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Mobile Phones, Smart Phones

LCD TVs, PDP TVs

Laptop PCs, LCD Displays

Portable Game Consoles

Digital Cameras, Digital Video Cameras

Car Navigations, PDAs

General Description

Ordering Information

Features

Digital Output Type Ambient Light Sensor
with I2C Interface

rebmuNredrO egakcaP krameR

6QDA1515Su L6-2x2NFDO

6TDA1515Su L6-8.1x53.2NFDO

The uS5151 is an integrated ambient light sensor for I2C
BUS interface with a 9-bit SAR type ADC. It is easily
operated via a simple I2C command by digital output
interface.

It is possible to detect wide range from darkness to direct
sunlight environment. The best spectral sensitivity is used
to closely capture real human eye responses.

These ICs are the most suitable to obtain the ambient
light data for adjusting LCD and Keypad backlight power
of Mobile phone.

The uS5151 is a digital output ambient light sensor
available in ODFN2x2-6L and ODFN2.35x1.8-6L
packages.

Applications

Note: uPI products are compatible with the current IPC/
JEDEC J-STD-020 requirement. They are halogen-free,
RoHS compliant and suitable for use in Pb-free soldering
processes.

Supply Voltage Range from 2.8V to 5.5V

Spectral Sensitivity Close to Human Eyes
Sensitivity

Output Current in Proportion to Brightness

Built-in Shutdown Function

9-bit Resolution

IR + UV Rejection

Integrated 50/60Hz Noise Rejection

Low Supply Current

Space Saving ODFN Packages

Pin Configuration & Typical Application Circuit
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Functional Pin Description

Functional Block Diagram

GND

VDD

Temperature 
Compensation

Ambient 
Light 
Sensor

Current 
Amplifier

RSET

I2C 
Interface 

BUS_SEL

SCL

SDA

Control 
Console

A/D 
Converter



uS5151

3uS5151-DS-F0100, Apr. 2012
www.upi-semi.com

Functional Description
I2C Interface Data Validity

The data on the SDA line must be stable during the HIGH
period of the SCL, unless generating a START or STOP
condition. The HIGH or LOW state of the data line can
only change when the clock signal on the SCL line is LOW.
Refer to the figure below.

SDA

SCL

SDA stable 
Data Valid

Change of 
SDA allowed

I2C Start and Stop Conditions

A START (S) condition is a HIGH to LOW transition of
SDA while SCL is HIGH. The STOP (P) condition is a

LOW to HIGH transition of SDA while SCL is HIGH. A
STOP condition must be sent before each START
condition.

SDA

SCL
S P

start 
condition

stop 
condition

I2C Acknowledge
Each address and data transmission uses 9 clock pulses.
The ninth pulse is the acknowledge bit (A). After the start
condition, the master sends 7 slave address bits and a R/
W bit during the next 8 clock pulses. During the ninth clock
pulse, the device that recognizes its own address pulls
SDA low to acknowledge. The acknowledge bit is also
used by both the master and the slave to acknowledge
receipt of register addresses and data.

Read and Write Protocol
Write to a Single Register

S
W+rdda_evals

]0A:7A[
SA

)xedni(rdda_ger
]0I:7I[

SA
atad_ger
]0D:7D[

SA P

Read from a Single Register

S
W+rdda_evals

]0A:7A[
SA

)xedni(rdda_ger
]0I:7I[

SA SR
R+rdda_evals

]0A:7A[
SA

atad_ger
]0D:7D[

AN P

S = Start, P = Stop, AS = ACK from slave, AM = ACK from master, NA = No ACK, RS = Repeat Start

Figure 1. WRITE example

Figure 2. READ example

9SCL

SDA 
input

Start

0 0 1 0 0 00 0
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Ack
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Ack
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AckIndex Data (W)

I2C Write Timing Diagram Sample

SDA 
output

ASMASTER DRIVEN ASMASTER DRIVEN MASTER DRIVEN

S A5 A4 A3 A2 A1 A0A6 W

W

AS P
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9SCL
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AckIndex Address (R) Stop

91 2 3 4 5 6 7 8

Data (R)RS

0

I2C Read Timing Diagram Sample
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0/1 0/1 0/1 0/1 0/1 0/1 0/1 0/1
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ACK(A)

981
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I2C Address Programming

The uS5151 features user programmable address by a
voltage divider from VCC-to-BUS_SEL-to-GND as shown
in the Typical Application Circuit. BUS_SEL pin voltage is
compared with internal reference voltage for address
programming. There are total 3 addresses available. Table
1 illustrates recommended external voltage divider for
address programming.

