AX7701/A

DERESEER{DBEEAS AXElite Technology Co., Lad.

White LED Driver (120mA Charge Pump

with Current Source)

% GENERAL DESCRIPTION

The AX7701/A'is a high efficiency charge pump white LED driver. It supports up to
4 white LEDs with regulated constant current for uniform intensity. The AX7701/A
maintains the highest efficiency by utilizing a x1/x1.5/x2 fractional charge pump and

low dropout current regulators.

User can easily configure each LED current up 30mA by an external resistor. Two
digital inputs can be programmable to control white LED On/Off. LED dimming can be
achieved by applying a PWM signal to the digital control signals. The operating voltage

range is 2.5V to 5.5V. Internal soft-start circuitry effectively reduces the in-rush current

both while start-up and mode change. AX7701/A also provides comprehensive

protections such short circuit protection and over-temperature protection. The load is

disconnected from VIN while shutdown and the shutdown current is less than 1uA.
AX7701/Ais available in a QFN-16L 3x3mm package.

% FEATURES
Very High Efficiency Over 90% of Battery Life

Support up to 4 WLEDs

Support up to 120mA Output Current

Soft Start / Short Circuit Protection Function
Three Charge Pump Mode: x1, x1.5, x2
250k/1MHz Fixed Frequency Oscillator
RoHS Compliant and 100% Lead (Pb)-Free

Block Diagram

C1P CIN C2P C2N

LED4 LED3 LED2 LED1

— ] 1seT

VOUT - 250K/1MHz
x1/x1.5/x2 Oscillation
VIN Charge Pump =
A Current Brightness
PGND > and Setting
Control Circuit
EN Mode Decision *
Output Bandgap| | Current Set
Selection Logic Voltage Detect
o—0

CTRLO CTRL1
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% PIN ASSIGNMET (QFN-16L 3x3mm)

(TOP VIEW) Table 1
LED1 LED2 LED3 LED4
O 18 15 14 13 Control Inputs Output Status
EN[T73 (75"l PGND CTRL1 | CTRLO | LED4 | LED3 | LED2 | LED1
CTRLO [7Z] Thermal PAD | 3] C2P 0 0 | OFF | OFF | ON | ON
SN e T S B B o o7 0 | 1 |OFF | ON | ON | ON
AGND [ {37 CIN 1 0 ON | ON | ON | ON
L 6 N 1 1 OFF | OFF | OFF | OFF
|s=E% V(l)L;T VIN (=31:P
PIN Name Description
1 EN Chip Enable (Active High). There §houlq be a pull low 100kQ resistor
connected to GND when the control signal is floating.
2 CTRLO | Output Control Bit 0. (See Table 1)
3 CTRL1 | Output Control Bit 1. (See Table 1)
4 AGND | Analog Ground
LED current is set by the value of the resistor RSET connected from the
5 ISET ISET pin to grqund. Do not. shqrt the ISET pin. VISET is typically 1.?V. All
external capacitance at this pin, including board parasitic capacitance,
must be less than or equal to 30pF.
6 VOUT | Output Voltage Source for connection to the LED anodes.
7 VIN Input Voltage
8 C1P Positive Terminal of Bucket Capacitor 1
9 CIN Negative Terminal of Bucket Capacitor 1
10 C2N Negative Terminal of Bucket Capacitor 2
11 C2P Positive Terminal of Bucket Capacitor 2
12 PGND | Power Ground.
13t0 16 | LED4~1 | Current Sink for LED. (If not in use, pin should be connected to Vour) (1)
PAD GND | Exposed pad should be soldered to PCB board and connected to GND.

(1) The CTRL word must match the output in use.
<+ ORDER/MARKING INFORMATION

Order Information Top Marking
AX7701 X X X Part Blank : AX7701
T L 1 number_> 7701 X—> A : AX7701A
Frequency Package Type  Packing X X X X X—> IDcode: internal
Blank : 1.0Mhz Q: QFN-16L 3x3 Blank : Tube _I_—> WW: 01~52
A : 250Khz A : Taping

Year : 06 = 2006

2/16

Axelite Confidential Materials, do not copy or distribute without written consent.

Rev.1.0 Jun.14, 2007




AX7701/A
AJEIH‘E BRISREIMABIRAT AXElie Technology Co., L.

