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General Description

Adjustable 3-Channel Regulator

Features

The AAT2500B is a three-channel regulator consisting of
a step-down converter with an input voltage range of 2.7V
to 5.5V plus two low dropout (LDO) linear regulators.

The step-down converter delivers up to 800mA of output
current, while consuming 30pA of typical no load quies-
cent current. The switching frequency is 2MHz, minimiz-
ing the size of external components.

The two LDOs (LDOA/LDOB) have independent inputs
and are capable of delivering up to 500mA and 150mA
respectively. A Power-OK (POK) function provides an
open drain output signal when LDOA is within regulation.
Both LDOs feature low quiescent current and a low drop-
out voltage. The output voltages for both LDOs are
adjustable to as low as 0.6V. The linear regulators have
independent Enable pins.

The AAT2500B is available in a Pb-free 3x4mm QFN34-20
package and is rated over the -40°C to +85°C tempera-
ture range.

Typical Application

e Vy Range: 2.7V to 5.5V
e 800mA Buck Converter
e Linear Regulators
= LDOA: 500mA
= LDOB: 150mA
e Adjustable Output Voltage
e Low Dropout Voltage
e High Output Accuracy: £1.5%
e High Efficiency Step-Down Converter
e 85pA (Typical) of Total Iq
e Independent Enable Pins
e Integrated Power MOSFETs
e 2MHz Switching Frequency
e Over-Temperature and Current Limit Protection
e QFN34-20 Package
e -40°C to +85°C Temperature Range

Applications

e Cellular Phones

¢ Digital Cameras

e Handheld Instruments

e Microprocessor/DSP Core/IO Power
e PDAs and Handheld Computers
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Pin Descriptions

Pin # Symbol Function

1 FBB Feedback !nput pin for_ LDOB. This pin i§ conn_ec_ted to OU_TB. It is _used to see the output of LDOB to regulate
to the desired value via an external resistor divider. For fixed versions, short FBB to OUTB.
> ENA Enable pin fc_Jr LDOA. When cor_mected low, LDOA is disabled and consumes less than 1pA of current. When
connected high, normal operation.
3 ENB Enable pin fc_)r LDOB. When cor_mected low, LDOB is disabled and consumes less than 1pA of current. When
connected high, normal operation.
Oscillator synchronization pin for the step-down converter. The internal oscillator is disabled and the step-
4 SYNC . : L
down converter can be synchronized to an external clock applied to this pin.
5 FB Feedback input pin for the step-down converter. This pin is conne_cted to the converter ou_tput. It is used to
see the output of the converter to regulate to the desired value via an external resistor divider.
6 AGND Ground connection pin.
7 PGND Main power ground return pin for the step-down converter. Connect to the output and input capacitor return.
Connect inductor to this pin. Switching node internally connected to the drain of both high- and low-side
8,9 LX
MOSFETs.
10 VP Bias supply. Supply power for the internal circuitry. Connect to input power via low pass filter with decou-
pling to AGND.
11, 12 N/C Not connected.
13 VIN Input supply voltage for the converter. Must be closely decoupled.
14 EN Enable for.the.step-down converter. A Iogic low disables the converter and it consumes less than 1pA of cur-
rent. A logic high enables normal operation.
15 POK Power-OK pin with open drain output. It is pulled low when the OUTA pin is outside the regulation window of
+10%. Place a pull-up resistor between POK and OUTA.
16 FBA Feedback !nput pin for LDOA. This pin i; conngqted to OUTA. It is gsed to see the output of LDOA to regulate
to the desired value via an external resistor divider. For fixed versions, short FBA to OUTA.
17 OUTA LDOA output pin; should be closely decoupled with a low-ESR ceramic capacitor.
18 VLDOA | Input voltage pin for linear regulator A; should be closely decoupled.
19 VLDOB | Input voltage pin for linear regulator B; should be closely decoupled.
20 ouTB LDOB output pin; should be closely decoupled with a low-ESR ceramic capacitor.
EP Exposed paddle; connect to ground directly beneath the package.

Pin Configuration
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Absolute Maximum Ratings!?

Symbol Description Value Units
Ve, Vin, Vioo Input Voltage and Bias Power to GND 6.0 \Y
Vix LX to GND -0.3to Ve + 0.3 \Y
Ves FB to GND -0.3to Vs + 0.3 \Y
Ven EN and EN_LDO to GND -0.3t0 6.0 \%
T, Operating Junction Temperature Range -40 to 150 °C
Tieap Maximum Soldering Temperature (at leads, 10 sec) 300 °C

Thermal Information

Symbol Description Value Units
Pp Maximum Power Dissipation (T, = 25°C) 2.0 W
034 Thermal Resistance? 50 °C/W

1. Stresses above those listed in Absolute Maximum Ratings may cause permanent damage to the device. Functional operation at conditions other than the operating conditions
specified is not implied. Only one Absolute Maximum Rating should be applied at any one time.
2. Mounted on an FR4 board.
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Electrical Characteristics!?

