TOSHIBA

TCAG2724FMG

TOSHIBA CMOS Integrated Circuits ~ Silicon Monolithic

TCAG2724FMG

3-Channel Constant-Current LED Driver

The TCA62724FM is an optimal constant-current LED driver
for RGB pixel LEDs.

The device supports 16 dimming states for each color in the
RGB pixel LED setup, resulting in 4096 colors for carrying out
illumination by internal PWM.

The Max forward current of the LED is set up using the
external resistor.

This IC is especially for driving back light white LEDs in LCD
of PDA, Cellular Phone, or Handy Terminal Equipment.

The suffix (G) appended to the part number represents a
Lead(Pb)-Free product.

SON10-P-0303-0.50

Weight: 0.018 g (typ.)

Features

e Power supply voltage range : VIN=28to 55V

e Constant current range : 5t0 150 mA

e Low consumption current
Supply current at operation (lout = 20mA/DC) ;700 pA(Max)
Supply current at standby 1 pA(Max)

e For anode common LED

e I%Cinterface

e Package : SON10-P-0303-0.50

Height : 0.8 mm (Typ.)
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TOSHIBA

TCAG2724FMG

Pin Assignment (top view)

SCL | 3 8 | OUT1
RESET | 4 7| out2
GND 6 | REXT
Terminal Description
Pin Pin .
NoO. Name Function
IC input terminal enable.
1 SHDN When the data is “L”, power-saving mode applies;
when the data is “H”, the IC operates.
Please do not open this terminal.
SDA Serial data input / output terminal.
SCL Serial clock input terminal.
Low active reset input terminal.
———— |When the data is “L”, Data is reset applies;
4 RESET Cwtw
when the data is “H”, the IC operates.
Please do not open this terminal.
5 GND GND terminal.
This is an output current setting resistor connect terminal.
6 REXT  [The output current does not flow when this terminal is opened.
Excessive output current will destroy the IC if this terminal is connected to GND.
ouT2
OouT1 Output terminal.
ouTo
10 Vin 2.8V to 5.5V supply voltage terminal.
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TCAG2724FMG

Block Diagram

Interface
LOGIC
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Example Applications : Cellular Phone

Application as Camera Light

(Primary-color red, green and blue LEDs combine to emit good-quality white light for color reproducibility.)

é

SCL Bus Line
_ SDA BHS_Liﬂe
PSDA

Microcontroller TCA62724FMG
(J SHDN Vin
SDA () sDA ouTo
—O SCL —C SCL OuUT 1
> (JRESET  oUT2
;7[@ GND REXT

VIN

28t055V

VOUT

Camera light

150 mA 150 mA

BLUE]

REXT = 3.7 kQ
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TOSHIBA TCAB2724FMG

I/O Equivalent Pin Circuits

VIN
1. SHDN Terminal 2. SDA Terminal J
VIN
VIN J V|N
SHDN ;> SDA | |—
) i;w
3. SCL Terminal 4. RESET Terminal
VIN VIN

Vin J Vin J
scL ;> RESET
) !

5. Vin,GND Terminal

Vin b—
T
GND [5}—e——
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TOSHIBA TCAB2724FMG

I°C Interface

*DATA transfer format
Slave address Sub-address DATA byte
S 7 bits RIW A 8 bits A 8 bits AP
*START condition (S), STOP condition (P)
START condition . AHIGH to LOW transition on the SDA line while SCL is HIGH.
STOP condition : ALOW to HIGH transition on the SDA line while SCL is HIGH.
SDA
SCL S =)
START condition STOP condition

*DATA validity

The data on the SDA line must be stable during the HIGH period of the clock.
The HIGH or LOW state of the data line can only change when the clock signal on the SCL line is LOW.

SDA ><

SCL

SDA line stable T

SDA line change allowed

*Acknowledge (A)

The receiver is obliged to generate an Acknowledge after each byte has been received.

SDA from o
Transmitter I

SDA from AW
Receiver

Master S ---

ACK clock
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TOSHIBA TCAB2724FMG
*Slave address
TCAB2724FMG
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
1 0 1 0 1 0 1 R/W

*Sub-address

R/W: When this bit is set to “H”, READ mode applies; when it is set to “L”, WRITE mode applies.

