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TPS212x 2.8-V to 22-V Priority Power MUX with Seamless Switchover

1 Features

* Wide operating range: 2.8 Vto 22 V
— Absolute maximum input voltage of 24 V
* Low RON resistance:
— TPS2120: 62 mQ (typical)
— TPS2121: 56 mQ (typical)
» Adjustable overvoltage supervisor (OVx):
— Accuracy < +5%
* Adjustable priority supervisor (PR1):
— Accuracy < 5%
» TPS2121 Supports external voltage reference
(CP2) with an accuracy of <1%
* Output current limit (ILM):
— TPS2120: 1 A-3A
— TPS2121:1A-45A
* Channel status indication (ST)
» Adjustable input settling time (SS)
» Adjustable output soft start time (SS)
* TPS2121 Fast output switchover (tsyw): 5 us
(typical)
* Low Iq from enabled input: 200 pA (typical)
* Low Iq from disabled input: 10 pyA (Typical)
* Manual input source selection (OVx)
» Over temperature protection (OTP)

2 Applications

* Backup and standby power

* Input source selection

* Multiple battery management

+ EPOS and barcode scanners

* Building automation and surveillance
« Tracking and telematics

3 Description

The TPS212x devices are Dual-Input, Single-Output
(DISO) Power Multiplexer (MUX) that are well suited
for a variety of systems having multiple power
sources. The devices will Automatically Detect,
Select, and Seamlessly Transition between available
inputs.

Priority can be automatically given to the highest
input voltage or manually assigned to a lower voltage
input to support both ORing and Source Selection
operations. A priority voltage supervisor is used to
select an input source.

An Ideal Diode operation is used to seamlessly
transition between input sources. During switchover,
the voltage drop is controlled to block reverse current
before it happens and provide uninterrupted power to
the load with minimal hold-up capacitance.

Current limiting is used during startup and switchover
to protect against overcurrent events, and also
protects the device during normal operation. The
output current limit can be adjusted with a single
external resistor.

The TPS212x devices are available in WCSP and
small VQFN-HR package options characterized for
operation for a temperature range of -40°C to 125°C.

Device Information

PART NUMBER PACKAGE(") BODY SIZE (NOM)
TPS2120 WCSP (20) 1.5 mm x 2.0 mm
TPS2121 VQFN-HR (12) 2.0mmx 2.5 mm

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

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Device Comparison Table

Part Number Package On-Resistance Maximum Current | Fastest Switchover Unique Pin
TPS2120 WCSP (20) 62 mQ 3A 100 us SEL
TPS2121 VQFN-HR (12) 56 mQ 45A S5us CP2
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6 Pin Configuration and Functions
A B C D E

Figure 6-1. TPS2120 (YFP) Package 20-Pin WCSP Bottom View

7 8

2 1

Figure 6-2. TPS2121 (RUX) Package 12-Pin VQFN-HR Bottom View

Pin Functions

PIN
TPS2120 TPS2121 110 DESCRIPTION
NAME
WCSP VQFN-HR
IN1 B1, B2, C1 7 | Power Input for Source 1
IN2 B3, B4, C4 2 | Power Input for Source 2
C2, C3, D1, 1,8

ouT D2, D3, D4 | Power Output

ST E1 9 (0] Status output indicating which channel is selected. Connect to GND if not required.

ILIM E2 10 O Output Current Limiting for both channels.

SS E3 11 O Adjusts Input Setting Delay Time and Output Soft Start Time

GND E4 12 — Device Ground

6 Enables Priority Operation. Connect to IN1 to set switchover voltage. Connect to

PR1 A1 ) .
GND if not required.

ov1 A2 5 Active Low Enable Supervisor for IN1 Overvoltage Protection. Connect to GND if
not required.

ov2 A3 4 Active Low Enable Supervisor for IN2 Overvoltage Protection. Connect to GND if
not required.

SEL A4 — Active low Enable for IN1. Allows GPIO to override priority operation and manually

select IN2. TPS2120 only.
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Pin Functions (continued)

PIN
TPS2120 TPS2121 110 DESCRIPTION
NAME
WCSP VQFN-HR
cP2 _ 3 Enables Comparator Operation and is compared to PR1 to set switchover voltage.

Connect to GND if not required. TPS2121 only.
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7 Specifications
7.1 Absolute Maximum Ratings

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

Pins MIN MAX UNIT

ViNt 5 ViNz s : : IN1, IN2, i

Vour Maximum Power Pin Voltage ouT 0.3 24 \Y
xO\” : Maximum Overvoltage Pin Voltage OoV1, OV2 0.3 6 v

ov2

Vpri» VseL |Maximum Control Pin Voltage PRI, SEL -0.3 6 \%
Vst Maximum Control Pin Voltage ST -0.3 6 \%
lout Maximum Output Current ouT Internally Limited

Ty, MAX Maximum Junction Temperature Internally Limited

Tste Storage temperature -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Rating 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 Condition. Exposure to absolute-maximum-rated conditions for extended periods may affect device
reliability.

7.2 ESD Ratings

Pins VALUE UNIT

Human body model (HBM), per ANSI/ESDA/

JEDEC JS-001, (D All +2000
VEsp Electrostatic discharge v
Charged device model (CDM), per JEDEC Al 500

specification JESD22-C101, (2)

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

7.3 Recommended Operating Conditions

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

Pins MIN MAX| UNIT
Vint» Vine | Input Voltage Range(") IN1, IN2 28 22 \%
Vout Output Voltage Range ouT 0 22 \%
Vov1, Overvoltage Pin Voltage 0oV1, OV2 0 55 v
Vovz
Vpri, VseL |Control Pin Voltage PRI, SEL 0 5.5 \Y
Vst Control Pin Voltage ST 0 5.5 \%
Rst Status Pin Pull Up Resistance ST 6 20 kQ
RiLm Current Limit Resistance ILM 18 100 kQ
Vss SS Pin Output Voltage SS 4 \Y
Iint s Iing TPS2120 Continuous Input Current IN1, IN2 3 A
Iint s Iing TPS2121 Continuous Input Current IN1, IN2 45 A
T, Junction temperature - -40 125 °C
(1) See Power Supply Recommendations Section for more Details
7.4 Thermal Information
TPS2120 TPS2121
THERMAL METRIC(") YFP (WCSP) RNW (PKG FAM) UNIT
20 PINS 11 PINS
Rgya Junction-to-ambient thermal resistance 72.5 722 °C/W
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7.4 Thermal Information (continued)

TPS2120 TPS2121
THERMAL METRIC(") YFP (WCSP) RNW (PKG FAM) UNIT

20 PINS 11 PINS
Reauc(top) Junction-to-case (top) thermal resistance 0.5 38.5 °C/W
Rgus Junction-to-board thermal resistance 16.4 15.4 °C/W
Wr Junction-to-top characterization parameter 0.3 0.9 °C/W
Y Junction-to-board characterization parameter 16.6 15.5 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance N/A N/A °C/W

M
report.

