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version
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customer to verify the resolution in the application.

« In case the resolution was taken from the datasheet or Application Note, the customer must verify the resolution on a system level.

« As there is no change in the performance of the component, no recalibration is necessary on a component level.
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necessary.
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VEML6031xx - DCN

Change from Rev. 1.3, 26-May-2023 to Rev. 1.4, 18-Dec-2025




DCN - Summary

* No performance change of the part. All changes are based on latest measurements from our
characterization team and will only correct the data from the previous version

e 1) Corrected resolution to match the actual component resolution. No change in the component
performance.

* 2) Removed figure 9 due to duplicated information, Fig 8 covers all necessary information
* 3) Renamed bit naming for readability purpose

* 5)Rearranged part handling information in separate chapter for readability purpose
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* 4) Revised block diagram for readability purpose
)
)

* 6) Added Revision History
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* Affected documents
*  VEML6031X00 (Document Number: 80007)
* VEML6031X01 (Document Number: 80008)
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Expected Influence on Quality/Reliability/Performance

* Noinfluence on quality, reliability and performance expected, nevertheless we request the
customer to verify the resolution in the application.

* In case the resolution was taken from the datasheet or ApplicationNote, the customer must
verify the resolution on a system level.

* Asthere is no change in the performance of the component, no recalibration is necessary on a
component level.

* Depending on the required accuracy of the application, the customer is advised to verify and
test if an adjustment in the system resolution is necessary.
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AMBIENT LIGHT FUNCTION AMBIENT LIGHT FUNCTION

« Filtran™ technology adaption: close to real human eye « Filtron™ technology adaption: close to real human eye
response response

» Typical ALS output tolerance of < 10 % under different « Typical ALS output tolerance of < 10 % under different

- = - 16-bit dynamic range for ambient light detection from
16-bit dynamic range for ambient light detection from 01 to about 172 kix with resolution down o 0.0026 buct,
0 Ix to about 228 kix with resolution down to 00034 it b o e (o e o

|supports low transmittance (dark) lens design

oo (e peTaTir s CompenEaon
* High dynamic detection resolution

= Exoellent temperature Gompansation
« High dynamic detaction resolution

PRODUCT SUMMARY
OPERATING | PCEBUS
AMBIENT LIGHT | AMBIENT LIGHT| ADC RESOLUTION OPER
PART NUMBER VOLTAGE VOLTAGE RANGE RESoLUTION f| OUTPUT PROXIMITY / ATING VECBUS I AMBIENT LIGHT | AMBIENT LIGHT ADG RESOLUTION
RANGE RANGE CODE VOLTAGE VOLTAGE ouTPUT
) (1 AMBIENT LIGHT PART NUMBER e Er RANGE RESOLUTION onE PROXIMITY /
i i) ) (x) (x) AMBIENT LIGHT
VEMLG03TX00 251036 171036 16 it PO /16t
VEMLG031X00 250386 17038 05172 000 00026 16 61, PG ~/160n
INFORMATION FOj
ORDERING CODE PACKAGING VOLUME (1 REMARKS
VEMLE03T 300 Tope andea MOG3050 T et - ORDERING CODE__|| SLAVE ADDRESS (7 BIT) | PACKAGING VOLUME (1 REMARKS
VENLo0s Xe0 G5 T Tape and rod 00 2000 E Ty ey VEMLG031X00 =) Tape and resl MOQ: 3000 2.67 mm x 2.45 mm x 06 mm
VEMLE0311300 Tape andredl MOQ: 3000 Py r——p—— VEMLB031X00-GS15 =) Tape and real MOG: 10 000 2.67 mm x 2.45 mm x 06 mm
VEML5031 1006515 Tape and redl MOG: 10 000 2,67 mm X 245 mm X 0.6 mm VEMLB0311X00 0x10 Tape and real MOG: 3000 2.67 mm x 2.45 mm x 06 mm
Noto VEMLG031 1X00-GS15 0x10 Tape and reel MOG: 10 000 2.67 mm % 2.45 mm 06 mm
1) MOQ: minimurm ordar quantity Nota

1 MOQ: minimum order quantity

Remark: See item 1 for resolution
Included information in table ORDERING
INFORMATION on page 1
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VISHAY. VEML6031X00

o
www.vishay.com

Vishay Semiconductors A\ 4 VEML6031X00
VISHAY.
SLAVE A OPTIONS A A Vishay Semiconductors
ORDERING CODE SLAVE ADDRESS (7 bit)
L o ABSOLUTE UM RATINGS (Tamo = 25 °C, unless oth
PARAMETER TEST CONDITION SYMBOL MIN. MAX. UNIT
= = Supply voltaga Vig o 36 v
ABSOLUTE MAXIMUM RATINGS (T,..,, = 25 °C, unless otherwise specified) e e = 22 =
PARAMETER TEST CONDITION SYMBOL MIN. MAX. UNIT Siorags femperaiure angs o o o <
Supply voitage Voo o 36 v Total power dissipation Tanb %25 °C Pt - 50 mW
Operation temperature range Tamss -40 +110 °C Junction T - 110 °C
Storage Tange Tz 0 10 °C
Total powsr dissipation Tom=25°C P B E ™
Junction temparature T - 110 C

Remark:
Included information in table ORDERING INFORMATION on page 1
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S - - BASIC CHARACTERISTICS (T.nb = 25 °C, unless otherwise specified)
BAsic U (Tamy = 25 °C, unless otherwise specifi PARAMETER TEST CONDITION SYMBOL| MIN. | TYP. | MAX. | UNIT
PARAMETER TEST CONDITION SYMBOL| MIN._| TYP. | MAX_ | UNIT 5 o = - i m
Supply voltage T— Voo 25 3: 36 v Shut down current (1), Viop = Vaus - 05 -
o0 = Vaus - : -
i - B B
Shut down eurrent () Voo=Vous =30V leg N - 12 A Supply current Shut down c“"e:“ ), Vpp = Vays =30V oo 12 A
Voo 3.6V oot Vous = 17V - o . Shut down current ), Vpg = 3.6 V, Vagg = 1.7V - 31 ,
Active mode current Voo is 3.3V Ioo - 280 - pA Active state, Vpp =33V - 280 -
P2C clock rate range fooL 10 B 200 kHz T O T T oo Y = " i
Vews = Voo Vi | 07xVep | - 35 v Vais = Voo Ve | 07xVen | - 36 v
2 bus input H-level range FG bus Input H-level range
P o Vaus Voo Vi 085 Veus | - 36 v ! i Veus # Voo Ve |085%Vaus| - 36 v
Vews =Vop vy 03 ~ 08V | Vv Vo = Vi v, 03 — [0axv, v
EG bus input L-fevel range FC bus input L-ievel range aus = Voo " o0
Vaus = Voo Vi 03 - [02xVass| Vv o v Veus = Voo Va 03 — [ezxves| v
TR ———. n - 2 -
gital current out (low, current o B N , o
Digital resolution (LS8 count) @ With ALS_GAIN = x 2, ALS,IT = 400 ms, - 0.0034 - Ix/step L) — —
X W ALS GAIN =X 2. ALS. I = 500 M.
gital resolution (LSB count @ - A 2 - 00026 [ - Wstep
Detectable maximum iluminance | Wit ALS_GAIN=x0.5, ALS_IT Ev e - 228 000 - x ALS PDDN = 4/4 PD
PD_DIV4 = 1/4 PD 625 ms,
= = D iluminance | Evre - 172000 - x
ALS dark offset PSS g - 4 - step
FD_DWwé = 4/ PD ALS dark offset 0 With ALS_GAIN = x 2. ALS. IT = 200 ms, _ 4 . s
R dark offoet ™ With ALS_GAIN - x 2, T - 200 ms, A - ALS_PDDN = 44 FD P
PD_DIVA = 4/4 PD - - P
2 E—Y With ALS_GAIN = x 2, ALS IT = 200 s, , B ) -
Notes ALS_PDDNV = 4/4 PD -
) Light conditions: dark Notes

) Light conditions: Ey = 100 Ik with 4300K white LED ) Light conditions: dark

) Light conditions: Ey = 100 b with 4300K white LED

Remark: See item 1 for resolution
Rearranged supply current statement, no change in the values
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Page?2

Rev. 1.3, 26-May-2023 Rev. 1.4, 18-Dec-2025

UosSl 4O WwiNC =S4

CIRCUIT BLOCK DIAGRAM CIRCUIT BLOCK DIAGRAM

4 GND

1

LT
VEMLE031X00

——
scLs| |f Temperature
compensation

ALSE Tntegrating
‘[>'| ADG

R Integrating
& D "R

Command| Data | INT
registers | registers | control
FC Interface.

Voo 6
1_r
1 GND
1 GND 7
Fig. 1 - Block Diagram Fig. 1 - Block Diagram

Remark: See item 4 for block diagram
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* Removed this figure
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L lux,
White LED 4300K
30
L
2 g LT
z L‘upper deviation
5 4 A
H 10 1 Typical 7]
5 [~ =11
; 0 L= =
a ~
=10
Lower deviation
o LLLLIT]

-40 20 0 20 40 &0 B0 100
T gens, = Aimbient Temperature ("C)

Fig. 9 - Dark Current Ofiset vs. Ambient Temperature

Remark: See item 2
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nPPLIGAT N INFORMATION

pecial care must be taken into consideration when handling the VEMLEOSTX00. VEMLB031X00 is sensitive to dust and
scratches, proper optical device handling procedures are recommended.
[The optical surface of the device must be kept clean for optimal performance in both prototyping with the device and mass
production manufacturing procedures. Tweezers with plastic or ubber contact surfaces are recommended to avoid scratches
woid I tools when possible must be kept clean of fingerprints,
just, and other opticakinhibiting contaminants.
if the device optical surface requires cleaning, the use of isopropyl alcohol is recommended. A few gentle brushes with a soft
swab are appropriate. Avoid petentially abrasive cleaning and manipulating tools and excessive force that can scratch the
ptical surface.
[f the VEMLE031X00 performs less than optimally, inspect the optical surface for dirt, seratches, or other optical artifacts.
EMLB031X00 is a cost effsctive solution of ambient light sensor with I°C bus interface. The standard serial digital interface is
leasy to access “Ambient Light Signal” without complex calculation and programming by extemal controller. Besids the digital
lable

17VI036Y
anl el
oo
25Vi036V R4 (J
= T Voo (6) Host
LIl VEMLE031X00 Micro Controller
SDAE) . FC bus data SDA
ClandR4 seLe b
are opfional o INT()
for a oy
supply

Fig. 11 - Agpiation Circut
%) = Pin Nurnt

Notes.

*+ Tha ntemupt pin s an opan rain ot Proposed valuesfor the pullup rsisors should be > 1 k02, 6. 22k 10 47 ki fo the Rt and
Rz (at SDA and SCL) and 10 k02 to 100 ki for RS (at interrupt).
Normally just one decoupiing capactor is neaded. This should be = 100 nF and placed close to th Viog pin.
For detaled desoripton about set-up and use of the nteupt s wel &3 more @ppiation related information see AN: “Dedigring
VEMLG031X00 into an Appiicat

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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APPLICATION INFORMATION
1. Appiication Gircuit

1IvmaEy
anl el vl
[
25vi038Y e
I
™ Host
Do vemLeaatxo0 Micro Controller
s POt datasoA
SCL 5} FC bus clock SCL
ana
v catons) —{eow wia PO frtamt
o ciey

Fig. 10 - Application Circut
0

MNotes

+ The INtSmupt pin IS &N op=n Orain CUtput. Proposed Valuss for the pul-up Fesistors shoulid Be > 1 K. £.3. 22 k(2 1o 4.7 K for the 1 and
2 (st SOA and SCL) and 10 kL2 to 100 ke for A3 (at ntemupt.

+ Normally just one decoupling capacitar is needed. This ehould be > 100 nF and placed cioss 1o the Veo
For detalled description boul sel-up and use of the interrupt as well as more application ki Inormation see AN: “Desiaring
VEMLS031X00 Into an Application

Remark: See item 5
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Device Address

The VEMLEOZX00 is avaisble in two different
pre-configured slave addresses.

For one version the predsfined 7 bit PC bus address is set
to 0101001 = 0x29. The least significant bit (LSB) defines
read or write mode. Accordingly the bus address is set to
0101 0010 = 0x52 for write and 0101 0011 = 0x53 for read.
The second version comes with predsfined 7 bit FG bus
address of 0010000 = 0x10, so, here the write address is
0010 0000 = 0x20 for write and 0010 0001 = 0x21 for read.

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.

Register Addresses

The VEMLBOB1XOD has eighteen registers, accessible
through there respective &-bit command codes.

The registers are 0x00 to 0x17 (0x02 and 0x03, 0x08 to 0x0F
and 0x16 are not defined / reserved). Note that due to the

Rev. 1.4, 18-Dec-2025

REGISTER INFORMATION

Device Address

The VEMLG031X00 is available in two different pre-configured slave addresses.

For one version the predefined 7 bit 12G bus address is set to 0101001 = 0x29. The least significant bit (LSB) defines read or
write mode. Accordingly the bus address is st to 0101 0010 = 0x52 for write and 0101 0011 = 0x53 for read. The second
version comes with predefined 7 bit G bus address of 0010000 = 0x10, so, here the write address is 0010 0000 = 0x20 for
write and 0010 0001 = 0x21 for read.

location of the twa shutdown bits (SD and ALS. IR_SD), one TABLE 1 - SLAVE ADDRESS TABLE

in register 0x00 and the other in 0x01, it is necessary to

awans wrte 1o bath reqisiors at ones when el ORDERING CODE 7 BIT SLAVE ADDRESS 8 BIT SLAVE ADDRESS

devics. VEMLB6031X00 | 0x29 [ 0x52 (Write) [ 0x53 (Read)
VEMLo0311X00 | oxio [ 0x20 Write) [ 021 (Read)

Auto-Memorization

The VEMLG031X00 stores the last measured ambient data
before the device is shutdown, keeping the data accessible.
When VEML6031X00 is in shutdown mode, the host can
freely read this data via read command directly

Auto-Memorization

The VEML6031X00 stores the last measured ambient data
before the device is shutdown, keeping the data accessible.
When VEML6031X00 is in shutdown mode, the host can
freely read this data via read command directly.

When VEML6031X00 wakes up, the data will be refreshed
once a new measurement is made.

Register Addresses

The VEMLEOS1X00 has eighteen registers, accessible
through there respective 8-bit command codes.

The registers are 0x00 to 0x17 (0x02 and 0x03, 0x08 to Ox0F
and 0x16 are not defined / reserved). Note that due to the
location of the bits ALS ON_0 and ALS_ON_1, ene in
register 0x00 and the otherin 0x01, itis necessary to always
wiite to both registers at once when configuring the device.

Remark: See item 3
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TABLE 2 - CODE AND REGISTER TION
COMMPND | DATABYTE | mecistername | DEFAULT FUNCTION ACCESS
COMMAND REGISTER FORMAT o the iegraen e
‘COMMAND CODE | REGISTER NAME | BIT | DEFAULT VALUE FUNGTION / DESGRIPTION R/W 0x00 - ALS_CONF 0 0x01 Enable nterupt function of the ALS channel
0x00 ALS_CONF 0 0:7 0x01 ALS integration time, ‘mode, shutdown RW ‘Switch the sensor on / off
0x01 ALS_CONF 1 0:7 0x00 ALS and IR shutdown, ALS gain, interrupt persistance RW ‘Switch the sensor on 7 off
0x04 ALS WH L 0:7 0x00 'ALS high threshold window setting (LSB) RW 001 R ALS_GONF 1 oxB0 GAIN and photodiode size settng Write and
0x05 ALS WH_H 0:7 0x00 ALS high threshold window setting (MSB) RW [ —————— e
0x06 ALS WL L 0:7 000 ALS low threshold window setting (LSB) W 0x04 Low ALS_THDH_L 0x00 | ALS channel high threshold window setfing {low byte)
™07 ALS WL H 0:7 @0 ALS low threshold window setting (MSB) RW 0x05 Figh ALS_THDH H 0x00__| ALS channel high threshold window setting (high byts)
0x10 ALS_DATA L 0:7 000 Low byte of 16-hit ALS ragult DATA R 0x06 Low ALS THDL L 0x00 | ALS channel low threshold window sstting (low byte)
Lol ALS DATAH 0:7 0x00 High byta of 16-bit ALS result DATA R 0x07 High ALS_THDL H 0x00 | ALS channel low threshold window setting (high byte)
0x12 IR_DATA L 0:7 ox00 Low byte of 16-bit IR result DATA R Ox10 Low ALS_DATA L 0x00 Low byte of 16-bit ALS channel result data
0x13 IR_DATAH 0:7 000 High byte of 16-bit IR resuit DATA R 0x11 High ALS DATA H 0x00 High byte of 16-bit ALS channel resuft data
Ox14 ID_L 0:7 0x01 1D code R Ox12 Low IR_DATA L 0x00 Low byte of 16-bit IR channel result data.
0x15 D H 0:7 0x00 Package and version code R ox13 High IR_DATA H 0x00 High byte of 16-bit IR channsl result data.
Ox17 ALS_INT 0:7 0x00 ALS INT trigger event R oxia Tow VEMLe0aiX0o D L | 0x01 D code Read only
Notes 0x15 High VEMLS031X00 D H|  0x00 1D cods
+ Command code 0x00 default value is 0x01 = device is shutdown ox16 Low INT FLAG L 0x00 Reserved
« Command 0x00 and command 0x01 must be executed together, they cannot be executed independently o Tioh NTFLAG H 500 Iricant and active force mode event g

Notes
« Command code 0x00 default value is 0x01 = device is shutdown
« Command 0x00 and command 0x01 must be executed together, they cannot be exscuted independently

Remark: See item 3

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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TABLE 1 - REGISTER: ALS CONF 0 - 0x00 TABLE 3 - REGISTER NAME: ALS CONF 0
REGISTER NAME BIT FUNCTION / DESCRIPTION R/W Bit7 | Bit6 [ Bit5 [ Bit4 [ Bita Bit2 [ Bit1 [ Bitn
Reserved 7 Must be set to “0” R/W Resenved | ALS_IT | ALs moDE ALSTRIG | ALSINT | ALS ONO
'ALS integration time setting COMMAND CODE 0x00
sl BIT NAME FUNCTION BIT VALUE DESCRIPTION
125ms Reserved Reserved 7 0xD (0b0) Should be kept default
ALSIT 6:4 R/W 0x0 (0b000) 3.125 ms (default)
0x1 (0b001) 6.25ms
0x2 (0b010) 12.5ms
0x3 (0b011 25
ALS T Set the integration time 6:4 x3 (06011) me
“Active force mode enable setting 0xé (00100) 50 ms
ALS_AF 3 RIW Ox5 (0b101) 100ms.
0x6 (0110) 200 ms.
, asingle can be triggered with the “ALS_TRIG" bit 07 (0B111) a00ms
ALS active force trigger setting
ALS TRIG 5 0= no active force mode trigger o ALS_ MODE Set the measurement mode of the R 0x0 (0b0) Auto mods (defaut)
X 1 rigger active force mode sensor 0x1 (0b1) Active force mode
This bit resets to 0" after every trigger Setthe active foroe mode rigger; 0x0 (0b0) OFf (detaul]
ALS nterupt setting ALS TRIG this bit will be reset © Dc‘aeﬂev the 2 ot G Trioger
ALS_INT_EN 1 interrupt disable R/W 2l
interrupt enable ASINT Enable/ disabl the inferrupt B 00 (060) Disable (defaul)
Band gap and LDO shuldown seing - function of the ALS channel 0x1 (0b1) Enable
sD 0 band gap and LDO on R/W Switch the sensor on / off 0x0 (0b0) Tum on the sensor
band gap and LDO shutdown (default) (ALS_ON 0:and ALS ON_1 must
ALS ONO be excouted together to start the o oxt (o) | Tum offthe sensor (shutdown)
Note senson) (default)

* Command code 0x00 default value is 0x01 = device is shutdown

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.

