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TPS25864-Q1 and TPS25865-Q1 Low EMI Dual USB Type-A Charging Ports Converter
With Thermal Management and Cable Compensation

1 Features

* AEC-Q100 qualified for automotive applications:
— Temperature grade 1: T, range —40°C to
+125°C
— HBM ESD classification level H2
— CDM ESD classification level C5
* Optimized for ultra-low EMI requirements:
— Meets CISPR25 class 5 standard
— HotRod™ package minimizes switch node
ringing
— Spread spectrum reduces peak emissions
» Synchronous buck regulator
— High efficiency at 400 kHz: 95.2% at V|y = 13.5
V, IPA BUS = 24 A and IPB BUS = 24 A
- 18-mQ/10-mQ low Rpg(on) buck regulator
MOSFETs
— Operating voltage range: 5.5V to 26 V,
withstand 36-V input
— Adjustable frequency: 200 kHz to 800 kHz
(TPS25865-Q1)
— Adjustable frequency: 200 kHz to 3 MHz
(TPS25864-Q1)
— FPWM with spread-spectrum dithering
— Selectable output voltage: 5.1V, 5.17 V, 5.3V,
54V
* Internal power path:
— 7-mQ/7-mQ low Rpson) internal USB power
MOSFETs
— Current limit for USB ports with high accuracy:
+10% at 2.73 A
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— OUT: 5.1V, 200-mA supply for auxiliary loads
» Line drop compensation: 90 mV at 2.4-A load
+ Compliant to USB-IF standards
— Automatic DCP modes:
» Shorted mode per BC1.2 and YD/T 1591
2009
*+ 1.2-V mode
+ 2.7-V Divider 3 mode
* Load shedding versus programmable Tp
» Device T, range: —-40°C to +150°C

2 Applications

» Automotive USB charging ports
* Automotive USB media hubs

3 Description

The TPS2586x-Q1 is an integrated USB charging
port solution, which includes a synchronous, high
efficiency DC/DC converter and integrated detection
and control for implementing USB Battery Charging
1.2 in dual Type-A ports.

Device Information(")
PART NUMBER PACKAGE | BODY SIZE (NOM)
TPS25865-Q1 VQFN-HR (25) | 3.50 mm x 4.50 mm
TPS25864-Q1 VQFN-HR (25) | 3.50 mm x 4.50 mm

(1)  For detail part numbers for all available different options, see
the orderable addendum at the end of the data sheet.

100

9 /(
%
85

80

75

Efficiency(%)

70

— VIN=6V 400KHz
65 — VIN=13.5V 400KHz
VIN=18V  400KHz

0.1 1 2 3 4 a8

Load Current(A)

Efficiency vs Output Current

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/solution/automotive-usb-charge
http://www.ti.com/solution/automotive-media-hub
https://www.ti.com/product/TPS25865-Q1
https://www.ti.com/product/TPS25864-Q1
https://www.ti.com/lit/pdf/SLVSFP2
https://www.ti.com/product/TPS25865-Q1?dcmp=dsproject&hqs=#order-quality
https://www.ti.com/product/TPS25865-Q1?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com/product/TPS25865-Q1?dcmp=dsproject&hqs=#design-development
https://www.ti.com/product/TPS25865-Q1?dcmp=dsproject&hqs=#support-training

I3 TEXAS
TPS25865-Q1, TPS25864-Q1 INSTRUMENTS
SLVSFP2B — NOVEMBER 2020 — REVISED SEPTEMBER 2021 www.ti.com
Table of Contents
TFEAtUres.........ooiiiiii 1 10.2 Functional Block Diagram..........ccccocevevieiininceninnenn. 18
2 Applications.............ccooiiiiiiii 1 10.3 Feature Description...........ccceevveiiiieeeiiiiee e 19
3 DeSCription...........oooiiiiiiii 1 10.4 Device Functional Modes...........cccocueeeniiiciieeennnenn. 30
4 Revision History.............cccooiiii e, 2 11 Application and Implementation................................ 31
5 Description (continued)...............cocoeiiiiiiini 3 11.1 Application Information............ccccooveviiiiiiiiieeiiieee 31
6 Device Comparison Table..............cccccooiiiiiiiinicin, 4 11.2 Typical Applications...........cccoeveveinieiiiiiiececeee 31
7 Pin Configuration and Functions....................c.ccccoee. 5 12 Power Supply Recommendations..................ccccec... 40
8 Specifications..............cccooiiiiiiiiiii 7 A3 LaYOUL......oeiiiiie 40
8.1 Absolute Maximum Ratings .........cccccceeviieiiniecinieees 7 13.1 Layout Guidelines.........cccovveeeiiiiiiiiie e 40
8.2 ESD RatiNgS ...ceevieiiiiiii it 7 13.2 Layout Example.........coccoviiiiiiiiiiiicece e 41
8.3 Recommended Operating Conditions ........................ 8 13.3 Ground Plane and Thermal Considerations............ 41
8.4 Thermal Information ............ccceviiiiiiei e 9 14 Device and Documentation Support.......................... 43
8.5 Electrical Characteristics ...........cccovviiniiiiiieeiiieees 9 14.1 Receiving Notification of Documentation Updates..43
8.6 Timing Requirements ...........cccoceeiiiiieniiienieeee, 11 14.2 Support RESOUICES.........ccovieeeiiiieriee e 43
8.7 Switching CharacteristiCs ..........cccccovveeeiiiieiiien e, 12 14.3 Trademarks. ........coccuviiiieiiniieeeeee e 43
8.8 Typical CharacteristiCs.............ccceevviieiniiiciieceiee 13 14.4 Electrostatic Discharge Caution...............cccceeiieene 43
9 Parameter Measurement Information.......................... 16 T4.5 GlOSSANY...ociueiiiiiiieectit e 43
10 Detailed Description..............ccccoooiiiiiiniiee, 17 15 Mechanical, Packaging, and Orderable
10.1 OVEIVIEW...cooiiiiiiiiie et 17 Information...............ccco i 44

4 Revision History

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

Changes from Revision A (March 2021) to Revision B (September 2021) Page
o Added TPS25864-Q1 INfOrMEALION. ....oiiiiiee ittt e e e e e e e e e et e e e e e e e e e e e aa e e nennaneeeeeaaaeeeeaaaannns 1
Changes from Revision * (November 2020) to Revision A (March 2021) Page
* Added EMI requirements bullet to the Features SECHON............uueeiiiiii e 1
L U T To F= 1 0= To o o Yo U] o 0 =T o | 0 (11 YRR 1
» Added Figure 11-3 to the Application CUrves SECHON............coociciiiiieeeee et 35
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5 Description (continued)
The TPS2586x-Q1 is a highly-integrated USB Type-A charging controller for dual-USB ports application.

The TPS2586x-Q1 integrates a monolithic, synchronous, rectified, step-down, switch-mode converter with
internal power MOSFETs and two USB current-limit switches with charging port auto-detection. The TPS2586x-
Q1 offers a compact solution with excellent load and line regulation over a wide input supply range. The
synchronous buck regulator operates with peak-current mode control and is internally compensated to simplify
the design. For TPS25865-Q1, a resistor on the FREQ pin sets the switching frequency between 200 kHz and
800 kHz. For TPS25864-Q1, a resistor on the FREQ pin sets the switching frequency between 200 kHz and 3
MHz. Operating below 400 kHz results in better system efficiency and operation above 2.1 MHz avoids the AM
radio bands and allows for use of a smaller inductor.

The TPS2586x-Q1 integrates standard battery charging (Rev. 1.2) and provides the required electrical
signatures necessary for USB Type-A devices which use USB data line signaling to determine USB port current
sourcing capabilities. The TPS2586x-Q1 also has integrated an OUT power switch that can provide maximum
200-mA current for auxiliary loads. The device is especially suitable for dual-port application due to the high
system integration and small footprint. The device is especially suitable for dual-port application due to the high
system integration and small footprint.

The TPS2586x-Q1 supports intelligent thermal management. The USB output voltage can be regulated
according to the temperature sensing through the TS pin. The TPS2586x-Q1 must connect a NTC thermistor
on the TS pin to monitor the ambient temperature or PCB boar temperature, depending on where the NTC
thermistor is put in the USB charging module or PCB board. Select a different NTC thermistor and bottom-side
series resistor can change the temperature threshold for load shedding.

The TPS2586x-Q1 have four selectable USB output voltage settings: 5.1 V, 517 V, 5.3 V, and 5.4 V. The
TPS2586x-Q1 integrates a precision current sense amplifier for cable droop compensation and USB ports
current limit. The cable compensation is only available when the output voltage is set to 5.17 V. The cable
compensation voltage is 90 mV at 2.4-A output current. Cable compensation aids portable devices in charging at
optimum current and voltage under heavy loads by changing the buck regulator output voltage linearly with load
current to counteract the voltage drop due to wire resistance in automotive cabling. The BUS voltage measured
at a connected portable device remains approximately constant, regardless of load current, allowing the battery
charger of the portable device to work optimally.

The TPS2586x-Q1 provides various safety features for USB charging and system operations, including external
negative thermistor monitoring, cycle-by-cycle current limit, hiccup short-circuit protection, undervoltage lockout,
BUS overcurrent, OUT overcurrent, and die overtemperature protection.

The device family is available in a 25-pin, 3.5 mm x 4.5 mm QFN package.
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6 Device Comparison Table

DEVICE NUMBER

TPS25864-Q1

TPS25865-Q1

Type-A ports number Dual Dual

NTC Thermistor Input (TS) Yes Yes

DC/DC converter switching frequency range 200 kHz to approximately 3 MHz 200 kHz to approximately 800 kHz
BC1.2 DCP Yes Yes

Apple or Samsung charging scheme Yes Yes

Cable compensation Yes Yes(!)

