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TB9084FTG
Toshiba Bi-CMOS Linear Integrated Circuits Silicon Monolithic
Automotive Gate Driver for Brushless Motor
1. Description
TB9084FTG is a gate driver IC for automotive brushless motors. It is
equipped with a charge pump, motor current sensing circuit, oscillation
circuit, SPI communication circuit, and multiple types of abnormality
detection circuits. In addition, it allows abnormality detection conditions
and reaction operation, after abnormality detection to be set by using
SPI communication. P-VQFN36-0606-0.50
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. Applications

Motor generators, electric oil pumps. Automotive body system applications such as power sliding doors, and
power tail gates.

3

. Features

Used in a 12V battery system and a jump start environment (Operating voltage range: VB = 5.7 to 28V)
MCU with 5V and 3.3V system 1O ports controls this product (Operating voltage range: VCC = 3.0 to 5.5V)
Low reset current at VCC=0V to prevent the battery from running out

Can be used in a temperature environment for mechanically and electrically integrated type.

Built-in charge pump circuit (VCP).

Built-in gate drivers for driving 3-phase FETs (PWM control, up to 20kHz)

Built-in gate driver (high-side switch) for driving a FET for reverse polarity protection (RPPO)

Built-in motor current sensing circuit

Built-in oscillation circuit, 4MHz(Typ.)

Various built-in abnormality detection circuits

VB, VCC, RPPO under voltage/VCC, VCP over voltage/Over temperature/VDS detection of 3-phase FET

/Short to VB or GND fault detection for charge pump drive terminals (CP1SW, CP2SW)
/SPI communication abnormality detection

Built-in input circuit for gate driver emergency stop (ALRAM)

Built-in SPI communication circuit

Ambient temperature (Ta) = -40 to 150°C, Junction temperature (Tj) = -40 to 175°C
Package: P-VQFN36-0606-0.50 (Wettable flank, 0.5mm pitch)

AEC-Q100 (Rev-J), Q006 (Rev-A): Grade 0

Do not design your products or systems based on the information on this document. Please contact
your Toshiba sales representative for updated information before designing your products.

Start of commercial production (schedule)
2025-08
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[Notes for Users]

All the functional blocks, circuits, etc. in the block diagrams may be omitted or simplified for explanatory
purposes.

Determine the peripheral circuits after thorough evaluation and check on unit boards assuming the operating
environment.

TB9084FTG

Please note that the contents may change without advance notice, because the document status is preliminary
one. We apologize for any inconvenience.

When “[[G]J/JRoHS COMPATIBLE,” “[[G]JJRoHS [[Chemical symbol(s) of controlled substance(s),” “RoHS
COMPATIBLE,” or “RoHS COMPATIBLE, [[Chemicalsymbol(s) of controlled substance(s)]]>MCV” is written on
the packing box label, this product conforms to the EU RoHS Directive (2011/65/EU) as described.
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4. Block Diagram
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TB9084FTG
5. Pin Assignments Top view
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Fig. 5.1 Pin Assignments (top view)
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6. Pin Description
Table 6.1 Pin Description
No.| Name /0 Function Pull-up/down
Resistance
1 | LWO ouT Gate driver output (W phase low-side) Pull-down to LS
2 | LVO ouT Gate driver output (V phase low-side) Pull-down to LS
3 | LUO ouT Gate driver output (U phase low-side) Pull-down to LS
4 |LS IN Reference input for low-side gate drivers -
5 | RPPO ouT Output_for driving FET for reverse polarity )
protection
6 | VCP sPuo;\)I:)?; Charge pump voltage Pull-down to VB
7 | CP2B I/0 Charge pump 2" stage bias voltage -
8 | CP1B I/O Charge pump 15! stage bias voltage -
9 | CP2SW | OUT Charge pump 2" stage drive output -
10 | PGND GND Power ground -
11 | CP1SW | OUT Charge pump 15t stage drive output -
Power -
12 | VB supply External battery power supply
13 | HWO ouT Gate driver output (W phase high-side) Pull-down to HWS
14 | HWS IN Qate driver reference input (W phase high- -
side source)
15 [ HVO ouT Gate driver output (V phase high-side) Pull-down to HVS
16 | HVS IN G_ate driver reference input (V phase high- -
side source)
17 | HUO ouT Gate driver output (U phase high side) Pull-down to HUS
18 | HUS IN G_ate driver reference input (U phase high- -
side source)
19 | HS IN \S/iges)detectlon input of 3-phase FET (high- )
20 | ALARM |IN Gate driver emergency stop input Pull-up to VCC
21 | HWI IN Gate driver input (W phase high-side) Pull-down to GND
22 | HVI IN Gate driver input (V phase high-side) Pull-down to GND
23 | HUI IN Gate driver input (U phase high-side) Pull-down to GND
6-input mode (Polarity during power-on: “L”) )
24 | LUl IN Gate driver input (U phase low-side) Pull-down to GND
6-input mode (Polarity during power-on: “L”) )
25 |l IN Gate driver input (V phase low-side) Pull-down to GND
6-input mode (Polarity during power-on: “L”) )
26 | LW IN Gate driver input (W phase low-side) Pull-down to GND
27 | SCLK IN SPI clock input Pull-down to GND
28 | NCS IN SPI chip select Pull-up to VCC
29 | SI IN SPI input Pull-down to GND
30 | SO ouT SPI output -
31 | NDIAG | OUT Error output -
Power
32 | VCC External 5V/3.3V power supply -
supply
33 | GND GND Analog, digital ground -
34 | AMP_O | OUT Current sensing amplifier output -
35 |AMP N |IN Current sensing amplifier (-) input -
36 | AMP P | IN Current sensing amplifier (+) input -
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7. Functional Description

7.1. Charge Pump Circuit

This product has a built-in charge pump circuit for the gate drivers to drive 3-phase FETs. The drive frequency
is 250kHz (Typ.) as long as the switching operation is not stopped. With this drive frequency, the VB voltage
is pumped up. The charge pump circuit requires two external ceramic capacitors.

TB9084FTG

The pumping up operation in the the circuit stops under the conditions below.
When Vcp > Vb+12V (Typ.) so that Vcp is not above the Vgs rating (£20V) of the 3-phase FET, its switching
operation is stopped by the control of the internal circuit, and when Vcp<Vb+12V (Typ.), its operation is
resumed.

When Vb voltage is low and Vcp is lower than Vb+12V (Typ.), Vcp outputs characteristics depending on the

charge pump circuit configuration and its capability.

In addition, when Vcp > 56V (Typ.) so that Vcp withstand voltage is not exceeded, detection operation is
conducted depending on the register setting by SPI communication. And when Vcp<56V (Typ.), detection
release operation is conducted depending on the register setting by SPI communication as well. For details,
see Chapter 7.6.5.

When the charge pump circuit is turned off after an abnormality detection, VCP voltage transitions to VB
voltage.

Note: When a fault is detected and the charge pump circuit is turned off and a certain period has passed
after the fault release, the motor operation is enabled. Details are shown in Chapter 7.6.

When the reset of this product is released, charge pump operation is started, and after the voltage has become
sufficient, the gate driver operation is allowed. This sequence is to prevent the gate driver from malfunctioning.
For details, see Fig. 7.6.1.2.

When an adjacent short circuit or a short to VB or ground of CP1SW terminal and CP2SW happen, the internal
elements are protected with the abnormality detection circuits. The details are shown in chapter 7.6.8.
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Fig. 7.1 Charge Pump Circuit Block Diagram
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7.2. Gate Driver Circuits

As a gate driver to drive external FETs (7 units), this product is equipped with gate drivers (6 units) for 3-phase
FETs and a gate driver (1 unit) for a FET for reverse polality protection.

TB9084FTG

7.2.1. Gate Drivers for Driving 3-Phase FETs

The gate driver circuits for 3-phase FETs are for high-side drive and low-side drive for motor drive.
Each of the gate driver circuits for high-side drive and low-side drive has an input terminal. This input terminal
turns off the gate driver when an open fault happens.

The gate driver circuit has 6 output terminals to drive a 3-phase FET. The output stage configuration is of a
switch type, and an external series resistor is recommended depending on the operation speed needed for
the 3-phase FET.

For a gate driver that drives a high-side FET, when VB voltage is high enough, voltage clamped at H*S
reference +10V is output. When VB voltage is low, charge pump voltage with GND reference is output via an
internal switch so that enough voltage is applied to the FET gate, and the output voltage is 20V or lower not
exceeding the Vgs withstand voltage of the FET. On the other hand, since a gate driver that drives a low-side
FET is given Vcp power supply voltage enough to drive in the Vb operating voltage range, voltage clamped at
LS reference +11V is always output. These outputs have electric current capability suitable for controlling FET
gate that drives motors for applications shown in Chapter 2, and the propagation delay time from the input
terminal to the output terminal and the relative deference time for on/off time and off/on time of high side and
low side respectively on each phase are optimized. In addition, it has a pull-down resistor to stably turn the
FET on and off while the motor’s phase input is in Hi-Z state.

Note that when a 3-phase FET is turned off, the effect of the electric current from H*S terminal of this product
on the motor operation is negligible.

H*S terminal and LS terminal are robust enough against noise exceeding VB and noise below GND.
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TB9084FTG
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Fig. 7.2.1.1 Gate Driver Circuits Block Diagram
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<High-side drive circuit, Low-side drive circuit>
A high-side drive circuit drives a high-side 3-phase FET. A low-side drive circuit drives a low-side 3-phase
FET. This product is equipped with 3 channels of high-side and low-side circuits each. Input signals
(HUI/HVI/HWI, LUI/LVI/LWI) are converted in the control block to generate output signals (HUO/HVO/HWO,
LUO/LVO/LWO).

Current Limit Function

To protect this product from a short to power or ground, electric current of high-side drive and low-side drive
circuits after a turn-on/turn-off is switched to a limited current (lo_Imth/lo_Imtl) after a set time “t_ilim” (“000”
to “111”) of CONFIG4 register.

Prohibited Input Detection

Note: “*” means u, vand w or U, V and W.

This function is to prevent through-current from being generated by both upper and lower FETs in the same
phase being turned on by an input signal. The truth table is shown in Table 7.2.1.1. The behavior when
H*I=L*I="H" regardless of the period when the gate driver is enabled or disable (gate_en_*="H" or "L") can
be selected by pl_op register in CONFIG4.

When pl*_dis bit is “L,” the input prohibition mode is enabled and the output is H*O=L*O="L.”

At this time, whether the status register is set to “H” or NDIAG="L" can be selected by pl_op.

When pl_op is set to “H,” set err_pl_* to “H.” When pl_op="L,” do not set err_pl_* to “H.” NDIAG terminal
follows the status register. To turn off a gate driver circuit for driving a 3-phase FET (6c¢h), drive the gate driver
to “L” so that the FET that drives the motor is turned off. Turning off a gate driver circuit for driving a 3-phase
FET (2ch) of a detected phase means driving the gate driver to “L” so that the H/L part FET of the detected
phase is turned off.

When pl*_dis=“H,” detection of prohibited input itself is disabled, and the output can be H*O=L*O=“H"

For details of the internal signals (gate_en_%*) in the truth table, see chapter 7.7.

Table 7.2.1.1 1/O Truth Table (High-side, Low-side drive circuits)

FET Drive Circuit( “*” means u, vand wor U, Vand W)

Ig’ﬁ(g]%naall Input %ee%i[isr’ggr Output | status Remarks
(gate_en_*) | H*I | L*I | pl*_dis | pl_op | H*O | L*O | err_pl_*
el X X _ Inactive
X | L X X -
“L” “0” “0” “L L - Prohibited Input Mode, Without Status
‘H” | “H” “0” “1” “set” | Prohibited Input Mode, With Status
“1” X - Prohibited Input Mode Disabled (U phase)
“U] oL X X “L | L -
‘L’ | “H” X X “L | H” - Active
@ ‘H” | “L” X X “‘H” | “L” -
“0” “0” “L | L - Prohibited Input Mode, Without Status
‘H” | “H” “0” “1” “ o L “set” Prohibited Input Mode, With Status
“1” X ‘H” | “H” - Prohibited Input Mode Disabled (U phase)

Note: X means “Don’t care”
Note: NDIAG terminal is linked with the status. The status can be cleared by setting err_pl_*_cl bit.
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7.2.2. Gate Driver for FET for Reverse Polarity Protection

TB9084FTG

The gate driver for FET for reverse polarity protection is a circuit that drives FET placed between the battery
and 3-phase FETs. Even when the FET for reverse polarity protection is turned off with the battery correctly
connected, the battery provides current to 3-phase FETs through the body diode of the FET. When the battery
is reversely connected, by turning the FET off via RPPO terminal, reverse current to the battery is shut off. In
addition, this product has built in a 500Q output series resistor and a diode that shuts off reverse current from
the ground of the under voltage detection circuit when reversely connected.

This product is equipped with a switch that shuts off current flowing from RPPO terminal to GND via RPPO_UV
in the reset state.

Drive Circuit for FET for Reverse polarity Protection (Gate-Drv.RPP)
The drive circuit for FET for reverse polarity protection is configured with a high-side switch. This switch is
always ON as long as it has not received a disable signal (gate_dis_rpp).

Battery

(gate_dis_rpp)

Vep
RPP —|
Control RPPO * ¢]

|

Gate-Drv.(RPP) 500Q

150k Q

TAT
L]

RPPO_UV

L

Fig. 7.2.2.1 Gate Driver Circuit for FET for Reverse Polarity Protection
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7.3. Current Sensing Circuit

TB9084FTG

7.3.1. Configuration

This circuit has built in an amplifier for motor current sensing and an amplifier for generating reference voltage.
The amplifier for generating reference voltage generates reference voltage based on Vcc voltage.

The motor current sensing amplifier amplifies differential voltage generated by the current flowing in external
shunt resistor connected to the GND of the motor drive part. This amplified voltage is output from the reference
voltage toward Vcc. Note that the direction of the motor current that can be sensed is from the power supply
to GND only.

The gain can be set by SPI communication. The amplified voltage is output from AMP_O, and it is
recommended that external low-pass filter is inserted between AMP_O and MCU to reduce noise. Performing
calibration with no current flowing in the motor to correct offset variation among individual units improves output
voltage accuracy. Note that the input voltage range in which this accuracy improvement can be expected is
the one that has considered the voltage operating point of the shunt resistor in normal time. When a resistor
is connected to the input terminal, it may cause another gain error.

In addition, this circuit has specific tolerance to noise of VCC power supply and noise around the shunt resistor.

YWoo

1,46 CC

Yoo

[I] AMP_P |
— b

AMPO B4 Gain AMP N I_JI]
=T 7 4

I

Calibration

Fig. 7.3.1.1 Motor Current Sensing Circuit Block Diagram
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7.3.2. Offset Calibration

TB9084FTG

Perform offset calibration when the input differential voltage is the same voltage (0V). When the input
differential voltage is not zero, the calibration is not performed correctly.

By setting CONFIG5 register: cal_amp=*1," calibration is started and cal_en="1." During the calibration,
gain_amp =“101" (30 times) (fixed). During calibration, since the offset correction value is being searched for
by comparing amplifier output and REF by changing CAL_DAT. When the calibration is completed, cal_en="0"
and it is set to cal_pass. When cal_pass=“1" is given, the result is kept as it is and used as an adjustment
value. When cal_pass=“0" is given, the adjustment result is discarded and returned to the default value at
reset. When next calibration is started, cal_pass is automatically cleared to “0.” By writing “1” to cal_pass_cl
bit(STAT1_CLR), cal_pass can be cleared at any time, but CAL_DAT data is maintained. While cal_en is “1,”
calibration is being performed, and even if cal_amp is set during this period, it is discarded.

