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FEATURES

DESCRIPTION

20V, 500mA, Ultralow Noise, 
Ultrahigh PSRR Linear Regulator

The LT®3045-EP is a high performance low dropout linear 
regulator featuring LTC’s ultralow noise and ultrahigh PSRR  
architecture for powering noise sensitive applications. 
Designed as a precision current reference followed by a 
high performance voltage buffer, the LT3045-EP can be 
easily paralleled to further reduce noise, increase output 
current and spread heat on the PCB.

The device supplies 500mA at a typical 260mV dropout 
voltage. Operating quiescent current is nominally 2.2mA 
and drops to <<1µA in shutdown. The LT3045-EP’s wide 
output voltage range (0V to 15V) while maintaining unity-
gain operation provides virtually constant output noise, 
PSRR, bandwidth and load regulation, independent of the 
programmed output voltage. Additionally, the regulator 
features programmable current limit, fast start-up capa-
bility and programmable power good to indicate output 
voltage regulation.

The LT3045-EP is stable with a minimum 10µF ceramic 
output capacitor. Built-in protection includes reverse-
battery protection, reverse-current protection, internal 
current limit with foldback and thermal limit with hysteresis. 
The LT3045-EP is available in thermally enhanced 12-
Lead MSOP package. Additional application and technical 
information can be found in LT3045 data sheet.

ENHANCED PRODUCT FEATURES

APPLICATIONS
 n Ultralow RMS Noise: 0.8µVRMS (10Hz to 100kHz)
 n Ultralow Spot Noise: 2nV/√Hz at 10kHz
 n Ultrahigh PSRR: 76dB at 1MHz
 n Output Current: 500mA
 n Wide Input Voltage Range: 1.8V to 20V
 n Single Capacitor Improves Noise and PSRR
 n 100µA SET Pin Current: ±1% Initial Accuracy
 n Single Resistor Programs Output Voltage
 n High Bandwidth: 1MHz
 n Programmable Current Limit
 n Low Dropout Voltage: 260mV
 n Output Voltage Range: 0V to 15V
 n Programmable Power Good
 n Fast Start-Up Capability
 n Precision Enable/UVLO
 n Parallelable for Lower Noise and Higher Current
 n Internal Current Limit with Foldback
 n Minimum Output Capacitor: 10µF Ceramic
 n Reverse-Battery and Reverse-Current Protection
 n 12-Lead MSOP Package

 n Supports Defense and Aerospace Applications (AQEC 
Standard)

 n Military Temperature Range (–55°C to 150°C)
 n Controlled Manufacturing Baseline
 n One Assembly/Test Site
 n One Fabrication Site
 n Product Change Notification
 n Qualification Data Available on Request

 n RF Power Supplies: PLLs, VCOs, Mixers, LNAs, PAs
 n Very Low Noise Instrumentation
 n High Speed/High Precision Data Converters
 n Medical Applications: Imaging, Diagnostics
 n Precision Power Supplies 
 n Post-Regulator for Switching Supplies

All registered trademarks and trademarks are the property of their respective owners.
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PIN CONFIGURATIONABSOLUTE MAXIMUM RATINGS

IN Pin Voltage .........................................................±22V
EN/UV Pin Voltage ..................................................±22V
IN-to-EN/UV Differential..........................................±22V
PG Pin Voltage (Note 10) ...............................–0.3V, 22V
ILIM Pin Voltage (Note 10) ...............................–0.3V, 1V
PGFB Pin Voltage (Note 10) ...........................–0.3V, 22V
SET Pin Voltage (Note 10) ..............................–0.3V, 16V
SET Pin Current (Note 7) .................................... ±20mA
OUTS Pin Voltage (Note 10) ...........................–0.3V, 16V
OUTS Pin Current (Note 7) ................................. ±20mA
OUT Pin Voltage (Note 10) .............................–0.3V, 16V
OUT-to-OUTS Differential (Note 14) ....................... ±1.2V
IN-to-OUT Differential .............................................±22V
IN-to-OUTS Differential ...........................................±22V
Output Short-Circuit Duration .......................... Indefinite
Operating Junction Temperature Range (Note 9) 

