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1. Introduction

This design guide (hereinafter referred to as "this guide") describes the reference design
(hereinafter referred to as "this design") of the Inverter for Cordless Power Tool.

In recent years, the power tool market has grown significantly beyond the sales of hand tools.
This growth is driven by expanding infrastructure in developing countries and the growing number
of do-it-yourself (DIY) enthusiasts. In addition, in recent years, advances in battery technology
have led to the cordless power tools with lighter weight, higher efficiency, and longer operating
times on a single charge, leading to a shift from corded to cordless power supply, improving
usability, portability, and safety. In addition, the number of motors used is increasing shifting from
brushed motors to high-output-power and high-efficiency brushless DC motors (hereinafter
referred to as BLDC motors). For these cordless power tools, it is important to design a motor
drive circuit that efficiently converts the electrical energy of the battery into mechanical energy.

We have developed the reference design of the motor drive circuit for the cordless power tools
that need to have small size and high efficiency with a limited battery capacity. In this design, two
types of circuits are available: Type 1 for 18V Li-ion batteries and Type 2 for 36V Li-ion batteries.
Therefore, this design also supports the models that increase the motor applied voltage (battery
voltage) to achieve higher output.

Three-phase gate driver IC TB67Z833SFTG with various built-in protection functions and

adjustable gate drive capability via SPI (Serial Peripheral Interface) communication drives six SOP
Advance package (5mm x 6mm) power MOSFETs on a small 55mm x 55mm board. Type 1 circuit
uses the 40V TPH1R204PB power MOSFETs, and Type 2 circuit uses the 80V TPH2R408QM power
MOSFETs. These latest-generation power MOSFETs have low on-resistance and contributes to
compactness and high efficiency. Current sensing is done using TB67Z833SFTG internal op-amp,
and overcurrent detection is realized using the TC75W58FU comparators.

This design is configured to assume control by an external MCU. The motor current sensing is
done by the 3-shunt method, which can also be used for sensorless control. In addition, it is
possible to switch the solder jumper on the board to create the 1-shunt configuration. Please use
this design with a control method and a current detection method suitable for actual application.
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2. Specifications and Block Diagram

The main specifications of this design are shown in Table 2.1.

Table 2.1 Specifications of This Design

Typel Type2
Board
For 18V Battery For 36V Battery
Item Value Unit
Output Power 200 400 w
Input Voltage 12 to 24 24 to 48 \Y
Average Current +£20 +£20 A
Maximum Peak Current +40 +40 A
Switching Frequency 20 20 kHz
Current Sensing Method 3-Shunt Method / 1-Shunt Method
Board Size 55mm x 55mm
o FR-4 2.0mm Thick, 2 Layer Configuration
Board Layer Composition i
105um Copper Thickness

The block diagram of this design is shown in Fig. 2.1.

' TPH1R204PB /

| 2 | TPH2R408QM
| v [ /
ol SPI N »  MOSFET |
< T > [ »] |
| Control Signals
(U/V/W/X/Y/]Z)
i ~ > Brushless
MCU Gate Driver [
P | EMG Signal > MOSFET
B T —>
| Overcurrent

TC75W5§rFU ’_H opamp | ﬁc' Shunt Resistor |
| |
| |

a
| Cu rrent,Sense Signals
| 3 Phase L

L (e |
|Circuit ” |

TB67Z833SFTG o =

Circuit

Fig. 2.1 Block Diagram of This Design

TB67Z833FTG receives control signals from an external MCU and drives a total of six MOSFETs
arranged in the U, V, and W phases to control the brushless motor. When an error is detected, an
EMG (Emergency) signal is sent to the external MCU.

© 2025
Toshiba Electronic Devices & Storage Corporation

4 [ 20 2025-02-21
Rev.1



TOSHIBA

RD252-DGUIDE-01

3. Main Components Used

This chapter describes the main components used in this design.
3.1. Power MOSFET TPH1R204PB

40V N-channel MOSFETs TPH1R204PB are used in the motor-drive section of the Typel circuit.
The main features of TPH1R204PB are as follows.

Vbss = 40V, Ip = 150A

High-speed switching

Small gate charge: Qsw = 21nC (Typ.)

