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5 Device Comparison Table

COMPLIANT VOLTAGES OFFERED
DEVICE | USB PD POWER PIN 8 PIN 11
(PDP) OPTIONS OPTION 1 OPTION 2 OPTION 3 OPTION 4
TPS25740 15w EN12V UFP 5V 5Vv,12V 5V,20V 5V,12V,20V
TPS25740A 15t0 45 W EN9V UFP 5V 5V,9V 5V,15V 5V,9V, 15V
TPS25740B | 15t0 93 W ® crs | ENsrc | ° VOV 12V15 1SV 15V, 20 N/A N/A
(1) Up to 93 W PDP with a captive cable, and up to 60 W PDP with receptacle.
6 Pin Configuration and Functions
RGE Package
24-Pin VQFN
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Pin Functions
PIN
I/0 DESCRIPTION
NAME NO.
VTX 1 o Bypass pin for transmit driver supply. Connect this pin to GND via the recommended ceramic
capacitor.
Multifunction configuration channel interface pin to USB Type-C. Functions include connector
CC1 2 110 ) ) ) o L
polarity, end-device connection detect, current capabilities, and PD communication.
cc2 3 /o Multifunction configuration channel interface pin to USB Type-C. Functions include connector
polarity, end-device connection detect, current capabilities, and PD communication.
GND 4 . Power ground is associated with power management and gate driver circuits. Connect to
AGND and PAD.
Four-state input pin used to configure the voltages and currents that will be advertised. It
HIPWR 5 | may be connected directly to GND or DVDD, or it may be connected to GND or DVDD via a
resistance R(sgy).-
CTL1 (0] Digital output pin used to control an external voltage regulator.
CTL2 (0] Digital output pin used to control an external voltage regulator.
CTL3 (0] Digital output pin used to control an external voltage regulator.

Copyright © 2017-2018, Texas Instruments Incorporated 3
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Pin Functions (continued)

PIN
I/0 DESCRIPTION
NAME NO.
N/C 9 — Connect to GND.
N/C 10 — Connect to GND.
ENSRC 11 (0] Open drain output pin used to indicate when the VBUS needs to be sourced.
A four-state input used for selecting the maximum power that can be provided. It may be
PSEL 12 | connected directly to GND or DVDD, or it may be connected to GND or DVDD via a
resistance R(sg)
DVDD 13 o Internally regulated 1.85 V rail for external use up to 35 mA. Connect this pin to GND via the
recommended bypass capacitor.
PCTRL 14 | Input pin used to control the power that will be advertised. It may be pulled high or low
dynamically.
cb 15 | Master enable for the GDNG/GDNS gate driver. The system can drive this low to force the
power path switch off.
Internally regulated rail for use by the power management circuits. Connect this pin to GND
VAUX 16 (0] h :
via the recommended bypass capacitor.
VDD 17 | Optional input supply.
Analog ground associated with monitoring and power conditioning circuits. Connect to GND
AGND 18 —
and PAD.
ISNS 19 | The ISNS input is used to monitor a VBUS-referenced sense resistor for over-current events.
Connect to an external voltage as a source of bias power. If VDD is supplied, this supply is
VPWR 20 | ) h -
optional while DVDD is low.
VBUS 21 | The voltage monitor for the VBUS line.
GDNG 29 o High-voltage open drain gate driver which may be used to drive NMOS power switches.
Connect to the gate terminal.
High-voltage open drain gate driver which may be used to drive NMOS power switches.
GDNS 23 | :
Connect to the source terminal.
DSCG 24 o Dls_charge is an open-drain output that discharges the system VBUS line through an external
resistor.
Thermal Pad — — Connect thermal pad to GND / AGND plane.
4 Copyright © 2017-2018, Texas Instruments Incorporated
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7 Specifications
7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®
MIN MAX UNIT
VDD, CTL1, CTL2, CTL3, ENSRC, PCTRL, 03 6 v
CC1, cc2
vTX®@ -0.3 21 v
VAUX® -0.3 45 \%
Pin voltage (sustained) GD ® 03 7 v
HIPWR, PSEL, bvDD @ -0.3 21 \Y
GDNG®@ -05 40 v
VBUS,VPWR, ISNS, DSCG, GDNS -0.5 30 \Y
Pin voltage (transient for 1ms) VBUS,VPWR, ISNS, DSCG, GDNS -1.5 30 \%
V(epng) — V(cpns) -0.3 20 N
Pin-to-pin voltage AGND to GND -0.3 0.3 \%
ISNS to VBUS -0.3 0.3 \%
CTL1, CTL2, CTL3, ENSRC 8 mA
Sinking current (average) GD 100 HA
DSCG 10 mA
CSjliJr:I;igsg/;cTeu)rrent (transient, 50 ms pulse 0.25% DSCG 375 mA
VTX Internally limited mA
Current sourcing CC1, cC2 Internally limited mA
VAUX 0 25 HA
Operating junction temperature range, T, -40 125 °C
Storage temperature, Tgyg -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) Do not apply voltage to these pins.

(3) Voltage allowed to rise above Absolute Maximum provided current is limited.

7.2 ESD Ratings®

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001@ +2500
Charged-device model (CDM), per JEDEC specification JESD22- +1000
ic di c101® *
V(Esp) Electrostatic discharge \%
IEC ¥ 61000-4-2 contact discharge, CC1, CC2 +8000
IEC ™ 61000-4-2 air-gap discharge, CC1, CC2 +15000

(1) 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.

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

(3) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

(4) These results were passing limits that were obtained on an application-level test board. Individual results may vary based on
implementation. Surges per IEC61000-4-2, 1999 applied between CC1/CC2 and ground of TPS25740BEVM-741 and TPS25740BEVM-
741

Copyright © 2017-2018, Texas Instruments Incorporated 5
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7.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
VDD 0 5.5 \%
Vin Supply voltage VPWR 4.65 25 Vv
PCTRL, CC1, CC2, CTL1, CTL2, CTL3 0 5.5 \%
\V Applied voltage cb 0 65 v
DSCG, GDNS, VBUS 0 25 \
HIPWR, PSEL 0 DVDD \%
\ Pin-to-pin voltage ISNS - VBUS -0.1 0.1 \Y,
) ) GD 2 1.6 \Y
\m High level input voltage ECTRL v
Vi Low level input voltage GD 16 v
PCTRL \%
CTL1, CTL2, CTL3, ENSRC 15 PA
GD 80 PA
Is Sinking current DSCG, transient sinking current 50 ms 350 mA
pulse, 0.25% duty cycle
DSCG, average 5 mA
CC1, CC2 (Crx)) 200 560 600 pF
VBUS (C(ppiny) 10 uF
_ DVDD (C(pvpp)) 0.198 0.22 0.242 uF
Cs Shunt capacitance
VAUX (Cyauxy) 0.09 0.1 0.11 uF
VTX (Cyrxy) 0.09 0.10 0.11 uF
VDD (C(vbp)) 0.09 UF
. Configured for 3 A 6.4 mQ
Rs Sense resistance -
Configured for 5 A 5.8 mQ
HIPWR, PSEL (direct to GND or direct
Repu) Pull up/down resistance to DVDD) 0 ! ka
HIPWR, PSEL (R(sel)) 80 100 120 kQ
Maximum VBUS voltage of 25 V 80 Q
R(psce) Series resistance Maximum VBUS voltage of 15 V 43 Q
Maximum VBUS voltage of 6 V 20 Q
T, Operating junction temperature -40 125 °C
7.4 Thermal Information
TPS25740B
THERMAL METRIC® RGE (VQFN) UNIT
24 PINS
Rgia Junction-to-ambient thermal resistance 33 °C/W
Rojctop) Junction-to-case (top) thermal resistance 32.6 °C/W
Rgis Junction-to-board thermal resistance 10 °C/W
yIT Junction-to-top characterization parameter 0.4 °C/W
viB Junction-to-board characterization parameter 10 °C/W
Rocbot) Junction-to-case (bottom) thermal resistance 2.6 °C/W

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

report.

Copyright © 2017-2018, Texas Instruments Incorporated
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7.5 Electrical Characteristics

Unless otherwise stated in a specific test condition the following conditions apply: —40°C < T, < 125°C; 3 < VDD < 5.5V, 4.65
V £ VPWR < 25 V; HIPWR = GND, PSEL = GND, GD = VAUX, PCTRL = VAUX, AGND = GND; VAUX, VTX, bypassed with

0.1 pyF, DVDD bypassed with 0.22 pF; all other pins open (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Voltage Comparator (VBUS)
Veus rtH)  VBUS threshold (Rising voltage) 4.25 4.45 4.65 \%
Vweus iy VBUS threshold (Falling voltage) 35 3.7 3.9 \Y,
VBUS threshold (Hysteresis) 0.75 \Y
Power Supply (VDD, VPWR)
Rising voltage 2.8 291 2.97
Vivoo, T VDD UVLO threshold Falling voltage 2.8 2.86 291 v
Hysteresis, comes into effect once the 0.05
rising threshold is crossed. ’
Vwpwr rtH)  VPWR UVLO threshold rising Rising voltage 4.2 4.45 4.65 \%
Vwpwr frH)y  VPWR UVLO threshold falling Falling voltage 35 3.7 3.9 \%
. Hysteresis, comes into effect once the
VPWR UVLO threshold hysteresis rising threshold is crossed. 0.75 \%
_ VFWR =0V,VDD =5V, CC1 and CC2 9.2 20 A
Supply current drawn from VDD in sleep | PINS areé open.
mode VPWR =0V, VDD =5 V,CC1 pin open,
CC2 pin tied to GND. 94 150 WA
' V_PWR =5V,VDD =0V, CC1 and CC2 8.5 15 LA
Supply current drawn from VPWR in pins are open.
sleep mode VPWR =5V, VDD = 0V, CC1 pin open
CC2 pin tied to GND. 90 140 KA
. S PD Sourcing active, VBUS =5V,
lisupp) Operating current while sink attached VPWR =5V, VDD = 3.3 V 1 1.8 3 mA
Over/Under Voltage Protection (VBUS)
5V PD contract 5.8 6.05 6.3 \Y
9V PD contract 10.1 10.55 11.0 \%
V(Fovp) Fast OVP threshold, always enabled 12 V PD contract 13.2 13.75 14.3 \%
15 V PD contract 16.2 16.95 17.7 \Y
20 V PD contract 22.1 23.05 24.0 \Y
5V PD contract 5.5 5.65 5.8 \
9V PD contract 10 10.2 10.4 \Y
Slow OVP threshold, disabled during
Visove) voltage transitions. (See Figure 1) 12 V PD contract 131 134 137 v
15 V PD contract 16.3 16.5 17 \Y
20 V PD contract 21.5 22.0 225 \Y
5V PD contract 35 3.65 3.8 \Y
9V PD contract 6.8 6.95 7.1 \
UVP threshold, disabled during voltage
V(suvp) transitions (See Figure 1) 12 V PD contract 9.2 9.45 9.7 \%
15V PD contract 11.7 11.95 12.2 \%
20 V PD contract 15.7 16.1 16.5 \Y
VAUX
V(vaux) Output voltage 0 < livaux) < lvauxexm) 2.875 3.2 4.1 \%
VAUX current limit 1 5 mA
External load that may be applied to
lvauxexT) VAUX. Y i 25 HA
DVvDD
0 mA < Ipypp) < 35 mA, CC1 or CC2
V(ovop) Output voltage pulled to ground via 5.1 kQ, or both CC1 1.75 1.85 1.95 \%
and CC2 pulled to ground via 1 kQ
. Overshoot from V, 10-mA minimum
(DVDDY)» )
Load regulation 0.198-uF bypass capacitor 17 2 v
Current limit DVDD tied to GND 40 150 mA

