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1. DESCRIPTIONS

1. DESCRIPTIONS

The S1F87110 is a LED controller which automatically controls luminance of LEDs used in cell phones (e.g.
backlight LED) in a linear sequence, based on evaluation of ambient brightness with a luminance sensor
connected to the device.

The S1F87110 uses a unique agorithm for generating PWM signals which continuously modulate current
flowing through LEDs, and by sending the signals to the LED driver, it controls the LED luminance
automatically according to the ambient brightness level.

This function enables to achieve balance between visibility and low power consumption without requiring
major modification of LED-related systems.

A two-wire serial interface 1°C-Bus slave function is provided with the S1F87110.

This I°C register can be used to start/stop, or set conditions such as automatic luminance control mode/fixed
brightness mode, as well as customize automatic luminance control characteristics (brightness and PWM duty
settings).

Use of the S1IF87110 with an existing LED driver provided with PWM input for LED brightness control can
add a function that automatically selects optimal LED current value in accordance with the brightness level of
the surrounding environment.

2. FEATURES

@® This IC enables automatic luminance control without modification of existing LED driver.
® Selectable between automatic luminance control mode and fixed brightness mode.

® - Installs a compact photo IC (current output) type luminance sensor.
+ Can also install a photodiode type luminance sensor which has lower power consumption under
high illumination.

4-bit and 16-level brightness evaluation

PWM output for brightness control of LED driver
Selectable PWM cycle (Typ. 195Hz, 390Hz)
Selectable phase when PWM operating

Selectable ON/OFF of PWM output during standby

@® Available 7-bit, 128-gray scale PWM duty settings for automatic luminance control mode/fixed
brightness mode.

® Customizable luminance characteristics
Selectable brightness evaluation sampling cycle
Selectabl e setting for brightness evaluation - PWM duty
Selectable rate of change for PWM duty

® Interface
Two-wire serial interface 1°C (Max. 400kHz) slave controller

@® Shipment package Compact and dim type WCSP (X 1.70mmx Y 2.20mmx t (0.72)mm)

S1F87110B0OA Series Technical Manual (Rev.1.0) EPSON 1
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3. BLOCK DIAGRAM

3. BLOCK DIAGRAM
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4. DESCRIPTION OF BLOCK DIAGRAM

4. DESCRIPTION OF BLOCK DIAGRAM

@ Sensor processor
Evaluates ambient brightness using current value that flows through the luminance sensor on the scale of 1
to 16.
Either of photo IC (current output) type or photodiode type luminance sensor can be connected.

@ Automatic luminance control algorithm
Based on the brightness evaluated by the sensor processor, it controls PWM duty for changing LED
brightness in alinear mode according to the ambient brightness.
Relationship between brightness evaluation and rate of change for PWM duty can be customized with
registers.

@ Control signal generator for LED driver for LED backlight
Outputs PWM signalsto the LED driver for brightness control.
PWM signal cycles and phases can be changed with registers.

® |°Cinterface
The I1°C slave controller is provided with the S1F87110.
By sending specific commands from the I°C master to the 1°C controller, it serves as an 1°C slave device,
enabling advanced setting to this IC.
* 1°C isreferred for two-wire serial interface specifications proposed by Philips.

S1F87110B0OA Series Technical Manual (Rev.1.0) EPSON 3
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5. PIN ASSIGNMENT

5. PIN ASSIGNMENT

Top View

A1 corner

2.20mm

«—— 1.70mm —

Bottom View Side View

A1 corner

Pin Name 1/0 Pin No. Functions
WCSP
XRESET I A1 Reset (register initialization) pin
(test1) | A2 Test pin for outgoing inspection. With internal pull down. Connect this pin to
the ground.
SDA 1/0 A3 I°C serial data 1/O pin
Connection pin for current output type sensor. When this pin is not used,
PDIN | B1 .
connect it to the ground.
(test2) | B2 Test pin for outgoing inspection. With internal pull down. Connect this pin to
the ground.
PWM O B3 PWM signal output pin for LED current control
RPD2 | C1 Resistor RPD connect pin 2
VDD — C2 Input power supply pin (+)
VDDL — C3 Power supply pin for interface (+)
RPD1 (6] D1 Resistor RPD connect pin 1
Vss — D2 Ground pin (0V)
SCL | D3 I°C serial clock input pin

4
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6. PIN DESCRIPTION

6. PIN DESCRIPTION

1) Power supply pins
Pin Name (I:\;I\/:;l;g) Functions
VDD C2 Positive-side power supply pin.
Supply voltage that obtains VDD > VDDL.
Connect a 0.1uF bypass condenser to a point near the VDD-VSs pin.
VDDL C3 Positive-side input power supply pin for I°C interface.
Supply voltage that obtains VDD > VDDL.
Connect a 0.1uF bypass condenser to a point near the VDDL-VSS pin.
Vss D2 The ground (GND) pin.
This is the OV pin connected to the system GND. The IC substrate potential.
2) Sensor-related pin
Pin Name (Tllvncglc;) Functions
RPD1 D1 Sense resistor connect pin 1
RPD2 C1 Sense resistor connect pin 2
When a photodiode type sensor is used, connect the sensor between RPD2
and Vss. See No. P10.
PDIN B1 Sensor (photo IC) connect pin
When a photodiode type sensor is used, connect this pin to Vss.
3) 1/O pin
Pin Name (F\>/I\/r13l;g) Functions
SCL D3 I°C serial clock input pin. Supply input High level voltage to VDDL.
SDA A3 I°C serial data 1/O pin. Supply input High level voltage to VDDL.
The output is Nch open Drain output pin.
XRESET A1 I’c register hard reset (register initialization) pin.
It is initialized to the default value of the register allocation (7.9.1, 7.9.2).
Low: reset. Clear reset after VDDL is powered on.
Supply High level voltage to VDDL.
PWM B3 PWM signal output pin for LED brightness control
The output is Nch open Drain output pin.
4) Test pin
Pin Name (Tll\lncgg) Functions
(test1) A2 Test pin for outgoing inspection. It has been pulled down within the IC.
(test2) B2 Connect this pin to Vss.
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7. OPERATIONAL AND FUNCTIONAL DESCRIPTION

