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Typical Applicat ion
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General Descript ion

The AAT4295/97 SmartSwitch is a member of Skyworks' 

Application Specific Power MOSFET (ASPM™) product 

family. The AAT4295/97 is comprised of three/six low-side 

N-channel MOSFET switches that gate an applied load to 

ground. This device is intended for controlling RGB fash-

ion lighting in portable products; it can also be used for a 

combination of general purposes where a load requires a 

low-side switch connection to ground. The AAT4295/97 

simplifies design and layout limitations by eliminating the 

need for multiple GPIO control lines and discrete MOSFETs 

to control product features.

The state of each output channel is controlled with a 

single GPIO line via the EN/SET pin using Skyworks' 

Simple Serial Control (S2Cwire™) interface. After a short 

set of data pulses is sent to the EN/SET input and the 

line is pulled to logic high, the device is enabled with the 

desired switch configuration. In the enabled state, the 

AAT4295/97 typically consumes less than 3μA of quies-

cent current. When EN/SET is pulled to a logic low, the 

device is disabled and each output switch is placed in a 

high impedance open state.

The AAT4295 and AAT4297 operate over an input volt-

age range of 1.8V to 5.5V, making them ideal for bat-

tery-powered applications. The three-switch AAT4295 is 

offered in a Pb-free, 8-pin SC70JW package, while the 

six-switch AAT4297 is offered in a Pb-free, 12-pin 

TSOPJW package. Both devices are rated over the -40°C 

to +85°C temperature range. 

Features

� Input Voltage Range: 1.8V to 5.5V

� Independent Low-Side N-Channel MOSFET Switches:

▪ AAT4295: Three Channels

▪ AAT4297: Six Channels

� User-Programmable S2Cwire Interface

� Single GPIO Controls State of Each MOSFET

� Low Quiescent Current: 3μA Typical

� Temperature Range: -40°C to +85°C

� No External Components Required

� Available in Pb-Free Packages

▪ AAT4295 in 8-Pin SC70JW

▪ AAT4297 in 12-Pin TSOPJW

Applicat ions

� Cell Phones

� Multiple Low Power Switching

� Personal Communication Devices

� Portable Electronic Devices
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Pin Descript ions

Pin Num ber

Sym bol Funct ionAAT4 2 9 5 AAT4 2 9 7

1 8 VCC Input supply voltage.

2, 3 9, 10, 12 N/C No connection.

4 11 EN/SET

Input control pin using S2Cwire serial interface. The device records rising edges of 
the clock and decodes them into eight states, which control the ON/OFF states of 
the MOSFETs. See Table 1 for output settings. In addition, a logic low forces the 
device into shutdown mode, reducing the supply current to less than 1μA. This pin 
should not be left fl oating.

5 1 GND Ground connection.

6 2 S1 Drain of the N-channel MOSFET for Channel 1.

7 3 S2 Drain of the N-channel MOSFET for Channel 2.

8 6 S3 Drain of the N-channel MOSFET for Channel 3.

N/A 4 S5 Drain of the N-channel MOSFET for Channel 5.

N/A 5 S4 Drain of the N-channel MOSFET for Channel 4.

N/A 7 S6 Drain of the N-channel MOSFET for Channel 6.

Pin Configurat ion

 AAT4 2 9 5  AAT4 2 9 7  

 SC7 0 JW - 8  TSOPJW - 1 2  

 ( Top View )  ( Top View )  
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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.

3.  Derated 4.4mW/°C above 25°C.

4.  Derated 6.25mW/°C above 25°C.

Absolute Maxim um  Rat ings1

Sym bol Descript ion Value Units

VCC to GND Power Supply to GND 6.0 V

INx to GND All Input (Drain) to GND -0.3 to 6.0 V

EN/SET EN/SET to GND -0.3 to 6.0 V

TJ Operating Junction Temperature Range -40 to 150 °C

Therm al I nform at ion 2

Sym bol Descript ion Value Units

JA Thermal Resistance
SC70JW 225

°C/W
TSOPJW 160

PD Maximum Power Dissipation
SC70JW 4403

mW
TSOPJW 6254
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1. The AAT4295 is guaranteed to meet performance specifications over the -40°C to +85°C operating temperature range and is assured by design, characterization, and correla-

tion with statistical process controls.

