TOSHIBA

Bi-CMOS Linear Integrated Circuit, Silicon Monolithic

TB9053FTG, TB9054FTG

PWM-type, dual-channel, H-bridge, brushed DC motor driver for automotive application

TBO053FTG,TB9054FTG

_ TB9053FTG
1. Overview PN
TB9053FTG and TB9054FTG integrated circuit (IC) incorporates
in each two output driver channels for direct drive of a brushed [ 1

. L By ’_,--""’ y

DC motor for automotive application. ”’%uh M
Tag, )
],

E}\:)\/tl(\)/lr ((:j(:ir:/tero(l)x\{gntl.ow on-resistance enables highly efficient P-L OEN40-0606-0.50-001
The PWM1 and PWM2 pins specify forward, reverse, or brake
modes for motor 1, and the PWM3 and PWM4 pins specify these TBO0S4FTG

modes for motor 2. The ENABLE pins (EN1/ENB1 and
EN2/ENB2) specify drive or stop mode for the motor. ' g
The ISELL1 pin specifies whether the motor drive uses the PWM1 A
and PWM2 pins or SPI. N, o

o

The ISEL2 pin specifies whether the motor drive uses the PWM3 H‘% -~;;;F
and PWM4 pins or SPI.
The output current capacity is 6.5 A (typ.), which is suitable for a P-VOFN40-0606-0.50-004
wide range of automotive applications such as control of the

throttle valve, various engine valves, retractable door mirrors, and seat heater.

2. Application

Automotive applications such as control of the throttle valve, various engine valves, retractable door
mirrors, and seat heater.

3. Features

e  Motor driver block: Dual-channel, H-bridge driver
(Ron(Nch+Nch)) < 350 mQ (Max @ Tj = 150 °C, VBAT =8 V)
Dual-Channel Mode and Combined-Channel Mode selectable, connecting two
outputs externally allows this IC to function as a single-channel H-bridge circuit
and the device is also used as a 4-channel Half Bridge driver.

e Detection features: Over-current detection, over-temperature detection, VBAT under-voltage

detection, and VCC under-voltage detection

Initial diagnosis: Power supply fault detection circuit (VBAT under-voltage and VCC under-voltage)

PWM control output

Forward/reverse/brake modes

Current limit control: Chopper-type current limiter

High-side output current monitoring function (CM1 and CM2 pins)

Open-load detection: During operation/non-operation

DIAG output (DIAG1 and DIAG2 pins)

H-Bridge Mode/Half-Bridge Mode selectable (OSEL1 and OSEL2 pins)

Low-power Sleep Mode

Through-current prevention circuit

AEC-Q100/AEC-Q006 Capable

Start of commercial production
2022-06
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SPI communication: fault reporting, device settings and motor control through the SPI registers
Operating voltage range: VBAT = 4.5 to 28 V (absolute rating of power supply voltage = 40 V
(max.) (0.5 s))

VCC=45t055V
VDDIO=3.0t0 5.5V
Operating temperature range: Ta = -40 to 125°C
Small flat package: TB9053FTG(P-LQFN40-0606-0.50-001),
o TB9054FTG(P-VQFN40-0606-0.50-004)

« If the label of the shipping box indicates "[[G][/RoHS COMPATIBLE", "[[G]l/RoHS [[Chemical
symboil(s) of controlled substance(s)", "RoHS COMPATIBLE", or "RoHS COMPATIBLE, [[Chemical
symbol(s) of controlled substance(s)]]>MCV", then this product is compatible with the EU RoHS
Directive (2011/65/EU) in the manner the indication states.
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4. Block diagram

5V ECU
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C1,C2 capacitance value: 0.1 pF to 1 pF
Figure 4.1. Block diagram

Note: Some of the functional blocks and circuits in the block diagram may be omitted or simplified for
explanatory purposes.
The signal supplied to each driver output circuit is not generated by a logical operation between
the EN and ENB pin inputs, the independent EN and ENB signals are directly supplied to each
driver output circuit Instead.
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5. Pin assignment

Pin assignment (top view)

o O o o < < o O o @)
c c c c W W c c c cC
4 4 4 4 > > 4 4 4 4
BN BN w w — — N N — —
T XX T XX XX X
30 29 28 27 26 25 24 23 22 21
PGND2 31 20[X] PGND1
PGND2 <32 19[X] PGND1
EN2 [X]33 18[X] DIAG2
ENB2 [X]34 17[X] DIAGH
ENT [X]35 16[X] cm2
E-PAD
ENB1 [X]36 150X] oMt
vee [X37 14[X] PWM4
vDD [X]38 13X] pwm3
ISEL1 [X]39 12X pwm2
SLEEPB [X]40 11X pwmi
1 2 3 4 5 6 7 8 9 10
N IXXXXXKKKKK

SON
1as
¢13SI
odas
ANOV
A0S
173S0
¢13S0o

Pins short-circuited on the frame: 19-20
21-22
23-24
25-26
27-28
29-30
31-32

Figure 5.1. Pin assignment
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6. Pin description
6.1. Pin description

Table 6.1. Pin description

Elc?. Pin name éﬁﬁ)gf{t Pin description Remarks
Corner pin (E-PAD)
1 PWM_CLK IN gémrg?:lvh\/llh(i%géeg{%ﬁWM_CLK; used for the IC clock Pull-down
2 VDDIO El?r\:\il)?; Power supply for SPI
3 NCS IN SPI input (chip select) Pull-up
4 SDI IN SPI input (DATA) Pull-down
5 ISEL2 IN Select pin for SPI or direct PWM Pull-down
6 SDO ouT SPI output (DATA output)
7 AGND GND Analog GND
8 SCLK IN SPI input (CLK) Pull-down
9 OSEL1 IN Select pin for Half Mode Pull-down
10 OSEL2 IN ?hegleq%teﬁ))inwfg(rngALL (2 channels) or LARGE (combined Pull-down
Corner pin (E-PAD)
11 PWM1 IN PWM input Pull-down
12 PWM2 IN PWM input Pull-down
13 PWM3 IN PWM input Pull-down
14 PWM4 IN PWM input Pull-down
15 CMm1 ouT CM output(Composed of 5V system circuit) = 2
16 CM2 ouT CM output(Composed of 5V system circuit) * 2
17 DIAG1 ouT DIAG output (open-drain) ( = 1)
18 DIAG2 ouT DIAG output (open-drain) ( = 1)
19 PGND1 GND Power GND
20 PGND1 GND Power GND
Corner pin (E-PAD)
21 OuUT1 ouT Motor output 1
22 OuUT1 ouT Motor output 1
23 ouT2 ouT Motor output 2
24 OouT2 ouT Motor output 2
25 VBAT ESF\)’\S; Battery voltage
26 VBAT El?p\),\é)el; Battery voltage
27 OUT3 ouT Motor output 3
28 OUT3 ouT Motor output 3
29 ouT4 ouT Motor output 4
30 ouT4 ouT Motor output 4
© 2020-2024 5 2024-04-08
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Elc?. Pin name cl)rl]ft)gltft Pin description Remarks
Corner pin (E-PAD)

31 PGND2 GND Power GND

32 PGND2 GND Power GND

33 EN2 IN EN input Pull-down

34 ENB2 IN ENB input Pull-up

35 EN1 IN EN input Pull-down

36 ENB1 IN ENB input Pull-up

37 vce ESF%?; VCC input

38 VDD ESF‘)’;?; VDD input

39 ISEL1 IN Select pin for SPI or direct PWM Pull-down

40 SLEEPB IN Sleep input Pull-down

Note: Connect the corner pins and exposed-pad pins to GND in your system. No testing before shipment

is performed on these pins.

- 1. Connect the external pull-up resistors for the DIAG1 and DIAG2 pins to VDDIO (MCU power supply).
If SPI communication is not used, connect the VDDIO pin and the external pull-up resistors for the
DIAG1 and DIAG?2 pins to the VCC power supply.

+ 2: The CM1/CM2 pins use a circuit with a 5 V power supply; if you use a 3 V MCU power supply, be
careful not to exceed the absolute withstand voltage.
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7. Function description

In the specifications below, DT and SB denote the motor drive operations "dead time" and "short brake",
respectively. Select the mode with OSEL1 and OSEL2, and set the drive method with ISEL1 and ISEL2.

OSEL1 OSEL2 mode
L L LARGE Mode (2 channels combined; 1 motor)
H L Half Mode
L H SMALL Mode (2 channels separate; 2 motors)
H H Prohibited Mode (motor output OFF)

Note: The OSEL1 and OSEL2 pin inputs are latched when the initial diagnosis starts. If the IC enters
Prohibited Mode, reset the VCC power supply (by lowering it below the VCC under-voltage and
POR detection voltage) to restart the IC.

mode ISEL1 | ISEL2 CH1(OUT1, OUT2) | CH2(0UT3, OUT4)
LARGEmode L PWM drive(PWM1,2 pin)
(2 channels combined;1 motor) H SPI drive(CH1 setting)
Half mode L - PWM drive -
(PWM1—-0UT1,
PWM2—-0UT2)
H - Prohibited Mode (output off) -
- L - PWM drive
(PWM3—0UT3,
PWM4—0UT4)
- H - Prohibited Mode (output off)
SMALL mode L - PWM drive (PWM1,2 pin) -
(2ch mode:2 mode) H - SPI drive (CH1 pin) -
- L - PWM drive (PWM3,4 pin)
- H - SPI drive (CH2 setting)

Note : Use short-circuit ISEL1/2 via external wiring.

7.1. Motor drive output circuit

The output circuit operates in the following modes (Table 7.1):
In Table 7.1 to Table 7.7, the following notation are used. X: Don't care, H: High, L: Low, and Z: High
impedance.

7.1.1. Dual-Channel Mode (SMALL Mode) (OSEL1 =L and OSEL2 = H)
Table 7.1. H-bridge motor function 1

PWM1 PWM2 EN1 ENB1 SLEEPB OuUT1 ouT2

Forward H L H L H H L
Short brake L L H L H L L
Reverse L H H L H L H
Short brake H H H L H H H
EN1 Disable X X L X H z z
ENB1 Disable X X X H H Z z
Sleep Mode X X X L/H L z z
EN Disconnected X X z X X z z
ENB Disconnected X X X Zz X VA Z

PWML1 Disconnected z L/H H L H L L/H
PMM2 Disconnected L/H z H L H L/H L
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PWM3 PWM4 EN2 ENB2 SLEEPB OuUT3 ouT4

Forward H L H L H H L
Short brake L L H L H L L
Reverse L H H L H L H
Short brake H H H L H H H
EN2 Disable X X L X H z z
ENB2 Disable X X X H H 4 4
Sleep Mode X X X L/H L A Z
EN2 Disconnected X X z X X z z
ENB2 Disconnected X X X z X z Z

PWM3 Disconnected Z L/H H L H L L/H
PMM4 Disconnected L/H z H L H L/H L

Note: When changing the motor rotation from forward to reverse or vice versa, always insert a
regenerative brake. Otherwise, the IC may break down.

Note: When current limit control is applied, operation differs from the motor function table above.
For details, refer to "7.7. Current limit control".

Note: The SLEEPB pin sets a low-power Sleep Mode. When SLEEPB =L, the system enters Sleep
Mode. When SLEEPB = H, the system cancels Sleep Mode.

Note: When Sleep Mode the ENB1/2 pins does not use OPEN, set the ENB1/2 pins to L or H.

7.1.2. Combined-Channel Mode (LARGE Mode) (OSEL1 =L and OSEL2 =1L)

PWM3 and PWM4 are ineffective.
Externally short-circuit ISEL1/2, EN1/2, ENB1/2, OUT1/2, and OUT3/4.

Table 7.2. H-bridge motor function 2

PWM1 PWM2 EN1/EN2 | ENB1/ENB2 | SLEEPB OuUT1/2 OuUT3/4

Forward H L H L H H L
Short brake L L H L H L L
Reverse L H H L H L H
Short brake H H H L H H H
EN1/EN2 Disable X X L X H A Z
ENB1/ENB2 Disable X X X H H A Z
Sleep Mode X X X L/H L z z
EN1/EN2 Disconnected X X Z X X Z Z
pisconnected x x x z x z ’

PWM1 Disconnected VA L/H H L H L L/H
PMM2 Disconnected L/H VA H L H L/H L

Note: When Sleep Mode the ENB1/2 pins does not use OPEN, set the ENB1/2 pins to L or H.
e Combined-Channel Mode (LARGE Mode) uses the IC as a single-channel device by short-circuiting
the outputs as follows:

m
N\

30 20 28 27 26 25 24 23 22 21
o 0O o o ¥ v o o 0o Q0
U U U U B B U U U U
T T T T A AT T T T
4 4 3 3 T T 2 2 1 1
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7.1.3. Half Mode (OSEL1 =Hand OSEL2=1L)

Table 7.3. Half-bridge motor functions

PWM1 PWM2 EN1 ENB1 SLEEPB OuUT1 ouT2

OUT1H H X H L H H X
OUT1L L X H L H L X
OUT2H X H H L H X H
ouT2L X L H L H X L
EN1 Disable X X L X H z z
ENB1 Disable X X X H H z z
Sleep Mode X X X L/H L Z z
EN Disconnected X X z X X z z
ENB Disconnected X X X z X z z

PWML1 Disconnected VA L/H H L H L L/H
PMM2 Disconnected L/H z H L H L/H L

Note: In Half-Bridge Mode, only the motor drive with the PWM1 and PWM2 pins is usable.

Note: In Half-Bridge Mode,Set the ISEL1 pin to L.

Note: In Half-Bridge Mode,

If ISEL1 = H, the system enters Prohibited Mode (output OFF). During

Prohibited Mode, Prohibited Mode (output OFF) is canceled when ISEL1 is set to L again.
Note: When Sleep Mode the ENB1/2 pins does not use OPEN, set the ENB1/2 pins to L or H.

PWM3 PWM4 EN2 ENB2 SLEEPB OuUT3 ouT4

OUT3H H X H L H H X
OuUT3 L L X H L H L X
OUT4 H X H H L H X H
ouT4 L X L H L H X L
EN2 Disable X X L X H z VA
ENB2 Disable X X X H H Z z
Sleep Mode X X X L/H L Z Z
EN2 Disconnected X X z X X z z
ENB2 Disconnected X X X z X z z

PWM3 Disconnected V4 L/H H L H L L/H
PMM4 Disconnected L/H z H L H L/H L

Note: In Half-Bridge Mode, only the motor drive with the PWM1 and PWM2 pins is usable.

Note: In Half-Bridge Mode,Set the ISEL1 pin to L.

Note: In Half-Bridge Mode,

If ISEL1 = H, the system enters Prohibited Mode (output OFF). During

Prohibited Mode, Prohibited Mode (output OFF) is canceled when ISEL1 is set to L again.
Note: When Sleep Mode the ENB1/2 pins does not use OPEN, set the ENB1/2 pins to L or H.

© 2020-2024

Toshiba Electronic Devices & Storage Corporation

2024-04-08
Rev.2.0



TOSHIBA

7.2. Notes on half-bridge usage

Using the OSEL1 pin and OSEL?2 set this IC to function as a half-bridge circuit.
Note that the following functions are partially disabled.

TBO053FTG,TB9054FTG

See the following table:
Table 7.4. Half-bridge specifications

Half-bridge specifications

VBAT under-voltage detection Enabled
VCC under-voltage detection Enabled
VCCPOR Enabled

Output S/IR Enabled

Output dead time Enabled

Current limit Disabled

Current limit at high temperature Disabled
TSD (over-temperature detection) Enabled

Enabled; however, output pins (OUT1/2/3/4) may individually
enter a Hi-Z state, which only occurs in Half-Bridge Mode
(Operation differs from the ISD function for H-Bridge Mode, in
which OUT1/2 enter a Hi-Z state simultaneously)

ISD (over-current detection)

DIAG Enabled

CM (current monitor) Disabled
Open load during operation Disabled
Open load during non-operation Disabled
Motor drive using SPI Disabled

Cancellation of output OFF (Hi-Z) when | Use SPI settings (write "1", one-shot pulse) to cancel the Hi-Z
the ISD (over-current detection) circuit is | state (latched) individually for the output pins (OUT1/2/3/4);
activated SPI communication is mandatory for Half-Bridge Mode

Note: When using the IC as a half-bridge circuit, there is no current-limit functionality, as no current-limit
circuit is embedded in the upper part of the circuit. Therefore, the current increases until over-
current is detected.

© 2020-2024 10 2024-04-08

Toshiba Electronic Devices & Storage Corporation Rev.2.0



TOSHIBA

TBO053FTG,TB9054FTG

7.2.1. Dual-Channel Mode (SMALL Mode, which uses two channels)

Table 7.5. Function operation during abnormality detection (1)

OouT1 OuT2
Over-temperature detection 1 ( - 1) Z Z
Over-current detection z z
VBAT under-voltage detection Z Z
VCC under-voltage detection Y4 z
Open-load detection (during operation) L/H/IZ L/H/IZ
Open-load detection
(during non-operation) Lz Lilriz
OouT3 ouT4
Over-temperature detection 1 ( - 1) A A
Over-current detection Z Z
VBAT under-voltage detection Z Z
VCC under-voltage detection Z Z
Open-load detection
(during operation) Hirlz Ltz
Open-load detection _ (during L/H/Z L/H/Z
non-operation)

- 1. The detection signal of the over-temperature detection circuit retains its state even when VBAT falls
below the under-voltage detection voltage.

7.2.2. Combined-Channel Mode (LARGE Mode, which uses the IC as one channel)
Table 7.6. Function operation during abnormality detection (2)

OUT1/2 | OUT3/4
Over-temperature detection 1 ( + 1) V4 V4
Over-current detection z z
VBAT under-voltage detection Z z
VCC under-voltage detection Z Z
Open_—load dete_ctlon L/H/Z L/H/Z
(during operation)
Open-load detectlc_m L/H/Z L/H/Z
(during non-operation)

Note: In Combined-Channel Mode, (LARGE Mode), PWM3 and PWM4 are ineffective.

Note: In Combined-Channel Mode (LARGE Mode), externally short-circuit ISEL1/2, EN1/2, ENB1/2,
OUT1/2, and OUT3/4.

- 1: The detection signal of the over-temperature detection circuit retains its state even when VBAT falls
below the under-voltage detection voltage.

Table 7.7. Output state

ouT High-side driver Low-side driver
H ON OFF
L OFF ON
Z OFF (Hi-2) OFF (Hi-2)
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Figure 7.1. EN/ENB signals and motor drive output

Note: When disabling the output using the EN and ENB pins, the output changes to OFF without the
inclusion of dead time.
Sleep Mode requires a recovery time, because the IC turns off its internal functions to reduce
power consumption.

7.3. Slew rate
The following table shows the possible slew rate settings using SPI:

Table 7.8. Slew rate setting

Slew rate V/us (Reference) us for 14 V SPI setting

(design data) (design data )
Slow1l 1.09 12.80 CONFIG1/2 DATA[14:12] = 001
Slow2 2.19 6.40 CONFIG1/2 DATA[14:12] =010
Slow3 4.38 3.20 CONFIG1/2 DATA[14:12] = 011
Slow4 8.75 1.60 CONFIG1/2 DATA[14:12] = 100
Normal 17.50 0.80 CONFIG1/2 DATA[14:12] = 000
Fast2 21.88 0.64 CONFIG1/2 DATA[14:12] =101
Fastl 26.25 0.53 CONFIG1/2 DATA[14:12] =110

7.4. Dead time

Dead time prevents motor output through-current. The system monitors the gate voltage of the internal
DMOS. After detecting that the high side in the IC changes to OFF, the low side automatically changes
to ON to prevent through-current.
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7.5. PWM Function

7.5.1. PWM function (forward rotation, low-side regeneration) (EN=H, ENB=L) (Figure 7.2 and

Figure 7.3)
VBAT
L I
OUT1 OUT2—h- QUT1
GND GND GND
PWM1=H PWM2=L PWM1=H=L PWM2=L PWM1=PWMZ2=L({Short brake1)
(Forward) (Dead Time)
VBAT VBAT
J L L
= OUT1 OUT2 mme OUT1 ouT?2
de Je
GND
PWM1=L=H PWM2=L PWM1=H PWM2=L
(Dead Time) (Forward)

o indicates a DMOS transistor that is ON.
Figure 7.2. Current path for PWM function (forward rotation, low-side regeneration)

Note: Some of the functional blocks and circuits in the block diagram may be omitted or simplified for
explanatory purposes.

7.5.2. PWM function (forward) timing chart

H
P

-4 cCO

ON
L-side
OFF

Wetar ditm Eoruard oT Shortbraka 1 oT
mode

D.T: Dead time

Figure 7.3. PWM function (forward rotation, low-side regeneration) timing chart

Note: Parts of each timing chart shown in this specification document may be omitted or simplified
for explanatory purposes.
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7.5.3. PWM function (forward rotation, high-side regeneration) (EN=H, ENB=L)(Figure 7.4 and
Figure 7.5)
VBAT
ouT1 QUT2 me- OUTA
e
GND GND GND
PWM1=H PWM2=L PWM1=H PWM2=l=H PWM1=PWM2=H(Shor brake1)
(Forward) {(Dead Time)
VBAT VBAT
sl
= OUT1 OUT2 ==p OUT1 |_° ouT2
J= >l
GND GND
PWM1=H PWM2=H=L PWM1=H,PWM2=L
(Dead Time) (Forward)

Figure 7.4. Current path for PWM function (forward rotation, high-side regeneration)

Note: Some of the functional blocks and circuits in the block diagram may be omitted or simplified for
explanatory purposes.