% Absolute Maximum Ratings (atTa=25 )

Characteristics Symbol Rating Unit
VIN Pin Voltage Vin -0.3to6V \Y
VOUT Pin Voltage Vour -0.3to6V v
Storage Temperature Range Tst -65 to +150
Junction Temperature Ty +125
Thermal Resistance from Junction to ambient Bua 68 /W
Power Dissipation[ PD=( T,-Ta) / 8u ] PD 1.47 W

Note : ©unis measured with the PCB copper area of approximately 1 in2(Multi-layer).

% Operating conditions

Characteristics Symbol Rating Unit
Operating Temperature Range Top -40 to +85
Operating Supply Voltage Vorp +2.5t0+5.5 V
% Electrical Characteristics (Vw=3.7V, C1=C2=1uF,ESR =0.032,Ta=25°C, unless otherwise specified)
Characteristics Symbol Conditions Min | Typ | Max |[Units
Undervoltage Lockout Threshold Vi rising or falling 18 | 21 | 24 V
Undervoltage Lockout Hysteresis 50 mV
Rser = 24.0K - |20 | - | mA
Current into LEDs
Rser = 96.0K - 5 - | mA
1,2,3and 4 ILep
2.7V <Vn<55V 2 - | 20 | mA
3AV<Vn<55V 2 - 30 | mA
, Fosc =1MHz, EN = High, No Load - 3 - mA
Quiescent Current loca I e =250kHz, EN = High, No Load | ~ | 15 | ~ | mA
Shutdown Supply Current Isp EN = Low - 1 7 uA
ILep Accuracy lLeperr  [2MA < lLep < 30mA - 2 751 %
Current Matching ILeD-LED-ERR |2MA < lLep < 30mA - 1 5 %
x1 mode to x1.5 mode Vrransix  |Vieo= 3.6V, lour= 80mA 38 B N
Transition Voltage (VIN falling) ILep1 = lep2 = Iieps = lieps = 20mA '
x1.5 mode to x2 mode Vrranstsx [Vieo= 3.6V, lour= 80mA B 28 B N
Transition Voltage (VIN falling) ILep1 = lep2 = Iieps = lieps = 20mA '
Fosc  |AX7701 08 | 1.0 | 1.2 | MHz
Oscillator Frequency
Fosc  |AX7701A 200 | 250 | 300 | KHz
Input current limit [Lim Short circuit applied from Vourto GND | 450 | - | 800 | mA
Open circuit at any LED that is
Output over voltage protect Vovp programmed 1o be in the ON state - 55 6 V
EN Pin Logic input threshold Vi Input high (EN,CTRLO,CTRL1) 2.0 - - v
voltage Vi Input low (EN,CTRLO,CTRL1) - - |08
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. I Ven=Vin (ON) - - 1

EN Pin Input Current
I Ven=GND (OFF) - - 1
Thermal shutdown Temp TSD - 150 | -
Thermal shutdown Hysteresis - 25 -

Note 1. ILED(MEASURED) - ILED(SET) X100%

ILED Accuracy ==+

lLeoseT)
Note 2. Current Matching refers to the difference in current from on LED to the next.

ILep Current Matching = J_rILED(MAX)_"‘ED(M'N)X1OO%

Lepmax) T lLepviny

% Application Circuit

A. For 4 WLEDs back light

_—L_COUT
1uF
L = vwwvw w2
= o« o o - =
Y Y Y Y
VIN=2.5~5.5V a0 -~ o = X X X X
(e} = - 4 ] C)
o EE 16
Sliser 5 5 LeDT
6 15
VOUT pyp701  LED2
VN Leps |4
8 aeps |2
R z
——CIN ¢ R1 5)
1uF RSET o U1

B. For 3 WLEDs back light

——CouT
1uF

D1 D2 D3
= A 4

o o o o = h 4 Yy
N Y Y
VIN=2.5~5.5V a - o = X N X
o z gz g woO
O E = 16
ISET © O LED1

VOUT pxr701  LED2

VIN LED3

A ED4
z

——CIN
1uF
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C. For 2 WLEDs back light

VIN=2.5~5.5V
o

——CIN
1uF

GPIO2:

High : VDD (Movie Mode)
Low : OV (Strobe Mode)

AXT7701/A

Eﬁmﬁﬂﬁﬂﬁﬁﬁmﬂa AXElite Technology Co., Lid.