Note
* Command Code 0x00 default value is 0x01 = device shutdown

Remark: See item 3
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TABLE 4 - REGISTER NAME: ALS_CONF_1

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.

Bit 7 [ Bt6 |  Bit5 [ Bta | Bit3 Btz [ Bit1 | B0
TABLE 2 - ALS_CONF_1 - 0x01 ALSON1 | ALSPDDNV | Reserved ALS_ GAIN ALS PERS | A AL
REGISTER NAME BIT FUNCTION / ION R/W ‘COMMAND CODE 0x01
'ALS and IR channel shutdown setting BIT NAME FUNCTION BIT VALUE DESGRIPTION
ALS_IR_SD 7 0=ALS and IR channels on RIW Switch the sensor on/ off 0x0 (050) Tum on the sensor
1= ALS and IR channels shutdown (ALS ON 0 and ALS ON. 1 must
Effective photodiode size ALS and IR ALS ON1 be executed together o start the T 0x1 (0b1) Tum off 'hej:ﬂ;:; (shutdown)
PD_DIV4 6 4/4PD used R/W sensor) (defautt)
/4 PD used ALS. PDDIV St the effective photodiods size B 0x0 (0b0) 4/4 PD used
Reserved 5 Reserved R/W - the ALS and IR channel 0 (007 174 PD used
Gain selection Reserved Reserved 5 0x0 (0b0) Should be kept default
00= ALS gainx1 —
ALS_GAIN 4:3 01 = ALS gain x2 R/W 3? gx?z iﬁf” ;
10= ALS gain x 0.66 _ ain
1ZaS canxo0s ALS_GAIN Set the gain of the ALS 4:3 o o -
/ALS persistence protect number setting 0x3 (0b11 Gain x0.5
Number of persistent measurements above threshold to trigger the interrupt 530 (0B T fime (defaul)
ALS_PERS 2:1 00=1 R/W Set the amount of consecutive Ox1 (0607 2 times
01= ALS PERS threshold crossing events 2:1
10=4 necessary to trigger interrupt 0x2 (0b10) 4 times
1= 0x3 (0b11) &times
ALS_CAL o Must be set to “1” when power on ready R/W Enable / disable i " 0t (0b1) Enable (must be set to “1”
nable / disable intemnal
ALS CAL calibration after power on o when power on ready)
0x0 {0bo) Disable (default)

Remark: See item 3
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TABLE 5 - REGISTER NAME: ALS THDH

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.

Bit7 | Bit§ [ mis | Btd | g3 | Bitz | Bt | 8no
ALS_THDH_L
Bit7 | Eit6 | Bits | B4 | 8ita | Bit2 | Bt | ere
TABLE 3 - REGISTER: ALS_WH - 0x04, 0x05 ALS THDH_H
COMMAND CODE | REGISTER NAME | BIT | [R/w [ smname | FUNCTION [ BIT [ VvALUE | DESCRIPTION
Ox04 | AlSWHL | 7:0 | ALS high threshold window setting (data byte low) [ Rrw 04 | ALSTHDR L | Settnshigh thrasnold mtsmupt | 7:0 | 040 65 535 | Low byte
0x05 | AswHH | 7:0 | ALS high threshold window setting (data byte high) [ R/w Ox05 [ AasTHDRKE | valus [ 7 | | High byta
TABLE 4 - REGISTER: ALS WL - 0x06, 0x07 TABLE 6 - REGISTER NAME: ALS THDL
COMMAND CODE | REGISTER NAME | BIT | [R/w Bt7 | Bit6 [ sis | st4 | Bta | Bz [ su [ 8io
0x06 | mswiiL | 7:0 | ALSIowthreshold window setting (data byte low) [ Rrw ALS THOL L
0x07 | AsswLH | 7:0 | ALSlowthreshold window setting (data byte high) [Rrw Bit7 [ Bit& [ Bit§ [ Bit4 [ 8it3 [ Bit2 [ sit1 [ sio
ALS_THDL H
COMMAND BIT NAME | FUNCTION [ BIT [ wvae DESCRIPTION
0x08 ALS THDL L Satthe low L 750 [ giescas | Low byte
ox07 ALS THOL H threshold intemupt value | | [ High byta

Remark: See item 3
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TABLE 7 - REGISTER NAME: ALS DATA
Bt7 | Bit6 [ sts | sia | Btz | Btz | Bit1 | 8i0
ALS_DATA L
Bit7 | Bit 6 [ Bit5 [ Bita [ Bt3 | Bit 2 [ Bti | Bito
ALS DATA H
[ BITNAME | FUNCTION [ BIT | VAWE |  DESCRIPTION
0x10 ALS_DATA L Read the ALS channs! | 7:0 | [ Low byte
TABLE 5 - REGISTER: ALS DATA - 0x10, Ox11 ot ALS DATA H outout data = | Oroesss | Hioh byto
COMMAND CODE | REGISTER NAME FUNCTION / DESCRIPTION R/W
0x10 | AsoaTAl | | ALS result channel (data byte low) R
0Ox11 | ALSDATAH | 7:0 | ALS result channel (data byte high) R TABLE 8 - REGISTER NAME: IR DATA
Bt7 | Bit6 [ sts | sta [ mta | Btz | Bit1 | 8i0
TABLE 6 - REGISTER: IR_DATA - 0x12, 0x13 RDATAL
= == - 0x12, Ox Bit7 | Bit6 [ sts | sta [ Bta | Btz | Bt1 | Bt0
COMMAND CODE | REGISTER NAME | BIT | FFUNCTION / DESCRIPTION [ Rrw R OATAH
ox12 | RDATAL | 7:0 | IRresult channel (data byte low) G I T I ST I i [ vawe | RGN
0x13 | IRDATAH | 7:0 | IRresult channel (data byte high) R ot R DATA L ‘ ‘ ‘ Tow by
_DATA | Read th IR channs| -
0x13 IR_DATA H output data [ | [ High byte
TABLE 7 - REGISTER: ID - 0x14, 0x15
COMMAND CODE | REGISTER NAME BIT FUNCTION / DESCRIPTION R/W
ey DL FRra Ery— R TABLE 9 - REGISTER NAME: VEML6031X00 ID
— 76 | Packags code 00 Bt7 | Bit6 [ sts | sia | Btz | Btz | Bit1 | 8i0
0x15 ID_H 5:4 Slave address: 00 = 0x29; 01 = 0x10 R VEML6031X00_ID_L
3:0 | Version code: 0000 = AQ1 Bit7 | Bit6 [ ®ets | ®sta | sta | Btz | Bt1 | BtO
VEMLG031X00_ID.
BIT NAME FUNCTION BIT VALUE DESCRIPTION
0x0
oxi4 VEMLE031X00_ID L 7:0 (0b00000001) | SNould be kept defaut
0x00 Device with a siave
Read the device ID
(0b000000O add of 0x29
0xi5 VEMLB031X00_ID_H 7:0 ¢ Q) 0drese 010X
0x10 Device with a siave
(0b00010000) address of 0x10

Remark: See item 3
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TABLE 10 - REGISTER NAME: INT_FLAG
Bit7 | Bit 6 [ Bits | sita | Bit3 Bit2 Bit 1 [ Bit0
Reserved
Bit7 | Bit6 [ Bits5 | Bite Bit3 Bit 2 Bit 1 [ Bit0
T BT T T Reserved AF_DATA_READY | ALSIF.L ASJFH | Reserved
- ISTER: ALS.INT - 0x17 BIT NAME FUNCTION BIT VALUE DESCRIPTION
REGISTER NAME BIT FUNCTION / DESGRIPTION LA ox16 Reserved Resenved 7:0 0x00 (0b00000000) Shouid be Kept default
Reserved 74 Reserved R Reserved Reserved 7:4 00 (0D0000) ‘Should be kept default
ALS_AF_DATA_READY 3 /ALS active force mode data ready flag R 0 b1 Data ready fi abl
AF DATA READY| Dataready flag 3 i (0b1) ata ready flag available
ALS_IFL 2 ALS low threshold INT flag R i active force mode 0x0 (060) Daia ready flag not available
ALSIFH 1 ALS high threshold INT flag R 0x1 Ob1) Low threshold crossing interrupt event
Reserved 0 Reserved R bt ALSIF L Low thresholg 2 fiag for the ALS channel
pHiea 0x0 000) No low threshold crossing
High threshold crossing intemupt event
ALS F H High threshold s Oxt Ob1) Tlag for the ALS channel
Pt interupt fiag
0x0 (0b0) No high threshold crossing
Reserved Reserved 0 00 (0b0) ‘Should be kept defaull

Remark: See item 3
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CALCULATING THE LUX LEVEL
Command code 0x10 and Ox11 contain the results of the
ALS measurement. This 16-bit code needs to be converted

value.
The calculation of the corresponding lux level is dependent
on the programmed gain setting and the chosen integration
time.
The component is most sensitive with ALS_GAIN = x2,
PD_DIV4 = 4/4 and an integration time of 400 ms, specified
10.0.0034 x/step.

Every time the integration time is halved, the resolution is
doubled but also the possible detection range is doubled.
The same principle is valid for the gain setting. For
ALS_GAIN = x1 it is doubled. For PD_DIV4 = 1/4 the size of
the photodiode is just 1/4, 50, also the sensitivity is just 1/4,
resolution and max. possible detection range is times 4, to
allow for higher iiluminations up to about 228 kix.

TABLE 9 - RESOLUTION AND MAXIMUM DETECTION RANGE AT PD_DIV4 = 0 (= x 4/4)

GAINx2 | GANx1 | GAINx056 | GANx0S GANx2 | GAINx1 | GAINx086] GANX0S

1T (ms) TYPICAL RESOLUTION (iw/cnt) MAXIMUM POSSIBLE ILLUMINATION ()

00 0004 | omes | 00103 | 00136 2 6 &5 a1
200 oooes | oows | ooz | ooerz w5 = T30 783

100 0013 | oterz | ooaz | o054 w1 V783 2701 3565

% ooer2 | oosa | oosa | o108 V78 3565 si02 7130

2 005t | oo | otet | 02176 3565 7130 10803 14260
125 0.1088 02176 0.3207 04352 7130 14260 21607 28521
3 02176 | oamz | osse: | osme [0 | mer | smm | swe
3125 04352 0.8704 13188 1.7408 om an [ [

TABLE 10 - RESOLUTION AND

RANGE AT PD DIV4 = 1 (= x 1/4)

GAINx2 | GAINx1 | GAINx0.66 | GAINx0.5

GAINx2 | GAINx1 | GAINx066 | GAINx05

1T (ms) TYPICAL RESOLUTION (i/cnt MAXIMUM POSSIBLE ILLUMINATION (1x)
200 0013 00272 00812 00544 891 1783 2701 3565
200 00272 0.0544 0.0824 0.1088 1783 3565 5402 7130
100 00544 0.1088 0.1648 02176 3565 7130 10803 14260
50 01088 02176 03237 04352 7130 14260 21607 28521
25 02176 04352 06504 08704 14260 28521 43213 57042
125 0.4352 08704 13188 1.7408 28521 57042 86427 114083
625 08704 1.7408 26376 34816 57042 114083 172854 228167

3125 1.7408 34816 52752 69632 [Tl [E1 0 [Tl

Note
1) For integration time of 3.125 ms the maximum count level & o longer 16 bit, 50, half the integration time o longer leads to double the

max. hax lovel

Example:

If the 16-bit word of the ALS data shows: 0000 0101 1100 1000 = 1480 (dec.), the programmed ALS_GAIN = x1, PD_DIV4 = 4/4
(=x1) and ALS_IT = 100 ms, the corresponding hux level is: light level (1x) = 1480 x 0.0272 = 40.256 x

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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CALCULATING THE LUX LEVEL

Command code 0x10 and 0x11 centain the results of the ALS measurement. This 16-bit code needs to be converted to a

decimal value to determine the

programmed gain setfing and the chosen integration time.

lux value. The

of tt

lux level is

on the

TYPICAL RESOLUTION (lx/ent)

TABLE 11 - RESOLUTION AND MAXIMUM DETECTION RANGE AT ALS PDDIV (4/4 PD USED)
MAXIMUM POSSIBLE ILLUMINATION (Ix)

ALS GAIN ALS_GAIN
1T (ms) 2 xi x0.66 0.5 x2 xi x0.66 x0.5
400 0.0020 0.0051 0.0078 0.0103 108 337 510 o73
200 0.0051 0.0103 0.0156 0.0205 337 673 1020 1346
100 0.0103 0.0205 0.0311 0.0411 673 1346 2040 2693
50 0.0205 0.0411 0.0623 0.0822 1346 2683 4080 5385
25 0.0411 0.0822 0.1245 0.1644 2693 5385 8160 10771
125 0.0822 0.1644. 0.2490 0.3287 5385 10771 16313 21542
625 01644 0.3287 0.4880 0.6574 10771 21542 32639 43083
ERES 0.3287 0.0574 0.9901 13148 O o an Ll

TABLE 12 - RESOLUTION AND MAXIMUM DETECTION RANGE

AT ALS PDDIV (1/4 PD USED)

TYPICAL RESOLUTION (ix/cnt) MAXIMUM POSSIBLE ILLUMINATION (1x)
ALS_GAN ALS_GAIN

T (ms) 2 i X066 05 x2 i X066 05

400 00108 | 0.0205 00311 00411 w73 1346 2040 2683

200 00205 | 0.0411 00623 | 0.0822 1346 2693 4080 5385
100 0.0411 0.0822 01245 | o.1044 2003 5385 &1o0 0771
50 00822 | 0.644 | 02430 | 03287 5385 w0771 15319 21542
25 01644 | 02267 | 04380 | 06674 1077 21542 32633 43083
125 03287 | 00674 | o.901 13148 21542 43083 05278 80 160
625 06574 | 12148 | 1ssel 26296 43083 86 166 130555 172333

3125 13148 | 2629 39843 | 52593 [ omn o o

Note

1) For integration time of 3.125 ms the maximum count level is no longer 16 bit, 5o, half the integration time no longer leads to double the:
|

max. lux level

Remark: See item 1
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HANDLING INSTRUCTION

Special care must be taken into consideration when handiing the VEML6031X00. VEMLB031X00 is sensitive to dust and
scratches, proper optical device handling procedures are recommended.

The optical surface of the device must be kept clean for optimal performance in both prototyping with the device and mass
production manufacturing procedures. Tweezers with plastic or rubber contact surfaces are recommended to avoid scratches
on the optical surface. Avoid manipulation with metal tools when possible. The optical surface must be kept clean of fingerprints,
dust, and other optical-inhibiting contaminant

If the device optical surface requires cleaning, the use of isopropyl alcohol is recommended. A few gentle brushes with a soft
swab are appropriate. Avoid potentially abrasive cleaning and manipulating tools and excassive force that can scratch the
optical surface.

If the VEMLBOS1X00 performs less than optimally, inspect the optical surface for dirt, scratches, or other optical artifacts.

Remark: See item 5
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TAPE AND REEL DIMENSIONS in millimeters

_— Pt s

TAPE AND REFL DIMENSIONS in millimeters VEMLEO31: O 180 mm 2 2 mm = 3000
e sie VEMLEQAT G5 150890 mm - 2 e - 10000 ps =4
VENLS5: 0 1601mm 2 e < 5300

VEMLBG31-GS 15: © 830 mem = 2 mm - 10,090 . = & R design s representaive for difarent ypes.
st deign b representa s et ypes.

Label posted here.

T
&

JEHEIE 3EE

& /G 15
A
-0
;
,
s s

Issue preiminery: 16.10.19 Drawing No.:9.800-5148.01-4
Issue: 2; 28.05.21

Updated data code. No change in tape & reel drawing.

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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REVISION HISTORY
DATASHEET VERSION | REVISION DATE | CHANGE

18-Doc-2025 | Gommected resolution, removed “Dark Current Offset vs. Ambient Temperature” figure,

14 revised bit naming, ravised block diagram, reamanged part handling information

Remark: See item 6
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High Accuracy Ambient Light Sensor With 12C Interface

LINKS TO ADDITIONAL RESOURCES

o (w GO |9

Design Tools Related 3D Models Application
Documents Notes

DESCRIPTION

VEML6031X00 is a high accuracy ambient light digital 16-bit
resolution sensor in a miniature opaque 2.67 mm x 2.45 mm
package. It includes a high sensitive photodiode, a low
noise amplifier, a 16-bit A/D converter and supports an
easy to use 12C bus communication interface and additional
interrupt feature.

Infographics

The ambient light result is as digital value available.

APPLICATIONS
Ambient light sensor in automotive for

¢ Display backlight controls

¢ |nfotainment systems

® Rear view mirror dimming

e Interior lighting control systems

e Head-up displays

FEATURES

¢ Package type: surface-mount

e Dimensions (Lx W xHinmm): 2.67 x2.45 x 0.6
e AEC-Q100 qualified

¢ Integrated modules: ambient light sensor (ALS)

D . .
AUTOMOTIVE
GRADE

Pb-free

e Supply voltage range Vpp: 2.5V to 3.6 V

e Communication via I2C interface RoHS
* 12C bus H-level range: 1.7 Vt0 3.6 V COMPLIANT
HALOGEN

e Floor life: 4 weeks, MSL 2a, according to FREE
J-STD-020 GREEN

(5-2008)

e low shut down current

typ. 0.5 pA
e Material categorization: for definitions of compliance
please see www.vishay.com/doc?99912

consumption:

AMBIENT LIGHT FUNCTION

e Filtron™ technology adaption: close to real human eye
response

e Typical ALS output tolerance of < 10 % under different
light sources

¢ 16-bit dynamic range for ambient light detection from
0 Ix to about 172 kiIx with resolution down to 0.0026 Ix/ct,
supports low transmittance (dark) lens design

¢ Excellent temperature compensation
¢ High dynamic detection resolution

PRODUCT SUMMARY
2
OrerAInG | o uS | AMBIENT LIGHT | AMBIENTLIGHT | o o - | ADC RESOLUTION
PART NUMBER RANGE RANGE RANGE RESOLUTION CODE PROXIMITY /
(Ix) (Ix) AMBIENT LIGHT
V) \J)
VEML6031X00 2.510 3.6 1.7t0 3.6 0 to 172 000 0.0026 16 bit, 12C - /16 bit
ORDERING INFORMATION
ORDERING CODE SLAVE ADDRESS (7 BIT) PACKAGING VOLUME () REMARKS
VEML6031X00 0x29 Tape and reel MOQ: 3000 2.67 mm x 2.45 mm x 0.6 mm
VEML6031X00-GS15 0x29 Tape and reel MOQ: 10 000 2.67 mm x 2.45 mm x 0.6 mm
VEML60311X00 0x10 Tape and reel MOQ: 3000 2.67 mm x 2.45 mm x 0.6 mm
VEML60311X00-GS15 0x10 Tape and reel MOQ: 10 000 2.67 mm x 2.45 mm x 0.6 mm

Note

(M MOQ: minimum order quantity

Rev. 1.4, 18-Dec-2025
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ABSOLUTE MAXIMUM RATINGS (T, = 25 °C, unless otherwise specified)
PARAMETER TEST CONDITION SYMBOL MIN. MAX. UNIT
Supply voltage Vbp 0 3.6 Vv
Operation temperature range Tamb -40 +110 °C
Storage temperature range Tstg -40 +110 °C
Total power dissipation Tamp £25°C Piot - 50 mwW
Junction temperature T - 110 °C
BASIC CHARACTERISTICS (T, = 25 °C, unless otherwise specified)
PARAMETER TEST CONDITION SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vbp 2.5 3.3 3.6 V
Shut down current M, Vpp = Veys - 0.5 -
Shut down current M, Vpp = Vgys = 3.0V - - 1.2
Supply current %) pA
Shut down current 1, Vpp=3.6 V, Vgys = 1.7 V - 3.1 -
Active state, Vpp = 3.3V - 280 -
I2C clock rate range fscL 10 - 400 kHz
Vgus =V, Vi 0.7xV - 3.6 \
I2C bus input H-level range BUS = DD ih Do
VBUS * VDD Vih 0.85 x VBUS - 3.6 \"
V =V Vi -0.3 - 0.3 xV, \%
I2C bus input L-level range BUS” "DD ! oo
VBus # Vop Vi -0.3 - 0.2 x Vgus V
Digital current out (low, current _ _
sink) lol 3 mA
. . o With ALS_GAIN = x 2, ALS_IT = 400 ms, ) )
Digital resolution (LSB count) @ ALS.PDDIV = 4/4 PD 0.0026 Ix/step
’ : : With ALS_GAIN = x 0.5, ALS_IT = 6.25 ms, _ _
Detectable maximum illuminance ALS_PDDIV = 1/4 PD Ev max. 172 000 Ix
With ALS_GAIN = x 2, ALS_IT = 200 ms
1 L ) g ) - -
ALS dark offset (1) ALS.PDDIV = 4/4 PD 4 step
1 With ALS_GAIN = x 2, ALS_IT = 200 ms, _ _
IR dark offset (1) ALS. PDDIV = 4/4 PD 4 step

Notes
() Light conditions: dark

@ Light conditions: Ey = 100 Ix with 4300K white LED

CIRCUIT BLOCK DIAGRAM

4 GND
1

L
VEML6031X00

SCL 5|:

L

Temperature
compensation

.

