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PAK40F65F 
 

40A / 650V Trench-Gate IGTO 

IGBT Drop-in Upgrade 
 
 

 

Features 
• Pakal’s Proprietary Trench IGTO Technology 
• Integrated SuperBallast™ Technology 
◦ Safe, Simple Paralleling 

• Very Low VCE,SAT 
• Excellent ETS 
• Square Turn-Off SOA at >3x Rated Current 

 

Applications 
• Uninterruptible Power Supplies (UPS) 
• Welding Equipment 
• Inverters 
• Power Factor Correction (PFC) 

40A / 650V IGTO         

40 A VCEsat = 1.40V @TJ=100°C 

 

 

 

Product Highlights 

 

Current (A) Voltage (V) Temp (C) VCEsat (V) Ets (mJ) Package 

20 650 100° 1.11 .872  TO-247 
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Absolute Maximum Ratings 

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress 
ratings only, and functional operation of the device at these or any other conditions beyond those indicated in the operational 
sections of the specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability; operation at conditions that exceed 80% of the absolute maximum rating conditions is not recommended. TA = 
25°C, unless otherwise specified. 

 

PARAMETER SYMBOL  CONDITIONS MIN TYP MAX UNITS 

Collector-Emitter Voltage VCE 
   650 V 

DC Collector Current (Note 1) IC,DC  
TJ = 
TJ = 

 
25°C 
100°C 

   
120 
52 

 
A 

Pulsed Collector Current (Note 1) IC,P 
   120 A 

Diode Forward Current (Note 1) ID,DC  
TJ = 
TJ = 

 
25°C 
100°C 

   
90 
30 

 
A 

Diode Pulsed Current (Note 1) ID,P 
   TBD A 

Turn-off Safe Operating Area  VCE ≤ 650V, TJ ≤ 150°C, tp = 1µs   90 A 

Gate-Emitter Voltage VGE  
DC 
Transient (tp ≤ 10µs, D<0.010) 

 
-20 
-30 

  
20 
30 

 
V 

Power Dissipation PMAX  
TJ = 
TJ = 

 
25°C 
100°C 

   
205 
100 

 
W 

Operating Junction Temperature TJ 
 -40  175 °C 

Storage Temperature TSTG 
 -55  150 °C 

Note 1: Limited by TJ,MAX. 
 
 

 

Thermal Resistance 
 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

IGTO, Junction-Case RTH(JC) 
   0.65 K/W 

Diode, Junction-Case RTH(JC) 
   0.80 K/W 
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Electrical Specifications 

Static Characteristics 

TA = 25°C, unless otherwise specified. Items in Bold are production tested, other specifications are guaranteed by characterization. 
 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Collector-Emitter Breakdown Voltage VCE,BR VGE=0, IC=250 µA 650   V 

Collector-Emitter Saturation Voltage VCE,SAT VGE=15 V   IC=20 A  1.11  V 

  IC=40 A 
 

1.43 1.80 V 

  TJ=150°C, IC=40 A 
 

1.38 
 

V 

Diode Forward Voltage VF VGE=0 V   IF=2 A 
 

1.17 
 

V 

  IF=20 A 
 

1.92  V 

  TJ=150°C, IF=20 A 
 

1.43 
 

V 

Gate-Emitter Voltage Threshold VTH IC=40 mA, VCE=20 V 3.3 4.4 5.4 V 

Collector Leakage Current ICES VCE=650 V 

VGE=0 V 

  TJ=25°C  0.1 60 µA 

  TJ=150°C 
 

1000 
 

µA 

Gate-Emitter Leakage Current IGES VCE=0 V, VGE=20 V  0.1 150 nA 

https://www.pakal-tech.com/


Pakal Technologies, Inc PAK40F65F Revision 1.1/2024-10-31 

 

© 2024 Pakal Technologies, Inc www.pakal-tech.com Page: 5 of 17 

 

 

 

Dynamic Characteristics 

TA = 25°C, unless otherwise specified. Items in Bold are production tested, other specifications are guaranteed by characterization. 
 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Input Capacitance CIES VGE=0 V, VCE=25 V, f=1 MHz  5662  pF 