J_COUT :l:COUT
1uF 1uF
J_ D1 D2 n D1 D2
= 4 o of = !\ !\ = 4 o o - = !\ !\
o 5 9 z N N o 5 g9 z X X
z 7 7z wO VIN=2.5-5.5V Z %z [nie)
5liser” 5 5 Lept |18 Sliser. 5 5 weor 8
81 vout Ax701 | LED2 15 & fvout Axz701  LED2 15
z VIN LED3 14 z VIN LED3 14
8 aeps 3 8 aeos |2
P4 4
[9) R1 [9)
o U1 ——CIN RSET o U1
1uF
D. For 3 WLEDs Camera flash module
VDD u2
1 apior [
Base Band
GPIO2 2 *- 1R020K
R2 =
RADJ
J:COUT Flash LED
1uF
I
= JJdl = |y ¥ ¥
Y Y Y
VIN=2.5~5.5V o - o = X X X
9 zzg 50
5 ISET 5 6 LED1 16
6 VOUT AX7701 LED2 15
7 VIN LED3 14
8 C1P ad ED4 13
R1 zZ %% 5
——CIN > RSET © 0 © o u1
1uF —a
0.1uF 2 o
DEVICE C1 (uF) C2 (uF)
AX7701(1MHz) 0.1 0.1
AX7701A(250KHz) 0.47 0.47
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% Function Descriptions

The AX7701/A is a high efficiency charge pump white LED driver. It provides 4 channels
low drop-out voltage current source to regulated 4 white LEDs current. For high efficiency,
the AX7701/A implements x1/x1.5/x2 mode charge pump. An external Rser is used to set the
current of white LED. AX7701/A has an input current regulation to reduce the input ripple.

Soft Start

The AX7701/A includes a soft start circuit to limit the inrush current at power on and
mode switching. Soft start circuit holds the input current level long enough for output
capacitor Cout reaching a desired voltage level.

Mode Decision

The AX7701/A uses a smart mode decision method to select the working mode for
maximum efficiency. Mode decision circuit senses the output and LED voltage for up/down
selection.

Dimming Control
CTRLO and CTRL1 are used to control the on/off of White LED. When an external PWM
signal is connected to the control pin, brightness of white LED is adjusted by the duty cycle.

LED Current Setting

The current of white LED connected to AX7701/A can be set by Rser. Every current flows
through the white LED is 400 times greater than the current of Rser. The white LED
can be estimated by following equation:

ILED

— 400% [VISET]

RseT

where Viser = 1.2V, and Rser is the resistance connected from Iset to GND.

Thermal Shutdown

The AX7701/A provides a high current capability to drive 4 white LEDs. A thermal
shutdown circuit is needed to protect the chip from thermal damage. When the chip
reaches the shutdown temperature 150°C, the thermal shutdown circuit turns off the chip
to prevent the thermal accumulation in the chip.

Over Voltage Protection

The AX7701/A regulates the output voltage by controlling the input current. When the
output voltage reaches the designated level, the AX7701/A reduces the input current. And
then, the output voltage regulation also serves an over-voltage protection.
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Short Circuit Protection

A current limiting circuit is also included in the AX7701/A for short circuit protection.
Whenever output source a dangerously high current, the current limiting circuit takes over
the output regulation circuit and reduces the output current at an acceptable level.

% Application Information

Selecting Capacitors

To get the better performance of AX7701/A, the selecting of peripherally appropriate
capacitor and value is very important. These capacitors determine some parameters such
as input and output ripple, power efficiency, maximum supply current by charge pump, and
start-up time. To reduce the input and output ripple effectively, the low ESR ceramic
capacitors are recommended. Generally, to reduce the output ripple, increasing the output
capacitance Cour is necessary. However, this will increase the start-up time of output
voltage. For LED driver applications, the input voltage ripple is more important than output
ripple. Input ripple is controlled by input capacitor Cv, increasing the value of input
capacitance can further reduce the ripple. Practically, the input voltage ripple depends on
the power supply’s impedance. If a single input capacitor Ciy cannot satisfy the
requirement of application, it is necessary to add a low-pass filter as shows in Figure 1.

