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MP4501

60V USB Type-C Port OVP and
IEC ESD Protector

DESCRIPTION

The MP4501 is a highly integrated USB Type-C
protector that provides 60V short-to-VBUS over-
voltage protection (OVP) and IEC electrostatic
discharge (ESD) protection.

USB Power Delivery (PD) Extended Power
Range (EPR) mode allows the VBUS voltage
(Veus) to reach up to 48V. In a USB Type-C
connector, the CC1, CC2, SBU1, and SBUZ2 pins
are the neighbor pins close to the USB Type-C
port’s VBUS pin that may be physically shorted
to VBUS in abnormal connections. The MP4501
integrates four high-voltage MOSFETs that
enhance the CCx and SBUx pins with 60V
voltage tolerance. If a short-to-VBUS occurs, the
MP4501 triggers OVP with a fast response and
quickly disconnects the connector from the
system controller side.

The MP4501 integrates IEC ESD protection for
CCx and SBUx, which meets +8kV contact
discharge and £15kV air discharge standards.
The device offers a very compact solution with
minimum external BOM cost.

It also features a fault indicator with OVP and
over-temperature protection (OTP).

The MP4501 is available in a TQFN-20
(3mmx3mm) package.

FEATURES

e 2.7V to 3.6V Operating Input Voltage (Vin)
Range

e 60V Voltage Rating for the C_CC1, C_CC2,
C_SBU1, and C_SBU2 Pins

e Fast 40ns Over-Voltage Protection (OVP)
Response Time

e 80pA Quiescent Current (lg) at Vin = 3.3V

e Low 350mQ On Resistance (Rpson)) CCx
MOSFET

e Low 2Q Rpson) SBUX MOSFET

e CCx Pins Support 500mA Capable Current
to Pass VCONN Power

e Supports Rp Resistor for Dead Battery
Applications
Over-Temperature Protection (OTP)

e Fault Indicator
+8kV Contact and +15kV Air Discharge IEC
ESD Rating for C_CC1, C_CC2, C_SBU1
and C_SBU2

e Available in a TQFN-20 (3mmx3mm)
Package

APPLICATIONS

e USB PD Standard Power Range (SPR) and
Extended Power Range (EPR)

e Monitors and Docking Stations

e Laptops

e TVs and Mobile Phones

All MPS parts are lead-free, halogen-free, and adhere to the RoHS directive.
For MPS green status, please visit the MPS website under Quality Assurance.
“MPS”, the MPS logo, and “Simple, Easy Solutions” are trademarks of
Monolithic Power Systems, Inc. or its subsidiaries.
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mP5 MP4501 — 60V USB TYPE-C PORT OVP AND IEC ESD PROTECTOR

ORDERING INFORMATION

Part Number* Package Top Marking | MSL Rating
MP4501GQT TQFN-20 (3mmx3mm) See Below 1
* For Tape & Reel, add suffix -Z (e.g. MP4501GQT-2).
TOP MARKING
CEZY
LLLL

CEZ: Product code of MP4501GQT
Y: Year code
LLLL: Lot number

PACKAGE REFERENCE

TOP VIEW
NC NC GND NC NC

20 19 18 17 16

C_SBU1 |1 15/ SBU1
C_SBU2 |2 14/ SBU2
VBIAS |3 Exposed 13l GND
c.ccl |4 12| cc1
c.cc2 |5 11) cc2

6 7 8 9 10

RD2 RD1 GND FLT VIN
TQFN-20 (3mmx3mm)
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mP5 MP4501 — 60V USB TYPE-C PORT OVP AND IEC ESD PROTECTOR

