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5 Pin Configuration and Functions
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Pin Functions

PIN
TYPE(") DESCRIPTION
NAME NO.
BIAS 12 PWR Used for IEC protection. Typically, connect a 2.2-uF capacitor and a transient-voltage suppressor
(TVS) to ground and 5.1 kQ to OUT.
CS 6 (0] Linear cable compensation current. Connect to divider resistor of front-end dc-dc converter.
Logic-level control input for controlling the charging mode and the signal switches; see the Device
CTL1 8 |
Truth Table (TT).
Logic-level control input for controlling the charging mode and the signal switches; see the Device
CTL2 9 |
Truth Table (TT).
DM_IN 14 1/0 D - data line to downstream connector
DM_OUT 4 1/0 D - data line to upstream USB host controller
DP_IN 13 1/0 D+ data line to downstream connector
DP_OUT 5 110 D+ data line to upstream USB host controller
EN 7 | Logic-level control input for turning the power and signal switches on or off. When EN is low, the
device is disabled, and the signal and power switches are OFF.
FAULT 18 o Actlv‘e.-low, open-drain output, asserted during overtemperature, overcurrent, and overvoltage
conditions.
GND 11 — Ground connection; should be connected externally to the thermal pad.
ILIM_HI 20 | External resistor used to set the high current-limit threshold.
ILIM_LO 19 | External resistor used to set the low current-limit threshold and the load-detection current threshold.
This pin sources a scaled-down ratio of current through the internal FET. A resistor from this pin to
IMON 1 (0] : . )
GND converts current to proportional voltage; used as an analog current monitor.
Input supply voltage; connect a 0.1-uF or greater ceramic capacitor from IN to GND as close to the
IN 2,3 PWR :
IC as possible.
ouT 15,16 PWR Power-switch output
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Pin Functions (continued)

PIN
TYPE(") DESCRIPTION
NAME NO.
OVP SEL 10 | Logic-level control input for choosing the OUT overvoltage threshold. When OVP_SEL is low,
- V(OVﬁOUTﬁLOW) is active. When OVP_SEL is high, V(OVﬁOUTiHlGH) is active.
STATUS 17 (0] Active-low open-drain output, asserted in load-detect conditions
Thermal pad — — Thermal pad on the bottom of the package
(1) 1= Input, O = Output, I/O = Input and output, PWR = Power

6 Specifications
6.1 Absolute Maximum Ratings

Voltages are with respect to GND unless otherwise noted(")

MIN MAX UNIT
Voltage range CS, CTL1, CTL2, EN, FAULT, ILIM_HI, ILIM_LO, IN, -0.3 7 \Y
IMON, OVP_SEL, STATUS
DM_OUT, DP_OUT -0.3 5.7
BIAS, DM_IN, DP_IN, OUT -0.3 18
Continuous current DM_IN to DM_OUT or DP_IN to DP_OUT -100 100 mA
ouT Internally limited
Continuous output source current, Isgc | ILIM_HI, ILIM_LO, IMON Internally limited A
Continuous output sink current, Ignk FAULT, STATUS 25 mA
CS Internally limited A
Operating junction temperature, T, -40 Internally limited °C
Storage temperature, Tgyg -65 150 °C

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

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per AEC Q100-002() +2000)
Vieso) Eilse;:r:rzt:tic Charged-device model (C.)DM), per AEC Q100-011 | +7500) v
IEC 61000-4-2 contact discharge |DP_IN and DM_IN pins(4) +8000
IEC 61000-4-2 air di scharge DP_IN and DM_IN pins(#) +15000

(1)  AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

(2) The passing level per AEC-Q100 Classification H2.

(3) The passing level per AEC-Q100 Classification C5

(4) Surges per IEC 61000-4-2, level 4, 1999 applied from DP_IN and DM_IN to output ground of the TPS254900Q1EVM-817 (SLUUBIOQ)
evaluation module.

6.3 Recommended Operating Conditions

Voltages are with respect to GND unless otherwise noted.

MIN NOM MAX| UNIT
V(iNy Supply voltage IN 4.5 6.5 \Y
Input voltage CTL1, CTL2, EN, OVP_SEL 0 6.5 \%
DM_IN, DM_OUT, DP_IN, DP_OUT 0 3.6 \Y
louT) Output continuous current OUT (- 40°C < Tp < 85°C) 3.2 A
DM_IN to DM_OUT or DP_IN to DP_OUT -30 30 mA
4 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TPS254900A-Q1
English Data Sheet: SLUSCU5


https://www.ti.com/lit/pdf/SLUUBI0
https://www.ti.com.cn/product/cn/tps254900a-q1?qgpn=tps254900a-q1
https://www.ti.com.cn/cn/lit/pdf/ZHCSHG3
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSHG3B&partnum=TPS254900A-Q1
https://www.ti.com.cn/product/cn/tps254900a-q1?qgpn=tps254900a-q1
https://www.ti.com/lit/pdf/SLUSCU5

13 TEXAS
INSTRUMENTS

www.ti.com.cn

TPS254900A-Q1

ZHCSHG3B - NOVEMBER 2017 - REVISED JULY 2020

Voltages are with respect to GND unless otherwise noted.

MIN NOM MAX| UNIT

Continuous output sink current FAULT, STATUS 10 mA
Rium xx)  Current-limit-set resistors 9.6 1000 kQ
T, Operating junction temperature -40 125 °C
(1) Operating at output continuous current greater than 3.2A is possible, however lifetime will be degraded.
6.4 Thermal Information

TPS254900A-Q1
THERMAL METRIC() RVC (WQFN) UNIT
20 PINS

R ya Junction-to-ambient thermal resistance 37.9 °C/W
R 0 Jc(top) Junction-to-case (top) thermal resistance 39.9 °C/W
Rous Junction-to-board thermal resistance 11.9 °C/W
V1 Junction-to-top characterization parameter 0.5 °C/W
LTS Junction-to-board characterization parameter 11.8 °C/wW
R 0 ycboty Junction-to-case (bottom) thermal resistance 3.2 °C/W

M

report.

6.5 Electrical Characteristics

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

Unless otherwise noted, -40°C < TJ < 125°Cand 4.5V < V(IN) < 6.5 V, V(EN) = V(CTL1) = V(CTLZ) = V(|N), R(FAULT) =

Ristatus) = 10 kQ, Rumony = 2.55 kQ, Ryum_ iy = 19.1kQ, Ryuim_Loy = 80.6 k Q.. Positive currents are into pins. Typical
values are at 25°C. All voltages are with respect to GND.

