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With Vision and Intellect, You Can Make It!

Automobiles have been making tremendous progress in terms of safety, environmental performance, and the Toshiba offers automotive semiconductor devices for ConneCted’
utilization of information technology. autonomous, sha red, and electric (CASE) vehicles to su pport
Now, a suite of driver-assist technologies that enhance both vehicle and driver safety are attracting much attention, the safety of motorized mobility for society in the new era.

such as collision avoidance, parking assist and self-driving.
Toshiba offers various automotive semiconductor devices designed to improve driving safety.

Toshiba provides leading-edge semiconductor technologies from a future perspective to deliver comprehensive

driver assistance solutions such as self-driving that emulate human eyes and other intricate human senses.

CONTENTS

Applications: HEVs, PHEVs, EVs and Inverters ............... 5
Applications: DC-DC Converters for HEVs, PHEVs and EVs,
Battery Monitoring Systems (BMS), Start-Stop Systems ... 6
Applications: Brake Control (ABS/ESC), Electronic
Suspension Control, Electric parking brake (EPB), precrash

seat belt tensioners ............ccccoeeiiiiiiiii 7
Applications: Electronic Power Steering (EPS) System ......... 8
Applications: Gasoline Engine System,

Direct Injection, Transmission Control .............c...ccc.... 9

Applications: Pump Control (for Water, Oil and Fuel) , Cooling Fan.... 10
Applications: Air-Conditioning (HVAC), LED Headlights, Airbags ... 11
Applications: Body Control Module (BCM), In-Vehicle Networks ... 12
Products: Automotive Three-Phase Brushless DC Motor Driver ICs... 13

Products: Automotive Brushed DC Motor Driver ICs ...... 14
Products: Automotive Stepping Motor Driver ICs Evaluation

Boards (for Motor Control) ...........cceeevviiieveiieenennennens 15
Products: Automotive Intelligent Power Devices (IPDs) ... 16
Products: Photocoupler for Automotive Applications....... 18
Products: Automotive Discrete Devices.........c.cc.eceuuneen. 19
Products: System Power Supply ICs for Automotive ...... 22

23
24

Products: Automotive Microcontrollers
Functional Safety .........ccoeeeniiiiiiiiiiinii e

ADAS

(Advanced Driver Assistance Systems) ...............c..eev... 27
Visconti™ Image Recognition Processors ..................... 28
Dual/Single-Picture Video Processors ............ccccceeeeuens 30
Automotive Peripheral Bridge ICS ........ccccoeveneeuiiinnneent 31
Automotive Ethernet Bridge ICS ........ccevimeiieneeninennneent 32

In-Vehicle Audio Power Amplifier ICs .. ... 33
Target Applications of Automotive Communication ICs ... 34
RF Devices for Automotive ...........cccooeviiiiiiiniiiiiinns 35

For the latest information about Toshiba's semiconductor devices,

including automotive devices, please visit the following URL:

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



Carbon dioxide (CO,) emission regulations are being increasingly tightened around the world.
Automobile manufacturers are under pressure to shift to electric vehicles (EVs) and plug-in hybrid
vehicles (PHEVs), and now the challenge for electric vehicles is mileage. Taking advantage of
its technology that enables efficient use of electric power, Toshiba Electronic Devices & Storage
Corporation contributes to increasing mileage for the purpose of handling environmental issues.

Changes in the environment surrounding the automobile
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Applications: HEVs, PHEVs, EVs and Inverters

I System Diagram of an Electric Vehicle (HEV/PHEV/EV)

In order to address the requirements for environmental regulations worldwide, it is necessary to increase the proportion of electric vehicles
manufactured. Increasing the use of electric energy to reduce fossil fuel consumption helps protect the environment. Vehicles using electric
energy include hybrid electric vehicles (HEVs) that combine the advantages of both electric motors and internal combustion engines, electric
vehicles (EVs) that use electric motors for propulsion instead of an internal combustion engine, and plug-in hybrid vehicles (PHEVs) that share
the characteristics of EVs and HEVs.

Household Outlet
Standard Charging Connector t
(100 /200 V)

CAN ..

. Augxiliary DC-DC I
E L d
ngine Battery Converter Battery
On-Board
Management
EPS Unit Charger
Mot Battery Battery
otor Accelerator = Monitor Unit | Monitor Unit A

A Battery
iy Battery Battery
Conditioner
ECU Module Module

" I | | Fast Charger
I Air-Conditioner Heater Connector
. . Compressor
Non-Contact Charging -

- : Applications using semiconductor components (Contact Charging)

Fast Charglng Station

Hydraulic ——» Brake =
Brake PHEV-ECU
(Ui Selector
Lever

IAutomotive Drive System Block Diagram (Inverter)

Generally, HEVs, PHEVs and EVs use three-phase brushless motors for electric propulsion. Because the vehicle drive battery
supplies a dc current, it needs to be converted to a three-phase ac current using an inverter. A three-phase inverter, which is
composed of power devices, converts dc to ac during acceleration (powering) and converts ac to dc during braking (regeneration),
to recharge the battery.
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Il Recommended Products

Block Type Package Part Number Polarity/Generation Feature AEC
DPAK+ TK25S06N1L Nch U-MOSVIII-H 60V, 25A, 18.5 mQ max, T, = 175°C O
Power Supply MOSFET
DPAK+ TJ30S06M3L Pch U-MOSVI -60V, -30A, 21.8 mQ max, T, = 175°C O
MCU Motor control MCU HLQFP144 TMPR454F10TFG Arm®Cortex®-R4F (160 MHz) Vector Engine, RDC, PMD, ADC, CAN, Topr: -40 to 125°C O
5pin SO6 TLX9304 - Open collector output, 1 M LOGIC, Topr = 125°C (max)
Isolation Photocoupler 5pin SO6 TLX9378 - Open collector output, 10 M LOGIC, Topr = 125°C (max) O
5pin SO6 TLX9376 - Totem-pole output, 20 M LOGIC, Topr = 125°C (max)




Applications: DC-DC Converters for HEVs, PHEVs and EVs,

Battery Monitoring Systems (BMS), Start-Stop Sys

I DC-DC Converters for HEVs, PHEVs and EVs

In HEVs, PHEVs and EVs, DC-DC converters are used to step down the M Application Block Diagram
high-voltage DC from the main battery to the low-voltage DC necessary
for electronic loads. Toshiba’s product portfolio includes 80-to 100-V
MOSFETs with high current capability that are suitable for use on the o
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M Recommended Products
Functional Block Product Category Package Part Number
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e Driver Driver

See pages 21.
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I Battery Monitoring System (BMS)

The high-voltage battery for HEVs is comprised of many cells connected M Application Block Diagram
in series. MOSFETSs are used to optimally balance the voltage among
the cells. Photocouplers with low power consumption help reduce the

1
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! Power Lv
B Recommended Products 1 4 : i sattery
1
Functional Block Product Category Package Part Number Cell Balance 0 I
Bipolar transistor New PW-Mold TTB002 T
T— P TTA005 L El_
wer Supply Isolation Other
Systs
sz;:|;1|gower SSOP20 TBI0OSFNG T Battery Monitor — (Photo | |« Control
J_ l Device) ECU
Fail-safe, IPD (High-side switch) WSON-10 TPD1055FA T
Shut Down IPD (Low-side switch) PS-8 TPD1044F & . Mcu,
| I Signal
UF6 (o ! Conditioning
MOSFET See pages 19.
Cell Balance SOT-23F _L El_
Photocoupler S04, S06 See pages 18. T Battery Monitor | Is(:l:;i;n L S;Ti:z—‘:;’n
Main Control Battery monitoring MCUs LQFP100 TMPM358FDTFG :}_ {El_ Device) Circuit
4
1
1
I Start-Stop Systems

Toshiba’s power devices and driver ICs can be combined to build efficient circuits for the charging/discharging control of lead-acid
batteries, lithium-ion batteries and generators in start-stop systems.

M System Block Diagram B Recommended Products
Polarity/
O/C 1 Block Type | Package |Part Number @TEERED Feature AEC
00 o 00 Semicon.Relay IPD PS-8 |TPD7104AF | BiCD process | lch high side Nch MOSFET Gate drive.| O
_rW_—T_N_‘ Synchronous TK100S04N1L Nch/VIIl 140V/100 A/2.3 mQ max
rectification
= Interleave orreverse- | MOSFET | DPAK+ |TKIR4SO4PB |  Nch/IX  |40V/120 A/1.35 mQ max 0
Battery _| J J DC-DC Boost battery
— Converter Load o TK55S10N1 Nch/VIIl | 100 V/55 A/6.5 mQ max
b b
Reverse Battery SR PD VSOP16 |TPD7106F** | BiCD process | lch high side Nch MOSFET gate drive.| O
2 emicon.Relay
Protection "= [oH WSON10 | TPD7107F** | BICD process | 1ch high side Nch MOSFET gate drive. | O
7 ']'_1'|L J'-l_l **:Under development
Voltage
SPSwelr —» Control Circuit [4—{ Detection
PPy Circuit




Applications: Brake Control (ABS/ESC), Electronic Suspension Control,

Electric parking brake (EPB), precrash seat belt tensioners

I Brake Control (ABS/ESC)

Many electromagnetic solenoids and mechanical relays are used to M Application Block Diagram
control hydraulic valves, and MOSFETs and intelligent power devices
(IPDs) are widely used for the switching of solenoids and relays. Since Battery )
these applications are exposed to large instantaneous changes in
. . d Switch
voltage, high-voltage MOSFETs and IPDs are required. foagBuite
< =) d h
< L¢ Swite
Il Recommended Products power | E} ’7—| For Solenoid
upply
Functional Block Product Category Package Part Number | (.
Sy MOSFET DPAK+ I -
Motor, Solenoid See pages 21. [ [
Power Supply MOSFET DPAK+ MCU || J & M -
ABSIC | 2
t 3
Signal . .
1/0 <4 Conditioning [€—| DriveSwitch | o & ..., J
Sensor Circuit For Solenoid
CAN Bus
= =
I Electronic Suspension Control
Many electromagnetic solenoids and mechanical relays are used to M Application Block Diagram
control hydraulic valves, and MOSFETs and intelligent power devices
(IPDs) are widely used for the switching of solenoids and relays. Battery?
1 Valve,
Il Recommended Products PowerSupnly _l Motor Control
Functional Product Polarity/ Height L= = ﬂ
Block Category Package | PartNumber @ Feature AEC s:r'gor -~ Il—o* I|—43 I
igna .
MOSFET Ps-8 See pages Sss:se:, | Conditioning[ > ~ MCU Dl:;'\?er
Solenoid, SOT-23 20-21. _|—> Circuit
Motor Control - » General 200, 0.7A G Sensor valve,
Diode S-FLAT' CRGO7 purpose | VF=L1V (max), T-175°C O Solenoid
I Electric parking brake (EPB), precrash seat belt tensioners
Nowadays, more and more automotive applications rely on electronic
control, including electric parking brakes (EPB) and precrash seat belt I Recommended Products
tensioners. The H-bridge circuit configuration is most commonly used Block Type | Package | PartNumber G';‘,’,f;ﬁ,y;n Feature AEC
to drive motors for these applications. Fabricated using the latest silicon TK65S04N1L Nch/VIIl |40 /65 A/4.3 mQ max

TK1R4S04PB Nch/IX 40V/120 A/1.35 mQ max
TK90S06N1L Nch/vill 60 V/90 A/3.3 mQ max

process, the DPAK+ MOSFET Series for motor drive applications delivers

_resi i i DPAK+
low on-resistance, as well as low wiring resistance by the use of a Cu oo drive TJ60S0aM3L 20V/-60 A/6.3 miL max
connector. These characteristics combine to help reduce the system byl MOSFET TJ80S04M3L Pch/VI  |-40V/-80 A/5.2 mQ max O
power consumption. Toshiba also offers pre-drivers that integrate various TIE0S0EM3L ~60V/-60 A/11.2 m) max
detection circuits (for undervoltage detection, FET short-circuit detection, 0P Advance | TPHRTI0IPE |- e 122 ASONOTS ma e
W) | rpH1R104PB 40V/120 A/1.14 mQ max

thermal shutdown), a charge pump and a high-speed pre-driver circuit.

. SOT-23F  |SSM3K337R | Active ClampNch |38 V/2 A, 0.2Q max @ 4V @]
Relay Driver | MOSFET
. S stem Block Dla ram UFM SSM3H137TU Nch+ZD |34V/2A,0.28 Qmax@4.5V O
Yy g PD PS8 TPD7211F Half bridge MOSFET Gate drive. -
.Mechamcal re{ay .Semiconductor relay WQFN-32 |TPD7212F 3 Phase Full Bridge Nch MOSFET Gate drive. O
1-channel H-bridge pre-driver (external
HTSSOP48 |TB9052FNG N-channel FET) Built-in motor current detection | O
Predriver circuit
Fwo A mco BICD process | 1-channel H-bridge pre-driver (external
N-channel FET) Built-in motor current detection
— — LQFP48 | TBIOSTFG circuit Built-in motor rotational direction o
;. IE::(V ; H} H} detection circuit
L e Motor Voltage Single output (external transistors required) LDO
_ T Re ula%ors SSOP20 | TB90O5FNG (5V) @)
= fz_' Power 8 Watchdog timer, Topr: -40 to 125°C
5
J MOSFET ¢ 4 Sy ) New  |TTA0O5 50 /-5 A/h FE200 min -
Pre- o = = Bip-Tr PNP "
Driver J 3 J 3 PW-Mold | TTB002 -60 /-6 A/h FE100 min -
J,- MOSFET




Applications: Electronic Power Steering (EPS) System

I Electronic Power Steering (EPS) System

EPS systems are finding widespread use in automobiles to improve mileage. Here are block diagrams of EPS systems that use power MOSFETs for motor ‘
drivers, power supply and motor relay applications in EPS systems.

