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36V, 2uA lg, 100mA Low Dropout Voltage Linear Regulator

1 General Description 2 Features

The RT9058 is a low-dropout (LDO) linear voltage * 2pA Quiescent Current
regulator featuring high input voltage, low dropout o +2% Output Accuracy
voltage, ultra-low operating current, and compact ¢ 100mA Output Current

packaging. With a quiescent current as low as 2pA, the o 3.5V to 36V Input Voltage Range

RT9058 is particularly suitable for battery-powered ~ * Dropout Voltage:
devices. » 0.35V at 10mA/VCC 5V

The RT9058's stability is easily maintained with a
variety of output capacitors, including tiny ceramic
capacitors, across its wide input voltage range of 3.5V
to 36V and load current range of OmA to 100mA. The
RT9058 offers commonly output voltages of 2.5V, 3V,
3.3V, 5V, 6V, 9V, and 12V.

12v

» 0.5V at 10mA/VCC 3.5V
o Fixed Output Voltage: 2.5V, 3V, 3.3V, 5V, 6V, 9V,

o Stable with Ceramic or Tantalum Capacitors
e Current Limit Protection
e Over-Temperature Protection

e SOT-23-3, SOT-89-3 Packages

The recommended junction temperature range is

—40°C to 125°C, and the ambient temperature range 3 App"cations

is ~40°C to 85°C. « Portable, Battery Powered Equipment
¢ Ultra Low Power Microcontrollers
e Notebook Computers

4 Simplified Application Circuit

RT9058

VCCOT VCC VOUT TO

ICIN

GND
L

Vout

C
I ouT
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5 Ordering and Marking Information

Part Number Output Voltage Package Marking Information
RT9058-25GV SOT-23-3 00=
RT9058-25GVL 2.5V SOT-23-3 (L) 2A=
RT9058-25GX SOT-89-3 00=
RT9058-30GV SOT-23-3 2H=
RT9058-30GVL 3.0V SOT-23-3 (L) 2G=
RT9058-30GX SOT-89-3 10=
RT9058-33GV SOT-23-3 03=
RT9058-33GVL 3.3V SOT-23-3 (L) 2B=
RT9058-33GX SOT-89-3 01=
RT9058-50GV SOT-23-3 06=
RT9058-50GVL 5.0V SOT-23-3 (L) 2C=
RT9058-50GX SOT-89-3 02=
RT9058-60GV SOT-23-3 OR=
RT9058-60GVL 6.0V SOT-23-3 (L) 2D=
RT9058-60GX SOT-89-3 0D=
RT9058-90GV SOT-23-3 ON=
RT9058-90GVL 9.0V SOT-23-3 (L) 2E=
RT9058-90GX SOT-89-3 0C=
RT9058-COGV SOT-23-3 OM=
RT9058-COGVL 12.0v SOT-23-3 (L) 2F=
RT9058-C0OGX SOT-89-3 0B=
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6 Pin Configuration

(TOP VIEW)
GND \Y/ee
[l [l
3 3
A 2 3
A 2 A 2 I_I I_I U
O O O O
vce VOouT GND VOUT VCC GND VOUT
SOT-23-3 SOT-23-3 (L-Type) SOT-89-3
7 Functional Pin Description
Pin No. ] . )
Pin Name Pin Function

SOT-23-3 | SOT-23-3 (L-Type) | SOT-89-3

Supply input. A general 1uF ceramic capacitor
1 3 1 VCC should be placed as close as possible to this pin
for better noise rejection.

LDO output pins. A ceramic capacitor of 2.2uF or
larger (with 1uF or greater effective capacitance)
is required for stability. The output capacitor
should be placed as close to the device as
possible to minimize the resistive and inductive
impedance between the VOUT pin and the load.

2 2 3 VOUT

The exposed pad should be soldered to a large
3 1 2 GND PCB area and connected to GND to achieve
maximum power dissipation.