Selectable output voltage Yes Yes

External clock synchronization

Yes, range 200 kHz to approximately 3

Yes, range 200 kHz to approximately 800

MHz kHz
Adjustable output short current limit Yes Yes
FPWM/PFM FPWM FPWM
DCDC always ON (EN pull High) Yes No
Spread spectrum Yes Yes

Package

QFN-25 3.5 mm x 4.5 mm

QFN-25 3.5 mm x 4.5 mm

(1) VSET short to GND to set 5.17-V output voltage. Compensation voltage is 90 mV when either USB port A or USB port B output 2.4-A

current.
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7 Pin Configuration and Functions
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Figure 7-1. TPS2586x-Q1 RPQ Package 25-Pin (QFN) Top View

Table 7-1. Pin Functions for TPS2586x-Q1 RPQ Package

PIN
TYPE () DESCRIPTION
NAME NO.
Output Voltage Setting. Short to GND to set the 5.17-V output voltage. Float or pull up to
VSET 1 A Vsense to set 5.1-V output voltage. Tie to GND through a 40.2-KQ resistor to set 5.3-V
output voltage. Tie to GND through a 80.6-KQ resistor to set 5.4-V output voltage.
TS 2 A Temperature Sense terminal. Connect the TS input to the NTC thermistor.
BIAS 3 = Input of internal bias supply. Must connect to the SENSE pin directly. Power the internal
circuit.
PA_DP 4 A D+ data line. Connect to USB Port A connector.
PA_DM 5 A D- data line. Connect to USB Port A connector.
AGND 6 P Analog ground terminal. Connect AGND to PGND.
CFG1 7 A Configuration pin. For internal circuit, must connect a 5.1-KQ resistor to AGND.
NC 8,14 A Makes no electrical connection.
CFG2 9 A Configuration pin. For internal circuit, must connect a 11.8-KQ resistor to AGND.
PA_BUS 10 P Port A BUS output.
Output Voltage Sensing. External load on this pin is strictly prohibited. Connect to the
SENSE 1 P . -
other side of the external inductor.
PB_BUS 12 P Port B BUS output.
ouT 13 = Output pin. Provide 5.1-V voltage to power external load with maximum 200-mA capability.
The voltage follows the VSET setting.
CFG3 15 A Configuration pin. For internal circuit, must connect a 5.1-KQ resistor to AGND.
Power Ground terminal. Connected to the source of LS FET internally. Connect to system
PGND 16, 24, 25 P ground, AGND, and the ground side of the Cjy and Coyt capacitors. The path to Cy must
be as short as possible.
PB_DM 17 A D- data line. Connect to USB port B connector.
PB_DP 18 A D+ data line. Connect to USB port B connector.
FREQ/ SYNC 19 A Switching Frequeqcy Program and External Clock Input. Connect a resistor from FREQ to
GND to set the switching frequency.
Enable pin. Precision enable controls the regulator switching action. Do not float. High =
EN/UV 20 A on, Low = off. Can be tied to SENSE directly. Precision enable input allows adjustable
UVLO by external resistor divider if tie to IN pin.
BOOT 21 = Bootstrap capacitor connection. Internally, the BOOT is connected to the cathode of the
boost-strap diode. Connect the 0.1-uF bootstrap capacitor from SW to BOOT.
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Table 7-1. Pin Functions for TPS2586x-Q1 RPQ Package (continued)

PIN

TYPE (1) DESCRIPTION
NAME NO.
Input power. Connected to external DC supply. Expected range of bypass capacitors is 1
IN 22 P uF to 10 pF, connect from IN to PGND. Can withstand up to 36 V without damage but
operating is suspended if VIN is above the 26-V OVP threshold.
SW 23 = Switching output of the regulator. Internally connected to source of the HS FET and drain

of the LS FET. Connect to output inductor.

M

A = Analog, P = Power, G = Ground.
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8 Specifications

8.1 Absolute Maximum Ratings
Over the recommended operating junction temperature range of -40°C to +150°C and AGND = PGND (unless otherwise

noted)(™
PARAMETER MIN MAX UNIT
IN to PGND -0.3 40)
IN to SW -0.3 35
BIAS, SENSE to PGND -0.3 6
Input voltage EN to AGND -0.3 11 \Y
FREQ/SYNC to AGND -0.3 6
VSET to AGND -0.3 6
AGND to PGND -0.3 0.3
SW to PGND -0.3 35
SW to PGND (less than 10 ns transients) -3.5 35
Output voltage \%
BOOT to SW -0.3 6
PA_BUS, PB_BUS, OUT to PGND -0.3 6
CFG1, CFG2, CFG3 to AGND -0.3 6
Voltage range Vv
DP, DM to AGND -0.3 6
Voltage range TS to AGND -0.3 6 \%
1/0 current DP to DM in BC1.2 DCP Mode -35 35 mA
T, Junction temperature -40 150 °C
Tstg 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.

(2)  VIN rising slew rate below 20V/ms if in 0-V to 40-V transient, room temperature, maximum 500-uF cap at SENSE.

8.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per AEC Q100-002(") +2000@
V(esp) | Electrostatic discharge Charged device model (CDM), per | Corner pins +7500) Y
AEC Q100-011 Other pins +7500)

(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
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8.3 Recommended Operating Conditions

Over the recommended operating junction temperature range of -40°C to 150°C. Voltages are with respect to GND (unless
otherwise noted)

MIN NOM MAX| UNIT
IN to PGND 5.5 26
V, Input voltage EN 0 VSENSE \%
TS 0 VSENSE
FREQ/SYNC when driven by external clock 0 3.3
Vo Output voltage PA_BUS, PB_BUS, OUT 5 5.5 \%
PA_BUS, PB_BUS 0 24| A
lo Output current ouT 0 0.2 A
DP to DM Continuous current in BC1.2 DCP Mode -15 15| mA
Rext  |External resistnace Ryser 0 100| k0
Rrreq 0 100| kQ
Cext |External capacitance CgooT 0.1 uF
T, Operating junction temperature -40 150, °C
8 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: TPS25865-Q1 TPS25864-Q1


https://www.ti.com/product/TPS25865-Q1
https://www.ti.com/product/TPS25864-Q1
https://www.ti.com/lit/pdf/SLVSFP2
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSFP2B&partnum=TPS25865-Q1
https://www.ti.com/product/tps25865-q1?qgpn=tps25865-q1
https://www.ti.com/product/tps25864-q1?qgpn=tps25864-q1

13 TEXAS

INSTRUMENTS

www.ti.com

TPS25865-Q1, TPS25864-Q1
SLVSFP2B — NOVEMBER 2020 — REVISED SEPTEMBER 2021

8.4 Thermal Information

TPS2586x-Q1
THERMAL METRIC(") () RPQ (VQFN) UNIT
25 PINS
Reua Junction-to-ambient thermal resistance 37.7 °C/W
Reuc(top) Junction-to-case (top) thermal resistance 17.2 °C/W
Rays Junction-to-board thermal resistance 8.8 °C/W
Yr Junction-to-top characterization parameter 0.3 °C/W
Y Junction-to-board characterization parameter 8.8 °C/W
Rauc(bot) Junction-to-case (bottom) thermal resistance 20.3 °C/W

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

report.

(2) Power rating at a specific ambient temperature T should be determined with a maximum junction temperature of 150 °C.

8.5 Electrical Characteristics

Limits apply over the recommended operating junction temperature (T,) range of -40°C to +150°C; V|y = 13.5 V, fgw =
400 kHz, VSET short to GND unless otherwise stated. Minimum and maximum limits are specified through test, design or
statistical correlation. Typical values represent the most likely parametric norm at T, = 25°C, and are provided for reference

purposes only.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SUPPLY VOLTAGE (IN PIN)
lsp i’;‘gg:r‘gg gf:ﬁsgfnﬁt current; VEN/UV =0, -40°C < T, < 85°C 34 63| uA
Iq Qperating quiescent current (DCDC VEch VSENSEs CchG1&CFG3 = open, 200 uA
disable) -40°C<T,;<85C
Voo roguiator Sops owiching 26 215 284 V
VovLo_Hvs Hysteresis 0.5 V
ENABLE AND UVLO (EN/UVLO PIN)
Venuvio R El\?;_ng threshold for not in External Venyuy rising threshold 126 13 134 Vv
VEN/UVLO_HYS Hysteresis Venuvio falling 100 mV
BOOTSTRAP
VBTST UVLO Bootstrap voltage UVLO threshold 2.2 Vv
Rgoot Bootstrap pull-up resistence VSENSE - BOOT =0.1V 7.7 Q
BUCK REGULATOR
IL-sc-Hs High-side current limit BOOT-SW=5V 10.2 11.4 12.6 A
IL.scLs Low-side current limit SENSE =5V 8.5 10 11.5 A
IL.NEG-LS Low-side negative current limit SENSE =5V -7 -5 -3 A
Iz¢ Zero current detector threshold 0.01 A
CFG1 or CFG3 pulldown resistance
=5.1KQ, VSET float or pull up to -1% 5.1 +1% \
Vsense, Ty=25°C
CFG1 or CFG3 pulldown resistance
=5.1KQ, VSET short to AGND, T, = -1% 5.17 +1% \
VsensE BUCK Output voltage 25°C
el IR SR AR
ke R I
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8.5 Electrical Characteristics (continued)

Limits apply over the recommended operating junction temperature (T,) range of -40°C to +150°C; V|y = 13.5 V, fgyw =

