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Product Group: OPT/Thu Jun 13, 2024/PIN-OPT-7462-2024-REV-1

PIN

The DNA of tech?

Release of updated datasheets and app notes VEML6030-family and
VEML7700

For further information, please contact your regional Vishay office.

CONTACT INFORMATION

Americas Europe Asia

Vishay Intertechnologies, Inc. Business VISHAY Semiconductor GmbH Business VISHAY Intertechnology Asia Pte. Ltd.

Marketing The Americas - Opto Marketing Europe - Opto Business Marketing Asia/Japan

25 Tampines Street 92 Theresienstr. 2 25 Tampines Street 92, Keppel Building #
02-00,

2585 Junction Avenue San Jose, California - -

95134-1923

California United States 95134-1923 Heilbronn Germany D-74025 Singapore Singapore 528877

Phone: +1-408-567-8358 Phone: +49-7131-7498-645 Phone: +65 6780 7879

Fax: +1-408-240-5687 Fax: +49-7131-67-3144 Fax: +65 6780 7897

Description of Change: Change log/short description for the datasheet:

No performance change of the part

Adjusted resolution

Adjusted spectral response ( ALS & white channel)
Renamed bits naming

Added ID register information

Declared configuration registers as R / W (read and write)

Detailed description of the implemented changes in the pdf-file attached

Change log/short description for the app note:

No performance change of the part

Adjusted resolution and maximum detectable illuminance as this was wrongly stated in the current appnote from 0.0036 lux/count and
120kLux to 0.0042 lux/count and 140 kLux, respectively

Adjusted spectral response ( ALS & white channel)

Added information about integration time tolerance

Renamed bits naming

Added ID — register information

Declared configuration bits as R / W

Added examples and optimized handling instructions concerning the correction formula

Reason for Change: Adjusted resolution as this was wrongly stated in the current datasheet

Adjusted spectral response ( ALS & white channel) as this was wrongly stated in the current datasheet

Renamed bits naming for readability purpose

Added ID — register information and Declared configuration registers as R / W (read and write) for customer convience
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Expected Influence on Quality/Reliability/Performance: No influence on quality, reliability and performance expected, nevertheless we
request customer to prove in application if resolution is defined by the customer itself in the application or not. If resolution is defined in the
particular application by the customer, no changes in the system should be made. In the case resolution was taken from the datasheet or app

note, this has to be adjusted accordingly.

Part Numbers/Series/Families Affected: Please see materials list on the succeeding page.

Vishay Brand(S): Vishay Semiconductors

Time Schedule:

Start Shipment Date: Tue Jun 11, 2024

Sample Availability: Available from release

Product Identification: No speicial identification, NO CHANGE ON THE PRODUCT

Qualification Data: no qualification required, NO CHANGE ON THE PRODUCT

Issued By: Elena Poklonskaya, elena.poklonskaya@vishay.com
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VEML6030

VEML6030-GS15

VEML6030IT

VEML6030IT-GS15

VEML6030X01

VEML6030X01-GS15

VEMLG6030RBX01

VEML6030RBX01-GS15

VEMLG030LT

VEMLG6030LT-GS15

VEML7700-TT

VEML7700-TR
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VEML6030 — Datasheet update

Change from Rev. 1.6, 28-Apr-2022 to Rev. 1.7, 28-Nov-2023
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Summary

» No performance change of the part

+ Adjusted resolution as this was wrongly stated in the current datasheet
Adjusted spectral response ( ALS & white channel)

» Renamed bits naming for readability purpose

« Added ID - register information

 Declared configuration registers as R/ W (read and write)
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Rev. 1.6, 28-Apr-2022

AMBIENT LIGHT FUNCTION

« Filtron™ technology adaption: close to real human eye

response

« O-Tim™ technology adoption: ALS output tolerance

=10 %

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.

* 16-bit dynamic range for ambient Iight detechion from
0 |x to about 120 klx with resclution down to 0.0036 lx/ct,

supports low transmittance (dark) lens design
* 100 Hz and 120 Hz flicker noise rejection
* Excellent temperature compensation
* High dynamic detection resolution
* Software shutdown mode control

Page1

Rev. 1.6, 28-Apr-2022

Rev 1.7, 28-Nov-2023

AMBIENT LIGHT FUNCTION

» 18-bit dynamic range for ambient light detection from
0 |x to about 140 klx with resclution down to 0.0042 lx/ct,

supports low transmittance (dark) lens design
* 100 Hz and 120 Hz flicker noise rejection
* Excellent temperature compensation
» High dynamic detection resolution
* Software shutdown mode control

