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Low Dropout, 400mA Adjustable Linear Regulator

1 General Description

The RT9053A is a high-performance, 400mA LDO
regulator with ultra-low dropout. The quiescent current
is as low as 35uA (typical), which helps to further
prolong battery life. The RT9053A is also compatible
with low ESR ceramic capacitors, reducing the amount
of board space necessary for power applications,
which is critical for handheld wireless devices. In
shutdown mode, the RT9053A typically consumes
only 0.7uA. Other features include low dropout voltage,
high output accuracy, and current-limit protection. The
RT9053A is available in SOT-23-5 and WDFN-6L 2x2
package options. The junction
temperature range is —40°C to 125°C, and the ambient
temperature range is —40°C to 85°C.

recommended

2 Ordering Information

RT9053A IE
Package Typem
B : SOT-23-5

QW : WDFN-6L 2x2 (W-Type)

Lead Plating System

G: Richtek Green Policy Complian

Z : ECO (Ecological Element with
Halogen Free and Pb free)(3)
(for WDFN-6L 2x2 Only)

o)

Note 1.

e Marked with (") indicated: Compatible with the current
requirements of IPC/JEDEC J-STD-020.

e Marked with @ indicated: Richtek products are Richtek
Green Policy compliant.

e Marked with ©) indicated: Suitable for use in SnPb or Pb-

free soldering processes.

3 Features

o Adjustable Output Voltage Down to 0.8V

o Wide Operating Voltage Ranges: 2.2V to 5.5V

e Low Dropout: 230mV at 400mA

o Ultra-Fast Response in Line/Load Transient

e Current-Limit Protection

o Over-Temperature Protection

o Output Only 1uF Capacitor Required for Stability

4 Applications

e Mega Sim Card

o CDMA/GSM Cellular Handsets

o Portable Information Appliances

o Laptop, Palmtops, Notebook Computers
o Hand-Held Instruments

e Mini PCI and PCI-Express Cards

e PCMCIA and New Cards

5 Marking Information

RT9053AGQW
JH=: Product Code
JHW W: Date Code
(]
RT9053AZQW
JH: Product Code
W: Date Code
JHW
o e
RT9053AGB
3Q=: Product Code
3Q=DNN DNN: Date Code
A

6 Simplified Application Circuit

VIN VIN VOUT

NT
Chip Enable =
O—————EN

RT9053A

GND

FB|
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7 Pin Configuration

VOUT FB

o o
5 4
A 2 3

SOT-23-5

8 Functional Pin Description

(TOP VIEW)

EN{7i .
GND (7} |
VIN |31 |

WDFN-6L 2x2

Pin No. . . .
Pin Name Pin Function
SOT-23-5 | WDFN-6L 2x2
Supply input. A general 1uF ceramic capacitor should be placed
1 3 VIN . N : o
as close as possible to this pin for better noise rejection.
2 2,7 GND Ground. The exposed pad must be soldered to a large PCB and
(Exposed Pad) connected to GND for maximum power dissipation.
Chip Enable (Active High). When the EN goes to a logic low, the
3 1 EN i ) .
device will be in shutdown mode.
Feedback voltage input. This pin is used to set the desired output
4 6 FB voltage using an external resistive divider. The typical feedback
reference voltage is 0.8V.
LDO output pins. A ceramic capacitor of 2.2uF or larger (with 1pF
or greater effective capacitance) is required for stability. The
5 4 VOUT output capacitor should be placed as close to the device as
possible, and the impedance between the VOUT pin and the load
should be minimized.
-- 5 NC No Internal Connection.

9 Functional Block Diagram

POR Current
ENo OTP Limit
1 oVIN
= VREF ~ oS |
FBO > Driver et
oVOUT
N I
1~ [
oGND
RICHTEK

Copyright © 2025 Richtek Technology Corporation. All rights reserved.

is a registered trademark of Richtek Technology Corporation.

