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5 Device Comparison Table

. Port A Output | Port B Output |Astable VIN Configurable

PART NUMBER |Orderable Device Port A Port B Power Power Boot Support | Boot Mode?

TPS25762CQRQLRQ1 VIN-dependent(!) | Yes
TPS25762-Q1 n/a n/a

TPS25762CAQRQLRQ1 Yes No

USB-PD 65 W

TPS25772CQRQLRQ1 VIN-dependent | Yes
TPS25772-Q1 USB-PD 65 W

TPS25772CAQRQLRQ1 Yes No

1. Assured device boot up during astable VIN (e.g. cold crank) conditions when VIN oscillation minimum
voltage is =7.6V until boot is completed. Refer to application brief TPS257x2-Q1 Startup with an Astable
Supply Voltage.

2. Referto 77 9.3.2.
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6 Pin Configuration and Functions
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K 6-1. RQL Package 29-Pin (VQFN) Top View
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%% 6-1. Pin Descriptions

PIN
DESCRIPTION
NAME NO.
Enable pin. For EN/UVLO < 0.3 V, the TPS25772-Q1 is in a low current shutdown mode. For EN/
EN/UVLO 6 UVLO > 1.3V, the full functionality is enabled, provided LDO_5V exceeds the LDO_5V UVLO
threshold.
IN 15 The input supply pin to the IC. Connect V| to a supply voltage between 5.5V and 18 V (40-V
ABS MAX transient).
PGND 13 Power ground of the IC. The high current ground connection to the low-side gate drivers.
SWA1 14 The buck side switching node.
Sw2 12 The boost side switching node.
BOOTA 16 An external capacitor is required between the BOOT1 and the SW1 pins to provide bias to the
high-side MOSFET gate drivers.
BOOT?2 10 An external capacitor is required between the BOOT2 and the SW2 pins to provide bias to the
high-side MOSFET gate drivers.
AGND 5 Analog ground of the IC.
ouT 11 Output of the buck-boost regulator. Connect to bulk capacitance.
CSP 28 Positive input of the current sense amplifier.
CSN/BUS 29 Negative input of the current sense amplifier. This is the PA_VBUS supply.
LDO 5V 21 QOutput of internal 5 V LDO for buck-boost low-side FET drivers, and Px_VCONN supply. Connect
- bypass capacitor to PGND. May be overdriven from external 5-V supply.
LDO 3V3 27 Output of internal 3.3-V LDO for analog circuitry and GPIO drivers. Connect bypass capacitor to
- AGND.
LDO_1V5 Output of internal 1.5-V LDO for digital circuitry. Connect bypass capacitor to AGND.
12C_SCL1 Controller 12C Clock Input/Output.
12C_SDA1 4 Controller I12C Data Input/Output.
GPIO2 (12C_SCL2 or 25 Multifunction pin. GPIO; target I12C Clock Input; or Port B USB data line DP input depending upon
PB_DP) firmware configuration.
GPIO3 (12C_SDA2 or 26 Multifunction pin. GPIO; target 12C Data Input; or Port B USB data line DM input depending upon
PB_DM) firmware configuration.
= Multifunction pin. Interrupt I/O and fault flag for 12C1 or 12C2; or GPIO depending upon firmware
IRQ (GPI109) 2 . . o P ) L
configuration. Reports fault conditions set by application configuration firmware.
PA CC1 20 Analog input/output. Port A Type-C current advertisement, VCONN, and USB PD modem.
- Connect to Port A Type-C connector CC1 pin.
PA CC2 19 Analog input/output. Port A Type-C current advertisement, VCONN, and USB PD modem.
- Connect to Port A Type-C connector CC2 pin.
PA_DP (GPIO8) 18 Multifunction pin. BC1.2 USB 2.0 D+ data line input/output. Connect to Port A Type-C USB data
- line DP connector pins. May also be used as GPIO depending upon firmware configuration.
PA_DM (GPIO7) 17 Multifunction pin. BC1.2 USB 2.0 D- data line input/output. Connect to Port A Type-C USB data
- line DM connector pins. May also be used as GPIO depending upon firmware configuration.
Multifunction pin. Port B Type-C current advertisement, VCONN, and USB PD modem. Connect
PB_CC1 ( GPIOO0 ) 23 to Port B Type-C connector CC1 pin; May also be used as GPIO when port B is disabled in
firmware configuration.
PB_CC2 ( GPIOA or Multifunction pin. Port B Type-C current advertisement, VCONN, and USB PD modem. Connect
i 24 to Port B Type-C connector CC2 pin; May also be used as GPIO or Interrupt I/O when port B is
IRQ2(0) ) . o ) .
disabled in firmware configuration.
Multifunction pin. GPIO; thermistor input (can use either negative temperature coefficient resistor
GPIO5 (NTC) 8 " . .
or positive temperature coefficient resistor).
Multifunction pin. GPIO; SYNC(o) - clock out to synchronize slave DC/DC regulators to internal
GPIO6 (SYNC) 1 DC/DC switching frequency; SYNC(i) - clock input to synchronize internal DC/DC to an external
clock.
PB_VBUS (GPIO4) 9 Multifunction pin. PB_VBUS voltage monitor; or GPIO when port B is disabled in firmware

configuration

Copyright © 2023 Texas Instruments Incorporated

Submit Document Feedback 5

Product Folder Links: TPS25772-Q1
English Data Sheet: SBVS426


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tps25772-q1?qgpn=tps25772-q1
https://www.ti.com.cn/cn/lit/pdf/ZHCSP87
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSP87A&partnum=TPS25772-Q1
https://www.ti.com.cn/product/cn/tps25772-q1?qgpn=tps25772-q1
https://www.ti.com/lit/pdf/SBVS426

TPS25772-Q1

ZHCSP87A - DECEMBER 2022 - REVISED SEPTEMBER 2023

13 TEXAS
INSTRUMENTS

www.ti.com.cn

% 6-1. Pin Descriptions (continued)

PIN
DESCRIPTION
NAME NO.
Transient voltage protection and firmware setting pin. See # 9-4 for boot configuration. See #
TVSP 22
9-3 for R-C network component values.
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7 Specifications

7.1 Absolute Maximum Ratings

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

noted)(" (2)

MIN MAX UNIT
Input voltage range IN 4) %) to PGND -0.3 40 \%
Input voltage range IN with respect to SW1 -0.3 25 \%
Input voltage range EN/UVLO ©®) to AGND -0.3 internally limited \%
Input voltage range BOOT1 with respect to SW1 -0.3 6 \%
Input voltage range BOOT2 with respect to SW2 (©) -0.3 6 \Y;
Input voltage range SW1 () to PGND -0.3 24 \Y
Input voltage range SW2 @) to PGND -0.3 24 \Y
Input voltage range SW2 to OUT 17.5 \%
Input voltage range CSP to PGND -0.3 24 \%
Input voltage range CSN/BUS to PGND -0.3 24 \%
Input voltage range CSP to CSN -0.3 0.3 \Y
Input voltage range AGND to PGND -0.3 0.3 \%
Output voltage range OUT to PGND -0.3 24 \%
Output voltage range LDO_5V to PGND -0.3 6 \%
Output voltage range LDO_3V3 to AGND -0.3 6 \%
Output voltage range LDO_1V5 to AGND -0.3 \%
1/0O voltage range TVSP to PGND -0.3 30 \Y
1/0O voltage range 12C_SCL1 to AGND -0.3 6 \%
1/0 voltage range 12C_SDA1 to AGND -0.3 6 Y
1/0 voltage range GPIO9, IRQT to AGND -0.3 Y,
1/0 voltage range PA_CC1 to AGND -0.3 30 \%
1/0 voltage range PA_CC2 to AGND -0.3 30 \%
1/0O voltage range PA_DM to AGND -0.3 30 \%
1/0 voltage range GPIO7 to AGND -0.3 6 \%
1/0O voltage range PA_DP to AGND -0.3 30 V
1/0 voltage range GPIO8 to AGND -0.3 6 \%
1/0 voltage range PB_CC1 to AGND -0.3 30 \%
1/0 voltage range GPIO0 to AGND -0.3 6 \%
1/0O voltage range PB_CC2 to AGND -0.3 30 \%
1/0 voltage range GPIO1, TRQ2 to AGND -0.3 6 Y,
1/0O voltage range PB_DP to AGND -0.3 30 \%
1/0O voltage range GPI02, I12C_SCL2 to AGND -0.3 6 V
1/O voltage range PB_DM to AGND -0.3 30 \%
1/0O voltage range GPIO3, 12C_SDA2 to AGND -0.3 6 \Y
1/0O voltage range PB_BUS to AGND -0.3 30 \%
1/0O voltage range GPIO4 -0.3 6 \%
1/0 voltage range GPIO5, NTC to AGND -0.3 \%
1/0 voltage range GPIO6, SYNC to AGND -0.3 6 \%
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7.1 Absolute Maximum Ratings (continued)

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

noted)(" @)

MIN MAX UNIT
Input current EN/UVLO 0 2 mA
Output current Egs'tc"gf‘;“éc%g‘gre”t on PA_CC1, PA_CC2, internally limited A
Output current GPIO 2,3,5,6,7,8 0.0010 A
Output current GPIOO, 1,4,9 0.005 A
Output current Ipzogltg/g:;ljzcgrzregtcfgI2C_SDA1, 12C_SCLA1, internally limited A
Output current Ec[))%ltlv;avssource current for LDO_5V, LDO_3V3, internally limited A
Ta Operating ambient temperature -40 125 °C
T, Operating junction temperature -40 150 °C
Tste Storage temperature -55 150 °C

(1)

@)

@)
(4)

®)
(6)
@)

(©)

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

All voltage values are with respect to PGND or AGND. Connect the PGND pin directly to the Ground plane of the board. The PGND
and AGND traces can be connected near the AGND pin.

When the buck-boost is operating and V|\ exceeds 18 V, the positive slew rate dV\/dt must not exceed 200V/ms.

When applying V), the time from V,y exceeding 5 V to V|y exceeding 25 V must not be less than 2 ps. This is normally achieved by
properly sizing the input EMI filter.

EN/UVLO pin is internally clamped to 10V. Ensure input current rating is not exceeded by connecting current limit resistor.

BOOT2 with respect to SW2 during OUT overvoltage conditions can be -15 V due to internal clamp.

SW1 can undershoot PGND by -1 V during negative switching transients as up to 10A (peak) may flow through the body diode. Typical
duration ~20 ns. SW1 can overshoot OUT by 1 V during positive transients. Typical duration ~ 20 ns.

SW2 can undershoot PGND by -2 V during switching transients as up to 10A (peak) may flow through the body diode. Typical duration
~20 ns. SW2 can overshoot OUT by 1 V during positive transients. Typical duration ~20 ns.

7.2 ESD Ratings

VALUE UNIT
V(esp) Electrostatic discharge :Ergaon;%%(_igorgodel (HBM), per +2000(1) \%
V(esp) Electrostatic discharge ggggg?(_)gi\)/ﬁe model (CDM), per +750) Y,
OUT, CSP, CSN/BUS, PA_CC1,
- IEC61000-4-2 Air-gap discharge PA_CC2, PA_DP, PA_DM, )
V(esD) Electrostatic discharge 150 pF, 330 Q. PB_CC1, PB_CC2, PB_DP, +2000 \%
PB_DM, PB_BUS
OUT, CSP, CSN/BUS, PA_CC1,
. IEC61000-4-2 Contact discharge |PA_CC2, PA_DP, PA_DM
) f U, _ , (4)
V(esD) Electrostatic discharge 150 pF, 330 Q. PB_CC1, PB_CC2, PB_DP, +2000 \%
PB_DM, PB_BUS
OUT, CSP, CSN/BUS, PA_CC1,
. ISO 10605 Contact discharge PA_CC2, PA_DP, PA_DM
| , U, | , (3)
V(esD) Electrostatic discharge 330 pF, 330 Q. PB_CC1, PB_CC2, PB_DP, +2000 \%
PB_DM, PB_BUS
OUT, CSP, CSN/BUS, PA_CC1,
V(esp) Electrostatic discharge 1)8':0313%635 Air-gap discharge 330 gg—ggﬁ E’g—%‘::ZPAP—éD “S’P +20000) Y
PB_DM, PB BUS

(M
(2
(©)

AEC Q100-002 indicates that HBM stressing shall be in accordancewith the ANSI/ESDA/JEDEC JS-001 specification.
The passing level per AEC-Q100 Classification C2b.
Test conducted on Texas Instruments evaluation board.
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7.3 Recommended Operating Conditions

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

MIN MAX UNIT
v, Input voltage range (up to 65W IN 6.8 18 Vv
output)
v, Input voltage range (up to 30W IN 55 18 Vv
output)
Vi Input voltage range EN/UVLO 7@ \%
f Input current EN/UVLO 1 mA
\ Input voltage range LDO_5V when overdriven by 4.75 5.5 \Y
external supply
\ Input voltage range CSP, CSN/BUS 0 22 \Y
PB_VBUS (GPIO4 when
V, Input voltage range configured as PB_VBUS) 3 22 V
Vo Output voltage range ouT 0 21 \Y
PA_CC1, PA_CC2, PB_CCH1,
Vio 1/0O voltage range PB_CC2 0 5.5 \%
Vio 1/0 voltage range PA_DP, PA_DM, PB_DP, PB_DM 0 3.6 \
Vio 1/0 voltage range I02r(32_)SDAn, 12C_SCLn, IRQn (n=1 0 5.5 \Y
Vio 1/0 voltage range GPIOn (n=0-9) 0 3.6 \Y
NTC monitor (GP1O5), SYNC
Vio 1/0 voltage range (GPIOB) 0 3.6 \Y
lo Output current(") IouT 5 A
PA_CC1, PA_CC2, PB_CCT,
lo Output current PB_CC2 225 mA
lo Output current (from LDO_3V3) GPIOn (n=0-9) 10 mA
Buck-boost converter switching
fw frequency driven from SYNC pin 250 500 kHz
Ta Ambient operating temperature -40 125 °C
T, Operating junction temperature -40 150 °C

(1) Average LC filtered output current from buck-boost power stage. Operation with lgyt > 3A with Voyt > 10 V may result in thermal

shutdown.

(2) EN/UVLO MAX specification specification applies when current into pin is not externally limited.

