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1. The m axim um  num ber of LEDs in each st r ing is dependent  upon the m axim um  VF of the diodes in that  st r ing. Under no event  should the voltage at  LX be exceeded.

General Descript ion
The AAT1405 is a highly integrated, high efficiency LED 
backlight  solut ion for notebook com puters, m onitors and 
portable TVs. The device operates from  DC inputs, ciga-
ret te lighter adapters, or m ult i- cell Li- ion bat ter ies over 
the 4.5V to 26V voltage range.

An integrated boost  (step-up)  converter provides up to 
45V output  for dr iving series LEDs. Four precision cur-
rent  sinks are program m ed up to 30m A per st r ing 
through one external RSET resistor, support ing up to 441 
white LEDs at  120m A total output  current .

LED st r ings m ay be disabled or operated in parallel for 
increased drive capabilit y. The boost  output  voltage is 
set  by the LED st r ing with the highest  voltage require-
m ent , allowing a wide range of LED character ist ics.

The PWM dim m ing range at  100Hz is up to 1,000: 1.

The boost  switching frequency is selectable (up to 
1.3MHz)  to allow opt im um  efficiency and the sm allest  
external L/ C filter ing com ponents. Alternat ively, the 
device m ay be synchronized to an external clock.

Boost  current  m ode cont rol provides fast  response to 
line and load t ransients. I ntegrated Light-Load m ode 
ensures highest  efficiency across the ent ire load range.

Fault  tolerant  circuit ry extends system  life by disabling 
open LED st r ings. The unique high voltage current  sinks 
prevent  dam age result ing from  shorted LEDs.

The AAT1405 is available in the Pb- free, therm ally 
enhanced 24-pin 3x4 TQFN package.

Features
•  VI N Range:  4.5V to 5.5V /  5.0V to 26.0V 
•  LX Rated to 50V
•  Maxim um  I OUT:  120m A
•  Up to 92%  Efficiency
•  High Efficiency Light-Load Mode
•  4 LED Current  Sinks up to 30m A/ each

ŀ ± 2%  Accuracy (21m A)
ŀ ± 2%  Matching (21m A)

•  Flexible Configurat ions
ŀ Disable or Parallel 

•  Switching Frequency Opt ions
ŀ 675kHz or 1.3MHz
ŀ Synchronize to System  Clock

•  PWM Direct  Dim m ing I nput
ŀ Up to 100kHz Prevents Audio I nterference
ŀ Fast  Turn-On/ Off
ŀ Wide 1,000: 1 Dim m ing Range (100Hz)

•  Fault  Tolerant :  Open/ Short  LED(s)
•  Current  Lim it  Protect ion
•  Over-Voltage Protect ion
•  Over-Tem perature Protect ion
•  Soft-Start  Minim izes I nrush Current
•  TQFN34-24 Low Profile Package
•  -40°C to + 85°C Tem perature Range

Applicat ions 
•  Monitors
•  Notebook Com puters 
•  Portable TV
•  Portable DVD Players
•  White LED Backlight
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Typical Applicat ion 
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Pin Descript ions

Pin # Sym bol Funct ion Descript ion

1 SYNC I Synchronizes switching frequency to external system clock. Tie to GND to disable this feature.

2 FSET I
Connect  logic high to set  internal oscillator to 1300kHz. Connect  logic low to set  internal oscillator 
to 675kHz.

3, 4, 8, 9, 13, 
14, 18, 21

GND GND Connect  to GND.

5 PWM I
Direct  PWM input  pin. Connect  logic level PWM input  signal in the frequency range 100Hz-100kHz 
to this pin to enable PWM dimming. 

6 CS1 O Output  current  sink 1. Connect  to SGND to disable channel 1.
7 CS2 O Output  current  sink 2. Connect  to SGND to disable channel 2.

10 SGND GND Current  sink ground t ied to return of internal current  sinks CS1-CS4.
11 CS3 O Output  current  sink 3. Connect  to SGND to disable channel 3.
12 CS4 O Output  current  sink 4. Connect  to SGND to disable channel 4.
15 RSET I Connect  resistor to ground to set  maximum current  through the LED strings.
16 COMP I Connect  an external resistor and capacitor to ground to compensate the boost  converter.