2.  TON is the time after latch timeout to 10% of the output voltage. See Figure 1, Timing Diagram.

Electr ical Characterist ics1

VCC = 5.0V; TA = -40°C to +85°C, unless otherwise noted. Typical values are TA = 25°C.

Sym bol Descript ion Condit ions Min Typ Max Units

VCC Supply Voltage Range 1.8 5.5 V

IQ Quiescent Current
VCC = 5V, EN/SET = VCC, IOUT = No 
Load, All Switches On

3.0 10 μA

IQ(OFF) Off Supply Current EN/SET = 0, VCC = 5V, VOUT Open 1.0 μA
IDS(OFF) Off Switch Current for Any Switch EN/SET = 0, VCC = 5V, VOUT = 0 0.1 1.0 μA

RDS(ON) On-Resistance
VCC = 5V 1.9 6.0


VCC = 3.6V 2.1 7.0

TCRDS On-Resistance Temperature Coeffi cient 2800 ppm/°C

TON Output Turn-On Time2 VIN = 5V, RPULLUP = 250, COUT = 0.1μF 0.6 2.7 μs
EN/ SET 

VEN(L) Enable Threshold Low VIN = 1.8V 0.3 V

VEN(H) Enable Threshold High VIN = 5.5V 1.4 V

TEN/SET LO EN/SET Low Time 0.5 75 μs
TEN/SET_HI_MIN Minimum EN/SET High Time 50 ns

TEN/SET_HI_MAX Maximum EN/SET High Time 75 μs
TOFF EN/SET Off Timeout 500 μs
TLAT EN/SET Latch Timeout 500 μs

IEN/SET EN/SET Input Leakage -1 1 μA
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Typical Characterist ics

Quiescent Current vs. Input Voltage
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Quiescent Current vs. Temperature

Temperature (°°C)
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Off-Supply Current vs. Temperature

Temperature (°°C)

 Q
u

ie
s
c
e
n

t 
C

u
rr

e
n

t 
(µ

A
)

0.000

0.001

0.002

0.003

0.004

0.005

0.006

-40 -20 0 20 40 60 80 100

VIN = 5V

VIN = 4.2V

VIN = 3.3V

VIN = 1.8V

 

RDS(ON) vs. Input Voltage
(ILOAD = 20mA)
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RDS(ON) vs. Temperature
(VIN = 3.6V; ILOAD = 20mA)
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RDS(ON) vs. Temperature
(VIN = 5V; ILOAD = 20mA)
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Typical Characterist ics

EN/SET Timeout vs. Input Voltage
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EN/SET Latch Timeout vs. Input Voltage
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EN/SET Off Timeout vs. Input Voltage
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Typical Characterist ics
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Funct ional Descript ion

The AAT4295/97 is comprised of three or six low-side 

N-channel MOSFET load switches primarily targeted for 

general purpose applications where several load circuits 

need to be connected to a common ground and controlled 

from a single microcontroller GPIO output. When a given 

switch is enabled, the respective switch connects the load 

input (S1 to S3 for the AAT4295 and S1 to S6 for the 

AAT4297) to ground through the N-channel MOSFET. 

Each low-side N-channel MOSFET transistor has a typical 

on resistance (RDS(ON)) of 2 when operating from a 3.6V 

supply. Both the AAT4295 and AAT4297 have been 

designed to operate with an input voltage range of 1.8V 

to 5.5V, making them ideal for battery-powered applica-

tions.

These devices may be used for load switching applica-

tions such as RGB LED fashion lighting, display or keypad 

backlight LEDs, miscellaneous indicator LED lamps, as 

well as audio and RF circuits or any other system with a 

power requirement that does not exceed the thermal dis-

sipation limits of the load switch and device package.

Each switch input may be represented by the following 

circuit (Figure 1) and simplified equivalent model (Figure 

2).

