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Preliminary Datasheet

WHITE LED DRIVER FOR LCD PANEL BACKLIGHT AP3068

General Description

The AP3068 is a white LED (WLED) driver with
current balancing and dimming functions. It consists
of a boost controller and 8-channel current sinks to
drive WLED arrays with constant current from a
wide power supply range. It can be used in middle
and large-sized LCD panel backlight.

The full-scale LED current can be adjusted from
5mA to 100mA simply via a resistor. The 8 channels
can be paralleled for higher current application. The
AP3068 can support direct PWM dimming.

The AP3068 features LED open/short protection,
Under Voltage Lockout (UVLO) protection, over
output voltage protection and Over Temperature
Protection (OTP).

The AP3068 is available in TSSOP-28 (EDP)
package.

Features

* Input Voltage Range: 6V to 27V

e Maximum Duty Cycle: 93%

e Maximum Channel Current: 100mA

e Current Matching Accuracy: £1.5%

e Adjustable Operating Frequency: 200kHz to
1MHz

e Cycle-by-cycle Current Limit

e Unused LED Channel Auto-detection

e Open/Short LED Protection

e Programmable Soft-start

e Programmable UVLO Protection

e Programmable OVP

e Over Temperature Protection

e FBX and SDBX Pins Enable Parallel
Application with AP3608E

Applications

e LCD Monitor
e LCD Display Module
e LCDTV

TSSOP-28 (EDP)

Figure 1. Package Type of AP3068
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WHITE LED DRIVER FOR LCD PANEL BACKLIGHT AP3068

Pin Configuration

G Package
(TSSOP-28 (EDP))
- ~
PGND2 [ /™ 25 ] CH8
cH1 = -7 7] CH7
CH2 [3] =—==—- - [ cHs
CH3 2] | | =0 chs
CH4 [5_| : | [24] vDD
PWM [5] | : 25 ] SDBX
FBX [ : | [221 AGND
ISET (8] | I [Z1] cs
FB2 [9_] : : 20] RT
FB1 [0 | [C5] PGND1
comp [ | : 18 ] OuT
ss [ '==—==== 4 =77 vee
uvLo [ 76 ] VIN
ov [Oa] 5] EN

Figure 2. Pin Configuration of AP3068 (Top View)

Pin Description

Pin Number Pin Name Function
1 PGND2 Power ground pin of current sink section
White LED cathode connection pin. The current of each channel
2,3,4,5, CHL1 to CH8 can be set from 5mA to 100mA. The channels can be paralleled
25,26,27,28 for higher current application. These pins should be connected to
GND if not used
PWM dimming control pin. Add a PWM signal to this pin to
6 PWM : ;v
realize PWM dimming control
This pin is an interface terminal. Connect it with current sink
7 FBX X o : .
device for parallel application. Leave it unconnected if not used
LED current setting pin. An external resistor can be connected to
8 ISET this pin to set LED current, the full-scale current can be adjusted
from 5mA t0100mA
Feedback pin. This pin is an interface terminal, which samples the
9 FB2 voltage of each channel, and outputs the lowest voltage to DC/DC
controller
\oltage feedback pin of the boost controller section. The reference
10 FB1 .
voltage is 500mV
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WHITE LED DRIVER FOR LCD PANEL BACKLIGHT AP3068

Pin Description (Continued)

Pin Number Pin Name Function

1 COMP Boost controller c_o_mpensation pin. This pin is the output of
internal error amplifier
Soft-start time control pin. An external soft-start time capacitor is

12 SS placed between this pin and AGND, and is charged by an internal
12uA current source to control the soft-start time of regulator
Under voltage lockout sense pin. The start-up and shutdown level

13 UVLO can be set via two resistors respectively connected from this pin
to AGND and VIN pin

14 ov Over voltage sense pin

15 EN Ehnalb(l:e pin. Logic high enables the IC, while logic low disables
the

16 VIN Input supply pin of boost controller section. This pin must be
locally bypassed. The input voltage ranges from 6V to 27V
6V linear regulator output pin. It is used to bias the gate driver for
external MOSFET. If V| is less than 8.5V, V¢ is equal to Vg

17 VCC minus dropout voltage across the bypass switch (Vprop), in other
words, Vce=Vin-Voroe. This pin should be bypassed to GND
(recommended to be connected to AGND pin) with a ceramic
capacitor

18 ouT External MOSFET gate driver output pin. The gate driver has
0.6A peak current capability

19 PGND1 Power ground pin of the boost controller section

20 T Frequency control pin. The operating frequency can be set via an
external resistor placed between this pin and AGND
Switch current sense pin. It is used for current mode control and

21 CS -
current limit

22 AGND Analog ground pin
This pin is an interface terminal. Connect it with current sink

23 SDBX device for parallel application. It should be connected to GND if
not used

o VDD Input supply pin for current sink section. The input voltage ranges
from 4.2V to 5.5V
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WHITE LED DRIVER FOR LCD PANEL BACKLIGHT AP3068

