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5 Pin Configuration and Functions
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Pin Functions

PIN

NO.

NAME

1/O

DESCRIPTION

INP

Positive input. A lO-pF(l) or larger capacitor must be tied from this pin to ground to ensure stability.
Place the input capacitor as close to the input as possible; see the Capacitor Recommendations section
for more information.

EN

Enable pin. Driving this pin to logic high (Ven 2 Viyen)) enables the device; driving this pin to logic low

(Ven = Vieny) disables the device. If enable functionality is not required, this pin must be connected to

INP; see the Application and Implementation section for more detail. The enable voltage cannot exceed
the input voltage (Ve < Vinp)-

NR/SS

Noise-reduction, soft-start pin. Connecting an external capacitor between this pin and ground reduces
reference voltage noise and enables soft-start and start-up tracking. A 10-nF or larger capacitor (Cngr/ss)
is recommended to be connected from NR/SS to GND to maximize or optimize ac performance and to
ensure start-up tracking. This pin can also be driven externally to provide greater output voltage
accuracy and lower noise, see the User-Settable Buffered Reference section for more information.

GND

Ground pin. This pin must be connected to ground and the thermal pad with a low-impedance
connection.

INN

Negative input. A lo-pF(l) or larger capacitor must be tied from this pin to ground to ensure stability.
Place the input capacitor as close to the input as possible; see the Capacitor Recommendations section
for more information.

OUTN

Negative output. A lO-pF(l) or larger capacitor must be tied from this pin to ground to ensure stability.
Place the output capacitor as close to the output as possible; see the Capacitor Recommendations
section for more information.

FBN

Negative output feedback pin. This pin is used to set the negative output voltage. Although not required,
a 10-nF feed-forward capacitor from FBN to OUTN (as close to the device as possible) is recommended
to maximize ac performance. Nominally this pin is regulated to Vggy. Do not connect to ground.

BUF

Buffered reference output. This pin is connected to FBN through R, and the voltage at this node is
inverted and scaled up by the negative feedback network to provide the desired output voltage. The
buffered reference can be used to drive external circuits, and has a 1-mA maximum load.

FBP

Positive output feedback pin. This pin is used to set the positive output voltage. Although not required, a
10-nF feed-forward capacitor from FBP to OUTP (as close to the device as possible) is recommended to
maximize ac performance. Nominally this pin is regulated to Vegp. Do not connect this pin directly to
ground.

10

OUTP

(0]

Positive output. A lo-uF(l) or larger capacitor must be tied from this pin to ground to ensure stability.
Place the output capacitor as close to the output as possible; see the Capacitor Recommendations
section for more information.

Pad

Thermal Pad

Connect the thermal pad to a large-area ground plane. The thermal pad is internally connected to GND.

(1) The nominal input and output capacitance must be greater than 2.2 pF; throughout this document the nominal derating on these
capacitors is 80%. Take care to ensure that the effective capacitance at the pin is greater than 2.2 pF.

Copyright © 2017, Texas Instruments Incorporated 3
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6 Specifications
6.1 Absolute Maximum Ratings
over operating junction temperature range (unless otherwise noted)®®
MIN MAX UNIT
INP -0.3 36
INN -36 0.3
ouTP -0.3 Vinp + 0.30)
OUTN Viny — 0.3@ 0.3
Voltage FBP -0.3 Vinp + 0.30) \Y;
BUF -1 Vinp + 0.30)
NR/SS -0.3 Vinp + 0.30
FBN Vinn — 0.37) 0.3
EN -0.3 Vinp + 0.3®
Output current In_ter_nally
Current limited
Buffer current 2 mA
Operating junction temperature, T; -55 150
Temperature °C
Storage, Tsyg -65 150
(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
(2) All voltages with respect to the ground pin, unless otherwise noted.
(3) The absolute maximum rating is V|yp + 0.3 V or 33 V, whichever is smaller.
(4) The absolute maximum rating is Viyy — 0.3 V or =33 V, whichever is greater.
(5) The absolute maximum rating is Vyp + 0.3 V or 3 V, whichever is smaller.
(6) The absolute maximum rating is Viyp + 0.3 V or 2 V, whichever is smaller.
(7) The absolute maximum rating is V\yny — 0.3 V or =3 V, whichever is greater.
(8) The absolute maximum rating is Vyp + 0.3 V or 36 V, whichever is smaller.

6.2 ESD Ratings

VALUE UNIT

Vesp Electrostatic discharge \

Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +1000

Charged-device model (CDM), per JEDEC specification JESD22-C101® |  +500

1)
@

JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

Copyright © 2017, Texas Instruments Incorporated
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6.3 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT

IV inxl Supply voltage magnitude for either regulator 3.3 33 \%

VEN Enable supply voltage 0 Vinp \%

Voutp Positive regulated output voltage range Vegp 30 \%

Voutn Negative regulated output voltage range -30 VeBn \%

louTx Output current for either regulator 0.005® 150 mA
IsuF Output current from the BUF pin 0 120 1000 pA
Cing Input capacitor for either regulator 4.7 10@ UF
CouTx Output capacitor for either regulator 4.7 10@ UF
Cnriss  Noise-reduction and soft-start capacitor 0® 10 1000 nF
Cerp Positive channel feed-forward capacitor; connect from Vgytp to FBP 0 10 100 nF
Ceen Negative channel feed-forward capacitor; connect from Voyty to FBN 0 10 100 nF
Rop Lower positive feedback resistor 10 240 kQ
Ron Lower negative feedback resistor (from FBN to BUF) 10 240 kQ
T, Operating junction temperature -40 125 °C

(1) Minimum load required when feedback resistors are not used. If feedback resistors are used, keeping R,y below 240 kQ satisfies this

requirement.

(2) The nominal input and output capacitor value of 10-puF accounts for the derating factors that apply to X5R and X7R ceramic capacitors.

The assumed overall derating is 80%.

(3) For startup tracking to function correctly a minimum 4.7-nF Cygr/ss capacitor must be used.

6.4 Thermal Information

TPS7A39
THERMAL METRIC® DSC (WSON) UNIT

10 PINS
Rgia Junction-to-ambient thermal resistance 44.4 °C/W
Rosctop) Junction-to-case(top) thermal resistance 33.7 °C/IW
RgiB Junction-to-board thermal resistance 194 °C/W
VT Junction-to-top characterization parameter 0.4 °C/W
VB Junction-to-board characterization parameter 195 °C/W
Roc(bot) Junction-to-case(bottom) thermal resistance 2.9 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.
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6.5 Electrical Characteristics
at T, = —40°C to +125°C, Vinpom) = Youtpmom) + 1 V OF Viyom) = 3.3 V (Whichever is greater), Viynmom) = Voutnmom) — 1 V OF

