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Summary

The TC78B016FTG is a three-phase sine-wave PWM driver for brushless motors. It controls motor
rotation speed by changing the PWM duty ratio, based on the speed control input. Hall signal is supported

to three sensors.

This is a reference.
Please do not determine the final equipment design by this material.
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1. Power Supply Voltage

The absolute maximum rating of the power supply voltage (VM) is 40 V that must not be exceeded

even for a moment. Do not exceed any of these ratings.

Please use the IC within the operation range of the power supply voltage at VM terminal. When
the voltage of VM is less than 6 V, the output voltage of VREG sinks and then the IC may

malfunction.

Please use the IC within the VM voltage range of 6 V to 30 V.

Table 1 Absolute maximum ratings of power supply voltage (Ta = 25°C)

Characteristic Symbol Rating Unit
Power supply voltage VM 40 \%
Table 2 Power supply voltage usage range
Characteristic Symbol Min Max Unit
Power supply voltage VMopr 6 30 V

2. Output Current

The absolute maximum rating is 3 A that must not be exceeded, even for a moment. Design an
actual application system with the IC so as not to make the inrush current and the lockout current
exceed the absolute maximum ratings, especially when a motor starts up and gets stuck in the

lockout.

Available average output current changes depending on the usage conditions (ambient
temperature, mounting board method, and so on). Design an actual application system with a
sufficient margin in order that Tj does not exceed 150°C.

3/17
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in using the motor

3. Notes

Please use the motor whose phase relation between a hall sensor and induction voltage

corresponds to the following timing chart.
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4. Auto lead angle

Lead angle is controlled by SEL_LA terminal.

When SEL_LA =72, lead angle is controlled by phase-control system (auto lead angle).

The phase-control system (auto lead angle) makes the phase of the motor current match that of the
induction voltage based on the hall signal automatically. This function is able to improve the
efficiency of a motor automatically even when the conditions such as the motor rotation speed and
the motor current change. Adjust the off-set appropriately, in case the motor efficiency needs being
optimized, for example, when there is any misalignment of the hall elements or hall ICs.

Adjust the off-set by the voltage applied to LA terminal in order to minimalize the current as
monitoring either the average current of the motor output or the current of the power supply under
the same conditions of the rotation speed and the load.

Default setting: LA=0 (off-set: 0 degree)
Lead angle adjustment: LA=0 to 3.125 V (off-set: -30 to +30 degree)

5/17 2021-6-10
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5. Application circuit example
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Figure 1 Application circuit example of the TC78B016FTG
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(1) Capacitor for VM terminal

Take the VM wiring pattern on a print circuit board widely because large current flows from the
power supply to the motor through VM terminal.
Connect an appropriate capacitor between VM terminal and PGND to stabilize the supply voltage
and reduce the noise.
Moreover, place the capacitor as close to the IC as possible. In particular, the power supply
variation and the noise, which generate at high frequency, can be effectively reduced by connecting
ceramic capacitors (0.01 to 1 pF) in parallel near the IC.

Table 3 Capacitor of VM terminal

Item Parts Typ. Recommended
range
Between VM and PGND Ceramic/electrolytic capacitor 10 pF 2.210 47 yF

Notes: It is possible using capacitors other than a recommendation value which exclude each part depending on the motor
load conditions and the board pattern, etc.

(2) Capacitor for VREG terminal

Please connect the capacitor of 0.1 pF between VREG and SGND as close to the IC as possible in
order to reduce the noise and the fluctuation of the voltage at VREG terminal.

Table 4 Capacitor of VREG terminal

ltem Parts Typ.
Between VREG and SGND Ceramic capacitor 0.1 yF

(3) Setting OSCCR terminal

OSCCR terminal sets reference oscillating frequency.

