WP5401
/ USB Type-C Port Protector: Short-to-VBUS

Overvoltage and IEC ESD Protection

1.General Description 2. Features

The WP5401 is a USB Type-C port protection chip ¢ ghort to VBUS Overvoltage Protection for CC1,
that provides 20-V Short-to-VBUS overvoltage and CC2 SBUA1 and SBU2

IEC ESD protection.

® |EC 61000-4-2 ESD Protection for CC1, CC2,
By integrating low on-resistance power switch and SBU1, SBU2
low capacitance TVS, the WP5401 protects USB
Type-C ports CC, SBU that undergoing overvoltage
and IEC 61000-4-2 system level ESD without
interfering with normal operation.

® Low on-resistance protection FET for CC1 and
CC2 passing 600 mA Vconn current
Fast OVP response for CCX and SBUX

® CC Dead Battery Resistors integrated for
handling dead battery use case in mobile
devices

® Package: WLCSP16

3. Applications

® Laptop PC
® Tablets
® Smart phones
® Monitors and TVS
® Docking Stations
4. Typical Application
N R1 =
[T I C2
T | Type-C
:I: VPWR FLT VBIAS RPD_G1 RPD_G2 ||| Connector
= cc1 c_cc1 cc1
a— SBU1 C_SBU1 | { SBU1
a— SBU2 C_SBU2 SBU2
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USB Type-C Port Protector: Short-to-VBUS Overvoltage and IEC ESD Protection

5. Pin Configuration

TOP VIEW BOTTOM VIEW
//i\ /"\ //‘\ //_‘-\
A1, | A2 ) [ A3 | [ A4 )
\\___/ \\___/ \\__/ \\___/
C_sBuUz2 c_cc1 c_ccz2 VBIAS SBU1 SBU2
VRN PREEREN PAEEREN VAN
' B1, (B2, (B3, (B4,
\\)/ \\)/ \\)/ \\)/
C_SBuU1 RPD_G1 RPD_G2 FLT VPWR
TN T TN T TN T TN
(c1,1cC2,(cC3,)I[cC4),
\.__)/ \.__)/ \.__)/ \,__,/
GND GND GND VPWR C_SBU1 RPD_G1 RPD_G2
/"H\ /’h'\ /f‘-'\ //H\
(D1, [ D2, ( D3, | D4,
\\__/ \\__/ \\___/ \\__/
SBU1 SBU2 CC1 Ccc2 C_sBuU2 C_Ccc1 c_Cccz2 VBIAS
6. Pin Description
PIN NUMBER ’ PIN NAME ‘ 110 ‘ PIN FUNCTIONS
tor si fthe SBU2 OVP FET. t to either SB
A1 C_SBU2 e Cpnnec or side of the SBU2 O Connect to either SBU
pin of the USB Type-C connector.
A2 C_co e Cpnnector side of the CC1 OVP FET. Connect to either CC
pin of the USB Type-C connector.
A3 C_Cco2 e Cpnnector side of the CC2 OVP FET. Connect to either CC
pin of the USB Type-C connector.
Ad VBIAS Power Pi.n fo.r ESD support capacitor. Place a 0.1-yF capacitor on
this pin to ground.
B1 C_SBU1 /0 Connector side of the SBU1 OVP FET. Connect to either SBU
pin of the USB Type-C connector.
B2 RPD_G1 /0 Short to C_CCH1 if dead battery resistors are needed. If dead
battery resistors are not needed, short pin to GND.
B3 RPD_G2 /0 Short to C_CC2 if dead battery resistors are needed. If dead
battery resistors are not needed, short pin to GND.
Open drain for fault reporting. Under over temperature & over
B4 FLT O voltage conditions, pull low. Otherwise stay high-Z.
Connect to VPWR by external resistor.
C1,C2,C3 GND GND Ground.
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PIN NUMBER ’ PIN NAME ‘ /10 ‘ PIN FUNCTIONS
C4 VPWR Power 2.7V - 5.5V power supply.
D1 SBU1 1o System side of the SBU1 OVP FET. Connect to either SBU

pin of the SBU MUX.
System side of the SBU2 OVP FET. Connect to either SBU

D2 SBU2 I/0
pin of the SBU MUX.