VINN(nom) = —3.3 \Y (WhIChevel’ |S |ESS), VEN = VlNPl lOUT =1 mA, ClNX = 2.2 HF, COUTX = 10 HF, CFFX = CNR/SS = Open, RlN = RZN =
10 kQ, and FBP tied to OUTP (unless otherwise noted); typical values are at T; = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vinp Input voltage range, positive channel 3.3 33 \%
Vinn Input voltage range, negative channel -33 -3.3 \%
Undervoltage lockout threshold, - _
VuvLop(ising) positive channel Vinp rising, Viyy = -3.3 V 14 3.1 \Y
VuvLor(hys) Undervoltage lockout threshold, positive Vinp falling, Viny =-3.3V 120 mVv
channel hysteresis
Undervoltage lockout threshold, .
VuvLongaling negative channel Vin falling, Vigp = 3.3V 31 14| v
VuvLon(hys) Undervoltage lockout threshold, negative Vin rising, Vinp = 3.3V 70 mVv
channel, hysteresis
VNR/ss Internal reference voltage 1.172 1.19 1.208 \%
Vegp Positive feedback voltage 1.170 1.188 1.206 \%
VEsn Negative feedback voltage -10 3.7 10 mV
Positive channel Vi 30
Output voltage range® - FeP \%
Negative channel -30 Vegn @
Vinpom) < Vine < 33 V, 1 MA < loyre < 150 mA,
V, -1. 1. %V,
ouTp accuracy 1.2V £ Vourpom < 30 V. 5 5 oVour
Vour ® =33 V £ Vinn < Vinnpom): =150 MA < loyry < _ o
Voutn @ccuracy ~1mA, ~30'V < Vourom < ~1.2 V 3 3| %Vour
—33 V = VN < Vinngom) » =150 MA < loyry < 36 6
) 1 mA, -1.2'V < Voyrnmom) <0V
Negative Voyr channel accuracy mVv
=33V £ Vi < Vinngrom) - =150 MA < loyry < 1 1
1 mA, VOUTN(nom) =0V
AVout(AVy) Line regulation, positive channel Vinpnom) < Vine < 33 V 0.035 WV
Vour(nom) Line regulation, negative channel =33 V = Vinn < Voutom + 1V 0.125
AVour(Alour) / Load regulat!on, posm\l/e channel 1 mA < loyrp £ 150 mA -0.09 WViour
Voutom) Load regulation, negative channel —-150 mA < loyty £ -1 mA 0.715
loutp = 50 MA, 3.3 V < Vi\p(nom) < 33.0 V,
175 300
B Vegp = 1.070 V
Positive channel | 150 mA. 33V <V <330V
ouTP = mA, 5. = VINP(nom) S 99.U V, 300 500
Vegp = 1.070 V
Vpo Dropout voltage mVv
loutn = =50 MA, =3.3 V < Vi\n(nom) £ —33.0 V, 250 _145
. Vegn = 0.0695 V
Negative channel | 150 mA. 3.3V <V 30V
ouTN = — mA, =3.3 V = VinNnom) £ —33.0V, _a 27
Vegn = 0.0695 V 00 5
Veur Buffered reference output voltage Viriss \
Vgue/lgur Buffered reference load regulation Igur = 100 pA to 1 mA 1 mV/mA
Vgur — VNriss Output buffer offset voltage VNriss =0.25Vio 1.2V -4 3 8 mVv
DC output voltage difference with a forced
Vourr=Voutn REF Vo‘ftage 9 Viriss = 0.25 V 10 1.2 V -10 10 | %Vyriss
o Positive channel Vourp = 90% Vourpnom) 200 330 500
ILim Current limit - mA
Negative channel | Voyrn = 90% Voutn(nom) -500 -300 -200
" loutp = 0 MA, Ry = open, Viyp = 33V 75 150
Positive channel
loutp = 150 MA, Ryy = open, Viyp =33V 904
IsuppLY Supply current lourn = 0 MA, Vournmom= 0 V, Ron = 0pen, Vi = | o 60 HA
Negative channel -33V
loutn = 150 mA, R,y = open, Viyy = -33 V -1053
Positive channel Ven =04V, Vpp =33V 3.75 6.5
IsHpN Shutdown supply current - PA
Negative channel | Vgy=0.4V, Viyy =-33V -45 -2.25

(1) To ensure Vgyt does not drift up while the device is disabled, a minimum load current of 5 YA is required.
(2)  Vourt(argey = 0V, Rin = 10 kQ, Roy = open. o _
(3) The device is not tested under conditions where the power dissipated across the device, Pp, exceeds 2 W.
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Electrical Characteristics (continued)

at T, =—40°C to +125°C, VINP(nom) = VOUTP(nom) +1Vor VIN(nom) = 3.3V (whichever is greater), VINN(nom) = VOUTN(nom) -1Vor
Vinngom) = —3-3 V (whichever is less), Ven = Vine, lour = 1 MA, Cinyg = 2.2 uF, Coyrx = 10 pF, Cegy = Crriss = 0pen, Riy = Roy =
10 kQ, and FBP tied to OUTP (unless otherwise noted); typical values are at T; = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
| Feedback pin leakage | Positive channel 5.5 100 A
Fex current Negative channel -100 9.7
INRISS Soft-start charging current VNriss = 0.9 V 3 5.1 6.7 pA
len Enable pin leakage current Ven = Vine =33V 0.02 1 pA
ViHEn) Enable high-level voltage 2.2 Vinp \%
ViLEn) Enable low-level voltage 0.4 \%
g i ; [Vinl =6V, Voutnom)| =5V, Cour = 10 pF,
PSRR Power-supply rejection ratio Camiss = Cre= 10 NF., = 120 Hz 69 dB
Vine = 3.3 V, Voutpnom) = Vnriss: Coutp = 10 pF, 20.63
. Cnriss = 10 nF, BW = 10 Hz to 100 kHz :
Positive channel
Vine = 6V, Voutpnom) = 5 V, Coure = 10 pF, 26.86
) Cnriss = Crr = 10 nF, BW = 10 Hz to 100 kHz :
Vi, Output noise voltage MVRrus
Vinn = =3 V, Voutnmom) = —Vnriss, Coutp = 10 pF, 2213
) Cnriss = 10 nF, BW = 10 Hz to 100 kHz :
Negative channel
Vinn = =6V, Voutnmom) = =5V, Courp = 10 pF, 28.68
Cnriss = Cre= 10 nF, BW = 10 Hz to 100 kHz :
Rnriss Filter resistor from band gap to NR pin 350 kQ
Shutdown, temperature increasing 175
Tsq Thermal shutdown temperature - °C
Reset, temperature decreasing 160

6.6 Startup Characteristics
at T, =—40°C to +125°C, VINP(nom) = VOUTP(nom) +1Vor VIN(nom) = 3.3V (whichever is greater), VINN(nom) = VOUTN(nom) -1Vor

Vinngom) = —3-3 V (whichever is less), Ven = Ving, lour = 1 MA, Ciny = 2.2 uF, Coyrx = 10 pF, Cege = Chriss = 4.7nF, Ryy = Ry
=10 kQ, and FBP tied to OUTP (unless otherwise noted); typical values are at T; = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Delay time from EN low-to-high transition to 2.5% | From EN low-to-high transition to Voytp = 2.5% %
tEN(delay) 300 us
v Voutp VouTp(nom)

t Delay time from EN low-to-high transition to both | From EN low-to-high transition to Voyre = 11 ms
start-up outputs reaching 95% of final value Voutp(nom) * 95% and Voyurn = VouTtnmom) X 95% '
t Delay time from Voyrp leaving a high-impedance | From Voyte = Voutp(nom) X 2.5% t0 Voyrn = _40 _17 20 s
Pstart-Nstart state to Voury leaving a high-impedance state VouTn(nom) X 2.5% M
AlVoute — Voltage difference between the positive and During tpstart-Nstart 75 300 mv
Vournl negative output
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NOTE: Slow ramps (tiseqvinx > 10 ms typically) on Vi, with EN tied to Viyp does not meet the tracking specification. Use a
resistor divider from V\yp to EN for these applications.

