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0. Introduction

Incorporating 250- to 600-V switching devices, Toshiba’s intelligent power devices (IPDs) can
directly drive a brushless DC (BLDC) motor. Toshiba offers various IPDs that meet a wide range of
requirements, including a motor’s output power, the control method (square wave vs sine wave),
and the AC input voltage of the application. Toshiba provides a reference design for each type of
application to help you create the optimal design. Table 0.1 lists the reference designs for different
applications and motors. Consult an appropriate reference design.

Table 0.1 Reference designs for high-voltage IPDs

PWM controller

Motor output <30W <30W <60 W <60 W
Quiet operation N/R N/R Required Required
Commutation Square-wave Square-wave Sine-wave Sine-wave
AC input voltage | 100-127 V 100-240 V 100-240 V 100-240 V
For countries or | For countries or | For countries or
regions with | regions with | regions with
unstable power | unstable power | stable power
distribution distribution distribution
Recommended | TPD4151F TPD4152F TPD4204F TPD4206F
IPD (250V/1A) (600V/0.7A) (600V/2.5A) (500v/ 2.5A)
Recommended N/R N/R TB6634FNG TB6634FNG

Reference design

Click Here

Click Here

Click Here

Click Here

Reference guide

This document

RD017-RGUIDE-
02

RDO018-RGUIDE-
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1. Overview

A motor is a generic name of machine designed to convert electric energy into mechanical energy.
When an electric current flows through a motor’s coil, magnetic fields are produced. The rotor of the
motor spins as magnets in the rotor are attracted and repelled by the magnetic fields. The direction
of motor rotation can be changed by controlling the direction of the electric current.

In line with the low power consumption requirement of home appliances and increasing vehicle
electrification, the importance of motors is growing dramatically. There are various kinds of motors.
For example, brushed direct-current (DC) motors are commonly used in automotive applications,
toy trains and so on. Nowadays, brushed DC motors are the most widely used due to their excellent
controllability, high efficiency, ease of size reduction, and low price. Stepping motors, which are also
in widespread use, are characterized by their high accuracy. For example, industrial precision
machines require high positioning accuracy, which is enabled by stepping motors. In addition,
stepping motors ensure repeatability of movement. The stepping motors found in air-conditioner
louvers also feature long service life and quiet operation.

Brushed DC motors use brushes to send electric currents to coils. A motor’s rotor has several coils,
and a commutator is attached on the motor shaft. The commutator is a rotating electrical switch
that reverses the current direction in the rotor coils periodically. The commutator is connected to the
coils rotating inside magnetic fields. As a coil rotates, it makes contact with one brush on the power
supply side. At this point, the commutator reverses the direction of current through the coil. The
commutation sequence is controlled to produce an even torque.

In contrast, BLDC motors do not use any brush (i.e., mechanical contactor) or commutator to
change the current direction. Instead, BLDC motors rely on sensors and electronic circuits
(collectively called a “driver”). Current commutation using an electronic motor driver was enabled
by the progress of semiconductor devices. Being similar in the principle of operation, brushed and
BLDC motors have almost the same current-to-torque and voltage-to-rpm relationships. However,
as the structure of BLDC motors is similar to that of alternating-current (AC) motors, BLDC motors
provide the combined advantages of both DC and AC motors. BLDC motors are small, provide high
output power, generate no internal spark or noise due to brushes, have a long service life being free
from mechanical wear, and exhibit low energy loss. Therefore, BLDC motors are widely used for
various applications including computers and home appliances. Table 1.1 compares various types of
motors.
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Table 1.1 Comparison of various types of motors

Brushed DC .
BLDC motors Stepping motors AC motors
motors
Efficiency 60 to 80% >80% 60 to 70% 40 to 80%
Size Small Small Medium Large
Electronic ] ]
o N/R Required Required N/R
circuit
Service life Short Long Long Long
Brushes Y N N N
Air conditioners, i
_ Robots, small home Washing
o washing ] _
Application Toys, small ) appliances, machines,
, machines, small | . . " .
S home appliances h industrial precision electric fans,
ome
] machines vacuum cleaners
appliances

