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@ Handle this document carefully for it contains material protected by international
copyright law. Any reproduction, full or in part, of this material is prohibited
without the express written permission of the company.

@ When using the products covered herein, please observe the conditions written herein
and the precautions outlined in the following paragraphs. In no event shall the
company be liable for any damages resulting form failure to strictly adhere to these
conditions and precautions.

(1) The products covered herein are designed and manufactured for the following
application areas. When using the products covered herein for the equipment
listed in paragraph (2), even for the following application areas, be sure

. to observe the precautions given in Paragraph (2). Never use the products
for the equipment listed in Paragraph (3).
* Office electronics _
* Instrumentation and measuring equipment
*Machine tools
- Audiovisual equipment
*Home appliances
» Communication equipment other than for trunk lines

(2) These contemplating using the products covered herein for the following
equipment which demands high reliability, should first contact a sales
representative of the company and then accept responsibility for incorporating
into the design fail-safe operation, redundancy, and other appropriate
measures for ensuring reliability and safety of the equipment and the overall
system. '

»Control and safety devices for airplanes, trains, automobiles, and other
transportation equipment

*Mainframe computers

-traffic control systems _

*Gas leak detectors and automatic cutoff devices

*Rescue and security equipment

» Other safety devices and safety equipment, etc.

(3) Do not use the products covered herein for the following equipment which
demands extremely high performance in terms of functionality, reliability, or
accuracy

- Aerospace equipment

+ Communications equipment for trunk lines

* Control equipment for the nuclear power industry
*Medical equipment related to life support, etc.

(4) please direct all queries and comments regarding the interpretation of the
above three Paragraphs to a sales representative of the company.

@ Please direct all queries regarding the products covered herein to a sales
representative of the company.
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1. General Description
This IC incorporates LED driver for illumination with animated control.
This IC is equipped with 3-colum driver and 6 segment driver circuit. And This IC can controll 6-RGB LED or
18-single LED in maximum.
All LED brightness can continuously be changed with internal animation logic circuit.
This IC is equipped with charge pump DC/DC converter to drive LED.
This IC supports I°C-Bus interface.
This product is optimum for use as the illumination LED driver IC for cellular phone and PDA applications,

etc.

2. Features
+ Supply Voltage Range: VIN=3.0V to 4.5V, VCC=2.3Vto 3.2V

« Supports I°C-Bus interface

« Supports I°C Extend address _

* SCL pin and SDA pin are mstalled with noise ﬁlters

+ 6Ch Sink-type variable constant current driver for LED (maximum current 25.9mA)
+ Control logic circuit for animated illumination embedded

» Output-enable circuit embedded

+ 1x/1.5x Modes Charge Pump: Automatically Selected

* Voltage reference embedded

+ Power-on-reset circuit embedded

» Soft-Start Limits Inrush Current

Radiation resistance designing: No

Package: ' 35-pin WL-CSP package (3.57mm x 3.57mm)
Chip material and wafer board type: P-type silicon substrate monolithic IC

Lead surface finish: Lead-free

Process: CMOS
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3. Terminal name

Al UlA Non-connect. This terminal is connected to pin No. F6 (U2F).
A2 VDD Supply voltage for I/O buffer of I°C, GPO and INT pin.

A3 IREF Resistor connection terminal for reference current setting of LED drivers.
A4 | XRESET | Hard reset terminal.

A5 SCL I>C clock input.

A6 GPOO General purpose output.

B1 ~ GBIN Source terminal of column driver for ROUT and GOUT pin.
B2 GPO2 General purpose output.

B3 vCC Power supply terminal.

B4 SDA I*C data Input/Output terminal.

B5 EN Enable for all LED

B6 - CH1 Constant current output terminal.

C1 GOUT Column driver terminal to anode terminal of green LED

C2 INT Interrupt output terminal.

C4 - GPO3 General purpose output.

C5 CHO Constant current output terminal.

Cé PGND LED driver ground.