1. Start-Up Characteristics
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6.7 Typical Characteristics

at T; = 25°C, Vinp = Voutpom) + 1.0 V or Vi = 3.3 V (whichever is greater), V\yy = Vournmom) — 1 V 0r =3.3 V (whichever is
less), Ven = Vins loutr = 1 mA, Cy = 10-pF ceramic, Coyr = 10-pF ceramic, and Cgrp = Cepy = Chriss = 10 nF (unless otherwise

noted)

100

A\

Power Supply Rejection Ratio (dB)

10 100 1k 10k 100k 1M 10M
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Voute =5V, loute = 150 MA, Voutn = =5V, loutn = 0 MA,
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Typical Characteristics (T X)

at T; = 25°C, Vinp = Voutpnom + 1.0 V or Vi = 3.3 V (whichever is greater), Viyn = Vournmom) — 1 V 0r =3.3 V (whichever is

less), Ven = Viny lour = 1 mA, Cy = 10-puF ceramic, Coyr = 10-puF ceramic, and Crrp = Crry = Cyriss = 10 nF (unless otherwise
noted)
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Typical Characteristics (T X)

at T; = 25°C, Vinp = Voutpnom + 1.0 V or Vi = 3.3 V (whichever is greater), Viyn = Vournmom) — 1 V 0r =3.3 V (whichever is
less), Ven = Viny lour = 1 mA, Cy = 10-puF ceramic, Coyr = 10-puF ceramic, and Crrp = Crry = Cyriss = 10 nF (unless otherwise

noted)
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14. Positive Spectral Noise Density vs Frequency and
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at T; = 25°C, Vinp = Voutpnom + 1.0 V or Vi = 3.3 V (whichever is greater), Viyn = Vournmom) — 1 V 0r =3.3 V (whichever is
less), Ven = Viny lour = 1 mA, Cy = 10-puF ceramic, Coyr = 10-puF ceramic, and Crrp = Crry = Cyriss = 10 nF (unless otherwise

noted)
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lout

IN

Voltage (V)
o

\
A

'
(o)

KR
N

KR
(o]

N}
o

0 20 40 60 80 100 120 140 160 180 200
Time (ms)

Voutp =—Voutn =5V, Vinp =—Vinn =12V

24, Startup (V|Np = VEN)

lout
20 25
16 — Vine = Vinn Voute — Voutn 20 J — EN — Vinp Voutp — Voutn =™ VinN
12 15
8 10

Voltage (V)
o

0 20 40 60 80 100 120 140 160 180 200
Time (ms)

Voutp = —Voutn =5V, Vinp ==Vinn =15V

25. Startup With EN

12

WX © 2017, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/tps7a39?qgpn=tps7a39
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
TPS7A39

www.ti.com.cn ZHCSGPOA —JULY 2017—-REVISED SEPTEMBER 2017

Typical Characteristics (T X)

at T; = 25°C, Vinp = Voutpnom + 1.0 V or Vi = 3.3 V (whichever is greater), Viyn = Vournmom) — 1 V 0r =3.3 V (whichever is
less), Ven = Viny lour = 1 mA, Cy = 10-puF ceramic, Coyr = 10-puF ceramic, and Crrp = Crry = Cyriss = 10 nF (unless otherwise

noted)
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Typical Characteristics (T X)

at T; = 25°C, Vinp = Voutpnom + 1.0 V or Vi = 3.3 V (whichever is greater), Viyn = Vournmom) — 1 V 0r =3.3 V (whichever is
less), Ven = Viny lour = 1 mA, Cy = 10-puF ceramic, Coyr = 10-puF ceramic, and Crrp = Crry = Cyriss = 10 nF (unless otherwise

noted)
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Typical Characteristics (T X)

at T; = 25°C, Vinp = Voutpnom + 1.0 V or Vi = 3.3 V (whichever is greater), Viyn = Vournmom) — 1 V 0r =3.3 V (whichever is
less), Ven = Viny lour = 1 mA, Cy = 10-puF ceramic, Coyr = 10-puF ceramic, and Crrp = Crry = Cyriss = 10 nF (unless otherwise
noted)
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at T; = 25°C, Vinp = Voutpnom + 1.0 V or Vi = 3.3 V (whichever is greater), Viyn = Vournmom) — 1 V 0r =3.3 V (whichever is
less), Ven = Viny lour = 1 mA, Cy = 10-puF ceramic, Coyr = 10-puF ceramic, and Crrp = Crry = Cyriss = 10 nF (unless otherwise

noted)
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Typical Characteristics (T X)

at T; = 25°C, Vinp = Voutpnom + 1.0 V or Vi = 3.3 V (whichever is greater), Viyn = Vournmom) — 1 V 0r =3.3 V (whichever is
less), Ven = Viny lour = 1 mA, Cy = 10-puF ceramic, Coyr = 10-puF ceramic, and Crrp = Crry = Cyriss = 10 nF (unless otherwise

noted)
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Typical Characteristics (T X)

at T; = 25°C, Vinp = Voutpnom + 1.0 V or Vi = 3.3 V (whichever is greater), Viyn = Vournmom) — 1 V 0r =3.3 V (whichever is

less), Ven = Viny lour = 1 mA, Cy = 10-puF ceramic, Coyr = 10-puF ceramic, and Crrp = Crry = Cyriss = 10 nF (unless otherwise
noted)
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7 Detailed Description

7.1 Overview

The TPS7A39 is an innovative linear regulator (LDO) targeted at powering the signal chain, capable of up to
+33 V on the inputs and regulating up to £30 V on the outputs at up to 150 mA of load current. The device uses
an LDO topology that, by design, delivers ratiometric start-up tracking in most applications. The TPS7A39 has
several other features, as listed in & 1, that simplify using the device in a variety of applications.

x

Throughout this document, x is used to designate that the condition or component applies
to both the positive and negative regulators (for example, Cer, means Crep and Cepy).

< 1. TPS7A39 Features

VOLTAGE REGULATION

SYSTEM START-UP

INTERNAL PROTECTION

Reference input/output

Ratiometric start-up tracking

Current limit

High-PSRR output

Programmable soft-start

Fast transient response

Sequencing controls

Thermal shutdown

7.2 Functional Block Diagram
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7.3 Feature Description
7.3.1 Voltage Regulation

7.3.1.1 DC Regulation

An LDO functions as a buffered op-amp in which the input signal is the internal reference voltage (Vygr/ss), as
shown in B 59, and in normal regulation Vggp = Vyriss. Sharing a single reference ensures that both channels
track each other during start-up.

Vnrsss IS designed to have a very low-bandwidth at the input to the error amplifier through the use of a low-pass
filter. As such, the reference can be considered as a pure dc input signal.

As B 60 shows, the negative LDO on the device regulates with a Vggy = 0 V and inverts the positive reference
(Vsur)- This topology allows the negative regulator to regulate down to 0 V.

Voute = Vriss X (1+R1p/Razp)
Vine @ » To Load

§R1P
NR/SS

c Sl ¢ Vesp
NR/SS

§ Rap
I GND

Bandgap v
Reference GND

¢ GND

59. Simplified Positive Regulation Circuit

350 k!

Vourn = Veur X ('RIN/RZN)

» To Load

RlN

VFBN

Ron

VBUF

60. Simplified Negative Regulation Circuit

7.3.1.2 AC and Transient Response

Each LDO responds quickly to a transient on the input supply (line transient) or the output current (load
transient). This LDO has a high power-supply rejection ratio (PSRR) and, when coupled with a low internal noise-
floor (V,,), the LDO approximates an ideal power supply in ac and large-signal conditions.

The performance and internal layout of the device minimizes the coupling of noise from one channel to the other
channel (crosstalk). Good printed circuit board (PCB) layout minimizes the crosstalk.

The noise-reduction and soft-start capacitor (Cyr/ss) and feed-forward capacitor (Crg,) easily reduce the device
noise floor and improve PSRR; see the Optimizing Noise and PSRR section for more information on optimizing
the noise and PSRR performance.
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Feature Description (3T )
7.3.2 User-Settable Buffered Reference

As B 61 shows, the device internally generated band-gap voltage outputs at the NR/SS pin. An internal resistor
(Rnr) @nd an external capacitor (Cyg/ss) control the rise time of the voltage at the Vyr,ss pin, setting the soft-start
time. This network also filters out noise from the band gap, reducing the overall noise floor of the device.

Driving the NR/SS pin with an external source can improve the device accuracy and can reduce the device noise
floor, along with enabling the device to regulate the positive channel to voltages below the device internal
reference.

Sw

Inriss
RNR/SS

V
Veandgep RIGED! 3
Chriss*
Vesp® =
¥ o

Note: * Denotes external components

NOTE: * denotes external components.

