ANALOG

\ ADI Power by Linear

DEVICES
LT3045-EP
20V, 500mA, Ultralow Noise,
Ultrahigh PSRR Linedar Reyulator
FEATURES APPLICATIONS
Ultralow RMS Noise: 0.8yVgys (10Hz to 100kHz) ® RF Power Supplies: PLLs, VCOs, Mixers, LNAs, PAs
Ultralow Spot Noise: 2nV/y/Hz at 10kHz ® Very Low Noise Instrumentation
Ultrahigh PSRR: 76dB at 1MHz ® High Speed/High Precision Data Converters
Output Current: 500mA ® Medical Applications: Imaging, Diagnostics
Wide Input Voltage Range: 1.8V to 20V ® Precision Power Supplies
Single Capacitor Improves Noise and PSRR m Post-Regulator for Switching Supplies

100pA SET Pin Current: +1% Initial Accuracy
Single Resistor Programs Output Voltage

High Bandwidth: 1MHz

Programmable Current Limit

Low Dropout Voltage: 260mV

Output Voltage Range: 0V to 15V
Programmable Power Good

Fast Start-Up Capability

Precision Enable/UVLO

Parallelable for Lower Noise and Higher Current
Internal Current Limit with Foldback

Minimum Qutput Capacitor: 10pF Ceramic
Reverse-Battery and Reverse-Current Protection
12-Lead MSOP Package

€ENHANCED PRODUCT FEATURES

m Supports Defense and Aerospace Applications (AQEC
Standard)

Military Temperature Range (-55°C to 150°C)
Controlled Manufacturing Baseline

One Assembly/Test Site

One Fabrication Site

Product Change Notification

Qualification Data Available on Request

DESCRIPTION

The LT®3045-EP is a high performance low dropout linear
regulatorfeaturing 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 <<1pA 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 @ minimum 10pF ceramic
output capacitor. Built-in protection includes reverse-
battery protection, reverse-current protection, internal
currentlimitwith 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.

All registered trademarks and trademarks are the property of their respective owners.
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LT3045-EP
ABSOLUTE MAXIMUM RATINGS  PIN CONFIGURATION

(Note 1)
IN Pin VOIAQE ......c.cevecceece e, +22\/ TOP VIEW
EN/UV Pin VOItAge ..o +22\/ g o 12 out
IN-to-EN/UV Differential............ccooovvveererrerveerenne £22V wad s Bl oot
PG Pin Voltage (Note 10) ........ccocovrivrirriennn. -0.3V, 22V ENWV 4] | GND | 99 GND
ILIM Pin Voltage (Note 10)..................cceeen ~0.3V, 1V v ed Soot BY e
PGFB Pin Voltage (Note 10) ........cccccvervrnenen. -0.3V, 22V ——
SET Pin Voltage (Note 10)......ccooveveverirennne. -0.3V, 16V 12-LEAD PLASTIC MSOP
SET Pin Current (NO€ 7) w...ooveeeveereecreereeeeee, +20mA EXPOSED (PN 1915 D MUET Bt SoLPERED TO PCB
OUTS Pin Voltage (Note 10)........ccccceevvrnenene. -0.3V, 16V
OUTS Pin Current (NOtE 7) ..eeveeececereccienes +20mA
OUT Pin Voltage (Note 10) ........cccovveverirennne. -0.3V, 16V
OUT-to-0UTS Differential (Note 14)..........ccccueneee. +1.2V
IN-to-OUT Differential..........cccccevevviviircreiiienen, +22\/
IN-to-OUTS Differential............cooovvvviviviiiiiiiiienn +22V
Output Short-Circuit Duration.............cccceeueeee. Indefinite
Operating Junction Temperature Range (Note 9)
H-Grade, ......cccooovevevereeeceeeeeeee, -55°C t0 150°C
Storage Temperature Range............... -65°C to 150°C
Lead Temperature (Soldering, 10 Sec)
MSE Package ..........cccoevvveeerececceee e, 300°C
ORDER INFORMATION
LEAD FREE FINISH PART MARKING PACKAGE DESCRIPTION TEMPERATURE RANGE
LT3045HMSE#Z-EP 3045EP 12-Lead Plastic MSOP -55°C to 150°C

GLGCTRICHL CHHRHCTGRISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C.