PARAMETER

TEST CONDITIONS MIN TYP MAX| UNIT
OUT - POWER SWITCH
T,=25°C 45 55
"bS(on) On-resistance(") -40°C < T, < 85°C 45 69| me
-40°C <T; < 125°C 45 77
VOUT=6~5 \A V|N=VEN=0V, -40°C <TJ <
likg Reverse leakage current 85°C, measure |y, 0.01 2] pA
OUT - DISCHARGE
Discharge resistance (mode
RpcHa) change) 400 500 630 Q
CTL1, CTL2, EN, OVP_SEL INPUTS
Input pin rising logic
threshold voltage 0.8 1.35 2 v
Input pin falling logic
threshold voltage 0.7 1.15 185V
Hysteresis(?) 200 mV
Input current Pin voltage =0V or 6.5V -1 1] pA
CURRENT LIMIT
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Unless otherwise noted, -40°C < TJ < 125°Cand4.5V < V(lN) <6.5 V, V(EN) = V(CTL']) = V(CTLZ) = V(|N), R(FAULT) =
RisTatus) = 10 kQ, Rymony = 2.55 kQ, Ryum_Hiy = 19.1 kQ, Ryum Loy = 80.6 kQ. Positive currents are into pins. Typical
values are at 25°C. All voltages are with respect to GND.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Rium_Loy=210kQ 190 240 290
RqLim_Loy = 80.6 kQ 555 620 680
Rium_Loy=21.5kQ 2145 2300 2460
Rium_Loy = 19.1kQ 2420 2590 2760

los I(l)nl1Jl;I' short-circuit current Rauim_wy = 18.2kQ 2545 2720 2895 A
Roum_pny = 14.3kQ 3240 3455 3670
Roum_mny = 13.5kQ 3435 3660 3890
Raum_ny = 11.8 kQ 3930 4180 4440
Roum_mny = 9.6 kQ 4835 5135 5450
RLim_niy shorted to GND 5000 6500 8000
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Unless otherwise noted, -40°C < TJ < 125°Cand4.5V < V(lN) <6.5 V, V(EN) = V(CTL']) = V(CTL2) = V(|N), R(FAULT) =
RisTatus) = 10 kQ, Rymony = 2.55 kQ, Ryum_Hiy = 19.1 kQ, Ryum Loy = 80.6 kQ. Positive currents are into pins. Typical

values are at 25°C. All voltages are with respect to GND.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SUPPLY CURRENT
o ore) Disabled N supplycurent | (200 open) between EIAS and OUT 01 5
SDP mode (CTL1, CTL2=0, 1) 170 250
liN_on) Enabled IN supply current CDP mode (CTL1, CTL2=1, 1) 200 280 pA
Client mode (CTL1, CTL2 =0, 0) 120 210
UNDERVOLTAGE LOCKOUT, IN
IN rising 3.9 41 4.3
VuvLo) UVLO threshold voltage - \%
IN falling 3.3 3.5 3.7
FAULT
Output low voltage lFauLT) = 1 MA 100 mV
Off-state leakage V(FauLm) = 6.5V 2] pA
STATUS
Output low voltage IisTATUS) = 1 MA 100 mV
Off-state leakage V(sTaTUS) = 6.5V 2| pA
THERMAL SHUTDOWN
T(oTsb2) Thermal shutdown threshold 155 °C
Tiorson ;I;\hs;:::;ts_n:;ictjown threshold 135 c
Hysteresis(®) 20 °C
LOAD DETECT (Vc1i1 = Vet = Vin)
IiLp) louT load detection threshold | R(im_Loy = 80.6 k€, rising load current 585 650 715 mA
Hysteresis(®) 50 mA
DM_IN AND DP_IN OVERVOLTAGE PROTECTION
V(ov_Data) Protection trip threshold DP_IN and DM_IN rising 3.3 3.9 415 V
Hysteresis(®) 100 mV
DP_IN=DM_IN=18V,IN=5Vor0V 200
R(pCHG. Data) gi\igzg)rge resistor after DP_IN=DM_IN=5V,IN=5V 370 kQ
DP_IN=DM_IN=5V,IN=0 390
OUT OVERVOLTAGE PROTECTION
V(ov_out_Low) Protection trip threshold OUT rising 5.65 6 6.35| V
Hysteresis(®) 90 mV
V(ov_ouT_HIGH) Protection trip threshold OUT rising 6.6 6.95 73| V
Hysteresis(®) 130 mV
R(cHe_ouT) Discharge resistor OUT=18V.IN=5V > 85 kQ
- OUT=18V,IN=0 80 120
CABLE COMPENSATION
Load=3.2A,25V < Vg <65V 250 262 275
Load=3A,25V < Vg <65V 234 246 258
Ics) Sink current Load=24A,25V < Vg <65V 187 197 207| pA
Load =2.1A,25V < Vg <65V 163 172 181
Load=1A,25V < Vicg) <65V 77 82 87
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Unless otherwise noted, -40°C < TJ < 125°Cand4.5V < V(lN) <6.5 V, V(EN) = V(CTL']) = V(CTLZ) = V(|N), R(FAULT) =
RisTatus) = 10 kQ, Rymony = 2.55 kQ, Ryum_Hiy = 19.1 kQ, Ryum Loy = 80.6 kQ. Positive currents are into pins. Typical

values are at 25°C. All voltages are with respect to GND.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
CURRENT MONITOR OUTPUT (IMON)
Load =3.2A,0 < Vgvwon) < 25V 306 333 359
Load =3 A, 0 < Vguon) < 2.5V 287 312 337
Load =24 A, 0 < Vywon) < 2.5V 230 250 270
( )
lamon) Source current pA
Load =2.1A,0 < Vgyon) < 2.5V 201 218 235
Load=1A,0< V(|MON) <25V 94 104 114
Load =0.5A,0 < Vgyon) < 2.5V 44 52 60
HIGH-BANDWIDTH ANALOG SWITCH
Vop_out) = Viom_out) = 0 V, lpp_iN) = lom_iny = 30 3. 6.5
DP and DM switch on- mA
Rins_on) resistance = = = = e
Viop_out) = Viom_out) =24V, lpp_iN) = lom_IN) = 38 76
-15mA ’ ’
Viop_out) = Viom_out) =0V, Iipp_iny = liom_iny = 30
Switch resistance mismatch m(A -OUD = eM.oun (OFIN) = HOMIN) 0.05 0.15
[ ARHs_onyl between DP and DM - - - - Q
- channels Vop_out) = Viom_out) = 2.4 V, lpop_iNy = lom_iN) = 0.05 0.15
-15mA ' '
c DP and DM switch off-state VEN =0V, V(Dp_|N) = V(DM_IN) =0.3V, Vac=0.03 8.8 F
(10_OFF) capacitance® Vpp, f= 1 MHz . P
DP and DM switch on-state V(DP_IN) = V(DM_IN) =0.3V, Vac =0.03 Vpp, f=1
Cio_on capacitance® MHz 109 PF
Off-state isolation(3) VEn) =0V, f=250 MHz 8 dB
_()n-s’[_at¢-:-(4c;ross-channel f= 250 MHz 30 dB
isolation
Ven =0V, Vipp_iN) = Vom_iny = 3.6 V, Vipp_our) =
| Off-state leakage current - = - 0.1 15 A
Ikg(OFF) 9 V(DM_OUT) =0V, measure I(DP_OUT) and I(DM_OUT) H
BW Bandwidth (- 3 dB)® Ry =50 @ 940 MHz
CHARGING DOWNSTREAM PORT DETECT
V(DM_SRC) DM_'N CDP output Voltage V(DP_lN) =06V, -250 HA < I(DM_IN) <0 HA 0.5 0.6 0.7 \%
DP_IN rising lower window
V(DAT_REF) threshold for V(DM_SRC) 0.36 0.4 \Y
activation
Hysteresis(4) 50 mV
DP_IN rising upper window
V(LGC_SRC) threshold for VDM_SRC de- 0.8 0.88 \%
activation
V(LGC_SRC_HYS) Hysteresis(“) 100 mV
I(DPﬁSINK) DP_IN sink current V(DPilN) =06V 40 75 100 MA

(1) Pulse-testing techniques maintain junction temperature close to ambient temperature. Thermal effects must be taken into account

separately.

