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TPS26741E-Q1 Automotive Single-port USB Type-C® PD Controller with 240W EPR

1 Features

AEC-Q100 test guidance with the following:

— Device temperature grade 1: -40°C to 125°C
ambient operating temperature range

— Device HBM ESD classification level:
* Level 2 and level 3A

— Device CDM ESD classification level:
* Level C2a and C2b

TPS26741E-Q1 is a fully configurable single-port

PD3.2 source controller.

— Extended power range (EPR) support

— 40V tolerant VBUS

— 24V tolerant CC and DP/DM pins

— GUI tool to easily configure for various
applications

— Programmable power supply (PPS) support
(source)

USB Type-C power delivery (PD) controller

— USB PD R3.2 compliant

— USB Type-C R2.4 compliant

— 20 configurable GPI10s

— Cable attach and orientation detection

— Integrated VCONN switch. No external supply
required to read eMarker

— Physical layer and policy engine

— Integrated LDO with input up to 40V

— One I2C controller port (12C2)

— Two I2C target ports (12C1, 12C3)

— UART and LIN support

— Closed-chassis debugging

Integrated flash memory supporting updates via

I2C gated by an authentication check

— Closed-chassis flash updates via 12C4

System power management

— Across multiple ports and multiple devices

— Thermal foldback

— Power foldback

Liquid detection and corrosion mitigation

2 Applications

Automotive USB charging
Automotive media hub
Automotive head unit

3 Description

The TPS26741E-Q1 is a stand-alone single-port
USB Type-C and power delivery (PD) source
controller for any automotive USB-C port application
including extended power range (EPR) voltages. The
TPS26741E-Q1 is capable of supporting all USB-
PD power supply negotiation options for standard
power range (SPR) and EPR. The TPS26741E-Q1
automatically identifies USB-C cable capabilities, and
adjusts for the maximum current allowed by the
cable, without requiring an external 5V supply for
VCONN. The TPS26741E-Q1 also supports legacy
D+/D- charging.

The TPS26741E-Q1 controls a DC/DC via I2C or
PWM to achieve a complete USB-C PD application.
The TPS26741E-Q1 has SYNC outputs to keep
external DC/DC switching out-of-phase for each port,
with dual-random spread-spectrum (DRSS).

The TPS26741E-Q1 has integrated protections for
thermal and input voltage monitoring for power
foldback, VBUS high/low monitoring, and liquid
detection along with corrosion mitigation.

The TPS26741E-Q1 offers multiple interface options
for the system including I2C and LIN support, along
with configurable GPIOs.

Package Information

PACKAGE SIZE
(1)
PART NUMBER PACKAGE (NOM)
TPS26741E-Q1 32-QFN (RHB) 5mm x 5mm

(1)  For all available packages, see the orderable addendum at
the end of the datasheet.
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4 Device Comparison Table

Device Number of Ports EPR Support DisplayPort Support | Sink Mode Support
TPS26744E-Q1 2 Yes Yes No
TPS26742E-Q1 2 Yes No No

TPS26742Q1 2 No No No
TPS26743E-Q1 1 Yes Yes Yes
TPS26741Q1 1 No No No
TPS26741E-Q1 1 Yes No No
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5 Pin Configuration and Functions
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Figure 5-1. TPS26741E-Q1 RHB Package, 32-Pin QFN (Top View)

Table 5-1. Pin Functions

PIN
/ot DESCRIPTION
NAME NO.

ADCIN 9 | This connects to the internal ADC.

GND 5,14 GND Ground reference pin. Connect to underside thermal pad.

IN 32 P This is the input power supply for the device.

LDO_1V35 26 P Output of internal LDO. Bypass with capacitance C_po_1v3s to
GND. This is not intended to source external circuits.

LDO_3V3 27 P Output of internal LDO. Bypass with capacitance C_po_3v3 to
GND.

PO_GPIO0/I2C3_SCL 15 1/0 This pin supports multiple functions: General Purpose /O, or
SCL for 12C3.

P0O_GPIO1/12C3_SDA 16 1/0 This pin supports multiple functions: General Purpose /0,
SDA for 12C3.

P0O_GPIO2 17 1/0 General Purpose I/0.

PO_GPIO3/PA_PWM/UART_DBG_Tx 18 1/0 This pin supports multiple functions: General purpose 1/O,
PWM output, or UART debug output.
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Table 5-1. Pin Functions (continued)

PIN

/o DESCRIPTION
NAME NO.

P0O_GPI04/12C1_SCL/TXD 19 1/0 This pin supports multiple functions: General purpose 1/O,
SCL for the I12C1, or a LIN bus transmitter.

PO_GPIO5/12C1_SDA/RXD 20 I/0 This pin supports multiple functions: General purpose 1/0,
SDA for 12C1, or a LIN bus receiver.

PO_GPIO6/PA_SYNC/UART_DBG_Tx 21 1/0 This pin supports multiple functions: General purpose 1/O,
SYNC output for PortA, or a debug output.

PO_GPIO7/12C2_SCL 22 1/0 This pin supports multiple functions: General purpose 1/O, or
SCL for 12C2.

PO_GPI108/12C2_SDA 23 110 This pin supports multiple functions: General purpose 1/0O,
SDA for 12C2.

PO_GPIO9/CONFIG/UART_DBG_Tx 24 1/0 This pin supports multiple functions: General purpose 1/O,
configuration input, or debug output.

PO_GPIO10 25 1/0 General purpose I/O.

P1_GPOO0/PA_PPEXT/ADCIN2 11 1/0 This pin supports multiple functions: General Purpose Output,
ADC input, or external power path control for port A.

P1_GPO1/PA_LQD/ADCIN3 31 I/0 This pin supports multiple functions: General Purpose Output,
an ADC input, or liquid detection on Port A.

P1_GPO2/ADCIN4 1 1/0 This pin supports multiple functions: General Purpose Output,
or ADC input.

P1_GPO3/ADCIN5S 12 1/0 This pin supports multiple functions: General Purpose Output,
or ADC input.

P1_GPO4/ENSD 13 1/0 This pin supports multiple functions: General Purpose Output,
or enable shutdown mode input (ENSD). Do not pull this pin
down externally unless enabling shutdown mode.

P1_GPO5/ADCIN15 10 1/0 This pin supports multiple functions: General Purpose Output,
or ADC input.

P1_GPO6/ADCIN14 8 1/0 This pin supports multiple functions: General Purpose Output,
or ADC input.

P1_GPO7/PA_DP/DBG_SDA/ADCIN12 29 1/0 This pin supports multiple functions: General Purpose Output,
ADC input, connect to the D+ pin on Port A for BC1.2, or the
SDA connection to 12C4.

P1_GPO8/PA_DM/DBG_SCL/ADCIN13 28 1/0 This pin supports multiple functions: General Purpose Output,
ADC input, connect to the D- pin on Port A for BC1.2, or the
SCL connection to 12C4.

P2_GPOO0O 6 (0] This is an open-drain only output that also connects to the
ADC.

P2_GPO1 7 (0] This is an open-drain only output that also connects to the
ADC.

PA_CCA1 3 1/0 1/O for USB Type-C and USB PD. Filter noise with
recommended capacitor to GND (Cpy_ccy)-

PA_CC2 2 1/0 1/O for USB Type-C and USB PD. Filter noise with
recommended capacitor to GND (Cpy_ccy)-

PA_VBUS 30 P VBUS sense input for Port A. Bypass with capacitance
CPX_VBUS to GND.

PP5V 4 P Input supply for VCONN and output of LDO from the IN pin.

Bypass with capacitance Cppsy to GND.
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6 Specifications

6.1 Absolute Maximum Ratings

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

Input voltage range @

MIN MAX UNIT
PP5V -0.3 7.0
IN -0.3 40 v
Px_VBUS, ADCIN -0.3 40
Px_DP, Px_DM, Px_LQD -03 24
Px_CC1, Px_CC2, P2_GPOO, P2_GPO1 -05 24

PO_GPIOX

03 Vibosv3+0.3
: (.1 MAX) Vv

P1_GPO3, P1_GPO4

-0.3 6

Vipo 3vs + 0.3

P1_GPOO -0.3 @.1 MAX)
I12Cx_SDA, 12Cx_SCL -0.3 4
Output voltage range @ LDO_1v35®) @ 03 2 \Y;
LDO_3v3®) -0.3 4
Positive source current on Px_CCy Internally limited
Current sunk or sourced by Px_GPIOy 0.005
Source current A
Positive sink current for I2Cn_SDA, 12Cn_SCL Internally limited
Positive source current for LDO_3V3, PP5V Internally limited
T, Operating junction temperature —40 155 °C
Tstc Storage temperature -55 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions.
If used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) All voltage values are with respect to network GND. Connect the GND pin directly to the GND plane of the board.

(3) Do not apply voltage to these pins.

(4) Do not apply any external load to this pin.

6.2 ESD Ratings

PARAMETER TEST CONDITIONS VALUE UNIT
Human body model (HBM), per All pins +2000
ANSI/ESDA/JEDEC JS-001 (1) Px_CCy pins +6000
Vv Electrostatic discharge Charged device model (CDM), per . Vv
ES0) 9 ANSI/ESDA/JEDEC JS-002 Corer pins £750
Charged device model (CDM), per .
ANSI/ESDA/JEDEC JS-002 All pins 500
(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
6.3 Recommended Operating Conditions
MIN NOM MAX UNIT
IN (when used as Px_VCONN 5 12 32
supply)
IN@) 4.5 12 32
Vi Input voltage range (V) - \Y
PP5V (if supplied externally) 475 5 m'”(\‘r;'si
IN
Px_VBUS, ADCIN 0 31
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6.3 Recommended Operating Conditions (continued)

MIN NOM MAX UNIT
|2CX_SDA, |ZCX_SCL 0 VLD073V3
PO_GPIOx 0 Vibo_3v3
P1_GPOO, P1_GPO3, 0 Vv
Vio I/O voltage range () P1_GPO4 LDO_3v3 \Y
Px_CC1, Px_CC2, P2_GPOO0, 0 55
P2_GPO1 ’
Px_DP, Px_DM, Px_LQD 0 5.5
lo Output current (from PP5V) s\%cm, PX_CC2 (when Viy > 25| mA
| Output current (from PO_GPIOX, P1_GPOX 1 mA
° LDO_3V3) - -
Output current (from internal Sum of current from
lo LD(g) LDO_3V3 and PO_GPIOx and 10 mA
P1_GPOx.
Ta Ambient operating _40 125 c
temperature
(1)  All voltage values are with respect to network GND. Connect all GND pins directly to the GND plane of the board.
(2)  When the device first powers up, Vensp > Vensp_tHLp (rising) is required.
6.4 Thermal Information
DEVICE
THERMAL METRIC(") QFN (RHB) UNIT
32 PINS
Rgia Junction-to-ambient thermal resistance 325 °C/W
Rgyc (top) Junction-to-case (top) thermal resistance 21.6 °C/W
Reus Junction-to-board thermal resistance 12.6 °C/W
Wyt Junction-to-top characterization parameter 1.3 °C/W
Wi Junction-to-board characterization 125 /W
parameter
Royc (bottom) Junction-to-case (bottom GND pad) 32 /W

thermal resistance

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

report.

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

PARAMETER(") VOLTAGE RATING MIN NOM MAX UNIT

Cpx_vBUS Capacitance on Px_VBUS(®) 50V 1 uF
Cin Capacitance on IN 50V 0.5 1 uF
CLpo_3v3 Capacitance on LDO_3V3 6.3V 4.7 uF
CLpo_1v3s Capacitance on LDO_1V35 4V 470 nF
ey oy z .

Capacitance on PP5V (for eMarker

setting) v 5 WF
Cppsvz @ Second capacitance on PP5V pin |10V 100 nF
o
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6.5 Recommended Capacitance (continued)

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

PARAMETER(") VOLTAGE RATING MIN NOM MAX UNIT
Capacitance on Px_DP and
Corom Px_DM when used in DCP mode sov 1 nF

M

(2
3)
4)

Capacitance values do not include any derating or tolerance factors. For example, if 4.5 yF is required and the external capacitor value
diminishes by 50% due to derating at the required operating voltage and has -10% tolerance, then an external capacitor with nominal
value of 10 pF is recommended.