PWMO (PWM Duty Data Setup of OUTO)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Al 0 0 0 0 0 0 1
PWM1 (PWM Duty Data Setup of OUT1)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Al 0 0 0 0 0 1 0
PWM2 (PWM Duty Data Setup of OUT2)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Al 0 0 0 0 0 1 1
ENABLE / SHDN (Data Setup of ENABLE / SHDN)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Al 0 0 0 0 1 0 0

Al: When this bit is set to “H”, auto-increment is OFF; when it is set to “L”, auto-increment is ON.
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TOSHIBA TCAB2724FMG

*DATA byte

PWMO, PWM1, and PWM2 DATA
PWM ON Duty DATA (0/15 to 15/15)

Bit7 | Bit6 | Bit5 | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
Don’t use PWM ON Duty DATA
(default ="0000")
Bit 3 Bit 2 Bit 1 Bit 0
‘ DA|TA PWM ON Duty
1 1 1 1 15/15
1 1 1 0 14/15
1 1 0 1 13/15
1 1 0 0 12/15
1 0 1 1 11/15
1 0 1 0 10/15
1 0 0 1 9/15
1 0 0 0 8/15
0 1 1 1 7/15
0 1 1 0 6/15
0 1 0 1 5/15
0 1 0 0 4/15
0 0 1 1 3/15
0 0 1 0 2/15
0 0 0 1 1/15
0 0 0 0 0/15
ENABLE / SHDN DATA
Bit 7 Bit 6 | Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Don’t use X X ENABLE SHDN
(default ="00000000")
ENABLE DATA
H : Output blinks at PWMO, PWM1, and PWM2 rate
L : Output is OFF
SHDN data
H : Output blinks at PWMO, PWM1, and PWM2 rate
L :  Power-saving mode
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TOSHIBA TCAB2724FMG
*WRITE mode
Auto-increment OFF
Slave R/W Sub- Sub-
S Address (0) A address A DATA A address A DATA T P
Auto-increment ON
Slave R/W Sub-
S Address (0) A address A DATA A DATA A T P
The data of the immediately following Sub-address can be written in.
*READ mode
Slave R/W .
S Address ) A First Byte A Second Byte P
First byte (ENABLE / SHDN DATA and PWM2 DATA)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 | Bit 2 Bit 1 Bit 0
X X ENABLE | SHDN PWM2 DATA
Second byte (PWM1 DATA and PWMO0 DATA)
Bit7 | Bit6 Bit5 | Bit4 | Bit3 | Bit2 | Bit1 Bit 0
PWM1 DATA PWMO DATA
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TOSHIBA TCAB2724FMG
Setting of Output Current (Reference Data)
The output current is set by the resistance connected between terminal Rexr and GND.
The output current can be set according to the following expression.
1.17 (V)
louT (MA)=  ———————  x460
Rext (kQ)
lout vs. Rext
150
To=25°C
100
A
E 715
£\
i)
50 \
0 | |
0 20 40 80 100
Rext(Q)
Output Voltage — Output Current (Reference Data)
Vps vs. |
180 DS ouT
| Rex = 3.6 kQ
160
140 //
120 /
£100 /
5 80
2 / Rea=11kQ ||
60
40 / ~—
20 [ | Rext = 110 kQ }
O |
0.0 0.5 1.0 1.5 20 2.5 3.0
Vs (V)

Note1: These application examples are provided for reference only. Thorough evaluation and testing should be
implemented when designing your application's mass production design.
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TOSHIBA TCAB2724FMG

Absolute Maximum Ratings (T, = 25°C)

Characteristic Symbol Ratings Unit
Supply voltage ViN -0.3~+6.0 \%
Output voltage Vour -0.3~+6.0 \%

Input voltage

e v, ~0.3 ~ Vine0. A
(SDA/SCL/SHDN/RESET Terminal) " 0.3~ Vint0.3 (Note2) m

0.36 (free air)
Power dissipation Po w
0.79(on PCB)*

340 (free air)

Thermal resistance Rih ¢-a) °C/W
158 (on PCB) (Note3)

Operating temperature Topr —40 ~ +85 °C
Storage temperature Tsig -55 ~+150 °C
Maximum junction temperature T; 150 °C

Note2: However, do not exceed 6V.