(2) This parameter is provided for reference only and does not constitute part of Tl's published device specifications for purposes of Tl's
product warranty.
(3) This parameter is provided for reference only and does not constitute part of Tl's published device specifications for purposes of Tl's
product warranty.
(4) This parameter is provided for reference only and does not constitute part of Tl's published device specifications for purposes of Tl's
product warranty.
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TPS254900A-Q1

6.6 Switching Characteristics

Unless otherwise noted -40°C < T; < 125°Cand 4.5V < V(|N) <65V, V(EN) = V(|N), V(CTL1) = V(CTL2) = V(|N). R(FAULT) =
R(STATUS) =10kQ, R(IMON) =2.55 KQ, R(ILIM_Hl) =19.1kQ, R(ILIM_LO) =80.6 kQ. Positive currents are into pins. Typlcal
values are at 25°C. All voltages are with respect to GND.

PARAMETER TEST CONDITIONS MIN TYP  MAX| UNIT
tr OUT voltage rise time 1.05 1.75 3.1 ms
- V(IN) =5 V, C(L) =1 IJF, R(L) =100 Q
t¢ OUT voltage fall time 0.27 0.47 0.82| ms
ton OUT voltage turnon time 7.5 11 ms
. V(|N) =5V, C(L) =1 uF, R(L) =100 @

toff OUT voltage turnoff time 2.7 5| ms
Discharge hold time (mode )

{DCHG. ) Change)g ( Time V(our) < 0.7 V 1.1 2 29| s
OUT short-circuit response

tios) time() P Viny = 5V, Rishorr) = 50 mQ 2 s

N . ) Bidirectional deglitch applicable to current-limit

Yoc_out_Faun  OUTFAULT deglitch time | o i only (no deglitch assertion for OTSD) 55 85 115 ms
Analog switch propagation _

tpd delay (1) V(|N) =5V 0.14 ns
Analog switch skew
between opposite transitions _

sk of the same port (tpp - Vi =5V 0.02 ns
tern) )

two_sem) Load-detect set time Viny =5V 120 210 280 ms

t(LD_RESET) Load-detect reset time V(|N) =5V 1.8 3 4.2 S
DP_IN and DM_IN

tov_pata) overvoltage protection 5 us
response time
OUT overvoltage protection

Yov_oum) response time 0.3 Hs
DP_IN and DM_IN FAULT-

Yov_p_rauLm) asserted degltich time ™ 16 23| ms
OUT_FAL_JLT-asserted 1 16 23 ms
degltich time

(1) These parameters are provided for reference only and do not constitute part of Tl's published device specifications for purposes of Tl's

product warranty.
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6.7 Typical Characteristics

Ta = 25°C, V(IN) =5V, V(EN) =5V, V(CTL1) = V(CTL2) =5V, FAULT and STATUS connect to V(IN) via a 10-kQ

pullup resistor (unless stated otherwise)

70

65

60

55

50

45

40

T

Power Switch On Resistance (mQ)

35

30
40 -25 -10 5

20 35 50 65 80 95 110 125
Junction Temperature (°C)

41

v

OUT Reverse Leakage Current (uA)

40 25 10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C)

40 25 10 5 20 35 50 65 80 95 110 125

Junction Temperature (°C)

& 6-3. OUT Discharge Resistance (Mode Change)
vs Temperature

V(IN) =5V V(OUT) =5V Measure I(OUT)
& 6-1. Power Switch On-Resistance vs ] 6-2. Reverse Leakage Current vs Temperature
Temperature
570 100
— V=45V N — V=5V
__ 560 — v=5.0V v . — Vn=0V
a ViNn=6.5V / g 90
g 550 /'/ 3 [
8 530 2 .
o o
70
% 520 e %
(c) % \\
@ 510 o 60 ~—_
5 500 = — |
o o 50
a00 F—
480 40

40 25 10 5 20 35 50 65 80 95 110 125

Junction Temperature (°C)

B 6-4. OUT Discharge Resistance (OVP) vs
Temperature
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3600 700
3400 600
< <
£ 820011 — RILIM_HI = 21.5K —— RILIM_HI = 182K € 500
E 5000| | —— RILIM_HI-19.1K — RILIM_HI - 143K E
= = 400
8 2800 8
O o
2 300
S 2600 5
< <
2 %)
5 2400 e 200
o 3
2200 100 — Rium Lo =210 kQ
—R =80.6 kQ
2000 0 ILIM_LO
40 25 10 5 20 35 50 65 80 95 110 125 40 -25 10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C) Junction Temperature (°C)
V(IN) =5V V(IN) =5V
5] 6-5. OUT Short-Circuit Current Limit vs & 6-6. OUT Short-Circuit Current Limit vs
Temperature | Temperature I
6 240
4 / 220
E f:ﬁ ///
k2 / Z 200 — —
®) O| | —
I | —1 —
z Z L —] ]
= = |_— //
//
o) M- | e 180
_V|N=4.5V — V|N=4.5V
— V=5V — Vn=5V
ViN=6.5V Vn=6.5V
2 160
40 25 -10 5 20 35 50 65 80 95 110 125 40 25 -10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C) Junction Temperature (°C)
CTL1 =1 CTL2 =1 CTL1 =1 CTL2 =1
K 6-7. Disabled IN Supply Current vs Temperature | & 6-8. Enabled IN Supply Current - CDP (11) vs
Temperature
660 42
650 41
‘\-\\\\ R %
640 o ¢4
< S8
= SE 39
§ 630 5%
5 =S
(&) - O
620 %'%: 3.8
T <
610 87
—— LLD - oy Rising Load Detect Threshold
—— 108 - lpyt Short Circuit Current Limit 36
600 ‘
40 25 10 5 20 35 50 65 80 95 110 125
40 25 10 5 20 35 50 65 80 95 110 125 Junction Temperature (°C)
Junction Temperature (°C)
V IN) = 5V
Viny =5V RiLm_Lo) = 80.6 )
kQ & 6-10. DP_IN Overvoltage Protection Threshold
. . vs Temperature
Kl 6-9. liouT) Rising Load-Detect Threshold and P
OUT Short-Circuit Limit vs Temperature
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s 7.3 300
o
o
< 7.2 250
o
<
= 74
'g 200 —
3 7 z
° 2
& | 5 150
o 6.9 — 9
£ 100
S 68
g
O 67 50
=z : —_— IOUT =1A IOUT =24A
o — lout=21A — loyT=3A
O 6.6 0
40 25 -10 5 20 35 50 65 80 95 110 125 40 25 -10 5 20 35 50 65 80 95 110 125 140
Junction Temperature (°C) Junction Temperature (°C)
V(|N) =5V V(IN) =5V V(CS) =25V
& 6-11. OUT Overvoltage Protection Threshold vs K 6-12. lics) vs Temperature
Temperature
300 340
250 320
300
200
— ,\280<|—IOUT=2.1A—IOT=2.4A IOUT=3AL
< <
2 150 2
[} 9]
Rs) © 260
100
240
50
— lour=1A louT=24A 220
— lout=21A — lout=3A
0 200
25 3 35 4 4.5 5 5.5 6 6.5 40 25 -10 5 20 35 50 65 80 95 110 125
Junction Temperature (°C) Junction Temperature (°C)
V|N =6.5V V|N =5V V(IMON) =25V
& 6-13. I cs) vs V(cs) Voltage & 6-14. lymon) vs Temperature
320
300
280 — IOUT=21A IOUT=3A
— IOUT=24A
< 260
2
[2]
© 240
220
200
180
0 0.5 1 15 2 2.5
Vs Voltage (V)
VlN =45V
K 6-15. I(IMON) VS V(cs) Voltage

12

Submit Document Feedback

Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: TPS254900A-Q1

English Data Sheet: SLUSCUS


https://www.ti.com.cn/product/cn/tps254900a-q1?qgpn=tps254900a-q1
https://www.ti.com.cn/cn/lit/pdf/ZHCSHG3
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSHG3B&partnum=TPS254900A-Q1
https://www.ti.com.cn/product/cn/tps254900a-q1?qgpn=tps254900a-q1
https://www.ti.com/lit/pdf/SLUSCU5

