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TPS7A57 5-A, Low-V)y (0.7 V), Low-Noise (2.1 uVgus), High-Accuracy (1%),
Ultra-Low Dropout (LDO) Voltage Regulator

1 Features

Input voltage range:

— Without BIAS: 1.1 Vt0 6.0V

— With BIAS: 0.7V 10 6.0V

Output voltage noise: 2.45 pVrus

1% (max) accuracy over line, load, and

temperature

Low dropout: 75 mV at 5 A

Power-supply rejection ratio (5 A):

— 100dB at 1 kHz

— 78dB at10 kHz

— 60dB at 100 kHz

— 36dBat1MHz

Superior load transient response:

— 12 mV with a 100-mA to 5-A load step

Adjustable output voltage range: 0.5V to 5.2V

Adjustable soft-start inrush control

BIAS rail:

— Internal charge pump or 3-V to 11-V external
rail

— Internal charge pump can be disabled

Open-drain, power-good (PG) output

Package: 3-mm x 3-mm, 16-pin WQFN

- EVM RgJAZ 21.9°C/W

2 Applications

Macro remote radio units (RRU)
Outdoor backhaul units

Active antenna system mMIMO (AAS)
Ultrasound scanners

Lab and field instrumentation

Sensor, imaging, and radar
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3 Description

The TPS7A57 is a low-noise (2.45 yVgrpus), ultra-low-
dropout linear regulator (LDO) capable of sourcing
5 A with only 75 mV of dropout, independently
of the output voltage. The device output voltage
is adjustable from 0.5 V to 5.2 V using a single
external resistor. The combination of low noise,
high PSRR (36 dB at 1 MHz), and high output-
current capability makes the TPS7A57 designed
for powering noise-sensitive components (such as
RF amplifiers, radar sensors, SERDES and analog
chipsets) found in radar power, communication, and
imaging applications.

Digital loads [such as application-specific integrated
circuits (ASICs), field-programmable gate arrays
(FPGAs), and digital signal processors (DSPs)]
requiring low-input, low-output (LILO) voltage
operation also benefit from the exceptional accuracy

(1% over load, line, and temperature), remote
sensing, excellent transient performance, and
soft-start capabilities to provide optimal system

performance. The versatility, performance, and small
footprint solution make this LDO an excellent choice
for high-current analog loads such as analog-to-
digital converters (ADCs), digital-to-analog converters
(DACs), and imaging sensors as well as digital loads
such as serializer/deserializers (SerDes), FPGAs, and
DSPs.

Package Information(!)
PACKAGE BODY SIZE (NOM)

PART NUMBER

TPS7A57

WQFN (16) 3.00 mm x 3.00 mm

M

For all available packages, see the orderable addendum at
the end of the data sheet.
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4 Revision History

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

DATE REVISION

NOTES

July 2022 *
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5 Pin Configuration and Functions
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Figure 5-1. RTE Package, 16-Pin WQFN (Top View)
Pin Functions
PIN
TYPE(") DESCRIPTION
NAME NO.

BIAS 5 BIAS supply voltage pin. See the Charge Pump Enable and BIAS Rail section for
additional information.
Charge pump enable pin. See the Charge Pump Enable and BIAS Rail section for

CP_EN 15 | L ) -

- additional information.

EN 16 | Enable pin. See the Precision Enable and UVLO section for additional information.

GND 6 GND Ground pin. See the Layout Guidelines section for additional information.
Input supply voltage pin. See the Input and Output Capacitor Requirements (Cyy and

IN 1,2,3,4 | h )
Cour) section for more details.

NR/SS 8 o Noise-reduction pin. See the Programmable Soft-Start (NR/SS Pin) and Soft-Start, Noise
Reduction (NR/SS Pin), and Power-Good (PG Pin) sections for additional information.

ouT 910 11.12 0o Regulated output pin. See the Output Voltage Setting and Regulation and Input and

o Output Capacitor Requirements (C;y and Coyr) sections for more details.

PG 14 o Open-drain, power-good indicator pin for the low-dropout regulator (LDO) output voltage.
See the Power-Good Pin (PG Pin) section for additional information.

REF 7 /o Reference pin. See the Output Voltage Setting and Regulation section for additional
information.

SNS 13 Output sense pin. See the Output Voltage Setting and Regulation section for additional
information.

Thermal Pad _ GND Conngct the pgd to GND for best possible thermal performance. See the Layout section for
more information.

(1)

| = input, O = output, I/O = input or output, G = ground.
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6 Specifications

6.1 Absolute Maximum Ratings
over operating junction temperature range and all voltages with respect to GND (unless otherwise noted)(")

MIN MAX UNIT
BIAS -0.3 1.2
IN, PG, EN, CP_EN -0.3 6.5
Voltage \%
REF, NR/SS, SNS -0.3 6
ouT -0.3 Viy+0.3@
ouT Internally limited A
Current
PG (sink current into the device) 5 mA
Operating junction, T, -40 150
Temperature °C
Storage, Tgtg -55 150

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions.
If used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) The absolute maximum rating is V|5 + 0.3 V or 6.0 V, whichever is smaller.

6.2 ESD Ratings

VALUE UNIT

Human body model (HBM), per ANSI/ESDA/JEDEC JS-001(") £2000
V(esD) Electrostatic discharge \%
Charged device model (CDM), per JEDEC specification JESD22-C101(2) £500

(1) JEDEC document JEP155 states that 500-V HBM allows safemanufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safemanufacturing with a standard ESD control process.
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6.3 Recommended Operating Conditions
over operating junction temperature range (unless otherwise noted)

MIN TYP MAX UNIT
A\ Input supply voltage range 0.7 6 \
VRer Reference voltage range 0.5 5.3 \%
Vout Output voltage range 0.5 5.2 \Y
Vgias Bias voltage range 3 1 \Y
lout Output current 0 5 A
Cin Input capacitor 4.7 10 1000 uF
Cout Output capacitor (1) 22 22 3000 uF
Cour EsL Output capacitor ESR 2 20 mQ
ZouT EsL Total impedance ESL 0.2 1 nH
Cgias Bias pin capacitor 0 1 100 uF
CNRISS Noise-reduction capacitor 0.1 4.7 10 uF
Rpg Power-good pull-up resistance 10 100 kQ
T, Junction temperature —40 125 °C
(1) Effective output capacitance of 15 yF minimum required for stability
6.4 Thermal Information
TPS7A57
THERMAL METRIC (V) RIE ((!\)’QFN) RIE ((‘g’QFN) UNIT
16 PINS 16 PINS

Resa Junction-to-ambient thermal resistance 40.3 21.9 °C/W
RaJcitop) Junction-to-case (top) thermal resistance 39.3 - °C/W
Ress Junction-to-board thermal resistance 14 - °C/W
Wyt Junction-to-top characterization parameter 0.5 0.4 °C/W
Wi Junction-to-board characterization parameter 14.0 1.9 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance 1.8 - °C/W
(1)  For more information about traditional and new thermal metrics, see the Using New Thermal Metric application report.
(2) Evaluated using JEDEC standard (2s2p).
(3) Evaluated using EVM.
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6.5 Electrical Characteristics

over operating temperature range (TJ =-40°Cto +125 °C), VIN(NOM) = VOUT(NOM) +04YV, VCP_EN =18V, VBIAS =0V, IOUT =
0A, Ven=1.8YV, Cy =10 pF, Coyt = 22 pF, Cgjas = 0 nF, Cnr/ss = 100 nF, SNS pin shorted to OUT pin, and PG pin pulled

up to V)y with 100 kQ (unless otherwise noted); typical values are at T; = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
: VIN rising, VCPﬁEN =18V (3 V< VBIAS <11 V) and
VuvLogn) Input supply UVLO with BIAS Vep en =0V (Vour + 3.2V < Vgas < 1 V) 0.67 0.7 \Y
v Input supply UVLO hysteresis Vep En=1.8V (3V <Vgas<11V)and Vep en=0V 50 mv
HYS(UVLO_IN) with BIAS (Mout + 32V < Vgas < 11V)
VuvLogn) Input supply UVLO without BIAS | V|y rising, Vcp gn = 1.8 V 1.07 11 \Y
Input supply UVLO hysteresis _
VHys(UVLO_IN) without BIAS Vep en=1.8V 50 mv
Vv - BIAS UVLO relative to V, -
Vz\E’;O(B'AS) without CP REF Vpias rising, Vep en=0V, 1.4V < Vgege <52V 2.1 2.95 v
VHYS(UVLOfBlAS _ | BIAS UVLO relative to VRer -
Rep) hysteresis without CP Vep En=0V, 1.4V s Vgegp <52V 240 mV
VUVLO(BIAS) BIAS UVLO with CP Vp)as rising, VCFLEN =18V,0.7VsVy<11V 2.8 2.95 \%
VhyswuvLo Bias) |BIAS UVLO hysteresis with CP |Vep n=1.8V,07V<sVy< 1.1V 115 mV
NR/SS fast start-up chargin
InR/SS curront pcharging 1y, riss = GND, Viy = 1.1 V 0.2 mA
0.5V <sVgours5.2V,
0A<IoyT<5A,
Vour Output voltage accuracy () 2;/?71’5“ =0V, Vour+32V<Vgas< 11 V;0.7Vs Vs » ) %
Vep en=1.8V, 3V Vgass11V,07VSVys6V®,
Vep en=1.8V,noBIAS, 1.1V <sVy<6V
Vin=11V,Vep en=1.8V,Vour =05V,
- 50 A
lLoap =0 A, Vgias =0V H
Vep en = 0V (CP disabled),
07VsVys6V®@ 05VsVoyrs52YV, i 1
Vout +3.2V < Vgas< 11V,
0A<IgyTs5A
IRer REF current pin
VCP_EN =18V (CP enabled, Vgjas =0 V), %
11VVns6VM 05VVours52V, -1 1 °
0A<Iloyr<5A@
VCF’iEN =18V (CP enabled),
0.7V<sVys6VM 05VsVoyrs52V, -1 1
3VsVgassMV,0A<Igyrs5A
VIN =0.7V, VOUT =05V, IOUT =0A,
Vep En=1.8V,3V < Vgpass 11V, -1 1
VCPfEN =0V,Vour+32V<Vgass11V
0.7VsVys6VM®@,05VsVoyrs52V,
Vep En=1.8V,3V < Vgpas 11V, -2 2
v Output offset voltage (Vyriss - |0 ASlour=5A mv
os Vour) 1AV EVNS6.0VNQ@ 05VsVours52V,
Vep en=1.8V, Vpas =0V, -2 2
0A<Iloytr<5A
0.7VsVys6V@, 05VsVoyrs52YV,
Vep En=0V, Vour +32V s Vgass 11V, -2 2
0A<Ioytr<5A
AlREF(AVBIAS) Line regulation: Alggg VOUT * :32 Vs VBIA_S STV, Vn=07V, VOUT =05V, 0.15 nA/V
Vep en=0V, loyur=0A
AVosavems) | Line regulation: AVog Vour +32V <Veas < 11V, Vin =07V, Vour = 0.5V, 0.06 Y,
Vep en=0V, loyt=0A
) . 1.1VSVNE6V,Vour =05V, Vep en =18V,
Al Line regulation: Al - 0.03 nAN
REF(AVIN) g REF lour =0 A, Vgiag =0V
) . 11VSVNS6V,Vour =05V, Vep en=1.8V,
AV, Line regulation: AV, - 0.01 VIV
OS(AVIN) g 0s lour =0 A, Vgiag =0V M
VIN=0.7V,Vour=0.5YV, VCF’iEN =0V,0A<IoyuT£5A, 5
VOUT +32V< VBIAS <11V
AVosaiouT) Load regulation: AVpg uV/A
Vour=52V,Vep en=1.8V,0A< Iyt S5A,
- - 175
Veias =0V
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6.5 Electrical Characteristics (continued)

over operating temperature range (TJ =-40 °C to +125 oC), VlN(NOM) = VOUT(NOM) +04 V, VCP_EN =1.8 V, VBIAS =0 V, IOUT =
0A, Ven =18V, Cy =10 uF, Coyt = 22 yF, Cgjas = 0 nF, Cyriss = 100 nF, SNS pin shorted to OUT pin, and PG pin pulled
up to V) with 100 kQ (unless otherwise noted); typical values are at T; = 25°C

PARAMETER

TEST CONDITIONS

MIN

TYP

MAX

UNIT

Change in Irgg vs VRer

Change in Vs Vs Vrgr

0.5V <Vrer<5.2V,Vin=6V, loyr =0 A,
VCP_EN =18V, VBIAS =0V

4.4

nA

0.25

mV

Vbo

Dropout voltage @)

11VSViNS53V, lour=5A, Vep ey =18V,
—40°C < T, < +125°C

75

110

11VSViy$53V, lour=5A, Vep ey =18V,
—40°C < Ty < +85°C

100

07V<Viys1.1V,loyr=5A, Vgp en =18V,
Vpias = 3V, —40°C < T, < +125°C

75

110

O.7VSV|N <11V, IOUT= 5A, VCPfEN =18V,
Vaas =3V, —40 °C < T, < +85°C

100

0.7V<sV|ys53V,lpyt=5A, VCPfEN =0V,
Vaias = Vin + 3.2V, —40°C < T, < +125°C

75

110

0.7V<sV|y<53V,loyt=5A, VCP_EN =0V,
Vaias = Vin + 3.2V, —40°C < T, < +85°C

100

mV

ILim

Output current limit

VOUT forced at 0.9 x VOUT(NOM):
Voutnom) = 5.2V,

ViN = Voutnomy + 400 mV,

Vep en =0V, Veias = Vour +3.2V

5.2

6.0

6.7

Isc

Short circuit current limit

Rioap = 10 mQ, under foldback operation

IBias

BIAS pin current

ViN=6V, lout=0A, Vcp eNn=0V, Vgjas = Vour + 3.2V,
VOUT =52V

1.5

VIN =0.7V, IOUT =5A, VOUT =05V,
VCPfEN =18V,30V=Vgass11V

mA

lenp

GND pin current

ViN=6V, lout=0A, Vcp eNn=0V, Vgjas = Vour + 3.2V,
VOUT =52V

6.5

VIN =56V, IOUT =5A, VOUT =52V, VCPﬁEN =18V,
Veias =0V

VIN =11V, IOUT: 5A, VOUT =0.5YV,
Vep en=1.8V, Vgas =0V

24

VIN =07 V, IOUT =5 A, VOUT =05 V,
VCP_EN =18V,3V<sVppass11V

1"

23

VN = 0.7V, lOUT =5A, VOUT =05V,
VCP_EN =0V,Vour+32V=Vgass11V

mA

Ispn

Shutdown GND pin current

PG = (open), VIN=6V,Ven=04YV, VCF’_EN =18V,
Veias =0V

100

300

PG = (open), VIN=6V,Ven=04Y, VCP_EN =04V,
VBIAS =11V

150

450

uA

len

EN pin current

V|N=6V,0V5VEN56V,VCP7EN=1.8V,VB|AS=OV

-5

HA

VIHEN)