Rev 1.7, 28-Nov-2023

PRODUCT SUMMARY PRODUCT SUMMARY
opeRaTING | OPERATING | FCBUS I pypieyy AMEENT, ADC RESOLUTION OPERATING | OFERATING | FCBUS [ jypient - ADC RESOLUTION
VOLTAGE VOLTAGE LIGHT QUTPUT VOLTAGE VOLTAGE LIGHT ouTPUT
PART NUMBER RANGE RANGE RANGE LIGHT RANGE RESOLUTION CODE PROXIMITY / PART NUMBER RANGE RANGE RANGE LIGHT RANGE RESOLUTION CODE PROXIMITY /
{mm) " - ] o AMBIENT LIGHT {mm) s e 0 = AMBIENT LIGHT
VEMLE030 n/a 25t03.6 17t0386 0to 120 000 0.0036 16 bit, PG -/ 0.0038 VEMLB030 n/a 251036 171036 0to 140 000 0.0042 16 bit, PG -/0.0042
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ABSOLUTE MAXIMUM RATINGS (Tams = 25 °C, unless otherwise specified) ABSOLUTE MAXIMUM RATINGS (Timi = 25 °C, unless otharwi i
PARAMETER TEST GONDITION SYMBOL MIN. MAX. UNIT PARAMETER TEST CONDITION SYMBOL MIN. MAX. UKIT
Supply voitage Voo [ 4 v Supply voitage Voo [ + v
Operation temperaturs range | Tams -25 +85 Amnbieat temperatre range Tamty R . .
Storage temperature range Tag -25 +85 Smra_nﬂ temperatura rangs Tug B ! *_as | o
Total power dissi Tgmis € 25 *C Pyt - 50 Totat powar dissipation Tamw = 26°C P - 1 5t.|_ | i
Junction temperatura Tj - 110 Junction tamperatire T - 1 110 | '+
BASIC CHARACTERISTICS (T, = 25 °C, unless otherwise specified) BASIC CHARACTERISTICS (T = 25 “C. unlass oth ified)
PARAMETER TEST CONDITION SYMBOL| MIN. | TYP. | MAX. [ UNIT PARAMETER TEST CONDITION SYMBOL | MIN. TR | UNIT
Supply voltage Voo 25 33 36 v Supply vallage Vo 25 a3 | ag v
Shut down curant & Vppis 3.3V [ £ 05 = LA snut down currant B Vi ls 35 Y Iy - 0s | - uA
Voo is 3.3 V, PSM = 11, refrash time 4100 ms oo & 2 E uA Voo l= 3.3V, Pl =moga 4 o - z | uA
Operation moda current (1} Vppis 3.3 V, PSM = 00, refrash time 600 ms oo & B 3 uA Cperation mods current 1t Voo 59,3 ¥, PSM = moaa 1 T = 8 | - b
Vpo is 3.3V, PSM_EN =0, refresh tme 100ms | Ing = 45 - A Wap % 3.3 V. FSM_EN - disable I - B | - uA
P°C clock rate range faoL 10 - 400 kHz 17 clock rate reng= tat 0 - 400 kHz
P2 bus input H-level range Vopis 3.3V Vin 13 - 36 ¥ G bus inpuit HHevel range Vi 1833V Vin 13 - 36 v
FC bus input Leval range Vopis 33V Vi 03 - 0.4 v 1°C bz input L-level range Vi 133V W, 0.3 - 04 v
e s [ | - |- [ | [peemna s | = | = | - | =
Digital rasolution (LSB count) With ALS_GAIN = 01" E 0.0038 - b/stap Digital resalulion (LA count) & wilh ALE_GAIN = %2 ALE_IT =00 ms a.004p | I/stap
Detectable minimum iluminanca with ALS_GAIN = “01” Ev i — 0.0072 - b Tiatpctala masimum Huminencs B | with ALS_GAM = x 178, ALS_IT = 26 ms Fy o 140000 | [
Datectable iminance with ALS_GAIN = *10” Eymax. , 120 000 e I Dark o wih ALS_GAIN = = . ALS T = Ab|ms 3| T
Dark offsat & with ALS_GAIN = "01” ad 3 , step

Notes
" Light source: white LED
12 Light conditions: dark
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CIRCUIT BLOCK DIAGRAM CIRCUIT BLOCK DIAGRAM
VEMLE030 VEMLE030
GND 1 : 8V ADDR 4 / '_IE 3 INT
53 ALS @ Integrating EE
spa2 [ EE 1 5800 scL 5 wﬂ;;?_ Dlﬁl = g 280
- (kg a i il i P
o
T3 [ ] 4ADDR Eg
Vg 6 - 1 GND
3%
. o

Fig. 1 - Bleck Diagram
Fig. 1 - Block Diagram
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* Removed this figure.

i [ | * p2p tolerance discussion over different light
g ///z; sources is done in the application note and
" /Af provides more detailed information,

&0 2 especially with regard to the non-linearity
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& topic at higher illuminance level

Reading of ALS (k)

4] 20 40 &0 80 100 120
Brightness Acc. Calibrated Luxmeter (kix)

Fig. 8 - ALS measurament deviation batwean differant light sources:
=10%
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COMMAND REGISTER FORMAT COMMAND REGISTER FORMAT
COMMAND CODE | REGISTERNAME | BIT FUNCTION / DESCRIPTION RIW COMMAND GODE | REGISTER NAME BT FUNCTION / DESGRIPTION RiW
00 ALS CONF 0 15:0 | ALS gain, integration time, intamupt, and shut down w aa ALS_CONF 15:0 | ALS gain, i ion b, inbemunl, and shul down RIW
5.8 | ALS high threshold window satting (MSB) W 158 | ALS high threshokd wndow seiting (MSE) RV
ot ALS WH o ALSWH o
" 7:0_| ALS high thrashold window satting (LSE) W a Ti0_ | ALE high throshoid widow acfing [LSR) RiW
iz e 15:8 | ALS low threshold window sstting (MSB) w o A 15:E | ALS low threshoid window seftng (MSH] R
& 7:0 | ALS low threshold window setting (LSE) w i T:0 | ALSlow threshold window estting ILSE) RIW
o8] Pawer saving 152070 SSH{l 580000 D000 00000, [ Prower savityg 5.0 | Sel(15: ) O0OD Q0G0 030 Ob AW
ol ALS 1554 ["55: “::d‘;"ﬂ;f T?IQAE ‘ﬁn':'s : - — 95-8 | MSGE bils dala of whole ALS 16 bis R
7:0 B 16 R 2
5.8 Msasulms da:a urwwnoo: WHITE 1:bil5 R 2o LERnhinAns Sateop s ioo a
7 - an e T
os WHITE 00 i e St SN b - p— 150 | MSG B bits dalas of whos WIITE 16 bils n
r— AL T 15 501, | FALS NI thogaroval = T:0_| LGP 8 hits data af whale WHITE 18 bits i
= a6 A5 INT A5:0 | ALS T sriggar eeant ]
Note
| GF [ 150 | Dalca IO i