Small output charge: Qoss = 56nC (Typ.)

Low drain-source on-resistance: Rpsony = 0.85mQ (Typ.) (Ves = 10V)
Low leakage current: Ipss = 10pA (Max.) (Vbs = 40V)

Enhancement mode: Vi, = 2.0 to 3.0V (Vps = 10V, Ip = 0.5mA)

External View and Pin Layout

8 7 6 5
(111711
éﬁ 1, 2, 3: Source
h 4: Gate
,_?_r—l 5,6, 7, 8: Drain
Rpspup.

SOP Advance

Fig. 3.1 External View and Pin Layout of TPH1R204PB
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3.2. Power MOSFET TPH2R408QM

80V N-channel MOSFETs TPH2R408QM are used in the motor-drive section of Type2 circuit. The
main features of TPH2R408QM are as follows.

® Vpss =80V, Ip = 120A

® High-speed switching

® Small gate charge: Qsw = 28nC (Typ.)

® Small output charge: Qoss = 90nC (Typ.)

® | ow drain-source on-resistance: Rpsion)y = 1.9mQ (Typ.) (Ves = 10V)
® |ow leakage current: Ipss = 10pA (Max.) (Vps = 80V)

® Enhancement mode: Vin = 2.5 to 3.5V (Vps = 10V, ID = 1.0mA)

External View and Pin Layout

8 7 6 5
(111711
...: 5 1, 2, 3: Source
4 4: Gate
ﬁ?_,__[ 5,6, 7, 8: Drain
Bpsppe

SOP Advance

Fig. 3.2 External View and Pin Layout of TPH2R408QM
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3.3. Three-Phase Gate Driver IC TB67Z833SFTG

The gate driver IC TB67Z833SFTG is used to drive six MOSFETs, which drive a three-phase
brushless motor. The main features of TB67Z833SFTG are as follows.

® Gate driver for high-side and low-side N-channel MOSFET
Adjustable gate drive capability

Source current capability: 10mA to 1A (peak)

Sink current capability: 20mA to 2A (peak)

Operating voltage range: 8 to 75V

Built-in voltage regulator

Built-in 3-channel current sense amplifiers

SPI and Hardware interface

6-PWM input mode, 3-PWM input mode, Hall input mode, and Independent PWM mode
Standby mode (1A @ VM = 24V)

Built-in protection functions

External View

Fig. 3.3 External View of TB67Z833SFTG
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3.4. Comparator TC75W58FU

CMOS dual-comparators TC75W58FU are used to detect overcurrent. The main features of
TC75W58FU are as follows.

Low supply current: Ipp = 20uA (Typ.)

Single power supply operation

Wide common mode input voltage range: Vss to Vpp—0.9V
Open drain output circuit

Low input bias current

External View and Pin Layout

Vpp OUT IN (-)IN (+)

5 1 F 5

€
S

SSOP8-P-0.65 (SM8) OUTIN (=)IN (+)

Vss

Fig. 3.4 External View and Pin Layout of TC75W58FU
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4. Circuit Design

4.1. Motor Drive Circuit

There are two methods for driving a 3-phase BLDC motor: square wave drive and sine wave
drive, the names indicate the wave form of the motor current. In both methods, the rotational
force is obtained by detecting the rotational position of the motor and changing the direction in
which the current flows accordingly.

Sine wave drive is excellent in terms of control accuracy, efficiency, and noise, but the system
becomes complicated and expensive. On the other hand, square-wave drive is inferior to sine-
wave drive in terms of control accuracy, efficiency, and noise, but the system is characterized by
simple and inexpensive operation.

Both drive systems require rotor position detection to change the direction of the current flowing
through the coil of the motor and can be divided into two methods: control with a position sensor
and control without a position sensor.

BLDC motor control

— Sauare wave drive ——————> (" Motor current waveform Frequency analysis

SRatio (%)

Ld

ES
S

|}
15 Harmonic
order,

Position sensor Jadil Il | /t:th
20 /
A |
1 5

Position sensor-less

Sine wave drive :> Motor current waveform Frequency ana|y5is

Position sensor . N

Position sensor-less s 10 15 Hamonic

orde

Fig. 4.1 BLDC Motor Control System

Control with position sensor uses sensors that detect the rotational speed and rotational position
of the motor, and the rotor position can be accurately detected at startup, so torque can be output
from low speed. However, it is necessary to consider the mounting position accuracy of sensors
such as Hall sensors and encoders. Wiring of the sensor signal output from the motor is also
required.