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

PARAMETER () VOLTAGE RATING MIN TYP MAX UNIT
Cin Capacitance on VIN 40V 22 47 uF
Capacitance on LDO_5V (supplied
CLpo_sv internally) 10V 47 10 uF
Capacitance on LDO_5V (supplied
CLoo, sv o SV (supplied | 4, 10 47 100| F
CLpo_3v3 Capacitance on LDO_3V3 6.3V 4.7 10 uF
CLpo_1vs Capacitance on LDO_1V5 6.3V 4.7 10 uF
Cex_ccy Capacitance on Px_CCy pins@ 6.3V 200 330 480 pF
CgooT11: COOT2 Boot charge capacitance 10V 0.08 0.1 0.3 uF
Rsnubber_sw1 RC snubber resistor on SW1 35V,0.25W 1.1 Q
Csnubber_sw1 RC snubber capacitor on SW1 35V 1 nF
Rsnubber_sw2 RC snubber resistor on SW2 35V, 0.25W 1.1 Q
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over operating free-air temperature range (unless otherwise noted)

PARAMETER (1) VOLTAGE RATING MIN TYP  MAX UNIT
Csnubber_sw2 RC snubber capacitor on SW2 35V 3.3 nF
Cout Capacitance on OUT ) 35V 30 33 40 uF
Cgus Capacitance on PA_VBUS 35V 100 120 150 uF
L Inductor (4) 3.3 47 5.6 uH
NTC Thermistor 47 100 kQ
RenuvLo Enable/UVLO pull up resistance 47 kQ
TVPS pin components Crvsp Capacitance on TVSP pin
40V 0.08 0.1 0.12 F

(Crvse Il (Damperg +.c)) | i
TVPS pin components Damper resistor Rof R + C
(Crvsp || (Damperg +¢)) |network in Parallel with Crysp 0.25W 8 10 12 Q
TVPS pin components Damper capacitor Cof R+ C
(Crvsp || (Damperg +¢)) |network in Parallel with Cysp a0v 0.376 0.47 0.564 WF

TVSP Capacitor ESR (eq series
ESRctvsp resistance) 10 ma

TVSP Capacitor ESL (eq series
ESLcrvse inductance) L nH

(1) Capacitance values do not include any derating factors. For example, if 5.0 yF is required and the external capacitor value reduces by
50% at the required operating voltage, then the required external capacitor value would be 10 pF.

(2) This includes all capacitance to the Type-C receptacle.

(3) Maximum capacitance allowed on TVSP pin to ensure proper decode of device configuration during boot.
(4) See applications section for recommended L and Coyt combinations.

7.5 Thermal Information

TPS25772-Q1
THERMAL METRIC(") Hot Rod UNIT
29 PINS

Roja Junction-to-ambient thermal resistance 33.3
R ¢ Jc(top) Junction-to-case (top) thermal resistance 13.1
Rous Junction-to-board thermal resistance 7.3 °C/W
T Junction-to-top characterization parameter 0.3
LTS Junction-to-board characterization parameter 7.2

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

report.

7.6 Buck-Boost Regulator

Typical values correspond to T, = 25°C. Minimum and maximum limits apply over the - 40°C to 150°C junction temperature
range unless otherwise stated.V,y = 13.5 V, Venuvio = 2V unless otherwise stated. (1)

PARAMETER TEST CONDITION MIN TYP MAX UNIT
SUPPLY VOLTAGE (VIN)
la VN shutdown current Venuvio =0V 130 uA
la V) operating current XEN/UV'—O =2V, Vour =5V, loyr =0 8 mA
Iq V)n operating current XEN/UVLO =1V Vour =0V, loyr =0 45 mA
lq V) operating current XEN/UVLO =2V, Vour =0V, loyr =0 8 mA
ViN©VP_R) V) rising overvoltage threshold V) rising. 18.4 19.2 20 \Y
VIN(OVPfF) V| falling overvoltage threshold V) falling. 18.0 18.8 19.6 \%

hysteresis 0.4 \%
ViNWvLO_R) Vn undervoltage lockout rising V) rising. 5.14 5.30 5.46 \Y
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Typical values correspond to T; = 25°C. Minimum and maximum limits apply over the - 40°C to 150°C junction temperature
range unless otherwise stated.V|y = 13.5 V, Venuvio = 2V unless otherwise stated. (1)

PARAMETER TEST CONDITION MIN TYP MAX UNIT
VINWUVLO_F) V|n undervoltage lockout falling V) falling. 5.04 5.20 5.36 \%
hysteresis 0.1 \%
LDO_5V OUTPUT
: N<=Vn= 18V!0<|LD075V<
Vipo sv LDO_5V Output Regulation voltage 125mA, Ven = 2 V. 4.5 4.63 4.75 \%
VIbo 5v(UVLO_R) LDO_5V Undervoltage lockout rising 4.29 4.4 4.51 \%
LDO_5V Undervoltage lockout
VLDo_5V(UVLO.F) O 9 4.09 4.2 431 v
falling
Undervoltage hysteresis 200 mV
Vipo_sv_po drop out voltage ViN=5.5V, ILpo_sv = 125mA 4.3 \
ILbo_sv(LMIT) LDO_5V current limit Vipo vsv =0 t°_3'5 Vi 125 200 400 mA
= Ripo_vsv_Loap =1 Q
LDO_3V3 OUTPUT
V< VlN =18V, VEN =2V,
Vipo 3v3 LDO_3V3 Output regulation voltage |V po svuvLo) < Vipo sv<5.5V, 0 < 3.4 3.5 3.6 \
ILpo_3v3 < 25mA
LDO_3V3 Undervoltage lockout
Vbo_3v3UvLO_R) fising 9 3.2 3.3 3.4 Y,
g
LDO_3V3 Undervoltage lockout
VDo, 3V3(UVLO_F) . 9 3.05 3.15 3.25 Vv
falling
Undervoltage hysteresis 150 mV
VLDQ_3v3_Do drop out voltage VIN=45YV, ILDO_3V3 =30mA 3.3 \Y
ILpo_sva(LimiT) LDO_3V3 current limit \:/L1D%—3V3 =01025V, Ripo_ava_Loap 35 50 80 mA
LDO_1V5 OUTPUT
Vipo, 1vs LDO_1V5 Output Regulation voltage ‘1‘65:1 X tpo_sv < 5.5V, 0 <lipo_1vs < 1.49 1.55 1.65 v
LDO_1V5 Undervoltage lockout
VIbo_1v5UVLO_R) rising. 9 1.44 1.49 1.54 \Y;
9
LDO_1V5 Undervoltage lockout
VLbo_1vsUvLo_F) o 9 1.37 1.42 1.47 \Y;
falling
Undervoltage hysteresis 70 mV
ILbo_tvsqLmim) LDO_1V5 current limit ZL1D?2JV5 =010 1.2V, Ripo_1vs Loao 15 20 28 mA
EN/UVLO
EN input level required to turn on -
VEN(LDO_V5V_R) internal LDOs EN/UVLO rsing 1.05 \Y
EN input level required to turn off .
VEN(LDOfVEVﬁF) internal LDOs EN/UVLO falling 0.3 \Y
EN input level required to start - -
VEN(OPER) operation EN/UVLO rising Precision EN 1.2 1.25 1.3 \%
EN input level required to stop .
VEN(STBY) operation EN/UVLO falllng 1.1 1.15 1.2 \Y
VEN(HYS) Hysteresis 100 mV
VEN(CLAMP) EN input clamp voltage VEN/UV:? > Vencawe), 10 WA < lens 6 9 12 Y
wLo mA
IEN(LEAK) Leakage current into EN pin OV<Vgy<6V 1 uA
OUTPUT VOLTAGE
VCSN/BUS(3V) Venssus regulation accuracy at 3V |0 < lour < 3A 2.9 3 3.1 \Y
VCSN/BUS(5V) Venssus regulation accuracy at 5V |0 < lout < 3A 4.85 5 5.15 \%
VCSN/BUS(21V) Venssus regulation accuracy at 21V |0 < lout < 3A 20.48 21 21.53 \Y
Output voltage step size (12-bit
VesnBUS_STP D Ag ) 9 P ( 10 mV
VDAC Resolution Resolution of Vgys DAC 12 Bits
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Typical values correspond to T; = 25°C. Minimum and maximum limits apply over the - 40°C to 150°C junction temperature
range unless otherwise stated.V|y = 13.5 V, Venuvio = 2V unless otherwise stated. (1)

PARAMETER TEST CONDITION MIN TYP MAX UNIT
| CSN/BUS discharge current when Vesp = Vesnius- Vesnisus = 3V. 40 mA
DISCHG transitioning to VSafe0V Measure current into BUS.

. . Vgus = 21V (max), CBULK =
toiscHe t?:n'i/i?gnsmd'igr{j‘é%z's@e when 220 pF, time to discharge BUS to < 275 ms
9 5.5V (per USB PD specification)
’ . Vgus = 21V (max), CBULK =
toiscHe g:n'i/i?;’nsind'?g@g%‘:;é”\}e when 220 uF, time to discharge BUS to < 650 ms
9 0.8 V (per USB PD specification)
R Weak discharge resistance on BUS |EN = 2V; measure BUS to PGND 60 135 KO
DISCHG pin when not sourcing VBUS resistance.
R BUS to GND resistance, RpiscH EN = 2V measure BUS to PGND 120 500 KO
BUS-GND(PWR) disabled, not sourcing VBUS resistance.
’ VIN = EN = 0V measure BUS to
RBUS-GND(UNPWR) BUS to GND resistance, unpowered PGND resistance. 2 kQ
CABLE VOLTAGE DROP COMPENSATION
’ Gain setting = 0.1V/A: Vgsp -
V AVgyr increase vs | 465 500 535 mV
ouT_CcDC ouT ouT Vesnsus = 50 mV
. Gain setting = 0.1V/A: Vcsp -
V AV ncrease vs | 85 100 115 mV
ouT_CcDC our ! VS lout Vesnius = 10 mV
’ Gain stetting = 0.075V/A: Vggp -
V AV ncrease vs | 346 375 404 mV
ouT_cDC ourt ! VS lout Vesnipus = 50 mV
. Gain setting = 0.075V/A: V¢sp -
V AV, ncrease vs | 61 75 89 mV
ouT_CbC out! Vs lout Vesnsus = 10 mV
. Gain setting = 0.05V/A: Vcgp -
V AV, | 227 250 273 mV
OouUT_CDC ourT Increase vs lgyt VCSN/BUS =50 mV
. Gain setting = 0.05V/A: Vcgp -
\ AV, | 37 50 63 mV
OouUT_CDC our Increase Vs loyTt Vesneus = 10 mV
. Gain setting = 0.025V/A: Vggp -
\ AV, | 109 125 141 mV
ouT_cDC out Increase vs loyt Vesnsus = 50 mV
. Gain setting = 0.025V/A: V¢sp -
\ AV, | 14 25 36 mV
OUT_CDC out Increase vs loyt Vesnsus = 10 mV
. Gain setting = OV/A: 0 mV < V¢sp -
V AVoyr increase vs | -5 20 mV
OouUT_CDC ouT ouT Vesnaus < 50 mV
BUCK-BOOST PEAK CURRENT LIMITS

Boost peak current limit (in boost
IPEAK(BOOST) mode)p ( 12.3 14.5 16.7 A

Boost peak current limit (in boost
IPEAK(BOOST) mode)p ( 10.8 12.8 14.7 A

Boost peak current limit (in boost
IpEAK(BOOST) mode)p ( 9.3 11.0 12.6 A

Boost peak current limit (in boost
IPEAK(BOOST) mode)p ( 7.9 9.3 10.6 A

Boost peak current limit (in boost
IPEAKBOOST) o de)p ( 6.3 75 8.6 A

Boost peak current limit (in boost
IPEAK(BOOST) mode)p ( 48 57 6.5 A

Buck peak current limit (in buck
IPEAKBUCK) o de? ( 8.2 97 12 A

Buck peak current limit (in buck
IpEAK(BUCK) modeg) ( 9.0 10.6 12.1 A

Buck peak current limit (in buck
IPEAK(BUCK) mode? ( 9.7 11.4 13.1 A

Buck peak current limit (in buck
IPEAK(BUCK) modeg) ( 10.4 12.3 14.1 A

Buck peak current limit (in buck
IpEAK(BUCK) mode;) ( 5.3 6.2 7.2 A

Buck peak current limit (in buck
IpEAK(BUCK) mode;) ( 6 7.1 8.2 A
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Typical values correspond to T; = 25°C. Minimum and maximum limits apply over the - 40°C to 150°C junction temperature
range unless otherwise stated.V|y = 13.5 V, Venuvio = 2V unless otherwise stated. (1)