7.5 Electrical Characteristics

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

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

PARAMETER \ TEST CONDITIONS \ T, MIN TYP MAX| UNIT
INPUT SOURCE (IN1, IN2)
Quiescent Current _ o o
la.mx | (INx Powering OUT) (1) OUT = Open -40°C to 125°C 300 400| pA
| Standby Current Ve = 25°C 0 15 25| WA
SBY. INx | (INx not powering OUT)(") ouT = TN -40°C to 125°C 25| pA
25°C -1 1 pA
|V|Nx - VOUTl <5V -40°C to 85°C -5 5 }JA
| Leakage Current -40°C to 125°C -80 80| uA
LI (INx to OUT) 25°C -1 1] uA
IVing - Vour| < 22V -40°C to 85°C 35 35 pA
-40°C to 125°C -500 500 pA
Vinx Rising -40°C to 125°C 25 265 28 Vv
Vuv inx | Undervoltage Lockout
’ Vinx Falling -40°C to 125°C 24 255 27 Vv
OUTPUT SWITCHOVER (OUT)
t Switchover Time Vour < Vinx -40°C to 125°C 100 us
Sw CP2 or SEL < Vggr
Fast Switchover Time Vout < Vinx _40° o
FsW | (TPS2121 only) CP2 > Vier 40°C 10 125°C 5 bs
v Input Voltage Comparator Vit 2 Ving -40°C to 125°C 280 600| mV
COMP 1 (V)2 referenced to Vin+) Vin1 > Ving, Falling Hysteresis -40°C to 125°C 25 35 45 %
ON-RESISTANCE (INx to OUT)
25°C 62 75| mQ
. lout = -200 mA -40°C to 85°C 90| mQ
ON-State Resistance (TP82120) VPRI > VREF
Ving 2 5.0 V -40°C to 105°C 100| mQ
-40°C to 125°C 120 mQ
Ron .
25°C 56 70| mQ
_ loyt = -200 mA -40°C to 85°C 85 mQ
ON-State Resistance (TPS2121) VeRi > VRer
Ving2 5.0V -40°C to 105°C 90 mQ
-40°C to 125°C 100| mQ

CURRENT LIMIT (ILM)
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7.5 Electrical Characteristics (continued)

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

PARAMETER TEST CONDITIONS T, MIN TYP MAX| UNIT
RiLm = 31.6kQ -40°C to 125°C 35 A
RiLm = 46.4kQ -40°C to 125°C 25 A
Output Current Limit (TPS2120)
RiLm = 85kQ -40°C to 125°C 1.5 A
Riim < 1kQ -40°C to 125°C 25 3.5 A
@ Riim = 18.7kQ -40°C to 125°C 5.2 A
M Rim = 22.1kQ -40°C to 125°C 45 A
o Rim = 29.8kQ -40°C to 125°C 35 A
Output Current Limit (TPS2121)
Rim = 44.2kQ -40°C to 125°C 25 A
RiLm = 80kQ -40°C to 125°C 1.5 A
Riim < 1kQ -40°C to 125°C 1.5 25 3.5 A
tim @) |Current Limit Response Time Output Steady State -40°C to 125°C 250 us
CONTROL PINS (PRI, SEL, OV1, OV2)
Vper1s Vep2, Vovis Vovz Rising -40°C to 125°C 1.01 1.06 1.1 \Y
VRer, x | Internal Voltage Reference - -
VpR1, VCPZ, Vov1, VOV2 Falllng -40°C to 125°C 0.99 1.04 1.09 \
Comparator Offset Voltage Vpr1 > VRrer e R
VOFST (TP82121 onIy) VCP2 > VREF 40°C to 125°C 5 20 40 mV
Ik x | Pin Leakage Current pr1, Vepz, Vovt, Vov2 =0V 10 5.5 | jqen 40 10500 0.1 01| pA
STATUS INDICATION PIN (ST)
Ik, st |Pin Leakage Vgr=0Vto55V -40°C to 125°C -0.1 0.1 MA
tst Status Delay LtoH -40°C to 125°C 1 us
FAST REVERSE CURRENT BLOCKING (RCB)
Fast Reverse Current Detection o o
IrcB Threshold VouT > Vinx -40°C to 125°C 0.2 1 2 A
VRres RCB Release Voltage Vout > Vink -40°C to 125°C 0 25 50| mVv
Fast Reverse Current Blocking o o
trce Response Time -40°C to 125°C 10 us
THERMAL SHUTDOWN (TSD)
Shutdown Rising 160 °C
Tsp Thermal Shutdown
Recovery Falling 150 °C

(1)  When PR1 < Vggg, CP2 < Vgep, and |V|Nq-Vinz| < 1V, Quiescent current can be drawn from both IN1 and IN2 with combined current
not to exceed Iq |nx-

(2) The current limit can be measured by forcing a voltage differential from VIN to VOUT. This value must be at least 200mV greater than
the voltage drop across the device at the current limit threshold (I x Ronvax))- For example, the TPS2121 would need a minimum
voltage drop of (1.5A x 100mQ + 200mV) = 350mV from VIN to VOUT for a current limit setting of 1.5A (typical).

(3) For more information on device behavior during short circuit conditions, see Section 9.3.3.
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7.6 Typical Characteristics
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Figure 7-1. Quiescent Current vs Input Voltage
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Figure 7-7. TPS2121 Hot Short on OUT while IN1 is
Enabled Figure 7-8. TPS2120 IN1 is Enabled with a Short on
ouT

8 Parameter Measurement Information
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Figure 8-1. Timing Parameter Diagram
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9 Detailed Description
9.1 Overview

The TPS212x devices are Dual-Input, Single-Output (DISO) Power Multiplexer (MUX) that are well suited for a
variety of systems having multiple power sources. The devices will automatically detect, select, and seamlessly
transition between available inputs. Priority can be automatically given to the highest input voltage or manually
assigned to a lower voltage input to support both ORing and Source Selection operations. A priority voltage
supervisor is used to select an input source.

An Ideal Diode operation is used to seamlessly transition between input sources. During switchover, the voltage
drop is controlled to block reverse current before it happens and provide uninterrupted power to the load with
minimal hold-up capacitance. Active current limiting is used during startup and switchover to protect against
overcurrent, and also protects the device during normal operation. The output current limit can be adjusted with
a single external resistor.

9.2 Functional Block Diagram

The below figures show the block diagrams for the TPS2120 and TPS2121. The TPS2120 has the SEL pin,
while the TPS2121 has the CP2 pin and supports fast switchover.