7. OPERATIONAL AND FUNCTIONAL DESCRIPTION

7.1 Description of Function

This chapter describes functions of this IC in the following order.

7.2 Activation sequence
This section explains activation sequence of the S1F87110.

7.3 Operation Description
This section explains the overview of the S1IF87110 operation.
This section explains about the standby mode, fixed brightness mode and automatic luminance control mode.

7.4 Brightness evauation function
Evduates ambient brightness using current value that flows through the luminance sensor on the scale of 1 to 16.
Either of photo IC type or photodiode type luminance sensor can be connected.
This section explains how to install the sensor, and how to evaluate brightness.

7.5 Automatic luminance control function
This section explains about the automatic luminance control and its setting method.

7.6 Acquisition of brightness evaluation result
This section explains about acquisition of brightness evaluation results.

7.7 Fixed brightness function
This section explains how to set the fixed brightness mode.

7.8 PWM output function
This section explains how to set the PWM output.

7.9 Register dlocation
This section explains the register allocation.

7.10 I’Cinterface
This section explains 1°C serial interface operations.
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7. OPERATIONAL AND FUNCTIONAL DESCRIPTION

7.2 Activation sequence

The S1F87110 activation sequence is shown below.

5 : VoD
VDD ! i
E : Set VDD > VDDL in the steady state, except the
i / transient state at power-on.
T 7
i i
i ; VbDL
-feq- 0,
VDDL : i 90%
i i
i i
i i
HEd ! i
i i
Vommm e i
VDDL
XRESET
txrst
+—>
1 msec or
more VDDL
SCL
SDA
7 \ 7 \ 7 \ 7
txrwait
—» <4— 1 pusecormore

@® Power on VoD and VDbL. Set VDD > VDL in the steady state.
@ Power on XRESET, and clear reset. Ensure 1 msec or more for reset width txrst when powered on.
® Start I1°C communication to this IC at least txrwait=1usec has past after clearing reset.
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7. OPERATIONAL AND FUNCTIONAL DESCRIPTION

7.3 Operation Description

The S1F87110 operates with the following 3 modes depending on the register settings for activating
SCONST and SAUTO.
Allocation of al registersis provided in Section 7.7.

® Standby mode
The device enters the standby mode with SCONST="0" & SAUTO="0".
This stops all the circuit operation.
This IC is in the standby mode when the device is in reset conditions immediately after powered on and
immediately after clearing reset, as al the registers are initialized.

@  Fixed brightness mode
The device enters the fixed brightness mode when the register is set to SCONST="1".
The PWM signa is output with the duty ratio that has been set to the fix duty set register, regardless of
brightness evaluation results.

® Automatic luminance control mode
The device enters the automatic luminance control mode when the register SCONST is set to “0”, and
SAUTOto"“1".
The output PWM signal duty is changed linearly according to the brightness evaluation.

I°C register
(activation register)
SCONST SAUTO
address 00H (D2) address O0H (D1)

Operation Mode

® standby mode

0 (Default value) 0 (Default value) The system enters to the standby state,

with the minimum power consumption.

@ Fixed brightness mode

1 X Fixed duty cycle PWM signal is output

according to the register setting.

® Automatic luminance control
mode

0 ! Variable cycle PWM signal is output
according to the brightness evaluation.
8 EPSON S1F87110B0OA Series Technical Manual (Rev.1.0)
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7. OPERATIONAL AND FUNCTIONAL DESCRIPTION

7.4 Brightness evaluation function

7.4.1 Connection of a sensor

The connection method differs depending on the sensor type as shown below.

@ Photo IC (current output) type sensor
Connect the sensor current output pin to PDIN pin.

Suppose the current that the sensor provides to PDIN pinis IPD1. This sensor current IPD1 (A) and external
RPD(Q) will generate a voltage potential difference of VPD(V)=(1PD1x1/10)x(RPD+0.1kQ) inside the IC.
Based on the VPD value, the S1F87110 determines the brightness level on the scale of 1 to 16.

VPD=(IPD1x1/10)x(RPD+0.1kQ)

] RPD1

cPD T S1F87110

RPD2

Sensor 1 _[:I PDIN

®Photo IC type sensor (sensor 1)

S1F87110B0OA Series Technical Manual (Rev.1.0) EPSON
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7. OPERATIONAL AND FUNCTIONAL DESCRIPTION

@ Photodiode type sensor
Connect PDIN pin to the ground, and connect the sensor between RPD2 and Vss.