61. Simplified Reference Circuit

7.3.3 Active Discharge

When either EN or UVLOX are low, the device connects a resistance from Vg1 to GND, discharging the output
capacitance. The active discharge circuit requires |Voyut«| = 0.6 V (typ) to discharge the output because the NPN
pulldown has a minimum Vg requirement.

Do not rely on the active discharge circuit for discharging large output capacitors when the input voltage drops
below the targeted output voltage. The TPS7A39 is a bipolar device, and as such, reverse voltage conditions
(IVoutxl 2 [Vinxl + 0.3 V) can breakdown the emitter to base diode and also cause a breakdown of the parasitic
bipolar formed in the substrate; see the Reverse Current section for more details.

When either EN or UVLOXx are low, the device outputs a small amount of leakage current. The leakage current is
typically handled by the maximum R,, resistor value of 240 kQ. However, if the device is placed in unity gain (no
R,, resistor) this leakage current causes the output to slowly rise until the discharge circuit (as shown in [§ 62)
has enough headroom to clamp the output voltage (typically +0.6 V).

UVLOP

Internal Enable
EN

UVLON —
o
0

GND

62. Simplified Active Discharge Circuit

7.3.4 System Start-Up Controls

In many different applications, the power-supply output must turn-on within a specific window of time because of
sequencing requirements, ensuring proper operation of the load, or to minimize the loading on the input supply.

Both LDOs start-up are well-controlled and user-adjustable through the Cyg/ss capacitor, solving the demanding
requirements faced by many power-supply design engineers in a simple fashion. For start-up tracking to work
correctly. a minimum 4.7-nF Cygrss capacitor is required. For more information on startup tracking, see the
Noise-Reduction and Soft-Start Capacitor (Cyr/ss) Section.
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Feature Description (3T )
7.3.4.1 Start-Up Tracking

63 shows how both regulators use a common reference, which enables start-up tracking. Using the same
reference voltage for both the positive and negative regulators ensures that the regulators start-up together in a
controlled fashion; see B 24 and @ 25.

Ramps on V) with EN = V,p that are slower than the soft-start time do not have start-up tracking. If ramps
slower than the soft-start time are used then enable should be used to start the device to ensure start-up
tracking. A small mismatch between the positive and negative internal enable thresholds means that one channel
turns on at a slightly lower input voltage than the other channel. This mismatch is typically not a problem in most
applications and is easily solved by controlling the start-up with enable. The external signal can come from the
input power supply power-good indicator, a voltage supervisor output such as the TPS3701, or from another
source.

Voute = Vnriss X (1+R1p/R2p) Voutn = Vaur X (-Rin/Ran)

\4

<
z
z
q
v

Vine ® \

Rin

AV
2
A%

VNR/SS v

GND
Ron

MV

|X1 Veur

63. Simplified Regulation Circuit

7.3.4.2 Sequencing

B 64 and & 2 describe how the turn-on and turn-off times of both LDOs (respectively) is controlled by setting
the enable circuit (EN) and undervoltage lockout circuit (UVLOP and UVLON).

UVLOP

Internal

EN Enable

UVLON

64. Simplified Turn-On Control

#k 2. Sequencing Functionality Table

POSITIVE ”(\IVFl"\llJP'; VOLTAGE | NEGATIVE |(|\\l/|:\ll’\.:;|' VOLTAGE ENABLE STATUS S_Il__pl?%s DIQSJLVREGE
Vine 2 Vuviop Vinn = Vuvion Sl on of
EN=0 Off on®
Vine 2 Vuviop Vinn > Vuvion EN = don't care Off on®
Vine < Vuviop Vinn < Vuvion EN = don't care Off on®
Vine < Vuviop = VHysp Vinn > Vuvion = Vhysn EN = don't care Off on®

(1) The active discharge remains on as long as V\\x and Vgoutx provide enough headroom for the discharge circuit to function.

22
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7.3.4.2.1 Enable (EN)

The enable signal (Vgy) is an active-high digital control that enables the LDO when the enable voltage is past the
rising threshold (Vey 2 Viyen)) and disables the LDO when the enable voltage is below the falling threshold (Vey
< Viieny)- The exact enable threshold is between Viyen) and Vi gy because EN is a digital control. In
applications that do not use the enable control, connect EN to V yp.

A slow V,y, ramp directly connecting EN to Vjp can cause the start-up tracking to move out of specification.
Under slow ramp conditions, use a resistor divider from V,\p to ensure start-up tracking.

7.3.4.2.2 Undervoltage Lockout (UVLO) Control

The UVLO circuit responds quickly to glitches on the input supplies and attempts to disable the output of the
device if either of these rails collapse.

As a result of the fast response time of the input supply UVLO circuit, fast and short line transients well below the
input supply UVLO falling threshold (brownouts) can cause momentary glitches during the edges of the transient.
These glitches are typical in most LDOs. The local input capacitance prevents severe brown-outs in most
applications; see the Undervoltage Lockout (UVLOx) Control section for more details. Fast line transients can
cause the outputs to momentarily shut off, and can be mitigated through using the recommended 10-pF input
capacitor. If this becomes a problem in the system, increasing the input capacitance prevents these glitches from
occurring.
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7.4 Device Functional Modes

7.4.1 Normal Operation

The device regulates to the nominal output voltage under the following conditions:
+ The input voltage is at least as high as |V nymin)l
» The input voltage is greater than the nominal output voltage added to the dropout voltage

 The enable voltage has previously exceeded the enable rising threshold voltage and has not decreased
below the enable falling threshold

» The output current is less than the current limit
* The device junction temperature is less than Tgp

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 of operation, the
output voltage is the same as the input voltage minus the dropout voltage. The transient performance of the
device is significantly degraded because the pass device (as a bipolar junction transistor, or BJT) is in saturation
and no longer controls the current through the LDO. Line or load transients in dropout can result in large output
voltage deviations.

7.4.3 Disabled

The device is disabled under the following conditions:

* The enable voltage is less than the enable falling threshold voltage or has not yet exceeded the enable rising
threshold

e The device junction temperature is greater than the thermal shutdown temperature
7 3 shows the conditions that lead to the different modes of operation.

#k 3. Device Functional Mode Comparison

PARAMETER
OPERATING MODE
VIN VEN IOUT TJ
Normal mode Vol >||\\//|,C\:LJ|T£W|)\"/?,|\‘:(”L\:;:|)OX| and VEN > Viy loutsl < NLimxl T;<125°C
Dropout mode Vinmin] < lv'\’\}X| < Voutxmom| + VEN > ViH — T;<125°C
DOx
Disabled mode
(any true condition disables the device) - Ven < Vi - Ty>Tsp
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8 Application and Implementation

x

/:

Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test 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 the LDO to achieve a reliable design.

8.1.1 Setting the Output Voltages on Adjustable Devices

65 shows that each LDO resistor feedback network sets its output voltage. The positive LDO output voltage
range is Vyr/ss to 30 V and the negative LDO output voltage range is 0 V to —30 V.

ouTP

Coutr
Cinp INP Crep
v "T -
)

FBP

Rap
NR/SS
Chriss TPS7A39

3mm x 3mm BUF

3
FBN p
e—————— 1 EN Run Cren

| GND

65. Adjustable Operation

A3 1 relates the values of R;p and Ryp to Voutenomy @nd Vygriss to set the positive output voltage. 2 2

relates the values of Ry and Ry to Vournnomy @and Vygsss to set the negative output voltage.

The positive LDO is configured as a noninverting op amp, whereas the negative LDO is an inverting op amp.
Voutp = Vnriss X (1 + Rip / Rop) (1)
Vourn = Viriss X (=Rin / Ran) 2

Substituting Vygr/ss With Vegp 0n the positive channel and Vyg/ss With Vg on the negative channel gives a more

accurate relationship.

23 3 and X 2 are rearranged versions of A3 1 and A3 2, with the above substitutions made.