Place this capacitor for best ESD performance.

Place this capacitance is near the Px_VBUS pin.

The voltage rating given assumes the capacitance is placed near the Px_CCy pin. However, this capacitance need not be placed near
the Px_CCy pin.

6.6 Power Supply Characteristics

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Leakage on the IN pin when Vepsy = 8V, Vin=7V, T,=125°C 72 HA
IIN_LkG 5V LDO disabled (PP5V supplied |Vppsy = 5V, Vin=12V, T;=125°C 14.1 MA
externally above Vppsy). Vppsy = 5V, V=18V 22 40 A
Outputs
Voltage on PP5V when sourced |7V <sV|y<18V,Vgn=2Y,
Versy by the internal LDO Px_VCONN enabled. 45 463 475 v
Voltage on PP5V when sourced [4.5V<V|N<T7V,Vegn=2V,
Versy by the internal LDO Px_VCONN disabled. 42 463 475 v
VLDO_3V3 Voltage on LDO_3V3 Vpps\/ > Vpp5v_u\/|_o 3.0 3.3 3.45 \Y
Vipo_3vs 2 3.0V, up to maximum
VLDO_1V35 OUtpUt voltage of LDO_1V35 internal Ioading condition. 1.35 \Y
6.7 Power Consumption Characteristics
over operating free-air temperature range (unless otherwise noted)
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
Active Mode
Active mode: Vpps,=5.0V, V=7V, all PO_GPIOx and
Inact (! current into IN P1_GPOx disabled, no external loading on PP5V or 7.6 15| mA
LDO_3V3
Sleep Mode
| ) current into IN ViN=12V, all PO_GPIOx and P1_GPOx disabled, no external 18 mA
IN,Sleep loading on PP5V or LDO_3V3, T, =25°C .
Idle Mode
. V=12V, all PO_GPIOx and P1_GPOx disabled, no external
) IN ) _| _ ,
. 1cte current into IN loading on PP5V or LDO_3V3, T, = 25 °C 3.4 mA
Shutdown Mode
. ViN=12V, V =0V, no external loading on PP5V,
1) IN » VENSD ) g )
lin,sD Shutdown current into IN LDO_3V3 1 mA

M

Typical numbers are averaged over 1 second. Firmware configurations affect this power consumption.
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6.8 Power Path Supervisory Characteristics

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

measure lpx vaus

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
Overvoltage
VBUS overvoltage (rising) OVP detected when Vpy ccy 5.85 6.15 6.55
Vpsy ovp VBUS overvoltage (falling) Ee\i/;’givggr\g; daphdr(XJZSNN 5.4 5.7 6.0 v
VBUS overvoltage (hysteresis) Px_CCy 0.45
Undervoltage
Rising 3.9 4.1 43
Vppsy_uvLo Voltage required on PP5V Falling 3.8 4.0 4.2 \%
Hysteresis 0.1
Rising 3.75
VvBUs_coop Comparator for Px_VBUS Falling 3.65 \Y
Hysteresis 0.10
VBUS Discharge
lpscH VBUS discharge current (1) 30V'2 Vpx_veus = Vio_avs - 8 mA

(1) The discharge is enabled automatically when needed to meet USB specifications and disabled automatically when not needed.

6.9 CC Cable Detection Characteristics

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

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
Type-C Source (Rp pull-up)
Rising 2.56 2.74
Detach threshold for Rp3.0A -
Vsret applied to Px_CCy Falling 2.46 2.64 Y
Hysteresis 0.1
Rising 1.54 1.64
Detach threshold for Rp1.5A or -
Vsre2 RpDef applied to Px_CCy Falling 1.51 1.61 v
Hysteresis 0.03
Rising 0.20 0.24
Ra/Rd detection threshold for -
Vsres RpDef applied to Px_CCy Falling 0.16 0.18 0.20 \
Hysteresis 0.04
Rising 0.39 0.44
Ra/Rd detection threshold for -
Vsres Rp1.5A applied to Px_CCy Falling 0.35 040 v
Hysteresis 0.04
Rising 0.79 0.84
Ra/Rd detection threshold for -
Vsres Rp3.0A applied to Px_CCy Falling 0.75 080 v
Hysteresis 0.04
Vv Px_CCy open circuit voltage while |Vppsy yvLo < Vepsy < 5.5V, Ree = 295 v
oc Rp enabled, no load 47 kQ :
IRpDef Current source - USB Default Vepsy 2 4.5V, 0 < Vey coy < 1.5V, 73 80 87 pA
measure lpyx ccy
IRp1.5 Current source - 1.5A Vepsy 2 4.5V, 0 < Vpy coy < 1.5V, 166 180 194 WA
measure lpyx_ccy
IRp3.0 Current source - 3.0A Vepsy 248V, 0< Ve coy <245V.l 554 339 356|  pA
measure lpx_ccy
Zopen Unpowered CC impedance VIN=0V, Vpy ccy = 3.3V 126 kQ
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6.9 CC Cable Detection Characteristics (continued)

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

PARAMETER TEST CONDITIONS MIN TYP  MAX UNIT
; Vex_veus = 0, ViN=Vppsy=3.0V,
Ropen ReS|stancc_s from Px_CCy to GND Vpy ccy=9 V, measure resistance 126 kQ
when configured as open. Y
on Px_CCy
Timing
Vpx_ccy < 0.25 V, measure
Ra Ra pulldown resistance res |§tance on P).(—CCY’ the; 1200 Q
minimum value is flexible in order
to avoid needing any trim.
Default deglitch time for
tec comparators on Px_CCy 3.6 ms
6.10 Legacy Charging Characteristics
Over operating free-air temperature range (unless otherwise noted)
PARAMETER ‘ TEST CONDITIONS MIN TYP  MAX UNIT
BC1.2
Rocp Px__DP and Px_DM shorting 70 0
resistance
VDM_SRC PX_DM OUtpUt voltage 0< IPX_DM <250 |JA 0.6 \Y
Ipp_snk Px_DP sink current 0.25V < Vpy pp=2.0V 100 MA
DP_IN rising lower window 0.38 Vv
VDAT REF threshold for Vpy_src activation '
Hysteresis 50 mV
DP_IN rising upper window
threshold for VDM_SRC 0.95 \%
Viee_sre deactivation
Hysteresis 100 mV
6.11 Px_VCONN Switch Characteristics
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Vepsv=9Y, lpx_ccy = 350 mA,
Rvconn Rdson of the VCONN path measure resistance from PP5V 0.7 Q
to Px_CCy
eMarker-only setting,
lLimve Short circuit current limit Vppsy=5V, R,.=10mQ , measure 50 mA
Ipx_ccy
Reverse current protection
threshold for Px_VCONN, Vppsy 24.9V, Vpy cc2 200
sourcing VCONN through = Vppsv, Vpx_ccy rising
VVCONN_RCP Px_CCy mV
Reverse current protection
threshold for Px_VCONN, xPPf’V 2 fi;jnv' Vex_coz < 4.0V, 340
sourcing VCONN through CCx | ¥ Px-CCy M1SINg
tveiLm Current clamp deglitch time. 3 ms
. Enable Px_VCONN, apply
Response time {0 Vex coy> | 400 ) load on PP5V, ramp
tVC OVP Vpp5v OVP> while VCONN is . 150 us
- — Vpyx ccy Up starting from 4.3V at
sourced through Px_CCy 100_V/r¥ns
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6.11 Px_VCONN Switch Characteristics (continued)

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
R_ =100 Q, no external
capacitance on Px_CCy, ramp
t Response time to Vppsy < Vppsy from 5.5V to 3.5V at 4 s
VC_UVLO Vppsy UVLO 10V/us, measure time from H
UVLO detection until current <
10mA
. Vpp5v=5.5V, enable
tvc_rep \R/’esponisltlme 10 Vepsy < Px_VCONN, ramp Vpx ccy 1 us
Px_CCy™ YVCONN_RCP from 4V to 21.5V at 10 V/us
From enable signal to Px_CCy _ _ _
tvcon at 90% of final value I =250 mA, Vepsy = 5V, C.=0 0.98 ms
From disable signal to Px_CCy _ _ _
tVCOFF at 10% of final value ||_ =250 mA, Vppsv = 5V, CL—O 0.22 ms
Px_CCy from 10% to 90% of
tvcRrISE flna_l VaKJe ° ° ||_ =250 mA, Vpp5v =5V, C|_=0 270 us
Px_CCy from 90% to 10% of
tyerALL oy Vaylue ° ° IL = 250 mA, Vppsy = 5V, C_=0 250 us
Vppsy=5YV, for short circuit R
=10mQ. Measure time from 4.0
short being applied until Iyconn ’
t Response time to short circuit = lumve: us
10S_VCONN Vppsy=5V, for short circuit R
= 10mQ. Measure time from 06
short being applied until lyconn ’
< I mve- eMarker-only setting.
6.12 CC PHY Characteristics
over operating free-air temperature range (unless otherwise noted)
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
Transmitter
VTxHI Transmit high voltage on Px_CCy |Standard External load 1.05 1.125 1.2 \%
VxLo Transmit low voltage on Px_CCy |Standard External load -75 75 mV
Transmit output impedance while
ZDRIVER driving the CC line using Px_CCy 33 50 714 Q
Rise time. 10 % to 90 % amplitude
points on Px_CCy, minimum is _
trx_Rise under an unloaded condition. Cex_ccy= 520 pF 300 ns
Maximum set by TX mask
Fall time. 90 % to 10 % amplitude
points on Px_CCy, minimum is _
trx_FALL under an unloaded condition. Cex_ccy= 520 pF 300 ns
Maximum set by TX mask
Unit interval for data bit during
tui transmission on Px_CCy 3.03 3.7 HS
Receiver
c Receiver capacitance on Capacitance looking into the CC 100 F
cc Px_CCy@ pin when in receiver mode P
Rx bandwidth limiting filter. Time
tRxFilter (1) constant of a single pole filter to 100 ns
limit broadband noise ingression
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6.12 CC PHY Characteristics (continued)

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Threshold on Px_CCy for receiver | Source mode (rising) 775 825 875
VRX_SRC t - - mV
comparator Source mode (falling) 500 550 600

(1) Broadband noise ingression is due to coupling in the cable interconnect.

(2) Cccincludes only the internal capacitance on a Px_CCy pin when the pin is configured to be receiving BMC data. External
capacitance is needed to meet the required minimum capacitance per the USB-PD Specifications (cReceiver). Therefore, Tl
recommends adding Cpy_ccy externally.