17 OVP I
Over-voltage protect ion pin. Connect  resist ive divider between VOUT and GND. Care should be 
taken to ensure that  the voltage at  LX does not  exceed its maximum rat ing under extreme operat-
ing condit ions.

19 LX O
Switching node of boost  converter. Connect  an inductor between this pin and input  voltage source. 
Connect  the anode of Schot tky diode between this pin and the boost  output  capacitor.

20 PGND GND Power ground;  t ied to source of integrated NMOS switching device.

22 VCC I / O
Internal regulated voltage when operat ing from input  voltage range 5.0V to 26.0V. De-couple with 
a 2.2μF capacitor to ground. Do not  source current  from this node. I nput  voltage pin when operat-
ing from input  voltage range 4.5V to 5.5V.

23 EN I
Logic high enable pin. Pull logic high or t ie to IN to enable the device. Pull low to disable the 
device and m inim ize quiescent  current ;  pulling low also disables the internal linear regulator.

24 IN I Input  voltage to IC. Tied to input  voltage source and input  boost  inductor.

EP GND
Exposed paddle. Connect  to PCB GND plane. PCB paddle should maintain acceptable junct ion 
temperature.

Pin Configurat ion 
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1. St resses above those listed in Absolute Maxim um  Rat ings m ay cause perm anent  dam age to the device. Funct ional operat ion at  condit ions other than the operat ing condit ions 
specified is not  im plied. Only one Absolute Maxim um Rat ing should be applied at  any one t im e.

2. Based on long- term  current  density lim itat ion.
3. Mounted on an FR4 board.
4. Derate 20m W/ °C above 25°C.

Absolute Maxim um  Rat ings1  

Sym bol Descript ion Value Units
VLX LX Voltage to GND 50

V

VI N,EN I nput  Voltage, EN to GND -0.3 to 30
VCSx Output  Current  Sinks CS1 – CS4 to GND -0.3 to 32
VCC VCC Voltage to GND -0.3 to 7.0

OVP, COMP, PWM, 
SYNC, RSET, 

OVP, COMP, PWM, SYNC, CLK Voltage to GND -0.3 to VCC +  0.3

I OUT Maxim um  DC Output  Current 2 134 m A
TJ Maxim um  Junct ion Operat ing Tem perature -40 to + 150

°C
TLEAD Maxim um  Soldering Tem perature (at  leads, 10 sec.) 300

PD Maxim um  Power Dissipat ion3 2 W
ĬJA Therm al Resistance3, 4 50 °C/ W

Recom m ended Operat ing Condit ions 

Sym bol Descript ion Value Units
VI N I nput  Voltage Range 5 to 26

V
VOUT Output  Voltage Range VI N +  3 to 45
FPWM PWM Dim m ing Frequency Range 0.1 to 100 kHz
I OUT DC Output  Current 80 to 120 m A
TA Operat ing Am bient  Tem perature -40 to 85 °C
TJ Operat ing Junct ion Tem perature -40 to 125 °C



AAT1405

4 Channel LED Backlight Driver with Integrated Boost and High Frequency Direct PWM Dimming SwitchRegTM

PRODUCT DATASHEET

1405.2010.06.1.0 5w w w . a n a l o g i c t e c h . c o m

Electr ical Characterist ics1  
VI N =  12V;  CI N =  4.7μF, COUT =  2.2μF;  CVCC =  2.2μF;  L1 =  10μH;  RSET = 7.5kƻ ( I CSx =  21m A) ;  TA =  -40oC to 85oC unless 
otherwise noted. Typical values are at  TA =  25oC.

Sym bol Descript ion Condit ions Min Typ Max Units
Pow er Supply, Current  Sinks

VI N I nput  Voltage Range
VI N =  VCC 4.5 5.5

V
VCC =  Open 5.0 26.0

VUVLO Under-Voltage Threshold
VI N Rising 4.3 V
Hysteresis 500 m V
VI N Falling 3.2 V

VCC VCC Output  Voltage EN =  Logic High, I CC(OUT) =  0m A 4.0 4.5 6 V

VCX Current  Sink Voltage
EN =  Logic High, I CSx =  21m A 
(RSET =  7.5kΩ)

0.5 V

I Q I N Quiescent  Current  (no switching) I CSx =  0% , VCSx =  0.5V, EN =  Logic High 1.5 mA

