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INTEGRATED TFT LCD POWER SOLUTION

FEATURES

Built In 2A (Max.), 0.2Q Switching NMOS
Negative LDO Driver Down to -14V/+20mA
Vcom Operational Amplifier

Up to 350mA LDO

Reset Signal Output for Tcom

28V High Voltage Switch for VGH
Adjustable Soft-Start Function

1.2MHz Fixed Switching Frequency

Fault and Thermal Protection

Low Dissipation Current :

Typical 2.3mA In Operation
® VQFN24-4*4 Package Available

TYPICAL APPLICATION

10pH

Vin
33v°

D
DFLS220L
VOUTI

8.57VI200mA

GENERAL DESCRIPTION

The AAT11671 provides a step-up PWM controller,
negative high voltage LDO drivers, low dropout linear
regulator, Vgom operational amplifier -and one high
voltage switch (up to 28V) for TFT LCD display. RST pin
will issue a reset signal to Tgoy When Vpp voltage is too
low. The PWM controller consists of an on-chip voltage
reference, oscillator, error amplifier, current sense circuit,
comparator, under-voltage lockout protection and
soft-start controlcircuit. The thermal and power fault
protection prevents excessive power damaging internal
circuit. The negative high-voltage LDO drivers generate
Voure voltage (VGL) setting by external resistor divider.
For the flicker compensation, VGH will be connected to
Vours when CTL is high and connected to ADJ when
CTL goes low. The AAT11671 contains one operational
amplifier capable of supplying 200mA to Vcoum.

With the minimal external components, the AAT11671
offers a simple and economical solution for TFT LCD
power.
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ORDERING INFORMATION
"IVPE | NUmem | PACKAGE | PACKING | paye | MARKING | pegcriprion
1. Part Name
AAT11671 A’_\g;ﬁ” vo%'m- aTn dnggl _40°C 10 +85°C Aok | © (Lé’ng B'igits)
4*4 XXXX 3. Date Code
(4 Digits)
Note: All AAT products are lead free and halogen free.
ABSOLUTE MAXIMUM RATINGS
PARAMETER SYMBOL VALUE UNIT
VDD, CTL, VLV to GND Voo 7 Vv
VDD1, SW to GND Vhi 14 \Y
VOUT3 to GND A 28 \Y
OUT2 to GND Vhs -14 \Y
Input Voltage 1 (IN1, IN2, IN4 , INR, DLY, EN, SS) Vi Vpp +0.3 \Y
Input Voltage 2 (VI+) Vo V1 +0.3 Vv
Output Voltage1 (EO, RST, OUT4, VREF ) Vor Vpp +0.3 Vv
Output Voltage 2 (VO) Voo Vy1 +0.3 \Y
Output Voltage 3 (ADJ, VGH ) Vos Vi +0.3 Vv
Operating Free-Air Temperature Range Te -40 to +85 °C
Storage Temperature Range Tstorace -65to +150 °C
Power Dissipation Py 1,300 mW
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AAT11671
(Vin = 3.3V, Vppy = 10V, unless otherwise specified.)
Operating Power
PARAMETER SYMBOL TEST CONDITION MIN TYP MAX UNIT
VDD Input Voltage Range Vpp 2.3 - 5.5 \
VDD1 Input Voltage Range Vb4 6 - 14 Vv
Rising 2.1 2.21 2.31
VDD Under Voltage Lockout Vuvio Vv
Falling 2.01 2.11 2.21
Vint = 1.5V, Not Switching - 04 0.8 mA
VDD Operating Current lvop
Vint = 1.2V, Switching - 2.3 5.0 mA
VDD1 Operating Current lvop+ Vv, = 4V - 1.2 3.0 mA
VLV Operating Current vy Vv = 5V, loyts = 0OmA - 0.2 0.4 mA
Thermal Shutdown TsHon - 160 - °C
Reference Voltage
PARAMETER SYMBOL TEST CONDITION MIN TYP MAX UNIT
Reference Voltage VRer lVger = 100pA 1.224 | 1.240 | 1.256 \Y
. . lyper = 100pA,; o
Line Regulation Vg = 2.6V~5.5V 2 5 Yol V
Load Regulation lvger = 0~100pA - 1 5 %/mA
Oscillator
PARAMETER SYMBOL TEST CONDITION MIN TYP MAX UNIT
Oscillation Frequency fosc 1.0 1.2 1.4 MHz
Maximum Duty Cycle Dumax 86 90 94 %
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AAT11671
(Vin = 3.3V, Vpps = 10V, unless otherwise specified.)
Soft Start & Fault Detect
PARAMETER SYMBOL TEST CONDITION MIN TYP MAX UNIT
Channel 1 Soft Start Current Iss Vgs =1V -2 -4 -6 MA
_III_).urmg Fault Protect Trigger tep 150 164 180 ms
ime
Channel 1 to Channel 2 Delay tb12 30 34 38 ms
Channel 2 to Channel 3 Delay tpos 23 27 31 ms
IN1 Fault Protection Voltage VEy 1.00 1.05 110
IN2 Fault Protection Voltage Ve 0.20 0.25 0.30
EN Control Inputs Characteristics