RT9053A_DS-04 May 2025

www.richtek.com
3



RT9053A RICHTEK

10 Absolute Maximum Ratings

(Note 2)
e Supply Input Voltage, VIN 6V
e EN Input Voltage 6V
o Power Dissipation, Pb @ TaA = 25°C
SOT-23-5 0.4W
WDFN-6L 2x2 0.606W
o Package Thermal Resistance  (Note 3)
SOT-23-5, 6uA 250°C/W
WDFN-6L 2x2, 6JA 165°C/W
WDFN-6L 2x2, 8Jc 8.2°C/W
e Lead Temperature (Soldering, 10 sec.) 260°C
o Junction Temperature 150°C
o Storage Temperature Range —65°C to 150°C
o ESD Susceptibility  (Note 4)
HBM (Human Body Model) 2kV

Note 2. Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These
are stress ratings only, and functional operation of the device at these or any other conditions beyond those indicated
in the operational sections of the specifications is not implied. Exposure to absolute maximum rating conditions may
affect device reliability.

Note 3.6,a is measured at Ta = 25°C on a low effective thermal conductivity single-layer test board per JEDEC 51-3. yc is
measured at the exposed pad of the package

Note 4. Devices are ESD sensitive. Handling precautions are recommended.

11 Recommended Operating Conditions

(Note 5)

e Supply Input Voltage, VIN 2.2V t0 5.5V

¢ Junction Temperature Range -40°C to 125°C
o Ambient Temperature Range -40°C to 85°C

Note 5. The device is not guaranteed to function outside its operating conditions.

Copyright © 2025 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.
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12 Electrical Characteristics

(VIN = 3.7V, CiN = Cout = 1uF, louT = 20mA, Ta = 25°C, unless otherwise specified.)

Parameter Symbol Test Conditions Min Typ Max Unit
FB Voltage VFB 0.792 0.8 0.808 \Y,
Output Voltage Accuracy | Vout_Acc | lout = 10mA -1 0 1 %
Quiescent Current la lout = OmA -- 35 50 A
Shutdown Current ISHDN VEN = 0V -- 0.7 1.5 A

. RLoaD = 0Q,
Current Limit ILIm 2.9V < VN < 5.5V 400 650 1000 mA
Dropout Voltage VDROP louT = 400mA -- 230 350 mV
: 1mA < louT < 400mA o
Load Regulation VLOAD_REG 2.9V < VIN < 5.5V -- -- 1 Yo
Line Regulation VLINE_REG VIN =_ (Vour + 0.5) to 5.5V, -- 0.01 0.2 %IV
louT = 1TmA
EN Input Voltage Rising vV
Threshold EN_R 1.6 -- 5.5 \Y,
EN Input Voltage Falling vV _
Threshold EN_F 0 0.6 \Y
EN Input Current IEN -- 1 2 pA
FB Pin Current IFB -- 0.1 1 A
Over-Temperature o
Protection Threshold Votp B 150 B C
iacti f=1kHz, louT = 10mA -- -56 --
Povyer Supply Rejection PSRR 4B
Ratio f = 10kHz, louT = 10mA - -35 -
. Vourt = 1.5V, Cout = 1uF,

Output Noise Vn loUT = OmA -- 30 -- 1VRMS
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13 Typical Application Circuit

Note 6.

Chip Enable =

RT9053A

VIN Om VIN VOUT
TWF T

O0——EN FB|
GND

e For Stability Requirement, Cout must have a minimum value of 1uF for the RT9053A, and this capacitance must be

maintained across the entire expected operating temperature range. It should also be located as close as possible to the

regulator.

e All input and output capacitive parameters recommended here refer to effective capacitance. It is necessary to account for

any derating effects, such as DC bias, when considering the effective capacitance.

Table 1. Recommended External Components

Component

Description

Vendor P/N

CIN, CouTt

1uF, 16V, X7R, 0603

GXT188R71C105KE13 (Murata)

Copyright © 2025 Richtek Technology Corporation. All rights reserved. RICHTEK
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14 Typical Operating Characteristics

Reference Voltage vs. Temperature

Quiescent Current vs. Temperature
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PSRR vs. Frequency

Load Transient Response

0 AR A R e Ry Sa A LA AR RAAR R
- ]
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-20 (5mV/Div)*F
) - \
r 40 /
2 e )
A
o -50
50 / i louT : : : : r 1
\_____,/ (200MADIVE - e ]
70 Vin = 3.3V, Vour = 2.5V { a2 | Vin= 3.3V, Vour = 2.5V, loap = 200mA
50 ILoap = 10mA, Cin = Cout = 1uF/XVR - to 400mA, Ciy= Cout = 1uF / X7TR ]
L L L ol by L b T s by by Ly sl e
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Power On from EN Enable/Shutdown Response
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RICHTEK RT9053A

