooitiiiiiininniinnenennnn. 1.20 W/rC
Operating and Storage Junction Temperature. .................. ... Ty Tsta -565 to +150 °c
Maximum Lead Temperature for Soldering ................ooviiiiiiiiiinn... T 260 °c
(0.125" from case for 5 seconds)
Short Circuit Withstand Time (Note 2)
At VGE E S - PPN tsc 3 us
At VGE = A0V s tSC 15 us
NOTES:
1. Repetitive Rating: Pulse width limited by maximum junction temperature.
2. VCE(PEAK) = 720V. Tc = +125°C, RGE =25Q
HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:
4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951
4,969,027
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 3370.2
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Specifications HGTG20N120E2

Electrical Specifications T¢ = +25°C, Unless Otherwise Specified

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX UNIT
Collector-Emitter Breakdown BVces Ig = 250pA, Vgg = OV 1200 - - \Y
Voltage
Collector-Emitter Leakage Current lces Vce = BVees Tc=+25°C - - 250 pA
VCE =0.8 BVges Tc =+125°C - - 1.0 mA
Collector-Emitter Saturation Veesan | le=lceo Vae =15V | Tc=+25°C - 29 3.5 v
Voltage
T =+125°C - 3.0 3.6 )
|c = ICQO' VGE =10V Tc = +25°C - 3.1 3.8 v
To=+125°C - 33 4.0 v
Gate-Emitter Threshold Voltage VaeH) | lc = 500pA, T =+25°C 3.0 45 6.0 v
Vee=Vae
Gate-Emitter Leakage Current lges Vge = 120V - - +250 nA
Gate-Emitter Plateau Voltage Vaep Ic = lcgo, Vog = 0.5 BVggs - 7.0 - v
On-State Gate Charge QG(ON) lc =lcgor Vge = 15V - 110 150 nC
VCE =05 BVCES
Vgg = 20V - 150 200 nC
Current Turn-on Delay Time to(on) R, =48Q lc =lcgor Ve = 15V, - 100 - ns
VCE =0.8 BVCESv
Current Rise Time tr Rg =25Q, - 150 - ns
- T,=+125°C
Current Turn-off Delay Time toorry | L =50pH - 520 620 ns
Current Fall Time try - 780 1000 ns
Turn-off Energy (Note 1) Wore - 7.0 - mJ
Current Turn-on Delay Time toon) R =48Q lc =lceo Vg =10V, - 100 - ns
VCE =08 BVCES'
Current Rise Time tr Rg = 25Q, - 150 - ns
" Ty=+125°C
Current Turn-off Delay Time torry | L =50pH - 420 520 ns
Current Fall Time tr - 780 1000 ns
Turn-off Energy (Note 1) Worr - 7.0 - mJ
Thermal Resistance Resc - 0.70 0.83 o°cw

NOTE:

1. Turn-off Energy Loss (Woge) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and
ending at the point where the collector current equals zero (Icg = 0A). The HGTG20N120E2 was tested per JEDEC standard No. 24-1
Method for Measurement of Power Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss.
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Typical Performance Curves

PULSE DURATION=260us. DUTY CYCLE < 0.6%, Vce=I10V

«
a
S w0
g /
=
&
£
=1
a
o /
=
=
= Te - 180°C —
o Te - 25°%C —
=] Te - -40% —]
510
]
=}
)
Q
a
0

1) 10

2 4 8 8
BATE-TD-EMITTER VOLTABE (Vge) - V
FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL)

35

30
p = 16V

%Vs

@ Vge = 10V|

AN

125

DOC COLLECTOR CURRENT (Ice) - R

0 75 100
CASE TEMPERATURE (Tc) - °C

FIGURE 3. MAXIMUM DC COLLECTOR CURRENT AS A
FUNCTION OF CASE TEMPERATURE

FREBUENCY (f) = IMHz

6000

5000

G
+ 4000

3000

2000

CAPACITANCE (L)

\
NS

L‘ra&

1000

0

0 25

5 10 15 20
CODLLECTDR-TD EMITTER VDLTRABE (Vce) - V

FIGURE 5. CAPACITANCE AS A FUNCTION OF COLLECTOR-

EMITTER VOLTAGE

PULSE DURATION=250uS, DUTY CYCLE <.5Z, Te=25°C

< O N N
. af yo Vge| - 8.5V
. B T
2 .g//:;/ vge - 8v
SE] -
= //
=
]
é /// Vge = 7.6V|
= 20 ////
E 5
I~
w / Vge - 7V
x 10
]
a Vge - 6.5V
W 5
a [ Vge = BV
0
0 2 10

4 6 8
CODLLECTDR-TD-EMITTER VOLTAGE (Vce) - V

FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL)

26 Vce=9680V, Tj=~160degC, Vge=15V, Rg=25ohms, L=-50uH
o 2.0
a -
. \
Zs
g
z ™

\\

w Ba
(SN
-t
e
«
w

0.5

0.0

1 40

10
COLLECTOR-EMITTER CURRENT (Ice) - R
FIGURE 4. FALL TIME AS A FUNCTION OF COLLECTOR-

EMITTER CURRENT
v 10
1200 RL=600hms
GATE L't
EMITTER |9 o
VOLTAGE + 9(REF)=1.52ma
Vee=Vces Vee=Vces
900 1
0 I
3 g
> <]
I 600 + t + t t 5>
9 \_ ’ f
= 0.75 Vees 0.75 Vces s
0.50 Vees  J. 0.50 Vces >
0.25 Ves 0.25 Vees
300 I
COLLECTOR~EMITTER VOLTAGE
. t " N 0
Ig(REF) Ig(REF)
IME— NI P A Ml 4
o TIME - MICROSECONDS 8 Lien

FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT
CONSTANT GATE CURRENT. (REFER TO
APPLICATION NOTES AN7254 AND AN7260)

3-100




HGTG20N120E2

Typical Performance Curves (Continued)
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Test Circuit

1/Rg = 1/Rgen + 1/Rge
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L =50uH

FIGURE 12. INDUCTIVE SWITCHING TEST CIRCUIT

Operating Frequency Information

Operating frequency information for a typical device (Figure
10) is presented as a guide for estimating device performance
for a specific application. Other typical frequency vs collector
current (Icg) plots are possible using the information shown
for a typical unit in Figures 7, 8 and 9. The operating
frequency plot (Figure 10) of a typical device shows fyaxq or
fmaxe Whichever is smaller at each point. The information is
based on measurements of a typical device and is bounded
by the maximum rated junction temperature.

fMAX1 is defined by fMAX1 = O'OS/tD(OFF)l' tD(OFFM deadtime
(the denominator) has been arbitrarily held to 10% of the on-
state time for a 50% duty factor. Other definitions are
possible. tpor) is defined as the time between the 90%
point of the trailing edge of the input pulse and the point
where the collector current falls to 90% of its maximum
value. Device turn-off delay can establish an additional fre-
quency limiting condition for an application other than T yax.
tp(orry is important when controlling output ripple under a
lightly loaded condition. fyyax, is defined by fpaxo = (Pd - Pc)/
Worr The allowable dissipation (Pd) is defined by Pd =
(Tymax - Tc)/Rayc- The sum of device switching and conduc-
tion losses must not exceed Pd. A 50% duty factor was used
(Figure 10) and the conduction losses (Pc) are approximated
by Pc = (Vg © Ige)/2. Woek is defined as the integral of the
instantaneous power loss starting at the trailing edge of the
input pulse and ending at the point where the collector
current equals zero (Igg = 0A).

The switching power loss (Figure 10) is defined as fyaxo ®
Worr. Turn-on switching losses are not included because
they can be greatly influenced by external circuit conditions
and components.

Handling Precautions for IGBTs

Insulated Gate Bipolar Transistors are susceptible to gate-
insulation damage by the electrostatic discharge of energy
through the devices. When handling these devices, care
should be exercised to assure that the static charge built in
the handler's body capacitance is not discharged through
the device. With proper handling and application procedures,
however, IGBTs are currently being extensively used in
production by numerous equipment manufacturers in
military, industrial and consumer applications, with virtually
no damage problems due to electrostatic discharge. IGBTs
can be handled safely if the following basic precautions are
taken:

1. Prior to assembly into a circuit, all leads should be kept
shorted together either by the use of metal shorting
springs or by the insertion into conductive material such
as “t ECCOSORBD LD26” or equivalent.

2. When devices are removed by hand from their carriers,
the hand being used should be grounded by any suitable
means - for example, with a metallic wristband.

3. Tips of soldering irons should be grounded.

4. Devices should never be inserted into or removed from
circuits with power on.

5. Gate Voltage Rating - Never exceed the gate-voltage
rating of VGEM. Exceeding the rated VGE can result in
permanent damage to the oxide layer in the gate region.

