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Automotive 1-channel H-bridge(2-channel half-bridge) gate driver
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1. Description

The TB9103FTG is 1-channel H-bridge gate driver and 2-channel half- TB9103FTG

bridge gate driver for automotive applications. It incorporates a charge P

pump circuit and utilizes an n-type external MOSFET. The functionality e “‘m\

is streamlined to focus on turning the motor on and off, making it L T
compact.

To prevent shoot-through current, dead-time control is achieved by E\\\ -
monitoring Gate-Source Voltage. N "~ T
It can realize low power consumption in sleep mode. \Q‘Q\Q\Q\‘ /
Having various fault detection functions, the product shuts down the Q|

gate drive and notifies faults from the DIAG pins (open drain).

P-VQFN24-0404-0.50-003

2. Applications Weight: 0.04g (typ.)

The TB9103FTG is suitable for latching motor drive applications such as
sliding doors and back doors, as well as for motor drive applications in
windows, mirrors, and seats.

In addition, the product is suitable for replacing mechanical relays in
motor control parts with semiconductors.

3. Features
*  Equipped with two control modes: Half-bridge mode, H-bridge mode
e Can be used as 2-channel independent half-bridge.

- Dead time control (monitoring Gate-source Voltage) and shutdown control for each channel
* Can be used as H-bridge by combining half-bridges.

- Dead time control and shutdown control as H-bridge
* Low power sleep mode
*  Equipped with various fault detections:

- VB low voltage detection, VCC low voltage detection, VCP over voltage boost detection
- Gate-source voltage detection, gate voltage fault shutdown
- Drain-source voltage detection (can set detection levels), overcurrent shutdown
- Overheat detection, shutdown
Notification from the open-drain output pin when a fault is detected.

. Operatlng voltage range: VB 7t0 18V, VCC 4.5t0 5.5V
e Built-in 2x boost charge pump circuit capable of driving logic-level gate FETS.
e AEC-Q100 Grade 1 Qualified
*  Small package (VQFN24: 4 mm square)
Start of commercial production
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4. Block Diagram
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Fig.1 TB9103FTG functional block diagram

Note: The above diagram is partially omitted and simplified in order to explain the functions and
operations of the IC.
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5. Pin Configuration
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Fig. 2 Pin Configuration (Top View)
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6. Pin Assignments
Table 1 Pin Assignments
Pin Symbol 110 Description
1 |vee ) -(I:—I?(I:Slj:tssa power supply pin of the IC. It is the power supply for analog circuits and control
2 |DIAG1 OUT [ This is an output pin of the diagnostic outcome by the fault detection function.
3 [DIAG2 OUT [This is an output pin of the diagnostic outcome by the fault detection function.
4 |SL2 IN This is a standard pin of the gate driver for LS2 low-side FET.
5 |[GL2 OUT [This is an output pin of the gate drive signal for LS2 low-side FET.
6 |[SH2 IN This is a standard pin of the gate driver for HS2 high-side FET.
7 |GH2 OUT | This is an output pin of the gate drive signal for HS2 high-side FET.
8 |DH IN This is a pin used for V_DS detection of HS1 and HS2 high-side FETSs.
9 |GH1 OUT [ This is an output pin of the gate drive signal for HS1 high-side FET.
10 |SH1 IN This is a standard pin of the gate driver for HS1 high-side FET.
11 |GL1 OUT |Thisis an output pin of the gate drive signal for LS1 low-side FET.
12 |SL1 IN This is a standard pin of the gate driver for LS1 low-side FET.
13 |vep ) It is the final input/output pins of the charge pump circuit. Connect it to the smoothing
capacitor.
14 |CP - It is the boosting pin for the charge pump circuit.
15 |VDS IN This is a voltage input pin for setting the detection voltage of V_DS detection.
16 |CPD - It is the drive output pin of the charge pump circuit.
17 |MODE IN This is a voltage input pin that sets the bridge operation mode.
18 |VB - This is a power supply pin of the IC.
19 |nsLeep |IN This is a voltage input pin that sets the IC into sleep mode. Setting the voltage to logic
level Low will make the IC enter sleep mode.
20 [GND - This is a GND pin.
21 |iNn1 IN This is the logic level signal input pin 1, which controls the ON/OFF state of the power
FET that forms the bridge.
22 |IN2 IN This is the logic level signal input pin 2, which controls the ON/OFF state of the power
FET that forms the bridge.
23 |IN3 IN This is the logic level signal input pin 3, which controls the ON/OFF state of the power
FET that forms the bridge.
o4 |INa IN This is the logic level signal input pin 4 , which controls the ON/OFF state of the power
FET that forms the bridge.

Hereinafter, the following definitions shall apply in this document.

- The voltage of each terminal is expressed using the terminal name itself. For example, the voltage
of the VB terminal is expressed as VB.

- The voltage between the GH1 terminal and SH1 terminal, GL1 terminal and SL1 terminal, GH2
terminal and SH2 terminal, GL2 terminal and SL2 terminal, which drives the gate-source of each
external n-type MOSFET, is referred to as V_GS.

- The voltage between the DH terminal and SH1 terminal, SH1 terminal and SL1 terminal, DH
terminal and SH2 terminal, SH2 terminal and SL2 terminal, which is the drain-source voltage of
each external n-type MOSFET, is referred to as V_DS.
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7. FUNCTIONAL OPERATIONS

Table 2 shows the operating states that TB9103FTG may assume.

The TB9103FTG goes into reset state when VCC detects low voltage.

In the reset state, the circuitry of each part is stopped, and the latch circuit is initialized.

When VCC is at a normal voltage and the nSLEEP pin is Low, The TB9103FTG goes into sleep state.

In the sleep state, the operation of each part stops, and some of the power is disconnected to achieve
low power consumption.

In the sleep state, the DIAG output goes into High-impedance state, but the latch that stores the
abnormal state keeps its value without initializing it. After indicating the sleep state, keep it in the sleep
state for at least the tSLEEP time.

After shifting to the normal operation state, the TB9103FTG checks the MODE pin and sets an
operation mode, half-Bridge or H-Bridge. The condition to hold the operation mode setting is when the
"Reset release state and the sleep release state (hRSLEEP = High)" are established at the same time. The
DIAG output operates according to the abnormal states.

After instructing the normal operation state, please set IN1, IN2, IN3, IN4 all to Low for at least the
tWAKE period to avoid gate drive until the charge pump voltage rises.

The gate drive section receives the MCU instructions from IN1, IN2, IN3, and IN4 and makes the gate
output (GH1, GL1, GH2, and GL2) according to the instructions.

Each time the instructions from the MCU are changed, the gate drive section first turns off both the high-
side and low-side FETSs to avoid shoot-through current and confirms they are off. After confirmation, it then
drives according to the new instructions.

Table 2 Operation states of the TB9103FTG

Operation states of IC Charge Bridge DIAG Gate output Operation states of the
pump Control output (GH1 - SH1, external FET
. DIAGL, f SH1, SH2
Logic (DIAGZ) GL1-SL1, EELES G lal Sin2)
GH2 - SH2,
GL2-SL2)
“Reset state” In In stopped | High-Z RL OFF at both high and low
VCC < VCCLOd stopped state, (Note3) sides
nSLEEP = L state In initial (High-2)
INX = L state
“Sleep state” In In stopped | High-Z RL OFF at both high and low
VCC = VCCrng stopped | state (Notel) sides
nSLEEP=L state (Note2) (Note3) (High-2)
INXx =L
“Normal operation state” In _ In _ In _ In operation In operation
VCC = VCCrng operation | operation operation (Operation according to
nSLEEP=H gate outputs)
INx = L/H (Operation)

Explanation of symbols:
RL: Low by resistor; L: Low; H: High; High-Z: High impedance state
INX: IN1, IN2, IN3, IN4

Notel: The internal latch that stores the abnormal states retains its values.
Note2: Any instruction from IN1, IN2, IN3, and IN4 in sleep state will not be executed.
Note3: High output by external pull-up
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7.1. VCC Low Voltage Detection Circuit

The VCC low voltage detection circuit monitors the voltage of the VCC pin and detects voltage drops.

When the voltage drops below VCCLOd, the circuit enters reset state, suspending all circuits and
turning OFF all external FET gate drives (shutdown). The reset state is released when the voltage rises
above VCCLOr. Normal operation starts after releasing reset. During the reset, the charge pump is
stopped, so the boost may be insufficient. After releasing reset, make sure to wait at least Twake before
driving the gate.

The detection comparator includes a hysteresis of VCCLOHYS to prevent chattering. Additionally, it has
an integrated filter in the latter part of the comparator to eliminate pulses shorter than tVCCLO.

VCC
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| | |
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| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | |
| | | | | | |
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| | | | | | |
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Fig. 3 VCC low voltage detection operation

Note: The above diagram is partially omitted and simplified in order to explain the functions and
operations of the IC.
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7.2. VB Low Voltage Detection Circuit

The voltage detection circuit monitors the voltage of the VB pin and detects voltage drops. To avoid
partial turn-on of the external FETs, when the voltage drops below VBLOd, the charge pump circuit stops,
turning OFF all external FET gate drives (shutdown).It then outputs an error signal to the DIAG1 and
DIAG2 pins.