Table 1. Recommended Address Programming

tamroFsserddAtib8
)daeR/etirW(

X000_1110
)h17/h07(

X000_0100
)h12/h02(

X000_1001
)h19/h09(

tamroFsserddAtib7
000_1110

h83
000_0100

h01
000_1001

h84

)mhok(1R nepo nepo 01

)mhok(2R 01 nepo nepo

tupnILES_SUB
)CCVfo%(egatloV

0
tupnI
gnitaolf

001

Functional Description

rdda_geR ataD

geR 7tiB 6tiB 5tiB 4tiB 3tiB 2tiB 1tiB 0tiB

10x0geR NE-pihC devreseR

20x0geR 8tiB_SLA 7tiB_SLA 6tiB_SLA 5tiB_SLA 4tiB_SLA 3tiB_SLA 2tiB_SLA 1tiB_SLA

30x0geR 0tiB_SLA devreseR

Enable(Reg0x01)

Reg0x01[7] = 0: disable the chip

Reg0x01[7] = 1: enable the chip

Reg0x02[7:0], Reg0x03[7] : Ambient Light Sensor
(ALS) A/D Converter Data Output Byte

The RSET pin voltages are directly digitalizzed by A/D
converters and interfaced with microprocessors by I2C
bus. The A/D converters have resolutiom of 4mV and full
scale of to 2.048V. The A/D converter outputs are stored
in Reg0x03[7] and Reg0x02[0:7] respectively.

Reg0x02[7]  ALS_Bit8

Reg0x02[6]  ALS_Bit7

Reg0x02[5]  ALS_Bit6

Reg0x02[4]  ALS_Bit5

Reg0x02[3]  ALS_Bit4

Reg0x02[2]  ALS_Bit3

Reg0x02[1]  ALS_Bit2

Reg0x02[0]  ALS_Bit1

Reg0x03[7]  ALS_Bit0

Table 2. I2C Registers Summary

I2C Programming Interface
The uS5151 owns a 9-bits A/D converter that it can provide
a high resolution on light intensity sensing that are
programmed by Reg0x01, Reg0x02 and Reg0x03
respectively.
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Absolute Maximum Rating

Recommended Operation Conditions
Supply Voltage, V

DD
 (Note 3)   -----------------------------------------------------------------------------------------------  2.8V to 5.5V

Operating Temperatur Range  ----------------------------------------------------------------------------------------------  -40OC to +85OC

retemaraP lobmyS snoitidnoCtseT niM pyT xaM tinU

tupnIylppuS

egatloVtupnIylppuS V DD 8.2 -- 5.5 V

tnerruCylppuS
I 1DD xuL001=thgiltneibmA -- 041 -- Au

I 2DD xuL0=thgiltneibmA -- 221 -- Au

tnerruCnwodtuhS I DS_DD elbasiderawtfosC2I -- 51 -- Au

egnaRetaRkcolCC2I f C2I 1 -- 004 zHk

kraDnehWtuptuOataD 0_ATAD
,xuL0=thgiltneibmA

k4=TESR Ω 0 -- 2 stnuoC

egnaRelacSlluFD/A SF_ATAD -- -- 115 stnuoC

noitairaVtuptuOataD Δ ATAD/ATAD -- 51-/+ -- %

ytisnetnIelbatceteD -- 6904~0 -- xuL

egatloVwoLtupnIADSdnaLCS V LI -- -- 5.0 V

egatloVhgiHtupnIADSdnaLCS V HI 5.1 -- -- V

htgneLevaWkaeP λP -- 055 -- mn

noitceleSsserddA

egnaRegatloV1sserddA 07x0=sserddA -- -- 32 CCV%

egnaRegatloV2sserddA 02x0=sserddA 82 -- 06 CCV%

egnaRegatloV3sserddA 09x0=sserddA 56 -- -- CCV%

(VDD = 3.3V, TA = 25OC, unless otherwise specified)

Electrical Characteristics

Note 1. Stresses listed as the above “Absolute Maximum Ratings” may cause permanent damage to the device.
These are for stress ratings. Functional operation of the device at these or any other conditions beyond those
indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum rating
conditions for extended periods may remain possibility to affect device reliability.

Note 2. Devices are ESD sensitive. Handling precaution recommended.

Note 3. The device is not guaranteed to function outside its operating conditions.

Note 4. White LED is used as optical source

(Note 1)

Supply Voltage, V
DD

 ----------------------------------------------------------------------------------------------------- 0V to 6.0V
I2C Bus Pin Voltage (SCL, SDA) ----------------------------------------------------------------------------------------------- 0V to 6.0V
I2C Bus Pin Current (SCL, SDA) ---------------------------------------------------------------------------------------------------- < 10mA
Other Pins  -----------------------------------------------------------------------------------------------------------------------  -0.2V to V

DD

Storage Temperature Range, T
STG

 ----------------------------------------------------------------------------------------- -40OC to +85OC
Operating Temperature Range, T

OPR
  -------------------------------------------------------------------------------------- -40OC to +85OC

Lead Temperature (Soldering, 10 sec)  ------------------------------------------------------------------------------------------------ 260OC
ESD Rating (Note 2)

HBM (Human Body Mode)  -------------------------------------------------------------------------------------------------------- 2kV
MM (Machine Mode)  ---------------------------------------------------------------------------------------------------------------- 200V
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Typical Operation Characteristics
Output Current vs. Illumination
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A/D Converter Data Output vs. Illumination
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A/D Converter Data Output vs. RSET VIN
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Luminosity Angle

Typical Operation Characteristics
Radiation Pattern
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Application Information
Input Capacitor (CVDD)

A 0.1uF ceramic capacitor physically near the VDD pin is
used for power supply noise rejection.

