WINSDODURCE

ELECTRONICS

THE DATASHEET OF
L M3530UME-40/NOPB

www.win-source.net e / SY 0086-755-83957316




Product

'\! Sample &
Folder

e ¢ Buy

] B

13 TEXAS
INSTRUMENTS

Technical
Documents

Support &
Community

2 Tools &

#'N Software

LM3530
SNVS606L —JUNE 2009-REVISED DECEMBER 2014

LM3530 High-Efficiency White-LED Driver with Programmable Ambient Light Sensing
Capability and [°C-Compatible Interface

1 Features

» Drives up to 11 LEDs in series
* 1000:1 Dimming Ratio
*  90% Efficient

e Programmable Dual Ambient Light Sensor Inputs
with Internal ALS Voltage Setting Resistors

+ 12C Programmable Logarithmic or Linear
Brightness Control

» External PWM Input for Simple Brightness
Adjustment

e True Shutdown Isolation for LEDs and Ambient
Light Sensors

» Internal Soft-Start Limits Inrush Current

»  Wide 2.7-V to 5.5-V Input Voltage Range

e 40-V and 25-V Overvoltage Protection Options
* 500-kHz Fixed Frequency Operation

* 839-mA Peak Current Limit

2 Applications

* Smartphone LCD Backlighting
» Personal Navigation LCD Backlighting

e 2to 11 Series White-LED Backlit Display Power
Source

3 Description

The LM3530 current mode boost converter supplies
the power and controls the current in up to 11 series
white LEDs. The 839-mA current limit and 2.7-V to
5.5-V input voltage range make the device a versatile
backlight power source ideal for operation in portable
applications.

The LED current is adjustable from 0 mA to 29.5 mA
via an I1°C-compatible interface. The 127 different
current steps and 8 different maximum LED current
levels give over 1000 programmable LED current
levels. Additionally, PWM brightness control is
possible through an external logic level input.

The device also features two Ambient Light Sensor
inputs. These are designed to monitor analog output
ambient light sensors and provide programmable
adjustment of the LED current with changes in
ambient light. Each ambient light sensor input has
independently programmable internal voltage setting
resistors which can be made high impedance to
reduce power during shutdown. The 500-kHz
switching frequency allows for high converter
efficiency over a wide output voltage range
accommodating from 2 to 11 series LEDs. Finally, the
support of Content Adjusted Backlighting maximizes
battery life while maintaining display image quality.

The LM3530 operates over the -40°C to 85°C
temperature range.

Device Information®
PACKAGE BODY SIZE (MAX)
DSBGA (12) 1.64 mm x 1.24 mm

PART NUMBER
LM3530

(1) For all available packages, see the orderable addendum at
the end of the datasheet.

Simplified Schematic
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5 I°C Device Options
ORDERABLE NUMBER I°C DEVICE OPTION
LM3530TME-40 0x38
LM3530TMX-40 0x38
LM3530UME-25A 0x36
LM3530UME-40 0x38
LM3530UME-40B 0x39
LM3530UMX-25A 0x36
LM3530UMX-40 0x38
LM3530UMX-40B 0x39
6 Pin Configuration and Functions
DSBGA (YFZ or YFQ) Package
12 Pins
Top View
| 2
.’:1: ) 52:) {83)
@ @ @
|[;1/) (-2:) ! 53;)
Pin Functions
PIN
NUMBER NAME TYPE DESCRIPTION

Al SDA 1/0 Serial data connection for 1°C-compatible interface.

A2 SCL | Serial data connection for 1°C-compatible interface.

A3 SW PWR Inductor connection, diode anode connection, and drain connection for internal NFET. Connect
the inductor and diode as close as possible to SW to reduce parasitic inductance and capacitive
coupling to nearby traces.

B1 PWM | External PWM brightness control input and simple enable input.

B2 INT (@) Logic interrupt output signaling the ALS zone has changed.

B3 GND Ground

C1 ALS2 | Ambient light sensor input 2 with programmable internal pull-down resistor.

Cc2 HWEN | Active high hardware enable (active low reset). pull this pin high to enable the LM3530.

C3 IN PWR Input voltage connection. Connect a 2.7-V to 5.5-V supply to IN and bypass to GND with a 2.2-
UF or greater ceramic capacitor.

D1 ALS1 | Ambient light sensor input 1 with programmable internal pulldown resistor.

D2 OoVvP | Output voltage sense connection for overvoltage sensing. Connect OVP to the positive terminal
of the output capacitor.

D3 ILED PWR Input terminal to internal current sink. The boost converter regulates ILED to 0.4 V.

Copyright © 2009-2014, Texas Instruments Incorporated Submit Documentation Feedback 3
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7 Specifications
7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) W®@®

MIN MAX UNIT

Vi to GND 03 6
Vsw: Vovpe, ViLep to GND 45
VscL: Vspa: Vaist, Vewm, Vint, Viwen to GND 6 \4
VaLs2 to GND ~0.3VtoVy+03V
Continuous power dissipation Internally limited
Junction temperature (T;.vax) 150 °C
Maximum lead temperature (soldering, 10s) See®
Storage temperature, Tgyg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings

only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended

Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/ Distributors for availability and
specifications.

(3) All voltages are with respect to the potential at the GND pin.

(4) For detailed soldering specifications and information, please refer to Application Note 1112: DSBGA Wafer Level Chip Scale Package
(SNVAO009).

7.2 ESD Ratings

VALUE UNIT

Vesp) Electrostatic discharge | Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001() +2000 \Y,

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.

7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Vin to GND 2.7 5.5 v
Vsw, Vovp, ViLep, to GND 0 40
Junction temperature (T;)® -40 125 e
Ambient temperature (Ta)® —40 85

(1) Internal thermal shutdown circuitry protects the device from permanent damage. Thermal shutdown engages at T;= 140°C (typ.) and
disengages at T;= 125°C (typ.).