6. Gate Termination - The gates of these devices are
essentially capacitors. Circuits that leave the gate open-
circuited or floating should be avoided. These conditions
can result in turn-on of the device due to voltage buildup
on the input capacitor due to leakage currents or pickup.

7. Gate Protection - These devices do not have an internal
monolithic zener diode from gate to emitter. If gate
protection is required an external zener is recommended.

+ Trademark Emerson and Cumming, Inc.
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D HARYS  HGTG24N60D1

May 1995 24A, 600V N-Channel IGBT
Features Package
e 24A, 600V JEDEC STYLE TO-247
 Latch Free Operation EMITTER
COLLECTOR
* Typical Fall Time <500ns GATE
* High Input Impedance
¢ Low Conduction Loss
Description
The IGBT is a MOS gated high voltage switching device
combining the best features of MOSFETs and bipolar
transistors. The device has the high input impedance of a
MOSFET and the low on-state conduction loss of a bipolar Terminal Diagram
transistor. The much lower on-state voltage drop varies only
moderately between +25°C and +150°C. N-CHANNEL ENHANCEMENT MODE »
[
IGBTs are ideal for many high voltage switching applications ¢ [u:] |
operating at moderate frequencies where low conduction losses e
are essential, such as: AC and DC motor controls, power sup-
plies and drivers for solenoids, relays and contactors. 6
PACKAGING AVAILABILITY
PART NUMBER PACKAGE BRAND E
HGTG24N60D1 TO-247 G24N60D1
Absolute Maximum Ratings T = +25°C, Unless Otherwise Specific
HGTG24N60D1 UNITS
Collector-Emitter Voltage . . .............. ... BVces 600 \
Collector-Gate Voltage Rge =1MQ . ...t BVear 600 v
Collector Current Continuous at Te=+25%C...........oovuinininiinnnnn.. lcos 40 A
at VGE =15V at Tc =490°C . ... ICQO 24 A
Collector Current Pulsed (Note 1) . ...ttt lem 96 A
Gate-Emitter Voltage Continuous. . ........... ... o i, Vaes +25 \
Switching Safe Operating Areaat Ty=+150°C...........c..covvueinennnn.. SSOA 60A at 0.8 BV¢eg -
Power Dissipation Total at To=+25°C ... .......ooiiriiininennenennennn. Pp 125 w
Power Dissipation Derating T > +25°C .. .....o.vutininii i 1.0 e ‘
Operating and Storage Junction Temperature Range .. ................... Ty Tsta -55 to +150 °c |
Maximum Lead Temperature for Soldering . ............. ... ... ..., T 260 °c
(0.125 inch from case for 5s)
NOTE:
1. Repetitive Rating: Pulse width limited by maximum junction temperature.
HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:
4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951
4,969,027
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 2831.3

Copyright © Harris Corporation 1995 3.103



Specifications HGTG24N60D1

Electrical Specifications T = +25°C, Unless Otherwise Specified

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Collector-Emitter Breakdown Voltage BVces Ic = 250pA, Vgg = 0V 600 - - \
Collector-Emitter Leakage Voltage lces Ve = BVCES Te= +25°C - - 1.0 mA
VCE =0.8 BVCES Tc =+125°C - - 4.0 mA
Collector-Emitter Saturation Voltage Vcesan Ic = lcgor Tc = +25°C - 1.7 23 v
Vge = 15V
Tc=+125°C - 1.9 25 Vv
Gate-Emitter Threshold Voltage VGE(TH) Ic = 250pA, Te=+25°C 3.0 45 6.0 v
Vee = Vee
Gate-Emitter Leakage Current lges Vgg = 20V - - +500 nA
Gate-Emitter Plateau Voltage VGEP |c = lcoos VCE =0.5 BVCES - 6.3 - \
On-State Gate Charge Qg(on) Ic =lcoor Vge =15V - 120 155 nC
Vge = 20V - 155 200 nC
Current Turn-On Delay Time toony L =500uH, I¢ = lcgo, Rg = 25Q, - 100 - ns
Vge = 15V, T, = +150°C,
Current Rise Time tri Vce = 0.8 BVes - 150 - ns
Current Tumn-Off Delay Time tooFF) - 700 900 ns
Current Fall Time tr - 450 600 ns
Tum-Off Energy (Note 1) Worr - 43 - mJ
Thermal Resistance Rgyc - - 1.00 °cCwW

NOTE: 1. Tum-off Energy Loss (Wogg) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and
ending at the point where the collector current equals zero (Icg = 0A) The HGTG24N60D1 was tested per JEDEC standard No. 24-1
Method for Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss.

Typical Performance Curves
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HGTG24N60D1

Typical Performance Curves (Continued)
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HGTG24N60D1

Typical Performance Curves (Continued)
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Operating Frequency Information

Operating frequency information for a typical device (Figure
10) is presented as a guide for estimating device performance
for a specific application. Other typical frequency vs collector
current (Icg) plots are possible using the information shown
for a typical unit in Figures 7, 8 and 9. The operating
frequency plot (Figure 10) of a typical device shows fyyaxq or
fmaxz whichever is smaller at each point. The information is
based on measurements of a typical device and is bounded
by the maximum rated junction temperature.

fmax is defined by fyaxs = 0.05/tpoFr) to(orF) deadtime
(the denominator) has been arbitrarily held to 10% of the on-
state time for a 50% duty factor. Other definitions are possible.
toorFy is defined as the time between the 90% point of the
trailing edge of the input pulse and the point where the
collector current falls to 90% of its maximum value. Device

tum-off delay can establish an additional frequency limiting
condition for an application other than Tymax. tporr) is
important when controlling output ripple under a lightly loaded
condition.

'MAXZ is defined by fMAXZ = (PD - PC)IWOFF The allowable
dissipation (Pp) is defined by Pp = (Tymax - Tc)/Reyc. The sum
of device switching and conduction losses must not exceed Pp,.
A 50% duty factor was used (Figure 10) and the conduction
losses (Pg) are approximated by Pg = (Vg ® Ice)/2. Worr is
defined as the integral of the instantaneous power loss starting
at the trailing edge of the input pulse and ending at the point
where the collector current equals zero (Icg = 0A).

The switching power loss (Figure 10) is defined as fyjax2 ® Worr
Tum-on switching losses are not included because they can be
greatly influenced by external circuit conditions and components.
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@ Herrs HGTG24N60D1D

24A, 600V N-Channel IGBT

April 1995 with Anti-Parallel Ultrafast Diode
Features Package
e 24A, 600V JEDEC STYLE TO-247

EMITTER
COLLECTOR
GATE

* Latch Free Operation

¢ Typical Fall Time <500ns
¢ Low Conduction Loss

¢ With Anti-Parallel Diode
* tgpr < 60ns

Description

The IGBT is a MOS gated high voltage switching device | Terminal Diagram

combining the best features of MOSFETs and bipolar

transistors. The device has the high input impedance of a N-CHANNEL ENHANCEMENT MODE
MOSFET and the low on-state conduction loss of a bipolar ¢
transistor. The much lower on-state voltage drop varies only
moderately between +25°C and +150°C. The diode used in
parallel with the IGBT is an ultrafast (tgg < 60ns) with soft G
recovery characteristic.

IGBTs

The IGBTs are ideal for many high voltage switching applica- ‘
tions operating at frequencies where low conduction losses E |
are essential, such as: AC and DC motor controls, power PACKAGING AVAILABILITY

supplies and drivers for solenoids, relays and contactors. |
PART NUMBER PACKAGE BRAND

HGTG24N60D1D | TO-247 G24N60D1D ‘
NOTE: When ordering, use the entire part number. C

Absolute Maximum Ratings T¢ = +25°C, Unless Otherwise Specific

HGTG24N60D1D UNITS
Collector-Emitter Volage . . . . ... ..oviuit it BVces 600 v
Collector-Gate Voltage Rge = TMQ . . ... ..ottt BVegr - 600 \'% i
Collector Current Continuous  atTg=+25°C .........c.vuvninenenennnnn.. leos 40 A !
AtTE=480C . ...\t Icso 24 A j
Collector Current Pulsed (NO& 1) . ... ...euvueeat ettt eeaanenns lom 96 A !
Gate-Emitter Voltage Continuous. . .................. ... ... i Vees +25 v :
Switching Safe Operating Area at Ty=+150C............couvirineannnn.. SSOA 60A at 0.8 BVes - !
Diode Forward Current @t Tg=+25°C .........ccuunerunnerunnennnannnnn. Ir2s 40 A E
AtTe=+90°C ... ..ooiiiiiiii Irgo 24 A i
Power Dissipation Total at To=+25%C . ......oitiiinenniiiinnennanens Pp 125 w } :
Power Dissipation Derating Tg > +25%C ... ......uiutiiiiiiiiiii i, 1.0 wrc !
Operating and Storage Junction Temperature Range . .................... Ty Tsta -55 to +150 °c
Maximum Lead Temperature for Soldering .. ..........0...couiueienenenenen.. T 260 °c

(0.125 inch from case for 5s)
NOTE: 1. Repetitive Rating: Pulse width limited by maximum junction temperature.

HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:

4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951
4,969,027

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 2797_4
Copyright © Harris Corporation 1995 3.107




Specifications HGTG24N60D1D

Electrical Specifications T = +25°C, Unless Otherwise Specified

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Collector-Emitter Breakdown Voltage BVces Ic = 280pA, Vgg = 0V 600 - - \
Collector-Emitter Leakage Voltage lces Vee = BVces Tc=+25°C - - 280 HA
Vee=0.8 BVCES Tc =+125°C - - 5.0 mA
Collector-Emitter Saturation Voltage Vcesan lc = lggos Tc=+25°C - 17 23
Vge =15V
To=+125°C - 1.9 25
Gate-Emitter Threshold Voltage VGE(TH) I = 250pA, To=+25°C 3.0 4.5 6.0
Vee = Vae
Gate-Emitter Leakage Current lges Vge = $20V - - +500 nA
Gate-Emitter Plateau Voltage Vaep Ic = lcgo, Ve = 0.5 BVees - 6.3 - v
On-State Gate Charge QG(ON) IC = |c90, VGE =15V - 120 155 nC
Vgg =20V - 155 200 nC
Current Turn-On Delay Time toony L =500pH, Ig = lcgo, Rg = 25Q, - 100 . ns
- Vge = 15V, Ty = +150°C,
Current Rise Time i Ve = 0.8 BVegs - 150 - ns
Current Turn-Off Delay Time toorF) - 700 900 ns
Current Fall Time tr - 450 600 ns
Tum-Off Energy (Note 1) Woer - 43 - mJd
Thermal Resistance (IGBT) Raic - - 1.00 °cw
Thermal Resistance Diode Resc - - 150 | CW
Diode Forward Voltage Vec lgc = 24A - - 1.50 \
Diode Reverse Recovery Time tar lgc = 24A, di/dt = 100A/us - - 60 ns

NOTE: 1. Tum-off Energy Loss (Woge) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and
ending at the point where the collector current equals zero (I = 0A) The HGTG24N60D 1D was tested per JEDEC standard No. 24-1
Method for Measurement of Power Device Tum-Off Switching Loss. This test method produces the true total Tum-Off Energy Loss.

Typical Performance Curves
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HGTG24N60D1D

Typical Performance Curves (Continued)

* |
Vge = 15V

40
<
£
Y \\
4
2
o
S 2
5 \
|
8 10 N
8

[}

+25 +50 +75 +100 +125 +150
T¢, CASE TEMPERATURE (°C)
FIGURE 3. DC COLLECTOR CURRENT vs CASE TEMPERATURE

6000

1
f=1MHz

o
g
o

g

N
g
=]

C, CAPACITANCE (pF)
[~]
K]
3

g
o

Coss

Crss
0 — —— ———— |
0 5 10 15 20 25

Ve, COLLECTOR-TO-EMITTER VOLTAGE (V)
FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER VOLTAGE

|

s T, = +150°C Vee =10V
w
2
32
>
z
§ Vge =15V
2
5 ~d
z l
(=]
g
>

0

1 10 [

Vce, COLLECTOR-EMITTER CURRENT (A)

FIGURE7. SATURATIONVOLTAGE vs COLLECTOR-EMITTER
CURRENT

1000 T T T T TTTT
Ve = 480V, Vgg = 10V AND 15V,
900 = 1= 4150°C, Rg = 25Q, L = 500uH

800

700
600 [

500 —
400

tg, FALL TIME (ns)

300

200

100

1 10 40
Ice, COLLECTOR-EMITTER CURRENT (A)

FIGURE 4. FALL TIME vs COLLECTOR-EMITTER CURRENT

600 10.0
)
3 s
<
;5 450 cc =BVces cc = BVees e
5 2
) -
z g
E o0 4 A 5.0
8 \0.75 BVges 0.75 BVcgs /, E
: 0.50 BVces 0.50 BVces E
5 0.25 BVggs 0.25 BVces £
ul 150 2
- ! '
3 Ry =300 g
o lg(rer = 1.83mA >u
g Vgg =10V
> 0 0
lome lare
L T —
Toaen lgacm
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HGTG24N60D1D

Typical Performance Curves (Continued)
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Operating Frequency Information

Operating frequency information for a typical device (Figure
10) is presented as a guide for estimating device performance
for a specific application. Other typical frequency vs collector
current (Icg) plots are possible using the information shown
for a typical unit in Figures 7, 8 and 9. The operating
frequency plot (Figure 10) of a typical device shows fyyax¢ or
fmaxe whichever is smaller at each point. The information is
based on measurements of a typical device and is bounded
by the maximum rated junction temperature.

fwaxi is defined by fMAX1 = 0.05/1D(0FF)|. tD(OFF)I deadtime
(the denominator) has been arbitrarily held to 10% of the on-
state time for a 50% duty factor. Other definitions are possible.
tp(orr) is defined as the time between the 90% point of the
trailing edge of the input pulse and the point where the
collector current falls to 90% of its maximum value. Device

tumn-off delay can establish an additional frequency limiting
condition for an application other than Tjyax- tooFF) is
important when controlling output ripple under a lightly loaded
condition.

fmaxz is defined by fyaxz = (Pp - Pc)Wogg. The allowable
dissipation (Pp) is defined by Pp = (Tymax - Tc)/Reyc. The sum
of device switching and conduction losses must not exceed Pp.
A 50% duty factor was used (Figure 10) and the conduction
losses (Pg) are approximated by Pg = (Vg * Ice)/2. Woes is
defined as the integral of the instantaneous power loss starting
at the trailing edge of the input pulse and ending at the point
where the collector current equals zero (Igg = 0A).

The switching power loss (Figure 10) is defined as fyaxo ©
Worr. Tum-on switching losses are not included because they
can be greatly influenced by extemal circuit conditions and com-
ponents.
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HGTG30N120D2

30A, 1200V N-Channel IGBT

April 1995
Features Package
e 30A, 1200V JEDEC STYLE TO-247
o Latch Free Operation EMITTER
« Typical Fall Time - 580ns °°”-::T°“
¢ High Input Impedance COLLECTOR e
BOTTOM SIDE
 Low Conduction Loss ( WETAL) D

Description

The HGTG30N120D2 is a MOS gated high voltage switching
device combining the best features of MOSFETs and bipolar
transistors. The device has the high input impedance of a MOS-
FET and the low on-state conduction loss of a bipolar transistor.
The much lower on-state voltage drop varies only moderately
between +25°C and +150°C.

The IGBTs are ideal for many high voltage switching applications
operating at moderate frequencies where low conduction losses
are essential, such as: AC and DC motor controls, power sup-
plies and drivers for solenoids, relays and contactors.

PACKAGING AVAILABILITY
PART NUMBER PACKAGE BRAND
HGTG30N120D2 TO-247 G30N120D2

Formerly Developmental Type TA49010

Terminal Diagram
N-CHANNEL ENHANCEMENT MODE

Cc
G i
E

NOTES:

2. Vegpeak) = 720V, Tg = +125°C, Rgg = 25Q.

Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified

Collector-Emitter Voltage . . . .................... ... ...
Collector-Gate Voltage, Rge =1MQ . .............. .. .. ...
Collector Current Continuous at Tg=+25°C ...................
atVge=15VatTg=+90°C.........

Collector CurrentPulsed (Note 1) . ...........coviviininnnnn..
Gate-Emitter Voltage Continuous. . ...........................
Gate-Emitter Voltage Pulsed . . ....... ... ... . oo
Switching Safe Operating Areaat Ty=+150°C..................
Power Dissipation Total at To =+25°C .............covieinenn.
Power Dissipation Total Derating Tg>+25°C ... ........ovvnnen.
Operating and Storage Junction Temperature Range . ............
Maximum Lead Temperature for Soldering .....................
Short Circuit Withstand Time (Note 2) atVge=15V .............
atVge=10V .............

