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TPS254900A-Q1 Automotive USB Host Charger With Short-to-Vgart Protection

1 Features

* Qualified for Automotive Applications
« AEC-Q100 Qualified With the Following Results:
— Device Temperature Grade 1: —40°C to +125°C
Ambient Operating Temperature
— Device HBM ESD Classification Level H2
— Device CDM ESD Classification Level C5
* 4.5-V to 6.5-V Input Operating Range
* 3.5-V (typ) UVLO to Support Start-Stop
* Integrated 45-mQ (typ.) High-Side MOSFET
* 3.2-A Maximum Continuous Output Current

* Vpgyus 5% Cable Compensation Accuracy at
Connector

*  Supports USB BC 1.2 CDP and SDP Modes

» Short-to-Battery Protection on OUT, DP_IN, and
DM_IN Pins

+ DP_IN and DM_IN IEC 61000-4-2 Rated
— 18-kV Contact and +15-kV Air Discharge

* 20-Pin QFN (3-mm x 4-mm) Package

2 Applications

* Automotive USB Charging Ports (Host and Hubs)
» Automotive USB Protection

3 Description

The TPS254900A-Q1 device is a USB charging-port
controller and power switch with short-to-battery
protection. This feature provides protection on OUT,
DM_IN and DP_IN. These three pins withstand
voltage up to 18 V.

m
I
0.1 pF

TPS254900A-Q1

The internal MOSFET turns off quickly when the
short-to-battery condition occurs. Rapid turnoff is very
important to protect the upstream DC-DC converter,
processor, or hub data lines.

The TPS254900A-Q1 has a low UVLO of 3.5V, so
that the power switch does not turn off during start-
stop.

The TPS254900A-Q1 45-mQ power switch has two
selectable, adjustable current limits that support port
power management by changing to a lower current
limit when adjacent ports are experiencing heavy
loads. This is important in systems with multiple ports
and upstream power supplies with limited capacity.

The TPS254900A-Q1 device has a current-sense
output that is able to control an upstream supply,
which allows it to maintain 5 V at the USB port even
with heavy charging currents. This feature is important
in systems with long USB cables where significant
voltage drops can occur with fast-charging portable
devices.

A current monitor allows a system to monitor the load
current in real time by monitoring the IMON voltage.
The current monitor is very useful and can be used for
dynamic port-power management.

The TPS254900A-Q1 device also provides ESD
protection capability per IEC 61000-4-2, level 4 on
DP_IN and DM_IN.

Device Information (1)

PART NUMBER
TPS254900A-Q1

PACKAGE
WQFN (20)

BODY SIZE (NOM)
3.00 mm x 4.00 mm

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

s =
o T —
g<e<s¢ ToHost DM_out
8>858 Controller DP_OUT
EN
> EN
FAULT J
« FAULT
STATUS SRS
Mode +> e
Select /0
————— > cm2
Logic 0 ———— I OVP_SEL
Upstream DC-DC 4>> cs
ADC K] IMON
=}
g
m%
8
~

DM_IN D-

DP_IN

USB Connector

BIAS

ILIM_LO
ILIM_HI

GND

ATANA!
&
19.1kQ
‘ I
80.6 kQ

Copyright © 2017, Texas Instruments Incorporated

Schematic

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.


http://www.ti.com
http://www.ti.com/product/TPS254900A-Q1
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUSCU5B&partnum=TPS254900A-Q1
http://www.ti.com/product/tps254900a-q1?qgpn=tps254900a-q1
http://www.ti.com/product/TPS254900A-Q1

I3 TEXAS
TPS254900A-Q1 INSTRUMENTS
SLUSCU5B — NOVEMBER 2017 — REVISED JULY 2020 www.ti.com
Table of Contents
TFEAtUreS. ... 1 8.4 Device Functional Modes............cccooeeeiiiiiinieenininenn. 23
2 Applications.............ccooiiiiiiii e 1 9 Application and Implementation.......................c...e.. 26
3 DeSCription..........cooiiiiiiii 1 9.1 Application Information...........cccccceiriiiniiniieee, 26
4 Revision History.............cccoooiiiii, 2 9.2 Typical Application..........ccccoviiriiiiieeeie e 26
5 Pin Configuration and Functions...................ccccccooee. 3 10 Power Supply Recommendations..................cccccoe.e 30
6 Specifications.............ccccooiiiiiiii 4 11 LAYOUL.....oooiiiiii e 30
6.1 Absolute Maximum Ratings.........cccccovveviieiinieeeiieeenns 4 11.1 Layout Guidelines..........ccceeiiieeiiiiiinieie e 30
6.2 ESD RatiNgS....ceiiviiiiiiiiiiiee e 4 11.2 Layout Example..........cooooeiiiiiiiiiiieececeeeeee 32
6.3 Recommended Operating Conditions............c.ccccuuee... 4 12 Device and Documentation Support.......................... 33
6.4 Thermal Information............cccceeviiiineeni e 5 12.1 DeViCe SUPPOMt.....coeiiiiiiiiiiieiiiee et 33
6.5 Electrical Characteristics...........ccccoviiiiniiiiiiieeciiiees 5 12.2 Documentation SUppPOrt.........ccccvveerrieeiiieeeiiiee e, 33
6.6 Switching Characteristics...........ccccvvveveiiiiniiieeiiee 8 12.3 Receiving Notification of Documentation Updates..33
6.7 Typical CharacteristiCs.........c..oceveriiieriee e 9 12.4 SuppPOrt RESOUICES........ceviiiiiieiiiee e 33
7 Parameter Measurement Information......................... 15 12.5 Trademarks. ........coccueiiiieiiiiieeeee e 33
8 Detailed Description..............ccocceiiiiiiiiiic e, 16 12.6 Electrostatic Discharge Caution...........c...cccceeiieene 33
8.1 OVEIVIEW. ...ttt 16 12.7 GlOSSANY..cciueieiiiiie ettt 33
8.2 Functional Block Diagram..........ccccccueeerieeenieeninnennns 17 13 Mechanical, Packaging, and Orderable
8.3 Feature DescCription..........cocccveviieeiiieeeeiie e 17 Information..............cocooiiiiiii e 33

4 Revision History

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

Changes from Revision A (January 2018) to Revision B (July 2020) Page
» Updated the numbering format for tables, figures and cross-references throughout the document................... 1
» Added Footnote to the Recommended Operating Conditions regarding operating at output current greater

L1 = T R T2 N PP TP PR 4
* Added three lpg spec rows to the Current Limit section for differing Test Conditions.............cccccoooiine, 5
Changes from Revision * (November 2017) to Revision A (January 2018) Page
» Changed from Advance Information to Production Data................eeeeiiiiiiiiiiiiiieee e 1

2 Submit Document Feedback

Copyright © 2020 Texas Instruments Incorporated

Product Folder Links: TPS254900A-Q1


http://www.ti.com/product/TPS254900A-Q1
http://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUSCU5B&partnum=TPS254900A-Q1
http://www.ti.com/product/tps254900a-q1?qgpn=tps254900a-q1

13 TEXAS
INSTRUMENTS TPS254900A-Q1
www.ti.com SLUSCU5B — NOVEMBER 2017 — REVISED JULY 2020

5 Pin Configuration and Functions
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Figure 5-1. RVC Package 20-Pin WQFN Top View

Pin Functions

PIN
TYPE( DESCRIPTION
NAME NO.