PARAMETER TEST CONDITION MIN TYP MAX UNIT
Buck peak current limit (in buck
IPEAK(BUCK) mode? ( 6.8 8.0 9.1 A
Buck peak current limit (in buck
IpEAK(BUCK) mode;) ( 7.5 8.8 10.1 A
Buck negative current limit (in buck
INEG(BUCK) mode) 9 ( -4.6 -3.8 -3 A
OUT CURRENT DAC
IDAC_Resolution 8 Bits
CURRENT LIMIT
L 1A < loytr < 3 A, Vesnpus <2.5V,; ~
IumiT Lo Current limit accuracy Rs = 10 mQ. 250 250 mA
. 1A<| < 3AV =25
lumim_Lo Current limit accuracy <1 A Vi Rs =01UOTmQ CSN/BUS -150 150 mA
ILMiT HI Current limit accuracy > 3 A lout > 3A, Vosnpus <25 V; Rs = -20 20 %
| 10 mQ
> "Re =
LM HI Current limit accuracy > 3 A lour > 3 A, Vesneus = 2.5 Vi Rs 5 5 %
| 10 mQ
ILMIT_miN Minimum programmable current limit 1 A
lcL_sTEP Current limit step size 1A < loyr < 5A; Rg=10 mQ 50 mA
FREQUENCY
fsw(1) Switching Frequency 1 285 300 315 kHz
fsw(2) Switching Frequency 2 380 400 420 kHz
fsw(3) Switching Frequency 3 428 450 473 kHz
FREQUENCY DITHER
Positive frequency deviation during
FSss dither 8 10 12 %
Negatlve frequency deviation during 12 10 8 %
dither
FSss mop Modulation frequency of dither DITHER_FREQ =0 9 10 1 kHz
FSss mop Modulation frequency of dither DITHER_FREQ =1 225 25 27.5 kHz
OVERVOLTAGE PROTECTION
Fixed output overvoltage threshold
VesnBus_ovp_R at CSN/BUS pin 22.0 23 24 Y,
VesnBUS_ OVP_F Falling 20.5 21.5 225 \Y;
Hysteresis 1.5 \Y
POWER SWITCHES
Ros(on) M1 IVIN =_1 21V2\(V500T1 - Vswi) = 4.5V; 45 mo
SW1 = -
Rps(on) M2 Vin=12V;lgws = 1A 20 mo
Rbs(on) M4 Vin=12V;lgpwe = 1A 6 mo
Vin = Vout = 12V: (Veoor2 - Vswa) =
Rbs(on) M3 + M5 45V, lgyp = -1 A 18 mQ
BOOT1 to SW1 rising UVLO
Vuv_BooT1_R threshold 35 4 4.4 \Y;
BOOT1 to SW1 falling UVLO
Vuv_BooT1_F threshold 2.9 3.4 3.7 Y,
BOOT1 to SW1 UVLO hysteresis 680 mV
BOOT1 to SW1 rising OVP
Vov_BooT1_R threshold 4.6 53 59 \Y;
BOOT1 to SW1 falling OVP
Vov_BooT1_F threshold 43 5 56 \Y;
BOOT 1 OVP hysteresis 250 300 350 mV
BOOT2 to SW2 rising UVLO
Vuv_soor2 R threshold 35 4 4.4 v
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Typical values correspond to T; = 25°C. Minimum and maximum limits apply over the - 40°C to 150°C junction temperature
range unless otherwise stated.V|y = 13.5 V, Venuvio = 2V unless otherwise stated. (1)

PARAMETER TEST CONDITION MIN TYP MAX UNIT
BOOT2 to SW2 falling UVLO

VUVﬁBOOT2fF threshold 29 34 3.7 \Y
BOOT2 to SW2 UVLO hysteresis 680 mV
BOOT2 to SW2 rising OVP

Vov_BooT2_R threshold 46 5.3 5.9 Y,
BOOT2 to SW2 falling OVP

Vov_BooT2 F threshold 43 5 5.6 \
BOOT2 OVP hysteresis 250 300 350 mV

BUCK-BOOST CHARACTERISTICS

tss Soft-start time 6 ms

(1)  All minimum and maximum limits are specified by correlating the electrical characteristics to process and temperature variations and
applying statistical process control.

7.7 CC Cable Detection Parameters

Typical values correspond to TJ = 25°C. Minimum and maximum limits apply over the -40°C to 150°C junction temperature
range unless otherwise stated.V\y = 13.5V, EN =2V, unless otherwise stated.

PARAMETER TEST CONDITIONS MIN TYP  MAX UNIT
Type-C Source (Rp pull-up)

Unattached Px_CCy open circuit

Voc_ss voltage while Rp enabled, no load Rec =47 kQ 1.85 v

Voo 5 Voltage whis Rp enabied. no load | o6 =472 295 v

Irey Unattached reverse current on Veey = §.SV, Veex = 0V, measure 10 uA
Px_CCy current into CCy

IRpstd current source - Standard 0 <Vcey < 1.0V, measure Iccy 64 80 96 MA

IRp1.5 current source - 1.5A 0 < Vgey < 1.5V, measure Iccy 166 180 194 MA

IRp3.0 current source - 3.0A 0 < Vggy <245V, measure Iecy 304 330 356 HA

Type-C Sink (Rd pull-down)

0V < Vpy_ccy < 2.1V, measure

i . . Q
Rsnk Rd pulldown resistance resistance on Px_CCy 4.6 5.6 k
. . 0V =< Vpyx ccy < 5.5V, measure
Rvconn_pis VCONN discharge resistance resistance on Px_CCy 4.0 6.6 kQ
Common (Source and Sink)
deglitch time for comparators on
tec Px_CCly, this applies for Vsrc1, 256 ms

Vsre2, Vsress Vsnkt, Vsnke,
Vsnkas and Vs

7.8 CC VCONN Parameters

Typical values correspond to T; = 25°C. Minimum and maximum limits apply over the - 40°C to 150°C junction temperature
range unless otherwise stated.Vy = 13.5V, EN = 2 V unless otherwise stated.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VLDO_SV = 5V, ||_ =200 mA,
Rpp_caBLE Rdson of the VCONN path | measure resistance from 1.2 Q

LDO_5V to Px_CCy
setting 0, Vi po sv = 5V,

30 50 70
o o R =10mQ , measure Ipy_ccy
ILimve short circuit current limit - = mA
setting 1, VLD075V =5V, 235 275 315
R =10mQ , measure Ipy_ccy
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Typical values correspond to T; = 25°C. Minimum and maximum limits apply over the - 40°C to 150°C junction temperature
range unless otherwise stated.Vy = 13.5V, EN = 2 V unless otherwise stated.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
. VCONN disabled, Ty <
Leakage current into Px_C o
lecyike i =Y 1125 C, Vpy oy =55V, -1 0 10/ pA
measure lpy ccy
v Over-voltage protection Vv risin 5.6 59 6.2 v
vC_ove threshold for Px_CCy Lbo_sv M1SIng : : '
Reverse current protection
threshold for Px_CCy, Vipo sv =9V, Vcey rising,
Vve_rep sourcing VCONN through  |setting 1. 230 310 390 mV
CCx
Reverse current protection
threshold for Px_CCy, Vipo_sv =9V, Veey rising,
Vve_rep sourcing VCONN through  |setting 2. 60 155 250 mV
CCx
Time to disable Px_Cy
VCONN after VLDO_5V > _
tPP_CABLE_FSD Vvc_ovp O Veex - Vipo sv > C.=0 15 Hs
Vvc_Rcp
from disable signal to _ _
o, CABLE of Px_CCy at 10% of final 'CL ;goo mA, Vipo_sv = 5V, 100 225 300 us
value L
External Vi po sy = 5V, for
tios_PP_cABLE response time to short circuit | short circuit R, = 10m Q. Set 2 V3
VCONILIM = 1.
Internal V| po sy = 3V, for
tios_PP_CABLE response time to short circuit | short circuit R, = 10m Q. Set 0.3 us
VCONILIM = 0.

7.9 CC PHY Parameters

Typical values correspond to T; = 25°C. Minimum and maximum limits apply over the -40°C to 150°C junction temperature
range unless otherwise stated.Vy = 13.5V, EN = 2V unless otherwise stated.

PARAMETER

TEST CONDITIONS

MIN

TYP

MAX UNIT

Transmitter

VrxHi

Transmit high voltage on
Px_CCy

Standard External load

1.05

1.125

VxLo

Transmit low voltage on
Px_CCy

Standard External load

75 mV

ZpRIVER

Transmit output impedance
while driving the CC line
using Px_CCy

measured at 750 kHz

33

75 Q

tRise

Rise time. 10 % to 90 %
amplitude points on Px_CCy,
minimum is under an
unloaded condition.
Maximum set by TX mask

CPxﬁCCy= 520 pF

300

ns

tran

Fall time. 90 % to 10 %
amplitude points on Px_CCy,
minimum is under an
unloaded condition.
Maximum set by TX mask

Cpx_ccy= 520 pF

300

ns

VeHY_ovp

OVP detection threshold for
USB PD PHY.

Initially Voo < 5.5V and
Veez < 5.5V, then Veex
rises.

5.5

8.5 \Y

Receiver
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Typical values correspond to T; = 25°C. Minimum and maximum limits apply over the - 40°C to 150°C junction temperature

range unless otherwise stated.Vy = 13.5V, EN = 2V unless otherwise stated.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Does not include pull-up or
z @ Receiver input impedance pulldown resistance from 1 Mo
BMCRX on Px_CCy cable detect. Transmitter is
Hi-Z.
Receiver capacitance on Capacitance looking into the
Ccc 1 P CC pin when in receiver 120 pF
Px_CCy(™ mode
Rising threshold on Px_CCy | . .
VRX_SNK_R for receiver comparator sink mode (rising) 499 525 551 mV
Rising threshold on Px_CCy .
VRX_SRC_R for receiver comparator source mode (rising) 784 825 866 mV
Falling threshold on Px_CCy | . .
VRX_SNK_F for receiver comparator sink mode (falling) 230 250 270 mV
Falling threshold on Px_CCy .
VRX_SRC_F for receiver comparator source mode (falling) 523 550 578 mV

(1)  Ccc includes 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.

(2) Guaranteed, but not production tested.

7.10 Thermal Shutdown Characteristics
over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Temperature shutdown . o
Tsp BB threshold Temperature rising 160 167 175 C
Temperature shutdown . R
TSD_HYS hysteresis hystereSIS 18 (¢}
Tsp_PA_VCONN ;I;]erzfﬁgle:;ure shutdown Temperature rising 152 166 179 °C
Temperature shutdown . o
Tsp_Hvs hysteresis hysteresis 20 c
Tsp_PB_VCONN ;ﬁ?ﬁgi;ure shutdown Temperature rising 152 166 179 °C
Temperature shutdown . R
Tsp_Hys hysteresis hysteresis 20 C
Tob_PA_VBUS_DISCH | fmbrn g ® ShUtdown Temperature rising 155 166 177 °c
Temperature shutdown . o
Tsp_Hvs hysteresis hysteresis 20 c
Temperature shutdown . o
Tsp_LDosv threshold Temperature rising 165 177 188 C
Temperature shutdown . R
TSD_HYS hysteresis hystereSIS 15 C

7.11 Oscillator Characteristics
Typical values correspond to TJ = 25°C. Minimum and maximum limits apply over the -40°C to 150°C junction temperature

range unless otherwise stated.V\y = 13.5V, EN =2V, unless otherwise stated.

PARAMETER TEST CONDITIONS MIN TYP MAX|  UNIT

Fosc(1o0k) 100KHz oscillator Trimmed. 89 103 111 kHz
i T < <

Fosc(zam) 24MHz oscillator ;gr?cmed' 0C=Tas 23.64 24.2 24.36 MHz
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Typical values correspond to TJ = 25°C. Minimum and maximum limits apply over the - 40°C to 150°C junction temperature

range unless otherwise stated.V\y = 13.5V, EN =2V, unless otherwise stated.

PARAMETER TEST CONDITIONS MIN TYP MAX|  UNIT
i - T < <
Fosc(am) 24MHz oscillator :gg‘[ged' WCsTas 23.3 24.2 24.5 MHz

7.12 ADC Characteristics

Typical values correspond to TJ = 25°C. Minimum and maximum limits apply over the -40°C to 150°C junction temperature

range unless otherwise stated.V|y = 13.5V, EN =2 V, unless otherwise stated.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
LSB least significant bit 3.6V max scaling, voltage 14 mV
divider of 3
— . 25.2V max scaling, voltage
LSB least significant bit divider of 21 98 mV
LSB least significant bit (Vese - Vesnmus)= 10 mV, 27 mA
30 mV
Eg Gain error 0A < Ilyysp < 09mA -27 2.7 %
. 0.05V < Vgpiox <
E Gain error -27 2.7 %
G 3.6V, Vepiox < Vipo_3v3 °
EG Gain error 2.7V < VLDO_3V3 < 3.6V -24 2.4 %
Eg Gain error 0.6V < Vp, vpus < 22V -24 24 %
Eg Gain error, current sense (Vese - Vesnpus)= 10 mV, -24 24 %
30 mV
Eg Gain error VN -24 2.4 %
Eg Gain error 43V < VLDO_5V < 5.5V -24 24 %
VOS(E) Offset error(!) 0A< ITVSP < 0.9mA -4.1 15 mV
0.05V <V <
Vv Offset error(!) GPIOX -4.1 4.1 mvV
0S®) 3.6V, Vapiox < VLpo_3v3
Vos() Offset error() 2.7V < Vipo_3v3 < 3.6V -4.1 4.1 mvV
Vos) Offset error(") 0.6V < Vpy ypus < 22V 4.1 4.1 mV
(Vesp - Vesnpus)= 10 mV,
Vos(E) Offset error(!) 30 MV 4.5 45 mA
Vos) Offset error(!) Vin 4.1 41 mV
Vos() Offset error() 4.3V < V|pg sy < 5.5V -4.1 4.1 mvV
(1) The offset error is specified after the voltage divider.
7.13 TVS Parameters
VIN = 13.5V, EN = 2V. over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
TVSP
Pull up voltage for
VTVSPﬁPU configuration ) 0<lyysp <1 mA 5.3 5.5 5.7 V
Decode 0 Device configuration decode |Rtys = Open 1 HA
Decode 1 Device configuration decode |Rpys = 93.1 kQ 56.9 61.2 pA
Decode 2 Device configuration decode |Ryys = 47.5 kQ 111.6 120 MA
Decode 3 Device configuration decode |Ryys = 29.4 kQ 180.3 193.9 pA
Decode 4 Device configuration decode |Ryys =20.0 kQ 265 285 pA
Decode 5 Device configuration decode |Ryys = 14.7 kQ 360.5 387.8 pA
Decode 6 Device configuration decode |Ryys = 11.0 kQ 481.8 518.2 MA
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VIN = 13.5V, EN = 2V. over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS TYP MAX UNIT
Decode 7 Device configuration decode |Ryys = 8.45 kQ 674.6 pA
Decode 8 Device configuration decode |Ryys = 6.65 kQ 857.1 pA
Crvsp = open; Ryysp = open.
Current limit when TVSP is  |All Px_Dy = 0 V and Px_CCy
IrvspaLmim sourcing. =0V. Vqygp =0 V. Measure 1.44 183 mA
current flowing out of TVSP.

(1)  For proper device configuration, V| must be = 7.6 V at time of configuration read.