When the voltage rises above VBLOTr, the charge pump operation begins. To resume gate drive, in half-
bridge mode, change all INx pins to Low; in H-bridge mode, change IN1 and IN2 pins to Low. The
shutdown can then be released, the DIAG1 and DIAGZ2 pins can be returned to normal, and normal
operation can resume after the tWAKE time.

In addition, the detection comparator has a hysteresis of VBLOHY'S to prevent chattering.

Note: INx: IN1, IN2, IN3, IN4

VB
VUVDET X
VBLOTr
VBLOd N

VBLOHYS
VB | | |
VBLOHYS |
VBLOr __i ——_ Y
wBod--Y¥— - /.
| | |
| | |
| | |
| | |
| | |
ov } } |
| - [
VUVDET_X | N\ |
| I\ [
| | [
' g  Ch 1
Charge pump stops tVBLOSHUTI S — E = arge pump stops
nSLEEP
IN1(IN3) ' |
Other than “High-Z” — “High-Z"
IN2(IN4) : E
GH1-SH1| “ i
GL1-SL1| ~ :
GH2-SH2| ~ :
GL2-SL2| oy ;
| N :
DIAG1,DIAG2 | \ L
9 .

tGHSfpd, tGLSfpd

Fig. 4 VB low voltage detection operation

Note: The above diagram is partially omitted and simplified in order to explain the functions and
operations of the IC.
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7.3. Charge Pump Circuit

The TB9103FTG includes a built-in 2x charge pump circuit to drive the gate of the external high-side N-
channel MOSFET. This operates at a typical frequency of 200kHz, which is below the broadcast band.

The charge pump operation stops when nSLEEP is Low, during the internal reset period, during the VB
low voltage detection period, and during the overheat detection.

The voltage at the VCP pin is maintained at a constant level by immediately stopping the boost when it
exceeds the clamp voltage of VCPCL1d.

Do not apply external voltage to the VCP pin.

| | Cvep
Rcp Ccp I
[ ] [ ] [ ]
L—IcpD LIcp L_Ivcp
Discharge |>
VB VB N N
' V1 V1 VCP
Over Voltage
Boost
VCPCL2d —— up to 36V detection
VCPOVd ——{up to VB+16V |[VCPOVDET
VCPCL1d —— up to VB+11V ch
[VBUVDET _X%—— arge p_ump
Overheat control circuit
detection ™ |
Sleep_ X —
RESET_X —
Charge pump circuit

Fig.5 Example of charge pump circuit

Note: The above diagram is partially omitted and simplified in order to explain the functions and

operations of the IC.

Table 3 Charge pump circuit operation definition

Operation state of IC

Charge pump
operation

VCP discharge
operation

Reset (VCC low voltage detection)

In stopped state

In stopped state

Sleep (NSLEEP=Low)

In stopped state

In stopped state

VB Low voltage detection (VUVDET_X=Low)

In stopped state

In stopped state

VCP Clamp 2 excessive voltage (VCPCL2d<VCP)

In stopped state

Discharge

VCP over voltage boost detection excessive voltage (VCPOVd<VCP)

In stopped state

Discharge

VCP Clamp 1 excessive voltage (VCPCL1d<VCP)

In stopped state

In stopped state

Overheat detection

In stopped state

In stopped state

Those other than the above

In operation

In stopped state

8 / 46
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7.3.1. VCP pin high-voltage detection circuit

In addition to immediately suspending the boosting voltage to prevent the TB9103FTG from exceeding
the withstand voltage of its elements when the VCP pin voltage exceeds VPCCL2d, the charge pump
voltage also discharges the externally connected smoothing capacitor Cyce.

7.3.2. VCP Over voltage boost Detection circuit

The VCP over-voltage boost detection circuit monitors the voltage at the VCP pin based on the voltage
at the VB pin and detects excessive voltage rise. The control logic circuit performs the following actions
when the voltage exceeds VCPOVd to prevent the gate-source voltage of the external FET from
exceeding its maximum rating:

- Immediately stops boosting.

- Discharges the externally connected smoothing capacitor Cvcp.

- Turns off (shuts down) the gate drive of all external FETS.

- Outputs an error to the DIAG1 and DIAG2 pins.

After the voltage drops below VCPOVd, the charge pump starts operating again. To resume gate drive,
in half-bridge mode, change all INx pins to Low; in H-bridge mode, change IN1 and IN2 pins to Low. This
will release the shutdown, return the DIAG1 and DIAG2 pins to normal, and allow normal operation to
begin after the tWAKE time.

Note: INx: IN1, IN2, IN3, IN4

VCP An anomaly | Returned
has occurred | A‘“ | to normal
VCPOVA(VB+16V) - — — — — = —_——, N ————— — —
VCPCLIA(VB+11V) |- — — — — — — A W -
| |
| |
VB | — TH+———Fq————————-
| |
| |
ov I i
: |’ : y Charge pump stops
CPSTOP1 I n\
T )
VCPOVDET \
IN1(IN3)
Other than "High-Z" — +“High-Z"
IN2(IN4) \
tVCPOVSHUT —>:F)§ tGHSfpd,tGISfp:H
GH1-SH1f - :
GL1-SL1} .
GH2-SH2f ~
GL2-SL2 ~. :
| P :
DIAG1,DIAG2 | \ : : /

Fig. 6 VCP over voltage boost detection and shutdown operation

Note: The above diagram is partially omitted and simplified in order to explain the functions and
operations of the IC.
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7.4. Gate Drive Ci

rcuit

Fig. 7 shows the block diagram of the gate drive.

The high-side gate driver outputs enough voltage to turn ON the external high-side N-channel MOSFET,
with an output resistor Ronhssrc of 500Q (typ.). When turning OFF, it shunts the section between the gate
and the source through the output resistor Ronhssnk of 50Q (typ.).

The low-side gate driver outputs enough voltage to turn ON the external low-side N-channel MOSFET.
Additionally, to keep the gate voltage of the external FET below a rated value, the gate driver outputs a
clamped voltage inside the IC. Its output resistor Ronlssrc is 500Q) (typ.). When turning OFF, the gate
driver shunts the section between the gate and the source through the output resistor Ronlssnk of 50Q

(typ.).

When the IC is in reset or sleep state, the gate driver output shunts the section between the gate and
the source with the pull-down resistors RHSOFF and RLSOFF, which are 150kQ (typ.).
Additionally, please ensure that GH1, GL1, GH2, and GL2 do not connect to VCC or GND.

rIjnSLEEP

L]

IN1

/Q nputs
&

Outputs

L

IN2

L

IN3

L

IN4

L

VCC

MODE

MODE

Select

Control
Logic

Gate drive circuit
VCP HS1 VGS Driver
(Ronhssrc) E// HS1 HS2
H/L
GH1 [ RL d - 4
Y L]
H/L \VGSHSSRC1 H H
(Ronhssnk Ruscrr |VGSHSSNK 1 ON/OFF ON/OFF
SHL M — B
Bridge | HT = —D_"H' —
| gh-2-, igh-2",
Cf;tli’COI Gate drive circur "High", — 4@7 -~ "High",
9 VB glClamp | LS1 VGS Driver " ow" "Low"
H/
H/L (Ronlssrc) L/ LS1 LS2
GL1 L RL H —
N L] K —
H/L VGSLSSRC1, H —
(Ronissnk)L | Rusorr JIVGSLSSNK1 ON/OFF ON/OFF
Stiry — ﬁ
L] — |
[Gate drive circutt |
\VCP HS2 VGS Driver 7JT
Ronhssrc) H/
H/L GH2 L/
[ ] RL
H/L \VGsHssret
(Ronhssnk Rusorr J[vGsHSSNK 1
Bridge SH2 4
Control L J
Logic . —
Gate drive circuit
VB Y giciamp | LS2 VGS Driver
Ronlssrc) ::1//
H/L
GL2 " RL
N L]
H/L \VGSLSSRC1,|
(Ronissnk)L | Rusorr JIVGSLSSNK1
st

Fig. 7 Block diagram of gate drive circuit

Note: The above diagram is partially omitted and simplified in order to explain the functions and
operations of the IC.
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7.4.1. Gate-source voltage detection circuit
To determine the end of dead time, the circuit compares the gate-source voltage V_GS with VGSDEAD.

