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Wide I nput Voltage, Fault Tolerant, I ndependently Controlled
Multi-Channd LED Driver with 12C interface

Features and Benefits Description

* AEC Q100 qualified TheA8517isaprogrammablemulti-output LED driver, which

» Wide input voltage range of 4.5t0 36 V canbeusedforavariety of LED Driver applications. Itintegrates

* Operatesdown to 3.9V (V| falling) for idle stop, and up acurrent-modeboost converter withinternal power switchand
to 40V for load dump 10 current sinks. The |C operatesfrom 4.5t0 36 V, and isable

e Integrated boost converter with DM OS switch and OVP to withstand up to 40 V load-dump conditions encountered in
protection up to 39 V automotive systems.

« 10 fully integrated LED current sinks, with individually
programmable current up to 60 mA per channel

* [2C™ interface for programming LED current, PWM
dimming, and various protection thresholds per channel

* Ability to drive multiple loads from asingle IC

 Extensive PWM dimming (up to 10,000:1 at 100 Hz),
individually programmable for each channel

The 12C interface allows the user to set the LED currents
individually, upto 60 mA per LED channel. Adjacent channels
may be combined to drive higher-current LED strings. The
PWM dimming duty cycle is independently controlled for
each LED channel, and each channel can be enabled/disabled
independently if needed.

* Extensive diagnostics and fault reporting Thisflexibility makesthe A8517 asingle solution for awide
range of LED applications, in some cases offering the ability
Continued on the next page. .. to replace two or more LED driver ICswith asingle device.
Package: 28-pin TSSOP with exposed Continued onthe next page...
thermal pad (suffix LP) Applications:
Automotive:
* |nfotainment
e Cluster

* Center-stack lighting
» Head-up display (HUD)
» Daytime running lights (DRL)

Not to scale
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Features and Benefits (continued)

e Thermal warning and derating of LED current at higher

temperatures

 Buffered PWM dimming control for all channelsto facilitate
localized dimming applications
* Polyphase PWM dimming: LED currents staggered to reduce
light flickering and input ripple current
« Synchronize boost switching frequency: 400 kHz to 2.3 MHz to
allow operation below or above the AM band

 Programmable frequency dithering to reduce EMI

e Typical LED current accuracy of 0.7%, and LED-to-LED
matching accuracy of 0.8%

* Protection Features

= Open/shorted LED pin detection

= Programmable LED string short detection

= Open/shorted external components (including boost inductor,
Schottky diode, FSET resistor and so forth)

= Input overcurrent protection against output to GND short

Selection Guide

s Cycle-by-cycle switch current limit
= Overtemperature, and output overvoltage and undervoltage
protection

Description (continued)

The control loop is optimized to achieve very high dimming ratios
usingonly PWM control, toreact smoothly tosupply voltagetransients
and step changes, and to eliminate night flash in display backlight
applications when starting up at very low PWM duty cycle.

The A8517 detects and protects against a wide variety of fault
conditions, and two-way communication allows fault status to be
reported. It providesprotection against output short and overvoltage,
open or shorted diode, open or shorted LED pin, shorted boost
switch or inductor, and |C overtemperature. A dual cycle-by-cycle
current limit protectstheinternal switch against switch overcurrent.
If required, thel C candrivean external PFET asaninput-disconnect
switch that is triggered by integrated current sense.

Operating Ambient

Part Number Temperature Range Package Packing* Leadframe Plating
Ta: (°C)
28-pin TSSOP with 4000 pieces per
A8517KLPTR-T —40t0 125 exposed pieces p 100% matte tin
13-in. reel
thermal pad

*Contact Allegro™ for additional packing options.

Absolute Maximum Ratings*

Characteristic Symbol Notes Rating Unit

LEDx Pins Vi EDx —0.3 to 42 \Y
FLAG, GPO2, and OVP Pins -0.3t0 42 \%
EN, VIN, INS, and GATE Pins INS and GATE pins should not exceed Vy by _0.310 40 v

more than 0.4 V

Continuous —0.6 to 42 \Y
SW Pin VSW

t<50ns -1.0to 46 \Y
VDD, FSET/SYNC, COMP, GPO1,
SDA, SCL, and ADDR Pins 031055 v
Operating Ambient Temperature Ta K temperature range —-40to 125 °C
Maximum Junction Temperature T,(max) 150 °C
Storage Temperature Tsig —65 to 150 °C

*Operation at levels beyond the ratings listed in this table may cause permanent damage to the device. The Absolute Maximum ratings
are stress ratings only, and functional operation of the device at these or any other conditions beyond those indicated in the Electrical
Characteristics table is not implied. Exposure to Absolute Maximum-rated conditions for extended periods may affect device reliability.
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A8517 Wide | nput Voltage, Fault Tolerant, | ndependently Controlled
Multi-Channel LED Driver with |2C interface

Thermal Characteristics may require derating at maximum conditions, see application information
Characteristic Symbol Test Conditions* Value Unit
Package Thermal Resistance Rgsa On 4-layer PCB based on JEDEC standard 28 °C/wW

*Additional thermal information available on the Allegro website.
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Functional Block Diagram
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Pin-out Diagram
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Terminal List Table

Name Number Function
This pin has 4 levels that allow the user to set up to 4 physical IC
ADDR 25 addresses based on the voltage level. Connect a resistor to GND to
set the voltage level.
AGND 7 15 Analog ground; connect all noise-sensitive components (especially for
’ COMP) to this quiet ground, and connect to thermal pad.
Output of error amplifier and compensation node; connect a
COMP 6 type-2 feedback network from this pin to AGND for control loop
compensation.
EN 4 Enable for the A8517; IC stays in shutdown mode as long as
EN = Vg, enables the part when connected to Vgyy) or to VIN.
This active-low, open-drain pin is used to indicate that system
FLAG 9 attention is required, such as during startup or a fault condition.
Connect a resistor with a value from 10 to 100 kQ between this pin
and the target logic level voltage.
Frequency/synchronization pin; a resistor, Rgggt, from this pin to
FSET/SYNC 5 GND sets the switching frequency, and this pin can also be used to
synchronize to an external switching frequency.
Gate driver for optional external PMOS input disconnect switch, that
GATE 1 in the event of a fault (such as output shorted to GND) is turned off by
this pin being pulled high (turning off input supply); if not used, this pin
should be left open.
GPO1 22 Ger_1era| purpose open-drain output 1, programmable by internal
register.
GPO2 21 Geperal purpose open-drain output 2, programmable by internal
register.
INS 2 Input current sense, used together with VIN pin to detect input
overcurrent fault; if not used, this pin should be tied to VIN.
10, 11,12, LED current sink channels 1 through 10. Up to 60 mA per channel.
LEDx 13, 14,16, | Any unused LEDx pin should be connected to GND through a 4.7 kQ
17,18, 19, 20 | resistor.
ovP 27 Connect this pin to output voltage Vo1 to provide output Overvoltage
Protection (OVP) and Undervoltage Protection (UVP).
Exposed pad of the package providing enhanced thermal dissipation.
PAD _ This pad must be connected to the ground plane(s) of the PCB with
at least 8 vias, directly in the pad, and AGND and PGND pins must be
connected to this ground pad on the PCB.
Power ground for internal NMOS switching device; connect this pin to
PGND 26 . : .
ground terminal of output ceramic capacitor(s) and to thermal pad.
SCL 24 12C clock signal.
SDA 23 12C data signal.
SwW 28 The drain of the internal NMOS switch of the boost converter.
VDD 8 Output of internal LDO; connect a 0.47 pF decoupling capacitor
between this pin and AGND.
VIN 3 Input power to the A8517.
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A8517 Wide | nput Voltage, Fault Tolerant, | ndependently Controlled
Multi-Channel LED Driver with |2C interface

ELECTRICAL CHARACTERISTICS? Valid at Vjy = 16 V, T = 25°C, EN = Vg, ® indicates specifications valid across the full
operating temperature range with T, = T; = —40°C to 125°C and with typical specifications at T, = 25°C; unless otherwise specified

Characteristic Symbol Test Conditions Min. Typ. Max. Unit
Input Voltage
Input Voltage Range I Measured at the VIN pin . 4.5 - 36 \%
VIN Pin UVLO Start Vinuviony | Vin rising o - - 4.35 \Y
VIN Pin UVLO Stop Vinuviorr) | Vin falling ° - - 3.90 \Y
VIN Pin UVLO Hysteresis ViNUV(HYS) - 400 - mV
Input Current
Input Quiescent Current g g/l:ﬂa:;f: |2ta:;|he VINpin, EN = Venm). fsw = | o - 15 - mA
Input Sleep Supply Current losLeep \S/:'\‘”‘:Cc”\\‘/g\ié;%d\}N\Zzlr; %u\r/rents, . ~ a5 10.0 oA
EN (Enable) Pin
EN Input Logic Level - Low VEN(L) 45V<Vy<36V o - - 0.4 \
EN Input Logic Level - High VEN(H) 45V <Vy<36V . 1.5 - - \%
EN Internal Pull-Down Resistance Renep - 100 - kQ
Error Amplifier
Source Current leasre) | Veomp = 0.75V, Vi gp, = 0.3V - -200 - MA
Sink Current leasink) | Veomp=0.75 V. V gp=1.5V - +200 - pA
ggsl\illsl:’alzicllnternal Pull-Down Rcowmppp | During startup and shutdown - 2000 - Q
Output Overvoltage and Undervoltage Protection
Vovemin | OVP register = xxx0 0000 . 7.5 8 8.5 \%
Overvoltage Threshold
Vovemax | OVP register = xxx1 1111 L 38 39 40 \
Overvoltage Step Size VovpsTeP - 1.0 - Y
Vv OVP register = xxx0 0000 - 0.49 - \%
Undervoliage Threshold VLLJJ\\,/:::,LT( OVP rezister =xxx1 1111 - 2.5 - Vv
OVP Pin Input Impedance Rove | Vovwp =20V, EN = Vgy) - 800 - kQ
OVP Leakage Current loveika | Vovp =16 V, EN = Vi) ° - 0.1 1 pA
Secondary Overvoltage Protection Vovpses) | Measured at SW pin - 44 - \Y
BOOST Switch
Switch On-Resistance Rpson)y | lsw=0.750A, V|y =16V - 220 350 mQ
szf16V, EN = VEen), Ta=T,=—40°C _ 0.1 1 uA
Switch Leakage Current lswike | 1085°C
Vew =16V, EN = Vg, Ta=T, = 125°C - 3 - PA
Cycle-by-Cycle Switch Current Limit IswiLim) o 3.6 4.2 4.8 A
Continued on the next page...
- Allegro MicroSystems, LLC 6
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A8517 Wide | nput Voltage, Fault Tolerant, | ndependently Controlled
Multi-Channel LED Driver with |2C interface

ELECTRICAL CHARACTERISTICS? (continued) Valid at V| = 16 VV, Ty = 25°C, EN = Vgygy), ® indicates specifications
valid across the full operating temperature range with T, = T; = —40°C to 125°C and with typical specifications at Ty = 25°C; unless
otherwise specified

Characteristic | Symbol | Test Conditions | Min. Typ. Max. Unit
BOOST Switch (continued)
. - Higher than maximum | atany
2 SW(LIM) -
Secondary Switch Current Limit lswLim(seo) | condition (A8517 latches when detected) * 56 7.0 A
Minimum Switch On-Time tswontive | Rrser = 10 kQ L - 85 120 ns
Minimum Switch Off-Time tSWOFFTlME RFSET =10 kQ o - 55 85 ns
Switching Frequency
Reser = 10 kQ ° 1.8 2 22 MHz
Boost Stage Switching Frequency faw Reser = 20.1 kQ - 1 _ MHz
Reset = 40.6 kKQ - 500 - kHz
FSET/SYNC Pin Voltage VFSETSYNC RFSET =10 kQ - 1.00 - \Y
Synchronization
Synchronized Boost Stage Switching _
FreqUenCy fSWfSYNC L] 400 2300 kHz
Synchronization Input Minimum
O¥f—Time P tsyncpworF o 150 - - ns
Synchronization Input Minimum
O¥1-Time P 'SYNCPWON e| 150 - - ns
Synchronization Input Logic - Low Vsyncon) . - - 0.4 \%
Synchronization Input Logic - High VSYNCON(H) o 2 - - \Y
LED Current Sinks
LEDx Accuracy (Average) Erriepx | Measured at || gppyax (maximum LED current) | @ - 0.7 3 %
LEDx Matching Al g, Compared to average | gp, , measured at N _ 08 3 %
ILEDMAX
LEDx Regulation Voltage VReg ISET register= xx11 1111 . - 0.85 1.0 \%
ILepx Step Size lsetstep | Total 64 steps o 0.9 1 1.1 mA
Maximum LEDx Current (Average) llepmax | ISET register = xx11 1111 62 64 66 mA
Minimum LEDx Current lLeomin | ISET register = xx00 0000 - 1 - mA
Short-Detect register = 000 - 12 - Vv
LEDx Short-Detect Threshold Viep sp -
- Short-Detect register = 111 - 5 - \%
Interrupts (FLAG, GPO1 and GPO2 Pins)
Pin Pull-Down Voltage Fault/lnferrupt condition asserted, pull-up N _ _ 04 v
current = 0.5 mA
Pin Leakage Current gaSu{ylnterrupt condition cleared, pull-up to N _ _ 1 uA
Internal Master Clock
Master Clock Period Tek [ 120 150 180 ns
Master Clock Temperature Deviation?2 ATk | Tewk change over temperature range o -2.5 - 2.5 %

Continued on the next page...
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A8517 Wide | nput Voltage, Fault Tolerant, | ndependently Controlled
Multi-Channel LED Driver with |2C interface

ELECTRICAL CHARACTERISTICS? (continued) Valid at V| = 16 VV, Ty = 25°C, EN = Vgygy), ® indicates specifications
valid across the full operating temperature range with T, = T; = —40°C to 125°C and with typical specifications at Ty = 25°C; unless
otherwise specified

Characteristic | Symbol | Test Conditions Min. Typ. Max. Unit
Input Disconnect
GATE Pin Sink Current laSINK :ﬁf?g: - Vin, no input overcurrent fault - 115 - HA
GATE Pin Source Current l6SOURGE XiGp’ET: = Vin = 5V, Input overcurrent fault - -6 - mA
GATE Voltage at Off Vesorr | EN = Vgy(, or overcurrent fault occurred - Vin - \Y
GATE Voltage at On Vason ﬁzges'fj‘i;":?\‘jlxo_'“\‘/iihe” gate s on, | 5 - 8 v
GATE Pin Leakage Current leLka EN = Ve, Veate = Vin o - - 1 pA
INS Pin Sink Current linssINK - 20 - pA
INS Trip Point VinsTrRiP | Measured between VIN and INS L 90 105 120 mV
INS Trip Detection Time2 tinstrRP | Sensed voltage, Vi — Vins =160 mV - 2 - us
Thermal Protection (TSD)
Thermal Shutdown Threshold?2 TSD Temperature rising 155 170 - °C
Thermal Shutdown Hysteresis? TSDHYS - 20 - °C
Thermal Warning Threshold TSOWARN ;I;irr:p?é?:t)ure rising, measured as difference _ 20 _ oc
I2C Interface
Logic Input (SDA, SCL) - Low VscLw) - - 0.8 \Y
Logic Input (SDA, SCL) - High VscL(H) 23 - - \Y
Logic Input Hysteresis ViociHys - 150 - mV
Logic Input Current lioc -1 - 1 MA
Output Voltage SDA Viacouw) | SDA = low, pull-up current = 2.5 mA - - 0.4 \
Output Leakage SDA locike | EN = low, pull-up to 5.5 V - - 1 pA
SCL Clock Frequency foLk - - 400 kHz
ADDR PIN
Voltage Level for Address 100,0000  |VappLeveLt| ADDR connected to GND 0 - 0.5 \Y
Voltage Level for Address 101,0000 VappLever2 | Rappr = 110 kQ from ADDR to GND 0.9 - 1.3 \
Voltage Level for Address 110,0000 VappLevera| Rappr = 210 kQ from ADDR to GND 1.75 - 2.45 \Y
Voltage Level for Address 111,0000 VappLevers | ADDR connected to VDD pin or open 3.2 - 3.6 \
ADDR Pull-Up Current laobR | Vabbr =1V 8.5 10 1.5 pA
Internal Regulator
Bias Supply Voltage | Vpp | | - | 3.6 - \%

1For input and output current specifications, negative current is defined as coming out of the node or pin (sourcing), positive current is defined as
going into the node or pin (sinking).
2Ensured by design and characterization, not production tested.
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A8517 Wide | nput Voltage, Fault Tolerant, | ndependently Controlled
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Characteristic Performance

Efficiency versus Input Voltage Efficiency versus Output Current
7 series LEDs, 10 parallel strings at 60 mA each 7 series LEDs, 10 parallel strings at 60 mA each
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S — = /
< 80 oW = 2 MH 5 85 =
& > sw z § / //_ sw=2MHz\ e T—
.5 70 / g 80
Qo 2
g 5
60 & ViN=12V
50 70 ! !
8 10 12 14 16 18 20 005 010 045 020 025 030 035 040 045 050 055 060
Vin (V) Total LED Current (A)
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Startup Waveform at Vi =12 V
Dimming PWM Duty Cycle = 100%

Startup Waveform at V,y =12 V
Dimming PWM Duty Cycle = 0.02%
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Test conditions:

LED strings = 10 parallel, 60 mA each
LEDs = 7 series each string

LED Vgeg =0.85V

Vin=12V

Vour hysteresis = 0.45 V

Dimming PWM duty cycle = 100%
Polyphase mode = on

imehase 600 ms)

Scope traces:

C1 (Yellow) = Voyr (5 V/div)
C2 (Red) = Vg (20 V/div)