BFET1 HFET1

] aND
+ Gate Drivers

] ss

Vrer
b [ ] out
Vrer
ova[ }—r'h
Current
| [Temp] | Limit [] ILM
Veer SNS
[%

BFET2 HFET2

SEL[

Control Logic

ovi[

Figure 9-1. TPS2120 Functional Block Diagram
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IN1

PR1

Control Logic ] GND

+ Gate Drivers

] ss
cp2[

ovi[ :
— —/ ] out
Vrer
ovz[
» o L S LI
VHEF @
e D—ﬁj—%

BFET2 HFET2

Figure 9-2. TPS2121 Functional Block Diagram

9.3 Feature Description
This section describes the different features of the TPS212x power mux device.
9.3.1 Input Settling Time and Output Soft Start Control (SS)

The TPS212x will automatically select the first source to become valid (INx >UV and INx <QV). The external
capacitor (CSS) will then be used as a timer to wait for the input to finish setting (tSETx). When the settling timer
has expired, CSS will continue to charge and set the output slew rate (SRON) for a soft start. After the total turn
on time (tONXx), soft start will not be used again for INx until it ceases to be valid (INx <UV or INx >QV).

When the second source becomes valid (INy >UV and INy <OV), the external capacitor (Css) will be used again
for a second settling time (tSETy). After tSETy, the TPS212x will decide whether to continue sourcing the first
source, or switchover to the second source. If the second source is selected at the end of tSETy, then CSS will
be reused to set the output slew rate (SRON) for a second soft start. After the total turn on time (tONy), soft start
will not be used again for INy until it ceases to be valid (INy <UV or INy >0OV).

V\Ny —[ uv

Loy i
V\Nx ,‘ < tONy 4"’:

-ty ————————— <4 tser,— P~ %0% _|

P Vin i
‘ 90% SRcﬂ
Vour *171355(4-'1 ‘
10% . SRCﬂ

Figure 9-3. Settling and Soft Start Timing

VINy

If INy becomes valid before the end of tONx, tSETy will be delayed and start after tONx has ended.

12 Submit Document Feedback Copyright © 2020 Texas Instruments Incorporated

Product Folder Links: TPS2120 TPS2121


http://www.ti.com/product/TPS2120
http://www.ti.com/product/TPS2121
http://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSEA3F&partnum=TPS2120
http://www.ti.com/product/tps2120?qgpn=tps2120
http://www.ti.com/product/tps2121?qgpn=tps2121

13 TEXAS
INSTRUMENTS

www.ti.com

TPS2120, TPS2121
SLVSEA3F — AUGUST 2018 — REVISED AUGUST 2020

If INy is not selected during tSETy, a second soft start will not take place, skipping tONy, and CSS will be retired
until one of the inputs ceases to be valid.

9.3.1.1 Slew Rate vs. CSS Capacitor
Table 9-1 shows the estimated slew rate across CSS capacitance and VIN.
Table 9-1. Slew Rate vs. CSS Capacitor

CSS CAPACITOR VIN=5V VIN=12V VIN=20V UNITS
100 nF 780 800 880 Vis
1uF 88 92 92 Vis
10 uF 8.8 9.6 10.4 Vis

9.3.2 Active Current Limiting (ILM)

The load current is monitored at all times. When the load current exceed the current limit trip point ILM
programmed by RILM resistor, the device regulates the current within t, . The following equations can be used
to find the RILM value for a desired current limit, where RILM is in kQ and between 18 kQ to 100 kQ.

| 69.1
LM~ = 0.861
TPS2120: ILM (1)
o __ 652
LM — m
TPS2121: ILM )

During current regulation, the output voltage will drop resulting in increased device power dissipation. If the
device junction temperature (T,) reaches the thermal shutdown threshold (TSD) the internal FETs are turned off.
After cooling down, the device will automatically restart.
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Figure 9-4. Current Limiting Behavior

9.3.3 Short-Circuit Protection

During a transient short circuit event, the current through the device increases very rapidly. As the current-limit
amplifier cannot respond quickly to this event due to its limited bandwidth, the device incorporates a fast-trip
overcurrent protection (OCP) comparator, with a threshold Igcp. This comparator shuts down the pass device
within 1 ps, when the current through internal FET IOUT exceeds locp (lout™> locp). The trip threshold is set to
about 2.4x of the programmed current limit locp = 2.4 % I 4. The OCP circuit holds the internal FET off for about
25 ms, after which the device turns back on. If the short is still present then the current-limit loop will regulate the
output current to ILM and behave in a manner similar to a power up into a short.

9.3.4 Thermal Protection (Tgp)

The TPS212x devices have built-in absolute thermal shutdown and relative thermal shutdown to ensure
maximum reliability of the power mux. The absolute thermal shutdown is designed to disable the power FETs, if
the junction temperature exceeds 160°C (typical). The device auto recovers about 25 ms after T; < [T (TSD) —
10°C]. The relative thermal shutdown protects the device by turning off when the temperature of the power FETs
increases sharply such that the FET temperature rises about 60°C above the rest of the die. The device auto
recovers about 25 ms after the FETs cools down by 20°C. The relative thermal shutdown is critical for protecting
the device against faults such as a power up into a short which causes the FET temperature to increase sharply.

9.3.5 Overvoltage Protection (OVx)

Output Overvoltage Protection is available for both IN1 and IN2 in case either applied voltage is greater than the
maximum supported load voltage. The VREF comparator on the OVx pins allow for the Overvoltage Protection
threshold to be adjusted independently for each input. When overvoltage is engaged, the corresponding channel
will turn off immediately. Fast switchover to the other input is supported if it is a valid voltage.
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R1
[ovx >
R2

Figure 9-5. OVP Resistor Configuration

9.3.6 Fast Reverse Current Blocking (RCB)

Each channel has the always on reverse current blocking. If the output is forced above the selected input by
V|rca, the channel will switch off to stop the reverse current Izrcg within treg. As the output falls to within Vyeg of
VN, the selected channel will quickly turn back on to avoid unnecessary voltage drops during fast switchover

(tsw)-

|

VIRCB_I :

Vin —

Vour : :

|-

[

| [

ouT Lo
0A ——————mm 2D a4

|

|

Figure 9-6. Reverse Current Blocking Behavior

9.3.7 Output Voltage Dip and Fast Switchover Control (TPS2121 only)

After input settling and soft start time, the TPS2121 utilizes a fast switchover to minimize output voltage drop.
Where Vgyy is the output voltage when the switchover is triggered and tgyy is the time until the output voltage
stops dipping. The amount of voltage dip during the switchover time is a function of output load current (IOUT)
and load capacitance (COUT). The minimum output voltage during switchover can be found using the following
equations:

VOUT,MIN = VSW - VDIP 3)
Where:
lout
Voip = tew x { C
ouT
(4)
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—tow—>

VOouT

—Vy—>

VDUT,N‘IIN

Figure 9-7. Minimum Output Voltage During Fast Switchover

If switching from a lower to a higher voltage, the selected channel will not detect reverse voltage and shall turn
on immediately using the current monitor to limit the output current to a safe level. If the output current reaches
the current limit during fast switchover, this will increase the total time until the output reaches steady state.