15 Operation

The RT9053A is designed to operate with a single supply input ranging from 2.2V to 5.5V and is capable of
delivering up to 0.4A of current to the output. The device features high PSRR (Power Supply Rejection Ratio) and
low noise, ensuring a clean power supply for the application. It includes a low-noise reference and error amplifier
to minimize the device's noise. The high PSRR of the RT9053A effectively minimizes the transfer of input supply
noise to the output.

15.1 Enable and Shutdown

The RT9053A features an EN pin that serves as an external chip enable control, allowing the device to be enabled
or disabled. When VEN is below 0.6V, the regulator turns off and initiates shutdown mode, while VEN above 1.6V
turns on the regulator. If the EN pin is not being utilized, it should be connected as close as possible to the largest
input capacitance to prevent the enable circuit from being inadvertently triggered by voltage dips on the VIN line.

15.2 Current-Limit Protection

The RT9053A features a current-limit function to prevent damage during output overload or short-circuit conditions.
The output current is monitored by an internal sensing transistor.

Copyright © 2025 Richtek Technology Corporation. All rights reserved. RICHTEK is a registered trademark of Richtek Technology Corporation.
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16 Application Information
(Note 7)

16.1 Input Capacitor Selection

Like any low-dropout linear regulator, the external capacitors used with the RT9053A must be carefully selected
for stability and performance. It is recommended that the input capacitance be at least 1uF, and it may be increased
without limitation. The input capacitor should be placed within a distance of less than 0.5 inch from the IC's input
pin and connected to a clean ground plane. Any high-quality ceramic or tantalum capacitor can be used for the
input capacitor. Using an input capacitor with a larger capacitance and lower ESR (Equivalent Series Resistance)
can achieve better PSRR and line transient response.

16.2 Output Capacitor Selection

The RT9053A is specifically designed to work with a low ESR ceramic output capacitor to save board space and
achieve better performance. The output capacitor should be at least 1uF. Using a larger capacitance can reduce
noise and improve load transient response, the stability and PSRR. The RT9053A can operate with other types of
output capacitors due to its wide range of stable operation. The output capacitor should be placed less than 0.5
inch from the VOUT pin and connected to a clean ground plane.

16.3 Output Voltage Setting

The output voltage divider R1 and R2 allow adjustment of the output voltage for various applications, as shown in
Figure 1.

Vour
R1
FB
RT9053A R2
GND

Figure 1. Output Voltage Setting

The output voltage is set according to the following equation:

R1
VouT = VrB | 1+ —
ouT FB[ R2\J

where VFB is the feedback reference voltage (0.8V, typically).

16.4 Enable Function

The RT9053A features enable/shutdown function. The voltage at the EN pin determines the enable/shutdown
state of the regulator. To ensure the regulator will switch on, the enable control voltage must be greater than 1.6V.
The regulator will enter shutdown mode when the voltage at the EN pin falls below 0.6V. If the enable function is
not needed, the EN pin should be pulled high or simply tied to VIN to keep the regulator in an on state.

16.5 PSRR

The RT9053A features a high Power Supply Rejection Ratio (PSRR), which is defined as the ratio of output voltage
change to input voltage change.

Copyright © 2025 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.
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PSRR = 20 xlog (Avﬂj
AVIN

A low dropout regulator with a higher PSRR can provide better line transient performance.

16.6 Current Limit

The RT9053A implements an independent current limit circuit, which monitors and controls the pass element’s
gate voltage to limit the output current at 650mA (typical). If the current limit condition lasts for a long time, the
regulator temperature may increase high enough to damage the regulator itself. Therefore, the RT9053A
implements current-limit function and thermal protection function to prevent the regulator from damage when the
output is shorted to ground.