PIN FUNCTIONS

Pin # Name |Description
USB Type-C connector side SBU1L. Connect the C_SBU1 pin to either SBU pin of
1 C_SBU1
- the USB Type-C connector.
USB Type-C connector side SBU2. Connect the C_SBU2 pin to either SBU pin of
2 C_SBU2
- the USB Type-C connector.
3 VBIAS |ESD bias pin. Place a capacitor between the VBIAS pin and GND.
USB Type-C connector side CC1. Connect the C_CC1 pin to either CC pin of the
4 c_Ccc1
UBS Type-C connector.
5 C cc2 USB Type-C connector side CC2. Connect the C_CC2 pin to either CC pin of the
- USB Type-C connector.
6 RD2 Rb support for CC2. Connect the RD2 pin to C_CC2 if dead battery resistors are
required. Connect this pin to GND if not used.
7 RD1 Rpb support for CC1. Connect the RD1 pin to C_CC1 if dead battery resistors are
required. Connect this pin to GND if not used.
8, 13,18 GND Ground.
Fault indicator. Over-voltage protection (OVP) or over-temperature protection (OTP)
9 FLT can pull the FLT pin low. This pin is an open-drain output and requires external pull-up
resistors. Float this pin or connect to it GND if it is not used.
Supply voltage. Connect a 1uF decoupling capacitor between the VIN pin and ground,
10 VIN ;
placed as close as possible to the IC.
11 cco System controller side CC2. Connect the CC2 pin to either CC pin of the USB CC/PD
controller.
12 cc1 System controller side CC1. Connect the CC1 pin to either CC pin of the USB CC/PD
controller.
System controller side SBU2. Connect the SBU2 pin to either SBU pin of the SBU
14 SBU2 :
multiplexer (mux).
15 SBU1 System controller side SBU1. Connect the SBU1 pin to either SBU pin of the SBU
MUX.
16, 17, 19, ,
20 NC Not connected. The NC pin can be floated or connected to GND.
Exposed pad - Exposed pad. Connect to GND when designing the PCB layout.
MP4501 Rev. 1.0 MonolithicPower.com 3
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MP4501 — 60V USB TYPE-C PORT OVP AND IEC ESD PROTECTOR

ABSOLUTE MAXIMUM RATINGS @

Input voltage (ViN) e -0.3V to +4V
Vc cc1, Ve ce2, Ve ssut, Ve seuz, Vaias, Ro1, Rp2
.................................................... -0.3V to +61V
Vecei, Veez, Vssu, Vseuz, VELT ....... -0.3V to +6.5Vv
Continuous power dissipation (Ta = 25°C) @)
QFN-20 (3MMmX3MM) ... 2.5W
Junction temperature (T3) ...ccovvvvvvvviienneenn. 150°C
Lead temperature ..........cccccvvvvvvnvnnnennnnnnnns 260°C
Storage temperature................ -65°C to +150°C

Recommended Operating Conditions ®

Operating input voltage (Vin)........... 2.7V to 3.6V
Vc cc1, Ve cc2, Veer, Vec ooevveeninneens 0V to 5.25V
VC_SBU]_, VC_SBUQ, VSBU]_, VSBUZ .............. OV tO 45V
Operating junction temp (T;).... -40°C to +125°C

Thermal Resistance

0;a 0Oic BoT

TQFN-20 (3mmx3mm)
JESD51-7 O i, 61........ 4.1°C/W
EV4501-Q-00A ™.................. 40.6........... °C/IW

JESD51-7 ® e 1. °C/wW
EV4501-Q-00A M. ..ooiiiiiiiiean. 5.7....°CIW

Notes:

1)
2)

3)

4)

5)

6)

7

Exceeding these ratings may damage the device.

The maximum allowable power dissipation is a function of the
maximum junction temperature T; (MAX), the junction-to-
ambient thermal resistance 8;,, and the ambient temperature
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Pp (MAX) = (T,
(MAX) - Ta) / ;1. Exceeding the maximum allowable power
dissipation can cause excessive die temperature, and the
regulator may go into thermal shutdown. Internal thermal
shutdown circuitry protects the device from permanent
damage.

IEC 61000-4-2 3300hm and 150pF RC parameter for ESD
generator discharge network.

HBM, per JEDEC specification JESD22-A114; CDM, per
JEDEC specification JESD22-C101. JEDEC document
JEP155 states that 500V HBM allows safe manufacturing with
a standard ESD control process. JEDEC document JEP157
states that 250V CDM allows safe manufacturing with a
standard ESD control process.

The device is not guaranteed to function outside of its operating
conditions.

The values given in this table are only valid for comparison with
other packages and cannot be used for design purposes.
These values were calculated in accordance with JESD51-2
and JESD51-14, and simulated on a specified JEDEC board.
They do not represent the performance obtained in an actual
application, the value of 8;c gor shows the thermal resistance
from junction-to-case bottom, and the value of W shows the
characterization parameter from junction-to-case top.
Measured on the EV4501-Q-00A, a 4cmx3cm, 4-layer PCB
with 20z. The junction-to-top characterization parameter, ¥,
estimates the junction temperature in the real system, based
on equation T; = l‘IJJTX Ploss + TCASEfTOP: where PLoss is the
entire loss of IC at real application, and Tcase Toe IS the case
top temperature.