EN trip point rising (turn-on)

V=11V (VCP7EN =1.8V)or
Veias 23V (Vep En=0V)

0.65

0.68

\

VHys(EN)

EN trip point hysteresis

VIN =11V (VCFLEN =1.8 V) or
Veias 23V (Vep_en = 0V)

40

mV

Icp EN

CP_EN pin current

ViN=6.0V,0V<Vep gnS6V

-5

UA

VIH(CP_EN)

CP_EN trip point rising (turn-on)

11VSV|NS6V,Vegn=18V, Vgas=0V,
0.7VEVinS 1.1V, Vey = 1.8 V, Vaps = 3 V

0.57

0.6

0.63

\

VHys(cP_EN)

CP_EN trip point hysteresis

11V EViNSBV,Ven=1.8V, Vgas =0V,
0.7V<Vins 1.1V, Ven =18V, Vgag = 3V

56

mV

Vitpe)

PG pin threshold

For PG transitioning low with falling Voyt, Vin= 1.1V,
Veias =0V, Vcp en = 1.8 V, Vout < Virpa), Ipg = —1 MA
(current into device)

87

90

93

%

Vhys(pe)

PG pin hysteresis

VinN=1.1V, Vgias =0V, Vep_en = 1.8V, Vour < Virpa),
Ipg =—1 mA (current into device)

%

VoLpa)

PG pin low-level output voltage

Vin="11V, Vias =0V, Vcp en = 1.8V, Vout < Virpa),
Ipg = =1 mA (current into device)

0.4

\

I ka(Pa)

PG pin leakage current

Ve =6V, Vout > Virpe), ViN=1.1V, Vgias = 0V,
VCPfEN =18V

A
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6.5 Electrical Characteristics (continued)

over operating temperature range (TJ =-40 °C to +125 oC), VlN(NOM) = VOUT(NOM) +04 V, VCP_EN =1.8 V, VBIAS =0 V, IOUT =
0A, Ven =18V, Cy =10 uF, Coyt = 22 yF, Cgjas = 0 nF, Cyriss = 100 nF, SNS pin shorted to OUT pin, and PG pin pulled
up to V) with 100 kQ (unless otherwise noted); typical values are at T; = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
f=1MHz V|y=0.8YV, VOUT(NOM) =05V, VCP_EN =0V,
Veias = Vout + 3.2V, loyr = 5 A, Cnrss = 4.7 WF

f=1MHz, VIN =09V, VOUT(NOM) =05V, VCF’_EN =0V, 40
V =Vour+3.2V,I =5A,C =4.7 uF

PSRR Power-supply ripple rejection BiAs ~ Tout ouT NRISS dB
f=1MHz, VIN =53V, VOUT(NOM) =5V, VCP_EN =18V,

40

40
VBias = 0V, lout =5 A, Cnryss = 4.7 WF
f=1MHz, VIN =54V, VOUT(NOM) =5V,, VCPfEN =18V, 36
Veias =0V, loyt =5 A, Cnriss = 4.7 pF
BW =10 Hz to 100 kHz,
0.7V SViNS6V, 05V <Vour<5.2V, lour =5 A, 249
. Cnriss = 4.7 UF, Vep N =0V, Vias = Vout + 3.2V
Vin Output noise voltage MVRMS
BW =10 Hz to 100 kHz,
11VEVNSBY,05V<Vours52V, 249

lout =5 A, Cnriss =4.7 UF, Vep en=1.8V, Vgiag =0V

f=100 Hz, 0.7 V< V<6V,
0.5V <=Voyr<5.2V,loyr =5A, Cyriss = 4.7 uF, 20
Vep en=0V, Veias = Vour +3.2V

f=1kHz, 0.7V<sV|yS6V,05V=sVgoyr<52V,
Noise spectral density lout =5 A, Cnriss = 4.7 UF, Vep en=0V, 9 nV/AHz
Veias = Vout +3.2V

f=10KHz 0.7 VSVin<S6V,05V<Vour <52V,
lout =5 A, Cnriss = 4.7 F, Vep en =0V, 6
VBias = Vout + 3.2V

Output pin active discharge

RDIS resistance VIN =11V, VCPﬁEN =18V, VBIAS =0V, VEN =0V 110 Q
NR/SS pin active discharge

RNRriss_pis resistanFc);e 9 ViN=11V,Vcp en=18V, Vgas =0V, Ven=0V 100 Q

Tsp(shutdown) Thermal shutdown temperature | Shutdown, temperature increasing 165 °C

TsD(reset) Thermal shutdown reset Reset, temperature decreasing 150 °C

temperature

(1)  Max power dissipation of 2 W.
(2) Limited by pulse max power dissipation. For O mA < lgyt<2.5A,VN=6V,0mA<Igyt<5A,V|y=5.6V.
(3)  Vrer = VIN, Vsns = 97% * VRer.
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6.6 Typical Characteristics

Vin = Voutnomy + 0.4V, Ven = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V|5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Cnriss = Cin = 4.7 pF, Cout = 22 pF, Vep En = ViN,
VOUT =0.9 V, VBlAS =0 V, IOUT =5A

Figure 6-1. PSRR vs Frequency and V\y for CP Enabled,

110

M W] | [N Hlo.olv
N| ]

M N T
NISRE(l AR
7

s
|

Power Supply Rejection Ratio (dB)
(2]
o

Vin
— 07V — 08V — 09V v

10 100 1k 10k 100k ™ 10M
Frequency (Hz)

Cnrrss = Cin = 4.7 pF, Cout = 22 pF, Vep N = VN,
VOUT =05 V, VBlAS =3 V, IOUT =5A

Figure 6-2. PSRR vs Frequency and V| for CP Enabled,

Cnriss = Cin=4.7 uF, Coyr =22 pF, Vep en =0V,
Vour=0.5V,Vgas =11V, loyr=5A

Figure 6-3. PSRR vs Frequency and V) for CP Disabled,
Maximum Bias
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Cnriss = Cin = 4.7 uF, Coyt = 22 pF, Vep En =00V,
VOUT =3.3 V, VBIAS =6.5 V, IOUT =5A

Figure 6-4. PSRR vs Frequency and V,y for CP Disabled,
Minimum Bias
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Figure 6-5. PSRR vs Frequency and V) for CP Disabled,
Maximum Bias
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Figure 6-6. PSRR vs Frequency and Igyt for CP Enabled,
No Bias
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Cnriss = Cin = 4.7 pF, Coyt =22 pF, Vep En =0V,
VIN =1.2 V, VOUT =09 V, IOUT =5A

Figure 6-7. PSRR vs Frequency and Vgjas for CP Enabled

ClN =47 |JF, COUT =22 HF, VCP_EN =0 V, VIN =12 V,
VOUT =0.9 V, VBlAS =11 V, IOUT =5A

Figure 6-8. PSRR vs Frequency and Cyg/ss for CP Disabled
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Figure 6-9. PSRR vs Frequency and Vgjas for CP Disabled

Cnriss = Cin=4.7 pF, Cour = 22 pF, Vep en= 1.8V,
ViN=0.8V,Vour=0.5V,loyr=5A

Figure 6-10. BIAS PSRR vs Frequency and Vgjas for CP
Enabled, Viy =0.8 V
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Cnriss = Ciy = 4.7 uF, Coyt = 22 pF, VCP_EN =0V,
ViN=1.2V,Vour =09V, loyr=5A

Figure 6-11. BIAS PSRR vs Frequency and Vgjas for CP
Disabled, V|y=1.2V

Cnriss =CiN=4.7 UF, Vep en=0V, VN =12V, Vour = 0.9V,
Veias =11V, loyt=5A

Figure 6-12. PSRR vs Frequency and Cqoyt
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Cnriss = Cin=4.7 UF, Coyr =22 pF, Vep en =01V,
VOUT . VIN - 300 mV, VBlAS =11 V, IOUT =5A

Figure 6-13. PSRR vs Frequency and Vy
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Figure 6-14. Output Voltage Noise Density vs Frequency and
loyt for CP Enabled
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Figure 6-15. Output Voltage Noise Density vs Frequency and
CNRISS for CP Enabled
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Figure 6-16. Output Voltage Noise Density vs Frequency and
loyt for CP Disabled
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Figure 6-17. Output Voltage Noise Density vs Frequency and
Cnryss for CP Disabled
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Figure 6-18. RMS Noise vs Cygr/ss
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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VOUT =0.5 V, VBlAS =37V

Figure 6-19. Output Voltage Noise Density vs Frequency and
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Figure 6-20. Output Voltage Noise Density vs Frequency and

Cnriss = Cin=4.7 uF, Coyr =22 pF, Vin =12V, Iyt =5 A

Figure 6-21. Output Voltage Noise Density vs Frequency and
VCP_EN for Vour =09V
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Figure 6-22. Output Voltage Noise Density vs Frequency and
VCP_EN for Vour=1.2V
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Figure 6-23. Output Voltage Noise Density vs Frequency and
VCP_EN for VOUT =18V
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Figure 6-24. Output Voltage Noise Density vs Frequency and
VCP_EN for VOUT =33V
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-25. Output Voltage Noise Density vs Frequency and
Vep_en for Voyr =5V
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Figure 6-26. Output Voltage Noise Density vs Frequency and
vBIAS for vOUT =0.5V, CP Enabled
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Figure 6-27. Output Voltage Noise Density vs Frequency and
VBIAS for VOUT =5V, CP Disabled

3

25 X3 3¢
2

15

Vin, Vour, Veias
0.8V,05V,3.7V

-

RMS Noise [10 Hz - 100 kHz] (11Vrus)

1.2V,09V,0V
15V,12V,3V
05|21Vv,1.8V,3V
36V,33V,3V
53V,5.0V,0V
0
0 05 1 1.5 2 25 3 35 4 4.5 5
Output Voltage (V)
Cnriss = Cin=4.7 WF, Vep gn = 1.8V, Cout = 22 (F,
IOUT =5A

Figure 6-28. RMS Noise vs Vgyt for CP Enabled
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Figure 6-29. Output Voltage Noise Density vs Frequency and
Vour for CP Enabled
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Figure 6-30. RMS Noise vs Voyt for CP Disabled
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-31. Output Voltage Noise Density vs Frequency and
Vour for CP Disabled
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Figure 6-32. Charge Pump Output Voltage Noise Density vs
Frequency and loyt
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Figure 6-33. Load Transient for Voyr = 0.5V, loyt = 100 mA to
5 A, CP Enabled
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Figure 6-34. Load Transient for Voyr = 0.5V, oyt = 100 mA to
5 A, CP Enabled
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Figure 6-35. Load Transient for Voyt = 3.3 V, Igyt = 100 mA to
5 A, CP Enabled
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Figure 6-36. Load Transient for Voyt = 5.2V, Igyt = 100 mA to
5 A, CP Enabled
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-37. Load Transient for Voyr = 0.5V, loyt = 100 mA to

AC-Coupled Output Voltage (mV)
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Figure 6-38. Load Transient for Voyr = 0.5V, oyt = 100 mA to

5 A, CP Disabled, SR=1 Alus
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Figure 6-39. Load Transient for Voyr = 0.5V, oyt = 100 mA to

AC-Coupled Output Voltage (mV)
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Figure 6-40. Load Transient for Voyr = 3.3 V, oyt = 100 mA to

5 A, CP Disabled, SR = 0.5 Alus, Vgjas = 6.5 V
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Figure 6-41. Load Transient for Voyt = 3.3 V, Igyt = 100 mA to

AC-Coupled Output Voltage (mV)
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Figure 6-42. Load Transient for Voyt = 3.3 V, Igyt = 100 mA to

5 A, CP Disabled, SR = 1 Alps, Vgias = 11 V
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6.6 Typical Characteristics (continued)

Vin = Voutom + 0.4V, Ven = 1.8V, Vep gn = 1.8V, Ciy = 10 pF, Cnryss = 4.7 UF, Cout = 22 F, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-43. Load Transient for Voyt = 5.2 V, loyt = 100 mA to
5 A, CP Disabled, SR = 0.5 Alus, Vgjas = 8.4V

= Vour = lour
< 25
\>EJ < Left Scgle &
[} 0
g v 7 o
5 25 ot 5
2 ' =3
>
a 1 1 o
g 5 QUT x 6 5
(V)
° B 4 2
o) =
2 / \ S
5 Z
S 2
Q
< 0
Right Scale —
2

Time (10 ps/div)
Cnriss = Cin = 4.7 uF, Coyt = 22 pF, Vep En =00V,
VBIAS =84 V, VlN =55V

Figure 6-44. Load Transient for Voyr = 5.2 V, loyt = 100 mA to
5 A, CP Disabled, SR =1 Alps, Vgjas = 8.4V
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Figure 6-45. Load Transient for Voyt = 5.2 V, loyt = 100 mA to
5 A, CP Disabled, SR =5 Alus, Vgjas = 8.4V
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Figure 6-46. Load Transient for Voyr = 5.2 V, loyt = 100 mA to
5 A, CP Disabled, SR =10 A/ps, Vgjas = 8.4V

— Vour = lour |
25 A
<« Left Scale
0
V,
25 V out
5 lour_| 6

) Juaung indino

It

LT

N S
(

AC-Coupled Output Voltage (mV)

Ri

ght Scale —

Time (10 ps/div)
Cnriss = Cin = 4.7 pF, Coyt =22 pF, Vep En =0V,
VBIAS =1 V, VIN =55V

Figure 6-47. Load Transient for Voyt = 5.2 V, Igyt = 100 mA to
5 A, CP Disabled, SR=1 Alps, Vgjas =11V
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Figure 6-48. IN Line Transient for Viy=0.9Vto 1.2V

16 Submit Document Feedback

Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: TPS7A57


https://www.ti.com/product/TPS7A57
https://www.ti.com/lit/pdf/SBVS395
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBVS395&partnum=TPS7A57
https://www.ti.com/product/tps7a57?qgpn=tps7a57

13 TEXAS
INSTRUMENTS

www.ti.com

TPS7A57
SBVS395 — JULY 2022

6.6 Typical Characteristics (continued)

Vin = Voutom + 0.4V, Ven = 1.8V, Vep gn = 1.8V, Ciy = 10 pF, Cnryss = 4.7 UF, Cout = 22 F, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-49. IN Line Transient for Vy=0.9Vto 6V Figure 6-50. BIAS Line Transient for Vy=0.9Vto 6V,
IOUT =100 mA
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Figure 6-51. BIAS Line Transient for Viy=0.9Vto 6V, lgytr=5A Figure 6-52. Start-Up Under Current Limit
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Figure 6-53. Start-Up for BIAS-EN-IN Rail Sequence for CP Figure 6-54. Start-Up for EN-BIAS-IN Rail Sequence for CP
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-55. Start-Up for EN-IN-BIAS Rail Sequence for CP
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Figure 6-56. Start-Up for IN-BIAS-EN Rail Sequence for CP
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Figure 6-57. Start-Up for IN-EN-BIAS Rail Sequence for CP

