ANALOG
DEVICES

MAX25561

General Description

The MAX25561 is a 6-channel LED backlight driver with
an integrated current-mode boost controller that
operates over a switching frequency range of 400kHz to
2.2MHz and incorporates spread spectrum. Selectable
phase-shifting of the output channels is included to
reduce EMI. The MAX25561 provides up to 220mA per
channel. The device is capable of operating down to very
low battery voltages by virtue of a unique input voltage
switching scheme.

Extensive diagnostics and an 12C interface are included
to assist with system ASIL B compliance.

The MAX25561 is available in a compact TQFN package
and operates over the -40°C to +125°C temperature
range.

Applications

e Automotive Instrument Clusters
¢ Automotive Central Information Displays

e Automotive Head-Up Displays

6 x 220mA, ASIL B LED Backlight
Driver with Boost Controller

Benefits and Features

e Operates Down to 3V on Battery Input while
Maintaining 5V Gate Drive
» Wide Boost Duty-Cycle Range

e Boost or SEPIC Current-Mode DC-DC Controller
* 400kHz to 2.2MHz Operating Frequency Range
» Optional Spread Spectrum
» Can Be Synchronized to an External Clock

e LED Current Sinks
+ Up to 220mA Output Current per String
* Low OUT_ Regulation Voltage
» Optional Phase-Shifting Between Channels

15000:1 Dimming Ratio at 200Hz

External or Internal (12C) Dimming

>15000:1 Dimming Ratio with Hybrid Dimming

Integrated Charge-Pump to Drive Series nMOSFET

Temperature Foldback Using External NTC

Temperature Sensor

e Fast Startup Option without I2C Intervention Using
EN Pin Only

o FLTB Output Provides Diagnostic Information

» Shorted or Open LEDs

* Any OUT_ Pin Shorted to GND

* IREF/RT Resistor Out of Range

* Thermal Warning/Shutdown

» Undervoltage/Overvoltage on Boost Output

+ Bandgap Out-of-Range/Internal Oscillator Failure

* V18 Internal Supply out-of-Range

* Input Overcurrent (Measured at Boost Input
Using External Sense Resistor)

* Input/Output PWM Comparison

* Continuous Output Current Measurement and
Current Mismatch (Shutdown/Flag)

e 12C Interface with CRC
* Readback of Measured DIM Pin Duty Cycle and
Frequency

e Compact TQFN Package
Ordering Information appears at end of data sheet.
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6 x 220mA, ASIL B LED Backlight
Driver with Boost Controller

Simplified Block Diagram

MAX25561
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Absolute Maximum Ratings
BATT, BOOST, OUT1-6, BSTMON, EN to GND -0.3V to +42V

SENSE t0 BATT ...ttt 0.3V
FLTB, DIM, SDA, SCLt0 GND .......ccccceviiiiinee -0.3V to +6V
PGND to GND ...=0.3V to +0.3V
LGND1,2t0 GND ...coviiiiiieeceereee -0.3V to +0.3V
NGATE t0 GND ... -0.3V to +42V
NGATE 10 BATT ..o 6V
VA8 10 GND ...t -0.3V to +2.2V

TEMP, CSP, COMP, IREF, ISET, RT, ADD to GND-0.3V  to
V18 + 0.3V

V510 GND ..o -0.3V to +6V
NDRV, NDRVS to GND ........ccceiiiiiiicne -0.3Vto V5 + 0.3V

NDRYV Peak Current (<100ns)

NDRYV Continuous Current

OUT_ Continuous Current

Continuous Power Dissipation (Single Layer Board) (Tp =
+70°C, derate 21.28mW/°C above +70°C) ..

Continuous Power Dissipation (Multilayer Board) (Ta = +70°C,

derate 27.8mW/°C above +70°C)
Operating Temperature Range
Junction Temperature Range
Storage Temperature Range

Lead Temperature (soldering, 10s)

............. 1702mw

............................... 2222mwW

-40°C to +125°C
-40°C to +150°C
-65°C to +150°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional operation of the device at these or
any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect

device reliability.
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6 x 220mA, ASIL B LED Backlight
Driver with Boost Controller

Package Information

MAX25561

Package Code T3255+6C
Outline Number 21-0140
Land Pattern Number 90-0603
Thermal Resistance, Four-Layer Board:
Junction to Ambient (6a) 36°C/W
Junction to Case (6,¢) 3°C/W

Electrical Characteristics

(Limits are 100% tested at Tp = +25°C and Tp = +125°C. Limits over the operating temperature range and relevant supply voltage
range are guaranteed by design and characterization. Specifications marked "GBD" are guaranteed by design and not production

tested.)
PARAMETER ‘ SYMBOL ‘ CONDITIONS MIN TYP MAX UNITS
POWER SUPPLY
BATT Operating Voltage VBATT 45 36 v
Range
BATT Operating Voltage . .
Range After Startup Maximum duration 100ms 3 36 \
BATT Quiescent Supply IBATT No switching 2.3 3 mA
Current
BATT Shutdown Supply 4 10 uA
Current
BATT Undervoltage 4.1 4.25 4.35 v
Lockout Rising
BATT Undewoltage 277 29 295 v
Lockout Falling
BATT Threshold for
Low-Voltage Operation VBATT LVF 5.28 5.45 5.6 \Y;
Mode, Falling
BATT Threshold for
Low-Voltage Operation VBATT_LVR 55 5.66 5.82 Y
Mode, Rising
V18 REGULATOR
V18 Output Voltage Vv1g_AcC | No load on V18 1.72 1.8 1.88 \Y%
V18 Current Limit ILiM_v18 Vv1g =1V 50 mA
V18 Undervoltage Vv1g_UVLO | V18 voltage rising 16 1.65 1.7 v
Lockout
V

V18 Undgrvoltage V18_UVLO_H 150 mv
Hysteresis YS
V18 Power-on-Reset Design guidance 1.4 \Y
Level
V180O0R Diagnostic 8 +8 %
Levels
V5 REGULATOR
V5 Output Voltage Vys VBATT = 5.75V to 36V, lys = 10mA 48 5 5.2 v
V5 Dropout Voltage Vvs DRP | VBOOST = 4.9V, ly5 = 5mA 0.18 0.3 Vv
V5 Undervoltage Vv5_UVLOR | V5 voltage rising 3.75 3.9 4.05 v
Lockout Vv5_UVLOF | V5 voltage falling 3.6 3.7 3.8
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6 x 220mA, ASIL B LED Backlight

Driver with Boost Controller

MAX25561

(Limits are 100% tested at Tp = +25°C and Tp = +125°C. Limits over the operating temperature range and relevant supply voltage
range are guaranteed by design and characterization. Specifications marked "GBD" are guaranteed by design and not production

tested.)

PARAMETER

SYMBOL

CONDITIONS

MIN

TYP

MAX

UNITS

V5 Short-Circuit Current
Limit

lvs_sc

V5 shorted to GND

30

mA

V5 Overvoltage
Threshold, Rising

5.6

5.75

5.85

\Y

V5 Overvoltage
Threshold Hysteresis

100

mV

NGATE OUTPUT/INPUT

CURRENT SENSING

NGATE Output Voltage

VNGATE

Above VpaTT, 3V < VpaTT < 33V,
INGATE = THA

5.25

6.3

NGATE Source Current

ING_sO

VNGATE = VBATT

50

MA

NGATE Sink Current

ING_SINK

VNGATE = 14V = VgaTT

10

mA

NGATE Output Voltage
at High Input Voltage

VNGATE_HV

Above VBATT, VBATT > 35.5V,
INGATE = THA

BATT HV Comparator
Threshold

VLD_THR

BATT voltage rising

36

BATT HV Comparator
Hysteresis

VLD _HYS

0.7

NGATE Start Delay

tNG_DEL

Delay between NGATE charge-pump
turning on and BSTMON rising

2.2

ms

BATT-SENSE
Overcurrent Threshold

VBATT SNS

190

200

210

mV

SENSE Input Bias
Current

Isns

10

16

A

BATT-SENSE
Overcurrent Turnoff
Delay

tsb_sNs

ms

RT OSCILLATOR

Switching Frequency
Range

fsw_RT

Frequency dithering disabled

400

2200

kHz

Oscillator Frequency
Accuracy

IRT = 13.85UA (fgyy = 400kHzZ),
IRT = 76.1uA (fgy = 2200kHz)

-10

+10

%

Boost Converter
Maximum Duty Cycle,
High Frequency

fsw = 1.8MHz to 2.2MHz

89

92

95

%

Boost Converter
Maximum Duty Cycle,
Low Frequency

fgw = 400kHz to 500kHz

94

98

%

Boost Minimum On-
Time

ns

Frequency Dither, High
Setting

SSL=1

%

Frequency Dither, Low
Setting

SS

SSL=1

%

RT Output Voltage

VRT

RRT = 65kQ or RgrT = 10kQ

0.875

0.9

0.925

Sync Threshold

VRT_SYNC

VRT rising

0.77

0.84

Sync Frequency Duty
Cycle

Dsynec

50

%

Sync Frequency Range

400

2200

kHz

SLOPE COMPENSATION
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6 x 220mA, ASIL B LED Backlight MAX25561

Driver with Boost Controller

(Limits are 100% tested at Tp = +25°C and Tp = +125°C. Limits over the operating temperature range and relevant supply voltage
range are guaranteed by design and characterization. Specifications marked "GBD" are guaranteed by design and not production

tested.)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Peak Slope
Compensation Current Current ramp added to CS 42 50 58 MA
Ramp Magnitude
CURRENT-LIMIT COMPARATOR

Vesp-csNL | bl_ilim =1 275 300 325
CSP Threshold Voltage — mV

Vesp-csN | bl_ilim =0 380 410 440
CSP Threshold Voltage Vesp_Lv | VBATT < VBATT_LVF, VBarT falling 560 600 640 mvV
During Low Voltage
CSP Input Current Icsp VEN =0V, Vcsp = 0.4V 1 pA
ERROR AMPLIFIER
OUT_ Regulation High V. )
Threshold OUT_ falling 0.82 0.85 0.87 \%
OUT_ Regulation Low v .
Threshold OUT_ rising 0.55 0.58 0.61 \%
Transconductance 410 630 890 uS
COMP Sink Current Veowmp = 1V 270 380 500 pA
COMP Source Current Veowmp = 1V 270 380 500 pA
MOSFET DRIVER
NDRV On-Resistance

’ | =100mA
High Side NDRV 1.5 3 Q
NDRV.On-ReS|stance, INDRY = -100mA 12 5 0
Low Side
NDRYV Rise Time CNDRv = 1nF ns
NDRV Fall Time CNDRv = 1nF ns
NDRVS Input Logic-Low | ViL_NDRvs | VNDRvs falling 2.4 \Y;
EBEVS Input Logic- ViH_NDRVS | VNDRvs rising 2.55 3.3 v
NDRVS Input Current INDRVS VNDRvs = 5V 60 80 HA
LED CURRENT SINKS
IREF Output Voltage VIREF liREF = 40mA 0.86 0.88 0.9 \Y;
IREF Out-of-Range
Threshold IREFOOR 11 17.6 kQ
Full-Scale OUT_ Output louT225 RIREF = 22kQ), 225mA setting 217 225 231 A
Current louT100 RIREF = 22k, 100mA setting 97.5 100 103.5
i |

Current Regylatlon OUT_MATCH2 louT_ = 225mA 25 +25 %
Between Strings 25
CurrentTSettlng louT LsB 15 mA
Resolution

I TON_ MM DIg=1 | JOUT_~ 36V, DIM 1 3 A

OUT_LEAKI - = B =0, any OUT pin H

VOUT_ =36V, DIM
OUT_ Leakage Current | |0, | akos | TON_MM_DIS=1 | =0, any OUT_ pin, 1 uA
Ta=+25°C

louT LEAKO | TON_MM DIS=0 75 100 LA

OUT_ Minimum Pulse
— t

Width OUT_ 300 ns
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6 x 220mA, ASIL B LED Backlight
Driver with Boost Controller

MAX25561

(Limits are 100% tested at Tp = +25°C and Tp = +125°C. Limits over the operating temperature range and relevant supply voltage
range are guaranteed by design and characterization. Specifications marked "GBD" are guaranteed by design and not production

tested.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
OUT_ Minimum 90 ns
Negative Pulse Width
louT_Rise Time lout_TR 10% to 90% | OUT_ 150 ns
louT_Fall Time louT_TF 90% to 10% | OUT_ 20 ns
DIM INPUT
DIM Frequency Range 90 50000 Hz
DIM Sampling 20 MHz
Frequency
FAULT DETECTION

SLDET[1:0] = 11 7.7 8.1
LED Short-Detection VIHSHRT | SLDET[1:0] = 10 56 6.4 v
Threshold

SLDET[1:0] = 01 2.8 3.2
OUT_ Check-LED- lout_ckLep | Vout_=0.5V 45 60 75 WA
Source Current
OUT_ Short-to-GND .