Copyright © 2017-2018, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Unless otherwise stated in a specific test condition the following conditions apply: —40°C < T, < 125°C; 3<VDD 5.5V, 4.65
V £ VPWR < 25 V; HIPWR = GND, PSEL = GND, GD = VAUX, PCTRL = VAUX, AGND = GND; VAUX, VTX, bypassed with
0.1 pF, DVDD bypassed with 0.22 pF; all other pins open (unless otherwise noted)

PARAMETER | TEST CONDITIONS \ MIN TYP MAX|  UNIT
VTX
Output voltage le\lﬁgtrga;:sigw;téing or receiving, 0 to 2 mA 1.050 1.125 1.200 \Y
Current limit VTX tied to GND 25 10 mA
Gate Driver Disable (GD)
Rising voltage 1.64 1.725 1.81 \Y
Vep_TH) Input enable threshold voltage -
Hysteresis 0.15 \%
Vepe) Internal clamp voltage l@p) = 80 HA 6.5 7 8.5 \Y
Rp) Internal pulldown resistance From OV to 6V 3 6 9.5 MQ
Discharge (DSCG) M@
V(psceT) ON state (linear) lipsce) = 100 mA 0.15 0.42 1 \Y
lipsceT) ON state (saturation) V(psce) = 4 V, pulsed mode operation 220 553 1300 mA
Rsces) Discharge bleeder \évggeiscocpl(_}: (’,L(’Df:;gmég k\)/y >1 ke and 6.6 8.2 10 kQ
Leakage current 0V <Vpsce =25V 2 HA
N-ch MOSFET Gate Driver (GDNG,GDNS)
I(conon) Sourcing current 8 x z xiig:z):%/i\;m) <6V 13.2 20 30 PA
Viconon g;)(zrDc,\:z)g_\(/o(l(t;z;)\Nhile enabled ?/[;/DS:VE)G\D/NS) <25V, lgpnon) S 4 HA, 8.5 12 v
Reoneorr  Sinking strength while disabled 2)/(2[(7(‘(3;[);5\)/(2%"‘59\7 05V, 150 300 Q
- PRILA% Y Iiy "
Sinking strength UVLO (safety)
VPWR =1.4V,V =1V,
Vieons) = 0V, VDD 20 v 145 KA
Off-state leakage V(eons) = 25 V, V(cpne) 0pen 7 HA
Power Control Input (PCTRL)
Voltage rising 1.65 1.75 1.85 \Y
Vectre_ ) | Threshold voltage ® Hysteresis 100 ~
Input resistance 0V < Vecetry < Vvaux) 15 2.9 6 MQ
Voltage Select (HIPWR), Power Select (PSEL)®
< <
Leakage current 8 x p xi:'SPE"I‘_’)R)S‘V\(g\[/’;’;D)’ -1 1 PA
Port Status and Voltage Control (CTL1, CTL2, CTL3, ENSRC)®
VoL Output low voltage loL = 4 mA sinking 0.4 \Y
Leakage current © Ion :{,‘%’2 g;vv(CTLX) S55Vor -0.5 0.5 PA
Transmitter Specifications (CC1, CC2)
Ry i(iujtg;étﬁrﬁe%ﬁtance (zDriver from USB PD During transmission 33 45 75 Q
VrxHy Transmit high voltage External Loading per Figure 27 1.05 1.125 1.2 \Y
V(rxLo) Transmit low voltage External Loading per Figure 27 -75 75 mVv
Receiver Specifications (CC1, CC2)
V(RxHI) Receive threshold (rising) 800 840 885 mV
V(rxL0) Receive threshold (falling) 485 525 570 mV
Receive threshold (Hysteresis) 315 mvV
(1) If Ty is perceived to have been exceeded an OTSD occurs and the discharge FET is disabled.
(2) The discharge pull-down is not active in the sleep mode.
(3) When voltage on the PCTRL pin is less than Vpcrre_tH), the amount of power advertised is reduced by half.
(4) Leaving HIPWR or PSEL open is an undetermined state and leads to unpredictable behavior.
(5) These pins are high-z during a UVLO, reset, or in Sleep condition.
(6) The pins were designed for less leakage, but testing only verifies that the leakage does not exceed 0.5 pA.
8 Copyright © 2017-2018, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Unless otherwise stated in a specific test condition the following conditions apply: —40°C < T, < 125°C; 3<VDD 5.5V, 4.65
V £ VPWR < 25 V; HIPWR = GND, PSEL = GND, GD = VAUX, PCTRL = VAUX, AGND = GND; VAUX, VTX, bypassed with
0.1 pF, DVDD bypassed with 0.22 pF; all other pins open (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
. . Interference is 600 kHz square wave, 100 mv
v Amplitude of interference that can be rising O to 100 mV.
(NT) tolerated - -
Interference is 1 MHz sine wave 1 Vpp
DFP Specifications (CC1, CC2)
v In standard Rp mode(”, voltage rising 1.52 1.585 1.65 \%
(OSTD) Hysteresis 0.02 \Y
) In 1.5 A Rp mode®, voltage rising 1.52 1.585 1.65 Y
V(p15) Detach threshold when cable is detached. -
Hysteresis 0.02 \%
v In 3 A Rp mode®, voltage rising 2.50 2.625 2.75 \Y
©39 Hysteresis 0.05 Y,
V(ocn) . normal mode 2.75 4.35 \Y
Unloaded output voltage on CC pin - -
V(ocps) VPWR =0V (in UVLO) or in sleep mode 1.8 5.5 \Y
In standard Rp model, CCy open,
lzpso) 0V € Veey €15V (VRd) 64 80 96 WA
Loaded output current while connected In 1.5 A Rp mode 2, CCy open,
lp1s) through CCx 0V S Voo, £ 1.5V (VRd) 166 180 194 KA
In 3 A Rp mode 3, CCy open,
l(rP3.0) 0V <Veey <15V (VRd) 304 330 356 WA
In standard Rp model
y 0.15 0.19 0.23 \Y
VirosTo) 0V < Vceey < 1.5V (VRd)
Hysteresis 0.02 \Y
, _ g’ l‘f A Rp<m°dez' ccdy open 0.35 0.39 0.43 v
V(Ro15) Ra, Rd detection threshold (falling) V £ Veex £ 1.5 V (VRd)
Hysteresis 0.02 \
In 3 A Rp mode3, CCy open
0.75 0.79 0.83 \Y
Viroso) 0V < Vceey € 1.5V (VRd)
Hysteresis 0.02 \Y
Wake threshold (rising and falling), exit _ 10)
V(wake) from sleep mode VPWR =4.65V,0V<Vpp <3V 1.6 3.0 \%
Output current on CCx in sleep mode to _ )
lipsprp) detect Ra removal CCx = 0V, CCy floating 40 73 105 HA
OverCurrent Protection (ISNS, VBUS)
Specified as Vsns)-Vvsus)-
35V <VBUS <25V
Viarie) Current trip shunt voltage HIPWR: 5 A not enabled 192 226 mv
HIPWR = DVDD (5 A enabled) 29 34 mv
OTSD
] T1 125 135 145
Tn Die temperature (Analog)*? - °C
Hysteresis 10
) Ty1 140 150 163
T, Die temperature (Analog) ¥ - °C
Hysteresis 10

(7) Standard Rp mode is active after a USB Type-C sink, debug accessory, or audio accessory is attached until the first USB PD message
is transmitted (after GDNG has been enabled).

(8) 1.5 A Rp mode is active after a USB PD message is received.

(9) 3 A Rp mode is active after GDNG has been enabled until a USB PD message is received.

(10) Vwake < Vocps is always true.

(11) Common mode minimum aligns to VBUS UVLO. VBUS must be above its UVLO for the OCP function to be active.

(12) When T, trips a hard reset is transmitted and discharge is disabled, but the bleed discharge is not disabled.

(13) T, trips only when some external heat source drives the temperature up. When it trips the DVDD, and VAUX power outputs are turned
off.

Copyright © 2017-2018, Texas Instruments Incorporated 9
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7.6 Timing Requirements

Unless otherwise stated in a specific test condition the following conditions apply: —40°C < T; £ 125°C; 3<VDD <55V, 4.65

V £ VPWR < 25 V; HIPWR = GND, PSEL = GND, GD = VAUX, PCTRL = VAUX, AGND = GND; VAUX, VTX, bypassed with
0.1 pyF, DVDD bypassed with 0.22 pF; all other pins open (unless otherwise noted)

MIN NOM MAX UNIT
trovPDG Deglitch for fast over-voltage protection 5 us
tocp Deglitch filter for over-current protection 15 us

Time power is applied until CC1 and CC2 Vvpwr) > Vivewr_TH) OR
) _ 2.5 4 ms
pull-ups are applied. Vop) > V(vbb_TH)
t Falling/Rising voltage deglitch time for 1 ms
cc detection on CC1 and CC2
Transmitter Specifications (CC1, CC2)
tul Bit unit Interval 3.05 3.3 3.70 us
Rise/fall time, tgg and trise (refer to USB . .
PD in X#4%5) External Loading per Figure 27 300 600 ns

10
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7.7 Switching Characteristics

Unless otherwise stated in a specific test condition the following conditions apply: —40°C < T, < 125°C; 3 < VDD < 5.5V, 4.65
V £ VPWR < 25 V; HIPWR = GND, PSEL = GND, GD = VAUX, PCTRL = VAUX, AGND = GND; VAUX, VTX, bypassed with
0.1 pyF, DVDD bypassed with 0.22 pF; all other pins open (unless otherwise noted)

PARAMETER

TEST CONDITIONS

MIN TYP MAX| UNIT

typ

Delay from enabling external NFET until
under-voltage and OCP protection are
enabled

VBUS = GND

190 ms

tsTL

Source settling time, time from CTL1, CTL2,
or CTL3 being changed until a PS_RDY USB
PD message is transmitted to inform the sink
is may draw full current. (refer to USB PD in

DL b2

260 ms

tsr

Time that GDNG is disabled after a hard
reset. This is tgicrecover- (refer to USB PD in

LR ES))

T3>Tn

765 ms

thr

Time after hard reset is transmitted until
GDNG is disabled. This iS tpsyardreset- (refer

to USB PD in 3143 3%)

30 ms

tccpeb

Time until ENSRC is pulled low after sink
attachment, this is the USB Type-C required
debounce time for attachment detection
called tcepebounce- (refer to USB Type-C in X
%)

185 ms

tsT

Delay after sink request is accepted until
CTL1, CTL2, or CTL3 is changed. This is
called tgnurransition- (refer to USB PD in 3X#43
)

30 ms

teLT

The time in between hard reset transmissions
in the presence of a persistent supply fault.

GD = GND or VPWR = GND, sink
attached

1395 ms

tsh

The time in between retries (hard reset
transmissions) in the presence of a persistent
VBUS short.

VBUS = GND, sink attached

985 ms

ton

The time from ENSRC being pulled low until
a hard reset is transmitted. Designed to be
greater than tg;ctumon- (refer to USB PD in X
(EEEE))

GD=0VorVPWR=0V

600 ms

Retry interval if USB PD sink stops
communicating without being removed or if
sink does not communicate after a fault
condition. Time GDNG remains enabled
before a hard reset is transmitted. This is the
t%(,Response time. (refer to USB PD in 3X#43%
)

Sink attached

4.8 S

tovbp

Delay before DVDD is driven high

After sink attached

teDoff

Turnoff delay, time until V(gpyg) is below 10%
of its initial value after the GD pin is low

Vgp: 5V —>0Vin<0.5ups

trovp

Response time when VBUS exceeds the fast-
OVP threshold

VBUS 1 to GDNG OFF
(V(ebng) below 10% its initial
value)

30 us

OCP large signal response time

5 A enabled, V(ISNS) 'V(VBUS): ov
— 42 mV measured to GDNG
transition start

30 us

Time until discharge is stopped after T;; is
exceeded.

