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4uVRMS Ultra-Low-Noise 1A LDO with MAX38913
Two-Level Output Voltage Selection

The MAX38913 is a low-noise linear regulator that  Delivers Flexible Output Range
delivers up to 1A of load current with as low as 4pVRms + 1.8V to 5.5V Input Voltage Range

of output noise. The MAX38913 can dynamically change * 0.6V to 5.0V Output Voltage Range
its output voltage between two separate levels. The * 1A Maximum Output Current
MAX38913 has the pass-through mode which, when * 28mV Dropout at 1A Load Current and 5.0V Supply
enabled, completely bypasses the linear regulator. * 33mV Dropout at 1A Load Current and 3.6V Supply
e Excellent DC and AC Performance
* 1% Regulation over Line, Load, and Temperature
* 4uVRms of Output Noise, 10Hz to 100kHz

This regulator maintains £+1% output accuracy over a
wide input voltage range, temperature, and load
conditions. The no-load quiescent current in the

regulation mode is 1.37mA. During the pass-through * 75dB PSRR at 10kHz

mode, unlike the conventional dropout mode of an LDO, e High-Level System Integration

the MAX38913 consumes very little quiescent current. * Integrated Pass-Through Function

The MAX38913 has a 6Q active discharge feature to » Fast Active Discharge of 6Q at OUT
quickly discharge output capacitors of up to 300uF. * Dynamic Two-Level Voltage Scaling with 33

Levels for Each Option for Flexible Configuration
« Stable with 4uF (Minimum Capacitance)

. » Overcurrent and Overtemperature Protection
The MAX38913 is packaged in either a space-saving « Power-OK/Power-on-Reset Output

12-bump WLP or a full-featured 3mm x 3mm, 14-pin
TDFN package. Optional power-OK and power-on-reset

The MAX38913 has 33 programmable output-voltage
settings for both voltage selections.

Operation Temperature Range from -40°C to +125°C

. . - . . Package
ins are available in the 14-pin TDFN version. .
P P * 12-Bump, 0.4mm-Pitch WLP
Applications * 14-Pin, 3mm x 3mm TDFN
e Image Sensors
e Portable Sensor Applications
e SD Memory Cards
Ordering Information appears at end of data sheet.
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MAX38913

Absolute Maximum Ratings

IN, OUT, OUTS t0 GND ....cceiiieiiiieieeeeeceeea -0.3V to +6V
BYP 0 GND....oiiiiiieiiiec e -0.3V to +2V
EN1, EN2, POK, PORB to GND......cccceceeviiriennene -0.3V to +6V
RSEL1, RSEL2 t0 GND ......cccveveevieeiienee -0.3Vto V|N + 0.3V
Output Short-Circuit Duration...........ccccccvveecuvreenen. Continuous

Continuous Power Dissipation (Tp = +70°C)..c.cccevviiieeniieennenne
WLP (derate 13.73mW/°C above +70°C)................... 1096mwW

4uVRMS Ultra-Low-Noise 1A LDO with
Two-Level Output Voltage Selection

TDFN (derate 24.4mW/°C above +70°C)................ 1951.2mW
Operating Junction Temperature Range......... -40°C to +125°C
Maximum Junction Temperature............cccocceeevieennnenn. +150°C
Storage Temperature Range...........ccccccoceene. -65°C to +150°C
Lead Temperature (soldering, 10 seconds) .................. +300°C
Soldering Temperature (reflow).........cccocvevveeeicieeeennen. +260°C

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 for extended periods may affect

device reliability.

Package Information
WLP

Package Code

N121E1+1

Outline Number

21-100500

Land Pattern Number

Refer to Application Note 1891

Thermal Resistance, Four-Layer Board:

Junction to Ambient (64a) 72.82°C/W

Junction to Case (8Jc) N/A
TDFN

Package Code T1433+2C

Outline Number 21-0137

Land Pattern Number 90-0063

Thermal Resistance, Single Layer Board:

Junction to Ambient (8JA) 54°C/W

Junction to Case (8Jc) 8°C/wW

Thermal Resistance, Four Layer Board:

Junction to Ambient (6uA) 41°C/W

Junction to Case (8Jc) 8°C/W

For the latest package outline information and land patterns (footprints), go to www.maximintegrated.com/packages. Note that a “+”, “#”, or
“”in the package code indicates RoHS status only. Package drawings may show a different suffix character, but the drawing pertains to the

package regardless of RoHS status.

Package thermal resistances were obtained using the method described in JEDEC specification JESD51-7, using a four-layer board. For
detailed information on package thermal considerations, refer to www.maximintegrated.com/thermal-tutorial.
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MAX38913

Electrical Characteristics
(VIN = 3.6V, VouT = 3.3V, VouTts = VouT, Ty = -40°C to +125°C, Cgyp = 10nF, C|y = 10puF, CoyTt = 10pF, VEN1 = VEN2 = 3.6V,
Typical values are at Tj = +25°C, unless otherwise specified.)