* Command code 0 default value is 01 = devices is shut down

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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TABLE 1 - CONFIGURATION REGISTER #0 TABLE 1 - CONFIGURATION REGISTER #0
REGISTER NAME BIT FUNCTION / DESCRIPTION R/W REGISTER NAME BIT FUNCTION / DESCRIPTION | Riw
Reserved 15:13 Set 000b W Hesarved 15113 Set 00D HiW
Gain selection Gain gelection |
ALS gain x 1 00 - ALS gaain 1
ALS GAIN 12:11 ALS gain x 2 W ALS_GAIN 12:11 1 -ALS gainx 2 AW
10 = ALS gain x (1/8) 10 = ALS gain x (178)
11 = ALS gain x (1/4) 11 = ALS gal 1 11/2] |
reserved 10 Set Ob W recervad 10 et 0b RiwW
'ALS integration time setting ALS inegration time s=ling
25ms
1000 = 50 ms
ALS_IT 9:6 00 ms W ALST B:6 Raw
00 ms
400 ms 0010 - 200 ma
800 ms 0011 - Al m=s
ALS persistence protect number setting ALS persistance protact numiber setting
00=1 00 -
ALS PERS 5:4 W ALS PERS B4 -2 RIW
-4
1-=8
Reserved 3:2 W Fiessrved 3:2 Set 00k
'ALS interrupt enable setting 1S et cse astting
ALS_INT_EN 1 0= ALS INT disable W ALS_INT_EMN 1 ALS INT disable Riw
1= ALS INT enable 1— ALS INT enakle |
ALS shut down setting ALS shut down sstting
ALS SD 0 0=ALS poweron w ALS_50 0 = ALS power an Hiw
1= ALS shut down 1= ALS shut down {
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TABLE 4 - POWER SAVING MODES | TABLE 4 - POWER MODES
COMMAND CODE REGISTERNAME | BIT FUNCTION / DESCRIPTION RIW COMMAND CODE REGISTER NAME | BIT FUNGTION / DESCRIPTION AW
Power saving mode; see lable “Refresh time” Fower saving mods: see bl “Refes fins"
00 = mode 1 00 =mode |
PSM 2:1 | 01=mode2 w FSM 2:1 ode 2 Riw
10=mode 3 10 = mods 3
03 11 = mode 4 L 1 - made 4
Power saving mode enable setting Pawer =auing mads snable seliing
PSM EN 0 | o=disable w PSM EN 0 | O-disable R
1= enable 1 = enable

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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Command Code #6: Interrupt Status
Gommand cade address = 06h. Bit 15 defines interrupt flag whils trigger occurred dus to data crossing low threshold windows.
Bit 14 defines interrupt flag whils trigger occurred due to data crossing high threshold windows.

TABLE 7 - INTERRUPT STATUS #6
Bt15s | Bt1d | Bt 13100
int th_low | it th_high | resarved
ini_th_low [ Read bil. Indicated a low threshold exceed
int_th_high | Fead bit. Indicated a high threshold exceed

REFRESH TIME DETERMINATION OF PSM

VEMLE030’s refresh time can be determined by PSM and ALS_IT setting in power saving mede (PSM). Gooperating with the
command register setting, the designer has a fiexible method in defining the fiming, power consumption, and sensitivity for liaht
data collection

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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Rev. 1.6, 28-Apr-2022

Rev 1.7, 28-Nov-2023

Command Code #6: Interrupt Status

Gommand code address = 06h. it 15 defines interrupt flag while trigger occurred due te data crossing low threshold windows.
Bit 14 defines interrupt fiag while trigger accurred due to data crossing high threshold windows.

TABLE 7 - INTERRUPT STATUS #6
Bit1s | Brid | Bit13too
int_th_low | nt_th_high | resarved
Description
int_th_low | Read bit. indicated a low threshold exceed
int_th_igh | Read bit. Indicated a high threshold exceed

Command Code #7: ID Register

Command code address = 07h. The low byte of the ID register contains the device specific ID code 81h. The high byte contains
acode that depends on the chosen slave address option: either 0xC4 for a device with slave address 0x20, or 0xD4 for a device
with slave address 0x90

TABLE 8 - DEVICE ID #7
Bit15t08 | Bit7to0
Slave address option code Device ID code

Description

Slave address specific ID

For siava address option Ox20: 11000100 = 0xC4
For siava address option 0x30: 11010100 = 0xD4
Fixed device ID: 10000001 = oxa1

Siava address option code

Device ID code

REFRESH TIME DETERMINATION OF PSM

VEMLE030’s refresh time can be determined by PSM and ALS_IT setting in power saving mode (PSM). Cooperating with the
command register setting, the designer has a flexible method in defining the timing, power consumption, and sensitivity for light
data collection

Rev 1.7, 28-Nov-2023

F—REFRESH TIME, I AND DESOLUTION DELATION REFRESH TIME, Ipp, AND RESOLUTION RELATION
ALS GAIN PSM ALS IT REFRESH TIME [ms) oo (BA) RESOLUTI ALS GAIN PSM ALS_IT (ms) REFRESH TIME [ms) Ioo (uA) RESOLUTION (Ix/bit)
ol 00 0000 600 8 0.0268 x2 Mode 1 100 600 8 0.0836
o1 [ 0000 1100 5 0.0288 x2 Mode 2 100 1100 5 0.0336
o1 0 0000 2100 3 0.0288 X2 Mode 3 100 2100 3 0.0336
of il 0000 4100 2 0.0288 x2 Mode 4 100 4100 2 0.0836
ol 0 0001 700 13 0.0144 x2 Wode 1 200 700 13 0.0168
o1 [ 0001 1200 B 0.0134 X2z Mode 2 200 1200 8 0.0168
o1 10 0001 2200 5 0.0134 x2 Mode 3 200 2200 5 0.0168
o1 11 0001 4200 3 0.0144 x2 Mode 4 200 4200 3 0.0168
ol 0o 010 900 20 0.0072 X2z Mode 1 400 Q00 20 0.0084
o1 o1 0010 1400 13 0.0072 X2 Wode 2 200 1400 13 0.0084
01 10 0010 2400 B8 0.0072 X2 Mode 3 400 2400 8 0.0084
o1 i1 0010 4400 5 0.0072 X2 Mode 4 400 4400 5 0.0084
o1 00 0011 1300 28 0.0036 xz Mode 1 800 1300 28 0.0042
of o1 0011 1800 20 0.0036 x2 Mode 2 800 1800 20 0.0042
o1 0 0011 2800 13 0.0036 x2 WMode 3 800 2800 13 0.0042
o1 RE] 0011 4800 & 0.0026 2 Mode 4 800 4800 8 0.0042
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VEML6030 — Application Note

Change from Rev. 20-Sep-2019 to Rev. 17-Jan-2024

. L]
- L]
L ]
L]
© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED

<
gl
2

Summary

» No performance change of the part

+ Adjusted resolution and maximum detectable illuminance as this was wrongly stated in the
current appnote from 0.0036 lux/count and 120kLux to 0.0042 lux/count and 140 kLux,

respectively
» Adjusted spectral response ( ALS & white channel)
» Added information about integration time tolerance
» Renamed bits naming for readability purpose
» Added ID - register information
+ Declared configuration bits as R/ W
« Added examples and optimized handling instructions concerning the correction formula
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Fig. 1 - VEML&030 Block Diagram

