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Genera l Descr ipt ion
The AAT2869 is a low-noise, constant- frequency charge 
pum p DC/ DC converter that  uses a dual-m ode load 
switch (1x)  and fract ional (1.5x)  conversion to m axim ize 
efficiency for white LED applicat ions. The AAT2869 is 
capable of dr iving 4 white LEDs at  a total of 124m A from  
a 2.7V to 5.5V input . The current  sinks m ay be operated 
individually or in parallel for dr iving higher-current  LEDs. 
A low external parts count  ( two 1μF flying capacitors and 
two sm all 1μF capacitors at  I N and OUTCP)  m akes the 
AAT2869 ideally suited for sm all bat tery-powered appli-
cat ions. The fade- in/ fade-out  feature m akes backlight  
turn-on/ turn-off m ore visual com fortable. The AAT2869 
also includes two 150m A low, drop-out  linear regulators 
as addit ional power supplies for display and related cam -
era power. The LDO voltage is also program m able.

AnalogicTech’s Advanced Sim ple Ser ial Cont rol™ 
(AS2Cwire™)  ser ial digital input  is used to enable, dis-
able and set  the m axim um  LED current  to one of 32 
levels for the LEDs, to enable/ disable the LDOs, and to 
set  the LDO's output . The program m able LED current  
ranges from  31m A to 0.4m A. 

Each output  of the AAT2869 is equipped with built- in 
protect ion for short-circuit  and auto-disable for load 
short-circuit  condit ions. The soft-start  circuit ry prevents 
excessive inrush current  at  charge pump start-up and 
mode t ransit ions. The AAT2869 is available in the Pb- free, 
space-saving TQFN3.0x2.2-18L package, and operates 
over the -40°C to 85°C ambient  temperature range.

Features
•  2.7V to 5.5V Supply Voltage Range
•  Charge Pum p for LED Driver
ŀ Dual Mode 1x/ 1.5x 
ŀ Drives up to 4 LEDs with up to 31m A each
ŀ Linear LED Output  Cont rol Opt ions

• Maxim um  LED Current  Set  by AS2Cwire I nterface, 
32 Steps

• Fade I n and Fade Out
• 0.9MHz Constant  Frequency 
• Autom at ic Soft-Start  Lim its I nrush Current  

•  Dual 150m A LDOs

ŀ Five Voltages with 1.2V, 1.5V, 1.8V, 2.8V, and 3.0V, 
Sixteen Com binat ions Set  by AS2Cwire 
ŀ Enable Cont rol I ndependent ly by AS2Cwire
ŀ I ntegrated Discharge Resistor when Disabled

•  <  1.0μA in Shutdown
•  Short  Circuit  Protect ion
•  Sm all Applicat ion Circuit
•  -40°C to 85°C Tem perature Range
•  RoHS Com pliant , Halogen-Free TQFN3.0x2.2-18 

Package

Applicat ions 
•  Cam era Phones
•  Digital St ill Cam eras (DSCs)
•  LED Photo Flash/ Torch
•  MP3 Players
•  PDAs and Notebook PCs
•  Sm artphones

Typica l Applicat ion
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Pin Descr ipt ions

Pin # Sym bol Funct ion Descr ipt ion
1 C1+ I Flying capacitor C1 posit ive term inal. Connect  a 1μF capacitor between C1+  and C1- .

2 LDOB O
LDOB output . Four output  voltages can be program m ed by AS2Cwire:  1.2V, 1.5V, 1.8V, and 2.5V. 
2.8V is the default  output  voltage.

3 LDOA O
LDOA output . Four output  voltages can be program m ed by AS2Cwire:  1.5V, 1.8V, 2.5V, and 3.0V. 
1.8V is the default  output  voltage.

4, 8 GND PG Ground connect ion.
5 AGND AG Analog ground connect ion.

6 I NLDO P
I nput  power supply pin to LDOs. Connect  this pin to I N. A 1μF capacitor is recom m ended for 
bypass use from  this pin to ground.

7 I N P I nput  power supply pin. Connect  a 1μF bypass capacitor from  this pin to ground.

9 FCAP I
Fade- in/ fade-out  fi lter. Connect  a 1μF capacitor to enable fade- in t ime of 1s at  20mA LED current  
each. I f the fade- in/ fade-out  funct ion is not  used, leave this pin fl oat ing.

10 D1 I LED driver current  sink D1. Connect  LED cathode to this pin. I f not  used, please t ie to OUTCP.
11 D2 I LED driver current  sink D2. Connect  LED cathode to this pin. I f not  used, please t ie to OUTCP.
12 D3 I LED driver current  sink D3. Connect  LED cathode to this pin. I f not  used, please t ie to OUTCP.
13 D4 I LED driver current  sink D4. Connect  LED cathode to this pin. I f not  used, please t ie to OUTCP.

14 EN/ SET I

Charge pum p enable/ set . When in the low state, AAT2869 is powered down, and consum es less 
than 1μA. When EN/ SET jum ps from  low to high, the charge pum p is act ive and 20m A LED cur-
rent  each are set . The two LDOs are st ill inact ive unt il data 3 is writ ten to address 4 through the 
AS2Cwire interface. This pin should not  be left  fl oat ing.