>
=
2
5

E:

Integrating
ADC

INT

_D_

T
2

E:

Integrating
ADC

>

-

Data
registers | control

Logic and timing
controller

| Oscillator |

registers

Voo 6[]

Command

I°C interface

o

Y

]3 INT

]2 SDA

[ 1
 S—|
1 GND
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Fig. 1 - Block Diagram

Vishay Semiconductors

I2C TIMING CHARACTERISTICS (T, = 25 °C, unless otherwise specified)

STANDARD MODE (1 FAST MODE (1)
PARAMETER SYMBOL UNIT
MIN. MAX. MIN. MAX.
Clock frequency fismBCLK) 10 100 10 400 kHz
Bus free time between start and stop condition tBuR) 4.7 - 1.3 - us
Lt this period. the fire clook fs generated trosTa 4.0 : 08 : ps
Repeated start condition setup time tisusTa) 4.7 - 0.6 - us
Stop condition setup time YsusTo) 4.0 - 0.6 - us
Data hold time tHpoDAT) 0 3450 0 900 ns
Data setup time tsuban 250 - 100 - ns
I2C clock (SCK) low period tLow) 4.7 - 1.3 - us
I2C clock (SCK) high period tHiGH) 4.0 - 0.6 - us
Detect clock / data low timeout trimeouT 25 35 - - ms
Clock / data fall time 1G] - 300 - 300 ns
Clock / data rise time %G - 1000 - 300 ns

Note

() Data based on standard I2C protocol requirement, not tested in production

tom T —tm =t
PCbus | Ve ‘
clock ;
(SLCK) \ !
=t —tDsTa) —"1 i'_t(HIGH) ; Ysusty =} ?'_ :
t ! ' . : i tusTo— §<—
U tpDAT) —>1 — — «—Ysupan ! i
1’C bus Vi ' —_—— - — |
data :
(SDAT) Tt — — —
A e Ao Ao
P S S P
Stop condition Start condition
Start Stop
| |
:1 tLosexn ﬂ
i SOLKyoi SDAuci i
:< tLowmexn =:< tLowmexn 4>:<—>:— tLowmexn
A A
I°C bus
clock
(SLCK)
A
I°C bus
data
(SDAT) {
Fig. 2 - I2C Timing Diagram
Rev. 1.4, 18-Dec-2025 3 Document Number: 80007
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PARAMETER TIMING INFORMATION

12C bus
clock
(SCLK)

N A
VISHAY.

[ T T T T S T S T T O O T O O T S B T R B
| T T O T O O O O O S O NN O S N N SO SO NN B S
L T T T T O S L T T T T T S O O O S I B I
L L T S O S I S O N Y N T S Y SN T TR NN (N SO SN N NN B |
PG bus L T T T T T S O S O I S O T T O T T (N S S SO (N SO S NN (O T R
VO O OO ONIINL O AN
(SDAT)
Start by ACK by ACK by
master slave slave
| 12C bus slave address byte | | Command code |
T 1 r 1

12C bus
clock
(SCLK)

12C bus
/2 Ko XXX XXX
(SDAT)

ACK by Stop by
slave master

Data byte |

Fig. 3 - I2C Bus Timing for Sending Word Command Format

12C bus
clock
(SCLK)

I 1 1 1 ] 1 1 1 ] 1 1 1 ] 1 1 1 ] 1 1 1 1 1 ] 1 1 1 ] 1 1 1 ] 1 1 1 1 1
I 1 I 1 1 I I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1
T T T T T T S S O O N L T SO N BN N |
1 1 I 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
PG bus L T T T T T T O O T O O O S O S O S I S O N B B |
(SDAT)
Start by ACK by ACK by
master slave slave
| I2C bus slave address byte | | Command code |
r 1 r 1
12C bus
clock
(SCLK) I T O e T e O e T e R B B I T T ]
L T T T T T T T T T T L T L L e T R S B
LR T T T T T L O T N Y SN SO (NN S RO (N RO SR T S R S S|
L T T T T O TR SR N B | [ [l o [ T [l | o I
L T T T T S O T O N S Y S S SO (R (R S B S S S S

12C bus
OLO0000AVA OO0
(SDAT)

?:gsttgly Ag;/le)y NACK by Stop by
master master

| 12C bus slave address byte | | Data byte |

r 1 r 1

Fig. 4 - 12C Bus Timing for Receive Word Command Format
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BASIC CHARACTERISTICS (T, = 25 °C, unless otherwise specified)

1.2 20 1 1 1 1 1 1 1
© ‘ —_ 18 |- llluminance 3000 lux,
S 10 L VEMLB031X00 & 16 |- White LED 4300K
5 T M
9 s 12
< 08 5 10
= cﬂ 8 N Upper deviation
= < 6 \\
> 0.6 = 4 < Typical ]
o} S N L+
»n V() B 2 S ——
2 o4 3 0 = =
A ¢ SEFCCOIOE
Ko} o — ™J
° 2 4 =
L 02 3 -6 |— Lower deviation
3 14 8 T
@ [ [ [T 1
0 -10
400 500 600 700 800 900 1000 -40 -20 0 20 40 60 80 100
A - Wavelength (nm) T.mb - Ambient Temperature (°C)
Fig. 5 - Relative Sensitivity, ALS Channel vs. Wavelength Fig. 8 - Relative Deviation, ALS Channel vs. Temperature

(at lux levels lower than ~200 lux, dark current effects
should be taken into account)

12 70 S —
T _ 60 | 850 nm IR LED
S 10 S 5
= ]
o E 40
£ o8 2
= . M O 30
2 . £ 2
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g 0.6 / -é 10 "
» kS L
g = 0 L~
2 04 a -]
5 o -10 o
(] > ~
= B 20
3 0.2 E
- -30
0 -40
400 500 600 700 800 900 1000 -40 -20 0 20 40 60 80 100
A - Wavelength (nm) T.ms - Ambient Temperature (°C)
Fig. 6 - Relative Sensitivity, IR Channel vs. Wavelength Fig. 9 - Relative Deviation IR Channel vs. Ambient Temperature
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Fig. 7 - Relative Sensitivity vs. Angular Displacement
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APPLICATION INFORMATION
1. Application Circuit

1.7Vto 3.6V
R1| R2| R3
I—{aenom
25Vt03.6V R4
Vpp (6)
10R T e o’ Host
a0 W00 NP VEMLB031X00 Micro Controller
SDA (2) »| 1°C bus data SDA
SCL(5) j¢——e I’C bus clock SCL
C1and R4
are optional I—{aenow INT (3) »| GPIO (interrupt)
for a noisy
supply

Fig. 10 - Application Circuit
(X) = Pin Number
Notes
¢ The interrupt pin is an open drain output. Proposed values for the pull-up resistors should be > 1 kQ, e.g. 2.2 kQ to 4.7 kQ for the R1 and
R2 (at SDA and SCL) and 10 kQ to 100 kQ for R3 (at interrupt).
¢ Normally just one decoupling capacitor is needed. This should be > 100 nF and placed close to the Vpp pin.
For detailed description about set-up and use of the interrupt as well as more application related information see AN: “Designing
VEML6031X00 into an Application”.

2. I2C Write and Read Protocol

The VEML6031X00 has eighteen register addresses responsible for operation control, parameter setup and result buffering.
All registers are accessible via I2C communication. Fig. 9 shows the basic [2C communication with VEML6031X00.

The built in 12C interface is compatible with 12C modes “standard” and “fast”: 10 kHz to 400 kHz.
Please refer to the 12C specification from NXP for details.

Send byte Block write byte mode
1 7 1 1 8 1 8 1 8 1 8 1
Command code Data byte Data byte Data byte
‘ 8 | Slave address | wr . (address = M) . (address = M) . (address =M + 1) . (address = M + 2)
8 1 8 1 1
Data byte

_________ Data byte
(address = M + 3) (address =M + N)

Receive byte Block read byte mode
1 7 1 1 8 1 1 7 1 1 8 1 8 1

Command code
‘ s | Slave address | Wr . (address = M) . S

Slave
address

S = start condition D Host action
P = stop condition
A = acknowledge [ VEML6031X00 response

Sr = reapeated start condition

Fig. 11 - Send Byte / Receive Byte Protocol
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Device Address

Vishay Semiconductors

The VEML6031X00 is available in two different pre-configured slave addresses.

For one version the predefined 7 bit 12C bus address is set to 0101001 = 0x29. The least significant bit (LSB) defines read or
write mode. Accordingly the bus address is set to 0101 0010 = 0x52 for write and 0101 0011 = 0x53 for read. The second
version comes with predefined 7 bit [2C bus address of 0010000 = 0x10, so, here the write address is 0010 0000 = 0x20 for

write and 0010 0001 = 0x21 for read.

TABLE 1 - SLAVE ADDRESS TABLE

ORDERING CODE 7 BIT SLAVE ADDRESS

8 BIT SLAVE ADDRESS

VEML6031X00 0x29

0x52 (Write) 0x53 (Read)

VEML60311X00 0x10

0x20 (Write) 0x21 (Read)

Auto-Memorization
The VEML6031X00 stores the last measured ambient data
before the device is shutdown, keeping the data accessible.

When VEML6031X00 is in shutdown mode, the host can
freely read this data via read command directly.

Register Addresses
The VEML6031X00 has eighteen registers, accessible
through there respective 8-bit command codes.

The registers are 0x00 to 0x17 (0x02 and 0x03, 0x08 to OxOF
and 0x16 are not defined / reserved). Note that due to the

location of the bits ALS_ON_0 and ALS_ON_1, one in
register 0x00 and the other in 0x01, it is necessary to always
write to both registers at once when configuring the device.

When VEML6031X00 wakes up, the data will be refreshed
once a new measurement is made.

TABLE 2 - COMMAND CODE AND REGISTER DESCRIPTION
COMREL | DA BITE | ReGIsTER NAME | PEFAULT FUNCTION ACCESS
Set the integration time
0x00 ) ALS_CONF_0 0x01 Me.asurement m'ode of the sensor
Enable interupt function of the ALS channel
Switch the sensor on / off
Switch the sensor on / off
0x01 - ALS_CONF_1 0x80 GAIN and photodiode size setting Write and
Interrupt persistance counter
0x04 Low ALS_THDH_L 0x00 ALS channel high threshold window setting (low byte)
0x05 High ALS_THDH_H 0x00 ALS channel high threshold window setting (high byte)
0x06 Low ALS_THDL_L 0x00 ALS channel low threshold window setting (low byte)
0x07 High ALS_THDL_H 0x00 ALS channel low threshold window setting (high byte)
0x10 Low ALS_DATA L 0x00 Low byte of 16-bit ALS channel result data
0x11 High ALS_DATA_H 0x00 High byte of 16-bit ALS channel result data
0x12 Low IR_DATA_L 0x00 Low byte of 16-bit IR channel result data
0x13 High IR_DATA_H 0x00 High byte of 16-bit IR channel result data Read only
0x14 Low VEML6031X00_ID_L 0x01 ID code
0x15 High VEML6031X00_ID_H 0x00 ID code
0x16 Low INT_FLAG_L 0x00 Reserved
0x17 High INT_FLAG_H 0x00 Interrupt and active force mode event flag
Notes

e Command code 0x00 default value is 0x01 = device is shutdown
e Command 0x00 and command 0x01 must be executed together, they cannot be executed independently
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TABLE 3 - REGISTER NAME: ALS_CONF_O

Bit 7 Bté | Bit5 |  Bit4 Bit 3 Bit 2 Bit 1 Bit 0
Reserved ALS_IT ALS_MODE ALS_TRIG ALS_INT ALS_ON_O
COMMAND CODE 0x00
BIT NAME FUNCTION BIT VALUE DESCRIPTION
Reserved Reserved 7 0x0 (0b0) Should be kept default
0x0 (0b000) 3.125 ms (default)
0x1 (0b001) 6.25 ms
0x2 (0b010) 12.5ms
. o 0x3 (0b011) 25 ms
ALS_IT Set the integration time 6:4
0x4 (0b100) 50 ms
0x5 (0b101) 100 ms
0x6 (0110) 200 ms
0x7 (Ob111) 400 ms
0x0 (0b0 Auto mode (default
ALS._MODE Set the measurement mode of the 5 X0 (0b0) u : (default)
sensor 0x1 (Ob1) Active force mode
Set the active force mode trigger; 0x0 (0b0) Off (default)
ALS_TRIG this bit will be reset to 0 after the 2 i
measurement cycle 0x1 (0b1) Trigger
Enable / disable the interrupt 0x0 (0b0) Disable (default)
ALS_INT . 1
function of the ALS channel 0x1 (0b1) Enable
Switch the sensor on / off 0x0 (0b0) Turn on the sensor
ALS ON 0 (ALS_ON_0 and ALS_ON_1 must 0
- be executed together to start the 0x1 (Ob1) Turn off the sensor (shutdown)
sensor) (default)
Note
e Command Code 0x00 default value is 0x01 = device shutdown
TABLE 4 - REGISTER NAME: ALS CONF_1
Bit 7 Bit 6 Bit 5 Bit 4 | Bit 3 Bit 2 Bit 1 Bit 0
ALS_ON_1 ALS_PDDIV Reserved ALS_GAIN ALS_PERS ALS_CAL
COMMAND CODE 0x01
BIT NAME FUNCTION BIT VALUE DESCRIPTION
Switch the sensor on / off 0x0 (0b0) Turn on the sensor
(ALS_ON_0 and ALS_ON_1 must
ALS_ON_1 be executed together to start the 7 0x1 (0b1) Turn off the sensor (shutdown)
sensor) (default)
Set the effective photodiode size 0x0 (0b0) 4/4 PD used
ALS_PDDIV for the ALS and IR channel 6 0x1 (0b1) 1/4 PD used
Reserved Reserved 5 0x0 (0b0) Should be kept default
0x0 (0b00) Gain x1
. 0x1 (0b01) Gain x2
ALS_GAIN Set the gain of the ALS 4:3 -
0x2 (0b10) Gain x0.66
0x3 (Ob11) Gain x0.5
0x0 (0b00) 1 time (default)
Set the amount of.consecutive 0x1 (0b01) 2 times
ALS_PERS threshold crossing events 2:1 -
necessary to trigger interrupt 0x2 (0b10) 4 times
0x3 (0b11) 8 times
Enable (must be set to “1”
Enable / disable internal 0x1 (Ob1)
h d
ALS_CAL calibration after power on 0 w er? power on ready)
0x0 (0b0) Disable (default)
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TABLE 5 - REGISTER NAME: ALS_THDH
Bit7 | Bit 6 | Bts | Bt4 | Bt3 | Btz | Bit1 | BItO
ALS_THDH_L
Bit7 | Bit 6 | Bts | Bt4 |  Bit3 Bit 2 Bit1 | Bit0
ALS_THDH_H
COMMAND BIT NAME FUNCTION BIT VALUE DESCRIPTION
0x04 ALS_THDH_L Set the high threshold interrupt 7:0 0 to 65 535 Low byte
0x05 ALS_THDH_H value 7:0 High byte
TABLE 6 - REGISTER NAME: ALS_THDL
Bit7 | Bit 6 | Bts | Bt4 |  Bit3 Bit 2 Bit1 | BitO
ALS_THDL_L
Bit7 | Bit 6 | Bts [  Bit4 |  Bit3 Bit 2 Bit1 [ BitO
ALS_THDL_H
COMMAND BIT NAME FUNCTION BIT VALUE DESCRIPTION
0x06 ALS_THDL_L Set the low 7:0 Low byte
0x07 ALS THDL_H threshold interrupt value 7:0 01065535 High byte
TABLE 7 - REGISTER NAME: ALS DATA
Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 Bit 2 Bit1 | Bito
ALS_DATA_L
Bit7 | Bit 6 | Bts | Bt4 |  Bit3 Bit 2 Bit1 | BitO
ALS_DATA_H
COMMAND BIT NAME FUNCTION BIT VALUE DESCRIPTION
0x10 ALS_DATA_L Read the ALS channel 7:0 Low byte
0o 65 535 :
Ox11 ALS_DATA_H output data 7:0 High byte
TABLE 8 - REGISTER NAME: IR_DATA
Bit7 | Bit 6 | Bts | Bt4 |  Bit3 Bit 2 Bit1 | BitO
IR_DATA_L
Bit7 | Bit 6 | Bts | Bt4 |  Bit3 Bit 2 Bit1 | BitO
IR_DATA_H
COMMAND BIT NAME FUNCTION BIT VALUE DESCRIPTION
0x12 IR_DATA L Read the IR channel 7:0 0to 65 535 L(.)W byte
0x13 IR_DATA_H output data 7:0 High byte
TABLE 9 - REGISTER NAME: VEML6031X00_ID
Bit7 | Bit 6 | Bts [  Bit4 |  Bit3 Bit 2 Bit1 [ BitO
VEML6031X00_ID_L
Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 Bit 2 Bit1 | Bito
VEML6031X00_ID_H
COMMAND BIT NAME FUNCTION BIT VALUE DESCRIPTION
ox14 VEML6031X00_ID_L 7:0 (Obog)(()gz)om) Should be kept default
Read the device ID (0bog)c()88000) Dié?felvétgf%i?s? °
0x15 VEMLB031X00_ID_H 7:0 —
0x10 Device with a slave
(0b00010000) address of 0x10
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TABLE 10 - REGISTER NAME: INT_FLAG

Bit7 | Bit 6 | Bits | Bit4 | Bit 3 Bit 2 | Bit 1 | Bit 0
Reserved
Bit7 | Bit 6 | Bits | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
Reserved AF_DATA_READY ALS_IF L ALS_IF_H Reserved
COMMAND BIT NAME FUNCTION BIT VALUE DESCRIPTION
0x16 Reserved Reserved 7:0 0x00 (0b00000000) Should be kept default
Reserved Reserved 7:4 0x0 (0b0000) Should be kept default
Data ready flag 0x1 (Ob1) Data ready flag available
AF_DATA_READY : 3
- - active force mode 0x0 (0b0) Data ready flag not available
Low threshold crossing interrupt event
ALS IF L Low threshold 2 0x1 (0b1) flag for the ALS channel
0x17 - = interupt flag -
0x0 (0b0) No low threshold crossing
High threshold crossing interrupt event
High threshold 0x1 (0b1) 9 flag for the ALSgchanneIp
ALS_IF_H interupt flag 1 9
0x0 (0b0) No high threshold crossing
Reserved Reserved 0 0x0 (0b0) Should be kept default

CALCULATING THE LUX LEVEL

Command code 0x10 and 0x11 contain the results of the ALS measurement. This 16-bit code needs to be converted to a
decimal value to determine the corresponding lux value. The calculation of the corresponding lux level is dependent on the
programmed gain setting and the chosen integration time.