PARAMETER CONDITIONS MIN TYP  MAX UNITS
Input Voltage Range [ 2 20 v
Minimum IN Pin Voltage | I gap = 500mA, Viy UVLO Rising o 1.78 2 v
(Note 2) Vin UVLO Hysteresis 75 mV
Output Voltage Range Vin > Vour ) 0 15 v
SET Pin Current (IseT) Vin=2V, I .oap = TmA, Vour = 1.3V 99 100 101 HA
2V < Vjy < 20V, OV < Vgyt < 15V, 1mA < I gap < 500mA (Note 3) o 98 100 102 HA
Fast Start-Up Set Pin Vpgrg = 289mV, Vi = 2.8V, Vger = 1.3V 2 mA
Current
Output Offset Voltage Vin=2V, I .oap = TmA, Vour = 1.3V -1 1 mV
Vos (Vout = VseT) 2V < Vi <20V, OV < Vgyt < 15V, 1mA < I gap < 500mA (Note 3) [ J -2 2 mV
(Note 4)
Line Regulation: Alggr | Vin =2V t0 20V, I gap = TMA, Vour = 1.3V ° 0.5 £2 nAN
Line Regulation: AVgg | Viy = 2V 10 20V, I gap = TmA, VouT = 1.3V (Note 4) ° 0.5 +3 A%
Rev. A
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LT3045-EP

GLGCT“'C“L CHHRHCTGBBTKS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C.

PARAMETER CONDITIONS MIN TYP  MAX UNITS

Load Regulation: Alger | I.oap = TmA to 500mA, Viy = 2V, Vout = 1.3V 3 nA

Load Regulation: AVgs |l gap = TmA to 500mA, Vy =2V, Vgyt = 1.3V (Note 4) o 0.1 0.5 mV

Change in Iget with Vet | Vger = 1.3V 10 15V, Viy = 20V, I gap = TmA (] 30 400 nA

Change in Vog with Vggr | Vger = 1.3V to 15V, Viy = 20V, I gap = TmA (Note 4) [ 0.03 0.6 mV

Change in |SET with VSET VSET =0Vto 1.3V, V|y = 20V, |LOAD =1mA ([ ] 150 600 nA

Change in Vg with Vggr | Vger = 0V 10 1.3V, Vi = 20V, I gap = 1A (Note 4) (] 0.3 2 mV

Dropout Voltage ILoap = TmA, 50mA 220 275 mV

L] 330 mV

ILoap = 300mA (Note 5) 220 280 mV

L] 350 mV

ILoap = 500mA (Note 5) 260 350 mV

° 450 mV

GND Pin Current ILoap = 10pA 2.2 mA

Vin = Vour(nominaL) LoD = TMA o 24 4 mA

(Note 6) ILoap = 50mA ° 3.5 55 mA

ILoap = 100mA ® 4.3 7 mA

ILoap = 500mA [ 15 25 mA

Output Noise Spectral ILoAD = 500mA, Frequency = 10Hz, Coyt = 10pF, Cger = 0.47pF, Vout = 3.3V 500 nV/Hz

Density (Notes 4, 8) [Loap = 500mA, Frequency = 10Hz, Cqyt = 10pF, Cger = 4.7pF, 1.3V < Vouy < 15V 70 nVAHz

ILoap = 500mA, Frequency = 10kHz, Cout = 10uF, Cget = 0.47pF, 1.3V < Vgyt < 15V 2 nV/AHz

[Loap = 500mA, Frequency = 10kHz, Coyr = 10pF, Cger = 0.47pF, OV < Vgur < 1.3V 5 nVAHz

Output RMS Noise ILoap = 500mA, BW = 10Hz to 100kHz, Cqyt = 10F, Cget = 0.47pF, Vout = 3.3V 2.5 UVRmS

(Notes 4, 8) ILoap = 500mA, BW = 10Hz to 100kHz, COUT = 10yF, CSET =4.7yF, 1.3V < Vgyr < 15V 0.8 UVRms