400 kHz, VSET short to GND unless otherwise stated. Minimum and maximum limits are specified through test, design or
statistical correlation. Typical values represent the most likely parametric norm at T; = 25°C, and are provided for reference
purposes only.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
CFG1 or CFG3 pulldown resistance = o
VsensE BUCK Output voltage accuracy Ry, 40°C < T, < 150°C -2 2 %
Vv SENSE input level to enable DCDC Vsense rising, CFG1 or CFG3 pull 3.85 4 4.15 Vv
DCDC_UVLO_R switching down resistance = 5.1KQ ’ ’
. VSENSE falling, CFG1 or CFG3 pU”
Voeoc_uvio_Hys - |Hysteresis down resistance = 5.1KQ 0.4 v
VN = Vsense * Vbrop, Vsens = 5.1V,
V| Dropout voltage ( V|\-V ’ 300 mV
DROP p ge (ViN-Vsense) len s = 2.4A, Ipg pus = 2.4A
i _ . IPAiBUS =24A, IPBiBUS =24A, BOOT
Rps-oN-Hs High-side MOSFET ON-resistance “SW=5V, -40°CS T, < 150°C 18 34| mQ
i e lpa_Bus=2.4 A, Ipg gus = 2.4 A,
Rps-on-Ls Low-side MOSFET ON-resistance Vernse = 5V, -40°C < T, <150°C 9.5 18.5| mQ
POWER SWITCH AND CURRENT LIMIT
USB Load Switch MOSFET ON- Ipa_Bus = 2.4 A, Ipg pus = 2.4 A; -40°C
Rops.on_uss resistance <T,<150°C 68 1173 maQ
OUT Load Switch MOSFET ON- _
Ros-on_out resistance lour=0.3 A 230 mQ
Voltage on SENSE pin that will enable
VussLs UWLO R |the USB Load Switch 395 41 425V
VUSBLS_UVLO_HYS Hysteresis 200 mV
| BUS output short-circuit secondary 3938 4376 4814| mA
oS H! current limit T,=25C 4157 4376 4595 mA
2461 2735 3009 mA
los BUS BUS output short-circuit current limit
- T,=25C 2598 2735 2872 mA
los_out OUT output short-circuit current limit | Short circuit current limit 390 450 495 mA
CABLE COMPENSATION VOLTAGE
. IPA_BUS or IPB_BUS = 24A, VSET= GND
VbropP_com Cable compensation voltage (s6t 5.17V output) 70 90 110 mV
BC 1.2 DOWNSTREAM CHARGING PORT
RppM_sHORT DP and DM shorting resistance 70 200 Q
DIVIDER 3 MODE
Vop piva DP output voltage 2.57 2.7 2.84 V
VDM_D|V3 DM OUtpUt voltage 2.57 2.7 2.84 \Y
RDP_D|V3 DP OUtpUt impedance IDP_IN =-5 HA 24 30 36 kQ
RDM_D|V3 DM output impedance IDM_IN =-5 HA 24 30 36 kQ
1.2-V MODE
Vpp_1.2v DP output voltage 1.12 1.2 1.26 Vv
Vbm_1.2v DM output voltage 1.12 1.2 1.26 V
Rpp _1.2v DP output impedance Ipp N =-5 PA 84 100 126 kQ
Rpm_1.2v DM output impedance Ipm_IN = =5 HA 84 100 126 kQ
FREQ/SYNC THRESHOLD
Vv FREQ/SYNC high threshold for Amplitude of SYNC clock AC signal 2 Vv
IH_FREQ/SYNC external clock synchronization (measured at FREQ/SYNC pin)
Vv FREQ/SYNC low threshold for Amplitude of SYNC clock AC signal 08 vV
IL_FREQ/SYNC external clock synchronization (measured at FREQ/SYNC pin) :
TEMPERATURE SENSING
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8.5 Electrical Characteristics (continued)

Limits apply over the recommended operating junction temperature (T,) range of -40°C to +150°C; V|y = 13.5 V, fgyw =
400 kHz, VSET short to GND unless otherwise stated. Minimum and maximum limits are specified through test, design or

statistical correlation. Typical values represent the most likely parametric norm at T; = 25°C, and are provided for reference
purposes only.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VWARN_HIGH Temperature warning threshold rising | As percentage to Vsense 0.475 0.5 0.525| VNV
VWARN_HYS Hysteresis As percentage to Vsense 0.1 VIV
Temperature Hot assert threshold
VHOT HIGH rising to reduce SENS voltage As percentage to Vsense 0.618 0.65 0.683| VIV
VHOT Hys Hysteresis As percentage to Vsense 0.1 VIV
Vv Vsense voltage decay when TS pin voltage rise above 0.65 * 477 Vv
R_VSENS Temperature Hot assert VseENSE :
THERMAL SHUTDOWN
Shutdown threshold 160 °C
Tis sp USB Load Switch Over Temperature
- Recovery threshold 150 °C
Shutdown threshold 166 °C
Tsp Thermal shutdown
Recovery threshold 154 °C
8.6 Timing Requirements
Over the recommended operating junction temperature range of -40 °C to 150 °C (unless otherwise noted)
| MIN NOmM MAX| UNIT
BUS DISCHARGE
POWER SWITCH TIMING
tios HI DEG Deglltch time for USB power switch current USB port enter overcurrent 1.228 2.048 2.867| ms
! limit enable
tios_HI_RST MFI OCP reset timing 9.6 16 224| ms
L CL=1uF, R =100 Q (measured from 10%
tr uss PA_BUS, PB_BUS voltage rise time 0 90% of final value) 1.67 ms
. CL =1 pF, R_ =100 Q (measured from 90%
t; uss PA_BUS, PB_BUS voltage fall time to 10% of final value) 0.49 ms
ton_usB PA_BUS, PB_BUS voltage turnon-time CL=1uF,R.=100Q 2.59 ms
tofr UsB PA_BUS, PB_BUS voltage turnoff-time CL=1uF,R.=100Q 2.07 ms
fos UsE F_’A_BUS, PB_BUS short-circuit response CL=1WF,R =10Q 1 us
— time
L CL =1 puF, R. =100 Q (measured from 10%
t out OUT voltage rise time t0 90% of final value) 0.12 02 0.28| ms
) CL =1 puF, R_ =100 Q (measured from 90%
t out OUT voltage fall time to 10% of final value) 0.16 022 0.28| ms
ton_ouT OUT voltage turnon-time CL=1uF,R.=100Q 0.6 1.1 165 ms
toff_ouT OUT voltage turnoff-time CL=1uF,R.=100Q 045 054 0.62| ms
tios_out OUT short-circuit response time CL=1uF,RL=1Q 1.4 4| us
HICCUP MODE
THICPfON 8HI;HTQ_BUS’ PB_BUS output hiccup mode OC, VOUTv VPAiBUSr VPBﬁBUS drop 10% 2.94 41 542 ms
OUT, PA_BUS, PB_BUS output hiccup mode |OC, OUT, PA_BUS, PB_BUS connect to
THICP_OFF OFF time GND 367 524 715 ms
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8.7 Switching Characteristics

Over the recommended operating junction temperature range of -40 °C to 150 °C (unless otherwise noted)

PARAMETER TEST CONDITIONS ‘ MIN TYP MAX‘ UNIT
SW (SW PIN)

Ton_MIN Minimum turnon-time 84 ns
T Maximum turnon-time, HS timeout in 6 s
ON_MAX dropout H
ToFF_MIN Minimum turnoff time 81 ns
Dmax Maximum switch duty cycle 98 %

TIMING RESISTOR AND INTERNAL CLOCK
Switching frequency range using
fSWfRANGE FREQ mode (TPS25865-Q1) 9 kQ < Rereas 99 kQ 200 800 kHz
Switching frequency range using
fSWfRANGE FREQ mode (TPS25864-Q1) 9 kQ < Rereas 99 kQ 200 3000 kHz
Rrreq = 80.6 kQ 228 253 278| kHz
fsw Switching frequency
Rrreq = 49.9 kQ 360 400 440| kHz
fsw Switching frequency (TPS25864-Q1) |Rpreq = 8.45 kQ 1980 2200 2420 kHz
FSes Frequgncy span of spread spectrum +6 %
operation
EXTERNAL CLOCK(SYNC)
Switching frequency using external
fFREQ/SYNC clock on FREQ/SYNC pin (TP825865- 200 800 kHz
Q1)
Switching frequency using external
ferREQISYNG clock on FREQ/SYNC pin (TPS25864- 200 3000, kHz
Q1)
. _ _ fsyne = 400kHz, Vereaisyne >
Tsync_MIN Minimum SYNC input pulse width ViH_rreaisynes VEREQisYNG < ViL_FREQr 100 ns
SYNC
TLock N PLL lock time 100 us
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8.8 Typical Characteristics

Unless otherwise specified the following conditions apply: Viy = 13.5 V, fgw = 400 kHz, L = 3.3 pH, Csense = 141 WF, Cpa_gus

=1 yF, Cpg_pus = 1 UF, Ta =25 °C.
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8.8 Typical Characteristics (continued)

Unless otherwise specified the following conditions apply: Viy = 13.5 V, fgw = 400 kHz, L = 3.3 pH, Csense = 141 WF, Cpa_gus

p— —_ —_— o
=1 WF, Cpg_pus = 1 MF, TA=25°C.
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8.8 Typical Characteristics (continued)

Unless otherwise specified the following conditions apply: Viy = 13.5 V, fgw = 400 kHz, L = 3.3 pH, Csense = 141 WF, Cpa_gus

=1 yF, Cpg_pus = 1 WF, Ta =25 °C.
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9 Parameter Measurement Information
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10 Detailed Description
10.1 Overview

The TPS2586x-Q1 is a full-featured solution for implementing a compact USB charging port with support BC1.2
standards. The device contain an efficient buck regulator power source. For dual Type-A ports, the TPS2586x-
Q1 is capable of providing up to 5 A of output current at 5.17 V (nominal), 2.4 A for each Type-A port, 200 mA for
the OUT pin. The TPS2586x-Q1 is an automotive-focused USB charging controller and offers a robust solution,
so Tl recommends to add adequate protection (TVS3300 equivalent or better but auto qualified) on the IN pin to
protect systems from high-power transients or lightning strikes.

System designers can optimize efficiency or solution size through careful selection of switching frequency in the
range of 200 kHz—2400 kHz with sufficient margin to operate above or below the AM radio frequency band.
TPS2586x-Q1 protects itself with internal thermal sensing circuits that monitor the operating temperature of the
junction and disables operation if the temperature exceeds the Thermal Shutdown threshold, so in high ambient
temperature application, the 5-A output current capability is not assured. In the TPS2586x-Q1, the buck regulator
operates in forced PWM mode, ensuring fixed switching frequency regardless of load current. Spread-spectrum
frequency dithering reduces harmonic peaks of the switching frequency, potentially simplifying EMI filter design
and easing compliance.

Current sensing through a precision FET current sense amplifier on the USB port enables an accurate
overcurrent limit setting and linear cable compensation to overcome IR losses when powering remote USB
ports.

The TPS2586x-Q1 includes a TS input for user-programmable thermal protection using a negative temperature
coefficient (NTC) resistor.

The device can support the legacy Battery Charging Specification Rev 1.2 (BC1.2) DCP mode with an auto-
detect feature to charge not only BC1.2-compliant handheld devices, but also popular phones and tablets that
incorporate their own propriety charging algorithm.
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10.2 Functional Block Diagram
—t M T

il
L

sv
VREG
ouT
o I}
L gne
Output Voltage
Regulation Driver

Deadtime
Control Logi

EN/UVLO

soRstat SENSE SENSE
el CCoverric ide f‘ .?