H-Grade, ............................................ –55°C to 150°C
Storage Temperature Range .............. –65°C to 150°C

Lead Temperature (Soldering, 10 Sec)
 MSE Package  ................................................... 300°C

(Note 1)

ORDER INFORMATION
LEAD FREE FINISH PART MARKING PACKAGE DESCRIPTION TEMPERATURE RANGE

LT3045HMSE#Z-EP 3045EP 12-Lead Plastic MSOP –55°C to 150°C

ELECTRICAL CHARACTERISTICS The l denotes the specifications which apply over the full operating 
temperature range, otherwise specifications are at TA = 25°C.
PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Voltage Range l 2 20 V

Minimum IN Pin Voltage 
(Note 2)

ILOAD = 500mA, VIN UVLO Rising 
VIN UVLO Hysteresis

l 1.78 
75

2 V 
mV

Output Voltage Range VIN > VOUT l 0 15 V

SET Pin Current (ISET) VIN = 2V, ILOAD = 1mA, VOUT = 1.3V 
2V < VIN < 20V, 0V < VOUT < 15V, 1mA < ILOAD < 500mA (Note 3)

 

l

99 
98

100 
100

101 
102

µA 
µA

Fast Start-Up Set Pin 
Current

VPGFB = 289mV, VIN = 2.8V, VSET = 1.3V 2 mA

Output Offset Voltage 
VOS (VOUT – VSET)  
(Note 4)

VIN = 2V, ILOAD = 1mA, VOUT = 1.3V 
2V < VIN < 20V, 0V < VOUT < 15V, 1mA < ILOAD < 500mA (Note 3)

 

l

–1 
–2

1 
2

mV 
mV

Line Regulation: ∆ISET 
Line Regulation: ∆VOS

VIN = 2V to 20V, ILOAD = 1mA, VOUT = 1.3V 
VIN = 2V to 20V, ILOAD = 1mA, VOUT = 1.3V (Note 4)

l 

l

0.5 
0.5

±2 
±3

nA/V 
µV/V

1
2
3
4
5
6

IN
IN
IN

EN/UV
PG

ILIM

12
11
10
9
8
7

OUT
OUT
OUTS
GND
SET
PGFB

TOP VIEW

MSE PACKAGE
12-LEAD PLASTIC MSOP

TJMAX = 150°C, θJA = 33°C/W, θJC = 8°C/W
EXPOSED PAD (PIN 13) IS GND, MUST BE SOLDERED TO PCB

13
GND
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ELECTRICAL CHARACTERISTICS The l denotes the specifications which apply over the full operating 
temperature range, otherwise specifications are at TA = 25°C.
PARAMETER CONDITIONS MIN TYP MAX UNITS
Load Regulation: ∆ISET 
Load Regulation: ∆VOS

ILOAD = 1mA to 500mA, VIN = 2V, VOUT = 1.3V 
ILOAD = 1mA to 500mA, VIN = 2V, VOUT = 1.3V (Note 4)

 

l

3 
0.1

 
0.5

nA 
mV

Change in ISET with VSET 
Change in VOS with VSET 
Change in ISET with VSET 
Change in VOS with VSET

VSET = 1.3V to 15V, VIN = 20V, ILOAD = 1mA 
VSET = 1.3V to 15V, VIN = 20V, ILOAD = 1mA (Note 4) 
VSET = 0V to 1.3V, VIN = 20V, ILOAD = 1mA 
VSET = 0V to 1.3V, VIN = 20V, ILOAD = 1mA (Note 4)

l 

l 

l 

l

30 
0.03 
150 
0.3

400 
0.6 
600 

2

nA 
mV 
nA 

mV

Dropout Voltage ILOAD = 1mA, 50mA  

l

220 275 
330

mV 
mV

ILOAD = 300mA (Note 5)  

l

220 280 
350

mV 
mV

ILOAD = 500mA (Note 5)  

l

260 350 
450

mV 
mV

GND Pin Current 
VIN = VOUT(NOMINAL) 
(Note 6)

ILOAD = 10µA 
ILOAD = 1mA 
ILOAD = 50mA 
ILOAD = 100mA 
ILOAD = 500mA

 

l 

l 

l 

l

2.2 
2.4 
3.5 
4.3 
15

 
4 

5.5 
7 

25

mA 
mA 
mA 
mA 
mA

Output Noise Spectral 
Density (Notes 4, 8)

