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AAT3223
250mA NanoPower™ LDO
Linear Regulator with Power-OK

General Description

The AAT3223 PowerLinear NanoPower low
dropout (LDO) linear regulator is ideal for portable
applications where extended battery life is critical.
This device features extremely low quiescent cur-
rent, typically 1.1uA. Dropout voltage is also very
low, typically 190mV at 100mA. The AAT3223 has
an enable pin which, when pulled low, will put the
LDO regulator into shutdown mode, removing
power from its load and offering extended power
conservation capabilities for portable battery-pow-
ered applications. The AAT3223 also has a Power-
OK (POK) feature which monitors the LDO output
voltage and will alert the system if the output falls
out of regulation.

The AAT3223 has output short-circuit and over-
current protection. In addition, the device has an
over-temperature protection circuit, which will shut
down the LDO regulator during extended over-cur-
rent events.

The AAT3223 is available in a Pb-free, space-saving
6-pin SOT23 package and is rated over the -40°C to
+85°C temperature range.

The AAT3223 is similar to the AAT3221 with the
exception that it offers the additional Power-OK
function through the POK pin.

Typical Application

Features

PowerLinear™

e 1.1pA Quiescent Current

e 250mA Output Current

e Low Dropout: 190mV (typical)

e High Accuracy: £2%

e Current Limit Protection

e Over-Temperature Protection

e Extremely Low Power Shutdown Mode

e Low Temperature Coefficient

e Stable Operation With Virtually Any Output
Capacitor Type

e Power-OK Signal Output

e Active High Enable Pin

e 4kV ESD

e Factory-Programmed Output Voltages

e 6-pin SOT23 Package

Applications

e Cellular Phones

e Digital Cameras

e Handheld Electronics

*  Notebook Computers

e PDAs

¢ Portable Communication Devices
 Remote Controls
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Pin Descriptions

Pin # Symbol Function

1 IN Input pin. It is recommended to bypass this pin with a 1puF capacitor.

2 GND Ground connection pin.

3 ouT Output pin. This pin should be decoupled with a 1pF or larger capacitor.

4 N/C Not connected.

5 EN Enable input. Active high, logic level compatible.

6 POK Power-OK output pin. This pin is pulled to ground during a power failure; it
is normally high impedance and should have a 100k pull-up resistor con-
nected to OUT.

Pin Configuration

SOT23-6
(Top View)

IN [1]]© 5] POK

GND [z s ] EN
ouT [ =] <] N/IC
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Absolute Maximum Ratings*

Ta = 25°C, unless otherwise noted.

Symbol Description Value Units
Vin Input Voltage -0.3t06 \%
Ven EN to GND Voltage -0.3t06 V
VENINMAX) Maximum EN to Input Voltage 0.3 Vv
lout Maximum DC Output Current Po/(Vin - Vo) mA
T, Operating Junction Temperature Range -40 to 150 °C
Tieap Maximum Soldering Temperature (at leads, 10 sec) 300 °C
Thermal Information?®
Symbol Description Rating Units
(CIN Thermal Resistance 150 °CIW
Po Power Dissipation® 667 mw
Recommended Operating Conditions
Symbol Description Rating Units
Vin Input Voltage* (Vout + Vpo) 10 5.5 V
T Ambient Temperature Range -40 to +85 °C

1. Stresses above those listed in Absolute Maximum Ratings may cause permanent damage to the device. Functional operation at condi-
tions other than the operating conditions specified is not implied. Only one Absolute Maximum Rating should be applied at any one time.

2. Mounted on a demo board.
3. Derate 6.7mW/°C above 25°C.
4. To calculate minimum input voltage, use the following equation: Viyany = Voutax) + Voomax) as long as Vi = 2.5V.
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Electrical Characteristics

Vin = Vourmom + 1V, loyr = IMA, Coyr = 1UF, T, = 25°C, unless otherwise noted.

