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Overview 

This document is an application note describing the types, I/O specifications, protective and diagnostic 
functions, properties, and usage precautions from the features of the Toshiba Low-Voltage Intelligent 
Power Device [LV-IPD] products. 
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1. Product Lineup Introduction 

1.1. Low voltage intelligent power device 

 
An intelligent power device is a product equipped with a diagnostic output function that mainly applies 
current to resistive loads and inductive loads, shuts off the current when an abnormal state of the load 
occurs, and feeds back the abnormal state to a microcomputer or other device. It is used in sets that 
require high quality and reliability, such as in ECU (Electrical Control Unit of cars). 
Low voltage IPD (Intelligent Power Device) and IPS (Intelligent Power Switch) used in automotive and 
industrial applications are synonymous. We call it IPD, but it is also called IPS, Smart Power Driver, 
SMARTMOS, Smart MOSFET, Protected MOSFET, etc. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.1  Low-side switch TPD1054F (example) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Protective function 

Diagnostic output 
 function 

Power output section 
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*) μC: Micro Controller 
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1.2. Product type 

Product functions include high-side switches, low-side switches, and gate driver products. 
 

1.2.1. High-side switch 

A power switch located on the power supply side (upstream) with respect to the load (LOAD) is called a 
high-side switch. Major applications include single-phase motors, solenoids, and makeup relays. It can 
be driven directly from CMOS or TTL logic circuitry (such as a microcomputer) and has a variety of built-
in protective functions. Products with a diagnostic function feedback information to a microcomputer or 
other device to respond to abnormal conditions. Even if the load is short-circuited to GND, the abnormal 
status of the overcurrent can be judged. 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 1.2  Outline of high-side switch 

 

1.2.2. Low Side Switch 

A power switch located GND (downstream) of the load (LOAD) is called a low-side switch. Major 
applications include single-phase motors, solenoids, and makeup relays. It can be driven directly from 
CMOS or TTL logic circuitry (such as a microcomputer) and has a variety of built-in protective functions. 
Products with a diagnostic function feedback information to a microcomputer or other device to respond 
to abnormal conditions. The high-side switch features a lower total system cost. 
 

 
 
 

 

 

 

 

 

 

Fig. 1.3  Outline of low-side switch 
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1.2.3. Gate driver 

 
Gate drivers drive the gates of power devices such as MOSFET. Fig. 1.4 shows an inverter drive for a 
three-phase brushless DC motor. In addition to our three-phase brushless DC motors, we also offer 
products that drive H-bridge motors and single-phase motors. 
 

 
 
 
 
 
 
 
 
 
 

Fig. 1.4  Outline of gate driver 
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1.3. Product name description 

Naming of our IPD products is performed according to the following rules. 
 

Example:  TPD1054F 
 
 
 
 

Table 1.1 Description of product names 

Term Meaning Remarks 

term 1 Represents Toshiba Intelligent Power Device products. "TPD" 

term 2 10 to 19:1 output or 2 outputs power switch (per chip) - 

20 to 29:Multi-output power switch. 

40 to 49:Bridge output power switch 

70:Low-side gate driver 

71:High-side gate driver 

72:Bridge gate driver 

term 3 Additional two-digit number from 00 to 99 - 

term 4 Alphabetically ordered (from A) changes that cannot be 
written up to term 3 

For package changes, 
refer to the back of 
term 5. 

term 5 Represents type of envelope. 
F: Surface-Mount Type 
FN: Flat Package 2 Directions (0.65μm Pitch) 

- 

 
 

1.4. Product Lineup 

Currently, IPD offered by us will be in the following lineup (as of December 2022). 
 

Table 1.2 Product Lineup 

Function Product 
name 

Product overview 
 (number of outputs × on-resistance / package / etc.) 