8 Functional Block Diagram

VCCOo nlﬂl O VOUT
OCP éRl
oTP -
GND o+ Band
gap
= Reference R2
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9 Absolute Maximum Ratings

(Note 1)
e VCCto GND -0.3V to 40V
e VOUT to GND
RT9058-C0/RT9058-60/RT9058-90 —-0.3V to 15V
RT9058-25/RT9058-30/RT9058-33/RT9058-50 -0.3V to6V
¢ VOUT to VCC -40V to 0.3V
o Power Dissipation, PD @ Ta = 25°C
SOT-23-3 0.41wW
SOT-89-3 20.6W
o Package Thermal Resistance  (Note 2)
SOT-23-3, 6JA 243.3°C/W
SOT-89-3, 61A 167.7°C/W
o Lead Temperature (Soldering, 10 sec.) 260°C

—40°C to 150°C

Junction Temperature

Storage Temperature Range
ESD Susceptibility  (Note 3)

—65°C to 150°C

HBM (Human Body Model)

2kv

Note 1. 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 2. 6,4 is measured under natural convection (still air) at Ta = 25°C with the component mounted on a high effective-
thermal-conductivity four-layer test board on a JEDEC 51-7 thermal measurement standard

Note 3. Devices are ESD sensitive. Handling precautions are recommended.

10 Recommended Operating Conditions

(Note 4)

3.5V to 36V

Supply Input Voltage, VCC

Ambient Temperature Range

—40°C to 85°C

Junction Temperature Range

—40°C to 125°C

Note 4. The device is not guaranteed to function outside its operating conditions.
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11 Electrical Characteristics

((Vout +1) <Vce < 36V, Ta = 25°C, unless otherwise specified.)

Parameter Symbol Test Conditions Min | Typ | Max Unit
Output Voltage Range 25 -- 12 \%
DC Output Accuracy ILoAD = 10mA -2 -- 2 %
Dropout Voltage ILoAaD = 10mA -- 0.3 0.5 \%
ILoAD = OmA, Vourt < 5.5V, _ 2 35
. Vce =12V :
VCC Quiescent Current o) pA
ILoAD = O0mMA, VouT > 5.5V, 3.5 5
Vce = 12V - '
Line Regulation ILoAD = 10mA -- 0.2 0.5 %
Load Regulation 0 < lLoAD < 50mA, Vcc = VouT + 2V | -0.5 -- 0.5 %
Output Current Limit Vout = 0.5 X VOUT (normal) 115 175 | 300 mA
o f=100Hz, louT = 25mA - -70 -
Power Supply Rejection Rate |PSRR dB
f =100kHz, louT = 25mA -40 -
Output Noise Voltage _ __ 27 X _
BW = 10Hz - 100kHz Von - |Cour = 1uF Vout HVRMS
Thermal Shutdown _ o
Temperature ILoAD = 30mA - 150 -- C
Thermal Shutdown Hysteresis -- 20 -- °C
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12 Typical Application Circuit

Vce OT VCC
Cin

L F

RT9058

VOUT TO Vout
Cout

1: (Effective Capacitance > 1uF)

GND
1

For stability requirements, COUT must have a minimum value of 1uF for the RT9058, 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.

Note 5. All input and output capacitive parameters recommended here refer to the effective capacitance. It is necessary to
account for any derating effects, such as DC bias, to accurately consider the effective capacitance.

Table 1. Recommended External Components

Component Description Vendor P/N
CIN 1uF, 50V, X7R, 1206 GCJ31CR71H105KA12 (Murata)
Court 2.2uF, 16V, X7R, 0805 GGM21BR71C225KA64 (Murata)
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13 Typical Operating Characteristics

Output Voltage vs. Temperature

Output Voltage vs. Output Current
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—_ —~ 334
2 332 ——— >
S 331 - — — © 332
g~ load = 0mA | N &
S 3.30 Load = 10mA L 330
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a - Load = 50mA 2 328 N Vee = 12V 1
S 328 = Vee = 24V
o~ O 326
3.27
396 3.24
' Vee = 12V, Vour = 3.3V Vour = 3.3V
325 : - - 322
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Output Voltage vs. Input Voltage Dropout Voltage vs. Temperature
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Output Current Limit vs. Temperature

PSRR
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14 Operation

The RT9058 is a high-input-voltage linear regulator designed specifically to minimize the need for external
components. The input voltage range extends from 3.5V to 36V. The minimum output capacitance required for
stable operation is an effective 1uF, considering the capacitor’s temperature and voltage coefficient. For normal
power-on operation, the slew rate of the VCC rising time should be slower than 45mV/us.