Suppose the sensor current is IPD2. This sensor current IPD2 (A) and external RPD () will generate a
voltage potential difference of VPD(V)=IPD2x(RPD+0.1kQ) inside the IC.
Based on the VPD value, the S1F87110 determines the brightness level on the scale of 1 to 16.

VPD=IPD2x(RPD+0.1kQ)

RPD1
CPD —— S RPD S1F87110
RPD2
IPD Sensor 2
_[] PDIN
777

@Photodiode type sensor (sensor 2)

In both the cases @ and @, when the S1F87110 is operated in the fixed brightness mode and automatic
luminance control mode, the potentials are RPD2=1(V) and RPD1=1(V)+VPD.
The potential is RPD1=0V in the standby mode.

Please minimize the wiring length between the sensor/sense resistor to the S1F87110, to avoid noise
influence as much as possible.
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7. OPERATIONAL AND FUNCTIONAL DESCRIPTION

7.4.2 Brightness evaluation voltage VPD

The S1F87110 eval uates ambient brightness using the value of VPD on the scale of 1 to 16.

The following table shows relation between VPD threshold and brightness evaluation.

Determine the appropriate RPD based on the characteristic of the luminance sensor (IPD) and this IC's
brightness evaluation VPD.

VPDN(V) Brightness evaluation
Brightness 0
VPD1=0.004 <+—
Brightness 1 Dark (low sensor
VPD2=0.006 +— current)
Brightness 2 A
VPD3=0.009 +—
Brightness 3
VPD4=0.012 +—
Brightness 4

VPD5=0.020 *+—

Brightness 5

VPD6=0.032 +—

Brightness 6

VPD7=0.048 €—

Brightness 7

VPD8=0.065 +—

Brightness 8

VPD9=0.080 *+—|

Brightness 9

VPD10=0.1504¢—

Brightness 10

VPD11=0.2554—

Brightness 11

VPD12=0.375¢—

Brightness 12

VPD13=0.575¢—

Brightness 13

VPD14=0.9054— v

Bright (high
sensor current)

Brightness 14

VPD15=1.3004¢—

Brightness 15

VPDn: Threshed of brightness n and brightness n-1

S1F87110BOA Series Technical Manual (Rev.1.0) EPSON 11
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7. OPERATIONAL AND FUNCTIONAL DESCRIPTION

7.4.3 Selection of brightness evaluation sampling cycle

Sensor [ Brightness
evaluation

Automatic luminance
control

| Brightness evaluation

result
VS Duty table
Comparison processing

PWM generation —» PWM output

L]

H

>

\ Brightness evaluation

Sampling cycle TSAMPL

The S1F87110 sensor evaluates brightness every brightness evaluation sampling cycle (TSAMPL).

It compares and processes the brightness evaluation result with the duties such as that corresponds to the set
brightness evaluation on the register, and the PWM duty currently being output, and outputs PWM signal that
automatically controls luminance linearly.

This sampling cycle TSAMPL can be changed with the register TPDO to TPD2 settings.

I°C register .
TPD2 TPDL TPDO sampling cycle
TSAMPL(sec)
address O0OH (D2) | address O0H (D1) | address 00H (DO0)

0 0 0 20.48m

0 0 1 40.96m

0 1 0 81.92m

0 1 1 163.84m

1 0 0 327.68m

1 0 1 655.36m (default setting)
1 1 0 1.310

1 1 1 2.621

12
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7. OPERATIONAL AND FUNCTIONAL DESCRIPTION

7.5 Automatic luminance control

7.5.1 Selection of current change time for automatic luminance control

The S1F87110 evaluates brightness in every brightness evaluation sampling cycle, and changes the duty
automatically to correspond the result.

(For table setting of brightness evaluation - PWM duty, see 7.5.2 and 7.9.2.)

Duty change time = brightness change time can be changed with registers.

The time required for the duty (brightness) to increase 25% (TUP) and the time required for the duty
(brightness) to decrease 25% (TDW) can be set independently.

@ Definition of PWM duty change times TUP and TDW

Duty(%)
A

Aduty=25% I

TDW

L (SRR PR

@ Registers for selecting PWM duty change time

» Change time (msec)

Registers
Address Item TDW setting register TUP setting register Remarks
D7 D6 D5 D4 D3 D2 D1 DO

Register — | Tow2 | TDW1 | TOWO | — | TUP2 | TUP1 | TUPO
Name

03H R/W — R/W R/W R/W — R/W R/W R/W —
Default . 0 1 1 . 0 1 0
value

@® PWM duty change time setting table
2 . .
1°C register Duty change time (sec) Remarks
TDW2/TUP2 TDW1/TUP1 TDWO/TUPO (Aduty=25%)
0 0 0 1.31
0 0 1 2.62
0 1 0 5.24 TUP default setting
0 1 1 10.48 TDW default setting
1 0 0 20.97
1 0 1 41.94
1 1 0 83.89
1 1 1 167.77
S1F87110BOA Series Technical Manual (Rev.1.0) EPSON 13
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7. OPERATIONAL AND FUNCTIONAL DESCRIPTION

7.5.2 Brightness evaluation - PWM duty table setting

Next, determine the PWM duties at respective brightness eval uation.
PWM duties can be set with 7 bit and 128 gradations (APWM).
Set 7-bit registers for DO to D6 of address 10H to 1FH for 16 different levels. (See the table below.)