ILOAD = 500mA, Frequency = 10Hz, COUT = 10µF, CSET = 0.47µF, VOUT = 3.3V 
ILOAD = 500mA, Frequency = 10Hz, COUT = 10µF, CSET = 4.7µF, 1.3V ≤ VOUT ≤ 15V 
ILOAD = 500mA, Frequency = 10kHz, COUT = 10µF, CSET = 0.47µF, 1.3V ≤ VOUT ≤ 15V 
ILOAD = 500mA, Frequency = 10kHz, COUT = 10µF, CSET = 0.47µF, 0V ≤ VOUT < 1.3V

500 
70 
2 
5

nV/√Hz 
nV/√Hz 
nV/√Hz 
nV/√Hz

Output RMS Noise 
(Notes 4, 8)

ILOAD = 500mA, BW = 10Hz to 100kHz, COUT = 10µF, CSET = 0.47µF, VOUT = 3.3V 
ILOAD = 500mA, BW = 10Hz to 100kHz, COUT = 10µF, CSET = 4.7µF, 1.3V ≤ VOUT ≤ 15V 
ILOAD = 500mA, BW = 10Hz to 100kHz, COUT = 10µF, CSET = 4.7µF, 0V ≤ VOUT < 1.3V

2.5 
0.8 
1.8

µVRMS 
µVRMS 
µVRMS

Reference Current RMS 
Output Noise (Notes 4, 8)

BW = 10Hz to 100kHz 6 nARMS

Ripple Rejection 
1.3V ≤ VOUT ≤ 15V 
VIN – VOUT = 2V (Avg) 
(Notes 4, 8)

VRIPPLE = 500mVP-P, fRIPPLE = 120Hz, ILOAD = 500mA, COUT = 10µF, CSET = 4.7µF 
VRIPPLE = 150mVP-P, fRIPPLE = 10kHz, ILOAD = 500mA, COUT = 10µF, CSET = 0.47µF 
VRIPPLE = 150mVP-P, fRIPPLE = 100kHz, ILOAD = 500mA, COUT = 10µF, CSET = 0.47µF 
VRIPPLE = 150mVP-P, fRIPPLE = 1MHz, ILOAD = 500mA, COUT = 10µF, CSET = 0.47µF 
VRIPPLE = 80mVP-P, fRIPPLE = 10MHz, ILOAD = 500mA, COUT = 10µF, CSET = 0.47µF

117 
90 
77 
76 
53

dB 
dB 
dB 
dB 
dB

Ripple Rejection 
0V ≤ VOUT < 1.3V 
VIN – VOUT = 2V (Avg) 
(Notes 4, 8)

VRIPPLE = 500mVP-P, fRIPPLE = 120Hz, ILOAD = 500mA, COUT = 10µF, CSET = 0.47µF 
VRIPPLE = 50mVP-P, fRIPPLE = 10kHz, ILOAD = 500mA, COUT = 10µF, CSET = 0.47µF 
VRIPPLE = 50mVP-P, fRIPPLE = 100kHz, ILOAD = 500mA, COUT = 10µF, CSET = 0.47µF 
VRIPPLE = 50mVP-P, fRIPPLE = 1MHz, ILOAD = 500mA, COUT = 10µF, CSET = 0.47µF 
VRIPPLE = 50mVP-P, fRIPPLE = 10MHz, ILOAD = 500mA, COUT = 10µF, CSET = 0.47µF

104 
85 
72 
64 
54

dB 
dB 
dB 
dB 
dB

EN/UV Pin Threshold EN/UV Trip Point Rising (Turn-On), VIN = 2V l 1.18 1.24 1.32 V

EN/UV Pin Hysteresis EN/UV Trip Point Hysteresis, VIN = 2V 130 mV

EN/UV Pin Current VEN/UV = 0V, VIN = 20V 
VEN/UV = 1.24V, VIN = 20V 
VEN/UV = 20V, VIN = 0V

l 

 

l

 
0.03 

8

±1 
 

15

µA 
µA 
µA

Quiescent Current in 
Shutdown (VEN/UV = 0V)