4uVRMS Ultra-Low-Noise 1A LDO with
Two-Level Output Voltage Selection

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Input Voltage Range VIN Guaranteed by output accuracy 1.8 5.5 \%
Input Undervoltage VIN uvLO VN rising, 50mV hysteresis 1.7 1.75 1.8 \Y
Lockout -

Output Voltage Range Vour Guaranteed by output accuracy 0.6 5 \%
Output Capacitance Cout Necessary for loop stability 4 10 uF
Ty =+25°C 0.2 1
Shutdown Supply IIN_SD VEN1 = VEN2 = 0V uA
Current Ty=+125°C 1.2
Current Limit ILim Vourts =0V, VN - Vourt = 500mV 1.15 1.4 1.65 A
C.urrent-Limit Response i 3 us
Time
BYP Capacitor Range Cayp Necessary for regulator to remain stable 10 100 nF
F BYP to GND during start
BYP Soft-Start Current Isyp Vrom _ 0\/0 GND during startup, 40 50 60 pA
OUTS =
VIH ViN=1.8V1t05.5V | VEN1, VEN2 rising 0.8 1.2
EN I Threshol Y
nput Threshold Vi VIN=18V1055V | Vent, VEnz faling | 0.4 0.7
EN | Falling E From V orV falling to mode
nput Falling Edge {EN_ DELAY EN1 EN2 1 5 4 us
Delay change
EN Input Leakage lEN Lk VEN1 = VEN2 = Ty=+25°C -1 0.001 1 A
Current - 5.5V T, =+125°C 0.01 H
Input Reverse Current -
IIN RTH Vouyrt = 3.6V, when V| falls to 0OV 400 mA
Threshold -
T,y when output T, rising 165
Thermal Shutdown T turns off .
SD C
Threshold Ty when output .
T, falling 150
turns on
POK and PORB VouyT When POK Vour rising 88 91 94 o
Threshold and PORB switch Vour falling 88 °
POK and PORB Output vV Ipok = IPORB = Ipok = IPORB =
Voltage, Low oL TmA TmA 10 100 mv
POK and PORB lPOK_Lk: | VPok=Vporg= | Ty=*25°C -0.1 0.001 +0.1 R
Leakage IPORB LK | 5.5V T,=+125°C 001 H
RSEL Detection Use the nearest 1% resistor from Table 1 -1 +1 %
Accuracy
RSEL Pin Capacitance CIN_RSEL When Hi-Z 2 pF
RSEL Acquisition Time tRsEL_Acq | From VN> V|N_uvLo to RSEL capture 240 600 1320 us
EN2 = LOW and EN1 = HIGH (MODE 1); EN2 = HIGH, EN1 = HIGH (MODE 2)
Supply Current o) loyt=0mA 1.37 2 mA
loyT from 0.1mA to 1A, Voyt + 0.3V <
Output Accuracy ACC VIN < 5.5V, V|N < 1.8V, Voyr from 0.6V -1 1 %
to 5.0V
Load Regulation ACC_oaD_REG | louT from 100pA to 1A 0.09 %
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MAX38913 4uVRMS Ultra-Low-Noise 1A LDO with
Two-Level Output Voltage Selection

(VIN = 3.6V, VouT = 3.3V, VouTts = VouT, Ty = -40°C to +125°C, Cgyp = 10nF, C|\ = 10puF, CoyT = 10pF, VEN1 = VEN2 = 3.6V,
Typical values are at Tj = +25°C, unless otherwise specified.)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
) louT = 50mA to 1A to 50mA,
Load Transient tRiSE = traLL = 0.1us, Note 1 50 mV
VN from Voyt + 0.3V t0 5.5V,
Line Regulation ACCLINE_REG louT = 100mA 0.1 %
) ) ViN=VouT+0.3Vto 5.0V,
Line Transient louT = 100mA, tRiSE = traLL = THs 3 mV
f=1kHz 75
VN = 2.1V,
- iecti f=10kHz 75
EO\tlyer Supply Rejection PSRR VourT = 1.8V, dB
atio louT = 100mA f=100kHz 60
f=1MHz 50
louTt = 100mA,
i C =47nF \
Output Noise f = 10Hz to 100kHz BYP 4.05 HVRMS
V|N = 5.0V, WLP 28
V|N = 3.6V, TDFN 48
VIN = 3.6V, WLP 33 100
Dropout Voltage Vbo lout =1A VN = 2.5V, TDFN 57 mvV
V|N = 2.5V, WLP 42 160
V|N = 1.8V, TDFN 85
ViN = 1.8V, WLP 64.2 300
EN2 = HIGH and EN1 = LOW (PASS-THROUGH MODE)
Supply Current la lout = 0mA Ty=+25°C 115 HA
ShOI’t-CII’ICU.It Protection LM Vour = 0V 2 A
Current limit
Pass-Through Switch RpT Vour = 1.8V, louT = 100mA 006 0
ON Resistance
EN2 = LOW and EN1 = LOW (SHUTDOWN MODE/ACTIVE DISCHARGE)
Active Discharge Rpis lout = 100mA, VEN1 = VEN2 = OV 2 6 14 Q
Resistance