16.7 Thermal Considerations

For continuous operation, do not exceed absolute maximum junction temperature. The maximum power
dissipation depends on the thermal resistance of the IC package, PCB layout, rate of surrounding airflow, and
difference between junction and ambient temperature. The maximum power dissipation can be calculated by the
following formula:

PD(MAX) = (TJMAX) — TA)/BJA

where TJMAX) is the maximum junction temperature, TA is the ambient temperature, and 6JA is the junction to
ambient thermal resistance.

For recommended operating condition specifications of the RT9053A, the maximum junction temperature is 125°C
and TA is the ambient temperature. The junction to ambient thermal resistance, 6J4A, is layout dependent.

For WDFN-6L 2x2 packages, the thermal resistance, 6JA, is 165°C/W on a standard JEDEC 51-3 single-layer
thermal test board.

For SOT-23-5 packages, the thermal resistance, 6Ja, is 250°C/W on a standard JEDEC 51-3 single-layer thermal
test board.

The maximum power dissipation at TA = 25°C can be calculated by the following formulas:

PbMAXx) = (125°C — 25°C) / (165°C/W) = 0.606W for WDFN-6L 2x2 package

Pb(mAX) = (125°C — 25°C) / (250°C/W) = 0.400W for SOT-23-5 package

The thermal resistance 0JA is determined by the package architecture design and the PCB layout design. However,
the package architecture design had been already designed. If possible, it is useful to increase thermal

performance by the PCB layout copper design. The thermal resistance 6JA can be decreased by adding copper
area under the exposed pad of WDFN series package.

As shown in Figure 2, we can find the relation between the copper area and the thermal resistance 6yA. The
thermal resistance will be reduced by adding more copper area. When the IC is mounted to the standard footprint,
the thermal resistance 6ya is 165°C/W. Adding copper area of pad to 15mm? under the package reduces the 6JA
to 150°C/W. Even further, increasing the copper area of pad to 70mm? reduces the 6JA to 130°C/W.

Copyright © 2025 Richtek Technology Corporation. All rights reserved. RICHTEK is a registered trademark of Richtek Technology Corporation.
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Figure 2. WDFN-6L 2x2 Thermal Resistance 6JA vs. PCB Copper Area

As shown in Figure 3, we can also find the WDFN-6L 2x2 maximum power dissipation improvement by different
copper area designs at ambient temperature Ta = 25°C operation.

0.9

0.8

07 ]

06 | ——]

05

04

03

0.2

Maximum Power Dissipation (W)

0.1

0.0

0 10 20 30 40 50 60 70
Copper Area (mmz)

Figure 3. Maximum Power Dissipation PD vs. PCB Copper Area

The maximum power dissipation depends on the operating ambient temperature for fixed TJMAX) and thermal
resistance, 0JA. For the RT9053A packages, the derating curves in Figure 4 allow the designer to see the effect of
rising ambient temperature on the maximum power dissipation.
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0.80 T ‘
0.75 Copper Area
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065 2
WDFN 2x2 15mm

0.60 N\ 1
AN WDFN 2x2, Min. Layout |
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0.10 %
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1
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/|

Maximum Power Dissipation (W)
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Figure 4. Derating Curves for RT9053A Packages

Note 7. The information provided in this section is for reference only. The customer is solely responsible for the designing,
validating, and testing your product incorporating Richtek’s product and ensure such product meets applicable
standards and any safety, security, or other requirements.
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17 Outline Dimension

17.1 SOT-23-5 Package

]

N

--l—[jJ——-‘

B

OO

} _

A

¥— [

NN
R

4-,b,.-7

1

Symbol Dimensions In Millimeters Dimensions In Inches
Min Max Min Max
A 0.889 1.295 0.035 0.051
A1 0.000 0.152 0.000 0.006
B 1.397 1.803 0.055 0.071
b 0.356 0.559 0.014 0.022
C 2.591 2.997 0.102 0.118
D 2.692 3.099 0.106 0.122
e 0.838 1.041 0.033 0.041
H 0.080 0.254 0.003 0.010
0.300 0.610 0.012 0.024

SOT-23-5 Surface Mount Package
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17.2 WDFN-6L 2x2 Package

D2

y

JoU e

E2

N

(]

‘._e

ﬁ\—EI—EI—IIL
A [As
- B

Note : The configuration of the Pin #1 identifier is optional,

_.‘ _,‘ b ‘._

ool ol
ANA ANE
DETAILA

Pin #1 ID and Tie Bar Mark Options

but must be located within the zone indicated.