D1 RIN Source terminal of column driver for ROUT pin.

D2 BOUT | Column driver terminal to anode terminal of blue LED

D3 GND Ground terminal for control.

D4 XA0 I*C address configuration input.

D5 CH2 Constant current output terminal.

D6 CH3 Constant current output terminal.

El VIN Power supply terminal for charge pump. ,

E2 ROUT Column driver terminal to anode terminal of red LED.

E3 CIN Flying capacitor 1 negative connection.

E4 CH4 Constant current output terminal.

ES CH5 Constant current output terminal.

E6 CGND Ground terminal for charge pump.

F1 GPO1 | General purpose output.

F2 CIP Flying capacitor 1 positive connection.

F3 CPO Output voltage terminal of charge pump.

F4 C2P Flying capacitor 2 positive connection.

F5 C2N Flying capacitor 2 negative connection.

F6 U2F Non-connect. This terminal is connected to pin No. A1 (U1A).
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4. Block Diagram

LB P S

(
CPO\|/ GBIN ﬁ’_’f
L viN A ‘ P
— CONSTANT - CURRENT | OV-VDD
CIN DIGIT SINK DRIVER
SOURCE
LOGIC ¥ ¥kt ko1 ox1 o
CHARGE I -
ci PUMP COUNTER DATA SELECTOR
1x or 1.5x ] _/o__
c2
CONTROLLER 4()
INT To: ov-vob
0SsC
| 1 _[ N\ 1.8V
U/ ‘
VREF STAND-BY POR - vDD
i BCI/F
| + '
REF - REGISTER SDA »<
W/
4 SCL [ ovon
: Fruu-ve
[REF/L GND VCC GPOOGPO1[GPO2| GFPO3i XA()/L XRESET ;l/;
O—C O
RIREF +—] 0: 0V-VDD I: GND or VDD I OV-VDD
cvce 23V ~ 32v
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5. Pin Assignment
1 2 3 4 5 6
UlA VDD IREF | XRESET SCL GPOO
GBIN | GPO2 VCC SDA EN CH1
GOUT INT GPO3 CHO PGND
RIN | BOUT | GND | XA0 | CH2 | CH3
VIN ROUT CIN CH4 CH5 CGND
GPO1 C1p CPO C2P C2N U2F
Note: Pins are located on the underside.
6. Peripheral Parts List
Maximum
applied
Type Name voltage(V) Parts Value
Smoothing capacitor CVIN 6V Temperature characteristICs code:B 1.0pF
Smoothing capacitor CVCC 4.5V Temperature characteristICs code:B 1.0uF
Smoothing capacitor CVDD 3.3V Temperature characteristICs code:B 1.0uF
Smoothing capacitor COouT 8V Temperature characteristiCs code:B ' 2.2uF
Flying capacitor Cl 4.5V Temperature characteristICs code:B 1.0pF
Flying capacitor C2 4.5V Temperature characteristICs code:B 1.0pF
Reference resistance RIREF - Tolerance: 1% 13kQ)
Light-emitting diode LED - GNI1WAS5320A -
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7. Function Operation
This IC is equipped with the LED driver circuit, the charge pump DC/DC converter that supply electricity to
LED, P°C interface and general purpose outputs.
The operation of the IC can be set by the built-in register through the °C interface.
I2C interface can use standby state or LED driver control mode.

[ Battery OFF Jq——

l V]N’=>)Hig11’ﬂ
Power OFF
Y,
VCC="High”
v
( )
POR (Power-On Reset)
POR time: 100ps MAX
4 Y,
A
. N
RESET
. _J
XRESET="High”
A
I’C signal waiting J
S VCC="Low”
e N '
' Stand-By
(XSTB=“0") «
. J
v xS XSTB="0"
f ' . . . \
LED illumination
L control
4
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7.1 Constant current driver
This IC is equipped with a sink-type variable constant current driver for LED.
This IC is connectable to 6-RGB LED or 18-single LED for illumination.
The maximum current of a constant current driver is the value set up by peripheral resistance. It is also
possible to perform the ON/OFF control using the enable/disable pin (EN pin).
Connect driver terminal to VCC when LED is unconnected.

