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Bi-CMOS Linear Integrated Circuit Silicon Monolithic

TBIMO30FG

IC for automotive three-phase brushless DC motor

TBOMO30FG

1. Description

The TB9MO30FG is an integrated device that combines a
microcontroller unit (MCU) and a gate driver IC for automotive
brushless DC (BLDC) motor applications, which incorporates
Toshiba’s unique Vector Engine (VE) for easy implementation of
vector control while reducing CPU load.

The TBOMO30FG is designed to be used with external N-channel
FET pairs, making it suitable for BLDC motors with a wide range
of output. The TBOMO30FG also incorporates a CPU and a flash
ROM, making it possible to program a control method and
parameters according to the motor and application requirements. P-HTQFP48-0707-0.50-002
The TBOMO30FG can be configured to transition to Standby mode
in the idle state in order to reduce power consumption.

weight: 0.14 g (typ.)

2. Applications

For automotive (electric pumps and fans), three-phase brushless motor control and drive.

3. Features

o Integrated MCU and gate drivers enable downsizing of the system
e  Built-in vector engine for our original sensorless control

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.
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* Arm and Cortex are registered trademarks of Arm Limited (or its subsidiary) in the US and/or

arm
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4. Functions

e 32 bit Arm® Cortex®-MO0 processor

- Serial Wire Debug Support

— 32ch Interrupt Controller and 1 cycle multiplier

- Up to 40 MHz clock frequency

Single Bus Master System

12 KBytes ROM(BootLoader, Flash API) (incECC SEC/DED)
64 KBytes Code Flash(incl. ECC SEC/DED)

4 KBytes SRAM (incl. ECC SEC/DED)

32-bit Compare Timers (DTIMER)

28-bit Capture Timer (8 inputs, 6 measurement )

Watchdog Timer(WATCHDOG)

Power saving modes ( CPU Sleep, Standby )

4ch Pulse Width Modulator Generator(PWMGEN)

12 General-purpose /O Ports (GPIO)

10-bit A/D Converter (GADC) with 2 analog inputs + internal temperature, VMON
12-bit A/D Converter (MADC)

Vector Engine(VE)

Programmable Motor Driver(PMD)

Encoder(ENC)

LDOs (LDO5V, LDO15V )

Power On Reset ( POR5V, PORL )

2 on-chip OSCs (IOSCH, IOSCL)

External OSC

PLL

LIN 1ISO17987/SAEJ2602 transceiver + controller

2 full duplex serial interfaces (UART1, UART2), UART1 with LIN support
SPI-I/F

MOSFET driver including charge pump

High-speed operational amplifier for motor current sensing via shunt
Over current protection (LDO, MOSFET driver)

Over temperature protection

Package HTQFP48-0707-0.50

Single power supply from 6.0V to 18V

Temperature Range Tj =-40°C to +175°C

Green package (RoHS compliant)

AEC-Q100 grade 0 qualified
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5. Block Diagram
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Figure 5.1 Block Diagram
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6. Pin Assignments
(Top view)

TBOMO30FG
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Figure 6.1 Pin Assignment Diagram
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7. Pin Description
Table 7.1 Pin Description

Pin Symbol /10 Description

1 GPIO_3/SDO/UART_RX I/O | General-purpose I/O port / SPI data output/UART_RX
2 GPIO_4/SDI/UART_TX I/O | General-purpose I/O port/ SPI data input/UART_TX
3 GPIO_5/SCLK I/O | General-purpose I/O port / SPI data clock

4 GPIO_6/CSN I/O | General-purpose I/O port / SPI chip select

5 GPIO_0/HIO/UART_RX I/O | General-purpose I/O port/ Hall sensor

input/UART_RX
6 GPIO_1/HIM/UART_TX I/O | General-purpose I/O port/ Hall sensor
input/UART_TX
GPIO_2/HI2 I/O | General-purpose I/O port/ Hall sensor input
TEST I Test mode select
SLC I Low-side FET source input

10 W I Phase-W motor connection pin

11 \Y I Phase-V motor connection pin

12 U I Phase-U motor connection pin

13 GHW 0] Phase-W high-side FET gate output

14 GLW 0] Phase-W low-side FET gate output

15 GHV 0] Phase-V high-side FET gate output

16 GLV 0] Phase-V low-side FET gate output

17 GHU 0] Phase-U high-side FET gate output

18 GLU 0] Phase-U low-side FET gate output

19 GNDP - Power ground

20 VBATD I Battery voltage regulator input for driver circuit
21 VCP 0] Voltage regulator output for charge pump

22 CP2H 0] Boost capacitor connection pin for charge pump
23 CP1H 0 Boost capacitor connection pin for charge pump
24 CP2L 0 Boost capacitor connection pin for charge pump
25 CP1L 0] Boost capacitor connection pin for charge pump
26 COM I Motor pseudo-neutral point input

27 RSH I VCC side of current-sense resistor

28 RSL I Ground side of current-sense resistor

29 VBAT I Battery voltage regulator input

30 VMON I Battery voltage regulator input (for ADC input)
31 GNDD - Logic ground

32 VCC @) 5-volt regulator output

33 VDD 0] 1.5-volt regulator output

34 GNDA - Analog ground

35 VREF ADC reference voltage input

36 GNDLIN - Ground for LIN Phy

37 LIN I/O |LIN bus line

38 PWMIN I PWM speed input

39 MD1 I Mode select
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40 MDO I Mode select
41 RESETN /0 |Reset /O
42 XIN I Crystal or ceramic oscillator connection pin
43 XOouT o Crystal or ceramic oscillator connection pin
44 GPIO_7/PWMOUT2/ADINO/UART_R | /O |General-purpose I/O port /PWM Output/ 10 bit ADC
X input /UART_RX /External interrupt input
45 GPIO_8/PWMOUT1/ADIN1/UART_T I/O | General-purpose I/O port /PWM Output/ 10 bit ADC
X input /UART_TX
46 GPIO_9/PWMOUTO I/O | General-purpose I/O port /PWM output / PWM
Communication Output /External interrupt input
47 GPIO_10/FDL_UART_RX/SWDIO I/O | General-purpose I/O port /JUART RX for FDL_UART
/SWDIO for Debug
48 GPIO_11/FDL_UART_TX/SWCLK I/O | General-purpose I/O port / UART TX for FDL_UART/
SWCLK for Debug
- EP - Exposed pad, connect to GND
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8. 1/0 Equivalent Circuits

TBOMO30FG
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Figure 8.1 1/0 Equivalent Circuit Diagrams
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9. Functional Description

9.1. Gate Driver

*  B-channel gate driver circuit for driving a 3-phase inverter (consisting of high-side and low-side N-
channel MOSFETs) for a BLDC motor

* Turns on and off the gate drivers according to the drive signals from digital logic
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Figure 9.1.1 Gate driver Circuit Diagram
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9.2. Charge Pump Circuit
The CGP generates a voltage for the PREDRYV to drive external high-side N-channel FETs.
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Figure 9.2.1 Charge Pump Circuit Diagram

9.3. Current-Sense Amplifier (CSAMP)

The Current-Sense Amplifier (CSAMP) amplifies the voltage across an external shunt resistor by
the gain programmed via a 3-bit register field.

The amplified voltage is applied to the MADC, Overcurrent Detection Comparator (OCCMP), and
Current Clamp Comparator (CLCMP).

The output offset voltage can be adjusted prior.
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Figure 9.3.1 Current-Sense Amplifier Circuit Diagram
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9.4. Current Clamp Comparator (CLCMP)

e The CLCMP limits current if the output from the Current-Sense Amplifier (CSAMP) exceeds the
programmed voltage threshold.

e The output voltage of the CSAMP is applied to the CLCMP.

e This threshold is programmable in 32 steps (i.e., with a 5bit value)

*  The CLCMP incorporates a digital filter to prevent malfunction caused by noise.
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Figure 9.4.1 Current Clamp Comparator Circuit Diagram

9.5. Overcurrent Detection Comparator (OCCMP)

*  The OCCMP reports an error when the output from the Current-Sense Amplifier (CSAMP) exceeds
the programmed threshold.

e The OCCMP can be enabled and disabled via the ANASTBY register.

*  The overcurrent threshold is programmable with a four-bit value via a special function register.

* The OCCMP incorporates a digital filter to prevent malfunction caused by noise.
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Figure 9.5.1 Overcurrent Detection Comparator Circuit Diagram
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9.6. Open/Short Comparator (OSCMP) for External FETs
The Open/Short Comparator detects open- and short-circuits involving external FETs.
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Figure 9.6.1 OSCMP Block Diagram
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9.7. Vector Engine(VE)

Table 9.1 VE Function List

Category Function Description
Fixed-point calculation
Basic functions Vector control tasks
Tasks for interfacing with the PMD and MADC
PI control of d-axis and g-axis currents
Current control + Non-interference control
tasks
- Output limiting based on scalar voltage values
SIN/COS Calculates the sine and cosine values of phase 6
Calculation 1 task - Allows phase interpolation and clipping
SIN/CQS Calculates the sine and cosine values of phase 6
Calculation 2 task
SIN/COS Calculates the sine and cosine values of phase 6
Calculation 3 task - Allows phase interpolation and clipping
Output Voltage - Coordinate axis transformation (inverse Park transformation)
Transformation 2 types of phase transformation (space vector modulation and inverse Clark
task transformation)
Converts three-phase voltage into PWM output settings for the PMD (2 types)
Calculation Output Control task | - Allows output limiting
+ Allows dead-time compensation
Trigger Generation | Calculates the PMD’s AD conversion sampling timing from three-phase duty
task cycles (2 types)
Current Correction Corrects detected current values for low inductance motor.
Preparation task Used in combination with Input Process 6 tasks.
Reads conversion results from the MADC and converts them into fixed-point
Input Process tasks | values (4 types)
Supports current polarity determination (hysteresis/reverse hysteresis)
Input current + Phase transformation (Clark transformation)
transformation task | . Coordinate axis transformation
- Arctangent (ATAN) calculation
Individual functions .
task - Square-root calculation
* No Operation(NOP)
Position Estimation - Calculates electrical angular velocity and phase 6 from motor parameters,
task voltage, and current (2 types)
Position Sensor Calculates phase 6 and electrical angular velocity from the inputs from a position
Input Process task sensor such as an encoder that generates multiple pulses per revolution
- Program schedule capable of defining the order in which to execute tasks and
Program their start-up control
Schedule control
+ Supports up to 32 tasks
Schedule
management * Repetition start
Start-up control - Starts the input schedule upon completion of an AD conversion
Starts executing an Input Process task upon ADC-complete interrupt when the
VE is in the Standby state following the completion of an output schedule
Schedule-complete | Generates an interrupt when a task with the END flag set to "1" is executed
Interrupt interrupt repeatedly for the specified number of times ([REPTIME]).
control . Interrupt generated when the VE receives a PWM interrupt from the PMD during
Error interrupt : N
the execution of an output schedule, judging it as an error.
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Outputs a signal that indicates that the task is running by toggling the debug
output when the task starts and stops. For example, depending on the timing of