Dimensions In Millimeters

Dimensions In Inches

Symbol

Min Max Min Max
A 0.700 0.800 0.028 0.031
A1 0.000 0.050 0.000 0.002
A3 0.175 0.250 0.007 0.010
b 0.200 0.350 0.008 0.014
D 1.950 2.050 0.077 0.081
D2 1.000 1.450 0.039 0.057
E 1.950 2.050 0.077 0.081
E2 0.500 0.850 0.020 0.033
e 0.650 0.026
L 0.300 0.400 0.012 0.016

W-Type 6L DFN 2x2 Package
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18 Footprint Information

18.1 SOT-23-5 Package

- - --l---- B A
\
\
\
\
o) o L
M
Number of Footprint Dimension (mm)
Package Tolerance
Pin P1 P2 A B C D M
TSOT-25/TSOT-25(FC)/SOT-25 5 095 | 190 | 360 | 1.60 | 1.00 | 0.70 | 2.60 +0.10

Copyright © 2025 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.
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18.2 WDFN-6L 2x2 Package
- M
o Sx N
|
Sy — B A
|
C
Lo o
Number of Footprint Dimension (mm)
Package ) Tolerance
Pin P A B C D Sx Sy M
V/W/U/XDFN2*2-6 6 0.65 | 2.80 120 | 0.80 | 0.35 | 1.40 | 0.80 1.65 1+0.05
Copyright © 2025 Richtek Technology Corporation. All rights reserved. RICHTEK is a registered trademark of Richtek Technology Corporation.
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19 Packing Information

19.1 Tape and Reel Data

19.1.1 SOT-23-5 Package
SOT/TSOT-23-5
- ™ ‘“‘\ / e 4
— A Lo ]
- W1 Illl ".\‘ A .'I
r:;:n | "/
Feed Direction — .
PIN 1 > -
arrier Tape
END Round Sprocket Holes START
FobF 300490 HI 000006000068
r r
ssEasl anianianinniing
.p\»j& asyuka«— J‘ -:-a—l}
L-L_J I..L_u I__L_v L_L.l -L LLJ LuLJ
Trailer Leader
~—160 mm minimum, —=~—Components —-——600 mm Minimum, ——=
Tape Size | Pocket Pitch | Reel Size (A) Units Trailer | Leader | Reel Width (W2)
Package Type
P wy@m) | @ymm) | T | perReel | (MM (M) inyMax (mm)
SOT-23-5 8 4 180 7 3,000 160 600 8.4/9.9
' > {B’—E’J C, D, and K are determined by component size.
2T Fant Fant Faint i L - N
[ ¥ v S A The clearance between the components and
W1 * e ~ ~ . the cavity is as follows:
G & 1 o o O
‘ - For 8mm carrier tape: 0.5mm max.
Fi | |
5 i
W1 P B F aJ K H
Tape Size
Max Min Max Min Max Min Max Min Max Min Max Max
8mm 8.3mm |3.9mm|4.1mm|1.65mm | 1.85mm [3.9mm |4.1mm [1.5mm| 1.6mm | 1.3mm | 1.7mm | 0.6mm
Copyright © 2025 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.
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WDFN-6L 2x2 Package

