W}IS @” AP22908

treeRPeRATER 1.5A SINGLE SLEW RATE CONTROLLED LOAD SWITCH
Description Pin Assignments
The AP22908 slew rate controlled load switch is a single P-channel (Top View) (Bottom View)

MOSFET power switch designed for high-side load-switching 1 2

2 1
applications. The MOSFET has a typical low Rps(on) of 28mQ at ® -~ e
3.6V, allowing increased load current handling capacity with a low . \rd A
o 9 9 capacty wi Al "Wour ) I Vin ) A
forward voltage drop. The turn-on slew rate of the device is 4 N /

. L e - o -
controlled internally to avoid inrush current.

P 1'\__ P -H'\\_
) )
The AP22908 load switch is designed to operate from 1.08V to = I\GND} -\ ON ,.EI B
- -

3.6V, making it ideal for 1.2V, 1.8V, 2.5V, 3.3V and 3.6V systems.
The typical quiescent supply current is only 0.05pA. X1-WLB0909-4 & U-WLB0909-4

The AP22908 is available in the wafer level chip scale 4-pin, X1- ' (Top View)
WLB0909-4 0.5mm pitch, U-WLB0909-4 0.5mm pitch and standard
SOT26 packages. Vour II[ E Vin

GND [2] | 'T5] GND
ON [3]| T4] vw

SOT26
Features Applications
e  Wide Input Voltage Range: 1.08V to 3.6V e Mobile Device and Smart Phones
e  Low On-Resistance: e Portable Media Devices
= 69mQ Typical @1.2V e Wearable Devices
= 41mQ Typical @1.8V e Advanced Notebook, UMPC and MID
= 33mQ Typical @2.5V e Portable Medical Devices
= 28mQ Typical @3.6V e GPS and Navigation Equipment
e High DC Current Capability up to 1.5A e Portable Instrumentation

. Quick Discharging by Output Discharge Resistance
. Ultra Low Quiescent Current 0.05pA
e  Active-High Control Pin
. Minimum 0.9V V|4 of ON
. ESD Protection:
L] Human Body Model: 2kV
=  Charged Device Model: 1kV
e  Package:
= X1-WLB0909-4 with Backside Laminate
. U-WLB0909-4 with Backside Laminate
. 0.87mm x 0.87mm, 0.5mm Ball Pitch
Ll Standard Green SOT26
e  Moisture Sensitivity: Level 1 per J-STD-020
. Terminals: Finish — Matte Tin Plated Leads, Solderable per
MIL-STD-202, Method 208 (e3)
e  Weight: 0.001 grams (Approximate)
e  Lead-Free Finish; RoHS Compliant (Notes 1 & 2)
e Halogen- and Antimony- Free. “Green” Device (Note 3)

Notes: 1. EU Directive 2002/95/EC (RoHS), 2011/65/EU (RoHS 2) & 2015/863/EU (RoHS 3) compliant. All applicable RoHS exemptions applied.
2. See https://www.diodes.com/quality/lead-free/ for more information about Diodes Incorporated’s definitions of Halogen- and Antimony-free, "Green" and
Lead-free.
3. Halogen- and Antimony-free "Green” products are defined as those which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br + Cl) and
<1000ppm antimony compounds.
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Typical Applications Circuit

Vin Vour
O Vin Vour I O
AP22908 Cour
Cn L 0.1uF to 1.0pF
1uF ON
g — GND
Pin Descriptions
Pin Number
Pin Name X1-WLB0909-4 Function
SOT26 U-WLB0909-4
v 1 A1 Voltage output pin. This is the pin to the P-channel MOSFET drain connection. Bypass to ground
ouT through a 0.1uF to 1uF capacitor.
v 46 A2 Voltage input pin. This is the pin to the P-channel MOSFET source. Bypass to ground through a
IN ’ 1uF capacitor.
GND 2,5 B1 Ground
ON 3 B2 Enable input, active high