BIAS 12 PWR Used for IEC protection. Typically, connect a 2.2-yF capacitor and a transient-voltage suppressor
(TVS) to ground and 5.1 kQ to OUT.

CS 6 (0] Linear cable compensation current. Connect to divider resistor of front-end dc-dc converter.
Logic-level control input for controlling the charging mode and the signal switches; see the Device

CTL1 8 |
Truth Table (TT).
Logic-level control input for controlling the charging mode and the signal switches; see the Device

CTL2 9 |
Truth Table (TT).

DM_IN 14 1/0 D- data line to downstream connector

DM_OUT 4 1/0 D- data line to upstream USB host controller

DP_IN 13 1/0 D+ data line to downstream connector

DP_OUT 5 110 D+ data line to upstream USB host controller

EN 7 | Logic-level control input for turning the power and signal switches on or off. When EN is low, the
device is disabled, and the signal and power switches are OFF.

EAULT 18 o Actlvg.-low, open-drain output, asserted during overtemperature, overcurrent, and overvoltage
conditions.

GND 11 — Ground connection; should be connected externally to the thermal pad.

ILIM_HI 20 | External resistor used to set the high current-limit threshold.

ILIM_LO 19 | External resistor used to set the low current-limit threshold and the load-detection current threshold.
This pin sources a scaled-down ratio of current through the internal FET. A resistor from this pin to

IMON 1 (0] . . .
GND converts current to proportional voltage; used as an analog current monitor.
Input supply voltage; connect a 0.1-uF or greater ceramic capacitor from IN to GND as close to the

IN 2,3 PWR :
IC as possible.

ouT 15,16 PWR Power-switch output

OVP SEL 10 | Logic-level control input for choosing the OUT overvoltage threshold. When OVP_SEL is low,

- V(OV_OUT_LOW) is active. When OVP_SEL is hlgh, V(OV_OUT_HIGH) is active.
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PIN
TYPE() DESCRIPTION
NAME NO.

STATUS 17 (@) Active-low open-drain output, asserted in load-detect conditions

Thermal pad — — Thermal pad on the bottom of the package

(1) 1= Input, O = Output, I/O = Input and output, PWR = Power

6 Specifications
6.1 Absolute Maximum Ratings

Voltages are with respect to GND unless otherwise noted(")

MIN MAX UNIT
Voltage range CS, CTL1, CTL2, EN, FAULT, ILIM_HI, ILIM_LO, IN, -0.3 7 \Y
IMON, OVP_SEL, STATUS
DM_OUT, DP_OUT -0.3 5.7
BIAS, DM_IN, DP_IN, OUT -0.3 18
Continuous current DM_IN to DM_OUT or DP_IN to DP_OUT -100 100 mA
ouT Internally limited
Continuous output source current, Isgc  |ILIM_HI, ILIM_LO, IMON Internally limited A
Continuous output sink current, Ignk FAULT, STATUS 25 mA
CS Internally limited A
Operating junction temperature, T, —40 Internally limited °C
Storage temperature, Ty —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.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per AEC Q100-002(") +2000(2)
Vieso) EiI:gr:;Zteatic Charged-device model ((.ZDM), per AEC Q100-011 | +7500) v
IEC 61000-4-2 contact discharge |DP_IN and DM_IN pins(®) +8000
IEC 61000-4-2 air di scharge DP_IN and DM_IN pins®) +15000

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
(2) The passing level per AEC-Q100 Classification H2.
(3) The passing level per AEC-Q100 Classification C5

(4) Surges per IEC 61000-4-2, level 4, 1999 applied from DP_IN and DM_IN to output ground of the TPS254900Q1EVM-817 (SLUUBIO)
evaluation module.

6.3 Recommended Operating Conditions

Voltages are with respect to GND unless otherwise noted.

MIN NOM MAX| UNIT
V(N Supply voltage IN 4.5 6.5 \%
Input voltage CTL1, CTL2, EN, OVP_SEL 0 6.5 \%
DM_IN, DM_OUT, DP_IN, DP_OUT 0 36| V
louT) Output continuous current OUT (-40°C < T5 < 85°C) 3.2 A
DM_IN to DM_OUT or DP_IN to DP_OUT -30 30] mA
Continuous output sink current FAULT, STATUS 10 mA
Rium xx)  Current-limit-set resistors 9.6 1000 kQ
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MIN NOM MAX| UNIT
T, Operating junction temperature —40 125 °C
(1) Operating at output continuous current greater than 3.2A is possible, however lifetime will be degraded.
6.4 Thermal Information
TPS254900A-Q1
THERMAL METRIC(") RVC (WQFN) UNIT
20 PINS

Rgya Junction-to-ambient thermal resistance 37.9 °C/W
Rauctop) Junction-to-case (top) thermal resistance 39.9 °C/W
Rgus Junction-to-board thermal resistance 11.9 °C/W
Wyt Junction-to-top characterization parameter 0.5 °C/W
Wi Junction-to-board characterization parameter 11.8 °C/W
Reyc(pot) Junction-to-case (bottom) thermal resistance 3.2 °C/W

M
report.

6.5 Electrical Characteristics

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

Unless otherwise noted, —-40°C < T;<125°C and 4.5V < V()< 6.5V, V(en) = V(cTL1) = V(cTL2) = Vany REauLt) =
R(status) = 10 kQ, Ramon) = 2.55 KQ, Rgum_niy = 19.1 kQ, Ryuim_Lo) = 80.6 kQ. Positive currents are into pins.
Typical values are at 25°C. All voltages are with respect to GND.

