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EVALUATION KIT AVAILABLE

MAX16805/MAX16806

EEPROM-Programmable, High-Voltage,

350mA LED Drivers with LED Current Foldback

General Description

The MAX16805/MAX16806 LED drivers eliminate the
need for microcontrollers or switch-mode converters. An
EEPROM-programmable LED current-sense reference sim-
plifies production by using one sense resistor to set the LED
current for all LED bins. A dual-mode DIM pin and an on-
board 200Hz ramp generator allow for PWM dimming with an
analog or PWM control signal. The analog control signal at
dimming input DIM allows for the "theater dimming" effect to
be implemented. Fast turn-on/-off times ensure a wide-range
PWM operation, while waveshaping circuitry minimizes EMI.
EEPROM-programmable LED current foldback makes it
possible to operate at a high input voltage, while saving the
cost and space associated with having a large heatsink. The
MAX16806 works with an external thermal sensor to main-
tain maximum LED junction temperature by folding back the
LED current. The thermal foldback temperature knee and
slope are EEPROM programmable. The MAX16806 SW pin
supplies necessary wetting current to a momentary switch.

Applications
e Emergency Vehicle Warning Lights
e Navigation and Marine Indicators

Typical Operating Circuits

Features

e EEPROM or 12C Dynamically Programmable:
» LED Current Foldback for High Input Voltage
* LED Current Reference
* LED Current Thermal Foldback (MAX16806)

e On-Board 200Hz Ramp Generator Eliminates the
Need for yC PWM Signal

e Flexible Analog or PWM Control for PWM or Theater
Dimming

e Wetting Current and Debounce for Momentary Switch

(MAX16806)

5.5V to 40V Input with Up to 39V Output Capability

35mA to 350mA Adjustable LED Current

Waveshaping Minimizes EMI During Dimming

Output Short-Circuit and Overtemperature Protection

-40°C to +125°C Operating Temperature Range

Ordering Information

PIN-
PART TEMP RANGE PACKAGE
MAX16805ATP+ -40°C to +125°C 20 TQFN-EP*
MAX16806ATP+ -40°C to +125°C 20 TQFN-EP*

+Denotes a lead(Pb)-free/RoHS-compliant package.
*EP = Exposed pad.

Pin Configurations appear at end of data sheet.
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MAX16805/MAX16806

Absolute Maximum Ratings

IN O GIND oo
DIM, OUT, EN to GND .................
IN Slew Rate (20V < V|y < 45V)
SDA, SCL (MAX16805), TFN/SDA,

TFP/SCL (MAX16806) to GND

CFD, CS+, V5 to GND

DGND and CS- 10 GND .......cccoovivieicieiiiieene
OUT Short Circuited to GND Duration (VN < +16V)

EEPROM-Programmable, High-Voltage,
350mA LED Drivers with LED Current Foldback

-0.3V to +45V
-0.3V to (V| + 0.3V)
................................. 250mV/us

-0.3V to +6V
-0.3V to +6V
-0.3V to +0.3V

.......... hour

Maximum Current Into Any Pin (except IN and OUT)......+20mA
Continuous Power Dissipation (Tp = +70°C)
20-Pin Thin QFN

(derate 34.5mW/°C above +70°C) ....cccecvvveennnnnnn. 2758.6mwW
Operating Temperature Range..........c.ccccccceueee -40°C to +125°C
Junction Temperature
Storage Temperature Range...........ccccccvveeenes -65°C to +150°C
Lead Temperature (soldering, 10S) ......ccoevviieereiiiienennnnns +300°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.

Electrical Characteristics

(VIN = VEN = 12V, Cys = 0.1pF, Iys = 0, CS- = GND, Rgensg = 0.56Q, Vpjm = 4V, DGND = GND, TFP/SCL = 5V, TFN/SDA = 0V,
SW = CFD = Open, Tp = Ty = -40°C to +125°C, unless otherwise noted. Typical values are at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Supply Voltage Range VIN (Note 2) 5.5 40 V
Ground Current Ie) ILoaD = 350mA 25 4.5 mA
Shutdown Supply Current ISHDN VEN £ 0.3V 12 40 pA
Guaranteed Output Current lout Rsense = 0.55Q 350 mA
Output Current Accuracy 35”TA < lout < 350mA, Rsens tolerance 3.0 %
not included
louTt = 350mA, 12V < V| < 40V 0.4 1.2
Dropout Voltage (Note 3) AVpo V
louT = 350mA, 6.5V < V|\y <12V 0.5 1.5
Output Current Slew Rate Current rising, DIM rising to 4V 17 Al
) mA/us
(External PWM Signal at DIM) Current falling, DIM falling to 0.6V 17 g
Short-Circuit Current Vout = 0V 600 mA
ENABLE INPUT
EN Input Current IEN 100 nA
EN Input-Voltage High ViH 2.8 Vv
EN Input-Voltage Low Vi 0.6 V
Enable Turn-On Time toN EN rising edge to 90% of OUT 225 us
5V REGULATOR
0 < lys <0.5mA,
4.9 5.1 5.3
i W = GND
Output Voltage Regulation V5 6.5V < Vj < 40V S G v
(MAX16806) 0 < lys <2mA,
4.9 5.1 5.3
SW = open
Output Voltage Regulation
(MAX16805) V5 0 <lys<2mA, 6.5V <V|y <40V 4.9 5.1 5.3 \Y
CURRENT SENSE
VsensEe = [Vcs+ - Ves., Binning
Regulated Rggnsg Voltage VRSNS Adjustment register at factory default 192 198 204 mV
(0OxOF)
Input Current (CS+) Vcs+ =210mV 12 MA
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MAX16805/MAX16806 EEPROM-Programmable, High-Voltage,
350mA LED Drivers with LED Current Foldback