C4 (Green) = I gp (200 mA/div)
Time scale = 20 ms/div

A8517 evaluation PCB:

Ly =10 pH, Coyrs = 68 pF/50 V
polymer electrolytic, Coyrg = 2.2 pF/
50 V 1206 ceramic, Rz = 10 kQ, C, =
5.6 nF, Cp = 120 pF

Startup Waveform at V| =5.5V
Dimming PWM Duty Cycle = 100%

Test conditions:

\ \
\ \
LED strings = 10 parallel, 60 mA each
LEDs = 7 series each string
LED Vggg =0.85V
ViNn=55V
Vour hysteresis = 0.45 V
Dimming PWM duty cycle = 0.02% at
200 Hz (5000:1)
Polyphase mode = on

imehase <604 ms)

Scope traces:

C1 (Yellow) = Vour (5 V/div)
C2 (Red) = Vgy (20 V/div)

C4 (Green) = I gp (20 mA/div)
Time scale = 20 ms/div

A8517 evaluation PCB:

Ly =10 pH, Coyrs = 68 uF/50 V
polymer electrolytic, Coyrs = 2.2 pF/
50 V 1206 ceramic, Rz = 10 kQ, C, =
5.6 nF, Cp = 120 pF

Startup Waveform at V\y =5.5V
Dimming PWM Duty Cycle = 0.02%
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Test conditions:

LED strings = 10 parallel, 30 mA each
LEDs = 7 series each string

LED Vgeg =0.85V

Vin=12V

Vour hysteresis = 0.45 V

Dimming PWM duty cycle = 100%
Polyphase mode = on

imchase -46.0ms| (Trigger (GG

Scope traces:

C1 (Yellow) = Voyr (5 V/div)
C2 (Red) = Vg (20 V/div)

C4 (Green) = I gp (200 mA/div)
Time scale = 20 ms/div

A8517 evaluation PCB:

Ly =10 pH, Coyrs = 68 pF/50 V
polymer electrolytic, Coyr4 = 2.2 uF/
50 V 1206 ceramic, R; = 10 kQ, C, =
5.6 nF, Cp = 120 pF

Test conditions:

LED strings = 10 parallel, 60 mA each
LEDs = 7 series each string

LED Vggg =0.85V

ViNn=55V

Vour hysteresis = 0.45 V

Dimming PWM duty cycle = 0.02% at
200 Hz (5000:1)

Polyphase mode = on

Scope traces:

C1 (Yellow) = Vour (5 V/div)
C2 (Red) = Vgy (20 V/div)

C4 (Green) = I gp (20 mA/div)
Time scale = 20 ms/div

A8517 evaluation PCB:

Ly =10 pH, Coyrs = 68 uF/50 V
polymer electrolytic, Coyrg = 2.2 uF/
50 V 1206 ceramic, R, = 10 kQ, C, =
5.6 nF, Cp = 120 pF
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Wide | nput Voltage, Fault Tolerant, | ndependently Controlled

A8517 Multi-Channel LED Driver with 12C interface

PWM Operation with Polyphase PWM Operation without Polyphase
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Test conditions:

LED strings = 10 parallel, 60 mA each
LEDs = 7 series each string

LED Vgeg =0.85V

Vin=12V

Vour hysteresis = 0.45 V

Dimming PWM duty cycle = 2% at
200 Hz

Polyphase mode = on (each on at
assigned time slot)

Scope traces:

C1 (Yellow) = Voyr (5 V/div)
C4 (Green) = I gp (200 mA/div)
Time scale = 1 ms/div

A8517 evaluation PCB:

Ly =10 pH, Coyrs = 68 pF/50 V
polymer electrolytic, Coyrg = 2.2 pF/
50 V 1206 ceramic, Rz = 10 kQ, C, =
5.6 nF, Cp = 120 pF

Transient Response to Step-Change
In PWM Duty Cycle ( 2% to 0.02%)

cLock

Test conditions:

LED strings = 10 parallel, 60 mA each

LEDs = 7 series each string
ViN=12V

Dimming PWM duty cycle = 2% at
200 Hz

Polyphase mode = off (all
simultaneously on)

imehase -G 58 ms|

Scope traces:

C1 (Yellow) = Vour (5 V/div)
C4 (Green) = I gp (200 mA/div)
Time scale = 1 ms/div

A8517 evaluation PCB:

Ly =10 pH, Coyrs = 68 uF/50 V
polymer electrolytic, Coyrs = 2.2 pF/
50 V 1206 ceramic, Rz = 10 kQ, C, =
5.6 nF, Cp = 120 pF

Transient Response to Step-Change
In PWM Duty Cycle (10.02% to 2%)

CLOCK

= i,

PWM at 2%

PWM at 0.02%

PWM at 0.02%

Test conditions:

LED strings = 10 parallel, 60 mA each
LEDs = 7 series each string
Vin=12V

Dimming PWM duty cycle = change
from 2% to 0.02% at 200 Hz (PWM
on-time change from 100 ps to 1 ps)
Polyphase mode = on

imehase -4 ms (Trigger (G

Scope traces:

C1 (Yellow) = Vour (5 V/div)
C3 (Blue) = 12C clock (5 V/div)
C4 (Green) = I gp (20 mA/div)
Time scale = 10 ms/div

A8517 evaluation PCB:

Ly =10 pH, Coyrs = 68 pF/50 V
polymer electrolytic, Coyr4 = 2.2 uF/
50 V 1206 ceramic, R; = 10 kQ, C, =
5.6 nF, Cp = 120 pF

Test conditions:

LED strings = 10 parallel, 60 mA each
LEDs = 7 series each string
Vin=12V

Dimming PWM duty cycle = change
from 0.02% to 2% at 200 Hz (PWM
on-time change from 1 ps to 100 ps)
Polyphase mode = on

Scope traces:

C1 (Yellow) = Vour (5 V/div)
C3 (Blue) = 12C clock (5 V/div)
C4 (Green) = I gp (20 mA/div)
Time scale = 10 ms/div

A8517 evaluation PCB:

Ly =10 pH, Coyrs = 68 pF/50 V
polymer electrolytic, Coyyr4 = 2.2 uF/
50 V 1206 ceramic, R; = 10 kQ, C, =
5.6 nF, Cp = 120 pF
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Wide | nput Voltage, Fault Tolerant, | ndependently Controlled
Multi-Channel LED Driver with |2C interface

Transient Response to Step-Change
In V|y (16V to 8V) PWM Duty Cycle 0.02%

Transient Response to Step-Change
In V|\ (8V to 16V) PWM Duty Cycle 0.02%

i

Test conditions:

LED strings = 10 parallel, 60 mA each
LEDs = 7 series each string

V|\ = change from 16 V to 8 V
Dimming PWM duty cycle = 0.02% at
200 Hz

Scope traces:

C1 (Yellow) = Voyr (5 V/div)
C3 (Blue) = V|y (5 V/div)

C4 (Green) = | gp (20 mA/div)
Time scale = 10 ms/div

A8517 evaluation PCB:

Ly=10 pH, Coyrs =68 F/50 V
polymer electrolytic, Coyrg = 2.2 uF/
50 V 1206 ceramic, Rz =10 kQ, C; =
5.6 nF, Cp = 120 pF

Transient Response to Step-Change
In V|\ (16V to 8V) PWM Duty Cycle 100%

ILED

Test conditions:

LED strings = 10 parallel, 45 mA each
LEDs = 7 series each string

V|y = change from 16 V to 8 V
Dimming PWM duty cycle = 100%

imebase -32.2 ms) (Trigger (GO0

Scope traces:

C1 (Yellow) = Voyr (5 V/div)
C3 (Blue) = V) (5 V/div)

C4 (Green) = I gp (20 mA/div)
Time scale = 10 ms/div

A8517 evaluation PCB:

Ly =10 pH, Coyrs = 68 pF/50 V
polymer electrolytic, Coyyt4 = 2.2 uF/
50 V 1206 ceramic, R; = 10 kQ, C, =
5.6 nF, Cp = 120 pF

Test conditions:

LED strings = 10 parallel, 60 mA each
LEDs = 7 series each string

Vy = change from 8 V to 16 V
Dimming PWM duty cycle = 0.02% at
200 Hz

Scope traces:

C1 (Yellow) = Voyr (5 V/div)
C3 (Blue) = V) (5 V/div)

C4 (Green) = I gp (20 mA/div)
Time scale = 10 ms/div

A8517 evaluation PCB:

Ly=10 pH, Coyrs =68 uF/50 V
polymer electrolytic, Coyrg = 2.2 uF/
50 V 1206 ceramic, R; =10 kQ, C; =
5.6 nF, Cp = 120 pF

Transient Response to Step-Change
In V|\ (8 Vto 16V) PWM Duty Cycle 100%

Test conditions:

LED strings = 10 parallel, 45 mA each
LEDs = 7 series each string

Vn = change from 8 V to 16 V
Dimming PWM duty cycle = 100%

Scope traces:

C1 (Yellow) = Vgt (5 V/div)
C3 (Blue) = V) (5 V/div)

C4 (Green) = I gp (20 mA/div)
Time scale = 10 ms/div

A8517 evaluation PCB:

Ly =10 pH, Coyrs = 68 uF/50 V
polymer electrolytic, Coyrg = 2.2 puF/
50 V 1206 ceramic, R, = 10 kQ, C, =
5.6 nF, Cp = 120 pF
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Switch Node, AC Output Voltage Ripple,
And Inductor Current

W%M .u "
. .
|
N

Test conditions:

LED strings = 10 parallel, 60 mA each
LEDs = 7 series each string

LED Vgeg =0.85V

Vin=12V

Vourt hysteresis = 0.45 V

Dimming PWM duty cycle = 20%
Polyphase mode = on

Temperature Rise versus V
7 series LEDs in 10 parallel strings

80
70 A\
O 60 \
o \ \ 60 mA
2 50 \ each string
P \ \_ | 45mA
g- 40 N “=|__each string T~
P 30 each string — "--...,_____.
S 20 15“qu
-——each strin
o [— 9 et
10
0
5 6 7 8 9 10 11 12 13 14 15 16 17 18

Test conditions:

LED strings = 10 parallel

LEDs = 7 series each string

fsw =2 MHz

Dimming PWM duty cycle = 100%
Polyphase mode = on

Vin (V)

A8517 evaluation PCB:

Ly=10 pH, Coyrs = 68 F/50 V
polymer electrolytic, Coyrg = 2.2 uF/
50 V 1206 ceramic, R; = 10 kQ, C; =
5.6 nF, Cp = 120 pF

Scope traces:

C1 (Yellow) = Vour (500 mV, AC/div)
C2 (Red) = Vgy (10 V/div)

C4 (Green) = I_(inductor current)
(200 mA/div)

Time scale = 200 ns/div

A8517 evaluation PCB:

Ly =10 pH, Coyrs = 68 uF/50 V
polymer electrolytic, Coyrs = 2.2 pF/
50 V 1206 ceramic, R; = 10 kQ, C, =
5.6 nF, Cp = 120 pF

Temperature Rise versus Vg
8 series LEDs in 10 parallel strings

100
90
80 :
N
O
N 70 \ \ \ 60 mA
g \ | each string
£ 60 45 mA \\
& each string ™~
g 50 +—— v 7775-«.__7_‘77
5 \ 0mA ~ —
=40 each string —
[} o —
3 15 A\\ ——
o each string
= 20
10
0
5 6 7 8 9 10 11 12 13 14 15 16 17 18

Vin (V)

Test conditions: A8517 evaluation PCB:

Ly =10 pH, Coyrs = 68 uF/50 V
polymer electrolytic, Coyrg = 2.2 uF/
50 V 1206 ceramic, R; = 10 kQ, C, =
5.6 nF, Cp = 120 pF

LED strings = 10 parallel

LEDs = 8 series each string

fsw =2 MHz

Dimming PWM duty cycle = 100%
Polyphase mode = on
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Wide Input Voltage, Fault Tolerant, I ndependently Controlled
Multi-Channel LED Driver with |2C interface

Fault Handling

Input Overcurrent Protection

Case 1. Normal startup when using input disconnect switch

Case 2. Output-to-GND short fault occurred before startup

Case 3. Output-to-GND short occurred during normal operation

Test conditions:

Q1=A04421
Cgs =10 nF
Viy=12V
Rsense = 18 mQ

GATE is being slowly pulled down (from V y to V|y — 6.8 V) to control the inrush current.

Scope traces:

C1 (Yellow) =V (2 V/div)
C2 (Red) = Vgare (2 V/div)
C3 (Blue) = Vgour (5 V/div)
C4 (Green) = Iy (1 A/div)
Time scale = 200 ps/div

Test conditions:

Q1 = A04421
Cgs = 10 nF
Vin=12V
Reense = 18 mQ

Startup into a VOUT-to-GND short. GATE is pulled high as soon as the input current > 5.8 A, in
order to turn off the input disconnect switch.

Scope traces:

C1 (Yellow) = Vy (2 V/div)
C2 (Red) = Vgare (2 V/div)
C3 (Blue) = Vour (5 V/div)
C4 (Green) = I\ (1 A/div)
Time scale = 50 ps/div

Test conditions:

Q1 = A04421
Cgs =10 nF
V=12V
Reense = 18 mQ

Output shorted to GND during normal operation, causing a huge inrush current. GATE is pulled
high, in order to turn off the input disconnect switch and prevent damage to the power supply.

Scope traces:

C1 (Yellow) = Vi (2 V/div)
C2 (Red) = Vgare (2 V/div)
C3 (Blue) = Vour (5 V/div)
C4 (Green) = Iy (5 A/div)
Time scale = 10 ps/div
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Wide | nput Voltage, Fault Tolerant, | ndependently Controlled
Multi-Channel LED Driver with |2C interface

Switch Overcurrent Protection

ln—nm»:n:w_;b-_.d_ﬂf___r_,——u.w-‘"" -~ :
.-_’_.f-—'"’ ,"“r’
Switching Switching
Period Period

)

| ton(truncated

LED String Open Fault Detection

|<— One LED string disconnects; Vqyr starts to ramp up

¢— OVP trips; IC stops switching
and pulls FLAG low

<¢— FLAG cleared as

@ e Vour drops lower

Test conditions:

LED strings = 10 parallel, 60 mA each
LEDs = 7 series each string

fsw =1 MHz

Vin=65V

V)y intentionally lowered to the point where SW cycle-by-cycle current limit is tripped.
SW operating at maximum on-time initially. Inductor current ramps up and trips
cycle-by-cycle current limit (~ 4.2 A). Present on-time is truncated immediately. Next
switching cycle starts normally.

Scope traces:

C2 (Red) = Vg (10 V/div)
C4 (Green) = I (1 A/div)
Time scale = 500 ns/div

Test conditions:

LED strings = 10 parallel, 60 mA each
LEDs = 7 series each string

fsw = 2 MHz

Vin=12V

One LED string is disconnected during normal operation. After output trips OVP, the offending
LED string is removed from regulation, while other strings continue to function correctly.

Scope traces:

C1 (Yellow) = Vg ag (5 V/div)
C2 (Red) = Vg (10 V/div)

C3 (Blue) = Vour (5 V/div)

C4 (Green) = I gp (100 mA/div)
Time scale = 200 ps/div
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Wide Input Voltage, Fault Tolerant, I ndependently Controlled
Multi-Channel LED Driver with |2C interface

Protection Against Open/Missing BOOST Diode

Case 1. BOOST diode becomes open during normal operation

Case 2. BOOST diode missing during startup

Switching
Period

O" SW secondary OVP tripped at = 46 V

Test conditions:

BOOST diode becomes open during normal operation. Energy stored in inductor causes a high
voltage across SW. SW DMOS conducts at Vg > 75 V to discharge the energy safely. IC shuts
off after detecting an overvoltage condition at the SW pin.

Scope traces:

C2 (Red) = Vg (20 V/div)
C3 (Blue) = Vi ag (2 V/div)
Time scale = 500 ns/div

Test conditions:

BOOST diode is missing during startup. Energy stored in inductor gradually builds up, causing
higher and higher voltage across the SW pin. Eventually the IC shuts off after detecting an
overvoltage fault at the SW pin (Vg > 50 V).

Scope traces:

C2 (Red) = Vg (20 V/div)
C3 (Blue) = Vi ag (2 V/div)
Time scale = 200 ns/div
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Wide Input Voltage, Fault Tolerant, I ndependently Controlled
Multi-Channel LED Driver with |2C interface

Functional Description

The A8517 is an 12C programmable, multi-channel LED driver
for automotive lighting applications. It incorporates a current-
mode boost controller with internal DM OS boost switch, and 10
integrated current sinks to regulate currents up to 10 LED strings.
Each LED string can be independently enabled or disabled, with
itsown LED current and PWM duty cycle programmed through
12C registers.

Enabling the IC

The IC turns on when alogic high signal, Vgyy , is applied

on the EN pin, and the input voltage present onthe VIN pinis
greater than the UVLO threshold, Vyyyon)- TheEN pinis
rated for 40 V, so it can betied directly to V, for certain appli-
cations (see Application Information section). In addition, if the
FSET/SYNC pinis pulled low, the IC does not power up.

The A8517 performs a detailed startup sequence, flow chart and
timing diagram are shown in Figures 3ato 3c. Before the LEDs
are enabled, the device goes through a system check to determine
if there are any possible fault conditions that might prevent the
system from functioning correctly. Once the LEDs pass the “LED
short during start up” test the FLAG pin will be pulled low for a
short period of time. If no subsequent faults are detected during
this startup sequence, the IC pulls down the GPO2 pin to signal
to the system controller that the A8517 is ready to receive 12C
commands.