(2) In applications where high power dissipation and/or poor package thermal resistance is present, the maximum ambient temperature may

have to be derated. Maximum ambient temperature (Ta.max) is dependent on the maximum operating junction temperature (T . max-op =
125°C), the maximum power dissipation of the device in the application (Pp.vax), and the junction-to ambient thermal resistance of the
part/package in the application (Rg3a), as given by the following equation: Ta.max = Ti-max-op — (Reia X Pp-max)-

7.4 Thermal Information

DSBGA
THERMAL METRIC® YFQ \ YFZ UNIT
12 PINS
Resa Junction-to-ambient thermal resistance ) 61.7 °CIW

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

(2) Junction-to-ambient thermal resistance (Rgja) is taken from a thermal modeling result, performed under the conditions and guidelines
set forth in the JEDEC standard JESD51-7. The test board is a 4-layer FR-4 board measuring 102 mm x 76 mm x 1.6 mm witha 2 x 1
array of thermal vias. The ground plane on the board is 50 mm x 50 mm. Thickness of copper layers are 36 um/18 um/18 pum/3 6um

(1.50z/10z/10z/1.50z). Ambient temperature in simulation is 22°C in still air. Power dissipation is 1W. The value of Rg;, of this product in

the DSBGA package could fall in a range as wide as 60°C/W to 110°C/W (if not wider), depending on PCB material, layout, and
environmental conditions. In applications where high maximum power dissipation exists special care must be paid to thermal dissipation
issues.

4 Submit Documentation Feedback Copyright © 2009-2014, Texas Instruments Incorporated
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7.5 Electrical Characteristics
Typical (TYP) limits are for T, = 25°C; minimum (MIN) and maximum (MAX) apply over the full operating ambient
temperature range (-40°C < T, < 85°C); V,y = 3.6 V, unless otherwise specified. ®®
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ILeD Output current regulation 2.7V 2V 25.5YV, Full-scale current = 19 17.11 18.6 20.08 mA
mA, BRT Code = 0x7F, ALS Select Bit = 0,
I2C Enable = 1
Yhee.cs | eatroom voltage 400 mv
VR Current sink minimum I.ep = 95% of nominal 200 mv
headroom voltage
Rpson NMOS switch on resistance | Igyy = 100 mA 0.25 Q
lcL NMOS switch current limit |27V <V, <55V 739 839 936 mA
SN Threshold, 2.7V <V <5.5 3g;¥on 40 a1 42
Vove ;?rﬁ%é%%ewonage 25V 23.6 24 246 Y
version
Hysteresis 1
fsw Switching frequency 27V<VpNsSbH5V 450 500 550 kHz
Dmax Maximum duty cycle 94%
Duin Minimum duty cycle 10%
lo S(;l;esafl:itecnhtir(]:grrent, device Vuwen = Vin 490 600 LA
lo sw Switching supply current lLep =19 MA, Voyr =36V 1.35 mA
IsHDN Shutdown current Vuwen = GND, 2.7V 2V 255V 1 2 HA
llep min | Minimum LED current FuII-s_caIe current = 19 mA setting 95 LA
BRT = 0x01
VaLs Ambient light sensor 27V2Vy255V @ 0.97 1 1.03 v
reference voltage
Logic thresholds - logic low 0 0.4
VhweN - — \
Logic thresholds - logic high 1.2 VN
Tsp Thermal shutdown 140 .
Hysteresis 15 ¢
12.77 13.531 14.29
8.504 9.011 9.518
5.107 5.411 5.715
2.143 2.271 2.399
1.836 1.946 2.055
1.713 1.815 1.917
) ) 1.510 1.6 1.69
Eﬁtg; feLs‘iQ‘sigfs“t internal pull-down | 5 7\, 5y, > 55V 1.074 1.138 1202  kQ
0.991 1.050 1.109
0.954 1.011 1.068
0.888 0.941 0.994
0.717 0.759 0.802
0.679 0.719 0.760
0.661 0.700 0.740
0.629 0.666 0.704

(1) All voltages are with respect to the potential at the GND pin.

(2) Min and Max limits are verified by design, test, or statistical analysis. Typical (typ.) numbers are not verified, but represent the most
likely norm.

(3) The ALS voltage specification is the maximum trip threshold for the ALS zone boundary (Code OxFF). Due to random offsets and the
mechanism for which the hysteresis voltage varies, it is recommended that only Codes 0x04 and above be used for Zone Boundary
Thresholds. See Zone Boundary Trip Points and Hysteresis and Minimum Zone Boundary Settings sections.

Copyright © 2009-2014, Texas Instruments Incorporated Submit Documentation Feedback 5
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Electrical Characteristics (continued)

Typical (TYP) limits are for T, = 25°C; minimum (MIN) and maximum (MAX) apply over the full operating ambient
temperature range (—40°C < T, < 85°C); V|y = 3.6 V, unless otherwise specified. ®®

PARAMETER ‘ TEST CONDITIONS | MIN TYP MAX UNIT
LOGIC VOLTAGE SPECIFICATIONS (SCL, SDA, PWM, INT)
Vi Input logic low 27V<VyNs5h5V 0 0.54 \Y
Viy Input logic high 27V<VyNs5h5V 1.26 Vin \Y
VoL Output logic low (SDA, INT) |l oap =3 MA 400 mV

7.6 1’C-Compatible Timing Requirements (SCL, SDA)®

MIN NOM MAX UNIT
ty SCL (Clock Period) 2.5 us
to Data in setup time to SCL high 100 ns
t3 Data out stable after SCL low 0 ns
" SDA low setup time to SCL low (start) 100 ns
tg SDA high hold time after SCL High (stop) 100 ns

(1) SCL and SDA must be glitch-free in order for proper brightness control to be realized.
7.7 Simple Interface Timing
MIN NOM MAX UNIT
tPwM HIGH Enable time, PWM pin must be held high 15 2 2.6
_ ms
tpwM_Low Disable time, PWM pin must be held low 1.48 2 2.69
f———— 1] ———
SCL .. ‘ .\

{C
Y

—— 1y ts
S5

SDIO
Data In 5
— t5
PR (d
SDIO ”
Data Out 5
t3—»
Figure 1. 1°’C-Compatible Timing
1> thwm_HIGHMAX) t < thwm_HIGHMIN)
-~ -
- <
t < thwm_LowmiN) t> thwm_Low(max)

Figure 2. Simple Enable/Disable Timing

6 Submit Documentation Feedback Copyright © 2009-2014, Texas Instruments Incorporated
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7.8 Typical Characteristics

Vi = 3.6 V, LEDs are OVSRWAC1R6 from OPTEK Technology, Coyr = 1 UF, Cp = 1 pF, L = TDK VLF5012ST-100M1RO,

(RL.=0.24 Q), I gp = 19 MA, T, = 25°C, unless otherwise specified.