Electrical Characteristics (continued)
(VIN = VEN = 12V, Cys = 0.1pF, Iys = 0, CS- = GND, Rgensg = 0.56Q, Vpim = 4V, DGND = GND, TFP/SCL = 5V, TFN/SDA = 0V,
SW = CFD = Open, Ta = Ty =-40°C to +125°C, unless otherwise noted. Typical values are at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Input Current (CS-) Ves+ =210mV -75 MA
Minimum Regulated VSENSE
Programming Range VSENSE(MIN) 99.4 103 1066 v
m
Maximum Regulated VSENSE
Programming Range VSENSE(MAX) 192 198 204
Regulated VSENSE Default Binning Adjustment register at factory
Voltage VSENSE(DEF) | gefault (0xOF) 198 mv
EXTERNAL PWM DIMMING INPUT
DIM Input Current 0.5 MA
Turn-On Time toN After DIM rising to 4V (Note 4) 28 52 us
Turn-Off Time toFF After DIM falling to 0.6V (Note 4) 19 38 us
THERMAL FOLDBACK (MAX16806 with MAX6613)
Maximum Thermal Foldback Knee
Point Programming Range TFKNEE(MAX) 326 335 354 v
m
Minimum Thermal Foldback Knee
Point Programming Range TFKNEE(MIN) 143 4 1213
Minimum Thermal Foldback
Temperature Programming Range TFmIN) +60 oc
Maximum Thermal Foldback
Temperature Programming Range TF(max) 135
Thermal Foldback Default V Thermal Foldback Knee Point register at +60 °c
Threshold Temperature TH factory default (0x00)
Thermal Foldback Default
Threshold Voltage TFVTH 1174 v
Minimum Thermal Foldback Slope TFSL(MIN) 3.88 4 412 VIV
Maximum Thermal Foldback Slope |  TFg| (max) 15.52 16 16.48 VIV
Thermal Foldback Slope Gain register at
Thermal Foldback Default Slope factory default (0x03) 4 VIV
TFP/SCL (SCL for MAX16805) Vrep |2C interface active -0.3 V5 v
Voltage Compliance Range Remote thermal sensor active +0.3 V5
TFN/SDA (SDA for MAX16805)
Voltage Compliance Range VTEN 03 Vo v
Minimum Thermal Foldback . .
< < 0,
Clamp Current Reduction Range TFominy | +25C<TaA<+125C 40 L
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MAX16805/MAX16806 EEPROM-Programmable, High-Voltage,
350mA LED Drivers with LED Current Foldback

Electrical Characteristics (continued)

(VIN = VEN = 12V, Cys = 0.1pF, Iys = 0, CS- = GND, Rgensg = 0.56Q, Vpim = 4V, DGND = GND, TFP/SCL = 5V, TFN/SDA = 0V,
SW = CFD = Open, Ta = Ty =-40°C to +125°C, unless otherwise noted. Typical values are at Tp = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS

Maximum Thermal Foldback
Clamp Current Reduction Range

TFcMAX) | +25°C ST < +125°C 100 %

Thermal Foldback Clamp register at
TFpEF factory default (0x07), 40 %
+25°C < Tp £ +125°C

Default Thermal Foldback Clamp
Current Reduction Range

THERMAL PROTECTION
Thermal Shutdown Temperature TJ(SHDN) +155 °C
Thermal Shutdown Hysteresis +23 °C

LED CURRENT FOLDBACK
Minimum Input LED Current

Foldback Range VCFD(MIN) 1.4 v
Maximum Input LED Current
Foldback Range VCFD(MAX) 16.4 v
LED Current Foldback Default LED Current Foldback Threshold register
VcED 16.4 V
Level at factory default (0x00)
LED Current Foldback Voltage ViN > 11V, CFD register bit 3 =0 0.71 Vistep
Step Size VN > 11V, CFD register bit 3 = 1 0.355
INTERNAL RAMP GENERATOR
Internal RAMP Frequency fRAMP 176 200 224 Hz
External Sync Frequency Range foim 80 2000 Hz
External Sync Voltage Low 0.4 V
External Sync Voltage High 2.8 \Y
Vpim = 0V 0
Output Current Duty Cycle Ibc Voim > (VRamp + 0.4V) (MAX16806), 100 %
Vpim > +3.3V (MAX16805)
Minimum Ramp Peak
Programming Range VRAMP(MIN) 1.49 1.55 1.60 V
Maximum Ramp Peak VRAMP(MAX) 277 288 300 v

Programming Range

Ramp Peak register at factory default

Ramp Peak Default Voltage (0x07) 2.88 \Y
Ramp Offset Voltage 210 mV
MOMENTARY SWITCH INTERFACE (SW) (MAX16806)