Functional Block Diagram
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| | STG s A 5 S8 i CHY
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Figure 3. Functional Block Diagram of AP3068
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WHITE LED DRIVER FOR LCD PANEL BACKLIGHT

AP3068

Ordering Information

Circuit Type

Package

AP3068 O O -0

G: TSSOP-28 (EDP)

L G1: Green

TR: Tape & Reel

Package Terrllqgenrg:ure Part Number Marking ID Packing Type
TSSOP-28 (EDP) -40to 85°C AP3068GTR-G1 AP3068G-G1 Tape & Reel

BCD Semiconductor's Pb-free products, as designated with "G1" suffix in the part number, are ROHS compliant

and green.

Absolute Maximum Ratings (Note 1)

Parameter Symbol Value Unit
Input Voltage Vin 30 \%
CH1 to CH8 Voltage (Note 2) Vpx -0.3t0 40 \Y/
EN Pin Voltage Ven -0.3to 30 \Y
VDD Pin Voltage VoD -0.3t06 \%
ISET Pin Voltage ViseT -0.3t06 \Y
PWM Pin Voltage Vewm -0.3t06 \%
COMP Pin Voltage Veomp -0.3t06 \%
SS Pin Voltage Vss -0.3t06 \%
UVLO Pin Voltage Vuvio -0.3to 7 \%
VCC Pin Voltage Vvee -0.3t0 10 \%
OUT Pin Voltage Vout -0.3t0 10 \%
CS Pin Voltage Ves -0.3to7 \%
RT Pin Voltage Vit -0.3t0 7 \%
OV Pin Voltage Vov -0.3to7 \%

Note 2: Breakdown Voltage
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WHITE LED DRIVER FOR LCD PANEL BACKLIGHT AP3068

Absolute Maximum Ratings (Note 1) (Continued)

Parameter Symbol Value Unit
Operating Junction Temperature T, 150 °C
Storage Temperature Tste -65 to 150 °C
Lead Temperature (Soldering, 10 sec) Tiean 260 °C
ESD (Machine Model) 200 \Y/
ESD (Human Body Model) 2000 \Y/

Note 1: Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to
the device. These are stress ratings only, and functional operation of the device at these or any other conditions
beyond those indicated under “Recommended Operating Conditions” is not implied. Exposure to “Absolute
Maximum Ratings” for extended periods may affect device reliability.

Recommended Operating Conditions

Parameter Symbol Min Max Unit
Input Voltage 1 VN 6 27 \Y
Input Voltage 2 Vbp 4.2 5.5 \Y
Operating Frequency fo 0.2 1 MHz
LED Channel Current lchx 5 100 mA
PWM Dimming Frequency fowm 0.1 25 kHz
Operating Temperature Ta -40 85 °C
Electrical Characteristics
Vin=12V, Vpp=5V, Ta=25°C, unless otherwise specified.
Parameter Symbol Conditions Min | Typ Max | Unit
INPUT SECTION
Input Voltage VN 6 27 \Y
Quiescent Current lo No Switching 3 5 mA
Shutdown Supply Current IsutD Ven =Vpp=0V 1 2 pA
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WHITE LED DRIVER FOR LCD PANEL BACKLIGHT AP3068

Electrical Characteristics (Continued)

Vin=12V, Vpp=5V, Ta=25°C, unless otherwise specified.

Parameter Symbol Conditions Min | Typ Max | Unit
VIN UVLO Threshold Vuvio Rising Edge 1.22 1.25 1.28 \Y
;/;lljlrceUVLO Hysteresis Current Live 16 20 24 WA
VCC SECTION
VCC Voltage Veo |VEVINEWV ° v
V=V =27V 5.5 6 6.5 Vv
VCC Current Limit Ivee Lim 50 mA
Dropout Voltage Across Bypass loc=OmA,
Switch Vprop | fosc=400kHz, 300 mV
BV<V|\y<8.5V
Bypass Switch Turn-off Threshold Veye 1 | Vin Rising 8.7 \Y4
Bypass Switch Threshold Hysteresis | Veyp Hys | Vin Falling 260 mV
VCC UVLO Threshold Vec uvio | Rising Edge 4.7 \Y/
VCC UVLO Hysteresis Ve Hys 300 mV
BOOST CONTROLLER SECTION
RT Voltage Vgt 1.20 1.25 1.30 \Y
Operating Frequency fo Adjustable 0.2 1 MHz
Error Amplifier Transconductance Om 470 uA/NV
Error Amplifier Output Resistance Ro 1 Q
Current Limit Threshold Voltage Vs 0.09 0.11 0.13 \Y
Maximum Duty Cycle Dmax 90 93 %
Soft-start Current Source Iss 12 uA
OUT Pin Rising Time trisING 1nF Load 20 ns
OUT Pin Falling Time traLing | InF Load 20 ns
Ris?\t/om;ﬂgh Voltage  Level |y, v | lour=50mA 025 | 075 | V
Output Low Voltage Level Vourt L lout =100mMA 0.25 0.75 \Y
OV Threshold Vov 1.25 Vv
OV Hysteresis Current Source lov Hys 16 20 24 LA
May. 2010 Rev. 1.3 BCD Semiconductor Manufacturing Limited
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WHITE LED DRIVER FOR LCD PANEL BACKLIGHT AP3068