Functional Block Diagram

]
VIND 'J_il' ’_D VOUT
|_

Slew Rate
Control

N >—

— Output
|4 Discharge
|_

GND
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Absolute Maximum Ratings (@ Ta = +25°C, unless otherwise specified.)
Symbol Parameter Ratings Unit
ESD HBM Human Body Model ESD Protection 2 kV
ESD CDM Charged Device Model ESD Protection 1 kV
VIN Input Voltage -0.3to 4 \
Vourt Output Voltage -0.3to 4 \Y
Von ON Voltage -0.3to4 \
lout Maximum Continuous Output Current (VN [11.2V) 1.5 A
lout Maximum Pulse Output Current, Pulse <300ps, 2% Duty Cycle 25 A
Ty Maximum Junction Temperature +125 °C
TsTte Storage Temperature Range -65 to +150 °C
X1-WLB0909-4
Pp Power Dissipation U-WLB0909-4 735 mwW
SOT26 606 mwW
X1-WLB0909-4 136 W
ReJa Thermal Resistance, Junction to Ambient (Note 4) U-WLB0909-4
SOT26 165 °C/W
X1-WLB0909-4 31 SCIW
ReJc Thermal Resistance, Junction to Case (Note 5) U-WLB0909-4
SOT26 30 °C/W
Notes: 4. The JEDEC high-K (2s2p) board used to derive this data was a 3 inch x 3 inch, multilayer board with 1oz internal power and ground planes with

20z copper traces on top and bottom of the board.
5. Thermal resistance from junction to case.

Caution:

Stresses greater than the 'Absolute Maximum Ratings' specified above, can cause permanent damage to the device. These are stress ratings only;

functional operation of the device at these or any other conditions exceeding those indicated in this specification is not implied. Device reliability can be
affected by exposure to absolute maximum rating conditions for extended periods of time.

Recommended operating Conditions (@ Ta = +25°C, unless otherwise specified.)

Symbol Parameter Min Max Unit
VIN Input Voltage 1.08 3.6 \%
Von ON Voltage Range 0 3.6 \%
Vout Output Voltage 0 3.6 \%
lout Output Current 0 1.5 A
VIH ON High-Level Input Voltage 0.9 3.6 \%
Vi ON Low-Level Input Voltage 0 0.38 \%
TA Operating Ambient Temperature -40 +85 °C
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AP22908

Electrical Characteristics (Ta = -40°C to +85°C, Vin = 1.08V to 3.6V, Vo = Vin(enabled), Vo = OV(disabled), Ciy = 1uF, Cout =
0.1uF, typical values are at Ta = +25°C, unless otherwise specified.) (Note 6)

Symbol Parameters Test Conditions Min Typ Max Unit
) lout = 0mA,
| Input Quiescent Current Ta = -40°C to +85°C — 0.05 1 A
Q put Al u Von = Vin(Enabled) | A ° M
ISHDN Input Shutdown Current R.= 1M_Q' Ta = -40°C to +85°C — 0.04 0.5 pA
Von = Disabled
Vout =0V,
IIN LEAK Input Leakage Current ) Ta = -40°C to +85°C — 0.04 0.5 pA
- Von = Disabled
lon ON Input leakage Von=11Vio36Vor o _ specio+ssoc| — | 001 | 0.1 uA
Von = VIN
Ta=+25°C — 28 32
ViN = 3.6V
Ta =-40°C to +85°C — — 40
Ta=+25°C — 33 38
VN = 2.5V
Ta = -40°C to +85°C — — 45
X1-WLB0909-4 & U-WLB0909-4 Ta= +25°C — 41 50
Package, VN = 1.8V mQ
Switch On-Resistance, lout = -200mA Ta=-40°Cto+85°C | — — 54
Ta=+25°C — 69 87
ViN=1.2V
Ta =-40°C to +85°C — — 91
Ta= +25°C — 112 155
VN = 1.08V
Ta = -40°C to +85°C — — 165
Rbs(on)
Ta=+25°C - 40 43
ViN= 3.6V
Ta =-40°C to +85°C — — 55
Ta=+25°C — 45 49
VN = 2.5V
Ta = -40°C to +85°C — — 59
SOT26 Package, Ta=+25°C - 53 62
<o Tackage Vin = 1.8V mQ
Switch On-Resistance, lout = -200mA Ta = -40°C to +85°C — _ 69
Ta=+25°C — 91 110
ViN=1.2V
Ta =-40°C to +85°C — — 120
Ta= +25°C - 120 175
ViN = 1.08V
Ta = -40°C to +85°C — — 185
Rpis Discharge FET On-Resistance ViN = 3.3V, Von =0V, lout = 30mA, Ta=+25°C — 80 100 Q
Notes: 6. Specifications are over -40°C to +85°C and are guaranteed by characterization and design.
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Timing Characteristics (Note 7)