Note 1: Load-transient response considers Tp = +25°C. T is not assumed to be at +25°C.

www.analog.com Analog Devices | 4



MAX38913 4uVRMS Ultra-Low-Noise 1A LDO with
Two-Level Output Voltage Selection

Typical Operating Characteristics
(VIN = 3.6V, VoyT = 3.3V, Tp = +25°C, C|N = 10uF, Coyt = 10uF, Cgyp = 47nF, unless otherwise noted.)

QUIESCENT CURRENT vs. INPUT VOLTAGE QUIESCENT CURRENT vs. INPUT VOLTAGE QUIESCENT CURRENT vs. INPUT VOLTAGE
25 . . . . . . toc) 25 T T . toc: 200 toc03
VTUT = 1|A8V, MODE 1 AND MODE 2 Vour = 3.3V, MODE 1 AND MODE 2 PASS THROUGH MODE
180
Bl mre v 2 0 TJ=+2 °c |7
Tp2+25°C Ta=4125°C L~ PZ
z18 z1s Z 10 A A
o | o Re] Lo
- T,=-h0°C - = +25° To=-40°C 120 | TaF#125°C /4 40l
1 1 / /
100 —41 7
05 05 L1
80
A
0 0 60
2 25 3 35 4 45 5 55 6 35 4 45 5 55 6 15 2 25 3 35 4 45 5 55 6
Vin(V) Vin (V) Vin(V)
LOAD REGULATION LOAD REGULATION LINE REGULATION
1.8100 o 3.3050 L 1.8100 Ll
Vin=2.1V, Voyr=1.8V ViN=3.6V, Voyr=3.3V Vour = 1.8V, loyr = 50mA
3.3000 =
1.8050 [T, =-40°C ] 1.8050
Ty= 40 7= 40fc
s — < 32050 s
>§ 18000 [ >§ \M'C\ >'é 18000 " S AN
—
Ta=+bsC | T————] 32900 J
1.7950 32850 | ITa=+120°C 1.7950 s
1.7900 3.2800 1.7900
0 02 04 06 08 1 0 02 04 06 08 1 2 25 3 35 4 45 5 55 6
lout (A) lout (A) Vin(V)
LINE REGULATION DROPOUT vs. LOAD CURRENT DROPOUT vs. LOAD CURRENT
3.3200 toc07 80 10008 50 toc09
Vour = 1.8V, loyt = 50mA Vour = 1.8V, PASS THROUGH MODE Vour = 3.6V, PASS THROUGH MODE
/1
33150 70
/ 40 A
33100 60
TA=+A5°C/ r b /
A=
< 3305 5 s ® > s ® A A
2 3.3000 < % A £ L
= 5 EEAPs) v 5 ~ /
3 3 m=+i2sc /|
3.2950 T, =225°0 g 30 e g 0 v
: ! < // T, = 40° = // T, = -40bC
3.2900 P 20 V 10 Z -
A P
3.2850 10
3.2800 0 0
35 4 45 5 55 6 0 02 04 06 08 1 0 02 04 06 08 1
Vin(V) lout (A) lout (A)
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MAX38913

4uVRMS Ultra-Low-Noise 1A LDO with
Two-Level Output Voltage Selection

(VIN = 3.6V, VoyT = 3.3V, Ta = +25°C, C|N = 10uF, Coyt = 10uF, Cgyp = 47nF, unless otherwise noted.)
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0 0.2 0.4 0.6 0.8 1
lout (A)
LINE TRANSIENT RESPONSE

toc15

Viy=36V-39V-36V, loyr=1A

200mV/div
VN e
10mV/div
Vour (AC-
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MAX38913 4uVRMS Ultra-Low-Noise 1A LDO with
Two-Level Output Voltage Selection

(VIN = 3.6V, VoyT = 3.3V, Ta = +25°C, C|N = 10uF, Coyt = 10uF, Cgyp = 47nF, unless otherwise noted.)