VGS Detector

HST
GH]*'] nMOS

HS1T [~ — =+« - — = AL
| = FET
Gate [ comp. | VGSDEA
Driver [iL _ —Th—_\r‘l
LSt
______ nMOS

Bridge SHIY
L
Lst | — e FET
Gate | como. | VGSDEA CND
Driver [y '_\F

Control GLlr

VN

L

Logic

N

HS2 Ry S L
Gate

| .
Driver |l — X '_er
Bridge SH2-

Control GL2- ﬁ
Logic Ly L2 [T =X - — — AL L";"EOTS
Gate |Q VGSDEA

— Driver |iL '_\F =l

SLZjJ %

Fig. 8 Dead time control circuit—Section for V_GS voltage detection

VN

Note: The above diagram is partially omitted and simplified in order to explain the functions and
operations of the IC.
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7.5. Control Logic (Control Logic and Bridge Control Logic)

The TB9103FTG has five input pins (nSLEEP, IN1, IN2, IN3, and IN4) for bridge control and one input
pin (MODE) for selecting half-bridge or H-bridge.

NSLEEP
IN1 CH1
IN2 Bridge Control Logic
IN3
IN4 Control
Logic
CH2
Bridge Control Logic
MODE —{ }—

Fig. 9 Block configuration example of control logic

Note: The above diagram is partially omitted and simplified in order to explain the functions and
operations of the IC.
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7.5.1. Mode setting

The TB9103FTG can select its operating mode based on the voltage at the MODE pin. This setting is
determined by either pulling the MODE pin up to VCC or down to GND. However, when setting this
through a resistor, it is necessary to choose a resistance value that is significantly smaller than the internal
resistance of the IC. The selected mode latches when the power supply VCC exceeds VCCLOr and the
condition nSLEEP=High are met simultaneously.

Fig. 10 shows the interface circuit for the MODE pin.

,J-‘ NSLEEP
I vCC RESET_X
L] L

TB9103FTG

MODE Selector
Ruooez |
- MODE
L1
0.7 x VCC 7
/X
> Control
RmopE1 > Logic
0.3 x VCC _ atch

Fig. 10 MODE pin interface circuit

Note: The above diagram is partially omitted and simplified in order to explain the functions and
operations of the IC.

Table 4 MODE pin settings

Rmobe2, RMODE! Setting MODE pin .
Bridge mode
voltage
Rwmobe2 Rwmope1

<47kQ+10% Open MODE2set Half-bridge mode

Open <47kQ+10% MODE1set H-bridge mode

o Open Those other Error (Refer to Table 8 Detection function mode

pen P than the above | pin open)

Note: If you anticipate that the MODE pin voltage may rise to the VB pin voltage due to adjacent short
circuits, please determine the resistance value considering the current consumed by the external
circuit connected to the VCC pin.

7.5.1.1. Mode setting pin open detection circuit

When the TB9103FTG detects that the MODE pin is open, it turns OFF (shuts down) all external FETs
and outputs an error to the DIAG1 and DIAG2 pins.

The error output is updated at the timing to latch the mode state again (after releasing reset and
nSLEEP).
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7.5.2. Half-bridge mode
7.5.2.1. Operation description

The TB9103FTG operates as two independent channels in half-bridge mode.

The first half-bridge CHL1 is controlled by the signals of IN1 and IN2 pins. In half-bridge mode, dead time
is automatically inserted when the drive instructions by the IN1 and IN2 pins are changed so that the high-
side external FET HS1 and the low-side external FET LS1 are not turned ON at the same time. The gate
voltage fault detection function monitors the voltage between GH1 and SH1 and the voltage between GL1
and SL1 and compares the difference with the indication of the IN1 and IN2 pins when it is outside the
monitoring mask time. The drain-current overcurrent detection function monitors the voltage between DH
and SH1 as well as the voltage between SH1 and SL1 and monitors and judges whether the external FET
is in a sufficiently ON state when it is outside the monitoring mask time.

The second half-bridge CH2 is controlled by the signals of IN3 and IN4 pins. In half-bridge mode, dead
time is automatically inserted when the drive instructions by the IN3 and IN4 pins are changed so that the
high-side external FET HS2 and the low-side external FET LS2 are not turned ON at the same time. The
gate voltage fault detection function monitors the voltage between GH2 and SH2 and the voltage between
GL2 and SL2 and compares the difference with the indication of the IN3 and IN4 pins when it is outside
the monitoring mask time. The drain-current overcurrent detection function monitors the voltage between
DH and SH2 as well as the voltage between SH2 and SL2 and monitors and judges whether the external
FET is in a sufficiently ON state when it is outside the monitoring mask time.

The TB9103FTG does not have the ability to measure motor current. When installing an external
monitor resistor, use it within the absolute maximum rating.

Set unused channels’ INx to Low.

Note: INx: IN1, IN2, IN3, IN4
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7.5.2.2. Truth table
Tables 5 and 6 show possible operating states in half-bridge mode.

Table 5 Truth table for first half-bridge CH1

Internal Inputs Outputs
Descriptions
Reset NnSLEEP IN1 IN2 GH1- GL1-
SH1 SL1
Reset X X X RL RL IC is in reset state. HS1 and LS1 are off.
Operation L X X RL RL IC is in sleep mode. HS1 and LS1 are off.
(Note2)
Operation H L L L L HS1 and LS1 are off.
Operation H H L H L HS1 is on, LS1 is off.
Operation H L H L H HS1 is off, LS1 is on.
Operation H H H L L HS1 and LS1 are off. (Notel)
Table 6 Truth table for second half-bridge CH2
Internal Inputs Outputs
Descriptions
Reset nSLEEP IN3 IN4 GH2- GL2-
SH2 SL2

Reset X X X RL RL IC is in reset state. HS2 and LS2 are off.
Operation L X X RL RL IC is in sleep mode. HS2 and LS2 are off.
(Note2)
Operation H L L L L HS2 and LS2 are off.
Operation H H L H L HS2 is on, LS2 is off.
Operation H L H L H HS2 is off, LS2 is on.
Operation H H L L HS2 and LS2 are off. (Notel)

Explanation of symbols:
X: Do not care; RL: Low via resistor; L: Low via active element
H: High by active element; High-Z: High impedance state

Notel: Release operation is not performed when a fault is detected. It is recommended to set both
sides to off, with IN1 = IN2 = Low for CH1 and IN3 = IN4 = Low for CH2.
Note 2: During sleep mode, the internal circuits are stopped, and some circuits are powered off.
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7.5.2.3. Definition of current path

In half-bridge mode, the current path of the external N-channel MOSFET used for the TB9103FTG is
defined as shown in Fig. 11. The solid line shows the current path when driving. In addition, the dotted line
indicates the path of regenerative current.

Drive Brake High—Z
| ”LOW” | | ”High” "High—Z" |
HSx = HSx 7
off ||<: off ||<: : :

< le Y]
M
LSx - K)_ LSx -
on k_} off k—}
|H . H
v -

Drive High—-Z
| "High | High-Z
HSx HSx
i i

1H - H
=

LSx '_ LS '_

off k—} off k—

H H

Explanation of symbols:

High-Z: High impedance state

Fig. 11 Definition of current path

Note: The above diagram is partially omitted and simplified in order to explain the functions and

operations of the IC.
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7.5.2.4. Drive control flowchart
Fig. 12 shows the drive control flowchart in half-bridge mode.
Fig. 13 shows drive control combinations which are not shown in Fig. 12.
RESET |steer Normal Operation SLEEP
VB /
VBLoG
VCC VB good
Veetsa | 7
NSLEEP | MReset release
70% |
30% |
Sleep release, OSC oscillation, MODE latch — (_
€— tSLEEP
SO ||
VCP

€E~tWAKE=)

\
VB+2.25 \—/_ //

... latch "Half bridge mode"

|
MODE I S
L V4
High-Z [ Low High [ High-Z High [ Low High-Z
-70% i i ‘ | \
IN1(IN3) 5% [ i \ / \
IN2(IN4) jgg;/s g ]
| | | tGHSp1 ¢ 1 tGHSp1 tGHSp1 1 | |
GH1-SH1 800 I o P E “ho I
(GH2-SH2) | i | | | | i [ i |
VGSDEAD | 20 T T ***71‘ ,,,iﬁ ‘fff—f‘é‘— ———%—‘—‘—777:7‘77 77777
tGLSpL tGlspl | {dhsn tGH ‘Sfpd ‘tGHSrpd géled ! tGLSp1 !
> i > I tdea I I adk—> > I
GL1-SL1 | g, tGESrpd GLSfpd | I l I......XGLSrp (GLSfpd
(GL2-SL2) I [ i i - I
20% LTI P RN SN W I PR N D [ AU RN VP X PR PR S PR
VGSDEAD

Fig. 12 Half-bridge flowchart 1 (for each channel)

Note: The above diagram is partially omitted and simplified in order to explain the functions and
operations of the IC.

"Half bridge mode"

MODE i
L
High-Z [High-Z| _ Low High-Z | High | High-Z | High-Z |
709 —\ : : \ i
INL(IN3)| 785 \ | | \ -
IN2(IN4)|70%-f : \ | \
30% j \ J \
i il it il tGHSpi tGHSp1il i
GH1-SH1 | g, ... y G2 i
(GH2-SH2) : il i I il P\l
VGSDEAD 2@z e X
- GLSp) ot 1 NGhEpa ! toHsrpd
[l | v ! |
GL1-SL1 | 400, il . i N ]
(GL2-5L2) i P i i \
VGSDEAD’VZOJU*}'* o T g s

Fig. 13 Half-bridge flowchart 2—Other drive control combinations

Note: The above diagram is partially omitted and simplified in order to explain the functions and
operations of the IC.
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7.5.3. H-bridge mode
7.5.3.1. Operation description

The TB9103FTG operates as a one-channel H-bridge in H-bridge mode.