- V V fallin
Detection Threshold OUT_GND ouT_ 9 230 250 270 mV
OUT_ Unused-

Detection High VouT_UN 0.8 0.85 0.9 \Y;
Threshold
OUT_ Open-LED- v
Detection Threshold OUT_OPEN 230 250 270 mv
Shorted-LED-Detection

tSHRT 6.8 us
Flag Delay
OVERVOLTAGE AND UNDERVOLTAGE PROTECTION
BSTMON Overvoltage | vporyvion_ov | VaesTmon fising 0.92 0.95 0.98 v
Threshold

Vv

BSTMON Overvoltage BSTMON_OV 50 mv
Hysteresis HYS
BSTMON Input Bias lssTMON | 0 <VBsTMON < 1V -1 +1 HA
Current
BSTMON Undervoltage- | v niyi0 | VasTmon rising 0.38 0.4 0.412 v
Trip Threshold
Boost Undervoltage- OVPUVLO_BL 10 s
Detection Delay K H
Boost Undervoltage- After soft-startup, fast_ss =0 49 53.25 57.5

. ) ms
Blanking Time After soft-start, fast_ss =1 26.28 28.46 30.74
TEMP PIN
TEMP Pin Voltage VTEMP ITEMP = -10pA 380 400 420 mvV
ITEMP to louT_Gain VTEMP < 400mV 0.67 %IuA
TEMP Pin Disable
Threshold 0.5 v
TEMP Pin Leakage 0.005 05 uA
Current
TEMP Current for LED

|
Current Disable TEMPD 125 WA

LOGIC INPUTS AND OUTPUTS (EN, SCL, SDA, DIM, FLTB)
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6 x 220mA, ASIL B LED Backlight

Driver with Boost

Controller

MAX25561

(Limits are 100% tested at Tp = +25°C and Tp = +125°C. Limits over the operating temperature range and relevant supply voltage
range are guaranteed by design and characterization. Specifications marked "GBD" are guaranteed by design and not production

tested.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Digital Inputs Logic-High ViH 1.22 Y
Digital Inputs Logic-Low ViL 0.6 \Y
Digital Inputs Hysteresis Vhys 300 mV
EN Input Pull-Down RpDEN 100 165 240 kQ
Resistor
EN Blanking Time tEN_BLK 10 us
DIM, ADD MODE

’ » and MO IDIN_PUP VpiN =0V 2 pA
Pull-up Current
DIM Frequency Range 90 Hz
DIM Sampling 18 20 22 MHz
Frequency
SCL Input Current IDIN VpIN = +5V 1 pA
FLTB, SDA Output L

» SDA Output Low VoL_out IFLTB = Ispa = SMA 0.4 \Y;
Voltage
FLTB, SDA Output

‘ utpu louT LEAK | VEN =0V, VFLTB = VgpA = 5.5V 1 pA
Leakage Current
THERMAL SHUTDOWN
Thermal-Shutdown R
Threshold 160 C
ThermaI-Shutdown 17 °C
Hysteresis
Thermal Warning o
Threshold 125 c
ANALOG-TO-DIGITAL CONVERTER (ADC)

ADC Mgasurement ADC BIT 8 bits
Resolution
Total Measurement E_ADC_| |225mA setting 12 +12 mA
Error, Current
Total Measurement VBsTMmON = 1V,
Error, Voltage E_ADC_V VBATT - VSENSE = 200mV -50 +50 mv
ADC Gain Error ADC GAIN 225mA setting -4 +4 %
ADC Offset Error ADC OFF 225mA setting -4 +4 LSB
Measurement
Resolution, Current LSB OUT 1 mA
Measurement

LSB
Resolution, BSTMON BSTMON 3.92 mv
Measurement
Resolution, BATT- LSBsENSE 1 mv
SENSE
I12C INTERFACE
Clock Frequency fscL 0.4 MHz
Hold Time (Repeated) ton.
START HD:STA 600 ns
SCL Low Time tLow 1300 ns
SCL High Time tHIGH 600 ns
Setup Time (Repeated) tarl.
START SU:STA 600 ns
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6 x 220mA, ASIL B LED Backlight
Driver with Boost Controller

MAX25561

(Limits are 100% tested at Tp = +25°C and Tp = +125°C. Limits over the operating temperature range and relevant supply voltage
range are guaranteed by design and characterization. Specifications marked "GBD" are guaranteed by design and not production

tested.
IzARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Data Hold Time tHD:DAT 0 ns
Data Setup Time tsu:DAT 100 ns
cszit: dp?t;g:]ne for STOP tsu:sTo 600 ns
Spike Suppression 50 ns
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6 x 220mA, ASIL B LED Backlight
Driver with Boost Controller

Typical Operating Characteristics
(VIN = VEN = 12V, 6x9 LED load at 200mA, fgyy = 2.2MHz, T = +25°C unless otherwise noted.)

Vig (V)

TOTAL BATT SHUTDOWN CURRENT
vs. BATT SUPPLY VOLTAGE

4 T
35 Ven =0V H
3 /
25 —
s, — |
F
T 15
1
05
0
10 15 20 25 30 35
Vearr (V)
V;5 LOAD REGULATION
toc04
18
\\\
178 \
1.76
174
1.72
0 5 10 15 20 25 30
ly1g (MA)
STARTUP WAVEFORM
(FAST_SS=0)
oc07
10V/div
5V/div
Veoost | ov
DIM ov
500mA/div
NED | A i | omA
fom = 200Hz, tpyy = 1.25ms

100ms/div

www.analog.com

TOTAL BATT QUIESCENT CURRENT
vs. BATT SUPPLY VOLTAGE

toc:

5Vidiv

500mA/div
5Vidiv
ov

OmA
ov

SVidiv

500mA/div
5V/div
ov

OmA
ov

2.35
ENA=0
23
z 225
£
£
- 22
215
4
21
0 6 12 18 24 30 36
Vaarr (V)
STARTUP WAVEFORM
(FAST_SS=0)
toc05
Vo =5V
|
~
| .
?
DIM
leo ’
v e
BoOST
100ms/div
STARTUP WAVEFORM
(FAST_SS=1) o
L
|
|
|
|
|
|
~
!
DIM
LED |t
Veoost Vo =5V

40ms/div

MAX25561

Vg LINE REGULATION
tocO:
18 ‘
Iy1g = 10mA
1.795
)
2179
1.785
1.78
0 6 12 18 24 30 36
Vearr (V)
STARTUP WAVEFORM
(FAST_SS=0)
toc06
/*-.——-—-—- 10V/div
~ 5Vidiv
Veoost oV
DIM ov
500mA/div
L1 E— S O0mA
fom = 200Hz, tyy = 50ps
100ms/div
LED SWITCHING WITH
DIMMING PULSE WIDTH OF 300ns __
PSEN=0
5Vidiv
DIM ov
100mA/div
[y S— 0mA

200ns/div
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6 x 220mA, ASIL B LED Backlight
Driver with Boost Controller

MAX25561

(VIN = VEN = 12V, 6x9 LED load at 200mA, fgy = 2.2MHz, Tp = +25°C unless otherwise noted.)

LED DRIVER EFFICIENCY LED DRIVER EFFICIENCY
LED OPENFAULTONOUT1 vs. BATT VOLTAGE vs. ISET CURRENT etz
100% — 96%
N vidiv 98% |— 4% T
5Vidiv 92%
. 96% o ol
S Vidiv 0% o
94% —
= L] S 88% / al
S 9% SR 4 L~
Vrurs S — Y o —T | o 86%
g 0% S gy i = 400kHz
o 88% = / L =10pH
& & 8% !
% o |1V
84% 8% Z fsw_: 2.2MHz
82% / Isgr = 225mA 76% L=47uH Vaarr = 12V
VeoosT o / 8 LEDs PER STRING o 8 LEDs PER STRING
Vourt oV 80% T SRS S 74% ! !
v 6 7 8 9 10 11 12 13 14 15 16 35 745 1145 1545 1945 2345
Vearr (V) Iser (MA)
FADING WAVEFORM
LED OUTPUTS WITH PHASE SHIFT LED OUTPUTS WITHOUT PHASE SHIFT (DIMMING TRANSITION FROM 100%
(fon = 200Hz, DUTY CYCLE = 25%) . (fom = 200Hz, DUTY CYCLE = 25%) ., TO 50% DUTY CYCLE) oc15
T T 30V/div [ 30V/div Wi
o 1 v
Vourt fe (- - - oV Vourt e — L- -] oV
. 30V/div | 30V/div
Vourz ov Vour2 | oV Vom o
RS S E———— 5TV Y \ 30V/div
Vours | = —_ — —_ ov Vouts fe -} I_ el ov o 1ovidiv
VOV E— ] 30V/div RV [oronp——— ) I1nAnnnnnnn
Vours — - — - OV Vouts fe= - - — o
e e — | 30V/diV ‘ 30V/div
Vours - [~ - el | OV VouTs fue | .| L. | .| oo
30V/div » : 30V/div VOUT! et e i o it 1 s b | OV
Vouts . o [ ov Vouts |- l._. | ov ::D}\%Efggmgg IFQAS:EI?IE b
2ms/div 2ms/div
10ms/div
HYBRID DIMMING WAVEFORM LED CURRENT VARIATION
(DIMMING TRANSITION FROM vs. TEMPERATURE LED CURRENT vs. TEMPERATURE
75% TO 25% DUTY CYCLE) toc16 VARYING Iset[6:0] otr (TEMPERATURE FOLDBACK)
0.809 = —
fot = 200Hz, HDIM = 1, I = 225mA, B
HOIM_THR 1_0= 10, PSEN = 0 0.60% ! ! 1 2” z 28332 1
{ 5V/div 040% 100.5mA 27
f Y 08
DIM | o . 020%=
s i 225mA —
3 0.00% A = 6
E 0.20% \ 5
I— 500mA/div g 7T 1soma /4 \ <]
‘ g -0.40% \ 04
060% 345mA 02 ™
| }
Lep 0mA 080% i i
-1.00% 0
10ms/div 50 25 0 25 50 75 100 125 4 50 60 70 8 90 100 110 120
TEMPERATURE (°C) TEMPERATURE (°C)
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6 x 220mA, ASIL B LED Backlight
Driver with Boost Controller

(VIN = VEN = 12V, 6x9 LED load at 200mA, fgy = 2.2MHz, Tp = +25°C unless otherwise noted.)

ADC CURRENT ERROR vs. TEMPERATURE

MAX25561

LED SHORT FAULT ON OUT1 (2.2MHz SWITCHING FREQUENCY) toy MISMATCH FAULT ON OUT3
(SLDET =3V) toc19 SINGLE MEASUREMENT (OUT3 SHORTED TO 3.3V) toc21
5 —T—T ‘ ‘ ‘ ‘ o0 — — 7 — m— | 5V/div
IggT = 34.5mA
10Vidiv i Iser=100.8mA ——] oV S S B S B S I W Y
——| 2Vfdiv 3 = 20V/div
| 10V/div ) ]
3
= 4 Vourz oV
O‘
Vet N T S ! ' g8 hN - 20V/div
Vsoost o % T lser=225mA Isgp = 150mA. VouTs | s e e cammmaren| 0\
g, I Widiv
Vourt oV
3
4 VeLre AENPUE———J T
5 fom = 2KHz, toyy = 250ps, PSEN =0
- 40 25 10 5 20 35 50 65 80 95 110 125
10ms/div 200ps/div
TEMPERATURE (°C)
CURRENT MISMATCH FAULT
ON OUT1 FOLLOWING
TEMPERATURE FOLDBACK .,
[y 50mA/div
\V
",
A
N
LY
|e— Nidiv
loutt L
VeLte re——— 0V
Isgr = 225mA
200ms/div
Pin Configurations
g = ®
o
TOP VIEW = £ 3 E & 2 o
o O v & 8 & ®
(&) o s3] > = =z o o
124112311221 1211120} 119} 118} 17
NP [ S ) ) S S I
. e
ouTt | 25| 116 ] coN
o o
LGND1 | 26 ! i i 115 | ADD
- 1 | -
our2 |27 L
| <0 ! ! 7
i ! ! o
28 | | I 13 ] V18
ours L2 MAX25561 Pt
. I I [
ouT4 | 29 | ! | 1 12| IREF
| <71 ! ! il
- 1 I ==
ouT5 | 30 | | 1 ' 1] GND
Badil ! ! 2
AN | ===
LGND2 + \\,,,,,,,,,,,,,,,,,,J | 7197 SDA
i o
ouT6 | 32 | 1 9] scL
S m e mmam e mma m e m
P11 200300410 510611718
F o W W - z o =S
= = =
233za3 =°
= [}
TQFN
5mm x 5mm
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6 x 220mA, ASIL B LED Backlight MAX25561
Driver with Boost Controller

Pin Descriptions

PIN NAME FUNCTION
Startup LED Current Setting Pin. Connect a resistor to this pin to set the initial LED current in each of the
1 ISET channels and enable startup when the EN pin is taken high. LED current can be adjusted by writing to
the ISET_REG register after startup. If using I2C to set the LED current and enable the device, connect
the ISET pin to V18.
Temperature Sensor Input. To implement LED current reduction at high temperatures, connect an NTC
2 TEMP temperature sensor to GND with resistors from the NTC to TEMP and V18. If unused, connect TEMP to
V18.
3 NGATE | Gate Connection for External Series nMOSFET Driven by the Internal Charge Pump
4 SENSE Boost Input Current Sense Input. Connect to a sense resistor in series with the boost input. If unused,
connect SENSE to BATT.
LED Driver Supply Input. Connect BATT to a 4.5V to 40V supply. Bypass BATT to ground with ceramic
5 BATT ,
capacitors of 2.2mF and 0.1nF.
6 EN Enable Input. When EN is high, the device is enabled. When EN is low, the device is in shutdown with
low quiescent current. EN has an internal pull-down resistor.
Active-Low, Open-Drain Fault Indication Output. Connect an external pull-up resistor from FLTB to an
7 FLTB
external supply lower than 5V.
DIM PWM Dimming Input. DIM has an internal pull-up to V18.
9 SCL 12C Clock Input
10 SDA I2C Data I/O
11 GND Ground Connection
12 IREF Reference Current Set Pin. Connect a 1% resistor of value 22kQ from IREF to GND.
Output of Internal 1.8V Regulator. Connect a 2.2uF capacitor from V18 to GND with an additional 100nF
13 V18 . .
capacitor close to the V18 and GND pins.
14 RT Frequency Setting Resistor for Backlight Boost Converter
Device Address Select Pin. Connect to GND or V18 to select the device I2C address. See Table 3. ADD
15 ADD .
has an internal pull-up to V18.
LED Driver MOSFET Negative Current-Sense Connection. Connect this pin directly to the GND side of
16 CSN i :
the compensation network connected to the COMP pin.
LED Driver MOSFET Positive Current-Sense Connection. Connect a sense resistor from the MOSFET
17 CSP source to PGND and a further resistor from the MOSFET source to the CSP pin to set the slope
compensation (see the Current-Sense Resistor and Slope Compensation section).
18 PGND Power Ground Connection
19 NDRVS Sense Connection for Gate of External MOSFET. Connect NDRVS directly to the gate after the gate
resistor.
Switching nMOSFET Gate-Driver Output. Connect NDRYV to the gate of the external switching power
20 NDRV MOSFET. Typically, a small resistor (1Q to 22Q) is inserted between the NDRV output and nMOSFET
gate to decrease the slew rate of the gate driver and reduce the switching noise.
21 V5 5V Regulator Output, Voltage Supply for NDRV Gate Driver. Place 2.2uF and 22nF ceramic capacitors
as close as possible to the device, between V5 and GND.
Boost Output Voltage Connection. BOOST is used to supply power to the V¢ regulator when the IN
22 BOOST . . . .
voltage is too low. Bypass with a 0.1mF capacitor placed close to the pin.
23 BSTMON LED Driver Output-Voltage-Sensing Input. This voltage is used for overvoltage and undervoltage
protection. Connect a resistor-divider between the boost converter output, BSTMON pin, and GND.
LED Driver Switching-Converter Compensation Input. Connect an RC network from COMP to GND to
24 COMP .
compensate the backlight boost converter.
25 OouUT1 LED String 1 Cathode Connection. Do not connect more than 470pF of capacitance from OUT1 to GND.
26 LGND1 LED Ground Connection
27 OUT2 LED String 2 Cathode Connection. Connect OUT2 to ground using a 9.1kQ resistor if not used. Do not
connect more than 470pF of capacitance from OUT2 to GND.

www.analog.com

Analog Devices | 12



6 x 220mA, ASIL B LED Backlight MAX25561
Driver with Boost Controller

28 OUT3 LED String 3 Cathode Connection. Connect OUT3 to ground using a 9.1kQ resistor if not used. Do not
connect more than 470pF of capacitance from OUT3 to GND.

