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Genera l Descr ipt ion
The AAT2861 is a highly integrated charge pum p-based 
light ing m anagem ent  unit  (LMU)  offer ing eight  LED 
channels with three linear regulators opt im ized for sin-
gle-cell lithium - ion/ polym er system s. The charge pum p 
provides power for all LED outputs;  m ult iple backlight  
and flash LED configurat ions are available. The backlight  
LED outputs can be program m ed up to 31m A each and 
the flash LED output  current  can be program m ed up to 
600m A total.  AnalogicTech’s AS2Cwire™ (Advanced 
Sim ple Serial Cont rol™)  single-wire interface is used to 
enable, disable, and set  the current  to one of 32 levels 
for the backlight  and one of 16 levels for the flash. A 
program m able safety t im er and separate flash cont rol 
input  are included for easy flash cont rol. Backlight  cur-
rent  m atching is bet ter than 3%  for uniform  display 
br ightness, and flash current  m atching is bet ter than 5%  
for uniform  power dissipat ion.

The AAT2861 also offers three high-perform ance low-
noise MicroPower™ LDO linear regulators. The regulators 
output  voltages are set  through the AS2Cwire serial 
interface. Each LDO can supply up to 300m A load cur-
rent  and ground-pin current  is only 80μA, m aking the 
AAT2861 ideal for bat tery-operated applicat ions.

The AAT2861 is available in a Pb- free, space-saving 
TQFN34-24 package and operates over the -40°C to 
+ 85°C am bient  tem perature range.

Features
•  I nput  Voltage Range:  2.7V to 5.5V
•  AS2Cwire Serial I nterface
•  Tri-Mode Charge Pum p
ŀ Drives up to Eight  LEDs (Backlight / Flash)

•  Program m able Backlight  Current  Set t ings
ŀ 31m A Maxim um  Current  per Channel
ŀ 32 Linear Current  Set t ings
ŀ I ndependent  Main/ Sub Set t ings
ŀ Program m able Fade-I n and Fade-Out  

•  Program m able Flash Current
ŀ 600m A Total Flash Current
ŀ 16 Linear Current  Set t ings
ŀ 1-  or 2-Channel Configurat ion 

•  1MHz Switching Frequency 
•  Autom at ic Soft-Start
•  Three Linear Low Dropout  Regulators

ŀ 300m A Output  Current
ŀ 150m V Dropout
ŀ Program m able Output  Voltage from  1.2V to 3.3V 
ŀ Output  Auto-Discharge for Fast  Shutdown

•  Built - I n Therm al Protect ion
•  Autom at ic Soft  Start
•  -40°C to + 85°C Tem perature Range
•  TQFN34-24 Package

Applicat ions
•  Cam era Enabled Mobile Devices
•  Digital St ill Cam eras 
•  Mult im edia Mobile Phones

Typica l Applicat ion
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Pin Descr ipt ions 

Pin # Sym bol Descr ipt ion

1 OUT
Charge pum p output . OUT is the output  of the charge pum p and supplies current  to the backlight  and fl ash 
LEDs. Connect  the backlight  and fl ash LED anodes to OUT. Bypass OUT to PGND with a 2.2ǋF or larger 
ceram ic capacitor as close to the AAT2861 as possible.

2 C2+ Posit ive term inal of charge pum p capacitor 2. Connect  the 1ǋF charge pum p capacitor 2 from  C2+  to C2- .

3 EN/ SET
AS2Cwire serial input . EN/ SET is the address and data input  of the AS2Cwire serial interface. AS2Cwire is 
used to cont rol backlight , fl ash and LDO funct ions.

4 FL_EN
Flash enable. FL_EN is the enable cont rol for the Flash LEDs. For the FL_EN pin to enable the fl ash current , 
the EN/ SET pin m ust  also be pulled high.

5 EN_LDOA
LDO A enable pin. EN_LDOA turns on or off LDO regulator A. The EN/ SET pin m ust  also be pulled high for 
LDO A to be enabled. The EN_LDOA input  can be overwrit ten via the AS2Cwire interface to disable LDO A.

6 EN_LDOB/ C
LDO B and LDO C enable pin. EN_LDOB/ C enables both LDO regulators B and C. The EN/ SET pin m ust  
also be pulled high for the LDO regulators to be enabled. The EN_LDOB/ C input  can be overwrit ten via the 
AS2Cwire interface to disable either LDO B or LDO C.

7 AGND Analog ground. Connect  AGND to PGND at  a single point  as close to the AAT2861 as possible.

8 LDOC
LDOC is the voltage output  of LDO C. Bypass LDOC to AGND with a 2.2ǋF or larger capacitor as close to 
the AAT2861 as possible.

9 I N I nput  power pin for all three LDOs. Connect  Pin 9 to Pin 23 with as short  a PCB t race as pract ical.

10 LDOB
LDOB is the voltage output  of LDO B. Bypass LDOB to AGND with a 2.2ǋF or greater capacitor as close to 
the AAT2861 as possible.

11 LDOA
LDOA is the voltage output  of LDO A. Bypass LDOA to AGND with a 2.2ǋF or larger ceram ic capacitor as 
close to the AAT2861 as possible.

12 BL1
Backlight  LED 1 current  sink. BL1 cont rols the current  through backlight  LED 1. Connect  the cathode of 
backlight  LED 1 to BL1. I f not  used, connect  BL1 to OUT.

13 BL2
Backlight  LED 2 current  sink. BL2 cont rols the current  through backlight  LED 2. Connect  the cathode of 
backlight  LED 2 to BL2. I f not  used, connect  BL2 to OUT.

14 BL3
Backlight  LED 3 current  sink. BL3 cont rols the current  through backlight  LED 3. Connect  the cathode of 
backlight  LED 3 to BL3. I f not  used, connect  BL3 to OUT.

15 BL4
Backlight  LED 4 current  sink. BL4 cont rols the current  through backlight  LED 4. Connect  the cathode of 
backlight  LED 4 to BL4. I f not  used, connect  BL4 to OUT.

16 BL5
Backlight  LED 5 current  sink. BL5 cont rols the current  through backlight  LED 5. Connect  the cathode of 
backlight  LED 5 to BL5. I f not  used, connect  BL5 to OUT.

17 BL6
Backlight  LED 6 current  sink. BL6 cont rols the current  through backlight  LED 6. Connect  the cathode of 
backlight  LED 6 to BL6. I f not  used, connect  BL6 to OUT.

18 BL7 (FL2)

AAT2861-1/ 3:  Backlight  LED 7 current  sink. BL7 cont rols the current  through backlight  LED 7. Connect  the 
cathode of backlight  LED 7 to BL7. I f not  used, connect  BL7 to OUT.
AAT2861-2:  Flash LED 2 current  sink. FL2 cont rols the current  through Flash LED 2. Connect  the cathode 
of Flash LED 2 to FL2. I f not  used, connect  FL2 to OUT.

19 FL1
Flash LED 1 current  sink. FL1 cont rols the current  through Flash LED 1. Connect  the cathode of Flash LED 
1 to FL1. I f not  used, connect  FL1 to OUT.

20 PGND Power ground. Connect  PGND to AGND at  a single point  as close to the AAT2861 as possible.
21 C2- Negat ive term inal of charge pum p capacitor 2.
22 C1- Negat ive term inal of charge pum p capacitor 1.

23 I N
Power input . Connect  I N to the input  source voltage. Bypass I N to PGND with a 2.2ǋF or larger ceram ic 
capacitor as close to the AAT2861 as possible.