6.13 Thermal Shutdown Characteristics

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Temperature rising 140 1585 175 °C

Tsp Temperature shutdown threshold | Temperature falling 125 1435 162 °C

Hysteresis 15 °C
Temperature controlled shutdown Temperature rising 125 145 165 C

Tsp_pp threshold for each power path of | Temperature falling 110 130 150 °C

the port. Hysteresis 15 °C

6.14 Oscillator Characteristics

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
fosc._24m \24MHz oscillator 22.5 24 252  MHz
6.15 ADC Characteristics
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
3.6V max scaling, voltage
divider of 3 3.52 mv
6:0y max scaling, voltage 5.86 mv
LSB Least significant bit divider of 5
51.2V max scaling, voltage
divider of 42.7 50 mv
See () 0.45 °C
0.05V < Vgpiox < Vipo_avs 27 27
2.7V £ Vipo av3 < 3.6V 2.4 24
85°C <T,;<125°C -12 12
GAIN_ERR ((j':‘alg error (including the input | 15v < Vpx coy < 5.5V, 0.15V 3 3 %
ivider) < Vpy gpox < 5.5V
7V <V <31V 2.1 2.1
0.6V < Vp, vays < 31V, 0.6V < Py 21
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6.15 ADC Characteristics (continued)

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
0.05V = Vgpiox = V|_D073\/3 -12.3 12.3 mV
2.7V sV po 3v3 < 3.6V -12.3 12.3 mV
85°C =T,;=<125°C -2 2 °C
Offset error (referred to the 0.15V <V, <55V, 0.15V

VOS_ERR . ) : = VPx_CCy = V-9V, Y- -
_ input pin) < V2 apox < 5.5V 20.5 20.5 mV
7V<Viys31V -175 175 mV

0.6V < Vpy vpus <31V, 0.6V < B
Voo € 31V 175 175 mV

(1)  Temperature in degC = (ADC data - 650)*0.45 + 25

6.16 Liquid Detection Characteristics

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Weak pullup on Px_LQD Vepsy 2 4.5V, 0 < Vey 1ap <2.0V, 40
measure lpy oD
Vppsy 2 4.5V, 0 <Vpy 1gp <2.0V,

ILap Strong pullup on Px_LQD measure lpy L qp 80 MA

Strong pullup on Px_LQD Vepsy 2 4.5V, 0 < Vpy 1ap <20V, 160

measure lpx | op
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6.16 Liquid Detection Characteristics (continued)

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

setting 0 0.200
setting 1 0.225
setting 2 0.250
setting 3 0.275
setting 4 0.300
setting 5 0.325
setting 6 0.350
setting 7 0.500
setting 8 0.700
setting 9 0.800
setting 10 0.850
setting 11 0.900
setting 12 0.950
setting 13 1.000
setting 14 1.050

Viao ;I'girseiﬁhold on Px_LQD comparator setting 15 1.100 Y
g) setting 16 1.150
setting 17 1.200
setting 18 1.250
setting 19 1.300
setting 20 1.350
setting 21 1.400
setting 22 1.450
setting 23 1.500
setting 24 1.550
setting 25 1.600
setting 26 1.650
setting 27 1.700
setting 28 1.750
setting 29 1.800
setting 30 1.850
setting 31 1.900

Viap ovp OVP threshold on Px_LQD Rising 6 9.5 \%
RLap=5kQ, I qp=80pA 0.4

Vex Lo ::’x_LQD voltage when Riqp and RLap=10kQ, I, oqp=40uA 0.4 v
- Lap applied RLqp=12.5kQ, I, qp=160pA 2.0
RLap=25kQ, I qp=80pA 2.0
Vpx_Lap=0.4V, I qp=80pA 5

Rrap Weak pulldown on Px_LQD Vex 1ap=0.4V. | n=401A 10 kQ
Vpy_Lap=2.0V, I qp=160pA 12.5
Vpy Lap=2.0V, I qp=80uA 25
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6.17 Input/Output (I/0O) Characteristics (P0_GPIOXx)

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Input
GPIO_VIH 53&%2225233}2?%1i?/f’(fis.sv Vipo_svs = 3.3V, 0.7*Vjg 2.31 v
%o v
GPIO_HYS voliage, configured for 3 3y | Vio0.3vs = 33V, 005Vio 015 v
GPIO_ILKG P0_GPIOx leakage current Vepiox=Vipo_3v3=3.3V, T,585°C -1 1 MA
Output
GPIO_RPU P0O_GPIOx internal pull-up Pull-up enabled 40 kQ
GPIO_RPD P0_GPIOx internal pull-down Pull-down enabled 40 kQ
GPIO_VOH Sgi%‘;ﬂ')?(h voltage for V00,33 = 3.3V, lgpiox=2mA 2.64 v
GPIO_VOL Sgipc_“’;:ooz voltage for V1o, avs = 3.3V, lopiox=2mA 04| v
6.18 Input/Output (I/0) Characteristics (P1_GPOx and P2_GPOx)
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
GPIOx leakage current, Vapiox = Vino_svs - !
GPIO_ILKG GPIO_RPU and GPIO_RPD Vapiox = 9.5V, Vipo_avs = iy
disabled 3.3V (only applies to x=1, 2, and -1 1
5-8)
P1_GPOx
GPIO_RPU GPIOx internal pull-up Pull-up enabled 100 kQ
GPIO_RPD GPIOx internal pull-down Pull-down enabled 100 kQ
GPIO_VOH GPIOx output high voltage Vipo 3va = 3.3V, Ip1_gpox= -2mMA 2.9 \Y
GPIO_VOL GPIOx output low voltage Vipo_3vs = 3.3V, Ip1_gpox=2mA 0.4 \Y
P2_GPOx
Rp2_aPo Pulldown resistance 1200 Q
Alternate functions
rising 0.66
VEnsD. THLD Lzﬁg’:ig;;elicmd for the ENSD falling 056 Vv
hysteresis 0.1
Vensp < Vensp_tHLD constantly
TENSD_DEG Deglitch time for ENSD input for this time for ENSD to be 300 us
deemed low
6.19 12C Requirements and Characteristics
over operating free-air temperature range (unless otherwise noted)
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
SDA and SCL Common Characteristics (Controller, Target)
loL Max output low current Vo, =04V 10 17.3 mA
loL Max output low current Vo =0.6 V 15 23.6 mA
Cp = 10 pF, Rp=14kQ 0.3 120 ns
t Fall time from 0.7*V,g to 0.3*V|o
Cyp, = 400 pF, Rp=330Q 12 120 ns
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6.19 12C Requirements and Characteristics (continued)

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

PARAMETER TEST CONDITIONS MIN TYP  MAX UNIT
tsp 12C pulse width suppressed 50 ns
C Pin capacitance (internal) 10 pF
C Capacitive load for each bus line 400 oF

(external)
SDA and SCL Standard Mode Characteristics (Target)
fscL Clock frequency 100 kHz
. . Transmitting Data, SCL low to
tvp.paT Valid data time SDA output valid 3.45 us
. . s Transmitting Data, ACK signal
tvp:ack Valid data time of ACK condition from SCL low to SDA (out) low 3.45 us
SDA and SCL Fast Mode Characteristics (Target)
fscL Clock frequency 100 400 kHz
. . Transmitting data, SCL low to SDA
tvp.DAT Valid data time output valid 0.9 us
. . . Transmitting data, ACK signal from
tvp:Ack Valid data time of ACK condition SCL low to SDA (out) low 0.9 us
SDA and SCL Fast Mode Plus Characteristics (Target)
fscL Clock frequency 400 1000 kHz
. . Transmitting data, SCL low to SDA
tvp.paT Valid data time output valid 0.45 us
. . . Transmitting data, ACK signal from
tvp:ack Valid data time of ACK condition SCL low to SDA (out) low 0.45 us
SDA and SCL Standard Mode Characteristics (Controller)
fscL Clock frequency for controller(") 90 kHz
t Start or repeated start 4 s
HD:STA condition hold time H
Serial data hold time (Controller
tHD;DAT mode) ( 0 7.7 ns
tLow Clock low time 4.7 us
tHIGH Clock hlgh time 4 us
Start or repeated start
tsussTA condition setup time 47 Hs
tsu:pAT Serial data setup time Transmitting 250 ns
tsu:sTo Stop condition setup time 4 us
Bus free time between stop and
tsur start 4.7 s
. . Transmitting data, SCL low to SDA
tvp.DAT Valid data time output valid 3.45 us
. . . Transmitting data, ACK signal from
tvp:Ack Valid data time of ACK condition SCL low to SDA (out) low 3.45 us
SDA and SCL Fast Mode Characteristics (Controller)
fsoL Clock frequency for controller (1) 325 kHz
Start or repeated start
tHD:STA condition hold time 0.6 HS
Serial data hold time (Controller
tHD;DAT mode) 0 3.9 ns
tLow Clock low time 1.3 us
tHiGH Clock high time 0.6 ys
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6.19 12C Requirements and Characteristics (continued)

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Start or repeated start
lsuisTa condition setup time 06 HS
tsu:pAT Serial data setup time Transmitting 100 ns
tsu:sTo Stop condition setup time 0.6 us
¢ Bus free time between stop and 13 s
BUF start . H
. . Transmitting data, SCL low to SDA
tVD;DAT Valid data time output valid 0.9 us
. . . Transmitting data, ACK signal from
tvp.ack Valid data time of ACK condition SCL low to SDA (out) low 0.9 us
SDA and SCL Fast Mode Plus Characteristics (Controller)
fscL Clock frequency for controller () 708 kHz
Start or repeated start
tH;STA condition hold time 0.26 HS
Serial data hold time (Controller
tHD;DAT mode) ( 0 3.2 ns
tLow Clock low time 0.5 us
tHiGH Clock high time 0.26 us
Start or repeated start
tsu;sTA condition setup time 0.26 HS
tsu:paT Serial data setup time Transmitting 50 ns
tsu:sTo Stop condition setup time 0.26 us
Bus free time between stop and
tsur start 0.5 us
. . Transmitting data, SCL low to SDA
tvp.DAT Valid data time output valid 0.45 us
. . s Transmitting data, ACK signal from
tvp:Ack Valid data time of ACK condition SCL low to SDA (out) low 0.45 us
(1) Actual frequency is dependent upon bus capacitance.
6.20 UART
over operating free-air temperature range (unless otherwise noted)
PARAMETERS TEST CONDITIONS MIN TYP MAX UNIT
BITCLK clock frequency(equals
BITCLK | baud rate in MBaud) 12| MHz
6.21 SYNC output
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Nominal frequency of
fsvne_nou Px_SYNC output 01 22| MHz
Configurable nominal SYNC
Nsvync_Nom frequency: fsync_nowm = 1 255
fosc_24m/ Nsync_Now-
Frequency swing of Px_SYNC
fsync_swiNG outgut 4 9 - -10 10 %
Configurable modulation
Numop frequency: fyop = 6000/Nyop. 461 666
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6.21 SYNC output (continued)
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Modulation frequency of
fwop Px_SYNC output. ° 13| kHz
6.22 PWM Timer
over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Maximum number of bits in the .
Nev PWM counter 13 Bits
TpwM_ON ON time of the PWM cycle 0 0.341 ms
TPwM_TOTAL Period of the PWM cycle 0 0.341 ms
Configurable period for PWM
duty-cycle to automatically
TPwm_PERIOD transition from 100% to 0% and 0.082 26| s
back to 100%.
6.23 Flash Memory Characteristics
over operating free-air temperature range (unless otherwise noted)
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
Size
Flash size (per bank) 144 kB
Number of banks 1
Supply
Supply current from VDD during erase
IDDgRraAsSE operation Supply current delta 10 mA
IDDpgMm Supply current from VDD during Supply current delta 10 mA
program operation
Endurance
Erase/program cycle endurance o o
NWEC(UPF’ER) (remaining flash) -40°C < TJ <105°C 10 k Cycles
. . . write
Write operations per word line before )
NWiax) sector erase () 83 OPiFSat'o
Retention
tRET 105 Flash memory data retention -40°C < T;<105°C 11.4 years

(1)  This parameter specifies the maximum number of write operations allowed per word line before erasing the word line is required. If
additional writes to the same word line are required, a sector erase is required once the maximum number of write operations per word

line is reached.

6.24 Boot Timing

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Time from LDO_3V3 going
tsooT high until firmware enters 'APP" 1.5 s
mode
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6.24 Boot Timing (continued)

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

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
fscL = 1MHz, using 12C1 or 13
12C4
t Time required to update the FW |fsc = 400kHz, using 12C1 or 14 .
TR image via 12C 12C4
fscL = 100kHz, using 12C1 or 07
12C4
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6.25 Typical Characteristics
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Figure 6-1. VCONN Switch Resistance Figure 6-2. USB-PD PHY Transmit Impedance
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Figure 6-3. USB-PD PHY Transmit High Voltage
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Figure 6-4. USB-PD PHY Transmit Low Voltage
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Figure 6-5. Disconnect Voltage Thresholds on Px_CCy Pins
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6.25 Typical Characteristics (continued)
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Figure 6-7. Strength of Cable Detect Current Source Advertising
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Figure 6-8. Current Limit for VCONN Switch
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7 Parameter Measurement Information
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Figure 7-1. ADC Round Robin Conversion Timing
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Figure 7-3. Short-Circuit Response Time for Internal Power Paths
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8 Detailed Description
8.1 Overview

The TPS26741E-Q1 is a fully-integrated USB Type-C Source Power Delivery (USB-PD) management device
providing cable plug and orientation detection for USB Type-C connector. The TPS26741E-Q1 communicates
with the cable and another USB Type-C and PD device at the opposite end of the cable to negotiate power to be
delivered. The TPS26741E-Q1 controls an external power supply (for example, DC/DC) for sourcing requested
voltage and current to VBUS on the USB-C connector. The TPS26741E-Q1 has an internal LDO capable of
delivering VCONN to the cable in order to read the eMarker information.