Other c?éjtt)ﬂmsigor the PMD debug output, the period indicating the operation may appear to be
gging inverted (L output).
This can be monitored by the debug output function of the PMD.
© 2026 13 2026-06-12
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9.8. Programmable Motor Driver(PMD)

Table 9.2 PMD Function List

Category Function Description

Resolution The count resolution for PWM carriers is 1/VECLK.
The PWM frequency and duty cycle are programmed with 15-bit values.
Capable of generating PWM carriers with a frequency between 0.06 kHz and
117.18 kHz (when VECLK=60 MHz) and with a 15-bit amplitude

) Four types of carrier waveform (triangular, sawtooth, inverted triangular, and
PWM c?rrler inverted sawtooth)
generation Selectable carrier waveforms for each phase
Capable of producing phase differences between the base carrier and each of
PWM output the U, V, and W phases independently.

Three-phase PWM
generation

Three-phase PWM waveforms are generated by comparing the PWM carriers and
the programmed duty cycles.

The duty cycles of the three phases can be the same or independently
programmed.

Commutation control

Each of the six output ports can be programmed to be driven to the PWM output
level, logic High, or logic Low.

PWM waveforms can be generated independently for each of the three phases
with a common PWM carrier (three-phase complementary PWM).

AD conversion
triggering

Synchronous ADC
trigger generation

Generates MADC synchronous trigger signals to start AD conversion at any
timing synchronous to the PWM carrier

Protection
functions

Protection control

Turns off the PWM outputs in response to a protection input signal
Provides two types of protection control (EMG and OVV)

Dead-time control

Inserts a dead-time period to prevent a short-circuit between high-side and low-
side switches (U/X, VY, W/Z) during their switching when generating three-phase
complementary PWM signals

Register
buffering

Double- and triple-buffered registers allow the PWM period, duty cycles, ADC
trigger timing, and the commutation control settings for the six output ports to be
changed dynamically.

The update timing of execute buffers is selectable from: 1) asynchronous, 2)
the center of the PWM period, 3) the end of the PWM period, and 4) the center
and end of the PWM period.

The update timing of intermediate buffers is selectable from: 1) asynchronous,
2) the center of the PWM period, 3) the end of the PWM period, 4) the 1/4 point
of the PWM period, 5) the 3/4 point of the PWM period, 6) center and end point
of the PWM period, and 7) the 1/4 and 3/4 point of the PWM period.

Interrupt
requests

PWM interrupt
(INTPWM)

Capable of generating interrupt requests synchronous to a PWM waveform
The interrupt timing is selectable from the center and end of the base carrier.

The interval between PWM interrupts is selectable from one-half, one, two,
and four PWM periods.

Capable of enabling and disabling the decimation of synchronous MADC
triggers and buffer updates when interrupts are decimated

EMG interrupt
(INTEMC)

Interrupt request generated in the event of a protection event via an EMG input

OVV interrupt
(INTOVV)

Interrupt request generated in the event of a protection event via an OVV input

Debug output

Capable of monitoring the operating timing of the motor-related peripherals via an
output port
+Monitor timing of the synchronous MADC trigger output from the PMD
Monitor timing of interrupt requests from motor-related peripherals
Monitor MADC conversion
Monitor timing of VE task transitions
Monitor ENC internal signal.
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9.9. Memory Map

Private
peripheral bus

External RAM &
External device

OXFFFF_FFFF

0xE010_0000

OxEOOF_FFFF

0xE000_0000

CPU Registers
(1 MBytes)

OXDFFF_FFFH

0x6000_0000

ROM Table

Reseved

Reserved

Reserved

Reserved

System Control Space

Reserved

BPU

DWT

Reseved

OxEOOF_FFFF
0xEOOF_F000

0xE004_2000
0xE004_1000
0xE004_0000
0xE003_FFFF
0xE000_F000
0xE000_E000
0xE000_3000
0xE000_2000
0xE000_1000
0xE000_0000

Peripheral Ox5FFF_FFFF
0x401F_FFFF|  gpecial Function Registers
......................................... 0x4000_0000 (2 MBytes)
SRAM Ox3FFF_FFFF
0x2000_OFFF RAM
0x2000 0000 (4 KBytes) 0x1000_2FFF
......................................... el BootLoader/FlashAP] Area
Code - (12 KBytes)
0x1000_2FFF ROM 0x1000, 0000
0x1000_0000 (12KBytes) | o
"""""""""""""""""" 0x0000_FFFF
0x0000_FFFF Code Flash Program Area
0x0000_0000 (64 KBytes) (64 KBytes)
................ 0x0000_0000
Figure 9.9.1 Memory Map (Normal/Debug Mode)
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Mode Control(REG)

Code Flash(REG)

PWMGEN

GADC

UART2

SPI

LINCNT/UART1
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DTIMER

WATCHDOG
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GPIO

System Control
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0x4000_0E00
0x4000_ODFF

0x4000_0C00
0x4000_0BFF
0x4000_0A00
0x4000_09FF

0x4000_0900
0x4000_08FF
0x4000_0800
0x4000_07FF
0x4000_0700
0x4000_06FF
0x4000_0600
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0x4000_0400
0x4000_03FF
0x4000_0300
0x4000_02FF
0x4000_0200
0x4000_01FF
0x4000_0100
0x4000_00FF
0x4000_0000

Figure 9.9.2 Memory Map (SPECIAL FUNCTION REGISTERS)
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10. Electrical Characteristics
10.1. Absolute Maximum Ratings
Table 10.1.1 Absolute Maximum Ratings
Characteristic Symbol Pin(s) Rating Unit
Vbat VBAT -0.3 to +40
Vcp VCP -0.3 to +40
Supply voltage
Vce VCC, VREF -0.3 to +6
\Y
Vdd VDD -0.3 to +2.1
Ground-to-
ground voltage Vgnd GNDA, GNDD, GNDP, GNDLIN -0.3t0 +0.3
differential
Vin1 LIN -27 to +40 (Note1)
Vin2 VBATD, -0.3 to Vcp+0.3 (40 V max)
: -4 to Vbat+0.3 (40 V max)
Vin3 PWMIN (Note2), (Noteb)
Vin4 VMON -0.3 to Vbat+0.3 (40 V max)
|Input voltage 2.5 10 Vop+0.3 (40 V ) \%
: -2.5 to Vep+0. max
Vin5 uU,V, W, COM, SLC (Note3), (Note6)
: -2 to Vbat+0.3 (40 V max)
Vin6 RSH, RSL (Note5)
Vin7 TEST, MDO, MD1, RESETN -0.3 to Vcc+0.3
GPIO_x, XIN (6 V max)
Vout1 LIN -27 to +40 (Note1)
Vout2 GHU, GHV, GHW -0.3 to Vcp+0.3 (40 V max)
GLU, GLV, GLW (Note4)
Output voltage Vout3 CP1H, CP2H -0.3 to Vcp+0.3 (40 V max) \Y,
Vout4 CP1L, CP2L -0.3 to Vbat+0.3 (40 V max)
Vout5 XOUT, RESETN -0.3 to Vcc+0.3
GPIO_x (6 V max)
Operating o
|temperature Ta ) -40 to +150 c
Storage o
Itemperature Tstg - -55 to +150 C
Note:

- None of the absolute maximum ratings must be exceeded even instantaneously. Exposure to stress
exceeding absolute maximum ratings might cause permanent destruction or degradation of an IC and
adversely affect other components.
Ensure that none of the absolute maximum ratings is exceeded under any operating conditions.
Use the IC within the specified operating ranges.

- At outside the £18-V range, there is a limit to the period during which the TBO9MO30FG may be
exposed to such conditions: < 90 minutes at 18 to 28 V and <400 ms at 28 to 40 V

Note1: VBAT =6.0to 18 V

Note2: Vin3 is the voltage applied by connecting 10kQ minimum in series.

Note3: Vin5 is the voltage applied by connecting 22Q (typ. tolerance of £5%) minimum in series to the

U, V, and W terminals and 47Q (typ. tolerance of £5%) minimum in series to the COM and SLC

terminals.

Note4: Vout2 is the voltage applied by connecting 22Q (typ. tolerance of £5%) minimum in series to the
GHU, GHYV, and GHW terminals and 47Q (typ. tolerance of £5%) minimum in series to the GLU,
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GLV, and GLW terminals.
Note5: The voltage between VBAT and RSH, RSL should not exceed -0.3V to +40V.

Note6: The voltage between VCP and U, V, W, COM, SLC should not exceed -0.3V to +40V.

10.2. Operating Ranges

Table 10.2.1 Operating Ranges
Characteristic Symbol Rating Unit Remarks
Electrical characteristics are not guaranteed.
18 to 27 (Note1)
Supply voltage Vbat \%
61018 Vbat range in which electrical characteristics
are guaranteed.
-40 to 150 Ambient temperature, Ta
Operating temperature Topr °C
-40to 175 Junction temperature, Tj (Note1)

Note1: Not tested in a pre-shipment test

10.3. Overall Electrical Characteristics

Table 10.3 Electrical Characteristics
VBAT=6t0 18 V, VCC=4.8 t0 5.2 V, VDD=1.45t0 1.55 V, and Tj=-40 to 175°C unless otherwise noted

Characteristic

Symbol

Pin

Test Condition

Min

Typ.