Disabled Disabled
. | | . Ve |
5 5
4 — VE‘AS < Left ScFe 4 < Left Scéle
3 31w
) H Ven [ ‘ 2 - Vice [en
~ — Ve Vin — Vour, 5A < S <
< 1 = Vaias = Vour, 1 mA [N < 1 g
S o0 1 & S o0 1 &
g T T, ¢ § o W .
> ) Y vi © s = 4 8 2
> Right Scale Vin 06 Ly Right Scale 06
0.4 04
#” Vour; 1mA - 5A 0.2 A Nout 0.2
- . = .
> ° d .
| = Vep_en = Ven Vin = Vour
0.2 -0.2

Time (2.5 ms/div)

Cnriss = Cin = 4.7 UF, Coyt = 22 pF, Vep En =3V,
Veias =5V, ViN=0.7V, Vour = 0.5V, loyt =5 A

Figure 6-58. Start-Up for CP_EN-BIAS-IN Rail Sequence for CP
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Figure 6-59. Start-Up for IN-CP_EN-EN Rail Sequence for CP
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Figure 6-60. Start-Up for IN-BIAS-EN Rail Sequence for CP
Disabled, Voyt = 5.2 V, C\rsss = 100 nF
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-61. Start-Up for IN-BIAS-EN-PG Rail Sequence for CP
Disabled, VOUT =52V, CNRISS =4.7 lJF
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Figure 6-62. Inrush Current for CP Disabled, Voyt=0.5V
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Figure 6-63. Inrush Current for CP Disabled, Voyr =0.5V,
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Figure 6-64. Inrush Current for CP Disabled, Voyt=5.2V

Time (50 ps/div)
Cnriss = Cin = 4.7 pF, Coyt =22 pF, Vep En =0V,
VBIAS =9 V, VIN =5.5 V, VOUT =52V

Figure 6-65. Inrush Current for CP Disabled, Voyt =5.2 V,
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Figure 6-66. Dropout Voltage vs V|\ for CP Enabled,
No Bias Rail
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-67. Dropout Voltage vs V) for CP Enabled, Vgjas =3 V
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Figure 6-68. Dropout Voltage vs V,\ for CP Enabled,
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Figure 6-69. Dropout Voltage vs Vgjas for CP Enabled, Figure 6-70. Dropout Voltage vs Vgjas for CP Disabled,
Vin=0.7V Vn=0.7V
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Figure 6-71. Dropout Voltage vs loyt for CP Disabled,
VlN =0.7 V, VBlAs =39V

Cnriss = Cin =4.7 WF, Cour =22 pF, Vep en= 1.8V
Figure 6-72. Dropout Voltage vs lgyt for CP Enabled, Viy = 0.7 V,

Veias =3V
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Veias =0V Veias =0V
Figure 6-73. Dropout Voltage vs lgyt for CP Enabled, Viy = 1.1V, | Figure 6-74. Dropout Voltage vs loyt for CP Enabled, V|y =5.3 YV,
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Figure 6-75. Dropout Voltage vs lgyt for CP Enabled, Viy = 6 V, | Figure 6-76. Dropout Voltage vs lgyt for CP Enabled, V|y =5.3 V,
No Bias VBIAS =3V
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Figure 6-77. Dropout Voltage vs lgyt for CP Enabled, V|y =6V, Figure 6-78. Dropout Voltage vs loyt for CP Disabled,
VBIAS =3V VIN =53 V, VBIAS =9.2V
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-79. Dropout Voltage vs lgyt for CP Disabled, Viy =6V, Figure 6-80. Output Discharge Resistor vs Vy
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Figure 6-81. Fast Soft-Start Current vs Temperature and V\y Figure 6-82. Reference Current vs Temperature
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Figure 6-83. Change in Reference Current vs Vgrgr Figure 6-84. Reference Current Accuracy vs loyt
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-85. Reference Current Accuracy vs V|y for CP Enabled
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Figure 6-86. Reference Current Accuracy vs V| for CP Disabled
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Figure 6-87. Reference Current Accuracy vs Vgjas for CP
Disabled, lopyr =0 A
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Figure 6-88. Reference Current Accuracy vs Vgjas for CP
Enabled, loyt=0 A
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Figure 6-89. Reference Current Accuracy vs Vgjas for CP
Disabled, loyt=5 A
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-91. Vg Distribution IN out
Figure 6-92. Offset Voltage vs loyt
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Figure 6-93. Offset Voltage vs Vy Figure 6-94. Offset Voltage vs Vour
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Figure 6-95. Output Voltage Accuracy vs V) for Vgjas =11V, Figure 6-96. Output Voltage Accuracy vs V) for Vgjas =3.7 V,
CP Disabled CP Disabled
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-97. Output Voltage Accuracy vs Vgjag for Viy =6V,
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Figure 6-98. Output Voltage Accuracy vs Vgas for Viy = 0.7 V,
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Figure 6-99. Output Voltage Accuracy vs lgyt for Vgjas =11V,
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Figure 6-100. Output Voltage Accuracy vs lgyt for Vgjas = 3.7 V,
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Figure 6-101. Output Voltage Accuracy vs lgyt for Viy =6V,
Vgias = 11V, CP Disabled
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Figure 6-102. Output Voltage Accuracy vs lgyt for Viy=6V,
Vgias = 8.4V, CP Disabled
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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6-103. Output Voltage Accuracy vs lgyt for Vjy =5.6 V,
VBIAS =11V, CP Disabled
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6-104. Output Voltage Accuracy vs loyt for Viy =5.6 V,
VBIAS =8.4V, CP Disabled
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Output Voltage Accuracy (%)
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Cnriss = Cin=4.7 UF, Coyr =22 pF, Vep en =18V,
VBlAS =0 V, VlN =11 V, VOUT =05V

Figure 6-105. Output Voltage Accuracy vs V| for CP Enabled Figure 6-106. Output Voltage Accuracy vs loyt for Viy=1.1V,
CP Enabled
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CNR/SS = C|N =47 [,IF, COUT =22 |JF, VCP_EN =18V,
VBias =0V, ViN=6V, Voyr =52V

Figure 6-107. Output Voltage Accuracy vs lgyt for Viy =6V,

CP Enabled

Figure

CNR/SS = CIN =47 pF, COUT =22 |JF, VCP_EN =18V,
VBlAS =0 V, V|N =56 V, VOUT =52V

6-108. Output Voltage Accuracy vs lgyt for Viy =5.6 V,
CP Enabled
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Input Voltage (V)

Cnriss = Cin = 4.7 pF, Coyt = 22 PF, Vep en= 1.8V,
Veias = 11V, Vour = 0.5V, loyr =0 A

Figure 6-109. Output Voltage Accuracy vs V| for Vgjas =11V,
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Cnriss = Cin = 4.7 pF, Coyr =22 pF, Vep en= 1.8V,
Veias =3V, Vour =05V, loyt=0 A
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Figure 6-110. Output Voltage Accuracy vs V) for Vgias =3V,
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Cnriss = Cin = 4.7 pF, Cout = 22 pF, Vep en = 1.8V,
VIN =6 V, VOUT =0.5 V, IOUT =0A

Figure 6-111. Output Voltage Accuracy vs Vgjas for Viy =6V,
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Cnriss = Cin=4.7 pF, Cour = 22 pF, Vep en= 1.8V,
ViN=0.7V,Vour =05V, loyr =0 A

Figure 6-112. Output Voltage Accuracy vs Vgjas for Viy =0.7 V,

CNR/SS = C|N =47 [,IF, COUT =22 |JF, VCP_EN =18V,
VBIAS =11 V, VIN =0.7 V, VOUT =05V

Figure 6-113. Output Voltage Accuracy vs lgyt for Voyr =0.5V,
Vgias = 11V, CP Enabled
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CNR/SS = CIN =47 pF, COUT =22 |JF, VCP_EN =18V,
VBIAS =11 V, VIN =0.7 V, VOUT =05V

Figure 6-114. Output Voltage Accuracy vs lgyt for Voyr =0.5V,

Vgias = 3 V, CP Enabled
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C

Output Voltage Accuracy (%)

Figure
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Cnriss = Cin =4.7 WF, Coyr =22 WF, Vep en= 1.8V,
Veias = 11V, V=6V, Vour = 5.2V

6-115. Output Voltage Accuracy vs lgyt for Viy =6V,

VBIAS =11V, CP Enabled

Figure

Cnriss = Cin = 4.7 pF, Coyr =22 pF, Vep en=1.8 Y,

6-116. Output Voltage Accuracy vs lgyt for Viy=6V,

VBlAS =3 V, VlN =6 V, VOUT =52V

vBIAS =3V, CP Enabled

Output Voltage Accuracy (%)
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Cnriss = Cin = 4.7 pF, Cout = 22 pF, Vep en = 1.8V,
VBIAS =11 V, VIN =56 V, VOUT =52V

Figure 6-117. Output Voltage Accuracy vs lgyt for Viy=5.6 V,

VBIAS =11V, CP Enabled
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Cnriss = Cin=4.7 UF, Coyr =22 pF, Vep en =18V,

Figure 6-118. Output Voltage Accuracy vs lgyt for Viy=5.6 V,

VBlAS =3 V, VlN =56 V, VOUT =52V

VBIAS =3V, CP Enabled
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Cnriss = Cin = 4.7 pF, Coyt =22 pF, Vep En =0V,
VBIAS =3.7Vto 11 V, VOUT =05V

Figure 6-119. Izer BIAS Rail Line Regulation

Temperature (°C)

Cnriss = Cin = 4.7 uF, Coyt = 22 pF, Vep En =00V,

Figure 6-120. Vos BIAS Rail Line Regulation

Temperature (°C)

VBIAS =3.7Vto11 V, VOUT =05V
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-121. Vgyt BIAS Rail Line Regulation Figure 6-122. Vos Load Regulation
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Figure 6-123. Irer IN Rail Line Regulation Figure 6-124. Vs IN Rail Line Regulation
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Figure 6-125. Vgyr IN Rail Line Regulation Figure 6-126. Voyt Load Regulation
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-129. UVLO,\ Threshold vs Temperature With BIAS Rail | Figure 6-130. UVLOy Threshold vs Temperature Without BIAS
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Figure 6-131. UVLO\y Hysteresis vs Temperature Figure 6-132. UVLOg s Threshold vs Temperature for CP
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-133. UVLOgas Threshold vs Temperature for CP
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Figure 6-134. UVLO)\ Hysteresis vs Temperature
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Figure 6-137. BIAS Pin Quiescent Current vs Vy for

Vour =52V, Vgias = 11 V, CP Disabled

Enabled
15 15
12 UVLOgias 50° 14 50=
< 13 < 13
E 12 E 12
g 1 % 11
e v e
g 10 g 10 E\
© 9 B59C o 9 — -55°C
S 8 S 8
] @
S 7 Temperature S 7
£ e — 150°C £ .
g & — 125°C g 5
£ 85°C £
o 4 o a 4
P 25°C p
< 3 u - 0°C < 3 Temperature
o 2 [ i°ﬂmfmf'°“ — 40°C o 2 — 85°C — 0°C 85°C — 150°C
1 ‘ ‘ ‘ —— _55°C 1 — -40°C 25°C =— 125°C
0 0
0 1 2 3 4 5 6 7 8 9 10 11 0 1 2 3 4 5 6 7 8 9 10 11
Bias Voltage (V) Bias Voltage (V)
Cnriss = Cin = 4.7 pF, Cour = 22 pF Cnriss = Cin = 4.7 pF, Cout = 22 pF
Figure 6-135. BIAS Pin Quiescent Current vs Vgag for Figure 6-136. BIAS Pin Quiescent Current vs Vs for
Vour=0.5V, CP Enabled, lout=0A Vour=0.5V, CP Enabled, lout=5A
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Figure 6-138. BIAS Pin Quiescent Current vs Vy for
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Cnriss = Cin = 4.7 UF, Coyt = 22 pF

Vour = 5.2V, Vgjas = 8.4 V, CP Disabled
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-139. Total BIAS Pin Quiescent Current vs V) for
VOUT =52V, VBIAS =11V, CP Disabled
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Figure 6-140. Total Quiescent Current vs V) for Voyr =5.2 V,
VBIAS =8.4V, CP Disabled
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Figure 6-141. IN Pin Quiescent Current vs V| for Voyr =5.2 V,
VBIAS =11V, CP Disabled
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Figure 6-142. IN Pin Quiescent Current vs V| for Voyr =5.2V,
VBIAS =8.4V, CP Disabled
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Figure 6-143. BIAS Pin Quiescent Current vs lgyT for
Vout = 5.2V, Vgjas = 11V, CP Disabled
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Figure 6-144. Total Quiescent Current vs lgyt for Voyr =5.2V,
Vgias =11V, CP Disabled
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-145. IN Pin Quiescent Current vs lgyt for Voyr =5.2 V,
VBIAS =11V, CP Disabled

6

55 Temperature
I | —55°C 0°C 85°C — 150°C
£ 5| — 4o0°c 25°C = 125°C
E 4.5 5
s 4 UVL D ;
O 35 L
f=4
g 3 : ,
Q , —| Normal Operation
»% 25 n 150°C
g , ™
s A
o \
p 1.5 N\
N o
[ " 55 °C —1

0.5 .