As described above, BLDC motors can operate at high efficiency due to low energy conversion loss.
In recent years, manufacturers of home appliances and other consumer products have been under
pressure to further reduce their power consumption, driving the widespread use of efficient BLDC
motors. For example, a three-phase BLDC motor is commutated using six switching devices. There
are two major control techniques for three-phase BLDC motors: 120-degree square-wave control
and 180-degree sine-wave control. A square-wave control technique generates square motor
winding currents in such a manner as to energize each phase winding for 120 electrical degrees
whereas a sine-wave control technique controls sine-wave currents to energize each phase winding
for 180 electrical degrees. Figure 1.1 shows examples of phase currents for square- and sine-wave
control.

“nand AN
WV WAL YV VY

(A) Square-wave control (b) Sine-wave control

Figure 1.1 Phase current examples
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Table 1.2 summarizes the characteristics of 120-degree square-wave control and 180-
degree sine-wave control.

Table 1.2 Characteristics of square-wave and sine-wave commutation

Square-wave (120-degree) Sine-wave (180-degree) control

control
Noise/vibration Moderate Low
Efficiency Moderate High
Ease of design Simple control, small board area Complicated cgp;gol, large board
. . Composed of a PWM controller
Other Configurable only with an IPD and an IPD

The TPD4151F incorporates a PWM controller, a three-phase distribution circuit, a level-shifting
high-side driver, a low-side driver, and output IGBT/fast-recovery-diode (FRD) pairs. The TPD4151F
can directly drive a BLDC motor, without the need for an external PWM controller IC, using square-
wave control based on inputs from Hall sensors or a Hall IC. Since the integrated IGBTs and FRDs
have a maximum rated voltage of 250 V, the TPD4151F can be used for motor applications with a
100-127 VAC input. In addition, the TPD4151F incorporates overcurrent protection, thermal
shutdown, and undervoltage protection, which make it possible to reduce design resource of
peripheral circuits.

Housed in the small HSSOP31 surface-mount package, the TPD4151F helps reduce the size and
thickness of a motor control board, providing greater flexibility in incorporating the board into a
motor casing and thereby reducing the size of the motor assembly.

This reference guide describes applications of the TPD4151F and design considerations for driving
a BLDC motor with the TPD4151F together with Hall sensors or a Hall IC.

For details of the TPD4151F, see the datasheet.

To download the datasheet for the TPD4151F — Click Here
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1.1. Target applications

Applications using a motor with an output power of 30 W or less (motor control in inverter
systems)
@ Air conditioners (indoor and outdoor unit fans)
® Air purifier fans
® Washing machine pumps

Circuit example

VBB

Three-
phase

Brushless
DC Motor

Rectifying
Circuit

A A A

Position
Detection
Signal
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2. Application circuit example and the bill of materials
2.1. Application circuit example

Figure 2.1 shows an application circuit example for using a Hall IC whereas Figure 2.2 shows an
example for using Hall sensors.

Verc W Vi .
e ""nl
T 1 ;
t - t J_ L
FRE 3RS FR7T ERnl s cE TOSHIBA
Cannect o l I TPD4151F
Hall IC &f mator GHD GND
11 I |—-|
- — !
U-phase_Hall_Input - k] Yoz [ ] c1 = Cr = L3
W-phase Hal_Input - Al . [ ..:.l.
Wephase_Mall_Input [ | . - > U-phase
' - : 1 -
e i . P | {0 -phase
e o W phuage
= -3 21
fe] - . B I Connect to the metor
H[EM) =W mer ] R, S—
[EW=C e H ! ol -
L (GREDY = .1'.—'_ T ey e f— | E iz £
CHCEW CONT [ H E v fr— E ‘E Ry 1
Ratation_infarmation (|} 2 g3 €4 | €18 L ! :
e I T -
R4 A ]: ’ o o o e =
GHD GHD GHD GND | GHD  GND  GhD
c14 |
Frequency Sathng of WM i Chdf Curment S-El'tll'ig
[Forrula] Fom0.65/(C4xR2 +4.25k)) [Hz] [Farmula] lo=VR/R1
GHO [Conditions] R2& 9 [k] [Corditeon] V=0, 8 [(tvp.)
B \ [Result] fem200.8 [kHEZ] [Comditesn ] a0, FIA]
\_ [Result] lo=0.609 [A] y