TABLE 11 - RESOLUTION AND MAXIMUM DETECTION RANGE AT ALS_PDDIV (4/4 PD USED)

TYPICAL RESOLUTION (Ix/cnt) MAXIMUM POSSIBLE ILLUMINATION (Ix)
ALS_GAIN ALS_GAIN

IT (ms) x2 x1 x0.66 x0.5 x2 x1 x0.66 x0.5

400 0.0026 0.0051 0.0078 0.0103 168 337 510 673
200 0.0051 0.0103 0.0156 0.0205 337 673 1020 1346
100 0.0103 0.0205 0.0311 0.0411 673 1346 2040 2693
50 0.0205 0.0411 0.0623 0.0822 1346 2693 4080 5385
25 0.0411 0.0822 0.1245 0.1644 2693 5385 8160 10 771
12.5 0.0822 0.1644 0.2490 0.3287 5385 10 771 16 319 21542
6.25 0.1644 0.3287 0.4980 0.6574 10771 21542 32 639 43 083
3.125 0.3287 0.6574 0.9961 1.3148 =M =M =M™ )M

TABLE 12 - RESOLUTION AND MAXIMUM DETECTION RANGE AT ALS_PDDIV (1/4 PD USED)

TYPICAL RESOLUTION (Ix/cnt) MAXIMUM POSSIBLE ILLUMINATION (Ix)
ALS_GAIN ALS_GAIN

IT (ms) x2 x1 x0.66 x0.5 x2 x1 x0.66 x0.5

400 0.0103 0.0205 0.0311 0.0411 673 1346 2040 2693

200 0.0205 0.0411 0.0623 0.0822 1346 2693 4080 5385
100 0.0411 0.0822 0.1245 0.1644 2693 5385 8160 10 771
50 0.0822 0.1644 0.2490 0.3287 5385 10771 16 319 21 542
25 0.1644 0.3287 0.4980 0.6574 10 771 21542 32 639 43 083
12.5 0.3287 0.6574 0.9961 1.3148 21542 43 083 65 278 86 166
6.25 0.6574 1.3148 1.9921 2.6296 43 083 86 166 130 555 172 333

3.125 1.3148 2.6296 3.9843 5.2593 OLL -0 O (O

Note

() For integration time of 3.125 ms the maximum count level is no longer 16 bit, so, half the integration time no longer leads to double the
max. lux level
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HANDLING INSTRUCTION

Special care must be taken into consideration when handling the VEML6031X00. VEML6031X00 is sensitive to dust and
scratches, proper optical device handling procedures are recommended.

The optical surface of the device must be kept clean for optimal performance in both prototyping with the device and mass
production manufacturing procedures. Tweezers with plastic or rubber contact surfaces are recommended to avoid scratches
on the optical surface. Avoid manipulation with metal tools when possible. The optical surface must be kept clean of fingerprints,
dust, and other optical-inhibiting contaminants.

If the device optical surface requires cleaning, the use of isopropyl alcohol is recommended. A few gentle brushes with a soft

swab are appropriate. Avoid potentially abrasive cleaning and manipulating tools and excessive force that can scratch the
optical surface.

If the VEML6031X00 performs less than optimally, inspect the optical surface for dirt, scratches, or other optical artifacts.
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PACKAGE DIMENSIONS in millimeters
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Technical drawings 15
according to DIN :
specification
Drawing No.: 6.550-5357.01-4 All dimensions in mm incl. burrs
Issue: 1; 14.04.2021 Not indicated tolerances + 0.1
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MARKING AND PIN 1 IDENTIFICATION

31A0Y
W W X X X

31: device type N pin 1 marking

A: address option (0, 1) dot marking on top side

0: qualification (0 = AEC-Q100) elongated feature on bottom side
Y: year

WW: week

XXX: lot number

TAPE AND REEL DIMENSIONS in millimeters
Reel size:
VEML6031: @ 180 mm + 2 mm = 3000 pcs.
VEML6031-GS 15: @ 330 mm + 2 mm = 10 000 pcs.
Reel design is representative for different types.

Unreel direction

=@

Technical drawings
according to DIN
specification

Non tolerated tolerances + 0.1 mm

[Te)
o
o
Label posted here
,‘Zt:|_.
Pin 1
. . 12
Sensor orientation A (5:1) N
—
S
- )i
D
Q
N
o
K v ¢
1 iy
T 4T
hd 215
L
5 A
oo 9
|
|
|55 1.75

Drawing No.: 9.800-5148.01-4
Issue: 2; 28.05.21
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DRYPACK REFLOW SOLDER PROFILE
Devices are packed in moisture barrier bags (MBB) to
prevent the products from moisture absorption during 300
transportation and storage. Each bag contains a desiccant. Max.|260 °C |
250 P28 0 - — T — T — 4 TfdsC
FLOOR LIFE ond-— L [ZT N
Floor life (time between soldering and removing from MBB) g 20 /" == |\
must not exceed the time indicated on MBB label: g ] fo' 80si 1\
Floor life: 4 week g ‘ | \|
oor fite: & weeks g /14 _Max 1205 Max. 100s|_| |
Conditions: Tamp < 30 °C, RH < 60 % & 100 | ! 4
i . . / Max. ramp down 6 °C/s
Moisture sensitivity level 2a, according to J-STD-020. /
50 z,fMax. ramp up 3 °C/s
DRYING
0

In case of moisture absorption devices should be baked
before soldering. Conditions see J-STD-020 or label.
Devices taped on reel dry using recommended conditions

192 h at 40 °C (+ 5 °C), RH < 5 %. Fig. 12 - Lead (Pb)-free Reflow Solder Profile
’ According to J-STD-020

0 50 100 150 200 250 300
19841 Time (s)
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REVISION HISTORY

DATASHEET VERSION

REVISION DATE

CHANGE

1.4

18-Dec-2025

Corrected resolution, removed “Dark Current Offset vs. Ambient Temperature” figure,
revised bit naming, revised block diagram, rearranged part handling information
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High Accuracy Ambient Light Sensor With 12C Interface

LINKS TO ADDITIONAL RESOURCES

o (w GO |9

Design Tools Related 3D Models Application
Documents Notes

DESCRIPTION

VEML6031X01 is a high accuracy ambient light digital 16-bit
resolution sensor in a miniature opaque 2.67 mm x 2.45 mm
package. It includes a high sensitive photodiode, a low
noise amplifier, a 16-bit A/D converter and supports an
easy to use 12C bus communication interface and additional
interrupt feature.

Infographics

The ambient light result is as digital value available.

APPLICATIONS
Ambient light sensor in automotive for

¢ Display backlight controls

¢ |nfotainment systems

® Rear view mirror dimming

e Interior lighting control systems

e Head-up displays

FEATURES

¢ Package type: surface-mount

e Dimensions (Lx W x Hin mm): 2.67 x 2.45 x 0.6
e AEC-Q101 qualified

¢ Integrated modules: ambient light sensor (ALS)

D . .
AUTOMOTIVE
GRADE

Pb-free

e Supply voltage range Vpp: 2.5V to 3.6 V

e Communication via I2C interface RoHS
* 12C bus H-level range: 1.7 Vt0 3.6 V COMPLIANT
HALOGEN
e Floor life: 4 weeks, MSL 2a, according to FREE
J-STD-020 GREEN
e Low shut down current consumption: e
typ. 0.5 pA

e Material categorization: for definitions of compliance
please see www.vishay.com/doc?99912

AMBIENT LIGHT FUNCTION

e Filtron™ technology adaption: close to real human eye
response

e Typical ALS output tolerance of < 10 % under different
light sources

¢ 16-bit dynamic range for ambient light detection from
0 Ix to about 172 kiIx with resolution down to 0.0026 Ix/ct,
supports low transmittance (dark) lens design

¢ Excellent temperature compensation
¢ High dynamic detection resolution

PRODUCT SUMMARY
2
OrerAInG | o uS | AMBIENT LIGHT | AMBIENTLIGHT | o o - | ADC RESOLUTION
PART NUMBER RANGE RANGE RANGE RESOLUTION CODE PROXIMITY /
(Ix) (Ix) AMBIENT LIGHT
V) \J)
VEML6031X01 25t03.6 1.710 3.6 0to 172 000 0.0026 16 bit, 12C -/ 16 bit
ORDERING INFORMATION
ORDERING CODE SLAVE ADDRESS (7 BIT) PACKAGING VOLUME () REMARKS
VEML6031X01 0x29 Tape and reel MOQ: 3000 2.67 mm x 2.45 mm x 0.6 mm
VEML6031X01-GS15 0x29 Tape and reel MOQ: 10 000 2.67 mm x 2.45 mm x 0.6 mm
VEML60311X01 0x10 Tape and reel MOQ: 3000 2.67 mm x 2.45 mm x 0.6 mm
VEML60311X01-GS15 0x10 Tape and reel MOQ: 10 000 2.67 mm x 2.45 mm x 0.6 mm

Note

(M MOQ: minimum order quantity

Rev. 1.1, 18-Dec-2025
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ABSOLUTE MAXIMUM RATINGS (T, = 25 °C, unless otherwise specified)
PARAMETER TEST CONDITION SYMBOL MIN. MAX. UNIT
Supply voltage Vop 0 3.6 \Y
Operation temperature range Tamb -40 +125 °C
Storage temperature range Tstg -40 +125 °C
Total power dissipation Tamp £25°C Piot - 50 mwW
Junction temperature T - 125 °C
BASIC CHARACTERISTICS (T, = 25 °C, unless otherwise specified)
PARAMETER TEST CONDITION SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vbop 2.5 3.3 3.6 Vv
Shutdown state (), Vbp = VBus - 0.5 -
Shutdown state (1), Vpp=Vgys=3.0V - - 1.2
Supply current Ibp HA
Shutdown state (1), Vpp=3.6V, VBUS =17V - 3.1 -
Active state, Vpp = 3.3V - 280 -
I2C clock rate range fscL 10 - 400 kHz
VBUS = VDD Vih 0.7 x VDD - 3.6 \%
I2C bus input H-level range
P 9 VBus # Vob Vin 0\}85 X - 3.6 v
BUS
VBus = Vbp Vi -0.3 - 0.3 x Vpp Y,
I2C bus input L-level range
P 9 VBus # Vbp Vi -0.3 - 3'2 X \Y
BUS
Digital current out (low, current sink) lol 3 - - mA
. ) With ALS_GAIN = x 2, ALS_IT =400 ms
@ — ’ — s - -
Digital resolution (LSB count) @ PD_DIV = 4/4 PD 0.0026 Ix/step
. . . With ALS_GAIN = x 0.5, ALS_IT = 6.25 ms,
Detectable maximum illuminance PD_DIV = 1/4 PD Ev max. - 172 000 - Ix
With ALS_GAIN = x 2, IT =200 ms
(1) _ ) ) _ _
ALS dark offset PD_ DIV = 4/4 PD 4 step
With ALS_GAIN = x 2, IT =200 ms
1) — ’ ’ - -
IR dark offset PD._DIV = 4/4 PD 4 step

Notes
@ Light conditions: dark

@ Light conditions: Ey = 100 Ix with 4300K white LED

CIRCUIT BLOCK DIAGRAM

s s[

Vpp 6 []‘\

4 GND
1

—
VEML6031X01

Temperature
compensation

INT
control

ALS N Integrating
E ADC

R W Integrating
E ADC

Logic and timing
controller

Data
registers

12C interface

Command
registers

1

—J
1 GND

Fig. 1 - Block Diagram

-[]2 SDA
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I2C TIMING CHARACTERISTICS (T, = 25 °C, unless otherwise specified)
STANDARD MODE (1 FAST MODE ()
PARAMETER SYMBOL UNIT
MIN. MAX. MIN. MAX.

Clock frequency fismBCLK) 10 100 10 400 kHz
Bus free time between start and stop condition tBuUR 4.7 - 1.3 - us
Hitor this period. the firet clock fs generated | {HOSTA 40 : 08 : ps
Repeated start condition setup time tsusTa) 4.7 - 0.6 - us
Stop condition setup time tsusTo) 4.0 - 0.6 - us
Data hold time tHDDAT) 0 3450 0 900 ns
Data setup time tsuban 250 - 100 - ns
I2C clock (SCK) low period tLow) 4.7 - 1.3 - Hs
I2C clock (SCK) high period tHIGH) 4.0 - 0.6 - ps
Detect clock / data low timeout trmimeou) 25 35 - - ms
Clock / data fall time tF - 300 - 300 ns
Clock / data rise time tR) - 1000 - 300 ns

Note
(1) Data based on standard 12C protocol requirement, not tested in production

tow T *tm — i tp
_
I°C bus Vin
clock
(SLCK) Vi
et —trpsTA) : — *—teuah) : ] ol
t | ! tsusto—> | =
BUR) t : ! ! to
(HDDAT) —» — — *—Ysupan !
|20 bus Vi 1 P — — i
data |
(SDAT)  \— Vi — — —
—_— = - -
P S S P
Stop condition Start condition
Start Stop
| I
« tLosexn) >
| I
| SCLKck SDAxck |
| | I
:1 tLowmexm »le tLowmext) ————»le—»—t owmexn)

>

2C bus 1 1
clock

(SLCK)

C bus 1
data

(SDAT) v

Fig. 2 - 12C Timing Diagram

'|

Rev. 1.1, 18-Dec-2025 3 Document Number: 80008
For technical questions, contact: sensorstechsupport@vishay.com

THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT
ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000




VEML6031X01
v www.vishay.com Vishay Semiconductors

PARAMETER TIMING INFORMATION

12C bus
clock
(SCLK)

N A
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PG bus L T T T T T S O S O I S O T T O T T (N S S SO (N SO S NN (O T R
VO O OO ONIINL O AN
(SDAT)
Start by ACK by ACK by
master slave slave
| 12C bus slave address byte | | Command code |
T 1 r 1

12C bus
clock
(SCLK)

12C bus
/2 Ko XXX XXX
(SDAT)

ACK by Stop by
slave master

Data byte |

Fig. 3 - I2C Bus Timing for Sending Word Command Format
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clock
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I 1 1 1 ] 1 1 1 ] 1 1 1 ] 1 1 1 ] 1 1 1 1 1 ] 1 1 1 ] 1 1 1 ] 1 1 1 1 1
I 1 I 1 1 I I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1
T T T T T T S S O O N L T SO N BN N |
1 1 I 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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OLO0000AVA OO0
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?:gsttgly Ag;/le)y NACK by Stop by
master master

| 12C bus slave address byte | | Data byte |

r 1 r 1

Fig. 4 - 12C Bus Timing for Receive Word Command Format
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BASIC CHARACTERISTICS (T, = 25 °C, unless otherwise specified)

1.2 20 1 1 1 1 1 1 1
© ‘ . 18 |- llluminance 3000 lux,
= VEML6031X01 ¥ 16 |- White LED 4300K
@
2 1.0 3 14
0 S 12
< 08 5 10
= ‘ﬂ 8 N Upper deviation
_‘; < 6 b <~
> 0.6 = 4 < Typical ]
5 S ~ p=
® V() g o C
S Tt M~ Lo 4= T
e 04 g 0
2 @ = =
5 ) e -~
© Q N ™ S
g0 2 4 4=
L ' < -6 |— Lower deviation
s hd 3 [
@ [ [ [T 1
0 -10
400 500 600 700 800 900 1000 -40 -20 0 20 40 60 80 100
A - Wavelength (nm) T.mb - Ambient Temperature (°C)
Fig. 5 - Relative Sensitivity, ALS Channel vs. Wavelength Fig. 8 - Relative Deviation, ALS Channel vs. Temperature

(at lux levels lower than ~200 lux, dark current effects
should be taken into account)
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Fig. 6 - Relative Sensitivity, IR Channel vs. Wavelength Fig. 9 - Relative Deviation IR Channel vs. Ambient Temperature
0° 20°
1.0
z 5
2
@ 08 40° §
C
g 08 a3
@ ’ 2
2 &
5 o7 &
[0} =]
g o0 £
o '
? 06 s
80°
0504030201 0
Fig. 7 - Relative Sensitivity vs. Angular Displacement
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APPLICATION INFORMATION
1. Application Circuit

1.7Vto 3.6V
R1| R2| R3
I—ceno)
25Vt03.6V R4
O_:'_.—LC__T__ Vpp (6)
10R T e o’ Host
000 P VEMLB031X01 Micro Controller
SDA (2) »| 1°C bus data SDA
SCL(5) j¢——e I’C bus clock SCL
C1and R4
are optional I—{ceno@ INT (3) »| GPIO (interrupt)
for a noisy
supply

Fig. 10 - Application Circuit
(X) = Pin Number
Notes

¢ The interrupt pin is an open drain output. Proposed values for the pull-up resistors should be > 1 kQ, e.g. 2.2 kQ to 4.7 kQ for the R1 and
R2 (at SDA and SCL) and 10 kQ to 100 kQ for R3 (at interrupt).
¢ Normally just one decoupling capacitor is needed. This should be > 100 nF and placed close to the Vpp pin.

For detailed description about set-up and use of the interrupt as well as more application related information see AN: “Designing
VEML6031X01 into an Application”

2. I2C Interface

The VEML6031X01 has eighteen register addresses responsible for operation control, parameter setup and result buffering.
All registers are accessible via I2C communication. Fig. 9 shows the basic I2C communication with VEML6031X01.

The built in 12C interface is compatible with 12C modes “standard” and “fast”: 10 kHz to 400 kHz.
Please refer to the 12C specification from NXP for details.

Send byte Block write byte mode
1 7 1 1 8 1 8 1 8 1 8 1
Command code Data byte Data byte Data byte
‘ s | Slave address | Wr . (address = M) . (address = M) . (address =M + 1) . (address =M + 2)

8 1 8 1 1

Databyte | o | _ Data byte
(address =M + 3) (address =M + N)

Receive byte Block read byte mode
1 7 1 1 8 1 1 7 1 1 8 1 8 1

Command code
‘ S | Slave address | Wr . (address = M) . Sr

S = start condition D Host action
P = stop condition
A = acknowledge [ VEML6031X01 response

Sr = reapeated start condition

Fig. 11 - Send Byte / Receive Byte Protocol

Rev. 1.1, 18-Dec-2025 6 Document Number: 80008
For technical questions, contact: sensorstechsupport@vishay.com

THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT
ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000




\ 4
VISHAY. . VEMLG6031X01
v e vishay.com Vishay Semiconductors

REGISTER INFORMATION

Device Address

The VEML6031X01 is available in two different pre-configured slave addresses.

For one version the predefined 7 bit 12C bus address is set to 0101001 = 0x29. The least significant bit (LSB) defines read or
write mode. Accordingly the bus address is set to 0101 0010 = 0x52 for write and 0101 0011 = 0x53 for read. The second
version comes with predefined 7 bit [2C bus address of 0010000 = 0x10, so, here the write address is 0010 0000 = 0x20 for
write and 0010 0001 = 0x21 for read.

TABLE 1 - SLAVE ADDRESS TABLE

ORDERING CODE 7 BIT SLAVE ADDRESS 8 BIT SLAVE ADDRESS
VEML6031X01 0x29 0x52 (Write) 0x53 (Read)
VEML60311X01 0x10 0x20 (Write) 0x21 (Read)

Register Addresses
The VEML6031X01 has eighteen registers, accessible through there respective 8-bit command codes.

The registers are 0x00 to 0x17 (0x02 and 0x03, 0x08 to 0xOF and 0x16 are not defined / reserved). Note that due to the location
of the bits ALS_ON_0 and ALS_ON_1, one in register 0x00 and the other in 0x01, it is necessary to always write to both registers
at once when configuring the device.