‘ “1017(=30)
Zain_amp
(SPD o
o1 E
GAIN_SEL n
REF _@
2
Ll
YVeo 2
» AP | B
AMPO G Gain dE £ [ B
- e amP N E
m =) t
el
® £
7
OALﬁDATT
CMPO
| ; ; pcal en
Calibration control c:a\ipéss
REF
cal_amp
Fig. 7.3.2-1 Offset Calibration Block Diagram
D @ @ @ 6]
cal_amp is ignored during calibration,
—
cal_amp | | | |
cal_en
gain_amp W o Y user mode FARRTTRE § N o X W o X User_mode
user mode uzer mods user mode
Ca|_paSS { pass] \ fail / pass? \ / passa \
cal_pass_cl |
pass? data keep data
CAL_DAT default X W pass] data by detfault ) W b by pessa data
searching searching searching searching

Fig. 7.3.2-2 Performing Offset Calibration

Note: Please note that this product is not equipped with a function that automatically connects AMP_P, and
AMP_N terminals to GND.

Note: Since this product adopts a single-shunt configuration, please select components while considering the
increase current flowing through the shunt resistor compared to a three-shunt configuration.
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TB9084FTG
7.4. Oscillation Circuit
The oscillation circuit has built-in CR, and its frequency is 4MHz (Typ.).

_\5_
[~ Toge ]

ogic
voo [ | s |
| |
{clkdm) |

Qsc
| |
| |
Voo
LOW\:’OH:EIge L —_— —— — l
monitenng (por_x)
Fig. 7.4.1 Oscillation Circuit Block Diagram
—_— E Undervoltage removed \ \
VGO /i
(DOI’_XJ
Fig. 7.4.2 Oscillation Circuit Timing Chart
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7.5. Abnormality Flag Output Function

7.5.1. NDIAG Terminal Output

When this product does not detect abnormality, NDIAG terminal outputs “H.”
When this product has detected abnormality, NDIAG terminal outputs “L” or “H” depending on SPI
communication setting.

Table 7.5.2.1 shows a list of abnormality detection functions in this product. In operation modes with “H” in the
NDIAG column, NDIAG terminal does not become “L” even when an abnormality is detected. In operation
modes with “L” in the NDIAG column, NDIAG terminal follows the status register of SPI communication (except
VCC under voltage detection). While “1” is latched in the status register, NDIAG="L" is output, and returns to
NDIAG=“H" when all status registers are cleared to “0.” In operation modes where the status register is not
latched at “1,” NDIAG returns to “NDIAG="H” when the abnormality detection is resolved even if the status
register is not cleared.

To avoid MCU misdetection caused by NDIAG terminal output reversing from “L” to “H” when VCC voltage
goes below the under voltage detection criterion, NDIAG terminal maintains “L” until specified VCC voltage.

7.5.2. Status Registers in SPI communication

In settings with “-” in the Status Reg. column in Table 7.5.2.1, the status register does not become “1” even
when abnormality is detected.

In settings with a status name in the Status Reg. column, “0” is set when abnormality is not detected, and “1”
is set when abnormality is detected.

Status Clear

In settings with “-” in the Status Clear column in Table 7.5.2.1, the status bit is cleared accordingly when
abnormality condition leaves.

In settings with a status clear name in the Status Clear column, when “1” is entered into the status register
caused by abnormality detection, the bit remains latched after the abnormality leaves (NDIAG remains latched).
To clear the latched bit, write “1”for the status clear bit (NDIAG returns to H).

When an abnormality condition doesn’t leave, the latched bit cannot be cleared.

In settings with (Latched) written in the “Operation at Detection” column, it is latched with the written operation.
To return to the normal operation when abnormality leaves, clear the status register. In settings with (Latched)
not written in the “Operation at Detection” column, the operation accordingly returns to normal when the
abnormality leaves even if the status register is not cleared.

Table 7.5.2.1 Abnormality Detection Circuits

Abnormality | Setting | Setti Initial | Status | Status | NDI

Detection Reg. | ng Operation at Detection [Note 2] [Note 3]
Circuit Note 1 | pit P Value | Reg. Clear | AG
\VCC under All gate drivers of 3-phase drive FETs to off. o
None - - - - L
voltage Turn off charge pump.
VB under wb “0” |All gate drivers of 3-phase drive FETs to off. - uvb_cl
«s» |All gate drivers of 3-phase drive FETs to off. uvb “L”
voltage _op 1 X -
Turn off charge pump.
“000” |Disable detection. X - - ‘H”

“001” |Continue operation. -
“010” |All gate drivers of 3-phase drive FETSs to off. -

\VCP over “011” All gate drivers of 3-phase drive FETs to off|

voltage ovep_op (Latched).

«1nnn |All gate drivers of 3-phase drive FETs to off.
100 -
Turn off charge pump.

All gate drivers of 3-phase drive FETs to off

101 (Latched). ]
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Turn off charge pump (Latched)

\VCC over
voltage

ovcc_op

“OOO”

Disable detection.

_ uHu

‘1001 ”

Continue operation.

‘010"

All gate drivers of 3-phase drive FETs to off.

u01 1 ”

All gate drivers of 3-phase drive FETs to off
(Latched).

“100”

All gate drivers of 3-phase drive FETs to off.
Turn off charge pump.

“101”

All gate drivers of 3-phase drive FETs to off
(Latched).
Turn off charge pump (Latched).

ovce

ovcc cl | “L”

RPP under
voltage

uvrpp_o
p

“OOO”

Disable detection.

‘1001 ”

Continue operation.

‘:01 On

All gate drivers of 3-phase and a gate driver of
reverse polarity protection drive FETs to off.

‘011”

All gate drivers of 3-phase drive FETs to off.

“100”

All gate drivers of 3-phase drive FETs to off
(Latched).

uvrpp

uvrpp_cl| “L”

Thermal
shutdown

tsd_op

“000”

Disable detection.

_ “Hu

‘001~

Continue operation.

‘010"

All gate drivers of 3-phase drive FETs to off.

“011”

All gate drivers of 3-phase drive FETs to off
(Latched).

‘:1 OO”

All gate drivers of 3-phase drive FETs to off.
Turn off charge pump.

‘:1015!

All gate drivers of 3-phase drive FETs to off
(Latched).
Turn off charge pump (Latched).

tsd

tsd_cl | “L”

\/ds of 3-phase
FET
(High side)

vdsh_op

“OOO”

Disable detection.

‘001~

Continue operation.

“010”

H/L gate drivers of detected phase drive FETs to
off

u01 1 ”

H/L gate drivers of detected phase drive FETs to
off (Latched).

“100”

All gate drivers of 3-phase drive FETs to off.

‘:1015!

All gate drivers of 3-phase drive FETs to off
(Latched).

“110”

All gate drivers of 3-phase drive FETs to off.
Turn off charge pump.

u111”

All gate drivers of 3-phase drive FETs to off
(Latched).
Turn off charge pump (Latched).

vds_uh
vds_vh
vds_wh

vds _uh_
cl

vds_vh_
cl

vds_wh_
cl

uLu

\/ds of 3-phase
FET
(Low side)

vdsl_op

“OOO”

Disable detection.

‘001~

Continue operation.

“010”

H/L gate drivers of detected phase drive FETs to
off

u01 1 ”

H/L gate drivers of detected phase drive FETs to
off (Latched).

“100”

All gate drivers of 3-phase drive FETs to off.

‘:1015!

All gate drivers of 3-phase drive FETs to off
(Latched).

“110”

All gate drivers of 3-phase drive FETs to off.
Turn off charge pump.

u111”

All gate drivers of 3-phase drive FETs to off
(Latched).
Turn off charge pump (Latched).

vds_ul
vds_vl
vds_wil

uLn

CP1SW,

cpsw_de

uon

Continue operation

cplsw

uLn

cplsw
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TB9084FTG
CP2SW t op _det _det_cl
terminal g All gate drivers of 3-phase drive FETs to off. cp2sw cp2sw
abnormality Turn off charge pump (Latched). _det _det_cl
detection
‘[O” - - “HH
err_pl_u
Gate driver In the case of pl*_dis="L", H/L gate drivers of _cl
prohibited pl op | .,, |detected phase as prohibited input drive FETs err_pl_u err_plv| .,
input 1 to off. err_pl_v ol L
er_pl_w err_pl w
_cl

[Note 1] The value of the setting register “xxxx_op” for each detection function can be changed at any time, but
the “xxxx_op” setting is not reflected in the actual operation while the status register for its respective
detection function is indicating that abnormality has been detected.

[Note 2] When the charge pump is turned off, the internal driver is stopped and voltage around VB is output at

VCP terminal.

[Note 3] When all (7ch) gate driver circuits are turned off, the gate drivers are driven to “L” so that 3-phase FETs
are turned off, and the high side switch is turned off so that the FET for reverse polarity protection is
turned off. When gate driver circuits (6ch) for driving 3-phase FETs are turned off, the gate drivers are
driven to “L” so that the FETs that drive the motor are turned off. When gate driver circuits (2ch) for
driving 3-phase FETs of a detected phase are turned off, the gate drivers are driven to “L” so that both
high side and low side FETs of the detected phase are turned off.

Condition

Normal X Abnormal X Normal

Device Operation ! No reaction

SEeffuns (Clsan 0
Status Reg. 0
NDIAG H
Fig. 7.5.2.1 When Status Reg. is “-” and Status Clear is “-”
Condition Normal X Abnormal :X Normal X Abnormal
Device operation Normal X Reaction :X Normal X Reaction
Status Clear E E 0 E
Status Reg. 0 X 1 X 0 >:( 1
NDIAG H | L | H | L

Fig. 7.5.2.2 When Operation at Detection is not “(Latched),” a bit name is in Status Reg. column, and

no bit name is in Status Clear column
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] I I
] I I
. ; | j
Condition Normal X Abnormal X Normal X Abnormal
J I I
] I I
i | |
Device operation Normal X Reaction Normal X Reaction
| . Not need to write “0" ‘ Mot need to write 0"
: 1 i
Status Clear |

]

L )

Fig. 7.5.2.3 When Operation at Detection is not “(Latched),” a bit name is in Status Reg. column, and
a bit name is in Status Clear column

Status Reg. 0 X 1

NDIAG H L

==
o

I
. :
Nt U
Condition Normal X Abnormal X Normal X Abnormal
1 I
1 ]
1 ]
1 ]
i | :
1 1
Device Operation Normal X Reaction M Normal X Reaction
1
Not need to write “0" Mot need to write “0"

n
o

| H

Status Clear 1

Status Reg. 0 X 1 1

NDIAG H L

L

—_—

Fig. 7.5.2.4 When Operation at Detection is “(Latched),” a bit name is in Status Reg. column, and a
bit name is in Status Clear column

Condition Normal X Abnormal X . Normal X Abnormal
Device operation Normal X Reaction ;X Normal X Reaction

E Net nssd to writs “0”

Status Clear H/
Status Reg. 0 X | 1 X 0 | X 1
SPI command Ei Ei ; Eéi
Setting Reg. C%;X f(lhl X ::: 010
Fig. 7.5.2.5 How to Change Setting Reg.
© 2024 17 2024-11-11

Toshiba Electronic Devices & Storage Corporation Rev. 2.1



TOSHIBA Preliminary

7.6. Abnormality Detection Circuits

TB9084FTG

7.6.1. VCC Under Voltage Detection Function

The VCC under voltage detection circuit monitors voltage at VCC terminal to detect | under voltage. After
detection, this product goes into a reset state. The detection comparator has hysteresis to prevent its output
from chattering at the time of detection and detection release. In addition, this circuit ignores noise
superimposed on VCC with a response time of 20us (Typ.).

Analog
Filter

e _
(QO r_><)

Fig. 7.6.1.1 VCC Under Voltage Detection Block Diagram

VCC Weo Wee
> ST === -S)-_ -1
— Logic I
V/a |
v + | |
cC
< under voltage : :
BG monitoring | |
e | '
| |
| |
|

© 2024 18 2024-11-11
Toshiba Electronic Devices & Storage Corporation Rev. 2.1



TOSHIBA Preliminary

(1)VCC voltage goes down
When VCC voltage goes below the detected under voltage Vthcll, detection operation is started.

(2)VCC under voltage is detected
After a response time of Tcl, (por_x)=“L,” NDIAG="L" is output, and the gate driver circuits for driving 3-
phase FETs are turned off. Until the under voltage is released, each circuit maintains its off state.

(3)VCC voltage recovers (Under voltage release)
When VCC voltage goes above Vthclh, the under voltage is released and (por_x)="H,”
Soon after that, charge pump circuit starts operation and the gate driver circuit for driving the FET for reverse
polarity protection is turned on.
After Tpre_en has passed from (por_x)="H,” NDIAG="H" is output, and the gate driver circuits for driving 3-
phase FETs follow input signals.

TB9084FTG

VB
@ @
Wthah :
VCC  wihel VCC goes undervoltage. 1 VCC goes normal voltage.
: |
@ | i
<« |
Tel | i
i !
(por_x) Under reset condition.
1
SHI
) ) possible impossible possible
communication
1
) , . . Starts up with the initial value.
Reglster data Keep previous data. Previous data will be cleared. (To revert 1o previous data, you need to set it again.)

NDIAG i
. .
H+0/ Controlled by input ; ; i‘_’ Controlled by input signal
L0 — Stop of motor gate-driver operation. | Tpreen :
Il
RPPO | sutput VCP Wiz output VCP

. Stop of charge pump operation. . '
VoP \ | / |

VCP is connected to VB with a pull-down resistor.

Fig. 7.6.1.2 VCC Under Voltage Detection Timing Chart

Note: When Vcc reaches the under voltage threshhold, this product goes into a reset state. Since the set
values in digital circuits (such as set values using SPI) are cleared, resetting is required after the reset state
is released.

Note: When Vcc under voltage is detected and the charge pump circuit is turned off, and NDIAG becomes “H”
after Tpre_en has passed since the release of Vcc under voltage release, the motor operation is enabled.
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TB9084FTG

7.6.2. VB Under Voltage Detection Function

The VB under voltage detection circuit monitors voltage at VB terminal to detect under voltage. The detection
comparator has hysteresis to prevent its output from chattering at the time of detection and detection release.
In addition, this circuit ignores noise superimposed on VB with a detection filtering time of 20us (Typ.).

In addition, SPI communication allows the operations below.
e  Set operation after an abnormality has been detected.
e Read abnormality detection flag.

e  Clear abnormality detection flag.

| Logic |
| —»X] SO
|
| P : g
| communication
I circuit | SCLK
| NCS
VB () Vec : 3 I
|
| (whl) |
Filter > Error Logic —rbﬁg NDIAG
Weg under voltage |
-~ monitoring |
—_—— e — — |
_? (gate_en_u,v,w) (cp_en]
(lkdm) (por )
Gate—Dr Ch
for 3-phase ares
inverter pHmp
Fig. 7.6.2.1 VB Under Voltage Detection Block Diagram
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TB9084FTG

(1)VB voltage goes down
When VB voltage goes below the detected under voltage Vthbll, detection operation is started.

(2)VB under voltage is detected
After a detection filtering time of Tbl has passed, a under voltage state is detected by VB under voltage
detection signal (vbl)="H,” the status register: uvb=“1" and “NDIAG="L.”
The operation after detection can be selected between 2 modes via SPI communication.
The gate driver circuit for driving the FET for reverse polarity protection maintains its ON state.
In the case of register: uvb_op="0,” gate driver circuits for driving 3-phase FETs are turned off.
In the case of register: uvb_op=“1,” the charge pump and gate driver circuits for driving 3-phase FETs are
turned off.
Even if setting is changed during detection, the change is not effective, and after the detection is released
and register: uvb is cleared, the changed setting becomes effective.
While under voltage is detected, register: uvb cannot be cleared, and NDIAG remains “L”".

(3)VB voltage recovers (Under voltage release)
When VB voltage goes above Vthblh, it results in VB under voltage detection signal (vbl)=“L,” and under
voltage is released.
In the case of register: uvb_op="0,” the status register: uvb=“1" and NDIAG=“L" are latched, and gate drivers
for driving 3-phase FETs follow input signals. When register: uvb is cleared by SPI communication, after
Tpre_en has passed, NDIAG="H. is output”
In the case of register: uvb_op="1," status register: uvb="0," NDIAG="H,” and the charge pump circuit
automatically recovers, and the gate driver circuits for driving 3-phase FETs follow the input signals.