Figure 2.1 TPD4151F application circuit for using a Hall IC

Inside of the motor

v Ve
<
L
e
- . TOSHIBA
TPC4151F
GND GND 14 [ ﬂ_
R3 5 i 53 1 1 =3 =3
Vi Feow = T
= ! - . O U-phase
v H | L > v-phase
v > w-phase
CWHCEW_CONT = ] " 151 Y
I T o 15 T Ll t Motor
L (GND)=CE ,,_l"'-- eMi=Lw Commect [0 the Mot
ko § N CETES TTE
RieRation _informaticn G—I 0% o r i==g12 == i3
oC_ T [O—th——y [ TR e I ¥ €l i
; A | ' e = T
1 | Eno 4 = 15 e == i I
i ! : s | i :
R - W
LR by T -.’::\.:Tl GHD |'.T.|:?:- I.TNF:-:I -:-.F',:L ,_:_:17.
Frequency setting of FWH Orver current setting
[Formula] Fem0 68 {Cdn(R2 +4.25k])) [Hz] [Forrmuda] lo=yRoa
[Condzions] Rz 9 k) [Condaion] Vit=0,54 (tyD.)
[Resuk] fem20.8 [kHz] [Condition] lo0.714]

|ResuR] lo=0,605 [&]

Figure 2.2 TPD4151F application circuit for using Hall sensors
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2.2. Bill of materials
Table 2.1 Bill of materials for using a Hall IC (Figure 2.1)
Typical
No. Ref. Qty Value Part Number | Manufacturer Description Packaging | Dimensions
mm (inches)
1 IC1 1 - TPD4151F TOSHIBA HSSOP31 |17.5x11.93
6.3x3.2
2 R1 1 820 mQ | SL1TTERS85F KOA 1W, £1% -
(2512)
1.6 x0.8
3 R2 1 27 kQ 200 mW, 1% -
(0603)
1.6 x0.8
4 R3 1 5.1 kQ 200 mW, 5% -
(0603)
1.6 x0.8
5 R4 1 100 Q 200 mW, 5% -
(0603)
1.6 x0.8
6 |R5 R6,R7| 3 5.1 kQ 200 mW, £5% -
(0603)
1.6 x0.8
7 R11, R12 2 4.7 kQ 200 mW, 1% -
(0603)
Ceramic, 25V, 2.0x1.2
8 |C1,C2,C3| 3 2.2 UF -
+10% (0805)
Ceramic, 25V, 1.6 x0.8
9 C4, C14 2 1nF -
+10% (0603)
Ceramic, 25V, 1.6 x0.8
10 C5 1 10 pF -
+20% (0603)
Ceramic, 25V, 1.6 x0.8
11 C6, C15 2 100 nF -
+10% (0603)
. Polypropylene Film,
12 | C12,C13 2 1 pF ECQE6105KF| Panasonic DIP
630V, £10%
©2019 9/22 2019-04-02
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Table 2.2 Bill of materials for using Hall sensors (Figure 2.2)