M System Block Diagram M EPS Control Evaluation Board M Reference Model for EPS
Brushless motor TK1R4F04PB
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Il Recommended Products

Polari Polarity/
Block | Type | Package | PartNumber Genera:?,c{n Feature AEC Block Type Package | PartNumber | - 0 i Feature AEC
IPD PS8 |TPDT104AF BiCD process | 1ch high side Nch MOSFET Gate drive. | O 5-channel safety relays X
LQFP64 |TB9081FG Selectable operation on fault detection | O
TK65S04N1L Nch/VIll_ |40 V/65 A/4.3 mQ max Initial diagnosis of monitoring circuitry
TK1R4S04PB Nch/IX_|40V/120 A/1.35 mQ max 5 1-channel H-bridge pre-driver (external N-channel
Motor DPAK+ |TJ40S04M3L ~40V/-40 A/9.1 mQ max Pre-driver MCD HTSSOP48 | TB9052FNG FET) Built-in motor current detection circuit O
control ) » 1-channel H-bridge pre-driver (external N-channel FET)
Reverse TJ60S04M3L Peh/VI 40 V/-60 A/6.3 mQ max LQFP48 |TB9057FG BiCD Built-in motor current detection circuit O
battery | MOSFET TJ80S04M3L -40V/-80 A/5.2 mQ max O process Built-in motor rotational direction detection circuit
protection SOP Advance | TPHR7904PB Nch/IX 40V/150 A/0.79 mQ max Multiple outputs (with i d transistors) o
WF) HTSSOP48 | TB9044AFNG LDO1(5V), three tracker channels,
(WF) | TPH1R104PB 40 /120 A/1.14 mQ max Volage Window-atchdog imes,Topr= 4010 150C
psop |TPWR7904PB | . |40V/150A/0.79 mO/175°C Regulai,rs TBI04SENG-110 Wultple outputs (with integrated output
Advance(WF) | TPW1R104PB 40V/120 A/1.14 mQ/175°C HTSSOP48 TB9045FNG-120 transistors), three tracker channels, o
Power TBI04SFNG-125 DCDC1(1.1/1.2/1.25/1.5V), LDOL(5V)
Supply TB9045FNG-150 Window-Watchdog timer, Topr =-40 to 150°C
Schotthy | gL aT™ | cmMs30140A - 40V,3 AVF=0.55V(max),Tj=150°C @)
Barrier Diodes
MOSFET | SOT-23F |SSM3K333R NCh‘\LIJI‘IMOS 30V, 6 A, 42 mQ max, Tch=150°C O
V Three-Phase Brushless Motor Pre-driver IC for e
EPS Applications: TB9081FG ¥
Three-phase brushless motor pre-driver IC designed for high-
current applications such as electric power-assisted steering (EPS) e %‘% %"“lr
® Three-phase pre-driver (that requires an external FET) elen { osc | ] BR10 ’—1
® High-side and low-side charge pumps svee e [E ::m
o Hioh- L
High-speed pre-driver Lo E?
® 5-channel safety relays e
. . . [~ HVO |
® High-speed motor current sense circuit - Motor Drive It
@ Various detection circuits - = E}
) Power Supply Relay Control Signal =
Undervoltage detection for each power supply, thermal - |-
. 5 . Motor Relay Control Signal
shutdown, external FET short-circuit detection Pre-Driver RLO | T
oy . . . . . SHV.
Initial diagnosis of the detection circuits = RGN 1iotor Relay =5 [
. . . . SDOUT
® The operation of pre-drivers in the event of a fault is pre- Sk SN e
. . . . L LI —
configurable via SPI communication. — - [ dyLuo F
® Abnormal status readable via the SPI interface wo
. Motor Drive }E
<Overview>
. My LWo. |
® Maximum voltage: 40 V peak (load dump) L {f=
® Operating voltage range: 4.5 to 28V

FET short detection

® PWM operating frequency: 20 kHz
® Operating temperature range: Ta = -40 to 125°C
® Package: LQFP64
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VREFL ;
VRI
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Applications: Gasoline Engine System, Direct Injection,

Transmission Control

I Gasoline Engine System

Accompanying the tightening of environmental regulations, B Recommended Products
automotive engines are required to meet the standards for higher

s L. . ) Polarity/
efficiency and lower emissions. Toshiba's motor ICs suitable for the Bl || Wi || RS RN Gy IREEETR i
control of throttle and exhaust gas recirculation (EGR) valves help Relays | IPD PS8 |TPD1044F L°%§4'gcs"+ 1 ch Low side switch (1. A) o)
optimize engine efficiency. PSR PS-8_|TPD1054F 1ch Low side switch (1A) -
. WSON-10 | TPD1058FA 1 ch Low side switch (6 A) -
[ | SyStem Block Dlagl’a m 1 ch H-Bridge driver (Pch + Nch), lout5 A
P-QFN28 |TB9051FTG k N @]
BICD process Topr: -40t0 125°C
g . 2 ch (5A) / 1 ch (10A) H-Bridge driver (Nch + Nch)
I MCD | P-QFN40 |TB9053FTG Topr: 4010 125°C (@]
2 ch (5A) H-Bridge driver (Nch + Nch)
V-QFN40 | TB9054FTG** S
Driver Q Topr: ~40 to 125°C o
Power | | TK25S06N1L 60 /25 A/18.5 mQ max
l. Supply Mcu TK40S06N1L | Nch/VIll |60 V/40 A/10.5 mQ max
Sensor l_’ MOSFET | DPAK+ |TK90S06N1L 60 V/90 A/3.3 mQ max o
! TJ30S06M3L —60 V/-30 A/21.8 mQ max
! } T 3L| Pch/Vl  [-60V/-60 A/11.2 mQ max
! MOSFET | DPAK+ |TJ8S06M3L 60 V/-8 A/104 mQ max
! Signal Drivers TB9045FNG-110 Multiple outputs (integrated ourput power
0% Voltage TB9045FNG-120 | . MOSFETs), three channel voltage trackers,
Condlonng || priver | (Mg s;?; Regulators | MT5°0P4® | 7asnaspnG-125 | BICPPTO%SS | pepcy (1.1/1.2/1.25/1.5V), LDOL (5V) ©
P SP°Wel’ TBI045FNG-150 Window-Watchdog timer, Topr = -40 to 150°C
upply
Other ECU Y | M-FLAT™ | CMS30140A - 40V, 3 A, VF=0.55V(max), Tj=150°C
h Schottky ™ (max), Tj o
Barrier Diodes
MOSFET | SOT-23F |SSM3K333R NCh‘\l/JI'IMOS 30V, 6 A, 42 mQ max, Tch=150°C O

**: Under development

Direct Injection

_
More and more gasoline cars are equipped with a direct-injection engine to improve fuel efficiency. Toshiba provides switches for high- -
pressure injector control applications as well as MOSFETSs suitable for DC/DC converter applications. ﬁ
M System Block Diagram M Recommended Products
Polarity/
I | Block Type | Package | Part Number Generation Feature AEC
TK40S06N1L 60 V/40 A/10.5 mQ max
Battery Voltage
é J'l: J'l: Drive Switch Boost DPAKS TK90S06N1L NehVIl 60V/90 A/3.3 mQ max
Drive Switch Converter WOSFET TK33S10N1L 100 V/33 A/9.7 mQ max 5
A 4 . TK55S10N1 100 V/55 A/6.5 mQ max
o m Fuel Injector
; DC-DC Boost >t 141 Drive DPAKE TJ50S06M3L eI ~60 V/-50 A/13.8 mQ max
Converter -1 v Switch TI60S06M3L 60 V/-60 A/11.2 mQ max
H x Logic Nch . .
Jk-} an ? Injector Relays IPD PS-8 |TPD1044F + 1 ch Low side switch (1 A) O
H = ON/OFF DMOS
- Control PS-8 |TPD1054F 1 ch Low side switch (1 A) -
T Solenoids IPD BICD process
JS} JS} WSON-10 | TPD1058FA 1 ch Low side switch (6 A) -
JE11 ¥ J'f{ ¥
mr nr 7J7' 7J7' r 7J7 7J7
Transmission Control -
The hydraulic control in the transmission is mainly driven by a valve using an electromagnetic solenoid. Toshiba offers semiconductor
devices with a current drive capability and various protection features suitable for on-off and linear solenoids in transmissions.
M System Block Diagram Il Recommended Products
Polarity/
Block Type | Package | Part Number e = Feature AEC
J_ Ps-8  |TPD10aaF | NOBIENCN* |y b pioh side switch (1 A) o}
Relay Relays & DMOS
o IPD N N
I Relay Control solenoids PS-8 | TPD1054F BiCD process 1ch Low side switch (1 A) -
WSON-10 |[TPD1055FA 1 ch High side switch (3 A) O
Sopply MU 5 [T 193 TKE5S04N1L 40V/65 A/4.3 mO)
N u| o .3 M max
Y £ Nchvill
ry TK100S04N1L 40V/100 A/2.3 mQ max
v W Solenoid Control | | & J J'.: J 0il Pump | TK1R4S04PB Nch/IX  |40V/120 A/1.35 mQ max
i o o Motor Oil pum
Signal High-Side Rigsidg e | MOSFET | DPAK* |To0SOGNIL | Nch/VIll |60V/90 A/33m0 max o
Switch Switch ”r
T T T T T T TJ60S04M3L -40 V/-60 A/6.3 mQ max
TJ80S04M3L Pch/VI -40V/-80 A/5.2 mQ max
TJ60S06M3L -60 V/-60 A/11.2 mQ max
3 Phase Brushless Sensor-less Pre-Driver
TB9061AFNG o O
ON/OFF Linear Solenoid Topr: -40t0 125°C
Solenoid MCD | SSOP24 3 Phase Brushless Sensor-less
. TB9062FNG . Pre-Driver,High Start-up -
Pre-driver BiCD process Performance, Topr: -40 to 125°C
3 Phase Full Bridge Nch MOSFET
PD WQFN-32 |TPD7212F Gate drive. O
PS-8 |TPD7211F Half bridge MOSFET Gate drive. -




Applications: Pump Control (for Water, Oil and Fuel), Cooling Fan

I Pump Control (for Water, Oil and Fuel)

The TB9061AFNG can control a pump control unit without using a microcontroller and Hall sensors. This eliminates the need for the development of
software for electronic control units (ECUs) or reduces the workload for the development. Moreover, the reduction in the number of components due to
the elimination of Hall elements etc. helps reduce the size of ECU boards. Toshiba’s semiconductor devices designed for pump control units tolerate a
high-temperature environment of up to 125°C in an engine compartment.

[l System Block Diagram [l Pump Control Evaluation Board Il Reference Model for
Water Pump Control

Pch [T | ReverseBattery  Bryshless motor application

{ YT Protection

L 5 - H
Power ” > ] b ] b AK+ MOSFET
Supply T [ [ : TK65S04N1L
Pre- TB9061AFNG : TJ60S04M3L
Driver Pump
Motor
MCU —“ e | | (Brushless)
il
B Recommended Products
Block Type Package Part Number GPolarlty/ Feature AEC
eneration
WQFN-32 TPD7212F 3 Phase Full Bridge Nch MOSFET Gate drive. O
IPD PS8 TPD7211F Half bridge MOSFET Gate drive. -
Pre-driver TPD7104AF BiCD process |1 ch high side Nch MOSFET Gate drive. O
MCD Ss0P24 TB9061AFNG 3 Phase Brushless Sensor-less Pre-Driver, -40 to 125°C O
TB9062FNG 3 Phase Brushless Sensor-less Pre-Driver, High Start-up Performance, -40 to 125°C -
TJ20S04M3L -40V/-20 A/22.2 mQ max
DPAKE TJ40S04M3L Pch/VI -40 V/-40 A/9.1 mQ max
Motor TJ60S04M3L -40 V/-60 A/6.3 mQ max o
control TK1R4S04PB 40V, 120 A, 1.35 mQ max, Tch = 175°C
Reverse MOSFET
batter: TPHR7904PB 40V, 150 A, 0.79 mQ max, Tch = 175°C
P SOP Advance (WF)
protection TPH1R104PB Nch/IX 40V, 120 A, 1.14 mQ max, Tch = 175°C
TPWR7904PB 40V, 150 A, 0.79 mQ max, Tch = 175°C
DSOP Advance (WF) O
TPW1R104PB 40V, 120 A, 1.14 mQ max, Tch = 175°C
Voltage Regulators SSOP20 TB9005FNG BiCD process | Single output (external transistors required) LDO (5 V) Watchdog timer, Topr: -40 to 125°C O
Power Supply . TTA005 -50V/-5 A/hFE200 min -
Bip-Tr New PW-Mold PNP -
TTB002 -60 V/-6 A/hFE100 min -

I Cooling Fan

Automobiles have electric cooling fans of various sizes for the engine, battery pack and LED headlights. With the increasing uptake of electric vehicles (EVs),

the market demand for quieter fan motors is growing. Toshiba's sine-wave motor controller ICs help realize quiet motor operation.

[l System Block Diagram M Recommended Products
& o Polarity/
® Low-Side PWM pch [ ngh Side PWM_| Pch Block Type | Package | Part Number e Feature AEC
IR _{H Low noise motor drive using
1 Lt Nch dp.r ¢ | LQFP64 |TB908OFG  |BICD process S'f’f‘.”.”'da'c””e”; wave, high- o
Power Power el river efficiency motor drive using auto
Supply Supply Control| Motor drive lead angle control
. ‘ E TK100S04N1L Nch/VIIl |40 V/100 A/2.3 mQ max
signal ¢ E‘ MOSFET | DPAK+ |TK1R4S04PB Nch/IX 40V/120 A/1.35 mQ max O
Ingut & J Motor TK55S10N1 Nch/VIIl 100 V/55 A/6.5 mQ max
O— Mcu ey {Brushed) Voltage Single output (external transistors
Rel u\a%ors SSOP20 |TB900OSFNG | BiCD process |required) LDO (5V) O
Power 8 Watchdog timer, Topr: -40 to 125°C
Supply ] New |TTA005 -50 V/-5 A/hFE200 min -
Bip-Tr PNP -
PW-Mold | TTB002 60 V/-6 A/hFE100 min -
.3phase fu[[-bridge Method for BLDC Motor PS-8 |TPD7211F Half bridge MOSFET Gate drive. -
Pch [ | Reverse Battery Pre-driver | IPD WQFN-32 | TPD7212F BiCD process |3 Phase Full Bridge Nch MOSFET o
Protection Gate drive.
T31 Motor Control

JI_ T 'Tﬁﬂé}ﬁ i

Power Supply
Pre-
Driver / M
Signal \
Input . 3
= g
H
r
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Applications: Air-Conditioning (HVAC), LED Headlights, Airbags

I Air-Conditioning (HVAC) - Blowers

In order to improve fuel efficiency, various motors are being replaced by brushless motors. Accompanying this trend, MOSFETs with lower power losses
are required for motor drive and reverse-battery protection applications. Toshiba offers MOSFETSs that use a copper (Cu) connector with lower resistance
than aluminum in order to reduce conduction loss.

M System Block Diagram B Recommended Products
Polarity/
\ Brushless motor application Bl || WEe || FedeEe | FERRUTEET || qopeetan IR i
Peh M— sfgtee'é;(f‘:“efy IPD PS8 |TPD7104AF |BiCD process| 1ch high side Nch MOSFET Gate drive. O
T[ 2 TI T I | Motor TK100S04N1L | Nch/VIIl [40V/100 A/2.3 mQ max
;:\'/‘;‘S’L TK1R4S04PB Nch/IX |40 V/120 A/1.35 mQ max
MOSFET | DPAK+ |TK55S10N1 Nch/VIll | 100 V/55 A/6.5 mQ max O
battery
I+ [y [y protection TJ60S04M3L T V/-60 A/6.3 mQ max
SPS;":I'Y T H L 4 TJ80S04M3L 40 V/-80 A/5.2 mQ max
— - t IPD WQFN-32 |TPD7212F 3 Phase Full Bridge Nch MOSFET Gate drive. @]
Driver Bloves el Low noise motor drive using sinusoidal current
Motor MCD LQFP64 | TB908OFG . wave, high-efficiency motor drive using auto lead | O
MCU > BiCD process ) trol
1 1 ¢ | | (Brushless) angle control
Voltage Single output (external transistors required)
“ :ﬁ Power | Regulators SSOP20 | TBS0OSFNG LDO (5 V) Watchdog timer, Topr: -40 to 125°C o
Suppl, TTA005 -50 V/-5 A/hFE200 min -
PpPly Bip-Tr New NP /-5 A/l i
Vs 7J7_ 7J7_ 7J7_ PW-Mold [TTB002 60 V/-6 AJhFE100 min Z

I Air-Conditioning (HVAC) - Dampers

Toshiba offers motor drivers for HVAC applications incorporating multiple dampers. Our product lineup includes ICs that integrate a low-on-resistance
driver capable of controlling multiple channels and those that integrate a driver that provides fine temperature regulation and other features through LIN
communications with system electronics.