High-side switch TPD1052F 1 output × 0.8 Ω / PS8 / AEC-Q100 qualified 

TPD1055FA 1 output × 0.12 Ω / WSON10 / AEC-Q100 qualified 

TPD2015FN 8 outputs × 0.55 Ω / SSOP30 

Low-side switch TPD1044F 1 output × 0.6 Ω / PS8 / AEC-Q100 qualified 

TPD1054F 1 output × 0.8 Ω / PS8 / AEC-Q100 qualified 

TPD1058FA 1 output × 0.1 Ω / WSON10 / AEC-Q100 qualified 

TPD2017FN 8 outputs × 0.55 Ω / SSOP30 

Gate 
driver 

for high-side 
switch 

TPD7104AF 1 output / PS8 / AEC-Q100 qualified 

TPD7106F 1 output / SSOP16 / AEC-Q100 qualified 

TPD7107F 1 output / WSON10 / AEC-Q100 qualified 

for motor TPD7211F Half-bridge output / PS8 / for automotive applications 

TPD7212FN 3-pahse 6 outputs / SSOP30 / AEC-Q100 qualified 

TPD7212F 3-pahse 6 outputs / WQFN32 / AEC-Q100 qualified 

  

TPD 10 54 F 

term 1 term 2 term 3 term 5 (term 4) 
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2. PIN ASSIGNMENT 

2.1. I/O pins 

 
This section explains the main I/O control terminals of IPD referring to TPD1054F of the low-side switch. 
Besides the power / GND terminals, the input terminals have terminals for on/off control and stand-by 
control, and the output terminals have terminals for connecting loads and for transmitting diagnostics to 
the outside. 
 

TPD1054F (low-side switch) example 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.1  TPD1054F Pin Layout and Block Diagram 

 

Table 2.1 Pin Description (TPD1054F) 

Pin name 
 

PIN ASSIGNMENT 

VDD Power supply pin. Used by applying a voltage within the specified range at the terminals 
used to operate the control circuit inside this product. (Depending on the product, the 
power supply terminal of the power output section may also be used.) 

STBY Terminal for standby input. The standby current consumption can be reduced by 
inputting STBY = "L". (Preset or not depending on the product) 

IN Input pin. Turns the output on / off by input VIN=H / L. 

GND Ground terminal. 

N.C No Connection 

OUT Output pin. A load is connected between this terminal and the power supply for use. (For 
low-side switch products) 

DIAG Diagnostic output pin. This pin is used to feed back the normal / abnormal status of the 
product to the MCU. Pull up to the control power supply (5 V or 3.3 V). 

 
* Input / control / output system terminals may differ depending on the product. 

 
 

 
 
 
 
 
 

  

μC 
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3. Protective function 

Describes the protective functions of the circuitry built into IPD. 

3.1. Overcurrent protection function 

The specific operation of the overcurrent protection function compares the reference voltage with the 
voltage generated by the resistive element for current detection inside the product, and judges that the 
generated voltage is in an overcurrent state when the voltage exceeds the reference voltage, and shuts 
off the output. Fig. 3.1 shows the operation waveform when the overcurrent protection function of the low-
side switch product is activated. Immediately after the input voltage becomes H (on control), the output 
voltage is L (on state). However, after an overcurrent judgement, the output voltage transitions to H and 
shifts to the off operation, the output current attenuates. The overcurrent judgment is canceled after a 
certain period. If an overcurrent judgment occurs again, the overcurrent judgment to cancellation are 
repeated as shown in the figure. (Refer to descriptions in Sections 6.7 and 6.8.) 

 
 
 

Input voltage 
 
 
 

Output voltage 
 
 
 
 
Diagnostic output 

 
 

Output current 
 
 

Fig. 3.1  Overcurrent Protection Function 

3.2. Overheat protection function 

The determination of the temperature that requires overheat protection is made by monitoring the forward 
voltage (VF) of the temperature sensing diode located on the chip. VF has a temperature coefficient of 
about -2mV/°C. When VF falls below the reference voltage by comparing the internal reference voltage 
with VF, it is judged that an overheat condition has occurred due to a temperature rise, and the protective 
function of the element is activated. Fig. 3.2 shows the operation waveform when the overheat protection 
function is activated. 

 
 
 

Input voltage 

 

 

 

 

Output voltage 

 

 

 

 

Output current 
 

Fig. 3.2  Overheat Protection Function 

The ON state continues and 
the chip temperature rises 

Thermal detection activates and 
turns off the output voltage 

Falls below the overheat detection 
threshold and returns to operation 
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3.3. Active clamp (low side switch product example) 

Active clamping is a function that absorbs energy by suppressing voltage caused by back EMF energy 
generated when switching control of an inductive load to less than the withstand voltage of the element. 
When the drain-source voltage exceeds a certain value due to the back-EMF energy of the inductance, 
the output DMOS is turned on to regenerate the energy. The current can be cut off at high speed because 
the regenerative voltage is higher than the regenerative voltage at forward voltage using a diode. 
Overcurrent protection and overheat protection cannot be activated during the active clamp operation. 
Design the product so that the specified energy and maximum rated temperature are not exceeded. 
 