Please connect the capacitor of 360 pF between OSCCR terminal and SGND as close to the IC as
possible not to be influenced by noise and wiring impedance. Moreover, please connect the resistor of
27 kQ between OSCCR terminal and VREG as close to the IC as possible. 27 kQ (typ.) and 360 pF
(typ.) should be adopted as an external capacitor and resistor respectively. Please select the resistor
and capacitor high-precision as much as possible. When their accuracy is low, the setting time and
the frequency might be different from the typical values greatly. Recommended accuracy of the
capacitor X resistor is £30 % or less including the temperature characteristics. (When the accuracy of
the capacitor is £20 %, please apply the resistor whose accuracy is £5 % or less.)

In addition, internal oscillating frequency can be indirectly checked by measuring the frequency of
OSCCR terminal. Internal oscillating frequency and frequency of OSCCR terminal can be gained
from the following formula. When internal oscillating frequency is 13 MHz, the frequency of OSCCR
terminal is 406.25 kHz.

Internal oscillating frequency [MHz] = Frequency of OSCCR terminal [kHz] x 32 x 1000

7117 2021-6-10
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(4) Setting RS terminal
Please configure the limit current of the motor output by connecting the detecting resistor between
RS terminal and PGND.
The relation of output current (IouT) and detecting resistor (R1) is calculated from following formula.
Iour = Vrs/ R1
Detecting voltage for over current (VRs): 0.225 V (min), 0.25 V (typ.), and 0.275 V (max)
e.g.) When resistor of R1 is configured 0.3 Q, Iout (typ.) = 0.25 V (typ.)/0.3 Q=0.83 A
Please select the external parts with enough margins because high current flows in the
detecting resistor (R1). In motor operation, the power on the detecting resistor (P) is calculated
as follows; P (max) =0.275 V X 0.275 V/ R1. For example, when R1 is 0.3 Q, then P becomes 0.252
W. So, please apply an appropriate resistor which has the rated power of 0.5 W or more.

A i
WY l

%é —| —| N\ U MOTOR
Detecting || | Detecting Detecting
circuit circuit ircuit

Detecting || | Detecting Detecting
Masking time circuit
1.2ps (typ.) _|
Voci = 0.25 V (typ.)

circuit circuit

_ )
RS
R1 l'OUT
(5) Setting TSTEP terminal

Set the time until the duty of input control signal to TSP/VSP terminal is reflected to the output
duty during the increase or decrease of the duty of input control signal by connecting the capacitor
at TSP/VSP terminal. It controls rapid change of the motor rotation speed.

Please connect the capacitor between TSTEP terminal and SGND to configure the time until the
duty of input control signal of TSP/VSP is reflected to the output duty.

When the value of duty command, which is configured by input signal of TSP/VSP terminal,
changes, time until the difference of 2.5 % is reflected to the output duty is calculated from following
formula.

Reflecting time = 32 x 0.313 x C x 10° [g]
When the external capacitor is 0.01 pF, the reflecting time i1s about 0.100 s.

ISD

Masking time | |
1.9 ps (typ.)

mm

10

0.1

Reflecting time [s]

0.001

0.0001
0.00001 0.0001 0.001 00 01 1

External capacitor [uF]

Figure 2 Relation between external capacitor and reflecting time to output duty
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(6) Setting FG_OUT and LD_OUT terminals

It is an open-drain output. So, the voltage should be pulled-up by either the external power supply
or a pull-up resistor to VREG terminal to output high level.

When pulling up to the VREG terminal, it is recommended to connect the resistor of 1 kQ to 100
kQ. When pulling up to the external power supply, do not exceed absolute maximum rating.

(7) Setting TSP/VSP terminal

Please input signal of output PWM duty command. In controlling the analog voltage by setting
SEL_SP terminal ”2”, connect the pull-down resistor between TSP/VSP terminal and SGND
externally. It is recommended to connect the pull-down resistor of 10 kQ to 100 kQ.

(8) Setting TEST terminal

It is a terminal for shipping test of the IC. Be sure to set to a low level. It is recommended to
connect TEST terminal to SGND. It incorporates the pull-down resistor of 100 kQ. However, in
setting it open, it is concerned that the terminal voltage rises rapidly influenced by board wirings.
In setting it open unavoidably, please confirm that IC terminal voltage is 0.8 V or less.