The PWM duty changes linearly between the set duty values determined at each brightness evaluation for
automatic luminance control.
The PWM duty can be obtained from the following formula:

Duty(%)= APWM(decimal) 128(decimal)
For example, the default value of address 1FH, which is the level 15 of PWM duty set register, is

(D7,D6,D5,D4,D3,02,01,D00)=(X,1,1,0,0,1,1,0), or APWM (dec)=102.
The brightness level 15 is set to Duty=102/128 80% of PWM output value.

Register default value
Brightness Iélz?aij:rrr::; ° APWM

decimal Hex
Brightness 0 Dark (low 10H 13 0D
Brightness 1 sensor current) 11H 21 15
Brightness 2 12H 28 1C
Brightness 3 A 13H 36 24
Brightness 4 14H 44 2C
Brightness 5 15H 52 34
Brightness 6 16H 59 3B
Brightness 7 17H 68 44
Brightness 8 18H 75 4B
Brightness 9 19H 83 53
Brightness 10 1AH 91 5B
Brightness 11 1BH 102 66
Brightness 12 A\ 1CH 102 66
Brightness 13 Bright (high 1DH 102 66
Brightness 14 sensor current) 1EH 102 66
Brightness 15 1FH 102 66

* Depending on the characteristics of the LED driver to be connected, settings may not match when the duty
ratio, duty cycle or sampling cycle is low. This can be adjusted by changing duty ratio or sampling cycles.
Please determine the settings based on your evaluation.

14 EPSON S1F87110B0OA Series Technical Manual (Rev.1.0)
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7. OPERATIONAL AND FUNCTIONAL DESCRIPTION

7.6 Acquisition of brightness evaluation result

The S1F87110 can read out data of the brightness evaluation result (brightness 0 to 15).

Read out data from address 00H with 1°C, which will be explained later. (See 7.9.1 Function register.)

Brightness information will be output as 4-bit information of D7, D6, D5, D4 (register name: X3, X2, X1,
X0) asfollows: (D7=MSB,D4=L SB)

Brightness 0= (D7,D6,D5,04,D3,D2,D1,D0) = (0,0,0,0,X,X,X,X)
Brightness 1= (D7,D6,D5,04,D3,D2,D1,D0) = (0,0,0,1,X,X,X,X)

Brightness 15 (D7,D6,D5,04,D03,02,01,D0) = (1,1,1,1,X,X,X,X)

This function (brightness evaluation function) operates for both the automatic luminance control mode and

fixed brightness mode.
The result of brightness evaluation can be read out except in the standby mode.

7.7 Fixed brightness function (mode)

In the fixed brightness mode, the PWM signal is output in afixed duty regardless of the brightness evaluation

result.

Set this fixed current using 7 bits from DO (LSB) to D6 at address O1H. D7 is the dummy.

Similar to that in the automatic luminescence control, the PWM duty in the fixed brightness mode is obtained

from the following formula:

Duty(%)= CPWM(decimal) 128(decimal)

@ Fixed brightness PWM duty set register

Address Item Registers Remarks
D7 D6 D5 D4 D3 D2 D1 DO
Register
Name — | CPWM6 | CPWM5 | CPWM4 | CPWM3 | CPWM2 | CPWM1 | CPWMO
01H R/W — R/W R/W R/W R/W R/W R/W R/W —
Default | _ 0 1 1 1 1 1 1
value
S1F87110BOA Series Technical Manual (Rev.1.0) EPSON 15
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7. OPERATIONAL AND FUNCTIONAL DESCRIPTION

7.8 PWM output function

® PWM cycle select function

PWM output cycle can be selected with the PWM cycle register (TPWM) settings.
When TPWM=0, PWM cycle=390Hz (Typ.)

When TPWM=1, PWM cycle=195Hz (Typ.)

I°C register
TPWM PWM frequency
Address 02H (D4)
0 (Default value) 390 (Hz)
1 195 (Hz)

® PWM phase inversion function in the operation mode

PWM signal of the SIF87110 is Nch open drain output.

PWM output phase can be inverted with the PWM phase select register (PPWM).

Definition of PWM duty is TLEDON/PWM cycle. At TLEDON, Nch open drain output can be selected from
ON/OFF (Hi-Z).

LED ON | LED OFF LED ON | LED OFF

Duty(%)= TLEDON PWM cycle

Operation mode = automatic luminance control mode
or fixed brightness mode (except standby mode)

A

|
|

1

TLEDON !
» 1

|

PWM frequency (cycle)

T Ghhy SRRt

y
A

2 .
I'C register PWM output at TLEDON
SPWM PPWM . .
with operation mode
Address 02H (D6) Address 02H (D5)
X 0 (Default value) Nch OFF output (Hi-Z)
X 1 Nch ON output (Vss)

® PWM output select function during standby

The S1F87110 can select Nch ON/OFF of PWM output during standby.

PWM output during standby is determined only with this SPWM, regardless of PPWM setting at the
operation mode, as follows.