The state of each switch is controlled via the EN/SET pin 

using Skyworks' S2Cwire interface. To enable a respec-

tive switch, a series of clocked pulses should be applied 

to the EN/SET pin. The number of pulses clocked will 

determine the switch configuration based on the truth 

table given in Table 1. At the end of the serial pulse data 

Funct ional Block Diagram

Control Logic

S2Cwire InterfaceEN/SET

VCC

GND

S6*

S5*

S4*

S3

S2

S1

* AAT4297 only
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Control

S1 to S6

 

2Ω

Control

S1 to S6

 Figure 1 : Sw itch I nput  Circuit . Figure 2 : Sim plified Equivalent  Model. 

set, the EN/SET set pin should be held high to latch the 

clocked data and enable the desired switch configura-

tion. When the device is enabled with the EN/SET held 

to a logic high state, the quiescent current consumption 

will typically increase to 3μA at normal ambient room 

temperatures. If output sequencing of the switches is 

not necessary, all of the switches may be turned on 

simultaneously on the first rising edge of the EN/SET pin 

by simply pulling the EN/SET to a logic high level. The 

default configuration for one clock pulse is to enable all 

switches to the “on” state. However, if output sequenc-

ing is desired, a series of pulses on the EN/SET pin will 

set the outputs to the desired state (refer to Table 2 for 

output settings). For LED lighting applications, the EN/

SET line may be clocked at rates up to 1MHz, allowing 

the user to not only control brightness, but (in the case 

of color RGB LEDs) color as well.

Output  Set t ings

The ON/OFF state of the MOSFET switches is controlled 

by the EN/SET serial data input. An internal control 

counter is clocked on the rising edge of the EN/SET pin, 

and is decoded into the 8 possible states of the MOSFET 

for the AAT4295 (see Table 1) and 64 possible states for 

the AAT4297 (see Table 2). The counter rolls over after 

8 clocks and the table repeats.

Clock OUT3 OUT2 OUT1

1 on on on

2 on on off

3 on off on

4 on off off

5 off on on

6 off on off

7 off off on

8 off off off

Table 1 : AAT4 2 9 5  EN/ SET Set t ings.

The S2Cwire interface relies on the number of rising edges 

of the EN/SET pin to load the internal register to a desired 

count. S2Cwire control latches data after the EN/SET pin 

has been held high for the preset latch enable time (TLAT). 

The interface records rising edges of the EN/SET pin and 

decodes them into one of 8 states for the AAT4295 or to 

one of 64 states for the AAT4297, as indicated in Tables 

1 and 2. The counter can be clocked at speeds up to 

1MHz, so different switch combinations may be clocked in 

lighting applications without any visible perception to the 

user. Alternatively, the EN/SET clock pulses may be 

entered one at a time for the desired setting. The first 

rising edge of EN/SET enables the IC and turns all the 

switches ON. Once the final clock cycle is received, the 

EN/SET pin is held high to maintain the device setting. 

The device is disabled 500μs (TOFF) after the EN/SET pin 

transitions to a logic low state (see Figure 3).
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Clock

 AAT4 2 9 7  

Clock

 AAT4 2 9 7  

OUT6 OUT5 OUT4

AAT4 2 9 5  ( only)