STARTUP RESPONSE et INPUT SUPPLY PSRR vs. FREQUENCY INPUT SUPPLY PSRR vs. FREQUENCY
2Vidiv
Ven = =
=2 =2
2Vidiv w a
D D
Vour % %
<< <<
Vidiv = =
Vi RN R |
A e L e mwwmww lii \
I o <53 mmwmmmml
st 10 100 1000 10000 100000 1000000 10000000 10 100 1000 10000 100000 1000000 10000000
FREQUENCY (Hz) FREQUENCY (Hz)
INPUT SUPPLY PSRR FREQUENCY OUTPUT NOISE SPECTRAL DENSITY OUTPUT NOISE SPECTRAL DENSITY
vs. Q o005 vs. FREQUENCY oozt L0005 vs. FREQUENCY o
' Vi =24V, Vour = 1.8V, loyr = 1A ' Vin= 2.4V, Vour =
5 (I T | ||||||||| |||
. AT g RN T TIOET T 2 e e
: i : \ : 101
= LI 2 2 ocar w?WWn 2 onear (LR
g TR il : A | .
A 2 oon |z cone 1N L) 2 1 oeos e
wmmmm
LA A A s LU en=zpr cor=ope ] 1] ogp LLLCH 0 Cor = 00, Cpp= e
1000 10000 100000 1000000 10000000 1DOE 00 1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz)

OUTPUT NOISE SPECTRAL DENSITY OUTPUT NOISE SPECTRAL DENSITY
vs. FREQUENCY ) vs. FREQUENCY oz
1.00E-05 T 1.00E-05 e
Vin=3.9V, Vour = 3.6V
T 1.00E-06 7 1.00E-06 =
i T S
=) =)
- : NG i T
B 1.00E-07 AWl lour - SO0, 2200 S 100E07 | PO - s00mA, 421y
2 2
w w
@ @
o =}
o QMWMWW """
Cin = 10uF, Coyr = 10uF, Cayp = 47nF Cin = 10F, Coyr = 10uF, Cayp = 47nF
1.00E-09 IN= 10HF, Loyt = 1UF, Lgyp 1.00E-09 IN= 10UF, Coyr = 10UF, Lgyp
1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04 1.00E+05
FREQUENCY (Hz) FREQUENCY (Hz)
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MAX38913 4uVRMS Ultra-Low-Noise 1A LDO with

Two-Level Output Voltage Selection

Pin Configurations

WLP
TOP VIEW
1 2 3 4
/// \\\ /// AN /// \\\ s \\\
Al tour ! i ouT ] [ouTs! | BYP |
N L L S . S LS
/// \\\ /// N N /// \\\
B| [ GND ] [ GND ! | ENt ! IRSELT|
\\ // \\ // \\ /// \\\ ///
/// \\. /// \\ /// A /// \\
C| ¢ N DT N} EN2 ) @ RSEL2
\\ // \\ // \\ // \\ //
12 WLP
TDFN
TOPVIEW
—————— ! FmTTmTTToTommo Fomo--
ouT 1 ! ! Io4 IN
,,,,,, I , I L
,,,,,, } // i rm-m--
ouT 2 ! \ ! P13 IN
,,,,,, | ! | L
|
,,,,,, ! } i cmmo -
GND 3 ! | ! Io12 GND
,,,,,, I ! I L
|
,,,,,, ! } i e
ouTs 4 ! | EXPOSED PAD ! Lo EN2
,,,,,, I ! I L
I
,,,,,, ! } } e
BYP| 5 ! i '10 | ENt
,,,,,, I ! I L
I
,,,,,, } } i rom -
POK 6 ! ! ! 9 RSEL2
,,,,,, I ! I L
|
,,,,,, ! } i cmmo -
PORB 7 ! | ! I8 RSEL1
,,,,,, I L _________ L
3mm x 3mm, 14 TDFN
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MAX38913 4uVRMS Ultra-Low-Noise 1A LDO with

Two-Level Output Voltage Selection

Pin Descriptions

PIN

WLP

TDFN

NAME

FUNCTION

A1, A2

1,2

ouT

Regulator Output. Delivers up to 1A of load current at the regulated output voltage.
Connect a 10uF capacitor (>4uF, effective) with an ESR of <0.03Q from OUT to GND.

B1, B2

3,12,
EXPOSED
PAD

GND

Regulator GND. The output voltage is regulated with respect to the voltage at these pins.
Connect to IN and OUT bypass capacitors reference. These pins conduct current when
OUT is transitioning to a lower voltage.

A3

4

OuTS

Output-Voltage Sense Input. Connect to the point where accurate output regulation is
desired.

A4

5

BYP

Bypass Capacitor Input. Connect a 10nF to 100nF capacitor from OUT to BYP to filter the
regulator feedback noise and control the output transition slew rate.

POK

Power-OK Output. Connect a pullup resistor from POK to OUT or an alternate supply to
create an active-high signal that indicates when the output has achieved regulation. This
output is low in shutdown.

PORB

Power-on-Reset. Connect a pullup resistor from PORB to OUT or an alternate supply to
create an active-high signal that holds a logic circuit in reset until the output has achieved
regulation for 10ms. This output is low in shutdown.

B4

RSEL1

Output-Voltage Select. Connect a +1% resistor from RSEL1 to GND to set the output
regulation voltage in MODE 1.