The system controller programs the A8517 internal registers
through 12C Write commands, in order to configure individual
LED strings before they can be turned on. On initial startup 12C
should first send a clear command to bit 2 of register bank num-
ber 56 , this ensures that an erroneous fault does not prevent the
LEDs turning on. This command is only required on power up
and/or enable (via EN pin) of the A8517. 12C can now communi-
cate regularly with the A8517. Ensure 12C only enables popul ated
LED’s. If 12C tries to enable unpopulated LED strings an illegal
action is declared and no LEDs will turn on.

In the event of a genuine fault during start up, the FLAG pinis

pulled low, and the system controller can issue 12C Read com-
mands to investigate the status of fault registers. In thisinstance
12C should not clear bit 2 of register bank number 56.

The device enters into shutdown mode when the EN pinis pulled
IOW, VEN(L) .

Frequency Selection and Synchronization

Theinternally-generated switching frequency of the boost
converter, fgy, IS set by the resistor Reget, connected from the
FSET/SYNC pin to GND. The frequency can be set in the range
from 400 kHz to 2.3 MHz. The switching frequency is deter-
mined according to the following equation:

fow (MH2) = 19.9/ Reger (kQ) + 0.01 (1
Figure 1 illustrates how fg, varies with Rgger.

Alternatively, the switching frequency can aso be synchronized
using an external clock signal on the FSET/SYNC pin. The exter-
nal clock should be alogic signal between 400 kHz and 2.3 MHz.
When an external clock is applied, the Rgget resistor isignored.
However, if the external clock signal islost (disconnected), the
IC will automatically revert to switching at the frequency deter-
mined by Reget.

PWM Dimming

The PWM dimming period (hence the PWM frequency) is
defined by the 13-bit PWM_Period register. It is programmable at
any time through the I2C interface, in 1.5 ps increments, as:

PWM Period = (N + 1) x 1.5 (us) 2
where N isthe value contained in the register.
The PWM on-time (hence the PWM duty cycle) for each LED
string is defined by the corresponding 16-bit register. The PWM
on-time can be adjusted in 0.15 psincrements. Thisisillustrated

in Figure 2. The smallest PWM on-timeis 1 ps. This corresponds
to a5000:1 ratio at a 200 Hz PWM frequency.
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A8517 Wide Input Voltage, Fault Tolerant, I ndependently Controlled
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2.2
20 16-bit
Counter
I
s 16 \ 6.66 MHz S Comparator
z 14 N @ R
= N -
g 12 PWM start ——— LED1 = on
s 10 SW Driver
£ o8 Circuit
2 06 LED1 PWM A
= I
S 04 — Register
3 o2 RBOx 10— 11
0 16-bit register
5 10 15 20 25 30 35 40 45 50
Rrset (kQ)

Figure 1: Switching Frequency versus Value of the Rgggt Resistor Figure 2: PWM On-time Comparator Circuit
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A8517 Wide Input Voltage, Fault Tolerant, I ndependently Controlled
Multi-Channel LED Driver with |2C interface

Power Up

Internal LED_GROUP
Enable

,, l

Initiate Two Processes:
VIN > UVLO 1. LED Ground Short Check
2. LED Population Check

Yes

A 4

Enable Internal
LDO Inject 60 pA Current into
» | Each LED Pin and Observe
l Each LED Pin Voltage

Enable Voltage, Current
and Frequency

References FAULT10 - LED Shorted to

GND During Startup.

All VLEDx

Specific LED Information
is Recorded at RB-52, > 120 mv
53, 60, & 61
\ 4
Enable Internal
System
FLAG Goes Low,|
for Short
Period
COUNT =0
Temperature
<TSD
LED Pin Shorted No v
to GND -
FAULT11 Yo Wait -3072 Clock
Activated es Cycle (Clock Freq.
RB-48, 49, 56, Based on FSET)
Enable Input & 57 Records the
Disconnect Fault
Switch
Set COUNT = All VLEDx
COUNT +1 <270 mV

Disconnect
Switch Fully
On

LED Pin - Not In Use
(Channel not
Populated by User)

All VLEDx
>270 mV

VR 4

Figure 3a: Startup and Fault 11 Detect Flow Chart
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Wide Input Voltage, Fault Tolerant, I ndependently Controlled

AB517 Multi-Channel LED Driver with 12C interface

»
Vl

OVP = Logic High &
At Least One VLEDx < Vled_regulation

!

FAULT11 Check Begins

Auto
Restart?

A 4

Disable Faulty LED
Channel & Inject 60 A
Current Into the LED Pin

Signal IC Ready at l
GPO2 Output

Wait -6144 Clock
Cycle (Clock Freq.
Based on FSET)

A 4

I’C Master Sends
Start Sequence

LED Pin Open
Disable the Faulty LED
& Continue with
Remaining LEDs

All VLEDx
>120 mV

y

I°’C Master Writes
to IC Registers

A 4

Fault10 - LED Shorted to

Set LED On-time
Update Bit
(Register 0x24)

GND During Startup.
Specific LED Information
is Recorded at RB -52,

53, 60, & 61
No
y
Enable Boost and
LED Driver Yes

Disable Boost
& LED

Figure 3b: Startup and FAULT11 Detect Flow Chart (Cont.)
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A8517 Wide Input Voltage, Fault Tolerant, I ndependently Controlled
Multi-Channel LED Driver with |2C interface

EN Pin

VDD Pin

FSET Pin ———
T1: VGATE " (Vin -4 V)
GATE Pin ﬁ\

VOUT Pin //

T2: VOUT > UVP Threshold

1

Ermr UVP* — — — — — — S

LED GROUP* — — —  _ __ 4

LED Pin LED Drivers Remain OFF
and All Internal Pull

Downs are Removed

JESRE N U S

T4: There is no timeout.
':;I All 10 LEDs have to reach above 120 mV to qualify.

______ 4+ L [T3coudbeanyting. .

GPO2 Pin e iy 175: LED Block Makes
LED_Ready* | Decision About LED
Population Based on
LEDx Pin Voltage
FLAG

12C Interface T

A special case: if LED pin voltage passes LED GND STG @ startup but cannot reach above 270 mV in 3072 counts, controller will
re-attempt two more times; after that, it will report the fault: LED GND STG @ normal operation.

Err_LED_GND_STG@Normal* l_

* = Internal signal

Figure 3c: Startup Timing Diagram
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Wide Input Voltage, Fault Tolerant, I ndependently Controlled
Multi-Channel LED Driver with |2C interface

Output Current and Voltage

For optimal efficiency, the output of the boost stage is dynami-
cally adjusted to the minimum voltage required for all active
LED strings. Thisis expressed by the following equation:

Vout = MAX(V ep1s Viep2: -+ Viepio)
+ Veeg + Vhvsr C)
where

V| epx 1S the voltage drop across an LED string (only the
enabled LED strings are considered),

VRig isthe regulation voltage of the LED current sink (0.85 V
(typ)), and

Vyyst isthe hysteresis control voltage at the output (typically
0.25V).

The boost output voltage is protected by the OV P threshold,
which can be programmed up to 39 V. Thisis sufficient for driv-
ing up to 10 white LEDs in series.

The current through each LED string can be programmed through
12C registers to between 1 and 64 mA, in 1 mA steps.

Boost Frequency Dithering

The Boost Dithering function allows the user to randomize the
main switching frequency within a certain frequency range.

By shifting the main switching frequency of the regulator in a
pseudo-random fashion around the main switching frequency, the
overall system noise magnitude can be greatly reduced. Note that
the frequency dithering function is not available when an external
synchronization signal is used at the FSET/SYNC pin.

This spread spectrum functionality is achieved by a program-
mable register (0x05[BD1:BDO]. A non-zero number enables the
boost dithering and sets the modulation index of 5%, 10%, or
15% of fg,. For example, if 10 % dithering is selected, then the
switching frequency will jump between alow of 1.8 MHz and a
high of 2.2 MHz, as governed by the pseudo-random pattern.

Every two switching cycles, the switching frequency may ran-
domly jump between low and high levels. The random pattern
repeats itself after 92 switching cycles. Thisisillustrated by the
timing diagram in Figure 4.

92 Switching Cycles per Pattern Repeat

N
[N

-
(0]

Frequency (MHz)

>
o

N L A

y

Time

Figure 4: A8517 Dithering Scheme at 2 MHz +10% (frequency jumps between 1.8 MHz and 2.2 MHz, as governed by a 46-bit
pseudorandom pattern)
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Wide Input Voltage, Fault Tolerant, I ndependently Controlled
Multi-Channel LED Driver with |2C interface

Polyphase Grouping

During PWM operation, by default each of the ten LED chan-
nels starts at a separate time slot, or phase, (Figure 5, top panel)
and with a specified on-time setting. If required, two or more
adjacent LED channels can be grouped by programming to turn
on and off simultaneously (figure 5, bottom panel). By tying the
corresponding pins together on the PCB, it is possible to combine
several channelsto drive higher-current LED strings (see Typical
Application schematics).

Each LED channel has an LED channel enable bit (0x00 to 0x01)
and an LED PWM on-time setting register (0x10 to 0x23). In
normal PWM operation, any enabled LED channel isturned on
starting at its own time slot, and remains on for the duration con-
trolled by its own PWM on-time register. By staggering the time

slotsfor LED channels, theinput ripple current is reduced during
PWM operation.

If necessary, such as when more than 1 channel is required to
drive an LED string at current higher than 60 mA, the user can
group two or more adjacent LED channels together, so that they
turn on/off simultaneously. Grouping is done by setting the cor-
responding bits in the Polyphase Grouping registers (0x08 and
0x09).

A grouped LED channel starts in the same time slot as the lower-
numbered channel, and inherits the PWM Dimming On-Time

of that lower-numbered channel (the original time slot of the
grouped channel is not used). If more than one adjacent channels
are grouped, the entire group starts at the time slot of the lowest-
numbered channel in the group, and inherits that on-time setting.
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LED (155 ILeDg
Current ILED2 ; >
| LEDe tepg ltep1o |
LED1 m _I ILeDs lLep? LED1 t
| | | | | | | | | | |
~ N 3] < w0 © N~ [ee] [o)] o ~
[0 [0 (0] (0] (0] (O] (0] (] (0] N (O]
7] 7] 7] 7] 7] 7] 7] 7] 7] [0} 7]
(] (] © © (] (] (] (] (] n ©
= < = = = < < < o @ o
o o o o o o o o o i o
Polyphase PWM Operation without Grouping — Each LED channel turns-on at a separate, sequential,
periodic time slot. The LED on-times are individually programmable, so any individual phase can overlap
later time slots.The LED current for each channel is individually programmed.
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Polyphase PWM Operation with Grouping — The starting time slot and the PWM on-time for each group is
determined by the time slot and the on-time of the lowest-numbered channel within that group, so all LED
channels in the same group turn-on and turn-off together. Each time slot is sequential and periodic, and
unused time slots are maintained. Any individual phase can overlap later time slots. The LED current for each
channel is individually programmed, regardless of grouping.

Figure 5: Polyphase Operation
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For example, in figure 5, LED1 and LED2 are grouped together,
so they start at PWM dot 1 and follow the on-time of LED1.
Similarly, LED3, LED4, and LEDS5 are grouped together, so they
start at PWM dlot 3 and follow the on-time of LEDS.

If thefirst LED channel in a polyphase group is disabled through
the LED enable register, then all the LEDs in this group are
disabled. If any other LED channelsin agroup are disabled, all
of the other LED channels in the group remain enabled, with the
PWM on-time of the first LED channel in the group.

Boost Output Voltage Regulation

Output from the boost stage is adaptively adjusted, based on the
voltage required by all the enabled LED strings. This ensures
minimum power loss at the LED current sinks, and reduces input
power consumption.

During operation, the LED string with the highest voltage drop is
the dominant string, and it is used to determine the boost output
voltage regulation. Because each LED string can be individually
enabled/disabled dynamically, which string is dominant can shift
at different times.

Asan example, assume LED channels 1, 3, and 5 are currently
enabled. Further assume that voltage drops across the LED
stringsare 21V, 23V, and 25 V respectively. The boost output
voltage will be regulated to the highest LED string voltage (25 V)
plus the regulation voltage required by the LED current sink
(0.85V typical):

LED LED String Boost Output LEDx Pin
Channel # Voltage Drop Voltage Voltage
W) M) M)
1 21 4.85 min
23 2585+ 2.85 min
Hysteresis
5 25 (dominant) 0.85 min

For LED strings 1 and 3, the extra voltage is absorbed by their
current sinks. When the LED string voltages are poorly balanced
(asin this example), excessive power loss can build up at the
current sinks. Consider adding ballast resistors to the LED strings
with lower voltage drops, so that less heat is dissipated by the IC.

Output Hysteresis

The A8517 superposes a minimum output hysteresis of 0.25V on
top of the LED regulation voltage. The OV P pin provides output
voltage feedback during hysteresis control mode. An example of
output voltage is show in Figure 6.

When the dominant LED is on, boost stage starts switching to
keep the corresponding LEDX pin voltage regulated to V-
After the dominant LED is turned off, the switching continues
until boost output reaches V1(,). The output is then regulated
between V1 and V4 through hysteresis control, before the
next time dominant LED is on again.

Soft Start Timing

The soft-start function performs the following sequence of oper-
tion:

1. At startup, the boost stage initially switches at the minimum
SW on-time continuously. This allows output voltage to build-up,
even at the minimum PWM duty cycle.

2. The switch on-time increases as the COMP pin voltage starts
to rise (the COMP voltage controls the boost stage switching duty
cycle, which in turn controls the boost output voltage).

3. Soft start ramp duration is 100 ms, which allows the LED to
cycle 10 times at a 100 Hz PWM frequency.

4. Soft start can finish earlier, either dueto the LED current
reaching regulation, or because output voltage reaches 90% of
OVP.

5. To prevent output voltage from reaching 90% of OV P pre-
maturely (while the COMP voltage is still too low), the design
should ensure there is sufficient output capacitance, such that it
takes longer to build up V1 a the minimum SW on-time.

Input Disconnect Switch

The A8517 has a gate driver for an external PMOS that can be
used to provide an input disconnect protection function. During
normal startup, the PMOS is turned on gradually to avoid large
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inrush current. In the event thereis adirect short at the boost
stage (either SW or VOUT shorted to GND), high input current
will cause the PMOS to turn off.

The input disconnect current threshold is calculated by:

linmax = VingTry / Rins 4
where Vygirhy = 105 mV (typ).

Under normal operation, the input current is protected by the
cycle-by-cycle boost switch current limit. Only in case of a direct
short at boost output or SW pin will the input disconnect switch
be activated. Therefore the input disconnect current threshold
istypically set slightly higher than the switch current limit. For
example, choose Rjyg = 0.02 Q to set Ij\pax = 5.25 A approxi-
mately.

During normal power-up sequence, as soon as EN goes high, the
GATE pin will start to be pulled low by a 115 pA (typ) current.
How quickly the external PMOS turns on depends on the gate
capacitance, Cgg, of the PMOS. If the gate capacitance is very
low, the inrush current may still exceed 5 A momentarily and trip

PWM Period

the input disconnect protection. In this case, an external Csg may
be added to slow down the PMOS turn-on. A typical value of
10 nF should be sufficient in most cases.

When selecting the external PMOS, check for the following
parameters:

» Drain-source breakdown voltage: By psg > -50V

* Gate threshold voltage: ensure it is fully enhanced at Vg
=4V, and cut-off at -1V

* Rpson): €nsure the on-resistanceisrated at Vg = 4.5V or
similar, not at =10 V; derate it for higher temperatures

The PMOS gate voltage is clamped by the A8517 such that V ;g =
VN —Vgare < 8 V. This is to prevent the gate-source of external
PMOS from breaking down due to higher input voltage. In case
of very low input voltage, however, V gq islimited by V. There-
foreit isimportant to select a PMOS with alower gate threshold
voltage.

Test conditions:

'y

Voyr controlled by

dominant LED string /—VOUT under hysteresis control

y

LED1 and LED2 = 8 series (dominant LED string),
LED4, LEDS5, LED6 = 7 series

All other channels disabled

60 mA each enabled channel

A

»la
L |

LED1 and
LED2on 4
(dominant)

\

LED4, LEDS, and LED6 on

\

LED Vggg =0.85V
Vin=12V
Vour hysteresis = 0.25 V

Scope traces:

C1 (Yellow) = Vgpos PWM period (5 V/div)
C3 (Blue) = Voyr (1 V/div, offset = 24 V)
C4 (Green) = Total | gpy (50 mA/div)

Time scale = 500 ps/div

A8517 evaluation PCB:

L1=10 pH, Coyts = 68 PF/50 V polymer
electrolytic, Coyrg = 2.2 WF/

50 V 1206 ceramic, Rz = 10 kQ, Cz = 5.6 nF,
Cp =120 pF

Figure 6: Output Hysteresis Waveform, LED1 and LED2 are the Dominant String
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System Failure Detection and Protection

The A8517 is designed to detect and protect against a multitude
of system-level failures. Some of those possible faults are illus-
trated in Figure 7 and the A8517 is described in table 1.