The TPS26741E-Q1 has many other features designed for automotive USB-C applications that are detailed in
the following subsections.

* Power foldback

* Thermal foldback

* Flexible GPIOs

» System power sharing across multiple PD controllers
* Synchronizing output signals (Px_SYNC)

* Local interconnect network (LIN) support

» Liquid detection

« BC1.2

¢ Pulse-width modulation (PWM)
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8.2 Functional Block Diagram
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Figure 8-1. MCU Subsystem

8.3 Feature Description
8.3.1 Power Supply

The TPS26741E-Q1 power management block receives power and generates voltages to provide power to the
TPS26741E-Q1 internal circuitry. These generated power rails are PP5V, LDO_3V3, and LDO_1V35. LDO_3V3
provides a low-power output. The internal LDO provides the supply for a low-power VCONN to read an eMarker.

The power supply path is shown in Figure 8-2.
When the PP5V rail is generated from the IN pin using the internal LDO there are two functional regions:

1. Functional Class A (ISO 16750-1) when the IN voltage is 4.5V or higher, the TPS26741E-Q1 has full

functionality per the electrical characteristics.
2. Functional Class B (ISO 16750-1) when the IN voltage is above 3.5V and below 4.5V the TPS26741E-Q1
functions normally, but the limits given in the electrical characteristics are not guaranteed. Note that when IN

falls below its UVLO a reset of the TPS26741E-Q1 is expected.
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Figure 8-2. Power Supplies

8.3.1.1 Power-On and Supervisory Functions

A power-on reset (POR) circuit monitors each supply. This POR allows active circuitry to turn on only when a
good supply is present.

8.3.2 Cable Plug and Orientation Detection

The following figure shows the plug and orientation detection block at each Px_CCy pin. Each pin has identical
detection circuitry. Depending upon the mode, the TPS26741E-Q1 enables the appropriate termination (Irp,
Rsnk, Ra, or none) and monitor the appropriate voltage thresholds via the Upper, Mid and/or Lower monitor to
determine the state of each CC pin (SRC.Open, SRC.Rd, SRC.Ra, SNK.Rp, or SNK.Open). The states of each
CC pin are used to implement the functionality described in the following subsections.
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Figure 8-3. Plug and Orientation Detection Block

8.3.2.1 Configured as a Source

When configured as a Source, the TPS26741E-Q1 detects when a cable or a Sink is attached using the Px_CC1
and Px_CC2 pins. When in a disconnected state, the TPS26741E-Q1 monitors the voltages on these pins to
determine what, if anything, is connected. See USB Type-C Specification for more information.

Table 8-1 shows the Cable Detect States for a Source. Figure 8-4 illustrates how the CC voltage thresholds are
used to detect the various states.

Table 8-1. Cable Detect States for a Source

cc1 CC2 CONNECTION STATE RESULTING ACTION
SRC.Open | SRC.Open | Nothing attached Continue monitoring both CCy pins for attach. Power is not applied to VBUS
or VCONN.
SRC.Rd | SRC.Open |Sink attached Mon_ltor CC1 for detach. Power is applied to VBUS. In some cases power is
applied to VCONN.
SRC.Open | SRC.Rd |Sink attached Mon_ltor CC2 for detach. Power is applied to VBUS. In some cases power is
applied to VCONN.
. Monitor CC2 for a Sink attach and CC1 for cable detach. Power is not
SRC.Ra | SRC.Open |Active Cable-No UFP attached applied to VBUS or VCONN.
. Monitor CC1 for a Sink attach and CC2 for cable detach. Power is not
SRC.Open | SRC.Ra |Active Cable-No UFP attached applied to VBUS or VCONN.
SRC.Ra SRC.Rd | Active Cable-UFP Attached Provide power on VBUS and VCONN (CC1) then monitor CC2 for a Sink
detach. CC1 is not monitored for a detach.
SRC.Rd SRC.Ra |Active Cable-UFP attached Provide power on VBUS and VCONN (CC2) then monitor CC1 for a Sink
detach. CC2 is not monitored for a detach.
SRC.Rd SRC.Rd |Debug Accessory Mode attached |Sense either CCy pin for detach.
SRC.Ra SRC.Ra |Corrosion Mitigation Sense either CCy pin for detach.
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Figure 8-4. lllustration of Cable Detect Thresholds in Source Mode

When a TPS26741E-Q1 port is configured as a Source, a current Irp pef is driven out each CCy pin and each pin
is monitored for different states. When a Sink is attached to the pin, the Sink applies a pull-down resistance of
Rd to GND. The current Irp pef, Irp3.0a: OF Irp1.54 i forced across the resistance Rd, generating a voltage at the
CCy pin.

When the CCy pin connects to an active cable VCONN input, the pull-down resistance is different (Ra) leading to
lower voltage on the CCy pin. The TPS26741E-Q1 recognizes the lower voltage as an active cable.

The voltage on CCy is monitored to detect a disconnection depending upon which Rp current source is active.
When a connection is recognized and the voltage on CCy subsequently rises above the disconnect threshold for
tce, the TPS26741E-Q1 detects a disconnection.

8.3.3 VCONN Power Path

The TPS26741E-Q1 features internal 5V VCONN sourcing power paths called Px_VCONN as shown in Figure
8-5. Each path contains programmable current clamping protection (I mvc), overvoltage protection (OVP), UVLO
protection, reverse-current protection (RCP) and overtemperature protection (OTSD).

When the Px_VCONN switch is enabled, it turns on with slew-rate control per the parameters tycrise and tycon-

When the Px_VCONN switch is disabled, it turns off with slew-rate control per the parameters tycga and
tvcorr- The turn off times for fault events are specified separately:

* RCP fault event: tyc rcp
+ PPS5V OVP fault event: tyc ovp
+ PP5V UVLO fault event: tyc yvio

Using the eMarker-only setting, the internal LDO from the IN pin supplies sufficient current to the PP5V pin.
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Figure 8-5. Px_VCONN Power Path

8.3.3.1 Current Clamp

When enabled and providing VCONN power the TPS26741E-Q1 Px_VCONN power switch clamps the current
to liumve. When the current through the Px_VCONN switch exceeds I mve, the current clamping circuit
activates within tios vconn and the switch behaves as a constant current source.

8.3.3.2 Px_VCONN Local Overtemperature Shut Down (OTSD)

When Px_VCONN clamps the current, the temperature of the switch begins to increase. When the local
temperature sensor for Px_VCONN detects that T,>Tgp pp the Px_VCONN switch is disabled within tycorr-
The port then enters the USB Type-C ErrorRecovery state.

8.3.3.3 Px_VCONN OVP

There is an OVP comparator at the output of Px_VCONN (that is the Px_CC1 or Px_CC2 pin) with a fixed
threshold. If an OVP is detected (Vpy ccy > Vppsv ovp) While Px_VCONN is enabled, then Px_VCONN is
disabled within tyc_ovp and the port enters into the Type-C ErrorRecovery state.

8.3.3.4 Px_VCONN UVLO

If the PPSV pin voltage falls below its undervoltage lock out threshold (Vppsy yvLo) while Px_VCONN is enabled,
then Px_VCONN is disabled within tyc_yvio and the port enters into the Type-C ErrorRecovery state.

8.3.3.5 Px_VCONN RCP

If reverse current is detected, (Vpy ccy - Vepsy) > Vyc rep, While the Px_VCONN path is enabled, then it is
disabled within tyc rcp. If the RCP condition clears, then the Px_VCONN path is automatically enabled within

tvcon-
8.3.4 USB-PD Physical Layer

Figure 8-6 shows the USB PD physical layer block surrounded by a simplified version of the analog plug and
orientation detection block.
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Figure 8-6. USB-PD Physical Layer and Simplified Plug and Orientation Detection Circuitry
USB-PD messages are transmitted in a USB Type-C system using BMC signaling. The BMC signal is output on
the same pin (Px_CC1 or Px_CC2) that is DC biased due to the Rp (or Rd) cable attach mechanism.
8.3.4.1 USB-PD Encoding and Signaling

Figure 8-7 illustrates the high-level block diagram of the baseband USB-PD transmitter. Figure 8-8 illustrates the
high-level block diagram of the baseband USB-PD receiver.

4b5b BMC
Encoder Encoder

Data

L » toPD_TX

CRC

Figure 8-7. USB-PD Baseband Transmitter Block Diagram

BMC

SOP 4b5b Data
Decoder "l Detect v

Decoder

A
A 4

from PD_RX ———— ¥}

CRC

Figure 8-8. USB-PD Baseband Receiver Block Diagram

8.3.4.2 USB-PD Bi-Phase Marked Coding

The USB-PD physical layer implemented in the TPS26741E-Q1 is compliant to the USB-PD Specifications. The
encoding scheme used for the baseband PD signal is a version of Manchester coding called Biphase Mark
Coding (BMC). In this code, there is a transition at the start of every bit time and there is a second transition
in the middle of the bit period when a 1 is transmitted. This coding scheme is nearly DC balanced with limited
disparity (limited to 1/2 bit over an arbitrary packet, so a very low DC level). Figure 8-9 illustrates Biphase Mark
Coding.

we| [ LU U UL T

Figure 8-9. Biphase Mark Coding Example
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The USB PD baseband signal is driven onto the Px_CC1 or Px_CC2 pin with a tri-state driver. The tri-state driver
is slew rate controlled to limit coupling to D+/D— and to other signal lines in the Type-C fully featured cables.
When sending the USB-PD preamble, the transmitter starts by transmitting a low level. The receiver at the other
end tolerates the loss of the first edge. The transmitter terminates the final bit by an edge to enable the receiver
to clock the final bit of EOP.

8.3.4.3 USB-PD BMC Transmitter

The TPS26741E-Q1 transmits and receives USB-PD data over one of the Px_CC1 or Px_CC2 pins for a given
CC pin pair (one pair per USB Type-C port). The Px_CC1 or Px_CC2 pins are also used to determine the cable
orientation and maintain the cable and device attach detection. Thus, a DC bias exists on the Px_CCy pin. The
transmitter driver overdrives the Px_CCy DC bias while transmitting, but returns to a Hi-Z state allowing the DC
voltage to return to the Px_CCy pin when not transmitting. Depending upon the polarity of the cable attachment,
either Px_CC1 or Px_CC2 is used for transmitting and receiving, during a given connection only the one that
mates with the CC pin of the plug is used; so there is no dynamic switching between Px_CC1 and Px_CC2.
Figure 8-10 shows the USB-PD BMC TX and RX driver block diagram.

LDO_3V3

PD_TX — ! Level Shifter b O
| | /
PD_RX «—— Level Shifter [&——< T \\

— ] Px_cct

—{ | Px_cct

Digitally
Adjustable

USB-PD Modem VREF (Vrxti, VrxLo)

Figure 8-10. USB-PD BMC TX/Rx Block Diagram

Figure 8-11 shows the transmission of the BMC data on top of the DC bias. Note, the DC bias shown is just an
example. The actual DC bias varies between the minimum and maximum threshold for detecting a Sink attach.

VOH

EC'Bias—\j\'_f_l‘__‘L‘l_‘|:|'|'| 1
Pl
VOL
DCBias _VSH\_‘ _____________________ _____ DCBias
~
VOL

Figure 8-11. TX Driver Transmission with DC Bias
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The transmitter drives a digital signal onto the Px_CC1 or Px_CC2 pins. The signal peak, V1xn, is set to meet
the TX masks defined in the USB-PD Specifications. Note that the TX mask is measured at the far-end of the
cable.

When driving the line, the transmitter driver has an output impedance of Zprver- Zpriver is determined by the
driver resistance and the shunt capacitance of the source and is frequency dependent. Zpgyer impacts the
noise ingression in the cable.

Figure 8-12 shows the simplified circuit determining Zprver, specified so that noise at the receiver is bounded.