0V < Vpsce) S 25V

10 us

Digital output fall time

VpuLLupy = 1.8V, C = 10 pF,
RpuLLup) = 10 kQ, V(criy) OF
V(ENsre) : 70% VpyLLup — 30%
VeuLLup

20 300 ps

Copyright © 2017-2018, Texas Instruments Incorporated
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Virovm = 13.76 V
Visovp) = 13.4 V.

)
1V (suvp) = 9.45 VI
— s

PCTRL samples prior to sending
Source Capabilities

I
I
I
I
I
4 |
| | |
Vieovr = 6.08 V! tsm | : Vieon=6.08V |
T
_ I I
Visovr) = 5.65 V §————
! I ! | | Visovp = 5.65 V
| . | | | ! |
! |
Visuve) = 3.65V | ! ! 'Visuvpy = 3.65 V
— ¢ | | — o
VBUS | I : ! | |
| tsT | | I I
oV | | | |
l— Py, I I I
| | | | |
—_— | | | |
ENSRC | | | |
| | | |
T t + +
| | | |
| | | |
| | | |

|

|

|

| \

| |
Slow- | |

|

|

|

|

|

OVP/UVP | :
enabled | |
! |
|
OCP | |
enabled | :
v v
Sink Sink
Attached Request
Detected Accepted

Figure 1. Timing lllustration for typ, tgt and tgy, After Sink Attachment Negotiation to 12 V Then Back to
5 V. Vsovp) and V(syyp) are Disabled Around Voltage Transitions.

Enabled Enabled
< i >
GDNG N tHR > > ) t g
) HR
Disabled Disabled
ENSRC VovoD)
(Pulled high V
to DVDD) =

Figure 2. Timing Illustration for tyr and tsg, After Sink Attachment with Persistent T; > T;;
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Source
Sink Capabilities

Atta(l:hed Transmitted
|
|

|
|
|
|
: 5V
|
|
|
VBUS !
ov |
| * P >
ENSRC ! V(DVDD !
ENSRC  pion s J_(_)_
(Pulled high - —=—-—-— VoL
to DVDD)

V(OCDS t
cc ) <« CcDeb V(D3.0)
Voltage : V(DSTD) /

Figure 3. Timing Illustration for tccpep and typ, Under Persistent Fault Condition

Enabled Enabled
< : >
GDNG « > SH « .
tvp ) tvp i
Disabled Disabled
V(DVDD)
ENSRC
(Pulled high VoL
To DVDD)

Figure 4. Timing lllustration for tgy and typ, with VBUS Shorted to Ground

Enabled

GDNG
Disabled

V(DVDD)
ENSRC 1 <toN
|

(Pulled high
to DVDD)

A
\ 4

VoL

VPWR

Figure 5. Timing lllustration for tgy
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Time bounded by 650 ms

v

Enabled
GDNG
Disabled
|
ENSRC Y(ovDD) :
. |« <toN ol
(Pulled high I* > VoL
to DVDD) T
|
|
|
VPWR |
|
|
|
GD
Figure 6. Timing lllustration for tgy
ENSRC
15V
VBUS
NFET enabled (closed) | |
GDNG I NFET disabled (open) I /
I I 1
| | tsr |
! | |
Bleed only
Full
DSCG discharge
' |
' |
High-z |
L)
CTLL, CTL2, and CTL3 Low |
I
|
|

Hard Reset
Received

Figure 7. Timing Diagram for ENSRC and GDNG After Receiving a Hard Reset

14
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AN

<08V

NFET disabled (open)

[

f/
| :ﬁ

High-z

A
\ 4

I
ENSRC |
| I
| i5v |
| I
VBUS I I
| I
| |
X NFET enabled (closed)
T )
GDNG | [
| I
| I
| Bleed I
only
L
T Full
psce | discharge
I
| I
| I
I
CTL1, CTL2, and CTL3 l Low
|
|
I

|
|

tHR I

Hard Reset

Transmitted

Figure 8. Timing Diagram for ENSRC and GDNG After Transmitting a Hard Reset
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7.8 Typical Characteristics

0.63 650
0.6 625 N
057 Pz 600 \\
0.54
0.51 vd 2P \\
S d g \.
< 048 y E 550
3 / [0) N
3 0.45 7 0 525
> 0.42 yd = N
. - 500 \\
039 475 AN
0.36 AN
0.33 450 \\
0.3 425 N
40 20 0 20 40 60 80 100 120 140 40 20 0 20 40 60 80 100 120 140
Junction Temperature (°C) Junction Temperature (°C)
I(DSCG) =100 mA V(DSCG) =4V Pulsed TeSting
Figure 9. V(pscg) while V(ypwr) > 4.65 V after an unplug Figure 10. lpsca) while Vypwr) > 4.65 V after an unplug
10.5 6.1
10| — VPWR=5V, VDD =0V L
— VPWR =0V, VDD =33V P 6.09
9.5 6.08
9 —
IS . | > 6.06 ] I
2 8 0 T T
L; 7.5 =
3 7 - é 6.04
a 6.5 1 > 6.03
. T
6 | 6.02
[
] 6.01
5.5 I
5 6
40 20 O 20 40 60 80 100 120 140 40 20 O 20 40 60 80 100 120 140
Junction Temperature (°C) Junction Temperature (°C)
Figure 11. Supply Current While CC pins Unattached Figure 12. V(govpy While Supplying 5 V
10.56 13.745
13.74 N
10.55 N
13.735
NG —
S 1054 S 1373 N
> \\ 2 \
o N Y 13.725 NG
5 1053 L 5 N
& ~— = 1372
£ 1052 —— 2 13.715
> \\
13.71
10.51 N
13.705
10.5 13.7
-40  -20 0 20 40 60 80 100 120 140 -40  -20 0 20 40 60 80 100 120 140
Junction Temperature (°C) Junction Temperature (°C)
Figure 13. V(govp) While Supplying 9 V Figure 14. V(govpy While Supplying 12 V
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Typical Characteristics (continued)
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16.9 ™~
N
16.895
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40 20 O 20 40 60 80 100 120 140 40 20 O 20 40 60 80 100 120 140
Junction Temperature (°C) Junction Temperature (°C)
Figure 15. V(govpy While Supplying 15 V Figure 16. V(govpy While Supplying 20 V
31.75 21
\ 20.98
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L7 \\ 20.96
N\
3165 \\ . 20.94 N
) \ = 2092 NG
E £ N
T 316 \\ T 209 NG
£ N £ N
= ~ = 20.88
> 3155 [~ >
: ~— 20.86
\\
™~~~
315 - 20.84
20.82
31.45 20.8
-40  -20 0 20 40 60 80 100 120 140 -40  -20 0 20 40 60 80 100 120 140
Junction Temperature (°C) Junction Temperature (°C)
5 A enabled 3 A enabled
Figure 17. VI(TRIP) When V(VPWR) >4.65V Figure 18. VI(TRIP) When V(VPWR) >4.65V
55 5.5
5| — vBus 5 — VBUS
—— DVDD —— DVDD
45| — UFP 4.5 — UFP
4 4
35
~ 35
s S 3
3] 3 ()
=) o 25
£ 25 &
o o 2
>, >
15
15 1
1 0.5
0.5 0
0 -0.5
0 0.05 0.1 0.15 0.2 -02 -015 -01 -005 0 0.05 01 015 02 0.25
Time (s) Time (s)
Sink attached at time 0 Sink detached at time Os
Sleep mode entered at time 0.19s.
Figure 19. DVDD and ENSRC Upon Sink Attachment Figure 20. DVDD and ENSRC Upon Sink Attachment
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8 Detailed Description

8.1 Overview

The TPS25740B and supporting circuits perform the functions required to implement a USB Power Delivery (PD)
2.0 as a provider-only and a USB Type-C revision 1.2 source. It uses its CC pins to detect the attachment of a
sinking device or upward facing port (UFP) and to determine which of CC1 or CC2 is connected to the CC wire
of the cable. It then communicates over the CC wire in the cable bundle using USB PD to offer a set of voltages
and currents. USB PD is a technology that utilizes the ubiquitous USB communications and hardware
infrastructure to extend the amount of power available to devices from the 7.5 W range for USB BC1.2 to as high
as 100 W in a dock. It is a compatible overlay to USB 2.0 and USB 3.0, coexisting with the existing 5 V powered
universe of devices by use of adapter cables. Some basic characteristics of this technology relevant to the device

include:
» Increased power achieved by providing higher current and/or higher voltage.
* New 3 A cable and 5 A connector to support greater than the traditional 1.5 A.
— Cables have controlled voltage drop
» Voltages greater than 5 V are negotiated between PD partners.
— Standard 5 V is always the default source voltage.
— Voltage and current provisions are negotiated between PD partners.
» PD partners negotiate over the CC line to avoid conflict with existing signaling (that is, D+, D-)
» Layered communication protocol defined including PHY, Protocol Layer, Policy Engine, and Device Policy
Manager all implemented within the device.
» The Type-C connector standard implements pre-powerup signaling to determine:
— Connector orientation
— Source 5-V capability
— Detect through connection of a UFP (upward facing port) to a DFP (downward facing port).
— Detection of when the connected UFP is disconnected. VBUS is unpowered until a through-connection is
present

Figure 21 and Figure 22 show a typical configuration for the device.

CSD17578Q3A (2X)
"« > Rs

l W 1 W

2100 %100

Output voltage from power supply
Type-C
receptacle

C(SOURCE)
R(psce)
E g
C(PDIN)

Power Supply
M

ISNS|
Crx)

PWR
GDNS
DSCG

(@)
0O
=

VBUS

Voltage Selector (eg. Secondary VDD
voltage in fly-back topology)

Copyright © 2016, Texas Instruments Incorporated

Figure 21. Schematic 1
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Overview (continued)

CSDI7579Q3A (1x) g

V
Y BUS

i Type-C

Plug

«
Output voltage from power supply l Ll

C(SOURCE)

G
C(PDIN)

Power Supply
W\
R(psce)

Cc1

ISNS

GDNS
<1—|IJ
C(rx)

VBUS
DSCG

Voltage selector (eg. Secondary VDD cc2

voltage in fly-back topology) CTL1 TPS25740B

Copyright © 2016, Texas Instruments Incorporated

Figure 22. Schematic 2

8.1.1 VBUS Capacitance

The USB Type-C specification requires that the capacitance on the VBUS pin of an empty receptacle be below
10 pF. This is to protect legacy USB sources that are not designed to handle the larger inrush capacitance and
which may be connected via an A-to-C cable. For applications with USB Type-C receptacles and large bulk
capacitance, this means back-to-back blocking FETs are required as shown in Figure 21. However, for
applications with a USB Type-C plug (that is, a captive cable) this requirement does not apply since an adaptor
cable with a USB Type-C receptacle and a Type-A plug is not defined or allowed by the USB I/F. Figure 22 is a

schematic for such applications.

8.1.2 USB Data Communications

The USB Power Delivery specification requires that sources such as the device advertise in the source
capabilities messages they transmit whether or not they are in a product that supports USB data
communications. The device has this bit hard-coded to O.

Copyright © 2017-2018, Texas Instruments Incorporated 19
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8.2 Functional Block Diagram
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v
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Digital
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8.3 Feature Description
This section describes the features associated with each pin for the device.

8.3.1 ENSRC

ENSRC is an open-drain output pin used to indicate whether voltage is being provided to the port. ENSRC goes
low when a sink is attached to the port and VBUS is low. A sink attachment is detected when the voltage on one
(not both) of the CC pins remains between Vgpstpy and Vpsrp) for teepen and the voltage on the VBUS pin is
below Viygus_rrh)- After being pulled low, ENSRC remains low until TPS25740B determines that it should remove
voltage from the port at which time it goes to high-z. In some applications, the ENSRC pin may be used to
disable the power supply instead of using a blocking NFET (See Using ENSRC to Enable the Power Supply
upon Sink Attachment).