0 é‘
0 05 1 15 2 25 3 35 4 45 5 55 6

Input Voltage (V)
Cnriss = Cin = 4.7 UF, Coyt = 22 pF

Figure 6-146. BIAS Pin Current vs V| for Voyr =0.5V,
vBIAS =11V, CP Disabled
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Figure 6-147. Total Quiescent Current vs V| for Voyt =0.5V,
VBIAS =11V, CP Disabled
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Figure 6-148. IN Pin Quiescent Current vs V| for Voyr =0.5V,
VBIAS =11V, CP Disabled
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Figure 6-149. BIAS Pin Quiescent Current vs Vy for
Vout = 0.5V, Vgjas = 3.7 V, CP Disabled
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Figure 6-150. Total Pin Quiescent Current vs V,y for
Vout =0.5V, Vgjas = 3.7 V, CP Disabled
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-151. IN Pin Quiescent Current vs V) for Vour = 0.5V, | Figure 6-152. IN Pin Quiescent Current vs lgyt for Voyr =5.2V,
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Figure 6-153. BIAS Pin Quiescent Current vs Vy for
Vout = 0.5V, No BIAS, CP Enabled, loyt =0 A

Vgias = 3.7 V, CP Disabled CP Enabled
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Figure 6-154. BIAS Pin Quiescent Current vs Vy for
Vout = 0.5V, No BIAS, CP Enabled, loyr =5 A
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Figure 6-155. IN Pin Quiescent Current vs lgyt for Voyr =0.5V,
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Figure 6-156. BIAS Pin Quiescent Current vs Vy for
VOUT =0.5 V, VBlAS =3 V, CP Enabled, IOUT =0A
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-157. Total Quiescent Current vs V| for Voyr =0.5V,

Vgias = 3V, CP Enabled, oyt =0 A
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58. IN Pin Quiescent Current vs Vi for Voyr =0.5V,
Vgias = 3V, CP Enabled, loyt =0 A
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Figure 6-159. BIAS Pin Quiescent Current vs V) for
VOUT =0.5 V, VBIAS =1 V, CcP Enabled, IOUT =0A

20 T
f— . 180 °C

18 PVEO,
<
g 16
= 14
E | _Bg °
£ 12 88 °C
O — Normal Qperation
€ 10
[9)
o
3 8
=] J
g 6 o
© o
L 4 : Temperature

2 | —-55°C 0°C 85°C —— 150°C

| — 40°C 25°C = 125°C
0
0 05 1 15 2 25 3 35 4 45 5 55 6

Input Voltage (V)
Cnriss = Cin = 4.7 UF, Coyt = 22 pF

Figure 6-160. Total Quiescent Current vs V|\ for Voyr =0.5V,
Vgias = 11V, CP Enabled, Ioyr =0 A
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Figure 6-161. IN Pin Quiescent Current vs V) for Voyr=0.5V,

Vgias = 11V, CP Enabled, loyr =0 A
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Figure 6-162. BIAS Pin Quiescent Current vs Vgjag for
Voutr=0.5V,V|y=0.7V, CP Enabled, loyt =0 A
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-163. Total Quiescent Current vs Vgjas for Voyr = 0.5V,
ViNn=0.7V, CP Enabled, IOUT =0A

20
Temperature
_ 8[— s5°c — 0°c 85°C — 150°C
< 1| — 40°C 25°C =—— 125°C
E
E 14
£ 12 pu — Norma| Operation
© UYLOgias
$ 10
?
8
'§ 1504
- 6
£
z 4 ¥
2 [~ -b5rC
0

0o 1 2 3 4 5 6 7 8 9 10 1"
Bias Voltage (V)

Cnriss = Cin = 4.7 UF, Coyt = 22 pF

Figure 6-164. IN Pin Quiescent Current vs Vgjas for Voyr = 0.5V,
Vin=0.7V, CP Enabled, IOUT =0A
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Figure 6-165. BIAS Pin Quiescent Current vs Vgag for
Vour=0.5V,V|y=0.7V, CP Enabled, lout=5A
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Figure 6-166. Total Quiescent Current vs Vgas for Voyr = 0.5V,
ViNn=0.7V, CP Enabled, IOUT =5A
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Figure 6-167. IN Pin Quiescent Current vs Vgjas for Voyr =0.5V,
Vin=0.7 V, CP Enabled, loyt=5 A
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Figure 6-168. BIAS Pin Quiescent Current vs Vgag for
Voutr=0.5V,V|y=1.1V, CP Enabled, loyt =0 A
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-169. Total Quiescent Current vs Vgas for Voyr = 0.5V,
V=11V, CP Enabled, IOUT =0A

20
1p0r¢ Temperature
18 — 150°C
16 ] ! — 125°C
85°C
14 p?—— 25°C
0°C
12 i — 40°C
-55FC — 55°C

IN Pin Quiescent Current (mA)
o

o N B O

e
UVLQgiAs t— Normal|Operation

0

1 2 3 4 5 6 7 8 9 10 1"
Bias Voltage (V)

Cnriss = Cin = 4.7 UF, Coyt = 22 pF

Figure 6-170. IN Pin Quiescent Current vs Bias Voltage for
Vour=05V,V[y=11YV, CP Enabled, lout=0A
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Figure 6-171. BIAS Pin Quiescent Current vs lgyt for
VOUT =05V,Vy=0.7V, VBIAS =3.7V, CP Enabled, IOUT =0A
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Figure 6-172. Total Quiescent Current vs lgyt for Voyr = 0.5V,
ViNn=0.7V, VBIAS =3.7 V, CP Enabled, IOUT =0A
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Figure 6-173. IN Pin Quiescent Current vs lgyt for Voyr =0.5V,
VlN =0.7 V, VBlAS =3.7 V, CP Enabled, IOUT =0A
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Figure 6-174. BIAS Pin Quiescent Current vs lgyt for
VOUT =0.5 V, le =0.7 V, VBlAS =1 V, CP Enabled, IOUT =0A
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-175. Total Quiescent Current vs lgyt for Voyr = 0.5V, Figure 6-176. IN Pin Quiescent Current vs loyt for Voyr = 0.5V,
ViNn=0.7V, vBIAS =11V, CP Enabled, IOUT =0A ViNn=0.7V, VBIAS =11V, CP Enabled, IOUT =0A
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Figure 6-177. BIAS Pin Quiescent Current vs Vgag for Figure 6-178. Total Quiescent Current vs Vgjas for Voyr = 0.5V,
VOUT =05V,Vy=0.7V, CP Disabled, IOUT =0A Vin=0.7V, CP Disabled, |ou'|' =0A
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Figure 6-179. IN Pin Quiescent Current vs Vgjas for Voyr =0.5V, Figure 6-180. BIAS Pin Quiescent Current vs Vgjag for
V|y =0.7 V, CP Disabled, loyt =0 A Vour=0.5V,V)y=0.7 V, CP Disabled, lopyt =5 A
38 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: TPS7A57


https://www.ti.com/product/TPS7A57
https://www.ti.com/lit/pdf/SBVS395
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBVS395&partnum=TPS7A57
https://www.ti.com/product/tps7a57?qgpn=tps7a57

13 TEXAS
INSTRUMENTS

www.ti.com

TPS7A57
SBVS395 — JULY 2022

6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-181. Total Quiescent Current vs Vgjas for Voyr = 0.5V,
ViN=0.7 V, CP Disabled, oyt =5 A
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Figure 6-182. IN Pin Quiescent Current vs Vgjas for Voyr = 0.5V,
ViN=0.7 V, CP Disabled, oyt =5 A
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Figure 6-183. BIAS Pin Quiescent Current vs lgyt for
VOUT =05V,VN=0.7V, VBIAS =3.7 V, CP Disabled
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Figure 6-184. Total Quiescent Current vs lgyt for Voyr = 0.5V,
ViNn=0.7V, VBIAS = 3.7V, CP Disabled

9
Temperature

s — -55°C 0°C 85°C —— 150°C
< — -40°C 25°C = 125°C
£
=7
€
e
S
(¢]
E 5 /'4!
@ //
2 |
CJJ //
c el
a 3
Z

1

0o 05 1 156 2 25 3 35 4 45 5
Output Current (A)

Cnriss = Cin = 4.7 UF, Coyt = 22 pF

Figure 6-185. IN Pin Quiescent Current vs lgyt for Voyr =0.5V,
Vin=0.7 V, Vgjas = 3.7 V, CP Disabled
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Figure 6-186. BIAS Pin Quiescent Current vs lgyT for
Voutr=0.5V,V|y=0.7V, Vgjas =11V, CP Disabled
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-187. Total Quiescent Current vs lgyt for Voyr =0.5V,
ViNn=0.7V, VBIAS =11V, CP Disabled
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Figure 6-188. IN Pin Quiescent Current vs loyt for Voyr = 0.5V,
ViNn=0.7V, VBIAS =11V, CP Disabled
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Figure 6-189. Shutdown Current vs Vy for Voyr =0.5V,
VBIAS =0V, CP Enabled
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Figure 6-190. BIAS Pin Shutdown Current vs Vy for
VOUT =05V, VBIAS =11V, CP Disabled
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Figure 6-191. IN Pin Shutdown Current vs V| for Voy7r =0.5V,
Vgias = 11V, CP Disabled
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Figure 6-192. Total Shutdown Current vs V) for Voyr = 0.5V,
Vgias = 11V, CP Disabled
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-193. BIAS Pin Shutdown Current vs Vy for
vOUT =05V, VBIAS =3V, CP Enabled
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Figure 6-194. IN Pin Shutdown Current vs V) for Voyr = 0.5V,
vBIAS =3V, CP Enabled
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Figure 6-195. Total Shutdown Current vs Vy for Voyt = 0.5V,
VBIAS =3V, CP Enabled
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Figure 6-196. BIAS Pin Shutdown Current vs Vgas for
Vin=0.7V, Vout = 0.5V, CP Enabled
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Figure 6-197. IN Pin Shutdown Current vs Vgjag for V)y = 0.7 V,
Vout = 0.5V, CP Enabled
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Figure 6-198. Total Shutdown Current vs Vgjas for Viy =0.7 V,
Vout = 0.5V, CP Enabled
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C

450
 [UVLDgiAs Temperature
400 — -55°C 25°C — 150°C
550 — 40°C 85°C
z 0°C = 125°C
= 300
5 55 Cj\ - Normal Qperatjor|
S 250
3 /
£ 200 /
z /Ai\g 180 1C
£ 150
2 [
100 /
50
L EEEEEEEEEE

1 2 3 4 5 6 7 8 9 10 11
Bias Voltage (V)

Cnriss = Cin=4.7 WF, Coyr =22 pF, Vep en= 1.8V,

VEN =04V

Figure 6-199. BIAS Pin Shutdown Current vs Vgjas for Viy =6V,

Vout(nom) = 0.5V, CP Enabled
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Figure 6-200. IN Pin Shutdown Current vs Vgjas for Viy =6V,
VouT(nom) = 0.5V, CP Enabled

450
400
350
300
250
200
150

Shutdown Current (pA)

100
50

50°C Temperature
— -55°C 25°C =— 150°C
— -40°C 85°C
/ 0°C =— 125°C
/
/
_// | |
T
_// |
o Alkn
r 155(°C
UVYLOsias
“ —|Normal |Operation

1 2 3 4 5 6 7 8 9 10 11
Bias Voltage (V)

Cnriss = Cin = 4.7 pF, Cout = 22 pF, Vep en = 1.8V,

Figure 6-201. Total Shutdown Current vs Vgjas for Viy =6V,

VEN =04V

Vout(nom) = 0.5V, CP Enabled
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Figure 6-202. BIAS Pin Shutdown Current vs Vgas for
ViNn=0.7V, VOUT(nom) =0.5V, CP Disabled
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Figure 6-203. IN Pin Shutdown Current vs Vgjag for Viy = 0.7 V,
Vout(nom) = 0.5 V, CP Disabled
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Figure 6-204. Total Shutdown Current vs Vgjas for Viy =0.7 V,
Vout(nom) = 0.5V, CP Disabled
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Cnriss = Cin=4.7 uF, Coyr =22 pF, Vep en =0V,

VEN =04V

Figure 6-207. Total Shutdown Current vs Vgjag for Viy =6V,

Vout(nom) = 0.5 V, CP Disabled
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Figure 6-205. BIAS Pin Shutdown Current vs Vgjas for Viy =6V, Figure 6-206. IN Pin Shutdown Current vs Vgjas for Viy =6V,
vOUT(nom) =0.5V, CP Disabled vOUT(nom) =0.5V, CP Disabled
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Figure 6-208. EN Threshold Voltage vs Temperature for

ViNn=0.7Vand1.1YV, VOUT =05V
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Figure 6-209. EN Threshold Voltage vs Temperature for

VIN =6 V, VOUT =05V
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Figure 6-210. EN Hysteresis vs Temperature for V;y = 0.7 V and

1.1V, Vour=0.5V
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin
shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C
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Figure 6-217. PG Threshold Voltage vs Temperature for
Vn=6V

25
24 Vin: Vaias, Vep_en
: — 0.7V,3.7V,0V
23 — 07V, 11V, 1.8V
— 0.7V,3V,18V
9 2.2 — 1.1V,0V,18V
2 21
7]
o
g 2
2
T 19
[V]
o 18
1.7
1.6
1.5
-60 -30 0 30 60 90 120 150

Temperature (°C)
Cnriss = Cin = 4.7 UF, Coyt = 22 pF
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Figure 6-219. PG Hysteresis vs Temperature for Viy =6 V
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6.6 Typical Characteristics (continued)

Vin = Voutnomy + 0.4V, Veny = 1.8 V, Vcp gn = 1.8V, Ciy = 10 UF, Cnriss = 4.7 PF, Cout = 22 pF, Cpjas = 0 nF, SNS pin

shorted to OUT pin, and PG pin pulled up to V5 with 100 kQ (unless otherwise noted); typical values are at T; = 25°C

PG pin Current (mA)
Cnriss = Cin = 4.7 WF, Coyt =22 pF, Vour = 0.5V

Figure 6-223. PG Pin Low-Level Voltage vs PG Pin Current for
ViNn=0.7V, VBIAS =3.7V, VCP_EN =0V
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7 Detailed Description
7.1 Overview

The TPS7A57 is a low-noise (2.45 yVrms over 10-Hz to 100-kHz bandwidth), ultra-high PSRR (> 36 dB to
1 MHz), high-accuracy (1%), ultra-low-dropout (LDO) linear voltage regulator with an input range of 0.7 V to
6.0 V and an output voltage range from 0.5 V to 5.2 V. This device uses innovative circuitry to achieve wide
bandwidth and high loop gain, resulting in ultra-high PSRR even with very low operational headroom [Voph, =
(Vin — VouT)l- At a high level, the device has two main primary features (the current reference and the unity-gain
LDO buffer) and a few secondary features (such as the adjustable soft-start inrush control, precision enable,
charge pump enable, and PG pin).

The current reference is controlled by the REF pin. This pin sets the output voltage with a single resistor.
The NR/SS pin sets the start-up time, and filters the noise generated by the reference and external set resistor.

The unity-gain LDO buffer controls the output voltage. The low noise does not increase with output voltage and
provides wideband PSRR. As such, the SNS pin is only used for remote sensing of the load.

The low-noise current reference, 50 PA typical, is used in conjunction with an external resistor (Rrgr) to set the
output voltage. This process allows the output voltage range to be set from 0.5 V to 5.2 V. To achieve its low
noise and allow for a soft-start inrush, an external capacitor, Cyr/ss (typically 4.7 uF), is placed on the NR/SS
pin. When start-up is completed and the switch between REF and NR/SS is closed, the Cyr/ss capacitor is
in parallel with the Rrgr resistor attenuating the band-gap noise. The Rggr resistor sets the output voltage.
This unity-gain LDO provides ultra-high PSRR over a wide frequency range without compromising load and line
transients.

The EN pin sets the precision enable feature; a resistor divider on this pin selects the optimal input voltage at
which the device starts. There are three independent undervoltage lockout (UVLO) voltages in this device: the
internal fixed UVLO thresholds for the IN and BIAS rails, and the externally adjustable UVLO threshold using the
EN pin.