On the other hand, position sensor-less control is easy to cope with motors that cannot have
sensors inside and motors that are exposed to poor environments, so the structure of the motor
can be simplified, but there is a demerit that it is difficult to produce torque at low speeds because
motor position detection cannot be performed during startup.
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Fig. 4.2 shows a block diagram of this design again.

' TPH1R204PB /

|
2 | TPH2R4080QM
| ;
| __
] SPI R >
| Control Signals ]
(U/V/W/X[Y]Z)
i 7 Brushless
| |
MCU | I Gate Driver 11 MOSFET |
« EMG Signha > |
| Overcurrent " |
i C T T —
| (I?iiz?thon || omparator | |
| TC?SWS%FU ’_H Opamp ‘ Shunt Resistor | |
< > ] T
| Current Sense Signals ! : |
3 Phase |__ |
| TB67Z833SFTG ot L |
- - - - _ _ _ _ _ _ _ _ _ _ _ _

Fig. 4.2 Block Diagram of This Design

Assuming that this design will be applied to various power tools, this design contains only the
inverter part and is configured to connect to external MCU for control.

A total of six MOSFETs (TPH1R204PB in Typel circuit, TPH2R408QM in Type2 circuit) are used on
the upper and lower sides of each phase as output elements for driving each phase (U, V, and W)
of the motor. These MOSFETs are driven by a three-phase gate driver IC TB67Z833SFTG.
TB67Z833SFTG supports the Hall input mode, which can easily realize square-wave drive, the 6-
PWM input mode and the 3-PWM input mode allows switching between square-wave drive and
sine-wave drive. The external MCU can be used to control the revolutions and torque, and to
switch between drive modes.

As mentioned above, there are merits and demerits for square wave drive and sine wave drive.
In this guide, we will explain each part assuming the operation with sine wave drive by 6-PWM
input mode.

TB67Z833SFTG has three gain-adjustable amplifiers that can detect the shunt current of each
phase separately and can also support sensorless control of rotational speed and torque.
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4.2. Motor Current Sensing Circuit

In this design, the current sensing circuit is of 3-shunt type, in which a shunt resistor is
externally connected to the source pin of the low-side MOSFET of each of the U, V, and W phases.
The voltage generated at each shunt resistor by the motor current of each phase is amplified by
the amplifier built into TB67Z833SFTG and can be used as a signal for controlling the motor speed
and torque and for vector control.

Fig. 4.3 shows the circuit diagram of the 3-shunt method.

VM
@)
— — —
k&— k&— k&—
I S (e S '
U
— — — W /' 3-Phase
J,K: ZiN J,'(: N J,K: N Brushless
Current — Current — Current — Motor
Sense Sense Sense
Voltage L] Voltage [J Voltage [’]
/77
Fig. 4.3 Circuit Diagram of 3-Shunt Method
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A shunt resistor is placed between the source pin of the low-side MOSFET of each phase and
GND. Fig. 4.4 shows an example of the shunt resistor section of the circuit. The current of each
phase is detected by the voltage generated across the shunt resistor (RSEN1, RSEN2, RSEN3)
placed between the low-side MOSFET source pin of each phase and GND.

(s}
[a]
a

ﬂz]t 4= 4 =

_ c . ] = c

E i ——1000pPF (J) i 2k ——1000pF (J) E 2 — —1000pF (J)
0 £z 50V n TE®Z 50V 0 5""52 50V

14 n > 4 n o~ 14 n t~

PGND

Fig. 4.4 Shunt Resistors in 3-Shunt Method

If the value of the shunt resistor is large, the level of the current sense voltage will also increase,
allowing the current to be detected with high accuracy. On the other hand, since the generated
power (I’R) also increases, a resistor with a higher power rating that is, a larger resistor must be
used. This may be unacceptable in applications that require miniaturization and space saving. On
the contrary, when the value of the shunt resistor is decreased, the level of the current sense
voltage decreases, so it is susceptible to errors and jumping noise caused by the parasitic
resistance of the wiring of the printed circuit board. However, since the generated power is
reduced, it is possible to use a resistor with low power rating and small size.