:|1 GND

Command
registers

Fig. 1 - VEMLE030 Block Diagram
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COMMAND REGISTER FORMAT P Chmimpone | tewie | T TR e
COMMAND GODE RECIEIES NAWE Ll - _FUN_C‘IIGN Wil el i 00 ALS CONF O 15:0 | ALS gein, integration trne, interupt. and shutdown
00 ALS CONF 0 15:0 ALS gain, integration time, interrupt, and shutdown W - - : —
ot ALS WH 15:8 ALS high threshold window setting (MSE) W o ALS WH -.5.: ] tg :f: nres:z: 1:1\::;\ gmng{t‘::]
& 770 | ALS high threshold window setiing (LSB) " Lt i threehiotd window setting (L36)
s AE 15:8 | ALS low threshold window setting (MSB) W 0w ALS W ‘:--cn
& 7.0 | ALS low threshold window setting (LSE) W - : i
o Power saving 15:0 | Set(15: 30000 0000 0000 Ok w et | £ 000000 00 Th,__
- P 15:8 | WSE 8 bits cata of whole ALS 16 bits R 04 - : :';f:ﬁf;:f;‘::‘fﬁf‘:'h::
710 | LB 0 bite dota of whole ALS 10 e i 15-8 | MSEE bils dats of whoie WHITE 16 bils
. WHITE 15:8 [ MSE 8 bits data of whole WHITE 16 bits R o5 WHITE 7 _'._: 1 S‘:H bt ot o whols WHITE 16515
7.0 | LS8 bits data of whole WHITE 16 bits R i i
% ALS_INT 15:0 | ALS INT trigger evert R L LS INT 8L} ALSINT et et
o7 ] 15:0 | Device ID |

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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Command Code ALS IT
Command Code ALS IT Command code: 00, bits 9 to 6
Command code: 00, bits 9 to 6

COMMAND REGISTER FORMAT

COMMAND REGISTER FORMAT REGISTER NAME BIT FUNCTION / DESCRIPTION R/W
REGISTER NAME BIT FUNCTION / DESCRIPTION R/W ALS intagration time satfing
ALS integration tima satting 1100 =25 ms
1100=26ms 1000 =50 ms
1000 = 50 ms ALS T a:6 0000 = 100 ms R/W
ALS_T 9:6 W 0001 = 200 ms
0010 = 400 ms
001 0011 = 800 ms
1 = A Remark the standard integration time is 100 ms, If a very high resolution is needed, one may increase this integration time up
Remark: the standard integration time is 100 ms. if a very high resolution is needed, one may increase this integration time up to 800 ms. If faster measurement results are needed, it can be decreased down to 25 ms. For the integration time a
to 800 ms. If faster measurement results are nesded, it can be decreased down to 25 ms. ‘talerance of + 30 % can be assumed. This tolerance should also be considered during the read out of the measurement

results.
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RESOLUTION AND MAXIMUM DETECTION RANGE RESOLUTION AND MAXIMUM DETECTION RANGE
GAIN2 GAIN 1 GAIN1/4 | GAIN{/8 GAIN 2 GAIN 1 GAIN{/4 | GAIN1{/B GAIN 2 GAIN 1 GAIN1/4 | GAIN1/8 GAIN 2 GAIN 1 GAIN 1/4 | GAIN1/8
IT (ms) TYPICAL RESOLUTION MAXIMUM POSSIBLE ILLUMINATION 1T (ms) TYPICAL RESOLUTION (ix / cnt) MAXIMUM POSSIBLE ILLUMINATION (1x)
800 0.0038 0.0072 0.0288 0.0576 236 a72 1887 3775 800 0.0042 0.0084 0.0338 0.0672 275 550 2202 4404
400 0.0072 0.0144 0.0576 0.1152 472 944 ar7s 7550 400 0.0084 0.0168 0.0672 0.1344 550 1101 4404 8808
200 0.0144 0.0288 0.1152 0.2304 944 1887 7550 15099 200 0.0168 0.0336 0.1344 0.2688 1101 2202 8808 17616
100 0.0288 0.0576 0.2304 0.4608 1887 arTs 15 089 30 199 100 0.0336 0.0672 0.2688 0.5376 2202 4404 17616 35232
50 0.0576 0.1152 0.4608 0.9216 ar7s 7550 30 199 60398 50 0.0872 0.1344 05376 1.0752 4404 8808 35232 70 463
25 01152 0.2304 0.9216 1.3432 7550 15009 60 398 120796 25 0.1344 0.2688 1.0752 2.1504 8808 17 616 70463 140926
Note: Note
* For iluminations > 1000 Ix a comection formula needs to be applied. Please refer to the section “APPLICATION-DEPENDENT LUX * For iluminations > 1000 Ix a carrection formula needs to be applied. Please refer to the section “APPLICATION-DEPENDENT LUX
CALCULATION® for further details on how this is done GALGULATION” for further details on how this is done
Example: Example:
If the 16-bit word of the ALS data shows: 0000 0101 1100 1000 = 1480 (dec.), the programmed ALS gain is 1/4, and the If the 16-bit word of the ALS data shows: 0001 0101 1100 1101 = 5581 (dec.), the programmed ALS gain is 1/4, and the
integration time is 100 ms. The corresponding lux level is: integration time is 100 ms. The corresponding lux level is:
light level [Ix] = 1480 x 8-2304 = 34% Ix light level (uncorrected) = 5581 x 0.2688 = 1500 Ix

Correcting the lux value with the help of the correction formula yields:
ax (1500 lux)* + b x (1500 lux)® + ¢ x (1500 lux)? + d x (1500 lux) = 1658 lux
With the polynomial coefficients:

a=6.0135"2

b =-0.3924°

c=8.1488F

d =1.0023

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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* Removed this figure because it was made
with outdated sensitivity factors
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AP VEMLE020XOL

[l Ambient Light | Settings | Regi:

Light e o [l s B [Ambient light Settings
x| =K

Light level [Ix] = 1480 x 0.2

Status: | Resdy...
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Lux Result with White LED (Gain = 1/4)