OUT6 OUT5 OUT4 OUT3 OUT2 OUT1OUT3 OUT2 OUT1

1 on on on on on on 33 off on on on on on

2 on on on on on off 34 off on on on on off

3 on on on on off on 35 off on on on off on

4 on on on on off off 36 off on on on off off

5 on on on off on on 37 off on on off on on

6 on on on off on off 38 off on on off on off

7 on on on off off on 39 off on on off off on

8 on on on off off off 40 off on on off off off

9 on on off on on on 41 off on off on on on

10 on on off on on off 42 off on off on on off

11 on on off on off on 43 off on off on off on

12 on on off on off off 44 off on off on off off

13 on on off off on on 45 off on off off on on

14 on on off off on off 46 off on off off on off

15 on on off off off on 47 off on off off off on

16 on on off off off off 48 off on off off off off

17 on off on on on on 49 off off on on on on

18 on off on on on off 50 off off on on on off

19 on off on on off on 51 off off on on off on

20 on off on on off off 52 off off on on off off

21 on off on off on on 53 off off on off on on

22 on off on off on off 54 off off on off on off

23 on off on off off on 55 off off on off off on

24 on off on off off off 56 off off on off off off

25 on off off on on on 57 off off off on on on

26 on off off on on off 58 off off off on on off

27 on off off on off on 59 off off off on off on

28 on off off on off off 60 off off off on off off

29 on off off off on on 61 off off off off on on

30 on off off off on off 62 off off off off on off

31 on off off off off on 63 off off off off off on

32 on off off off off off 64 off off off off off off

Table 2 : Output  Set t ings.

TH TL TLAT
T

ON TO TOFF

Sn

EN/SET

Figure 3 : EN/ SET Tim ing Diagram .
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Applicat ion I nform at ion

External Com ponent  Select ion

The AAT4295 and AAT4297 have been designed so that 

no external parts are required for the device to function 

as a general purpose three- or six-position low-side 

switch. For some applications, the addition of bypass 

capacitors or pull-up or pull-down resistors may be 

desired to improve overall system performance.

For lighting applications, such as controlling RGB LEDs, 

keypad or display backlight LEDs, or photo flash LEDs, 

no bypass capacitors are necessary. For other general 

purpose load switching applications which may use some 

or all of the outputs to switch light load current levels to 

application circuits, good engineering practice would 

dictate the use of small bypass capacitors placed on the 

VCC input and each switch connection that is used to 

conduct current from the load to ground. The use of 

small ceramic capacitors between the input and output 

nodes will aid in reducing line and load transient 

response effects when the load switch on a given output 

is turned on or off.

I nput  Capacitor

Typically, a 0.1μF capacitor is recommended for CIN in 

most applications to provide input line transient response 

immunity to small changes in the input supply. A CIN 

capacitor is not required for basic operation. If used, CIN 

should be located as close to the device VIN pin as prac-

tically possible.

There is no specific capacitor equivalent series resis-

tance (ESR) requirement for CIN; however, for higher 

current operation, ceramic capacitors are recommended 

for CIN due to their inherent capability over tantalum or 

aluminum electrolytic capacitors to withstand input cur-

rent surges from low impedance sources, such as batter-

ies in portable devices.

Output  Capacitor

For typical applications where the AAT4295/97 is used 

for LED lighting control, no output capacitors are 

required because the end load is not sensitive to device 

turn-on or turn-off transient effects. 

For improved load transient response in systems using 

the AAT4295/97 for load switching, the addition of a 

small output capacitor placed between the output pins 

and ground can have a beneficial effect. A 0.1μF ceram-

ic capacitor is suggested as a reasonable value for an 

output capacitor.

The output capacitor has no specific capacitor type or 

ESR requirement. If desired, COUT may be increased to a 

value greater than 0.1μF without limit to accommodate 

any load transient condition without adversely affecting 

the device turn-on slew rate time.

Therm al Considerat ions

The AAT4295 and AAT4297 are designed to sink a con-

tinuous load current to ground when a respective switch 

is enabled via the S2Cwire control. The limiting charac-

teristic for maximum safe operating load current through 

a given switch or set of switches is package power dis-

sipation. In order to obtain high operating currents, 

careful device layout and circuit operating conditions 

must be taken into account. At any given ambient tem-

perature (TA), the maximum package power dissipation 

can be determined by the following equation:

PD(MAX) =
TJ(MAX) - TA

θJA

Constants for the AAT4295 are maximum junction tem-

perature, TJ(MAX) = 125°C, and package thermal resis-

tance, JA = 225°C/W. Worst case conditions are calcu-

lated at the maximum operating temperature, where TA 

= 85°C. Typical conditions are calculated under normal 

ambient conditions, where TA = 25°C. At 25°C ambient, 

the AAT4295 is capable of dissipating 444.4mW of power 

and the AAT4297 is capable of dissipating 625mW of 

power. At 85°C ambient, the AAT4295 is capable of dis-

sipating 177.8mW of power and the AAT4297 can dissi-

pate 250mW.