Symbol Description Conditions Min | Typ | Max | Units
Vour DC Output Voltage Tolerance -2.0 2.0 %
lout Output Current Vour > 1.2V 250 mA

lsc Short-Circuit Current Vour < 0.4V 400 mA
lo Ground Current Vin = 5V, No Load 1.1 2.5 HA
lo.oFF Off-Supply Current Vy = 5V, EN = Inactive 0.01 1 HA
AVourVout Line Regulation V,y = 4.0V to 5.5V 0.15 0.4 %IV
Vour = 1.8V 1.0 1.65
Vour = 2.7V 0.7 1.25
i Vour = 2.8V 0.7 1.20
AVour!Vour Load Regulation [, =1 to 100mA Vour = 2.85V 07 120 %
Vour = 3.0V 0.6 1.15
Vour = 3.3V 0.5 1.00
Vour = 2.7V 200 240
Vour = 2.8V 190 235
Voo Dropout Voltage*? lour = 100mA Vour = 2.85V 190 230 mV
Vour = 3.0V 190 225
Vour = 3.3V 180 220
PSRR Power Supply Rejection Ratio 100Hz 50 dB
Over-Temperature Shutdown
Tsp Thresholdp 140 <
Over-Temperature Shutdown
Thvs HysteresisID 20 c
e Output Noise 350 MVrms
Te Outpgt_VoItage Temperature 80 PPM/°C
Coefficient
POK
POK 1y POK Trip Threshold Falling 25 :: . 875 905 | 935 % of
-40°C to +85°C| 86 95 Vour

POK,vs POK Hysteresis 1.5
lpok POK Off-Current Vpok = 5.5V, T, = 25°C 100 nA
Vpok POK Low Voltage lpok = IMA 200 mV
Teok POK Delay Vour Rising 15 ms

EN
Viy EN Input Threshold High V,y = 2.5V to 5.5V 2 v
V. EN Input Threshold Low Viy = 2.5V to 5.5V 0.5
lensink) EN Input Leakage Von = 5.5V 0.01 1 MA
1. Vo is defined as V) - Vour When Vgt is 98% of nominal.
2. For Vgur < 2.3V, Vpo = 2.5V - V7.
4 3223.2006.03.1.5
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Typical Characteristics

Unless otherwise noted, V,y = Vgout + 1V, T, = 25°C, C,\ = Coyr = 1HF ceramic.

Output Voltage vs. Output Current
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Typical Characteristics
Unless otherwise noted, V, = Vour + 1V, T, = 25°C, Cy = Coyr = 1UF ceramic.

Noise Spectrum Line Response With 1mA Load
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Typical Characteristics
Unless otherwise noted, V, = Vour + 1V, T, = 25°C, Cy = Coyr = 1UF ceramic.
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(B ANALOGIC AAT3223

Typical Characteristics
Unless otherwise noted, Vy = Vour + 1V, T, = 25°C, Cy = Coyt = 1HF ceramic.
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Linear Regulator with Power-OK

Functional Block Diagram

Over-Current
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Over-Temperature
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Delay
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Functional Description

The AAT3223 is intended for LDO regulator applica-
tions where output current load requirements range
from no load to 250mA. The advanced circuit design
of the AAT3223 has been optimized for very low qui-
escent or ground current consumption, making it
ideal for use in power management systems in small
battery-operated devices. The typical quiescent cur-
rent level is just 1.1pA. The AAT3223 also contains
an enable circuit, which has been provided to shut
down the LDO regulator for additional power conser-
vation in portable products. In the shutdown state,
the LDO draws less than 1pA from the input supply.

The Power-OK function has been incorporated to
allow notification to application circuits when the
output voltage falls out of regulation. If the output
voltage falls below the regulation threshold limit,
which is compared to a level set by the internal
voltage reference, the POK pin is pulled to ground
through an N-channel MOSFET.

The LDO also demonstrates excellent power supply
ripple rejection, and load and line transient response
characteristics. The AAT3223 is a high performance
LDO regulator that is especially well suited for circuit
applications that are sensitive to load circuit power
consumption and extended battery life.

The LDO regulator output has been specifically
optimized to function with low-cost, low equivalent
series resistance (ESR) ceramic capacitors; how-
ever, the design will allow for operation over a wide
range of capacitor types.

The AAT3223 has complete short-circuit and ther-
mal protection. The integral combination of these
two internal protection circuits gives the AAT3223 a
comprehensive safety system to guard against
extreme adverse operating conditions. Device
power dissipation is limited to the package type
and thermal dissipation properties. Refer to the
Thermal Considerations section of this datasheet
for details on device operation at maximum output
current loads.