Register Register
qu_Op - “0" uvbﬁop — u.'u
(default)

VCO

WE goes low voltage Urndervoltage remowved AE goes low voltage Underwoltage remowved

Ythhlh Vthhlh

NDIAG A output L

Motor gate-driver | \
He# /S l(:ontro!\ed by operation off operation off id—b Qontrol\led by
L %0 input signal : Tpre_en input signal

Controlled \y\input signal
1
|
|
i

Reverse polarity protection gate-driver

Qutput WCF
RPPO

VOP

H
T
|
|
|
|
|
* Charge pump
j/ 1 operation off
i
i

Llhold) NDIAG
operation off H#Q S+
RPPO Continue operation RPPO
Charge pump Continue operation

MNDIAG
H+C/L#0

s output L
: operation off
- Continue cperation

Charge pump Continue off

Fig. 7.6.2.2 VB Under Voltage Detection Timing Chart

Note: When Vb under voltage is detected and the charge pump circuit is turned off, and NDIAG becomes “H”

after Tpre_en has passed since a release fo the Vb under voltage, the motor operation is enabled.
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TB9084FTG

7.6.3. RPPO Under Voltage Detection Function

The RPPO under voltage detection circuit monitors differential voltage between Vcp voltage and RPPO voltage
to detect insufficient driving state for the FET for reverse polarity protection. The detection comparator has
hysteresis to prevent its output from chattering at the time of detection and detection release. In addition, this
circuit ignores noise superimposed on RPPO terminal with a detection filtering time of 20us (Typ.).

In addition, SPI communication allows the operations below.
e  Set operation after an abnormality has been detected.
e Read abnormality detection flag.Clear abnormality detection flag.

Voo
:_ Logic |
Yep |
RPP | (zate_dis_ron) SO
Control i S | Sl
| communication |
RPPO 50002 | circuit | SCLK

| NCS
' |
| —— |
I {rpol) , |

Filter > Error Logic —»[<] NDIAG
under voltage > |
monitoring |
Ref — e i L
voltage (zate en_uvw) (cpen)
' T (dkdm) (rorx) —r
ate—Lr
for 3—phase Charge
inverter pump

Fig. 7.6.3.1 RPPO Under Voltage Detection Block Diagram

(1)RPPO voltage goes down
Vcp voltage and RPPO voltage are compared, and when the difference goes below the detected under
voltage Vthrppll, the detection operation is started.

(2)RPPOQO under voltage is detected
After a detection filtering time of Trppl has passed, a under voltage state is detected by RPPO under voltage
detection signal (rppl)=“H”, resulting in the status register: uvrpp=“1" and NDIAG="L.”
The detection operation can be selected among 5 modes via SPI communication.
Note that in the case of register: uvrpp_op =“000,” detection is disabled, and the status register: uvrpp="0"
and NDIAG="H" are maintained, and each circuit continues its normal operation.
Whether RPPO terminal continues to be ON or is turned off after RPPO under voltage is detected can be
selected by register setting.
Even if setting is changed during detection, the change is not effective, and after the detection is released
and register: uvrpp is cleared, the changed setting becomes effective.
While under voltage is detected, register: uvrpp cannot be cleared, and NDIAG remains “L”.

(3)RPPOQ voltage recovers (Under voltage release)
When register: uvrpp_op=“010" is output and under voltage is detected, RPPO terminal is also turned off.
So, to recovery the state, VCC needs to be turned off once and turned on after a certain period. In this case,
in a period of por_x (L) and a period of Tpre_en (L), differential voltage between VCP voltage and RPPO
voltage can be generated. So, the detection is disabled.
When register: uvrpp_op="011" is output and RPPO voltage is above Vthrpplh, it results in RPPO under
voltage detection signal (rppl)=“L” and the under voltage is released.
In the case of register: uvrpp_op =“100,” gate drivers for driving 3-phase FETs stay in their OFF state, and
the status register: uvrpp="1" and NDIAG="L" are latched even when the under voltage is released.
When register: uvrpp is cleared by SPI communication, each circuit operates normally and NDIAG="H" is
output
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TB9084FTG

Register Register Register
uvrpp_op = “000” uvrpp_op = “001” uvrpp_op = “010”
(default)
RPPO-\ep goes low Under voltage RPPC-Wep goes low Under voltage RPPO-Yep goes low

voltage remowved voltage removed voltage
; ' I

REPO
“\ap Wthrppll

“thrpplh “Wthrpplh

D
["DDU ! Trppl Ignore detection
i
i E output loutput
NDIAG output H ! Lthole) e |
Motor gate-driver | !
T T T T i ;
H+0/ : q 0 1 : | ! drive L ; controlled by
s controlled by input signal : : | i FET off | Tereen input signal
1 1 1 1
Reverse polarity protection gate-driver | \\ | | |
| | | f | i
miaaly] output VP : : 3 ; Hz sutput WGP
i i i | i H
i I I . I
1 1 | | |
( ) H H ! | | 'RESET |« T »
par_x 1 H ! 1 1 H -
: : 3 : : i
: ! : 1 1 i _ [ viheh
Voo | ' ! ! | : i
MNDIAG output H MNDIAG soutput L{khold) NDIAG output Likold)
HQ /L0 continue operation HD /LD continue operation HO /L0 drive L
RPPO continue operation RPPO «continue operation RPPO drive L
Gharge pump continue operation Charge pump continue oparation Charge pump continue operation
Register Register
“ n
uvrpp_op = “011” uvrpp_op = “100
RPPO-Vep goes low Under voltags RPPO-Yep goes low Under voltage
RPPO voltage removead voltage remaoved
-Vop H p
Wthrapll ‘thrpplh Vthrpplh i
(rppl)
: |
output E output 3
NDIAG Llhold) | Lthold)
Motor gate-driver | : } :
H+0 / controlled by drive L trolled by i oral i drive L{hold)
L0 input signal FET off comtrolien s inpytjsiens E FET off
Reverse polarity protection ItJate—dn'ver | |
T
| f | H | |
RPPO output VGP ! ! : ; !
i i 1 | |
i f | )
| i //
NDIAG output L{hold) NDIAG output Likold)
H#0 /L0 drive L H+O /LH0 drive L(hald)
RPPO continue cparation RPPO continue operation
Charge pump «continue operation Charge pump continue operation

Fig. 7.6.3.2 RPPO Under Voltage Detection Timing Chart

Note: When RPPO under voltage is detected and Vcc is reset, the charge pump circuit is turned off. When
Tpre_en has passed since a release of Vcc reset and NDIAG becomes “H,” the motor operation is enabled.
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7.6.4. VCC Over Voltage Detection Function

TB9084FTG

The VCC over voltage detection circuit monitors voltage at VCC terminal to detect over voltage. The detection
comparator has hysteresis to prevent its output from chattering at the time of detection and detection release.
In addition, this circuit ignores noise superimposed on VCC terminal with a detection filtering time of 20us
(Typ.).
In addition, SPI communication allows the operations below.

e  Set operation after an abnormality has been detected.

e Read abnormality detection flag.

e Clear abnormality detection flag.

S0

Sl
SCLK
NCS

SPL
communication
Gircuit

i !

VGC D

Error Logic —I—DEQ NDIAG

‘over voltage
monitoring

(por) Gate—Dr
for 3—phase
inverter

Fig. 7.6.4.1 VCC Over Voltage Detection Block Diagram

(1)VCC voltage increases.
When VCC voltage goes above the detected over voltage Vthchh, detection operation is started.

(2)VCC over voltage is detected.
After a detection filtering time of Tch has passed, an over voltage state is detected by VCC over voltage
detection signal (vch)=“H,” resulting in the status register: ovcc="1" and NDIAG="L.”
Operation after detection can be selected from 6 modes via SPI communication.
In the case of register: ovcc_op="001", each circuit continues its nhormal operation even when VCC over
voltage is detected, but NDIAG="L" is latched.
However, in the case of register: ovcc_op="000," even when VCC over voltage has been detected,
NDIAG="H" is output and each circuit continues its normal operation.
Even if setting is changed during detection, the change is not effective, and after the detection is released
and register: ovcc is cleared, the changed setting becomes effective.
While over voltage is detected, register: ovcc cannot be cleared and NDIAG remains “L”.

(3)VCC voltage recovers (Over voltage release)
When VCC voltage going below Vthchl, it results in VCC over voltage detection signal (vch)="L" and the
over voltage is released.
In the case of register: ovcc_op="010" and the over voltage is released, gate drivers return to their normal
operation, but NDIAG=“L" remains latched.
In the case of register: ovcc_op="“011" even when the over voltage is released, OFF state of gate drivers
remains latched and NDIAG="L" remains latched.
In the case of register: ovcc_op =“100” and the over voltage is released, the charge pump and gate drivers
return to their normal operation, but NDIAG=“L" remains latched.
In the case of register: ovcc_op =“101" even when the over voltage is released, OFF states of the charge
pump and gate drivers remain latched and NDIAG=“L” remains latched.
When register: ovcc is cleared by SPI communication, each circuit operates normally and NDIAG="H" is
output.
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TB9084FTG

Register Register Register
ovc_op = “000” ovc_ op = “001” ovc op = “010”
(default)
WCG goes high WCC goes high WCG goes high

high voltage remowved high voltage removed high voltage removed

voltags voltage

Wthehl Wthehl

|
] | ] ]
' i ' output ' ! output
NDIAG : | cuteutH | Llhole) ‘ ; Llhokd)
| | ] : |
i ] i 1 |
Motor gate-driver | : | :
H#0/ s | | 3 3 drive L controlled by
L+0) comtr’ol\e?d by mm‘.lt signal | ! | 3 3 FET off input sigral
1 1 T j 1 T
Reverse polarity protection gate-driver \ \ | \ \ |
REPO autput WGP
| | 3 ) ] 3 3 ’ ‘ |
| i | 1
VGP | | | / / | | / / |
i ! i ! i i
NDIAG output H NDIAG sutput LLhold) MDIAG output Llhold)
H+Q /L+0 continue operation HO S L0 continue operation H+O /L*0 sdrive L
RPFO continue operation RPPO continue opsration RPFC continue operation
Charge pump continue operation Chargs nump continue oheration Charge pump : continue operation
Register Register Register
ovc_op = “0117 ovc_op = “100” ovc_op = “101”

WCC goes high WCC goes high high voltage removed WCC goes high

high voltage removed
voltage voltage

high voltage removed

i output ! output 1 output
NDIAG ! Lihokd) ! ! Lihold) | Lthold)
H#O/ | controlled by | drive Lihold) | controlled by | drive L «—»| coltbolled by input | drive Llhold)
L#Q) | inout signal FET off | input sigral | FET off Tereen | cig | FET off
RPPO output WGP !
1 | 1 ’ ’ i Charge pump i ’ Charge pump
| | | ] oheration off | operation offthold)
VOP | | | | |
NDIAG T output LChold) MNDIAG output Lihold) NDIAG output L{hold)
H+O /L0 drive L(hold) HED /L0 drive L HHD/LHO drive L{hold)
RPPC : continue operation RFPFPO continue operation RPPO continue operation
Charge pump continue operation Gharge pump operation off Charge pump operation offthold)

Fig. 7.6.4.2 VCC Over Voltage Detection Timing Chart

Note: When Vcc over voltage is detected and the charge pump circuit is turned off, and NDIAG becomes “H”
after Tpre_en period has passed since the Vcc over voltage detection was released, the motor operation is
enabled.
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7.6.5. VCP Over Voltage Detection Function

TB9084FTG

To avoid excessive over voltage applied on elements, this circuit detects over voltage of charge pump voltage
VCP. The detection comparator has hysteresis to prevent its output from chattering at the time of detection
and detection release. In addition, this circuit ignores noise superimposed on RPPO terminal with a detection
filtering time of 20us (Typ.).
In addition, SPI communication allows the operations below.

e  Set operation after an abnormality has been detected.

e Read abnormality detection flag.

e Clear abnormality detection flag.

:_ _________________ L ogio__|

| SO

|

, SP1 D si

| communication SOLK
VCP B [ circurt |

| NCS

|

|

|

(O Vee : |
|
(wvophh) I
Filter »  Ermorlogc  —»[X] NDIAG
over voltage I & |
monitoring |
—— e — |
(-‘? ) (gate en_uvw) {cpen)
(clkdkm) Por
Gate—Dr Chares
for 3—phase &
‘ pump
Inverter

Fig. 7.6.5.1 VCP Over Voltage Detection Block Diagram

(1)VCP voltage increases.
When VCP voltage goes above the detected over voltage Vthcphh, detection operation is started.

(2)VCP over voltage is detected.
After a detection filtering time of Tcph has passed, an over voltage state is detected by VCP over voltage
detection signal (vcp)=“H”, resulting in the status register: ovcp=“1" and NDIAG="L".
Operation after detection can be selected from 6 modes via SPI communication.
In the case of register: ovcp_op=“001”, each circuit continues its normal operation even when VCP over
voltage is detected, but NDIAG="L" is latched.
However, in the case of register: ovcp_op="000,” even when VCP over voltage is detected, NDIAG="H" is
output and each circuit continues its normal operation.
Even if setting is changed during detection, the change is not effective, and after the detection is released
and register: ovcp is cleared, the changed setting becomes effective.
While over voltage is detected, register: ovcp cannot be cleared and NDIAG remains “L”.

(3)VCP voltage recovers. (Over voltage release)
When VCP voltage goes below Vthcphl, it results in VCP over voltage detection signal (vep)="“L,” and the
over voltage is released.
In the case of register: ovcp_op=“010" and the over voltage is released, gate drivers return to their normal
operation, but NDIAG="L" remains latched.
In the case of register: ocph_op=“011,” even when the over voltage is released, OFF state of gate drivers
remains latched and NDIAG="L" remains latched.
In the case of register: ocph_op=“100" and the over voltage is released, the charge pump and gate drivers
return to their normal operation, but NDIAG=“L" remains latched.
In the case of register: ocph_op=“101,” even when the over voltage is released, OFF states of the charge
pump and gate drivers remain latched and NDIAG=“L” remains latched.
When register: ovcp is cleared by SPI communication, each circuit operates normally and NDIAG="H" is
output.
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Register

ovcp_op

= “000”

(default)

WGP goes high voltage

Wthephh

Owervoltage removed

“Wthophl

Register
ovecp_op = “001”

WGP goes high voltage

Owvervoltage removed
'

“thephl

Register

ovecp_op = “010”

WGP goes high voltage

Owvervoltage removed

“Wthophl

Teph

VOP | |
o © @ E
| :
(vep) { Teoh Teph
NDIAG output H E?}:EIL;B

Motor gate-driver

output
Lol

H#0./ Controlldd by inp;,lt signal
L#0 ! !

Reverse polarity protection gate-driver

RPFPC
NDIAG output H NDIAG output Lhold) NDIAG s output L{hold)
H#O /L0 : continue operation H+0 /10 continue operation H+0 /L0 drive L
RPPO : continue operation RPPO continue operation RFFC continue operation
Charge pump continue operation Charge pump continue operation Charge pump continue operation
Register Register Register
ovcp_op = “011” ovcp_op = “100” ovep op = “1017
WCP goes high voltage Overvoltage removed WGP goes high vo\pge Overvoltage removed YCP goes high vol‘tage Overvoltage removed
Vihephh | : 5 Vthophh | ; !
= Vthephl ! : : ! | Vthephl
' | | charge pump 1 | charge pump !
VGP ! i i operation off E i operation offthold) i
| . | | |
(vep) | |
vep 1 Teph
i , I
] | tout tput
NDLAG ! output ! outpu outpu
: Likold) | Lihold) Lhold)
i 5 |
H+0, | Controlled by drive L{hold) | Gontrolled by | drive L Controlled by | drive Lihold)
L0 input signal FET off 3 input siénal FET off input signal FET off
. I H
| |
RPPO ‘

NDIAG

HeD /L0
RPPO
Chargs pump

output L{hold)
 drive L{hold)
: continue operation
continue operation

MDIAG output Lhold)
H#Q /L#0 drive L
RPPO continue operation

Charge pump operation off

Fig. 7.6.5.2

MNDIAG output L{hold)
HQ /L0 drive L{hold)
RFPPO continue operation

Chargs pump operation offlhold)

VCP Over Voltage Detection Timing Chart
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7.6.6. Over temperature Detection Function

The detection comparator has hysteresis to prevent its output from chattering at the time of detection and
detection release. In addition, this circuit ignores noise superimposed on an internal node with a detection
filtering time of 20us (Typ.) SPI communication allows the operations below.

e  Set operation after abnormality has been detected.

e Read abnormality detection flag.

e Clear abnormality detection flag.