Rip = (Voure / Vrse — 1) X Ryp (3)
Rin = =(Vourn X Rop) / Vaur (4)
The minimum bias current through both feedback networks is 5 YA to ensure accuracy.
For even tighter accuracy, take into account the input bias current into the error amplifiers (Iggp and Iggy) and use

0.1% resistors. Overriding the internal reference with a high accuracy external reference can also improve the
accuracy of the device.
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Application Information (T R)

%z 4 and % 5 show the resistor combinations for several common output voltages using commercially available,
1% tolerance resistors.

& 4. Recommended Feedback-Resistor Values for the Positive LDO

TARGETED OUTPUT FEEDBACK RESISTOR VALUES®™ CALCULATED OUTPUT
VOLTAGE (V) Ryp (kQ) Rop (kQ) VOLTAGE (V)
15 2.67 10.0 1.50
1.8 5.23 10.0 1.80
2.5 11.0 10.0 2.49
3.0 15.4 10.0 3.00
3.3 17.8 10.0 3.29
5.0 32.4 10.0 5.02
9.0 66.5 10.0 9.07
12.0 90.9 10.0 12.0
15.0 115 10.0 14.8
24.0 191 10.0 23.8
30.0 243 10.0 29.8
(1) Rypis connected from OUTP to FBP, Rpp is connected from FBP to GND; see the Setting the Output Voltages on Adjustable Devices
section.
%z 5. Recommended Feedback-Resistor Values for the Negative LDO
TARGETED OUTPUT FEEDBACK RESISTOR VALUES®™ CALCULATED OUTPUT
VOLTAGE (V) Ry (KQ) Ron (KQ) VOLTAGE (V)
-0.3 2.55 10.0 -0.303
-1.5 12.7 10.0 -1.51
-1.8 15.0 10.0 -1.78
2.5 21.0 10.0 -2.49
-3.0 25.5 10.0 -3.03
-3.3 28.0 10.0 -3.33
-5.0 42.2 10.0 -5.04
-9.0 75.0 10.0 -8.91
-12.0 100 10.0 -11.9
-15.0 127 10.0 -15.1
-24.0 200 10.0 -23.8
-30.0 255 10.0 -30.3

(1) Rynis connected from OUTN to FBN, Ryy is connected from FBN to BUF; see the Setting the Output Voltages on Adjustable Devices
section.

8.1.2 Capacitor Recommendations

The device is designed to be stable using low equivalent series resistance (ESR) ceramic capacitors at the input
and output pins. The device is also designed to be stable with aluminum polymer and tantalum polymer
capacitors with ESR < 75 mQ.

Electrolytic capacitors (along with higher ESR polymer capacitors) can also be used if capacitors (meeting the
minimum capacitance and ESR requirements ) are used in parallel.

Take the effective ESR for stability when the impedance of the capacitor is at its minimum. At the minimum level,
the capacitance and parasitic inductance cancel each other and provides the DC ESR.

Ceramic capacitors that employ X7R-, X5R-, and COG-rated dielectric materials provide relatively good
capacitive stability across temperature, whereas the use of Y5V-rated capacitors is discouraged because of large
variations in capacitance.
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Regardless of the ceramic capacitor type selected, ceramic capacitance varies with operating voltage and
temperature. As a rule of thumb, derate ceramic capacitors by at least 50%. The input and output capacitors
recommended herein account for an effective capacitance derating of approximately 50%, but at higher Vy and
Vout conditions (that is, V|y = 5.5 V to Vout = 5.0 V) the derating can be greater than 50% and must be taken
into consideration.

For high performance applications polymer capacitors are ideal as they do not experience the large deratings of
ceramic capacitors.

8.1.3 Input and Output Capacitor (C,n, and Coyry)

The device is designed and characterized for operation with ceramic capacitors of 10 pF or greater (2.2 pF or
greater of effective capacitance) at each input and output.

Locate the input and output capacitors as near as practical to the respective input and output pins to minimize
the trace inductance from the capacitor to the device. If the LDO is used to produce low output voltages (below
5 V), a 4.7-yF output capacitor can be used. If a 4.7-uF output capacitor is used, be sure to account for the
derating of the capacitors during design.

Large, fast line transients on the input supplies can cause the device output to momentarily turn off. Typically
these transients do not occur in most applications, but when these transients do occur use a larger input
capacitor to slow down the line transient. If the system has input line transients that are faster than 0.5 V/us,
increase the input capacitance.

8.1.4 Feed-Forward Capacitor (Cgry)

Although a feed-forward capacitor (Cgg,) from the FBx pin to the OUTx pin is not required to achieve stability, a
10-nF external Cgg, capacitor optimizes the transient, noise, and PSRR performance. The maximum
recommended value for Cgg, is 100 nF.

A larger Cgr, can dominate the start-up time set by Cyg/ss, for more information see the Pros and Cons of Using
a Feed-Forward Capacitor with a Low Dropout Regulator application report.

8.1.5 Noise-Reduction and Soft-Start Capacitor (Cyg/ss)

Although a noise-reduction and soft-start capacitor (Cyg/ss) from the NR/SS pin to GND is not required, Cygr/ss iS
highly recommended to control the start-up time and reduce the noise-floor of the device. For start-up tracking to
function correctly, a minimum 4.7-nF capacitor is required. As the time constant formed by the feedback resistors
and feed-forward capacitors increases, the value of the Cyg/ss Capacitor must also be increased for startup
tracking to work correctly. To figure out how to calculate the time constant of the feedback network see the Pros
and Cons of Using a Feed-Forward Capacitor with a Low Dropout Regulator application report.

8.1.6 Buffered Reference Voltage

The voltage at the NR/SS pin, whether driven internally or externally, is buffered with a high-bandwidth, low-noise
op amp. The BUF pin can be used as a voltage reference in many signal chain applications.

8.1.7 Overriding Internal Reference

The internal reference of the LDO can be overridden using an external source to increase the accuracy of the
LDO and lower the output noise. To override the internal reference connect the external source to the NR/SS pin
of the LDO. In order to overdrive the internal reference the external source must be able to source or sink 100 pA
or greater.

The internal reference achieves a 2% accuracy from —40°C to +125°C; using an external reference can help
achieve better accuracy over temperature.
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8.1.8 Start-Up

8.1.8.1 Soft-Start Control (NR/SS)

Each output of the device features a user-adjustable, monotonic, voltage-controlled soft-start that is set with an
external capacitor (Cyr/ss)- This soft-start eliminates power-up initialization problems.

The output voltage (Voury) rises proportionally to Vyg/ss during start-up. As such, the time required for Vyg/ss to
reach its nominal value determines the rise time of Vgoyry (Start-up time).

The soft-start ramp time depends on the soft-start charging current (Iyg/ss), the soft-start capacitance (Cygr/ss),
and the internal reference (Vyriss)- 234 5 calculates the approximate soft-start ramp time (tsg):
tss = Ruriss X Crriss X IN [(Viriss * Inriss X Ruriss) ! (Inriss¥Rariss)] (5)

Values for the soft-start charging currents, Ryr/ss, and the device internal Cyg/ss are provided in the table.

8.1.8.1.1 In-Rush Current

In-rush current is defined as the current into the LDO at the INx pin during start-up. In-rush current then consists
primarily of the sum of load current and the current used to charge the output capacitor. This current is difficult to
measure because the input capacitor must be removed, which is not recommended. However, the in-rush current
can be estimated by 23, 6:

lour(t) = [COUTX detVOUTx(t)] + [VOUTx(t)]

F{LOAD

where:
*  Vourk(t) is the instantaneous output voltage of the turn-on ramp
e dVgour(t) / dtis the slope of the Vgyr, ramp
* Roap is the resistive load impedance (6)

8.1.8.2 Undervoltage Lockout (UVLOXx) Control

The UVLOX circuit ensures that the device stays disabled before its input or bias supplies reach the minimum
operational voltage range, and ensures that the device properly shuts down when the input supply collapses.