24 C1+ Posit ive term inal of charge pum p capacitor 1. Connect  the 1ǋF charge pum p capacitor 1 from  C1+  to C1- .
EP Exposed paddle (bot tom )  Connect  to PGND/ AGND.
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Pin Configurat ion
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Part  Num ber Descr ipt ions 1

Part  Num ber

Back light  LED Outputs

Flash LED OutputsMain Sub

AAT2861I MK-1-T1 4 3 1
AAT2861I MK-2-T1 4 2 2
AAT2861I MK-3-T1 5 2 1

Absolute Maxim um  Rat ings 2

Sym bol Descr ipt ion Value Units
I N, OUT, BL1, BL2, BL3, BL4, BL5, BL6, BL7/ FL2, FL1 Voltage to AGND -0.3 to 6.0 V
C1+ , C2+  Voltage to AGND -0.3 to VOUT +  0.3 V
C1- , C2- , LDOA, LDOB, LDOC, EN/ SET, FL_EN, EN_LDOA, EN_LDOB/ C Voltage to AGND -0.3 to VI N +  0.3 V
PGND Voltage to AGND -0.3 to 0.3 V

TJ Operat ing Junct ion Tem perature Range -40 to 150 °C
TLEAD Maxim um  Soldering Tem perature (at  leads, 10 sec) 300 °C

Therm al I nform at ion 3 ,4

Sym bol Descr ipt ion Value Units
PD Maxim um  Power Dissipat ion 2.0 W
θJA Maxim um  Therm al Resistance 50 °C/ W

1. Backlight  and Flash Configurat ion within a part  num ber is configured though the AS2Cwire serial interface. For exam ple, disabling the “Main Equals Sub”  feature (Address 8, 
Data 5 -  8)  in the AAT2861-1 will configure BL1-BL4 LED outputs as MAI N and BL5-BL7 outputs as SUB.

2. 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.

3. Derate 20m W/ °C above 25°C am bient  tem perature.
4. Mounted on a FR4 circuit  board.
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Elect r ica l Character ist ics 1

VI N =  3.6V;  CI N =  COUT =  2.2ǋF;  C1 =  C2 =  1μF;  TA =  -40°C to + 85°C, unless otherwise noted. Typical values are TA =  
25°C.

Sym bol Descr ipt ion Condit ions Min Typ Max Units
VIN IN Operat ing Voltage Range 2.7 5.5 V

I IN

IN Operat ing Current  (1x mode, Main 
Channels enabled, IBLX not  included)

EN/ SET =  IN, BL1-BL7 =  IN, FL_EN =  
EN_LDOA =  EN_LDOB/ C =  AGND

600 μA 

IN Operat ing Current  (2x mode, Main 
Channels enabled, IBLX not  included)

2X Mode;  EN/ SET =  IN, FL_EN =  EN_LDOA =  
EN_LDOB/ C =  AGND;  BL1-BL7 =  OPEN

5.5 m A

IN Operat ing Current  (LDOA, LDOB and 
LDOC enabled)

EN/ SET =  EN_LDOA =  EN_LDOB/ C =  IN;  FL_EN  
=  AGND;  ADDR =  3;  DATA =  1;  No Load

225 μA

IN Operat ing Current  (Only LDOA 
enabled)

EN/ SET =  EN_LDOA =  IN;  FL_EN =  EN_LDOB/ C 
=  AGND, ADDR =  3;  DATA =  1;  No Load 

80 μA

I IN(SHDN) IN Shutdown Current EN/ SET, FL_EN, EN_LDOA, EN_LDOB/ C =  AGND 1.0 μA
TSD Over-Temperature Shutdown Threshold 140 °C

TSD(HYS) Over-Temperature Shutdown Hysteresis 15 °C
Charge Pum p Sect ion

VOUT OUT Output  Voltage 5.2 V
I OUT(MAX) OUT Maximum Output  Current VIN =  3.0V, VOUT =  4.0 800 mA

VIN(TH_H, BL)
BL1-BL7 Charge Pump Mode Transit ion 
Hysteresis

EN/ SET =  IN;  VIN – VF =  1V;  ADDR =  0, DATA =  
16;  ADDR =  3, DATA =  3;  ADDR =  2, DATA =  12

0.3 V

VIN(TH_H, FL)
FL1-FL2 Charge Pump Mode Transit ion 
Hysteresis

EN/ SET =  FL_EN =  IN;  VIN – VF =  1V;  ADDR =  
10, DATA =  1

1 V

fOSC Charge Pump Oscillator Frequency TA =  25°C 1 MHz
tCP(SS) Charge Pump Soft-Start  Time TA =  25°C 100 μs

BL1 - BL6 , BL7 / FL2 , FL1  LED Dr ivers

I BLx BL1-BL7 Current  Accuracy
EN/ SET =  IN;  VIN – VF =  1V;  ADDR =  0, DATA =  
16;  ADDR =  3, DATA =  3;  ADDR =  2, DATA =  12

18 20 22 m A

I BL_x BL1-BL7 Current  Accuracy
EN/ SET =  IN;  VIN – VF =  1V;  ADDR =  0, DATA =  
16;  ADDR =  3, DATA =  4;  ADDR =  2, DATA =  14

1.6 2 2.4 m A

ƩI (BLx)/
I BL(AVG)

BL1-BL7 Current  Matching2 
EN/ SET =  IN;  VIN – VF =  1V;  ADDR =  0, DATA =  
16;  ADDR =  3, DATA =  3;  ADDR =  2, DATA =  12

3 %

VBL_(TH)
BL1-BL7 Charge Pump Transit ion 
Threshold

EN/ SET =  IN;  VIN – VF =  1V;  ADDR= 0, DATA =  
16;  ADDR =  3, DATA =  3;  ADDR =  2, DATA =  12

0.2 V

t FADE
BL1-BL7 Automat ic Fade-I n/ Fade-Out  
Timer

EN/ SET =  IN;  VIN – VF =  1V;  ADDR =  0, DATA =  
16;  ADDR =  1, DATA =  1;  ADDR =  2, DATA =  
12;  ADDR =  3, DATA =  3

0.75 1 1.25 s

I FL[ 1] FL1 Current  Accuracy
EN/ SET =  FL_EN =  IN;  VIN – VF =  1V;  ADDR =  
10, DATA =  1

540 600 660 m A

I FL[ 1] (DATA13) FL1 Current  Accuracy
EN/ SET =  FL_EN =  IN;  VIN – VF =  1V;  ADDR =  
10, DATA =  13

108 120 132 m A

ƩI (FLx)/
I FL(AVG)

FL1-FL2 Current  Matching (AAT2861-2 
only)

EN/ SET =  FL_EN =  IN;  VIN – VF =  1V, ADDR =  
10, DATA =  1

5 %

VFL[ 1/ 2] (TH) FL1 Charge Pump Transit ion Threshold
EN/ SET =  FL_EN =  IN;  VIN – VF =  1V;  ADDR =  
10, DATA =  1

0.45 V

Ʃt FL/ t FL_SET Flash Safety Timer Period
EN/ SET =  FL_EN =  IN;  VIN – VF =  1V;  ADDR =  
11, DATA =  1

1.5 2 2.5 s

1. The AAT2861 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. Current  m atching is defined as the deviat ion of any sink current  from  the average of all act ive channels.
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Elect r ica l Character ist ics ( cont inued) 1

VI N =  3.6V;  CI N =  COUT =  2.2ǋF;  C1 =  C2 =  1μF;  TA =  -40°C to + 85°C, unless otherwise noted. Typical values are TA =  
25°C.