Symbol Parameters Test Conditions Min Typ Max Unit
ton Output Turn-On Time — 110 — us
torr Output Turn-Off Time — 5 — us

ViN=3.6V, RL=10Q, Cout=0.1uF, Ta = +25°C
) Output Rise Time & t our =% 1HE, 1A — 105 — us
tF Output Fall Time — 2 — us
ton Output Turn-On Time — 900 — us

torr Output Turn-Off Time — 5 — us

Vin=1.08V, RL=10Q, Cout = 0.1pF, Ta= +25°C
) Output Rise Time & t ouT= B IHE 1A —_ 442 — us
tr Output Fall Time — 2 — us

, 90% 90%
vouT
10% 10%
tr
ON / \
Output Rise (tr) and Fall (tF) Time
vouT 50% 50%
ton torr
ON / 50% \ \50%
Output Turn On (ton) and Turn Off (torr) time
Notes: 7. Rise and fall time of the control signal are less than 100ns.
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AP22908

Typical Performance Characteristics (ci= 1uF, Cour= 0.1yF, unless otherwise specified.)

Quiescent Current vs. Input voltage

Quiescent Current vs. Temperature

025 025
—40C —VIN=1.08V —VIN=1.2V
—_25T —\/IN=1.8V VIN=2.5V
o 02
02 | —a85C VIN=33V —VIN=36V
0.15 0.15
g g
o e
0.1 0.1
0.05 0.05
_.// ""—-—__‘__——-_|
0 0 !
1 15 25 3 35 -40 -15 10 35 60 85
Vin (V) Temperature (C)
Leakage Current vs. Input voltage Leakage Current vs. Temperature
025
025 — 40T —VIN=1.08Y ——VIN=1.2V
—25C / ——VIN=1.8V VIN=2.5V /
. /| 02
02 1 —gs5¢
: / VIN=3.3V  ——VIN=3.6V /
015 g 0.15 —
s / $ /
5 o — — Z o1 %
_Z‘ / /
0.05 — 0.05 ’// | — é
-
0 0 : ‘
1 15 2 25 3 35 -40 15 10 35 60 85
Vi (V) Temperature (C)
Shutdown Current vs. Input voltage Shutdown Current vs. Temperature
| — 40T W —VIN=1.08Y —VIN=12V
—257 / —VIN=1.8V VIN=2.5V
02 85T 0.2 E—
— / VIN=33V  =——VIN=36V
_ 015 // g 015
3 / =
8 %
& 01 —— 2 o4 / 7
0.05 0.05 ,//‘ ~ LA //
p
0 0 I
1 15 2 25 3 35 4 -40 -15 10 35 80 85
Vin (V) Temperature (C)
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Typical Performance Characteristics (ci= 1uF, Cour= 0.1yF, unless otherwise specified.)
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Switch on-resistance vs. Input voltage
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Typical Performance Characteristics (ci= 1uF, Cour= 0.1yF, unless otherwise specified.)

Discharge Resistance vs. Output Current Discharge Resistance vs. Input voltage
100 100
80 - 80 E—
g =}
2 \\ B e
® 70 70
60 | ——VIN=3.6V ——VIN=3.0V — 60 —— ==—IOUT=1mA
——VIN=2.5V VIN=1.8V
VIN=1.2V ——VIN=1.08V
50 50
0 5 10 15 20 25 30 1 15 2 25 3 35 4
Iout (MA) Vi (V)
ON Input Threshold Voltage (Increasing) ON Input Threshold Voltage (Decreasing)
5 T 5
—3.6V —38V
—3.3v —33V
4 t 4
—25V —25Vv
2.0v 2.0V
3 ~ 3
S 1.8v > 1.8V
3 —— 1.5V >§ — 18V
> 2 [ —1.08y (LN | 2 108V |
1 1
0 0
0 05 1 15 2 25 0 05 1 15 2 25
Von i (V) Von i (V)
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AP22908

Typical Performance Characteristics (cin= 1uF, Cour= 0.1pF, R_= 10Q, unless otherwise specified.)
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Typical Performance Characteristics (cin= 1uF, Cour= 0.1pF, R_= 10Q, unless otherwise specified.)
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AP22908

Typical Performance Characteristics (cin= 1uF, Cour= 0.1pF, R_= 10Q, unless otherwise specified.)