Vv = 3.6V; Tp = -40°C to +85°C, unless otherwise noted. Typical values are T, = 25°C.

Symbol Description Conditions i Max Units
Bias Power Supply
I Quiescent Current ENA = ENB = EN = Vy; Iiopp = 0 80 145 HA
Ishon Shutdown Current ENA = ENB = EN = GND 1.0 MA
Vv Rising 2.6 \
UVLO Under-Voltage Lockout Voltage Hysteresis 250 mV
Vi Falling 2.0 \%
LDOA, LDOB
Vipo Input Voltage 1.8 5.5 \
— o - [v)
Vour Output Voltage Tolerance Iour = 1mMA to Ioyr(max I: ; _2450°CC to +85°C _;g ;g %
Vs Feedback Voltage 0.593 | 0.6 | 0.607 \Y
Vpoa Dropout Voltage? 3 Iour = 500mMA 500 mV
Voos Dropout Voltage? 3 Iour = 150mA 150 mV
AVour/ || ine Regulation® Viw = Vour + 1 t0 5.0V 0.09 | %V
Vour*AViy
Ven Enable Threshold Low 0.6 \Y
Venery Enable Threshold High 1.5 \
Isur Shutdown Current Viy = 5V 1.0 MA
Tso Over-Temperature Shutdown Threshold 140 °C
Thyvs Over-Temperature Shutdown Hysteresis 15 °C
LDOA
) L % of
Vpok Power-OK Trip Threshold Vour Rising, Ty = 25°C 82 94 98 Vour
Vpokhys Power-OK Hysteresis 1.0 % of
Vour
Vpok(Lo) Power-OK Output Voltage Low Isink = 1MA 0.4 \%
Took Power-OK Output Leakage Current Veok <5.5V, Vour in Regulation 1.0 HA

1. The AAT2500B is guaranteed to meet performance specifications over the -40°C to +85°C operating temperature range and is assured by design, characterization, and cor-
relation with statistical process controls.

2. Vpo is defined as Viy - Vour when Vour is 98% of nominal.
3. For Vour < 2.1V, Vpo = 1.8 - Vourn
4. Cpy = 10pF.
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Electrical Characteristics (continued)?

Vi = 3.6V; T, = -40°C to +85°C, unless otherwise noted. Typical values are T, = 25°C.

Symbol Description Conditions
Step-Down Converter; Ioyr = 800mA
Vin Input Voltage 2.7 5.5 V
Vour Output Voltage Tolerance Ioyr = 0 to 800mA; Vi = 2.7V to 5.5V -3.0 3.0 %
Vour Vour Programmable Range 0.9 Vin Vv
Ves Feedback Threshold Voltage 0.891 0.9 | 0.909 \
Ishon Shutdown Current EN = GND 1.0 HA
Tix teak LX Leakage Current Vin = 5.5, Vix =0 -V 1.0 WA
Ies Feedback Leakage Veg = 1.0V 0.2 HA
Iim Current Limit 1.2 A
Ros(onym High Side Switch On Resistance 280 mQ
Ros(onL Low Side Switch On Resistance 160 mQ
AVour/Vour | Load Regulation Ioao = 0 to 800mA 0.5 %
Vi\:glg\//m Line Regulation 0.2 %/\V
Fosc Oscillator Frequency 1.6 2.0 2.4 MHz
Tso Over-Temperature Shutdown Threshold 140 °C
Thys Over-Temperature Shutdown Hysteresis 15 °C
Venw Enable Threshold Low 0.6 \
Veney Enable Threshold High 1.4 V
Ien EN Input Leakage Vey = 5V, Viy = 5V -1.0 1.0 UA

1. The AAT2500B is guaranteed to meet performance specifications over the -40°C to +85°C operating temperature range and is assured by design, characterization, and cor-
relation with statistical process controls.
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Typical Characteristics-Step-Down Converter

Step-Down Converter Efficiency vs. Output Current Output Voltage Error vs. Temperature
(Vour = 1.8V) (Viy = 3.6V; Vour = 2.5V)
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Typical Characteristics—-Step-Down Converter (continued)

