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Semiconductor Devices
for LED Lighting Applications

LED lamps are rapidly replacing fluorescent and other conventional lamps. This is being spurred by
increasing demand for environmentally friendly lighting. Toshiba offers a wide variety of
semiconductor devices for LED lighting applications, ranging from LED light sources to LED
drivers, as well as total system solutions.

Moreover, Toshiba provides suggestions for improving LED lighting system designs. Design
considerations encompass energy saving, feature enhancements such as dimming control and
color matching, form factor reduction and system design simplification.

“a Toshiba Semiconductor Devices for LED Lighting Applications
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Toshiba offers newly designed Power-MOSFETs Toshiba's white LEDs are fabricated using the latest GaN-on-Si process
with a Voss ranging from 250 V to 600 V in that epitaxially grows a gallium nitride (GaN) layer on top of large silicon (Si)
small surface-mount and through-hole wafers with a diameter of 8 inches (200 mm). These white LEDs are available
packages. These Power-MOSFETs are ideal in a wide range of packages suitable for various lighting applications.
for LED dimming control. Toshiba provides
the DTMOS |V Series with the Super-Junction (000) -
structure that is ideal for use in PFC circuits, LA
etc. White LEDs
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Toshiba offers LED drivers for both
isolated and non-isolated applications.
PFC control ICs help reduce possible power factor degradation The LED driver provides stable current
caused by harmonic current and prevent introduction of electrical and high efficiency to LEDs in conjunction
noise onto the AC mains. with external parts.
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I White LEDS

Toshiba's white LEDs LETERAS™ are fabricated using a state-of-the-art 8-inch silicon wafer process
technology. Toshiba is expanding its LETERAS portfolio to meet diverse customer needs.

I Application Examples (Light Sources)

LETERAS™

Migrating from Sapphire LEDs to Silicon GaN-on-Si,
a Source of Light for the World

Commercial
Facilities

Floodlights fo 4
) e LEDRoad Lights - ————=—
High-Ceiling Spaces 9 Offices ED Downlights

LED Base Lights

= GaN-on-Si Process Technology Ideal for Lighting Applications

LETERAS™ leverages Toshiba’'s core technologies in

New technologies aimed at the lighting market the fields of silicon process, assembly and simulation.
Our GaN-on-Si technology will help accelerate the

replacement of conventional lighting systems with LED

GaN-on-Si technology Silicon (Si) wafers lights
Mass production using large-diameter Replacement of sapphire wafers with ’
(200-mm) wafers silicon wafers
I Wafer Size Comparisons I Packaging
8inch Wafer 1w | 0.6 W | 02w
Silicon
6inch Wafer The firs Applications -_— E
Saponire | RS, \ﬁ V<=
using
) Some supplirsstart | 200mm wafer!
2~§:;;'¥;Irifer nTagssgegdlzrcstiZn e » Under development » Under development
&SiC silicon T .?,. w
Ci %, Q . ’ »
urrent Under development " o iy .
Majories by somesuppirs 6.4x5.0mm 35x3.5mm 30x3.0mm 3.0x1.4mm
2 Product Lineup
Power Output Recommended Series Package Size Status Key Applications
. . Streetlights, outdoor security lights,
TL1F1-xx Series 6.4 x 5.0 mm e downlights, etc.
1TW
. Road lights, outdoor security lights,
TL1L1-xx Series 3.5 x 3.5 mm » Under development LED bulbs, etc.
0.6 W TL3GA-xx Series 3.0 x 3.0 mm » Under development LED bulbs, ceiling lights, etc.
. Straight-tube LED lamps,
0.2W TL2FK-xx Series 3.0 x 1.4 mm » Under development base lights, etc.

For details of these products, contact your local Toshiba sales representative.



Toshiba offers newly designed Power-MOSFETs with a Voss ranging from 250 V to 600 V in small
surface-mount and through-hole packages. These Power-MOSFETSs are ideal for LED dimming control.
Toshiba provides the DTMOS |V Series with the Super-Junction structure that is ideal for use in PFC

circuits, etc.

