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With Vision and Intellect, You Can

Automobiles have been making tremendous progress in terms of safety,

environmental performance, and the utilization of information technology.

Now, a suite of driver-assist technologies that enhance both vehicle and driver safety are attracting much attention,
such as collision avoidance, parking assist and self-driving.

Toshiba offers various automotive semiconductor devices designed to improve driving safety,

including advanced driver assistance systems (ADAS) using an image recognition processor.

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.

For the latest information about Toshiba's semiconductor devices,
including automotive devices, please visit the following URL:

https://toshiba.semicon-storage.co

Make It!

Semiconductor devices fulfill a major role
in the evolution of automobiles.
Toshiba's Three Core Technologies

Environment

Technology to protect the global environment

I

Technology to assist in safe driving Information technology to enhance ride comfort

CONTENTS
Environment
Environment oo 4

- Applications: HEVs, PHEVs, EVs and Inverters ............ )
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 ............ 7
Applications: Electronic Power Steering (EPS) System ...... 8
Applications: Gasoline Engine System, Direct Injection,
Transmission Control ............ccceeviiiiiiiiieiiiineiineenenns 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
Automotive Analog Power Device Product: TB9111FTG Half-Bridge MCP... 13
Products: Automotive Three-Phase Brushless DC Motor Driver ICs... 14
Products: Automotive Brushed DC Motor Driver ICs ...... 15
Products: Automotive Stepping Motor Driver ICs Evaluation

Boards (for Motor Control) ..........cccoeeevuviiiineeinniiiinens 16
Products: System Power Supply ICs for Automotive ...... 17
Products: Automotive Intelligent Power Devices (IPDs)...... 18
Products: Automotive Microcontrollers........................ 20
Functional Safety ...........cocouiiiiiiiiiiiiee 22
Products: Photocoupler for Automotive Applications ...... 24
Products: Automotive Discrete Devices ..................... )

Products: AEC-Qualified Automotive Discrete Devices... 26

Safety

........................ 28
ADAS (Advanced Driver Assistance Systems) ............ 30
Parking Assist Systems ..........cccooiiiiiiiiiiiii 32
Visconti™ Image Recognition Processors .................. 33
Information
Information and Entertainment Applications... 37
Dual/Single-Picture Video Processors ................c....... 38
Video Decoder ICS ......cocuuieiriiiiiiieiiieiiieee e 39
Automotive Peripheral Bridge ICs ............ccooceiiiinnnnnnn. 40
Automotive Ethernet Bridge ICs  ..........ccoovviiiinnennnns 41
In-Vehicle Audio Power Amplifier ICs .............cc.c.cceuuts 42
Speech Middleware (Voice Trigger) ........cccvveeuvinneennns 43
Target Applications of Automotive Communication ICs... 44
RF Devices for Automotive ...........ccccoieeiiiiiiineennnns 45
Automotive Hard Disk Drives — ............ccceviiiiiiinnnn, 46
Webpages ..........coooiiiiiiiii 47



OsN M

Environment

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 (PHEVSs) that share the characteristics of EVs and HEVs.
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- : Applications using semiconductor components AC-DC
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I Automotive Drive System Block Diagram (Inverter) n@é%\
e - \
: . o -
Generally, HEVs, PHEVs and EVs use three-phase brushless motors for electric propulsion. Because the vehicle drive ] — e
. . . . . ol
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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B Recommended Products
Block Type Package Part Number Polarity/Generation Feature AEC
MOSFET DPAK+ TK25S06N1L Nch U-MOSVIII-H 60V, 25A, 18.5mQ, Teh=175C O
Power Supply DPAK+ TJ30S06M3L Pch U-MOS VI —-60V,-30 A, 21.8 mQ, Teh=175"C @]
Voltage Regulators HQFN52 TB9042FTG BiCD process Switching Reg., 5 V Reg., Watchdog timer, Topr: —40 to 125°C O
MCU Motor control MCU HLQFP144 TMPR454F10TFG Arm-Cortex-R4F (160 MHz) Vector Engine, RDC, PMD, ADC, CAN, Topr: —40 to 125°C @]
5pin SO6 TLX9304 - Open collector output,1 M LOGIC, Topr = 125°C (max)
Isolation Photocouplers 5pin SO6 TLX9378 - Open collector output, 10 M LOGIC, Topr = 125°C (max) (@]
5pin SO6 TLX9376 - Totempole output, 20 M LOGIC, Top r= 125°C (max)
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Applications: DC-DC Converters for HEVs, PHEVs and EVs,
Battery Monitoring Systems (BMS), Start-Stop Systems

I DC-DC Converters for HEVs, PHEVs and EVs

In HEVs, PHEVs and EVs, DC-DC converters are used to step down N Application Block Diagram
the high-voltage DC from the main battery to the low-voltage DC
necessary for electronic loads. Toshiba’s product portfolio includes Primary-side Full-bridge Converter
80-to 100-V MOSFETSs with high current capability that are suitable for
Low

1
!
:
!
. !
use on the secondary side of DC-DC converters. _ _ i e
volage S T e T T Batery
Battery ‘
1
!
!
1
!
!

Secondary-side
Synchronous Rectifier

B Recommended Products

Functional Block Product Category Package Part Number

MOSFET DPAK+ '—é
o o
DPAK+ Isolation Isolation
See pages 26-27. Driver Driver

DSOP Advance (WF) |

Power c | Circu Isolated
Supply cotele Feedback Circuit

Synchronous
Rectifier Circuit

£l

Power Supply MOSFET

I Battery Monitoring System (BMS)

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

1
1
help reduce the power loss incurred by continuous battery monitoring. PGy O VEERD | LD
Resistance E
1
B Recommended Products i Py | S
] Supply Battery
Functional Block Product Category Package Part Number Cell Balance i T
Bipolar transistor New PW-Mold TTB002 T
Power Supply System power HTSSOP16 TB9021FNG -L EI_ Isolation Other
supply IC SSOP20 TB9Y005FNG T Battery Monitor (H (Photo |«—»{ Control
s _L {El_ Device) ECU
WSON-10 TPD1055FA
Fail-safe, (High-side switch) }: MGU
Shut Down IPD PS8 TPD1044F | i Signa’I
(Low-side switch) Q Conditioning
UF6 See pages -L |_ " ¢
MOSFET 26-2 T Isolation Fail-safe,
Cell Balance SOT-23F -27. _I_ Battery Monitor |- (Photo [ —— Shut-down
Photocoupler S04, SO6 See pages 24. T {El_ [Difes) (e
Main Control Battery monitoring LQFP100 TMPM358FDTFG X
MCUs %
1
1
N -
Start-Stop Systems -
| a\\

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.

H System Block Diagram B Recommended Products
O/ Block Type |Package| Part Number |Polarity Feature AEC
E l Semicon.Relay| IPD PS-8 | TPD7104AF |BiCD process| 1ch high side Nch MOSFET Gate drive. | O
o0 >t o0
. TK100S04N1L| Nch/VIII |40 V/100 A/2.3 mQ max
L —oo— Motor drive or
reverse-battery| MOSFET | DPAK+ | TK1R4S04PB Nch/IX | 40 V/120 A/1.35 mQ max O
H Interleave protection
Battery _ J J pe b Boost || TK55S10N1 | Nch/VIII | 100 V/55 A/6.5 mQ max
T SRR ) VSOP16| TPD7106F* 1ch high side Nch MOSFET gate drive. | O
L4 Ld Semicon.Relay|  IPD — -
Reverse Battery WSON10| TPD7107F** 1ch high side Nch MOSFET gate drive. O
Protection **: Under development
Lyl [L¥1
r —/ —
Voltage
Power | | Control Circuit [4—{ Detection
Supply Circuit
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Applications: Brake Control (ABS/ESC), Electronic Suspension
Control, Electric parking brake (EPB), precrash seat belt tensioners

l Brake Control (ABS/ESC)

Many electromagnetic solenoids and mechanical relays are used to B Application Block Diagram
control hydraulic valves, and MOSFETSs and intelligent power devices

(IPDs) are widely used for the switching of solenoids and relays. Batiery )
Since these applications are exposed to large instantaneous changes
in voltage, high-voltage MOSFETSs and IPDs are required. Load Switch
For Motor
—e —
B Recommended Products Power |.*} —|.<- Load Switch
—¢ For Solenoid
Functional Block Product Category Package Part Number Supply |
g
Switch for —
Motor, Solenoid MOSFET DPAK+ See pages I [
26-27. 1
MOSFET DPAK+
Power Supply MCU <> D J$ M o
System power supply IC HQFN52 TB9042FTG** 1 S
o
**: Under development t ]
Signal X )
1/0 <% Conditioning [ Drive Switch
Sensor Circuit For Solenoid
CAN Bus
=

I Electronic Suspension Control

Many electromagnetic solenoids and mechanical relays are used to B Application Block Diagram
control hydraulic valves, and MOSFETSs and intelligent power devices

(IPDs) are widely used for the switching of solenoids and relays. Baneryﬁ}
! Valve,
B Recommended Products Power Supply _l Motor Control
Functional Product Polarity/ Height I».* I».* Iﬁ
Block Category Package | Part Number o Feature AEC Sensor L —
Speed e Pre-
' PS-8 See pages Sensor [|Conditioning>{ ~ MCU Driver
Solenoid, MOSFET soT2s | 2627 _|—> Circuit
Motor Control - ’ G Sensor Valve
Diode S-FLAT | CRGO7 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 tensioners. The H-bridge circut B Recommended Products
configuration is most commonly used to drive motors for Block | Type | Package | Part Number |Polary/Generation Feature AEC
these applications. Fabricated using the latest silicon TKB5S04N1L | Nch/VII | 40 V/65 A/4.3 mQ max
process, the DPAK+ MOSFET Series for motor drive TK1R4S04PB | Nch/IX | 40 V/120 A/1.35 mQ max
applications delivers low on-resistance, as well as low wirin DPAK, | TKOOSOENTL | Noh/VIIl | 60 VI0 /3.3 me) max
PP : viring Motor drive TJ60S04M3L —40 V/-60 A/6.3 mQ max
resstapce by the use of a Cu connector. These characterlgtlcs Relay drive|MOSFET TJB0SOAM3L | Pch/VI | —40 V/—80 A/5.2 mQ max o
combine to help reduce the system power consumption. TJ60S06M3L -60 V/~60 A/11.2 mQ max
Toshiba also offers pre-drivers that integrate various SOP Advance| TPHR7004PB | |40 V/150 A/0.79 mQ max
detection circuits (for undervoltage detection, FET short-circuit (WF) | TPH1R104PB : 40 V/120 A/1.14 mQ max
detection, thermal shutdown), a charge pump and a Rellay MOSFET! SOT23F | SSM3K337R |Active ClampNch| 38 V/2 A, 0.2Q@4 V O
hiah d dri - Driver UFM | SSM3H137TU | Nch+ZD |34 V/2 A, 0.282@4.5V o
igh-speed pre-driver circuit. o PS8 | TPD7211F Half bridge MOSFET Gate drive. Z
WQFN-32 | TPD7212F 3 Phase Full Bridge Nch MOSFET Gate drive. | O
i - 1-channel H-bridge pre-driver (external N-channel
n SyStem BIOCk Dlagram dFr'i:/eer HTSSOP48 | TBY052FNG FET) Built-in motor current detection circuit O
®Mechanical relay @Semiconductor relay MCD . 1-channel H-bridge pre-driver (external N-channel FET)
LQFP48 | TB9057FG BIiCD process| Byift-in motor current detection circuit Buit-in motor o
rotational direction detection circuit
- Single output (external transistors required) LDO (5 V)
Fwo A M°'°i Voltage SSOP20 | TBIOOSFNG Watchdog timer, Topr: 40 to 125°C B
Power | Regulators Single output (with integrated output transistors)
Powil ::} ::} SuEly HTSSOP16 | TBI021FNG LDO (5, 200 mA) Window-Watchdog timer, Topr:-40t0 125°C | ©
;- S ] ;- HH B Votor Biogr | New | TTAQOS pnp | =50 V/=5 AFE200 min -
~ ] P PW-Mold | TTB002 —60 V/~6 A/hFE100 min -
S
&

=
Pre- J :j} MOSFET
Driver Jr
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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 ‘
MOSFETSs for motor drivers, power supply and motor relay applications in EPS systems.

| System Block Diagram B EPS Control Evaluation H Reference Model for EPS
Brushless motor Board

application

TK1R4F04PB

oS Lo 5y Pre-
tf [iF |1

Power
Supply =
s Circuit
e—
a g
Signal Current| |Q =
Conditioning| | Monitor | | © —ul }J"} [ TB9044AFNG
Clr::uﬂ Circuit ]—l - i Steering- TB9045FNG
Lyl : ool TB90B1FG
YW Driver Angle
o Sensor MCU (TMPM351F10TFG) Starter Kit
Driving Speed Sensor
B Recommended Products
Block | Type | Package | Part Number |Polarity Feature AEC Block Type | Package | Part Number nPolaril‘y/ Bt AEC
IPD PS8 TPD7104AF  |BiCD process| 1ch high side Nch MOSFET Gate drive.| O o et |
-channel safety relays
TK65S04NTL | Nch/VIIL | 40 V/65 A/4.3 mQ max LQFP64 | TB90B1FG Selectable operation on fault detection| O
TK1R4S04PB Nch/IX | 40 V/120 A/1.35 mQ max Initial diagnosis of monitoring circuitry
Motor DPAK+ | TJ40S04M3L —40 V/-40 A/9.1 mQ max 1-channel H-bridge pre-driver
control TJ60S04M3L Pch/VI | —40 V/-60 A/6.3 mQ max Pre-driver | MCD |HTSSOP48 | TB9052FNG (external N-channel FET) Built-in @]
Reverse | \oSFET TJB0S04M3L 40 V/—80 A/5.2 mQ max o motor current detection circuit
battery . {-channel H-bridge pre-driver (external N-channel FET)
e SOP Advance| TPHR7904PB Neh/IX 40 V/150 A/0.79 mQ max LQFP48 | TB9057FG Builtdn motor current detection circuit @)
P! (WF) TPH1R104PB c 40 V/120 A/1.14 mQ max BiCD | Buittin motor rotational direction detection circuit
DSOP TPWR7904PB 40 V/150 A/0.79 mQ/175°C process | Muttiple outputs (with integrated output transistors)
Nch/IX . HQFN52 | TB9042FTG DCDC1 (1.211.5V), LDOTt02 (5V), LDO3 (533 V) | O
Advance(WF) | TPW1R104PB 40 V/120 A/1.14 mQ/175°C Window-Watchdog timer, Topr: ~40 fo 125°C
Motor Arm - oo "
PMD, CAN, ADC, P Vol Multiple outputs (with integrated output transistors)
MCU control | LQFP100 |TMPM351F10TFG | Cortex-M3 . @] ower oltage e "
Topr = —40 to 105°C HTSSOP48 | TBI044AFNG: LDO1(5V), three tracker channels, Plannin
MCU (144 MHz) P Supply | Regulators Window-Watchdog timer, Topr = -40 to 150°'C ¢
Muttiple outputs (with integrated output transistors), three
HTSSOP48 | TB9045FNG** tracker channels, DCDC1(1.1/1.211.25/1.5V), LDO1(V) - |Planning|
Window-Watchdog timer, Topr =-40 10 150°C

**: Under development
V Three-Phase Brushless Motor Pre-driver IC

—¢— Battery
for EPS Applications: TB9081FG 3
Three-phase brushless motor pre-driver IC designed
for high-current applications such as electric 8 m M
power-assisted steering (EPS) cxour ] T TC TT | o
* Three-phase pre-driver (that requires an external FET) [E r20
 High-side and low-side charge pumps 5V FRes. voe Hs
* High-speed pre-driver [gHuo EI}
Each voltage

¢ 5-channel safety relays | detacton ool HvO |
 High-speed motor current sense circuit ALARM = 5
e Various detection circuits — | e }E}

Undervoltage detection for each power supply, thermal = . o

shutdown, external FET short-circuit detection — ereDriver w0 kY

Initial diagnosis of the detection circuits s Tion [y i%
* The operation of pre-drivers in the event of a fault is S For Motor: - T

pre-configurable via SPI communication. SeK ForRelay: WO L SH

. . ﬁﬁ © r LUo
* Abnormal status readable via the SPI interface [
<Overview> Motor Drive e Ik
* Supply voltage: 40 V peak (load dump) cu e ‘E}
* Operating voltage range: 4.5 to 28 V - !
* PWM operating frequency: 20 kHz e o doaeon T
* Operating temperature range: Ta = —40 to 125°C — ;5"
* Package: LQFP64 G ’< vl i
AMP3 AMP2 AMP1
NDIAG. Error logic
N
+
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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 Block Type | Package] Part Number |Paiy/Generai Feature

higher efficiency and lower emissions. Toshiba's motor ICs PS-8 | TPD1044F Logic Nch | 1 ch Low side switch (1 A) o

suitable for the control of throttle and exhaust gas recirculation Relays | IPD ["50p.8 | Tpp104sF DMOS | 2 ch Low side switch (2 A) _

(EGR) valves help optimize engine efficiency. ) PS-8 | TPD1054F 1 ch Low side switch (1 A) -

|| System Block Diagram Solenoids | IPD WSON-10| TPD1058FA _|BiCD process| ! ¢h Low.side syvitch (6 A) -
MCD | P-QFN28| TB9O51FTG 1 ch H-Bridge driver (Pch + Nch), lout+5 A o

Topr: —40 to 125°C
I TK25S06N1L 60 V/25 A/18.5 mQ max
: TKA40S06N1L | Nch/VIII |60 V/40 A/10.5 mQ max

. Driver
— [ | Throttle Motor MOSFET| DPAK+ | TK90S06N1L 60 V/90 A/3.3 mQ max 5

| o
Supply MCU Rclcy ~60 V/-30 A/21.8 mQ
-mr. ,m—» - TJ30S06M3L MO max
TJ60S06M3L Pch/V1 | —60 V/-60 A/11.2 mQ max
|
i Injector MOSFET| DPAK+ | TJ8S06M3L —60 V/-8 A/104 mQ max
1 Power v Multiple outputs (with integrated output transistors)
! . o Suppl oltage . DCDC1 (1.2/1.5V), LDO1to 2 (5V),
S . PP | pequiators| HQFNS2 | TB9042FTG  [BICD process| 5 (513.3V) o

Window-Watchdog timer, Topr: —40 to 125°C

Conditioning (MOSFET,
Circuit Pre-Driver [™|  IPD, etc.)
Other ECU

I 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.

H System Block Diagram B Recommended Products
Block Type |Package| Part Number |Polarity/ i Feature AEC
| | TK40SO06N1L 60 V/40 A/10.5 mQ max
TK90S06N1L 60 V/90 A/3.3 mQ max
3 Ju } Ju } iy U e oBoost DPAK+ Nch/VIII
I H onverter MOSFET TK33S10N1L 100 V/33 A/9.7 mQ max 5
Drive Switch TK55510N1 100 V/55 A/6.5 mQ max
- 9 b RENEEE Drive DPAK, | T450S0NaL - —60 V/-50 A/13.8 mQ max
| lal } + c
l‘ e Lel it TJB0SOBNIL ~60 V/~60 A/11.2 mQ max
B Y
3 |8 I
I4} ¥l ? Injector
H — ON/OFF

Control

Jt 3
I

B
J%Ji}

r s

=

I Transmission Control

The hydraulic control in the transmission is mainly driven by a valve using an electromagnetic solenoid. Toshiba offers semiconductor q*g
devices with a current drive capability and various protection features suitable for on-off and linear solenoids in transmissions.