(9) Setting CW/CCW terminal

Connect this terminal to VREG terminal and SGND, or input the external control signal. In
connecting to VREG terminal, the voltage becomes H level. In connecting to SGND, the voltage
becomes L level. Please confirm the voltage of the IC terminal is 0.8 V or less in setting it open
unavoidably, though pull-down resistor of 50 k€ is incorporated.

(10) Setting BRAKE terminal

Connect this terminal to SGND, or input the external control signal. In connecting to SGND, the
voltage becomes L level. Please confirm the voltage of the IC terminal is 0.8 V or less in setting it
open unavoidably, though pull-down resistor of 50 kQ is incorporated.

(11) Setting FST, SEL_SP, and SEL_LA terminals

Configure the voltage by resistive dividing voltage between VREG terminal and SGND, or connect
these terminals to VREG terminal or GND terminal. In setting them open, the function becomes
middle level. So, please evaluate the IC on the actual board enough before setting them open. It is
recommended to connect the resistor of 10 kQ to 100 kQ between VREG terminal and SGND.

(12) Setting SEL_FG, MIN_SP, LA, FPWM, and SEL_LD terminals

Configure the voltage by resistive dividing voltage between VREG terminal and SGND, or connect
it to VREG terminal or GND terminal. It is recommended to connect the resistor of 10 kQ to 100
kQ between VREG terminal and SGND.

(13) Setting MVM terminal

Configure the voltage by resistive dividing voltage between VM terminal and SGND. When this
function is not used, please connect it SGND terminal. It is recommended to connect the resistor of
about 100 kQ between VM terminal and SGND.

9/17 2021-6-10
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(14) HUP, HUM, HVP, HVM, HWP, and HWM terminals

Input hall signals to HUP, HUM, HVP, HVM, HWP, and HWM terminals. Select hall elements
or hall ICs to provide hall signals. Connect output terminals of U, V, and W, and the hall signal
terminals of HUP, HUM, HVP, HVM, HWP, and HWM, to the motor to have the relation shown in
the timing chart of “3. Notes in using the motor”.

<Notes in using the hall device>
*When 5 V-power supply of VREG supplies power to the hall element, add the limiting resistor to
the power supply terminal of the hall element in order to be within the maximum input
current of the hall element.
-To recognize switching of the hall signal correctly, the amplitude of the hall device should be 40
mV or more and the input voltage range should be 0.5V to 3.5 V.
-Hall amplifier has a hysteresis. When the amplitude of it is small, the phase gap of the
switching timing becomes large. So, please make the amplitude of it as large as possible.
-When the capacitor for reducing the noise of the hall signal is attached, please arrange it close
to HUP and HUM terminals, HVP and HVM terminals, and HWP and HWM terminals. The
recommended capacitor is 0.001 pF to 0.1 pF.

HUM
(HVM,HWM)  vs = 40 mV or more

HUP
(HVP,HWP)

< Notes in using the hall IC>
Please configure HUP, HVP, HWP, HUM, HVM, and HWM as follows;
(1) HUP, HVP, and HWP: Input voltage: H level = VREG, L level = SGND
HUM, HVM, and HWM: Input voltage: VREG/2 * Configure it with resistive dividing
voltage between VREG terminal and SGND.
(2) HUP, HVP, and HWP: Input voltage: VREG/2 * Configure it with resistive dividing voltage
between VREG terminal and SGND.
HUM, HVM, and HWM: Input voltage: H level = VREG, L level = SGND

VREG

e}
<
o
Input hall IC N

*) In case of V phase and W phase are also the same.

(15) Connecting U, V, and W terminals

Connect output terminals of U, V, and W, and the hall signal terminals of HUP, HUM, HVP,
HVM, HWP, and HWM, to the motor to have the relation shown in the timing chart of “3. Notes in
using the motor”.
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6. Notes in designing circuit board
In designing board patterns of VM, SGND, and PGND, please pay attention to following notes.