8.3.2 USB Type-C CC Logic (CC1, CC2)

The device uses a current source to implement the pull up resistance USB Type-C requires for Sources. While
waiting for a valid connection, the device applies a default pullup of | grpstp). A sink attachment is detected when
the voltage on one (not both) of the CC pins remains between V gpstp) and V(pstp) for teepen and the voltage on
the VBUS pin is below V(ygys_rrr)- Then after turning on VBUS and disabling the Rp current source for the CCx
pin not connected through the cable, the device applies Irp30) to advertise 3 A to non-PD sinks. Finally, if it is
determined that the attached sink is PD-capable, the device applies Irp15. During this sequence if the voltage
on the monitored CC pin exceeds the detach threshold then the device removes VBUS and begins watching for
a sink attachment again.

The TPS25740B digital logic selects the current source switch as illustrated in Figure 23. The schematic shown
is replicated for each CC pin.
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Feature Description (continued)

Digital Control Logic

— V(p3.0)

— V(p15)

— V(osTp)

— V(rD3.0)

l(rRPsTD)

lrPL5)

l(rP3.0)

— V(rD15)

— V(rRDsTD)

AL A AN A

CCx

Digital Control Logic

Figure 23. USB Type-C Rp Current Sources and Detection Comparators

If the voltage on both CC pins remains above V(gpstp) for tecpen, then the device goes to the sleep mode. In the
sleep mode a less accurate current source is applied and a less accurate comparator watches for attachment

(see Viwake), and lipsprp))-

8.3.3 USB PD BMC Transmission (CC1, CC2, VTX)

An example of the BMC signal, specifically the end of the preamble and beginning of start-of-packet (SOP) is
shown below. There is always an edge at the end of each bit or unit interval, and ones have an edge half way
through the unit interval.

Preamble

SOP.Syncl

SOP.Sync2

Data in

BMC

L

il

L

_—— -

L

Figure 24. BMC Encoded End of Preamble, Beginning of SOP
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Feature Description (continued)

While engaging in USB PD communications, the device is applying lrp15) Or lrpsg), SO the CC line has a DC
voltage of 0.918 V or 1.68 V, respectively. When the BMC signal is transmitted on the CC line, the transmitter
overrides this DC voltage as shown in Figure 25. The transmitter bias rail (VTX) is internally generated and may
not be used for any other purpose in the system. The VTX pin is only high while the TPS25740B is transmitting a
USB PD message.

VTXHI .

DC Bias

DC Bias

DC Bias

DC Bias

VTxLo

Figure 25. USB PD BMC Transmission on the CC Line

The device transmissions meet the eye diagram USB PD requirements (refer to USB PD in X143 #) across the
recommended temperature range. Figure 26 shows the transmitter schematic.

To Receiver

Rrx O/
Driver NN

«—

ZDRIVER

Digital Control
Logic

Copyright © 2016, Texas Instruments Incorporated

Figure 26. USB PD BMC Transmitter Schematic

The transmit eye diagram shown in Figure 28 was measured using the test load shown in Figure 27 with a C oap
within the allowed range. The total capacitance Coap iS computed as:

CLOAD = C(RX) + CCablePIug x2+Ca+ CRecz—:tiver (1)
Where:
* 200 pF < Cgx) < 600 pF
* CCabIePIug <25pF
e Ca<625pF
* 200 pF < Cgeceiver < 600 pF

Therefore, 400 pF < C,pap < 1850 pF.
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Feature Description (continued)

CCx

51kQ —— CLoAD

GND

\

Copyright © 2016, Texas Instruments Incorporated

Figure 27. Test Load for BMC Transmitter

Figure 28 shows the transmit eye diagram for the TPS25740B.

L enneeanee

12v

900mV

| : H | H \ | {
o ——— e — N ;
y

Falltime = 403.1ns

TV A A - | — R — R Wk LS A Bttt SR

' | : pBitRate = 0.006%
400mV ; ; ARt ----------~---------------------3 --------------

Figure 28. Transmit Eye Diagram (BMC)
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Feature Description (continued)
8.3.4 USB PD BMC Reception (CC1, CC2)

The device BMC receiver follows the USB PD requirements (refer to USB PD in X#53#F) using the schematic
shown in Figure 29.

The device low-pass filter design and receiver threshold design allows it to reject interference that may couple
onto the CC line from a noisy VBUS power supply or any other source (refer to V().

To Transmitter

V(RxHI)
| cc1

Low-Pass Filter

Digital Control
Logic

Digital Control Logic

V(RxLO)

Copyright © 2016, Texas Instruments Incorporated

Figure 29. USB PD BMC Receiver Schematic

8.3.5 Discharging (DSCG, VPWR)

The DSCG pin allows for two different pull-downs that are used to apply different discharging strengths. In
addition, the VPWR pin is used to apply a load to discharge the power supply bulk capacitance.

If too much power is dissipated by the device (that is, the T;; temperature is exceeded) an OTSD occurs that
disables the discharge FET; therefore, an external resistor is recommended in series with the DSCG pin to
absorb most of the dissipated power. The external resistor Rpscg) should be chosen such that the current sunk
by the DSCG pin does not exceed lpscar)-

The VPWR pin should always be connected to the supply side (as opposed to the connector side) of the power-
path switch (Figure 30 shows one example). This pin is monitored before enabling the GDNG gate driver to apply
the voltage to the VBUS pin of the connector.

From sink attachment, and while the device has not finalized a USB PD contract, the device applies Rpsceg)-

Also from sink attachment, and while the device has not finalized a USB PD contract, the device draws lisypp)
through the VPWR pin even if VDD is above its UVLO. This helps to discharge the power supply source.
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Feature Description (continued)

Power Supply

J,;L VBUS

10Q

RsLew)

R(DscG)

C
(SLEW)

VPWR
GDNG

See I(DSCGT) and V(DSCGT)
R(DscGB)

Copyright © 2016, Texas Instruments Incorporated

Figure 30. Discharge Schematic

The discharge procedure used in the device is intended to allow the DSCG pin to help pull the power supply
down from high voltage, and then also pull VBUS at the connector down to the required level (refer to USB PD in

XX 5).

8.3.5.1 Discharging after a Fault (VPWR)

There are two types of faults that cause the TPS25740B to begin a full discharge of VBUS: Slow-shutdown faults
and fast-shutdown faults. When a slow-shutdown fault occurs, the device does not disable GDNG until after
VBUS is measured below V(soyp) for a 5V contract. When a fast-shutdown fault occurs, the device disables
GDNG immediately and then discharges the connector side of the power-path. In both cases, the bleed
discharge is applied to the DSCG pin and |sypp) is drawn from the VPWR

Slow-shutdown faults that do not include transmitting a hard reset:

* Receiving a Hard Reset signal (25 ms < tghydownpelay < 35 MS)

+ Cable is unplugged (tsputdownpelay < 20 US)

Slow-shutdown faults that include transmitting hard reset (25 ms < tspygownpelay < 35 MS)

» T, exceeds T; (an overtemperature event)

» Low voltage alarm occurring outside of a voltage transition

» High voltage alarm occurring outside of a voltage transition (but not high enough to cause OVP)

» Receiving an unexpected PD message during a voltage transition

. I;jg;%()f power supply to transition voltages within required time of 600 ms (tpsTransition (fefer to USB PD in X
« A Soft Reset USB PD message is not acknowledged or Accepted (refer to USB PD in X#43 #).

+ A Request USB PD message is not received in the required time (refer to USB PD in X#43%#).

» Failure to discharge down to 0.725 V after a fault of any kind.
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Feature Description (continued)

Fast-shutdown faults (hard reset always sent):

» Fast OVP event occurring at any time.

* OCP event occurring at any time starting from the transmission of the first USB PD message.
— VBUS falling below V(gys_grh is treated as an OCP event.

* GD falling edge

The DSCG pin is used to discharge the supply line after a slow-shutdown fault occurs. Figure 31 illustrates the
signals involved. Depending on the specific slow-shutdown fault the time tsnyownpelay in Figure 31 is different as
indicated in the list above. If the slow-shutdown fault triggers a hard reset, it is sent at the beginning of the
tshutdownDelay PEri0d. However, the device behavior after the time tshyownpeiay iS the same for all slow-shutdown
faults. After the tspuownpelay PEri0d, the device sets CTL1, CTL2, and CTL3 to select 5 V from the power supply
and puts the DSCG pin into its ON state (Full Discharge). This discharging continues until the voltage on the
VBUS pin reaches V(soyp) for a 5-V contract. The device then disables GDNG and again puts the DSCG pin into
its ON state. This discharging state lasts until the voltage on VBUS reaches 0.725 V (nominal). If the discharge
does not complete within 650 ms, then the device sends a Hard Reset signal and the process repeats. In
Figure 31, the times labeled as t;5_,5 and t5_,, can vary, they depend on the size of the capacitance to be
discharged and the size of the external resistor between the DSCG pin and VBUS. The time labeled as tg is a
function of how quickly the NFET opens.

CTL1, CTL2, and CTL3

v

15V

|
| | 5V

VPWR | | I
| 15v | [
| | '
| | | 5V

VBUS |
: : || <0.8V
\ NFET enabled (closed) | I |
1 1 l

GDNG | | :\I NFET disabled (open)
| | | |
| | _>| ts l |
I Bleed | | |
, only |
! Full |

psc | discharge |
| ! |
| I t1555 l , t50 l
|
|
|
|
|

|
1
T

Low |
|
1™ Time bounded by 650 ms |
tshutdownDelay

| | (tsafeov) |

Slow-
Shutdown
Fault occurs

Figure 31. lllustration of Slow-Shutdown VBUS Discharge

Figure 32 illustrates a similar discharge procedure for fast-shutdown faults. The main difference from Figure 31 is
that the NFET is opened immediately. It is assumed for the purposes of this illustration that the power supply
output capacitance (that is, Cisourcg) in the reference schematics shown in Figure 21 and Figure 22) is not
discharged by the power supply itself, but the VPWR pin is bleeding current from that capacitance. The VPWR
pin then draws |sypp) after GDNG disables the external NFET. So, as shown in the figure, the VPWR voltage
discharges slowly, while the VBUS pin is discharged once the full discharge is enabled. If the voltage on the
VPWR pin takes longer than t;5 5 + ts_,o + 0.765s to discharge below V(oyp), then it causes an OVP event and
the process repeats.
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Feature Description (continued)
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Figure 32. Illustration of Fast-Shutdown Discharge

If the discharge does not complete successfully it is treated as a slow-shutdown fault, and the device repeats the
discharge procedure until it does complete successfully. Once the discharge completes successfully as
described above (that is, VBUS on connector is below 0.725 V), the device waits for 0.765 s (nominal) before
trying to source VBUS again.

8.3.6 Configuring Voltage Capabilities (HIPWR)

The voltages advertised to USB PD-capable sinks can be configured to one of two different sets. Note that
changing the state of the PCTRL pin forces capabilities to be re-transmitted. The device reads the HIPWR pin
after a reset and latches the result.

Table 1. Voltage Programming (TPS25740B)

HIPWR PIN VOLTAGES ADVERTISED via USB PD [V]
Connected to DVDD or GND directly 5,9, 15, 20
Connected to DVDD or GND via R(sg) 5,9,12,15

8.3.7 Configuring Power Capabilities (PSEL, PCTRL, HIPWR)

The power advertised to non-PD Type-C Sinks is always 15 W. However, the device only advertises Type-C
default current until it debounces the Sink attachment for tc.pep, and the VBUS voltage has been given typ to
stabilize.
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The device does not communicate with the cable to determine its capabilities. Therefore, unless the device is in
a system with a captive cable able to support 5 A, the HIPWR pin should be used to limit the advertised current
to 3 A.