Sym bol Descr ipt ion Condit ions Min Typ Max Units
Linear  Regulators

ƩVLDO[ A/ B/ C] /
VLDO[ A/ B/ C]

LDOA, LDOB, LDOC Output  Voltage Tolerance
I LDO =  1m A to 200m A;  TA =  25°C -1.5 1.5 %
I LDO =  1m A to 200m A;  
TA =  -40°C to + 85°C

-3.0 3.0 %

I LDO[ A/ B/ C] (MAX) LDOA, LDOB, LDOC Load Current 200 m A
VLDO[ A/ B/ C] (DO) LDOA, LDOB, LDOC Dropout  Voltage2 VLDO[ A/ B/ C]  ≥ 3.0V;  I LDO =  150m A 75 150 m V

ΔVLDO/
VLDO* ΔVI N

LDOA, LDOB, LDOC Line Regulat ion VI N =  (VLDO[ A/ B/ C]  +  1V)  to 5V 0.09 % / V

PSRR[ A/ B/ C] LDOA, LDOB, LDOC Power Supply Reject ion Rat io I LDO[ A/ B/ C]  =  10m A, 1kHz 50 dB
ROUT_(DCHG) LDOA, LDOB, LDOC Auto-Discharge Resistance 20 ƻ

EN/ SET AS2Cw ire and Logic Cont rol

VI H
EN/ SET, FL_EN, EN_LDOA, EN_LDOB/ C I nput  High 
Threshold Voltage

2.7V ≤ VI N ≤ 5.5V 1.4 V

VI L
EN/ SET, FL_EN, EN_LDOA, EN_LDOB/ C I nput  Low 
Threshold Voltage

2.7V ≤ VI N ≤ 5.5V 0.4 V

I I N(LKG)
EN/ SET, FL_EN, EN_LDOA, EN_LDOB/ C I nput  Leak-
age Current

EN/ SET =  I N =  5V -1 1 ǋA

t EN/ SET(OFF) EN/ SET I nput  OFF Tim eout 500 μs
t EN/ SET(LAT) EN/ SET I nput  Latch Tim eout 500 μs
t EN/ SET(LOW) EN/ SET I nput  LOW Tim e 0.3 75 μs
t ENSET(H-MI N) EN/ SET Minim um  High Tim e 50 ns
t ENSET(H-MAX) EN/ SET Maxim um  High Tim e 75 μs

1. The AAT2861 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. VDO[ A/ B/ C]  is defined as VI N – LDO[ A/ B/ C]  when LDO[ A/ B/ C]  is 98%  of nom inal.
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Typica l Character ist ics

Backlight Efficiency vs. Input Voltage
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Flash Efficiency vs. Input Voltage
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Backlight Current Matching vs. Temperature
(VIN = 3.6V; 20mA/ch)
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Charge Pump Output Turn On Characteristic
(VIN = 3.6V; 0mA/ch; C OUT = 2.2µF)
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Typica l Character ist ics

Turn On to 2X Mode Flash
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Turn On to 1X Mode Backlight
(VIN = 3.6V; 20mA/ch)
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Operating Characteristic 
(VIN = 3.2V; 20mA/ch Backlight; 1.5x Mode; C OUT = 2.2µF)
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Typica l Character ist ics

Operating Characteristic 
(VIN = 3.0V; 20mA/ch Backlight; 2X Mode; C OUT = 2.2µF)
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LDO A/B/C Load Regulation
(VIN = 3.6V)
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LDO A/B/C Output Voltage vs. Temperature
(VIN = 3.6V; ILDO = 0mA)
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LDO A/B/C Load Transient Response
(ILDO = 10mA to 200mA; VIN = 3.6V; VLDO = 1.8V; CLDO = 2.2µF)
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LDO A/B/C Line Transient Response
(VIN = 3.6V to 4.2V; ILDO = 10mA; VOUT = 1.8V; CLDO = 2.2µF)
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LDO A/B/C Turn On Characteristic
(VLDO = 1.8V; VIN = 3.6V; CLDO = 2.2µF)
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Typica l Character ist ics

EN/SET, FL_EN, EN_LDOA, EN_LDOB/C
High Threshold Voltage vs. Input Voltage
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EN/SET, FL_EN, EN_LDOA, EN_LDOB/C
Low Threshold Voltage vs. Input Voltage
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EN/SET Input Off Timeout vs. Input Voltage
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Funct ional Block Diagram s
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Funct ional Descr ipt ion
The AAT2861 is a highly integrated backlight  and photo-
flash dr iver fam ily with three LDO regulators. The charge 
pum p LED driver powers the backlight  and flash LEDs 
from  the 2.7V to 5.5V input  voltage. The LDO regulators 
are powered from  the sam e input  and produce regulated 
output  voltage between 1.2V and 3.3V. Cont rol of the 
LEDs and the LDO output  voltage is through an AS2Cwire 
serial interface for easy program m ing.

LED Dr ivers

The AAT2861 drives six or seven backlight  LEDs up to 
31m A each and a total of 600m A flash current  through 
one or two channels. The LEDs are dr iven from  a charge 
pum p to insure that  constant  current  is m aintained over 
the ent ire bat tery voltage range. The charge pum p auto-
m at ically switches from  1X, to 1.5X, to 2X m odes and 
back to m aintain the LED current  while m inim izing 
power loss for high efficiency. The charge pum p operates 
at  the high 1MHz switching frequency, allowing the use 
of sm all 1ǋF ceram ic capacitors. 

Each individual LED is dr iven by a current  sink to GND, 
allowing individual current  cont rol with high accuracy 
over a wide range of input  voltages and LED forward 
voltages while m aintaining high efficiency.

The charge pum p is cont rolled by the voltage across the 
LED current  sinks. When any one of the act ive backlight  
current  sink/ channel voltages drops below 200m V or the 
flash current  sink/ channel drops below 450m V, the 
charge pum p goes to the next  higher m ode ( from  1X to 
1.5X or from  1.5X to 2X m ode)  to m aintain sufficient  
LED voltage for constant  LED current . The AAT2861 con-
t inuously m onitors the LED forward voltages and uses 
the input  voltage to determ ine when to reduce the 
charge pum p m ode for bet ter efficiency. There is also a 
300m V m ode- t ransit ion hysteresis that  prevents the 
charge pum p from  oscillat ing between m odes.

LED Current  Cont rol

Both the backlight  and flash LED currents are cont rolled 
through the AS2Cwire serial interface. The backlight  LED 
current  can be set  between 0.5m A and 31m A in approx-

im ately 1m A steps while the flash LED current  can be set  
between 0 and 600m A in 40m A steps or 0 to 300m A in 
20m A steps for two channel flash version. The backlight  
LED currents m atch to within 3%  while the flash LED 
currents m atch to within 5% .

To elim inate the latency of the AS2Cwire serial interface, 
the flash LED is enabled through a dedicated input , 
FL_EN. The AAT2861 also includes a safety t im er that  
prevents therm al overst ress of the flash LED(s) . This is 
im portant  because m any flash LEDs operate for a br ief 
period beyond their  steady-state operat ing lim itat ions. 
I f the flash dr iving hardware and/ or software fail to turn 
the LED off, the safety t im er insures that  the LED or 
other circuit ry is not  dam aged.