PARAMETER SYMBOL TEST CONDITION MIN TYP MAX UNIT
Input Low Voltage Vi - - 0.4 \%
Input High Voltage Viy 1.4 - - \Y

Error Amplifier (Channel 1)

PARAMETER SYMBOL TEST CONDITION MIN TYP MAX UNIT
Feedback Voltage VN1 1.224 | 1.240 1.256 \%
Input Bias Current Ig1 Viny=1V 1o 1.5V -40 0 +40 nA

. Level to Produce
E‘;eikl’;%;vo"age Line Veo =1.24V : 0.05 | 0.15 | %NV
9 2.3V < Vpp < 5.5V
Transconductance Gm Al = 5pA - 85 - uS
Voltage Gain Av - 1,500 - VIV
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(Vin = 3.3V, Vppy = 10V, unless otherwise specified.)
N-MOS Switch
PARAMETER SYMBOL TEST CONDITION MIN TYP MAX UNIT
Current Limit lLim - 2 7 A
On-Resistance Ron lsw= 1.0A - 0.2 - Q
Leakage Current lsworr Vgw =12V - 0.01 20.00 HA
Negative LDO Driver (Channel 2)
PARAMETER SYMBOL TEST CONDITION MIN TYP MAX UNIT
IN2 Threshold Voltage Vine lout2 = —100pA =15 0 +15 mV
IN2 Input Bias Current Igo Vine=—-0.25V to +0.25V -40 0 +40 nA
OUT2 Source Current louT2 Vine = 0.5V, 0UT2 =10V 4 20 40 mA
Low Voltage LDO
PARAMETER SYMBOL TEST CONDITION MIN TYP MAX UNIT
Input Voltage Range Vv 2.5 - 55 Vv
IN4 Threshold Voltage ViNa louts = T00MA 1.224 | 1.240 | 1.256 Vv
IN4 Input Bias Current I4 Vinae= 0V 10 1.5V -40 0 +40 nA
Dropout Voltage Vbror louTs = 250mA - 350 500 mV
LDO Output Current louTs 350 - - mA
LDO Output Current Limit ILiva - 500 - mA
) , Measure Vg, ) } o
Line Regulation Viry= 2.5 ~ 5V 5 Yol
Load Regulation Measure Vi, - - 0.1 %/mA
IOUT4 =20mA ~ 300mA )
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HEETICM, SAARAETERRI
High Voltage Switch Controller
PARAMETER SYMBOL TEST CONDITION MIN TYP MAX UNIT
CTL Input Low Voltage Vi - - 0.5 \%
CTL Input High Voltage Vin 2 - - \Y
CTL Input Bias Current Ig4 CTL=0to Vpp -40 0 +40 nA
b o ey | T | Vo= 239 AL T
i I e DR
VOUTS3 to VGH Switch R-On Ronsc DLY = 1.5V, CTL = VDD - 30 60 Q
ADJ to VGH Switch R-On Ronoc DLY = 1.5V, CTL = GND - 50 100 Q
Reset Output
PARAMETER SYMBOL TEST CONDITION MIN TYP MAX UNIT
Operating Voltage Vop 1.6 - - \
RST Output Voltage VRst lrst= 1.2mMA - - 0.2 Vv
INR Threshold Voltage ViNr - 1.1 - Vv
DLY Source Current IoLy Vpy =1V -5 -10 -15 MA
DLY Threshold Voltage Vory 1.20 1.24 1.28 Vv
Vcom Buffer
PARAMETER SYMBOL TEST CONDITION MIN TYP MAX UNIT
Input Offset Voltage Vos Vyi, = 4V - 2 12 mV
Input Bias'Current Iss Vv, =4V -40 0 +40 nA
Vou lvo = —50mA, Vy,, = 4V - 453 | 4.76
Output Swing \Y
VoL lvo = 50mA, Vy,, = 4V 3.24 3.47 -
Short Circuit Current IsHORT Measure lyo - +200 - mA
Vyi, =2V to 8V,
Slew Rate SR Vv, = 8V to 2V, - 12 - Vi
20% to 80%
Settling Time ts Vv, = 3.5V to 4.5V, 90% - 5 - V&
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TYPIGAL OPERATING CHARACTERISTICS