RSET Output Resistance (RL) Selection

RSET

A/D 
Converter

I2C 
Interface

RLCL

Figure 1. ALS A/D Converter

For the 200Lux~4096Lux high resolution the RL resistance
is calculated by uS5151 maximum A/D full scale voltage
RSET=2.048V and a given maximum Lux as the following
equation.

6L
10)2Lux1.0(

VRSET
R −×+×

=

Example1:

If you want to convert the illuminace value up to 500
Lux of the ALS surface by ADC. Output resistance value
will be as below .

Ω⇒Ω=
×+×

= − k39k38.39
10)25001.0(

048.2
R

6L

Example2:

If you want to convert the illuminace value up to 1000 Lux
of the ALS surface by ADC. Output resistance value will
be as below .

Ω⇒Ω=
×+×

= − k20k1.20
10)210001.0(

048.2
R

6L
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Figure 2. RL Resistance vs. Maximum Lux

Please set output resistance R
L
 within the range of 1kΩ~

1MΩ which needs to be smaller than the input impedance
of the next circuit. In actual design the device will be
mounted under the optical window. There is a possibility
that the illuminace to the ambient light sensor through the
optical window will be less than the illuminance on the
final product surface.

RSET Output Capacitor (C
L
) Selection

In this case, please set it to C
L 
x R

L 
= about 1~10 as a time

constant. C
L
 is effective to control backlight smoothly for

a rapid changing of the illuminance.

Maximum Lux (Lux)
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25OC

Ramp Up 
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Recommended Infrared Reflow

Application Information
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Sensor Location Drawing

Package Information

ODFN2.35x1.8-6L

0.25mm

0.25mm

0.28mm

0.17mm

PD Center

1.80 + 0.10 mm

2.35 +
0.10 m

m

Die

ODFN2x2-6L

0.25mm

0.25mm

0.28mm

0.17mm

PD Center

2.00 + 0.10 mm

2.00 +
0.10 m

m

Die
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Package Information
ODFN2x2-6L

Note
1.Package Outline Unit Description:

BSC: Basic. Represents theoretical exact dimension or dimension target
MIN: Minimum dimension specified.
MAX: Maximum dimension specified.
REF: Reference. Represents dimension for reference use only. This value is not a device specification.
TYP. Typical. Provided as a general value. This value is not a device specification.

2.Dimensions in Millimeters.
3.Drawing not to scale.
4.These dimensions do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15mm.
5. Sensor Location refers to Page 10.

3

Recommended Solder Pitch and Dimensions

0.8 M
AX

0.23 - 0.380.65 BSC

1.90 - 2.10

1.90 - 2.10

0.55 - 0.90

0.25 - 0.35 1.30 - 1.50

0.00 - 0.050.20 REF

0.55 - 0.90

1.20 - 1.30
2.45 -2.55

0.20 - 0.400.65 BSC

1

1.15- 1.50

64
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Package Information
ODFN2.35x1.8-6L

Note
1.Package Outline Unit Description:

BSC: Basic. Represents theoretical exact dimension or dimension target
MIN: Minimum dimension specified.
MAX: Maximum dimension specified.
REF: Reference. Represents dimension for reference use only. This value is not a device specification.
TYP. Typical. Provided as a general value. This value is not a device specification.

2.Dimensions in Millimeters.
3.Drawing not to scale.
4.These dimensions do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15mm.
5. Sensor Location refers to Page 10.

Recommended Solder Pitch and Dimensions

0.075 Min
0.60 BSC

2.25 - 2.45

1.70 - 1.90

64

13

0.33 - 0.45

0.35 - 0.55

0.60 BSC 0.40  10± 0.

1.45 
 0.05

±

2.85 
 0.05

±

0.99 - 1.19

1.27 - 1.47

0.30  ± 0.05

0.55 - 0.90

1.27 - 1.47

0.80 M
AX

0.00 - 0.050.203 REF
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Important Notice

uPI and its subsidiaries reserve the right to make corrections, modifications, enhancements, improvements, and other changes to its products
and services at any time and to discontinue any product or service without notice. Customers should obtain the latest relevant information
before placing orders and should verify that such information is current and complete.
uPI products are sold subject to the terms and conditions of sale supplied at the time of order acknowledgment. However, no responsibility is
assumed by uPI or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which may result from its use.
No license is granted by implication or otherwise under any patent or patent rights of uPI or its subsidiaries.
COPYRIGHT (C) 2010, UPI SEMICONDUCTOR CORP.

uPI Semiconductor Corp.
Headquarter
9F.,No.5, Taiyuan 1st St. Zhubei City,
Hsinchu Taiwan, R.O.C.
TEL : 886.3.560.1666   FAX : 886.3.560.1888

uPI Semiconductor Corp.
Sales Branch Office
12F-5, No. 408, Ruiguang Rd. Neihu District,
Taipei Taiwan, R.O.C.
TEL : 886.2.8751.2062    FAX : 886.2.8751.5064


