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INTEGRATED AMOLED POWERSOLUTION WITH ADJUST
ABLE BOOST AND INVERTING CONVERTERS

FEATIIIIES GENERAL DESCRIPTI

Integrated 1.5MHz Synchronous Boost &
Inverting Regulators
® 2.3V to 5.5V Input Voltage Range

® 4.6V to 7V Adjustable True Shutdown Boost

Output
® -5V to -1.5V Adjustable Inverting Output
® 85% Typical Efficiency
® Integrated High Efficiency Light-Load Mode fequlator output can also be
® Output Current Up to 200mA to —1.5V. Both regulators are
® <1pAShutdown Current nverters with internal compensation
® Over Current /Short Circuit Protection eby reglicing external part count to minimal
® 160 °C Thermal Shutdown Protection ght load operation, both converters enters
® WSON12L-3x3 Package Available light4oad mode, reducing the quiescent current down

less than 1mA to elevate power efficiency, making
AAT1541 ideal for mobile applications.

APPLICATIONS

® Active Matrix OLED

® Portable Multi-Media Devices Tvplcnl- APPI-IGAT“'N
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ORDERING INFORMATION
DEVICE PART TEMP, MARKING
TYPE NUMBER PACKAGE | PACKING RANGE MARKING | hescRIPTION
Part Name
Q2s: _ 1541 | Lot No.
AATisar | ARDSNT WSONT2L- TiTapeand | _40°Cto+85°C 000X s
Note: All AAT products are lead free and halogen free.
ABSOLUTE MAXIMUM RATINGS
CHARACTERISTICS SYMBOL

Power Supply Voltage (VINP, VINA) Vin \Y
Logic & Feedback Input Voltage (EN, FBN, FBP) Ve Vv
Output Switch Current (VP, VN) o I rnally Limited A
Boost Regulator Switch Node Voltage (LXP) 7—0.3 to (Vp+0.3) \Y
Boost Output Voltage (VP) -0.3t0 +10.0 \
Inverting Regulator Switch Node Voltage (LXN) (VN—0.3) to (Vinp +0.3) \Y
Inverting Output Voltage (VN) —7 to (PGND +0.3) \Y
Power Dissipation, @ T¢ = +25°C, '3= +125°C Py 2.128 w
Junction Temperature T, 125 °C
Operating Temperature Range Te —40 to +85 °C
Storage Temperature Rangﬁ ° TsToRAGE —65 to +150 °C
TsoLper 300 °C

Vesp 2k v

OPERATING CONDITIONS

RAMETER SYMBOL MIN MAX UNIT
Operating Ambient Temperature Te —40 +85 °C
Power Supply Voltage Vin 2.3 5.5 Vv
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(Vin = 3.6V, Tc=+25°C, unless otherwise specified.)
PARAMETER SYMBOL TEST CONDITION MIN TYP MAX | UNIT
Supply Voltage Vine, Vina 2.3 - \Y
UVLO VIN Rising Threshold
Voltage Vuwo - 2.2 - v
UVLO Hysteresis ViysT - P - Y,
lon No Load: lyp = lyn = 0A - - 1 mA
Supply Quiescent Current
ISD VEN =0V 1.00 HA
Switching Frequency fosc PWM Mode 1.8 MHz
EN ngh Voltage Level VENH VINA= V|Np =2.3Vto - Vv
EN Low Voltage Level VenL ViNa= \bp =23 04 V
EN Pull Low Resistance Ren - 1 - MQ
NLIGHT lvp = Iy = 10m - 80 - %
Total System Efficiency
NHEAVY - 85 - %
Thermal Shutdown Temperature o
Threshold Py Tso i 160 i C
Thermal Shutdown Temperature T i 10 i oG
Hysteresis

Q"&
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ELECTRICAL CHARACTERISTICS

(Vin=3.6V, Tc=+25°C, unless otherwise specified.)

