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Genera l Descr ipt ion
The AAT3105 is a charge-pum p based, current-source 
white LED driver capable of dr iving one to four LEDs up 
to 30m A, each. I t  autom at ically switches between 1x 
m ode and 2x m ode to m aintain the highest  efficiency 
and opt im al LED current  m atching.

The AAT3105 charge pum p’s 1x m ode (bypass m ode)  
has very low resistance, allowing LED current  regulat ion 
to be m aintained with input  supply voltage approaching 
the LED forward voltage. 

LED brightness is cont rolled using a universal PWM inter-
face. The AAT3105 is available in a Pb- free, 2x2m m  
10- lead SC70JW-10 package

Features
•  Drives up to 4 LEDs at  up to 30m A each
•  Autom at ic Switching Between 1x and 2x Modes
•  0.85MHz Switching Frequency
•  Linear LED Output  Current  Cont rol
•  Universal PWM I nterface
•  ± 10%  LED Output  Current  Accuracy
•  ± 3%  LED Output  Current  Matching
•  Low-current  Shutdown Mode
•  Built - in Therm al Protect ion
•  Autom at ic Soft-start
•  Available in 2x2m m  SC70JW-10 Package

Applicat ions
•  Cell Phones
•  Digital St ill Cam eras
•  MP3 Players
•  Personal Data Assistants (PDAs)

Typica l Applicat ion
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Pin Descr ipt ion

Pin # Nam e Funct ion

1 D2
LED2 Current  Source Output . D2 is the output  of LED2 current  source. Connect  LED2’s anode to D2 and its 
cathode to GND.

2 D1
LED1 Current  Source Output . D1 is the output  of LED1 current  source. Connect  LED1’s anode to D1 and its 
cathode to GND.

3 OUT
Charge Pum p Output . OUT is the output  of the charge pum p. Bypass OUT to GND with a 1ǋF or larger ce-
ram ic capacitor.

4 C- Charge Pum p Capacitor Negat ive Node.

5 C+ Charge Pum p Capacitor Posit ive Node. Connect  a 1ǋF ceram ic capacitor between C+  and C- .

6 GND Analog Ground. Connect  this pin to the system ’s analog ground plane.

7 EN/ PWM
LED Enable and cont rol input . EN/ PWM is the ON/ OFF cont rol for the LED and the PWM input  for the AAT3105 
to cont rol the LED brightness. 

8 I N
Power source input . Connect  I N to the power source, typically the bat tery. Bypass I N to GND with a 1ǋF or 
larger ceram ic capacitor.

9 D4
LED4 Current  Source Output . D4 is the output  of LED4 current  source. Connect  LED4’s anode to D4 and its 
cathode to GND.

10 D3
LED3 Current  Source Output . D3 is the output  of LED3 current  source. Connect  LED3’s anode to D3 and its 
cathode to GND.

Pin Configurat ion
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Absolute Maxim um  Rat ings 1

Sym bol Descr ipt ion Value Units
VI N I N, C+ , C- , OUT, D1, D2, D3, and D4 Pin Voltages to GND -0.3 to 6.0 V
VEN EN/ PWM Pin Voltage to GND -0.3 to VI N +  0.3 V
TS Storage Tem perature Range -65 to 150 °C
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 

Sym bol Descr ipt ion Value Units
PD Maxim um  Power Dissipat ion2,3 625 m W
θJA Maxim um  Therm al Resistance 3 160 °C/ W

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. Mounted on an FR4 circuit  board.
3. Derate 6.25m W/ °C above 40°C am bient  tem perature.
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Elect r ica l Character ist ics
I N =  EN =  3.6V, CI N =  1μF, COUT =  1μF, CP =  1μF, TA =  -40°C to 85°C unless otherwise noted.  Typical v alues are at  TA 
=  25°C. 