SW Pullup Current Isw Vgw =0V 1 3 mA
SW Input-Voltage High ViH Isy = 100pA 4 V
SW Input-Voltage Low VL 0.4 V
Minimum Pulse Width 120 ms
Minimum Debounce Time 40 ms
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MAX16805/MAX16806

EEPROM-Programmable, High-Voltage,
350mA LED Drivers with LED Current Foldback

Electrical Characteristics (continued)

(VIN = VEN = 12V, Cys = 0.1pF, Iys = 0, CS- = GND, Rgensg = 0.56Q, Vpim = 4V, DGND = GND, TFP/SCL = 5V, TFN/SDA = 0V,
SW = CFD = Open, Ta = Ty =-40°C to +125°C, unless otherwise noted. Typical values are at Tp = +25°C.) (Note 1)

PARAMETER | SYMBOL | CONDITIONS MIN TYP MAX | UNITS
EEPROM
T Yl i M » 2w | v
EEPROM Data-Retention Time 10 Years
I2C DIGITAL INPUTS (TFP/SCL, TFN/SDA) (Note 5)
Logic Input-Voltage High ViH 2.8 \Y
Logic Input-Voltage Low VL 0.8 V
Input Capacitance 5 pF
SDA Output Voltage Low VoL IsINK = 3mMA 0.4 V
I2C INTERFACE TIMING (Figure 1)
Serial Clock Frequency fscL 400 kHz
Bus Free Time Bgtyveen STOP tBUF 13 us
and START Condition
START Condition Hold Time tHD:STA 0.6 us
Clock Low Period tLow 1.3 us
Clock High Period tHIGH 0.6 us
_I'F’;:);at START Condition Setup tSUISTA 06 us
A master device must provide a hold
time of at least 300ns for the SDA signal
Data Hold Time tHD:DAT (referred to V| of the SCL signal) in order 0 0.9 us
to bridge the undefined region of SCL’s
falling edge
Data Setup Time tsu:DAT 100 ns
Receive SCL/SDA Rise Time tr 300 ns
Receive SCL/SDA Fall Time te 250 ns
STOP Condition Setup Time tsu:sTO 0.6 us
Pulse Width of Spike Suppressed tsp 50 ns
Transmit SDA Fall Time ISINK < 6mA, Cpg < 400pF (Note 6) 250 ns

Note 1: All devices 100% production tested at Tj = +25°C. Limits over the operating temperature range are guaranteed by design.
Note 2: Resistors were added from OUT to CS+ to aid with the power dissipation during testing.
Note 3: Dropout is measured as follows: Connect a resistor from OUT to CS+. Connect Rggnsg = 0.56Q from CS+ to CS-.
Set VN = VouT +3V (record VoyT as Vout1)- Reduce V| until VoyT = 0.97 x VoyT1 (record as VN2 and VouT2)-
AVpo = ViN2 - VouT2:
Note 4: ton time includes the delay and the rise time needed for IgyT to reach 90% of its final value. togf time is the time needed
for loyT to drop below 10%. See the Typical Operating Characteristics. ton and topp are tested with 13Q from OUT to CS+.
Note 5: TPF/SCL (SCL for MAX16805) and TPN/SDA (SDA for the MAX16805) are |12C interface compatible only when the
MAX16805/MAX16806 are the only parts on the bus for production programming.

Note 6: Cpg is the total bus capacitance.
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MAX16805/MAX16806 EEPROM-Programmable, High-Voltage,
350mA LED Drivers with LED Current Foldback

Typical Operating Characteristics

(ViN = 12V, VEN = VN, Cys = 0.1pF, Iys = 0, CS- = GND, Rggnsg = 0.56Q, connect OUT to CS+, Vpyy = 4V, SW = VEp = open,
VTEP/sc = 5V, V1en/sD = GND, DGND = GND. T = +25°C, unless otherwise noted.)