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
OUT - POWER SWITCH
T,=25°C 45 55
"'DS(on) On-resistance(!) —40°C <T,;<85°C 45 69| mQ
—40°C <T, £ 125°C 45 77
likg Reverse leakage current \r';%l;rs;rgﬁ”\\‘/)’ Vin=Ven =0V, -40°C =T, <85°C, 0.01 2| pA
OUT — DISCHARGE
R(ocHa) EAZ%Zaerfe resistance (mode 400 500 630 O
CTL1, CTL2, EN, OVP_SEL INPUTS
ihroshold votage. 08 135 2| V
07 115 tes] v
Hysteresis(® 200 mV
Input current Pin voltage =0V or 6.5V -1 11 MA
CURRENT LIMIT
Roum_ Loy =210 kQ 190 240 290
RgLm_Lo) = 80.6 kQ 555 620 680
Raum_Loy = 21.5kQ 2145 2300 2460
Raum_Loy = 19.1 kQ 2420 2590 2760
los OUT short-circuit current Raum_ni = 18.2kQ 2545 2720 2895 A
limit Roum ) = 14.3 kQ 3240 3455 3670
Roum_niy = 13.5 kQ 3435 3660 3890
Roum_niy = 11.8 kQ 3930 4180 4440
Roum_Hi) = 9-6 kQ 4835 5135 5450
Rquim_niy shorted to GND 5000 6500 8000
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PARAMETER TEST CONDITIONS MIN TYP MAX‘ UNIT
SUPPLY CURRENT
o o Disabled IN supply cutent | G40 L (0 etween BIAS and OUT 01 5| A
SDP mode (CTL1, CTL2=0, 1) 170 250
l(IN_oN) Enabled IN supply current CDP mode (CTL1, CTL2=1,1) 200 280 pA
Client mode (CTL1, CTL2 =0, 0) 120 210
UNDERVOLTAGE LOCKOUT, IN
IN rising 3.9 4.1 4.3
V(uvLo) UVLO threshold voltage - \%
IN falling 3.3 3.5 3.7
FAULT
Output low voltage lFauLT) = 1 MA 100 mV
Off-state leakage V(FauLT) = 6.5V 2| pA
STATUS
Output low voltage IisTaTUs) = 1 MA 100 mV
Off-state leakage V(sTaTus) = 6.5V 2| pA
THERMAL SHUTDOWN
ToTsD2) Thermal shutdown threshold 155 °C
Tiorson i'lr"h::el:r::rllts_lr;s:i(tiown threshold 135 c
Hysteresis(®) 20 °C
LOAD DETECT (Vc1i1 = Vetie = Vin)
liLD) louT load detection threshold | Rgim_Loy = 80.6 KQ, rising load current 585 650 715 mA
Hysteresis(®) 50 mA
DM_IN AND DP_IN OVERVOLTAGE PROTECTION
V(ov_Data) Protection trip threshold DP_IN and DM_IN rising 3.3 3.9 415 V
Hysteresis®) 100 mV
DP_IN=DM_IN=18V,IN=5Vor0V 200
RpCHG. Data) gijg(‘g)rge resistor after DP_IN=DM_IN=5V,IN=5V 370 kQ
DP_IN=DM_IN=5V,IN=0 390
OUT OVERVOLTAGE PROTECTION
V(ov_out_Low) Protection trip threshold OUT rising 5.65 6 6.35| V
Hysteresis(®) 90 mV
V(ov_ouT_HIGH) Protection trip threshold OUT rising 6.6 6.95 73| V
Hysteresis(®) 130 mV
) ) OUT=18V,IN=5V 55 85
R(pcHe_ou) Discharge resistor OUT =18V, IN=0 80 120 kQ
CABLE COMPENSATION
Load =3.2A,25V <V, <65V 250 262 275
Load=3A,25V<Vc5 <65V 234 246 258
lics) Sink current Load =24 A, 25V <V <65V 187 197 207 pA
Load=2.1A,25V <V, g <65V 163 172 181
Load=1A,25V<Vig <65V 77 82 87
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PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
CURRENT MONITOR OUTPUT (IMON)
Load=3.2A,0< V(lMON) <25V 306 333 359
Load =3 A, 0< V(IMON) <25V 287 312 337
Load=24A,0< V(IMON) <25V 230 250 270
liMoNy) Source current MA
Load =2.1 A, 0<Vmon)<2.5V 201 218 235
Load =1A,0<Vmon)S25V 94 104 114
Load =0.5A, 0<Vmon)<2.5V 44 52 60
HIGH-BANDWIDTH ANALOG SWITCH
Viop_out) = Viom_out) = 0V, Iipp_iny = liom_iny = 30
3.2 6.5
DP and DM switch on- mA
Rns_on) resistance = = = = Q
Viop_out) = Viom_out) =24V, lpp_iN) = loMm_IN) =
3.8 7.6
-15 mA
V =V =0V, I =1 =30
Switch resistance mismatch m(RP‘OUT) (OM-oUT) (OFIN) = 1OV 0.05 0.15
|AR(HS ON)l between DP and DM Q
- channels Viop_out) = Viom_out) = 2.4V, lpp_iNy = lpm_in) = 0.05 0.15
-15 mA ) '
C DP and DM switch off-state Ven=0V, V(DPfIN) = V(DMfIN) =0.3V, Vac =0.03 88 F
(10_OFF) capacitance® Vpp, f= 1 MHz : P
DP and DM switch on-state V(DPilN) = V(DMfIN) =0.3V, Vac = 0.03 Vpp, f=1
Cio_on capacitance(® MHz 109 PF
Off-state isolation(3) VEn) =0V, f=250 MHz 8 dB
.On-st'ate4cross-channel f = 250 MHz 30 dB
isolation(4)
Ven =0V, Vipop_iN) = Vom_iny = 3.6 V, Vipp_out) =
| Off-state leakage current - = - 0.1 15 A
Ikg(OFF) 9 V(DM_OUT) =0V, measure I(DP_OUT) and I(DM_OUT) H
BW Bandwidth (-3 dB)® R)=50Q 940 MHz
CHARGING DOWNSTREAM PORT DETECT
V(DM_SRC) DM_IN CDP output voltage V(DP_IN) =0.6V,-250 pA < I(DM_IN) <0 pA 0.5 0.6 0.7 \%
DP_IN rising lower window
V(DATiREF) threshold for V(DMfSRC) 0.36 0.4 \
activation
Hysteresis(*) 50 mV
DP_IN rising upper window
V(Lec_sre) threshold for VDM_SRC de- 0.8 0.88| V
activation
V(LGC_SRC_HYS) Hysteresis(4) 100 mV
I(DP_SlNK) DP_lN sink current V(DP_IN) =06V 40 75 100 HA

(1) Pulse-testing techniques maintain junction temperature close to ambient temperature. Thermal effects must be taken into account

separately.