Max

Unit

Standby current
1

Istby1

Standby current
2

Istby2

VBAT
VBATD
VMON

Standby mode
LFCLK OFF
VBAT=VBATD=12 V, Ta=25°C

20

MA

Standby mode
LFCLK OFF
VBAT=VBATD=12 V, Ta=70°C
Guaranteed by design

90

MA
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10.4. Reset Generator and Standby Time

Table 10.4 Electrical Characteristics

Vbat=6 to 18 V, VCC=4.8 t0 5.2 V, VDD=1.45 to 1.55 V, and Tj=-40 to 175°C unless otherwise noted
Characteristic [Symbol| Pin Test Condition Min Typ. Max Unit

Low-level reset

output voltage Voutlrst lout=+5 mA 0 - 04 \%
throshord voitage | Vinrst : wrs| - | - |V
threshord valtage | Virst |RESETN . - |- x| Vv
{:g:fo’;‘)’ise filter | gt (See Figure 10.4.1) 10 20 40 us
Input pull-up Rpullup Between the VCC and RESETN pins | 30 50 | 100 | kQ

Time from a WATCHDOG reset request

WATCHDOG reset Twdt - to an internal reset release (except - 70 - us

time when the flash memory is busy)

Time from recovery from a VCC
Power-on reset Trst1 - undervoltage condition to a CPU reset - - 8 ms
|settling time release

Time from when a wake-up request is
- detected to when a CPU reset is - - 2 ms
released after the LDO15V stabilizes

Recovery settling
time Trst2

. Time from when the oscillator is started

External oscillator by software to when it settles to a

[settling time Trst3 - steady state (when a 16-MHz - - 1 ms

CERALOCK ceramic resonator from
Murata is used)

PLL settling time Tpll - - - - 140 V]

Digital Filter i’ \

Input Signal ! h

Digital Filter
Output Signal

A
L)

Digital Filter Time

Figure 10.4.1 Measurement of Digital Filter Time
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Table 10.5 Electrical Characteristics
VBAT=6 10 18 V, VCC=4.8 t0 5.2 V, VDD=1.45 to 1.55 V, and Tj=-40 to 175°C unless otherwise noted
Characteristic [Symbol| Pin Test Condition Min Typ. Max Unit

lload = -10 pAto -135 mA (Total
VCC/VDD current consumption of

'VCC output maximum self consumption current inside
voltage T Veet the IC and external load current (max. | 49 5.0 51 v
60mA))
Tj =-40 to 150°C
lload = -10 yAto -135 mA (Total
VCC/VDD current consumption of
VCC output maximum self consumption current inside
voltage :? Vees the IC and external load current (max. 4.8 5.0 5.2 v
60mA))
Tj=150to 175°C
Current limit 1 llimit1 VCC =40V -850 -475 -250 mA
Current limit 2 llimit2 VCC VCC<3.0V -250 -112 -10 mA

Vbat = 4.8 V,lload = -120 mA < (-5mA +

Dropout voltage | Vdrop current consumed by LDO5V)

- 0.2 0.45 \Y

Undervoltage
detection voltage | Vrst1 VCC falling (UV_VCC) 4.0 - 4.35 Vv
1

Undervoltage Vrstri

release voltage 1 VCC rising (UV_VCC) 4.2 - 475 %

Undervoltage
detection voltage | Vrst3 VCC falling (POR5V) 3.07 3.45 3.83 Vv
3

Undervoltage
release voltage 3

Note:
- Connect a capacitor of 1.0 yF or more as close as possible to the VCC pin.
- The current limit at VCC in Standby mode is Current llimit2.

Vrstr3 VCC rising (POR5V) 3.22 3.60 3.98 \%

10.6. 1.5-Voltage Regulator (LDO15V)

Table 10.6 Electrical Characteristics
VBAT=6t0 18 V, VCC=4.8 t0 5.2 V, VDD=1.45 to 1.55 V, and Tj=-40 to 175°C unless otherwise noted

Characteristic [Symbol| Pin Test Condition Min Typ. Max Unit
lload = -10 pAto -60 mA + (Total VDD
VDD output current consumption of maximum self
voltage Vdd consumption current inside the IC and 1.45 1.5 1.85 v

external load current (max. 1mA))

Current limit 3 Ilimit3 - -250 -150 -70 mA

Undervoltage
detection voltage | Vrst2 VDD VDD falling 1.3 - 1.4 \%
2

Undervoltage

release voltage 2 | V/St2 VDD rising 1.35 - 1.45 %
Overvoltage
detection/release | Vddov - 1.55 - 1.65 \Y

voltage

Note: Connect a capacitor of 2.2 uF or more as close as possible to the VDD pin.
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Table 10.7 Electrical Characteristics
VBAT=6 10 18 V, VCC=4.8 t0 5.2 V, VDD=1.45 to 1.55 V, and Tj=-40 to 175°C unless otherwise noted

Characteristic | Symbol Pin Test Condition Min Typ. Max [ Unit
Output voltage Vep1 VBAT =6V, lload = -10 pAto -31.8mA,| VBAT ) ) Vv
1 P Cload=15,000 pF +6.5
Output voltage Vep?2 VBAT = 8 to 18V, lload =-10 pAto- | VBAT | VBAT | VBAT Vv
2 P 31.8mA, Cload=15,000 pF +10 +12 +14
Output voltage Veo3 VBAT=5V, lload = -10 pAto -13.8mA, | VBAT | VBAT i Vv
3 P Cload=5,500 pF +65 | +87
Boost VCP
overvoltage
detection Veplim1 - 31 33 35 \%
threshold
voltage
Boost
overvoltage
recovery Veplim_r1 - 29.5 31.5 33.5 \%
threshold
voltage
Boost disable
threshold Vcpstop1 - 27 28.5 30 \%
voltage 1

VBAT
Boost enable
threshold Vcpstop_r1 - 26 27.5 29 Vv
voltage 1
Boost disable
threshold Vcpstop2 - 34 36 38 \%
voltage 2
VCP
Boost enable
threshold Vcpstop_r2 - 32 34 36 \%
voltage 2
Boost
lfrequency Fcp - - 237.5 250 262.5 | kHz

Time from when the boost start signal
Rise time Tep VCP is asserted to when the output voltage - - 1 ms
reaches 90% of Vcp

Note: Enable the charge pump when VBAT 25 V.

IC Internal Signal 5
Boost Start Signal

VCP

Figure 10.7.1 Measurement of Rise Time
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10.8. Oscillator

Table 10.8 Electrical Characteristics
VBAT=6 10 18 V, VCC=4.8 t0 5.2 V, VDD=1.45 to 1.55 V, and Tj=-40 to 175°C unless otherwise noted

Characteristic | Symbol Pin Test Condition Min Typ. Max | Unit
Oscillation
[frequency 1 Fosc1 - - 19 20 21 MHz
(HFCLK)
Oscillation
[frequency 2 Fosc2 - - 24 32 40 kHz
(LFCLK)
@2:{:?;'&"3 Fosc3 XIN Supported external ceramic resonators 16 ) 20 MHz
(XCLK) XOUT or crystal oscillator parameters (Note1) (Note1)

Note1: Typical value of an external oscillator.
Contact the manufacturer of external components for the matching with XCLK.
Toshiba has tested the CSTNE16MOVH3CO000R0 and CSTNE20MOVH3CO000RO and confirmed that
they operate with the XCLK properly.

10.9. 12-bit ADC

Table 10.9 Electrical Characteristics
VBAT=6t0 18 V, VCC=4.8 t0 5.2 V, VDD=1.45 to 1.55 V, and Tj=-40 to 175°C unless otherwise noted

Characteristic | Symbol Pin Test Condition Min Typ. Max Unit
Conversion Settling time + Conversion time
time 1 Teonv1 MADCCLK=30MHz 133 Ms
INL1 Inl1 - Guaranteed by design -2 - 2 LSB
DNL1 Dnl1 - Guaranteed by design -1 - 2 LSB
Total error 1 Err_totall - Guaranteed by design -6 - 6 LSB
Input voltage . Buffer input voltage division ratio .
division ratio Ratio r1 | VBATD Input voltage range: 6 to 27 V 0.095 0.1 0.105 | Times

Note: When the 12bit ADC is enabled, the pull-down resistors for reducing the input voltage have a value of
250 kQ typical.

10.10. 10-bit ADC

Table 10.10 Electrical Characteristics
VBAT=6to 18 V, VCC=4.8 t0 5.2 V, VDD=1.45 to 1.55 V, and Tj=-40 to 175°C unless otherwise noted

Characteristic | Symbol Pin Test Condition Min Typ. Max Unit
Conversion Settling time + Conversion time
time 2 Teonv2 GADCCLK=10MHz 164 HS
INL2 Ini2 - - 2.5 - 25 LSB
DNL2 DnlI2 - - -1.5 - 1.5 LSB
Total error 2 Err_total2 - - -3 - 3 LSB

Input voltage Ratio_r2 | VMON Buffer input voltage division ratio
Input voltage range: 6 to 27 V

division ratio 0.095 0.1 0.105 | Times

Buffer amplifier input-output differential

Amplifier error |Err_amp2 - Input voltage range between 0.2 Vand | -10 - 10 mV
supply voltage
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10.11. Gate Driver Circuit (PREDRV)
Table 10.11 Electrical Characteristics

VBAT=6to 18 V, VCC=4.8 t0 5.2 V, VDD=1.45 t0 1.55 V, and Tj=-40 to 175°C unless otherwise noted
Characteristic Symbol Pin Test Condition Min Typ. Max Unit

High-side high-level output
Output voltage Vohh1 Referenced to the source of FETs
HH1 VBAT 28V, Icp=31.8 mA
Cload=15,000 pF (Note1)

High-side high-level output
Output voltage Referenced to the source of FETs
HH2 Vohhz2 VBAT 2 6V, Icp=31.8 mA 4.5 ; 14 v

Cload=15,000 pF (Note1)

High-side high-level output
Referenced to the source of FETs
GHU VBAT = 4.8V, Icp=31.8 mA
Output voltage Vohh3 GRHV Cload=15,000 pF (Note1)

HH3 GHW  |Process variations are not considered.

(Only temperature variations are
considered.)