H System Block Diagram B Recommended Products
Block Type |Package| Part Number |Polarity { Feature AEC
Logic Nch
PS-8 | TPD1044F + 1 ch High side switch (1 A) @]
Relay A DMOS

BES IPD - i i -

I Relay Control | Sl PS-8 | TPD1054F 1 ch Low side switch (1 A)
WSON-10| TPD1055FA  (BiCD process| 1 ch High side switch (3 A) O

Soppl el G| | | 2 A SOP-8 | TPD1060F 1 ch Low side switch (3 A
Supply Switch 2 -I -I» -I - ch Low side switch (3 A) (@]

2 TK65S04N1L 40 V/65 A/4.3 mQ max
- & J Jk J ) Nch/VIII
Solenoid Control H ouﬂ P;Jmp TK100S04N1L 40 V/100 A/2.3 mQ max
i " - - " lotor
Sore | i | g TKIRASO4PB | Noh/IX | 40 V120 A/1.35 me max
bd i

T T I O'Lﬁ\‘/’;"" MOSFET | DPAK+ | TK90SOBN1L | Nch/VIII |60 V/90 A/3.3 me max o

TJ60S04M3L —40 V/-60 A/6.3 mQ max

TJ80S04M3L Pch/VI | -40 V/-80 A/5.2 mQ max

TJ60S06M3L —-60 V/-60 A/11.2 mQ max
ON/OFF Linear Solenoid
Solenoid 3 Phase Brushless Sensor-less
TB9061AFNG Pre-Driver O
Topr: -40 to 125°C
MCD |SSOP24
. ) 3 Phase Brushless Sensor-less
Pre-driver TB9062FNG** |BICD process| Pre-Driver,High Start-up -
Performance, Topr: -40 to 125°C

PD WQFN-32| TPD7212F 3 Phase Full Bridge Nch MOSFET Gate drive. | O
PS-8 | TPD7211F Half bridge MOSFET Gate drive.| —

**: Under development
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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.

[ | System Block Diagram B Pump Control Evaluation Board M Reference Model for
Water Pump Control

—— | Reverse Battery Brushless motor application
{ ¥ _T | Protection
-[ = H H
l- Power J-ll‘> -| b -| b
Supply T [ H
Pre- TB9061AF|
Driver Pump
Motor
| MCU —“ ﬁ | | (Brushless)
B Recommended Products
Block Type Package Part Number | Polarity/Generation Feature AEC
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
i
MCD SSOP24 TB9061AFNG P 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
Driver MCD HTSSOP24 TB9064FNG** 3 Phase Brushless Sensor-less Driver, —40 to 125°C [¢]
TJ20S04M3L —40 V/-20 A/22.2 mQ max
DPAK+ TJ40S04M3L Pch/VL —40 V/-40 A/9.1 mQ max
Motor control TJ60S04M3L —40 V/-60 A/6.3 mQ max o
Reverse MOSFET TK1R4S04PB 40V, 120 A, 1.35 mQ, Tch=175"C
battery SOP Advance (WF) TPHR7904PB 40V, 150 A, 0.79 mQ, Tch=175C
protection TPH1R104PB Nch/IX 40V, 120 A, 1.14m, Tch = 175°C
TPWR7904PB 40V, 150 A, 0.79 mQ, Tch=175C
DSOP Advance (WF; . . . O
vance WF) I~ Tpw1R104PB 40V, 120 A, 1.14m, Toh= 175C
SSOP20 TB9005FNG . Single output (external transistors required) LDO (5 V) Watchdog timer, Topr: —40 to 125°C -
Voltage Regulators BiCD process [— — " " "
Power Supply HTSSOP16 TB9021FNG Single output (with integrated output transistors) LDO (5 V, 200 mA) Window-Watchdog timer, Topr: =40 to 125°C
TTA005 —50 V/-5 A/hFE200 min -
BipTr New PW-Mold PNP
P TTBO002 60 V/~6 A/hFE100 min -

**: Under development

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.

H System Block Diagram B Recommended Products
® Low-Side PWM . Y High-Side PWM . Block Type |Package| Part Number |Polarity Feature AEC
g R | c Quiet motor operation due to sine-wave
T¥1 Pre- LQFP64 | TB908OFG current, High-efficiency motor drive dueto | O
J- 1 Lyl (B":':S‘ﬁg o Neh driver BICD process| auto lead angle control
Power Power Motor 1-channel pre-driver (external N-ch FET), _
Supply | Reverse : Supply Control Motor drive SS0P24| TBI110FNG Built-in charge pump circuit, Topr: 40 o 105°C
Batt =
7 ] 7 3 TK100S04N1L| Nch/VIIl |40 V/100 A%2.3 mQ max
Signal ?; Vot MOSFET| DPAK+ | TK1R4S04PB Nch/IX |40 V/120 A/1.35 mQ max O
Input o otor
"5”_ McU MCU & J M) (Brushed) TK55810N1 | Nch/VIIl | 100 V/55 A/6.5 mQ max
Single output (external transistors required)
SSOP20| TB9005FNG LDO (5V) -
Watchdog timer, Topr: —40 to 125°C
RV0"|’=1%9 BICD process| Single output (with integrated output transistors)
Power | eguiators LDO (5 'V, 200 mA)
. HTSSOP16| TB9021FNG Window-Watchdog ti o)
@ 3phase full-bridge Method for BLDC Motor Supply To';r_"_"‘v"o S gzs?g imer,
Pch R Batt -
M | protecton New | TTAOOS -50 /-5 A/hnFE200 min -
T31 Motor Control Bip-Tr PNP
! PW-Mold | TTB002 —60 V/-6 A/hFE100 min -
J— $ PS-8 | TPD7211F Half bridge MOSFET Gate drive.| —
H Pre-driver IPD BiCD process
I -| 1%1;1} Motor WQFN-32| TPD7212F P 3 Phase Full Biidge Nch MOSFET Gate drve. | O
H Brushl
Power Supply (Brushless)
Pre-
Driver / M
Signal \
Input
ey
T
r

10
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Applications: Air-Conditioning (HVAC), LED Headlights,
Airbags

. _— Wt .

I Air-Conditioning (HVAC) - Compressors / il ,,QL;
&) T

)

In order to improve fuel efficiency, various motors are being replaced by brushless motors. Accompanying this trend, MOSFETs il /M

with lower power losses are required for motor drive and reverse-battery protection applications. Toshiba offers MOSFETs that
use a copper (Cu) connector with lower resistance than aluminum in order to reduce conduction loss.

H System Block Diagram B Recommended Products
L Block Type |Package | Part Number |Polarity/ i Feature AEC
pen Aovoree Batier Brushless motor application IPD_| PS8 | TPDT104AF |BICD process| 1ch high side Nch MOSFET Gate drive. o
T ¥ _T | Protection Y Motor TK100S04N1L| Nch/VIII | 40 V/100 A/2.3 mQ max
Lyt I ! | ool TKR4S04PB | Nch/IX | 40 V/120 A/1.35 me max
Ve

battery MOSFET | DPAK+ | TK55S10N1 Nch/VIII | 100 V/55 A/6.5 mQ max o

i TJ60S04M3L —40 V/-60 A/6.3 mQ max

J (= | | protection Pch/VI

Power — 1 — 1 TJ80S04M3L —40 V/-80 A/5.2 mQ max

Supply IPD |WQFN-32| TPD7212F 3 Phase Full Bridge Nch MOSFET Gate drive. | O
T Pre- J Quiet motor operation due to sine-wave current
Driver Blower Pre-driver |\~ LQFP64| TBIOBOFG High-efficiency motor drive due to auto lead angle control o
Motor -
MCU || 1-channel pre-driver (external N-ch FET), _
_“ | “ e (= (Brushless) §80P24| TBIMOFNG |gicp process| Built-in charge pump circuit, Topr: —40 to 105°C
Single output (external transistors required) _
Voltage SSOP20/| TB90OSFNG LDO (5 V) Watchdog timer, Topr: —40 to 125°C
Power | Regulators Single output (with integrated output transistors) LDO

7 7J7_ 7J7_ Supply HTSSOP16| TB9021FNG (5, 200 mA) Window-Watchdog timer, Topr: ~40to 125°C | ©
gy | New |TTA0GS pyp |50 V=5 AMFE00 min -
-1 | pw.Mold | TTBO02 —60 V/~6 AhFE100 min -

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.

B System Block Diagram B Recommended Products
Block Type |Package | Part Number |Polarity/Generation Feature AEC
Dumper Motor _Rri
(Brushed) TB9101FNG %ﬂﬂfg‘fg%}%g (=05 A), o
TBI102ENG $ ch .Hzﬂfo-bri(:gzes,%.o Q (x0.5 A), o
Motor drive| MOtr |ssopog BiCD pre opr: —40 to
Power X pr -
driver TBO0SGFNG LIN-Slave 1 ch H-Bridge, 1.0 @ (0.5 A), _
H-| bndge H-| br|dge Topr: —40 to 125°C (Classic Checksum)
LIN-Slave 1 ch H-Bridge, 1.0 Q (+0.5 A),
l TB90S8FNG Topr: —40 to 125°C (Enhanced Checksum) 0
MCuU comroller
Driver
| LED Headlights
Electric bulbs for direction indicators and other automotive lamps are B Application Block Diagram
being replaced by LEDs. LEDs are driven by DC-DC converters in
which many MOSFETSs with a VDSS of 60 V or higher are utilized. . Boost Transformer VIN e iy
> (Battery) rotection
B Recommended Products Batiery(+) Boost
Transformer
Functional Block Product Category Package Part Number
. DPAK+ Primary-side !
Booster Circuit MOSFET SOP Advance Switch i
DPAK+ %
Reverse Battery SOP Advance Dimmi
Protection MOSFET SOT-23F See pages 26-27. o—_f"' - imming
Battery(-) ] |
TSOP6F o -
ontrol Signal
P SOT-23F ( )—bl Control Circuit
Di
imming MOSFET TSOPGF |

I Airbags

MOSFETs or other types of switches are used as failsafe switches in H Application Block Diagram
the power supply section of electronic control units (ECUs).

Battel
B Recommended Products VD
Functional Block Product Category Package Part Number
SOP Advance (WF) y
Fail-Safe Switch MOSFET See pages 26-27.
DSOP Advance (WF) 5 = e
ower | | || Pre- —l % | Fai-safe
Supply Driver Switch
Sensor [P Signal MCU
Conditioning [
Other ECU |a—p{ Circuit

> ib Dri Seat-belt
S RILTr
G Sensor |—> Pre-tensioner

11



NV Lokefom N M B NSL - F Resali bl ) L0

Applications: Body Control Module (BCM),
In-Vehicle Networks

I Body Control Module (BCM)

Body control modules (BCM) consist of two types: those that use [ ety | i
mechanical relays and those that use MOSFETs as semiconductor relays | — Rolay Lamp Comtor 1| Wiper miror
. . . . P g i 3
instead of mechanical relays. To meet the needs of mechanical-relay drive Supply Dump Sirge ~LIS Switch-_ Door Rock, etc)
. . . . rotection
applications, Toshiba developed the SSM3K337R, a MOSFET in a small Low Current Relay
package (with 85% of the mounting area of the predecessor) with active [ sensor | S
. . . . . . e MCU
clamping circuitry for inductive loads. Toshiba also offers power MOSFETSs [ swion | Conditoning nterior Lam
. . . Middle Current oto P
such as those in the DPAK+ package suitable for semiconductor relay Switch :
. . R i
applications. Koyloss 4
. . Entry, etc. Relay Lamp Control
B See the following for details of TVS products. - S Switch -
H H 2 Ch: | 1-2 Ch: |
M IPD, Active Clamp, Complex Device High Garrant Figh Curont
Switch Switch
Block Type |Package|Part Number Polarity { Feature AEC T T —
SSM3K337R | Active Clamp | 3 V/2A, 0.20 @40 Viequivalentto 28K3408 from R Corp) o
MOSFET|SOT23F SSM3K347R* Nch 38 V/2 A, 0.48 Q@40 V, with pulldown resistor | O I“f" Signal Lamp Stop Lamp
eft and Right Defogger, etc.
FM | SSM3H137T 4V/2 A, 0.28 Q@45 V
MOSFET:Z0 > SSUBHISTIV | \ohezD | 028 @45 ©
H— PS-8 | TPCP8RO1 60 V/2A, 0.44 Q@4.0V,Vz=43V | O
Relay |IPD (HSS)| PS-8 |TPD1052F _[BICD process| ihse 00 (=6t 81, C=08A 030 Tr=-0015C | —
TPD1030F Lowside 2h, VDS =40V, IC=1A,0.60, Topr=-40t0 110°C| —
SOP-8
PD (LS9) TPDI0S2F | | ogic Noh | Lon6e2hVDS=20V, 0=3A 040, o =400 110G — B MOSFET
PS-8 | TPD1044F +DMOS | Highside 1eh, VDS =41V,1C=1A 069, Topr=—40t015°C| O Block Type |Package|Part Number Feature AEC
SOP-8 | TPD1046F Lowsde26h, VDS =40V, C=34,020, Topr=-010 125C]  — psg |TPCP8207 | Neh Dual, 40 V/5 A, 36.3 mo, Toh = 175°C 0
Semicon. IPD PS-8 | TPD7104AF BicD 1ch high side Nch MOSFET gate drive | O Rela TPCP8407 Nch+Pch, 40/-40 V, 5/-4 A, 36.3 mQ, Tch=175°C| O
Relay | (Pre-Driver) wSON10[ TPDTI07F* |~ "~ v>° | 1ch high side Nch MOSFET gate drive | O Lamp Control SOT-23F| SSM3K2615R | Nch, 60 V/2 A, 0.44 Q@4.0 V 0
Voltage [SSOP20| TBOUSFNG | .. | Susniptpimdrsinsqiel06 s Tp 45t MOSFET | TSOP6F | SSM6N357R* | Neh, 60 Vi0.65 A, 24 Max@30 V (equivalent o NUD3160L from 0)] O
Power | Regulators|HTSSOP16| TBI021FNG P §L00[5V, 200mA Vgt T 4015C | O TK1R404PB | Nch, 40 V/120 A, 1.35 mQMax O
Supply | oo | New |TTA00S 50 V/-5 AFE 200 Min - Reverse Dump DPAK+ | TK55S10N1 | Nch, 100 V/55 A, 65 me, Tch = 175°C ¢
P PW-Mold| TTB002 PNP 260 v/=6 AIhFE 100 Min - Surge Protection TJ30S06M3L | Pch, —60 V/=30 A, 21.8 mQ, Tch = 175°C 0

*: 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 W!';ig“’e"s i i AM/FW
Toshiba’s TVS diodes helps improve the reliability of in-vehicle networks. 3 $
E;! TVS | Wi-Fi, Bluetooth E; TVS|  Radio |,
Automotive Network / Bus line , GPS Chipset =y
(CAN bus/LIN bus/FlexRay bus) i | | Z |Pisplay
Level Level
CAN bus (H) HUDY | —— | | shifter | | shifter |
e —
O T T l Gateway E’_“e:"a} VDS o0
O isplay!/
. 1 1 :| e gws [0 ]
ECUA FCU B ECUC 1 Anplication
processer
L L L +B —
n Power
ESD Protection |—ru'[]\—| TVS
LIN bus FlexRay bus Management -*- usB
T - Type C
T L "
T [% ] ] w
—
Sensor Motor X-by-Wire Backup battery
Ecu Other ECU
L
V TVS Diodes (ESD Protection Diodes for CAN/LIN)
Absolute Maximum Ratings Electrical Characteristics
Jﬁfﬁ?ﬁ) PartNumber | Pin Assignment . Veso (KV) Veso (kV) 1SO 10605 Ven
TiCC) | Ec 61000°4-2 @330pF2ka | (v)(min) | WA M) e e R (@) (yp) | GeF) yp)
USC (SOD-323) DF2B18FU 150 +30 kV £30 kV 16.2 0.1 12 0.8 9
125%25 DF2B29FU |:|—>_|<—':| 150 £25 KV £30 KV 26 0.1 24 11 9
t=11
DF2B36FU 150 +20 KV +20 KV 32 0.1 28 15 6.5
USM (SOT-323) DF3D18FU 150 +30 kV £30 kV 16.2 0.1 12 0.8 9
2.0x2.1 ' DF3D29FU Iﬁ' 150 +25 kV £30 kV 26 0.1 24 11 9
t=11 DF3D36FU 150 +20 KV +20 KV 32 0.1 28 15 6.5
V TVS Diodes (ESD Protection Diodes for LVDS/PoC)
Absolute Maximum Ratings Electrical Characteristics
L::?E;grﬁ) Part Number Pin Assignment : Veso (kV Ven
Ti(‘C) G G V) (min) Ia (wA) (max) @Vawm (V) Reovn () (typ.) Ci(pF) (typ.)
SOD-923 DF2S5M4FS* 150 £20 KV 37 0.1 3.6 0.35 0.45
10x06 ' DF2S6M4FS* Elil:' 150 £20 KV 55 0.1 55 0.35 0.45
t=045 DF2S20M4FS** 150 +15 KV 18 0.1 18 0.3 0.45

*: New Product **: Under development
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Automotive Analog Power Device
Product: TB9111FTG Half-Bridge MCP

As integration of mechanical and electronic subsystems progresses, reduction in the size of electronic control units (ECUs) is required. Size
reduction and integration of semiconductor devices are essential to meet this requirement.
In response, Toshiba is developing multichip package (MCP) products consisting of FETs and predrivers.

Accelerating ECU size reduction, modularization, Use of Common Devices:
and mechanical-electronic integration Half-Bridge Configuration
| | Integrated
Half-Bridge

» Applicable to three-phase motors
—» Power Supply ECUA —» Power Supply ECUB
Mechanical-Electronic =~ Mechanical-Electronic —»
Combination Integration <« _m >
MCU MCU & —
\ <“» /0 < _® <“» /0

ECU S
< /
Y £ 4 s B (| ER B

Toshiba is planning to release 30- to 50-A half-bridge MCPs for automotive body electronics applications.
(Power sliding doors, power rear door, door closers, power seats, power windows, sunroofs, wipers, etc.)

Power sliding doors power rear door power seats

¥ TB9111FTG Half-Bridge MCP

The number of external parts can be reduced thanks to various on-chip fault detection circuits.