Both the backlight  and flash LED currents are pro-
gram m ed through the AS2Cwire serial interface as are 
the backlight  fade- in/ fade-out  t im er and the flash safety 
t im er. See the “AS2Cwire Serial I nterface Program m ing”  
sect ion of this datasheet  for m ore inform at ion on set t ing 
the LED currents. 

LDO Regulators

The AAT2861 includes three low dropout  (LDO)  linear 
regulators. These regulators are powered from  the bat-
tery and produce a fixed output  voltage set  through the 
AS2Cwire serial interface. The output  voltage can be set  
to one of 16 output  voltages between 1.2V and 3.3V. The 
LDO regulators can be turned on/ off with the external 
enable pins EN_LDOA and EN_LDOB/ C. Addit ionally, the 
AS2Cwire interface allows the LDO regulators to be 
enabled independent ly when the EN_LDOA and EN_
LDOB/ C pins are pulled high. 

The LDO regulators require only a sm all 2.2ǋF ceram ic 
output  capacitor for stabilit y. I f im proved load t ransient  
response is required, larger-valued capacitors can be 
used without  stabilit y degradat ion.

AS2Cw ire Ser ia l I nter face Protocol

The AAT2861 is dynam ically program m able by 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.
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Figure 1 : AS 2Cw ire Ser ia l I nter face Tim ing Diagram .

AS2Cwire latches data or address after the EN/ SET input  
has been held high for t ime t LAT (500μs) . Address or data 
is different iated by the number of EN/ SET rising edges. 
Since the data registers are 4 bits each, the different iat ing 
number of pulses is 24 or 16, so that  Address 0 is ident i-
fied by 17 rising edges, Address 1 by 18 rising edges, 
Address 2 by 19 rising edges, etc. Data is set  to any num-
ber of r ising edges between 1 and 16. A typical write 
protocol is a burst  of EN/ SET rising edges ident ifying a 
part 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 
data edges and no address, then Address 0 will be pro-
grammed and LED Backlight  channels BL1-BL7 will be 
enabled according to the number of data edges applied.

When EN/ SET is held low for a t im e longer than tOFF 

(500μs) , the AAT2861 enters shutdown m ode and draws 
less than 1μA of current  from  I N. At  shutdown, the data 
and address registers are reset  to 0. 

AS2Cw ire Ser ia l I nter face Program m ing

The AAT2861’s AS2Cwire program m able Address regis-
ters are listed in Table 1. There are 14 Address registers, 
four registers cont rol the three LDOs, six cont rol the 
backlight  LED configurat ion, two cont rol the flash/ lam p 
LED configurat ion and two are used to individually dis-
able each backlight  or flash channel. 

Back light  Current  Cont rol ( Address 0 )

Address 0 cont rols the enabling of the Main and Sub 
channels. Table 2 shows the Data Codes used to cont rol 
the Main and Sub Channels independent ly. The default  
condit ion for all backlight  outputs (BL1-BL7)  is OFF after 
power-up. 

The AAT2861 fam ily of LMUs also provides an internal LED 
current  fade- in, fade-out  feature. This feature is useful in 
those applicat ions where it  is preferred to turn on and off 
the backlight  current  using a smooth t ransit ion versus an 
abrupt  t ransit ion. During the fade- in cycle, the LED cur-
rent  will be slowly increased to the programmed current  
level (set  in Addresses 2 to 5) . During the fade-out  cycle, 
the LED current  will be decreased linearly down to its 
programmed fade-out  current  threshold (set  by Address 
1)  at  which point  the BL channels will be turned off. The 
fade- in and fade-out  current  is a linear t ransit ion over a 
t ime period of approximately 1 second. 

The fade- in and fade-out  funct ion can be enabled and 
disabled independent ly for the Main and Sub groups by 
writ ing the desired Data to Address 0. Table 2 also lists 
the data codes used to program enable and disable the 
fade funct ions for the main and sub channels. I f the 
“Main Equals Sub”  feature (Address 3)  is enabled 
(MEQS= 1) , the fade- in and fade-out  set t ings for the Main 
and Sub channels are cont rolled by the “Main Fade”  set-
t ing and the “Sub Fade”  bit  in Address 1 will be ignored. 

At  startup when the EN/ SET pin is first  pulled high, 
Address 0 is the default  act ive register. The m ain and 
sub channels can be turned on by im m ediately writ ing 
data. For exam ple, if Data =  4 is writ ten the m ain and 
sub channels will turn on to the default  value of 19m A. 
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Data
Sub 

Fade On
Main 

Fade On
Sub 

Channel
Main 

Channel
1* No* No* Off* Off*
2 No No Off On
3 No No On Off
4 No No On On
5 No Yes Off Off
6 No Yes Off On
7 No Yes On Off
8 No Yes On On
9 Yes No Off Off

10 Yes No Off On
11 Yes No On Off
12 Yes No On On
13 Yes Yes Off Off
14 Yes Yes Off On
15 Yes Yes On Off
16 Yes Yes On On

Table 2 : Back light  Main/ Sub ON/ OFF and Fade 
Enable ( Address 0 ) .

Back light  Fade- I n and Fade- Out  Cont rol 
( Address 1 )

During the fade-out  cycle, the LED current  will be 
decreased linearly down to its program m ed fade-out  

current  threshold (set  by Address 1)  at  which point  the 
BL channels will be turned off. The default  fade-out  cur-
rent  level is 500μA, but  can be changed to 1m A, 2m A or 
3m A using the data codes listed in Table 3.

Data Fade Out  Current  Level ( m A)
1* 0.50*
2 1.0
3 2.0
4 3.0

Table 3 : Back light  Fade- I n and Fade- Out  Cont rol 
( Address 1 ) .

Back light  Current  Cont rol ( Addresses 2  to 5 )

The AAT2861’s AS2Cwire Addresses 2, 3, 4, and 5 cont rol 
the backlight  LED output  current  level in Main and Sub 
group of outputs. Address 2 and Address 3 cont rol the 
Main backlight  channel current  to one of 32 levels 
according to Table 4 below. Address 3 acts as the MSB 
and Address 2 acts as the LSB for the current  level 
setup. Address 4 and Address 5 cont rol the Sub back-
light  channels current  to one of 32 levels according to 
Table 5 below. 

* Denotes the default  (power-on- reset )  value

Address
EN/ SET 

Rising Edges Funct ion D3 D2 D1 D0
0 17 Backlight  Main/ Sub ON/ OFF and Fade Enable FADE_SUB FADE_MAI N SUB_ON MAI N_ON
1 18 Backlight  Fade Cont rol X X FLOOR[ 1] FLOOR[ 0]
2 19 Backlight  Current  Main, LSB's BLM[ 3] BLM[ 2] BLM[ 1] BLM[ 0]
3 20 Backlight  Current  Main, MSB Reserved X MEQS BLM[ 4]
4 21 Backlight  Current  Sub, LSB's BLS[ 3] BLS[ 2] BLS[ 1] BLS[ 0]
5 22 Backlight  Current  Sub, MSB X X X BLS[ 4]
6 23 LDO Disable Cont rol X OFF_LDOC OFF_LDOB OFF_LDOA
7 24 LDO A Output  Voltage Cont rol LDOA[ 3] LDOA[ 2] LDOA[ 1] LDOA[ 0]
8 25 LDO B Output  Voltage Cont rol LDOB[ 3] LDOB[ 2] LDOB[ 1] LDOB[ 0]
9 26 LDO C Output  Voltage Cont rol LDOC[ 3] LDOC[ 2] LDOC[ 1] LDOC[ 0]