66 and & 6 explain the UVLOX circuit response to various input voltage events, assuming Vgy 2 ViHEN):
The positive and negative UVLO circuits are internally ANDed together. As such, if either supply collapses, both
outputs turn-off and Vyg/ss is pulled low internally.

\ Y s e—

VL

A— be—B— b [ D—de¢—E— b F—be—G——
| | |

UVLOXx Rising Threshold

UVLOx Hysteresis 7
Vinx

N

66. Typical UVLOXx Operation
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Fz 6. Typical UVLOXx Operation Description
REGION EVENT Voutx STATUS COMMENT
A Turn-on, |Ving < [Vuvioxl 0 Start-up
B Regulation 1 Regulates to target Voyryx
> —
C Brownout,|\\;.NX;T IVuviox 1 The output can fall out of regulation but the device is still enabled
HYSx
D Regulation 1 Regulates to target Voytyx

The device is disabled and the output falls because of the load and

Brownout, |Vinxl < [Vuviox — active discharge circuit. The device is reenabled when the UVLOx

E Vhysyl 0 rising threshold is reached by the input voltage and a normal start-
up then follows.

F Regulation 1 Regulates to target VoyTy

G Tum-off, [Viny < [Vuviox - 0 The output falls because of the load and active discharge circuit

Vhysxl

Similar to many other LDOs with this feature, the UVLOX circuit takes a few microseconds to fully assert. During
this time, a downward line transient below approximately 0.8 V causes the UVLOXx to assert for a short time;
however, the UVLOX circuit does not have enough stored energy to fully discharge the internal circuits inside of
the device. When the UVLOXx circuit is not given enough time to fully discharge the internal nodes, the outputs
are not fully disabled.

The effect of the downward line transient can be mitigated by using a larger input capacitor to increase the fall
time of the input supply when operating near the minimum V.

8.1.9 AC and Transient Performance

LDO ac performance for a dual-channel device includes power-supply rejection ratio, channel-to-channel output
isolation, output current transient response, and output noise. These metrics are primarily a function of open-loop
gain, bandwidth, and phase margin that control the closed-loop input and output impedance of the LDO. The
output noise is primarily a result of the band-gap reference and error amplifier noise.

8.1.9.1 Power-Supply Rejection Ratio (PSRR)

PSRR is a measure of how well the LDO control-loop rejects signals from Vy, to Voyury across the frequency
spectrum (usually 10 Hz to 10 MHz). 23X 7 gives the PSRR calculation as a function of frequency for the input

signal [V nx(f)] and output signal [Voyur«(f)]-

PSRR (dB) = 20 Log,, (VVIL“(::)}
OUTx ”

Even though PSRR is a loss in signal amplitude, PSRR is shown as positive values in decibels (dB) for
convenience.
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67 shows a simplified diagram of PSRR versus frequency.

A

Output Capacitor
|Zcout| Increasing

Power-Supply Rejection-Ratio (dB)

v

Frequency (Hz)

67. Power-Supply Rejection Ratio Diagram

An LDO is often employed not only as a dc-dc regulator, but also to provide exceptionally clean power-supply
voltages that exhibit ultra-low noise and ripple to sensitive system components.

8.1.9.2 Channel-to-Channel Output Isolation and Crosstalk

Output isolation is a measure of how well the device prevents voltage disturbances on one output from affecting
the other output. This attenuation appears in load transient tests on the other output; however, to numerically
guantify the rejection, the output channel isolation is expressed in decibels (dB).

Output isolation performance is a strong function of the PCB layout. See the Layout Guidelines section on how to
best optimize the isolation performance.

8.1.9.3 Output Voltage Noise

The TPS7A39 is designed for system applications where minimizing noise on the power-supply rail is critical to
system performance. For example, the TPS7A39 can be used in a phase-locked loop (PLL)-based clocking
circuit that can be used for minimum phase noise, or in test and measurement systems where even small power-
supply noise fluctuations reduce system dynamic range.

LDO noise is defined as the internally-generated intrinsic noise created by the semiconductor circuits alone. This
noise is the sum of various types of noise (such as shot noise associated with current-through-pin junctions,
thermal noise caused by thermal agitation of charge carriers, flicker noise, or 1/f noise and dominates at lower
frequencies as a function of 1/f). B 68 shows a simplified output voltage noise density plot versus frequency.

Wide-band Noise

Output Voltage Noise Density (nV/\VHz)

Frequency (Hz)

68. Output Voltage Noise Diagram
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For further details, see the How to Measure LDO Noise white paper.
8.1.9.4 Optimizing Noise and PSRR
F= 7 describes how the ultra-low noise floor and PSRR of the device can be improved in several ways.
& 7. Effect of Various Parameters on AC Performance®®
NOISE PSRR
PARAMETER LOW- MID- HIGH- LOW- MID- HIGH-
FREQUENCY | FREQUENCY | FREQUENCY | FREQUENCY | FREQUENCY | FREQUENCY
CnNRiss +++ No effect No effect +++ + No effect
Crry ++ +++ + ++ +++ +
CouTx No effect + +++ No effect + +++
[Vinl = [VouTx + + + +ht +ht ++
PCB layout ++ ++ + + +++ +++

(1) The number of +s indicates the improvement in noise or PSRR performance by increasing the parameter value.
(2) Shaded cells indicate the easiest improvement to noise or PSRR performance.

The noise-reduction capacitor, in conjunction with the noise-reduction resistor, forms a low-pass filter (LPF) that
filters out the noise from the reference before being gained up with the error amplifier, thereby minimizing the
output voltage noise floor. The LPF is a single-pole filter and the cutoff frequency can be calculated with 23 8.
The effect of the Cyr/ss Capacitor increases when Voyrynowm) increases because the noise from the reference is
gained up when the output voltage increases. For low-noise applications, a 10-nF to 1-uyF Cygrss iS
recommended.

feurort = 1/ (2 X X Rygyss % Cnriss) 8

The feed-forward capacitor reduces output voltage noise by filtering out the mid-band frequency noise. The feed-
forward capacitor can be optimized by placing a pole-zero pair near the edge of the loop bandwidth and pushing
out the loop bandwidth, thus improving mid-band PSRR.

A larger Coy1x Or multiple output capacitors reduces high-frequency output voltage noise and PSRR by reducing
the high-frequency output impedance of the power supply.

Additionally, a higher input voltage improves the noise and PSRR because greater headroom is provided for the
internal circuits. However, a high power dissipation across the die increases the output noise because of the
increase in junction temperature.

Good PCB layout improves the PSRR and noise performance by providing heatsinking at low frequencies and
isolating Vouty at high frequencies.

8.1.9.5 Load Transient Response

The load-step transient response is the output voltage response by the LDO to a step in 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 illustrated in
69 are broken down in this section and are described in & 8. Regions A, E, and H are where the output voltage
is in steady-state. Increasing the output capacitance improves the transient response (less dip); however, the
transient takes longer to recover when using a large output capacitor.
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69. Load Transient Waveform
%k 8. Load Transient Waveform Description
REGION DESCRIPTION COMMENT
A Regulation Regulation
B Output current ramping Initial voltage dip is a result of the depletion of the output capacitor charge.
c LDO responding to transient Recovery from the dip results from the LDO increasing its sourcing current, and leads
to output voltage regulation.
. P At high load currents the LDO takes some time to heat up. During this time the output
D Reaching thermal equilibrium voltage changes slightly.
E Regulation Regulation
= Output current ramping Initial voltage rise results from the LDO sourcing a large current, and leads to the
output capacitor charge to increase.
. . Recovery from the rise results from the LDO decreasing its sourcing current in
G LDO responding to transient combination with the load discharging the output capacitor.
H Regulation Regulation

8.1.10 DC Performance

8.1.10.1 Output Voltage Accuracy (Vouty)

The device features an output voltage accuracy that includes the errors introduced by the internal reference, load
regulation, line regulation, process variation, and operating temperature as specified by the table. Output voltage
accuracy specifies minimum and maximum output voltage error, relative to the expected nominal output voltage
stated as a percent (for very low output voltages this specification is in mV).

