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AAT4702

Auto-Restarting Current Limiting Load Switch with LDO Regulator

General Description

Features

The AAT4702 SmartSwitch™ is a member of Skyworks'
Application Specific Power MOSFET™ (ASPM™) product
family. This device integrates a high side P-channel
MOSFET current limiting load switch with a nanopower
low dropout (LDO) linear voltage regulator, making the
AAT4702 ideal for use in load current protected applica-
tions that also require a system power supply. The load
switch operates with input voltages ranging from 2.4V to
5.5V, making it ideal for 2.5V, 3V, and 5V systems. A
fault flag is provided to alert the system to an over-
current event. The fault flag has a 5ms blanking time to
prevent from reporting false events such as inrush cur-
rents during system startup.

The load switch current limit is 150mA by default or pro-
grammed up to 1A through an external set resistor.

The AAT4702 LDO linear regulator is designed to deliver
a regulated 1.8V supply voltage for load levels up to
100mA. The regulator section may be powered directly
from an input source supply or from the load switch out-
put.

The AAT4702 is offered in a Pb-free, space-saving 8-pin
2x2mm FTDFN22 package, and is specified for operation
over the -40°C to +85°C ambient temperature range.

Typical Application

Load Switch:

e 2.4V-5.5V Input Voltage Range

e 150mA Default Current Limit Level

e 270mQ Typical Rpsiony at 2.4V

e 400ns Response to Short Circuit

e Reverse Voltage Protection

e Current Limit Shutdown with Output Pull Down

e Auto Restart with 40ms Timer

e 5ms Fault Blanking Timeout

¢ Under-Voltage Lockout Protection

LDO Regulator:

e Qutput Current up to 100mA

e 1.8V Output Voltage with £2% Accuracy

e Thermal and Short Circuit Protection

e Active Shutdown Output Pull-Down

e Low Quiescent Current 15pA Typical for Switch and
LDO

e Less than 1pA Shutdown Current

e Only 1pF Ceramic Output Capacitor Required

e Available in FTDFN22-8L Package.

Applications

e Cell Phones

e Device Peripheral Ports
e Fingerprint Sensors

e Hot Swap Supplies

e Media Players

¢ Notebook Computers

INPUT >—¢ IN ouT > OUTPUT
1uF AAT4702
I N/C\—{ SET IN_REG
ENABLE ON/ON VREG . 5LDO REG OUTPUT
FAULT FLAG ¢ FLT l
v G4 GND 1pFI —— 14F
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Auto-Restarting Current Limiting Load Switch with LDO Regulator

Pin Descriptions

Pin # Symbol

Description
Current limited P-channel MOSFET load switch output. A 0.47uF to 1uF ceramic capacitor connected from

1 out OUT to GND is recommended for best circuit response.
LDO regulator power input. Connect to IN to power from a common input supply with the load switch, in
5 IN REG which case, bypass with a 1pF ceramic capacitor connected between this pin and ground. Alternatively, this
- pin may be powered from the load switch output by connecting IN_REG to OUT; a 1uF or greater ceramic
capacitor should be placed between the OUT pin and ground for this application
3 VREG LDO regulator output. Connect a 1uF or larger capacitor from VREG to GND for best operating performance.
4 GND IC ground pin.
5 SET Current limit set input. Connect a resistor from SET to ground to program current limit set point for the load
switch. Or leave open for 150mA default current limit level.
== Fault flag, open drain output. Pull to a logic high level through an external resistor for normal operation.
6 FLT ) .
Pulled low when fault is present. Leave open if unused.
Enable input for load switch and LDO regulator.
7 ON (ON) | AAT4702 -1: Active low; pull to a logic low level to enable.
AAT4702 -2: Active high; pull to a logic high level to enable.
8 IN Input to the P-channel MOSFET source. Connect a 1uF capacitor from IN to GND.

Pin Configuration

FTDFN22-8L
(Top View)
OuT = N
IN. REG & ] ON (ON)
VREG [ El FLT
GND = SET
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Auto-Restarting Current Limiting Load Switch with LDO Regulator

Absolute Maximum Ratings!

Ta = 25°C unless otherwise noted.