TB9084FTG

:- Logic
| SO
: SPI S|
| communication
I Sircuit SCLK
Vc | NCS
|
temperature | :
sensing diode |
A4 :
(1 Ve | Error Logic —=—>§§| NDIAG
Weo
+ | (tsdde‘&_ |
_j | Filter o :
over voltage |_ I |
monitoring (gate en uvw) {cp_en)
¢ y Y h 4
{ k) per Cate-Dr Charge
for 3—phase
) pump
inverter

Fig. 7.6.6.1 Over Temperature Detection Block Diagram

(1)Chip temperature rises.
When the temperature monitored by a sensor in this product goes above Tsdh, the detection operation is
started.

(2)Over temperature is detected.
After a detection filtering time of Ttsd has passed, an over temperature state is detected by over temperature
detection signal (tsddet)="H,” resulting in the status register: tsd="1,” and "NDIAG="L".
Operation after detection can be selected from 6 modes via SPI communication.
In the case of register: tsd_op=“001", each circuit continues its normal operation even when over
temperature is detected, but NDIAG="L" is latched.
However, in the case of register: tsd_op="000,” even when over temperature is detected, NDIAG="H" is
output and each circuit continues its normal operation.
Even if setting is changed during detection, the change is not effective, and after the detection is released
and register: tsd is cleared, the changed setting becomes effective.
While over temperature is detected, register: tsd cannot be cleared and NDIAG remains “L”.

(3)Over temperature detection is released.
When the temperature goes below Tsdl, it results in over temperature detection signal (tsddet)="“L,” and over
temperature detection is released.
In the case of register: tsd_op=“010" and the over temperature is released, gate drivers return to their normal
operation, but NDIAG="L" remains latched.
In the case of register: tsd_op="011,” even when the over temperature is released, OFF state of gate drivers
remains latched and NDIAG="L" remains latched.
In the case of register: tsd_op=“100" and the over temperature is released, the charge pump and gate drivers
return to their normal operation, but NDIAG=“L” remains latched.
In the case of register: tsd_op=“101,” even when the over temperature is released, OFF states of the charge
pump and gate drivers remain latched and NDIAG="“L" remains latched.
When register: tsd is cleared by SPI communication, each circuit operates normally and NDIAG=“H" is
output.
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Fig. 7.6.6.2 Over Temperature Detection Timing Chart

Note: When over temperature is detected and the charge pump circuit is turned off, after Tpre_en has passed

since the over temperature was released, the motor operation is enabled.
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7.6.7. VDS Detection Function for 3-Phase FETs

In ON state operation of 3-phase FETSs, differential voltage between HS and H*S terminals of this product is
monitored for high-side FETs and differential voltage between H*S and LS terminals of this product is
monitored for low-side FETs to detect abnormality. The threshold voltage can be set by SPI communication
for high-side FETs and low-side FETs each. In addition, to avoid detecting a state before reaching a complete
ON state, a mask time after the input terminal receives an ON command has been prepared, and this time
can be set by SPI communication. Higher voltage than the threshold voltage is detected as abnormal and “1”
is stored at the status register for each phase and for each side.

TB9084FTG

Operation after abnormality has been detected can be set by SPI communication (CONFIG2). Two types of
setting are available: the OFF state of gate driver circuits for driving 3-phase FETs is not latched and it is
latched. In the former type as well, the gate driver circuits for driving 3-phase FETs remains latched their OFF
state while the input terminal is receiving “H.” In addition, in the “latched” setting, the “1” of the status register
needs to be cleared to return to the normal operation.

In addition, SPI communicaton (CONFIG4) can enable/disable detection for each phase.

vth vdsuh
vth vdsvh

vth_vdswh
N Threshold
) setting

o

e B et HIHT - o

: Logic : > HUO q}

| | | T EI:::WO ¥

3 | S ik

: (Rlsubo) : e

| (fvdsvho) | ]

i (Fudswhol iv i - /M

NDIAG Hﬁi oo (Ruksul) E i

i (fudsvio) : ,J

I | I i

: (Fudswlo) ! __"I/cgf] q} i

| ’\‘D L VO |ﬁ}

[H 1 I A A T <

vih vdswl :I: T“e(zﬁ;‘d -q'> = E[F Lo |E}
—
N ey
Fig. 7.6.7.1 Block Diagram of VDS Detection for 3-Phase FETs
Table 7.6.7.1 VDS Detection Scenarios
Comparison by Comparator Input Signal Abnormal State
Comparator Output
VHus-Vis > Vinvdsul (vdsulo) = “H” LUl =“H” FET VDS abnormal at LUO
Vhvs-Vis > Vinvdsvi (vdsvlo) = “H” LVI =“H” FET VDS abnormal at LVO
Vhws-Vis > Vinvdswl (vdswlo) = “H” LWI = “H” FET VDS abnormal at LWO
VHs-VHus > Vinvdsuh (vdsuho) = “H” | HUI = “H” FET VDS abnormal at HUO
Vus-Vhvs > Vinvdsvh (vdsvho) = “H” | HVI="H" FET VDS abnormal at HYO
Vhs-Viws > Vinvdswh (vdswho) = “H” | HWI =“H” FET VDS abnormal at HWO
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Fig. 7.6.7.5 Short-Circuit Detection Timing Chart (In the case of register: vdsl_op = vdsh_op “011”)
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Fig. 7.6.7.7 Short-Circuit Detection Timing Chart (In the case of register: vdsl_op = vdsh_op “101”)
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Fig. 7.6.7.9 Short-Circuit Detection Timing Chart (In the case of register: vdsl_op = vdsh_op “111”)
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7.6.8. Abnormality Detection for CP1SW and CP2SW Terminals

This function detects abnormality for the following cases.
e  Short-circuit with adjacent terminals for CP1SW and CP2SW each
e  Short circuit to VB
e  Short circuit to GND
e  Short circuit of an external flying capacitor
In addition, SPI communication allows the operations below.
e  Set operation after abnormality has been detected (CONFIG5).

e Read abnormality detection flag (flag for CP1SW and CP2SW each) (STAT1).

e Clear abnormality detection flag (clear flag for CP1SW and CP2SW each) (STAT1_CLR).
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7.7. Alarm Input Circuit

ALARM signal controls whether to Enable/Disable gate driver circuits (for driving both 3-phase FETs and
reverse polarity protection FET) depending on external input.
In the case of ALARM=L,” input of gate driver circuits and internal signals determine whether to
Enable/Disable (normal operation).
In the case of ALARM="H,” the operation follows as set by CONFIG2 register. “1” is set to the STAT1 status
register and NDIAG="L" is output.
When ALARM is switched from “H” to “L,” the status register returns to “0” and NDIAG follows the status
register and outputs “H.” In the input side of the ALARM terminal, a digital filter (D.F.) has been incorporated
to remove noise. Whether the digital filter is used or not can be set by CONFIG3 register.

When ARARM terminal has an open fault, the gate driver circuits are controlled to disable.
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Fig. 7.7.1 ALARM Circuit Control Block Diagram

Table 7.7.1 ALARM Circuit Control Truth Table

por_x ALARM almdet_x alm_op | gate_en_u | gate_en_v | gate_en_w gat?gS'S
“L!l X X X “L!l (iL” “L!l _(iH”
“O!l “L!l (iL” “L!l (iH”

“H” (Abnormal) [ “L” (Abnormal) o oL oL aL gate_off
(iH” _rpp

“L” (Normal) | “H” (Normal) X gate_off u_x|gate_off v_x|gate_ off w_x gat;ap_;ff

Note: “X” means “Don’t care”
Note: alImdet_x is the signal after which ALRAM signal is inverted and passed through filter(Without filter:
fil_alm=0, With a filter: fil_alm=1)
Note: gate_off _u_x, gate_off_v_x, gate_off w_x, and gate_off rpp are signals to stop gate drivers for
reasons other than Alarm signal.( The suffix “_x” indicates that it is an inverted signal.)

Table 7.7.2 ALARM Settings (For how to see the table, see 7.5.1 and 7.5.2.)

. Setting | Setting . . Initial | Status | Status
Function Reg. bit Operation at Detection Value Reg. Clear NDIAG
Turn off gate driver circuits for
“«" driving 3-phase FETs gGCh), Turn X
ALARM | al off gate driver circuits for reverse Im det aL
aim_op polarity protection FET. alm_de -
“qn Turn off gate driver circuits for
driving 3-phase FETs (6¢h). B
© 2024 40 2024-11-11

Toshiba Electronic Devices & Storage Corporation

Rev. 2.1



TOSHIBA Preliminary

7.8. SPI Communication Circuit

This product has a built-in SPI communication circuit configured with a mode of “CPOL=0 and CPHA=1" for a
responder purpose.

The SPI communication circuit is configured with 4 terminals, where NCS, SI, and SCLK terminals judge input
voltage a “H” level or “L” level. The SO terminal is a push-pull configuration, outputs “H” level or “L” level
voltage and goes into Hi-Z state in the case of NCS=“H.” The maximum frequency of the communication is
2MHz.

TB9084FTG

Only in the case of NCS="L,” is communication with MCU allowed.

After being switched to NCS="L,” a wait time is required before SCLK input is started. In addition, a certain
period is required for the Hi-Z state of SO to be released.

At a rising edge of the clock, MCU outputs data to Sl. At the next falling edge, this product reads in data, and
around the falling edge, a certain period is required to set up and hold the Sl data.

At a rising edge of the clock, this product outputs data to SO with a certain delay time. MCU reads in the data
at the next falling edge.

A certain period is necessary from the clock’s final falling to NCS="H.” After a certain period from switching to
NCS="H,” SO goes into Hi-Z state.

From switching to NCS="H" to the start of next transmission (NCS="“L"), a certain wait time is required.

As a complementary figure for above explanation, Fig. 9.9.1 is useful.

Sl receives data bits from MCU in the order from MSB to LSB.

SO sends data bits to MCU in the order from MSB to LSB.

In addition, NCS terminal is pulled up by a resistor and SCLK and Sl terminals are pulled down by a resistor
in this product.

Yoo
Ve e _______Logic_
ﬁ y : SPI communication circuit |
CC | I
NCS [X g s | .
Yoo | |
NG N : SO

St I 12~ : - SPI core circuit :
g :

|
SCLK » I
X 12> : |
[
I i |
: Register read/write circuit :

|
|
| ! |

|
| Register :
| |
L o — — — — — — — —— —— — — — — — — — — — — — — I

i s
(por )
Fig. 7.8.1 SPI Communication Circuit Block Diagram
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7.8.1. SPI Communication Operation

TB9084FTG

The frame length is 16. Sl is formed of addressing bits: Addr{4:0], data bits: Data[9:0], and an even parity bit:
P[0] for data check. In terms of functions, two types of operation are provided: read operation and write
operation, and whether to read or write can be selected by “RW”bit (Addr[0]).

The frame structure is shown below.

NCS
SCLK Uy
SI Addr[4:0] X Data[9:0] XP[O]
so —{ (AeRs X e \proj}—

Fig. 7.8.1.1 Frame Format

To Write, with Addr[0]=0, specify the address shown in Table 7.8.3.1 Register Map. Then specify data to write
in Data[9:0], and finally, specify an even parity check P[0] covering Addr[4:0] and Data[9:0]. In the next
transmission, the write data are output in the order of Addr[4:0], Data[9:0], and P[0] from SO.

To read, with Addr[0]=*1,” specify the address shown in Table 7.8.3.1 Register Map. Then specify Data[9:0]
all to “0,” and finally specify an even parity check P[0] covering Addr[4:0] and Data[9:0]. In the next transmission,
the specified read data are output in the order of Addr[4:0], Data[9:0], and P[0] from SO. In this transmission,
a dummy frame (NOP:No Operation) that does not affect the operation of this product can be used.

An example of normal SPI operation is shown in Fig. 7.8.1.2.
e Transfer 1: CONFIG1 is written.
e Transfer 2: Read command for STAT1 is written and written data in Transfer 1 is confirmed from SO.
e Transfer 3: CONFIG2 is written and read data that was commanded in Transfer 2 is confirmed from SO.

| SPI Transfer 1 (write) | | SPI Transfer 2 (Read) | | SPI Transfer 3 (Read) |
i Even Even Even
Pin S| Addr | Addr Data . Addr | Addr Data . Addr | Addr Data .
Parity Parity Parity
MCU [4:1] | Rw[O] [9:0] [4:1] | Rw[0] [9:0] [4:1] | RW[O] [9:0]
[0] [0] [0]
Value in Hex 02 3 { 09 1 0D 0 00 1 05 0 00 0
Value in Binary 0001 | 0 11 0000 1001 1 0110 | 1 00 0000 0000 1 0010 I 1 00 0000 0000 0
Even Even Even
Pin SO Addr Addr Data . Addr Addr Data . Addr | Addr Data .
Parity Parity Parity
MCD [4:1] | RwI[0] [9:0] [4:1] | Rw[0] [9:0] [4:1] | RW[O] [9:0]
[0] [0] [0]
Value in Hex Previous Previous Previous 02 3 [ 09 1 0D 0 | 10 1
Value in Binary Addr Data Parity 0001 [ 0 11 0000 1001 1 0110 [ 1 00 0001 0000 0

Fig. 7.8.1.2 An Example of Transmission in SPI Communication
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7.8.2. Error Judgment

TB9084FTG

In SPI communication, errors below are judged.
e  Parity error
e  Addressing error
e Frame length error

The parity error check judges it an error when the even parity bit P[0] is set to an odd parity.

The addressing error check judges it an error when an address not in Table 7.8.3.1 Register Map is set, or
Read/Write conditions not mentioned are set.

The frame length error check counts the number of SCLK in the L period of NCS. Assuming that an external
noise interferes with the SCLK line during communication, the error is detected when the number of clock is
between 1 and 15, or 17 and above. When the length is 17 clocks or more, SO outputs “0” from 17 clocks or
later. In both cases, it is judged an error at the time of NCS (L to H).

When an error is detected, “1” is written to status register err_spi, and NDIAG="L" is output. When an error
occurs in writing, Data[9:0] becomes ineffective, writing to registers is not performed, and old data is
maintained. Note that at the time when the NDIAG="L" is recognized, it is possible that an error is happening
in SPI communication, which might not be established from then on, but MCU should continue the
communication, and for a frame to be used, an NOP frame which is unlikely to cause erroneous writing to
registers is recommended.

When an SPlI communication error is detected, a previous Addr[4:1]+ Addr[0], Data[9:0]=0x000, and an
intentionally made wrong parity bit are returned in the next transmission. This makes MCU recognize that the
cause of the previous NDIAG="L" is an SPI communication error, but MCU continues communication and
expects the parity bit to return to its normal.

After returning to normal, “1” of err_spi and NDIAG=“L" remains latched. After confirming that SPI
communication has returned to normal, MCU writes “1” to err_spi_cl, sets err_spi to “0,” and returns NDIAG
to “H.” After this, it is recommended that MCU compare various settings in registers with those before the
abnormal state happens.

When Vcc under voltage has been detected
o SPI communication is not allowed.