Guaranteed by design

3.8 - 14 \

High-side high-level output
Output voltage Referenced to the source of FETs
HH4 Vohhd VBAT 2 5V, lcp=13.8mA 4.5 ) 14 v

Cload=5,500 pF (Note2)
High-side low-level output Igx=100 pA

*The VB values of 4.8to 6 Vand 18 | -0.1 - 0.1 \Y
to 27 V are guaranteed by design.

Output voltage
LH Volh

Low-side high-level output
Output voltage Referenced to the source of FETs
HL1 Von'" VBAT 2 8V, Icp=31.8 mA 8 e v

Cload=15,000 pF (Note1)

Low-side high-level output
Output voltage Referenced to the source of FETs
HL2 Voni2 VBAT 2 6V, Icp=31.8 mA 4.5 ; 14 v

Cload=15,000 pF (Note1)

Low-side high-level output
Referenced to the source of FETs
GLU VBAT = 4.8V, Icp=31.8 mA
Output voltage Vohi3 GLV Cload=15,000 pF (Note1)

HL3 GLW  |Process variations are not considered.

(Only temperature variations are
considered.)

Guaranteed by design

3.8 - 14 \

Low-side high-level output
Vohl4 Referenced to the source of FETs 4.5 - 14 V
Guaranteed by design: VBAT 25V

Output voltage
HL4

Low-side low-level output

Output voltage Voll Igx=100 pA 0.1 ) 0.1 v

LL * The VBAT values of 4.8 to 6 V and

18 to 27 V are guaranteed by design.

Note1: Although the PREDRYV specifications are prescribed at an Icp of 31.8 mA (i.e., a load current of the
charge pump assuming that six FETs with a total Cloud of 15,000 pF are driven at a PWM frequency of
20 kHz), these output voltage characteristics are tested with a load current (Igx) of -100 pA.

Note2: Although the PREDRYV specifications are prescribed at an Icp of 13.8 mA (i.e., a load current of the
charge pump assuming that six FETs with a total Cloud of 5,500 pF are driven at a PWM frequency of
20 kHz), this output voltage characteristic is tested with a load current (Igx) of -100 pA.
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Characteristic Symbol Pin Test Condition Min Typ. Max Unit
Minimum setting for Phase 1:
Phase-1 charge [PREDRVSRCR]<|PHASE1> = 0000
current 1 Iphase1c1 (min.OmA) -0.1 0 0.1 mA
Common to the high-side and low-side
gate drivers
[PREDRVSRCR]<IPHASE1> = 1000
Phase-1 charge 15mA
current 2 Iphase1c2 ( om ) . |1-2025| -15 -9.75 mA
Common to the high-side and low-side
GHU gate drivers
GHV | [PREDRVSRCRI]<IPHASE1> = 1001
Phase-1 charge GHW 30mA
current 3 Iphase1c3 ( ) m ) ) -40.5 -30 -19.5 mA
GLU  [Common to the high-side and low-side
GLV gate drivers
GLW | [PREDRVSRCRI<IPHASE1> = 1011
Phase-1 charge 60mA
current 4 Iphase1c4 ( s m ) ) -81 -60 -39 mA
Common to the high-side and low-side
gate drivers
Maximum setting Phase 1:
Phase-1 charge [PREDRVSRCRI<IPHASE1> = 1111
current 5 Iphase1c5 (max.120mA) -162 | -120 -78 mA
Common to the high-side and low-side
gate drivers
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Characteristic Symbol Pin Test Condition Min Typ. Max Unit
Minimum high-side setting for Phase
Phase-2 high- 2: ) ) )
side current 1 | IPNase2n1 [PREDRVSRCRI<IPHASE2H> = | 4° | -1 | 055 | mA
00000 (Min.1mA)

Phase-2 high- [PREDRVSRCR]<IPHASE2H> = ] ] ]

side current 2 | Phase2h2 00001 (2mA) 27 2 1.3 | mA
Phase-2 high- [PREDRVSRCRI<IPHASE2H> =

side current 3 | Phase2h3 00011 (4mA) 54 | -4 | 26 | mA
Phase-2 high- [PREDRVSRCRI<IPHASE2H> =

side current 4 | 'Phase2hd | 00111 (8mA) 108 | 8 | 52 | mA
Phase-2 high- GHV [PREDRVSRCRI<IPHASE2H> =

side current 5 lphase2h5 GHW 01111 (16mA) -21.6 -16 -10.4 mA
Phase-2 high- GLU [PREDRVSRCR]<IPHASE2H> =

side current 6 lphase2h6 GLV 10000 (18mA) -24.3 -18 -11.7 mA
Phase-2 high- GLW [PREDRVSRCR]<IPHASE2H> =

side current 7 | Phase2h7 10001 (20mA) 27 | 20 | 13 | mA
Phase-2 high- [PREDRVSRCRI<IPHASE2H> =

side current 8 | Phase2h8 10011 (24mA) -324 | 24 | -156 | mA
Phase-2 high- [PREDRVSRCR]<IPHASE2H>= | _ ] ]

side current9 | Phase2hd 10111 (32mA) 432 | -32 | -208 | mA

Maximum high-side setting for Phase
Phase-2 high- 2: ) ) )
side current 10 [IPh2se2n10 [PREDRVSRCRI<IPHASE2H> = | 048 | =8 | 312 | mA
11111 (Max.48mA)
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Characteristic Symbol Pin Test Condition Min Typ. Max Unit
Phase-2 low-side | |phase211 MiTHQUE%B\V/VésFiz(cheRs]iﬁgnlgpfggtgsf 44| 4 |05 | ma
00000 (Min.1mA)
Phase-2 low-side | |o1-co1y [PREDRV(?O%%}?](;InF;'I:SASEZD = o7l 2 a3 ma
Phase-2 low-side | |o1-ccoi3 [PREDRV&&??](:ISESASEZD = 1 sa | 4 | 26 ma
Phase-2 low-side | |phase2i4 [PREDRV(?&%](;LE:E)ASEZD = | -108| -8 | 52 | mA
Phase-2 low-side | |phase21s [PREDR\ﬁTﬁR(]fgﬁq'X;\SEZD = | 216 | 16 | -104 | mA

Phase-2 low-side [PREDRVSRCRI<IPHASE2L> =
current 6 Iphase216 2:3 10000 (18mA)

Phase-2 low-side [PREDRVSRCR]<IPHASE2L> =
current 7 Iphase2l7 %'E\L’JV 10001 (20mA)

Phase-2 low-side [PREDRVSRCR]<IPHASE2L> =
current 8 Iphase2I8 CC;II_-\YV 10011 (24mA)

Phase-2 low-side Iphase2l9 [PREDRVSRCRI<IPHASE2L> =

-24.3 -18 -11.7 mA

-27 -20 -13 mA

-32.4 -24 -15.6 mA

-43.2 -32 -20.8 mA

current 9 10111 (32mA)
; Maximum low-side setting for Phase
E{,‘,‘:‘;‘;ﬁ'gws'de Iphase2110 2: [PREDRVSRCRI<IPHASE2L> = | 64.8 | 48 | 312 | mA
11111 (Max.48mA)

Maximum high-side setting for Phase
2: [PREDRVSRCR]<IPHASE2H> =
11111 (Max.48mA)

Maximum low-side setting for Phase
Phase-3 current Iphase3 2: [PREDRVSRCRI<IPHASE2H> = -226.8 | -168 |-109.2 | mA
11111 (Max.48mA)

Separate to the high-side and low-side
gate drivers
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Characteristic

Symbol

Pin

Test Condition

Min

Typ. Max Unit

Output resistor 1

Routh

GHU
GHV
GHW

High-side discharge side
lol=-20 mA

5.4 12 Q

Output resistor 2

Routl

GLU
GLV
GLW

Low-side discharge side
lol=-20 mA

5.4 12 Q

Input propagation
delay time 1

Thondelay

Input propagation
delay time 2

Thoffdelay

Input propagation
delay time 3

Tlondelay

Input propagation
delay time 4

Tloffdelay

GHU
GHV
GHW
GLU
GLV
GLW

High-side turn-on
Cload=15,000 pF, 25% of VGHXx

Phase-1 charge current setting register
[PREDRVSRCR]<IPHASE1> = 111 (120
mA max)

Phase -2 charge current setting register
[PREDRVSRCR]<IPHASE2H> = 11111
(48 mA max)

Total: 168 mA
U Vv,W,SLC=0V
(See Figure 10.11.1.)

04 1.0 us

High-side turn-off
Cload=15,000 pF, 75% of VGHx
U, V, W are 0V through RU,RV,RW

(External parts: RGHU,RGHV,RGHW =
RU,RV,RW = 220, C=15,000 pF)

Observed outside of RGHU,RGHV,RGHW
(See Figure 10.11.1.)

0.3 1.0 us

Low-side turn-on
Cload=15,000 pF, 25% of VGLx

Phase-1 charge current setting register
[PREDRVSRCR]<IPHASE1>= 111 (120
mA max)

Phase -2 charge current setting register
[PREDRVSRCR]<IPHASE2L>= 11111 (48
mA max)

Total: 168 mA
10%-90%
U,V,W,SLC=0V
(See Figure 10.11.1.)

0.4 1.0 us

Low-side turn-off
Cload=15,000 pF, 75% of VGLx
U,V,W,SLC=0V
(External parts: R=470Q, C=15,000 pF)
Observed outside the 47Q resistor
(See Figure 10.11.1.)