Typical
No. Ref. Qty Value | Part Number | Manufacturer Description Packaging Dimensions
mm (inches)
1 IC1 1 - TPD4151F TOSHIBA HSSOP31 |17.5x11.93
6.3x3.2
2 R1 1 820 mQ | SLITTER85F KOA 1W, £1% -
(2512)
1.6 x0.8
3 R2 1 27 kQ 200 mW, £1% -
(0603)
1.6 x0.8
4 R3 1 5.1 kQ 200 mW, £5% -
(0603)
1.6 x0.8
5 R4 1 100 Q 200 mW, £5% -
(0603)
R5, R6, R7 1.6 x0.8
6 6 300 Q@ 200 mW, £5% -
R8, R9, R10 (0603)
Ceramic, 25V, 2.0x1.2
7 C1,C2,C3 3 2.2 uF -
+10% (0805)
Ceramic, 25V, 1.6x0.8
8 C4, C14 2 1nF -
+10% (0603)
Ceramic, 25V, 1.6x0.8
9 C5 1 10 pF -
+20% (0603)
Ceramic, 25V, 1.6x0.8
10 C6, C15 2 100 nF -
+10% (0603)
. Polypropylene Film,
11 C12,C13 2 1 puF ECQE6105KF| Panasonic DIP
630V, £10%
12 S1, S2, S3 3 HW-101A ASK Hall Sensor 4S0P 2.9x2.9
© 2019 10/ 22 2019-04-02
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3. Control method

Figure 3.1 shows a timing chart for motor control.

HU

Hall amp input HV

HW

VU

Output voltage
VW

Rotation pulse FG

T (3 pulses / cycle)

Note: The High state of the Hall amplifier indicates a condition in which H*+ is greater than H*-. (*: U/V/W)

Figure 3.1 Timing chart
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3.1. Calculating the rpm of a motor

The revolutions per minute (rpm) of a motor can be calculated by measuring the period of an
output rotation pulse shown in Figure 3.1.

RS = 60 ><2><F
B P

where:
RS: Motor rotation speed (rpm)
T/3: Rotation pulse period
P: Number of motor poles
F: Frequency (= 1/T)

Calculation example: When the frequency of the output rotation pulse for an eight-pole motor is
measured to be 300 Hz

300

RS = 60 x 2 X %= 1500rpm

3.2. Controlling the rpm of a motor

The motor rpm can be controlled via the DC voltage applied to the Vs pin.
Figure 3.2 shows the relationship between the Vs voltage and the motor rpm.

Calculation example: When the maximum speed of a loaded motor is 1000 rpm
A 20.8-kHz triangular wave is generated when R2 = 27 kQ and C4 = 1 nF.
The PWM pulse width can be adjusted via the voltage applied to the Vs pin. When Vs = 3.8
V, the PWM duty cycle is 55%, which gives a motor speed of 550 rpm.
*  The motor rpm should be measured using hardware since there is some error depending
on the motor characteristics.
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Vs voltage
4 Maximum
o rotation
5.4 (V) =Duty 100% i i
Triangular
wave C
Rotation
¥ control
3.8 |:.'-,‘.'|‘: —DLIL‘:,' L i e . W, S — _._._._._._.Ji._.
B
2.1 (V) =Duty 0% “M' :
inimum
{ rotation
1.3 (V) = V. Off
IH Stop
GND >
Time

Figure 3.2 Controlling the motor rpm via the VS voltage

The TPD4151F incorporates a bootstrap circuit that supplies power to the high-side drivers. When
the Vs voltage is equal to or greater than 1.3 V (typical), the TPD4151F allows the output IGBTs to be
turned on and off. At this time, while a high-side IGBT of a given phase is off, the bootstrap circuit
turns on the corresponding low-side IGBT to charge the bootstrap capacitor associated with it.
However, when the Vs voltage exceeds 3.8 V typical (i.e., the high-side duty cycle exceeds 55%), the
TPD4151F keeps the corresponding low-side IGBT off in order to prevent cross conduction, or shoot-
through, between the high-side and low-side IGBTs of the same phase. Even during this period, a
regenerative current flows through the parallel diode of the low-side IGBT due to high-side PWM
operation, charging the bootstrap capacitor. However, at a duty cycle of 100%, there is no
regenerative current that charges the bootstrap capacitor. Therefore, the voltage of a bootstrap
capacitor continually decreases during a PWM operation at a duty cycle of 100%. This voltage drop
should be considered if the PWM duty cycle is set to 100%. Table 3.1 describes the charging of the
bootstrap capacitor when the Vs pin is in different voltage ranges.

