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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 27.6V 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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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 TPS25762-Q1 is in a low current shutdown mode. For
EN/UVLO 6 EN/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.
SW1 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.
BOOT2 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 Output 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 7 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) 25 Multifunction pin. GPIO; or target I12C Clock Input.
GPIO3 (12C_SDA2) 26 Multifunction pin. GPIO; or target I12C Data Input.
=~ Multifunction pin. Interrupt 1/0 and fault flag for 12C1 or 12C2; or GPIO depending upon firmware
IRQ (GPI09) 2 . . o - ) o
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 (GPIOS) 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.
GPIOO 23 GPIO
GPIO1 or IRQ2(0) 24 Multifunction pin. GPIO or Interrupt I/O depending upon 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(0) - 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.
PA_LSGD 9 Charge pump output for external NFET for Vgys bulk capacitance blocking.
Transient voltage protection and firmware setting pin. See Z 9-3 for boot configuration. See &
TVSP 22
9-2 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 \Y
Input voltage range IN with respect to SW1 -0.3 25 \%
Input voltage range EN/UVLO ©®) to AGND -0.3 internally limited \Y
Input voltage range BOOT1 with respect to SW1 -0.3 6 \Y
Input voltage range BOOT2 with respect to SW2 (©) -0.3 6 \%
Input voltage range SW1 () to PGND -0.3 24 \%
Input voltage range SW2 () to PGND -0.3 24 \%
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 \%
Input voltage range AGND to PGND -0.3 0.3 \Y
Output voltage range OUT to PGND -0.3 24 \%
Output voltage range LDO_5V to PGND -0.3 \%
Output voltage range LDO_3V3 to AGND -0.3 \%
Output voltage range LDO_1V5 to AGND -0.3 \%
1/0O voltage range TVSP to PGND -0.3 30 \%
1/0O voltage range 12C_SCL1 to AGND -0.3 \%
1/0O voltage range 12C_SDA1 to AGND -0.3 \%
1/0 voltage range GPI09, 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 \%
1/0 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 \%
1/0O voltage range GPIO8 to AGND -0.3 6 \%
1/0O voltage range GPIO0 to AGND -0.3 6 \%
1/0 voltage range GPI01, IRQ2 to AGND -0.3 6 \Y
1/0O voltage range GPI02, 12C_SCL2 to AGND -0.3 6 \%
1/0 voltage range GPIO3, I12C_SDA2 to AGND -0.3 6 \%
1/0 voltage range PA_LSGD to PGND -0.3 30 \%
1/0 voltage range GPIO5, NTC to AGND -0.3 6 \%
1/0O voltage range GPIO6, SYNC to AGND -0.3 \%
1/0O voltage range PA_LSGD to CSN/BUS -0.3 10 \%
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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 Positive source current 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 Eocsfiglgzzli;g;rfgtcffgI2C_SDA1, 12C_SCL1, internally limited A
Output current Egs(i)tiqavs;urce current for LDO_5V, LDO_3V3, internally limited A
Ta Operating ambient temperature —40 125 °C
T, Operating junction temperature —40 150 °C
Tstc Storage temperature -55 150 °C

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

reliability.

(2) 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.

(3) When the buck-boost is operating and V |y exceeds 18 V, the positive slew rate dVy/dt must not exceed 200V/ms.

(4)  When applying V), the time from V,\ exceeding 5 V to V|\ exceeding 25 V must not be less than 2 ps. This is normally achieved by

properly sizing the input EMI filter.

(5) EN/UVLO pin is internally clamped to 10V. Ensure input current rating is not exceeded by connecting current limit resistor.
(6) BOOT2 with respect to SW2 during OUT overvoltage conditions can be -15 V due to internal clamp.
(7) 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.
(8) 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(ESD) Electrostatic discharge :ErgaQn;t(n)%(_igorgodel (HBM), per +2000(M \Vi
V(esb) Electrostatic discharge 22%"95%33/;%9 model (CDM), per +750(2) \Y
Vemy | Eeciostatodscharge IECE1000-4 Contactdcharge | OUT, G5P. CONBLS. PA.GC1. | _zqgg y
V(eso) Electrostatic discharge L'izscci;?gg'f; Sf:’ e . (F?;\J_T,ngphg_sgfgs_,ga_cc1 ' 200014 v
V(esp) Electrostatic discharge :)s':?sg%agé Contact discharge 330 S:_T'Cgiplgg_sgfgf_'ga—cm' +200003) v
Vieso) Electrostatic discharge :)SF’O;:,’%GS? Air-gap discharge 330 SAU_T’CSS’P#,E_S[';'F/,?EE_';Q—CC“ £20000) v

(1) AEC Q100-002 indicates that HBM stressing shall be in accordancewith the ANSI/ESDA/JEDEC JS-001 specification.
(2) The passing level per AEC-Q100 Classification C2b.
(3) Test conducted on Texas Instruments evaluation board.