Considering the application for power tools, this design chooses a small value of resistance for
the advantage of being able to miniaturize the system with the required sensing accuracy. The
motor current is assumed to be £20A in steady operation and max £40A instantaneously, based
on the size of the motor commonly used in power tools. Based on the current, power dissipation,
and component size, the shunt resistor is chosen with the resistance value of 5mQ and the power
rating of 7W.

The voltage between both ends of the shunt resistor is very small (about £200mV max.
instantaneously), and thus the direct measurement with a MCU is difficult. Therefore, the signal-
amplification by an op-amp, etc. is required. In addition, since the current flowing through each
phase of the three-phase BLDC motor is bidirectional, both positive and negative voltages are
generated across the shunt resistor. Since a positive voltage is required for the input to MCU, the
output voltage of the op-amp must be shifted so that the bi-directional current can be detected.

Fig. 4.5 shows the current sensing circuit.
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VM TB67/Z833SFTG

Amplifier

Current Sense Signal

J = MCU

Current

Fig. 4.5 Current Sensing Circuit

In this design, the built-in amplifier of TB67Z833SFTG amplify the input signal while also
applying the bias voltage to shift the output voltage level. In TB67Z833SFTG, the gain of the built-
in amplifier, the bias-voltage (Vvrer or Vvrer/2) to be applied, etc. are set by the SPI
communication. The voltage generated by the shunt resistor because of the phase current flow is
amplified and shifted in order to set the amplitude of the output signal to be within the linear
output range of the built-in amplifier of TB67Z833SFTG. In this design, the maximum
instantaneous current of the motor is £40A and after adding margin it becomes £45A. Therefore,
in this design the amplifier is configured such that this £45A is covered in the full linear output
range of the amplifier.

In this design, the shunt resistor side connected to the MOSFET is input to the SNx pin (SNA,
SNB, SNC) and the shunt resistor side connected to the GND is input to the SPx pin (SPA, SPB,
SPC), therefore a current flow from MOSFET to GND will produce an higher voltage on SNx
compared to SPx.

Assuming the use of a 5V MCU, ADC built-in the MCU will have an input range from 0 to 5V, the
applied bias-voltage is set to Vvrer/2 (i.e. 2.5V) so that the signal is amplified around this half
voltage (2.5V).

Also, since the built-in amplifier of TB67Z833SFTG has a linear output range of 0.25 to 4.75V,
the gain is set to fit the maximum amplitude of the signal within this range. And because the shunt
resistor is 5mQ, a current of £45A will generate £225mV. Since the amplifier has a linear output
range of 0.25 to 4.75 V with the center voltage of 2.5V and the maximum amplitude of £2.25V as
described above, dividing this maximum amplitude of the amplifier’s linear output range by the
maximum amplitude of the sense voltage yields the following values:
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225 10 (times)
225x10-3 tmes

Therefore, the amplifier gain is set to 10 times (= 20dB).

Fig. 4.6 shows the relationship between the current flowing through the shunt resistor and the
amplifier output voltage. The solid blue line shows the values within the linear output range of the
amplifier, and the output voltage of the amplifier is proportional to the input current. The dotted
blue line indicates values outside the linear output range, and the output voltage of the amplifier
differs significantly from the calculated value.

50 -45A 45A-__
45 4.75V
2 4.0
()]
2 3.5
e
2 3.0
e
a 2.5
e
0
S 2.0
& 1.5
i
£ 1.0
<€
0.5 0.25V
0.0 -

-50 40 -30 -20 -10 0 10 20 30 40 50
Current (A)

Fig. 4.6 Relationship Between the Current Flowing Through the Shunt Resistor and the
Amplifier Output Voltage
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(For Reference)

In this design, the source pin of each phase low-side MOSFET can be connected, and each phase
current can be combined into one, making it less expensive to configure as a 1-shunt system.
When the solder jumper S5, SJ6 on the board is opened and SJ3, SJ4 is short-circuited, a 1-shunt
configuration is achieved.