M System Block Diagram B Recommended Products
Block Type | Package | Part Number POIa"t.Y/ Feature AEC
Dumper Motor Generation
\BIIShed) 2 ch H-Bridge, 1.2 Q (£0.5 A)
I-@-l I-@-l TB9101FNG Topr: -40 to 125°C o
e TB9102FNG 6ch Half»brldge,nl.o Q(+0.5A), 1)
. Motor . Topr: -40 to 125°C
Supply . . Motor drive X SSOP24 BiCD process -
H-bridge H-bridge driver TB9056ENG LIN-Slave 1 ch H-Bridge, 1.0 Q (+0.5 A), _
IF Topr: -40 to 125°C (Classic Checksum)
LIN-Slave 1 ch H-Bridge, 1.0 Q (+0.5 A),
Y TBI0SSFNG Topr: -40 to 125°C (Enhanced Checksum) O
Driver
I LED Headlights
Electric bulbs for direction indicators and other automotive lamps are being I Application Block Diagram
replaced by LEDs. LEDs are driven by DC-DC converters in which many MOSFETs
with a VDSS of 60 V or higher are utilized. N N R
O >t (Battery) Protection
Battery(+) Boost
Il Recommended Products Transformer
Functional Block Product Category Package Part Number . .
DPAKE Pr\maryrslde !
Booster Circuit MOSFET Sl !
SOP Advance
DPAK+ Reverse Battery
Protection
SOP Ad immif
RV iRy MOSFET vance See pages 20-21. O 4 - Dimming
Protection SOT-23F Battery(-) 1y
TSOP6F Control Signal
SOT-23F ( )—DI Control Circuit
Dimming MOSFET |
TSOP6F
Airbags

MOSFETSs or other types of switches are used as failsafe switches in the power

M Application Block Diagram
supply section of electronic control units (ECUs). PP g

Battery -G}
Bl Recommended Products
Functional Block Product Category Package Part Number
. . SOP Advance (WF) Y
Fail-Safe Switch MOSFET See pages 21.
DSOP Advance (WF) -
Power | | | Pre- —l > Fail-Safe
Supply Driver — St
Sensor [~ signal MCU
Conditioning [
Other ECU |a—p|  Circuit

| Squib Driver b Se:t-bglt
G Sensor |—> re-tensioner
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Applications: Body Control Module (BCM), In-Vehicle Networks

I Body Control Module (BCM)

Body control modules (BCMs) come in two types: those using mechanical relays and those using MOSFETs as semiconductor relays. To meet the needs of mechanical-
relay drive applications, Toshiba has developed the SSM3K337R, a MOSFET in a small package (with 85% of the mounting area of the predecessor) that has active
clamping circuitry for inductive loads.

Toshiba also offers power MOSFETs in DPAK+ and other packages suitable for semiconductor relay applications. $
,Tery\ Relay Lamp Control Motor Load
‘ FawE— (Wiper, Mirror,
Fs’owelr e - LJS Switch - Door Rock, etc.)
UPPY Protection oot
ow Curren
| Switch Relay
Iﬂ, Signal Mcu
Switch Conditioning .
witch | Middle Current Ierlt:”m Lamp
Switch :
Remote
Keyless
Entry, etc. Relay Lamp Control
M 1PD, Active Clamp, Complex Device —H/S Switch -
2 Channel 1-2 Channel
i High Current High Current
Block Type |Package | Part Number GZﬁL‘-’;Ei}Z n Feature AEC Igsm‘t‘c'traen Igsmrcrtruen
SSM3K337R ] 38V/2A,0.20 Q max @ 4.0V O — —
MOSFET T-23F Active Clamp —
0S SOT-. SSM3K347RY Nch 38V/2A,0.480max @4.0V, Built-in 0 Turn Signal Lamp Stop Lamp
ull-down resistor eft and Rigl efogger, etc.
pull-down resisto Left and Right Def t
Mechanical | MOSFET+D | UFM |SSM3H137TU | Nch+ZD |34V/2A,0.28Q max @4.5V O
Relay BICD | Highsid =
g igh side 1ch, VDD (opr) =5t0 18V, _
IPD(HSS) PS-8 |TPD1052F process [IC=0.8A,0.80Q, Topr=-40to 125°C . MOSFET
IPD(LSS) | PS-8 |TPD1044F L‘jg&g;h Eifgsﬁ,epiihjfffo j‘;)’c’ IC=1A, o) Block Type | Package | Part Number Feature AEC
Semicon. IPD PS-8 | TPD7104AF BicD | 1ch high side Nch MOSFET gate drive O PS8 TPCP8207 _|Nch Dual, 40 ¥/54, 36.3 mQmax, Tch = f75 c ©
Relay | (Pre-Driver) | WSON10 |TPD7107F** process | 1ch high side Nch MOSFET gate drive O Relay TPCP8407 | Nch+Pch, 40/-40V,5/-4 A, 36.3mQ max, Tch = 175°C O
Voltage BiCD Single output (external transistors Lamp Control SOT-23F | SSM3K2615R | Nch, 60V/2 A, 044 Qmax @ 4.0V O
Re ulafm SSOP20 | TBI0O5FNG rocess |required) LDO (5V) Watchdog timer, O MOSFET | TSOP6F |SSM6N357R* | N-ch, 60 V/0.65A, 2.4 Q max @ 3.0V O
gowelr g p Topr: -40 to 125°C TKIR404PB | Nch, 40 V/120 A, 1.35 mQ max O
upPly sip7r | New |[TTA00S pyp | 30V/-5 A/KFE 200 Min - Reverse Dump DAPK+ |TK55S10N1 |Nch, 100 V/55 A, 6.5 mQ max, Tch = 175°C O
PW-Mold | TTB002 -60 V/-6 A/hFE 100 Min - Surge Protection T 3L |Pch,-60V/-30A,21.8 mQ max, Tch=175°C O

*:New Product **: Under development

I In-Vehicle Networks

Transient-voltage-suppression (TVS) diodes protect CAN, LIN, FlexRay bus, Ethernet AVB, and other in-vehicle networks from permanent damage due to surge voltages.
The high protection performance of Toshiba’s TVS diodes helps improve the reliability of in-vehicle networks.

Wi-Fi®/Bluetooth®/GPS AM/FM/
¥ ¥
Automotive Network / Bus line
(CAN bus/LIN bus/FlexRay bus)
-
~— | Displa:

CAN bus (H)O T | Display

I I | Gateway LDO Level Level

O 1 1 HUD/ Shifter Shifter

s External LvDS
NRN 3 ECUA NN FCU B NEN S ECUC gg::l;:;/ ) LDO
T T I ™
o
ESD Protection ¥ A,é’,”;}g‘;ﬁ’g,"
LIN bus FlexRay bus +B 1
Power
Management l_r'o'o'\_| * s UsB Type.ce
=[] , Iy % & —
Sensor Motor x'hé/(':n/"e
-
—>|
_L .I Backup battery
Other ECU
WV TVS Diodes
Block Package Part Number
] usc
CAN/LIN bus protection
Usm See pages 19.
LVDS bus protection SOD-923
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Products: Automotive Three-Phase Brushless DC Motor Driver ICs

V¥ Roadmap

Three-Phase Brushless DC Motors

Sensorless

Fan/pump

‘r TB9061AFNG l

+ 120°-commutation sensorless motor control logic
« Built-in pre-driver (P-ch/N-ch)
* Package: SSOP24

Y : AEC-Q100-qualified

Fan/pump

i

Fan/pump

Being planned
TBOMOOX .

* Pre-driver with MCU

« Vector control (integrated Vector Engine)
* LIN communication

» Package: TBD

TB9062FNG I

+ 120°-commutation sensorless motor control logic
« Built-in pre-driver (P-ch/N-ch)
* Package: SSOP24

Brower
H Being planned
Sensor input TB9068FG TB908OFG TBS0SXFTG
* 120°-commutation motor control logic « Sine-wave motor control logic « Pre-driver (Without motor control logic)
um « Integrated driver (0.3 A) « Built-in pre-driver (N-ch/N-ch) « Features for functional safety
P P  LIN transceiver * Speed feedback « Ta=150°C

* Package: LQFP48

TB9067FNG

» Package: LQFP64

! TB9081FG I

« Pre-driver (Without motor control logic)

 Package: VQFN36(TBD)

Under development
TB908XFTG

« Pre-driver (Without motor control logic)

 120°-commutation motor control logic
« Built-in pre-driver (P-ch/N-ch) EPS « Integrated 5-channel predrivers for relay drive EPS/ « Features for functional safety
« Package: SSOP24 « Features for functional safety pump e Ta=150°C
« Package: LQFP64 « Package: VQFN48(TBD)
o
. 29
V Three-Phase Brushless Sensorless Pre-driver IC TB9062FNG F ol £ lw
vear
i i ili i 21 I —=1 g High-side
Sensorless control pre-driver with startup stability and out-of-step prevention =z ” £i] Hie
function improved from TB9061AFNG Reset o {7
® PWM input <Overview> [ sic E—;ﬁ Q
® Improved startability by logic control ® Operating voltage range: 6.5 to 16.6 V o % D e — é?
® Out-of-step prevention function by inhibiting © Max. voltage: 40 V peak (load dump) Oy o = [ i side
ST £
sudden change of output duty ® Operating temperature range: Ta = -40 2 -3 Bl
® Built-in position detection circuit to 125°C St ) % g,
i . Vees 8
® Built-in 5-V power supply & reset function ® Package: SSOP24 < = ComPIN
® Built-in 8-bit AD converter g > WAVEOVW
@ Various built-in detection circuits "
Overcurrent detection, overvoltage/low voltage e
detection, thermal shutdown ’%TL
TesT oD
V Lineup
Part Number Package Input Commutation Output Features & Functions O\F;Oelgtg'zg AEC
N Simple application circuit due to external part count reduction
120 degree Pre-drivers . . R
TB9061AFNG SSOP24-P-300-0.65A PWM, DC voltage Sensorless control, Overcurrent detection, Wide PWM dynamic 5.5t0 18 O
(Sensorless) P-ch/N-ch
range for output
X g 120 degree Pre-drivers Simple application circuit due to external part count reduction _
TB9062FNG SSOP24-P300-0.65A PWM (Sensorless) P-ch/N-ch Sensorless control, Overcurrent detection, improved startup 6.5t016.6
200 Pre-drivers Only a few external parts required, Support for both PWM and _
TB9067FNG SSOP24-P-300-0.65A PWM, DC voltage 120 degree P-ch/N-ch DC inputs 120-degree commutation, 5-V sensor comparator 61018
120 degree . . . s .
TB9068FG LQFPA48-P-0707-0.50 PWM, phase External Direct Allows direct drlve of a motor with built-in 0.3-A drivers Tto18 _
signals control LIN 1.3 transceiver, 5-V system power supply
180 degree Pre-drivers Low noise motor drive using sinusoidal current wave, high-
TB908OFG LQFP64-P-1010-0.508 PWM, DC voltage Sine wave N-ch/N-ch efficiency motor drive using auto lead angle control Tt018 o
N : . External Pre-drivers 5-channel safety relays, Selectable operation on fault detection
TB9081FG LQFP64-P-0707-0.50 Phase signal control N-ch/N-ch Initial diagnosis of detection circuits 45t028 o
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Products: Automotive Brushed DC Motor Driver ICs

Brushed DC Motors damper engine
Under development Under development
= TB9Y054FTG ﬁ' TBYOS3FTG |
s TB9101FNG | TBI102FNG | engine
c H ; " i .
§ S o e T +2-channel H-bridge driver (5A) +2-channel H-bridge driver (5A) or
& || 2| (Zchanneltibridgedrver(1a) - channe haif pidgedrver G e - 5Pl communication L-channel H-bridge driver (108)
2 |I° ge: + Package: SSOP24 TB9051FTG I + Package: QFN40(TBD) « SPI communication
2 ge: « Package: PQFN40(TBD) Bod
; « 1-channel H-bridge driver (5A) ody
- Package: PQFN28
damper Being planned
damper TB905YFTG

. t I

% TB9056FNG I TB9058FNG « 1-channel H-bridge predriver
T s - . + SPI communication
£ «1-channel Hrprlc!ge driver (0.3 A) «1-channel H-bridge driver (0.3 A) « Package: VQFN24(TBD)
H + LIN communication T s =
-5 « Package: SSOP24 EPS + Package: SSOP24
@
® L
@ 'g TB9052FNG TB9057FG

=

|+ 1channel H-bridge predriver + 1-channel H-bridge predriver

£ -Fastswitching « Fast switching and low voltage

Q- . package: HTSSOP48 « Package: LQFP48 HUD/

Valve
Stepping Motor T TB9120FTG | rTBBIZOAFTG | TBQ:;'"”'“""E"
X

 High resolution: 1/32-step microstepping
*Motor current: 1A

- Package: VQFN28

+ Enhanced noise immunity

2021

« High resolution: 1/32-step microstepping
« Motor current: 1A

« Package: VQFN28 *: AEC-Q100-qualified

~2019 2023~

'V Brushed DC Motor Driver ICs: TB9053FTG and TB9054FTG Under development

Housed in a small QFN package, the TB9053FTG and TB9054FTG contribute to reducing the size
of electronic control units (ECUs). The output stage has a low-on-resistance H-bridge that consists
of P-channel and N-channel DMOS transistors. The TB9053FTG and TB9054FTG incorporate
capacitors, eliminating the need for the outer leads that would otherwise be required for slew
rate control and charge pumping and thereby reducing noise. During initial diagnosis, these
motor driver ICs check the threshold of the internal comparator for various fault detection circuits.
Applications of the TB9053FTG and TBI054FTG include electronic engine throttle control; opening
and closing of various engine valves; and body electronics such as electric door mirror retractors.
® Dual-channel 5-A/single-channel 10-A H-bridge drivers

High-side and low-side drivers (N-ch/N-ch configuration)
® Output current: 5.0 A (TB9054FTG) / 10.0 A (TB9053FTG) -
® Various detection circuits, (Overcurrent detection, over-temperature detection, open-load h_’__:__

detection, current monitor), SPI communication, etc. == :;_ frncntcra]
® SPI communicaioin and SR control FTl I
® Operating supply voltage: 4.5 to 28 V g =
® Operating temperature: -40 to 125°C
o Package:PQFN40(TB9053FTG)/NQFN40(TBI054FTG) Parallel: mode @ 789053
® AEC-Q100-qualified TB9053 TBY054
V H-Bridge Pre-driver: TB9057FG =y