RDRI\/ER . ZDRIVER

% CDRIVER

Figure 8-12. ZDRIVER Circuit

Driver

8.3.4.4 USB-PD BMC Receiver

The receiver block of the TPS26741E-Q1 is designed to receive a signal that follows the allowed Rx masks
defined in the USB PD specification. The receive thresholds and hysteresis come from this mask.

Figure 8-13 shows an example of a multi-drop USB-PD connection (only the CC wire). This connection has
the typical Sink (device) to Source (host) connection, and also includes cable USB-PD Tx/Rx blocks. Only one
system transmits at a time, all other systems are Hi-Z (Zgymcrx). The USB-PD Specification also specifies the
capacitance on the wire, as well as a typical DC bias setting circuit for attach detection.

Source Sink
System Pullup for System
Attach
De(eac(t:ion Connector Cable Connector |

CRECEIVER

i CRECEI\/ER
Ccablepiug_cc Ccablepiug_cc
RD for
Rx Rx
Tx Tx

Attach
Detection

SOP'PD SOP” PD
communication only communication only
(eMarker #1) (eMarker #2)

Figure 8-13. Example USB-PD Multi-Drop Configuration

8.3.4.5 Squelch Receiver

The TPS26741E-Q1 has a squelch receiver to monitor for the bus idle condition as defined by the USB PD
specification.

8.3.5 DBG_SDA, DBG_SCL and DP/DM Overview

The pins that have Px_DP and Px_DM pin functions also have P1_GPOx pin functions. The PA_DP and
DBG_SCL pin functions are on the same pin. The PA_DM and DBG_SDA pin functions are on the same pin. It
is not possible to use multiple pin functions at the same time. For the DBG_SCL and DBG_SDA pin functions,
choose either the SBUx pins or the D+/D- pins on the connector. This section shows the overall diagrams, and
following subsections provide more details on each.

» The DBG_SCL and DBG_SDA pin functions provide access to 12C4 and UART from the MCU sub-system.
The 12C4 is configurable to be used for updating the flash (see Section 8.3.5.1).
» DP/DM charging functionality (see Section 8.3.5.2).
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The following sub-sections provide more details.

P1_GPOS8
Rose
12C4_SCLor UART_Rx AN —

DPDM
Rose OVP
12C4_SDAor UART_Tx  [—AAA, T T —{ ] DBG_SDA/PA_DP

|P1_GPO7| | BC 1.2 |

] DBG_SCL/PA_DM

Figure 8-14. DP DM Hardware Functionality

8.3.5.1 Closed Chassis Debugging and Updating Flash

The DBG_SDA and DBG_SCL pins provide access to 12C4 or UART via pin(s) on the USB-C connector. The
I2C4 access provides capability to update the flash memory, but also provides a way to monitor or control
TPS26741E-Q1 for debugging. Disable this feature in the device configuration to block access to 12C4.

The TPS26741E-Q1 has a configuration option to output debug UART messages on the DBG_SDA pin instead
of being used for 12C4 access.

Note
Access to 12C4 is not available unless the TPS26741E-Q1 has been previously loaded with firmware
that enables this feature.

8.3.5.1.1 12C4 Access For Closed-chassis Debugging

If the PA_DM and PA_DP pin functions are required, then DBG_SDA and DBG_SCL are also attached to the
D+/D- pins on the connector. In other cases, connecting the DBG_SDA/SCL pin functions to the SBU1/SBU2
pins is another option. Both options are shown in the below figures. The TPS26741E-Q1 disables 12C4 until a
debug accessory is detected (5.1kQ on both CC pins) to avoid interfering with any other signaling.

The external debug accessory used to connect to 12C4 provides the 12C pullups as illustrated in the following
figures. Figure 8-15 illustrates using the D+/D- pins for 12C4 access.

USB2 Hub 3.3V
UART
Rx
TPS2674x usac|uss.c
Rec. Plug
PA_DP/PA_DBG_SDA o+ | | SDA
12C4 PA_DM/PA_DBG_SCL o- | | [ oo 2C Controller
USB-C PA_CC1,I:E: CC1 R
Cable PA_CCZ,IIE: ce2 | |
12C4 enabled |_Detect
5.1kQ 5.1kQ
GND GND | ___ | o
Figure 8-15. Connecting 12C4 to a Debug Accessory
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Figure 8-16 shows the same configuration when connecting to a USB2 device instead of a debug accessory. In
this case 12C4 remains disabled because the TPS26741E-Q1 only sees a 5.1kQ resistor on one CC pin (since
the cable only has one CC wire). In this case 12C4 remains disabled to allow D+/D- signaling.

USB2 Hub
TPS2674x
USB-C[ Copm |USB-C
Rec. Rec
PA_DP / PA_DBG_SDA o+ | | ] o -
12C4 PA_DM/PA_DBG_SCL [T o [ | ] o . UsB2device
USB-C PA—CC1||:E: CC1 I R
Cable | PA CcC2m 2| | 1]
12C4 Detect
dioabled 51kQ S 5.1kQ
GND GND | ] o

Figure 8-16. 12C4 Does Not Interfere with D+/D- Signaling

Figure 8-17 and Figure 8-18 illustrate using SBU1 and SBU2 for I12C4 access. Figure 8-17 shows connecting to
a debug accessory and Figure 8-18 shows connecting to a DP source. The concept is the same as for the D+/D-
pins described above.

DP Mux 3.3V
UART
Rx
TPS2674x use-c |use.c
Rec. Plug
PA_DP/PA_DBG_SDA sut| | oJsoa e
12C4 PA_DM / PA_DBG_SCL [ suz [ | [ scL Controller
USB-C PA_CC'I::E: cCc1 R
Cable | PA cc2rm cea | __|____
12C4 enabled | Dot
5.1kQ 5.1kQ
GND GND 1 ] E——
Figure 8-17. Connecting 12C4 to a Debug Accessory
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DP Mux

TPS2674x uss-o——uss.c
Rec. Rec
PA_DP / PA_DBG_SDA sBut | | ] o
12C4 PA_DM / PA_DBG_SCL T seuz| | ] L
USB-C PA—CC1||:E: CC1 T o
Cable | PA_CC2m cc2 | |
12C4 Detect

disabled

GND GND | ] o

SBU1

DP Source
SBU2

Figure 8-18. 12C4 Does Not Interfere With SBU Signaling

8.3.5.1.2 UART Access for Closed-chassis Debugging

The PA_DBG_SDA pin also has a UART_Tx capability for debug output messages. This capability is not
enabled by default. The baud rate is configurable and the achievable baud rate varies with the capacitance of

the channel. The kinds of debug messages output by the device is also configurable.

8.3.5.2 BC1.2 and Legacy Charging Functionality

The following figure shows the hardware used to implement BC1.2 functionality.

Vbm_sre

N

RDCP

\

Iop_snk

K

1

H:‘ Px_DP

] Px_DM

Figure 8-19. BC1.2 Legacy Charging Diagram

8.3.5.2.1 Charging Downstream Port (CDP) Mode

A CDP is a USB port that follows USB BC1.2 and supplies a minimum of 1.5A per port. A CDP provides power
and meets the USB 2.0 requirements for device enumeration. The difference between CDP and SDP is the
host-charge handshaking logic that identifies this port as a CDP. A CDP is identifiable by a compliant BC1.2
portable device and allows for additional current draw by the portable device.
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The CDP handshaking process occurs in two steps. During step one, the portable device outputs a nominal 0.6V
output on the DP line and reads the voltage input on the DM line. The portable device detects the connection
as an SDP if the voltage is less than the nominal data-detect voltage of 0.3V. The portable device detects the
connection as a CDP if the DM voltage is greater than the nominal data detect voltage of 0.3V and optionally
less than 0.8V.

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

8.3.5.2.2 Dedicated Charging Port (DCP) Mode

A DCP only provides power and does not support data connection to an upstream port. Another way to
implement the DCP functionality without using the Px_DP and Px_DM pins is to short the D+ and D- pins
together near the USB-C connector. That leaves the Px_DP and Px_DM pins available for other functions in the
system.

8.3.6 Liquid Detection

The TPS26741E-Q1 provides a Px_LQD pin for liquid detection. When connected to an appropriate pin on the
USB-C receptacle it performs liquid detection. In most cases it is best to connect to either SBU1 or SBU2 as
allowed by the USB-C specification since those are high-Z until needed for other functions such as Alternate
Mode or USB4 mode.

The concept behind the liquid detection is to send a current pulse on the Px_LQD pin and measure how long it
takes the pin voltage to reach a threshold. Liquids have capacitive and resistive components that slow the rise
of the voltage and limit its maximum value. Many factors affect the rise time so tunability is designed into the
application.

In order to limit the maximum Px_LQD voltage a weak pulldown resistor is used (R qp). Different pulldown
options are available to pair with different current source strengths (I qp). The intention is to use liquid detection
with a maximum voltage of approximately 2.0V. So the specifications are written around that use case. A
secondary maximum pin voltage option is 0.4V in case there are clamps on the pins used for liquid detection.

Figure 8-20 illustrates the concept. At time 0, a current pulse is applied to the Px_LQD pin. Depending on the
selected I gp and R qp there is a maximum expected pin voltage of Vyax. Even in a dry receptacle the rise
time is slowed by capacitance, but liquids prone to cause corrosion have a slower rise time. A threshold (V_qp)
is chosen so that a dry receptacle (or a receptacle with distilled water) is not detected as a fault condition. The
Trise(Liquid) threshold is programmable in FW up to ~5ms. If the rise time exceeds Tgse(Liquid) then actions
are taken to mitigate corrosion due to the presence of liquid. Once liquid is detected, it is rechecked periodically
until no liquid is detected before resuming normal operation.
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Pin Voltage
(Vex_Lap)

A

Vmax = liap * Riap

VLQD

\

.TRISE(Dry) Tmsg(LiqUid) )
Time

Figure 8-20. Pin Voltage lllustration
8.3.7 Local Interconnect Network (LIN) Support

The TPS26741E-Q1 supports communication using the LIN protocol as an alternative to 12C for controlling or
monitoring power policy or other features. The TXD pin function is an output from TPS26741E-Q1, and the RXD
pin function is an input into the TPS26741E-Q1.

Note
If the TXD from multiple TPS26741E-Q1 are connected as shown in the following diagram, configure
the PO_GPIOx pins as open-drain.
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VBAT
IN
LIN Physical Interface
LIN bus LIN (Ex. TLIN1021A-Q1) RX RXD TPS2674x
TXD TXD
12C2
IN 12C3
TPS2674x
VBAT
IN
LIN Physical Interface
RX RXD  TPS2674x
L LIN (Ex. TLIN1021A-Q1) ™D ™D

AN Lpo_3v3 N

RXD  TPS2674x
TXD

Figure 8-21. Example of Connecting to a LIN Bus

8.3.8 Thermal Shutdown

The TPS26741E-Q1 features a central thermal shutdown as well as independent thermal sensors for each
internal power path. The central thermal shutdown monitors the overall temperature of the die and disables all
functions except for supervisory circuitry when die temperature goes above a rising temperature of Tgp. When
the temperature falls below the threshold and clears the hysteresis the device resumes normal operation.

Each power path has a thermal shutdown monitor. When the temperature of a power-path exceeds Tgp pp the
associated Px_VCONN is disabled. When the temperature falls below the threshold and clears the hysteresis
the power paths resume normal operation.