7.1.1 ON/OFF control of constant current driver
Constant current driver is also possible to perform the ON/OFF control using the EN pin.
EN pin can be disabled with the EXT_EN register.
The logic of EN pin can be reversed. with the EN_XEN register.

EN pin is an input terminal that controls ON/OFF of the Constant current driver.

ON(output)
Low OFF(no output)

"EXT EN" is a register that enables or disables the EN pin

1g 333;
EXT EN 0 1 ~ EN pin enabled

0 EN pin disabled

'fEN XEN" is a register that reverses the logic of EN pin.

EN XEN 0 1 Constant current driver is enabled in terminal EN=H

= 0 Constant current driver is enabled in terminal EN=L.

Truth tabe of ’thé constant current driver pin
2 . ¥
I°C register EN pin Constal}t current
XSTB | EXT EN | EN XEN driver

0 % * * OFF
1 1 1 High ON
1 1 1 Low OFF
1 1 0 High OFF
1 1 0 Low ON
1 0 * * ON

Note: “*” indicates that the selection dose not matter.
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7.1.2 Current setting of constant current driver _ :
The output current from each driver can be varied to 16 steps. The variable range is 0 to 25.9mA with a
step of about 1.8mA. ‘
In the ANIME mode, the redundancy bit is added to achieve a smooth current change in the animated
illumination, and it changes into 128 steps.
The starting point and the ending point of the animated illumination are set by 16 steps as well as the
NORMAL mode and the BLINK mode.

CH[RGB] [n] [3:0] a register that sets the CH0,CH1,CH2,CH3,CH4 and CHS5 pin current

0000 0 00H 0.0

0001 1 01H 1.9

0010 2 02H 3.6

0011 3 - 03H 5.4

0100 4 04H 7.1

0101 5 05H 8.8

Constant . 0110 6 06H : 10.5

CHIRGB] [n] [3:0] T ver 0li1 7 O7H 00K 2.2

output current 1000 8 08H 13.9
1001 9 09H 15. 6

1010 10 0AH 17.3

1011 11 OBH : 19.0

1100 12 O0CH 20.8

1101 13 ODH 292.5

1110 14 OEH 24.2

1111 15 OFH 925.9
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7.2 Column driver

Three column drivers are built into this IC. RGBLED for each one current driver or three single LED can be driven by
timesharing by connecting the anode of LED with ROUT, GOUT, and BOUT. The column driver of ROUT is always turned

on at the standby state.

GBIN
(>
XSTB RIN
o
-)
—C ’—4[ L
_>
_»
>ie — Urout () aout [) BOUuT
standby illumination
other
R e B | channel
¥, ¥. Yo
CHIn] '
constant
current

driver
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7.3 Illumination mode select

This IC has 4 LED illumination mode, various illuminations can be displayed.
The illumination mode is selected from MODE[2:0] register.

NOMAL-
XSTB="1”
MODE(2:0]=000

ANIME
XSTB="1”
MODE[2:0]=001

A
v

Standby
XSTB="0"

ALL H
XSTB="1"
MODE[2:0]=011

BLINK
XSTB="1”
MODE[2:0]=010

A
A 4

Note: The arrow is a mode that is possible to change.

MODE]J2:0] a register that sets illumination mode. Do not set it from 100 to 111.

in
000 0 00H NOMAL
001 1 01H : ANIME
010 2 02H BLINK
MODE[2:0] illumination 011 3 03H 00H ALL H )
' mode 100 4 04H inhibit
101 .5 05H inhibit
110 6 06H inhibit
111 7 07H inhibit
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7.3.1 Normal mode

In Normal mode, current value written in CH[RGB][n]A register is outputted to the constant current driver.

I(mA)

CH[RGB][n]A

73.2 ALL H mode

—> {(s)

mALL H mode, MAX current value is output to all constant current driver.