H-bridge pre-driver IC designed for high-current applications such as electric

VB1/2

T %;
pccip [ pcepj2 Lpcco A

power steering (EPS)
© H-bridge pre-driver (that requires an external FET) ~ <Overview> o — .
e . . VDD1/2
® Built-in charge pump (with a VB of +7 V or greater) ~ ® Maximum voltage: 40 Vpeak || Vo0 undervolage }—‘
. . . e— — HO1 |
® Low-side pre-driver for low-voltage drive A charge (load dump) T oR1 ‘E%
. . . VB under voltage
pump is used to boost a supply voltage. ® Operating voltage range: 5 to detection Ho2 1E}
 Built-in circuit for motor rotation direction detection 21V Pre-Driver L2
® High-speed pre-driver ® PWM operating frequency: In1~4 2
e . . ENA Lo2
e Built-in high-speed and high-accuracy motor 20 kHz I L
current sense circuit ® Operating temperature range: eu MR Motor direction | vegsaL2
e Duplicate power and ground terminals asa ~ Ta=-4010125°C L ] m pou2
provision for functional safety ® Package: LQFP48 = 5
R X o Current sensor 172
® Various detection circuits Undervoltage s, ey
detection, FET short-circuit detection, thermal ! Errorlogic i P
shutdown Tem o1
. e
V Lineup
ety Output | Operating
Part Number Package Recommended Applications Features Current (A) | Voltage (V) AEC
N 1-channel PWM H-bridge driver
TB9051FTG P-QFN28-0606-0.65-001 |Open/close control for engine throttle and other valves Small package, various fault detection functions 5 4.5t028 O
500 EPS, electric parking brake, seat belt pretensioners, electric sunroof, | 1-channel PWM H-bridge driver (external N-channel FET)
TB9052FNG HTSSOP48-P-200-0.50 electric sliding doors, power windows, electric power seats, etc. Motor current sense circuit ﬂ 6to18 o
ok . PWM drive dual H-bridge driver, small package with high power
TB9053FTG P-QFN40-0606-0.5 Open/close control for engine throttle and other valves dissipation, various fault detection functions +5/+10
P— brideed 451028 O
ok g -~ g : 2-channel PWM H-bridge driver
TB9054FTG P-VQFN40-0606-0.5 Open/close control for engine throttle and other valves Small package, various fault detection functions +5
TB9056FNG SSOP-24-P-300-0.65A | HVAC damper control 1-channel H-bridge, LIN Version 1.3 slave +0.3 Tto 18 -
EPS, electric parking brake, seat belt pretensioners, electric 1-channel H-bridge pre-driver (external N-channel FET)
TB9057FG LQFP48-P-0707-0.50C  |sunroof, electric sliding doors, power windows, electric power | Built-in motor current detection circuit, Built-in circuit for motor +1 5to21 O
seats, etc. rotation direction detection
TB9058FNG SSOP-24-P-300-0.65A | HVAC damper control 1-channel H-bridge, LIN Version 1.3 slave (for enhanced checksum) +0.3 7to 18 O
TB9101FNG SSOP24-P-300-0.65A | HVAC damper control, door mirror angle control, etc. %;\Cshoasgr;zl H-bridge driver, DMOS power transistor version of the +1 7to18 O
TB9102FNG SSOP24-P-300-0.65A HVAC damper control, door mirror angle control, etc. 6-channel half-bridge driver, SP! interface +1 7to18 O

**:Under development

14



Products: Automotive Stepping Motor Driver ICs

Evaluation Boards (for Motor Control)

V Stepping Motor Driver IC: TB9120AFTG New Product W TB9120AFTG
The TB9120AFTG is a constant-current stepping motor driver IC capable of generating

microstepped sine waves only from an input clock signal, eliminating the need for a - b
high-performance MCU and software.
<Features> .

® Drive method: PWM constant-current control of a two-phase bipolar motor
The Mixed Decay mode tracks input current closely.

® Stepping motor input: Clock
Since the TB9120AFTG does not use Serial Peripheral Interface (SPI), it does not need a
high-performance MCU and software to generate microstepped sine waves.

© Number of microsteps per full step: Selectable from 1, 2, 4, 8, 16, and 32 M System Configuration Example
Microstepping helps reduce the vibration of a motor, enabling smooth and fine control
of the motor.

® Fault detection circuits with flag outputs: Thermal shutdown, overcurrent detection, EaE Battery
open-load detection, and stall detection SUPSPEI%?]';BEE ] SPS;"J;
The TB9120AFTG provides a dedicated flag output pin for stall detection, making it
possible to detect a motor stall separately. simple || [REIEHEN

© Small package: 6 x 6-mm QFN with reduced footprint Mcu Seléction petsction Oselat
<Target applications> M';;":;f” smigm]
® Suitable for various automotive stepping motor applications because of versatile product S — —

specifications Elﬁﬁtg’lig"" Overcurrent current  [EEEENGCN
Valve opening/closing (e.g., expansion valve in a cooling system for heat pumps), Monitor Detection Setting Supply
adjustment of an image-reflecting mirror for head-up displays, damper control for HVAC,
. s . . Nelll Motor Control Output
adjustment of a headlamp’s optical axis, etc. D Circuit vosrers R

TB9120AFTG

TB9120AFTG

V Stepping Motor Driver IC Lineup M Evaluation Board
Functions & Output Operating
Part Number Package Pl Features Current(A) | Voltage (V) AEC

Up to 1/32 microstepping

PWM constant-current controla
Mixed decay mode

Automotive |Stall detection

TB9120AFTG* | P-VQFN28-0606-0.65-002 stepping | Thermal shutdown, overcurrent 1.0 7.0t0 18 O
motor driver | detection, and open-load detection
Wettable flanks with excellent
solder wettability

QFN package

*:New Product

V Evaluation Boards (for Motor Control)

Evang:rtéon Motor Driver Control MOS No. MOSTET (Small power) MOSTET (Middle power) Application

Sinusoidal
3-phase . Nch x3/ " HVAC .

TB9080 BLDC TB9080FG wa\{eform finve Nech 3 TK20S04K3L TK100S04N1L 100~200 W blower motor Cooling fan

(Silent drive)
3-phase BLDC External MCU

TB9081 Sensorless TB9081FG Control Nchx11 - - TK1R4F04PB EPS Brake 4WS

TB9061 3'5:::;:1';? TBY061AFNG | Low-side PWM ECC'L’;";/ TJ20S04M3L | TK20SO04K3L | TJBOSO4M3L | TK100SO4NIL Oil pump Water pump Fuel pump

TB9062 3-phaseBLDC | 1p9067ENG High-side PWM Pehx3/ TJ20S04M3L | TKISSO4NIL | TJ80S04M3L | TKLO0SO4N1L 0il pump Water pump Fuel pump

Sensorless Nchx3
TB9057 Brushed DC TB9057FG H-bridge driver Nch x4 TK80A04K3L TK100S04N1L 200 W~ EPS Body motors

MOSFET MOSFET MOSFET MOSFET

Products compatible to product evaluation boards

<Three-Phase Motor Driver ICs> TB9061AFNG,/ TBY062FNG,/ TBI067FNG,~ TBI0BOFG,~ TBIO81FG

<Brushed DC Motor Driver ICs>  TB9101FNG,/TB9102FNG,/TB9051FTG,/TB9052FNG / TBI057FG,” TBI056FNG, TBI058FNG
<Stepper Motor Drivers> TB9120AFTG

For details, contact your local Toshiba sales representative.
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: Automotive Intelligent Power Devices (IPDs) : Partl

Toshiba’s automotive IPDs can be directly controlled by a microcontroller. In the event of a shorted
load, overcurrent protection or thermal shutdown is tripped to protect an ECU in which IPDs are used.
Toshiba’s automotive IPDs also have a diagnostic output that feeds back the states of their output and
an ECU to a microcontroller for easy monitoring.

M High-Side and Low-Side Power Switches Application Example of a High-Side Power Switch (TPD1055FA)
Toshiba's high-side and low-side power switches contain protection circuits for =
Battery

a shorted load, open load and an output short-circuit to the power supply as

; ; 5V/3.3V VDD,
Input
On-Chip |
Power Supply

vt | Overcurent
Ereetng| | (short-circuitto
Diagnosis | |ground) diagnosis
"i-

Drivera

well as an abnormal ECU condition (overheating). gt

These power switches also have diagnostic outputs that provide feedback to e o

a microcontroller. Thus, they help to reduce the number of components and

A
W

=
=}
=

improve the reliability of an ECU. Toshiba's power switches are available in

Output DMOS

Diagnossfor
shortciaitto

small packages such as SOP8, PS8 and WSON-10, which contribute to reducing

) 0 L
the ECU size. oo 3
e m
Diagnostic Output 2 ,; GND
Short-Circuit to Power Supply;
Function teorr?;;ar;ltl:.lgre Protection and Diagnostic Functions
.
= >
= S
1]
g S 2
5 5 5 B g s
Part Number Package 9 2 ] c = |5 - =
® S| & & | 8 c |9 S S c
o | 2|2 S8 8|23 g2 |3 5 g
sl |28 |% sl ¥ 51 %8 5ls | & |, |8
= S > 2 2 e S 2 @ =) = |o 2 el © @
S E|lel sy g a|8|5|2| g Sle. | S8| g |ad 2|2
AR IR AR gle|8|c(3|8| 8|2 |2 E |55 |88 3|8
s 3| 8|5 =22 |3 |2|a|® &[22 |E|RBR|S|E=| 2| 2|c2|xe| 3 8
% % i 0 = 2 — = ) 2 c = <] c 3 @ o |ls8 © e |2gl ° < b=
cl 2|2l g2l le|lG|le|le|le|2|8|B|E|LleEle| |8 2| g
2| & 2|5 |8lglels|g|e|8|g 228|568 2 |5(25 58| o
2zl |fF|lz|S | Y| F|2|H|a|h|6|>5|6|68 |25 6|08 & | o <
TPD7104AF PS-8 v 1 v v v -
TPD7107F* WSON10A v 1| Vv VIV Vv VIV Vv |V |V |V v v | Planning
TPD7106F* SSOP16 v 1 V| Vv v | Vv Planning
TPD7212F WQFN32 v 6 v v VvV -
TPD7212FN** | SSOP30 v 6 v v VIV Vv Planning
TPD7211F PS-8 V2|V -
TPD7213FN** | SSOP16 v o2 v v V|V v Planning
TPD1052F PS-8 v 1| v V|V -
TPD1055FA WSON10 v 1| v vV v v
TPD1044F PS-8 v 1| v v VoV -
TPD1054F PS-8 v 1| v v Vv -
TPD1058FA WSON10 | v 1| v v VoV v -

* :New Product
**: Under development
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Products: Automotive Intelligent Power Devices (IPDs) : Part2

M Gate Drivers

Application Example of Gate Drivers (TPD7107F**) Application Example of Gate Drivers (TPD7212F)
4 _ves (v Batiery)
- o ) o e
TPD7107F Voo >} J_ N J_ » i -
Battery 220F 220F L3P AT
N Various built-in FET _ Rep e i '?,.
Input Power supply protection functions g (:3 S g E E
interface circuit Lt T L Builtin regulator for low-side
STBY Tchavg~ Pump Drive driving (secures VGS even
I " one GND W = at low voltage)
N driver
2 G| | 4 P
/o0 overcurrent (OV) |<—-4 — m s J J Logic ';),.
Ls|| Charge || Active [0 W)
] v»»(ml;ags ;rop e pump || clamp m;‘e;yon < p— p Goneol (_Q:'L&‘
—— s e e — L g s T
] Charge pump ¥ | E} 5 conro
o voltage drop (VCPL) 4 8l I
® ForGND E MY Ié
H S S| = L] -
S protection ogic | IE 83 ¢ Tw
(VDSerr) - Control
MPU v OFFdriver e — oD =
e H-Commmnea Jety || o0 i AT
S — |
MIRROR High side
o e R . R
| , g i N =)
{ ss e <] ey i ! B E
]r &g PlE 83 £ R
l‘ A ;en:\;ﬁaer ) Monitors output voltage L_! L —I IEI
DIAG F ) Load ]
=] Pullup for diagnosis output Built-in load current sensor amplifier E
- S % Control Logic
»r >
Turns off the external FET when {F
GND terminal is open J;TE“ SGNDL SGND2
Target applications Target applications
® Semiconductor relay ® Automotive three-phase
® Junction box brushless DC motor
* The up-to-date and more detailed information on automotive MOSFETs and IPDs is available on our website. https://toshiba.semicon-storage.com/ **; Under development
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Products: Photocoupler for Automotive Applications

Toshiba offers photocouplers that consist of a high-power infrared LED coupled with a photodetector fabricated
using the latest process. These photocouplers provide high isolation voltage and low power consumption,
making them ideal for applications that require enhanced safety and environmental friendliness.

Household Outlet

Transistor-Output Standard Charging Connector
oo > [ acoc |

Photocouplers (for Feedback) l:l . .
AN

For BMS

TLX9300, TLX9000, Communication
TLX9185A, TLX9291A TLX9376,
Battery Converter On-Board
anagemen
High-Speed Photocouplers it Charger
TLX9304, TLX9378 ai“n?g’ri
Transistor-Output T J a5 g
Photocouplers £U Battery | Battery
TLX9300, TLX9000 WIS ||| Dt it
TLX9185A, TLX9291A " attery
e [t R ey el
Lever Fast Charger
Connector. .
Non-Contact Charging
(Contact Charging)
Charging Station
V IC Output (High Speed Communications)
Characteristics Isolation | Clearance/
Part Number | Pin Configuration Data Rate ey (Max) Tste (° o Voltage Creepage | Package AEC
FHL g (°C) Topr (°C) h
Quifputi TRfp (Standard) (mA) (min) to (max) | (min)to (max) BVs(Vrms) | Distance
o ! H
TLX9304 } i il Open collector 1 Mbps 5 -55to 150 -40to 125 3750 5mm 5pin SO6
o L b
o ! H
v Open collector 15~300 ~ ~ .
TLX9309 [} 3 Jtzj() (Analog output) 1 Mbps @7/4.5* 55 to 150 40t0 125 3750 5mm 5pin SO6
— al
O Il u]
TLX9310 D Totem-pole 5 Mbps 1 -55to 125 -40 to 105 3750 5mm 5pin SO6 O
O b
o ! H
TLX9378 } i iﬂ Open collector 10 Mbps 5 -55to 150 -40to 125 3750 5mm 5pin SO6
s [ o]
v, } il
TLX9376 }ﬁ] Totem-pole 20 Mbps 4 -55to 150 -40to 125 3750 5mm 5pin SO6
O a

*Note: The values in the table refer to I/l (%) (min) to (max). @ refers to a value under the measuring condition I, (MA)/V,..