7.5.4. PWM function (forward) timing chart

ON
H-side
OFF

L
7

(N o i Trel| Time
L-side
OFF

A

AN e -
H-side
OFF

- cC O

ON
L-side
OFF —m = — — — — — — —

Motor drive
e Forward D.T Short brake 1 DT Forward

D.T: Dead time

Figure 7.5. PWM function (forward rotation, high-side regeneration) timing chart

Note: Parts of each timing chart shown in this specification document may be omitted or simplified for
explanatory purposes.
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7.5.5. PWM function (reverse rotation, low-side regeneration) (EN=H, ENB=L)(Figure 7.6 and
Figure 7.7)
VBAT VBAT VBAT
e =L
ouTH OQUT2 == OUT1 QUT?2 == OUT1 ouT2
=
GND GND GND
PWM1=L PWM2=H PWM1=L PWM2=H=L PWM1=PWM2=L(Short brake?2)
(Reverse) (Dead Time)
VBAT VBAT
=3 OUT1 OUT2 == QUT1 r_o_ ouT2
=l El 12
GND GND
PWM1=L,PWM2=1=H PWM1=L PWM2=H
(Dead Time) (Reverse)

The circled DMOS FET indicates active. .
Figure 7.6. Current path for PWM function (reverse rotation, low-side regeneration)
Note: Some of the functional blocks and circuits in the block diagram may be omitted or simplified for
explanatory purposes.
7.5.6. PWM function (reverse) timing chart

H __________ ——— —— — ——— — — —
P

L

H
P2

D i o ims o mme m

ON == = em o oo e e o e o
H-side
OFF

ON
L-side
OFF —m —m — = - - - — —

- —co

ON
H-side
OFF —m = — — — — — — — —

0
[

I s s e Time | MO
L-side <
OFF

Motor drive
s Reverse D.T Short hrake 2 DT Reverse

D.T: Dead time

Figure 7.7. PWM function (reverse rotation, low-side regeneration) timing chart

Note: Parts of each timing chart shown in this specification document may be omitted or simplified for
explanatory purposes.
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7.5.7. PWM function (reverse rotation, high-side regeneration) (EN=H, ENB=L) (Figure 7.8 and
Figure 7.9)
VBAT VBAT
=
ouT1 OUT2 == OUT1 OUT2 ==0OUT1
Jre =il
GND GND GND
PWM1=L PWM2=H PWM1=L=H PWM2=H PWM1=PWM2=L(Short brake2)
(Reverse) (Dead Time)
VBAT VBAT
/
Iz 1=} .ah@
— OUT1 QOUTZ = OUTA |r_°_ ouT2
= =1 &=
GND GND
PWM1=H=L PWM2=H PWM1=L,PWM2=H
(Dead Time) (Reverse)

Figure 7.8. Current path for PWM function (reverse rotation, high-side regeneration)

Note: Some of the functional blocks and circuits in the block diagram may be omitted or simplified for
explanatory purposes.

7.5.8. PWM function (reverse) timing chart

P
lis

H
Pwhe

U oo o i i

ON i o s oo ey s s o
H-side
OFF

ON Time Time
L-side
OFF = = = = — e e = = —

0
[

ON
H-side
OFF —m = — —m — — — — — — _——

ON = = = e e e e e e ——
L-side
OFF

- cC O

Mo:jor ddenve Reverse DT Short hrake 2 DT Reverse

D.T: Dead time

Figure 7.9. PWM function (reverse rotation, high-side regeneration) timing chart

Note: Parts of each timing chart shown in this specification document may be omitted or simplified for
explanatory purposes.
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7.5.9. Combined-Channel Mode (LARGE Mode)

In Combined-Channel Mode (LARGE Mode), the circuit operates as follows.
For operation details, refer to the PWM function above.

VBAT VBAT
I
ouTH/2 | QUTY4 ouT2 QUT3/4
Gk i
GND : : GND
Forward Low-side regeneration
(Forward)
VBAT VBAT
=1 3= Jé} J
ouTH/2 | QUTY4 ouT12 QUT3/4
SEl B 5 e
GND GND
High-side regeneration Reverse
(Forward)
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7.5.10. Function and SPI CONFIG register setting

Table 7.9. Function and SPI CONFIG register setting

Variou SPI CONFIG register
S settings
setting
of SPI
registe low- or high-side
rs regeneration setting
(excep
t the Pin setting Pin input Output
registe
rs of chi ch2
No . motor ISEL ISEL OSEL | OSEL PWM PWM PWM PWM EN1 ENB1 EN2 ENB2 ouT ouT ouT ouT
Function CONFIG1 CONFIG2
control 1 2 1 2 1 2 3 4 (OUT1&0UT2) (OUT1&0UT2) (OUT3&0UT4) (OUT3&0UT4) 1 2 3 4
DATA[20] DATA[20]
using
SPI)
Combined- Not
Channel i Disabl | Disabl H:Enable H:Disable H:Enable H:Disable . .
1 require L L L L H/L H/L . . H/L H/L Disable Disable
(LARGE) Mode d e e L:Disable L:Enable L:Disable L:Enable
Direct PWM
Combined-
Channel
(LARGE) Mode Requir Disabl | Disabl H:Enable H:Disable H:Enable H:Disable i i
2 i L L L L H/L H/L R R H/L H/L Disable Disable
Direct PWM+ ed e e L:Disable L:Enable L:Disable L:Enable
each setting
by SPI
Combined- .
low-side
Channel Not . ) . . . . -
i Disabl | Disabl | Disabl | Disabl H:Enable H:Disable H:Enable H:Disable regeneratio .
3 (LARGE) Mode require H H L L . . H/L H/L Disable
e e e e L:Disable L:Enable L:Disable L:Enable n
Motor control d -
. (Initial)
using SPI
Combined- .
0: low-side
Channel .
regeneratio
(LARGE) ) ’ . . . . . . . )
Requir Disabl | Disabl | Disabl | Disabl H:EnableL:Dis H:DisableL:En H:EnableL:Dis H:DisableL:En nl: high- i
4 ModeMotor H H L L H/L H/L i Disable
. ed e e e e able able able able side
control using .
regeneratio
SPI+ each N
setting by SPI
© 2020-2024 18 2024-04-08
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Variou SPI CONFIG register
S settings
setting
of SPI
registe low- or high-side
rs regeneration setting
(excep
t the Pin setting Pin input Output
registe
rs of cht Ch2
No . motor ISEL ISEL OSEL | OSEL PWM PWM PWM PWM EN1 ENB1 EN2 ENB2 ouT ouT ouT ouT
Function CONFIG1 CONFIG2
control 1 2 1 2 1 2 3 4 (OUT1&0UT2) (OUT1&0UT2) (OUT3&0UT4) (OUT3&0UT4) 1 2 3 4
DATA[20] DATA[20]
using
SPI)
Dual-Channel Not
(SMALL) Mode . H:Enable H:Disable H:Enable H:Disable . .
5 . require L L L H H/L H/L H/L H/L K K H/L H/L H/L H/L Disable Disable
Ch1/Ch2 direct d L:Disable L:Enable L:Disable L:Enable
PWM
Dual-Channel
(SMALL) Mode
Ch1/Ch2 direct Requir H:Enable H:Disable H:Enable H:Disable i i
6 L L L H H/L H/L H/L H/L . . H/L H/L H/L H/L Disable Disable
PWM ed L:Disable L:Enable L:Disable L:Enable
+ each setting
by SPI
Dual-Channel X X
low-side low-side
(SMALL) Mode Not . . . . . . . .
. Disabl | Disabl | Disabl | Disabl H:Enable H:Disable H:Enable H:Disable regeneratio regeneratio
7 Ch1/Ch2 require H H L H . . H/L H/L H/L H/L
e e e e L:Disable L:Enable L:Disable L:Enable n n
motor control d - .
. (Initial) (Initial)
using SPI
Dual-Channel . .
0: low-side 0: low-side
(SMALL) . .
regeneratio regeneratio
ModeCh1/Ch2 X X ) ) ) . ) ) ) . .
Requir Disabl | Disabl | Disabl | Disabl H:EnableL:Dis H:DisableL:En H:EnableL:Dis H:DisableL:En ni: high- ni: high-
8 | motor control H H L H H/L | H/L H/L | H/L ) A
K ed e e e e able able able able side side
using SPI+ . .
. regeneratio regeneratio
each setting
n n
by SPI
Dual-Channel
(SMALL) Mode .
: low-side
Ch1 direct Not ) ) . . -
. Disabl | Disabl H:Enable H:Disable H:Enable H:Disable i regeneratio
9 PWM require L H L H H/L H/L . . H/L H/L H/L H/L Disable
e e L:Disable L:Enable L:Disable L:Enable n
Ch2 motor d -
i (Initial)
control using
SPI
Dual-Channel 0: low-side
(SMALL) Mode i ) ) . .
K Requir Disabl | Disabl H:Enable H:Disable H:Enable H:Disable i .
10 | Ch1 direct L H L H H/L H/L . . H/L H/L H/L H/L Disable regeneratio
ed e e L:Disable L:Enable L:Disable L:Enable
PWM+ each n
setting by SPI 1: high-side
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Variou SPI CONFIG register
S settings
setting
of SPI
registe low- or high-side
rs regeneration setting
(excep
t the Pin setting Pin input Output
registe
rs of cht Ch2
No . motor ISEL ISEL OSEL | OSEL PWM PWM PWM PWM EN1 ENB1 EN2 ENB2 ouT ouT ouT ouT
Function CONFIG1 CONFIG2
control 1 2 1 2 1 2 3 4 (OUT1&0UT2) (OUT1&0UT2) (OUT3&0UT4) (OUT3&0UT4) 1 2 3 4
DATA[20] DATA[20]
using
SPI)
Ch2 motor
control using regeneratio
SPI n
+ each setting
by SPI
Dual-Channel
(SMALL) Mode )
low-side
Ch1 motor Not X ) ) ) )
X . Disabl | Disabl H:Enable H:Disable H:Enable H:Disable regeneratio i
11 control using require H L L H H/L H/L . . H/L H/L H/L H/L Disable
PI d e e L:Disable L:Enable L:Disable L:Enable n
. (Initial)
Ch2 direct
PWM
Dual-Channel
(SMALL)
ModeCh1 0: low-side
motor control regeneratio
using SPI+ Requir Disabl | Disabl H:EnableL:Dis H:DisableL:En H:EnableL:Dis H:DisableL:En nl: high- i
12 . H L L H H/L H/L H/L H/L H/L H/L . Disable
each setting ed e e able able able able side
by SPICh2 regeneratio
direct PWM+ n
each setting
bySPI
Half Mode Not ) )
X X H:Enable H:Disable H:Enable H:Disable . .
13 Ch1/Ch2 direct require L L H L H/L H/L H/L H/L . . H/L H/L H/L H/L Disable Disable
L:Disable L:Enable L:Disable L:Enable
PWM d
Half Mode
Ch1/Ch2 direct . ) )
Requir H:Enable H:Disable H:Enable H:Disable . .
14 | PWM L L H L H/L H/L H/L H/L R R H/L H/L H/L H/L Disable Disable
. ed L:Disable L:Enable L:Disable L:Enable
+ each setting
by SPI
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7.6. DIAG output (Table 7.10)

DIAG1 and DIAG2 are open-drain output pins. Insert pull-up resistors between these pins and VDDIO
(MCU power supply). If not using SPI communication, connect the VDDIO pin and the external pull-up
resistors, that is connected at DIAG1 and DIAG2, to the VCC power supply.
These pins output L when the following abnormalities are detected.

+ In the following table, X: Don't care, H: High, L: Low, and Hi-Z: High impedance.

Table 7.10. DIAG functionality (Dual-Channel Mode)

Motor drive output

Is EN/ENB
pulse input
Function EN1 | ENB1 | EN2 | ENB2 | needed DIA.Gl DIA.GZ OouT1 ouT2 OuT3 ouT4
when DIAG | PN pin
is cleared?

Forward (normal operation) H L H L - H H L H L
Reverse (normal operation) H L H L - H H L H L H
Short brake (normal operation) H L H L - H L/H L/H L/H L/H

ENL1 Disable L X X X No L H/L Hi-Z Hi-Z H/L/Hi-Z | H/L/Hi-Z
EN2 Disable X X L X No H/L L H/L/Hi-Z | H/L/Hi-Z Hi-Z Hi-Z
ENB1 Disable X H X X No L H/L Hi-Z Hi-Z H/L/Hi-Z | H/L/Hi-Z
ENB2 Disable X X X H No H/L L H/L/Hi-Z | H/L/Hi-Z Hi-Z Hi-Z
Sleep Mode X L/H X L/H - H H Hi-Z Hi-Z Hi-Z Hi-Z
Over-temperature detected (TSD) X X X X No Hi-Z Hi-Z Hi-Z Hi-Z
Ch1 over-current detected (ISD) X X X X Yes L H/L Hi-Z Hi-Z H/L/Hi-Z | H/L/Hi-Z
Ch2 over-current detected (ISD) X X X X Yes H/L L H/L/Hi-Z | H/L/Hi-Z Hi-Z Hi-Z
VBAT under-voltage detected X X X X No L L Hi-Z Hi-Z Hi-Z Hi-Z
VCC under-voltage detected X X X X No L L Hi-Z Hi-Z Hi-Z Hi-Z
L(- L(- . . . .
VCC under-voltage detected (POR) X X X X No é) é) Hi-Z Hi-Z Hi-Z Hi-Z
Ch1 open load during operation | X X X No L HIL  |HILHIZ | HILHI-Z | HIUHI-Z | HILH-Z
detected
Ch2 open load during operation X X X No HIL L |HHI-Z | HIUHIZ | HILHI-Z | HIUHE-Z
detected
Ch1 open load during non- x | x | x| x No L HIL  |HIUHI-Z | HILHI-Z | HILHI-Z | HILHI-Z
operation detected
Ch2 open load during non- . . . .
. X X X X No H/L L H/L/Hi-Z | H/L/Hi-Z | H/L/Hi-Z | H/L/Hi-Z
operation detected
Initial/EN diagnosis detects an
error (detection of VBAT/VCC X X X X No L L (-1) (-1) (-1) (-1
under-voltage or over-temperature)
Initial/ EN diagnosis detects an
error (detection qf Chi over-current X X X X No L HIL (-1) (-1) (- 1) (-1)
or open load during operation/non-
operation)
Initial/ EN diagnosis detects an
error (detection of Ch2 over-current
-1 -1 -1 -1
or open load during operation/non- X X X X No HIL L (-1 (-1 (-1 (-1
operation)
Initial/ EN diagnosis does not start
(detection of VBAT/VCC under- X X X X No L L Hi-Z Hi-Z Hi-Z Hi-Z
voltage or over-temperature)
© 2020-2024 21 2024-04-08
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Motor drive output
Is EN/ENB
pulse input
Function EN1 | ENB1 | EN2 | ENB2 | needed DIAGl DIA.GZ OuUT1 ouT2 OUT3 ouT4
whenDIAG | P pin
is cleared?
Initial/ EN diagnosis does not start
(detection of th over-cgrrent or X X X X No L HIL Hi-Z Hi-Z (-1) (-1)
open load during operation/non-
operation)
Initial/ EN diagnosis does not start
(detection of th over-gurrent or X X X X No HIL L (-1) (-1) Hi-Z Hi-Z
open load during operation/non-
operation)
SPI communication disruption
detected X X X X No L L (-2 (-2 (-2 (-2
SPI communication CRC error X X X X No L L |HILUHI-Z |HIUHI-Z |HILHI-Z | HILHI-Z
detected
Abnormal SPI communication . ) ) .
SCLK clock count detected X X X X No L L H/L/Hi-Z | H/L/Hi-Z | H/L/Hi-Z | H/L/Hi-Z
Abnormal SPI communication X X X X No L L |HWHI-Z |HILHI-Z | HILHI-Z | HILHI-Z
address detected

- 1: Operation is similar to Table 7.1. H-bridge motor function 1.
- 2. Operation specified in CONFIG1 DATA[8 ].

Table 7.11. DIAG functionality (Combined-Channel Mode)

Motor drive output
Is EN/ENB
Function EN1 | ENB1 | EN2 | ENB2 pﬂzzclizzm DIA.Gl DIAGZ OouUT1 ouT2 OouT3 ouT4
whenDIAG | PN pin
is cleared?

Forward (normal operation) H L H L - H H H H L L
Reverse (normal operation) H L H L - H H L L H H
Short brake (normal operation) H L H L - H H L/H L/H L/H L/H

EN1 and EN2 Disable L X L X No L L Hi-Z Hi-Z Hi-Z Hi-Z
ENB1 and ENB2 Disable X H X H No L L Hi-Z Hi-Z Hi-Z Hi-Z
Sleep Mode X L/H X L/H - H H Hi-Z Hi-Z Hi-Z Hi-Z
Over-temperature detected (TSD) X X X X No L L Hi-Z Hi-Z Hi-Z Hi-Z
Ch1 over-current detected (ISD) X X X X Yes L H Hi-Z Hi-Z Hi-Z Hi-Z
Ch2 over-current detected (ISD) X X X X Yes H L Hi-Z Hi-Z Hi-Z Hi-Z
VBAT under-voltage detected X X X X No L L Hi-Z Hi-Z2 Hi-Z Hi-Z
VCC under-voltage detected X X X X No L L Hi-Z Hi-Z Hi-Z Hi-Z
VvCC underigczjltsiqe detected X X X X No Lé)- LSE)- Hi-Z Hi-Z Hi-Z Hi-Z
Chl&igiﬁgﬁlg’tzgtg;””g x | x | x X No L L |HILHI-Z |HIUHIZ | HIUHIZ | HILHIZ
Chl'czieorﬁgr:o:edt:c‘:ggg non- 1 x X X X No L L |HwHiZ | MUKz | HiUki-Z |HiuHiZ
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Motor drive output
Is EN/ENB
pulse input
Function EN1 | ENB1 | EN2 | ENB2 | needed DIA.Gl DIAGZ OuT1 ouT2 ouT3 ouT4
whenDIAG | PN pmn
is cleared?
Initial/ EN diagnosis detects an
error (detection of VBAT/VCC X X X X No L L (1) (-1 (1) (1)
under-voltage or over-temperature)
Initial/ EN diagnosis detects an
error (detection of Ch1-Ch2 over-
-1 -1 -1 -1
current or open load during X X X X No L L (-1 1 (-1 (-1
operation/non-operation)
Initial/ EN diagnosis is attempted
but does not start . . . .
(detection of VBAT/VCC under- X X X X No L L Hi-z Hi-Zz Hi-z Hi-Zz
voltage or over-temperature)
Initial/ EN diagnosis is attempted
but does not start
(detection of Ch1-Ch2 over-current X X X X No L L Hi-Z Hi-Z Hi-Z Hi-Z
or open load during operation/non-
operation)
SPI communication disruption
-2 =2 -2 =2
detected X X X X No L L (-2 (-2 (-2 (-2
SP! communication CRC error |y | | x | x No L L |HILHI-Z |HILHI-Z |HIUHIZ |HILH-Z
detected
Abnormal SPI communication . . . .
SCLK clock count detected X X X X No L L H/L/Hi-Z | H/L/Hi-Z | HIL/HI-Z | H/L/Hi-Z
Abnormal SPI communication x| x | x X No L L |HwHiZ |HUH-Z | HiUKi-Z |HiuHiZ
address detected

- 1. Operation is similar to Table 7.2. H-bridge motor function 2.

- 2: Operation specified in CONFIG1 DATA[8 ].

Note: In Combined-Channel Mode, externally short-circuit ISEL1/2, EN1/2, ENB1/2, OUT1/2, and
OouT3/4.
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able 7.12. DIAG functionality when an abnormality is detected (details)

Toshiba Electronic Devices & Storage Corporation

Detection circuit Motor outpyt DIAG Recovery SPI
when detecting procedure
Short-circuit to power
supply or ground See "7.6.2. Over-current detection".
detected (latched)
Short-circuit to power
supply or ground. See "7.6.2. Over-current detection"”.
detected (automatic
recovery)
DIAG retains L while
over-temperature is
detected. When
temperature falls . .
Over-temperature OFF (Hi-2) below the hysteresis Automfmc recovery | Automatic
detected at 150°C or below recovery
temperature, DIAG
cancels L and
automatically returns
to H.
DIAG retains L while L
. . load is open. When Normal oper_atlon IS :
Open_load during Functlc_Jn motor is reconnected, continued with Automatic
operation detected operation DIAG automaticall motor re- recovery
y connection
returns to H.
When detected, DIAG
outputs L. When the
voltage reaches the .
VBAT under-voltage OFF (Hi-2) level at which Automatic recovery Automatic
detection S recovery
detection is canceled,
DIAG automatically
returns to H.
When detected, DIAG .
Since a reset
outputs L. When sianal is inout
VCC under-voltage voltage recovers bglow the SOR
POR detection OFF (Hi-2) (detection voltage + Automatic recovery ;
. voltage, settings
hysteresis voltage), o
; are initialized at
DIAG automatically recover
returns to H. Y.
When detected, DIAG
outputs L. When Abnormality flag
VCC under-voltage voltage recovers "1" is maintained
detection OFF (Hi-2) (detection voltage + Automatic recovery | until SPI executes
hysteresis voltage), 1WC. Execution of
DIAG automatically 1WC clears the bit.
returns to H.
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7.6.1. Abnormal VBAT/VCC voltage

+ When the abnormal VBAT/VCC voltage returns to normal, motor operation recovers automatically.

+ When the abnormal VBAT/VCC voltage returns to normal, DIAG output also recovers automatically.
The abnormality bit (STATUS1 DATA[10 ]) for VCC abnormal voltage (VCC under-voltage detection) is
latched until SPI clears the bit. On the other hand, the abnormal bit for VBAT voltage anomaly (VBAT
low voltage detection) (STATUS1 DATA[11]) is not latched, and it will be automatically cleared when
the VBAT voltage returns to normal.

The abnormality bit (STATUS1 DATA[10 ]) for VCC abnormal voltage (VCC under-voltage detection) is
cleared when a single pulse of Disable—Enable in EN or ENB.