N (3A>158)
J N Il s
0SC& r
L

‘!Alr T
SENSE I SENSE

FREQ/SYNC

Vhys = 500mV
v

(.

Vtht =0.65 x VSENSE
Vhys = 500mV.

Decode
and Verf

vips

VSET |
h .

13sny

vops

o
>
@
c
©w

—C E]—l—"
CFGL] l
! ischarge
CFGZI
PB_BUS
CFG3I - {1 _L
Discharge
o] Bk
I Control Logic
&
PA_DP
I DeP Auto Cable comp and
Current limit
PB_DM
- TPS25864/5-Q1
PB_DPI
AGND
[ [j
18 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: TPS25865-Q1 TPS25864-Q1


https://www.ti.com/product/TPS25865-Q1
https://www.ti.com/product/TPS25864-Q1
https://www.ti.com/lit/pdf/SLVSFP2
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSFP2B&partnum=TPS25865-Q1
https://www.ti.com/product/tps25865-q1?qgpn=tps25865-q1
https://www.ti.com/product/tps25864-q1?qgpn=tps25864-q1

13 TEXAS
INSTRUMENTS TPS25865-Q1, TPS25864-Q1
www.ti.com SLVSFP2B — NOVEMBER 2020 — REVISED SEPTEMBER 2021

10.3 Feature Description
10.3.1 Power-Down or Undervoltage Lockout

The device is in low power mode if the IN terminal voltage is less than VUVLO, so the part is considered dead
and all the terminals are high impedance. Once the IN voltage rises above the VUVLO threshold, the IC enters
sleep mode or active mode, depending on the EN/UVLO voltage.

The voltage on the EN/UVLO pin controls the ON/OFF operation of the TPS2586x-Q1. An EN/UVLO pin voltage
higher than VenyuvLo-H IS required to start the internal regulator. The internal USB monitoring circuitry is on when
VN is within the operation range and the EN/UVLO threshold is cleared.

The EN/UVLO pin is an input and cannot be left open or floating. The simplest way to enable the operation of the
TPS2586x-Q1 is to connect EN to SENSE. This connection allows self-startup of the TPS2586x-Q1 when V| is
within the operation range. Note that you cannot connect the EN to IN pin directly for self-startup.

Many applications benefit from the employment of enable dividers Rgnyt and Rgng to establish a precision
system UVLO level for the TPS2586x-Q1 shown in Figure 10-1. The system UVLO can be used for sequencing,
ensuring reliable operation, or supply protection, such as a battery discharge level. To ensure the USB port
Vgus is within the 5-V operating range as required for USB compliance (for the latest USB specifications
and requirements, refer to USB.org), Tl suggests that the Rgnyt and Regpng resistors be chosen such that the
TPS2586x-Q1 enables when V| is approximately 6 V. Considering the dropout voltage of the buck regulator and
IR losses in the system, 6 V provides adequate margin to maintain Vgyg within USB specifications. If system
requirements, such as a warm crank (start) automotive scenario, require operation with V|y < 6 V, the values of
Rent @nd Reng can be calculated assuming a lower V. An external logic signal can also be used to drive the
EN/UVLO input when a microcontroller is present and it is desirable to enable or disable the USB port remotely
for other reasons.

Figure 10-1. System UVLO by Enable Divider
UVLO configuration using external resistors is governed by the following equations:

Vinon
RENT:[V()_1 x Reng
EN/UVLO _H (1)

\%

EN/UVLO _HYS
VIN(OFF) = VIN(ON) x [1 - ]

V EN/UVLO _H

(2)
For example:
Vinon) =6V
Rent = 20 kQ
Reng = [(Ven-vouT-H) / (Vinon) = VEN)] X Rent (3)

RENB =5kQ
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Therefore, VIN(OFF) =55V
10.3.2 Input Overvoltage Protection (OVP) - Continuously Monitored

The operation voltage range of the TPS2586x-Q1 is up to 26 V. If the input source applies an overvoltage, the
buck regulator HSFET/LSFET turns off immediately. Thus, the USB ports and OUT pin loses their power as well.
Once the overvoltage returns to a normal voltage, the buck regulator continues switching and provides power on
the USB ports and OUT pin.

During the overvoltage condition, the internal regulator regulates the SENSE voltage at 5 V, so the SENSE
always has power for the internal bias circuit and external NTC pullup reference.

10.3.3 Buck Converter

The following operating description of the TPS2586x-Q1 refers to the Functional Block Diagram.

The TPS2586x-Q1 integrates a monolithic, synchronous, rectified, step-down, switch-mode converter with
internal power MOSFETs and USB current-limit switches with charging ports auto-detection. The TPS2586x-Q1
offers a compact solution that achieves up to 5 A of continuous output current with excellent load and line
regulation over a wide input supply range. The TPS2586x-Q1 supplies a regulated output voltage by turning
on the high-side (HS) and low-side (LS) NMOS switches with controlled duty cycle. During high-side switch
ON time, the SW pin voltage swings up to approximately V|y. The inductor current, i, increases with linear
slope (V\y — VouTt ) / L. When the HS switch is turned off by the control logic, the LS switch is turned on after
an anti-shoot-through dead time. Inductor current discharges through the LS switch with a slope of —Vgoyt / L.
The control parameter of a buck converter is defined as Duty Cycle D = tgy / Tsw, Where toy is the high-side
switch ON time and Tgy is the switching period, shown in Figure 10-2. The regulator control loop maintains a
constant output voltage by adjusting the duty cycle D. In an ideal buck converter, where losses are ignored, D is
proportional to the output voltage and inversely proportional to the input voltage: D = Voyt / V|N-

Vsw
% Vin
=)
>
=
@ P tON . AtOFFL t
| Lt Bl L
0 L
Vp = < > S
) Tsw
I

= A
<l
5
(@]
S
(]
=)
2 t

0 L

Figure 10-2. SW Node and Inductor Current Waveforms in Continuous Conduction Mode (CCM)

The TPS2586x-Q1 operates in a fixed-frequency, peak-current-mode control to regulate the output voltage. A
voltage feedback loop is used to get accurate DC voltage regulation by adjusting the peak current command
based on voltage offset. The peak inductor current is sensed from the high-side switch and compared to the
peak current threshold to control the ON time of the high-side switch. The voltage feedback loop is internally
compensated, which allows for fewer external components, making it easy to design, and provides stable
operation with a reasonable combination of output capacitors. The TPS2586x-Q1 operates in FPWM mode for
low output voltage ripple, tight output voltage regulation, and constant switching frequency.

10.3.4 FREQ/SYNC

The switching frequency of the TPS2586x-Q1 can be programmed by the resistor, Rpreq, from the FREQ/SYNC
pin and AGND pin. To determine the FREQ resistance for a given switching frequency, use Equation 4:
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Rereq (KQ) = 26660 x fo,, 048 (kHz)

The normal method of setting the buck regulator switching frequency is by selecting an appropriate value FREQ

70
65
60
55
50
45
40
35
30
25
20
15
10

5

FREQ Resistance (kQ)

200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Switching Frequency (kHz)

I~

—~——

—

(4)

Figure 10-3. FREQ Set Resistor vs Switching Frequency

resistor. The typical FREQ resistors value are listed in Table 10-1. Please note that TPS25865-Q1 can only
support frequency up to 800 kHz.

Table 10-1. Setting the Switching Frequency With FREQ

FREQ (KQ) SWITCHING FREQUENCY (KHz)
80.6 253
49.9 400
19.1 1000
8.87 2100
8.45 2200

The FREQ/SYNC pin can be used to synchronize the internal oscillator to an external clock. The internal
oscillator can be synchronized by AC coupling a positive edge into the FREQ/SYNC pin. When using a low
impedance signal source, the frequency setting resistor, FREQ, is connected in parallel with an AC coupling
capacitor, Ccoyp, to a termination resistor, Rtgry (for example, 50 Q). The two resistors in series provide the
default frequency setting resistance when the signal source is turned off. A 10-pF ceramic capacitor can be used
for Ccoup- The AC coupled peak-to-peak voltage at the FREQ/SYNC pin must exceed the SYNC amplitude
threshold of 1.2 V (typical) to trip the internal synchronization pulse detector, and the minimum SYNC clock
HIGH and LOW time must be longer than 100 ns (typical). A 2.5 V or higher amplitude pulse signal coupled
through a 1-nF capacitor, Csyne, IS @ good starting point. Figure 10-4 shows the device synchronized to an

external system clock. The external clock must be off before startup to allow proper startup sequencing.
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Figure 10-4. Synchronize to External Clock

TPS25864-Q1 switching action can be synchronized to an external clock from 200 KHz to 3 MHz. TPS25865-Q1
switching action can be synchronized to an external clock from 200 KHz to 800 kHz. Note the higher switching
frequency results in more power loss on IC, causing the junction temperature and also the board temperature
rising. Then, the device can enter load shedding under high ambient temperature.

10.3.5 Bootstrap Voltage (BOOT)

The TPS2586x-Q1 provides an integrated bootstrap voltage regulator. A small capacitor between the BOOT and
SW pins provides the gate drive voltage for the high-side MOSFET. The BOOT capacitor is refreshed when the
high-side MOSFET is off and the low-side switch conducts. The recommended value of the BOOT capacitor
is 100 nF. A ceramic capacitor with an X7R or X5R grade dielectric with a voltage rating of 10 V or higher is
recommended for stable performance over temperature and voltage. The BOOT rail has a UVLO to protect the
chip from operation with too little bias and is typically 2.2 V. If the BOOT capacitor voltage drops below the
UVLO threshold, the device initiates a charging sequence using the low-side FET before attempting to turn on
the high-side device.

10.3.6 Minimum ON-Time, Minimum OFF-Time

Minimum ON-time, Ton miN, IS the smallest duration of time that the HS switch can be on. Ton N IS typically
84 ns in the TPS2586x-Q1. Minimum OFF-time, Torr min, is the smallest duration that the HS switch can be
off. Torr_min is typically 81 ns in the TPS2586x-Q1. In CCM (FPWM) operation, Ton_min @and Torr_min limit the
voltage conversion range given in a selected switching frequency.