Boost Converter

PARAMETER SYMBOL TEST CONDITION UNIT
VINA= V|Np =25V to 45V, o
lyp < 150mA, T, = +25°C °
Output Voltage Variation VP Vina= Vine = 3.7V,
IVP = 30mA, %
Tc=-40°Cto +85°C
Boost Channel Adjustable Range VP \
Power PMOS On Resistance Rpson_p Q
Power NMOS On Resistance Rpson _ N Q
Inductor Peak Current Limit lLx_max A
Maximum Load Current ILOAD_MAX VINA= INP = 2 5V - - mA
Soft Start Period tss 500 - us
Discharge Resistor Rpis 200 - Q
Light Load Mode Ripple VRip 24 - mV
. . . )
GSM Line Transient Ripple AVPgsm 30 - mV

Q‘&
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(Vin = 3.6V, Tc=+25°C, unless otherwise specified.)
Inverting Converter
PARAMETER SYMBOL TEST CONDITION MIN TYP M UNIT
VINA= V|Np =25Vto 45V, _1 ) 1 o,
lyy < 150mA, T, = +25°C * °
Output Voltage Variation Vn Vina= Vine = 3.7V,
IVN = 30mA, %
Tc=-40°Cto 85°C
Inverting Channel Adjustable
R VN Vv
ange
Power PMOS On Resistance Rpson_p Q
Power NMOS On Resistance Rpson N Q
Inductor Peak Current Limit ILx_max A
Maximum Load Current ILOAD_MAX VINA= V|Np =29V to \% 00 - - mA
Soft Start Period tss - 500 - us
Discharge Resistor Rpis - 300 - Q
Reference Voltage VRer 10pA 0.988 | 1.000 | 1.012
. . =29Vto4.5V,
Light Load Mode Ripple o VRip Vg = —1.5V - 18 - mV
np = 3.2V to 3.7V,
; ; ; /eaLL = 30us,
GSM Line Transient Ripple _15V - 10 - mV
50mA

Note 1. Performance for operati i /»+ 0.4V is not guaranteed.
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PIN NAME /0 FUNCTION
Boost Regulator Switching Input Pin. LXP is connected to the drain
1 LXP I terminals of the internal power MOSFETs. Connect this pin to
battery or power supply through a 4.7pH (typ.) inductor,
5 VP o Boost Regulator Regulated Output Pin. Connect this to a 4.7uF
(typ.) bypass capacitor to ground.
PWR Ground Pin: Connect this pin to gro
8 PGND ! impedance trace.
Boost Regulator Feedback Pin: The boost, régulator output Woltage
4 FBP | can be programmed with an external r
between this pin and the regulated
this pin is at 1V when the output i
5 AGND I Analog Ground Pin: Connect this‘
Enable logic Input Pin: P
6 EN ! enable the device.
Analog Powgr Suppl Connect this pin to a Li*—lon
7 VINA 0] battery or an“equivalén
8 VREF 0
9 FBN I
o
10 VN o egulator Regulated Output Pin. Connect this pin to a
p.) bypass capacitor to ground.
ing Regulator Switching Input Pin. LXN is connected to the
11 LXN I in terminals of the internal power MOSFETSs. Connect this pin to
round through a 4.7pH (typ.) inductor.
Inverting Regulator Power Supply Input Pin: Connect this pin to a
12 Vi Li*—lon battery or an equivalent power source through a low
impedance trace. Connecting VINP to ground through a 4.7uF
bypass capacitor is recommended.
Exposed pad. Connect the pad to VN pin through a trace directly
XP(V I beneath the IC. A 0.1uH bypass capacitor connected between the

EXP pad and ground is recommended.
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FUNCTION BLOCK DIAGRAM
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TYPICAL APPLICATION CIRCUIT

AAT1541
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DETAILED DESCRIPTION

The AAT1541 consists of highly efficient synchronous
Boost and inverting regulators with current mode
topology. Each channel of the AAT1541 includes a
high-side PFET and a low-side NFET with low
on-resistance to maximize efficiency and eliminate the
need for an external Schottky diode.

Enable
The Enable (EN) pin allows user to enable and disable
the converter for purposes such as power-up
sequencing. With EN is pulled above 1.2V, the
converter is enabled and the internal reference circuit
wakes up. The AAT1541 then initiates soft start. When
CNTRL is pulled below 0.4V, both converters are
simultaneously disabled, and all MOSFET switches are
turned off, while the output capacitors are discharged
through internal resistors.