I SD I N Pin Shutdown Current
CS1-CS4 =  Open, EN =  Logic Low, 
does not  include LX leakage current

40.0 μA

I CSx Current  Sink Accuracy I CSx =  21m A -5 ± 2 + 5 %
I CSx-Matching Current  Matching Between Any Sink Channel I CSx =  21m A -3 ± 2 + 3 %

VOVP
Over-Voltage Threshold VOUT Rising 1.1 1.2 1.3 V
Over-Voltage Hysteresis VOUT Falling 100 m V

RDS(ON)LO Low Side Switch On Resistance VCC =  4.5V 200 mΩ
DMAX Maxim um  Duty Cycle 90 %
TMI N Minim um  On-Tim e 100 ns

I CSx/ I RSET Current  Set  Rat io I CSx/ I RSET,  VRSET =  0.6V 262 A/ A
I LI MI T Low Side Switch Current  Lim it 3.0 6.5 A

I LEAK
LX Pin Leakage EN =  Logic Low;  VLX =  40V 1 μA
CSx Pin Leakage EN =  Logic Low;  CSx =  30V 10 μA

FOSC Oscillator Frequency

FSET =  Logic Low;  VI N =  5.0 to 26.0V;  
VI N =  VCC =  4.5 to 5.5V

550 675 800 kHz

FSET =  Logic High;  VI N =  5.0 to 26.0V;  
VI N =  VCC =  4.5 to 5.5V

1100 1300 1500 kHz

FSYNC Sync Frequency
FOSC 

± 20%
kHz

FSYNC Sync Duty Cycle Range FOSC ±  20% 10 90 %
FPWM(MAX) Maxim um  Direct  PWM Frequency 50 100 kHz

TSS Soft-Start  Tim e VOUT =  35V, CCOMP =  18nF, RCOMP =  10kΩ 1 m s
Logic Level I nputs: EN Pin

VEN(L) Threshold Low 0.4 V
VEN(H) Threshold High 2.5 V
I LEN I nput  Leakage Enable Pin VEN =  5V, VI N =  5V 3 μA

Logic Level I nputs: SYNC, PW M, FSET Pins
V(H) Threshold Low 0.4 V
V(H) Threshold High 1.4 V
I LK I nput  Leakage VSYNC =  VPWM =  VFSET =  5V -1 1 μA

TPWM(ON/ OFF) PWM Turn On/ Off Delay PWM t ransit ion to 95% / 5%  I RSET 1 μs
Therm al Protect ion

TJ(SD) TJ Therm al Shutdown Threshold 140 °C
TJ(HYS) TJ Therm al Shutdown Hysteresis 15 °C

1. The AAT1405 is guaranteed to m eet  perform ance specificat ions over the -40°C to + 85°C operat ing tem p erature range and is assured by design, character izat ion, and correla-
t ion with stat ist ical process cont rols.

2. Output  voltage m ust  result  in a voltage lower than the LX m axim um  rat ing under all operat ing condit ions.
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Typical Characterist ics

Boost Efficiency vs. Input Voltage
(L = 10μH; VCC = 4.7V; PWM = VCC; FSET = GND; IOUT = 120mA)
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Boost Efficiency vs. Load Current
(L = 10μH; VCC = 4.7V; PWM = VCC; FSET = GND)
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Boost Efficiency vs. PWM Duty Cycle
(L = 10μH; VCC = 4.7V; FSET = GND)

PWM Duty Cycle (%)
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Output Current vs. PWM Duty Cycle
(VIN = 12V; ICSX = 20mA/ch)
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Low Side Switch Current Limit vs. Temperature
(VIN = 5V to 26V)
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VCC Line Regulation vs. Input Voltage
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Typical Characterist ics

Quiescent Current vs. Input Voltage
(Non-switching; VCSX = 0.5V; ICSX = 0mA)
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Shutdown Current vs. Input Voltage
(VLX = VCSX = Open)
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Switching Frequency vs. Temperature
(VIN = 12V)
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Current Sink Accuracy vs. Temperature
(VIN = 12V; VCSX = 0.8V; ICSX = 21mA/Channel)
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Current Sink Matching vs. Temperature
(VIN = 12V; VCSX = 0.8V; ICSX = 21mA/Channel)
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Typical Characterist ics

Startup
(VIN = 12V; VOUT = 37V; COUT = 2.2μF;

L = 4.7μH; IOUT = 80mA)

Time (100μs/div)
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Switching Waveforms
(VIN = 12V; VOUT = 37V; COUT = 2.2μF;

L = 4.7μH; IOUT = 80mA)
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Funct ional Descript ion 
The AAT1405 is a highly integrated, high efficiency white 
LED backlight  solut ion for notebook com puters, m onitors 
and portable TVs. The device operates from  regulated 
DC inputs, cigaret te lighter adapters, and m ult i-cell 
Li- ion bat ter ies over a voltage range from  4.5V to 26V.