19.1.2
f— P —] PIN 1 / \
i \ f \
/ olo 0lo 0 0\0 o Al - =
|\ f; ¥ II, \ " . 3 Fa In'
\- ‘. H ‘ . . ‘ . \‘ Wi I\' o f’f ]
. . ) = ._l l_.
Feed Direction > w0
arrier Tape
END Round Sprocket Holes START
F eI 393000400200 4|00 0060000000
r r
saiasl nalaniaugnuling
iwd’# awukw { #e%-l—@%
L-L_J I..L_u I__L_v L_L.l -L LLJ LuLJ
Trailer Leader
=160 mm minimum, ——=-~—Components ——=——=600 mm Minimum, ——!
Tape Size Pocket Pitch Reel Size (A) Units Trailer | Leader Reel Width (W2)
Package Type
P wymm) | @mm) | T | perReel | (MM) | (M) in/Max (mm)
(V, W)
QFN/DFN 8 4 180 7 2,500 160 600 8.4/9.9
2x2
. > -E];‘;U C, D, and K are determined by component size
I S o o W n S .Y L - -
f v v oo & The clearance between the components and
w1 } Y N e Y the cavity is as follows:
c U 1) ] o O
‘ - For 8mm carrier tape: 0.5mm max
Fi
= 3
W1 P B F aJ K H
Tape Size
Max Min Max Min Max Min Max Min Max Min Max Max
8mm 8.3mm |[3.9mm|4.1mm|1.65mm | 1.85mm |3.9mm|4.1Tmm [1.5mm| 1.6mm | 1.0mm | 1.3mm | 0.6mm
Copyright © 2025 Richtek Technology Corporation. All rights reserved RICHTEK i, registered trademark of Richtek Technology Corporation
May 2025 www.richtek.com
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19.2 Tape and Reel Packing
19.2.1 SOT-23-5 Package

Step Photo/Description Step Photo/Description
e > —
RR R 1
R
LR
Reel 77 3 reels per inner box Box A
{e—
[ A ki 444 —
‘3 4 & |
D o 5%
% T e :
2 5 : : = !
ﬁ “\ m:
i -
! 2 _ :
i - —
HIC & Desiccant (1 Unit) inside
. ‘u
3 [ ‘ 6
q ~
Caution label is on backside of Al bag Outer box Carton A
Container Reel Box Carton
Package Size | Units Item Reels Units Item Boxes Unit
Box A 3 9,000 Carton A 12 108,000
SOT-23-5 7" | 3,000
Box E 1 3,000 For Combined or Partial Reel.

Copyright © 2025 Richtek Technology Corporation. All rights reserved. RICHTEK isa registered trademark of Richtek Technology Corporation.
www.richtek.com
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19.2.2 WDFN-6L 2x2 Package
Step Photo/Description Step Photo/Description
SR g ¢
R
Fvoy g
Reel 77 3 reels per inner box Box A
] AT
i RAVET 24k
‘é 4 & |
1 e
R i
2 5 | el 28
g ,‘.‘ o = m;
i - —
HIC & Desiccant (1 Unit) inside
3 6
Caution label is on backside of Al bag Outer box Carton A
Container Reel Box Carton
Package Size | Units Item Reels Units Item Boxes Unit
(v, W) Box A 3 7,500 Carton A 12 90,000
7 | 2,500
QFN & DFN 2x2 Box E 1 2,500 For Combined or Partial Reel.
Copyright © 2025 Richtek Technology Corporation. All rights reserved. RICHTEK is a registered trademark of Richtek Technology Corporation.
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19.3 Packing Material Anti-ESD Property

Su_rface Aluminum Bag Reel Cover tape | Carrier tape Tube Protection Band
Resistance
Q/cm? 104to 10" | 10%to 10" | 104to 10" | 10%to 107" | 10 to 10™" 104 to 1011

Richtek Technology Corporation

14F, No. 8, Tai Yuen 13! Street, Chupei City
Hsinchu, Taiwan, R.O.C.
Tel: (8863)5526789

Richtek products are sold by description only. Richtek reserves the right to change the circuitry and/or specifications without notice at any time. Customers should
obtain the latest relevant information and data sheets before placing orders and should verify that such information is current and complete. Richtek cannot assume
responsibility for use of any circuitry other than circuitry entirely embodied in a Richtek product. Information furnished by Richtek is believed to be accurate and
reliable. However, no responsibility is assumed by Richtek or its subsidiaries for its use; nor for any infringements of patents or other rights of third parties which
may result from its use. No license is granted by implication or otherwise under any patent or patent rights of Richtek or its subsidiaries.
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20 Datasheet Revision History

Version

Date

Description

Item

04 2025/5/19

Modify

General Description on page 1
Features on page 1

Simplified Application Circuit on page 1
Ordering Information on page 1
Marking Information on page 1
Functional Pin Description on page 3
Electrical Characteristics on page 5
Typical Application Circuit on page 6
Operation on page 9

- Added Operation

Application Information on page 10 to 13
Footprint Information on page 16, 17

- Added Footprint Information

Packing Information on page 17 to 22

- Added packing information
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