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TPS2115A-Q1 Auto-Switching Power Multiplexer
1 Features 2 Applications

Qualified for Automotive Applications
AEC-Q100 Qualified With the Following Results:

— Device Temperature Grade 3: —40°C to 85°C
Ambient Operating Temperature Range

— Device HBM ESD Classification Level 2
— Device CDM ESD Classification Level C4A

Two-Input One-Output Power Multiplexer With
LOW rps(on) Switch...84 mQ (Typical)

Reverse and Cross-Conduction Blocking

Wide Operating Voltage Range...2.8 Vto 5.5V
Low Standby Current...0.5 pA (Typical)

Low Operating Current...55 pA (Typical)
Adjustable Current Limit

Controlled Output-Voltage Transition Times Limit
Inrush Current and Minimize Output Voltage Hold-
Up Capacitance

CMOS- and TTL-Compatible Control Inputs
Manual and Auto-Switching Operating Modes
Thermal Shutdown

Available in TSSOP-8 (PW) Package

» Automotive Power Multiplexing Applications
» Infotainment
» Navigation

e Multimedia Functions: Digital Radios, MP3
Players, Phone Chargers

» Camera Applications

3 Description

The TPS2115A-Q1 power multiplexer enables
seamless transition between two power supplies,
such as a two supply rails or a battery and AC to DC
wall adapter. Each supply operates at 2.8 V to 5.5 V
and the output can deliver up to 1 A. The TPS2115A-
Q1 device includes extensive protection circuitry
including user-programmable current limiting, thermal
protection, inrush current control, seamless supply
transition, cross-conduction blocking, and reverse-
conduction blocking. These features greatly simplify
designing power multiplexer applications.

Device Information®
PACKAGE BODY SIZE (NOM)

PART NUMBER

TPS2115A-Q1 TSSOP (8) 4.40 mm x 3.0 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Typical Application

IN1 Switch Status
28Vto55V
TPS2115A-Q1 L 01 uF R1
1 8
STAT IN1 =
NC —2po out
3
D1 IN2 cL RL
4
ILIM GND
RiLiv =
IN2 -
28Vto55V

0.1 pF

—  Copyright © 2016, Texas Instruments Incorporated
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5 Pin Configuration and Functions

PW Package
8-Pin TSSOP
Top View
O
STAT 1 8 IN1
DO 2 7 ouT
D1 3 6 IN2
ILIM 4 5 GND

Pin Functions

PIN
Type DESCRIPTION
NAME NO.
Do ' TTL- and CMOS-compatible input pins. Each pin has a 1-pA pullup. The Truth Table shows the functionality
D1 I of DO and D1.
GND GND | Ground
IN1 8 PWR Primary supply power-switch input. The IN1 switch can be enabled only if the IN1 supply is above the UVLO
threshold and at least one supply exceeds the internal Vpp UVLO.
IN2 6 PWR Secondary supply power-switch input. The IN2 switch can be enabled only if the IN2 supply is above the
UVLO threshold and at least one supply exceeds the internal Vpp UVLO.
ILIM | A resistor Ry from ILIM to GND sets the current limit I, to 500/R; jm-
ouT (@) Power switch output
Open-drain output that is Hi-Z if the IN2 switch is ON. STAT pulls low if the IN1 switch is ON or if OUT is Hi-Z
STAT 1 . . .
(that is EN is equal to logic 0).

6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®®

MIN MAX UNIT
V| Input voltage range IN1, IN2, DO, D1, ILIM -0.3 \%
Vo Output voltage range OUT, STAT -0.3 \%
lo(sink) Output sink current STAT mA
lo Continuous output current ouT 15 A
See
Pp Continuous total-power dissipation Thermal
Information

Ta Operating free-air temperature range -40 85 °C
T; Operating virtual-junction temperature range -40 125 °C

1,6 mm

(1/16 inch)
Tiead Lead temperature soldering from case 260 °C
for 10

seconds

Storage temperature, Tgy —65 150° °C

(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 are with respect to GND.