29 oUT4 LED String 4 Cathode Connection. Connect OUT4 to ground using a 9.1kQ resistor if not used. Do not
connect more than 470pF of capacitance from OUT4 to GND.

30 OUT5 LED String 5 Cathode Connection. .Connect OUT4 to ground using a 9.1kQ resistor if not used. Do not
connect more than 470pF of capacitance from OUT5 to GND.

31 LGND2 LED Ground Connection

32 ouTs LED String 6 Cathode Connection. Connect OUT4 to ground using a 9.1kQ resistor if not used. Do not
connect more than 470pF of capacitance from OUT6 to GND.

. EP Exposed Pad. Connect to a large contiguous copper-ground plane for optimal heat dissipation. Do not
use EP as the only electrical ground connection.

www.analog.com
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Functional Diagrams
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Detailed Description

The MAX25561 is a 6-channel LED backlight driver with an integrated current-mode boost controller that operates over
a switching frequency range of 400kHz to 2.2MHz and incorporates spread spectrum. Selectable phase-shifting of the
output channels is included to reduce EMI. The MAX25561 provides up to 220mA per channel. The device is capable of
operating down to very low battery voltages while maintaining 5V drive for the external MOSFET at NDRV.

Extensive diagnostics and an I12C interface are included to assist with system ASIL B compliance.
The MAX25561 is available in a compact TQFN package and operates over the -40°C to +125°C temperature range.

Undervoltage Lockout

The device features three undervoltage circuits that monitor the input voltage at BATT and the outputs of the internal LDO
regulators at V5 and V18. The backlight boost can be enabled only when BATT, V5, and V18 exceed their respective
UVLO thresholds.

BATT_UV Indication Bit

The BATT_UV bit in DIAG2_REG indicates when the BATT input is below the undervoltage lockout. During power-up,
until the BATT input has crossed its undervoltage threshold, it is not possible to communicate with the device and thus
the BATT_UV bit cannot be read.

Low-Voltage Operation

After the boost soft-start is completed, the MAX25561 continues to operate with BATT voltages lower than 5V while
maintaining 5V drive for the external MOSFET at NDRV. When the voltage at BATT drops to VBATT LvF, the V5 regulator

switches its input from BATT to BOOST, the boost converter current limit is automatically increased to Vcsp Ly, and the
switching frequency is reduced if it is greater than 1.4MHz. Switchover occurs as long as the voltage on BOOST is above
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VBATT_LVF- In this mode, if the standard current limit is exceeded on 4 consecutive cycles, a 100ms timer is started,
which returns the current limit to its original value when it expires.

When BATT returns to a voltage above VBATT LVR, the V5 regulator resumes operation from BATT and the converter

current limit and switching frequency return to their former values. Bypass BATT and BOOST with ceramic capacitors
placed close to the respective pins.

At very low input voltages, the efficiency of the boost converter reduces and the input current can reach very high levels
as a consequence. The external boost converter components must be selected for worst-case operation. An alternative
is to reduce the output power at low input voltages.

If the voltage at BATT drops below the undervoltage lockout level (VBATT UvF) at any time, the boost converter is
disabled.

Input Current Monitoring

Input overcurrent protection is implemented by using an external sense resistor connected between BATT and SENSE.
If the voltage across the sense resistor exceeds 200mV after the 2ms NGATE turn-on phase (Stage 1 of startup) for a
time greater than 4ps, the boost converter is latched off, the ISNS_SD bit in the DIAG2_REG register is set, and the FLTB
pin is asserted low. The shutdown function can be disabled by setting the DIS_ISNS_SD bit to 1. In that case, the device
continues operation when an input overcurrent is detected; the ISNS_SD bit is set but FLTB does not assert low.

To reenable the device, toggle the power supply, the EN input pin, or the ENA bit.

The value of the voltage between BATT and SENSE is continuously sampled by the internal ADC, and the most recent
value can be read from the VSENSE register.

Oscillator Frequency/External Synchronization

The internal oscillator frequency is programmable between 400kHz and 2.2MHz using a timing resistor (RRT) connected
from the RT pin to GND. Use the following equation to calculate the value of RRrT for the desired switching frequency
(fsw).

_ 26130

Rer +0.33

sw
where RRT is in kQ and fgyy is in kHz. If the value of the RT resistor is too low or if the pin is shorted to GND, the boost
converter will not start and the FLTB pin will go low.
To synchronize the oscillator with an external clock, AC-couple the external clock to the RT input. The value of the
capacitor used for AC-coupling is Cgync = 10pF, and the duty cycle of the external clock should be 50%. When
synchronizing the converter do not apply the synchronizing signal to the RT pin at startup, as this may cause the RT
resistor value check to fail.

At low input voltages and when the switching frequency is above 1MHz, the switching frequency is automatically reduced
to enable high-duty-cycle operation and maintain output voltage regulation. This applies also when the device is
synchronized to an external frequency.

Spread Spectrum

The IC includes spread-spectrum modulation that reduces peak electromagnetic interference (EMI) at the switching
frequency and its harmonics. Spread spectrum can be enabled and disabled using the SS_OFF bit in the register
SETTING_REG.

Spread spectrum uses a pseudorandom dithering technique where the switching frequency is varied in the range of 94%
to 106% or 96% to 104% (depending on the setting of the SSL bit) of the programmed switching frequency set through
the external resistor from RT to GND. When spread spectrum is used, the total energy at the fundamental and each
harmonic is spread over a wider bandwidth, reducing the peak energy at the relevant frequency.

Spread spectrum is disabled if external synchronization is used.

LED Current Control

The IC features six identical constant-current sources used to drive multiple high-brightness LED strings. The current
through each of the channels is adjustable between 34.5mA and 225mA by setting the 7-bit value iset[6:0] in the
ISET_REG register.
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To accelerate device startup, the initial LED current can be set by connecting a resistor from the ISET pin to GND. With
this resistor present, the ENA bit is initialized to 1, and the device starts up immediately when the EN pin is taken high. A
current value determined by the resistor on ISET is loaded into the iset[6:0] field in ISET_REG and can be adjusted
subsequently using the 12C interface. Select the ISET resistor value using Table 1.

Table 1. ISET Resistor Value for a Given LED Current

ISET RESISTOR LED CURRENT PER CHANNEL CORRESPONDING ISET REGISTER

(kQ) (mA) VALUE

4.3 9 0x29

9.1 106.5 0x30

15 118.5 0x38

24 130.5 0x40

33 145.5 Ox4A

43 162 0x55

56 180 0x61

68 199.5 OX6E

Multiple channels can be paralleled together for string currents exceeding 225mA.
Current-Mode DC-DC Controller

The device contains a constant-frequency, current-mode controller designed to drive the LEDs in a boost or SEPIC
configuration. The IC features multiloop control to regulate the peak current in the inductor, as well as the voltage across
the LED current sinks to minimize power dissipation.

Programmable slope compensation is used to avoid subharmonic oscillation that can occur at > 50% duty cycles in
continuous-conduction mode.

The external nMOSFET is turned on at the beginning of every switching cycle. The inductor current ramps up linearly until
turned off at the peak current level set by the feedback loop. The peak inductor current is sensed from the voltage across
the current-sense resistor (Rcg) connected from the source of the external NMOSFET to PGND.

The IC features leading-edge blanking to suppress the external NMOSFET switching noise. A PWM comparator compares
the current-sense voltage plus the slope-compensation signal with the output of the transconductance error amplifier. The
controller turns off the external NMOSFET when the voltage at CSP exceeds the error amplifier's output voltage (at the
COMP pin). This process repeats every switching cycle to achieve peak current-mode control.

In addition to the peak current-mode-control loop, the IC has two other feedback loops for control. The converter output
voltage is sensed through the BSTMON input, which goes to the inverting input of the error amplifier.

The BSTMON gain (Agyp) is defined as VoyuT/VBSTMON, of (R17 + R16)/R16. The other feedback comes from the OUT_
current sinks. This loop controls the headroom of the current sinks to minimize total power dissipation, while still ensuring
accurate LED current. Each current sink has a window comparator with a low threshold of 0.58V and a high threshold of
0.85V. These comparators drive logic that controls an up/down counter. The up/down counter is updated on every falling
edge of the DIM input and drives an 8-bit digital-to-analog converter (DAC), which sets the reference to the error amplifier.

9-Bit DAC

The error amplifier’s reference input is controlled with an 9-bit DAC. The DAC output is ramped up during startup to
implement a soft-start function (see the Startup Sequence section). During normal operation, the DAC output range is
limited to between 0.482V and 0.996V. Because the DAC output is limited to no less than 0.482V during normal operation,
the overvoltage threshold for the output should be set to a value less than twice the minimum LED forward voltage. The
DAC LSB determines the minimum output-voltage step according to the following equation:

VSTEP_MIN = VDAC_LSB X AOVP

where VSTEP MIN is the minimum output-voltage step, Vpac LsB is 1.95mV (typ), and Aoyp is the BSTMON resistor-
divider gain (1 + R6/R7).

www.analog.com Analog Devices | 16



6 x 220mA, ASIL B LED Backlight MAX25561
Driver with Boost Controller

Startup Sequence

The boost converter startup sequence occurs in three stages, as described in the Stage 1, Stage 2, and Stage 3 sections.
The overall startup time can be selected using the fast_ss bit in the BL_CONFIG1 register when using the 12C interface.
The boost output voltage at the end of Stage 2 differs between the slow and fast startup modes.

Stage 1

After the ENA bit has been set to 1, the controller turns on the NGATE charge pump for the external NMOSFET if the V5
and BATT voltages are above their respective undervoltage thresholds. The output current of the charge pump charges
the gate of the external NMOSFET, thus turning it on. After a 2ms timeout expires, Stage 2 of the startup begins. If NGATE
is unused, set the CP_DIS bit in the DISABLE_REG register to disable the NGATE charge pump.

Stage 2

After the external MOSFET on NGATE has been enabled, the IC goes through its power-up checks, including unused
string detection and OUT _ short-to-ground detection. To avoid possible damage, the converter does not start if any OUT_
is detected as shorted to ground.

Any current sinks detected as unused are disabled to prevent a false fault-flag assertion during normal operation. After
these checks have been performed, the converter begins to operate and the output voltage begins to ramp up. The DAC
reference to the error amplifier is stepped upwards until the OVP pin reaches 0.48V (or 0.88V in fast startup mode).
This stage duration is fixed at approximately 50ms (22ms in fast startup mode).
Stage 3
The third stage begins once the second stage is complete and the DIM input goes high. During Stage 3, the output of the
converter is adjusted until the minimum OUT_ voltage falls within the window comparator limits of 0.58V (typ) and 0.85V
(typ). The output ramp is again controlled by the DAC, which provides the reference for the error amplifier. The DAC
output is updated on each rising edge of the DIM input. If the DIM input is a 100% duty cycle (DIM = high), then the DAC
output is updated once every 10ms.
The total soft-start time can be calculated using the following equation in slow-startup mode:
V,ep + 0.87 — (0.48 X Ayyp)

fom X 0.01 X Apyp
where tgg is the total soft-start time, 50ms is the fixed Stage 1 duration, V|_gp is the total forward voltage of the LED
strings, 0.81V is midpoint of the window comparator, Agyp is the gain of the OVP resistor-divider, fp|u is the dimming
frequency (use 100Hz if the DIM input duty cycle is 100%), and 0.01V is the maximum voltage step per clock cycle of the
DAC.
In fast-startup mode (when the FAST_SS bit in the SET_REG register is set to 1), the following equation should be used:

0.88 X Agyp — (Vigp + 0.87)
fom X 0.01 X Apyp

tss = 50m5 +

tgg = 25ms +
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Figure 1. Start-up Sequence

Dimming

Dimming can be performed using an external PWM signal applied to the DIM pin or by writing to the TONn_REG registers,
where n is the number of the OUT__ pin (after setting the DIM_EXT bit to 0). When the TON_ALL bit is set to 1, the TON1_
value is used for all active outputs.

The signal on the DIM pin is sampled with a 20MHz internal clock, except when phase-shifting is disabled, in which case
the DIM signal controls the OUT_ outputs directly.

Low-Dimming Mode

The IC's operation changes at very narrow dimming pulses to ensure a consistent dimming response of the LEDs. If the
dimming on-time is lower than 50us (typ), the device enters low-dimming mode (which is indicated by the bits in the
LO_DIM register). In this state, the converter switches continuously and LED short detection is disabled. When the DIM
input is greater than 51us (typ) the device goes back into normal operation, enabling the short-LED detection and
switching the power FET only when the effective dimming signal is high.