Soft-Start

The AAT1541 has a built-in soft-start mechanis
minimize the inrush current during st@ut-up.
device is enabled, the step-up convert

Figure 1. Soft-Start Waveform

PWM Mode Operation

AAT1541 adopt the peak current mode pulse width
modulation (PWM) control scheme for fast transient
response and cycle-by-cycle current limiting. The
scheme maintains a constant frequency and varies the

the direction that forces the output voltage
from the GND, thereby preventing waste of
nergy and raising regulator efficiency.

Light Load Mode Operation

The AAT1541 is implemented with a highly efficient
light load operation mode, which is activated during
very light load condition, typically at load current below
10mA (varies with Viy and Vgur). In a light load
condition, the system is only awake temporarily to
charge the output and maintain its level around the
nominal value, while most circuits are usually turned-off
to conserve energy. A precision comparator sets the
system sleep/wake-up thresholds, and controls the
output ripple typically below 0.5% of the nominal value.
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Under Voltage Lock Out (UVLO)

The AAT1541 protects the devices from malfunctioning
due to low supply voltage by preventing the internal
circuitry from turning-on when the supply voltage at the
VIN pin is below 2.2V. Once the device is turned-on, a
built-in 100mV hysteresis automatically adjusts the
UVLO threshold so the circuit turns off the whole device
once VIN voltage drops below 2.1V. The internal power
MOSFETSs are switched off during the UVLO state.

Thermal Shut Down

The AAT1541 is implemented with a thermal protection
function, which turns off the device when the internal
temperature of the system is too high. The thermal
shutdown rising threshold temperature is 160°C (typ.)
with a 15°C (typ.) hysteresis.

Short Circuit Protection (SCP)
When the inductor current of any channel exceeds the
current limit of 1A (typ.), the internal power MOSF
switch states to lower the inductor current, thu

value for over 50ms (typ.), the SCP sta
system will shutdown auto

function is triggered, the d can
resetting EN pin low a ighkagain.

Inductor Selection
For optimal operation, 4.7uH inductors are
recommended for both step-up and inverting channels,
the current rating of the inductors sho be safely
above (1.5X) the inductor maximum peak current
(IPmax), which can be approximate ;

XNOUT — VIN_MIN
1'2XVOUT

1.2x% VOUT

1.2xVout “VIN_MIN

t and Output Capacitor Selection

or optimal operation, low ESR ceramic capacitors are
recommended to be placed close to the VINP and VINA
pins. Typically a 4.7uF capacitor for VINP and a 0.1pyF
capacitor for VINA would be sufficient for normal
operation. For both channels, the typical value of output
capacitors is 4.7uF or larger to maintain output stability.
If small output ripple in the light load mode is critical for
the application, 10uF capacitors are recommended for
both channels. In PWM mode operation, output voltage
ripples are mostly caused by parasitic ESR, and
choosing low ESR ceramic capacitors shall minimize
the ripple in PWM mode for both channels.
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Output Voltage Programming T Vin

The regulated output voltages at VP and VN are L £
T | T
7

decided by external resistor networks. For the boost

channel, the feedback pin voltage (Vegp) is regulated at L.
1V, so the boost output voltage VP can be expressed
by:

_RTp+RBp
RBp

VP 1\%

Where RPT, RPB are illustrated in Figure 2. —'—_E?] =XPON)
The inverting channel feedback pin voltage (Vesn) is I
regulated at OV, while the VREF pin is kept at 1V, thus -
the inverting output voltage VN is expressed by:

VN=_ RTn

Compensation Information

The parasitic capacitance at the FB (FBP/FBN
forms a pole with the external voltage‘vider r
Feedfoward capacitors (Crwx) is recommende
cancel out this pole. The v of G@r
determined by:

o, — CPARASITIC x (RTy j#/RBy)
FwW RTy — (RTy //RB

(t he feed-forward
hannel (Cgwn) may often be

—eiien  AAT1541

i terna
= RBy, x1V o
Where RNT, RNB are also shown in the figure below.

VN
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LAYOUT CONSIDERATIONS

Cra i R11 Court

R12

AGND |

...................

Layout Notice:
1. Ciny / Cinz / Cins should be placed ne
2. Coutt / Couta / Crer/ Ce s place
3. Inductors should be plac ar LP and
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PACKAGE DIMENSION
WSON12L-3x3
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