 
 
Input voltage 

 
 
 

 
Output voltage 
 
 
 
Diagnostic output 

 
 

Output current 
 

 

Fig. 3.3  Active Clamp Function 

 

3.4. Power Reverse Connection Protection (Gate Driver Product Example) 

3.4.1. Protected by keeping MOSFET on-state 

The product TPD7107F maintains MOSFET controlled by the product in the on-state to protect the product 
and MOSFET in order to reduce the loss of external MOSFET when the power is reversed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.4  Power Supply Reverse Connection Protection (MOSFET on) 
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3.4.2. Protected by keeping MOSFET off-state 

The product TPD7104AF protects the product and MOSFET by keeping MOSFET controlled by the 
product off when the power is reversed and by interrupting the current. When used in conjunction with a 
load switch, MOSFET that performs on/off control during normal operation as shown in Fig. 3.6 and the 
circuit configuration of the reverse-connection protective MOSFET should be designed to be connected 
in series. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.5  Power Supply Reverse Connection Protection (MOSFET off) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.6  Configuration in Combination with Load switch 
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4. Diagnostic function 

The diagnostic function operates, for example, when the overcurrent protection operation, overheat 
protection operation, or the load becomes open (the output pin is in the high-impedance state). Specific 
operation of the diagnostic function is to provide information to the MCU by combining "H" and "L" signals 
from the diagnostic outputs (DIAG pins) for normal and abnormal conditions. By processing the signal 
input to IPD product and the signal output by the diagnostic function with a logic circuit or the like, 
abnormal conditions occurring in MOSFET or the like controlled by IPD product can be judged. For 
information on the specific diagnostic functions of each product, refer to the information contained in each 
data sheet. 

 

4.1. Current sense function 

The current flowing through the load is detected by reading the differential voltage generated in the shunt 
resistor (RS) using the built-in current sense amplifier, outputting it as an analog voltage corresponding to 
the preset gain (resistive ratio: R2/R1), and reading it through an external A/D converter. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.1  Current Sense Amplifier Circuit 
 

 

The load current sensing output voltage output from the diagnostic terminal (DIAG pin) is calculated using 
Equation 4.1 below. 
 

𝑉𝐷𝐼𝐴𝐺 =  
𝑅2

𝑅1
 × (𝑅𝑆 × 𝐼𝑂 + 𝑉𝐼𝑂) 

 
 

VDIAG: DIAG pin output voltage 
IO:  Load current 
VIO: Input offset voltage 

 
 

 
 

 
  

(Equation 4.1) 

External A/D 

To converter 

Output diagnostic pull-up 

Load current IO 

Current sense 
 amplifier 

L
o

a
d

 



Low voltage IPD 
Application Note 

14 2022-11-29 
Rev.1.0 © 2022 

Toshiba Electronic Devices & Storage Corporation 

4.2. Disconnection Detection Function 

The disconnection (load-open) detection function detects contact failure at the connector part of ECU and 
disconnection of the harness. 
The load open detection function is divided roughly into the following two types. 
 
1. When the output stage transistor is off, the output terminal voltage is monitored and the output voltage 

is equal to or higher than the set value, the load is determined to be open. 
 

2. When the output stage transistor is on, the current flowing through the output stage transistor is 
monitored, and when the output current falls below the set value, the load is determined to be open. 
 

 
Many of our IPD for high-side switches output terminals when the output stage transistor of 1. is off 
It employs a type that monitors the voltage and detects the load open. 
 
When the input VIN of the on/off control = L (output off), the output stage transistor is controlled to be off, 
and the effect of the current in the path from Charge pump to OUT terminal is small. Therefore, the output 
voltage (VOUT) is determined by the division voltage of R1 and the external resistor RL. When this voltage 
VOUT exceeds the threshold of the Schmitt inverter (SINV), the load is judged to be open, and "H" is output 
to DIAG terminal, and the load is transmitted to the microcomputer. 
 