: (3) MCU tries whether the SPI
(2) MCU checks what kinds of S i
" 2 communication abnormality has been g I
(1) MCU recognizes that TB9084FTG has abnormality occur from status flags, then| o (4) MCU send "err_spi_cl=1", then err_spi
i i 5 R recovered or not, In this case, MCU
something abnormal with "NDIAG=L". Mcu that SPI ion 9 p set "0" followed by NDIAG="H".
K £ £ recognizes that the abnormality has
has abnormality with "Error Parity". 5 g
been recovered with "Normal Parity".
MCcU— NCS
Error judgement OK judgement OK judgement OK judgement
MCU— sl [Adgrnsi]o]  Datan:l [P [Ader N+2 [ 1] set data 0x000_]?] [Adér N+2 [ 1] Set data 0x000_]P] [[Addr N+3 [ 1] Clearing err_spi [ P] [Adarn+z]
Write ] Read Write Write |
TB908LFTG— S0 [acarn Jo]  Datan_ ]P] [[20dr N+1 T 0]set Data(ox000) X] [Adarne2]1]  patsks2  JP] [aderne2Jo] — Dataks2 1P| [[Roarnsz]
T = "4 T
j - P '
Set "Error Parity" ,"" Set "Normal Parity" ,»"/ H
i - .- |
! -
Write Data . Read Data T Read Data LBE Write Data H
<Register: <Datax S | H ;
Addr N Data K I\A | \ “
Addr N+1 Data K+1 - F— -I» Data K+1 (Not update) l'\
Addr N+2 Data K+2 1] K
l l \
TBO034FTG—  NDIAG H le L | H
) )
TBYOBAFTG— err_spi [1]

1 i 0
STAT2[0] :
MCU— err_spi_cl r

STAT2_CL[0]
# P : Even Parity (1bit)

# X + Set Error Parity (Odd Parity)(1bit)

Fig. 7.8.2.1 Transmission example when a Communication Error Has Been Detected
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Table 7.8.2.1 List of SPl Communication Error Settings (For how to see the table, see 7.5.1 and 7.5.2.)

. Setting | Setting | Operation at | Initial | Status Status
Function Reg. bit Detection Value Reg. Clear NDIAG
SPI Communication Continue . . af »
N/A - . - err_spi | err_spi_cl L
Error operation
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TB9084FTG
7.8.3. Register Map
Table 7.8.3.1 Register Map
.+|Addr[0]
Symbol Add]r[4'1 Write | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
Read
CONFIG1[1h 00b01 gé?; uvb_op ovcp_op ovce_op uvrpp_op
conFiG22n 9" \Q’((%) tsd_op vdsh_op vdsl_op alm_op
CONFIG3|3h oob11 \Q/((?)) mask_vds vth_vdsh vth_vds| fil_alm
0100( W(0) . . . . | vds_u [vds v| vds w
CONFIG4(4h b R(1) t_ilim plu_dis|plv_dis| plw_dis dis dis dis pl_op
0101| W(0) . cal_am| ) ) ) cpsw [gd_in_s
CONFIG5(5h b R(1) gain_amp b det op ol
0110 cp2sw | cplsw |cal_pa
STAT1 [6h b R(1) | uvb | ovcp | ovece |uvrpp | tsd " det " det s cal_en alm det
STAT2 |7h OL“ R(1) |vds_uhlvds_vh Vdf\—w vds_ul|vds_vi| vds_wi |err pl u e"\—/p'— err_pl_w| err_spi
STAT1 C 8h 1000 W(0) |uvb_dl OVCp_C|OVeC_ClUVIpp_| 4y cp2sw | cplsw caIS_Spa _ set dfit
LR b - I I cl — | __det cl| _det cl ol —
STAT2 C 1001 vds_uhlvds_vh|vds w|vds ul|vds vl| vds wl |err_pl_u err__pl_ err_pl_w| err_spi
=——=—/9h W(0)
LR b cl cl h cl cl cl cl cl v cl cl cl
W(0)
NOP [Fh{1111b R(1) - - - - - - - - - -

Overall:
e When data is set to a bit that is not assigned (
When the bit is read, the bit is read as “0.”
e Afunction is provided that one writing (set_dflt) returns all bits of set values (CONFIG1 to 5) and status
(STAT1 to 2) to default values.
e Underlined register descriptions in chapter 7.8.3.1 to chapter 7.8.3.9 (Register Explanation) represent
the default values.

(3R]

is shown in the register map) to write, it is discarded.

CONFIG (Setting) registers:
e When a bit that is not shown as a set value is set, the set value is not updated, and the previous value
is maintained.
e When detection of prohibited input has been disabled by pl* dis bit of CONFIG4[6:4], the detection
itself has been disabled. So, even when H*I=L*I="H” is input, output is H*O=LO="H,” the status bit is
not set, and NDIAG terminal does not become “L.” (*: U/V/W). Refer to Table 7.2.1.1.

STAT (Status) registers:
e Returning of “1” to “0” is performed in two ways: Returning automatically depending on the result of
detection of circuits, and writing “1” to the status clear register to return.
e Only cal_pass of STAT1[1] is “0” in an abnormal state.

STAT _CLR (status clear) registers:
e When “1” is written after transition to the normal state, the status bit is cleared. The cleared register
becomes “0” (default value), In this case, NDIAG="H" is output and normal operation is recovered.
e When abnormality has been detected, writing “1” does not clear status registers to be cleared.
e  After writing “1,” writing back to “0” is not required.
e Writing “0” is ineffective.

Note: Due to the features of the parity check, in cases where transmitted data has changed in 2 bits or more
and the number of “1” is the same, errors cannot be detected.
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TB9084FTG
7.8.3.1. CONFIG1 Write Address=2h / Read Address=3h
Table 7.8.3.1.1 CONFIG1 Register Map
.+ |Addr[0]
Symbol Add]r[4.1 Write | D9 D8 D7 D6 D5 D4 D3 | D2 | D1 | DO
Read
CONFIG1h0001 W(0) b
1 b R(1) uvb_op ovcp_op ovcc_op uvrpp_op

Table 7.8.3.1.2 CONFIG1 Register Explanation

bit Symbol R/W Function

Select operation for VB under voltage detection.

“0”=NDIAG:“L” output (latched), All gate drivers of 3-phase drive FETs to off.
“1”=NDIAG:“L” output, All gate drivers of 3-phase drive FETs to off, turn charge
pump off.

CONFIG1

9] uvb_op R/W

Select operation for VCP over voltage detection.

“000"=NDIAG:*H”(continue), Continue operation [Disable detection]
“001”=NDIAG:“L” output (latched), Continue operation.

“010"=NDIAG:“L” output (latched), All gate drivers of 3-phase drive FETs to off.
“011” =NDIAG:“L” output (latched), All gate drivers of 3-phase drive FETs to off
(latched).

“100"=NDIAG:“L” output (latched), All gate drivers of 3-phase drive FETs to off,
turn charge pump off.

“101"=NDIAG:“L” output (latched), All gate drivers of 3-phase drive FETs to off,
turn charge pump off (latched).

CONFIG1

[8:6] ovcp_op R/W

Select operation for VCC over voltage detection.

“000"=NDIAG:"H”(continue), Continue operation [Disable detection]
“001”=NDIAG:“L” output (latched), Continue operation.

“010”=NDIAG:“L” output (latched), All gate drivers of 3-phase drive FETs to off.
“011”=NDIAG:“L” output (latched), All gate drivers of 3-phase drive FETs to off
(latched).

“100”=NDIAG:“L” output (latched), All gate drivers of 3-phase drive FETs to off,
turn charge pump off.

“101"=NDIAG:“L” output (latched), All gate drivers of 3-phase drive FETs to off
(latched), turn charge pump off (latched).

CONFIG1

[5:3] ovcc_op R/W

Select operation for RPPO under voltage detection.
“000"=NDIAG:"H”(Continue), Continue operation [Disable detection]
“001”=NDIAG:“L” output (latched), Continue operation.

“010"=NDIAG:“L” output (latched), All gate drivers of 3-phase and reverse
polarity protection drive FETs to off.

“011”=NDIAG:“L” output (latched), All gate drivers of 3-phase drive FETs to off.
“100"=NDIAG:“L” output (latched), All gate drivers of 3-phase drive FETs to off
(latched).

CONFIG1
[2:0] uvrpp_op R/W
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TB9084FTG
7.8.3.2. CONFIG2 Write Address=4h / Read Address=5h
Table 7.8.3.2.1 CONFIG2 Register Map

.4|Addr[0]

Symbol/"dd]r[“'1 Write | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
Read

CONFIG|,,.|0010| W(0) alm_o
> 2h b R(1) tsd_op vdsh_op vdsl_op b

Table 7.8.3.2.2 CONFIG2 Register Explanation

bit Symbol R/W Function

Select operation for over temperature detection.

“000”=NDIAG:“H”(continue), Continue operation [Disable detection]
“001"=NDIAG:“L” output (latched), Continue operation.

“010’=NDIAG:“L” output (latched), All gate drivers of 3-phase drive FETSs to off.
“011”=NDIAG:“L” output (latched), All gate drivers of 3-phase drive FETs to off
(latched).

“100”=NDIAG:“L” output (latched), All gate drivers of 3-phase drive FETs to off,
turn charge pump off.

“101”=NDIAG:“L” output (latched), All gate drivers of 3-phase drive FETs to off
(latched), turn charge pump off (latched).

CONFIG2

[9:7] tsd_op*1 R/W

Select operation for VDS abnormality detection for 3-phase FETs (high side).
“000”=NDIAG:“H”(continue), Continue operation [Disable detection]
“001”=NDIAG:“L” output (latched), Continue operation.

“010"=NDIAG:“L” output (latched), H/L gate drivers of detected phase drive FETs
to off.

“011”=NDIAG:“L” output (latched), H/L gate drivers of detected phase drive FETs
to off (latched).

“100"=NDIAG:“L” output (latched), All gate drivers of 3-phase drive FETs to off.
“101"=NDIAG:“L” output (latched), All gate drivers of 3-phase drive FETs to off
(latched).

“110”=NDIAG:“L” output (latched), All gate drivers of 3-phase drive FETSs to off, turn
charge pump off.

“111”=NDIAG:“L” output (latched), All gate drivers of 3-phase drive FETs to off
(latched), turn charge pump off (latched).

CONFIG2

[6:4] vdsh_op R/W

Select operation for VDS abnormality detection for 3-phase FETs (low side).
“000"=NDIAG:“H”(continue), Continue operation [Disable detection]
“001”=NDIAG:“L” output (latched), Continue operation.

“010"=NDIAG:“L” output (latched), H/L gate drivers of detected phase drive FETs
to off.

“011"=NDIAG:“L” output (latched), H/L gate drivers of detected phase drive FETs
to off (latched).

“100"=NDIAG:“L” output (latched), All gate drivers of 3-phase drive FETs to off..
“101”"=NDIAG:"“L” output (latched), All gate drivers of 3-phase drive FETs to off
(latched).

“110"=NDIAG:“L” output (latched), All gate drivers of 3-phase drive FETs to off, turn
charge pump off.

“111”"=NDIAG:“L” output (latched), All gate drivers of 3-phase drive FETs to off
(latched), turn charge pump off (latched).

CONFIG2

[3:1] vdsl_op R/W

Select operation for ALARM detection.

“0"=NDIAG:“L” output, all gate drivers of 3-phase and reverse polarity protection
drive FETs to off.

“1”=NDIAG:“L” output, All gate drivers of 3-phase drive FETs to off.

CONFIG2
[0]

alm_op R/W
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7.8.3.3. CONFIG3 Write Address=6h / Read Address=7h

TB9084FTG

Table 7.8.3.3.1 CONFIG3 Register Map

- JAddr0]
Add]r[4'1 Write [ D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
Read

CONFIG|,, |0011]| W(0)
3 3h b R(1) mask_vds vth_vdsh vth_vdsl

Symbol

fil_al

3

Table 7.8.3.3.2 CONFIG3 Register Explanation

bit Symbol R/W Function

Selects VDS detection filtering time for 3-phase FETs (high side/low side).
“000=6us

“001"=8us

“010"=10us

mask_vds R/W | “011"=12ps

“100"=16us

“101"=32us

“110"=64us:This setting is automatically selected when 3-input system is selected.
“111"=128us

CONFIG3
[9:7]

Selects VDS detection threshold voltage for 3-phase FETs (high side).
“000"=0.1V
“001"=0.3V
vth_vdsh R/W | “010"=0.5V
“011"=0.7V
“100"=0.9V
“101"=1.1V

CONFIG3
[6:4]

Selects VDS detection threshold voltage for 3-phase FETs (U phase low side).
“000"=0.1V
“001"=0.3V
vth_vdsl R/W | “010"=0.5V
“011"=0.7V
“100"=0.9V
“101"=1.1V

CONFIG3
[3:1]