HGTG30N120D2 UNITS

......... BVces 1200 v
.......... Veen 1200 v
...... o oas 50 A
........... lcso 30 A
............ lom 200 A
.......... VGES +20 v
.......... Vaem +30 \"
.......... SSOA 200A at 0.8 BV¢eg -
............ Po 208 w
............... 1.67 WrPC
........ TJ, TSTG -55 to +150 °c
............. T 260 °c
............ tsc 6 uS
............ tsc 15 ]J.S

1. Repetitive Rating: Pulse width limited by maximum junction temperature.

4,364,073 4,417,385 4,430,792 4,443,931
4,587,713 4,598,461 4,605,948 4,618,872
4,641,162 4,644,637 4,682,195 4,684,413
4,794,432 4,801,986 4,803,533 4,809,045
4,860,080 4,883,767 4,888,627 4,890,143
4,969,027

HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:

4,466,176 4,516,143 4,532,534 4,567,641
4,620,211 4,631,564 4,639,754 4,639,762
4,694,313 4,717,679 4,743,952 4,783,690
4,809,047 4,810,665 4,823,176 4,837,606
4,901,127 4,904,609 4,933,740 4,963,951

IGBTs

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures.
3-111

Copyright © Harris Corporation 1995

File Number 2834.2



Specifications HGTG30N120D2

Electrical Specifications T = +25°C, Unless Otherwise Specified

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Collector-Emitter Breakdown Voltage BVces Ic = 250pA, Vg = OV 1200 - - \
Zero Gate Voltage Collector Current lces Vee=BVees T =+25°C - - 1.0 mA
Veg=0.8BVges | To=+125°C - - 4.0 mA
Collector-Emitter Saturation Voltage VcE(san Ic =lcoos To = +25°C - 3.0 35 \
Vae =15V Tc=+125°C . 32 35 v
Ic = Icoo, T =+25°C - 32 38 v
Vee =10V T =+125°C - 34 38 %
Gate-Emitter Threshold Voltage VGE(TH) Vae = Vee Te = +25°C 3.0 45 6.0 v
Ic = 1mA
Gate-Emitter Leakage Current laes Vgg = 20V - - +500 nA
Gate-Emitter Plateau Voltage Vaep lc =190 Ve = 0.5 BVges - 7.3 - v
On-State Gate Charge Qgon) Ic = lcoor Vgg =15V - 185 240 nC
Vee =05BVees [—""50v - 240 315 nC
Current Turn-On Delay Time toony I\.l= 591:’;{/'0: 1-0301,;%: 25Q, - 100 - ns
Current Rise Time tar Vg: —08 BV}‘; ;s ’ - 150 - ns
Current Tum-Off Delay Time tpoFm) - 760 990 ns
Current Fall Time tr - 580 750 ns
Turn-Off Energy (Note 1) Worr - 8.4 - mJ
Current Turn-On Delay Time toony L =50uH, I¢ = lcgos Rg, =25Q, - 100 - ns
Current Rise Time tar xg:; - J%VB\.;; :;125 C. - 150 - ns
Current Tumn-Off Delay Time tooFe) - 610 790 ns
Current Fall Time ta - 580 750 ns
Tum-Off Energy (Note 1) Worr - 8.4 - mJ
Thermal Resistance Junction-to-Case Reuc - 0.5 0.6 °c/w

NOTE: 1. Turn-off Energy Loss (Wpgk) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and
ending at the point where the collector current equals zero (Icg = 0A) The HGTG20N100D2 was tested per JEDEC standard No. 24-1
Method for Measurement of Power Device Tum-Off Switching Loss. This test method produces the true total Tum-Off Energy Loss.

Typical Performance Curves
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FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL)
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FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL)

3-112




HGTG30N120D2

Typical Performance Curves (Continued)
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FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT CON-
STANT GATE CURRENT (REFER TO APPLICATION

NOTES AN7254 AND AN7260)
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HGTG30N120D2

Typical Performance Curves (Continued)
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Operating Frequency Information

Operating frequency information for a typical device (Figure
10) is presented as a guide for estimating device performance
for a specific application. Other typical frequency vs collector
current (Icg) plots are possible using the information shown
for a typical unit in Figures 7, 8 and 9. The operating
frequency plot (Figure 10) of a typical device shows fyaxy or
fmaxz Whichever is smaller at each point. The information is
based on measurements of a typical device and is bounded
by the maximum rated junction temperature.

fMAX‘ is defined by fMAX‘l = O'OSItD(OFF)I‘ tD(OFF)l deadtime
(the denominator) has been arbitrarily held to 10% of the on-
state time for a 50% duty factor. Other definitions are possible.
tp(orr is defined as the time between the 90% point of the
trailing edge of the input pulse and the point where the
collector current falls to 90% of its maximum value. Device

turn-off delay can establish an additional frequency limiting
condition for an application other than Tyuax. tporry is
important when controlling output ripple under a lightly loaded
condition.

fmaxe is defined by fyaxe = (Pp - Pc)Woer The allowable
dissipation (Pp) is defined by Pp = (Tymax - Tc)/Reyc- The sum
of device switching and conduction losses must not exceed Pp,
A 50% duty factor was used (Figure 10) and the conduction
losses (P¢) are approximated by P = (Vcg ® Icg)/2. Wogr is
defined as the integral of the instantaneous power loss starting
at the trailing edge of the input pulse and ending at the point
where the collector current equals zero (Icg = OA).

The switching power loss (Figure 10) is defined as fyaxo
Worr. Tum-on switching losses are not included because they
can be greatly influenced by extemal circuit conditions and com-
ponents.
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HARRIS

SEMICONDUCTOR

HGTA32N60E2

April 1995 32A, 600V N-Channel IGBT
Features Package
o 32A, 600V JEDEC MO-093AA (5 LEAD TO-218)
¢ Latch Free Operation SEMITIER | o\ o rER KELVIN
¢ Typical Fall Time 620ns 3 COLLECTOR
COLLECTOR 2 NO CONNECTION
¢ High Input Impedance (FLANGE) GATE
¢ Low Conduction Loss I
Description
The IGBT is a MOS gated high voltage switching device
combining the best features of MOSFETs and bipolar
transistors. The device has the high input impedance of a : .
MOSFET and the low on-state conduction loss of a bipolar Terminal D lagram

transistor. The much lower on-state voltage drop varies only
moderately between +25°C and +150°C.

N-CHANNEL ENHANCEMENT MODE

NOTES:

2. VCE(PEAK) = 360V, Tc = +125°C, RGE =25Q.

c
IGBTs are ideal for many high voltage switching applications
operating at frequencies where low conduction losses are
essential, such as: AC and DC motor controls, power
supplies and drivers for solenoids, relays and contactors. G
PACKAGING AVAILABILITY A
PART NUMBER PACKAGE BRAND E
THGTA32N6OE2 | TO-218 GA32N6OE2
NOTE: When ordering, use the entire part number.
Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified
HGTA32N60E2 UNITS

Collector-Emitter Voltage . . . . ... i BVces 600 \
Collector-Gate Voltage Rge = TMQ . . ... ..ot Vear 600 \
Collector Current Continuous at To=+25%C .. ......ooiiiiiininniii e lozs 50 A

atVge=15VatTg = 490%C . . .. |c9° 32 A
Collector Current Pulsed (Note 1) ...t Iem 200 A
Gate-Emitter Voltage Continuous. . . ......... ... ..o, Vaes +20 \
Gate-Emitter Voltage Pulsed . ........... ..ot GEM +30 \Y
Switching Sage Operating Area Ty=+150°C .........c.oovveiiriiennennennnn. SSOA 200A at 0.8 BVggg -
Power Dissipation Total at T =+25°C .................. e Pp 208 w
Power Dissipation Derating Tg > +25%C .. .....ouintininiinintiiiiiineiineanenns 1.67 wree
Operating and Storage Junction Temperature Range .. ....................... Ts Tsta -55 to +150 °c
Maximum Lead TemperatureforSoldering . ..........ccovvriiireneiinnneennnnn. T 260 °c
Short Circuit Withstand Time (Note 2)atVge =15V ........ooviiiiii i, tsc 3 us

at VGE =10V . tsc 15 us

1. Repetitive Rating: Pulse width limited by maximum junctions temperature.

4,364,073 4,417,385 4,430,792 4,443,931
4,587,713 4,598,461 4,605,948 4,618,872
4,641,162 4,644,637 4,682,195 4,684,413
4,794,432 4,801,986 4,803,533 4,809,045
4,860,080 4,883,767 4,888,627 4,890,143
4,969,027

HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:

4,466,176 4,516,143 4,532,534 4,567,641
4,620,211 4,631,564 4,639,754 4,639,762
4,694,313 4,717,679 4,743,952 4,783,690
4,809,047 4,810,665 4,823,176 4,837,606
4,901,127 4,904,609 4,933,740 4,963,951

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures.
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Specifications HGTA32N60E2

Electrical Specifications T = +25°C, Unless Otherwise Specified

NOTE:

1. Turn-off Energy Loss (Wggg) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and
ending at the point where the collector current equals zero (Icg = 0A) The HGTA32N60E2 was tested per JEDEC standard No. 24-1 Method
for Measurement of Power Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss.