PCTRL is an input pin used to control how much of the maximum allowed power the port will advertise. This pin
may be changed dynamically in the system and the device automatically updates any existing USB PD contract.
If the PCTRL pin is pulled below Vecrre tH), then the source capabilities offers half of the maximum power
specified by the PSEL pin.

The devices read the PSEL and HIPWR pins after a reset and latches the result, but the PCTRL pin is read
dynamically by the device and if its state changes new capabilities are calculated and then transmitted.

While USB PD allows advertising a power of 100 W, UL certification for Class 2 power units (UL 1310) requires
the maximum power remain below 100 W. The device only advertises up to 4.65 A for a 20-V contract, this
allows the Vgys overshoot to reach 21.5 V as allowed by USB PD while remaining within the UL certification
limits. Therefore, the device allows delivering 100 W of power without adding additional voltage tolerance
constraints on the power supply.

The PSEL pin offers four possible maximum power settings, but the devices can actually advertise more power
settings depending upon the state of the HIPWR and PCTRL pins. Table 2 summarizes the four maximum power
settings that are available via PSEL, again note this is not necessarily the maximum power that is advertised.

Table 2. PSEL Configurations

o
P(seL) = 36 Direct to GND
P(seL) = 45 DVDD via Rsgl)
P(seL) = 65 GND via R(sgy)
P(seL) = 93 Direct to DVDD

Equation 2 provides a quick reference which applies to device to see how the HIPWR, PSEL and PCTRL pins
affect what current is advertised with each voltage in the source capabilities message:

max
max

. (P
IXx = mln( , Imax]
v (2
Where:
e For a voltage Vx, the advertised current is Ix
+ If the PCTRL pin is low, then Pmax = P(gg) / 2
 If the PCTRL pin is high, then Pmax = Pggy).
e If the HIPWR pin is pulled high, then Imax = 3 A.

e If the HIPWR pin is pulled low, then Imax =5 A.

Table 3 provides a comprehensive list of the currents and voltages that are advertised for each voltage.
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Table 3. Maximum Current Advertised in the Power Data Object for a Given Voltage

PSEL | VOLTAGE[V] |  HIPWR VPCTRL = LOW [A] YBCTRL = HIGH [A]
Direct to GND 3 3
DVDD via R(sg) 5 3 3
GND via R(sgr) 3 3
Direct to DVDD 3 3
Direct to GND 2 3
DVDD via R(sg) 5 25 3
GND via R(sgr) 3 3
Direct to DVDD 3
Direct to GND Max = 3 A 15 3
DVDD via R(sg) - DVDD thr_ough 1.87 3
GND via R(si) Rsen) S\;ggect to 2.7 3
Direct to DVDD 3 3
Direct to GND 1.2 2.4
100kQ to DVDD 15 3
100kQ to GND 15 2.17
Direct to DVDD 3 3
Direct to GND 0.9 1.8
DVDD via Rsgy) 20 1.12 2.24
GND via R(sgr) 1.62 3
Direct to DVDD 2.32 3
Direct to GND 3.6 5
DVDD via R(sg) 5 4.5 5
GND via R(sgr) 5 5
Direct to DVDD 5
Direct to GND 2 4
DVDD via R(sg) 5 25 5
GND via R(sgr) 3.61 5
Direct to DVDD 5 5
Direct to GND Max = 5 A 15 3
DVDD via R(sg) 12 GND thr(_)ugh 1.87 3.74
GND via R(si) Rsen) ng DDlrect to 2.7 5
Direct to DVDD 4.16 5
Direct to GND 1.2 2.4
100kQ to DVDD 15 3
100kQ to GND 1 2.17 4.33
Direct to DVDD 3.1 5
Direct to GND 0.9 1.8
DVDD via Rsgy) 20 1.12 2.24
GND via R(sg) 1.62 3.24
Direct to DVDD 2.32 4.64

8.3.8 Gate Driver (GDNG, GDNS)

The GDNG and GDNS pins may control a single NFET or back-to-back NFETs in a common-source
configuration. The GDNS is used to sense the voltage so that the voltage differential between the pins is
maintained.
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Figure 33. GDNG/GDNS Gate Control
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8.3.9 Fault Monitoring and Protection

8.3.9.1 Over/Under Voltage (VBUS)

The TPS25740B uses the VBUS pin to monitor for overvoltage or undervoltage conditions and implement the
fast-OVP, slow-OVP and slow-UVP features.

VBUS
0
=}
@
>
V "
(FOVP Deglitch
| GDNG
IFOVPDG Control
V(sovp
Sampled every 1ms Send Hard
Reset
V(suvp
Send Hard
Sampled every 1ms Reset

Copyright © 2016, Texas Instruments Incorporated

Figure 34. Voltage Monitoring Circuits

If an over-voltage condition is sensed by the Fast OVP mechanism, GDNG is disabled within troyp + trovepa:
then a Hard Reset is transmitted and the VBUS discharge sequence is started. At power up the voltage trip point
is Iset to Veove) (5 V contract). When a contract is negotiated the trip point is set to the corresponding V ovp)
value.

The devices employ another slow over-voltage protection mechanism as well that sends the Hard Reset before
disabling the external NFET. It catches many OV events before the Fast OVP mechanism. During intentional
positive voltage transitions, this mechanism is disabled (see Figure 1). However, tp after the external NFET has
been enabled, if the voltage on the VBUS pin exceeds V(sovp) then a Hard Reset is transmitted to the Sink and
the VBUS discharge sequence is started.

The devices employ a slow under-voltage protection mechanism as well that sends the Hard Reset before
disabling GDNG. During intentional negative voltage transitions, this mechanism is disabled (see Figure 1).
However, t,p after the external NFET has been enabled if the voltage on the VBUS pin falls below V(syyp), then a
Hard Reset is transmitted to the Sink and the VBUS discharge sequence is started.

8.3.9.2 Over-Current Protection (ISNS, VBUS)

OCP protection is enabled typ after the voltage on the VBUS pin has exceeded V(ygys rrH)- Prior to OCP being
enabled, the GD pin can be used to protect against a short.

The OCP protection circuit monitors the differential voltage across an external sense resistor to detect when the
current outflow exceeds V,gpy Which in turn activates an over-current circuit breaker and disables the GDNG /
GDNS gate driver. Once the OCP is enabled, if the voltage on the VBUS pin falls below Vgys ey then that is
also treated like an OCP event.

Following the recommended implementation of a 5-mQ sense resistor, when the device is configured to deliver 3
A (via HIPWR pin), the OCP threshold lies between 3.8 A and 4.5 A. When configured to deliver 5 A (via HIPWR
pin), the OCP threshold lies between 5.8 A and 6.8 A. The resistance of the sense resistor may be tuned to
adjust the current that causes Vgrip) to be exceeded.
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Figure 35. Overcurrent Protection Circuit, (ISNS, VBUS)

8.3.9.3 System Fault Input (GD, VPWR)

The gate-driver disable pin provides a method of ovemdlng the internal control of GDNG and GDNS. A falling
edge on GD disables the gate driver within tgpes. If GD is held low after a sink is attached for 600 ms then a hard
reset will be generated and the device sends a hard reset and go through its startup process again.

The GD input can be controlled by a voltage or current source. An internal voltage clamp is provided to limit the
input voltage in current source applications. The clamp can safely conduct up to 80 pA and will remain high
impedance up to 6.5 V before clamping.

GDNG
Control
a
[0
V(GD_TH)
_ﬂ- Deglitch
{GDoff
o
Q V(GDC)
2

Copyright © 2016, Texas Instruments Incorporated

Figure 36. Overcurrent Protection Circuit, (GD)

If the VPWR pin remains below its falling UVLO threshold (Vpwr 1)) for more than 600 ms after a sink is
attached then the devices consider it a fault and will not enable GDNG. If the VPWR pin is between the rising
and falling UVLO threshold, the device may enable GDNG and proceed with normal operations. However, after
GDNG is enabled, if the VBUS pin does not rise above its UVLO within 190 ms the devices consider it a fast-
shutdown fault and disables GDNG. Therefore, in order to ensure USB Type-C compliance and normal
operation, the VPWR pin must be above its rising UVLO threshold (V(ypwr_TH)) Within 275 ms of when ENSRC is
pulled low and the VBUS pin must be above V(ygys_rtH) Within 190 ms of GDNG being enabled.
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8.3.10 Voltage Control (CTL1, CTL2,CTL3)

CTL1, CTL2, and CTL3 are open-drain output pins used to control an external power supply as summarized in
Table 4. Depending upon the voltage requested by the sink, the device sets the CTL pins accordingly. No current

flows into the pin in its high-z state.

Table 4. States of CTL1, CTL2, and CTL3 as a Function of Target Voltage on VBUS (TPS25740B)

VOLTAGE CONTAINED in PDO REQUESTED by UFP CTL3 STATE CTL2 STATE CTL1 STATE
5V High-z High-z High-z
9V High-z Low High-z

12 V (if 12 V enabled by HIPWR pin) _—

15 V (if 20 V enabled by HIPWR pin) High-z Low Low
15 V (if 12V enabled by HIPWR pin)

20 V (if 20 V enabled by HIPWR pin) Low Low Low

8.3.11 Sink Attachment Indicator (DVDD)

DVDD is a power supply pin that is high-z until a sink or debug accessory or audio accessory is attached, in
which case it is pulled high. Therefore, it can be used as a sink attachment indicator that is active high.

8.3.12 Power Supplies (VAUX, VDD, VPWR, DVDD)

The VAUX pin is the output of a linear regulator and the input supply for internal power management circuitry.
The VAUX regulator draws power from VDD after establishing a USB PD contract unless it is not available in
which case it draws from VPWR. Changes in supply voltages will result in seamless switching between supplies.

If there is a load on the DVDD pin, that current will be drawn from the VPWR pin unless the device has stabilized
into a USB PD contract or VPWR is below its UVLO.

Connect VAUX to GND via the recommended bypass capacitor. Do not connect any external load that draws
more than lyauxext). Locate the bypass capacitor close to the pin and provide a low impedance ground
connection from the capacitor to the ground plane.

VDD should either be grounded or be fed by a low impedance path and have input bypass capacitance. Locate
the bypass capacitors close to the VDD and VPWR pins and provide a low impedance ground connection from
the capacitor to the ground plane.
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Figure 37. Power Management

8.3.13 Grounds (AGND, GND)

GND is the substrate ground of the die. Most circuits return to GND, but certain analog circuitry returns to AGND
to reduce noise and offsets. The power pad (on those devices that possess one) is electrically connected to
GND. Connect AGND, GND and the power pad (if present) to the ground plane through the shortest and most
direct connections possible.

8.3.14 Output Power Supply (DVDD)

The DVDD pin is the output of an internal 1.85 V linear regulator, and the input supply for internal digital circuitry.
This regulator normally draws power from VPWR until a USB PD contract has stabilized, but will seamlessly
swap to drawing power from VDD in the event that VPWR drops below its UVLO threshold. External circuitry can
draw up to 35 mA from DVDD. Note that as more power is drawn from the DVDD pin more heat is dissipated in
the device, and if excessive the OTSD could be tripped which resets the device. Connect DVDD to GND via the
recommended ceramic bypass capacitor.

The DVDD pin will only be high when a USB Type-C sink, or audio accessory, or debug accessory is attached,
refer to Figure 19 and Figure 20.

Locate the bypass capacitor close to the pin and provide a low impedance ground connection from the capacitor
to the ground plane.
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8.4 Device Functional Modes

8.4.1 Sleep Mode

Many adaptors that include USB PD must consume low quiescent power to meet regulatory requirements (that
is, “Green,” Energy Star, or such). The device supports the sleep mode to minimize power consumption when the
receptacle or plug is unattached. The device enters sleep mode when there is no valid plug termination attached;
a valid plug termination is defined as one of: sink, Audio accessory, or Debug accessory. If an active cable is
attached but its far-end is left unconnected or “dangling,” then the device also enters sleep mode. It exits the
sleep mode whenever the plug status changes, that could be a dangling cable being removed or a sink being
connected.