Figure 7. Internal ALS Resistor vs V|y
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ALS Resistor Select Register = 0x44 Tp=85°C ALS Resistor Select Register = 0x44
Figure 5. Internal ALS Resistor vs V|y Figure 6. Internal ALS Resistor vs V|y
2260 [ [

- \ 40.96 T, = +25°C
_ \ 40,94 —
g 2256 A\ Rass E 1052 |

. = _400°

3 \ \ = Ty = -40°C
g 2254 A\ L3 ‘@ 40.90
8 \ £ 4088
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9 7 \\ N g
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Figure 8. Overvoltage Protection vs V|y

Copyright © 2009-2014, Texas Instruments Incorporated

Product Folder Links: LM3530

Submit Documentation Feedback 7



LM3530

SNVS606L —JUNE 2009—REVISED DECEMBER 2014

13 TEXAS
INSTRUMENTS

Typical Characteristics (continued)

Viy = 3.6 V, LEDs are OVSRWAC1R6 from OPTEK Technology, Cour = 1 UF, Ciy = 1 WF, L = TDK VLF5012ST-100M1RO,

(RL.=0.24 Q), I,gp = 19 mA, T, = 25°C, unless otherwise specified.

Figure 11. Switching Frequency vs Vg

Figure 12. Simple Enable Time vs V,y
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\\
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95.2 0.125
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Figure 9. Max Duty Cycle vs Vy Figure 10. NFET Switch On-Resistance vs V|y
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Figure 13. Simple Disable Time vs V|y

9.75
9.70

T, = +85°C

. AN

9.65

960

Tp=+25°C

<
< 955

SANN— Vw

"0 9.50
Hous |

. Ta=

9.40

-40°C

9.35

9.30

9.25

9.20

0 20

ILep Full Scale = 19 mA

40 60 80 100
fonm (kHZ)
50% Duty Cycle

Figure 14. I gp VS Fpwm
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Typical Characteristics (continued)

V\y = 3.6 V, LEDs are OVSRWAC1R6 from OPTEK Technology, Coyr = 1 uF, Cjy = 1 pF, L = TDK VLF5012ST-100M1R0,
(RL.=0.24 Q), I,gp = 19 mA, T, = 25°C, unless otherwise specified.

u

Channel 2: SDA (5V/div) Time Base (40ms/div)
Channel 3: I gp (10mA/div)

1.024ms/Step Up And Down

Figure 15. Ramp Rate (Exponential)

u

& 260ms —

Channel 2: SDA (5V/div) Time Base (100ms/div)
Channel 3: I gp (10mA/div)

2.048ms/Step Up And Down

Figure 16. Ramp Rate (Exponential)

Channel 2: SDA (5V/div) Time Base (200ms/div)
Channel 3: I gp (10mA/div)

4.096ms/Step Up And Down

Channel 2: SDA (5V/div) Time Base (400ms/div)
Channel 3: I gp (10mA/div)

8.192ms/Step Up And Down

Figure 17. Ramp Rate (Exponential)

K—208s — f

Time Base (1s/div)

Channel 2: SDA (5V/div)
Channel 3: I gp (10mA/div)
16.384ms/Step Up And Down

Figure 19. Ramp Rate (Exponential)

Figure 18. Ramp Rate (Exponential)

Channel 2: SDA (5V/div) Time Base (2s/div)
Channel 3: I gp (10mA/div)

32.768ms/Step Up And Down

Figure 20. Ramp Rate (Exponential)
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Typical Characteristics (continued)

V\y = 3.6 V, LEDs are OVSRWAC1R6 from OPTEK Technology, Coyr = 1 uF, Cjy = 1 pF, L = TDK VLF5012ST-100M1R0,
(RL.=0.24 Q), I,gp = 19 mA, T, = 25°C, unless otherwise specified.

Channel 1: I,y (200mA/div)
Channel 3: Voyt (20V/div)
Channel 4 (10mA/div)
L=22pH

Channel 2: SDA (5V/div)
Channel 3: I gp (10mA/div)
65.538ms/Step Up And Down

Time Base (4s/div) Time Base (2ms/div)
Ramp Rate = 8us/Step
ILED =19mA

VIN = 3.6V

Figure 21. Ramp Rate (Exponential)

Figure 22. Start-up Plot
v : B

2,

Channel 2: Voyt (500mV/div)

Channel 1: V|y (500mV/div)

Time Base (400us/div)
L=22pH

Channel 2: PWM (5V/div)
Channel 4: | gp (5mA/div)
Dpwm From 30% To 70%

Time Base (2ms/div)
I_ep Full Scale = 19 mA
FPWM =5 kHz

Channel 3: I gp (500pA/div)
Viy From 3.6 VTo 3.2V

ILED =19 mA

Figure 24. I gp Response To Step Change In PWM Duty
Cycle

Figure 23. Line Step Response

900

890 \

880 \\

= \
< \
.*g 870 \\\{
2 860 \ N .
g Q\\\ T, = +25°C
3 850 N \\\ ><
840 T, = +85°C g ‘\
830 \\\
820
25 30 35 40 45 50 55
VIN (V)

Closed Loop L=22pH

The value for current limit given in the Electrical Characteristics is measured in an open loop test by forcing current into SW until the
current limit comparator threshold is reached. The typical curve for current limit is measured in closed loop using the typical application
circuit by increasing loyt until the peak inductor current stops increasing. Closed loop data appears higher due to the delay between the
comparator trip point and the NFET turning off. This delay allows the closed loop inductor current to ramp higher after the trip point by
approximately 100 ns x V/L.

Figure 25. Current Limit vs Vy
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8 Detailed Description

8.1 Overview

The LM3530 utilizes an asynchronous step-up, current mode, PWM controller and regulated current sink to
provide an efficient and accurate LED current for white LED bias. The device powers a single series string of
LEDs with output voltages of up to 40 V and a peak inductor current of typically 839 mA. The input active voltage
range is from 2.7 Vto 5.5 V.