Typical Performance Curves
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FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL)

Ve, COLLECTOR-TO-EMITTER VOLTAGE (V)

FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL)
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LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Collector-Emitter Breakdown Voltage BVces lg = 250pA, Vgg = 0V 600 - - \
Collector-Emitter Leakage Current lces Vee =BVces Tc=+25°C - - 250 pA
Vce=0.8BVcggs | To=+125°C - - 4.0 mA
Collector-Emitter Saturation Voltage Vcesan | lc=lcso To=+25°C - 24 29 \
Ve = 15V
To=+125°C - 24 3.0 )
Gate-Emitter Threshold Voltage Vagaw) | lo=1.0mA, Te = +25°C 3.0 45 6.0 v
Vee = Vae
Gate-Emitter Leakage Current lges Vgg = 20V - - +500 nA
Gate-Emitter Plateau Voltage Vaep lc =lcoor Ve = 0.5 BVges - 6.5 - v
On-State Gate Charge QG(ON) Ic =lcgo Vge = 15V - 200 260 nC
Vg =20V - 265 345 nC
(2}
Current Turn-On Delay Time toony L =500uH, Ig = lggo, Rg = 25Q, - 100 - ns E
Vg = 15V, Ty = +125°C, (Y]
Current Rise Time tri Vce = 0.8 BVggs - 150 - ns -
Current Tum-Off Delay Time tooFF) - 630 820 ns
Current Fall Time tg - 620 800 ns
Turn-Off Energy (Note 1) Worr - 35 - mJ |
Thermal Resistance Reyc - 05 0.6 °c/wW




HGTA32N60E2

Typical Performance Curves (Continued)
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HGTA32N60E2

Typical Performance Curves (Continued)
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Operating Frequency Information

Operating frequency information for a typical device (Figure
10) is presented as a guide for estimating device performance
for a specific application. Other typical frequency vs collector
current (Icg) plots are possible using the information shown
for a typical unit in Figures 7, 8 and 9. The operating
frequency plot (Figure 10) of a typical device shows fyjaxy OF
fmaxe Whichever is smaller at each point. The information is
based on measurements of a typical device and is bounded
by the maximum rated junction temperature.

fmaxy is defined by fyaxq = O'OS/tD(OFF)I' tD(OFF)I deadtime
(the denominator) has been arbitrarily held to 10% of the on-
state time for a 50% duty factor. Other definitions are
possible. tporF) is defined as the time between the 90%
point of the trailing edge of the input pulse and the point
where the collector current falls to 90% of its maximum
value. Device turn-off delay can establish an additional

frequency limiting condition for an application other than
Tumax- toorry is important when controlling output ripple
under a lightly loaded condition.

fmaxz is defined by fyaxe = (Pp - PC)/WOFF' The allowable
dissipation (Pp) is defined by Pp = (Tymax - Tc)/Rgyc. The
sum of device switching and conduction losses must not
exceed Pp. A 50% duty factor was used (Figure 10) so that
the conduction losses (Pc) can be approximated by P =
(Vce x Ige)2. Wogr is defined as the sum of the instanta-
neous power loss starting at the trailing edge of the input
pulse and ending at the point where the collector current
equals zero (Icg - 0A).

The switching power loss (Figure 10) is defined as fyax1 X
Woee. Turn on switching losses are not included because
they can be greatly influenced by external circuit conditions
and components.
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D HarRs  HGTG32N60E2

April 1995 32A, 600V N-Channel IGBT
Features Package
e 32A, 600V JEDEC STYLE T0O-247
¢ Latch Free Operation EMITTER
. y COLLECTOR
¢ Typical Fall Time - 600ns ( SS#&‘}E‘.’DE GATE
¢ High Input Impedance METAL)
¢ Low Conduction Loss
Description
The IGBT is a MOS gated high voltage switching device combin-
ing the best features of MOSFETs and bipolar transistors. The
device has the high input impedance of a MOSFET and the low
on-state conduction loss of a bipolar transistor. The much lower
on-state voltage drop varies only moderately between +25°C . .
and +150°C. Terminal Diagram
IGBTs are ideal for many high voltage switching applications N-CHANNEL ENHANCEMENT MODE
operating at frequencies where low conduction losses are essen-
tial, such as: AC and DC motor controls, power supplies and ¢
drivers for solenoids, relays and contactors.
This device incorporates generation two design techniques
which yield improved peak current capability and larger short cir- G
cuit withstand capability than previous designs.
PACKAGING AVAILABILITY :
PART NUMBER PACKAGE BRAND
HGTG32N60E2 TO-247 G32N60E2
NOTE: When ordering, use the entire part number.
Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified
HGTG32N60E2 UNITS
Collector-Emitter Voltage . ... ............ ... i BVces 600 \
Collector-Gate Voltage Rge = 1TMQ . . . . ... Vear 600 \'
Collector Current Continuous at T =+25°C.................... e lc2s 50 A
at VGE =15V, at Tc =4000C L e Icgo 32 A
Collector CurrentPulsed (Note 1) ....... ... ... i Icm 200 A
Gate-Emitter Voltage Continuous. .. ......... ..o, Vaes +20 Vv
Gate-Emitter Voltage Pulsed .. ............ .. ... .o i Vaem +30 \
Switching Safe Operating Area at Ty=+150C...........c.coveunvnnnnnnn.. SSOA 200A at 0.8 BV¢gg -
Power Dissipation Total at Tc=+25°C .. ......ooitiiiineiiieniiennns Pp 208 w
Power Dissipation Derating Tc > +25°C ............covviiniininiiiinninenns 1.67 wre
Operating and Storage Junction Temperature Range .. ................... Ty Tsta -55 to +150 °c
Maximum Lead Temperature for Soldering ............... ..o, T 260 °Cc
Short Circuit Withstand Time (Note 2)at Vgg=15V. ...t tsc 3 us
atVge=10V.. ...t tsc 15 us
NOTES:
1. Repetitive Rating: Pulse width limited by maximum junction temperature.
2. VCE(PEAK) = 360V, Tc = +125°C, RGE =25Q.

HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:
4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951
4,969,027

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 2828.3
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Specifications HGTG32N60E2

Electrical Specifications T = +25°C, Unless Otherwise Specified

LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS

Collector-Emitter Breakdown Voltage BVces I = 250pA, Vg =0V 600 - - v
Collector-Emitter Leakage Voltage lces Vee =BVces T = +25°C - - 250 HA

Veg=0.8BVges | Te=+125°C - - 4.0 mA
Collector-Emitter Saturation Voltage Vcesan lc = lcgor Te = +25°C - 24 2.9 \

Vge = 15V

Tc=+125°C - 24 3.0 \

Gate-Emitter Threshold Voltage VGE(TH) lc=1mA, T =+25°C 3.0 45 6.0 \

Vee = Vae
Gate-Emitter Leakage Current lges Vgg =120V - - +500 nA
Gate-Emitter Plateau Voltage VGEP lc = 'CQO! VCE =0.5 BVCES - 6.5 - \
On-State Gate Charge QG(ON) lg= |090, Vge =15V - 200 260 nC

Vgg =20V - 265 345 nC

Current Turn-On Delay Time toony L =500puH, I¢ = Icgo, Rg = 25Q, - 100 - ns |'£

Vge = 15V, Ty = +125°C, 3
Current Rise Time tay Ve = 0.8 BVces - 150 - ns =
Current Turn-Off Delay Time tooFm) - 630 820 ns
Current Fall Time tr - 620 800 ns ) —‘
Turn-Off Energy (Note 1) Worr - 3.5 - mJ
Thermal Resistance Royc - 0.5 0.6 °cw

NOTE:

1. Turn-off Energy Loss (Wqgf) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and
ending at the point where the collector current equals zero (Icg = 0A) The HGTG32N60E2 was tested per JEDEC standard No. 24-1
Method for Measurement of Power Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss.

Typical Performance Curves

_ 1o T T T PULSE DURATION = 250us DUTY CYCLE < 0.5%, T¢ = +25°C
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FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL)
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HGTG32N60E2

Typical Performance Curves (Continued)
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STANT GATE CURRENT. (REFER TO APPLICATION
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HGTG32N60E2

Typical Performance Curves (Continued)
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FIGURE 10. OPERATING FREQUENCY vs COLLECTOR-
EMITTER CURRENT AND VOLTAGE

Operating Frequency Information

Operating frequency information for a typical device (Figure
10) is presented as a guide for estimating device performance
for a specific application. Other typical frequency vs collector
current (Icg) plots are possible using the information shown
for a typical unit in Figures 7, 8 and 9. The operating
frequency plot (Figure 10) of a typical device shows fyyaxq or
fmaxe whichever is smaller at each point. The information is
based on measurements of a typical device and is bounded
by the maximum rated junction temperature.

fMAX1 is defined by fMAX1 = O'OSI'D(OFF)P tD(OFF)I deadtime
(the denominator) has been arbitrarily held to 10% of the on-
state time for a 50% duty factor. Other definitions are
possible. tporry is defined as the time between the 90%
point of the trailing edge of the input pulse and the point
where the collector current falls to 90% of its maximum
value. Device turn-off delay can establish an additional

frequency limiting condition for an application other than
Timax- to(oFFy is important when controlling output ripple
under a lightly loaded condition.

fmaxe is defined by fimaxe = (Pp - Pc)/Worr The allowable dis-
sipation (Pp) is defined by Pp = (Tymax - Tc)/Reuc- The sum of
device switching and conduction losses must not exceed Pp.
A 50% duty factor was used (Figure 10) so that the conduction
losses (Pg) can be approximated by P = (Vce X Ice)/2. Worr
is defined as the sum of the instantaneous power loss starting
at the trailing edge of the input pulse and ending at the point
where the collector current equals zero (Icg - 0A).