Copyright © 2008-2016, Texas Instruments Incorporated
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6.2 ESD Ratings
VALUE UNIT
L Human-body model (HBM) +2000
V(Esp) Electrostatic discharge - \%
Charged-device model (CDM) +500
6.3 Recommended Operating Conditions
MIN NOM MAX UNIT
INL Vigng) = 2.8V 15 55
Vignz) < 2.8 V 2.8 55
\ Input voltage IN2 Viny 2 2.8 V 15 5.5 \%
Vign) < 2.8 V 2.8 55
DO, D1 0 5.5
Viy High-level input voltage Do, D1 2 \%
Vi Low-level input voltage Do, D1 0.7 \%
lo Current limit adjustment range ouT 0.63 1.25 A
Ta Operating free-air temperature -40 85 °C
T, Operating virtual-junction temperature range -40 125 °C
6.4 Thermal Information
TPS2115A-Q1
THERMAL METRIC® PW (TSSOP) UNIT
8 PINS
Reia Junction-to-ambient thermal resistance 159.2 °C/W
Reic(top) Junction-to-case (top) thermal resistance 40.7 °CIW
Ress Junction-to-board thermal resistance 90.1 °C/W
Wit Junction-to-top characterization parameter 2.1 °CIW
Wi Junction-to-board characterization parameter 87.8 °C/W
Reic(boy) Junction-to-case (bottom) thermal resistance n/a °C/W

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

report, SPRA953.

6.5 Electrical Characteristics

over operating free-air temperature range, Vi1 = Vignz) = 5.5 V, Ry v = 400 Q (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS | MIN TYP MAX | UNIT
POWER SWITCH @
Vigng) = Vignz) = 5.0 V 84 110
Ta = 25°C, I, = 500 mA Vigng) = Vignz) = 3.3 V 84 110
' Drain-source on-state Vigng) = Vigng) = 2.8 V 84 110 o
bSem  resistance (INx to OUT) Vigny = Vignzy = 5.0 V 150
Ta =85°C, I =500 mA Vigng = Vigng) = 3.3V 150
Vigny) = Vignz) = 2.8 V 150
LOGIC INPUTS (DO AND D1)
DO or D1 = high, sink current
I Input current at DO or D1 HA
DO or D1 = low, source current 0.5 1.4 5
SUPPLY AND LEAKAGE CURRENTS
D1 = high, DO = low (IN1 active), Vignyy = 5.5 V, Vignz) = 3.3 V, looury = 0 A 55 90
D1 = high, DO = low (IN1 active), V, =33V,V =55V,I =0A 1 12
Supply current from IN1 (operating) - 1) 1h2) oOUD uA
DO = D1 = low (IN2 active), Vignay = 5.5 V, Vignz) = 3.3 V, looury = 0 A 75
DO = D1 = low (IN2 active), Vignay = 3.3 V, Vignz) = 5.5 V, looury = 0 A 1

(1) The TPS2115A-Q1 device can switch a voltage as low as 1.5 V as long as there is a minimum of 2.8 V at one of the input power pins. In
this case, the lower supply voltage has no effect on the IN1 and IN2 switch on-resistances.

4 Submit Documentation Feedback
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Electrical Characteristics (continued)