15 C2- I Flying capacitor C2 negat ive term inal. Connect  a 1μF capacitor between C1+  and C1- .
16 C2+ I Flying capacitor C2 posit ive term inal. Connect  a 1μF capacitor between C2+  and C2- .
17 OUTCP O Charge pum p output . Connect  a 1μF bypass capacitor between this pin to ground. 
18 C1- I Flying capacitor C1 negat ive term inal. Connect  a 1μF capacitor between C2+  and C2- .
EP Exposed pad. Connect  to ground direct ly beneath the package.

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.

Absolute Maxim um  Rat ings 1

Sym bol Descr ipt ion Value Units
VI N I nput  Voltage -0.3 to 6.0 V
VEN EN to GND Voltage -0.3 to 6.0 V

VEN(MAX) Maxim um  EN to I nput  Voltage or GND VI N +  0.3 V
I OUT Maxim um  DC Output  Current  (cont inuous) 2 470 m A
TJ Maxim um  Junct ion Operat ing Tem perature -40 to + 150

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

Therm al I nform at ion 3

Sym bol Descr ipt ion Value Units
ǇJA Therm al Resistance from  Junct ion to Am bient 65.83 OC/ W
ǇJC Therm al Resistance from  Junct ion to Case 38.90 OC/ W
PD Maxim um  Power Dissipat ion 1.5 W
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1. The AAT2869 is guaranteed to m eet  perform ance specificat ions over the -40°C to + 85°C operat ing tem p erature range and is assuredby design, character izat ion, and correlat ion 
with stat ist ical process cont rols.

2. Determ ined by the average of all act ive channels.
3. Current  m atching is defined as the deviat ion of any sink current  from  the average of all act ive channels.
4. The EN/ SET pin m ust  rem ain logic low ( less than VI L)  for the durat ion of longer than 500ǋs to guarantee the off t im eout .
5. The EN/ SET pin m ust  rem ain logic high (greater than VI H)  for the durat ion of longer than 500ǋs to guarantee the latch t im eout .
6. VDO[ A/ B]  is defined as VI N – LDO[ A/ B]  when LDO[ A/ B]  is 98%  of nom inal.

Elect r ica l Character ist ics 1

VI N =  3.6V;  CI N =  1μF;  COUT =  1μF;  CFLY =  1μF;  CFLT =  56nF;  TA =  -40°C to 85°C, unless otherwise noted. Typical v alues 
are TA =  25°C.

Sym bol Descr ipt ion Condit ions Min Typ Max Units
I nput  Pow er Supply

VI N I nput  Voltage Range 2.7 5.5 V
VOUT (m ax) Maxim um  Output  Voltage 5.5 V

I cc Operat ing Current
1x Mode, No Load Current , CP enabled 0.5 1

m A1.5x Mode, I D1 =  FS, excluding I D1,  VD2 =  VD3 =  
VD4 =  I N

2 4

I SHDN(MAX) Shutdown Current EN =  0 1.0 μA
Charge Pum p Sect ion

I OUT(MAX) Maxim um  Output  Current VF =  3.6V 124 m A
fosc Oscillator Frequency 0.9 MHz
t SS Charge Pum p Setup Tim e 100 μs

VI N_(TH) Charge Pum p Mode Hysteresis 1.5x to 1x Transit ion;  I D1 =  I D2 =  I D3 =  I D4 =  31mA 300 m V
LED Current  Sink  Outputs

I DX I SI NK Current  Accuracy2
Data 1, TA =  25OC -10 + 10

%
Data 32 only ± 15

I DX(MATCH)
Current  Marching Between Any Two 
Current  Sinks3 VF;  D1: D4 =  3.6V -5 + 5

VD_(TH) Charge Pum p Mode Transit ion 1x to 1.5x Mode, I D1 =  I D2 =  I D3 =  I D4 =  31m A 120 250 m V
AS2Cw ire Cont rol and EN/ SET Cont rol

VEN/ SET (L) EN/ SET 0.4 V
VEN/ SET (H) EN/ SET 1.4 V

I LEAK EN/ SET I nput  Leakage -1 1 m A
t EN/ SET(LOW) EN/ SET I nput  Low Tim e  0.3 75 μs

t EN/ SET(HI _MI N) EN/ SET Minim um  High Tim e  50 ns
t EN/ SET(HI MAX) EN/ SET Maxim um  High Tim e 75 μs
t EN/ SET(OFF) EN/ SET I nput  Off Tim eout 4  500 μs
t EN/ SET(LAT) EN/ SET Latch Tim eout 5  500 μs

Linear  Regulators

ƩVOUT[ A/ B] /
VOUT[ A/ B]

LDOA,  LDOB Output  Voltage 
Tolerance

I OUT =  1m A to 150m A;  TA =  25°C -2 2 %
I OUT =  1m A to 150m A;  TA =  -40°C to + 85°C -3.0 3.0 %

I OUT[ A/ B] (MAX) LDOA,  LDOB Maxim um  Load Current 200 - m A
VOUT[ A/ B] (DO) LDOA,  LDOB

6 VOUT[ A/ B]  ≥ 3.0V;  I OUT =  150m A 100 150 m V
∆VOUT/

VOUT* ∆VI N
Line Regulat ion VI N =  (VOUT[ A/ B]  +  1V)  to 5V 0.09 % / V

PSRR[ A/ B]
LDOA,  LDOB Power Supply Reject ion 
Rat io

I OUT[ A/ B]  = 10m A, 1kHz 50 dB

ROUT_(DCHG)
LDOA,  LDOB Auto-Discharge 
Resistance

720 ƻ

Therm al
TSD TJ Therm al Shutdown Threshold 140 OC
THYS TJ Therm al Shutdown Hysteresis 20 OC
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Typica l Character ist ics