3223.2006.03.1.5
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Applications Information

To assure the maximum possible performance is
obtained from the AAT3223, please refer to the fol-
lowing application recommendations.

Input Capacitor

Typically, a 1uF or larger capacitor is recommend-
ed for C,y in most applications. A C, capacitor is
not required for basic LDO regulator operation.
However, if the AAT3223 is physically located any
distance more than one or two centimeters from
the input power source, a Cj capacitor will be
needed for stable operation. C, should be located
as closely to the device V| pin as practically pos-
sible. C,y values greater than 1pF will offer superi-
or input line transient response and will assist in
maximizing the power supply ripple rejection.

Ceramic, tantalum, or aluminum electrolytic capac-
itors may be selected for Cy, as there is no specif-
ic capacitor ESR requirement. For 250mA LDO
regulator output operation, ceramic capacitors are
recommended for C, due to their inherent capabil-
ity over tantalum capacitors to withstand input cur-
rent surges from low impedance sources, such as
batteries in portable devices.

Output Capacitor

For proper load voltage regulation and operational
stability, a capacitor is required between pins Vgt
and GND. The Cgt capacitor connection to the
LDO regulator ground pin should be made as direct
as practically possible for maximum device per-
formance. The AAT3223 has been specifically
designed to function with very low ESR ceramic
capacitors. Although the device is intended to oper-
ate with these low ESR capacitors, it is stable over
a wide range of capacitor ESR, thus it will also work
with some higher ESR tantalum or aluminum elec-
trolytic capacitors. However, for best performance,
ceramic capacitors are recommended.

The value of Cqt typically ranges from 0.47uF to
10uF; however, 1uF is sufficient for most operating
conditions.

If large output current steps are required by an
application, then an increased value for Cqyr
should be considered. The amount of capacitance

needed can be calculated from the step size of the
change in output load current expected and the
voltage excursion that the load can tolerate.

The total output capacitance required can be cal-
culated using the following formula:

Al
Cour = Ay X 15uF

Where:
Al = maximum step in output current

AV = maximum excursion in voltage that the load
can tolerate

Note that use of this equation results in capacitor
values approximately two to four times the typical
value needed for an AAT3223 at room temperature.
The increased capacitor value is recommended if
tight output tolerances must be maintained over
extreme operating conditions and maximum opera-
tional temperature excursions. If tantalum or alu-
minum electrolytic capacitors are used, the capaci-
tor value should be increased to compensate for the
substantial ESR inherent to these capacitor types.

Capacitor Characteristics

Ceramic composition capacitors are highly recom-
mended over all other types of capacitors for use
with the AAT3223. Ceramic capacitors offer many
advantages over their tantalum and aluminum elec-
trolytic counterparts. A ceramic capacitor typically
has very low ESR, is lower cost, has a smaller PCB
footprint, and is non-polarized. Line and load tran-
sient response of the LDO regulator is improved by
using low-ESR ceramic capacitors. Since ceramic
capacitors are non-polarized, they are less prone
to damage if incorrectly connected.

Equivalent Series Resistance: ESR is a very
important characteristic to consider when selecting
a capacitor. ESR is the internal series resistance
associated with a capacitor that includes lead
resistance, internal connections, capacitor size and
area, material composition, and ambient tempera-
ture. Typically, capacitor ESR is measured in mil-
liohms for ceramic capacitors and can range to
more than several ohms for tantalum or aluminum
electrolytic capacitors.

10
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Ceramic Capacitor Materials: Ceramic capaci-
tors less than 0.1uF are typically made from NPO
or COG materials. NPO and COG materials gener-
ally have tight tolerance and are very stable over
temperature. Larger capacitor values are usually
composed of X7R, X5R, Z5U, or Y5V dielectric
materials. Large ceramic capacitors (i.e., greater
than 2.2uF) are often available in low-cost Y5V and
Z5U dielectrics. These two material types are not
recommended for use with LDO regulators since
the capacitor tolerance can vary more than +50%
over the operating temperature range of the
device. A 2.2uF Y5V capacitor could be reduced to
1puF over the full operating temperature range.
This can cause problems for circuit operation and
stability. X7R and X5R dielectrics are much more
desirable. The temperature tolerance of X7R
dielectric is better than £15%.