over operating free-air temperature range, Vg = Vignz) = 5.5 V, Ry = 400 Q (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
D1 = high, DO = low (IN1 active), Vignyy = 5.5V, Vignz) = 3.3V, looury = 0 A 1
D1 = high, DO = low (IN1 active), V| =33V,V =55V,I =0A 75
Supply current from IN2 (operating) 9 ( ) Vigng) = 1) — o(uD ~ A
DO = D1 = low (IN2 active), Vign1y = 5.5 V, Vignz) = 3.3 V, looun = 0 A 1 12
DO = D1 = low (IN2 active), Vigngy = 3.3 V, Vignz) = 5.5 V, loour) = 0 A 55 90
. . . . Viany =55V, Vigng) = 3.3V 0.5 2
Quiescent current from IN1 (standby) | DO = D1 = high (inactive), looyr) =0 A HA
Vigny = 3-3V, Vigng) = 5.5V 1
) o Vigny =55V, Vigng) = 3.3V 1
Quiescent current from IN2 (standby) | DO = D1 = high (inactive), loour) = 0 A HA
Vigny = 33V, Vigng) =55V 0.5 2
Forward leakage current from IN1 DO = D1 = high (inactive), Viiny) = 5.5 V, IN2 open, Voour) = 0 V (shorted), 01 5 A
(measured from OUT to GND) Ta=25°C : H
Forward leakage current from IN2 DO = D1= high (inactive), Viunz) = 5.5 V, IN1 open, Voour) = 0 V (shorted), 01 5 A
(measured from OUT to GND) Tp=25°C ’ H
Reverse leakage current to INx _ g : _ _ _ oro
(measured from INX to GND) DO = D1 = high (inactive), Viiny = 0 V, Vour) = 5.5V, Ta = 25°C 0.3 5 HA
CURRENT LIMIT CIRCUIT
o Rium = 400 Q 0.95 1.25 1.56
Current limit accuracy A
Rium = 700 Q 0.47 0.71 0.99
ty Current limit settling time Time for short-circuit output current to settle within 10% of its steady state value 1 ms
I Input current at ILIM Vigumy = 0V, lour) = 0 A -15 0| uA
UvLO
Falling edge 1.15 1.25
IN1 and IN2 UVLO — v
Rising edge 1.30 1.35
IN1 and IN2 UVLO hysteresis 30 57 65 mvV
Internal VDD UVLO (the higher of IN1 | Falling edge 24 253 v
and IN2) Rising edge 2.58 2.8
Internal VDD UVLO hysteresis 30 50 75 mV
UVLO deglitch for IN1, IN2 Falling edge 110 us
REVERSE CONDUCTION BLOCKING
Minimum input-to-output DO = D1 = high, V|4nx = 3.3 V. Connect OUT to a 5-V supply through a series
AViopiky Vvoltage difference to block 1-kQ resistor. Set DO = low. Slowly decrease the supply voltage until OUT 80 100 120 mV
switching connects to IN1.
THERMAL SHUTDOWN
Thermal shutdown threshold TPS2115A-Q1 device is in current limit. 135 °C
Recovery from thermal shutdown TPS2115A-Q1 device is in current limit. 125 °C
Hysteresis 10 °C
IN2-IN1 COMPARATORS
Hysteresis of IN2-IN1 comparator 0.1 0.2 \%
Deglitch of IN2-IN1 comparator
(both 11) 10 20 50 us
STAT OUTPUT
lieak Leakage current Vo(star) = 5.5V 0.01 HA
Vsat Saturation voltage lstamy = 2 MA, IN1 switch is on 0.13 0.4 \%
Deglitch time
t (falling edge only) 150 Hs
Copyright © 2008-2016, Texas Instruments Incorporated Submit Documentation Feedback 5
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6.6 Switching Characteristics
over operating free-air temperature range, V1) = Vignz) = 5.5 V, Ry v = 400 Q (unless otherwise noted)

PARAMETER I TEST CONDITIONS | MIN TYP MAX | UNIT
Power Switch
Output rise time from an _ _ Ta=25°C, C_ =1 yF, I =500 mA,
b enable Vigny = Vigng =5V See Figure 1(a) 1 18 8| ms
Output fall time from a _ _ Ta=25°C, C_ =1 yF, I, =500 mA,
b disable Vigny = Vigny =5V See Figure 1(a) 05 1 2| ms
IN1 to IN2 transition, V|(|N1) =33V, Ta = 85°C, C, = 10 pF, I, = 500 mA 40 60
t Transition time Vigng) =5 V [Measure transition time as 10%- s
t IN2 to IN1 transition, Vigngy = 5 V, 90% rise time or from 3.4 V to 4.8 V M
Vigng = 3.3V on Voounl, See Figure 1(b) 40 60
t Turn-on propagation delay Vignz) = Vignz) = 5V, Measured from Ta =25°C, C_ = 10 pF, I, = 500 mA, 1 ms
PLHL from enable enable to 10% of Vg our See Figure 1(a)
t Turn-off propagation delay Vign) = Vignz) = 5V, Measured from Ta =25°C, C_ = 10 pF, I, = 500 mA, 5 ms
PHLL from a disable disable to 90% of Voour See Figure 1(a)
Switch-over rising Logic {to Logic 0 trar_15|t|on on Dl_’ Ta =25°C, C_ = 10 pF, I, = 500 mA,
oLz propagation delay Viony = 1.5V, Vignz =5V, Vipo) =0V, | g0 Figure 1(c) 40 100| us
Measured from D1 to 10% of Voour)
Switch-over falling Logic Oto Logic 1 transition on D1, Tp=25°C, C, = 10 pF, I = 500 mA,
teHL2 propagation delay Vigny = 1.5V, Vigng) =5V, Vipgy =0V, | g Figure 1(c) 2 5 0] ms
Measured from D1 to 90% of Vo our)
% | 90%
Vo(ouT) 90% I I °
oV 10% | | 10%
o |
—>: “—t —D: —t
l—>— oL P tppL1
DO-D1 : I
I
Switch Off Switch Enabled >< Switch Off
(a)
v 48V 5V
o(ouT)
34vy |
3.3V I |
I<_ﬂ7 t
DO-D1
Switch #1 Enabled>< Switch #2 Enabled
(b)
v SV -— 4.65V
o(ouT) |
1.85V
1.5V I
I I
I | | |
[P thz & Pr—trHL2
DO-D1 | |
| |
Switch #1 Enabled >< Switch #2 Enabled Switch #1 Enabled
(c)
Figure 1. Propagation Delays and Transition Timing Waveforms
6 Submit Documentation Feedback Copyright © 2008-2016, Texas Instruments Incorporated
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6.7 Typical Characteristics