7.3 Recommended Operating Conditions

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

MIN

MAX UNIT

Vi

output)

Input voltage range (up to 65W

6.8

18 \
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7.3 Recommended Operating Conditions (continued)

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 30W IN 55 18 Vv
output)
Vi Input voltage range EN/UVLO 7@ \%
Iy Input current EN/UVLO 1 mA
V, Input voltage range LDO_5V when overdriven by 4.75 5.5 \%
external supply
V| Input voltage range CSP, CSN/BUS 0 22 \Y
PB_VBUS (GPIO4 when
\ Input voltage range configured as PB_VBUS) 3 22 \%
Vo Output voltage range ouT 0 21 \%
Vio 1/0O voltage range E’g—gg; PA_CC2, PB_CC1, 0 5.5 \%
Vio 1/0 voltage range PA_DP, PA_DM, PB_DP, PB_DM 0 3.6 \
Vio 1/0 voltage range Io2rC;_)SDAn, 12C_SCLn, IRQn (n=1 0 5.5 \Y
Vio 1/0 voltage range GPIOn (n=0-9) 0 3.6 \Y
Vio I/ voltage range z\gpcl(;“g;”'tor (GPIOS), SYNC 0 36 Vv
lo Output current(") IouT 5 A
lo Output current Eg—gg; PA_CC2, PB_CCT, 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 loyt > 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
CLoo, sv ;?gigﬁi?ce on LDO_5V (supplied 10V 47 10 uF
CLoo, sv g;g?:;[ﬁ\;)ce on LDO_5V (supplied 10V 10 47 100 uF
CLpo 3v3 Capacitance on LDO_3V3 6.3V 4.7 10 uF
CLpo_1vs Capacitance on LDO_1V5 6.3V 4.7 10 uF
Cpx_coy Capacitance on Px_CCy pins(? 6.3V 200 330 480 pF
CgooT1: CooT2 Boot charge capacitance 10V 0.08 0.1 0.3 uF
Rsnubber_swi1 RC snubber resistor on SW1 35V,025W 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
Csnubber_sw2 RC snubber capacitor on SW2 35V 3.3 nF
Cout Capacitance on OUT () 35V 30 33 40 uF
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over operating free-air temperature range (unless otherwise noted)

PARAMETER (1) VOLTAGE RATING MIN TYP  MAX UNIT
Cgus Capacitance on PA_VBUS 35V 100 120 150 uF
L Inductor ) 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 Crysp a0v 0.376 047 0.564 WF

TVSP Capacitor ESR (eq series
ESRctvsp resistance) 10 mQ

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

TPS25762-Q1

THERMAL METRIC(") Hot Rod UNIT
29 PINS
Rgya Junction-to-ambient thermal resistance 33.3
Reuc(top) Junction-to-case (top) thermal resistance 13.1
Ress Junction-to-board thermal resistance 7.3 °C/W
Wyt Junction-to-top characterization parameter 0.3
Wi 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 = 13.5V, Vgy

JuvLo = 2V unless otherwise stated. ()

PARAMETER TEST CONDITION MIN TYP MAX UNIT
SUPPLY VOLTAGE (VIN)
la V|n shutdown current Venuvio =0V 130 MA
lg V|y operating current XEN/UVLO =2V, Vour =5V, lour =0 8 mA
la V) operating current XEN’UVLO =1V, Vour =0V, loyr =0 45 mA
I V) operating current XEN’UVLO =2V, Vour =0V, lour =0 8 mA
VinovP_R) V| rising overvoltage threshold V)\ rising. 18.4 19.2 20 \%
Vin©VP_F) V) falling overvoltage threshold V) falling. 18.0 18.8 19.6 \Y

hysteresis 0.4 \Y
VINuVLO_R) VN undervoltage lockout rising V) rising. 5.14 5.30 5.46 \
ViNWVLO_F) V|n undervoltage lockout falling V) falling. 5.04 5.20 5.36 \%