𝑉𝑂𝑈𝑇 =
𝑅𝐿

𝑅𝐿 + 𝑅1
× 𝑉𝐷𝐷 ≥ 𝑉𝐼𝐻𝑆𝐼𝑁𝑉 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.2  Outline of Disconnection Detection Circuit 
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4.3. Overcurrent detection function 

The overcurrent detection function operates when a current exceeding the specified value flows through 
the output stage transistor, and transmits the protection and diagnosis results of the product itself to the 
microcomputer, etc. 
As shown in Fig. 4.3, a transistor (Q2) with a constant ratio (1/N) and an output stage drum (Q1) are 
configured to detect the overcurrent, and the current (IS) of 1/N flows through the transistor is controlled 
at the same gate potential. The comparator compares the constant current (IREF) for comparison with the 
reference voltage (R2×IREF) generated by the resistor R2 and the potential (R1×IS) generated by the 
detection path, determines whether the current is within the normal current range or the overcurrent state, 
and protects the product and outputs diagnostic data. 
 
• Ratio of current to IS and IOUT 

𝐼𝑂𝑈𝑇: 𝐼𝑆 = 𝑁 ∶ 1 
 

𝐼𝑆 = 𝐼𝑂𝑈𝑇/𝑁 
 

• Overcurrent detection condition 
𝑅1 × 𝐼𝑆 ≥ 𝑅2 × 𝐼𝑅𝐸𝐹 

      

𝐼𝑆 ≥
𝑅2

𝑅1
× 𝐼𝑅𝐸𝐹 

 
From Equations 4.6 and 4.4, the overcurrent detection-value IOC is as follows. 
 

𝐼𝑂𝐶 ≥
𝑅2

𝑅1
× 𝑁 × 𝐼𝑅𝐸𝐹 

 
For example, if the product is designed with the following figures, 
 
R1 = 1 kΩ, R2 = 4 kΩ, N = 20000, IREF = 60 μA 
 
The overcurrent detection IOC is as follows and is used as a reference for determining the overcurrent 
status. 
 

𝐼𝑂𝐶 ≥
4𝑘𝛺

1𝑘𝛺
× 20000 × 60𝜇𝐴 = 4.8𝐴 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4.3  Overcurrent Detection Circuit Schematic  
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5. Absolute maximum rating 

Table 5.1 shows the values of the items of absolute maximum ratings referring to the product TPD1058FA. 
Absolute Maximum Ratings are standards that do not exceed any one value of multiple ratings 
instantaneously or instantaneously. 
Cannot be exceeded for any of multiple ratings. Exceeding the absolute maximum ratings may cause 
breakage, damage or deterioration and may result in injury due to explosion or combustion. 

 

Table 5.1 Absolute Max. Ratings (TPD1058FA)  

Item Symbol Terminal Rating Unit Remarks 

Power supply voltage VDD VDD -0.3 to 6 V - 

Input voltage VIN, VSTBY IN, STBY -0.3 to 6 V - 

Diagnostic output voltage VDIAG DIAG -0.3 to 6 V - 

Diagnostic output current IDIAG DIAG 5 mA - 

Output voltage VOUT OUT -0.3 to 40 V 
N-channel DMOS of drain-
source tolerance 60 V is used. 

Output current IOUT 
OUT Internally 

limited (Note) 
A - 

Power Dissipation PD - 1.84 W - 

Active clamp tolerance 

(single engine) 
EAS 

- 
95 mJ - 

Active clamping current IAR OUT 6 A - 

Operating temperature Topr - -40 to 125 °C - 

Channel temperature Tch - 150 °C - 

Storage temperature Tstg - -40 to 150 °C - 

 
Note : The output current is limited by the overcurrent protection function. Under normal operating 

conditions, the range will be within the range where the overcurrent detection value or less 
can be used. 
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6. ELECTRICAL CHARACTERISTICS 

Table 6.1 lists the electrical characteristics (partially excerpted) referring to the product TPD1058FA. 