IMax(mA)

—
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7.3.3 ANIME mode
In ANIME mode, CH[RGB][n]A, CH[RGB][n]B, CH[RGB][n]A, and the current change gradually.
Timing to which the setting of the current of the driver is changed is time set with CYCLE[2:0].

I(mA)

T

|
!
|
I
[

|
|
|
|
I
|
[

0

|
|
|
|
|
|
|
l
[
} —> (s)

I
[
| |
[ |
I |
| |
; }
| |
CYCLE[2:0] | |

CYCLE[2:0] CYCLE[2:0]

CH[RGB][n]Al — CH[RGB][JBl — CH[RGB]nJA2 — CH[RGB][n]B2
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7.3.3.1 Basic operation on ANIME mode
In the ANIME mode, first of all, the current of the starting point and the following point is set to CH[RGB][n]A and
CH[RGB][n]B. The current of the following respect is one by one set to CH[RGB][n]C register every cycle continuously
set with CYCLE[3:0] register. The current in which LED is driven can be continuously changed by this operation.
When it becomes possible the setting of the following value, the INT signal is output, and this IC demands the setting
from the host side.
The substance of CH[RGB][n]C register is either CI-I[RGB][n]A and CH[RGB][n]B. It is automa'ucally allocated in the
point of the next cycle while displaying it. Therefore, it is possible to set it consciously of a present display continuously.

Output Current

standby config,
XSTB

illumination mode;
MODE[2:0]

current config.A
CHIRGBI[n]A

current config B
CHIRGB][nIB

on animation B->A thel

current config C
CHIRGBI[nIC

current reconfig
inhibit time

intterupt output
INT

12C bus comman
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7.3.3.2  ANIME mode Initialization
The following setting is necessary for the ANIME mode operation.
MODE[2:0] Set ANIME mode [001].
CYCLE[2:0] Setone illumination cycle period.
CH[RGB][n]A Set the output current of the first illumination point.
CH[RGB][n]B Set the output current of the second illumination point.
XSTB This is the trigger to exit standby state. After the above-configuration is set, the standby is released
when XSTB is assumed to be 1 and illumination is begun.
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7333 Animated Illumination Flow

The following setting is necessary to display animated illumination at each next data demand by the INT signal.

® CH[RGB][n]C set the output current value of the next end point of one display period

The example of the flow to one by one change the LED drive current by using the ANIME mode is shown as follows.

Host side IC side
stand-by state
| i fret(start) point CH[RGB]{n]Areg.
| config 7 poin 112C command®] set the current value of
| write CH[RGE][n]A reg. start point.
|
: L2 - | CHIRGBI{n]Breg.
I config second(end) point | [5G commandp! set the cument value of
| write CH[RGB][n]B reg. | end point.
| v |
| config Hllumination period I CYCLE reg.
! write GYGLE reg. 126 |°°"‘"‘a"d’ set. lumination period.
| v i
| config illumination mode |
| write MODE reg, ri2c I<:ommand> set illumination mode
[ to ANIME mode.
| |
[ e e e |
| initialization|
_______________ o
A 4 A
. exection
exit S)'(:;r_}ds <b=y1mode 12C \d to exit stand-by.
startup
‘iﬂ ANIME mode 7
YES
Y.
start animated illumination.
load the value of A reg.
increase current to the value
of B reg.
r /__f_
trensfer loop for current data . el s
of the animated illumination animated illumifation loop
l v
WNT s|gna\ request next data
Interrupt waiting
v
CHIRGB][n]C reg..

config the next end point
write CH[RGB][n]C reg.

v

trensfer loop for current data
of the animated illumination

end of illumination /

move to stand-by state
XSTBL=0

12C commandp

for Other mode

set the current value of
the next end point.