The CP_EN pin enables or disables the internal charge pump. The TPS7A57 does not allow operation below
1.1 V without a BIAS rail. If the charge pump is disabled, a minimum operating headroom between OUT and
BIAS is required.

This regulator offers current limit, thermal protection, is fully specified from —40°C to +125°C, and is offered in a
16-pin WQFN, 3-mm x 3-mm thermally efficient package.
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7.2 Functional Block Diagram

Precision
CP_EN 4
— CP_EN T Viwsss
Fump [0
P O SNS
—O
+ —
BIAS \ 4 \ 4
Logic
o UVLOgias
—0
r UVLOn
Current
IN ¢ ' Limit ouTt
Thermal
Band Gap Shutdown
50pA §
Fast soft-start Logic Rois "
200pA
REF 88 UVLO\N/B\ASJJ =
Current Limit: [
Thermal Shutdown Logic —
Viwyss — Outputdischarge
Ver_out— —
NR/SS I 4
Rrsss_ois @ Band Gap
NR/SS discharge PG
90% . Vier @
T VSNS
Precision =
EN EN
GND
A. See the Rps (the output pin active discharge resistance) value in the Electrical Characteristics table.
B. See the Ryrsss_pis (the NR/SS pin active discharge resistance) value in the Electrical Characteristics table.
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7.3 Feature Description

7.3.1 Output Voltage Setting and Regulation

The simplified regulation circuit is shown in Figure 7-1, in which the input signal (Vrgr) is generated by the
internal current source (Irer) and the external resistor (Rreg). The LDO output voltage is programmed by the
VRer Voltage because the error amplifier is always operating in unity-gain configuration. The Vrgr reference
voltage is generated by an internal low-noise current source driving the Rggr resistor and is designed to have
very low bandwidth at the input to the error amplifier through the use of a low-pass filter (Cnr/ss || RrerF)-

The unity-gain configuration is achieved by connecting SNS to OUT. Minimize trace inductance on the output
and connect CoyT as close to the output as possible.

V|N (e, J_ !J_ » To Load

IRer Iss
@ év%

VRer o_“_o/e_‘;__—,_l_—“_o Vsns

—O Vnrsss

RREF ? —_ CNR/SS

Vourt = Irer * RRrer-

Figure 7-1. Simplified Regulation Circuit

This unity-gain configuration, along with the highly accurate Iggr reference current, enables the device to
achieve excellent output voltage accuracy. The low dropout voltage (Vpg) enables reduced thermal dissipation
and achieves robust performance. This combination of features make this device an excellent voltage source for
powering sensitive analog low-voltage (< 5.5 V) devices.

7.3.2 Low-Noise, Ultra-High Power-Supply Rejection Ratio (PSRR)

The device architecture features a highly accurate, high-precision, low-noise current reference followed by a
state-of-the-art, complementary metal oxide semiconductor (CMOS) error amplifier (6 nV/YHz at 10-kHz noise
for Voyt = 0.5 V). Unlike previous-generation LDOs, the unity-gain configuration of this device ensures low
noise over the entire output voltage range. Additional noise reduction and higher output current can be achieved
by placing multiple TPS7A57 LDOs in parallel, see the Paralleling for Higher Output Current and Lower Noise
section.

7.3.3 Programmable Soft-Start (NR/SS Pin)

The device features a programmable, monotonic, current-controlled, soft-start circuit that uses the Cngr/ss
capacitor to minimize inrush current into the output capacitor and load during start-up. This circuitry can also
reduce the start-up time for some applications that require the output voltage to reach at least 90% of its set
value for fast system start up. See the Soft-Start, Noise Reduction (NR/SS Pin), and Power-Good (PG Pin)
section for more details.
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7.3.4 Precision Enable and UVLO

Depending on the circuit implementation, up to three independent undervoltage lockout (UVLO) voltage circuits
can be active. An internally set UVLO on the input supply (IN pin) and the bias supply (BIAS pin) automatically
disables the LDO when the input voltage reaches the minimum threshold. A precision EN function (EN pin) can
also be used as a user-programmable UVLO.

1. The internal input supply voltage UVLO circuit prevents the regulator from turning on when the input voltage
is not high enough, see the Electrical Characteristics table for more details.

2. The internal bias supply voltage UVLO circuit prevents the regulator from turning on when the bias voltage is
not high enough, see the Electrical Characteristics table for more details.

3. The precision enable circuit allows a simple sequencing of multiple power supplies with a resistor divider
from another supply. This enable circuit can be used to set an external UVLO voltage at which the device is
enabled using a resistor divider on the EN pin; see the Precision Enable (External UVLO) section for more
details.

7.3.5 Charge Pump Enable and BIAS Rail
This device allows the internal charge pump to be disabled for systems that cannot tolerate any switching noise.

When V) is less than 1.1 V, the BIAS rail is required because this rail sources the current needed by the
internal circuitry. The charge pump can be either enabled or disabled. Consider adequate operating headroom
requirements from OUT to BIAS if the charge pump is disabled. See the Undervoltage Lockout (UVLO)
Operation section for more details.

When V) is greater than or equal to 1.1 V, the CP_EN pin connection determines how the internal circuitry is
powered. If CP_EN is connected to GND (CP disabled), the internal circuitry is powered from the BIAS rail; see
the Undervoltage Lockout (UVLO) Operation section for more details. If CP_EN is connected to the supply (CP
enabled), any current required to power the internal circuitry comes from the IN pin. As such, the BIAS pin can
be left open.

7.3.6 Power-Good Pin (PG Pin)

The PG pin is an output indicating if the LDO is ready to provide power. This pin is implemented using an
open-drain architecture. During the start-up phase, the PG voltage threshold is set by the REF voltage when the
fast soft-start is ongoing and is set by the NR/SS voltage when the fast soft-start is completed and the switch
between REF and NR/SS is closed.

As shown in the Functional Block Diagram, the PG pin is implemented by comparing the SNS pin voltage to an
internal reference voltage and, as such, is considered a voltage indicator reflecting the output voltage status.

For PG pin implementation, see the Power-Good Functionality section.
7.3.7 Active Discharge

To quickly discharge internal nodes, the device incorporates two internal pulldown metal-oxide semiconductor
field effect transistors (MOSFETSs). The first pulldown MOSFET connects a resistor (Rp;s) from OUT to ground
when the device is disabled to actively discharge the output capacitor. The second pulldown MOSFET connects
a resistor from NR/SS (Rnr/ss pis) to ground when the device is disabled and discharges the NR/SS capacitor.
Both pulldown MOSFETs are activated by any of the following events:

*  Driving the EN pin below the Vengow) threshold
+ The IN pin voltage falling below the undervoltage lockout Vyy ogn) threshold
+ The BIAS pin voltage falling below the undervoltage lockout Vyy ogias) threshold

Note
A brownout event on BIAS during a low-input, low-output (LILO) operation (< 1.1 V,y) can result in
incomplete Cngr/ss discharge. Consider the time constant on both the NR/SS and OUT pins for a
proper system shutdown procedure.
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7.3.8 Thermal Shutdown Protection (Tgp)

A thermal shutdown protection circuit disables the LDO when the pass transistor junction temperature (T, )
rises to Tsp(shutdown) (typical). Thermal shutdown hysteresis assures that the device resets (turns on) when the
temperature falls to Tsp(shutdown) (typical). The thermal time constant of the semiconductor die is fairly short, thus
the device may cycle off and on when thermal shutdown is reached until power dissipation is reduced. Power
dissipation during start up can be high from large V|y — Vout voltage drops across the device or from high inrush
currents charging large output capacitors. Under some conditions, the thermal shutdown protection disables the
device before start up completes. For reliable operation, limit the junction temperature to the maximum listed in
the Electrical Characteristics table. Operation above this maximum temperature causes the device to exceed its
operational specifications. Although the internal protection circuitry of the device is designed to protect against
thermal overload conditions, this circuitry is not intended to replace proper heat sinking. Continuously running
the device into thermal shutdown or above the maximum recommended junction temperature reduces long-term
reliability.

7.4 Device Functional Modes

7.4.1 Normal Operation
The device regulates to the nominal output voltage when the following conditions are met:

+ The input voltage is greater than the nominal output voltage plus the dropout voltage (Vout(nom) * Vbo)

+ The bias voltage is greater than the nominal output voltage plus the OUT-to-BIAS dropout voltage (Vout(nom)
+ Vpoias)) if the charge pump is disabled or if the input voltage is less than 1.1V

» The output current is less than the current limit (Ioyt < ILim)

+ The device junction temperature is less than the thermal shutdown temperature (T; < Tsp(shutdown))

+ The voltage on the EN pin has previously exceeded the V|yen) threshold voltage and has not yet decreased
to less than the enable falling threshold

Table 7-1 summarizes all valid modes of operation and shows what rail is sourcing the internal biasing current.
Table 7-1. Valid Modes of Operation

Vin RANGE Vour RANGE Vgias RANGE CP MODE B;@::-Nséoclzjl?&gm
3Vto11V On BIAS
<11V 205V, =ViN-Vpo Max (Vour + 2.1V, 2.8 V)
to 11V Off BIAS
Not present On IN
>11V. <2V 20.5\\//,5\\//”\] _\\//DOZ 0.5 3Vto 11V On BIAS
»= VINT YDO Max (Vout + 2.1V, 2.8 V)
Off BIAS
to 11V
Not required, does not
source current even if On IN
22V 205V, < Vin- Voo present
Max (Vour + 2.1V, 2.8 V) off BIAS
to11V
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7.4.2 Dropout Operation

If the input voltage is lower than the nominal output voltage plus the specified dropout voltage, but all other
conditions are met for normal operation, the device operates in dropout mode. In this mode, the output voltage
tracks the input voltage. In dropout operation, the transient performance is significantly degraded because the
pass transistor is in the ohmic or triode region, and acts as a switch. Line or load transients in dropout can result
in large output voltage deviations.

Note
Unlike traditional n-type field effect transistor (NMOS) LDOs with two supply rails, BIAS and IN, the
TPS7A57 cannot enter an OUT-to-BIAS dropout mode. If the charge pump is disabled, a minimum
UVLO (BIAS) voltage above the REF voltage must be maintained. If the charge pump is enabled,
and if the IN voltage is less than 1.1 V, a voltage greater than or equal to the 3-V BIAS rail must be
present. If the charge pump is enabled and the IN voltage is greater than or equal to 1.1V, a BIAS rail
is not required.

For additional information, see the Undervoltage Lockout (UVLO) Operation section.

7.4.3 Disabled

The output can be shutdown by forcing the voltage of the EN pin to less than the Viygen) threshold (see the
Electrical Characteristics table). When disabled, the pass transistor is turned off, internal circuits are shutdown,
and both the NR/SS pin and OUT pin voltages are actively discharged to ground by internal discharge circuits to
ground when the IN pin voltage is higher than or equal to a diode-drop voltage.

7.4.4 Current-Limit Operation

If the output current is greater than or equal to the minimum current limit (I mvin)), then the device operates in
current-limit mode. Current limit is a foldback implementation. For additional information, see the Current Limit
and Foldback Behavior section.
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8 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification,
and Tl does not warrant its accuracy or completeness. TI's customers are responsible for
determining suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

8.1 Application Information

Successfully implementing an LDO in an application depends on the application requirements. This section
discusses key device features and how to best implement them to achieve a reliable design.

8.1.1 Precision Enable (External UVLO)

The precision enable circuit (EN pin) turns the device on and off. This circuit can be used to set an external
undervoltage lockout (UVLO) voltage, as shown in Figure 8-1, to turn on and off the device using a resistor
divider between IN (or BIAS when the charge pump is disabled), EN, and GND.

Vin(or Veis)

IN (or BIAS)

EN

TPS7A57

Figure 8-1. Precision EN Used as an External UVLO

This external UVLO solution is used to prevent the device from turning on when the input supply voltage is
not high enough and can place the device in dropout operation. This solution also allows simple sequencing of
multiple power supplies with a resistor divider from another supply. Another benefit from using a resistor divider
to enable or disable the device is that the EN pin is never left floating because this pin does not have an internal
pulldown resistor. However, a zener diode may be needed between the EN pin and ground to comply with the
absolute maximum ratings on this pin.

Use Equation 1 and Equation 2 to determine the correct resistor values.

Von = Vorr % [(VikEn) + VHysEn)) / VEN] (1
Rerop) = Reottom) * (Vorr / Vinen) — 1) (2)
where:

*  VoFr is the input or bias voltage where the regulator turns off
*  Voy is the input or bias voltage where the regulator turns on

Note
For the EN pin input current, Igy, effects are ignored.
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8.1.2 Undervoltage Lockout (UVLO) Operation
Table 8-1 lists the UVLO thresholds for different modes of operation.
Table 8-1. Relative Threshold for Different Modes of Operation

(With or Without a Bias Rall CHARGE PUMP OFF
UVLO THRESHOLD NAME UVLO LOGIC: (a, ¢) || b (With Bias Rail)
(Typ) (Typ)
v N a 0.67V 0.67V
risin
UVLO(IN) 9 107V N/A
VUVLO(BIAS) rising o} 28V Max (VREF +2.1 V, 2.8 V)

8.1.2.1 IN Pin UVLO

The IN pin UVLO (UVLO(IN)) circuit makes sure that the device remains disabled before the input supply
reaches the minimum operational voltage range, and that the device shuts down when the input supply falls too
low.

The UVLO(IN) circuit has a minimum response time of several microseconds to fully assert. During this time, a
downward line transient below approximately 0.67 V causes the input supply UVLO(IN) to assert for a short time.
However, the UVLO(IN) circuit does not have enough stored energy to fully discharge the internal circuits inside
of the device and may result in incomplete discharge of OUT and NR/SS capacitors.

Note
The effect of the downward line transient can trigger the overshoot prevention circuit and can be easily
mitigated by using the solution proposed in the Precision Enable (External UVLO) section.

8.1.2.2 BIAS UVLO

The BIAS pin UVLO (UVLO(BIAS)) circuit makes sure that the device remains disabled before the input supply
reaches the minimum operational voltage range, and that the device shuts down when the input supply falls too
low.

The UVLO(BIAS) circuit has a minimum response time of several microseconds to fully assert. During this
time, a downward line transient below approximately 2.8 V (with the charge pump enabled) or Vggg + 2.1 V
(with the charge pump disabled) causes the input supply UVLO(BIAS) to assert for a short time. However, the
UVLO(BIAS) circuit does not have enough stored energy to fully discharge the internal circuits inside of the
device and may result in incomplete discharge of the OUT and NR/SS capacitors.

Note
The effect of the downward line transient can trigger the overshoot prevention circuit and can be easily
mitigated by using the solution proposed in the Precision Enable (External UVLQO) section.