CP Operating Current vs. Input Voltage
(1x Mode)
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CP Operating Current vs. Input Voltage
(1.5x Mode)
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CP Input Current vs. Input Voltage
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Shutdown Current vs. Temperature
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LDO Operating Current vs. Input Voltage
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LDO Operating Current vs. Input Voltage
(LDOA Only)
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Typica l Character ist ics

CP Efficiency vs. Input Voltage
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Frequency vs. Temperature
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CP Current Matching vs. Temperature
(VIN = 3.6V; VF = 3.3V; 31mA/ch)

Temperature (°C)

C
u

rr
e

n
t 

(m
A

)

-40 -15 10 35 60 85

28.5

29.3

30.1

30.9

31.7

32.5

D1

D2

D3

D4

 

CP Current Matching vs. Temperature
(VIN = 3.6V; VF = 3.3V; 0.5mA/ch)
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LDO Line Regulation vs. Input Voltage
(VOUT = 1.2V)
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LDO Load Regulation vs. Output Current
(VOUT = 1.2V)
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Typica l Character ist ics

EN Input High Threshold Voltage
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EN Input Low Threshold Voltage
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PWM Input Low Threshold Voltage
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EN/SET Input Latch Time vs. Input Voltage
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EN/SET Input Off Time vs. Input Voltage
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Typica l Character ist ics

CP Turn On
(VIN = 3.6V; CIN = COUT = 1μF; CF = 56nF; 20mA/ch)

Time (100μs/div)

EN

(2V/div)

VOUT

(2V/div)

ILED

(20mA/div)

IIN
(200mA/div)

0
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0
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CP Turn Off
(VIN = 3.6V; CIN = COUT = 1μF; CF = 56nF; 31mA/ch)

Time (100μs/div)
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0
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0

CP Current Transient
(VIN = 3.6V; 31mA to 0.5mA)

Time (40μs/div)
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(20mA/div)

0

0

0

0

 

CP Current Transient
(VIN = 3.6V; 0.5mA to 31mA)

Time (100μs/div)
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LDO Turn On
(VIN = 3.6V; CIN = 2.2μF; CLDOA = CLDOB = 2.2μF;

VLDOA = 2.8V; VLDOB = 1.2V)

Time (40μs/div)
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(2V/div)
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LDO Turn On
(VIN = 3.6V; CIN = 2.2μF; CLDOA = CLDOB = 2.2μF;

VLDOA = 3.0V; VLDOB = 1.8V)

Time (40μs/div)

EN

(2V/div)
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(2V/div)
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0

0
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Typica l Character ist ics

LDO Turn Off
(VIN = 3.6V; CIN = 2.2μF; CLDOA = CLDOB = 2.2μF;

VLDOA = 2.8V; VLDOB = 1.2V)

Time (1ms/div)
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VLDOA
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0
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0

 

LDO Turn Off
(VIN = 3.6V; CIN = 2.2μF; CLDOA = CLDOB = 2.2μF;

VLDOA = 3.0V; VLDOB = 1.8V)

Time (1ms/div)
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(2V/div)

VLDOA

(2V/div)

VLDOB
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0

0

0

1.5x Mode Operating Characteristics
(VIN = 3.2V; CIN = COUT = 1μF; 31mA/ch)

Time (1μs/div)

VIN

(AC coupled)

(50mV/div)

VOUT

(AC coupled)

(50mV/div)

IIN
(200mA/div)

ILED

(20mA/div)

0

0

0

0

 

CP Mode Transient
(VIN = 3.6V to 4.2V; CIN = COUT = 1μF; 31mA/ch)

Time (100μs/div)

VIN
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VOUT
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0

0
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LDO Load Transient
(VIN = 3.6V; VOUTB = 1.2V; CIN = COUTB = 2.2μF;

10mA to 150mA)

Time (40μs/div)

VOUT

(2V/div)

IOUTB

(50mA/div)

0

0

 

PSRR vs. Frequency
(VIN = 3.6V, VRIPPLE = 500mVPP, CIN = COUT = 2.2μF, IL = 10mA)
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Typica l Character ist ics

Dropout Characteristics
(VOUTA = 2.8V)
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Dropout Characteristics
(VOUTA = 3.0V)
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Funct ional Block Diagram

Dual-mode

Charge Pump

1X/1.5X

C1+

OUTCP

D1

D2

D3

D4

AGND

EN/SET

C1-

C2+

C2-

IN

32-step AS2Cwire

Backlight Control

and LDO Setting

4

Control

Logic

Fade FilterFCAP

LDOA

LDOB

INLDO

GND

Funct ional Descr ipt ion
The AAT2869 is a high efficiency charge pum p white LED 
driver for portable applicat ions. I t  can drive up to 4 white 
LEDs. The two integrated LDOs can provide 1.2V, 1.5V, 
1.8V, 2.8V and 3.0V output  voltages in 16 com binat ions 
with up to 150m A load capabilit y.