[Loap = 500mA, BW = 10Hz to 100kHz, Coyt = 10uF, Cset = 4.70F, OV < Vgyr < 1.3V 1.8 HVRMS

Reference Current RMS | BW = 10Hz to 100kHz 6 nAgMS
Output Noise (Notes 4, 8)

Ripple Rejection VRippLE = 900mVp_p, frippLE = 120Hz, || gap = 500mA, COUT =10pF, CSET =4.7uF 117 aB

1.3V < Vour <15V VRrippLe = 150mVp.p, frippLe = 10kHz, I gap = 500mA, Couyt = 10pF, Cget = 0.47uF 90 aB

Vin = Vout =2V (Avg) VRippLE = 150mVp_p, frippLE = 100kHZ, 1 gap = 500mA, Coyr = 10pF, Cger = 0.47pF 7 aB

(Notes 4, 8) VRippLE = 150mVp_p, frippLE = TMHzZ, | gap = 500mA, COUT =10pF, CSET =0.47pF 76 aB

VRrippLE = 80mVp.p, frippLE = 10MHz, I gap = 500mA, Coyt = 104F, Cget = 0.47uF 53 aB

Ripple Rejection VRippLE = 500mVp_p, frippLe = 120Hz, | gap = 500mA, COUT =10pF, CSET =0.47pF 104 aB

0V <Vour< 1.3V VRippLE = 90mVp.p, frippLE = 10kHz, I gap = 500mA, Coyt = 10pF, Cset = 0.47yF 85 aB

Vin = Vout =2V (Avg) VRippLE = 50mVp.p, frippLE = 100kHZ, I gap = 500mA, Cqyt = 10pF, Cget = 0.474F 72 aB

(Notes 4, 8) VRippLE = 90mVp.p, frippLE = TMHzZ, I gap = 500mA, COUT =10pF, CSET =0.47pF 64 aB

VRippLE = 50mVp.p, frippLE = 10MHz, I gap = 500mA, Coyt = 104F, Cge = 0.47uF 54 aB

EN/UV Pin Threshold EN/UV Trip Point Rising (Turn-On), Viy = 2V e 1.18 124 132 \

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

EN/UV Pin Current VEN/UV =0V, Vjy =20V ® +1 HA

Venuy = 1.24V, Vi = 20V 0.03 BA

Veny = 20V, Viy = 0V ([ ] 8 15 HA

Quiescent Current in Vin=6V 0.3 1 HA

Shutdown (Venpy = 0V) | Ty < 150°C (H-Grade) ® 20 HA

Internal Current Limit Vin =2V, Vour =0V ®| 570 710 850 mA

(Note 12) Vin =12V, Vgyr = 0V 700 mA

Vi =20V, Vgyr = OV ® | 230 330 430 mA

Programmable Programming Scale Factor: 2V < Vi < 20V (Note 11) 150 mA « kQ

Current Limit Vin =2V, Vout = 0V, Rjym = 300Q ® | 450 500 550 mA

Vin =2V, Vout = 0V, Rjm = 1.5kQ [ J 90 100 110 mA
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LT3045-EP

GLGCTBKHL CHHBHCTGI“STKS The @ denotes the specifications which apply over the full operating

temperature range, oth

erwise specifications are at Ty = 25°C.

PARAMETER CONDITIONS MIN TYP  MAX UNITS
PGFB Trip Point PGFB Trip Point Rising e 291 300 309 mV
PGFB Hysteresis PGFB Trip Point Hysteresis 7 mV
PGFB Pin Current Vin =2V, Vpgrg = 300mV (Current Flows Out of Pin) 25 nA
PG Output Low Voltage |Ipg = 100pA ® 30 100 mV
PG Leakage Current Vpg =20V ) 1 HA
Reverse Input Current Vin ==20V, Venpuy = 0V, Vout = 0V, Vger = OV [} 100 HA
Reverse Output Current | V)y =0, Vout = 5V, SET = Open 14 25 pA
Minimum Load Required | Vout < 1V e 10 HA
(Note 13)
Thermal Shutdown Ty Rising 165 °C
Hysteresis 8 °C
Start-Up Time Voutnom) = 5V, ILoap = 500mA, Cser = 0.47yF, Viy = 6V, Vpgrp = 6V 95 ms
VOUT(NONI) =5V, I oap = 500mA, CSET =4.7uF, Vi = 6V, Vpgrg = 6V 550 ms
Voutnom) = 9V, ILoap = 500mA, Csgr = 4.7yF, V) = 6V, Rpg1 = 50k, 10 ms
Rpgo = 700kQ (with Fast Start-Up to 90% of Vgyr)
Thermal Regulation 10ms Pulse -0.01 %/W