OUTPUT CURRENT
vs. TEMPERATURE (Vcs+ - Vcs-) vs. OUTPUT CURRENT OUTPUT CURRENT vs. INPUT VOLTAGE
450 5 0.205 — s 400 5
400 g 0.204 ViN =12V : 350 :
I ILOAD = 350mA 2 0.203 E: _ louT = 350mA 3
Z < 300
= _.0.202 =
= 300 = =
& ~=0.201 g 250
& 250 8 2
3 ILOAD = 200mA = 0.200 3 200
© 200 & i
5 Bo.199 > 150
£ 150 = & -
3 ILOAD = 100mA 0.198 3 lour = 100mA
100 D 100
] 0.197 /
50 ILOAD = 35mA 0196 50 /
0 [ [ [ ] 0.195 0
40 -25-10 5 20 35 50 65 80 95 110125 20 50 80 110 140 170 200 230 260 290 320 350 0 2 4 6 8 10 12 14 16
TEMPERATURE (°C) OUTPUT CURRENT (mA) INPUT VOLTAGE (V)
DROPOUT VOLTAGE +5V REGULATOR OUTPUT +5V REGULATOR OUTPUT
vs. TEMPERATURE vs. TEMPERATURE vs. INPUT VOLTAGE
1.0 _— 5.20 o 5.20 <
5 TTT1 T 1
0-8 ILoAD = 350mA g = NO LOAD § = NO LOAD §
s T 551 ILoap = mA © 5 )
w 07 a / o ]
10} = =
<C 2 o
= 06 = o o —
S s - S50 KO S 510 — ] | |
- . // E 5.10 / M ‘ E X 7’7:
g o LT 3 /7 2 ILoAD = 2mA osp < 1mA
T 03 [ / ILOAD = 2mA 2 LOAD =
e = 5.05 = 5.05
0.2 D / >
0.1
0 5.00 5.00
40 -25-10 5 20 35 50 65 80 95 110125 40 2510 5 20 35 50 65 80 95 110125 5 10 15 20 25 30 35 40
TEMPERATURE (°C) TEMPERATURE (°C) INPUT VOLTAGE (V)
SHUTDOWN CURRENT
vs. TEMPERATURE (Vcs+ - Ves-) vs. lys 200Hz DIMMED OPERATION
MAX16805 toc09
5 0.2010 ; S —— e AXIG05 o
s L Il 3 ViN = 12 g : C
VIN = 40V [ g
T 30 g 0.2005 g VDIM
=2 2V/div
= =0.2000
E “ \7: ILoAD = 350mA o
> VN = 20V o LOAD = 35Um
o 2 h— >0.1995 Vi = 12V
B b DIM PULSED AT lLoAD
'g 15 ViN=12V e F200Hz (1% DUTY -7 200mA/div
2 10 [—Unz6sv ‘ CYCLE)
» Pk ; —; o —— A
; 0185 SO TN NI
0 01980 RS, i
40 -25-10 5 20 35 50 65 80 95 110125 0 1 2 3 4 5 6 7 8 20ps/div
TEMPERATURE (°C) Iy (mA)
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MAX16805/MAX16806

Typical Operating Characteristics (continued)

EEPROM-Programmable, High-Voltage,
350mA LED Drivers with LED Current Foldback

(ViN = 12V, VEN = VN, Cys = 0.1pF, Iys = 0, CS- = GND, Rggnsg = 0.56Q, connect OUT to CS+, Vpyy = 4V, SW = VEp = open,
VTEP/sc = 5V, V1en/sD = GND, DGND = GND. T = +25°C, unless otherwise noted.)

LED CURRENT FALL TIME (EXPANDED)

MAX16805 toc10

LED CURRENT RISE TIME (EXPANDED)

MAX16805 toc11

sl 011 PULSED AT
AE s S ]
ST d Vom

: S ) 'ZOOHZV
..... Lol Do avid e

DIM PULSED AT E--—-—-J

ILeD

{ 2omy o

0A
20ps/div
OUTPUT CURRENT
DUTY CYCLE vs. INPUT VOLTAGE
120 o
LED CURRENT 3
s THRESHOLD REGISTER = (0x07) g
w100 3
\ E
80
= BIT3 =1 k
o
E 60
w
o
5
[SI ]
et
'@ . BIT3=0 \
3 \A\
0
0 2 4 6 8 10 12 14 16 18 20
INPUT VOLTAGE (V)
OUTPUT CLAMP
vs. THERMAL FOLDBACK SLOPE
45 °
0 THERMAL SLOPE = 4V/V| £
35 ‘ </ =
< THERMAL SLOPE = 4V/V \
a 30 N B B -\ \
<§( | THERMAL SLOPE = 8V/V
3 ® I
E 20 — THERMAL SLOPE = 12V/V x|
£
3 15
10 \ THERMAL
KNEE = +60°C
5 | THERMAL FOLDBACK
0 CLAMP LEVEL = 40% /

0 02 04 06 08 10 12 14 16
VTEN (V)

www.maximintegrated.com

20ps/div

OUTPUT CURRENT DUTY CYCLE (%)

VoM
2V/div

ov

ILED

200mA/div

0A

N
o

o
S

oo
oS

D
S

S
o

n
o

OUTPUT CURRENT DUTY CYCLE (%)
3

n
o

o
S

oo
S

N
o

n
S

OUTPUT CURRENT DUTY CYCLE
vs. ANALOG DIM VOLTAGE

CFi

T
ViN=12V
| RAMP REGISTER = 0x07
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/
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MAX16805 toc12

0
0 1 2 3 4
Voim (V)
OUTPUT CURRENT
DUTY CYCLE vs. INPUT VOLTAGE
LED CURRENT 5
THRESHOLD REGISTER = (0x00) %
\\ :
BIT3=1 \l
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~J
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INPUT VOLTAGE (V)
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_________ 200mV/div
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MAX16805/MAX16806