8.2 Functional Block Diagram

IN | OVP sSwW
| ittt it ittty Aot q
! Boost Control wov !
! |
! 400mV Thermal 1
] shutdown Light ovp ]
] Load |
! |
! |
| 140C H
! —d |
! |
: R R R R :
| — l; 250m0 |
HWEN ! s R 1
H
| 1 Ce Driver :
! 1
! 1
! I JUL !
| = |
[} Osc/ [}
scL 1 Ramp Over !
: Current :
Protecti
| ICICONTROL rotection H
t |
Va4
SDA : :
] z [ ot | GND
| 1
INT ' H = !
| 1 |
! |
! |
| Zone Change |
1= Flag [}
e e o o = = ——— ] S g g g g S U ——
F==—==—====-- B e ittt bt F==1
| Ma ' \
pping Mode Select Bit
i Current Control lapping iode seect ot :
1bit
! 1
: Active Zone :
Target 7 bits
! Register | 7P LED Ramp DAC ]
: Rate Control :
| 7 bits Note1 1
! Zone Targets X 5 BRT 7 bits Note 1 1
[} Register A cope 1
! 3bits 3 bits |
! |
| ALS Input Sel ALS Select Ramp Rate  Ramp Rate ]
| Averager/ Increasing Decreasing \
| Discriminator ~ f———» Zone Change les |
| Flag (5 mA- 30 mA) ] ILED
ALS1 | | T
L —_— l
| ADC Full Scale Current Full Scale .
| Select Bits Current L \
+ 1
ALS2 | /i/ 8 bits PWM Polarity Bit \
'3 ALS1 Resistor (0=active high, 1= N = |
: Select (4 Bits)  zone Boundaries active low) EN_PWM bit :
H — X4 H
! ALS2 Resistor |
: — Select (4 Bits) LPF :
| l———o |
! = Note 2 !
! D pwm !
! |
L PP |

Note 1:
Note 2:

PWM

Note 3: For EN_PWM bit=1
liep = Irs X Acope X Dpwm

For EN_PWM bit =0

lLeo = les X Acope

Deww Is a Scaler between 0 and 1 and corresponds to the duty cycle of the PWM input signal

Acooe Is a Scaler between 0 and 1 based on the Brightness Data or Zone Target Data Depending on the ALS Select Bit

Copyright © 2009-2014, Texas Instruments Incorporated

Product Folder Links: LM3530

Submit Documentation Feedback

11



13 TEXAS
INSTRUMENTS
LM3530

SNVS606L —JUNE 2009—REVISED DECEMBER 2014 www.ti.com

8.3 Feature Description

8.3.1 Start-Up

An internal soft-start prevents large inrush currents during start-up that can cause excessive current spikes at the
input. For the typical application circuit (using a 10-pH inductor, a 2.2-uF input capacitor, and a 1-puF output
capacitor) the average input current during start-up ramps from 0 to 300 mA in 3 ms. See Figure 22 in the
Typical Characteristics.

8.3.2 Light Load Operation

The LM3530 boost converter operates in three modes: continuous conduction, discontinuous conduction, and
skip mode. Under heavy loads when the inductor current does not reach zero before the end of the switching
period, the device switches at a constant frequency (500 kHz typical). As the output current decreases and the
inductor current reaches zero before the end of the switching period, the device operates in discontinuous
conduction. At very light loads the LM3530 will enter skip mode operation causing the switching period to
lengthen and the device to only switch as required to maintain regulation at the output. Light load operation
provides for improved efficiency at lighter LED currents compared to continuous and discontinuous conduction.
This is due to the pulsed frequency operation resulting in decreased switching losses in the boost converter.

8.3.3 Ambient Light Sensor

The LM3530 incorporates a dual input Ambient Light Sensing interface (ALS1 and ALS2) which translates an
analog output ambient light sensor to a user-specified brightness level. The ambient light sensing circuit has 4
programmable boundaries (ZB0 — ZB3) which define 5 ambient brightness zones. Each ambient brightness zone
corresponds to a programmable brightness threshold (ZOT — Z4T). The ALS interface is programmable to accept
the ambient light information from either the highest voltage of ALS1 or ALS2, the average voltage of ALS1 or
ALS2, or selectable from either ALS1 or ALS2.

Furthermore, each ambient light sensing input (ALS1 or ALS2) features 15 internal software selectable voltage
setting resistors. This allows the LM3530 the capability of interfacing with a wide selection of ambient light
sensors. Additionally, the ALS inputs can be configured as high impedance, thus providing for a true shutdown
during low power modes. The ALS resistors are selectable through the ALS Resistor Select Register (see
Table 9). Figure 26 shows a functional block diagram of the ambient light sensor input. VSNS represents the
active input as described in Table 6 bits [6:5].

Vdd

N ALS Path Functional Diagram
Ny Vsns
e 1
1 1 Vour
1 1
1 1
= : B
1 Zone | Averager P 1

[— Discriminator 3
i AD (LPF) i N
1 1 ~
1 1 N
i 7 bits i
: ALS Resistor o Zine Input Light output Z0 target light 7 bits 0 : =
: Select Register T Zine Light Targets for ZTtarget light 1 : 3
1 8 bits R Zone Each of 5 Z2target light 2 Ram 3
1 = Definiton Ambient | [ meciar] 3 1 p |7 vbits . 3
: 2 Registers Lightn;ol::s ZA:ar:e: h:h: 4 : control LED Driver
: User $e\ectable ! User Selectable w/ :
L Typical Defaults Typical Defaults J| 'i/:; bits

ALS Select eton
Figure 26. Ambient Light Sensor Functional Block Diagram
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Feature Description (continued)
8.3.4 ALS Operation

The ambient light sensor input has a 0-V to 1-V operational input voltage range. LM3530 Typical Application
shows the LM3530 with dual ambient light sensors (AVAGO, APDS-9005) and the internal ALS Resistor Select
Register set to 0x44 (2.27 kQ). This circuit converts 0 to 1000 LUX light into approximately a 0-mV to 850-mV
linear output voltage. The voltage at the active ambient light sensor input (ALS1 or ALS2) is compared against
the 8 bit values programmed into the Zone Boundary Registers (ZB0-ZB3). When the ambient light sensor output
crosses one of the ZB0O — ZB3 programmed thresholds the internal ALS circuitry will smoothly transition the LED
current to the new 7 bit brightness level as programmed into the appropriate Zone Target Register (ZOT — Z4T)
(see Figure 27).

The ALS Configuration Register bits [6:5] programs which input is the active input, bits [4:3] control the on/off
state of the ALS circuitry, and bits [2:0] control the ALS input averaging time. Additionally, the ALS Information
Register is a read-only register which contains a flag (bit 3) which is set each time the active ALS input changes
to a new zone. This flag is reset when the register is read back. Bits [2:0] of this register contain the current
active zone information.