VIN = 6V 
TJ ≤ 150°C (H-Grade)

 

l

0.3 1 
20

µA 
µA

Internal Current Limit 
(Note 12)

VIN = 2V, VOUT = 0V 
VIN = 12V, VOUT = 0V 
VIN = 20V, VOUT = 0V

l 

 

l

570 
 

230

710 
700 
330

850 
 

430

mA 
mA 
mA

Programmable  
Current Limit

Programming Scale Factor: 2V < VIN < 20V (Note 11) 
VIN = 2V, VOUT = 0V, RILIM = 300Ω 
VIN = 2V, VOUT = 0V, RILIM = 1.5kΩ

 

l 

l

 
450 
90

150 
500 
100

 
550 
110

mA • kΩ 
mA 
mA
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ELECTRICAL CHARACTERISTICS The l denotes the specifications which apply over the full operating 
temperature range, otherwise specifications are at TA = 25°C.
PARAMETER CONDITIONS MIN TYP MAX UNITS
PGFB Trip Point PGFB Trip Point Rising l 291 300 309 mV

PGFB Hysteresis PGFB Trip Point Hysteresis 7 mV

PGFB Pin Current VIN = 2V, VPGFB = 300mV (Current Flows Out of Pin) 25 nA

PG Output Low Voltage IPG = 100µA l 30 100 mV

PG Leakage Current VPG = 20V l 1 µA

Reverse Input Current VIN = –20V, VEN/UV = 0V, VOUT = 0V, VSET = 0V l 100 µA

Reverse Output Current VIN = 0, VOUT = 5V, SET = Open 14 25 µA

Minimum Load Required  
(Note 13)

VOUT < 1V l 10 µA

Thermal Shutdown TJ Rising 
Hysteresis

165 
8

°C 
°C

Start-Up Time VOUT(NOM) = 5V, ILOAD = 500mA, CSET = 0.47µF, VIN = 6V, VPGFB = 6V 
VOUT(NOM) = 5V, ILOAD = 500mA, CSET = 4.7µF, VIN = 6V, VPGFB = 6V 
VOUT(NOM) = 5V, ILOAD = 500mA, CSET = 4.7µF, VIN = 6V, RPG1 = 50kΩ,  
RPG2 = 700kΩ (with Fast Start-Up to 90% of VOUT)

55 
550 
10

ms 
ms 
ms

Thermal Regulation 10ms Pulse –0.01 %/W

Note 1: Stresses beyond those listed under Absolute Maximum Ratings 
may cause permanent damage to the device. Exposure to any Absolute 
Maximum Rating condition for extended periods may affect device 
reliability and lifetime.
Note 2: The EN/UV pin threshold must be met to ensure device operation.
Note 3: Maximum junction temperature limits operating conditions. The 
regulated output voltage specification does not apply for all possible 
combinations of input voltage and output current, especially due to the 
internal current limit foldback which starts to decrease current limit at  
VIN – VOUT > 12V. If operating at maximum output current, limit the input 
voltage range. If operating at the maximum input voltage, limit the output 
current range.
Note 4: OUTS ties directly to OUT.
Note 5: Dropout voltage is the minimum input-to-output differential 
voltage needed to maintain regulation at a specified output current. The 
dropout voltage is measured when output is 1% out of regulation. This 
definition results in a higher dropout voltage compared to hard dropout 
— which is measured when VIN = VOUT(NOMINAL). For lower output 
voltages, below 1.5V, dropout voltage is limited by the minimum input 
voltage specification. Please consult the LT3045 Typical Performance 
Characteristics for curves of dropout voltage as a function of output load 
current and temperature measured in a typical application circuit.
Note 6: GND pin current is tested with VIN = VOUT(NOMINAL) and a current 
source load. Therefore, the device is tested while operating in dropout. This 
is the worst-case GND pin current. GND pin current decreases at higher 
input voltages. Note that GND pin current does not include SET pin or ILIM 
pin current but Quiescent current does include them.
Note 7: SET and OUTS pins are clamped using diodes and two 25Ω series 
resistors. For less than 5ms transients, this clamp circuitry can carry more 