Sets ALARM digital filter (for both high side/low side)
CO'EIOTGS fil_alm R/W | “0”= No filter
“1"= 16ps *16x22x(1/4MHz)+(1/4MHz)
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7.8.3.4. CONFIG4 (Write Address=8h / Read Address=9h
Table 7.8.3.4.1 CONFIG4 Register Map
.. |Addr[0]
Symbol Add]r [“"'Write | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
Read
CONFIG|,, |0100| W(0) o . ._|plw_di|vds_|vds_v|vds_
4 4h b | R(1) t_ilim plu_dis|plv_dis s |u dis| dis w dis pl_op
Table 7.8.3.4.2 CONFIG4 Register Explanation
bit Symbol R/W Function
Selects start time of output current control for gate drivers for driving 3-phase FETs.
“000"=6us
“001"=8us
“010"=10ps
CONFIG4 . “011"=12us
[o:7] |HIm RIW | «1007=16ps
“101"=32ps
“110"=64us Note: This setting is automatically selected when 3-input system is
selected.
“111"=128us
Selects whether to enable/disable prohibited input detection of U phase output
CONFIG4 lu dis RIW (HUO, LUO) of gate drivers for 3-phase FETs.
[6] plu_ “0”’= Enable detection for U phase.
“1”= Disable detection for U phase.
Selects whether to enable/disable prohibited input detection of V phase output
CONFIG4 v dis R/W (HVO, LVO) of gate drivers for 3-phase FETs.
[5] PIV_ “0”= Enable detection for V phase.
“1”= Disable detection of V phase.
Selects whether to enable/disable prohibited input detection of W phase output
CONFIG4 W dis R/W (HWO, LWO) of gate drivers for 3-phase FETs.
[4] pIW_ “0”= Enable detection for W phase.
“1”= Disable detection for W phase.
Selects whether to enable/disable VDS detection (U phase high side & low side) for
3-phase FETs.
CO'EI:;IGA' vds_u_dis | R/W | “0”= Enable detection for U phase.
“1”= Disable detection for U phase (No new detection, no influence on already
detected status).
Selects whether to enable/disable VDS detection (V phase high side & low side) for
3-phase FETs.
CO'EIZTGA' vds_v_dis | R/W | “0"= Enable detection for V phase.
“1”= Disable detection for V phase (No new detection, no influence on already
detected status).
Selects whether to enable/disable VDS detection (W phase high side & low side) for
3-phase FETs.
CO’E‘E|G4 vds w_dis | R/W | “0”= Enable detection for W phase.
“1”= Disable detection for W phase (No new detection, no influence on already
detected status).
Selects operation for prohibited input detection of gate drivers for driving 3-phase
FETs.
“0”= Do not set result of prohibited input detection to status register, NDIAG: “H”
CONFIG4 o RIW output. In the case of pl* dis="L", H/L gate drivers of detected phase as prohibited
0] pLop input drive FETs to off.
“1”= Set result of prohibited input detection to status register, NDIAG: “L” output
(latched). In the case of pl*_dis="L", H/L gate drivers of detected phase as prohibited
input drive FETs to off.
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7.8.3.5. CONFIG5 Write Address=Ah / Read Address=Bh
Table 7.8.3.5.1 CONFIG5 Register Map
.4|Addr[0]
Symbol Add]r[4.1 Write | D9 | D8 D7 D6 | D5 | D4 | D3 | D2 D1 DO
Read
CONFIG|, |0101| W(0) . cal_am| ) ) _ |cpsw_det_ .
5 5h b R(1) gain_amp b op gd_in_sel
Table 7.8.3.5.2 CONFIG5 Register Explanation
bit Symbol R/W Function
Selects current sense OPAMP gain.
“000"=7.5 times
“001"=10 times
“010"=12.5 times
00[3?]65 gain_amp RMW | “011”=15 times
' “100"=20 times
“101"=30 times
“110"=40 times
“111"=40 times
Selects OPAMP calibration.
‘0’= No OPAMP calibration
CO'EIG'?GS cal_amp W | “1”= Perform OPAMP calibration. Note: The setting is
automatically cleared whether the calibration is completed or
not.
CONFIG5 ) - |«
[5] —
CONFIG5 ) Y
[4] —
CONFIG5 _ - o
[3] —
CONFIG5 «Q”
[2] ) B
Detects abnormality at CP1SW and SP2SW terminals.
CONFIG5 cosw det o RIW ‘0’=NDIAG:“L” output (latched), Continue operation.
[1] psw_det_op “1”= NDIAG:“L” output (latched), All gate drivers of 3-phase
drive FETSs to off (latched), turn charge pump off (latched).
Selects the number of input terminals of gate drivers for driving
CONFIG5 din sel R/W 3-phase FETs.
[0] e “0"=6-input
“1”= Ineffective.
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7.8.3.6. STAT1 / Read Address=Dh
Table 7.8.3.6.1 STAT1 Register Map
.4 [Addr[0]
Symbol Add]r[4.1 Write | D9 | D8 D7 D6 D5 D4 D3 D2 D1 DO
Read
STAT1 |6h O1b1 0 R(1) | uvb | ovcp | ovce |uvrpp | tsd cp2s¥v_de cp1s¥v_de cals_spa ca:]_e alm_det
Table 7.8.3.6.2 STAT1 Register Explanation
bit Symbol R/W Function
VB under voltage detection
S-I[-g‘]ﬂ uvb R “0”= Do not detect.
“1”= Detect.
VCP over voltage detection
S-I[-g‘]ﬂ ovcp R “0"= Do not detect.
“1”= Detect.
VCC over voltage detection
S-I[-'?]ﬂ ovce R “0”’= Do not detect.
“1”= Detect.
RPP under voltage detection
S-I[-é‘]ﬂ uvrpp R “0”= Do not detect.
“1”= Detect.
Over temperature detection
S-I[-é]ﬂ tsd R “0"= Do not detect.
“1”= Detect.
CP2SW terminal abnormality detection
ST&? cp2sw_det R “0”= Do not detect.
“1”= Detect.
CP1SW terminal abnormality detection
S'I['é]ﬂ cpisw_det R “0”= Do not detect.
“1”= Detect.
STATA Current sense AMP offset calibration check result flag
2] cal_pass R “0”= Failure or calibration not performed
“1”=Pass
STATA Current sense AMP offset calibration operation flag
1] cal_en R “0”= Calibration stopped
“1”= Calibration being performed
STAT1 ALARM terminal state detection
[0] alm_det R “0”= L level voltage input at ALRAM terminal
“1”= H level voltage input at ALRAM terminal
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7.8.3.7. STAT2 /| Read Address=Fh
Table 7.8.3.7.1 STAT2 Register Map
.+|Addr[0]
Symbol Add]r[4.1 Write | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
Read
STAT2 |7h 01b1 1 R(1) VS?}— vds_vh Vdi—w vds_ul{vds_vl|vds_wllerr_pl_ulerr_pl_v errv_vpl_ err_spi
Table 7.8.3.7.2 STAT2 Register Explanation
bit Symbol R/W Function
STAT?2 VDS detection for 3-phase FETs (U phase high side)
[9] vds_uh R | “0"= Do not detect.
“1”= Detect.
STAT? VDS detection for 3-phase FETs (V phase high side)
[8] vds_vh R | “0"= Do not detect.
“1”= Detect.
STAT?2 VDS detection for 3-phase FETs (W phase high side)
[7] vds_wh R | “0”= Do not detect.
“1”= Detect.
VDS detection for 3-phase FETs (U phase low side)
S'I['é\]TZ vds_ul R | “0”= Do not detect.
“1”= Detect.
VDS detection for 3-phase FETs (V phase low side)
S'I['é\]TZ vds_vl R | “0”= Do not detect.
“1”= Detect.
STAT?2 VDS detection for 3-phase FETs (W phase low side)
[4] vds_wil R | “0”’= Do not detect.
“1”= Detect.
STAT?2 Gate drivers for driving 3-phase FETs prohibited input error detection (U phase)
[3] err_pl_u R | "0’= Do not detect.
“1”= Detect.
STAT?2 Gate drivers for driving 3-phase FETs prohibited input error detection (V phase)
2] err_pl_v R | “0"= Do not detect.
“1”= Detect.
STAT?2 Gate drivers for driving 3-phase FETs prohibited input error detection (W phase)
1] err_pl_w R | “0"= Do not detect.
“1”= Detect.
SPI communication error detection
S'I['g\]TZ err_spi R | “0"= Do not detect.
“1”’= Detect.
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7.8.3.8. STAT1_CLR Write Address=10h
Table 7.8.3.8.1 STAT1_CLR Register Map
.+|Addr[0]
Symbol Add]r (41 'Write | D9 | D8 | D7 | D6 | D5 | D4 D3 D2 | D1| DO
Read
STAT1_C 1000 uvb_|ovep_clovee cluvrpp_|tsd_c| cp2sw cpisw [cal_pass |
LR~ P b | WO Ty | | o | 1| detd | detd| o - [pet dilt
Table 7.8.3.8.2 STAT1_CLR Register Explanation
bit Symbol R/W Function
Clears status bit uvb.
STAT[;]—CLR uvb_cl W | “0’= Ineffective
“1”= Clear status bit.
Clears status bit ovcp.
STAT[;]—CLR ovcp_cl W | “0"= Ineffective
“1”= Clear status bit.
Clears status bit ovcc.
STA-I-[;]—CLR ovcc_cl W | “0’= Ineffective
“1”= Clear status bit.
Clears status bit uvrpp.
STA-I-[QS]—CLR uvrpp_cl W | “0’= Ineffective
“1”= Clear status bit.
Clears status bit tsd.
STA-I-[15]—CLR tsd_cl W | “0’= Ineffective
“1”= Clear status bit.
Clears status bit cp2sw_det.
STATE‘ﬁCLR cp2sw_det cl | W | “0’= Ineffective
“1”= Clear status bit.
Clears status bit cp1sw_det.
STATE?)_]CLR cplsw _det cl | W | “0’= Ineffective
“1”= Clear status bit.
STAT1_CLR S)I:e_ars curre'nt sense AMP offset calibration check result flag.
2] cal_pass_cl W | “0’= Ineffective
“1”= Clear status bit.
STAT1_CLR «pyn
[1] : |2
Returns all bits of set values (CONFIG1 to 5) and status (STAT1 to 2) to
STAT1_CLR default values.
[0] set_dfit W “0”= Maintain current setting.
“1”= Switch current setting to default setting.
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7.8.3.9. STAT2_CLR Write Address=12h
Table 7.8.3.9.1 STAT2_CLR Register Map
.4 [Addr[0]
Symbol Add]r[4.1 Write | D9 D8 | D7 | D6 D5 D4 | D3 | D2 | D1 | DO
Read
STAT2_ 9h 1001 W(0) vds_uhlvds_vh|vds_|vds_ul|vds_vl|vds_wllerr_plierr_pllerr_pljerr_s
CLR b —cl ~cl whcl cl cl ~cl | uclvclwclpicl
Table 7.8.3.9.2 STAT2_CLR Register Explanation
bit Symbol R/W Function
Clears status bit vds_uh.
STA-I-[é]—CLR vds_uh_cl W | “0’= Ineffective
“1”= Clear status bit.
Clears status bit vds_vh.
STAT[%]_CLR vds_vh_cl W | “0’= Ineffective
“1”= Clear status bit.
Clears status bit vds_wh.
STA-I-[%—CLR vds_wh_cl W | “0’= Ineffective
“1”= Clear status bit.
Clears status bit vds_ul.
STA-I-[é]—CLR vds_ul_cl W | “0”= Ineffective
“1”= Clear status bit.
Clears status bit vds_vl.
STAT[%]—CLR vds_vl_cl W | “0’= Ineffective
“1”= Clear status bit.
Clears status bit vds_wl.
STA-I-[i]—CLR vds_wl_cl W | “0’= Ineffective
“1”= Clear status bit.
Clears status bit err_pl_u.
STA-I-[?’]—CLR err_pl_u_cl W | “0’= Ineffective
“1”= Clear status bit.
Clears status bit err_pl_v.
STAT[E]—CLR err_pl_v_cl W | “0"= Ineffective
“1”= Clear status bit.
Clears status bit err_pl_w.
STA-I-[%]—CLR err_pl_w_cl W | “0’= Ineffective
“1”= Clear status bit.
Clears status bit err_spi.
STA-I-[%)]—CLR err_spi_cl W | “0’= Ineffective
“1”= Clear status bit.
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7.8.3.10. NOP Write Address=Fh / Read Address=Fh
Table 7.8.3.10.1 NOP Register Map
.+ |Addr[0]
Symbol Add]r[4.1 Write | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
Read
W(0)
NOP [Fh{1111b R(1) - - - - - - = = - =

NOP (No Operation) is a frame dedicated to output from SDO terminal in response to a Read request in the
previous transmission. Addr [0] accepts both settings. D [9:0], which are bits not assigned and data set to
which is discarded, accept both 0 and 1. In the next transmission after NOP, SDO outputs Addr [4:1] = Fh,

Addr [0] = data set at NOP transmission, and D [9:0] = all Os.

An example of transmission is shown in Fig. 7.8.3.10.1.

e Transfer 1: STAT1 is written.
e Transfer 2: Write command for NOP (Addr[0]=0) is written and read data in Transfer 1 is confirmed from SO.
e Transfer 3: Read command for NOP (Addr[0]=1) is written and read data (NOP: Addr[0]=0) in Transfer 2 is

confirmed from SO.
e Transfer 4: CONFIG1 is written and read data (NOP: Addr[0]=1) in Transfer 3 is confirmed from SO.

SPI Transfer 1 (Read)

| | SPI Transfer 2 (Write)

SPI Transfer 3 (Read)

SPI Transfer 4 (Write)

Even Even Even Even
Pin SI Addr | Addr Data ) Addr | Addr Data ) Addr | Addr Data ) Addr | Addr Data )
Parity Parity Parity Parity
MCU [4:1] | RW[0] [9:0] [4:1] | RW[0] [9:0] [4:1] | RW[0] [9:0] [4:1] | Rw[0] [9:0]
[0] [0] [0] [0]
Value in Hex [ o [ 1 1E o [ 0 1F o [ 1 02 3 [ oo 1
Value in Binary | 0110 [ 1 00 0000 0000 1 1111 [ 0 00 0000 0000 0 1111 [ 1 00 0000 0000 1 0001 [ 0 11 0000 1001 1
Even Even Even Even
Pin SO Addr | Addr Data . Addr | Addr Data . Addr | Addr Data . Addr | Addr Data .
Parity Parity Parity Parity
mcD [4:1] | Rw[0] [9:0] [4:1] | Rw[0] [9:0] [4:1] | Rw[0] [9:0] [4:1] | Rw[o] [9:0]
[0] [0] [0] [0]
Value in Hex Previous Previous | Previous 0D 0o [ 10 1 1E 0 T o 0 1F 0 [ o 1
Value in Binary Addr Data Parity 0110 |' 1 00 0001 0000 0 1111 |' 0 00 0000 0000 0 1111 [ 1 00 0000 0000 1
Fig. 7.8.3.10.1 Example of NOP Transmission in SPI Communication
© 2024 55 2024-11-11

Toshiba Electronic Devices & Storage Corporation

Rev. 2.1




TOSHIBA Preliminary

TB9084FTG
8. Absolute Maximum Ratings (Ta = 25°C)
All voltage values use GND as reference unless otherwise specified.
Spe
c Item Terminal S)g:\b Rating Unit Conditions
No.
8.1 -0.3 to 28(DC) .
VB Vb 1V/s<Vb<8V/us(D I
82 Eool;/\r/ser 28 to 40(<1s) /s /us(Design value)
8.3 voltage VCP Vcp -0.3 to 60(DC) vV |-
8.4 VCC Vce -0.3t0 6 \% 1V/s<Vcc<0.3V/us(Design value)
8.5 Voltage
between PGND Vgnd -0.3t00.3 \Y -
GND-PGND
8.6 . -0.3 to 28(DC),
HS Vin1 28 to 40(<1s) Vol-
8.6a . Vin1as28V(DC),
ALARM Vinla -0.3 to Vb+0.3 \Y, Vin1a<40V(<1s)
87 HUS. HVS -7 to Vcp+0.3, Vin2<40V
88 H\’NS ’ Vin2 \ Voltage between HUO-HUS,HVO-HVS,
: -14 to -7(s1us,20kHz) and HWO- HWS < 40V
8.9 -7 to Vcp+0.3, Vin3<40V
8.10 | 'Nput voltage LS Vin3 10 o -7(<1 s, 20KH V | Voltage between LUO-LS,LVO-LS,
-10to -7(<Tps,20kHz) and LWO- LS < 40V
8.11 LUI, LVI, LWI,
HUI, HVI, HWI, | Vin4 -0.3 to Vcc+0.3 V | Vin4<eV
SCLK, NCS, SI
8.12 -10 to -
AMP_P, . 7(1us,20kHz),
— Vin5 vV |-
AMP_N n -7 to 28(DC),
28 t0 40(<1s)
8.14 CP1B, CP2B Vout1 -0.3 to Vcp+0.3 \% Vout1<60V
8.15 Vcp -Vout2<60V
RPPO Vout2 -18 to Vcp+0.3 V | -18V assumes a reversely polarity battery.
(For detailed conditions, see SPEC-9.4.19.)
- <
8.16 HUO, HVO. 7 to Vep+0.3(DC) Vout3<60V
8.17 HWO Vout3 14t -7(<1us 20KH V | Voltage between HUO-HUS, HVO-HVS,
Output -14 to -7(<1ps,20kHz) and HWO- HWS <40V
8.18 voltage CP1SW, Vout4<28V(DC),
cposw | Vout 0-3toVb+0.3 V' | Voutaaov(<ts)
8.19 LUO, LVO, -7 to VCp+03(DC) \% Vout5s60V
LWO Vout5 Voltage between LUO-LS, LVO-LS,
8.20 -10 to -7(<1ps,20kHz) and LWO- LS <40V
8.21 AMP_O Vout6 -0.3 to Vcc+0.3 V | Vout6<6V
8.22 NDIAG, SO Vout7 -0.3 to Vcc+0.3 V | Vout7<6V
8.23 HUS, HVS, lin (-1.5) A The number in the bracket is a design
HWS value. t=0.2us
8.23 Input current LS lin1a -3) A The number in the bracket is a design
a value. t=0.2us
8.24 AMP_P, .
AMP_N lin2 -0.5t02 mA | -
8.25 HUO, HVO, Limited output current after output current
HWO, loutt 201020 mA switching time (Tsw) has passed
8.26 Output LUO, LVO, lout2 (210 1.5) A The num_ber in the bracket is a design
current LWO value. t—O.ZFs . .
8.27 CP1B, CP2B lout3 (-0.1) A Iglienumber in the bracket is a design
8.28 VCP lout4 (-0.1) A | The number in the bracket is a design
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value.
8.29 AMP_O lout3 5 mA | -
8.30 NDIAG, SO lout4 10 mA | -
8.31 Operating
ambient - Ta -40 to 150 °C |-
temperature
8.32 Junction
temperature - Tj 175 °C |-
(Max)
8.33 | Storage ; Tstg -55 to 150 °c |-
temperature
834 A'L%V\‘;ZE'G ] o 0774 W | JEDEC 4-iayer board Ta=150°C,
o Thermal resistance 32.3°C /W
dissipation

Note: The absolute maximum ratings are standard values that must not be exceeded even momentarily, and
even in a single item.

Note: The absolute maximum ratings are limited to the ranges in the “Conditions” column.

Note: Electric current flowing into this product is shown with ‘+’ and that flowing out is with *-.’

Note: Symbols in the table of absolute maximum ratings (Vb, Vcp, Vcc) show the applied voltage and output
voltage at each terminal (VB, VCP, VCC).

Note: For the power supply voltage at VB, under the condition VB=28 to 40 (£1s), this product may stop
momentarily to protect itself.