14.1  Error Amplifier

The Error Amplifier compares the feedback voltage from an internal voltage divider with an internal reference
voltage. It then adjusts the gate voltage of the P-MOSFET to maintain output voltage regulation.

14.2  Current Limit Protection

The RT9058 features a current limit function to prevent damage from output overload or short-circuit conditions.
The output current is monitored by an internal sensing transistor.

14.3 Over-Temperature Protection

The over-temperature protection function shuts off the P-MOSFET when the internal junction temperature exceeds
150°C (typical) or the output current exceeds 4mA. Once the junction temperature decreases by approximately
20°C, the regulator will automatically resume normal operation.

Copyright © 2024 Richtek Technology Corporation. All rights reserved. RICHTEWK s a registered trademark of Richtek Technology Corporation.
www.richtek.com DS9058-03 March 2024
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15 Application Information
(Note 6)

Like any low-dropout linear regulator, the RT9058 requires proper selection of external input and output capacitors
for stability and performance. An input capacitor of 1puF or larger should be used and placed close to the IC’s VCC
and GND pins. Any output capacitor that meets the minimum Equivalent Series Resistance (ESR) of 1mQ and
has an effective capacitance greater than 1uF may be used. It should be placed close to the IC’'s VOUT and GND
pins.

15.1 CiN and CouTt Selection

The RT9058 is designed to support low-series-resistance (ESR) ceramic capacitors. Because of their good
capacitive stability across different temperatures, X7R, X5R, and COG-rated ceramic capacitors are
recommended. The use of Y5V-rated capacitors is not recommended due to their large capacitance variations.

However, the capacitance of ceramic capacitors varies with operating voltage and temperature, which design
engineers need to consider. It is customary to derate ceramic capacitors by 50%. To ensure stability, an output
ceramic capacitor of 2.2uF or greater (or 1uF of effective capacitance) is suggested. The input capacitor should
be selected to minimize the transient voltage drop during load current steps; at least a 2.2uF input capacitor is
highly recommended to maintain minimal input impedance. If there is significant inductance in the traces between
the RT9058 input pin and the power supply, a fast load transient may induce voltage ringing at the VIN level that
exceeds the device's absolute maximum rating, potentially damaging it. Adding more input capacitors can help to
restrict the ringing and keep it within the device's absolute maximum ratings. These capacitors should be placed
as close as possible to the pins for optimal performance and stability.

15.2 Dropout Voltage

The dropout voltage refers to the voltage difference between the VIN and VOUT pins while operating at a specific
output current. The dropout voltage VDROP also can be expressed as the voltage drop on the pass-FET at a
specific output current (IRATED) when the pass-FET is fully operating in the ohmic region and can be characterized
as a resistance Rps(oN). Thus, the dropout voltage can be defined as Vbropr = VIN - VOUT = RDS(ON) X IRATED.
For normal operation, the suggested LDO operating range is VIN > VouT + VDROP to ensure good transient
response and PSRR performance. However, operation in the ohmic region will severely degrade the performance
severely.

15.3 Thermal Considerations

The junction temperature should never exceed the absolute maximum junction temperature TJ(MAX), listed under
Absolute Maximum Ratings, to avoid permanent damage to the device. The maximum allowable power dissipation
depends on the thermal resistance of the IC package, the PCB layout, the rate of surrounding airflow, and the
difference between the junction and ambient temperatures. The maximum power dissipation can be calculated
using the following formula:

Pbmax) = (TI(MAX) —TA) / 6IA

where TJyMmAX) is the maximum junction temperature, TA is the ambient temperature, and 6Ja is the junction-to-
ambient thermal resistance.