=When VCC falls below to POR detecting voltage *When VCC falls below VCC Under voltage detection, and, in more than POR detecting voltage

VGC VCC

VCC under voltage detection VCC under voltage detection

VCC under voltage threshold ————————————= A

l T
| | I | | |
| |
POR detection voltage threshold ————-——-—-————— ER Ot s t-———- POR detection voltage threshold ————————————— Ei— e =z 4o————
\ | | |
| I
| |
| |
|
|
I

Logic circuit operation ‘ Logic operatlon Logic operation ‘ Logic circuit operation ‘ Logic operat\on Logic operation Logic operation ‘
i ‘ * ‘
| I i |
| |
ouT1 m ouTt m OFF(Hi-: Z)\
| |
2.5ms 2.5ms ‘
ouT2 ‘ ouT2 OFF(Hi-2); ‘

ﬂ Current monitor (CM) ﬂ (l ﬂ
|

A

1 ’—‘ 1
Fault bit 1 ! Fault bit 1
0 | o .
| o e 00 e | W st st ; | oot s eched u
| | is below POR “thresho\d, 1 data is an initial value | |
| |
SPI communication \L % \L \L \L \L \L \L \L SPI communication \L \L %
l
STATUS read —J0LT0L Jol'[11 Jol Jol Jol fo] fol fol _ STATUS read —JOLJOL JoL AL AL AL L AL Al il
PWM1 ’—‘ ’—‘ ’—‘ PWM1 ’—‘ ’—‘ ’—‘
PWM2 PWM2

Figure 7.11. VCC under-voltage detection timing chart

Note: Parts of each timing chart shown in this specification document may be omitted or simplified for
explanatory purposes.
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VBAT under voltage detection

4.25V release voltage ————————-N\g-——"—"—"~—"—"—"—"~"~"—"—"—"—"—"—"—"—"Sf~—~—~——~———-

3.75V detection voltage —————————————

OUTT H OFF(Hi-2)
|

15us k> I
|
I
I
|

ouT?2 OFF(Hi-2)

! I
! I
J——

Current monitor (CM) ﬂ (l i i ﬂ
! .
: I
Fault blt . !

! I
SPI communication \l/ \l/ \l/ : \l, \l/ \l/ \l/ |

STATUS read —JOLJOL JOLJTL JTL J1L J1] JQ[ JO
Automatically
resumes

LN R R B B

PWM2

Figure 7.12. VBAT under-voltage detection timing chart

Note: Parts of each timing chart shown in this specification document may be omitted or simplified for
explanatory purposes.
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7.6.2. Over-current detection

Either the EN pin rising edge or the ENB pin falling edge clears the latched L output from the DIAG pin.

Table 7.13. OUT1/2, OUT3/4, abnormality bit, and DIAG function when over-current is
detected (details)

Table 7.13Condition (1): Over-current detection continues for 1 us
Condition (2): EN or ENB Disable—Enable timing
Condition (3): Output Hi-Z cancellation setting using SPI communication(Bit[31] [28] of CONFIG7)

No. | Motor drive - Detection OUT1/2 and OUT3/4 Abnormality bit DIAG
For (1), Hi-Z. For (1), bit = 1.
For (2) or (3), or 300ms after At 3.25 ps after OUT1/2 (or
detecting over-current, Hiz is OUT3/4) output, Hi-Z is
cancelled. canceled. If over-currentis not | For (1), low.
Automatic | (When (2) or (3) is satisfied, the detected, bit = 0. For (2),
1 Direct recovery eondition-of-counting 300ms is + For the timing when the Hi- | return to
PWM cleared.) Z of OUT is canceled, see high.

Supplements 1 and 2.
- EN/ENB Disable does not

clear bit=1.

For (1), Hi-Z. Same as
2 Latched For Ezg or (3), Hi-Z is canceled. Same as above above

For (1), Hi-Z.

For (2) or (3), or 300ms after

Automatic detecting_ over-current, Hiz Same as
3 recovery cance!latlon condition is . Same as above above
SPI PWM established. (When (2) or (3) is
- satisfied, the condition of

counting 300ms is cleared.)

For (1), Hi-Z. Same as
4 Latched For (2) or (3), Hiz cancellation Same as above above

condition is established.

Supplement 1: Cancellation timing of Hi-Z for OUT1/2 and OUT3/4
- For SPI_PWM drive: Once the Hiz cancellation condition is established, Hiz condition is canceled at
the next PWM cycle. The next PWM cycle is as follows.
(1) PWM duty-ON timing of forward or reverse drive
(SPI settings for the PWM duty-ON interval: 0 % or 100 %. The timing when
the PWM drive cycle starts inside the product.)
(2) Brake or output OFF (Hi-Z) = PWM duty-ON timing of forward or reverse
drive (SPI settings for the PWM duty-ON interval: 0 % or 100 %. The timing
when the PWM drive cycle starts inside the product.)
- For direct PWM drive: Once the Hiz cancellation condition is established, Hi-Z is immediately
canceled.

Supplement 2: Over-current operation in Half-Bridge Mode (a mode limited to direct PWM drive)

» Only the driver pin for which over-current is detected (OUT1, OUT2, OUT3, or OUT4) is set to Hi-Z.

+ Hi-Z is canceled immediately after it receives a Hi-Z cancellation signal from SPI communication, or
when EN/ENB changes from Disable to Enable.

Note: Direct PWM drive cancels Hi-Z immediately without synchronizing with PWM instructions
regardless of H-Bridge or Half-Bridge Mode.
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7.6.3. Over-temperature detection

The latched L output of the DIAG pin is automatically cleared (automatic recovery type).

Fault mode
(Over temp. detection) i oo S NS > -~ e

OUT1 —H |T| OFF(Hiz) ﬂ

OFF(Hiz)

DIAG

—
:
I
[
|
|
:
I
:
I

Current monitor (CM) / \ ﬂ
|
I
I

/]

1

Fault hit
0

o

VR ARV P P

SPI communication i
STATUS read —JOLJOLJOL JTL J1L JTL L J11410

! Autamatically
rESUMEs

LI N A i N s IO

PiANR

Figure 7.13 Over-temperature detection timing chart

Note: Parts of each timing chart shown in this specification document may be omitted or simplified for
explanatory purposes.
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7.7. Current-limit control

This IC adopts a chopper-type current-limit control. When an event causes a large current, such as
transient pulses due to high-speed throttle operation or a locked motor due to an immovable motor
shaft, the IC activates the current-limit control to protect the actuator and reduce the power dissipation.
(An additional over-current protection circuit handles short-circuits to power supply or ground.)

The current-limit comparator is located on the low side. llim-H denotes the high threshold, and Ilim-L
denotes the low threshold. The low side performs regeneration (slow decay).

A blanking time is set internally, after which current-limit control activates. Illim-H = 6.5 A (typ.) and llim-
L = llim-H - 0.25 A (typ.)

Two current-limit thresholds are selectable for 16 combinations by SPI registers as following table.

Chl (OUT1/0UT2)

Ch2 (OUT3/0UT4)

Dual-Channel Mode
(drives two motors)

llim-H llim-L llim-H Ilim-L
6.5-0.25A 6.5-0.25A
6.5A (initial value) 6.5A (initial value)
(initial value) (initial value)
6.5-05A 6.5-05A
6.5-0.25A
46A 46-025A 1 65A (initial value)
(initial value)
46-05A 6.5-05A
6.5 A 65_ 0-25A 4.6-025A
: (initial value) 46 A
(initial value)
6.5-05A 46-05A
46-0.25A 46-0.25A
46 A 46 A
46-05A 46-05A

In Combined-Channel Mode, the following four combinations are selectable:

Ch1 (OUT1/0UT2), Ch2 (OUT3/0UT4) Total
llim-H llim-L Ilim-H Ilim-L
6.5-0.25A 13A-05A
i _6-|5 A| ) (initial value) i '1? AI ) (initial value)
Combined-Channel initial value initial value

Mode (drives one motor) 65-05A 13A-1.0A
46-0.25A 9.2A-05A
4.6 A (initial value) 92 A (initial value)

46-05A 9.2A-10A

The current monitor in Half-Bridge mode shows the sum of the Hi-side currents of OUT1/2 and OUT3/4
at the CM1 and CM2 terminals respectively, but the current limit control inside the IC is disabled.
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7.7.1. Chopper-type current-limit control (basic operation) (Figure 7.14)

The following illustrates the basic operation of the chopper-type current-limit control (when Ilim-H =
6.5 A and llim-L = llim-H - 0.25 A):

A
Ilim-H:6.5A

Ilim-LIlim-H-0.25A

Note1: This area is
ignored B

\
PWM1 '
(PWM2isﬁxedtoL)—I . :U

-

tBLANK1:11 5ps I g

Current Limit :
| [

Toff_min 20-5US| I 20.5usi
(20 5ps)

Figure 7.14 Chopper-type current-limit control

Note: Parts of each timing chart shown in this specification document may be omitted or simplified for
explanatory purposes.

<Basic operation>

(1) Large current is detected at Ilim-H (6.5 A).

(2) The blanking counter starts counting at the detection. Since a current above Ilim-H (6.5 A) still flows
in this case, the current limit signal rises at the falling edge of tBLANK1 after a blanking time
(tBLANK1: 11.5 ps). At the same time, Toff_min rises to H to start counting.

(3) After the blanking, the motor drive output automatically enters a short-brake mode (low side
simultaneous ON) for current regeneration.

(4) Once the Toff_min (20.5 us) period has elapsed, the output operates in accordance with the state
of the PWM terminal if the current falls below Ilim-L.

(5) Since PWML1 is H, the motor drive current increases.

The PWM1 transition which is pointed out by Notel on above figure is ignored, because Toff_min is
H.

7.7.2. PWM signal input during forward rotation (Case 1) (Figure 7.14)

(6) After the motor operation resumes at the falling edge of Toff_min, large current is detected again at
llim-H (6.5 A).
Counting by tBLANK1 (11.5 ps) starts.

(7) When PWM changes to L during the blanking time, a short-brake is applied (low side simultaneous
ON) along with current regeneration.

(8) Since the current value after Toff_min (20.5 ps) is above llim-L, the short brake continues.

(9) Since llim-L is detected, current limit changes to L and normal mode resumes.

(10) Since PWML1 is still H, the motor drive current increases.

7.7.3. PWM signal input during forward rotation (Case 2) (Figure 7.14)

(11) At the falling edge of PWM1, short-brake mode begins.

(12) When PWM1 = H, normal mode resumes.

(13) Since PWML1 is still H, the motor drive current increases.

(14) When PWML = L, the operation becomes short-brake mode, and the motor drive current
decreases.
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7.7.4. Current measurement points in current-limit control

The current is detected at the low-side driver of the motor drive output (Figure 7.15).
|

1t
1

7

4l

Current—limit
control

Currentlimit
control

_ L
. N

JATL T
Yl

~

Figure 7.15 Current measurement points in current-limit control

7.7.5. Operation flowchart (Figure 7.16)

Ilim-L Ilim-H
COM COM
Tliml . Tlimh
Filter
(2us) (1ps)
v
Blanking Short brake mode VBAT

Time(11.5us)

Gate
Control

A 4
| Toff min

When the measure is beyond “llim-L”, a (20.5ps) y
count rise of “Toff.min” is carried out.
l Normal mode ( Forward )
| 2=Ilim-L
-1 <Ilim-L

Figure 7.16 Current-limit control circuit operation flowchart

Note: Some of the functional blocks and circuits in the block diagram may be omitted or simplified for
explanatory purposes.
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7.7.6. Temperature-adjusted current-limit control (Figure 7.17)

When the junction temperature Tj increases to the Twar temperature (150 to 177 °C), the current-limit
control circuit reduces the current-limit threshold to 2.5 A.
llim-L also decreases with llim-H.

Current-limit threshold

1lim-H: 6 5A A
lim-H:25A | ——————— )3
 TSDhys: 20°Cftyp)
< y
Twar TSD Ti(°C)
(150~177°C) (175~200°C)

Figure 7.17 Temperature-adjusted current-limit control

Note: Parts of each timing chart shown in this specification document may be omitted or simplified for
explanatory purposes.
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7.8. High-side current monitoring: CM pin (Figure 7.18, Figure 7.19,Figure
7.20,Figure7.21)

This IC monitors the current value (0 to 6A) flowing through the high side Nch of the H-bridge circuit
anytime in active mode. 0.24 % of the current is output from CM1(CM2) pin to be converted to voltage
with an external resistor(220Q) connected between CM1(CM2) and GND. The MCU can recognize the
motor condition such as the motor rocked or the motor disconnected in active mode with the voltage
generated at CM1(CM2) pin.

In the case of 34

|
|
VBAT
I 714ma* 2200 =157V
| Inthe case of A
Current J JZ} {QL Gurrent | 1429mA+22082=3.14V
monitaring — — monitaring
_I— —,_ 1 Current | CM1 . monitoring
monitoring circuit E T in MCU
[ |
ouT1 ouT2 |
: H 220 __ OpFTIWF
o L
|
GND |
i I

Figure 7.18 High-side current monitoring configuration

For open-load detection during operation, connects an external resistor.
Current monitoring is enabled even when EN/ENB are disabled and the output is OFF.
However, monitoring is disabled in Sleep Mode (SLEEPB = L).

Note: The resistor (220Q) in the above figure is when the MCU (ADC) power supply is used at 5V.
Since this output circuit configuration consists of a 5V power supply circuit, be careful not to
exceed the withstand voltage of the MCU pins if the MCU power supply is 5V or lower. (Addition of
a zener diode or the like is recommended.)

Also, note that the 220 Q external resistor requires thorough evaluation because variations in the
external resistor value will also cause variations in output voltage.

Note: The current monitor on the Hi-side side is also used to detect an open load during operation, so
be sure to connect a resistor (220 Q) + capacitor (0.1 uF to 1 pF). If the resistor and capacitor are
not connected, the load open detection during operation will not be detected.

Note: The range of the current monitor is 0 to 6A even when using the Large mode
(2-channel coupling mode).

© 2020-2024 33 2024-04-08

Toshiba Electronic Devices & Storage Corporation Rev.2.0



TOSHIBA

TBO053FTG,TB9054FTG

The following shows an example where the current is 3 A.
Note that consecutive forward and reverse operation is prohibited. Always insert a short brake.

Forward Shert Reverse Slelt Forward | Reverse | Forward
hrake hrake

P

DS S

Pwine

Nch
OFF m= === ===

I
I
ON  em— I
I
I

ON
Nch
(O] R —

- 4co

ON
Nch
OFF

e e ]

ON
Nch
o] qm=—=- -—

In the case of A I
O 1pn  (1.571V)
(exterral resistor)

o o o rm s sl sl s e
|
|
|
|
I
|
|
|

Figure 7.19 High-side current monitoring timing chart

Note: Parts of each timing chart shown in this specification document may be omitted or simplified for
explanatory purposes.
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CM pin current [mAl]

Reference data:CM pin current characteristics (0 to 6A)
17.0

16.0

15.0
14.0

13.0

12.0
11.0

10.0

9.0
8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0 1 1 1 1 1 1 1 1 1 1 1

00 05 10 15 20 25 30 35 40 45 5.0 5.5
OUT current [A]

———OUT current (R.T.) ———OUT current (H.T.) ———OUT current (L.T.)

6.0

Figure 7.20 CM pin current vs. OUT current characteristics (0 to 6A)

CM pin current [mA]

Reference data:CM pin current characteristics (0 to 1.5A)

4.40
4.20
4.00
3.80
/
540 =
2.00 e
1.60 P
1.40 =
1.20 T
1.00 =
0.80 =
0.60 -
0.40 =
0.20
0.00 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00 1.10 1.20 1.30 1.40 1.50

OUT current [A]

———OUT current (R.T.) ———OUT current (H.T.) ———OUT current (L.T.)

Figure 7.21 CM pin current vs. OUT current characteristics (0 to 1.5A)
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7.9. Open-load detection

This IC detects an open load when the motor connection between OUT1 and OUT2 or between OUT3
and OUT4 is open.

Upon detection, the IC changes the DIAG pin to L and performs an operation to notify the SPI register
that the load is open. As shown below, an open-load detection can occur in two environments
(operation/non-operation).

7.9.1. Open-load detection circuit during operation (output ON)

An open load is identified using the CM (current monitoring) function. So insert a resistor between the
CM pin and GND.

The following shows a block diagram (Figure 7.22) and operation waveforms (a load current waveform
and internal signals: Figure 7.23) that serve as a design specification for detecting an open load
during operation.

Current detection signal ; DI_CM_OPENDET —
Coment — e Open-load
"I " =+ rrere tyesho t detection signal

DO_OPSH

| :Cmﬂa Bor e

when ENVEME are desabied

f
-
.
4]

Higfr=de gae drnee sgnal + —“I..- ':C':'\-';a'-'& s
High-mcke gaie drne: SN —  —

L
T+

1

"]
J5dl
—

I

Figure 7.22 Open-load detection during operation: block diagram

Note: Some of the functional blocks and circuits in the block diagram may be omitted or simplified for
explanatory purposes.

Detailed specifications of open-load detection signal DO_OPSH
m Operation specifications of open detection counter
+ When monitoring condition ( - 1) matches
DI_CM_OPENDET = Lo (below current threshold) = increment counter
DI_CM_OPENDET = Hi (above current threshold) = clear counter (cleared state is fixed)
+ When monitoring condition ( + 1) doesn’t match
If monitoring masking condition ( + 2) matches = clear counter (cleared state is fixed)
If monitoring masking condition ( + 2) doesn’t match = suspend counter incrementation (counter
value is retained)

m Operation specifications of open-load detection signal DO_OPSH
+ Open detection signal = 1 when counter value reaches 100 ms
+ Open detection signal = 0 (automatic recovery) when counter-clear condition is satisfied
When EN/ENB are disabled or an abnormality is detected, no monitoring occurs, and the state
of the detection signal is retained.

m Handling of open-load detection signal DO_OPSH
- Open-load detection signal is a state-recognition signal and thus has no effect on motor operation
+ While the open detection signal is 1, DIAG outputs Lo
+ IC constantly writes open detection signal DO_OPSH in SPI register
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- 1. Condition for monitoring
(OUT1_Hi-side, OUT2_Hi-side) = (ON, OFF) or (OFF, ON)
(OUT3_Hi-side, OUT4_Hi-side) = (ON, OFF) or (OFF, ON)
- 2: Condition for masking monitoring (because no output current flows through the IC)
+ During initial diagnosis
+ While EN or ENB is disabled (since the output is Hi-Z)
+ When a detected abnormality forces the output to be Hi-Z
+ During Sleep Mode (nothing can be monitored, because logic operations are disabled)

Load currengt Motor wiring opening

Threshold_

Enable signal

Comparator output

Counter reset signal

—— Detection counted value (100 ms)

« d
P

Open-load detection signal

Figure 7.23 Open-load detection during operation: operation waveform

When the motor is operating and the load current falls below the threshold, the counter reset state is
cancelled and counter incrementation starts. When the counter reaches the value where detection is
recognized, the circuit outputs an open detection signal.
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7.9.2. Open-load detection circuit during non-operation (output OFF)

+ Open-load detection during non-operation performs as follows:

* |nitial diagnosis does not execute open-load detection during non-operation. The initial diagnosis
only tests the comparator circuit to be used for open-load detection during non-operation.

* After the initial diagnosis completes, start the open-load detection during non-operation function
using an SPI signal whenever the user deems it necessary.

* Select a detection duration depending on the load conditions using SPI communication.

* Open-load detection during non-operation detects an open load,when the IC is under enable
condition and the motor is stopped (braked or output OFF (Hi-Z) due to SPI control), send
CONFIG7 DATA[30 J/[27 ]=1 (execution of open-load detection while Ch1/Ch2 is not operating)
using SPI communication to execute the detection operation.

*  The execution steps are as follows:

>

>

>
>

Step 1) Create a short brake state on the Lo side to discharge the residual charge of the motor
input.

Step 2) Turn on one side of the Hi-side, and monitor and determine the voltage on the opposite
side.

Step 3) Same as Step 1

Step 4) Turn on the Hi-side opposite to Step 2, and monitor and determine the voltage on the
opposite side.

* The threshold to detect output voltage is set 1/2xVBAT [V] (typ.)

VBAT
M1 | > M2
Jﬁ} {ﬁl_
T1O0 /'\—/1\ Q T2
WS .
M3 M4 Z
Jﬁ} {ﬁL Judgment output 2
" Judgment output 1
GND

Threshold voltage

Fig.7.24  Non-operation Load Open Detection Block Diagram

Note: Even when VBAT/VCC under-voltage detection activates, the output is OFF (Hi-Z). Since
the supply voltage is out of the operating range, however, open-load detection does not work.
Note: VBAT/VCC under-voltage detection and over-current detection, over-temperature detection
and initial diagnosis operation are prioritized over open-load detection during non-operation.
Note:, When abnormal conditions (VBAT/VCC under-voltage detection / over-current detection /
over-temperature detection) and initial diagnosis operation are detected under an open-load
detection condition during non-operation, an open-load detection is interruptted and the outputs
turn OFF (Hi-Z) by these anomaly detection or initial diagnosis operation.

Note: When an open-load detection interrupts operation by fault detections (VBAT/VCC under-
voltage detection and over-current detection, over-temperature detection) and initial diagnosis
operation, abnormality bit (STATUS1 DATA [18 ]/[17 ]) of an open-load detection during non-
operation is still "0" (undetected).
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VBAT/VCC .
/ Setting value Setting value In enable state Setting value
x4

53 5g Open In enable state, 55 e In disable state, |55 9% In enable state,
E=S 82 load : 5 o 5 o ;

g8 =% getecton Motor drive starts =% tection Motor OFF =% getection Motor drive starts

o
Detection starts Detection starts Detection starts
In enable state by SPI by SPI by SPI
| | |
Initial diagnosis checks each comparator threshold.