VIN
1
VIN
AX7701/A
2.2uF 2.2uF GND
L

Frgurel. C-R-C filter used to reduce input ripple
The flying capacitor C1 and C2 determine the supply current capability of the charge

pump and to influence the overall efficiency of system. The lower value will improve
efficiency, but it will limit the LED’ s current at low input voltage.
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Setting the LED Current
The AX7701/A can be set a fixed LEDs current by a resister RSET connected from ISET

to GND. RSET establishes the reference current and mirrors the current into LED1, LED2,

LED3, and LED4. The current into LED is about 400 times of the current flows through the

RSET, the approximate setting formula is given as follows:

1.2V j

RseT

(1)

| o (A) =400 (

Figure 2 shows the typical value of RSET versus average LED current and Table 2 shows
the values of RSET for a fixed LED current.

100
9 |
80 |
70 |
60 |
50 |
40 |
30

20 | \\.
10 |
0

Rser(KQ)

0 5 10 15 20 25 30

LED average current (mA)

Figure 2. The typical curve of RSET vs. LED's average current.

Table 2. Rsgr Value Selection

ILen(MA) Rser(K€Q)
5 96.0
10 48.0
15 32.0
20 24.0
25 19.2
30 16.0

If maximum accuracy is required, a precision resister is needed. Equation (2) shows how to
calculate the error | ep(erRr).

ILED(ERR) = + ‘ ILED(MEASURED)_ILED(SET) ‘ X100% (2)

ILED(SET)

Where |Lepmeasurep) is practical LED current I.ep(ser) is LED current which is determined
by the Rser.
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LED current setting with NMOS

LED current setting control can also be achieved by using the external NMOS to change
equivalent resister of ISET pin. Figure 3 shows this application circuit of method. For this
example, a 3 bit signals can set 8 kinds of different equivalent resister of ISET pin, i.e.
produce 8 kinds of LED current level. Table 3 shows the relation between equivalent
resister of ISET pin and control signal.

R1
ISET
AX7701/A | R4 — s1
GND 1 Ry =
J=_ =
— s2
R3 =

Figure 3. The application circuit of setting LED current which

uses a NMOS to set Rser.

Table 3. The relation between control signal and equivalent resister of Iser pin

S1 S2 S3 Equivalent Resister of Iser pin(Rset)
0 0 0 Rser =R4
0 0 1 Rser =R3//R4
0 1 0 Rser =R2//R4
0 1 1 Rser =R2//R3//R4
1 0 0 Rser =R1//R4
1 0 1 Rser =R1//R3//R4
1 1 0 Rser =R1//R2//IR4
1 1 1 Rser =R1//R2//IR3//R4

LED Dimming Control Methods
The AX7701/A can use two methods to achieve the LED dimming control. These methods
are detailed described as following:
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1). Dimming using PWM signal into CTRLO and CTRL1
LED current can be controlled by applying a PWM signal to CTRLO or CTRL1. Table 4
shows the relation between CTRLx and 4 LED's current states. For an example, as the
CTRL1 is pulled logical high and CTRLO receives a PWM signal, then, four LEDs will be
dimmed synchronously. Here, the PWM signal setting the LED's current ON/OFF can
achieve the average LED's current which in design. The application circuit is shown in
Figure 4. Figure 5, and Figure 6 show 3WEDs and 2WLEDs PWM dimming application
circuit, respectively. During the time of PWM signal logical low, the current is a fixed value
and setting by RSET resistor. So the average LEDs current can be approximated as
Equation (3).

TorF x ILED(ON)
ILED(AVG) =

(3)

Tpwm

Where:

Tpww is the period of PWM dimming signal Torr is the time of PWM signal at low. I epon) is
LED on state current.