than the rated current. Refer to LT3045 Applications Information for more 
information.
Note 8: Adding a capacitor across the SET pin resistor decreases output 
voltage noise. Adding this capacitor bypasses the SET pin resistor’s 
thermal noise as well as the reference current’s noise. The output noise 
then equals the error amplifier noise. Use of a SET pin bypass capacitor 
also increases start-up time.
Note 9: The LT3045-EP is tested and specified under pulsed load 
conditions such that TJ ≈ TA. High junction temperatures degrade operating 
lifetimes. Operating lifetime is derated at junction temperatures greater 
than 125°C.
Note 10: Parasitic diodes exist internally between the ILIM, PG, PGFB, SET, 
OUTS, and OUT pins and the GND pin. Do not drive these pins more than 
0.3V below the GND pin during a fault condition. These pins must remain at 
a voltage more positive than GND during normal operation.
Note 11: The current limit programming scale factor is specified while the 
internal backup current limit is not active. Note that the internal current 
limit has foldback protection for VIN – VOUT differentials greater than 12V.
Note 12: The internal back-up current limit circuitry incorporates foldback 
protection that decreases current limit for VIN – VOUT > 12V. Some level of 
output current is provided at all VIN – VOUT differential voltages. Consult 
the LT3045 Typical Performance Characteristics graph for current limit vs 
VIN – VOUT.
Note 13: For output voltages less than 1V, the LT3045-EP requires a 10µA 
minimum load current for stability.
Note 14: Maximum OUT-to-OUTS differential is guaranteed by design.

https://www.analog.com/LT3045?doc=LT3045-EP.pdf
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PIN FUNCTIONS
IN (Pins 1, 2, 3): Input. These pins supply power to the 
regulator. The LT3045-EP requires a bypass capacitor at 
the IN pin. In general, a battery’s output impedance rises 
with frequency, so include a bypass capacitor in battery-
powered applications. While a 4.7µF input bypass capacitor 
generally suffices, applications with large load transients 
may require higher input capacitance to prevent input 
supply droop. Consult the LT3045 Applications Informa-
tion section on the proper use of an input capacitor and 
its effect on circuit performance, in particular PSRR. The 
LT3045-EP withstands reverse voltages on IN with respect 
to GND, OUTS and OUT. In the case of a reversed input, 
which occurs if a battery is plugged-in backwards, the 
LT3045-EP acts as if a diode is in series with its input. 
Hence, no reverse current flows into the LT3045-EP and no 
negative voltage appears at the load. The device protects 
itself and the load.

EN/UV (Pin 4): Enable/UVLO. Pulling the LT3045-EP’s EN/
UV pin low places the part in shutdown. Quiescent cur-
rent in shutdown drops to less than 1µA and the output 
voltage turns off. Alternatively, the EN/UV pin can set an 
input supply undervoltage lockout (UVLO) threshold us-
ing a resistor divider between IN, EN/UV and GND. The 
LT3045-EP typically turns on when the EN/UV voltage 
exceeds 1.24V on its rising edge, with a 130mV hysteresis 
on its falling edge. The EN/UV pin can be driven above the 
input voltage and maintain proper functionality. If unused, 
tie EN/UV to IN. Do not float the EN/UV pin.

PG (Pin 5): Power Good. PG is an open-collector flag 
that indicates output voltage regulation. PG pulls low if 
PGFB is below 300mV. If the power good functionality is 
not needed, float the PG pin. A parasitic substrate diode 
exists between PG and GND pins of the LT3045-EP; do 
not drive PG more than 0.3V below GND during normal 
operation or during a fault condition.

ILIM (Pin 6): Current Limit Programming Pin. Connecting a 
resistor between ILIM and GND programs the current limit. 
For best accuracy, Kelvin connect this resistor directly to 
the LT3045-EP’s GND pin. The programming scale factor 

is nominally 150mA•kΩ. The ILIM pin sources current 
proportional (1:500) to output current; therefore, it also 
serves as a current monitoring pin with a 0V to 300mV 
range. If the programmable current limit functionality is 
not needed, tie ILIM to GND. A parasitic substrate diode 
exists between ILIM and GND pins of the LT3045-EP; do 
not drive ILIM more than 0.3V below GND during normal 
operation or during a fault condition.