Open-load detection during non-operation: conceptual timing chart

Note: Some of the functional blocks and circuits in the block diagram may be omitted or simplified for
explanatory purposes.
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7.9.3. Output short detection to power supply or ground during non-operation

7.10.

The open-load detection circuit shown above can also detect a output short to power supply or ground.
Output short to power supply can be detected by over current detection on low side during Stepl in
chapter 7.9.2. In addition, output short to ground can be detected by over current detection on high side
during Step2 or Step4 in same chapter. However the big shoot-through current during the detection if
an abnormality is existing must be careful.

Over-current detection (detection of output short to power supply or ground) is prioritized over open-
load detection during non-operation. When over-current condition (detection of output short to power
supply or ground) is detected under an open-load detection condition during non-operation, an open-
load detection is interruptted and over-current detection performs. Also, when an open-load detection
during non-operation is interruptted by detection over-current, abnormality bit (STATUS1 DATA [18]/
[17]) of an open-load detection during non-operation is still "0" (undetected).

Sleep function

The IC has a sleep function. When the SLEEPB pinis L, the IC enters Sleep Mode, which reduces
power consumption.

SLEEPB pin Function
H Normal operation
L All major circuits are OFF

Note: When the IC recovers (restarts) from Sleep Mode, since the OSC and charge-pump circuits are
OFF, a wake-up time is required. Design your system to accommodate the time needed for the
restart.

Each internal block follows below table in Sleep Mode.

Table 7.14
Circuit block
&
= = = o = IS = Q 5
30z 3wz | 82| 55| E| g5 | =2 2 |2.| 5| % g,
) 0 ®© c S ' o £ 0O c e o= 2 =
S =Ene| 53R ¢c 720 5 @S = 55 o5 ‘S 5 = o 35
o OCE|l ewn-= = 259 = o g E e © © O © 3] °p
= E| = o £ =2 2 e o I 9 5 ¢ 0) c = = = =
> S5 = S5 O = [} o O ) = FIR] O o —- 0 o [a -9 o
sng g2 | 22 €S =] >0 S < 9] o | O o
= =X a 2 o | 0o a) £ >
L
Small ° ° ° ° ° ° ° ° ° ° ° )
°
Large ° ° ° ° ° ° (- 1) ° ° ° ° °
. °
Half-Bridge ° ° ° ° X ° (- 2) ° ° ° ° °
: °
Disable ° ° ° ° ° ° ) ° ° ° ° (output OFF)
Sleep Mode ° X X X X X X X X X X X

e: Operating, x: Disabled
- 1: Please be aware that the range for the current monitor will be 0 to 6 A, in the case of a resistor

(220 Q) + a capacitor (0.1 yF to 1 pF).

+ 2: The current monitor in Half-Bridge mode shows the sum of the Hi-side currents of OUT1/2 and

OUT3/4 at the CM1 and CM2 terminals respectively, but the current limit control inside the IC is disabled.
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7.11. OSC circuit (oscillation circuit) (Figure 7.25)

The IC has the oscillation circuit with 16 MHz.
The oscillation circuit automatically starts when VCC rises without any trigger signals.

VBAT
VCC
POR release /
voltage
POR
<« TVCC_por | ogic circuit
RESET operation

A reset is released after
stability of an OSC

OSC 16MHz

Figure 7.25 OSC circuit starting operation

Note: Parts of each timing chart shown in this specification document may be omitted or simplified for
explanatory purposes.
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7.12. SPlI communication circuit

This IC incorporates an SPI communication circuit for bidirectional communication between this IC and
an external MCU. This IC is the Slave and the external MCU is the Master in the communication.
Using SPI communication, this IC and the external MCU can transmit and receive information to set
various motor control parameters, monitor various abnormality detections, and control the motor drive
circuit (drive mode and PWM duty ratio).

Both parallel and daisy-chain connections can be used to connect this IC and the external MCU.

7.12.1. SPI communication operation

NCS |

SCLKJLUJU Uuuuuyt LIJLJLJLULUJUJUJLULUUUJUUU_

SDI xn/w: AG (Aﬁ | Ad ( A3 J A2 :Aw iAn D23I|322'Dm (Dzo}ms'tmslm?(ms[ DmJDm{Dm)DIQ anmol D9 ( Ds: D7 :De ) D5 1 D4J D3 D2 l o1 | { | oo pRO}CRCFRC:CRd{OROjLHK#CR({CNQ
v Vv v ' Vv vy
SDO iFA | A tAS |A4 ( A3 J A2 gAw jAn 'Dzs:fuzz D21 on:mytms]m.'lmﬁmwjma:ms)mz D‘HILNO] D9 ( m; D7 fne ) D5 | D4 JI 03 | D2 X DI Dl) PRIJFWCFRG:CRdPHqCRd[OﬂOILHq :»
J V]
( MSB Flrst} J
Address (7bits) Data (24bits) CRC Bit (8bits) |

Command / FA

Figure 7.26 SPI communication format

NCS is a chip-select input. When NCS is low, communication with an external MCU is enabled (low
active). The IC determines the received command at the rising edge of NCS. When NCS is low, serial
data is transmitted and received, synchronized with SCLK. When NCS is high, SDO is in a high-
impedance (Hi-Z) state.

SCLK is a clock input to synchronize communication between this IC and an external MCU. The
external MCU, synchronized with the rising edge of SCLK, outputs transmission data to SDI of this IC.
This IC, synchronized with the falling edge of SCLK, reads the received data. Similarly, this IC,
synchronized with the rising edge of SCLK, outputs transmission data from SDO to the external MCU or
to the next IC in the daisy chain. The external MCU or next IC in the daisy chain, synchronized with the
falling edge of SCLK, reads the received data.

SDI (Serial Data In) allows this IC to receive serial data. It receives serial data in order from MSB to
LSB. SDI reads data, synchronizing with the falling edge of SCLK. The external MCU outputs
transmission data, synchronized with the rising edge of SCLK.

SDO (Serial Data Out) allows this IC to transmit serial data. It transmits serial data in order from MSB to
LSB. SDO outputs data, synchronized with the rising edge of SCLK. When NCS is high, SDO isin a
high-impedance (Hi-Z) state.

As shown in Figure 7.26, the length of serial data is 40 bits, which is defined as 1 frame. There are two
communication operations: READ and WRITE. The external MCU selects READ/WRITE using the
command bit (R/W bit) of the serial data.

For a parallel connection between the external MCU and this IC, NCS must be turned to low for each
frame. For a daisy-chain connection, the MCU can communicate consecutively with multiple ICs (up to
8) after turning NCS to low. For example, if 8 ICs are connected in a daisy chain, 8 frames (40 bits X
8 = 320 bits) can be communicated consecutively while NCS is low.
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READ operation

Table 7.15 and Table 7.16 show the data configuration for the READ operation.

7.12.1.1. SPI communication READ operation

Table 7.15. READ command data configuration

40 bits
bit39 bit38 to bit32 bit31 to bit8 bit7 to bit0
MCU transmits; Command Address Blank CRC data
IC receives (SDI) RWI[39 ] ADRJ[38:32] Dummy[31:8] CRCJ7:0]

+ bit39 selects READ/WRITE operation. Command RW[39 ] = 0x0 specifies READ.

- bit38-32 specifies READ address. ADR[38:32] specifies the address that the external MCU reads.

» bit31-8: Blank bits. READ command does not use the bits.
+ bit7-0: CRC data bits. The external MCU calculates the CRC data. The range of CRC operands is

bit39-bit8 (RW, ADR, and Dummy). When a CRC error is detected, the command (read command) will

not be executed.

» This IC transmits (replies with) DATA[31:8] that corresponds to the address ADR[38:32] specified by

the READ command in the next frame.

Table 7.16. READ (reply) data configuration

40 bits
bit39 bit38 to bit32 bit31 to bit8 bit7 to bit0
IC transmits (SDO); SPI error flag Address Data CRC data
MCU receives FA[39 ] ADRJ38:32] DATA[31:8] CRCJ7:0]

- bit39: Error flag for the previous frame. When an error is detected, SPI communication error flag

FA[39 ] = Ox1 is output.
- bit38-32: Address specified by the external MCU.
+ bit31-8: Transmitted data DATA[31:8]. For a READ command, the IC transmits (replies with) data to

the external MCU. The data to be transmitted is located in this IC's register corresponding to the

address specified by the external MCU.
» bit7-0: CRC data. The IC calculates the CRC data. The range of CRC operands is bit39-bit8 (FA,

ADR, and DATA).
7.12.1.2. SPlI communication WRITE operation

WRITE operation
Table 7.17 and Table 7.18 show the data configuration in the WRITE operation.

Table 7.17. WRITE command data configuration

40 bits
bit39 bit38 to hit32 bit31 to bit8 bit7 to bit0
MCU transmits; Command Address Data CRC data
IC receives (SDI) RWI[39 ] ADR][38:32] DATA[31:8] CRCJ7:0]

+ bit39 selects READ/WRITE operation. Command RW[39 | = 0x1 specifies WRITE.

- bit38-32 specifies WRITE address. ADR[38:32] specifies the address in which the IC writes data.

- bit31-8: Transmitted data DATA[31:8] (data to be written to the IC).

+ bit7-0: CRC data bits. The external MCU calculates the CRC data. The range of CRC operands is
bit39-bit8 (RW, ADR, and DATA). When a CRC error is detected, the command (write command) will

not be executed.

- The IC writes DATA[31:8] in the register that corresponds to the address ADR[38:32] specified by the
WRITE command.

2024-04-08

© 2020-2024

Toshiba Electronic Devices & Storage Corporation

43

Rev.2.0



TOSHIBA

TBO053FTG,TB9054FTG

Table 7.18. READ after WRITE (reply) data configuration

40 bits
bit39 bit38 to bit32 bit31 to bit8 bit7 to bit0
IC transmits (SDO); SPI error flag Address Data CRC data
MCU receives FAJ39 ] ADR[38:32] DATA[31:8] CRC[7:0]

- bit39: Error flag for the previous frame. When an error is detected, SPI communication error flag
FA[39 ] = Ox1 is output.

- bit38-32: Address specified by the external MCU.

+ bit31-8: Transmitted data DATA[31:8]. For a WRITE command, the IC transmits (replies with) data to
the external MCU. The transmitted data is the data written in this IC's register corresponding to the
address specified by the external MCU.

+ bit7-0: CRC data. The IC calculates the CRC data. The range of CRC operands is bit39-bit8 (FA,

ADR, and DATA).
* The IC transmits the READ-after-WRITE (reply) data to the external MCU to allow the MCU to verify

whether the WRITE is correct.

7.12.1.3. SPlI communication error

SPI communication error
For the following cases of (1), (2), or (3) in SPI communication, the IC detects a communication

error. When this occurs, the IC does not execute commands or register writes, and it outputs SPI
communication error flag FA[O ] = 0x1. The communication error in the current frame is reflected in
the SPI communication error flag of the next frame.

For SPI communication error (1), (2), or (3), the DIAG pin outputs L. When SPI communication
resumes normal operation, the DIAG pin automatically returns from L to H.

(1) CRC error
- An error in the received data is detected.

(2) Abnormal SCLK clock count
+ While NCS =L, the SCLK clock count is less than or more than the specification.

(3) Abnormal address detected
- Access was specified to an address where no register exists.

CRC error (CRC calculation)
Each piece of transmitted/received data in SPI communication includes CRC check bits. CRC check

bits are bit7-bit0 in a frame (40 bits). If data received by the IC from an external MCU contains a
CRC error, the data is not accepted and is discarded. For data transmitted from this IC, use the
external MCU to detect and properly handle a CRC error.

CRC calculation parameters used in this IC are as follows:
Generating polynomial: X8+X*+X3+X%+1
Bit-shift direction: Normal (left bit shift)
Initial value: 0x00 (All "0™)
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7.12.2. SPl connection method

7.12.2.1. SPI parallel connection

SPI parallel connection

, >
PWM_CLK e
NCS5 n
NCS3
NCS2
NCS1
L nes1 NCs2 NCS3 NCSS
PWM_CLK1 PWM_CLKZ PWM_CLK3 PWM_CLKS
MCU IC1 IC2 IC3 - IC5
SCLK1 SCLKZ SCLK3 SCLKS
— 5D 5001 sDIZ 5002 5DI3 S003 |— 5DIS 5005
SCLK e |7
>
sDO et
501 o

Figure 7.27 Example SPI parallel connection (five connected ICs)

In the example SPI parallel connection (Figure 7.), a communication clock (SCLK), a data output
(SDO), and a data input (SDI) are connected in parallel. The external MCU (Master) assigns an
independent chip-select signal to each IC (Slaves: IC1 to IC5) to enable individual access. Since all ICs
(Slaves: IC1 to IC5) share one communication clock (SCLK) and two data lines (SDO and SDI), only
the IC (Slave) whose chip-select signal (NCS) is low receives the communication clock and the data,

and only it replies.

7.12.2.2. SPI daisy-chain connection

SPI daisy-chain connection

PWM_CLK o
NCS t c? L
NCS1 NCS2 NCS3 NCS3
PWM_CLK1 PWI_CLK2 PWH_CLK3 PWH_CLKS
MCU 1C1 IC2 IC3 == - IC8
SCLK1 SCLKZ SCLK3 SCLKS
— SDI1 sDo1 sDIZ sDoz sDI3 SD03 i sDIB sD03
)
SCLK P
sD0
>
SOl o

Figure 7.28 Example SPI daisy-chain connection (eight connected ICs)

Note: Some of the functional blocks and circuits in the block diagram may be omitted or simplified for
explanatory purposes.

A single chip-select signal (NCS) from the external MCU (Master) controls the NCS inputs of all ICs
(Slaves). All ICs (Slaves) operate with the same clock signal. Only the first IC (Slave: IC1) connected to
the daisy chain directly receives data from the external MCU (Master). Every other IC (Slave: IC2 to
IC8) receives data with its SDI from the SDO of the IC located before it in the daisy chain.
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In the example SPI daisy-chain connection (Figure 7.2828), IC1 receives data directly from the external
MCU while the chip-select signal (NCS) is low and captures the data in an internal shift register in IC1.
While the external MCU keeps NCS low, the data is propagated to the SDO1 output of IC1 as is. Since
SDO1 of IC1 is connected to SDI2 of IC2, the output data from SDO1 of IC1 is sent to an internal shift
register in IC2. While IC2 is receiving data from IC1, the external MCU can simultaneously transmit
another command to IC1. The new command overwrites the previous data in the shift register of IC1.
While NCS is low and until every IC (IC1 to IC8) receives a command directed to it, sets of data
propagate through the daisy-chain connection. A command stored in the shift register of each IC is
executed at the rising edge of NCS.

If eight ICs are connected in a daisy chain, the low period of NCS has a duration of eight frames.

PVM_CLK
NCS L L
NCS1 NCs2
PWH_CLK1 PWM_CLK2
MCU 1C1 IC2
SCLKA SCLK2
— S0 SDO1 sDiz sDO2
SCLK
SDO
5D

Figure 7.29 Example SPI daisy-chain connection for two ICs

Note: Some of the functional blocks and circuits in the block diagram may be omitted or simplified for
explanatory purposes.

* READ command communication timing for 2-IC serial (daisy-chain) connection
- Commands for the two ICs are determined at the rising edge of NCS.

- When the communication clock (SCLK) inputs more than 40 clocks to IC1 and IC2, the data input
to IC1 shifts out from SDO of IC1 and enters SDI of IC2. When the MCU inputs 80 bits, READ
commands are stored in IC1 ( -+ 2) and IC2 ( - 1), which are determined at the rising edge of NCS.

- When the MCU transmits the next command (Command N+1), the ICs transmit 80 bits of READ
data corresponding to the READ command (Command N) from the external MCU. The response
to(-1)is (- 3),and the responseto (- 2)is (- 4).

s | 406t RAY ; 406t RAY [] 406iL RAY : 406iL RAY [
Command N Command M1
sot :x o L S \L :X b § X
FREAD Command For 152 = < FEAD Commafor (Gl o _
i s
Srawar to Commard N-1 L s e =~ —Argesr to Command N
w ) x Q) I — C—

FEAD Cata from 122 FEAD Cata from 001

Figure 7.30 2-IC daisy-chain connection READ timing

Note: Parts of each timing chart shown in this specification document may be omitted or simplified for
explanatory purposes.
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WRITE command communication timing for 2-1C serial (daisy-chain) connection
Commands for the two ICs are determined at the rising edge of NCS.
When the communication clock (SCLK) inputs more than 40 clocks to IC1 and IC2, the data input
to IC1 shifts out from SDO of IC1 and enters SDI of IC2. When the MCU inputs 80 bits, WRITE
commands are stored in IC1 (- 2) and IC2 ( » 1). The commands for the two ICs are determined at
the rising edge of NCS, and the data is written.
When the MCU transmits the next command (Command N+1), the ICs transmit 80 bits of data
(including written data) corresponding to the WRITE command (Command N) from the external
MCU. The response to ( * 1) is ( * 3) and the response to ( * 2) is ( * 4).

] 4064 RAY i A RAY [] 406iE RAY : 408IL RAY [
Command N Command 11
:X 1 ~) S \L :‘x | X:
WRITE Command for (G2 — WRITE Command for(G1 = — _
Arowa o Commard -1 \\‘\\ ‘\\\\ﬁrmwbmmmﬂ\l
- ~
% X ) G 2 s “ X
FEAD WRTTE Data from 1IC2 FEAD WRTTE Cata from 101

Figure 7.31 2-IC daisy-chain connection WRITE timing

Note: Parts of each timing chart shown in this specification document may be omitted or simplified for

explanatory purposes.

7.12.3. Motor control operation using SPI communication

Setting the ISEL1/ISEL2 pin to H (connected to VCC) to set SPI motor drive mode also enables motor
control using SPI communication.
The settings of the ISEL1 and ISEI2 pins (H or L) can be read from the STATUSL1 register, whose

ad

7.12.3.1.

dress is ADR[38:32] = 0x01.

Operation when ISEL1/ISEL2 = H

Motor control using SPI communication: Enabled

The data written in the CONFIG3/4/5/6 registers, whose addresses are ADR[38:32] = 0x06, 0x07,
0x08, and 0x09, drive the motor.See Table 7.19.

PWM1/2/3/4 pin input: Disabled

No input signals are accepted.

Clock for output Dr circuit (IC internal circuit): Enabled

Select the external input clock (input to the PWM_CLK pin). Use an internal clock for various
abnormality detection circuits to avoid the filtering time variations that an external clock may cause.
PWM_CLK pin input clock abnormality detection: Enabled

When the PWM_CLK pin input clock is stopped, the IC uses an internal clock as an alternative. The
IC notifies the MCU using SPI when the PWM_CLK pin input clock is abnormal. When using an
internal clock instead of an external clock, the IC drives the outputs (OUT1/2 and OUT3/4) with a
2MHz clock, which it generates by dividing the original oscillation 16 MHz by 8, as retaining the
CONFIG3/4/5/6 register settings.

© 2020-2024 47 2024-04-08

Toshiba Electronic Devices & Storage Corporation Rev.2.0



TOSHIBA

TBO053FTG,TB9054FTG

7.12.3.2. Operation when ISEL1/ISEL2 =L

* Motor control using SPI communication: Disabled
The data written in the CONFIG3/4/5/6 registers, whose addresses are ADR[38:32] = 0x06, 0x07,
0x08, and 0x09, are ineffective.
The IC discards data from WRITE attempts to prevent overwriting.
The initial value (all "0") is retained.
* PWM1/2/3/4 pin input: Enabled
The IC drives the outputs (OUT1/2 and OUT3/4) according to the input signals.
* Clock for output Dr circuit (IC internal circuit): Disabled
The external input clock (input to the PWM_CLK pin) is not used.
e PWM_CLK pin input clock abnormality detection: Enabled
When ISEL1/ISEL2 = L, connect the PWM_CLK pin to GND.
Clock abnormality of PWM_CLK pin is detected, the status register should be ignored.

7.12.3.3. External clock supply by PWM_CLK pin

An external MCU supplies a reference clock of the PWM frequency to the PWM_CLK pin.

Each IC connected using SPI communication (parallel or daisy chain) generates its PWM control clock
frequency from the reference clock of the PWM frequency externally supplied to the PWM_CLK pin.
The PWM control clock frequency of each Ch (for Chl and Ch2) can be selected with the CONFIG
register setting using SPI communication.

7.12.3.4. Motor operation setting using SPI communication

Write the settings of motor operation (forward/reverse/brake/output OFF (Hi-Z)), drive cycle period,
and duty-ON period (PWM duty-ON interval) in address ADR[38:32] = 0x08 and 0x09.

Setting CONFIG5/6 data: DATA[31:30] selects a motor operation.

Setting CONFIG5/6 data: DATA[29:19] specifies a PWM drive cycle period.

Setting CONFIG5/6 data: DATA[18:8] specifies a duty-ON period within the PWM drive cycle period
set by data DATA[29:19]. The period is defined as a "PWM duty-ON interval".

Write a setting to determine whether to apply low- or high-side regeneration during PWM duty-OFF
intervals in address ADR[6:0] = 0x04/0x05.

Setting CONFIG1/2 data: DATA[20 ] selects either low- or high-side regeneration during PWM duty-
OFF intervals.
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7.12.3.5. Update timing for each motor operation control setting using SPI communication

+ SPI settings are updated at the next PWM cycle after receiving SPI:
- Base frequency
- ON delay time
- Duty-ON period
- Drive cycle period
- Motor operation
+ Forward < reverse

- Forward/reverse = brake

Motor operation
drive cycle period
Duty-ON period

Base frequency
ON delay time

SPI
communication

IC1 PWM output |_| | m

It updates in the timing It updates in the timing

—— communication fa- communication P

of countO. of countO.
Drive frequency //|/|/
counter
countO countO count0 countO

Figure 7.32 Motor operation control using SPI communication: SPI setting update timing 1

Note: The IC updates the operation settings of brake/output OFF (Hi-Z) = forward/reverse and any
state = output OFF (Hi-2Z) after SPI reception, i.e., within 1,000 ns after the rising edge of NCS
(see Table 10.11. SPI communication: Electrical characteristics). Updates are reflected in the
PWM output before the next PWM cycle.