A
Vinz —]
Input v\ —
Voltages
0V—
H —
PRI
L —
Ving—]
Vour |
Ving—] :
|
V,
I:EROUT | OUTMIN
: Current Limited
| lour — |
IN2 0—J
|-

Time
Vourmin = Vsw - (tswxSRout) where SRout = lout/Cout
Vourmn= 3.5V - (5us x 30mV/us) = 3.35 V
Vourmn=3.5V - (5us x 1A/10pF) =3 V
Vourmn= 3.5V - (5us x TA/100pF) = 3.45 V

Figure 9-8. Fast Switchover from Lower to Higher Voltage

If an input is selected while the output voltage is still a higher voltage, that channel will continue to block reverse
current by waiting to fast turn on until the output drops below the Vrcg threshold.
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Vourmin = Vint + Vres - (tsw X SRout) where SRout = lout/Cour
Vourmn=4.25V + 50 mV - (5us x 30mV/us) = 4.15V
Vourmn=4.25V + 50 mV - (5us x 1A/10pF) = 3.8 V
Vourmn=4.25V + 50 mV (5us x 1A/100uF) =4.25 V

Figure 9-9. Fast Switchover from Higher to Lower Voltage

9.3.8 Input Voltage Comparator (VCOMP)

If both PR1 and CP2 are < VREF, the device will use an internal comparator between the two inputs to
determine the priority source. Vconp is configured to ensure IN2 will take priority if the input voltages are equal.
If IN2 falls below the Vcomp Hysteresis, then IN1 will have priority.

|
Ving Y :

¥

Hysteresis

e

IN1 IN1
Priority
Source IN2

Figure 9-10. VCOMP Priority Source Selection
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9.4 TPS2120 Device Functional Modes
Table 9-2 shows the TPS2120 functional behavior.

Table 9-2. TPS2120 Output Source Selection Table

DEVICE INPUTS DEVICE OUTPUTS OnlggRDET?('):N
<
O\IITZ_VURVEI??)R Ic')‘l\fzszu\\llR(l)Eﬁ PR1 2 VREF VCOMP ouT ST MODE
SEL 2VREF

0 0 0 IN2 < IN1 IN1 H VCOMP
0 0 0 IN2 = IN1 IN2 L VCOMP
0 0 1 X IN1 H VREF
0 1 X X IN1 H Invalid Input
1 0 X X IN2 L SEL / Invalid Input
1 1 X X Hi-z H Invalid Inputs

A summary of the operation of the TPS2120 device can be found below:

.

.

If only one input voltage is valid (above UV and below OV) then that input will power the output.

If both inputs are not valid, then the output is Hi-Z.

ST is pulled high when the output is Hi-Z or IN1. It is pulled low when IN2 is powering the output.
If both inputs are valid and PR1 is pulled high (higher than VREF, 1.06-V typical), then IN1 is used.
If both inputs are valid and PR1 is pulled low, then the highest voltage input is used.

9.5 TPS2121 Device Functional Modes
Table 9-3 shows the TPS2121 functional behavior.

Table 9-3. TPS2121 Output Source Selection Table

DEVICE INPUTS DEVICE OUTPUTS OgggiT?gN
< < > >
OVizVREF | OV22VREF | VRer | VRer | VCOMP | XxcowP | our T MoDE
0 X 0 0 IN2 < IN1 X IN1 H VCOMP
X 0 0 0 IN2 = IN1 X IN2 L VCOMP
0 X 0 1 X X IN1 H VREF
X 0 1 0 X X IN2 L VREF
0 X 1 1 X PR1 > CP2 IN1 H XCOMP / XREF
X 0 1 1 X PR1 < CP2 IN2 L XCOMP / XREF
0 1 X X X X IN1 H Invalid Input
1 0 X X X X IN2 L Invalid Input
1 1 X X X X Hi-Z H Invalid Inputs

A summary of the operation of the TPS2121 device can be found below:

If only one input voltage is valid (above UV and below OV) then that input will power the output.
If both inputs are not valid, then the output is Hi-Z.

ST is pulled high when the output is Hi-Z or IN1. It is pulled low when IN2 is powering the output.
If CP2 is pulled low, then the TPS2121 ignores this pin.

When CP2 is pulled high, this enables fast switchover and is compared to PR1. If PR1 > CP2 then IN1 is
used, and if PR1 < CP2 then IN2 is used.

If both inputs are valid, CP2 is low, and PR1 is pulled high, (higher than VREF, 1.06-V typical), then IN1 is
used.

If both inputs are valid, CP2 is low, and PR1 is pulled low, then the highest voltage input is used.
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10 Application and Implementation

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.

10.1 Application Information

The TPS212x device is a highly configurable power mux that can be designed to meet various application

requirements. When designing the TPS212x for a power mux configuration, 3 key factors should be considered:

*  VOUT voltage dip
¢ Manual and Automatic Switchover
« Switchover Time

The TPS212x device can be configured in various modes to meet these considerations and provides a general
table that describes each mode of operation. This application section will highlight 3 common modes of
operation that address these factors.

10.2 Typical Application
Table 10-1 summarizes the applications highlighted in the following sections.

Table 10-1. TPS212x Application Summary Table

MODE DEVICE(S) DESCRIPTION SECTION
Manual Switchover TPS2120 / TPS2121 An external controller (such as an MQU) can be used 1.2.1
to manually select between the two input sources.
Automatic Switchover with TPS2121 Prioritizes Supply 1 when present, and quickly 1.3
Priority (XCOMP) switches to Supply 2 when Supply 1 drops. ’
Prioritizes Supply 1 when present, and quickly
Automatic Switchover with TPS2121 switches to Supply 2 when Supply 1 drops. An external 1.4
Priority (XREF) supply is used to increase the accuracy of the ’
comparator for switchover.
Highest Voltage Operation TPS2120 / TPS2121 The device automatically selects the highest voltage 15
(VCOMP) supply to power the output.
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10.2.1 Manual Switchover Schematic

Figure 10-1 and Figure 10-2 show the application schematic for manual switchover on the TPS2120 and
TPS2121.

s ' IN1 ouT | System Load
5V) (500mA, 100pF)
J__ PR1
N VICU
SEL K—Select IN2—|
23.7kQ K—Selec 3.3V
ov1 ST —
e TPS2120 )
IN2 =
IN2
(3.3V)
13.7kQ SS
ov2 I 0.1pF
5kQ =
ILM
N GND %51.11@
Figure 10-1. TPS2120 Manual Switchover
N1 r— IN1 ouT —| System Load
5V) (500mA, 100uF)
10.2kQ
PR1
5kQ MCU
23.7kQ I CP2|é—Select IN2— 3.3V
ov1 ST {4
e TPS2121 i
IN2 = o
(3.3V)
13.7kQ SS
ov2 I 0.14F
5kQ =

ILM
= GND % 51.1kQ

Figure 10-2. TPS2121 Manual Switchover

10.2.2 Design Requirements

In certain power architectures, an external MCU or controller monitors the downstream load. If the controller
needs to select between multiple supplies, the controller can manually switch between inputs through a single
GPIO. In this configuration, an external signal will switch between two input supplies, a 5-V supply (IN1) and a
3.3-V supply (IN2). Table 10-2 summarizes the design parameters for this example.
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Table 10-2. Manual Switchover Design Requirements

DESIGN PARAMETER SPECIFICATION DETAILS
IN1 Voltage VN1 5V
IN2 Voltage VN1 33V
Load Current lout 500 mA
Load Capacitance C. 100 pF
Maximum Inrush Current lINRUSH 100 mA
Current Limit 2A
Switchover Time tsw TPS2121: 5 ps

TPS2120: 100 ps

Mode of Operation

Manual Switchover

TPS2120: VREF
TPS2121: XREF

External MCU Signal Vmcu 33V
Overvoltage Protection Vov1 OoV1:6.1V
Vovz ov2: 4V

10.2.3 Detailed Design Description

The TPS212x devices can be configured to manually switch between IN1 and IN2 through an external GPIO. In
this example, an external MCU signal is selecting between main power and auxiliary power to power a
downstream load. By manually toggling the TPS212x, the device will switch between both sources, even if one
supply is higher than the other supply. Ultimately, the main factor that will determine the switchover time between
IN1 (5 V) and IN2 (3.3 V) is the output load.