10 27 Flash Current F_HI [ 3] F_HI [ 2] F_HI [ 1] F_HI [ 0]
11 28 Flash Tim er Cont rol X X F_TI ME[ 1] F_TI ME[ 0]
12 29 LED Channel Disable Cont rol (BL1 – BL4) OFF_BL4 OFF_ BL3 OFF_ BL2 OFF_ BL1

13 30
LED Channel Disable Cont rol (BL5, BL6, 

BL7/ FL2, FL1)
OFF_FL1 OFF_BL7/ FL2 OFF_BL6 OFF_BL5

Table 1 : AAT2 8 6 1 -  1  Configurat ion/ Cont rol Register  Allocat ion
( *  signif ies that  the data bit  has a POR default  bi t  va lue =  1 ; X signif ies “Don’t  care”) .
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Main Equals Sub OFF ( MEQS= 0 ) Main Equals Sub ON ( MEQ S= 1 )

Address Data Address Data Main Current Address Data Addres s Data Main Current

3 1 2 1 31 3 3 2 1 31
3 1 2 2 30 3 3 2 2 30
3 1 2 3 29 3 3 2 3 29
3 1 2 4 28 3 3 2 4 28
3 1 2 5 27 3 3 2 5 27
3 1 2 6 26 3 3 2 6 26
3 1 2 7 25 3 3 2 7 25
3 1 2 8 24 3 3 2 8 24
3 1 2 9 23 3 3 2 9 23
3 1 2 10 22 3 3 2 10 22
3 1 2 11 21 3 3 2 11 21
3 1* 2 12* 20* 3 3 2 12 20
3 1 2 13 19 3 3 2 13 19
3 1 2 14 18 3 3 2 14 18
3 1 2 15 17 3 3 2 15 17
3 1 2 16 16 3 3 2 16 16
3 2 2 1 15 3 4 2 1 15
3 2 2 2 14 3 4 2 2 14
3 2 2 3 13 3 4 2 3 13
3 2 2 4 12 3 4 2 4 12
3 2 2 5 11 3 4 2 5 11
3 2 2 6 10 3 4 2 6 10
3 2 2 7 9 3 4 2 7 9
3 2 2 8 8 3 4 2 8 8
3 2 2 9 7 3 4 2 9 7
3 2 2 10 6 3 4 2 10 6
3 2 2 11 5 3 4 2 11 5
3 2 2 12 4 3 4 2 12 4
3 2 2 13 3 3 4 2 13 3
3 2 2 14 2 3 4 2 14 2
3 2 2 15 1 3 4 2 15 1
3 2 2 16 0.5 3 4 2 16 0.5

Table 4 : Back light  Main Current  Cont rol ( Addresses 2  and 3 ) .
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Sub Back light

Address Data Address Data Sub Current

5 1 4 1 31
5 1 4 2 30
5 1 4 3 29
5 1 4 4 28
5 1 4 5 27
5 1 4 6 26
5 1 4 7 25
5 1 4 8 24
5 1 4 9 23
5 1 4 10 22
5 1 4 11 21
5 1* 4 12* 20*
5 1 4 13 19
5 1 4 14 18
5 1 4 15 17
5 1 4 16 16
5 2 4 1 15
5 2 4 2 14
5 2 4 3 13
5 2 4 4 12
5 2 4 5 11
5 2 4 6 10
5 2 4 7 9
5 2 4 8 8
5 2 4 9 7
5 2 4 10 6
5 2 4 11 5
5 2 4 12 4
5 2 4 13 3
5 2 4 14 2
5 2 4 15 1
5 2 4 16 0.5

Table 5 : Back light  Sub Current  Cont rol
( Addresses 4  and 5 ) .

The current  set t ings for the Main and Sub channels are 
each divided into two Addresses. Any change in Data to 
the “Backlight  Current  Main (or Sub) , LSB’s”  Address will 
result  in an im m ediate change to the LED current  output  
level. Program m ing new current  set t ings that  require a 
change to both “Backlight  Current  Main (or Sub) , MSB”  
and “Backlight  Current  Main (or Sub) , LSB’s”  Addresses 
could result  in an errant  interm ediate current  set t ing. To 
avoid this problem  when the Data in “Backlight  Current  
Main (or Sub) , MSB”  Address is changed the new current  
set t ing will not  take effect  unt il “Backlight  Current  Main 
(or Sub) , LSB’s”  Address has been writ ten to and 
latched. 

For exam ple, a change from  28m A to 8m A in the Main 
backlight  channels should follow this procedure. First , 
28m A is set  by program m ing Data =  3 to Address 2 and 
Data= 1 to Address 3. When changing to 8m A first  write 
Data= 2 to Address 3. The current  level will not  change 
after this step. Then write Data= 7 to Address 2. After 
Address 2 has been latched the new 8m A current  level 
will be set . 

Address 3 also cont rols the “Main Equals Sub”  feature in 
the AAT2861 products. This feature allows all backlight  
channels to be cont rolled with only the Main Channel 
current  set t ings. I f the “Main Equals Sub”  feature is 
turned on (Data 3, or 4 in Address 3)  the current  set-
t ings of the Sub Channel are ignored. All backlight  chan-
nels will be set  to the sam e current  levels as determ ined 
by the Data program m ed to “Backlight  Current  Main”  in 
Addresses 2 and 3. The Main and Sub channels are 
turned on and off by the “Main On”  set t ing in Address 0. 
The default  condit ion is for the “Main Equals Sub”  feature 
to be turned OFF (MEQS= 0)  after power-up. 

Table 6 shows the Main and Sub Channel Configurat ions 
for the three versions of the AAT2861. The effect  of the 
“Main Equals Sub”  feature is clearly represented in this 
table.

Part  Num ber

Main Equals Sub ( I MAI N  =  I SUB)

Yes ( Default ) No

AAT2861-1 7M+ 0S+ 1FL 4M+ 3S+ 1FL
AAT2861-2 6M+ 0S+ 2FL 4M+ 2S+ 2FL
AAT2861-3 7M+ 0S+ 1FL 5M+ 2S+ 1FL

Table 6 : Main and Sub Channel Configurat ions.

LDO Output  Voltage Cont rol
( Addresses 6  to 9 )

The AAT2861’s three LDO regulators are configured by 
programming Addresses 6, 7, 8, and 9 via the AS2Cwire 
interface. With the EN/ SET pin pulled high and the 
AAT2861 turned on, LDOA can be enabled using the EN_
LDOA pin. LDOB and LDOC can be enabled together using 
the EN_LDOB/ C pin. Addit ional LDO regulator control can 
be achieved using Address 6 to override the enable com-
mand of the EN_LDOA and EN_LDOB/ C pins. For example, 
with the EN_LDOA and EN_LDOB/ C pins enabled, writ ing 
Data 5 to Address 6 will disable LDOB and leave LDOA and 
LDOC enabled. Table 7 shows the LDO disable control. 

Writ ing data to Addresses 7, 8, and 9 set  the output  volt-
ages for LDOA, LDOB, and LDOC to one of 16 levels. The 
available LDO output  voltages are shown in Table 8. 
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Data LDO C LDO B LDO A

1*
Cont rolled by 
EN_LDOB/ C*

Cont rolled by 
EN_LDOB/ C*

Cont rolled by 
EN_LDOA*

2
Cont rolled by 
EN_LDOB/ C

Cont rolled by 
EN_LDOB/ C

OFF

3
Cont rolled by 
EN_LDOB/ C

OFF
Cont rolled by 

EN_LDOA

4
Cont rolled by 
EN_LDOB/ C

OFF OFF

5 OFF
Cont rolled by 
EN_LDOB/ C

Cont rolled by 
EN_LDOA

6 OFF
Cont rolled by 
EN_LDOB/ C

OFF

7 OFF OFF
Cont rolled by 

EN_LDOA
8 OFF OFF OFF

Table 7 : LDO Disable Cont rol ( Address 6 ) .