7.12.3.6. ON delay time when using multiple H-bridges (daisy-chain connection)

When using multiple H-bridges in a daisy-chain connection for motor control using SPI
communication, set an ON delay time using SPI communication to prevent simultaneous PWM duty
ON.

ON delay time is calculated as follows:

ON delay time = (1/fdiv) X ON delay time setting register value (7.2)
fdiv: Base frequency

= external clock frequency x base frequency register setting (frequency division ratio)
1) ON delay time setting register value < drive frequency setting register value

2) If ON delay time setting register value = drive frequency setting register value, the delay time is
one drive cycle period

© 2020-2024 49 2024-04-08

Toshiba Electronic Devices & Storage Corporation Rev.2.0



TOSHIBA

TBO053FTG,TB9054FTG

IC1 setting: 0 ‘

|
IC2 setting: 100 e
i

|

IC3  setting: 200 :‘—.

|
|
!
|
|
|
]
|
|
|
|
I

_—
|
IC4 setting: 300 h—ali I |
|
| |
~

Setting register value “0" reference of the IC1
Figure 7.33 ON delay time when using multiple H-bridges

7.12.4. PWM_CLK pin input clock abnormality detection

This IC incorporates a function to monitor the suspension of the external clock input to the PWM_CLK
pin. When PWM_CLK (2 MHz) is suspended for 8 s (typ.), the function determines that the external
clock is suspended. This function starts monitoring once the IC invokes the VCC power supply and
cancels the reset of internal logic.

When PWM_CLK is not used (i.e., no external clock (2 MHz) is input to the PWM_CLK pin, even during
normal motor operation) the abnormality detection flag "1" is set in the SPI register (STATUS1
DATA[12]).

7.12.5. SPI communication disruption detection

This IC has a function to monitor SPI communication disruptions. SPI sets the threshold for SPI
communication-disruption duration, and the IC monitors it. For an IC operation after it detects an SPI
communication disruption, SPI settings can specify "to continue the operation immediately before the
disruption™ or "to turn the outputs (OUT1/2 and OUT3/4) OFF (Hi-Z2)".

For the settings of SPI communication-disruption threshold and of IC operation selection after SPI
communication disruption, see Table 7.19. SPI register map.

When the IC detects an SPI communication disruption, the DIAG pin outputs L. When SPI
communication resumes normal operation, the DIAG pin automatically returns from L to H.

However, when it detects an SPI communication disruption, the abnormality bit of SPI is latched (1WC).

7.12.6. Daisy-chain connection containing both PWM input motor drive and SPI motor drive

A daisy-chain connection for motor control may contain both ICs using PWM input motor drive and ICs
using SPI motor drive. When this occurs, set the ISEL1/ISEL2 pins and arrange the PWM_CLK pin as
shown in Figure 7.3434.
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MCU
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Figure 7.34 Example daisy-chain connection containing both PWM input motor drive and SPI

motor drive ICs

Note: Some of the functional blocks and circuits in the block diagram may be omitted or simplified for
explanatory purposes.

+ A daisy-chain connection containing both motor operation controls, PWM1/2 and SPI (Figure 7.34).
+ Motor operation control with ISEL1 = L: PWMZ1/2 control and ISEL1 = H: SPI control
* For ICs with PWM1/2/3/4 control (ISEL1/ISEL2 = L), connect the PWM_CLK pins to GND, where the

PWM_CLK wire skips these pins.
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7.12.7. SPI register map

Table 7.19. SPI register map
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R: Read, R (1WC): Write "1" to clear flag, W: Write

+ 1: Even in Combined-Channel Mode (LARGE Mode), an abnormality flag is set in the channel that detects the abnormality.
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R: Read, R (1WC): Write "1" to clear flag, W: Write
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R/W | Address | Data bit CRC bit
NAME [39] | [38:32] [31] [30] [29] | [28] | [27] | [26] | [25] | [24] | [23] | [22] | [21] | [20] | [19] [18] | [17] | [16] | [15] | [14] | [13] | [12] | [11] | [10] | [9] | [8] [7:0]
Ch1 motor operation setting CRC
Ch1 drive frequency setting Ch1 duty-ON period setting (PWM duty) calculation
CONFIGS | R/W 0x08 (forward/reverse/brake/output (counter value: 0 to 2047) (counter value: 0 to 2047) result of
OFF (Hi-2)) bit[39:8]
Ch2 motor operation setting CRC
Ch2 drive frequency setting Ch2 duty-ON period setting (PWM duty) calculation
CONFIG6 | RIW 0x09 (forward/reverse/brake/output (counter value: 0 to 2047) (counter value: 0 to 2047) result of
OFF (Hi-2)) bit[39:8]

g < sio|s5ia|s5sa(528

2 2 588|388|g88|588

=1 =

] 3 29380323202

kot b el E (R E|DER

ES] S = I} =} © = I} =} T

= = E8I|E8L|EBT|EBC CRC
3 I=4 [ = 3 I=4 [ .

© @ Poce|ce| ol @ calculation

CONFIG7 W Ox0A £ £ SE 5855858 E - - - - - - - - - - - - - -

3 3 O5E|2c6E|26E|D%6> result of

u s S R - R bit[39:8]

) o > ol = ol S ol >

2 3 652|656 2|°65=2|0© 14

° N A0 | NED|mED TS

bl ] il D - D = D= o

= < 225|085 (D258 8

o o 0El|0EL|0EL|0ES

output OFF cancellation for short-circuit to power supply or ground
Ch1 open-load diagnosis execution during non-operation
Ch1 CONFIG3/CONFIG5 setting update
output OFF cancellation for short-circuit to power supply or ground
Ch2 open-load diagnosis execution during non-operation
Ch2 CONFIG4/CONFIG6 setting update
output OFF cancellation for short-circuit to power supply or ground
output OFF cancellation for short-circuit to power supply or ground
output OFF cancellation for short-circuit to power supply or ground
output OFF cancellation for short-circuit to power supply or ground

R: Read, R (1WC): Write "1" to clear flag, W: Write
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7.12.7.1. List of SPI DATA[31:8]

Table 7.20. STATUS1 (ADR[38:32]: 0x01)

i INIT Command o
Bit NAME (initial value) (RIW) Description
. . ISEL1 pin state read-out
31 ISEL1 pin state detection 0 R 0: L (connected to GND), 1: H (connected to VCC)
. . ISEL2 pin state read-out
30 ISEL2 pin state detection 0 R 0: L (connected to GND), 1: H (connected to VCC)
OSEL1/OSEL2 pin state read-out
00: OSEL1/2 = L/L (Combined-Channel Mode: both OSEL1/2 are connected
29 OSEL1/OSEL2 pin state 0 R to GND)
detection 0 R 01: OSEL1/2 = L/H (Dual-Channel Mode: OSEL1 = GND, OSEL2 =VCC
28
10: OSEL1/2 = H/L (Half Mode: OSEL1 = VCC, OSEL2 = GND)
11: OSEL1/2 = H/H (Prohibited Mode: all outputs are latched to OFF (Hi-Z))
Initial/EN diagnosis Initial/EN diagnosis error detected in VBAT under-voltage detection circuit
27 error 1 R (threshold of VBAT under-voltage detection circuit is abnormal)
(VBAT under-voltage) 0: Undetected, 1: Detected
Initial/EN diagnosis InitiaI/EN d?agr?osis start abnormality detectgd in VBAT under-voltage
26 start abnormalit 1 R detection circuit (VBAT under-voltage detection circuit cannot start because
y it is not reset to the normal value (undetected state))
(VBAT under-voltage) 0: Undetected, 1: Detected
Initial/EN diagnosis Initial/EN diagnosis error detected in VCC under-voltage detection circuit
25 error 1 R (threshold of VCC under-voltage detection circuit is abnormal)
(VCC under-voltage) 0: Undetected, 1: Detected
Initial/EN diagnosis Initial/EN diagnosis start abnormality detected in VCC under-voltage
. detection circuit (VCC under-voltage detection circuit cannot start because it
24 start abnormality 1 R )
is not reset to the normal value (undetected state))
(VCC under-voltage) 0: Undetected, 1: Detected
Initial/EN diagnosis
error g Initial/EN diagnosis error detected in over-temperature detection circuit
23 N " 1 R (threshold of the over-temperature detection circuit is abnormal)
(Ovec;- emF_’er";‘ ure 0: Undetected, 1: Detected
etection
Initial/EN diagnosis Initial/EN diagnosis start abnormality detected in over-temperature detection
22 start abnormality 1 R circuit (over-temperature detection circuit cannot start because it is not reset
(over—temperature to the normal value (undetected state))
detection) 0: Undetected, 1. Detected
- Results of initial/EN diagnosis and diagnosis start abnormality (diagnosis
Initial/EN results of detection circuits for over-current and open load during
21 diagnosis 1 R operation/non-operation) for Ch1 (OUT1/2)
Ch1 diagnosis result 0: Undetected
1: A bit of STATUS2 diagnosis results is abnormal
N Results of initial/EN diagnosis and diagnosis start abnormality (diagnosis
Initial/EN results of detection circuits for over-current and open load during
20 diagnosis 1 R operation/non-operation) for Ch2 (OUT3/4)
Ch2 diagnosis result 0: Undetected
1: A bit of STATUS3 diagnosis results is abnormal
19 Over-temperature 0 R IC over-temperature detected
detection 0: Undetected, 1: Detected
18 Ch1 open-load detection 0 R Ch1 (OUT1/2) open load during non-operation detected
during non-operation 0: Undetected, 1: Detected
Ch2 open-load detection Ch2 (OUT3/4) open load during non-operation detected
17 . . 0 R . .
during non-operation 0: Undetected, 1: Detected
16 SPI communication 0 R SPI communication disruption detected
disruption detection (1wce) 0: Undetected, 1: Detected
15 SPI communication CRC 0 R SPI communication CRC error detected
error detection (IWC) 0: Undetected, 1: Detected
SPI communication R SPI ication SCLK clock t abl lity detected
communication clock count abnormality detecte
14 SCLK C_IOCk couth 0 (awce) 0: Undetected, 1: Detected
abnormality detection
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SPI communication o
13 abnormal address R SPI communication abnormal address detected
i (Awce) 0: Undetected, 1: Detected
detection
External clock ) )
12 abnormality detection R External clock abnormality (suspension) detected
Y i (1WC) 0: Undetected, 1: Detected
(PWM_CLK input)
11 VBAT under-voltage R VBAT under-voltage abnormality detected
detection 0: Undetected, 1: Detected
10 VCC under-voltage R VCC under-voltage abnormality detected
detection (1wce) 0: Undetected, 1: Detected
Ch1 (OUT1/2) state (detection status of detection circuits for over-current
9 Ch1 state R and open load during operation)
0: Undetected, 1: A bit of STATUS2 [19:15] indicates an abnormality
Ch2 (OUT3/4) state (detection status of detection circuits for over-current
8 Ch2 state R and open load during operation)
0: Undetected, 1: A bit of STATUS3 [19:15] indicates an abnormality
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Table 7.21. STATUS2 (ADR[38:32]: 0x02)

. INIT Command -
Bit NAME A Description
(initial value) (R/W) P
31 - 0 R -
30 - 0 R -
29 - 0 R -
28 - 0 R -
Initial/EN diagnosis Initial/EN diagnosis error in over-current detection circuit on Chl
27 error 1 R (OUT1/2) side detected (when threshold of over-current detection circuit
(Ch1 over-current is abnormal)
detection) 0: Undetected, 1. Detected
Initial/EN diagnosis Initial/EN diagnosis start abnormality in over-current detection circuit on
26 start abnormality 1 R Ch1 (OUT1/2) side detected (over-current detection circuit cannot start
(Ch1 over-current because it is not reset to the normal value (undetected state))
detection) 0: Undetected, 1: Detected
25 - 0 R -
24 - 0 R -
Initial/EN diagnosis Initial/EN diagnosis error in the detection circuit for open load during
23 error 1 R operation on Ch1 (OUT1/2) side detected (when threshold of detection
(Ch1 open-load detection circuit for open load during operation is abnormal)
during operation) 0: Undetected, 1. Detected
Initial/EN diagnosis Initial/EN diagnosis start abnormality in the detection circuit for open
start abnormality load dur!ng operat!on on Chl (OUT1/2) S|de_ (_(:lrcun that detects open
22 chi load detecti 1 R load during operation cannot start because it is not reset to the normal
( OPe”' oa ? ection value (undetected state))
during operation) 0: Undetected, 1: Detected
Initial/EN diagnosis Initial/EN diagnosis error in the detection circuit for open load during
21 error 1 R non-operation on Chl (OUT1/2) side detected (when threshold of
(Ch1 open-load detection detection circuit for open load during non-operation is abnormal)
during non-operation) 0: Undetected, 1. Detected
Initial/EN diagnosis Initial/EN diagnosis start abnormality in the detection circuit for open
start abnormality load during nqn—operatlon onl Ch1 (OUT1/2) side (C|rcg|t. that detects
20 chi load detecti 1 R open load during non-operation cannot start because it is not reset to
( .open- oad ce ?C lon the normal value (undetected state))
during non-operation) 0: Undetected, 1: Detected
OUT1 high-side over-
19 current detection 0 R OUT1 high-side over-current (short-circuit to ground) detected
(short-circuit to ground 0: Undetected, 1: Detected
detection)
OUT2 high-side over-
18 current detection 0 R OUT2 high-side over-current (short-circuit to ground) detected
(short-circuit to ground 0: Undetected, 1: Detected
detection)
OUT1 low-side over-
17 current detection 0 R OUT1 low-side over-current (short-circuit to power supply) detected
(short-circuit to power 0: Undetected, 1: Detected
supply detection)
OUT2 low-side over-
16 current detection 0 R OUT2 low-side over-current (short-circuit to power supply) detected
(short-circuit to power 0: Undetected, 1: Detected
supply detection)
15 Ch1 open-load detection 0 R Ch1 (OUT1/2) open load during operation detected
during operation 0: Undetected, 1: Detected
14 - 0 R -
13 - 0 R B
12 - 0 R -
11 - 0 R -
10 - 0 R B
9 - 0 R -
8 - 0 R -
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Table 7.22. STATUS3 (ADR[38:32]: 0x03)

: INIT Command o
Bit NAME N Description
(initial value) (R/IW) P
31 - 0 R -
30 - 0 R -
29 - 0 R -
28 - 0 R -
Initial/EN diagnosis - _ ) ) o
error Initial/EN diagnosis error in over-current detection circuit on Ch2 (OUT3/4)
27 1 R side detected (when threshold of over-current detection circuit is abnormal)
(Ch2 over?current 0: Undetected, 1: Detected
detection)
Initial/EN diagnosis Initial/EN diagnosis start abnormality in over-current detection circuit on
26 start abnormality 1 R Ch2 (OUT3/4) side detected (over-current detection circuit cannot start
(Ch2 over-current because it is not reset to the normal value (undetected state))
detection) 0: Undetected, 1: Detected
25 - 0 R -
24 - 0 R -
Initial/EN diagnosis Initial/EN diagnosis error in detection circuit for open load during operation
23 error 1 R on Ch2 (OUT3/4) side detected (when threshold of detection circuit for
(Ch2 open-load detection open load during operation is abnormal)
during operation) 0: Undetected, 1. Detected
Initial/EN diagnosis Initial/EN diagnosis start abnormality in detection circuit for open load
start abnormality dur!ng operat!on on Ch2 (OUT3/4) S|dg ('CII'CUII that detects open load
22 . 1 R during operation cannot start because it is not reset to the normal value
(Ch2 open-load detection (undetected state))
during operation) 0: Undetected, 1: Detected
Initial/EN diagnosis Initial/EN diagnosis error in detection circuit for open load during non-
21 error 1 R operation on Ch2 (OUT3/4) side detected (when threshold of detection
(Ch2 open-load detection circuit for open load during non-operation is abnormal)
during non-operation) 0: Undetected, 1. Detected
Initial/EN diagnosis Initial/EN diagnosis start abnormality in detection circuit for open load
start abnormality dur!ng non-operat!on on Ch2 (OUT3/4) S|de_ (_(:lrcun that detects open load
20 . 1 R during non-operation cannot start because it is not reset to the normal
(Ch2-open-load detgctlon value (undetected state))
during non-operation) 0: Undetected, 1: Detected
OUT3 high-side over-
19 current detection 0 R OUT3 high-side over-current (short-circuit to ground) detected
(short-circuit to ground 0: Undetected, 1: Detected
detection)
OUT4 high-side over-
18 current detection 0 R OUT4 high-side over-current (short-circuit to ground) detected
(short-circuit to ground 0: Undetected, 1: Detected
detection)
OUT3 low-side over-
17 current detection 0 R OUT3 low-side over-current (short-circuit to power supply) detected
(short-circuit to power 0: Undetected, 1: Detected
supply detection)
OUT4 low-side over-
16 current detection 0 R OUT4 low-side over-current (short-circuit to power supply) detected
(short-circuit to power 0: Undetected, 1: Detected
supply detection)
15 Ch2 open-load detection 0 R Ch2 (OUT3/4) open load during operation detected
during operation 0: Undetected, 1: Detected
14 - 0 R -
13 - 0 R -
12 - 0 R -
11 - 0 R -
10 - 0 R -
9 - 0 R -
8 - 0 R B
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Table 7.23. CONFIG1 (ADR[38:32]: 0x04)

. INIT Command -
Bit NAME I Description
(initial value) | (R/W) P
31 - 0 R -
30 - 0 R -
29 - 0 R -
28 - 0 R -
27 - 0 R -
26 - 0 R -
25 - 0 R -
24 - 0 R -
23 - 0 R -
. Detection time setting for Chl (OUT1/2) open load during non-operation
22 Chi open-load during non- 0 R/W 00: 100 s, 01: 50 s,
21 operation 0 R/W 10: 500 ps, 11:
detection time setting -200 S, -
The total detection time for Ch1 is four times the time mentioned above.
Ch1 PWM duty-OFF interval Low- or high-side regeneration setting during PWM duty-OFF interval on
20 low- or high-side 0 R/W Ch1l (OUT1/2) side
regeneration setting 0: Low-side regeneration, 1: High-side regeneration
VBAT under-voltage ' ) e .
L cancellation VBAT under-voltage cancellation delay time (digital filter) setting
9 delay time 0 R/IW (common toAChAl (OUT1/2) and Ch2 (OUT3/4))
(common to Ch1 and Ch2) 0: 0 ys (no filtering), 1: 100 us
18 Ch1 current limit threshold 0 RIW Ch1 (OUT1/2) current limit threshold upper limit setting
upper limit 0:65A 1:46A
17 Ch1 current limit threshold 0 RIW Ch1 (OUT1/2) current limit threshold lower limit setting
lower limit 0: Upper limit - 0.25 A, 1: Upper limit - 0.5 A
) Detection threshold setting for Ch1l (OUT1/2) open load during operation
16 chl nggrg)teiac()indurlng 0 R/W In the case where a 220Q resistor is connected to the CM1 pin.
15 detection threshold setting 0 RIW 00:200 mA, 01: 100 mA
10: 300 mA, 11: 200 mA
Ch1 (OUT1/2) SR mode setting
000: Voltage SR Normal (Control OFF, 17.50 V/us(design data))
001: Voltage SR Slow1 (1.09 V/us(design data))
14 Cchi SR2 0 R/W 010: Voltage SR Slow?2 (2.19 V/us(design data))
13 SR mode SR1 0 R/W 011: Voltage SR Slow3 (4.38 V/us(design data))
12 SRO 0 R/W 100: Voltage SR Slow4 (8.75 V/us(design data))
101: Voltage SR Fast2 (21.88 V/us(design data))
110: Voltage SR Fastl (26.25 V/us(design data))
111: Voltage SR Normal (Control OFF, 17.50 V/us(design data))
Ch1 over-current detection
11 mode 0 RIW Ch1 (OUT1/2) over-current detection mode setting
(latched or automatic 0: Over-current detection latch mode, 1: Automatic recovery mode
recovery)
SP| communication Ch1 (OUT1/2) & Ch2 (OUT3/4) SPI communication-disruption
10 disruption determination 0 R/W determination threshold time setting
9 threshold time setting 0 RIW 00: 10 ms, 01: 100 ms,
(common to Ch1 and Ch2) 10: 1 s, 11: Disruption determination disabled
Operation mode setting Operation mode setting when Ch1 (OUT1/2) & Ch2 (OUT3/4) SPI
8 when SPI communication is communication disruption is detected
disrupted 0 RIW 0: Output (OUT1/2, OUT3/4) OFF (Hi-2),
(common to Chl and Ch2) 1: Continue operation immediately before disruption
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Table 7.24. CONFIG2 (ADR[38:32]: 0x05)