7.14 Input/Output (I/0O) Characteristics

Typical values correspond to TJ = 25°C. Minimum and maximum limits apply over the -40°C to 150°C junction temperature
range unless otherwise stated.Vy = 13.5V, EN =2V, unless otherwise stated.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
GPI00-9 (Inputs) (V)
Viy GPIOx high-Level input voltage 1.3 \%
Vi GPIOx low-level input voltage 0.54 Vv
GPIOx input hysteresis voltage 0.09 Vv
l(LEAKAGE) GPIOx leakage current Vapiox =55V -8 8 A
Rpy GPIOx internal pull-up pull-up enabled 50 100 150 kQ
Rpp GPIOx internal pull-down pull-down enabled 50 100 150 kQ
tbe GPIOx input deglitch 20 ns
GPIO 2, 3, 5, 6 (Outputs)
Vou GPIOx output high voltage lgpiox= -SMA 29 \%
VoL GPIOx output low voltage lgpiox=5mA 0.4 Vv
GPIO 0, 1, 4, 7, 8, 9 (Outputs) @
VoH GPIOx output high voltage lgpiox= -2mA 29 \Y
VoL GPIOx output low voltage lgpiox=2mA 0.4 \Y
SYNC OUT
) Phase difference between fsw and
. GPIOx when configured as phase )
¢ shift_00 . GPIO6 when configured as 0 degrees
shifted DC/DC fsw clock output SYNC(O).
) Phase difference between fsw and
. GPIOx when configured as phase )
¢ shift_90 . GPIO6 when configured as 90 degrees
shifted DC/DC fsw clock output SYNC(O).
) Phase difference between fsw and
. GPIOx when configured as phase )
¢ shift_120 . GPI06 when configured as 120 degrees
shifted DC/DC fsw clock output SYNC(O).
) Phase difference between fsw and
. GPIOx when configured as phase )
¢ shift_180 . GPI106 when configured as 180 degrees
shifted DC/DC fsw clock output SYNC(O).
SYNC IN
Valid external clock frequency
f, 250 353 kHz
SYNC(300kHz) (fSW_intemaI = 300kHZ)
Valid external clock frequency
f, 334 470 kHz
SYNC(400kHz) (fSW_internaI = 400kHz)
Valid external clock frequency
f, 376 530 kHz
SYNC(450kHz) (fSWJnternaI = 450kHz)

(1) GPIO9 is normally configured as 12C_IRQ1m (master): input pin. 12C specification requires use of external pullup resistor. Input
thresholds (Vy; Vi) leakage current (l;eakace))and deglitch timing (tpg) specifications are apply when used as 12C_IRQ1m. Internal
pullup and pulldown resistors are not used during this mode of operation.
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(2) GPIO9 or GPIO1 may be configured as I12C_IRQ2s (slave): open-drain output pin. 12C specification requires use of external pullup
resistor. Output threshold (Vo) applies. Internal pullup and pulldown resistors are not used during this mode of operation.

7.15 BC1.2 Characteristics

Typical values correspond to TJ = 25°C. Minimum and maximumlimits apply over the -40°C to 150°C junction temperature
range unless otherwise stated.V\y = 13.5V, EN =2V, unless otherwise stated.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

BC1.2 RESISTANCES
Rocp bAT Dedicated Charging Port Resistance | Vpy, pp = 0.6V, VpX_DM =0V, measure 200 Q

- between Px_DP and Px_DM DP to DM shorted resistance
Rpm_pwn_1sk | Px_DM line pulldown resistance Vpx_pm = 3.6V 12 15 18 kQ
Rpm_pwn_20k | PX_DM line pulldown resistance Vpyx pm = 3.6V 14.25 19.53 24.8 kQ
DIVIDER MODES
Vo v Output Voltage on DPy pin No load on DPy pin 2.57 2.7 2.83 Vv
Vo v Output Voltage on DMy pin No load on DMy pin 2.57 2.7 2.83 Vv
Ry 7v Output Impedance on DPy 5pA pulled from DPy pin 24 30 36 kQ
Ry 7v Output Impedance on DMy 5uA pulled from DMy pin 24 30 36 kQ
V4 ov Output Voltage on DMy No load on DMy 1.12 1.2 1.28 \%
R1.ov Output Impedance on DMy 5pA pulled from DMy 80 102 130 kQ
HVDCP THRESHOLD VOLTAGES
Voar Rer Ei?]ta detection voltage on DP or DM 0.25 0.325 0.4 v
VseL REF Output selection voltage DP or DM pin 1.8 2 2.2 Vv
DP AND DM OVERVOLTAGE PROTECTION
Voy ove SX_%?;?EQ_?&SEPJS for USB v;gil)l})llr\i{szgy < 3.6V, then 55 8.5 Vv

7.16 12C Requirements and Characteristics

Typical values correspond to TJ = 25°C. Minimum and maximumlimits apply over the - 40°C to 150°C junction temperature
range unless otherwise stated.V|y = 13.5V, EN =2 V, unless otherwise stated. Vpp = 12C pullup voltage (3.3 V or 1.8 V)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX‘ UNIT
12C_IRQ1s, 12C_IRQ2
12C_IRQTm
SDA and SCL Characteristics (Standard, Fast, Fast-mode Plus)
Vi Input low signal 0.54 \%
ViH Input high signal 1.3 \%
Vpp = 3.3 VINPUT LOGIC THRESHOLDS
Vi Input low signal 0.9 \%
Viy Input high signal 2.31 \%
Vhys Input hysteresis 0.165 \Y
VoL Output low voltage Vpp = 1.8V, Ig.=2 mA 0.36
VoL Output low voltage Vpp = 3.3V, lg. =3 mA 0.4 \%
loL Max output low current Vo =04V 12 mA
ILeak Input leakage current Voltage on pin = 3.3V -5 5 uA
C pin capacitance (internal) 10 pF
Capacitive load for each bus line
Cp (external). Applies in Standard- 400 pF
mode and Fast-mode.
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Typical values correspond to TJ = 25°C. Minimum and maximumlimits apply over the -40°C to 150°C junction temperature
range unless otherwise stated.Vy = 13.5V, EN =2V, unless otherwise stated. Vpp = 12C pullup voltage (3.3 V or 1.8 V)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Capacitive load for each bus line
Cp (external). Applies in Fast-mode 550 pF
Plus.
COMMON TIMING
tsp 12C pulse width suppressed 50 ns
SDA and SCL Characteristics (Standard Mode)
fscLs Clock frequency (slave) Vpp = 1.8V or 3.3V 100 kHz
Start or repeated start condition
thp:sTA i Vpp = 1.8V or 3.3V 4 us
tLow SCL Clock low time Vpp = 1.8V or 3.3V 4.7 us
tHIGH SCL Clock hlgh time VDD =1.8Vor 3.3V us
Start or repeated start condition
tsu:sTA sotup timep Vpp = 1.8V or 3.3V 4.7 us
tHD.DAT Serial data hold time (") Vpp = 1.8V or 3.3V 0@ ) ns
tsu:pAT Serial data setup time Vpp = 1.8V or 3.3V 250 ns
Vpp = 1.8V or 3.3V; Rpy = 2.8 kQ;
tr Rise time of SCL and SDA signals |Cb = 400pF; measure 0.3 x Vpp to 1000 ns
0.7 x VDD
toy Output fall time from Vjmin) to Vpp = 1.8V or 3.3V; measure 0.3 x 250 (4) ns
ViL(max) Vpp t0 0.7 x Vpp
¢ Fall time of SCL and SDA signals |Vpp = 1.8V, Rpy = 2.8 kQ; 10 pF 300 ns
f (2) (4) (5) < Cy, < 400 pF
t Fall time of SCL and SDA signals |Vpp = 3.3V, Rpy = 2.8 kQ; 10 pF 300 ns
f (2) (4) (5) < Cp, < 400 pF
tsu:sTo Stop condition setup time Vpp = 1.8V or 3.3V 4 us
tour Bus free time between stop and Vpp = 1.8V or 3.3V 47 us
start
. . Transmitting Data; Vpp = 1.8V or
. (6) > VDD (3)
tvoipAT Valid data time 3.3V, SCL low to SDA output valid 3.45 Hs
Transmitting Data; Vpp = 1.8V or
typ.ack Valid data time of ACK condition  |3.3V, ACK signal from SCL low to 3.450) us
SDA valid
SDA and SCL Characteristics (Fast Mode)
fscLs Clock frequency (slave) Vpp = 1.8V or 3.3V 400 kHz
Start or repeated start condition
thp:sTA b e P Vpp = 1.8V or 3.3V 0.6 us
tLow SCL Clock low time Vpp = 1.8V or 3.3V 1.3 us
tHicH SCL Clock high time Vpp = 1.8V or 3.3V 0.6 us
Start or repeated start condition
tu:STA sotup timep Vpp = 1.8V or 3.3V 0.6 us
tHD.DAT Serial data hold time () Vpp = 1.8V or 3.3V 0@ -@©) ns
tsu.pAT Serial data setup time Vpp = 1.8V or 3.3V 100 ns
Vpp = 1.8V or 3.3V; Rpy = 850 Q;
t, Rise time of SCL and SDA signals |Cy, = 400 pF; measure 0.3 x Vpp to 20 300 ns
0.7 x Vpp
oy Output fall time from Vymin) to Vpp = 1.8V; measure 0.3 x Vpp to 6.55 250 4) ns
ViLmax) 0.7 x Vpp
oy Output fall time from Vymin) to Vpp = 3.3V; measure 0.3 x Vpp to 12 250 4) ns
ViLmax) 0.7 x Vpp
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Typical values correspond to TJ = 25°C. Minimum and maximumlimits apply over the -40°C to 150°C junction temperature
range unless otherwise stated.Vy = 13.5V, EN =2V, unless otherwise stated. Vpp = 12C pullup voltage (3.3 V or 1.8 V)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Fall time of SCL and SDA signals |Vpp = 1.8V; Rpy =850 Q; 10 pF <
tf (2) () (5) Cb < 400 pF 6.55 300 ns
Fall time of SCL and SDA signals |Vpp = 3.3V; Rpy =850 Q; 10 pF <
tf (2) () (5) Cb < 400 pF 12 300 ns
tsu:sTo Stop condition setup time Vpp = 1.8V or 3.3V 0.6 us
taur Stl;?tfree time between stop and Vpp = 1.8V or 3.3V 13 us
. . Transmitting Data; Vpp = 1.8V or
. (6) » VDD (3)
tvoipAT Valid data time 3.3V, SCL low to SDA output valid 0.9 Hs
Transmitting Data; Vpp = 1.8V or
typ.ack Valid data time of ACK condition  |3.3V, ACK signal from SCL low to 090G us
SDA (out) low

(1)
@)

@)

(4)

®)

(6)
@)

thp.par = the data hold time that is measured from the falling edge of SCL, applies to data in transmission and the acknowledge.

A device must internally provide a hold time of at least 300 ns for the SDA signal (with respect to the Vi) of the SCL signal) to
bridge the undefined region of the falling edge of SCL.

The maximum typ.par could be 3.45 us and 0.9 ps for Standard-mode and Fast-mode, but must be less than the maximum typ.par or
tvp:ack by a transition time. This maximum must only be met if the device does not stretch the LOW period (t_ ow) of the SCL signal. If
the clock stretches the SCL, the data must be valid by the setup time before it releases the clock.

The maximum t; for the SDA and SCL bus lines is stated in these tables as 300 ns is longer than the specified maximum t for the
output stages (250 ns). This allows series protection resistors (Rg) to be connected between the SDA and SCL pins and the SDA and
SCL bus lines without exceeding the maximum specified t;.

In Fast-mode Plus, fall time is specified the same for both ouput stage and bus timing. If series resistors (Rg) are used, designers
should allow for this when considering bus timing.

typ.paT = time for data signal from SCL LOW to SDA output (HIGH or LOW, depending on which one is worse).

A Fast-mode 12C-bus device can be used in a Standard-mode 12C-bus system, but the requirement tgy.pat 250 ns must then be met.
This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If such a device does stretch the
LOW period of the SCL signal, it must output the next data bit to the SDA line tymax) + tsu;par = 1000 + 250 = 1250 ns (according to the
Standard-mode 12C-bus specification) before the SCL line is released. Also the acknowledge timing must meet this set-up time.
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7.17 Typical Characteristics

AtV =12V, fy, = 400 kHz, unless otherwise stated.
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7.17 Typical Characteristics (continued)
At V)N =12V, fy, = 400 kHz, unless otherwise stated.
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7.17 Typical Characteristics (continued)

At V)N =12V, fy, = 400 kHz, unless otherwise stated.
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7.17 Typical Characteristics (continued)
At V)N =12V, fy, = 400 kHz, unless otherwise stated.
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7.17 Typical Characteristics (continued)
At V)N =12V, fy, = 400 kHz, unless otherwise stated.
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7.17 Typical Characteristics (continued)
At V)N =12V, fy, = 400 kHz, unless otherwise stated.
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7.17 Typical Characteristics (continued)
At V)N =12V, fy, = 400 kHz, unless otherwise stated.
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7.17 Typical Characteristics (continued)
At V)N =12V, fy, = 400 kHz, unless otherwise stated.
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8 Parameter Measurement Information
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9 Detailed Description
9.1 Overview

The TPS25772-Q1 is a fully-integrated AEC-Q100 USB Power Delivery (USB-PD) source intended for use in 12-
V automotive battery systems. Input supply pin, V|n, must be connected to a load dump clamped battery supply,
VgaT, and never exceed 40 V (ABS MAX).

The device consists of seven sub-blocks: USB-PD controller; Type-C cable plug and orientation detection
circuitry; USB Endpoint; USB Battery Charging Specification Version 1.2 (BC1.2) detection circuitry; digital core;
device power management and supervisory circuitry; and a buck-boost converter integrated with 4 power
switches.

The USB-PD controller provides the physical layer (PHY) functionality of the USB-PD protocol. The USB-PD
data is output through either the Px_CC1 pin or the Px_CC2 pin, depending on the orientation of the reversible
USB Type-C cable. For a high-level block diagram of the USB-PD physical layer, a description of its features and
more detailed circuitry, see USB-PD Physical Layer.

The cable plug and orientation detection analog circuitry automatically detects a USB Type-C cable plug
insertion and also automatically detects the cable orientation. For a high-level block diagram of cable plug and
orientation detection, a description of its features and more detailed circuitry, see Cable Plug and Orientation
Detection.

A USB Endpoint is included for downloading configuration information and firmware updates. When enabled by
firmware, the USB Endpoint connects to the Port A DP and DM pins.

The USB BC1.2 sub-block contains circuitry to support legacy USB charging methods which signal on the USB
DP and DM data lines including: DCP, Divider-3, 1.2 V mode, and HVDCP. See BC 1.2, legacy and fast charging
modes (Px_DP, Px_DM).

