
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Outline 

This document describes the terms used in data sheets of high-voltage intelligent power devices 

(HV-IPDs). 
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1. Absolute Maximum Ratings 

Parameter Symbol  Difinition 

Power supply voltage VBB 

VCC 

The rated voltage of the high-voltage power supply terminal VBB and 

the control power supply terminal VCC at which an IC will not suffer 

breakdown, deterioration of characteristics, or reduced reliability 

Output current (DC) Iout The rated current of the output terminals at which an IC will not 

suffer breakdown, deterioration of characteristics, or reduced 

reliability 

Output current (pulsed) Ioutp The rated pulse current of the output terminals at which an IC will 

not suffer breakdown, deterioration of characteristics, or reduced 

reliability 

Input voltage VIN The rated voltage of the Hall amp input terminals H*+/- and the 

control terminals L*/H* at which an IC will not suffer breakdown, 

deterioration of characteristics, or reduced reliability 

VVs The rated voltage of the speed control input terminal VS at which an 

IC will not suffer breakdown, deterioration of characteristics, or 

reduced reliability 

VREG current IREG The rated current of the regulator output terminal VREG at which an 

IC will not suffer breakdown, deterioration of characteristics, or 

reduced reliability 

DIAG voltage VDIAG The rated voltage of the diagnostic output terminal DIAG at which an 

IC will not suffer breakdown, deterioration of characteristics, or 

reduced reliability 

DIAG current IDIAG The rated current of the diagnostic output terminal DIAG at which an 

IC will not suffer breakdown, deterioration of characteristics, or 

reduced reliability 

FG voltage VFG The rated voltage of the pulse-per-revolution output terminal FG at 

which an IC will not suffer breakdown, deterioration of 

characteristics, or reduced reliability 

FG current IFG The rated current of the pulse-per-revolution output terminal FG at 

which an IC will not suffer breakdown, deterioration of 

characteristics, or reduced reliability 

*: U/V/W 
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Parameter Symbol  Difinition 

Power dissipation PC The power consumption that does not cause IC breakdown over the 

entire operating temperature range 

Operating temperature Tjopr The operating junction temperature range over which the normal 

operation and electrical characteristics of an IC are guaranteed 

Operating case temperature Tcopr The operating case temperature range over which the normal 

operation and electrical characteristics of an IC are guaranteed 

Junction temperature Tj The maximum junction temperature at which an IC can operate 

normally 

Storage temperature Tstg The ambient temperature range over which no deterioration of 

characteristics or reliability occurs when an IC is stored for a long 

period of time or is transported with no applied voltage present 

*: U/V/W 
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2. Electrical Characteristics 

Parameter Symbol  Difinition 

Operating power supply 

voltage 

VBB The supply voltage range of the high-voltage power supply terminal 

VBB over which the normal operation of an IC is guaranteed 

Operating power supply 

voltage 

VCC The supply voltage range of the control power supply terminal VCC 

over which the normal operation of an IC is guaranteed 

Current dissipation IBB The current that flows into an IC via the high-voltage power supply 

terminal VBB when the specified test conditions are applied to the 

terminal 

ICC The current that flows into an IC via the control power supply 

terminal VCC when the specified test conditions are applied to the 

terminal 

IBS(ON) 

IBS(OFF) 

The current that flows into an IC through bootstrap capacitance 

terminal BS* when the specified test conditions are applied to the 

terminal 

Hall amp input sensitivity VHSENS(HA) The peak-to-peak minimum voltage of Hall-effect device output 

voltage over which the Hall amp can operate normally 

 

 

 

Hall amp input current IHB(HA) The current that flows through Hall amp input terminals H*+/- 

Hall amp common-input 

voltage 

CMVIN(HA) The voltage range of the Hall amp input terminals H*+/- over which 

the normal operation and electrical characteristics of the Hall amp 

are guaranteed. This is specified at common-input voltage with the 

same voltage level. 

Hall amp input voltage 

L→H 

VLH(HA) The differential voltage between the Hall amp differential input 

voltage and the average voltage required for the Hall amp output to 

turn on from "L" to "H" 

Hall amp input voltage 

H→L 

VHL(HA) The differential voltage between the Hall amp differential input 

voltage and the average voltage required for the Hall amp output to 

turn on from "H" to "L" 

 

 

 

 

 

 

 

*: U/V/W 

Hall-effect device 

output 
VHSENS(HA) 

The voltage 

between 

input and output 

of Hall-effect 

sensor 
0 

VLH(HA) 

VHL(HA) 

Hall amp  

output 

ΔVIN(HA) 
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Parameter Symbol  Difinition 

Hall amp hysteresis width ΔVIN(HA) ΔVIN(HA) = minimum of ”VLH( HA )”max + ”VHL( HA )”min 