Note3: Subtract 6.3 mW / degree from the absolute maximum rating value about a degree if the operation
temperature
exceeds 25°C when the device is mounted on a PCB. (PCB : 40mm x 40mm x 1.6mm, Cu = 40%, FR4)

Recommended Operating Condition

Characteristic Symbol Condition Min Typ. Max Unit
Supply voltage Vin - 2.8 3.6 5.5 \%
Constant current output lout OUTO to OUT2 5 - 150 mA/ch
REXT Rext - 3.7 - 109 kQ

Electrical Characteristics (unless otherwise specified, T,= 25°C, Vi = 3.6V)

Characteristic Symbol Condition Min Typ Max Unit
Supply voltage Vin - 2.8 3.6 5.5 Vv
Supply current (IC operation) IIn (On) | Rexr=27.6kQ,Vn=3.6V - - 700 nA
Supply current (IC standby) Iin (Off) SHDN =L - - 1.0 nA
High level Vin SDA, SCL, SHDN, RESET | 0.7Vin - ViN+0.15V
Input voltage —— \%
Low level Vi SDA, SCL, SHDN, RESET -0.15 - 0.3Vin
High level IiH SCL, SHDN, RESET -1.0 - 1.0
Input current nA
Low level I SCL, SHDN, RESET -1.0 - 1.0
Gain GAIN lout/Irext, Rext=11kQ 359 460 560
REXT terminal voltage VRext Vin=3.6V, Rexr=11kQ 1.09 1.17 1.25 V
Output leakage current loz SHDN="L", Vout=5.5V - - 0.1 A
Constant current dlour Vin= 3.6V, Rexr = 11 kQ ) 1 475 %

accuracy between bits
PWM frequency fewm - - 3.0 - kHz

Time from SHDN release to start
of operation

tre - - - 5 ms
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TOSHIBA TCA62724FMG
.. . 2 .
Characteristics of the SDA and SCL Bus Lines for I"C-bus Devices
Characteristic Symbol - Standard Mode Unit
Min Max

SCL clock frequency fscL 0 100 kHz
Bus free time between STOP ¢ 47 ) s
and START condition BUF ' H
Hold ti ted) START

o me (repeated) tHD;sTA 4.0 - us
condition
Setup time for repeated START
condition tsu;sTA 4.7 “2
Setup time for STOP condition tsu:sto 4.0 - H
Data hold time tHD:DAT 0 - ns
Data setup time tsu:paT 250 - ns
LOW period of the SCL clock tLow 4.7 - us
HIGH period of the SCL clock tHiGH 4.0 - us
Rlse time of both SDA and SCL & ) 1000 ns
signals
F.aII time of both SDA and SCL t ) 300 ns
signals

P A
tf - —A | . = _ A jfe— \____ ______
“ tLow tHiGH 1 tsur
tsu;paT
S tho;sTA
SCL ﬁﬁi; \
— - le— -t
t ||tHoDAT tsu:sTA tsu-sTo
tHD;STA '
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TOSHIBA TCA62724FMG
Marking
Week 1-26
co7 I CO7
QA1 IQAl
Week 27-53
gm I\P/Irc?:tlr:(lzyt/ Z:?bwirekly code C O 7
A1 : Lot code Q A 1
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TOSHIBA TCAG2724FMG

Package Dimensions

SON10-P-0303-0.50 Unit: mm
2.9%+01 _U-Bfgiés
o . 048yp th.lEﬁiﬂ.Bﬁ
i . | | o I o I e | [ | L] [] Eg’.
T
2
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4
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H
b
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Weight: 0.018 g (typ.)
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TOSHIBA TCAB2724FMG

Notes on Contents

1.

Block Diagrams

Some of the functional blocks, circuits, or constants in the block diagram may be omitted or simplified for
explanatory purposes.

Equivalent Circuits

The equivalent circuit diagrams may be simplified or some parts of them may be omitted for explanatory
purposes.

Timing Charts

Timing charts may be simplified for explanatory purposes.

Application Circuits

The application circuits shown in this document are provided for reference purposes only.
Thorough evaluation is required, especially at the mass production design stage.

Toshiba does not grant any license to any industrial property rights by providing these examples of
application circuits.

Test Circuits

Components in the test circuits are used only to obtain and confirm the device characteristics. These
components and circuits are not guaranteed to prevent malfunction or failure from occurring in the
application equipment.