8.4.2 Checking VBUS at Start Up

When first powered up, the device will not enable GDNG if the voltage on VBUS is already above its UVLO. This
is a protective measure taken to avoid the possibility of turning on while connected to another active power
supply in some non-compliant configuration.

This means that the VBUS pin must be connected between the power-path NFET and the USB connector. This
also allows for a controlled discharge of VBUS all the way down to the required voltage on the connector (refer to

USB PD in X#4% ).
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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 TPS25740B implements a fully compliant USB Power Delivery 2.0 provider and Type-C source (also known
as downward facing port (DFP)). The device basic schematic diagram is shown in Figure 38. Subsequent
sections describe detailed design procedures for several applications with differing requirements. The
TPS25740B Design Calculator Tool (refer to USB PD in X#53%#F ) is available for download and use in
calculating the equations in the following sections.
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Figure 38. Basic Schematic Diagram (Psgy=65Wat5V, 9V, 15V, 20 V)

9.1.1 System-Level ESD Protection

System-level ESD (per EN61000-4-2) may occur as the result of a cable being plugged in, or a user touching the
USB connector or cable. Figure 39 shows an example ESD protection for the VBUS path that helps protect the
VBUS pin, ISNS and DSCG pins of the device from system-level ESD. The device has ESD protection built into
the CC1 and CC2 pins so that no external protection is necessary. Refer to the Layout Guidelines section for
external component placement and routing recommendations.

The Schottky diode is to protect against VBUS being drawn below ground by an inductive load, the cable
inductance may be as high as 900 nH.
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Application Information (continued)
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Figure 39. VBUS ESD Protection

9.1.2 Using ENSRC to Enable the Power Supply upon Sink Attachment

ENSRC may be connected to the enable pin of the power supply as shown in Figure 40. This configuration can
eliminate the idle state power loss in the power supply by only turning it on when a sink is attached. In this
configuration, VPWR must be connected to a live source so that the TPS25740B can wake upon sink

attachment.
CSD17572Q3A (1) Rs Voo
DC IN DC OUT . AM > . >
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2 |
n 2] n O
VPWR @ 2 z 5 O cci
o o %) oD 0
FEEDBACK | | o O > o
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CTL2 gL &L
cTL3 T Yy g . l 1
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i 62 Sl 28
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Figure 40. ENSRC as Power Supply Enable
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Application Information (continued)

Another benefit of this configuration is that only one NFET is required to block the source capacitance of the
power supply when the socket is cold. This requires that the NFET be oriented with drain towards the type C
connector as shown in Figure 40. For this NFET orientation, TPS25740B cannot protect the power supply from
over-current events, so the power supply must implement over-current protection. For this case, Rg may be
removed with ISNS directly connected to VBUS. Since VBUS follows DC OUT, power supply start-up overshoot
must be less than V(soyps). ENSRC is set to high-z after a delay of t,z whenever TPS25740B detects a fault that
requires a hard reset.

9.1.3 Use of GD Internal Clamp

As described in the Configuring Power Capabilities (PSEL, PCTRL, HIPWR) section, the GD pin has an internal
clamp. Figure 41 shows an example of how it may be used. Vg7 is the voltage from a power supply that is to be
provided onto the VBUS wire of the USB Type-C cable through an NFET resistor. If Vqur drops, the NFET
should be automatically disabled by the device. This can be accomplished by tying the GD pin to Vgt via a
resistor.

The internal resistance of the GD pin is specified to exceed Rgp), and the input threshold is V(gp_t). The GD pin
would therefore draw no more than V(gp_tH) max / R(ap) min < 603 NA. As an example, assume the minimum value
of Vour for which GD should be high is 4.5 V, then the resistor between GD and Vg, may not exceed (4.5 —
V(ep_TH) max) / 603€-9 = 4.5 MQ. To make it robust against board leakage a smaller resistor such as 1 MQ can be
chosen, but the smaller the resistance the more leakage current into the GD pin. In this example, when Vgyr is
25V, the current into the GD pin is (25-V(gpc)) / 1€6 < 1.85 pA.

CSD17579Q3A
VouTt 1 | A . VBUS . ]
. | Type-C Plug

Rs EJ_ >

!

R(DscG)
CpDI

1MQ
A%

o |

VPWR
GDNG
GDNS
ISNS
VBUS
DSCG

CC1
CC2l—

&l
w)

TPS25740B
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Figure 41. Use of GD Internal Clamp

9.1.4 Resistor Divider on GD for Programmable Start Up

Figure 42 shows an alternative usage of the GD pin can help protect against shorts on the VBUS pin in the
receptacle. A resistor divider is used to minimize the time it takes the GD pin to be pulled low. Consider the
situation where the VBUS pin is shorted at startup. At some point, the device closes the NFET switch to supply 5
V to VBUS. At that point, the short pulls down on the voltage seen at the VPWR pin. With the resistor values
shown in Figure 42, once the voltage at the VPWR pin reaches 3.95 V the voltage at the GD pin is specified to
be below Vgp tH) min- Without the 700-kQ resistor, the voltage at the VPWR pin would have to reach Vgp 1) min
which takes longer. This comes at the expense of increased leakage current.
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Application Information (continued)
v CSD17§<79Q3A Vi
our 18T N BUS > |Type-C Plug

R(GD1)
1MQ
N

Py
wn
R(DsceG)
DSCG |———— MWA—
C(PDIN)
A
<1—|)—‘
C(RX)

GDNS
ISNS
VBUS

VPWR
GDNG

cc1
cczl—

al

TPS25740B

R(GD2)
700kQ

Copyright © 2016, Texas Instruments Incorporated

Figure 42. Programmable GD Turn On

The GD resistor values can be calculated using the following process. First, calculate the smallest R(gpy) that
should be used to prevent the internal clamp current from exceeding lgp) of 80 pWA. For a 20 V advertised
voltage, the OVP trip point could be as high as 24 V. Using V(gpc) min = 6.5 V and Voyr = V(rovp20) max = 24V,
provides Equation 3:
V(Fovp20) ~V(GDC) 24V -65V _ 219 kO

I(GD) 80 MA (3)

Rby) >

The actual clamping current is less than 80 pA as some current flows into Rigp2). Next, Rgpz) can be calculated
as shown in Equation 4:

V(GD_TH)
VivPwRr) — V(GD_TH)

R(eb2) <R(GD1) %

where
* Vuewr) = Yvewr_th falling (max) and Vgp 11y = V(ep_tn) falling (min). (4)

9.1.5 Selection of the CTL1, CTL2, and CTL3 Resistors (RegL1), REsL2), and RgLs)

RereL1), Resio) and Reegys) providg a means to chan_ge the power supp_ly output voltage_ when switched. in by the
CTL1, CTL2, and CTL3 open drain outputs, respectively. When CTLx is driven low it will place R gy in parallel
with R .

(FBL)
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Application Information (continued)

VouTt

R(FBU)
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R(FBL1)

R(FBL)

CTL2
CTL3
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Figure 43. Circuit to Change Vgout Upon Sink/UFP Request

R(reLo) is calculated using Equation 5. In this exampl_e, VouTte 1S 9V, Voutis is 15 V, and _\(ourzo is 20 V. Vgur is
the default output voltage (5 V) for the regulator and is set by Rgy), Regr) and error amplifier Vigee.

RsL) X Rsu) X VRer
Rsy) * (Voute - VRer) - Rsu) * VRer ()

RFBL2) =

R(esL1) is calculated using Equation 6 after a standard 1% value for R(gg ) is chosen.
R(FBL2) * RFBL)

R(reL2) *+ R(FBL

RFBLy) = | L) )

FBL2) X REBL
—(FBL2) ~ T(FBL) (Vout1s - Vrer) - Resu) X VRer
ReL2) * RFaL) ©)

X Rrgu) * VREF

RFBLy * RFeL2) * R(FBL)
ReFeL) * (R(FBLZ) + R(FBLl)) +R(FBL2) X R(FBLY)

R R R
(FBL) X T(FBL2) * T(FBL) x (Vout20 - Vrer) - REsu) X Vrer
R(FBL) * (R(FBLZ) + R(FBLl)) +RFBL2) X R(FBLY) @

X Rrgu) * VREF

R(FBL3) =

R(reLx) resistors should be large enough so that the corresponding CTLx sinking current is minimized (< 1 mA).
The sinking current for CTLX is Vger / RraLy)-

9.1.6 Voltage Transition Requirements

During VBUS voltage transitions, the slew rate (Vgiesiewros) Must be kept below 30 mV/us in all portions of the
waveform, settle (tscsete) in l€ss than 275 ms, and be ready (tsicreaqy) in l€ss than 285 ms. For most power
supplies, these requirements are met naturally without any special circuitry but in some cases, the voltage
transition ramp rate must be slowed in order to meet the slew rate requirement.

The requirements for linear voltage transitions are shown in Table 5. In all cases, the minimum slew time is
below 1 ms.

Table 5. Minimum Slew-Rate Requirements

T\éghyﬁg,\l 5V 12V [5Veo20V | 12Va20V | 5Vo9V |5V o155V |9V o 15V |9V e 12V | 12V 15V |9V o 20V | 15V o 20 V
Minimum 233 500 267 133 333 200 100 100 367 167
Slew Time us us us us us us us us us us
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When transition slew control is required, the interaction of the slew mechanism and dc/dc converter loop
response must be considered. A simple R-C filter between the device CTL pins and converter feedback node
may lead to instability under some conditions. Figure 44 shows a method which controls the slew rate without
adding capacitance to the converter feedback node.

vee , .
VOUT—— _ —
=) < 3
o :‘I [
DC/DC L ) o
Converter @ @
cTLL
FB
=) TPS25740B
51«
S| a
Lo gl-,% e cTL2
a4

Copyright © 2016, Texas Instruments Incorporated

Figure 44. Slew-Rate Control Example No. 1

When Vgt =5V, all CTL pins are in a high impedance state. When a 5 V to 12 V transition is requested, CTL2
goes low and turns off Q(cnz) Q(SLZ) gate starts to rise towards VCC at a rate determined by Rs 2a) + R(s2g) and
Cisi2)- Qsiz) gate continues to rise, until Qs ) is fully enhanced placing Regy ) in parallel with Riggyy. In similar
fashion when Cr 1) goes low, Qcr1) turns off allowing Rgg 1) to slew in parallel with Rigg2) and Regy).

The slewing resistors and capacitor can be chosen using the following equations. V¢ is the VGS threshold
voltage of Qg 1y and Qsi2). Vrer is the feedback regulator reference voltage. Choose the slewing resistance in
the 100 kQ range to reduce the loading on the bias voltage source (VCC) and then calculate C(g. The falling
transitions is shorter than the rising transitions in this topology.

Falling transitions:
+ 20Vtol2V

AToovy -
R(SLlB) X C(SLl) = 20V - 12V
|n£VT + VREF] _ ln[ VT ]
Mvco) Vveo) o
e 12Vto5V
AT oy .
R(SLZB) X C(SLZ) = 12V -5V
In[VT + VREF] _ ln[ VT ]
Vveo) Vveo) o
Rising transitions:
e 5Vtol2Vv
AT
(Ristza) * Restzs)) * Csta) = V e Vo +V
In[l - T] - |n[1 - TREF]
(vCe) (VCC) 10
e 12Vto20V
AT oy -
(ResL1a) + Rstig)) X CsLy) = 12V - 20V
|n[ Vil |n[1 ; \/T*VREFJ
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Some converter regulators can tolerate a balance of capacitance on the feedback node without affecting loop
stability. The LM5175 has been tested using Figure 45 to combine Vg1 slewing with a minimal amount of extra
circuitry.