Fig. 4.7 shows a circuit diagram of the 1-shunt method.

VM
O

7T

Y S

L

L
7L
o]

3-Phase
Brushless
Motor

17T

171

E Eis

Current Sense ——
Voltage

L
17T
o]

Fig. 4.7 Circuit Diagram of 1-Shunt Method

In this configuration a shunt resistor is placed between the low-side MOSFET source-pin and
GND, and the voltage across it is measured. And similar to the 3-shunt method, this voltage is
amplified and shifted by the amplifier, and then input to the MCU.

Note: This design is intended to be used with the 3-shunt method, so operation may differ with
the 1-shunt method.
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4.3. Overcurrent Detection Circuit

In this design, the EMG (emergency) is output to the MCU so that it shuts off the output and the
protective operation can be performed when a circuit/operation error occurs. This EMG signal is
connected to TB67Z833SFTG flag output pin (nFAULT) and is also connected to the overcurrent
detector. When an error is detected, EMG signal goes low.

% : EMG signal is also connected to the nCS pin in addition to the nFAULT pin of TB67Z833SFTG.
Before connecting to an MCU, please refer to the reference guide of this design for details.
Fig. 4.8 shows the overcurrent detection circuit.

+5V
Gate Driver
R14 []
From U Phase 100k
Low-Side MOSFET Ui4 (A)
I .
= EMG S |
\{ I AINB10 RS VI
RSEN1 £
5m I Comparator
H7 Amplifier
From W Phase
Low-Side MOSFET Ui4 (B)
|
\j I AINB12 RN
RSEN3 /
sm | Comparator
d7 Amplifier
From V Phase
Low-Side MOSFET U15 (A)
|
* | AINB11 \
RSEN2 £
5m | Comparator
H7 Amplifier
TB67Z8335FTG C28
us 6. 8k | 1pF
Fig. 4.8 Overcurrent Detection Circuit
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The current sense voltage of each phase is amplified by the built-in amplifier of TB67Z833SFTG
and then inputted to the comparator (TC75W58FU) on the overcurrent detection circuit and then is
compared with the reference voltage (Voc). If any of the current sense signals fall below the
reference voltage, it is judged as overcurrent, and the EMG signal is output to the MCU.

In this design, in order to judge the current more than 43A as overcurrent, the Voc threshold
voltage must be set lower than the Voc’ threshold value calculated for 43A using the following

equation.

|74 5.0 (V)
f
rze — Ispnse X Rsgnse X Gesa =

—43(4) x 5(mQ) x 10 = 350 (mV)

r_
VOC -

According to the circuit configuration of this design, the Voc is calculated by dividing the power
supply voltage (5V) using the resistors R6 (6.8kQ) and R14 (100kQ) as shown below and input to
the IN(-) pin of the TC75W58FU. And therefore, the overcurrent detection current (Ioc) value of
this circuit becomes -43.64A as shown below.

6.8 x 103

68x 105 +100x 103 * 5) = 318 (mV)

x5() =

_— R6
9C™ R6 + R14

|74
oy, 220 3180mp) w
Iy = = = —43.64 (A
oc Rspnse X Gesa 5 (mQ) x 10

Fig. 4.9 shows the overcurrent detection area of this design.

1.0 -43.64A
>
o 0.8
()]
8
=)
> 0.6
+
3
fo3
>
3 0.4
o)
& 0.25V L
- 0.2 Overcurrent
E Detection Area

0.0

-50 -45 -40 -35 -30
Current (A)
Fig. 4.9 Overcurrent Detection Area
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4.4. Adjusting MOSFET Drive Capability

The MOSFET drive capability can be set in TB67Z833SFTG by SPI communication (Source: 10 to
1000mA, Sink: 20 to 2000mA). The drive capability can be adjusted according to the motor to be
driven, and various requirements required for actual application such as loss and noise.

4.5. Notes on Circuit Design

® The absolute maximum rating is a standard that must not be exceed for any one of the
multiple ratings even instantaneously. It cannot be exceeded for any of the multiple ratings.
Even during operation, care must be taken to ensure derating so as not to exceed the absolute
maximum ratings.