8.3.9 ADC

The TPS26741E-Q1 ADC is shown in Figure 8-22. The ADC is a successive approximation ADC. The input to
the ADC is an analog input mux that supports multiple inputs from various voltages and currents in the device.
The output from the ADC is available to be read via 1°C and is also an input for the automatic ADC monitor
circuits.
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Px_VBUS, IN —» 1427
LDO_3V3 —»] /3
10 bits ADC
Px_CCy —» Buf;esrs & II?/IZL:(t ADC > Cor;tr:gller
Scheduler
Buffers &
P1_GPOn —™ /3
TempBandGap —» T-to-V
Figure 8-22. SAR ADC
8.3.9.1 ADC Divider Ratios
The ADC voltage inputs are each divided down to the full-scale input of 1.2V.
The following table shows the divider ratios for each ADC input.
Table 8-2. ADC Inputs
CHANNEL SIGNAL TYPE LSB DIVIDER RATIO
0 LDO_3V3 Voltage 3.52mV 3
1 Reserved
2 P1_GPOO Voltage 3.52mV 3
3 P1_GPO1 Voltage 3.52mV 3
4 P1_GPO2 Voltage 3.52mV 3
5 P1_GPO3 Voltage 3.52mV 3
6 BandGapTemp Temperature N/A
7 IN Voltage 50mV 42.7
8-11 Reserved
12 P1_GPO7 Voltage 3.52mV 3
13 P1_GPO8 Voltage 3.52mV 3
14 P1_GPO6 Voltage 3.52mV 3
15 P1_GPO5 Voltage 3.52mV 3
16 PA_VBUS Voltage 50mV 42.7
17 PA_CC1 Voltage 5.86mV 5
18 PA_CC2 Voltage 5.86mV 5
19-23 Reserved
24 ADCIN Voltage 50mV 42.7
25 P2_GPOO0 Voltage 5.86mV 5
26 P2_GPO1 Voltage 5.86mV 5
27-31 Reserved

8.3.10 VIN Power Foldback

When the voltage at the IN pin is low and the external DC/DC is boosting to a higher voltage the system is prone
to overheating. The TPS26741E-Q1 has the capability to monitor the IN voltage and reduce the VBUS output
power to reduce power loss and avoid overheating.
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8.3.11 Thermal Foldback

The TPS26741E-Q1 has the capability to measure system temperature and adjust the output power to each
USB-C port to reduce temperature if necessary. To accurately sense system temperature connect an NTC to a
P1_GPOx pin that has an ADC input as shown in the following figure.

LDO_3V3

NTC

P1_GPOXx

GND

Figure 8-23. Example of Using an NTC to Sense Temperature

8.3.12 DisplayPort Hot-Plug Detect (HPD)

The TPS26741E-Q1 supports the DisplayPort over USB Type-C as a DP source or DP sink. The TPS26741E-
Q1 supports the HPD converter functions on PO_GPIOx pins. The PD messaging events are translated into high
or low on the corresponding HPD pin in a DisplayPort transmitter system. Conversely, a DisplayPort receiver
system translates high or low status on the transmitted HPD pin PD messages.

PD Controller
(PD to HPD converter)
Px_VBUS

Px_CC1
DisplayPort Type-C
Transmitter System Px CC2 Connector

HPD <
dotoctor Px_HPD_Tx GND

PD Controller
(HPD to PD converter)
Px_VBUS

Px_CC1

DisplayPort Type-C
Receiver System Px_CC2 Connector

H,PD—{>— Px_HPD_Rx GND
driver = =

Figure 8-24. lllustration of How a PD-to-HPD Converter Passes the HPD Signal Along in a DisplayPort
System

40 Submit Document Feedback Copyright © 2026 Texas Instruments Incorporated
Product Folder Links: TPS26741E-Q1


https://www.ti.com/product/TPS26741E-Q1
https://www.ti.com/lit/pdf/SLVSHO8
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLVSHO8&partnum=TPS26741E-Q1
https://www.ti.com/product/tps26741e-q1?qgpn=tps26741e-q1

13 TEXAS
INSTRUMENTS TPS26741E-Q1
www.ti.com SLVSHOS8 — MAY 2026

8.3.13 General GPIO

The TPS26741E-Q1 has groups of GPIO pins labeled P2_GPOx, P1_GPOx, and PO_GPIOx with each group
having specific properties summarized in the table below. The following subsections describe the functionality
of each group in more detail. GPIO/GPO pins are capable of being mapped to USB Type-C, USB PD, and
application-specific events to control other ICs, interrupt a host processor, or receive input from another IC.

Table 8-3. Comparison of GPIO/GPO Types

PO_GPIOx P1_GPOx P2_GPOx"
Type Push-pull or open-drain Push-pull or open-drain Open-drain
Max voltage Vipo 3v3 Vipo_3v3 5.5V
Output supply LDO_3V3 LDO_3V3 N/A
weak pull-up 40k 100k N/A
weak pull-down 40k 100k N/A
Input supply reference LDO_3Vv3 LDO_3Vv3 N/A
ADC input No Yes for some pins.

(1) These pin functions are not available on all devices. Check the pin list.

8.3.13.1 PO_GPIOx
The following figure shows the GPIO 1/O buffer for PO_GPIOx pins.

The following table lists functionalities of each 10. There are certain mux functions available for assignment to
multiple PO_GPIOx pins, but only one at a time. These mux options provide flexibility to select the set of mux
functions needed in a particular system.
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LDO_3V3 H}
b GPIO_OD_EN[x]
j GPIO_OE[x]
—(_

E‘l ’—o<’— GPIO_PU_ENIX]
%GPIO_RPU

GPIO_RPD

GPIO_O[x]

<

r GPIO_PD_EN[X]

Vin /' Vi

T GPIO_DEG |— GPIO_DATA STATUS[]
PO_GPIOx [_] +

Figure 8-25. P0_GPIOx Buffer Diagram

Table 8-4. PO_GPIOx Functionality Table

Pin Name Primary Muxed Functionality Other Available Options
PO_GPIO0 12C3_SCL 12C2_SCL, PB_PWM
PO_GPIO1 12C3_SDA 12C2_SDA
PO_GPIO2

PO_GPIO3 PA_PWM UART DBG_Tx?
PO_GPIO4 [2C1_SCL IPOR

PO_GPIO5 [2C1_SDA RxD "

P0_GPIO6 PA_SYNC UART_DBG_Tx?
PO_GPIO7 12C2_SCL 12C3_SCL
PO_GPIO8 12C2_SDA 12C3_SDA
P0_GPIO9 UART_DBG_Tx? 12C4_SCL
PO_GPIO10 I2C4_SDA, PB_PWM

(1)  Only one of the UART_Rx/UART_Tx or the LIN (TXD, RXD) functions is available for use at a time.
(2) UART_DBG_Tx is only available for assignment to one pin at a time.
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8.3.13.2 P1_GPOx

Figure 8-26 shows the GPIO /O buffer for the P1_GPOx pins. These pins are fail-safe. A subset of the GPOs
are ADC inputs (see Table 8-5).

OR(GPIO_PU_EN[x], AND(GPIO_OE[x],NOT(GPIO_OD_ENIx])))
LDo_3v3 [_]
b GPIO_OD_EN[X]
]- GPIO_OE[x]
E ’_Co— GPIO_O[x]
’—o<l— GPIO_PU_EN[X]
GPIO_RPU
<
GPIO_RPD
’/ GPIO_PD_ENIx]
L To ADC
P1_GPIOx [ ] VW (not all P1_GPO go to ADC)

Figure 8-26. P1_GPOx Buffer

Table 8-5. P1_GPOx Functionality Table (ADCINx = ADC Input Channel x)

Pin Name Special Functionality Muxed Functionality GPIO functionality

P1_GPOO ADCIN2 PA_PPEXT Push-Pull, weak pullup, weak pulldown
P1_GPO1 ADCIN3 PA_LQD Open-drain output

P1_GPO2 ADCIN4 PB_LQD Open-drain output

P1_GPO3 ADCINS Push-Pull, weak pullup, weak pulldown
P1_GPO4 ENSD Push-Pull, weak pullup, weak pulldown
P1_GPO5 ADCIN15 Open-drain output

P1_GPO6 ADCIN14 Open-drain output

P1_GPO7 PA_DP, ADCIN12, DBG_SDA Open-drain output

P1_GPO8 PA_DM, ADCIN13, DBG_SCL Open-drain output
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8.3.13.3 P2_GPOx

The P2_GPOx pins provide open-drain functionality with a resistive pull-down to assert the pin low.

Rp2_apo

|—<’—GPIO_O[X]

P2LGROK >———

AN To ADC

Figure 8-27. P2_GPOx buffer

8.3.14 ENSD Functionality

If the ENSD pin is low while the ENSD pin function is enabled then the device stays in the shutdown mode (see
Iinsp)- When ENSD is asserted low for longer than the deglitch time (Tensp peg), the TPS26741E-Q1 enters
into the shutdown mode.

The ENSD pin is pulled up internally via the GPIO_RPU resistor. Therefore, do not apply any load stronger
than 510kQ. When the P1_GPO4 pin is configured as an output GPO instead of ENSD functionality, do not
load the pin externally while the TPS26741E-Q1 is powering on. Instead apply an external pullup to LDO_3V3 if
necessary to prevent ENSD from being low when the device powers on or resets.

8.3.15 Px_SYNC Output

Many DC/DC controllers have a SYNC input to synchronize switching. The TPS26741E-Q1 has Px_SYNC pins
to drive this signal to the DC/DC on each port to prevent simultaneous switching of different DC/DC controllers in
the system.

The internal HF_OSC clock is divided down to create a HF_SYNC clock used to drive a square wave to the
selected PO_GPIO pin at fsync nom: PA_SYNC and PB_SYNC are driven from the same clock, there are
configurations to have 0°, 90°, 180°, or 270° phase delay between PA_SYNC and PB_SYNC.

The TPS26741E-Q1 also supports cycle-to-cycle dithering following a triangular frequency profile. The
modulation frequency of this triangular wave is fyop, and max swing is fsync_swing-

The TPS26741E-Q1 also includes dual-random spread spectrum (DRSS) on the Px_SYNC signal by adding
pseudorandom variation fpy(t).

Combining all the configurations, the SYNC frequency fsync (and therefore the time between rising edges on
Px_SYNC) changes in time according to:

fsync(®) = fsync_Nom + fsync_swing X triangular(2 x m X fyop(t) X t) + fprru(t) (1)
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The PO_GPIOx used for the Px_SYNC functionality is configurable for open-drain or push-pull mode, and
configurable to enable or disable the weak pullup or pulldown resistors.

Figure 8-28 shows three ways to use the Px_SYNC pin. First, if one of the DC/DC is configured to trigger on the
rising edge of Px_SYNC and the other DC/DC is configured to trigger on the falling edge of Px_SYNC then only
one Px_SYNC pin is necessary as shown in top left option. Another option is use use PA_SYNC and PB_SYNC
to each connect to one of the two DC/DC. The third option is to use an NFET to invert the Px_SYNC signal so
that the two DC/DC both trigger on the rising edge.

DC/DC
(';C:t D/S) (PortA)
(o]
[]—o—[] Px_SYNC [H] PA_SYNC
Configured for
rising edge
PD Controller
PD Controller DC/DC
(';C:t Dg) (Port B)
(o]
[ [+ pe.swe
Configured for
falling edge
LDO_3V3
DC/DC
(Port B)
Configured forl: > I:
rising edge F :l Px_SYNC
PD Controller
DC/DC
(Port A)
Configured for
rising edge

Figure 8-28. Configurations Using Px_SYNC

8.3.16 Pulse-Width Modulation (PWM) Output

The TPS26741E-Q1 has a PWM module available for various purposes such as controlling an LED or creating a
dynamic voltage reference. The PWM module is configurable to have a duty cycle that is dynamic or fixed. The
application firmware is also capable of dynamically setting the duty-cycle, for example to drive the VBUS voltage
output from a DC/DC regulator.

When setting a fixed duty cycle the Tpym on @nd Tpwm ToTAL are controlled separately to set the duty-cycle
(DC) Tpwm_on / Tpwm ToTaL- When configured to do so, the application firmware sets the DC as needed in
different applications based on USB-PD or other kinds of events.

When using the dynamic duty-cycle option the duty-cycle varies periodically over Tpwwm periop. There are
configurable options for sinusoidal, triangular, or sawtooth variations.
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The PO_GPIOx used for the Px_PWM functionality is configurable for open-drain or push-pull mode, with or
without the weak pullup or pulldown resistors enabled.

8.3.17 I2C Interface

The TPS26741E-Q1 has multiple 12C ports. The following table lists the type and typical usage for each port.
The target ports provide general status information about the TPS26741E-Q1, as well as the ability to control
the behavior of the device. The controller port allows the TPS26741E-Q1 to control other target devices in the
system.