(Vin=3.3V, Vour1= 8.5V, Voura = -6 V, Vours = 22 V, Te= +25°C, unless otherwise noted.)

Efficiency (%)

Output Voltage (V)

Output Voltage (V)
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AAT11671

TYPIGAL OPERATING CHARACTERISTICS

(Vin=3.3V, Vour1=8.5V, Voura = -6 V, Vours =22 V, Te= +25°C, unless otherwise noted.)

Power On Sequence

Boost Converter Transient Response CDLY=0.1pF, CSS=33nF
I0UT1=10mA to 200mA IOUT1=200mA, IOUT2=10mA,IOUT3 =5mA
VOUT1 ‘
5V/div
I0UT1
100mA/div ‘ VOUT2
5V/div
VOUT1 u VOUT3
(AC-COUPLED) \ 20V/div j
100mV/div ” \
| VGH | ——
20V/div
1ms/div 10ms/diV
Boost Converter Soft-Start Boost Converter Soft-Start
|OUT1=0mA CSS=33nF 10UT1=200mA, CSS=33nF
|
// ‘ /
VIN /
VIN '
2V/div 2V/div
‘/ -ud’,
VOUT1 y. VOUT1 o~
Svidiv 5V/div
IIN N
500mA/div 500mA/div W
\T—*_.L ¥ |
2ms/div 2ms/div
Boost Converter Stability Boost Converter Stability
I0UT1=20mA IOUT1=200mA
Py [T [ thesa ] Formga [ [ prsny [N [N X
r' VLX ‘ I o .
5V/div
VLX I . !
5V/div " N ot J B o
VOUT1
b, | N , L - (AC-COUPLED) | s, bttt esfms fyetbrmma Lt ot |
(AC-COUPLED) S0mV/div | ! [ | |
R I(INDUCTOR)
I(INDUCTOR) 500mA/div
500mA/div P AP e W Ny
500ns/div 500ns/div
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TYPIGAL OPERATING CHARACTERISTICS

(Vin=3.3V, Vour1= 8.5V, Voura = -6 V, Vours = 22 V, Te= +25°C, unless otherwise noted.)

Flicker Compensator Vouts4 Transient Response
R39=7.5kQ. C25=100pF IOUT1=10mA to 300mA

VCTL

Vidiv | - ] - i
I0UT4

200mA/div

\w | \

var NN L e
| | - (AC-COUPLED

10V/div -~
50mV/div

1ms/div

10ps/div

Operational Amplifier Large Signal Response

pomm——. et e e
Vi+
2V/div
et N S -
VO
2V/div
500us/div
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PIN DESCRIPTION
PIN NO.
NAME /0 DESCRIPTION
QFN-24
1 CTL I High Voltage Switch Control Pin
2 VOUT3 - Gate High Voltage Input (Channel 3 Output Voltage)
3 VGH O Switching Gate High Voltage for TFT
4 ADJ @) Gate High Voltage Fall Time Setting Pin
5 VREF O Internal Reference Voltage Output
6 IN2 I Negative Voltage LDO Feedback Pin
7 ouT2 O Negative Voltage LDO Output
8 DLY I Reset Signal Delay Control
9 RST O Reset Signal Output
10 INR I Reset Signal Detection Input
11 GND - Ground
12 IN4 I Low Voltage LDO Feedback Pin
13 ouT4 O Low Voltage LDO Output Pin
14 VLV - Low Voltage Power Pin
15 SS | Main PWM Soft Start Control Pin
16 EO O Main PWM Error Amplifier Output
17 VDD = Power Supply Input
18 SW ¢ Main PWM Switching Pin
19 EN | Main PWM Enable and OCP Control Pin
20 IN1 I Main PWM Feedback Pin
21 GND1 - SW MOS Ground
22 VDD1 - High Voltage Power Supply Input
23 VO O Operational Amplifier Output
24 VI+ I Operational Amplifier Positive Input
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FUNCTION BLOCK DIAGRAM
AAT11671
= 1
‘—T—‘VREF ‘1‘1‘VDD FEN
1.1V _Fail_| Fail / Thermal Control
Reference Voltage | 1.24v
|: INA Error Amplifier
2@—\ ~ |
&TLJ/ % Digital Control Block l;l_‘