1000 000
5.0135E-13x* - 9.3924E-09x" + 8 1488E-05% + 1.0023E+00x
100 000
= 3
) < 10000
2 B
g § ==
g E fam — Averag gain 1/4
§ 5 = Poly. (Average gain 1/4)
100
o lee== [ [TTITI[I I 1T [ TTT70T I I T [[TT01 | L T
10 100 1000 10 000 100 000

VEMLE030 (kx)
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Fig- 11 - Spectral Response ALS Channel
Fig. 12 - Spectral Response ALS Channel
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REFRESH TIME, Ipp, AND RESOLUTION RELATION REFRESH TIME, Ipp, AND RESOLUTION RELATION
ALS GAIN PsM ALS IT REFRESH TIME {ms) Ioo (HA) [RESOLUTION fi/bi) ALS GAIN PSM ALS IT (ms) REFRESH TIME (ms) lop (1A) RESOLUTION (ix/bit)
o1 00 0000 600 & 0.0288 x2 Mode 1 100 600 B8 0.0336
o1 01 0000 1100 5 0.0288 2 Mods 2 100 1100 5 0.0336
o1 10 oooo 2100 3 0.0288 x2 Mode 3 100 2100 3 0.0336
01 11 0000 4100 2 0.0288 X2 Made 4 100 4100 2 0.0336
01 00 oot 700 13 0.0144 x2 Mode 1 200 700 13 0.0168
o1 o1 0001 1200 & 0.0144 x2 Mode 2 200 1200 8 0.0168
o1 10 ooo1 2200 5 0.0144 X2 Mode 3 200 2200 5 0.0168
0 11 oot 4200 2 0.0144 X2 Mode 4 200 4200 3 0.0168
o1 00 0010 900 20 0.0072 x2 Mode 1 400 900 20 0.0084
01 01 0010 1400 13 0.0072 X2 Mode 2 400 1400 13 0.0084
o1 10 0010 2400 8 0.0072 x2 Mode 3 400 2400 8 0.0084
01 11 0010 4400 5 0.0072 x2 Mode 4 400 4400 5 0.0084
01 00 0011 1300 28 0.0036 x2 Mode 1 800 1300 28 0.0042
01 01 0011 1800 20 0.0036 X2 Mode 2 800 1800 20 0.0042
01 10 0011 2800 13 0.0036 x2 Mode 3 800 2800 13 0.0042
01 11 0011 4800 [ 0.0036 X2 Mode 4 800 4800 8 0.0042

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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Summary

No performance change of the part

Adjusted resolution and maximum detectable illuminance as this was wrongly stated in the
current datasheet

Adjusted spectral response ( ALS & white channel)

Renamed bits naming for readability purpose

Added ID - register information

 Declared configuration bits as R/ W

Yoo} JOYNA oUL <«
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AMBIENT LIGHT FUNCTION

* FiltronM technologyadaption—clese—toreal-human—eye
AMBIENT LIGHT FUNCTION

recpense
+ 0 Frim tochrology—adeopt ALS—eutput—tok ® 16-bit dynamic range for ambient light detection from
=309 0 |x to about 140 klx with resclution down to 0.0042 lx/ct,
+ 16-bit dynamic range for ambient light detection from & ?gzpsrts l:‘:;??_lsn:#ime (:_iark} l.::j. s
0 Ix to about 426 kix with resolution down to 5-0036 Ix/ct, ok 2 o re’ Gl
supports low transmittance (dark) lens design * Excellent temperature compensation
» High dynamic detection resolution

* 100 Hz and 120 Hz flicker noise rejection
i » Software shutdown mode control
+ Excellent temperature compensation
* High dynamic detection resolution
» Software shutdown mode control
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PRODUCT SUMMARY PRODUCT SUMMARY
orerarin | CPESATNG | RS | amment | AMBENT | | ADCRESOLUTION CPEMATING | FCBUS | AMBIENT LIGHT | AMBIENTLIGHT | o oo | ADC RESOLUTION
PART NUMBER RANGE RANGE RANGE | UGHT RANGE | pecniiimon CODE PROXIMITY / PART NUMBER RANGE RANGE RANGE HESOLUTION CODE PROXIMITY
() i) v i) o AMBIENT LIGHT S W ) [ AMBIENT LIGHT
VEML7700 nla 251036 171036 | 0to325000 ey 16 bit, EC -/ 60635, VEML7TO0 251048 R 00 140000 0.0042 6 bit_FC - 700042
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ABSOLUTE MAXIMUM RATINGS (Toms = 25 °C, unless otherwise specified)
PARAMETER TEST CONDITION SYMBOL | MIN. MAX. UNIT
Supply voltage Voo o 4 ¥ | ABSOLUTE MAXIMUM RATINGS (Tor = 25 °C. unlzss otherwise spacified)
Operation tamperature range oty ] +85 15 [ PARAMETER TEST CONDITION SYMBOL | MIN. MAX. UNIT
Storage femperature range, T 25 85 T Surely vcliage Voo ,._. = v
Total power dissi T =25 °C Proy a . Lo [ Creration range ot 2 55 G
Junclion temperature T : 10 C { St Aveiaigh = £ = =
| e i &5
[ Total power dissipatl Tt S 25°C Prs - =0 W
BASIC CHARACTERISTICS (T = 25 °C, unless otherwise specified) | dunction fomparalure T 100 be)
PARAMETER TEST CONDITION SYMBOL| MIN. | TYP. | MAX. | UNIT
Eopek ol Yooir| S28h.) wad |53 ¥ BASIC CTERISTICS (T, - 25 °C, unless
g
Shut down current # Vopis3aV led i 05 = uA PARAMETER TEST CONDITION | SYMBOL [ MIN, | TYR. [ max. | umiT
Vpp i8 3.3 V, PSM = 11, refrash time 4100 ms Inp - 2 - A I Supply voitage 1 Voo oh a3 r "
Oparation moda currant (1 Vpos 3.3 V, PSM = 00, rafrash time 600 ms oo B 0 E oA [ ot ener Voo mEAY = = o 5 T
| X 3 o !
Vg i5 3.3V, PSM_EN = 0, refresh tme 100ms | g B a5 E oA == T TP = = - o
I3 = +
E.C/clock s rafi . fsct i 0 L Operstion made sument ) Voo 15 5.3 ¥, PSM = 00 rstresn ime 600 me | oo - & 1A
PC bus input H-level range Vopis33V Vin . h o b 21855V, PSM EN =0, refresh ime 100 me| Iy | E- I T
FC bus input Llavel range Vopis3av Vi 03 B o4 v " ok mate range = T s T = o kHz
Digital cumrant out  prrEr— E =
Tow. current sinky lol 3 s = mA ["PC bus input H-level rangs Veo 1853V Vi 13 z 36 v
Digital resolution (LSB count) With ALS_ GAIN = 01" = 0.0038 = stop Voo l5 53 ¥ Vi A3 = 04 v
Detectable minimum iluminanca with ALS_GAIN = 01" Eitas & 0.0072 = ix | Dhatal cumsnt ot Jow, W'":‘ ekt E | b 3 z ' 1
R, with ALS GAN < 107 e » lroonooll = B | Digital resalusion (LS8 count = \With ALS_GAIN = x 2, ALS_IT = 800 ms - ez | - | e
T AT = — - "
Dark offset P With ALS. GAIN = 01" ” . - Step [ Detectisie maximum dumnanca WIth ALS_GAIN = % /B, ALSIT =258 | Evmas 140000 x
| Dark orser &1 WINALS GAIN - 5.2, ALS IT - 800 ms E 3 - Hten