: INIT Command .
Bit NAME A~ Description
(initial value) (R/W) pto
31 - 0 ;
30 - 0 R -
29 - 0 R -
28 - 0 R -
27 - 0 R -
26 - 0 R -
25 - 0 R -
24 - 0 R -
23 - 0 R -
Ch2 load duri Detection time setting for Ch2 (OUT3/4) open load during non-operation
open load during non- . .
22 operation 0 R/W 00: 100 s, 01: 50 s,
1 detection time setting 0 RIW 10:500 s, 11:-
The total detection time for Ch2 is four times the time mentioned above.
Ch2 PWM duty-OFF interval Low- or high-side regeneration setting during PWM duty-OFF interval on
20 low- or high-side 0 R/W Ch2 (OUT3/4) side
regeneration setting 0: Low-side regeneration, 1: High-side regeneration
19 - 0 R -
18 Ch2 current limit threshold 0 RIW Ch2 (OUT3/4) current limit threshold upper limit setting
upper limit 0:65A, 1:4.6 A
17 Ch2 current limit threshold 0 RIW Ch2 (OUT3/4) current limit threshold lower limit setting
lower limit 0: Upper limit - 0.25 A, 1: Upper limit - 0.5 A
. Detection threshold setting for Ch2 (OUT3/4) open load during operation
16 Ch2 Ogggrlgt?gndurmg 0 R/W In the case where a 220Q resistor is connected to the CM2 pin.
15 detection threshold setting 0 RIW 00: 200 mA, 01: 100 mA
10: 300 mA, 11: 200 mA
Ch2 (OUT3/4) SR mode setting
000: Voltage SR Normal (Control OFF, 17.50 V/ps(design data))
001: Voltage SR Slow1 (1.09 V/us(design data))
14 ch2 SR2 0 R/W 010: Voltage SR Slow2 (2.19 V/us(design data))
13 SR mode SR1 0 R/W 011: Voltage SR Slow3 (4.38 V/us(design data))
12 SRO 0 R/W 100: Voltage SR Slow4 (8.75 V/us(design data))
101: Voltage SR Fast2 (21.88 V/us(design data))
110: Voltage SR Fastl (26.25 V/us(design data))
111: Voltage SR Normal (Control OFF, 17.50 V/us(design data))
Ch2 over-current detection
11 mode 0 RIW Ch2 (OUT3/4) over-current detection mode setting
(latched or automatic 0: Over-current detection latch mode, 1: Automatic recovery mode
recovery)
10 0 R
9 0 R
8 - 0 R -
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Table 7.25. CONFIG3 (ADR[38:32]: 0x06)

: INIT Command .
Bit NAME (initial value) (RIW) Description
Ch1 (OUT1/2) base frequency setting; frequency division ratio setting for
31 . 0 R/W external input clock
30 Chl base frequency setting 0 RIW 00: 1/1 division, 01: 1/2 division,
10: 1/4 division, 11: 1/20 division
29 - 0 R
28 - 0 R
27 - 0 R
26 - 0 R
25 - 0 R
24 - 0 R
23 - 0 R
22 - 0 R
21 - 0 R
20 - 0 R
19 - 0 R
18 0 R/W
17 0 R/W
16 0 R/W
15 0 R/W
14 . . 0 R/W
Ch1 ON delay time setting ) ) ) )
13 0 R/W Ch1 (OUT1/2) ON delay time setting for motor drive with SPI control
(counter value: 0 to 2047)
12 0 R/W
11 0 R/W
10 0 R/W
9 0 R/W
8 0 R/W
© 2020-2024 61 2024-04-08
Toshiba Electronic Devices & Storage Corporation Rev.2.0




TOSHIBA

TBO053FTG,TB9054FTG

Table 7.26. CONFIG4 (ADR[38:32]: 0x07)

: INIT Command o
Bit NAME (initial value) (RIW) Description
Ch2 (OUT3/4) base frequency setting; frequency division ratio setting for
31 Ch2 base frequency 0 R/W external input clock
30 setting 0 R/W 00: 1/1 division, 01: 1/2 division
10: 1/4 division, 11: 1/20 division
29 - 0 R
28 - 0 R
27 - 0 R
26 - 0 R
25 - 0 R
24 - 0 R
23 - 0 R
22 - 0 R
21 - 0 R
20 - 0 R
19 - 0 R
18 0 R/W
17 0 R/IW
16 0 R/W
15 0 R/IW
14 . . 0 R/W
Ch2 ON delay time setting ) ) ) )
13 0 R/W Ch2 (OUT3/4) ON delay time setting for motor drive with SPI control
(counter value: 0 to 2047)
12 0 R/W
11 0 R/IW
10 0 R/IW
9 0 R/W
8 0 R/W
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Table 7.27. CONFIG5 (ADR[38:32]: 0x08)

; INIT Command -
Bit NAME A Description
(initial value) (R/W) P
. . Ch1 (OUT1/2) motor operation setting
Ch1 motor operation setting )
31 0 RIW 00: Output OFF (Hi-Z), 01: Forward,
(forward/reverse/brake/output o o o
30 OFF (Hi-2)) 0 RIW 10: Reverse, 11: Brake (low- or high-side is determined in combination
with bit20 of CONFIG1)
29 0 R/IW
28 0 R/W Ch1 (OUT1/2) drive cycle period setting for motor drive with SPI control
27 0 R/IW
26 0 R/W Drive frequency fpwm is calculated as follows:
25 ) ) ) 0 R/IW
o Ch1 drive cycle period setting 0 RIW ) ) . )
(counter value: 0 to 2047) fpwm = fdiv / (drive frequency setting register value + 1)
23 0 R/IW
22 0 R/W fdiv: Base frequency
21 0 R/W = external input clock frequency x base frequency set value
20 0 R/W (frequency division ratio)
19 0 R/W
Ch1 (OUT1/2) PWM duty-ON period setting for motor drive with SPI
control
18 0 R/W
17 0 R/W PWM_Duty = duty-ON period setting (counter value) / (drive frequency
16 0 RIW setting (counter value) + 1)
15 0 R/W
14 0 RIW Set the registers so that duty-ON period setting register value < drive
Ch1 duty-ON period setting frequency setting register value.
13 0 R/W . . . . .
(counter value: 0 to 2047) 1) If duty-ON period setting register value = drive frequency setting
12 0 RIW register value,
11 0 RIW PWM duty-ON interval is 100%.
10 0 RIW 2) If duty-ON period setting register value > drive frequency setting
9 0 R/W register value,
8 0 R/W PWM duty-ON interval is still 100%.
3) If duty-ON period setting register value = 0,
PWM duty-ON interval is 0%.
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Table 7.28. CONFIG6 (ADR[38:32]: 0x09)

; INIT Command -
Bit NAME - Description
(initial value) (R/W) P
. . Ch2 (OUT3/4) motor operation setting
Ch2 motor operation setting )
31 0 RIW 00: Output OFF (Hi-Z), 01: Forward,
(forward/reverse/brake/output o o o
30 OFF (Hi-2)) 0 RIW 10: Reverse, 11: Brake (low- or high-side is determined in combination
with bit20 of CONFIG2)
29 0 R/IW
28 0 R/W Ch2 (OUT3/4) drive cycle period setting for motor drive with SPI control
27 0 R/IW
26 0 R/W Drive frequency fpwm is calculated as follows:
25 ) ) ) 0 R/IW
o Ch2 drive cycle period setting 0 RIW ) ] . )
(counter value: 0 to 2047) fpwm = fdiv / (drive frequency setting register value + 1)
23 0 R/IW
22 0 R/W fdiv: Base frequency
21 0 RIW = external input clock frequency x base frequency set value
20 0 R/W (frequency division ratio)
19 0 R/W
Ch2 (OUT3/4) PWM duty-ON period setting for motor drive with SPI
control
18 0 R/W
17 0 R/W PWM_Duty = duty-ON period setting (counter value) / (drive frequency
16 0 RIW setting (counter value) + 1)
15 0 R/W
14 0 RIW Set the registers so that duty-ON period setting register value < drive
Duty-ON period setting frequency setting register value.
13 0 R/W . . . . .
(counter value: 0 to 2047) 1) If duty-ON period setting register value = drive frequency setting
12 0 RIW register value,
11 0 RIW PWM duty-ON interval is 100%.
10 0 RIW 2) If duty-ON period setting register value > drive frequency setting
9 0 R/W register value,
8 0 R/W PWM duty-ON interval is still 100%.
3) If duty-ON period setting register value = 0,
PWM duty-ON interval is 0%.
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Table 7.29. CONFIG7 (ADR[38:32]: 0x0A)

: INIT Command o
Bit NAME A Description
(initial value) (R/W) P
Output OFF cancellation Command to cancel output OFF (latched) when Ch1 (OUT1/2) over-
31 when Ch1 over-current 0 W current (short-circuit to power supply or ground) is detected
(short-circuit to power supply 0: Output OFF is not canceled, 1: Output OFF is canceled (one-shot
or ground) is detected pulse)
Ch1 open-load detection Commland to execute Ch1 (OUT1/2) open-load detection during non-
30 during non-operation 0 w operation
0: Detection is not executed, 1: Detection is executed (one-shot pulse)
Command to update Chl (OUT1/2) CONFIG3/CONFIG5 setting
0: A WRITE attempt updates CONFIG3/CONFIGS5 registers, and the
chi PWM operation reflects it
1: CONFIG3/CONFIGS registers under WRITE attempt are retained;
29 CONZI_GyC%NtFIGS 0 w the next "0" WRITE in this bit updates the registers, and the PWM
Setung update operation reflects it.
Note that when CONFIG7 is enable CONFIG3 and CONFIG5 registers
need to be set. (refer to below timing chart)
Output OFF cancellation Command to cancel output OFF (latched) when Ch2 (OUT3/4) over-
28 when Ch2 over-current 0 W current (short-circuit to power supply or ground) is detected
(short-circuit to power supply 0: Output OFF is not canceled, 1: Output OFF is canceled (one-shot
or ground) is detected pulse)
Ch2 open-load detection Comm.and to execute Ch2 (OUT3/4) open-load detection during non-
21 during non-operation 0 w operation
9 p 0: Detection is not executed, 1: Detection is executed (one-shot pulse)
Command to update Ch2 (OUT3/4) CONFIG4/CONFIG6 setting
0: A WRITE attempt updates CONFIG4/CONFIG6 registers, and the
Ch2 PWM operation reflects it
1: CONFIG4/CONFIGS6 registers under WRITE attempt are retained;
26 CONT:_GMC%N::IGG 0 w the next "0" WRITE in this bit updates the registers, and the PWM
setling update operation reflects it
Note that when CONFIG7 is enable CONFIG4 and CONFIG6 registers
need to be set. (refer to below timing chart)
Output OFF cancellation
when OUT1 over-current Command to cancel output OFF (latched) when OUT1 over-current
. (short-circuit to power supply or ground) is detected during Half Mode
25 (short-circuit to power supply 0 w 0: Output OFF is ot canceled
or ground) "S detected 1: Output OFF is canceled (one-shot pulse)
(effective only in Half Mode)
Output OFF cancellation
when OUT2 over-current Command to cancel output OFF (latched) when OUT2 over-current
24 (short-circuit to power supply 0 W E)s.hglrjtt—:lljrtcgl::t;isz\/\évte::;ggllz}/dor ground) is detected during Half Mode
or Qround) |§ detected 1: Output OFF is canceled (one-shot pulse)
(effective only in Half Mode)
Output OFF cancellation
when OUT3 over-current Command to cancel output OFF (latched) when OUT3 over-current
. (short-circuit to power supply or ground) is detected during Half Mode
23 (short-circuit to power supply 0 w 0: Output OFF is not canceled
or ground) '_S detected 1: Output OFF is canceled (one-shot pulse)
(effective only in Half Mode)
Output OFF cancellation
Command to cancel output OFF (latched) when OUT4 over-current
when OUT4 over-current (short-circuit t | d) is detected during Half Mod
. short-circuit to power supply or ground) is detected during Half Mode
22 (short-circuit tq power supply 0 w 0: Output OFF is not canceled,
or ground) |§ detected 1: Output OFF is canceled (one-shot pulse)
(effective only in Half Mode)
21 - 0 R B
20 - 0 R B
19 - 0 R -
18 - 0 R -
17 - 0 R B
16 - 0 R -
15 - 0 R -
14 - 0 R B
13 - 0 R -
12 - 0 R -
11 - 0 R B
10 - 0 R -
9 - 0 R -
8 - 0 R B
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7.12.7.2. SPI setting register (effective/ineffective) in Combined-Channel Mode (LARGE Mode)

In Combined-Channel Mode (LARGE Mode), the Ch1 settings of SPI setting registers are effective for
controlling the outputs (OUT1/2 and OUT3/4). The following table shows the details:

Motcoor n(qur%enilggg nSPI Direct PWM motor drive
NAME Ch _ ISEL1 =L (Enabled),
ISELL = H (Enabled), ISEL2 = Don't care (Disabled)
ISEL2 = Don't care (disabled)
Analog parameter setting CONFIG1 Chi Enabled Enabled
Analog parameter setting CONFIG2 Ch2 Disabled Disabled
Logic parameter setting CONFIG3 Chi Enabled Disabled
Logic parameter setting CONFIG4 Ch2 Disabled Disabled
Motor operation instruction CONFIG5 Chi Enabled Disabled
Motor operation instruction CONFIG6 Ch2 Disabled Disabled
Command execution setting CONFIG7 Chi Enabled Enabled
Command execution setting CONFIG7 Ch2 Disabled Disabled

Note: In Combined-Channel Mode (LARGE Mode), a WRITE operation of SPI communication can write
a Ch2 SPI setting normally, but the Ch2 setting is disabled for IC operation (output control).

Note: In Combined-Channel Mode (LARGE Mode), only ISEL1 selects a drive mode (SPI drive or direct
PWM drive), and ISEL2 is disabled.

2022-7-14
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7.13. Power supply monitoring function
This IC has a power supply monitoring function.

7.13.1. VBAT under-voltage detection circuit (see Figure 7.35 and Figure 7.36)

* When VBAT voltage decreases below the under-voltage detection threshold, OUT1/2 and OUT3/4
turns OFF (Hi-Z state).
The IC has a filter (TVBAT_uv: approximately 10.0 us (typ.)) to prevent chattering.
Even while the H-bridge circuit is OFF (Hi-Z) due to VBAT under-voltage detection, logic circuits can
operate if the VCC voltage is above the VCC under-voltage POR voltage.

VBAT |
VBATRSTH = 4.25V(typ) .,/ VBATRSTHY=0.1~1V

| 3 VBATRSTL=3.75V(typ)
: |
| |
| |
| |
| |
I |
| |
| !

Motor i | .

drive output OFF(Hiz) >< ON-STATE ! OFF(Hiz)

Motor drive |

operation Off Forward.~Reverse DT Off

Figure 7.35 VBAT under-voltage detection threshold characteristics
TKTVBAT wv
10ps(typ.)
VBAT Sl
VBATRSTL=375V
::: ON-STATE >< OFF(Hiz) ON-STATE

Figure 7.36 VBAT under-voltage detection timing chart 1

+ The detection signal of the over-temperature detection circuit retains its state immediately before
VBAT under-voltage is detected (TSD detected or TSD undetected) when VBAT falls below the under-
voltage detection voltage. Since the detection signal of the over-temperature detection circuit is
retained while VBAT under-voltage is detected, the detection signal of the over-temperature detection
circuit does not change (detected — undetected or undetected — detected) until the VBAT under-
voltage detection is canceled.

Note: Parts of each timing chart shown in this specification document may be omitted or simplified for
explanatory purposes.
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7.13.2. VCC under-voltage detection circuit (see Figure 7.37 to Figure 7.39)

When VCC voltage decreases below the under-voltage detection threshold VCCHL(3.5 V(typ.)),
OUT1/2 and OUT3/4 turns OFF (Hi-Z state). The IC has a filter (2.5 ms (typ.)) to prevent chattering.

The abnormality bit of SPI latches a flag showing that VCC under-voltage is detected.

The logic circuit is reset if VCC voltage is below VCCRHL (3.07 V (typ.)). Moreover, the IC has a filter

(13.0 ps (typ.)) to prevent chattering.
VCC=5V
VGCHLHYS=0.1~0.3

VGCHL=3.5V(typ)

|
_ _ L VGCRHLHYS=0.1~03V. :
|

VgG_RHL:’S.D'IV(typ)

|

| |

| |

| |
I

:>< ON-STATE >< | OFF(Hiz)

|
|
|

Motor OFF(Hiz)
drive output |
Logic circuit
(;gl;)cwcu Reset Logic circuit operation Reset
Motor drive
operation Off Forward/Reverse DT | Off
Figure 7.37 VCC under-voltage detection and POR threshold characteristics
T<TVCC uv T>TVCC uv T TYCC 2
25msityp.) P : |
VGO oy e B o i 0
I | ! : |
[} I I |
¥ 1
VOOHL=3BV(typ) m=m e e e e e e e e e —— . |
L'l I | T— |
:VCG-I_HYS=0.1~03|'V
I |
1 |
Idota: ON-STATE ><0FF(Hi—z) ><ON -STATE
drive output
Figure 7.38 VCC under-voltage detection timing chart 1
T<TVCC_por
13.0us(typ.) T>TVCC_por
Lo
VCC —> < ol . ! :
b Lo [ + [+ — -VCCHL+VCCHLHYS
VCCHL=35V(typ) ———————— oy L3 v
I | | ~ L ~VCCRHL+VCCRHLHYS
VCCRHL=307V(typ) ———————4{fp—————————— R ! !
y1 |
K I —»| l4=T>TVCC por
h;)gl;)c'mu't Logic Function Reset _ . -
Initial diagnosis |

Mot
e ON-STATE > oFFHiEna) < on-sTaTe
rive output

Figure 7.39 VCC under-voltage POR detection timing chart 1

Note: Parts of each timing chart shown in this specification document may be omitted or simplified for

explanatory purposes.
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7.14. Over-temperature detection circuit (Figure 7.40 and Figure 7.41)

(1) This IC has an over-temperature detection circuit. At a temperature above TSD, the IC turns the
motor drive output OUT1/2 and OUT3/4 to Hi-Z to protect the IC.

(2) Simultaneously, the DIAG pin outputs L.

(3) When the temperature decreases below to the TSD — TSDhys by operation of over-temperature
detection circuit, normal operation automatically resumes.
(The output automatically resumes from Hi-Z when the temperature is below TSD - TSDhys.)

(4) The DIAG pin output automatically resumes from L output when the temperature is below TSD -
TSDhys.

Detection =
Above 175°C Over temp.
state

EN pin

ENB pin

Motor H Qutputs Qutputs
Drive output L Tri-stated Tri-stated

DIAG output (2 (4

After fault detection, DIAG output will

he "L When fault was avoided after
that, oneself retums.

Figure 7.40 Over-temperature detection timing chart

Note: Parts of each timing chart shown in this specification document may be omitted or simplified for
explanatory purposes.

Over temperature
detection ----p----"-"-""-"""-""-""""""-"-"-""g9-"“"""-"-""-"-—-
(above 175°C)

in OFF state

|
|
Over temperature detection period |
|
|
|

Motor output Over temperature detection

|

Hi-Z !
: bit is canceled automatically.
|

I Over temperature detection is monitored in real time
in OFF state.
SPI over temperature
Detection bit E L E

|
- Lo !
Fault bit is periodically
monitored in MCU E E 1 1 1 1 1 1 1 1 E E E
|

|_| SPI PWM drive

SPI PWM drive

Figure 7.41 Over-temperature detection detailed timing chart

Note: Parts of each timing chart shown in this specification document may be omitted or simplified for
explanatory purposes.
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® The detection signal of the over-temperature detection circuit retains its state even when VBAT falls
below the under-voltage detection voltage.

® The detection signal of the over-temperature detection circuit is forced into an undetected state
during initial diagnosis.

® When TSD arises, PWM input is disabled.

Note: According to the absolute maximum ratings of this product, product integrity is guaranteed for
storage temperatures below 150 °C. If the IC is stored or used in conditions exceeding this
temperature, subsequent normal operations are not guaranteed. Moreover, it may cause smoke
and/or fire. Do not under any circumstances store or use this IC in conditions exceeding this
temperature.

Although this IC incorporates an over-temperature detection function as shown above, the function

does not maintain the temperature of the IC below the over-temperature detection shutdown

temperature (TSD), and works outside the guaranteed operating range. Treat this function as an
auxiliary function.

(This function is not individually tested in an actual high-temperature environment. Rather, a test

function simulates the detection circuit operation.)

7.15. Circuit to detect over-current

This IC incorporates over-current detection circuits for high- and low-side drivers of the motor drive
outputs.

When a motor drive output pin is short-circuited to power supply or ground, or a load is short circuited, if
the current exceeds the over-current threshold (11 A (typ.)), the over-current detection circuit operates to
turn the motor drive output OFF. All Hi- and Lo-side drivers of OUT1/2 and OUT3/4 pins turn OFF.
Simultaneously, the DIAG pin outputs L.

The over-current detection function has two modes: one mode turns the output OFF and the other mode
recovers automatically after over-current is detected. Use SPI settings to switch between modes.

Note that in Half-Bridge Mode, the automatic recovery mode is disabled. Only a half-bridge output where
over-current occurs is latched to OFF.

SPI settings: Over-current detection mode CONFIG1/2 DATA[11 ] =0 or 1 (latch or automatic recovery
mode)

When one of the over-current detection circuits (Ch1: 4 circuits, Ch2: 4 circuits) detects over-current and
enters an over-current abnormality detection state, over-current detection signals from other circuits are
not accepted until the abnormality detection state is canceled.

Consequently, an abnormality flag is only set for the over-current detection circuit that detects over-
current (short-circuit to power supply or ground) first.

7.15.1. SPI settings: Over-current detection in automatic recovery mode (see Figure 7.4242 and
Figure 7.43)

This function is disabled in Half-Bridge Mode. Therefore, an over-current detection mode setting to

automatic recovery (SPI setting: CONFIG1/2 DATA[11 ] = 1) is ignored.

- When motor drive output is short-circuited to power supply or ground, the output turns OFF when a
current above the over-current threshold (lovc) flows for tBLANK2 = 1 us (Tovc). This prevents
incorrect operation caused by factors such as noise.

After 300 ms (typ.), the IC attempts automatic recovery, which is repeated until the external MCU
issues an instruction.

If the output current is in the normal range at an automatic recovery, the OUT1/2 and OUT3/4 outputs
resume normal operation.

+ An instruction from the MCU turns the output OFF.
The MCU sends EN/ENB signals to turn the output OFF.
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+ Another instruction from the MCU cancels the OFF state and restarts various functions.
One pulse of EN fall or ENB rise restarts the functions.

+ When tBLANK?2 is enabled, tBLANK1 is ignored and tBLANK2 is prioritized.