Electrical Characteristics (Continued)

ViNn=12V, Vpp=5V, Ta=25°C, unless otherwise specified.

Parameter Symbol Conditions Min | Typ | Max | Unit
CURRENT SINK SECTION
Input Voltage Vb 4.2 5.5 \Y
Quiescent Current lg No Load 0.5 1 mA
ISET Reference Voltage ViseT 1.17 | 1.194 | 1.218 Vv
ISET Multiplicati
Output/ SET Current Multiplication K 370 400 430
Ratio
) Venx=0.5V 23 45
Maximum Output Current per
Channel IcHx-MAX Veux=1V 65 70 mA
Venx=1.5V 110 120
Current Matching Accuracy lcux=60mA 0
Between Each Channel lcr-matcn Venx=1V 15 15 %
|CHX=20mA 0.45
Current Sink Saturation Voltage per —
Channel Vehx lchx=60mA 0.8 Vv
|CHX=100mA 1.2
. . Alcyl Vpp=4.2V to
Output Current Line Regulation cH po 2 %IV
(IlenxAVpp) | 5.5V
. Veux=0.5V to
Output Current Load Regulation X 4 %
2.8V
LED Open Detecting Voltage Vb opEN 3 \V
ENABLE AND PWM DIMMING SECTION
EN High Level Threshold Voltage ViH EN 2.0 \Y
EN Low Level Threshold Voltage VL en 0.5 Vv
PWM High Level Threshold
\Y 1.8 \
\oltage H_PWM
PWM Low Level Threshold
\% 0.8 \%
\oltage ILPWM
PWM Dimming Frequency fowm 0.1 25 kHz
Minimum PWM Duty Cycle Dpwm_miN 0.35 %
TOTAL DEVICE
Thermal Shutdown Temperature ToTsp 160 °C
Thermal Shutdown Hysteresis Thys 20 °C
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WHITE LED DRIVER FOR LCD PANEL BACKLIGHT AP3068

Typical Performance Characteristics

VN =12V, Ven=Vpp=5V, Riest=20kQ, Tp=25°C, unless otherwise specified.
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Figure 4. Maximum Output Current vs. Figure 5. VCC Voltage vs. Input Voltage
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WHITE LED DRIVER FOR LCD PANEL BACKLIGHT AP3068

Application Information

1. Input Under-voltage Detector

The AP3068 integrates an UVLO circuit. Two
resistors Ryy: and Ryy, are respectively connected
from UVLO pin to GND and VIN pin (Figure 9). The
resistor divider (Ryv: and Ryy2) must be designed
such that the voltage on UVLO pin is higher than
1.25V when V) is in the desired operating range. If
the voltage on UVLO pin is below the under voltage
threshold, all functions of AP3068 will be disabled,
while the system will remain in a low-power standby
state. The UVLO hysteresis is realized through an
internal 22uA current source, which switched on or
off 22uA current flowed into the set-point divider.
The current source will be instantly activated to raise
the voltage on the UVLO pin (Myvio) When the
UVLO threshold (Tyvio) is exceeded, and will be
turned off to lower Vyyvio when Vo falls below
Tuvio. The formulas of UVLO can be expressed as
blow:

(R s + R yp) x1.25V

VI N_THRESHOLD —

R uv2

VIN_HYSTERESIS =Ry X 22uA

Where VN thresnolp 1S the input threshold voltage
and Vn_nvsTeresis IS the input hysteresis voltage.

2. Over Voltage Protection

The AP3068 integrates an OVP circuit. The OV pin is
connected to the center tap of voltage-divider (Rov:
and Rov») that placed between high voltage output
and GND (Figure 9). If the voltage on OV pin
exceeds 1.25V, which may results from open loop or
excessive output voltage, all the functions of AP3068
will be disabled with output voltage falling. The OVP
hysteresis is realized by an internal 22uA current
source and its operation mode behaves the same as
UVLO. The formulas of OVP can be expressed as
blow:

(R ovi T Rovz) x1.25V
VOVP =

R ov2

VOVP_HYSTERESIS = I:eov1 x 22 A

Where Vovp is the OVP voltage and Vove nysteresis
is the OVP hysteresis voltage.