The power dissipation of any given MOSFET switch is 

limited by its respective on resistance (RDS). The RDS of 

any given MOSFET switch is controlled by the applied 

gate voltage to the switch, which is set by the applied 

VCC supply and the ambient operating temperature. 

Switch RDS for the AAT4295 or AAT4297 may be esti-

mated by using the RDS versus Temperature curve in the 

Typical Characteristics section of this datasheet. The 

maximum current of any given switch can be calculated 

for a given operating temperature and VCC supply level. 

The corresponding RDS is determined by use of the RDS 

vs. Temperature curve for the given VCC. 
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Given the maximum package power dissipation and oper-

ating temperature, the maximum current through any 

switch or combination of switches can be calculated using 

the following formula:

ISWITCH(MAX) =
PD(MAX)

RDS

1
2

Example: If all the switches on an AAT4295 were closed 

simultaneously, each switch could handle up to 271mA 

of current at 25°C for a total of 813mA. For the same set 

of operating conditions at 25°C, the AAT4297 can handle 

up to 208mA per switch for a total of 1.25A for all six 

switches. If the load current for a desired application 

exceeds the recommended current at a given tempera-

ture, two or more switches may be operated in parallel 

as long as the overall power dissipation of the device 

package is not exceeded. If different current levels are 

passed through different switches on a given device, 

then one should total up the power dissipation for each 

switch and assure the sum of the power dissipation does 

not exceed the power rating for the package.

Applicat ion Circuits

Today, many mobile phones and similar products contain 

RGB LED fashion lighting, LCD display and sub-display, 

as well as keypad backlighting and photo flash LEDs. 

Due to the nature of common anode RGB LEDs, the 

AAT4295 and AAT4297 make ideal low-cost lighting con-

trol solutions. In general, most types of LEDs can be 

controlled via a low-side MOSFET switch and current 

limiting ballast resistor. The following application circuits 

(Figures 4 through 7) show voltage boosting charge 

pumps to power RGB and flash LEDs. However, if a volt-

age or current source is already available in a given 

product design, the charge pump circuit block may be 

replaced with the existing power source solution. Since 

both the AAT4295 and AAT4297 require only one GPIO 

line from the system microcontroller to enable and dis-

able all the switches via the EN/SET input, these solu-

tions can provide a simple way to add lighting solutions 

to existing design platforms.

Driving LED Loads

When driving LEDs with a voltage source, series ballast 

resistors must be used to limit the LED forward current. 

The LED current will vary with supply voltage and LED 

forward voltage. Most types of LEDs have forward volt-

age specifications ranging from 2.0V to 5.0V. When con-

trolling an LED of any type with a low-side MOSFET 

switch, the necessary series ballast resistor value can be 

calculated from the following formula:

RBALLAST = - RDS(ON)

(VIN - VF)

ILED

Where:

RBALLAST is the value of resistor to be placed in series with 

the LED ().

VIN is the input supply voltage to the device (V).

VF is the forward voltage of the LED (V).

RDS(ON) is the resistance of the switch when it is turned on 

().

ILED is the desired operating current of the LED (A).
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Evaluat ion Board Descript ion

AAT4 2 9 5  Evaluat ion Board

The AAT4295 evaluation board demonstrates the opera-

tion of the AAT4295 SmartSwitch™. This section describes 

the evaluation board and its accompanying user inter-

face. For demonstration purposes, an AAT3110 voltage 

doubling charge pump has been incorporated to provide 

a regulated voltage source to power the system load, 

which is an RGB LED.

A schematic of the complete circuit is shown in Figure 8. 

The evaluation board layer details are provided in 

Figures 9 and 10. Table 3 provides the component list for 

the AAT4295 evaluation board.
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 Figure 9 : Top Layer ( not  to scale) .         Figure 1 0 : Bot tom  Layer ( not  to scale) .