V Transistor Output (DC Input)

Characteristics

Isolation | Clearance/

Part Number | Pin Configuration (m:ﬁ)/tlz(z)ﬁ'l)ax) VC(EI\;X'X()V) Veeo (MIN) Tstg (°C) Topr (°C) B\\IIOI\tIage %r_eepage Package AEC
@1 (MANVec (V) | @l (mA) (mA) (minjto(max) | (minjto(max) | BT | Distance
TLX9000 E} E{j lOO@t;)/zOO @2.2/8 40 -55to 150 -40to 125 3750 5mm S04
TLX9300 q P 102;;)/300 @2.2/8 40 -55t0 150 -40to 125 3750 5mm 4pin SO6
- O
TLX9291A n} { e o248 80 55t0150 | -40to125 3750 5mm S04
TLX9185A g P 50@t)(;/6::300 @2'1/8 80 -55to 150 -40to 125 3750 5mm 4pin SO6
H A photovoltaic-output photocoupler is an element that receives LED light with the photodiode array on the photodetecting side and extracts output voltage. This device enables a gate
v PhOtOVOIta Ic OUtpUt drive circuit to be configured without a secondary external power source when driving loads such as MOSFET.
Short-Circuit Current Open Voltage Tstg (°C) Topr (°C) Isolation | Clearance/
Part Number Pin Configuration (uA) (min) VOC (V) (min) i) tgo fex) (min)pto ex) Voltage Creepage Package AEC
@l: (MA) @l (mA) BVs(Vrms) | Distance
TLX9905 @30 @710 -55to 150 -40to 125 3750 5mm 4pin SO6
O
TLX9906 @1]2_0 @710 -55to 150 -40to 125 3750 5mm 4pin SO6
A photorelay is a semiconductor relay composed of a luminous element (LED) and photodetecting element (MOSFET). It is mainly used as a substitute for a signal relay. It is
v PhOtorelays (l-FOrm-A) contactless and is said to have a long service life compared to mechanical relays.
OFF-State ON-State ON-state Resistance Trigger LED Isolation | Clearance/
Part Number Pin Configuration | Output Terminal Current Roy (Max) ler (Max) Voltage Creepage Package AEC
Voltage Vg (Max) (V) | loy (MAX) (MA) Q @loy (MA)/1: (MA) (mA) BVs(Vrms) | Distance
q Tt
K
TLX9175J }:D 3*[ 600 15 335 15/10 3 3750 5mm 4pin SO6 @]
s, ’—LJ]
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Products: Automotive Discrete Devices

I Automotive Devices in Small Packages

As electronic control of automobiles becomes increasingly pervasive, demand for semiconductor devices in small packages is increasing. Toshiba offers

various types of semiconductor devices for automotive applications, including mechanical relay drive, LED control, battery cell balancing, and protection of
the CAN and LIN buses.
Toshiba’s product portfolio includes an extensive array of devices certified for AEC-Q100 and AEC-Q101, reliability specifications for automotive electronics.

USC sOD-323 ESC SOD-523 SOD-923
2
Pins ' ' ‘
* : * *
S-MINI SOT-346 SOT-23F USM SOT-323 UFM SSM SOT-416 VESM SOT-723
3 '
Pins A ' ’ '
K * * * * *
SMV SOT-25 USV SOT-353 UFV ESV SOT-553
5
Small Pins ' % * ; %
Signal '
. TSOP6F US6 SOT-363 UF6 ES6 SOT-563 UDFN6 SOT-1220
Device 6
Pins . ‘ . .
ok ok * * Yk
US8 SOT-765
8
Pins ’
*
TSSOP14 TSSOP16 TSSOP20
14 16 20
Pins 0 Pins ‘ Pins ’
* -k *

* AEC qualified

* Contact your Toshiba sales representative for details
Note: This device is compliant with the reliability requirements

V¥ AEC-Q101-Qualified Devices™ V AEC-Q100™

® MOSFETs @ Bipolar transistor © CMOS LogicICs of AEC-Q100.
® Bias resistor built-in transistors @ Transient-voltage-suppression ~ ® One-Gate Logic Note: Visit our website for a line-up of our automotive discrete
o Schottky Barrier Diodes (TVS) diodes (L-MOS) devices.
® Switching Diodes
o o q q q
I Major Small-Signal Devices Compliant with the AEC Standards
V TVS Diodes (ESD Protection Diodes for CAN/LIN)
Absolute Maximum Ratings Electrical Characteristics
uﬁfﬁz) FRNImEy || ARSI Veso (kV) Veso (KV) 1SO 10605 Ve
Ti(°C) JEC 61000-4-2 @330 pF2 kO (V) (min) Ir (HA) (max) P Reom (Q) (typ.) Ci(pF) (typ.)
USC (SOD-323) DF2B18FU 150 +30 kV +30 kv 162 0.1 12 0.8 9
125x2.5 DF2B29FU |:|—>_|<—':| 150 +25 kV +30 kV 26 0.1 24 11 9
t=11 DF2B36FU 150 £20kV 20 kv 32 0.1 28 15 65
USM (SOT-323) DF3D18FU 150 +30 kV +30 kv 162 0.1 12 0.8 9
20x2.1 DF3D29FU Iﬁl 150 +25 kV +30 kV 26 0.1 24 11 9
t=11 DF3D36FU 150 £20kV +20kV 32 0.1 28 15 65
W TVS diodes (ESD protection diodes for LVDS)
Absolute Maximum Ratings Electrical Characteristics
Ul;a;l;;g;) RartNUmber Rin/Asslgnment Veso (KV) Veso (V) 1SO 10605 Var
T | ecemooan e W oy | (08 (max) S| Ren@p) | CipR e
SOD-923 DF2S5M4FS* 150 +20kV +30kV 37 0.1 3.6 035 0.45
=045 DF2S6M4FS* 150 +20 kv +30 kV 56 0.1 55 035 0.45
*: New product
V Bipolar Transistors
Absolute Maximum Ratings hFE Vee s (V)
Uchkage Polarity Part Number :
Veeo (V) lc (A) Pc (W, T; (°C MIN MAX Test Condition MAX Test Condition
B i) ) ® w) Q) diti di
USM (SOT-323) Vee=6V Ic=0.1A,
e NPN 25C4116 50 0.15 0.1 125 70 700 L A 025 =10 mA
oy Vee=-6V le=-0.1A,
t=11 PNP 2SA1586 -50 -0.15 0.1 125 70 400 A -03 =10 mA
S-Mini (SOT-346) Vee=6V le=0.1A,
NPN 2sC2712 50 0.15 0.15 125 70 700 =2 mA 025 =10 mA
29x25 =y —o1n
- - _ _ e =~ _ c=-0.1A,
t=14 r PNP 2SA1162 50 0.15 0.15 125 70 400 lee—2ma 03 o= 10 mA
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Products: AEC-Qualified Automotive Discrete Devices : Pa

Major Small-Signal Devices Compliant with the AEC Standards

V MOSFETs
Fedem Absolute Maximum Ratings RDS (ON) max (mQ)
Uni g Polarity Part Number Ciss (pF) Qg (nC) Tch (°C)
i (i) Voss (V) Vss (V) 1o (A) Ves| =15V Ves| =25V Ves| =45V
UFM
20x2.1 Nch +Zener | SSM3H137TU 34 +20 2 - - 280 119 3 150
t=0.75
UF6
20x2.1 Nchx2 SSM6N62TU* 20 +8 0.8 121 (typ.) @1.2V 74 (typ.) 67 (typ.) 177 2 150
t=0.75
SOT-23F SSM3K337R 38 +20 2 - - 176 120 3 150
29x2.4 SSM3K341R* 60 +20 6 - - 51 550 9.3 175
t=0.88
Nch SSM3K318R 60 +20 2.5 - - 145 235 7 150
SSM3K2615R 60 420 2 - 580@3.3V 440@4V 150 6 150
SSM3K361R* 100 +20 3.5 - - 92 430 3.2 175
SSM3J356R* -60 -20/+10 -2 - - 400@4V 330 83 150
Pch
SSM3J351R* -60 -20/+10 -35 - - 184@4V 660 15.1 150
TSOPGF SSM6N357R* 60 +12 0.65 - 2400 (@3 V) 1800@5 V 43 15 150
Nch Dual
2.9x2.8 SSM6N813R* 100 +20 35 - - 154 242 36 175
SOT-323F SSM3K62TU* 20 +8 0.8 139 68 57 177 2.0 150
2.0x2.1
¢ OOX - ' Nch SSM3K341TU* 60 20 6 - - 51 550 9.3 175
SSM3K361TU* 100 +20 35 - - 92 430 32 175
TSOP6F SSM6K809R* 60 +20 6 - - 51 550 9.3 175
29x2.8 SSM6K810R* 100 £20 35 - - 92 430 32 175
t=0.88 Nch Single
SSM6K818R** 30 +20 15 - - 12 1130 75 150
SSM6K819R* 100 +20 10 - - 36.4 1110 8.5 175
SOT-23F Nch SSM3K376R* 30 12/-8 4 - 72 56 200 22 150
29x24 SSM3J377R* -20 -8/+6 -39 240 123 93 290 4.6 150
t=0.88 pch
SSM3J378R* -20 -8/+6 -6 88.4 39.7 29.8 840 12.8 150
*: New product
. . . **: Under development
V Switching Diodes
Absolute Maximum Ratings Electrical Characteristics (max)
Package Part Number Pin Assignment
Ve (V) Iesw (A) lo(A) T;(°C) Ve (V) @IF=0.1 (A) Iz (A) @Va(V) tir(ns)
ESC (SOD-523)
0.8x1.6 ' 1SS307E EE] 80 1 0.1 150 1.3 0.01 80 -
t=0.7 "
UsC (SOD-323) 155352 |:l—|<—|:| 80 1 0.1 125 12 0.1 30 4
1.25x2.5
=11 ' 155403 EE:I 200 2 01 125 12 01 50 60
USM (SOT-323)
20x2.1 1SS302A 80 2 0.1 150 1.2 0.1 30 4
t=11
V Standard Logic ICs (Topr: -40°C to 125°C) V One-Gate Logic ICs (Topr: -40°C to 125°C)
Pa.ckage Series Part Number Key Electrical Characteristics Péckage Series Part Number Key Electrical Characteristics
Unit (mm) Unit (mm)
TCTAVHCXXFT | Vec=20Vto55V usv TC7SHxxFU Vee=2.0Vto5.5V
tpd =65 ns . TCTWHXXFK tpd=~5.5ns
_ . X2 VHS Series
TSSOP14B(5.0x6.4t=12) TCTAVHCTXXFT | Vec=4.5V105.5V, TTL input t=09) TCTSETXXFU Vee=4.5Vt05.5V
TSSOP16B(5.0x6.4t=1.2) VHC Series | TC74VHCVXXFT Ycij = Li \éto 5.5V XX TTLinput
_ pd=~5.5ns
TSSOP20B(6.5 X 6.4 t=1.2) Ve=20Vto55Y US8 (SOT-765) TCTSZXXFU i
TC74VHC936XFT | Outputs with built-in pull-up or pull-down (2.0x3.1 SHS Series X ch*_1»65 Vto5.5V
resistors (for IGBT gate drive) t=0.7) TCTWZxxFK tpd=~5.0ns
«For details of AEC compliance, contact your Toshiba sales representative.

+For details of AEC compliance, contact your Toshiba sales representative.
+Toshiba is expanding its portfolio of AEC-qualified devices. For the latest information, visit Toshiba’s website.

- Toshiba is expanding its portfolio of AEC-qualified devices. For the latest information, visit Toshiba’s website.

V¥ CMOS Level Shifters and Bus Switches (Topr: -40 to 125°C) V Low-Voltage One-Gate Logic ICs (Topr: -40 to 125°C)

«For details of AEC compliance, contact your Toshiba sales representative.
«Toshiba is expanding its portfolio of AEC-qualified devices. For the latest information, visit Toshiba’s website.

Ul’nai:l((rang;) Function Part Number Key Electrical Characteristics U':\ai:l((:'\gri) Series Key Electrical Characteristics
TSSOPI6(5.0x6.4t=12) Dual-supply bidirectional level | TCTMP3125FT Vee(A) = 1.1V to 2.7V usv 7ULLG Series Vee=0.9Vt03.6V
PXoAL=L shifters TCTMPN3125FT | Vc(B)=1.65Vto 3.6V (2.0x2.1
ingle- idirecti £=09) 7ULLT Series Vee=2.3Vt0 3.6V )
TSSOP14(5.0x 6.4 t=1.2) St slue;\)/;;:ys;:ir;tlg:;ectlonal ;:tz:;ii::; Vee ~1.65V to 5.5V * With level-shifting function
. US8 (SOT-765, i -

US8(2.0X3.1t=0.7) TCTWPB Series 20 ¢ o ) A Seits Vec=09Vt0 3.6V

_ Dual-supply level-shift bus N Vec(A) = 1.65V to 5.0V 0x3. ~
TSSOPL45.0x64t=1) switches WG TS Vee(B) =2.3V t0 5.5V t=0.7) TUL2T Series chcvftﬁfexetlosiﬁt\lln function
TSSOP14(5.0x6.4t=1.2) TC7MPB Series e

«For details of AEC compliance, contact your Toshiba sales representative.
- Toshiba is expanding its portfolio of AEC-qualified devices. For the latest information, visit Toshiba’s website.
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Products: AEC-Qualified Automotive Discrete Devices : Part2

I Major Power Devices Compliant with the AEC Standards

V MOSFETs
Absolute Maximum Ratings R Max (mQ
Pa_ckage Polarity Part Number g P00 o) Series AEC
Unit (mm) Voss (V) Ip (A) [Ves| =10V
TK1R4S04PB 40 120 135 U-MOSIX-H
TK65S04N1L 40 65 43
. TK40S06N1L 60 40 105
N-cl
TK25S06N1L 60 25 185 U-MOSVIII-H
DPAK+ ‘ TK60S10N1L 100 60 6.1
TK33S10N1L 100 33 9.7
TJ90S04M3L -40 -90 43
P-ch TJ40S04M3L -40 -40 9.1 U-MOSVI
TJ20S04M3L -40 -20 222
SOP Adv h TPHR7904PB 40 150 0.79
N-cl
(WF) TPH1R104PB 40 120 1.14
U-MOSIX-H
DSOP Adv TPWR7904PB 40 150 0.79
N-ch @]
(WF) TPW1R104PB 40 120 1.14
TPCP8009 40 10 11.8
TPCP8010 40 6 23.8
N-ch TPCP8011 40 5 31.8 U-MOSIV
TPCP8012 60 8 20.2
TPCP8013 60 4 51.8
PS-8 ‘ TPCP8107 -40 -8 18
TPCP8109 -40 -4.5 52.3
P-ch U-MOSVI
TPCP8110 -60 -5 39.5
TPCP8111 -60 -3 117
N-chx2 TPCP8207 40V/40V 5/5 36.3/36.3 U-MOSIV
N-ch+N-ch TPCP8407 40V/-40V 5/-4 36.3/56.8 U-MOSIV-+VI
V Bipolar Transistors
Toshiba is expanding its portfolio of bipolar transistors in the PW-Mini package.
Absolute Maxumum hee Vet (at (V)
Package - Ratings
. olarity Part Number AEC
Unit (mm) Vceo lc min Vce lc lc Is
) Q) V) ) mex Q) (mA)
TTCO16 50 5 400 2 0.5 0.22 16 32
2SC3303 80 5 70 1 1 0.4 3 150
NPN
New TTCO14 800 1 100 5 0.1 1.0 05 50
PW-Mold 2SD1223 80 4 2000 2 1 15 3 6 O
6.5x9.5
t=23 ‘ TTA005 -50 -5 200 -2 -0.5 -0.27 -16 -53
PNP TTA009 -80 -3 100 -2 -0.5 -0.5 -1 -100
2SA2142 -600 -0.5 100 -5 -0.05 -1.0 -0.1 -10
V Diodes
In addition to standard rectifier diodes, Toshiba is expanding its portfolio of high-speed rectifier and Schottky barrier diodes.
Absolute Maxi Rati Electrical Characteristi
package E— solute Maximum Ratings ectrical Characteristics (max) AEC
Unit (mm) VRrm (V) IF (av) (A) Ve (V)
SFLAT™ CRGO9A 400 1.0 1.1(@0.7A)
16X2.6 ‘ CRG10A 600 0.7 11
t=098 CRGO5 800 1.0 12

M-FLAT™
24x%4.7 CMGO3A 600 2.0 11
t=0.98
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Products: System Power Supply ICs for Automotive

I System Power Supply ICs with an Integrated DC/DC Convertor

As vehicle electronics become more sophisticated, it is becoming essential to increase the output current capability and the number of outputs
of power supply ICs. Toshiba provides power supply ICs with a DC-DC converter. The TB9045FNG and TB9044AFNG are ideal for electronic power
steering applications. In addition to a switching regulator for an MCU core, these power supply ICs have three tracker regulators for sensors.