Control is managed by the signals at the IN1 and IN2 pins. It is recommended that the IN3 and IN4 pins
be connected to GND. In H-bridge mode, when the drive instructions from the IN1 and IN2 pins change,
dead time is automatically inserted so that the external FETs (HS1 and LS1) on both sides of the half-
bridge CH1 are not turned on at the same time, and the external FETs (HS2, LS2) on both sides of CH2
are not turned on at the same time. The gate voltage fault detection function monitors the voltage between
GH1 and SH1, the voltage between GL1 and SL1, the voltage between GH2 and SH2, and the voltage
between GL2 and SL2, and compares the difference with the indication of the IN1 and IN2 pins when it is
outside the monitoring mask time. The drain-current overcurrent detection function monitors the voltage
between DH and SH1, the voltage between SH1 and SL1, the voltage between DH and SH2, and the
voltage between SH2 and SL2 and monitors and judges whether the external FETs are in the ON state
when it is outside the monitoring mask time.

The TB9103FTG does not have the ability to measure motor current. When installing an external
monitor resistor, use it within the absolute maximum rating.

7.5.3.2. Truth table
Table 7 shows possible logical states in H-bridge mode.

Table 7 Truth table for H-bridge mode

Internal Inputs Outputs

(Notel)

Descriptions

Reset [NSLEEP| IN1 | IN2 | GH1- | GL1- [ GH2- | GL2-
SH1 SL1 SH2 SL2

Reset IC is in reset state.
X X X RL RL RL RL [ HS1, LS1, HS2, and LS2 are off.
Motor phase input is High-Z.
Operation IC is in sleep mode.
(Note2) L X X RL RL RL RL [ HS1, LS1, HS2, and LS2 are off.
Motor phase input is High-Z.
Operation HS1, LS1, HS2, and LS2 are off.
H L L L L L L Motor phase input is High-Z.
Operation H H L H L L H HS1 and LS2 are on, HS2 and LS1 are off.
Motor phase input is Forward drive (SH1—SH2)
Operation H L Y L H H L HS2 and LS1 are on, HS1 and LS2 are off.
Motor phase input is Reverse drive (SH2—SH1)
Operation H H H L H L H LS1 and LS2 are on, HS1 and HS2 are off.

Motor phase input is Brake

Explanation of symbols:
X: Do not care; RL: Low through resistor; L: Low through active element
H: High by active element; High-Z: High impedance state

Note 1: It is recommended that the IN3 and IN4 pins be connected to GND.
Note 2: During sleep mode, the internal circuits are stopped, and some circuits are powered off.
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7.5.3.3. Definition of current path

In H-bridge mode, the current path of the external N-channel MOSFETSs used for the TB9103FTG is
defined as shown in Fig. 14.

The red solid line indicates the current path in forward drive, and the blue solid line indicates the current
path in reverse drive.

The dotted line indicates the regenerative current path in forward drive, and the two-dot chain line
indicates the regenerative current path in reverse drive.

TB9103FTG

Forward drive Dead Time F Brake

1T T T
HS1 HS2 | HS1 HS2 HS2
on||kA —| |off | off| k= off off
_Vl—j H L | I H _ _

M > >

N
LS1 I—} {—I LS2|LS1 I—} :LSZ LS2
off [ —{||on | off| K+ | | on on
I+ P e e o |

Ty TiT

Reverse drive Dead Time R

Tl
HS1 HS2 HS2
off | — — [off — |off
_ |—] H H L L
LS1 l_} {_l _l LS2 _l LS2
on|| —) — [off — | off
| —H H L L

?7#

Fig. 14 Definition of current path
Note: High-Z: High impedance

Note: The above diagram is partially omitted and simplified in order to explain the functions and
operations of the IC.

Disconnecting the current to the motor will generate a back electromotive force in the motor.

At the time of the High-Z state, the back EMF is regenerated through the power supply.

If the sink capability of the power supply is not available, the power and output pins of the IC may rise
above the rated rate.

The back electromotive force of the motor depends on the conditions of use and the characteristics of
the motor.

Please make sure that there is no risk of damage or malfunction of the IC and that there is no risk of
destruction or malfunction in the peripheral circuits under the customer's usage conditions.
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7.5.3.4. Drive control flowchart
Fig. 15 shows the bridge drive control flowchart in H-bridge mode.
Fig. 16 shows drive control combinations which are not shown in Fig. 15.
RESET [sLeer Normal Opertion SLEEP
VB /
VBLod
VCC VB good
VCCLOr
VCCLOd | 4
PReset release
nSLEEP l \
I Sleep reledse, OSC oscillation, MODE latch %— tSLEEP
SO T O e Iy ]hi©”=”] ~na€f .A\re“(t |
vep CWAKESD
\
VB+2.25V
i latch "H bridge mode"
MODE l :
L
High-Z Brake Forward drive Brake ! Reverse drive Brake ‘ High—-Z
INL |79 e | \ " \
N2 (79 & | \
| ] ] tGHSp1 il I I I I I I
GH1-SH1 |-80% I - N I [ I
| | | | | | | | | |
VGSDEAD 22 ey g o S SO U Ut SSUS DS N S B U § S SRS
tGLSpl tGLSp1L || ‘tﬁj %)Hsfpd‘ b b tGLSp1 ||
> - o | | | | o Al
GL1-SL1 [-80% tGLSrp tGLSfpd | | ﬁm) T T t?Sfpd
wespano 20 S
I > itdead: —itdead & itdead tGHSP1 —> tdead |
| | | | | | | 2€ | | |
GH2-SH2 |80% | ; b o |
509 | | | | | | | | |
VGSDEAD 1~~~ — ~— "~~~ moo— o — = — e — e i — e e — i b — S i — e — e S — ) — i — e — e —
telsph o o toLgp) ! Eﬁd (aéfpd‘ tGLjPl !
|
iyt — sl e
209 ‘ | Hoh I I NG ‘ [ ‘ I
VGSDEAD | — — s, i S S & S A I S S I A S i ey ) e S

Fig. 15 H-bridge flowchart 1

Note: The above diagram is partially omitted and simplified in order to explain the functions and
operations of the IC.
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MODE "H bridge mode" ‘
High-Z|  Brake [ High-Z [Forward drive] High-Z [Reverse drive] High-Z |
PP smmm— —m i i ;
70%
N ot \ : ‘ ‘
SO emmmm— 3 3 — ;
70% ; ; ; ; |
IN2 30% 'l' \‘ : : ! “ ;
Pl ir | tGHSp1 | il it l
¥ | tGHSpL “ ¥ T :
GH1-SH1 [80% “‘ : ‘ : : : ‘ “‘ : ‘ :
209 1 ooty : : -4 R, 1
VGSDEAD L o o oo N
tGLSpL tGLSp1 ! S Sdhsrd  tGESpl | tolsul | i
—)P\ —)P%\ i FI My [ —)PE\ i
GL1-SL1 [80%- &R NPed. L o LS NCCoed..
il i | il i | il i | i
209 i i i i i i l
VGSDEAD oo N T I I T N
N ! a il tGHSp1 tGHSp1 ! ;
1 G L SN
GH2-SH?2 [80%-i i - et 4 h W 1
i i | i 1 | | ! | i
209 i i 1 i i i !
VGSDEAD oo o L { o T T I T A T T T T T T ST
tGLSpl tGLSp1 (I tGLSpL tGLSp1 i |1 GHSipd J(G_H)gfpd 1
b ‘&\ L ‘EL,\ L o :
GL2-SL2 [80% :t‘G Ip : G ‘fDd :t\G rpg : el XfDd b : i :
i i i i i i i i i i
20%- ? 1 o O SO SISOt N ORI
VGSDEAD 1 — — i~ = N\ - N 1 ;

Fig. 16 H-bridge flowchart 2—Other drive control combinations

Note: The above diagram is partially omitted and simplified in order to explain the functions and
operations of the IC.
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7.6. Fault Detection Functions

The TB9103FTG has various fault detection functions. This chapter describes them. As for the following
functions, refer to each chapter in parenthesis: VCC low voltage detection (Chapter 7.1), VB low voltage
detection (Chapter 7.2), VCP over voltage boost detection circuit (Chapter 7.3.2), mode setting pin open
detection circuit (Chapter 7.5.1.1). V_DS detection threshold setting pin open detection circuit (Chapter
7.6.5.1) and overheat shutdown (Chapter 7.6.6).

TB9103FTG

7.6.1. Types of fault detection functions and corresponding operations

The TB9103FTG has functions to detect fault states shown in Table 8, shut down the gate drive, and
output to the DIAG1 and DIAG2 pins according to the fault conditions shown in Table 9.