Symbol Description Value Units
VN, FauLt IN, IN_REG, FAULT to GND -0.3to 6
Von ON to GND -0.3to Vy + 0.3 Vv
Vour OUT to GND -0.3toVy + 0.3
Tour Maximum Output Current? Internally Limited A
Vesp ESD Rating, HBM 4000 Y
T, Maximum Junction Operating temperature -40 to +150 oC
Tieap Maximum Soldering Temperature (at leads, 10 sec) 300

Thermal Information3

Symbol Description Value Units
(I Thermal Resistance 116.3 o°C/W
Py Maximum Power Dissipation* (T, = 25°C) 860 mWwW

=

. 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.

. Based on long-term current density limitations.

. Mounted on 1loz. copper clad FR4 material printed circuit board.

. Derate 8.6mW/°C above 25°C.

HwN
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Auto-Restarting Current Limiting Load Switch with LDO Regulator

Electrical Characteristics!?

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

Symbol Description Conditions i Max
General
Vinesw) Input Voltage Range Load Switch Section 2.4 5.5 Vv
Vinees) Input Voltage Range Stable Output 2.4 5.5
For Vour Within Regulation Tolerance | Vour + Voo 5.5 %
I Operation Quiescent Current Viv = 5V, ON = 0V, Ioyr = 0 15 30 WA
Lspcorr) Shutdown Supply Current ON = IN = 5.5V, Vour = 0 1 bA
Load Switch
Vour = 5V, Th = 25°C 180 280
Rops(ony PMOS On-Resistance Vour = 3.6V, T, = 25°C 220 320 mQ
Vour = 2.4V, T, = 25°C 270 360
Iporr) Switch Off-Leakage ON = Vp 1 UA
Tim Current Limit Rising edge; Rser = open 100 150 200 mA
RSET_INT | Current Limit Internal Set Resistor 50 kQ
Vuvio Under-Voltage Lockout Threshold Rising edge 1.8 2.4 \
Vuvio Hys Under-Voltage Lockout Hysteresis 0.2 V
LDO Regulator
Vour DC Output Voltage Vin = 3.6V, Ioyr = 10mA 1.764 1.8 1.836 \Y
Tout Output Current Vour = 1.8V 100 mA
Isc Short-Circuit Current Vour < 0.4V 350 mA
AVf“T/ Line Regulation Vv = 4.0 to 5.5V, T, = 25°C 0.14 | 0.4 %/
Vour*AViy
AVour/Vour | Load Regulation _Iri“Tzzzslt?z:A to 100mA, Vour = 1.8V, 1.0 | 1.65 %
Voo Dropout Voltage Iour = 100mA, Vour = 1.8V 300 mV
Ros(rea) Regulator Pass Element On-Resistance Vin reg = 3.6V 3.0 Q
PSRR Power Supply Rejection Ratio 100Hz 50 dB
Tc Output Voltage Temperature Coefficient 80 PPM/°C
Logic
Veny ON Input Low Voltage 0.4 \Y
Vene ON Input High Voltage igx : xi: i :Ex ;2 \Y,
Ien ON Input Leakage Ven = 5.5V or OV 0.5 2.0 WA
tauto Auto-Restart Time 20 40 80 ms
taLank Over-Current Blanking Time 2 5 10 ms
tresp Current Limit Response Time Viy = 5V 0.4 us
ton Load Switch Turn On Time Vv = 5V; Rp = 10Q; Co = 1pF 18 35 us
torr Load Switch Turn Off Time Vv = 5V; Rp = 10Q; Co = 1pF 3 10 us
Tso Over-Temperature Shutdown Threshold 140 °C
Thyvs Over-Temperature Shutdown Hysteresis 20 °C

1. The AAT4702 is guaranteed to meet performance over the -400C to +850C operating temperature range and is assured by design, characterization, and correlation with sta-
tistical process controls.
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Typical Characteristics—General
Unless OtherW|se noted, V1N= 3.6V, CIN = 1|JF, COUT = 1|JF, COUT—LDO = 1|JF ,TA = 25°C.