Step-Down Converter Line Transient No Load Quiescent Current vs. Input Voltage
(Vour = 1.8V; loyr = 800mA; V), = 3.6V-4.2V) (Step-Down Converter Enabled; Both LDOs Enabled)
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Typical Characteristics-Step-Down Converter (continued)

High Side Switch On Resistance vs. Input Voltage Low Side Switch On Resistance vs. Input Voltage
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Typical Characteristics-LDO Regulator

LDO Load Regulation LDO Load Regulation
(Vour = 1.8V) (Vour = 1.2V)
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Typical Characteristics-LDO Regulator (continued)

Dropout Voltage vs. Temperature LDO Load Transient
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Functional Block Diagram

Adjustable 3-Channel Regulator

Voltage
Reference
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Note: For adjustable version, the internal feedback divider is omitted and
the FB pin is tied directly to the internal error amplifier.

Functional Description

The AAT2500B is a high performance power manage-
ment IC comprised of a step-down converter and two
linear regulators. The step-down converter operates in
both fixed and variable frequency modes for high effi-
ciency performance. The switching frequency is 2MHz,
minimizing the size of the inductor. The converter
requires only three external components (Cy, Cour, and
L). LDOA can deliver 500mA. LDOA can deliver 150mA.
Each regulator has independent input voltage and enable
pins and operates wth ceramic capacitors.

Switch-Mode Step-Down Converter

The switching regulator is a monolithic step-down con-
verter operating with input voltage range of 2.7V to
5.5V. Power devices are sized for 800mA current capabil-
ity while maintaining over 90% efficiency at full load. It
consumes 30pA of typical no load quiescent current,
making it also ideal for light load applications. The oscil-
lator operates at 2MHz, minimizing the cost and size of
external components.

A logic low on the EN pin shuts the converter down and
makes it consume less than 1pA of current.

2500B.2008.03.1.0
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Soft start increases the inductor current limit point in
discrete steps when the input voltage or enable input is
applied. It limits the current surge seen at the input and
eliminates output voltage overshoot.

For overload conditions, the peak input current is limit-
ed. As load impedance decreases and the output voltage
falls closer to zero, more power is internally dissipated,
raising the device temperature. Thermal protection com-
pletely disables switching when internal dissipation
becomes excessive, protecting the device from damage.
The junction over-temperature threshold is 140°C with
15°C of hysteresis.

Linear Regulators

The two linear regulators are high performance LDOs
where LDOA sources 500mA and LDOB sources 150mA
of current. For added flexibility, both regulators have
independent input voltages operating from 1.8V to 5.5V.
An external feedback pin for each LDO allows program-
ming the output voltage from 3.6V to 0.6V. The regula-
tors have short-circuit and thermal protection in case of
adverse operating conditions.

LDOA features an integrated Power-OK comparator
which indicates when the output is out of regulation. The
POK is an open drain output and it is held low when the
AAT2500B is in shutdown mode.

Under-Voltage Lockout

Internal bias of all circuits is controlled via the VIN pin.
Under-voltage lockout guarantees sufficient Vi bias and
proper operation of all internal circuits prior to activation.

Over-Temperature Protection

Thermal protection completely disables switching when
internal dissipation becomes excessive. The junction
over-temperature threshold is 140°C with 15°C of hys-
teresis. Once an over-temperature or over-current fault
conditions is removed, the output voltage automatically
recovers.

Adjustable 3-Channel Regulator

Applications Information

Step-Down Converter Inductor Selection

The step-down converter uses peak current mode con-
trol with slope compensation to maintain stability for
duty cycles greater than 50%. The output inductor value
must be selected so the inductor current down slope
meets the internal slope compensation requirements.
The internal slope compensation for the AAT2500B step-
down converter is 0.51A/usec. This equates to a slope
compensation that is 75% of the inductor current down
slope for a 1.5V output and 2.2uH inductor.

0.75-V, _075-15V _ A
m=""1T"="220H 9% jsec

Manufacturer’s specifications list both the inductor DC
current rating, which is a thermal limitation, and the
peak current rating, which is determined by the satura-
tion characteristics. The inductor should not show any
appreciable saturation under normal load conditions.
Some inductors may meet the peak and average current
ratings yet result in excessive losses due to a high DCR.
Always consider the losses associated with the DCR and
its effect on the total converter efficiency when selecting
an inductor.

The 2.2uH CDRH2D14 series Sumida inductor has a
94mQ DCR and a 1.5A DC current rating. At full 800mA
load, the inductor DC loss is 60mW which gives a 4.16%
loss in efficiency for a 800mA, 1.8V output.