MP4501 Rev. 1.0
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MP4501 — 60V USB TYPE-C PORT OVP AND IEC ESD PROTECTOR

ELECTRICAL CHARACTERISTICS

Vin = 3.3V, T; = -40°C to +125°C @), typical values are tested at T; = 25°C, unless

otherwise noted.

Parameter ‘ Symbol ‘Conditions ‘ Min ‘ Typ ‘ Max ‘ Units

System

Quiescent supply current lo Vin=3.3V, T;=25°C 80 120 | pA

Input voltage (Vin) under-

voltage lockout (UVLO) VIN_uvLo 2.4 255 | 2.7 \%

rising threshold

Vin under UVLO threshold

hysteresis VuvLo_Hys 220 mv
Vin = 3.3V, C_CCx connected to RDx,

CCx pins leakage current lcc_Lke Vc cex = 3.6V, CCx floating, measure 5 A
current into C_CCx

SBUX pins leakage | Vin = 3.3V, Vc_ssux = 3.6V, SBUxX 3 A

current SBUKG I floating, measure current into C_SBUX H

Leakage current from _ _ _

C_CCx to CCx Vin = 0V, Vc_cex = 60V, Veex = OV 1 A

ée_aSkBaSi fggg&;rom Vin = 0V, Vc_ssux = 60V, Vssux = OV 1 MA

Thermal shutdown © 160 °C

'rl]'hermal .sh(;J)tdown 20 °C

ysteresis

CCx MOSFETs

CCx MOSFET on _ _

resistance Rpson)_cex | Vin = 3.3V, Vcex = 5V 350 mQ

On resistance flatness RDS(FOLNA)T—CCX— Sweep CCx between 0V to 3.6V 10 | mQ

Over-voltage protection

(OVP) rising threshold Veex ove 53 55 | 57 v

OVP threshold hysteresis | Vcex ovp Hys 120 mV

CCx clamp voltage © Vcex_cLavp 8 \Y
Capacitance from C_CCx, CCx to GND

Equivalent on c when power is on, Vc_ccx/Veex= 0V to 50 =

capacitance © ONC& 11,2V, measured AC signal frequency = b
400kHz

SBUx MOSFETs

SBUx MOSFET on _ _

resistance Rbsoon)_ssux | VIN = 3.3V, Vseux = 3.6V 2 Q

On resistance flatness RDS(SE‘:—TSBUX— Sweep SBUx between 0V to 3.6V 200 | mQ

OVP rising threshold VsBux_ovp 4.6 4.8 5 \%

OVP threshold hysteresis VSB:?{—SOVP— 125 mv

SBUXx clamp voltage © Vce_sBux 8 \Y

3dB bandwidth © BWcc 210 MHz
Capacitance from C_SBUXx, SBUx to

Equivalent on c GND when power is on, Vc_ssux/Vssux = 16 =

capacitance © ON_SBUX 10V to 3.6V, measured AC signal P
frequency = 100MHz
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MP4501 — 60V USB TYPE-C PORT OVP AND IEC ESD PROTECTOR

ELECTRICAL CHARACTERISTICS (continued)
Vin = 3.3V, T; = -40°C to +125°C @), typical values are tested at T; = 25°C, unless otherwise noted.

Parameter

‘ Symbol ‘ Conditions

‘ Min ‘ Typ ‘Max ‘ Units

Dead Battery (RD1, RD2)