<Key specifications>

Pch MOSFET Nch MOSFET * Three-chip integration
* Package: WFQFN48-0909-0.65 (E-pad on back)
E-pad * On-resistance: Approx. 10 mQ (sum of the P and N channels)
el e Drive current: 35 A (current limiter ON), 54 A (current limiter OFF)
HS Gate Slew Rate LS Gate <Functional blocks>
Driver Control Driver FET chips
Overcurrent Temp. Overcurrent  High-side P-channel FETs (without charge pump), low-side N-channel FETs
Detection Detection Detection  Equipped with temperature sensor diode and current sensor terminal
Internal Detection Controller chi
Power Supply Logic Interface *FET controlt)re-driver
Controller Chip « Slew rate control (for EMI reduction)
e Current limiters (for P-channel and N-channel FETs), IC pin for ON/OFF
MCP e Current monitoring terminal (only for P-channel FETSs)
Integration T * On-chip 5-V regulator
 Fault detection
Controller —| E' —| E ‘ WQFN 9 Undervoltage and overcurrent (for P-channel and N-channel FETs)
i/ Overheating (for P-channel and N-channel FETs and controller)
Controller  Power MOSFETs <= 9 — [mm] Forecast (for P-channel and N-channel FETs)
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Products
Driver ICs

V Roadmap

Three-Phase Brushless DC Motors

OesN M F NI R Esl. D [T
Automotive Three-Phase Brushless DC Motor

% : AEC-Q100-qualified

(e——
L Sensorless |
v

TB9060FNG

- Controller (with motor control logic)
- Package: SSOP24

N

Under

TB9064FNG CEEuEN:

+ 120°-commutation sensorless
motor control logic

+ Built-in driver (1.0 A)

+ Package: HTSSOP24

Small Fans/pumps

Fans/pumps

Being planned

Fans/pumps Fans/pumps

TB9061AFNG

+ 120°-commutation sensorless
motor control logic

- Built-in pre-driver (P-ch/N-ch)

- Package: SSOP24

 TB9062FNG

+ 120°-commutation sensorless
motor control logic

- Built-in pre-driver (P-ch/N-ch)

- Package: SSOP24

' TB9063FNG |

- Sine-wave sensorless motor control logic

« Built-in pre-driver (N-ch/N-ch)
- Package: SSOP30(TBD)

Sensor input TB9068FG

+ 120°-commutation motor
control logic

« Integrated driver (0.3 A)

+ LIN transceiver

+ Package: LQFP48

TB9067FNG!

+ 120°-commutation motor
control logic

- Built-in pre-driver (P-ch/N-ch)

+ Package: SSOP24

+ 1-channel half-bridge driver
(30 A) x 3 pcs

+ 1-channel half-bridge drlver

(50 A) x 3 pcs
+ FET current/temperature detection
+ Package: WQFN48(TBD)

X TB9081FG ”ﬁ*T39083FTG

. Slne -wave motor control logic
« Built-in pre-driver (N-ch/N-ch)
+ Speed feedback

+ Package: LQFP64

+ Package: WQFN48(TBD)

- Pre-driver (Without motor control logic)

« Integrated 5-channel predrivers for
relay drive

+ Features for functional safety

- Package: LQFP64

« Features for functional safety
-Ta=150°C
- Package: QFN48(TBD)

1 dev%?odeé ot Benng planned
TB9080FG Blowers sevdigon

« FET current/temperature detection

- Pre-driver (Without motor control logic)

\. J
~2010 2019 2020
V Three-Phase Brushless Sensorless Pre-driver IC TB9062FNG €t bl 4
Sensorless control pre-driver with startup stability and out-of-step T ves| g o ﬁ
i i i 2 I igh-side
prevention function improved from TB9061AFNG EJEN [ — = {{ High-sio
* PWM input <Overview> = = !
* Improved startability by logic control » Operating voltage range: 6.5 to 16.6 V F s =2 Q
» Out-of-step prevention function by inhibiting ¢ Max. voltage: 40 V peak (load dump) aND g — = st
seL L= | owside
S”‘_jd‘?n cha.r?ge of output dyty ) « Operating temperature range: Ta = —40 to 125°C B e 3 ; e
. Bu!lt-!n position detection circuit . « Package: SSOP24 3
* Built-in 5-V power supply & reset function Voo g
e Built-in 8-bit AD converter —2 D
« Various built-in detection circuits A
Overcurrent detection, overvoltage/low ovrrad—<
voltage detection, thermal shutdown
0SC_R 0sC IPC
TEST. GND }
V Three-Phase Brushless Sensorless Driver IC TB9064FNG @i - LialiEys —]
Three-phase sensorless driver with built-in output FET I
I —
* 1 A output <Overview> @i} = -
* Built-in 5-V power supply & reset function « Operating voltage range: 5.5 to 18 V [HE==
e Various built-in detection circuits * Max. voltage: 40 V peak (load dump) ’!
O\ﬁercur;e?t dt‘?teCtt'ﬁn’ OV?"‘(?':de/ low * Operating temperature range: Ta = —40 to 125°C t &t | LT e [
voltage detection, thermal shutdown o]
9 « Package: HTSSOP24 | He
* AEC-Q100: Compliant |
TIP
K
V Lineup
Part Number Package Input Commutation Output Features & Functions Suppl)(/\)l)oltage AEC
120 degree Pre-drivers Simple application circuit due to external part count reduction Sensorless
TBY061AFNG §S0OP24-P-300-0.65A | PWM, DC voltage | gensorless) | P-ch/N-ch | control, Overcurrent detection, Wide PWM dynamic range for output 551018 o
. 120 degree Pre-drivers Simple application circuit due to external part count reduction
TBY062FNG SSOP24-P300-0.65A PWM (Sensorless) P-ch/N-ch Sensorless control, Overcurrent detection, improved startup | 6-5t0 16.6 -
ek Interlocked with | 120 degree f Simple sensorless control due to part count reduction,Built-in detection
TB9064FNG P-HTSSOP24-0508-0.65 power ON (Sensorless) Direct circuits against motor overcurrent and power supply overvoltage, etc. 551018.0 ©
Pre-drivers | Only a few external parts required, Support for both PWM and DC inputs
TB9067FNG SSOP24-P-300-0.65A | PWM, DC voltage | 120 degree P-ch/N-ch | 120-degree V sensor comparator 6to0 18 -
ey g " 120 degree . Allows direct drive of a motor with built-in 0.3-A drivers _
TB9068FG LQFP48-P-0707-0.50 |PWM, phase signals Extornal control Direct LIN 1.3 transcsiver, 5- system power supply 7t0 18
180 degree Pre-drivers Quiet motor operation due to the use of sine wave current
TB908OFG LQFP48-P-0707-0.50 | PWM, DC voltage Sine wave N-ch/N-ch High drive efficiency thanks to auto lead angle control 7to18 o
) Pre-drivers | 5-channel safety relays, Selectable operation on fault detection
TB9081FG LQFP64-P-0707-0.50 Phase signal |Extemal control|  \ oo\ | Initial diagnosis of detection airuits 451028 o

**: Under development
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Products: Automotive Brushed DC Motor Driver ICs

Brushed Dc Motors e * : AEC-Q100-qualified
2 * ) * Being planned
Els TB9101FNG | sy  TB9102FNG Damper ) TBI054FTG /

I - 2-channel H-bridge driver (1.0 A) - 6-channel half-bridge driver (1.0 A) {'t-chamel Hbridge drver (50.A)
£ - Package: SSOP24 - SPI communication TB9058FNG oa e :
=S - Package: SSOP24 N ! P communicetion
+ 1-channel H-bridge driver (0.3 A) =
) « LIN communication
* - Package: SSOP24 * E2i00,000ed
5 TBYOS6FNG b TB9O51FTG ' T r TB9O53FTG
L | © |- 1-channel H-bridge driver (0.3 A) / - 1-channel H-bridge driver (5.0 A) I ' deyelooment| . 2-channel H-bridge driver (5.0 A)/
g \__J + LIN communication + Ron: 0.4Q(High + low sides) TBI111FTG > 1-channel H-bridge driver (10.0 A)
g + Package: SSOP24 + Package: PQFN28 - 1-channel half-bridge driver §Pllfomm;8|§§g%n
2| Blowers (50.0 A) x 2 pcs ackage:
g * - FET current/temperature * Being planned
® detection
£ (L TB9110FNG L#\ TB9052FNG ",# TB9057FG _ - Package: WQFN48(TBD) }_\ TB911yFTG )
@ | . 1-channel high-side + 1-channel H-bridge - 1-channel H-bridge predriver + 1-channel high-side driver
% | predriver predriver - Fast switching and low voltage (30.0 A) x 2 pcs
\__ - Package: SSOP24 - Fast switching - Package: LQFP48 + FET current/temperature detection
- Package: HTSSOP48 - Package: WQFN48(TBD)
~2010 15 2020

V 1-Channel Brushed DC Motor Driver IC: TB9051FTG
DC motor driver IC in a small package that is capable of controlling the throttle and other valves of a vehicle engine

The TB9051FTG is housed in a small QFN package (measuring 6 mm x 6 mm) and contributes 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. This
eliminates the need for a charge pump and thus helps reduce noise and power consumption. To ensure functional safety, the supply voltage
monitoring circuit performs initial diagnosis of each on-chip comparator. Applications of the TB9051FTG include opening and closing engine
throttle and other valves; retracting electric v
door mirrors; and seat, rear door open/close T VEAT B9 patery
and other applications that conduct current
exceeding 3 A.
* 1-channel PWM H-bridge driver
e Output current: 5 A
* Low Ron DMOS: < 0.45 Q

(P channel + N channel) meu
* Forward, reverse, brake, current limit control,

Initial
Diagnostics

Undervoltage &
Overvoltage Detection Initial Diagnostics

Undervoltage ||
Detection

Control Aéﬁ |_

Overcurrent Detection OouT1
*POR

“Undervoltage Detection -Dri
.ovewagg Dersion) j Pro D""’ei_,— Overcurrent Detection

High Side

high-side current monitor, diagnostic output, initial Thermal Shutdown — Current Mornitor

diagnosis EN/ENB Circuit __,_ ‘ A
* Through-current protection | Tt _E?' ‘—IE'E"_ out2
¢ Operating voltage range: 4.5 to 28 V osc ' '
* Operating temperature range: —40 to 125°C
* Package: PQFN28 (6 mm x 6 mm) Jr PGND

- - —e¢— Bat
V H-Bridge Pre-driver: TB9057FG g
H-bridge pre-driver IC designed for high-current applications such as VBi/2 gy PCC1/2 PCCD12 i roco A —
electric power steering (EPS) o | veosnie 7
eq. sot/2

» H-bridge pre-driver (that requires an external FET) <Overview> e 2 i VDD undervoltage
e Built-in charge pump (with a VB of +7 V or « Supply voltage: 40 V peak o detecion Wty

greater) (load dump) CRESET F\/B undervoliage | OR
* Low-side pre-driver for low-voltage drive * Operating voltage range: 5 e == |

A charge pump is used to boost a supply voltage.  to 21V Pre-Dier o
* Built-in circuit for motor rotation direction detection ¢ PWM operating frequency: ot 1
* High-speed pre-driver 20 kHz T Loz |
e Built-in high-speed and high-accuracy motor » Operating temperature wR12 Motor direction I L veosatz2

current sense circuit range: Ta = —40 to 125°C e getecton oot — | oow B
* Duplicate power and ground terminals as a * Package: LQFP48 detection | = i

provision for functional safety Gurrent sensor AMPP1/2
* Various detection circuits Undervoltage detection, srzl 1 ‘ APy

FET short-circuit detection, thermal shutdown 1 Error logic i % fa

T'cs2 [
¥ Lineup *
Output Output
Part Number Package Recommended Applications Features CU(KTHI Vo(lta)ge AEC
. 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 4.51t028 (@]
EPS, electric power brake, seat belt pretensioners, auto 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 1 6018 o
TB9056FNG SSOP-24-P-300-0.65A | HVAC damper control 1-channel H-bridge, LIN Version 1.3 slave +0.3 7to18 -

N : 1-channel H-bridge pre-driver (external N-channel FET)
b g EPS, electric power brake, seat belt pretensioners, auto sunroof, o - i
TB9057FG LQFP48-P-0707-0.50C electric sliding doors, power windows, electric power seats, etc. Sﬂ:l}:ﬁ QP;&; %’,",ﬁ’;ﬁg",‘gg{%’:ﬁ}i’%‘c'{;on detection 1 5to21 o

1-channel H-bridge, LIN Version 1.3 slave

TB9058FNG** | SSOP-24-P-300-0.65A | HVAC damper control (for enhanced checksum) +0.3 7t0 18 e}
TB9101FNG SSOP24-P-300-0.65A | HVAC damper control, door mirror angle control, etc. %ﬂgg%ﬂx;:ﬁ%ﬁg{gﬁ%mion of the TABO83FG +1 7t018 o
TB9102FNG SSOP24-P-300-0.65A | HVAC damper control, door mirror angle control, etc. 6-channel half-bridge driver, SPI interface +1 7to 18 o
TB9110FNG SSOP24-P-300-0.65A | Automotive fan motors (HVAC, seat ventilation, radiator, etc.) 1-channel pre-driver, Built-in charge pump 0.02 71018 —

(external N-channel FET)

**: Under development
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Products: Automotive Stepping Motor Driver ICs
Evaluation Boards (for Motor Control)

V¥ Automotive Stepping Motor Driver IC: TB9120FTG

The TB9120FTG 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 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 TB9120FTG 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
Microstepping helps reduce the vibration of a motor, enabling smooth and fine

B TB9120FTG

TB9120FTG

H System Configuration Example

control of the motor. TB9120FTG
e Fault detection circuits with flag outputs: Thermal shutdown, overcurrent detection,
open-load detection, and stall detection Sugﬁ;ﬁ;ﬁﬂ;ge snry SR Batiery
The TB9120FTG provides a dedicated flag output pin for stall detection, making it S Sensing S Supply
possible to detect a motor stall §eparately. . Simple || Exci‘t)ecljtion Open-Load Sz
* Small package: 6 x 6-mm QFN with reduced footprint MCU Selection Detection Oscillator
<Target applications> Microstep Thermal Motor
i i Signal Shutdown :
* Simple clock input o _ . coneraiion |~ (1SD) Oscillator
Adjustment of the angle of a reflecting mirror for a head-up display (HUD), opening
and closing of automotive valves, damper control for HVAC Sange. ] Overcurent i curent  IIEIGH
Monitor Detection Setting Supply
Stall Motor Control Output
. i . Detection Circuit o aar || Motor
V Stepping Motor Driver IC Lineup
Functions Supply | Supply
Part Number Package & Features Voltage | Current | AEC .
Applications (A) ) W Evaluation Board
Up to 1/32 microstepping
PWM constant-current control
. Mixed decay mode
Automotive | o of.step detection
TB9120FTG**| P-VQFN28-0606-0.65-002 |  StePPINg | i viown overcurment detection, | 10 | 7:0t0 18| O
motor driver - !
and open-load detection
Wettable flanks with excellent
solder wettability
QFN package
**: Under development
V Evaluation Boards (for Motor Control)
Board No. Motor Driver Control MOS No. MOSFET (Small power) MOSFET (Middle power) Application
1 S-phase TB90BOFG | wavelorm ave|  Nen X3/ TK20S04K3L TK100S04N1L 100-200 W HVAC Cooling fan
TB9080 BLDC (Silent drive) Nch x3 blower motor 9
2 3-phase BLDC External MCU
TB9081 Sansoriess TB9081FG Control Nch x11 - - TK1R4F04PB EPS Brake 4WSs
3 -phase BLD! ) Pch .
TB9061 3 ’S’eﬁzgrl essC TBY061AFNG | Low-side PWM Nih ’)‘g TJ20S04M3L | TK20S04K3L | TJ8OS04MSL | TK100S04N1L|  Oil pump Water pump | Fuel pump
4 3-phase BLDC | TB9062FNG |High-side PWM Pch x3/ TJ20S04M3L | TK15S04N1L | TJ80S04M3L |TK100S04N1L Qil pump Water pump Fuel pump
TB9062 Sensorless Nch x3
T395057 Brushed DC TB9057FG | H-bridge driver Nch x4 TK80A04K3L TK100S04N1L 200 W~ EPS Body motors

MOSFET

Products compatible to product evaluation boards
<Three-Phase Motor Driver ICs> TB9061AFNG / TB9062FNG / TB9067FNG / TB9080OFG / TB9081FG
<Brushed DC Motor Driver ICs> TB9101FNG / TB9102FNG / TB9110FNG / TB9051FTG / TB9052FNG / TB9057FG
<Stepper Motor Drivers>
For details, contact your local Toshiba sales representative.

TB9120FTG

MOSFET

MOSFET

MOSFET
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Products: System Power Supply ICs for Automotive

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

With the increasing performance of automotive electronic devices, it is becoming essential to increase the current capability and the
number of outputs of power supply ICs. To address these needs, Toshiba offers system power supply ICs with an integrated DC/DC
converter. The latest addition to our portfolio of system power supply ICs, the TB9045FNG, is ideal for power supply applications for
electronic power steering systems that require an extremely high level of safety.