Note: Voltage up to VB may be applied to ALARM terminal but use this product with voltage up to VCC
applied to the terminal to avoid possible malfunctioning.

Note: When operating a sine wave drive at Ta = 125°C or higher, please be aware that it may exceed the PD
specified in SPEC-8.34.
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2
T ~ (Reference)
) E Board: JEDEC 4-layer board
§ QD_ Thermal resistance: 32.3°C /W
)
o)
©
=
=
<< 0.774
-40 25 150 175
Ambient temperature
Ta(°C)
Fig. 8.1 Allowable Power Dissipation Curve
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9. Electrical Characteristics
9.1. Operating Voltage Ranges
Spec It . . . .
No. em Terminal Symbol Operating Range Unit Conditions
9.1.1 Inbut volt VB Vb 5.7 to 28 \% DC
9.1.2 nputvoltage vCC Vee 301055 vV | bC
Note: This product assumes that it is used with a 12V battery.
9.2. Consumption Current
Vb=5.7 to 28V, Vcc=3.0 to 5.5V, Tj=-40 to 175°C unless otherwise specified.
Spec Item Termi | Sym Test Conditions Min Typ. Max Unit Remarks
No. nal bol
Vb=VCP=RPPO=HS=12V,
9.2.1 Istb1 | Vee=0V, 0 - 1 MA -
-40<Ta<85°C
Current at VVCBP Vb=VCP=RPPO=HS=12V,
9.2.2 reset (Battery) | RPPO Istb2 | Vece=0V, 0 - 1 MA -
HS 85<Ta<125°C
Vb=VCP=RPPO=HS=12V,
9.2.3 Istb3 | Vee=0V, 0 - 3 MA -
125<Ta<150°C
Vb=13.5V
HUO, HVO, HWO=20kHz
LUO, LVO, LWO=20kHz
9.24 Ib1 Gate driver output load: 25 46 67 mA -
Rload=10Q,
Cload=6100pF
RPPO=150kQ(to VB)
9.2.5 Vb=16V
HUO,HVO,HWO=20kHz
. LUO,LVO,LWO=20kHz
%ﬂr‘fe“nrtnf\t/'g)” VB | b2 | Gate driver output load: 25 46 67 mA |-
Rload=10Q,
Cload=6100pF
RPPO=150kQ(to VB)
9.2.6 Vb=28V
HUO,HVO,HWO=20kHz
LUO,LVO,LWO=20kHz
Ib3 | Gate driver output load: 16 32 48 mA -
Rload=10Q,
Cload=6100pF
RPPO=150kQ(to VB)
9.2.7 | Consumption Icc1 | Veec=5V 4 6.3 10 mA -
VCC
9.2.8 | current(Vce) Icc2 | Vee=3.3V 2.7 5.7 7.9 mA | -

Note: When Vcc reaches Vcc under voltage detection voltage, this product goes into a reset state. Current in
the reset state is specified by Istb1, Istb2, Istb3 each.
Note: Current depending on the Vb state is specified by Ib1, Ib2, Ib3 each. External constants of the charge

pump are as shown in Fig. 9.3.1.
Note: Current depending on the Vcc state is specified by Icc1, Icc2 each.
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9.3. Charge Pump Circuit
Vb=5.7 to 28V, Vcc=3.0 to 5.5V, Tj=-40 to 175°C unless otherwise specified.
Spec Item Termi Sym Test Conditions Min Typ. Max Unit Remarks
No. nal bol
931 Vepht | >7VEVR<TY Vb+7.5 | Vb+9.3 | Vb+125 | V
Output P load = -10pA to -13mA ' ' ' )
VCP
9.3.2 voltage 7Vs\VVb<28V N “ o
Vcph2 lload = -10pA to -13mA Vb+9 Vb+12 Vb+14.5 vV |-
9.3.3 Including
Operatin variation of
perating - ck cp | - 162 250 338 | kHz | oscillating
frequency
frequency
+35%
9.34 Including
Time to Time from release of variation of
enable gate - Tpre_en | reset to gate driver ON 1.2 1.7 2.7 ms | oscillating
driver permission frequency
+35%

Note: For reference values of the charge pump capacitance Cfp and charge pump voltage

capacitance Cvcp, see Fig. 9.3.1.

terminal

VB
v VB T
X——-m
GP1B 1
Cfpl = 0.1puF
Ecmsw T
Charge Pump
CP28B
Cfp2 = 0.1puF
icpzsw T
Weg, W Wee,
A", A a Ve
VB+12V 56Y
detestor detector 500K 3
| | Cvep = 1uF
Vep X VCP
Fig. 9.3.1 Charge Pump Application Circuit Diagram
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i under voltage removed

(Wthelh) Z
VCC

(por _x)
i I
|
: Tpre_en I
NDIAG r >
: |
l I
| Start of charge pump !
| circuM
() ! I
' I
VCP | !

Fig. 9.3.2 Charge Pump Circuit Timing Chart

Note: A Tpre_en period is required after the release of Vcc under voltage detection for the charge pump voltage
to stabilize.
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VCP

3 —a—.—-—— e lelehh -i il

40.0vV

37.0V

28.0v

21.5V

19 OV
18.2V

16.0V -
150V | &

13.2V

Fig. 9.3.3 Charge Pump Voltage vs power supply voltage
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9.4. Gate Driver Circuits
Vb=5.7 to 28V, Vcc=3.0 to 5.5V, Tj=-40 to 175°C unless otherwise specified.
Sﬁgc Item Terminal S{)Tb Test Conditions Min Typ. Max | Unit Remarks
9.4.1 High level _
- HUI, HVI, HWI, . Vce= 5.0V,
input LUI, LVI, LWI i Vin =50V 50 | 100 | 200 | A |-
current
9.4.2 | Lowlevel 'y Hvi Hwi, | Vec=5.0v,
input LUI, LVI, LWI i | Vin=ov o - S | WA |-
current ’ ’
943 High level
input HUI, HVI, HWI, Vih ) 0.75 ) ) v |-
detection LUI, LVI, LWI xVce
voltage
94.4 Low level
input HUI, HVI, HWI, Vil ) ) ) 0.25 v |-
detection LUI, LVI, LWI xVcc
voltage
94.5 Voltage between
H*O-H*S
Voh1 | lload=-100pA 7 10 12 vV |-
7V<Vb<28V
H*S=0V
9.4.6 Output Voltage between
voltage 1 HUO,HVO,HWO Voh1 H*O- H*S Ve
5~ | lload=-100pA 0 g - Vep | V|-
5.7V<Vb<7V )
H*S=0V
9.4.7 Voltage between
Vol1 | H*O-H*S 0 - 0.2 vV |-
lload=100pA
94.8 Voltage between
L*O-LS
Voh2 LS=0V 6.7 11 12 vV |-
Output lload=-100pA
voltage 2 LUO,LVO.LWO Voltage between
L*O-LS
9.4.9 Vol2 LS=0V 0 - 0.2 vV |-
lload=100pA
9.4.10 Output _ Vep ) A series resistor
voltage 3 RPPO Voh3 | lload=-110pA -0.2 Vep v 500Q incorporated.
9.4.11 HULHVI,HWI =
Output Rohh NMCC - 8.8 24 Q |-
resistance | HUO,HVO,HWO lload = -50 mA
9.4.12 1 HUILHVI,HWI = OV
Rohl 1}0ad = 50 mA - 3 6 | Q|-
9.4.13 LULLVI,LWI =
Output Rolh NVCC - 8.8 24 Q |-
resistance LUO,LVO,LWO lload = -50 mA
9.4.14 2 LULLVI,LWI = 0V
Roll | jioad = 50 mA - 3 6 12|
9.4.16 Pull-down
resistance | HUO,HVO,HWO | Rpd1 |- 25 50 100 kQ | -
1
94.17 Pull-down
resistance LUO,LVO,LWO Rpd2 |- 25 50 100 kQ | -
2
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Vb=5.7 to 28V, Vcc=3.0 to 5.5V, Tj=-40 to 175°C unless otherwise specified.
Sﬁgc Item Terminal Symbol Test Conditions Min Typ. Max | Unit Remarks
9:4.17a | Pull-down VCP Rpd3 |- 200 | 600 | 1200 | kQ |-
resistance 3
Leak current loff Internal high side
9.4.18 when RPPO RPPO o006 switch is OFF. -5 0 5 MA | -
output is off —PPO | prpPO=VB
o418 | Lencoren weeo-ov
reverse RPPO lol GND=PGND=18V 0 0.1 10 MA | -
. VB=VCC=open
polarity
9.4.20 Limited HUO,HVO, | lo_Imth | After Tsw at turn-on - -10 - mA | See Fig. 9.4.2
9.4.21 output HWO,LUO, .
current LVO,LWO lo_Imtl | After Tsw at turn-off - 10 - mA | See Fig. 9.4.2
9.4.22 t_ilim = “000”
TswO | - 3.7 6 10.5 us See Fig. 9.4.2
9.4.23 t_ilim = “001”
Towl | - 5 8 14 1 B | See Fig. 9.4.2
9.4.24 t_ilim =“010”
Tsw2 | - 6.2 10 17.5 V& See Fig. 9.4.2
9425 Outout 1 o Hvo, | Tews | - 75 | 12 | 21 | ps |HNM="0T
current See Fig. 9.4.2
9.4.26 switching HWO,LUO, t_ilim =*“100"
time LvVO,LWO Tsw4 | - 10 16 28 HS | See Fig. 9.4.2
9.4.27 t_ilim =“101”
Tswb | - 20 32 56 us See Fig. 9.4.2
9.4.28 t_ilim =“110”
Tswb - 40 64 112 us See Fig. 9.4.2
9.4.29 t_ilim = “111”
Tsw7 | - 80 128 224 us See Fig. 9.4.2
9.4.30 HUI, HVI, .
Turtnon | HWI, HUO, | Tdonh |- 20 | 180 | 350 | ns ?Iee 9F 3'29'4'1 and
Input HVO, HWO g 942
9.4.31 propagation LUI, LVI, .
delay time | LWI, LUO, | Tdonl |- 20 | 180 | 350 | ns ?Iee gF 3'29'4'1 and
LVO, LWO g 952
9.4.32 HUI, HVI, .
Tumnoff | HWI, HUO, | Tdoffh | - 20 | 180 | 350 | ns ?Iee gF 3'29'4'1 and
Input HVO, HWO g 952
9.4.33 propagation LUI, LVI, .
delay time | LWI, LUO, | Tdoffl |- 20 | 180 | 350 | ns ?Iee gF 3'29'4'1 and
LVO, LWO g 952
9.4.34 HUI, HVI, Difference
Difference in HWI, LUI, between high
input LVI, LWL, Dtg | Jdonh-Tdoffl, 125 | - | 125 | ns | sideflow sidein
propagation HUO,HVO, Tdonl-Tdoffh the same UVW
delay time HWO,LUO, hase
LVO, LWO phase.
Note: For the test circuit, see Fig. 9.4.1.
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Measurement point

(1) HUOHVOHWO Rload

(2)LUO,LVO,LWO 100 Cload

—_— G100pF

(1)HUS HVS HWS <
(2)Ls

Fig. 9.4.1 Test Circuit Diagram (High side/Low side)

input signal -€D)- Vcex0.75
H side E ?f Vcex0.25

Tdoffh

Y-~ Voh1x0.8

output signal

H side -€Y Voh1x0.2
e
Tdonh
 Tsw0~7 .Tsw0~7 >
Output
X . lo_Imtl Rohh lo_Imth Rohl lo_Imtl
Configration

input signal 4 Veex0.75
L side - ? Vcex0.25

Tdoffl
>

_ B Voh2x0.8
output signal ; Tdonl
L side - -C) Voh2x0.2
L, Tsw0~7 PREVIUad SN
Ol{tpr: lo_Imth Roll lo_lmt! Rolh lo_Imth
Configration _

Fig. 9.4.2 Output Current Switching Time, Input Propagation Delay Time Timing Chart
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9.5. Current Sense Amplifier Circuit
Vb=5.7 to 28V, Vcc=3.0 to 5.5V, Tj=-40 to 175°C unless otherwise specified.
Sﬁ:c Item Terarrln Syorrb Test Conditions Min Typ. | Max | Unit Remarks
9.5.1 After calibration
Ta=25°C
Input offset AMP_P, L : —nq4q”
voltage 1 AMP N, Voff1 Galn—'15_ -1 - 1 mV [gain_amp="011
Comvin=0V
lload=0.5mA
9.5.2 Before calibration
Ta=25°C
Input offset AMP_P, P . Craan
voltage 2 AMP N, Voff2 Gam—'1€i -7 - 7 mV [gain_amp="011
Comvin=0V
lload=0.5mA
9.5.3 Input offset After calibration gain_amp="011"
voltage AMP_P, Gain=15 MV |The number in the
temperature | AMP_N, VoffdT1 Comvin=0V (-10) ) (10) /°C |bracketis a
coefficient 1 lload=0.5mA design value.
9.5.4 Input offset Before calibration gain_amp="011"
voltage AMP_P, Gain=15, MV |[The number in the
temperature | AMP_N, | "°™T2|comyin=0v (10) = | (0 | g |bracketis a
coefficient 2 lload=0.5mA design value.
955 Combination calculation
formula of .
Inputoffset | AMP_P, | . . |(AMP_PAMP_N) = 5 ] 5 A |[PrEc3521 cited
current 1 AMP N, (-0.5V,-0.5V) H o di‘;ons 9
(2V,2V): )
I(AMP_P)-I(AMP_N)
9.5.5a Combination calculation
formula of SPEC 9.5.21 cited
'“C%‘::eorzs;t b | 12 |(AMP_PAMP_N) = 30 - | 130 | pA [forinput voltage
= (2V,-0.5V): conditions.
I(AMP_P)-I(AMP_N)
95.6 Gain=15 Vee
Output voltage 1| AMP_O | Vohop [Vinr=0.1xVcc 015 - Vcce V|-
lload = -500pA )
9.5.8 Reference 1/4
- < < - -
voltage Vref1 [4.5V<VCC<5.5V Typ.-9 GG Typ.+9 | mV
9.5.8a Reference 1/4 Typ.
- < - -
voltage2 Vref2 [3.0V<VCC<4.5V Typ.-9 weel +13 mV
9.5.10 Vinr=(Vcc*0.75-0.15)/7.5,
Gain0 [Comvin=0V, -1% 7.5 1% - |gain_amp="000"
lload= No load
9.5.11 Vinr=(Vcc*0.75-0.15)/10,
Gain1 |Comvin=0V, -1% 10 1% - |gain_amp="001"
lload= No load
9.5.12 Vinr=(Vcc*0.75-0.15)/12.5,
Gain2 [Comvin=0V, -1% 12.5 1% - |gain_amp="010"
lload= No load
9.5.13 AMP P Vinr=(Vcc*0.75-0.15)/15,
GAIN AMP_N' Gain3 |Comvin=0V, -1% 15 1% - |gain_amp="011"
- lload= No load
9.5.14 Vinr=(Vcc*0.75-0.15)/20,
Gain4 [Comvin=0V, -1% 20 1% - |gain_amp="100"
lload= No load
9.5.15 Vinr=(Vcc*0.75-0.15)/30,
Gain5 |Comvin=0V, -1% 30 1% - |gain_amp="101"
lload= No load
9.5.15a Vinr=(Vcc*0.75-0.15)/40, ) . o
Gain6 [Comvin=0V, 125 1 40 | 125% | - gain_amp=110,
lload= No load %o
9.5.16 VCC=5.0V Gain is set by
Slew rate AMP_O Sr1  [Gain=15 4.5 10 20 V/us [register using SPI.
Rload=1kQ,Cload=220pF See Fig. 9.5.2.
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9.5.17

9.5.18

9.5.19

Vinr=0V—(Vcc*0.75-
0.15)/15
Vout=2.25V—4.0V

Slew rates are as shown
above.

VCC=3.3V

Gain=15
Rload=1kQ,Cload=220pF
Vinr=0V—(Vcc*0.75-
0.15)/15
Vout=1.485V—2.64V
Slew rates are as shown
above.