Notes
" Light source: white LED
12 Light conditions: dark

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.

—
VISHAY
A 4
Page 2 =
@
&)
Rev. 1.6 28-Apr-2022 Rev 1.7, 29-Nov-2023 <
o
@
9]
=3
VEMLT700
VEMLTT0O0
4 N
scL1 [ \ SCL 1
4 ALS-PD Eg
Low Pass 5o 3
Voo s [H ,-= E?.‘E’ Voo 2|::|— ALS Dl IntaA\I][rﬁa:ﬁnu |_.,§g g
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e > (P | 4]
GND 3 [ H Contraller L SD' T
.
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SDA 4 []—\\ / SDA 4
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Fig. 1 - VEML7700 Block Diagram Fig. 1 - Block Diagram
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Fig. 5 - Spectral Response
Fig. 5 - Spectral Hesponsa
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Fig. 8 - White Channel Responsivity Fig. 6 - White Channel Responsivity
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* p2p tolerance discussion over different light
sources is done in the application note and
T provides more detailed information,
P especially with regard to the non-linearity
topic at higher illuminance level

Reading of ALS (Kx)
8 & B B

/P’

L] 20 40 &0 80 100 120
Brightniess Acc. Calibrated Luxmeter (kix)

Fig. & - ALS measurement deviation between different ight sources:
=10
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MAN COMMAND REGISTER FORMAT
COMMAND REQISTER FORMAT COMMAND CODE_ | REGISTER NAME BIT FUNCTION / DESCRIPTION R/W
COMMAND CODE_| REGISTERNAME | BIT FUNCTION / DESCRIPTION RIW o b i — :
00 ALS_CONF 0 15:0 | ALS gain, intagration time, intermupt, and shut down W . ALS_CONF_D 15:0 | ALS gain, integration bme, Imtemup, and shutdown il
- 168 ALS high thrashcid window seting (M38] R/W
> ALS W 15:8 | ALS high threshold window satiing (MSB) W o ALS WH = i 9 < e 2l =
7:0_| ALS hign thrashold window satting (LSE) W | 0| ALS high thrsheld window setting (LSR)
15:8 | ALS low thrashold window setting (MSB) W
o0z ALS WL ] ALS WL
= 7:0_| ALS low thrashold window satting [LSB) W =
o8] Pawer saving 152070 SSH{l 580000 D000 00000, =] Fowsr saving 15:0 | Set (15 5 DO0O 0000 000 Ob
o4 as r] ["55: “::d‘;’m;f T?IQAE ‘En':'s : = e 15:8 | MSE B bits data of whols ALS 16 bis Gl
70 DS [Sta . oo P o NS TI0 | LSO E Dits cata of whale ALS 16 Bits n
0s WHITE IS=E LI IMER Bt dete 01 ol WTTE 1a DS o 758 | WISE & bits deta of whole WIITE 16 b A
7:0 | LSO & bits data of wholo WHITE 16 bits R % WHITE : L S AT IS ikl
o BN, 150 | ALS INT triggar avent B 710 | LSH B bits cata of wnale WHITE 15 oits i
. = I8 ALS T 160 | ALS INT Iringer svert R
* Command code 0 default value is 01 = devices is shut down o7 2] 16:0 | DewicelD & 1l

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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TABLE 1 - CONFIGURATION REGISTER #0
TABLE 1 - CONFIGURATION REGISTER #0 REGISTER NAME BIT FUNCTION / DESCRIPTION W
REGISTER NAME BIT FUNCTION / DESCRIPTION R/W Hiiaa T 5el 0000 RIW
Reserved 15:13 Set 000b W Gain selection
Gain selection 00 = ALS gain %1
ALS GAIN A - ALS_TAIN 2 .
A 12: 11 gain x 2 8 LS gain X (1/E)
10 = ALS gain x (1/8) el
i = ALS gain & (14)
11 = ALS gain % (1/4) — T e e
reserved 10 Set 0b W Aipury - 'M_S = 5 =
ALS integration trme sefting N m,l;m(.qn ime satling
25 ms TS
1000 = 50 ms 1000 = 50ms
ALS_IT 9:6 00 ms w ALS_IT 0 0000 = 100 ms RiW
- 00 ms 0001 = 200 ma
400 ms 0010 = 400 M3
800 ms £0t1 = B0 ms
ALS persistence protect number setting ALS persistancs profect number setting
00=1 o
ALS _PERS 5:4 At ALS PERS 5:4 RW
Reserved 3:2 B Ty ey ¥ Flaserved e W
intemupt enable setting —
ALS_INT_EN 1 0= ALS INT disable w ‘ALS InterTupt enable seting
1 = ALS INT enable ALS_INT_EN 1 0= ALS INT disalie Biw
ALS shut down sstting E=ALE b Ak
ALS SD ] 0=ALS poweron w ALS shit down salting
1 = ALS shut down #1580 0 0= ALS powar o0 AW
— 1 = ALS shut down
© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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TABLE 4 - POWER SAVING MODES TABLE 4 - POWER MODES
COMMAND CODE REGISTERNAME | BIT FUNCTION / DESCRIPTION RIW REGISTER NAME EBIT FUNCTION / DESCRIFTION AW
Power saving mode; see lable “Refresh time” Prower saving mode, soa bl =Rafrosh e
00 = mode 1
PSM 2:1 | 01=mode2 w PSM 211 AW
1 mode 3
03 1= mode 4
Power saving mode enable setting Prawer sving macks erable ssiiing
PSM EN 0 | o=disable w PSM_EN a 0= disabl R/W
1 = enable 1 =snabile

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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Command Code #6: Interrupt Status

Gommand code address = 06h. it 15 defines interrupt flag while trigger occurred due te data crossing low threshold windows.
Bit 14 defines interrupt fiag while trigger accurred due to data crossing high threshold windows.