V High-efficiency DC/DC converter + LDO multi power IC

) System Block Diagram
TB9045FNG Series — [ eov 12V
il 1 WR Y
Switching regulator for the MCU core (5 V, 1.1 to 1.5 V) and three tracker »;L—E f mﬁg é E gr%?:e rz § gl 7
regulators for sensors > s7al8l 8g[ls| 48] 8] 8| B
Low-voltage operation and functional safety mechanism compliant with EL — L7
Automotive Safety Integrity Leve.:l D (ASIL-D) T e M| CHEMCTEEsEis L - 45’—?55
DC-DC Converter Power Supplies - Error Detect ||| Error Detect | Error Detect
- — ¢ = LDOLIN
¢ DCDCL (step Up/.dOWn.) . . X L . ‘ ﬁ 5V series regulator 9#
6V output, 2.7V drive, built-in step-down driver, external step-up driver, built-in phase compensation spI t n JLDO10UT
 DCDC2 (step-down) logic — 5 Y
. . . . — 5V tracker regulator 1 Tracker,
Integrated step-down driver and phase compensation filter; 0.8-A current capability CK, kAl Error petect | “—1—;; =
WS,
Available with an output voltage of 1.1, 1.2, 1.25 and 1.5 = | 5Vtrackerregulator2 [ Tracker2
: H L) % Kk ErrorDetect 5V
Series Power Supplies — k5 i i
SHSICE 5 5Vtrackerregulator3 [~ gTracker3
® LDO1: 5V output (400 mA) — T RESET S g Error Detect | I sV
® Tracker regulators 1 to 3: 5V outputs (100 mA) 7 osc 0s¢
NDIAG, . .
Various detection circuits o g'ﬁe’“ "[”)a't” f‘t{”“'f"”sf
ellow: Detection functions
® Output undervoltage detection @ Thermal Shutdown 5 i
® Output overvoltage detection ® Watch-dog timer (WDT)
® Overcurrent Detection o Self-diagnosis of the detection circuits
V High-efficiency DC/DC converter + LDO multi power IC
TB9044AFNG
Series regulator for the MCU core (5 V) and three tracker regulators for
sensors CAN
Low-voltage operation and functional safety mechanism compliant with I\I/I%TJI
Automotive Safety Integrity Level D (ASIL-D)
DC-DC Converter Power Supplies - 4 A LDO1IN
® DCDC1 (step-up/down) N
6V output, 2.7V drive, built-in step-down driver, external step-up driver, built-in — e
phase compensation capacitor K
Series Power Supplies —Wsg& 4 WDT
© [ DOL: 5V output (400 mA) TSD §
RST1/ -
® Tracker regulators 1 to 3: 5V outputs (100 mA) R g
. T Tc RESET 5
Various detection circuits ; osc 0SC
® Output undervoltage detection @ Thermal Shutdown NDIAG
® Output overvoltage detection ® Watch-dog timer (WDT) AGND,
® Overcurrent Detection ® Self-diagnosis of the detection circuits Jr_ﬂ
V System Power Supply ICs (Series Power Supplies)
Characteristics Sty
Part Number Package Functions Output Output Input _Power Remarks Voltage | AEC
Voltage Current Voltage | Dissipation )
Typ. (V) (mA) Max (V) Max (W)
CPU voltage regulator, Depends 45 «Low current consumption: 90 pA (typ.) +Reset detection: 4.7 V/4.2V (selectable)
TB90O5FNG | SSOP20-P-225-0.65A watchdog timer 5 onext. Tr. (1sec.) 0.68 -Watchdog timer enable/disable «External transistor required 6to18 o
V System Power Supply ICs (DC-DC Converter Power Supply)
Characteristics supply
Part Number Package Functions Output Output Input 'Pt')we!' Remarks Voltage | AEC
Voltage Current Voltage | Dissipation v)
Typ. (V) (mA) Max (V) Max (W)
CPU voltage regulator 5 400 +DC-DC converter -Voltage monitor, POR, WDT
DC-DC converter & LDO 5 100 40 +Four low-dropout (LDO) regulators  +SPI (error information output)
TB9044AFNG | HTSSOP48-P-300-0.50 |~ dog timer M 100 (1sec) 3.84 5.V series power supply (with 2 400-mA driver) 27t018 | O
On-chip SPI 5 100 5-V tracking power supply (with three 100-mA driver channels)
1.1/1.2/
TB9045FNG-110 CPU voltage regulator 1.25/15 800 *DC-DC converter *Voltage monitor, POR, WDT
TB9045FNG-120 DC-DC converter & LDO 5 400 40 +Four low-dropout (LDO) regulators  +SPI (error information output)
TB9045FNG-125 HTSSOP48-P-300-0.50 Watchdog timer 5 100 (1sec) 384 5-V series power supply (with a 400-mA driver) 271018 O
TB9045FNG-150 On-chip SPI 5 100 5-V tracking power supply (with three 100-mA driver channels)
5 100
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Products: Automotive Microcontrollers

I Features of Toshiba’s Automotive Microcontrollers

Motor control technologies: . . .
Toshiba’s automotive microcontrollers incorporate hardware inverter system solutions (VE™, RDC”, A-PMD”) that

integrate Toshiba Group’s expertise in motor control, which help increase the torque power, reduce the size, and
Functional improve the efficiency, for motor systems.

safety IPs Functional safety IPs:
Each peripheral IP is provided a hardware fault detection mechanism, eliminating the need for software of

continuously monitoring to random faults. This enables real-time fault detection with reduces the workload required
for software development, and helps achieve ASIL-level functional safety.

Motor Arm® CPU:

Control Toshiba’s automotive microcontrollers incorporate an arm core processor that is regarded as a global de facto standard,

Technology securing customers’ software assets for many years ahead and providing access to extensive technical resources.

VE*": Vector Engine

RDC*”: Resolver to Digital Convertor

A-PMD**: Advanced Programmable Motor Driver

I Field Oriented Control Technology for Automotive Motor Control MCUs

VE: Toshiba’s Vector Engine (VE) provides an efficient
and high-speed field oriented control capability because
it implements all the field oriented control tasks in
hardware and communicates with PMD, RDC, and ADC
automatically. Any field oriented control tasks can also Speed Controller

be implemented as software; the VE is therefore highly " " "
. o PID > dq
L [PID | abc

Current Controller

A-PMD: With a one-shot pulse generator,
the Advanced Programmable Motor Driver
(A-PMD) helps increase motor torque at

compatible with existing motor systems.

V.
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RDC: The resolver-to-digital converter (RDC) ontrotra PID Control dgt-to-abc high rpm.
incorporates a delay compensation mechanism, which Eleesc"t'r‘l’ce;l
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I Roadmap for Automotive Microcontrollers

Drawing on all the power electronics technologies of Toshiba Group, we

[(Mass_Production | [ Under Consi ion
e o JEY———— will strive for plan and Adevelop automotive microconAtroAllers that will
(RAM 280K, WVE contribute to the dramatic transformation of the automotive industry.
TMPRS xx 400Mtiz T In addition, in order to contribute to the achievement of the SDGs, Toshiba
o e W aspires to realize a product development and development support
e environment in cyberspace, departing from the traditional paradigm of
Designed for inverter physical prototyping with substantial environmental impact.
, W, itrol . S e el . . . .
— o In pursuing this initiative, we will form partnerships or collaborate with
‘ s B e ‘ customers who share the same values.

TMPM358 40MHz Designed for battery monitoring and
RAM 80KB general automotive applications

[ 128K" TMPMOXx 48MHZ H TMPMOyy 48MHZ |

Bytes RAM16KB RAM 16KB

fans, pumps, Integrated Starter Generators (ISGs))

Designed for small motor control applications (e.g., ]

44/48 pin 64 pin 100 pin 144 pin 264 pin

I Development Tools and Partners

A wide range of development tools are available from many partners for

automotive ARM Cortex-based microcontrollers. % _ £ % 5

Choose the best development tools and partners that best suit your needs. 5 ‘33:’3 £ §§ %"E LBy EIRE
ARM Ltd. (DTS INSIGHT Corporation) [ o [ [ ]
IAR Systems AB o [ [ [J o [J
Green Hills Software / Advanced Data Controls Corp. [ [ o [J
ATl Japan [
Elektrobit Corporation o
GAIO TECHNOLOGY CO.,LTD. [ [ [ J
iFORCOM Kyoei Co., Ltd. ON board
KPIT Technologies Ltd. [
Computex Co.,Ltd. ON board
Sohwa & Sophia Technologies Co.,Ltd. ON board
dSPACE GmbH [ J
DTS INSIGHT Corporation o ON board [

ON board

SEGGR Microcontroller GmbH
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Functional Safety

I Toshiba Functional Safety Package TM-SIL™

Toshiba offers a support environment not only from the device perspective but also from the customer’s perspective, one step more.

TM-SIL™ is Toshiba’s packaged service designed to help create a functional safety
Toshiba Functional Safety Package system. Our specialist team provides support for various services from device, software,
and system perspectives.

TM-SIL™ /_\ To develop a functional safety system, you need to address many issues, including
device metrics reporting, FMEDA, ASIL-compliant software development, and an analysis

ot T™M-sIL™ of the functional safety of application circuits. Therefore, Toshiba considers that a
asoftware chipset and a packaged service are extremely useful.
perspective \_/ P P & Y
Total Managed SIL Package Note: Some products provide support only for ISO 26262:2011. If necessary, ensure that the product
Support from \ Support from . i
a system AtEE you are interested in supports 1SO 26262:2018.
perspectiv perspective

Safety approach
IATF 16949 Quality System

Support from a device perspective: Toshiba’s microcontrollers for functional safety have been provided a hardware monitoring mechanism for detecting
faulty conditions in each internal functional block, contributing to meeting the system safety requirements of ASIL.

Automotive MCU Automotive Power Supply IC MCU Higher-Level

diagnosis System
Gati
cPU » 8| Functional safety Alarm out %
- —— management
l o Inverter
Mutua ower
% monitoring supply Power
SM ESEI = Log diaglnosis Module
Serial I/F h Detection of result
peripheral 1 P e -
3 ¢ conaitions
é H . WD pulse L It
2 EY  Peripheral m ow vo'tage
@ 2 detection
] 3
z =
Peripheral n =< S ]
bS] N
5 Erroroutput signal
M (

2% SM : Safety Mechanism

Support from a software perspective: Toshiba provides a software IP library for functional safety: Software library for operation diagnosis to failure
monitoring mechanism (by hardware) installed in MCU and initial diagnosis for other portions. Developed based
on a process certified by TUV SUD, this software IP library comes with development evidence required for the ISO
26262 ASIL D. It therefore helps reduce system development time.

Reduction in the time required to create a safety mechanism Reduction in the time required to meet accountability requirements

Hardware Software

MCU HardWaIRI, & s frwarGli Overall Sys d L=
Fault Diagnosis Lib —
W\ it/ A Y alg J Evidence for software library

development process compliant Overall system safety cases

with 1SO 26262

Support from a system perspective: A team of specialists in automotive MCUs, system power supply ICs, and the functional safety IP library provide
support to help facilitate your development of a functional safety system.

Functional
safety IP library

Support for

safety analysis
y y Chipset

Q&Aon —
hardware and Functional
software safety manuals
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Autonomous (ADAS and Automated-Driving): Part 1

Technological enablers for Automated-Driving cars include sophisticated sensing and image
recognition, high-bandwidth communication with traffic infrastructure, and an efficient human-
machine interface to provide drivers with necessary information. Automated-Driving cars also require
enhancements to security and functional safety technologies.

Self-driving levels 2030
'Automated-driving
Level4
Al) technology
' ehicle entertainment
e iyt ispatch and parking services
Limited automated-driving e a1
on general roads automated-driving cars with
in suburban areas public transportation
v Full automated-driving
Level Dynamic maps

on expressways Cloud-linked services

- . i Interactive Ul and HEMS-linked Ul
Monitoring of merging traffic,

optimal lane recommendation,
gesture U, and driver monitoring

4 Limited automated-driving
on expressways

Information about accidents,
2 constructionwork and traffic
Level jam, automatic parking,
and nighttime monitoring
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Upcoming automated-driving cars incorporate a wide range of driver assistance applications

using various sensors.

Automated-driving cars also need capabilities for driver-to-vehicle communication and
VehicleCalisonWaring collecting information from traffic infrastructure.

pedesn ollsion Warning To help pave the way for the advent of automated-driving cars, Toshiba offers various solutions

at day-time and night High-Beam Assistance

for advanced driver assistance systems.

I:I . Traffic Sign Recogition Cameras
[]===s
Coeion Vormng TR Millimeter waves
or LiDAR
Lane Departre Warning t TaffcRoad sign (5) [ I )
Recognition 1o S
onar

@ View cameras

Side-View

Front-View” /

Wide-Angle Camerg,

Front-View
Narrow-Angle Camera 7
Rear:View
Wide—Angle Camera
Z

. . 7
Side-View 7

Wide-Angle Camer:

7

Automotive Video Processors [ S ENEIRY) Devices for protecting

Center console the in-vehicle LAN
(CAN/LIN communication)

from outside noise and surge

== P12

Information about invisible
Route : vehicles and maps

Electronic Mirror ) ! Telematics ‘
IVI/Navi Information Display ; ‘ vax ‘ ’ Module
A 4 ¢ h 4 In-Vehicle Networks

Interface
Bridge IC
| Screen Composition & Display | L . .
7'y Authentication Security Unit
o | Rear-View Monitoring Automated-Driving Unit (ECU) Management Security
"1 (image Recognition Processor) function
- Judgment g
Module with Embedded Camera l Recognition ' © .
—— “qt) Drive Recorder Storage
»
Camera |I o | Surround Monitoring | | =
- ‘ 4 (Image Recognition Processor) Autonomous JUd_gment & - C l
. EN Path Planning ontro
| 9 (Autonomous Judgment Processor) > MOtOr COntrOl
amera |
“-‘ v Front-View Monitoring | | '\
,_‘\‘_"‘_’ (Image Recognition Processor) |
LiDAR ; " > "
. | Windshield .
- . | Devices for BCM
IMU v \ -Drivi . . P.12
- Automated-Driving Storage and junction box »

: Devices that protect
the high-speed in-vehicle [ 8¥}
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ADAS (Advanced Driver Assistance Systems)

The Visconti™ family of image recognition processors combine low power consumption with the high
computing performance required to run various image recognition algorithms for an advanced driver
assistance system (ADAS) at high speed.