hysteresis 0.1 \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
JuvLo = 2V unless otherwise stated. (1)

range unless otherwise stated.V\y = 13.5V, Vgy

PARAMETER TEST CONDITION MIN TYP MAX UNIT
LDO_5V OUTPUT
. TV<Vy£18V,0< ILD075V<
Vibo sv LDO_5V Output Regulation voltage 125mA, Vey = 2 V. 4.5 4.63 4.75 \Y
VDo _5V(UVLO_R) LDO_5V Undervoltage lockout rising 4.29 4.4 4.51 \%
LDO_5V Undervoltage lockout
VLpo_sv(UvLO_F) o 9 4.09 42 4.31 \Y;
falling
Undervoltage hysteresis 200 mV
Vibo sv_po drop out voltage ViN=5.5V; Ipo_sv = 125mA 4.3 \%
ILoo_svLmiT) LDO_5V current limit Vio_vsv =0 t°_3'5 Vi 125 200 400 mA
- Ripo_vsv_Loap =1 Q
LDO_3V3 OUTPUT
TVSVNS18V,VEn=2V,
VLD073V3 LDO_3V3 Output regulation voltage VLD075V(UVLO) < VLD075V <55V,0 3.4 3.5 3.6 \%
< lLpo_svs < 25mA
LDO_3V3 Undervoltage lockout
Vibo_3v3(UvLo_R) rising. 9 3.2 3.3 3.4 Y
g
LDO_3V3 Undervoltage lockout
VLD0_3V3(UVLO_F) . 9 3.05 3.15 3.25 Vv
falling
Undervoltage hysteresis 150 mV
Vibo 3v3 po drop out voltage VIN=4.5V, I po 3v3 = 30mA 3.3 \%
lLbo_svauuimim) LDO_3V3 current limit \=/L1D%—3V3 =01025V, Ripo_avs_Loap 35 50 80 mA
LDO_1V5 OUTPUT
Vibo_1vs LDO_1V5 Output Regulation voltage ‘1‘65; X Loo_sv < 5:5V, 0 <lipo_1vs < 1.49 1.55 1.65 Vv
LDO_1V5 Undervoltage lockout
VIbo_1vsUVLO_R) rising. 9 1.44 1.49 1.54 \Y;
g
LDO_1V5 Undervoltage lockout
Vibo_1v5UvLo_F) = 9 1.37 1.42 1.47 Y
falling
Undervoltage hysteresis 70 mV
ILDO_ 1VS(LIMIT) LDO_1V5 current limit ZL1DC(’)JV5 =0101.2V, Ripo_1vs_Loap 15 20 28 mA
EN/UVLO
EN input level required to turn on -
VEN(LDOfVSVfR) internal LDOs EN/UVLO rising 1.05 \%
EN input level required to turn off .
VEN(LDOfVSVfF) internal LDOs EN/UVLO falllng 0.3 \%
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 11 1.15 1.2 \Y
VEN(HYS) Hysteresis 100 mV
VEN(CLAMP) EN input clamp voltage Venuvio > VencLaupy, 10 BA < leny 6 9 12 \Y;
wio <1TmA
IEN(LEAK) Leakage current into EN pin OV<Vgy<6V 1 uA
OUTPUT VOLTAGE
VesnBUS(3v) Vensisus regulation accuracy at 3V |0 < gyt < 3A 29 3 3.1 \
VesnBus(sy) VensiBus regulation accuracy at 5V |0 < Iyt < 3A 4.85 5 5.15 \Y
VCSN/BUS(21V) Vens/Bus regulation accuracy at 21V |0 < Iyt < 3A 20.48 21 21.53 \%
Output voltage step size (12-bit
VesnBus_STP D Ag ) 9 P ( 10 mV
VDAC Resolution Resolution of Vgys DAC 12 Bits
| CSN/BUS discharge current when Vcsp = VCSN/BUS- VCSN/BUS =3V. 40 mA
DISCHG transitioning to VSafe0V Measure current into BUS.
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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 = 13.5V, Vgy

JuvLo = 2V unless otherwise stated. (1)