C4

RSEL2

Output-Voltage Select. Connect a +1% resistor from RSEL2 to GND to set the output
regulation voltage in MODE 2

B3

10

EN1

Enable Input 1. The EN1 and EN2 pins are used to set the operating mode.

EN2, EN1 = 00: Device is disabled. The output is shorted to GND through a 6Q active
discharge circuit.

EN2, EN1 = 01: Device is in regulation MODE 1.

EN2, EN1 = 10: Device is in pass-through mode. The output is shorted to the input.

EN2, EN1 = 11: Device is in regulation MODE 2.

C3

11

EN2

Enable Input 2. The EN2 and EN1 pins are used to set the operating mode.

EN2, EN1 = 00: Device is disabled. The output is shorted to GND through a 6Q active
discharge circuit.

EN2, EN1 = 01: Device is in regulation MODE1.
EN2, EN1 = 10: Device is in pass-through mode. The output is shorted to the input.

EN2, EN1 = 11: Device is in regulation MODE 2.

C1,C2

13,14

Regulator Input. Connect a 10uF capacitor (>4uF effective) with ESR of <0.03Q from IN to
GND.
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MAX38913

Simplified Block Diagram

4uVRMS Ultra-Low-Noise 1A LDO with
Two-Level Output Voltage Selection

OUTPUT VOLTAGE

MAX38913
ILIM
N
INPUT VOLTAGE —I—D . *—o
] é
gl
10uF ILIM
-—e
DR\IL—<
REF || MPWR
° eV _o °
— 71 1
p Cayp Cout
CLAVP { 4{ 470F I 10pF
06V - l g ] L
. =
+ outs
LJ
Rr
L] i
MODE SELECT | ENACTIVE DISCHARGE |
o0; OFF EN2 MODE - "EN DRIVER R
01: MODE1 EN_PASS_THROUGH
11: MODE2 ENt VOLTAGE_SELECT "—GNDDl
10: PASS-THROUGH
SN R Al HU
RSEL2 | f S — e
] RSEL2 ——— MUX ! ]
| e
RsEL2 ! v RpoK RpORB
100kQ 100kQ
|
1 RSELT RSEL1 e a
i POK
= REL1 | POWER-OK
|
! ONE TIME DELAY
i i b POWER-ON-RESET
—_ |
= |
|
|
|
| TDFN PACKAGE ONLY
g S
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MAX38913 4uVRMS Ultra-Low-Noise 1A LDO with
Two-Level Output Voltage Selection

Detailed Description

MAX38913 Overview

The MAX38913 is a low-noise linear regulator that delivers up to 1A of load current with as low as 4uVRMS of output
noise. The part has excellent output accuracy of £1% over line, load, and temperature. The MAX38913 can dynamically
change its output voltage between two separate levels. The slew rate between the output voltage levels is determined by
the capacitor connected at BYP pin. The MAX38913 incorporates soft-start and also has a pass-through mode which,
when enabled, completely bypasses the linear regulator, shorting the OUT to IN. The MAX38913 has a fast active
discharge feature as well which connects the OUT pin to GND, when the device is placed in shutdown. Optional Status
Output pins like Power-OK and Power-On Reset (PORB) which are available only in TDFN package variant provides
additional flexibility of sequencing to other devices connected to these pin-lines. MAX38913 includes overcurrent and
overtemperature protection and are offered in space-saving, lean, WLP and TDFN packages. MAX38913 has an
operating temperature range from -40°C to +125°C.

Modes of Operation

The MAX38913 features regulation, pass-through, and shutdown modes of operation. The modes are selected based on
the state of the EN1 and EN2 pins.

In the regulation modes (MODE 1 and MODE 2), output voltage is regulated to levels selected by the RSEL inputs. When
EN2 and EN1 are at logic-low and logic-high states respectively, the device regulates to the level selected by the RSEL1
pin (MODE 1). If both EN2 and EN1 are at a logic-high state, the device regulates to the level selected by the RSEL2 pin
(MODE 2). Both RSEL1 and RSEL 2 pins are read as VIN crosses the UVLO rising threshold. The device holds the
RSEL1 and RSEL2 values until VIN drops below the UVLO falling threshold. There are 33 possible output-voltage
regulation levels. See the Oufput-Voltage Selection section for details about different output-voltage level selection. In
both regulation modes, the device has excellent transient, power-supply rejection ratio (PSRR), and output noise
performance. The MAX38913 is optimized for applications requiring dynamic transitioning between two regulation levels.
The slew rate between the two regulation levels is defined by CBYP in both the up and down transition directions. The
slew rate is calculated by:

dVour _ Ipyp sLew _ 50pA

dt Coyp Cayp
Slewing the output voltage from a high to a low level in the regulation mode requires the MAX38913 to shunt high current
to ground if the output capacitor is large and the output load current is light. For example, with Cgyp = 47nF and CoyT =

100uF, the output voltage is stable while the device is sinking current in the amount of 106.4mA in order to keep the
output in regulation during slewing.