[ LED Light Circuit Examples
“Non-isolated circuit example Kl |
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MOS1 for PFC: DT-MOS of TK7 P60W or TK8 P60W
MOS2: =-MOSVII of TK4P60DA

Driver IC: TB62D901FNG

PFC IC: TB6819AFG

LED: TL1F1-xxx Series
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MOS2 for AC100V: n-MOSVII of TK8P25DA
AC100~200V: i-MOSVII of TK5P53D

Driver IC: TB62D901FNG

LED: TL1F1-xxx Series

IC

IR
_ | MOS2 .
Ic %
DPAK / New Power Mold

MOS2: n-MOSVII of TK5P65D

Driver IC: TB62D902FG

LED: TL1F1-xxx Series " '

TO-220SIS
1 Product Lineup
Part Number (S)D Sn(;);)x (k) V(\D;;S Package Design Part Number (g;’ s}ﬁamx (IAD) V({),S)S Package Design
TK8P25DA 0.5 7.5 TK5P60W 0.9 5.4
250 DPAK
TK13P25D 0.25 13 TK6P60W 0.82 6.2
TK2P60D 4.3 2 New Power Mold TK7P60W 0.6 7 DPAK
TK4P60DA 2.2 3.5 TK8P60OW 0.5 8
TK4P60DB 2.0 3.7 600 DPAK TK10P60W 0.43 9.7
TK4P60D 1.7 4 -MOS TK12P60W 0.34 |11.5 500 DT-MOS
TK10A60D | 0.75 | 10 vii TK7AG0W 06 | 7 7
TK12A60D 0.55 12 TK8AGOW 0.5 8
TK2A65D 3.26 2 TK10A60W 0.38 9.7
TO-220SIS TO-220SIS

TK5A65D 1.43 5 650 TK12A60W 0.3 11.5
TK7A65D 0.98 7 TK16A60W 0.19 |15.8
TK12A65D 0.54 12 TK20A60W 0.155 | 20




71 MOSFET Compatible with TC62D902FG: TK5A65D Waveform Example
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I Diodes

Toshiba has added Power Schottky Barrier Diode (SBDs) fabricated with a
new process to the small- to medium-power lineup. The new SBDs provide
low Vem and low Irrm due to a new process. These SBDs are ideal for use as

B
L}

t: 2ms/div

t: 4ps/div

Vos: 100 V/div, Ves: 50 V/div, Ib: 1 A/div

a FWD and for the protection of the sensor circuit in a control IC.

+%¢

US-FLAT™  S-FLAT™ usc
¥ Product Lineup
El Rectifier EJ Zener Diodes
Forward | Repetitive peak Power
Feature - OWE | Zener Voltage
Part Number Low Vew, low I current (AV)| reverse voltage | Package Part Number Feature dissipation Vz (Min/Max) Package
[Fav) Vrrm P
1.1V (max) 1A Extensive lineup
CRGO4 /10 yA (max) |@ra=e6c| 600V | S-FLAT™ oRYe2 - 6.2V 1o 47 V —
___________________ (2products) | 700 | | s-FLAT™
o R Vz=18.0 V (typ.) 162V ~19.8V
3 Schottky Barrier Diodes
Average Reverse . - .
Part Number Lo:/e\?:ulr:w | |rectifed curent|  voltage Package I3 High-Efficiency Diodes
lo Vr Reverse Average | Repetitive peak
0.47 V (max) Part Number | recovery time |forward current| reverse voltage | Package
CUS551V30| /51 mA (max) 0.5A 30V UsC T T Verm
Forward | Repetitive peak 1A
Feature CMHO05 9
@Te=131C
Part Number Low Vew, low lrem curﬁ(r:\'fn(AV) revers\?R\;altage Package SO i) - 400V M-FLAT™
CMHO02
0.39 V (max) 1A ~ @Te=87C
CUS10I30A /0.06 mA (max)| @Ta = 44C 30V US-FLAT™
0.49 V (max) 1A . i .
0.58 V (max) 0.7A ~ M Reverse Average
CUS04 /0.1 mA (max) |@Ta=27C 60V US-FLATT Part Number | recovery time |forward current Revers\e/;/oltage Package
Ter IO
1SS403 10 ns (typ.) 0.1A 200V usc
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| LED DPrivers

=. TB62 D901 FNG Non-isolated AC/DC step-down converter

I Features %1 System Circuit Diagram

The current limiter eliminates

® Suitable for various kinds of applications -
the need for capacitors.

(1) Can be used for various applications with constant-current control
Supports Frequency self-adjustment systems, critical-conduction-mode (CRM)

systems, and constant off-time systems
(2) Stable LED current

Frequency self-adjustment systems eliminates the need to change the constants of

external parts according to the number of LEDs and the input voltage.