The switching power loss (Figure 10) is defined as fyaxq X
Woeg. Turn on switching losses are not included because
they can be greatly influenced by external circuit conditions
and components.

IGBTs
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HGTG34N100E2

April 1995 34A, 1000V N-Channel IGBT
Features Package
e 34A, 1000V JEDEC STYLE TO-247
¢ Latch Free Operation EMITTER
. COLLECTOR
¢ Typical Fall Time - 710ns COLLECTOR GATE
¢ High Input Impedance (BOJ‘TEQ&LS))IDE

Low Conduction Loss

Description

The HGTG34N100E2 is a MOS gated high voltage switching
device combining the best features of MOSFETs and bipolar
transistors. The device has the high input impedance of a MOS-
FET and the low on-state conduction loss of a bipolar transistor.

The much lower on-state voltage drop varies only moderately
between +25°C and +150°C.

The IGBTs are ideal for many high voltage switching applications
operating at moderate frequencies where low conduction losses
are essential, such as: AC and DC motor controls, power sup-
plies and drivers for solenoids, relays and contactors.

PACKAGING AVAILABILITY
PART NUMBER PACKAGE BRAND
HGTG34N100E2 TO-247 G34N100E2

NOTE: When ordering, use the entire part number.
Formerly Developmental Type TA9895.

Terminal Diagram

N-CHANNEL ENHANCEMENT MODE

c
G {
E

Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified

NOTE:
1. Repetitive Rating: Pulse width limited by maximum junction temperature.
2. VCE(PEAK) = GOOV, Tc = +12500, RGE = 25Q.

HGTG34N100E2 UNITS
Collector-Emitter Voltage . . .. ... BVces 1000 v
Collector-Gate Voltage, Rge =1MQ . ... ...t Vear 1000 \'
Collector Current Continuous at Tg=+25%C . ........oviiniininninnennnenn. lgos 55 A
atVge=15V,atTg=+90C .........covvnnnnn Icgo 34 A
Collector Current Puised (Note 1) ... lom 200 A
Gate-Emitter Voltage Continuous. .. .......... ..., Vaes +20 \
Gate-Emitter Voltage Pulsed . ......... ... ...t Vaem +30 \Y
Switching Safe Operating Areaat Ty=+150°C.............coeenennnnnn.. SSOA 200A at 0.8 BVggs -
Power Dissipation Total at T =+25%C ... .......ctiutinmniininnenneann.. Pp 208 w

Power Dissipation Derating T > +25%C .. .. ..oiuttinniiiie i 1.67 w/°C
Operating and Storage Junction Temperature Range .. ................... Ty Tsta -55 to +150 °c
Maximum Lead Temperature for Soldering ............. ... oiiiiiiinn.. T 260 °c
Short Circuit Withstand Time (Note 2) atVge=15V.............. ... ... .. ... tsc 3 us
atVge=10V........... .. ...l tsc 10 us

4,364,073 4,417,385 4,430,792 4,443,931 4,466,176
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127
4,969,027

HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:

4,516,143 4,532,534 4,567,641
4,631,564 4,639,754 4,639,762
4,717,679 4,743,952 4,783,690
4,810,665 4,823,176 4,837,606
4,904,609 4,933,740 4,963,951

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures.
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Specifications HGTG34N100E2

Electrical Specifications T¢=+25°C, Unless Otherwise Specified
LIMITS
PARAMETERS SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
Collector-Emitter Breakdown Voltage BVces lc = 250puA, Vgg = 0V 1000 - - \"
Collector-Emitter Leakage Voltage lces Vce = BVees T =+25°C - - 1.0 mA
VCE =0.8 BVCES Tc =+125°C - - 4.0 mA
Collector-Emitter Saturation Voltage Vcesan Ic = lceos Te = +25°C - 28 32 \"
Vge =15V
Tc=+125°C - 2.8 3.1 \
Ic = lcgor T = +25°C - 29 3.3 v ‘
Vge = 10V ;
To=+125°C - 3.0 34 v
Gate-Emitter Threshold Voltage VGEH) lc=1mA, Tc = +25°C 3.0 45 6.0 \
Vee =Vae
Gate-Emitter Leakage Current lges Vgg = 20V - - +500 nA
Gate-Emitter Plateau Voltage Vgep IC = |090, VCE =05 BVCES - 73 - \
0
On-State Gate Charge Qgon) Ic = lcgo, Vgeg =15V - 185 240 nC E
Vgg = 20V - 240 315 nC ‘
|
Current Turn-On Delay Time toon)! L =50uH, Ig = lcgo, Rg = 259, - 100 - ns ‘
VGE =15V, TJ = +125°C, {
Current Rise Time tr Vee =0.8 BVggs - 150 - ns !
Current Turn-Off Delay Time to(oFF) - 610 795 ns
Current Fall Time t - 710 925 ns
Turn-Off Energy (Note 1) Wore - 71 - mJ
Current Turn-On Delay Time toony L =50uH, Ig = lcgo, Rg = 259, - 100 - ns
Ve = 10V, Ty = +125°C,
Current Rise Time tRi Vee =0.8 BVces - 150 - ns
Current Turn-Off tooFm) - 460 600 ns
Current Fall Time tri - 670 870 ns
Turn-Off Energy (Note 1) Wore - 6.5 - mJ
Thermal Resistance Rgusc - 05 0.6 °cw
NOTE: 1. Tum-off Energy Loss (Wok) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and
ending at the point where the collector current equals zero (Icg = 0A) The HGTG34N100E2 was tested per JEDEC standard No. 24-1
Method for Measurement of Power Device Tum-Off Switching Loss. This test method produces the true total Tum-Off Energy Loss.
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HGTG34N100E2

Typical Performance Curves
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HGTG34N100E2

Typical Performance Curves (Continued)
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Test Circuit

1MRg = 1/Rgey + 1/Rge
b

P m————

FIGURE 12. INDUCTION SWITCHING TEST CIRCUIT

Operating Frequency Information

Operating frequency information for a typical device (Figure
10) is presented as a guide for estimating device performance
for a specific application. Other typical frequency vs collector
current (Icg) plots are possible using the information shown
for a typical unit in Figures 7, 8 and 9. The operating
frequency plot (Figure 10) of a typical device shows fyaxq or
fwaxe whichever is smaller at each point. The information is
based on measurements of a typical device and is bounded
by the maximum rated junction temperature.

fmaxi is defined by fyaxs = O'OSAD(OFF)P toFF)I deadtime
(the denominator) has been arbitrarily held to 10% of the on-
state time for a 50% duty factor. Other definitions are possible.
tp(orF) is defined as the time between the 90% point of the
trailing edge of the input pulse and the point where the
collector current falls to 90% of its maximum value. Device

turn-off delay can establish an additional frequency limiting
condition for an application other than Tyuax- tporF) is
important when controlling output ripple under a lightly loaded
condition.

fmaxz is defined by fyaxz = (Pp - Pc)Wogg. The allowable
dissipation (Pp) is defined by Pp = (Tymax - Tc)/Reyc- The sum
of device switching and conduction losses must not exceed Pp.
A 50% duty factor was used (Figure 10) and the conduction
losses (Pc) are approximated by Pg = (Vcg ® Icg)/2. Woer is
defined as the integral of the instantaneous power loss starting
at the trailing edge of the input pulse and ending at the point
where the collector current equals zero (Icg = 0A).