Input Capacitor

Select a 4.7uF to 10uF X7R or X5R ceramic capacitor for
the input of the step-down converter. To estimate the
required input capacitor size, determine the acceptable
input ripple level (Vpp) and solve for Cyy. The calculated
value varies with input voltage and is a maximum when
Vv is double the output voltage.

VIN VIN

Cn= Vv
(ﬂ-ESR)-FS
lo
Vo ( v)_1 _
—9 .- 11-=01=_forVy=2-V
Vin Vin 4 & ©
1
CIN(MIN)= Vv
(%-ESR)A-FS
o
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Always examine the ceramic capacitor DC voltage coef-
ficient characteristics when selecting the proper value.
For example, the capacitance of a 10uF, 6.3V, X5R ceram-
ic capacitor with 5.0V DC applied is actually about 6pF.

The maximum input capacitor RMS current is:

e | Vo (1. Ve
RMS (0] V|N V|N
The input capacitor RMS ripple current varies with the

input and output voltage and will always be less than or
equal to half of the total DC load current.

[v Vo). /o _ o 1
V—i-(mv—lz)-\/D (1-D)= .05 =5

fOr VIN =2- Vo:

lo

2

IRMS(MAX)
Vo . (1 ) ﬁ] _ _
The term Vw Vi) appears in both the input voltage
ripple and input capacitor RMS current equations and is
a maximum when V, is twice V. This is why the input
voltage ripple and the input capacitor RMS current ripple
are a maximum at 50% duty cycle.

The input capacitor provides a low impedance loop for the
edges of pulsed current drawn by the AAT2500B. Low
ESR/ESL X7R and X5R ceramic capacitors are ideal for
this function. To minimize stray inductance, the capacitor
should be placed as closely as possible to the IC. This
keeps the high frequency content of the input current
localized, minimizing EMI and input voltage ripple.

A laboratory test set-up typically consists of two long
wires running from the bench power supply to the evalu-
ation board input voltage pins. The inductance of these
wires, along with the low-ESR ceramic input capacitor,
can create a high Q network that may affect converter
performance. This problem often becomes apparent in
the form of excessive ringing in the output voltage dur-
ing load transients. Errors in the loop phase and gain
measurements can also result.

Since the inductance of a short PCB trace feeding the
input voltage is significantly lower than the power leads
from the bench power supply, most applications do not
exhibit this problem.

Adjustable 3-Channel Regulator

In applications where the input power source lead induc-
tance cannot be reduced to a level that does not affect
the converter performance, a high ESR tantalum or alu-
minum electrolytic should be placed in parallel with the
low ESR, ESL bypass ceramic. This dampens the high Q
network and stabilizes the system.

Configuration Output Voltage  Inductor
0.9V Adjustable With 1V, 1.2v 1.5puH
External Feedback 1.5V, 1.8V 2.2uH
2.5V, 3.3V 3.3pH

Table 1: Inductor Values.

Output Capacitor

The output capacitor limits the output ripple and pro-
vides holdup during large load transitions. A 4.7uF to
10pF X5R or X7R ceramic capacitor typically provides
sufficient bulk capacitance to stabilize the output during
large load transitions and has the ESR and ESL charac-
teristics necessary for low output ripple.

The output voltage droop due to a load transient is
dominated by the capacitance of the ceramic output
capacitor. During a step increase in load current, the
ceramic output capacitor alone supplies the load current
until the loop responds. Within two or three switching
cycles, the loop responds and the inductor current
increases to match the load current demand. The rela-
tionship of the output voltage droop during the three
switching cycles to the output capacitance can be esti-
mated by:

Cour = 3 - Aloap

Voroor * Fs

Once the average inductor current increases to the DC
load level, the output voltage recovers. The above equa-
tion establishes a limit on the minimum value for the
output capacitor with respect to load transients.

The internal voltage loop compensation also limits the
minimum output capacitor value to 4.7pF. This is due to
its effect on the loop crossover frequency (bandwidth),
phase margin, and gain margin. Increased output capac-
itance will reduce the crossover frequency with greater
phase margin.

2500B.2008.03.1.0
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Adjustable Output Resistor Selection

The output voltage on the step-down converter is pro-
grammed with external resistors R2 and R6. To limit the
bias current required for the external feedback resistor
string while maintaining good noise immunity, the mini-
mum suggested value for R6 is 59kQ. Although a larger
value will further reduce quiescent current, it will also
increase the impedance of the feedback node, making it
more sensitive to external noise and interference. Table
2 summarizes the resistor values for various output volt-
ages with R6 set to either 59kQ for good noise immu-
nity or 221kQ for reduced no load input current.