Phase-Shift Dimming
When the PSEN bit in register SET_REG is set to 1, phase-shifting of the LED strings is enabled. To achieve this, the

DIM signal is sampled internally by a 20MHz clock. The device automatically sets the phase shift between strings to a
value depending on the number of strings enabled.

When phase-shifting is enabled, the sampled DIM input is used to generate separate phase-shifted dimming signals for
each LED string. The resolution with which the DIM signal is captured degrades at higher DIM input frequencies; therefore,
dimming frequencies between 100Hz and 3kHz are recommended, although higher dimming frequencies are technically
possible. The phase shift between strings is determined by the following equation:

© =360/n

where n is the total number of strings being used and 6 is the phase shift in degrees. See Figure 2 for a timing diagram
example with phase-shifting enabled.
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When phase-shifting is disabled, all strings turn on/off at the same time controlled directly by the DIM input. If multiple
current sinks are being connected in parallel, phase-shifting should be disabled.

If a fault is detected, resulting in a string being disabled during normal operation, the phase-shifting adjusts to the new
situation.

DIM tn th#t

ILep p—————

OuUT1 tn-1 tn
CURRENT

out2

CURRENT fn-1 fn

OuUT3
CURRENT

th-1

ouT4 t
CURRENT 2

ouT5 . ;
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ouT6

CURRENT 2 -t

ILED

TOTAL
CURRENT >

Figure 2. Phase-Shifted Outputs
Automatic Fade-In/Fade-Out During Dimming

The device can be configured to perform a smooth change in brightness even when the DIM input duty cycle or TON_
setting is changed by setting the FADE_IN_OUT bit in the FADING_REG register to 1.

When using the fade function, it is important to maintain the DIM frequency constant when entering 100% duty cycle. This
is necessary in order to avoid erroneous frequency measurement, which could change the speed of the fade-in.
Disabling Individual Strings

To disable an unused LED string, connect the unused OUT _ to ground through a 9.1kQ resistor, or set the corresponding
DIS_ bit to 1 in the DISABLE register before the ENA bit is set. During startup, the device sources 60uA (typ) current
through the OUT _ pins and measures the corresponding voltage. For the string to be properly disabled, the OUT_ voltage
should measure between the maximum value of VoyTt_gND and the minimum value of Voyt_yn during this check.

Note: When disabling unused strings, it is necessary to start by disabling the highest numbered current sinks first (e.g.,
if two strings need to be disabled, disable OUT6 and OUT5. Do not disable any two strings at random). During normal
operation, strings can be selectively turned off by changing the corresponding TON_ setting to 0. This is only possible
when internal dimming is used (not when using the DIM input pin).

Hybrid Dimming

To invoke hybrid dimming mode, set the HDIM bit in register IMODE_REG. In hybrid dimming mode, the external LEDs
are dimmed by first reducing their current as the dimming duty cycle decreases from 100% (see Figure 3). At the crossover
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level set by the HDIM_THR_1_0[1:0] bits, dimming transitions to PWM dimming where the LED current is chopped.
Depending on the DIM_EXT bit, the device functions in one of two ways:

e (DIM_EXT = 1) measures the duty cycle on the DIM pin and translates it into a combined LED current value and PWM
setting.

e (DIM_EXT = 0) takes the 18-bit value from the TON1 register and translates it into a combined LED current value and
PWM setting.

Figure 3 illustrates the difference between standard and hybrid dimming with phase-shifting enabled.

Hybrid Dimming Operation

A

ISET_REG

CURRENT | | | |
I I I I
I I I I
| | | |
| | | |
| | | |
| | | |
| | | |

CURRENT/4 | |
| |
| |
| | >
100% 75% 50% 25% 0%
DIMDUTY-CYCLE OR TON_ SETTING

Figure 3. Hybrid Dimming Operation with HDIM[1:0] = 10 (256%)
Temperature Foldback

In standalone mode, when an NTC temperature sensor is connected between GND and a resistor (RT1) that is connected
to the V18 supply, with a further resistor (RT2) connected from the junction of the NTC and RT1 to the TEMP pin,
temperature foldback is implemented. When the temperature reaches the temperature T1 (set by RT1), the current in the
LEDs is reduced according to the linear scheme shown in Figure 4. The slope of the current reduction is set by RT2. The
MAX25561 is specifically designed to be used with the NTCLE100E3 or a similar NTC device. Table 2 illustrates some
examples of values of RT1 and RT2 to obtain certain values of T1 and TpgLTA.

Table 2. Temperature Resistor Values

RT1 (kQ) RT2 (kQ) T1(°C) TpeLTA (°C)
6.04 1.2 70 30
6.04 2 70 50

When the temperature reaches T1, the OTW bit in register DIAG_REG is asserted. When the temperature reaches ToFfF,
the LED current is turned off, the bl_ot bit is set high, and the FLTB pin asserts low.

Temperature Foldback with OUT_ Current Mismatch Diagnostic

When temperature foldback is used in conjunction with the current mismatch, diagnostic current mismatch will be indicated
at some point above T1.
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Hybrid Dimming Operation Modes
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Figure 6. Hybrid Dimming Operation Modes
Diagnostics and FLTB Output

The open-drain fault flag output (FLTB) goes low when a fault is detected. Certain faults can be inhibited from causing
FLTB to go low using the bits in the MASK1 and MASK2 registers.

FLTB asserts low for the following faults if not masked (note that not all faults can be masked):

OUT_ open, shorted LED, short to ground

OUT _ current mismatch, OUT_ TON 1I/O mismatch

RT out of range, IREF out of range, ISET out of range, VREF out of range

Boost undervoltage, V18 out-of-range, V5 out-of-range

Interface PEC error, clock error, internal nonvolatile memory error

Undervoltage on BATT, boost input overcurrent

Overtemperature warning

Open-LED Management and Overvoltage Protection

After the soft-start of the boost converter, the IC detects open-LED strings and disconnects any such strings from the
internal minimum OUT _ voltage detector. This keeps the DC-DC converter output voltage within correct limits and
maintains high efficiency. The current in strings that have been detected open is not measured by the ADC and reads as
zero.

During normal operation, the DC-DC converter output-regulation loop uses the minimum OUT_ voltage as the feedback
input. If any LED string is open, the voltage at the opened OUT_ goes to V| epgND- The DC-DC converter output voltage

then increases to the overvoltage-protection threshold set by the voltage-divider network connected between the
converter output, the BSTMON input, and GND. The overvoltage-protection threshold at the DC-DC converter output is
determined using the following equation:

R16
VOUTBSTMDN = 095 X (1 + R17)

where 0.95V (typ) is the overvoltage threshold on BSTMON (see the Functional Diagram). Select Vout BSTMON
according to the following formula:

11 X (Vieppyax + 087) < Vovrgsrmon < 2% (Vigpyyy + 0.55)
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where:
VLED_MAX = Maximum expected LED string voltage

VLED_MIN = Minimum expected LED string voltage

Select R16 and R17 such that the voltage at OUT_ does not exceed the absolute maximum rating. As soon as the DC-
DC converter output reaches the overvoltage-protection threshold, the internal MOSFET is switched off.
The overvoltage threshold should be set to less than twice the minimum LED voltage to ensure proper operation and that
the BSTMON minimum regulation point of 600mV (typ) is not breached. When an open-LED overvoltage condition occurs,
FLTB is latched low.

If all active OUT__ channels are detected as open, the boost converter is disabled. Toggle the EN pin or cycle the power
supply to clear an open-LED condition.

Short-LED Detection

The IC checks for shorted LEDs after the current in any channel is turned on. A shorted-LED is detected at OUT_ if the
following condition is met:

Vout_>RSDT

Where RSDT is the programmable short-LED-detection threshold set by the SLDET[1:0] bits in the SETTING_REG
register.

If a short is detected on any of the strings, the affected LED strings are disabled after a delay of one dimming cycle and
the FLTB output flag asserts low after two dimming cycles until the device detects that the shorts are removed. Disable
short-LED detection by setting SLDET[1:0] to 0x0. Short-LED detection is disabled in low-dimming mode. In external
dimming mode with the DIM input connected continuously high, the OUT_ pins are periodically scanned to detect shorted
LEDs. The scan frequency is 100Hz. Similarly, when DIM_EXT = 0 and internal dimming is being used, shorted LEDs are
still detected by periodically scanning the OUT _ states at 100Hz.

Short-LED detection is also disabled in cases where all active OUT_ channels rise above 2.5V. This can occur in a boost-
converter application when the input voltage becomes higher than the total LED string voltage drop, such as during a
battery load dump. If a short-LED fault occurs during a load dump, the fault flag does not assert until the load dump is
over and the minimum OUT_ voltage has fallen below 2.35V. If a load dump occurs after a short LED is detected, the
fault flag deasserts until the load dump is over and the minimum OUT_ voltage has fallen below 2.35V, at which point,
the fault flag reasserts.

LED Short-to-Ground Protection

During startup, a check is performed for OUT_ pins shorted to ground by sourcing a current of 60uA into the OUT_ pins.
If the pin voltage does not exceed VouyTt GND, @ short to GND is declared. In this case, the device does not start. Toggle

the EN pin or power to clear this condition.
Analog-to-Digital Converter (ADC)

The 8-bit ADC is used to measure the current in each of the strings, the voltage on the BSTMON pin, and the voltage
between the BATT and ISENSE pins. The reference for the ADC is the second redundant bandgap. The ADC is free-
running and begins operation at the beginning of Stage 3 of boost startup and is disabled whenever the boost converter
is disabled (by the ENA bit or due to any fault which disables the converter). When the ADC is disabled after a fault, the
last ADC conversion results are maintained in the appropriate registers.

The ADC cycles continuously between OUT1-6, VgsTMoON: and VBaTT-ISENSE- At the end of each cycle, the IOUT1-

IOUT6 and VBSTMON registers contain the updated values. The full-scale value of the current measurement is 255mA
(resolution 1mA) with an IREF resistor of 22kQ. Conversions of channels that are in low-dim mode yield a value of 0x00.
Similarly, any channels that are disabled, open-circuit, or in the shorted-LED condition will read zero current.

The full-scale value of the BSTMON pin voltage conversion is 1V with a resolution of 3.92mV. The full-scale value of the
VBATT-ISENSE measurement is 255mV. Values higher than full scale read as OxFF.

The duration of a complete conversion depends on whether or not phase-shifting is enabled. With phase-shifting enabled,
a complete conversion can take up to two dimming cycles. With phase-shifting disabled, one dimming cycle is the worst-
case latency (the conversion is initiated at the beginning of a DIM cycle and concluded < 50us later).
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Measured OUT_ Current Mismatch
Using the MM_MODE bit, the behavior of the device when an output current mismatch is detected can be selected:

¢ When MM_MODE is 0, a mismatch of more than 20 bits causes FLTB to assert low. No other action is taken.
¢ When MM_MODE is 1, a mismatch of more than 20 bits causes FLTB to assert low and the device to stop operation.
The current mismatch check is disabled during the soft-start of the boost converter and under the following conditions:

When a channel is below the OUT__ regulation low threshold

When a channel is in low-dim mode

When a channel is set to zero brightness (internal dimming)

When hybrid dimming is enabled

After a write to the iset[6:0] field; the check is then disabled for two DIM cycles

To clear a current mismatch fault, the EN pin, ENA bit, or device power must be toggled.

VREfr Out-of-Range Detection

The device contains two separate bandgap references which are continuously compared to each other. If the difference
between the two is greater than 8%, the FLTB pin is asserted low and the VREFOOR bit in the DIAG2_REG register is
set to 1. No further action is taken; if desired, the host can disable the device using the EN pin.

V5 Out-of-Range Detection

The device monitors the V5 gate drive voltage and, if the voltage is detected to be above the overvoltage threshold or
below the undervoltage threshold, device operation ceases, the FLTB pin is asserted low, and the V500R bit in the
DIAG2_REG register is set to 1.

Clock Error

The internal device clock is monitored continuously. If the clock is inactive for more than 1ms or is out of range, the
CLK_ERR bit in DIAG2_REG is set to 1 and the FLTB pin is asserted low. When this fault occurs, the FLTB pin asserts
low and the local microcontroller should disable the device using the EN pin. This fault can only be cleared by power-on
reset (POR).

Input/Output On-Time Comparison

The device monitors the OUT _ voltage after the output is turned off to ensure that the output duty cycle is not larger than
the input duty cycle. The voltage threshold used is set by the SLDET[1.0] bits. When using this diagnostic, a resistor of
value 20kQ should be connected from each OUT _ pin to the output of the boost converter.

The timing diagram in Figure 7 shows the sequence of events with phase-shifting disabled (though the scheme will work
equally with phase-shift enabled). At time t1, the DIM input goes high and, after a short delay, the OUT_ current sink turns
on and pulls the voltage at OUT_ low. A comparator monitoring OUT __ detects that the OUT_ voltage has fallen below a
threshold. At time t2, DIM returns low and, if there is no malfunction, the voltage on OUT _ returns high and the comparator
output goes low. At a defined time after the DIM signal has gone low (tpgL = 100us), the comparator output is continuously
monitored. If the comparator output goes high, an error is detected. This check may not function at duty cycles with an
off-time of less than 100ps.

When this error is detected, the corresponding bit in the TON_MISMATCH register is set and FLTB is asserted low (unless
masked using the TON_MM_MASK bit). In addition, the bit MM_MODE determines whether the device is automatically
disabled:

¢ When MM_MODE is 0, a ToN mismatch is indicated, but no further action is taken.

¢ When MM_MODE is 1, a Ton mismatch causes the device to stop operation. After device operation is stopped, it can

be restarted by toggling power, the EN input pin, or the ENA bit.
This check can be disabled globally using the TON_MM_DIS bit in the MM_DIS register or individually for any of the
outputs using the TONn_MM_DIS bits where n is the number of the output from 1 to 6.

To clear a Ton mismatch fault, the EN pin or device power must be toggled.
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Figure 7. Input/Output On-Time Comparison

Thermal Warning/Shutdown

The IC includes thermal protection that operates at a temperature of +160°C. When the thermal-shutdown temperature
is reached, the device is immediately disabled so it can cool. When the junction temperature falls by 17°C, the device is
reenabled with the same settings as before (the boost converter performs a soft-start). When a thermal shutdown occurs,
the FLTB pin goes low and the OT bit in the DIAG1_REG register is set to 1.