Inductor Diode Qutput to .
v open/short open/short GNDpshort LED string
IN R VOUT open
T 'SENSE 7
T3
CIN $ Q1 $CQ1 COUT = N
SW N N
ﬁ,ASTE PGND :\ .\ LED short
VIN . . within string
Synchronization A8517 OovP N \:\ N
signal loss X X
LED1
External AN, FSET/SYNC LED2
Synchronization |
Rrser
|
FSET pinfo GND LED10
GND grlﬂ)r? | ( I LEDx pin to
= GND short

Figure 7: Examples of System Fault Modes

Table 1: System Failure Mode

Failure Mode Symptom Protected? A8517 Response
Inductor open Output undervoltage fault detected at startup Yes Will not proceed with startup
Inductor shorted Excessive current.through SW pin during switching, Yes Shuts down and will not retry
secondary OCP tripped
Diode open tIEr:;cpeesdswe voltage detected at SW pin, secondary OVP Yes Shuts down and will not retry
Diode shorted Excessive current through SW pin during switching Yes Shuts down and will not retry
Output shorted to GND | Input overcurrent protection tripped at startup Yes ?Vr\;il:;mcr input power via input disconnect
LED string open or IC unable to detect LED current, output ramps up and Disable offending LED string, other strings
. : Yes )
LEDx pin open trips OVP continue to operate
LE.Ds shorted within one Excessive voltage drop at LEDX pin Yes Dlsa‘ble offending LED string, other strings
string continue to operate
LEDx pin to GND short | Detected LED pin to GND short during startup error Yes Will not proceed until fault is removed
at startup check
LEDx pin to GND short | IC unable to detect LED current, output ramps up and Yes Shuts down and rechecks for pin to GND short
during operation trips OVP before restart
FSET pin t.o GND short IC unable to start switching Yes Will not restart until fault is removed
or FSET pin open
E_xterna! synchronization Unable to detect logic signal at FSET pin Yes Falls back to switching frequency determined
signal disconnected by Reset
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Fault Handling

The A8517 can detect and monitor 12 different fault modes
internally. Some can be programmed for latching (flag set, system
controller action required) or for auto restart after flag set and
condition cleared. Faults are listed in Table 2.

In the event of afault, registers 0x38 and 0x39 hold the fault
status to allow the master to read what type of fault (such as OCP,
OVP, open LED, and so forth) has been detected.

Internal State Monitoring

There are two general-purpose output pins, GPO1 and GPO2,
that can be programmed to monitor selected internal status bits
directly. This allows those pins to be used as special IRQ (inter-
rupt request) lines for the system. The system can also moni-
tor non-critical fault occurrences (such as temperature warning
or SW current limit) while the IC continues to run. GPO1 and
GPO?2 are open-drain outputs, and an external pull-up resistor is
required at each pin to set the logic-high level required.

LED Thermal Shutdown and Derating

The A8517 TSD (Thermal Shutdown) threshold is set to

170°C (typ). If the die temperature reaches the TSD threshold,
boost and LED drivers are disabled. The IC will restart after the
die temperature hasfalen to 20° C below the TSD threshold.

The A8517 also has an optional thermal derating function con-
trolled by aregister bit. The LED derating bit enables or disables
the Thermal Derating feature, which cuts-back on LED current
when the die temperature gets too close to the thermal shutdown
threshold. When enabled, the LED current starts decreasing as
die temperature rises above 20° from TSD. The Thermal Derating
featureis disabled by default, which means the IC will continue
to operate at full LED current until the TSD threshold is reached.
Current derating isillustrated by Figure 8.

LED Pin Short to GND Check Before Startup

When the IC is enabled for the first time, it checks to determine
if any LED pins are shorted to GND and/or are not used (LED
string not populated). An internal 60 pA current source pulls all
LED pin voltages high. Any LED pin with voltage below 120 mV
is considered shorted to GND. Any LED pin with voltage above
270 mV isconsidered in use (see Figure 9). If any LED channel

is unused, that LED pin must be connected to GND through a

4.7 kQ resistor (note: there is an internal gated parallel resistor
of 8 kQ, so the combined sense resistance is 3 kQ). The user can
further disable any LED channel through 12C programming. All
unused LED channels are taken out of regulation at this point and
will not contribute to the boost regulation loop. If any LED pin
is shorted to ground, the IC will not proceed with soft start until
the short isremoved for the LED pin. This prevents the A8517
from powering up and putting an uncontrolled amount of current
through the LEDs.

<)
=}
 J

Restart

LED DC Current (%)

Thermal
shutdown

|

[N S

A
il
.
3

Temperature (°C)

Figure 8: Thermal Derating and Shutdown Protection Features

< LED string in use

£ (no fault)

g 2rofp---------mmmm -
s LED string

§ unpopulated

h‘—f 120~~~ ° T
a LED pin shorted

m to GND fault

Figure 9: A8517 LED Short-to-GND Check Before Startup
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LED Pin Open/Short Fault During Normal Operation
During startup and normal operation, all enabled LED channels
are supposed to ramp up in current until each channel regula-

tion target is reached. If any channel is below regulation, it will
request the boost output voltage to rise, so the higher voltage can
help more current to flow through its LED string. But in the event
that an LED pin is either open or shorted to ground, there can be
no current flowing through its LED driver. The boost voltage will
continue to rise until the OV P fault is tripped.

This function is used in conjunction with general fault 8
(overvoltage protection), so it can be monitored by the 12C mas-
ter. When thisbit is set to 0, the corresponding LED channel is
within regulation and operating correctly (or the LED channel has
been previously disabled). When the OV Pfault is tripped the bit
issetto 1.

When the OV P fault istripped, any enabled LED channel that is
not in regulation is tested for ground-short again:

« If an unregulated channel is shorted to ground, the boost stage
is shutdown completely and will not attempt auto-restart. Thisis

to prevent uncontrolled current from flowing through the LED
string. Fault flag is set to signal an LED to GND short fault (#11).
The corresponding bit in the LED Pin Shorted to GND status
register is set. The user can then read this register to determine
which LED channel is shorted.

* If an unregulated channel is not shorted to ground, the IC will
remove the offending channel from regulation, and resume
normal operation for other channels. The FLAG pin (which was
previously set to signal an OV Pfault) isthen cleared. The cor-
responding bit in the Latched Status LEDs in Regulation registers
(Ox3A and 0x3B) is set. The user can then read this register to
determine which LED channel is open.

Note: If the OVPlevel is programmed too low in the OVP
Threshold register for the LED string with highest forward volt-
age, the LED driver may not be able to reach regulation during
startup. In this case, the IC will treat the LED pin as open. The
offending LED pin is removed from regulation and the rest of the
LED channels will resume normal operation.
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Table 2. Internal Fault Modes

Fault 1
Input Overcurrent

Number and Default Action Programmable? Input Dls_connect Boost Switch LED Current FLAG Set
Name Switch on Fault?
Latched No Off Off Off Yes

This fault is set when an input overcurrent has been detected (V|y — V|ns > 100 mV). The input disconnect switch is
disabled, as well as the boost stage and LED drivers. The fault flag is latched at low. To reenable the part, the EN pin
must be cycled.

Fault 2
Output Undervoltage

Auto Restart | Yes | On | Off | Off | Yes

The IC monitors the output voltage on the OVP pin. If the voltage level drops below output undervoltage threshold, V,yp
(such as in case of output shorted to GND), the fault will be registered. The boost SW and LED drivers are shut down.

Fault 3
Temperature Warning

Auto Restart | Yes | On | On | Reduced | No

This is a warning that the IC is approaching thermal shutdown. Typically this fault is asserted at 20°C below TSD, and
LED current is reduced. As soon as the IC cools down, the fault bit will reset.

FSET Short Protection

Fault 4 Auto Restart | No | On | Off | Off Yes
Overtemperature ] ]
Protection Fault occurs when the die temperature exceeds the TSD (thermal shutdown) threshold, typically 170°C.

Auto Restart | Yes | On | Off | Off | Yes
Fault 5

Fault occurs when the FSET/SYNC current exceeds approximately 180 pA (=150% of maximum current). The boost will
stop switching, and the IC will disable the LED sinks until the fault is removed.

Fault 6
SW Primary Current Limit

Auto Restart | No | On | Truncated | On | No

The device monitors its switch current on a cycle-by-cycle basis, and shuts the switch off for the existing cycle if the
current exceeds |y vy Normal switching continues in the next cycle. This fault does not shut down the IC.

Fault 7
SW Secondary Current
Limit

Latched | No | Off | Off | Off | Yes

When the current through the boost SW pin exceeds secondary current limit (Iswiimsec))» the part will immediately shut
down the input disconnect switch, LED drivers, and boost. To restart the part, either cycle the power or toggle the EN pin.

Fault 8
Overvoltage Protection

Auto Restart | Yes | On | Off | On | Yes

Fault occurs when the OVP pin exceeds the Voyp(ih threshold.

Case 1. All enabled LED strings are in regulation. The IC will immediately stop boost switching. LED current sinks remain
active to drain the output voltage. After the output voltage falls below approximately 94% of the OVP threshold, the IC will
resume switching to regulate the output voltage.

Case 2. One (or more) enabled LED string is not in regulation. See Fault 11.

Fault 9
Open Diode Protection

Latched | No off off off Yes

Secondary overvoltage protection at the SW pin is used for open diode detection. When diode D1 opens up, the SW pin
voltage will increase until Voyp(sec) is reached. The input disconnect switch is disabled, as well as the boost stage and
LED drivers. The FLAG pin is pulled low only while the overvoltage condition exists. To restart the part, either cycle the
power or toggle the EN pin.

Fault 10
LED Pin Shorted to GND
During Startup

Auto Restart Yes On Off Off Yes

The system at power-up checks if an LED pin is shorted to GND (see the LED Pin Short to GND Check before Startup
section for details). If any pin is shorted, the system will not power up and the fault flag will be set.

Continued on the next page...
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Table 2. Internal Fault Modes (continued)

Number and Default Action Programmable? Input D|§connect Boost Switch LED Current FLAG Set
Name Switch on Fault?
Latched Yes On Off Off Yes
Fault 11 This fault occurs when the LED pin is not in regulation and the output reaches OVP. At this time, the system removes

LED from the regulation loop, allowing the high output voltage to fall. After this LED is disabled, the IC will determine
whether the LED pin is shorted to GND or open (see the LED Pin Open/Short Fault during Normal Operation section for
details). If the LED pin is open, the IC will continue to operate with the offending LED turned off. If LED pin is shorted to
GND, the IC will shut down and latch off. To restart the part, either cycle the power or toggle the EN pin.

Auto Restart Yes On On On* Yes

LED Pin Shorted to GND
During Normal Operation

This fault is set if any LED pin voltage goes above its LED Short-Detect Threshold (set by corresponding programmable
register bits). The offending LED driver is disabled immediately. Other LED strings will continue to work as normal. At the
next PWM cycle, the offending LED driver is checked again and may resume operation if the fault has been removed
(unless the Auto-restart bit is turned off).

Fault 12
LED String Short Detect

*Only the offending LED driver is turned off. All other enabled LED drivers continue to work as normal.
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Application Information

Typical Applications

The A8517 is highly flexible and supports a wide range of appli-
cation system configurations. Three example application configu-
rations are described in this section:

 Application A. Driving two high-current, balanced LED strings
* Application B. Driving unbalanced LED strings
* Application C. SEPIC converter

Vin (610 18 V)

RSENSE L1 D1 VouT (39?\/ maximum)
AN ’ Y YN ‘lh .
L % Lo
1
CIN Ql ==
g $ CouT \:\ \:\
GATE sw . X N
PGND . .
INS {7 . :
VIN
A8517 VP
—| EN O N N
I—— voD LED1to4
Ve CVDD .
% '||—‘RWV_ ADDR L Eps —MWA—
ADDR =
12C Interface SDA : LED6to9 q
» scL i m] 2 strings of 10 LEDs in series
| i LED10 _A/\/\,—||| 240 mA maximum per string
External » FSET/SYNC H COMP Vout = 34 V nominal
Syne Ve Reser i.....GNDR e
—  mmmsse= 1] Z
FLAG GPO1 GPO2i{AGND |Cp== %C
: 1
Status/ < 1 =
Interrupt =
Application A: Circuit diagram showing the A8517 with optional well-balanced, the heat dissipation from the LED current sources
pp g g p p

input disconnect switch. LED current sinks are combined to drive (LED1 through LED4 and LEDG6 through LED9) can be minimized.
two high-current LED strings. Unused LED pins are connected to
GND through 4.7 kQ resistors. As long as the two LED strings are
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Vin (12 V) L1 Dy VOUT (39 V maximum)

2000 »

CIN$ COUT== \:\ \2* \:\ \:\

| caTE sw NIRRT

PGND : . O
—Ns v N N A

D ———— \I/EIII\\II A8517 ovp N N\ N EN\Y

AN N AN AN
|||_|I_ VDD LED1to3
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LED4to5
I—\\W\—{ ADDR Fj‘_D - Red LEDs up to 120 mA
R =
ADDR SDA - LEDGto7 [ W Green LEDs up to 120 mA

12C Interface LED8t09

o scL W Blue LEDs up to 120 mA
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Ex;ecrnal » FSET/SYNC COMP
y Ve RrseT S | —— iz D Rz
FIAG GPO1 GPO2}AGND =Cp
' T

Status/

|

Interrupt

A A A

Application B: Circuit diagram showing the A8517 used to drive
four unbalanced LED strings: separate strings for white, for red,
for green, and for blue LEDs. The white LED string is assumed to

through LED9), ballast resistors may be inserted into the LED
strings to dissipate part of the heat externally. LED channels for
each string should be grouped by programming the Polyphase

have the greatest current and voltage drops across the LEDs. To register.
reduce the power dissipation at other LED current sinks (LED4
MA —
Vin (5t 36 V
IN (510 36V) Reense L1 L2 o VO?UT (Vin + Vour <40 V)
J_ SO !
CIN$ Q1®$ cat couT =~ NN
GATE Sw PGND RN R
Ns TP < N :
W A8517 i ow
—— & : DR
\——— vop ! LED1
Ve cwbD | e :
i ADDR | paD -+ EP2I
Rabpbr I |
12C Interface SDA :““"“!"" LED10
» SCL H
R i COMP
E;ﬁ]e(z:rnal » FSET/SYNC i i Rz
Ve Reset .."‘:::::""(-'J"'\y?":I ==Cp
{%_é FLAG GPO1 GPO2}iAGND c,
Status; ¢ T =
Interrupt :

Application C: The A8517 can be used in a SEPIC (Single-Ended
Primary Inductor Converter) configuration. The main advantage
of SEPIC is that output voltage can be either higher or lower
than the input voltage. In contrast, the output voltage of a boost
converter must be higher than the input. One limitation of SEPIC
configurations is that the voltage stress across SW is higher than

for boost converters:
* For boost: VSW = VOUT
* For SEPIC: VSW = V|N + VOUT

Therefore care must be taken to ensure that V,y + Vgoyr <40V for

a SEPIC configuration.
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Design Example

This section provides a method for selecting component values
when designing an application using the A8517. The results are
diagrammed in the schematic shown in Figure 10 at the end of
this design example.

The following requirements are considered for this design
example;

*V,y: 10t0 14V

* Quantity of LED channels (strings), n: 10

e Quantity of series LEDs per channel, nsl: 7

* LED current per channel, |, gp: 60 mA

 LED voltage drop, V;: 3V a 60 mA

* Boost diode forward voltage,V 4: 0.4V

o fow: 2MHz

* PWM dimming frequency: 200 Hz at 100% duty cycle
* Polyphase feature is turned on

* At 12 V and 60 mA/channel, the IC case temperatureriseis
measured to be 40°C. At lower V,y, the IC case and junction
temperature rise will increase. Therefore, if proper cooling is not
applied, output current derating would be required.

STEP 1: Determining the output voltage. The output voltage is
determined by the following equation:

VOUT = nsl x Vf+ VLED +0.45 (V) . (5)

The regulated V| gp is0.85 V. The fixed 0.45 V isrelated to the
output-implemented voltage hysteresis control. During PWM
dimming on-time, V| _gp is regulated to 0.85 V. During PWM
dimming off-time, the output voltage hysteresis control is0.45 V.
Substituting into equation 5:

Vour=7 %3 (V) +0.85 (V) +0.45 (V) = 22.3V .

STEP 2: Determining the OV P threshold limit. Thisis the maxi-
mum voltage based on the LED requirements. The regulation
voltage, V| gp of the A8517is0.85 V. A constant term, 5V, is
added to give some margin to the design:

Voutove) =nsl x Vi+ Vigp +0.45(V) +5(V) . (6)

Substituting into equation 6:
VOUT(OVP):7X3(V) +085(V)+045(V)+5(V):273 V.

In the OV P Threshold register (0x04), set the OV P threshold to
28 V.

STEP 3: At this point, a quick check should be done to determine
if the conversion ratio is acceptable for the selected frequency.
First, determine the maximum duty cycle:

Dmax = 1 —tsworrrve(max) > foy | ¢

where tgyorerive(max), 85 ns, isfound in the datasheet. Substi-
tuting into equation 7:

Duax = I — (0.085 (us) x 2 (MHz)) = 0.83 .

Then the theoretical maximum voltage, V qytmax . IS calculated
as:

Voutmax = [Vinmin/ (1= Dmax)] = Vg ©)
where V4 is the boost diode forward voltage. Substituting into
equation 8:

Voutmax = /10 (V) / (1 —0.83)] — 0.4 (V) = 58.42 V.

The theoretical maximum voltage value must be greater than the
valueVoyrovp - If thisis not the case, the switching frequency
of the boost converter must be reduced to meet the maximum
duty cycle requirements.

STEP 3: Selecting the inductor. The inductor must be chosen such
that it can handle the necessary input current. In most applica-
tions due to stringent EM| requirements the system must operate
in continuous conduction mode (CCM) at least throughout the
normal selected input voltage range and nominal output current.

STEP 3a: Determining the maximum operating duty cyclein
CCM. The duty cycleis calculated as follows:

Deemmaxy = 1 =Vinmin/ Voutove) * Va) 9)
and substituting into equation 9:
Docmawaxy = 1 — 100V) / (28 (V) + 0.4 (V)) = 0.65.

STEP 3b: Determining the maximum and minimum input current
to the system. The minimum input current will dictate the induc-
tor value. The maximum input current will dictate the current
rating of the inductor.