Data V LDOA  ( V) VLDOB  ( V) VLDOC ( V)
1 1.2 1.2 1.2
2 1.3 1.3 1.3
3 1.5 1.5 1.5
4 1.6 1.6 1.6

5* 1.8* 1.8* 1.8*
6 2 2 2
7 2.2 2.2 2.2
8 2.5 2.5 2.5
9 2.6 2.6 2.6

10 2.7 2.7 2.7
11 2.8 2.8 2.8
12 2.9 2.9 2.9
13 3 3 3
14 3.1 3.1 3.1
15 3.2 3.2 3.2
16 3.3 3.3 3.3

Table 8 : LDO X Output  Voltage
( Addresses 7 , 8 , and 9 ) .

Fast  turn-off response t im e is achieved by an act ive out-
put  pull-down circuit , which is enabled when the LDO 
regulator is disabled. 

Flash Dr iver  Cont rol ( Address 1 0  and 1 1 )

The AAT2861-1 and AAT2861-3 are both configured with 
a single 600m A LED Flash channel, while the AAT2861-2 
is configured with two LED Flash channels each capable 
of dr iving 300m A per channel. Address 10 program s the 
flash current  level. Table 9 lists the data codes for the 
program m ing Address 10. Upon startup, the power-on-
reset  value in Address 10 is set  to data code 13.

Data

Flash Current  ( m A)  per  Output

AAT2 8 6 1 - 1  or  - 3 AAT2 8 6 1 - 2

1 600 300
2 560 280
3 520 260
4 480 240
5 440 220
6 400 200
7 360 180
8 320 160
9 280 140

10 240 120
11 200 100
12 160 80

13* 120* 60*
14 80 40
15 40 20
16 OFF OFF

Table 9 : Flash Current  Level ( Address 1 0 ) .

Once the EN/ SET pin is pulled high and the AAT2861 has 
turned on, the LED Flash channels can be enabled by 
pulling the FL_EN to I N. The current  set t ing of the LED 
Flash channels can be changed prior to enabling the 
flash current , or while the flash current  is on.

The LED Flash cont roller also com es with a safety t im er 
to prevent  excessive heat  generat ion and power loss 
from  extended high current  power dissipat ion. The LED 
flash safety t im er durat ion can be set  to four values by 
writ ing to Address 11. The default  value at  startup is 2 
seconds. Table 10 shows the Data Codes for the flash 
safety t im er. 

* Denotes default  (power-on- reset )  value.
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Torch/ movie mode is automat ically entered when the 
flash current  set t ing is programmed to 120mA (60mA for 
channel for the AAT2861-2)  or lower with Data =  13, 14, 
or 15. At  these current  levels the safety t imer is auto-
mat ically disabled and the flash channels will remain on 
as long as the FL_EN pin remains act ive. Extended dura-
t ion flash use can be achieved for higher current  set t ings 
by writ ing Data 4 to Address 11 to disable the safety 
t imer. Though the AAT2861 includes an internal thermal 
lim it  circuit , be careful to lim it  the current  set t ing (Address 
10)  to a value that  will not  generate excessive heat  which 
may damage the flash LEDs or external circuit ry.

Data Flash Tim e ( sec)
1* 2*
2 1
3 0.5
4 Always ON

Table 1 0 : Flash Safety Tim er ( Address 1 1 ) .

LED Channel Disable Cont rol
( Address 1 2  and 1 3 )

Addresses 12 and 13 allow for addit ional program m ing 
flexibilit y by allowing each LED channel to be indepen-
dent ly disabled. Norm ally, the backlight  channels are 
cont rolled by MAI N_ON and SUB_ON cont rols in Address 
0, while the FL_EN pin turns on the flash channels. 
Writ ing to Addresses 12 and 13 can overr ide these con-
t rols to allow for any com binat ion of LEDs to be turned 
on. The default  state is for all LED channels to be 
“Condit ionally ON”  to allow the norm al enable cont rol.

I n the following exam ple we see how to turn on BL1, 
BL2, BL6, and BL7 in the AAT2861-1 (4M+ 3S+ 1FL) . First  
write Address 12, Data= 13 and Address 13, Data= 10 to 
disable BL3, BL4, BL5, FL1. Then program  the desired 
current  set t ing using Addresses 2 through 5. Finally, 
write Address 0, Data= 4. 

(NOTE:  ”Condit ionally ON”  state allows the LED channel 
to be turned ON but  does not  turn the channel ON. For 
BL1 to be enabled Data= 2, 4, 6, 8… m ust  be writ ten to 
Address 0, and Data= 1, 3, 5, 7… m ust  be writ ten to 
Address 12.)

* Denotes default  (power-on- reset )  value.

Data BL4 BL3 BL2 BL1
1* Condit ionally ON* Condit ionally ON* Condit ionally ON* Condit ionally ON*
2 Condit ionally ON Condit ionally ON Condit ionally ON OFF
3 Condit ionally ON Condit ionally ON OFF Condit ionally ON
4 Condit ionally ON Condit ionally ON OFF OFF
5 Condit ionally ON OFF Condit ionally ON Condit ionally ON
6 Condit ionally ON OFF Condit ionally ON OFF
7 Condit ionally ON OFF OFF Condit ionally ON
8 Condit ionally ON OFF OFF OFF
9 OFF Condit ionally ON Condit ionally ON Condit ionally ON

10 OFF Condit ionally ON Condit ionally ON OFF
11 OFF Condit ionally ON OFF Condit ionally ON
12 OFF Condit ionally ON OFF OFF
13 OFF OFF Condit ionally ON Condit ionally ON
14 OFF OFF Condit ionally ON OFF
15 OFF OFF OFF Condit ionally ON
16 OFF OFF OFF OFF

Table 1 1 : LED Channel I ndividual Disable Cont rol, B L1 - BL4  ( Address 1 2 ) .
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Applicat ions I nform at ion

LED Select ion

The AAT2861 is specifically intended for dr iving white 
LEDs. However, the device design will allow the AAT2861 
to dr ive m ost  types of LEDs with forward voltage speci-
ficat ions ranging from  2.0V to 4.7V. LED applicat ions 
m ay include m ixed arrangem ents for display backlight-
ing, color (RGB)  LEDs, infrared ( I R)  diodes and any 
other load needing a constant  current  source generated 
from  a varying input  voltage. Since the BL1 to BL6, BL7/
FL2 and FL1 constant  current  sinks are m atched with 
negligible voltage dependence, the constant  current  
channels will be m atched regardless of the specific LED 
forward voltage (VF)  levels. 

The low-dropout  current  sinks in the AAT2861 m axim ize 
perform ance and m ake it  capable of dr iving LEDs with 
high forward voltages. Mult iple channels can be com-
bined to obtain a higher LED drive current  without  com -
plicat ion.

Device Sw itching Noise Per form ance

The AAT2861 operates at  a fixed frequency of approxi-
m ately 1MHz to cont rol noise and lim it  harm onics that  
can interfere with the RF operat ion of cellular telephone 
handsets or other com m unicat ion devices. Back- injected 
noise appearing on the input  pin of the charge pum p is 
20m V peak- to-peak, typically ten t im es less than induc-
tor-based DC/ DC boost  converter white LED backlight  
solut ions. The AAT2861 soft-start  feature prevents noise 
t ransient  effects associated with in- rush currents during 
the start  up of the charge pum p circuit .