A thermal warning bit (OTW) is also implemented in the DIAG1_REG register and indicates that the junction temperature
has exceeded +125°C. The OTWMASK bit in the MASK1_REG register controls whether or not an active OTW bit causes
the FLTB pin to go low.

I12C Interface

The MAX25561 features an 12C, two-wire serial interface consisting of a serial-data line (SDA) and a serial-clock line
(SCL).

SDA and SCL facilitate communication between the device and the controller at clock rates up to 400kHz. The controller,
typically a microcontroller, generates SCL and initiates data transfer on the bus. Figure 1 shows the two-wire interface
timing diagram.

A controller device communicates with the device by transmitting the correct address followed by the data word. Each

transmit sequence is framed by a START (S) or REPEATED START (Sr) condition and a STOP (P) condition. Each word
transmitted over the bus is 8 bits long and is always followed by an acknowledge clock pulse.

The SDA line operates as both an input and an open-drain output. A pull-up resistor greater than 500Q is required on the
SDA bus. The SCL line operates as an input only. A pull-up resistor greater than 500Q is required on SCL if there are
multiple controllers on the bus, or if the controller in a single-controller system has an open-drain SCL output. Series
resistors in line with SDA and SCL are optional. The SCL and SDA inputs suppress noise spikes to assure proper device
operation, even on a noisy bus.

Bit Transfer

One data bit is transferred during each SCL cycle. The data on SDA must remain stable during the high period of the SCL
pulse. Changes in SDA while SCL is high are control signals (see the STOP and START Conditions section). SDA and
SCL idle high when the I12C bus is not busy.

STOP and START Conditions

A controller device initiates communication by issuing a START condition. A START condition is a high-to-low transition
on SDA with SCL high. A STOP condition is a low-to-high transition on SDA while SCL is high (Figure 8). A START (S)
condition from the controller signals the beginning of a transmission to the device. The controller terminates transmission
and frees the bus by issuing a STOP (P) condition. The bus remains active if a REPEATED START (Sr) condition is
generated instead of a STOP condition.

Early STOP Condition

The MAX25561 recognizes a STOP condition at any point during data transmission except if the STOP condition occurs
in the same high pulse as a START condition.
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Clock Stretching

In general, the clock signal generation for the 12C bus is the responsibility of the controller device. The 12C specification
allows slow target devices to alter the clock signal by holding down the clock line, a process that is typically called clock
stretching. The MAX25561 does not use clock stretching to hold down the clock line.

Sr P
) )
\ / (C \f
-—1{suSTA -<—1{sy:sT0

saﬂﬁ*ufwmﬁ

—>  <—{ipgsTA

—>  <—t{ypsTA

Figure 8. START, STOP, and REPEATED START Conditions
I12C General Call Address

The IC does not implement the 12C specification's general call address. The device will not issue an acknowledge to the
general call address (0b0000_0000).

Packet Error Checking (PEC)

In order to increase fault coverage on the I2C interface, an optional PEC byte is supported. The PEC is enabled by setting
the PEC_EN bitin the SET_REG register to 1. This follows the SMBus 3.0 implementation, which has a CRC-8 polynomial
of x8 + x2 + x + 1. If the PEC byte is enabled and a supervisor system attempts to read more than 2 bytes (one data and
one PEC) from the IC in a single communication packet, the IC will return OxFF for the remaining bytes read. If a controller
device transmits a byte and an incorrect PEC, the IC will reply with a NACK and discard the attempted write.

Acknowledge

The acknowledge bit (ACK) is a clocked ninth bit that the device uses to handshake receipt of each byte of data (see
Figure 3). The device pulls down SDA during the controller-generated ninth clock pulse. The SDA line must remain stable
and low during the high period of the acknowledge clock pulse. Monitoring ACK allows for detection of unsuccessful data
transfers. An unsuccessful data transfer occurs if a receiving device is busy or if a system fault has occurred. In the event
of an unsuccessful data transfer, the bus controller can reattempt communication. Transmitting an incorrect PEC byte to
the device (when PEC is enabled) will also result in a NACK from the IC (in addition, the PEC_ERR bit is set to 1 and
FLTB is asserted low if the PEC_ERRMASK bit is 0).

Target Address
The 12C addresses are shown in Table 3.

Table 3. 12C Addresses

ADD PIN CONNECTION

7-BIT ADDRESS

8-BIT READ ADDRESS

8-BIT WRITE ADDRESS

GND

0x27

Ox4F

Ox4E

V18

0x2F

0x5F

O0x5E

The address is defined as the 7 most significant bits (MSbs) followed by the R/W bit. Set the R/W bit to 1 to configure the
device to read mode. Set the R/W bit to 0 to configure the device to write mode. The address is the first byte of information
sent to the device after the START condition.

Write-Data Format

A write to the device includes transmission of a START condition, the target address with the R/W bit set to 0, one byte
of data to register address, one to eight bytes of data to write to registers, and a STOP condition. Figure 9 illustrates the
proper format for one frame. If multiple bytes are transmitted, they are written to sequential registers starting at the register
address transmitted. If the register address for the write reaches the end of the valid address space, the target register
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pointer will stay at the last valid register. If the write starts out-of-bounds, then all the bytes written will be discarded and

the IC will return a NACK for each byte transmitted.

Read-Data Format

A read from the device includes the following:

Transmission of a START condition
Target address with the R/W bit set to 0
1 byte of data to register address
Restart condition
Target address with R/W bit set to 1
1-8 bytes written by the IC

STOP condition

Figure 9 illustrates the correct frame format. The controller device must acknowledge each byte received and provide a

NACK at the last byte read.

WRITE BYTE D CONTROLLER
s AT[)ASF{GEE;S 0 REGISTER ADDRESS DATA
D TARGET
WRITE SEQUENTIAL BY TES
s AT[)A;SEESTS 0 REGISTER ADDRESS DATA DATA BYTE N AP
WRITE BYTE (PEC ENABLED)
s ALASF?;STS 0 REGISTER ADDRESS DATA 1 PEC AP
READBYTE
s ATDA[?RGEESTS 0 REGISTER ADDRESS SR ATDA[?FfEEsTs A DATA BYTE T\ P
READ BYTE (PEC ENABLED)
s ATDASRGSSTS 0 REGISTER ADDRESS SR ATDA;SEESTS A DATA BYTE PEC /"i
READ SEQUENTIAL BYTES
s AT[)ASSEESTS 0 | A | REGISTERADDRESS | A | SR ABAE?R?EE;S DATA BYTE 1 DATA BYTE N ﬁ P
Figure 9. Data Format of I°C Interface
Register Map
{{max_num}}
ADDRE
ss NAME MSB LSB

USER_REGISTERS
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ADDRE
NAME MSB LSB
ss
0x00 | DEV_ID_REG[7:0] DEV_ID[7:0]
0x01 | REV_ID_REG[7:0] - - - - REV_ID[3:0]
BSTFORC
0x02 | SET_REG[7:0] - - PEC_EN BL_ILIM e FAST_SS ENA PSEN
DIS_ISNS_
0x03 | IMODE REG[7:0] - - - . DIM_EXT HDIM HDIM_THR_1_0[1:0]
0x04 | ISET _REG[7:0] - iset[6:0]
0x05 | TON1H REG[7:0] TONTH(7:0]
0x06 | TON1L REG[7:0] TON1L[7:0]
0x07 | TON2H REG[7:0] TON2H(7:0]
0x08 | TON2L REG[7:0] TON2L[7:0]
0x09 | TON3H REGI7:0] TON3H[7:0]
0x0A | TON3L REGI7:0] TON3L[7:0]
0x0B | TON4H REG[7:0] TON4H([7:0]
0x0C | TON4L REG[7:0] TONA4L[7:0]
TON1_4LSB_REG]
0x0D - TONA4LSB[1:0] TONS3LSB[1:0] TON2LSB[1:0] TON1LSB([1:0]
0XOE | TON5H REGI7:0] TON5H[7:0]
OxOF | TON5L REGI7:0] TONSL[7:0]
0x10 | TONBH REGI7:0] TONBH[7:0]
0x11 | TON6L REG[7:0] TONBL[7:0]
TON5_6LSB_REG]
0x12 - - - TON_ALL TONGBLSB[1:0] TONSLSB([1:0]
7:0]
0x13 | SETTING REG[7:0] | MM_MODE FPWM[2:0] SS_OFF ssL SLDET[1:0]
0x14 | DISABLE REGI7:0] - - CP_DIS DIS6 DIS5 DIS4 DIS3 DIS2
FADE_GAI | FADE_IN_
0x15 | FADING REGI7:0] - - - TDIM[2:0]
N out
0x16 | LO DIM[7:0] - - LO DIM6 | LO_DIM5 | LO_ DIM4 | LO DIM3 | LO DIM2 | LO_DIM1
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ADDRE
NAME MSB LSB
SS
0x17 | OPEN REGI[7:0 - - ouT60 OuUT50 OuUT40 OuUT30 OuUT20 OouT10
SHORTGND REG
0x18 7.0] - - OuUT6SG OUT5SG OUT4SG OUT3SG OouUT2SG OUT1SG
SHORTED LED R
ox19 | —__—_— — - - OuT6SL OUT5SL OUT4SL OUT3SL OuUT2SL OUT1SL
EG[7:0
BSTUVMA
0x1A | MASK1 REG[7:0 - - - SK OMASK SGMASK | OTWMASK | SLMASK
TON_MM_M | PEC_ERRM | BATT_UVM | |_MM_MAS
0x1B | MASK2 REG[7:0 - - - -
ASK ASK ASK K
0x1C DIAG1 REG[7:0 RTOOR ISETOOR IREFOOR BSTUV BSTOV HW_RST OTW oT
0x1D DIAG2 REGI7:0 V1800R PEC_ERR BATT_UV CLK_ERR V500R VREFOOR NV_FLT ISNS_SD
Ox1E | |_MISMATCHI[7:0 - - I_MM6 I_MM5 I_MM4 I_MM3 I_MM2 I_MMA1
TON_MISMATCHI[7
Ox1F al - - TON6_MM | TON5_ MM | TON4_MM | TON3_MM | TON2_MM | TON1_MM
0x20 | MM DIS[7:0 | MM DIS TON_MM_D [ TON6_MM_ | TON5_ MM | TON4_MM | TON3_MM | TON2_MM | TON1_MM
) - = IS DIS _DIS _DIS _DIS _DIS _DIS
0x21 VBSTMON][7:0 vbstmon[7:0]
0x22 I0UT1[7:0 iout1[7:0]
0x23 10UT2[7:0 iout2[7:0]
0x24 I0UT3[7:0 iout3[7:0]
0x25 | IOUT4[7:0 iout4[7:0]
0x26 | IOUT5[7:0 iout5[7:0]
0x27 IOUT6[7:0 iout6[7:0]
0x28 VSENSE[7:0 vsense[7:0]
0x29 | DIM_TON_HI[7:0 dim_ton_hi[7:0]
0x2A | DIM_TON_MID[7:0] dim_ton_mid[7:0]
0x2B | DIM_TON_LO[7:0 - - - - - - dim_ton_lo[1:0]
0x2C | DIM_F_HI[7:0] dim_f_hi[7:0]
0x2D | DIM_F_MID[7:0] dim_f_mid[7:0]
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ADDRE
NAME MSB LSB
SS
0x2E | DIM_F _LOJ[7:0 - - - - - dim_f_lo[1:0]
Register Details
DEV _ID REG (0x0)
BIT 7 6 5 4 3 2 1 0
Field DEV_ID[7:0]
Reset
Access Type Read Only
BITFIELD BITS DESCRIPTION
DEV_ID 7:0 Device ID {{devid}}
REV_ID REG (0x1)
BIT 7 6 5 4 3 2 1 0
Field - - - - REV_ID[3:0]
Reset - - - - 0x1
Access Type - - - - Read Only
BITFIELD BITS DESCRIPTION
REV_ID 3:0 Device revision ID.
SET_REG (0x2)
BIT 7 6 5 4 3 2 1 0
Field - - PEC_EN BL_ILIM BSTFORCE FAST_SS ENA PSEN
Reset - - 0b0 0b0 0b0 0b0 0b0 0b0
Access Type - - Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read
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BITFIELD BITS DESCRIPTION DECODE
PEC_EN 5 When 1, PEC is enabled on I°C transactions.
BL ILIM 4 Sets boost current limit to one of two levels. When 0x0: Current limit set high
- 0, the higher current limit is selected. 0x1: Current limit set low
When 1, this bit forces the boost converter to run
BSTFORCE 3 continuously and independently of the dimming
signal.
Selects slow or fast boost soft-start. Set to 1 for fast
FAST_SS 2
soft-start.
ENA 1 Boost converter and LED outputs enable bit. Set to
1 to enable the device.
When 0, phase shifting is disabled. When 1, phase
PSEN 0 e
shifting is enabled.

IMODE REG (0x3)

BIT 7 6 5 4 3 2 1 0
Field - - - DIS_ISNS_SD DIM_EXT HDIM HDIM_THR_1_0[1:0]
Reset - - - 0x0 0b1 0b0 0b00
Access Type - - - Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION
When 1, this bit disables the input overcurrent shutdown function. When an overcurrent
DIS_ISNS_SD 4 is detected, the ISNS_SD bit is asserted, but the device continues operation and FLTB
does not assert low.
DIM EXT 3 When 1, dimming through the DIM pin is enabled. When 0, dimming is controlled using
- the TON__ registers.
HDIM 2 When 1, hybrid dimming is enabled.
Set hybrid dimming threshold.
00 6.25%
HDIM_THR_1_0 1:0 10 12.5%
10 25%
11 50%
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ISET REG (0x4)

BIT 7 6 5 4 3 2 1 0

Field - iset[6:0]

Reset - 0b0001000

Access Type — Write, Read

BITFIELD BITS DESCRIPTION DECODE

0x00: 34.5mA
0x01: 36mA
0x2B: 99mA

iset 6:0 The value in this register sets the OUT_ LED 0x2C: 100.5mA

i : .

current in the range 93mA to 220mA. OX_ZD- 102mA

Ox7D: 222mA
Ox7E: 223.5mA
0x7F: 225mA

TON1H REG (0x5)
On-time setting for channel 1 with 50ns resolution, high byte.

