TOSHIBA

Bi-CMOS Linear Integrated Circuit, Silicon Monolithic

TB90S3FTG,TB9054FTG

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

TB9053FTG, TB9054FTG

1. Overview

TB9053FTG and TB9054F TG integrated circuit (IC) incorporates
in each two output driver channels for direct drive of a brushed
DC motor for automotive application.

PWM control with low on-resistance enables highly efficient
motor drive output.

The PWM1 and PWM2 pins specify forward, reverse, or brake
modes for motor 1, and the PWM3 and PWM4 pins specify these
modes for motor 2. The ENABLE pins (EN1/ENB1 and
ENZ2/ENB2) specify drive or stop mode for the motor.

The ISEL1 pin specifies whether the motor drive uses the PWM1
and PWM2 pins or SPI.

The ISEL2 pin specifies whether the motor drive uses the PWM3
and PWM4 pins or SPI.
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The output current capacity is 6.5 A (typ.), which is suitable for a
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
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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=451t055V
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]/RoHS [[Chemical
symbol(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
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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)
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Pins short-circuited on the frame: 19-20
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31-32

Figure 5.1. Pin assignment
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6. Pin description

6.1. Pin description

Table 6.1. Pin description

Eg‘_ Pin name ér:lFt’:ltJ/t Pin description Remarks
Corner pin (E-PAD)
1 PWM_CLK IN Eéﬁﬁ]rg?:!vh\;ll\cﬂléri)r;egasor?WM_CLK; used for the IC clock Pull-down
2 VDDIO SPSF‘)";)?; Power supply for SPI
3 NCS IN SPl input (chip select) Pull-up
4 SDI IN SPl 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 OSELA1 IN Select pin for Half Mode Pull-down
10 OSEL?2 IN gﬁ;iﬁerl))inl\;gzngALL (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 CM1 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 OouT1 ouT Motor output 1
22 OouT1 ouT Motor output 1
23 ouT2 ouT Motor output 2
24 ouT2 ouT Motor output 2
25 VBAT sPuOr\)Ar/)?; Battery voltage
26 VBAT sPuOr\)Ar/)?; Battery voltage
27 OouT3 ouT Motor output 3
28 OouT3 ouT Motor output 3
29 ouT4 ouT Motor output 4
30 OouT4 ouT Motor output 4
©2020-2023 5 2023-02-02
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Pin . Input/ . v
No. Pin name output 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
Power ;
37 VCC supply VCC input
Power :
38 VDD supply 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 DIAG2 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.

© 2020-2023
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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.

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.

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

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.

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 OouT1 OouT2
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
EN Disable X X L L H V4 V4
ENB Disable X X H H H Zz Zz
Sleep Mode X X X L/H L Zz Zz
EN Disconnected X X 4 X X V4 V4
ENB Disconnected X X X VA X Zz Zz
PWM1 Disconnected 4 L/H H L H L L/H
PMM2 Disconnected L/H 4 H L H L/H L
PWM3 PWM4 EN2 ENB2 SLEEPB OUT3 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 L H z z
ENB2 Disable X X H H H V4 V4
Sleep Mode X X X L/H L V4 V4
EN2 Disconnected X X z X X z z
ENB2 Disconnected X X X Z X V4 V4
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 SLEEPB = L, the ENB1/2 pins does not use OPEN, set the ENB1/2 pins to L or H.
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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 EN ENB SLEEPB ouT1/2 OouT3/4

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
EN Disable X X L L H Zz z
ENB Disable X X H H H V4 V4
Sleep Mode X X X L/H L V4 V4
EN Disconnected X X Z X X Zz z
ENB Disconnected X X X V4 X V4 V4

PWM1 Disconnected 4 L/H H L H L L/H
PMM2 Disconnected L/H Z H L H L/H L

Note: When SLEEPB = L, 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:

30 28 27 26 25 24 23 22 21
(0] (0] 0] \Y vV O (0] (0] (0]
U U U B B U U u U
T T T A A T T T T
4 3 3 T T 2 2 1 1
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7.1.3. Half Mode (OSEL1 = H and OSEL2 = L)

Table 7.3. Half-bridge motor functions

PWM1 PWM2 EN1 ENB1 SLEEPB OouT1 ouT2
OUT1H H X H L H H X
OUT1L L X H L H L X
OUT2 H X H H L H X H
OouT2L X L H L H X L
EN Disable X X L L H Zz Zz
ENB Disable X X H H H Zz Zz
Sleep Mode X X X L/H L V4 V4
EN Disconnected X X Z X X Zz Zz
ENB Disconnected X X X VA X Zz Zz
PWM1 Disconnected 4 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 SLEEPB =L, the ENB1/2 pins does not use OPEN, set the ENB1/2 pins to L or H.

PWM3 PWM4 EN2 ENB2 SLEEPB OuT3 ouT4
OUT3 H H X H L H H X
OUT3 L L X H L H L X
OUT4 H X H H L H X H
OuUT4 L X L H L H X L
EN2 Disable X X L L H Zz Zz
ENB2 Disable X X H H H Zz Zz
Sleep Mode X X X L/H L V4 V4
EN2 Disconnected X X Z X X Zz Zz
ENB2 Disconnected X X X VA X Zz Zz
PWM3 Disconnected 4 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 SLEEPB =L, the ENB1/2 pins does not use OPEN, set the ENB1/2 pins to L or H.
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7.2. Notes on half-bridge usage

Using the OSEL1 pin sets this IC to function as a half-bridge circuit.

Note that the following functions are partially disabled.

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/R Enabled

Output dead time Enabled

Current limit Disabled

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

ISD (over-current detection)

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)

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
the ISD (over-current detection) circuit is
activated

Use SPI settings (write "1", one-shot pulse) to cancel the Hi-Z
state (latched) individually for the output pins (OUT1/2/3/4);
SPIl 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.

© 2020-2023
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7.2.1. Dual-Channel Mode (SMALL Mode, which uses two channels)
Table 7.5. Function operation during abnormality detection (1)

PWM1 | PWM2 | EN1 | ENB1 | OuT1 | ouT2
Over-temperature detection 1 (*1) - Regardless of the input signals, the motor z z
Over-current detection output changes to OFF when an abnormality is 4 4
VBAT under-voltage detection detected V4 V4
VCC under-voltage detection + Signals generated by various detection circuits Z Z
trigger the function
Open-load detection (during operation) - Upon the open load detection (during L/H/Z L/H/Z
- operation/non-operation), the motor output is
Open-load detection . )
(during non-operation) not turned OFF but follows the input signals L/H/Z L/H/Z
PWM3 PWM4 ‘ EN2 ENB2 ouT3 OouT4
Over-temperature detection 1 (*1) - Regardless of the input signals, the motor output z z
Over-current detection changes to OFF when an abnormality is 4 4
VBAT under-voltage detection detected Z V4
VCC under-voltage detection - Signals generated by various detection circuits Z Z
; trigger the function
Open-load detection
[()during operation) + Upon the open load detection (during L/HIZ L/HIZ
- - operation/non-operation), the motor output is not
Open-load detect d
pen-ioad de eil)onn-operation) (during turned OFF but follows the input signals L/H/Z L/H/Z

*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)

PWM1 | PWM2 | EN1 | ENB1 | OUT1/2 | ouT3/4
Over-temperature detection 1 (*1) - Regardless of the input signals, the motor Z Z
Over-current detection output changes to OFF when an abnormality is z z
VBAT under-voltage detection detected y4 z
VCC under-voltage detection - Signals generated by various detection circuits 4 Z
Open-load detection trigger the function
(during operation) - Upon the open load detection (during e L/HiZ
- ; operation/non-operation), the motor output is
Open-load detection p p ) . utp e T
(during non-operation) not turned OFF but follows the input signals

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
pa OFF (Hi-Z) OFF (Hi-Z)
© 2020-2023 11 2023-02-02
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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 )
Slow1 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
Fast1 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.

© 2020-2023 12 2023-02-02
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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

TB9053FTG, TB9054FTG

Figure 7.3)
VBAT VBAT VBAT
¥ ¥ ¥ 1
OUT1$-=D4—4 OUT2=> OUT1 OQUT2 == OUT1 QuUT2
I+ = 1"|
GND GND GND
PO HEWNGSL: PYMELE LML PWM1=PWM2=L(Short brake1)
(Forward) (Dead Time)
VBAT VBAT
'|E‘T T ¥ ]’E} ¥ ot
=% OUT1 ((e—40OUT2 == OUT1$-te(Me—10UT2
-|€l :r| i:l@ ¥ 1:1
GND 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

Rere e Foraard 0T Short brake 1 DT Foraard
mocde

*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 VBAT VBAT
r S ¥ |x Iir
ouT1HS=— OUT2==> OUT1 =(J' OUT2 == OUT1 ouT2
q t S ¥ ¥ q F 3
GND GND GND
HOMEH IS PR PWM1=PWM2=H(Short brake1)
(Forward) (Dead Time)
VBAT VBAT
L |k ;
= QUT1 OQUT2 == OUT1 ouT2
3 1
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

OM
H-side
OFF

T
3

ON == ———m o m Time lime.

L-side >
OFF

h 4

ON = e
H-side
OFF

R N

OM
L-side
OFF —m = = — — — — — —

Motar dri
Orﬁordeme Forward DT Short brake 1 D.T Eeriid

*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
* k3 x x I F 3
OUT 122 OUT2=> OUTH OUT2 == QUT 1—=={t—4 OUT2
Fr 3 Fr x Fr -q
GND GND
PWM1=L, PWM2=H = 5
(Reverse) PWM1=L PWM2=H=L PWM1=PWNM2=L(Short brake2)
(Dead Time)
* * * 1
= OUT1 OUT2 ==» OUT1 =@= oUT2
FF x : 1
GND GND
PWM1=L,PWM2=1L=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 —————————— — i — — — — — — — — — — i — — — — — — ——

PiAhA1
L

H
P

[ SR P -

ON == e e e e e = = —_—— e — —— —_—_—)—_ e ———
H-side
OFF

OM
L-side
OFF — — — — — — — — — — —_)—_—_——_—_—_——_——_—_————

s ==

oM
H-side
OFF — —— — — — — — — —

(N o i Time Tie
L—side -« >
OFF

i
7

Motor drive
e Feverse DT Short brake 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 VBAT
R R R
OUT 14— QUT2==> OUT1 OUT2 ==p OUT 14— F—40UT2
F: T -+ = x F 4 4= 1 3
GND GND

GND
PWM1=L,PWM2=H PWM1=L=H PWM2=H PWM1=PWM2=H(Short brake2)

R
G {(Dead Time)
VBAT VBAT
k3 'Ij F 3 x
— T OUT2 == oUT1$—=2(Ag40UT2
x ¥ } |:r 3 I
GND GND
PWM1=H=L PWM2=H PWM1=L,PWM2=H
(Dead Time) (Reverse)

r

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

~dcao
&
=
=
=
i
=
=
e

re - O

Motor drive
Mode

* D.T: Dead time
Figure 7.9. PWM function (reverse rotation, high-side regeneration) timing chart

Rewverse DT Short hrake 2 DT Rewverse

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.