©® Reduces the external part count

FUSE

0 —e—>t

TB6819
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Constant off-time systems TB62D901FNG
VREG VSEN
® Supports various dimming control methods f [
PWM dimming, linear dimming —‘( EN voco—+— The operating voltage
: PWMD across the LED string
© Protection features PWM signal . i b eedbaRiislc
Thermal shutdown, overcurrent detection, overvoltage detection, RC by transformer.
| lock ISEN inal i
undervoltage lockout, ISEN terminal open detection Supports both PWM Ms onTE I.':'
® The IC standby function reduces current consumption when LEDs are off. andlineardimming 2 | | e
Setting the EN signal Low disables IC operation. | 3
Standby current consumption: 0.8 mA (max) AR R SR G ¢ *
I External s L\ o
Appearance Stable LED current R e LD
Frequency self-adjustment system
) A AN AL NG A\ A\ \ LED
SSOP16-P-225-0.65B A frequency self-adjustment system NNV VIV VYV v current
delivers stable LED current, regardless
of the number of driven LEDs. - HE SRR
L I

"= TC62D902FG

[ Features

©® Isolated flyback LED controller

An automatic frequency control system provides a low switching swing
whose peak is close to the average LED current.
(LEDs with low rated values can be used.)

Offline isolated flyback LED controller

%1 System Circuit Diagram

3

7y
[
® Triac dimmable . J’—g 1 34 3
= LED
® Built-in PFC function ¥ 1
1 converter PFC DngR 1 VWPt =
+ =5 F_ 'zl' 2 Photocoupler-less
® Photocoupler-less d A 2l j
Requires fewer external components and provides improved current accuracy Q) s 1" N\ . @__ 8@, printwly
- LA ide control
@ Valley switch e s =
LED Current +5% (typ.)
Improves efficiency and reduces EMI noise
©® Protection features i
Undervoltage lockout overcurrent detection, VIN overvoltage detection,
sense resistor short detection at startup, sense wiring open detection, Valley switch
overtemperature detection, output LED open/short detection riscimmatic Average current  Peak current u
® Small package
SOP8-P-225-1.27
R on at a valley
Switching current VDS of Power MOSFET

[ External
Appearance

SOP8-P-225-1.27




“u TB6818FG

Designed for large-screen LCD/PDP and
general power supply board applications

Allows fast start-up while protecting the FET

[ Features

©® Operating Voltage Range 8.4 V (min) ~ 26 V (max)

©® Starting voltage 10.0V (typ.)

® Mutes output pulse at startup

® Reduces the humming noise emitted by the PFC transformer

® Maximum drive current 1.0 A (typ.)

® Current consumption in standby mode 250 uA (typ.)

* Recommended for a power supply of over 200 W

[ System Circuit Diagram
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PFC control for Continuous-Conduction Mode (CCM)

61 5v () EX-Veo

* The TB6818FG has a soft-start circuit synchronous to the rectified voltage. This offers the combination of FET protection and fast start-up
¢ Helps reduce the humming noise emitted by the PFC transformer

©® Remembers operation status in the event of a power interrupt

® Various protection circuits

DC input overvoltage protection (OVP-1),
PFC output overvoltage protection (OVP-2), undervoltage lockout (UVLO),
feedback loop open detection (FOD), thermal shutdown (TSD)

©® Package

SOP16 (1.0-mm lead pitch)

Ll
! 3 =i . PFC OUT
1 »I o
=k
= = =
C
= o 1 =
9 =
I :»%
< <
> L
L
— =
he
=
‘ ‘ 3 T
m
=
—1 =
16, 15 14, ® 12 11 5
DPP& VSENSE S-GND ISENSE ISENSE OCL
SOFT N N~ OUT .
START Qo1 =
Fo1 FREQ. FREQ.
DELAY STB SET(R) SET(C) VFB FBIN V
1 2 3 4 5 6
ACIN k
o
GND

i

basd 0 f]Ex-Vo
b
5V

The detectable AC power interrupt period is freely programmable via the capacitor connected to pin 1.

=. TB6819AF@G PFC control for Critical-Conduction Mode (CRM)

Designed for small- to medium-screen LCD,
general and lighting power supply board applications

‘ * Recommended for a power supply of less than 200 W

[ System Circuit Diagram
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I Features

® Maximum rated supply voltage 25V

©® Operating voltage range 10 V (min) to 25 V (max) i e i :.L
©® Operating current 4 mA (typ.)

©® Industry-standard pin assignment

©® Output voltage control under light-load conditions

® Various protection circuits

® DC Input overvoltage protection Limited to 25 V

©® PFC Output overvoltage protection (OVP-2)

©® Undervoltage lockout (UVLO)

©® Feedback-loop open detection (FOD)

©® Thermal shutdown (TSD)

® Brownout protection (BOP)

The TB6819AFG can be put in standby mode by lowering
the voltage at the MULT pin to save system standby power.