TABLE 7 - INTERRUPT STATUS #6
Bit1s | Brid | Bit13too
int_th_low | nt_th_high | resarved
Command Code #6: Interrupt Status Dosoripian
Gommand code address = 06h. Bit 15 defines interrupt flag while trigger occurred due to data crossing low threshold windows. nt_th_low [ Rsad bit. Indicated a low hvesnold sxcesd
Bit 14 defines interrupt flag while trigger ncourrsd due to data crossing high threshold windows. TG [ Red bit. Incicatad a high threshod sxcaed
T“EB:"ES T "“Ti;"‘:’" ‘ST“TUS Lo R— Gommand Code 47: ID Register
o | ] o Command code address = 07h. The low byte of the ID register contains the device specific ID code 81h. The high byte contains
. th. 1Mol s acode that depends on the chosen slave address option: sither 0xC4 for a device with slave address 0x20, or 0xD4 for a device
with slave address 0x20
int_th_low ‘ Read bit. Indicated a low threshold exceed
int_th_high | Fead bit. Indicated a high threshold exceed TABLE 8 . DEVICE ID #7
REFRESH TIME DETERMINATION OF PSM Bt 15508 [ S0
. . Slava address option code | Device ID code
VEMLB030's refresh time can be determined by PSM and ALS_IT setting in power saving mede (PSM). Cooperating with the L_
command register setting, the designer has a flexible method in defining the timing, power consumption, and sensitivity for ight Description
data collection Slave address spacific ID
Slave address option code For siave address option 0x20: 11000100 = OxC4
For stave addrass option 0x90: 11010100 = 0xD4
Devics ID code Fixed device ID: 10000001 — 0x31

REFRESH TIME DETERMINATION OF PSM

VEMLE030’s refresh time can be determined by PSM and ALS_IT setting in power saving mode (PSM). Cooperating with the
command register setting, the designer has a flexible method in defining the timing, power consumption, and sensitivity for light
data collection

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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REFRESH TIME, Ipp, AND RESOLUTION RELATION
ALS_GAIN PSM ALS_IT REFRESH TIME (ms) Too (A} RESOLUTION (e/bit)
o1 = = 0 N T REFRESH TIME, Ipp, AND RESOLUTION RELATION i
e - e e 5 premrey ALS_GAIN FSM ALSITims) [ REFRESH TIME ) Tog 1A} RESOLUTION {lu/bit)
2 Wode 1 100 500 o 0.0336
01 10 0000 2100 3 0.0288 = o0 Tio0 3 TOIE
01 11 0000 4100 2 0.0288 2 1 i 3 00 2100 | 5] T0236
01 00 0001 700 13 0.0144 2 Wadze & 100 4100 2 00536
iz Wiode 1 200 700 | 13
ot o1 0001 1200 L4 0.0144 x2 Mads 2 200 1200 B
01 10 0001 2200 5 0.0144 @ Wode 3 20 2200 B
01 1 0001 4200 3 0.0144 a2 Mode 4 200 4200 2
01 00 0010 300 20 0.0072 L] | Mo 1 it 200 I 20
@ Wiode 2 A 1400 13
01 01 0010 1400 13 0.0072 = Viode 3 w0 7300 T
01 10 0010 2400 8 0.0072 2 Wiods 4 40 44011 5
ot 11 0010 4400 B 0.0072 A2 Moce: | Lok 1300 2
01 00 0011 1300 28 0.0036 =2 s L geo =
5 w2 a0 2500 [ 15
01 01 0011 1800 20 0.0036 2 1 T 4000 | 3
01 10 0011 2800 13 0.0036
01 11 0011 4800 B 0.0036

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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Summary

» No performance change of the part

+ Adjusted resolution and maximum detectable illuminance as this was wrongly stated in the
current appnote from 0.0036 lux/count and 120kLux to 0.0042 lux/count and 140 kLux,

respectively
» Adjusted spectral response ( ALS & white channel)
» Added information about integration time tolerance
» Renamed bits naming for readability purpose
» Added ID - register information
+ Declared configuration bits as R/ W
« Added examples and optimized handling instructions concerning the correction formula

Yoo} JOYNA oUL <«
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Fig. 1 - VEML7700 Block Diagram Fig. 1 - VEML7700 Block Diagram
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COMMRNIRE ISV EHEORMAT, %m‘:\:::;alszzzﬂi::rﬂ?mz FUNCTION / DESCHIPTION RIW
COMMAND GODE RECIEIES NAWE Ll - _FUN_C‘IIGN Wil el i 00 ALS CONF O ALS gain, integration trme, interupt. and shutdown RIW
00 ALS CONF 0 15:0 | ALS gan, intsgration time, intermupt, and shutdown W £ & £ .
o Rt 158 | ALS high threshold window setiing (M58 [ o M5 WH R e 2:::
70| ALS bigh threshold window sefiing (LSH) [ AL Tow ieahold Whndow setig DAEH] AW
a s 15:8 | ALS low threshold window setiing (MSE) W 0 e i L . i
= 7:0 | ALS low threshold window setting (LSE) W o =Wl
03 Power saving 15:0 [ Set(15:3) 0000 0000 0000 Ob R e A =
04 ALS 15:8 | MSB 8 bits data of whole ALS 16 bits i o 1SR & hits data of whals ALS 16 bils A
7:0 LSB 8 bits data of whole ALS 16 bits R NG okt et of ok WLNE 15 0 E
. WHITE 15:8 [ MSE 8 bits data of whole WHITE 16 bits R 05 WHITE 1 S‘:H bt ot o whols WHITE 16515 A
7:0 LSB 8 bits data of whole WHITE 16 bits R —
% ALS_INT 15:0 | ALS INT trigger evert R i A AT L AT e i et i
o7 ] Device ID H