Table 3.1 Charging of bootstrap capacitors in different Vs voltage ranges

Vs voltage .
range Output IGBT operation
A Both the high-side and low-side IGBTs are off.
Charging operation range. While the high-side IGBT of a given phase is off, the
B corresponding low-side IGBT turns on periodically to charge the associated

bootstrap capacitor.

No charging operation range.The output IGBTs are not charged. The high side
C performs a PWM operation as shown in the timing chart. When a high-side IGBT
is off, charging operation by the corresponding low-side IGBT does not work.
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3.3. Hall sensors and Hall ICs

The rotor position in @ motor is detected using Hall sensors, a Hall IC, or a linear Hall IC, all of
which are based on the Hall effect. When a magnetic field is applied perpendicular to a current
flowing in an electrical conductor, a voltage difference is produced across the conductor, transverse
to the current flow. This phenomenon is called the Hall effect. Hall sensors, Hall ICs, and linear Hall
ICs are non-contact sensors that vary their output voltage in response to a magnetic field according
to the Hall effect. It is important to select the sensors that best suit your application needs.

The next section describes the designing of a motor driver using Hall sensors in detail.

3.3.1. Using Hall sensors

There are various types of Hall sensors with different characteristics. Examine their specifications
to select the optimal one. Hall sensors could burn up at high temperature, depending on their
temperature characteristics. To prevent this problem, it is recommended to add Hall bias resistors
as shown in Figure 3.3. Appropriate Hall bias resistors must be selected so that the maximum input
current to the Hall sensor falls within its safe operating area, an example of which is shown in Figure
3.4. It is recommended to use resistors with the same value for Ra on the power supply side and Rg
on the GND side.

Input Resistance_ |
Rin : 240~5500

20

N

Hall bias resistor Ra < l Iina

Hall sensor_O— H+

H-

Hall bias resistor Rs % .
[ -60 —-40 -20 O 20 40 60 80 100 120
Ambient Temp (°C)

N

10

Safe operating area

Input Current (mA)
A

Figure 3.3 Hall bias resistors Figure 3.4 Temperature characteristics of a Hall sensor
(HW-101A)

Calculating the Hall sensor bias current
The following exemplifies how to calculate the Hall sensor bias current for the HW-101A from
Asahi Kasei Corporation.

Design conditions

The power supply from the Vres pin is used for the HW-101A.
Operating temperature range: -40 to 110°C

Ra and Rg have a tolerance of £5%.

The safe operating area shown in Figure 3.4 indicates that, at 110°C, the maximum current that
provides the best performance is 10 mA. Therefore, we are going to use the center value, 5 mA, for
this design example.

©2019 14/ 22 2019-04-02

Toshiba Electronic Devices & Storage Corporation
Rev. 2




TOSHIBA

RD020-RGUIDE-02

The values of the Hall bias resistors Ra and Rg can be calculated as follows:

VREG

Ry + Ry + Rin = 7=
mn

where:
Ra, Re: Hall bias resistors

Rin: Input resistance of the Hall sensor
Iina: Input current to the Hall sensor
Vreg: Regulator output voltage

Hence, (Ra + Rs + Rin) is calculated to be 1000 Q.

. . G .
It is recommended to set the bias voltage across Ra and Rg to when a motor is de-

energized. Under this condition, Ra=Rgs. Hence,

2R+Rin = 1000 Q
Rin_Max = 500 Q

2R = 1000-500 = 500 @
R =500/2 = 250 Q

Here, let’s use resistors of the E24 series, considering availability. Therefore, R = 300 Q. Next,
it is necessary to determine whether the HW-101A operates inside its safe operating area with R
= 300 Q, referring to the HW-101A datasheet. The Iina value becomes maximum when Ri, is 100
Q at 110°C (Figure 3.5), Ra and Rg are minimum, and Vrec is maximum. Hence:

5.5
[, =—=8.2 (mA
IMA ™ 585%x24+100 (MA)

Therefore, the HW-101A falls inside the safe operating area over the temperature range from -
40°C to 110°C.
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Figure 3.5 R;, vs temperature curve of the HW-101A

* Modify the design according to the temperature range in which the HW-101A is used and
perform verification with actual hardware. The above calculation is intended merely as an
example.