BIT 7 6 5 4 3 2 1 0
Field TON1H[7:0]
Reset OxFF
Access Type Write, Read
BITFIELD BITS DESCRIPTION
TON1H 7:0 High byte of 18-bit TON setting for channel 1.

TON1L REG (0x6)
On-time setting for channel 1 with 50ns resolution, middle byte.

BIT 7 6 5 4 3 2 1 0
Field TON1L[7:0]
Reset OxFF
Access Type Write, Read
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BITFIELD

BITS

DESCRIPTION

TON1L

7:0

Middle byte of 18-bit TON setting for channel 1.

TON2H REG (0x7)

On-time setting for channel 2 with 50ns resolution2, high byte.

BIT 7 6 5 4 2 0
Field TON2H([7:0]
Reset OxFF
Access Type Write, Read
BITFIELD BITS DESCRIPTION
TON2H 7:0 High byte of 18-bit TON setting for channel 2.
TON2L REG (0x8)
On-time setting for channel 2 with 50ns resolution, middle byte.
BIT 7 6 5 4 2 0
Field TON2L[7:0]
Reset OxFF
Access Type Write, Read
BITFIELD BITS DESCRIPTION
TON2L 7:0 Middle byte of 18-bit TON setting for channel 2.
TON3H REG (0x9)
On-time setting for channel 3 with 50ns resolution, high byte.
BIT 7 6 5 4 2 0
Field TON3HI[7:0]
Reset OxFF
Access Type Write, Read
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BITFIELD

BITS

DESCRIPTION

TON3H

7:0

High byte of 18-bit TON setting for channel 3.

TON3L REG (0xA)

On-time setting for channel 3 with 50ns resolution, middle byte.

BIT 7 6 5 4 2 0
Field TON3L[7:0]
Reset OxFF
Access Type Write, Read
BITFIELD BITS DESCRIPTION
TON3L 7:0 Middle byte of 18-bit TON setting for channel 3.
TON4H REG (0xB)
On-time setting for channel 4 with 50ns resolution, high byte.
BIT 7 6 5 4 2 0
Field TON4H([7:0]
Reset OxFF
Access Type Write, Read
BITFIELD BITS DESCRIPTION
TON4H 7:0 High byte of 18-bit TON setting for channel 4.
TON4L REG (0xC)
On-time setting for channel 4 with 50ns resolution, middle byte.
BIT 7 6 5 4 2 0
Field TON4L[7:0]
Reset OxFF
Access Type Write, Read
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BITFIELD BITS DESCRIPTION

TONA4L 7:0 Middle byte of 18-bit TON setting for channel 4.

TON1 4LSB REG (0xD)
LSBs of on-time setting for all channels with 50ns resolution.

BIT 7 6 5 4 3 2 1 0
Field TON4LSB[1:0] TON3LSB[1:0] TON2LSBJ[1:0] TON1LSB[1:0]
Reset Ob11 0b11 0b11 Ob11
Access Type Write, Read Write, Read Write, Read Write, Read

BITFIELD BITS DESCRIPTION

TON4LSB 7:6 2 least significant bits of 18-bit TON setting for channel 4.
TON3LSB 54 2 least significant bits of 18-bit TON setting for channel 3.
TON2LSB 3:2 2 least significant bits of 18-bit TON setting for channel 2.
TON1LSB 1:0 2 least significant bits of 18-bit TON setting for channel 1.

TON5H REG (0xE)

BIT 7 6 5 4 3 2 1 0
Field TONS5HI[7:0]
Reset OxFF
Access Type Write, Read
BITFIELD BITS DESCRIPTION
TONSH 7:0 High byte of 18-bit TON setting for channel 5.

TONSL REG (0xF)

BIT 7 6 5 4 3 2 1 0

Field TONS5L[7:0]

Reset OxFF
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Access Type Write, Read

BITFIELD BITS DESCRIPTION

TONSL 7:0 Middle byte of 18-bit TON setting for channel 5.

TON6H REG (0x10)

BIT 7 6 5 4 3 2 1 0
Field TONGH([7:0]
Reset OxFF
Access Type Write, Read
BITFIELD BITS DESCRIPTION
TONG6H 7:0 High byte of 18-bit TON setting for channel 6.

TON6L REG (0x11)

BIT 7 6 5 4 3 2 1 0
Field TONGL[7:0]
Reset OxFF
Access Type Write, Read
BITFIELD BITS DESCRIPTION
TONG6L 7:0 Middle byte of 18-bit TON setting for channel 6.

TONS5 6LSB REG (0x12)

BIT 7 6 5 4 3 2 1 0

Field -

- TON_ALL

TONG6LSBJ[1:0]

TONSLSBI[1:0]

Reset -

- 0b0

0b11

0b11

Access Type -

- Write, Read

Write, Read

Write, Read
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BITFIELD BITS DESCRIPTION
TON_ALL 4 When 1, this bit causes the TON1 value to be used for all active channels.
TONG6LSB 3:2 2 least significant bits of 18-bit TON setting for channel 6.
TONS5LSB 1:0 2 least significant bits of 18-bit TON setting for channel 5.

SETTING REG (0x13)

BIT 7 6 5 4 3 2 1 0
Field MM_MODE FPWM[2:0] SS_OFF SSL SLDET[1:0]
Reset 0b0 0b001 0b0 0b0 0b00
Access Type Write, Read Write, Read Write, Read Write, Read Write, Read
BITFIELD | BITS DESCRIPTION DECODE
Lo . . . . . 0x0: Assert FLTB output low.
MM_MODE 7 ThIS bit determines the dewcfe behavior when either a TON or a current mismatch Ox1: Assert FLTB output low and turn off
is detected on any of the active channels. boost converter and OUT1-6 current sinks.
These bits set the PWM frequency in internal PWM mode.
FPWM2 FPWM1 FPWMO PWM FREQUENCY (Hz)
0 0 0 153
0 0 1 203
0 1 0 305
FPWM 6:4
0 1 1 610
1 0 0 980
1 0 1 1220
1 1 0 1401
1 1 1 1634
SS_OFF 3 When 1, spread-spectrum switching is disabled. Default value is 0.
When spread spectrum is enabled, the SSL bit sets the level of spread. When 0,
ssL 2 the spread is nominally +6%. When 1, the spread is +3%. When changing the
percentage, disable spread spectrum using the SS_OFF bit first. Then, change
the value of SSL. Finally, reenable spread spectrum using SS_OFF.
SLDET 1:0 | Shorted-LED threshold Settings.
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BITFIELD | BITS DESCRIPTION DECODE
00 8V
01 3V
10 6V
11 8V

DISABLE REG (0x14)
Channel-disable bits.

BIT 7 6 5 4 3 2 1 0
Field - - CP_DIS DIS6 DIS5 DIS4 DIS3 DIS2
Reset - - 0b0 0b0 0b0 0b0 0b0 0b0
Access Type — - Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION

When 1, this bit disables the internal charge pump which drives the NGATE pin. Set to 1
CP_DIS 5 when an external series switch is not used. Setting CP_DIS to zero during operation will
cause complete shutdown of the device and is not recommended.

DIS6 4 Set bit to 1 to disable OUT6. This must be done before ENA is written to 1.
DIS5 3 Set bit to 1 to disable OUT5. This must be done before ENA is written to 1.
DIS4 2 Set bit to 1 to disable OUT4. This must be done before ENA is written to 1.
DIS3 1 Set bit to 1 to disable OUT3. This must be done before ENA is written to 1.
DIS2 0 Set bit to 1 to disable OUT2. This must be done before ENA is written to 1.

FADING REG (0x15)

BIT 7 6 5 4 3 2 1 0
Field - - - FADE_GAIN | FADE_IN_OUT TDIM[2:0]
Reset - - - 0b0 0bO0 0b000
Access Type - - — Write, Read Write, Read Write, Read
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BITFIELD BITS DESCRIPTION DECODE

When this bit is set to 1, the fade-in-out function has

FADE_GAIN 4 ) )
- a gain of 12.5%, otherwise 6.25%.

When this bit is set to 1, the fade-in-out function for

FADE_IN_OUT 3 N
- the LED dimming is enabled.
0x0: 1
0x1: 2
Sets the fading update time interval according to 8§§ g
TDIM 2:0 2™M_TDIM can be between 0 and 5. When set to 0, Ox4; 16
fading is updated on every dimming cycle. 0x5: 32
0x6: N/A
0x7: N/A
LO DIM (0x16)
BIT 7 6 5 4 3 2 1 0
Field - - LO_DIM6 LO_DIM5 LO_DIM4 LO_DIM3 LO_DIM2 LO_DIM1
Reset - - 0b0 0b0 0b0 0b0 0b0 0b0
Access Type - - Read Only Read Only Read Only Read Only Read Only Read Only
BITFIELD BITS DESCRIPTION
LO_DIM6 5 When 1, indicates channel 6 is in low-dim mode.
LO_DIM5 4 When 1, indicates channel 5 is in low-dim mode.
LO_DIM4 3 When 1, indicates channel 4 is in low-dim mode.
LO_DIM3 2 When 1, indicates channel 3 is in low-dim mode.
LO_DIM2 1 When 1, indicates channel 2 is in low-dim mode.
LO_DIM1 0 When 1, indicates channel 1 is in low-dim mode.
OPEN REG (0x17)
Open-string diagnostics.
BIT 7 6 5 4 3 2 1 0
Field - - ouT60 OuUT50 ouT40 OuUT30 OuT20 ouT10
Reset - - 0b0 0b0 0b0 0b0 0b0 0b0

Read Clears Read Clears Read Clears Read Clears Read Clears Read Clears

Access Type - -
All All All All All All
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BITFIELD BITS DESCRIPTION
OuT60 5 If 1, an open is detected on channel 6.
OuT50 4 If 1, an open is detected on channel 5.
OouT40 3 If 1, an open is detected on channel 4.
OUT30 2 If 1, an open is detected on channel 3.
OuT20 1 If 1, an open is detected on channel 2.
OuT10 0 If 1, an open is detected on channel 1.
SHORTGND REG (0x18)
Short-to-ground diagnostics.
BIT 7 6 5 4 3 2 1 0
Field - - OUT6SG OUT5SG OUT4SG OUT3SG OuUT2SG OUT1SG
Reset - - 0b0 0b0 0b0 0bO 0b0 0b0
Access Type B B Read Clears Read Clears Read Clears Read Clears | Read Clears Read Clears
All All All All All All
BITFIELD BITS DESCRIPTION
OUT6SG 5 If 1, a short-to-ground is detected on channel 6 at startup.
OUT5SG 4 If 1, a short-to-ground is detected on channel 5 at startup.
OouUT4SG 3 If 1, a short-to-ground is detected on channel 4 at startup.
OUT3SG 2 If 1, a short-to-ground is detected on channel 3 at startup.
OUT2SG 1 If 1, a short-to-ground is detected on channel 2 at startup.
OUT1SG 0 If 1, a short-to-ground is detected on channel 1 at startup.
SHORTED LED REG (0x19)
Shorted-LED diagnostics.
BIT 7 6 5 4 3 2 1 0
Field - - OuUT6SL OUT5SL OuUT4SL OUT3SL OouT2sL OUT1SL
Reset - - 0b0 0b0 0b0 0b0 0bo 0b0
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Access Type B _ Read Clears Read Clears Read Clears Read Clears | Read Clears Read Clears
All All All All All
BITFIELD BITS DESCRIPTION
OUT6SL 5 If 1, a shorted-LED condition is detected on channel 6.
OUT5SL 4 If 1, a shorted-LED condition is detected on channel 5.
OUT4SL 3 If 1, a shorted-LED condition is detected on channel 4.
OUT3SL 2 If 1, a shorted-LED condition is detected on channel 3.
OUT2SL 1 If 1, a shorted-LED condition is detected on channel 2.
OUT1SL 0 If 1, a shorted-LED condition is detected on channel 1.
MASK1 REG (0x1A)
Mask register for the FLTB pin.
BIT 7 6 5 4 2 1 0
Field - - - BSTUVMASK OMASK SGMASK OTWMASK SLMASK
Reset - - - 0b0 0b0 Ob1 0b0
Access Type - - - Write, Read Write, Read Write, Read Write, Read Write, Read
BITFIELD BITS DESCRIPTION
BSTUVMASK 4 When 1, a boost undervoltage fault does not cause the FLTB pin to assert low.
OMASK 3 When 1, an open-LED fault does not cause the FLTB pin to assert low.
SGMASK 2 When 1, a short-to-ground LED fault does not cause the FLTB pin to assert low.
OTWMASK 1 When 1, an overtemperature warning does not cause the FLTB pin to assert low.
SLMASK 0 When 1, a shorted-LED fault does not cause the FLTB pin to assert low.
MASK2 REG (0x1B)
BIT 7 6 5 4 3 2 1 0
Field TON_MM_MASK | PEC_ERRMASK | BATT_UVMASK | I_MM_MASK - - - -
Reset 0x0 0x0 0x0 0x0 - - - -
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Access Type Write, Read Write, Read Write, Read Write, Read - - - -
BITFIELD BITS DESCRIPTION

TON_MM_MASK 7 When 1, a TON mismatch does not cause FLTB to assert low.

PEC_ERRMASK 6 When 1, an interface parity error does not cause FLTB to assert low.

BATT_UVMASK 5 When 1, an undervoltage on BATT does not cause FLTB to assert low.

I_MM_MASK 4 When 1, an OUT_ current mismatch does not cause FLTB to assert low.

DIAG1 REG (0x1C)

Boost state, overtemperature-warning/shutdown diagnostics.