Com ponent Part# Descript ion Manufacturer

U1 AAT4295IJS Single RGB Controller; SC70JW-8 package Skyworks

U2 AAT3110IJS Regulated Charge Pump, SC70JW-8 package Skyworks

U3 PIC12F675 8-bit CMOS, FLASH-based μC; 8-pin PDIP package Microchip

SW1 – SW5 PTS645TL50 Switch Tact, SPST, 5mm ITT Industries

R1, R4 Chip Resistor 130Ω, 1%, 1/4W; 0805 Vishay

R2, R5 Chip Resistor 68Ω, 1%, 1/4W; 0805 Vishay

R3, R6 Chip Resistor 70Ω, 1%, 1/4W; 0805 Vishay

R7 Chip Resistor 100kΩ, 5%, 1/4W; 0402 Vishay

R8 Chip Resistor 100kΩ, 5%, 1/4W; 0805 Vishay

R9 – R12 Chip Resistor 1kΩ, 5%, 1/4W; 1206 Vishay

C3, C4 GRM319R61A106KE19 10μF, 10V, X5R, 10%, 1206 Murata

C2 GRM185R60J105KE21 1μF, 6.3V, X7R, 10%, 0603 Murata

C1 GRM319R71A105KA01 1μF, 10V, X7R, 10%, 1206 Murata

RGB1, RGB2 1615 SMD LED Series Common Anode RGB Lasemtech 

J1 PRPN401PAEN Conn. Header, 2mm zip Sullins Electronics

Table 3 : AAT4 2 9 5  Evaluat ion Board Com ponent  List ing.
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AAT4 2 9 7  Evaluat ion Board

The AAT4297 evaluation board demonstrates the opera-

tion of the AAT4297 SmartSwitch™. This section describes 

the evaluation board and its accompanying user inter-

face. For demonstration purposes, an AAT3110 voltage 

doubling charge pump has been incorporated to provide 

a regulated voltage source to power the system load, 

which is an RGB LED.

A schematic of the complete circuit is shown in Figure 

11. The evaluation board layer details are provided in 

Figures 12 and 13. Table 4 provides the component list 

for the AAT4297 evaluation board.
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  Figure 1 2 : Top Layer ( not  to scale) .           Figure 1 3 : Bot tom  Layer ( not  to scale) .

Com ponent Part# Descript ion Manufacturer

U1 AAT4297ITP Single RGB Controller; TSOPJW-12 package Skyworks

U2 AAT3110IJS Regulated Charge Pump, SC70JW-8 package Skyworks

U3 PIC12F675 8-bit CMOS, FLASH-based μC; 8-pin PDIP package Microchip

SW1 – SW5 PTS645TL50 Switch Tact, SPST, 5mm ITT Industries

R1, R4 Chip Resistor 130Ω, 1%, 1/4W; 0805 Vishay

R2, R5 Chip Resistor 68Ω, 1%, 1/4W; 0805 Vishay

R3, R6 Chip Resistor 70Ω, 1%, 1/4W; 0805 Vishay

R7 Chip Resistor 100kΩ, 5%, 1/4W; 0402 Vishay

R8 Chip Resistor 100kΩ, 5%, 1/4W; 0805 Vishay

R9 – R12 Chip Resistor 1kΩ, 5%, 1/4W; 1206 Vishay

C3, C4 GRM319R61A106KE19 10μF, 10V, X5R, 10%, 1206 Murata

C2 GRM185R60J105KE21 1μF, 6.3V, X7R, 10%, 0603 Murata

C1 GRM319R71A105KA01 1μF, 10V, X7R, 10%, 1206 Murata

RGB1, RGB2 1615 SMD LED Series Common Anode RGB Lasemtech 

J1 PRPN401PAEN Conn. Header, 2mm zip Sullins Electronics

Table 4 : AAT4 2 9 7  Evaluat ion Board Com ponent  List ing.
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1. XYY = assembly and date code.

2. Sample stock is generally held on part numbers listed in BOLD.

Ordering I nform at ion

Package Marking1 Part  Num ber ( Tape and Reel) 2

SC70JW-8 RBXYY AAT4 2 9 5 I JS- T1

TSOPJW-12 RCXYY AAT4 2 9 7 I TP- 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 I nform at ion
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