Copyright © 2024 Richtek Technology Corporation. All rights reserved.  IRICHTEMK s a registered trademark of Richtek Technology Corporation.
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For continuous operation, the maximum operating junction temperature indicated under Recommended Operating
Conditions is 125°C. The junction-to-ambient thermal resistance, 0Ja, is highly package dependent. For a SOT-
23-3 package, the thermal resistance, 0Ja, is 243.3°C/W on a standard JEDEC 51-7 high effective-thermal-
conductivity four-layer test board. For a SOT-89-3 package, the thermal resistance, 0Ja, is 167.7°C/W on a
standard JEDEC 51-7 high effective-thermal-conductivity four-layer test board. The maximum power dissipation
at TA = 25°C can be calculated as below:

PbMAX) = (125°C - 25°C) / (243.3°C/W) = 0.41W for a SOT-23-3 package.
Pbmax) = (125°C - 25°C) / (167.7°C/W) = 0.6W for a SOT-89-3 package.
The maximum power dissipation depends on the operating ambient temperature for the fixed Tiax) and the

thermal resistance, 63Ja. The derating curves in Figure 1 allow the designer to see the effect of rising ambient
temperature on the maximum power dissipation.

0.7

06

0.5

04

0.3

0.2

0.1

Maximum Power Dissipation (W)

0.0

\
SOT-89-3
|

Four—LIayer PCB

SOT-23-3

N

N

NN

25

50 75

100 125

Ambient Temperature (°C)

Figure 1. Derating Curve of Maximum Power Dissipation

Note 6. 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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16 Outline Dimension

L
i

H

———H—-—

1
@1 |

i1
L — % A1
Dimensions In Millimeters Dimensions In Inches
Symbol : :
Min Max Min Max
A 0.889 1.295 0.035 0.051
Al 0.000 0.152 0.000 0.006
B 1.397 1.803 0.055 0.071
b 0.356 0.508 0.014 0.020
C 2.501 2.997 0.102 0.118
D 2.692 3.099 0.106 0.122
e 1.803 2.007 0.071 0.079
0.080 0.254 0.003 0.010
0.300 0.610 0.012 0.024

SOT-23-3 Surface Mount Package
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:b: :b:
b1
Dimensions In Millimeters Dimensions In Inches
Symbol . -
Min Max Min Max
A 1.397 1.600 0.055 0.063
b 0.356 0.483 0.014 0.019
B 2.388 2.501 0.094 0.102
b1l 0.406 0.533 0.016 0.021
C 3.937 4.242 0.155 0.167
C1 0.787 1.194 0.031 0.047
D 4.394 4.597 0.173 0.181
D1 1.397 1.753 0.055 0.069
e 1.448 1.549 0.057 0.061
H 0.356 0.432 0.014 0.017

3-Lead SOT-89 Surface Mount Package
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17 Footprint Information

— L - = | - - = = A
[
[
[
I
- P2 .
- ) -
M
Number of Footprint Dimension (mm)
Package ) Tolerance
Pin P1 P2 A B C D M
TSOT-23/SOT-23 3 0.95 1.90 3.60 1.60 1.00 0.80 2.70 +0.10

Copyright © 2024 Richtek Technology Corporation. All rights reserved.  IRICHTEMK s a registered trademark of Richtek Technology Corporation.
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M
Number of Footprint Dimension (mm)
Package ) Tolerance
Pin P1 P2 A B C D D1 D2 M
SOT-89 3 150 | 3.00 | 510 | 340 | 1.50 | 1.00 | 2.20 | 1.00 | 4.00 +0.10
Copyright © 2024 Richtek Technology Corporation. All rights reserved. RICHTEWK s a registered trademark of Richtek Technology Corporation.
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18 Packing Information