Manual switchover can be enabled by configuring the TPS212x for internal voltage reference control scheme
(VREF). In the VREF scheme, if the voltage on PR1 is higher than the internal VREF voltage, 1.06 V (typical),
the device will select IN1 as the output. If the voltage on PR1 drops below VREF, then the device will switch to
IN2, as long as IN2 is presenting a valid input voltage. IN1 is commonly connected to PR1 with an external
resistor divider. OV1 and OV2 can be configured to provide overvoltage protection. The ST pin can be pulled
high with a resistor to provide feedback on the status of the system. If the status pin is high, IN1 is the output. If
the pin is low, IN2 is the output. If this feature is not required, the ST pin can be connected to GND.

On the TPS2120, by connecting an external signal to the select pin (SEL), the device can override the PR1/
VREF comparison. If the voltage on SEL is higher than VREF at approximately (1.06 V), then the device will
select IN2, as shown on Table 9-2. If the voltage on SEL drops below VREF, then the device will switch to IN1 as
long as PR1 >= VREF. Otherwise, the highest voltage input will be chosen between IN1 and IN2. In this
example, since the IN1 is higher than IN2, at 5V, it will be selected.
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Figure 10-3 shows the application schematic for this design example on the TPS2120.

GND
L

N IN1 ouT — System Load
vl (500mA, 100uF)
PR1
MICU
23.7k0 SEL K—Select IN2— 33V
ov1 ST —
- TPS2120 =
IN2 o
(3.3V)
13.7kQ SS
ov2 I 0.1uF
5kQ L
ILM
%51,%0

Figure 10-3. TPS2120 Manual Switchover

On the TPS2121, fast switchover can be enabled to minimize the voltage drop on VOUT. The internal
comparator will detect and seamlessly switch between IN1 and IN2 as long as a reverse voltage condition does
not exist on that channel. To enable fast switchover on the TPS2121, CP2 needs to be higher than VREF, 1.06-V
(typical). By using the external voltage reference control scheme (XREF), the voltages on PR1 and CP2 pins are
compared to determine whether IN1 or IN2 is powering the output. If the voltage on PR1 is higher than CP2,
then IN1 is powering the output. If the voltage on PR1 is lower than CP2, then IN2 is powering the output.

Manual switchover on the TPS2121 is configured by connecting PR1 to IN1 with a resistor divider, and
connecting CP2 to the external 3.3-V MCU signal. If the voltage on CP2 is higher than the voltage on PR1, then
IN2 will power the output. However, if CP2 is toggled low, then IN1 will power the output, assuming IN1 has a
valid input voltage.

The diagram below shows the application schematic for this design example on the TPS2121.

IN1 IN1 ouT — System Load
(5V) (500mA, 1004F)
10.2kQ
PR1
3 ov1 ST 1
TPS2121
IN2 N2
(3.3V)
13.7kQ SS
ov2 Il 0.1uF
5kQ =
ILM
%51.1“’2

GND
L

Figure 10-4. TPS2121 Manual Switchover
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10.2.4 Design Procedure
10.2.4.1 Selecting PR1 and CP2 Resistors

The TPS2120 does not contain a CP2 pin. Instead, a select pin (SEL), enables override of the PR1 / VREF
comparison. Once the voltage on SEL is greater than VREF, the device will select IN2 as the output. For manual
switchover, an external signal can be connected to the SEL pin. For this example, the external MCU signal is a
3.3-V enable.

The TPS2121 can be configured for manual switchover in a similar manner as the TPS2120. Instead of a SEL
pin, the 3.3-V external MCU signal can be connected to CP2. As long as the voltage on CP2 is higher than PR1,
the device will select IN2 as the output. When the voltage on CP2 drops below PR1, the device will switch back
to IN1. Therefore, the resistor divider on PR1 is configured the same as above, with the 5 kQ and 10.2 kQ.

For additional precautions, the voltage on PR1 can also be configured. If the voltage on IN1 were to drop, the
device can automatically switchover to IN2. In this example, if voltage on IN1 drops below IN2 (3.3 V) then the
device will switch to IN2. Therefore, the resistor divider on PR1 should be configured such that the voltage on
PR1 will drop below VREF, when IN1 dips below 3.3 V. The bottom resistor is chosen to be 5 kQ due to it's
commonality and minimal current leakage. If a smaller leakage is desired, a larger resistor can be used. With this
configuration, the top resistor was selected to be 10.2 kQ. With this resistor configuration, the device will switch
to IN2 when the voltage on IN1 dips to 3.22 V. Refer to Table 9-2 for additional information regarding the
switchover configuration.

See Equation 5 for the VPR1 Calculation

5kQ

Vo =V
PR N B0 1 10.2 kO
1.06 V=V, ,x— K2 _300y
5kQ +10.2 kQ (5)

10.2.4.2 Selecting OVx Resistors

Independent output overvoltage protection is available for both IN1 and IN2. The VREF comparator on the OV1
and OV2 pins allows for the overvoltage protection thresholds to be adjusted independently, allowing for different
overvoltage thresholds on each channel. When overvoltage is engaged, the corresponding channel will turn off
immediately if the pin reaches VREF, 1.06 V (typical). On this design, the overvoltage thresholds are triggered at
roughly 1-V higher than the nominal input voltages. On IN1, the overvoltage resistor divider was programmed to
be 6.08 V, where as the divider on IN2 was programmed to be 3.96 V. The OV resistor calculations are shown in
Equation 6 and Equation 7.

1,06 V = V), x S ka2 —6.08V

5kQ + 23.7 kQ "
1.06 V =V, x SKQ___)_396v

5kQ +13.7 kQ -

10.2.4.3 Selecting Soft-Start Capacitor and Current Limit Resistors

Equation 1 can be used to determine the RLIM values for this application. In this example, the DC load current is
1 A. Setting the current limit to 2 A will limit potential inrush current events and protect downstream loads. See
Equation 8 for the TPS2120 ILM Calculation:

69.1

lLM :WZZOGA

(8)
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See Equation 9 for the TPS2121 ILM Calculation:
65.2
LM = W = 1 95 A
)

To calculate the slew rate needed to limit the inrush current to 100 mA, the Slew Rate Calculation can be used in

Equation 10:

|
INRUSH
SRy =

C.