Vv,

100)

2Vidiv [ ]

Vioy
2 Vidiv

Vooun
2 Vidiv

gl

t-Time-1 m;ldiv
Input to D1: f=28 Hz, 78% Duty Cycle See Figure 14 for test

circuit

Figure 2. Output Switchover Response

VMDM
2 Vidiv

Viey |
2 Vidiv

Vooun \

2 Vidiv \

\

B i }
t - Time - 2 ms/div

Input to DO: f=28 Hz, 78% Duty Cycle

See Figure 15 for test
circuit

Figure 3. Output Turn-On Response

Vipo) |
2 Vidiv [

Vi(p1)
2 Vidiv

CL=1pF

:ww‘yn; T

Vo(ouT) [ /v

2 Vidiv CL=0pF

t-:l'ime-Al) ps/div
Input to D1: f = 580 Hz, 90% duty
cycle

See Figure 16 for test
circuit

Figure 4. Output Switchover Voltage Droop

5 T
V| =5V
45
> \
T TN
&
g 35
a N
3 3 R =100
£ N
s N
\
S 25N\
i N
5 2 N
N N \
15 \
g \\ \\
g 1f RL=500 \\
\
N
] 05 N N
N ~N
N N
0 -
0.1 1 10 100

C| - Load Capacitance - pF
Input to D1: f = 28 Hz, 50% duty cycle See Figure 17 for test

circuit

Figure 5. Output Switchover Voltage Droop vs Load
Capacitance

Vi(n1)
2VIDiv

Vo(ou) . 75% less output voltage
2V/Div droop compared to TPS2115

t = Time - 250 ps/div
Input to IN1 through switch: f = 220
Hz, 20% duty cycle

See Figure 18 for test
circuit

Figure 6. Auto Switchover Voltage Droop

300

250 4

A
<« 200
£ Vi=5V
1
)
e 150
g
3 /
% / V=33V
£ 100 7
1 /
50 7
0
0 20 40 60 80 100

C - Load Capacitance - uF
Input to DO: f=28 Hz 90% duty cycle See Figure 19 for test

circuit

Figure 7. Inrush Current vs Load Capacitance

Copyright © 2008-2016, Texas Instruments Incorporated
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Typical Characteristics (continued)

180 120
15
160 o
g E
£ T 110
®
@
S 140 £
k] £ 105
] 2
g
£ 120 § 1o
<]
=
= o
g e 5 o5
3 H
@ 100 c?
1
- z %
3 S
- (73
13
£ / <o
60 80
-50 0 50 100 150 2 3 4 5 6

Ty = Junction Temperature - °C

Figure 8. Switch On-Resistance vs Junction Temperature

Vi(nx) — Supply Voltage -V

Figure 9. Switch On-Resistance vs Supply Voltage

0.96 60
58
0.94
/ 56 /
?‘ 0-92 / ?‘ 54
E’ E’ 52
3 090 / E /
2 / g ™ /
5 o8 3 /
« ' 7]
z / s © /
| A ! 46
086 - /
< z
£ / £ u =
0.84
pd 42
0.82 40
2 3 4 5 6 2 3 4 5 6
Vign1) = IN1 Supply Voltage - V Vi(n1) = Supply Voltage - V
Vignz) =0V loouty =0 A Vigng) =0V loouty =0 A
Figure 10. IN1 Supply Current vs Supply Voltage (Device Figure 11. IN1 Supply Current vs Supply Voltage (IN1 Switch
Disabled) ON)
1.2 80
1 70
EY ligN1) =55V < 60 hign1)
1 0.8 1
5 \ T 50
> 06 > 40
g g
@ @
'o04 , 30
é é 20
0.2
10
liinz) = 3.3V liN2)
0 | I 0
-50 0 50 100 150 -50 0 50 100 150
T, - Junction Temperature - °C T, - Junction Temperature - °C
Vigny = 5.5 V Vinz) = 3.3V looury =0 A Vigny =55V Vignz) = 3.3V loout) =0 A