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

I N I nput  Voltage Range 2.7 5.5 V

I I N I nput  Operat ing Current

I N =  5.5V, EN =  I N, VD1 =  VD2 =  VD3=  VD4 =  0V 6.1 8.0 m A
I N =  5.5V, EN =  I N, I D1 =  I D2 =  I D3 =  I D4 =  FS, VD1 =  
VD2 =  VD3 =  VD4 =  I N – 1.5V, Excluding I DN current

3.0 4.6 m A

Operat ing, I D1 =  I D2 =  I D3 =  I D4 =  OPEN 6.0 8.0 m A
I I N(SHDN) I nput  Shutdown Current EN/ PWM =  GND 1 ǋA

Charge Pum p Sect ion
I OUT OUT Maxim um  Output  Current 150 m A
VOUT Charge Pum p Output  Voltage When charge pum p is on 5 V
fOSC Charge Pum p Oscillator Frequency 0.60 0.85 1.05 MHz

VI N_(TH) Charge Pum p Mode Hysteresis I D1 =  I D2 =  I D3 =  I D4 = 30m A 150 250 m V
t OUT LED Output  Current  Start-up Tim e EN/ PWM = I N 110 ǋs

LED Current  Source Outputs
I D_(MAX) D1 – D4 Current  Accuracy Duty Cycle =  100% 27 30 33 m A
ƩI D_(MAX) D1 – D4 Current  Matching Duty Cycle =  100% , VI N – VF =  1.5V -3 3 %

I D_(10% ) D1 – D4 Current  Accuracy Duty Cycle =  10% , VI N – VF =  1.5V 3.2 m A

VD_(TH)
D1-  D4 Charge Pum p Mode 
Transit ion Threshold

I D1 =  I D2 =  I D3 =  I D4 = 30m A, VI N – VD1 is m easured. 380 m V

EN/ PW M Current  Cont rol

VENH
EN/ PWM I nput  High Threshold 
Voltage

1.4 V

VENL
EN/ PWM I nput  Low Threshold 
Voltage

0.4 V

I EN(LKG) EN/ PWM I nput  Leakage Current EN/ PWM =  I N =  5V -1 1 ǋA
t PWM(ON) PWM Cont rol Turn-on Delay 2 μs
t EN/ PWM EN/ PWM I nput  OFF Tim eout 0.15 1 m s

fPWM PWM Cont rol Frequency Duty cycle =  80% 50 kHz



AAT3105178

Low Cost 1x/2x 4 Channel Charge Pump WLED DriverChargePumpTM

PRODUCT DATASHEET

3105.2008.10.1.0 5w w w . a n a l o g i c t e c h . c o m

AAT3105178

Low Cost 1x/2x 4 Channel Charge Pump WLED DriverChargePumpTM

PRODUCT DATASHEET

3105.2008.10.1.0 5w w w . a n a l o g i c t e c h . c o m

Typica l Character ist ics
VI N =  3.6V, CI N =  COUT =  CP =  1ǋF;  TA =  25°C, unless otherwise noted.

Shutdown Current vs. Temperature
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Quiescent Current vs. Input Voltage
(1x Mode)
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Frequency vs. Temperature
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LED Current Control vs. PWM Duty Ratio
(FPWM = 25KHz)
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Typica l Character ist ics
VI N =  3.6V, CI N =  COUT =  CP =  1ǋF;  TA =  25°C, unless otherwise noted.

Efficiency vs. Input Voltage
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EN/SET Input OFF Timeout 
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Typica l Character ist ics
VI N =  3.6V, CI N =  COUT =  CP =  1ǋF;  TA =  25°C, unless otherwise noted.

Output Ripple Waveform
(VIN = 3.2V; 2X Mode; 30mA/ch)
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Funct ional Descr ipt ion
The AAT3105 is a low-cost  charge-pump solut ion designed 
to drive up to four white LEDs. The charge pump operates 
from a 2.7V to 5.5V power source and converts it  to volt-
age levels necessary to drive the LEDs. LED current  is 
individually controlled through integrated current  sources 
powered from the output  of the charge pump. Low 1x 
charge-pump output  resistance and low dropout  voltage 
current  sources allow the charge pump to stay in 1x mode 
with an input  voltage as low as 3.8V and LED forward 
voltages of 3.5V. After entering 2x mode, the charge 
pump remains in 2x mode unt il the device resets.