Pin Description

EEPROM-Programmable, High-Voltage,
350mA LED Drivers with LED Current Foldback

PIN
NAME FUNCTION
MAX16805 MAX16806
1,20 1,20 ouT Current Regulated Output. Connect pins 1 and 20.
Input Supply. Bypass IN with a 0.1uF (min) capacitor to GND. Connect pins 2
2,3 2,3 IN
and 3.
LED Current Foldback Dimming Enable Input. Leave CFD unconnected to
4 4 CFD enable the current foldback dimming function. Drive CFD low to disable the LED
current foldback dimming function.
5 5 DGND Digital Ground. Connect to GND.
6 — SCL I2C Serial Clock Input
7 — SDA I2C Serial-Data Input/Output
8,10, 16 8,10,16 GND Ground
9,11,18 9,18 N.C. No Connection. Leave unconnected (internal connection).
12,15 12,15 V5 5V Regulated Output. Connect a 0.1uF capacitor from V5 to GND. Connect pin
12 to 15.
13 13 cs+ Positive Input of the Internal Differential Amplifier. Connect the current-sense
resistor between CS+ and CS- to program the output current level.
14 14 cs- Negative Input of the Internal Differential Amplifier. Connect the current-sense
resistor between CS- and CS+ to program the output current level.
17 17 DIM Dimming Input. See the Dimming Input (DIM) section.
19 19 EN Enable Input. Drive EN high to enable the output and the 5V regulator.
— 1 SW Momentary Switch Interface. See the Momentary Switch Interface (SW) section.
o 6 TFP/SCL Thermal Foldback Positive Input/I2C Serial Clock Input. See the Thermal Sensor
Inputs/I2C Interface (TFP/SCL and TFN/SDA) section.
o 7 TEN/SDA Thermal Foldback Negative Input/I2C Serial-Data Input/Output. See the Thermal
Sensor Inputs/I2C Interface (TFP/SCL and TFN/SDA) section.
Exposed Pad. Connect to the ground plane for improved power dissipation. Do
EP EP EP .
not use as a ground connection for the part.

www.maximintegrated.com
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MAX16805/MAX16806 EEPROM-Programmable, High-Voltage,
350mA LED Drivers with LED Current Foldback

Functional Diagram

IN V5
IN
REGULATOR
e TRMMED | -2V >
BANDGAP \{
I_REG >—{
MAX16805 N A ouT
MAX16806 [
DIM 4
cs+
DIFFERENTIAL
GND — THERMAL ASEE‘I;EER cs-
SHUTDOWN
IN
CFD CURRENT
FOLDBACK
Iy EEPROM
210mV
200Hz RAMP m
GENERATOR |  \__/
SW
(NC) - POR
L PULSE
REFERENCE DETECTOR
Vs GENERATOR|
\
-~ TRIMMED
*1 EEPROM BANDGAP
> AND SERIAL
V5 - INTERFACE » | THERMAL
FOLDBACK*
TFP/SCL TFN/SDA
(SCL)  (SDA) *NOT PART OF THE MAX16805
() MAX16805
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MAX16805/MAX16806

EEPROM-Programmable, High-Voltage,

350mA LED Drivers with LED Current Foldback

o & [ 7

tBUF

fLow
< > «— R =

S SN .
:

[<— tHD:STA tsp

tHIGH —
tsu:pAT

STOP START -
tHD:DAT

u /m— :
SCL \
E— by -— : ___________
—> tHD:STA ' <+ tsusTa tsu:sTO—|  [—

REPEATED
START

Figure 1. I2C Serial Interface Timing Diagram

Detailed Description

The MAX16805/MAX16806 are constant-current regula-
tors that provide up to 350mA of current to one or more
strings of high-brightness LEDs, and have a wide 5.5V to
40V operating input voltage range. The devices feature
the 12C interface that allows communication with the inter-
nal dynamic registers and EEPROM.

Dynamic registers control the MAX16805/MAX16806
functions and can be updated in real time through the 12C
interface. See Table 2 for register addresses. Turning off
the input voltage clears the dynamic register contents.
To save settings, store them into the EEPROM. The
MAX16805/MAX16806 load the stored settings into the
dynamic registers at power-up. In addition, during normal
operation a write command to the EEPROM Content
Transfer register loads the stored settings into the
dynamic register. Information stored can be transferred
into dynamic registers after issuing a “write” command to
the EEPROM Content Transfer register.

The MAX16805/MAX16806’s 5V regulator (V5) provides
up to 2mA of current to external circuitry. However, the
MAX16806’s 5V regulator can deliver 2mA of output cur-
rent only when the momentary switch is not used. When
the momentary switch is active, the MAX16806 achieves
up to 0.5mA of current. In addition, the MAX16805/
MAX16806 feature thermal and output shortcircuit protec-
tion. The wide operating voltage range helps protect the
device against large transients up to 45V such as those
found in load dump situations.

www.maximintegrated.com

The MAX16805/MAX16806 use a feedback loop to con-
trol the output current. The differential voltage across the
sense resistor is compared to a fixed reference voltage
and the error is amplified to serve as the drive to the
internal pass device, see the Functional Diagram. The
MAX16805/MAX16806 offer a programmable LED cur-
rent reference using the Binning Adjustment register.

These devices are current controllers internally optimized
for driving the impedance range expected from 1 to 10 (or
more) high-brightness LEDs.

Dimming Input (DIM)

The MAX16805/MAX16806’'s dimming input operates
with either an analog or PWM control signal. If the pulse
detector detects three edges of a PWM signal with a
frequency range between 80Hz to 2kHz, the MAX16805/
MAX16806 synchronize to external PWM input signal and
pulse-width-modulate the LED current. If an analog con-
trol signal is applied to DIM, the MAX16805/MAX16806
compare the DC input to an internally generated 200Hz
ramp to pulse-width-modulate the LED current. The maxi-
mum peak value of the 200Hz ramp can be programmed
using the Ramp Peak register. This allows the LED cur-
rent to be adjusted through the I12C interface from 50%
(typ) to 100% in real time when Vpy\ is 1.54V.

The output current duty cycle is adjustable from 0% to
100% (0.21V < Vpim < 3.1V).