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

TB9045FNG s Block Di
Low-voltage drive (2.7 V or above) and three sensor supply voltage channels ystem Block Diagram Caw v
Functional Safety with Automotive Safety Integrity Level D (ASIL D) +B —D4 = o 7z 373 E %z AR
B [=/ = oI =z = %’-— S| & &
DC-DC Converter Power Supplies s £783 ale] 8£ 8l 88| 8
* DCDC1 (step-up/down) 1
6-V output, 2.7-V drive, built-in step-down driver, external step-up driver, R intemal 5V | [ Buckiboost swiching MCU core pcacs
built-in phase Compensation MCU_IN WAKE | regulator regTIalor switching regulator I
° DCDC2 (Step-down) Error Detect | Error Detect :rror Detect
Integrated step-down driver and phase compensation filter; 0.8-A current ‘ ﬁ [ 5V series regulator | FoOIN
capability SPI t . JpoiouT
Available with an output voltage of 1.1, 1.2, 1.25 and 1.5 ] o z_S‘V(rackerregula(on . ,T,k51v
Series Power Supplies = A Error Detect | TIsv
* LDO1: 5V output (400 mA) By wor f| 6V tracker reguiator 2 ['7Tracker
« Tracker1: 5 V output (100 mA) — | D § | Error Detect I sV
« Tracker2: 5 V output (100 mA) NRST1/2 5 | |5V tackerreguitors | glrackerd
« Tracker3: 5 V output (100 mA) —T g osc @ | Eror Detect 3 5V
7
Various detection circuits RDIAG e ,
« Output undervoltage detection  Thermal Shutdown o Green: Main functions
» Output overvoltage detection  * Watch-dog timer (WDT) 717—'59 Yellow: Detection functions
» Overcurrent Detection » Self-diagnosis of the detection circuits \
V High-efficiency DC/DC converter + LDO multi power IC .
TB9042FTG System Block Diagram
B, = PR () IR
DC-DC Converter Power Supply : E 5oV ur f i % viegt =15V
+ DC/DC Converter (SW frequency: 370 kHz) ' ot
DCDC1:6V (1.0 A), Efficiency over 80% D
*DCDC2: 1.5V/1.2V (1.0 A) output (selectable) Wy
Series Power Supplies oot DeDC2
¢ LDO1: 5V output (400 mA) EI
«LDO2: 5V output (100 mA) 212 Dotect
Reference Vreg2 =50V
Power Supply for Backup

¢ VBU: 5V/3.3V (10 mA) (selectable)

SPI Communication
e Failure notification
* MCU diagnosis

voltage TON'OFFl B
— Lu_
Error i
Detect] LDO1
SPI Errqr
ogic

Register | Vreg3=5.0V

| I_ ”—42 i

H Error |
T I 1 L2

. Low voltage Regl
Reset Timer Seieation | [osc| | vorsge | |onworr| T
Reset selection | | Control [

* Power-on-reset (POR) * Watch-dog timer (WDT)
» Output undervoltage detection e« Output overvoltage detection

V¥ System Power Supply ICs (Series Power Supplies) &% RST RST - Horl o Horl Horl
Characteristics Sy
Part Number Package Functions Output | Output Input | Power Remarks Voltage AEC
Voltage | Current | Voltage |Dissipation V)
Typ. (V) (mA) Max (V) | Max (W)

CPU voltage regulator, Depends 45 «Low current consumption: 90 uA (typ.) ~ +Reset detection: 4.7 V/4.2 V (selectable)
TB90O5FNG | SSOP20-P-225-0.65A watchdog timer onext. Tr.| (1sec.) 068 | .\atchdog timer enable/disable  External transistor required

g T CPU voltage regulator, ~Low current consumption: 30 uA (typ.)  *Reset detection: 4.7 V/4.2 V (selectable)
TB9021FNG | PHTSSOP16-0505.0.65-001 watchdog timer 5 200 50 28 +Watchdog timer enable/disable  -Integrated output transistors 6to18 o

5

V¥ System Power Supply ICs (DC-DC Converter Power Supply)

Characteristics Supply
Part Number Package Functions Output | Output Input | Power Remarks Voltage AEC
Voltage Current | Voltage |Dissipation v)
Typ. (V) (mA) Max (V) | Max (W)
CPU voltage regulator 1.5/1.2 1000 +DC/DC converter: +3 LDO regulators
ok DC-DC converter & LDO 5 400 40 6V & Vreg1 outputs -Low voltage detection, POR, WDT
TB9042FTG HQFN52-P-0808-0.50 Watchdog timer 5 100 (1 sec.) 55 SW frequency: 370 kHz +SP! interface (error information output,| 7 1© 20 o
On-chip SPI 5/3.3 10 for MCU diagnosis)
CPU voltage regulator 5 400 +DC-DC converter +Voltage monitor, POR, WDT
** | HTSSOP48-P-300-0.50 | PC-DC converter & LDO 5 100 40 «Four low-dropout (LDO) regulators +SPI (error information output)
TB9044AFNG Watchdog timer 5 100 (1sec.) 384 +5-V series power supply (with a 400-mA driver) 27018 o
On-chip SPI 5 100 +5-V tracking power supply (with three 100-mA driver channels)
1.11.2/ 800
CPU voltage regulator 1.25/1.5 +DC-DC converter +Voltage monitor, POR, WDT
** | HTSSOP48-P-300-0.50 | PC-DC converter & LDO 5 400 40 «Four low-dropout (LDO) regulators +SPI (error information output)
TBI04SFNG Watchdog timer 5 100 (1sec.) 384 +5-V series power supply (with a 400-mA driver) 27018 o
On-chip SPI 5 100 +5-V tracking power supply (with three 100-mA driver channels)
5 100

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

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

Toshiba's high-side and low-side power switches contain protection
circuits for a shorted load, open load and an output short-circuit to the
power supply as well as an abnormal ECU condition (overheating).

Application Example of a High-Side Power Switch (TPD1055FA)

-+ 5V
Battery REG

5V/33V

VDD,

-

Input

These power switches also have diagnostic outputs that provide Disgnostc Output 1
feedback to a microcontroller. Thus, they help to reduce the number P s e
of components and improve the reliability of an ECU. Toshiba's oo s 4 g
power switches are available in small packages such as SOP8, PS8 g Lyl 2]
and WSON-10, which contribute to reducing the ECU size. = H
Diagnosis for ouT
‘short-circuit to
ot ot
Diagnostic Output 2
Short-Circuit to Power Supply GND
V IPDs for High-Side Switch Lineup
Output Operatin
Part Number  |Output|Supply voltage Curr%nt tempeﬁature ?ange Package Feature AEC
TPD1052F 1 5t018V <0.8A | —40t0125°C PS-8 +Thermal shutdown, overcurrent protection, diagnosis output -
*Thermal shutdown, overcurrent protection, diagnosis output
TPD1053F 1 5t018V <3A —-40to 125°C SOP-8 +Detection of load open-circuit -
-Overvoltage protection (active clamp)
_ . ~ - Thermal shutdown, overcurrent protection, diagnosis output
TPD1055FA 1 Sto18V <3A 4010125°C WSON-10 +Detection of load short-circuit and open-circuit ©
TPD1060F 1| 4t018vV | <3A | -40t01257C sop-g | ;fhermal rfg;"lggg'(‘)p overcurrent protection, diagnosis output o
V IPDs for Low-Side Switch Lineup
Output Operatin
Part Number  |Output| Supply voltage Curr’;nt tempeprature ?ange Package Feature AEC
_ . ~ -Overvoltage protection (active clamp) _
TPD1030F 2 lo40V <1A 4010 110°C SOP-8 +Thermal shutdown, overcurrent protection
_ . g -Overvoltage protection (active clamp) _
TPD1032F 2 to20Vv <3A 40t0 110°C SOP-8 *Thermal shutdown, overcurrent protection
_ . g -Overvoltage protection (active clamp) _
TPD1036F 2 o030V <15A 4010 110°C sor-8 »Thermal shutdown, overcurrent protection
_ . g -Overvoltage protection (active clamp)
TPD1044F 1 to41v <1A 4010 125°C Ps-8 - Thermal shutdown, overcurrent protection o
. +Overvoltage protection (active clamp)
TPD1046F 2 to20V <3A —4010 125°C SOP-8 *Thermal shutdown, overcurrent protection -
) -Overvoltage protection (active clamp)
TPD1054F 1 VOUT- UptodO Vi 4 A -40t0 125°C PS-8 +Thermal shutdown, overcurrent protection -
Vop: Upto 5.5V *Thermal shutdown, overcurrent protection, load open-circuit, diagnosis output
. +Overvoltage protection (active clamp)
TPD1058FA 1 |VourUptodoV| g o -40t0125°C | WSON-10 | *Thermal shutdown, overcurrent protection -
Vop: Upto 5.5V *Thermal shutdown, overcurrent protection, load open-circuit, diagnosis output

* The up-to-date and more detailed information on automotive MOSFETSs and IPDs is available on our website. https:/toshiba.semicon-storage.com/
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M Gate Drivers

- . " o .
Application Example of Gate Drivers (TPD7107F**) Application Example of Gate Drivers (TPD7212F)
4 VBB (12V Battery)
-+ Power N, T
- TPD7107F Voo Moy ooy osogn
A e wr
Battery u u DL 47w
N Various built-in FET - . i '?,.
protection functions s 9 9 s ] gl
| Inewt Power supply St 2 < B b = Built-in regulator for
interface circuit " T 12v REG low-side driving
sTBY Charge Pump Drive (secures VGS even
low vol
|| 2 ONdriver GND L] T at low voltage)
—1——+ e = ol
l<—+—{ Voo overcurrent (OV) j<—4 = o J J Logic ';),.
—_— Charge || Active
- o VoL (v
e |{Von vollage rop | [ pump || clamp }s'ﬁ,ami'ﬁ'y = — o (_444_)
. 2
yy ’y T SATE § o High side driver ?T
| P —— =3
2 voltage drop (VCPL) 3 Logic —
g For | [ For | [ForGnD Lm,_‘ E L \ é
< e+ overheat (o1 L>] [norma | sharp | |open-cicui Control
£ OFF | [ OFF | [ protection Logic e 23 8 Tw,
Sl Vos overvoltage - 8 Wy LUE
(VDSer) Control
MPU v OFF driver Logic PGND? &
le—{ Overcurrent (5C) GND com for ouput votage R
- MIRROR igh side
|| [ Toad open-airut (0P)
Load short-circuit (BS) 5 fgﬁo‘(_"_”"’w —
s o sice aver
I , 1ooa €3 Lowaad .L7’7‘ I p—— »—\@
£e Control -
1 3s Logic < R _lé Lus =
23 B 23 8 V8
l 58 H =g &
Current | | [sHunT o3 8 o =
I_ A :e'e"r};giver Monitors output voltage L] GND ‘I e
h ]
- = : |E£| e
] Pullup for diagnosis output Buiit-n load current sensor amplfier H
=] 1} B Control Logic

L r
Tums off the external FET when .,
GND terminal is open J;rssr SGNDT 'SGND2

Target applications

* Automotive three-phase
brushless DC motor

Target applications
e Semiconductor relay
e Junction box

I

* The up-to-date and more detailed information on automotive MOSFETSs and IPDs is available on our website. https://toshiba.semicon-storage.com/ **: Under development

V IPDs for Power MOSFET Gate Driver Lineup

. Supply Output Operating -
Part Number Function voltage | Current |temperature range Package Characteristic AEC
1ch High Side Nch Depends on +Built-in charge pump circuit
TPD7104AF Pw-MOSFET 5t0 18V internal | -40to 125°C|  PS-8 -Overcurrent detection/protection, diagnosis output ©]
Gate Driver drive *Reverse-battery protection
. . +Built-in charge pump circuit (with external capacitor)
1ch High Side Nch ; ;
ok -10 mA/ . g +Charge pump voltage drop detection/protection
TPD7106F gv;tgllgnSVZET 45t027V +10 mA —40to 150°C | VSOP-16 -Reverse-battery protection e)
-Externally controlled sharp OFF (+400 mA)
+Built-in charge pump circuit
«Protection from abnormal supply voltage, diagnosis output
(power supply drop, overvoltage, reverse battery)
1ch High Side Nch Depends on -Load current sensor
TPD7107F** | Pw-MOSFET 5.75t026V| internal |-40to 125°C| WSON-10| -Overcurrent detection/protection, diagnosis output o)
Gate Driver drive +Thermal shutdown, diagnosis output
-Monitoring of voltage between drain-sources of external FET, active clamp
+GND terminal open-circuit protection
+Load short-circuit and open-circuit diagnosis output
Half-bridge +05A
TPD7211F Pw-MOSFET 5t018V _(nr{ax) —40t0 125°C| PS-8 +Driving of high-side P-ch MOFET and low-side N-ch MOSFET -
Gate Driver
: +Built-in charge pump circuit
3 Phase Full bridge . ; ; . ;
TPD7212F Pw-MOSFET 451018V -1.0A/ _4010 125°C | WQFN-32 Protection from driver abnormal supply voltage, diagnosis output o
Gate Dri +1.5A (low voltage, overvoltage)
ate Driver -Output voltage monitoring (protection, diagnosis output)

**: Under development
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Products: Automotive Microcontrollers

I Features of Toshiba’s Automotive Microcontrollers

Toshiba’s IP cores incorporate dedicated hardware for motor control and functional safety to provide the optimal control and functionality.
Offloading complicated computations to the dedicated hardware reduces the workload of the CPU and helps reduce the overall power

consumption.
ARM® Core-Based Microcontroller Optimizeq Functional safety technologies
(ARM® _Cortex®-M3, ARM?® Cortex®-R4) ARM Cortex ightly - 15026262 functional-safety
- Worldwide de-facto standard CPU coupled compliance with a single CPU
Powerful HW/SW development and fault - Offloads software operations.
support environments supervisor - Certified by TUV-SUD Automotive.
\ 4
Industry-leading code density M \4
- ARM®Thumb®-2 ISA that permits mixed High ; :
use of 32-bit and 16-bit instructions code v v
Programmers need not worry about density '
assembly code generation. “a / ARM Cortex-M3/ )
ARM Cortex-R4 Functional safety
. cores ideal ASIL D
Ideal for real-time control . forembedded Capable
- Time-consuming instructions Fast """ applications One-shot pulse generator
are interruptible. s One-shot . Easily achieves an rpm of more
o gushigg t(;»ntg a stack is automatically = response Superior q44| pulse than 31'5’000 by gene'?'ating pulses
I (257 L R, mgg’rl control synchronous with electrical angles
te‘(::%nolggy - Multi-pulse control mode

Offers both motor control and battery Lineup of = ['$
monitoring MCUs automotive 4 A
- Sleep mode that allows RAM backup MCUs Py [3
4 A
ry 3
Toshiba-original on-chip digital RDC 4 Vector control by hardware
- A digital RDC allows the data conversion On<chi On<hi - Reduces the CPU workload by over 50%
process to be monitored. RS Ip in terms of the number of clock cycles.
i digital vector
-Easier to detect and analyze errors. RDC engine -Allows new enhanced features to be added.
- A digital RDC allows internal data -Allows the CPU speed to be tuned to
improve overall system efficiency.

correction to be automated.

-Adjustment of commutation signal delays;
sine/cosine amplitudes; noise filtering, etc.
-Flexible support for sensors other than
resolver-to-digital (RDC) converters

I Roadmap for Automotive Microcontrollers

Toshiba is expanding its portfolio of automotive microcontrollers, based on the Arm Cortex-based CPU cores.

Memory Size

(Mass Production)

_________________________________________________ MP
BLLLLE Nov | VIVACE™2
Wi
160 MHz/144 pin Designed for inverter control
ROM 1 MB/RAM 80 KB

1M
Bytes TMPM351 TMPN354 VIVACE™
A Designed for inverter control
KB KB

Designed for EPS and 144 MHZ/100 pi
pin 96 MHﬂ144
general automotive applications ROM 1 MB/RAM 64 ROM 1 MB/HD)\T\A 64 MCUs with Vector Engine (VE)

512K
Bytes
¥ TMPM358 [Y
Designed for battery monitoring and | 40 MHz/100 pin
general automotive applications | rRom 512 KB/RAM 80 KB
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I Vector Control Technology

The integrated RDC, Vector Engine (VE), and Advanced Programmable Motor Driver (A-PMD), which run in parallel with the CPU,
handle computation unique to motor control and therefore reduce the CPU workload.

Routine computations are
offloaded from the CPU.

Processes that need a high degree of
flexibility require CPU software control.

N A-PMD Advanced Programmable
Waveform . Motor Driver
Speed Controller Current Controller Generator
(A-PMD)
_ow_t_[PDJF—=pelPID T dg o T
= fat__ t W‘T’ abe [ ] T\

PID Control+o. ~[| b5 Gontrol’ dgto-abc ~ PWM

) Converter Waveform
e
@ll®  vector Engine |,

Resolver

Electrical Angle Signal
(Sine and Cosine Waves)

&0 dq : AD
Detection I abc |«
- abc-to-dq
Position Sensor
RDC (RDC) Converter ADC

Resolver to Digital Converter

V One-shot pulse generator

At high RPMs, the one-shot pulse generator allows the A-PMD to control motors with one pulse per revolution, thereby making it possible
to spin them at 15,000 RPM or faster. At mid to high RPMs, the one-shot pulse generator results in an approximately 10% increase in the
motor output power, compared to asynchronous PWM control. This provides greater flexibility in the use of smaller batteries or motors.

V¥ Autonomous Control in Three Different Modes

High RPM

One-shot pulse

Sensor Input|_| Gen. ] L

Section

(RDC) Overmodulation it
e G PWM
en. Output

Pseudo-Sensor
| Input Section [~

Sine-Wave
(for sensorless control) Gen. ¥

Sawtooth PWM Low RPM

I Development Tools and Partners

A wide range of development tools are available from many
partners for automotive ARM Cortex-based microcontrollers.
Choose the best development tools and partners that best suit your
needs.

IDE/Compiler
Software
development
/Sl
Board/
Evaluation kit
FLASH
Programmer
/Writer
Teaching
Materials
/Seminar

ARM Ltd. (Yokogawa Digital Computer Corporation)

IAR Systems AB

o|l0o|0
® |0 e simulator
ole|e| oS

Green Hills Software / Advanced Data Controls Corp.

©|® 06| Debugger

ATl Japan

Elektrobit Corporation

GAIO TECHNOLOGY CO.,LTD.

iFORCOM Kyoei Co., Ltd. ON board

KPIT Technologies Ltd.
ON board

Computex Co.,Ltd.
Sohwa & Sophia Technologies Co.,Ltd. ON board

dSPACE GmbH
[ ON board L

DTS INSIGHT Corporation
SEGGER Microcontroller GmbH ON board
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Functional Safety

I Toshiba Functional Safety Package

Toshiba offers a support environment not only from a system perspective but also from a customer perspective.

Functional Safety Technologies for
MCUs and Analog ICs

-Hardware-based functional safety (compliant with
1SO 26262) reduces the workload of software.

Full-ICE fault injection

-The MCU emulator provides a fault injection tool
designed to examine the system behavior in the

Toshiba Functional Safety Package

7 TM-SIL™ N,

presence of a fault. -MCUs: Technology recognized by TUV-SUD Automotive Support fom

-Analog ICs: Developed, based on our extensive asoftware

experience and expertise perspective

Fault
Injection Safety Approaches Hardware Gl Y e
Ay A A 4 detection perspectiVE/ perspective
System Device 1
Safety approach
v Support Support TS16949 Quality System
Chipset 13 Ad Kit Kit ""
offerings .
Documentation
Software

MCU and analog IC chipset Support
"g'rfi:#s;”d EUemIEHE (e ey [ Kit Functional safety documents
-MCU and battery monitoring IC chipset < V' -Safety Manual

4 y' -Analysis Report
Protocol stacks for analog ICs Protocol Functional ynctional safety IP library
-Software development process certified to ASIL D stacks sa_fety IP -Software development process certified to ASIL D
Protocol stacks for analog ICs are offered. library Functional safety IP libraries for MCUs are offered.

V Feature 1: Support from a device perspective

Toshiba’s functional safety technology is based on an optimized tightly coupled fault supervisor, which observes and directs the operation of not
only the CPU but also its peripherals. The functional safety alarm output at the interface between an MCU and a power supply IC can be
monitored to enhance automotive functional safety from a system perspective.

Example of Functional Safety Block for an Automotive MCU (including the interface between the MCU and the power supply IC)

Automotive MCU

RESET_N —
2 SRAM Flash Boot fRNET ALARM [1:0
STAN'?\‘?JF:“ | 32kB 1MB ROM (ol
_N — =
MODEO —| =
MODE1 —| LIAMEM fRMEM ALARM
TRST_N —{ | [ TRBUS? d._AHB:-Lite BUS (CPU BUS)
TCK_SWDCK —
TMS_SWDIO +—| cPU
TDO_SWV «—| | Interrupt [ NBDSYNC
TDI —| Memory- [ NBDCLK
TRACCLK «—| | Protect — NBDD [3:0]
TRACD [3:0] «—| fRCPUS
|
[ FBUS L AHB-Lite BUS (SYSTEMBUS)
. ThwD
EXCOUT m Ssr:,;?\ﬁ CAN TX[2:0]
KB 3units[* RX [2:0]
ﬁfm 5 — fRMEM > mosI [1:0]
AIN2P —»{  RDC Esgl [T MISO[1:0]
AIN2N —>| Calibration ounits | SECLK [1:0]
RAM |—» SSO [1, 02:00]
ENCOABZ0 [ Twp 3 | 3
ENCO [A,B,Z]l — —» SIOTX [2:0]
PO [U,X] +— Standby UART/SIO [+— SIORX [2:0]
PO [V,Y] +— RAM 3units [~ SIOCK [2:0]
PO[W,Z] «+—  PMD 4KB k— SIOCTS [2:0] N
CO[U,LJ0 «—
co EU,L% A { Thwo ¢ ADCO "— AINO [10:0]
POEMGIN_N — ThwD
EMGIN-N L[ ThwD ¥
o =, s
CMPOUTO [1:0] ThwD
CMPOUT [1:0] COMPARE
CMPOUT2 [1:0] 5 units m m AIN2 [2:0]
CMPOUT3 [1:0] -Tth
CMPOUT4 [1:0]
CAPTURE T ?: C; AIN3 [2:0]
CAPIN [5:0] — 2 units RESET L
= o
PWM PC [6:0]
PWM [3:0] *| 4 units GPIO EE [li_ig%
B
PG [6:0]
EXTCLK PH [5:0]
PK [5:0]

Functional safety manuals are available.