Vals_ref= |
v

ZB3

ZB2

Vsense

ZB1

ZB0 Zone 1

z0T 71T z2T z3T 74T
Ambient Light (lux) LED Driver Input Code (0-127)

Figure 27. Ambient Light Input To Backlight Mapping

8.3.5 ALS Averaging Time

The ALS Averaging Time is the time over which the Averager block collects samples from the A/D converter and
then averages them to pass to the discriminator block (see Figure 26). Ambient light sensor samples are
averaged and then further processed by the discriminator block to provide rejection of noise and transient
signals. The averager is configurable with 8 different averaging times to provide varying amounts of noise and
transient rejection (see Table 5). The discriminator block algorithm has a maximum latency of two averaging
cycles; therefore, the averaging time selection determines the amount of delay that will exist between a steady-
state change in the ambient light conditions and the associated change of the backlight illumination. For
example, the A/D converter samples the ALS inputs at 16 kHz. If the averaging time is set to 1024 ms then the
Averager will send the updated zone information to the discriminator every 1024 ms. This zone information
contains the average of 16384 samples (1024 ms x 16 kHz). Due to the latency of 2 averaging cycles, the LED
current will not change until there has been a steady-state change in the ambient light for at least 2 averaging
periods.

8.3.5.1 Averager Operation

The magnitude and direction (either increasing or decreasing) of the Averager output is used to determine
whether the LM3530 should change brightness zones. The Averager block functions as follows:

1. First, the Averager always begins with a Zone 0 reading stored at start-up. If the main display LEDs are
active before the ALS block is enabled, it is recommended that the ALS Enable 1 bit is set to '1' at least 3
averaging periods before the ALS Enable 2 bit is set.
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Feature Description (continued)

2. The Averager will always round down to the lower zone in the event of a non-integer zone average. For
example, if during an averaging period the ALS input transitions between zones 1 and 2 resulting in an
averager output of 1.75, then the averager output will round down to 1 (see Figure 28).

3. The two most current averaging samples are used to make zone change decisions.

4. To make a zone change, data from three averaging cycles are needed. (Starting Value, First Transition,
Second Transition or Rest).

5. To Increase the brightness zone, the Averager output must have increased for at least 2 averaging periods
or increased and remained at the new level for at least two averaging periods (‘+' to '+' or '+' to 'Rest' in
Figure 29).

6. To decrease the brightness zone, the Averager output must have decreased for at least 2 averaging periods
or decreased and remained at the new level for at least two averaging periods (-' to - or '-' to 'Rest' in
Figure 29).

In the case of two consecutive increases or decreases in the Averager output, the LM3530 will transition to zone
equal to the last averager output (Figure 29).

Using the diagram for the ALS block (Figure 26), the flow of information is shown in (Figure 30). This starts with
the ALS input into the A/D, into the Averager, and then into the Discriminator. Each state filters the previous
output to help prevent unwanted zone to zone transitions.

When using the ALS averaging function, it is important to remember that the averaging cycle is free running and
is not synchronized with changing ambient lighting conditions. Due to the nature of the averager round down, an
increase in brightness can take between 2 and 3 averaging cycles to change zones, while a decrease in
brightness can take between 1 and 2 averaging cycles. See Table 6 for a list of possible Averager periods.
Figure 31 shows an example of how the perceived brightness change time can vary.

Zone 4 -I-
Zone 3 e Averager Output
Zone 2| I ‘R’ = Rest, '+ = Increase, ' = Decrease
Zone 1
— Zone 4
Zone 0 =
Zone 3
Zonei 10 i175i 35| 40 (2251225} 15 Zone 2
Average ul
Zone 1
Averager| 4 | 4 | 3 | a | 2] 2|1 Zone 0
Output
R + R + + + R R
Figure 28. Averager Calculation rightness (o 1o | o [ 1 [s]a]a]a
Zone 4
Zone 3
Zone 2
Zone 1
Zone 0
R - R - - - R R
Brightness
Zone 4 4 3 3 1 0 0 0
Zone 4
Zone 3
Zone 2
Zone 1
Zone 0
R + + + + L I R
Brightness
Zone 0 0 4 4 4 4 1 1

Figure 29. Brightness Zone Change Examples
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Figure 30. Ambient Light Input To Backlight o
Transition
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Zone3
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Figure 31. Perceived Brightness Change Time

8.3.6 Zone Boundary Settings

Registers 0x60, 0x61, 0x62, and 0x63 set the 4 zone boundaries (thresholds) for the ALS inputs. These 4 zone
boundaries create 5 brightness zones which map over to 5 separate brightness zone targets (see Figure 27).
Each 8-bit zone boundary register can set a threshold from typically O to 1 V with linear step sizes of
approximately 1/255 = 3.92 mV. Additionally, each zone boundary has built in hysteresis which can be either
lower or higher then the programmed Zone Boundary depending on the last direction (either up or down) of the
ALS input voltage.

8.3.7 Zone Boundary Trip Points and Hysteresis

For each zone boundary setting, the trip point will vary above or below the nominal set point depending on the
direction (either up or down) of the ALS input voltage. This is designed to keep the ALS input from oscillating
back and forth between zones in the event that the ALS voltage is residing near to the programmed zone
boundary threshold. The Zone Boundary Hysteresis will follow these 2 rules:

1. If the last zone transition was from low to high, then the trip point (V1gp) Will be Vzone sounpary = Vhyst/2,
where Vzone sounpary iS the zone boundary set point as programmed into the Zone Boundary registers, and
VyysT is typically 7 mV.

2. If the last zone transition was from high to low then the trip point (V1gp) Will be Vzone sounbary + Viyst/2.

Figure 32 details how the LM3530 ALS Input Zone Boundary Thresholds vary depending on the direction of the
ALS input voltage.

Referring to Figure 32, each numbered trip point shown is determined from the direction of the previous ALS
zone transition.
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V,
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Figure 32. Zone Boundaries With Hysteresis

8.3.8 Minimum Zone Boundary Settings

The actual minimum zone boundary setting is code 0x03. Codes of 0x00, 0x01, and 0x02 are all mapped to code
0x03. Table 1 shows the Zone Boundary codes 0x00 through 0x04, the typical thresholds, and the high and low
hysteresis values. The remapping of codes 0x00 - 0x02 plus the additional 4mV of offset voltage is necessary to
prevent random offsets and noise on the ALS inputs from creating threshold levels that are below GND. This
essentially guarantees that any Zone Boundary threshold selected is achievable with positive ALS voltages.