Use the following formula to calculate the output current
duty cycle:

Duty cycle = (Vpju - 0.21V) / VRaMP

Maxim Integrated | 10



MAX16805/MAX16806

EEPROM-Programmable, High-Voltage,

350mA LED Drivers with LED Current Foldback

The dimming feature can be used for LED brightness
adjustment (see the Typical Operating Circuits) and the-
ater dimming. If the external PWM signal is used, theater
dimming can be achieved by varying the PWM duty cycle.
Figure 2 shows a simple circuit that implements theater
dimming with a DC input signal.

Thermal Sensor Inputs/I2C Interface
(TFPISCL and TFN/SDA)

The MAX16806 features dual-function inputs, TFP/SCL
and TFN/SDA. In programming mode, TFP/SCL and TFEN/
SDA serve as the 12C serial communication interface.
TFP/SCL and TFN/SDA also serve as inputs for analog
signals generated by an external temperature sensor
such as the MAX6613. When the thermal sensor is not
used, connect TFP/SCL and TFN/SDA through 50kQ
resistors to V5 and GND, respectively.

The MAX16805 does not offer dual-function inputs.
SCL and SDA are used only to communicate with the
MAX16805 through the 12C interface.

Momentary Switch Interface (SW)

The MAX16806 offers a momentary switch (SW) that
overrides the analog dimming signal by latching the out-
put current to 100% duty cycle. The MAX16806 does not
override external PWM signal at DIM or dimming caused
by thermal or LED current foldback. To latch the output
current into a 100% duty cycle, press SW once. To restore
the initial duty cycle determined by the DC level at DIM,
press SW again. The MAX16806 provides a minimum of
1mA of wetting current to the momentary switch.

Overtemperature Protection

The MAX16805/MAX16806 enter a thermal shutdown in
the event of overheating. This typically occurs in over-
load or output short-circuit conditions. When the junction
temperature exceeds Ty = +155°C (typ), the internal
thermal protection circuitry turns off the pass device. The
MAX16805/MAX16806 recover from thermal shutdown
once the junction temperature drops by +23°C (typ). This
feature allows self-protection by thermally cycling in the
event of a short-circuit or overload condition.

Digital Interface

The MAX16805/MAX16806 feature an 12C, 2-wire serial
interface consisting of a bidirectional serial data line
(SDA) and a serial clock line (SCL). SDA and SCL facili-
tate bidirectional communication between the MAX16805/
MAX16806 and the master device at rates up to 400kHz.

www.maximintegrated.com
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Figure 2. Theater Dimming Light
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Figure 3. I2C Communication Start and Stop Conditions

The master (typically a microcontroller) initiates data
transfer on the bus and generates SCL.

Start and Stop Conditions

Both SCL and SDA remain high when the interface is not
busy. A master controller signals the beginning of a trans-
mission with a START condition by transitioning SDA from
high to low while SCL is high. The master controller issues
a STOP condition by transitioning the SDA from low to
high while SCL is high, when it finishes communicating
with the slave. The bus is then free for another transmis-
sion (Figure 3).
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MAX16805/MAX16806

EEPROM-Programmable, High-Voltage,

350mA LED Drivers with LED Current Foldback

Bit Transfer

One data bit is transferred during each clock pulse. The
data on the SDA line must remain stable while SCL is high
(Figure 4).

Acknowledge

The acknowledge bit is a clocked 9th bit that the recipient
uses to handshake receipt each byte of data (Figure 5).
Therefore, each byte effectively transferred requires 9 bits.
The master controller generates the 9th clock pulse, and

(«
))

the recipient pulls down SDA during the acknowledge clock
pulse, so the SDA line remains stable low during the high
period of the clock pulse.

Slave Address

The MAX16805/MAX16806 have a 7-bit-long slave
address (Figure 6, Table 1). The 8th bit following the 7- bit
slave address is the R/W bit. Set the R/W bit low for a
write command and high for a read command.

Table 1. Slave Address
WRITE ADDRESS (HEX)

READ ADDRESS (HEX)

SDA OxEE OXEF
(«
))
SCL
DATA STABLE, CHANGE OF DATA
DATA VALID ALLOWED
Figure 4. Bit Transfer
NOT ACKNOWLEDGE
START
. (« Sa
))
SDA
ACKNOWLEDGE /
ScL 1 2 8 9

Figure 5. Acknowledge

SDA \

START

/ A7 >< A6 >< A5 A4 A3 A2 Al RW ACK
MSB

Figure 6. Slave Address

www.maximintegrated.com
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MAX16805/MAX16806 EEPROM-Programmable, High-Voltage,
350mA LED Drivers with LED Current Foldback