The AAT3105 requires only three external com ponents:  
one 1ǋF ceram ic capacitor for the charge pum p flying 
capacitor (CP) , one 1ǋF ceram ic input  capacitor (CI N) , 

one 1ǋF ceram ic output  capacitor (COUT) . The four con-
stant  current  outputs of the AAT3105 (D1 to D4)  can 
drive four individual LEDs with a m axim um  current  of 
30m A each. A PWM interface enables the AAT3105 to 
change the LED current  through the EN/ PWM pin.

PW M I nter face

The AAT3105 uses a sim ple PWM interface to cont rol the 
effect ive LED current  (RMS)  of its current  source out-
puts. The PWM signal should fit  the requirem ents listed 
in the elect r ical character ist ic table for proper operat ion. 
When the EN/ PWM pin is constant ly pulled high, which 
m eans 100%  duty rat io, the source current  per channel 
is typically 30m A. When the EN/ PWM pin is pulled low 
for less than 150μs, the current  source will output  0m A 
of current  and the charge pum p status will rem ain 

Funct ional Block Diagram

C–C+ OUT

GND

IN

D3

D2

D1

PWM Control 5 Bits DACEN/PWM

D4

Two-Mode 
CP Control

VF Monitoring
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IREF5

1x

2x
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unchanged. By feeding the EN/ PWM pin with a proper 
PWM signal, the RMS current  of current  source outputs 
is proport ional to the duty rat io of the PWM signal with 
very lit t le error, which is int roduced t im ing delay. I f EN/
PWM is kept  low for longer than 1m s, the device will 
enter shutdown m ode. I n shutdown m ode, the device 
draws less than 1μA current  and all current  source out-
puts are inact ive.

The relat ionship between PWM duty rat io and LED cur-
rent  per channel is shown in Table 1. The PWM signal 
should m eet  the t im ing requirem ents shown in the 
Elect r ical Character ist ics sect ion of this datasheet  in 
order to guarantee proper operat ion and accuracy. For 
exam ple, if the m inim um  PWM duty rat io is designed as 
10% , then the PWM frequency should be higher than 
6Khz to m eet  the m inim um  lim it  of the EN/ PWM input  off 
t im e, which is 150μs.   

EN/ PW M Duty Cycle 
( FPW M =  2 5 Khz) D1 - D4  Current  ( m A)

100% 29.9
90% 26.7
80% 23.8
70% 20.8
60% 17.9
50% 15
40% 12
30% 9.1
20% 6.2
10% 3.2

Table 1 : PW M Duty Cycle vs. LED Current .

LED Current vs. PWM Duty Ratio
(FPWM = 25KHz)
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Figure 1 : PW M Duty Cycle vs. LED Current .

Applicat ion I nform at ion

LED Select ion

The AAT3105 is specifically designed for dr iving white 
LEDs. However, the device design will allow the AAT3105 
to dr ive m ost  types of LEDs with forward voltage 
specificat ions ranging from  2.2V to 4.7V. LED applicat ions 
m ay include m ixed arrangem ents for display backlight ing, 
keypad display, and any other applicat ion that  dem ands 
a constant  current  source generated from  a varying 
input  voltage. Since the D1 to D4 constant  current  
sources are m atched with negligible supply voltage 
dependence, the constant  current  channels will be 
m atched regardless of their  respect ive LED forward 
voltage (VF)  levels.

The low dropout  current  sources in the AAT3105 
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.

Any unused channel should be connected to GND;  the 
device will detect  and shut  down the channel. Do not  
connect  any unused channel to the OUT pin.

Device Sw itching Noise Per form ance

The AAT3105 operates at  a fixed frequency of approxi-
m ately 0.85MHz to cont rol noise and lim it  harm onics 
that  can interfere with the RF operat ion of m obile 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 inductor-based DC/ DC boost  
converter white LED backlight  solut ions. The AAT3105 
soft-start  feature prevents noise t ransient  effects associ-
ated with inrush currents during start-up of the charge 
pum p circuit .