The minimum duty cycle allowed is:

Dmin = Ton_min % fsw ()
And the maximum duty cycle allowed is:

Dmax = 1= Torr_miN * fsw (6)

Given fixed Ton min @nd Torr min, the higher the switching frequency, the narrower the range of the allowed
duty cycle.

Given an output voltage, the choice of the switching frequency affects the allowed input voltage range, solution
size, and efficiency. The maximum operation supply voltage can be found by:

Y/ _ VOUT
IN_MAX — (f <T )
SW ON_MIN (7)

At lower supply voltage, the switching frequency is limited by Torr pmin- The minimum Vg can be approximated
by:
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VIN_MIN =
(1 —fsw x TOFF_MIN) (8)

Considering power losses in the system with heavy load operation, Viy_uax is higher than the result calculated in
Equation 7.

If minimum ON-time or minimum OFF-time do not support the desired conversion ratio, frequency is reduced,
automatically allowing regulation to be maintained during load dump and with very low dropout during cold crank
even with high operating-frequency setting.

10.3.7 Internal Compensation

The TPS2586x-Q1 is internally compensated. The internal compensation is designed such that the loop
response is stable over the specified operating frequency and output voltage range. TPS25865-Q1 is optimized
for transient response over the range of 200 kHz < fsw < 800 kHz.TPS25864-Q1 is optimized for transient
response over the range of 200 kHz < fsw < 3 MHz.

10.3.8 Selectable Output Voltage (VSET)

The TPS2586x-Q1 provides four different output voltage options. The voltage can be set by an external resistor
across the VSET pin. The normal method of setting the buck output voltage is by selecting an appropriate value
VSET resistor as shown in Table 10-2.

Table 10-2. VSET Configuration vs BUS Output Voltage

VSET CONFIGURATION Vsense
Float or pull up to Vsense 51V
Short to GND 517V
Ryset =40.2 KQ 53V
Ryset = 80.6 KQ 54V

Note that the VSET has an internal weak 20-pA current source to overdrive the pin to SENSE. If this pin is
floated, the voltage on this pin approaches the SENSE voltage, and sets the output voltage to 5.1 V. Tl does not
recommend to float this pin if there is external noise from the PCB board because the noise interferes with the
VSET internal logic block.

10.3.9 Current Limit and Short Circuit Protection

For maximum versatility, the TPS2586x-Q1 includes both a precision, fixed current limit as well cycle-by-cycle
current limit to protect the USB port from extreme overload conditions. The cycle-by-cycle current limit serves as
a backup means of protection.

10.3.9.1 USB Switch Current Limit

Because the TPS2586x-Q1 integrates two USB current-limit switches, it provides current limit to prevent
USB port overheating. The USB current limit threshold is fixed at 2.73 A with a maximum £10% variation
overtemperature on each USB port to follow the Type-A specification. The TPS2586x-Q1 provides built-in
soft-start circuitry that controls the rising slew rate of the output voltage to limit inrush current and voltage surges.

The TPS2586x-Q1 engages the two-level current limit scheme, which has one typical current limit, los gus,
and the secondary current limit, los . The secondary current limit, los 1, is 1.6x the primary current limit,
los_gus-The secondary current limit acts as the current limit threshold for a deglitch time, tlOS_HI_DEG, then the
USB power switch current limit threshold is set back to los_Bus-

The secondary current limit, los Hj, allows the USB port pull out a larger current for a short time during transient
overload conditions, which can bring benefits for USB port special overload testing like MFi OCP. In a normal
application, once the device is powered on and USB port is not in UVLO, the USB port current limit threshold is
overridden by the secondary current limit, los 1), SO the USB port can output as high as a 1.6 x Ips gys current
for typically 2 ms. After the deglitch time, tios | pec, the current limit threshold is set back to the typical current
with los gus- The secondary current limit threshold does not resume until after the tios_Hi_rsT deglitch time,
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which is typically 16 ms. If there is an inrush current higher than the los ) threshold, the current limit is set back
to los_pus immediately, without waiting for a tios 1| peG-

The TPS2586x-Q1 responds to overcurrent conditions by limiting output current to los gys as shown in previous
equation. When an overload condition occurs, the device maintains a constant output current and the output
voltage reduces accordingly. Three possible overload conditions can occur:

The first condition is when a short circuit or overload is applied to the USB output when the device is powered
up or enabled. There can be inrush current and once it triggers the approximate 8-A threshold. A fast turnoff
circuit is activated to turn off the USB power switch within t,os ygg before the current limit control loop is able
to respond (shown in Figure 10-5). After the fast turnoff is triggered, the USB power switch current-sense
amplifier is over-driven during this time and momentarily disables the internal N-channel MOSFET to turn off
USB port. The current-sense amplifier then recovers and ramps the output current with a soft start. If the USB
port is still in overcurrent condition, the short circuit and overload hold the output near zero potential with
respect to ground and the power switch ramps the output current to Igs gus. If the overcurrent limit condition
lasts longer than 4.1 ms, the corresponding USB channel enters hiccup mode with 524 ms of off-time and 4.1
ms of on-time.

Isus

los_sus

@ = >

hiccup ON hiccup OFF }

Figure 10-5. Response Time to BUS Short-Circuit
The second condition is the load current increases above lgg gys but below the log H; setting. The device
allows the USB port to output this large current for tjos 1 peg, Without limiting the USB port current to
los Bus. After the tios 11 peg deglitch time, the device limits the output current to los gys and works in a
constant current-limit mode. If the load demands a current greater than log gus, the USB output voltage
decreases to lgs gus X RLoap for a resistive load, which is shown in Figure 10-6. If the overcurrent limit
condition lasts longer than 4.1 ms, the corresponding USB channel enters hiccup mode with 524 ms of
off-time and 4.1 ms of on-time. Another USB channel still works normally.

Vaus(v) & A 1os(A)
5
los_ti
‘ los_sus
0 @ = [ >

tios i pes  hiccup ON hiccup OFF© hiccup ON hiccup OFF t

Figure 10-6. BUS Overcurrent Protection
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» The third condition is the load current increases just over the Igg  setting. In this case, the load current
does not trigger the fast turnoff. The USB power switch current limit threshold is set back to the primary
current limit, log gys, immediately. If the load still demands a current greater than lps gys, the USB output
voltage decreases to log gus * Rioap for a resistive load, which is shown in Figure 10-7. If the overcurrent
limit condition lasts longer than 4.1 ms, the corresponding USB channel enters hiccup mode with 524 ms of
off-time and 4.1 ms of on-time. Another USB channel still works normally.

Vaus(V/ 4 A 1as(A)
5
/\ los_ni
/ ’ los_sus
0 [ @ = [ >

hiccup ON hiccup OFF ' hiccup ON hiccup OFF t

Figure 10-7. BUS Overcurrent Protection: Two-Level Current Limit

The TPS2586x-Q1 thermal cycles if an overload condition is present long enough to activate thermal limiting
in any of the previously mentioned cases. Thermal limiting turns off the internal NFET and starts when the
NFET junction temperature exceeds 160°C (typical). The device remains off until the NFET junction temperature
cools 10°C (typical) and then restarts. This extra thermal protection mechanism can help prevent further junction
temperature rise, which can cause the device to turn off due to junction temperature exceeding the main thermal
shutdown threshold, Tgp.

10.3.9.2 Interlocking for Two-Level USB Switch Current Limit

The TPS2586x-Q1 has two USB ports. Because the secondary current limit, los n;, is 1.6x of the primary
current limit, log gus, if the two USB ports pull out large current at the same time, then the DC-DC regulator
is overloaded, and DC-DC regulator output voltage can be crashed. To avoid these potential issues, the
TPS2586x-Q1 adopts the interlocking scheme to manage the current limits of the two USB ports.

For interlocking, if one USB port current is beyond the primary current limit threshold, lps gus, then another
USB port current limit threshold is overridden to the primary current limit, los gus, immediately. With this control
scheme, the TPS2586x-Q1 only allows one USB port to output a large current, which can be as high as 1.6x of
the primary current limit, los gys, at the same time. Ensure the DC-DC regulator has enough energy to sustain
its output voltage. -
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10.3.9.3 Cycle-by-Cycle Buck Current Limit
There is a buck regulator cycle-by-cycle current limit on both the peak and valley of the inductor current.

High-side MOSFET overcurrent protection is implemented by the nature of the peak current mode control. The
HS switch current is sensed when the HS is turned on after a set blanking time. The HS switch current is
compared to the output of the Error Amplifier (EA) minus slope compensation every switching cycle. The peak
current of HS switch is limited by a clamped maximum peak current threshold, Iys L mT, Which is constant. The
peak current limit of the high-side switch is not affected by the slope compensation and remains constant over
the full duty cycle range.

The current going through LS MOSFET is also sensed and monitored. When the LS switch turns on, the inductor
current begins to ramp down. The LS switch does not turn OFF at the end of a switching cycle if its current is
above the LS current limit, I g |- The LS switch is kept ON so that the inductor current keeps ramping down
until the inductor current ramps below the LS current limit, I s 7. Then, the LS switch is turned OFF and the
HS switch is turned on after a dead time. This action is somewhat different than the more typical peak current
limit and results in Equation 9 for the maximum load current.

(Vin = Vour) . Your
2 X fSW X L VIN (9)

lout _max =lis_umir +

10.3.9.4 OUT Current Limit

The TPS2586x-Q1 can provide 200-mA current at the OUT pin to power the auxiliary loads, such as USB HUB,
LEDs. The input of the OUT power switch comes from the buck regulator output, so the OUT voltage is the same
with the SNESE voltage but deducts the OUT Rpg.on Voltage loss.

If the OUT current reaches the current limit level, the OUT pin MOSFET works in a constant current-limit mode.
If the overcurrent limit condition lasts longer than 4.1 ms, it enters hiccup mode with 4.1 ms of on-time and 524
ms of off-time.

10.3.10 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 output Vot to Vgys (input voltage of portable device), the total
resistance of PCB trace, connector, and cable resistances causes an IR drop at the portable device input, so
the charging current of most portable devices is less than their expected maximum charging current. The voltage
drop is shown in Figure 10-8.