Cour 100uF
I = Iyp siew X (Csyp) = 50pA x ( T F ) = 106.4mA

Slewing the output voltage from a low level to a high level is recommended to be done while the system is placed in the
low-current mode of operation. This is to assure that no current limit is tripped during this transition since IoyT is
dominated by CoyT charging current. The device output current during this transition is:

COUT

loyr = Igyp_sLEw X (—

CBYP) + ILOAD

It is recommended to keep the load current constant during the voltage transition from one level to the other.

Once the EN2 and EN1 pins are set to logic-high and logic-low states, respectively, the device transitions to the pass-
through mode of operation. Figure 1 illustrates the mode transitions.
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MAX38913 4uVRMS Ultra-Low-Noise 1A LDO with
Two-Level Output Voltage Selection

Vin=3.6V

[EN2:EN1] MODE SELECT
00: OFF

01: MODE1

11: MODE2

10: PASS-THROUGH

VEN2 I—
VEN1

PASS-
DISABLED | MODE 1 | wmooE2 | uroueH | MODE2 | DISABLED

Figure 1. Modes of Operation

Pass-Through Mode
The MAX38913 includes a pass-through mode where the output pass device is turned on hard, shorting the output to the
input. In this mode, quiescent current is reduced to 115uA. The controller remains on to support a current-limiting circuit.

The output voltage always slews in the pass-through mode and back to regulation mode at the same rate. The slew rate
is defined by the Cgyp capacitor used in application, and can be calculated as:

dVoyr _ Ipyp_sLEw _ 50uA
dt Ceyp Ceyp

As the device transitions in and out of the pass-through mode, the regulator is enabled until slewing is completed. After
slewing is completed, the controller is disabled to save power while the current-limit detector remains on. The device limits
the current in the pass-through mode to about a 2A level.

If the current-limit circuit trips in the pass-through mode, the regulator enables and tries to regulate the output voltage
back into dropout with the feedback held low, delivering load current up to the level of the current limit in dropout—about
1.4A. During current limiting, it is common for the device to go into thermal shutdown, and also for the output to turn on
and off as the die temperature slews between +150°C and +165°C.

When the overload at the output is removed, the regulator slews the output voltage up at the nominal output-voltage slew
rate defined by Cgyp. When the output pass device reaches the dropout level, the current-limit circuit resets, and the
device returns to the pass-through mode of operation.

Bypass

The capacitor connected from BYP to OUT filters the noise of the reference, feedback resistors, and regulator input stage,
thus providing a high-speed feedback path for improved transient response. A 0.01uF capacitor rolls off input noise at
around 32Hz.The slew rate of the output voltage during startup and transitions is also determined by the BYP capacitor.
A 0.01uF capacitor sets the slew rate to 5V/ms. This startup rate results in a 50mA slew current drawn from the input at
start-up to charge the 10uF output capacitance. The BYP capacitor value can be adjusted from 0.01uF to 0.1uF to change
the slew rate according to the following formula:

50pA
BYP

= (5V/ms) x (C2by

CBYP

Slew Rate =

where Cgyp is in uF.

Selecting the BYP capacitor larger than 10nF is primarily to slow down the soft-start or transition rate and minimize the
inrush current since the output noise remains very constant with an improvement of about 1.0uVRMS.

Note that, being a low-frequency filter node, BYP is sensitive to leakage. BYP leakage currents above 10nA cause
measurable inaccuracy at the output and should be avoided.
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MAX38913 4uVRMS Ultra-Low-Noise 1A LDO with
Two-Level Output Voltage Selection

Enable (EN)

The MAX38913 includes two enable inputs (EN1 and EN2). Pulling both enable pins low shuts the device down. In
shutdown, the output voltage is pulled to ground through a 6Q active discharge circuit. In this mode, the device consumes
0.2uA of current from the input supply. When EN2 and EN1 are driven to logic-low and logic-high states respectively, the
device regulates to correspond to MODE 1 operation. If both EN2 and EN1 are driven to logic-high state, the device
regulates to correspond to MODE 2 operation. Once the EN2 and EN1 pins are set to logic-high and logic-low states,
respectively, the device transitions to the pass-through mode of operation. Resistor connected between RSEL1 to GND
determines the output regulation voltage in MODE 1 operation. Likewise, resistor at RSEL2 pin to GND determines the
output regulation voltage in MODE 2 operation. If device is factory-preprogrammed for Output voltages for Mode 1 and
Mode 2 operation then the RSEL1 and RSEL2 pin functionalities are disabled and they must be left floating. The enable
signals should be stable for at least 2us for the MAX38913 to latch in an appropriate state. The enable signal states
should not be changed while the output voltage transitions.

Active Discharge
Once the MAX38913 is placed in the shutdown mode, the OUT pin is pulled to ground through a 6Q active discharge circuit.