Table 8-6. I2C Summary

12C Bus Type Typical Usage
12C1 Target Connect to a host controller. This I2C provides access for updating flash memory. This I12C port has
R/W access via the Host Interface.
12C2 Controller Connect to external DC/DC, USB Type-C mux, or other target devices.
12C3 Target For systems that require two 12C targets.
12C4 Target Available via DBG_SCL and DBG_SDA pins. When enabled, this 12C port has R/W access via the Host

Interface and updating flash memory. If desired permanently disable this 12C port via configuration.

8.3.17.1 I12C Interface Hardware

The TPS26741E-Q1 features multiple 12C interfaces that each use an 12C 1/O driver like the one shown below.
This I/O consists of an open-drain output and an input comparator referenced to LDO_3V3 followed by de-
glitching.

m [
12Cx_SDA/SCL | ! +ﬂ' sons | 120xDI
GPIO_VIH _| - Deglitch
GPIO_VIL
EI ’—o<]— 12Cx_DO

Figure 8-29. I12C Buffer

8.3.17.2 I2C Interface Description

The TPS26741E-Q1 supports Standard, Fast mode, and Fast-mode, plus 12C interfaces. The bidirectional 12C
bus consists of the serial clock (SCL) and serial data (SDA) lines. Both lines are required to connect to a supply
through a pull-up resistor.

Figure 8-30 shows the start and stop conditions of the transfer. Figure 8-31 shows the SDA and SCL signals for
transferring a bit. Figure 8-32 shows a data transfer sequence with the ACK or NACK at the last clock pulse.

SCL | I\ / \ / |
s i bp

L2 L= —
Start Condition Stop Condition

Figure 8-30. I12C Definition of Start and Stop Conditions
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.y x; \

SCL / \ / \

! DatalLine ! Change

Figure 8-31. I12C Bit Transfer

X X/

Data output by transmitter j

NACK

Data output by receiver

SCL from controller Sv ACK ;
s 1 2 M/

Clock pulse for
acknowledgement

Figure 8-32. 12C Acknowledgment

8.3.17.3 I2C Clock Stretching

The TPS26741E-Q1 features clock stretching for the 12C protocol. In some scenarios, the TPS26741E-Q1 target
I2C port holds the clock line (SCL) low after receiving (or sending) a byte, indicating that the target port is not yet
ready to process more data. The controller communicating with the target is required to pause the transmission
of the current bit and wait until the clock line goes high. When the target is clock stretching, the clock line
remains low.

The controller is required to wait until the clock line transitions high plus an additional minimum time (4ps for
standard 100kbps I2C) before pulling the clock low again.

Clock stretching is possible for any clock pulse but typically is the interval before or after the acknowledgment
bit.

8.3.17.4 Unique Address Interface

The Unique Address Interface allows for complex interaction between an 12C controller and a single
TPS26741E-Q1. The I2C target sub-address is used to receive or respond to Host Interface protocol commands.
Figure 8-33 and Figure 8-34 show the write and read protocol for the 12C target interface, and a key is included
in Figure 8-35 to explain the terminology used. The key to the protocol diagrams is in the SMBus Specification
and is repeated here in part.

1 7 1 1 8 1 8 1 8 1
S Unique Address Wr| A Register Number A Byte Count=N A Data Byte 1 A
8 1 8 1
Data Byte 2 Al - Data Byte N A P

Figure 8-33. 12C Unique Address Write Register Protocol
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1 7 1 8 1 1 7 1 8 1
S Unique Address Wr| A Register Number A | Sr Unique Address Rd | A Byte Count =N A [ - -
8 1 8 1 8 1
Data Byte 1 A Data Byte 2 Al .- Data Byte N A P

1

Figure 8-34. 12C Unique Address Read Register Protocol

7 1 1 8 1
S |Target Address |Wr| A Data Byte AP
X X

S Start condition

SR Repeated start condition

Rd Read (bit value of 1)

Wr  Write (bit value of O

X Field is required to have the value x

A Acknowledge (this bit position is 0 for an ACK or 1 for a NACK)
P Stop condition

Controller-to-target

Target-to-controller

® ¢ ¢ Continuation of protocol

Figure 8-35. I2C Read/Write Protocol Key

8.3.17.5 I2C Address Setting

When multiple TPS26741E-Q1 devices are used in the same system, typically the 12C1_SDA and 12C1_SCL for
each device are connected. Then an external 12C controller controls all devices via a single 12C bus. Therefore,
the target addresses of the |12C target ports are set to the default value based on the CONFIG pin as shown in
the following table. See Section 8.4.1 for details about configuring the CONFIG pin to select the default target
address. These default addresses are the only addresses available for updating the flash memory.

Table 8-7. 12C Default Target Addresses (before loading configurations from flash)

12C port Port Default Target Address (see I2C address index from CONFIG decoding)
CONFIG = #1 CONFIG = #2 CONFIG = #3 CONFIG = #4
12C1/12C4 A 0x20 0x21 0x22 0x23
Do not use these addresses for | 0x24 0x25 0x26 0x27
any device on the bus.

8.3.18 System Power Management (SPM) Across Ports

The TPS26741E-Q1 supports being connected to multiple other PD controllers to enable system power sharing
across multiple ports. One of the TPS26741E-Q1 is configured as the Controller, and the other is configured as a
Target. In the following diagram the 12C2 port from one device is connected to the 12C3 port from another device.
Since the 12C2 is the controller port, it makes that device the Controller in the SPM context as well.

The SPM controller also handles power sharing for all ports within the SPM controller.
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| DC/DC (Port 1) TPS2674x (SPM Controller)
1’c
12C2
| DC/DC (Port 2) |J 12C2_IRQ
1
|
|
|
|
|
|
|
|
| DC/DC (Port 3) —12C1 or 12C3 12C3_IRQ
1’C
12C2
| DC/DC (Port 4) TPS2674x (SPM Target)

Figure 8-36. lllustration of Device-to-Device SPM

8.4 Device Functional Modes

8.4.1 Pin Strapping to Configure Default Behavior (CONFIG)
The CONFIG pin is used to configure the default 12C address index as summarized in the following table.

The UART_Tx pin function is allowed on the CONFIG pin. The 12C1 address decoding is not affected. When
transmitting, the UART _Tx pin function overdrives the external resistance.

Table 8-8. CONFIG Decoding

Ryp Rpown CONFIG decoding I2C address index
0 499kQ £ 5% 00 #1
499kQ) + 5% 0 01 #2
< 5kQ o 10 #3
0 < 5kQ 11 #4

Roown

LDO_3V3

CONFIG

TPS2674x

Figure 8-37. 12C_ADDR Pin Configuration
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8.4.2 Power States

The TPS26741E-Q1 operates in one of four different power states: Active, Idle, Sleep or Shutdown. The
functionality available in each state is summarized in Table 8-9. The device automatically transitions between
the power states based on the circuits that are active and required, see Figure 8-38. In the Sleep State the
TPS26741E-Q1 detects a Type-C connection or other activity that requires moving to the Active state (such as
liquid detection actions). Transitioning between the Active mode to the Idle mode requires a period of time (T)
without any of the following activity:

* Incoming USB PD message

* Change in CC status

* GPIO input event

+ I2C transactions

* Voltage alert

* Fault alert

During boot mode, the TPS26741E-Q1 remains in the Active State.

The Shutdown mode is entered when the ENSD pin is configured as active (which is the default at power-on)
and the ENSD pin is pulled low. Entering the Shutdown mode overrides any other power state condition. It is
important to note that the device is non-functional while in the Shutdown mode. The ENSD pin is configured by
default at power-on so the device is non-functional if the ENSD pin is pulled low.

No new activity for T

! |
! |
! |
: Sleep State |
| No CC connection |
: New activity |
. :
! |
: CC detached & No activity for T |
. :
! |
: New activity |
) < Idle State !
|
| Active State » CC connected :
: CC attached & !
|
. :
! |

e e e

Figure 8-38. Flow Diagram For Power States
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Table 8-9. Power Consumption States
Active Mod Idle Mod Si Mod
ctive Mode e Mode eep Mode Shutdown Mode
lin,Act lin,idle lin,Sleep
PA_VCONN ON OFF OFF OFF
PortA Cable Detection Irp3.0 €nabled Irp3.0 €nabled IrpDef €Nabled Disabled
external PA_CCx 5.1kQ (Rd) 5.1kQ (Rd) 5.1kQ (Rd) don't care
termination
external PA_CCy ,
L= open open open don't care
termination
Liquid detection ON, Px_LQD held low OFF OFF OFF
USB-PD PHY Transmitting on both ports Squelch Rx enabled ready OFF OFF
to wake on both ports
12C traffic 12C1, 12C2, 12C3, and No activity, monitoring for | No activity, monitoring for .
. don't care
12C4 all active wake only wake only
CPU Active, reading and writing .
to SRAM Sleep Sleep Disabled
Flash Actively ?‘I)z(a e;}utlng from Inactive Inactive Inactive
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9 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification,
and Tl does not warrant its accuracy or completeness. TI's customers are responsible for
determining suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

9.1 Application Information

The TPS26741E-Q1 firmware implements a host interface over I12C to allow for the configuration and control of
all device options. Initial device configuration is stored in flash and is loaded during boot. The TPS26741E-Q1
configuration and host interface allow the device to be customized for each specific application.

9.2 Typical Application

Type-C Receptacle
A TPS26741E-Q1 DC/DC
VBUS 28V (nominal) PA_VBUS
SDA/SCL
D4 /D- PA_DP/DM
cc1/2 PA_CC1/2 IN 4 '
12C2_SDA/SCL
sBUL PA_LQD S/
Battery /
Power Supply
Color Legend

High-Current PCB traces

Low-Current PCB traces

9.2.1 Design Requirements

9.2.1.1 CC Pin Recommendations

The TPS26741E-Q1 has 1 USB Type C Ports. For this port, the CC pins- PA_CC1, PA_CC2 are bypassed with
CPx_CCy

9.2.1.2 Tl Firmware Update (TFU)

Update the TPS26741E-Q1 firmware through two possible I12C port connections: make the 12C1 target interface

or the DBG 12C target interface available when I/O assignments are made during device configuration. Firmware
configuration allows permanently disabling the FW update feature.

Here are three methods to meet this requirement:

1. Assign PO_GPIO5 to 12C1_SCL and PO_GPIOS5 to 12C1_SDA.
a. Connect the two GPIO pins to LDO_3V3 or an MCU 3.3V power supply through appropriately sized pull
up resistors.

2. Assign P1_GPO7 to DBG_SCL and P1_GPO8 to DBG_SDA.
a. Connect the two GPIO pins to LDO_3V3 or an MCU 3.3V power supply through appropriately sized pull
up resistors.
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3. Assign P1_GPO7 to DP and P1_GPO8 to DM and connect these pins to appropriate pins on the type C

connector.
a. Connect these pins to the internal DBG_I2C pins when the type C connection type is a Debug
Accessory.

b. The Debug Accessory connection provides the pull-up resistor connection to a 3.3V power supply.

9.2.2 Detailed Design Procedure

TFU Update Method

For this design, the TFU update method selected is the USB Type-C debug accessory connection on the Port A
DP and DM pins. These pins are converted to an 12C target interface when a debug accessory is connected to
the port A type C port. This 12C target supports firmware update.

12C Controller Connections

The 12C controller port (12C2_SCL and 12C2_SDA) are used to control the 12C target ports on the port A DC2DC,
port B DC2DC, and Display port System mux.

Power Supply Connections

Connect the Power Supplies as specified in Section 9.4.

Type C Port Connections
The PA_CC1, PA_CC2, PB_CC1, and PB_CC2 pins need to be bypassed as specified in Section 9.2.1.1.

In this example, 28V is the highest nominal VBUS, so no resistive divider is required. When required connect a
resistor divider that divides VBUS in half to limit the voltage on the PA_VBUS pin. Use resistors with a value of
10kQ.

GPIO Configuration

Configure the GPIO and GPO pins of the TPS26741E-Q1 as required to meet system needs. The application
configuration GUI: TPS267xx-Q1-GUI supports various configuration options.