The integrated boost  (step-up)  converter provides up to 
45V output  to dr ive m ult iple st r ings of series LEDs. The 
m axim um  num ber of LEDs is dependent  upon the for-
ward voltage of each LED. Four precision current  sinks 
can provide constant  current  dr ive for up to 44 white 
LEDs depending upon LED VF.  The LED current  is set  by 
a single external resistor up to 30m A per st r ing for a 
total output  current  capabilit y of 120m A. The cont roller 
derives output  feedback from the channel with the lowest  
current  sink voltage while maintaining the programmed 
current  in each LED st r ing. This ensures the lowest  pos-
sible output  voltage, highest  efficiency and cont inuous 
operat ion with m ism atched LED st r ings.

The AAT1405 is designed for maximum flexibility. The LED 
strings may be disabled or used in parallel for increased 

current  capabilit y. Thus, the AAT1405 allows operat ion 
with fewer than 4 LED st r ings with the m axim um  num ber 
of LEDs per channel set  by the LED VF and the output  volt-
age of the boost  converter. A lower number of LEDs can 
also be used. Unused current  sinks are disabled by tying 
them to ground. The unique high voltage current  sinks 
support  non-matching LED strings (LED quant ity, type, 
etc.) . For high current  applicat ions, such as high-bright-
ness LEDs, mult iple current  sinks may be connected in 
parallel providing up to 120mA per LED string.

The AAT1405 supports a high input  PWM frequency to 
help elim inate potent ial audio em issions caused by har-
m onic/ sub-harm onic resonance of the power stage. The 
PWM dim m ing range is up to 1,000: 1 (see Figure 1) .

The output  voltage is regulated by the st r ing with the 
highest  voltage requirem ent , allowing a wide range of 
LED character ist ics. The boost  switching frequency is 
adjustable up to 1300kHz for opt im um  efficiency and the 
sm allest  external filter ing com ponents. Alternat ively, the 
device m ay be synchronized to an external clock. Current  
m ode cont rol provides fast  response to line and load 

Funct ional Block Diagram  
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t ransients. I ntegrated light  load m ode ensures highest  
efficiency across the ent ire input  voltage and load range.

Fault  tolerant  circuit ry extends system  life by disabling 
open LED st r ings. The high voltage current  sinks m ain-
tain norm al operat ion with non-m atched st r ings while 
also prevent ing dam age due to shorted LEDs.

The AAT1405 is available in a Pb- free, thermally enhanced 
24-pin 3x4 TQFN package.

PW M Dim m ing 

The AAT1405 provides direct  PWM dim m ing. After init ial 
power-up or when EN is cycled, the device is enabled 
with br ightness cont rolled by PWM duty cycle and the 
RSET resistor value.

The ult ra- fast  1μs turn-on and turn-off t im e of the boost  
regulator and current  sinks ensures high perform ance 
and excellent  dim m ing range in applicat ions requir ing 
high frequency PWM dim m ing. The high PWM dim m ing 
frequency elim inates audio interference. The integrated 
current  sinks ensure good t im ing between st r ings (PWM 
m atching)  while the fast  response yields a linear PWM 
duty-cycle versus LED current  character ist ic. PWM inputs 
from  100Hz to 100kHz are recom m ended.

AAT1405 Dimming Range

vs. PWM Pin Frequency
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Figure 1 : PW M I nput  Frequency 
vs. Dim m ing Range.

Fault  Tolerant  Operat ion 

The AAT1405 device is protected from  faults ar ising from  
LED opens and/ or shorts.