+—1— VBAT VBAT
513 =

=1

ouT1/2 OuUT34 ouT1/2 OuUT3/4
F
GND GND
Forward Low-side regeneration
(When forward)
' VBAT ' VBAT
GE :@I ]‘(jr |-'t$ ‘ & |-1I:H:D
ouT1/2 &J OuUT34  0UT1/2 OUT3/4

| ﬂal-*ﬂ GND i j, l-ﬂ- GND

High-side regeneration Reverse
(When forward)
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7.5.10. Function and SPI CONFIG register setting

Table 7.9. Function and SPI CONFIG register setting

SPI CONFIG register settings
Various setting of low- or high-side regeneration
SPI registers settin
(oxcent the Pin setting Pin input Output 9
registers of motor Bl ENB2 cht ch2
No. |Function control using SPI) | ISEL1 | ISEL2 |OSEL1 |OSEL2| PWMI | PWM2 | PWM3 | PWMA | o e o | 6uT180UT2) | (0UT386OUT4) | (OUT38OUTS) | OUT | OUT2 [ OUT3| OUT4| CONFIGL CONFIG2
DATA[20] DATA[20]
Combined-Channel (LARGE) Mode N " H:Enable H:Disable H:Enable H:Disable " "
1 Direct PWM Not required L X L L H/L H/L | Disable | Disable L:Disable L:Enable L:Disable L:Enable H/L H/L Disable Disable
Combined-Channel (LARGE) Mode ) : : H:Enable H:Disable H:Enable H:Disable : :
2 |Direct PWM+ each setting by SPI Required L X L L H/L | H/L | Disable|Disable| | e L:Enable L:Disable L:Enable L L Disable Disable
Combined-Channel (LARGE) Mode H:Enable H:Disable H:Enable H:Disable low-side
3 |Motor control using SPT Not required f x B L |Disable| Disable | Disable | Disable| | i L:Enable L:Disable L:Enable L L Efg;:%’amn Disable
" 0: low-side
Combined-Channel (LARGE) Mode ) . . ) .
4 |Motor control using SPT Required H X L L | Disable| Disable | Disable | Disable| H:ENable H:Disable H:Enable H:Disable H/L H/L regeneration | e
L:Disable L:Enable L:Disable L:Enable 1: high-side
+ each setting by SPI
regeneration
Dual-Channel (SMALL) Mode N H:Enable H:Disable H:Enable H:Disable " "
5 |chi/ch2 direct PWM Not required | L t Lo L LR H ) iable L:Enable LiDisable Liknable | VL | H/L | H/L | H/L | Disable Disable
Dual-Channel (SMALL) Mode ;
: H:Enable H:Disable H:Enable H:Disable ’ ’
6 |Ch1/Ch2 direct PWM Required L L L I N V/O VIS Y/ VIR sl LEneble LDiable el | /| WL | R | WL Disable Disable
+ each setting by SPI
low-side low-side
Dual-Channel (SMALL) Mode H:Enable H:Disable H:Enable H:Disable
7 |Chs /s mator contral using SPL Not required H H L H |Disable|Disable | Disable | Disable| ;020 py sl e | /L | | | A E!erg‘;i:;e)rat\on Ei?i:r;le)ranon
0: low-side 0: low-side
Dual-Channel (SMALL) Mode " N
H:Enable H:Disable H:Enable H:Disable regeneration | regeneration
8 |Ch1/ch2 motor control using SPI Required H H L H |Disable|Disable | Disable | Disable| 0o bl L Dieable ol 770N IV IR TR PRl PR g
+ each setting by SPI
regeneration | - regeneration
Dual-Channel (SMALL) Mode ) . . ) low-side
9 |cnt direct PwM Not required L H L H | HL | HL |Disable|Disable| :Enable H:Disable H:Enable HiDisable | ) | | b | ML | Disable  |regeneration
L:Disable L:Enable L:Disable L:Enable
Ch2 motor control using SPI (initial)
Dual-Channel (SMALL) Mode 0: low-side
Ch1 direct PWM+ each setting by SPI : : ' H:Enable H:Disable H:Enable H:Disable ; regeneration
101 1> motor control using SPI Required L H L H H/L | H/L | Disable|Disable| | /oo L:Enable L:Disable LEnable | /& | /L | WL | HL Disable . igh-side
+ each setting by SPT regeneration
Dual-Channel (SMALL) Mode ) ) ) ) low-side
11 |Ch1 motor control using SPT Not required H H L H |Disable|Disable| WL | o | TiEnable H:Disable H:Enable H:Disable |y | p | WL | H/L [regeneration Disable
" L:Disable L:Enable L:Disable L:Enable o
Ch2 direct PWM (Initial)
Dual-Channel (SMALL) Mode 0: low-side
Ch1 motor control using SPI H:Enable H:Disable H:Enable H:Disable regeneration
2|1 each setting by SPI Required H f t H |Disable|Disable| H/L | HL | | hicapie L:Enable L:Disable LiEnable | /b | /L] L L igheside Disable
Ch2 direct PWM+ each setting bySPI regeneration
Half Mode " H:Enable H:Disable H:Enable H:Disable . .
13 | ch1/ch2 direct PWM Not required L L H Lo WL R4 H/L L HL | isable L:Enable L:Disable LEnable | /& | /L | R/ | HAL Disable Disable
Half Mode "
H:Enable H:Disable H:Enable H:Disable " .
14 |Ch1/Ch2 direct PWM Required L L H [ 7 IV VIO 7/ it eneble L Diable Lenebie | A/ | WL | HL | HL Disable Disable
+ each setting by SPT
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7.6. DIAG output (Table 7.10 and Figure 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 DIAG1 DIAGZ OuUT1 OuUT2 OouT3 OouUT4
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 L H L H
Short brake (normal operation) H L H L - H H L/H L/H L/H L/H

EN1 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/IL/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 H/L/Hi-Z |H/LUHi-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
VCC under-voltage detected (POR) | X X X X No L(*3) | L(*3) Hi-Z Hi-Z Hi-Z Hi-Z
Ch1 open load during operation X X X X No L HIL  |HIUHI-Z |HIUHI-Z |HILHIZ | HILHI-Z
detected
Ch2 open load during operation |} x| x | x No HIL L |HWHIZ |HIUHIZ |HIUHIZ |HILUHIZ
detected
Ch1 open load during non- X | x | x| x No L HIL |HIUHIZ |HIUHIZ |HIUHIZ |HIUHIZ
operation detected
Ch2 open load during non- X X X X No HIL L |H/HI-Z |HILHI-Z | HILHI-Z | HILHI-Z
operation detected
Initial/restarted 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/restarted diagnosis detects
an error (detection of Ch1 over- . . . .
current or open load during X X X X No L HIL 1) 1) 1) 1)
operation/non-operation)
Initial/restarted diagnosis detects
an error (detection of Ch2 over- . . . .
current or open load during X X X X No HIL L 1) 1) 1) 1)
operation/non-operation)
Initial/restarted diagnosis is
attempted but does not start . ) . .
(detection of VBAT/VCC under- X X X X No L L Hi-Z Hi-Z2 Hi-Z Hi-Z
voltage or over-temperature)
©2020-2023 19 2023-02-02
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Motor drive output
Is EN/ENB
pulse input
Function EN1 | ENB1 | EN2 | ENB2 | needed DIA.G1 DIAGZ OouT1 OouUT2 OuT3 OouT4
whenDIAG | PIN pin
is cleared?
Initial/restarted diagnosis is
attempted but does not start
(detection of Ch1 over-current or X X X X No L H/L Hi-Z Hi-Z (*1) (*1)
open load during operation/non-
operation)
Initial/restarted diagnosis is
attempted but does not start
(detection of Ch2 over-current or X X X X No H/L 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 |HAMHI-Z |HIUHIZ | HILHIZ | HILHI-Z
detected
Abnormal SPI communication . . . .
SCLK clock count detected X X X X No L L H/L/Hi-Z | H/IL/Hi-Z | H/L/Hi-Z | H/IL/Hi-Z
Abnormal SPI communication X | x X X No L L |HAMHI-Z |HIUHIZ | HILHIZ | HILHI-Z
address detected
*1: Operation is similar to Table 7.1. H-bridge motor function 1.
*2: Operation specified in CONFIG1 DATAJ[8 ].
Table 7.11. DIAG functionality (Combined-Channel Mode)
Motor drive output
Is EN/ENB
pulse input
Function EN1 | ENB1 | EN2 | ENB2 | needed DIA.G1 DIAGZ OouT1 ouT2 OUT3 | 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-Z Hi-Z Hi-Z
VCC 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(3)|L(3) | HZz | Hi-Z | Hi-Z | HiZ
(POR)
Ch1-Ch2 open load during x| x | x| x No L L |HLMHI-Z |HIUHI-Z |HIUHIZ |HILH-Z
operation detected
Ch1-Ch2 open load during non- | |y | No L L |HLMHI-Z |HIUHI-Z |HIUHIZ |HILH-Z
operation detected
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Motor drive output
Is EN/ENB
pulse input
Function EN1 | ENB1 | EN2 | ENB2 | needed DIAG1 DIA.G2 OouT1 ouT2 OouT3 OouT4
whenDIAG | P! pin
is cleared?
Initial/restarted 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/restarted diagnosis detects
an error (detection of Ch1-Ch2 . . . .
over-current or open load during X X X X No L L 1) 1) 1) 1)
operation/non-operation)
Initial/restarted diagnosis is
attempted but does not start . . . .
(detection of VBATAVCC under- | X X X X No L L Hi-z | Hi-z o Hi-Z o HiZ
voltage or over-temperature)
Initial/restarted 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 . . . .
detected X X X X No L L (*2) (*2) (*2) (*2)
SPI communication CRG erfor |y |y | x | x No L L |HILHI-Z |HILHIZ |HILHIZ |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 SP communication x| x | x| x No L L |HLMHI-Z |HILHI-Z |HIUHIZ |HILH-Z
address detected

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

*2: Operation specified in CONFIG1 DATAJ[8 ].

Note: In Combined-Channel Mode, externally short-circuit ISEL1/2, EN1/2, ENB1/2, OUT1/2, and
OUT3/4.Note that EN2/ENB2 are effective as analog signals to control the output DMOS gates but
ineffective as signals supplied to the logic circuit.

m Even in Combined-Channel Mode (LARGE Mode), each DIAG circuit operates individually.