Capacitor area is another contributor to ESR.
Capacitors that are physically large in size will have
a lower ESR when compared to a smaller sized
capacitor of equivalent material and capacitance
value. These larger devices can also improve cir-
cuit transient response when compared to an equal
value capacitor in a smaller package size.

Consult capacitor vendor datasheets carefully when
selecting capacitors for use with LDO regulators.

Enable Function

The AAT3223 features an LDO regulator enable /
disable function. This pin (EN) is compatible with
CMOS logic. For a logic high signal, the EN control
level must be greater than 2.0V. A logic low signal
is asserted when the voltage on the EN pin falls
below 0.5V. For example, the active high version
AAT3223 will turn on when a logic high is applied to
the EN pin. If the enable function is not needed in
a specific application, it may be tied to the respec-
tive voltage level to keep the LDO regulator in a
continuously on state; e.g., the active high version
AAT3223 will tie V,y to EN to remain on.

Power-OK Function

The Power-OK (POK) function is a very useful
basic active low error flag. When the AAT3223
output voltage level is within regulation limits, the
POK output pin is a high impedance and should be
tied high to the LDO output through a high value

resistor (100kQ is a good resistor value for this pur-
pose). An internal comparator has a reference
threshold set to trigger at 10% of the nominal
AAT3223 output voltage. If the output voltage level
drops below this preset threshold, the POK func-
tion will become active and turn on an open-drain
N-channel MOSFET to pull the POK output pin to
ground. There is a fixed 1ms delay circuit between
the POK comparator output and the N-channel
MOSFET gate. The purpose of the delay is to pre-
vent a false triggering of the POK output during
device turn-on or during very short duration load
transient events. If necessary, additional POK flag
delay can be added by placing a capacitor in paral-
lel with the POK pull-up resistor. The additional
delay time will be set by the RC time constant, the
pull-up resistor, and parallel capacitor values.

When the AAT3223 is in the shutdown state with
the EN pin low, the POK pin becomes low imped-
ance. The LDO output will be discharged through
the high value POK pull-up resistor. When entering
the shutdown state, there is no delay associated
with the POK output; the open-drain device turns
on immediately.

This offers the added advantage of having a hard
application turn-off when the LDO regulator is
turned off. This additional function has no adverse
effect on regulator turn-on time.

Short-Circuit and Thermal Protection

The AAT3223 is protected by both current limit and
over-temperature protection circuitry. The internal
short-circuit current limit is designed to activate
when the output load demand exceeds the maxi-
mum rated output. If a short-circuit condition were
to continually draw more than the current limit
threshold, the LDO regulator's output voltage
would drop to a level necessary to supply the cur-
rent demanded by the load. Under short-circuit or
other over-current operating conditions, the output
voltage would drop and the AAT3223's die temper-
ature would rapidly increase. Once the regulator's
power dissipation capacity has been exceeded and
the internal die temperature reaches approximate-
ly 140°C, the system thermal protection circuit will
become active. The internal thermal protection cir-
cuit will actively turn off the LDO regulator output
pass device to prevent the possibility of over-tem-
perature damage. The LDO regulator output will

3223.2006.03.1.5
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remain in a shutdown state until the internal die
temperature falls back below the 140°C trip point.

The interaction between the short-circuit and ther-
mal protection systems allows the LDO regulator to
withstand indefinite short-circuit conditions without
sustaining permanent damage.

No-Load Stability

The AAT3223 is designed to maintain output volt-
age regulation and stability under operational no-
load conditions. This is an important characteristic
for applications where the output current may drop
to zero. An output capacitor is required for stability
under no-load operating conditions. Refer to the
Output Capacitor section of this datasheet for rec-
ommended typical output capacitor values.

Thermal Considerations and High
Output Current Applications

The AAT3223 is designed to deliver a continuous
output load current up to 250mA under normal
operating conditions. The limiting characteristic for
the maximum output load safe operating area is
essentially package power dissipation and the
internal preset thermal limit of the device. In order
to obtain high operating currents, careful device
layout and circuit operating conditions must be
taken into account. The following discussions will
assume the LDO regulator is mounted on a printed
circuit board utilizing the minimum recommended
footprint and the printed circuit board is 0.062-inch
thick FR4 material with one ounce copper.