VouTt
=)
CsLu) | @
T o
FB r CTL1
LM5175 R
_ (FBLY) | rpg257408
-}
m
CesLy) | iy CTL2
& CTL3

Copyright © 2016, Texas Instruments Incorporated

Figure 45. Slew-Rate Control Example No. 2

When a higher voltage is requested from TPS25740B, at least one of the CTL pins goes low changing the
sensed voltage at the FB pin. The LM5175 compensates by increasing C y). As Voyr increases, Cs y) is
charged at a rate proportional to Rgy). Three time constants yields a voltage change of approximately 95% and
can be used to calculate the desired slew time. C(g ) can be calculated using Equation 12 and Equation 13.

ATsLew) =3 * RrBu) * CsLu) (12)
Cowy = AT(sLEW)
3 x R(FBU) (13)

In order to minimize loop stability effects, a capacitor in parallel with Rgg,) is required. The ratio of Cg )/C(s1)
should be chosen to match the ratio of Rgg)/Rsu). Choose Cs ) according to Equation 14.

R(Fau)

Cisiy=C x
(sLL) = C(sLu)
(==TH) (14)

A third slew rate method is shown in Figure 46 using an equivalent resistance, Rgg and Cg ) to provide an
exponential slew rate. The slew rate is the derivative of the voltage ramp with the maximum occurring at the
beginning of a transition. A DC-DC converter with programmable soft-start can help minimize VOUT overshoot at
start-up due to Cg ). Any VOUT overshoot must decay below Vsovps) before TPS25740B applies VBUS in
order to prevent OVP shutdown.

VOUT
DC DC TPS25740B
Converter

CTL1

FB R(FBL].)
CTL2

R(reL2)
CTL3

R(reL3)

Copyright © 2017, Texas Instruments Incorporated

Figure 46. Slew-Rate Control Example No. 3

For the rising condition, TPS25740B will connect one or more of the Ry, resistors in parallel with Cs; ). The
FB node is treated as a virtual ground so that Rgq for the rising condition is Riegyy in parallel with the Rgiy
resistors being grounded through the CTLx pins. For the falling condition, TPS25740B will disconnect one or
more of the RgLy resistors in parallel with C(g (. Rgq for the falling condition is therefore Rgyy in parallel with
the R(egLx) resistors remaining grounded.
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.t
SR mv) _ AVeus « eReQ * Cesiy
us 1000 x REQ X C(SLL)
where
e SR=SR(max)att=0 (15)
SR(max)(mVj = AVeus
us 1000 x REQ X C(SLL) (16)

The slew rate is proportional to Vs voltage change and the largest slew rate occurs for the 5 V to 20 V case (or
15 V if 15 V is the highest advertised voltage) where all three Regy resistors are connected simultaneously.
Size C(gy for this case using Reg = Rieg1), ResLa): RreLz), and Riegis) in parallel.

For this method, the procedure to choose the voltage programming resistors differs from the examples in section
Selection of the CTL1, CTL2, and CTL3 Resistors (Rgi1), RirsL2), @and Repi3) due to the addition of R(gg,). The
TPS25740B Design Calculator Tool (refer to USB PD in K’éﬁﬁ% ) is available to help with the calculations for
this control method. All slew rate control methods should be verified on the bench to ensure that the slew rate
requirements are being met when the external VBUS capacitance is between 1 pF and 100 pF.

9.1.7 Vgys Slew Control using GDNG Cgigw)

Care should be taken to control the slew rate of Q1 using C(s ew); particularly in applications where Coyr >>
C(sLew)- The slew rate observed on VBUS when charging a purely capacitive load is the same as the slew rate of
V(epne) and is dominated by the ratio Iigpnony / CisLew) RsLew) helps block Cgigw) from the GDNG pin enabling
a faster transient response to OCP.

v Ql ¢ Rs D(vBUS) VBUS
OUT 14T M J: ¢ >
g ) )

24
R(SLEW) §u:

L L

C(PDIN)

(SLEW)
N
R(DscG)

IU ! CF
E
4|: 14 O %) (2] 2] O]
z = z z 7 2 o
o a [a) a = > a
> o V]

v[ vbD TPS257408
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Figure 47. Slew-Rate control Using GDNG

There may be fault conditions where the voltage on VBUS triggers an OVP condition and then remains at a high
voltage even after the TPS25740B configures the voltage source to output 5 V via the CTL pins. When this OVP
occurs, the TPS25740B opens Q1 within tegyp + trovepg. The TPS25740B then issues a hard reset, discharge
the power-path via the Rppscg), and waits for 795 ms before enabling Q1 again. Due to the fault condition the
voltage again triggers an OVP event when the voltage on VBUS exceeds Vgoyp). This retry process would
continue as long as the fault condition persists, periodically pulsing up to Vieovp) + Vsicsiewpos X (trove + trovepas)
onto the VBUS of the Type-C receptacle. It is recommended to use a slew rate less than the maximum of
Vsresiewpos (30 mV / ps) allowed by USB (refer to 3 #43X%¥), the slew rate should instead be set in order to meet
the requirement to have the voltage reach the target voltage within tgsene (275 ms). This also limits the out-rush
current from the Coyr capacitor into the Cppy) capacitor and help protect Q1 and Rs.
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9.1.8 Tuning OCP using Rg and C¢

In applications where there are load transients or moderate ripple on Vgoyt, the OCP performance of TPS25740B
may be impacted. Adding the Rg/Cr filter network as shown in Figure 48 helps mitigate the impact of the ripple

and load transients on OCP performance.

VouT Q1 Rs ~ D(VBUS) vgys,
13
g >
[O) [a)
o & Sz
R(SLEW)
rwv_ - o)
= (@]
%]
g 28
%) 24
Iﬁr' .
g
o 24 %) [%2] (O]
sl | 22 8 & ¢
o
> o (U] - > la}
VDD
TPS25740B
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Figure 48. ISNS Filtering Example

Re/Cr can be tailored to the amount of ripple on Vgoyr as shown in Table 6.

Table 6. Ripple on Vout

FREQUENCY x RIPPLE (kHz x V)

SUGGESTED FILTER TIME CONSTANT (us)

<5 (Ex: 50 mV ripple at 100 kHz)

None

2.2 ps ( Rg = 10 Q, Cg = 220 nF)

5t0 15
15 to 35 4.7 us (Rg = 10 Q, Cg = 470 nF)
35 to 105 10 ps (Rg = 10 Q, Cg = 1 pF)

44
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9.2 Typical Applications

9.2.1 Typical Application, A/C Power Source (Wall Adapter)

In this design example, PSEL pin is configured so that Psg ) = 65 W (see Table 7). Voltages offered are 5 V, 9
V, 15V, and 20 V at a maximum of 3 A. The overcurrent protection (OCP) trip point is set just above 3 A and
VDD on the TPS25740B is grounded. The following example is based on PMP11451 and PMP11455, see
www.ti.com/tool/PMP11451. In this design, the TPS25740B and some associated discretes are located on the
paddle card (PMP11455) which plugs into the power supply card (PMP11451). This allows different paddle cards
with different power and voltage advertisements to be used with a common power supply design.
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£ »> ! v oTie
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% Q::g: L
I==F
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Figure 49. Captive Cable Adapter Provider Conceptual Schematic

9.2.1.1 Design Requirements

Table 7. Design Parameters

DESIGN PARAMETER VALUE
Configured Power Limit, P(sgr) 65 W
Advertised Voltages 5V, 9V, 15V, 20 V
Advertised Current Limit 3A
Over Current Protection Set point 42 A

9.2.1.2 Detailed Design Procedure

9.2.1.2.1 Power Pin Bypass Capacitors

*  Cwpwr): 0.1 uF, 50V, £10%, X7R ceramic at pin 20 (VPWR)

. E%DDD): 0.1 pF, 50 V, X7R ceramic at pin 17 (VDD). If VDD is not used in the application, then tie VDD to
* Cpvop)y: 0.22 pF, 10V, £10%, X5R ceramic at pin 13 (DVDD)

*  Cwaux): 0.1 uF, 50V, £10%, X7R ceramic at pin 16 (VAUX)

* Cwrx: 0.1 uF, 50V, £10%, X7R ceramic at pin 1 (VTX)

9.2.1.2.2 Non-Configurable Components
* Rsen: When the application requires advertisement using Rsgy) , use a 100 kQ, +1% resistor.

Rpctry: If PCTRL will be pulled low with an external device then it can be connected to VAUX using a 220
kQ, +1% resistor. If PCTRL is always high, then it can be directly connected to VAUX.

*  Rsiewy: Use a 1 kQ, £1% resistor
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Rg: Use a 10 Q, £1% resistor

9.2.1.2.3 Configurable Components

C(rx): Choose Cryx) between 200 pF and 600 pF. A 560 pF, 50 V, +5% COG/NPO ceramic is recommended
for both CC1 and CC2 pins.

Qq: For a 3 A application, an N-Channel MOSFET with Rpgon in the 10 mQ range is sufficient. BV pss) should
be rated for 30 V for applications delivering 20 V, and 25 V for 12 V applications. For this application, the TI
CSD17579Q3A (SLPS527) NexFET™ is suitable.

Rs: TPS25740B OCP set point thresholds are targeted towards a 5 mQ, +1% sense resistor. Power
dissipation for Rg at 3 A load is approximately 45 mW.

Rpsce): The minimum value of Rpscg) is chosen based on the application VBUS (max) and |pscer)- For
VBUS (max) = 12 V and lipscem) = 350 MA, Rpscaminy = 34.3 Q. The size of the external resistor can then be
chosen based on the capacitive load that needs to be discharged and the maximum allowed discharge time
of 265 ms. Typically, a 120 Q, 0.5 W resistor provides suitable performance.

Rg/Ce: Not used

Cpoiny: The requirement for Cippyy is 10 pF maximum. A 6.8 pF, 25 V, £10% X5R or X7R ceramic capacitor
is suitable for most applications.

Dweus): Deus) provides reverse transient protection during large transient conditions when inductive loads
are present. A Schottky diode with a Vggy) rating of 30 V in a SMA package such as the B340A-13-F
provides suitable reverse voltage clamping performance.

C(sLew): To achieve a slew rate from zero to 5 V of less than 30 mV / s using the typical GDNG current of 20
HA then Cgiew) > 20 JA / 30 mV / us = 0.67 nF be used. Choosing C(s ew) = 10 nF yields a ramp rate of 2
mV / ys.

ResL1/REsL2/RsLs): In this design example, Rggy) = 20 kQ and Rgg ) = 20 kQ. The feedback error amplifier
is TL431Al which is rated for up to 36 V operation and Vger = 2.495 V. Using the equation for Rgg 2 above
yields a calculated value of 12.44 kQ and a selected value of 12.4 kQ. In similar fashion for R4, the
equation yields a calculated value of 8.34 kQ and a selected value of 8.25 kQ. Lastly for Rgg ), the
calculated value is 10.1 kQ with a selected value of 10 kQ.

46
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9.2.1.3 Application Curves
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Figure 50. Load Regulation Figure 51. Load Regulation
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Figure 54. VBUS 5 V — 15 V Transition Figure 55. VBUS 15V — 5 V Transition
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Figure 56. VBUS 15 V — 20 V Transition
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Figure 57. VBUS 20 V — 15 V Transition
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Figure 58. VBUS 5 V — 20 V Transition
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Figure 59. VBUS 20 V — 5 V Transition
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9.2.2 Typical Application, D/C Power Source

In this design example the PSEL pin is configured such that Psg) = 65 W (see Table 8). Voltages offered are 5
V, 9V, 15V, and 20 V at a maximum of 3 A. The overcurrent protection (OCP) trip point is set just above 3 A
and VDD on the TPS25740B is grounded. The following example is based on TPS25740BEVM-741 (refer to X

HE).
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Figure 60. DC Power Source
9.2.2.1 Design Requirements

Table 8. Design Parameters

DESIGN PARAMETER VALUE
Configured Power Limit, P(sg) 65 W
Advertised Voltages 5V,9V,15V,20V
Advertised Current Limit 3A
Over Current Protection Set point 4.2 A

9.2.2.2 Detailed Design Procedure

9.2.2.2.1 Power Pin Bypass Capacitors

* Cwpwr): 0.1 uF, 50V, £10%, X7R ceramic at pin 20 (VPWR)

* Cwop): 0.1 puF, 50 V, X7R ceramic at pin 17 (VDD). If VDD is not used in the application, then tie VDD to
GND.