Over current p———

ene [

Latch
crouit 4|
BN g—p—l——,

Over temperature E
WBAT under-voltage E

WCC under-voltage E

Openilozd durire =

operation/nen-operatian

SPI comrunication faults E

Initial diagnosis E

Latch
cicuit

]

I
POR

To MCU

power supply

VDDIO

DIAG

Figure 7.10. Example DIAG output circuit configuration

Note: Some of the functional blocks and circuits in the block diagram may be omitted or simplified for
explanatory purposes.
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Table 7.12. DIAG functionality when an abnormality is detected (details)
Detection circuit Motor output DIAG Recovery SPI
when detecting procedure
Short-circuit to power
supply or ground Depends on case. See "7.6.2. Over-current detection"”.
detected (latched)
Short-circuit to power
dsupply or ground. Depends on case. See "7.6.2. Over-current detection"”.
etected (automatic
recovery)
DIAG retains L while
over-temperature is
detected. When
Over-temperature OFF (Hi-2) tbeerlnop\’i;ﬁgjfyggfesis Autom;atic recovery | Automatic
detected temperature, DIAG at 150°C or below recovery
cancels L and
automatically returns
to H.
DIAG retains L while N L
. . load is open. When O”T“a' oper_atlon IS .
Open load during Function motor is reconnected continued with Automatic
operation detected operation DIAG automatically " | motor re- recovery
returns to H. connection
When detected, DIAG
outputs L. When the
voltage reaches the :
VBAT d‘;rt‘g;?(‘)‘;lo'tage OFF (Hi-2) level at which Automatic recovery g‘gg\gﬁt'c
detection is canceled, y
DIAG automatically
returns to H.
When detected, DIAG Since a reset
VCC under-voltage outputs L. When signal is input
detection 1 voltage recovers below the POR
(when voltage OFF (Hi-2) (detection voltage + Automatic recovery voltage, settings
decreases to the POR hysteresis voltage), are initiélized at
voltage or less) DIAG automatically recovery
returns to H. )
When detected, DIAG
VC%:Pei?ir(;xoétage outputs L. When ;Atzn'orma'lity flag
(when voltage . voItagg recovers ' 1 is maintained
OFF (Hi-2) (detection voltage + Automatic recovery | until SPI executes
decreases but does h . X
not reach the POR ysteresis voltgge), 1WC. Execution qf
voltage) |Iﬁjeltﬁfﬂ.‘?’];:;\ltjéol_r|nat|caIIy 1WC clears the bit.
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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.

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 triggers an initial/restarted diagnosis.

/OO falls below to POR detecting voltage “When VOO falls below VOO Under voltage detection, and, in more than POR detecting voltag

WVCC under voltage detection VCC under voltage detection

VCC under voltage threshold === === === === b ---

sty e VCC under voltage threshold == === === ====pg == =1 [e—————— pree=gffeocas
1 | | i I I
| I I
POR detection voltage threshokl === === === == == J == = =y — = = — ——pm———— POR detection voltage threshold == === === === q=- e S
| ] |
N H 4 + " 1
Logic circuit operation [ Logic operation [ Logic operation | Logic operation |
T v b

| | |
| i i
1 : | s Gl

ouTt m : OFF(Hiz) QuTi m ‘ OFF(Hiz) ! |

y 1 t
25ms l‘—‘ i

‘ ouT2 ! | OFF(Hiz)
T i

|
|
'
t . "
Fesetwman | Logic operation | Logic circuit operation [ Logic operation
| i
|
1
1
|
L

h
ouT2 ! | OFF(Hiz)
i
H ]
H
\

|
DIAG H Auitorns ticall DIAG H Auternatically
1 resumes I resumes
| |
i

e

I
I
i
i
i
- ; 4 i ! !
Current monitor@M) ] ﬂ ! i ﬂ Gurrent monitor@M) I (l ' | ; ﬂ
I} I ]
T T
: ! ! s —
Fault bit | Fault bit | 1
o 4 ] I !
i IData is reset § YOO voltage | When starting fram r i ! 1 UM Dl Mecknd it
! I Is below POR threshald. | data Is s iitial vaue | | Shcespeh
I
SPI communication l LI i J’ J’ l ‘L ‘L J SPI communication - -
STATUS read 0 5] 0 1 0 0 5] 0 0 0 STATUS read 0 0 0 1 L 1 1 1
M M M M [ Pam T M [ 1 g Sy
PWLe Pityive

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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Direct PWM drive

VBAT under voltage detection

I
I
I
I
I
I
I
I
I
1518 K= !

ouTi ’_L‘ OFF(Hi-2) ﬂ
|
ouT2 ! OFF(Hi-2)
t | I
| |
N N
DIAG |
|

Current monitor (CM) (l i :ﬂ
| I
I T
1 L |
Fault bit g
0
! I
SPI communication \l/ \l' \l' : ‘l’ ‘l’ ‘l’ ‘l’ I\l’ \l/
"1 1 1 1 0

STATUS read —10L 0L ]O
I Automatically

resumes

A T s N o 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 ps
Condition (2): EN or ENB Disable—Enable timing
Condition (3): Output Hi-Z cancellation setting using SPI communication

No, |~ Motor drive Detection | ouT1/2 and 0UT3/4 Abnormality bit DIAG
For (1), Hi-Z. For (1), bit = 1.
For (2) or (3), or when At 3.25 ps after OUT1/2 (or
300 ms elapses, Hi-Z is OUT3/4) output, Hi-Z is
canceled. (When (2) or canceled. If over-current is not | For (1), low.
1 Automatic (3) is satisfied, the detected, bit = 0. For (2),
Direct recovery condition of 300 ms is * For the timing when the Hi-Z | return to
PWM cleared.) 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 (2) or (3), Hi-Z is Same as above
above
canceled.
For (1), Hi-Z.
For (2) or (3), or when
Automatic 300 ms elapses, Hi-Z is Same as
3 recovery canceled. (When (2) or Same as above above
Drive using SPI (3) is satisfied, the
communication condition of 300 ms is
cleared.)
For (1), Hi-Z. Same as
4 Latched For (2) or (3), Hi-Z is Same as above
above
canceled.

Supplement 1: Cancellation timing of Hi-Z for OUT1/2 and OUT3/4
+ For SPI_PWM drive: Once the cancellation condition is satisfied, Hi-Z 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% to 100%)
(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% to 100%)
+ For direct PWM drive: Once the cancellation condition is satisfied, Hi-Z is immediately canceled.
- However, if EN/ENB = Disable, Hi-Z is canceled at Disable—Enable regardless of the PWM drive
method.

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.

2023-02-02
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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) T W e e i e

QT ﬂ m OFF(Hiz) ﬂ
=

OFF(Hiz)

DIAG

|
I
|
|
|
I
|
|
|
I
|
|
Current monitor (Ch) / ﬂ
|
|
i

/]

1

Fault bit
o

2P communication '1' "l' ‘1’ : l’ ‘1’ ‘L J’ ‘L i \l’

STATUS read —JOLJOLJOL T 1Ly J1L |1 0

! ALtormatically
[g==0gy=

Py 1] [ ] [ ] [ ] [

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 prepared in another block handles short-circuits to power
supply or ground.)

The current-limit comparator is located on the low side. Illim-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. llim-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.

Ch1 (OUT1/0UT2) Ch2 (OUT3/0UT4)
Ilim-H Ilim-L Ilim-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
46-025A 6.5 A 5'?2."0'2"5 A
Dual-Channel Mode 46 A (initial value) (initial value)
(drives two motors) 46-05A 6.5-05A
6.5-0.25A
6.5A (initial value) 46A 4.6-0.25A
(initial value)
6.5-05A 46-05A
46-0.25A 46-0.25A
46 A 4.6 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 llim-H llim-L
6.5-025A 13A-0.5A
( t6|5 AI ) (initial value) ( 't'1l3 AI ) (initial value)
Combined-Channel initial value initial value
Mode (drives one motor) 65-05A 13A-10A
46-025A 9.2A-05A
46 A (initial value) 92 A (initial value)
46-05A 9.2A-10A
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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 llim-H =
6.5 A and Illim-L = llim-H - 0.25 A):

r 3
Ilim-H:6.5A |
Iim-LIhm-H-0.25A |

Motei: This area is
ignored

h\_\""—‘---._
PWM1 N
( PWMZ2isfixedto L)

(13)

BRI 1 H10) ¥

tBLAMKT 111 5ps I q

Current Limit

I
TEIff_FI"IiFI 20 5ps 2l:l_5.|_|5|
(20 5ps) I_I

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 llim-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).

(3) After the blanking, the motor drive output automatically enters a short-brake mode (low side
simultaneous ON) for current regeneration. At the same time, Toff_min rises to H to start counting.

(4) After a Toff_min period (20.5 ps), if the current is below llim-L, normal operation (forward rotation)
resumes.

(5) Since PWM1 is H, the motor drive current increases.

In this case, the PWM1 signal indicated by Note 1 is ignored (Toff_min is prioritized).

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 PWM1 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 PWM1 is still H, the motor drive current increases.

14) When PWM1 = L, the operation becomes short-brake mode, and the motor drive current
decreases.

~ o~~~
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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).

B A

Current=limit Current=limit
control | control

i nr

Figure 7.15 Current measurement points in current-limit control

7.7.5. Operation flowchart (Figure 7.16)

Tlim-L Ilim-H
COM COM
h 4 Y
Tliml . Tlimh
Filter
(2ps) (1s)
v
Blanking Short brake mode
Time(11.5ps)

[Fori] ~ [Pz
! e [

| Toff_min
When the measure is beyond “llim-L", a (20-5l15] 4

: x e ;
count nse of Toff_min is carred out.

Normal mode ( Forward )
L | PWM1:H

-I=1im-L =
-|<1l:m_L mxm -
=

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

llim-H: 6 5A "
lim-H:25A | — —— — — — — )
_ TSDhys: 20°C(typ)
> r
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 20,Figure21)

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.