Anomaly detection can occur simultaneously in multiple instances. Additionally, if an abnormality is
detected while driving the gate and a shutdown occurs, the shutdown itself may also trigger a gate drive
abnormality judgment.

The output to the DIAG1 and DIAG2 pins prioritizes abnormal conditions and outputs corresponding to
the highest priority abnormal conditions.(Table 9)
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Table 8 Detection functions and corresponding operations

No. | Detection function Gate drive output (V_GS), Release condition
Charge pump operating state Gate Drive Output (V_GS) , Charge Pump state
1 | CH1 (HS1,LS)) In half-bridge mode: In half-bridge mode: Change both the IN1 and IN2 pins from
IDS overcurrent GH1=GL1=Low other states to Low.
judgment In H-bridge mode: In H-bridge mode: Change both the IN1 and IN2 pins from
(Voltage monitoring | GH1=GL1=GH2=GL2=Low other states to Low.
between DS) Charge pump=0Operation
2 | CH1 (HS1,LSs1) In half-bridge mode: In half-bridge mode: Change both the IN1 and IN2 pins from
Gate drive fault GH1=GL1=Low other states to Low.
judgment In H-bridge mode: In H-bridge mode: Change both the IN1 and IN2 pins from
(Voltage monitoring | GH1=GL1=GH2=GL2=Low other states to Low.
between GS) Charge pump=0Operation
3 | CH2 (HS2, LS2) In half-bridge mode: In half-bridge mode: Change both the IN3 and IN4 pins from
IDS overcurrent GH2=GL2=Low other states to Low.
judgment In H-bridge mode: In H-bridge mode: Change both the IN1 and IN2 pins from
(Voltage monitoring | GH1=GL1=GH2=GL2=Low other states to Low.
between DS) Charge pump=0Operation
4 | CH2 (HS2, LS2) In half-bridge mode: In half-bridge mode: Change both the IN3 and IN4 pins from
Gate drive fault GH2=GL2=Low other states to Low.
judgment I n H-bridge mode: In H-bridge mode: Change both the IN1 and IN2 pins from
(Voltage monitoring | GH1=GL1=GH2=GL2=Low other states to Low.
between GS) Charge pump=Operation
5 | MODE pin open GH1=GL1=GH2=GL2=Low Recovery when nSLEEP=High and reset release by VCC are
Charge pump=0Operation satisfied
6 | VDS pin open GH1=GL1=GH2=GL2=Low Recovery when released
Charge pump=0Operation
7 | Overheat detection | GH1=GL1=GH2=GL2=Low The Charge Pump will be restored as soon as it is resolved.
Charge pump=Stop In half-bridge mode: Change each of the IN1, IN2, IN3, and
IN4 pins from other states to Low.
In H-bridge mode: Change both the IN1 and IN2 pins from
other states to Low.
(Note2), (Note3)
8 | VB low voltage GH1=GL1=GH2=GL2=Low The Charge Pump will be restored as soon as it is resolved.
detection Charge pump=Stop In half-bridge mode: Change each of the IN1, IN2, IN3, and
IN4 pins from other states to Low.
In H-bridge mode: Change both the IN1 and IN2 pins from
other states to Low.
(Note2), (Note3)
9 | VCC low voltage GH1=GL1=GH2=GL2=RL Recovery when low voltage is released
detection Charge pump=Stop (Note1)
10 | VCP over voltage GH1=GL1=GH2=GL2=Low The Charge Pump will be restored as soon as it is resolved.
boost detection Charge pump=Stop In half-bridge mode: Change each of the IN1, IN2, IN3, and
IN4 pins from other states to Low.
In H-bridge mode: Change both the IN1 and IN2 pins from
other states to Low.
(Note2), (Note3)
11 | No detection Normal operation -

RL: Low through a shunt resistor between the gate and the source

Notel: When VCC low voltage is detected, the internal of the TB9103FTG goes into reset state.

Note2: When released while in the fault detection state, all gate drivers will go Low, and the charge
pump will stop.

Note3: After performing the release operation by the IN1,IN2, it is necessary to wait for the tWAKE

period.
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Table 9 Detection details and DIAG1, DIAG2 pins
No. DIAG DIAG1 [DIAG2 pin
Detected contents Output pin output Remarks
Priority | output
5 | MODE pin open High Low Low Fault common to both CHs detected
6 | VDS pin open High Low Low Fault common to both CHs detected
7 | Overheat detection High Low Low Fault common to both CHs detected
8 | VB low voltage detection High Low Low Fault common to both CHs detected
9 [ VCC low voltage detection High Low Low Fault common to both CHs detected
10 | VCP over voltage boost detection High Low Low Fault common to both CHs detected
1 | CH1 (HS1,LS1) Middle Low High Fault detected on CH1

IDS overcurrent judgment (monitoring
voltage between DS)

2 | CH1 (HS1,LSs1) Middle Low High Fault detected on CH1

Gate drive fault judgment (monitoring
voltage between GS)

3 | CH2 (HS2, LS2) Low High Low Fault detected on CH2

IDS overcurrent judgment (monitoring
voltage between DS)

4 | CH2 (HS2,LS2) Low High Low Fault detected on CH2

Gate drive fault judgment (monitoring
voltage between GS)

11 | No detection - High High -

Note: The output to the DIAG1 and DIAG2 pins prioritizes abnormal conditions and outputs
corresponding to the highest priority abnormal conditions.
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7.6.2. DIAG1 and DIAG2 pins

DIAG1 and DIAG2 pins, which are open drain outputs, must be connected to the power supply (VCC)
through an external resistor. Connect the pull-up to the power supply pin of the circuit (e.g., MCU) used for
judgment by inputting the DIAG signal.

Inputs & Outputs Control Bridge
Logic Control
| DIAG1 Logic
Temp Detector out
VB Low Detector out

VCC Low Detector out(Reset)
VCP Over Voltage Boost Detector out ¢
CH1 VDS Fault Detection Logic out
CH1 VGS Fault Detection Logic out

A
1
L

1Ll

777' CH2 VDS Fault Detection Logic out
DIAG CH2 VGS Fault Detection Logic out
I DIAG2 Generator | MODE teminal open detection €
< 1T VDS terminal open detection é——
—3 Bridge
- Control
Logic
7T
MODE | MODE Sekctor rable
Table

VDS VDS Selector

VVVVIVY

Fig. 17 DIAGL1 and DIAG2 pins

Note: The above diagram is partially omitted and simplified in order to explain the functions and
operations of the IC.
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7.6.3. V_GS monitoring, gate driver fault detection, and shutdown operation

The TB9103FTG diverts part of the dead time control circuit to monitor whether the drive instructions of
the IN1, IN2, IN3 and IN4 pins are consistent with the states of the GH1, GH2, GL1 and GL2 pins. When
the drive instruction is changed, judgment is not made until tVGSF has passed since the change. If the
state is different from those indicated in Tables Table 5, Table 6 and Table 7 when it is outside of the
tVGSF time, a gate driver fault is assessed to have occurred.

When the gate driver fault is assessed to have occurred, the DIAGX pin is set to the states shown in
No.2 and 4 of Table 9, and all the external FETs of the channel judged to be faulty are turned OFF
(shutdown) in half-bridge mode. All the external FETs are turned OFF (shutdown) in H-bridge mode.

To restore the operation after gate driver fault and turning OFF the external FETSs, in half-bridge mode,
change all the INx pins of the channel judged to be faulty to Low. In H-bridge mode, change the IN1 and

IN2 pins to Low.

Note: INx: IN1, IN2, IN3, IN4 , DIAGx: DIAG1, DIAG2

Shared use with dead
time control circuit
( HST
l !EH]*"' nMOS
Bridge Ly HS1 ) X - FET
Control Gate l@ﬁ?EAD
Logic — Driver 1 || N\ ]
L FH 1
VGS ! (JEmE LS1
t L] Lt
Fault L LS1
: | FET
Detection Gate I Comp. | VG [BEAD CND
Logic — Driver ) —S||'w 4
- -
MOS
Bridge L5 HS2 [ 4 nFET
Co n'trol Gate l C'—c:rsnzp. VG [bEA D
Logic — Driver | 1
J BH2
| |
VGS I Gl b L
+ (. nMOS
Fault - LS2 | — } FET
Detection Gate || comp. | VGSIPEAD
Logic — Driver | |'_\ 4

Fig. 18 V_GS monitoring and fault detection circuit block diagram

Note: The above diagram is partially omitted and simplified in order to explain the functions and

operations of the IC.
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GH2-SH2) ; ! i ; ;
H ssssszssssssssssoll sssspisssssshosssssssss| [ssssssssssssssssschosssszocs:
: ! : :
: i :
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Hig [ ez’ ow”
70% N\
INL(IN3) 9%
70%| :
IN2(IN4)  79%| .
g0o e\ iteHsfd ] €3 tVGSSHUT
GH1-SH1 ° h ' : Highside ¢ ¢ High side
GH2-SH2) : : : fault occurrense, | . fault, release
20% .
VGSDEAD e s‘%}é’d """"""""""""""""""""
809 |- ¥—, tVGSSHUT : 3 tGLSfpd
GL1-SL1 ° low side  + ¢ Low'side 7 e v
GL2-SL2) 20% | fault occurrencg, i _jrm————fault release | ol :
VGSDEAD [z % af] M =G £ Fropig
monitor?rﬁg%;?igldt Monitoring perigd ; \:(_Mto\ég’o%rfg_ Monitoring peridlyd ; '
HE 2 —
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HS2 LSZ) | “High” 9 “High-2" | “Low” t; “High-2"
DIAG1(DIAG2) 80% i : H
( ) ZO%L ‘r‘. 11 ‘-‘.