D3 cci e System side of the CC1 OVP FET. Connect to either CC pin
of the CC/PD controller.

D4 CC2 /o System side of the CC2 OVP FET. Connect to either CC pin

of the CC/PD controller.

7. Absolute Maximum Ratings

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

PARAMETER RATING UNIT
VPWR -0.3to 6 \%
Input Voltage
RPD_G1, RPD_G2 -0.3t0 24 Vv
FLT -0.3t0 6 v
Output Voltage
VBIAS -0.3t0 24 \Y,
CC1, CC2, sBU1, sBU2 -0.3t0 6 Vv
I/0 Voltage
C_CC1,C_CC2,C_SBuU1,C_SBU2 -0.3t0 24 Vv
Output Current CC1, CC2 1.25 A
Operating Free Air Temperature -40 to 85 °C
Storage Temperature -65 to 150 °C

NOTE [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.
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8. ESD Ratings—JEDEC Specification

PARAMETER
H -B Model (HBM

uman-Body Model ( ), 46000 vV

Per ANSI/ESDA/JEDEC JS-001[2

N Charged-Device Model (CDM),

Electrostatic Disch +2000 \%

ectrostalic ischarge Per ANSI/ESDA/JEDEC JS-0020%
Latch-up model, per JEDEC JESD78F-2022 +800 mA

NOTE [2]: JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
Pins listed as £2000 V may actually have higher performance.
NOTE [3]: JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

Pins listed as £500 V may actually have higher performance.

9. ESD Ratings—IEC Specification

PARAMETER VALUE UNIT

Contact Discharge +10000
IEC 61000-4-2, C_CC1,
C_CcC2
Air-gap Discharge +20000
Electrostatic Vv
Discharge
Contact Discharge +10000
IEC 61000-4-2, C_SBU1,
C_SBU2
Air-gap Discharge +20000
Lightning and Surge IEC 61000-4-5, C_CC1,C_CC2,C _SBU1, C _SBU2 +50 \Y
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10. Recommended Operating Conditions

(Over operating free-air temperature range, unless otherwise noted)

SYMBOL PARAMETER MIN TYP. MAX UNIT
VPWR 2.7 3.3 5.5 \Y
ViN Input Voltage
RPD_G1, RPD_G2 0 5.5 \Y
Vour FLT Pull-up Resistor Power Rail 2.7 5.5 \Y
CC1, CC2,C_ccC1,
. . \Y
C_Cc2 0 55
Vio I/0 Voltage
SBU1, SBU2, C_SBUI1, 0 43 Vv
C_SBU2 ’
Current flowing into
CC1/2 and flowing out of
lvconn | Veonn Current 600 mA

C_CcC1/2,

Veex — Ve_cex < 250 mV
Current flowing into
lvconn | Veonn Current|CC1/2 and flowing out of 1.25 A
C_CC1/2,T;£105°C

FLT Pull-up Resistance 1.7 300 kQ

External VBIAS C it Bl 0.1 F
Components!¥l apactiahce ' M

VPWR Capacitance 0.3 1 uF

NOTE [4]: For recommended values for capacitors and resistors, the typical values assume a component placed on the board
near the pin. Minimum and maximum values listed are inclusive of manufacturing tolerances, voltage derating, board capacitance,
and temperature variation. The effective value presented must be within the minimum and maximums listed in the table.

NOTE [5]: The VBIAS pin requires a minimum 35-Vpc rated capacitor. A 50-Vbc rated capacitor is recommended to reduce

capacitance derating. See the VBIAS Capacitor Selection section for more information on selecting the VBIAS capacitor.