Tasms

Automotive Power Supply IC

Asserts an error signal if a
NOK lasts for longer than
a programmed period.

out
[Wzsesrmeevsrazzra—s |
TX04R i) — X
TMPR454F10TFG
WEEEI=aTI

LRSI}

ERILH T AR FL—DH

Open
Drain
CPU output

at a regular
interval
—

The interval
is user-
programmable.

Open
Drain

A serial interface allows

software to monitor analog T

IC faults and MCU alarm
records.

Features of the Functional Safety Block

* Monitors all the peripheral blocks, the CPU, buses and memories used by
application software except a few communication control blocks

* Incorporates an fRNET block that handles alarms from all the monitor
functions

* Sends alarm signals from all the monitor functions directly from fRNET to
the external world without involving the CPU

 Self-diagnosis function of fRNET to protect its alarm-handling function

*1 Fault diagnosis circuit from Yogitech that monitors memories

*2 Fault diagnosis circuit from Yogitech that monitors the on-chip CPU buses

*3 Fault diagnosis circuit from Yogitech that monitors the entire CPU

*4 Fault diagnosis circuit developed by Toshiba
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V Feature 2: Fault Injection (Under Development)

The Full-ICE MCU emulator provides a fault injection test environment that can directly be connected to a customer’s hardware evaluation
environment. It is easy to learn and yet allows flexible fault injection testing.

Note: Contact your Toshiba sales representative for the availability of functional-safety IP libraries.

p
Fault Injection Control Software g | = B Fault Injection System Development Flow
Fault Injection . M
E Test Scenario : cu i

ICE scenarios can be created.

J
| o | ) ‘\
d
In-Target Probe Board FPGA Board .\

o

Flexible script-based test ]

The Full ICE can
be connected to

existing hardware
wnr(\j%yt e;.ny Fault Injection
modification. =
\ =) System )
4 \
= 1SO 26262 Software Development Process
ECU External Trigger Automotive Control
— Software
Board

8 A Functional Safety
i IP Library »

Automotive Control
Test Scenario

'

A

1SO 26262-Compliant Deliverables y

V Feature 3: Functional Safety IP Library
The Functional Safety IP Library is a software library designed to detect faults in an automotive MCU. It has been created using a software
development process certified by TUV-SUD.

Note: Contact your Toshiba sales representative for the availability of functional-safety IP libraries.

V The Functional Safety IP Library helps its users reduce development time.

Reduction in the time required to create a safety

mechanism

» Performs requirements analysis and verification on the fault
diagnosis section of an MCU

* |dentifies application-specific interfaces (APIs) to enable quick
feedback to a system design

Software library offerings

® Data flow
e Control flow * Guarantees that the fault coverage required by ASIL D is met
Application \/\ Hardware Software
RTE 'h:/IC%: Il:-)l_ardwaf_e Software q Overall System\
3 '39"°5'S Library Safety Target
AV Function
ECU
abstraction Software library
Service for Functional
Safety IP

: Reduction in the time required to meet accountability

requirements
* A set of documents necessary to achieve accountability is
pre-packaged.

Potential feature

Evidence for software library

development process compliant Overall system safety cases
with ISO 26262
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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

Standard Charging Ci t
andard Charging Connector E A0

(100 V/200 V) l:|
AN . .
DC-DC I
0

Transistor-Output
Photocouplers (for Feedback)
TLX9300, TLX9000,

TLX9185A, TLX9291A

For BMS
Communication
TLX9376,
TLX9310

Battery On-Board
Management
Unit Charger

Battery
Monitor
Unit

Battery
Module

Auxiliary
Battery

TLX9304, TLX9378
Transistor-Output Photocouplers
TLX9300, TLX9000
TLX9185A, TLX9291A

Battery Monitoring
TLX9175J

8
2
£

Battery
Monitor
Unit

Battery
Module

oo )
rake | |
Lever

€3 ;

V IC Output (High Speed Communications)

Drive
Battery

PHEV-ECU

Fast Charger
Connector

Air-Conditioner
Compressor

Non-Contact Charging
(Contact Charging) | |

Characteristics Isolation | Clearance/
Part Number |Pin Configuration G T Data Rate IrrL (Max) Tstg (‘C) Topr (‘C) Voltage | Creepage | Package AEC
UIPUtTYPe | (standard) (mA) (min) to (max) | (min) to (max) | BVs(Vrms) | Distance
q | o
TLX9304 } § ) % Open collector 1 Mbps 5 —55 to 150 —401t0 125 3750 5mm 5pin SO6
[ ! 0
q | o
¥ Open collector 15~300 .
TLX9309 [} i JEE] (Analog outputy| 1 Mbps @7/4.5" -55t0150 | -40t0125 3750 5mm | 5pin SO6
— 4
o ; u)
TLX9310 i Totempole 5 Mbps 1 -551t0 125 -401t0 105 3750 5mm | 5pin SO6 o
o L—m
o ! o
TLX9378 } i £ ; Open collector 10 Mbps 5 —55to 150 —40t0 125 3750 5mm | 5pin SO6
o ! )
s, i ol
TLX9376 }ﬂgj Totempole 20 Mbps 4 _551t0 150 —401t0 125 3750 5mm | 5pin SO6
0 il

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

V Transistor Output (DC Input)
S Cuaraclonstcs Isolation | Clearance/
Part Number |Pin Configuration (m:; )/ tlg ((r{r:)ax) VCTVisAa';((V) Veeo (MIN) Tstg (°C) Topr (‘C) Voltage | Creepage | Package AEC
@l (MA)Vee (V)| @1 (mAY/IF (mA) V) (min) to (max) | (min) to (max) | BVs(Vrms) | Distance
100 to 900 0.4
TLX9000 E}: ﬂ{ A @948 40 -5510150 | -40to125 3750 5mm S04
TLX9300 i po| 109k 20 avas 40 -5510150 | -40t0125 | 3750 | 5mm | 4pinSO6
o

TLX9291A t} - {n R s 80 -5510150 | -40t0125 | 8750 5mm S04

TLX9185A | ¢ L 5040 800 avs 80 -5510150 | -40to125 3750 5mm | 4pin SO6

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
drive circuit to be configured without a secondary external power source when driving loads such as MOSFET.

V Photovoltaic Output

Short-Circuit Current Open Voltage Tstg (‘C) Topr ('C) Isolation | Clearance/
Part Number [Pin Configuration (uA) (min) VOC (V) (min) (min) to (max) (min) to (max) Voltage | Creepage | Package AEC
@lIr (mA) @lIr (mA) ! X ! X) | BVs(Vrms) | Distance
s r 12 7 .
TLX9905 N i @10 @10 -55 to 150 -40to 125 3750 5mm 4pin SO6
(@]
TLX9906 }: | 0% @10 —5510 150 —401t0 125 3750 5mm | 4pin SO6
¥E
- - 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 PhOtoreIays (1 Form A) contactless and is said to have a long service life compared to mechanical relays.
ou?'ﬂ:-?et?r;einm ON-State ON-state Resistance Trigger LED | lIsolation | Clearance/
Part Number | Pin Configuration p\/oltage Current Ron (Max) @l AVl (MA Ier (Max) Voltage | Creepage | Package AEC
Vore (Max) (V) | lon (MAX) (mA) © o MAIE (MA)| (1) BVs(Vrms) | Distance
q J—; Tt
TLX9175J }ID?; 600 15 335 15/10 3 3750 5mm 4pin SO6 O
O ’—L‘J]
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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 ESC
) SOD-323 SOD-523 SOD-923
SR SE MK
4 * X * *
S-MINI UsM SSM VESM
3 SOT-346 SOT-23F SOT-323 UFM SOT-416 SOT-723
O "G F % s ¢ * S *
SMV us UFV ESV
5 SOT-25 SOT-353 SOT-553
Small Fins ' ‘ ‘ ‘
ma w- ‘ -
. Al ¢ L K *
Slgnal uUseé ES6 UDFN6
Device 6 TSOPGF SOT-363 UF6 SOT-563 SOT-1220
. @ 0 2
2 ¢ L * % g ¢
uss
SOT-765
8 g
Pins ’
TSSOP14 TSSOP16 TSSOP20
14 16 20
Pins Pins Pins
* * *
¥ AEC-Q101-Qualified Devices® v AEC-Q100® K ABC qualifed
* MOSFETs e Transient-voltage-suppression (TVS) diodes © CMOS Logic ICs
© Bipolar transistor © Schottky Barrier Diodes © One-Gate Logic * Contact your Toshiba sales representative for details
(L-MOS)

® Switching Diodes * This device is compliant with the reliability requirements of AEC-Q100.

I Major TVS Diodes Compliant with the AEC Standards

V TVS Diodes (ESD Protection Diodes for CAN/LIN)

Absolute Maximum Ratings Electrical Characteristics
Package . .
a Part Number Pin Assignment
Unit (mm) . Veso (kV) Veso (kV) 1SO 10605 Ven
TCO | iEcet000-42 |  @3B0pFizke | (v)(min) | WA M) e U o Rrom(@) (vp) | CRF) (typ)

USC (SOD-323) DF2B18FU 150 £30 KV +30 KV 16.2 0.1 12 0.8 9
125%25 DF2B29FU |:|—>_|<—':| 150 £25 KV £30 KV 26 0.1 24 11 9
t=11 DF2B36FU 150 £20 kV £20 kV 32 0.1 28 15 65
USM (SOT-323) DF3D18FU 150 £30 KV +30 KV 16.2 0.1 12 08 9
20x2.1 ' DF3D29FU Iﬁl 150 £25 KV £30 KV 26 0.1 24 11 9
t=11 DF3D36FU 150 £20 KV £20 KV 32 0.1 28 15 65

V TVS Diodes (ESD Protection Diodes for LVDS/PoC)

Absolute Maximum Ratings Electrical Characteristics
J;?z;?ﬁ) Part Number Pin Assignment . Veso (KV) Ve
Ti(°’C) |EC 61000-4-2 (V) (min) Ir (uA) (max) @Vawm (V) Rrovn (Q) (typ.) Ci(pF) (typ.)
SOD-923 DF2S5M4FS* 150 20 kV 37 0.1 36 0.35 0.45
10x0.6 DF2S6M4FS* Elilj 150 £20 kV 55 01 55 0.35 0.45
t=0.45 ' DF2S20M4FS* 150 +15 kV 18 0.1 18 0.3 0.45

*:New product **: Under development
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Products: AEC-Qualified Automotive Discrete Devices

I Major Small-Signal Devices Compliant with the AEC Standards

V¥ MOSFETs
Package Absolute Maximum Ratings RDS (ON) max (mQ)
Unit 9 Polarity Part Number Ciss (pF) Qg (nC) Tch (°C)
i () Voss (V) Vass (V) Io (A) Ves| = 1.5V 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
29x24 SSM3K341R* 60 +20 6 - - 51 550 9.3 175
t=0288 Nch SSM3K318R 60 +20 25 - - 145 235 7 150
SSM3K2615R 60 +20 2 - 580@3.3V 440@4 V 150 6 150
i SSM3K361R* 100 £20 35 - - 92 430 3.2 175
SSM3J356R* -60 —20/+10 -2 - - 400@4 V 330 8.3 150
Pch
SSM3J351R* -60 —20/+10 -35 - - 184@4 V 660 15.1 150
TSOP6F ' SSM6N357R* 60 12 0.65 - 2400 (@3 V) 1800@5 V 43 15 150
Nch Dual
29x28 SSM6N813R* 100 +20 35 - - 154 242 36 175
SOT-323F SSM3K62TU* 20 +8 0.8 139 68 57 177 20 150
20x2 ' Neh  |SSM3K341TU*| 60 +20 6 - - 51 550 03 175
SSM3K361TU* 100 £20 35 - - 92 430 32 175
TSOP6F SSM6K809R* 60 £20 6 - - 51 550 9.3 175
29x28 SSM6K810R* 100 £20 35 - - 92 430 3.2 175
t=0.88 Nch Single
SSM6K818R* 30 +20 15 - - 12 1130 75 150
SSM6K819R* 100 £20 10 - - 36.4 840 3.1 175
SOT-23F Nch SSM3K376R* 30 12/-8 4 - 72 56 200 22 150
tzf OX 82{34 ' SSM3J377R* -20 —8/+6 -39 240 123 93 290 46 150
e Pch
SSM3J378R* -20 -8/+6 -6 88.4 39.7 29.8 840 12.8 150
*: New product
V Bipolar Transistors
Absolute Maximum Ratings hFE Vee say (V)
J a{:kage Polarity Part Number !
nit (mm) Veeo (V) Ic (A) Pc (W) T,('C) MIN MAX Test Condition MAX Test Condition
USM (SOT-323) NPN 25C4116 50 0.15 0.4 125 70 700 Jee oY 0.25 oz oA
20x2.1 c=2m 2=19m
- Vee=—6V lc=—0.1A,
t=11 PNP 2SA1586 -50 -0.15 0.1 125 70 400 2 mA -03 = 10 mA
S-Mini (SOT-346) NPN 2SC2712 50 0.15 0.15 125 70 700 |V°f 5 6 X 0.25 |'°_= 1061 AA
29x25 ’ c=2m 2=10m
- Vee=—6V lc=—0.1A,
t=14 PNP 2SA1162 -50 -0.15 0.15 125 70 400 2 mA -0.3 =10 mA
V Switching Diodes
Package Absolute Maximum Ratings Electrical Characteristics (max)
iR (5T Part Number Pin Assignment
i i) Va (V) Trsw (A) lo (A) T.(0) Ve (V) @IF = 0.1 (A) In (uA) @Va (V) te(ns)

ESC (SOD-523)
0.8x16 1SS307E
t=07 '

USC (SOD-323) 1SS352

125x25
t=11 ' 1SS403 EE] 200 2 0.1 125 12 0.1 50 60

80 1 0.1 150 13 0.01 80 -

80 1 0.1 125 12 0.1 30 4

USM (SOT-323)

20x2.1 ' 1SS302A
t=11

V Standard Logic ICs (Topr: —40°C to 125°C) V One-Gate Logic ICs (Topr: —40°C to 125°C)
J{:ﬁ;ﬁ) Series Part Number Key Electrical Characteristics Up:i?;rigr:\a) Series Part Number Key Electrical Characteristics
Vec=2.0Vto 55V Vec=2.0Vto 55V
TSSOP14B (5.0 x 6.4 t = 1.2) T4VHCXXFT tpd=8.5ns@4.5V USV (SOT-353) . TC7SHxxFU tpd=9ns@4.5V
TSSOP16B (5.0x6.4t=12) | VHC Series | 7AVHCTXXFT | Vcc=4.5Vt05.5V, TTL input 20x2.1 eries TC7SETXxFU Voo =4.5V105.5V
TSSOP20B (6.5 x 6.4t = 1.2) ZAVHCVXxFT | Veo=18V1055V to 14 ‘ TTL input
tpd =8.5ns@4.5V ¢ Vec=165V1t055V

SHS Series | TC7SZxxF!
For details of AEC compliance, contact your Toshiba sales representative. C7s u tpd =5.5ns@3.0V

Toshiba is expanding its portfolio of AEC-qualified devices. For the latest information, visit Toshiba’s website.
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I Major Power Devices Compliant with the AEC Standards

V MOSFETs
J;flzﬁﬁs) Polarity Part Number Ct:(s)l(u\:;e Maximum IT:t(l:)gs RDT\Z’:' '\:i);(\lrg) Series AEC
TK1R4S04PB 40 120 1.35 U-MOSIX-H
TK65S04N1L 40 65 4.3
Nech TK40S06N1L 60 40 10.5
TK25S06N1L 60 25 18.5 U-MOSVIII-H
DPAK+ . TK60S10N1L 100 60 6.1
TK33S10N1L 100 33 9.7
TJ90S04M3L -40 -90 4.3
P-ch TJ40S04M3L -40 -40 9.1 U-MOSVI
TJ20S04M3L -40 -20 222
SOP Adv . N TPHR7904PB 40 150 0.79
(WF) TPH1R104PB 40 120 1.14
U-MOSIX-H
DSOP Adv O Nech TPWR7904PB 40 150 0.79 5
(WF) TPW1R104PB 40 120 1.14
TPCP8009 40 10 11.8
TPCP8010 40 6 23.8
N-ch TPCP8011 40 5 318 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 17
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 Maximum
Lllb:i?lzr?\?::) Polarity Part Number VcsoRaﬁngs lc — :Z lc TR - (Is:) = I AEC
V) (A) ) (A) (A) (mA)
TTCO16 50 5 400 2 0.5 0.22 1.6 32
25C3303 80 5 70 1 1 0.4 3 150
New NPN TTCO12 375 2 100 5 0.3 0.5 0.5 62.5
PW-Mold TTCO14 800 1 100 5 0.1 1.0 0.5 50
Planning
6.5x9.5 25D1223 80 4 2000 2 1 15 3 6
t=23 ‘ TTA005 -50 -5 200 -2 05 | -027 | -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.
lfa-Ckage E Absolute Maximum Ratings Electrical Characteristics (max) e
nit (mm) VrRM (V) IF (av) (A) Vem (V)
SFLAT CRGO09A 400 1.0 1.1 (@0.7A)
16x2.6 ‘ CRG10A 600 0.7 11
t=0.98 CRGO05 800 10 12 o
M-FLAT ‘ CMGO02 400 2.0 1.1
24x4.7
t=0.98 CMGo03 600 2.0 11
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Safety: Automated-Driving

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.

2020 2030

T
. P Automated-driving

il T -
Level 4 = o on general roads in
urban areas
Judgment using artificial
intelligence (Al) technology
' In-vehicle entertainment
P drivi Car-dispatch and parking services
Limited automated-driving s b eannering
on general roads automated-driving cars with
in suburban areas public transportation
L / 3 'Full automated-driving "
eve

Dynamic maps
Cloud-linked services
Interactive Ul and HEMS-linked Ul

on expressways

Monitoring of merging traffic,
optimal lane recommendation,
gesture Ul, and driver monitoring

'Limited automated-driving
on expressways

Information about accidents,
2 constructionwork and traffic
Level jam, automatic parking,

and nighttime monitoring
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Vehicie Collision Warning

Pedestrian Colision Warning

at day-time and night High-Beam Assistance

u Traffic Sign Recognition

General Obstacle

[
Collision Warning

-
S

Red Signal Lamp.

ks
.f ->.