3.3.2. Using a Hall IC

In addition to Hall sensors, the TPD4151F allows the use of a Hall IC. When the Hall IC has an open-
drain (or open-collector) output, pullup resistors must be added, as shown in Figure 3.6. In this case,
the Hall amplifier inputs can be derived from the output of the voltage regulator (Vreg) incorporated
in the TPD4151F. Figure 3.7 shows an example of the Vgres characteristics. Since the maximum Hall-
amp common-mode input voltage of the TPD4151F is specified as 8 V, the maximum amplitude must
be less than 8 V. The reference voltage should be one-half of the input voltage to ensure that the
Hall IC output is read correctly.

The Hall IC shown in Figure 3.6 has an open-collector output. The pullup resistors are unnecessary
when the Hall IC has a push-pull output.

Vres=6 (V)
Signal
§ 5.1 kQ §4.? kQ )
Hall IC ” 6 (V)
() ) o

J H-| TPD4151F eference

_l.- Reference p—ro(y | 7T SRR PPN R 3 (V)

1 valtage
™ 24.7 kQ

i —_— Time

Figure 3.6 Pullup resistors Figure 3.7 Example of output characteristics
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4. Design considerations

The required bootstrap capacitor value varies, depending on the motor drive conditions.
Although the TPD4151F operates at above the Vas undervoltage protection threshold, it is
recommended to provide at least 13.5 V across the bootstrap capacitor in order to reduce the
IGBT power loss. The capacitor is biased by Vcc and must be sufficiently derated.

The overcurrent detection threshold is given by:
% at Vg = 0.5 V (typical)

R1
The maximum overcurrent detection threshold should be set to 0.7 A.

Io =

In the application circuits shown in Figure 2.1 and Figure 2.2, the combination of C4 and R2
determines the PWM frequency. For example, when C4 = 1000 pF and R2 = 27 kQ, the PWM
frequency is roughly 20 kHz. The IC-intrinsic error is around 10%. The PWM frequency is
approximated as follows. However, the stray capacitance of the printed circuit board should

be taken into consideration.
£ = 0.65
€ 7 C4(R2+4.25k0)

R2 produces a reference current for the PWM triangular wave charge/discharge circuit. If R2

(Hz)

is too small, the reference current exceeds the current-carrying capacity of the IC's internal
circuit, causing the triangular wave to be distorted. R2 should be at least 9 kQ.

The above triangular wave oscillator charges and discharges a tiny current via external C4 and
R2. Therefore, a board-level noise could cause the triangular wave to be distorted or the
TPD4151F to malfunction. To prevent this, it is effective to place external parts as close as
possible to the TPD4151F package leads or isolate them from board traces that carry a large
current.

In the application circuits shown in Figure 2.1 and Figure 2.2, C5 helps stabilize the control
power supply whereas C6 helps stabilize the Vrec power supply. Adjust the values of these

capacitors according to the actual usage conditions of the TPD4151F. Place C5 and C6 as close
as possible to the TPD4151F package leads to minimize noise.

The FG pin is an open-drain output. When unused, the FG pin should be connected to GND.

If noise is detected at input signal pins, add a capacitor between inputs.

Use indium-antimonide Hall sensors. Set the peak output voltage of Hall sensors above 300
mV.
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® At power-up and power-down, ensure that Vs is lower than VVsOFF (i.e., all IGBT outputs are
off). The order of Vcc and Vag is insignificant. Note that even when Vcc and Ves are powered
down as described above, the TPD4151F might be permanently damaged if the Vegs line is
disconnected by a relay or other means while the motor is running because this blocks a current
recirculation path to Vas.