(6)] |
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11. Electrical Characteristics

(Over operating free-air temperature range, unless otherwise noted)

SYMBOL PARAMETER TEST CONDITIONS ‘ MIN TYP. MAX | UNIT

CC OVP Switches

On resistance of CC

Ron OVP FETs, CCX=55V 300 600 mQ
T,£85°C
) Sweep CCX voltage between
RonFLat On resistance flatness P OV and .SZJV 5 mQ
Capacitance from C_CCX or
Equivalent on CCX to GND.
C 30 74 20 F
onLee capacitance Ve cexVeex=0Vito 1.2V, P
f=400 kHz
Dead battery pull-down
resistance (only
t when device i
Rops | D ooon When device s Ve cox = 2.6 V 41 | 51 | 61 | KQ
unpowered). Effective
resistance of RD and
FET in series
Threshold voltage of
the pulldown FET in
V Icc = 80 pA 0.5 0.9 1.2 Vv
THDB series with RD during ce H
dead battery
OVP threshold on CC Place 5.5V on C—CCX'_
Vovpce Step up C_CCX until the FLT | 5.75 6 6.2 \%

pins o=
pin is asserted

Place 6.5V on C_CCX. Step
down the voltage on C_CCX
until the FLT pinis 50 my
deasserted. Measure
difference between rising and
falling OVP threshold for CC
Measure the —3-dB
On bandwidth single bandwidth from C_CCX to

Vovece Hys | Hysteresis on CC OVP

BWon ended CCX. Single ended 100 MHz
(-3 dB) measurement, 50Q) system
Vem=0.1Vto1.2V
Vraus Short-to-VBUS Hot-Plug C_CCX with a
- tolerance on the CC Tmeter USB Type C Cable, 24 V
ce pins place a 30-Q load on CCX
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SYMBOL PARAMETER TEST CONDITIONS MIN TYP. MAX | UNIT
Hot-Plug C_CCX with a 1-
Veraus Short-to-VBUS system- meter USB Type C Cable.
- side clamping voltage Hot-Plug voltage C_CCX = 8 Vv
CCLHAVP 1 on the CC pins (CCX) | 24 V. VPWR = 3.3 V. Place a
30Q load on CCX
SBU OVP Switches
On resistance of SBU SBUX=3.6V,
Ron OVP FETs _40°C < T, < +85°C 35 6.5 Q
Sweep SBUX voltage
RonFLAT On resistance flatness between 0 V and 3.6 V. 1 1.5 Q
—40°C =T, < +85°C
Capacitance from SBUX or
Con ssU Equivalent on C_SBUX to GND. Measure 9 oF
- capacitance at Vc seux/Vseux = 0.3V to
36V
OVP threshold on SBU | T 'ace 3.6V on C_SBUX.
Vovpssu pins Ste&p C_SBUX until the 4.3 4.5 4.75 \
FLT pin is asserted
Place 5V on C_CCX. Step
down the voltage on C_CCX
Vovpssu Hysteresis on SBU until the FLT pin is
e OVP deasserted. Measure 60 mV
- difference between rising and
falling OVP threshold for
C_SBUX
Measure the —3-dB
) ) bandwidth from C_SBUX to
BWoy | On Pandwidthsingle SBUX. Single ended 1000 MHz
ended (-3 dB)
measurement, 50-Q system.
Vem=0.1Vto3.6V
Measure crosstalk at f = 1
MHz from SBU1 to C_SBU2
XTALK Crosstalk or SBU2 to C_SBU1. Vemt = -80 dB
3.6V, Vcmz=0.3V. Be sure to
terminate open sides to 50 Q
Short-to-VBUS Hot-Plug C_SBUX with a 1-
VsTeus ssu | tolerance on the SBU meter USB Type C Cable. 24 \%
- pins Put a 40Q resistor to GND on
SBUX
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Hot-Plug C_SBUX with a 1-
Short-to-VBUS system- meter USB Type C Cable.
VstBUs sBu | Side clamping voltage Hot-Plug voltage V¢ ssux = 8 Vv
_CLAMP on the SBU pins 24 V. Vpwr = 3.3 V. Puta
(SBUX) 40Q resistor to GND on
SBUX
Power Supply and Leakage Currents
Place 1V on VPWR and
VPWR under voltage
VEWR_UVLO Undervortage | aise voltage until SBUorcC | 21 | 23 | 25 Y,
lockout
FETs turn on
Place 3 V on VPWR and
lower voltage until SBU or
VPWR_UVLO VPWR UVLO CC FETs turnoff; measure 10 "y
_HYS hysteresis difference between rising and
falling UVLO to calculate
hysteresis
Vpewr = 3.3 V (Typical),
I VPWR supply current 70 120 A
YR PRY —~40°C < T, < +85°C. g
VPWR =33 V, Vc_ccx= 3.6 V,
Leakage current for CC CCX pins are roat.mg,
. . measure leakage into
lcc LEak pins when device is ] 5 MA
C_CCX pins. Result must be
powered ) S
same if CCX side is biased
and C_CCX is left floating.
Vewr = 3.3V, Vc_ssux =
3.6V, SBUX pins are
Leakage current for Tlciatlcr:lg,srgsjl(su.re Ie;kagﬁ
Issu Leak | SBU pins when device Into&_ Pms. eSl_J 35 HA
. must be same if SBUX side
is powered o ]
is biased and C_SBUX is left
floating.
—40°C < T,;<85°C.
Vewr=0Vor3.3V,V =
Leakage current for CC PR . c.cex
Ic_cc_LEAK i o 24V, CCX pins are setto 0V,
pins when device is in ) 200 MA
_ovp OVP Measure leakage into
C_CCXpins
W02010019 — Rev 1.0 8 www.way-on.com
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USB Type-C Port Protector: Short-to-VBUS Overvoltage and IEC ESD Protection