Table 4. The relation between CTRLx and 4 LED's current states

Control Inputs Output Status
CTRL1 CTRLO LED4 LED3 LED2 LED1
0 0 OFF OFF ON ON
0 1 OFF ON ON ON
1 0 ON ON ON ON
1 1 OFF OFF OFF OFF
AXT701/A
CTRL1 —O VIN
CTRLO |—o PWM _,E@r

OFF
EN —o GPIO

GND
L
Figure 4. The PWM dimming application circuit for 4WLEDs

AX7701/A LED
CTRL1 —0 PWM LED | ON

OFF
CTRLO —o0 VIN

EN 0 GPIO

GND

L

Figure 5. The PWM dimming application circuit for SWLEDs
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AX7701/A LED
CTRL1 PWM LED | ON
OFF
CTRLO

EN —oGPIO

GND
L

Figure 6. The PWM dimming application circuit for 2WLEDs

Besides, AX7701/A has 100us delay time between mode transfer. This delay time makes
different dimming frequency corresponds to different maximum duty of CTRLX pin. When
the duty cycle of dimming frequency excess maximum duty, the AX7701/As can't transfer
the mode normally. Equation (4) shows the relation between maximum duty of CTRLX pin
and PWM dimming frequency. Table 5 is shown the common dimming frequency and its
corresponding maximum duty. For better performance consideration, the maximum PWM
dimming frequency is recommended below 1 kHz.

Dmax) = (1 - 100x10°®x Fp) (4)

Where: Duax is Maximum Duty of CTRLX
Fo is PWM Dimming Frequency

Table 5. The common dimming frequency and
its corresponding maximum duty.

Dimming CTRLX ILED
Frequency (Hz) Maximum Duty Minimum Duty
1K 0.90 0.10
900 0.91 0.09
800 0.92 0.08
700 0.93 0.07
600 0.94 0.06
500 0.95 0.05
400 0.96 0.04
300 0.97 0.03
200 0.98 0.02
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Powered By Innovation

PCB Board Layout

The AX7701/Ais a high-frequency switched-capacitor converter. For best performance,
place all of the components as close to IC as possible. Besides a solid ground plane is
recommended on the bottom layer of the PCB. The ground should be connected CIN and
COUT together and as close to the IC as possible. Figure 7 shows the typical layout of
AX7701/A' s EVB board.

Top Layer

Bottom Layer
Figure 7. Typical layout of AX7701/A’s EVB board
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% Typical Characteristics

% Input Voltage Vs LED Current Input VVoltage Vs Quiescent Current
Reer=24KQ -
28 Ta2s 45 l Reer2ake2 4
< 26 —~ [ 1MHz
g < 35 | 1.5X Mode
= 24 = —\
5 z =
E 2 g 25+
LQ> 20 = 3 21+ 1X Mode
2 18 —_—
2 250KHz
16 3 05—
14 0
2.5 3 35 4 4.5 5 2.5 3 35 4 4.5 5
Input Voltage (V) Input Voltage (V)
Input Voltage Vs Enable Voltage Temperature Vs UVLO
1.6 2.5
Lo POR
S 14 2.3
g 13 S 21
E 1.2 9 POF
: Vew | — 3 19
i 1 — Ven 17
0.9 / .
0.8 15
25 3 35 4 4.5 5 -50 -25 0 25 50 75 100
Input Voltage (V) Temperature ()
Input Voltage Vs Efficiency (Conventer) Input Voltage Vs Efficiency (LED)
100 90
85
95 —— /
80
< 90 < /
S 75 / /
> >
S 85 A § 70
3 T 2l /
£ 80 £
w L
ot / /
75 A 55
70 50
5 45 4 35 3 2.5 5 45 4 35 3 25
Input Voltage (V) Input Voltage (V)
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Inrush Current(EN ON)

AX7701/A
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Mode Change Inrush Current (1X to 1.5X)