® The TPD4151F has a forward/reverse selection pin (FR). Change the rotation direction while
the motor is at a standstill with the Vs voltage being equal to or less than 1.1 V. The following
problems might occur if you change the rotation direction while the motor is still rotating:

The motor shaft might be distorted by application of excessive stress.

The output IGBTs might be destroyed by a shoot-through current due to cross conduction.

Both high-side and low-side IGBTs could be on for a brief period while they are switching. Then,

excessive current might flow through a path that is not protected by the overcurrent protection

circuit and permanently damage the device.

® The PWM generator of the TPD4151F is controlled by switching on and off the high-side IGBTs.

® If a motor is locked when the Vgg voltage is low and the PWM duty cycle is 100%, it might
become impossible to restart it after the load is released. This is because when the bootstrap
voltage decreases due to the long “on” time of the high side immediately prior to the motor
lock, the high-side undervoltage protection circuit trips, turning off the high-side output. If this
occurs, the motor cannot be restarted since the TPD4151F cannot generate a level-shifting
pulse to turn on the high side. The TPD4151F generates a level-shifting pulse from edges of
either the Hall sensor output or the internal PWM signal. However, these edges are unavailable
after the motor-lock and 100%-duty-cycle commands. In order to restart the locked motor, it
is necessary to 1) raise the high-side power supply to a voltage at least 0.5 V higher than the
undervoltage protection threshold and 2) apply a high-side input signal. Since the TPD4151F
generates a high-side input signal from the level-shifting pulse as described above, a motor can
be restarted by setting the PWM duty cycle to less than 100% or externally turning the motor
to generate edges on the Hall sensor output. In order to make it possible for a system to restart
a locked motor, the rotation of a motor should be constrained by a maximum PWM duty cycle
of less than 100% according to the motor specification.
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5. Product overview

5.1. Overview

The TPD4151F provides simplified variable-speed control of a BLDC motor based on the inputs
from a Hall amplifier or a Hall IC. The TPD4151F incorporates IGBTs and features small size.

Overview
® Isolates high-voltage pins and low-voltage control pins on the opposite sides of the
package
A bootstrap circuit, eliminates the need for a power supply for the high-side driver
Incorporates bootstrap diodes
Incorporates a PWM generator and a three-phase distribution circuit
Outputs rotation pulse signals
Incorporates a three-phase bridge composed of IGBTs
Incorporates fast-recovery diodes (FRDs)
Provides overcurrent protection, thermal shutdown, and undervoltage protection
Compatible with Hall amplifier and Hall IC inputs
Package: HSSOP31 (17.7 mm x 11.96 mm x 2.2 mm (maximum))

5.1.1. External view and pin assighment

External Product Marking (top view)

Part Number

g

\&TPDdlSlF
LOooooo
Lot code 6
(Weekly Code)

+Assembly Code II " |_| I_I I.| I,I I,I I.”.I

Figure 5.1 External view and marking of the TPD4151F
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5.1.2. Internal block diagram
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Figure 5.2. Internal block diagram of the TPD4151F
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5.1.3. Pin description
Table 5.1. Pins of the TPD4151F