Table 1. Ideal Zone Boundary Settings with Hysteresis (Lower 5 Codes)

ZONE BOUNDARY CODE TYPICAL ZONE BOUNDARY TYPICAL THRESHOLD + TYPICAL THRESHOLD -
THRESHOLD (mV) HYSTERESIS (mV) HYSTERESIS (mV)
0x00 15.8 19.3 12.3
0x01 15.8 19.3 12.3
0x02 15.8 19.3 12.3
0x03 15.8 19.3 12.3
0x04 19.7 23.2 16.2
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8.3.9 LED Current Control

The LED current is is a function of the Full Scale Current, the Brightness Code, and the PWM input duty cycle.
The Brightness Code can either come from the BRT Register (0xA0) in 12C-Compatible Current Control, or from
the ALS Zone Target Registers (Address 0x70-0x74) in Ambient Light Current Control. Figure 33 shows the
current control block diagram.

| Mapping Mode Select Bit
] (0 = Exponental, 1= Linear)
| [Mactive zone ,*’ Lbit
| Target
| Register . i
" 7bits LEDRamp |\ f
| Rate Control |
| BRT
| Register 7 bits
Note 1
| 3 bits 3 bits Acope
| ALS Select Ramp Rate Ramp Rate
| Increasing  Decreasing
| |FS
| (5mA - 30 mA)
| Full Scale ’
Full Scale Current Select Bits 3 bits + LED Driver
: Current
| PWM Polarity Bit
| 0= act!ve high, _ Note 3
1 = active low) EN_PWM bit
|
| |
| LPF
e &_J»
Note 2
Dpwm

Note 1: Acooe Is a Scaler between 0 and 1 based on the Brightness Data or Zone Target Data Depending on the ALS Select Bit
Note 2: Dpwwm Is @ Scaler between 0 and 1 and corresponds to the duty cycle of the PWM input signal
Note 3: For EN_PWM bit=1

ILeo = Irs X Acope X Dpwm

For EN_PWM bit=0

liep = Irs X Acope

Figure 33. Current Control Block Diagram

8.3.10 Exponential or Linear Brightness Mapping Modes

With bit [1] of the General Configuration Register set to 0 (default) exponential mapping is selected and the code
in the Brightness Control Register corresponds to the Full-Scale LED current percentages in Table 2 and
Figure 34. With bit [1] set to 1 linear mapping is selected and the code in the Brightness Control Register
corresponds to the Full-Scale LED current percentages in Table 3 and Figure 35.

8.3.11 PWM Input Polarity

Bit [6] of the General Configuration Register controls the PWM input polarity. Setting this bit to 0 (default) selects
positive polarity and makes the LED current (with PWM mode enabled) a function of the positive duty cycle at
PWM. With this bit set to ‘0’ the LED current (with PWM mode enabled) becomes a function of the negative duty
cycle at PWM.

The PWM input is a logic level input with a frequency range of 400 Hz to 50 kHz. Internal filtering of the PWM
input signal converts the duty cycle information to an average (analog) control signal which directly controls the
LED current.
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Example: PWM + [2C-Compatible Current Control:

As an example, assume the the General Configuration Register is loaded with (0x2D). From Table 5, this sets up
the LM3530 with:

Simple Enable OFF (bit 7 = 0)

Positive PWM Polarity (bit 6 = 0)

PWM Enabled (bit 5 = 1)

Full-Scale Current set at 15.5 mA (bits [4:2] = 100)
Brightness Mapping set for Exponential (bit 1 = 0)
Device Enabled via I°C (bit 0 = 1)

Next, the Brightness Control Register is loaded with 0x73. This sets the LED current to 51.406% of full scale (see
Equation 1). Finally, the PWM input is driven with a 0-V to 2-V pulse waveform at 70% duty cycle. The LED
current under these conditions will be:

ltep = liep rs X BRTXD =15.5 mA x 51.4% X 70% = 5.58 mA.

where
» BRT is the percentage of |, gp g5 as set in the Brightness Control Register Q)

8.3.12 I°C-Compatible Current Control Only

I2C-Compatible Control is enabled by writing a '1' to the 1°C Device Enable bit (bit [0] of the General
Configuration Register), a '0' to the Simple Enable bit (bit 7), and a '0' to the PWM Enable bit (bit 5). With bit 5 =
0, the duty cycle information at the PWM input is not used in setting the LED current.

In this mode the LED current is a function of the Full-Scale LED current bits (bits [4:2] of the General
Configuration Register) and the code in the Brightness Control Register. The LED current mapping for the
Brightness Control Register can be linear or exponential depending on bit [1] in the General Configuration
Register (see Exponential or Linear Brightness Mapping Modes section). Using I?°C-Compatible Control Only, the
Full-Scale LED Current bits and the Brightness Control Register code provides nearly 1016 possible current
levels selectable over the 1°C-compatible interface.

Example: 1°C-Compatible Current Control Only:

As an example, assume the General Configuration Register is loaded with Ox15. From Table 5 this sets up the
LM3530 with:

Simple Enable OFF (bit 7 = 0)

Positive PWM Polarity (bit 6 = 0)

PWM Disabled (bit 5 = 0)

Full-Scale Current set at 22.5mA (bits [4:2] = 101)
Brightness Mapping set for Exponential (bit 1 = 0)
Device Enabled via I°C (bit 0 = 1)

The Brightness Control Register is then loaded with 0x72 (48.438% of full-scale current from Equation 2). The
LED current with this configuration becomes:
lieo = lep ks X BRT =22.5 mA x 0.48438 ~ 10.9 mA.

where
* BRTis the % of | gp s as set in the Brightness Control Register. (2)

Next, the brightness mapping is set to linear mapping mode (bit [1] in General Configuration Register set to 1).
Using the same Full-Scale current settings and Brightness Control Register settings as before, the LED current
becomes:

lieo = liep rs X BRT =22.5mA x 0.8976 ~ 20.2 mA. €)

Which is higher now since the code in the Brightness Control Register (0x72) corresponds to 89.76% of Full-
Scale LED Current due to the different mapping mode given in Figure 34.
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LED CURRENT (% of ILep max SETTING)