VBAT In the case of 3A
T 14mA * 22080 =157V
In the case of GA

14.28mA * 22052=3 14y

|
|
|
|
|
= |
Lrrent
X

Current —| I_ Current
ronitoring ronitoring
| Cha sty
. montonng
manitoring circuit T in haZU
r [ |
ouT1 ouT2 l
|% 2205 __ O 1pF~1pF
|
1k - |
|
I
— —=0 7T 7T

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 220Q 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 (220Q) + capacitor (0.1uF to 1uF). 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).
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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 S0l Rewverse S ols Forward | Reverse | Forward

hrake hrake

P

Fifh

am
MNeh
9y T R

am
Mch
OFF ——

-—dcC

[w]
= L=]
L]

oM
MNeh
OFF

e

I

I

I

I

I

|

I

I

ON :

Mch :
o] oot ek PR PRy i SN ENE Sy S

I

I

— U
— 0
I
[

In the case of 3A
CA1pn 0570 — "y s i/
________ oy ) [T (B P e

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

17.0
16.0
15.0

s
14.0 "
13.0 S
12.0 2
11.0 Z
10.0 =
—

8.0
7.0

6.0 Z
5.0

4.0 Z
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 55 6.0
OUT current [A]

CM pin current [mA]

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

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

Reference data:CM pin current characteristics (0 to 1.5A)
4.40
4.20
4.00
3.80
7
3.60
3.40 ///;
< 320 o
2 2.60 — =
© 2.40 —— =
~
2 500 ==
£ 1.80 /;///
g 1.60 =
1.40
S 120 —
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 s e
™ Counter —=
T Cumrent o, TN A_| Open-load
= ceecton =+ e ivares * 1 detection signal

winan ENJENE e J i

== - DO_OPSH
I _.—TI CC”"FE [Rtor
.
T
e

Jurinin oo
—

Hgrode gum dre ogna + — Poty]l Ok gate L
I ..—|-I Hgtsde gaE dr R Sgna - —————————— S

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)
This means that even after initial diagnosis completes, monitoring is masked when the system is
disabled.
+ When a detected abnormality forces the output to be Hi-Z
+ During Sleep Mode (nothing can be monitored, because logic operations are disabled)

. . Load curengt g .+ . Motorwiring opening

Threshold ©

Enable signal E i i
Comparator cutput | U

Counter reset signal E—l ri

Detection counted value (100 ms)

5 -

oS

O penload detection s-igna]g [
P : A

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:

* Initial 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 motor is stopped (braked
or output OFF (Hi-Z) due to SPI control). When the IC is enabled 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 threshold to detect output voltage swiched is set 1/2xVBAT [V] (typ.)

+ Output states before starting open-load detection during non-operation (motor is stopped):
The output is braked (low or high side) by PWM input (duty-ON period is 0%).
The output is braked or in an OFF (Hi-Z) state due to a motor operation setting from SPI control.

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 conditons (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).

VBAT/VCC
1ms 1mse In enable state \ 1ms
—l T e —
55 5g Open In enable state, s o IS In disable state, [5. ©Pe™ In enable state,
s c 2 load E 28 load £9 load E:
=1y £ gatection  Motor drive starts 2% oiection Motor OFF E% 4etection  Motor drive starts
/ 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

The open-load detection circuit shown above can also detect a output short to power supply or ground.
For detection, when a single high-side/low-side DMOS is turned ON, check the output voltage while
monitoring the voltage of the other side.

Note that if the detection takes too much time, a output short to power supply or ground may cause
over-current through the DMOS.

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).

Judgment output 2

o Judgment output 1
Threshold voltage

Figure 7.24 Output short detection to power supply or ground during non-operation
: block diagram

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

The IC has a sleep function. When the SLEEPB pin is 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
i >
— a = o) = = = O b
= ~| S W __ )} < )} = 3
302 3wg| a8 Ss| E| 25| =2 3 |8.| 5| % g_
) 0 © o5 ®© 5= U =g = = 0 [ = o= o o > =
'8 'GHJJ.E SO -= n O Q)E"('j < 30 g_g s} (—08 5 5 °© 3
S sUEls<sE| 5| 382 o re | 5 ) S5 | = 55
Qo 200 = 0 £ 9 = () O o < o o o i)
c=+~| 38+ 3 € o ° =3 > O £ = S %) &) o
= - X o = o o &) £ =
°
Normal ) ° ) ) ° ° ° ) ° ° )
. )
Half-Bridge ° . ° ° x ° * ° ° ° ° °
. °
Disable ) ) ) ) ) ° ) ° ) ° °
(output OFF)
Sleep Mode ° X X X X X X X X X X x

e: Operating, x: Disabled
*. In Half-Bridge Mode, it becomes invalid since current monitoring monitors the sum of the high side
current of OUT1/2 and OUT3/4 which flows into CM1/2 terminal.
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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 /
valtage

POR
g «— TVCC_por | ggic circuit

operation

A reset is released after
stability of an OSC

05C  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. SPI 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 | [

SDO

( MSB—First )
‘ Address (Tbits) ‘ Data (24bits) | CRG 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 is in 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 * 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.

TB9053FTG, TB9054FTG

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 ] ADR[38:32] Dummy[31:8] CRC[7:0]

- 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).
» 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.
+ The range of CRC operands in READ command data received by this IC is bit39-bit8 (RW, ADR, and

Dummy). When CRC identifies an error, the READ command is not executed.

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 ] ADR][38:32] DATA[31:8] CRCJ[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 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. SPI 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 bit32 bit31 to bit8 bit7 to bit0
MCU transmits; Command Address Data CRC data
IC receives (SDI) RWI[39 ] ADR[38:32] DATA[31:8] CRC[7:0]

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

WRITE command.
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+ The range of CRC operands in WRITE command data received by the IC is bit39-bit8 (RW, ADR, and
DATA). When CRC identifies an error, the WRITE command is not executed.

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 FA[39 ] 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 ] = 0x1 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. SPI 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 ] = O0x1. 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+X4+X3+X2+1
Bit-shift direction: Normal (left bit shift)
Initial value: 0x00 (All "0")
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7.12.2. SPI connection method
7.12.2.1. SPI parallel connection
SPI parallel connection
PWM_CLK e
NCSS o
NCS3
NCS2
G L {nest NC52 NCS3 NCSS
PWHK_CLK1 PWHN_CLKZ PWHM_CLK3 PWHN_CLKS
MCU IC1 IC2 IC3 s B ICS
SCLK1 SCLKZ SCLK3 SCLKS
— SDI SD SDi2 sDo2 SDi3 3003 — SDIs SDos
SCLK c_)e_ F
SDO o :
sDI e

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

PWHK_CLK o
NCS ’ o t
L NCS1 NCS2 NCS3 NCS8
PWN_CLK1 PWM_CLK2 PWI_CLIG PWM_CLKS
MCU IC1 IC2 IC3 - - 1C8
SCLK1 SCLKZ SCLK3 SCLKS
— SDI SDOo1 SDI2 SDO2 sDI3 5003 —p sDIg SDOB8
SCLK ]
SDO
>
DI T

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.

PWM_CLK
NCS ' L
L NCST NCS2
PVWM_CLKT PWM_CLKZ
MCU IC1 |IC2
SCLK1 SCLKZ
—1 5DI1 5001 sDIz2  SDOZ
SCLK
SDO
SDI

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 response to (*2) is (*4).

e _| Al R l Al R |_| 06t R . 06t R |_
St B ot b1
- et ——— 1 (
FEDD Commard For I5F = FEID Gommadfor(Z1 e
g -
Arewar b Gommaed M-1 ey i B = hrawar b Command N
T e —
w4 f G O
FEAL: Data from D5E FEAD Cata fom 051

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-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, 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).

_| Al Ry i Al Y Aot Ry i Al Ry |_
ot mad bl Cotimad -1
L =~ ] x (

WRTTE Commar for 52 — (FLE Commard for (1~ — _
o -
Arewa b Commard -1 HH"'H_.__‘ ﬁ"“u.._‘_.ﬁ.rmu-'h:-l:ommwm
T -
X X (R = = .
FESD WRIT TER Data from 052 FESD WRIT TER Cata from 051

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 STATUS1 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 CONFI1G3/4/5/6 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
CONFI1G3/4/5/6 register settings.
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7.12.3.2. Operation when ISEL1/ISEL2 =L

* Motor control using SPI communication: Disabled
The data written in the CONFI1G3/4/5/6 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.
e 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.
* PWM_CLK pin input clock abnormality detection: Enabled
PWM_CLK pin input clock suspension is monitored. However, the PWM_CLK pin input clock fault is
ignored.
When ISEL1/ISEL2 = L, connect the PWM_CLK pin to GND.

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 IC (for Ch1 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 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 ,_l _| m

It updates in the timing It updates in the timing

communication fa- communication p—

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

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-Z) 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) * ON delay time setting register value (7.1)
fdiv: Base frequency

= external clock frequency * 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
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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 us (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-2)".

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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PWM_CLK i
NCS : . 2
L NCS NCS L NCS NCS
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ISELA ISEL1 ISEL1 E ISELA
,—,lr_ ISELZ ISELZ HL— ISELZ ISELZ
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SCLK e
5DO
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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: PWM1/2 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/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 | RW 0x08 (forward/reverse/brake/output (counter value: 0 to 2047) (counter value: 0 to 2047) result of
OFF (Hi-Z)) bit[39:8]
Ch2 motor operation setting CRC
Ch2 drive frequency setting Ch2 duty-ON period setting (PWM duty) calculation
CONFIGE | RW 0x09 (forward/reverse/brake/output (counter value: 0 to 2047) (counter value: 0 to 2047) result of
OFF (Hi-Z)) bit[39:8]

g s 52355352 g|58%
o 8 00 (=00(=00= <]
= = |53 o |53 o 5] o |53 s
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output OFF cancellation for short-circuit to power supply or ground
Ch1 open-load diagnosis execution during non-operation
Ch1 CONFIG3/CONFIGS5 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)