PARAMETER TEST CONDITION MIN TYP MAX UNIT
) . Vgus = 21V (max), CBULK =
toiscHe tf:n'i/i?gnsind'st‘gh\j‘é%‘?;'sr\”/e when 220 F, time to discharge BUS to < 275 ms
9 5.5V (per USB PD specification)
. . Vgus = 21V (max), CBULK =
toiscHe g:n'i/i?;’nsmd'igr{%%‘:;é”\}e when 220 F, 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 KQ
DISCHG pin when not sourcing VBUS resistance.
R BUS to GND resistance, RpiscH EN = 2V measure BUS to PGND 120 500 KQ
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
Vour coc AVgyr increase vs lour Gain setting = 0.1V/A: Vesp - 465 500 535 mv
- Vesnsus = 50 mV
VOUT cDC AVOUT increase vs lOUT Gain Settlgg = 0.1VIA: VCSP . 85 100 115 mV
- Vesngus = 10 mV
VouT coc AVoyr increase vs lour Gain stetting = 0.075V/A: Vcsp - 346 375 404 mv
- Vesnipus = 50 mV
Vout coc AVoyr increase vs loyt Gain Sett"lg =0.075V/A: Vese - 61 75 89 mv
- Vesnsus = 10 mV
Vout coc AVoyr increase vs loyt Gain setting = 0.05V/A: Vosp - 227 250 273 mvV
- Vesnsus = 50 mV
VouT cbc AVoyr increase vs loyt Gain Settlrlg = 0.05V/A: Vese - 37 50 63 mV
- Vesnsus = 10 mV
Vout coc AVour increase vs loyt Gain setting = 0.025V/A: Vesp - 109 125 141 mv
- Vesnsus = 50 mV
VouT cbc AVoyr increase vs loyt Gain sett”jg = 0.025V/A: Vese - 14 25 36 mV
- Vesnsus = 10 mV
. Gain setting = OV/A: 0 mV < V¢gp -
\% AV, increase vs | -5 20 mV
ouT_cbc out ouTt Vesnus < 50 mV
BUCK-BOOST PEAK CURRENT LIMITS
Boost peak current limit (in boost
IPEAK(BOOST) mode) 12.3 14.5 16.7 A
Boost peak current limit (in boost
IpEAK(BOOST) mode) 10.8 12.8 14.7 A
Boost peak current limit (in boost
IPEAK(BOOST) mode) 9.3 11.0 12.6 A
Boost peak current limit (in boost
IPEAK(BOOST) mode) 7.9 9.3 10.6 A
Boost peak current limit (in boost
IPEAK(BOOST) mode) 6.3 7.5 8.6 A
Boost peak current limit (in boost
IPEAK(BOOST) mode) 48 57 6.5 A
Buck peak current limit (in buck
IPEAK(BUCK) mode) 8.2 9.7 1.2 A
Buck peak current limit (in buck
IPEAK(BUCK) mode) 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) mode) 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 71 8.2 A
Buck peak current limit (in buck
IPEAK(BUCK) mode) 6.8 8.0 9.1 A

Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TPS25762-Q1

Submit Document Feedback 1

English Data Sheet: SLVSGL9


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tps25762-q1?qgpn=tps25762-q1
https://www.ti.com.cn/cn/lit/pdf/ZHCSP88
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSP88A&partnum=TPS25762-Q1
https://www.ti.com.cn/product/cn/tps25762-q1?qgpn=tps25762-q1
https://www.ti.com/lit/pdf/SLVSGL9

TPS25762-Q1

ZHCSP88A — DECEMBER 2022 — REVISED SEPTEMBER 2023

13 TEXAS
INSTRUMENTS

www.ti.com.cn

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

range unless otherwise stated.V\y = 13.5V, Vgy

PARAMETER TEST CONDITION MIN TYP MAX UNIT
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

. 1AL <3AV <25V,
lLmIT Lo Current limit accuracy Re - 18“;]9. CSN/BUS -250 250 mA
- 1AL <S3AV 225
lumir_Lo Current limit accuracy < 1 A Vi Re S%To o CSN/BUS -150 150 mA
lumiT HI Current limit accuracy > 3 A lour > 3 A, Vosnpus < 2.5 Vi Rs = -20 20 %
- 10 mQ
IUMIT HI Current limit accuracy > 3 A lour > 3 A, Vesnpus 2 2.5 V; Rs = -5 5 %
- 10 mQ

ILmiT_ MmN Minimum programmable current limit 1 A

lcL_sTeEP Current limit step size 1A<Ilout£5A;Rs=10mQ 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 o

FSss dither 8 10 12 %
N_egatwe frequency deviation during 12 10 8 %
dither

FSss mob Modulation frequency of dither DITHER_FREQ =0 9 10 1 kHz

FSss mob Modulation frequency of dither DITHER_FREQ =1 22.5 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 ViN =_12V; (VeooT1 - Vsw1) = 4.5V, 45 mo