(2) This parameter is provided for reference only and does not constitute part of TI's published device specifications for purposes of Tl's
product warranty.
(3) This parameter is provided for reference only and does not constitute part of Tl's published device specifications for purposes of Tl's
product warranty.
(4) This parameter is provided for reference only and does not constitute part of TI's published device specifications for purposes of Tl's
product warranty.
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6.6 Switching Characteristics

Unless otherwise noted -40°C < T; < 125°Cand 4.5V < V(IN) <6.5YV, V(EN) = V(IN)1 V(CTL']) = V(CTL2) = V(IN)-
R(FAULT) = R(STATUS) =10 kQ, R(IMON) = 2.55 KQ, R(ILIM_HI) =19.1 kQ, R(ILIM_LO) = 80.6 kQ. Positive currents are
into pins. Typical values are at 25°C. All voltages are with respect to GND.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
t, OUT voltage rise time 1.05 1.75 3.1 ms
- V(|N) =5V, C(L) =1 uF, R(L) =100 Q
t OUT voltage fall time 0.27 0.47 0.82| ms
ton OUT voltage turnon time 7.5 11 ms
- V(|N) =5V, C(L) =1 uF, R(L) =100 Q

toff OUT voltage turnoff time 2.7 5| ms
Discharge hold time (mode )

YocHG. 5) Change)g ( Time Voyr) < 0.7 V 1.1 2 29| s
OUT short-circuit response

tios) time(™ P Viny = 5V, Righorr) = 50 mQ 2 s

=T . . Bidirectional deglitch applicable to current-limit

toc_our_Faun  OUTFAULT deglitch time | o, i only (no deglitch assertion for OTSD) 55 8.5 "S5 ms
Analog switch propagation _

tpd delay (1) V(|N) =5V 0.14 ns
Analog switch skew
between opposite transitions _

ksk) of the same port (tpy — Vi =5V 0.02 ns
tor ) M

t(LDﬁSET) Load-detect set time V(|N) =5V 120 210 280 ms

t(LDﬁRESET) Load-detect reset time V(|N) =5V 1.8 3 4.2 S
DP_IN and DM_IN

tov Data) overvoltage protection 5 us
response time
OUT overvoltage protection

Yov_oum) response time 03 HS
DP_IN and DM_IN FAULT-

Yov_p_FauLm) asserted degltich time " 16 23| ms
OUT FAULT-asserted
degltich time " 16 23| ms

(1)

product warranty.

These parameters are provided for reference only and do not constitute part of Tl's published device specifications for purposes of Tl's
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6.7 Typical Characteristics

TA = 25°C, V(IN) =5V, V(EN) =5V, V(CTL1) = V(CTL2) =5V, FAULT and STATUS connect to V(IN) via a 10-kQ
pullup resistor (unless stated otherwise)
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Measured on EVM with 10-cm cable

Figure 6-16. Bypassing the TPS254900A-Q1 Data

Measured on EVM with 10-cm cable

Figure 6-17. Through the TPS254900A-Q1 Data

Figure 6-20. Enable Into Short (SDP)
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8 Detailed Description
8.1 Overview

The TPS254900A-Q1 device is a USB charging controller and power switch which integrates D+ and D- short-
to-battery protection, cable compensation, current monitor (IMON), and IEC ESD protection suitable for
automotive USB charging and USB port protection applications.

The integrated power distribution switch uses N-channel MOSFETs suitable for applications where short circuits
or heavy capacitive loads will be encountered. The device allows the user to adjust the current-limit thresholds
using external resistors. The device enters constant-current mode when the load exceeds the current-limit
threshold.

The TPS254900A-Q1 device provides Vgys, D+, and D- short-to-battery protection. This protects the upstream
voltage regulator, automotive processor, and hub when these pins are exposed to fault conditions.

The device also integrates CDP mode, defined in the BC1.2 specification, to enable up to 1.5-A fast charging of
most portable devices during data communication.

The TPS254900A-Q1 device integrates a cable compensation (CS) feature to compensate for long-cable
voltage drop. This keeps the remote USB port output voltage constant to enhance the user experience under
high-current charging conditions.

The TPS254900A-Q1 device provides a current-monitor function (IMON) by connecting a resistor from the IMON
pin to GND to provide a positive voltage linearly with load current. This can be used for system power or
dynamic power management.

Additionally, the device provides ESD protection up to +8 kV (contact discharge) and +15 kV (air discharge) per
IEC 61000-4-2 on DP_IN and DM_IN.
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8.2 Functional Block Diagram
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8.3 Feature Description
8.3.1 FAULT Response
The device features an active-low, open-drain fault output. FAULT goes low when there is a fault condition. Fault

detection includes overtemperature, overcurrent, or overvoltage on Vgys, DP_IN and DM_IN. Connect a 10-kQ
pullup resistor from FAULT to IN.

Copyright © 2016, Texas Instruments Incorporated

Table 8-1 summarizes the conditions that generate a fault and actions taken by the device.
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Table 8-1. Fault Conditions

EVENT CONDITION ACTION
Overvoltage on the data lines Vop_inyor Vipm_iny > 3.9V The device immediately shuts off the USB data switches and

the internal power switch. The fault indicator asserts with a
16-ms deglitch, and deasserts without deglitch.

Overvoltage on V(our) Viour)y>6Vor6.95V The device immediately shuts off the internal power switch
and the USB data switches. The fault indicator asserts with a
16-ms deglitch and deasserts without deglitch.

Overcurrent on V(ouyr) louT) > lios) The device regulates switch current at | os) until thermal
cycling occurs. The fault indicator asserts and deasserts with
an 8-ms deglitch (the device does not assert FAULT on
overcurrent in SDP1 mode).

Overtemperature T, > OTSD2 in non-current-limited or T; > | The device immediately shuts off the internal power switch
OTSD1 in current-limited mode. and the USB data switches. The fault indicator asserts
immediately when the junction temperature exceeds OTSD2
or OTSD1 while in a current-limiting condition. The device
has a thermal hysteresis of 20°C.

8.3.2 Cable Compensation

When a load draws current through a long or thin wire, there is an IR drop that reduces the voltage delivered to
the load. In the vehicle from the voltage regulator 5-V output to the Vpp |y (input voltage of portable device), the
total resistance of power switch rpson) and cable resistance causes an IR drop at the PD input. So the charging
current of most portable devices is less than their expected maximum charging current.

S
5
>Q, | Vour) With Compensation
|
|
5.x = Y L Vgys With Compensation
~<_V'(DRrROP) |
—-—
_____________ = _E;i Vgus Without Compensation
|
|
|
|
|
|
|
I
|
0 ! ! ! ! 1 !

| A
05 1 15 2 25 3 oun ()

Figure 8-1. Voltage Drop
The TPS254900A-Q1 device detects the load current and applies a proportional sink current that can be used to

adjust the output voltage of the upstream regulator to compensate for the IR drop in the charging path. The gain
G(cs) of the sink current proportional to load current is 82 pA/A.
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Figure 8-2. Cable Compensation Equivalent Circuit

8.3.2.1 Design Procedure

To start the procedure, the total resistance, including the power switch rpgo,) and wire resistance Ryyrg), must
be known.

1. Choose R(g) following the voltage-regulator feedback resistor-divider design guideline.
2. Calculate R(ga) according to Equation 1.

Rea = (rpson)+ Rwirey) / G(cs) 1)
3. Calculate Rg) according to Equation 2.

vV
(OUT)
~Re) ~RFa)

Ripg) = — 90
(FB)

4. C(comp) in parallel with Rira) is required to stablilize V(oyt) when Cgus) is large. Start with Ccompy 2 3 *
G(cs) * C(our), then adjust Ccomp) to optimize the load transient of the voltage regulator output. V(our)
stability should always be verified in the end application circuit.