Auto-Memorization

The VEML6031X01 stores the last measured ambient data before the device is shutdown, keeping the data accessible.
When VEML6031X01 is in shutdown mode, the host can freely read this data via read command directly.

When VEML6031X01 wakes up, the data will be refreshed once a new measurement is made.

TABLE 2 - COMMAND CODE AND REGISTER DESCRIPTION
CCCODE | Low/High | | NAME | VALUE. FUNCTION AccESS
Set the integration time
0x00 ) ALS_CONF_0 0x01 Me.asurement m.ode of the sensor
Enable interupt function of the ALS channel
Switch the sensor on / off
Switch the sensor on / off Write
0x01 - ALS_CONF_1 0x80 GAIN and photodiode size setting and
Interrupt persistance counter read
0x04 Low ALS_THDH_L 0x00 ALS channel high threshold window setting (low byte)
0x05 High ALS_THDH_H 0x00 ALS channel high threshold window setting (high byte)
0x06 Low ALS_THDL_L 0x00 ALS channel low threshold window setting (low byte)
0x07 High ALS_THDL_H 0x00 ALS channel low threshold window setting (high byte)
0x10 Low ALS_DATA_L 0x00 Low byte of 16-bit ALS channel result data
0x11 High ALS_DATA H 0x00 High byte of 16-bit ALS channel result data
0x12 Low IR_DATA_L 0x00 Low byte of 16-bit IR channel result data
0x13 High IR_DATA_H 0x00 High byte of 16-bit IR channel result data Read
0x14 Low VEML6031X01_ID_L 0x01 ID code only
0x15 High VEML6031X01_ID_H 0x00 ID code
0x16 Low INT_FLAG_L 0x00 Reserverd
0x17 High INT_FLAG_H 0x00 Interrupt and active force mode event flag
Notes

e Command code 0x00 default value is 0x01 = device is shutdown
e Command 0x00 and command 0x01 must be executed together, they cannot be executed independently
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TABLE 3 - REGISTER NAME: ALS_CONF_O

Bit 7 Bté | Bit5 |  Bit4 Bit 3 Bit 2 Bit 1 Bit 0
Reserved ALS_IT ALS_MODE ALS_TRIG ALS_INT ALS_ON_O
COMMAND CODE 0x00
BIT NAME FUNCTION BIT VALUE DESCRIPTION
Reserved Reserved 7 0x0 (0b0) Should be kept default
0x0 (0b000) 3.125 ms (default)
0x1 (0b001) 6.25 ms
0x2 (0b010) 12.5ms
. o 0x3 (0b011) 25 ms
ALS_IT Set the integration time 6:4
0x4 (0b100) 50 ms
0x5 (0b101) 100 ms
0x6 (0110) 200 ms
0x7 (Ob111) 400 ms
0x0 (0b0 Auto mode (default
ALS._MODE Set the measurement mode of the 5 X0 (0b0) u : (default)
sensor 0x1 (Ob1) Active force mode
Set the active force mode trigger; 0x0 (0b0) Off (default)
ALS_TRIG this bit will be reset to 0 after the 2 i
measurement cycle 0x1 (0b1) Trigger
Enable / disable the interrupt 0x0 (0b0) Disable (default)
ALS_INT . 1
function of the ALS channel 0x1 (0b1) Enable
Switch the sensor on / off 0x0 (0b0) Turn on the sensor
ALS ON 0 (ALS_ON_0 and ALS_ON_1 must 0
- be executed together to start the 0x1 (Ob1) Turn off the sensor (shutdown)
sensor) (default)
Note
e Command Code 0x00 default value is 0x01 = device shutdown
TABLE 4 - REGISTER NAME: ALS CONF_1
Bit 7 Bit 6 Bit 5 Bit 4 | Bit 3 Bit 2 Bit 1 Bit 0
ALS_ON_1 ALS_PDDIV Reserved ALS_GAIN ALS_PERS ALS_CAL
COMMAND CODE 0x01
BIT NAME FUNCTION BIT VALUE DESCRIPTION
Switch the sensor on / off 0x0 (0b0) Turn on the sensor
(ALS_ON_0 and ALS_ON_1 must
ALS_ON_1 be executed together to start the 7 0x1 (0b1) Turn off the sensor (shutdown)
sensor) (default)
Set the effective photodiode size 0x0 (0b0) 4/4 PD used
ALS_PDDIV for the ALS and IR channel 6 0x1 (0b1) 1/4 PD used
Reserved Reserved 5 0x0 (0b0) Should be kept default
0x0 (0b00) Gain x1
. 0x1 (0b01) Gain x2
ALS_GAIN Set the gain of the ALS 4:3 -
0x2 (0b10) Gain x0.66
0x3 (Ob11) Gain x0.5
0x0 (0b00) 1 time (default)
Set the amount of.consecutive 0x1 (0b01) 2 times
ALS_PERS threshold crossing events 2:1 -
necessary to trigger interrupt 0x2 (0b10) 4 times
0x3 (0b11) 8 times
Enable (must be set to “1”
Enable / disable internal 0x1 (Ob1)
h d
ALS_CAL calibration after power on 0 w er? power on ready)
0x0 (0b0) Disable (default)
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TABLE 5 - REGISTER NAME: ALS_THDH

Bit7 | Bit 6 | Bts | Bt4 |  Bit3 Bit 2 Bit1 | BitO
ALS_THDH_L
Bit7 | Bit 6 | Bts | Bt4 |  Bit3 Bit 2 Bit1 | Bit0
ALS_THDH_H
COMMAND BIT NAME FUNCTION BIT VALUE DESCRIPTION
0x04 ALS_THDH_L Set the high threshold interrupt 7:0 0 to 65 535 Low byte
0x05 ALS_THDH_H value 7:0 High byte
TABLE 6 - REGISTER NAME: ALS_THDL
Bit7 | Bit 6 | Bts | Bt4 |  Bit3 Bit 2 Bit1 | BitO
ALS_THDL_L
Bit7 | Bit 6 | Bts [  Bit4 |  Bit3 Bit 2 Bit1 [ BitO
ALS_THDL_H
COMMAND BIT NAME FUNCTION BIT VALUE DESCRIPTION
0x06 ALS_THDL_L Set the low 7:0 Low byte
0x07 ALS THDL_H threshold interrupt value 7:0 01065535 High byte
TABLE 7 - REGISTER NAME: ALS DATA
Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 Bit 2 Bit1 | Bito
ALS_DATA_L
Bit7 | Bit 6 | Bts | Bt4 |  Bit3 Bit 2 Bit1 | BitO
ALS_DATA_H
COMMAND BIT NAME FUNCTION BIT VALUE DESCRIPTION
0x10 ALS_DATA_L Read the ALS channel 7:0 Low byte
0o 65 535 :
Ox11 ALS_DATA_H output data 7:0 High byte
TABLE 8 - REGISTER NAME: IR_DATA
Bit7 | Bit 6 | Bts | Bt4 |  Bit3 Bit 2 Bit1 | BitO
IR_DATA_L
Bit7 | Bit 6 | Bts | Bt4 |  Bit3 Bit 2 Bit1 | BitO
IR_DATA_H
COMMAND BIT NAME FUNCTION BIT VALUE DESCRIPTION
0x12 IR_DATA L Read the IR channel 7:0 0to 65 535 L(.)W byte
0x13 IR_DATA_H output data 7:0 High byte
TABLE 9 - REGISTER NAME: VEML6031X01_ID
Bit7 | Bit 6 | Bts [  Bit4 |  Bit3 Bit 2 Bit1 [ BitO
VEML6031X01_ID_L
Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 Bit 2 Bit1 | Bito
VEML6031X01_ID_H
COMMAND BIT NAME FUNCTION BIT VALUE DESCRIPTION
ox14 VEML6031X01_ID_L 7:0 (Obog)(()gz)om) Should be kept default
Read the device ID (0b08)c()88000) DZéic?reeszitgf%i?g °
0x15 VEMLB031X01_ID_H 7:0 —
0x10 Device with a slave
(0b00010000) address of 0x10
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TABLE 10 - REGISTER NAME: INT_FLAG

Bit7 | Bit 6 | Bits | Bit4 | Bit 3 Bit 2 | Bit 1 | Bit 0
Reserved
Bit7 | Bit 6 | Bits | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
Reserved AF_DATA_READY ALS_IF_L ALS_IF_H Reserved
COMMAND BIT NAME FUNCTION BIT VALUE DESCRIPTION
0x16 Reserved Reserved 7:0 0x00 (0b00000000) Should be kept default
Reserved Reserved 7:4 0x0 (0b0000) Should be kept default
Data ready fla 0x1 (Ob1) Data ready flag available
AF_DATA_READY active forceymo%e 3 0x0 (0b0) Data ready flag not available
ALS_IF_L Low threshold 2 0x1 (0b1) O ot the ALS chaana, < o
0x17 - = interupt flag -
0x0 (0b0) No low threshold crossing
ALS_IF_H Hign threshold 1 Ox1 (0b1) e o the AL Schammar o'
0x0 (0b0) No high threshold crossing
Reserved Reserved 0 0x0 (0b0) Should be kept default
CALCULATING THE LUX LEVEL
Command code 0x10 and 0x11 contain the results of the The calculation of the corresponding lux level is dependent
ALS measurement. This 16-bit code needs to be converted on the programmed gain setting and the chosen integration
to a decimal value to determine the corresponding lux value. time.

TABLE 11 - RESOLUTION AND MAXIMUM DETECTION RANGE AT ALS_PDDIV (4/4 PD USED)

TYPICAL RESOLUTION (Ix/cnt) MAXIMUM POSSIBLE ILLUMINATION (Ix)
ALS_GAIN ALS_GAIN

IT (ms) x2 x1 x0.66 x0.5 x2 x1 x0.66 x0.5

400 0.0026 0.0051 0.0078 0.0103 168 337 510 673
200 0.0051 0.0103 0.0156 0.0205 337 673 1020 1346
100 0.0103 0.0205 0.0311 0.0411 673 1346 2040 2693
50 0.0205 0.0411 0.0623 0.0822 1346 2693 4080 5385
25 0.0411 0.0822 0.1245 0.1644 2693 5385 8160 10 771
12,5 0.0822 0.1644 0.2490 0.3287 5385 10 771 16 319 21542
6.25 0.1644 0.3287 0.4980 0.6574 10 771 21542 32 639 43083
3.125 0.3287 0.6574 0.9961 1.3148 - ()™ ()M ()™

TABLE 12 - RESOLUTION AND MAXIMUM DETECTION RANGE AT ALS_PDDIV (1/4 PD USED)

TYPICAL RESOLUTION (Ix/cnt) MAXIMUM POSSIBLE ILLUMINATION (Ix)
ALS_GAIN ALS_GAIN

IT (ms) x2 x1 x0.66 x0.5 x2 x1 x0.66 x0.5

400 0.0103 0.0205 0.0311 0.0411 673 1346 2040 2693

200 0.0205 0.0411 0.0623 0.0822 1346 2693 4080 5385
100 0.0411 0.0822 0.1245 0.1644 2693 5385 8160 10 771
50 0.0822 0.1644 0.2490 0.3287 5385 10 771 16 319 21542
25 0.1644 0.3287 0.4980 0.6574 10 771 21542 32 639 43 083
12.5 0.3287 0.6574 0.9961 1.3148 21542 43 083 65 278 86 166
6.25 0.6574 1.3148 1.9921 2.6296 43 083 86 166 130 555 172 333

3.125 1.3148 2.6296 3.9843 5.2593 (M (M (M (M

Note

() For integration time of 3.125 ms the maximum count level is no longer 16 bit, so, half the integration time no longer leads to double the
max. lux level
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HANDLING INSTRUCTION

Special care must be taken into consideration when handling the VEML6031X01. VEML6031X01 is sensitive to dust and
scratches, proper optical device handling procedures are recommended.

The optical surface of the device must be kept clean for optimal performance in both prototyping with the device and mass
production manufacturing procedures. Tweezers with plastic or rubber contact surfaces are recommended to avoid scratches

on the optical surface. Avoid manipulation with metal tools when possible. The optical surface must be kept clean of fingerprints,
dust, and other optical-inhibiting contaminants.

If the device optical surface requires cleaning, the use of isopropyl alcohol is recommended. A few gentle brushes with a soft

swab are appropriate. Avoid potentially abrasive cleaning and manipulating tools and excessive force that can scratch the
optical surface.

If the VEML6031X01 performs less than optimally, inspect the optical surface for dirt, scratches, or other optical artifacts.
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PACKAGE DIMENSIONS in millimeters

|
|
N P R | | |
| S |
g l_!_l I I [ 1 I ! I [ 1 I
_ I 0.4 I I I
S 0.8 chip surface 0.8 0.8
2.67 Pinning top view
Pin 4
. GND
| ] ]
~ r 1 e
| o Pin5 \l | | ‘/ Pin 3
S scL ) | | \ INT
] |~
2 ——F | |
N
| B I I aln
1
Pin 6 \l L 1 i/ Pin 2
V 1 r SDA
‘ o AN
! [ ! ! _
' \_A ) Pin 1
0.2 ctive area GND
Pin 1 marking: Recommended footprint
exposed pad offset I
0.15 |
| (0.33) !
~— |
J | I/ g i
- 41 _ el _ — — _ — —
I ool
| gl
N — . 1 1 - — N
|

[
i
[
0.85
[
I
[
[
I
|

0.54

Technical drawings

=

according to DIN

0.79

0.79

0.85

1.5

specification
Drawing No.: 6.550-5357.01-4 All dimensions in mm incl. burrs
Issue: 1; 14.04.2021 Not indicated tolerances + 0.1
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MARKING AND PIN 1 IDENTIFICATION

F §
- =
(4p] ;
31: device type A N pin 1 marking
A: address option (0, 1) dot marking on top side
1: qualification (1 = AEC-Q101) elongated feature on bottom side
Y: year
WW: week
XXX: lot number
TAPE AND REEL DIMENSIONS in millimeters
Reel size:
VEML6031: @ 180 mm + 2 mm = 3000 pcs.
VEML6031-GS 15: @ 330 mm = 2 mm = 10 000 pes. EL @

Reel design is representative for different types. Technical drawings

according to DIN
specification

Unreel direction
Non tolerated tolerances + 0.1 mm

]
o
Label posted here
:t:l—.
Pin 1
Sensor orientation A (5:1) 12 N
[ —=— V]
.
Tl o
I
|
-O01—
]
B S
T &I
: /—g 1.5
o 9]
I
|
.55 1.75
Drawing No.: 9.800-5148.01-4
Issue: 2; 28.05.21
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DRYPACK REFLOW SOLDER PROFILE
Devices are packed in moisture barrier bags (MBB) to
prevent the products from moisture absorption during 300
transportation and storage. Each bag contains a desiccant. Max.|260 °C |
250 P28 0 - — T — T — 4 TfdsC
FLOOR LIFE ond-— L [ZT N
Floor life (time between soldering and removing from MBB) g 20 /" == |\
must not exceed the time indicated on MBB label: g ] fo' 80si 1\
Floor life: 4 week g ‘ | \|
oor fite: & weeks g /14 _Max 1205 Max. 100s|_| |
Conditions: Tamp < 30 °C, RH < 60 % & 100 | ! 4
i . . / Max. ramp down 6 °C/s
Moisture sensitivity level 2a, according to J-STD-020. /
50 z,fMax. ramp up 3 °C/s
DRYING
0

In case of moisture absorption devices should be baked
before soldering. Conditions see J-STD-020 or label.
Devices taped on reel dry using recommended conditions

192 h at 40 °C (+ 5 °C), RH < 5 %. Fig. 12 - Lead (Pb)-free Reflow Solder Profile
’ According to J-STD-020

0 50 100 150 200 250 300
19841 Time (s)
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REVISION HISTORY

DATASHEET VERSION

REVISION DATE

CHANGE

1.1

18-Dec-2025

Corrected resolution, removed “Dark Current Offset vs. Ambient Temperature” figure,
revised bit naming, revised block diagram, rearranged part handling information
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VEML6031X00 AppNote Update

Change from Revision: 14-Jun-2021 to Revision: 08-Dec-2025
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» Updated the fig 13 - Lux Error diagram over different light sources as it contains an algebraic sign
error. Values shown as positive where negative and vice versa.

+ Updated resolution & bit naming in accordance to the updates in the corresponding
datasheet (VEML6031X00 - Rev. 1.4, 18-Dec-2025)
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By Reinhard Schaar

HIGH LIGHT
The VEMLB031X00 is a high accuracy digital ambient
light sensor with 16-bit resolution in a miniature opaque
2.67 mm x 2.45 mm package. It includes a high sensitivity
photodiode, low noise amplifier, and 16-bit AD converter,
and supports an easy to use °C bus communication
interface and additional interrupt feature.

The ambient light read-out is available as a digital value,
and the built-in photodiode response is near that of the
human eye. The 16-bit dynamic range offers ambient light
detection up to about 228 kix, with a resolution down to
0.0034 Ix/counts.

Beside100 Hz and 120 Hz flicker noise rejection and a low
temperature coefficient, the device consumes just 0.5 pA in
shutdown mode. The sensor is AEC-Q100 qualified and has
a operating range from -40 °C to +110 °C.

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.

VEML6031X00

The high senstivity of 0.0034 Ix/counts allows the sensor to
be placed behind very dark cover glasses that wil
dramatically reduce the total light reaching it. The sensor
will also work behind clear cover glass, because even high
illumination - such as daylight and all indoor lights - will not
saturate the device and read-outs up to 228 kix are possible.

Revision: 08-Dec-2025

By Reinhard Schaar

HIGH ACCURACY AMBIENT LIGHT SENSOR: VEML6031X00

The VEML6031X00 is a high accuracy digital ambient
light sensor with 16-bit resolution in a miniature opaque
2.67 mm x 2.45 mm package. It includes a high sensitivity
photodiode, low noise amplifier, and 16-bit A/D converter,
and supports an easy to use FC bus communication
interface and additional interrupt feature.

The ambient light read-out is available as a digital value,
and the built-in photodiode response is near that of the
human eye. The 16-bit dynamic range offers ambient light
detection up to about] with a resolution down to
/counts.

Beside100 Hz and 120 Hz flicker noise rejection and a low
temperature coefficient, the device consumes just 0.5 pA in
shutdown mode. The sensor is AEC-Q100 qualified and has
a operating range from -40 °C to +110 °C.