The AAT2869's charge pum p is a fract ional charge pum p 
and can m ult iply the input  voltage by 1 or 1.5 t im es. The 
charge pum p switches at  a fixed frequency of 0.9MHz. 
The internal m ode-select ion circuit  autom at ically switch-
es the m ode between 1x and 1.5x based on the input  
voltage, white LED forward voltage VF,  and the pro-
gram m ed LED current . This m ode switching m axim izes 
the efficiency throughout  the ent ire LED load range. 
When the input  voltage is high enough, the charge pum p 
operates in 1x m ode (no charge pum p)  to provide m ax-
im um  efficiency. I f the input  voltage is too low to supply 
the program m ed LED current , typically when the bat tery 
discharges and the voltage decays, the 1.5x charge 
pum p m ode is autom at ically enabled. When the bat tery 
is connected to a charger and the input  voltage r ises suf-
ficient ly, the device will switch back to 1x m ode.

Six registers are designed for charge pum p enable/ dis-
able cont rol, LED current  program m ing, fade- in, fade-
out  enable/ disable, two LDOs enable/ disable cont rol and 
LDO output  voltage com binat ion set t ing through the 
AS2Cwire interface. After writ ing address 3, the LED cur-
rent  value is program m ed by the EN/ SET serial data 
AS2Cwire interface. The AS2Cwire interface records r ising 
edges of the EN/ SET pin and decodes them  into 32 indi-
vidual current  level set t ings from  0.4m A to 31m A. To get  
a visual fade in and fade out  effect , a sm all external 
capacitor is used to set  LED current  r ising exponent ially 
to the program m ed value and decreasing exponent ially 
to the program m ed floor LED current  level. 

The AAT2869 has five registers with up to four bits each 
to cont rol LED backlight ing enable/ disable, LED current , 
enable/ disable for the two LDOs, output  voltages, etc. as 
shown in Table 1. Each data register can be writ ten with 
1 to 16 EN/ SET r ising edges. Som e bits are internally 
reserved and should only be writ ten with data 0, such as 
address 0, bit  D0, D1 and D3, etc. in order to avoid 
unexpected results. Address 0 is the default  address.I f 
EN/ SET is pulled high after a low level last ing for at  least  
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AS2Cw ire Registers

Address

Funct ion

Data

Num ber
EN/ SET Rising 

Edges D3 D2 D1 D0
EN/ SET Rising 

Edges 
0 [ Default ] 17 Backlight  Enable 0 BL_ENB FADE_EN FADE_I N 1 ~  8

1 18 Backlight  Floor Level 0 0 FLOOR[ 1] FLOOR[ 2] 1 ~  4
2 19 Backlight  MSB 0 0 0 BL[ 4] 1 or 2
3 20 Backlight  LSBs BL[ 3] BL[ 2] BL[ 1] BL[ 0] 1 ~  16
4 21 LDO Enable Cont rol 0 0 LDOA_EN LDOB_EN 1 ~  4
5 22 LDO Output  Voltage LDO[ 3] LDO[ 2] LDO[ 1] LDO[ 0] 1 ~  16

Table 1 : AAT2 8 6 9  AS 2Cw ire Registers.

500μs t OFF t im e, data 0 is writ ten to address 0 and LED 
backlight ing is enabled with default  20m A LED current  
each.

Address 0  –  Backlight  Enable and Fade Enable

The BL_ENB bit  of address register 0 is adopted to 
enable or disable the white LED backlight ing. 0 enables 
backlight ing;  1 disables backlight ing. The FADE_EN and 
FADE_I N bits are adopted to enable/ disable the fade- in/  
fade-out  funct ion. The other bits of the register should 
be writ ten with data 0.

For exam ple, to enable a 20m A fade- in visual effect , 
send 4 data EN/ SET r ising edges after an EN/ SET low 
last ing for t LAT or send 4 data EN/ SET r ising edges after 
17 address EN/ SET r ising edges.

Address 1  –  Back light  Fade Floor  Set t ings

When the fade-out  funct ion is enabled, the LED current  
decreases to the program m ed floor level instead of 
decreasing to zero. The other bits of the register should 
be writ ten with data 0.

Addresses 2  and 3  –
LED Current  Level Set t ings

The LED current  level is set  via the AS2Cwire interface in 
a linear scale by 32 codes where the LED current  of each 
higher code is higher than the lower one, as shown in 
Table 4. I n this m anner, the LED current  decreases lin-
early with each decreasing code. 

Descr ipt ion BL_ ENB FADE_ EN FADE_ I N EN/ SET Rising Edges 
Backlight  on [ default ] 0 0 0 1

Backlight  on 0 0 1 2
Backlight  on, Fade enabled:  fade out 0 1 0 3
Backlight  on, Fade enabled:  fade in 0 1 1 4

Backlight  off 1 0/ 1 0/ 1 5 ~  8

Table 2 : AS 2Cw ire Register  Address 0 .