13 TEXAS
INSTRUMENTS

www.ti.com.cn

TPS254900A-Q1
ZHCSHG3B - NOVEMBER 2017 - REVISED JULY 2020

Measured on EVM with 10-cm cable
& 6-16. Bypassing the TPS254900A-Q1 Data

Measured on EVM with 10-cm cable

6-17. Through the TPS254900A-Q1 Data Switch

kQ

6-20. Enable Into Short (SDP)

Switch
° f . i '
v : : : { Vex
5 VE/giv ‘ : : 4 | & Widiv
VMot H / ' I'L i . ' ' Mot
| evdv / - . \y 2 \idiv
I()UT 7 IIJ.][
0.5 A/div - : 0.5 Aldiv
R(LOAD) =50Q C(LOAD) =10 yF t = 2 ms/div R(LOAD) =5Q C(LOAD) =10 pF t =1 ms/div
&l 6-18. Turnon Response & 6-19. Turnoff Response
| ey
s Vi | 5Vidv
{ 4 1 "
D e —
Wikaur | Wainiey
2y “2idiv
| — e | - —— S—
L haur
0.5 Ay 1 Aldiv
R(ILIM_LO) =80.6 t = 4 ms/div R(ILIM_Hl) =19.1kQ t =4 ms/div

i 6-21. Enable Into Short (CDP) - Thermal
Cycling
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y

/ I‘l'rl.'lll'.
{ 2 Vidiv

lIIII\'\I.IT
2 Vidiv /
S —
I‘\ll".l.l.'l..l
T AN 2 Wdiy
2 Vidiv o=
I\'.'Lll
ket 1 Afdiv
1 0.5 Addiv

RiLim_Lo) = 80.6 t = 2 ms/div

kQ

] 6-22. Short Circuit to No Load (SDP)

Roum_ny = 19.1kQ

K 6-23. Short Circuit to No Load (CDP)

t = 4 ms/div

& 6-24. Hot Short

—
o Iurr.N.
Vi & Vidiv
2 \Widiv
»
I\"\l"_*.'.T.-.'r.l.-i
2 iy
IIJIJI T
1 Addiv lowr
0.5 Addiv
-
R(ILIMiHI) =19.1kQ R(short) = 50 m Q t = 2 ms/div R(ILIM_LO) =80.6 t =100 ms/div

kQ

K] 6-25. Load-Detection Set Time

&| 6-26. Load-Detection Reset Time

& Waur Vivawer
5 Widiv 2 \diy
Vistaris
2 \idiy
Vour
. 5 Widiy
0.5 Aldiv
R(ILIM_LO) =80.6 t =1 s/div t =4 ms/div
ko Al 6-27.

OUT Short to Battery
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I"'I.FM T i
2 Vidiv g{}‘;,{,
Vour \
i
5 Widiv .
= T S W oF_IN
5 Widiy
t =100 ms/div t = 4 ms/div
| 6-28. OUT Short-to-Battery Recovery &l 6-29. DP_IN Short to Battery
WViau :
2 Widiv :
“"I"JJ.II.T
2 Widiv Ve |
i 2 Vidiv |
h'm.x__ W ?
Vs — cut |
5 i —_ bV |
i 1
L ‘\"u‘ [ |
2 Widiv {
|
Reias) = 5.1kQ t =100 ms/div Regias) = 5.1kQ t = 4 ms/div
& 6-30. DP_IN Short-to-Battery Recovery & 6-31. DP_IN Short to Vgys
I""I'-'#.«.ILT >1 940.32522 WHz rs,oroo‘o de
2 \fidiv
Vour
2 \idiv .
- I 2 e I L 200
Wor w
2 Vidi ;
R P =,
R(BlAS) = 51 kQ t - 200 mS/div T;:mnim IFBVY 10 kHz = Stop 8.5 GHz BRI |
& 6-32. DP_IN Short-to-Vgys and Recove - T
- BUS i K] 6-33. Data Transmission Characteristics vs

Frequency
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: e = A e
T;i(;mmz IFEVY 10 kHz = Stop 8.5 GHz [ | T;:Unmu IFBVY 10 kHz Asmos.sm\T
& 6-34. Off-State Data-Switch Isolation vs K] 6-35. On-State Cross-Channel Isolation vs

Frequency Frequency

7 Parameter Measurement Information

10 cm AWG18 O " Tg5mAWG2E
Tt °© TTT05mAWG2S
————————————— —_ // é
Manually Hot-short 0.5 mAWG22 O /v 3
I ________________ _—— -, T —_—_—_———— = C)/
| | | |
|
| 18V I I 5V I q
| | ' ouT |—
| | I I
|
: ] i I ™~ E
| z l I b DM_IN " I
[ 27 mF —— | g — I b
I 3 3BV T | | 8 < —> @
| g | | g § | — %
| £ Lo B 3 | s
| S | I 2 DP_IN I
: P |
| I |
| |
| GND | | GND :
|
| b |
| L } |
[ ' | PWR817A I
e o o o o — — — — — — — — — —— l e e e e e e e o o —— Jd
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8 Detailed Description
8.1 Overview

The TPS254900A-Q1 device is a USB charging controller and power switch which integrates D+ and D - short-
to-battery protection, cable compensation, current monitor (IMON), and IEC ESD protection suitable for
automotive USB charging and USB port protection applications.

The integrated power distribution switch uses N-channel MOSFETs suitable for applications where short circuits
or heavy capacitive loads will be encountered. The device allows the user to adjust the current-limit thresholds
using external resistors. The device enters constant-current mode when the load exceeds the current-limit
threshold.

The TPS254900A-Q1 device provides Vgys, D+, and D - short-to-battery protection. This protects the upstream
voltage regulator, automotive processor, and hub when these pins are exposed to fault conditions.

The device also integrates CDP mode, defined in the BC1.2 specification, to enable up to 1.5-A fast charging of
most portable devices during data communication.

The TPS254900A-Q1 device integrates a cable compensation (CS) feature to compensate for long-cable
voltage drop. This keeps the remote USB port output voltage constant to enhance the user experience under
high-current charging conditions.

The TPS254900A-Q1 device provides a current-monitor function (IMON) by connecting a resistor from the IMON
pin to GND to provide a positive voltage linearly with load current. This can be used for system power or
dynamic power management.

Additionally, the device provides ESD protection up to +8 kV (contact discharge) and +15 kV (air discharge) per
IEC 61000-4-2 on DP_IN and DM_IN.
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8.2 Functional Block Diagram
Current
Sense
N [] @ l ’ T {1 out
== = OVP1
y Disable + UVLO + (Short to BAT)
ILIM_HI [} > = Discharge + OVP
Current
Limit
ILm_Lo [ ] oo ”: —— ] OVP_SEL
Charge 8ms > '
Pum i
h p| , Deglitch [:l GND
EN I:] Driver oc _
L{ uvio J I F 1  —{ ] FaurT
CS I: Thermal
x82 PAA Sense
OTSD L
IEC ESD
OVP2/3 (Short to BAT) Protection| L) BIAS
IMON x104 uA/A i i
[ DM_IN
DM_OUT T
| a
| < DP_IN
DP_OUT s
- |
| '
|
! Y
cTLt [ Je—» CDP = =
Detection
Logic [ ’_' ] STATUS
Control | ¢
CTL2 []4—> [«—» Discharge |—<—|

Copyright © 2016, Texas Instruments Incorporated

8.3 Feature Description

8.3.1 FAULT Response

The device features an active-low, open-drain fault output. FAULT goes low when there is a fault condition. Fault
detection includes overtemperature, overcurrent, or overvoltage on Vgys, DP_IN and DM_IN. Connect a 10-k Q@
pullup resistor from FAULT to IN.