The switching power loss (Figure 10) is defined as fyaxo
Wore. Tum-on switching losses are not included because they
can be greatly influenced by extemal circuit conditions and com-
ponents.
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HGTD8P50GT,
HGTD8P50G1S

May 1996 8A, 500V P-Channel IGBTs
Features Package
« 8A, 500V JEDEC TO-251AA
e 3.7VYV, EMITTER
CE(SAT) COLLECTOR
* Typical Fall Time - 1800ns GATE
* High Input Impedance
(FLANGE)
* T,=+150°C COLLECTOR
Description
The HGTD8P50G1 and the HGTDBPS0G1S are P-channel JEDEC TO-252AA
enhancement-mode insulated gate bipolar transistors (IGBTs)
designed for high voltage, low on-dissipation applications such 0 cgtf::gn
as switching regulators and motor drives. This P- channel IGBT GATE f>};/
) . COLLECTOR =
can be paired with N-Channel IGBTs to form a complementary EMITTER
power switch and it is ideal for half bridge circuit configurations.
These types can be operated directly from low power integrated
circuits. ]
PACKAGING AVAILABILITY 8
PART NUMBER PACKAGE BRAND Symbol c -
HGTD8P50G1 TO-251AA G8P50G
HGTD8P50G1S TO-252AA G8P50G
NOTE: When ordering, use the entire part number. Add the suffix 9A G
to obtain the TO-252AA variant in the tape and reel, i.e.,
HGTD8P50G1S9A.
The development type number for these devices is TA49015. E
Absolute Maximum Ratings T¢ = +25°C, Unless Otherwise Specified
HGTD8P50G1/G1S UNITS
Collector-Emitter Breakdown Voltage. .. .............. ..o, BVces -500 )
Emitter-Collector Breakdown Voltage. . . .................. ... BVecs 10 \'
Collector Current Continuous
AT =425%C . ottt e lcos -12 A
At Tc =000 . e e |090 -8 A
Collector CurrentPulsed (Note 1) ...ttt lem -18 A
Gate-Emitter Voltage Continuous. . ........ TR VgEs 20 \
Gate-Emitter Voltage Pulsed . ...t Veem 130 \Y
Switching SOA at Tg = +25°C, Vo = -850V .ot vvieeeeeeiieeeeaennn. SSOA
No Snubber, Figure 17 -Circuit 1......... ... ... ... o i i -3 A
With 0.1pF Capacitor, Figure 17-Circuit2 ........... ..o, -18 A
Power Dissipation Total at To=+25°C .. ........oitiiiiiiiiininnnennns 66 w
Power Dissipation Derating Tc>+25°C ... ... .ottt 0.53 W/rPC
Operating and Storage Junction Temperature........................... Ty Tsta -40 to +150 °c
Maximum Lead Temperature for Soldering . ........ ... ... .. .. o it +260 °c
(0.125" from case for 5s)
NOTE:
1. Ty=25°C, Vg =350V, Rgg = 25Q, Figure 17 - Circuit 2 (C4 = 0.1uF)

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures.
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Specifications HGTD8P50G1, HGTD8P50G1S

Electrical Specifications T¢ = +25°C, Unless Otherwise Specified

PARAMETERS SYMBOL TEST CONDITIONS MIN TYP | MAX | UNIT
|- Collector-Emitter Breakdown Voltage BVces Icg = -250pA Vge =0V -500 - - \
Emitter-Collector Breakdown Voltage BVEcg lgc=1mA Vge=0V 10 - - \
Collector-Emitter Leakage Current ICES VCE = BVCES Tc =+25°C - - -250 ’ HA
VCE =028 BVCES Tc = +150°C - - -1.0 mA
Collector-Emitter Saturation Voltage Vcesan | lce=-3.0A Tc=+25°C - -2.5 2.9 v
Tc =+150°C - -2.3 -2.8 v
lce =lceo Tc =+25°C - -3.0 -3.7 v
Vge =-15V
Tc =+150°C - -3.3 -4.0 \"
Gate-Emitter Threshold Voltage VaGE(TH) lcg =-1.0mA Vee = Vae -4.5 -6.0 -7.5 v
Gate-Emitter Leakage Current lges Vge =$20V - - +100 nA
Gate-Emitter Plateau Voltage VGE(PL) lc=3A Vce =05 BVges - -7.0 - v
On-State Gate Charge Qg(on) IC =3A, VGE =-15V - 16 25 nC
Vee =0.5BVces
Vge = -20V - 22 30 nC
Current Tum-On Delay Time toony RL=113Q lce =-3A, - 45 - ns
VGE =-15V
Current Rise Time tri Vg = -350V - 85 - ns
Rg = 25Q
Current Turn-off Delay Time to(orm) L = 100puH T,=+150°C - 480 680 ns
Fig. 17, Circuit 1
Current Fall Time tr - 1800 | 2500 ns
Tumn-Off Energy (Note 1) Eorr - 0.8 - mJ
Current Tum-Off Delay Time tooFr) L =100pH lcg =-8A, - 100 200 ns
Vge =-15V
Current Fall Time e Vcg = -350V - 3500 | 4000 ns
Rg =25Q
Tum-Off Energy (Note 1) Eorr T, =+150°C - 1.3 - mJ
: Fig. 17, Circuit 2
Cy =.022uF
Latching Current I L =100pH Vge = -15V -3 - - A
Rg =25Q
Ty= +25°C
Vg = -350V
Fig. 17, Circuit 1
Thermal Resistance Reyc - 175 | 190 | °cw

NOTE:

1. Turn-Off Energy Loss (Eogr) is defined as the integral of the instantaneous power loss starting at the trailing edgé of the input pulse and
ending at the point where the collector current equals zero (Icg = 0A). The HGTD8P50G1 and HGTD8P50G 1S were tested per JEDEC
standard No. 24-1 Method for Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off

Energy Loss. Turn-On losses include diode losses.
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HGTD8P50G1, HGTD8P50G1S

Typical Performance Curves
PULSE DURATION = 2508, DUTY CYCLE < 0.5%, Vg = -10V =2 PULSE DURATION = 250u8, DUTY CYCLE < 0.5%
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FIGURE 1. TRANSFER CHARACTERISTICS FIGURE 2. SATURATION CHARACTERISTICS
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FIGURE 3. MAXIMUM DC COLLECTOR CURRENT AS A FIGURE 4. COLLECTOR-EMITTER SATURATION VOLTAGE
FUNCTION OF CASE TEMPERATURE
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FIGURE 5. CAPACITANCE AS A FUNCTION OF COLLECTOR-  FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT :
EMITTER VOLTAGE CONSTANT GATE CURRENT. (REFER TO
APPLICATION NOTES AN7254 AND AN7260)
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HGTD8P50G1, HGTD8P50G1S

Typical Performance Curves (Continued)
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FIGURE 7. SATURATION VOLTAGE AS A FUNCTION OF
COLLECTOR-EMITTER CURRENT

T, = +150°C, Vg = -350V, Vgg = -15V, L = 100uH

10 :
B
= Rge = 50Q
U e——— —
Eoos Rge = 250
3
w
Q
g
(-4
]
E FIG. 17, CIRCUIT 1
F o1
a K 4 5

K
Ice, PEAK COLLECTOR-EMITTER CURRENT (A)

FIGURE 9. TURN-OFF DELAY AS A FUNCTION OF COLLECTOR-
EMITTER CURRENT

T, = +150°C, Vgg = -15V, Rg = 25Q, L = 100pH
T

T
FIG. 17, CIRCUIT 1
4
® 3
& Ve = -200V
© i -
2
g ~
i \\Vce = -350V
1
] 2 K 4 5

Ice; COLLECTOR-EMITTER CURRENT (A) ‘

FIGURE 11. FALL TIME AS A FUNCTION OF COLLECTOR-
EMITTER CURRENT
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FIGURE 8. TURN-OFF SWITCHING LOSS AS A FUNCTION OF
COLLECTOR-EMITTER CURRENT
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FIGURE 10. OPERATING FREQUENCY AS A FUNCTION OF
COLLECTOR-EMITTER CURRENT AND VOLTAGE
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FIG. 17, CIRCUIT 2
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FIGURE 12. LATCHING CURRENT AS A FUNCTION OF
SNUBBER CAPACITANCE
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HGTD8P50G1, HGTD8P50G1S

Typical Performance Curves (Continued)
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Test Circuits
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FIGURE 17. INDUCTIVE SWITCHING TEST CIRCUITS
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HGTD8P50G1, HGTD8P50G1S

Operating Frequency Information

Operating frequency information for a typical device (Figure
10) is presented as a guide for estimating device performance
for a specific application. Other typical frequency vs collector
current (Icg) plots are possible using the information shown
for a typical unit in Figure 7, Figure 8 and Figure 9. The oper-
ating frequency plot (Figure 10) of a typical device shows
fmaxi or fmaxe Whichever is smaller at each point. The infor-
mation is based on measurements of a typical device and is
bounded by the maximum rated junction temperature.

fMAX1 is defined by fMAX‘l = O'OSItD(OFF)I' ‘D(OFF)I deadtime
(the denominator) has been arbitrarily held to 10% of the on-
state time for a 50% duty factor. Other definitions are
possible. tp(orry is defined as the time between the 90%
point of the trailing edge of the input pulse and the point
where the collector current falls to 90% of its maximum
value. Device Turn-Off delay can establish an additional fre-
quency limiting condition for an application other than T jyax.
tp(orr) is important when controlling output ripple under a
lightly loaded condition. fyaxz is defined by fyaxe = (Pp -
Pc)/Eogg. The allowable dissipation. (Pp) is defined by Pp =
(Tymax - Tc)/Rgyc- The sum of device switching and conduc-
tion losses must not exceed Pd. A 50% duty factor was used
(Figure 10) and the conduction losses (Pc) are approximated
by Pc = (Vgg ® Ice)/2. Eogr is defined as the integral of the
instantaneous power loss starting at the trailing edge of the
input pulse and ending at the point where the collector
current equals zero (Icg = 0A).