8.3.3 D+ and D- Protection

D+ and D- protection consists of ESD and OVP (overvoltage protection). The DP_IN and DM_IN pins provide
ESD protection up to £15 kV (air discharge) and +8 kV (contact discharge) per IEC 61000-4-2 (see the Section
6.2 section for test conditions).

The ESD stress seen at DP_IN and DM_IN is impacted by many external factors, like the parasitic resistance
and inductance between ESD test points and the DP_IN and DM _IN pins. For air discharge, the temperature
and humidity of the environment can cause some difference, so the IEC performance should always be verified
in the end-application circuit.

The IEC ESD performance of the TPS254900A-Q1 device depends on the capacitance connected from BIAS to
GND. A 2.2-uF capacitor placed close to the BIAS pin is recommended. Connect the BIAS pin to OUT using a
5.1-kQ resistor as a discharge path for the ESD stress.

OVP protection is provided for short-to-Vgyg or short-to-battery conditions in the vehicle harness, preventing
damage to the upstream USB transceiver or hub. When the voltage on DP_IN or DM _IN exceeds 3.9 V (typical),
the TPS254900A-Q1 device quickly responds to block the high-voltage reverse connection to DP_OUT and
DM_OUT. Overcurrent short-to-GND protection for D+ and D- is provided by the upstream USB transceiver.
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8.3.4 Vgys OVP Protection

The TPS254900A-Q1 OUT pin can withstand up to 18 V. The internal MOSFET turns off quickly when a short-to-
battery condition occurs.

The TPS254900A-Q1 device has two OVP thresholds; one is 6 V (typical) and the other is 6.95 V (typical). Set
the OVP threshold using the external OVP_SEL pin.

8.3.5 Output and D+ or D- Discharge

To allow a charging port to renegotiate current with a portable device, the TPS254900A-Q1 device uses the OUT
discharge function. During mode change, the TPS254900A-Q1 device turns off the power switch while
discharging OUT with a 500-Q resistance, then turning back on the power switches to reassert the OUT voltage.

When an OVP condition occurs on DP_IN or DM_IN, the TPS254900A-Q1 device enables an internal 200-kQ
discharge resistance from DP_IN to ground and from DM_IN to ground. The analog switches are also turned off.
The TPS254900A-Q1 device automatically disables the discharge paths and turns on the analog switches once
the OVP condition is removed.

When an OVP condition occurs on OUT, the TPS254900A-Q1 device turns on an internal discharge path (see
Table 8-2 for the discharge resistance). The TPS254900A-Q1 device automatically turns off the discharge path
and turns on the power switch once the OVP condition is removed.

Table 8-2. OUT Discharge Resistance

OUT DISCHARGE
(1) (1) (1)
\o =i L5 RESISTANCE®)
0 0 0 —
0 0 1 80 kQ
0 1 0 —
0 1 1 80 kQ
1 0 0 500 Q
1 0 1 500 Q or 55 kQ
1 1 0 —
1 1 1 55 kQ

(1) 0 =inactive, 1 = active
(2) — =no discharge resistance

8.3.6 Port Power Management (PPM)

PPM is the intelligent and dynamic allocation of power. PPM is for systems that have multiple charging ports but
cannot power them all simultaneously.

8.3.6.1 Benefits of PPM
The benefits of PPM include the following:

* Delivers better user experience

* Prevents overloading of system power supply

* Allows for dynamic power limits based on system state

» Allows every port potentially to be a high-power charging port

» Allows for smaller power-supply capacity because loading is controlled

8.3.6.2 PPM Details

All ports are allowed to broadcast high-current charging. The current limit is based on ILIM_HI. The system
monitors the STATUS pin to see when high-current loads are present. Once the allowed number of ports asserts
STATUS, the remaining ports are toggled to a non-charging port. The current limit of the non-charging port is
based on the ILIM_LO setting. The non-charging ports are automatically toggled back to charging ports when a
charging port deasserts STATUS.

20 Submit Document Feedback Copyright © 2020 Texas Instruments Incorporated

Product Folder Links: TPS254900A-Q1


http://www.ti.com/product/TPS254900A-Q1
http://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUSCU5B&partnum=TPS254900A-Q1
http://www.ti.com/product/tps254900a-q1?qgpn=tps254900a-q1

13 TEXAS

INSTRUMENTS TPS254900A-Q1
www.ti.com SLUSCUS5B — NOVEMBER 2017 — REVISED JULY 2020

STATUS asserts in a charging port when the load current is above ILIM_LO + 30 mA for 210 ms (typical).
STATUS deasserts in a charging port when the load current is below ILIM_LO — 20 mA for 3 seconds (typical).

8.3.6.3 Implementing PPM in a System With Two Charging Ports (CDP and SDP1)

Figure 8-3 shows the implementation of the two charging ports with data communication, each with a
TPS254900A-Q1 device and configured in CDP mode. In this example, the 5-V power supply for the two
charging ports is rated at less than 3.5 A. Both TPS254900A-Q1 devices have R chosen to correspond to
the low (1-A) and high (2.4-A) current-limit setting for the port. In this implementation, the system can support
only one of the two ports at 2.4-A charging current, whereas the other port is set to the SDP1 mode and Igg
corresponds to 1 A.

TPS254900A-Q1 Port 1 USB Charging
Port 1
5V _
> IN ouT
EN1
» > EN DM_IN
FAULT1
< FAULT op_N |
STATUS ILIM_LO < [ |
CTL1 _
100 kQ 9
E‘
> cr2 Z
TPS254900A-Q1 Port 1 USB Charging
Port 1
> IN ouT
EN2
:} EN DM_IN
FAULT2
< FAULT DP_IN C
STATUS ium_Lo | ‘
CTL1 _
[e]
100 kQ %
AW > oz 2

Copyright © 2017, Texas Instruments Incorporated

Figure 8-3. PPM Between CDP and SDP1

8.3.7 Overcurrent Protection

When an overcurrent condition is detected, the device maintains a constant output current and reduces the
output voltage accordingly. Two possible overload conditions can occur. In the first condition, the output is
shorted before the device is enabled or before the application of V). The TPS254900A-Q1 device senses the
short and immediately switches into a constant-current output. In the second condition, a short or an overload
occurs while the device is enabled. At the instant the overload occurs, high currents flow for 1 to 2 us (typical)
before the current-limit circuit reacts. The device operates in constant-current mode after the current-limit circuit
has responded. Complete shutdown occurs only if the fault is present long enough to activate thermal limiting.
The device remains off until the junction temperature cools approximately 20°C and then restarts. The device
continues to cycle on and off until the overcurrent condition is removed.
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8.3.8 Undervoltage Lockout

The undervoltage-lockout (UVLO) circuit disables the power switch until the input voltage reaches the UVLO
turnon threshold. Built-in hysteresis prevents unwanted oscillations on the output due to input voltage drop from
large current surges.