(1) Place the capacitor between VM and PGND close to the IC as possible.
Shorten the wiring length between the capacitor (between VM and PGND) and the IC
terminal as much as possible to make wiring impedance low.

(2) Place the capacitor between VREG and SGND close to the IC as possible.
In order to stabilize the VREG voltage, shorten the wiring length between the
capacitor (between VREG and SGND) and the IC terminal as much as possible to
make wiring impedance low. Especially, shorten the wiring length between the
capacitor and SGND terminal to reduce the path for flowing the switching current.

(3)Short-circuit each terminal of PGND and SGND near the IC.
Please refer the example of the following board layout.

<Board layout example >
Layout examples of VM, PGND, SGND, VREG, OSCCR, RS, HUP, HUM, HVP, HVM, HWP, and
HWM terminals are shown to simplify the description.

P wiring pattern
LD_OUT |[28] I 18
TEST E- ------------------------------------ -
SEL_LA |30] [16] MvM
MIN_SP [31]
SEL_SP |32] E-PAD
FPWM [33]
SEL_LD |[34] l
BRAKE |[35] e TSP/VSP
CW/CCW |36] O SEL_FG
[1] [2
-}
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<How to improve IC heat dissipation and reduce generation of heat >

* Increase the number of thermal Via.
Especially, the heat dissipation improves by arranging the thermal Via on the back of E-PAD of the
IC and by increasing the number of thermal via.

+ Enlarge the ratio of wiring cover of the board.
When the ratio of wiring cover of the board is enlarged, the temperature gradient of the board
surface is equalized and the heat dissipation improves.

» Decrease the output current of VREG terminal

When the resistor configured by resistive dividing voltage between VREG and SGND is enlarged
and the hall bias power supply is changed from VREG terminal to another power supply, the output
current of VREG is decreased and the consumption current of the IC is suppressed. So, generation
of heat is reduced.

12 /17 2021-6-10
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7. Power consumption

Power of the IC is consumed mainly by the logic block, the internal regulator, and output stages.

P(total) = P(logic) + P(reg) + Plout) ~  ====-- (Formula 1)
P (total) : Power consumption of IC
P (logic) : Power consumption of logic block
P (reg) :Power consumption of internal regulator
P (out) : Power consumption of output stages
Power consumption of logic block

It can be calculated as follows;
P(ogic) =VM xIM  seeees (Formula 2)

When IM (Typ) =6 mA, IM (Max) =8.5 mA, and VM=12V, from (Formula 2),
P (logic) Typ=12 V x 6 mA = 0.072 W, and P (logic) Max=12 V x 8.5 mA =0.102 W

Power consumption of internal regulator
When using Vreg power supply as a power supply of external parts, such as a hall device, the power
consumption of an internal regulator can be calculated as follows.

P(reg) = (VM — VREG) X IvRgg =~ ===*=" (Formula 3)

When VM=12 V, IvREG=15 mA (typ.), from (Formula 3), P (reg) = (12 V-5 V) X 15 mA=0.105 W

Power consumption of the output stages
It 1s calculated as follows;

P(out) = Tout(RMS)2 x RoN(H+L) x 1.5~ =x===- (Formula 4)

Ron (H+L) Typ=0.25 Q, and Ron (H+L) Max=0.33 Q,

When RMS value (Iout (RMS)) of the phase current of the motor is 1 A,

P (out) Typ =1A*2 % 0.25 Q x 1.5=0.375 W, and

P (out) Max =1A"2x0.33 Q x 1.5=0.495 W

Power consumption of the output stages depends on the conditions, such as the output peak current,
output duty, and so on. Above formulas are examples of calculations.