Message Format Table 2. Registers Address

ert.e t,o the MAX16805/MAX1§306 by. transmitting the REGISTER | NO. OF BITS/
device’s slave address with R/W, 8th bit set to zero fol- REGISTER NAME ADDRESS REGISTER
lowed by at least 1 byte of information (Figure 7). The

first byte of information is the command byte. The bytes Binning Adjustment 0x00 4
received after the command byte are the data bytes. The Ramp Peak 0x01 3

first data byte goes into the internal register as selected LED Current Foldback

by the command byte (Figure 8). If there is more than Threshold (LED_CFT) 0x02 4

one data byte, the MAX16805/MAX16806 auto-increment

to the next register address locations to write the subse- Thermal Foldback Knee Point 0x03 4
quent data bytes. The MAX16805/MAX16806 auto-incre- Thermal Foldback Slope 0x04 9
ment up to the register address 0x05, EEPROM Content Gain
Transfer register. Thermal Foldback Clamp 0x05 3
A read operation is performed as follows: Level
After the START condition (S), a 7-bit slave ID is sent EEPROM Content Transfer 0x06 —
followed by an 8th bit (R/W) set to zero. A register EEPROM Program Enable 0x08 —
address is then sent to specify the address location P -
assword Register OxFF —

from which the read has to take place. To complete a
read operation, the master needs to generate a repeat-
ed START (Sr) followed by the 7-bit slave ID but with
the 8th bit (R/W) set to “1” this time indicating a read
operation. On the other hand, a read operation can be
performed by sending in the 7-bit slave ID followed by

an 8th bit (R/W) set to “1” if the current address loca-
tion happens to be the address location from which
data needs to be read.

ACKNOWLEDGE FROM
MAX16805/MAX16806
I I | |
S |« SLAVIE ADDRIESS > 0 A COl\/llMAND IBYTE > A P
RW ACKNOWLEDGE FROM
MAX16805/MAX 16806
Figure 7. Command Byte Received
ACKNOWLEDGE FROM ACKNOWLEDGE FROM
MAX16805/MAX 16806 MAX16805/MAX 16806
[ [N [ [
S | SLAV}E ADDIFESS > 0| A |= COM{VIAND FYTE > A | DT\TA BYIE > A | P

Y A
— 1BYTE ——mmmm
RW. ACKNOWLEDGE FROM

MAX16805/MAX16806

Figure 8. Command and a Single Data Byte Received
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EEPROM-Programmable, High-Voltage,

350mA LED Drivers with LED Current Foldback

Binning Adjustment Register (0x00)

The Binning Adjustment register is a 4-bit register that sets
the differential regulation voltage reference between CS+ and
CS-. Only the first 4 bits of the data byte update the Binning
Adjustment register. The remaining 4 bits are ignored. See
Table 3. The factorydefault register value is 198mV.

Ramp Peak Register (0x01), MAX16806

The Ramp Peak register is a 3-bit register that sets the
maximum peak value of an internally 200Hz generated
ramp. The ramp signal can be programmed for a peak
value of 1.55V to 2.88V. Only the first 3 bits of the data
byte update the Ramp Peak register. The remaining 5
bits are ignored (see Table 4). The factory-default register
value is 2.88V.

Table 3. Binning Adjustment

LED Current Foldback Threshold

(LED_CFT) Register (0x02)

LED_CFT is a 4-bit register that sets the threshold for the
onset of the LED current foldback operation. Only the first
3 bits of the data byte program the LED_CFT register. Bit
3, not shown in Table 5, sets the LED current foldback
range. The MAX16805/MAX16806 start dimming the LED
current when the input voltage exceeds the LED current
foldback threshold. For bit 3 = 0, the dimming range is
1.2 times the programmed ramp peak voltage. For bit
3 =1, the dimming range is 2.4 times the programmed
ramp peak. To disable the LED current foldback feature
of the MAX16805/MAX16806 connect CFT to GND. The
factory-default register value is 16V.

Table 4. Ramp Peak Value

www.maximintegrated.com

V'fg_x'ég('gc) BIT3 | BIT2 | BIT1 | BITO | HEX 'T,’;“:':TE(?I')) BIT2 | BIT1 | BITO HEX
103.0 0 0 0 0 (0x00) 1.55 0 0 0 (0x00)
109.0 0 0 0 1 (0x01) 1.74 0 0 1 (0x01)
115.4 0 0 1 0 (0x02) 1.93 0 1 0 (0x02)
121.8 0 0 1 1 (0x03) 2.12 0 1 1 (0x03)
128.2 0 1 0 0 (0x04) 2.32 1 0 0 (0x04)
134.6 0 1 0 1 (0x05) 2.51 1 0 1 (0x05)
141.0 0 1 1 0 (0x08) 2.70 1 1 0 (0x08)
147.4 0 1 1 1 (0x07) 2.88 1 1 1 (0x07)
153.7 1 0 0 0 (0x08)

160.1 1 0 0 1 (0x09) Table 5. LED Current Foldback Threshold

166.5 1 0 1 0 (0X0A) CURRENT

173.0 1 0 1 1 (0x0B) FOLDBACK BIT2 | BIT1 | BITO | HEX

179.3 1 1 0 0 | (oxoc) THRESHOLD (V)

185.7 1 1 0 1 (0x0D) 164 0 0 0 (0x00)

192.1 1 1 1 0 (OXOE) 157 0 0 1 (0x01)

198.0 1 1 1 1 (OXOF) 15.0 0 1 0 (0x02)
14.3 0 1 1 (0x03)
13.5 1 0 0 (0x04)
12.8 1 0 1 (0x05)
12.1 1 1 0 (0x08)
11.4 1 1 1 (0x07)
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EEPROM-Programmable, High-Voltage,

350mA LED Drivers with LED Current Foldback

Thermal Foldback Knee Point (TFK)
Register (0x03), MAX16806

The TFK register is a 4-bit register that sets the thermal
knee. Only the first 4 bits of the data byte program the TFK
register. The remaining 4 bits are ignored (see Table 6).
The MAX16806 initiates dimming once the differential volt-
age between TFP/SCL and TFN/SDA drops below the pro-
grammed thermal foldback knee. The factory-default reg-
ister value is 1.174V, which corresponds to the MAX6613
thermal sensor output to +60°C.