_ 100 mA

SRoy =———=—=1000V/S
100 pF

(10)

(11)

Using this equation, the slew rate must be limited to 1000V/S or below to keep the inrush current below 100 mA.
According to Table 9-1, at 5V a CSS capacitance of 100 nF will provide a slew rate of 780V/S (typical), which is
below the calculated threshold of 1000V/S. Therefore, a 100 nF capacitor will limit the inrush below 100 mA in a
typical application.

10.2.5 Application Curves

Figure 10-5. TPS2120 Switchover from IN1 to IN2
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Figure 10-6. TPS2120 Switchover from IN2 to IN1
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Figure 10-7. TPS2121 Switchover from IN1 to IN2

Figure 10-8. TPS2121 Switchover from IN2 to IN1
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10.3 Automatic Switchover with Priority (XCOMP)

In certain applications, the system needs to provide uninterrupted sources of power. If one of the input power
supplies were to fail, the system needs to automatically switchover to a backup power source without interrupting
normal operation. In this example, two scenarios will be demonstrated. The first example will prioritize a 12-V
main supply, and switchover to a 5-V auxiliary supply whenever the 12 V is not present. The second example will
showcase power redundancy with two 12-V supplies. If one 12-V supply were to fail, the device will seamlessly

switchover to the backup supply.

10.3.1 Application Schematic

Figure 10-9 shows the application schematic for automatic switchover on the TPS2121 between a 12-V and 5-V

supply.
IN1 IN1 out — System Load
(12v) (2A, 2001F)
18.2kQ
PRI
5kQ
63.4kQ
ov1 ST
sa TPS2121 )
IN2 N N2
(5V)
10.2kQ SS 1
cp2 1w
5kQ ]::
A ILM
e ov2 GND % 21.5kQ
5kQ J__ =

Figure 10-9. Automatic Switchover Between 12V and 5V

10.3.2 Design Requirements

Table 10-3. Automatic Switchover Design Requirements
DESIGN PARAMETER SPECIFICATION DETAILS
IN1 Voltage VN1 12V
IN2 Voltage VN1 5V
Load Current lout 2A
Load Capacitance C. 200 pF
Maximum Inrush Current lINRUSH 100 mA
Switchover Time tsw TPS2120: 5 us
Mode of Operation Automatic Switchover TPS2121: XCOMP

10.3.3 Detailed Design Description

The first example demonstrates automatic switchover from main power (IN1) to standby power (IN2). This

architecture is commonly found on applications that require a secondary/auxiliary input to conserve power while

keeping downstream loads on. When switching between main and auxiliary power, the voltage drop on the
output should also be minimal to prevent the downstream load from resetting or entering a lockout condition.

In this first example, the system is prioritizing the 12-V main supply on IN1. When the 12-V supply drops below
7.6V, the device will automatically switch to the 5-V auxiliary supply on IN2. When the 12-V supply returns, it will
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become the output supply again. Furthermore, the voltage drop on the output should be minimal, providing the
output with uninterrupted redundant power.

To minimize the voltage dip on the output, the TPS2121 will be used in fast switchover mode. By configuring the
device in external comparator control scheme (XCOMP), the voltages on PR1 and CP2 are compared to
determine whether IN1 or IN2 is powering the output. However, unlike the XREF mode, described above in the
manual switchover configuration, XCOMP does not connect an external GPIO signal to the CP2 pin. Instead,
PR1 and CP2 are connected to IN1 and IN2 respectively, allowing a direct voltage comparison between the two
input channels. PR1 and CP2 are connected to IN1 and IN2 with a resistor divider. If the voltage on CP2 is
higher than the voltage on PR1, then IN2 will power the output. If the voltage on PR1 is higher than the voltage
on CP2, then IN1 will power the output.

10.3.4 Design Procedure
10.3.4.1 Selecting PR1 and CP2 Resistors

In this example, the device will switch from IN1 to IN2 when the voltage on IN1 drops below 7.6 V. Therefore, the
voltage on PR1 needs to remain higher than the voltage on CP2 until this condition exists.

Since this example was tested on the TPS2121EVM, the resistor divider configured the voltage on CP2 to be
1.644 V.

See Equation 12 for the VCP2 Calculation

oK ey
5kQ 1102 KO (12)

Vepo =5V

Since the voltage on CP2 is higher than VREF, fast switchover mode is enabled.

Next, to calculate the necessary resistor divider on PR1, the voltage on PR1 needs to drop below 1.64 V when
IN1 reaches 7.6 V. On the EVM, the PR1 resistors were configured as followed:

See Equation 13 for the VPR1 Caculation

V. —12Vx—2K2 559y
5kQ +18.2 kQ
164V -VSWx—2K2 74y
5kQ +18.2kQ (13)
10.3.5 Application Curves
Tek Prevu i 1 Trig? Tek Run . I - - - 1 [ Trig?
g (b}
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e
o
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- : . VL .
: "'!"W .
BrerT ' : : : :
T : :

O i 0.0 }{1 00ms 100kS 75 @ﬁ_
@eR1 AP matrl 5.00% 1000 points 7.00% 12 Sep 2018
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. . . Figure 10-11. Automatic Switchover from IN2 to IN1
Figure 10-10. Automatic Switchover from IN1 to

IN2
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10.4 Automatic Seamless Switchover with Priority (XREF)

In this second automatic switchover example, the application design will showcase power redundancy with two

12-V supplies. If one 12-V supply were to fail, the device will seamlessly switchover to the backup supply.

10.4.1 Application Schematic

Figure 10-12 shows the application schematic for automatic switchover with redundant supplies on the

TPS2121.
IN1 IN1 ouT — System Load
(12v) (2.5A, 320pF)
| PRI
ST XREF
ovi cp2 3V
TPS2121
IN2 N2
(12V) 57.6kQ
SS
| OV2 1 .
5kQ :|=:
L ILM
% 21.5kQ

GND
1

Figure 10-12. Automatic Switchover Between Two 12-V Supplies

10.4.2 Design Requirements

Table 10-4. Automatic Switchover Design Requirements
DESIGN PARAMETER SPECIFICATION DETAILS
Input Voltage Range ViNTs ViN2 121V 3%
Output Voltage Range Vout 12V £ 5%
Load Current lout 25A
Load Capacitance CL 320 uF
Switchover Time tsw TPS2120: 5 us
Mode of Operation Automatic Switchover TPS2121: XREF

10.4.3 Detailed Design Description

In the second example, the system seamlessly switches between two 12-V supplies, providing uninterrupted
power to a downstream load. Priority is given to IN1, the main 12-V power rail, and switches over to IN2, the

backup 12-V power rail, whenever IN1 dips. When the main power rail returns, the device will switch back to the

main supply. Redundant power is critical in systems that require uninterrupted sources of power. If the output
voltage were to dip on these systems, this could cause the downstream load to reset to enter an undervoltage
lockout condition. Therefore, the TPS2121 will be used in fast switchover mode to minimize the output voltage

dip.