8.1.2.3 Typical UVLO Operation

Figure 8-2 illustrates the UVLO (IN or BIAS) circuit response to various input voltage events. The diagram can
be separated into the following regions:

* Region A: The device does not turn on until the input reaches the UVLO rising threshold.

* Region B: Normal operation with a regulated output.

* Region C: Brownout event above the UVLO falling threshold (UVLO rising threshold — UVLO hysteresis). The
output may fall out of regulation but the device is still enabled.

* Region D: Normal operation with a regulated output.

* Region E: Brownout event below the UVLO falling threshold. The device is disabled in most cases and the
output falls because of the load and active discharge circuit. The device is reenabled when the UVLO rising
threshold is reached by the input voltage and a normal start up then follows.

* Region F: Normal operation followed by the input falling to the UVLO falling threshold.
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* Region G: The device is disabled when the input voltage falls below the UVLO falling threshold to 0 V. The
output falls because of the load and active discharge circuit.

I
I
1
UVLO Rising Threshold - — - ————— o= —M —————— N7/~
UVLO Hysteresis 4 === L A/---
I
I
I
I
I
I
I
I

Figure 8-2. Typical UVLO Operation
8.1.2.4 UVLO(IN) and UVLO(BIAS) Interaction

When operating with IN between 1.07 V and 1.1 V with the internal charge pump on, a glitch can occur on the
output during the shutdown power-supply sequence if the BIAS rail falls prior to the IN rail.

When the BIAS rail falls below the Vyy o gias threshold, the output is disabled. When the IN rail is above the
minimum UVLO threshold to operate, the LDO restarts. Figure 8-3 shows this behavior.

To prevent this behavior, ensure the proper turn-off power-supply sequence is followed, or select an operating
mode (such as charge pump disabled).

A
VBIAS
UVLOgas
[J]
<14}
®©
=
o
>
Vi
________________________ VOUT
UVLOy
>
Time
Figure 8-3. UVLOy and UVLOg,as Interaction
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8.1.3 Dropout Voltage (Vpo)

Generally speaking, the dropout voltage often refers to the minimum voltage difference between the input and
output voltage (Vpo = Vin — Vourt) that is required for regulation. When V,y drops to or below the set Vpq for
the given load current, the device functions as a resistive switch and does not regulate output voltage. When
the device is operating in dropout, the output voltage tracks the input voltage and the dropout voltage (Vpo) is
proportional to the output current because the device is operating as a resistive switch. Operating the device at
or near dropout significantly degrades the device transient performance and PSRR. Maintaining sufficient Vo,
significantly improves the device transient performance and PSRR.

Note
If the minimum BIAS rail is set 3.2 V above the REF pin voltage with the internal charge pump
disabled, the pass transistor cannot be in BIAS-to-OUT dropout, thus leaving only the IN-to-OUT
dropout conditions to be considered. For other operating conditions, see the Undervoltage Lockout
(UVLO) Operation section.

8.1.4 Input and Output Capacitor Requirements (C;y and Coyrt)

The TPS7A57 is designed and characterized for operation with ceramic capacitors of 22 yF or greater (15 yF
or greater of capacitance) at the output and 10 yF or greater (5 uF or greater of capacitance) at the input.
Use at least a 10-uF capacitor at the input to minimize input impedance. Place the input and output capacitors
as near as practical to the respective input and output pins in order to minimize trace parasitics. If the trace
inductance from the input supply to the TPS7A57 is high, a fast current transient can cause V| to ring above the
absolute maximum voltage rating and damage the device. This situation can be mitigated by adding additional
input capacitors to dampen the ringing, thereby keeping any voltage spike below the device absolute maximum
ratings.

Note
Because of its wide bandwidth, the LDO error amplifier may react faster than the output capacitor.
In such a case, the load behavior appears directly on the LDO supply, potentially dragging the
supply down. To avoid such behaviors, minimize both ESR and ESL present on the output; see the
Recommended Operating Conditions table.

8.1.5 Recommended Capacitor Types

The device is designed to be stable using low equivalent series resistance (ESR) and low equivalent series
inductance (ESL) ceramic capacitors at the input, output, and noise-reduction pin. Multilayer ceramic capacitors
have become the industry standard for these types of applications and are recommended, but must be used
with good judgment. Ceramic capacitors that employ X7R-, X5R-, and COG-rated dielectric materials provide
relatively good capacitive stability across temperature. The use of Y5V-rated capacitors is discouraged because
of large variations in capacitance.

Regardless of the ceramic capacitor type selected, ceramic capacitance varies with operating voltage and
temperature. Make sure to derate ceramic capacitors by at least 50%. The input and output capacitors
recommended herein account for a capacitance derating of approximately 50%, but at high V,y and Vour
conditions (VN = 5.5 V to Vpyt = 5.0 V) and temperature extremes, the derating can be greater than 50%, and
must be taken into consideration.

The device requires input, output, and noise-reduction capacitors for proper operation of the LDO. Use the
nominal or larger than nominal input and output capacitors as specified in the Recommended Operating
Conditions table. Place input and output capacitors as close as possible to the corresponding pin and make
the capacitor GND connections are as close as possible to the device GND pin to shorten transient currents on
the return path. Using a larger input capacitor or a bank of capacitors with various values is always good design
practice to counteract input trace inductance, improve transient response, and reduce input ripple and noise.
Similarly, multiple capacitors on the output reduce charge pump ripple and optimize PSRR; see the Optimizing
Noise and PSRR section.
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Use the nominal noise-reduction Cygr/ss capacitor because using a larger Cyrss capacitor can lengthen the
start-up time as mentioned previously.

8.1.6 Soft-Start, Noise Reduction (NR/SS Pin), and Power-Good (PG Pin)

The NR/SS pin has the dual function of controlling the soft-start time and reducing the noise generated by the
internal band-gap reference and the external resistor Rrgr. The NR/SS capacitor (Cnyr/ss) reduces the output
noise to very low levels and sets the output ramp rate to limit inrush current.

The device features a programmable, monotonic, voltage-controlled, soft-start circuit that is set to work with
an external capacitor (Cnr/ss)- In addition to the soft-start feature, the Cygr/ss capacitor also lowers the output
voltage noise of the LDO. The soft-start feature can be used to eliminate power-up initialization problems. The
controlled output voltage ramp also reduces peak inrush current during start up, minimizing start-up transients to
the input power bus.

To achieve a monotonic start up, the device output voltage tracks the V\r/ss reference voltage until this
reference reaches its set value (the set output voltage). The Vygr/ss reference voltage is set by the Rrgf resistor
and, during start up, the device uses a fast charging current (IpasT ss), @s shown in Figure 8-4, to charge the
CNR/SS capacitor. -

Note
Any leakage on the NR/SS and REF pins directly impacts the accuracy of the reference voltage.

To PG

$5_Ctrl
50pA Iss

REF — o

& © I NR/SS

RRer
CNRyss
ss_ctrl

Figure 8-4. Simplified Soft-Start Circuit

The 200-pA (typical) Inr/ss current quickly charges Cyrsss until its voltage reaches approximately 97% of the
set output voltage, then the Igg current turns off, the switch between REF and NR/SS closes, and only the Irgr
current continues to charge Cyr/ss to its set output voltage level.

Note
The discharge pulldown resistor on NR/SS (see the Functional Block Diagram) is engaged when any
of the GND referenced UVLOs have been tripped, or when any faults occur (overtemp, PORs, IREF
bad, or OTP error) and the NRSS pin is above 50 mV.

The soft-start ramp time depends on the fast start-up (Iyr/ss) charging current, the reference current (Irgg),
Cnrsss capacitor value, and the targeted output voltage (Vourarget). Equation 3 calculates the soft-start ramp
time.

Soft-start time (tss) = (VouT(target) * Cnriss) / (Iss) (3)
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The Igg current is provided in the Typical Characteristics section and has a value of 200 pA (typical). The Irgr
current has a value of 50 pA (typical). The remaining 3% of the start-up time is determined by the Rgrgr * Cnryss
time constant. Figure 8-5 shows the PG threshold at start up.

PG Threshold

A 97%
e e NR/SS Threshold
92% Spec Table PG Threshold
Switch closes
>

Time
Figure 8-5. PG Threshold During Start-Up

The output voltage noise can be lowered significantly by increasing the Cyr/ss capacitor. The Cygr/ss capacitor
and Rggr resistor form a low-pass filter (LPF) that filters out noise from the Vrgg voltage reference, thereby
reducing the device noise floor. The LPF is a single-pole filter and Equation 4 calculates the LPF cutoff
frequency. Increasing the Cngr/ss capacitor can significantly lower output voltage noise, however, doing so
lengthens start-up time. For low-noise applications, use a 4.7-uyF Cyr/ss for optimal noise and start-up time trade
off.

Cutoff Frequency (feutoft) = 1/ (2 * T * Rrer X Cnryss) (4)

Note

Current limit can be entered during start up with a small Cygr/ss and large Coyt because Vgoyt no
longer tracks the soft-start ramp.

Figure 8-6 and Figure 8-7 show the impact of the Cyr/ss capacitor on the LDO output voltage noise.

10000 = 10000

< 5000 fa] Chriss; Vnoise [10 Hz - 100 kHz] N 5000 Chriss; Vnoise [10 Hz - 100 kHz]
I —— 100 nF, 16.68 uVrus s 5 — 100 nF, 16.63 uVrus
S 2000 1 pF, 3.38 uVrus S 2000 1 uF, 3.29 uVrus
5; 1000 J=tip 4.7 uF, 2.51 WVrus F; 1000 |==Aghi—1 4.7 yF, 2.49 WVrys
S 500 5 S 500 R
& o
a 200 |1 a 200
S 100 =ty e s 100 =
2 50 2 50
() M B ]
g 2 eI g 20 ; —
E 10 — Ti ¥ gl s 10 - - i il
g_ 5 Ll a 5
= =
O 2 O 2

1 1

10 100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 1M 10M

Frequency (Hz) Frequency (Hz)
Cin =4.7 UF, Couyt = 22 pF, Vep N = VIN, VIN=5.3 Y, Cin=4.7 uF, Cour =22 pF, V| =53V, Vour =5V,
Vour =5V, lout=5A Veias = 11V
Figure 8-6. Output Voltage Noise Density vs Cngr;ss | Figure 8-7. Output Voltage Noise Density vs Cngr/ss
With Charge Pump Enabled With Charge Pump Disabled
58 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: TPS7A57


https://www.ti.com/product/TPS7A57
https://www.ti.com/lit/pdf/SBVS395
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBVS395&partnum=TPS7A57
https://www.ti.com/product/tps7a57?qgpn=tps7a57

13 TEXAS
INSTRUMENTS TPS7A57
www.ti.com SBVS395 — JULY 2022

8.1.7 Optimizing Noise and PSRR

Noise can be generally defined as any unwanted signal combining with the desired signal (such as the regulated
LDO output) that results in degraded power-supply source quality. Noise can be easily noticed in audio as
a hissing or popping sound. Extrinsic and intrinsic are the two basic groups that noise can be categorized
into. Noise produced from an external circuit or natural phenomena such as 50 to 60 hertz power-line noise
(spikes), along with its harmonics, is an excellent representative of extrinsic noise. Intrinsic noise is produced
by components within the device circuitry such as resistors and transistors. For this device, the two dominating
sources of intrinsic noise are the error amplifier and the internal reference voltage (Vrgr). Another term that
sometimes combines with extrinsic noise is PSRR, which refers to the ability of the circuit or device to reject or
filter out input supply noise and is expressed as a ratio of output voltage noise ripple to input voltage noise ripple.

Optimize the device intrinsic noise and PSRR by carefully selecting:

* Cnryss for the low-frequency range up to the device bandwidth

*  Cour for the high-frequency range close to and higher than the device bandwidth

+ Operating headroom, V|y — Vout (VopHr), mainly for the low-frequency range up to the device bandwidth, but
also for higher frequencies to a less effect

The device noise performance can be significantly improved by using a larger Cyr/ss capacitor to filter out
noise coupling from the input into the device Vrgr reference. This coupling is especially apparent from low
frequencies up to the device bandwidth. The low-pass filter formed by Cngr/ss and Rgrgr can be designed to
target low-frequency noise originating in the input supply. One downside of a larger Cngr/ss capacitor is a longer
start-up time. The device unity-gain configuration eliminates the noise performance degradation that other LDOs
suffer from because of their feedback network. Furthermore, increasing the device load current has little to no
effect on the device noise performance.

Further improvement to the device noise at a higher frequency range than the device bandwidth can be achieved
by using a larger Coyt capacitor. However, a larger Coyt increases inrush current and slows down the device
transient response.

These behaviors are described in the Typical Characteristics section. Figure 6-17 and Figure 6-19 list the
measured 10-Hz to 100-kHz RMS noise for a 5-V device and a 0.5-V output voltage with a 300-mV headroom for
different Cyr/ss and Coyt conditions with a 5-A load current. Table 8-2 and Table 8-3 list the typical output noise
for these capacitors.

Increasing the operational headroom between V|y and Vgoyt has little to no effect on improving noise
performance. However, this increase does improve PSRR significantly for frequency ranges up to the device
bandwidth. Higher headroom can also improve transient performance of the device as well. Although Coyt has
little to no affect on improving PSRR at low frequency, Coyt can improve PSRR for higher frequencies beyond
the device bandwidth. A larger Coyt can also lengthen start-up time and increase start-up inrush current. A
combination of capacitors, such as 470 uF || 22 pF is more effective because a combination provides lower ESR
and ESL. This behavior is illustrated in Figure 6-12.

Table 8-2. Output Noise for 0.5-Vgoyt vs Coyr, and Typical Start-Up Time

V,, (MWVrus), 10-Hz to 100-kHz BW Cnriss (HF) Cour (HF) START-UP TIME (ms)
24 47 22 11.75
2.48 47 470 11.75

Table 8-3. Output Noise

for 5-VouTt Vs Cnriss: Cout, and Typical Start-Up Time for Vep gn=5.3V

V,, (VRws), 10-Hz to 100-kHz BW Cnriss (HF) Court (uF) START-UP TIME (ms)
16.68 0.1 22 2.5
3.38 1 22 25
2.51 47 22 1175
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8.1.8 Adjustable Operation

As shown in Figure 8-8, the output voltage of the device can be set using a single external resistor (Rrgf).

09V o _T_ w TPs7asT |
CIN EN J

I SNS

5V - BIAS
Caias
I REF PG
Rrer CP_EN o5V
NR/SS
c = GND
NR/SSI T

Figure 8-8. Typical Circuit

0 0.65 V

Use Equation 5 to calculate the Rggr value needed for the desirable output voltage.

Vout = IRer(nom) * Rrer

®)

Table 8-4 shows the recommended Rgrgr resistor values to achieve several common rails using a standard

1%-tolerance resistor.