Isw1=-1A
Ros(on) M2 ViN=12V; Isw1 = 1A 20 mQ
Ros(on) M4 ViN=12V; lsw2 = 1A 6 mQ
Vin = Vout = 12V: (Veoot2 - Vsw2) =

Rps(on) M3 + M5 45V, layp = -1 A 18 mQ
BOOT1 to SW1 rising UVLO

Vuv_soor1 R threshold 3.5 4 4.4 v
BOOT1 to SW1 falling UVLO

Vuv_BooT1_F threshold 2.9 3.4 37 \Y;
BOOT1 to SW1 UVLO hysteresis 680 mV
BOOT1 to SW1 rising OVP

Vov_BooT1_R threshold 4.6 5.3 5.9 \Y;
BOOT1 to SW1 falling OVP

Vov_BooT1_F threshold 4.3 5 5.6 Y
BOOT 1 OVP hysteresis 250 300 350 mV
BOOT2 to SW2 rising UVLO

Vuv_soor2 R threshold 35 4 44 v
BOOT2 to SW2 falling UVLO

Vuv_soot2_F threshold 2.9 34 37 \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
BOOT2 to SW2 UVLO hysteresis 680 mV
BOOT2 to SW2 rising OVP

Vov_BooT2_R threshold 4.6 5.3 5.9 Y
BOOT2 to SW2 falling OVP

Vov_soor_F threshold 43 5 56 v
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.Vy = 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 Ree = 47 kQ 1.85 v

Voo s Voltage whis Rp enables, nooad | e = 4710 295 v

IRy Unattached reverse current on Veey = 1_-3.5V, Veex = 0V, measure 10 uA
Px_CCy current into CCy

IRpstd current source - Standard 0 < Vgey < 1.0V, measure Iccy 64 80 96 pA

IrRp1.5 current source - 1.5A 0 <Vgey < 1.5V, measure Iccy 166 180 194 MA

Irp3.0 current source - 3.0A 0 < Vcgy <245V, measure Iccy 304 330 356 uA

Type-C Sink (Rd pull-down)

0V < Vp, ccy <2.1V, measure

Rsnk Rd pulldown resistance resistance on Px_CCy 4.6 5.6 kQ
. . 0V < Vpy 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: Vsres: Vsnkis Vsnkas
Vsnkas and Vsnia.

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 O, VLDO_5V = 5V,
R =10mQ , measure Ipy_ccy

30 50 70

ILimve short circuit current limit mA

setting 1, VLDO_SV = 5V,
R =10mQ , measure Ipy_ccy

VCONN disabled, T, <

125°C, Vpy ccy=5.5V, -1 0 10 MA
measure lpy_ccy

235 275 315

Leakage current into Px_Cy

lceyike pins
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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
Over-voltage protection .
Vve_ove threshold f?)r ng CCy Vipo_sv fising 56 59 6.2 v
Reverse current protection
threshold for Px_CCly, Vipo_sv =5V, Veey rising,
Vve_rep sourcing VCONN through  |setting 1. 230 310 390 mv
CCx
Reverse current protection
threshold for Px_CCy, Vipo sv =5V, Veey rising,
Vve_rep sourcing VCONN through  |setting 2. 60 155 250 mv
CCx
Time to disable Px_Cy
VCONN after VLDO 5v > _
t v C.=0 1.5 s
PP_CABLE_FSD Vvc_ovp Of Veex - Vipo sv > |+ H
Vvc Rcp
from disable signal to _ _
tpp_CABLE off Px_CCy at 10% of final % ;goo mA, Vipo_sv = 5V, 100 225 300 us
value L
External Vi po sv = 5V, for
tios_PpP_caBLE response time to short circuit | short circuit R = 10mQ. Set 2 us
VCONILIM = 1.
Internal V| pg sv = 5V, for
tios_PP_CABLE response time to short circuit | short circuit R, = 10mQ. 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.V,y = 13.5 V, EN = 2V unless otherwise stated.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Transmitter
Transmit high voltage on
VTxHI Px_CCy Standard External load 1.05 1.125 1.2 \%
Transmit low voltage on
VixLo Px_CCy Standard External load -75 75 mV
Transmit output impedance
ZpRIVER while driving the CC line measured at 750 kHz 33 75 Q
using Px_CCy
Rise time. 10 % to 90
% amplitude points on
tRise Px_CCy, minimum is under | Cpy ccy= 520 pF 300 ns
an unloaded condition.
Maximum set by TX mask
Fall time. 90 % to 10
% amplitude points on
trall Px_CCy, minimum is under | Cpy_ccy= 520 pF 300 ns
an unloaded condition.
Maximum set by TX mask
v OVP detection threshold for {;m'a"i/ g/%c\} Sthség x and 5.5 8.5 v
PHY_OVP USB PD PHY. 'CCZ = 9. ’ CCx . .
rises.
Receiver
Does not include pull-up
z @ Receiver input impedance or pulldown resistance from 1 MO
BMCRX on Px_CCy cable detect. Transmitter is
Hi-Z.
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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
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
Tsp_Hys hysteresis hysteresis 18 c
Temperature shutdown . o
Tsp_PA_VCONN thresphold Temperature rising 152 166 179 C
Temperature shutdown . o
Tsp_Hys hysteresis hysteresis 20 C
Temperature shutdown . o
Tsp_pa_vBUS_DISCH thresphold Temperature rising 155 166 177 C
Temperature shutdown . o
Tsp_Hvs hysteresis hysteresis 20 c
Temperature shutdown L o
Tsp_Lbosv threshold Temperature rising 165 177 188 C
Temperature shutdown . o
Tsp_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.Vy = 13.5V, EN =2V, unless otherwise stated.