The high senstivity ollows the sensor to
be placed behind V& glasses that will
dramatically reduce the total light reaching it. The sensor
will also work behind clear cover glass, because even high

ilumination - such as daylight and all ing ts - vall not
saturate the device and read-outs up tq 172 kix jre possible.
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compensation | compensation T
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/
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Fig. 1 - VEML6031X00 Block Diagram Fig. 1 - VEMLE031X00 Block Diagram
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— y o Designing the VEML6031X00 Into an Application
Designing the VEML6031X00 Into an Application
DEVICE ADDRESS
Ths VEMLEOX00 s avtae i two st pro-conuesd S adaesse. For o vrson e pecatied 7 G s
DEVICE ADDRESS = 029, Accordingsy, the bus adaress s
The VEMLS031X00 is avadlable in two diferent pre-configured slave addresses. For one version the predefined 7-bit °C bus 1 D e e 101 O 1 w0 7-1
‘address is set to 0101001 = 0x29. mma»gmﬁmm(LSB)mnesvemmwmemoﬂe Accordingly, the bus address is set b =021 e,
100101 001 redefined 7-bit FIC bus add
o1 0010000 A0, So. hers e it ke s 0010 0000 - D20 for i s 001D 0001 = 0531 fo e TABLE 1 - REGISTER NAME: DEVIC |
ORDERRNG CODE SLAVE ADGRESS (75 | |
SLAVE ADDRESS OPTIONS [ vemeeganioo oc9 ] |
ORDERING CODE T 'SLAVE ADDRESS (7 biti [veasesvion L I 1 1
VEMLB031X00 | 029
VEMLB0311X00 1 0x10 REGISTERS OF THE VEMLG031X00
The seror s i s Sceeslomgtrs o 0100 7 QG2 s o 0208 b O, an 16 ar ot defoed
REGISTERS OF THE VEML6031X00 reserved) w ALS_ON_0 and ALS_ON_1, 0ne n register 0300
The sensor has thirteen user-accessible registers from 0x00 to 0x17 (0x02 and 0x03, 0x08 to OXOF, and Ox16 are not defined / St 1Ty 0y e O G AT T i
reserved) with different functionalities. Note that due to the location of the two shutdown bits (SD and ALS_IR_SO), one in
register 0x00 and the other in 0x01, it is necessary to always write 10 both registers at once when configuring the device. TABLE 2 - COMMAND REGISTER FORMAT
COMMAND | DATABYTE | REGISTER | DEFAULT oy e
COMMAND REGISTER FORMAT | -O0DE | Low/Mian s AUE
COMMAND CODE | REGISTER NAME | BIT_| DEFAULT VALUE FUNGTION / DESCRIPTION RIW
0x00 ALS_CONF 0 0:7 0x01 ALS integration time, measurement mode, shutdown | R/ W 00 - LS cono out
001 ALS CONF1_| 0:7 0:00 'ALS and IR shudown, ALS gain, interrupt persistance | /W
0x04 ALS WHL 0:7 0x00 'ALS high threshold window setting (LS8) RIW e
005 ASWHH | 0.7 0:00 ALS igh tiveshold window setting (MSB] A/W 01 - ALs CoNs_1 o0 x
0x06 ALS_ WL L 0:7 0x00 ALS low threshold window setting (LS8) R/W = — =
[ ASWLH |07 0:00 ALS low thvesho wndow setting (S8) R/W o — =
0x10 ALS_DATA_L 0:7 0x00 Low byte of 16-it ALS result DATA R = 7 3
ot ASOATAH | 0.7 0:00 Figh byte of 16-Dit ALS result DATA R 07 vign w0
012 IR_DATA L 0:7 0x00 Low byte of 16-bit IR result DATA R ) Low 000
o ROAAR | 07 000 Figh Byt o 16-b4 o resu ATA " i )
o Tow =]
o1 oL 0:7 01 1D code R - = — .
0x15 ID_H 0:7 0x00 Package and version code R ntd Low 01 only
it ALS INT 0:7 000 ALS INT trigger event " 15 Son
) ow 500
= Command code 0x00 default valus i 001 = device s shutdown 7 ) oo s vt
. must they cannot be executed ndependantly

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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Designing the VEML6031X00 Into an Application

INTEGRATION TIME AND GAIN SETTING OF THE ALS AND IR CHANNEL

The resolution of the ALS and IR channel can be determined by the setting of the integration time, the gain factor, and the
PD size. The IT, GAIN factor, and PD size cannot be determined individually for each channel.

To achieve the highest resolution of 0.0034 Ix/counts for the ALS channel, the max. integration time (400 ms), max. GAIN
(ALS gain x 2), and the complete photodiode size (PD_DIV4 = 0, 4/4 PD used) need to be applied. Accordingly, with the lowest
resolution of 3.48 Ix/counts for the ALS channel, at the min. integration time (6.25 ms). min. GAIN (ALS gain x 0.5), and one
quarter of the photodiode size (PD_DIV4 = 1, 1/4 PD), the max. illumination leve! of 228 kix is achievable.

Integration Time Setting
Within the command register 0x00 (ALS_CONF _0) bit 4 to 6 determine the appiied integration time for the ALS and the IR
channel.
TABLE 1 - ALS_CONF _0 - 0x00
REGISTER NAME BT FUNCTION / DESCRIPTION R/W
ALS integration time setting
000=3.125ms
001=625ms
010« 125ms
ALSIT 6:4 011 =25ms RIW
100=50 ms
101 = 100 ms
110« 200 ms.
111= 400 ms

Remark: The default integration time is 3.125 ms.
For the integration time of 3.125 ms, the max. available resolution of the output channel is around 15 bit, which
accordingly no longer leads to a doubling of the achieveable ilumination level.
The integration time mainly determines the sampling time of the data from the sensor.
f you would like to increase your sampling rate, you have to decrease your integration time.

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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Designing the VEML6031X00 Into an Application

INTEGRATION TIME AND GAIN SETTING OF THE ALS AND IR CHANNEL

The resolution of the ALS and IR channel can be determined by the setting of the integration time, the gain factor, and the
PD size. The IT, GAIN factor, and PD size cannot be determined individually for each channel.

To achieve the highest resolution of 0.0026 Ix/counts for the ALS channel, the max. integration time (400 ms), max. GAIN
(ALS gain x 2), and the complete photodiode size (PD_ DIV4 = 0, 4/4 PD used) need fo be applied. Accordingly, with the lowest
resolution of 2.63 bwcounts for the ALS channel, at the min. integration time (6.25 ms), min. GAIN (ALS gain x 0.5), and one
quarter of the photodiode size (PD_ DIV4 = 1, 1/4 PD), the max. ilumination level of 172 kix is achievable.

Integration Time Setting
Within the command register 0x00 (ALS_GONF _0) bit 4 to 6 determine the applied integration time for the ALS and the IR
channel
TABLE 3 - REGISTER NAME: ALS_CONF_0
Bit 7 | Bit & | Bit§ | Bit4 | Bita Bit2 | Bit 1 | Eit0
Reserved ALS T | ALs moDe ASTAIG | ASINT | ASONGO
COMMAND CODE 0x00
BIT NAME FUNCTION BIT VALUE DESCRIPTION
Reserved Resarvad 7 0x0 (050) Should bs kept defauft
G0 (0600 3125 ms (defaul)
0x1 (08001 €25 ms
0x2 (0B01 125ms
. 0x3 (0b011 25 ms
ALS T Set the integration time 6:4 e 051G Tome
0x5 (0b101 100 ms
0x6 (0110) 200 ms
Gx7 (0B111) 00 ms

Remark: The default integration time I 3.125 ms.
For the integration time of 3.125 ms, the max. available resoiution of the output channel is around 15 bit, wi
accordingly no longer leads to a doubling of the achievable llumination level.
The integration time mainly determines the sampling time of the data from the sensor.
I you would like to increase your sampling rate, you have to decrease your integration time.
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GAIN and PD Size Setting

Within the command register 0x01 (ALS_CONF _1), bit 4 and 5 determine the applied ALS_GAIN for the ALS and IR channel,

‘whereby bit 6 determines the used size of the

for the ALS and IR

TABLE 2 -

Revision: 08-Dec-2025

GAIN and PD Size Setting

Within the command register 0x01 (ALS_CONF_1), bit 4 and 5 determine the applied ALS
for the ALS and IR

whereby bit 6 determines the used size of the

>_GAIN for the ALS and IR channel,

ALS_CONF_1 - 0x01
BIT

REGISTER NAME FUI RIW TABLE 4 - - NAME:.AI.BJ:DNFJ _ _
I Effective photodiode size ALS and IR Bit 7 [ Bit 6 | Bit5 [ Bit4 [ Bitd Bit2 Bit1 | BitD
PD_DIV4 6 0= 4/4 PD used RIW ALS ON_1 ALS PDDV | Reserved | ALS GAIN ALS_PERS | As cal
1= 1/4 PD used COMMAND CODE 0x01
Gain selection BIT NAME FUNCTION BIT VALUE DESCRIPTION
00 = ALS gain x1 ALS PODIV Set the effective photodiod size 6 0x0 (080} 4/4 PD used
ALS_GAIN 4:3 01 = ALS gain x2 R/W = or tha ALS and IR channal Ox1 (0b1) 1/4 PD used
10 = ALS gain x 0.66
[ N oAS 08 00 (b0 Gain x1
ALS_GAIN Sat tha gain of tha ALS 43 Oxt (0601 San 2
Remark: Possible saturation effects during the measurement start can be avoided if the application starts with the lowest gain - '@ gamn of tha 02 (0b1 Gain x0.66
setting: ALS_GAIN x 0.5, PD_DIV4 = 1 (1/4 PD used). 03 (0bi 1 Gain x0.5

The setting ALS_GAIN x2 and PD_DIV4 = 0 (4/4 PD used) should only be used if a high resolution is necessary. For
example, if the sensor is placed under a dark cover glass where the illumination level is reduced to a low level.
Please refer to Table 9 and Table 10 from the datasheet to get the best settings for the expected illumination level.

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.

Remark: Possible saturation effects during the measurement start can be avoided if the application starts with the lowest gain

sefting: ALS_GAIN x 0.5, PD_DIV4 = 1 (1/4 PD used).

The satting ALS_GAIN x2 and PD_DIV4 = 0 {474 PD used) should only be used If a high resolution is necessary. For
example, if the sensor is placed under a dark cover glass where the illumination level is reduced to a low level.
Please refer to Table 9 and Table 10 from the datasheet to get the best settings for the expected illumination level
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Designing the VEML6031X00 Into an Application

READ OUT THE MEASUREMENT RESULTS

The ambient light measurement results are stored in the register ALS_DATA, which can be accessed over the command codes
0x10 and 0x11

The infrared measurement results are stored
and 0x13.

The VEMLG031X00 stores the last m
acce

the IR_DATA register, which can be accessed over the command codes 0x12

ured ambient as well as infrared data before the device is shut down, keeping the data
le. When the VEMLG031X00 is in shutdown mode, the host can freely read this data via the read command directly.

ALS MEASUREMENT RESULTS

The command codes 0x10 and 0x11 (ALS_DATA) contain the ambient light measurement results. The low byt is stored in the
command code 0x10 (ALS_DATA_L) while the command code 0x11 (ALS_DATA _H) accesses the ALS results from the high
byte.

TABLE 3 - REGISTER: ALS _DATA - 0x10, Ox11

MMAND CODE REGISTERNAME | BIT | FUNCTION / DESCRIPTION R/W
xi0 ALS DATA L 7:0 | ALS resut channel (data byte low) R
o | ALS.OATAH | 70 | ALS result channel (dala byte igh) =

IR MEASUREMENT RESULTS
The command codes 0x12 and 0x13 (IR_DATA) contain the ambient light measurement results. The low byte is stored in the
command code Ox12 (IR_DATA_L) while the command code 0x13 (IR_DATA L) accesses the high byte of the infrared
measurement results.

The measurement results are stored in the register IR_DATA, which can be accessed over the command codes 0x12 and 0x13,

TABLE 4 - IR DATA - 0x12, 0x13
COMMAND CODE | REGISTER NAME | _BIT_| FUNCTION / DESCRIFTION [Rw
iz | IRDATAL | 7:0 | I resut chanel (Gata byte low) [ =
0x13 | RDATAH | 7:0 | IRresult channel data byte high) [ ®”
INTERRUPT HANDLING

To avoid too many interactions with the microcentroller, the interrupt feature may be used. The interupt mode can be enabled
with the ALS_INT_EN bit in register ALS_CONF_0 - 0x00.

TABLE 7 - ALS CONF 0 - 0x00
REGISTER NAME BIT FUNGTION/ R/W
Reserved 7 Must be set 10 °0” RIW
ALS interrupt setting
ALS INT_EN 1 0= internupt disable RIW
interrupt enable

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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Designing the VEML6031X00 Into an Application

READ OUT THE MEASUREMENT RESULTS

ALS DATA, which o me.
0x10 and Ox 1
The ntrared msasuramsnt resuts are storsd In the IR_DATA register, which can be accsesed over the command codss Ox12

and 0x1a
e storss the down,
‘acosssibie. When the VEML the host

ALS MEASUREMENT RESULTS

The command codes 0x10 and 0x11 (ALS_DATA) contain the ambent ight m i resuits. The fow byte s stored in the
‘command code 010 (ALS_DATA L) whis the command o0 Ox11 {ALS_DATA_H) acossses the ALS results from the high
byte.

TABLE & - REGISTER NAME: ALS DATA
w7 | e | ws | e | w3 | ez | w0

RS ORTAT
w7 [ me [ &5 TTR 3] ez ] eer | @0
ALs owAn
A OATAL| | i Lowbye
| - | I T o ) gh byte

IR MEASUREMENT RESULTS
The command codes Cx12 and 0x13 IR DATA) contain the ambient int measurement resuits. The low byle is stored in the
command code 0x12 (R_DATA_L) whiis the command code 0x13 OR_DATAL) acoesses the high byt of the infrared
measurement resuts

| DATA, whic @ 2and 0m3,
TABLE 6 - REGISTER NAME: IR DATA|
R ES T VI T o [ ez | e [ w0
LA TR | [ Y S R T
COMMAND COOE | BT WAME |
one TRLOATA L
e | ROMAW

INTERRUPT HANDLING
To aveid too many inferactions with e intermut e = used. The intsnpt
wilh ihe ALS_INT_EN bt i register ALS_CONF._0 - 0x00.

TABLE 7 - REGISTER NAME: ALS CONF 0
%7 [ e | T ] e |

Forarved AT
Goo€
o NAME T -
Feserved I -2
oo Tratie Gaable e etam 7

uncson of e ALS chaed

ool 41O wiNaA =S4

4
4




Page 9

Revision: 14-Jun-2021 Revision: 08-Dec-2025

ool 41O wiNaA =S4

4
4

Persistence Settings
The persistence function ALS_PERS determines the number of measurements that have to remain above or below the chosen

threshold level to activate the interrupt pin.
Persistence Settings

The persistence function ALS_PERS determines the number of measurements that have to remain above or below the chosen TABLE 8 - REGISTER NAME: ALS CONF {
threshold level to activate the interrupt pin. Bit 7 | Bit6 | Bits | Bitd | Bit3 8it2 Bit 1 | Bit0
ALSON1 | ALSPDDV | Reserved | ALS_GAIN ALS_PERS | aLs car
TABLE 8 - REGISTER: ALS_CONF_1 - 0x01 e e
BIT NAME FUNGTION BIT VALUE DESCRIPTION
REGISTER NAME BIT FUNCTION / DESCRIPTION RIW - .
0x1 (0B00) 1 fime (default)
ALS persistence protect number setting Sat tha amount of consacutiva 02 (0601 o tmes
Number of persistent measurements above the threshoid to trigger the ALS PERS threshold crossing event 2:1 ‘
interrupt necessary to trigger inemupt 0x3 (0B10) 4times
ALS PERS 2:1 00=1 R/ Ox2 (0b11) & timas
01=2
=4
11-8 Interrupt Thresholds
The high and low threshold levels for the interupt level can be determined individually.
Interrupt Thresholds Inregister ALS WH - 0x04, the 0x05 high threshold window can bs determined.

The high and low threshold levels for the interupt level can be determined individually.
I register ALS_WH - 0x04, the 0x05 high threshold window can be determined.

TABLE 9 - REGISTER NAME: ALS THDH

Bit7 [ mts | Bit5 [ Bit4 [ mta | =tz | Bit1_ | B0
ALS THDH L
TABLE 9 - REGISTER: ALS_WH - 0x04, 0x05 Bit7 [ st | Bit § [ Bitd [ eta [ etz | el | Bt0
COMMAND CODE |  REGISTER NAME BIT FUNCTION / DESCRIPTION RIW ALS_THOH_H
0x04 ALS_WH_L 7:0 | ALS high threshold window sefting (data byte low) RIW COMMAND CODE | BIT NAME | FUNCTION [ Bm | wvawe | DESCRIPTION
0x04 ALS_THDH_L [ 7:0 | | Low byta
0x05 ALS WH_H 7:0 | ALS high threshold window setting (data byte high) R /W e LS D ] 5t e o treshold ntamupt valus |5 —| 01065535 | oo b

In register ALS_WL - 0x06, the 0x07 low threshold window can be determined. In register ALS_WL - 008, the 0x07 low threshold windew can be determined.

TABLE 10 - REGISTER: ALS_ WL - 0x06, 0x07 TABLE 10 - REGISTER NAME: ALS THDL
Bit7 [ mte | Bit5 [ sitd [ sta [ stz | eit1 | Bto
COMMAND CODE REGISTER NAME BIT FUNCTION / DESCRIPTION R/W ALS THOLL
0x6 ALS WL L 7:0 | ALS low threshold window setting (data byte low) RIW BT T T ] T EE T T T
ox07 ALS_WL_H 7:0 ALS low thrashold window setting (data byts high) RIW ALS_THDL H
COMMAND CODE BIT NAME ‘ FUNGCTION ‘ BIT VALUE DESCRIPTION
0x08 ALSTHOLL | o o treshoid infe \ [ 7o P | Low byte
007 ALS_THDL H low thrashold intarrupt value 70 |°" [ Figh byte.

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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Interrupt Results
With bit 1 and 2 in register ALS_INT - 0x17, the interrupt flags for the high and low thresholds can be checked.

The interrupt flag is triggered as soon as the threshold level is exceeded. Reading the interrupt flag bit automatically resets it.
To trigger the interrupt again, the applied threshold value must be exceeded again.

TABLE 11 - NAME: INT_FLAG
Interrupt Results Bt7 | Bt [ Bts [ era Bit2 [ et [ mao
With bit 1 and 2 in register ALS_INT - 0x17, the intermupt flags for the high and low thresholds can be checked.
The interrupt flag is triggered as soon as the threshold level is exceeded. Reading the interrupt flag bit automatically resets it. Bit7 [ Bit6 [ Bts | Bta Bit2 Bit1 | B0
To trigger the intarrupt again, the applied threshold value must be exceeded again. Reserved ALS FL ALS_IF_H | Reserved
GGII;HOMDAEND BIT NAME FUNCTION BIT VALUE DESCRIPTION
TABLE 11 - ALS.INT - 0x17 0x16 Reserved Reserved 7:0 0x00 {0b00D00D0G) | Should be kept default
REGISTER NAME BIT FUNCTION / DESCRIPTION R/W B 7.3 0 {0B0000) “Shoukd be kept default
Reser 7:4 Reserved R
ALS_AF_DATA_READY B ALS aciive foroe mode data ready flag " AF_DATA_READY | Data ready flag active force: 2 1 (0b1) Data ready flag available
ASFL 2 'ALS low threshold INT flag " 00 1060) D':Z:::Q;:::::::"
ALS FH 1 ‘ALS high threshold INT flag A ) 2 0x1 b nterupt event flag for
Reserved [l Reserved R ALSIF L Low threshold interupt flag the ALS channel
ot 0x0 (060) Mo low threshold crossing
High threshold crossing
ALS_IF H High threshold interupt flag ! Oxt 0b1) inberruph gyent fag for
0x0 [0b0) Ho high threshold crossing
Reserved Reserved [ 0x0 (060) Snould be kept detault

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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CALCULATING THE LUX LEVEL

Command codes 0x10 and Ox11 contain the results of the ALS measurement. This 16-bit code needs to be converted to a
decimal valus to determine the coesponding lux value. The calculation of the comesponding lux level is dependent on the
programmed gain setting and the chosen integration time,

The component is most sensitive with ALS_GAIN = x2, PD_DIVA = 4/4, and an integration
resolution of 0.0034 Ix/step.

Every time the integration time is halved, the resolution is doubled, but the possible detection range is also doubled.