Fig. 19 V_GS monitoring, fault detection, and shutdown operation

Note: The above diagram is partially omitted and simplified in order to explain the functions and
operations of the IC.
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7.6.4. V_DS monitoring, IDS overcurrent detection, and shutdown operation

Fig. 20 shows the concept of connection to external FETs.

The TB9103FTG monitors whether the drain-source voltage V_DS is lower than the set voltages of
HS_Vref and LS_Vref while the external FET gate is being driven.

When the drive instruction is changed, the TB9103FTG does not monitor until tVDSF has passed since
the change. If the V_DS is higher than the set voltages of HS_Vref and LS_Vref while the gate of the
external FET is being driven ON when it is outside the tVDSF time, the TB9103FTG will judge it as
overcurrent.

When overcurrent is judged, the DIAG pins are set to the states shown in No.1 and 3 of Table 9, and in
half-bridge mode, all the external FET drives of the channel judged to be faulty are turned OFF
(shutdown). In H-bridge mode, all the external FET drives are turned OFF (shutdown).

To restore operation after an overcurrent is detected and the external FETs are turned off (shutdown), in
half-bridge mode, change all the INx pins of the faulty channel to Low. In H-bridge mode, change the IN1
and IN2 pins to Low.

Additionally, if the charge pump’s boost is insufficient and the external high-side FET is not fully turned
on, the V_DS may become higher than the set voltage HS_Vref.

Note: INx: IN1, IN2, IN3, IN4

-
Con.trol : VDS Detector 2 1T
Logic Brldge
Control Logic | I
! Hs1 [ HS1
] Comp. [
nMOS
VDS |_ 0 —:r:'LZ: jHS Vref FET
Fault SH1
Detection | | ¢ = = =T 4
Logic ||l _~Tst I LSt
[ Comp. | nMOS
|_ Y f‘ LS Vref FET
SL14
Bridge T CND
Control Logic |, ~ 111
| Hs2 | HS2
T Comp. nMOS
VDS I _—r'le HS Vref 73y
Fault — e oy e SHZ‘I:]
Deli‘ec,tim r Ls2 : Ls2 |
ogic Comp
| . ||_sv f oS
DS re FET
. VDS === __l__
[ Select Table SLZ‘_—I

5

Fig. 20 Block diagram of IDS overcurrent detection by V_DS monitoring

Note: The above diagram is partially omitted and simplified in order to explain the functions and
operations of the IC.
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Fig. 21 Timing chart of IDS overcurrent detection by V_DS monitoring

Note: The above diagram is partially omitted and simplified in order to explain the functions and
operations of IC.
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7.6.5. V_DS detection threshold voltage setting

High-side threshold voltage "HS Vref" and low-side threshold voltage "LS_Vref" used for V_DS
detection can be set by the voltage applied to the VDS pin. They also have the function disabling V_DS
monitoring.

This setting, which is selected with an external resistor, needs to be set using a relatively high
resistance in order to minimize VCC current consumption.

TB9103FTG

- VCC VDS Selector

i I:j
VDS 0.63 xvcc—:l> B

H

0.45 XVCC—:I> | Control

Logic
0.27 xvcc—:|> B
0.0QxVCC——l>' B

Fig. 22 VDS pin interface circuit

1

1
L

Rvps1

Note: The above diagram is partially omitted and simplified in order to explain the functions and
operations of the IC.

Table 10 V_DS threshold voltage setting

Example of Rvps: V_DS Threshold Voltage Setting
VDS pin voltage
Rvbsi (HS_Vref, LS_Vref)
Open VDS4dset Error
270kQ £10% VDS3dset VvDS3d
130kQ +10% VDS2dset vDS2d
51kQ +10% VDS1dset VvDS1d
<1kQ +10% VDSO0dset V_DS detection disabled

7.6.5.1. V_DS detection threshold setting pin open detection circuit

When the TB9103FTG detects that the VDS pin is open, it turns OFF (shuts down) all the external FETs
and outputs an error to the DIAG1 and DIAG2 pins. It automatically recovers after the error output is
canceled.
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7.6.6. Overheat detection, shutdown

The overheat detection sensor monitors the temperature of the chip and detects any increase in
temperature.

When the temperature of the chip exceeds the overheat detection temperature of TTSDd, the
TB9103FTG turns OFF (shuts down) all the external FETs and outputs an error to the DIAG1 and DIAG2
pins.

When the chip temperature drops below the release threshold temperature of TTSDr start the charge
pump operation. To resume gate drive, change all the INx pins to Low in half-bridge mode. In H-bridge
mode, change the IN1 and IN2 pins to Low (High-Z indication). Then, the shutdown is released, the
DIAG1 and DIAG2 pins are returned to normal, and normal operation can resume after the tWAKE.

TB9103FTG

Note: INx: IN1, IN2, IN3, IN4 High-Z: High impedance

Chip Temperature
TTSDd

TTSDr

Charge pump stops

IN1(IN3)

Other than "High-Z" —1 “High-Z"
IN2(IN4) :

tTTSDSHUT &3
5 tGHSfpd, tGLSfpd
N

GH1-SH1t
GL1-SL11 .
GH2-SH2 } N
GL2-SL2 ¢ N

L P é
DIAG1,DIAG2| \ : : /

Fig. 23 Overheating detection timing chart

Note: The above diagram is partially omitted and simplified in order to explain the functions and
operations of the IC.
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8. PRODUCT SPECIFICATIONS/RATINGS

8.1. Absolute Maximum Ratings

Unless otherwise specified, Ta=-40 to 125°C, voltage is based on GND, and the direction of current
flowing into the pin is positive.

TB9103FTG

Spec No. Characteristics Symbol Condition Rating Unit
8.1.1 Vb -0.3 to VCP+0.3 (<18) |V
Power supply voltage 1 VCP103 (<40
+i =
8.1.2 VB 0 3 =40y,
<1s
Power supply voltage 2
8.1.3 VCC Vcce -0.3 to 6 Y,
8.1.4 Vepl -0.3 to VB+0.3 (£36) \Y,
Charge pump voltagel 5
815 CPD to VB+0.3 (=40) Vv
<1s
8.1.6 Vep2 -0.3 to VCP+0.3 (<36) |V
Charge pump voltage?2 VCP103 20
+ <
8.1.7 cp 0 3 (=40,
<1s
8.1.8 Vep3 -0.3 to 36 \Y,
Charge pump voltage3 20
8.1.9 vep 0 v
<1s
High-side gate pin voltage <
8.1.10 GHL, GH2 Vgh 0.3 to VCP+0.3 (40) \Y,
Low-side gate pin voltage
- <
8.1.11 GL1, GL2 Vgl 0.3 to VB+0.3 (=40) \Y,
8.1.12 B'th's'de drain pin voltage vdh 0.3 to VCP+0.3(40) |V
8.1.13 ) ) . Vsh -0.3 to VCP+0.3 (=40) \Y,
High-side source pin voltage 12
SH1, SH2 e 10
8.1.14 <0.1ms v
8.1.15 ) ) Vsl -0.3 to VB+0.3 (=40) \Y,
Low-side source pin voltage T
SL1, SL2 e 10
8.1.16 <0.1ms v
8.1.17 Pin voltage nSLEEP Vinl -03 to 6 \%
8.1.18 Pin voltage IN1,IN2,IN3,IN4 Vin2 -0.3 to VCC+0.3 (<6) \Y,
8.1.19 Pin voltage MODE Vin3 -0.3 to 40 \%
8.1.20 Pin voltage VDS Vind -0.3 to VB+0.3(=40) \%
8.1.21 Pin voltage DIAG1,DIAG2 Vod1l -0.3 to 6 \Y,
8.1.22 Differential voltage between pins vdifl VB-DH 2 to 2 v
VB, DH
Differential voltage between pins : SH1-DH,
8.1.23 DH, SH1, SH2 Vvdif2 SH2-DH to 2 Y,
Differential voltage between pins : SL1-SH1,
8.1.24 SH1, SH2,SL1, SL2 Vdif3 SL2-SH? to 2 \Y,
8.1.25 Ambient temperature Ta -40 to 125 °C
8.1.26 Junction temperature Tj -40 to 150 °C
8.1.27 Storage temperature Tstg -55 to 150 °C
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The absolute maximum ratings are standard values that must not be exceeded even momentarily.