Output Turn On Response
Vin= 3.6V, Cin = 1uF, Cout = 0.1uF, RL=10Q
[ 1

TekPrevu [

Output Turn Off Response
Vin= 3.6V, Cin= 1uF, Cout = 0.1uF, RL=10Q
[ T |

Tek Prevu 1

1.25GS/s 7 s00mv
1M points

1.00V & ) (80.0us
Value  Mean  Min Max Std Dev
@O 100.8)s  109.84  109.84  109.84  0.000

Output Turn On Response
Vin= 3.3V, Cin = 1yF, Cout = 0.1uF, RL=10Q
I I

2.50G5/s @\ s00mv
1M points

1.00V & ][2,00}15
Value  Mean  Min Max Std Dev
@O 3117ps 3.117u 3.017p 3.117) 0.000

Output Turn Off Response
Vin= 3.3V, Cin = 1yF, Cout = 0.1uF, RL =10Q
[ I

Tek Prevu [ Tek Prevu
4 K
D
2 2
@ Loy KwV@llue Mean Min Max Std Dev j[so.ous ][}N?SP%S'QSIS ]ﬁ) ’ soomv] @ 120 BwV@llue Mean Min Max Std Dev j[z'oous ][%N?“'ﬁ)slﬁs ]ﬁ) A soomv]
[ 1 34 S 121.1us 1211 121.1p 121.14 0.000 [ 1 32 A% 2.980us  2.980u 2.980p  2.980u 0.000
Output Turn On Response Output Turn Off Response
Vin= 2.5V, Cin = 1uF, Cout = 0.1uF, RL=10Q Vin= 2.5V, Cin = 1uF, Cout = 0.1uF, RL =10Q
Tek Prevu [ I T Tek Prevu [ T
4 K
D
2 2
@ Loy KwV@llue Mean Min Max Std Dev j[zoous ][?’?Aom)slﬁsls ]ﬁ) ’ soomv] @ 120 BwV@llue Mean Min Max Std Dev j[z'oous ][%N?“'ﬁ)slﬁs ]ﬁ) A soomv]
[ 1 34 S 170.8us  170.8p 170.8p 170.84  0.000 [ 1 38 A% 2.532us  2.5324  2.532p  2.532u  0.000
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Typical Performance Characteristics (cin= 1uF, Cour= 0.1pF, R_= 10Q, unless otherwise specified.)

Output Turn On Response
Vin= 1.8V, Cin = 1yF, Cout = 0.1yF, RL=10Q
I I

Output Turn Off Response
Vin= 1.8V, Cin = 1uF, Cout = 0.1uF, RL. =10Q
[ ICT

Tek Prevu [ Tek Prevu
« «
D
2 2 eyt ity
(&b Sooey R‘Value Mean Min Max Std Dev j[mn“s ][?l‘\)"orosiﬁ‘s ][W o mvalue Mean Min Max std Dev j[z.oo;ls ][EV\EOPGOSI:'SIS ]ﬁ. v
[ EX2 g 281.7ps  281.74  281.74  281.74  0.000 (1 BT RN 2.233us  2.2334 2.2334 2.233u 0.000
Output Turn On Response Output Turn Off Response
Vin= 1.2V, Cin = 1uF, Cout = 0.1uF, RL=10Q Vin= 1.2V, Cin = 1uF, Cout = 0.1uF, RL=10Q
Tek Prevu [ [ 1 Tek Prevu [ i |
R L
D
2 2
(& somv anlue Mean Min Max Std Dev J[aooys ]m}[m e anlue Mean Min Max Std Dev J[ZIOWS ]m][w
oD -0 631.6us  631.64 631.6u 631.6u 0.000 ] [ ET20N 3.351us  3.3514  3.3514  3.3514  0.000 ]
Output Turn On Response Output Turn Off Response
Vin= 1.08V, Cin = 1uF, Cout = 0.1uF, RL=10Q Vin= 1.08V, Cin = 1uF, Cout = 0.1uF, RL=10Q
Tek Prevu [ [ 1 ] Tek Prevu [ 1T
4 O
D