® The detection signal of the over-current detection circuit is forced into an undetected state during
initial/EN diagnosis.

<SPI settings: Over-current detection in automatic recovery mode (example: SPI drive for low-side)>

time

lload & Tov{ciu s Tove:1 s
Over current
love=11Altyp) p - - - - - - - - - - - ——————— -, [ ———————————————— ﬁ ———————————
Output “OFF” by
; MCU instruction
Tlim-H -t - '————Jy —————
Ilim—-L ——ERm—m i et e
tBLANK1 ‘
tBLANK1:1115us
tBLANK2:1 it s \ tBLANK2:] i s ,:
tBLANK2
Brake Srake \ TOFF=300ms TOFFX300ms
Motor drive < OFF(Hi-2) > ) continued =>
output ON \ ON i
DIAG
Forward For. Forward
Motor drive operation | Forward/ |D| op |D| TUF5IDIS D Off / Off
Reverse |T T| Reverse | T|B T Rev Reverse

Figure 7.42 Over-current detection operation timing chart 1

<SPI settings: Over-current detection in automatic recovery mode (example: PWM drive for low-side)>

Tove:l s
lload A >
Over current
love=11Altyp) f —————————————————— K ——————————————————————————————
Tlim-H e
Normal operation retums
Ilim-L when an over current
does not flow
tBLANKT L ANk:1i1s | i
t 11dus
tBLANK2:1 jt s \
tBLANK2 /N i\
Brake Brake P \ TOFF=300ms /
Motor drive output ON \\OFF(Hi'Z) ’ ON

DIAG

PWM1

PWM2

» time
Motor drive operation D b| Forwa | D| § D " Forwa | D D| Forw [ D| S
Forward | ol SB (o (g |7[gT ‘”da' off rd |T| SB [7| e [T| B
Figure 7.43 Over-current detection operation timing chart 2
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Note: Parts of each timing chart shown in this specification document may be omitted or simplified for
explanatory purposes.

- Automatic recovery mode

Automatically resumes

Overcurrent [ T - :_ _________
ditection :
ISD detection ISD detection I
| period period I
: in OFF state in OFF state :
[
Motor drive _ :

current Hi-Z

Over current detection is monitored in real time
in OFF state.

SPI over current
detection bit 0 L 0] 0

Fault bit is periodically — _
monitored in MCU |E| 0 of O |3| |3|

SPI PWM drive

SPI PWM drive

Note: Parts of each timing chart shown in this specification document may be omitted or simplified for
explanatory purposes.
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7.15.2. SPI settings: Over-current detection in latch mode (see Figure 7.44)

- When a motor drive output is under over current detection, the output automatically turns OFF if a
current above the over-current threshold (lovc) is detected and the current above the threshold still
flows after tBALNK2 = 1 us (which prevents incorrect operation caused by factors such as noise).

+ An instruction from the MCU cancels the OFF state and restarts various functions.

One pulse of EN fall or ENB rise restarts the functions.

- If tBLANK2 is enabled, tBLANK1 is canceled.

<SPI settings: Over-current detection in latch mode (example: low-side)>

lload A Tov‘c:1 us
Over current
Iove=11Altyp) }---— - - - - ——————————— [ —————————
Tim-H ﬁi
lim-L |- S
tBLANK1 —IZ
tBLANK1:115 us
tBLANK2:1 4
tBLANK2
Brake Brake
Motor drive output ON ON ON |OF
DIAG
» time
. . For. For.
Motor drive operation | Forward/ |D} o IDI ~~" |DI§D Off
Reverse | T T T(BT
Rev. Rev

Figure 7.44 Over-current detection operation for short-circuit to power supply or ground, and
short-circuited load: timing chart 3

+ SPI communication cancels output OFF (latched) for recovery.

Over current Detection

ISD detection period in OFF state

|
|
IA »
< >
|
|

|
. |
Mt:tc::edr:Lve _k Hi-7 : SPI write operation :
. ! I Over current detection
I Over current detection is monitored in real time :_LOutput OFF cancellation
SPI over current D OFF state,

detection bt 0
|

Fault bit is periodically — L

monitored in MCU |E| 0 0] |€| |6|
|
SPI PWM drive

SPI PWM drive

Note: Parts of each timing chart shown in this specification document may be omitted or simplified for
explanatory purposes.
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7.15.3. Recovery from OFF state: timing chart

When the motor drive output is short to power supply

Motor }———-—---"-""-"-"-"“"“"“"“"-"“-"“"-"--—=-
drive output Short
state mode

[ 1 shot pulse

A

EN pin

ENB pin

.Motor H Outputs Outputs
drive outputL Tri-stated Tri-stated

H
DIAG output
L

Motor d.”ve Off Forward/ Off | Forward/Reverse Off Forward/
operation Reverse = Reverse

Diagnosis Diagnosis
restart restart

Figure 7.45 Recovery from OFF state for short-circuit to power supply or ground, and short-
circuited load: timing chart

Either the EN pin rising edge or the ENB pin falling edge clears the latched L output from the DIAG pin.

Note: Parts of each timing chart shown in this specification document may be omitted or simplified for
explanatory purposes.

Note: This detection circuit helps prevent abnormal states such as short-circuited output, but it will not
necessarily prevent IC breakdown. Therefore, when an output pin is short-circuited to another
output pin, power supply, or ground, the IC may break down. As such, design the output, VBAT,
VCC, and GND lines carefully.
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7.16. Initial diagnosis

The IC has an initial diagnosis function and EN diagnosis function to check the operation of
comparators in advance for power-supply monitoring, over-temperature detection, over-current
detection, and open-load detection during operation/non-operation.

VBAT C tor output signal 1
Under voltage detection Omparator output signa > Normal Pre Dri
circuit ; operation > re briver
Diagnosis circuit g (-1 > control
(Threshold value change) | — circuit
vee C t tput signal 2
Under voltage detection OMparafor AlputSigna DIAG pin
circuit > Faul.t )
Diagnosis circuit . (-2) > » detection|  gpj flag
(Threshold value change) | —
Over temperature Comparator output signal 3 R Latch clear conditions for initial diagnosis
detection circuit g l«—— abnormality, and EN diagnosis abnormality:
VCC low voltage POR detection voltage =
Diagnosis circuit - (+3) H—L
(Threshold value change) |
lg— Or
Over current detection Comparator output signal 4 _
circuit (Ch1/Ch2) control circuit Initial diagnosis start conditions:
Diagnosis circuit ) VCC low voltage POR detection voltage = H
(Ch1/Ch2) < (Diagnosis and SLEEPB = L—H
(Threshold value change) error state is or
Open load detecton circult| N latched.) VCC low voltage PO_R detection voltage =
dwing operation omparator output signal > L—H and SLEEPB = H
(Ch1/Ch2)
Diagnosis circuit (-5) EN diagnosis start conditions:
(Ch1/Ch2) < Small mode
{Threshiold vallie change) On Ch1 side: EN1=H—L or ENB1=L—H
Open load detection circuit . o outout sional 6 On Ch2 side: EN2=H—L or ENB2=L—H
during non-operation omparator output Signa > Large mode
(Ch1/Ch2) EN1=H—L and EN2=H—L
Diagnosis circuit -6) or
(Ch1/Ch2) < ENB1=L—H and ENB2=L—H
(Threshold value change)

Figure 7.46 Initial diagnosis and EN diagnosis block diagram

Note: Some of the functional blocks and circuits in the block diagram may be omitted or simplified for
explanatory purposes.

- 1 to 6: Switching signals for Initial diagnosis

H: Threshold value for initial diagnosis: For normal voltage and current, VBAT, VCC, over-
temperature, over-current, and open load during operation/non-operation are "detected".

L: Threshold value for normal operation: For normal voltage and current, VBAT, VCC, over-
temperature, over-current, and open load during operation/non-operation are "undetected".
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¥ Table 7.30. Operation summary of initial diagnosis

Under diagnostic | After termination
a e T Sta;;e;:;st!;rnioﬁ Not-detection Detection Not-detection Diagnosti DIAé::e 338:1 = B«;/lr(;ial cé;aug%o/sizs e
conditions state(step1) state(step2) state(step1) =t | orage | 0UTa/4 | DiaGe | ouTa/4

PIN PIN PIN PIN

VBAT under voltage
VCC under voltage

Qutput

Normal L Hiz H Function

Over current
Open load during operation
Open load during non—-operation
CP voltage starting
VBAT under voltage
WCC under voltage

1 OO0

Output

In the case of NG, it is s
Function

also at any 1 condition

VVVVVVVVVVVVVV Fault L. Hiz L
Qver gurrent
Open load during operation
Open load during non—operation
CP wvoltage starting
WBAT under voltage
VCC under voltage
3 Over temperature
Over current
Open load during operation
Open load during non—operation
CP voltage starting
VBAT under voltage
VCC_under voltage

1 [OIQI0I0IDIOH [QI0IRICIOIOH

Qutput

Fault L Hiz L FuRction

In the case of NG, it is
also at any 1 condition

[} el e ele; elo il oF oo} elol el el ol el el el o

Qutput

In the case of NG, it is Fault L Hiz L 3
Function

also at any 1 condition

Over current.

Open load during operation
Open load during non—operation
CP voltage starting
VBAT under voltage
WCC under wvoltage

5 Over temperature
Over current
Oren load during operation
Open load during non—operation

sl el el el el el ol elelelelelelelelelelelelelel el el el el el el el

When at least one

condition continue:

the state where it
detects

Initial diagnosis

Fault L Hiz L Hiz does not start

vivirir i [OIOICIOI00H [OOOICIIOH

viriririn i i JOIOOI00I0N

Piririnininia

Note: The CP voltage-rise detection circuit(Internal functinality) is used as a condition for startup but is

not diagnosed.

Note: In case 5, the IC keeps waiting until seven detection circuits output normal values (undetected state).
When they output normal values, initial diagnosis starts and lasts for 57 us (if 32 ys have elapsed
after POR is canceled).

Note: Not-detection state(stepl and step3) are tests that confirm the comparator's output is in an
undetected state without manipulating the input voltage of the internal comparator.

Note: Detection state(step2) is a test that confirms the comparator's output is in a detected state by
manipulating the input voltage of the internal comparator.

Note: In Half Mode, open-load detection circuits during operation/non-operation are not diagnosed.

Note: When VBAT voltage is in the range of VBAT under-voltage detecting voltage - VBAT under-voltage
cancellation voltage, initial diagnosis is NG. Since DAIG output = L and initial-diagnosis NG (fault
flag: "1") of STATUSI1 register of SPI is output, set the VBAT voltage as the voltage more than VBAT
under-voltage cancellation voltage.

Note: When VCC voltage is in the range of VCC under-voltage detecting voltage and VCC under-voltage
cancellation voltage, initial diagnosis results in No-Good with DAIG output = L and initial-diagnosis
NG (fault flag: "1") of STATUSI register of SPI is output. Therefore, set the VCC voltage as the
voltage more than VCC under-voltage cancellation voltage.

Note: "-" indicates to be not tested (not diagnosed) .
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SLEEPB
Internal POR ) Initial diagnosis starts by sleep mode release & POR release.
Internal charge pump voltage rising detection J (0) H : Detected standup(latched)
VBAT under voltage detection comparator output | (1) L : Undetected state
VCC under voltage detection comparator output (2) L : Undetected state
Over temperature detection comparator output (3) L : Undetected state
Over current detection comparator output (4) L : Undetected state

Open load detection during operation

comparator output (5) L : Undetected state
Open load detection during non-operation ]
comparator output & (6) L : Undetected state
- 32ps(typ) | 57ps(typ.)

Diagnosis operation

Start Stop

89ps(typ.)
Initial diagnosis

EN1, EN2

ENB1, ENB2
DIAG(when initial diagnosis is OK)

OUTL/OUT2, OUT3/OUT4 output | Hi-Z | output

Fig. 7.47 Initial diagnosis timing chart
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& Table 7.31. Operation summaryv of EN diaanosis

Condition

Each detector

Initial diagnositic
restart formation
conditions

Not-detection
state(step1)

Detection

state(step2)

Not-detection
state(step1)

Diagnostic
result

Under diagnostic

ope

ration

After termination
of a restart

DIAGT,
DIAG2
PIN

ouT1/2,
ouT3/4
PIN

DIAGT,
DIAG2
PIN

ouT1/2,
ouT3/4
PIN

memo

CP voltage starting

WBAT under voltage

VCC under voltage

Over temperature

Over current

Open load during operation

Open load during non—-operation

Normal

Qutput
Function

CP voltage starting

VBAT under voltage

VCGC . under voltage

Pivin i (OO0 W i

Over current.

Open load during operation

Open load during non—operation

In the case of NG, it is
also at any 1 condition

Fault

Qutput
Function

CP wvoltage starting

VBAT under voltage

VCC under wvoltage

[RIBIRIN ol oo HEIRIEIN ¢ oo TRTR

Over temperature

Over current

Open load during operation

Open load during non—operation

In the case of NG, it is
also at any 1 condition

Fault

QOutput
Function

VBAT under voltage

VCC_under voltage

OQver tempe ture

[BTEIEIN ¢loloHENRIEIN ¢ e HEIRIRIN 00O I EIRIRE

Over current

Open load during operation

Open load during non-operation

CIOCICI0I0I0ICICI0ICICICIOICICICIOICIOIOIVICIOIIVIOIO

In the case of NG, it is
also at any 1 condition

Fault

Output
Function

CP voltage starting

VBAT under voltage

WCC under voltage

When at least one

Over current

Open load during operation

Open load during non—operation

condition continue
the state where it
detects

[RIRIRIBIRIRIE 6o ¢ N EIRIRIN ¢l o O RNNERN]

[EIEIEIRIRERIE OO O HRERIRE

vivivirininia

Fault

Hiz

Diagnosis does
not restart.

not diagnosed.

Note: The CP voltage-rise detection circuit (Internal functionality) is used as a condition for restart but is

Note: In case 5, the IC keeps waiting until seven detection circuits output normal values (undetected state).

When they output normal values, EN diagnosis starts and lasts for 57 ps (if 32 us have elapsed after
EN/ENB are disabled).

undetected state without manipulating the input voltage of the internal comparator.

manipulating the input voltage of the internal comparator.

Note: "-" indicates to be not tested (not diagnosed).
Note: The diagnosis does not work if VCC is below the under-voltage POR detection voltage.
Note: In Half Mode, open-load detection circuits during operation/non-operation are not diagnosed.
Note:When the EN or ENB signal sets a Disable state, EN diagnosis starts.

Note: Not-detection state(stepl and step3) are tests that confirm the comparator's output is in an

Note: Detection state(step2) is a test that confirms the comparator's output is in a detected state by
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Internal charge pump voltage standup detection (0) H : Detected standup(latched)

VBAT under voltage detection comparator output S (1) L : Undetected state S
VCC under voltage detection comparator output (2) L : Undetected state

Over temperature detection comparator output X (3) L : Undetected state X
Over current detection comparator output (4) L : Undetected state

Open load detection during operation
comparator output (5) L : Undetected state

Open load detection during Non-operation
comparator output (6) L : Undetected state

Start Stop Start Stop

Diagnosis operation

3
Y.

< > 57us(typ.) ) 57us(typ.)
89ps(typ.) 89ps(typ.)
: Diagnosis restart Diagnosis restart
ENZ, EN2 ‘
Disable
ENB1, ENB2 _|
Disable
| Restart Restart
DIAG ‘ Res ‘ ok
OUTL/OUT2, OUT3/OUT4 output| Output Hi-Z | Ooutput Hi-z | Output

OUT is output after diagnosis restart.

Fig. 7.48 EN diagnosis timing chart
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8. Absolute maximum ratings
Table 8.1. Absolute maximum ratings
(Ta = 25°C unless otherwise specified)

Item Symbol Applicable pin Condition Rating Unit
Power supply VBAT VBAT DC -0.3 to +28.0 Vv
voltage 1
Power supply | \pat VBAT Transient: 05s | -0.3t0+400(+5) | V
voltage 2
Power suppl vee vee
ol epgp y VDD VDD DC ( - 3) -0.3t0 +6.0 ( * 6) Vv
9 VDDIO VDDIO
PWM1, PWM2,
PWM3, PWM4, -0.3to VCC, VDD,
EN1, ENB1, ENZ2, VDDIO+VF
ENB2, ISEL1, and
Input voltage 1 VIN ISEL2, SDI, NCS, DC \VCC, VDD, VDDIO+VF < \%
SCLK, +6.0
PWM_CLK, (-6)
SLEEPB
-0.3to VCC, VDD,
VDDIO+VF
Input voltage 2 VIN OSEL1, OSEL2 DC - VDDaC/(IjDDIO+VF Jd v
+6.0
(- 6)
Output voltage 1 VOUT DIAG1, DIAG2 DC -0.3t0 +6.0 ( - 6) \Y;
Output voltage 2 VOUT CM1, CM2 DC -0.3to VCC \%
-0.3to VCC, VDD,
VDDIO+VF
Output voltage 3 VOUT SDO DC \VCC VDDaC/(é)DIO+VF < Vv
+6.0
(- 6)
-VF to VBAT+VF
OUT1, OUT2, . and
Output voltage 4 VOUT OUT3, OUT4 DC (- 4) VBAT+VF < +40.0 Y
(-9
DC,
OUT1, OUTZ, VBAT-OUT1/2,
Output voltage 5 VOUT OUT3, OUT4 VBAT-OUT3/4 -VF to +40.0 Vv
(-4
OUT1, OUT2, . Over-current detection
Output current 1 IOUT OUT3, OUT4 (+2) value A
Output current 2 I0UT DIAG1, DIAG2 DC +2.5 mA
Output current 3 I0UT CM1, CM2 DC -25.0 mA
Output current 4 I0UT SDO DC 3.0 mA
Storage
temperature Tstg - - -55to +150 o
Leadatr]e(m[i:)rﬁreature Tsol - Manual soldering 260 (10 s)
o 6.07 (TB9053)
Power dissipation PD - - 5.18 (TB9054) W

Note: Sink current of IC is indicated as positive"+" and source current as negative "-".

Absolute maximum ratings:
The absolute maximum ratings are a set of ratings that must not be exceeded even momentarily.
Exceeding the rating(s) may cause IC breakdown, deterioration, or damage, and may also damage
other devices. Regardless of the operating conditions, design your system so that the absolute
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maximum ratings are never exceeded. Use the IC within the specified operating range.

- 1. Do not exceed the absolute maximum ratings, including voltage caused by counter electromotive force.

+ 2: When using the IC with continuous output current, carefully review and evaluate your board's thermal
design and ensure that the junction temperature is less than 150 °C.

- 3: 5V applied for VCC should be used the power supply generated on ECU board to prevend the IC from
surges through the connetor for ECU.

- 4: The assumed VF value is the voltage generated by regeneration current flowing through the body diode
of DMOS output after the load is short-circuited and the output turns OFF.

- 5: The voltage difference between PGND and VBAT must be within 40 V.

+ 6: The voltage difference between AGND and VCC must be within 6 V.
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8.1. Thermal resistance information

—TBO054FTG(QFN40)  —TB9053FTG(PQFN40)
100

O; gt =111
2 10 i
=
& - P
ZJF // *-"/
o é" /a’
§ 1 ::a
kS yza
=

0

0.001 0.01 0.1 1 10 100 1000 10000

Time(sec)

To be described based on the thermal resistance evaluation results of actual package samples.

Figure 8.1. Junction to ambient transient thermal resistance

<Test condition>

* Board size : 1143 mmx 76.2mm x 1.6 mm (JDEC standard : Jesd51-)
* Layer . Multi-Layer (Cu 4 layers)
e Culayerthickness : 35 um(1/4 layer), 70 u m (2/3 layer)
e Culayerareasize : 74x74mm2
e  NumberofCuVia : 16 (4 mm x4 mm)
*  Ambient temperature 125 °C
<Data>
e TB9053FTG . Bja=20.6 °C/W, 6jc=0.67 °C/W (Junction — E-Pad)
e  TB9054FTG . Bja=24.1°C/W, 6jc=2.6"°C/W (Junction— E-Pad)
A I FR-4 layer componentfiace 20z 1
FR 4 layer Plane 2.1 or. s+
A § FR-4 layer |

0.25 mm = A < 0.50 mm

_* According to Jesd51-

* = finish thickness:
1 oz/ft" = 0,035
2 oz/ft" = 0.070 mm
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9. Operation range

9.1. Power supply

Three power supplies (VBAT, VCC, and VDDIO) are externally supplied to this IC.
(1) VBAT power supply
Connect a battery power supply to VBAT, which is used for motor drive output.
The IC has a function to detect VBAT under-voltage.
(2) VCC power supply
Externally supply 5 V to VCC, which serves as a power supply for digital 1/O in the IC.
VCC also serves as a power supply for internal analog circuits, which perform various monitoring
functions.
The IC has a monitoring function to detect VCC under-voltage and VCC under-voltage
POR detection voltage.
(3) VDDIO power supply
Externally supply the same power supply as for the 1/O of the MCU to VDDIO, which serves as a
power supply for the digital I/O of the SPI communication circuit in the IC.
The IC has no functions to monitor VDDIO power supply.