The power management and supervisory circuitry generates the LDO_5V, LDO_3V3, and LDO_1V5 voltage rails
used by the device. LDO_5V supplies the LDO_3V3 and LDO_1V5 rails. For a high-level block diagram of the
power management circuitry, a description of its features and more detailed operation, see Internal LDO
Regulators section.

The digital core contains an ARM Cortex-M0 with 160-kB ROM and 27-kB RAM memory. The ROM contains
firmware code to execute device functionality. RAM stores application configuration code created using the
Graphical User Interface (GUI) and post-manufacturing firmware updates. The digital core is the engine for
autonomously managing the system including: USB port connection status and communication; system power
budget and allocation; system thermal monitoring and load shedding; and fault detection and reporting. All
devices contain one controller 12C port (I2C1) for controlling external peripherals such as external EEPROM
memory; DC/DC converters; USB data multiplexers/redrivers; GPIO expanders; and additional temperature
sensors. Some devices include an 12C target port (12C2) for connection to an external processor, HUB or
embedded controller. An integrated 8-bit analog-to-digital converter ADC (see the ADC section), monitors USB
port telemetry information. USB port connection status, voltage, current and fault information can be read from
I2C2 target port. For a high-level block diagram of the digital core and a description of its features, see the Digital
Core section.

The integrated buck-boost converter is the PA_VBUS power source. It operates in buck mode when V is
greater than Vgoyt and boost mode when V| is less than Vgoytr. When V)y and Vout are nearly the same, it
operates in transition mode.

Dual Port Devices

TPS25772-Q1 is a dual USB port device. Refer to Device Comparison Table for functional differences. The
TPS25772-Q1 consists of a single 3 to 21 V output internal buck-boost converter, two USB-PD port controllers
providing cable plug and orientation detection, two internal VCONN source paths, legacy USB Battery Charging
Specification v1.2 Dedicated Charging Port (DCP) as well as legacy (non-USB compliant) charger detection
including: Divider-3, 1.2 V, and HVDCP modes on each port.
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PB_VBUS for TPS25772-Q1 must be supplied from an external power source. The implementation of this power
is shown in & 9-1.

% 9-1. Supported Dual USB Port Implementations

Port A (PA) Port B (PB) Eort_ B (PB) Suggested Power
evices
USB Power Delivery (including PPS) Type-C with USB Power Delivery (including PPS) | TPS55288-Q1
9.2 Functional Block Diagram
BOOT1!  Sw1l Lsw2 lgoorz
IN BUCK BOOST OuT
1 = T VWV T
l CSP
EN/UVLO] CURRENT SENSE,
CURRENT LIMIT, CABLE CSN/VBUS
COMPENSATION —
LDO_5V L
—T ENABLE, LDOs, BIAS, MUXes PA CC1 3
I VCONN SUPPLY PA_CA:"-E I/o PA CC2 5
DET BUFFERS, 3
LDO_1V5 VCONN PD PHY PA_DP | GPIO8 |&
(Port A) PA_DM | GPIO7
LDO_3V3 Lo v
$I Mo SYNC | GPIO6 T
NTC
NFET
CHARGE ADC NTC | GPIO5 :;
TVSP | PUMPS
CONFIG,
= ESD, PB_CC1 | GPIOO
STBUS/STBAT MUXes PB_CC2 | IRQ2(o) |GPIO1
PB CABLE /o PB DP [ 12C_SCL2 | GPIO2
iRQ | GPIO9 DET& ||BUFrers,| JPB_DM|I2C_SDA2|GPIO3
12C SCLA VCONN PD PHY PB _VBUS | GPIO4
12C_SDA1 12C PORT 1 (Port B)
CONTROLLER
12C PORT 2
TARGET

9.3 Feature Description
9.3.1 Device Power Management and Supervisory Circuitry
9.3.1.1 VIN UVLO and Enable/UVLO

The TPS25772-Q1 has one internally fixed V|y UVLO and one user programmable UVLO using the EN/UVLO
pin. Both thresholds must be cleared for the device to start up.

* The fixed V|yuvLo) has a rising threshold between 5 and 5.5 V to ensure internal circuits have sufficient
headroom for proper operation.

The EN/UVLO pin provides the user with a resistor programmable UVLO threshold and master enable /
disable for the device.
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The EN/UVLO pin has three distinct voltage ranges: shutdown, standby, and operating. When the EN/UVLO pin
is below the standby threshold Venstay), the device is disabled in a low power shutdown. When EN/UVLO
voltage is greater than the standby threshold VensTay) but less than the operating threshold Venoper), the
internal bias rails, LDO_5V, LDO_3V3, and LDO_1V5 regulators are enabled but remaining device functions are
disabled. When EN/UVLO is greater than the operating threshold Venoper) and LDO_SV, LDO_3V3 and
LDO_1V5 regulators are above their respective undervoltage threshold UVLO thresholds, the device is fully
functional. The EN/UVLO pin includes fixed hysteresis between the shutdown mode and the standby mode.

J i -
EN/UVLO _/vmw, H [ SO S SN

f ; IS

! ; -

/
> LDO_5V /

<> LDO_3V3

7
I I
I I
I I
I I
I I
I
I }

Vioo svauviomy |

LDO_3V3 | |
I I
I I
I I
I I
| )
! |
! sV |
I I

I
I
‘47 /
I

—» 3-4ms
i oY
i = ,3’ > i
Mo i i
Disabled Enabled } trim enabled

A 9-1. EN/UVLO and LDO Sequencing

% 9-2. EN/UVLO and LDO_UVLO Operation

EN/UVLO () LDOs DEVICE OPERATION
Shutdown: LDO_5V, LDO_3V3

VENnuvLo < VEN(LDO_V5V_F) — and LDO_1V5 OFF. MO (MCU)
is OFF.

Standby: LDO_5V, LDO_3V3

Venbo_vsv_R) < Venuvio < — and LDO_1V5 ON. M0 (MCU) is

VEN(STBY) OFF.

LDO_5V < VLDO_SV(UVLO_R)v or LDO_5V, LDO_3V3 and
VEN/UVLO > VEN(OPER) LDO_3V3 < Vipo_3v3uvLo_R) OF LDO_1V5 ON, MO (MCU) is

LDO_1 V5 < VLDO_1V5(UVLO_R) OFF.

LDO_5V > Vi po svuvLo Ry and _ _
VEN/UVLO > VEN(OPER) LDO_3V3 > VLDO_3V3(UVLO_R): and Operatlng: MO (MCU) is ON.

LDO_1V5 > Vi po 1vsuUvLO_R)

(1) Valid when VIN > VlN(UVLO_R)~

In some cases an input UVLO level different than that provided by the internal ViyuvLo) is needed. This can be
accomplished by using the circuit shown in UVLO Threshold Programming. The input voltage at which the
device turns on is designated Voy; while the turnoff voltage is Vogg. First a value for Rgng is chosen in the range
of 13kQ to 22 kQ. Use 7722 1 and 77220 2 to calculate Rent and Vore.

VoN

VEN(OPER) 1) X RENB (1)

Rgnt = (

The hysteresis between the UVLO turn-on threshold and turn-off threshold is set by the upper resistor in the EN/
UVLO resistor divider and is given by:

VEN(HYS)

V =(1—-———%| XV 2

OFF ( VEN(OPER) ON 2)
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VIN
F{ENT
1 EN/UVLO
F{ENB
AGND
K& 9-2. UVLO Threshold Programming
Where

Von = V|n turn-on voltage
Vorr = VN turn-off voltage

Note: Ensure Rgyt = 47 kQ

If the programmable UVLO is not required, the EN/UVLO pin can be connected to the IN pin with a 47 kQ, or
larger, resistor.

9.3.1.2 Internal LDO Regulators

Three internal LDOs provide regulated supplies for operation of internal circuitry.

LDO_5V: Supplies buck-boost gate drive circuitry, LDO_3V3, LDO_1V5, and PA and PB VCONN power
paths. External bypass capacitance, C_po sy is required for proper operation. It is highly recommended to
include an additional high frequency 0.1 1 F capacitor in parallel with C po sy- Cpo sv and the parallel high
frequency should be placed as close to the LDO_5V pin as possible. This capacitance: 1) provides energy
storage for the buck-boost internal FET gate drivers, and 2) is required to stabilize the internal 5-V LDO in
applications where an external 5-V supply is not connected. The TPS25772-Q1 will not operate (release
reset) until Vi po svuvLo_Rr) threshold is met. Hard reset occurs when V po sv < Vipo svuvLo F) threshold.
Current from LDO_5V returns to PGND pin. The LDO_5V output may be used to supply a small external
loads such as indicator LEDs. When supplying external components, it is recommended that the total
external load current not exceed 25 mA (MAX).

- 0.1W VCONN: when enabled in the application configuration GUI, LDO_5V is capable of sourcing 20 mA
each to PA_VCONN and PB_VCONN.
- 1W VCONN: when enabled in the application configuration GUI, this mode of operation requires an
external 4.75 - 5.5V, 500-mA capable supply connected to LDO_5V. Back-feeding of LDO_5V is allowed.
LDO_3Va3: Supplies internal analog circuits, GPIO buffers, USB PD and the USB Endpoint PHYs. External
bypass capacitance of C_ po 3v3 is required for proper operation. An additional 0.1 u F capacitor in parallel
with C_po 3v3 is highly recommended to filter high frequency noise from the 1/O buffers and PHYs. The
LDO_3V3 can supply external circuits at up to 25 mA. Expected loads include: EEPROM (5mA), NTC resistor
divider network (< 1 mA). Current may be drawn up to I po_3v3gLimiT)- Note: the USB PD and Endpoint PHY's
draw current from LDO_3V3. If a CCx or Dx pin is shorted to GND during a transmission the current drawn
may reach the current limit threshold. Similarly, if any GPIO pins are configured as push-pull outputs and a
GPIO short to GND event occurs, the LDO_3V3 current limit may be reached. Current returns to AGND pin.
LDO_1V3: Supplies digital core. External bypass capacitance of C_po 1vs is required for proper operation. An
additional 0.1 1 F capacitor in parallel with C| po 1y5 is highly recommended to filter noise generated by the
digital core. The MO is held in reset until all three UVLO_R (rising) thresholds are met. Current returns to
AGND pin.
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VIN

LDO_5V
(125mA)

-+
L rono

LDO_3V3
(25 mA)

I GND

LDO_1V5
(10 mA)

r[]i LDO_1V5
I GND

Note: LDO_5V max regulation current includes LDO_3V3
(25 mA) and LDO_1V5 (10 mA)

LDO_5V

L

I

LDO_3V3

B 9-3. Internal LDO Connection Diagram

9.3.2 TVSP Device Configuration and ESD Protection

The Transient Voltage protection and firmware Setting Pin (TVSP) has three functions: 1) Boot configuration
settings; 2) USB connector pin short to Vgyg or Vear protection; and 3) USB connector pin enhanced ESD
protection.

* Ryysp: At power on, the resistance between the TVSP pin and PGND determines the boot method, USB PD
port I°C addresses and I2C logic thresholds. Refer to # 9-4 and # 9-5. The most common configuration is
shown in & 9-4 with R1ygp open, corresponding to TVSP Index 0. During device initialization and boot,
typically within 4 seconds after power on, V| must be above 7.6 V to ensure proper bias of the TVSP pin to
5.5 V. Once boot is complete the device can operate over the full V|y range.

* Crysp: A 0.1-uF capacitor (Ctysp) must be connected to PGND. Place Ctygp as close to the TVSP pin as
possible to minimize parasitic inductance. Ctygp is part of the centralized protection circuitry fortifying
connector pins Px_CCy, Px_DP and Px_DM from damage during short to Vgys, Vgar and ESD events. A 40-
V 0.1-pF capacitor is recommended for proper operation of the internal TVSP regulator circuit.

* TVSP Damper Network: Capacitance, Cpamp, and resistance, Rpaype, form an RC network preventing
excessive current from flowing inside the device durging connector pin over-voltage and ESD events.

- Cpawmp: A 0.47-uF capacitor must be connected in series with Rpayp to PGND. A 40-V 0.47-uF capacitor
is recommended.

- Rpamp: A 10-Q resistor must be connected in series with Cpapp to PGND. A 0.25-W rating is
recommended.
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LDO5V I
L M
L Px_DP
ESD
. BC1.2
ias .
v ~E By Functions
PGND l ESD
] Px_DM
TVSP -
rr_
—1L g
g § Px_cC1
3 v ESD
o -
N I mirror
g to ADC USB PD
%) 1kQ Functions
— TVSP_PD_EN —» l ESD,
-1 = |
L‘): LI'I PX_CCZ
PGND

& 9-4. Basic TVSP Pin Connection

% 9-3. Recommended TVSP Components

Crvsp Rpamp Cpamp
0.1 uF 10 Q 047 uF
£ 9-4. Ryysp Configuration Settings (TPS25762CQRQLRQ1 and TPS25772CQRQLRQ1)
Rrvspka)” | TVSP Index ADC Value A;ife:as;ie(t : l"g)(Z) 12C Logic (Vpp) Boot Mode
Open 0 < 10 (0x0A) 0x22 | 0x26 3.3V EEPROM
93.1 1 < 24 (0x18) 0x23 | 0x27 3.3V External HUB/MCU
47.5 2 < 42 (0x2A) 0x22 | 0x26 1.8V EEPROM
29.4 3 < 63 (0x3F) 0x23 | 0x27 1.8V External HUB/MCU
20.0 4 < 89 (0x59) 0x23 | Ox27 3.3V EEPROM
14.7 5 < 119 (0x77) 0x22 | 0x26 3.3V External HUB/MCU
11.0 6 < 156 (0x9C) 0x23 | Ox27 1.8V EEPROM
8.45 7 < 201 (0xC9) 0x22 | 0x26 1.8V External HUB/MCU
6.65 8 < 255 (0xFF) 0x22 | 0x26 33V Firmware Update
% 9-5. RTVSP Configuration Settings (TPS25762CAQRQLRQ1 and TPS25762CAQRQLRQ1)
Rrvsp ka) " TVSP Index ADC Value 12C Target Port 12C Logic (Vpp) Boot Mode
Addresses (A | B)‘Z’
Open 0 < 201 (0x0A) 0x22 | 0x26 3.3V EEPROM
5.6 8 < 255 (0xFF) 0x22 | 0x26 3.3V Firmware Update

(1) 1% resistor required.
(2) 0x22h =0100010; 0x26h = 0100110; 0x23h = 0100011; 0x27 = 0100111

Applications requiring a configuration other than standard, TVSP Index 0 (Ryysp open), as shown in & 9-4 must
implement a circuit similar to the one shown in & 9-5. The base of the bipolar transistor is connected to LDO_5V
to provide proper power up sequencing of the TVSP resistor - OFF when TPS25772-Q1 is disabled and ON
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when TPS25772-Q1 is enabled. A 2N2222 is recommended for its large collector-emitter breakdown voltage,
low-cost and wide availability.