I'c register PWM output in
SPWM PPWM standby mode
Address 02H (D6) Address 02H (D5)
0 X Nch ON output (Vss)
1 (Default value) X Nch OFF output (Hi-Z)
16 EPSON S1F87110B0OA Series Technical Manual (Rev.1.0)
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7. OPERATIONAL AND FUNCTIONAL DESCRIPTION

7.9 Register setting

7.9.1 Function register (address 00H to 03H)

Address Item Registers Remarks
D7 D6 D5 D4 D3 D2 D1 DO
Register Name X3 X2 X1 X0 — SCONST SAUTO | SRESET | Each function active
00H R/W R R R R — R/W R/W R/W | High
X3 to X0: Brightness
Default value — — — — — 0 0 0 evaluation output
Register Name — CPWM6 CPWM5 CPWM4 CPWM3 CPWM2 CPWM1 | CPWMO | Fixed brightness
01H R/W — R/W R/W R/W R/W R/W R/W R/W | PWM duty set
Default value — 0 1 1 1 1 1 1 Register
Register Name — SPWM PPWM TPWM — TPD2 TPD1 TPDO | SPWM:
R/W — R/W R/W R/W — R/W R/W R/W During standby
PWM output
Default value —_ 1 0 0 —_ 0 1 TPWM: PWM cycle
TPD:
Sampling cycle
Register Name — TDW2 TDW1 TDWO — TUP2 TUP1 TUPO | TDW*:
03H R/W — R/W R/W R/W — R/W R/W R/W Duty reduction time
TUP*:
Default value — 0 1 1 — 0 1 0 Duty increase time
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7. OPERATIONAL AND FUNCTIONAL DESCRIPTION

7.9.2 Brightness evaluation - PWM duty set register (address 10H to 1FH)

Registers

Address Item o7 06 D5 oY D3 D2 DL Do Remarks
Rﬁg'rf]fr — | APWMOS | APWMO5 | APWMO4 | APWMO3 | APWMO2 | APWMO1 | APWMOO |PWM duty
10H RW | — RIW RIW RIW RIW RIW RIW RIW Eﬁgm wth
Default | 0 0 0 1 1 0 1 evaluation 0
value
Rﬁg'rf]fr — | APWM16 | APWM15 | APWM14 | APWMI13 | APWM12 | APWM11 | APWMI10 |PWM duty
11H RW | — RIW RIW RIW RIW RIW RIW RIW__| seting with
Defaul 1 1 1| evaluation 1
value - 0 0 0 0
Rﬁgﬁ‘j’ — | APWM26 | APWM25 | APWM24 | APWM23 | APWM22 | APWM21 | APWM20 |PWM duty
12H RW | — RIW RIW RIW RIW RIW RW RW g‘?“‘r']‘tg with
Default rightness
— 0 0 1 1 1 0 0 evaluation 2
value
R,\elg'rf]t:r — | APWM36 | APWM35 | APWM34 | APWM33 | APWM32 | APWM31 APWM30 | PWM duty
13H RW | — RIW RIW RIW RIW RIW RIW RIW Eﬁg'r:‘t%;"’s';h
Default _ 0 1 0 0 1 0 0 evaluation 3
value
Rﬁg'::r — | APWM46 | APWM45 | APWM44 | APWM43 | APWM42 | APWM41 | APWMA40 |PWM duty
14H RW | — RIW RW RIW RIW RIW RW RIW g?‘twtg with
Default ovaluation 4
et | — 0 1 0 1 1 0 0
Rﬁgﬁfr — | APWMS6 | APWMS5 | APWMS54 | APWM53 | APWM52 | APWMS1 | APWMS0 | PWM duty
15H RW | — RIW RIW RIW RIW RIW RIW RIW Eﬁtg“r?t% with
Default N
value — 0 1 1 0 1 0 0 evaluation 5
Rﬁgﬁtjr — | APWM66 | APWME5 | APWM64 | APWM63 | APWM62 | APWM61 | APWME0 |PWM duty
16H RW | — RIW RIW RIW RIW RIW RIW RW setting with
Default brightness
elau — 0 1 1 1 0 1 1 evaluation 6
value
Rﬁg'rf:r — | APWM76 | APWM75 | APWM74 | APWM73 | APWM72 | APWM71 | APWM70 |PWM duty
17H RW | — RIW RIW RIW RIW RIW RIW RIW Eﬁg'ﬁ‘g;"’;@h
Default _ 1 0 0 0 1 0 0 evaluation 7
value
Rﬁg':f:r — | APWMSE | APWMS5 | APWMS4 | APWMS3 | APWMS2 | APWM81 | APWMS0 |PWM duty
18H RW | — RIW RIW RIW RIW RIW RIW Rw | Setting with
Default brightness
value — 1 0 0 1 0 1 1 evaluation 8
Rﬁg'ns:r — | APWMY6 | APWM95 | APWM94 | APWM93 | APWM92 | APWM91 | APWMI0 |PWM duty
19H RW | — RIW RW RIW RIW RIW RIW RIW Zﬁtg“r?t% with
Default N
value — 1 0 1 0 0 1 1 evaluation 9
Register | __ | ApwMA6 | APWMA5 | APWMA4 | APWMA3 | APWMA2 | APWMA1 | APwMAQ |PWMduty
Name setting with
1AH RIW - RIW RIW RIW RIW RIW RIW RIW brightness
Dveaflilélt _ 1 0 1 1 0 1 1 %aluatlon
Rﬁgirf]‘:r — | APWMBS | APWMB5 | APWMB4 | APWMB3 | APWMB2 | APWMB1 | APWMBO ngmgdb’vti{h
1BH RIW — RIW RIW RIW RIW RIW RIW RIW brightness
[ﬁflilélt _ 1 1 0 0 1 1 0 ?\{aluatlon
Register | — | APWMC6 | APWMC5 | APWMCA4 | APWMC3 | APWMC2 | APWMC1 | APWMCO mmg"\‘,‘fi{h
1CH RIW - RIW RIW RIW RIW RIW RIW RIW brightness
szflilélt _ 1 1 0 0 1 1 0 ?;aluatlon
Rﬁgﬁ‘j’ — | APWMD6 | APWMD5 | APWMD4 | APWMD3 | APWMD2 | APWMD1 | APWMDO :;’xmgd\‘,’vti{h
1DH R/W — R/W R/W R/W R/W R/W R/W R/W brightness
?/Zﬁlélt _ 1 1 0 0 1 1 0 ?\éaluatlon
Rﬁgﬁ‘:r — | APWMEs | APWME5 | APWME4 | APWME3 | APWME2 | APWME1 | APWMEO Spgxmgd;%’h
1EH RIW — RIW RIW RIW RIW RIW RIW RIW brightness
Dveaflilélt . 1 1 0 0 1 1 0 ?Zaluatlon
Rﬁgirf]‘:r — | APWMF6 | APWMF5 | APWMF4 | APWMF3 | APWMF2 | APWMF1 | APWMFO ngmgdb’vti{h
1FH RIW — RIW RIW RIW RIW RIW RIW RIW brightness
Dveafliu,élt _ 1 1 0 0 1 1 0 %aluatlon
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7. OPERATIONAL AND FUNCTIONAL DESCRIPTION