Table 9.1. Operating range

Item Symbol Rating Unit Remarks
Poage 1 | VBAT 451028.0 V' [Uoltage detection voltage, the motor atl functons. <
Poner s | e | aswss | v [N tatunl VBAT or vec fals beow each under
Poxﬁgggpf'y VDDIO 301055 Y

IR E:

Table 9.2. Power supply slew rate

Test conditions unless otherwise specified: VBAT =4.5t0 28 V, VCC =4.5t0 5.5V, VDDIO =3.0 to
5.5V, Tj =-40to 150°C

Item Symbol Applicable pin Test condition Min. Typ. Max. Unit
Power supply slew VBAT, VCC, ) )
rate VBSLEW VDD, VDDIO 2 2 V/ius
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10. Electrical characteristics

10.1. Input circuit

Table 10.1. Input circuit electrical characteristics

Test conditions unless otherwise specified: VBAT =4.5t0 28 V, VCC =4.5t0 5.5V, VDDIO =3.0 to
5.5V, Tj =-40 to 150°C

ltem Symbol | Applicable pin Test condition Min. Typ. Max. Unit
VIH1 PWM1/PWM2/ 2.0 - VCC \%
PWM3/PWM4,
VILI  |EN1/ENB1/EN 0.3 - 0.8 v
2/ENB2,
Input voltage ISEL1/ISEL2,
Vhysl PWM_CLK, 0.1 0.35 1.0 \%
SLEEPB,
OSEL1/OSEL2
PWM1/PWM2/
PWM3/PWM4,
EN1/EN2/
lH1 ISEL1/ISEL2, 25 50 100 pA
PWM_CLK, VIN=VCC =5V
SLEEPB,
OSEL1/0OSEL2
1IH2 ENB1/ENB2 -5 0 5 pA
Input current
lL1 ENB1/ENB2 -30 -14 -5 A
PWM1/PWM2/
PWM3/PWM4,
EN1/EN2/ VIN = GND
L2 ISEL1/ISEL2, -5 0 5 A
PWM_CLK,
SLEEPB,
OSEL1/0OSEL2
Sleep start tsleep
time (o) SLEEPB 1,6 2.3 3.0 ms
Sleep
cancellation | 'SP SLEEPB 10 32 50 us
time (off)
PWM input
maximum PWMMAX PWM1/PWM2 - - 20 kHz
frequency PWM3/PWM4
: Logic determination time, when
EN/ENB logic EN1, ENBL fthe logi : Y
P, ) gic determined by the )
detertrimr;atlon TEN_ENB EN2, ENB2 |[EN1/2 and ENBL/2 pins is 3.8 6.0 us
changed
Input pin noise : EN1, ENB1,
filter VI (noise) EN2, ENB2, 0.2 0.4 1.0 us
ICC VCC VCC =5V, see Figure 11.1 - 54 8.5 mA
ICC VCC =5V, lout=0A,
(sleep) vee Sleep Mode 15 WA
Current IDDIO VDDIO VDDIO = 5 V; see Figure 11.1 - 0.2 10 pA
consumption ’ : :
IBAT VBAT VBAT = 14 V; see Figure 11.1 - 1.0 2.0 mA
IBAT VBAT = 14V, lout=0A,
(sleep) VBAT Sleep Mode 0.3 30 WA
Note: PWM1/2/3/4 have internal pull-down resistors.
Note: EN1/2 have internal pull-down resistors, and ENB1/2 have pull-up resistors.
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10.2. Power supply monitoring function

Table 10.2. Power supply monitoring function electrical characteristics

Test conditions unless otherwise specified: VBAT =4.5t0 28 V,VCC =4.5t0 5.5V, VDDIO =3.0 to
5.5V, Tj = -40 to 150°C

Item Symbol Applicable pin Test condition Min. Typ. Max. Unit
VBAT under-voltage | | o\ oo VBAT Figure 7.35 3.4 3.75 4.0 v
detection voltage
VBAT under-voltage | \ 0\ rparyy VBAT Figure 7.35 3.9 4.25 45 v
cancellation voltage
VCC under-voltage | /-, VCC Figure 7.37 33 35 37 v
detection voltage
VCC under-voltage
POR detection VCCRHL VCC Figure 7.37 2.85 3.07 3.25 \Y
voltage

10.3. Motor drive output circuit

Table 10.3. Motor drive output circuit electrical characteristics

Test conditions unless otherwise specified: VBAT =4.5t0 28 V, VCC =4.5t0 5.5V, VDDIO =3.0 to
5.5V, Tj = -40 to 150°C

Item Symbol |Applicable pin Test condition Min. Typ. Max. Unit
Ron OUT1, OUT2, Tj=+25°C,
b (H+L) |OUT3,0UT4| lout=3A, VBAT=8YV ) 200 250 | mQ
-bridge -
- Ron OUT1, OUT2 Tj=+150°C
output ON-resistance ' ' ' -
P (high side (H+L) |OUT3,0UT4| lout=3A, VBAT = 8V 280 350 mQ
+ low Side) Ron OUT1, OUT2 TJ = +150°C,
(H+L) |OUT3 OUT4 lout=3 A, VBAT =45V - 300 370 mQ
OUT1/2: OFF (Hi-2)
T1 T2 .
| outleak %LLJJTB, %LLJJT 4 OUT3/4: OFF (Hi-Z) - 85 110 pA
' Vout = VBAT =28V
Output leak current OUTL/2: OFF (Hi-2)
: i-
| outleak (())LLJJ;%:, Cc))llJJ-l-;-i OUT3/4: OFF (Hi-2) -100 -3 - MA
' Vout = GND
RL=3Q, |DATA[14:12]| - 1.2 -
DD VBAT=14'V;| =001 Vips
see Figure . - -
trD/tfD 10.1 DAT:AO[::LLg.lZ] 2.7 Viys
trDAfD DATA[14:12]| - 45 -
=011 Vips
trDAfD  |OUT1, OUT2, DATA[14:12] - 8.7 -
Output SR OUT3, OUT4 =100 V/us
trDAfD DATA[14:12] - 17.7 -
=000 Vius
trDAfD DATA[14:12] - 225 -
=101 Vius
trDAfD DATA[14:12] - 25.7 -
=110 Vius
tD(on) VBAT =14V, - 8.0 13 us
PWM1/2, Output SR = 17.50 V/ps
. . PWM3/4 Figure 10.2
Driver output delay time tD(off) OuUT1/2, Measurement circuit: Figure i 8.0 13 HS
ouT3/4 11.2
AtD tD(on) - tD(off) - 0 5 us
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EN1/2, Figure 10.3
EN/ENB Disable delay tDEN ENB1/2 Output SR = ;L7.5_OV/_ps ) 8 13 us
time OUT1/2, |Measurement circuit: Figure
ouT3/4 11.2

10.4. Current limit control

Table 10.4. Current limit control electrical characteristics

Test conditions unless otherwise specified: VBAT =4.5t0 28 V, VCC =4.5t0 5.5V, VDDIO =3.0 to
5.5V, Tj =-40 to 150°C

Item Symbol Applicable pin Test condition Min. Typ. Max. Unit
llim-H gld-_ré//i CONFIG1/2 DATA[18]=0 5.0 6.5 8.2 A
Current limit H-side
threshold
. OouT1/2, _
llim-H OUT3/4 CONFIG1/2 DATA[18]=1 3.2 4.6 5.8 A
S . OouT1/2, .
Current limit time Toff_min oUT3/4 Figure 7.1414 15.0 20.5 32.0 us
lim-L OouT1/2, Figure 7.1414 llim-H llim-H Ilim-H A
Current limit L-side OouT3/4 CONFIG1/2 DATA[17]1=0 -0.10 -0.25 -0.40
threshold L ouUT1/2, Figure 7.1414 lim-H | Wim-H | dimH |
OouT3/4 CONFIG1/2 DATA[17]=1 -0.32 -0.5 -0.7

This IC has an internal filter.

Table 10.5. Current limit control electrical characteristics (when temperature requiring current
limitation is detected)

Test conditions unless otherwise specified: VBAT =4.5t0 28 V, VCC =4.5t0 5.5V, VDDIO =3.0 to
5.5V, Tj = -40 to 150°C

Item Symbol Applicable pin | Test condition Min. Typ. Max. Unit
Current limit H- . OouT1/2,
side threshold llim-H ouUT3/4 1.8 2.5 35 A
Current limit . o
temperature Twar - 150 166 177 C

Note: - is a design value for which no mass-production test is applicable.

10.5. Over-temperature detection circuit
Table 10.6. Over-temperature detection circuit electrical characteristics

Test conditions unless otherwise specified: VBAT =4.5t0 28 V, VCC =4.5t0 5.5V, VDDIO =3.0 to
5.5V, Tj =-40to 150°C

Item Symbol | Applicable pin | Test condition Min. Typ. Max. Unit

Over-temperature
detection shutdown TSD - . 175 - 200 °C
temperature

Over-temperature
detection recovery TSDL . 150 - - °C
temperature

Note: - is a design value for which no mass-production test is applicable.
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10.6. Detection circuit for over-current caused by short-circuit to power supply or
ground, or short-circuited load

Table 10.7. Detection circuit for over-current caused by short-circuit to power supply or ground,
or by short-circuited load: electrical characteristics

Test conditions unless otherwise specified: VBAT =4.5t0 28 V,VCC =4.5t05.5V, VDDIO=3.0to
5.5V, Tj = -40 to 150°C

Item Symbol Applicable pin Test condition Min. Typ. Max. Unit
Over-current lovc(H) OuUTL/2, High side 8.0 11.0 16.0 A
circuit threshold love(L) ouT3/4 Low side 8.5 13.0 17.0
. OuT1/2, Automatic recovery
OFF time TOFF oUT3/4 mode, Figure 7.43 200 300 400 ms

10.7. DIAG output

Table 10.8 DIAG output electrical characteristics

Test conditions unless otherwise specified: VBAT =4.5t0 28 V,VCC =4.51t05.5V, VDDIO=3.0t0
5.5V, Tj = -40 to 150°C

Item Symbol Applicable pin Test condition Min. Typ. Max. Unit
DIAG output leak . .
i S diag (leak) DIAG1/2 Vdiag =5V - 0 5.0 WA
RL =5.1kQ,

L level output . -
voltage Vdiag DIAG1/2 VCC=15t055V - 0.02 0.4 \Y,

(L-retention circuit)

10.8. High-side current monitoring

Table 10.9. Output (high-side) current monitoring electrical characteristics

Test conditions unless otherwise specified: VBAT =4.5t0 28 V,VCC =4.5t05.5V, VDDIO =3.0to
5.5V, Tj =-40to 150°C

Item Symbol Applicable pin Test condition Min. Typ. Max. Unit
CML/2 output R =220 Q, lout =0 mA - 0 90 LA
CML2 output R=2200Q, lout=300mA | 105 | 610 | 1100 | 5
CML2 output e _— R=220Q, lout=1A 1.4 2.3 34 | ma

CM1/2 output _ _ 2.6 3.6 4.6
current 4 R=220Q, lout=15A mA

CM1/2 output _ _ 6.0 7.4 9.0
current 5 R=220Q, lout=3.0 A mA

CM1/2 output - - 10.0 15.5 18.0
current 6 R=220Q, lout=6.0 A mA

Note: Since the VCC voltage (min.) is 4.5 V, the voltage is limited even with an external resistance
greater than 220 Q.
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10.9. Driver output AC characteristics

% 90%

| |
OouUT1/2 [ : . |

| D Nl O 10% %D |

> >

Figure 10.1. Driver output slew rate (SR)

| I
/
PWM1/2 \/ 1.5V 1 5V \/
I
S |
ouT1/2 20%

Figure 10.2. Driver output delay time

|
EN/ENB §Ié 1.5V

|
ItDEN
>

90%
OUT1/2 j\

Figure 10.3. Driver output Enable delay time

Note: Parts of each timing chart shown in this specification document may be omitted or simplified for
explanatory purposes.

10.10. OSC circuit (oscillation circuit)
Table 10.10. OSC circuit (oscillation circuit) electrical characteristics

Test conditions unless otherwise specified: VBAT =4.5t0 28 V,VCC =4.51t05.5V, VDDIO =3.0to
5.5V, Tj=-40 to 150°C
Item Symbol | Applicable pin Test condition Min. Typ. Max. Unit

Internal oscillation

clock frequency fosc 12.8 16.0 19.2 MHz
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10.11. SPI communication
Table 10.11. SPI communication electrical characteristics

Test conditions unless otherwise specified: VBAT =4.5t0 28 V,VCC =4.51t05.5V, VDDIO=3.0t0
5.5V, Tj = -40 to 150°C

Item Symbol Applicable pin Test condition Min. Typ. Max. Unit
VIH3 VDDIO =45t055V 3.6 - VDDIO \%
Input voltage VIL3 SDI’,\ICS:CS:LK, VDDIO=45t05.5V -0.3 - 0.8 Y,
Vhys3 VDDIO =45t055V 0.1 - 1 \%
VIH4 VDDIO =3.0t0 3.6 V 24 - VDDIO \%
Input voltage VIL4 SDI’,\ICS:CS:LK, VDDIO=3.0t03.6 V -0.3 - 0.8 Y,
Vhys4 VDDIO =3.0t0 3.6 V 0.1 - 1 \%
IIH3 NCS -5 0 5 pA
VIN =VDDIO =5V
11H4 SDI, SCLK 25 50 100 MA
Input current
IIL3 SDI, SCLK -5 0 5 MA
VDDIO =5V, VIN = GND
L4 NCS -30 -14 -5 MA
VOH _ 0.9
(SDO) SDO IOH = -2 mA  VDDIO \%
Output voltage o1
VOL - - - :
(SDO) SDO IOL = 2 mA < VDDIO \Y;
Td (SDO1) NCS — SDO - - 100 ns
Td (SCLK) NCS — SCLK 100 - - ns
Td (NCS) SCLK — NCS 100 - - ns
Tsu (SDI) SCLK — SDI 50 - - ns
AC
characteristics | Th (SDI) SCLK — SDI 50 - - ns
Tvalid SCLK — SDO CL =100 pF - - 50 ns
Ttrans NCSt — NCS| 1000 - - ns
Td (SDO2)| NCS — SDO (OFF) CL =100 pF - - 300 ns
fSPI SCLK - - 5 MHz
- fSPI \ VIH ;
NCS » — N
VIL Ttrans VIL
Td(SCLK) Td(NCs) i
VIH | ——
SCLK N\ S\ VIL
Tsu(SDI)
SDI Don't care >< DIn DIO >< Don't care
Td(SDOY) ! Tvalid i i Td(SDO2)
i MSB — i LSB
- VOH ¥~ VOH VOH
spo  Hiz DOn Vort \\ po1 | XY@ poo 7

Figure 10.4. SPI communication timing chart

Note: Parts of each timing chart shown in this specification document may be omitted or simplified for
explanatory purposes.
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Table 10.12. SPI communication disruption detection electrical characteristics

Test conditions unless otherwise specified: VBAT =4.5t0 28 V, VCC =4.5t0 5.5V, VDDIO =3.0 to
5.5V, Tj =-40 to 150°C

Item Symbol Applicable pin Test condition Min. Typ. Max. Unit

CONFIG1 DATA[10:9] = 00 10 ms

SPI CONFIG1 DATA[10:9] =01 100 ms

Cm&?ﬁd‘;‘ﬁé‘é“’” Tstop (NCS) NCS CONFIG1 DATA[10:9] = 10 1000 ms
duration

CONFIG1 DATA[10:9] =11 appll\:(c:);ble ms

Table 10.13. PWM_CLK pin input clock abnormality detection electrical characteristics

Test conditions unless otherwise specified: VBAT =4.5t0 28 V, VCC =4.5t0 5.5V, VDDIO = 3.0 to
5.5V, Tj = -40 to 150°C

Item Symbol Applicable pin Test condition Min. Typ. Max. Unit
PWM_CLK Tst
suspension stop
determination | (PWM_CLK) PWM_CLK 8 "
time -

Table 10.14. PWM_CLK pin input clock Input range electrical characteristics
Test conditions unless otherwise specified: VBAT =4.5t0 28 V,VCC =4.5t05.5V,VDDIO=3.0t0 5.5

V, Tj = -40 to 150°C
Item Symbol | Applicable pin Test condition Min. Typ. Max. | Unit
PWM_CLK
Input range f(PWM_CLK) PWM_CLK 1.0 2.0 4.0 MHz
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11. Measurement circuit diagram

L1
b

10uF 0AuF

Figure 11.1. Current consumption measurement circuit diagram

Note: The parts in the measurement circuit are used to test characteristics, but are not intended to
guarantee that no malfunction or failure occurs in your application.

Figure 11.2. OUT pins output delay time measurement circuit diagram

Note: The parts in the measurement circuit are used to test characteristics, but are not intended to
guarantee that no malfunction or failure occurs in your application.
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12. Example application circuit

o ECU
< 5V/3.3V ECU N Battery
WDDIO VOO DD VEBAT
0 E& DG
Low woltaze
"'R detection
Low voltaze
detection
Driver B ouTI
8 4] 2
::) Slew :> Over current @
rate
. Over q:nrent circuit == %‘5 L ouT?
| Interface . POR

- Low voltase N PGND

detection

MCU  Over temp

detection TSD
- Open load

e

| OUT3

circuit

rer i
el s I e
setting 1 1
2
=

PWM Duty Control cirouit

ouT4

PGND

ISEL1

ISEL2

C1,C2 capacitance value: 0.1uF to 1uF

jAﬁ ND

Figure 12.1. Example application circuit

*  Some of the functional blocks and circuits in the block diagram may be omitted or simplified for
explanatory purposes.
* Do not insert devices incorrectly or in the wrong orientation. Otherwise, it may cause device breakdown,
damage, and/or deterioration.
e  The application circuits shown in this document are provided for reference purposes only. Thorough
evaluation is required, especially at the mass-production design stage. Toshiba does not grant any
license to any industrial property rights by providing examples of application circuits.
*  When an output pin is short-circuited to another output pin, power supply, or ground, the IC may break
down. As such, design the output, VBAT, VCC, and GND lines carefully.
*  For the board design, use solid patterns for AGND and PGND.
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e The CM1/CM2 pins are configured with a 5V power supply circuit. In this case, be careful not to exceed
the withstand voltage of the MCU pins.

Counter electromotive force:
When power-regeneration starts during motor rotation, the motor current is fed back to the power supply
due to motor counter electromotive force.
If the power supply does not have enough sink capability, the power supply and output pins of the IC may
exceed the rated voltages.
The magnitude of the motor counter electromotive force varies with use conditions and motor
characteristics. Thoroughly verify that the counter electromotive force does not cause any malfunctions
or breakdown of the IC or other parts of the system, such as peripheral circuits.
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13. Package drawings

13.1. Package dimensions TB9053FTG (P-LQFN40-0606-0.50-001)
Weight: 193mg (typical)

Unit:mm
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Figure 13.1. Package dimensions TB9053FTG
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13.2. Package dimensions TB9054FTG (P-VQFN40-0606-0.50-004)

Weight: 94.4mg (typical)
Unit:mm
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Figure 13.2. Package dimensions TB9054FTG

© 2020-2024 95 2024-04-08

Toshiba Electronic Devices & Storage Corporation Rev.2.0



TOSHIBA

TBO053FTG,TB9054FTG

13.3. Marking

£ TB
9054FTG
036QA11

® JAPAN

\lpin

Toshiba logo mark

Product name (Part number: TB9054FTG)
Lot code (e.g. 036QA11)

Country/Region of origin (JAPAN)

PN

Note: Lot code description

Example:\_?_}éYB_} \_(YQ_) @Yl_l)
o @ & @

(1) Last number of calendar year (Example shows “0” of 2020)
(2) Week code (Example shows 36th week)

(3) Product sight code (Q)

(4) Toshiba management code (3 digits at maximum)
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14. IC Usage Considerations
14.1. Notes on handling of ICs

)

)

The absolute maximum ratings of a semiconductor device are a set of ratings that must not be
exceeded, even for a moment.

Do not exceed any of these ratings.

Exceeding the ratings may cause the device breakdown, damage or deterioration, and may result
injury by explosion or combustion.

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

14.2. Points to remember on handling of ICs

)

)

Over-current protection circuit

An over-current limiting circuit does not necessarily protect an IC under all circumstances. When it
is activated, promptly eliminate the over-current state. Depending on the method of use and/or
usage conditions such as exceeding absolute maximum ratings, an over-current detection circuit
may not operate properly or the IC is broken down before the circuit is activated. In addition,
depending on the method of use and usage conditions, if over current continues to flow for a long
time after operation, the IC may generate heat resulting in breakdown.

Thermal shutdown circuit

A thermal shutdown circuit does not necessarily protect an IC under all circumstances. When it is
activated, promptly eliminate the over-temperature state. Depending on the method of use and/or
usage conditions such as exceeding absolute maximum ratings, a thermal shutdown circuit may
not operate properly or the IC is broken down before the circuit is activated.
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”.
Hardware, software and systems described in this document are collectively referred to as “Product”.

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

This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with TOSHIBA's
written permission, reproduction is permissible only if reproduction is without alteration/omission.

Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are responsible for
complying with safety standards and for providing adequate designs and safeguards for their hardware, software and systems which
minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily injury or damage to
property, including data loss or corruption. Before customers use the Product, create designs including the Product, or incorporate the
Product into their own applications, customers must also refer to and comply with (a) the latest versions of all relevant TOSHIBA information,
including without limitation, this document, the specifications, the data sheets and application notes for Product and the precautions and
conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for the application with which the Product
will be used with or for. Customers are solely responsible for all aspects of their own product design or applications, including but not limited
to (a) determining the appropriateness of the use of this Product in such design or applications; (b) evaluating and determining the
applicability of any information contained in this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any
other referenced documents; and (c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO
LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.

PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY
CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT
("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without limitation,
equipment used in nuclear facilities, equipment used in the aerospace industry, and lifesaving and/or life supporting medical equipment. IF
YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your
TOSHIBA sales representative or contact us via our website.

Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to any
intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR
PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY WHATSOEVER,
INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING
WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND (2)
DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR
INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE,
ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

Do not use or otherwise make available Product or related software or technology for any military purposes, including without limitation, for
the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile technology products (mass
destruction weapons). Product and related software and technology may be controlled under the applicable export laws and regulations
including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export
and re-export of Product or related software or technology are strictly prohibited except in compliance with all applicable export laws and
regulations.

Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product. Please
use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including
without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES OCCURRING AS A RESULT
OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.

Toshiba Electronic Devices & Storage Corporation

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