V ADAS: Front and Surround View Monitoring Solution

The Visconti™ image recognition processor is capable of processing input images from multiple cameras in real time to recognize vehicles,
pedestrians, traffic lines, traffic signs and the like around the vehicle on which it is mounted. Visconti™ can run multiple ADAS applications in
parallel, including those for vehicle detection and collision warning; pedestrian detection and collision warning; lane detection and departure
warning; traffic sign recognition; and red-signal detection. Visconti™ combines high performance and low power consumption.

Visconti™ 5 incorporates deep-neural-network (DNN) hardware IP, which uses the results of deep learning to recognize various objects at
higher accuracy than conventional pattern recognition and machine learning.

Image Recognition
System for Front
and Surround
Monitoring

V Parking Assist Systems

Toshiba’s Visconti™ image recognition processors are suitable for parking assist applications that help drivers safely park their vehicles. From
camera images, these image recognition processors recognize parking stripes and detect pedestrians, vehicles and moving obstacles around
avehicle.

The image recognition processor can be combined with an in-vehicle display controller and a video processor to display a top-view image
and parking stripes on the instrument cluster or center information display.

Image Recognition System

for Parking Assist and
Top-View Monitoring
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Visconti™ Image Recognition Processors

I Running image recognition algorithms necessary for an ADAS at high speed and low power consumption

V Features

The Visconti™ family of image recognition processor LSls process input
images from in-vehicle cameras and detect the motion of target objects
such as human beings, heads, hands and vehicles and output detection
results. The Visconti™ family can provide recognition results in various
ways, such as marking the recognized objects over a camera image
on an LCD panel, alerting the driver with a voice message or beep, or
notifying other electronic units via a communication interface.

The Visconti™ family recognizes, in real time, traffic lines, vehicles,
pedestrians, traffic signs, etc. around the vehicle on which it is mounted,
thus enabling various advanced driver assistance applications. Possible
applications include lane departure warning, forward/backward
collision warning, forward/backward pedestrian collision warning,
traffic sign recognition, and top-view parking assistance.

Visconti™ 5, an automotive Al image recognition processor, incorporates
deep-neural-network (DNN) hardware IP suitable for ADAS and
Automated-Driving applications.

V Visconti™ 5, an Al image recognition processor

Image Processing

DPS

General-

Purpose
DSP

V Driving Assistance Applications

High-Density
Optical Flow

® Lane Change Assist
@ Backward Collision Warning
@ Backover Prevention (BOP)

] i
i

g

Left/Right-Turn Awareness
Blind-Spot Detection
Lane Change Assist

CPU Core

Pyramid

High-Density
NEEY
Matching

Video I/F

Ar Arm®
Cortex®-A53 Cortex®-R4

Image Processing Accelerator

Enhanced
CoHOG

Driver Authentication
Driver Monitoring
Passenger Monitoring

Visconti™ 5, an Al image recognition processor

In-Vehicle Interface

Template
Matching

Top-View Parking Assist
Obstacle and Pedestrian Detection

=
|

® Lane Departure Warning

@ Forward Collision Warning

© Traffic Sign Recognition

@ Traffic Signal Recognition

© Night Vision

© Forward Pedestrian
Collision Warning

© Forward Pedestrian Detection
and Collision Warning

V Lineup
3 Image Processing Accelerator CPU Core
& - | =
g A HEIEIE
0 c| o 8 | =
E o |g|8|8|5|g|2l2|E] |E|E e g
o ¢ | 8|2 |E|Q|E|8|= t| 8|35 S
£y |3 E|E|8|8 8|58l |2|lEdle|lalolt g
Series Part Number ol £l Lle¢le 2|8 glz|s|=s|4d |5 || = | MemoryController < Package
8= |9|%|5|8|8|z|2|2|8|8|8|58/|° S £
2 E|l5|F|s|S|2|2|% £ 3| > 8
S <| 5| 2| E|€|E|&|S& el o | @ &
E SlE|g|d|elL|8d S| £
2|2 85 |52 <
= = || &
CA53:840
. ™ CR4:900 LPDDR4-SDRAM,
Visconti "5 | TMPV7706XBG DSP:500 O|lO]|O0O]|O|O]O]|O]OIO[21|0|0]0|0]0O Serial NOR Flash O PFBGA621
DNN:500
Image Processing Accelerator = CPU Core
=S
oo S -
E— | c 3 g | 8 2o
= S| 8 3 _ ] © O
SZom|ad| % co| 3 £ | € g2
S>2|S=2| E | ES52| 5| w g2l _ = | = £3
Series Part Number |© & Lol S| E| |8 e ZICIE|ls|E|= FIx|L|l=<|O Memory Controller <K} Package
Q = = = = ol a O
N IHE IR HEEE S|& 3
EgSigsce| 8|2 Eo|¢g|& g5 =
58 |2Y) % =28l e|%] g8 £3
= £ g£0| 8 |8 Z2
=z T S| = (= &
. ™ LPDDR2-SDRAM,
Visconti "4 | TMPV7608XBG | 2667 | O | OO | O |O|] O |[O|lO|O| 8|1 |5|4|8|3]2 SRAM, ROM, NOR Flash O PFBGAT796

* The video input interface of the TMPV7608XBG has a 4-of-8 video switch.

* Contact the Toshiba sales representative for information about RoHS compliance before you purchase any components.

28



Connected and Shared (IVI and communication)

Realization of automated-driving cars requires cars to be connected to social infrastructures such as traffic information and signal information
and be capable of judging environmental changes through communication with other cars in front and behind.

Connected cars must be provided with advanced infotainment systems that allow communication between cars and drivers. Toshiba Electronic
Devices & Storage contributes to “connection” and “communication” through its technology.

Proliferation of connected cars

Connection between everyday life Connection between
(products) and cars occupants and cars

Connection between
outside and cars

Personal devices such as portable audio are Occupants can naturally and directly As IoE is increasingly adopted, cars become
easily connected to cars. communicate with cars without any media such capable of directly collecting and utilizing
as mobile phone. various information.

. Ethernet AVB
. Display Processor Display Processor
Connectivity IC
oice Trigger
Car Audio Power-Amp
— ernet AVB
HDD for Automative

Remote Keyless Entry IC

Ethernet AVB

ETCIC

Remote Keyless Entry 1€
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Video Decoder ICs

I Video Decoder ICs

V Roadmap

Video Decoders with 3 ch ADCs for Component Signal

480p/576p
8-bit serial output mode
<Embedded SAV/EAV>
(D1: 27 MHz/D2: 54 MHz)

480p/576p
8-bit serial output mode
<HDout/VDout>

(D1: 27 MHz/D2: 54 MHz) TC90106FG

Multi 3line comb
EC
TC90104AFG Built-in Video SW
Multi 3line comb ITU-R BT.656
C-DEC
Dynamic-Y gamma LQFP64
ITU-R BT.656
D1:480i/576i
LQFP64 D2:480p/576p

Video Decoders that Provide Enhanced Visibility for Automotive Cameras
2 ch Video decoder 1ch Video decoder
TC90105FG TC90107FG
Multi 3line comb Multi 3line comb

C-DEC/ 2.5V Reg.
ITU-R BT.656

@ HVD Enhancer
@ MPEG noise reduction

® Dynamic YC gammsa
correction
® Color management

ITU-R BT.656

LQFP80

2019

V 2-Channel Multi-Standard Video Decoders IC: TC90105FG

V Full, Multi-Standard Video Decoder IC: TC90106FG

TC90106FG is a video decoder which supports full multi-color standards. This
decoder converts CVBS input into ITU-R Bt.656 format. It also supports D1
and D2 component signal.

In case of D2 signal input, output format is 8bit serial data of 54MHz clock
rate, with embedded SAV and EAV codes.

ITU-R BT.656 8bit (27M) /
YCbCr 8bit (54M) serial 4:2:2

® CVBS-+= ADC
NAVI CORE
Multi LTI, CTI SoC /
Y/C, ADC 2DYCS Color wrTL _» Panel |
Decoder  (BT.656) Graphic GIRE
Component _ Scal
ADC caler
E] (D1/D2) T-CON
TC90106FG LQFP64 D1:480i/576i

D2:480p/576p

V New Picture Adjustment Functions and Effects

The TC90105FG contains is two channels of video decoders, featuring various ~ HVD enhancement: This function allows diagonal image enhancement in
picture adjustment functions, such as an HV & diagonal (HVD) enhancer, color  addition to conventional horizontal and vertical enhancement. It provides
management and dynamic YC gamma correction. It allows image rendering,  increased edge enhancement of image while keeping natural images.

according to the videos from automotive cameras.

TC90105FG

CAMERAL ' LPF _ 10bit _ MultiColor _  Color Management
AGC ADC Decoder Dynamic-YCy etc

Format

CAMERA2 | LPF __ 10bit _ P/NColor _  Color Management Signal

AGC . ADC Decoder DynamicYCyetc = Processor ?
D

. Panel
Automotive = c7p|

TC90105FG Display

Controll
CAMERA3 FLPF| _'10bit _ MultiColor _  ColorManagement ontrolier
AGC ™ ADC Decoder DynamicYCy etc

Format

CAMERA4_ [ LPF _ 10bit _ P/NColor ,  Color Management
AGC ADC Decoder Dynamic-YCy etc

Side Camera

Rear Camera

Color management: This function enhances the saturation of the selected
colors. It is designed to increase the image visibility by enhancing specific
colors such as red. The TC90105FG allows up to three colors and their
enhancement levels to be selected separately.

Dynamic YC gamma correction: This function suppresses images of areas
that are too dark and images of areas that are too bright to improve image
visibility by optimally adjusting the gamma correction curve for luma
according to images. In addition, it maintains the balance between the luma
and chroma levels by adjusting the chroma gain according to the luma
gamma correction curve.

Dynamic-YC
gamma

>

F OFF Dynamic-YC
gamma
S . O A
e 3 L
i T
o ]

Color management
(Blue cyan
enhancement)

V Lineup
Component q ITU-R ITU-R | 8-Bit Serial :
Part Number Package Status Function ADC |Video Input Deggtli‘:z:(s) xsm;‘rﬁ;:‘: BT.601 | BT.656 Output Ol Slupply
(D2 Signal) J Output | Output | (D2 Signal) Temperature Voltage (V)
TC90104AFG | LQFP 64pin 10x 10 mm Video 3 O 1 - @) o) )
P decoder
. Video O
TC90106FG | LQFP 64pin 10 x 10 mm decod 3 O 1 — — O Embedded
ecoder SAV/EAV 14t016
MP Video decoder -40 to +85°C 23t02.7
TC90105FG | LQFP 80pin 12x 12 mm with 2.5V 2 - 2 O O O — 3.0t03.6
regulator
Video decoder
TC90107FG | LQFP 64pin 10 x 10 mm with 2.5V 1 — 1 O — O -
regulator
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Automotive Peripheral Bridge ICs

The Peripheral Bridge IC supports the transmission of various image signals between the main processor and peripheral devices.

1. Support of various high-speed serial transmission systems

MIPI® DSI*Y, CSI-25", LVDS, DisplayPort™ and HDMI™ are supported.

V Necessity of Interface Bridge ICs

2. Solution of the interface issue of IVI (In-Vehicle Infotainment)
systems

The interface bridge IC solves the connectivity issue that prohibits the
as-is connection among peripheral devices, such as between the VI SoC

and display, due to interface difference.

Conversion to the camera I/F Conversion to the display I/F Lvps
e N s
WXGA
Camera g CPLB — csl2 :
(parallel) eDP
1
DSI — D2DP EE— Full-HD
N\ J _
panel
SoC
( N 4 )
HDMI™
@ — H2C — csl-2 HDMI™ — H2C
Serializer
(. J I
CSI-2: MIPI Camera Serial Interface
DSI: MIPI Display Serial Interface De-serializer
I Headrest
CPLB —_— monitor
\ )
V Lineup for Diversified Peripheral Devices and High-Speed Data Transmission
Connectivity
s ’
ApP based
In Vehicle Infotainment (Tg;:l) RGB
Display
s -
Full HD “Panel”
D2L-LP
=5 -
HD Panel
S -
Full HD “Panel”
D2DP
(TC9595) -
DP input “Display(Monitor)”,
V Lineup
Symbol Part Number Input Output Resolution Ta Package
o P-LFBGA64
H2C TC9590XBG HDMI 1.4a MIPI CSI-2 4 lane x 1ch Full-HD 1920x1080 @60fps -40 to 85°C 5
7 mm x 7 mm 0.8 mm pitch
MIPI CSI-2 4 lane x 1ch Parallel output 24bit@100MHz .~ |P-VFBGASO
CRLE RN Parallel input 24bit@166MHz MIPI CSI-2 4 lane x 1ch N 4010 105°C 10 7 mm 0.65 mm pitch
. . s . o P-VFBGA49
TC9592XBG MIPI DSI 4 lane x 1ch LVDS Single Link (5pairs/link) UXGA 1600x1200 24bit -40 to 85°C .
5mm x5 mm 0.65 mm pitch
D2L-LP
. S . o P-VFBGA64
TC9593XBG MIPI DSI 4 lane x 1ch LVDS Dual Link (5pairs/link) WUXGA 1920x1200 24bit -40 to 85°C .
6 mm x 6 mm 0.65 mm pitch
. . . o~ |P-VFBGA80O
CPLB-D TC9594XBG Parallel input 24bit@166MHz MIPI DSI 4 lane x 1ch WUXGA 1920x1200 24bit -40to 105°C .
7 mm x 7 mm 0.65 mm pitch
MPI DSl 4 lane x 1ch . . o P-VFBGA8SO
D2DP TC9595XBG Parallel input 24bit@154MHz DisplayPort 1.1a WUXGA 1920x1200 24bit -40 to 85°C 7 mm x7 mm 0.65 mm pitch
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Automotive Ethernet Bridge ICs

The TC9560 and TC9562 families provide the Ethernet AVB and Ethernet TSN (for TC9562BXBG only)
interfaces as well as various audio, video and data interfaces, making each family suitable as a bridge IC
for in-vehicle IP networks for telematics and next-generation IVI applications.

V Bridge ICs for Next-Generation In-Vehicle Infotainment (1VI) Systems: TC9560 and TC9562 families

The TC9560 and TC9562 families are bridge ICs compliant with IEEE 802.1AS and
IEEE 802.1Qav, part of the set of Ethernet AVB standards that support Gigabit
Ethernet (10/100/1000 Mbps).

The TC9562BXBG is compliant with the Ethernet TSN standards as well. These
devices provide reliable and low-latency data communication through timing
synchronization and packet prioritization. In addition, the TSN standards are
expected to be applied to industrial equipment.
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Il System Block Diagram M Interfacing Example

Application Processor SGMII/
RGMII/

PCle/
Modem | _HSIC RMII/MII | PHY/AVB
Chipset TC956x Ethernet
Switch

Telematics Unit

PCle HSIC TDM/12S (i1

Ethernet AVB/TSN
SGMIl/ SGMII/ Head Unit

TC956x Family

Audio Amplifier
Ethernet Switch

RGMII/ RGMII/
1 12S/TDM RMII/MII | PHY/AVB PHY/AVB | RMII/MII PCle [EESESSE @ity
SGMII/RGMIII TC956x Ethernet Ethernet TC956x i Display

Switch Switch
Headphone ‘
‘a | SGMII/
RGMII/
) Speaker - PHY/AVB
Microphone ‘ j hopicatonl 2XC | reosex || Ethemet
Switch
Camera Display
Instrument Cluster

*1: The interface is selectable
from TDM and 12S.