EO Comparator
1
18 ( t
EESS Oscillator and SS ( Current Sense and Limit
[6] IN2 By

v | _—
10Q

14 VLV

IN4
12 EJ\ OuUT4 14

1.24V L~
RST[g

INR ~

[1d 1.1V > Delay ——l
= DLYTg]
[T High Voltage Control
i i
T

I:‘Ig ADJ

%VGH
L~
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TYPICAL APPLICATION CIRCUIT
AAT11671
L
Vin : Jo
D
@7 DFLS220L Vour:
sw 8.57V/200mA
C3 R2
10pF x 4 I 97.6kQ
IN1 [20} -
VOUT1 R3$
vDD1[22 16,50
c4

u1
BAT54S

AAT11671

9 |RST

Py
wn
_|
A
(o]

vouTs|[2]

VGH =

ci5 |

100nFl

VOUT2

R15 1.2kQ g
" —6.2V/+10mA
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POWER ON AND POWER OFF TIMING CHART

AAT11671

Enable Fault Detection ( 164ms Debounce)

VDD Power ON VDD Power OFF

VCTL__ﬂ_luuuuu”qu!

' '

" 27ms
VGH Keep Hi When RST Turn Low
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Boost Converter Design

Inductor Selection

The minimum inductor value is selected to make sure
that the system operates in continuous conduction
mode (CCM) for high efficiency and to prevent EMI. The
equation of inductor used a parameter k, which is the
ratio of the inductor peak to peak ripple current to the
input DC current. The best trade-off between voltage
ripple of transient output current and permanent output
current has a k between 0.2 and 0.4.

_ AILpeak—peak

L>WNo py_p2, poi-IN, k
Klofs Vo In

n: Boost converter efficiency

K: The ratio of the inductor peak to peak ripple current to
the input DC current

Vin: Input voltage

Vo: Output voltage

lo: Output load current

fs: Switching frequency

D: Duty cycle

Al pear-peak: INductor peak to peak ripple current

Iin: Input DC current

The AAT11671 SW current limit (I_n) and inductor’s
saturation current rating (I.sat) should exceed | eak),
and the inductor's DC current rating should exceed I.
For the best efficiency, choose an inductor with less DC
resistance (rp).

lum and Iisat> I peak)

loc > Iin
VinD
I peak) =N +E :

| I 2
by = —2 | ~|_0
IN n(1-D) Focr (n(1—D)J L

I.pc: DC current rating of inductor
Pocr: Power loss of inductor series resistance

Table 1. Inductor Data List

C6-K1.8L rn DC CURRENT RATING
3.9uH 41mQ 2.5A
6.8uH 68mQ 2.2A
10pH 81mQ 1.8A
MITSUMI Product-Max Height: 1.9mm

Example: In the typical application.circuit (Figure 1) the
output load current is 200mA with 8.6V output voltage
and input voltage of 3.3V./Choose a k of 0.3 and
efficiency of 90%.

L>— 09788 5163(0.3887)2 £10uH

0.3*0.2*1.28

b = o _o579A
n(1~D)

Ppcr =0.0272W or 1.58% power loss

Rectifier Diode Selection

The Schottky diode is recommended to apply in
switching converter. To achieve the best efficiency,
choose a Schottky diode with less recovery capacitor
(Cy) for fast recovery time and low forward voltage (V).
For boost converter, the reverse voltage rating (Vg)
should be higher than the maximum output voltage, and
the current rating should exceed the maximum inductor
current.