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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Command Code ALS IT
Command Code ALS IT Command code: 00, bits 9 to 6
Command code: 00, bits 9 to 6

COMMAND REGISTER FORMAT

COMMAND REGISTER FORMAT REGISTER NAME BIT FUNCTION / DESCRIPTION R/W
REGISTER NAME BIT FUNCTION / DESCRIPTION R/W ALS integration time satting
ALS integration time setting 00 = 6 e
1100=25ms 1000 =50 ms
1000 = 50 ms ALSIT 9:6 0000 = 100 ms R/W
ALS_IT 96 w 0001 = 200 ms
7 0010 = 400 ms
o0t 0011 = 800 ms
1 = A Remark; the standard integration time is 100 ms. If a very high resolution is needed, one may increase this intearation time up
Remark: the standard integration time is 100 ms. if a very high resolution is needed, one may increase this integration time up to 800 ms. If faster measurement results are needed, it can be decreased down to 25 ms. For the integration time a
to 800 ms. If faster measurement results are nesded, it can be decreased down to 25 ms. tolerance of = 30 % can be assumed. This tolerance should also be considered during the read out of the measurement
resul

© VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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RESOLUTION AND MAXIMUM DETECTION RANGE RESOLUTION AND MAXIMUM DETECTION RANGE
GAIN2 GAIN 1 GAIN1/4 | GAINi/8 GAIN 2 GAIN 1 GAIN1/4 | GAIN1/8 GAIN 2 GAIN 1 GAIN1/4 | GAIN1/8 GAIN 2 GAIN 1 GAIN 1/4 | GAIN1/8
T (ms) TYPICAL RESOLUTION MAXIMUM POSSIBLE ILLUMINATION IT (ms) TYPICAL RESOLUTION (ix / cnt) MAXIMUM POSSIBLE ILLUMINATION (i)
800 0.0036 0.0072 0.0288 0.0576 236 472 1867 3775 800 0.0042 0.0084 0.0336 0.0672 275 550 2202 4404
400 0.0072 0.0144 0.0576 0.1152 472 944 3775 7550 400 0.0084 0.0168 0.0672 0.1344 550 1101 4404 8308
200 00144 0.0288 0.1152 0.2304 944 1887 7550 15099 200 0.0168 0.0336 0.1344 0.2888 1101 2202 8808 17 616
100 0.0288 0.0576 0.2304 0.4608 1887 ar7s 15 099 30199 100 0.0336 0.0672 0.2688 0.5376 2202 4404 17616 35232
50 0.0578 0.1152 0.4808 0.9216 3778 7550 30199 60398 50 0.0672 0.1344 05376 1.0752 4404 8608 35232 70 463
25 0.1152 02304 0.9216 1.8432 7550 15 088 60398 120 796 25 0.1344 0.2688 10752 2.1504 8808 17616 70 463 140 926
Note
Example: + For illuminations > 1000 Ix a correction formula needs to be applied. Please refer to the section “APPLICATION-DEPENDENT LUX
If the 16-bit word of the ALS data shows: 0000 0101 1100 1000 = 1480 (dec.), the programmed ALS gain is 1/4, and the CALCULATION" for further details on how this is done.
integration time is 100 ms. The corresponding lux level is:
light level [1x] = 1480 x 0.2304 = 341 Ix ool
& = i & If the 16-bit word of the ALS data shows: 0001 0101 1100 1101 = 5581 (dec.), the programmed ALS gain is 1/4, and the

integration time is 100 ms. The corresponding luk level is:
light level {uncomected) = 5581 x 0.2688 = 1500 Ix

Gorrecting the lux value with the help of the correction formula yields:

ax (1500 lux)* + b x (1500 lux)® + G x (1500 lux)? + d x (1500 Iux) = 1658 lux
With the polynomial coefficients:

a=6.0135"%

b =-0.3924°

c=8.1488%

d=1.0023
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* Removed this figure because it was made
with outdated sensitivity factors
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Light level [Ix] = 1480 x 0.2
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Lux Result with White LED (Gain = 1/4) Lux Result with White LED (Gain = 1/4)
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Fig. 11 - Spectral Response ALS Channel
Fig. 12 - Spectral Response ALS Channel
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REFRESH TIME, Ipp, AND RESOLUTION RELATION REFRESH TIME, Ipp, AND RESOLUTION RELATION
ALS GAIN PsM ALS IT REFRESH TIME {ms) Ioo (HA) [RESOLUTION fi/bi) ALS GAIN PSM ALS IT (ms) REFRESH TIME (ms) lop (1A) RESOLUTION (ix/bit)
o1 00 0000 600 & 0.0288 x2 Mode 1 100 600 B8 0.0336
o1 01 0000 1100 5 0.0288 2 Mods 2 100 1100 5 0.0336
o1 10 oooo 2100 3 0.0288 x2 Mode 3 100 2100 3 0.0336
01 11 0000 4100 2 0.0288 X2 Made 4 100 4100 2 0.0336
01 00 oot 700 13 0.0144 x2 Mode 1 200 700 13 0.0168
o1 o1 0001 1200 & 0.0144 x2 Mode 2 200 1200 8 0.0168
o1 10 ooo1 2200 5 0.0144 X2 Mode 3 200 2200 5 0.0168
0 11 oot 4200 2 0.0144 X2 Mode 4 200 4200 3 0.0168
o1 00 0010 900 20 0.0072 x2 Mode 1 400 900 20 0.0084
01 01 0010 1400 13 0.0072 X2 Mode 2 400 1400 13 0.0084
o1 10 0010 2400 8 0.0072 x2 Mode 3 400 2400 8 0.0084
01 11 0010 4400 5 0.0072 x2 Mode 4 400 4400 5 0.0084
01 00 0011 1300 28 0.0036 x2 Mode 1 800 1300 28 0.0042
01 01 0011 1800 20 0.0036 X2 Mode 2 800 1800 20 0.0042
01 10 0011 2800 13 0.0036 x2 Mode 3 800 2800 13 0.0042
01 11 0011 4800 [ 0.0036 X2 Mode 4 800 4800 8 0.0042
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