Power-OK (POK) and Power-on-Reset (PORB)

The power-OK (POK) function monitors the output voltage to indicate that it is in regulation. The POK pin is open-drain and requires
a pullup resistor to an external supply to properly report the device regulation status to other devices so it can be used for
sequencing. Check if the external pullup supply voltage results in a valid logic levels for the receiving device or devices. The range
of the pullup resistance is between 10kQ and 200kQ. Its lower limit comes from a pulldown strength of the POK transistor while
the higher limit is determined by maximum leakage current at the POK pin. The signal is low while the device is in shutdown.

The POK is driven low during startup. It gets released and pulled up once the output voltage reaches the POK rising threshold
(91% of the regulation target). If the output voltage sags to below the POK falling threshold during regulation, the POK signal is
driven low to indicate that the output voltage dropped out of regulation. During shutdown, the POK signal is driven low once the
output voltage crosses the POK falling threshold (88% of the regulation target). The POK signal is active during output voltage
transition.

PORB is an open-drain signal that indicates the output voltage has achieved stable regulation. The signal is used to keep the
system in reset until the regulation has been achieved for 10ms. This signal is low in shutdown. PORB requires a pullup resistor in
the range between 10kQ and 200kQ.

Protection

The MAX38913 is fully protected from an over-circuit condition by current-limiting and thermal-overload protection circuits.
If the output is shorted to GND, the output current is limited to 1.4A (typ) after the output capacitor discharges through the
shorting path. Under these conditions, the device quickly heats up. When the junction temperature reaches +165°C, the
thermal-protection circuit shuts the output device off. Once the device cools to +150°C, the regulator enables regulation
to be established. If the fault persists, the output cycles on and off as the junction temperature slews between +150°C
and +165°C. Continuously operating in the fault conditions or above a +125°C junction temperature is not recommended
since long-term reliability may be reduced. The MAX38913 provides reverse-current protection when the output voltage
is higher than the input. The MAX38913 includes a reverse voltage detector that trips when IN drops below OUT, shutting
off the regulator and opening the body diode connection to prevent any reverse current. Reverse current flows through
the body diode of the pass element and is undesired due to its impact on power dissipation and long-term reliability,
especially at higher current levels. Thermal protection can also be triggered when the device is exposed to excessive
heat in the system causing the die temperature to reach undesired levels.

Undervoltage Lockout (UVLO)

The MAX38913 undervoltage lockout (UVLO) circuit responds quickly to glitches at the input voltage and disables the output of
the device if the rail dips below the UVLO falling threshold. The local input capacitance prevents transient brownout conditions
in most applications. The device is ready once the input voltage exceeds the UVLO rising threshold during power-up. The
RSEL1 and RSEL2 values get acquired once VIN crosses its rising UVLO threshold.

During VN power-up, the MAX38913 begins output-voltage soft-start after the input voltage crosses its UVLO rising threshold.
This assures proper VoyT ramp-up and transition to regulation. The Vot soft-start rate should be kept at or slower than the
V|N slew rate to avoid entering dropout. In some situations, VN transients can place the regulator into dropout. As V) starts

climbing again and the device comes out of dropout, the output can overshoot. This condition is avoided by using an enable
signal or by increasing the soft-start time with larger Cgyp.
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MAX38913 4uVRMS Ultra-Low-Noise 1A LDO with
Two-Level Output Voltage Selection

Output-Voltage Selection

The output-voltage level selection is done by selecting resistor values to be loaded from the RSEL1 and RSEL2 pins to
ground according to Table 1.The output voltage in MODE 1 is determined by the resistance connected from the RSEL1
pin to GND. Likewise, the resistance at the RSEL2 pin determines the output voltage in MODE 2.

The MAX38913 features factory-preprogramming capability for both voltage levels (in MODE 1 and MODE 2) in 50mV
steps within the output voltage range. For factory-preprogrammed output voltages, the internal RSEL1 and RSEL2 circuits
are disabled and the pins should be left floating. For specific preprogrammed output voltage option availability contact
Analog Devices representative.

Table 1. RSEL Values vs. Output Voltages

RRrseL1 OR RrsgL2 (kQ) Vout IN MODE 1 OR MODE 2 (V)
OPEN 1.8
909 0.6
768 0.7
634 0.8
536 0.95
453 1
383 1.2
324 1.35
267 15
226 1.75
191 1.85
162 2
133 25
113 2.7
95.3 3
80.6 33
66.5 3.45
56.2 3.55
47.5 3.6
40.2 3.75
34 3.85
28 3.9
23.7 3.95
20 4.0
16.9 4.2
14 4.4
11.8 45
10 455
8.45 4.6
7.15 4.65
5.9 4.8
4.99 5
Short 35
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MAX38913 4uVRMS Ultra-Low-Noise 1A LDO with
Two-Level Output Voltage Selection

Applications Information

Input and Output Capacitors

The MAX38913 is designed to have stable operation using low equivalent series resistance (ESR) ceramic capacitors at
the input and output pins. Multilayer ceramic capacitors (MLCC) with X7R dielectric are commonly used for these types
of applications and are recommended due to their relatively stable capacitance across temperature. Nevertheless, the
amount of effective capacitance depends on operating DC voltage, AC voltage ripple, temperature, etc. Therefore, the
capacitor data sheet must be properly examined. The MAX38913 is designed and characterized for operation with X7R
ceramic capacitors of 10uF (4uF of effective capacitance) both at the input and output. These capacitors should be placed
as close as possible to the respective input and output pins to minimize trace parasitics. There is no maximum output
capacitance limitation due to stability.