Poiooe = Posw + Pocom

IDDSW = (1_D) VFQRfS

QR = VRCT

Pocom = VElo (1-D)

Ppiope: Total power loss of diode for boost converter
Ppsw: Switching loss of diode for boost converter
Ppcom: Conduction loss of diode for boost converter
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Table 2. Schottky Data List

SMA Ve VR Cr
B220A 0.24V 14V 150pF
B240A 0.24V 28V 150pF

DIODES Product-MAX Height: 2.3mm

Input Capacitor Selection

The input capacitors have two important functions in
PWM controller. First, an input capacitor provides the
power for soft start procedure and supply the current for
the gate-driving circuit. A 10pA ceramic capacitor is
sufficient for most of the applications. Second, an input
bypass capacitor reduces the current peaks, the input
voltage drop, and noise injection into the IC. A low ESR
ceramics capacitor 0.1pF is used in typical circuit. The
bypass capacitor is required as close as possible from
VDD (Pin17) and GND (Pin11). To ensure the low noise
supply at VDD, VDD is decoupled from input capacitor
using an RC low pass filter.

Output Capacitor Selection

The output capacitor maintains the DC‘output voltage. A
Low ESR (rc) ceramic capacitor is.recommended for the
smaller output ripple and power loss. There are two
parameters which can affect the output voltage ripple:'1.
the voltage drops when the inductor current/ flows
through the ESR of output capacitor; 2. charging and
discharging of the output capacitor also affect the output
voltage ripple.

VRIPPLE - VRIPPLE (COUT) + VRIPPLE (ESR)

oD
fsCout

VripeLe (Cour) =

Vriere (ESR) = I (pear)c

Setting the Output Voltage

The output voltage of boost converter is set by the
resistor divider from the output (Vours) to GND with the
center tap connected to the IN1. Where Vy;, the boost
converter feedback regulation voltage is 1.24V. Choose
R. (Figure 1) between 5.1kQ and 51kQ and calculate R;
to satisfy the following equation.

R, =R, (—V\(;U” - 1]

IN1

Vour1
EO | VREF R
16 gm IN1
EZQ Vint
Re
Cp:: R2
. AAT11671

4$

Figure 1. Feedback Circuit

Loop Compensation Design

The. loop compensation is consisted by the external
resistor R¢, capacitor C¢ and capacitor Cp. Choose Rg
to set the high frequency integrator gain for fast
transient response. Choose C¢ to set the integrator zero
to maintain loop stability. To improve the transient
response, either the R¢ value can be increased or the
Cc value can be reduced. However, resistor value that is
too high or capacitor value that is too low will reduce
loop stability. The better compensation value for Vy =
3.3V is recommended by R¢ = 56k, Cc = 1nF, Cp = NC.

Soft-Start Selection

The AAT11671 has an adjustable soft-start to prevent
high inrush current during start up. The soft-start
function is implemented by the external capacitor with a
4pA constant current. The typical soft-start capacitance
range is from 22nF to 220nF. A 100nF capacitor is
usually sufficient for most of the applications.
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Negative LDO Driver

Output Voltage Selection

The output voltage of negative LDO driver is set by a
resistive divider from the output (Voyre) to VREF with
the center tap connected to the IN2, where IN2 the
negative LDO driver feedback regulation voltage is 0V.
Choose R6 (Figure 2) between 5.1kQ and 51kQ and
calculate R5 with the following equation:

RS = Re| —Jourz
VREF

C9
BA¥§4SOI1PF
o sw
Q1

AAT11671 MMBT4401
out2 [7]
VOUT2 1 -6.2V
N2 [6 M ——— .
VREF

Figure 2. The Negative LDO Driver

Calculation of Negative LDO Driver
Base-Emitter Resistor

For the AAT11671, the minimum drive current for
negative LDO driver is 4mA, thus the minimum
base-emitter resistance can<'be calculated by the
following equation:

R4 (min) > VBE(max) / (I_OUT2(min) = (vaL/ Nie(min) )

Choose resistor R4 to be 6.8kQ is usually sufficient for
most-of the applications.

Table 3. Pass Transistor Specifications

MMBT4401 (NPN)

VBE(max) 0.65V

Nie(min) 130

DIODES Product, Case: SOT23

Flying Capacitors

Increasing the flying capacitor (Figure 2, C9) values can
lower output voltage ripples. A 0.1uF ceramic capacitor
works well in negative LDO driver.