SYMBOL PARAMETER TEST CONDITIONS MIN TYP. MAX | UNIT
Leakage current for Vewr =0V or3.3 V, Ve ssux
Ic_sBU_LEAK_ . g i =24V, SBUX pins are set to
SBU pins when device i 200 MA
ovP is in OVP 0V, measure leakage into
C_SBUX pins
Vewr=0Vor33V,V =
Leakage current for CC PR . c.cex
lcc_LEAK i . 24V, CCX pins are setto 0
pins when device is in 30 MA
_ovp OVP V, measure leakage out of
CCX pins
Leakage current for Vewr =0V or3.3 V, Ve _ssux
IsBU_LEAK . g i =24V, SBUX pins are set to
SBU pins when device -1 1 MA
_ovp . 0 V, measure leakage out of
is in OVP .
SBUX pins
FLT Pin
Low-level output lou =3 mA.
VoL P Measure the voltage at the 0.4 \Y,
voltage .
FLT pin
Over Temperature Protection
The rising over-temperature protection shutdown .
Tsp_risING 170 C
threshold
The falling over-temperature protection shutdown .
Tsp_FALLING 135 C
threshold
The over-temperature protection shutdown threshold .
Tsp_nysT . 35 C
hysteresis
Power-On and Off Timings
¢ Time from crossing rising VPWR UVLO until CC and 015 ms
N SBU OVP FETs are on '
Time from crossing rising VPWR UVLO until CC and
ton_pB SBU OVP FETs are on and the dead battery resistors 5.7 ms
are turned off
dVpwr orFr | Minimum slew rate allowed to guarantee CC and SBU 05 Vius
/dt FETs turnoff during a power off ’ H
Over Voltage Protection
tove RESPON OVP response time on the CC pins. Time from OVP 80 ns
SE_CC asserted until OVP FETs turnoff
tove respon | OVP response time on the SBU pins. Time from OVP 130 ns
SE_SBU asserted until OVP FETs turnoff
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SYMBOL PARAMETER MIN TYP. MAX | UNIT
OVP recovery time on the CC pins. Once an OVP has
tove Recove | occurred, the minimum time duration until the CC FETs 0.6 ms
RY_CC_1 turn back on. OVP must be removed for CC FETs to '
turn back on
OVP recovery time on the CC pins. Once an OVP has
tove Recove | occurred, the minimum time duration until the CC FETs 5 ms
RY_CC_1 DB turn back on and the dead battery resistors turn off.
OVP must be removed for CC FETs to turn back on
OVP recovery time on the SBU pins. Once an OVP has
tove_RECOVE occurred, the minimum time duration until the SBU 0.5 ms
RY_SBU_1 FETs turn back on. OVP must be removed for SBU '
FETs to turn back on
OVP recovery time on the CC pins. Time from OVP
tove_recove . : .
Removal until CC FETs turn back on, if device has 0.2 ms
Rv-ce.2 been in OVP > 0.6 ms
OVP recovery time on the CC pins. Time from OVP
tove RECOVE .
Removal until CC FETs turn back on and dead battery 5 ms
Ry.cc.2.08 resistors turn off, if device has been in OVP > 0.6 ms
OVP recovery time on the SBU pins. Time from OVP
tovp_RECOVE . . .
Removal until SBU FETs turn back on, if device has 0.1 ms
RY-S8U.2 been in OVP > 0.6 ms
t -
OVPFLTASS Time from OVP asserted to FLT assertion 20 MS
ETION
tove FLT DEA Time from CC FET turn on after an OVP to FLT 5 s
SSERTION Deassertion
W02010019 — Rev 1.0 10 WWw.way-on.com
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12. Typical Performance Characteristics