At any given ambient temperature (T,), the maxi-
mum package power dissipation can be deter-
mined by the following equation:

_ Dowax - Ta

PD(MAX) 0,4

Constants for the AAT3223 are T,ax), the maxi-
mum junction temperature for the device which is
125°C, and ©,, = 150°C/W, the package thermal

resistance. Typically, maximum conditions are cal-
culated at the maximum operating temperature
where T, = 85°C, under normal ambient conditions
T, = 25°C. Given T, = 85°C, the maximum pack-
age power dissipation is 267mW. At T, = 25°C, the
maximum package power dissipation is 667mW.

The maximum continuous output current for the
AAT3223 is a function of the package power dissi-
pation and the input-to-output voltage drop across
the LDO regulator. Refer to the following simple
equation:

P
loutax) < Y, D_M\/;X
N = Vour

For example, if V|y = 5V, Vgoyr = 2.8V and T, =
25°C, loytmax) < 267mA. The output short-circuit
protection threshold is set between 300mA and
450mA. If the output load current were to exceed
267mA or if the ambient temperature were to
increase, the internal die temperature would
increase. If the condition remained constant and
the short-circuit protection did not activate, there
would be a potential damage hazard to the LDO
regulator since the thermal protection circuit will
only activate after a short-circuit event occurs on
the LDO regulator output.

To determine the maximum input voltage for a
given load current, refer to the following equation.
This calculation accounts for the total power dissi-
pation of the LDO regulator, including that caused
by ground current.

PD(MAX) = (Vin - Vounlout + (Vin X lgnp)
This formula can be solved for V  to determine the

maximum input voltage.

Pomax) + (Vour X lour)
lout * lenp

VIN(MAX) =

12
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The following is an example for an AAT3223 set for
a 2.8V output:

Vour =29V

lout = 250mA

lono =1.1pA

vV _667mW + (2.8V x 150mA)
IN(MAX) — 150mA + 1.1uA

Vinwax) = 9.11V

From the discussion above, Ppyax Was deter-
mined to equal 667mW at T, = 25°C.

Thus, the AAT3223 can sustain a constant 2.8V
output at a 150mA load current as long as V, is
<9.11V at an ambient temperature of 25°C. 5.5V
is the maximum input operating voltage for the
AAT3223, thus at 25°C, the device would not
have any thermal concerns or operational V,yax
limits.

This situation can be different at 85°C. The follow-
ing is an example for an AAT3223 set for a 2.8V
output at 85°C:

Vour =2.9V
lour =150mA
lonp =1.1pA

_267mW + (2.8V x 150mA)
Vinwaxy = 150mA + 1.1uA
Vinwax) = 4.58V

From the discussion above, Pppaxy Was deter-
mined to equal 267mW at T, = 85°C.

Higher input-to-output voltage differentials can be
obtained with the AAT3223, while maintaining
device functions in the thermal safe operating area.
To accomplish this, the device thermal resistance
must be reduced by increasing the heat sink area
or by operating the LDO regulator in a duty-cycled
mode.

For example, an application requires V,y = 5.0V
while Vgt = 2.8V at a 150mA load and T, = 85°C.
Vy is greater than 4.58V, which is the maximum
safe continuous input level for Vgoyr = 2.8V at
150mA for T, = 85°C. To maintain this high input
voltage and output current level, the LDO regula-
tor must be operated in a duty-cycled mode.
Refer to the following calculation for duty-cycle
operation:

lowo = 1.10A
loyr = 150mA
Vi =50V
Vour =2.8V

P
%DC = 100 7y Vo + (Vi X Ten)
%DC = 100 oA

(5.0V - 2.8V)150mA + (5.0V x 1.1uA)
%DC = 80.9%

Ppmax) Was assumed to be 267mW.

For a 150mA output current and a 2.2V drop across
the AAT3223 at an ambient temperature of 85°C,
the maximum on-time duty cycle for the device
would be 80.9%.

The following family of curves shows the safe
operating area for duty-cycled operation from
ambient room temperature to the maximum oper-
ating level.