 

Table 6.1 Electrical Characteristics (TPD1058FA) 

Characteristics Symbol Pin Test conditions Min Typ. Max Unit 

Output clamp voltage V(CL)DSS OUT IOUT=1mA, VSTBY=5V, VIN=0V 40 46 60 V 

Operating supply voltage VDD(opr) VDD - 4.5 5 5.5 V 

Under voltage protection VDD(UV) VDD - 2.5 2.9 3.5 V 

Supply current 

IDD1 VDD VSTBY=0V, VIN=0V, VDD=5V - 0 10 μA 

IDD2 VDD VSTBY=5V, VIN=0V, VDD=5V - 0.61 2 mA 

IDD3 VDD VSTBY=5V, VIN=5V, VDD=5V - 0.62 5 mA 

Output leakage current 

IOL1 OUT 
VSTBY=VIL, VIN=VIL, 

VOUT=8 to 16V 
- - 10 μA 

IOL2 OUT 
VSTBY=VIH, VIN=VIL, 

VOUT=8 to 16V 
- 160 300 μA 

High-level input voltage VIH IN,STBY - 2.0 - - V 

Low-level input voltage VIL IN,STBY - - - 0.8 V 

High-level input current IIH IN,STBY VIN(VSTBY)=5V, VDD=5V - 50 200 μA 

Low-level input current IIL IN,STBY VIN(VSTBY)=0V, VDD=5V -1 - 1 μA 

Diagnostic output 
leakage current 

IDH DIAG VDIAG=5V - - 3 μA 

Diagnostic output 
voltage 

VDL DIAG IDIAG=+1mA - 0.01 0.2 V 

Output resistance 

RDS(ON)1 OUT 
IOUT=+2A, Tch=25°C, VDD=5V, 

VSTBY=VIH, VIN=VIH 
- 0.07 0.10 Ω 

RDS(ON)2 OUT 

IOUT=+2A, Tch=-40 to 125°C, 

VDD=5V, 

VSTBY=VIH, VIN=VIH 

- - 0.16 Ω 

Over temperature 
detection 

TOT - 
VSTBY=VIH, VIN=VIH 

150 172 200 
°C 

ΔTOT - - 12 - 

Over current detection IOC OUT VSTBY=VIH, VIN=VIH, VDD=5V 6 13 - A 

Over current protection 
operation time 

tOFF-DUTY OUT 
VBAT=12V, RL=0.1Ω, VDD=5V, 

VSTBY=VIH, VIN=VIH, 
3 7 12 ms 

Load open detection 
resistor 

Rop OUT 
VSTBY=VIH, VIN=VIL, 

VOUT=8 to 16V 
10 300 1000 kΩ 

ΔRop OUT 
VSTBY=VIH, VIN=VIL, 

VOUT=8 to 16V 
- 40 - kΩ 

 

6.1. Out-Clamp Voltage (V(CL)DSS) 

TPD1058FA incorporates an active clamp circuit and describes the output-voltage V(CL)DSS at which the 
active clamp operates. This indicates the clamping voltage. However, the active clamping operation is 
loss and the allowable energy value is not specified. Therefore, it is required to use the product within 
OUT terminal voltage 60 V. 
 

6.2. Operating Power Supply Voltage (VDD(opr)) 

The operating power supply voltage indicates the range of voltage conditions when the following electrical 
characteristics and various protection functions are satisfied. 
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6.3. Output Leak Current (IOL) 

The output leakage current specifies the leakage current when MOSFET of the output stage is off-state. 
The leakage current varies depending on the input conditions. IOL2 is 160 μA (typ.) due to the operating 
condition of the diagnostic circuitry and so on. 

 

6.4. High-level input voltage (VIH), Low-level input voltage (VIL) 

VIH: 2.0 V (min) means that for VIN ≥ 2.0 V, VIN must be entered as "High", whereas VIL: 0.8 V (max) means 
that VIN must be entered as "Low" by VIN ≤ 0.8 V. (The actual value of the input terminal threshold is 
located between 0.8 to 2.0 V.) 
 

6.5. Output-on Resistor (RDS(ON)) 

The output on-resistance is the value of the on-resistance of the output stage transistor when it is turned 
on. It is specified under the following two conditions: normal temperature (25°C) and total temperature 
range. 