18.1 Tape and Reel Data - SOT-23-3
SOT/TSOT-23-3: I
P, / \
||IIII -~ -‘\‘ .\"I W
Pt | f o 11 \
C 1O O O I A o T | o
r | \.‘x /.-' ,'I
HEEEE)
/ | ¢ \ /
PIN 1/ Feed Direction > —-4—‘-—w2
arrier Tape
END Round Sprocket Holes START
6603330000 00F2 009009000 oo e
r r r r
T T T T
4 - e { & i— 2 —If
L..J..J I._L_.u I__L_l L_L,l .L Lr_L_.a [
Trailer Leader
=—160 mm minimum, ——=~—Components ——=——=600 mm Minimum, —
Tape Size Pocket Pitch Reel Size (A) Units Trailer Leader Reel Width (W2)
Package Type
PPy mm) | @ymm) [T | perReel | (M) | (MM) | in /Max, (mm)
SOTZ/;_ §OT' 8 4 180 | 7 | 3000 | 160 | 600 8.4/9.9
= H
A I {]3’—‘“ C, D, and K are determined by component size.
T n W~ o WO o o SO o 1Y L - -
[ ¥ v v oo o The clearance between the components and
W1 * ~ ~ ~ —~ the cavity is as follows:
G U {J 1, i, O
‘ - For 8mm carrier tape: 0.5mm max.
P | |
5 K
WA1 P B F aJ H
Tape Size
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 0.6mm
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18.2

Tape and Reel Data - SOT-89-3

SOT-89:

Feed Direction

END

>

arrier Tape

Round Sprocket Holes

630 333 6300 cT 0000000080000

/ T \
|'I
\.\ o /

START

)

iwd’#

I—T

T
a‘#F&

LLJI_TLJI__LJL_LA

i

T
1

r’“‘j
4—@—}

LL_J LuLJ

]

'l—‘}‘—“

Trailer
~—160 mm minimum, ——=

~—Components —

Leader

-——600 mm Minimum, —=

Tape Size | Pocket Pitch | Reel Size (A) Units Trailer | Leader | Reel Width (W2)
Package Type
P wymm) | @ymm) | T | perReel | (MM) | (MM) | in Max, (mm)
SOT-89 12 8 180 7 1,000 160 600 12.4/14.4
. - _$’_ C, D, and K are determined by component size.
T o N o S o o S o Y L -
f v v A o The clearance between the components and
W1 } N Py e N the cavity is as follows:
C o o o o O
‘ - For 12mm carrier tape: 0.5mm max.
Fi |
5 K
WA1 P B F aJ H
Tape Size
Max. Min. Max. Min. Max. Min. Max. Min. Max. Max.
12mm 12.3mm | 7.9mm | 8.1mm | 1.65mm | 1.85mm | 3.9mm | 4.1mm | 1.5mm | 1.6mm 0.6mm
Copyright © 2024 Richtek Technology Corporation. All rights reserved. RICHTEMK is a registered trademark of Richtek Technology Corporation.
www.richtek.com DS9058-03 March 2024
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RT9058

18.3 Tape and Reel Packing - SOT-23-3
Step Photo/Description Step Photo/Description
SR g ¢
R
LR
Reel 77 3 reels per inner box Box A
L
i AV 2yl
‘é 4 & |
1 e
R i
2 5 | el __a
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
Box A 3 9,000 Carton A 12 108,000
SOT/TSOT-23-3 7 3,000
Box E 1 3,000 For Combined or Partial Reel.
Copyright © 2024 Richtek Technology Corporation. All rights reserved.  IRICHTEMK s a registered trademark of Richtek Technology Corporation.
DS9058-03 March 2024
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RICHTEK

18.4 Tape and Reel Packing - SOT-89-3
Step Photo/Description Step Photo/Description
e g _—
TR R 7
R
LR
Reel 77 3 reels per inner box Box A
IR
[ A o 444 —
‘é 4 & |
D o 5%
% T e :
2 5 : e — ,
§ bt |
§ -
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
Box A 3 3,000 Carton A 12 36,000
SOT-89 7 1,000
Box E 1 1,000 For Combined or Partial Reel.

Copyright © 2024 Richtek Technology Corporation. All rights reserved.

RICHTELW is aregistered trademark of Richtek Technology Corporation.
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RICHTEK RT9058

18.5 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 18t 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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General Description on P1
Functional Pin Description on P4
. Typical Application Circuit on P7
03 2024/3/26 Modify Application Information on P11
Footprint Information on P15, 16
Packing Information on P17 to 21
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