* Cpvop)y: 0.22 uF, 10V, £10%, X5R ceramic at pin 13 (DVDD)

*  Cwaux): 0.1 uF, 50 V, £10%, X7R ceramic at pin 16 (VAUX)

¢ Cwrx): 0.1 uF, 50V, £10%, X7R ceramic at pin 1 (VTX)

9.2.2.2.2 Non-Configurable Components
* Rsey: When the application requires advertisement using Rsgy) , use a 100 kQ, +1% resistor.

* Repcrry: If PCTRL will be pulled low with an external device then it can be connected to VAUX using a 220
kQ, +1% resistor. If PCTRL will always be high then it can be directly connected to VAUX.

*  Rsiew): Use a 1 kQ, +1% resistor
* Rg:Use al0 Q, +1% resistor
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9.2.2.2.3 Configurable Components

C(rx): Choose Crx) between 200 pF and 600 pF. A 560 pF, 50 V, +5% COG/NPO ceramic is recommended
for both CC1 and CC2 pins.

Qq: For a 3 A application, an N-Channel MOSFET with Rpg(ony in the 10 mQ range is sufficient. BV pss) should
be rated for 30 V for applications delivering 20 V, and 25 V for 15 V applications. For this application, the TI
CSD17579Q3A (SLPS527) NexFET™ is suitable.

Rs: TPS25740B OCP set point thresholds are targeted towards a 5 mQ, +1% sense resistor. Power
dissipation for Rg at 3 A load is approximately 45 mW.

Rpsce): The minimum value of Rpscg) is chosen based on the application VBUS (max) and lpscer). For
VBUS (max) = 15 V and lpscer) = 350 MA, Rpgcaminy = 42.9 Q. The size of the external resistor can then be
chosen based on the capacitive load that needs to be discharged and the maximum allowed discharge time
of 265 ms. Typically, a 120 Q, 0.5 W resistor provides suitable performance.

Re/Cg: Not used

Cpoiny: The requirement for Cippyy is 10 pF maximum. A 6.8 pF, 25 V, £10% X5R or X7R ceramic capacitor
is suitable for most applications.

Dsus): Dsus) provides reverse transient protection during large transient conditions when inductive loads
are present. A Schottky diode with a V(gry) rating of 30 V in a SMA package such as the B340A-13-F
provides suitable reverse voltage clamping performance.

C(sLew): To achieve a slew rate from zero to 5 V of less than 30 mV / us using the typical GDNG current of 20
HA then Cs ew) (NF) > 20 pA / 30 mV / ps = 0.67 nF be used. Choosing Cs gw) = 10 nF yields a ramp rate of
2mV/us.

ReeLy/REsL2/RsLs): In this design example, Regyy = 49.9 kQ and Rg) = 9.53 kQ. The feedback error
amplifier Vger = 0.8 V. Using the equations for R(gg 2 (Equation 5 and Equation 6) provide a calculated value
of 9.9 kQ and a selected value of 9.76 kQ. In similar fashion for R, 1), a calculated value of 6.74 kQ and a
selected value of 6.65 kQ is provided. Lastly for Rigg 3), the calculated value is 8.1 kQ with a selected value of
8.06 kQ.

C(sLuy/Csiy: The value of Cg ) is calculated based on the desired 95% slew rate using Equation 13 and
Equation 14. Choose a 22 nF capacitor for C(g ). Choose a 100 nF capacitor for C(gy ).

50
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9.2.2.3 Application Curves

Figure 61. VBUS 5V — 9 V Transition
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Figure 62. VBUS 9 V — 5V Transition

Figure 65. VBUS 5V — 15 V Transition
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Figure 63. VBUS 9 V — 15 V Transition Figure 64. VBUS 15 V — 9 V Transition
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Figure 66. VBUS 15V — 5V Transition
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9.3 System Examples

9.3.1 D/C Power Source (Power Hub)

In this system design example, the Psg) is configured such that Psg ) = 93 W, so 5V, 9V, and 15 V are offered
at a maximum of 5 A, while 20 V is offered at a maximum of 4.64 A. The over-current protection (OCP) trip point

is set just above 5 A.
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Figure 67. Power Hub Concept (Provider only)

This power hub circuit takes a 24 V input and produces a regulated output voltage. The over-current protection
feature in the TPS25740B is not used; the ISNS and VBUS pins are connected directly. Instead R is chosen
to set the current limit of the TPS40170 synchronous PWM buck controller. If the current limit trips, the GD pin of
the TPS25740B is pulled low by the PGOOD pin of the TPS40170, which causes the power-path switch to be
opened. Other fault conditions may also pull PGOOD low, but the slew rate of the voltage transition should be
controlled as in one of the examples given above (Figure 44, Figure 45, or Figure 47).

VDD on the TPS25740B is grounded, if there is a suitable power supply available in the system the TPS25740B
operates more efficiently if it is connected to VDD since V(ypwr) > V(vop)- S€e Figure 70 for an example.
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System Examples (continued)

9.3.2 A/C Power Source (Wall Adapter)

In this system design example, the PSEL pin is configured such that Psg ) = 36 W, and 5V, 9 V are offered at a
maximum of 3 A while 15 V is offered at a maximum of 2.4 A and 20 V is offered at a maximum of 1.8A. The
overcurrent protection (OCP) trip point is set just above 3 A. VDD on the TPS25740B is grounded, if there is a
suitable power supply available in the system the TPS25740B operates more efficiently if it is connected to VDD
since V(VPWR) > V(VDD)'
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Figure 68. Adapter Provider Concept
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System Examples (continued)

9.3.3 Dual-Port A/C Power Source (Wall Adaptor)

In this system design example, the PSEL pin is configured such that Pggy = 36 W, and 5V, 9V, 12 V are
offered at a maximum of 3 A while 15 V is offered at a maximum of 2.4A. The over-current protection (OCP) trip

point is set just above 3 A.

The ENSRC pin from one TPS25740B is attached to the PCTRL pin on the other TPS25740B. When one port is
not active (no UFP attached through the receptacle) its ENSRC pin is left high-z so the PCTRL pin on the other
port is pulled high. This allows the adaptor to provide up to the full 36 W on a single port if a single UFP is
attached. If two UFP’s are attached (one to each port) then each port only offers current that would reach a
maximum of 18 W. So each port is allocated half of the overall power when each port has a UFP attached.
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Figure 69. Dual-Port Adapter Provider Concept
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System Examples (continued)

9.3.4 D/C Power Source (Power Hub with 3.3 V Rail)

In Figure 70, an LDO that outputs at least lgypp) at 3.3 V or 5 V is added to the power hub concept, and the
DVDD pin is used to enable the buck regulator since it is active high. This implementation is more power efficient

than the one in Figure 67.
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Figure 70. Power Hub Concept (Provider only)

10 Power Supply Recommendations

10.1 vDD

The recommended VDD supply voltage range is 3 V to 5.5 V. The device requires approximately 2 mA (lsupp))
typical in normal operating mode and below 10 pA in sleep mode. If the VDD supply is not used, then it may be

connected to AGND/GND.

10.2 VPWR

The recommended VPWR supply voltage range is 0 V to 25 V. The device requires approximately 2 mA (lsupp))
typical in normal operating mode and below 10 pA in sleep mode.
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11 Layout

11.1 Port Current Kelvin Sensing

Figure 71 provides a routing example for accurate current sensing for the overcurrent protection feature. The
sense amplifier measurement occurs between the ISNS and VBUS pins of the device. Improper connection of
these pins can result in poor OCP performance.

Top Trace

Top Plane

Bottom Trace/ Plane
VIA

Q1 Source VBUS
Current Flow

Figure 71. Kelvin Sense Layout Example

11.2 Layout Guidelines

11.2.1 Power Pin Bypass Capacitors

Cpwr): Place close to pin 20 (VPWR) and connect with low inductance traces and vias according to
Figure 72.

Cop)- Place close to pin 17 (VDD) and connect with low inductance traces and vias according to Figure 72.
Covop): Place close to pin 13 (DVDD) and connect with low inductance traces and vias according to
Figure 72.

Cwaux): Place close to pin 16 (VAUX) and connect with low inductance traces and vias according to
Figure 72.

Crx): Place close to pin 1 (VTX) and connect with low inductance traces and vias according to Figure 72.

11.2.2 Supporting Components

C(rx): Place Crxy) and Crxy in line with the CC1 and CC2 traces as shown in Figure 25. These should be
placed within one inch from the Type C connector. Minimize stubs and tees from on the trace routes.
Q,: Place Q; in a manner such that power flows uninterrupted from Q, drain to the Type C connector VBUS
connections. Provide adequate copper plane from Q; drain and source to the interconnecting circuits.
Rs: Place Rg as shown in Figure 72 to facilitate uninterrupted power flow to the Type C connector. Orient Rg
for optimal Kelvin sense connection/routing back to the TPS25740B. In high current applications where the
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Layout Guidelines (continued)

power dissipation is over 250 mW, provide an adequate copper feed to the pads of Rs.

* Rg: Place Rg near Qq as shown in Figure 72. Minimize stray leakage paths as the GDNG sourcing current
could be affected.

*  Rstew/CsLew): Place Risi ew) and Cs ew) Near Rg as shown in Figure 72.
* Rsce): Place on top of the VBUS copper route and connect to the DSCG pin with a 15 mil trace.

* Rg/Cg: When required, place R and Cg as shown in Figure 72 to facilitate the Kelvin sense connection back
to the device.

. C(VBUS)/D(VBU_S): Place Cygus) and Dygus) Within one inch of the Type C connector and connect them to VBUS
and GND using adequate copper shapes.

*  Rsey/Rectry: Place Risgy and Rperry) Near the device.

11.3 Layout Example

The basic component placement and layout is provided in Figure 72. This layout represents the circuit shown in
Figure 38. The layout for other power configurations will vary slightly from that shown below.

Converter

To DC/DC
Converter

USB Type-C Plug

EEEm Top Trace
mmmE  Top Plane
Bottom Trace/ Plane
® v

Figure 72. Example Layout
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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 ©)
@ ©)

TPS25740BRGER NRND Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 TPS
25740B

TPS25740BRGER.A NRND Production VQFN (RGE) | 24 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 TPS
25740B

TPS25740BRGET NRND Production VQFN (RGE) | 24 250 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 125 TPS
25740B

TPS25740BRGET.A NRND Production VQFN (RGE) | 24 250 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 125 TPS
25740B

@ 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 TI'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
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS25740BRGER VQFN RGE 24 3000 330.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
TPS25740BRGET VQFN RGE 24 250 180.0 12.4 425 | 425 | 1.15 8.0 12.0 Q2
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Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS25740BRGER VQFN RGE 24 3000 367.0 367.0 35.0
TPS25740BRGET VQFN RGE 24 250 210.0 185.0 35.0
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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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PACKAGE OUTLINE

RGE0024H VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD
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NOTES:

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

2. This drawing is subject to change without notice.

3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.

INSTRUMENTS

www.ti.com



EXAMPLE BOARD LAYOUT

RGE0024H VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD
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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. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN

RGE0024H VQFN - 1 mm max height
PLASTIC QUAD FLATPACK- NO LEAD
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BASED ON 0.125 mm THICK STENCIL
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78% PRINTED COVERAGE BY AREA
SCALE: 20X
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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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