R
—
g 5.X A(
o ..---..-._ V(oroP)
ag Stes ®e e
s R
5
Q.
: |
e}
= \/ouT with compensation
e V/BUS with compensation
=== VBUS without compensation
; i
1 2 3
Output Current (A)
Figure 10-8. Voltage Drop
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To handle this case, the TPS2586x-Q1 has a built-in cable compensation function where the droop
compensation linearly increases the voltage at the SENSE pin of the TPS2586x-Q1 as load current increases, to
maintain a fairly constant output voltage at the load-side voltage.

For the TPS2586x-Q1, the internal comparator compares the current-sense output voltage of the two current-
limit switches and uses the larger current-sense output voltage to compensate for the line drop voltage. The
cable compensation amplitude increases linearly as the load current increases. The cable compensation also
has an upper limitation. The cable compensation at output currents greater than 2.4 A is 90 mV and is shown
in Figure 10-9. Note the cable compensation only works when you short the VSET to GND. For the other VSET
configuration, the cable compensation is not available.

VSENSE A

5.26V

5.17V

>
2.4A IPA/B_BUS

Figure 10-9. Dual Ports Cable Compensation

10.3.11 Thermal Management With Temperature Sensing (TS) and OTSD

The TS input pin allows for user-programmable thermal protection (for the TS pin thresholds, see the Electrical
Characteristics section). The TS input pin threshold is ratiometric with Vgense. The external resistor divider
setting, Vs, must be connected to the TPS2586x-Q1 SENSE pin to achieve accurate results (refer to the Figure
10-10).
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Py, T CCoverride
(3A->1.5A)

4 Vth? = 0.5 x Vsense
Vhys = 500mV

TS_TEMP_HOT

Vtht = 0.65 x VsENse
Vhys = 500mV

Figure 10-10. TS Input

If the overtemperature condition happens, causing V1g = 0.65 x Vgensg, the TPS2586x-Q1 reduces the BUCK
regulator output voltage to 4.77 V.

If the Overtemperature condition persists, causing T; to reach the OTSD threshold, then the device thermal
shuts down.
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The NTC thermistor must be placed near the hottest point on the PCB. In most cases, this placement is close to
the SW node of the TPS2586x-Q1, near the buck inductor.

10.3.12 Thermal Shutdown

The device has an internal overtemperature shutdown threshold, Tgp, to protect the device from damage and
overall safety of the system. When the device temperature exceeds Tgp, the device is turned off when thermal
shutdown activates. Once the die temperature falls below 154°C (typical), the device re-initiates the power-up
sequence controlled by the internal soft-start circuitry.

10.3.13 USB Specification Overview

All USB ports are capable of providing a 5-V output, making them a convenient power source for operating
and charging portable devices. USB specification documents outline specific power requirements to ensure
interoperability. In general, a USB 2.0 port host port is required to provide up to 500 mA; a USB 3.0 or USB 3.1
port is required to provide up to 900 mA; ports adhering to the USB Battery Charging 1.2 Specification provide
up to 1500 mA; newer Type-C ports can provide up to 3000 mA. Though USB standards governing power
requirements exist, some manufacturers of popular portable devices created their own proprietary mechanisms
to extend allowed available current beyond the 1500-mA maximum per BC 1.2. While not officially part of
the standards maintained by the USB-IF, these proprietary mechanisms are recognized and implemented by
manufacturers of USB charging ports.

The TPS2586x-Q1 device supports four of the most-common USB-charging schemes found in popular hand-
held media and cellular devices:

USB Battery Charging Specification BC1.2 DCP mode

* Chinese Telecommunications Industry Standard YD/T 1591-2009
« Divider 3 mode

* 1.2-V mode

10.3.14 USB Port Operating Modes
10.3.14.1 Dedicated Charging Port (DCP) Mode

A DCP only provides power and does not support data connection to an upstream port. As shown in the
following sections, a DCP is identified by the electrical characteristics of the data lines. TPS2586x-Q1 only
emulates one state, DCP-auto state. In the DCP-auto state, the device charge-detection state machine is
activated to selectively implement charging schemes involved with the shorted, Divider 3 and 1.2-V modes. The
shorted DCP mode complies with BC1.2 and Chinese Telecommunications Industry Standard YD/T 1591-2009,
whereas the Divider 3 and 1.2-V modes are employed to charge devices that do not comply with the BC1.2 DCP
standard.

10.3.14.1.1 DCP BC1.2 and YD/T 1591-2009

Both standards specify that the D+ and D- data lines must be connected together with a maximum series
impedance of 200 Q, as shown in Figure 10-11.

VBus
5V > .
o
o- | §
200 Q <
(max.) D+ | 8
m
GND [ 9

Figure 10-11. DCP Supporting BC1.2 and YD/T 1591-2009

10.3.14.1.2 DCP Divider-Charging Scheme

The device supports Divider 3, as shown in Figure 10-12. In the Divider 3 charging scheme, the device applies
2.7V and 2.7 V to D+ and D- data lines.

28 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated

Product Folder Links: TPS25865-Q1 TPS25864-Q1


https://www.ti.com/product/TPS25865-Q1
https://www.ti.com/product/TPS25864-Q1
https://www.ti.com/lit/pdf/SLVSFP2
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSFP2B&partnum=TPS25865-Q1
https://www.ti.com/product/tps25865-q1?qgpn=tps25865-q1
https://www.ti.com/product/tps25864-q1?qgpn=tps25864-q1

13 TEXAS
TPS25865-Q1, TPS25864-Q1

INSTRUMENTS
www.ti.com SLVSFP2B — NOVEMBER 2020 — REVISED SEPTEMBER 2021
VBUS
5V > -
[e]
D—- °
[0]
C
c
27V D+ [ 8
o
27V I GND | @

Figure 10-12. Divider 3 Mode

10.3.14.1.3 DCP 1.2-V Charging Scheme

The DCP 1.2-V charging scheme is used by some hand-held devices to enable fast charging at 2 A. The
TPS2586x-Q1 device supports this scheme in DCP-auto state before the device enters BC1.2 shorted mode. To
simulate this charging scheme, the D+ and D- lines are shorted and pulled up to 1.2 V for a fixed duration. Then
the device moves to DCP shorted mode as defined in the BC1.2 specification and as shown in Figure 10-13.

VBus

|_[
+
USB Connector

Figure 10-13. 1.2-V Mode

10.3.14.2 DCP Auto Mode

The TPS2586x-Q1 device integrates an auto-detect state machine that supports all the DCP charging schemes
as shown in Figure 10-14. The auto-detect state machine starts in the Divider 3 scheme. If a BC1.2 or YD/T
1591-2009 compliant device is attached, the TPS2586x-Q1 device responds by turning the power switch back
on without output discharge and operating in 1.2-V mode briefly before entering BC1.2 DCP mode. Then,
the auto-detect state machine stays in that mode until the device releases the data line, in which case, the
auto-detect state machine goes back to the Divider 3 scheme. When a Divider 3-compliant device is attached,

the TPS2586x-Q1 device stays in the Divider 3 state.

Divider 3 Mode
S1, S2: ON
S3, S4: OFF

Shorted Mode
S4 ON
S1, S2, 83: OFF

USB Connector

1.2-V Mode
S1, S2: OFF
S3, S4: ON

27V |1.2V

27V

Figure 10-14. DCP Auto Mode

Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback 29

Product Folder Links: TPS25865-Q1 TPS25864-Q1


https://www.ti.com
https://www.ti.com/product/TPS25865-Q1
https://www.ti.com/product/TPS25864-Q1
https://www.ti.com/lit/pdf/SLVSFP2
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSFP2B&partnum=TPS25865-Q1
https://www.ti.com/product/tps25865-q1?qgpn=tps25865-q1
https://www.ti.com/product/tps25864-q1?qgpn=tps25864-q1

13 TEXAS

TPS25865-Q1, TPS25864-Q1 INSTRUMENTS
SLVSFP2B — NOVEMBER 2020 — REVISED SEPTEMBER 2021 www.ti.com

10.4 Device Functional Modes
10.4.1 Shutdown Mode

The EN pin provides electrical ON and OFF control for the TPS2586x-Q1. When Vgy is below 1.2 V (typical), the
device is in shutdown mode. The TPS2585x-Q1 also employs V| overvoltage lock out protection and Vggnse
undervoltage lock out protection. If V|y voltage is above its respective OVLO level, Voy o, or Vsense Voltage is
below its respective UVLO level, Vpcpe uvio, the DC/DC converter turns off.

10.4.2 Active Mode

The TPS2586x-Q1 is in active mode when Vgy is above the precision enable threshold and Vgensg is above its
respective UVLO levels. The simplest way to enable the TPS2586x-Q1 is to connect the EN pin to SENSE pin.
This connection allows self startup when the input voltage is in the operating range (5.5 V to 26 V) and a UFP
detection is made.

In active mode, the TPS25865-Q1 buck regulator does not operate unless CFG1/3 resistors are attached, the
TPS25854-Q1 buck regulator operates even though CFG1/3 resistors are not attached. Then the buck regulator
operates with Forced Pulse Width Modulation (FPWM), also referred to as Forced Continuous Conduction
Mode (FCCM). This operation ensures the buck regulator switching frequency remains constant under all load
conditions. FPWM operation provides low output voltage ripple, tight output voltage regulation, and constant
switching frequency. Built-in spread-spectrum modulation aids in distributing spectral energy across a narrow
band around the switching frequency programmed by the FREQ/SYNC pin. Under light load conditions the
inductor current is allowed to go negative. A negative current limit of I, _yec.Ls is imposed to prevent damage to
the regulator's low side FET. During operation, the TPS2586x-Q1 synchronizes to any valid clock signal on the
FREQ/SYNC input.
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11 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification,
and Tl does not warrant its accuracy or completeness. TI's customers are responsible for

determining suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

11.1 Application Information

The TPS2586x-Q1 is a step down DC-to-DC regulator and USB charge port controller. The TPS2586x-Q1 is
typically used in automotive systems to convert a DC voltage from the vehicle battery to 5-V DC with a maximum
output current of 5 A in dual Type-A ports applications. The TPS2586x-Q1 engages a high efficiency buck
converter, letting the device operate at as high as 85°C ambient temperature with full load. The following design
procedure can be used to select components for the TPS2586x-Q1.