With enhanced transient response for extreme pulsed
load application, an external feed-forward capacitor (C1
in Fig.3) can be added.

R6 = 59kQ R6 = 221kQ
Vour (V) R2 (kQ) R2 (kQ)

0.9%* 0 0

1.0 6.65 24.3
1.1 13.3 48.7
1.2 19.6 73.2
1.3 26.1 97.6
1.4 32.4 124
1.5 39.2 147
1.8 59.0 221
1.85 61.9 232
2.0 71.5 274
2.5 105 392
2.8 124 464
3.0 137 511
3.3 158 590

Table 2: Step-Down Converter Resistor Values for
Various Output Voltages.

Thermal Calculations

There are three types of losses associated with the
AAT2500B step-down converter: switching losses, con-
duction losses, and quiescent current losses. Conduction
losses are associated with the Rpsony characteristics of
the power output switching devices. Switching losses are
dominated by the gate charge of the power output
switching devices. At full load, assuming continuous con-
duction mode (CCM), a simplified form of the LDO losses
is given by:

Adjustable 3-Channel Regulator

|o2 : (RDSON(HS) : Vo + RDSON(LS) ’ [VIN - Vo])
Vin

ProtaL =

"'(tsw'F'lo"'lQ)'VlN

I, is the step-down converter quiescent current. The
term tg, is used to estimate the full load step-down con-
verter switching losses.

For the condition where the step-down converter is in
dropout at 100% duty cycle, the total device dissipation
reduces to:

-1 2. .
l:)TOTAL - IO RDSON(HS) + lQ VIN

Since Rps(ony, quiescent current, and switching losses all
vary with input voltage, the total losses should be inves-
tigated over the complete input voltage range.

Given the total losses, the maximum junction tempera-
ture can be derived from the 0,, for the QFN34-20 pack-
age which is 50°C/W.

TJ(MAX) = ProraL - Oua + Tavs

LDO Linear Regulator Input Capacitor

A 1pF or larger capacitor is typically recommended for
Civ in most applications. A Cpy capacitor is not required
for basic LDO regulator operation; however, if the
AAT2500B is physically located more than three centi-
meters from an input power source, a Cyy capacitor will
be needed for stable operation. Cyy should be located as
closely to the device VLDO pins as practically possible.
Civ values greater than 1pF will offer superior input line
transient response and will assist in maximizing the
highest possible power supply ripple rejection.

Ceramic, tantalum, or aluminum electrolytic capacitors
may be selected for C;. There is no specific capacitor
ESR requirement for Cp; however, ceramic capacitors
are recommended for Cy due to their inherent capability
over tantalum capacitors to withstand input current
surges from low impedance sources such as batteries in
portable devices.

* For the 0.9V output, R6 is open.

14 www.analogictech.com
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Output Capacitor

For proper load voltage regulation and operational sta-
bility, a capacitor is required between pins OUTA, OUTB,
and GND. The Cgyr capacitor connection to the LDO
regulator ground pin should be made as direct as practi-
cally possible for maximum device performance. The
AAT2500B has been specifically designed to function
with very low ESR ceramic capacitors. For best perfor-
mance, ceramic capacitors are recommended.

Typical output capacitor values for maximum output cur-
rent conditions range from 1pF to 10pF.

Applications utilizing the exceptionally low output noise
and optimum power supply ripple rejection characteris-
tics of the AAT2500B should use 2.2uF or greater for
Cour- If desired, Coyr may be increased without limit. In
low output current applications where output load is less
than 10mA, the minimum value for Coyr can be as low as
0.47uF.

Capacitor Characteristics

Ceramic composition capacitors are highly recommend-
ed over all other types of capacitors for use with the
AAT2500B. Ceramic capacitors offer many advantages
over their tantalum and aluminum electrolytic counter-
parts. A ceramic capacitor typically has very low ESR, is
lower cost, has a smaller PCB footprint, and is non-
polarized. Line and load transient response of the LDO
regulator is improved by using low ESR ceramic capaci-
tors. Since ceramic capacitors are non-polarized, they
are not prone to incorrect connection damage.

Equivalent Series Resistance

ESR is a very important characteristic to consider when
selecting a capacitor. ESR is the internal series resis-
tance associated with a capacitor that includes lead
resistance, internal connections, size and area, material
composition, and ambient temperature. Typically, capac-
itor ESR is measured in milliohms for ceramic capacitors
and can range to more than several ohms for tantalum
or aluminum electrolytic capacitors.