250M5/s 7 s00mv
1M points

500mV_ & ][400}15
Value  Mean  Min Max Std Dev
@O 813.3us 81334 8§13.3y 813.3u  0.000

AP22908
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2.506G5/s @ *  s00mv
1M points

500mV_ & J[z.oo;ns
Value  Mean  Min Max Std Dev
@O 5.750us  5.750p  5.7504  5.750u  0.000
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Application Information

Input Capacitor

A 1uF capacitor is recommended to connect between the Vin and GND pins to decouple input power supply glitch and noise. The input capacitor
has no specific type or ESR (Equivalent Series Resistance) requirement. However, for higher current application, ceramic capacitors are
recommended due to their capability to withstand input current surges from low impedance sources, such as batteries in portable applications. This
input capacitor must be located as close as possible to the device to assure input stability and less noise. For PCB layout, a wide copper trace is
required for both V|y and GND.

Output Capacitor

The 0.1uF to 1uF capacitor is recommended to connect between Voyt and GND pins to stabilize and accommodate load transient condition. The
output capacitor has no specific type or ESR requirement. The amount of the capacitance may be increased without limit. For PCB layout, the
output capacitor must be placed as close as possible to Vout and GND pins, and keep the traces as short as possible.

Enable/Shutdown Operation

The AP22908 is turned on by setting the ON pin high, and is turned off by pulling it low. To ensure proper operation, the signal source used to drive
the ON pin must be able to swing above and below the specified turn-on/off voltage thresholds listed in the Electrical Characteristics section under
ViL and Vin.

Discharge Operation
The AP22908 offers a discharge option that helps discharge the output charge when disabled. The discharge resistance with a typical value of 80Q
is connected between the output and ground.

Power Dissipation

The maximum IC junction temperature should be restricted to +125°C under normal operating conditions. The device power dissipation and proper
sizing of the thermal plane is critical to avoid thermal shutdown and ensure reliable operation. Power dissipation of the device depends on input
voltage and load conditions and can be calculated by:

2
Pb =lout XRpson ™

However, the maximum power dissipation that can be handled by the device depends on the maximum junction to ambient thermal resistance,
maximum ambient temperature, and maximum device junction temperature, which can be approximated by the equation below:

(125°C - T, )

(2)
0,a

Popvax) =

Layout Guildline
Good PCB layout is important for improving the thermal performance of the device. All trace lengths should be kept as short as possible. The input
(Vin) and output (Vout) PCB traces should be as wide as possible to reduce stray impedance.

Use a ground plane to enhance the power dissipation capability of the device if applicable. Place input and output capacitors close to the device to
minimize the effects of parasitic inductance.
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Ordering Information

AP22908 X - X

t

Package Packing

CN4 : X1-WLB0909-4 7 :7" Tape & Reel
CNA4 : U-WLB0909-4

W6 : SOT26
7” Tape and Reel
Part Numb Pack Cod Packagi
art dmber ackage mode ackaging Quantity Part Number Suffix
AP22908CN4-7 CN4 X1-WLB0909-4 3,000/Tape & Reel -7
AP22908CNA4-7 CNA4 U-WLB0909-4 3,000/Tape & Reel -7
AP22908W6-7 W6 SOT26 3,000/Tape & Reel -7
Feature Options:
Part Number Rise Time (Typ) at 3.6V Output Discharge Enable
AP22908CN4-7 105us Yes Active High
AP22908CNA4-7 105us Yes Active High
AP22908W6-7 105us Yes Active High
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Marking Information

(1) X1-WLB0909-4

(Top View)

o X : Identification Code
X Y : Year : 0~9
Y W W : Week : A~Z : 1~26 week;
a~z : 27~52 week; z represents
52 and 53 week