Table 2. I gp vs. Brightness Register Data (Exponential Mapping)
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Figure 34. Exponential Brightness Mapping

BRT DATA % FULL-SCALE BRT DATA (HEX) % OF FULL- | BRT DATA | % OF FULL- BRT % OF FULL-
(HEX) CURRENT SCALE (HEX) SCALE DATA SCALE
CURRENT CURRENT (HEX) CURRENT
0x00 0.00% 0x20 0.500% 0x40 2.953% 0x60 17.813%
0x01 0.080% 0x21 0.523% 0x41 3.125% 0x61 18.750%
0x02 0.086% 0x22 0.555% 0x42 3.336% 0x62 19.922%
0x03 0.094% 0x23 0.586% 0x43 3.500% 0x63 20.859%
0x04 0.102% 0x24 0.617% 0x44 3.719% 0x64 22.266%
0x05 0.109% 0x25 0.656% 0x45 3.906% 0x65 23.438%
0x06 0.117% 0x26 0.695% 0x46 4.141% 0x66 24.844%
0x07 0.125% 0x27 0.734% 0x47 4.375% 0x67 26.250%
0x08 0.133% 0x28 0.773% 0x48 4.648% 0x68 27.656%
0x09 0.141% 0x29 0.820% 0x49 4.922% 0x69 29.297%
O0x0A 0.148% 0x2A 0.867% 0x4A 5.195% Ox6A 31.172%
0x0B 0.156% 0x2B 0.914% 0x4B 5.469% 0x6B 32.813%
0x0C 0.164% 0x2C 0.969% 0x4C 5.781% 0x6C 34.453%
0x0D 0.172% 0x2D 1.031% 0x4D 6.125% 0x6D 35.547%
O0x0E 0.180% O0x2E 1.078% OX4E 6.484% Ox6E 38.828%
Ox0F 0.188% O0x2F 1.148% 0x4F 6.875% Ox6F 41.016%
0x10 0.203% 0x30 1.219% 0x50 7.266% 0x70 43.203%
0x11 0.211% 0x31 1.281% 0x51 7.656% 0x71 45.938%
0x12 0.227% 0x32 1.359% 0x52 8.047% 0x72 48.438%
0x13 0.242% 0x33 1.430% 0x53 8.594% 0x73 51.406%
0x14 0.250% 0x34 1.523% 0x54 9.063% 0x74 54.141%
0x15 0.266% 0x35 1.594% 0x55 9.609% 0x75 57.031%
0x16 0.281% 0x36 1.688% 0x56 10.078% 0x76 60.703%
0x17 0.297% 0x37 1.781% 0x57 10.781% ox77 63.984%
0x18 0.320% 0x38 1.898% 0x58 11.250% 0x78 67.813%
0x19 0.336% 0x39 2.016% 0x59 11.953% 0x79 71.875%
O0x1A 0.352% O0x3A 2.109% 0x5A 12.656% Ox7A 75.781%
0x1B 0.375% 0x3B 2.250% 0x5B 13.359% 0x7B 79.688%
0x1C 0.398% 0x3C 2.367% 0x5C 14.219% 0x7C 84.375%
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Table 2. I gp vs. Brightness Register Data (Exponential Mapping) (continued)

BRT DATA % FULL-SCALE BRT DATA (HEX) | % OF FULL- | BRT DATA | % OF FULL- BRT % OF FULL-
(HEX) CURRENT SCALE (HEX) SCALE DATA SCALE
CURRENT CURRENT (HEX) CURRENT
0x1D 0.422% 0x3D 2.508% 0x5D 15.000% Ox7D 89.844%
Ox1E 0.445% Ox3E 2.648% OX5E 15.859% OX7E 94.531%
Ox1F 0.469% Ox3F 2.789% Ox5F 16.875% OX7F 100.00%
~ 100
2
E 90
Lle 80
2 70
2\
@ 60
% 50
& 40
=
Z 30
o
% 20
g 10
u
CODE (DECMIL)
Figure 35. Linear Brightness Mapping
Table 3. I gp vs. Brightness Register Data (Linear Mapping)
BRT DATA % FULL- BRT DATA % OF FULL- BRT DATA % OF | BRT DATA (HEX) | % OF FULL-SCALE
(HEX) SCALE (HEX) SCALE (HEX) FULL- CURRENT (LINEAR)
CURREN CURRENT SCALE
T (LINEAR) CURRE
(LINEAR) NT
(LINEA
R)
0x00 0.00% 0x20 25.79% 0x40 50.78% 0x60 75.78%
0x01 1.57% 0x21 26.57% 0x41 51.57% 0x61 76.56%
0x02 2.35% 0x22 27.35% 0x42 52.35% 0x62 77.35%
0x03 3.13% 0x23 28.13% 0x43 53.13% 0x63 78.13%
0x04 3.91% 0x24 28.91% 0x44 53.91% 0x64 78.91%
0x05 4.69% 0x25 29.69% 0x45 54.69% 0x65 79.69%
0x06 5.48% 0x26 30.47% 0x46 55.47% 0x66 80.47%
0x07 6.26% 0x27 31.25% 0x47 56.25% 0x67 81.25%
0x08 7.04% 0x28 32.04% 0x48 57.03% 0x68 82.03%
0x09 7.82% 0x29 32.82% 0x49 57.82% 0x69 82.81%
OX0A 8.60% 0x2A 33.60% Ox4A 58.60% OX6A 83.59%
0x0B 9.38% 0x2B 34.38% 0x4B 59.38% 0x6B 84.38%
0x0C 10.16% 0x2C 35.16% 0x4C 60.16% 0x6C 85.16%
0x0D 10.94% 0x2D 35.94% 0x4D 60.94% 0x6D 85.94%
OXOE 11.72% Ox2E 36.72% OX4E 61.72% Ox6E 86.72%
OXOF 12.51% Ox2F 37.50% Ox4F 62.50% Ox6F 87.50%
0x10 13.29% 0x30 38.29% 0x50 63.28% 0x70 88.28%
0x11 14.07% 0x31 39.07% 0x51 64.06% 0x71 89.06%
0x12 14.85% 0x32 39.85% 0x52 64.85% 0x72 89.84%
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Table 3. I gp vs. Brightness Register Data (Linear Mapping) (continued)
BRT DATA % FULL- BRT DATA % OF FULL- BRT DATA % OF | BRT DATA (HEX) | % OF FULL-SCALE
(HEX) SCALE (HEX) SCALE (HEX) FULL- CURRENT (LINEAR)
CURREN CURRENT SCALE
T (LINEAR) CURRE
(LINEAR) NT
(LINEA
R)
0x13 15.63% 0x33 40.63% 0x53 65.63% 0x73 90.63%
0x14 16.41% 0x34 41.41% 0x54 66.41% 0x74 91.41%
0x15 17.19% 0x35 42.19% 0x55 67.19% 0x75 92.19%
0x16 17.97% 0x36 42.97% 0x56 67.97% 0x76 92.97%
0x17 18.76% 0x37 43.75% 0x57 68.75% 0x77 93.75%
0x18 19.54% 0x38 44.53% 0x58 69.53% 0x78 94.53%
0x19 20.32% 0x39 45.32% 0x59 70.39% 0x79 95.31%
Ox1A 21.10% 0x3A 46.10% OX5A 71.10% Ox7A 96.09%
0x1B 21.88% 0x3B 46.88% 0x5B 71.88% 0x7B 96.88%
0x1C 22.66% 0x3C 47.66% 0x5C 72.66% 0x7C 97.66%
0x1D 23.44% 0x3D 48.44% 0x5D 73.44% 0x7D 98.44%
Ox1E 24.22% Ox3E 49.22% OX5E 74.22% OX7E 99.22%
Ox1F 25.00% Ox3F 50.00% OX5F 75.00% Ox7F 100.00%
NOTE