Ceramic Capacitor Materials

Ceramic capacitors less than 0.1pF are typically made
from NPO or COG materials. NPO and COG materials

Adjustable 3-Channel Regulator

generally have tight tolerance and are very stable over
temperature. Larger capacitor values are usually com-
posed of X7R, X5R, Z5U, or Y5V dielectric materials.
NPO and COG material types are not recommended for
use with LDO regulators since the capacitor tolerance
can vary more than £50% over the operating tempera-
ture range of the device. A 2.2uF Y5V capacitor could be
reduced to 1uF over temperature; this could cause prob-
lems for circuit operation. X7R and X5R dielectrics are
much more desirable. The temperature tolerance of X7R
dielectric is better than £15%. Capacitor area is anoth-
er contributor to ESR. Capacitors which are physically
large in size will have a lower ESR when compared to a
smaller sized capacitor of an equivalent material and
capacitance value. These larger devices can improve
circuit transient response when compared to an equal
value capacitor in a smaller package size. Consult
capacitor vendor datasheets carefully when selecting
capacitors for LDO regulators.

Adjustable Output Resistor Selection

The output voltage on the linear regulator is programmed
with external resistors: R4 and R7 for LDOA and R5 and
R8 for LDOB. Table 3 summarizes the resistor values for
various output voltages with R4 and R5 set to either
59kQ for good noise immunity or 221kQ for reduced no
load input current.

LDO R7, R8 = 59kQ R7, R8 = 221kQ
Vour (V) R4, R5 (kQ) R4, R5 (kQ)

0.6* 0 0

0.8 19.6 75

0.9 29.4 113

1.0 39.2 150

1.1 49.9 187

1.2 59.0 221

1.3 68.1 261

1.4 78.7 301

1.5 88.7 332

1.8 118 442
1.85 124 464

2.0 137 523

2.5 187 715

3.3 267 1000

Table 3: LDO Linear Regulators Resistor Values
for Various Output Voltages.

* For the 0.6V output, R7 and R8 are open.

2500B.2008.03.1.0

www.analogictech.com 15



ANALOGIC
GRS

PRODUCT DATASHEET

AAT2500B

SystemPower™

POK Output

LDOA of the AAT2500B features an integrated Power OK
comparator which can be used as an error flag. The POK
open drain output goes low when output voltage is 10%
(typ) below its nominal regulation voltage. Additionally,
any time LDOA is in shutdown, the POK output is pulled
low. Connect a pull-up resistor from POK to OUTA.

Enable Function

The AAT2500B features an LDO regulator enable/disable
function. Each LDO has its own dedicated enable pin.
These pins (ENA, ENB) are active high and are compatible
with CMOS logic. To assure the LDO regulators will switch
on, ENA/B must be greater than 1.4V. The LDO regulators
will shut down when the voltage on the ENA/B pins falls
below 0.6V. In shutdown, the LDO regulators will con-
sume less than 1.0pA of current. If the enable function is
not needed in a specific application, it may be tied to Vi
to keep the LDO regulator in a continuously on state.

Thermal Protection

Each of the two LDOs of the AAT2500B has an internal
thermal protection circuit which will turn on when the
device die temperature exceeds 140°C. The LDO regulator
outputs will remain in a shutdown state until the internal
die temperature falls back below the 125°C trip point.

No-Load Stability

The LDOs in the AAT2500B are designed to maintain out-
put voltage regulation and stability under operational
no-load conditions. This is an important characteristic for
applications where the output current may drop to zero.

Reverse Output-to-Input
Voltage Conditions and Protection

Under normal operating conditions, a parasitic diode
exists between the output and input of the LDO regula-
tor. The input voltage should always remain greater than
the output load voltage maintaining a reverse bias on
the internal parasitic diode. Conditions where Vour might
exceed Viy should be avoided since this would forward
bias the internal parasitic diode and allow excessive cur-
rent flow into the Vour pin, possibly damaging the LDO
regulator. In applications where there is a possibility of
Vour exceeding Vyy for brief amounts of time during nor-
mal operation, the use of a larger value Cpy capacitor is
highly recommended. A larger value of Cyy with respect

Adjustable 3-Channel Regulator

to Cour will effect a slower Cyy decay rate during shut-
down, thus preventing Vgur from exceeding V. In appli-
cations where there is a greater danger of Vqur exceeding
Vi for extended periods of time, it is recommended to
place a Schottky diode across Vi to Vour (connecting the
cathode to Vi and anode to Voyur). The Schottky diode
forward voltage should be less than 0.45V.