7 8-1 summarizes the conditions that generate a fault and actions taken by the device.
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%% 8-1. Fault Conditions

EVENT

CONDITION

ACTION

Overvoltage on the data lines

Vop_inyor Vipom_iny > 3.9V

The device immediately shuts off the USB data switches and
the internal power switch. The fault indicator asserts with a
16-ms deglitch, and deasserts without deglitch.

Overvoltage on V(our)

V(OUT) >6Vor6.95V

The device immediately shuts off the internal power switch
and the USB data switches. The fault indicator asserts with a
16-ms deglitch and deasserts without deglitch.

Overcurrent on V(our)

louT) > lios)

The device regulates switch current at | os) until thermal
cycling occurs. The fault indicator asserts and deasserts with
an 8-ms deglitch (the device does not assert FAULT on
overcurrent in SDP1 mode).

Overtemperature

T, > OTSD2 in non-current-limited or T, >
OTSD1 in current-limited mode.

The device immediately shuts off the internal power switch
and the USB data switches. The fault indicator asserts
immediately when the junction temperature exceeds OTSD2
or OTSD1 while in a current-limiting condition. The device
has a thermal hysteresis of 20°C.

8.3.2 Cable Compensation

When a load draws current through a long or thin wire, there is an IR drop that reduces the voltage delivered to
the load. In the vehicle from the voltage regulator 5-V output to the Vpp |y (input voltage of portable device), the
total resistance of power switch rpg(on) and cable resistance causes an IR drop at the PD input. So the charging
current of most portable devices is less than their expected maximum charging current.

Voury With Compensation

Vgyg With Compensation

=S
[
2
Qe

> |

|

|

5.x L

\\\\\V(DROP) |

S~ | . .
_______________ == Vpgyg Without Compensation

|

|

|

|

|

|

|

|

:

|

0 1 1 1 1 1] 1

05 1 15 2 25 3

lour) (A)

& 8-1. Voltage Drop

The TPS254900A-Q1 device detects the load current and applies a proportional sink current that can be used to
adjust the output voltage of the upstream regulator to compensate for the IR drop in the charging path. The gain

G(cs) of the sink current proportional to load current is 82 uA/A.
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& 8-2. Cable Compensation Equivalent Circuit

8.3.2.1 Design Procedure

To start the procedure, the total resistance, including the power switch rps(on) @and wire resistance Ryirg), must
be known.

1. Choose Rg) following the voltage-regulator feedback resistor-divider design guideline.
2. Calculate Rra) according to 77 f2£K 1.

Rea =(rpson)+ Rwirey)/ G(cs) (1)
3. Calculate R(rg) according to Equation 2.

Viout
Ree) =V _ R ( ,R) ~Rie) =R
(FB) ' R(G) (2)
4. Ccomp) in parallel with Rira) is required to stablilize Voyty when Cgys) is large. Start with Ccomp) = 3 *
G(cs) * C(our), then adjust C(cowmp) to optimize the load transient of the voltage regulator output. Vour)
stability should always be verified in the end application circuit.

8.3.3 D+ and D - Protection

D+ and D - protection consists of ESD and OVP (overvoltage protection). The DP_IN and DM_IN pins provide
ESD protection up to 15 kV (air discharge) and +8 kV (contact discharge) per IEC 61000-4-2 (see the 77 6.2
section for test conditions).

The ESD stress seen at DP_IN and DM _IN is impacted by many external factors, like the parasitic resistance
and inductance between ESD test points and the DP_IN and DM_IN pins. For air discharge, the temperature
and humidity of the environment can cause some difference, so the IEC performance should always be verified
in the end-application circuit.

The IEC ESD performance of the TPS254900A-Q1 device depends on the capacitance connected from BIAS to
GND. A 2.2-yF capacitor placed close to the BIAS pin is recommended. Connect the BIAS pin to OUT using a
5.1-k Q resistor as a discharge path for the ESD stress.

OVP protection is provided for short-to-Vgyg or short-to-battery conditions in the vehicle harness, preventing
damage to the upstream USB transceiver or hub. When the voltage on DP_IN or DM_IN exceeds 3.9 V (typical),
the TPS254900A-Q1 device quickly responds to block the high-voltage reverse connection to DP_OUT and
DM_OUT. Overcurrent short-to-GND protection for D+ and D - is provided by the upstream USB transceiver.
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8.3.4 Vgys OVP Protection

The TPS254900A-Q1 OUT pin can withstand up to 18 V. The internal MOSFET turns off quickly when a short-to-
battery condition occurs.

The TPS254900A-Q1 device has two OVP thresholds; one is 6 V (typical) and the other is 6.95 V (typical). Set
the OVP threshold using the external OVP_SEL pin.

8.3.5 Output and D+ or D - Discharge

To allow a charging port to renegotiate current with a portable device, the TPS254900A-Q1 device uses the OUT
discharge function. During mode change, the TPS254900A-Q1 device turns off the power switch while
discharging OUT with a 500-Q resistance, then turning back on the power switches to reassert the OUT voltage.

When an OVP condition occurs on DP_IN or DM_IN, the TPS254900A-Q1 device enables an internal 200-kQ
discharge resistance from DP_IN to ground and from DM_IN to ground. The analog switches are also turned off.
The TPS254900A-Q1 device automatically disables the discharge paths and turns on the analog switches once
the OVP condition is removed.

When an OVP condition occurs on OUT, the TPS254900A-Q1 device turns on an internal discharge path (see 3
8-2 for the discharge resistance). The TPS254900A-Q1 device automatically turns off the discharge path and
turns on the power switch once the OVP condition is removed.

% 8-2. OUT Discharge Resistance

0 0 0 _

0 0 1 80 kQ

0 1 0 _

0 1 1 80 kQ

1 0 0 500 Q

! 0 1 500 © or 55 kQ
1 1 0 _

1 1 1 55 kQ

(1) 0 =inactive, 1 = active
(2) — =nodischarge resistance

8.3.6 Port Power Management (PPM)

PPM is the intelligent and dynamic allocation of power. PPM is for systems that have multiple charging ports but
cannot power them all simultaneously.

8.3.6.1 Benefits of PPM
The benefits of PPM include the following:

* Delivers better user experience

* Prevents overloading of system power supply

* Allows for dynamic power limits based on system state

* Allows every port potentially to be a high-power charging port

* Allows for smaller power-supply capacity because loading is controlled

8.3.6.2 PPM Details

All ports are allowed to broadcast high-current charging. The current limit is based on ILIM_HI. The system
monitors the STATUS pin to see when high-current loads are present. Once the allowed number of ports asserts
STATUS, the remaining ports are toggled to a non-charging port. The current limit of the non-charging port is
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based on the ILIM_LO setting. The non-charging ports are automatically toggled back to charging ports when a
charging port deasserts STATUS.

STATUS asserts in a charging port when the load current is above ILIM_LO + 30 mA for 210 ms (typical).
STATUS deasserts in a charging port when the load current is below ILIM_LO - 20 mA for 3 seconds (typical).

8.3.6.3 Implementing PPM in a System With Two Charging Ports (CDP and SDP1)

8-3 shows the implementation of the two charging ports with data communication, each with a TPS254900A-
Q1 device and configured in CDP mode. In this example, the 5-V power supply for the two charging ports is
rated at less than 3.5 A. Both TPS254900A-Q1 devices have R v chosen to correspond to the low (1-A) and
high (2.4-A) current-limit setting for the port. In this implementation, the system can support only one of the two
ports at 2.4-A charging current, whereas the other port is set to the SDP1 mode and lgg corresponds to 1 A.