Output Capacitance COES  VGE=0 V, VCE=25 V, f=1 MHz 
 

62 
 

pF 

Reverse Transfer Capacitance CRES  VGE=0 V, VCE=25 V, f=1 MHz 
 

8 
 

pF 

Gate Charge QG  VCC=400 V, IC=40 A, VGE=15 V 
 

292 
 

nC 
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Switching Characteristics 

TA = 25°C, unless otherwise specified. Items in Bold are production tested, other specifications are guaranteed by characterization. 
 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Turn-on Delay Time td,on TJ=25°C IC=40 A, 
VCC=400 V, 

VGE=15 V/0 V, 
RG=20 Ω, 
(Note 1) 

 
63 

 
ns 

Rise Time tr 
  

24 
 

ns 

Turn-off Delay Time td,off 
  

555 
 

ns 

Fall time tf 
  

89 
 

ns 

Turn-on Energy EON 
  

380 
 

μJ 

Turn-off Energy EOFF 
  

1122 
 

μJ 

Total Switching Energy ETS 
  

1502 
 

μJ 

Turn-on Delay Time td,on TJ=25°C IC=20 A, 
VCC=400 V, 

VGE=15 V/0 V, 
RG=20 Ω 
(Note 1) 

 
72 

 
ns 

Rise Time tr 
  

18 
 

ns 

Turn-off Delay Time td,off 
  

641 
 

ns 

Fall time tf 
  

39 
 

ns 

Turn-on Energy EON 
  

215 
 

μJ 

Turn-off Energy EOFF 
  

535 
 

μJ 

Total Switching Energy ETS 
  

750 
 

μJ 

Note 1: Energy losses include “tail” and diode reverse recovery. 

 

Diode Characteristics, at TJ = 25 °C 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Diode reverse recovery time Trr TJ=25°C VR=400 V, 
IF=20 A, 

diF/dt=1000 A/μs 

 
47 

 
ns 

Diode reverse recovery charge Qrr 
  

0.40 
 

μC 

Diode peak reverse recovery current Irrm 
  

13.6 
 

A 

Diode peak rate of fall of reverse 
recovery current 

dirr/dt 
  

-790  A/μs 

Diode reverse recovery time trr TJ=25°C VR=400 V, 
IF=5 A, 

diF/dt=1000 A/μs 

 
46 

 
ns 

Diode reverse recovery charge Qrr 
  

0.34 
 

μC 

Diode peak reverse recovery current Irrm 
  

10.0 
 

A 

Diode peak rate of fall of reverse 
recovery current 

dirr/dt 
  

-880 

 

A/μs 
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Switching Characteristics 

TA = 25°C, unless otherwise specified. Items in Bold are production tested, other specifications are guaranteed by characterization. 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Turn-on Delay Time td,on TJ=150°C IC=40 A, 
VCC=400 V, 

VGE=15 V/0 V, 
RG=20 Ω 
(Note 1) 

 
64 

 
ns 

Rise Time tr 
  

26 
 

ns 

Turn-off Delay Time td,off 
  

541 
 

ns 

Fall time tf 
  

101 
 

ns 

Turn-on Energy EON 
  

708 
 

μJ 

Turn-off Energy EOFF 
  

1520 
 

μJ 

Total Switching Energy ETS 
  

2228 
 

μJ 

Turn-on Delay Time td,on 
TJ=150°C IC=20 A, 

VCC=400 V, 
VGE=15 V/0 V, 

RG=20 Ω 
(Note 1) 

 
72 

 
ns 

Rise Time tr 
  

24 
 

ns 

Turn-off Delay Time td,off 
  

684 
 

ns 

Fall time tf 
  

60 
 

ns 

Turn-on Energy EON 
  

398 
 

μJ 

Turn-off Energy EOFF 
  

771 
 

μJ 

Total Switching Energy ETS 
  

1169 
 

μJ 

 Note 1: Energy losses include “tail” and diode reverse recovery. 