® The capacitance of the by-pass capacitor (C10) of the power supply is a capacitor value that is
adequate for the board in this design. However, the required capacitance varies depending on
the type of power supply, the wire inductance of the power supply and the motor drive circuit,
the allowable supply voltage ripple, and the type of motor. In general, the capacitor
capacitance is set with a margin, but since the size of the component is also large, there is a
disadvantage of an increase in cost and an increase in the occupied area of the circuit board.
Select the most suitable capacitor capacitance according to the actual circuit and target
environment.
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5. Board Design

5.1. Notes on PCB Pattern Design

This section describes precautions when designing board patterns.

® The most important precaution is to prevent errors caused by the resistance of the PCB
pattern wiring from entering the voltage drop of the shunt resistor used for current sensing.
For this reason, the wiring to the shunt resistor used to sense voltage drop across the land
pattern of the resistor should be completely separated from the wiring that runs current so
that the voltage drop caused by the wiring resistor does not enter the sensed voltage. This
enables accurate sensing of the current, enabling high-precision motor control.
This kind of wiring method is called Kelvin connection. Fig. 5.1 shows an image of a Kelvin
connection wiring pattern.

Direction in which the current flows Wiring pattern (shaded area)

Shunt resistor /
AAAE A AN A -

Wiring resistance o . Wiring resistance

Resistor body portion

—~—

Detects only the voltage drop by the resistance of the shunt resistor.
Fig. 5.1 Image of Kelvin Connection Wiring Pattern

® The wiring of the power supply, GND, and output of each phase around the motor should be
routed thickly with as wide a wiring area as possible to reduce wiring resistance. In addition,
there is a risk of picking up noise, so be careful not to route the power supply and GND
patterns in a loop.

® GND of this design is divided into GND, PGND, AGND, etc. These GND divide the wires for each
GND at the base of the grounded part of the power supply by-pass capacitor (C10) on the
BOARD, and minimize the common-impedance components as much as possible.

® In this design, a by-pass capacitor is also placed at the power supply pin of each IC, such as
the gate driver TB67Z833SFTG, and at the drain of the upper power MOSFET of each phase
output. Place these capacitors as close to the pins as possible, and use a capacitor with good
high-frequency characteristics. Also, place a capacitor connected in parallel to the shunt
resistor as close as possible to the shunt resistor so that the resistance component that enters
the capacitor in series is as small as possible.
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Terms of Use

This terms of use is made between Toshiba Electronic Devices and Storage Corporation (“We”) and Customer who
downloads or uses this Reference Design. Customer shall comply with this terms of use. This Reference Design
means all documents and data in order to design electronics applications on which our semiconductor device is
embedded.

Section 1. Restrictions on usage

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

2. Customer shall not use this Reference Design for sale, lease or other transfer.

3. Customer 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 product or system whose manufacture, use,
or sale is prohibited under any applicable laws or regulations.

Section 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, Customer is 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. Customer 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. Designing electronics applications by referring to this Reference Design, Customer must evaluate the whole
system sufficiently. Customer is solely responsible for applying this Reference Design to Customer's own product
design or applications. WE ASSUME NO LIABILITY FOR CUSTOMER'S PRODUCT DESIGN OR APPLICATIONS.

5. WE SHALL NOT BE RESPONSIBLE 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 WITHOUT LIMITATION, WARRANTIES OR CONDITIONS OF FUNCTION AND
WORKING, WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, ACCURACY OF
INFORMATION, OR NONINFRINGEMENT.

Section 3. Terms and Termination

It is assumed that Customer agrees to any and all this terms of use if Customer downloads or uses 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 without any
cause. Upon termination of this terms of use, Customer shall eliminate this Reference Design. Furthermore, upon
our request, Customer shall submit to us a written confirmation to prove elimination of this Reference Design.

Section 4. Export Control

Customer 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 Act and the U.S. Export Administration Regulations. Export and re-export of this Reference Design is
strictly prohibited except in compliance with all applicable export laws and regulations.

Section 5. Governing Laws
This terms of use shall be governed and construed by laws of Japan, without reference to conflict of law principle.

Section 6. Jurisdiction
Unless otherwise specified, Tokyo District Court in Tokyo, Japan shall be exclusively the court of first jurisdiction for
all disputes under this terms of use.
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