Traffic Road Sign
Recognition

Automotive Video Processors » P.38, 39

Upcoming automated-driving cars incorporate a wide range of driver assistance applica-
tions using various sensors.

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

To help pave the way for the advent of automated-driving cars, Toshiba offers various
solutions for advanced driver assistance systems.

Cameras
Millimeter waves
or LiDAR
Sonar
. ) Vi
Side-View ) View cameras
: Wide-Angle Came
Front-View 2 9 7
% v

Wide-Angle Camera ",
7

Front-View
Narrow-Angle Camera

Z
Rear-View
7 Wide-Angle Camera
side-View 7, ’

Wide-Angle Came

Devices for protecting
the in-vehicle LAN

Center console

(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
\ 4 A 4 In-Vehicle Networks
Bridge IC
| Screen Composition & Display| - . .
7y Authentication Security Unit
o | Rear-View Monitoring Automated-Driving Unit (ECU) Management Security
1 (Image Recognition Processor) fUnCtion _l
- Judgment 8
Module with Embedded Camera l Recognition | © )
— “q:.) Drive Recorder Storage
Camera | Surround Monitoring | | > =
!I Iy > (Image Recognition Processor) Autonomous JUd,gment & E C |
: > Path Planning ontrol
| 9 (Autonomous Judgment Processor) —> Motor Contl’0|
“.‘ - Front-View Monitoring | | V,\
| 0 - P (Image Recognition Processor) |
LiDAR —>
| Windshield Devi
\ ! evices for BCM
IMU \ | -Drivi . : g
-—I L Automated-Driving Storage and junction box == P12
Devices for protecting the
"""""""""" in-vehicle high-speed = P12
Image Recognition Processors L SEZKX) communication line Functional Safety =) P22

(LVDS/PoCN communication)
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ADAS (Advanced Driver Assistance Systems)

Toshiba offers the Visconti™ Family of image recognition processors that provide extensive
support for image feature extraction and recognition using automotive cameras while offering an
excellent combination of high performance and low power consumption. Our image recognition
processors can run multiple image recognition applications in parallel and support system
solutions for reliable nighttime pedestrian recognition.

V¥ ADAS: Front and Surround View Monitoring Solution

The Visconti™ image recognition processors are capable of
processing input images from one to four cameras in real time
(and allow connection of up to eight cameras). Visconti™ can
run multiple ADAS applications in parallel to recognize vehicles,
pedestrians, traffic lines, traffic signs and the like around the
vehicle on which it is mounted. Possible applications include
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.

In order to achieve high visibility of pedestrians in dark places
where neither headlights nor street lamps reach, the Visconti4
Series combines CoHOG (Co-occurrence Histograms of
Oriented Gradients) with Color-COHOG and three other types
of color-based feature descriptors.

Image Recognition System for Front

CMOS ; g
InEwE CMOS I/F and Surround View Monitoring
Sensor (RGB888, YCbCr422, BT.656,
8- 10- 12- 14- 16-bit RAW, orY8Y10Y12) LPDDR2
e Y SDRAM
A or
Image Recognition
v System for Front Video Visconti4
Faml and Surround = Decoder IC —*| TMPV7608XBG Serial
* Monocular/or, Monitoring _ CVBS BT.656 |
steregjcamera mage |e=—=  NOR
(NTSC/PAL) Recognition Flash
b Processor
""""""""""""" CAN
[ —
— MIPI® CSI-2 I/F el

Camera
* Shown above is a typical system block diagram using the TMPV7608XBG of the Visconti4 Series. CAN
Visit our website for examples of system block diagrams using other processors. -

V Image Recognition Processors == p33

Part Number Series CPU MPE Image Processing Accelerator Y;ii? Main Features Package
Visconti4 Two Toshiba-original Affine Transformation, Filter, Histogram, Upto On-chip Memory, Memory Controller, CAN,
TMPV7608XBG 5 ) 9 8 HOG, Enhanced CoHOG, Matching, P Y 12C, UART, SPI, PCM, Timer/Counter, PFBGA796
Series 32-bit RISC MePs j 8 ch.
Pyramid, SfM External MCU Interface, etc.
Visconti3 Toshiba-original
TMPV7528XBG Series 32-bit RISC MeP and On-chip Memory, Memory Controller,
Arm®Cortex®-A9 MPCore Affine Transformation, Filter, Histogram, Up to PCI Express®, CAN, I2C, UART, SPI,
HOG, Matching 4 ch. PCM, Timer/Counter,
TMPV7506XBG 4 External MCU Interface, etc. PBGA516
. . . - N . y On-chip Memory, Memory Controller, CAN,
TMPV7504XBG | V500 soonioa-onamal, Affine Transformaton, Filer 0P| EC, UART, SPI, PCM, Timer/Counter,
eries -bit © gram, 9 ) External MCU Interface, etc.
Affine Transformation, Filter, Histogram, On-chip Memory, Memory Controller, CAN,
EMEZ=I2XBe 2 HOG, Matching Teh | "G, UART, SPI, PCM, Timer/Counter, etc. |- BGA324
* The video input interface of the TMPV7608XBG has a 4-0f-8 video switch.
¥ Video Decoder ICs == P39
Part Number Features & Functions Operating Temperature |Supply Voltage (V) Package
Two video decoder channels, 2.5-V voltage regulator, newly developed .
TC90105FG picture adjustment function, horizontal aberration correction, ITU-R BT.656 output 141016 LQFP 80pin 12 x 12 mm
—40to +85°C 23t02.7
One video decoder channel, 2.5-V voltage regulator, newly developed 3.0t03.6 .
([C90107EG picture adjustment function, horizontal aberration correction, ITU-R BT.656 output LQFP 64pin 10 x 10 mm
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V¥ ADAS Monocular-Camera Rear-View Monitoring Solution
(Rear-View Monitor, Electronic Rear-View Mirror, Electronic Door Mirrors)

The TMPV7502XBG of the Visconti2 Series combines high image recognition performance with low power consumption (0.6 W typical, as
measured by Toshiba) due to the use of only a single video input interface channel for a monocular camera. Consequently, the TMPV7502XBG is
available in a small package. It is suitable for rear-view monitor applications that provide vehicle and pedestrian recognition and moving-object
detection capabilities, as well as for electronic room mirror and door mirror applications.

Image Recognition
System for

Rear-View

Monitoring

Image Recognition System for

Rear-View Monitoring Display
CMOS I/F Electronic Rear-View Mirror
YCbCr422 (8-bit), (Application Example)
8- 10- 12-bit Bayer,
CMOS BT.656 orY8 Y10Y12
Image NOR
Samsa or Visconti2 Flash
- — TMPV7502XBG
’ Video Image
T Decoderic ___» RF?COQHI‘ION DDR2
Camera CVBS BT.656 ey SDRAM I
(NTSC/PAL)
CAN
Transceiver Mcu
* Shown above is a typical system block diagram using the TMPV7502XBG of the Visconti2 Series. CAN

Visit our website for examples of system block diagrams using other processors.

V¥V Visconti2 TMPV7502XBG Evaluation Board

HDMI® ,
—

Monitor

&

Console Serial
(USB)

Debugging
P
. Visconti2 (USB)

Camera—2M°, | TMPV7502XBG
i Evaluation Boards

Power Supply
(USB)

*MIPI is a registered trademark owned by the MIPI Alliance.

* HDMI is a trademark or registered trademark of HDMI Licensing, LLC in the United States and/or other countries.
* Arm and Cortex are registered trademarks of Arm Limited (or its subsidiaries) in the US and/or elsewhere.

* PCI Express and PCle are trademarks or registered trademarks of PCI-SIG.
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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 a vehicle.
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.

CMOS
Image
Sensor

Camera

* Shown above are typical system block diagrams using the
TMPV7506XBG of the Visconti2 Series and the
TMPV7528XBG of the Visconti3 Series.

Image Recognition System for
Parking Assist and
Top-View Monitoring

Image Recognition System

for Parking Assist and
Top-View Monitoring

Display
Controller

CMOS I/F
— (RGB888 (up to 2 ch), —
YCbCr422, BT.656,
8- 10- 12-bit Bayer,
— orY8Y10Y12) =T "1 image DDR2
DRAM
or Recognition 2
Video " Processor
—— Decoder — Visconti2 NOR
CVBS IC BT.656 Visconti3 Flash
(NTSC/PAL)
CAN
MCU

CAN
MCU

LPDDR
SDRAM

NOR
Flash

Display Section

Navigation and Center Information Panel/

Instrument Cluster

CAN

Visit our website for examples of system block diagrams
using other processors.

V Lineup
Series Part Number Page
Visconti4 TMPV7608XBG
Image recognition Visconti3 TMPV7528XBG
processors
TMPV7506XBG 33,34,35,36
Visconti2 TMPV7504XBG
TMPV7502XBG
Series Part Number Page
Dual/single-picture TC90195AXBG a8
Video processors video processors TC90175XBG
TC90105FG
Video Decoder ICs 39
TC90107FG

V Image Recognition from
Top and Rear Views

V Parking Assist by
Line Rendering
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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 V Driving Assistance Applications

3

The Visconti™ family of image recognition processor LSIs process ® Lane Change Assist
input images from in-vehicle cameras and detect the motion of target ~ © Backward Collision Warning
® Backover Prevention (BOP)

objects such as human beings, heads, hands and vehicles and output |

Top-View Parking Assist
Obstacle and Pedestrian Detection

Driver Authentication
Driver Monitoring
Passenger Monitoring

detection results. The Visconti family can provide recognition results in D D H n
various ways, such as marking the recognized objects over a camera s J
image on an LCD panel, alerting the driver with a voice message or y __{ w :

beep, or notifying other electronic units via a communication interface. W @ Lane Departure Warning

® Forward Collision Warning

® Traffic Sign Recognition

® Traffic Signal Recognition

® Night Vision

® Forward Pedestrian
Collision Warning

® Forward Pedestrian Detection
and Collision Warning

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.

The image recognition Al processor Visconti 5 Series under development
are provided with Deep Neural Network (DNN) hardware IP suitable for
advanced driver assistance applications and autonomous driving
functions.

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

¥V Roadmap of the Visconti Family of Image Recognition Processors

Image recognition Al processor
'/ vi.iila.ili-iﬁ"i."’\

New ’

Visconti5 Series

Color / Grayscale camera
2.0 mega-pixel 0
g 7 VP OTEITS g
Deep neural network
Optical flow
Stereo matching

Color / Grayscale camera
1.8 mega-pixel

Visconti4 Series

) A ’
TMPV7608XBG

Camera input: x8*
*4 ch Selection in 8 ch Input
(CMOS + MIPI®)

Visconti3 Series
Arm Cortex-A9 MPCore

P —>_
VIPV 8XB

Visconti2 Series

TMPV7506XBG ’ Camera input: x4

Camera input: x4

T5BG3XBG TMPV7504XBG Small package (11 mm x 11 mm)
. . T —————
Grayscale camera Camera input: x2 TMPV7502XBG

Camera input: x3
Camera input: x1

V Lineup
Image Processing Accelerator = % CPU Core
o O =
S8 |2 | § 8 g | 8 =%
SSomel| 5 £3| 8 E| €% 52 g2
832825 2| |52 3 el _|2|2|EElzlolz|z 5% 252
Series Part Number o= 2% | & = = o ..O_~ o | £ E | = 3 E o |91 Z|0 Memory Controller 90 | =85 Package
Esglce| 2| 5| 8| 55g|o |5 (2|5 (5|E|S|®||o|ca i, | S£8
Eg=|82| E| 2| T | 2|58 c|2|”°|28|5|8 22| 80%
o ow | H T |85 §| = o | o ST e
3 |2 ) 298| 2 3| o t= | EE
= £ 29| & g8 82| <<
< T > | s =8
DDR2-SDRAM,
TMPV7502XBG 2667 O | O O| 0| O - O - 1 1 - 5 1 4 2 2 SRAM, ROM, NOR Flash O PLFBGA324
: " DDR2-SDRAM
- - - - 2 1 - , -
Visconti2| TMPV7504XBG 2667| O | O o]0 o 5| 4|4]|3]|2 SRAM, ROM, NOR Flash O PBGA516
o|lo|-|o|lo|Oo|-|]O|-|4|1|1|5]4]a]|3]|2 DDR2-SDRAM, o -
TMPV7506XBG 266.7 SRAM, ROM. NOR Flash PBGA516
) ’ 266.7 _ _ _ DDR2-SDRAM,
Visconti3| TMPV7528XBG (300) o]0 O|O]| O o 411 1 51414 |3)|2 SRAM, ROM, NOR Flash e} o PBGA516
" " LPDDR2-SDRAM,
Visconti4| TMPV7608XBG 267/ 0| O[O |O| OO |O|O[O |8 | 1| -|5/4|8]|3]| 2| gouBOMNOR Flash o - PFBGA796

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

* The value in parentheses below the maximum operating frequency of the TMPV7528XBG
indicates the clock rate of the embedded Arm core.

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

* MIPI is a registered trademark owned by the MIPI Alliance.

* MedialLB is a registered trademark of Microchip Technology Inc. in the US and other countries.

* PCI Express and PCle are trademarks or registered trademarks of PCI-SIG.

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

I Visconti4 Series
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" Image Recognition Processors

TMPV7608XBG: Improved recognition of nighttime pedestrians and parallel execution of up to eight image

recognition applications
V Package

Package size
27 mm x 27 mm

P-FBGA 796 Ball
0.8 mm Ball pitch

The TMPV7608XBG allows an ADAS to realize
nighttime pedestrian recognition as reliable as
daytime pedestrian recognition available with

Camera Image
Inputs

Epediy CMOS I/F

(RGB888, YCbCr422,
BT.656, 8- 10- 12- 14-
16-bit RAW, or Y8 Y10 Y12)

(Camera

Fi

Camera

V System Block Diagram

Serial
NOR Flash

LPDDR2-800
SDRAM

Visconti4 TMPV7608XBG I

CMOS I/FF

e T e T
— oM Ol
32bit RISC MeP
32bit RISC MeP.

CMOS IIF

(oo faw )

conventional vision systems. Toshiba’s original [Jeamere] & _CMOSWF__ lccclilos ANENRe — = {]
Enhanced CoHOG (Co-occurrence Histograms R T R DN [ veeo || weer || weee [ wees | [ PRV | Madae

of Oriented Gradients) accelerators combine the [Joarmers] e e ————- I L2 Cache =
conventional luminance-based CoHOG feature — = |5 [weea ][ wees || weeo || weer WCD ey |
descriptors with four types of color-based feature g 8 | 2 Caore

descriptors. This enhancement leads to a o MIEIZCS!:2)F = é

remarkable improvement in the recognition AT Image Processing Accelerators

accuracy, especially at nighttime and at scenes ]Ca"‘e’a | Affine Transformation |

with less luminance differences between objects n@ MIPI® CSI-2 I/F | o || — |

and the background. Additionally, the Enhanced

CoHOG  accelerators  deliver outstanding Camera|——MIPI” CS1-2 /F | "ose’ |[  wawnng ]

computational performance, reducing the time [ Hoa |[ristogam ][ sm |

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

I Features of Visconti

V Feature 1: 10 times the image processing
performance of the conventional product

(Visconti4)

V Visconti4 Block Diagram

TMPV7608XBG

! Media Processing Engine (MPE) |

The Visconti4 Series incorporates eight new image processing Multi-core Subsystem
engines called Media Processing Engines (MPEs) with a MEEID MEER M MEES
- . . . . . . 32-bit - 32-bit - 32-bit - 32-bit -
double-precision floating-point unit, and various image processing 20t [ Hache || 32t [ Loache | [ 32oit T -Cache || s2bit | -Cache |
accelerators*', numbering 14 in all, to achieve 10 times*? the image wiRU [0-Cache | WP L0-Gece WP L0-Gece WP
processing performance of the conventional product. All the image | | ‘ ‘
. . . - Ct | C Ct C
processing engines and accelerators can recognize pedestrians Ve | e ] ‘ Ve [ oram 1| Nz [ oram ]| NG | oraw ]
and vehicles simultaneously in 50 milliseconds, running at a clock | |
L2-Cache
frequency of up to 266.7 MHz.
MPE 4 MPE 5 MPE 6 MPE 7
*1 See the product specifications for details. 32bit [ I-Cache | [ 82bit |l I-Cache | [ 32bit | I-Cache || 82-bit I-Cache
* i i i i RISC CPU RISC CPU RISC CPU RISC CPU
2 Comparison with the previous Toshiba model Mep || D-Cache | | Mep | D-Cache || MeP | D-Cache ||  Mep
w/FPU w/FPU w/FPU w/FPU
Visconti4 Series Coprocessor ‘ ‘(‘ ‘ [ ‘ Coprocessor
IVC2F IVC2F IVC2F IVC2F
Media Processing Engine ' H D-RAM | H D-RAM | H D-RAM | D-RAM
MPE 0 Vehicle Collision Warning 1 | D-cache |
] Media Processing Accelerator
MPE 1 Pedestrian Collision Warming 1 g |
Image Processing Accelerators : Control GPU Control GPU I ARy ATl
H 32-bit I-Cache 32-bit I-Cache
Pyramid 0 Pyramid Image Generation RISC CPU RISC CPU
) v MeP D-Cache MeP D-Cache Affine Affine
Pyramid 1 Pyramid Image Gsnelranon BYES -RAM I-RAM Transform Transform
Filter 0 Oriented Gradients Computation IF D-RAM D-RAM o 1
Filter 1 Oriented Gradients Computation
' Camera
Enhanced CoHOG 0 Vehicle Detection
i Affine
Enhanced CoHOG 1 Pedestrian Detection Camera Transform Pyramid 0 Pyramid 1 Filter 0 Filter 1 Histogram
y
50 ms
- ) . ] . Camera
: Visconti2 and Visconti3 Series
Media Processing Engine Camera Histograms
. - 3 1 of i i
MPE O Vehicle Collision Warning 1 EDS Oriented CoHOG 0 CoHOG 1 0 1 SftM
1 VE Gradients
MPE 1 Pedestrian Collision Warning !
H Camera
Image Processing Accelerators '
Affine transform Pyramid Image Generation : Camera = £ Video Input I/F 0 VideoOutput IF
Filter 0 Oriented Gradients Compulali{:n % Video Input I/F 1 BIE SUE CAN IFF o
Filter 1 Oriented Gradients Compuiaﬁon Camera g Video Input IIF 2 UART I/F PCMI/F  Timer/Counter 'g
HOG £ Video Input IF 3 GPIO DMA ROM E
Vehicle Pedestrian : Camera | | ;R SORAM Controller  SRAVINOR Fiash Controler mcu yF  Controller — gay £
Detection Detection L4
100 ms LPDDR2-800 Serial -
SDRAM NOR Flash
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V Feature 2: Parallel execution of up to eight image recognition applications

The Media Processing Engine (MPE) is suitable for

image recognition and other multimedia processing. It

is a very long instruction word (VLIW) machine that can

issue multiple instructions simultaneously. It consists

of Toshiba’s proprietary low-power 32-bit RISC core ; = :

called a Media Embedded Processor (MeP) and either e e ) High-Beam Assistance

a coprocessor suitable for multimedia processing

called Image Recognition VLIW Coprocessor 2 (IVC2)

or its successor, 1IVC2 with FPU (IVC2F). IVC2 and

IVC2F can execute one or two SIMD (single instruction

stream, multiple data stream) instructions, which . Traffic Sign Recognition

perform one or two operations on multiple data in DBDD (|

parallel. The second-generation IVC2F can efficiently n

perform double-precision floating-point operations. e R araion™

The Visconti Family can execute multiple applications

simultaneously* because of its multi-core configuration

containing multiple MPEs. Lane Departure Warning Traffic Road Sign @ .f .
=

Recognition
* See the product specifications for details.