8.1.10.2 Dropout Voltage (Vpo)

Generally speaking, the dropout voltage often refers to the minimum voltage difference between the input and
output voltage (|Vpol = [Vind = [Voutxl) that is required for regulation. When Vy, drops below the required Vpoy
for the given load current, the device functions as a resistive switch and does not regulate output voltage.
Dropout voltage is proportional to the output current because the device is operating as a resistive switch.

8.1.11 Reverse Current
As with most LDOs, this device can be damaged by excessive reverse current.

Reverse current is current that flows through the substrate of the device instead of the normal conducting
channel of the pass element. This current flow, at high enough magnitudes, degrades long-term reliability of the
device resulting from risks of electromigration and excess heat being dissipated across the device.
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Conditions where excessive reverse current can occur are outlined in this section, all of which can exceed the
absolute maximum rating of Voytp > Vine + 0.3 V and Voyury < Vinn — 0.3 V:

» If the device has a large Cqoyty and the input supply collapses quickly with little or no load current
e The output is biased when the input supply is not established

e The output is biased above the input supply
If excessive reverse current flow is expected in the application, then external protection must be used to protect
the device. B 70 shows one approach of protecting the device.

Schottky Diode

1<

INP P

COUTP

ouTl
1 L
Ciel Device

GND
L
70. Example Circuit for Reverse Current Protection Using a Schottky Diode On Positive Rail

8.1.12 Power Dissipation (Pp)

Circuit reliability demands that proper consideration is 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. Use ‘A= 9 to approximate Pp:

Po = (Vine = Voute) X loute + (IVinn — Vournl) * llouml )

Careful selection of the system voltage rails minimizes power dissipation and improves system efficiency. 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 main heat conduction path for the device is through the thermal pad on the package. As such, the thermal
pad must be soldered 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 maximum power dissipation determines the maximum allowable junction temperature (T;) for the device.
According to 43 10, power dissipation and junction temperature are most often related by the junction-to-
ambient thermal resistance (8;,) of the combined PCB, device package, and the temperature of the ambient air
(Th)-

T;=Ta+0,a%xPp (10)

Unfortunately, this thermal resistance (0;4) 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 63, recorded in the Electrical Characteristics 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, 0,5 is actually the sum of the WSON package junction-to-case (bottom) thermal
resistance (0;cp0t) plus the thermal resistance contribution by the PCB copper.
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8.1.12.1 Estimating Junction Temperature

The JEDEC standard recommends the use of psi (¥) 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 (¥;r and
¥,5) are given in the Electrical Characteristics table and are used in accordance with 23 11.

Wi Ty=Tr+ ¥ xPp
Y T,=Tg+ ¥, x Py

where:
« Py is the power dissipated as explained in 23 9
e Ty is the temperature at the center-top of the device package
e Tgis the PCB surface temperature measured 1 mm from the device package and centered on the package

edge (12)
8.2 Typical Applications
8.2.1 Design 1: Single-Ended to Differential Isolated Supply

TP1

OuTP

INP

o—— EN SN6505B vCC

FBP

r GND D2
+5V

10 uF (0.1 pF

Diode4 NR/SS
10 nF TPS7A39
BUF

CLK D1 Diode3

3mm x 3mm

é P2 %
| 10 uF [0.1 yF 10 pF |0.1 uF FBN

] To e—— EN
Signal
* - INN OUTN

GND

<

71. Single-Ended to Differential Isolated Supply Schematic

| |

8.2.1.1 Design Requirements

#k 9. Design Requirements

PARAMETER DESIGN REQUIREMENT DESIGN RESULT
Input supply Must operate off of 5-V input 5-V input supply

Output supply Must have a 5-V and -5-V output +5-V output, +2% accuracy

Posgn/rere%l:tput Capable of sourcing 50 mA on positive output 50 mA (sourcing)

Negzitl:\;:aegtjtput Capable of sinking 50 mA on negative output 50 mA (sinking)
Isolatlggpfg:;m 5V Must be isolated from input supply Isolated through center tapped transformer

0 ici = =
Efficiency Must have > 80% efficiency at 100 mA® 85% efficiency when loumy =-50 mA and loure

50 mA

(1) lloutnl = loutp = 50 MA.
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8.2.1.2 Detailed Design Procedure

8.2.1.2.1 Switcher Choice

This design incorporates a push-pull driver for center-tapped transformers that takes a single-ended supply and
converts the supply to an isolated split rail design. The SN6505B provides a simple small-form factor isolated
supply. The input voltage of the SN6505B can vary from 2.25 V to 5 V, which allows for use with a wide range of
input supplies. The output voltage can be adjusted through the turns ratio of the transformer. Based on the
choice of the transformer this design can be used to create output voltages from £3.3 V to +15 V. In this design
the SN6505B was paired with the 750315371 center-tapped transformer from Wurth Electronics™. This
transformer has a turns ratio of 1:1.1 and an isolation rating of 2500 Vrys (the total system isolation was never
tested).

8.2.1.2.2 Full Bridge Rectifier With Center-Tapped Transformer

To create the isolated supply, the SN6505B uses a center-tapped transformer. A full bridge rectifier and
capacitors are required to regulate the signal before reaching the LDO because of the alternating nature of the
input signal. Tl recommends having a fast switching and low forward voltage diode to improve efficiency because
of how fast the SN6505 switches; Schottky diodes work well. [ 73 shows the switching nodes of the SN6505 D1
and D2 and also shows where the transformer connects to the full bridge rectifier TP1 and TP2. B 73 shows the
switching waveforms across the rectifier diodes.

VouT+=n"V|y

_|_t
L

B4

72. Bridge Rectifier With Center-Tapped Secondary Enables Bipolar Outputs

8.2.1.2.3 Total Solution Efficiency

23 12 shows how the efficiency of the system can be measured by taking the output power and dividing by the
input power. loyte = lloutn] = lout / 2 because this system has two output rails to simplify the efficiency
measurement. When the necessary parameters are measured, and by using 243 12, the overall system
efficiency can be plotted as in B 74. B 74 shows the overall system efficiency for this design, at the maximum
output current of 100 mA (Igyte = 50 MA, loutny = =50 MA) the efficiency of the system is 85%.

N = (loute X Voute * loutn X Vourn) / (In X Vin) (12)

8.2.1.2.4 Feedback Resistor Selection

A3 13 and 2= 14 calculate the values of the feedback resistors.
Voute = Vegp X (1 + Ryp / Ryp) (13)
Vourn = Vaur X (=Rin/ Ron) (14)
For this design the recommended 10-kQ resistors are used for R,p and R,y. Rip and Ry can be calculated by
substituting R,p and R,y into A3 15 and A3 16 because R,p and R,y are already selected
Rip = [(Voute / Vesp) — 1] X Ryp = [(B V /1.188 V) — 1] x 10 kQ = 32.2 kQ (15)
Rin = —Vourn X Ron / Veue = (-5 V) x 10 kQ / 1.19 V = 42 kQ (16)

After solving for 243 15 and 243\ 16, the closest one percent resistors are selected, Ry = 42.2 kQ and R;p =
32.4 kQ.
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8.2.1.3 Application Curves
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73. Switching Node of the SN6505B 74. Efficiency vs Output Current
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8.2.2 Design 2: Getting the Full Range of a SAR ADC
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78. Creating Power Rails for an Analog Front-End of an ADC
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8.2.2.1 Design Requirements

A common problem in analog-to-digital converters (ADCs) is that as the input signal approaches the edge of the
range of the ADC, the signal begins to become distorted. Often times this is not because of a limitation of the
ADC, but is a result of the analog front-end (AFE). In the AFE, the signal begins to approach the rails of the op
amp and the signal begins to lose linearity and becomes distorted. This distortion is because when the rail-to-rail
op amp begins to enter the nonlinear region of operation within 100 mV of the rail, the signal-to-noise ratio (SNR)
starts to degrade and the total harmonic distortion (THD) of the ADC increases. To prevent the op amp from
exiting the linear region of operation, the design must use a power supply that can generate rails 200 mV above
and below the input range of the ADC.