Allegro MicroSystems, LLC 33
115 Northeast Cutoff

Worcester, Massachusetts 01615-0036 U.S.A.
1.508.853.5000; www.allegromicro.com


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

A8517

Wide Input Voltage, Fault Tolerant, I ndependently Controlled
Multi-Channel LED Driver with |2C interface

First, calculate the maximum input current. The input current is
output-determined, so:

lour=n > I ep, (10)
given | gp = 60 mA, substituting into equation 10:
lout = 10 % 0.060 (4) = 0.6 (4) .
| ouT Can be used to calcul ate the maximum input current:
linmax = (Voutove) * Lout) ! (Vinmin < 1) (11)

where 1 is the efficiency value, which can be obtained from
efficiency curvesin this datasheet (at fgy, = 2 MHz). It is approxi-
mately 80% under these conditions. Substituting into equation 11:

Linmax = (28 (V) x 0.60 (4)) /(10 (V) x 0.8) =2.14.
Similarly, calculate the minimum input current:
(12)

where Vot is determined by equation 5, and 1 is the efficiency
value, which can be obtained from efficiency curvesin this
datasheet (at g, = 2 MHZ). It is approximately 85% under these
conditions. Substituting into equation 12:

Livin = (22.3 (V) % 0.60 (4)) / (14 (V) x 0.85) =1.12A..

STEP 3c: Determining the inductor value. To ensure that the
inductor operates in continuous conduction mode, the value of
the inductor must be set such that the 1/, inductor ripple current is
not greater than the average minimum input current:

Linmin = (Mout * Tout) I (Vinmax % 1)

AL = liwax * Kripple - (13)
A prectical starting point is to consider ki to be 40% of the
maximum inductor current. Substituting into equation 13:

AL =2.1(4) x0.4=0.844
The inductor value can then be calculated as:
L1 = Vinmin/ (A1 > fop) * Deemmia) - (14)

where Deopmmax 1S calculated asin equation 9. Substituting into
equation 14:

Ly=10(V)/(0.84 (4) x 2 (MHz)) % 0.65 = 3.87 uH

Double-check to make sure that the 1/, inductor ripple current is
less than Iy~ » BY applying equations 12 and 13:

linvin > (172) x Al
1.12> 0424 .

For lower ripple current, smaller output capacitor, and higher effi-
ciency, we selected the inductor value to be 10 pH.

STEP 3d: Thisstep isused to verify that there is sufficient slope
compensation for the chosen inductor.

The ripple current when L = 10 pH is given by:
Al ysed = Minmin % Deemvaxy) / (Lused * faw) - (19)
Substituting into equation 15:
Al yseq = (10 (V) x 0.65) /(10 (uH) * 2.0 (MHz)) = 0.325 A4 .

The minimum required slope compensation is proportional to the
switching frequency and it is given by:
AILused X (AS X 10-6)

SE/MIJVREQ) = 1 (16)
[ fSW J X (] _DCCM(MAX))
where As is taken from Riddley’s formula:

=1-0.18/0.65=0.723.
Substituting into equation 16:

0.325 (4) % (0.723 x 10”)

SE{MINREQ) =

i
EZ.O(—MHZ)JX”_O'(W

=1.34A/ us

At 2 MHz switching frequency, 2.3A/us slope compensation is
implemented in the A8517 (programmable through the I12C inter-
face). If the implemented value isless than the figure cal cul ated
using equation 16, then the inductor value must be increased.

STEP 3e: Determining the inductor current rating. The minimum
inductor current rating can be calculated as follows:

livin = Tinmax + Y2 < 41 (18)
=2.1(4) +0.325(4) /2
=2264
The inductor current rating should be higher than 2.26 A. Because
the converter must operate properly until OCPistriggered, itis
recommended to select the inductor current rating to be same as
the OCP limit, which is 3.8 A. An inductor current rating of 4 A

isgood.
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STEP 4: Selecting the switching frequency. The switching fre-
guency is set by the resistor connected from the FSET/SYNC pin
to GND. Using the component values from Figure 2, to operate at
a2 MHz switching frequency Reget should be 10 kQ.

STEP5: Choosing the output boost Schottky diode. The Schottky
diode must be chosen taking the following four characteristics
into account when it isused in LED lighting circuitry:

* Current rating

* Reverse voltage

* Leakage current

* Reverse recovery charge

Current Rating — The diode should be able to handle the same
peak current as the inductor:

lap= linmax T AlLysed! 2 (19
=2.1(4)+0.325(4)/2
=2264

Reverse Voltage — The reverse voltage rating should be larger

than the maximum output voltage. In this case, it isVoyrove) -

Leakage Current — The third major component in deciding the
boost Schottky diode is the reverse leakage current characteristic.
This characteristic is especially important when PWM dimming
isimplemented. During PWM off-time, the boost converter is
not switching. This resultsin aslow bleeding off of the output
voltage due to leakage currents. Leakage current can be alarge
contributor especially at high temperatures. For the diode that
was selected in this design, the leakage current varies between

1 and 100 pA.

Reverse Recovery Charge — For higher efficiency, the reverse
recovery charge should be as small as possible. This charge and
the boost switch output capacitor charge are the contributors for
the boost turn-on loss. This turn-on loss at high output voltage
and high switching frequency becomes significant. A Vishay
Schottky diode SS2PH10 2A 100V is selected for this design.

STEP 6: Choosing the output capacitors. The output capacitors
must be chosen such that they can provide filtering for both the
boost converter and for the PWM dimming function. In addition,
the output capacitors should be big enough to hold and maintain

the output voltage within acceptable voltage ripple range during
PWM dimming off-time. The major contributor is the leakage
current, I, . This current is the combination of the OVP sense, as
well as the leakage current of the Schottky diode. In this design,
the PWM dimming frequency is 200 Hz and the minimum PWM
dimming duty cycleis 0.02%. Typically, the voltage variation on
the output during PWM dimming should be lessthan 0.5V so
that no audible hum can be heard.

The selected diode leakage current at a 150°C junction tempera-
ture and 30 V output is 100 YA, and the leakage current through
OVPpinis30 pA. Thetota leakage current can be calculated as
follows:

Ik = ILk(diode) T ILkcovP (20)
= 100 ud + 30 ud

=130 uA

To accommodate this, the output capacitance can be calculated as
follows:

I, % (1-D,,)
Sswemg %
130 (ud) * (1-0.02)
200 (Hz) x 0.450 (V)
= 142 uF

Covr =

VC()UT

(21)

where Dy is the minimum dimming duty cycle and fgypwm) IS
the PWM dimming frequency.

A capacitor larger than 1.42 uF should be selected. It should be
noted that the ceramic capacitor value is reduced with DC voltage
bias. The capacitance value at 30 V output may drop by 40%.

4.7 uF and 2.2 pF, 50 V ceramic capacitors are good choice for
this design:

Vendor Value Part number
Murata 4.7 yF 50V GRM32ER71H475KA88L
Murata 22uF 50V  GRM31CR71H225KA88L

It is also necessary to note that, if ahigh dimming ratio of 5000:1
must be maintained at lower input voltages, then larger output
capacitors will be needed.
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The rms current through the capacitor is given by:

AlLused
. , DCCM(MAX) + m (22)

= X

OUTms our 1 - D ccvun

0.325 (4)
0.65+ 5Ty 12

=0.6(4) x 1-0.65
=0.826 A

The output capacitor must have a current rating of at |east

0.826 A. The capacitors selected in this design have a combined
current rating of 3A.

STEP 7: Selecting the input capacitor. The input capacitor must
be selected such that it provides a good filtering of the input volt-
age waveform. A good rule of thumb is to set the input voltage
ripple, AV |y, to be 1% of the minimum input voltage. To accom-
modate this, the input capacitance can be calculated as follows:

Al
8 X for X AV)y
_ 0.325 (4)
8 x 2 (MHz) x 0.1 (V)
=0.203 uF

C[N =

(23)

The rms current through the capacitor is given by:

ALy (24)

I INMAX

(1 - DCCM(MAX)) x \/ﬁ

0.325 (4)
2.1 (4)
(1-0.65) x\[12

Coroms = Lour %

= 0.6 (4) *
= 0.076 4

4.7 puF and 2.2 puF, 50 V ceramic capacitors are good choice for
this design, shown in the following table:

Vendor Value Part number
Murata 4.7 yF 50V GRM32ER71H475KA88L
Murata 22uF 50V  GRM31CR71H225KA88L

If long wires are used for the input, it is necessary to use amuch
larger input capacitor. A larger input capacitor is also required to
have stable input voltage during line transients.

STEP 8: Choosing the input disconnect switch components.
Choose a P-channel MOSFET disconnect switch with current rat-
ing the same or higher than the I C trip threshold current limit, Set
thelimitto be 5A.

The IC trip current limit, 1, 4, can be set by the input current
sense resistor. When the | C detects Vystrip, 105 mV (typ),
across the input current sense resistor, it turns off the disconnect
switch. The sense resistor value can be calculated as follows:

Reense = Vinstrie/ Iim (25)

=0.105(V)/5 (4)
=0.021 Q

A 18 mQ /0.5 W, 1206 resistor is selected. Therefore, the actual
current limit is calculated by rearranging equation 25:

I =0.105V/0.018 Q2 =5.8 4
TheAO4421 6.2 A/ 60V P-channel MOSFET is selected.

STEP 9: Selecting the ADDR pin resistor value. Use a 0 Q resis-
tor address 100 0000.

STEP 10: Selecting the SDA pin pull-up resistor. Use a 2 kQ
resistor to V.

STEP 11: Selecting the FLAG, GPO1, and GPO2 pull-up resis-
tors. For each of these output pins, use a 10 kQ resistor to Vc.

STEP 12: Selecting the output LEDs. High power white 3000 K
85 CRI Duris E5 (LCW JDSHEC-EUFQ-5R8T-1) LEDs were
selected.

STEP 13: Selecting Cqy, placed from the drain of Q1 to GND.
The purpose of this capacitor isto absorb the negative spike gen-
erated by L1 when the input disconnect switch is turned off. Use
asmall valuesuch as1 pF/ 50V ceramic. A large value may trip
OCP during startup or afast VIN transient.

STEP 14: See appendix A for a detailed description of how to
calculate R, C, and Cp Using L4 = 10 pH, Coyr = (4.7 pF +
2.2 pyF), and fc = 30 kHz, the calculation results for R, C,, and
Cpare R, =240 Q, C, = 220 nF, and Cp = 100 pF.
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Figure 10: Schematic Diagram Showing Calculated Components from the Above Design Example
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Programming Information

The 12C registers are setup in clusters. Each cluster has an 8-hit |

- . L . 12C Interface
register in agroup which is called register bank (RB). |
The 12C interface communicates with the system via separate ‘ t
read and erte rengterS, aSShOWI'] II"I Flgure 11. Write Registers Read Registers
0x00 (RBO) 0x30 (RB48)
through through
0x2F (RB47) 0x43 (RB67)

} |

| A8517 Operating Functions |

Figure 11: 12C Interface Communication Structure

LED Driver and Boost
Running (Normal Operation)

12C Master Sends
Start Sequence

12C Master
Write?

Y
I12C Master Writes
" to LED Current
A8517 Continues I2C Master Reads and On-Time
with LED Current |- ————- +1 Faults and Status Registers
and On-Time from from IC Registers
Latch Registers !

T \/
12C Master Writes
to Regsiter 0x24

Y
I2C Master Sends
Stop Sequence

A8517 Updates 1
ity LED Currentand |#-==—==—==-- !
On-Time Registers

\

LED Driver and Boost
Running (Normal Operation)

Figure 12. 12C Interface During Normal Operation
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I2C Interface Description

The A8517 provides an 12C-compliant serial interface that
exchanges commands and data between a system microcontroller

| |
| |
e ! e ! s

(master) and the A8517 (slave). Two bus lines, SCL and SDA, SDA \ ! ’ \ ! ’
provide access to the internal control registers. The clock input on ; . ;

| |

| |

| |

| |

the SCL pin is generated by the master, while the SDA line func-

tions as either an input or an open drain output for the A8517, o \ , o \ , o
depending on the direction of the data flow. SCL !
|

or read (1), and an acknowledge bit (see Figure 14). .
3. Data Cycles. Reading or writing 8 bits of data followed by an scL \' { \
acknowledge bit (see Figure 14). ces
4. Stop Condition. Defined by a positive edge on the SDA line, ! Change of SDA stable, !

while SCL is high (see Figure 13). e ' n

It ispossible for the Start or Stop condition to occur at any time
during adata transfer. The A8517 always responds by resetting
the data transfer sequence. Except to indicate a Start or Stop con- ) ]
dition, SDA must be stable while the clock is high (Figure 13). Figure 13. Bit Transfer on the I2C Bus
SDA can only be changed while SCL islow.

|
The 12C input thresholds depend on the V5 voltage of the g?r:;ition ! gt;’rf’ dition
AB8517. The threshold levels across the operating V pp range are
compatible with 3V logic.
— . . (A) Start and Stop Conditions

Timing Considerations
12C communication is composed of severa steps, in the following
sequence:

| | |
1. Start Condition. Defined by a negative edge on the SDA line, ! ! !
while SCL is high (see Figure 13). <o : X | | X:
2. Address Cycle. 7 bits of address, plus 1 bit to indicate write (0) cee : : : ces

| : |

I |

(B) Clock and Data Bit Synchronization

I
: I
Start . Read/VIVrne Ackrﬂowledge Ackrlwwledge :

1
! Acknowledge
Condition | Slave Device Address ! ! Register Address i ! Data (MSB byte) 1
1
i

1 1 1 |
1o/t 01 04 01 01 01 0/1}0/110 |01 01 01 01 04 01 01 011 0 |01 01 01 01 01 01 0A1 0110

T T T T T T — T T T T T T T T T T T T T T
SDA—| |A6 A5 A4 A3 A2 A1 A0 |R/W AK |RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO| AK |D15 D14 D13 D12 D11 D10 D9 D8 |AK e o @ ‘
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SCL

i Acknowledge

1

! Data (LSB byte) [

1 ! | Stop
;0/1 01 01 0/ O/1 01 04 O/ 0 ICondition

T T T T T T
SDA o o o J D7 . D6 D5 D4 D3 D2 D1 DO |AK|
1 1 1 1 1 1

SCL ¢ = 1 2\ |3} [4] [5) (6| (7] |8 |9

-

Figure 14: Complete Data Transfer Pulse Train
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The state of the Read/Write bit (R/W) is set low to indicate a
Write cycle and set high to indicate a Read cycle.

The master monitors for an acknowledge bit to determine if the

dlave device is responding to the address byte sent to the A8517.

When the A8517 decodes the 7-bit addressfield asavalid
address, it acknowledges by pulling SDA low during the ninth
clock cycle.

During a data write from the master, the A8517 pulls SDA low
during the clock cycle that follows each data byte, in order to
indicate that the data has been successfully received.

After sending either an address byte or a data byte, the master

device must release the SDA line before the ninth clock cycle, in
order to allow the handshaking to occur.

[2C Command Write to the A8517

The master controls the A8517 by programming it as aslave.
To do so, the master transmits data bits to the SDA input of the
A8517, synchronized with the clocking signal the master trans-
mits simultaneously on the SCL input (Figure 15).

A complete transmission begins with the master pulling SDA low
(Start bit), and completes with the master releasing the SDA line
(Stop hit). Between these points, the master transmits a pattern of
address bits with a Write command bit (R/W), then the register

. |Slave | Slave | Slave
Start , Write | Acknowledge I Acknowledge I Acknowledge
Condition | Slave Device Address ! ! ! Register Address | Data 1 Stop
I
I

Y01 011 01 01 01 01 01} 0
. . 1

1
0} 071 0/ 01 01 01 01 01 01

!
1
1 1 1

10 iO/1 0/1 0/ 01 0/ 0/1 0/1 0/1] 0 | Condition

T T T T T T __ T T T T T T T T T T T T T T
SDA—| | A6 A5 A4 A3 A2 A1 A0 lRNVi AK |RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO| AK | D7 D6 D5 D4 D3 D2 D1 DO |AK:
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

SCL

Write to a single register

Write to multiple registers

. 1Slave
Start | Write Ackrlmowledge

Condition | Slave Device Address !
Y01 011 01 01 01 01 01} 0

H Register N Address ! | !
0101 01 01 01 01 041 0A 0/1: 0 loM o1 01 04 01 01 0/1 0/1:0

Slave 1 Slave
Acknowledge : Acknowledge
! 1

|
!
1 ! Register N Data 1

T T T T T T _
SDA—| | A6 A5 A4 A3 A2 A1 A0 l R/W
1 1 1 1 1 1

SCL

b [Wraps to Register N+1]

b [Wraps to Register N+n]

T T T T T T T T T T T T T T
AK |RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO| AK | D7 D6 D5 D4 D3 D2 D1 DO |AK| ) ‘
1 1 1 1 1 1 1 1 1 1 1 1 1 1 .

| Slave
! Acknowledge

Register N+1 Data

1 1
01 01 01 071 01 01 01 010 i
1

T T T T T T T
SDA o e D7 D6 D5 D4 D3 D2 D1 DO AK: ¢ o0
1 1 1 1 1 1 1 -
SCL ® * * 1 2 3 4 5 6 7 8 9 e l
.
.
1 1 Slave
: Register N+n Data : Acklngwledge
! ! top
10/t 0/1 01 01 01 01 01 01} 0 icondmon
T T T T T T T I
SDA o o o | D7 D6 D5 D4 D3 D2 D1 DO |AK:
1 1 1 1 1 1 1 .

SCL ¢ * » 1 2\ [3] [4) [5) [e] |7} [8] |9

Figure 15: Writing to Single and to Multiple Registers
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address, and finally the data. The address therefore consists of
two bytes, comprised of the A8517 chip address, with the write
enable bit, followed by the address of the individual register.

After each byte, the slave A8517 acknowledges by transmitting a
low to the master on the SDA line. After writing data to aregister
the master must provide a Stop hit if writing is completed. Oth-
erwise, the master can continue sending data to the device and it
will automatically increase the register value by one for addi-
tional data byte. This allows faster data entry but restricts the data
entry to sequential registers.