When determining the LED current from (Table 2 and Table 3 ) there is a typical offset of
113 pA with a £300-pA variation that must be added to the calculated value for codes
Ox0A and below. For example, in linear mode with Iry | scaie = 19 mA and brightness
code 0x09 chosen, the nominal current setting is 0.0782 x 19 mA = 1.4858 mA. Adding in
the 113-pA typical offset gives 1.4858 mA + 0.113 mA = 1.5988 mA. With the typical
+300-pA range, the high and low currents can be I ow = 1.2988 mMA, lycu = 1.8988 mA.
For exponential mode with codes OxOA and below, this offset and variation error gets
divided down by 10 (11.3 pA offset with £30-pA typical range).

8.3.13 Simple Enable Disable With PWM Current Control

With bits [7 and 5] of the General Configuration Register set to ‘1’ the PWM input is enabled as a simple
enable/disable. The simple enable/disable feature operates as described in Figure 36. In this mode, when the
PWM input is held high (PWM Polarity bit = 0) for > 2 ms the LM3530 will turn on the LED current at the
programmed Full-Scale Current x % of Full-Scale Current as set by the code in the Brightness Control Register.
When the PWM input is held low for > 2 ms the device will shut down. With the PWM Polarity bit = 1 the PWM
input is configured for active low operation. In this configuration holding PWM low for > 2 ms will turn on the
device at the programmed Full-Scale Current x % of Full-Scale Current as set by the code in the Brightness
Control Register. Likewise, holding PWM high for > 2 ms will put the device in shutdown.

Driving the PWM input with a pulsed waveform at a variable duty cycle is also possible in simple enable/Disable
mode, so long as the low pulse width is < 2 ms. When a PWM signal is used in this mode the input duty cycle
information is internally filtered, and an analog voltage is used to control the LED current. This type of PWM
control (PWM to Analog current control) prevents large voltage excursions across the output capacitor that can
result in audible noise. Simple Enable/Disable mode can be useful since the default bit setting for the General
Configuration Register is OxCC (Simple Enable bit = 1, PWM Enable = 1, and Full-Scale Current = 19mA).
Additionally, the default Brightness Register setting is Ox7F (100% of Full-Scale current). This gives the LM3530
the ability to turn on after power up (or after reset) without having to do any writes to the 1°C-compatible bus.
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Figure 36. Simple Enable/Disable Timing

Example: Simple Enable Disable with PWM Current Control):

As an example, assume that the HWEN input is toggled low then high. This resets the LM3530 and sets all the
registers to their default value. When the PWM input is then pulled high for > 2 ms the LED current becomes:
liep = liep rs X BRTXD =19 mA x 100 x 100% =~ 19 mA.

where
* BRTis the % of I gp s as set in the Brightness Control Register. (4)

If then the PWM input is fed with a 5-kHz pulsed waveform at 40% duty cycle the LED current becomes:
lieo = lep s X BRTXD =19 mA x1.00 x 0.4 = 7.6 mA. (5)

Then, if the Brightness Control Register is loaded with 0x55 (9.6% of Full-Scale Current) the LED current
becomes:
liep = liep rs X BRTXD =19 mA x 9.65 x 0.4 ~ 0.73 mA. (6)

8.3.14 Ambient Light Current Control

With bits [4:3] of the ALS Configuration Register both set to 1, the LM3530 is configured for Ambient Light
Current Control. In this mode the ambient light sensing inputs (ALS1, and/or ALS2) monitor the outputs of analog
output ambient light sensing photo diodes and adjust the LED current depending on the ambient light. The
ambient light sensing circuit has 4 configurable Ambient Light Boundaries (ZB0O — ZB3) programmed through the
four (8-bit) Zone Boundary Registers. These zone boundaries define 5 ambient brightness zones (Figure 27).
Each zone corresponds to a programmable brightness setting which is programmable through the 5 Zone Target
Registers (ZOT — Z4T). When the ALS1, and/or ALS2 input (depending on the bit settings of the ALS Input Select
bits) detects that the ambient light has crossed to a new zone (as defined by one of the Zone Boundary
Registers) the LED current becomes a function of the Brightness Code loaded in the Zone Target Register which
corresponds to the new ambient light brightness zone.

On start-up the 4 Zone Boundary Registers are pre-loaded with 0x33 (51d), 0x66 (102d), 0x99 (153d), and OxCC
(204d). Each ALS input has a 1-V active input voltage range with a 4mV offset voltage which makes the default
Zone Boundaries set at:

Zone Boundary 0 = 1V x 51/255 + 4 mV = 204 mV

Zone Boundary 1 = 1V x 102/255 + 4 mV = 404 mV
Zone Boundary 2 = 1V x 153/255 + 4 mV = 604 mV
Zone Boundary 3 = 1V x 204/255 + 4 mV = 804 mV

These Zone Boundary Registers are all 8-bit (reada