Thermal Considerations and
High Output Current Applications

The LDOs of the AAT2500B are designed to deliver con-
tinuous output load currents of 300mA each under nor-
mal operation. This is desirable for circuit applications
where there might be a brief high in-rush current during
a power-on event.

The limiting characteristic for the maximum output load
current safe operating area is essentially package power
dissipation and the internal preset thermal limit of the
device. In order to obtain high operating currents, care-
ful device layout and circuit operating conditions need to
be taken into account.

The following discussions will assume the LDO regulator is
mounted on a printed circuit board utilizing the minimum
recommended footprint as stated in the layout consider-
ations section of this document. At any given ambient
temperature (T,), the maximum package power dissipa-
tion can be determined by the following equation:

p _ TJ(MAX) -Ta
D(MAX) ~ 0,1

Constants for the AAT2500B are Tymaxy (the maximum
junction temperature for the device, which is 125°C) and
0;n = 50°C/W (the package thermal resistance). Typically,
maximum conditions are calculated at the maximum
operating temperature of T, = 85°C and under normal
ambient conditions where T, = 25°C. Given T, = 85°C,
the maximum package power dissipation is 800mW. At T,
= 25°C, the maximum package power dissipation is 2W.

The maximum continuous output current for the AAT2500B
is a function of the package power dissipation and the
input-to-output voltage drop across the LDO regulator.
To determine the maximum output current for a given
output voltage, refer to the following equation. This cal-
culation accounts for the total power dissipation of the
LDO regulator, including that caused by ground current.

Pomax) = [(Vin = Voura)loura * (Vin * lano)] + [(Vin = Voure)lours + (Vin * leno)]

16 www.analogictech.com
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Layout

The suggested PCB layout for the AAT2500B is shown in
Figures 1 and 2. The following guidelines should be used
to help ensure a proper layout.

1.

The input capacitors (C4, C7, C8, and C9) should con-
nect as closely as possible to VIN, VLDOA, VLDOB, VP,
and PGND.

2. The output capacitor (C5, and C6) of the LDOs con-

nect as closely as possible to OUT. C2 and L1 should
be connected as closely as possible. The connection
of L1 to the LX pin should be as short as possible.
Do not make the node small by using a narrow trace.
The trace should be kept wide, direct, and short.

Adjustable 3-Channel Regulator

The feedback trace should be separate from any
power trace and connect as closely as possible to the
load point. Sensing along a high-current load trace
will degrade DC load regulation. Feedback resistors
should be placed as closely as possible to VOUT to
minimize the length of the high impedance feedback
trace. If possible, they should also be placed away
from the LX (switching node) and inductor to
improve noise immunity.

The resistance of the trace from the load return to
the PGND should be kept to a minimum. This will
help to minimize any error in DC regulation due to
differences in the potential of the internal signal
ground and the power ground.

Ensure all ground pins are tied to the ground plane.
No pins should be left floating. For maximum power
dissipation, it is recommended that the exposed pad
(EP) must be soldered to a good conductive PCB
ground plane layer to further increase local heat
dissipation.

Figure 1: AAT2500B Evaluation Board
Top Side Layout.

Figure 2: AAT2500B Evaluation Board
Bottom Side Layout.

2500B.2008.03.1.0
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SYNC
R10 U1 AAT25008
100k FB_ 5 [ o x 9L LX
L1 VOUT_BUCK
= MODE/SYNC 4 | /oo ix |8 A Buckout
CDRH2D14
VIN R1 1
. — VIN 13 VIN OUTA 17 OUTA _ RZ——C1
100 S22 c3 T H00pF
3 R3 10uF —T—
ca 5 VLDOA 18 |, oo pow |15 O1pF
0.1uF 1 100k R4 [
L 3
— VINA ——1CSF > VLDOB 19 |/ nog FBA 16 | FBA —
1 _T_Cg OUTA
1 VINB 1uF VP 10|\ ous |20 | outs
= L ouTB
1 - RS
; EN14 | oy ros 1| FBB RS
3)
EN 1 ENB 3 7 = == [] Bo0k
2 ENB PGND == c6 T 22F L
2 R7 R8 220F
il 59.0k | | 59.0k -
ENB 2 ENA 2 ENA AGND 6
5
ENA R12 =07 Q CGND
(open) 10uF w GND
GND ‘
POK
POK L GND

Vour suck (V)  R2 (kQ) L1 (uH) Vour oo (V) R4, R5 (kQ)