Figure 12. Supply Current vs Junction Temperature (Device
Disabled)

Figure 13. Supply Current vs Junction Temperature (IN1
Switch ON)
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7 Parameter Measurement Information

7.1 Test Circuits
The following figures are the test circuits for the graphs in the Typical Characteristics section.

" ] 1
TPS2115A-Q1 01 uF
1 1
NC — STAT Nt [ 1
f=28H 2 !
= z DO
78% Duty Cycle 3 out 6
D1 IN2 50 Q
1uF
0—/\/\/\/—4 ILIM GND 2 g
400 Q
33V

Ton uF

Copyright © 2016, Texas Instruments Incorporated

Figure 14. Output Switchover Response Test Circuit

5V ’
TPS2115A-Q1 % 01 i
NC —H STAT M =

f=28Hz 2 7
78%DutyCycle — " 1pg ouT
L : :
D1 IN2 500
4 ILIM GND 5 1uF
400 Q
33V

0.1 uF

I

Copyright © 2016, Texas Instruments Incorporated

Figure 15. Output Turn-On Response Test Circuit

5V °
TPS2115A-Q1 J_ 0.1 uF
: 1
NC —{STAT Nt | -
2 7
f=580 Hz DO ouT
90% Duty Cycle 3 6
_I_l_ D1 IN2 cL 50 Q
oA~ iLm oD 2
400 O

:_|_:0.1 uF

Copyright © 2016, Texas Instruments Incorporated

Figure 16. Output Switchover Voltage Droop Test Circuit
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Test Circuits (continued)

Vi

_I0.1 WF JOApF [1uF  [10pF [47pF [ 100 pF

Copyright © 2016, Texas Instruments Incorporated

TPS2115A-Q1 1
0.1 uF
Ne —Hstar Nt }R I
f=28 Hz 2 DO ouT 7 ® ® Py Py Py Py
50% Duty Cycle
o DUy &y 311 N2 2
- —m—im el
400 0
[ 500 100

Figure 17. Output Switchover Voltage Droop vs Load Capacitance Test Circuit

5V’ﬁj_

1kQ TPS2115A-Q1 J—0.1 uF
| I
= STAT N1 P2 =
2 7
DO ® O VOUT
f =220 Hz 3 ouTt 6 33V l
9 D1 ’
20% Duty Cycle J__—4 IN2 5 10 pF 50 Q
- ILIM GND
400 Q % 0.1 yF

Copyright © 2016, Texas Instruments Incorporated

Figure 18. Auto Switchover Voltage Drop Test Circuit

v TPS2115A-Q1 1
=28 Hz Ne —Hstar Nt B 10'1 WF (L_ To Oscilloscope
90% Duty Cycle 2450 ouT = ° al . . ° .
- NC —3p1 inz8
p&/)vQ—“ ILIM  GND 5—-|_ 50 Q

TouF TotwF [1pF J10uF  [47pF [ 100 uF

Copyright © 2016, Texas Instruments Incorporated

Figure 19. Output Capacitance Inrush Current vs Load Capacitance Test Circuit
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8 Detailed Description

8.1 Overview

The TPS2115A-Q1 power multiplexer enables seamless transition between two power supplies, such as a two
supply rails or a battery and AC-to-DC wall adapter. Each supply operates at 2.8 V to 5.5 V and the output can
deliver up to 1 A. The TPS2115A-Q1 device includes extensive protection circuitry including user-programmable
current limiting, thermal protection, inrush current control, seamless supply transition, cross-conduction blocking,
and reverse-conduction blocking. These features greatly simplify designing power multiplexer applications.