Vehicle Collision Warning

V Feature 3: Toshiba’s original pattern
recognition using color features
(Visconti4)

In addition to the Toshiba-original luminance-based
CoHOG, the image recognition accelerator contained
in the Visconti4 processes four kinds of feature
quantities: color-based CoHOG, Co-occurrence
Histograms of Pairs of Edge Orientations and Color
Differences (CoHED), Co-occurrence Histograms of
Color Differences (CoHD), and Color Histograms.
This  accelerator provides high  recognition
performance even at nighttime and at scenes with
less luminance differences between objects and the

background.

V Feature 4: Image processing solutions
The Visconti Family contains image processing Input =) Preprocessing = Feaé‘i’tfag‘i’:rz“"y = Recognition = Output
accelerators that perform the image processing
required frequently in each step of image recognition « Image capture « Lens distortion
at very high speed with low power consumption. The * Color space correction « Recognition
Visconti Family contains an affine transformation °D°”"el'1?'7”, '§°'5: reduction 'L’“a?e a"a'ysl_sty ':‘ga‘cgf"gt_ result display

. . N . * Demultiplexing * Parallax * Feature quanti * Identification . N
accele_rator, which corrects any distortion of_a flsh-c_aye « Downscaling computation extraction « Tracking .:Namlng/ar:ert.
or wide-angle lens and performs point-of-view « Cropping « Search region mage synthesis

transformation. In addition, the Visconti Family * Gamma correction selection
contains filter accelerators, which perform noise
reduction, edge detection, color space conversion and
other image processing. The Visconti Family also
includes a histogram accelerator that creates
histograms, and a matching accelerator that performs

disparity calculation for a stereo camera system and i Sttt
motion detection. Furthermore, the Visconti2 Series Visconti™ Solutions Be G
(except the TMPV7504XBG) and the Visconti3 Series Media Processing Engines (MPEs) for Multi-Grain Parallel Processing (Multi-Core, VLIW, SIMD)
contain a HOG accelerator, which handles Histogram Video Capture I/F Video Output I/F
of Oriented Gr_adients (HOG) 'and/Ol' Tos_hiba Affine Transformation Accelerator PCM I/F
Co-occurrence Histograms <_)f Oriented Gradients T AeeleT MOU VF
(CoHOG) features that are suitable for robust human :

recognition. These processors can detect both moving Filter Accelerator | AR
and stationary pedestrians in real time. The Visconti4 iatchinglcealeraion CAN
Series incorporates an Enhanced CoHOG accelerator Histogram Accelerator |

that combines luminance-based CoHOG feature Enhanced CoHOG Accelerator

descriptors  with color-based feature descriptors HOG Accelerator

obtained using a newly developed technique. It
delivers a significant improvement in nighttime image
recognition.
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Visconti™ Image Recognition Processors

V Feature 5: General obstacle detection using Not only pedestrians,

vehicles and moving objects but also static obstacles are detectable.

3D reconstruction technology
(TMPV7608XBG of the Visconti4 Series) o Latter oo @ —
. ) lecognition Obstacl
The Structure from Motion (SfM) accelerator allows detection of general ;Z‘f{gr: —"
stationary obstacles such as fallen objects, fallen rocks and landslides. Detection Examplos
) Vehicles -Fallen objects +Pylon
-Fallen trees, Fallen -Speed bump
\ Pedestrians rocks, Landslides vRa\Iroad.crossing gate
Detection of Road Obstacles Using 3D Reconstruction Technique T aiconclclICCHINNNGE IS ofhoad
= ’ *Road damage “Pillars, Poles
Near Far e *Guardrail
I =

3D reconstruction technology

Distance z Estimation of
Image Image camera
afrﬂms Capture positions
oaturd and poses
Point
Camera Correspondence
position estimation 3D
attime T between reconstruction
multiple (triangulation)
Image at time T Image sequential
Motion of at ||me T+1 i

monocular camera

I Software Development Environments

For details of software development environments for the Visconti2 / Visconti3 / Visconti4 series, see the following table.

# Available from Partners

In-Circuit Evaluation Boards
Emulator (ICE) f
and Debugger Visconti2 / Visconti3 / Visconti4 Evaluation Boards

ICE

——mam -

Universal Probe Blue

MeP Series
I Sohwa & Sophia
WATCHPOINT Technologies

Debugger

Multi-Core Software

Development Environment Arm® Core

Sohwa & Sophia Development Toolchain

) L 4
Technologies CriticalBlue Ltd.
Available from Toshiba

Toolchain for Creating Image A .
Recognition Dictionaries Application Software Development Toolchain

Learning Dataset Preparation Software Development Kit (SDK)
Toolkit & Dictionary Generation Tools ® o

* An SDK is also available from Sohwa & Sophia Technologies.

Image Recognition Algorithm Examples

| ——
Sample Dictionaries

*Microsoft and Windows are registered trademarks or trademarks of Microsoft Corporation in the U.S. and other countries.
*Red Hat and Enterprise Linux are registered trademarks of Red Hat, Inc. in the U.S. and other countries.
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Information and Entertainment Applications

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 Connection between
(products) and cars occupants and cars 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 capable of directly collecting and utilizing
such as mobile phone. various information.

~

Key products for realizing connected cars

5>
& @ 4

Ethernet AVB

Display Processor Display Processor
Connectivity IC
Voice Trigger
Car Audio Power-Amp
Ethernet AVB

HDD for Automative

Remote Keyless Entry IC

Remote Keyless Entry 1C
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Dual/Single-Picture Video Processors

I Dual/Single-Picture Video Processors

V¥ Roadmap

Function

Higher picture quality functions

LUl New picture adjustment functions
Line drawing / OSD
TC90197XBG
Embedded 16-Mbit DRAM
Dual-picture

Automotive Cameras & Rear View Monitors

Two LCD panels

Now

MP New picture
adjustment functions

LVDS I/F

TC90195AXBG
Combining two pictures and
dividing into two pictures

Up to HD + Panel

Two LCD panels

New picture
adjustment functions
LVDS I'F

TC90175XBG
Dividing into two pictures

Automotive Cameras & Rear View Monitors

WVGA panel

TC90193SBG
Single-screen

Panel

LI New picture adjustment functions
Line drawing / OSD

WQVGA to WVGA

Up to Full-HD

LUl New picture adjustment functions
Muteless input switch
TC90193ASBG
Single-screen

WQVGA to WVGA
Panel

LU New picture adjustment functions

TC90202XBG
T-CON

WQVGA to WWGA
Panel

Bridge IC
|8 New picture adjustment functions m LVDS to LVTTL ]
TC90205FG TC90207FG

T-CON
WVGA Panel

VGA to WVGA
Panel

Planning Combining two pictures and
dividing into two pictures
LVDS IIF

Up to Full-HD

Full-HD LCD Panel

NEXT High End

V Highlights

The TC90195AXBG incorporates a frame memory
to display two independent pictures. It can display
two asynchronous video signals simultaneously and
overlay graphics signals from a system-on-a-chip
(SoC) on video signals.

The TC90175XBG is a single-video processor
without a frame memory.

Both the TC90195AXBG and the TC90175XBG
incorporate a color decoder, support various
analog and digital video input formats, and allow
optimal picture adjustment according to the specific
LCD panel. The output stage has a T-Con, which
adapts to LCD panels from multiple manufacturers.

V TC90195AXBG

® Pin-compatible with the family product TC90175XBG

® Dual video output channels: LVDS (for WVGA to
WXGA+) and LVTTL (for QVGA to WVGA)

® Combining two pictures such as PIP and Overlay

® Dividing into two pictures

® Dual LCD display (WXGA dual LCD display using

2019

Frame memory for Rich picture
dual pictures processing = adjustment features

TC90195AXBG Block Diagram

Various screen modes

+ Combining two pictures
into one screen

- Dividing a picture into

two screens
Line
Panel M Draw | LvDS
LVDS.A ——» RxA - - - FontOSD g bit Dual
(Main) X or
Single 2 ch
Panel . - Tx.A —»
Input 1 Signal Output
LVDS.B  —  RxB ™ gelect ™ (sup) Processor  Select
: " Memory

8 bit Dual or Single 2 ch

- - TxB —»

Digital TTL —— DIF —» sl |ma e WVGA to
WXGA+
24 bit RGB/ DIF ME BF Up to 1920 x 720
8 bit ITU-R BT.601/656
ADC "
Composite Video —— {0 bit * peiSereion LVTTL Out —
1ch Color Decoder
1/2¢ch
1IC-Bus PLL1 PLL2 LCD Controller —=

Timing Controller for

Multi-color Decoder Multi-panel

Various Display Features

QVGA to
WVGA
Up to 800 x 480

Dividing an image into two screens
S Ly Y
20m 2 | . Z— Y}
- I & S

e i

=Ml Hospital
" (7 20m

LVDS.A and LVDS.B) Input picture (2080 x 720) Output picture 1 (1280 x 720) Output picture 2
(800 x 480)
V Lineup
. Color  |Dual pictures| Muteless [New Picture| LVDS |Supported| Operating Supply
Part Number Package Status aucton ADC | Decoder | Overlay |Input Switch] Adustment| Input | LCD Size | Temperature | Voltage (V)
TC90195AXBG Dual pictures 1 1 O @) (@] O |WXGA+
1.1t01.3
LFBGA 293pin 17 x 17 mm Single picture 3.0t0 3.6
TC90175XBG (It can divide into 1 1 - O O O Full-HD
two pictures)
TC90197XBG LBGA 256pin 17 x 17 mm Dual pictures 4 2 O - O - WVGA
14t01.6
TC90193SBG Single picture - 23t02.7
FBGA 228pin 15 x 15 mm MP (Rear-view 1 1 - O - | WVGA |-40to +85°C | 3.0t03.6
TC90193ASBG monitor) e}
. Picture quality
TC90202XBG FBGA 121pin 10 x 10 mm adjustment - - - - @] - WVGA 141016
. Picture quality 3.0t0 3.6
TC90205FG LQFP 80pin 12 x 12 mm adjustment - - - - O - WVGA
. LVDS-to-LVTTL 14t01.6
TC90207FG LQFP 64pin 10 x 10 mm bridge IC - - - - - O | wvGA 301038

In order to evaluate whether to use Toshiba's Video processor, Toshiba offers the board to evaluate the functionality of Video processor.
In addition, Idea system corporation (Partner company) plans to sell the reference board of TC90195AXBG and TC90175XBG in April 2019.

Please inquire of our sales department for details of the boards.
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Video Decoder ICs

I Video Decoder ICs

V Roadmap V Full, Multi-Standard Video Decoder IC: TC90106FG

The TC90106FG is a full, multi-standard video decoder, which
supports not only a CVBS input, but also D1 and D2 component inputs.
For picture-quality enhancement, the TC90106FG provides a
baseband tint function that allows tint adjustment for all video formats

Video Decoders with 3 ch ADCs for Component Signal

480p/576p

8-bit serial output mode
<SAV/EAV>

(D1: 27 MHz/D2: 54 MHz)

480p/576p . -, - .
a-bit sorial output mode up to D2 resolution. In addition to the ITUR-656 output interface, an
(D1: 27 MHz/D2: 54 MHz) e 8-bit serial (SAV/EAV insertion) output is selectable for a D2 video
TC90104AFG Buin_ﬁ-gi‘;‘o w input, with the clock rate converted from 27 MHz to 54 MHz.
Multi 3line comb ITU-R BT.656
C-DEC o
Dynamic-Y gamma LQFP64 ITU-R BT.656 8bit (27M) /
ITU-R BT.656 . . YCbCr 8bit (54M) serial 4:2:2
D1: 525i / 625i
LQFP64 D2: 525p / 625p
. CVBS—+ ADC
Video Decoders that Provide Enhanced Visibility for Automotive Cameras - Muti | LTLCTI NAVS| CéJRE A
2 ch Video decoder 1 ch Video decoder @ Y/C,» ADC 2DYCS  Color LVTTL © Panel
New edge enhancer TC90105FG TC90107FG Decoder (BT.656) Graphic - CTFKL->
©MPEG noise reduction Multi 3line comb Multi 3line comb Component __ aps Scaler
© Dynamic YC gamma C-DEC/ 2.5V Reg. C-DEC/2.5V Reg. (D1/D2) T-CON
correction ITU-R BT.656 ITU-R BT.656
Col t EoE ) AoR
* Color managemen  GrEe N MP TC90106FG LQFP64 D1:525i / 625i

D2:525p / 625p
2019

V 2-Channel Multi-Standard Video Decoders IC: TC90105FG V¥ New Picture Adjustment Functions and Effects

The TC90105FG contains is two channels of video decoders, featuring HVD enhancer: Provides diagonal edge enhancement in addition to
various picture adjustment functions, such as an HV & diagonal (HVD) the traditional edge enhancement in the horizontal and vertical
enhancer, color management and dynamic YC gamma correction. It directions. The HVD enhancer in the TC90105FG features the ability
allows image rendering, according to the videos from automotive to apply a greater amount of edge enhancement while minimizing an

cameras. artificial look.

Color management: Provides a capability to increase the saturation of

TC90105FG selected colors. Its objective is to improve visibility by making

A oMt . MUl Color  ColorMansgemen! = particular colors such as red more prominent. The TC90105FG allows
CAMERA2_[[PE| _10bit_| PN Calor__ Golor Management ___ § Signal A you to select three colors and program their saturation levels. Dynamic
il ———— I = |¢ YC gamma correction: Suppresses black and white collapsing to
TC90105FG té%}ggj LS improve visibility by optimally adjusting the gamma correction curve for
CAVERES_JIRRL. 10Dt IMURCOlom,  Color Management | IR TCON luma according to images. The TC90105FG maintains the balance

Format

between the luma and chroma levels by adjusting the chroma gain
based on the luma gamma correction.

CAMERA4_ 'LPF _ 10bit__ P/N Color Color Management
AGC ™ ADC ™ Decoder Dynamic-YCyetc ™

e o

/ Side Camera Dynamic-YC

gamma

>

Front Camera

Rear Camera

- . -
OFF Dynamic-YC
gamma
-_TE
L 2 ) - S "-“
“i o
OFF Color management
(Blue cyan enhancement) |
V Lineup
Comporent| . New | ITU-R | ITU-R 88:32' G Supply
Part Number Package Status | Function | ADC |Video Input Picture | BT.601 | BT.656
(D2 Signal) | °2¢0%€r(S) [agjustment| Output | Output (Dozusti‘g’;‘;n Temperature Voltage (V)
TC90104AFG | LQFP 64pin 10 x 10 mm Video 3 o 1 - o o o
decoder
f O
TC90106FG LQFP 64pin 10 x 10 mm d\é'cdoe;er 3 o 1 - - O | Embodded 141016
MP" | Video decoder SR —40t0.485°C 23t027
TC90105FG LQFP 80pin 12 x 12 mm with 25V 2 - 2 o o o - 3.0103.6
regulator . .
. Video decoder
TC90107FG LQFP 64pin 10 x 10 mm with 2.5V 1 - 1 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.

2. Solution of the interface issue of 1VI (In-Vehicle Infotainment)

1. Support of various high-speed serial transmission systems

systems
MIPI® DSIsM, CSI-2°M, LVDS, DisplayPort™ and HDMI® are The interface bridge IC solves the connectivity issue that prohibits
supported. the as-is connection among peripheral devices, such as between

the IVI SoC and display, due to interface difference.

V Necessity of Interface Bridge ICs

Conversion to the camera I/F Conversion to the display I/F LVDS
4 1\ 4
WXGA
DSl — D2L —_— panel
Camera |
(parallel) — CPLB — csl-2 DP
I
DSl — D2DP ——— Full-HD
AN J |\ panel
SoC
( h ( )
HDMI®
— HaC — csl-2 HDMI® — HaC
Serializer
(& J I
CSI-2 : MIPI Camera Serial Interface
DSI : MIPI Display Serial Interface De-serializer
I Rear seat
CPLB —_— monitor
\ J
V Lineup for Diversified Peripheral Devices and High-Speed Data Transmission
Connectivity
) H2C
ApRlbased / cst2 (TC9590) | vow |
InVehicle
Infotainment CPLB
Csl-2 (TC9591) RGB 0
A Display
D2L-LP
DSl Tosean) LVDS I
Full HD “Panel”
D2L-LP
bsi (TC9592) | vos | I'
HD Panel
DSI D2DP : A
(TC9595) Display I
Port
DP input
“Display(Monitor)”
V Lineup
Symbol Part Number Input Output Resolution Ta Package
. P-LFBGA64
H2C TC9590XBG HDMI 1.4a MIPI CSI-2 4 lane x 1ch - -40t0 85°C 7 mm x 7 mm 0.8 mm pitch
MIPI CSI-2 4 lane x 1ch Parallel output 24bit@ 100MHz _ .~| P-VFBGA8O
CPLB | TC9591XBG | ;e input 24bit@ 166Mhz MIPI CSI-2 4 lane x 1ch —4010105°C| 7 1 y 7 mm 0.65 mm pitch
TC9592XBG MIPIDSI 41 1ch LVDS Single Link (5pairs/link UXGA 1600x1200 24bit 40t0 85°C P-VFBGA49
DaLLP ane x 1c ingle Link (5pairs/link) X i -40to 5 mm x 5 mm 0.65 mm pitch
. " . B P-VFBGA64
TC9593XBG MIPI DSI 4 lane x 1ch LVDS Dual Link (5pairs/link) WUXGA 1920x1200 24bit —401t0 85°C 6 mm x 6 mm 0.65 mm pitch
MPI DSI 4 lane x 1ch . . .~ | P-VFBGA80
R2M Ly Parallel input 24bit@ 154Mhz DisplayPort 1.1a WUXGA 1920x1200 24bit —401085°C 7 mm x 7 mm 0.65 mm pitch

MIPI® is a registered trademark owned by MIPI Alliance. MIPI DSISM and MIPI CSI-25" are service marks of MIPI Alliance.

DisplayPort is trademark owned by the Video Electronics Standards Association (VESA®) in the United States and other countries.

The terms HDMI and HDMI High-Definition Multimedia Interface, and the HDMI Logo are trademarks or registered trademarks of HDMI Licensing Administrator, Inc. in the United States
and other countries.
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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 (IVl) 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.

SBESEARGEERE
Tl itIiriTY
B SaBe & @48
o ns a8 Ssuae

* e

-

=8 .