Descr ipt ion FLOOR[ 1 ] FLOOR[ 2 ]
Floor 0.5m A [ default ] 0 0

Floor 1.0m A 0 1
Floor 2.0m A 1 0
Floor 3.0m A 1 1

Table 3 : AS 2Cw ire Register  Address 1 .
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LED 
Current  
Codes

Address 2 Address 3 LED 
Current  

( m A)BL4 BL3 BL2 BL1 BL0

1 0 0 0 0 0 0.4
2 0 0 0 0 1 0.9
3 0 0 0 1 0 1.9
4 0 0 0 1 1 2.9
5 0 0 1 0 0 3.9
6 0 0 1 0 1 4.9
7 0 0 1 1 0 6.0
8 0 0 1 1 1 7.0
9 0 1 0 0 0 8.0

10 0 1 0 0 1 9.0
11 0 1 0 1 0 10.0
12 0 1 0 1 1 11.0
13 0 1 1 0 0 12.0
14 0 1 1 0 1 13.0
15 0 1 1 1 0 14.0
16 0 1 1 1 1 15.0
17 1 0 0 0 0 16.0
18 1 0 0 0 1 17.0
19 1 0 0 1 0 18.0
20 1 0 0 1 1 19.0

21 1 0 1 0 0
20.0 

[ default ]
22 1 0 1 0 1 21.0
23 1 0 1 1 0 22.0
24 1 0 1 1 1 23.0
25 1 1 0 0 0 24.0
26 1 1 0 0 1 25.0
27 1 1 0 1 0 26.0
28 1 1 0 1 1 27.0
29 1 1 1 0 0 28.0
30 1 1 1 0 1 29.0
31 1 1 1 1 0 30.0
32 1 1 1 1 1 31.0

Table 4 : AS 2Cw ire Register  Addresses 2  and 3 1 .

Address 4  –  LDO Enable Cont rol

The AAT2869 includes two low dropout  (LDO) linear 
regulators. These regulators are powered from the bat-
tery and produce a fixed output  voltage which is set  using 
the AS2Cwire serial interface. AS2Cwire address register 
4 turns the two LDOs on/ off through the AS2Cwire serial 
interface. An internal resistor is used to discharge the 
LDO output  voltage when the LDO is disabled.

Descr ipt ion

Data

LDOA_ EN LDOB_ EN
EN/ SET 

Rising Edges 
LDOA Off,
LDOB Off
[ Default ]

0 0 1

LDOA Off, 
LDOB On

0 1 2

LDOA On, 
LDOB Off

1 0 3

LDOA On, 
LDOB On

1 1 4

Table 5 : AS 2Cw ire Register  Address 4 .

Address 5  -  LDO Voltage Output  Set t ing

Register address 5 is used to set  the LDOA and LDOB 
output  voltage levels. Sixteen combinat ions of the two 
LDOs can be programmed by the 4 bits of the register. 
LDOA can be set  to one of four levels:  1.5V, 1.8V, 2.8V, or 
3.0V. LDOB can be set  to one of four levels:  1.2V, 1.5V, 
1.8V, or 2.8V. The LDO regulators require only a small 
2.2ǋF ceramic output  capacitor for stable operat ion. I f 
improved load t ransient  response is required, larger-val-
ued capacitors can be used without  stability degradat ion.
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AS2Cw ire EN/ SET I nter face 

The AAT2869 is dynam ically program m able using the 
AS2Cwire single-wire interface. AS2Cwire records r ising 
edges detected at  the EN/ SET pin to address and load 
the data registers. The t im ing diagram  in Figure 1 shows 
the typical t ransm ission protocol.

The AAT2869 latches address or data after the EN/ SET 
input  has been held high for t ime tLAT (500μs)  through the 
AS2Cwire interface. Address and data are different iated by 
the number of EN/ SET rising edges. An address has from  
17 to 22 EN/ SET rising edges;  data has from 1 to 16 EN/
SET rising edges. A typical AS2Cwire interface write pro-
tocol is a burst  of EN/ SET rising edges ident ifying a par-
t icular address, followed by a pause with EN/ SET held 
high for the t LAT t imeout  period, then a burst  of r ising 
edges signifying data, and another tLAT t imeout  after the 
data has been sent . Once an address is set , mult iple 
writes to that  address are allowed since the address is not  
reset  after each write. Address edges are needed when 
changing the address, or writ ing to an address other than 
the default  after shutdown. Address 0 is the default  
address after shutdown. I f the part  is enabled with only 

one rising edge after shutdown, then Address 0 will be 
programmed and LED backlight  channels BL1-BL4 will be 
enabled to the default  set t ing of 20mA each.

When EN/ SET is held low for a t im e longer than tOFF 
(500μs) , the AAT2869 enters shutdown m ode with the 
charge pum p and both LDOs all turning off and draws 
less than 1μA of current  from  I N. At  shutdown, the data 
and address registers are reset  to 0. 

Short  Circuit  and 
Over- Tem perature Protect ion

The AAT2869 integrates short  circuit  protect ion to lim it  
the input  current  in case of the charge pum p output  or 
the two LDO outputs are shorted to ground by fault . The 
backlight  and the two LDOs will recover to norm al oper-
at ion once the fault  is rem oved. 

The AAT2869 also includes over- tem perature protect ion 
circuit ry. When the junct ion tem perature is too high, the 
over- tem perature protect ion circuit ry is act ive and the I C 
enters standby m ode, turning off the LED current  and 
LDO outputs. When the fault  is rem oved, the LED back-
light ing and the LDO outputs all recover.