Pin no. Symbol Description
1 IS2 IGBT emitter/FRD anode pin
2 W Phase-W output pin
3 BSW Phase-W bootstrap capacitor connection pin
4 Vas High-voltage power supply pin
5 BSV Phase-V bootstrap capacitor connection pin
6 \Y, Phase-V output pin
7 Is1 IGBT emitter/FRD anode pin
8 NC No-connect pin, which is not connected to the internal chip
9 U Phase-U output pin
10 BSU Phase-U bootstrap capacitor connection pin
11 GND Ground pin
12 NC No-connect pin, which is not connected to the internal chip
13 NC No-connect pin, which is not connected to the internal chip
14 RS Overcurrent detection pin
15 Vs Speed control input pin (PWM reference voltage input)
16 Reer Pin for setting a PWM triangle wave frequency (Connect a resistor to
this pin.)
17 oS Pin for setting a PWM triangle wave frequency (Connect a capacitor to
this pin.)
18 Vce Control power supply pin
19 VReG 6-V regulator output pin
20 FG Rotation pulse output pin
21 NC No-connect pin, which is not connected to the internal chip
22 FR Forward/reverse selection input pin
23 HW- Phase-W Hall amplifier input pin (A Hall IC can be used.)
24 HW+ Phase-W Hall amplifier input pin (A Hall IC can be used.)
25 NC No-connect pin, which is not connected to the internal chip
26 HV- Phase-V Hall amplifier input pin (A Hall IC can be used.)
27 HV+ Phase-V Hall amplifier input pin (A Hall IC can be used.)
28 HU- Phase-U Hall amplifier input pin (A Hall IC can be used.)
29 HU+ Phase-U Hall amplifier input pin (A Hall IC can be used.)
30 NC No-connect pin, which is not connected to the internal chip
31 GND Ground pin
© 2019 21 /22 2019-04-02

Toshiba Electronic Devices & Storage Corporation

Rev. 2



TOSHIBA

RD020-RGUIDE-02

Terms of Use

This terms of use is made between Toshiba Electronic Devices and Storage Corporation (“We”) and customers who use
documents and data that are consulted to design electronics applications on which our semiconductor devices are mounted (“this
Reference Design”). Customers shall comply with this terms of use. Please note that it is assumed that customers agree to any
and all this terms of use if customers download this Reference Design. We may, at its sole and exclusive discretion, change, alter,
modify, add, and/or remove any part of this terms of use at any time without any prior notice. We may terminate this terms of
use at any time and for any reason. Upon termination of this terms of use, customers shall destroy this Reference Design. In the
event of any breach thereof by customers, customers shall destroy this Reference Design, and furnish us a written confirmation to

prove such destruction.

1. Restrictions on usage

1. This Reference Design is provided solely as reference data for designing electronics applications. Customers shall not use this
Reference Design for any other purpose, including without limitation, verification of reliability.

2. This Reference Design is for customer's own use and not for sale, lease or other transfer.

3. Customers shall not use this Reference Design for evaluation in high or low temperature, high humidity, or high
electromagnetic environments.

4. This Reference Design 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.

2. Limitations

1. We reserve the right to make changes to this Reference Design without notice.

2. This Reference Design should be treated as a reference only. We are not responsible for any incorrect or incomplete data and
information.

3. Semiconductor devices can malfunction or fail. When designing electronics applications by referring to this Reference Design,
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 semiconductor
devices could cause loss of human life, bodily injury or damage to property, including data loss or corruption. Customers must
also refer to and comply with the latest versions of all relevant our information, including without limitation, specifications, data
sheets and application notes for semiconductor devices, as well as the precautions and conditions set forth in the "Semiconductor
Reliability Handbook".

4. When designing electronics applications by referring to this Reference Design, customers must evaluate the whole system
adequately. Customers are solely responsible for all aspects of their own product design or applications. WE ASSUME NO
LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.

5. No responsibility is assumed by us for any infringement of patents or any other intellectual property rights of third parties
that may result from the use of this Reference Design. No license to any intellectual property right is granted by this terms of use,
whether express or implied, by estoppel or otherwise.

6. THIS REFERENCE DESIGN IS PROVIDED "AS IS". WE (a) ASSUME 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 (b) DISCLAIM ANY AND ALL
EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO THIS REFERENCE DESIGN, INCLUDING WARRANTIES OR
CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR
NONINFRINGEMENT.

3. Export Control

Customers shall not use or otherwise make available this Reference Design 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). This Reference Design 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 this Reference Design are strictly prohibited except in compliance with all
applicable export laws and regulations.

4. Governing Laws
This terms of use shall be governed and construed by laws of Japan.
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