IC Usage Considerations

Notes on Handling of ICs

(1) The absolute maximum ratings of a semiconductor device are a set of ratings that must not be
exceeded, even for a moment. Do not exceed any of these ratings.
Exceeding the rating(s) may cause the device breakdown, damage or deterioration, and may result
injury by explosion or combustion.

(2)  Use an appropriate power supply fuse to ensure that a large current does not continuously flow in
case of over current and/or IC failure. The IC will fully break down when used under conditions that
exceed its absolute maximum ratings, when the wiring is routed improperly or when an abnormal
pulse noise occurs from the wiring or load, causing a large current to continuously flow and the
breakdown can lead smoke or ignition. To minimize the effects of the flow of a large current in case of
breakdown, appropriate settings, such as fuse capacity, fusing time and insertion circuit location, are
required.

(3) If your design includes an inductive load such as a motor coil, incorporate a protection circuit into the
design to prevent device malfunction or breakdown caused by the current resulting from the inrush
current at power ON or the negative current resulting from the back electromotive force at power OFF.
IC breakdown may cause injury, smoke or ignition.

Use a stable power supply with ICs with built-in protection functions. If the power supply is unstable,
the protection function may not operate, causing IC breakdown. IC breakdown may cause injury,
smoke or ignition.

(49) Do not insert devices in the wrong orientation or incorrectly.
Make sure that the positive and negative terminals of power supplies are connected properly.
Otherwise, the current or power consumption may exceed the absolute maximum rating, and
exceeding the rating(s) may cause the device breakdown, damage or deterioration, and may result
injury by explosion or combustion.
In addition, do not use any device that is applied the current with inserting in the wrong orientation
or incorrectly even just one time.
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TOSHIBA TCAB2724FMG

(5)  Carefully select external components (such as inputs and negative feedback capacitors) and load
components (such as speakers), for example, power amp and regulator.
If there is a large amount of leakage current such as input or negative feedback condenser, the IC
output DC voltage will increase. If this output voltage is connected to a speaker with low input
withstand voltage, overcurrent or IC failure can cause smoke or ignition. (The over current can cause
smoke or ignition from the IC itself.) In particular, please pay attention when using a Bridge Tied
Load (BTL) connection type IC that inputs output DC voltage to a speaker directly.
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TOSHIBA TCAB2724FMG

Points to Remember on Handling of ICs

ey

2

Heat Radiation Design

In using an IC with large current flow such as power amp, regulator or driver, please design the
device so that heat is appropriately radiated, not to exceed the specified junction temperature (Tj) at
any time and condition. These ICs generate heat even during normal use. An inadequate IC heat
radiation design can lead to decrease in IC life, deterioration of IC characteristics or IC breakdown. In
addition, please design the device taking into considerate the effect of IC heat radiation with
peripheral components.

Back-EMF

When a motor rotates in the reverse direction, stops or slows down abruptly, a current flow back to
the motor’s power supply due to the effect of back-EMF. If the current sink capability of the power
supply is small, the device’s motor power supply and output pins might be exposed to conditions
beyond absolute maximum ratings. To avoid this problem, take the effect of back-EMF into
consideration in system design.
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TOSHIBA TCAB2724FMG

About solderability, following conditions were confirmed
o Solderability

(1) Use of Sn-37Pb  solder Bath
solder bath temperature = 230°C
- dipping time = 5 seconds
- the number of times = once
- use of R-type flux

(2) Use of Sn-3.0Ag-0.5Cu  solder Bath
solder bath temperature = 245°C
- dipping time = 5 seconds
- the number of times = once
- use of R-type flux

RESTRICTIONS ON PRODUCT USE

060116EBA

¢ The information contained herein is subject to change without notice. 021023_D

e TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of
safety in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of
such TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc. 021023_A

e The TOSHIBA products listed in this document are intended for usage in general electronics applications
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of human life or
bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, etc. Unintended Usage of TOSHIBA products listed in this
document shall be made at the customer’s own risk. 021023_B

e The products described in this document shall not be used or embedded to any downstream products of which
manufacture, use and/or sale are prohibited under any applicable laws and regulations. 060106_Q

e The information contained herein is presented only as a guide for the applications of our products. No
responsibility is assumed by TOSHIBA for any infringements of patents or other rights of the third parties which
may result from its use. No license is granted by implication or otherwise under any patent or patent rights of
TOSHIBA or others. 021023_¢C

e The products described in this document are subject to the foreign exchange and foreign trade laws. 021023_g
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