0.3 1.0 us

PMD Output
Internal Signal

Input propagation

_>§ ;4_ delay time(turn on)

GHx - U, V,W
Glx-SLC i /

GHx Current

Input propagation

ov PREDRV

i¢— delay time(turn off) 20kHzZ

10V(typ)

25%

PMD Output

- 75% — ]
Internal Signal

ov

phase1,2
Time Setting

phase1=120mA,16.7ns
Phase2=48mA,16.7ns

Idischarge

U,V, W, SLC
(=0V)

220@RGH*
47Q0@RGL*

Measure
Point

= 15,000pF

GLx Current Icharge
120mA+48mA

Figure 10.11.1 Measurement of Input Propagation Delay Times and Measurement circuit diagram

OmA

220@R*
00@SLC

* represents U, V, W
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Characteristic Symbol Pin Test Condition Min Typ. Max Unit

VECLK=60MHz
ronasetit |- [MCSSDRVPTSR]<TPHASE1>: ] . ] .
P 000000 (0 ns, minimum setting)

Guaranteed by design

B VECLK=60MHz
g‘;ﬁ'if)'dpzhase'1 Tphaseti2 | - [MCSSDRVPTSR|<TPHASE1>: | 158 | 167 | 175 | ns
000001 (16.7 ns)

VECLK=60MHz
- [MCSSDRVPTSR|<TPHASE1>: | 475 | 50 | 525 | ns
000011 (50 ns)

VECLK=60MHz
- [MCSSDRVPTSR|<TPHASE1>: | 110.9 | 116.7 | 1225 | ns
000111 (116.7 ns)

VECLK=60MHz
- [MCSSDRVPTSR|<TPHASE1>: | 237.5 | 250 | 2625 | ns
001111 (250 ns)

VECLK=60MHz
- [MCSSDRVPTSR]<TPHASE1>: | 490.9 | 516.7 | 542.5 | ns
011111 (516.7 ns)

B VECLK=60MHz
";‘;:'if)hp;‘ase'1 Tphaseti7 | - [MCSSDRVPTSRI<TPHASE1>: | 997.5 | 1050 |1102.5| ns
111111 (1050 ns, maximum setting)

Initial Phase-1
period 1

Initial Phase-1 .
period 3 Tphase1i3

Initial Phase-1 :
period 4 Tphase1i4

Initial Phase-1 .
period 5 Tphase1i5

Initial Phase-1 .
period 6 Tphase1i6
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Characteristic Symbol Pin Test Condition Min Typ. Max Unit
VECLK=60MHz
Phase-2 target Tphase2t1 ) [MCSSDRVPTSR]<TPHASE2>: ) 0 ) ns

period 1 0000000 (0 ns, minimum setting)

Guaranteed by design

VECLK=60MHz
- [MCSSDRVPTSR]<TPHASE2>: 158 | 167 | 175 | ns
0000001 (16.7 ns)

VECLK=60MHz
Eggﬁz'gtarge‘ Tphase2t3 | - [MCSSDRVPTSR|<TPHASE2>: | 475 | 50 | 525 | ns
0000011 (50 ns)

VECLK=60MHz
Eggﬁz'ﬁ‘arge‘ Tphase2td | - [MCSSDRVPTSRI<TPHASE2>: | 110.9 | 116.7 | 1225 | ns
0000111 (116.7 ns)

VECLK=60MHz
I';L‘ggg'g‘a’ge‘ Tphase2ts | - [MCSSDRVPTSR|<TPHASE2>: | 2375 | 250 | 2625 | ns
0001111 (250 ns)

VECLK=60MHz
Eggzz'gtarget Tphase2t6 | - [MCSSDRVPTSRI<TPHASE2>: | 490.9 | 516.7 | 5425 | ns
0011111 (516.7 ns)

VECLK=60MHz
- [MCSSDRVPTSR]<TPHASE2>: | 997.5 | 1050 [11025| ns
0111111 (1050 ns)

VECLK=60MHz
- [MCSSDRVPTSR]<TPHASE2>: 2010.9 | 2116.7 | 2222.5 ns
1111111 (2116.7 ns)

Dead-Time register:

Dead time Tdead ; [DTRI<DTR[9:0]> = 0x02D 285 | 3 | 315 | us

When dead time is programmed to be
3 ps. VECLK=60 MHz

Phase-2 target
period 2 Tphase2t2

Phase-2 target
period 7 Tphase2t7

Phase-2 target
period 8 Tphase2t8
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10.12. Current-Sense Amplifier (CSAMP)

Table 10.12 Electrical Characteristics
VBAT=6 10 18 V, VCC=4.8 t0 5.2 V, VDD=1.45 to 1.55 V, and Tj=-40 to 175°C unless otherwise noted

Characteristic Symbol | Pin Test Condition Min Typ. Max | Unit
[Input common-mode :
voltage range Vcomin - -0.2 - 2.0 \%
Gain 1 Gain1 Programmed to be x5 4.95 5 5.05 |[Times
Gain 2 Gain2 RSH Programmed to be %10 9.9 10 10.1 |Times
Gain 3 Gain3 | RSL Programmed to be x15 14.85 15 15.15 |Times
Gain 4 Gain4 Programmed to be %20 19.8 20 20.2 ([Times
Gain 5 Gain5 Programmed to be x40 39.6 40 40.4 |Times
Gain 6 Gain6 Programmed to be x60 59.25 | 59.85 | 60.45 [Times
Output offset voltage _ Programmed to be Vrer/ 2 VRer/2 VREer/2
1 Vooffsett Gain60 after calibration, including input offset [-0.0606 25 +0.0606 v
Output offset voltage ) Programmed to be Vrer/ 5 VRer/5 VRer/5
2 Vooffset2 Gain60 after calibration, including input offset [-0.0606 1.0 +0.0606 v
Output offset voltage ) Programmed to be Vrer/ 8 VRer/8 VRer/8
3 Vooffset3 Gain60 after calibration, including input offset |-0.0606| °°2° |+0.0606| ¥
Output offset voltage ) Programmed to be Vrer/ 10 VRer/10 VRer/10
4 Vooffset4 Gain60 after calibration, including input offset [-0.0606 0.5 +0.0606 v

Gain = 5, output voltage: 2.5V < 3.5V
No external input filter
. . Time required for the output voltage to settle to
Settling time 1 Tsettle1 - within 2% of its final value - - 0.5 us
Guaranteed by design
(See Figure 10.12.1)
Gain = 20, output voltage: 2.5V < 3.5V
No external input filter
. . Time required for the output voltage to settle to
Settling time 2 Tsettle2 - within 2% of its final value - - 0.8 us
Guaranteed by design
(See Figure 10.12.1)
Gain = 60, output voltage: 2.5V < 3.5V
No external input filter
. . Time required for the output voltage to settle to
Settling time 3 Teettle3 | - within +2% of its final value ) ) 17 HS
Guaranteed by design
(See Figure 10.12.1)

|High-level output

VCC-
voltage Voh_amp| - - 0.3 ) ) v
Low-level output
voltage Vol_amp | - - - - 0.3 v
RSH-RSL o
E ___________________________ | Final Value
IC Internal Signal : +2%
CSAMP Output ;
TSEttIE' |
Figure 10.12.1 Measurement of Settling Time
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10.13. Current Clamp Comparator (CLCMP)

Table 10.13 Electrical Characteristics
VBAT=6 10 18 V, VCC=4.8 t0 5.2 V, VDD=1.45 to 1.55 V, and Tj=-40 to 175°C unless otherwise noted

Characteristic | Symbol Pin Test Condition Min Typ. Max Unit
Current-limiting -
voltage Viimit1 - [CLCMPSR.ECLCMPT.V> 00000 -39 0 39 mV
threshold 1 Minimum setting
Current-limiting VCC x VCC x
voltage Vlimit2 - [CLCMPSR]<CLCMPTV> = 00001 1/32 0.156 (1/32+0.03| V
threshold 2 -0.039 9
Current-limiting VCC x VCC x
voltage VIimit3 - [CLCMPSR]<CLCMPTV> = 00011 3/32- | 0.468 [3/32+0.03| V
threshold 3 0.039 9
Current-limiting VCC x VCC x
voltage Viimit4 - [CLCMPSR]<CLCMPTV> = 00111 7/32- 1.094 (7/32+0.03[ V
threshold 4 0.039 9
Current-limiting VCC x VCC x
voltage VIimits - [CLCMPSR]<CLCMPTV> = 01111 15/32- | 2.344 |15/32+0.0| V
threshold 5 0.039 39
Current-limiting — VCC x VCC x
voltage Viimit6 ; [CLEMPSRICLCMPTV==11TT 1 3930 | 4.844 [31/32+0.0] v
threshold 6 Maximum setting 0.039 39
OVV Control register:
Digital filtering ] [OVVCR]<OVVCNT[4:0]> = OxOF
time 1 Telfil1 - VECLK = 60 MHz 3.8 4.0 42 us
(See Figure 10.4.1)
OVV Control register:
Digital filtering ] [OVVCR]<OVVCNT[4:0]> = 0x06
time 4 Telfil4 - VECLK = 60 MHz 1.52 1.6 1.68 us
(See Figure 10.4.1)
o [CLCMPDFSR]<CLCMPDFS>=0
Pigital filtering | 1efiip ; 32 count at 10 MHz 304 | 32 | 336 | ps
(See Figure 10.4.1)
L [CLCMPDFSR]<CLCMPDFS>=1
pigital filtering | - ¢/fi3 - 16 count at 10 MHz 152 | 16 | 168 | ps
(See Figure 10.4.1)

Note: Digital filtering time 1 and 4 is a characteristic of a digital filter located on a different path from the
one with digital filtering time 2 and digital filtering time 3.
The digital filter with digital filtering time 1 and 4 can be disabled via a special function register.
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Table 10.14 Electrical Characteristics
Vbat=6 to 18 V, VCC=4.8 t0 5.2 V, VDD=1.45 to 1.55 V, and Tj=-40 to 175°C unless otherwise noted

Characteristic | Symbol | Pin Test Condition Min Typ. Max Unit

Voltage [OCCMPSR]<OCCMPTV> = 0000
threshold 1 for =
overcurrent Voct B Minimum setting -39 0 39 mv
detection
Voltage

VCC x VCC x
threshold 2for | voc2 | - [OCCMPSR]<OCCMPTV> = 0001 116 | 0313 [1/16+0.03| V
detection 0039 °
Voltage

VCC x VCC x
threshold 3for | voc3 | - [OCCMPSR]<OCCMPTV> = 0011 3116 | 0.9375 [3/16+0.03| V
detection 0039 °
Voltage

VCC x VCC x
threshold d for | voca | - [OCCMPSR]<OCCMPTV> = 0111 716 | 21875 [7/16+0.03| V
detection 0039 °
Voltage

- VCC x VCC x

threshold S for | y/o05 | [OCCMPSRI<OCCMPTV>=1111 | 45/i6 | a.6875 [15/6+0.0 v
overcurrent Maximum setting -0.039 39

detection

[EMGCR]<EMGCNT[4:0]> = 0x06
- VECLK = 60 MHz 1.52 1.6 1.68 us
(See Figure 10.4.1)

[OCCMPDFSR]<OCCMPDFS> =0
- 32 count at 10 MHz 3.04 3.2 3.36 bs
(See Figure 10.4.1)

[OCCMPDFSR]<OCCMPDFS> = 1
- 16 count at 10 MHz 1.52 1.6 1.68 us
(See Figure 10.4.1)

Note: Note that the longer one of digital filtering time 1 and digital filtering time 2/3 becomes effective. The
digital filter with digital filtering time 1 can be disabled via a special function register.