. INIT Command L
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
: = ombined-Channel Mode: bo are connecte
00: OSEL1/2 = L/L (Combined-Ch | Mode: both OSEL1/2 ted
29 OSEL1/OSEL2 pin state 0 R to GND)
28 detection 0 R 01: OSEL1/2 = L/H (Dual-Channel Mode: OSEL1 = GND, OSEL2 = VCC)
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/restarted diagnosis Initial/restarted diagnosis error detected in VBAT under-voltage detection
27 error 1 R circuit (threshold of VBAT under-voltage detection circuit is abnormal)
(VBAT under-voltage) 0: Undetected, 1: Detected
Initial/restarted diagnosis Initial/restarted diagnosis start abnormality detected in VBAT under-voltage
26 start abnormalit 1 R detection circuit (VBAT under-voltage detection circuit cannot start because
it is not reset to the normal value (undetected state
Y iti th I value (undetected state))
(VBAT under-voltage) 0: Undetected, 1: Detected
Initial/restarted diagnosis Initial/restarted diagnosis error detected in VCC under-voltage detection
25 error 1 R circuit (threshold of VCC under-voltage detection circuit is abnormal)
(VCC under-voltage) 0: Undetected, 1: Detected
Initial/restarted diagnosis Initial/restarted diagnosis start abnormality detected in VCC under-voltage
) detection circuit (VCC under-voltage detection circuit cannot start because it
24 start abnormalit 1 R
Y is not reset to the normal value (undetected state))
(VCC under-voltage) 0: Undetected, 1: Detected
Initial/restarted diagnosis
error Initial/restarted diagnosis error detected in over-temperature detection circuit
23 t t 1 R (threshold of the over-temperature detection circuit is abnormal)
(Ove;- temfer? ure 0: Undetected, 1: Detected
etection
Initial/restarted diagnosis Initial/restarted diagnosis start abnormality detected in over-temperature
22 start abnormality 1 R detection circuit (over-temperature detection circuit cannot start because it is
(over-temperature not reset to the normal value (undetected state))
detection) 0: Undetected, 1: Detected
N Results of initial/restarted diagnosis and diagnosis start abnormality
Initial/restarted (diagnosis 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
Results of initial/restarted diagnosis and diagnosis start abnormality
Initial/restarted (diagnosis 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 STATUSS3 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
17 Ch2 open-load detection 0 R Ch2 (OUT3/4) open load during non-operation detected
during non-operation 0: Undetected, 1: Detected
16 SPI communication 0 R SPI communication disruption detected
disruption detection (1WC) 0: Undetected, 1: Detected
15 SPI communication CRC 0 R SPI communication CRC error detected
error detection (1WC) 0: Undetected, 1: Detected
SPI communication R SPI ication SCLK clock t abl lity detected
communication clock count abnormality detecte
14 SCLK clock count 0 (1WC) 0: Undetected, 1: Detected
abnormality detection
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SPI communication o
13 abnormal address R SPI communication abnormal address detected
K (1WC) 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 (1WC) 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 o
Bit NAME - Description
(initial value) (R/W) P
31 - 0 R -
30 - 0 R -
29 - 0 R -
28 - 0 R -
Initial/restarted diagnosis Initial/restarted diagnosis error in over-current detection circuit on Ch1
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/restarted diagnosis Initial/restarted diagnosis start abnormality in over-current detection
start abnormality circuit on Ch1 (OUT1/2) side detected (over-current detection circuit
26 Ch1 t 1 R cannot start because it is not reset to the normal value (undetected
( overTcurren state))
detection) 0: Undetected, 1: Detected
25 - 0 R -
24 - 0 R -
Initial/restarted diagnosis Initial/restarted diagnosis error in the detection circuit for open load
23 error 1 R during operation on Ch1 (OUT1/2) side detected (when threshold of
(Ch1 open-load detection detection circuit for open load during operation is abnormal)
during operation) 0: Undetected, 1: Detected
Initial/restarted diagnosis Initial/restarteq diagnosi§ start abnormality in the det-ecti-on circuit for
start abnormality open load during operation on Ch1 (OUT1/2) side (circuit that detects
22 ch1 load detecti 1 R open load during operation cannot start because it is not reset to the
( °p_e”' oa e ection normal value (undetected state))
during operation) 0: Undetected, 1: Detected
Initial/restarted diagnosis Initial/restarted diagnosis error in the detection circuit for open load
21 error 1 R during non-operation on Ch1 (OUT1/2) side detected (when threshold
(Ch1 open-load detection of detection circuit for open load during non-operation is abnormal)
during non-operation) 0: Undetected, 1: Detected
Initial/restarted diagnosis Initial/restarted diagnosis start abnormality in the detection circuit for
start abnormality open load during non-operation on Ch1 (OUT1/2) side (circuit that
20 Cchi load detecti 1 R detects open load during non-operation cannot start because it is not
( .open- oad ce ?C ion reset to 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 -
12 - 0 R -
11 - 0 R -
10 - 0 R -
9 - 0 R -
8 - 0 R -
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Table 7.22. STATUS3 (ADR[38:32]: 0x03)

; INIT Command g
Bit NAME I Description
(initial value) (RW) P
31 - 0 R -
30 - 0 R -
29 - 0 R -
28 - 0 R -
Initial/restarted diagnosis Initial/restarted diagnosis error in over-current detection circuit on Ch2
27 error 1 R (OUT3/4) side detected (when threshold of over-current detection circuit is
(Ch2 over-current abnormal)
detection) 0: Undetected, 1: Detected
Initial/restarted diagnosis Initial/restarted diagnosis start abnormality in over-current detection circuit
26 start abnormality 1 R on 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 B
Initial/restarted diagnosis Initial/restarted diagnosis error in detection circuit for open load during
23 error 1 R operation on Ch2 (OUT3/4) side detected (when threshold of detection
(Ch2 open-load detection circuit for open load during operation is abnormal)
during operation) 0: Undetected, 1: Detected
iti i i Initial/restarted diagnosis start abnormality in detection circuit for open load
Initial/restarted diagnosis duri 8 Ch2 (OUT3/4) side (cirouit that deteet o
start abnormality uring operation on side (circuit that detects open loa
22 . 1 R during operation cannot start because it is not reset to the normal value
(Ch2 open-load dgtectlon (undetected state))
during operation) 0: Undetected, 1: Detected
Initial/restarted diagnosis Initial/restarted 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/restarted diagnosis Initial/restarted diagnosis start abnormality in detection circuit for open load
start abnormality during non-operation on Ch2 (OUT3/4) side (circuit that detects open load
Ch2 load detecti uring non-operation cannot start because it is not reset to the norma
20 1 R duri i b it i h I
( .open- cad de E_'.C ion 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 -
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Table 7.23. CONFIG1 (ADR[38:32]: 0x04)

; INIT Command e
Bit NAME - Description
(initial value) (R/IW) 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 -
- i - Detection time setting for Ch1 (OUT1/2) open load during non-operation
29 Ch1 open-load during non 0 RIW 9 ( )op 9 p
operation 00: 100 ps, 01: 50 s,
21 . . . 0 R/W
detection time setting 10: 500 ps, 11: -
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 Ch1 (OUT1/2) side
regeneration setting 0: Low-side regeneration, 1: High-side regeneration
VBAT under-voltage ) ) T .
cancellation VBAT under-voltage cancellation delay time (digital filter) setting
19 delay time 0 R/W (common to'Ch'1 (OUT1/2) and Ch2 (OUT3/4))
(common to Ch1 and Ch2) 0: 0 ps (no filtering), 1: 100 ps
18 Ch1 current limit threshold 0 RIW Ch1 (OUT1/2) current limit threshold upper limit setting
upper limit 0:6.5A, 1: 4.6 A
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
i Detection threshold setting for Ch1 (OUT1/2) open load during operation
16 Ch1 open load during 0 RIW 9 ( ) op g op
15 operation 0 RW 00: 200 mA, 01: 100 mA
detection threshold setting 10: 300 mA, 11: 200 mA
Ch1 (OUT1/2) SR mode setting
000: Voltage SR Normal (Control OFF, 17.50 V/ps(design data))
001: Voltage SR Slow1 (1.09 V/ps(design data))
14 Ch1 SR2 0 R/W 010: Voltage SR Slow?2 (2.19V/us(design data))
13 SR mode SR1 0 R/W 011: Voltage SR Slow3 (4.38V/us(design data))
12 SRO 0 R/W 100: Voltage SR Slow4 (8.75V/us(design data))
101: Voltage SR Fast2 (21.88V/us(design data))
110: Voltage SR Fast1 (26.25V/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)
SPI 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
when SPI communication is communication disruption is detected
8 disrupted 0 RW : i
0: Output (OUT1/2, OUT3/4) OFF (Hi-Z),
(common to Ch1 and Ch2) 1: Continue operation immediately before disruption
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Table 7.24. CONFIG2 (ADR[38:32]: 0x05)

: INIT Command e
Bit NAME - 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 -
29 Ch2 open load during non- 0 RIW Detection time setting for Ch2 (OUT3/4) open load during non-operation
21 operation 0 RW 00: 100 ps, 01: 50 ps,
detection time setting 10: 500 ps, 11: -
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 0:6.5A,1:46 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
i Detection threshold setting for Ch2 (OUT3/4) open load during operation
16 Ch2 open load during 0 RIW g ( )op g op!
15 operation 0 RIW 00: 200 mA, 01: 100 mA
detection threshold setting 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 (2.19V/us(design data))
13 SR mode SR1 0 RW 011: Voltage SR Slow3 (4.38V/us(design data))
12 SRO 0 R/W 100: Voltage SR Slow4 (8.75V/us(design data))
101: Voltage SR Fast2 (21.88V/us(design data))
110: Voltage SR Fast1 (26.25V/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 e
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 | ©N1 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 ) . o
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
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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/W
16 0 R/W
15 0 R/W
14 Ch2 ON delay time setting 0 RIW ) ) o
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/W
10 0 R/W
9 0 R/W
8 0 R/W
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Table 7.27. CONFIG5 (ADR[38:32]: 0x08)

; INIT Command o
Bit NAME - Description
(initial value) (R/W) P
. . Ch1 (OUT1/2) motor operation setting
31 Ch1 motor operation setting 0 RIW )
00: Output OFF (Hi-Z), 01: Forward,
0 (forward/reverse/brake/output L o o
3 OFF (Hi-Z)) 0 RIW 10: Reverse, 11: Brake (low- or high-side is determined in combination
with bit20 of CONFIG1)
29 0 R/W
28 0 R/W Ch1 (OUT1/2) drive cycle period setting for motor drive with SPI control
27 0 R/W
26 0 R/W Drive frequency fpwm is calculated as follows:
25 0 R/W
o4 Ch1 drive cycle period setting 0 RIW ) ] ] )
(counter value: 0 to 2047) fpwm = fdiv / (drive frequency setting register value + 1)
23 0 R/W
22 0 R/W fdiv: Base frequency
21 0 R/W = external input clock frequency * 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 R/W setting (counter value) + 1)
15 0 R/W
14 0 R/W Set the registers so that duty-ON period setting register value < drive
13 Ch1 duty-ON period setting 0 RIW frequency setting register value.
(counter value: 0 to 2047) 1) If duty-ON period setting register value = drive frequency setting
12 0 R/W register value,
11 0 R/W PWM duty-ON interval is 100%.
10 0 R/W 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 o
Bit NAME N Description
(initial value) (R/W) P
. . Ch2 (OUT3/4) motor operation setting
1 Ch2 motor operation setting )
3 0 RIW 00: Output OFF (Hi-Z), 01: Forward,
30 (forward/reverse/brake/output 0 RIW L o o
OFF (Hi-Z)) 10: Reverse, 11: Brake (low- or high-side is determined in combination
with bit20 of CONFIG2)
29 0 R/W
28 0 R/W Ch2 (OUT3/4) drive cycle period setting for motor drive with SPI control
27 0 R/W
26 0 R/W Drive frequency fpwm is calculated as follows:
25 . ) . 0 R/W
o4 Ch2 drive cycle period setting 0 RIW ) . ] )
(counter value: 0 to 2047) fpwm = fdiv / (drive frequency setting register value + 1)
23 0 R/W
22 0 R/W fdiv: Base frequency
21 0 R/W = external input clock frequency * 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 R/W setting (counter value) + 1)
15 0 R/W
14 0 R/W Set the registers so that duty-ON period setting register value < drive
13 Duty-ON period setting 0 R frequency setting register value.
(counter value: 0 to 2047) 1) If duty-ON period setting register value = drive frequency setting
12 0 RIW register value,
11 0 R/W PWM duty-ON interval is 100%.
10 0 RW 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 g
Bit NAME - 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 Command to execute Ch1 (OUT 1/2) open-load detection during non-
30 duri i 0 W operation
uring non-operation 0: Detection is not executed, 1: Detection is executed (one-shot pulse)
Command to update Ch1 (OUT1/2) CONFIG3/CONFIG5 setting
0: A WRITE attempt updates CONFIG3/CONFIGS5 registers, and the
Ch1 PWM operation reflects it
1: CONFIG3/CONFIGS registers under WRITE attempt are retained;
29 CON FttI_G3/C(3NtFIG5 0 w the next "0" WRITE in this bit updates the registers, and the PWM
seiling update operation reflects it.
Note that when CONFIG7 is enable CONFIG3 and CONFIGS5 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 Command to execute Ch2 (OUT3/4) open-load detection during non-
27 duri i 0 W operation
uring non-operation 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/CONFIG6 registers under WRITE attempt are retained;
26 CON 'ztl,GMC?thFIGG 0 w the next "0" WRITE in this bit updates the registers, and the PWM
setting 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
Command to cancel output OFF (latched) when OUT1 over-current
when OUT1 over-current (short.circuit | d)is detected during Half Mod
. short-circuit to power supply or ground) is detected during Half Mode
25 (short-circuit to_ power supply 0 w 0: Output OFF is not canceled,
( ffor ?roun(jl) |.S d:tTfCItveldd ) 1: Output OFF is canceled (one-shot pulse)
errective only in Ha ode
Output OFF cancellation
when OUT?2 over-current Command to cancel output OFF (latched) when OUT2 over-current
L (short-circuit to power supply or ground) is detected during Half Mode
24 (short-circuit to_ power supply 0 w 0: Output OFF is not canceled,
( ffor ?roundl) '_S d:tchlt\;dd ) 1: Output OFF is canceled (one-shot pulse)
elrective only in Ha ode
Output OFF cancellation
Command to cancel output OFF (latched) when OUT3 over-current
when OUT3 over-current (short.circuit | d)is detected during Half Mod
. short-circuit to power supply or ground) is detected during Half Mode
23 (short-circuit tq power supply 0 w 0: Output OFF is not canceled,
( f-for tgroundl) '§ d:tchlthdd ) 1: Output OFF is canceled (one-shot pulse)
errective only in Ha ode
Output OFF cancellation
Command to cancel output OFF (latched) when OUT4 over-current
when OUT4 over-current (short-circuit | d)is detected during Half Mod
. short-circuit to power supply or ground) is detected during Half Mode
22 (short-circuit to_ power supply 0 w 0: Output OFF is not canceled,
or ground) is detected 1: Output OFF is canceled (one-shot pulse)
(effective only in Half Mode)
21 - 0 R -
20 - 0 R -
19 - 0 R -
18 - 0 R -
17 - 0 R -
16 - 0 R -
15 - 0 R -
14 - 0 R -
13 - 0 R -
12 - 0 R -
11 - 0 R -
10 - 0 R -
9 - 0 R -
8 - 0 R -
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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:

Motor drive .usir)g SPI Direct PWM motor drive
e | on | Somminesien SEL =1 Enai)
ISEL2 = Don't care (disal;Ied) ISEL2 = Don't care (Disabled)

Analog parameter setting CONFIG1 Ch1 Enabled Enabled
Analog parameter setting CONFIG2 Ch2 Disabled Disabled
Logic parameter setting CONFIG3 Ch1 Enabled Disabled
Logic parameter setting CONFIG4 Ch2 Disabled Disabled
Motor operation instruction CONFIG5 Ch1 Enabled Disabled
Motor operation instruction CONFIG6 Ch2 Disabled Disabled
Command execution setting CONFIG7 Ch1 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
! 3N VBATRSTL=3.75V(typ)
| |
| |
| |
| |
| |
| |
| |
| |
Motor . 7 .
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

T1:0' ‘B‘ E:'W'T[;T T>TVBAT wv TTVBAT w2

i _ VBATRSTHHA25\tyn)

:
;
&b
2

m — ON-STATE >< OFF(H) >< 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, 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 s (typ.)) to prevent chattering.

VCC=5V
VCCHLHYS=0.1~0.3

|
|
| VCCHL=3.5V(typ)

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

VCCRH L=3.07V(typ)

|

| |

| |

| |
I

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

|
|
|

Motor

OFF(Hi
drive output (Hiz) |
Logic circuit Reset Losic circuit ati Reset
(POR) ese ogic circuit operation ese
Motor drive
operation Off Forward/Reverse DT | Off

Figure 7.37 VCC under-voltage detection and POR threshold characteristics

TLTWCC L TrTWCC Tr TWCG 2
2 Brmzltyp.) | 1 : |
e = - 4
WD P [
1 1 : |
| 1 |
1 i _______ 1
¥l BT o PNt 1 R PR PO VU P .. |
1 1 T_ |
: WGCHLHYS=0.1~03v
1
1

hActor
drive output

X
2
=
=

i-Z) ><ON -STATE

Figure 7.38 VCC under-voltage detection timing chart 1

OM-STATE

T<TWCC por
13.0psityp.) T>TWCS por

|

e’e |
—————— L/ — — VOCHL/OCHLHYS

|

YOOHL=E5W(typ) — — = — — — = : |
idA R ¥ I (- - — WYOORHLAYGORHLHYS

| |
—», 1 4—T>TWCCpor
|

YCCRHL=307 (typ )

l(;égjc'mu't Logic FLnction Reset

hd | -
[midulg :
drive output OMN-STATE >< OFFiHigh-z) ><ON STATE

Figure 7.39 VCC under-voltage POR 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.
= 1
Lbove 17570 Owver temp.
State
| I
I I
. : :
EM pin | ]
I I
L | I | |
: I I | \
I I
H 1 | ] : :
EMB pin : : : | |
L . . —
: | ! T @ | !
H I [ I I |
hotor Outputs Outputs
Drive output L Tri-stated Tri-stated
1 |
1 : : [ : :
H
DIAG cutput 62} &)}
L

After fault detection, DIAG output will
be “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 —-——=f——=—————m— e el e e e -
(above 175°C)

e —
|
I Chiar temperature detection period |
} in OFF state :
+ >
I ! 1
| ! 1
[
Motor output |_\ Hi-7 | Over temperature detection
| I bit iz canceled automatically.
l
I

| Ohver temperature detection is monitored in real time
in OFF state.
SF over temperature
Detection hit E 1 E

I
Fault hit iz periodically ]
monitored in MCU E E 1 1 1 1 1 1 1 1 E E E
I
|_‘ SPL P drive

SFL PAN drive

Figure 7.41 Over-temperature detection detailed timing chart

® 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.
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explanatory purposes.
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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 caused by short-circuit to power supply or ground, or
short-circuited load (Figure 7.42, Figure 7., and Figure 7.)

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 ys (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.

- Another instruction from the MCU cancels the OFF state and restarts various functions.
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One pulse of EN fall or ENB rise restarts the functions.
+ When tBLANK2 is enabled, tBLANK1 is ignored and tBLANK?2 is prioritized.

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

SPI settings: Over-current detection in automatic recovery mode 1 (example: low-side)

Tload o Toﬂ(s Tove:1 &
Over current
Iove=11A(typ) [~ —————————————————+, [ ———————————————— ﬁ ———————————
Output “OFF” by
; MCU instruction
Ilim_H \i_/ﬁk_____ _____________ S :____i ______
Ilim-L - == B s el e e o R —————é ——————————
tBLANK1 I
tBLANK1:11.5 16
tBLANK2:1 15 \ tBLANK2:1 s
tBLANK2
Brake Braki \ TOFF=300ms TOFF%300ms
Motor drive < - > tinued =
output ON \ OFF(Hi-Z) ON | OFF(HIXZ) continue .
DIAG
Forward For. Forward
Motor drive operation FEEl SB D / D j D / Off / Off
Reverse | T T
Reverse Rev. Reverse

Figure 7.42 Over-current detection operation for short-circuit to power supply or ground, and
short-circuited load: timing chart 1

SPI settings: Over-current detection in automatic recovery mode 2 (example: low-side)

lload A Tove:1 16
Over current
Iove=11Altyp) F—————=———=——=—————— — -, [ ——————————————————————————————
Tim—H e
Normal operation retums
Ilim-L when an over current
does not flow
tBLANK1 Mr ¢
tBLANK1:11.5 t5 \
tBLANK2:1 15
tBLANK2 VAN il
Brake Brake _ \ TOFF=300ms /
Motor drive output ON \QFF(Hi'Z) ’ ON
DIAG
PWM1
PWM2
» time
Motor drive operation D D| Forwa | D| 8 b F°" Forwa |D| D| Forw |D| S
Forward | o SB ol 1y |7/dT ‘”:' off rd |7 SB |7| ard |T| B

Figure 7.43 Over-current detection operation for short-circuit to power supply or ground, and
short-circuited load: timing chart 2

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

Avutomatically resumeas

Cutput short circuit to

|
powiEr sUly o ground ]
I5D detection I=D detection I
: period period |
| in OFF state in OFF state :
——p |
Motor drive I
e Hi-Z Hi—Z

Crver current detection is monitored inoreal time

in OFF state.
SH over current —

detection hit G O

Fault hit is pericdically — s
staeeidiiol 1 00 0 1 1 Iohoicls

SFL PWM drive

S 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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+ When a motor drive output is short-circuited to power supply or ground, 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 ys (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, tBLANKT1 is canceled.

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

lload A TO\;C:1 15

Over current
lovo=11A(typ) |-———————mom /.

Iim-H

Ilim-L

tBLANK1 —,:

tBLANK1:11.5 15

tBLANK2:1 45 [<
tBLANK2
Brake Brake
Motor drive output ON ON ON |OF
DIAG
» time
. . For. For.
Motor drive operation | Forward/ (D o5 Dl ~° |DI§D Off
Reverse |T T TBT

Rev. Rev.

Figure 7.44 Over-current detection operation for short-circuit to power supply or ground, and
short-circuited load: timing chart 3
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+ SPI communication cancels output OFF (latched) for recovery.

Output short el
ot supahy or ground

I
I
Motor drive B R ——— .
; : SPI write operation :
current | Hi-Z !
: Dver current detection
a t de te ction § itceed in real i X
kedabie i g;;i:;?: ik |_LC' utput OFF cancellation

SFL over current
Fault kit iz paricdically — =
stz 8 0 00 0 0 1 Nphche

SHL PWM drive

SFI PWil 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 short-circuit to power supply or ground is
detected)
When the motor drive output is short to power supply
Motor }——-——--—-—---""-"-"--"-"-"“"-“"-"-"-"-"-"---
drive output Short
state mode
! 1 shot pulse
EN pin : L
L I
I ! I [
I I I |
. [ ! I I
ENB pin | ! | I
L ! 7 —
| | | ' I I
I | | ' I |
. Motor  H Outputs Outputs : 4
drive output L Tri—stated Tri-stated !
| | | | |
| | | | | |
H l
DIAG output I
|
L I I I
| | | | | |
Motor drive Forward : Forward
operation Off Reverse _Olff Forward/Reverse Off - 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 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
Under voltage detection
circuit

Comparator output signal 1

Diagnosis circuit
(Threshold value change)

(k1)

4

VCC
Under voltage detection
circuit

Comparator output signal 2

Diagnosis circuit
(Threshold value change)

(x2)

1

l|| A%

Al

Over temperature
detection circuit

Comparator output signal 3

Diagnosis circuit
(Threshold value change)

(x3)

Over current detection
circuit (Ch1/Ch2)

Comparator output signal 4

Diagnosis circuit
(Ch1/Ch2)
(Threshold value change)

(x4

Open load detection circuit
during operation
(Ch1/Ch2)

Comparater output signal 5

Diagnosis circuit
(Ch1/Ch2)
(Threshold value change)

(€3

Open load detection circuit
during non-operation
(Ch1/Ch2)

Comparator output signal 6

Diagnosis circuit
(Ch1/Ch2)
(Threshold value change)

(x 6

i » Pre Driver
operation
control
circuit
Fault | DIAGpin
» detection SPI flag
—_—
+— Control clock signal
(T.B.D. kHz)
< A Iatch is clear_e_d by the three
Diagnosis following conditions.

control circuit

(Diagnosis
error state is
latched.)