Thermal Consideration

To optimize the MAX38913 performance, special consideration is given to device power dissipation and PCB thermal
design. Power dissipation in the regulator depends on the input-to-output voltage difference and load conditions. It can
be calculated by following equation:

Loss(W) = (Vin — Vour) X ILoap

The optimal power dissipation can be achieved by carefully choosing input voltage for a given output target voltage. The
main thermal conduction path for the device is through the exposed pad of the package. As a result, the thermal pad must
be soldered to a copper pad area under the device. Thermal-plated vias must be placed inside the thermal PCB pad to
transfer heat to different GND layers in the system. The vias should be capped to minimize solder voids. The maximum
power dissipation is determined by using thermal resistance from the device junction to ambient, keeping the maximum
junction temperature below +125°C. Thermal properties of the package are given in the Package Information section.

The first-order power dissipation for the 3.3V V|N and 2.5V VoyT with a load current of 700mA condition is:
Ppis W) = (Vin = Vour) X Iroap

(3.3V — 2.5V) x0.74

0.56W

Assuming the MAX38913AATD+, this power dissipation raises the junction temperature (T ) to an estimated:

T) = (Ppis X 6)4) + 25°C
= (0.56W x 41°C/W) + 25°C
= 47.96°C
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MAX38913

Typical Application Circuits

4uVRMS Ultra-Low-Noise 1A LDO with
Two-Level Output Voltage Selection

INPUT VOLTAGE OUTPUT VOLTAGE
36VTO55V IN out 33VOR18V
' ' l - UPTO 1A
IN ouT 100F
c1
10uF ouTS
c2 p—
} G I 47rF -
— BYP
MAX38913
[EN2:EN1] MODE SELECT
00: OFF EN2 RSEL2
01: MODE1 EN1 RSELA
11: MODE2
10: PASS-THROUGH R1 R2
80.6kQ OPEN
INPUT VOLTAGE OUTPUT VOLTAGE
3.6VTO55V IN out 3.3VOR18V
' ' - UPTO 1A
N ot 10pF
c1
100F ouTS
c2 p—
GND ]' 47nF -
— BYP
MAX38913
[EN2:EN1] MODE SELECT N2
00: OFF
01: MODE1 R3 R4
11: MODE2 N 100kQ 100kQ
10: PASS-THROUGH boRE OER ONRESET
REEL2 POK ® POWER-OK
R2
OPEN RSEL1
R1
80.6kQ
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MAX38913

Ordering Information

4uVRMS Ultra-Low-Noise 1A LDO with

Two-Level Output Voltage Selection

PART NUMBER | TEMP RANGE PACKAGE FEATURE
MAX38913AANC+ | -40°Cto+125°C | 12-WLP, 1.93 x 1.34 x 0.5mm EgermggEzo;;Z‘z[:Ec’;; ;‘Jstg‘:z":r']t:fsigl_“gODE 1
MAX38913AANC+T | -40°C to +125°C | 12- WLP, 1.93 x 1.34 x 0.5mm ZgngmggESZO;;Zg:go;; ;‘gg‘&f:j%:gggor)'z !
MAX38913AATD+ | -40°C to +125°C 14-TDFN, 3 x 3 x 0.75mm Zﬁ;‘rMmggESZO;;zgzzO;y' EﬁE‘ﬁﬁf:??éEﬂwE L
MAX38913AATD+T | -40°C to +125°C 14-TDFN, 3 x 3 x 0.75mm Four modes of operation, output voltage in MODE 1

and MODE 2 selected by RSEL1 and RSEL2

+Denotes a lead(Pb)-free/RoHS-compliant package.

T = Tape and reel.
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MAX38913

Revision History

4uVRMS Ultra-Low-Noise 1A LDO with
Two-Level Output Voltage Selection

REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 4/21 Release for Market Intro —
Updated Absolute Maximum Ratings, Pin Configuration, Pin Description, Simplified

1 6/22 Block Diagram, Figure 1, Enable (EN) section, Output-Voltage Selection section, 2,7-12,
Thermal Consideration section, Typical Application Circuit, and Ordering Information 14-16
table. Added MAX38913 Overview section.

2 10/22 Updated Simplified Block Diagram and Ordering Information table 10,17
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