TPS254900A-Q1 Port 1 USBPCha1rging
ort
5V B
> IN ouT
EN1
> > EN DM_IN
FAULTT
< FAULT op_iN |
STATUS ILIM_LO < [ |
CTL1 _
100 kQ 9
E\
> cr2 =
TPS254900A-Q1 Port 1 USBPCrrla1rging
(o]
> N out
SAe > > EN DM_IN
FAULT2
< EAUCT op_N |
STATUS m_Lo | ‘
CTL1 _
[e]
100 kQ 2
e
w > oz E

Copyright © 2017, Texas Instruments Incorporated

%] 8-3. PPM Between CDP and SDP1

8.3.7 Overcurrent Protection

When an overcurrent condition is detected, the device maintains a constant output current and reduces the
output voltage accordingly. Two possible overload conditions can occur. In the first condition, the output is
shorted before the device is enabled or before the application of V(). The TPS254900A-Q1 device senses the
short and immediately switches into a constant-current output. In the second condition, a short or an overload
occurs while the device is enabled. At the instant the overload occurs, high currents flow for 1 to 2 u's (typical)
before the current-limit circuit reacts. The device operates in constant-current mode after the current-limit circuit
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has responded. Complete shutdown occurs only if the fault is present long enough to activate thermal limiting.
The device remains off until the junction temperature cools approximately 20°C and then restarts. The device
continues to cycle on and off until the overcurrent condition is removed.

8.3.8 Undervoltage Lockout

The undervoltage-lockout (UVLO) circuit disables the power switch until the input voltage reaches the UVLO
turnon threshold. Built-in hysteresis prevents unwanted oscillations on the output due to input voltage drop from
large current surges.

8.3.9 Thermal Sensing

Two independent thermal-sensing circuits protect the TPS254900A-Q1 device if the temperature exceeds
recommended operating conditions. These circuits monitor the operating temperature of the power-distribution
switch and disable operation. The power dissipation in the package is proportional to the voltage drop across the
power switch, so the junction temperature rises during an overcurrent condition. The first thermal sensor turns off
the power switch when the die temperature exceeds 135°C and the device is in current limit. The second thermal
sensor turns off the power switch when the die temperature exceeds 155°C regardless of whether the power
switch is in current limit. Hysteresis is built into both thermal sensors, and the switch turns on after the device
has cooled by approximately 20°C. The switch continues to cycle off and then on until the fault is removed. The
open-drain false-reporting output, FAULT, is asserted (low) during an overtemperature shutdown condition.

8.3.10 Current-Limit Setting

The TPS254900A-Q1 has two independent current-limit settings that are each adjusted externally with a resistor.
The ILIM_HI setting is adjusted with R m_niy connected between ILIM_HI and GND. The ILIM_LO setting is
adjusted with R(m_Loy connected between ILIM_LO and GND. Consult the device truth table (3% 8-3) to see
when each current limit is used. Both settings have the same relation between the current limit and the adjusting
resistor.

The following equation calculates the value of resistor for adjusting the typical current limit:

| (mA) 48687 V
OS(nom) = ]
R(ILIM_xx)O 9945 | )

©)

Many applications require that the current limit meet specific tolerance limits. When designing to these tolerance
limits, both the tolerance of the TPS254900A-Q1 current limit and the tolerance of the external adjusting resistor
must be taken into account. The following equations approximate the TPS254900A-Q1 minimum and maximum
current limits to within a few milliamperes and are appropriate for design purposes. The equations do not
constitute part of TI” s published device specifications for purposes of TI’ s product warranty. These equations
assume an ideal—no variation—external adjusting resistor. To take resistor tolerance into account, first
determine the minimum and maximum resistor values based on its tolerance specifications and use these values
in the equations. Because of the inverse relation between the current limit and the adjusting resistor, use the
maximum resistor value in the logmin) €quation and the minimum resistor value in the losmax) €quation.

46464 V
los(miny (MA) = 00074 Ly 32
Roum_x — kQ )
51820V
lOS(max) (mA) = R 0.9987 kQ + 38
(ILIM_ xx) (5)
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& 8-5. Current-Limit Setting vs Adjusting Resistor

The routing of the traces to the R jm_xx) resistors should have a sufficiently low resistance so as not to affect the
current-limit accuracy. The ground connection for the R(im xx) resistors is also very important. The resistors
must reference back to the TPS254900A-Q1 GND pin. Follow normal board layout practices to ensure that
current flow from other parts of the board does not impact the ground potential between the resistors and the

TPS254900A-Q1 GND pin.

8.4 Device Functional Modes
8.4.1 Device Truth Table (TT)

The device truth table (5% 8-3) lists all valid combinations for both control pins (CTL1 and CTL2), and the
corresponding charging mode. The TPS254900A-Q1 device monitors the CTL inputs and transitions to the
charging mode to which it is commanded.

Z 8-3. Truth Table

STATUS IMON FOR
CURRENT LIMIT CS FOR CABLE FAULT
CTL1 CTL2 MODE FOR LOAD CURRENT NOTES
SELECTED DETECT COMPENSATION MONITOR REPORT
0 0 N/A Client OFF OFF OFF OFF Power switch
mode(") is disabled,

only analog
switch is on.

0 1 ILIM_LO SDP OFF ON ON ON Standard SDP

1 0 ILIM_LO SDP1(2 OFF ON ON ON®) No OUT
discharge
between CDP
and SDP1 for
PPM

1 1 ILIM_HI CDP®@) ON ON ON ON

M

(2
(©)

mode is still active.

8.4.2 USB BC1.2 Specification Overview

No OUT discharge when changing from 10 to 11 or from 11 to 10.
A fault only trips OTSD, OUT, DP_IN, DM_IN, and OVP.

The BC1.2 specification includes three different port types:

Standard downstream port (SDP)
Charging downstream port (CDP)
Dedicated charging port (DCP)

No 5.1-k Q resistor from BIAS to OUT (open between the pins), or OUT still has 5-V voltage from an external downstream port; client
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BC1.2 defines a charging port as a downstream-facing USB port that provides power for charging portable
equipment. Under this definition, CDP and DCP are defined as charging ports.

7 8-4 lists the difference between these port types.
# 8-4. Operating Modes Table

PORT TYPE SUPPORTS USB 2.0 COMMUNICATION DRI\I’:«‘Q\?([\:MBUYMPQLRI:I%VBVGEB Iégglgﬁiﬁir( A)
SDP (USB 2.0) YES 0.5
SDP (USB 3.0) YES 0.9
CDP YES 1.5
DCP NO 1.5

8.4.3 Standard Downstream Port (SDP) Mode — USB 2.0 and USB 3.0

An SDP is a traditional USB port that follows the USB 2.0 or USB 3.0 protocol. An SDP supplies a minimum of
500 mA per port for USB 2.0 and 900 mA per port for USB 3.0. USB 2.0 and USB 3.0 communication is
supported, and the host controller must be active to allow charging.

8.4.4 Charging Downstream Port (CDP) Mode

A CDP is a USB port that follows the USB BC1.2 specification and supplies a minimum of 1.5 A per port. A CDP
provides power and meets the USB 2.0 requirements for device enumeration. USB 2.0 communication is
supported, and the host controller must be active to allow charging. The difference between CDP and SDP is the
host-charge handshaking logic that identifies this port as a CDP. A CDP is identifiable by a compliant BC1.2
client device and allows for additional current draw by the client device.