 

6.6. Over temperature detection (TOT) 

Detects an overheat condition for the purpose of protecting the product, circuit, and internal elements 
against temperature rise caused by loss during product use, etc. The temperature is determined by 
monitoring the forward voltage VF of the temperature-sensing diodes located on the chip. Although the 
overheat detection protection function is activated at temperatures higher than the sensing temperature, 
do not rely on the overheat detection function at the time of design, in consideration of power dissipation 
and thermal resistance value, in order to realize a safe design. 

 

6.7. Overcurrent detection (IOC) 

To cope with the excessive current value in the event of an abnormality or the like, an overcurrent 
detection mechanism composed of a detection path and a comparison circuit with the specified judgment 
voltage is incorporated so that the current value of the output stage transistor can be detected. After an 
overcurrent judgment, turn the input control ON to OFF, or cancel the judgment state after a certain period 
of time has elapsed (see Section 6.8). If the overcurrent judgement is made again after the reset, the 
overcurrent judgement to reset is repeated. 

 

6.8. Overcurrent Protection Time (TOFF-DUTY) 

The overcurrent protection operation time is the period during which the output stage transistor is kept off 
for a certain period after detection of an overcurrent. Even if the output stage transistor is turned off and 
falls below the judgment value for overcurrent, the overcurrent judgment will not be cleared at that point. 
After the overcurrent protection operation time, the effect at the time of overcurrent is eliminated, and then 
the overcurrent judgment is canceled so that the tester shifts to the normal operation state. 
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7. Package lineup 

This section describes the packages and shapes of the low voltage IPD. 
 

7.1. WSON10 

Fig. 7.1  WSON10 Package information 

 

7.2. WSON10A 

Fig. 7.2  WSON10A Package information 

 
  

外形寸法 参考ランドパターン　単位 : mm 対象製品

3.0x3.0mm

TPD1055FA

TPD1058FA

外形寸法 参考ランドパターン　単位 : mm 対象製品

3.0x3.0mm

TPD7107F

Land Pattern Dimensions for reference only 
Unit: mm 

Product name Dimension 

Land Pattern Dimensions for reference only 
Unit: mm 

Product name Dimension 
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7.3. WQFN32 

Fig. 7.3  WQFN32 Package information 

 

7.4. PS-8 

Fig. 7.4  PS-8 Package information 

 
  

外形寸法 参考ランドパターン　単位 : mm 対象製品

5.0x5.0mm

TPD7212F

外形寸法 参考ランドパターン　単位 : mm 対象製品

2.8x2.9mm

TPD1052F

TPD1054F

TPD7211F

TPD7104AF

Land Pattern Dimensions for reference only 
Unit: mm 

Product name Dimension 

Land Pattern Dimensions for reference only 
Unit: mm 

Product name Dimension 
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7.5. SSOP16 

Fig. 7.5  SSOP16 Package information  

 

7.6. SSOP30 

Fig. 7.6  SSOP30 Package information  

 

  

外形寸法 参考ランドパターン　単位 : mm 対象製品

5.0x6.4mm

TPD7106F

外形寸法 参考ランドパターン　単位 : mm 対象製品

9.7x7.6mm

TPD2015FN

TPD2017FN

TPD7212FN

Land Pattern Dimensions for reference only 
Unit: mm 

Product name Dimension 

Land Pattern Dimensions for reference only 
Unit: mm 

Product name Dimension 
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FWD 

FWD+ 
Zener 
Diode 

8. Application Circuit (Example of Application Circuit Required for External 
Countermeasures) 

8.1. Inductance Load Drive (High Side Switch Product Example) 

If an inductive load (solenoid or motor) is used in a product for which the energy tolerance is not specified, 
measures must be taken with external components as shown in the figure below. If the product has no 
built-in active clamp circuit, application of a negative voltage to the output terminal may cause malfunction 
due to the operation of the parasitic element inside the product, or deterioration or breakdown due to 
exceeding the withstand voltage of the internal element. To prevent this, a freewheeling diode (FWD) is 
connected in parallel to the inductive load to regenerate the back EMF energy and clamp the output 
terminal voltage at approximately-0.7V (Fig. 8.1). However, since the regenerative current flows for a long 
time when FWD is connected, controllability issues arise when PWM control is performed. If OUT terminal 
has a negative voltage rating with a built-in output clamping circuit, the current flowing through the 
inductive load can be turned off quickly by regeneration with a FWD + Zener diode. This improves 
controllability during PWM control (Fig. 8.2). 