LDO Driver Diode

To achieve high efficiency, a Schottky diode should be
used. BAT54S (Figure 2, U3) has fast-recovery time and
low forward voltage for the best efficiency:

Setting the LDO Voltage

The LDO voltage is set by the resistor divider from the
Vouts to GND with the center tap connected to the IN4.
Where IN4, the LDO feedback regulation voltage is
1.24V. Choose R; (Figure 3) between 5.1kQ and 51kQ
and calculate R, to satisfy the following equation.

R13= R14[ Jours _4
IN4

VIN

i\ V,
Iﬁl ouT4

VLV

Wours ouT 4/ 1.24V R13
< l 3} gm IN4
c14 \—Ez Vit

2.2|JFI
1 R14

AAT11671

=1

Figure 3. LDO Circuit

Reset Voltage design
The AAT11671 has an integrated reset voltage detector
with an open drain output. When Vg value is under the
INR threshold voltage 1.1V, the pin RST would be pulled
low by inside MOS. The Vpeector Can be calculated as
below :

R13

VDetector =1.1Vx(1+ m)

R13 = (Voetestor ), R14
1.1V

R14 is recommended to be between 5.1kQ and 30kQ.
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Voura
VIN (LDO)
Vbetector _'j'l_;)
VDD R12
AAT11671 . 10k
R13 9

|
Vine 10 = Delay
R14 1.1V Circuit

8
T e
] 100nF

Figure 4. The Application Circuit of Reset Function

\H—U

The delay time (TD) is set by capacitor C14. The delay
time (TD) can be calculated as below:

_ C14*1.24V
D 10pA

________ T Ving = 1.15V
VINR =1.1Vv | i
| |
: I
: F- VIN=16V
|
: LV L GND
e ,
|
RST ! Shut Down : RST
: Reset Function :
! l
l
I TD
| —>»
|
l
|
GND L

Figure 5. The Timing Chart of Reset Function

Vcom Buffer

The VCOM bufferis usually used to drive Vcoy for
TFT-LCD. The buffer is not designed to drive high
capacitive loads, so it is recommended to connect a low
pass filter with 10Q resistor and 1uF capacitor. This
would provide stable operation when driving high
capacitive load.

LAYOUT CONSIDERATION

The system’s performances including switching noise,
transient response, and PWM feedback loop stability
are greatly affected by the PC board layout and
grounding. There are some general guidelines for
layout:

Inductor
Always try to use a low EMI inductor with-a ferrite core.

Filter Capacitors

Place low ESR ceramics filter capacitors (between
0.1uF and 0.22uF) close to. VDD and"VREF pins. This
will eliminate as much /trace inductance effects as
possible and give the internal IC rail a cleaner voltage
supply. The ground connection of the VDD and VREF
by pass capacitor should be connected to the analog
ground pin (GND) with a wide trace.

Output Capacitors
Minimize the length and maximize the width of traces to
get the best transient response and reduce the ripple
noise. We choose 10uF ceramics capacitor to reduce
the ripple voltage, and use 0.1uF ceramics capacitor to
reduce the ripple noise.

Feedback

If external compensation components are needed for
stability, they should also be placed close to the IC.
Take care to avoid the feedback voltage-divider
resistors’ trace near the SW. Minimize feedback track
lengths to avoid the digital signal noise of TFT control
board.

Ground Plane

The grounds of the IC, input capacitors, and output
capacitors should be connected close to a ground plane.
It would be a good design rule to have a ground plane
on the PCB. This will reduce noise and ground loop
errors as well as absorb more of the EMI radiated by the
inductor. For boards with more than two layers, a
ground plane can be used to separate the power plane
and the signal plane for improved performance.
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PACKAGE DIMENSION
VQFN-24 4*4
PN < e 44 .
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Dimensions In Millimeters
Symbol MIN TYP MAX
A 0.75 0.90 1.00
Al 0 0.02 0.05
b 0.18 0.23 0.30
C 0.19 0.20 0.25
D 3.90 4.00 4.10
D2 2.70 2.80 2.90
E 3.90 4.00 4.10
E2 2.70 2.80 2.90
e | [ 050 | @ -
L 0.30 0.40 0.50
y 0o - /- 0.076
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