Tl | Tok %1 | i |
m [v) . s 1A V.08V [+l e far 15Ima
- L = szoma
-J VEN ¥ V|N
| 1
; i | : !'
e . {CIN : ' C1P
1 | U
penm s s g . . ! |4 AR e n et n T nm it i
| Vout / | Vout
e .
-—l—--ror'--"‘-ﬁﬂ—-_.é I|N [k |LED=20mA " i IIN
= T V=25V, 1ep=20mA | P et —s :
] 10OV hrch2 J00V W 100ps, A Chl £ 1,04 W Chil_206% &chZ J.0uW LM40.0p% A Chi 7 144 ¥
chl F00W Gchs 00mAlls 285H 2007 Chi 200V SEIN 200mA Y 2®5H 007
winon% V5007 i kn.e0 % ([ EH
Mode Change Inrush Current (1.5X to 2X) Normal Operation (1X)
Tl { Tok ¥ o e——— |
b FTE Iﬁ i ' s ik v . la: 132y
1 1.56 A& B 4.4V
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. ' C1P
| - C1P
[Ef=vimianimjmessrrnsmerinrioanids ‘I [} 'v-!l|+|'|||-lr-|l1‘rr+rﬂ|+-ﬂu|-1:|-|--|-|H-!!---I|-1!H-HP1IE
RTINS ¢ Vout - Vout
| I I
= P -1 IN i * ! LED
1 ;I % { ::
Chl_200W &Chi J0uw &M 100ps| A Chi 5 36V El I0V Gin: ioiv SMI.B0us A Chi J ZE0W
ChE 2.00% WEIE 200mA s 2x®5H 2007 ChE 208% “Chd JmATY ®5H 2007
i ko 30 % (LEFCHE 8200 % (LM ]
Normal Operation (1.5X) Normal Operation (2X)
Tk HJ:_' | —— i TIEWIL' = 1 i
¢ 8 NEY e ; -3 iNaY
TR S Vin - 'Vin
- 4 - - TR 5
. ol FCIP MMM C 1P
r 5 SPUIN MPSTL FETTE PRPTE INPRE ST EPTL PP TN Fif SESEp.
— T AT p _"_="._:'____'—='—__'—:" Vout —-— —- Vout
H |
P A - : liep
L § { ILED i ') 1
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Dimming Operation Dimming Operation
Tl £ 1 = ) Tkt B | = |
v ! |8 Sy v ! |s .s‘:'nuz":.l
- — ' — —_— ‘é s ‘;
" tFCTRLO " ] 3L —  [cTRLO
- Vout Vout
- c1p ; Cc1pP
[ 1) - E'-|: ey - ; .41-- / 7 | i - .-—:-.:
a | : 1 Wit
' | {leo ! I 5 L=
i— . =+ .__....5 =8 - k ..Il & L Il_ ! u 'l! ;
- Vin=4.2V, Duty=20% | - Vin=4.2V, Duty=80% |
Chi 200V Chal Lodh WM 4000 A Ch S LI2V Chi ooy Chd 100% S 400ps A Chl S 1LI2V
B a6V rhal TH GmAlN 1265 2007 W Z00W Werha T8 dmAl 1200 2007
T LY IR:0042 T X T 180047
Dimming Operation Dimming Operation
Trke [ [ = 1 3
u f & —)0.0mA B mtfl : i I & Bomh
- - = - - =CTRLO
i : CTRLO
4 M - — — —
- T =—"\Vout = = _— = \Vout
{ '
i a--------:----:4-d--*-'-!*---1----.—----;-*------- Clp ....................... At Rt e e R Clp
' A
2 [
5 ILeD ILeD
| - o ]
; Vin=3V, Duty=20% V=3V, Duty=80%
Chi| 2.00W Ch2 Zo0w WM 400ps A Chl 5 132V Chl_2.00% Cha 00w wM400p% & Chi 5 .33 ¥
Thy YooV SEEE 0. omali 1206 2007 Chi .00V SEED 16 0mATS 128H 2007
0.5 % 18:05:26 N6 00 % 18:04:25
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% Package Outlines (QFN 16L 3x3mm)

(Top View) (Bottom View)
B D . D2 |
Uil i
A E I:I
1 ]
E E2
1 ]
\ 4 : l:l 16
. |® 1000
1 | 1
g ipe
A
' k2
A1T XSEATING PLANE AZT
Svmbol Dimensions In Millimeters Dimensions In Inches
y Min. Nom. Max. Min. Nom. Max.
A 0.750 0.850 0.950 0.030 0.033 0.037
A1 0.000 0.020 0.050 0.000 0.001 0.002
A2 0.175 0.200 0.250 0.007 0.008 0.010
b 0.180 0.230 0.300 0.007 0.009 0.012
D 2.950 3.000 3.050 0.116 0.118 0.120
D2 1.450 1.600 1.750 0.057 0.063 0.069
E 2.950 3.000 3.050 0.116 0.118 0.120
E2 1.450 1.600 1.750 0.057 0.063 0.069
e 0.500 0.020
0.350 0.400 0.450 0.014 0.016 0.018
y 0.08 0.003
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