Input voltage VIH The minimum control terminal voltage at which the inputs of built-in 

IGBTs or MOSFETs are guaranteed to go High 

Input voltage VIL The maximum control terminal voltage at which the inputs of built-in 

IGBTs or MOSFETs are guaranteed to go Low 

Input current IIH 

IIL 

The current that flows through the control terminal L*/H* of an IC 

when the specified test conditions are applied to the terminal 

SD input voltage VSD The threshold voltage for the “H” and “L” levels of the external 

protection signal input terminal 

SD input current ISDH 

ISDL 

The current that flows through the external protection signal input 

terminal SD when the specified test conditions are applied to the 

terminal 

MOSFET ON-state resistance RDSONH 

RDSONL 

The ON-resistance between drain and source of the high- or low-side 

MOSFET when the specified test conditions are applied to an IC 

MOSFET output leakage 

current 

IDSS The leakage current between drain and source of the high- or 

low-side MOSFET when the specified test conditions are applied to 

an IC 

Output saturation voltage VCEsatH 

VCEsatL 

The saturation voltage across collector and emitter of the high- or 

low-side MOSFET when the specified test conditions are applied to an 

IC 

FRD forward voltage VFH 

VFL 

The forward voltage of the freewheeling diode connected in parallel 

with an IGBT or the body diode of a MOSFET under the specified test 

conditions 

BSD forward voltage VF(BSD) The forward voltage of the bootstrap diode connected to the 

bootstrap capacitance terminal BS* under the specified test 

condition. 

PWM ON–duty cycle PWMMIN The minimum duty cycle that can be controlled by an IC 

PWMMAX The maximum duty cycle that can be controlled by an IC 

*: U/V/W 
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Parameter Symbol  Difinition 

PWM ON–duty cycle, 0% VVS0% The voltage of the speed control signal input terminal VS at which the 

IGBT operates at a 0% duty cycle 

PWM ON–duty cycle, 100% VVS100% The voltage of the speed control signal input terminal VS at which the 

IGBT operates at a 100% duty cycle 

PWM ON–duty voltage range VVsW The voltage range of the speed control signal terminal VS over which 

the IGBT operates in the 0% to 100% duty cycle range 

Output all–OFF voltage VVSOFF The input voltage of the speed control signal input terminal at which 

all IGBTs turn off 

Regulator voltage VREG The output voltage of the built-in series regulator 

Speed control voltage range VS The range of voltage that can be applied to the speed control signal 

input terminal 

FG output saturation voltage VFGsat The saturation voltage of the rotation pulse output terminal under 

the specified test conditions 

Current limiting voltage VR The reference voltage of the error amp for overcurrent detection 

Current limiting dead time Dt The delay time required to start a protection operation after the 

detection of an overcurrent 

Thermal shutdown 

temperature 

TSD The temperature at which thermal shutdown operates to turn off all 

outputs 

Thermal shutdown 

hysteresis 

ΔTSD The difference between thermal shutdown temperature and output 

restart temperature 

VCC undervoltage protection VCCUVD The voltage at which all the IGBTs or MOSFETs turn off when the 

control supply voltage VCC is gradually reduced 

VCC undervoltage protection 

recovery 

VCCUVR The VCC voltage at which outputs turn on again after undervoltage 

lockout occurs due to a drop in the control power supply voltage 

*: U/ V/W 
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Parameter Symbol  Difinition 

VBS undervoltage protection VBSUVD The voltage at which all outputs of the IGBTs or MOSFETs turn off 

when the voltage of the bootstrap capacitor connection terminal BS* 

is gradually reduced 

VBS undervoltage protection 

recovery 

VBSUVR The BS* voltage at which the outputs turn on again after 

undervoltage lockout occurs due to a drop in the control power 

supply voltage 

DIAG saturation voltage VDIAGsat The saturation voltage of the diagnostic output terminal DIAG under 

the specified test conditions 

Refresh operating ON voltage TRFON The speed control signal input terminal voltage VS at which the 

bootstrap circuit begins to charge 

Refresh operating OFF 

voltage 

TRFOFF The voltage of the speed control signal input terminals at which the 

bootstrap circuits stop charging 

Triangular wave frequency fC The reference frequency for PWM operation 

Dead time tdead The period of time during which both the high and low sides are off to 

prevent a shoot-through current due to cross conduction 

FRD reverse recovery time 

Diode reverse recovery time 

trr The reverse recovery time of the freewheeling diode connected in 

parallel with an IGBT or the body diode of a MOSFET. 