3223.2006.03.1.5
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High Peak Output Current Applications

Some applications require the LDO regulator to
operate at continuous nominal levels with short
duration, high-current peaks. The duty cycles for
both output current levels must be taken into
account. To do so, one would first need to calcu-
late the power dissipation at the nominal continu-
ous level, then factor in the addition power dissipa-
tion due to the short duration, high-current peaks.

For example, a 2.8V system using a AAT3223IGU-
2.8-T1 operates at a continuous 100mA load cur-
rent level and has short 250mA current peaks. The
current peak occurs for 378us out of a 4.61ms
period. It will be assumed the input voltage is 5.0V.

First, the current duty cycle percentage must be
calculated:

% Peak Duty Cycle: X/100 = 378ms/4.61ms
% Peak Duty Cycle = 8.2%

The LDO regulator will be under the 100mA load
for 91.8% of the 4.61ms period and have 150mA
peaks occurring for 8.2% of the time. Next, the
continuous nominal power dissipation for the
100mA load should be determined and then multi-
plied by the duty cycle to conclude the actual
power dissipation over time.

= (Vin - Vounlout + (Vin X lgnp)
= (5.0V - 2.8V)100mA + (5.0V x 1.1pA)
= 225.5mW

Povax)
Pbaooma)
Pbooma)

Pprswpic) = %DC X Ppagoma)
PD(91.8%D/C) =0.918 x 225.5mW

Ppe1.s%nic) = 207TmW

The power dissipation for a 100mA load occurring
for 91.8% of the duty cycle will be 207TmW. Now
the power dissipation for the remaining 8.2% of the
duty cycle at the 150mA load can be calculated:

(Vin - Vounlour + (Vin X Inp)
(5.0V - 2.8V)250mA + (5.0V x 1.1pA)
= 550mW

Pomax)
Pb(2soma)
Pb(2soma)

Po(g.20pic) = %DC X Ppasoma)
Po.2upic) = 0.082 X 550mW

Po.2%picy = 45.1mW
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The power dissipation for a 150mA load occurring
for 8.2% of the duty cycle will be 20.9mW. Finally,
the two power dissipation levels can summed to
determine the total true power dissipation under the
varied load.

Pbitotan) = Pp(iooma) + Ppsoma)
Pbotay = 207mW + 45.1mW
PD(totaI) = 252.1mW

The maximum power dissipation for the AAT3223
operating at an ambient temperature of 85°C is
267mW. The device in this example will have a
total power dissipation of 252.1mW. This is within
the thermal limits for safe operation of the device.

Printed Circuit Board Layout
Recommendations

In order to obtain the maximum performance from
the AAT3223 LDO regulator, careful attention should
be given to the printed circuit board layout. If
grounding connections are not properly made,
power supply ripple rejection and LDO regulator
transient response can be compromised.

The LDO regulator external capacitors C,, and
Cour should be connected as directly as possible
to the ground pin of the LDO regulator. For maxi-
mum performance with the AAT3223, the ground
pin connection should then be made directly back
to the ground or common of the source power sup-
ply. If a direct ground return path is not possible
due to printed circuit board layout limitations, the
LDO ground pin should then be connected to the
common ground plane in the application layout.

3223.2006.03.1.5
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Ordering Information

Output Voltage Enable Package Marking* Part Number (Tape and Reel)?

1.8V Active high SOT23-6 EGXYY AAT3223IGU-1.8-T1
2.7V Active high SOT23-6 GGXYY AAT3223IGU-2.7-T1
2.8V Active high SOT23-6 EHXYY AAT3223IGU-2.8-T1
2.85V Active high SOT23-6 GFEXYY AAT3223IGU-2.85-T1
3.0v Active high SOT23-6 GEXYY AAT3223IGU-3.0-T1
3.3V Active high SOT23-6 GOXYY AAT3223IGU-3.3-T1

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

Pb-free semiconductor 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/pbfree.

Package Information

1.57510.125

2
=3

=]

2.85%£0.15

1.90BSC

I 0.95BSC |

SOT23-6

H A H

SRS

2.8010.20

Nilntahil

-
10°£5°

0.40£0.10x 6

All dimensions in millimeters.

1.10+0.20

\

"120+025

S

“} 060REF

DN

0.45+0.15 0.10BSC

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