The CDP handshaking process occurs in two steps. During the first step, the portable equipment outputs a
nominal 0.6-V output on the D+ line and reads the voltage input on the D - line. The portable device detects the
connection to an SDP if the voltage is less than the nominal data-detect voltage of 0.3 V. The portable device
detects the connection to a CDP if the D - voltage is greater than the nominal data-detect voltage of 0.3 V and
optionally less than 0.8 V.

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

The TPS254900A-Q1 device integrates CDP detection protocol, used at a downstream port as the CDP
controller to support CDP portable-device fast charge up to 1.5 A.

8.4.5 Client Mode

The TPS254900A-Q1 device integrates client mode as shown in 8-6. The internal power switch is OFF to
block current flow from OUT to IN, and the signal switches are ON. This mode can be used for software
upgrades from the USB port.
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& 8-6. Client-Mode Equivalent Circuit

Passing the IEC 61000-4-2 test for DP_IN and DM_IN requires connecting a discharge resistor to OUT during
USB 2.0 high-speed enumeration. In client mode, because the power switch is OFF, OUT must be 5 V so that
the device can work normally (usually powered by an external downstream USB port). If the OUT voltage is low,
the communication may not work properly.

8.4.6 High-Bandwidth Data-Line Switch

The D+ and D - data lines pass through the device to enable monitoring and handshaking while supporting the
charging operation. A wide-bandwidth signal switch allows data to pass through the device without corrupting
signal integrity. The data-line switches are turned on in any of the CDP, SDP or client operating modes. The EN
input must be at logic high for the data-line switches to be enabled.

HiE

*  While in CDP mode, the data switches are ON, even during CDP handshaking.

* The data switches are only for the USB-2.0 differential pair. In the case of a USB-3.0 host, the
super-speed differential pairs must be routed directly to the USB connector without passing
through the TPS254900A-Q1 device.

* Data switches are OFF during OUT (Vgys) discharge.
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9 Application and Implementation

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

suitability of components for their purposes. Customers should validate and test their design
implementation to confirm system functionality.

9.1 Application Information

The TPS254900A-Q1 device is a USB charging-port controller and power switch with cable compensation and
short-to-battery protection for Vgyg, D+, and D - . The device is typically used for automotive USB port protection
and as a USB charging controller. The following design procedure can be used to select components for the
TPS254900A-Q1 device. This section presents a simplified discussion of how to choose external components for
Vgus, D+, and D - short-to-battery protection. For cable-compensation design information, see the data sheet
(SLUSCES3) for the TPS2549-Q1 device, which has features and design considerations very similar to those of
the TPS254900A-Q1 device.

9.2 Typical Application

For an automotive USB charging port, the Vgys, D+, and D - pins are exposed and require a protection device.
The protection required includes Vgyg overcurrent, D+ and D - ESD protection, and short-to-battery protection.
This charging-port device protects the upstream dc-dc converter (bus line) and automotive SOC or hub chips
(D+ and D - data lines). An application schematic of this circuit with short-to-battery protection is shown in 4]

9-1.
10 pF
i I TPS254900A-Q1 1210 L 2 v —
- T T ; 3BV T <§’: -
X7R 7
5V
> IN ouT Vaus
§<LEZ € oroler oMo DM_IN D- %
—o‘< é ; Controller DP_OUT - =
s> ez ¢ 3
DP_IN D+ n
EN @
» > EN g >
= GND
FAULT 0
« FAULT BIAS C -
— v =
STATUS __ 258%2 —_— i
< STATUS S0V j =
X7R |
» > CTL1 =
Mode —
lect |
Select 1/0 > CTLo ILIM_LO <
Logic /0 ,} OVP_SEL ILIM_HI <
Upstream DC-DC ;> cs ¢ <
Converter = ©
<] 5
ADC =« * IMON
g jpu— jp— e
4
[Te]
wn
Y
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B 9-1. Typical Application Schematic: USB Port Charging With Cable Compensation
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9.2.1 Design Requirements

For this design example, use the following as the input parameters.

DESIGN PARAMETER EXAMPLE VALUE
Battery voltage, V(gar) 18V
Short-circuit cable 0.5m

9.2.2 Detailed Design Procedure
To begin the design process, the designer must know the following:

* The battery voltage

* The short-circuit cable length

*  The maximum continuous output current for the charging port. The minimum current-limit setting of
TPS254900A-Q1 device must be higher than this current.

*  The maximum output current of the upstream dc-dc converter. The maximum current-limit setting of
TPS254900A-Q1 device must be lower than this current.

* For cable compensation, the total resistance including power switch rps(on), cable resistance, and connector
contact resistance must be specified.

9.2.2.1 Input Capacitance
Consider the following application situations when choosing the input capacitors.

For all applications, Tl recommends a 0.1-uF or greater ceramic bypass capacitor between IN and GND, placed
as close as possible to the device for local noise decoupling.

During output short or hot plug-in of a capacitive load, high current flows through the TPS254900A-Q1 device
back to the upstream dc-dc converter until the TPS254900A-Q1 device responds (after tos)). During this
response time, the TPS254900A-Q1 input capacitance and the dc-dc converter output capacitance source
current to keep V|y above the UVLO of the TPS254900A-Q1 device and any shared circuits. Size the input
capacitance for the expected transient conditions and keep the path between the TPS254900A-Q1 device and
the dc-dc converter short to help minimize voltage drops.

Input voltage overshoots can be caused by either of two effects. The first cause is an abrupt application of input
voltage in conjunction with input power-bus inductance and input capacitance when the IN pin is in the high-
impedance state (before turnon). Theoretically, the peak voltage is 2 times the applied voltage. The second
cause is due to the abrupt reduction of output short-circuit current when the TPS254900A-Q1 device turns off
and energy stored in the input inductance drives the input voltage high. Applications with large input inductance
(for example, a connection between the evaluation board and the bench power supply through long cables) may
require large input capacitance to prevent the voltage overshoot from exceeding the absolute-maximum voltage
of the device.

During the short-to-battery (EN = HIGH) condition, the input voltage follows the output voltage until OVP
protection is triggered (t.ov_our))- After the TPS254900A-Q1 device responds and turns off the power switch, the
stored energy in the input inductance can cause ringing.

Based on the three situations described, 10-yF and 0.1-pyF low-ESR ceramic capacitors, placed close to the
input, are recommended.

9.2.2.2 Output Capacitance
Consider the following application situations when choosing the output capacitors.

After an output short occurs, the TPS254900A-Q1 device abruptly reduces the OUT current, and the energy
stored in the output power-bus inductance causes voltage undershoot and potentially reverse voltage as it
discharges.

Applications with large output inductance (such as from a cable) benefit from the use of a high-value output
capacitor to control the voltage undershoot.
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For USB port applications, because the Vgyg pin is exposed to IEC61000-4-2 level-4 ESD, use a low-ESR
capacitance to protect OUT.

The TPS254900A-Q1 device is capable of handling up to 18-V battery voltage. When Vgyg is shorted to the
battery, the LCR tank circuit formed can induce ringing. The peak voltage seen on the OUT pin depends on the
short-circuit cable length. The parasitic inductance and resistance varies with length, causing the damping factor
and peak voltage to differ. Longer cables with larger resistance reduce the peak current and peak voltage.
Consider high-voltage derating for the ceramic capacitor, because the peak voltage can be higher than twice the
battery voltage.