LDO5V I
l 1
(I, Px_DP
ESD
- BC1.2
Bias Functions
~5.5V
PGND ESD,
] PXx_DM
TVSP 4 -
MM — °
| .
s : [] Px_CC1
3 v ESD
-3 | mirror
A1,
_ 5 1kQ Functions
N TVSP_PD_EN —» ESD
E [ﬁ Px_CC2

Ch

PGND
& 9-5. Rrysp Circuit Configuration

Device firmware can be updated using the USB Endpoint on the PA_DP and PA_DM pins. To enable firmware
update mode, boot the device with a resistance corresponding to Index 8 between TVPS and PGND. A boot
cycle can be performed by power cycling the device or by pulling the EN/UVLO pin momentarily below Venoper)
threshold. An example circuit to enable USB Endpoint firmware update mode is shown in ¥ 9-6

1kQ LDO5V IJ-I
¢ Px_DP
EsDA
- BC1.2
$ Nilass\l Functions 01
USB Endpoint PGND . l es¥,
Firmware Update Mode ® Px_DM
|~ ———— TVSP
w3 I g I .
| =i = H
I = nt i 9 Px_cC1
o
I 23 2% v T EDA
L2 <5
——————— £ to ADC USB PD q
e 1kQ Functions ’1
TVSP_PD_EN —» l G0 A
N2222 . ITI Px_CC2

PGND

K 9-6. Example Circuit to Enable USB Endpoint Firmware Update Mode

9.3.3 Buck-Boost Regulator
9.3.3.1 Buck-Boost Regulator Operation

The TPS25772-Q1 devices utilize a fixed frequency, current mode control buck-boost converter. This converter
operates in forced continuous conduction mode (CCM) and therefore allows inductor current to flow in either
direction at light loads. The power train consists of five N-Channel power MOSFETs. See K 9-7. Transistors M1
and M2 are the high-side and low-side buck FETs. Transistors M3 and M4 are the high-side and low-side boost
FETs. Transistor M5 blocks reverse conduction from OUT to SW2 during input overvoltage transients as
explained in VIN Supply and VIN Over-Voltage Protection.
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* IN: Receives power from the battery. The input bulk capacitor must be connected between IN and PGND.

* OUT: Delivers power from the switching converter. The output bulk capacitor connects between OUT to
PGND.

* PGND: Ground return for the switching converter power train.

* AGND: Ground return for everything except the power train. The voltage feedback divider returns to AGND.
PGND and AGND must connect together on the circuit board.

* LDO_5V: Provides gate drive for M2 and M4 and current for the bootstrap circuits feeding BOOT1 and
BOOT2. A bypass capacitor must connect from LDO_5V to PGND. See Internal LDO Regulators for more
information on LDO_5V.

* LDO_3V3: Analog circuitry power supply. A bypass capacitor must connect from LDO_3V3 to AGND. See
Internal LDO Regulators for more information on LDO_3V3.

* BOOT1: Provides gate drive for M1. A bootstrap capacitor must connect from BOOT1 to SW1.

* BOOTZ2: Provides gate drive for M3. A bootstrap capacitor must connect from BOOT2 to SW2.

* SW1: Connects M1 and M2 to external inductor.

* SW2: Connects M3 and M4 to external inductor.

* CSP: Positive terminal of average current sense amplifier. Connects to positive terminal of output bulk
capacitor.

* CSN/BUS: Negative terminal of average current sense amplifier. A 10-m Q current sense resistor is
externally connected from CSP to CSN/BUS.

Depending upon the input voltage V)y and the output voltage Voyr, the converter can operate in one of four
different states, each of which is described in following sections.

M1 M3 M5
IN ouT

M2 M4

PGND

& 9-7. Buck-Boost Internal Power FETs

Buck State

When the input voltage V) significantly exceeds the output voltage VT, the converter enters the buck region of
operation in which it performs an endless series of buck switching cycles Buck State. M3 and M5 are constantly
on and M4 is constantly off. When the clock signals that a switching cycle has begun, the controller turns on M2
and turns off M1. This switch configuration corresponds to the off-time interval of a traditional buck converter.
The voltage difference Vgwq - Vswe across the inductor equals - Voyt. The inductor current IL ramps down
until it reaches a threshold | gy set by the error amplifiers. The controller then turns off M2 and turns on M1.
This switch configuration corresponds to the on-time interval of a traditional buck converter. The voltage
difference Vsyq - Vsw2 now equals V)N - Voyt. The inductor current now ramps up until the converter clock
signals that the end of the switching cycle has been reached.

The on-time t,, equals the time interval during which M1 conducts. The off-time tys equals the time interval
during which M2 conducts. Because the converter operates in FCCM, the period t equals the sum of t,, and
torr- During the buck state, the controller regulates power flow by adjusting the buck duty cycle D, which equals
the ratio t,/ 7 .
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VSWl - VSWZ

A

VIN - VOUT =°
-t
= Vour --
I
IVALLEY =°
Pt

K] 9-8. Buck State

Buck Transition State

When the input voltage V,y is only slightly larger than the output voltage Vour, the converter enters the buck
transition region of operation in which it alternately performs buck and boost switching cycles Buck Transition.
M5 is always on. When the clock signals that a buck switching cycle has begun, the controller turns on M2 and
M3, and it turns off M1 and M4. This switch configuration corresponds to the off-time of a traditional buck
converter. The inductor current I, ramps down until it reaches a threshold Iy | gy set by the error amplifiers. The
controller then turns off M2 and turns on M1. This switch configuration corresponds to the on-time of a traditional
buck converter. The inductor current now ramps up slowly until the clock signals the end of the buck switching
cycle. The next switching cycle is a boost switching cycle. When this cycle begins, the controller turns M3 off and
turns M4 on. M2 remains off, and both M1 and M5 remain on. This switch configuration corresponds to the on-
time of a traditional boost converter. The inductor current I, now ramps up rapidly until the fixed on-time expires.
The controller then turns off M4 and turns on M3. The inductor current now ramps down until the clock signals
the end of the boost switching cycle. The next switching cycle will be another buck cycle.

During the buck transition state, the controller regulates power flow by adjusting the buck duty cycle. The boost
duty cycle remains fixed. If the converter had remained in the buck state rather than move to the buck transition
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state, the buck on-time would have become so short that it would have become impossible to regulate power
flow without pulse skipping.

VSWl - VSWZ

A

V|N il Al

Vin=Vour ==f=====----

= Vour --

hauey =-p--------

s

Boost

& 9-9. Buck Transition

Boost Transition State

When the input voltage V,y is only slightly smaller than the output voltage Voyr, the converter enters the boost
transition region of operation in which it alternately performs boost and buck switching cycles Boost Transition.
M5 is always on. When the clock signals that a boost switching cycle has begun, the controller turns on M1 and
M4, and it turns off M2 and M3. This switch configuration corresponds to the on-time of a traditional boost
converter. The inductor current I ramps up until it reaches a threshold Ipgak set by the error amplifiers. The
controller then turns off M4 and turns on M3. This switch configuration corresponds to the off-time of a traditional
boost converter. The inductor current now ramps down slowly until the clock signals the end of the boost
switching cycle. The next switching cycle is a buck switching cycle. When this cycle begins, the controller turns
M1 off and turns M2 on. M4 remains off, and both M3 and M5 remain on. This switch configuration corresponds
to the off-time of a traditional buck converter. The inductor current I, now ramps down rapidly until the fixed off-
time expires. The controller then turns off M2 and turns on M1. The inductor current now ramps up until the clock
signals the end of the buck switching cycle. The next switching cycle will be another boost cycle.
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During the boost transition state, the controller regulates power flow by adjusting the boost duty cycle. The buck
duty cycle remains fixed. If the converter had remained in the boost state rather than move to the boost transition
state, the boost on-time would have become so short that it would have become impossible to regulate power
flow without pulse skipping.

VSWl - VSWZ

A

VIN =°
t
e >

= Vouyr =-f======---- B et :
I, : Pl :
e : P z

: s Lt
_N ton H ofr H H_tE E
-— T >t T >
; Boost ' Buck '

& 9-10. Boost Transition

Boost State

When the input voltage V| is significantly less than the output voltage Voyr, the converter enters the boost
region of operation in which it performs an endless series of boost switching cycles Boost State. M1 and M5 are
constantly on and M2 is constantly off. When the clock signals that a switching cycle has begun, the controller
turns on M4 and turns off M3. This switch configuration corresponds to the on-time interval of a traditional boost
converter. The voltage difference Vgywq - Vswo across the inductor equals V. The inductor current I, ramps up
until it reaches a threshold Ipgak set by the error amplifiers. The controller then turns off M4 and turns on M3.
This switch configuration corresponds to the off-time interval of a traditional boost converter. The voltage
difference Vgw1 - Vsw2 now equals VN - VouT, which is negative. The inductor current now ramps down until
the converter clock signals that the end of the switching cycle has been reached.
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The on-time t,, equals the time interval during which M4 conducts. The off-time tys equals the time interval
during which M3 conducts. Because the converter operates in FCCM, the period t equals the sum of t,, and
tor. During the boost state, the controller regulates power flow by adjusting the boost duty cycle D, which equals
the ratio t,/ 7 .

Vswi — Vsw2
Vin ==
-t
Vin—Vour --
I :
lpeak =- 3 i
. : -t
54_ ton _>E<_ Lorr :
~< T | ]

& 9-11. Boost State

Boundaries of the Regions of Operation

Regions of Operation graphically depicts the four regions of operation and the boundaries between them. When
Vpus > kV|n, the converter remains in the boost region of operation. The value k is 1.2. When V|y < Vgys < kV|n,
the converter enters the boost transition region of operation. When V\/k < Vgys < V|N, the converter enters the
buck transition region of operation. When Vgys < V|n/K, the converter enters the buck region of operation. The
converter will cease operating if V|y exceeds the OVP threshold, which lies between 18 and 20 V. Similarly, the
converter will also cease operating if V|y drops below either the internal UVLO threshold, which lies between 5
and 5.5 V, or the user programmed EN/UVLO threshold (see VIN UVLO and ENABLE/UVLO, whichever is
greater).
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K 9-12. Regions of Operation

9.3.3.2 Switching Frequency, Frequency Dither, Phase-Shift and Synchronization

The PWM oscillator frequency (fg,,) is programmed by firmware using the application configuration GUI. The
switching converter is intended for operation below the AM radio band (520 kHz - 1730 kHz). Three nominal fg,,
settings below are available: 300 kHz, 400 kHz and 450 kHz.

Frequency dithering can be enabled by firmware via the application GUI. When enabled, the nominal oscillator
frequency is dithered by tFSgg (approximately £10%) using triangular waveform modulation (see Dithering using
triangular waveform modulation). The dither period 7, is the reciprocal of the dither modulation frequency
FSss mop- Two firmware selectable dither modulation frequencies FSgs \y are available: 10 and 25 kHz.
Dithering spreads the spectral peaks generated by switching, thereby reducing the peak harmonic levels and

easing EMI filter design.

—— Ty —>

K 9-13. Dithering Using Triangular Waveform Modulation

Multiple converters can be synchronized using the SYNC pin. This pin can be firmware-configured as either an
output SYNC(0) or an input SYNC(i).

* SYNC(0): The switching clock is placed on the SYNC(o) pin. This waveform will have a duty cycle of
approximately 50%. If frequency dithering is configured by firmware, this signal will also exhibit dithering.
Four phase settings are available by firmware configuration to shift the SYNC(0) output relative to the internal
switching clock by 0°, 90°, 120°, or 180°. SYNC(0) is used to slave other DC/DC converter clocks to the
switching converter clock inside the TPS25772-Q1. When two dc/dc converters operate out of phase, peak
input current from the battery is reduced and total input bulk capacitance requirements decrease.
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K] 9-14. SYNC(o0) Phase Shift
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Other DC/DC
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Converter

& 9-15. Using SYNC(o) to slave DC/DC Converter

* SYNC(i): The internal clock is synchronized to the pulse train on the SYNC(i) pin. This feature is used to
slave the TPS25772-Q1 to an external clock. The period of this clock must meet synchronization
requirements in SYNC(i) frequency ranges or the TPS25772-Q1 will instead use its internal switching clock. If
an external clock deviates outside of the acceptable frequency range and then returns to within the
acceptable frequency range, the TPS25772-Q1 will resume operation from the external clock after counting 8
consecutive clocks meeting the criteria of & 9-6. When SYNC(i) is configured, frequency dithering is disabled
when operating from the internal clock following a failure of the external clock.
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# 9-6. SYNC(i) Frequency Ranges

fsw Firmware Setting Allowed SYNC(i) Frequency Range
MIN MAX
300 kHz 250 kHz 353 kHz
400 kHz 334 kHz 470 kHz
450 kHz 376 kHz 530 kHz

9.3.3.3 VIN Supply and VIN Over-Voltage Protection

Vin Supply

The voltage V)y at the input supply pin IN, measured with respect to AGND, must meet the following

requirements:

* Overvoltage: The voltage V,y must never exceed an absolute maximum of 40 V, and should not exceed 36 V
under anticipated operating conditions. Automotive applications will typically require an external transient
suppressor to meet this requirement.

* Load dump: When the converter is running and V |\ exceeds 18 V, the positive slew rate dVy/dt must not
exceed 200 V/ms.

* Double battery: When the converter is not running, the positive slew rate dV,\/dt must not exceed 10 V/ps.
The input EMI filter can help mitigate input voltage slew rates.

* Reverse battery: The voltage V|y must never go below - 0.3 V. Automotive applications will typically require
external reverse voltage blocking circuitry.