8.2 Functional Block Diagram

? p—» Internal V pp
1pA 1A
¢ ¢ IO(OUT}I
INL -2 o o our
|
N2 k* lojoun Jl
ou
v
k =0.1%]
Vbb
uLvo .
\4 @
IN2
v TR I S —— |
| Cross-Conduction
IN1
ULVO | Detector
UVLO (Vpp) 100 mv
DD/ o .
V, >V |
UVLO (|N2): oouT) > Viany f |=
UVLO (IN1)_ ‘j _____ .
Do -2 Do, |\ «— ENL
8 D1 Control < Tg::::I Lo |l
o ¢ v Logic
—_|5 ‘ + o IN2
GND T l
IN1
- L STAT

QZisONE Ei

Copyright © 2016, Texas Instruments Incorporated

8.3 Feature Description

8.3.1 N-Channel MOSFETs

Two internal high-side power MOSFETs implement a single-pole double-throw (SPDT) switch. Digital logic
selects the IN1 switch, IN2 switch, or no switch (Hi-Z state). The MOSFETSs have no parallel diodes so output-to-
input current cannot flow when the FET is off. An integrated comparator prevents turn-on of a FET switch if the
output voltage is greater than the input voltage.

8.3.2 Cross-Conduction Blocking

The switching circuitry ensures that both power switches never conducts at the same time. A comparator
monitors the gate-to-source voltage of each power FET and allows a FET to turn on only if the gate-to-source
voltage of the other FET is below the turn-on threshold voltage.

Copyright © 2008-2016, Texas Instruments Incorporated Submit Documentation Feedback 11
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Feature Description (continued)
8.3.3 Reverse-Conduction Blocking

When the TPS2115A-Q1 device switches from a higher-voltage supply to a lower-voltage supply, current can
potentially flow back from the load capacitor into the lower-voltage supply. To minimize such reverse conduction,
the TPS2115A-Q1 device does not connect a supply to the output until the output voltage has fallen to within 100
mV of the supply voltage. Once a supply has been connected to the output, the supply remains connected
regardless of output voltage.

8.3.4 Charge Pump

The higher voltage of supplies IN1 and IN2 powers the internal charge pump. The charge pump provides power
to the current-limit amplifier and allows the output FET gate voltage to be higher than the IN1 and IN2 supply
voltages. A gate voltage that is higher than the source voltage is necessary to turn on the N-channel FET.

8.3.5 Current Limiting

A resistor Ry from ILIM to GND sets the current limit to ( (500 Q ) / Ry, m ) A. It is recommended to keep the
current limit set to 1.25 A or lower (R, = 400 Q). Setting resistor R,y equal to zero is not recommended as
that disables current limiting.

8.3.6 Output Voltage Slew-Rate Control

The TPS2115A-Q1 device slews the output voltage at a slow rate when OUT switches to IN1 or IN2 from the Hi-
Z state (see Table 1). A slow slew rate limits the inrush current into the load capacitor. High inrush currents can
glitch the voltage bus and cause a system to hang up or reset. It can also cause reliability issues such as pitting
the connector power contacts when hot-plugging a load such as a PCI card. The TPS2115A-Q1 device slews the
output voltage at a much faster rate when OUT switches between IN1 and IN2. The fast rate minimizes the
output voltage droop and reduces the output voltage hold-up capacitance requirement.

8.4 Device Functional Modes
Table 1 is the Truth Table for the TPS2115A-Q1 power multiplexer.

Table 1. Truth Table

D1 DO Vignz) > Vigngy @ STAT ouTt®
0 0 X Hi-Z IN2
0 1 No 0 IN1
0 1 Yes Hi-Z IN2
1 0 X 0 IN1
1 1 X 0 Hi-Z

(1) X =don't care

(2) The undervoltage lockout circuit causes the output OUT to go Hi-Z if
the selected power supply does not exceed the IN1 or IN2 UVLO, or
if neither of the supplies exceeds the internal Vpp UVLO.

8.4.1 Auto-Switching Mode

DO equal to logic 1 and D1 equal to logic O selects the auto-switching mode. In this mode, OUT connects to the
higher of IN1 and IN2.

8.4.2 Manual Switching Mode

DO equal to logic O selects the manual-switching mode. In this mode, OUT connects to IN1 if D1 is equal to
logic 1, otherwise OUT connects to IN2.

12 Submit Documentation Feedback Copyright © 2008-2016, Texas Instruments Incorporated
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9 Application and Information

NOTE
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.

9.1 Application Information

Some applications have two energy sources, one of which should be used in preference to another. The
TPS2115A-Q1 allows either manual or automatic selection of the input supply depending on the device
configuration and use in the specific application.