Table 8-4. Recommended Rggr Values

TARGETED OUTPUT VOLTAGE (V) Rger (kQ)™ CALCULATED OUTPUT VOLTAGE (V)
0.5 10.0 0.500
0.6 121 0.605
0.7 14.0 0.700
0.8 16.2 0.810
0.9 18.2 0.910
1.0 20.0 1.000
1.2 24.3 1.215
1.5 30.1 1.505
2.5 49.9 2.495
3.0 60.4 3.020
3.3 66.5 3.325
3.6 71.5 3.575
4.7 956.3 4.765
5.0 100.0 5.000

1% resistors.

M
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8.1.9 Load Transient Response

The load-step transient response is the LDO output voltage response to load current, whereby output voltage
regulation is maintained. There are two key transitions during a load transient response: the transition from a
light to a heavy load, and the transition from a heavy to a light load. The regions shown in Figure 8-9 are broken
down in this section. Regions A, E, and H are where the output voltage is in steady-state regulation.

Vour

AC-coupled output voltage

A

<

e , \
5

- |

§. * Minimum output current

8 Cp

f Time (us) T

Figure 8-9. Load Transient Waveform

During transitions from a light load to a heavy load:

» The initial voltage dip is a result of the depletion of the output capacitor charge and parasitic impedance to
the output capacitor (region B)

» Recovery from the dip results from the LDO increasing its sourcing current, and leads to output voltage
regulation (region C)

During transitions from a heavy load to a light load:

» The initial voltage rise results from the LDO sourcing a large current, and leads to the output capacitor charge
to increase (region F)

» Recovery from the rise results from the LDO decreasing its sourcing current in combination with the load
discharging the output capacitor (region G)

Transitions between current levels changes the internal power dissipation because the device is a high-current
device (region D). The change in power dissipation changes the die temperature during these transitions, and
leads to a slightly different voltage level. This temperature-dependent output voltage level shows up in the
various load transient responses.

A larger output capacitance reduces the peaks during a load transient but slows down the response time of the
device. A larger dc load also reduces the peaks because the amplitude of the transition is lowered and a higher
current discharge path is provided for the output capacitor.

Note
The TPS7A57, with its high bandwidth, may react faster than the output capacitors. Make sure that
there is sufficient capacitance at the input of the LDO.
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8.1.10 Current Limit and Foldback Behavior

Figure 8-10 shows the foldback current limit behavior for output voltages ranging from 0.5 Vto 5 V.

110
100
90
80
70
60
50

Output Voltage (% of nominal)

20 0.5V \
30
20 Vour g 5V
10| — 05V ) A
o|— 25V 7 -
_— 5V s5v —/
-10
0 1 2 3 4 5 6 7

Output Current (A)
Figure 8-10. Current Limit Foldback Behavior

8.1.11 Charge Pump Operation

As discussed in the Charge Pump Enable and BIAS Rail section, the internal charge pump can be enabled or
disabled using the CP_EN pin, allowing operation as low as 1.1 V without a BIAS rail.

The CP_EN pin voltage threshold and hysteresis are defined in the Electrical Characteristics table.

Depending on the circuit implementation, the internal charge pump is powered from either the IN or the BIAS
rails. This pin is not designed to be digitally controlled with a digital I/O pin, but is instead intended to be tied on
the printed circuit board (PCB) to an analog rail.

Although not intended to be controlled dynamically, the CP_EN pin can be controlled by using a low impedance
source and ensuring adequate sequencing between EN and CP_EN because the CP_EN pin is latched when
the EN pin is turned on and only an EN reset or a power cycle clears and resets the CP_EN latch.

Figure 8-11 shows the switching frequency of the charge pump at no-load and full load.

100

< 50 lout
I — 5A
S 20— 0A
=
> 10
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3
° 2 5A
2 s
S iy
5 05 P
e
S 02145
5 0.1 :
2 o0s : =
s o

0.02 | | |

1M 10M 20M  30M

Frequency (Hz)
Figure 8-11. Charge Pump Noise

8.1.12 Sequencing

There is no sequencing requirement between IN, BIAS, and EN. CP_EN is an analog signal and must be
connected to either IN, BIAS, or GND.
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As with devices having an internal MUX and charge pump, a false PG can be triggered during shutdown if the
BIAS rail is faster than the IN rail to discharge.

As shown in Figure 8-12, when the bias rail decreases below Vyy oias), the internal MUX between IN and
BIAS switches over and the LDO is fully powered from the IN rail.

When the BIAS rail goes below UVLO(BIAS) with the IN rail greater than 1.1 V with the charge pump enabled,
the LDO may restart because IN is still a valid condition for operations.

20
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0 2 4 6 8 10 12
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Figure 8-12. Total Quiescent Current vs BIAS

8.1.13 Power-Good Functionality

As described in the Functional Block Diagram, the PG pin is a open-drain MOSFET driven by a Schmitt trigger.

The Schmitt trigger compares the SNS pin voltage to a preselected voltage equal to 90% that of the reference
voltage.

As mentioned in the Recommended Operating Conditions table, the pullup resistance must be between 10 kQ
and 100 kQ for optimal performance. If the PG functionality is not desired, the PG pin can either be left floating
or connected to GND.

There are two UVLO circuits present on the BIAS rail, one referenced to GND (VyyLogias)) and one referenced

to Vrer (VuvLomias) — VRer)- A false PG event can occur as a result of logic priorities when the charge pump is
disabled.

To eliminate any false PG events, consider setting Vgas 3.2 V above Vgur.

Table 8-5 describes the various UVLO behaviors.

Table 8-5. UVLO Triggered PG Events

Vin Vuyvioeias) RISING | Vyyioeias) FALLING | Vyy oias) — Vrer RISING Vuyvioias) — VRer FALLING
0.5V 28V 2.685V 21+05=26V 1.86 +0.5=2.36V
0.7V 2.8V 2.685V 21+07=28V 1.86+0.7=256V
1.4V 2.8V 2.685V 21+14=35V 1.86+1.4=3.26V
52V 28V 2.685V 21+52=73V 1.86+52=7.06 V
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8.1.14 Output Impedance

Output impedance can be modeled, as shown in Figure 8-13, as an ideal voltage source followed by a series R

(RouT) and series L (LoyT) output.
NV m—o Vour

Rour Lout

Ideal
Voltage
Source

Figure 8-13. Output Impedance Model

Output impedance curves were measured using the EVM and are provided for the following conditions:

1. Figure 8-14, Figure 8-15, and Figure 8-16 are provided for the 5.5-V |y, 5-VouT, and lgyt = 200-mA, 500-mA,
and 5-A conditions

2. Figure 8-17 is provided for the 0.9-V|y, 0.5-VoyT, and loyt = 4.6-A conditions

3. Figure 8-18 to Figure 8-21 are provided for the 0.75 -V y, 0.5-Voyt, 3-Vgias, and lgyt = 20-mA, 200-mA,
500-mA, and 1-A conditions.
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Figure 8-14. VIN =55 V, VOUT =5 V, VBIAS =8 V, Figure 8-15. VIN =55 V, VOUT =5 V, VBIAS =8 V,
CP_EN =0, loyt =200 mA CP_EN =0, loyt =500 mA
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Figure 8-16. VIN =5.5YV, VOUT =5V, VBIAS =8V, Figure 8-17. VIN =09V, VBIAS =3V, VOUT =05V,
CP_EN=0,loyt=5A CP_EN=0,loytr=46A
64 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: TPS7A57


https://www.ti.com/product/TPS7A57
https://www.ti.com/lit/pdf/SBVS395
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBVS395&partnum=TPS7A57
https://www.ti.com/product/tps7a57?qgpn=tps7a57

i3 TEXAS

INSTRUMENTS TPS7A57
www.ti.com SBVS395 — JULY 2022
10 10000 10 10000
5 —— Rour = Lour . 5000 5 —— Rour = Lour . 5000
— 1 1000 <\~ 1 1000 =
S o5 500 S|S 05 500 &
® Slo S
g 0.2 T 200 £[3 0.2 [w HHIE 20 €
£ o1 e =1 £ 100 3[E 01 S == =1 100 3
g o005 7 5 =|§ 005 N 50 =
2 oo —H s o 22 o002 AN Ao &
g oo out [ ! N 10 @2 001 ==\l o 10 3§
0005 7 5 23 0.005 5 7 5 8
2 0.002 z 2 §|2 0.002 o 2 5
£ S|E ouTt o
= 0.001 1 8= 0.001 1 g
ooooz_ 4 “”’ 0.2 £ oooozra ll“' 0.2 £
0.0001 Ll i 0.1 0.0001 i 0.1
100 1k 10k 100k ™ 10M 100 1k 10k 100k 1M 10M
Frequency (Hz) Frequency (Hz)
Figure 8-18. VIN =0.75 V, VBIAS =3 V, VOUT =05V f Figure 8-19. VIN =0.75 V, VBIAS =3 V, VOUT =0.5 V,
CP_EN =0, lopyr =20 mA CP_EN=0, loyr =100 mA
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Figure 8-20. VIN =0.75V, VBIAS =3V, VOUT =05V, Figure 8-21. VIN =0.75V, VBIAS =3V, VOUT =05V,
CP_EN =0, loyt =500 mA CP_EN=0,lgyr=1A

Table 8-6 provides a summary of the tested conditions described in this section.

Table 8-6. Model for Tested Conditions Summary

Vin Vour Vaias lout CP_EN Rout Lout
0.75V 0.5V 3V 20 mA Off 200 pQ 0.5 nH
0.75V 0.5V 3V 200 mA Off 200 pQ 0.5nH
0.75V 05V 3V 500 mA Off 200 uQ 0.5nH
0.75V 05V 3V 1A Off 200 uQ 0.5nH
0.9V 05V 3V 4.6 A Off 200 pQ 0.5nH
55V 5V 8V 200 mA Off 400 pQ 0.5nH
55V 5V 8V 500 mA Off 300 uQ 0.5 nH
55V 5V 8V 5A Off 200 pQ 0.5nH

8.1.15 Paralleling for Higher Output Current and Lower Noise

Achieving higher output current and lower noise is achievable by paralleling two or more LDOs. Implementation
must be carefully planned out to optimize performance and minimize output current imbalance.

Because the TPS7A57 output voltage is set by a resistor driven by a current source, the REF resistor and
capacitor must be adjusted as per the following:
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Rrer = Vout TaRGET / (N % IREF) (6)
CNR/ss_parallel = N X CNR/sS_single (7)

where:

* nis the number of LDOs in parallel

* |rer is the REF current as provided in the Electrical Characteristics table

* Cnrsss_single is the NR/SS capacitor for a single LDO. Note that each LDO must have its own Cyr/ss
capacitor.

When connecting the IN pins together, and with the LDO being a buffer, the current imbalance is only affected by
the error offset voltage of the error amplifier. As such, the current imbalance can be expressed as:

€= Vos * 2 x Rgar1asT/ (ReaLiasT 2 — ARgarLasT 2) (8)

where:

* ¢ is the current imbalance

* Vs is the LDO error offset voltage

* RpaLLasT is the ballast resistor

*  ARpaLLasT is the deviation of the ballast resistor value from the nominal value

With the typical offset voltage of 200 uV, the ballast resistor must be 2 mQ or greater (as shown in Figure 8-22),
considering no error from the design of the PCB ballast resistor (ARga asT = 0 Q) and a 100-mA maximum
current imbalance.

Vin

o PG FB_PG
- I IN - ReaLLAST =2 mo
: e YW
y o
S SNS 2
TPS7A57 v
N
&
Ven_ v EN
REF NR/SS GND
|
s Vour-1v
. » e '
° [}
5 | La g
1= |9
T REF NR/SS GND 8
z
. —1Een ©
REALLAST =2mQ
TPS7A57
ouT W
* IN SNS Cour-22F
Cin=10yF PG FB_PG

Figure 8-22. Paralleling Multiple TPS7A57 Devices

Using the configuration described, the LDO output noise is reduced by:

€0 _parallel = (1/ \/ﬁ) % €0_single

where:

* nis the numbers of LDOs in parallel
€0 _single i the output noise density from a single LDO
* €0 parallel IS the output noise density for the resulting parallel LDO

©)
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In Figure 8-22, the noise is reduced by 1/2.
8.1.16 Current Mode Margining

Output voltage margining is a technique that allows a circuit to be evaluated for how well changes are tolerated
in the power supply. This test is typically performed by adjusting the supply voltage to a fixed percentage above
and below its nominal output voltage.

This section discusses the implementation of a voltage margining application using the TPS7A57. A margining
target of £2.5% is used to demonstrate the chosen implementation.

Figure 8-23 shows a simplified visualization of the TPS7A57 REF pin with a current DAC.

TPS7A57
50 pA
v
DAC63204
Range: £25 pA § RRer
LSB: 196 nA

Figure 8-23. Simplified Margining Schematic

Table 8-7 summarizes the design requirements.

Table 8-7. Design Requirement

PARAMETER Design Values
VN 25V
Vour 1.8 V nominal with +2.5% margining
Cnriss 4.7 yF
Rrer 36 kQ
DAC lgyt range 125 pA

In this example, the output voltage is set to a nominal 1.8 V using 36 kQ at the REF pin to GND. Equation 10
calculates the Rrgr resistor value.

Rrer = Vout / IRer (10)

The DAC63204, a 4-channel, 12-bit voltage and current output DAC with 12C, was selected and programmed
into the current-output mode with an output range set to +25 pA. In conjunction with the 8-bit current DAC
resolution, this output range allows a minimum step size (or LSB) of approximately 196 nA. Into the 36-kQ
resistor, the LSB translates into a 7-mV voltage resolution or 0.38% of the nominal 1.8-V targeted voltage. To
achieve the full £2.5% swing around the nominal voltage, the DAC63204 must source or sink +1.25 pA.

The current flowing through Rrgr changes to 51.25 pA and 48.75 pA and adjusts the output voltage to 1.845 V
and 1.75 V, respectively.

Figure 8-24 and Figure 8-25 show the current margining results.
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Figure 8-24. Margining Up Figure 8-25. Margining Down

When implementing voltage margining with this LDO, a time constant is associated with its response. This RC
time constant is a result of the parallel combination of Rgrgr and Cngr/ss, see Figure 8-23. This RC effect is
illustrated in Figure 8-24 and Figure 8-25.

Equation 11 calculates the time constant for this implementation:
7= Rger * Cnriss (1)

where:

* RREF is 36 kQ
. CNR/SS is4.7 HF
* 1=169 ms

8.1.17 Voltage Mode Margining

Output voltage margining is a technique that allows a circuit to be evaluated for how well changes are tolerated
in the power supply. This test is typically performed by adjusting the supply voltage to a fixed percentage above
and below its nominal output voltage.

This section discusses the implementation of a voltage mode margining application using the TPS7A57. A
margining target of +5% is used to demonstrate the chosen implementation.

Figure 8-26 shows a simplified visualization of the TPS7A57 REF pin with a voltage DAC.