8.3.9 Thermal Sensing

Two independent thermal-sensing circuits protect the TPS254900A-Q1 device if the temperature exceeds
recommended operating conditions. These circuits monitor the operating temperature of the power-distribution
switch and disable operation. The power dissipation in the package is proportional to the voltage drop across the
power switch, so the junction temperature rises during an overcurrent condition. The first thermal sensor turns off
the power switch when the die temperature exceeds 135°C and the device is in current limit. The second thermal
sensor turns off the power switch when the die temperature exceeds 155°C regardless of whether the power
switch is in current limit. Hysteresis is built into both thermal sensors, and the switch turns on after the device
has cooled by approximately 20°C. The switch continues to cycle off and then on until the fault is removed. The
open-drain false-reporting output, FAULT, is asserted (low) during an overtemperature shutdown condition.

8.3.10 Current-Limit Setting

The TPS254900A-Q1 has two independent current-limit settings that are each adjusted externally with a resistor.
The ILIM_HI setting is adjusted with R jm_ni) connected between ILIM_HI and GND. The ILIM_LO setting is
adjusted with R(m_Lo) connected between ILIM_LO and GND. Consult the device truth table (Table 8-3) to see
when each current limit is used. Both settings have the same relation between the current limit and the adjusting
resistor.

The following equation calculates the value of resistor for adjusting the typical current limit:

| (mA)_ 48687V
OS(nom) - 0.994
RoLm_xo % kQ

©)

Many applications require that the current limit meet specific tolerance limits. When designing to these tolerance
limits, both the tolerance of the TPS254900A-Q1 current limit and the tolerance of the external adjusting resistor
must be taken into account. The following equations approximate the TPS254900A-Q1 minimum and maximum
current limits to within a few milliamperes and are appropriate for design purposes. The equations do not
constitute part of TI's published device specifications for purposes of TI's product warranty. These equations
assume an ideal—no variation—external adjusting resistor. To take resistor tolerance into account, first
determine the minimum and maximum resistor values based on its tolerance specifications and use these values
in the equations. Because of the inverse relation between the current limit and the adjusting resistor, use the
maximum resistor value in the logmin) €quation and the minimum resistor value in the losmax) €quation.

46464 V

los(miny (MA) = -32
0.9974
Ruum_ xx) kQ (4)
51820V
los(max) (MA) = 09987 iy +38
(ILIM_ xx) (5)
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The routing of the traces to the R m_xx) resistors should have a sufficiently low resistance so as not to affect the
current-limit accuracy. The ground connection for the R(Lim_xx) resistors is also very important. The resistors
must reference back to the TPS254900A-Q1 GND pin. Follow normal board layout practices to ensure that
current flow from other parts of the board does not impact the ground potential between the resistors and the
TPS254900A-Q1 GND pin.

8.4 Device Functional Modes
8.4.1 Device Truth Table (TT)

The device truth table (Table 8-3) lists all valid combinations for both control pins (CTL1 and CTL2), and the
corresponding charging mode. The TPS254900A-Q1 device monitors the CTL inputs and transitions to the
charging mode to which it is commanded.

Table 8-3. Truth Table

STATUS == IMON FOR T
CURRENT LIMIT CS FOR CABLE FAULT
CTL1 CTL2 MODE FOR LOAD CURRENT NOTES
SELECTED DETECT COMPENSATION MONITOR REPORT
0 0 N/A Client OFF OFF OFF OFF Power switch
mode(!) is disabled,
only analog
switch is on.
0 1 ILIM_LO SDP OFF ON ON ON Standard SDP
1 0 ILIM_LO SDP1(2) OFF ON ON ON®) No OUT
discharge
between CDP
and SDP1 for
PPM
1 1 ILIM_HI CDP@ ON ON ON ON

(1)

@
@)

No 5.1-kQ resistor from BIAS to OUT (open between the pins), or OUT still has 5-V voltage from an external downstream port; client

mode is still active.
No OUT discharge when changing from 10 to 11 or from 11 to 10.
A fault only trips OTSD, OUT, DP_IN, DM_IN, and OVP.

8.4.2 USB BC1.2 Specification Overview

The BC1.2 specification includes three different port types:

Standard downstream port (SDP)
Charging downstream port (CDP)
Dedicated charging port (DCP)

Copyright © 2020 Texas Instruments Incorporated

Submit Document Feedback

Product Folder Links: TPS254900A-Q1

23


http://www.ti.com
http://www.ti.com/product/TPS254900A-Q1
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUSCU5B&partnum=TPS254900A-Q1
http://www.ti.com/product/tps254900a-q1?qgpn=tps254900a-q1

13 TEXAS
TPS254900A-Q1 INSTRUMENTS
SLUSCU5B — NOVEMBER 2017 — REVISED JULY 2020 www.ti.com

BC1.2 defines a charging port as a downstream-facing USB port that provides power for charging portable
equipment. Under this definition, CDP and DCP are defined as charging ports.

Table 8-4 lists the difference between these port types.
Table 8-4. Operating Modes Table

MAXIMUM ALLOWABLE CURRENT

PORT TYPE SUPPORTS USB 2.0 COMMUNICATION DRAWN BY PORTABLE EQUIPMENT (A)
SDP (USB 2.0) YES 0.5
SDP (USB 3.0) YES 0.9
CDP YES 1.5
DCP NO 1.5

8.4.3 Standard Downstream Port (SDP) Mode — USB 2.0 and USB 3.0

An SDP is a traditional USB port that follows the USB 2.0 or USB 3.0 protocol. An SDP supplies a minimum of
500 mA per port for USB 2.0 and 900 mA per port for USB 3.0. USB 2.0 and USB 3.0 communication is
supported, and the host controller must be active to allow charging.

8.4.4 Charging Downstream Port (CDP) Mode

A CDP is a USB port that follows the USB BC1.2 specification and supplies a minimum of 1.5 A per port. A CDP
provides power and meets the USB 2.0 requirements for device enumeration. USB 2.0 communication is
supported, and the host controller must be active to allow charging. The difference between CDP and SDP is the
host-charge handshaking logic that identifies this port as a CDP. A CDP is identifiable by a compliant BC1.2
client device and allows for additional current draw by the client device.

The CDP handshaking process occurs in two steps. During the first step, the portable equipment outputs a
nominal 0.6-V output on the D+ line and reads the voltage input on the D— line. The portable device detects the
connection to an SDP if the voltage is less than the nominal data-detect voltage of 0.3 V. The portable device
detects the connection to a CDP if the D— voltage is greater than the nominal data-detect voltage of 0.3 V and
optionally less than 0.8 V.