Descr ipt ion

Data

LDO[ 3 ] LDO[ 2 ] LDO[ 1 ] LDO[ 0 ] EN/ SET Rising Edges 
LDOA =  3.0V, LDOB =  2.8V 0 0 0 0 1
LDOA =  3.0V, LDOB =  1.8V 0 0 0 1 2
LDOA =  3.0V, LDOB =  1.5V 0 0 1 0 3
LDOA =  3.0V, LDOB =  1.2V 0 0 1 1 4
LDOA =  2.8V, LDOB =  2.8V 0 1 0 0 5
LDOA =  2.8V, LDOB =  1.8V 0 1 0 1 6
LDOA =  2.8V, LDOB =  1.5V 0 1 1 0 7
LDOA =  2.8V, LDOB =  1.2V 0 1 1 1 8

LDOA =  1.8V, LDOB =  2.8V [ default ] 1 0 0 0 9
LDOA =  1.8V, LDOB =  1.8V 1 0 0 1 10
LDOA =  1.8V, LDOB =  1.5V 1 0 1 0 11
LDOA =  1.8V, LDOB =  1.2V 1 0 1 1 12
LDOA =  1.5V, LDOB =  2.8V 1 1 0 0 13
LDOA =  1.5V, LDOB =  1.8V 1 1 0 1 14
LDOA =  1.5V, LDOB =  1.5V 1 1 1 0 15
LDOA =  1.5V, LDOB =  1.2V 1 1 1 1 16

Table 6 : AS 2Cw ire Register  Address 5  LDOA and LDOB Output  Volta ge Set t ings.
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Applicat ion I nform at ion

LED Select ion

The AAT2869 is designed to dr ive high intensity white 
flash LEDs with forward voltages up to 4.4V. Though 
AAT2869 switches the charge pum p m ode 1x and 1.5x 
m ode autom at ically to m aintain the cont inuous LED cur-
rent  accuracy, to obtain higher efficiency lower VF white 
LEDs should be selected.

Maxim um  LED Current  Set t ing

32 maximum LED current  codes from 0.4mA to 31mA can 
be set  by two registers using addresses 2 and 3 through 
the EN/ SET AS2Cwire interface as shown in Figure 2. To 
obtain linear LED current  change, the AAT2869 will not  
change the LED current  when only address 2 is writ ten. 
The control circuit  only loads data to the address 2 and 

address 3 registers after address 3 is writ ten to determ ine 
which LED current  code is programmed. The address 2 
BL4 default  value is 0 after one EN/ SET rising edge.

Codes 1 to 16 with LED current  from  0.4m A to 15m A can 
be set  after sending 20 r ising edges to address 3 and 
sending data with 1 to 16 r ising edges after t LAT.  Codes 
17 to 32 with LED current  from  16m A to 31m A can be 
obtained after writ ing both address 2 and address 3. This 
operat ion is perform ed using the following steps:

1. Select  address 2 by sending 19 r ising edges to EN/ SET 
and holding high for t LAT;

2. Send data 1 to set  DL4 by sending 2 r ising edges and 
holding high for t LAT;

3. Select  address 3 by sending 20 r ising edges on EN/
SET and holding high for t LAT;

4. Send data 15 to enable LED current  code 32 set t ing by 
sending 16 r ising edges on EN/ SET and holding high 
for t LAT.

1 2 19 20

TLAT TLAT

TLO

THI

Address Data

Address

EN/SET

Data Reg

0 3

0 n

1 2 n ≤ 16

Figure 1 : AS 2Cw ire Tim ing Diagram .

LED Current Code

I L
E

D
 (

V
)

1 3 5 7 9 11 132 4 6 8 10 12 14 15 1716 18 19 2120 22 23 2524 26 27 28 29 3130 32

0
2
4
6
8

10
12
14
16
18
20
22
24
26
28
30
32

Figure 2 : AAT2 8 6 9  Tota l 3 2  LED Current  Codes vs. LE D Current .
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Fade I n and Fade Out

AAT2869 adopts several linear current  change segments 
to approximate the exponent ial LED current  change to 
get  a fashion fade- in visual effect . The fade- in t im e is 
m ainly determ ined by the external capacitor CF and the 
charge current . The following form ula can be used to 
est imate how much capacitance is suitable for an expect-
ed fade- in t ime.

CF (µF) = 
tFADE-IN

48.7 · ILED

For exam ple, for a 1 second fade- in t im e at  20m A LED 
current  each, a 1μF CF capacitor can be used. Table 7 
shows the fade- in t im e with CF of 560nF and 1μF CF at  
different  LED current  set t ings. 

CF (μF) I LED  ( m A) t FADE- I N  ( s)
0.56 10 0.273
0.56 15 0.409
0.56 20 0.545
0.56 25 0.682
0.56 30 0.818

1 10 0.5
1 15 0.7
1 20 1.0
1 25 1.2
1 30 1.5

Table 7 : Fade- in Tim e Exam ples 
at  Different  C F and LED Current  Set t ings.

Fade-out  t im e is determ ined by the discharging t im e of 
the CF through an internal 200kƻ resistor R. For exam -
ple, 1μF CF generates 800m s fade-out  t im e;  560nF CF 
generates 450m s fade-out  t im e.

tFADE-OUT (s) = 4 · RCF = 0.8 · CF 

Charge Pum p Eff iciency

1 x Mode Eff iciency

The AAT2869's 1x m ode is operat ional at  all t im es and 
funct ions alone to enhance device power conversion effi-
ciency when VI N is higher than the voltage across the 
load. When in 1x m ode, voltage conversion efficiency is 
defined as output  power divided by input  power.