I2C Command Read from the A8517

The master can read back the register values of the A8517. The
Read command is given in the R/W bit of the address byte. To do
S0, the master transmits data bits to the SDA input of the A8517,
synchronized with the clocking signal the master transmits simul-
taneously on the SCL input. The pulsetrain is shown in figure 16.
A complete transmission begins with the master pulling SDA low

(Start bit), and completes with the master releasing the SDA pin
(Stop bit). Between these points, the master transmits a pattern

of chip address with the Read command (R/W = 1) and then the
address of the register to be read. Again, the address consists of
two bytes, comprising the address of the A8517 (chip address)
with the read enable bit, followed by the address of the individual
register. The bus master then executes a Master Restart, reissues
the slave address, then the A8517 exports the data byte for that
register, synchronized with the clock pulse supplied by the mas-
ter. The master must provide the clock pulses, asthe A8517 Save
does not have the capability to generate them.

If the master does not send an non-acknowledge bit (AK = 1)
after receiving the data, the A8517 will continue sending data
from the sequential registers after the addressed one, as shown in
Figure 15. After the master provides an non-acknowledge bit, the
A8517 will stop sending the data. After that, if additional register
reads are required, the process must start over again.
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Figure 16: Reading from Single and to Multiple Registers
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Register Map

Table 3. Register Banks and Bit Names

Bit15 Bitl4 Bit13 Bit12 Bitll Bit0 Bit9 Bit8

RB# | Address Rzglster Definition Ei;eflault Type*
ame Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0 alue
0 | ox00 | o [Enabledisable each - - - - - - LED10EN | LED9EN | 00000011 | RW
1| oxo1 populated LED string LEDSEN LED7EN LED6EN LEDSEN LED4EN LED3EN LED2EN | LEDIEN | 11111111 | RW
2 | 0x02 | Ep pwM |Program the PWM period - - - PWM12 PWM11 PWM10 PWM9 PWM8 | 0000 1111 | RW
3 | oxo03 Period (for all LED strings PWM7 PWM6 PWM5 PWM4 PWM3 PWM2 PWM1 PWMO | 11111111 | RW
4 | oxo4 Th?e\s/rF:m 4 |Program the OVP threshold - - - oVP4 ovP3 ovP2 OVP1 OVPO | 00011100 | RW
Boost
Dithering

5 | oxos and | rogram the boost dither - - - - - ™ BD1 BD2 | 00000000| RMW
and LED derating

Thermal

Derating
6 0x06 Fault Mode | Program the fault action - - - - FAULT12 FAULT11 FAULT10 FAULT9 | 0000 1010 | R/W
7 0x07 type for general 12 faults FAULT8 FAULT7 FAULT6 FAULTS FAULT4 FAULT3 FAULT2 FAULT1 | 10111110 | RW
8 0x08 Polyphase |Program the polyphase for - ~ ~ ~ ~ ~ - LED10PPH | 0000 0000 | R/W
9 | oxog | Grouping |LEDs 2 through 10 LED9PPH | LEDS8PPH | LED7PPH | LED6PPH | LED5PPH | LED4PPH | LED3PPH | LED2PPH | 0000 0000 | R/W

10 | Ox0A Program LED short detect - SDT2_2 SDT2_1 SDT2_0 - SDT1_2 SDT1_1 SDT1_0 | 00000000 | RW
threshold for LEDs 1-2 — — — — — _

1 | oxoB Program LED short detect - SDT4 2 SDT4 1 SDT4 0 - SDT3 2 SDT3 1 | SDT3.0 | 00000000 RMW
threshold for LEDs 3-4

LED Short- [ o ram LED short detect
12 0x0C Detect 9 - SDT6_2 SDT6_1 SDT6_0 - SDT5_2 SDT5_1 SDT5_0 0000 0000 | R/W
Threshold threshold for LEDs 5-6 = - - = - -

13 | oxoD Program LED short detect - SDT8_2 SDT8_1 SDT8_0 - SDT7._2 SDT7_1 | SDT7.0 | 00000000 | RW
threshold for LEDs 7-8 — — — — — |

Program LED short detect
14 0x0E threshold for LEDs 9-10 - SDT10_2 SDT10_1 SDT10_0 - SDT9_2 SDT9_1 SDT9_0 | 0000 0000 | R/W

15 | oxoF | GPO  |General-purpose output - - - GPO1S1 GPO1S0 - GPO2S1 | GPO2S0 | 00000000 | RW
Control |selection

16 | ox10 Program PWM on-time T1_15 T1_14 T113 T113 T1_12 T1_1 T1_10 T1.9 | 00000000 | RMW
17 | ox11 for LED1 T8 T 7 T1 6 T1 5 T1 4 T1 3 T2 T 1 0000 0000 | R/W
18 | ox12 Program PWM on-time T2 15 T2 14 T2.13 T2.13 T2 12 T2 11 T2.10 T2.9 | 00000000 | RMW
19 | ox13 for LED2 T2.8 T2 7 T2.6 T2.5 T2 4 T2.3 T2.2 T2.1 0000 0000 | R/W
20 | ox14 Program PWM on-time T3_15 T3 14 T3.13 T3.13 T3 12 T3_11 T3_10 T3.9 | 00000000 | RMW
21 | ox15 for LED3 T3.8 T3.7 T3.6 T35 T3 4 T3.3 T32 T3 1 0000 0000 | R/W
22 | ox16 Program PWM on-time T4_15 T4 14 T4.13 T4.13 T4 12 T4_11 T4 10 T4 9 | 00000000 | RW
23 | ox17 for LED4 T4 8 T4 7 T4 6 T4 5 T4 4 T4 3 T4 2 T4 1 0000 0000 | R/W
24 | ox18 Program PWM on-time T5.15 T5_14 T5.13 T5.13 T5_12 T5_11 T5_10 T5.9 | 00000000 | RMW
25 | ox19 pwm  |for LEDS T5.8 T5.7 T5.6 T5.5 T5.4 T5.3 T52 T5.1 0000 0000 | R/W
Dimming
26 | Ox1A | On-Time |program PWM on-time T6_15 T6_14 T6_13 T6_13 T6_12 T6_11 T6_10 T6_9 | 00000000 | RW
27 | ox1B for LED6 Te_8 Te 7 T6_6 T6_5 Te_4 Te_3 T6 2 T6_1 0000 0000 | R/W
28 | oxic Program PWM on-time T7_15 T7_14 1713 1713 T7_12 T7_11 T7_10 T7.9 | 00000000 | RW
29 | ox1D for LED7 T7.8 7.7 T7 6 T7.5 T7 4 T7.3 T7 2 T7.1 0000 0000 | R/W
30 | Ox1E Program PWM on-time T8_15 T8_14 T8_13 T8_13 T8_12 T8_11 T8_10 T8_.9 | 00000000 | RMW
31 | oxtF for LED8 T8 8 T8 7 T8_6 T8_5 T8 4 T8_3 T8 2 T8_1 0000 0000 | R/W
32 | ox20 Program PWM on-time T9_15 T9_14 T9_13 T9_13 T9_12 T9_11 T9_10 T9.9 | 00000000 | RMW
33 | ox21 for LED9 T9_8 T9_7 T9_6 T9_5 T9_4 T9_3 T9 2 T9_1 00000000 | R/W
34 | ox22 Program PWM on-time for | T10_15 T10_14 T10_13 T10_13 T10_12 T10_11 T10_10 T10_.9 | 00000000 | RW
35 | 0x23 LED10 T10_8 T10_7 T10_6 T10_5 T10_4 T10_3 T10_2 T10_1 | 00000000 | RMW

Continued on the next page...
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Table 3. Register Banks and Bit Names (continued)

. Bit15 Bit14 Bit13 Bit12 Bitll Bit0 Bit9 Bit8
RB# | Address Rﬁglster Definition [z/eflault Type*
ame Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0 alue
PWM .
36 | Ox24 | On-Time |CommandloadingallLED - - - - - - - LOAD | 00000000 W
Update on-times
Reglg_lIJEIaDtion Program boost slope
37 | 0x25 | Voltage |COMPensation, hysteresis, |n i oap - - - LEDREG - OUTHYS SLOPE | 00000000 | RMW
and Output LED regulation voltage and
Hysteresis Dummy Load
38 | 0x26 sf"l’_%gq‘ the DC current - - DC1.5 DC1_4 DC1_3 DC1_2 DC1_1 DC1.0 | 0001 1111 | RW
39 | ox27 S{‘I’_?EFS'Z“ the DC current - - DC2_ 5 DC2 4 DC2 3 DC2 2 DC2 1 DC2 0 | 00011111 | RW
40 | oxe8 Program the DC current - - DC3 5 DC3 4 DC3 3 DC3 2 DC3_1 DC3.0 | 00011111 | RW
41 | 0x29 E{?_?;ST the DC current - - DC4 5 DC4_4 DC4 3 DC4 2 DC4 1 DC4 0 | 00011111 | RW
42 | oxeA Program the DC current - - DC5 5 DC5_4 DC5 3 DC5 2 DC5_1 DC5 0 | 0001 1111 | RW
Lepxpc |of LEDS
current
43 | ox2B Efrcl’_%rg’g the DC current - - DC6_5 DC6_4 DC6_3 DC6_2 DC6_1 DC6 0 | 00011111 | RW
44 | oxec sf“l’_%'g';‘ the DC current - - DC7 5 DC7 4 DC7 3 DC7 2 DC7 1 pc7 o | 00011111 | RW
45 | 0x2D E{‘I’_?E'g’; the DC current - - DC8_5 DC8_4 DC8_3 DC8_2 DC8_1 DC8 0 | 00011111 | RW
46 | Ox2E Sfr‘l’_gErgg‘ the DC current - - DCY_5 DCY_4 DCY_3 DCY_2 DCY_1 DC9_0 | 0001 1111 | RW
47 | Ox2F Ef“l’_gE'gq“Othe DC current - - DC10_5 DC10_4 DC10_3 DC10_2 DC10_1 DC10_0 | 0001 1111 | RMW
48 | 0x30 ot Statue| CToCk the general 12 fauts - - - - FS12 FS11 FS10 FS9 X000 | R
49 | ox31 active fault status Fs8 Fs7 Fs6 Fs5 Fs4 FS3 Fs2 FS1 XXXXXXXX | R
50 | 0x32 Active - - - - - - REG10 REG9 | XX0XxXxxxx| R
LED In- |Read the status of LEDs in
51 0x33 reg::“;’” regulation REGS8 REG7 REG6 REGS5 REG4 REG3 REG2 REGH1 XXXXXXXX | R
u:
52 | 0x34 | LEDPin - - - - - - LGS10 LGS | x0xxxx| R
Shorted |Read the status of LED pin-
53 | 0x35 ‘thtND to-GND shorts LGS8 LGS7 LGS6 LGS5 LGS4 LGS3 LGS2 LGST | Xxxxxxx| R
atus
54 | 0x36 |LED String - - - - - - LSD10 LSD9 | xoxxxxx| R
Short- Read the status of LED
55 | 0x37 gte‘fd string short detect LSD8 LSD7 LSD6 LSD5 LSD4 LSD3 LSD2 LSD1 XXX XXX | R
atus
56 | 0x38 Check the general 12 faults - - - - FAULTHST12| FAULTHST11 |FAULTHST10| FAULTHSTO | XXXX XXXX | RICOW
57 | 0x39 hold fault status FAULTHST8| FAULTHST7 | FAULTHST6 | FAULTHST5 | FAULTHST4 | FAULTHST3 | FAULTHST2 | FAULTHST1 | XXXX XXXX | RICOW
58 | 0x3A Check the hold fault status - - - - - - LED10HREG| LEDIHREG | XXXX XXXX | RICOW
59 | 0x3B of LEDs in regulation LEDSHREG | LED7HREG | LED6HREG | LED5HREG | LED4HREG | LED3HREG | LED2HREG | LEDTHREG | XXXX XXXX | RICOW
60 | 0x3C Read the hold fault status - - - - - - LED10HGND| LEDIHGND | XXXX XXXX | RICOW
61 | 0X3D | Latcheq |OFLED GNDshorts LED8HGND | LED7HGND | LED6HGND | LEDSHGND | LED4HGND | LED3HGND | LED2HGND | LEDTHGND | XXXX XXXX | RICOW
62 | ox3g |FaultStatus| . e hold fault status - - - - - - LED10HOVP| LEDZHOVP | XXXX XXXX | RICOW
63 | Ox3F of LED string short detect | | epgpovp | LED7HOVP | LED6HOVP | LEDSHOVP | LED4HOVP | LED3HOVP | LED2HOVP | LED1HOVP | XXXX XXXX | RICOW
64 | O0x40 Read the status of LED - - - - - - LED10VCC | LEDOVCC | XXXXXXXX | R
65 | Oxa1 Drive OK LED8VCC | LED7VCC | LED6VCC | LED5VCC | LED4VCC | LED3VCC | LED2VCC | LED1VCC | XXXXXXXX| R
66 | Ox42 Read the fault hold status - - - - - - LED10HVCC| LEDIHVCC | XXXX XXXX | RICOW
67 | O0x43 of LED Drive OK LEDSHVCC | LED7HVCC | LEDBHVCC | LEDSHVCC | LED4HVCC | LED3HVCC | LEDZHVCC | LEDTHVCC | XXXX XXXX | RICOW

* R/W = Read and Write, W = Write only, R = Read only, RICOW = Read and Clear-On-Write
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Multi-Channel LED Driver with |2C interface

Register Field Reference

LED Enable
Address: 0x00:0x01
RB RBO (0x00) RB1 (0x01)
Bit [15[14[13[12[11[10] 9|8 |7]6][5]4a|3]2][1]0
Name | = | = | = | = | = | = |enaBie w LED Enable_L

R/W |R/W|R/W|R/W|R/W |R/W |R/W |R/W|R/W [R/W|R/W|R/W |R/W|R/W|R/W|R/W |R/W
Value | X | X | X | X | X | X |0/1|0/1]0/1]0/1[0/1]|0/1|0/1{0/1|0/1]|0/1
Reset | O | OO O[O O |1 |1 |1 [T ]| 1| 1T]1]1]A1

MSB = Bit 9
LED Enable M [9:8] LED Enable_L [7:0]
LED Enable Settings (MSB Byte) LED Enable Settings (LSB Byte)
Enables or disables LED strings 9 to 10. Enables or disables LED strings 1 to 8.
Bit Value Description Bit Value Description
0 Disable LED10 0 Disable LED8
9 1 Enable LED10 (default) ! 1 Enable LED8 (default)
0 Disable LED9 0 Disable LED7
8 1 Enable LED9 (default) 6 1 Enable LED7 (default)
0 Disable LED6
° 1 Enable LED6 (default)
0 Disable LED5
4 1 Enable LED5 (default)
, . . 0 Disable LED4
Noj[e: If any LED is unpopulated (signalled by having a 47 kQ 3 ] Enable LED4 (defaul)
resistor from the LEDx pin to GND) , but during startup it is
incorrectly set to Enablein this register, the IC considersthis an 2 0 | Disable LED3
error and will not proceed with startup. Thisis summarized in the 1 | Enable LED3 (default)
following table: ) 0 Disable LED2
LED String Register 1 Enable LED2 (default)
Hardware (RBO+1 Enable 0 Disable LED1
Status Status LED LlIght Fault Flag 0 1 Enable LED1 (default)
Populated Disabled Off High (no fault)
Enabled On High (no fault)
Unpopulated Disabled Off High (no fault)
(4.7 kQ
resistor to Enabled Off Low (fault)
GND)
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LED PWM Period
Address: 0x02:0x03

RB RB2 (0x02) RB3 (0x03)
Bit [15[14[13[12[11[10]9 |8 |7][6][5]4a|3]2][1]0
Name | - = = PWM_Period_H PWM_Period_L

R/W  |R/W|R/W|R/W |R/W |R/W|R/W |R/W |R/W R/W|R/W|R/W |R/W|R/W|R/W|R/W |R/W
value | X x [orJon [ort|or ot [orort [ort [ o [or1 oot [or
Reset |0 o fofo [ [a[a[1]a[a]1]1][1]1]n

MSB = Bit 12

PWM_Period H[12:8]

PWM Dimming Period (MSB Byte)

PWM_Period_L [7:0]

PWM Dimming Period (LSB Byte)
Bit
12:0

Value
01

Description

Absolute PWM period multiplier

Thisregister allows the user to set awide variety of PWM dim-
ming periods. Bit resolution is 1.5 ps. The actual PWM period is
defined as (N+1) x 1.5 us, where N is the combined value stored
in these two register banks. A 13-hit total programming capabil-
ity allows the user program up to approximately a 10 ms PWM
period (a 100 Hz PWM freguency).

The smallest recommended PWM period is 45 us (22 kHz
PWM frequency). The maximum recommended PWM
period is 9.830 ms, which corresponds to a setting of
XXX1 1001 1001 1000 (calculated as. (6552+1) x 1.5 us=
9.8295 ms).

It is possible for the user to program alonger PWM period, but
doing so will not allow 100% PWM dimming because the LED
on-time counter can be programmed only up to a maximum of
9.830 ms. So for example, if the user programs the maximum
period (XXX1 1111 1111 1111), this gives a PWM period of
(8191+1) x 1.5 us=12.288 ms, so all LEDs would be limited to
an 80% PWM duty cycle.

The reset setting is OxOfff = 4095. This corresponds to a PWM
period of (4095+1) x 1.5 us=6.144 ms (162.8 Hz PWM fre-
guency).