11.2 Typical Applications

The TPS2586x-Q1 only requires a few external components to convert from a wide voltage range supply to a
5-V output to power USB devices. Figure 11-1 shows the TPS2586x-Q1 typical application schematic for Dual
Type-A charging ports under 400-kHz operating frequency.

sSwW

47uF | 47uF| 47uF
100nF

BOOT
22uF . 1uF

BATT) L
T

EN PGND

Vsense

BIAS SENSE

200mA

1uF

TPS25864/5-Q1  oUT

Vsense
IBUS=2.4A
T

PA_BUS

jw ] Ts PA_DM

PA_DP

Type-A
Connector

|
|

1BUS=2.4A
—

PB_BUS
] VSET
PB_DM

PB_DP

Type-A
Connector

CFG2
FREQ/SYNC
CFG3

Jj AGND

Figure 11-1. TPS2586x-Q1 Typical Application Circuit for 400-KHz fgy

“ |-
|

CFG1

As a quick start guide, Table 11-1 provides typical component values for some of the most common
configurations. The values given in Table 11-1 are typical. Other values can be used to enhance certain
performance criterion as required by the application. The integrated buck regulator of TPS2586x-Q1 is internally
compensated and optimized for a reasonable selection of external inductance and capacitance. The external

Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback 31

Product Folder Links: TPS25865-Q1 TPS25864-Q1


https://www.ti.com
https://www.ti.com/product/TPS25865-Q1
https://www.ti.com/product/TPS25864-Q1
https://www.ti.com/lit/pdf/SLVSFP2
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSFP2B&partnum=TPS25865-Q1
https://www.ti.com/product/tps25865-q1?qgpn=tps25865-q1
https://www.ti.com/product/tps25864-q1?qgpn=tps25864-q1

13 TEXAS

TPS25865-Q1, TPS25864-Q1 INSTRUMENTS
SLVSFP2B — NOVEMBER 2020 — REVISED SEPTEMBER 2021 www.ti.com

components have to fulfill the needs of the application, but also the stability criteria of the control loop of the
device.

Table 11-1. L and Cqyt Typical Values

V WITHOUT CABLE
fsw OIgOMPENSATION L Chr + CiN Cgoot RATED Coyr
400 KHZ 517V 3.3 uH 1x100 nF + 1 x 47 yF 1% 100 nF 3 x 47 pF
2.1 MHz 517V 0.68 pH 1 %100 nF + 1 x 22 pF 1 %100 nF 3 x 22 yF

1. The inductance value is calculated based on max V;y =18 V.
2. All the Coyt values are after derating and use low ESR ceramic capacitors.
3. The Cqyr is the buck regulator output capacitors at the SENSE pin.

11.2.1 Design Requirements

The detailed design procedure is described based on a design example. For this design example, use the
parameters listed in Table 11-2 as the input parameters.

Table 11-2. Design Example Parameters

Input voltage, V|y 13.5-V typical, range from 8 V to 18 V
Output voltage, Vsense 517V
Maximum output current 5A
Switching frequency, fsy 400 KHz

11.2.2 Detailed Design Procedure
11.2.2.1 Output Voltage Setting

The output voltage of TPS2586x-Q1 is programmed by the VSET pin, and if short VSET to GND sets the
output voltage at 5.17 V and enables the cable compensation function, the output voltage increases linearly
with increasing load current. Refer to List item for more details on output voltage setting. Cable compensation
can be used to increase the voltage on the SENSE pin linearly with increasing load current. Refer to List
item.referenceTitle for more details on cable compensation setting. If cable compensation is not desired, use a
0-Q Rymon resistor.

11.2.2.2 Switching Frequency

The recommended switching frequency of the TPS2586x-Q1 is in the range of 250 KHz—400 KHz for high
efficiency. Choose Rrreq = 49.9 kQ for 400-KHz operation. To choose a different switching frequency, refer to
Table 10-1.

The choice of switching frequency is a compromise between conversion efficiency and overall solution size.
Lower switching frequency implies reduced switching losses and usually results in higher system efficiency.
However, higher switching frequency allows the use of smaller inductors and output capacitors, and hence, a
more compact design. In automotive USB charging applications, switching frequency tends to operate at either
400 kHz below the AM band, or 2.1 MHz above the AM band. In this example, 400 kHz is chosen.

11.2.2.3 Inductor Selection

The most critical parameters for the inductor are the inductance, saturation current, and the rated current. The
inductance is based on the desired peak-to-peak ripple current, Ai . Because the ripple current increases with
the input voltage, the maximum input voltage is always used to calculate the minimum inductance Lyn. Use
Equation 11 to calculate the minimum value of the output inductor. K\p is a coefficient that represents the
amount of inductor ripple current relative to the maximum output current of the device. A reasonable value
of Ki\p must be 20% to 40%. Note that when selecting the ripple current for applications with much smaller
maximum load than the maximum available from the device, the maximum device current must still be used.
During an instantaneous short or overcurrent operation event, the RMS and peak inductor current can be high.
The inductor current rating must be higher than the current limit of the device.
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Vour *(Vin_max —Vout )

Vin_max xLxfsw (10)

Vin_max — Vour _ Vour

Lyvin =
lout *Kinp VINiMAX xfaw (11)

In general, choose lower inductance in switching power supplies because it usually corresponds to faster
transient response, smaller DCR, and reduced size for more compact designs. Too low of an inductance can
generate too large of an inductor current ripple such that overcurrent protection at the full load can be falsely
triggered. This low inductance also generates more conduction loss and inductor core loss. Larger inductor
current ripple also implies larger output voltage ripple with the same output capacitors. With peak current mode
control, TI recommends to not have too small of an inductor current ripple. A larger peak current ripple improves
the comparator signal to noise ratio.

For this design example, choose K;yp = 0.3, and find an inductance of approximately 3.58 uyH. Select the next
standard value of 3.3 pH.

11.2.2.4 Output Capacitor Selection

The output capacitor or capacitors, Coyt, must be chosen with care because it directly affects the steady state
output voltage ripple, loop stability, and the voltage overshoot/undershoot during load current transients.

The value of the output capacitor and its ESR, determine the output voltage ripple and load transient
performance. The output capacitor is usually limited by the load transient requirements rather than the output
voltage ripple if the system requires tight voltage regulation with presence of large current steps and fast slew
rate. When a fast large load increase happens, output capacitors provide the required charge before the inductor
current can slew up to the appropriate level. The control loop of the regulator usually needs four or more clock
cycles to respond to the output voltage droop. The output capacitance must be large enough to supply the
current difference for four clock cycles to maintain the output voltage within the specified range. Table 11-3 can
be used to find output capacitors for a few common applications. In this example, good transient performance is
desired giving 3 x 47-uF ceramic as the output capacitor.

Table 11-3. Selected Output Capacitor

FREQUENCY Court SIZE and COST TRANSIENT PERFORMANCE
400 KHz 3 x 47-pF ceramic Small size Good
400 KHz 2 x 47-uF ceramic Small size Minimum
400 KHz 4 x 22 yF + 1 x 260 pF, < 50-mQ electrolytic | Larger size, low cost Good
400 KHz 1x47 “F5B-2m)((21(a(‘)|:clirglyjtiz 260 F, < Lowest cost Minimum
2.1 MHz 3 x 22 uF ceramic Small size Good
2.1 MHz 2 x 47 uF ceramic Small size Better
2.1 MHz 2 x 22 uF ceramic Smallest size Minimum

11.2.2.5 Input Capacitor Selection

The TPS2586x-Q1 device requires a high frequency input decoupling capacitor or capacitors, depending on the
application. A high-quality ceramic capacitor type X5R or X7R with sufficient voltage rating is recommended.
The ceramic input capacitors provide a low impedance source to the converter in addition to supplying the ripple
current and isolating switching noise from other circuits. The typical recommended value for the high frequency
decoupling capacitor is 10 yF of ceramic capacitance. This capacitance must be rated for at least the maximum
input voltage that the application requires; preferably twice the maximum input voltage. This capacitance can
be increased to help reduce input voltage ripple, maintain the input voltage during load transients, or both. In
addition, a small case size 100-nF ceramic capacitor must be used at IN and PGND, immediately adjacent to
the converter. This action provides a high frequency bypass for the control circuits internal to the device. For this
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example a 10-pF, 50-V, X7R (or better) ceramic capacitor is chosen, and the 100-nF ceramic capacitor must also
be rated at 50 V with an X7R or better dielectric.

Additionally, an electrolytic capacitor on the input in parallel with the ceramics can be required, especially if long
leads from the automotive battery to the IN pin of the TPS2586x-Q1, cold or warm engine crank requirements,
and so forth. The moderate ESR of this capacitor is used to provide damping to the voltage spike due to the lead
inductance of the cable or the trace.

11.2.2.6 Bootstrap Capacitor Selection

The TPS2586x-Q1 design requires a bootstrap capacitor (Cgpoot).- The recommended capacitor is 100 nF and
rated 16 V or higher. The bootstrap capacitor is located between the SW pin and the BOOT pin. The bootstrap
capacitor stores energy that is used to supply the gate drivers for the power MOSFETs. The bootstrap capacitor
must be a high-quality ceramic type with an X7R or X5R grade dielectric for temperature stability.

11.2.2.7 Undervoltage Lockout Set-Point

The system undervoltage Lockout (UVLO) is adjusted using the external voltage divider network of Rgnt and
Reng- The UVLO has two thresholds, one for power up when the input voltage is rising and one for power down
or brownouts when the input voltage is falling. Equation 12 can be used to determine the Vy UVLO level.

Rent +Rens

VINiRISING = VENH % R
ENB (12)

The EN rising threshold (Veny) for the TPS2586x-Q1 is set to be 1.3 V (typical). Choose 10 kQ for Rgyng to
minimize input current from the supply. If the desired V| UVLO level is at 6 V, then the value of Rgyt can be
calculated using Equation 13:

ViN_RISING
Rent =(_——1 *x Reng

VENH (13)

Equation 13 yields a value of 36.1 kQ. The resulting falling UVLO threshold equals 5.5 V and can be calculated
by Equation 14, where EN hysteresis (Ven_Hys) is 0.1 V (typical).

Rent +Rens

VIN_FALLING = (VENH - VEN_HYS)X R
ENB (14)
Note that it cannot connect EN to IN pin directly for self-startup. Because the voltage rating of EN pin is 11V,
tying it to VIN directly damages the device. The simplest way to enable the operation of the TPS2586x-Q1 is to
connect the EN to Vggnsge. This connection allows the automatic startup when VIN is within the operation range.