8.2.2.2 Detailed Design Procedure

In this design, the ADS8900B is used as the ADC. This ADC features a differential input, so from a 5-V reference
the ADC is able to encode values between +5 V. In many applications, single-supply op amps are powered with
rails from O V to 5 V, which causes the input signal to become distorted when the full range signal is applied. The
FFT of a 10-Vpp (peak-to-peak) sine wave using a single 5-V rail to bias the amplifiers is illustrated in B 79. In
this test the SNR was calculated to be 54.89 dB and the THD was calculated to be —40.68 dB.

There is a simple solution to improve the SNR and THD of the ADC: bias the amplifiers in the analog front end
with a 5.2-V rail and a —0.2-V rail. Using these rails allows the amplifier to operate in the linear region in the 0-V
to 5-V range needed by the ADC. The FFT of a 10-Vpp Sine wave using a 5.2-V rail and a —0.2-V rail is illustrated
in B 80. In this test the SNR was calculated to be 102.535 dB and the THD was calculated to be —121.66 dB.
Using —0.2-V and 5.2-V rail voltages still allows for common 5-V (5.5 V max) op amps to be used in the design.

8.2.2.3 Detailed Design Description

8.2.2.3.1 Regulation of -0.2 V

The TPS7A39 has an innovative feature of regulating the negative rail down to zero volts. This regulation is
achieved by using an inverting amplifier and using the positive-buffered reference as the input signal to the
amplifier. Regulating to —0.2 V eliminates the nonlinearity and distortion present when using the full rail range of
the amplifiers.

8.2.2.3.2 Feedback Resistor Selection

Use 3 17 and 23 18 to calculate the values of the feedback resistors:
Voure = Viee X (1 + Rip / Rop) (17)
Vourn = Veur X (=Run / Ran) (18)
For this design the recommended 10-kQ resistors are used for R,p and R,y. Rip and Ry can be calculated by
substituting R,p and R,y into 243 19 and 23 20 because R,p and R,y are already selected.
Rip = [(Voure / Vesp) — 1] X Rpp = [(5.2 V / 1.188 V) — 1] x 10 kQ = 33.8 kQ (19)
Rin = —Vourn X Ron / Vaur = —(-5 V) x 10 kQ / 1.19 V = 1.68 kQ (20)

After solving for 23 19 and 23 20, the closest one percent resistors are selected, Ry = 1.69 kQ and R;p = 34
kQ.
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8.2.2.4 Application Curves
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79. FFT Using 5-V and 0-V Supply Rails 80. FFT Using 5.2-V and —0.2-V Supply Rails

9 Power-Supply Recommendations

The input supply for the LDO must be within the recommended operating conditions. The input voltage must
provide adequate headroom in order for the device to have a regulated output. Place the 10-uF input capacitors
as close to the device as possible. If the input supply is noisy, additional input capacitors can help improve the
output noise performance.

10 Layout

10.1 Layout Guidelines

Layout is a critical part of good power-supply design. There are several signal paths that conduct fast-changing
currents or voltages that can interact with stray inductance or parasitic capacitance to generate noise or degrade
the power-supply performance. To help eliminate these problems, bypass the IN pin to ground with capacitors.

Tie the GND pin directly to the thermal pad under the device. The thermal pad must be connected to any internal
PCB ground planes using multiple vias directly under the device.

Every capacitor must be placed as close as possible to the device and on the same side of the PCB as the
regulator itself.

Do not place any of the capacitors on the opposite side of the PCB from where the regulator is installed. The use
of vias and long traces is strongly discouraged because these circuits can impact system performance
negatively, and even cause instability.

10.1.1 Board Layout Recommendations to Improve PSRR and Noise Performance

To improve ac performance (such as PSRR, output noise, and transient response), Tl recommends that the
board be designed with separate ground planes for V,y and Vgyr, with each ground plane star connected only at
the GND pin of the device. In addition, the ground connection for the bypass capacitor must connect directly to
the GND pin of the device.
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10.2 Layout Example
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81. Layout Example for Adjustable Option

10.3 Package Mounting

Solder pad footprint recommendations for the TPS7A39 are available at the end of this document and at
www.ti.com.
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11.7 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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PACKAGING INFORMATION

Orderable Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
part number @ @ ® Ball material Peak reflow ©)
@ ©)
TPS7A3901DSCR Active Production WSON (DSC) | 10 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 A3901
TPS7A3901DSCT Active Production WSON (DSC) | 10 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 A3901

@ 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, RoOHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead 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 Tl'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
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant

(mm) |W1(mm)

TPS7A3901DSCR WSON DSC

10

3000 330.0 12.4 3.3 3.3 1.0 8.0 12.0

Q1

TPS7A3901DSCT WSON DSsC

10

250 180.0 12.4 3.3 3.3 1.0 8.0 12.0

Q1
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INSTRUMENTS
www.ti.com 5-Jan-2021
TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS7A3901DSCR WSON DSC 10 3000 367.0 367.0 38.0
TPS7A3901DSCT WSON DSC 10 250 213.0 191.0 35.0
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GENERIC PACKAGE VIEW
DSC 10 WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4207383/F
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DSC0010J

PACKAGE OUTLINE
WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

PIN 1 INDEX AREA— |-

05
OQY L N I - I o= I 1 SEATING PLANE
~— 1.65%0.1 —]
X 09 — 0.2) TYP
i |~ e B
{
_ 33 il u ’ C 6 ‘
T D) i ]
=T = Pt 2.4+0.1
—F > ! -
. = | et
) PIN 11D smm | %G
(OPTIONAL) ¢ 05 & %%@
10X o3

4221826/D 08/2018

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 optimal thermal and mechanical performance.

INSTRUMENTS
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EXAMPLE BOARD LAYOUT
DSC0010J WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

e (1.65) ——=

o

10X (0.6) ‘
|
1 1 x |
10X (0.24) T Cb
|
11
|

SYMM (2.4)

¢— 1-O-— %T (3.4)
8xEE!3 | CD J
L H-£5
|
|
|

(R0.05) TYP ‘ \
|
(0.2) VIA ‘ |
TYP ‘ J ‘ |
\ (0.25)
! (0.575) L
1 i
L— (2.8) —J
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:20X
0.07 MAX 0.07 MIN
' ALL AROUND
ALL AROUND I“ EXPOSED METAL
EXPOSED METAL e -
\‘\‘ ‘
/
SBENIN MASK/ METAL METAL UNDERJ \—SOLDER MASK
OPENING SOLDER MASK OPENING
NON SOLDER MASK
DEFINED SOIISEIEIFIe\l II\E/ISSK
(PREFERRED)

SOLDER MASK DETAILS

4221826/D 08/2018

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
DSC0010J WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

e 2X (1.5) ——=

T |
SYMM

EXPOSED METAL

1ox (0.6)

\
|
‘L / 10
T (1.53)
10X (0.24) —

~

S\‘(LME’ T ’*@ @44[_4'_# -
8X (0.5) i |

%EB»

5

(R0.05) TYP i I
i 4% (0.34)
|
[

!
|
|
|
R N
&
T

ﬁl—# 4X (0.25)

|
|
|
|
|
(28) .

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 11:
80% PRINTED SOLDER COVERAGE BY AREA
SCALE:25X

4221826/D 08/2018

NOTES: (continued)

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

INSTRUMENTS
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