PARAMETER TEST CONDITIONS MIN TYP MAX|  UNIT
FOSC(100K) 100KHz oscillator Trimmed. 89 103 111 kHz
Fosciam) 24MHz oscillator ;B'Té“ed' 0°Cs<Tas 23.64 242 2436|  MHz
Foso(em 24MHz oscillator Igg‘i?:ed' A0CsTas 233 24.2 245  MHz
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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.Vy = 13.5V, EN =2V, unless otherwise stated.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
LSB least significant bit 3.6V/max scaling, voltage 14 mvV
divider of 3
_— . 25.2V max scaling, voltage
LSB least significant bit divider of 21 98 mV
LSB least significant bit (Vese - Vesnsus)= 10 mV, 27 mA
30 mV
Eg Gain error 0A<Iltysp£0.9mA 2.7 2.7 %
. 0.05V < Vgpiox <
E Gain error =27 2.7 %
G 3.6V, Vgpiox < Vipo 3v3 °
Eg Gain error 2.7V <V|po 3v3 < 3.6V -24 24 %
Eg Gain error 0.6V = Vp, vpus <22V -2.4 24 %
Eg Gain error, current sense (Vesp - Vesnius)= 10 mV, 24 2.4 %
30 mV
Eg Gain error VN -2.4 24 %
Eg Gain error 4.3V <V po sy =5.5V -2.4 24 %
VosE) Offset error(") 0A<Irysp<0.9mA —4.1 15 mV
0.05V =V <
V. Offset error(!) GPIOX 4.1 4.1 mvV
OS(E) 3.6V, Vgpiox < Vipo_3v3
Vos() Offset error(") 2.7V < V|po 3v3 3.6V -4.1 4.1 mV
Vos(E) Offset error(!) 0.6V < Vpy ygus < 22V 4.1 4.1 mV
(Vesp - Vesnpus)= 10 mV,
Vos) Offset error(!) 30 MV 4.5 45 mA
Vos) Offset error(") Vin -4.1 4.1 mV
VOS(E) Offset errorm 43V < VLDO_5V <55V -4.1 41 mV
(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
VT\/sp_pU configuration ™) 0 < lyysp <1 mA 5.3 5.5 5.7 \%
Decode 0 Device configuration decode |Rtys = Open 1 MA
Decode 1 Device configuration decode |Rtys =93.1kQ 56.9 61.2 MA
Decode 2 Device configuration decode |Rryg =47.5kQ 111.6 120 MA
Decode 3 Device configuration decode |Ryys =29.4 kQ 180.3 193.9 MA
Decode 4 Device configuration decode |Rrys =20.0 kQ 265 285 MA
Decode 5 Device configuration decode |Rtys = 14.7 kQ 360.5 387.8 MA
Decode 6 Device configuration decode |Rtys = 11.0 kQ 481.8 518.2 MA
Decode 7 Device configuration decode |Rryys = 8.45 kQ 627.2 674.6 MA
Decode 8 Device configuration decode |Rryys = 6.65 kQ 797 857.1 MA
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VIN = 13.5V, EN = 2V. over operating free-air temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Crvsp = open; Ryysp = open.
Current limit when TVSP is  |All Px_Dy = 0 V and Px_CCy

sourcing. =0V. Vyysp =0 V. Measure
current flowing out of TVSP.