Quiescent Current vs. Temperature Quiescent Current vs. Input Voltage
(Load Switch + LDO) (Load Switch + LDO)
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Typical Characteristics—Load Switch
Unless otherwise noted, Viyn= 3.6V, Ciy = 1uF, Cour = 1uF, Couripo = 1uF ,To = 25°C.

Viuvio VS. Temperature Switch Off-Leakage Current
(Rising and Falling) vs. Temperature
2 0.05 ;
1.9 - Vy=55V
~—— — Vy=3.6V |
1.8 ~— 0.04 -
— V=24V
17 \\ _ N
216 —~— < 003
§ 15 < z
2 14 ~ S 0.02 /
13 - /
] y.
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1 ‘ 0 —
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Typical Characteristics—Load Switch

Unless OtherW|se noted, V1N= 3.6V, CIN = 1|JF, COUT = 1|JF, COUT—LDO = 1|JF ,TA = 25°C.

TeLank Response Tauto Response
(V|N = 4V, RSET = Open) (V|N = 4V, RSET = Open)
Vorive Vorive I
(5V/div) (5V/div)
V(_)UT v Vour
(5V/div) (5V/div) ]
lour r-‘ lout fl 1
(200mA/div) (200mA/div) J J— 1
FLT FLT
i FLT
(5V/div) (5V/div) n
Time (4ms/div) Time (10ms/div)
Ton Response Torr Response
(Viy =5V; R, =40Q; C_ = 0.1pF) (Viy =5V; R, =40Q; C_ = 1pF)
ON l ON
(5Vidiv) (5V/div)
ya \\
VOUT / VOUT
(2vidiv) J / (2Vidiv) N
N\
lour // lour \\
50mA/div 50mA/div
( ) / ( ) N
Time (40ps/div) Time (40ps/div)
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Typical Characteristics—LDO Regulator
Unless otherwise noted, Viyn= 3.6V, Ciy = 1uF, Cour = 1uF, Couripo = 1uF ,To = 25°C.

Output Voltage vs. Output Current Output Voltage vs. Output Current
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Typical Characteristics—LDO Regulator
Unless OtherW|se noted, V1N= 3.6V, CIN = 1|JF, COUT = 1|JF, COUT—LDO = 1|JF ,TA = 250C.

Line Transient Response Line Transient Response
(Viy = 4V->5V->4V; loyr = 20mA) (Viy = 4V->5V->4V; loyr = 100mA)
VIN YIN
(2Vidiv) J 1 (2Vidiv) 1
Vo Vour
uT
(AC Coupled) A~ (ngocog:ﬁ;e;
(200mV/div)
IC-JUT IOUT
(20mA/div) (50mA/div)
Time (1ms/div) Time (1ms/div)
Load Transient Response Load Transient Response
(Vin = 4V; loyr = 1MA-50mA) (Vin = 4V; loyr = 1mA-100mA)
VOUT VOUT
(AC Coupled) \pos (AC Coupled) v
(200mV/div) (200mV/div)
IOUT IOUT
(50mA/div) i (50mA/div)
Time (400us/div) Time (400us/div)
Power-Up with 1mA Load Power-Up with 100mA Load
ON ON
(2vidiv) (2vidiv)
p— =
Vour / Vour /
(1V/div) / (1V/div) /
Time (200ps/div) Time (200ps/div)
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Functional Block Diagram

Reverse

Ly

Timer

i

ouT

Over-Temperature

F‘I
Control L ':l_

\i

Protection

1.2V Reference

N |

A

Current | ~ Ii_l
Set SET

10ms [
Delay

Functional Description

The AAT4702 is an auto-restarting current limiting load
switch with an integrated low dropout linear voltage
regulator. The combined function of this device serves to
protect system loads or peripheral circuits from over-
current conditions while simultaneously supplying an
independent regulated voltage for the system.

Current Limiting Load Switch

The AAT4702 load switch provides an auto-restarting,
reverse current blocking, programmable current limiting
and shutdown function. If an applied load exceeds the
programmed current limit level, the load switch pass ele-
ment will be turned off to isolate the input source from

o
ON/NI:] ||/ -
=

I
I
I
I
I
I
I
I
I
I
I
[::l VREG
I

the output and discharge the applied load to ground via
an internal NMOS switch and a typical 100Q resistor. The
default current limit (I;v) set point is 150mA with a
+50mA tolerance when the SET pin is left open (no exter-
nal resistor connected). The device may be user pro-
grammed to a higher current limit level up to 1A via an
external resistor placed between the SET pin and
ground.