A

end of a illumination cycle.
load the vale of next point

l

d illumination loop

END

12¢

move to stand-by state

T

execution of moving to stand-

by state

stand-by state
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7.3.3.4  ANIME mode and Output Precision

In the ANIME mode, to achieve the illumination that changes smoothly, control logic circuit of animated
illumination outputs current value by the redundancy bit addition and seven bit accuracy.

N
~N

constant
current
driver

~ N

INC/DEC
7 "
upper 4bit
CHRInJA 4
[3:0] / MUX
' 4
CHR[n]B / .
[3:0]
D—F 4 | 7 temporary
lower 3bit register
3/
3’6000 MUX >
load signal

"Green block

uoiposjes
9/9/4

each current driver
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73.3.5 Limitations
®  Mode change under illumination
The mode change between the ANIME mode and other modes under illumination is not recommended.
Change in standby state.
Behavior when the mode is changed in the illumination is as follows

ANIME,BLINK NORMAL,ALL H | Shift new mode immediately and output new value.
NORMAL,ALL_H | ANIME,BLINK Start illumination from the CH[RGB][n]A value

ANIME BLINK . The output at one CYCLE[1:0] period is not guaranteed
BLINK ANIME from the change. The output retums to the normal

performance at the next cycle.

®  Behavior when INT signal is output and CH[RGB][n]A, CH[RGB][n]B or CH[RGB][n]C are not replaced.
The illumination is executed considering the previous value to be the following value when the CH[RGB][n]A,
CH[RGB][n]B or CH[RGB][n]C register will not be updated in one illumination cycle after the INT signal is output.
®  Setup/Hold time between INT signal and CH[RGB][n]A, CH[RGB][n]B and CH[RGB][n]C registers.
It is necessary to keep to the time provided for according to the AC timing between the INT signal and the
CH[RGB][n]A, CH[RGB][n]B and CH[RGB][n]C register.
Do not update the CH[RGB][n]A, CH[RGB][n]B or CH[RGB][n]C register for the period from the standby release
to positive edge of the first INT signal. -
When updating it outside timing, the SETUP/HOLD time cannot be defended, and the output might become
irregular.
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7.3.4 BLINK mode :
In BLINK mode, CH[RGB][n}A and CH[RGB][n]B are alternately set to the constant current driver.
Timing to which the setting of the current of the driver is changed is time set with CYCLE[2:0]

I(mA)

T

— e — w—

CH[RGB][n]B .

CH[RGB][n]A

—> {(s)

CYCLE[2:0] CYCLE[2:0]

CYCLE[2:0]
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7.3.4.1 Basic operation on BLINK mode
As for the BLINK mode, it is the same as the ANIME mode not interpolating linearly.
The output current value is updated every CYCLE[2:0] cycle if the value is set at each positive-edge of the INT signal.
The CH[RGB][n]A value and the CH[RGB][n]B value are repeatedly output every CYCLE[2:0] period if the register
value is fixed.

Output Current

standby config.
XSTB

illumination mode:
MODE[2:0]

current config.
CHIRGB][nlA

current config.
CH[RGB][nIB

crrentreconfig
inhibit time

intterupt outpu
INT

12C bus comman
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7.4 Setting of the frequency of the RGB column drivers
The frequency of RGB column drivers can be set by the matrix of DOSC[1:0] and OSC[2:0]. The combination
of the settings is as follows.
However, the oscillation frequency of the charge pump changes, too, when 0SC[2:0] is changed.
The value of 0SC[2] doesn’t influence the frequency of RGB column drivers.

"DOSC[2:0]" is a register that sets the oscillator frequency of column driver.

the 00 0 00H 1146 | 1016 859 | 694 1
frequency of 2292 | 2031 | 1719 | 1389 2
DOSC[1:0] | theRGB |2l 1 [OIH | 4o 1
. column | 10 | 2 | oom 859 | 762| 45| s521| 075
divers 11 3 03H 1719 1 1523 | 1289 | 1042 1.5

Note: “*” indicates that the selection dose not matter.

7.5 Setting of the period of a cycle of illumination
The cycle used at the ANIME mode and the BLINK mode can be set by the CYCLE[2:0] register.