11.2.2.8 Cable Compensation Set-Point

The TPS2586x-Q1 must short the VSET pin to ground to enable the cable compensation. With that setting, the
buck regulator increases its output voltage linearly as the load current increases, and the voltage compensation
at the currents of the USB ports greater than 2.4 A is 90 mV.
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11.2.3 Application Curves

Unless otherwise specified the following conditions apply: V|y = 13.5 V, fsw = 400 kHz, L = 3.3 pH, Csense = 141 pF, Cpa_Bus

=1 UF, CPB_BUS =1 |.JF, TA =25°C.
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Figure 11-24. VBUS Hot Short to GND Figure 11-25. OUT short to 5.1-Q Load
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12 Power Supply Recommendations

The input supply must be able to withstand the maximum input current and maintain a stable voltage. The
resistance of the input supply rail must be low enough that an input current transient does not cause a high
enough drop at the TPS2586x-Q1 supply voltage that it causes a false UVLO fault triggering and system reset.
If the TPS2586x-Q1 is connected to the input supply through long wires or PCB traces, special care is required
to achieve good performance. An additional bulk capacitance can be required in addition to the ceramic input
capacitors. The amount of bulk capacitance is not critical, but a 100-pF electrolytic capacitor is a typical choice.

The input voltage must not be allowed to fall below the output voltage. In this scenario, such as a shorted input
test, the output capacitors discharge through the internal parasitic diode found between the VIN and SW pins of
the device. During this condition, the current can become uncontrolled, possibly causing damage to the device. If
this scenario is considered likely, then a Schottky diode between the input supply and the output must be used.

13 Layout
13.1 Layout Guidelines

The PCB layout of any bulk converter is critical to the optimal performance of the design. Bad PCB layout can
disrupt the operation of an otherwise good schematic design. Even if the converter regulates correctly, bad PCB
layout can mean the difference between a robust design and one that cannot be mass produced. Furthermore,
the EMI performance of the converter is dependent on the PCB layout to a great extent. The following guidelines
will help users design a PCB with the best power conversion performance, thermal performance, and minimized
generation of unwanted EMI.

1. The input bypass capacitor, C|y, must be placed as close as possible to the IN and PGND pins. The high
frequency ceramic bypass capacitors at the input side provide a primary path for the high di/dt components
of the pulsing current. Use a wide VIN plane on a lower layer to connect both of the VIN pairs together to
the input supply. Grounding for both the input and output capacitors must consist of localized top-side planes
that connect to the PGND pin and PAD.

2. Use ground plane in one of the middle layers as noise shielding and heat dissipation path.

3. Use wide traces for the Cgoot capacitor. Place the Cgoot capacitor as close to the device with short, wide
traces to the BOOT and SW pins.

4. The SW pin connecting to the inductor must be as short as possible, and just wide enough to carry the
load current without excessive heating. Short, thick traces or copper pours (shapes) must be used for a high
current conduction path to minimize parasitic resistance. The output capacitors must be placed close to the
Vsense end of the inductor and closely grounded to PGND pin and exposed PAD.

5. Rggreq resistors must be placed as close as possible to the FREQ pins and connected to AGND. If needed,
these components can be placed on the bottom side of the PCB with signals routed through small vias, and
the traces need far away from noisy nets like SW, BOOT.

6. Make V|n, Vsense, and ground bus connections as wide as possible. This action reduces any voltage drops
on the input or output paths of the converter and maximizes efficiency.

7. Provide enough PCB area for proper heat sinking. Enough copper area must be used to ensure a low
Rgya, commensurate with the maximum load current and ambient temperature. Make the top and bottom
PCB layers with 2-ounce copper; and no less than 1 ounce. If the PCB design uses multiple copper layers
(recommended), thermal vias can also be connected to the inner layer heat-spreading ground planes. Note
that the package of this device dissipates heat through all pins. Wide traces must be used for all pins except
where noise considerations dictate minimization of area.

8. Use an array of heat-sinking vias to connect the exposed pad to the ground plane on the bottom PCB
layer. If the PCB has multiple copper layers, these thermal vias can also be connected to inner layer
heat-spreading ground planes. Ensure enough copper area is used for heat-sinking to keep the junction
temperature below 150°C.

40 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated
Product Folder Links: TPS25865-Q1 TPS25864-Q1


https://www.ti.com/product/TPS25865-Q1
https://www.ti.com/product/TPS25864-Q1
https://www.ti.com/lit/pdf/SLVSFP2
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSFP2B&partnum=TPS25865-Q1
https://www.ti.com/product/tps25865-q1?qgpn=tps25865-q1
https://www.ti.com/product/tps25864-q1?qgpn=tps25864-q1

13 TEXAS

INSTRUMENTS TPS25865-Q1, TPS25864-Q1
www.ti.com SLVSFP2B — NOVEMBER 2020 — REVISED SEPTEMBER 2021

13.2 Layout Example

Figure 13-1. Layout Example

13.3 Ground Plane and Thermal Considerations

Tl recommends to use one of the middle layers as a solid ground plane. Ground plane provides shielding for
sensitive circuits and traces. Ground plane also provides a quiet reference potential for the control circuitry. The
AGND and PGND pins must be connected to the ground plane using vias right next to the bypass capacitors.
The PGND pin is connected to the source of the internal low-side MOSFET switch, and also connected directly
to the grounds of the input and output capacitors. The PGND net contains noise at the switching frequency and
can bounce due to load variations. The PGND trace, as well as VIN and SW traces, must be constrained to one

side of the ground plane. The other side of the ground plane contains much less noise and must be used for
sensitive routes.

Tl recommends to provide adequate device heat sinking by using the PAD of the IC as the primary thermal path.
Use a minimum 4 x 2 array of 12-mil thermal vias to connect the PAD to the system ground plane heat sink.
The vias must be evenly distributed under the PAD. Use as much copper as possible, for system ground plane,
on the top and bottom layers for the best heat dissipation. Use a four-layer board with the copper thickness for
the four layers, starting from the top of 2 0z /1 0z / 1 oz / 2 oz. Four layer boards with enough copper thickness
provide low current conduction impedance, proper shielding, and lower thermal resistance.

The thermal characteristics of the TPS2586x-Q1 are specified using the parameter 6,5, which characterizes
the junction temperature of silicon to the ambient temperature in a specific system. Although the value of 85
is dependent on many variables, it still can be used to approximate the operating junction temperature of the
device. To obtain an estimate of the device junction temperature, one can use the following relationship:

Ty=Ppx0ja+Tp (15)
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where

* T, = Junction temperature in °C

e Pp=V|y*xInyx* (1 - Efficiency) -1.1x% IOUT 2 x DCR in Watt

* DCR = Inductor DC parasitic resistance in Q

* 0,5 = Junction-to-ambient thermal resistance of the device in °C/W
* Tp = Ambient temperature in °C

The maximum operating junction temperature of the TPS2586x-Q1 is 150°C. 8, is highly related to PCB size
and layout, as well as environmental factors such as heat sinking and air flow.
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14 Device and Documentation Support
14.1 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.

14.2 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.

14.3 Trademarks

HotRod™ and Tl E2E™ are trademarks of Texas Instruments.
All trademarks are the property of their respective owners.

14.4 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
‘Q \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.
14.5 Glossary
Tl Glossary This glossary lists and explains terms, acronyms, and definitions.
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15 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TPS25864QRPQRQ1 Active Production  VQFN-HR (RPQ) |25 3000 | LARGE T&R Yes NIPDAU | SN Level-2-260C-1 YEAR -45 to 125 T25864
TPS25864QRPQRQ1.A Active Production  VQFN-HR (RPQ) |25 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -45 to 125 T25864
TPS25865QRPQRQ1 Active Production  VQFN-HR (RPQ) | 25 3000 | LARGE T&R Yes NIPDAU | SN Level-2-260C-1 YEAR -40 to 125 T25865
TPS25865QRPQRQ1.A Active Production ~ VQFN-HR (RPQ) |25 3000 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 T25865

@ 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.

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

L |+ KO |4 P1—»]
DO OO0 OO T
o| |e &|( o W
Rl |
L & 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

Overall width of the carrier tape
P1 | Pitch between successive cavity centers

T Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE

O O O O OO0 OO0

| |
I I
| R N R —

Sprocket Holes

| |
Q3 1 Q4 Q3 | User Direction of Feed

[ & |
T T

AN

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)

TPS25864QRPQRQ1 | VQFN- RPQ 25 3000 330.0 12.4 3.8 4.8 1.18 8.0 12.0 Q1
HR

TPS25865QRPQRQ1 | VQFN- RPQ 25 3000 330.0 12.4 3.8 4.8 1.18 8.0 12.0 Q1
HR
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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)
TPS25864QRPQRQ1 VQFN-HR RPQ 25 3000 367.0 367.0 38.0
TPS25865QRPQRQ1 VQFN-HR RPQ 25 3000 367.0 367.0 38.0
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PACKAGE OUTLINE
RPQO025A VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

PIN 1 INDEX AREA—|

SIDE WALL
METAL THICKNESS
DIM A
I OPTION1 | OPTION 2
10 0.1 0.2
! jv* B e e B S e SEATING PLANE
0.05 J‘
0.00 —=1.325+0.1 |=—
0.75 0.975
0.55 4X0.775
PINS 7,8,14 & 15 r_% :
os — 8X (0.25)
EXPOSED |
THERMAL PAD ‘ 12 ﬂ (DIMA) TYP
9 ) ‘
- l 13 ﬁ
1.45
] X5
sl 1 |
PKG C 1 oesto1
2X ¢ — i e e T
‘ ] 0.7
PIN 1 ID— | E 05
i | | PINS3819
= — (G
20X | 03
_ g |
Py | oo, 24X 02
24 22 L 0.1® |c|AalB
0.725 | ax 18 © 4L’—Lu
0.525 16 0.05(
PINS 2 & 20 0.9
0.7

PINS 4-6 & 16-18

4224966/B 08/2022

NOTES:

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

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
RPQO025A VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

(3.1)
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NON SOLDER MASK
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(PREFERRED)  SOLDER MASK DETAILS

4224966/B 08/2022

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RPQO025A VQFN - 1 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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SCALE: 20X
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85% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
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NOTES: (continued)

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

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

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

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

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

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

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