Digital filtering
time 1 Tocfil1

Digital filtering
time 2 Tocfil2

Digital filtering
time 3 Tocfil3
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10.15. Back-EMF Comparator (BEMFCMP)

Table 10.15 Electrical Characteristics
VBAT=6 10 18 V, VCC=4.8 t0 5.2 V, VDD=1.45 to 1.55 V, and Tj=-40 to 175°C unless otherwise noted

Characteristic | Symbol Pin Test Condition Min Typ. Max Unit
Input via a 47Q resistor
apae 29 Ivinrange | Yb" | COM has half the voltage of the phase | -25 | - | VBAT |V
voltage.
Input offset COM=0V i i
voltage 1 Voffsett COM voltage phase difference. 80 80 mv
COM=VBAT/2,
{,"oﬁt”;g%ffzsft Voffset21 VBAT=6V 75 - 75 | mv
COM voltage phase difference.
U, VvV, W,
COM COM=VBAT/2,
!,"oﬁ;‘;g‘ff;’;t Voffset22 VBAT=12 V -50 - 50 | mv
COM voltage phase difference.
COM=VBAT/2,
{,"oﬁt“;g‘;ff;;t Voffset23 VBAT=18 V 75 ; 75 | mv
COM voltage phase difference.
Input offset COM=0V
voltage 1 phase  Voftsetid| U, VoW1 v, vaw, and W-U phase differentials | ~° ; % | mv
Input Processing Control register:
BEMFCMP _ [INPCR]<FILVAL[6:0]> = 0x3C
ffiltering time | TPemffi - VECLK = 60 MHz 095 | 1 | 105 | us
(See Figure 10.4.1)

10.16. Thermal Shutdown (TSD) Circuit

Table 10.16 Electrical Characteristics
VBAT=6to 18 V, VCC=4.8 t0 5.2 V, VDD=1.45 to 1.55 V, and Tj=-40 to 175°C unless otherwise noted

Characteristic | Symbol Pin Test Condition Min Typ. Max Unit
TSD i ] -
tesmpﬂféfﬁﬁfn Ttsd - Guaranteed by design 175 190 205 C
TSD recovery ; o
temperature Ttsdr - Guaranteed by design 145 160 175 C

Note:

- TSD is not tested in a pre-shipment test. Only an evaluation is performed.
- The TSD circuits for the 5-volt regulator (LDO5V) and the LINPHY have the same electrical characteristics.
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10.17. Open/Short Comparator (OSCMP) for External FETs

Table 10.17 Electrical Characteristics
VBAT=6 10 18 V, VCC=4.8 t0 5.2 V, VDD=1.45 to 1.55 V, and Tj=-40 to 175°C unless otherwise noted

Characteristic | Symbol Pin Test Condition Min Typ. Max Unit
Short-circuit VBATD-UN/W, U/N/W-SLC
detection Vos1 [OSCMPSR]<OSCMPT> = 000 10 240 | 460 | mv
threshold 1 Minimum setting
ggt%r;%;cu" Vos2 VBATD-UN/W, UNV/W-SLC 60 280 510 mvV
threshold 2 [OSCMPSR]<OSCMPT> = 001
Short-circuit VBATD-U/NV/W, UN/W-SLC
f',ff:s",t,'o",'é 3 Vos3 [OSCMPSR]<OSCMPT> = 010 160 | 380 | 610 | mV
Short-circuit VBATD _ _
detection Vos4 U Vv,w VBATD-UNVW, UNIW S_LC 270 480 720 mV
threshold 4 sLC [OSCMPSR]<OSCMPT> = 011
Short-circuit VBATD-U/NV/W, UN/W-SLC
f',fff:,t,'o",'& 5 Voss [OSCMPSR]<OSCMPT> = 100 360 | 580 | 830 | mV
Short-circuit VBATD-U/NV/W, UN/W-SLC
f',f,t::f,'o",ﬁ 6 Vos6 [OSCMPSR]<OSCMPT> = 101 460 | 680 | 940 | mV
Short-circuit VBATD-U/NV/W, UN/W-SLC
detection Vos7 [OSCMPSR]<OSCMPT>= 110,111 | 560 | 780 | 1050 | mv
threshold 7 Maximum setting
nout current 1 VBAT = 12 V, U/V/W pin voltage = 12 V/

P losin1 [OSCMPSR]<OSCMPTV> =000 | 69 - 165 | pA

(Note1) [PREDRVER]<PREDRVEN>=0

VBAT =12V, U/V/W pin voltage =0 V
losin2 [OSCMPSR]<OSCMPTV> = 000 -5.0 - 5.0 pA
[PREDRVER]<PREDRVEN>=0
[OSCMPSR]<OSCMPTV> = 11x

Input current 3 losin3 SLC [PREDRVER]<PREDRVEN>=0 -10 - 5 MA
SLC pin sink current

U, Vv, w

Input current 2
(Note1)

©2026 34 2026-06-12
Toshiba Electronic Devices & Storage Corporation Rev. 1.1



TOSHIBA Preliminary
TBOMO30FG
Characteristic | Symbol Pin Test Condition Min Typ. Max Unit
Time from the rising edge of the FET
Digital filtering “on” signal to the Vds comparator output
time 1 Tshortfil5 - [OSCMPDFSR]<OSCMPDFS> = 00 6.08 6.4 6.72 us
(Note2) 64 count at 10 MHz
(See Figure 10.4.1)
Time from the rising edge of the FET
Digital filtering “on” signal to the Vds comparator output
time 2 Tshortfile - [OSCMPDFSR]<OSCMPDFS> = 01 4.56 4.8 5.04 us
(Note2) 48 count at 10 MHz
(See Figure 10.4.1)
Time from the rising edge of the FET
Digital filtering “on” signal to the Vds comparator output
time 3 Tshortfil7 - [OSCMPDFSR]<OSCMPDFS> =10 3.04 3.2 3.36 us
(Note2) 32 count at 10 MHz
(See Figure 10.4.1)
Time from the rising edge of the FET
Digital filter “on” signal to the Vds comparator output
time 4 Tshortfil8 - [OSCMPDFSR]<OSCMPDFS> = 11 1.52 16 1.68 us
(Note2) 16 count at 10 MHz
(See Figure 10.4.1)

Note1: The U, V, and W pins are also connected to other circuit blocks. losin2 and losin2 include the
amount of input currents to these circuit blocks.

Note2: The filtering time of the digital filter for the OSCMP is the longer of the time shown above (Tshortfil5
to Tshortfil8) and digital filtering time 1 (Tocfil1) of the OCCMP shown in Section 10.14.
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Table 10.18 Electrical Characteristics
VBAT=6t0 18 V, VCC=4.8 t0 5.2 V, VDD=1.45 to 1.55 V, and Tj=-40 to 175°C unless otherwise noted