(1) VCC under voltage POR detection
(2) Ch1 side:EN1=L or ENB1=H

Ch2 side:EN2=L or ENB2=H
(3) SLEEPB=L

Figure 7.46 Initial 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: Initial diagnosis/ normal operation threshold value switching signal
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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@ Table7.30. Operation summary of initial diagnosis

Under diagnostic | After termination
Start-after POR | The state where it does | The state where it does | The state where it does Dingrostic aperation of initial diagnosis
Caondition Each detector formation not detect Test 1 not detect Test 2 not detect Test 3 i DIAGT, |OUT1./2, | DIAGT, | OUT1 /2, memo
canditions (Mormal threshald)  |(A threshold is changed) | (Mormal threshold) DIAGE | OUT3/4 | DIAGZ | OUTS/4

PIN PIN PIN PIN

GP voltage starting
YBAT under voltage
WCC under voltage
1 Over temperature
Quer curnent
Open lnad during operation
Open load during non—operation
GP voltage starting
YBAT under voltage
WCC under voltage
2 Over temperature
Cver current
Open load during operation
Cpen load during non—operation
CP voltage starting
YBAT under voltage
YOG under voltage
3 Over temperaturs
Over curnent
Open load during operation
Open load during non—operation
GP woltage starting
VBAT under voltage
WOO under voltage
4 Qver temperature
Cwer current
Open load during operation
Open load during non—operation
CP voltage starting
WBAT under voltage
WCC under voltage
5 Over temperature
Over_ current
Open load during operation
Open load during non—operation

QOutput

Marmal L Hiz H Eunction

[fsielelelel il

Output

In the case of NG, it is gy
Function

also at any 1 condition

Fault L Hiz L

HOOOOCOH DC0OOCH

Qutput

Fault L Hiz L FiifiGtioh

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

[Rslelelolel ol elelolol ol 1NN olol olel ol e

QOutput

In the case of NG, it is Fault s Hiz (= 1
Function

also at any 1 condition

(SOOI RIOICIDDIDICIICDOICIODOICIODIDICO

When at least one

condition continues

the state where it
detects

Initial diagnosis

Fault L Hiz L bl does not start

[RARIRIRIREREN sl elelolol 1IN ol ol el el o]

IR Sl el el oL el e H

Note: The CP voltage-rise detection circuit is used as a condition for startup but is not diagnosed.

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

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 STATUS1 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 STATUS1 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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&®Table7.31. Operation summary of restarted diagnosis

Condition

Each detectar

Initial diagnositic
restart formation
conditions

The state where it does
not detect Test 1
(Mormal threshold)

The state where it does
not detect Test 2
(A threshold is changed)

The state where it does
not detect Test 3
(Marmal threshold)

Diagnostic
result

Under diagnostic

o

DIAGT,

DIAGE
PIN

ration

After termination
of a restart

auT1./2,
ouT3/4
PIN

DIAGT,
DIAGE
PIM

ouTt /2,
ouT3 4
PIM

memo

GP_voltage starting

WBAT under voltage

WCC under voltage

Over temperature

Cver_current

Open load during operation

Open load during non—operation

MNormal

Output
Function

CP woltage starting

YBAT under voltage

WCO under voltage

Ower termperature

[RARERER el el el ol el el

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

GP voltage starting

WBAT under voltage

WCC under voltage

(BRI elol S U REREEIN Sl elal o el el

Over temperature

Ouer curnent

Open lnad during operation

Oipen load during non—operation

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

Fault

QOutput
Function

CP voltage starting

WBAT under voltage

WCC under voltage

Owver termperature

PR b OO b DOED b [OOOEmO0N0

Owver current

Qpen load during operation

Open load during non—operation

\slolelsleolelel slolelelslolelololoielololel el olelolelele]

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

Fault

Qutput
Function

GP woltage starting

YBAT under voltage

WO under voltage

Over temperature

Quer curnent

Open load during operation

Open load during non—operation

When at least one

condition continues

the state where it
detects

BRI ¢l el o IRNREREE &l ¢ L oI ENE N

vhrir bl b [0 e

Fault

Diagnosis does
not restart.

Note: The CP voltage-rise detection circuit is used as a condition for restart but is not diagnosed.

Note: In case 5, the IC keeps waiting until six detection circuits output normal values (undetected state).
When they output normal values, restarted diagnosis starts and lasts for 57 ps (if 32 us have elapsed
after EN/ENB are disabled).

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, diagnosis restarts.

© 2020-2023
Toshiba Electronic Devices & Storage Corporation

76

2023-02-02

Rev.1.3



TOSHIBA

TB9053FTG, TB9054FTG

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 | \/gaT VBAT DC -0.3 0 +28.0 v
voltage 1
Power supply | \gaT VBAT Transient: 0.5 s -0.3 to +40.0 (*5) v
voltage 2
Power supply vec vee
voltage 3 VDD VDD DC (*3) -0.3to +6.0 (*6) \Y,
9 VDDIO VDDIO
PWM1, PWM2,
PWM3, PWM4, -0.3to VCC, VDD,
EN1, ENB1, EN2, VDDIO+VF
ENB2, ISEL1, and
Input voltage 1 VIN- 1 |sEL2, sDI, NCS, bC \/CC, VDD, VDDIO+VF 5| ¥
SCLK, +6.0
PWM_CLK, (*6)
SLEEPB
-0.3 to VCC, VDD,
VDDIO+VF
Input voltage 2 VIN OSEL1, OSEL2 DC \co VDDaC/dDDIO+VF J Vv
+6.0
(*6)
Output voltage 1 VOUT DIAG1, DIAG2 DC -0.3 to +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 VDDa{]/dDDIO+VF 4V
+6.0
(*6)
-VF to VBAT+VF
OuUT1, OUT2, . and
Output voltage 4 VOUT OUT3, OUT4 DC (*4) VBAT+VF < +40.0 \%
(*5)
DC,
OUT1, OUT2, VBAT-OUT1/2,
Output voltage 5 VOUT OUT3, OUT4 VBAT-OUT3/4 -VF to +40.0 \%
(*4)
OuUT1, OUT2, . Over-current detection
Output current 1 IOUT OUT3, OUT4 (*2) value A
Output current 2 IOUT DIAG1, DIAG2 DC +2.5 mA
Output current 3 IOUT CM1, CM2 DC -25.0 mA
Output current 4 IOUT SDO DC 3.0 mA
Storage
temperature Tstg - i -55 10 +150 oc
Leadatﬁ(ﬂ?rﬁ(reature Tsol - Manual soldering 260 (10 s)
Power dissipation PD - - g?g gggggi; 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
maximum ratings are never exceeded. Use the IC within the specified operating range.
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*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
—TB9054FTG(QFN40) ——TB9053FTG(PQFN40)
100

OF gt =111
2 10 gl
& // //
o] é" /a’
5 1 ::a
e pZa
=

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 : 114.3mm x 76.2mm x 1.6mm (JDEC standard : Jesd51-)
* Layer : Multi-Layer (Cu 4 layers)
e Culayerthickness : 35um (1/4 layer), 70 um (2/3 layer)
e Culayerareasize : 74x74mm2
*  NumberofCuVia : 16 (4mm x 4mm)
*  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 Component frace. 2 027 1
FR 4 layer Plane 2.1 or. sl
A § FR-4 layer P |

0.25 mm = A = 0.50 mm * — finish thickness:
= 5 .

) 1 0z/ft’ = 0.035
*According to Jesd51-7 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 1/0 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.
(3) VDDIO power supply
Externally supply the same power supply as for the I/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

ltem Symbol Rating Unit Remarks
Potage 1" | VBAT 4510280 V' Uoltage detestion voltage, the molor atl functons.
Potages | vec 451055 V' Uoltage detestion voltage, the molor afl functons.
Po\gﬁgg‘épg'y VDDIO 301055 v -
AR 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 =-40 to 150°C

Iltem Symbol Applicable pin Test condition Min. Typ. Max. Unit
Power supply slew VBAT, VCC, ) ]
rate VBSLEW VDD, VDDIO 2 2 V/us
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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=-40to 150°C

Item Symbol | Applicable pin Test condition Min. Typ. Max. Unit
VIH1 PWM1/PWM2/ 2.0 - VCC \Y
PWM3/PWM4,
VIL1 EN1/ENB1/EN -0.3 - 0.8 Vv
2/ENB2,
Input voltage ISEL1/ISEL2,
Vhys1 PWM_CLK, 0.1 0.35 1.0 Y,
SLEEPB,
OSEL1/0OSEL2
PWM1/PWM2/
PWM3/PWM4,
EN1/EN2/
I1H1 ISEL1/ISEL2, 25 50 100 MA
PWM_CLK, VIN=VCC =5V
SLEEPB,
OSEL1/0OSEL2
IIH2 ENB1/ENB2 -5 0 5 MA
Input current
1IL1 ENB1/ENB2 -30 -14 -5 MA
PWM1/PWM2/
PWM3/PWM4,
EN1/EN2/ =
L2 ISEL1/ISEL2, VIN'=GND -5 0 5 MA
PWM_CLK,
SLEEPB,
OSEL1/OSEL2
Sleep start tsleep
time (on) SLEEPB 1,6 2.3 3.0 ms
Sleep
cancellation tsleep SLEEPB 10 32 50 us
time (off)
PWM input
maximum PWMMAX PWMT/PWM2 - - 20 kHz
frequency PWM3/PWM4
: Logic determination time, when
EN/ENB logic EN1, ENB1 lthe logi : !
Pt ) gic determined by the
detertml]r;atlon TEN_ENB EN2, ENB2 |[EN1/2 and ENBA/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 - 5.4 8.5 mA
ICC VCC =5V, lout=0A,
(sleep) vee Sleep Mode i i 15 bA
Current IDDIO VDDIO VDDIO = 5 V; see Figure 11.1 - 0.2 10 A
consumption ’ 9 : : H
IBAT VBAT VBAT = 14 V; see Figure 11.1 - 1.0 2.0 mA
IBAT VBAT = 14V, lout=0A,
(sleep) VBAT Sleep Mode i 0.3 30 bA
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 | /oy rpgr | vBAT Figure 7.35 3.4 3.75 40 v
detection voltage
VBAT under-voltage | \ /0 rp ey VBAT Figure 7.35 3.9 4.25 45 v
cancellation voltage
VCC under-voltage | ooy vce 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