Device Pow er Eff iciency

Charge-pum p efficiency discussion in the following sec-
t ions accounts only for the efficiency of the charge pum p 
sect ion itself. Due to the unique circuit  architecture and 
design of the AAT2861, it  is very difficult  to m easure 
efficiency in term s of a percent  value com paring input  
power over output  power.

Data FL1 BL7 / FL2 BL6 BL5
1* Condit ionally ON* Condit ionally ON * Condit ionally ON* Condit ionally ON*
2 Condit ionally ON Condit ionally ON Condit ionally ON OFF
3 Condit ionally ON Condit ionally ON OFF Condit ionally ON
4 Condit ionally ON Condit ionally ON OFF OFF
5 Condit ionally ON OFF Condit ionally ON Condit ionally ON
6 Condit ionally ON OFF Condit ionally ON OFF
7 Condit ionally ON OFF OFF Condit ionally ON
8 Condit ionally ON OFF OFF OFF
9 OFF Condit ionally ON Condit ionally ON Condit ionally ON

10 OFF Condit ionally ON Condit ionally ON OFF
11 OFF Condit ionally ON OFF Condit ionally ON
12 OFF Condit ionally ON OFF OFF
13 OFF OFF Condit ionally ON Condit ionally ON
14 OFF OFF Condit ionally ON OFF
15 OFF OFF OFF Condit ionally ON
16 OFF OFF OFF OFF

Table 1 2 : LED Channel I ndividual Disable Cont rol, B L5 , BL6 , BL7 / FL2 , FL1  ( Address 1 3 ) .

* Denotes default  (power-on- reset )  value.
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Since the AAT2861 outputs are pure constant  current  
sinks and typically dr ive individual loads, it  is difficult  to 
m easure the output  voltage for a given output  (BL1 to 
BL6, BL7/ FL2, and FL1)  to derive an overall output  power 
m easurem ent . For any given applicat ion, white LED for-
ward voltage levels can differ, yet  the output  dr ive cur-
rent  will be m aintained as a constant .

This m akes quant ifying output  power a difficult  task 
when taken in the context  of com paring to other white 
LED driver circuit  topologies. A bet ter way to quant ify 
total device efficiency is to observe the total input  power 
to the device for a given LED current  dr ive level. The 
best  white LED driver for a given applicat ion should be 
based on t rade-offs of size, external com ponent  count , 
reliabilit y, operat ing range and total energy usage...not  
just  "%  efficiency."

The AAT2861 efficiency m ay be quant ified under very 
specific condit ions and is dependant  upon the input  volt-
age versus the output  voltage seen across the loads 
applied to outputs BL1 through BL6, BL7/ FL2 or FL1 for 
a given constant  current  set t ing. Depending on the com -
binat ion of I N and voltages sensed at  the current  sinks, 
the device will operate in "Load Switch" (1X)  m ode. 
When any one of the voltages sensed at  the current  
sinks nears dropout  the device will operate in 1.5X or 2X 
charge pum p m ode. Each of these m odes will y ield dif-
ferent  efficiency values. One should refer to the following 
two sect ions for explanat ions for each operat ional 
m ode.

AAT2861 charge pum p conversion efficiency is defined 
as the power delivered to the white LED load divided by 
the input  power:

η =          = 
PLEDs

PIN

VLED1 · ILED1 + ... + VLEDX · ILEDX

VIN · IIN

VLEDX =  White LED Forward Voltage (VF)
I LEDX =  White LED Bias Current  ( I D)
X =  Num ber of White LEDs

The expression to define the est im ated ideal efficiency 
(ǆ)  for the AAT2861 in 1X m ode is as follows:

η =          = 
PLEDs

PIN

X ·  VLEDX · ILEDX

VIN · IIN

X = 1, 2, 3, ..., 6 or 7 and IIN = X · ILEDX

η =          
VLEDX

VIN

The AAT2861 charge pum p is a fract ional charge pum p 
which will boost  the input  supply voltage in the event  
where I N is less then the required output  voltage across 
the backlight  white LED load. The efficiency can be sim -
ply defined as a linear voltage regulator with an effect ive 
white LED forward voltage that  is equal to one and a half 
(1.5x m ode)  t im es the input  voltage.

With an ideal 1.5x charge pum p, the input  current  is 
1.5x of the output  current . The expression to define the 
est im ated ideal efficiency (ǆ)  for the AAT2861 in 1.5x 
m ode is as follows:

η =          = 
PLEDs

PIN

VLED1 · ILED1 + ... + VLEDX · ILEDX

VIN · IIN

η =                         ; X = 1, 2, 3, ..., 6 or 7 and IIN = 1.5(X · ILEDX) 

η =          

X · VLEDX · ILEDX

VIN · IIN 

VLEDX

1.5VIN

The sam e calculat ions apply for the AAT2861 in 2x mode 
where for an ideal 2x charge pum p, the input  current  is 
2x of the output  current . The expression for the est i-
m ated ideal efficiency (ǆ)  for the AAT2861 in 2x m ode is 
as follows:

η =          = 
PLEDs

PIN

VLED1 · ILED1 + ... + VLEDX · ILEDX

VIN · IIN

η =                         ; X = 1, 2, 3, ..., 6 or 7 and IIN = 2(X · ILEDX) 

η =          

X · VLEDX · ILEDX

VIN · IIN 

VLEDX

2VIN

I n addit ion, with an ideal 1.5x charge pum p, the output  
current  m ay be expressed as 2/ 3 of the input  current . 
For a charge pum p with an output  of 5V and a nom inal 
input  of 3.5V, the theoret ical efficiency is 95% . Due to 
internal switching losses and I C quiescent  current  con-
sum pt ion, the actual efficiency can be m easured at  93% . 
Efficiency will decrease substant ially as load current  
drops below 1m A or when the level of I N approaches 
OUT. The sam e calculat ions apply for 2X m ode where the 
output  current  then becom es 1/ 2 of the input  current .

Capacitor  Select ion

Careful select ion of all external capacitors CI N,  C1,  C2,  
CLDO(A/ B/ C),  and 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  
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Manufacturer Par t  Num ber Value Voltage Tem p. Co. Case

AVX
0603ZD105K 1ǋF 10

X5R 0603
0603ZD225K 2.2ǋF 10

TDK
C1608X5R1E105K 1ǋF 25

X5R 0603C1608X5R1C225K 2.2ǋF 16
C1608X5R1A475K 4.7ǋF 10

Murata
GRM188R61C105K 1ǋF 16

X5R 0603
GRM188R61A225K 2.2ǋF 10

Taiyo Yuden LMK107BJ475KA 4.7ǋF 10 X5R 0603

Table 1 3 : Sur face Mount  Capacitors.

ceram ic capacitors are used. I n general, low ESR m ay be 
defined as less than 100mƻ.  

Ceram ic com posit ion capacitors are highly recom m ended 
over all other types of capacitors for use with the 
AAT2861. Ceram ic capacitors offer m any advantages 
over their  tantalum  and alum inum  elect rolyt ic counter-
parts. A ceram ic capacitor typically has very low ESR, is 
lowest  cost , has a sm aller pr inted circuit  board (PCB)  
footpr int , and is non-polar ized. Since ceram ic capacitors 
are non-polar ized, they are not  prone to incorrect  con-
nect ion dam age.