The buck-boost switching converter is capable of delivering its full rated output power of 65 W over an input
supply range 6.8 V < V|y < 18 V . The input voltage can dip down to the UVLO threshold providing that the
output power level is appropriately derated.

VN Overvoltage Protection Circuitry

The TPS25772-Q1 contains circuitry that protects the power train against load dump and double battery
conditions. When VIN exceeds about 19 V, a comparator determines that an input overvoltage condition has
occurred. This comparator sends a signal that shuts the switching converter down. Transistors M1, M2, and M3
in Buck-Boost Internal Power FETs are turned off, and transistor M4 is turned on. However, current is still flowing
through the inductor. Two cases may exist: the current may flow forward (from SW1 to SW2) or in reverse (from
SW2 to SW1). Reverse current flow will forward-bias the body diode of M1. The voltage across the inductor will
then equal the sum of the forward voltage of this diode plus the input voltage, which is sufficient to cause the
inductor voltage to rapidly ramp down to zero. Forward current flow will forward-bias the body diode of M2. After
the inductor current is released, a small linear regulator biases SW1 to about 15 V. When the overvoltage
condition is removed, the switching regulator may resume operation.

9.3.3.4 Feedback Paths and Error Amplifiers

The TPS25772-Q1 includes not only a programmable voltage feedback path, but also a programmable average
current feedback path that can be used to limit the average current provided by the switching converter to the
USB cable. The voltage feedback path also includes provision for cable droop compensation. 9-16 shows a
simplified block diagram of the relevant portions of the integrated circuit.
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K 9-16. Simplified block diagram of feedback paths and error amplifiers.

9.3.3.5 Transconductors and Compensation

The TPS25772-Q1 is internally compensated. The overall slope compensation and loop compensation is
internally fixed based on inductor and capacitance values shown in 3 10-1.

9.3.3.6 Output Voltage DAC, Soft-Start and Cable Droop Compensation

The buck-boost output voltage is regulated at the CSN/VBUS pin. A 12-bit digital-to-analog converter, VDAC,
provides +20-mV step voltage adjustments of Vcspgys @s commanded by device firmware.

After a successful cable detect event, firmware sets the VDAC to output 5 V as measured on the Vesnus
output. An internal clock steps up the VDAC codes from an initial 0 V to final 5-V setting producing a monotonic
ramp of Vesnus to 5V at tss.

In some applications, the USB-PD controller may be located 1 m, or more, from the USB receptacle. When
configured and enabled by firmware, cable droop compensation will increase the Vgspus linearly with
increasing load current independent of the VDAC setting. Four selectable Voyt cpc ranges are available. 500
mV is the maximum supported cable droop voltage and it is disabled by default during USB-PD PPS contracts.

9.3.3.7 Vgys Overvoltage Protection

A fixed threshold overvoltage comparator monitors the CSN/BUS pin for overvoltage conditions. When the
Vesnius ovp R threshold is exceeded, output OV protection circuitry turns off the internal MOSFETs. Switching
resumes when Vcgngus decreases below Vesnisus ove F-
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& 9-17. Vgys OVP and UVP

9.3.3.8 Vgys Undervoltage Protection

PA_VBUS and PB_VBUS undervoltage conditions are monitored by the internal ADC. In accordance with USB
Power Delivery specifications, the TPS25772-Q1 firmware configures the threshold based on USB PD contract
with the attached sink device.

9.3.3.9 Current Sense Resistor (Rsys) and Current Limit Operation

The CSP and CSN/BUS pins are the positive and negative inputs to the average current sense amplifier (CSA).
The TPS25772-Q1 devices sense port A load current across sense resistor, Rgng, located between the CSP and
CSN/BUS pins. A 10-m Q, 1%, power resistor provides a 0 - 50-mV sense voltage over the range 0 < lgyt < 5
A

A seven bit digital-to-analog converter, IDAC, provides +50-mA step current limit adjustments and is
automatically programmed by device firmware.

9.3.3.10 Buck-Boost Peak Current Limits

The buck and boost peak current limits are adjustable by firmware using the application configuration GUI. Refer
to the BUCK-BOOST PEAK CURRENT LIMITS in 5 7.6 of the Electrical Characteristics tables for selectable
values.

In most applications it is desirable to limit input current to the automotive USB module to protect module
components, connectors and wiring from over-current conditions. The worst case input current condition occurs
when V| is minimum and Vggngus is maximum (21 V) while supplying maximum 3.25 A output current. When
VN < Vpus, the internal DC/DC converter is operating in boost mode. Refer to the 5% 10-6 tables in the Inductor
Currents section to estimate the peak current versus recommended inductor value for the application.

The buck peak current limit setting selection should be just lower than the boost peak current limit. Set as close
to the boost peak current limit as selections allow to prevent the possibility of limit cycling between the two peak
current limits under extreme transients. Ipgak@uck) = IPEAK(BOOST)-

When selecting an inductor, it is important select one with an appropriate saturation current rating, I sar). The
inductor I (sar) rating should larger than the maximum (MAX) Ipeak@oosT) limit from the Electrical Characteristics
tables to avoid excessive current flow in the TPS25772-Q1 or the inductor.

9.3.4 USB-PD Physical Layer

K] 9-18 shows the USB PD physical layer block surrounded by a simplified version of the analog plug and
orientation detection block. This block applies to Port A and Port B.
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& 9-18. USB-PD Physical Layer and Simplified Plug and Orientation Detection Circuitry

USB-PD messages are transmitted in a USB Type-C system using a BMC (Biphase Mark Coding) 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 discussed in the USB-PD BMC Transmitter section.

9.3.4.1 USB-PD Encoding and Signaling

K 9-19 illustrates the high-level block diagram of the baseband USB-PD transmitter. | 9-20 illustrates the high-
level block diagram of the baseband USB-PD receiver.

4b5b BMC

Data Encoder Encoder

L » toPD_TX

CRC

K 9-19. USB-PD Baseband Transmitter Block Diagram

BMC
Decoder

SOP 4b5b Data

—>
from PD_RX Detect Decoder

A 4

CRC

& 9-20. USB-PD Baseband Receiver Block Diagram
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9.3.4.2 USB-PD Bi-Phase Marked Coding

The USB-PD physical layer implemented in the TPS25772-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 cell 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). 5] 9-21 illustrates Biphase Mark Coding.

0 1 0 1 0 1 0 1 0 0 0 1 1 0 0 0

| 1 LU Ul UL T

& 9-21. Biphase Mark Coding Example

The USB PD baseband signal is driven onto the Px_CC1 or Px_CC2 pin with a tri-state driver. The tri-state driver
controls slew rate 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 ensure the receiver
clocks the final bit of EOP.

9.3.4.3 USB-PD Transmit (TX) and Receive (Rx) Masks

The USB-PD driver meets the defined USB-PD BMC TX masks. Since a BMC coded “1” contains a signal
edge at the beginning and middle of the Ul, and the BMC coded “0” contains only an edge at the beginning,
the masks are different for each. The USB-PD receiver meets the defined USB-PD BMC Rx masks. The
boundaries of the Rx outer mask are specified to accommodate a change in signal amplitude due to the ground
offset through the cable. The Rx masks are therefore larger than the boundaries of the TX outer mask. Similarly,
the boundaries of the Rx inner mask are smaller than the boundaries of the TX inner mask. Triangular time
masks are superimposed on the TX outer masks and defined at the signal transitions to require a minimum edge
rate that has minimal impact on adjacent higher speed lanes. The TX inner mask enforces the maximum limits
on the rise and fall times. Refer to the USB-PD Specifications for more details.

9.3.4.4 USB-PD BMC Transmitter

The TPS25772-Q1 transmits and receives USB-PD data over one of the Px_CCy pins for a given CC pin pair
(one pair per USB Type-C port). The Px_CCy pins are also used to determine the cable orientation (see the
Cable Plug and Orientation Detection section) and maintain cable/device attach detection. Thus, a DC bias
exists on the Px_CCy pins. 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. While either Px_CCA1
or Px_CC2 may be 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. [¥| 9-22 shows
the USB-PD BMC TX and RX driver block diagram.
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& 9-22. USB-PD BMC TX/Rx Block Diagram

Kl 9-23 shows the transmission of the BMC data on top of the DC bias. Note, The DC bias can be anywhere
between the minimum threshold for detecting a UFP attach and the maximum threshold for detecting a Sink
attach to a Source. This means that the DC bias can be above or below the Vgy of the transmitter driver.

VOH

e
VOL

DC Bias VoH DC Bias

e
VoL

& 9-23. TX Driver Transmission with DC Bias

The transmitter drives a digital signal onto the Px_CCy lines. The signal peak, V1xni, 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. Zpryver impacts the
noise ingression in the cable.

RDRIVER I ZDRIVER

% CDRIVER

& 9-24. ZDRIVER Circuit

Driver

9.3.4.5 USB-PD BMC Receiver

The receiver block of the TPS25772-Q1 receives a signal that falls within the allowed Rx masks defined in the
USB PD specification. The receive thresholds and hysteresis come from this mask.

Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 51

Product Folder Links: TPS25772-Q1
English Data Sheet: SBVS426


http://www.usb.org/developers/docs/
https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tps25772-q1?qgpn=tps25772-q1
https://www.ti.com.cn/cn/lit/pdf/ZHCSP87
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSP87A&partnum=TPS25772-Q1
https://www.ti.com.cn/product/cn/tps25772-q1?qgpn=tps25772-q1
https://www.ti.com/lit/pdf/SBVS426

13 TEXAS
TPS25772-Q1 INSTRUMENTS
ZHCSP87A - DECEMBER 2022 - REVISED SEPTEMBER 2023 www.ti.com.cn

K 9-25 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, but also includes cable USB-PD Tx/Rx blocks. Only one
system can be transmitting at a time. All other systems are Hi-Z (Zgmcrx)- The USB-PD Specification also
specifies the capacitance that can exist on the wire as well as a typical DC bias setting circuit for attach
detection.

Source Sink
System Pullup for System
Attach
Detection Connector Cable Connector

Crecever
CReceiver

RD for
Attach
Detection

CcablePlug_cC CcablePlug_cC

AN A

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

] 9-25. Example USB-PD Multi-Drop Configuration

9.3.4.6 Squelch Receiver

The TPS25772-Q1 has a squelch receiver to monitor for the bus idle condition as defined by the USB PD
specification. The squelch receiver output reflects the state of the CC pin regardless of the source of the
transmission.

9.3.5 VCONN

Internal VCONN sourcing power paths are firmware configurable. Using only the internal LDO_5V supply, both
Port A and Port B are able to draw 20 mA continuously. If an external 5-V regulator is connected to the LDO_5V
pin and the application GUI settings are enabled, both Port A and Port B are able to draw 200 mA continuously.
When disabled, blocking FETs in the both Port A and Port B VCONN paths protect the LDO_5V rail from high-
voltage and reverse current.

When VCONN power is enabled and provided, the internal VCONN power switches have a current limit of
ILmve. If the VCONN load current exceeds I jvc, the current clamping circuit activates within tigos pp cagLe and
the switch behaves as a constant current source. Reverse current blocking is disabled when current is flowing to
Px_CC1 or Px_CC2.
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&] 9-26. VCONN Power Switches

When operating in current limit, the VCONN FET temperature rises. Local temperature sensors disable the
Px_VCONN path in current limit when Tgensor > Tsp px vconn Within tpp casLE of- The application firmware
enters USB Type-C Error Recovery on the affected port.

LDO_5V must remain above its under voltage lock out threshold (Vi po svuvLo F)) for Px_VCONN operation. If
the Vi po sv(uvLo_F) threshold is reached, Px_VCONN paths are automatically disabled within tpp capLE_off-

9.3.6 Cable Plug and Orientation Detection

9-27 shows the plug and orientation detection block at each Px_CCy pin (PA_CC1, PA_CC2, PB_CC1,
PB_CC2). Each CC pin has identical detection circuitry.

When the port is operating as a Type-C source, the Vregx nodes are multiplexed to the Vgge thresholds
corresponding to the advertised Type-C source capability current, Ig, .

When the port is operating as a Type-C sink, the Vreggx nodes are multiplexed to the Vgnk thresholds
corresponding to sink detection.
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K 9-27. Plug and Orientation Detection Block

9.3.6.1 Configured as a Source

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

%% 9-7 shows the Cable Detect States for a Source.

7 9-7. Cable Detect States for a Source

Px_CC1 | Px_CC2 CONNECTION STATE RESULTING ACTION
Open Open | Nothing attached Continue monitoring both Px_CCy pins for attach. Power is not applied to Px_VBUS
or VCONN.
Rd Open |Sink attached Monitor Px_CC1 for detach. Power is applied to Px_VBUS but not to VCONN
(Px_CC2).
Open Rd Sink attached Monitor Px_CC2 for detach. Power is applied to Px_VBUS but not to VCONN
(Px_CC1).
Ra Open Powered Cable-No UFP Monitor Px_CC2 for a Sink attach and Px_CC1 for cable detach. Power is not
P attached applied to Px_VBUS or VCONN (Px_CC1).
Open Ra Powered Cable-No UFP Monitor Px_CC1 for a Sink attach and Px_CC2 for cable detach. Power is not
P attached applied to Px_VBUS or VCONN (Px_CC2).
Ra Rd Powered Cable-UFP Attached Provide power on Px_VBUS and VCONN (Px_CC1) then monitor Px_CC2 for a Sink
detach. Px_CC1 is not monitored for a detach.
Rd Ra Powered Cable-UFP attached Provide power on Px_VBUS and VCONN (Px_CC2) then monitor Px_CC1 for a Sink
detach. Px_CC2 is not monitored for a detach.

When a port is configured as a Source, a current Igy 54, is driven out of each Px_CCy pin and each pin is
monitored for different states. When a Sink is attached to the pin a pull-down resistance of Rd to GND exists.
The current Irpq 54 is then forced across the resistance Rd generating a voltage at the Px_CCy pin. The device
applies the configured Iry154 until the buck-boost regulator is enabled and operating at 5 V, at which time
application firmware may remain at Irp1 54 Or change to Irp3 oa-
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When the Px_CCy pin is connected to an electronically marked cable VCONN input, the pull-down resistance is
different (Ra). In this case the voltage on the Px_CCy pin will pull below Vgrpstg and the system recognizes the

electronically marked cable.