ItvspaLIMIT) 1.1 1.44 1.83 mA

(1)  For proper device configuration, V,y 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
GPIO0-9 (Inputs) (V)
Vin GPIOx high-Level input voltage 1.3 \Y
Vi GPIOx low-level input voltage 0.54 \%
GPIOx input hysteresis voltage 0.09 Vv
II(LEAKAGE) GPIOx Ieakage current VGPIOX =55V -8 8 |JA
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)
VoH GPIOx output high voltage lgpiox= -5mMA 2.9 \Y
VoL GPIOx output low voltage lgpiox=5mA 0.4 \%
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
¢ shift_00 Sthfltg()j( gg?gg?g&g;;ii ?:J tpr:jz:se and GPIO6 when configured as 0 degrees
P SYNC(O).
) Phase difference between fsw
¢ shift_90 Sthfltg()j( VDVE?SS?Q&Q;;?;?( ?:J tij?Se and GPIO6 when configured as 90 degrees
P SYNC(O).
) Phase difference between fsw
¢ shift_120 Gl.DIOX when configured as phase and GPIO6 when configured as 120 degrees
shifted DC/DC fsw clock output
SYNC(O).
) Phase difference between fsw
o shift_180 GPIOx when configured as phase |4 5p|0g 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 = 3OOkHZ)
Valid external clock frequency
f, 334 470 kHz
SYNC(400kHz) (fSW_intemaI = 400kHZ)
Valid external clock frequency
f; 376 530 kHz
SYNC(450kHz) (fSW_internaI = 450kHz)
LSGD
. . OVSVCSN/BUSSZ1 V;0Vs
| NFET driver sourcing current 10 13 16 A
LSGD_ON 9 (Visep - Vesnmpus) <4V H
. . ovs VCSN/BUS <21 V, ILSGD <
Viseb_oN (S\;)urcm_g\\//oltage V)Vh”e enabled 4 pA. Measure voltage between 6 8 Vv
LSGD ~ YCSN/BUS LSGD and CSN/BUS.
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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.Vy = 13.5V, EN =2V, unless otherwise stated.

PARAMETER

TEST CONDITIONS

MIN

TYP

MAX UNIT

Risep_oFF

Sinking resistance when disabled

Visep = Vesnmpus =5V

160

300 kQ

M

GPIO9 is normally configured as 12C_IRQ1m (master): input pin. I2C specification requires use of external pullup resistor. Input

thresholds (Vy; Vi) leakage current (I 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.

)

GPIO9 or GPIO1 may be configured as 12C_IRQ2s (slave): open-drain output pin. I2C 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.Vy = 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, VpxiDM =0V, measure 200 0
= between Px_DP and Px_DM DP to DM shorted resistance
Rpm_pwn_15k | Px_DM line pulldown resistance Vpx_pm = 3.6V 12 15 18 kQ
Rpm_pwn_20k | Px_DM line pulldown resistance Vpx_pm = 3.6V 14.25 19.53 24.8 kQ
DIVIDER MODES
Vo7v Output Voltage on DPy pin No load on DPy pin 2.57 2.7 2.83 \Y
Vo7v Output Voltage on DMy pin No load on DMy pin 2.57 2.7 2.83 \Y
Ry 7y Output Impedance on DPy 5pA pulled from DPy pin 24 30 36 kQ
Ry 7y Output Impedance on DMy 5uA pulled from DMy pin 24 30 36 kQ
Vqov Output Voltage on DMy No load on DMy 1.12 1.2 1.28 \%
R1.ov Output Impedance on DMy 5uA pulled from DMy 80 102 130 kQ
HVDCP THRESHOLD VOLTAGES
VoAt Rer g:]ta detection voltage on DP or DM 0.25 0.325 0.4 Vv
VseL_REF Output selection voltage DP or DM pin 1.8 2 2.2 Y
DP AND DM OVERVOLTAGE PROTECTION
Voy ove QOVP detection thresh_old for USB Initially \_/PXDV <3.6V, then 55 8.5 Vv
- Px_DP and Px_DM pins Vpx_py rises.