 

8.1.1. Countermeasure Circuit 1 

A diode is connected between OUT-GND. Select a diode with a withstand voltage equal to or greater than 
the power supply voltage. 
 

L
o

a
d

μC

IN

VDD

OUT

GND

Gate 

drive

 
 

Fig. 8.1  Inductance Load countermeasure circuit1 

 

8.1.2. Countermeasure Circuit 2 

Zener diode was added to the circuit of Countermeasure 1. Energy regeneration time can be shortened. 
* Confirm the negative voltage rating of OUT terminal of IPD before use. 
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GND
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Fig. 8.2  Inductance Load countermeasure circuit 2 
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8.1.3. Countermeasure Circuit 3 

A zener diode is connected between the power supply (VDD) and the power supply (OUT). 
* Confirm the negative voltage rating of OUT terminal of IPD before use. 

 
 

 

 

 

 

 

 

 

 

Fig. 8.3  Inductance Load countermeasure circuit 3 

 

8.2. Power Reverse Connection Protection (Example of High Side Switch with Built-in 
Reverse Connection Protection) 

If an inductance load (solenoid or motor) is used for a product for which the energy tolerance is not 
specified, external measures as shown in the figure below are required. 

 

8.2.1. Countermeasure Circuit 1 

Since only a small current such as consumed current flows through GND, a diode with a small power 
dissipation can be used. However, since a voltage drop equivalent to the forward voltage of the diode 
occurs, the input threshold is shifted. Pay attention to the heat at the current flowing from the load. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8.4  Power Supply Reverse Connection Protection countermeasure circuit 1 
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8.2.2. Countermeasure Circuit 2 

As a countermeasure circuit for reverse connection of the power supply, it is possible to also take 
countermeasures for the current flowing in from the load by connecting a diode on the path with the battery. 
However, since a diode is connected to the power line, a diode corresponding to the allowable loss is 
required. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8.5  Power Supply Reverse Connection Protection countermeasure circuit 2 

 
 

8.2.3. Countermeasure Circuit 3 

MOSFET diodes connected in the path with the battery of circuit 2 can reduce the voltage drop during 
normal operation. However, in this case, there are many external components, which increases the cost 
of the components. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8.6  Power Supply Reverse Connection Protection countermeasure circuit 3 
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9. Evaluation Boards 

In order to make IPD product use easier to understand, we have prepared evaluation boards for basic 
operation checks for IPD product type. 

 

9.1. Evaluation board for high-side switch products 

TPD1055FA TPD2015FN 

EVALUATION-BOARD-1055FA 
 
 
 

 
 
 

EVALUATION-BOARD-2015 
 

 
 

 

Fig. 9.1  Evaluation board for high-side switch products 

 

9.2. Evaluation board for low-side switch products 

TPD1058FA TPD2017FN 

EVALUATION-BOARD-1058FA 
 
 
 

 

EVALUATION-BOARD-2017 
 
 
 

 

Fig. 9.2  Evaluation board for low-side switch products 
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9.3. Evaluation board for gate driver products 

TPD7104AF TPD7106F 

EVALUATION-BOARD-7104AF 
 

 
 

EVALUATION-BOARD-7106-2 
 
 
 

TPD7212FN TPD7107F 

EVALUATION-BOARD-7212FN 
 

 

EVALUATION-BOARD-7107-DSOP 
 

 

Fig. 9.3  Evaluation board for gate driver products 

 
 
 
For detailed information on each evaluation board, please contact our web contact. 
 
Check new message | TOSHIBA DEVICE & STORAGE CORPORATION (Link)https://toshiba.semicon-
storage.com/jp/contact.html 

 
 
  

https://toshiba.semicon-storage.com/ap-en/contact.html
https://toshiba.semicon-storage.com/ap-en/contact.html
https://toshiba.semicon-storage.com/jp/contact.html
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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, lifesaving and/or life supporting 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, and devices related to power plant. IF YOU USE PRODUCT FOR UNINTENDED USE, 

TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your TOSHIBA sales representative or contact us via our 

website. 

 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. 

 
 
 
 
 
 
 
 
 
 

 
 

 
https://toshiba.semicon-storage.com/ 

https://toshiba.semicon-storage.com/
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