When any absolute maximum rating is exceeded, it may cause destruction, degradation, or damage to
the IC and/or other parts. Design systems so that absolute maximum ratings are not exceeded in
any operating condition.

Please use this IC within the operating ranges described above.
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8.2. Operating Ranges
Spec No. Characteristics Symbol Condition Min Typ. Max Unit
Power supply voltage operating
8.2.1 range 1 VBrng VBrng=VCCrng 7 - 18 \%
VB
Power supply voltage operating
8.2.2 range 2 VCCrng VBrng=VCCrng | 4.5 - 5.5 \%
VCC
Junction temperature operating : ) } o
8.2.3 range Tjrng 40 150 C
8.3. Thermal Resistance
Spec No. Characteristics Symbol Condition Min Typ. Max Unit
8.3.1 Thermal resistance Rthsa - - 39.9 - °C/W
35 ¢
3.132
3
I
I
c 25
.§ |
° _ 2 |
s
2 A |
ga
o 15 I
|
< 1 |
I
0.626 Peatmm eSS T Sl D T e e P LN
0.5 [ -
I
0 I

Ambient temperature Ta[ C]

-40 -30 20 -10 0 10 20°°30 40 50 60 70 80 90 100 110 126°730 140 150

Fig. 24 Power Dissipation

Note: Board= JEDEC 4-layer board
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8.4. Electrical Characteristics

Unless otherwise specified, VB=7 to 18 V, VCC=4.5t0 5.5V (VB=VCC), and Ta= -40 to 125°C.
All the voltages are referenced to GND, and the current direction that flows into the pin is positive.

8.4.1. Power
S’\FIJSC Characteristics Symbol Condition Min | Typ. | Max Unit
nSLEEP=High,
i no load (not connected with
8.4.1.1 Sgerat'”g power supply current VB external FET), - - 10 |mA
Rcp=10Q, Ccp=0.1uF,
Cvcp=2.2uF
g.4.1 |OPerating powersupply current IVCC  |nSLEEP=High - - 25 |mA
VCC
Power supply current in Sleep mode R
8.4.1.3 VB ISLEEP1 |nSLEEP=Low, Ta=25°C - - 14 |uA
Power supply current in Sleep mode
8.4.14 VCC ISLEEP2 |nSLEEP=Low, Ta=25°C - - 14 |pA
8.4.1.5 |Transition time to sleep mode tSLEEP |Refer to Fig. 12, Fig. 15 - - 15 |ps

From nSLEEP pin L to H to
VCP=VB+2.25V

8.4.1.6 |Restoration time from sleep mode tWAKE |IVCP=-2mA, Rcp=10Q, - - 0.5 |[ms
Ccp=0.1uF, Cvcp=2.2uF
Refer to Fig. 12, Fig. 15

Note: GLx: GL1, GL2; L:Low; H: High
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8.4.2. Charge pump
Spec _— . . .
No Characteristics Symbol Condition Min Typ. Max Unit
VB=7V to 18V,IVCP=-2mA
8.4.2.1 |Charge pump voltage VCP1 GHx and GLx are at no load. VB+5 VB+11 VB+14 |V
Rcp=10Q, Ccp=0.1uF
Cvcp=2.2uF
8.4.2.2 |CNarge pump fCP 100 | 200 400 KHz
switching frequency
8.4.2.3 |Charge pump clamp voltage VCPCL1d Refer to Fig. 5, Fig. 6 VB+10 | VB+11 VB+14 |V
8.4.2.4 |VCP pin high-voltage detection VCPCL2d Refer to Fig. 5 33 36 39 \%
8.4.2.5 |{harge pump overvoliage boost . cpoyg Refer to Fig. 5, Fig. 6 VB+15 | VB+16 | VB+18 |V
ch i boost no load
arge pump over voltage boos _ ) )
8.4.2.6 detection, shutdown time tVCPOVSHUT VCPOVd<.VCP to V_GS=80% 15 us
Refer to Fig. 6
8.4.2.7 |Charge pump voltage Discharge \jycppg VB=18V, VCP=32V 10 70 200 mA
Note: GHx: GH1, GH2 GLx: GL1, GL2
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8.4.3. Control input/output
Spec " . . .
NoO Characteristics Symbol Condition Min Typ. Max Unit
Low level input voltage
8431 | SLEEP,IN1IN2,IN3,IN4 viL i i 0.3xvee v
High level input voltage
8432 | SLEEP,IN1,IN2,IN3,IN4 ViH 0.7xvee | - ) v
Input voltage hysteresis
8433 | SLEEP,IN1,IN2,IN3,IN4 VIHYS 0.1 ) ) v
Low level input current VCC=5.0V,
8434 | SLEEP,IN1IN2,IN3,IN4 L VIN=0V s i ° bA
High level input current VCC=5.0V,
8.4.35 NSLEEP,IN1,IN2,IN3,IN4 IH VIN=5.0V 25 50 100 HA
8.4.3.6 ) ) MODE2set Half-bridge mode 0.7xvCC | - - Y
MODE pin setting voltage -
8.4.3.7 MODE1set H-bridge mode - - 0.3xvCC |V
MODE=0.7xVCC
8.4.3.8 . . IMODE2 Refer to Table 4 15 8 20 MA
MODE pin setting current VODE=03xVCC
=0.3X%X
8.4.3.9 IMODE1 Refer to Table 4 -20 -8 -1.5 MA
DIAG
8.4.3.10 |High-Z IDIAGOFF DIAGx=VCC - - 10 MA
Output current
DIAG
8.4.3.11 [Low level VDIAGLO IDIAGLO=1mA - - 0.5 \%
Output voltage
Note: DIAGx: DIAG1, DIAG2 High-Z: High impedance
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8.4.4. FET gate driver
Spec " - . .
NoO Characteristics Symbol Condition Min Typ. Max Unit
VB=7 to 18V
8.4.4.1 ) ] VGSHSSRC1 |SHx=VB, no load VEP-VB | VCP-VB [V
Between high-side GSs GHx-SHXx -0.2
Drive voltage SHXVB oad
x=VB, no loa
8.4.4.2 VGSHSSNK1 GHx-SHx - - 0.5 \%
VB=9 to 18V
8.4.4.3 VGSLSSRC1 |SLx=GND, no load 8.9 11 14 \%
GLx-SLx
Between low-side GSs VB=7 to 9V
8444 Drive voltage VGSLSSRC2 ([SLx=GND, no load VB-0.1 - VB \%
GLx-SLx
SLx=GND, no load
8.4.45 VGSLSSNK1 GLx-SLx - - 0.5 \%
Between high-side GSs SHx=VB,
8.4.4.6 Drive output resistance Ronhssrc IGLOAD= -1mA 250 500 1000 Q
Source direction GHXx-SHXx
Between high-side GSs SHx=VB,
8.4.4.7 Drive output resistance Ronhssnk IGLOAD= 1mA 20 50 150 Q
Sink direction GHx-SHx
Between low-side GSs SLx=GND,
8.4.4.8 Drive output resistance Ronlssrc IGLOAD= -1mA 250 500 1000 Q
Source direction GLx-SLx
Between low-side GSs SLx=GND,
8.4.4.9 Drive output resistance Ronlssnk IGLOAD= 1mA 20 50 150 Q
Sink direction GLx-SLx
High side SHx=vB,
8.4.4.10 g . tGHSrpd RI=10Q, Cl=10nF 1 8 20 gs
Turn-ON time .
Refer to Fig. 19
High side SHx=vB,
8.4.4.11 g . tGHSfpd RI=10Q, Cl=10nF 0.1 0.8 5 gs
Turn-OFF time .
Refer to Fig. 19
Low side SLx=GND,
8.4.4.12 . tGLSrpd RI=10Q, Cl=10nF 1 8 20 us
Turn-ON time .
Refer to Fig. 19
Low side SLx=GND,
8.4.4.13 . tGLSfpd RI=10Q, Cl=10nF 0.1 0.8 5 hs
Turn-OFF time .
Refer to Fig. 19
SLx=GND,
8.4.4.14 |Input propagation delay time |tGHSpl RI=10Q, Cl=10nF 0.1 0.5 2 us
Refer to Fig. 12
SLx=GND,
8.4.4.15 |Input propagation delay time |tGLSpl RI=10Q, Cl=10nF 0.1 0.5 2 us
Refer to Fig. 12
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S’\;l)sc Characteristics Symbol Condition Min Typ. Max Unit
SHx=VB, SLx=GND
8.4.4.16 [Minimum dead time tdead RI=10Q, CI=10nF 0.5 15 6 V&
Refer to Fig. 19
For dead time judgment :
8.4.4.17 VGSDEAD Refer to Fig. 19 0.6 15 1.8 \%
voltage
Shunt resistance
High side between gate and
8.4.4.18 Hold off resistance RHSOFF source 75 150 300 kQ
SHx=GND
; Shunt resistance
84419 |OWSde RLSOFF between gate and | 75 150 | 300 kQ
Hold off resistance source
Note: GHx: GH1, GH2 GLx: GL1, GL2 SHx: SH1,SH2 SlLx: SL1, SL2
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8.4.5. State detection
Spec . . . .
No Characteristics Symbol Condition Min Typ. Max Unit
8.45.1 ) VCCLOd VCC drop detection 3.9 - 4.3 \Y,
VCC low voltage detection
8.45.2 VCCLOr VCC up release 4.0 - 4.5 \%
VCC low voltage detection
8.45.3 hysteresis VCCLOHYS VCCLOd < VCCLOr 0.1 - - \Y,
454 |/CClowvoltagedetection |- Refer to Fig. 3 30 |4 12 us
Filter time
. no load
gass5 |/CClowvoltagedetection |00 6oyt [vecevecLodtov GS=80% | 3.0 | 10 25 us
Shutdown time .
Refer to Fig. 3
8.45.6 ) VBLOd VB drop detection 5.1 - 5.7 \Y,
VB low voltage detection
8.4.5.7 VBLOr VB up release 5.2 - 6.0 \%
VB low voltage detection
8.4.5.8 hysteresis VBLOHYS VBLOd < VBLOr 0.1 - - Y,
. no load
8459 |/Blowvoltage detection tVBLOSHUT  |VB<VBLOd to V._GS=80% - - 15 us
Shutdown time .
Refer to Fig. 4
V_GS gate drive .
8.4.5.10 Fault detection mask time tVGSF Refer to Fig. 19 134 268 536 us
. no load
Y
84511 |/-CSgatedrve _ |tvessHuUT Fault state to V._GS=80% - - 5 us
Fault detection shutdown time .
Refer to Fig. 19
V_DS detection function setting 0.65x
8.4.5.12 VDS4dset efror vee |- VCC \Y,
. 0.47x 0.61x
8.4.5.13 VDS3dset VDS3d selection vee |- VCC \%
. . . 0.29x% 0.43x%
8.4.5.14 |V_DS detection level setting [VDS2dset VDS2d selection vee |- VCC \%
. 0.11x 0.25x
8.4.5.15 VDS1ldset VDS1d selection vee |- VCC \%
8.4.5.16 VDSOdset V_DS detection function disable 0 - 9/8(7;( \%
8.4.5.17 |VDS pin input current IVDS -38 -28 0.1 pA
. . no load
8.4.5.18 \slﬁDti deteft'on level Seing l\/bsadSHUT VDS pin=vDSadset to - - 5 us
utdown time V_GS=80%
8.4.5.19 VDS3d 0.76 0.9 1.04 Y,
8.4.5.20 |V_DS detection level vDS2d 0.51 0.6 0.69 \Y,
8.4.5.21 VvDS1d 0.25 0.3 0.35 \Y,
8.4.5.22 [V_DS detection mask time tVDSF Refer to Fig. 21 134 268 536 us
no load
. . < —ano
84523 V_DS high yoltage detection {VDSSHUT VDSxd V._DS to V_GS=80% 30 10 o5 us
Shutdown time Refer to Fig. 21
x=1,2,3
8.4.5.24 Overheat shutdown TTSDd Detection Note 155 175 195 °C
8.4.5.25 |Detected temperature TTSDr Release  Note 110 130 150 °C
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Spec L . . .
No Characteristics Symbol Condition Min Typ. Max Unit
no load
Overheat detection TTSDd<Tj to V_GS=80%
84526 1o itdown time tTTSDSHUT Refer to Fig. 23 i i 15 HS
Note