An LED open condit ion will be detected by the cont roller 
at  startup and during norm al operat ion. The low voltage 
on the current  sink is detected by the cont roller, which 
disables the feedback to the boost  converter from  that  
current  sink. The rem aining LED st r ings to cont inue to 
operate norm ally. The cont roller re-enables the current  
sink feedback if the LED open condit ion is rem oved dur-
ing a power or EN cycle. This feature extends backlight  
life and reliabilit y, which is otherwise lim ited by interm it-
tent  condit ions in the LED st r ing(s)  and/ or circuit  board 
interconnect ions.

Under all condit ions, the over-voltage protect ion circuit ry 
prevents the switching node (LX)  from exceeding the 
maximum operat ing voltage prior to disabling the current  
sink. Over-voltage protect ion (OVP) disables boost  switch-
ing while maintaining the programmed LED current . Boost  
switching is re-enabled when OVP hysteresis is sat isfied.

A LED short  condit ion results in a higher voltage appear-
ing on the affected channels' current-sink pin. The 
affected current  sink autom at ically com pensates for the 
addit ional voltage. The current  sink can withstand a high 
voltage indefinitely. However, the increased voltage across 
the current  sink causes an increase in power dissipat ion. 
The channel will cont inue to operate unt il the over- tem -
perature protect ion act ivates. 

I ntegrated over-current  protect ion is provided. Over-
current  protect ion prevents inductor saturat ion and any 
result ing dam age to the switching device occurr ing dur-
ing an overload fault  condit ion.
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D1
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Figure 2 : Over- Voltage Protect ion and Current  Sink Set t ing Circuit .

Applicat ion I nform at ion

OVP Protect ion w ith Open LED Failure

The AAT1405's OVP protect ion consists of a resist ive 
divider network (R3 and R4)  as shown in Figure 2. The 
resistor divider m ust  be selected so that  the voltage at  
the OVP pin exceeds the OVP r ising threshold when the 
output  is at  VOUT(MAX).  

R3 = R4 · - 1
VOUT(MAX)

VOVP(MAX)

When the OVP r ising threshold is exceeded, the con-
verter stops switching. The open LED channel is removed 
from  the boost  converter feedback loop. When the volt-
age at  the OVP pin falls below the OVP hysteresis volt-
age, the boost  converter can resum e switching.

I t  is im portant  that  during norm al operat ion the current  
sinks are given enough headroom  so that  the OVP 
threshold is not  t r ipped.

The output  voltage at  the m inim um  OVP threshold is

VOUT(MIN) = VOVP(MIN) · + 1
R3

R4

The m axim um  voltage of each LED st r ing including the 
current  sink headroom  should not  exceed VOUT(MI N).

VOUT(MIN) > VCSX + N · VFLED(MAX)

VOVP(MIN) · + 1
R3

R4

> VCSX + N · VFLED(MAX)

R3 > R4 · 
VCSX + N · VFLED(MAX) - VOVP(MIN)

VOVP(MIN)

Where:

N is the num ber of LED in each st r ing.
VOVP(MI N) =  1.1V is the m inim um  over-voltage threshold.  
VCSX =  0.5V is the current  sink voltage.
VFLED(MAX) is the m axim um  forward LED voltage at  20m A. 

Another factor in set t ing the OVP voltage using the resis-
t ive divider is that  the m axim um  voltage at  the LX pin 
should not  exceed VLX(MAX) =  50V.

VLX(MAX) = VOUT(MAX) + VD1 + VRING

VD1 is the forward voltage of the Schot tky diode D1. 
VRI NG is the voltage spike at  LX node caused by the delay 
of D1 at  turn on.

Measurements should confirm  that  the maximum switch-
ing node voltage VLX(MAX) is less than 50V under worst  case 
condit ions.
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For exam ple, if the num ber of white LEDs in each st r ing 
is N = 11, the resistor divider R3 can be calculated by 
select ing R4 =  12.1kƻ:

R3 > 12.1kΩ · = 441.1kΩ
0.5V + 11 · 3.7V - 1.1

1.1

choose R3 =  442kƻ.

The m axim um  output  voltage with the selected values of 
R4, R3 is

VOUT(MAX) = VOVP(MAX) · + 1
R3

R4

1.3V · + 1
442kΩ

12.1kΩ
= = 48.8V

LED Current  Sink Set t ing

The current  sink is controlled by the RSET voltage (0.6V)  
and the RSET resistor (R2) . For maximum accuracy, a 1%  
tolerance resistor is recommended.