Similar to the automatic switchover example shown above, the TPS2121 can be configured in XCOMP mode.
However, to minimize the voltage switchover error for a more seamless switchover, an external precision
regulator can be connected to CP2 in XREF mode. In this configuration, a REF3325 provides an external
reference voltage on 2.5V £ 0.15% (2.50375V). If the voltage on PR1 is higher than this external reference,

priority will be given to IN1. If the voltage on PR1 drops below 2.50375V, then the device will switchover to IN2.
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The design specifications detail the input voltage range for 12.1 + 3%. Therefore, the resistor divider on PR1 is
configured such that the voltage on the pin dips below 2.50375V before IN1 crosses 11.73 V (12.1 V — 3%).
Once this occurs, the design will start fast switchover to IN2 within 5 us.

For additional information regarding this configuration, including full design procedures, schematics, and layout,
please refer to TIDA-01638: Seamless Switchover for Backup Power Reference Design.

10.4.4 Application Curves

Tek Run [ Tt 1 | Trig? Tek Prevu [ T 1 ] Trig?
el e i 4 i B g
& -34.60ps i, o | € 10.96us 1176
O 93.00ps 11.99 ¥ @ 14.06ps 11.72v
AL77 Bps AD.000 Y A3 100ps £.40.00mY
R
paa “
= DInL
FhiInz
F{INZ
@1 vout
Ey|FRT
Ey[FRL : :
- : ;
Sty Tar  Jwe ey WS | Soomy moy  Jae A
Figure 10-13. Seamless Switchover Between Two Figure 10-14. Fast Switchover Demonstration
12-V Supplies

10.5 Highest Voltage Operation (VCOMP)
10.5.1 Application Schematic

Figure 10-15 shows the application schematic for highest voltage operation on the TPS2121. The same
configuration can be completed on the TPS2120, with the SEL pin connected to GND instead of the CP2 pin.

IN1
IN1
(5V)
23.7kQ
ovi
5k
I 1 PR
IN2
' IN2
(5V)
23.7kQ
ov2
5kQ
[ cP2

TPS2121

out — System Load
(0.5A, 100uF)

ST__L

0.01uF

SS__L
1

ILM
GND % 51.1kQ

Figure 10-15. Highest Voltage Operation
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10.5.2 Design Requirements
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Table 10-5. Highest Voltage Design Requirements

DESIGN PARAMETER SPECIFICATION DETAILS
Input Voltage Vin1s ViNg 5V
Output Voltage Vout 5V
Load Current lout 0.5A
Load Capacitance CL 100 pyF
Switchover Time tsw TPS2121: 100 us
Mode of Operation Automatic Switchover TPS2121: VCOMP

10.5.3 Detailed Design Description

In this mode of operation, the device will use an internal comparator between the two inputs to determine the
priority source. If both PR1 and CP2 are below VREEF, priority is given to the highest input voltage. If both of the
inputs voltages are equal, Vcopmp and hysteresis ensures that IN2 takes priority. If IN2 falls below the Vcomp
hysteresis, then IN1 will have priority. If IN2 gets reapplied, it will take priority when it falls within Veopmp Of IN1.

In this example, the TPS2120 is configured with two 5-V inputs. When IN2 is applied to the system, it takes
priority over IN1. Once it gets removed, priority returns to IN1.

10.5.4 Detailed Design Procedure

See Table 9-2 to summarize the priority between IN1 and IN2. Once IN2 reaches within VCOMP of IN1, the
TPS2120 will switchover to IN2. Since IN1 is 5V, once IN2 reaches 4.7 V (5 V — 300 mV), typically, the device
will switch over to IN2. On the falling transition, once IN2 drops below VCOMP of IN1, the added hysteresis will
prevent the device from switching back to IN1. Once IN2 drops below VCOMP and the hysteresis (3.5% typical) ,
the device will switch. Therefore, the device will switch back to IN1 once IN1 reaches (5 V — 300 mV — 175 mV),
4.525 V.

10.5.5 Application Curves

Tek Run Trig? Tek Run Trig?
: b] (2]
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Figure 10-16. Switchover from IN1 to IN2 Figure 10-17. Timing from IN1 to IN2
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Figure 10-18. Switchover from IN2 to IN1

10.6 Reverse Polarity Protection with TPS212x

For applications that require reverse polarity protection, the TPS212x can be configured to protect against mis-
wiring input power supplies and block reverse current that could potentially damage the system. By connecting a
diode on the GND pin of the TPS212x, this prevents reverse current from flowing back into the device when VIN
is below system ground.

Since the TPS212x has an absolute maximum rating of 24 VV when referenced to device ground, the GND diode
should be rated to standoff voltages up to the maximum reverse voltage. Furthermore, since the control pin
voltages (PR1, OV1, OV2, etc.) are in reference to system GND, the voltage thresholds will need to be
recalculated based on the voltage drop across the diode. To reduce the voltage drop, a resistor in parallel with
the diode can also be used.

Supply 1 ¢ IN1 = OUT [T System Load
T * ESD Diode
é L ESD Diode I ¢
PR1
SEL [&—Select IN2—
pnc
ovi1 ST —IN1 Selected-}
!
Supply 2 * IN2 SS
i T o
J, OV2= oce = 4L Device GND
ILM 4 System GND
GND RiLm
= Diode {%Device GND =
System GND

Figure 10-19. TPS212x Reverse Polarity Configuration

10.7 Hotplugging with TPS212x

Some applications require power muxing between hotplugged inputs, such as USB applications or systems with
secondary supplies coming from a long cable. During a hot plug event, the inherent inductance in the cable and
input traces can cause a voltage spike on the input pin (V = LgagLe * dl / dT). This can cause a voltage spike on
the input of the TPS212x that could potentially exceed the absolute maximum rating.
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Figure 10-20. TPS212x Hotplug Configuration

+
VIN1
Supply 1 [—""N"—p 1 IN1 OUT ™ System Load
| PR1
+ -
VIN2
Supply 2 | —""™M—p *— IN2
SS 1
I cP2 T
ILM
N GND %
J__ -

Figure 10-21 shows a hotplug event where a 12-V supply is connected to the TPS212x through a 15ft cable.
Without an external TVS, the input voltage spikes to over 30 V. To protect against this voltage transient, a
clamping device such as a TVS (Transient Voltage Suppression) diode can be used. As shown in Figure 10-22 ,
by using the TVS1800, the same voltage spike was clamped to 19.3 V.

Preifu

Trig?

Previu

Trig?

@.\NZ [Zinz
vout l’; out I
D / D
- A O A oy e e o ) Bees
Figure 10-21. TPS2121 Hotplug Event without TVS Figure 10-22. TPS2121 Hotplug Event with
TVS1800
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11 Power Supply Recommendations

IN1, IN2, and OUT traces should all be wide enough to accomodate the amount of current passing through the
device. Bypass capacitors on these pins should be placed as close to the device as possible. Low ESR ceramic
capacitors with X5R or X7R dielectric are recommended.