 

Diode Characteristics, at TJ = 150 °C 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Diode reverse recovery time trr TJ=150°C VR=400 V, 
IF=20 A, 

diF/dt=1000 A/μs 

 
87 

 
ns 

Diode reverse recovery charge Qrr  
 

1.32 
 

μC 

Diode peak reverse recovery current Irrm  
 

26.4 
 

A 

Diode peak rate of fall of reverse 
recovery current 

dirr/dt  
 

-530  A/μs 

Diode reverse recovery time trr TJ=150°C VR=400 V, 
IF=5 A, 

diF/dt=1000 A/μs 

 
48 

 
ns 

Diode reverse recovery charge Qrr  
 

0.58 
 

μC 

Diode peak reverse recovery current Irrm  
 

16.0 
 

A 

Diode peak rate of fall of reverse 
recovery current 

dirr/dt  

 

-860  A/μs 
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 Typical Operating Characteristics 

TA = 25°C, unless otherwise specified. 
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 Typical Operating Characteristics 

TA = 25°C, unless otherwise specified.  
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 Typical Operating Characteristics 

TA = 25°C, unless otherwise specified. 
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 Typical Operating Characteristics 

TA = 25°C, unless otherwise specified. 
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Typical Operating Characteristics 
 
TA = 25°C, unless otherwise specified. 

 

  
 

 

 

   
 
 
 

https://www.pakal-tech.com/


Pakal Technologies, Inc PAK40F65F Revision 1.0/2024-10-31 

© 2024 Pakal Technologies, Inc www.pakal-tech.com Page: 13 of 17 

 

 

Typical Operating Characteristics 
 
TA = 25°C, unless otherwise specified. 
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Typical Operating Characteristics 

TA = 25°C, unless otherwise specified. 
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Diagrams 
 
 
 

 
Switching Test Circuit 

 

 

Switching Waveforms 
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Package Drawing 
 

 
 
 

Pin Configuration 
 

PIN NUMBER DESCRIPTION 

1 Gate 

2 Collector 

3 Emitter 
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Important Notice 
DISCLAIMER: Pakal Technologies, Inc. hereby reserves the right to make changes without further notice to any product 

element described herein to alter reliability, performance or design. The information herein is provided “as−is” and Pakal 

Technologies, Inc. its affiliates, agents and employees and all persons acting on its or their behalf (collectively, “Pakal”) 

disclaim any and all liability for any errors, inaccuracies or incompleteness contained herein or in any other disclosure related 

to any product. In no event shall the information given in this document be regarded as a guarantee of conditions, 

performance or characteristics. 

Pakal makes no warranty, representation or guarantee regarding the accuracy of the information, product features, 

availability, functionality, or suitability of its products for any particular purpose, nor does Pakal assume any liability arising 

out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without 

limitation special, consequential or incidental damages. “Typical” parameters which may be provided in Pakal data sheets 

and/or specifications can and do vary in different applications and actual performance will vary over time. All operating 

parameters, including “Typicals” must be validated for each customer application by customer’s technical experts.  

The data contained in this document is exclusively intended for technically trained staff. It is the responsibility of customer’s 

technical departments to evaluate the suitability of the product for the intended application and the completeness of the 

product information given in this document with respect to such application. In addition, any information given in this 

document is subject to customer’s compliance with its obligations stated in this document and any applicable legal 

requirements, norms and standards concerning customer’s products and any use of the Pakal product in customer’s 

applications. Customer is responsible for its products and applications using Pakal products, including compliance with all 

laws, regulations and safety requirements or standards, regardless of any support or applications information provided by 

Pakal. Pakal does not convey, offer or grant any license under its patent or other intellectual property rights, nor the rights 

of others hereunder. 

 

Except as otherwise explicitly approved by Pakal in a written document signed by authorized representatives of the Company, Pakal’s 

products may not be used in any applications where a failure of the product or any consequences of the use thereof can reasonably be 

expected to result in personal injury. 

CRITICAL COMPONENT POLICY:   I n  a d d i t i o n ,  Pakal’s products are not authorized for use as critical components in life 

support devices or systems without the express written approval of the CEO of Pakal. Life support devices or systems are 

devices or systems which (a) are intended for surgical implant into the body, or (b) support or sustain life, or (c) whose 

failure to perform when properly used in accordance with instruction for use provided in the labeling, can be reasonably 

expected to result in significant injury to the user/patient. Critical components of a life support device is any component 

whose failure to perform can reasonably be expected to cause the failure of the life support device or system, or to affect 

its safety or effectiveness. 

Pakal Technologies, Inc. 

50 Osgood, Suite 340      

 San Francisco, CA 

94133 
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