Example: To set the PWM frequency to 400 Hz;
1. PWM period = 1/400 = 2.5 ms
2. Number of steps=2.5ms/ 1.5 us= 1667

3. Therequired LED PWM_Period register value is then 1666
(XX X0 0110 1000 0010):

RB2 = 0000 0110 (MSB)
RB3 = 1000 0010 (L SB)
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OVP Threshold

Address: 0x04

RB RB4 (0x04)

Bt |[7]6|5]4][3]2]1]0
Name | - | - | - OVP

R/W [R/W|R/W|R/W|R/W |R/W|R/W |R/W |R/W
Value | X x o1 ]or o [or1 ] o
Reset |0 |o|ol1|1]1]0]o0
MSB = Bit 4
OVP [4:0]

OVP Trip Point

Sets the OVP trip point multiplier. Bit resolution is 1.0 V. The OVP trip point
can be set anywhere from 8 V (00000) to 39 V (11111). Example: The
reset value of 0x1C, 28 decimal, gives an OVP trip pointof: 8 V + (1.0 V

x 28)=36 V.
Bit Value Description
4:0 01 Sets the OVP threshold multiplier

Boost Dithering and Thermal Derating
Address: 0x05

RB RB5 (0x05)
Bt |7 |6|5|4|3|2|1]0
Name = - - — — | TD |BD1|BDO
R/W [RW|R/W|R/W|R/W |R/W|R/W |R/W |R/W
Value | X X | x| x [o1]on|on
Reset |0 |0 |0 |0|O0|0|0O]O
MSB = Bit 2

TD [2]

LED Derating Enable

Enables the Thermal Derating function.

BDx [1:0]
Boost Dither Enable and Magnitude

Enable and set the multiplier for the main switching frequency dithering
feature. Not available when external synchronization signal is used

(through FSET/SYNC pin). Example: Value of 11 sets +15% (step size x

M\croSyslems LLC
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Bit Value Description number of steps = 5% x 3). If fgyy = 600 kHz, +90 kHz: lower frequency =
) 0 Disable Thermal Derating feature (default) 510 kHz, upper frequency = 690 kHz.
1 Enable Thermal Derating Bit
Description
BD1 BDO
0 0 Disable dithering (default)
0 1 Frequency variation 5% of nominal fgy
1 0 Frequency variation #10% of nominal fgy
1 1 Frequency variation £15% of nominal fgy
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Fault Mode

Address: 0x06:0x07
RB RB6 (0x06) RB7 (0x07)
Bit [15[14[13[12[11[10]9|8|7][6][5]4a|3]2][1]0
Name | - [ - | - | - FAULT CNTRL_M FAULT CNTRL_L
R/W |R/W|R/W|R/W|R/W|RW|RW|RW| R |RW R [RW| R [RIW|RW| R
value | X X ot [oi1[or | o o 1 Jorn| 1 Jor]on
Reset |0 o |o]o|1[o]1]0]H 11 1[1]1
MSB = Bit 11

FAULT CNTRL_M [11:8]
Fault Control Mode Settings (MSB Byte)

Sets the fault handling behavior for faults 9 through 12. Certain bits are

non-programmable (default value only) for safety reasons.

FAULT CNTRL_L [7:0]
Fault Control Mode Settings (LSB Byte)

Sets the fault handling behavior for faults 8 through 1. Certain bits are

non-programmable (default value only) for safety reasons.

Bit Value Description Bit Value Description
11 0 Fault 12 Latched (no auto restart) . 0 Fault 8 Latched (no auto restart)
1 Fault 12 Auto restart (default) 1 Fault 8 Auto restart (default)
10 0 Fault 11 Latched (no auto restart) (default) 0 Fault 7 Latched (no auto restart) (default)
1 Fault 11 Auto restart 1 Fault 6 Auto restart (default)
9 0 Fault 10 Latched (no auto restart) 4 0 Fault 5 Latched (no auto restart)
1 Fault 10 Auto restart (default) 1 Fault 5 Auto restart (default)
8 0 Fault 9 Latched (no auto restart) (default) 3 1 Fault 4 Auto restart (default)
) 0 Fault 3 Latched (no auto restart)
1 Fault 3 Auto restart (default)
] 0 Fault 2 Latched (no auto restart)
1 Fault 2 Auto restart (default)
0 0 Fault 1 Latched (no auto restart) (default)
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Polyphase Grouping
Address: 0x08:0x09

RB RB8 (0x08) RB9 (0x09)
Bt [15[14[13[12[11[10]9| 8 [7]6|5[4][3]2]1]0

Name | = | = | = | = | = | = | = [POLYPHASE M POLYPHASE_L

R/W  |RW |[R/W [R/W |[RW |RW|RW|RW/|  RW  |RMW |RW |R/W |R/W [R/W | RW | RIW | RIW

Value | X | X | X | X | X | X | X 0/1 0/10/1{0/1|0/1|0/1|0/1|0/1]|0/1

Reset |0 |O0O|O|O0O|O|O|]O| O |OoO|JO|O|O|O|O|O|oO

MSB = Bit 8

POLYPHASE_M [8] POLYPHASE_L [7:0]

LED String Grouping (MSB Byte) LED String Grouping (LSB Byte)

Enables grouping with LED10. Enables grouping with LED10 through LED2. Note: LED1 is not included,
because there is no lower-number LED channel, but it can be grouped by
setting LED2.

Bit Value Description
0 LED10 not grouped (default) Bit Value Description
8 1 LED10 grouped . 0 LED9 not grouped (default)
1 LED9 grouped

An ungrouped LED channel starts PWM operation in a separate 6 0 | LED8 not grouped (dsfault)

time slot, with duty cycle specified by the corresponding PWM 1 LED8 grouped

Dimming On-Time register. 5 0 LED7 not grouped (default)

A grouped LED channel starts in the same time slot as the next 1| LED7 grouped

lower-numbered channel, and inherits the PWM Dimming 4 0 LEDG not grouped (default)

On-Time of that lower-numbered channel (the original time slot 1 LEDS6 grouped

of the grouped channel is not used). If more than one adjacent 0 LEDS5 not grouped (default)

channels are grouped, the entire group starts at the time slot of the 3 1 LED5 grouped

Iowgi—numbered chanr_1e| in the group, and i_nheritsthat on-time 0 LED4 not grouped (default)

setting. Example: .Set bit 6 to group LEDS with LED7 (start and 2 ] LED4 grouped

duty cycle according to LED7), also set bit 5 to group LED8 and

LED7 with LED6 (start and duty cycle according to LED). ] O | LEDS not grouped (default)

1 LED3 grouped
0 0 LED2 not grouped (default)
1 LED2 grouped
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LED Short-Detect Threshold
Address: 0x0A: 0x0E

RB RB10 (0x0A) to RB14 (0XOE)
Bt |7 ]6|5]4][3]2]1]0
RB10 | - SDT2_x - SDT1_x
RB11 | - | SDT4x | - | SDT3x
RB12 | - SDT6_x - SDT5_x
RB13 | - | spbT8x | - | spT7.x
RB14 | — | sDT10.x | - | SDTox
R/W |R/W|R/W|R/W|R/W|R/W|R/W |R/W|R/W
value | x [0/ or |om o |om o | o
Reset |0 |o|o]o|lo]o|o]o

MSB = Bit 6 and bit 2

SDTx_x [6:4], [2:0]
LED String Short Detect Threshold
Allows adjustment of the LED string short-detect threshold for each LED

channel to prevent false tripping if the voltage drop across all LED strings
varies by more than one LED V; during normal operation.

Bit
6 5 4 Description
2 1 0
0 0 0 Threshold = 12 V (default)
0 0 1 Threshold = 11V
0 1 0 Threshold = 10 V
0 1 1 Threshold =9V
1 0 0 Threshold =8 V
1 0 1 Threshold =7V
1 1 0 Threshold =6 V
1 1 1 Threshold =5V
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General Purpose Output Selection
Address: OxOF

RB RB15 (0xOF)
Bt |[7]6]s5]4a3]2]1]0
Name | - | - | - GPO1 = GPO2
R/W |R/W|R/W|R/W|R/W |R/W |R/W |R/W|R/W
value | X | x | x [or1]on | x [or]on
Reset |0 [0 |o]o|ofofo]o

MSB = Bit 4, bit 1

GPO1 [4:3]

General Purpose Output 1 Data

Select data type to be output on the GPO1 pin.

GPO2[1:0]

General Purpose Output 2 Data

Select data type to be output on the GPO2 pin.

Bit Bit
Description Description
4 3 1
Data: Boost soft start status (default) Data: IC and LED status (default)
0 0 High = soft start in progress 0 High = startup test not passed
Low = soft start finished Low = LED startup test passed
0 1 Data: Master system clock / 4 Data: SW 1x Current Limit
Normal operation = approximately 1.65 MHz 0 High = normal operation
Data: LED PWM frequency Low = current limit exceeded
1 0 Normal operation = low approximately 300 ns Data: Boost status
each PWM period) 1 High = Boost switching
Data: Thermal Warning Low = No switching
1 1 High = normal operation 1 Reserved
Low = Thermal Derating active
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PWM Dimming On-Time
Address: 0x10:0x23

Set PWM dimming on-time multiplier for each LED channel.
16 bits are required for each channel. Bit resolution is 150 ns.

Let T =LED PWM Period, and toy = PWM Dimming On-Time,
then the PWM dimming percentage = toy / T.

Although the minimum on-time that can be set by the register
is150 ns, in practice it is strongly advised to keep the on-time
at 1 psor above. Thisimplies a maximum dimming ratio of
5000:1 at 200 Hz PWM frequency. Therefore, the minimum tgy,
multiplier is 7 (0000 0000 0000 0111 in binary), which gives
150 nsx 7 =1.05 ps.

The maximum toy multiplier is 65,535 (1111 1111 1111 1111 in
binary), which gives 150 ns x 65,535 = 9.83 ms. When all 16 bits
arel, or whentgy > T, the LEDs are on all the time.

Bit [15[14[13[12]11[10] 0|8 |7]6][5]4|3|2]1]0
RB RB16 (0x10) RB17 (0x11)
Name LED1_TON_M LED1_TON_L
RB RB18 (0x12) RB19 (0x13)
Name LED2_TON_M LED2_TON_L
RB RB20 (0x14) RB21 (0x15)
Name LED3_TON_M LED3_TON_L
RB RB22 (0x16) RB23 (0x17)
Name LED4_TON_M LED4_TON_L
RB RB24 (0x18) RB25 (0x19)
Name LED5_TON_M LED5_TON_L
RB RB26 (0x1A) RB27 (0x1B)
Name LED6_TON_M LED6_TON_L
RB RB28 (0x1C) RB29 (0x1D) LEDx_TON_M [15:8]
Name LED7_TON_M LED7_TON_L LED PWM On-Time (MSB Byte)
RB RB30 (0x1E) RB31 (0x1F) LEDx_TON_L [7:0]
Name LED8_TON_M LED8_TON_L LED PWM On-Time (LSB Byte)
RB RB33 (0x20) RB33 (0x21) Bit Value Description
Name LED9_TON_M LED9_TON L 15:0 01 Absolute PWM on-time multiplier
RB RB34 (0x22) RB35 (0x23)
Name LED10_TON_M LED10_TON_L
RW  [Rw|Rw [Rw [ Rw [ Rewr | Rew [ Rews [ Rew [Rewe [ Rewe [ Rewe [ Rewe | Rewe | Rewe | Rwr | R
Value | X | X | X | X | X | X | X [0/1]{0/1|0/1|0/1]|0/1|0/1|0/1{0/1]0/1
Reset |0 | 0|0 |0|o|o|o|o|o|o|o|[0]|O0|0|O]O
MSB = Bit 15

The default register value = 0x0000, which means all LED chan-
nels are off, even if they are enabled by RBO and RB1. Therefore
it is necessary to update the LED on-time registersfirst, in order

to turn on LED strings.

The registers must be written as MSB followed by LSB. Update

isalowed only after LSB write is complete. All ten registers are

buffered initially, until a Write operation is performed on register
0x24, at which time all 10 channels are updated together.
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PWM On-Time Update
Address: 0x24

RB RB36 (0x24)
Bit 716|514 |3|2|1 0
Name | - | - | - | = | = | = | — |LOAD

R/W WIW|W|W|W|W/|W]|RW
Value |0/1|0/1|0/1|0/1{0/1{0/1|0/1| 0/1
Reset | 0| O | O |O|O0O|O0]|O 0
MSB =Bit 0

LOAD [0]
Enable Load PWM On-Time Update

All PWM on-time registers are buffered and do not take effect until a Write
operation is performed on register 0x24 (the actual data written does

not matter). When the write operation is complete, all 10 channel data

are updated together. This feature is vital for applications that require
synchronized update for all LED brightness, such as for localized dimming.

Bit Value Description
0 (default)
0 1 Upload current contents of PWM dimming on-
time registers
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LED Regulation Voltage and Output Hysteresis
Address: 0x25

RB RB37 (0x25)
Bit 7 6|5 4 3|2 1 0
Name DUMMYLOAD - — | LEDREG | - - OUTHYS SLOPE
R/W R/W R/W|R/W R/W R/W |R/W R/W R/W
Value 0/1 o1|oM| on |orM|on| o/ 0/1
Reset 0 0|o 0 olo 0 0

MSB = Bit 7

DUMMYLOAD [7]
Enable Startup Output Load Resistance

Enables a resistive load of approximately 4.3 kQ connected to VOUT
during startup process. The load is removed after startup is completed.

Bit Value Description
7 0 (default)
1 Enable connection of resistive load
LEDREG [4]

Enable Augmented LED Regulation Voltage

The A8517 has a minimum LED Regulation voltage of 0.85 V (typ). Lower
regulation voltage is generally preferred, because it means less power
loss across the LEDx current sinks. In certain situations (such as during
input voltage transients at extremely low PWM duty cycles) it may be
advantageous to set the regulation voltage higher in order to maintain
current regulation.

Bit Value Description

OUTHYS [1]
Enable Augmented Output Hysteresis

The A8517 has a minimum output voltage hysteresis of 0.25 V. Lower
hysteresis is generally preferred, because excessive ripple voltage may
lead to audible noises from output ceramic capacitors. But larger ripple
may be required to reduce the frequency of the hysteresis control loop.
The correct value should be determined through experimentation.

Bit Value Description

0 Normal Voyrhys, 0.25 V (typ) recommended
1 (default)

1 Augmented Voythys, 0.45 V

SLOPE [0]
Enable Reduced Slope Compensation
Slope compensation is necessary in current-mode control circuits in order

to avoid instability at > 50% SW duty cycle. The A8517 allows selection
between two slope compensation values for best results.

0 Normal Vggg, 0.85 V (typ) (default)

Bit Value Description

4

1 Augmented Vgeg, 1.05V

0 10.8 A/ps at 2 MHz
1 2.3A/us at2 Mz

0
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LEDx DC Current
Address: 0x26: 0x2F

Bt |7 ]6|5|4a]3][2]1]
RB RB38 (0x26)

Name | - | - | LED1_CURRENT
RB RB39 (0x27)

Name | - | - | LED2_CURRENT
RB RB40 (0x28)

Name | - | - | LED3_CURRENT
RB RB41 (0x29)

Name | - | - | LED4_CURRENT
RB RB42 (0x2A)

Name | - | - | LED5_CURRENT
RB RB43 (0x2B)

Name | - | - | LED6_CURRENT
RB RB44 (0x2C)

Name | - | - | LED7_CURRENT
RB RB45 (0x2D)

Name | - | - | LED8_CURRENT
RB RB46 (0x2E)

Name | - | - | LED9_CURRENT
RB RB47 (0x2F)

Name | - | - LED10_CURRENT
RW  |Rw/|rRw |[Rw[rw [Rew]RW[RW] RW
value |01 |01 o o oo o] o1
Reset |0 oo 1[1][1]1] 1
MSB = Bit 5

LEDx_CURRENT [5:0]
LED Current Sink Capacity
Sets DC sink current capability multiplier for each LED

channel. Bit resolution is 1 mA. Each LED channel has a
base current of 1 mA. Default is Ox1F = 32 mA.

Bit Value Description
5:0 0/1 Absolute LED current multiplier
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Fault Status
Address: 0x30:0x31

RB RB48 (0x30) RB49 (0x31)

Bit |[15|14|13|12|11|10| 9|8 |7 |6 |5|4[3|2]|1]0
Name - - — — |FS12|FS11|FS10| FS9 | FS8 | FS7 | FS6 | FS5 | FS4 | FS3 | FS2 | FS1
RW |RW|RWRWRW R|R|R|R|R|R|R|R|R|R|R|R
Value | X X 0/1)0/1{0/1{0/1|0/1]|0/1]|0/1{0/1{0/1|0/1|0/1|0/1
Reset ([0 |0 |O|O0O|O0O|O|O|O|O|O|O|O|O|O|O|O

FSx [11:0]

General Fault Status

Reports status of the 12 general faults. In the event of a fault condition
(FLAG pin is pulled low), the system controller can read these registers
to determine which fault condition has occurred. For certain faults, such
as LED pin open/short, other status registers are available to be read to
determine which LED circuit caused the fault.
Note: Some fault types are followed by auto-restart. For such faults, if
the fault is subsequently resolved, the corresponding bit is cleared in the

General Fault Status register. Despite that, to allow the system controller

the option of diagnosing the problem, the incident remains recorded in the
Latched Status registers (0x38 through 0x43) until a reset occurs.

Bit Value Description
10 0 No fault present (default)
’ 1 Specific fault detected

Active LED In-Regulation Status
Address: 0x32:0x33

RB RB50 (0x32) RB51 (0x33)
Bit (15(14|13|12| 11 | 10| 9 | 8 | 7 |6 | 5| 4 |3 |2]1]0
Name - - - - - - REG10| REG9 | REG8 | REG7 | REG6 | REG5 | REG4 | REG3 | REG2 | REG1
R/W |RW|R/W|R/W|RW| RW | RIW R R R R R R R R R R
Value XX | X| X | x |[o|o1]|omn|o1|o1|oM1]|or]|oMn|01|0N
Reset |0 |O|O0|O0O| O] O0O|]O]|]O|O|O|O]O]|]O]|]O|O]|oO

REGx [9:0]

LED Voltage Fault Status

Sets a bit for each LED channel, when an LED driver is not in regulation
and the output exceeds the OVP threshold. Used with FAULT 8.