The Vpgig1.5 Or Vps g threshold is monitored to detect a disconnection depending upon which Rp current source
is active. When a connection has been recognized and the voltage on Px_CCy subsequently rises above the
disconnect threshold for tc¢, the system registers a disconnection.

USB Type-C Cable

CC

O

TPS257xx-Q1
(Type-C source)

9.3.6.2 Configured as a Sink

] 9-28. Type-C Cable

Rd
Rd
GND
Type-C Sink

When the TPS25772-Q1 port is configured as a Sink, such as in Firmware Update Mode with TVSP Index 8, the
device presents a pull-down resistance Rgyk on each PA_CCy pin and waits for a Source to attach and pull-up
the voltage on the pin. The Source pulls-up the PA_CCy pin by applying either a resistance or a current. The
Sink detects an attachment by the presence of VBUS. The Sink determines the advertised current from the
Source by the pull-up applied to the PA_CCy pin.

9.3.6.3 Overvoltage Protection (Px_CC1, Px_CC2)

Comparators on the Px_CCy pins detect when the voltage on CC1 or CC2 is too high, or there is reverse current
into the LDO_5V output. During an overvoltage event, VCONN is disabled within tPP_CABLE_FSD and the
associated USB PD transmitter is disabled.

Control Logic
Disable PP_CABLE
And
USB PD PHY

\

L Vvc Rrep

— VVCfOVP

VPH‘LOVF‘

— Veuy_ove

| max(Veci, Vece) — Vino_sv

LDO_5V

Px_CC1

Px_CC2

] 9-29. Over-voltage and Reverse Current Protection
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9.3.7 ADC

The ADC is shown in ¥ 9-30. The ADC is an 8-bit 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 and used by application firmware.

IN —p Voltage
Divider4 [ 7]
PA VBUS —p Voltage N
B Divider 2
PB_VBUS | GPIO4 —p| Voltage [
Divider 2
LDO 5V | Voltage | |
Divider 3
> Voltage 8 bits
LDO_3V3
- Divider 1 [ ) 'mlit ADG
PA_DM | GPIO7 — 7 >
PA_DP | GPIO8 —»
PB DP | GPIO2 Buffers &
DP| g Vp]tage N
PB_DM | GPIO3 — Divider 1
NTC | GPIO5 —
|PAVBUS
I_TVSP _,IT‘_,
& 9-30. SAR ADC
ADC
outputA
8h —+
7h  —+
6h T
5h —+
4h
3h +
2h LSB
ih
Oh | | | ‘
| T

9.3.7.1 ADC Divider Ratios

& 9-31. ADC Conversion

The ADC voltage inputs are each divided down to the full-scale input of 1.2 V. The ADC current sensing

elements are not divided.

7 9-8 shows the divider ratios for each ADC input. The application firmware may select any group of channels
to be auto-sequenced in the round robin automatic readout mode.
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% 9-8. ADC Inputs

CHANNEL SIGNAL TYPE DIVIDER RATIO BUFFERED
0 I_TVSP Current n/a No
1 IN Voltage 17 No
2 LDO_3V3 Voltage 3 No
3 PA_VBUS Voltage 21 No
4 GPI0O4 | PB_VBUS Voltage 21 No
5 Ipa_vBUS Current n/a No
6 GPIO2 | PB_DP Voltage 3 Yes
7 GPIO3 | PB_DM Voltage 3 Yes
8 GPIO5 | NTC Voltage 3 Yes
9 GPIO7 | PA_DM Voltage 3 Yes
10 GPIO8 | PA_DP Voltage 3 Yes
11 LDO_5V Voltage 5 No

9.3.8 BC 1.2, Legacy and Fast Charging Modes (Px_DP, Px_DM)

BC 1.2 downstream port charger emulation is application GUI configurable. The following charging modes can

be enabled or disabled:

* DCP (Dedicated Charging Port) Shorted Mode

* Divider-3 Mode
* 1.2-V Mode

* HVDCP (High Voltage Dedicated Charging Port) Mode

The following table shows voltage sources, resistors and comparator hardware used in each mode. Symbol "X"
represents that the corresponding module is implemented.

Application 2.7-V SRC | 1.2-V SRC Rpcp_pat nging; VpAT REF VseL REF
DCP X

Divider-3

12V X X

HVDCP X X X

i:l: Voar_rer
i[: Vsel_rer

HvDCP

BC1P2DCP &

OVP COMPARATORS
Legacy Charging

dp_ovp:

Digital Core

|

4@

i': VseL_rer
< :t: Voar_rer

RDM_DWN % J:

(20K) %&

- ____ J
& 9-32. BC1P2 Functional Diagram

9.3.9 USB2.0 Low-Speed Endpoint

The USB low-speed Endpoint is a USB 2.0 low-speed (1.5 Mbps) interface used to support HID class based
accesses. The TPS25772-Q1 supports control of endpoint EPO. This endpoint enumerates to a USB 2.0 host
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during firmware update mode. Firmware update mode is entered with when the device is powered on with an
Rtvsp corresponding to TVSP Index 8.

¥l 9-33 shows the USB Endpoint physical layer. The physical layer consists of the analog transceiver, the Serial
Interface Engine, and the Endpoint FIFOs and supports low-speed USB operation.

LDO_3V3

RPU_EP

=
%]
EP_TX_DP RS EP \7
To Digital 32 EPO - AN

BN * WA
c <> TX/RX PA_DP
ore RS_EP
FIFO EP_TX_DM N PA_DM
Serial p -
Interface
; +
Engine | Ep R Rev
. RX/TX
Digital Core Status _
Interrupts ——p]

Control

and Control EP_RX_DP
— __ f

PR DM| A
<

A

Y

N

A

Transceiver

A 9-33. USB Endpoint PHY

The transceiver is made up of a fully differential output driver, a differential to single-ended receive buffer and
two single-ended receive buffers on the D+/D - independently. The output driver drives the D+/D - through a
source resistance RS_EP. RPU_EP is disconnected during transmit mode of the transceiver.

When the endpoint is in receive mode, the resistance RPU_EP is connected to the PA_DM pin. The RPU_EP
resistance advertises low speed mode only.

9.3.10 Digital Interfaces

The TPS25772-Q1 contains one I2C controller which used for communicating with 12C target devices. Depending
upon application GUI firmware configuration, an I2C target and GPIOs may be available.

9.3.10.1 General GPIO

An application configuration GUI manages the multi-function pins which contain General Purpose Input/Output
functionality. Each buffer is configurable to be a push-pull output or open drain output. When configured as an
input, the signal can be a de-glitched digital input or an analog input to the ADC (only designated pins). The
push-pull output is a simple CMOS totem-pole structure. Independent pull-up and pull-down enables can be
configured using the application GUI. When interfacing with non 3.3-V 1/O devices the output buffer should be
configured as an open drain output and an external pull-up resistor attached to the GPIO pin.

9.3.10.2 I°C Buffer

The TPS25772-Q1 features two I2C interfaces that each use an 12C 1/O driver like the one shown in [&] 9-34. This
I/O consists of an open-drain output and an input comparator with de-glitching.
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deglitch

Digital SCL/SDA
Core

T&T

W GND
& 9-34. I12C Driver

9.3.11 I2C Interface
The TPS25772-Q1 has two 12C ports. 12C1 is a controller interface. I2C2 is a target interface.

I2C1 is used to read from or write to external target devices. During boot I2C1 is configured to read firmware
patch and application configuration data from an external EEPROM with target address 0x50.

Depending upon application configuration, the TPS25772-Q1 may expose target port, 12C2, using multi-function
pins: GPIO2 (I2C_SCL2), GPIO3 (12C_SDA2). When the TPS257xx-Q1 is used in systems with a HUB or MCU,
the 12C2 port can provide connection status and telemetry information as well as transfer firmware updates from
the HUB or MCU to an EEPROM connected on 12C1.

TRQ functionality depends upon firmware application configuration. TRQ is not always available on both 12C1 and
I2C2 simultaneously. the IRQ is available as follows:

* Multi-function pin GPI09: IRQ1(i), IRQ1(0), IRQ2(0)
* Multi-function pin GP101: IRQ2(0)

Where (i) = operates as an input, and (o) = operates as output.

In HUB applications where 12C control is not used, GPIO9 can be configured as a simple FAULT pin reporting
port over-current conditions as required by the USB 2.0 specifications.

% 9-9. I2C Summary
12C Bus Type Typical Usage Max Bus Frequency

Connect to I12C EEPROM, USB Type-C mux, 12C temperature sensor, 12C
12C1c Controller | GPIO expander, or other 12C target. Use LDO_5V or LDO_3V3 pin as the |1 MHz (Fast Mode Plus)
pull-up voltage. Multi-controller configuration is not supported.

12C2t Target |Connect to I2C capable USB HUB, MCU or automotive processor. 1 MHz (Fast Mode Plus)

9.3.11.1 I2C Interface Description

The 12C1 and I2C2 ports support 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 must be connected to a supply
through a pull-up resistor. Data transfer may be initiated only when the bus is not busy.

A controller sending a Start condition, a high-to-low transition on the SDA input/output, while the SCL input is
high initiates I2C communication. After the Start condition, the device address byte is sent, most significant bit
(MSB) first, including the data direction bit (R/W).

After receiving the valid address byte, this device responds with an acknowledge (ACK), a low on the SDA input/
output during the high of the ACK-related clock pulse. On the 12C bus, only one data bit is transferred during
each clock pulse. The data on the SDA line must remain stable during the high pulse of the clock period as
changes in the data line at this time are interpreted as control commands (Start or Stop). The controller sends a
Stop condition, a low-to-high transition on the SDA input/output while the SCL input is high.

Any number of data bytes can be transferred from the transmitter to receiver between the Start and the Stop
conditions. Each byte of eight bits is followed by one ACK bit. The transmitter must release the SDA line before
the receiver can send an ACK bit. The device that acknowledges must pull down the SDA line during the ACK
clock pulse, so that the SDA line is stable low during the high pulse of the ACK-related clock period. When a
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target receiver is addressed, it must generate an ACK after each byte is received. Similarly, the controller must
generate an ACK after each byte that it receives from the target transmitter. Setup and hold times must be met to
ensure proper operation.

A controller receiver signals an end of data to the target transmitter by not generating an acknowledge (NACK)
after the last byte has been clocked out of the target. The controller receiver holding the SDA line high does this.
In this event, the target transmitter must release the data line to enable the controller to generate a Stop
condition.

Kl 9-35 shows the start and stop conditions of the transfer. ] 9-36 shows the SDA and SCL signals for
transferring a bit. 5] 9-37 shows a data transfer sequence with the ACK or NACK at the last clock pulse.

- T\_ i T\ i_/_T

scL | I\ / \ / |
s i bp o

| L — —
Start Condition Stop Condition

& 9-35. I12C Definition of Start and Stop Conditions
won_/ | X \
scL E/ \ / \

! Data Line Change

€ 9-36. I2C Bit Transfer

1
|

Data Output B
by Transmitter | : -
AW / ><
| | -
Data Output | | Nack
by Receiver f T -
' [
| | ’
I I
SCL From |
Master | |
| | 1 2 8 9
g | -
| —
Start Clock Pulse for

Condition Acknowledgement

& 9-37. I2C Acknowledgment

9.3.11.2 I’C Clock Stretching

Clock stretching for I2C2. The target 12C port may hold the clock line (SCL) low after receiving (or sending) a
byte, indicating that it is not yet ready to process more data. The controller communicating with the target must
not finish the transmission of the current bit and must wait until the clock line actually goes high. When the target
is clock stretching, the clock line remains low.

The controller must wait until it observes the clock line transitioning high plus an additional minimum time (4 v s
for standard 100-kbps I2C) before pulling the clock low again.

Any clock pulse may be stretched but typically it is the interval before or after the acknowledgment bit.
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9.3.11.3 I°C Address Setting

A HUB, MCU, or automotive processor host should only use I2C_SCL2 and 12C_SDA2 for loading a firmware
patches or general status communication. Once the boot process is complete, each 12C port is assigned a
unique target address as determined by the TVSP pin. The target address used by each port on the 12C2s bus

are determined from the application configuration.

9.3.11.4 Unique Address Interface

The Unique Address Interface allows for complex interaction between an 12C controller and a single TPS25772-
Q1. The I2C target sub-address is used to receive or respond to Host Interface protocol commands. %] 9-38 and
& 9-39 show the write and read protocol for the |12C target interface, and a key is included in & 9-40 to explain
the terminology used. The TPS25772-Q1 host interface utilizes a different unique address to identify each of the
two USB Type-C ports controlled by the TPS25772-Q1. 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 A Data Byte N A P
F 9-38. I2C Unique Address Write Register Protocol
1 7 1 1 8 1 1 7 1 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 A Data Byte N A P

1
F 9-39. I2C Unique Address Read Register Protocol

1 7 1 1 8 1 1

| S | Slave Address |Wr| A | Data Byte | A | P |
X X

S Start Condition

SR Repeated Start Condition

Rd Read (bit value of 1)
Write (bit value of 0)

Field is required to have the value x

Acknowledge (this bit position may be 0 for an ACK or
1 for a NACK)

Stop Condition

Wr

X

A

P
D Master-to-Slave
D Slave-to-Master
-——= Continuation of protocol

& 9-40. I12C Read/Write Protocol Key
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9.3.11.5 I2C Pullup Resistor Calculation

Typical value for Rp, the 12C pullup resistor is given by:
Rp =t,/(0.8473 x Cp)

Refer to 7 9-10 for values of t,, Cy, and Vg

% 9-10. Parametrics from 12C Specifications

Standard Mode Fast Mode Fast Mode Plus .
Parameter (Max) (Max) (Max) Unit
fscL SCL clock frequency 100 400 1000 kHz
t, Rise time of both SDA and SCL signals 1000 300 120 ns
Cp Capacitive load for each bus line 400 400 550 pF
I;ozw\-/l)evel output voltage (at 3-mA current sink, Vpp 0.4 0.4 0.4 Vv
VoL
Low-level output voltage (at 2-mA current sink, V
=5 V) p g ( DD _ 0.2 x Vpp 0.2 x Vpp \%

For additional background regarding 12C pullup resistor calculations, please refer to application report, /2C Bus
Pullup Resistor Calculation.

9.3.12 Digital Core

¥l 9-41 shows a simplified block diagram of the digital core.
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