When under an output over-current shutdown event, the
AAT4702 has an auto-restart output polling function that
will wake up and re-enable the device every 40ms to
check for the continued existence of an over-current
condition. If the over-current fault condition remains,
the AAT4702 will remain in the shutdown state with both
the load switch and LDO regulator output pulled low to
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ground. When the over-current condition is removed, the
AAT4702 will automatically resume normal operation.

The internal load switch controller provides a fault flag
function to alert a system controller to any over current
or temperature event. The fault flag output consists of
an open drain NMOS switch that should be pulled to a
logic high level externally through a 10kQ or greater
value resistor. The fault flag has a 5ms blanking time
feature to guard against reporting false fault conditions,
such events could happen during normal circuit start-up.
If the fault flag function is not required, the FLT pin may
be left unconnected.

When operating within the limits set by the default or
user programmed current limit level, the device over-
temperature protection will monitor the internal die tem-
perature. If the internal die temperature exceeds 140°C,
the thermal protection circuit will shut down the load
switch to protect the loaded device and the system sup-
ply source.

The AAT4702 load switch and LDO regulator are enabled
and disabled through common enable signal at the ON
(ON) pin. The AAT4702 provides options for both active
low (default) and/or active high operation; refer to the
Ordering Information table to select the desired enable
polarity. If the device is operated in an always-on state,
the enable function may be terminated to GND or IN
respective to which active low or high option is selected.

The AAT4702 load switch has an under-voltage lockout
(UVLO) function, which senses the voltage of the IN pin.
Once Vi > Vywo rising edge (typical 1.8V), the AAT4702
will start to operate. For the LDO regulator input IN_REG
pin, there is no UVLO.

Low Dropout Linear Regulator

The AAT4702 LDO linear regulator section has an inde-
pendent input pin allowing the regulator to be powered
by the load switch output or directly from an input sup-
ply. When the enable pin switches to an active state, the
LDO regulator output will typically start up and stabilize
regulation within 1ms after the load switch.

The LDO regulator output is designed and tested to
maintain voltage regulation accuracy within a +2% toler-

ance. Voltage regulation accuracy is maintained for input
voltage ranges from 5.5V down to a minimum input level
(Vin_miv) Which is defined by the factory trimmed output
voltage level (Vour) plus the specified regulator dropout
voltage level (Vpo), by following the formula:

VINiMIN = Vour + Vo

Where:

Vivviv = Minimum input voltage applied to the IN_REG
pin to maintain regulation

Vour = Factory set LDO regulator output as measured at
the VREG pin

Vpo = Specified LDO regulator dropout voltage

Should the LDO regulator input supply fall below the
required Viy_wiy level, the output is designed to track the
input supply minus a nominal voltage drop across the
regulator’s high-side P-channel MOSFET caused by the
device's on resistance. The regulator is designed to
maintain a stable linear output level of 1.8V for an input
supply level down to 2.4V at the specified load current
level of 100mA.

During LDO regulator shutdown, the VREG output is
internally connected to ground via a series resistor and
a low-side NMOS switch which have a combined imped-
ance of 100Q. The LDO regulator has over-temperature
and short-circuit protection independent to the load
switch for comprehensive device protection.

Since the system enable is common to both the LDO
regulator and load switch, the LDO regulator will shut
down in the event of a fault occurring on the load switch
output. For the case of LDO regulator shut down via a
load switch fault, the LDO regulator automatically
restarts along with the load switch auto-restart system
with a 1ms delay. When the LDO regulator is shut down
by either the enable function or a fault on the load switch
output, the regulator output load will be discharged
through the internal active output pull-down circuit.