Figure 20 shows a circuit that connects IN1 to OUT until IN1 falls below a user-specified value. Once the voltage
on IN1 falls below this value, the TPS2115A-Q1 device selects the higher of the two supplies. This usually
means the TPS2115A-Q1 device swaps to the IN2 supply.

INA Switch Status

28V1t055V I
TPS2115A-Q1 1 0.1 uF R1
L IN1 I

8
2 7

STAT
NC —— Do ouT
3 6
D1 IN2

CL R

5
ILIM GND
RiLim

IN2
28Vtob55V

0.1 yF

—  Copyright © 2016, Texas Instruments Incorporated
Figure 20. Auto-Selecting for a Dual Power Supply Application
In Figure 21, the multiplexer selects between two power supplies based upon the D1 logic signal. OUT connects

to IN1 if D1 is logic 1; otherwise, OUT connects to IN2. The logic thresholds for the D1 terminal are compatible
with both TTL and CMOS logic.
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Application Information (continued)

INT Switch Status
28Vto55V
TPS2115A-Q1 L 0.1 uF R1
: e | 1
STAT IN1 —
2 DO ouT 7
3
D1 IN2 cL R
4
ILIM GND

RiLim

IN2 -
28Vtob5V

0.1 pF

1

Copyright © 2016, Texas Instruments Incorporated

Figure 21. Manually Switching Power Sources

9.2 Typical Application

Figure 22 shows a circuit that connects IN1 to OUT until the voltage at IN1 falls below the voltage at IN2. Once
the voltage on IN1 falls below the voltage on IN2, the TPS2115A-Q1 device selects IN2 since it is the higher of
the two supplies.

Switch Status

5V
TPS2115A-Q1 0.1 uF R1 =10 kQ
1 8 TIT
7

STAT IN1
2

NC DO ouT
3

D1 IN2

CL=1pF R.=50Q
ILIM GND)

Rium =700 Q

3.3V

Copyright © 2016, Texas Instruments Incorporated

Figure 22. Auto-Selecting for a Dual Power Supply Application with 5V for Normal Operation and 3.3 V
Low Power Mode

9.2.1 Design Requirements

The application has two supply rails, the main supply is for normal operation with higher system current, bias
current, and operation at 5 V. In this system, the second supply is needed for lower voltage, 3.3 V, with lower
bias current during low-power mode. In addition, when the system enters low power mode, the other loads on the
main supply need to be off. A power multiplexer is needed to connect the load automatically to the second supply
when the system enters low-power mode keeping the load powered in low-power mode with minimal bias
current. The load is equivalent to 50 Q and the current limit should be set no higher than 1 A.
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Typical Application (continued)
9.2.2 Detailed Design Procedure

The following steps are the detailed design procedure.
1. Connect the main power supply, 5V, to IN1.
2. Connect the second 3.3-V supply to IN2 for the low-power mode.

3. Place local bypass capacitors of 0.1 pA on IN1 and IN2 to GND to minimize ripple during transition between
the power supply inputs.

4. Leave DO floating (unconnected). The internal pullup current source to Internal Vpp puts a logic high on the
DO pin.

5. Connect D1 to GND, logic low. The logic combination on DO and D1 puts the device into Auto-Switching
Mode.

6. The application load, R, is 50 Q as given in the design requirements. Use a bulk capacitance, C,, of 1 yF to
buffer the output voltage from dropping on OUT during the transition between IN1 and IN2.

During normal operation of the system, the main power supply connected to IN1 is on and supplies 5 V. The
voltage on IN1 is higher than IN2, so the path automatically selects IN1 to OUT and the device supplies the load,
R, (50 Q), from IN1.

For low-power mode, the system turns off the main supply. The device automatically switches to the path of IN2
to OUT and the device supplies the load, R, (50 Q), from IN2 as soon as the voltage on IN1 is lower than the
voltage on IN2.

To return to normal operation, the system turns on the main supply and when the voltage on IN1 is higher than
the voltage on IN2, the path automatically selects IN1 to OUT and the device supplies the load, R, (50 Q), from
IN1.

1. To set the current limit below 1 A, use an R,y of 700 Q according to Equation 1.

o = (5% Q)A = (%%QA = 0.71 A (typical)
LI (1)

2. Using the current limit accuracy in the electrical characteristics section, using R, ;,; of 700 Q has a maximum
current limit of 0.99 A, which is below the design requirement of 1 A.