The same principle is valid for the gain setting. For ALS_GAIN = x1,itis doubled. For PD_DIV4 = 1/4, the size of the photodiode
is just 1/4, the sensitivity is also just 1/4, and the resolution and max. possible detection range is x 4 to allow for higher
lluminations up to about 228 kix.

e of 400 ms, specified to a

TABLE 5 - RESOLUTION AND RANGE AT PD _DIV4 = 0 (= x 4/4)
GAINx2 | GAINx1 | GAINx066 | GAINX0.5 GAINX2 | GAINx1 | GAINx0.66 | GAINX05
T me] TYPICAL RESOLUTION {hwigout) MAXIMUM POSSIBLE ILLUMINATION ()
400 00108 00136 228 46
00136 0.0208 00272 ad6 891 1350 783
00272 00412 00544 891 788 2701 3585
00544 0.1088 1763 3565 5402 7130
1086 02176 565 7130 0603 4260
02176 04352 7130 74260 21607 28521
08704 14260 28521 @218 57042
1.7408 G oo ©0 6o
TABLE 6 - RESOLUTION AND RANGE AT PD _DIV4 = 1 (= x 1/4)
GAINx2 | GAINx1 | GAINx0.66 | GAINx0.5 GAINx2 | GAINx1 | GAINx0.66 | GAINx05
T e TYPICAL RESOLUTION {icount) MAXIMUM POSSIBLE ILLUMINATION ()
400 00136 00272 00412 00544 891 1788 2701
200 00272 (=) 00824 01088 1783 3565 5402 7130
700 00544 01088 0.1648 02176 565 7130 0603 4260
50 01088 02176 03207 0352 7130 74280 21607 28521
25 02176 04352 06584 08708 14260 28521 EFE) 57042
25 04352 06704 13188 708 28521 57042 86 427 14 088
625 08704 17408 26378 34816 57012 Tiaoss | 1rass: | amier
3125 17408 34816 52752 69632 an P 00 a0

Note

0 For an integration time of 3.125 ms, tha maximum count level is no longer 16 bit, <0, half the integration time e lenger leads 1o double the
max. ux level

Example
If the 16-bit word of the ALS data shows: 0000 0101 11001000 = 1480 {dec), the programmed ALS GAIN = x1,
PD_DIV4 = 4/4 (= x 1) and ALS_IT = 100 ms, the corresponding lux level s: light level (1x) = 1480 x 0.0272 = 40.256 bx.

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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CALCULATING THE LUX LEVEL

Command codes 0x10 and 0x11 contain the resuits of the ALS measurement. This 16-bit code needs to be converted to a
decimal vaiue to determine the comesponding lux value. The calcuation of the commesponding hux level Is dependent on the
programmed gain setting and the chosen integration time.

The component Is most sensitive with ALS_GAIN = X2, ALS_PDDIV = 4/4, and an integration time of 400 ms, specified to a
resolution of 0.0026 x/step.

Every time the integration time Is halved, the resolution Is doubled, but the possible datection range Is also doubled.

The same principle s valid for the gain sefting. For ALS_GAIN = x1, 1t Is doubled. For ALS_PDDIV = 1/4, the size of the
photodiode is just 1/, the sensitivity Is also just 1/4, and the resolution and max. possibie detection range IS x & 1o allow for
higher llluminations up to about 172 kix.

TABLE 12 - RESOLUTION AND MAXIMUM DETECTION RANGE AT ALS PDDIV (4/4 PD USED)

GAINX2 | GAINX1 | GAINX GAINx 0.5 GAINX2 | GAINx1 | GAINx066 | GANx05

T oms) TYPICAL RESOLUTION (/count) MAXIMUM POSSIBLE ILLUMINATION ix)
400 0.0026 0.0051 0.0078 0.0103 168 337 510 673
200 0.0051 0.0103 0.0156 0.0205 £ 673 1020 1348
100 00103 00205 0.0311 00411 673 1346 2040 2603
50 00205 0.0411 0.0623 0.0622 1346 2603 4080 5385
2% 00411 0.0822 01245 01644 2608 5385 8160 10771
125 00622 01644 0.2490 0.3267 5385 10771 16319 21542
625 0.1644 0.3287 0.4980 0.6574 w0771 21542 32639 43083
3125 03287 06574 0.9961 13148 @ @ Gl

TABLE 13 - RESOLUTION AND

RANGE AT ALS PDDIV (1/4 PD USED)

GAINX2 | GAINX1 | GAINX GAINx 0.5 GAINX2 | GAINx1 | GAINX066 | GAINX05
T oms) TYPICAL RESOLUTION (x/count) MAXIMUM POSSIBLE ILLUMINATION ix)
400 00108 0.0205 0.0311 0.0411 €73 1346 2040 2603
200 0.0205 00811 0.0822 1346 2683 4080 6385
100 00411 0.0822 01644 2683 5385 5160 10771
50 0.0822 01644 03287 5385 10771 16319 21542
2% 01644 0.3287 0.6574 10771 21542 32639 43083
25 03267 06574 13148 21542 23083 65278 56 166
625 06574 13148 26096 43083 56 166 130 556 172335
3125 13148 2629 52583 @0 @ Bl an
Note
" 3 er 16 1, 50, hait
ux level
Example

It the 16-it word of the ALS data shows: 0000 0101 1100 1000 = 1480 (dec.), the programmed ALS_GAIN = X 1, ALS_PDDIV
= 4/4 PD used, and <ALS._IT = 100 ms, the corresponding lux level Is: light lovel () = 1480 X 0.0205 = 30.34 Ix.

ool 41O wiNaA =S4
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LUX LEVEL MATCHING FOR DIFFERENT LIGHT SOURCES
The VEMLB031X00 shows very good matching for all kinds of light sources.

LUX LEVEL FOR LIGHT
The VEMLBO31X00 shows very good matching for all kinds of light sources.

Lux Error Referenced to the Standard White Average Result

. Lux Eror Referenced to Standard White LED Average Result 2 e
TED wray v wte 1 00K 10 —
© . N B LED sy e e ot 8500k
B LED aray co whte ot 8300 Halogen & 270K
5 alogen  2100K 6
g ¢
e — B g 4 2
£, [ il 4 i il 4 _ | g 2 il
E i o
E Ll + B B .
2 P - - 4 i
- -
40
1 2 3 . s 6 7 s ° 10 1 2 3 N 5 8 ’ L ? »
‘Sample Number Sample Number
Fig. 13 - Tolerances for Different Light Sources Fig. 13 - Tolerances for Different Light Sources
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APPLICATION-DEPENDENT LUX CALCULATION

I the application uses a darkened / tinted cover glass, just 10 % - or even just 1 % - of the ambient light wil reach the sensor.

For a tinted cover glass where thera is 1 Ix up o 100 kix of light outside, just 0.01 Ix to 1 ix Is reaching the sensor, and the

application software may atways stay with ALS_GAIN x2 and full PD size (PD_DIV4 = 0}.

If the application uses a clear cover glass, nearly all ambient light will reach the sensor. This means up to about 228 kix may be

possible. For this clear cover where < 1 Ix to = 100 kix is possible, the application software will need to adapt the gain steps,

and for very high illumination, also reduce the size of the photodiode to just 1/4.

For unknown brightness conditions, the application should always start with the lowest gain: ALS_GAIN x 0.5 and

PD_DIV4 = 1 (1/4 PD size]. This avoids possible overload / saturation if, for example, direct suniight suddenly reaches

the sensor.

The VEMLBD31X00 shows very good linear behavior for alllevels from 0.0034 Ix to about 228 kix

A software flow may look like the flow chart diagram at the end of this note:

* Starting with the lowest sensitivity [ALS_GAIN = 0.5 and PD_DIV4 = 1), check the ALS counts. If < 100 counts, increase
sensitivity with PD_DIVA = 0, full PD size

* Gheck the ALS counts again. If they are still < 100 counts, increase up to 2

= Check the ALS counts again. If they are still = 100 counts, rease the integration time from 100 ms to 200 ms, and continue
the procedure up to the longest integration time of 400 ms. If a very dark cover glass is used and one knows that just few
percent of outside light is reaching the sensar, one may directly start with higher gain

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.

Revision: 08-Dec-2025

APPLICATION-DEPENDENT LUX CALCULATION

If the application uses a darkened / tinted cover glass, just 10 % - or even Just 1 % - of the ambient light will reach the sensor.

For a tinted cover glass where there Is 1 Ix up to 100 kix of light outside, just 0.01 ix to 1 kix Is reaching the sensor, and the

application software may always stay with ALS_GAIN x2 and full PD size (ALS_PDDN = 0).

I the application uses a clear cover glass, nearly all ambient light will reach the sensor. This means up to about 172 kix may be

possible. For this clear cover where < 1 Ix to 2 100 kix s possible, the application software will need to adapt the gain steps,

and for very high illumination, aiso reduce the size of the photodiode to just 1/4.

For unknown brightness conditions, the application should always start with the lowest gain: ALS_GAIN x 05 and

ALS_PDDIV = 1 (1/4 PD used). This avoids possible overload / saturation i, for example, direct sunlight suddenly reaches

the sensor.

The VEMLB031X00 shows very good linear behavior for al levels from 0.0026 x to about 172 Kix.

A software flow may look like the flow chart diagram at the end of this note:

« Starting with the lowest sensttivity (ALS_GAIN = 0.5 and ALS_PDDIV = 1), check the ALS counts. If < 100 Gounts, increase
sensitivity with ALS_PDDIV = 0, 4/4 PD used

= Check the ALS counts again. If they are still < 100 counts, Increase up to 2

« Check the ALS counts agaln. If they are still <100 counts, increase the Integration time from 100 ms to 200 ms, and continue
the procedure up to the longest integration time of 400 ms. If a very dark cover glass is used and one knows that just few
percent of outside light Is reaching the sensor, one may directly start with higher gain

ool 41O wiNaA =S4
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Optical Sensors Application Note

Designing the VEML6031X00 Into an Application

By Reinhard Schaar

HIGH ACCURACY AMBIENT LIGHT SENSOR: VEML6031X00

The VEML6031X00 is a high accuracy digital ambient
light sensor with 16-bit resolution in a miniature opaque
2.67 mm x 2.45 mm package. It includes a high sensitivity
photodiode, low noise amplifier, and 16-bit A/D converter,
and supports an easy to use I2C bus communication
interface and additional interrupt feature.

The ambient light read-out is available as a digital value,
and the built-in photodiode response is near that of the
human eye. The 16-bit dynamic range offers ambient light
detection up to about 172 kix, with a resolution down to
0.0026 Ix/counts.

Beside100 Hz and 120 Hz flicker noise rejection and a low

temperature coefficient, the device consumes just 0.5 pA in The high senstivity of 0.0026 Ix/counts allows the sensor to
shutdown mode. The sensor is AEC-Q100 qualified and has be placed behind very dark cover glasses that will
a operating range from -40 °C to +110 °C. dramatically reduce the total light reaching it. The sensor

will also work behind clear cover glass, because even high
illumination - such as daylight and all indoor lights - will not
saturate the device and read-outs up to 172 kix are possible.

4 GND
[ 1
L1
VEML6031X00
SCL5 [}/ Temperature \{jl 3 INT
compensation "
2 £2
ALS Integrating ZzE
DI ADC 23
IR N Integrating ol o >
d ADC ‘| ) se|§ o
1 ay-185 o
olc
o —
Logic and timing | Tyl -
controller [ 8o @)
Voo GI::I— Eb {]2 SDA >
A o O
k | Oscillator | o= / —
@)
[ 1
L1 Z
1 GND
. . Z
Fig. 1 - VEML6031X00 Block Diagram o)
—
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APPLICATION CIRCUITRY FOR THE VEML6031X00

The power supply for the sensor has a defined range from 2.5 V to 3.6 V. The SCL and SDA, as well as the interrupt line, need
pull-up resistors. The resistor values depend on the application and on the 12C bus speed. Common values are about 2.2 kQ to
4.7 kQ for the SDA and SCL, and about 8.2 kQ to 22 kQ for the interrupt line. The interrupt pin is an open drain output.

25Vto3.6V

C1and R4
are optional
for very
disturbed
supply

GND
R4 - @
o 1 9C2 Voo (6)
SO HETT00 R \/ENMI 6031X00
I—anow@

SDA(2)
SCL (5) |«

1.7Vto 3.6V

R1| R2| R3

v

v

INT (3)

Fig. 2 - VEML6031X00 Application Circuit

(x) = Pin Number

Host
Micro Controller

I°C bus data SDA
12C bus clock SCL
GPIO (interrupt)

For decoupling purposes, a 100 nF ceramic capacitor (C2) should be placed close to the Vpp (pin 4).

If the supply voltage contains a lot of noise and the supply voltage range is close to the low limit of 2.5V, an RC (R4 and C1)

decoupling should be used, as depicted in Fig. 2.
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MECHANICAL CONSIDERATIONS AND WINDOW CALCULATION FOR THE VEML6031X00

The ambient light sensor will be placed behind a window or cover. The window material should be completely transmissive to
visible light (400 nm to 700 nm). For optimal performance the window size should be large enough to maximize the light
irradiating the sensor. In calculating the window size, the only dimensions that the design engineer needs to consider are the
distance from the top surface of the sensor to the outside surface of the window and the size of the window. These dimensions
will determine the size of the detection zone.

First, the center of the sensor and center of the window should be aligned. The VEML6031X00 has an angle of half sensitivity
of about + 55°, as shown in the figure below.

0° 20°
1.0

Z 5
2

z 09 40° §
e

© 0.8 ©
n - o
2 8
s 07 &
Q =
0,; 60° ?
@ 06 &

80°
———1
0504030201 0
Fig. 3 - Relative Sensitivity vs. Angular Displacement Fig. 4 - Angle of Half Sensitivity: Cone
Remark:

This wide angle and the placement of the sensor as close
as possible to the cover is needed if it should show
comparable results to an optometer, which also detects
light reflections from the complete surroundings.

Fig. 5 - Windows Above Sensitive Area

The size of the window is simply calculated according to triangular rules. The dimensions of the device are shown within the
datasheet, and with the known distance below the window’s upper surface and the specified angle below the given window
diameter (w), the best results are achieved.
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1 w i
| 2 . .
~N I /l
DN P -
d
tan 55°=1.43=x/d
J ’(D x=1.43 xd
[ b ]

0.6

Dimensions in mm
Here in drawing a = 55°

Fig. 6 - Window Area for an Opening Angle of + 55°

The calculation is then:tano=x/d — witha=55°andtan55° 1.43=x/d — x=1.43xd
Then the total width is w =0.5 mm + 2 x x.

d=05mm —- x=072mm —» w=08mm+144mm = 2.24mm
d=1.0mm —» x=143mm - w=08mm+286mm = 3.66 mm
d=15mm —» x=215mm - w=08mm+430mm = 5.10mm
d=20mm —- x=286mm —» w=08mm+572mm = 6.52 mm
d=25mm —» x=3588mm —» w=08mm+7.16 mm = 7.96 mm
d=30mm —» x=429mm — w=08mm+858mm = 9.38 mm

A smaller window is also sufficient if reference measurements can be done and / or if the output result does not need to be as
exact as an optometer.
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tan 40°=0.84=x/d

x=0.84 x d
Dimensions in mm
Here in drawing o = 40°
Fig. 7 - Window Area for an Opening Angle of + 40°

The calculation is then:tanoo=x/d — witha=40°andtan40° 0.84=x/d — x=0.84xd

Then the total width is w =0.5 mm + 2 x x.
d=05mm —» x=042mm — w=08mm+0.84mm = 1.64 mm
d=10mm — x=084mMm — w=08mm+1.68mm = 2.48 mm
d=15mm — x=128mm — w=08mm+256mm = 3.36 mm
d=20mm — x=168mm — w=08mm+3.36mm = 4.16 mm
d=25mm —» x=210mm — w=08mm+4.20mm = 5.00 mm
d=3.0mm — x=252mMm — w=08mm+5.04mm = 5.84 mm
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DEVICE ADDRESS

The VEML6031X00 is available in two different pre-configured slave addresses. For one version the predefined 7-bit 12C bus
address is set to 0101001 = 0x29. The least significant bit (LSB) defines read or write mode. Accordingly, the bus address is set
to 0101 0010 = 0x52 for write and 0101 0011 = 0x53 for read. The second version comes with a predefined 7-bit 12C bus address
of 0010000 = 0x10. So, here the write address is 0010 0000 = 0x20 for write and 0010 0001 = 0x21 for read.

TABLE 1 - REGISTER NAME: DEVICE ADRESS

ORDERING CODE

7 BIT SLAVE ADDRESS (7 bit)

8 BIT SLAVE ADDRESS

VEML6031X00

0x29

0x52 (write) 0x53 (read)

VEML60311X00

0x10

0x20 (write) 0x21 (read)

REGISTERS OF THE VEML6031X00

The sensor has thirteen user-accessible registers from 0x00 to 0x17 (0x02 and 0x03, 0x08 to Ox0F, and 0x16 are not defined /
reserved) with different functionalities. Note that due to the location of the bits ALS_ON_0 and ALS_ON_1, one in register 0x00
and the other in 0x01, it is necessary to always write to both registers at once when configuring the device.

TABLE 2 - COMMAND REGISTER FORMAT
CGODE | Low/Hiah | | 'NaME | VALUE FUNCTION ACCESS

Set the integration time

0x00 ) ALS_CONFO 0x01 Measurfament mode ?f the sensor
Enable interupt function of the ALS channel
Switch the sensor on / off
Switch the sensor on / off Write

0x01 - ALS_CONF_1 0x80 GAIN and photodiode size setting and
Interrupt persistance counter read

0x04 Low ALS_THDH_L 0x00 ALS channel high threshold window setting (low byte)

0x05 High ALS_THDH_H 0x00 ALS channel high threshold window setting (high byte)

0x06 Low ALS_THDL_L 0x00 ALS channel low threshold window setting (low byte)

0x07 High ALS_THDL_H 0x00 ALS channel low threshold window setting (high byte)

0x10 Low ALS_DATA_L 0x00 Low byte of 16-bit ALS channel result data

0x11 High ALS_DATA_H 0x00 High byte of 16-bit ALS channel result data

0x12 Low IR_DATA_L 0x00 Low byte of 16-bit IR channel result data

0x13 High IR_DATA_H 0x00 High byte of 16-bit IR channel result data Read

0x14 Low VEML6031X00_ID_L 0x01 ID code only

0x15 High VEML6031X00_ID_H 0x00 ID code

0x16 Low INT_FLAG_L 0x00 Reserved

0x17 High INT_FLAG_H 0x00 Interrupt and active force mode event flag

Notes

e Command code 0x00 default value is 0x01 = device is shutdown
e Command 0x00 and command 0x01 must be executed together, they cannot be executed independently
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INTEGRATION TIME AND GAIN SETTING OF THE ALS AND IR CHANNEL
The resolution of the ALS and IR channel can be determined by the setting of the integration time, the gain factor, and the

PD size. The IT, GAIN factor, and PD size cannot be determined individually for each channel.

To achieve the highest resolution of 0.0026 Ix/counts for the ALS channel, the max. integration time (400 ms), max. GAIN
(ALS gain x 2), and the complete photodiode size (ALS_PDDIV = 0, 4/4 PD used) need to be applied. Accordingly, with the lowest
resolution of 2.63 Ix/counts for the ALS channel, at the min. integration time (6.25 ms), min. GAIN (ALS gain x 0.5), and one
quarter of the photodiode size (ALS_PDDIV = 1, 1/4 PD used), the max. illumination level of 172 kix is achievable.

Integration Time Setting

Within the command register 0x00 (ALS_CONF_0) bit 4 to 6 determine the applied integration time for the ALS and the IR

channel.

TABLE 3 - REGISTER NAME: ALS_CONF_O

Bit 7 Bit 6 | Bit 5 | Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Reserved ALS_IT ALS_MODE ALS_TRIG ALS_INT ALS_ON_O
COMMAND CODE 0x00
BIT NAME FUNCTION BIT VALUE DESCRIPTION
Reserved Reserved 7 0x0 (0b0) Should be kept default
0x0 (0b000) 3.125 ms (default)
0x1 (0b001) 6.25 ms
0x2 (0b010) 12.5 ms
ALS_IT Set the integration time 6:4 0x3 (0b011) 25 ms
- 0x4 (0b100) 50 ms
0x5 (0b101) 100 ms
0x6 (0110) 200 ms
0x7 (0b111) 400 ms

Remark: The default integration time is 3.125 ms.
For the integration time of 3.125 ms, the max. available resolution of the output channel is around 15 bit, which
accordingly no longer leads to a doubling of the achievable illumination level.
The integration time mainly determines the sampling time of the data from the sensor.