Bit Value Description
90 0 LED in regulation or not enabled (default)
’ 1 LED out of regulation and V gp exceeds OVP
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LED Pin Shorted to GND Status
Address: 0x34:0x35

RB RB52 (0x34) RB53 (0x35)
Bit [15]14 |13 (12|11 [10]| 9 |8 |7 |6 |5 |4 |3 |2]1]o0
Name - - - - - - LGS10| LGS9 | LGS8 | LGS7 | LGS6 | LGS5 | LGS4 | LGS3 | LGS2 | LGS1

R/W |RW|RW|RW|RW|RW | RW | R R R R R R R R R R
Value | X | X | X | X | X X |01 ]01]|01 0101|071 |01 |01|01|O0N1
Reset | 0 | O | O | O 0 0 0 0 0 0 0 0 0 0 0 0

LGSx [9:0]
LED Short to GND Fault Status

This bit is set if an LED pin voltage is found to remain at GND level during
startup (prevents further initialization). Used with FAULT 10.

Bit Value Description

0 LED voltage normal (default)

9:0

1 LED remaining at GND during startup

LED String Short-Detect Status
Address: 0x36:0x37

RB RB53 (0x36) RB54 (0x37)
Bit |15|14|13|12| 11 [ 10| 9 | 8 | 7 | 6 | 5| 4|3 |2 |1]o0
Name - - - - - - LSD10| LSD9 | LSD8 | LSD7 | LSD6 | LSD5 | LSD4 | LSD3 | LSD2 | LSD1

R/W |R/W|RW|RW|RW|RW | RW | R R R R R R R R R R
Value | X | X | X | X | X X [0/ |01 |01 |01 |01|0M1]|01|01]|0/1 |01
Reset | 0 [ O [ 0| O 0 0 0 0 0 0 0 0 0 0 0 0

LSDx [9:0]
LED String Short Detect Status

This bit is set if an LED pin voltage goes above its preset voltage limit, as
set by its corresponding LED pin Short-Detect Threshold register. Used
with FAULT 12.

Bit Value Description

0 LED voltage normal (default)
1 LED exceeds short-detect threshold

9:0

Latched Status Registers
Address: 0x38:0x43
(RB56 to RB67)

Retain the status of faults that have been detected, allowing the system controller to poll them by an 12C Read to diagnose
problems. All bits are cleared after a Read for the register.
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Package LP, 28-Pin TSSOP
with Exposed Thermal Pad
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‘ ( 0.09 ‘
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randed Face H
| ¥ 'h:‘: SEATING PLANE 5.00
} \ SEATING GAUGE PLANE
= - <<ttt % PLANE A PCB Layout Reference View
030 _ol|< | |<_
0.19 065BSC —* L— 1.20 MAX For Reference Only; not for tooling use (reference MO-153 AET)
Dimensions in millimeters
0.15 Dimensions exclusive of mold flash, gate burrs, and dambar protrusions
0.00 Exact case and lead configuration at supplier discretion within limits shown
A Terminal #1 mark area
Exposed thermal pad (bottom surface)
A Reference land pattern layout (reference IPC7351
SOP65P640X120-29CM);
All pads a minimum of 0.20 mm from all adjacent pads; adjust as
necessary to meet application process requirements and PCB layout
tolerances; when mounting on a multilayer PCB, thermal vias at the
exposed thermal pad land can improve thermal dissipation (reference
EIA/JEDEC Standard JESD51-5)
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Appendix A. Feed Back Loop Components Calculation
for Peak Current Control Boost Converter Used in LED Drivers Applications

This appendix provides an examination of the factorsinvolved
in calculating the transfer function of apeak current controlled
boost converter, an output to control transfer function, and rec-
ommendations for stabilizing the feedback loop closed system.
An example of acomplete small signal model of a peak-current-
mode boost converter is shown in Figure A-2. The A8517 isan
example of aboost converter that drives 10 LED strings with

10 LEDsin each string.

Power Stage Transfer Function

Using a frequency-based model, the transfer function (control to
output) of boost power stage peak-current control is given by the
following equation:

(HM)X (J_M)

Wy Dppp

TP(f) :AP x (A'l)

2XIXfRG (L 2XmXfRj 2 xm X X))
[l+ ) (1+ + j

a)P QD x wS wS

ApistheDCgain,

®z isthe angular frequency of the output capacitor
ESR zero, f,

orpp IS the angular frequency of the right-half plane
zero, fryp,

wopisthe angular frequency of the output load pole, fp,

Qp isthe inductor peak current sampling double pole quality or
damping factor, and

®g is the double-pole angular frequency oscillation.

Figure A-1 shows the plot of the power stage logarithmic transfer
function as gain, Gpy, versus frequency. with Gpy given by:

Gp(f) = 20 x log(|Te(f)]) (A-2)

The next sections define the components of Tp(f).

Ap, DC gain
The DC gain is defined as follows:
_ 1 D(nom) Ry xRy,
PR, “ R R,* R, (A-3)
where
* D isthe PWM duty cycle, calculated as:
D(nom) = (Voyt — Vin(nom)) / Vout (A-4)
where
Vour = NL X Vi + Vreg+ Vp+ Vy (A-5)
and

N, isthe quantity of LEDs per string,

V; isthe nominal forward voltage drop for each
LED diode,

VRreg IS the current sink regulated voltage for each
LED string,

Vp is the Schottky diode forward voltage drop and

V| isthe output hysteresis-control voltage.

* R, isthe current sense resistor, which is connected in series
with the boost power switch,

* Rgisthe LED sink pin sense resistor, which is usually located
inside the IC and can be calculated from the following
equation:

Rs= Vrec/ ILep (A-6)
where || gp is the current through one LED string,

10 100 1x10%  1x10% 1x10° 1x10° 1x107 1x108
Frequency (Hz)

Figure A-1: Plot of Power Stage Transfer Function versus
Frequency
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* Reg isthe output nominal operating resistance, which is given
by the following equation:

Req = Vout/ lLept (A-7)
where || gp isthetotal output current through all LED
strings:

lept = Ns* I gp (A-8)

and Ngisthetotal quantity of LED strings, and

Rp isthe total dynamic resistance of one LED string, which
can be measured in the lab, as follows:

1. Get aload board with one string of LEDSs.

2. Apply an external DC voltage across al LEDsin one string
through a current limit resistor, R = 10 Q.

3. Change the DC voltage to get 90% of one string current.
Then measure the voltage across all LEDsin one string.

4. Repeat step 3 until reaching 100% of one string current.
5. Calculate Ry = (V,—V,) / (I,—15). V, isthe voltage across
all LEDsin onestring at 1, = 100% of one string LED current.
V, isthevoltage across all LEDsin onestring at 1, = 90% of
one string LED current.
Qp, inductor peak current sampling double pole quality
1
Qo = X [0.5-D(nom) + (1= Dinom)) x IESC] (A-9)

where

IFSC isthe implemented factor of inductor slope compensation,
and is given by:

IFSC = (ISC/CSC) x FSC (A-10)

and
ISC isthe IC implemented slope compensation in A/ps. At
2 MHz switching frequency, 1SC = 2.3 A/us. However, it
changes as the switching frequency changes. It is normalized
to a2 MHz swtiching frequency. At a switching frequency
different from 2 MHz the implemented slope compensation
can be calculated from:

ISC = 2.3 (A/us) x (fgy/ 2 (MH2))

CSC isthe calculated slope compensation also in A/us,
given by:

(A-11)

Al x FSC x 10
(1/ fy,) % (1— D(max))

CSC = (A-12)

and
AI'= (V,y(min) x D(max)) / Ly x fgy, and (A-13)

FSC isthe Ridley’s factor slope compensation, given by:

FSC=1-0.18/ D(max) (A-14)
w7 , angular frequency of the output capacitor
ESR zero, f,
w7z = 1/ (ES? X COUT) (A-15)
orpp, angular frequency of the right-half plane
zero, fryp
orrp = Reg/ (1 -D(max))? x L) (A-16)
where
D(max) = (Vout — Vin(min)) / Voyr (A-17)
wp, angular frequency of the output load pole, fp
R;+ R, + R,
> ¢ (A-18)

@~ (Ry+ Ry+ ESR) * Ry X Copy

g, angular frequency oscillation of the double pole that
occurs at half of the switching frequency, fgy

CUS =T XfSN (A'lg)

Output to Control Transfer Function

When using peak current mode control for a DC-to-DC converter,
atype Il Pl error amplifier compensation circuit is sufficient to
stabilize the converter. For controlling the current sink voltage
and as aresult controlling the output, the A8517 IC uses a high
bandwidth transconductance amplifier, shown asAlin Fig-
ureA-2.

A transconductance amplifier is actually a voltage-controlled
current source. It converts any error voltage at itsinput pinsto a
current flowing out of its output pin at V. The transconductance
gain of the error amplifier, g, is defined as:

9= lamp / Verror (A-20)
In Figure A-2, Rayp represents the output impedance of the
transconductance amplifier (Al). Ryyp Usualy has ahigh value
and it is neglected in the calculation of the error amplifier transfer
function.

Rz, C,, and Cp represent the external Type |l compensation net-
work. From an AC point of view, the non-inverting pin of Al is
connected to a DC reference voltage, Vg, which isavirtua
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AC ground. Therefore, the transfer function of the compensation
circuit is derived asfollows:

The transfer function has asingle pair of pole and zero in addi-
tion to the pole at the origin. The pole at the origin is defined

V(f) (A-21) by Cpand Ramp- The zero is defined by R, and C, . The zero
T.(f) = v frequency location is selected to compensate or cancel the power
ool 1) train load pole. It is defined by:
_ —1 XL, % Zc(f) fZEA: 1/(2 X7 XRZXCZ) (A-26)
R, +R -
VERROR X (—SRS D ) (A 22) 10
applying equation A-20:
Ry x g
To(f) =—1 % R+R, xZ(f) (A-23) 50—
where & NG
= N
§= |
i i o N
(Rz+2><7fxijx CZ)X(ZXTchXjX CP) 0 b N Mid-Band Gain
Z(f) = (A-24) b
1 N 1 ™\
Rz+2><1-c><f><j><CZ 2xqmxfxjxC, "‘i-\
N
Figure A-3 shows the logarithmic transfer function for the output 5 . . s . . .
to control compensation circuit, with gain, Gga (f). given by: 10 100 1x10% 1x10% 1x10> 1x10° 1x107 1x10
G 20 x | T A5 Frequency (Hz)
= X |of -
el 9(ITea®D) ( ) Figure A-3: Plot of error amplifier stage transfer function versus
frequency
AN, N
P m VOuT
—_— cout
— Current Sense =z
Ve PWM “ Amplifier
L and ol A2
- Driver j +
— R ] =z™
. — L fva D10
Adder Slope
+7\ Compensation

Transconductance
(9) Amplifier
A1

Ve

IR - |
LT l

o

Figure A-2: Small signal model of a peak-current-mode boost converter; the ten strings of the A8517 are represented by one string in
this example
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The error amplifier pole frequency is selected to compen-

sate for or cancel the power train ESR zero. Thisisthe caseif
the frequency of the ESR zero is small or below the switch-

ing frequency. Otherwise, it is selected to be at half switching
frequency. This pole frequency determines the end of mid-band
gain of the error amplifier transfer function, so it ensures that the
closed loop system cross-over frequency is below half switch-
ing frequency, which isimportant for stability issues. The pole
frequency is defined by:

oo !

2)( XRX%
T e v C,

(A-27)

Stabilizing the Closed Loop System

In this section, calculations are provided for selecting optimal

R, C,, and Cp. The closed loop system will be stable if the total
system transfer function rolls off while crossing over at a phase
margin of approximately 90° or —20 dB per decade. It isrecom-
mended that the phase margin does not fall below 45°. For higher
stability, the cross over frequency should be much less than

the right half plane zero and smaller than half of the switching
frequency.

To achieve that, first fix the mid-band gain of the error amplifier
transfer function. Make it equal in value to the power train gain
at the cross over frequency, but negative so the total closed loop
gain will be 0 dB. Then position the compensation pole and zero.
Here are step-by-step procedures on how to calculate the com-
pensation network components:

1. Calculate R, such that the negative mid-band gain of the error
amplifier will be equal to the power train gain at the required
system bandwidth or cross over frequency.

la. Calculate the cross over frequency to be much less than

1c. To compensate for the difference from the error amplifier gain
at f;pa and the actual mid-band gain, subtract an additional 3 dB:

—Gp(fc) -3 dB (A-29)
1d. Convert the calculated gain to alinear gain:
25) (A-29)

10

le. Calculate Ry:
(_ Gr’(fz) *3j
20
A0 7 (A-30)

Ry
&*(R+R,

2a. Calculate the frequency for the error-amplifier compensation
zero, Ty . This zero should cancel the dominant low frequency
pole of power train. Therefore, f 5 should be closeto fp. Usu-
aly itisselected to be 1/5 to ¥/, of fe:

R,=

2. Select avauefor Cs.

foea=fc /10 (A-31)
2b. Cz can be calculated by applying equation A-26:
CZ:I/(2><7[ XRfoZEA) (A'32)

3. Select avaluefor Cp.

3a. Select afrequency for the error-amplifier compensation
pole, fpea - This pole determines the error-amplifier end of the
mid-band region. It is selected to cancel the power train ESR
zero. However, if ceramic capacitors are used at the output, the
ESR zero will be at very high frequency. In this case, the fpgy IS
selected to be at half of the switching frequency to ensure that
fcisat lower than half the switching frequency and as aresult a
higher phase margin can be achieved. fpe, is given by:

the RHP zero and lower than the half-switching frequency. A fopa = 0.5 % fqy (A-33)
20 to 30 kHz cross over frequency is appropriate for LED appli-
cations, calculated as follows: 3b. Cp can be calculated by applying equation A-27:
fc = 0.015 x fSN (A'28) CZ
1b. Calculate, or preferably measure, the power train gain at f, G = 2 XWX R, X CyX fop, — (A-39)
which is Gp(fc ), then multiply it by —1.
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The closed-loop system transfer function is given by: as gain versus frequency. As shown in Figure A-4, if the above
methods are implemented the transfer function rolls off while

To(f) = Tp(f) x Tea(f) (A-35) crossing over with around a—20 dB per decade, which resultsin
The closed-loop system logarithmic transfer function gain is around a 90° phase margin.
given by: Finally, it is recommended to measure the gain and phase margin
_ i of the whole system closed loop. If necessary, the compensation
Gg(f) = 20 x log(|T4f)I) (A-36) components values could be tweaked to obtain the required cross
Figure A-4 shows the closed loop logarithmic transfer function over frequency and phase margin.
100
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Figure A-4: Plot of the Whole System Closed Loop Transfer Function Gain versus Frequency, with a Cross Over Frequency, fc, of 30
kHz
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Measuring the Feedback Loop Gain and Phase Margin
It is always necessary to measure the feedback loop gain and
phase margin of a power converter to make sure the converter
runs stably and responds quickly to line or load transients. In
addition, to calculate the feedback-loop component values, it

is necessary first to calculate or preferably to measure only the
power-stage transfer function at the required cross over fre-
guency. Below, one method for measuring the power-stage and
the closed-loop whole system transfer functionsis presented.

Power Stage Transfer Function Measurement

The power stage or control to output transfer function can be mea
sured using any gain/phase analyzer. Figure A-5 shows a block
diagram for the whole closed-loop system. To measure the power-
stage transfer function, implement the following steps:

1. First, temporarily, use alarge value capacitor for C,, say
4.7 pF, and asmall valueresistor for R,, say 100 €, to roll-off the

control loop at very low frequency.
2. On the PCB cut the trace between VOUT and the LED strings.
3. Connect a 10 Q resistor from VOUT to the LED strings.

4. Connect the sweeping signal, V g, leads from the spectrum
analyzer line (red) to VOUT and the neutral (black) to the LED
string, across the 10 € resistor.

5. Hook the voltage probe V2 (red) to VOUT (B1) and the ground
lead to PCB GND.

6. Hook the voltage probe V1 (blue) to V¢, so the gain would be
Gp(f) =B1/A2.

7. Run the sweep.

8. When the sweep is completed, to read the power stage gain
Gp(f¢) at the selected frequency, f, place the analyzer screen
cursor at that frequency.

PWM

Driver

B1 VOUT

cout
R Vs r
10 ohm

A2 A1,
AC Sweeping Signal
Vc
Rz v
cp LED Strings
= YA
Cz _Z'\'

I-string

v

Figure A-5: Simplified Block Diagram for the Closed-loop Whole System
to show how to measure the gain of the power stage or closed-loop system gain and phase margin
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Whole Closed-Loop System Transfer Function Gain and
Phase Margin Measurement

The closed-loop whole system transfer function gain and phase
margin can be measured using the following steps:

1. Change R,, C, and Cp to be the same as the calcul ated val ues.
2. Follow same steps 2 through 5, shown above.

3. Hook the voltage probe V1 (blue) to A1, so the gain would be
Gq(f) =B1/A1

4. Run the sweep.

5. When the sweep is completed, to read the phase margin at the
cross over frequency, f¢, place the analyzer screen cursor at f.

6. To read the gain margin, place the analyzer screen cursor where
the phase margin is zero.

The whole system closed loop is considered stable if the phase
margin is larger than 45°. It is also recommended to have the
gain margin as large as possible. A gain margin around —7 dB
is sufficient.
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