ltem Symbol |Applicable pin Test condition Min. Typ. Max. Unit
Ron OUT1, OUT2, Tj = +25°C,
Hebrid (H+L) |OUTS3, OUT4 lout=3 A VBAT =8V i 200 250 ma
-bridge
: Ron OuUT1, OUT2 Tj=+150°C
output ON-resistance ’ ’ . - 280 350 mQ
(high side (H+L) |OUT3,0UT4| lout=3A VBAT = 8V
+ low side) Ron OUT1 OUT2 Tj=+150°C,
(H+L1) |ouT3 ouT4| lout=3A VBAT=45V - 300 370 mQ
OUT1/2: OFF (Hi-Z)
| outleak (())ld:'; gLLJJTI_i OUT3/4: OFF (Hi-2) - 85 110 MA
’ Vout = VBAT =28V
Output leak current OUT1/2. OFF (Hi-2)
: i-
| outleak (())LLJJ-_II—_; %LLJJ-_II—_i OUT3/4: OFF (Hi-Z) -100 -3 - MA
’ Vout = GND
RL=3Q, |[DATA[14:12] - 1.2 -
trD/tD VBAT=14V;| =001 Vius
trD/fD see Figure  IpATA[14:12]| - 2.7 -
trD/tfD DATA[14:12] - 4.5 -
=011 Vius
trDAfD  |OUT1, OUT2, DATA[14:12]| - 8.7 -
Output SR OUT3, OUT4 =100 V/us
trD/tfD DATA[14:12] - 17.7 -
=000 Vius
trD/tfD DATA[14:12] - 22.5 -
=101 Vips
trD/tfD DATA[14:12] - 25.7 -
=110 Vips
tD(on) VBAT =14V, - 8.0 13 us
PWM1/2, Output SR = 17.50V/us
. . PWM3/4 Figure 10.2
Driver output delay time tD(off) ouT1/2, Measurement circuit: Figure ) 8.0 13 Hs
OUT3/4 1.2
AtD tD(on) - tD(off) - 0 5 us
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EN1/2, Figure 10.3
EN/ENB Disable delay {DEN ENB1/2 Output SR = 17.50V/us } 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

Iltem Symbol Applicable pin Test condition Min. Typ. Max. Unit
llim-H gllJJ-%//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
L . ouT1/2, .
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 llim-H A
Current limit L-side OuUT3/4 CONFIG1/2 DATA[17]=0 -0.10 -0.25 -0.40
threshold il ouT1/2, Figure 7.1414 lim-H | fim-H | meH
OuUT3/4 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=-40to 150°C

ltem Symbol Applicable pin | Test condition Min. Typ. Max. Unit
Current limit H- , OouT1/2,
side threshold llim-H oUT3/4 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

ltem 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 =4.5t0 5.5V, VDDIO =3.0 to
5.5V, Tj=-40 to 150°C

Item Symbol Applicable pin Test condition Min. Typ. Max. Unit
Over-current lovc(H) OuUT1/2, High side 8.0 11.0 16.0 A
circuit threshold love(L) OuUT3/4 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 =4.5t0 5.5V, VDDIO =3.0 to
5.5V, Tj = -40 to 150°C

Iltem Symbol Applicable pin Test condition Min. Typ. Max. Unit
DIAG output leak . .
oot o Idiag (Ieak) DIAG1/2 Vdiag =5V - 0 5.0 WA
RL = 5.1 kQ,
L level output Vdiag DIAG1/2 | VCC=15t055V | - 0.02 0.4 Vv

voltage

(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 =4.5t0 5.5V, VDDIO=3.0to
5.5V, Tj =-40 to 150°C

ltem Symbol Applicable pin Test condition Min. Typ. Max. Unit
CM1/2 output _ _ - 0 90
current 1 R =220 Q, lout =0 mA MA
CM1/2 output _ _ 105 610 1100
current 2 R =220 Q, lout = 300 mA MA
CM1/2 output _ _ 1.4 23 3.4
current 3 R=220Q, lout=1A mA
CM1/2 output Ve M1, ez 26 3.6 4.6
outpu _ _ . . .
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
current 6

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

R=2200Q lout=60A | 100 [ 155 | 180 | o
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10.9. Driver output AC characteristics

| |
OUT1/2 4
| D Nl 0% 10% %D |

+—p

Figure 10.1. Driver output slew rate (SR)

| |
PWM1./2 \_I 1.5V 15V I_/
|
[ —

'tEEGn |}ll

! |
OuUT1/2 iy tD{DfV
“20%

Figure 10.2. Driver output delay time

|
EN/ENB 5 | { | 5Y

|
| tDEN
X 90%
oUT1/2 ’?\

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 =4.5t0 5.5V, VDDIO =3.0 to
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

© 2020-2023 85 2023-02-02

Toshiba Electronic Devices & Storage Corporation Rev.1.3



TOSHIBA

TB9053FTG, TB9054FTG

10.11. SPI communication

Table 10.11. SPI communication 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
VIH3 VDDIO=45t05.5V 3.6 - VDDIO \Y
Input voltage VIL3 SDI,’\ICS:(S;LK’ VDDIO=45t05.5V -0.3 - 0.8 \Y,
Vhys3 VDDIO=45t05.5V 0.1 - 1 \Y
VIH4 VDDIO=3.0t0 3.6 V 24 - VDDIO \Y
Input voltage VIL4 SDI,’\ICS:(S:LK’ VDDIO=3.0t0 3.6 V -0.3 - 0.8 \Y,
Vhys4 VDDIO=3.0t0 3.6 V 0.1 - 1 \Y
IIH3 NCS -5 0 5 MA
VIN=VDDIO =5V
IIH4 SDI, SCLK 25 50 100 MA
Input current
IIL3 SDI, SCLK -5 0 5 HA
VDDIO =5V, VIN = GND
L4 NCS -30 -14 -5 MA
VOH _ 0.9
(SDO) SDO IOH = -2 mA *\/DDIO \Y
Output voltage 0
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 | 1h (SP) 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_; 5
NCS VIL Ttrans NYit
Td(SCLK) Td(NCs) i
VIH | ——
SCLK N\ \JVIL
Tsu(SDI)
SDI Don't care >< DIn DIO >< Don't care
T(SDOY) f Tvalid i Td(SDO2)
L MSB — ; 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

comm%ﬁilcation CONFIG1 DATA[10:9] = 01 - 100 - ms

disruption | 1StoP (NCS) NCS CONFIG1 DATA[10:9] = 10 - 1000 - ms
duration N Not B

CONFIG1 DATA[10:9] = 11 applicable 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=3.0to

5.5V, Tj =-40 to 150°C

Item Symbol Applicable pin Test condition Min. Typ. Max. Unit
PWM_CLK Tet
suspension stop _ -
determination | (PwM_cLK)| ©VM-CLK 8 s
time -

Table 10.14. PWM_CLK pin input clock Input range electrical characteristics

Test conditions unless otherwise specified: VBAT =4.5t028 V,VCC =45t0 5.5V, VDDIO=3.0t0 5.5
V, Tj = -40 to 150°C

Toshiba Electronic Devices & Storage Corporation

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

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.

o o

O.1uF9; Iz 100uF ; ; 10uF 22 ;;O.WF O.WuF; ZZ 100uF TTT
VBAT y VDDIO VBAT
2 . 51k 54 5
5.1k v 51k§2
300r 20052 ]
T pa oy o g B2y
4 T 0 pd T 3Q0r 20002
b
DIAG? T & 5 DIAG2 T
, = 3Q0r200
P Ly 5 ouT2 PWIL L B3 ouT2
T T ? & T Qor2000
0 ‘i. 38201 200!
ot L prine oL
B ouTs = 3Q0r2000 & B3
PG [ PWM3 X
X 0 &4 3Q0r200Q2
MM b PWI
P PN 5 1 oury T aGer2000 M 4, out4
EN1 bt EN1 st
B 4 3520r 20082
EnNgl PJoseL2 T DJosEL2
<] X
BoseLt N D osELt
EN2 o K4 B2 o X
& ENE2 B 1SEL . ENE2 AL, B4 1sELt
g ¥
che D ise12 cie B4 1seL2
B4 o
] SLEEFPB o SLEEFE
2200 B4 [<] o 22082 54 X o
22082 AGND| NCS  SDI SDO SCLK PWMCLK PGNC2 PGND1 220G AanD| NCS  SDI SDO  SOLK PWMCLK PGND2 PAND1

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

3V ECU
L 2 SW/3.3W ECU % I % serey
VDDID VGG 5‘& wDD WBAT
Low volaze
P"R detection
Low voltaze
detecticn
Ly [reme ]
Pre— —| ila l_
Drriver r< EG oum
&
&, Over current
" detection
rate

Control setting T L
. Over current Fouit BTk

detection i _| él 5& }_

Interface . FOR

. Low volage PGMND

detection E‘:

WL » Over temp.

detection T=D

- Open load

ouTa

QuT4

T

ciouit €E

PGMND

Pre-
Driver _|
& X
:> Slew :> Over currant
rate detection
setting f T x

Fit'hd Doty Control circuit

[SEL1 ISEL2

TAGND
C1,C2 capacitance value: 0.1uF to 1uF
Figure 12.1. Example application circuit

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

Note: Do not insert devices incorrectly or in the wrong orientation. Otherwise, it may cause device
breakdown, damage, and/or deterioration.

Note: 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.

Note: 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.

Note: For the board design, use solid patterns for AGND and PGND.
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Note: 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.

© 2020-2023 90 2023-02-02

Toshiba Electronic Devices & Storage Corporation Rev.1.3



TOSHIBA

TB9053FTG, TB9054FTG

13. Package drawings

13.1. Package dimensions TB9053FTG (P-LQFN40-0606-0.50-001)

Weight: 193mg (typical)
Unit:mm

[60]
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™ | = ]
— — |
— —
1 —
— —

= —
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W 0202000 raTmamm el
‘ ‘ ~! !— 40,1000 |5 [ 48|
i
[
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
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13.3. Marking

TB9053FTG, TB9054FTG

£ 1B
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 : \_?_} \EYGU \_51_) A11
Mn @ 6@ @

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)

.~~~ o~
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14. IC Usage Considerations
14.1. Notes on handling of ICs

(1)

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

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

(1)

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”.

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

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

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

o 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.

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

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

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

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

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

Toshiba Electronic Devices & Storage Corporation

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