This does not warrant preventing the IC from being damaged.

8.5. Measurement Circuit

Ronhssrc

4
Ronhssnk Iﬁl
Ronlssrc Ell
4

Ronlssnk

VB

X

49; GH1,GH2

IGLOAD
=0

VGSHSSRC1
VGSHSSNK1

X

SH1,SH2

GL1,GL2

4

o

IGLOAD
—

VGSLSSRC1
VGSLSSNK1

SL1,SL2

i

Fig. 25 Measurement of gate drive section

operations of the IC.

tGHSrpd,tGHSfpd, TGLSrpd, TGLS fpd

tGHSp1, tGLSp1

VB
Ronhssrc ELL E
4? GHL,GH20 - suring paint
_|(L I Q R
Ronhssnk Cl
Iﬂi X 1
SH1,SH2
Ronlssrc ELL
4? GL1,GL2 Measuring point
4(L I Q RI
Ronlssnk ¢
0l T
SL1,SL2

Note: TSD standards are by design only and have not been subjected to shipment testing.
Overheat shutdown circuitry is intended to avoid abnormal condition temporarily.

Note: The above diagram is partially omitted and simplified in order to explain the functions and
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9. Application circuit example

The information shown below is used only as an implementation guide for this device and does not
guarantee the functional operation or performance. It is necessary to fully evaluate the functionality at the

time of actual use.

9.1. Application circuit example

RVDS1

270k(VDS3d(09V)), 39k
130k(VDS2d(06V)),
51k (VDS1d(0.3V)),

Depending on the

-©- Battery

TTT
L

3 amount of noise
N
~h
=
=1
Vi o~
o

g Rsl1
1k (Disable) > 2
[ | :
5 > s L N T LSt |'(:|}
@) ! GL1 [
= oy 2 i ] Rsh1
g IN1 E ! E-PAD : Il__O SH1 [Rsh
& IN2 zl i ! E GH1 ._}
! DH HS1 |K—
IN3 2__3| k\ ! E = —
IN4 Z‘ (N, a IZ GH2 yiy \\
EEIEIEEE %

Do miaFEEEE .
~ ™ Depending onthe 1p 18|l B8 HS2 |.(:}
S S — ramount of noise — 77 Rsh2

Ve LT
a b2 ]
3l Ls2 |'(:l}
8= Rsh1, Rsl1, Rsh2, Rsl2 : R .
Slew Rate Control , LT

Fig. 26 TB9103FTG H-bridge mode (Application circuit example)

Negative voltage suppression

Large values affect the accuracy of VDS detection.

Notel: The above figure is just an example of the application, and it is necessary to fully evaluate the
functionality at the time of actual use.
Note2: The above diagram is partially omitted and simplified in order to explain the functions and
operations of the IC.
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Battery
Depending on the
- amount of noise
&L H
RVDS1 N; -«
270k(VDS3d(09V)), ]
130k(VDS2d(06V)), = /
51k (VDS1d(0.3V)), - o =1
1k (Disable) sg| wll FIR Jr_
f m -
|j Q| o v o
sa SEEEEE ra
S -
> nSLEEP E‘ oo E SL1 LSt |'(:
5 GND E ! ! E GL1 fn H
Q INLF) | [ojSHL =
i E-PAD ! — v
€ IN2 E 1 1 E GH1 N \4
o i H DH HS1| |
= IN3 E . : E o
IN4 Zl M ceeeee o J E GH2 \\
[1[2][31[41[51[6] 50
EEEEE
S f]g Depending on theluJ'O o HS2 —
- -+ = TMamount of noise™ ; —
—J
| Rsh2 L
ST v
3 Ls2 | | M
os H
= Rsh1, Rsl1, Rsh2, Rsl2 : ‘
Slew Rate Control , R:IZ
S

Negative voltage suppression
Large values affect the accuracy of VDS
detection.

Fig. 27 TB9103FTG Half-bridge mode (Application circuit example)

Notel: The above figure is just an example of the application, and it is necessary to fully evaluate the
functionality at the time of actual use.

Note2: The above diagram is partially omitted and simplified in order to explain the functions and
operations of the IC.
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10. Package Information

TB9103FTG

Package dimensions
P-VQFN24-0404-0.50-003 "Unit:mm”"

(g 4.0£0.2
I

I
| s
—~4-—+—-1 §
| ~

Pin 1 /‘// i

index orea
3 2
= g =
=™ = =1
[
? |
i
|
=] 0.05 [S]
2.5~2.7
i , B
AALIAYA
=) . =
o - -
g B9 s
o= -] - Uy
- | O o
a_ < 1]
19 f T
A00000
il

1 13
0.40£0.1
0.254+0.05 51555 WIS 28]

Bafore creating and producing designs and using, customers must also refer to and comply with the latest varsions of all relevant TOSHIBA
ELECTRONIC DEVICES & STORAGE CORPORATION information and the instructions for the application that Product will be used with or for.

Weight: 0.04g(typ.)

©2026 44 | 46
Toshiba Electronic Devices & Storage Corporation 2026-04-21
Rev. 2.0.A



TOSHIBA

TB9103FTG

11. IC Usage Considerations

11.1. 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.

(2) 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.

11.2. 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.

(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 clears the heat generation status
immediately.
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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”.

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

e 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.

e 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, Class 3 medical devices, equipment used for automobiles,
and military vehicles and munitions. 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.

e 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.

e 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.

e 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.

e 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.

o 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.

Toshiba Electronic Devices & Storage Corporation

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