PGFB (Pin 7): Power Good Feedback. The PG pin pulls 
high if PGFB increases beyond 300mV on its rising edge, 
with 7mV hysteresis on its falling edge. Connecting an 
external resistor divider between OUT, PGFB and GND 
sets the programmable power good threshold with the 
following transfer function: 0.3V • (1 + RPG2/RPG1). As 
discussed in the LT3045 Applications Information section, 
PGFB also activates the fast start-up circuitry. Tie PGFB 
to IN if power good and fast start-up functionalities are 
not needed, and if reverse input protection is additionally 
required, tie the anode of a 1N4148 diode to IN and its 
cathode to PGFB. See the LT3045 Typical Applications sec-
tion for details. A parasitic substrate diode exists between 
PGFB and GND pins of the LT3045-EP; do not drive PGFB 
more than 0.3V below GND during normal operation or 
during a fault condition.

SET (Pin 8): SET. This pin is the inverting input of the er-
ror amplifier and the regulation set-point for the LT3045-
EP. SET sources a precision 100µA current that flows 
through an external resistor connected between SET and 
GND. The LT3045-EP’s output voltage is determined by 
VSET = ISET • RSET. Output voltage range is from zero to 
15V. Adding a capacitor from SET to GND improves noise, 
PSRR and transient response at the expense of increased 
start-up time. For optimum load regulation, Kelvin con-
nect the ground side of the SET pin resistor directly to 
the load. A parasitic substrate diode exists between SET 
and GND pins of the LT3045-EP; do not drive SET more 
than 0.3V below GND during normal operation or during 
a fault condition.

https://www.analog.com/LT3045?doc=LT3045-EP.pdf
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PIN FUNCTIONS
GND (Pin 9, Exposed Pad Pin 13): Ground. The exposed 
backside is an electrical connection to GND. To ensure 
proper electrical and thermal performance, solder the 
exposed backside to the PCB ground and tie it directly 
to the GND pin.

OUTS (Pin 10): Output Sense. This pin is the noninvert-
ing input to the error amplifier. For optimal transient 
performance and load regulation, Kelvin connect OUTS 
directly to the output capacitor and the load. Also, tie the 
GND connections of the output capacitor and the SET pin 
capacitor directly together. A parasitic substrate diode ex-
ists between OUTS and GND pins of the LT3045-EP; do 

not drive OUTS more than 0.3V below GND during normal 
operation or during a fault condition.

OUT (Pins 11, 12): Output. This pin supplies power to the 
load. For stability, use a minimum 10µF output capacitor 
with an ESR below 20mΩ and an ESL below 2nH. Large 
load transients require larger output capacitance to limit 
peak voltage transients. Refer to the LT3045 Applications 
Information section for more information on output ca-
pacitance. A parasitic substrate diode exists between OUT 
and GND pins of the LT3045-EP; do not drive OUT more 
than 0.3V below GND during normal operation or during 
a fault condition.
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PACKAGE DESCRIPTION
12-Lead Mini Small Outline Package with Exposed Pad [MINI_SO_EP]

(RH-12-1)
Dimensions shown in millimeters

4.141
3.937

5.052
4.748

0.38
0.22

0.15
0.05

0.682
0.378

3.102
2.898

TOP VIEW

BOTTOM VIEW

SIDE VIEW END VIEW

01
-2

5-
20

21
-A

PK
G

-0
06

24
5

1

6

712

0.395 REF 2.65 REF

3.15 REF

0.95 REF

1.70
REF

0.81
REF

0.65 BSC

0.86
REF1.10 MAX 0.230

0.127

COPLANARITY
0.10

0.25 GAGE
PLANE

6°
0°

PIN 1
INDICATOR

0.65 BSC

EXPOSED
PAD

SEATING
PLANE

RECOMMENDED SOLDER PAD LAYOUT
APPLY SOLDER MASK TO AREAS THAT ARE NOT SOLDERED

0.889 ± 0.127

5.10

2.65 ± 0.102

3.20 – 3.45 1.70 ± 0.102

0.42 ± 0.038
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