The switching power loss (Figure 10) is defined as fyaxo
Eorp. Turn-On switching losses are not included because
they can be greatly influenced by external circuit conditions
and components.

Handling Precautions for IGBTs

Insulated Gate Bipolar Transistors are susceptible to gate-
insulation damage by the electrostatic discharge of energy
through the devices. When handling these devices, care
should be exercised to assure that the static charge built in
the handler's body capacitance is not discharged through
the device. With proper handling and application procedures,
however, IGBTs are currently being extensively used in
production by numerous equipment manufacturers in
military, industrial and consumer applications, with virtually
no damage problems due to electrostatic discharge. IGBTs
can be handled safely if the following basic precautions are
taken:

1. Prior to assembly into a circuit, all leads should be kept
shorted together either by the use of metal shorting
springs or by the insertion into conductive material such
as “tECCOSORBD LD26” or equivalent.

2. When devices are removed by hand from their carriers,
the hand being used should be grounded by any suitable
means - for example, with a metallic wristband.

3. Tips of soldering irons should be grounded.

4. Devices should never be inserted into or removed from
circuits with power on.

5. Gate Voltage Rating - Never exceed the gate-voltage
rating of Vggy. Exceeding the rated Vgg can result in per-
manent damage to the oxide layer in the gate region.

6. Gate Termination - The gates of these devices are
essentially capacitors. Circuits that leave the gate open-
circuited or floating should be avoided. These conditions
can result in Turn-On of the device due to voltage buildup
on the input capacitor due to leakage currents or pickup.

7. Gate Protection - These devices do not have an internal
monolithic zener diode from gate to emitter. If gate
protection is required an external zener is recommended.

T Trademark Emerson and Cumming, Inc.

HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS:

4,364,073 4,417,385 4,430,792 4,443,931
4,587,713 4,598,461 4,605,948 4,618,872
4,641,162 4,644,637 4,682,195 4,684,413
4,794,432 4,801,986 4,803,533 4,809,045
4,860,080 4,883,767 4,888,627 4,890,143
4,969,027

4,466,176 4,516,143 4,532,534 4,567,641
4,620,211 4,631,564 4,639,754 4,639,762
4,694,313 4,717,679 4,743,952 4,783,690
4,809,047 4,810,665 4,823,176 4,837,606
4,901,127 4,904,609 4,933,740 4,963,951
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Selection Guide

HARRIS STANDARD AND FAST RECOVERY RECTIFIER PRODUCT LINE

DO-204 AL-3 BR-4
Ir(ava) Irava) Irava)
Varm 1A 1A 1A 1A 3A 3A 1A
50V A14F GER4001 A114F A15F A115F DB1F
100V A14A GER4002 A114A A15A A115A DB1A
150V
200V 1N5059 1N4245 GER4003 A114B 1N5624 A115B DB1B
300V A14C A114C A115C
400V 1N5060 1N4246 GER4004 A114D 1N5625 A115D DB1D
500V A14E A114E A115E
600V 1N5061 1N4247 GER4005 A114M 1N5626 A115M DB1M
800V 1N5062 1N4248 GER4006 1N5627 DB1N
1000V A14P 1N4249 GER4007 DB1P
trr(us) 5/6 5 0.2 5 0.15/0.25




HARRIS

SEMICONDUCTOR

@

HRP2540

April 1995 Power Rectifier/Power Surge Suppressor

Features

¢ Low Forward Voltage Drop (1.1V Max at 100A)

¢ High Reverse Energy Capability

¢ Controlied Maximum Avalanche Voltage (40V Max at 40A)

Applications

¢ Alternator Rectification

Package
JEDEC TO-220AB

-+
O 4

N
<

CATHODE
(FLANGE)

0

¢ Accessory Load Dump Protector

¢ High Current Forward Voltage Clamp
Symbol

Description

The HRP2540 (TA9673) is a high forward current, high
reverse energy controlled avalanche power rectifier. It uses
an ion-implanted planar epitaxial construction. This device
was designed for use as the output rectifier in the three
phase six diode bridge assembly of an automotive alternator
system. It provides “Load Dump” suppression by virtue of its
precisely controlled reverse avalanche breakdown voltage.
When used singly it can also serve as a transient suppressor
for an automotive accessory. This device can provide for-
ward voltage clamping and reverse voltage bypassing. This
will protect the accessory from L-C inductive spikes and/or
field decay transients.

PACKAGING AVAILABILITY
PART NUMBER PACKAGE BRAND
T HRP2540 TO-220AB HRP2540
NOTE: When ordering, use the entire part number.

Absolute Maximum Ratings T = +25°C, Unless Otherwise Specified

DC Peak Repetitive Reverse Voltage. . ................... ...l VRrM
RMS Forward Current (Tg=125°C). .........ooitiniiiiiiiiiiennn lrms
Average Rectified Forward Current
(Single Phase Resistive Load Tc=125%C) ..........covvreriinenennenn. o
Non-Repetitive Peak Forward Surge Current. . ................. ... ... lesm
(Surge Applied at Rated Load Conditions, Halfwave, Single Phase 60Hz)
Power Dissipation. . ............ e Pr
AL T =250 . ettt ittt e
Derated @bove 25°C . . ... ..ttt e

Operating and Storage Junction Temperature Range .. ................ Tste: Ty

HRP2540
23
25

22
600

100
0.8

-65 to 150

UNITSVm
\
A

A
A

w
wre

°c

4-3

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures.
Copyright © Harris Corporation 1995
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Specifications HRP2540

Electrical Specifications T = 25°C, Unless Otherwise Specified

PARAMETERS SYMBOL TEST CONDITIONS MIN MAX UNITS
Forward Voltage Drop (Note 1) Vg lg = 100A - 1.1 )
Reverse Current 'R Vg =20V - 1 mA
Reverse Current T = 100°C I Vg =20V - 50 mA
Breakdown Voltage By Igr = 100mA 24 32 v
Breakdown Voltage (Note 2) T¢ = 85°C BVym lg = 40A - 40 v
Thermal Resistance - Rouc - 1.25 °c/w

NOTES:
1. Pulse Test: Pulse width <300us duty cycle <2.0%.
2. Puise Test: Pulse width <10ms, duty cycle <2.0%.

Typical Performance Curves
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HRP2540

Typical Performance Curves (Continued)
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FIGURE 5. TYPICAL CAPACITANCE vs REVERSE VOLTAGE
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1, TIME (ms)

MICA INSULATOR
HOLE DIA. =0.145 - 0.141 IN.
(3.68 - 3.58mm)

®__

HEAT SINK
(CHASSIS)

DF376F
INSULATING SHOULDER WASHER
1.D. = 0.156 IN. (4.00mm)
SHOULDER DIA. = 0.250 IN.
(6.35mm) MAX.

METAL WASHER

LOCK WASHER

HEX NUT

SOLDER LUG

HEX NUT

W\W@Q

NOTE: Maximum torque applied to mounting flange is 8 in. Ib.
(0.09kgf m).
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SELECTION GUIDE .......
ULTRAFAST SINGLE DIODE DATA SHEETS

MUR810, MUR815,
MUR820, RURP810,
RURP815, RURP820

MUR840, MUR8S50,
MURB860, RURP840,
RURP850,RURP860

MURS870E, MURBSSOE,
MURB890E, MUR8100E,
RURP870, RURP880,
RURP890, RURP8100

MUR1510, MUR1515,
MUR1520, RURP1510,
RURP1515, RURP1520

RURDA410, RURDA415,
RURD420, RURD410S,
RURDA415S, RURD420S

RURDA440, RURDA450,
RURD460, RURDA440S,
RURD450S, RURD460S

RURD4120, RURD4120S

RURD610, RURD615,
RURD620, RURD610S,
RURD615S, RURD620S

RURD640, RURD650,
RURD660, RURD640S,
RURDG650S, RURD660S

RURD6120, RURD6120S

RURGS010, RURG3015,
RURG3020

RURG3040, RURG3050,
RURG3060

RURG3070, RURG3080,
RURG3090, RURG30100

RURG30120

8A, 100V - 200V Ultrafast Diodes . ...ttt

8A, 400V - 600V UltrafastDiodes . ........... ...ttt

8A, 700V - 1000V Ultrafast DIodes . ... .......ouurnininiiin e

15A, 100V - 200V Ultrafast Diodes . ...t i i e

15A, 400V - 600V Ultrafast Diodes . .........cooviiiiiiiiiii it

4A, 100V -200V Ultrafast Diodes ... ..ccviit it ittt ittt i et

4A