7.10 I1°C serial interface

The S1F87110 serves as the 1°C slave device with a I?C-compatible two-wire serial interface.

This interface, by connecting to the 12C bus, achieves interactive communication anong multiple devices that
use serial data (SDA) and serial clock (SCL).

I°C is referred for two-wire serial interface proposed by Philips.

[Mode] Slave exclusive

[Slave address] 7-bit length
Slave address  0001010b

[Communication speed] Max. 400kHz

[Pins being used] SCL  Clock input pin
SDA  Datal/Opin

[Voltage level] High=VbbL level, Low=Vss level

H Datatransfer method is shown below. (See Attachment 1 for details.)

@ Start conditions and start of communication

In the communication sequence of the 1°C controller, the following START condition must be generated to
initiate the communication.

START condition: SDA changesfrom High to Low when SCL isHigh.

The I°C master generates the START condition for data transfer.
Asthe S1F87110 isadave device, it cannot generate the START condition.
The I°C master can initiate communication at any time.

@ STOP condition and end of communication
To terminate the communication with the S1F87110, the 1°C master generates the STOP condition after data
transfer including ACK (Low)/NACK (High) has been finished successfully.

STOP condition: SDA changesfrom Low to High when SCL isHigh.
Thisinterrupts the communication between the 1°C master and the S1F87110, and releases the I°C bus.

@ Slave address

After generating the START condition, the I°C master outputs 7-bit address starting from MSB (A6).
The slave address varies by |Cs. The slave address for the S1F87110 is 0001010b.

The S1F87110 captures the data at the rising edge of the clock to be entered to SCL.

@ Read/write (R/W) designated bit

Following the 7-bit slave address L SB (A0), the 1°C master outputs the bit that shows data transfer direction.
The S1F87110 al so captures this bit at the rising edge of SCL.

The relationship between bit and transfer direction are shown below.

R/W designated bit =*0": Data wrote by I°C master (1°C master =, S1F87110)
R/W designated bit =1”: Dataread by 1°C master (S1F87110 - |°C master)
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7. OPERATIONAL AND FUNCTIONAL DESCRIPTION

@ Establishing communication

When the dave address and the R/W designated bit is captured, the S1F87110 compares the slave address
with that set in the S1F87110.

If these addresses are met, SDA is set to Low for 1 clock from the SCL trailing edge followed by the capture
of R/W designated bit.

This Low pulse is sent to the I°C master as an ACK signal showing that the S1IF87110 has received the slave
address and R/W bit successfully. This establishes the communication between the 1°C master and the

S1F87110, and starts data transfer.

@ Datatransfer

The followings explain data transfer sequence of 1°C master, from START condition till STOP condition.

(See Attachment 1 for details.)

Datawrite

+ START condition

+ Send dave address — receive ACK

+ Send register address — receive ACK
+ Send write data— receive ACK

+ STOP condition

Dataread

« START condition

* Send dave address — receive ACK

+ Send register address — receive ACK
+ RESTART condition

* Send dave address — receive ACK

» Read data from the S1F87110

+ STOP condition from NACK condition

: Generates the START condition.

: Designates the slave address. (WRITE)

: Designates the register address to write data. (WRITE)
: Writes data to the designated address. (WRITE)

: Generates the STOP condition, and terminates the

communication.

: Generatesthe START condition.

: Designates the slave address. (WRITE)

: Designates the register address to read data. (WRITE)

: Generates the START condition again.

: Designates the slave address. (READ)

: Reads data from the designated register address.