Based on the three situations described, a 10-uyF, 35-V, X7R, 1210 low-ESR ceramic capacitor placed close to
OUT is recommended. If the battery voltage is 16 V and a 16-V transient voltage suppressor (TVS) is used, then
the capacitor voltage can be reduced to 25 V. Considering temperature variation, placing an additional 35-V
aluminum electrolytic capacitor can lower the peak voltage and make the system more robust.

9.2.2.3 BIAS Capacitance
The capacitance on the BIAS pin helps the IEC ESD performance on the DM _IN and DP_IN pins.

When a short to battery on DP_IN, DM_IN and/or OUT occurs, high voltage can be seen on the BIAS pin. Place
a 2.2-yF, 50-V, X7R, 0805, low-ESR ceramic capacitor close to the BIAS pin. The whole current path from BIAS
to GND should be as short as possible. Additionally, use a 5.1-kQ discharge resistor from BIAS to OUT.

9.2.2.4 Output and BIAS TVS

The TPS254900A-Q1 device can withstand high transient voltages due to LCR tank ringing, but in order to make
OUT, DP_IN, and DM_IN robust, place one TVS close to the OUT pin, and another TVS close to the BIAS pin.
When choosing the TVS, the reverse standoff voltage Vg depends on the battery voltage (16 V or 18 V).
Considering the peak pulse power capability, a 400-W device is recommended such as an SMAJ16 for a 16-V
battery or an SMAJ18 for an 18-V battery.

9.2.3 Application Curves

N LI i B P T T

4 ‘:. D'_Ik o
N e
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10 Addiy | B 13:3-{;“
Vgar =14V t =10 ps/div Vgar =18V t =10 ps/div
K 9-2. Disabled, 25-V, 1206, X7R CoyTt Capacitor & 9-3. Disabled, 35-V, 1210, X7R Coyt Capacitor
Without SMAJ18 Without SMAJ18
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10 Power Supply Recommendations

The TPS254900A-Q1 device is designed for a supply voltage range of 4.5V < V|y < 6.5V, with its power
switch used for protecting the upstream power supply when a fault such as overcurrent or short to ground occurs
on the USB port. Therefore, the power supply should be rated higher than the current-limit setting to avoid
voltage drops during overcurrent or short-circuit conditions.

11 Layout
11.1 Layout Guidelines

Layout best practices for the TPS254900A-Q1 device are listed as follows.

* Considerations for input and output power traces
- Make the power traces as short as possible.
- Make the power traces as wide as possible.
* Considerations for input-capacitor traces
- For all applications, 10-uF and 0.1-uF low-ESR ceramic capacitors are recommended, placed close to the
IN pin.
* The resistors attached to the ILIM_HI and ILIM_LO pins of the device have several requirements.
- Itis recommended to use 1% low-temperature-coefficient resistors.
- The trace routing between these two pins and GND should be as short as possible to reduce parasitic
effects on current limit. These traces should not have any coupling to switching signals on the board.
* Locate all TPS254900A-Q1 pullup resistors for open-drain outputs close to their connection pin. Pullup
resistors should be 100 kQ.
- If a particular open-drain output is not used or needed in the system, tie it to GND.
* ESD considerations
- The TPS254900A-Q1 device has built-in ESD protection for DP_IN and DM_IN. Keep trace lengths

minimal from the USB connector to the DP_IN and DM_IN pins on the TPS254900A-Q1 device, and use
minimal vias along the traces.

- The capacitor on BIAS helps to improve the IEC ESD performance. A 2.2-uF capacitor should be placed
close to BIAS, and the current path from BIAS to GND across this capacitor should be as short as
possible. Do not use vias along the connection traces.

- A 10-pF output capacitor should be placed close to the OUT pin and TVS.

- See the ESD Protection Layout Guide (SLVA680) for additional information.

* TVS Considerations

- For OUT, a TVS like SMAJ18 should be placed near the OUT pin.
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For BIAS, a TVS like SMAJ18 should be placed close to the BIAS pin, but behind the 2.2-uF capacitor.
The whole path from OUT to GND or BIAS to GND across the TVS should be as short as possible.

DP_IN, DM_IN, DP_OUT, and DM_OUT routing considerations

Route these traces as microstrips with nominal differential impedance of 90 Q.

Minimize the use of vias on the high-speed data lines.

Keep the reference GND plane devoid from cuts or splits above the differential pairs to prevent impedance
discontinuities.

For more USB 2.0 high-speed D+ and D - differential routing information, see the High Speed USB
Platform Design Guideline from Intel.

Thermal Considerations

When properly mounted, the thermal-pad package provides significantly greater cooling ability than an
ordinary package. To operate at rated power, the thermal pad must be soldered to the board GND plane
directly under the device. The thermal pad is at GND potential and can be connected using multiple vias to
inner-layer GND. Other planes, such as the bottom side of the circuit board, can be used to increase heat
sinking in higher-current applications. See the PowerPad™ Thermally Enhanced Package application
report (SLMA002) and PowerPAD™ Made Easy application brief (SLMAQ004) for more information on
using this thermal pad package.
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11.2 Layout Example
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Bl 11-1. TPS254900A-Q1 Layout Diagram
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12 Device and Documentation Support
12.1 Device Support

12.2 Documentation Support

12.2.1 Related Documentation

For related documentation see the following:

* High Speed USB Platform Design Guidelines, Intel

* TPS254900AQ1EVM-003 Evaluation Module User's Guide (SLVUB94)

* TPS254900Q1EVM-817 Evaluation Module User's Guide (SLUUBIO)

* TPS2549-Q1 Automotive USB Charging Port Controller and Power Switch with Cable Compensation Data
Sheet (SLUSCE3)
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13 Mechanical, Packaging, and Orderable Information

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

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TPS254900AIRVCRQ1 Active Production WQFN (RVC) | 20 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 25490AQ
TPS254900AIRVCRQ1.A Active Production WQFN (RVC) | 20 3000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 25490AQ
TPS254900AIRVCTQ1 Active Production WQFN (RVC) | 20 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 25490AQ
TPS254900AIRVCTQ1.A Active Production WQFN (RVC) | 20 250 | SMALL T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 25490AQ

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

) |ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
LR ey R g T
o| |e e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS254900AIRVCRQ1 | WQFN RVC 20 3000 330.0 12.4 3.3 4.3 1.1 8.0 12.0 Q1
TPS254900AIRVCTQ1 | WQFN RVC 20 250 180.0 12.4 33 43 11 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS254900AIRVCRQ1 WQFN RvVC 20 3000 367.0 367.0 35.0
TPS254900AIRVCTQ1 WQFN RvVC 20 250 210.0 185.0 35.0
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GENERIC PACKAGE VIEW
RVC 20 WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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PACKAGE OUTLINE
RVCO0020A WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD
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0.8 MAX
A B W = s =)
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. 4 J 20X 015
PIN 11D
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0.45 .
20X ¢35

4219150/B 03/2017

NOTES:

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

2. This drawing is subject to change without notice.

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

RVCO0020A WQFN - 0.8 mm max height
PLASTIC QUAD FLATPACK - NO LEAD
(1.6)
SEMM (RO.05)
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LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:18X
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EXPOSED METAL——
j\- :
| |
}
™~ —_SoLDER MASK ‘\ /XMETAL UNDER
OPENING Nt SOLDER MASK

NON SOLDER MASK
DEFINED
(PREFERRED)

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

4219150/B 03/2017

NOTES: (continued)

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

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
RVCO0020A WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

e 2X (1.47) —]
20 17

T

20X (0.2)

(RO.05) TYP

[

SOLDER PASTE EXAMPLE
BASED ON 0.1 mm THICK STENCIL

EXPOSED PAD X
81% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
SCALE:20X

4219150/B 03/2017

NOTES: (continued)

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