Table 9-1. PO_GPIO Configuration
TPS26741E-Q1 ports Port Configuration Setting Passives

PO_GPIOO0

PO_GPIO1

PO_GPIO2
PO_GPIO3
PO_GPIO4

PO_GPIOS

PO_GPIO6

PO_GPIO7 12C2_SCL 2.2kQ pull-up to LDO_3V3

PO_GPIO8 12C2_SDA 2.2kQ pull-up to LDO_3V3

PO_GPIO9 CONFIG 600kQ pull-down to GND

PO_GPIO10
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Table 9-2. P1_GPO Configuration
TPS26741E-Q1 ports Port Configuration Setting Passives

P1_GPOO
P1_GPOf1 PA_LQD
P1_GPO2
P1_GPO3
P1_GPO4
P1_GPO5
P1_GPO6
P1_GPO7 PA_DP
P1_GPO8 PA_DM

9.2.3 Application Curves

The figure below shows the VBUS voltage, PA_CC1 (PD Communication) and 12C2 communication to the
DC2DC Converter. The following table shows a log of the PD communication for the same test:

12C2_SCL

(@ 100V & @ 500\ @ 500V % @ 500V )(100ms J(10.0M57s @ 5 a0V
+v9.40000ms 10M points
Figure 9-1. 48V EPR Transition
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Table 9-3. PD Log for EPR 48V/5A Connection

# |Message Type SOP* |DataRole |[PowerRole |MsgID |Sender |TimeStamp (ms)
0 |CONNECT CABLE RA OR SINK NO VBUS (CC1-Pin = 0

NC, CC2-Pin = STD)
1 |CONNECT SINK NO VBUS (CC1-Pin = NC, CC2-Pin = 177.0

3p0A)
2 |CONNECT CC2 (CC1-Pin = NC, CC2-Pin = 3p0A) 267.0
3 |Vendor_Defined (Disc ID REQ) SOP' |N/A N/A 0 Port 366.1
4 |GoodCRC SOP' |N/A N/A 0 Plug 367.0
5 |Vendor_Defined (Disc ID ACK, PassiveCable) SOP'" |N/A N/A 0 Plug 369.0
6 |GoodCRC SOP' |N/A N/A 0 Port 370.0
7 | Source_Capabilities (Max: 100W, Fixed 5V-3A, SOP DFP SOURCE 0 Port 374.1

Fixed 9V-3A, Fixed 15V-3A, Fixed 20V-5A,

SPR AVS Maxl (9V/15V)=3A MaxI (15V/

20V)=5A, PPS PDP=48W;PL:0;5V-16V-3A, PPS

PDP=100W;PL:1;5V-21V-5A)

GoodCRC SOP UFP SINK Port 376.0

Request (RDO: Pos=5, SOP UFP SINK Port 380.0

Pow=100W,outV=20.00V,loc=5.00A; Src APDO: SPR AVS

MaxI (9V/15V)=3A Maxl (15V/20V)=5A)
10 |GoodCRC SOP DFP SOURCE 0 Port 381.0
11 | Accept SOP DFP SOURCE 1 Port 385.0
12 |GoodCRC SOP UFP SINK 1 Port 386.0
13 |PS_RDY SOP DFP SOURCE 2 Port 483.0
14 |GoodCRC SOP UFP SINK 2 Port 484.0
15 |EPR_Mode (Action=Enter) SOP UFP SINK 1 Port 488.0
16 |GoodCRC SOP DFP SOURCE 1 Port 488.1
17 |CONNECT CC CHANGE (CC1-Pin = NC, CC2-Pin = 1p5A) 493.0
18 |EPR_Mode (Action=Enter_Acknowledged) SOP DFP SOURCE 3 Port 493.0
19 |GoodCRC SOP UFP SINK 3 Port 393.0
20 |EPR_Mode (Action=Enter_Succeeded) SOP DFP SOURCE 4 Port 495.0
21 |GoodCRC SOP UFP SINK 4 Port 495.1
22 |EPR_Source_Capabilities (Max: 240W, Fixed SOP DFP SOURCE 5 Port 497.0

5V-3A, Fixed 9V-3A, Fixed 15V-3A, Fixed

20V-5A, SPR AVS MaxI (9V/15V)=3A MaxI

(15V/20V)=5A, PPS PDP=48W;PL:0;5V-16V-3A, PPS

PDP=100W;PL:1;5V-21V-5A, Fixed 28V-5A, Fixed 36V-5A,

Fixed 48V-5A, EPR AVS PDP:240-48V-15V)
23 |GoodCRC SOP UFP SINK Port 499.0
24 |EPR_Request (RDO: Pos=11, SOP UFP SINK Port 503.0

Pow=240W,outV=48.00V,loc=5.00A; Src APDO: EPR AVS

PDP=240-15V-48V)
25 |GoodCRC SOP DFP SOURCE 2 Port 504.0
26 |Accept SOP DFP SOURCE 6 Port 508.0
27 |GoodCRC SOP UFP SINK 6 Port 509.0
28 |PS_RDY SOP DFP SOURCE 7 Port 618.0
29 |GoodCRC SOP UFP SINK 7 Port 638.1
30 |Vendor_Defined (Disc ID REQ) SOP DFP SOURCE 0 Port 638.1
31 |GoodCRC SOP UFP SINK 0 Port 639.0
32 |Not_Supported SOP UFP SINK 3 Port 643.0
33 |GoodCRC SOP DFP SOURCE 3 Port 644.0
34 |CONNECT CC CHANGE (CC1-Pin = NC, CC2-Pin = 3p0A) 650.1
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Table 9-3. PD Log for EPR 48V/5A Connection (continued)

# |Message Type SOP* |DataRole |[PowerRole |MsgID |Sender |TimeStamp (ms)
35 |Extended_Control (EPR_KeepAlive) SOP UFP SINK 4 Port 1034.1
36 |GoodCRC SOP DFP SOURCE 4 Port 1035.0
37 |Extended_Control (EPR_KeepAlive_Ack) SOP DFP SOURCE 1 Port 1040.0

9.3 System Examples
The TPS26741E-Q1 supports USB-PD charging in the extended power range (EPR) for one USB-C port.

When a system has more than two USB-C ports, connecting multiple TPS26741E-Q1 together via 12C allows
one of them to act as the system power management (SPM) controller, while the others act as targets.

The TPS26741E-Q1 is capable to provide access to an external MCU to allow it to monitor status and control
certain behaviors and configurations through the 12C1 port.

Connecting the Px_LQD pins of the TPS26741E-Q1 to one of SBU1, SBU2, D+ or D- on the USB-C receptacle it
to perform liquid detection and implement corrosion mitigation to protect the USB-C connector.

9.3.1 Single Port EPR Charger

Figure 9-2 illustrates how to connect two TPS26741E-Q1 together to create a 2-port system. The TPS26741E-
Q1 uses 12C2 to control external DC/DCs to provide the necessary voltage and/or current on each port
individually. The TPS26741E-Q1 has an internal LDO connected to the same battery / power supply as the
DC/DC. This internal LDO also provides the current needed for VCON to read an eMarkerN.

In this example, the top TPS26741E-Q1 is the smart-power-management (SPM) controller and uses its 12C port
to control the SPM target via its 12C1 port.

In this example, the bottom TPS26741E-Q1 supports a nominal 48V VBUS. Connect a resistor divider that
divides VBUS in half to limit the voltage on the PA_VBUS pin. Use resistors with a value of 10kQ.

External OVP options are shown to protect Px_CCy, Px_DP/DM, and Px_LQD pins from shorting to VBUS in the
connector.
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Figure 9-2. Single Port EPR Charger

9.4 Power Supply Recommendations
9.4.1 Input Power Supply

The IN pin is the primary power input for the device. An internal 5V LDO takes IN as an input to create 5V on the
PP5V pin. When an external 5V is applied to the PP5V pin, short the IN pin to the PP5V pin to allow V|\=Vppsy.
Connect the recommended capacitance Cjy from the IN pin to the GND pin. Place Cjy as close to the pin as
possible.

9.4.2 5V Power Supply

Some internal circuitry is powered from 5V. The 5V LDO steps the voltage down from IN to 5V. The 5V LDO
provides power to the internal 3.3V LDO, as well as internal analog circuits including Px_VCONN in some cases.
Connect the recommended capacitance Cppsy from the PP5V pin to the GND pin, and as close to the PP5V pin
as possible.

9.4.3 3.3V Power Supply

Some internal circuitry is powered from 3.3V. The 3.3V LDO steps the voltage down from PP5V to 3.3V. The
3.3V LDO provides power to the internal 1.35V LDO and other internal circuits. Connect the recommended
capacitance Cpo 3v3 from the LDO_3V3 pin to the GND pin, and as close to the LDO_3V3 pin as possible.

9.4.4 1.35V Power Supply

Some internal circuitry is powered from 1.35V. The 1.35V LDO steps the voltage down from LDO_3V3 to 1.35V.
The 1.35V LDO provides power to all internal low-voltage digital circuits which includes the digital core, and
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memory. Connect the recommended capacitance Cpo 1v35 from the LDO_1V35 pin to the GND pin, and as
close to the LDO_1V35 pin as possible.

9.5 Layout
9.5.1 Layout Guidelines

Proper component placement and routing are essential for maintaining signal integrity and optimizing power
delivery performance. The combination of high speed differential data and high current power paths requires
careful consideration of trace geometry, ground referencing, and copper thickness. Follow these best practices:

* Place all decoupling capacitors as close as possible to the associated pins.

» For 5A operation, maintain the thickness of the DCDC power traces on 10z copper layers to be at least 130
mil wide.

* Route I2C lines away from USB data traces to prevent crosstalk.

» Maintain a continuous ground plane beneath all high speed differential pairs to offer good impedance control
and provide EMI shielding.

» Avoid stubs on high speed lines to minimize the reflections. If the line is be routed to multiple locations, use a
separate line driver for each line.

» Consult with board manufacturing to verify manufacturing capabilities.

For additional layout guidelines for 4-switch buck-boost converters, see the Layout Optimization of 4-Switch
Buck-Boost Converters Application Note. For additional high-speed layout guidelines, see the High-Speed
Layout Guidelines for Signal Conditioners and USB Hubs Application Report.

Recommended Via Size

Recommended Via Size Proper via stitching is recommended to carrying current for the VBUS power paths and
grounding. The recommended minimum via size is shown below, but larger vias are an option for low density
PCB designs. A single via is capable of carrying 1A, verify the tolerance with the board manufacturing. Vias are
recommended to be tented when located close to the PD controller.

8mil 16mil

Minimum Trace Widths

Below are the minimum trace widths for analog and digital pins. The trace width limitations are also defined by
the board manufacturing process used. Consult with manufacturing for determining the minimum trace widths
and tolerance

Table 9-4. Minimum Trace Width

Route Minimum Width (mils)
VIN, PP5V 10 (External Layers), 20 (Internal Layers)
PA_CC1, PA_CC2, PB_CC1, PB_CC2 10
LDO_1V35, LDO_3V3, PA_VBUS, PB_VBUS 10
PO_GPIOX/*, P1_GPOX/* 4 (Or Manufacturing Limit)
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Table 9-4. Minimum Trace Width (continued)

Route Minimum Width (mils)
Component GND 16
9.5.2 Layout Example
Table 9-5. Composite Views
Top Composite Bottom Composite

Table 9-6. Copper and Routing Layers

Top Layer 1

GND Layer 2 GND Layer 3

Bottom Layer 4

e

10 Device and Documentation Support

Tl offers an extensive line of development tools. Tools and software to evaluate the performance of the device,
generate code, and develop applications are listed below.

10.1 Documentation Support
10.1.1 Related Documentation

* USB-PD Specifications
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* USB Power Delivery Specification
10.2 Receiving Notification of Documentation Updates

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

10.3 Support Resources

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

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

10.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.

USB Type-C® is a registered trademark of USB Implementers Forum.
All trademarks are the property of their respective owners.

10.5 Electrostatic Discharge Caution

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

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

10.6 Glossary

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

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

DATE REVISION NOTES
May 2026 * Initial Release

12 Mechanical, Packaging, and Orderable Information

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