IC power consumption

When IvrREG=15 mA (typ.) and Iout (RMS) =1 A, the IC power consumption is gained from (Formula 1),
(Formula 2), (Formula 3), and (Formula 4) as follows;

P (total) Typ = P (logic) + P (reg) + P (out) = 0.072 W+0.105 W+0.375 W=0.552 W

P (total) Max = P (logic) + P (reg) + P (out) = 0.102 W+0.105 W+0.495 W=0.702 W

13 /17 2021-6-10
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8. Power dissipation

The relation of the ambient temperature (Ta), the junction temperature (Tj), and the heat resistance
(Rth G-a)) between the ambient temperature and the junction is as follows.
Tj=Ta + P (tota) X Rth (-a)
For example, Ta=40[°C], and P (total) =0.702[W],
When Rih (-2) = 30.5[°C/W] (board conditions: 4-layer FR4, 76.2 mm x 114.3 mm X 1.6 mm),
Tj = 40[°C] +0.702 W x 30.5°C/W = 61.411[°C]

The absolute maximum rating of junction temperature (T}) is 150°C. Permissible power consumption
(P (tota)) depends on Ta and Rth (-2). When ambient temperature is high, permissible power
consumption becomes small accordingly. When heat resistance is high, permissible power consumption
becomes small accordingly.

(Reference)  Relation of power dissipation and ambient temperature
In mounting on board (4-layer FR4 board, 76.2 mm X 114.3 mm X 1.6 mm) R¢h -a) = 30.5°C/W

Pb-Ta
4.0
N\,

I~ N,
2
a 3.0
o \
c \
S \\
® 20
o
2 \\
i) N,
© S
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[e]
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9. Land pattern dimensions (for reference only)
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Figure 3 Land pattern dimensions (for reference only): P-WQFN36-0505-050-001

On the actual designing of the PCB, please consider below conditions enough and decide the optimum
pattern.

- Solder bridge

- Solder joint strength

- Pattern accuracy when board is produced

- Heat radiation from lead consideration

- Installing accuracy of the machine equipped with IC

15/ 17 2021-6-10
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IC Usage Considerations

Notes on handling of ICs

(1)

()

The absolute maximum ratings of a semiconductor device are a set of ratings that must not be
exceeded, even for a moment. Do not exceed any of these ratings. Exceeding the rating(s) may
cause the device breakdown, damage or deterioration, and may result injury by explosion or
combustion.

Use an appropriate power supply fuse to ensure that a large current does not continuously flow in
case of over current and/or IC failure. The IC will fully break down when used under conditions that
exceed its absolute maximum ratings, when the wiring is routed improperly or when an abnormal
pulse noise occurs from the wiring or load, causing a large current to continuously flow and the
breakdown can lead smoke or ignition. To minimize the effects of the flow of a large current in case
of breakdown, appropriate settings, such as fuse capacity, fusing time and insertion circuit location,
are required.

Points to remember on handling of ICs
* (1) Over current Protection Circuit

Over current protection circuits (referred to as current limiter circuits) do not necessarily protect
ICs under all circumstances. If the over current protection circuits operate against the over current,
clear the over current status immediately.

Depending on the method of use and usage conditions, such as exceeding absolute maximum
ratings can cause the over current protection circuit to not operate properly or IC breakdown
before operation. In addition, depending on the method of use and usage conditions, if over
current continues to flow for a long time after operation, the IC may generate heat resulting in
breakdown.

* (2) Thermal Shutdown Circuit

Thermal shutdown circuits do not necessarily protect ICs under all circumstances. If the thermal
shutdown circuits operate against the over temperature, clear the heat generation status
immediately.

Depending on the method of use and usage conditions, such as exceeding absolute maximum
ratings can cause the thermal shutdown circuit to not operate properly or IC breakdown before
operation.
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TC78B016FTG

TOSHIBA Application Note

RESTRICTIONS ON PRODUCT USE

Toshiba Corporation, and its subsidiaries and affiliates (collectively "TOSHIBA"), reserve the right to make changes to the information in this
document, and related hardware, software and systems (collectively "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 AWRITTEN 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 ARESULT OF
NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.
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