η = 
POUT

PIN

The ideal efficiency (ǆ)  in 1X charge pum p m ode can be 
expressed as:

η = 
POUT =

 VF · IOUT ≈
   VF

PIN      VIN · IIN      VIN

-or-

η(%) = 100
VF

VIN

1 .5 x Charge Pum p Mode Eff iciency

The AAT2869 contains a fract ional charge pum p which 
will boost  the input  supply voltage in the event  where VI N 
is less than the voltage required to supply the output . 
The efficiency (ǆ)  can be sim ply defined as a linear volt-
age regulator with an effect ive output  voltage that  is 
equal to one and one half t im es the input  voltage. 
Efficiency (ǆ)  for an ideal 1.5x charge pum p can be cal-
culated by the following equat ion:

 = = ≈ 
VF · IOUT

VIN · IIN

VF

1.5 · VIN

VF · IOUT

VIN · 1.5 · IOUT

η = 
POUT

PIN

-or-

η(%) = 100
VOUT

1.5 · VIN

Capacitor  Select ion

The AAT2869 requires seven capacitors in its typical 
applicat ion:  CI N,  COUT,  C1,  C2,  CFLT and CLOA,  CLOB.  Am ong 
them , CI N,  C1,  C2 and COUT are required for 1.5x m ode 
charge pum p operat ion. 1μF surface-m ount  m ult i- layer 
ceram ic capacitors with low ( less than 100mΩ)  equiva-
lent  series resistance (ESR)  are recom m ended. Though 
ESR of the capacitors will not  affect  the abilit y of the 
capacitor to store energy, it  has a large effect  on perfor-
m ance such as equivalent  output  resistance, efficiency, 
and output  voltage r ipple of the charge pum p. Tantalum  
and alum inum  elect rolyt ic capacitors are not  recom -
m ended due to their  high ESR. A value of 2.2μF or above 
is required for the LDOA and LDOB output  capacitors for 
proper load voltage regulat ion and stable operat ion. 
Som e recom m ended capacitors are listed in Table 6.
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For m ost  applicat ions, ceram ic capacitors with X5R tem -
perature character ist ic are preferred for AAT2869 appli-
cat ion. These capacitors have good capacitor tolerance 
over wide tem perature (X5R:  ± 15%  over -55°C to 
+ 85°C) . Capacitors with Y5V or Z5U tem perature char -
acter ist ic are generally not  recom m ended for AAT2869. 
They have wide capacitance tolerance over special tem -
perature (Y5V:  + 22% , -82%  over -30°C to + 85°C, Z5U:  
+ 22% , -56%  over + 10°C to + 85°C) .

Careful select ion of the four external capacitors CI N,  C1,  
C2,  COUT is im portant  because they will affect  turn on 
t im e, output  r ipple and t ransient  perform ance. Opt im um  
perform ance will be obtained when low ESR (< 100mΩ)  
ceram ic capacitors are used. I n general, low ESR m ay be 
defined as less than 100mΩ.  A capacitor value of 1uF for 
all four capacitors is a good start ing point  when choosing 
capacitors. I f the LED current  sinks are only program m ed 
for light  current  levels, then the capacitor size may be 
decreased.

Addit iona l Applicat ions

The current  sinks of the AAT2869 can be com bined to 
dr ive higher current  levels through a single LED. As an 
exam ple, Figure 3 shows the AAT2869 dr iv ing a single 
white LED with up to 124m A by connect ing D1-D4 
together to the LED cathode.

Printed Circuit  Board
Layout  Recom m endat ions

When designing a PCB for the AAT2869, the key require-
m ents are:

1.  Place the fly ing capacitors C1 and C2 as close to the 
chip as possible;  otherwise 1.5x m ode perform ance 
will be com prom ised.

2.  Place the input  and output  decoupling capacitors as 
close to the chip as possible to reduce switching 
noise and output  r ipple. 

3.  Connect  the exposed pad to GND plane for opt im al 
power dissipat ion.

Manufacturer Par t  Num ber Value ( μF) Voltage Tem p. Co. ESR ( m ƻ)  a t  1 MHz Case

Murata
GRM188R61C105KA93 1 16 X5R 18 0603
GRM185R60J105KE21 1 6.3 X5R 16 0603
GRM188R61A225KE34 2.2 10 X5R 12 0603

TDK
C1608X5R1C105K 1 16 X5R 5.5 0603
C1608X5R0J225K 2.2 6.3 X5R 3.3 0603

Table 6 : AAT2 8 6 9  Recom m ended Capacitors.