: Generates the STOP condition from the NACK condition,

and terminates the communication.
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8. ABSOLUTE MAXIMUM RATINGS

8. ABSOLUTE MAXIMUM RATINGS

Vss=0V
Item Symbol - Rated Value Unit Appll.cable Remarks
Min. Max. pin
Input power voltage 1 VDD -0.3 5.5 V VDD Note 1
Input power voltage 2 VDDL -0.3 3.6 V VDDL Note 1
Input pin voltage2 VPIN -0.3 VDDL+0.3 V SDL, SDA —
Allowable dissipation PD — 200 mW — —
Storage temperature Tstg -40 125 °C — —

<Note 1> VDpD > VDDL must be set in the steady state, except in transient state at power-on.

<Note2> Do not externally feed voltage to the output pin, RPD connect pin and test pin.

<Note 3> The absolute maximum rating is not something that guarantees the equipment's electric
characteristics. Operation beyond the above rating may lead to malfunction or unrecoverable

damage. Moreover, normal function may be achieved temporarily but its reliability may be
significantly low.
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9. RECOMMENDED OPERATING CONDITIONS

9. RECOMMENDED OPERATING CONDITIONS

Vss=0V
Item Symbol - Rated Value Unit Appll.cable Remarks
Min. Max. pin
Input power voltage 1 VDD 2.7 3.6 V VDD —
Input power voltage 2 VDDL 1.6 3.0 V VDDL —
Operating ambient Ta 25 85 C . .
temperature

10. ELECTRICAL CHARACTERISTICS

B DC Characteristics

Unless otherwise specified,Vbp=3.0V,VDDL=1.8V,Ta=25°C

Standard : Applicab
Item Symbol in Typ. Viax Unit le pin Remarks
— 0.20 0.40 mA VDD SAUTO=H, SCONST=L
Self-consumption loor SCL=SDA=L, Automatic
current P — 4.0 15 pA VDDL luminance control mode,
RPD connected, IPD=0
— 0.1 0.8 A VDD
Standby current Istby — 01 30 A VDDL
TPWM=0, Typ. 380Hz
PWM cycle variations APWM -20 — +20 % PWM TPWM=1, Typ. 195Hz
Error against set cycle
PWM duty variations ADuty -5 — +5 % PWM Error against set duty value
PWM pin leak current ILEAK — 0.01 0.5 pA PWM PWM=VDD
PWM pin output lPwi 0.8 — 20 | mA | PWM |VoL=0.2V
current
. TUP ) . o Error against set change
PWM change time TDW 20 +20 % PWM time
Sensflrof‘tgg'(':a“on VRPD2 | 09 1.0 1.1 Vv RPD2 | RPD2 pin voltage
VPD15 1.050 1.300 1.500 Vv RPD1 2 Brightness evaluation value
VPD VPD1 0.002 0.004 0.006 ’ RPD=100kQ
AVPD VPDn-VPDn-1>0 V — Monotonic increase
RPD resistance value RPD 1.0 — 500 kQ RPD1,2
Brightness evaluation o .
Sampling cycle TSAMPL -20 — +20 % — Error against set cycle

Unless otherwise specified, Vbb=3.0V,VbbL=1.8V,Ta=25°C

Standard ; Applicable s
Item Symbol i Typ. Viax, Unit pin Conditions
PDIN pin saturation . PDIN pin voltage when
voltage VPDIN 105 ] 13 |V PDIN | iPD1=1000yA is applied
RPD1 pin saturation _ _ RPD1 pin voltage when
voltage VRPD1 | 2.65 v RPD1 IPD2=1000uA is applied
HIGH level 0.8x
input voltage ViH VDDL B B v
LOW level VIL _ _ 0.2x v SCL,SDA
input voltage VDDL XRESET
Input current (H) IIH -0.5 — 0.5 pA VIN=1.8V
Input current (L) I -0.5 — 0.5 pA VIN=0V
SDA pin output ISDA | 25 55 — | ma SDA | VoL=0.2V
current
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10. ELECTRICAL CHARACTERISTICS

B AC Characteristics

Unless otherwise specified, Vbb=3.0V,VbbL=1.8V,Ta=25°C,VIH=0.8 VbpL,VIL=0.2 VDDL

Item Symbol - Standard Unit Appll'cable Conditions
Min. Typ. Max. pin
SCL clock cycle fscl — — 400 kHz SCL
SCL clock HIGH period tHiGH 0.6 — — us SCL
SCL clock LOW period fLow 1.3 — — us SCL
Input signal rise time trRISE — — 0.3 us SCL,SDA
Input signal fall time trFALL — — 0.3 us SCL,SDA
START condition setup tsTSUP 06 . . us SCL.SDA
time
START condition hold time tsTHLD 0.6 — — us SCL,SDA
STOP condition setup time tspsup 0.6 — — us SCL,SDA
Data setup time toTsup 0.1 — — us SCL,SDA
Data hold time toTHLD 0 — — us SCL,SDA
Reset pulse width txr 1.0 — — us XRESET XRESET=
Low period
E:set pulse width at power | 4 1.0 — — ms XRESET See No.P9
Wait time after clearing . XRESET
reset txrwait 1.0 — — us SCL.SDA See No.P9
START condition STOP condition
~—e ~—e

_tow _ tHiGH

v

scL _/L J& ZL i\_7 _/_\r /7 4

- 7
— i~ — i

trALL trISE
<k VA S
E ‘ y; 7
—> e—> «— — «—>
tstsup  tsTHLD totsup  toTHLD tspsup
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11. EXTERNAL CONNECTION DIAGRAMS