Tek (gl | ] |

/]

P e

[DC_ssu

(Vewr = 3.3V, Ta = 25°C, C1 = 1uF, C2 = 0.1pF, R1 = 100kQ, unless otherwise noted)

Tkl | 1 ; —

]

Dic_sau

BMsBU |SBU i

i T ol e
@ 20y 500V thoous BMERF @S ] @ o0V ® ooy 4.00ps BOME/E @
5.00Y 5004 10k 5 164V 500V 200mé 10k 2 380N

SBU Short to VBUS 5V

SBU Short to VBUS 20 V

Tek (£ 1k

Tek (21
“ - A
PR mbrrh e . + . ! : - u
. X . .:E,SBU . . H\ ) / 4
: : : : : : M%w

B Sl 2./s8U ]

(@ 2wy 2,00V ][100us }gko)hgx/@ va ] 200V 200V )[200}13 ibﬂu}rg’x/w 8\\/ }

SBU FET Turn-on Timing SBU OVP removed to turn on recovery time

Tek 5 4 T r Tek g1t [  — — |

""" i 4 @yc_ce N

BT . Ll_m
c_s8U ,r" :
/0 Pl L
e

0 S O B

(@ 200v [2) )[40 Ops ﬁ.(og'pw '5%2\\; ] i

T) 200V .00V 4.00ps 2SOMIR/ f
5.00¥ 5.004 J{ 10k /5, 520 J
SBU OVP removed to turn on recovery time
(OVP > 0.6ms) CC Short to VBUS 20 V
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D

(@ zmv 2,00V (20005 SoMi/E @ S
10k 25 6.00Y

CC OVP removed to turn on recovery time

Tek 11 Tekf®l, [ —_———— —
- "
I A
-.FLT
Do ///-Wﬁmm.
[T AL N ) T RIS S ST S R R g e e
g . . i
Blc - A F= . : j R R
4 .IEILIT ; | 250 g
L _ - S n . __ _ :
Zmv }[100)13 igmﬂv o/ ] @ 2oy @ oy ][4o.ou3 ig.ko;g,\/w o ]
CC Short to VBUS 6.5 V/ o
CC FET Turn-on Timing
Tek i T"ﬁ'ﬂ: e —1

B{C_CC T /
e
B s
@ 200V a Y t00ps oo @
10k 5 5.92v

CC OVP removed to turn on recovery time
(OVP > 0.6 ms)

Tekfzlk ; I 1l
| it p
) o H*‘M_,-
M
Bic .
BT I
@ 0y @ 200 20055 GG N
@ 100y 10k & 5.00Y

Time from OVP asserted to FLT assertion

Tek fF1k - I - 1

c_cc
Blec ;e : ]
W
BT ]
@ zov [2] 1.00ms LOOMIR/3 @\
100V 10k 5.92V

Time from CC FET turn on after an OVP to FLT

deassertion

W02010019 — Rev 1.0

12 www.way-on.com



IWAY 2N WP5401

USB Type-C Port Protector: Short-to-VBUS Overvoltage and IEC ESD Protection
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13. Function Description

13.1 Overview

The WP5401 is a USB Type-C port protection chip that integrates four channels of 20-V Short-to-VBUS
overvoltage protection for the CC1, CC2, SBU1, and SBU2 pins and four channels of IEC61000-4-2 ESD
protection for the CC1, CC2, SBU1, SBU2 pins of the USB Type-C connector.