IN

C1+

C1-

C2+

C2-
OUTCP

D1
D2
D3

AGND

AAT2869

C1

1µF

C2

1µF

CIN

2.2µF

COUT

1µF

CF

1µF
CLDOB

2.2µF

CLDOA

2.2µF

D4

FCAP

GND

LDOA

LDOB

INLDO D1

Up to

124mA

LDOA

LDOB

VIN

2.7~5.5V

EN/SETAS2Cwire

Figure 3 : H igher  Current , Single LED Applicat ion.
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Schem at ic and Layout

AS2Cwire

Microcontroller

AAT2869

White LED 
Driver

1µF
C1

2.2µF
CIN

0.1uF
C3

1k
R10

1k
R9

V_MCU

SELECT

DETAIL

SEND

J1

1k
R11

1k
R12

VDD
1

GP5
2

GP4
3

GP3
4

GP2
5

GP1
6

GP0
7

VSS
8

PIC12F675U2

LED2

Red

D1

1µF
C2

DC+

DC-

1µF

COUT

D2 D3 D4

1µF
CF

EN/SET

0
R1

0
R2

0
R3

0
R4

50k

R8

AAT2869

C1+
1

GND
4

EN/SET
14

FCAP
9

LDOB
2

LDOA
3

D4
13

D3
12

D2
11

EP

C1-
18

IN
7

D1
10

OUTCP
17

C2-
15

C2+
16

GND
8

INLDO
6

AGND
5

U1

CLDOA

CLDOB

LDOA

LDOB

V_LDO

1k
R6

LED1

Green

VOUT

2.2µF

2.2µF

Figure 4 : AAT2 8 6 9  Evaluat ion Board Schem at ic.

  
 Figure 5 : AAT2 8 6 9  Evaluat ion Board Figure 6 : AAT2 8 6 9  Evaluat ion Board 
 Top Side Layout . Bot tom  Side Layout . 
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Com ponent Par t  Num ber Descr ipt ion Manufacturer

U1 AAT2869I DT
Fade- in/ Fade-out  4 Channel 1X/ 1.5X Charge Pum p for 

White LEDs with Dual LDOs
Analogic Tech

U2 PI C12F675 8-Pin Flash-Based 8-Bit  CMOS Microcont roller Microchip
R1, R2, R3, R4 RC0603FR-070RL Res 0ƻ 1/ 10W 1%  0603 SMD

YageoR8 RC0603FR-0749K9L Res 49.9Kƻ 1/ 10W 1%  0603 SMD
R6, R9, R10, R11, R12 RC0603FR-071KL Res 1Kƻ 1/ 10W 1%  0603 SMD

C1, C2, COUT,  CF GRM188R71C105K Cap Ceram ic 1ǋF 0603 X7R 16V 10%
MurataCLA, CLB, CI N GRM188R61A225K Cap Ceram ic 2.2ǋF 0603 X5R 10V 10%

C3 GRM188R71C104K Cap Ceram ic 0.1μF 0603 X7R 16V 10%
D1, D2, D3, D4 RS-0805UW  20m A White LED 0805 Realstar

LED1 0805KGCT Green LED 0805 HB
LED2 0805KRCT Red LED 0805 HB

CYCLE, UP, DOWN 6* 6* 5 12V 50m A Pushbut ton E-LT

Table 8 : AAT2 8 6 9 I DT- DB1  Evaluat ion Board Bill of Ma ter ia ls.
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Ad v a n ce d  An a lo g i c T e ch n o lo g ie s,  I n c.
3 2 3 0  Scot t  Bou lev ar d ,  San t a Clar a,  CA 9 5 0 5 4
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©  Advanced Analogic Technologies, I nc.
AnalogicTech cannot  assum e responsibilit y for use of any circuit ry other than circuit ry ent irely em bodied in an AnalogicTech product . No circuit  patent  licenses, copyrights, m ask work r ights, or other intellectual 
property r ights are im plied. AnalogicTech reserves the r ight  to m ake changes to their  products or specifi cat ions or to discont inue any product  or service without  not ice. Except  as provided in AnalogicTech’s term s and 
condit ions of sale, AnalogicTech assum es no liabilit y whatsoever, and AnalogicTech disclaim s any express or im plied warranty relat ing to the sale and/ or use of AnalogicTech products including liabilit y or warrant ies 
relat ing to fi tness for a part icular purpose, m erchantabilit y, or infr ingem ent  of any patent , copyright  or other intellectual property r ight.  I n order to m inim ize r isks associated with the custom er ’s applicat ions, adequate 
design and operat ing safeguards m ust  be provided by the custom er to m inim ize inherent  or procedural hazards. Test ing and other quality cont rol techniques are ut ilized to the extent  AnalogicTech deem s necessary to 
support  this warranty. Specifi c test ing of all param eters of each device is not  necessarily perform ed. AnalogicTech and the AnalogicTech logo are t radem arks of Advanced Analogic Technologies I ncorporated. All other 
brand and product  nam es appearing in this docum ent  are registered t radem arks or t radem arks of their  respect ive holders.

1. XYY =  assem bly and date code.
2. Sam ple stock is generally held on part  num bers listed in BOLD .
3. The leadless package fam ily, which includes QFN, TQFN, DFN, TDFN and STDFN, has exposed copper (unplated)  at  the end of the lead term inals due to the m anufactur ing 

process. A solder fillet  at  the exposed copper edge cannot  be guaranteed and is not  required to ensure a proper bot tom  solder connect ion.

Order ing I nform at ion

Package Mark ing 1 Part  Num ber ( Tape and Reel) 2

TQFN3.0x2.2-18L F3XYY AAT2 8 6 9 I DT- T1

All AnalogicTech products are offered in Pb-free packaging. The term “Pb-free” means semiconductor 

products that are in compliance with current RoHS standards, including the requirement that lead not 

exceed 0.1% by weight in homogeneous materials. For more information, please visit our website at 

http://www.analogictech.com/aboutus/quality.php.

Package I nform at ion
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