Characteristic | Symbol Pin Test Condition Min Typ. Max Unit
Supply voltage ECU operating voltage range
range Vve (1ISO 17987-4 Param 9, SAE J2602-1) | &0 - | 180 |V
Note : ISO 17987-4 Param 10 and SAE
Supply voltage J2602-1 of LIN configuration is defined
range Vsup 7.0V(min), IC requires 6.0V(min) on 5V 6.0 i 18.0 v
VBAT regulator.
Voltage range with in which the device
is not destroyed.
Supply voltage [Vsup_non_ An optional time limit for the maximum 03 ) 40 Vv
IMAX Ratings oP value shall be at least 400 ms. No '
guarantee of correct operation.
(ISO 17987-4 Param 11, SAE J2602-1)
Voltage range with in which the device
is not destroyed.
BUS MAX VBUs_MAX_ (ISO 17987-4 Param 82) 97 ) 40 Vv
Ratings RATING An optional time limit for the maximum
value shall be at least 400 ms. No
guarantee of correct operation.
Receiver
threshold Low Voltage:
voltage, Vin_rec Recessive Input Threshold (SAE J2602-| 0.4 - 0.53 Vsup
recessive to 1)
dominant edge
Receiver
threshold High Voltage:
voltage, Vih_dom Dominant Input Threshold (SAE J2602- | 0.47 - 0.6 Vsup
dominant to 1)
recessive edge
[BUS current Current L.imitation for Driver dominant
limitation Isus_LiM state driver on VBUS = VBAT_max 40 - 200 mA
(ISO 17987-4 Param 12)
Input leakage current at the receiver
|Leakage l8US PAS 4 incl. responder Pull Up resistance as
current -hs-go specified in ISO 17987-4 Param 26 -1 - - mA
(dominant) m LIN driver off VBUS =0V VBAT = 12V
(ISO 17987-4 Param 13)
|Leakage | Driver off 8V < VBAT <18V, 8V <
current BUS_PAS_re VBUS < 18 V, VBUS > VBAT - - 20 pA
(recessive) © (ISO 17987-4 Param 14)
Control unit disconnected from ground
GNDDevice = VSUP 0V <VBUS < 18
|Leakage IBus_No_GN V VBAT =12 V Loss of local ground 1 1
O - - mA
current1 D shall not affect communication in the
residual network.
(ISO 17987-4 Param 15)
VBAT disconnected VSUP = GND 0 V <
VBUS < 18 V Node shall sustain the
|Leakage lsUS NG BA current that can flow under this
— = condition. Bus shall remain operational - - 23 WA
current2 T . i
under this condition.
(ISO 17987-4 Param 16 and SAE
J2602-1)
Receiver dominant state
Voltage of (ISO 17987-4 Param 17) 04 x
|Receiver VBUS_dom Note: ISO 17987-4 Param 17 of -27 - VB AT \
dominant state LINPHY configuration is not defined
minimum voltage.
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Characteristic | Symbol Pin Test Condition Min Typ. Max Unit
Voltage of Receiver recessive state
Receiver VBUS_rec (ISO 17987-4 Param 18) 0.6 - - Vsup
Irecessive state
Receiver center VBUS_CNT = (Vth_dom + Vth_rec)/2
voltage Veus_ ont (iSO 17987-4 Param 19) 0475 | - | 0.525 | Vsup
[Receiver VHYS = Vth_rec-Vth_dom
hysteresis Vhyvs (ISO 17987-4 Param 20 and SAE 0.07 - 0.175 | Vsup
J2602-1)
THRec(max) =0,744 x VSUP;
THDom(max) =0,581 x VSUP;
Duty cycle D1 VSUP=7,0Vto18YV;
(for worst case D1 tBIT = 50 ps; 0.396 - - -
at 20 kbps) D1 = tBus_rec(min)/(2 x tBIT)
(ISO 17987-4 Param 27)
<PHYFBRM>=0
THRec(min) =0,422 x VSUP;
THDom(min) =0,284 x VSUP;
Duty cycle D2 VSUP=7,6Vto18YV;
(for worst case D2 tBIT = 50 ys; - - 0.581 -
at 20 kbps) D2 = tBus_rec(max)/(2 x tBIT)
(ISO 17987-4 Param 28)
<PHYFBRM>=0
THRec(max) =0,778 x VSUP;
THDom(max) =0,616 x VSUP;
Duty cycle D3 VSUP=7,0Vto18YV;
(for worst case D3 tBIT = 96 Us; 0.417 - - -
at 10 kbps) D3 = tBus_rec(min)/(2 x tBIT)
(ISO 17987-4 Param 29)
LIN <PHYFBRM>=0
THRec(min) =0,389 x VSUP;
THDom(min) =0,251 x VSUP;
Duty cycle D4 VSUP=7,6Vto 18V,
(for worst case D4 tBIT = 96 us; - - 0.59 -
at 10 kbps) D4 = tBus_rec(max)/(2 x tBIT)
(ISO 17987-4 Param 30)
<PHYFBRM>=0
Propagation delay of receiver
. (ISO 17987-4 Param 31)
Iz;?;a;gatlon trx_pd - bus dominant to RxD LOW(trx_pdf) - - 6 us
* bus recessive to RXxD HIGH(trx_pdr)
(See Figure 10.18.1)
Symmetry of receiver propagation delay
Receiver delay t rising edge with respect to falling edge 2 ) 2 s
symmetry Pesym (ISO 17987-4 Param 32) H
I trxisym = frx_pdf - trxﬁpdf
Bus pull-up RRESPONDE internal resistance
resistance1 R (ISO 17987-4 Param 26, SAE J2602-1) 20 30 60 kQ
The serial diode is mandatory. Only for
[Bus pull-up RCOMMAND valid for transceiver with iptegrated
resistance?2 R commander Pull Up resistance. 900 - 1100 Q
(ISO 17987-4 Param 25, SAE J2602-1)
external resistance
LIN input Capacitance of responder node
capacity CRESPONDE (ISO 17987-4 Param 37) i i 30 F
(Guaranteed by R 250pF -220pF = 30pF max P
design)
Current VBAT=12V, RT=25°C, Only working LIN
consumption in onl LINBIlf;(WEj‘keu‘t) signal on at
n current consumption a
Isleep mode Isiecp LN | VBAT [PI)\//IUSCR]<LIN_MODE>=O(pSIeep - - 3 uA
(Guaranteed by Operate Mode)
design)
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| Characteristic | Symbol Pin Test Condition Min Typ. Max Unit
Dominant time Wakeup pulse width from LIN bus
for bus Wakeup| "€ LIN (See Figure 10.18.2) 30 150 | ps
Turn off time to Turn off time from Standby or Active to

tsleep - - - 1 ms

|sleep Sleep mode
Wake-up Threshold voltage for Wakeup signal
|threshold VBuswk LIN detection 0.4 0.5 0.6 Vsup
voltage
ESD
Susceptibility

Vv IEC61000-4-2 ted HBM - - kV
HBM1 pins LIN ESDLIN C61000 Conducted 6 6
vs. LINGND LIN
ESD
Susceptibility

Vv AEC-Q100-002 - - kV
HBM3 pins LIN ESDLIN3 C-Q100-00 6 6
vs. LINGND

™
(GPIO_8)

LIN Vaus_rec 0.6xVSUP
Vaus_cnt
Vgus_dom 0.4xVSUP

RX
(GPIO_0)

» -
Lt %

\4

-
)

tox_par ey _par

Figure 10.18.1 Measurement of LIN Propagation delay

LIN
LINUARTRX
————————————— =
: Take
State Standby Warmup

Figure 10.18.2 Measurement of LIN Dominant time for bus Wakeup
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Table 10.19 Electrical Characteristics
VBAT=6 10 18 V, VCC=4.8 t0 5.2 V, VDD=1.45 to 1.55 V, and Tj=-40 to 175°C unless otherwise noted

Characteristic [Symbol Pin Test Condition Min Typ. Max Unit
‘H);'tp”‘ voltage |/ ;ih1 Pull-up resistor: 3.6 kQ V%T' - |veaT | Vv
LIN -

Output voltage | y/q,1 Pull-up resistor: 3.6 kQ 0 - 1.2 v

Note: Since the LIN Bus and PWM Communication Circuit 1 shares the LIN bus, they have the same
electrical characteristics.

10.20. PWM Communication Circuit 2

Table 10.20 Electrical Characteristics
VBAT=6 t0 18 V, VCC=4.8 t0 5.2 V, VDD=1.45 to 1.55 V, and Tj=-40 to 175°C unless otherwise noted
Characteristic [Symbol Pin Test Condition Min Typ. Max Unit

VCC | vCC [ vCC
- x0.86 | x0.91 | x0.96 \Y;

High-level input .
threshold voltage Vinh

VCC | vCC [ vCC

Low-level input .
threshold voltage| V" - x0.82 | x0.87 | x0.92 | v

Input threshold : —\/inh-\/i

voltage Vinhys Vinhys=Vinh-Vinl ; 0.2 - v
hysteresis PWMIN Guaranteed by design

Input current 1 lin1 Vin=18 V - 20 36 MA
Input current 2 lin2 Vin=0 V -1 - 1 MA

The assumption is that the input digital
filter for the CAPT is used.

Input digital filter | Tpwmfil When CPUCLK is 40 MHz and divided | 6.08 6.4 6.72 us
by 128

(See Figure 10.4.1)

Load condition:

_ [GPOPSR]<GPIOPSx>=00: -1 mA | VCC
\';'c',?t';;‘:"e' output | /o th2 [GPOPSR]<GPIOPSx>=01: 2 mA | x0.8 | - - v
GPIo o | IGPOPSRI<GPIOPSX>=10: -4 mA

/PWMOUT [GPOPSR]<GPIOPSx>=11: -6 mA
0

Load condition:
[GPOPSR]<GPIOPSX>=00: 1 mA
Low-level output | |/, > [GPOPSR]<GPIOPSx>=01: 2 mA ] - 05 v

voltage
[GPOPSR]<GPIOPSx>=10: 4 mA
[GPOPSR]<GPIOPSx>=11: 6 mA
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10.21. UART

Table 10.21 Electrical Characteristics
VBAT=6 10 18 V, VCC=4.8 t0 5.2 V, VDD=1.45 to 1.55 V, and Tj=-40 to 175°C unless otherwise noted

Characteristic [Symbol Pin Test Condition Min Typ. Max Unit
GPIO_10/U
ART_RX,
Data rate Fuart - - - 1 Mbps
GPIO_11/U
ART_TX
10.22. SPI

Table 10.22 Electrical Characteristics
VBAT=6t0 18 V, VCC=4.8 t0 5.2 V, VDD=1.45 to 1.55 V, and Tj=-40 to 175°C unless otherwise noted

Characteristic Symbol Pin Test Condition Min Typ. Max Unit
SCLK period . . Txm
(Controller) Tm (See Figure 10.22.1, Figure 10.22.2) 5250 s - - ns
f}gtg‘ege”“' Ts (See Figure 10.22.3, Figure 10.22.4) :1"53 ; ; ns

SCLK Low-level
pulse width in Twim (See Figure 10.22.1, Figure 10.22.2)| 0.4 - 0.6 Tm
Controller mode

SCLK High-level
pulse width in Twhm (See Figure 10.22.1, Figure 10.22.2)| 0.4 - 0.6 Tm
Controller mode

SCLK Low-level

pulse width in Twls (See Figure 10.22.3, Figure 10.22.4)| 0.4 - 0.6 Ts
Target mode

SCLK High-level SCLK

pulse width in Twhs (See Figure 10.22.3, Figure 10.22.4)| 0.4 - 0.6 Ts

Target mode

SCLK rise/fall to
SDO valid in Todsm (See Figure 10.22.1, Figure 10.22.2) - - 50 ns
Controller mode

[SCLK rise/fall to
SDO hold in Todhm (See Figure 10.22.1, Figure 10.22.2)| -20 - - ns
Controller mode

SCLK rise/fall to
SDI valid in Tidsm (See Figure 10.22.1, Figure 10.22.2)| 55 - - ns
Controller mode