©® Package SOP8 (1.27-mm lead pitch)
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When the AC input voltage is lower than a threshold, the TB6819AFG enters standby mode,

reducing standby power consumption.



SUBSIDIARIES AND AFFILIATES

(As of July 8, 2013)

Toshiba America

Electronic Components, Inc.
Irvine, Headquarters

Tel: (949)462-7700 Fax: (949)462-2200
Buffalo Grove (Chicago)

Tel: (847)484-2400 Fax: (847)541-7287
Duluth/Atlanta

Tel: (770)931-3363 Fax: (770)931-7602
El Paso

Tel: (915)533-4242

Marlborough

Tel: (508)481-0034 Fax: (508)481-8828
Parsippany

Tel: (973)541-4715 Fax: (973)541-4716
San Jose

Tel: (408)526-2400 Fax: (408)526-2410

Wixom (Detroit)
Tel: (248)347-2607 Fax: (248)347-2602

Toshiba Electronics do Brasil Ltda.

Tel: (011)2936-6681 Fax: (011)2936-6675
Toshiba India Private Ltd.

Toshiba Electronics Europe GmbH
Dusseldorf Head Office

Tel: (0211)5296-0 Fax: (0211)5296-400
France Branch

Tel: (1)47282181

Italy Branch

Tel: (039)68701 Fax: (039)6870205
Munich Office

Tel: (089)20302030 Fax: (089)203020310
Spain Branch

Tel: (91)660-6798 Fax: (91)660-6799
Sweden Branch

Tel: (08)704-0900 Fax: (08)80-8459

U.K. Branch

Tel: (1932)841600

Toshiba Vietham Consumer Products Co.,Ltd.

Tel: (043)776-5950 Fax: (043)776-5956

Toshiba Electronics Asia (Singapore) Pte. Ltd.

Tel: (6278)5252 Fax: (6271)5155

Toshiba Electronics Service (Thailand) Co., Ltd.

Tel: (02)835-3491 Fax: (02)835-3490

Toshiba Electronics (Shanghai) Co., Ltd.

Shanghai Head Office

Tel: (021)6139-3888 Fax: (021)6190-8288
Beijing Branch

Tel: (010)6590-8796 Fax: (010)6590-8791
Chengdu Branch

Tel: (028)8675-1773 Fax: (028)8675-1065
Hangzhou Office

Tel: (0571)8717-5004 Fax: (0571)8717-5013
Nanjing Office

Tel: (025)8689-0070 Fax: (025)8689-0125
Qingdao Branch

Tel: (532)8579-3328 Fax: (532)8579-3329
Shenzhen Branch

Tel: (0755)2399-6897 Fax: (0755)2399-5573
Dalian Branch

Tel: (0411)8368-6882 Fax: (0411)8369-0822
Xiamen Branch

Tel: (0592)226-1398 Fax: (0592)226-1399

Dongguan Branch
Tel: (0769)8155-6858 Fax: (0769)8155-6368

SCEO0O037A

« New Delhi Office
Tel: (0124)499-6600 Fax: (0124)499-6611

« Bangalore Office
Tel: (080)251-90800 Fax: (080)490-91945

Toshiba Electronics Trading (Malaysia)Sdn. Bhd.
+ Kuala Lumpur Head Office
Tel: (03)5631-6311 Fax: (03)5631-6307

+ Penang Office
Tel: (04)226-8523 Fax: (04)226-8515

Toshiba Electronics Asia, Ltd.
Tel: 2375-6111 Fax: 2375-0969

Toshiba Electronics Korea Corporation
Tel: (02)3484-4334 Fax: (02)3484-4302

Toshiba Electronics Taiwan Corporation
Tel: (02)2508-9988 Fax: (02)2508-9999

RESTRICTIONS ON PRODUCT USE

» Toshiba Corporation, and its subsidiaries and affiliates (collectively “TOSHIBA”), reserve the right to make changes to the information in this document, and related hardware,
software and systems (collectively “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.

suolnnjos bunybr g3l

» 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, 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, devices related to electric power, and equipment used in finance-related
fields. IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your TOSHIBA sales representative.

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

v

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

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

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

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

» 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.

©2013 TOSHIBA CORPORATION

TOSHIBA

TOSHIBA CORPORATION
Semiconductor & Storage Products Company

Website: http://www.semicon.toshiba.co.jp/eng
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