Part Number Package Identification Code
AP22908CN4-7 X1-WLB0909-4 4_1
(2) U-WLB0909-4
(Top View)
o X : Identification Code
X Y : Year: 0~9

Y W W : Week : A~Z : 1~26 week;
a~z : 27~52 week; z represents
52 and 53 week

Part Number Package Identification Code
AP22908CNA4-7 U-WLB0909-4 é
(3) SOT25
(Top View)
[5] [4]
XX : Identification Code
Y:YearOto9
XXY WX W : Week:AtoZ: 1to 26 week;
atoz: 27 to 52 week; z represents
52 and 53 week
(1] [2] [3] X : Internal Code
Part Number Package Identification Code
AP22908W5-7 SOT25 N8
AP22908 15 0f 19

October 2020
Document number: DS42262 Rev. 3 - 2 www.diodes.com © Diodes Incorporated


http://www.diodes.com/

DrOJES.

1 N C O R P ORATED

AP22908

Package Outline Dimensions

Please see http://www.diodes.com/package-outlines.html for the latest version.

(1) Package Type: X1-WLB0909-4

E1
E _—_SE_I__
ol
SD |
D D1 L——-—~|‘—-—-—e
D | @
® !
L]
A1 CORNER @b ( 4x)
BY MARKING
%SEATING PLANE
(2) Package Type: U-WLB0909-4
E1
E _—_SE_I__
ole
SD |
D D1 L——-—~|‘—-—-—e
D | ®
® !
L]
A1 CORNER @b ( 4x)
BY MARKING
%SEATING PLANE
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X1-WLB0909-4

Dim Min Max | Typ
A 0.410 | 0.500 | 0.455
A1 0.160 | 0.200 | 0.180
A2 | 0.225|0.275 | 0.250
b 0.215 | 0.255 | 0.235
D 0.840 | 0.900 | 0.870
D1 0.450 | 0.550 | 0.500
E 0.840 | 0.900 | 0.870
E1 0.450 | 0.550 | 0.500
e 0.500 BSC

SD 0.250 BSC

SE 0.250 BSC

All Dimensions in mm

U-wWLB0909-4
Dim Min Max | Typ
A 0.540 | 0.630 | 0.585
A1 0.160 | 0.200 | 0.180
A2 | 0.355 | 0.405 | 0.380
b 0.205 | 0.265 | 0.235
D 0.860 | 0.920 | 0.880
D1 0.450 | 0.550 | 0.500
E 0.860 | 0.920 | 0.880
E1 0.450 | 0.550 | 0.500
e 0.500 BSC
SD 0.250 BSC
SE 0.250 BSC

All Dimensions in mm
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Package Outline Dimensions (continued)

Please see http://www.diodes.com/package-outlines.html for the latest version.

(3) Package Type: SOT26

D
m SOT26
- |_| ‘ |_| Dim | Min | Max | Typ
A1 [0.013] 0.10 | 0.05
A2 (100|130 | 1.10
E1 H B A3 [0.70]0.80 | 0.75
b [0.35]050| 0.38
i c 0.10 | 0.20 | 0.15
¢ T ‘ D |290|3.10| 3.00
Ngngl e
‘ ‘ o el - - 1.90
——'b = E |270]|3.00| 2.80
at E1 [ 1.50 | 1.70 | 1.60
kmﬂ/ﬂ\ L [0.35]|055] 0.40
| - a - - 8°
? al - - 7°
A— A2 All Dimensions in mm
v R
v 0 I N \
L = — ——— ——_  SeatingPlane 4»‘ - a
e f ] /
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Suggested Pad Layout
Please see http://www.diodes.com/package-outlines.html for the latest version.
(1) Package Type: X1-WLB0909-4 & U-WLB0909-4
C
. . Value
Dimensions| .
f ’ \ (in mm)
¢ ! C 0.500
L D 0.235
F———+—-——-1—C X 0.250
Y 0.250
O ®
[
!
L]
@D ( 4x)
(2) Package Type: SOT26
Iﬂ Dimensions | Value (in mm)
_ C 2.40
C1 0.95
vie g S 160
Y 0.80
— Y1 3.20
- [0
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