The AAT4702 LDO regulator has high power supply ripple
rejection (PSRR) in addition to fast load and line tran-
sient response characteristics. The LDO regulator output
has been specifically optimized to function with low cost,
low-ESR ceramic capacitors.
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Application Information

Setting the Load Switch Current Limit

With no external resistor at the SET pin, the default cur-
rent limit is 150mA typically set by the internal 50kQ
resister. The current limit function is triggered when the
load current reaches 150mA, the load switch and LDO
output voltages are shut down; the AAT4702 would
restart to check if the over-current condition is removed
every 40ms. As illustrated in the “Current Limit I ;v vs.
Output Voltage” curve, the current limit level is kept
lower when the output voltage drops; this is helpful to
minimize the power dissipation at the load switch to pro-
vide safer operation at over-current or output short-cir-
cuit condition.

If a higher current limit is desired, an external resistor
could be placed at the SET pin. To determine Rggr, multi-
ply the maximum current drawn by the load by 1.33
(typical I;;y = minimum I;;y/0.75); this is the typical cur-
rent limit value. Next, refer to the “Regr vs. I " curve
and find the Rger that corresponds to the typical current
limit value. The maximum current is derived by multiply-
ing the typical current for the chosen Rsgr in the chart by
1.25. Some resistor values are listed in Table 1.

Example: A USB port requires 500mA. 500mA multiplied
by 1.33 is 665mA. From the “Rger vs. Ijv” curve, Rger
should be less than 16.5kQ. 14.9kQ is a standard value
that is a little less than 16.5kQ but very close. The chart
reads approximately 700mA as a typical Iy value for
14.9kQ. Multiplying 700mA by 0.75 and 1.25 shows that
the AAT4702 load switch will limit the load current to
greater than 525mA but less than 875mA.

Load Switch Operation in Current
Limit and Thermal Protection

When a heavy load is applied to the output of the
AAT4702 load switch output, the current limit circuit is
triggered when the load current reaches the value of Iy
determined by Rger. See Figure 1 for over-current opera-
tion and fault recovery. Since the load demands more
current than Iy, the voltage at the output drops. When
the output voltage drops, the load current is folded back
to a lower level. When the overload condition continues
for a period longer than the over-current blanking time
teank, the output will be turned off and discharged
through the internal N-channel MOSFET and resistor.
After Tauro timeout 40ms, the AAT4702 turns on the load
switch output to check if the overload condition is
removed. If the overload still exists, the output turns off
again after tgawk timeout. The AAT4702 load switch and
LDO will continue to cycle on and off until the overload
condition is removed. When the die temperature exceeds
the over-temperature limit, the AAT4702 will shutdown
until it has cooled sufficiently, at which point it will start

The AAT4702 features a load switch and LDO common
enable / disable function. This ON (ON) pin is compatible
with CMOS logic. Active high or active low options are
available (see Ordering Information).

In many systems, power planes are controlled by inte-
grated circuits which run at lower voltages than the
power plane itself. The enable input ON (ON) of the
AAT4702 has low and high threshold voltages that

Current Current Current

Rser Limit Typ Limit Min Limit Max
(kQ) (mA) (mA) (mA)
205.1 200 150 250

80.9 250 188 313 .
49.6 300 225 375 up agamn.
39.6 350 263 438

32.2 400 300 500 Enable Input
27.6 450 338 563

24 500 375 625

20.8 550 413 688

17.6 600 450 750

13.3 700 525 875

10.8 800 600 1000

8.82 900 675 1125

7.88 1000 750 1250

6.87 1100 825 1375

6.17 1200 900 1500

5.54 1300 975 1625

Table 1: Current Limit vs. Rger Values.

accommodate this condition, which could be found in
"“Veny and Vengy vs. Input Voltage” curve. The threshold
voltages are compatible with 5V TTL and 2.4V to 5V
CMOS. When enable is active, the load switch starts up,
and the LDO starts up after 1ms. When it is disabled, the
device shuts down and the LDO output capacitor is dis-
charged through the internal N-channel MOSFET and
100Q resistor; the load switch is also reverse blocked.
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Normal 1« Over-Current Protection » Fault
Operation Recovers
Iuim
—_— lour<150mA
lour<150mA! (default)
lour (default)
lour=0 lour=0 >
77
Vour=Vin-loutRosion) Vour recovers
V. Load Switch Disabled
out (OUT pulled to GND)
Vour=0 k
_— rlan
Vyrec=1.8V LDO Disabled Vvres=1.8V
o - ‘
VREG \ (VREG pulled to GND)
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Figure 1:

Reverse Voltage

The AAT4702 load switch is designed to control the cur-
rent flowing from IN to OUT. If a voltage applied to OUT
is greater than the voltage on IN, large current may flow
if the enable is active. This could cause damage to the
AAT4702. The ON (ON) pin can be pulled to low to dis-
able the device and prevent current flow from OUT to IN,
as the AAT4702 load switch could be reverse blocked
when ON (ON) is disabled.