Equiva lent  Ser ies Resistance ( ESR)

ESR is an im portant  character ist ic to consider when 
select ing a capacitor. ESR is a resistance internal to a 
capacitor, which is caused by the leads, internal connec-
t ions, size or area, m aterial com posit ion and am bient  
tem perature. Capacitor ESR is typically m easured in m il-
liohm s for ceram ic capacitors and can range to m ore 
than several ohm s for tantalum  or alum inum  elect rolyt ic 
capacitors.

Ceram ic Capacitor  Mater ia ls

Ceram ic capacitors less than 0.1μF are typically m ade 
from  NPO or COG m aterials. NPO and C0G m aterials 
typically have t ight  tolerance and are stable over tem -
perature. Larger capacitor values are typically composed 
of X7R, X5R, Z5U or Y5V dielect r ic m aterials. Large 
ceram ic capacitors, typically greater than 2.2μF are 
often available in low cost  Y5V and Z5U dielect r ics, but  
capacitors greater than 1μF are typically not  required for 
AAT2861 applicat ions.

Capacitor area is another cont r ibutor to ESR. Capacitors 
that  are physically large will have a lower ESR when 
com pared to an equivalent  m aterial sm aller capacitor. 

These larger size capacitors can im prove circuit  t ransient  
response when com pared to an equal value capacitor in 
a sm aller package size.

PCB Layout

To achieve adequate elect r ical and therm al perform ance, 
careful at tent ion m ust  be given to the PCB layout . I n the 
worst-case operat ing condit ion, the chip m ust  dissipate 
considerable power at  full load. Adequate heat-sinking 
m ust  be achieved to ensure intended operat ion.

Figures 2 and 3 illust rate an exam ple PCB layout . The 
bot tom  of the package features an exposed m etal pad-
dle. The exposed paddle acts, therm ally, to t ransfer heat  
from  the chip and, elect r ically, as a ground connect ion.

The junct ion- to-am bient  therm al resistance (ǇJA)  for the 
connect ion can be significant ly reduced by following a 
couple of im portant  PCB design guidelines.

The PCB area direct ly underneath the package should be 
plated so that  the exposed paddle can be m ated to the 
top layer PCB copper during the re- flow process. Mult iple 
copper plated thru-holes should be used to elect r ically 
and therm ally connect  the top surface paddle area to 
addit ional ground plane(s)  and/ or the bot tom  layer 
ground pour.

The chip ground is internally connected to both the 
paddle and to the AGND and PGND pins. I t  is good prac-
t ice to connect  the GND pins to the exposed paddle area 
with t races as shown in the exam ple.

The flying capacitors C1 and C2 should be connected 
close to the I C. Trace length should be kept  short  to 
m inim ize path resistance and potent ial coupling. The 
input  and output  capacitors should also be placed as 
close to the chip as possible.
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But ton( s)  Pushed Descr ipt ion

SW1

[ Push/ Release once]  LDOA, LDOB and LDOC outputs are program m ed to 1.2V. With every subsequent  
push/ release LDOA, LDOB and LDOC output  voltages are increm ented according to Table 8. 
[ Push/ hold m ore than 2 sec]  LDOA, LDOB and LDOC outputs will start  to cycle through all program m able 
voltage set t ings according to Table 8.

SW2

[ Push/ Release once]  All channels are turned on as Main backlight  with 31m A per channel. With every 
subsequent  push/ release the backlight  current  is decreased according to Table 4.
[ Push/ hold m ore than 2 sec]  All channels Main and Sub are turned on with 31m A per channel and fade 
out  sequence is init iated. The cycle proceeds with fade in for Main channels only, followed by fade in se-
quence for Sub channels. When these sequences are fi nished the program  will restart  fade out  sequence 
for all Main and Sub channels.

SW3
[ Push/ Release once]  Flash channels are program m ed with m axim um  current  and t im er. With every sub-
sequent  push/ release the fl ash current  is decreased according to Table 9. The FLASH but ton needs to be 
pressed down sim ultaneously. 

FLASH This but ton is connected direct ly to FL_EN pin. Press and hold for the fl ash to be enabled.

Table 1 4 : AAT2 8 6 1  Evaluat ion Board User  I nter face.

Evaluat ion Board User  I nter face

The user interface for the AAT2861 evaluat ion board is 
provided by four but tons and a num ber of connect ion 
term inals. The board is operated by supplying external 
power and pressing individual but tons or but ton combi-
nat ions. Table 14 indicates the funct ion of each but ton or 
but ton com binat ion.

To power-on the evaluat ion board, connect  a power sup-
ply or bat tery to the DC-  and DC+  term inals. A red LED 
indicates that  power is applied.

The evaluat ion board is m ade flexible so that  the user 
can disconnect  the enable line from  the m icrocont roller 
and apply external enable signal. External enable signal 
m ust  be applied to the EN/ SET pin.

When applying external enable signal, considerat ion 
m ust  be given to the voltage levels. The externally 
applied voltage should not  exceed the supply voltage 
that  is applied to the I N pins of the device (DC+ ) .

The LDO loads can be connected direct ly to the evalua-
t ion board. For adequate perform ance, be sure to con-
nect  the load between LDOA/ LDOB/ LDOC and DC-  as 
opposed to som e other GND in the system .
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Figure 2 : AAT2 8 6 1  Evaluat ion Board Schem at ic.
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Figure 3 : AAT2 8 6 1  Evaluat ion Board Top Side Layout .  

Figure 4 : AAT2 8 6 1  Evaluat ion Board Bot tom  Side Layo ut .
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Com ponent  Par t#  Descr ipt ion Manufacturer  

U1 AAT2861I MK-x-T1 High Eff. 1X/ 1.5X/ 2X CP for White LED, Triple LDO AnalogicTech 

U2 PI C12F675 8-bit  CMOS, FLASH MCU;  8-pin PDI P Microchip 
D1-D7 LW M673 Mini TOPLED White LED;  SMT OSRAM 

DF1, DF2 LXCL PWF1 Mini TOPLED Flash LED;  SMT Lum ileds, Philips
C1, C2 GRM18x 1.0ǋF, 10V, X5R, 0603, Ceram ic Murata 

C3, C6, C7, C8 GRM18x 2.2ǋF, 10V, X5R, 0603, Ceram ic Murata 
C4, C5 GRM18x 4.7ǋF, 10V, X5R, 0603, Ceram ic Murata 
R1-R3 Chip Resistor 1K, 5% , 1/ 4W;  0603 Vishay 

R4 Chip Resistor 10K, 5% , 1/ 4W;  0603 Vishay
R6 Chip Resistor 330, 5% , 1/ 4W;  1206 Vishay 
R5 Chip Resistor 0, 5% , 1/ 4W;  1206 Rohm

LED7 CMD15-21SRC/ TR8 Red LED;  1206 Chicago Miniature Lam p 
SW1-SW3, FLASH PTS645TL50 Switch Tact , SPST, 5m m I TT I ndust r ies 

Table 1 5 : AAT2 6 8 1  Evaluat ion Board Bill of Mater ia l s ( BOM) ,
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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.

Order ing I nform at ion

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

TQFN34-24 4KXYY AAT2 8 6 1 I MK- 1 - T1
TQFN34-24 4LXYY AAT2 8 6 1 I MK- 2 - T1
TQFN34-24 4XXYY AAT2 8 6 1 I MK- 3 - 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/about/quality.aspx.

Package I nform at ion
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All dim ensions in m illim eters.

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.