Shutdow n

Since the current  switches are the only power returns for 
all loads, there is no leakage current  when all source 
switches are disabled. To enter shutdown operat ion, the 
EN/ PWM input  for the AAT3105 should be st robed low. 
After t OFF (500ǋs) , the AAT3105 will be shut  down and 
typically draws less than 1ǋA from  the input . Registers 
are reset  to 0 in shutdown.
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Pow er Eff iciency and Device Evaluat ion

The charge pum p efficiency discussion in the following 
sect ions accounts only for efficiency of the charge pum p 
sect ion itself. Due to the unique circuit  architecture and 
design of the AAT3105, it  is very difficult  to m easure 
efficiency in term s of a percent  value com paring input  
power over output  power.

Since the AAT3105 outputs are pure constant  current  
sources and typically dr ive individual loads, it  is difficult  
to m easure the output  voltage for a given output  to 
derive an overall output  power m easurem ent . For any 
given applicat ion, white LED forward voltage levels can 
differ, yet  the output  dr ive current  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  output  power over input  power efficiency.

The AAT3105 efficiency m ay be quant ified under very 
specific condit ions and is dependent  upon the input  volt-
age versus the output  voltage across the loads applied 
to outputs D1 through D4 for a given constant  current  
set t ing. Depending on the com binat ion of VI N and volt-
ages sensed at  the current  sources, the device will oper-
ate in load switch m ode. When any one of the voltages 
sensed at  the current  sources nears dropout , the device 
will operate in 2x charge pum p m ode.

Each of these m odes will y ield different  efficiency values. 
Refer to the following two sect ions for explanat ions for 
each operat ional m ode.

1 x Mode Eff iciency

The AAT3105 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.

POUT

PIN

VF · ILED

VIN · IIN
VF · ILED

VIN · IOUT

VF

VIN
η =         =              =               ≈

An expression for the ideal efficiency (η)  in 1x charge-
pum p m ode can be expressed as:

VF

VIN
η (%) =       · 100

For a charge pum p led dr iver with VF of 3.2V and 4.2V 
input  voltage, the theoret ical efficiency is 76% . Due to 
internal switching losses and I C quiescent  current  con-
sum pt ion, the actual efficiency can be m easured at  
73% .

2 x Charge Pum p Mode Eff iciency

The AAT3105 contains a 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 effi-
ciency (η)  can be sim ply defined as a linear voltage 
regulator with an effect ive output  voltage that  is equal 
to one and two t im es the input  voltage. Efficiency (η)  for 
an ideal 2x charge pum p can typically be expressed as 
the output  power divided by the input  power.

η = 
PF

PIN

I n addit ion, with an ideal 2x charge pum p, the output  
current  m ay be expressed as 1/ 3 of the input  current . 
The expression to define the ideal efficiency (η)  can be 
rewrit ten as 

POUT

PIN

VF · ILED

VIN · IIN
VF · ILED

VIN · 2 · IOUT

VF

2 · VIN
η =         =              =                    ≈

-or-

VF

2 · VIN
η (%) =            · 100

For a charge pum p current  source dr iver with VF of 3.2V 
and 2.7V input  voltage, the theoret ical efficiency is 59% . 
Due to internal switching losses and I C quiescent  current  
consum pt ion, the actual efficiency can be m easured at  
57% . Efficiency will decrease substant ially as load 
current  drops below 1m A or when the voltage level at  VI N 
approaches the voltage level at  VOUT.
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Addit iona l Applicat ions

The current  sources of the AAT3105 can be com bined 
freely to dr ive higher current  levels through one LED. As 
an exam ple, a single LED can be driven at  120m A by 
com bining together D1 through D4 outputs.

For lower-cost  applicat ions, the fly ing capacitor can be 
rem oved;  C+  and C-  should be float ing. This will force 
the AAT3105 to operate in 1x m ode. To m aintain regu-
lated LED current , the input  supply voltage has to be 
higher than the charge pum p's dropout  voltage in 1x 
m ode plus the forward voltage of the LED at  the preset  
LED current .

PCB Layout  Considerat ions

When designing a PCB for the AAT3105, the key require-
m ents are:

1. Place the fly ing capacitor C1 as close to the chip as 
possible;  otherwise 2x m ode perform ance will be 
com prom ised.

2. Place the input  and output  decoupling capacitors C2 
and C3 as close to the chip as possible to reduce 
switching noise and output  r ipple.