TPS7A57
50 uA
v
Rv21 = 100 kQ
DAC63204 AV
Range: [0 -5 V] ; RRer
LSB: 1.22 mV

Figure 8-26. Simplified Voltage Mode Margining Schematic

Table 8-7 summarizes the design requirements.
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Table 8-8. Design Requirement

PARAMETER DESIGN VALUES
Vin 25V
Vour 1.8 V nominal with +5% margining
Cnriss 4.7 uF
RRer 36 kQ
DAC Vgyt range 1.432V 10 2.108 V

In this example, the output voltage is set to a nominal 1.8-V using a 36-kQ resistor at the REF pin to GND.
Equation 12 calculates the value for the Rrgf resistor.

Rrer = Vout / Irer (12)

The DAC63204, a 4-channel, 12-bit voltage and current output DAC with 12C, was selected and programmed
into the voltage-output mode with an output range set between 1.432 V and 2.108 V. In conjunction with the
12-bit voltage DAC resolution, this output range allows a minimum step size (or LSB) of approximately 1.22 mV
or 122 pA when the voltage-to-input (V2I) conversion or Ry, (100 kQ) is taken into consideration. Into the 36-kQ
resistor, this LSB translates into a 0.44-mV voltage resolution or approximately 0.025% of the nominal 1.8-V
targeted voltage. To achieve the full £5% swing around the nominal voltage, the DAC63204 must source 3.1 pA
or sink 3.7 pA.

The current flowing through Rgrgr changes to 53.1 pA and 46.3 pA, thus adjusting the output voltage to 1.88 V
and 1.7 V respectively.

Section 8.1.17 and Figure 8-28 show the voltage margining results.

22 22
2.15 | =— LDO_VOUT 2.15 — LDO_VOUT
21| = DAC_V. 2.1 — DAC_V,
205 madl AC_Vour 205 ™—pAc| Vo, el
2 2
g1 5% Margining Up 1.95 5% Mafgining Up
s> 19 W s 19
> 1.85 < 185
E 1.8 I | % 1.8 — Vour
2 175 Vour £ 475 \
2 17 - > 17
> 165 5% Margining |Down 1.65 5% Margining Dow!
1.6 1.6
1.55 1.55
1.5 1.5
1.45 1.45
1.4 1.4
3 25 2 15 1 -05 0 05 1 15 2 25 3 3 25 -2 15 -1 050 05 1 15 2 25 3
Time (s) Time (s)
Figure 8-27. Margining From —5% to +5% Figure 8-28. Margining from +5% to —5%

When implementing voltage margining with this LDO, there is a time constant associated with its response. This
RC time constant originates from the parallel combination of Rggr and Cyr/ss. Section 8.1.17 and Figure 8-28
show this RC effect.

Equation 13 calculates the time constant for this implementation:
T= RRrer * Cnriss (13)

where:

* RREF is 36 kQ
. CNR/SS is4.7 |JF
* 1=169ms

Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback 69

Product Folder Links: TPS7A57


https://www.ti.com/lit/pdf/SLASEX3
https://www.ti.com
https://www.ti.com/product/TPS7A57
https://www.ti.com/lit/pdf/SBVS395
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBVS395&partnum=TPS7A57
https://www.ti.com/product/tps7a57?qgpn=tps7a57

13 TEXAS
TPS7A57 INSTRUMENTS
SBVS395 — JULY 2022 www.ti.com

8.1.18 Power Dissipation (Pp)

Circuit reliability demands that proper consideration be given to device power dissipation, location of the circuit
on the printed circuit board (PCB), and correct sizing of the thermal plane. The PCB area around the regulator
must be as free as possible of other heat-generating devices that cause added thermal stresses.

As a first-order approximation, power dissipation in the regulator depends on the input-to-output voltage
difference and load conditions. Equation 14 calculates Pp:

Po = (Vour = Vin) X lour (14)

Note
Power dissipation can be minimized, and thus greater efficiency achieved, by proper selection of the
system voltage rails. Proper selection allows the minimum input-to-output voltage differential to be
obtained. The low dropout of the device allows for maximum efficiency across a wide range of output
voltages.

The primary heat conduction path for the package is through the thermal pad to the PCB. Solder the thermal pad
to a copper pad area under the device. This pad area contains an array of plated vias that conduct heat to any
inner plane areas or to a bottom-side copper plane.

The power dissipation through the device determines the junction temperature (T,;) for the device. Power
dissipation and junction temperature are most often related by the junction-to-ambient thermal resistance (Rgya)
of the combined PCB and device package and the temperature of the ambient air (T,), according to Equation 15.
The equation is rearranged for output current in Equation 16.

Ty=Ta = (Reya * Pp) (15)
lout = (Ty—Ta) / [Reya * (Vin— Vour)] (16)

Unfortunately, this thermal resistance (Rgya) is highly dependent on the heat-spreading capability built into the
particular PCB design, and therefore varies according to the total copper area, copper weight, and location of
the planes. The Rgya recorded in the Thermal Information table is determined by the JEDEC standard, PCB,
and copper-spreading area, and is only used as a relative measure of package thermal performance. For a
well-designed thermal layout, Rgja is actually the sum of the RTE package junction-to-case (bottom) thermal
resistance (Rgycpot) Plus the thermal resistance contribution by the PCB copper.

8.1.19 Estimating Junction Temperature

The JEDEC standard now recommends the use of psi (W) thermal metrics to estimate the junction temperatures
of the LDO when in-circuit on a typical PCB board application. These metrics are not strictly speaking thermal
resistances, but rather offer practical and relative means of estimating junction temperatures. These psi metrics
are determined to be significantly independent of the copper-spreading area. The key thermal metrics (W 1 and
WY ,g) are used in accordance with Equation 17 and are given in the Electrical Characteristics table.

VT, =T+ ¥ x Py
Y Ty=Tg+ ¥ g x Py (17)

where:

* Ppis the power dissipated as explained in Equation 14

» T+ is the temperature at the center-top of the device package

» Tgis the PCB surface temperature measured 1 mm from the device package and centered on the package
edge
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8.1.20 TPS7A57EVM-081 Thermal Analysis

The TPS7A57EVM-081 was used to develop the TPS7A5701RTE thermal model. The RTE package is a 3-mm
x 3-mm, 16-pin WQFN with 25-um plating on each via. The EVM is a 3.5-inch x 3.5-inch (89 mm x 89 mm) PCB

comprised of six layers. Table 8-9 lists the layer stackup for the EVM. Figure 8-29 to Figure 8-36 illustrate the
various layer details for the EVM.

Table 8-9. TPS7A57EVM-081 PCB Stackup

LAYER NAME MATERIAL THICKNESS (mil)
1 Top overlay — —
2 Top solder Solder resist 0.4
3 Top layer Copper 2.756
4 Dielectric 1 FR-4 high Tg 9
5 Mid layer 1 Copper 2.756
6 Dielectric 2 FR-4 high Tg 9
7 Mid layer 2 Copper 2.756
8 Dielectric 3 FR-4 high Tg 9
9 Mid layer 3 Copper 2.756

10 Dielectric 4 FR-4 high Tg 9
1 Mid Layer 4 Copper 2.756
12 Dielectric 5 FR-4 high Tg 9
13 Bottom layer Copper 2.756
14 Bottom solder Solder resist 0.4
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Figure 8-29. Top Assembly Layer and Silkscreen Figure 8-30. Top Layer Routing
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Figure 8-33. Layer 4 Routing Figure 8-34. Layer 5 Routing
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Figure 8-35. Bottom Layer Routing

Figure 8-36. Bottom Assembly Layer and
Silkscreen

Table 8-10 shows thermal simulation data for the TPS7A57EVM-056. Figure 8-37 and Figure 8-38 show the
thermal gradient on the PCB and device that results when a 1-W power dissipation is used through the pass
transistor with a 25°C ambient temperature.

Table 8-10. TPS7A57EVM-081 Thermal Simulation Data

DUT

RguafC/W)

V8 C/W) vyT(°CIW)

TPS7A57EVM-056

21.9

1.9 0.4

Figure 8-37. TPS7TA57EVM-081 3D View

Figure 8-38. TPS7A57EVM-081 PCB Thermal
Gradient
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8.2 Typical Application

08V o _T_ N TPSTAST ouT _T_ 0 0.5V
22 pF I Vey 0—1 EN SNS _T I 22 yF
11V o i1 . BIAS
I REF PG L
10 kQ CPENL
NR/SS
4.7TpFIJ—— GJ'\iD
Figure 8-39. Typical Application Schematic
8.2.1 Design Requirements
Table 8-11 lists the required application parameters for this design example.
Table 8-11. Design Parameters
PARAMETER DESIGN REQUIREMENT
Input voltage 0.8 V, £3%, provided by the dc/dc converter switching at 1 MHz
Bias voltage 1M1V
Output voltage 0.5V, 1%
Charge pump Disabled
Output current 4.2 A (maximum), 3.5 A (minimum)
Noise Less than 5 yVrus
PSRR at 10 kHz 80 dB at max load current
PSRR at 1 MHz > 35 dB at max load current
Maximum load transient +5mV, 100 mAto 3.5 A
Start-up environment Start-up time < 15 ms

8.2.2 Detailed Design Procedure

In this design example, the device is powered by a dc/dc convertor switching at 1 MHz. The load requires
a 0.5-V clean rail with less than 5 yVrys. The typical 22-uF input and output capacitors and 4.7-uF NR/SS
capacitors are used to achieve a good balance between fast start-up time and excellent noise, and PSRR
performance and load transient.

The output voltage is set using a 10-kQ, thin-film resistor value calculated as described in the Output Voltage
Setting and Regulation section. The PG pin is not used and is thus connected to ground to help with thermals.
The enable voltage is provided by a external 1/0. Figure 8-41 illustrates that the device meets all design noise
requirements. Figure 8-40 depicts adequate PSRR performance.

As illustrated in Figure 8-42, the load transient is adequate to the power-supply requirement.

Figure 8-39 depicts the implementation of these components.
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8.2.3 Application Curves
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Figure 8-40. PSRR vs Frequency Figure 8-41. Noise vs Frequency
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Figure 8-42. Load Transient Figure 8-43. Start-Up Rail Sequence

8.3 Power Supply Recommendations

The device is designed to operate from an input voltage supply ranging from 0.7 V to 6.0 V and a BIAS rail up
to 11 V. Ensure that the input voltage range provides adequate operational headroom for the device to have a
regulated output. This input supply must be well regulated and low impedance. If the input supply is noisy, use
additional input capacitors with low ESR and increase the operating headroom to achieve the desired output
noise, PSRR, and load transient performance.

There is no sequencing requirement between IN, BIAS, and EN. CP_EN is an analog signal and must be
connected to either IN, BIAS, or GND.

8.4 Layout
8.4.1 Layout Guidelines

For best overall performance, place all circuit components on the same side of the circuit board and as near
as practical to the respective LDO pin connections. Place ground return connections to the input and output
capacitor, and to the LDO ground pin as close to each other as possible, connected by a wide, component-side,
copper surface. To avoid negative system performance, do not use vias and long traces to the input and output
capacitors. The grounding and layout scheme illustrated in Figure 8-44 minimizes inductive parasitics, and
thereby reduces load-current transients, minimizes noise, and increases circuit stability.

Because of its wide bandwidth and high output current capability, inductance present on the output negatively
impacts load transient response. For best performance, minimize trace inductance between the output and load.

Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback

Product Folder Links: TPS7A57

75


https://www.ti.com
https://www.ti.com/product/TPS7A57
https://www.ti.com/lit/pdf/SBVS395
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBVS395&partnum=TPS7A57
https://www.ti.com/product/tps7a57?qgpn=tps7a57

13 TEXAS
TPS7A57 INSTRUMENTS
SBVS395 — JULY 2022 www.ti.com

A low ESL capacitor combined with low trace inductance limits the total inductance present on the output and
optimizes the high-frequency PSRR.

To improve performance, use a ground reference plane, either embedded in the PCB itself or placed on the
bottom side of the PCB opposite the components. This reference plane serves to assure accuracy of the output
voltage, shield noise, and behaves similar to a thermal plane to spread (or sink) heat from the LDO device
when connected to the thermal pad. In most applications, this ground plane is necessary to meet thermal
requirements.

8.4.2 Layout Example
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Figure 8-44. Recommended Layout
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9 Device and Documentation Support

9.1 Documentation Support
9.1.1 Related Documentation

For related documentation see the following:

» Texas Instruments, TPS7A57EVM-056 Evaluation Module user guide
» Texas Instruments, High-Current, Low-Noise Parallel LDO Reference Design design guide

9.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Subscribe to updates to register and receive a weekly digest of any product information that has changed. For
change details, review the revision history included in any revised document.

9.3 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

9.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
9.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘Q \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

9.6 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

10 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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10.1 Mechanical Data
RTE0016C ; WQFN - 0.8 mm max height
PLASTIC QUAD FLATPACK - NO LEAD
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4219117/A 09/2016
NOTES:
1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.
2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
www.ti.com
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EXAMPLE BOARD LAYOUT
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NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled,

plugged or tented.
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EXAMPLE STENCIL DESIGN
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SCALE:25X
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NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

TPS7A5701RTER Active Production WQFN (RTE) | 16 5000 | LARGE T&R Yes FULL NIPDAU Level-2-260C-1 YEAR -40 to 125 7A5701
TPS7A5701RTER.A Active Production WQFN (RTE) | 16 5000 | LARGE T&R Yes FULL NIPDAU Level-2-260C-1 YEAR -40 to 125 7A5701
TPS7A5701RTERG4 Active Production WQFN (RTE) | 16 5000 | LARGE T&R Yes FULL NIPDAU Level-2-260C-1 YEAR -40 to 125 7A5701

TPS7A5701RTERG4.A Active Production WQFN (RTE) | 16 5000 | LARGE T&R Yes FULL NIPDAU Level-2-260C-1 YEAR -40 to 125 7A5701

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

) |ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
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o| |e o Bo W
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Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
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Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS7A5701RTER WQFN RTE 16 5000 330.0 12.4 3.3 3.3 11 8.0 12.0 Q2
TPS7A5701RTERG4 WQFN RTE 16 5000 330.0 12.4 33 3.3 11 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS7A5701RTER WQFN RTE 16 5000 367.0 367.0 35.0
TPS7A5701RTERG4 WQFN RTE 16 5000 367.0 367.0 35.0
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GENERIC PACKAGE VIEW
RTE 16 WQFN - 0.8 mm max height

3 x 3, 0.5 mm pitch PLASTIC QUAD FLATPACK - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE
RTEOO16C WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RTEOO16C WQFN - 0.8 mm max height
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NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled, plugged or tented.

{
INSTRUMENTS

www.ti.com



EXAMPLE STENCIL DESIGN
RTEOO16C WQFN - 0.8 mm max height
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NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.
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