3. Frequency Selection

An external resistor Ry, placed between RT pin and
GND, can be used to set the operating frequency
(Figure 9). The operating frequency ranges from
200kHz to 1MHz (Table 1). The high frequency
operation optimizes the regulator for the smallest-
sized component application, while low frequency
operation can help to reduce switch loss.

Operatin
Rr (kQ) Freqlﬁ)ency (IgHz)
390 200
147 400
95 600
68 800
51 1000

Table 1. Frequency Selection

4. Soft-start

The AP3068 integrates a soft-start circuit to limit the
inrush current during start-up. The time of soft-start
can be controlled by an internal 12uA current source
and an external soft-start capacitor Css placed
between SS pin and GND (Figure 9). The effective
Css voltage for soft-start ranges from 0V to 2.3V, and
the time of soft-start can be expressed as below:

Cg x2.3V
12 A

Where tgg is the time of soft-start.

tss =

5. VCC Pin Application Description
The AP3068 includes an internal low-dropout linear
regulator with an output pin VCC. This pin is used to
power the internal PWM controller, control logic and
MOSFET driver. On condition that V,y=8.5V, the
regulator will generate a 6V supply; On condition
that 6V <V|y<<8.5V, V¢ is equal to V,y minus
dropout voltage across bypass switch (Vprop), in
other words, Vcc=V n-Vorop;, On condition that Vy
<6V, connect VCC pin to VIN pin directly.

May. 2010 Rev. 1.3
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WHITE LED DRIVER FOR LCD PANEL BACKLIGHT AP3068

Application Information (Continued)

6. LED Current Setting

The maximum LED current per channel can be
adjusted up to 100mA via ISET pin. When =100mA
current is needed in application, two or more
channels can be paralleled to provide larger drive
current (Figure 10). Connect a resistor Riser between
ISET pin and GND to set the reference current lggr,
and Isgt can be expressed as below:

1.194V

I =
SET R
ISET

This reference current is multiplied internally with a
gain (k) of 400, and then be mirrored onto all enabled
channels, which can set the maximum LED current,
referred to as 100% current (Icyx_max)- And lcpx_max
can be expressed as below:

ICHX_MAX =Kxlger

Duty Cycle: 50%

The LED current can be reduced from 100% by
PWM dimming control.

7. PWM Dimming Mode

Applying a PWM signal to PWM pin to adjust the
LED current, that means, the LED current of all
enabled channels can be adjusted at the same time
and the LED brightness can be adjusted from 1% X
lohx max 10 100% X lchx max. During the *“high
level” period of PWM signal, the LED is turned on
and 100% of the current flows through LED, while
during the “low level” period of the PWM signal, the
LED is turned off and almost no current flows
through the LED, thus changing the average current
through LED and finally adjusting LED brightness.
The external PWM signal frequency applied to PWM
pin is allowed to be 100Hz or higher.

Duty Cycle: 80%

PWM

lcH_max CH_MAX

l___

CH1 to CH8

Current

R i

|
|
|
}
| IcH_max
|
|
|
}
1

Figure 8. PWM Dimming of AP3068 (Example)
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WHITE LED DRIVER FOR LCD PANEL BACKLIGHT AP3068

Typical Application
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Figure 9. Typical Application Circuit of AP3068 (Single Channel Application)

May. 2010 Rev. 1.3 BCD Semiconductor Manufacturing Limited

12



| | X el |
| A | 4 Preliminary Datasheet

WHITE LED DRIVER FOR LCD PANEL BACKLIGHT AP3068

Typical Application (Continued)

Vin=6V to 27V

ov
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RT
CH2
CH3

i
R COMP .
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cHal |
VCC
11 | —
B CHS8 .
1 CHE— [ [ o

FB2
ISET VDD:4.2V to 5.5V
RFB1 RISET
VDD

Res2 AGND SDBX

890¢€dV

Figure 10. Typical Application Circuit of AP3068 (Paralleled Channel Application)
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WHITE LED DRIVER FOR LCD PANEL BACKLIGHT AP3068

Mechanical Dimensions

TSSOP-28 (EDP) Unit: mm(inch)
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May. 2010 Rev. 1.3 BCD Semiconductor Manufacturing Limited

14



H 7~ Eh
| AT | 4

BCD Semiconductor Manufacturing Limited

http://www.bcdsemi.com

IMPORTANT NOTICE

BCD Semiconductor Manufacturing Limited reserves the right to make changes without further notice to any products or specifi-
cations herein. BCD Semiconductor Manufacturing Limited does not assume any responsibility for use of any its products for any
particular purpose, nor does BCD Semiconductor Manufacturing Limited assume any liability arising out of the application or use
of any its products or circuits. BCD Semiconductor Manufacturing Limited does not convey any license under its patent rights or
other rights nor the rights of others.
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