Input Capacitor

A 1uF or larger ceramic capacitor is typically recom-
mended for Cyp in most applications. C; should be
located as closely to the device IN pin as practically pos-
sible. Cyy value greater than 1uF will offer superior input
line transient response and will assist in maximizing the
power supply ripple rejection.

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.

AATA4702 Device Output and Logic Timing Diagram for a Fault Condition and Fault Recovery.

Output Capacitor

A 1uF or larger ceramic capacitor Coyr; is typically rec-
ommended for the load switch output OUT pin in most
applications.

For proper load voltage regulation and operational stabil-
ity, a capacitor is required between pins VREG and GND.
The Coyr, capacitor connection to the LDO regulator out-
put VREG pin and GND pin should be made as direct as
practically possible for maximum device performance.
The AAT4702 LDO has been specially designed to func-
tion with very low ESR ceramic capacitors. Although the
device is intended to operate with these low ESR capac-
itors, it is stable over a wide range of capacitor ESR, thus
it will also work with some higher ESR tantalum or alu-
minum electrolytic capacitors. However, for best perfor-
mance, ceramic capacitors are recommended.

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

If large output current steps are required by an applica-
tion, then an increased value for Coyr, should be consid-
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ered. The amount of capacitance needed can be calcu-
lated from the step size of the change in output load
current expected and the voltage excursion that the load
can tolerate.

The total LDO output capacitance required can be calcu-
lated using the following formula:

Al
Courz AV 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 AAT4702 at room temperature. The increased
capacitor value is recommended if tight LDO output tol-
erance must be maintained over extreme operating con-
ditions and maximum operational temperature excur-
sions. If tantalum or aluminum electrolytic capacitors are
used, the capacitor value should be increased to com-
pensate for the substantial ESR inherent to these capac-
itor types.

Capacitor Characteristics

Ceramic composition capacitors are highly recommended
over all other types of capacitors for use with the
AAT4702. Ceramic capacitors offer many advantages
over the tantalum and aluminum electrolytic counter-
parts. A ceramic capacitors typically has very low ESR
10mQ, 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
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 capac-
itor, which includes lead resistance, internal connections,
capacitor size and area, material composition, and ambi-
ent temperature. Typically, capacitor ESR is measured in
milliohms for ceramic capacitors and can range to more
than several ohms for tantalum or aluminum electrolytic
capacitors.

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

14

typically tight tolerance and very stable over tempera-
ture. Larger capacitor values are typically composed of
X7R, X5R, Y5U, and Z5V dielectric materials. Large
ceramic capacitors, typically greater than 2.2uF, are
often available in low-cost Y5V and Z5U dielectrics.
These two materials 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 1uF over the full operating temperature
range. This can cause problems for circuit operation and
stability. X7R and X5R dielectrics are much more desired.
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 capacitor value. These larger device can
also 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 use with LDO regulators.

LDO Short-Circuit Protection
and Thermal Protection

The AAT4702 LDO regulator is protected by both current
limit and over-temperature protection circuitry. The
internal short-circuit limit is designed to active when the
output load demand exceeds the maximum rated output
current. If a short-circuit condition were to continually
draw more than the current limit threshold, the LDO
regulator’s output voltage will drop to a level necessary
to supply the current demanded by the load. Under
short-circuit or other over-current operating conditions,
the output voltage will drop and the AAT4702 die tem-
perature will rapidly increase. Once the device’s power
dissipation capacity has been exceeded and the internal
die temperature reaches approximately 140°C at the
over-current condition, the LDO thermal protection cir-
cuit will actively turn off the LDO regulator output pass
element to prevent the possibility of over-temperature
damage. The LDO regulator output will remain in a shut-
down state until the internal die temperature falls back
below the 140°C trip point.