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.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

12C_IRQ1s, 12C_IRQ2

12C_IRQ1m

SDA and SCL Characteristics (Standard, Fast, Fast-mode Plus)

Vi Input low signal 0.54 \Y

Vi Input high signal 1.3 \Y

Vpp = 3.3 VINPUT LOGIC THRESHOLDS

Vi Input low signal 0.9 \Y

ViH Input high signal 2.31 \%

Vuys Input hysteresis 0.165 \%

VoL Output low voltage Vpp = 1.8V, lg.=2 mA 0.36

VoL Output low voltage Vpp = 3.3V, Ig. =3 mA 0.4 \%

loL Max output low current Vo =04V 12 mA
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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.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
ILEAK Input leakage current Voltage on pin = 3.3V -5 5 HA
C pin capacitance (internal) 10 pF
Capacitive load for each bus line
Cp (external). Applies in Standard- 400 pF
mode and Fast-mode.
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 _
tHD;STA hold time 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 high time Vpp = 1.8V or 3.3V us
Start or repeated start condition _
tSU;STA setup time VDD =1.8Vor 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;
t, 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 V|yminy to Vpp = 1.8V or 3.3V; measure 0.3 x 250 (4) ns
ViLmax) Vpp to 0.7 x Vpp
t Fall time of SCL and SDA signals |Vpp = 1.8V, Rpy = 2.8 kQ; 10 pF < 300
f (2) (4) (5) Cy, <400 pF ne
¢ Fall time of SCL and SDA signals |Vpp = 3.3V, Rpy = 2.8 kQ; 10 pF < 300
f @) ) Cp <400 pF ns
tsu:sTo Stop condition setup time Vpp = 1.8V or 3.3V 4 us
taur Bus free time between stop and Vpp = 1.8V or 3.3V 47 us
start
. . Transmitting Data; Vpp = 1.8V or
. (6) > VDD (3)
tvo:DAT Valid data time 3.3V, SCL low to SDA output valid 3.45 bs
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 _
tHD;STA hold time Vpp = 1.8V or 3.3V 0.6 us
tLow SCL Clock low time Vpp = 1.8V or 3.3V 1.3 us
tHiGH SCL Clock high time Vpp = 1.8V or 3.3V 0.6 ys
Start or repeated start condition _
tSU;STA setup time VDD =1.8Vor 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 (M ns
Vpp = 1.8V or 3.3V; Rpy = 850 Q;
t, Rise time of SCL and SDA signals |C, = 400 pF; measure 0.3 x Vpp to 20 300 ns
0.7 x VDD
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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.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
tos Output fall time from Viypuiny 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 Vypuiny to Vpp = 3.3V; measure 0.3 x Vpp to 12 250 (4) ns
ViLmax) 0.7 x Vpp
Fall time of SCL and SDA signals |Vpp = 1.8V; Rpy =850 Q; 10 pF <
te @) (4) (5) Cp < 400 pF 6.55 300 ns
Fall time of SCL and SDA signals |Vpp = 3.3V; Rpy =850 Q; 10 pF <
t @) (4) (5) Cp < 400 pF 12 300 ns
tsu:sTo Stop condition setup time Vpp = 1.8V or 3.3V 0.6 us
tour SBt:?tfree time between stop and Vpp = 1.8V or 3.3V 13 us
. . Transmitting Data; Vpp = 1.8V or
(6) » VDD 3)
tvppAT Valid data time 3.3V, SCL low to SDA output valid 0.9 us
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) tup:par = the data hold time that is measured from the falling edge of SCL, applies to data in transmission and the acknowledge.

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

(3) The maximum typ.pat could be 3.45 ps 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.

(4) 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;.

(5) 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.

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

(7) A Fast-mode I2C-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. Boost Peak Current Limit vs Temperature (upper
settings)
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7-18. Boost Peak Current Limit vs Temperature (lower
settings)
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7.17 Typical Characteristics (continued)
At V)N =12V, fy, = 400 kHz, unless otherwise stated.
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7-19. Buck Peak Current Limit vs Temperature (upper
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7-20. Buck Peak Current Limit vs Temperature (lower
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7-23. BOOTx OVP vs Temperature
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7-21. Buck Negative Current Limit vs Temperature 7-22. BOOTx UVLO vs Temperature
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7-24. Buck-Boost Switching Frequency Variation vs
Temperature
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7.17 Typical Characteristics (continued)
At V)N =12V, fy, = 400 kHz, unless otherwise stated.
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7-25. fs Dither Modulation Frequency vs Tempe