TELL
AEBEEBSEDE
PR LT T

H System Block Diagram M Interfacing Example
Application Processor SGMII/
! i [PrvAVS
Modem | _HSIC
PCle HSIC TDM/i2S (11) Tessex Eé*&i{c":‘
Telematics Unit

Ethernet AVB/TSN

TC956x Family
SGMIl/ SGMIl/ Head Unit

RGMII/ RGMII/
f n Ll 12S/TDM RMI/MII | PHY/AVB PHY/AVB | RMI/MII PCle licatic Center
SGMI/RGMIII ] TC956x Ethernet Ethernet TC956x Processor Display
u Switch Switch
Headphone ‘

Audio Amplifier

Ethernet Switch
SGMII/

RGMIl/
Speaker Joplcaton| POle amiumn | PHY/AVB
g TC956x Ethernet
Switch

Instrument Cluster

ra Display

o
5.
o

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

M Features B Demonstration Board

1. 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.

2. Provides an Ethernet PHY interface selectable from SGMII, RGMII, RMIl and Ml depending on
model.

3. 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.

4. 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.

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

Automotive I/F
Host (External Ethernet TSN ’ . ) : .
Part Number Package T i “E’;Eg}g f‘/\-\/SB (IEEEB02.1 Qbv, |MAC-PHY| can.FD Audio I/F: | Peripheral I/F: | CPU Core: Supply Voltage(V)
IEEE802.10ay] | 'EEE802.1 Qbu, | yF
AQav] | a0 3 bry
1.8/3.3 for IO
TC9560XBG PCle I/F v 1.8/2.5/3.3 for RGMII/RMII/MII,
Gen2.0 (5 GT/s), 1.8 for PCle, 1.1 for Core
Endpoint, 1.8/3.3 for 10
TC9560AXBG ** F;)'-gSBGA”O Single lane v 2ch 1.8/2.5/3.3 for RGMIV/RMIIMII,
(0.65) '73&’::' 1.8 for PCle, 1.1 for Core
HSIC IF MII 1.8/3.3 for IO
TC9560BXBG ** (480 Mbps) v 1.2 for HSIC 1.8/2.5/3.3 for
p * 12C/SPI RGMII/RMII/MII, 1.1 for Core
* Quad-SPI Arm®
12S/TDM « UART Cortex® |1.8/3.3 for IO
TC9562XBG** v «GPIO M3 |1.8/2.5/3.3 for RGMI/RMIIMII,
«INTC 1.8 for PCle, 1.1 for Core
PCle I/F 1.8/3.3 for 10
. PLFBGA120 | Gen2.0 (5 GT/s), 1.8/2.5/3.3 for RGMII/RMII/MI,
TCO562AXBG (0.65) Endpoint, 4 RGMII 1.8 for SGMII, 1.8 for PCle
Single lane /RMII 1.1 for Core
, s/(haﬂrl\;m 1.8/3.3 for IO
. 1.8/2.5/3.3 for RGMII/
TC9562BXBG 4 4 RMI/MIL, 1.8 for SGMII,
1.8 for PCle, 1.1 for Core

**: Under development
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In-Vehicle Audio Power Amplifier ICs

Toshiba’s in-vehicle audio power amplifier ICs fabricated using a 0.13-pym process with low
on-resistance and provided with various built-in circuits for in-vehicle protection provide high reliability.
Toshiba is expanding its portfolio of unique high-efficiency Class-TB linear amplifiers to fulfill the
market needs for low power consumption and environmental friendliness.

V Toshiba’s Unique High'Efﬁciency Class-TB Amplifiers (Tled BTL) Comparison of power dissipations by amp"ﬁer type

Power dissipation comparison
¢ vs Conventional Class-AB AMP >>> -80% reduction
¢ vs Digital Class-D AMP >>> Closer under Pout <4 W

- Power Consumption ( 0.8 W x 4 channel output)

A1/5
20

V¥ Low BOM Cost

e Unlike digital amplifiers (Class-D), these amplifiers do not require switching and thus

10 A1/2
do not require external LPF or anti-EMI parts, which halves BOM cost.

{ Same

Class AB Class SB/KB Class TB Class D

o

V Proposal of “speaker burning prevention system” with full-time
fault detector

» The amplifiers constantly (full-time) detect abnormal output DC offset regardless of

Internal IC Power Consumption (W)

pr_esence/absence of signal and_ gquipped with unique system that informs the NOAm'"'f—ig‘faf E;gﬂiggﬁ'&igﬁgyf E%%&c‘?f&?f%g Digital Amplifier:
microcontroller of any abnormalities. ABclass  Ampifier: KB class TB class D class
. . n . e ™ = 0+B
V¥ TCB701/702FNG High-Efficiency Linear Amplifier (Class-TB) OO0 gia Sig
W High-efficiency linear amplifier TAB Sthy Mute VOCs VGC3 VCC2 VEC T )
Toshiba’s unique high-efficiency linear amplifier: Class-TB (Tied BTL) 0224F IN1 PW-GND1 RL:L‘“’
Heat generation and temperature increase are suppressed. c1 @
N 2 OUT1 ()
H Improved RF noise immunity K ;ouw )
High RF noise immunity protects GSM and +B/Output, which reduces the 022, oL
number of external parts necessary for noise suppression. ci

. 7) AC-GND
3

’@)‘ OUT2 (-]
M Full-time DC offset detection OUTS )

= 5
A function is installed that performs constant (full-time) monitoring for 0224F IN3 Pw-GNDS (L o
abnormal output DC offset and informs the microcontroller if it detects any. ci e
(10) Pre-GND 3T ()

— Realizes the speaker burning prevention system L—O ouTa ()

\V4

\V4

W +B voltage detection 0224F

+B voltage detection circuit is provided. ci
The I12C bus allows the setting of 6 V to 8.5V (0.5 V steps).

> @
Proleclol | Mute I
AN 5

Ml 6-V cruising design
For vehicles with idling reduction systems, a pop sound eliminator is
provided to eliminate the sound that occurs when supply voltage fluctuates.

10 pF

V 4-Channel Audio Power Amplifier ICs (Recommended Products) [/]Full-time offset detection function (Toshiba patent)

Max Output 2 . git|  High- Half Speaker
Voltage 12C Offset Clip | Short-Circuit . ! g GSM 6-V i
Il | (PR ey 1\/5',3;3 1\/"‘323 Class| " Gajn Bus |Detection |Detection| Detection S?\:ggh %‘:{t P?elilgr;i%n 2-QLoad| g 0ot [Operation| Package | Availability
BiCD TB2952AHQ | 49W |45W | AB |26 dB/12dB v v v v v v v v HZIP25
013um\TB2975HQ |49W |45W | KB [26dB/16dB| v v v v v v v v HzIP25
TCB001HQ HzIP25
45W |40W | AB 26 dB MP
TCBOO1FNG v v 7 / Y| nsoras
cD TCB501HQ |49W |44W | AB 26 dB v v v v v v v HZIP25
0.13um|TCB502HQ |49W |44 W | AB 26 dB v v v v v v HZIP25
49W |44W | AB 26 dB v v v v v v v HZIP25 ES:OK
49W |45W | TB |26 dB/16 dB v v v v v v v v HSOP36 MP
45W [40W | TB |26dB/16dB| v v v v v v v HSoOP3s | 2019/1Q
*: New product
V 1-Channel Audio Power Amplifier ICs (Recommended Products)
Speaker Output
Process Part Number MaxiOutput Class Voltage Gain Thermal Open-Circuit |Short-Circuit Overvol?age Applications Package | Availability
Voc=16V | Vec =12V Detection | “petection | Detection | Detection
BiCDO0.13um | TB2909FNG 5W 3W AB | 26 dB (variable) v/ v v v AVAS, etc. TSSOP16| MP
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Speech Middleware (Voice Trigger)

Toshiba offers a technology that constantly monitors for spoken trigger words (approx. 10 words) and returns a result.

1. High-speed response 2. High detection rate 3. Small resource requirement

A response to a trigger word is given in
approx. 0.1 sec. The system responds
before voice input ends.

Deep learning technology secures high Since required CPU power/memory is
detection rate even in noisy environment. small, it can be used for embedding.

Voice-triggered, switchless operation

Microphone
16KHz mono

Voice trigger middleware

Specifications
CPU 75MIPS
ROM 200KB
RAM 230KBMNete?)
Detection rate 97.5% at SNR 0dBMote!)
* Windows®
Compatible platform * Linux®. )
¢ Android™/iOS®
* Non OS

(Note 1) Values measured by Toshiba. Values are subject to change according to measurement conditions.

Sources

* Dictionary data

* Voice trigger library
* Header file

* Sample program

* Manual

* Windows is a registered trademark or trademark of Microsoft Corporation in the U.S. and other countries.

 Linux® is a registered trademark or trademark of Linus Torvalds in the U.S. and other countries.

* Android is a registered trademark of Google LLC.

*i0S is an OS name of Apple Inc.

* Other proper names such as product names mentioned herein are trademarks or registered trademarks of
respective companies or organizations.
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Target Applications of Automotive 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 engine remotely. Generally, on the push of a button on a
key fob, an RF signal is transmitted to a receiver in the vehicle body,
which decodes the signal and sends the decoded information to an
in-vehicle system.

Block Product name Page
RF-IC TC32306FTG P.45
8 bit MCU TMP89FM82TUDG -
32 bit MCU TMPM358FDTFG P20
TB9005FNG
System power supply 133332& P17
TB9044AFNG

I Tire Pressure Monitoring System (TPMS)

H Block Diagram of a Remote Keyles

s Entry System

CAN
In-Vehicle Receiver Tuner RKE BCM
Battery Cell Data
Engine
X’ tal SAW _ RFIC __ | | Starter
Filter Tcszsoe 32-Bit CAN
8 bll RF-| IC MCU  Transceiver
mMcu TC32306 | (CAN MCU) e
X tal 8 blt o
System MCU /
L Y power supply Control SR
LED (RX) Lock/
Unlock
Y LF IC -~
A
YA Door Knob
O 1 Sensor
‘ Body Control Module (BCM) for TPMS

_ o
Module Transceiver

A tire pressure monitoring system (TPMS) is an electronic system
designed to monitor the air pressure in vehicle tires. TPMS consists of
sensor modules (transmitters) in the wheels and receivers in the
vehicle body. TPMS is now legally required in North America, Europe,
and Korea. The Chinese and Japanese governments are also
deliberating on legislation that mandates the installation of TPMS on
all vehicles.

Block Product name Page
RF-IC (in-vehicle) TC32306FTG P.45
8 bit MCU TMP89FM82TUDG -
32 bit MCU TMPM358FDTFG P20
TB9Y005FNG
System power supply 13332;!51’!(2 P17
TB9044AFNG

H Block Diagram of a Tire Pressure Monitoring System

Tire Pressure
Alarm Lamp

Indicators

Antenna
N

Receiver Tuner
RF/ECU
|_ Antenna

CAN

SAW _ RF-IC e | L am
- RF-I Filter TC32306 S
mev ° 1 MCU  Transceiver
Xtal (CAN McU)
8 bit
Temperature Pressure System mMcu
Sensor | Sensor (HX) power supply
—o
Indicator
Alarm Lamp
ﬁtﬁ
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RF Devices for Automotive

V Transceiver IC (TC32306FTG)

e Operating voltage range: 2.0 to 5.5 V
e Current consumption: At Vdd = 3.0 V (FSK modulation)

RX: 9.7 mA ST

TX: 12 mA (at +10 dBm output)

Battery-save mode: 0 pA (Typ.)
* TX output: 0 dBm, +5 dBm, +8 dBm, +10 dBm

(Fine-tunable in increments of approx. 0.5 dB.) 1.8 GHz
 High receiver sensitivity (12 dB SINAD) -117 dBm@IFBW = 270 kHz
[FSK, Data Rate = 600 Hz, fdev = +40 kHz]
© Multiband (315/434/868/915 MHz)
e Data rate (TX/RX) = 300 Hz to 10 kHz, on-chip digital bit rate filter AN 0 S ok Package QPN
© Multi-channel (Fractional-N PLL, 5-kHz frequency step width) e 7—_,‘:'; 50V SPI Interface (0.5-mm pitch)
© 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
e Signal detection: Preamble detection/noise detection (only for FSK)/RSSI
detection
e Fast response (on-chip digital high-speed comparator)
e Serial control: Read/Write mode, 4-wire serial interface (SPI)
Control is also available after storing communication setting
data in EEPROM.

IF Filter

Data

.Bit R:
m | Comparator

Timer | | Control Preamble
Unit Unit Auto Detector

Digital Circuit

12
1 1/4

o< o
315/434/868 313

/915 MHz

ASK (OOK)

[1.5VREG][3VREG] [ Serial Control |

V Transceiver IC (TC32306FTG) Demo Board . . e
Demo of multiple (TX)-single (RX) communication
This remote controller demonstrates functions

such as sending, receiving and answerback.
Operation can be determined by confirming on
the OLED installed.
The register of this IC embedded on this board
can be set. Considering possible applications,
a photo sensor, temperature sensor and L
- - Answerback communication
acceleration sensor are installed.
g : * Answerback of sensor information
(photo sensor, temperature sensor,
RSSI level)

* Constant monitoring of acceleration
sensor

One Time Scan reception

* On timer, Auto Off function
Display of RFIC ON time during
operation

* Reception of multiple channels

* Intermittent reception

« Display of signal detection results
(RSSI, NDET, Preamble)

l RF IC Series for ETC2.0/DSRC

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

TC32163FG » Operating voltage: 1.8 t0 3.6 V

* Operating voltage: 2.7 to 3.6 V * Operating frequency: 5.8 GHz band

* Operating frequency: 5.8 GHz band e Operating temperature: —40 to +85°C

* Operating temperature: —40 to +85°C e Data rate: ASK 256/512 kbps

e Wake-up function (4.5 A typ.)

* FMO modem (addition of CRC

checksum words, postambles

Vv 5.8 GHz Autc_)r_notive TC32168FG evaluation board and preambles)
Power Amplifier « Small package:
TC32166FNG VQFN32 (5 x 5 mm, 0.5 mm pitch)

* Operating voltage: 3.0 to 3.6 V
¢ Operating frequency: 5.8 GHz band
* Operating temperature: —40 to +85°C

TC32166FNG evaluation board
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Automotive Hard Disk Drives

I Automotive Hard Disk Drives

Automated-driving cars require large-capacity storage in addition to the current storage for navigation maps, music and other personal
data. Toshiba offers hard disk drives (HDDs) designed for automotive applications.

wireless Communication information

1. H

Network
Q | Power train
Chassis
Body
ADAS
V Features
Automotive HDDs are designed to withstand harsh environments
because they are exposed to shock and vibration when automobiles .
run on bumpy and rough roads. Toshiba’s automotive HDDs provide S Cofectiho
i . . . i A ) effects on the head position

high vibration resistance through the use of lightweight moving parts, head position in real time

a high-strength casing, and a control technology. This control
technology estimates the degree of impact on the read/write head
position from the acceleration applied to the HDD and automatically
adjusts the head position in real time. Toshiba’s automotive HDDs are
also designed to operate over a temperature range of —30°C to
+85°C, which is wider than the operating temperature range of typical

Monitor vibration
leration

HDDs.
V Lineup
Capacity Part Number Rotat(i:);ms)peed Interface Interface Speed Operating(Tg)rnperature
320 GB MQO1AAD032C
200 GB MQO1AADO20C 4,200 Serial ATA 2.6/ATA8 3.0 Gbit/s, 1.5 Gbit/s —30to +85
100 GB MQO1AADO10C

- Definition of capacity: Toshiba defines a megabyte (MB) as 1,000,000 bytes, a gigabyte (GB) as 1,000,000,000 bytes and a terabyte (TB) as 1,000,000,000,000 bytes. A computer operating system, however,
reports storage capacity using powers of 2 for the definition of 1GB = 2% = 1,073,741,824 bytes and therefore shows less storage capacity. Available storage capacity (including examples of various media files) will
vary based on file size, formatting, settings, software and operating system, such as Microsoft Operating System and/or pre-installed software applications, or media content. Actual formatted capacity may vary.
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Webpages

(D Webpages on Automotive Devices

Toshiba Electronic Devices & Storage Corporation

TOSHIBA Asia-English

\| My Page - Site Mop & Engilish (Asia-Pociic) B

d m D Contact us

Sample ! Purchise Corporati Infonmatien

Parl Number Seanch

Desbgn | Support

®

1. Go to the Toshiba website at https://toshiba.semicon-storage.com/ap-en/top.html.

m®mm

Btorags Prod HDD
o, ) Image Recognition Procassars System Power Supply for Automothve @
MOSFETs
Automative Video Processorns RF Devices for Automotive
Bipolar Tranalstors
Power Amplifier ICa RF ICs for Vehicle Communication
IGBTs / IEGT Servica
Diodes Microcontroliers for Automotive

Optical Ssmiconductor Devices

Analeg Devicas

Maotor Drivers for Aubomotive

Autamotive MOSFETs IT20

Automotive IPDs

Linear ICs

Storage Solutions for Automotive
Logic ics I Information & Entertalnment Systems
Bandars | ipassea |
Microcomputer Automotive Interface Bridge 1Cs =l
Cu r Auinmatve Peripharal Bridge ICs

Winsless Communications Equipmant ICs

Automotive Devices
ABSPa

Radio-Fraquency Davices

2. Place the cursor over the Products tab.
3. A drop-down menu appears. Move the cursor to “Automotive Devices”.
4. An underlying submenu appears to the right. Click on the desired item.

* Autoimolive Elbormed Bricge i0s

Automotive Devices in Small Packages

Automotive Photocouplers |
Fhotonelays

(D Webpages on Automotive Applications

Toshiba Electronic Devices & Storage Corporation

TOSHIBA

Hsia-Engﬁsh My Paga -3 Site Map & Engleeh (Asia-Paciic) B

o w@)m O upper Sl PurcmaGon

@ Automotive
Safely Envirsnmeant @
b Aabvancid Driver Aesistancs Syslams b HEV | EV Byslem
Office and Personal (ADAS) * Auinmotive Drive System (inverter)
" Parking Assisl Sysiems » DO
Consumer ¥ Btk Comirol {ABS | ESC) ; :ﬂ: ﬂ:ﬂﬁ:m i
Power Management * Elecins Control Sisponsaon + Direct ingocsion
* Tirs Presaure hlonRoring System b "
Motor Control ) ng Syst TransTéssion Contral
Aloaga * Start-Siop Systems
Wireless Gommunications. ¥ Pro-Criesh Setbolt * Pump Control
¢ Functional Safety Technohgies v Electronic Power Steedng Systam
¥ Conling Fan
Information b Humaling. Veniation and Adr-Condilioning
v Center information Dispi A
i = e~y ¥ Eleciric pasting beake (EPB), power
' Hands-fres siding doors, precrazh seal balt
» Remols Koy Endry (RKE) IBNSIONETE
* Powar Shida Door
b HID Light Syshiam
¥ LED Hed Lamp
* Jymetion Box

1. Go to the Toshiba website at https://toshiba.semicon-storage.com/ap-en/top.html.

2. Place the cursor over the Applications tab.
3. A drop-down menu appears. Move the cursor to “Automotive”.
4. An underlying submenu appears to the right. Click on the desired item.
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RESTRICTIONS ON PRODUCT USE

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

>

>

In
>

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.

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.

TOSHIBA

Toshiba Electronic Devices & Storage Corporation

Website: https://toshiba.semicon-storage.com/ 2019-5
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