13.2 Block Diagram

OVP Logic
cssul [J— ' 11 ; 0 ssur
ESD _
Clamps System Clamps
cssuz [] ! TH1 I A sz
C _cc1 . . 75T T 0 cot
ESD
Clamps % System Clamps
c_cc2 { g | 0 co
—
RPD_G1 Dead
Battery Logic
RPD_G2 1

13.3 Feature Description

13.3.1 4-Channels of Short-to-VBUS Overvoltage Protection (CC1, CC2, SBU1, SBU2 Pins): 24-Vpc
Tolerant

The WP5401 provides 4-channels of Short-to-VBUS Overvoltage Protection for the CC1, CC2, SBU1, and
SBU2 pins of the USB Type-C connector. The WP5401 is able to handle 24-VDC on its C_CC1, C_CC2,
C_SBU1, and C_SBU2 pins. This is necessary because according to the USB PD specification, with VBUS
set for 20-V operation, the VBUS voltage is allowed to legally swing up to 21 V, and 21.5 V on voltage
transitions from a different USB PD VBUS voltage.

13.3.2 4-Channels of IEC 61000-4-2 ESD Protection (CC1, CC2, SBU1, SBU2 Pins)

The WP5401 integrates 4-Channels of IEC 61000-4-2 system level ESD protection for the CC1, CC2, SBU1,
SBU2 pins.
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USB Type-C ports on end-products need system level IEC ESD protection in order to provide adequate
protection for the ESD events that the connector can be exposed to from end users.

13.3.3 Thermal Shutdown

Thermal shutdown protects the part from internally or externally generated excessive temperatures. During an
over temperature condition the switch is turned off. The switch automatically turns on again if the temperature
of the die drops below the threshold temperature.

13.3.4 Dead-battery Mode

The WP5401 integrates high voltage dead battery RD pull-down resistors to allow dead battery charging
simultaneously with high-voltage OVP protection. If dead battery support is required, short the RPD_G1 pin to
the C_CC1 pin, and short the RPD_G2 pin to the C_CC2 pin. This connects the dead battery resistors to the
connector CC pins.

14. Layout

For best performance, place the bypass capacitors as close as possible to the VPWR pin, and ESD protection
capacitor as close as possible to the Vsias pin. The USB2.0 and SBU lines must be routed as straight as possible
and any sharp bends must be minimized.

14.1 Layout Example

FYPEC EUM J‘I; 0
(@1 :
/| lucspis ’
SBU (ee

| 0Do00 [bo0J |
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15. Evaluation Modules

Evaluation Modules (EVMs) are available to help evaluate initial circuit performance. We have evaluation
modules for different packages, you can contact us by phone or address at the end to get the evaluation
module or schematic.

The module names are listed in the table below.

PACKAGE EVALUATION MODULE

WP5401 WLCSP16 TYPEC EVM V1.0 WLCSP16

16. Naming Conventions

WP AB CC-DDD E
WP: WAYON Protection IC;
A: Product Category —5: Type C Protection;
B: Number of Protection Channels —4: 4 Channels;
CC: Serial Number;
DDD: Package — C16: WLCSP 16;
E: R-Reel & T-tube;
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17. Package Information

WLCSP16
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18. Ordering Information

PART NUMBER ‘ PACKAGE ‘ PACKING QUANTITY MARKING*

WP5401-C16R WLCSP 16 3k/Reel WP5401 XXXX

* XXXX is variable.
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STATEMENTS

WAY-ON provides data sheets based on the actual performance of the device, and users should verify
actual device performance in their specific applications. The device characteristics and parameters in this
data sheet can and do vary from application to application, and actual device performance may change
over time. This information is intended for developers designing with WAY-ON products. Users are
responsible for selecting the appropriate WAY-ON product for their application and for designing and
verifying the application to ensure that your application meets the appropriate standards or other
requirements, and users are responsible for all consequences. Specifications are subject to change
without notice.

Contact Information

No.1001, Shiwan(7) Road, Pudong District, Shanghai, P.R.China.201202
Tel: 86-21-68960674 Fax: 86-21-50757680 Email: market@way-on.com
WAYON website: http://www.way-on.com

For additional information, please contact your local Sales Representative.
LAY DN ® is registered trademark of Wayon Corporation.

Specifications are subject to change without notice.

The device characteristics and parameters in this data sheet can and do vary in different applications and actual
device performance may vary over time.

Users should verify actual device performance in their specific applications.
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