The second step is necessary for portable equipment to determine whether the equipment is connected to a
CDP or a DCP. The portable device outputs a nominal 0.6-V output on the D- line and reads the voltage input on
the D+ line. The portable device concludes the equipment is connected to a CDP if the data line being read
remains less than the nominal data detects voltage of 0.3 V. The portable device concludes it is connected to a
DCP if the data line being read is greater than the nominal data-detect voltage of 0.3 V.

The TPS254900A-Q1 device integrates CDP detection protocol, used at a downstream port as the CDP
controller to support CDP portable-device fast charge up to 1.5 A.

8.4.5 Client Mode

The TPS254900A-Q1 device integrates client mode as shown in Figure 8-6. The internal power switch is OFF to
block current flow from OUT to IN, and the signal switches are ON. This mode can be used for software
upgrades from the USB port.
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Figure 8-6. Client-Mode Equivalent Circuit

Passing the IEC 61000-4-2 test for DP_IN and DM_IN requires connecting a discharge resistor to OUT during
USB 2.0 high-speed enumeration. In client mode, because the power switch is OFF, OUT must be 5 V so that
the device can work normally (usually powered by an external downstream USB port). If the OUT voltage is low,
the communication may not work properly.

8.4.6 High-Bandwidth Data-Line Switch

The D+ and D- data lines pass through the device to enable monitoring and handshaking while supporting the
charging operation. A wide-bandwidth signal switch allows data to pass through the device without corrupting
signal integrity. The data-line switches are turned on in any of the CDP, SDP or client operating modes. The EN
input must be at logic high for the data-line switches to be enabled.

Note
*  While in CDP mode, the data switches are ON, even during CDP handshaking.

* The data switches are only for the USB-2.0 differential pair. In the case of a USB-3.0 host, the
super-speed differential pairs must be routed directly to the USB connector without passing
through the TPS254900A-Q1 device.

» Data switches are OFF during OUT (Vgys) discharge.
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9 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.

9.1 Application Information

The TPS254900A-Q1 device is a USB charging-port controller and power switch with cable compensation and
short-to-battery protection for Vgys, D+, and D—. The device is typically used for automotive USB port protection
and as a USB charging controller. The following design procedure can be used to select components for the
TPS254900A-Q1 device. This section presents a simplified discussion of how to choose external components for
Vgus, D+, and D- short-to-battery protection. For cable-compensation design information, see the data sheet
(SLUSCES3) for the TPS2549-Q1 device, which has features and design considerations very similar to those of
the TPS254900A-Q1 device.

9.2 Typical Application

For an automotive USB charging port, the Vgys, D+, and D— pins are exposed and require a protection device.
The protection required includes Vgys overcurrent, D+ and D— ESD protection, and short-to-battery protection.
This charging-port device protects the upstream dc-dc converter (bus line) and automotive SOC or hub chips (D
+ and D- data lines). An application schematic of this circuit with short-to-battery protection is shown in Figure

9-1.
10 pF
L 1y 15 TPS254900A-Q1 1210 L 2 v —
= =5 7= 3BV T < —
e S g
X7R »
5V
> IN ouT Vaus
«— > DM_OouT 5
S 92 92 oo - DM_IN - ¢
o< o P ontroller ¥ DP_oUT - g
S =] 8
DP_IN D+  m
EN 7]
» > EN § S 3
= GND
FAULT 6
“ FAULT BiAs (] -
_ —
STATUS _ 2‘58‘82 — 2
< STATUS 50V j <
X7R |
» > CTL L
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Figure 9-1. Typical Application Schematic: USB Port Charging With Cable Compensation
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9.2.1 Design Requirements

For this design example, use the following as the input parameters.

DESIGN PARAMETER EXAMPLE VALUE
Battery voltage, V gar) 18V
Short-circuit cable 0.5m

9.2.2 Detailed Design Procedure
To begin the design process, the designer must know the following:

» The battery voltage

* The short-circuit cable length

* The maximum continuous output current for the charging port. The minimum current-limit setting of
TPS254900A-Q1 device must be higher than this current.

* The maximum output current of the upstream dc-dc converter. The maximum current-limit setting of
TPS254900A-Q1 device must be lower than this current.

+ For cable compensation, the total resistance including power switch rpg(on), cable resistance, and connector
contact resistance must be specified.

9.2.2.1 Input Capacitance
Consider the following application situations when choosing the input capacitors.

For all applications, Tl recommends a 0.1-uF or greater ceramic bypass capacitor between IN and GND, placed
as close as possible to the device for local noise decoupling.

During output short or hot plug-in of a capacitive load, high current flows through the TPS254900A-Q1 device
back to the upstream dc-dc converter until the TPS254900A-Q1 device responds (after tos)). During this
response time, the TPS254900A-Q1 input capacitance and the dc-dc converter output capacitance source
current to keep V|y above the UVLO of the TPS254900A-Q1 device and any shared circuits. Size the input
capacitance for the expected transient conditions and keep the path between the TPS254900A-Q1 device and
the dc-dc converter short to help minimize voltage drops.

Input voltage overshoots can be caused by either of two effects. The first cause is an abrupt application of input
voltage in conjunction with input power-bus inductance and input capacitance when the IN pin is in the high-
impedance state (before turnon). Theoretically, the peak voltage is 2 times the applied voltage. The second
cause is due to the abrupt reduction of output short-circuit current when the TPS254900A-Q1 device turns off
and energy stored in the input inductance drives the input voltage high. Applications with large input inductance
(for example, a connection between the evaluation board and the bench power supply through long cables) may
require large input capacitance to prevent the voltage overshoot from exceeding the absolute-maximum voltage
of the device.

During the short-to-battery (EN = HIGH) condition, the input voltage follows the output voltage until OVP
protection is triggered (tov_our))- After the TPS254900A-Q1 device responds and turns off the power switch, the
stored energy in the input inductance can cause ringing.

Based on the three situations described, 10-yF and 0.1-pF low-ESR ceramic capacitors, placed close to the
input, are recommended.

9.2.2.2 Output Capacitance
Consider the following application situations when choosing the output capacitors.

After an output short occurs, the TPS254900A-Q1 device abruptly reduces the OUT current, and the energy
stored in the output power-bus inductance causes voltage undershoot and potentially reverse voltage as it
discharges.

Applications with large output inductance (such as from a cable) benefit from the use of a high-value output
capacitor to control the voltage undershoot.
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For USB port applications, because the Vgyg pin is exposed to IEC61000-4-2 level-4 ESD, use a low-ESR
capacitance to protect OUT.

The TPS254900A-Q1 device is capable of handling up to 18-V battery voltage. When Vpyg is shorted to the
battery, the LCR tank circuit formed can induce ringing. The peak voltage seen on the OUT pin depends on the
short-circuit cable length. The parasitic inductance and resistance varies with length, causing the damping factor
and peak voltage to differ. Longer cables with larger resistance reduce the peak current and peak voltage.
Consider high-voltage derating for the ceramic capacitor, because the peak voltage can be higher than twice the
battery voltage.