M Features B Demonstration Board

. The TC9560 and TC9562 families incorporates the Gigabit Ethernet MAC layer, allowing audio, video, and data
communication with a host SoC (application processor) in accordance with the Ethernet AVB standard (which
is compliant with IEEE 802.1AS and IEEE 802.1Qav). The TC9562BXBG is compliant with the Ethernet TSN
standards [compliant with IEEE802.1 Qbv, IEEE802.1 Qbu and IEEE802.3 br] as well.

. Provides an Ethernet PHY interface selectable from SGMII, RGMII, RMII and MII depending on model.

. The TC9560 and TC9562 families provides PCle® Gen2.0 (5 GT/s), PCle Gen1.0 (2.5 GT/s), and HSIC (480 Mbps)
interfaces with the host SoC (application processor). In addition, the TC9560 and TC9562 families has an 12S/
TDM (Time Division Multiplex) audio interface.

. The design target is to achieve a low-power mode that typically consumes 1 mW [TC9560 Series] or 0.5 mW
[TC9562 Series] at room temperature (measured by Toshiba). The families typically take only 100 ms to return
to normal operation (measured by Toshiba) in order to meet market needs.

. Furthermore, the TC9560 and TC9562 families is compliant with Grade 3 of AEC-Q100, a qualification standard
for automotive ICs.

—

w N

N

o

Communication I/F
Ethernet TSN
Part Number Package ai‘;))slitc(aEt)i(;i;rll/af-!: 5;2‘;"‘06; '1A/\-\ISB [IEEE802.1Qbv, | MAC-PHY | Audiol/F: Peripheral I/F: | CPU Core: Supply Voltage (V)
\EEES02 iQav,] IEEE802.1 Qbu, I/F
: IEEE802.3 br]
PCle I/F
1.8/3.3for 1O
TC9560XBG Sﬁgzé’lﬁ GT/s), v 1.8/2.5/3.3 for RGMII/RMII/MII,
PLFBGALT0  |o oPoiMh 1.8 for PCle, 1.1 for Core
(0.65) Single lane RGMI
' 1.8/3.3for 10
RMII
TC9560BXBG zlsslgl\l/l/prs) v //MII 1.2 for HSIC 1.8/2.5/3.3 for
/sl RGMII/RMII/MII, 1.1 for Core
-Quad.SPl Arme | 1.8/3.3for10
TC9562XBG v 12S/TDM <UART Cortex® }g/?S/sc:T fO; R;GfM”(/:RMH/M”,
-GPIO M3 .8 for PCle, 1.1 for Core
PCle IF -INTC 1.8/33for :co
TC9562AXBG PLFBGA120 Gen2.0 (5 GT/s), v RGMII }g/fzof/;;Mﬁrf(;hglr/';hcn:le/wl’
(065) Einndrimln:; /RMII 1.1 for Core
glelane Mi 18/33for10
/SGMII 1.8/2.5/3.3 for RGMII/
TC9562BXBG v v RMII/MII, 1.8 for SGMII,
1.8 for PCle, 1.1 for Core
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In-Vehicle Audio Power Amplifier ICs

Toshiba’s power amplifier ICs for car audio applications incorporate the functions necessary to realize

audio systems with high efficiency and reliability.

M High efficiency: Toshiba’s proprietary Class-TB amplifiers make it possible to achieve as low loss as

digital amplifiers under actual usage conditions.

M High reliability: A full-time offset detector simplifies speaker burnout prevention.

V Toshiba’s Unique High-Efficiency Class-TB Amplifiers (Tied BTL): TCB701FNG
and 702FNG

Power dissipation comparison

@ vs Conventional Class-AB AMP >>> -80% reduction

® vs Digital Class-D AMP >>> Closer under Pout <4 W

V Low BOM Cost
® Unlike digital amplifiers (Class-D), these amplifiers do not require switching and thus do not
require external LPF or anti-EMI parts, which halves BOM cost.

V Speaker burnout prevention with a full-time offset detector

® The amplifiers constantly (full-time) detect abnormal output DC offset regardless of presence/
absence of signal and equipped with unique system that informs the microcontroller of any
abnormalities.

Benefits of a full-time offset detector

The DC offset at the speaker terminals due to water droplets or capacitor leakage currents might
damage the speaker coil.

In the event of the burnout of the voice coil, a speaker might produce distorted sound, strange
noise, or no sound at all, or even cause smoke or fire. It is therefore crucial to prevent an output
DC offset.

All of Toshiba’s four-channel power amplifiers incorporate a speaker burnout prevention
function.

In particular, the power amplifiers with the patented full-time offset detector allow full-time
detection of an output DC offset, making it possible to create a speaker system free of burning
hazards. These power amplifiers also simplify the development of MCU software.

m Output Signal Level Conventional Technology Full-Time Offset Detector
Available Available

When no sound signal is present (when sound is muted)

2 When an output sound signal with a small amplitude is
present (when the output is NOT clipped)
3 When an output sound signal with a large amplitude is N/A (DC offset detector

present (when the output is clipped)

V 4-Channel Audio Power Amplifier ICs (Recommended Products)

Internal IC Power Consumption (W)

An LPF is required to adjust time constants.

unable to detect an output DC offset.)

Comparison of power dissipations by amplifier type

Power Consumption

(0.8 W x 4 channel output)  Note: As surveyed by Toshiba

25
20 Al/5
15
10 Al/2
5 Equivalent
0
ClassAB  Class SB/KB  Class TB ClassD

Normal Linear

Existing Linear High-
Amplifier:

Efficiency Amplifiers:

New Linear High

Efficiency Amplifier:

Digital Amplifier:
D class

AB class Class SB and Class KB TB class
Output
Audio DSP
Volume Mute
Offset Detector
LPF J-
Mute ON/OFF X *

Mcy <
}JI/O Port

X Not required by power amplifier ICs with a full-time
offset detector .
Power amplifier ICs with a full-time offset detector:

TCB501/502HQ: Mass production
TCB701/702FNG: Mass production

malfunctions or is

Max Output a . Short- High- Half Speaker
Process | PartNumber | vy = | y_= | Class Voltz'lge rc Offse't Cllp_ Circuit Side Short Burning | 2- Load GSM 6—Vl Package Availability
c cc Gain Bus Detection | Detection . ) . Support | Operation
152V | 14.4V Detection| Switch Det.  |Prevention
BiCD |TB2952AHQ | 49W | 45W | AB | 26dB/12dB v v v v v v v v HZIP25
0.13um |TB2975HQ | 49W | 45W | KB | 26dB/16dB v v v v v v v v HZIP25
TCBO01HQ HZIP25
TCBOOLFNG 45W | 40W AB 26dB v v v v v HSOP36
TCB501HQ 49W | 44W | AB 26dB v v v v v v v HZIP25 MP
CD |TCB502HQ | 49W | 44W | AB 26dB v v v v v v HZIP25
0.13um
TCB503HQ 49W | 44W | AB 26dB v v v v v v v HZIP25
ORI 49W | 45W TB | 26dB/16dB v v v v v v v v HSOP36
TCB702FNG |RE:a\ i) TB | 26dB/16dB v v v v v v v HSOP36
*: New product
V 1-Channel Audio Power Amplifier ICs (Recommended Products)
Max Output Speaker Output
Process Part Number Class Voltage Gain Thernr_\al Open-Circuit | Short-Circuit OvervolFage Applications Package |Availability
V=16V V=12V Detection Dicaton Detection Detection
BiCD0.13um |TB2909FNG 5W 3w AB 26 dB (variable) v v v v AVAS, etc. TSSOP16 MP

Available (No LPF is required.)

Available

New proprietary Class-TB high-efficiency amplifiers
Full-time offset detection function (Toshiba patent)
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motive Communication ICs

Toshiba’s portfolio of automotive communication ICs includes ICs for remote keyless entry (RKE), electronic toll collection (ETC), and Bluetooth.
RF devices not only allow remote operations but also can be used to receive information from a tire pressure monitoring system (TPMS) for

display on the instrument cluster so as to help increase the driving safety.

Nowadays, a Remote Keyless Entry (RKE) unit, which is already available with most vehicles, is being integrated into the TPMS receiver.

I Remote Keyless Entry (RKE)

A remote keyless entry (RKE) system is used to lock and unlock the vehicle
doors. Further adding to the convenience, a smart key can also start the

M Block Diagram of a Remote Keyless Entry System

engine remotely. Generally, on the push of a button on a key fob, an RF signal A
is transmitted to a receiver in the vehicle body, which decodes the signal and s "e""'e"“e"’e”""e’ RKE BCM CAN
sends the decoded information to an in-vehicle system. BatteryCell | T— . l cocine
ta
X’tal | RFIC [ | . | Starter
Fllter Tcazzos 32bit AN
8 blt RF-IC MCU Transceiver
Block Product name Page mMcu TC32306 x'ul | (CAN MCU) 8
. 8 bit o
RF-IC TC32306FTG P35 System mey (%
LF T power supply Control ——ODoor
32 bit MCU TMPM358FDTFG P23 tEP (RX) Fock
- Unlock
TB9005FNG R ‘f AL,
System power supply TB9044AFNG P.22 ot LF-IC =
Door Knob
Sensor
Body Control Module (BCM) for TPMS
CAN
Module = rrngceiver
I Tire Pressure Monitoring System (TPMS)
A tire pressure monitoring system (TPMS) is an electronic system designed M Block Diagram of a Tire Pressure Monitoring System
to monitor the air pressure in vehicle tires. TPMS consists of sensor
modules (transmitters) in the wheels and receivers in the vehicle body. T
TPMS is now legally required in North America, Europe, and Korea. The Abrmitane
Chinese and Japanese governments are also deliberating on legislation Q_)
that mandates the installation of TPMS on all vehicles. "
§ Receiver Tuner
S RF/ECU
Antenna -g Antem\a/I
Block Product name Page N <
RF-IC (in-vehicle) TC32306FTG P.35
32 bit MCU TMPM358FDTFG P23
TB9005FNG
System power supply TB9044AFNG P.22 ,_L
Battery Cell @
SAW  _ RF-IC | - n
MCU =  RFIC Filter TC32306 32bit e
I MCU Transceiver
X'tal (CAN MCU)
8 bit
Temperature - Pressure | LF J System MGy
Sensor Sensor = (RX) power supply
—o
Indicator
Alarm Lamp
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RF Devices for Automotive

V Transceiver IC (TC32306FTG)
® Operating voltage range: 2.0to 5.5V

IF Filter

--------- Bit Rate
o Current consumption: At Vdd = 3.0V (FSK modulation) § 2 LPF Filter
._-_. 9 DMOD sk Data
RX: 9.7 mA 315/434/868 o i Comparator
TX: 12 mA (at +10 dBm output) (FISITE A Ih

:1/6

Battery-save mode: 0 YA (Typ.) 315/434/868 ASK (OOK)
/915 MHz T ASK
® TX output: 0 dBm, +5dBm, +8 dBm, +10 dBm Timer | [ Control Preamble
(Fine-tunable in increments of approx. 0.5 dB.) L8 GH — I e
® High receiver sensitivity (12 dB SINAD) -117 dBm@IFBW =270 kHz
[FSK, Data Rate = 600 Hz, fdev = +40 kHz] [1svres |[svres | [ serialControl |

® Multiband (315/434/868/915 MHz)

= vdd: 3.0V SO SI CLK CS PackageQF_NCiG
® Data rate (TX/RX) = 300 Hz to 10 kHz, on-chip digital bit rate filter X tal 77 a0y SPillnterface (05 mnpich)

® Multi-channel (Fractional-N PLL, 5-kHz frequency step width)
® Supported modulation: FSK/OOK (ASK)

® Two IF Filter bandwidths: Wide range 320 kHz at IF = 230 kHz)/
Middle range 270 kHz at IF = 280 kHz, switching

® Signal detection: Preamble detection/noise detection (only for FSK)/RSSI detection
® Fast response (on-chip digital high-speed comparator)

® Serial control: Read/Write mode, 4-wire serial interface (SPI)
Control is also available after storing communication setting data in
EEPROM.

I Wireless Communication IC Series for ETC Applications

Road-to-vehicle communications provide toll collection and traffic information to enhance automobile convenience.
The collected probe data helps reduce traffic congestion.

V RF Transceiver IC for ETC, V RF Combo IC for Chinese
ETC 2.0 and DSRC ETC Applications
Applications TC32168FTG/TC32169FTG

TC32163FG

® Operating voltage: 1.8t0 3.6 V

® Operating voltage: 2.7t0 3.6 V ® Operating frequency: 5.8 GHz band

® Operating frequency: 5.8 GHz band ® Operating temperature: 40 to +85°C
® Data rate: ASK 256/512 kbps

® Wake-up function (4.5 pA typ.)

® Operating temperature: =40 to +85°C

TC32163FG evaluation board

V 5.8 GHz Automotive Power TC32168FG evaluation board © FMO modem (addition of CRC
Amplifier checksum words, postambles and

TC32166FNG preambles)

® Operating voltage: 3.0t0 3.6 V ® Small package:

® Operating frequency: 5.8 GHz band VQFN32 (5x5mm, 0.5 mm pitch)

® Operating temperature: -40 to +85°C
TC32166FNG evaluation board
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Automotive Solutions

RESTRICTIONS ON PRODUCT USE

Toshiba Electronic Devices & Storage 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, 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.

» 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.

Product may include products using GaAs (Gallium Arsenide). GaAs is harmful to humans if consumed or absorbed, whether in the form of dust or vapor.
Handle with care and do not break, cut, crush, grind, dissolve chemically or otherwise expose GaAs in Product.

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.

Product may include products subject to foreign exchange and foreign trade control laws.
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.

In addition to the above, the following are applicable only to development tools.

>

Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Use the Product in a way which minimizes
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. For using the Product, customers must also refer to and comply with the latest versions of all relevant TOSHIBA information, including without
limitation, this document, the instruction manual, the specifications, the data sheets for Product.

Product is provided solely for the purpose of performing the functional evaluation of a semiconductor product. Please do not use Product for any other
purpose, including without limitation, evaluation in high or low temperature or humidity, and verification of reliability.

Do not incorporate Product into your products or system. Products are for your own use and not for sale, lease or other transfer.

Trademark Notice

* Wi-Fi and WiGig are trademarks of Wi-Fi Alliance.

* Bluetooth® word mark is a registered trademark owned by the Bluetooth SIG, Inc.

*USB Type-C®is a registered trademark of USB Implementers Forum.

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

* MIPI®is a registered service mark of MIPI Alliance, Inc. CSI-2°" and DSI*" are service marks of MIPI Alliance, Inc.

* DisplayPort is a trademark owned by the Video Electronics Standards Association (VESA) in the US and other countries.
* HDMI is a trademark or a registered trademark of HDMI Licensing Administrator, Inc.

* PCleis a trademark of PCI-SIG.

* M-FLAT, S-FLAT, TM-SIL, Visconti, and VIVACE are trademarks of Toshiba Electronic Devices & Storage Corporation.

* Other company names, product names, and service names may be trademarks of respective companies.

TOSHIBA

Toshiba Electronic Devices & Storage Corporation

Website: https://toshiba.semicon-storage.com/ 20215
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