Connect a pullup resistor, Ry, of 10 kQ, to the host processor to monitor which input supply is selected.

9.2.3 Application Curve

vl(nm
2 Vidiv |

VI(D1)i . . . . . . .
2V/div_I[II'ZZIIEIIIIEZZII‘IIII”ZZII (S - S0 SR

VO(OUT)
2 Vidiv

t- Time - 1 méldiv '

Figure 23. Output Switchover Response
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10 Power Supply Recommendations

Use well-regulated supplies on IN1 and IN2 that have sufficient capacitance for the application load transients.
As close as possible to the device, use a 0.1-yF ceramic bypass capacitor between IN1 and GND for the first
power supply input and a 0.1-yF ceramic bypass capacitor between IN2 and GND for the second power supply
input. The recommendation is to place a high-value capacitor between OUT and GND when the output load is
heavy. This precaution reduces power-supply transients that may cause ringing on the input or voltage drops
during load transients or supply input transitions. Additionally, bypassing the output with a 0.01-yF to 0.1-pF
ceramic capacitor may reduce high-frequency emissions.

11 Layout

11.1 Layout Guidelines

» For the first supply input (IN1), place the 0.1-uF bypass capacitor between the IN1 and GND as close as
possible ensuring a low-impedance trace.

» For the second supply input (IN2), place the 0.1-uF bypass capacitor between the IN2 and GND as close as
possible ensuring a low-impedance trace.

» Place a high-value capacitor and a 0.1-yF bypass capacitor between OUT and GND. The recommendation is
to use the high-value capacitor when expecting large-load transients on the output. This trace should be low-
impedance to the load.

» Place the resistor used to set the current limit between ILIM and GND. Make sure the traces routing the Ry jm
resistor to the device are as short as possible to reduce parasitic effects on the current limit accuracy.

11.2 Layout Example

Ao i
U D ]
I STAT INT
- -
| DO oor! T [
I"D1 | [ N2 |
P B
% LM GND | T
Via to Ground Plane Ground Plane (Layer 2)

Figure 24. TPS2115A-Q1 Layout Example
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12 Device and Documentation Support

12.1 Community Resources

The following links connect to TI community resources. Linked contents are 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.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.2 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.3 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.

m 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.
12.4 Glossary

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

13 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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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
TPS2115AIPWRQ1 ACTIVE TSSOP PW 8 2000 RoHS & Green NIPDAU Level-3-260C-168 HR -40 to 85 2115AQ

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

® | ead finish/Ball material - Orderable Devices 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.

Important Information and Disclaimer: The information provided on this page represents TlI'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.

OTHER QUALIFIED VERSIONS OF TPS2115A-Q1 :
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o Catalog: TPS2115A

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
R R R T
o O o|( B0 W
Red |
\ © Diameter ' '
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)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 0O O0O0 Sprocket Holes
| |
I I
@] | o) ——
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins | SPQ Reel Reel AO BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS2115AIPWRQ1 TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
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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)
TPS2115AIPWRQ1 TSSOP PW 8 2000 356.0 356.0 35.0
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PACKAGE OUTLINE
PWOO00SA TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

6.6
6.2 TYP
PIN 11D
AREA
— 6X
8
02X
== -—-
1
8X 0.30

0.19 L
‘%‘0.1@‘C‘A@‘B@‘ J'].ZMAX

ST -
\\\-‘/\SEE DETAIL A T(O'1S)TYP

DETAIL A
TYPICAL

4221848/A 02/2015

NOTES:

-

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

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-153, variation AA.

s W N
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EXAMPLE BOARD LAYOUT

PWOO00SA TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
T 8X (1.5) r
8X (0.45) SYMM
RO0.05
1 C‘E (TYP )
8
|
|
SYMM
S s R A s .
o == | [ ]
S \ T s
| |
| (5.8) |
LAND PATTERN EXAMPLE
SCALE:10X
SOLDER MASK METAL UNDER SOLDER MASK
OPENING \ /METAL SOLDER MASK‘\ i OPENING
i I T"""m |
I‘mﬂl
4€ 0.05 MAX JL 0.05 MIN
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
SOLDER MASK DETAILS
NOT TO SCALE

4221848/A 02/2015

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
PWOO00SA TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

8X (15)
8X (0.45) j T SEMM (R0.05) TYP
|
o | '

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:10X

4221848/A 02/2015

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), 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
will 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 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
TI products.

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

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated
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