*: U/V/W 
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Parameter Symbol  Difinition 

Output on delay time 

Output off delay time 

ton 
toff 

For IGBT-output ICs: 

 tON is a delay from when the input voltage of each phase rises to the 

10% point to when the output current rises to the 90% point. 

 tOFF is a delay from when the input voltage of each phase falls to the 

90% point to when the output current falls to the 10% point under 

the specified test conditions 

 

For MOSFET-output ICs: 

tON is a delay from when the input voltage of each phase rises to the 

10% point to when the output voltage falls to the 90% point. 

tOFF is a delay from when the input of each phase voltage falls to the 

90% point to when the output voltage rises to the 10% point under 

the specified test conditions. 

 

 For IGBT-output ICs: 

 

 

 

 

 

 

 

 

 

 

 For MOSFET-output ICs:  
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ton toff 

10% 

90% 

90% 

10% 

H*+ /  － 

H* /  L* 

IC 

ton toff 
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90% 

90% 

10% 

H* /  L* 
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3. Built–in Functions 

Term Description 

PWM circuit 

 

The control circuit for obtaining a desired output voltage or current waveform by 

controlling the ON pulse width of a switching device 

Pulses-per-revolution output The “H” or “L” signal is output according to the Hall amplifier input signal. The 

rotation speed (RPM) of a motor can be monitored by counting this signal. In the 

TPD4146K, the output pulse signal from the FG is selectable from one or three 

pulses per 360 electrical degrees via the FGC terminal signal. 

Overcurrent protection circuit The circuit that turns off the output to protect the IC when a current exceeding a 

limit flows into the IC 

Thermal shutdown circuit The circuit that turns off the output to protect the IC when the IC temperature 

exceeds a preset value 

Undervoltage protection 

circuit 

The function for turning off all the IGBTs or MOSFETs when the VCC or VBS voltage 

drops below a limit, in order to avoid operating in the active region of an IGBT or in 

the saturation region of a MOSFET 

3–phase distribution logic 

circuit 

The logic circuit to generate gate signals for high- and low-side IGBTs or MOSFETs 

in each phase (U, V and W). These signals are generated from the input signals 

applied by Hall-effect devices or Hall ICs. 

Bootstrap circuit The booster circuit for driving high-side IGBTs/MOSFETs 

Hall amp The amplifier circuit for transmitting the output signal from a Hall-effect device to 

the subsequent logic circuit 

Level shift circuit The voltage conversion circuit for driving a bootstrap circuit, a high-voltage 

floating power supply, from a logic control signal 
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RESTRICTIONS ON PRODUCT USE 

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”. 

Hardware, software and systems described in this document are collectively referred to as “Product”. 

 TOSHIBA reserves the right to make changes to the information in this document and related Product without notice. 

 This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with TOSHIBA's 

written permission, reproduction is permissible only if reproduction is without alteration/omission. 

 Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are responsible for 

complying with safety standards and for providing adequate designs and safeguards for their hardware, software and systems which minimize 

risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily injury or damage to property, 

including data loss or corruption. Before customers use the Product, create designs including the Product, or incorporate the Product into their 

own applications, customers must also refer to and comply with (a) the latest versions of all relevant TOSHIBA information, including without 

limitation, this document, the specifications, the data sheets and application notes for Product and the precautions and conditions set forth in 

the "TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for the application with which the Product will be used with or for. 

Customers are solely responsible for all aspects of their own product design or applications, including but not limited to (a) determining the 

appropriateness of the use of this Product in such design or applications; (b) evaluating and determining the applicability of any information 

contained in this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any other referenced documents; and 

(c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS' PRODUCT 

DESIGN OR APPLICATIONS. 

 PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE EXTRAORDINARILY HIGH 

LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY CAUSE LOSS OF HUMAN LIFE, 

BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT ("UNINTENDED USE"). Except for specific applications 

as expressly stated in this document, Unintended Use includes, without limitation, equipment used in nuclear facilities, equipment used in the 

aerospace industry, medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic signaling equipment, 

equipment used to control combustions or explosions, safety devices, elevators and escalators, devices related to electric power, and 

equipment used in finance-related fields. IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR 

PRODUCT. For details, please contact your TOSHIBA sales representative. 

 Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part. 

 Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable 

laws or regulations. 

 The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any infringement 

of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to any intellectual 

property right is granted by this document, whether express or implied, by estoppel or otherwise. 

 ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR 

PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY WHATSOEVER, INCLUDING 

WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING WITHOUT 

LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND (2) DISCLAIMS ANY 

AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR INFORMATION, 

INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, ACCURACY OF 

INFORMATION, OR NONINFRINGEMENT. 

 Do not use or otherwise make available Product or related software or technology for any military purposes, including without limitation, for 

the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile technology products (mass 

destruction weapons). Product and related software and technology may be controlled under the applicable export laws and regulations 

including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export and 

re-export of Product or related software or technology are strictly prohibited except in compliance with all applicable export laws and 

regulations. 

 Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product. Please use 

Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without 

limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES OCCURRING AS A RESULT OF 

NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS. 

 