If you would like to increase your sampling rate, you have to decrease your integration time.

GAIN and PD Size Setting

Within the command register 0x01 (ALS_CONF_1), bit 4 and 5 determine the applied ALS_GAIN for the ALS and IR channel,
whereby bit 6 determines the used size of the photodiode for the ALS and IR measurement.

TABLE 4 - REGISTER NAME: ALS CONF_1
Bit 7 Bit 6 Bit 5 Bit 4 | Bit 3 Bit 2 Bit 1 Bit 0
ALS_ON_1 ALS_PDDIV Reserved ALS_GAIN ALS_PERS ALS_CAL
COMMAND CODE 0x01
BIT NAME FUNCTION BIT VALUE DESCRIPTION
i i i 0x0 (0b0 4/4 PD used
ALS_PDDIV Se&é?ihe;f,iigv:n%h?éo:r:ggﬁeslIze 6 0x1 Eom; 1/4 PD used
0x0 (0b00) Gain x1
ALS_GAIN Set the gain of the ALS 4:3 0x1 (0b01) Gain x2
0x2 (0b10) Gain x0.66
0x3 (0b11) Gain x0.5

Remark: Possible saturation effects during the measurement start can be avoided if the application starts with the lowest gain
setting: ALS_GAIN x 0.5, ALS_PDDIV = 1 (1/4 PD used).
The setting ALS_GAIN x2 and ALS_PDDIV = 0 (4/4 PD used) should only be used if a high resolution is necessary. For
example, if the sensor is placed under a dark cover glass where the illumination level is reduced to a low level.
Please refer to Table 9 and Table 10 from the datasheet to get the best settings for the expected illumination level.
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READ OUT THE MEASUREMENT RESULTS

The ambient light measurement results are stored in the register ALS_DATA, which can be accessed over the command codes
0x10 and 0x11.

The infrared measurement results are stored in the IR_DATA register, which can be accessed over the command codes 0x12
and 0x13.

The VEML6031X00 stores the last measured ambient as well as infrared data before the device is shut down, keeping the data
accessible. When the VEML6031X00 is in shutdown mode, the host can freely read this data via the read command directly.

ALS MEASUREMENT RESULTS

The command codes 0x10 and 0x11 (ALS_DATA) contain the ambient light measurement results. The low byte is stored in the
command code 0x10 (ALS_DATA_L) while the command code 0x11 (ALS_DATA_H) accesses the ALS results from the high
byte.

TABLE 5 - REGISTER NAME: ALS DATA
Bit 7 |  Bit6 | Bit 5 | Bit 4 | Bts | Bt2 | Bt1 | BitO
ALS_DATA L
Bit 7 |  Bité | Bit 5 | Bit 4 | Bta | Bt2 | Bit1 | Bito
ALS_DATA_H
COMMAND CODE | BIT NAME FUNCTION BIT VALUE DESCRIPTION
0x10 ALS_DATA_L 7:0 Low byte
Read the ALS channel output data 0 to 65 535 -
0x11 ALS_DATA_H 7:0 High byte

IR MEASUREMENT RESULTS

The command codes 0x12 and 0x13 (IR_DATA) contain the ambient light measurement results. The low byte is stored in the
command code 0x12 (IR_DATA_L) while the command code 0x13 (IR_DATA_L) accesses the high byte of the infrared
measurement results.

The measurement results are stored in the register IR_DATA, which can be accessed over the command codes 0x12 and 0x13.

TABLE 6 - REGISTER NAME: IR_DATA
Bit 7 |  Bite | Bit 5 | Bit 4 | Bt3 | Btz [ Bt1 | BitO
IR_DATA_L
Bit 7 | Bite | Bit 5 | Bit 4 | Bt3 | Btz [ Bt1 | BitO
IR_DATA_H
COMMAND CODE | BIT NAME FUNCTION BIT VALUE DESCRIPTION
0x12 IR_DATA_L 7:0 Low byte
Read the IR channel output data 0 to 65 535 -
0x13 IR_DATA_H 7:0 High byte

INTERRUPT HANDLING

To avoid too many interactions with the microcontroller, the interrupt feature may be used. The interupt mode can be enabled
with the ALS_INT_EN bit in register ALS_CONF_0 - 0x00.
TABLE 7 - REGISTER NAME: ALS CONF O
Bit 7 Btée | Bit5 |  Bit4 Bit 3 Bit 2 Bit 1 Bit 0
Reserved ALS_IT ALS_MODE ALS_TRIG ALS_INT ALS_ON_O
COMMAND CODE 0x00
BIT NAME FUNCTION BIT VALUE DESCRIPTION
Reserved Reserved 7 0x0 (0b0) Should be kept default
Enable / disable the interrupt 0x0 (0b0) Disable (default)
ALS_INT . 1
function of the ALS channel 0x1 (0b1) Enable
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Persistence Settings

The persistence function ALS_PERS determines the number of measurements that have to remain above or below the chosen

threshold level to activate the interrupt pin.

TABLE 8 - REGISTER NAME: ALS_CONF_1

Bit 7 Bit 6 Bit 5 Bit 4 | Bit 3 Bit 2 Bit 1 Bit 0
ALS_ON_1 ALS_PDDIV Reserved ALS_GAIN ALS_PERS ALS_CAL
COMMAND CODE 0x01
BIT NAME FUNCTION BIT VALUE DESCRIPTION
0x1 (0b00) 1 time (default)
Set the amount of_consecutive 0x2 (0b01) 2 times
ALS_PERS threshold crossing events 2:1 -
necessary to trigger interrupt 0x3 (0b10) 4 times
0x4 (Ob11) 8 times
Interrupt Thresholds
The high and low threshold levels for the interupt level can be determined individually.
In register ALS_WH - 0x04, the 0x05 high threshold window can be determined.
TABLE 9 - REGISTER NAME: ALS THDH
Bit 7 |  Bite | Bit 5 | Bit 4 | Bits | Bt2 | Bit1 | Bito
ALS_THDH_L
Bit 7 |  Bite | Bit 5 | Bit 4 | Bt3 | Btz [ Bit1 | BitO
ALS_THDH_H
COMMAND CODE BIT NAME FUNCTION BIT VALUE DESCRIPTION
0x04 ALS_THDH_L . . 7:0 Low byte
Set the high threshold interrupt value 0 to 65 535 -
0x05 ALS_THDH_H 7:0 High byte
In register ALS_WL - 0x06, the 0x07 low threshold window can be determined.
TABLE 10 - REGISTER NAME: ALS_THDL
Bit 7 |  Bité | Bit 5 | Bit 4 | Bta | Bt2 | Bt1 | BitO
ALS_THDL_L
Bit 7 |  Bite | Bit 5 | Bit 4 | Bts | Bt2 | Bit1 | BitO
ALS_THDL_H
COMMAND CODE BIT NAME FUNCTION BIT VALUE DESCRIPTION
0x06 ALS_THDL_L . 7:0 Low byte
Set the low threshold interrupt value 0 to 65 535 -
0x07 ALS_THDL_H 7:0 High byte
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Interrupt Results
With bit 1 and 2 in register ALS_INT - 0x17, the interrupt flags for the high and low thresholds can be checked.

The interrupt flag is triggered as soon as the threshold level is exceeded. Reading the interrupt flag bit automatically resets it.
To trigger the interrupt again, the applied threshold value must be exceeded again.

TABLE 11 - REGISTER NAME: INT_FLAG

Bit7 | Bit 6 | Bts | Bit4 | Bit 3 Bit 2 Bit 1 Bit 0
Reserved
Bit 7 | Bit 6 | Bits | Bit4 Bit 3 Bit 2 Bit 1 Bit 0
Reserved AF_DATA_READY ALS_IF_L ALS_IF_H Reserved
COMMEND | BITNAME FUNCTION BIT VALUE DESCRIPTION
0x16 Reserved Reserved 7:0 0x00 (0b00000000) Should be kept default
Reserved Reserved 7:4 0x0 (0b0000) Should be kept default
AF_DATA READY | Dataready flag active force 3 0x1 (0b1) Data ready flag availa.ble
mode 0x0 (0b0) Data ready flag not available
Low threshold crossing
. 2 0x1 (0Ob1) interrupt event flag for
o0xt7 ALS_IF_L Low threshold interupt flag the ALS channel
X
0x0 (0b0) No low threshold crossing
High threshold crossing
. . 1 0x1 (0b1) interrupt event flag for
ALS_IF_H High threshold interupt flag the ALS channel
0x0 (0b0) No high threshold crossing
Reserved Reserved 0 0x0 (0b0) Should be kept default

ALS CHANNEL
The responsivity of the ALS channel is close to the human eye curve, also called V(A).
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Fig. 8 - Spectral Response
Command codes 0x10 and 0x11 contain the results of the ALS measurement. This 16-bit code needs to be converted to a
decimal value to determine the corresponding lux value. The calculation of the corresponding lux level is dependent on the
applied resolution (Ix/counts), which is determined by the programmed gain setting and the chosen integration time.
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CALCULATING THE LUX LEVEL

Command codes 0x10 and 0x11 contain the results of the ALS measurement. This 16-bit code needs to be converted to a
decimal value to determine the corresponding lux value. The calculation of the corresponding lux level is dependent on the
programmed gain setting and the chosen integration time.

The component is most sensitive with ALS_GAIN = x2, ALS_PDDIV = 4/4, and an integration time of 400 ms, specified to a
resolution of 0.0026 Ix/step.

Every time the integration time is halved, the resolution is doubled, but the possible detection range is also doubled.

The same principle is valid for the gain setting. For ALS_GAIN = x1, it is doubled. For ALS_PDDIV = 1/4, the size of the
photodiode is just 1/4, the sensitivity is also just 1/4, and the resolution and max. possible detection range is x 4 to allow for
higher illuminations up to about 172 kix.

TABLE 12 - RESOLUTION AND MAXIMUM DETECTION RANGE AT ALS_PDDIV (4/4 PD USED)

GAINx2 | GAINx1 | GAINx0.66 | GAINx 0.5 GAINx2 | GAINx1 | GAINx0.66 | GAINx0.5
IT (ms) TYPICAL RESOLUTION (ix/count) MAXIMUM POSSIBLE ILLUMINATION (x)
400 0.0026 0.0051 0.0078 0.0103 168 337 510 673
200 0.0051 0.0103 0.0156 0.0205 337 673 1020 1346
100 0.0103 0.0205 0.0311 0.0411 673 1346 2040 2693
50 0.0205 0.0411 0.0623 0.0822 1346 2693 4080 5385
25 0.0411 0.0822 0.1245 0.1644 2693 5385 8160 10771
125 0.0822 0.1644 0.2490 0.3287 5385 10771 16319 21542
6.25 0.1644 0.3287 0.4980 0.6574 10771 21542 32639 43083
3.125 0.3287 0.6574 0.9961 1.3148 oo oo oo oo

TABLE 13 - RESOLUTION AND MAXIMUM DETECTION RANGE AT ALS_PDDIV (1/4 PD USED)

GAINx2 | GAINx1 | GAINx0.66 | GAIN x 0.5 GAINx2 | GAINx1 | GAINx0.66 | GAIN x 0.5
IT (ms) TYPICAL RESOLUTION (Ix/count) MAXIMUM POSSIBLE ILLUMINATION (Ix)
400 0.0103 0.0205 0.0311 0.0411 673 1346 2040 2693
200 0.0205 0.0411 0.0623 0.0822 1346 2693 4080 5385
100 0.0411 0.0822 0.1245 0.1644 2693 5385 8160 10 771
50 0.0822 0.1644 0.2490 0.3287 5385 10 771 16 319 21542
25 0.1644 0.3287 0.4980 0.6574 10 771 21542 32639 43 083
12.5 0.3287 0.6574 0.9961 1.3148 21 542 43 083 65278 86 166
6.25 0.6574 1.3148 1.9921 2.6296 43 083 86 166 130 555 172 333
3.125 1.3148 2.6296 3.9843 5.2593 () m ()™ (™ (M
Note
() For integration time of 3.125 ms the maximum count level is no longer 16 bit, so, half the integration time no longer leads to double the max.
lux level
Example

If the 16-bit word of the ALS data shows: 0000 0101 1100 1000 = 1480 (dec.), the programmed ALS_GAIN = x 1, ALS_PDDIV
= 4/4 PD used, and <ALS_IT = 100 ms, the corresponding lux level is: light level (Ix) = 1480 x 0.0205 = 30.34 Ix.
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IT, GAIN, and PD Size Settings

The output value of the sensor is linear across the integration (ALS_IT), gain (ALS_GAIN), or photodiode size (ALS_PDDIV)

settings, respectively.
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The integration time has a linear relationship to the output value in counts. A doubling in the integration time leads to a doubling

in counts.
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LUX LEVEL MATCHING FOR DIFFERENT LIGHT SOURCES
The VEML6031X00 shows very good matching for all kinds of light sources.

Lux Error Referenced to the Standard White Average Result

12 "
M LED array warm white at 3600K
10 M LED array standard white at 6500K —]
8 M LED array cold white at 8500K
Halogen at 2700K
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§ 2
L0 0
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4 — — — — — — — —
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Sample Number

Fig. 13 - Tolerances for Different Light Sources

APPLICATION-DEPENDENT LUX CALCULATION

If the application uses a darkened / tinted cover glass, just 10 % - or even just 1 % - of the ambient light will reach the sensor.
For a tinted cover glass where there is 1 Ix up to 100 kix of light outside, just 0.01 Ix to 1 kix is reaching the sensor, and the
application software may always stay with ALS_GAIN x2 and full PD size (ALS_PDDIV = 0).

If the application uses a clear cover glass, nearly all ambient light will reach the sensor. This means up to about 172 kix may be
possible. For this clear cover where < 1 Ix to > 100 kix is possible, the application software will need to adapt the gain steps,
and for very high illumination, also reduce the size of the photodiode to just 1/4.

For unknown brightness conditions, the application should always start with the lowest gain: ALS_GAIN x 0.5 and
ALS_PDDIV = 1 (1/4 PD used). This avoids possible overload / saturation if, for example, direct sunlight suddenly reaches
the sensor.

The VEML6031X00 shows very good linear behavior for all levels from 0.0026 Ix to about 172 kix.

A software flow may look like the flow chart diagram at the end of this note:

e Starting with the lowest sensitivity (ALS_GAIN = 0.5 and ALS_PDDIV = 1), check the ALS counts. If < 100 counts, increase
sensitivity with ALS_PDDIV = 0, 4/4 PD used

e Check the ALS counts again. If they are still < 100 counts, increase up to 2

¢ Check the ALS counts again. If they are still < 100 counts, increase the integration time from 100 ms to 200 ms, and continue

the procedure up to the longest integration time of 400 ms. If a very dark cover glass is used and one knows that just few
percent of outside light is reaching the sensor, one may directly start with higher gain
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IR CHANNEL

In addition to the ALS channel that follows the so-called human eye curve very well, there is also an IR channel available, which
offers a much higher responsivity for light with wavelengths > 800 nm.
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Fig. 14 - IR Channel Response

Since the light sources the sensor is exposed to can have different spectrums, it can be helpful for an application to be able
to differentiate between light sources and react accordingly. The additional IR channel offers the possibilities to do a light
source differentiation based on the IR content measured with the IR channel. A ratio between the IR and ALS channel can
be calculated to determine the amount of IR light within the light source’s spectrum. This easily allows, for example halogen
bulb to be kept apart from an LED light.

Example

The below measurement result shows the sensor output values under several different light sources at 1000 Ix. Based on the
IR / ALS channel ratio, a clear differentiation between the three light sources is possible, even though the detected illuminance
is the same.
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The measurements were done with the evaluation tool as shown below:
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Fig. 15 - Measurement Results With a Halogen Lamp at About 1000 Ix

The following results were measured with a fluorescent, sunlight, and halogen light source:

SETTINGS: PD_DIV 4/4 USED, ALS GAIN x 1, ALS IT =50 ms
LIGHT SOURCE ALS IR RATIO IR-CHANNEL / ALS-CHANNEL (%)
Fluorescent 27 490 2652 10
Daylight 28 299 9765 35
Halogen 28 050 38178 136
45000 160
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40000 |— HIR 140
7 35000 120
S 30000 g 100
O
@ 25000 £ >
3 © 80 o
T 20000 2 mv)
5 = 60
2 15000 o (o
pm} - —
© 10000 40 o
5000 20 I >
_|
0 __| o LN -
Fluorescent Daylight Halogen Fluorescent Daylight Halogen O
Light Source Light Source prd
Fig. 16 - ALS and IR Channel - Absolute Fig. 17 - Ratio IR / ALS Channel =
The IR / ALS channel ratios show that a clear differentiation of light sources can be made. )
_|
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TYPICAL SOFTWARE FLOW CHART

For a wide light detection range it is necessary to adjust the sensor. This is done with the help of the gain steps, the sensitivity,
and the steps for the integration time.

Whereas the programmed gain begins with the lowest possible value (ALS_GAIN x 0.5 and 1/4 PD used), in order to avoid any
saturation effect, the integration time starts with 100 ms: IT = 0.

With this about 10 kix is possible. To determine the optimal gain and sensitivity settings for an application, it is advisable to first
increase the sensitivity via the ALS_PDDIV bit (ALS_PDDIV = 0), followed by the ALS_GAIN bits.

Increase
integration time

Start with

IT =100 ms

ALS_GAIN =11, ALS_PDDIV =1,

Read-out
ALS data

Counts too low?

Gain selection

00 = ALS gainx 1

01 =ALS gain x 2

10 = ALS gain x 0.66
11 =ALS gainx 0.5

Increase
ALS_GAIN

Set
ALS_PDDIV =0

ALS_GAIN =
max.?

IT max.?

ALS_IT

ALS integration time setting
000 =3.125 ms

001 =6.25ms
010=12.5ms

Max. possible
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011=25ms

101 =100 ms

100 =50 ms |
110 = 200 ms

Calculate lux

111 =400 ms

Fig. 18 - Simple Flow Chart View

Revision: 08-Dec-2025

16
For technical questions, contact: sensorstechsupport@vishay.com

Document Number: 80201

THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HEREIN AND THIS DOCUMENT
ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.vishay.com/doc?91000

310N NOILVOI1ddV



VISHAY . Application Note
e vishay.com Vishay Semiconductors

The DNA of tech:

Designing the VEML6031X00 Into an Application

HOW TO USE THE DEMO SOFTWARE

The small blue VEML6031X00 sensor board is compatible with the SensorXplorer. The software module and further information
for the demo board can be found here: www.vishay.com/optoelectronics/SensorXplorer.

When evaluating the sensor, please connect the SensorXplorer and the VEML6031X00 sensor board and then open the
software.
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Fig. 19 - Demo Software GUI
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Fig. 20 - Interrupt Control in the Demo Software GUI
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TYPICAL ILLUMINANCE VALUES

llluminance Example

1075 Ix Light from Sirius, the brightest star in the night sky
1074 Ix Total starlight, overcast sky

0.002 Ix Moonless clear night sky with airglow

0.01 Ix Quarter moon, 0.27 Ix; full moon on a clear night
11x Full moon overhead at tropical latitudes

3.4 1x Dark limit of civil twilight under a clear sky

50 Ix Family living room

80 Ix Hallway / bathroom

100 Ix Very dark overcast day

320 Ix to 500 Ix Office lighting

400 Ix Sunrise or sunset on a clear day

1000 Ix Overcast day; typical TV studio lighting

10 000 Ix to 25 000 Ix Full daylight (not direct sun)

32 000 Ix to 130 000 Ix Direct sunlight
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