BIT 7 6 5 4 3 2 1 0
Field RTOOR ISETOOR IREFOOR BSTUV BSTOV HW_RST oTW oT
Reset 0b0 0x0 0b0 0b0 0b0 0b1 0b0 0b0
Read Clears Read Clears Read Clears Read Clears Read Clears Read Clears Read Clears
Access Type Read Only
All All All All All All All
BITFIELD BITS DESCRIPTION
RTOOR 7 This bit is set to 1 if the resistor on the RT pin is out of the expected range. When this
happens, the device cannot operate.
ISETOOR 6 When 1, this bit indicates a short to ground on ISET. In this condition, the device does
not operate. Power must be recycled to restart the device.
IREFOOR 5 When 1, this bit indicates that the IREF current is out of range. This is more than likely
due to an incorrect resistor value on ISET. In this condition, the IC stops operation.
BSTUV 4 If 1, an undervoltage is detected on the boost output, and the boost is disabled.
BSTOV 3 If 1, the boost converter is at its overvoltage limit.
HW RST 9 If 1, the device has just emerged from a hardware reset (power-up). This bit is reset after
- the first read from this register.
OTW 1 If 1, the junction temperature of the device is over Twarn, or the temperature foldback
circuit has reached the temperature T1.
oT 0 If 1, the junction temperature of the device has exceeded TsHon or the TEMP input
reached the level which shuts off the LED currents.
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DIAG2 REG (0x1D)

MAX25561

BIT 7 6 5 4 3 2 1 0
Field V1800R PEC_ERR BATT_UV CLK_ERR V500R VREFOOR NV_FLT ISNS_SD
Reset 0b0 0b0 0b0 0b0 0b0 0b0 0x0 0b0
Read Clears Read Clears Read Clears Read Clears Read Clears Read Clears
Access Type Read Only Read Only
All All All All All All
BITFIELD BITS DESCRIPTION
V1800R 7 When 1, this bit indicates that the 1.8V regulator output is not in range.
PEC_ERR 6 When 1, this bit indicates an 12C communication parity error.
BATT_UV 5 When 1, this bit indicates that the BATT input is below the VearT_Lvr level.
When this bit is 1, the internal clock has been inactive for 1us or is out-of-range. When
CLK_ERR 4 this fault occurs, the FLTB pin asserts low and the local host should disable the device
using the EN pin. This fault can only be cleared by power-on reset (POR).
V500R 3 When 1, this bit indicates that the V5 supply is out of range and that the device was shut
down as a consequence.
VREFOOR 2 When 1, this bit indicates a mismatch between bandgap references.
NV ELT 1 When 1, this bit indicates a fault in the internal device nonvolatile memory. If this fault
- occurs, FLTB is asserted low and the device does not operate.
ISNS SD 0 When 1, this bit indicates that the voltage between the BATT and SENSE pins exceeded
- 200mV and the boost converter was disabled unless DIS_ISNS_SD was set to 1.
I_MISMATCH (0x1E)
BIT 7 6 5 4 3 2 1 0
Field - - I_MM6 I_MM5 I_MM4 I_MM3 I_MM2 I_MM1
Reset - - 0b0 0b0 0b0 0b0 0b0 0b0
Read Clears Read Clears Read Clears Read Clears Read Clears Read Clears
Access Type - -
All All All All All All
BITFIELD BITS DESCRIPTION
| MM6 5 When 1, this bit indicates that the measured current in channel 6 does not match the

iset[6:0] setting.
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BITFIELD BITS DESCRIPTION

When 1, this bit indicates that the measured current in channel 5 does not match the

I_MM5 4 ) .
- iset[6:0] setting.

When 1, this bit indicates that the measured current in channel 4 does not match the

I_MM4 3 : .

- iset[6:0] setting.

| MM3 9 When 1, this bit indicates that the measured current in channel 3 does not match the
- iset[6:0] setting.

| MM2 1 When 1, this bit indicates that the measured current in channel 2 does not match the
- iset[6:0] setting.

| MM1 0 When 1, this bit indicates that the measured current in channel 1 does not match the

iset[6:0] setting.

TON MISMATCH (0x1F)

BIT 7 6 5 4 3 2 1 0
Field - - TON6_MM TON5_MM TON4_MM TON3_MM TON2_MM TON1_MM
Reset - - 0b0 0b0 0bO 0bO 0b0 0b0
Access Type - - Read Only Read Only Read Only Read Only Read Only Read Only
BITFIELD BITS DESCRIPTION
TON6_MM 5 When 1, this bit indicates a TON mismatch on OUT6.
TON5_MM 4 When 1, this bit indicates a TON mismatch on OUT5.
TON4_MM 3 When 1, this bit indicates a TON mismatch on OUT4.
TON3_MM 2 When 1, this bit indicates a TON mismatch on OUT3.
TON2_MM 1 When 1, this bit indicates a TON mismatch on OUT2.
TON1_MM 0 When 1, this bit indicates a TON mismatch on OUT1.
MM _DIS (0x20)
BIT 7 6 5 4 3 2 1 0
Field I_MM_DIS | TON_MM_DIS | TON6_MM_DIS | TON5_MM_DIS | TON4_MM_DIS | TON3_MM_DIS | TON2_MM_DIS | TON1_MM_DIS
Reset 0bO 0b0 0b0 0b0 0b0 0b0 0b0 0b0
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Access Write, . . . . . . .
Type Read Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read Write, Read

BITFIELD BITS DESCRIPTION
I_MM_DIS 7 When 1, this bit disables the current mismatch check.
TON_MM_DIS 6 When 1, this bit disables the TON mismatch check on all active channels.
TON6_MM_DIS 5 When 1, this bit disables the TON mismatch check on OUT6.
TON5_MM_DIS 4 When 1, this bit disables the TON mismatch check on OUTS5.
TON4_MM_DIS 3 When 1, this bit disables the TON mismatch check on OUT4.
TON3_MM_DIS 2 When 1, this bit disables the TON mismatch check on OUT3.
TON2_MM_DIS 1 When 1, this bit disables the TON mismatch check on OUT2.
TON1_MM_DIS 0 When 1, this bit disables the TON mismatch check on OUT1.

VBSTMON (0x21)
BIT 7 6 5 4 3 2 1 0

Field vbstmon[7:0]
Reset 0x00
Access Type Read Only

BITFIELD BITS DESCRIPTION
vbstmon 7:0 BSTMON voltage measurement from internal ADC.

IOUT1 (0x22)
BIT 7 6 5 4 3 2 1 0

Field iout1[7:0]
Reset 0x00
Access Type Read Only

BITFIELD BITS DESCRIPTION
jout1 7:0 OUT1 current measurement from internal ADC.
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I0UT2 (0x23)
BIT 6 5 4 3 2 0
Field iout2[7:0]
Reset 0x00
Access Type Read Only
BITFIELD BITS DESCRIPTION
iout2 7:0 OUT2 current measurement from internal ADC.
I0UT3 (0x24)
BIT 6 5 4 3 2 0
Field iout3[7:0]
Reset 0x00
Access Type Read Only
BITFIELD BITS DESCRIPTION
iout3 7:0 OUT3 current measurement from internal ADC.
I0UT4 (0x25)
BIT 6 5 4 3 2 0
Field iout4[7:0]
Reset 0x00
Access Type Read Only
BITFIELD BITS DESCRIPTION
iout4 7:0 OUT4 current measurement from internal ADC.
IOUTS5 (0x26)
BIT 6 5 4 3 2 0
Field iout5[7:0]
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Reset 0x00
Access Type Read Only
BITFIELD BITS DESCRIPTION
iouts 7:0 OUTS5 current measurement from internal ADC.
1I0UT6 (0x27)
BIT 7 6 5 4 3 2 0
Field iout6[7:0]
Reset 0x00
Access Type Read Only
BITFIELD BITS DESCRIPTION
iouté 7:0 OUT®6 current measurement from internal ADC.
VSENSE (0x28)
BIT 7 6 5 4 3 2 0
Field vsense[7:0]
Reset 0x00
Access Type Read Only
BITFIELD BITS DESCRIPTION
vsense 7:0 ADC result of conversion of voltage between BATT and SENSE pins.
DIM_TON HI (0x29)
BIT 7 6 5 4 3 2 0
Field dim_ton_hi[7:0]
Reset 0x00
Access Type Read Only
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BITFIELD BITS DESCRIPTION

High byte of measured on-time value at DIM pin in units of 50ns. This value is 0 when

dim_ton_hi 7:0 ) L
- = internal dimming is used.

DIM TON MID (0x2A)

BIT 7 6 5 4 3 2 1 0
Field dim_ton_mid[7:0]
Reset 0x00
Access Type Read Only
BITFIELD BITS DESCRIPTION
. . Middle byte of measured on-time value at DIM pin in units of 50ns. This value is 0 when

dim_ton_mid 7:0 ) L

- - internal dimming is used.

DIM TON LO (0x2B)

BIT 7 6 5 4 3 2 1 0
Field - - - - - - dim_ton_lo[1:0]
Reset - - - - - - 0b00
Access Type - - - - - - Read Only
BITFIELD BITS DESCRIPTION
. Least-significant bits of measured on-time value at DIM pin in units of 50ns. This value is
dim_ton_lo 1:0 . L
- 0 when internal dimming is used.

DIM F HI (0x2C)

BIT 7 6 5 4 3 2 1 0
Field dim_f_hi[7:0]
Reset 0x00
Access Type Read Only
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BITFIELD BITS DESCRIPTION
High byte of measured frequency value at DIM pin in units of 50ns. At 100% and 0%
dim_f_hi 7:0 brightness, the frequency read is approximately 80Hz. The value is 0 when internal
dimming is used.
DIM F MID (0x2D)
BIT 7 6 5 4 3 2 1 0
Field dim_f_mid[7:0]
Reset 0x00
Access Type Read Only
BITFIELD BITS DESCRIPTION
Middle byte of measured frequency value at DIM pin in units of 50ns. At 100% and 0%
dim_f_mid 7:0 brightness, the frequency read is approximately 80Hz. The value is 0 when internal
dimming is used.
DIM F LO (0x2E)
BIT 7 6 5 4 3 2 1 0
Field - - - - - - dim_f_lo[1:0]
Reset - - - - - - 0b00
Access Type - - - - - - Read Only
BITFIELD BITS DESCRIPTION
Least-significant bits of measured frequency value at DIM pin in units of 50ns. At 100%
dim_f lo 1:0 and 0% brightness, the frequency read is approximately 80Hz. The value is 0 when

internal dimming is used.
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Applications Information

Power-Circuit Design

First select a converter topology based on whether the total converter output voltage (LED string forward voltage + OUT _
headroom) is higher than the maximum input voltage, in which case the boost topology can be used. Otherwise, select
the SEPIC configuration. Determine the total output current needed to drive the LED strings (I gp) using the following

equation:
ILED = ISTRING * NSTRING
where ISTRING is the LED current per string in amperes and NsTRING is the number of strings used. Calculate the
maximum duty cycle (Dpax) using the following equations:
Boost Configuration:
D _ (VLED + VDl - VIN_MIN)

MAX — — —

(VLED + VD1 VDS 044)
SEPIC Configuration:
(VLED + VDl)

(Vin_min = Vs — 044 + Vi + Vi)

where Vp1 is the forward drop of the rectifier diode in volts (approximately 0.6V), VIN miIN is the minimum input supply
voltage in volts, Vpg is the drain-to-source voltage of the external MOSFET in volts when it is on, and 0.44V is the peak
current-sense voltage in the high-current setting. Initially, use an approximate value of 0.2V for Vpg to calculate Dyax.
Calculate a more accurate value of Dyax after the power MOSFET is selected based on the maximum inductor current.

Dyax =

Boost Configuration

The average inductor current varies with the input voltage, and the maximum average current occurs at the lowest input
voltage. For the boost converter, the average inductor current is equal to the input current. Select the maximum desired
peak-to-peak ripple on the inductor current (Al ). The recommended peak-to-peak ripple is 60% of the average inductor

current.
Use the following equations to calculate the maximum average inductor current (ILayg) and peak inductor current (ILp)
in amperes.

_ gD
ILAVG - 1-— DMAX
Allowing the peak-to-peak inductor ripple Al to be +30% of the average inductor current:

Al = ILyye X 0.3 X 2

and
Al
ILp = ILgye + >

Calculate the minimum inductance value (LpjN), in henries with the inductor-current ripple set to the maximum value.

L _ (VIN_MIN — VDS — 044) X DMAX
MIN f:s-W )(AIL

where 0.44V is the peak current-sense voltage (with bl_ilim set to O; if bl_ilim is set to 1, use 0.325V in this equation).
Choose an inductor that has a minimum inductance greater than the calculated LN and a current rating greater than
ILp. The recommended saturation current limit of the selected inductor is 10% higher than the inductor peak current for
the boost configuration.

SEPIC Configuration

Power-circuit design for the SEPIC configuration is very similar to a boost design. For SEPIC, the output is referenced to
ground and the inductor is split into two parts (see the Typical Application Circuit). One of the inductors (L2) has the LED
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current as the average current, and the other inductor (L1) has the input current as its average current. Use the following
equations to calculate the average inductor currents (IL1avG, IL2avg) and peak inductor currents (IL1p, IL2p) in amperes:

Igp X Dyax X 1.1
1- DMAX
The factor 1.1 provides a 10% margin to account for the converter losses:

L1y =

IL24y¢ = ILep
Assuming the peak-to-peak inductor ripple Al is £30% of the average inductor current:

Al = 1L1,,; X 0.3 X 2
and

Al
1L1p = ILlAVG +T

Al = [L2,4y0 X 0.3 X 2

and

Al
1L2p = IL2476 + =

Calculate the minimum inductance values L1 N and L2\ N in henries with the inductor current ripples set to the maximum
value as follows:

_ (Vin_min — Vps — 0.44) X Dyax

L1 =
MIN Fo X 40,

L2 _ (VIN,MIN —Vps — 0.44) X Dyax
MIN Xl

where 0.44V is the peak current-sense voltage. Choose inductors that have a minimum inductance greater than the
calculated L1pN and L2\ N, @and current ratings greater than IL1p and IL2p, respectively. The recommended saturation
current limit of the selected inductor is 10% higher than the inductor peak current.
To simplify further calculations, consider L1 and L2 as a single inductor with L1/L2 connected in parallel. The combined
inductance value and current is calculated as follows:
Lo L1yy X L2yn

MY Ly + L2

and
ILAVG = ILlAVG + ILZAVG

where ILay g represents the total average current through both the inductors, connected together for SEPIC configuration.
Use these wvalues in the calculations for the SEPIC configuration in the following sections.
Select coupling capacitor CS so that its peak-to-peak ripple is less than 2% of the minimum input supply voltage. This
ensures that the second-order effects created by the series resonant circuit comprising L1, CS, and L2 do not affect the
operation of the converter. Use the following equation to calculate the minimum value of CS:

1 XD
s > LED max
Vin_miv X 0.02 X fo

where CS is the minimum value of the coupling capacitor in farads, I gp is the LED current in amperes, and the factor
0.02 reflects the desired 2% ripple.