"CYCLE[2:0]"isa regiéter that sets the period of a cycle of illumination

000 0 00H 128/DOSC 0.112 | 0.056 | 0.149 | 0.074

001 | 1 01H 256/DOSC | 0.223 1 0.112 | 0.298 | 0.149

the period | 010 | 2 | 02H 512/DOSC | 0.447 | 0.223 | 0.596 | 0.298

CYCLE[2:0] illun?itr.latio 011 3 03H 00H 1024/DOSC | 0.894 | 0.447 | 1.192 | 0.596
n 100 4 04H 2048/DOSC | 1.787 | 0.894 | 2.383 | 1.192

cycle 101 5 05H 4096/DOSC | 3.575| 1.787 | 4.766 | 2.383

110 6 06H 8192/DOSC | 7.149 | 3.575 | 9.533 | 4.766

111} 7 | 07H 16384/DOSC | 14.299 | 7.149 | 19.065 | 9.533

s€c

Notel: The illumination cycle changes at the same time, too, when the frequency of the column drivers is changed by the OSC[1:0]
register and the DOSC[1:0] register.
Note2: “*” indicates that the selection dose not matter.
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7.6 Configuration of BLINKHD
After the value of the CH[RGB][n]A register is loaded, the BLINK operation is held when changing to the BLINK mode
after the BLINKHD register is set to one. The skew is generated at the update time of each current value because the
setting of the current value is updated in the NORMAL mode at the time of each writing the register. However, if
BLINKHD is used, the setting of all current value can be updated at the same time.

o

0' - , BLINK mode operation
1 Hold after load the CH[RGB][n]A register value.

BLINKHD 0

Concrete flow is as follows.

1.  Release XSTB after set BLINKHD=1 and the BLINK mode.

2.  Write the current value to CH[RGB][n]A register after wait time of release standby mode

3.  Change to the NORMAL mode. The current setting is updated at the same time,

4.  Change to the BLINK mode after wait time longer then 2*DOSC period.

5.  Write the next current value to CH[RGB][n]A register after wait time longer then 2*DOSC period.

6.  After arbitrary waiting time, go to 3.

$¢Please do not make it to the ANIME mode with BLINKHD set to 1. Operation when setting it is not guaranteed.
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7.7 LED connected pin voltage monitoring and automatic select 1x or 1.5x charge pump mode

This IC monitors the voltage of all constant current driver pins.

Charge pump boost ratio is selected

automatically 1x mode in the minimum voltage is more than setting voltage, or 1.5x mode in the minimum

voltage is less than setting voltage.
Charge and discharge cycle is 660 kHz (TYP.).

Oscillating frequency of charge pump can be changed by OSC[2:0] register.

= . v >
\\‘;‘:SWi \:::W WS
‘f \‘,
Lo g
l—v—O’O—O—i S YN
P '
: o ;m
swe : _________________ ."v""\.__:
X l
Fig.1 charge
7.7.1 Oscillating frequency of charge pump

Fig.2 discharge

The register performs control of the oscillator frequency of charge pump.
Efficiency is optimized by changing the oscillation frequency of a charge pump.
‘When oscillation frequency is set up low, the efficiency of a charge pump increases, and output ripple becomes

large.

LcouT

When oscillation frequency is set up high, the efficiency of a charge pump falls, and output ripple becomes

_small.

small, and changes 1x mode to 1.5x mode.

The adjustment of the oscillation frequency is effective to obtain the maximum efficiency.

Change OSC 2.0 register at the standby state.

When output ripple is Iarge, the voltage monitoring function starts earlier than the case of output ripple is

"0OSC[2:0]" is a register that sets the oscillator frequency of charge pump.

00H

000 0 00H
001 1 01H
010 2 02H -
0SC[2:0] Oscillating 011 3 03H
‘ frequency 100 4 04H
' 101 5 0SH
110 6 06H
111 7 07H

660

585

495

400

1320

1170

990

800
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