The RSET resistor (R2)  value can be calculated as follows:

R2 = 
262 · 0.6V

ICSX(MAX)

Where VRSET =  0.6V.

For exam ple, if the m axim um  current  for each st r ing of  
LEDs is 30m A, this corresponds to a m inim um  resistor 
value of 5.23kƻ.  

R2 = = 5.23kΩ
262 · 0.6V

30mA

Maxim um  I LED Current  ( m A) R2  ( kƻ)
30 5.23
25 6.19
20 7.87
15 10.5
10 15.8
5 31.6

Table 2 : Maxim um  LED Current  Sink 
vs. RSET Resistor ( R2 )  Values.

Schot tky Diode Select ion

To ensure m inimum forward voltage drop, high voltage 
Schot tky diodes are considered the best  choice for the 
white LED boost  converter. The output  diode is sized to 
maintain acceptable efficiency and reasonable operat ing 
junct ion temperature under full load operat ing condi-
t ions. Forward voltage (VF)  and package thermal resis-
tance (ǇJA)  are the dom inant  factors to consider in select-
ing a diode. The diode non- repet it ive peak forward surge 
current  rat ing ( I FSM)  should be considered for high pulsed 
load applicat ions. I FSM rat ing drops with increasing con-
duct ion period. Manufacturers’ datasheets should be 
consulted to verify reliability under peak loading condi-
t ions. The diode’s published current  rat ing may not  reflect  
actual operat ing condit ions and should be used only as a 
comparat ive measure between sim ilarly rated devices.

During the on- t im e, the output  voltage on the output  cap 
is applied to the cathode of the external Schot tky diode. 
The rect ifier 's reverse breakdown voltage rat ing should 
be greater than the m axim um  output  voltage rat ing of 
the Boost . 40V rated Schot tky diodes are recom m ended 
for outputs less than 30V, while 60V rated Schot tky 
diodes are recom m ended for outputs greater than 35V.

The approxim ate power loss on the Schot tky diode can 
be calculated:

IAVG = IOUT

The average output  current  m ult iplied by the forward 
diode voltage determ ines the loss of the output  diode.

PLOSS-DIODE = IAVG · VF = IOUT · VF

Diode junct ion tem perature can be est im ated. 

TJ = TAMB + θJA · PLOSS-DIODE



AAT1405

4 Channel LED Backlight Driver with Integrated Boost and High Frequency Direct PWM Dimming SwitchRegTM

PRODUCT DATASHEET

1405.2010.06.1.0 13w w w . a n a l o g i c t e c h . c o m

Output  diode junct ion temperature should be maintained 
below 110°C, but  may vary depending on applicat ion 
and/ or system guidelines. The diode ǇJA can be m inim ized 
with addit ional PCB area on the cathode. PCB heat-sink-
ing the anode may degrade EMI  performance. The 
reverse leakage current  of the rect ifier must  be consid-
ered to maintain low quiescent  ( input )  current  and high 
efficiency under light  load. The rect ifier reversed current  
increases dramat ically at  elevated temperatures.

I nductor Select ion 

The white LED boost  (step-up)  converter is designed to 
operate with an inductor with a m inim um  value of 4.7ǋH 
for all input  and output  voltage com binat ions. The induc-
tor saturat ion current  rat ing should be greater than the 
NMOS current  at  m axim um  duty cycle. 

DMAX = 
(VOUT + VF - VIN(MIN))

VOUT + VF

The inductor (L)  is selected to avoid saturat ion at  m ini-
mum input  voltage, maximum output  load condit ions. 
Peak current  may be calculated from the following equa-
t ion, again assum ing cont inuous conduct ion m ode. 
Worst-case peak current  occurs at  m inimum input  volt-
age (maximum duty cycle)  and maximum load. 

IPEAK = +
IOUT

1 - DMAX

DMAX · VIN(MIN)

2 · FS · L

Output  Capacitor

The high output  r ipple inherent  in the boost  converter 
necessitates low im pedance output  filter ing.

Mult i- layer ceramic (MLC) capacitors provide small size 
and adequate capacitance, low parasit ic equivalent  series 
resistance (ESR) and equivalent  series inductance (ESL) , 
and are well suited for use with the white LED boost  
regulator. MLC capacitors of type X7R or X5R are recom-
mended to ensure good capacitance stability over the full 
operat ing temperature range.