09 0 15 0.8 19.6 U1 AAT2500B QFN34-20

1.0 6.65 1.5 0.9 294 ) ,

11 13.3 15 10 392 L1 Sumida CDRH2D14 or Coltronics SD3812

12 19.6 15 11 49.9 C2, C7 10pF, 6.3V, X5R, 0805 GRM219R60J106KE19
13 26.1 1.5 12 59.0

14 24 1’5 13 68.1 C5,C6 2.2F, 10V, X5R, 0603 GRM188R61A225KE34
15 39.2 22 14 787 C8, C9 1uF, 6.3V, X5R, 0603 GRM185R60J105KE26
18 59 22 15 88.7

1.85 61.9 2.2 18 118

20 71.5 2.2 1.85 124

25 105 3.3 20 137

28 124 3.3 25 187

30 137 3.3 33 267

33 158 3.3

Figure 3: AAT2500B Evaluation Board Schematic.
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Manufacturer Part Number Value (pF) Voltage Rating Temp. Co. Case Size
Murata GRM219R60J106KE19 10 6.3 X5R 0805
Murata GRM188R60J475KE19 4.7 6.3 X5R 0603
Murata GRM188R61A225KE34 2.2 10 X5R 0603
Murata GRM188R61A105KA61 1.0 10 X5R 0603
Murata GRM185R60J105KE26 1.0 6.3 X5R 0603

Table 4: Surface Mount Capacitors.

Saturated Rated Size (mm)
Manufacturer Part Number Inductance (pH) Current (mA) DCR (mQ) LxWxH Type
Sumida CDRH2D14-1R5 1.5 1800 63 3.2x3.2x1.55 Shielded
Sumida CDRH2D14-2R2 2.2 1500 94 3.2x3.2x1.55 Shielded
Sumida CDRH2D14-3R3 3.3 1200 125 3.2x3.2x1.55 Shielded
Coiltronics SD3812-1R5 1.5 1580 78 4.0x4.0x1.2 Shielded
Coiltronics SD3812-2R2 2.2 1320 111 4.0x4.0x1.2 Shielded
Coiltronics SD3812-3R3 3.3 1100 159 4.0x4.0x1.2 Shielded
Taiyo Yuden NR3010-1R5 1.5 1200 80 3.0x3.0x1.0 Shielded
Taiyo Yuden NR3010-2R2 2.2 1100 95 3.0x3.0x1.0 Shielded
Taiyo Yuden NR3010-3R3 3.3 870 140 3.0x3.0x1.0 Shielded

Table 5: Suggested Inductors and Suppliers.
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Ordering Information

Voltage

Package Channel 1 Channel 2 Channel 3 Marking? Part Number (Tape and Reel)?2

QFN34-20 Adj. (0.9V) Adj. (0.6V) Adj. (0.6V) YUXYY AAT2500BIZL-BAA-T1

All AnalogicTech products are offered in Pb-free packaging. The term “Pb-free” means semiconductor

Pb-free 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.

Legend

Voltage Code

Adjustable
(0.6V)

0.9
1.2
1.5
1.8
1.9
2.5
2.6
2.7
2.8
2.85
2.9
3.0
3.3
4.2

>

NSs|dlun|xmO|lv|lo|Z|<|[—Om|w

1. XYY = assembly and date code.
2. Sample stock is generally held on part numbers listed in BOLD.

20 www.analogictech.com 2500B.2008.03.1.0



PRODUCT DATASHEET
= ANALOGIC

LOGIC AAT2500B

SystemPower™

Adjustable 3-Channel Regulator
Package Informationt

QFN34-20

Index Area
Detail "A" __ (D2 x E/2)
~

____ Detail "B"
UUUUT] A
Y ) - \
) ; d /
4 Al
S \ \\ 8 8 /
5 \\\\\\\\\- s P o
H H [
§ i E > [am
= BO-0-0= ) d
0.025 0.025 0.214 £ 0.036 > [am
Side View
3.00+0.05
Top View Bottom View
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Pin 1 indicator
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Il \, \
! |
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o | i
) ) S \ ' ! / 3
Option A: Option B: i \ K S
€0.30 (4x) max R0.30 (4x) max g \ /
Chamfered corner Round corner S “ F—!- //
Detail "A" e
Detail "B"

All dimensions in millimeters.

1. The leadless package family, which includes QFN, TQFN, DFN, TDFN and STDFN, has exposed copper (unplated) at the end of the lead terminals due to the manufacturing
process. A solder fillet at the exposed copper edge cannot be guaranteed and is not required to ensure a proper bottom solder connection
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