Based on the three situations described, a 10-pF, 35-V, X7R, 1210 low-ESR ceramic capacitor placed close to
OUT is recommended. If the battery voltage is 16 V and a 16-V transient voltage suppressor (TVS) is used, then
the capacitor voltage can be reduced to 25 V. Considering temperature variation, placing an additional 35-V
aluminum electrolytic capacitor can lower the peak voltage and make the system more robust.

9.2.2.3 BIAS Capacitance
The capacitance on the BIAS pin helps the IEC ESD performance on the DM_IN and DP_IN pins.

When a short to battery on DP_IN, DM_IN and/or OUT occurs, high voltage can be seen on the BIAS pin. Place
a 2.2-uF, 50-V, X7R, 0805, low-ESR ceramic capacitor close to the BIAS pin. The whole current path from BIAS
to GND should be as short as possible. Additionally, use a 5.1-kQ discharge resistor from BIAS to OUT.

9.2.2.4 Output and BIAS TVS

The TPS254900A-Q1 device can withstand high transient voltages due to LCR tank ringing, but in order to make
OUT, DP_IN, and DM_IN robust, place one TVS close to the OUT pin, and another TVS close to the BIAS pin.
When choosing the TVS, the reverse standoff voltage Vg depends on the battery voltage (16 V or 18 V).
Considering the peak pulse power capability, a 400-W device is recommended such as an SMAJ16 for a 16-V
battery or an SMAJ18 for an 18-V battery.

9.2.3 Application Curves

B e B I. | %% ﬂ'—__"“*-h_,-'-‘ﬁp_'-ﬂ'::’-l

Lamn

| 10 Addiv
\/
Vear = 14V t = 10 ps/div Vgar =18V t =10 ps/div
Figure 9-2. Disabled, 25-V, 1206, X7R Coyr Figure 9-3. Disabled, 35-V, 1210, X7R Couyr
Capacitor Without SMAJ18 Capacitor Without SMAJ18
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10 Power Supply Recommendations

The TPS254900A-Q1 device is designed for a supply voltage range of 4.5V <V £ 6.5V, with its power switch
used for protecting the upstream power supply when a fault such as overcurrent or short to ground occurs on the
USB port. Therefore, the power supply should be rated higher than the current-limit setting to avoid voltage
drops during overcurrent or short-circuit conditions.

11 Layout
11.1 Layout Guidelines

Layout best practices for the TPS254900A-Q1 device are listed as follows.

» Considerations for input and output power traces
— Make the power traces as short as possible.
— Make the power traces as wide as possible.
» Considerations for input-capacitor traces
— For all applications, 10-pyF and 0.1-uF low-ESR ceramic capacitors are recommended, placed close to the
IN pin.
» The resistors attached to the ILIM_HI and ILIM_LO pins of the device have several requirements.
— ltis recommended to use 1% low-temperature-coefficient resistors.
— The trace routing between these two pins and GND should be as short as possible to reduce parasitic
effects on current limit. These traces should not have any coupling to switching signals on the board.
» Locate all TPS254900A-Q1 pullup resistors for open-drain outputs close to their connection pin. Pullup
resistors should be 100 kQ.
— If a particular open-drain output is not used or needed in the system, tie it to GND.
» ESD considerations

— The TPS254900A-Q1 device has built-in ESD protection for DP_IN and DM_IN. Keep trace lengths
minimal from the USB connector to the DP_IN and DM_IN pins on the TPS254900A-Q1 device, and use
minimal vias along the traces.

— The capacitor on BIAS helps to improve the IEC ESD performance. A 2.2-uF capacitor should be placed
close to BIAS, and the current path from BIAS to GND across this capacitor should be as short as
possible. Do not use vias along the connection traces.

— A 10-uF output capacitor should be placed close to the OUT pin and TVS.

— See the ESD Protection Layout Guide (SLVA680) for additional information.
* TVS Considerations

— For OUT, a TVS like SMAJ18 should be placed near the OUT pin.
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For BIAS, a TVS like SMAJ18 should be placed close to the BIAS pin, but behind the 2.2-yF capacitor.
The whole path from OUT to GND or BIAS to GND across the TVS should be as short as possible.

* DP_IN, DM_IN, DP_OUT, and DM_OUT routing considerations

Route these traces as microstrips with nominal differential impedance of 90 Q.

Minimize the use of vias on the high-speed data lines.

Keep the reference GND plane devoid from cuts or splits above the differential pairs to prevent impedance
discontinuities.

For more USB 2.0 high-speed D+ and D- differential routing information, see the High Speed USB
Platform Design Guideline from Intel.

¢ Thermal Considerations

When properly mounted, the thermal-pad package provides significantly greater cooling ability than an
ordinary package. To operate at rated power, the thermal pad must be soldered to the board GND plane
directly under the device. The thermal pad is at GND potential and can be connected using multiple vias to
inner-layer GND. Other planes, such as the bottom side of the circuit board, can be used to increase heat
sinking in higher-current applications. See the PowerPad™ Thermally Enhanced Package application
report (SLMA002) and PowerPAD™ Made Easy application brief (SLMAQ004) for more information on
using this thermal pad package.
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11.2 Layout Example
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Figure 11-1. TPS254900A-Q1 Layout Diagram
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12 Device and Documentation Support

12.1 Device Support

12.2 Documentation Support

12.2.1 Related Documentation

For related documentation see the following:

* High Speed USB Platform Design Guidelines, Intel

« TPS254900AQ1EVM-003 Evaluation Module User's Guide (SLVUB94)
+ TPS254900Q1EVM-817 Evaluation Module User's Guide (SLUUBIO)

* TPS2549-Q1 Automotive USB Charging Port Controller and Power Switch with Cable Compensation Data
Sheet (SLUSCE3)

12.3 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.

12.4 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.

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

12.6 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.
Y ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
Linh. be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

12.7 Glossary
Tl 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 device. This data is subject to change without notice and without
revision of this document. For browser-based versions of this data sheet, see the left-hand navigation pane.
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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)
TPS254900AIRVCRQ1 ACTIVE WQFN RVC 20 3000 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 25490AQ
TPS254900AIRVCTQ1 ACTIVE WQFN RVC 20 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR -40 to 85 25490AQ

® 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: Tl 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. Tl 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 Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
LR ey R g T
o| |e e 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)
TPS254900AIRVCRQ1 | WQFN RVC 20 3000 330.0 12.4 3.3 4.3 1.1 8.0 12.0 Q1
TPS254900AIRVCTQ1 | WQFN RVC 20 250 180.0 12.4 33 43 11 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)
TPS254900AIRVCRQ1 WQFN RvVC 20 3000 367.0 367.0 35.0
TPS254900AIRVCTQ1 WQFN RvVC 20 250 210.0 185.0 35.0

Pack Materials-Page 2



GENERIC PACKAGE VIEW
RVC 20 WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

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