To avoid output voltage drop, the capacitance on OUT can be increased. If the power supply cannot handle the
inrush current transients due to the output capacitance, a higher input capacitance can be used. In the case
where there are long cables or wires connected to the input of the device, there may be ringing on the supply,
especially during the fast switchover of the TPS2121. To help nullify the inductance of the cables and prevent
ringing, a large capacitance can be used near the input of the device.

12 Layout
12.1 Layout Guidelines

Use short wide traces for input and output planes. For high current applications place vias under input and
output pins to avoid current density and thermal resistance bottlenecks.

12.2 Layout Example

The example layout for the TPS2121 shows where to place vias for better thermal dissipation. This can improve
the junction-to-ambient thermal resistance (Rgya).

00

IN1 ouT
| | % e
To GPIO

PR1 ST
° o ILM To ADC
GND

CcP2

Rin
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ovi
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13 Device and Documentation Support
13.1 Documentation Support
13.1.1 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to order now.

Table 13-1. Related Links

TECHNICAL TOOLS & SUPPORT &

PARTS PRODUCT FOLDER ORDER NOW DOCUMENTS SOFTWARE COMMUNITY
TPS2120 Click here Click here Click here Click here Click here
TPS2121 Click here Click here Click here Click here Click here

13.2 Receiving Notification of Documentation Updates

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

13.3 Support Resources

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

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

13.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.

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

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

Aad\

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.

13.6 Glossary

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

14 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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PACKAGE OUTLINE

YFP0020-C01

DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

BALLAT— F
CORNER

0.4|TYP —

/
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& [0.0150 [C|A]B

\—BALL TYP

4226007/A 06/2020

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.
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EXAMPLE BOARD LAYOUT

YFP0020-C01 DSBGA - 0.5 mm max height
DIE SIZE BALL GRID ARRAY
(0.4) TYP
20X (% 0.23)
3 4
OO
(0.4) TYP ‘
+—» O i O O
SYMM
- ] o<
|
O 0,0 O
|
0O OO0 O
SYMM
¢
LAND PATTERN EXAMPLE
SCALE:25X
0.23 0.05 MAX METAL UNDER
(aETAL) T r 0.05 MIN ﬂ r f SOLDER MASK
/ \\\
SOLDER MASK — " TN (©0.23)
OPENING gglélﬁlllfr\?GMASK
NON-SOLDER MASK SOLDER MASK
(PREFERRED) DEFINED
SOLDER MASK DETAILS
NOT TO SCALE
4226007/A 06/2020

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For more information, see Texas Instruments literature number SNVA009 (www.ti.com/lit/snva009).
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EXAMPLE STENCIL DESIGN
YFP0020-C01 DSBGA - 0.5 mm max height

DIE SIZE BALL GRID ARRAY

(0.4) TYP

20 ((10.25) (R0.05) TYP

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL
SCALE:30X

4226007/A 06/2020

NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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RUX0012A

PACKAGE OUTLINE
VQFN-HR - 1 mm max height

PLASTIC QUAD FLAT-NO LEAD

O N

PIN 1 INDEX AREA /

=

NN
ro

-

1 MAX

=

0.0
0.00

2X 0.7

SYMM

6X 0.5

4224010/A 11/2017

NOTES:

1. Alllinear 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.
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EXAMPLE BOARD LAYOUT
RUX0012A VQFN-HR - 1 mm max height

PLASTIC QUAD FLAT-NO LEAD

L 4x (0.4)

4X (1.05)

LAND PATTERN EXAMPLE
SCALE: 25X

0.05 MAX

ALL AROUND »‘ !«

o METAL
SOLDER MASK
EXPOSED METAL JB\

OPENING

NON- SOLDER MASK

DEFINED
4224010/A 11/2017

NOTES: (continued)

3. For more information, see Texas Instruments literature number SLUA271 (www.ti.com/lit/slua271) .
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EXAMPLE STENCIL DESIGN
RUX0012A VQFN-HR - 1 mm max height

PLASTIC QUAD FLAT-NO LEAD

| 9 — 8X(06)
|
. B} ,,,,r, B} I
|
|
1 ,7,L,Q,\7 | " ! 8
T I R
ox i i SYMM
@ o7y ——— e
Ry
b — O | O
| | |
i L 4X (0.4)
o O S
\ \
3 ! 6
| 4X (1.05)
(R0.05) TYP \ SYMM }
e
1 1.35 |

SOLDER PASTE EXAMPLE
BASED ON 0.1mm THICK STENCIL

EXPOSED PAD

100% PRINTED COVERAGE BY AREA
SCALE: 25X

4224010/A 11/2017

NOTES: (continued)

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

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )
TPS2120YFPR Active Production DSBGA (YFP) | 20 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 20
TPS2120YFPR.A Active Production DSBGA (YFP) | 20 3000 | LARGE T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 20
TPS2120YFPT Active Production DSBGA (YFP) | 20 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 20
TPS2120YFPT.A Active Production DSBGA (YFP) | 20 250 | SMALL T&R Yes SNAGCU Level-1-260C-UNLIM -40 to 125 20
TPS2121RUXR Active Production  VQFN-HR (RUX) |12 3000 | LARGE T&R Yes Call TI| Sn Level-1-260C-UNLIM -40 to 125 2121
TPS2121RUXR.A Active Production  VQFN-HR (RUX) |12 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 2121
TPS2121RUXT Active Production  VQFN-HR (RUX) | 12 250 | SMALL T&R Yes Call Tl | Sn Level-1-260C-UNLIM -40 to 125 2121
TPS2121RUXT.A Active Production  VQFN-HR (RUX) | 12 250 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 125 2121

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

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

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

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

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

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

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

Important Information and Disclaimer:The information provided on this page represents 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.
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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 [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. 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 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS2120YFPR DSBGA YFP 20 3000 180.0 8.4 1.66 | 2.06 | 0.56 4.0 8.0 Q1
TPS2120YFPR DSBGA | YFP 20 3000 180.0 8.4 166 | 2.06 | 0.56 | 4.0 8.0 Q1
TPS2120YFPT DSBGA YFP 20 250 180.0 8.4 1.66 | 2.06 | 0.56 4.0 8.0 Q1
TPS2120YFPT DSBGA YFP 20 250 180.0 8.4 1.66 | 2.06 | 0.56 4.0 8.0 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)
TPS2120YFPR DSBGA YFP 20 3000 182.0 182.0 20.0
TPS2120YFPR DSBGA YFP 20 3000 182.0 182.0 20.0
TPS2120YFPT DSBGA YFP 20 250 182.0 182.0 20.0
TPS2120YFPT DSBGA YFP 20 250 182.0 182.0 20.0
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IMPORTANT NOTICE AND DISCLAIMER

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

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

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

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

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

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025
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