The interaction between the short-circuit and thermal
protection allows the LDO regulator to withstand indefi-
nite short-circuit without sustaining permanent damage.
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LDO No-Load Stability

The AAT4702 LDO regulator is 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.
An output capacitor is required for stability under no-
load operating conditions. Refer to the "Output Capacitor"
section of this document for recommended typical out-
put capacitor values.

Thermal Considerations and
High Output Current Applications

The AAT4702 is designed to deliver a continuous output
load current of 1A by the load switch, and 100mA by the
LDO regulator under normal operating conditions. The
limiting characteristics for the maximum output load
safe operating area are essentially package power dis-
sipation 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 device 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 maximum
package power dissipation can be determined by the fol-
lowing equation:

=) — TJ(MAX) -Ta
D(MAX) 0,n

Constants for the AAT4702 are Tywmax, the maximum
junction temperature for the device which is 125°C, and
the package thermal resistance from junction to ambient
0, = 116.3°C/W for the FTDFN22-8L. Typically, maxi-
mum conditions are calculated at the maximum operat-
ing ambient temperature where T, = 85°C. Given T, =
85°C, from the above formula, the maximum FTDFN22-
8L package power dissipation is 344mW at T, = 85°C. At
Ta = 25°C, the maximum package power dissipation is
860mW.

The maximum continuous output current for the AAT4702
is a function of the package power dissipation and the
input-to-output voltage drop across the LDO regulator
and the load switch power consumption. Refer to the fol-
lowing equation for the total power dissipation:

PD(MAX) = (VIN - VOUT) ’ lOUT-LDO(MAX) + leUT-SW(MAX) *Roson + Vin + Ig

Where:

Vv = LDO input voltage

Vour = LDO output voltage

Iout-toomaxy = LDO maximum output current

Iour-swmaxy = Load switch maximum output current

Rpsiony = Load switch on-state resistance, 320mQ maxi-
mum at Viy=3.6V

I, = Operation Quiescent Current, maximum 30pA

For example, if Viy = 5V, Vour = 1.8V, Igyrsw = 200mA
and T, = 85°C, then Ioyripomaxy = 103.5mA. The load
switch output short-circuit protection threshold could be
set between 150mA to 200mA. If the LDO output load
current were to exceed 103.5mA or the ambient tem-
perature were to increase, the internal die temperature
would increase. If the conditions remained constant and
the short-circuit protection did not active, there would be
a potential damage hazard to the LDO regulator since
the thermal protection circuit would only activate after a
short-circuit event or over-current occurred on the LDO
regulator output. One solution is to supply the LDO input
from the load switch OUT pin; when the internal die tem-
perature reaches the load switch thermal protection
point, the load switch output will be disconnected.

High Peak Output Current Applications

Some applications require the LDO regulator or the load
switch 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 calculate the power dissipa-
tion at the nominal continuous level, then factor in the
addition power dissipation due to the short duration,
high-current peaks.

For example, a 1.8V system using an AAT4702 operates
at a continuous 80mA LDO load current level and has
short 150mA current peaks, the load switch load current
is 200mA. The LDO 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 calcu-
lated:

Peak current duty cycle (%): = 100 - 378us/4.61ms = 8.2%
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The LDO regulator will be under 80mA 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 80mA load should be determined, and
then multiplied by the duty cycle to calculate the actual
power dissipation over time.

PD(MAX) = (VIN - VOUT) ’ lOUT-LDO(MAX) + |20UT-SW(MAX) “Roson + Vin * Iq
Pooma) = (5.0V - 1.8V) - 80mA = 256mW

Pt stsomay = 0.918 * Pogomay = 0.918 - 256mW = 235.01mW

The power dissipation for an 80mA LDO load occurring
for 91.8% of the duty cycle will be 235.01mW. Now the
power dissipation for the 8.2% of the duty cycle at the
150mA LDO load can be calculated:

Pogsomsy = (5.0V - 1.8V) - 150mA = 480mW

P 2%150ma) = 0.082 * Poisomsy = 0.082 - 480mW = 39.36mW

The power dissipation for a 150mA LDO load occurring
for 8.2% of the duty cycle will be 39.36mW. The last
portion is the load switch 200mA power dissipation:

Poooma) = Pout-swuax) * Rosion) = (200mAY? - 320mQ = 12.8mW
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The power dissipation of 200mA load switch current is
12.8mW. Finally, the three power dissipation levels can
be summed to determine the total true power dissipation
under the varied load:

PD(totaI) = PD(91.8%-80mA) + PD(8.2%—150mA) + PD(ZOOmA)
=235.01mW + 39.36mW +12.8mW = 287.17mW

The maximum power dissipation for the FTDFN22-8L
operating at an ambient temperature of 85°C is 344mW.
The device in this example will have a total power dis-
sipation of 287.17mW. 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
AAT4702, very careful attention must be considered in
regard 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 load switch and LDO external capacitor Cyy and Coyr
should be connected as directly to the ground pin. For
maximum performance with the AAT4702, the ground
pin connection should then be made directly back to the
ground or common of the source power supply. 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.
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Application Circuits

INPUT _T_ IN ouT OUTPUT
1pF AAT4702
I N/C\— SET IN_REG
ENABLE ON/ON VREG LDO REG OUTPUT
FAULT FLAG FLT

GND 1pF% — 1uF

Figure 2: AAT4702 Application Circuit with the Load Switch
and LDO Regulator Powered from a Common Input.

INPUT >—e IN ouT OUTPUT
1 AAT4702
I TuF IN_REG VREG 5 LDO REG OUTPUT
ENABLE > ON/ON FLT | FAULT FLAG
SET  GND
1uF =/— —/— 1uF
RSET

Figure 3: AAT4702 Application Circuit with User Set (Rsgr) Current Limit and Fault Flag Pull-Up Resistor.
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Evaluation Board Schematic

v l
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1 2
$ * FLT VREG |- ®
R1 10K ?? P3 G VOUT_LDO
" ION(©ON) IN_REG |2 | c2
. — 1uF
Vi ° IN ouT Vour
C1 p— ;
1uF .|| JP1 AAT4702 (FTDFN22-8)
<
JP2
v 5G]

Evaluation Board Layout

1.2 3

Figure 4: AAT4702 Evaluation Board Schematic.

Figure 5: AAT4702 Evaluation Board
Top Layer (not to scale).

Component

Part Number

Description

Figure 6: AAT4702 Evaluation Board
Bottom Layer (not to scale).

Manufacturer

Ul AAT4702 Auto Restarting Current Limiting Load Switch with LDO regulator Skyworks
C1,C2,C3 GRM188R61A105KA61 SMD, Cap ceramic 1uF 0603 X5R 10V 10% Murata
Cc4 DNP DNP, Do Not Place
R1 Chip Resistor SMD, 10kQ, 5%, 150mW, 0603 Vishay
R2 Chip Resistor SMD, 7.5kQ, 5%, 150mW, 0603 Vishay
JP1, IP2 Connector Header 3 pins, pitch 75mil Any
JP3, JP4 Connector Header 2 pins, pitch 75mil Any
Shunt Shunt for connector Any
PCB AAT4702 Evaluation board PCB Skyworks

Table 2: AAT4702 Evaluation Board Bill of Materials (BOM).
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Ordering Information

Package Voltage Regulator Output Enable Marking? Part Number (Tape and Reel)?
FTDFN22-8L 1.8V Active Low 7CXYY AAT4702IXS-1-T1
FTDFN22-8L 1.8V Active High AAT4702IXS-2-T1

@ Skyworks Green™ products are compliant with
all applicable legislation and are halogen-free.
@@ For additional information, refer to Skyworks
Definition of Green™, document number
SQ04-0074.
Package Information
FTDFN22-8L
0.400 £ 0.050
Index Area 7 Detail "A"
77 Yy | / - \\/
) S
7Zuil D g )
. g D) N \g 7
| D) -
To00 Bottom View
. +0.050
Top View
0.500 +0.050
5 8 \
g _Lméi \
! 0000 * 2100 f g g \\\
Side View E |

All dimensions in millimeters.

Detail "A"

\\0.250 +0.050

\

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