11. EXTERNAL CONNECTION DIAGRAMS

11.1 Example of photo IC type sensor connection

3.0V

S1F87110
Backlight PWM
Sensor LED driver
processor Control signal PWM
Generation output
Photo IC ]
sensor >
( ) PDIN
47 Sensor
current

Automatic luminance
control algorithm SDA

I*C-Bus serial Interface
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11. EXTERNAL CONNECTION DIAGRAMS

11.2 Example of photodiode type sensor connection

3.0V
VDD S 1 F87 1 10
CVbD
Vss
RPD1
Backlight
TCPD RPD RPD2 Sensor LED driver
processor Control signal
Generation
Sensor Photodiode _{
current (:;nsor) PDIN

CVbpDL

XRESET

Automatic luminance
control algorithm

I°C-Bus serial Interface

PWM

SDA

PWM
output
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11. EXTERNAL CONNECTION DIAGRAMS

11.3 Example of recommended parts

Maximum Capacity value
Parts name Use applied or Resistance
voltage value
CvDD Bypass capacitor between VDD and Vss VDD 0.1uF
CvDDL Bypass capacitor between VDDL and Vss VDDL 0.1uF
CPD Noise suppressor capacitor VDD 0.1uF
RPD VPD generating resistor VDD See Section 7.4.
Luminance sensor
Example of recommended part:
Photo IC TOSHIBA TPS853 - -
TOSHIBA TPS852
Luminance sensor
. Example of recommended part:
Photodiode TDK BCS1210A1LP Voo -
TDK BCS2015G1

<Precautions>

When using this Devel opment Specifications, you should remember the following points.

1. Information inthis Development Specificationsis subject to change without notice.

2. Thereis no representation or warranty that anything made in accordance with this material will be free
from any patent or copyright infringement of a third party. The application examples in this
Development Specification are provided to facilitate understanding of this product. It should be noted
that Seiko Epson shall not be liable for any problem related to circuits that may arise from its use.

3. No part of this material may be reproduced or duplicated in any form or by any means without the
written permission of Seiko Epson.

When using this semiconductor, note on the following points:
“Precautions for Handling the IC against the Light”
If semiconductor chips are exposed to the strong light, their characteristics may change. Therefore, exposure
of the IC to the light may cause malfunction. To protect the I Cs, the following general requirements must be
satisfied for IC mount boards and products.
(1) Design and mount the IC to prevent its exposure to light during actual operation.
(2) Also, do not expose the ICsto the light in the inspection phase.
(3) Takeall surfaces, top, bottom and sides, of the IC chip into consideration when blocking out light.
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12. EXTERNAL DIMENSIONS

12. EXTERNAL DIMENSIONS
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EPSON

International Sales Operations

AMERICA

ASIA

EPSON ELECTRONICS AMERICA, INC.
HEADQUARTERS

2580 Orchard Parkway

San Jose , CA 95131,USA

Phone: +1-800-228-3964 FAX: +1-408-922-0238

SALES OFFICES
Northeast

301 Edgewater Place, Suite 210
Wakefield, MA 01880, U.S.A.

Phone: +1-800-922-7667 FAX: +1-781-246-5443
EUROPE

EPSON EUROPE ELECTRONICS GmbH
HEADQUARTERS

Riesstrasse 15
80992 Munich, GERMANY
Phone: +49-89-14005-0 FAX: +49-89-14005-110
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EPSON (CHINA) CO., LTD.

23F, Beijing Silver Tower 2# North RD DongSanHuan
ChaoYang District, Beijing, CHINA

Phone: +86-10-6410-6655 FAX: +86-10-6410-7320

SHANGHAI BRANCH

7F, High-Tech Bldg., 900, Yishan Road,

Shanghai 200233, CHINA

Phone: +86-21-5423-5522 FAX: +86-21-5423-5512

EPSON HONG KONG LTD.

20/F., Harbour Centre, 25 Harbour Road

Wanchai, Hong Kong

Phone: +852-2585-4600 FAX: +852-2827-4346
Telex: 65542 EPSCO HX

EPSON Electronic Technology Development (Shenzhen)
LTD.

12/F, Dawning Mansion, Keji South 12th Road,

Hi- Tech Park, Shenzhen

Phone: +86-755-2699-3828  FAX: +86-755-2699-3838

EPSON TAIWAN TECHNOLOGY & TRADING LTD.
14F, No. 7, Song Ren Road,

Taipei 110

Phone: +886-2-8786-6688 FAX: +886-2-8786-6660

EPSON SINGAPORE PTE., LTD.

1 HarbourFront Place,

#03-02 HarbourFront Tower One, Singapore 098633
Phone: +65-6586-5500 FAX: +65-6271-3182

SEIKO EPSON CORPORATION

KOREA OFFICE

50F, KLI 63 Bldg., 60 Yoido-dong

Youngdeungpo-Ku, Seoul, 150-763, KOREA

Phone: +82-2-784-6027 FAX: +82-2-767-3677

GUMI OFFICE

2F, Grand B/D, 457-4 Songjeong-dong,

Gumi-City, KOREA

Phone: +82-54-454-6027 FAX: +82-54-454-6093

SEIKO EPSON CORPORATION
SEMICONDUCTOR OPERATIONS DIVISION

IC Sales Dept.

IC International Sales Group

421-8, Hino, Hino-shi, Tokyo 191-8501, JAPAN
Phone: +81-42-587-5814 FAX: +81-42-587-5117
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