Table 6. Thermal Foldback Knee

Thermal Foldback Slope Gain Register
(0x04), MAX16806

Thermal Foldback Slope Gain register is a 2-bit register
that sets the gain after the thermal foldback knee. Only
the first 2 bits of the data byte program the Thermal
Foldback Slope Gain register. The remaining 6 bits are
ignored (see Table 7). The factory-default register value
is 4V/V.

iNEE PONT (C) | THERMALFOLDBACK | gy | gy | mme | ommo | wex
(MAX6613)
60 174 0 0 0 (0x00)
65 1118 0 0 1 (0x01)
70 1062 0 0 1 0 (0x02)
75 1006 0 0 1 1 (0x03)
80 950 0 1 0 0 (0x04)
85 894 0 1 0 1 (0x05)
90 838 0 1 1 0 (0x06)
96 782 0 1 1 1 (0x07)
101 726 1 0 0 0 (0x08)
106 670 1 0 0 1 (0x09)
111 615 1 0 1 0 (Ox0A)
116 559 1 0 1 1 (0x0B)
121 503 1 1 0 0 (0x0C)
126 447 1 1 0 1 (0x0D)
131 391 1 1 1 0 (OxOE)
136 335 1 1 1 1 (Ox0F)

Table 7. Thermal Foldback Slope Gain

THSELROMPAI\ELGFAT:IB]?\?/?I():K BIT 1 BIT 0 HEX
16 0 0 (0x00)

12 0 1 (0x01)

1 0 (0x02)

1 1 (0x03)

www.maximintegrated.com
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EEPROM-Programmable, High-Voltage,

350mA LED Drivers with LED Current Foldback

Thermal Foldback Clamp Level Register
(0x05), MAX16806

Thermal Foldback Clamp Level is a 3-bit register that sets
the minimum percentage of the LED current. Only the
first 3 bits of the data byte program the Thermal Foldback
Clamp Level register. The remaining 5 bits are ignored.
See Table 8. The factory-default register value is 40%.

EEPROM Content Transfer Register (0x06)

The MAX16805/MAX16806 use the EEPROM Content
Transfer register to transfer data from the EEPROM to
the dynamic registers. A write command issued to this
register transfers data from the EEPROM to the dynamic
registers. Data bytes written to the EEPROM Content
Transfer register do not have any significance. At power-
up, the EEPROM content is automatically loaded into the
dynamic registers.

EEPROM Program Enable Register (0x08)

The EEPROM Program Enable register enables the
EEPROM for programming. Write to the EEPROM
Programming Enable register to initiate the EEPROM pro-
gramming cycle. Data written to the register does not have
any significance, however, it must be issued following a
write command [(0xFF), (0xCA)] to the Password register.

Table 8. Thermal Foldback Clamp Level

THCELR;\“I'\'A‘:'L':EC\’I'E?_B&?K BIT2 | BIT1 | BITO| HEX
100 0 0 (0x00)
91 0 1 (0x01)
83 0 1 0 (0x02)
74 0 1 1 (0x03)
66 1 0 0 (0x04)
57 1 0 1 (0x05)
49 1 1 0 (0x06)
40 1 1 1 (0x07)

www.maximintegrated.com

Applications Information

Programming the LED Current

The MAX16805/MAX16806 use a sense resistor across
CS+ and CS- to set the LED current. The differential
sense amplifier connected across RggNsg provides
ground-loop immunity and low-frequency noise rejection.
The LED current is given by the equation below:

ILED = VSENSE / RSENSE

VSENSE is programmable from 103mV to 198mV using
12C.

Programming EEPROM

Set V|N to 22V before initiating the EEPROM program-
ming. The MAX16805/MAX16806 use dynamic registers
to program the EEPROM. Once the desired dynamic
registers have been updated with a setting, write the
data byte (OxCA) to the Password register (OxFF). The
data byte (OxCA) enables the EEPROM programming
mode. Any other data byte except the (OxCA) disables
the EEPROM programming mode. To transfer data from
dynamic registers to the EEPROM, write to EEPROM
Program Enable register (0x08).

Input Voltage Considerations
For proper operation, the minimum input voltage must
always be:

VIN(MIN) > VSENSE *+ VFT(MAX) * AVDO(MAX)
where VFT(vAX) is the total forward voltage of all series

connected LEDs and AVpo(max) is the maximum drop
output voltage.
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Pin Configurations
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Chip Information
PROCESS: BICMOS-DMOS

Package Information

For the latest package outline information and land patterns
(footprints), go to www.maximintegrated.com/packages. Note
that a “+”, “#”, or “-” in the package code indicates RoHS status
only. Package drawings may show a different suffix character,
but the drawing pertains to the package regardless of RoHS

www.maximintegrated.com

status.
PACKAGE PACKAGE OUTLINE P I:-Tél'hllEDRN
TYPE CODE NO.
NO.
20 TQFN-EP T2055MN+5 21-0140 90-0011
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