SDI hold time from

SCLK rise/fall in Tidhm (See Figure 10.22.1, Figure 10.22.2)| 100 - - ns
Controller mode
CSN valid to SCLK CSN _ _ Txm
rise/fall in Tofsm (See Figure 10.22.1, Figure 10.22.2) - - ns
Controller mode SCLK -50
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Characteristic Symbol| Pin Test Condition Min Typ. Max Unit
SCLK rise/fall to SDO . .
alid i;‘ﬁ.grget mode | Todss (See Figure 10.22.3, Figure 10.22.4)| - - |3T+90 | ns
LK rise/fall D . .
oL T '%;{git to SDO | Todhs (See Figure 10.22.3, Figure 10.22.4)| 2T ; - ns
LK rise/fall to SDI . SCLK . .
saclid ir??g/rgaettr?'\gde Tidss (See Figure 10.22.3, Figure 10.22.4)| 10 - - ns
SCLK rise/fall edge to
SDI hold in Target Tidhs (See Figure 10.22.3, Figure 10.22.4) | 3T+20 - - ns
mode
CSN valid to SCLK Txn
rise/fall in Target Tifss (See Figure 10.22.3, Figure 10.22.4) - - ns
mode -20
SCLK rise/fall to CSN CSN Txm
deasserted in Tofhm (See Figure 10.22.1, Figure 10.22.2) - - ns
Controller mode SCLK -50
SCLK rise/fall to CSN Txn
deasserted in Target Tifhs (See Figure 10.22.3, Figure 10.22.4) - - ns
mode -20
Note:
- Load capacitance, CL = 100 pF
- [GPOPSR]< GPIOPSx>=11 (6mA setting)
- The electric character of Section 39.22 is Guaranteed by design.
- T represents the SSPCLK period (e.g., 25 ns at 40 MHz).
- n represents a ratio of the SCLK period to the SSPCLK period (n = 12).
- m represents the ratio of the SCLK period to the SSPCLK period (65024 = m = 12).
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Controller[SSPCROJ<SPH>=0 (Latch data on 1st edge)

tOFSM tWHM tWLM Tm
SCLK(Controller)
[SSPCROIKSPO>=0
SCLK(Controller)
[SSPCROIKSPO>=1
tODSM tODHM
SDO Output
tIDSM | HDHM
SDI Input
tOFHM
CSN Output éé
Figure 10.22.1 SPI Communication Waveform 1
Controller[SSPCROJ<SPH>=1  (Latch data on 2nd edge)
tOFSM tWHM tWLM Tm
SCLK(Controller)
[SSPCROIKSPO>=1
SCLK(Controller)
[SSPCROJ<SPO>=0
tODSM
SDO Output
) tDHM
tDSM
SDI Input X
tOFHM
CSN Output éé
Figure 10.22.2 SPI Communication Waveform 2
© 2026 42 2026-06-12

Toshiba Electronic Devices & Storage Corporation

Rev. 1.1



TOSHIBA

Preliminary

TBOMO30FG

Target{SSPCROKSPH>=0  (Latoh data on st edge) Ts
4Fss tWHS tWLS
SCLK(Target)
[SSPCR0IKSPO>=0
SCLK(Target)
[SSPCROKKSPO>=1
|, tDSS tIDHS |
SDI Input >K K
toDSS tODHS
SDO Output
HFHS
CSN Input éé
Figure 10.22.3 SPI Communication Waveform 3
Target[SSPCROJKSPH>=1  (Latch data on 2nd edge) Ts
ke T
HFss tWHS LS
SCLK(Target)
[SSPCROI<SPO>=1
SCLK(Target)
[SSPCR0J<SP0>=0
| tDSS IDHS
SDI Input X
LODSS tODHS
SDO Output 1
HFHS
CSN Iput éé
Figure 10.22.4 SPI Communication Waveform 4
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10.23. GPIO

VBAT=6 to 18 V,

Table 10.23 Electrical Characteristics

VCC=4.8t0 5.2V, VDD=1.45t0 1.55 V, and Tj=-40 to 175°C unless otherwise noted

Characteristic Symbol Pin Test Condition Min Typ. Max Unit
VCCxO0.
High-level input Lok
threshold voltage Vinh ) & ) ) v
Low-level input vee
threshold voltage Vinl ) ) ) x0.25 v
Pull-up resistor Rpullup - 30 50 100 kQ
Pull-down
resistor Rpulldown - 30 50 100 kQ
GPIO_x Load condition:
. [GPOPSR]<GPIOPSx>=00: -1 mA [VCCx0.
\';'c')?tggzve' output | \/outh [GPOPSR]<GPIOPSx>=01: 2 mA | 8 ; ; v
[GPOPSR]<GPIOPSx>=10: -4 mA
[GPOPSR]<GPIOPSx>=11: -6 mA
Load condition:
[GPOPSR]<GPIOPSx>=00: 1 mA
\';g;’t"a'geé’e' output | oyt [GPOPSRI<GPIOPSX>=01: 2 mA | - - 05 | Vv
[GPOPSR]<GPIOPSx>=10: 4 mA
[GPOPSR]<GPIOPSx>=11: 6 mA

10.24. Flash (Code Flash)

Table 10.24 Electrical Characteristics
Vbat=6 to 18 V, VCC=4.8 t0 5.2 V, VDD=1.45 t0 1.55 V, and Tj=-40 to 175°C unless otherwise noted

L ] . Values .
Characteristic Symbol| Pin Test Conditions - Unit
Min. | Typ. | Max.
|Bus frequency - - - - - 42 MHz
|Read frequency - - - - - 10.5 | MHz
Data retention time 1 - - Tj=85°C, after 1,000 program/erase 40 - - years
cycles
[Flash capacity - - - - 64 - KBytes
Word
. . . (32
|Data access size - - Same as read/write operations - bits) - -
|Erase time - - 64KBytes B, Tj = -40 to 150°C - 80 - ms
Program time - - Tj =-40 to 150°C - 2 - S
Erase block size - - - - 8 - KBytes
|Erase block time - - 1 block (8KBytes), Tj = -40 to 150°C - 6.8 - ms
Program block size - - - - 128 - Bytes
Program block time - - 128Bytes, Tj = -40 to 150°C - 2.4 - ms
Note: It is necessary to set the number of wait cycles for read access according to the bus frequency.
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10.25. Other

Table 10.25 Electrical Characteristics
VBAT=6to 18 V, VCC=4.8 t0 5.2 V, VDD=1.45t0 1.55 V, and Tj=-40 to 175°C unless otherwise noted

Characteristic Symbol Pin Test Condition Min Typ. Max Unit
threshold voitage| Vd'in" : ors| | |V
trvachord vartage| Vmanl | o] : | - |02 | V
Pull-down Rmd*pd - 30 50 | 100 | ka

10.26. Thermal resistance

Table 10.26 Electrical Characteristics
VBAT=6to 18 V, VCC=4.8 t0 5.2 V, VDD=1.45 t0 1.55 V, and Tj=-40 to 175°C unless otherwise noted

Characteristic Symbol Pin Test Condition Min Typ. Max Unit
Junction to Thermal resistance between Junction o
IAmbient 8JA and Ambient B 30 B C/w
Junction to Thermal resistance between Junction o
Package Top WJT and Package Top ) 0.21 ) CIwW
Note:

- This value is the result of thermal simulation and is a guaranteed design value. Shipping inspection will
not be conducted.
- The board conditions are as follows.

Board Size
Number of layers
Cu layer thickness
Cu layer area
Number of Cu VIA

114.3mm x 76.2mm x 1.6mm (JEDEC Board : Jesd51-7)
Multi-Layer (Cu 4 layer)

35um (2/3 layer), 70um (1/4 layer)

74.2 x 74.2 mm?

16 (4mm x 4mm)

Ambient temperature: 25°C  (No wind)
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11. Application Circuit Example

VBAT g 2002

T
%

CPTH CP1L CP2H CP2L VCP

NI VBAT
(VMON) VBATD [

0] (VREF) —
__L_i vce GHU
CVC( ;

h vDD
Coo _[ GHV ¢

] GPI0O_7/PWMOUT2/ADINO/UART_RX
GHW 3

XIN U
rﬂ -
[ |

XCLK
) xout
v
w
oM Reom coM
N g™ TBOMO30FG |
GNDLIN
h}
RGSUL
GLU :ﬁ_
PWMIN Rew
l—
IGPIO_9/PWMOUTO Rosvt |"ﬁ }
6LV O }

RGLV | ! I
|_
RGSWL
GLW O—{—3 |!ﬁ }

I
RESETN
Rew
MDO
MD1

GPIO_10/FDL_UART_RX/SWDIO SLC
GPIO_11/FDL_UART_TX/SWCLK

RS LC

RSH

GP10_4/SDI/UART_TX RSt

GPIO_3/SDO/UART RX
ND GPIO5/SCLK
G L ! / GPIO_0/HI0/UART_RX
GPIOB/CSN GPIO_1/HIT/UART_TX

GPIO_2/HI2

»

Figure 11.1 Application Circuit Example
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12. Package Information
12.1. Package Dimensions
P-HTQFP48-0707-0.50-002
"Unit:mm"
9.040.2
7.04£0.2
5.5 1MAX
4.7~49
AARAARAARAS
> mm'muuq{ ‘
8 =
P
2 -g g
2
(=
03]
g
{
8
&
523
A
L ]
F=
0.6040.15
. g
Weight: 0.14 g (typ.)
Figure 12.1 Package Dimensions
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12.2. Marking

TBOMO30FG

Product name: TBOMO30FG

Farm

TB9MO030
YYWWMAL
XXXXXX
TAIWAN

Figure 12.2 Marking

Example: Lot code breakdown

YY WW MAL

Plant Code (fixed)
Weekly Code

Year Code

XXXXXX Internal Identification Code
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13. IC Usage Considerations

TBOMO30FG

13.1. Notes on Handling of ICs

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

(2) Use an appropriate power supply fuse to ensure that a large current does not continuously flow in
case of over current and/or IC failure.

13.2. Points to Remember on Handling of ICs

(1) Over current Protection Circuit
Over current protection circuits (referred to as current limiter circuits) do not necessarily protect
ICs under all circumstances. If the Over current protection circuits operate against the over
current, clear the over current status immediately.

(2) Thermal Shutdown Circuit
Thermal shutdown circuits do not necessarily protect ICs under all circumstances. If the thermal
shutdown circuits operate against the over temperature clears the heat generation status
immediately.
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RESTRICTIONS ON PRODUCT USE

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

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

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

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

PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY
CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT
("UNINTENDED USE").Except for specific applications as expressly stated in this document, Unintended Use includes, without limitation,
equipment used in nuclear facilities, equipment used in the aerospace industry, Class 3 medical devices, equipment used for automobiles,
and military vehicles and munitions. IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR
PRODUCT. For details, please contact your TOSHIBA sales representative or contact us via our website..

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

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

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

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

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

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

Toshiba Electronic Devices & Storage Corporation

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