Current-Sense Resistor and Slope Compensation

The MAX25561 backlight controller generates a current ramp for slope compensation. This ramp current is synchronized
to the switching frequency, starting from zero at the beginning of every clock cycle and rising linearly to reach 50pA at the
end of the clock cycle. The slope-compensating resistor (Rgc) is connected between the CSP input and the source of the

external MOSFET. This adds a programmable ramp voltage to the CSP input voltage to provide slope compensation.
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Use the following equations to calculate the value of slope-compensation resistance (Rgc):
Boost Configuration:

Ro. = (VLED -2 VIN_MIN) X Res X 3
s¢ Lyn X 50UA X foyr X 4

SEPIC and Coupled-Inductor Configurations:

Ro. = (VLED - VIN_MIN) X Res X 3
SCT Lyun X S0UA X foyr X 4

where VLEp and ViN_MmIN are in volts, Rsc and Rcs are in ohms, Ly is in henries, and fgyy is in hertz. The value of the
switch current-sense resistor (Rcg) can be calculated as follows:
Boost Configuration:

4 X Lyyy X fsw X Ves max X 0.9

Res =
Ip X 4 X Lyyy X fow + Dyax X (VLED —-2x VIN_MIN) x 3

SEPIC and Coupled-Inductor Configurations:

_ 4 X Lyiy X fow X Ves max % 0.9

B Ip X 4 X Lygy X fow + Dyax X (VLED - VIN,MIN) x 3

where Vcs Mmax is the minimum value of the peak current-sense threshold or 0.38V with bl_ilim = 0 and 0.275V when
bl_ilim is set to 1. The current-sense threshold also includes the slope-compensation component. The minimum current-
sense threshold is multiplied by 0.9 to take tolerances into account.

Output Capacitor Selection

In both converter topologies, the output capacitor supplies the load current when the main switch is on. The function of
the output capacitor is to reduce the converter output ripple to acceptable levels. The entire output-voltage ripple appears
across the constant-current sink outputs because the LED string voltages are stable due to their constant current. For the
MAX25561, limit the peak-to-peak output-voltage ripple to 250mV in order to get stable output current.

RCS

The ESR, ESL, and bulk capacitance of the output capacitor contribute to the output ripple. In most applications, using
low-ESR ceramic capacitors can dramatically reduce the output ESR and ESL effects, connecting multiple ceramic
capacitors in parallel to achieve the required bulk capacitance. To minimize audible noise during PWM dimming however,
it may be desirable to limit the use of ceramic capacitors on the boost output. In such cases, an additional electrolytic or
tantalum capacitor can provide the majority of the bulk capacitance.

External Switching MOSFET Selection

The external switching MOSFET should have a voltage rating sufficient to withstand the maximum boost output voltage
together with the rectifier diode drop and any possible overshoot due to ringing caused by parasitic inductance and
capacitance. The recommended MOSFET Vpg voltage rating is 30% higher than the sum of the maximum output voltage

and the rectifier diode drop.

The continuous drain-current rating of the MOSFET (ID), when the case temperature is at the maximum operating ambient
temperature, should be greater than that calculated below.

IDpys = ( /ILAVG2 X DMAX) x 1.3

The MOSFET dissipates power due to both switching losses and conduction losses. Use the following equation to
calculate the conduction losses in the MOSFET.

Peonp = IL? 4y X Dyrax X Rpscom

where Rps(oN) is the on-state, drain-to-source resistance of the MOSFET. Use the following equation to calculate the
switching losses in the MOSFET:

ILave X Vigp? X Cop X 1 1
Pyy = AVG LED2 GD fswx< n )

IGON IGOFF
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where IgoN and IgofrF are the gate currents of the MOSFET in amperes when it is turned on and turned off, respectively.
Cgap is the gate-to-drain MOSFET capacitance in farads.
Rectifier Diode Selection

Using a Schottky rectifier diode produces less forward drop and puts the least burden on the MOSFET during reverse
recovery. A diode with considerable reverse-recovery time increases the MOSFET switching loss. Select a diode with a
voltage rating that is 20% higher than the maximum boost-converter output voltage and a current rating greater than:

Ip = ILAvG * (1 =~ DmAX) * 1.2
Feedback Compensation

During normal operation, the feedback control loop regulates the minimum OUT_ voltage to fall within the window
comparator limits of 0.78V and 1.03V when LED string currents are enabled during PWM dimming. When LED currents
are off during PWM dimming, the control loop turns off the converter and stores the previous boost output-voltage value
for use during the next on cycle. The switching converter small-signal-transfer function has a right-half plane (RHP) zero
in the boost configuration if the inductor current is in continuous-conduction mode. The RHP zero adds a 20dB/decade
gain together with a 90° phase lag, which is difficult to compensate.

Worst-Case RHP Zero Frequency (fzrHp):

(1- Dyax)’

fzrup = ViED X Tx WXL % liep
SEPIC and Coupled-Inductor Configurations:

(1 - DMAX)2

2x 1 xL xlgp *Dyax

f2rup = Viep ¥

The standard way to avoid this zero is to roll off the loop gain to 0dB at a frequency of less than 1/5 of the RHP zero
frequency with a -20dB/decade slope. The switching converter small-signal transfer function also has an output pole. The
effective output impedance, together with the output filter capacitance, determines the output pole frequency (fp1) that is

calculated as follows:
Boost Configuration:

ILED

fo,=—m—
P17 % Vigp x Cour
SEPIC and Coupled-Inductor Configurations:

DMAX

fpr=llep X = ~—
™ *x Vi gp % Coyr

Compensation components RCOMP and CCOMP perform two functions. CCOMP introduces a low-frequency pole that
presents a -20dB/decade slope to the loop gain. RCOMP flattens the gain of the error amplifier for frequencies above the
zero formed by RCOMP and CCOMP. For compensation, this zero is placed at fpq to provide a -20dB/decade slope for

frequencies above fpq to the combined modulator and compensator response. The value of RCOMP needed to fix the
total loop gain at fpq1 so the total loop gain crosses 0dB with -20dB/decade slope at 1/5 the RHP zero frequency is
calculated as follows:

Boost Configuration:

Rcomp = fzrHP * Rcs * ILED * Aovp/(5 x fp1 x GMcomp * VLED * (1 = Dmax))

SEPIC and Coupled-Inductor Buck-Boost Configurations:

Rcomp = fzrHP * Rcs * ILED * Aovp * Dmax/(5 * fp1 * GMcomp * VLED * (1 ~ DmAX))
where:

¢ Rcowmp = Compensation resistor in Q
e Aopyp = BSTMON resistor-divider gain (a value >> 1)
¢ Rcg = Current-sense resistor in Q
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GMcomp = Transconductance of the error amplifier (600uS)

The value of CCOMP is calculated as follows:

Ccowmp =

1
2 x T % fzy X Reomp

where fz4 is the compensation zero placed at 1/5 the crossover frequency, which is, in turn, set at 1/5 the fzrpyp.

If the output capacitors do not have low ESR, the ESR zero frequency could fall below the 0dB crossover frequency. An
additional pole may be required to cancel out this zero placed at the same frequency. This can be added by connecting
a capacitor from the COMP pin directly to GND with a value shown as follows:

CpAR = GMcowmp * Resr * Cout
where RggR is the capacitor ESR value and CoyT is the output-capacitor value.

PCB Layout Considerations

The MAX25561 incorporates a high-frequency switching converter and, as such, careful circuit board layout is required
to ensure correct device operation and optimize EMI performance. The switching-converter portion of the circuit contains
nodes with very fast voltage transients, which could lead to undesirable effects on the sensitive parts of the circuit.
Observe the following guidelines when designing a circuit board for the MAX25561:

1.

2.

Make the connections from the sense resistor to the BATT and SENSE pins as short and as wide as possible. This
ensures a low-resistance connection, which enhances sensing accuracy.

Connect the components related to the following pins as close as possible to the device to avoid noise pickup: ISET,
RT, BSTMON, and COMP. Connect their ground terminals to an analog ground plane or directly to the device GND
pin. The CSN pin should be connected directly to the ground of the network connected to COMP.

Connect the bypass capacitors on V18 as close as possible to the device, and connect the capacitor ground to the
nearest GND pin. Connect the GND of the device to the analog ground plane using a via placed close to GND.
Connect the bypass capacitors on V5 as close as possible to the device, and connect the capacitor ground to power
GND.

Have a power-ground plane for the switching-converter power circuit under the power components (i.e., input filter
capacitor, output filter capacitor, inductor, MOSFET, rectifier diode, and current-sense resistor). Connect PGND to the
power-ground plane closest to PGND. Connect all other ground connections to the power ground plane using vias
placed close to the terminals.

. There are two loops in the power circuit that carry high-frequency switching currents. One loop is when the MOSFET

is on (from the input filter capacitor positive terminal, through the inductor, the internal MOSFET, and the current-
sense resistor, to the input capacitor negative terminal). The other loop is when the MOSFET is off (from the input
capacitor positive terminal, through the inductor, the rectifier diode, output filter capacitor, to the input capacitor
negative terminal). Analyze these two loops and make the loop areas as small as possible. Wherever possible, have
a return path on the power-ground plane for the switching currents on the top-layer copper traces, or through power
components. This reduces the loop area considerably and provides a low-inductance path for the switching currents.
Reducing the loop area also reduces radiation during switching.

Connect the power-ground plane for the constant-current LED-driver portion of the circuit to LEDGND as close as
possible to the device. Connect GND to PGND at the same point.

Boost output voltage for the LED strings should be taken directly from the output capacitors and not from the boost
diode anode.

Input and output capacitors need good grounding with wide traces and multiple vias to the ground plane.
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Typical Application Circuit
Boost Configuration
L1
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Q; RI7
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12C BUS ouT1
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OUTPUT FLTB ouT4
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> EN ouTé
GND ADD IREF
22kQ
Ordering Information
PACKAGE
PART TEMP RANGE CODE PIN-PACKAGE
MAX25561ATJIN+ -40°C to +125°C T3255+6C 32-TQFN-EP*
MAX25561ATJVY + -40°C to +125°C T3255+6C 32-TQFN-EP*

/V Denotes an automotive-qualified part.
+ Denotes a lead(Pb)-free/RoHS-compliant package.

*EP = Exposed pad.
Y = Side-wettable (SW) package.
T Denotes tape-and-reel.

Chip Information
PROCESS: BiCMOS
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Revision History

REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 10/23 Initial release —

Information furnished by Analog Devices is believed to be accurate and reliable. However, no responsibility is
assumed by Analog Devices for its use, nor for any infringements of patents or other rights of third parties that may

result from its use. Specifications subject to change without notice. No license is granted by implication or otherwise
DEVI‘ ES under any patent or patent rights of Analog Devices. Trademarks and registered trademarks are the property of their
respective owners.

www.analog.com Analog Devices | 56




Mouser Electronics

Authorized Distributor

Click to View Pricing, Inventory, Delivery & Lifecycle Information:

Analog Devices Inc.:

MAX25561ATI/VY+ MAX25561ATI/VY+T MAX25561ATI/V+T MAX25561ATI/V+ MAX25561EVKITA#
MAX25561EVKITB#



https://www.mouser.com/maxim-integrated
https://www.mouser.com/access/?pn=MAX25561ATJ/VY+
https://www.mouser.com/access/?pn=MAX25561ATJ/VY+T
https://www.mouser.com/access/?pn=MAX25561ATJ/V+T
https://www.mouser.com/access/?pn=MAX25561ATJ/V+
https://www.mouser.com/access/?pn=MAX25561EVKITA#
https://www.mouser.com/access/?pn=MAX25561EVKITB#

	General Description
	Applications
	Benefits and Features
	Absolute Maximum Ratings
	Package Information
	Electrical Characteristics
	Typical Operating Characteristics
	Pin Configurations
	Pin Descriptions
	Functional Diagrams
	Detailed Description
	Undervoltage Lockout
	BATT_UV Indication Bit

	Low-Voltage Operation
	Input Current Monitoring
	Oscillator Frequency/External Synchronization
	Spread Spectrum

	LED Current Control
	Current-Mode DC-DC Controller

	9-Bit DAC
	Startup Sequence
	Stage 1
	Stage 2
	Stage 3

	Dimming
	Low-Dimming Mode
	Phase-Shift Dimming
	Automatic Fade-In/Fade-Out During Dimming
	Disabling Individual Strings
	Hybrid Dimming
	Hybrid Dimming Operation

	Temperature Foldback
	TEMP External Circuit
	Hybrid Dimming Operation Modes

	Diagnostics and FLTB Output
	Open-LED Management and Overvoltage Protection
	Short-LED Detection
	LED Short-to-Ground Protection
	Analog-to-Digital Converter (ADC)
	Measured OUT_ Current Mismatch
	VREF Out-of-Range Detection
	Clock Error
	Input/Output On-Time Comparison
	Thermal Warning/Shutdown

	I2C Interface
	Bit Transfer
	STOP and START Conditions
	Early STOP Condition
	Clock Stretching
	I2C General Call Address
	Packet Error Checking (PEC)
	Acknowledge
	Target Address
	Write-Data Format
	Read-Data Format


	Register Map
	Applications Information
	Power-Circuit Design
	Boost Configuration
	SEPIC Configuration

	Current-Sense Resistor and Slope Compensation
	Output Capacitor Selection
	External Switching MOSFET Selection
	Rectifier Diode Selection
	PCB Layout Considerations

	Typical Application Circuit
	Ordering Information
	Chip Information