4.5

10

20

V/us

Gain is set by
register using SPI.
See Fig. 9.5.2.

Sr2

VCC=5.0V

Gain=15
Rload=1kQ,Cload=220pF
Vinr= (Vcc*0.75-
0.15)/15—0V
Vout=4.0V—2.25V

Slew rates are as shown
above.

-10

V/us

Gain is set by
register using SPI.
See Fig. 9.5.2.

VCC=3.3V

Gain=15
Rload=1kQ,Cload=220pF
Vinr= (Vcc*0.75-
0.15)/15—-0V
Vout=2.64V—1.485V
Slew rates are as shown
above.

-10

V/us

Gain is set by
register using SPI.
See Fig. 9.5.2.

9.5.20

Settling Time

AMP_O

Tset

Rload=1kQ,Cload=220pF
Time for output voltage to
converge within +2%.

(1.5)

us

The number in the
bracket is a
design value.

9.5.21

Input common
voltage range

AMP_P,
AMP_N,

Comvin

2.0

9.5.22

PSRR

VCC

Psrrop

1KHz input to VCC,
excluding influence of
VREF.

60

dB

Reference value

9.5.23

CMRR

AMP_P,
AMP_N,

Cmrrop

Vce=5V,Gain=15,
Comvin=20mVp-p,100KHz

100

dB

Reference value

9.5.24

Offset calibration
time

Tampofsca

122

us

Note: The number in the bracket is a design value and not tested for shipment.

Note: For the test circuit, see Fig. 9.5.1. Differential voltage across Rsh when a current flows to GND is defined

as Vinr.
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AMPP
PO g Gain | Rsh [] Ter
wEn |
nr
Fig. 9.5.1 Test Circuit Diagram
(Voox075-015)/15 W
Input
Vinr
KSrl = 035%xVoo/ATr
KSr2 = ~035%Veo/ATE
--------- 08xVeoo
Output
- 02%Voc + 025%\ ool Vref)
ATr ATF
Fig. 9.5.2 Slew Rates Timing Chart
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9.6. Oscillation Circuit
Vb=5.7 to 28V, Vcc=3.0 to 5.5V, Tj=-40 to 175°C unless otherwise specified.

Sﬁgc Item Terminal | Symbol | Test Conditions Min Typ. Max | Unit Remarks

Internal Variation of
9.6.1 oscillating - Fc - 2.6 4 5.4 MHz | oscillating
frequency frequency: +35%
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9.7. Abnormality Detection Circuits
Vb=5.7 to 28V, Vcc=3.0 to 5.5V, Tj=-40 to 175°C unless otherwise specified.
Spec Termin Test . .
No. Item al Symbol Conditions Min Typ. Max | Unit Remarks
9.7.1 | VCC under voltage Vthell |- 255 | 275 | 295 | V |Aresetstate
detection threshold
9.7.2 VCC under voltage
detection release VCC Vthelh |- 2.65 2.85 3.05 V  |Reset released.
threshold
9.7.3 VCC under vpltage Tl i 5 20 55 us |-
response time
9.7.4 VB under voltage
detection threshold vinbll - 4.8 51 o4 VoI
9.7.5 VB under voltage
detection release VB Vthblh |- 51 5.4 5.7 vV |-
threshold
9.7.6 VB under voltage
detection filtering time Tol i 12 20 34 S
9.7.7 VCP over voltage
detection threshold Vthephh |- 53.0 56.0 59.0 V|-
9.7.8 VCP over voltage
detection release VCP | Vthcphl |- 49.0 52.0 55.0 vV |-
threshold
9.7.9 VCP over voltage
detection filtering time Teph - 12 20 34 S
9.7.10 VCC over voltage
detection threshold Vihehh - 55 575 6.0 VoI
9.7.11 VCC over voltage
detection release VCC Vthehl |- 54 5.65 59 vV |-
threshold
9.7.12 VCC over voltage
detection filtering time feh - 12 20 34 HS |-
9.7.13 | RPPO under voltage
detection threshold | T O | Vihrepll |- - |Vep-3|Vep-2) Vo
9.7.14 | RPPO under voltage
detection release RPPO | Vthrpplh |- - Vep-2(Vep-1| V|-
threshold
9.7.15 [ RPPO under voltage
detection filtering time RPPO | Trppl 12 20 34 S
9.7.16 Over temperature The number in the
detection Tsdh |- (175) | (195) | (215) C |bracket is a design
value.
9.7.17 Over temperature The number in the
) P - Tsdl |- (165) | (185) | (205) °C |bracketis a design
detection release
value.
9.7.18 Over temperature The number in the
detection filtering time Ttsd |- (12) (20) (34) Ms |bracket is a design
value.
9.7.20 HUS, VB=HS=H*S
O“;p_“th‘;‘;ze;; (‘;"f?e” HVS, '—V(ff:—R =13.5V 650 | -400 | -200 | pA |-
P HWS H*I=L
9.7.21 HUS, VB=HS=13.5V
O”;p_“th‘;‘;ze;; (‘;"f?e” HVS, '—V(fﬁz—R H*S=0V 650 | -450 | -250 | pA |-
P HWS H*l= L

Note: The number in the bracket is a design value and are not tested for shipment.

Note: When Vcc reaches Vcc under voltage detection voltage, this product goes into a reset state.

Note: Circuits for under voltage detection (VB, VCC, RPPO), over voltage detection (VCP, VCC), and over

temperature detection have hysteresis.
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Sﬁgc Item Te';rm Symbol | Test Conditions Min Typ. Max Unit Remarks
9.7.2 i

3 FETSn\g:;i g:—,:sctlon - mask_vds |- -35% Viﬁlte +35% | ps |-
9.7.24 Vth_vdshO | - 0.04 0.1 0.16 V |vth_vdsh ="000"
9.7.25 VDS detection Vth_vdsh1 |- 0.24 0.3 0.36 V |vth_vdsh ="001"
9.7.26 | threshold voltage for Vth_vdsh2 | - 0.44 0.5 0.56 V |vth_vdsh ="010"
9.7.27 | high side of 3-phase Vth_vdsh3 | - 0.63 0.7 0.77 V |vth_vdsh ="011"
9.7.28 FETs Vth_vdsh4 |- 0.81 0.9 099 | V |vth_vdsh="100"
9.7.29 Vth_vdsh5 |- 0.99 1.1 1.21 V |vth_vdsh ="101"
9.7.30 Vth_vdsIO 0.04 0.1 0.16 V | vth_vdsl = "000"
9.7.31 VDS detection Vth_vdsl1 |vce= 0.24 0.3 0.36 VvV |vth_vdsl ="001"
9.7.32 | threshold voltage for Vth_vdsl|2 3.135to 5.5V 0.44 0.5 0.56 V |vth_vdsl ="010"
9.7.33 | low side of 3-phase Vth_vdsI3 [LS= 0.63 0.7 0.77 vV |vth_vdsl ="011"
9.7.34 FETs Vth_vdsl4 [-0.5to 0.535V 0.81 0.9 0.99 vV |vth_vdsl = "100"
9.7.35 Vth_vdsl5 0.99 1.1 1.21 vV |vth_vdsl ="101"
9.7.36 Voh loh = -5mA 0.9 - - vV |-

NDIAG NDIAG xVce
tput volt
9.7.37|  outputvoltage Vol |lol =5mA - - W RAE
xVce
9.7.38 . Vce=1.1V to
NDlP:/(gli-ahgd'ng NDIAG Vik Vithcll 0 - 0.3 V |See Fig. 9.7.1.
9 lol = 100pA

Note: VDS detection threshold voltage (high side) is specified as voltage between HS-H*S terminals of the IC.
Note: VDS detection threshold voltage (low side) is specified as voltage between H*S-LS terminals of the IC.
Note: “*”is U, V, W.

3\ 7 : ' ' :
R S S
(O] H 1
= ! |
o 1 1
2 i i

o T -

i | ' |
] : |
I I | i i |

| B S| Y g O e g | = i o
L L Holding voltage i t

0 L I T :, 1

3 [Vtheil] 2 ]! 4

Veel[V]

Fig. 9.7.1 NDIAG_L Holding Voltage
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9.8. Alarm Input Circuit
Vb=5.7 to 28V, Vcc=3.0 to 5.5V, Tj=-40 to 175°C unless otherwise specified.
Spec Termin Test . .
No. Item al Symbol Conditions Min Typ. Max | Unit Remarks
9.8.1 | Highlevel lih VQC_= 5.0V, 5 ) 5 A | -
input current Vin = 5.0V
9.8.2 Low level ALARM Vce = 5.0V,
input current lil Vin = 0V 50 100 200 WA | VCC pullup
983 High level
input : 0.75x ) ) )
detection Vih ) Vce v
voltage
9.8.4 Low level ALARM
input . ) ) 0.25x% )
detection vil ) Vce v
voltage
9.8.5 Input . . —nqu
detection | ALARM | Twmino | High. Low 10.5 - - ps | f-alm="1
. level detection 16x2° x(1/4MHz)+(1/4MHz)
pulse width
9.8.6 Input . . _nqn
removal ALARM | Twmax0 High, Low . - - 20.0 us fll_azlm— !
. level detection 15x2° x(1/4MHz)-(1/4MHz)
pulse width

Note: Input detection pulse width (Twmin) is the width of pulses that come to the output passing through the
digital filter, and input removal pulse width (Twmax) is the width of pulses removed by the digital filter (Refer to
Fig. 9.8.1).

Note: Calculated assuming ALARM digital filter setting: (1/4MHz)=250[ns].

Hi—Active
ALARM terminal i
input signal
ALARM terminal
invert signal LAt

1 ' 1 ' ' |
o L N I S
! ' 1 il talmdetxd 1 1 1 i
. i i ! I ! ! ! [
Output signal from : | ' I H ! ' [
« . i I ) ! 1 ' 1 !
digital filter d ! ' ! | : ] :
i i : I ' | ] 1
— ) —n i
whafthe  wimbetie  Trepuseuidh EMER
. \ of the signal mot
signal not to signal to be to be deleted sighal to be
be deleted. detected. (L signal) ’ detected.
signa sigra signa
(H sigral) (H signal) SiEne (L signal)

Fig. 9.8.1 Input Removal Pulse Width (with a Filter) and Input Detection Pulse Width (with a Filter)
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9.9. SPI Communication Circuit
SPI Communication Specifications (AC)
Vb=5.7 to 28V, Vcc=3.0 to 5.5V, Tj=-40 to 175°C unless otherwise specified.
Sﬁ:c Item Terminal | Symbol | Test Conditions | Min Typ. Max | Unit Remarks
991 NCS fall - SO NCS _ Time from NCS fall to
delay time SO Tosdo | Cload=100pF ] ) 100 NS | release of Hi-Z at SO
9.9.2 Effective wait NCS, _ Time from NCS fall to
time SCLK Tesck | Fop = 2MHz 100 - - ns SCLK rise
9.9.3 | Ineffective wait SCLK, Tekes | - 100 ) ) ns Time from last SCLK
time NCS fall to NCS rise
994 | g setup time Sl, Tdick | - 50 - - ns | Sl data setup time
SCLK P
995 | gl hold time S(S::_’K Tekdi | - 50 - - ns | Sl data hold time
9.9.6 . SCLK Time from SCLK rise
SO delay t ’ Tckd Cload=100pF - - 1
O delay time SO ckdo oad=100p 00 ns to SO data output
9.9.7 NCS Time from NCS rise
ineffective time NCS Tosh | - 2 ) i HS 1 1o NCS fall
9.9.8 SO-NCS rise NCS, _ Time from NCS rise
delay time SO Tdocs | Cload=100pF - - 100 ns to SO being Hi-Z
9.9.9 | Communicatio SCLK Fop ) ) ) 2 MHz | -
n frequency
1
Vihh L .
NCS /“—\L
: - Tesh 'l Mkl
[
: Tckes : :
1
SCLK :
1
E Tdocs :
SI L X XX XX
: N AN h .
i | Tokd ' * Neneras | '
CHOC 1
! P MSB <« > '€ B LSB !
g X = X:/ : '\Xll = T \X \r‘ohso\ l e j , Wohso Wohso = ez
= — = L :\\r‘olso | | Volso Wolso !
[ ' [ | . \ \ l . |
Fig. 9.9.1 SPI Timing Chart
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SPI Communication Specifications (DC)
Vb=5.7 to 28V, Vcc=3.0 to 5.5V, Tj=-40 to 175°C unless otherwise specified.
Sﬁ:c Item Terminal | Symbol | Test Conditions Min | Typ. | Max | Unit Remarks
9.9.10 High level input voltage Sl, Vthh - O\'/75x - - vV |-
cc
SCLK, 025+
9911 1 | ow level input voltage NCS Vithl - - - Vcc vV |-
9.9.12 High level input current lih V.CC_= 5.0V, -5 - 5 MA | -
NCS Vin = 5.0V
9.9.13 ; . Vce = 5.0V,
Low level input current lil Vin = 0V -200 | -100 | -50 A | -
9.9.14 : ; . Vce = 5.0V,
High level input current sl, lih Vin = 5.0V 50 100 | 200 A | -
9.9.15 . SCLK . Vce =5.0V,
Low level input current lil Vin = 0V -5 - 5 MA | -
9.9.16 High level output voltage Vohso | lohso = -5mA (\)/2: - - vV |-
9.9.17 Low level output voltage SO Volso | lolso = 5mA - - (3/(1:: vV |-
9.9.18 Off-leak current Vohiz | SO=VCC or GND -10 - 10 YA | In Hiz state
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10. Application Circuit Example
Battery O
!
b N
F &[S
|
0OSsC
T
VCC
I 1l
7
Power
supply
Ic Voltage Band
detection gap
circuit
r
—1
ALARM ALARM
6¢ch
TSD Gate-
Driver
HU
HV
W
v {M
MCU IR o
& |
i
SR spr [ gvo |3
bvo | |3
NDIAG
.
Error Logic MOSFET VDS detection S
1
AMP_O (CSA) AMP_P
I Current Sense i ]
I Amplifier AMP_N
IJT — T
. GND

Fig. 10.1 Application Circuit Example

Note: Circuit constants shown here are for this application circuit example and not guaranteed. Determine

peripheral circuits based on thorough evaluation and check under conditions assuming an operating

environment on a board.

Note: Place smoothing capacitors externally connected to the power source terminals (VB, VCC, VCP) as
close to the base of the IC as possible.

Note: Use solid GND (the same potential £0.3V) on the board for GND terminal.

Note: In designing a unit, take into notes for each block into consideration as well.

Note: Do not connect this product incorrectly. It may break this IC and/or damage the equipment.
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11. Package Outlines

Package dimensions
P-VQFN36-0606-0.50 "Unit:mm"

[&]0.20[S[A8] (4x)
Z =
o 5
r;// 0.2 S o =
& :
o

I

4.140.1
1 ‘ 9
(=]
1 363JUUULHUUULJ i
—E i = \
‘l — : [
= | (= P
—= - —— = H
(25 =] — T
g =) ! = =~
~_E | = J
| nooonnnon 4°
A 27 19
| L >¥o0ss40.10
1.0TYP 36X0,2540.05
‘ Ee=——=1510.1 @[S[AB]

Weight: 95 mg (typ.)

Before creating and producing designs and using, customers must also refer to and comply with the latest versions of all relevant TOSHIBA
information and the instructions for the application that Product will be used with or for.
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12. Revision History

Revision# Change contents Date

- Preliminary release 12.Sep.2024

13. Abbreviation Collection

CPOL:Clock POLarity

CPHA:Clock PHAse

RPPO :Reverse Polarity Protection Output

P-VQFN: Plastic-Very thin Quad Flat Non-leaded package
SPI: Serial Peripheral Interface

AEC : Automotive Electronics Council

CSA:Current Sense Amplifier
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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, lifesaving and/or life supporting medical equipment,
equipment used for automobiles, trains, ships and other transportation, traffic signaling equipment, equipment used to control combustions or
explosions, safety devices, elevators and escalators, and devices related to power plant. IF YOU USE PRODUCT FOR UNINTENDED USE,
TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your TOSHIBA sales representative or contact us via our
website.

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

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

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

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

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

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