Input Voltage
2.7V to 5.5V

EN/PWM 
Interface

IN

C+

C-

EN/PWM

OUT

D1

D2

D3

COUT

1µF

GND

AAT3105CP

1µF

CIN

1µF

D4

Figure 1 : H igher  Current , Single LED Applicat ion.

Input Voltage
> VF + VDROP

EN/PWM 
Interface

IN

C+

C-

EN/PWM

OUT

D1

D2

D3

COUT

1µF

GND

AAT3105CIN

1µF

D4

Figure 2 : Low er Cost  1 x  Mode Applicat ion.
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Evaluat ion Board PCB Layout

   
 Figure 3 : AAT3 1 0 5  Evaluat ion Board Top Layer . Figu re 4 : AAT3 1 0 5  Evaluat ion Board Bot tom  Layer . 

Evaluat ion Board Schem at ic
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Figure 5 : AAT3 1 0 5  Evaluat ion Board Schem at ic.



AAT3105178

Low Cost 1x/2x 4 Channel Charge Pump WLED DriverChargePumpTM

PRODUCT DATASHEET

3105.2008.10.1.0 13w w w . a n a l o g i c t e c h . c o m

AAT3105178

Low Cost 1x/2x 4 Channel Charge Pump WLED DriverChargePumpTM

PRODUCT DATASHEET

3105.2008.10.1.0 13w w w . a n a l o g i c t e c h . c o m

Evaluat ion Board Bill of Mater ia ls ( BOM)

Com ponent Par t  Num ber Descr ipt ion Manufacturer

U1 AAT3105I JQ-T1 
High Effi ciency 1x/ 2x Charge Pum p for White 

LED;  SC70JW-10 Package 
AnalogicTech 

U2 PI C12F675 8-Bit  CMOS, FLASH-Based ǋC;  8-Pin MCU Microchip 
C1, C2, C3 GRM188R61A105KA61 Cap Ceram ic 1uF10V X5R 10%  0603 Murata

C4 GRM219R71C104KA01 Cap Ceram ic 0.1μF10V X7R 10%  0805 Murata
C6 GRM219R61A475KE19 Cap Ceram ic 4.7μF10V X5R 10%  0805 Murata
C N/ A Not  Soldered N/ A

D1-D4 LW M673 Mini TOPLED White LED;  SMD Osram
LED1 21UGC/ TR8 Green LED;  0805 LED0 CMD15 Chicago Miniature Lam p
LED2 21SRC/ TR8 Red LED;  0805 LED7 CMD15 Chicago Miniature Lam p

R2 Chip Resistor 20K, 1/ 16W 1%  0603 SMD Vishay
R3-R5 Chip Resistor 1K, 1/ 16W 1%  0603 SMD Vishay
R6-R7 Chip Resistor 330R, 1/ 16W 1%  0603 SMD Vishay

R8 Chip Resistor 1M, 1/ 16W 1%  0603 SMD Vishay
R9-R12 Chip Resistor 0R, 1/ 16W 1%  0603 SMD Vishay

S1 PTS645TL50 Switch Tact , SPST, 5m m I TT I ndust r ies
S2 PTS645TL50 Switch Tact , SPST, 5m m I TT I ndust r ies
S3 PTS645TL50 Switch Tact , SPST, 5m m I TT I ndust r ies

VR1 EVN-5ESX50B14 10K POT;  3m m  Squared SMD Panasonic-ECG
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Order ing I nform at ion

Package I nter face Current  Cont rol, I nver t ing Mark ing 1 Part  Num ber ( Tape and Reel) 2

SC70JW-10 PWM Linear 5WXYY AAT3 1 0 5 I JQ- 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.

Packaging I nform at ion

SC7 0 JW - 1 0

0.45 ± 0.10

0.
05

 ±
 0

.0
5

2.10 ± 0.30

4° ± 4°

0.
15

 ±
 0

.0
5

2.00 ± 0.20

7° ± 3°

0.
85

 ±
 0

.1
5

1.
10

 M
A

X

0.100

0.225 ± 0.075

1.
75

 ±
 0

.1
0

2.
20

 ±
 0

.2
0

0.40 BSC

Top View

Side View End View

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 .
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