Note 1: Stresses beyond th

ose listed under Absolute Maximum Ratings

may cause permanent damage to the device. Exposure to any Absolute

Maximum Rating condition
reliability and lifetime.

Note 2: The EN/UV pin thre
Note 3: Maximum junction

for extended periods may affect device

shold must be met to ensure device operation.
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 foldba
Vin—Vour > 12V. If operati

ck which starts to decrease current limit at
ng 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 t

0 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 highe

r dropout voltage compared to hard dropout

— which is measured when Vyy = VoyrnominaL). For lower output
voltages, below 1.5V, dropout voltage is limited by the minimum input

voltage specification. Pleas

e 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
source load. Therefore, the

tested with Viy = Vour(nominaL) @nd a current
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 ¢

urrent does include them.

Note 7: SET and OUTS pins are clamped using diodes and two 25Q 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 T = 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 Viy — Vgyr differentials greater than 12V.
Note 12: The internal back-up current limit circuitry incorporates foldback
protection that decreases current limit for Viy = Voyt > 12V. Some level of
output current is provided at all Vyy — Voyr differential voltages. Consult
the LT3045 Typical Performance Characteristics graph for current limit vs
Vin—Vour-

Note 13: For output voltages less than 1V, the LT3045-EP requires a 10pA
minimum load current for stability.

Note 14: Maximum OUT-to-OUTS differential is guaranteed by design.

Rev. A
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LT3045-EP

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. Whilea4.7pFinput 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, noreverse currentflowsintothe LT3045-EPand no
negative voltage appears at the load. The device protects
itself and the load.

EN/UV (Pin4): 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 1pA 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 onits rising edge, witha 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 ILIMand GND programsthe current limit.
For best accuracy, Kelvin connect this resistor directly to
the LT3045-EP’s GND pin. The programming scale factor

is nominally 150mAekQ. 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 + Rpgo/Rpg1). As
discussedinthe 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
cathodeto 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 100pA current that flows
through an external resistor connected between SET and
GND. The LT3045-EP’s output voltage is determined by
VseT = IsgT © Rger. 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.

Rev. A
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LT3045-EP

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 10pF output capacitor
with an ESR below 20m< 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.

A T
EN/UV ,J]_ iy
L1 (T
IN =
CURRENTé
100pA ERROR
2mA REFERENCE A R
QPWR
ENABLE — 7
COMPARATOR OUTPUT OVERSHOOT
n RECOVERY
i BIAS K THERMAL |1 o
+ | “sion [P
FAST START-UP ouT
1.24v T Vour
— INPUT R
= uvLo :
PROGRAMMABLE |Cour =
POWER GOOD = INTERNAL CURRENT =
-4 7 umr
+ b !
(v) 300my 1 S50
) 1 S
= — INPUT UVLO 300mv =
|_ FAST START-UP |—— CURRENT LIMIT d
DISABLE LOGIC |—— THERMAL SHDN =
1 — DROPOUT PROGRAMMABLE
= CURRENT LIMIT
SET-TO-0UTS
¢—| PROTECTION |
CLAMP
1 +
- 300mV
GND =
1 PGFB 1 PG ' | 1 SET -1 0UTS 1 /LIM
Ll |I| LI
Rego Rpg = RiLim
9 Rser CsET L
Rpg1 - -
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LT3045-EP
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LT3045-EP

PACKAGE DESCRIPTION

DANALOG 12-Lead Mini Small Outline Package with Exposed Pad [MINI_SO_EP]
DEVICES (RH-12-1)
Dimensions shown in millimeters
4141
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