The output  capacitor is sized to m aintain the output  load 
without  significant  voltage droop (ƩVOUT)  during the 
power switch ON interval, when the output  diode is not  
conduct ing. A ceram ic output  capacitor from  2.2ǋF to 
4.7ǋF is recom m ended. Typically, 50V rated capacitors 
are required for the 42V m axim um  boost  output . Ceram ic 
capacitors sized as sm all as 0805 or 1206 are available 
which m eet  these requirem ents.

MLC capacitors exhibit  significant  capacitance reduct ion 
with applied voltage. Output  r ipple m easurem ents should 
confirm  that  output  voltage droop and operat ing stabilit y 
are acceptable. Voltage derat ing can m inim ize this fac-
tor, but  results m ay vary with package size and am ong 
specific m anufacturers.

The output  capacitor size can be est im ated using the 
equat ion:

COUT = 
IOUT · DMAX

FS · ∆VOUT

To m aintain stable operat ion at  full load, the output  
capacitor should be sized to m aintain ƩVOUT between 
100m V and 200m V.

The WLED boost  converter input  current  flows during 
both ON and OFF switching intervals. The input  r ipple 
current  is less than the output  r ipple and, as a result , 
less input  capacitance is required.

Com pensat ion Com ponent  Select ion

The AAT1405 Boost  architecture uses peak current  m ode 
cont rol to elim inate the double pole effect  of the output  
L&C filter and sim plifies the com pensat ion loop design. 
The current  m ode cont rol architecture sim plifies the 
t ransfer funct ion of the cont rol loop to be a one-pole, 
one left  plane zero and one r ight  half plane (RHP)  system  
in frequency dom ain. The dom inant  pole can be calcu-
lated by:

fP = 
1

2π · R0 · C4
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The ESR zero of the output  capacitor (see Figure 3)  can 
be calculated by:

fZ_ESR = 
1

2π · RESR · C4

Where:

C4 is the output  filter capacitor
RO is the equivalent  load resistor value
RESR is the equivalent  series resistance of the output  
capacitor.

The r ight  half plane (RHP)  zero can be calculated by:

fZ_ESR = 
VIN

2

2π · L1 · IOUT · VOUT

C4

D1

L1

ESR

VIN

Figure 3 : AAT1 4 0 5  Equivalent  Output  Stage.

I t  is recom m ended to design the bandwidth to one 
decade lower than the frequency of RHP zero to guaran-
tee the loop stabilit y. A series capacitor and resistor 
network (R1 and C3)  connected to the COMP pin sets the 
pole and zero which are given by:

fP_COM = 
1

2π · REA · C3

fZ_COM = 
1

2π · R1 · C3

Where:

C3 is the com pensat ion capacitor
R1 is the com pensat ion resistor
REA is the output  resistance of the error am plifier 
(2.97Mƻ) .

A 15nF (C3)  capacitor and a 5kƻ (R1)  resistor in series 
are chosen for opt im um  phase m argin and fast  t ransient  
response.   
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U1

TQFN34-24

4 LEDs in series

431
0

1
8

2
1

2
0

E
P

L1   Sumida, CDRH5D28RHPNP-4R7N, 4.7μH, 3.7A, DCR = 43.1mΩ

D1   Vishay, Schottky Barrier Diode, MSS1P6, 1A, 60V

C1  Taiyo Yuden, GMK325BJ106KN-T, 10μF, 35V, X5R,1210; OR Murata GRM32ER71H106K, 10μF, 50V, X7R, 1210

C2 2.2μF, 10V, 0603

C3 15nF, 10V, 0603

C4   Murata, GRM31CR71H225KA88L, 2.2μF, 50V, X7R, 1206

R1, R2, R3, R4  Carbon Film resistors, 1%, 0603

L1   4.7μH

JP1

JP3

Figure 4 : AAT1 4 0 5 I MK Evaluat ion Board Schem at ic.

  

 Figure 5 : AAT1 4 0 5 I MK Evaluat ion Board  Figure 6 : AAT1 4 0 5 I MK Evaluat ion Board 
 Top Side Layout . Bot tom  Side Layout . 
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