Dead batterv pull-down Vrox = 2.6V, Ty = -40°C to +125°C @
; yP Ro 20% x 5.1kQ range in USB Type-C 41 | 51 | 61 | kQ
resistance o
specifications
FLT
Output low voltage VoL Isink = SMA 0.3 \%
Leakage current ©) Ik rLr | VAT = 5.5V 1 UA
Timing Characteristics
. Time from Vin UVLO until CCx and
MOSFET on time ton_mosrFeT SBUx MOSFETSs are on 2.6 ms
Ro present time t Time from Vin UVLO and CCx 6.7 ms
P RD MOSFETSs are on until Ro is removed '
Rpb present time after over- t Time from Rp is present after OVP 6.2 ms
voltage (OV) condition RDOVP " Toceurs to Ro being removed :
OVP response time for CCx t Time from OVP occurrence until 40 ns
MOSFETSs © OVP-RESCC | MOSFETS turns off
OVP response time for ¢ Time from OVP occurrence until 40 ns
SBUx MOSFETs © OVP-RES_SBU| MOSFETS turns off
Minimum OVP recovery tu ovp Minimum time until CCx MOSFETs
time for CCx MOSEETs —~ "= |turn on again after OVP; OVP must 1.15 ms
RECOVER_CCX | he removed for MOSFETS to turn on
Minimum OVP recover t Minimum time until SBUXx MOSFETs
iime for SBUX MOSFE}II's MIN_OVP_ "I turn on agian after OVP; OVP must 1.15 ms
RECOVER_SBUX | he removed for MOSFETS to turn on
N Time from OVP or OTP occurrence to
FLT deglitch time trLT FLT going low 20 us
. trLT Recover | Time from CC MOSFETS turning on
FLT OV recovery time “ov after OVP to FLT going high 4.8 ms

Notes:

8) All min/max parameters are tested at T, = 25°C. Limits over-temperature are derived by design, characterization, and correlation.
9) Guaranteed by design. Not tested in production.
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mps MP4501 — 60V USB TYPE-C PORT OVP AND IEC ESD PROTECTOR

TYPICAL CHARACTERISTICS
Vin = 3.3V, Ta = 25°C, unless otherwise noted.

CCx On Resistance Flatness SBUx On Resistance Flatness
Viy = 3.3V, Ve =0V to 3.6V Vin = 3.3V, Vggu = 0V t0 3.6V
0.4 2.2
g o035 € 21
z z
X 03 5
S 8
2 0.25 2 19
o hd
0.2 1.8
0 1 2 3 0 1 2 3
VCCx (V) VSBUX (V)
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mP5 MP4501 — 60V USB TYPE-C PORT OVP AND IEC ESD PROTECTOR

TYPICAL PERFORMANCE CHARACTERISTICS

Performance waveforms are tested on the evaluation board. Vin = 3.3V, Ta = 25°C, unless
otherwise noted.

Start-Up through VIN Start-Up through VIN
Vc seu1 = 3.3V Vc cc1 =5V
l! 2.00v/ 200y 3200w 4 200 1000ms/ 00s Stop |! 200/ 200% 3 200v/ 4 200M/  1000ms/  0OD0s Stop
CH2:
Vsgu1 ; CH2: Vce1 :
CH3: CH3:
Vc sBu1 / Vc cc1 f
CH4: FLT IA; CH4: FLT Ig
Shutdown through VIN Shutdown through VIN
Vc_ssu1 = 3.3V Vc_cc1 =5V
l! 2.00v¢ 200w 3 200W 4 200w/ 1000ms/  0.0s Stop E 200 200w 3 200W 4 200 1000ms/  00s Trig'd?
CH2:
Vssu1 ; CH2: V, i
CH3: CHa:
Vc_ssu1 \ Vc_cc1 \
CH4: FLT I“é’ CH4: FLT I“z
C_SBU1 On C CC10n
Vc ssu1 = 3.3V Vc cc1 =5V
E 2,00/ 20o0vy 3 200w 40 200W 10.00msd 00s Stop E 200vF 200w 30 200w 40 200 10.00ms/ 00s Trig'd?
CH2:
Vssu1 : CH2: V,
CH3: CHa:
Vc_ssu1 Vc cc1
CH4: FLT I“é’ CH4: FLT I“!
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mP5 MP4501 — 60V USB TYPE-C PORT OVP AND IEC ESD PROTECTOR

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested on the evaluation board. Vin = 3.3V, Ta = 25°C, unless
otherwise noted.

C_SBUL1 Off C_CC1 Off
Vc_ssu1 = 3.3V Vc_cc1 =5V
I- 200vF 200w 30 200w 40 200 10.00ms/ 00s Stop I- 2.00vF 200w 3 200w 4 200/ 10.00ms/ 0.0z Stop
CH2: .
Vsgu1 i CH2: Vcc1
CH3: CH3:
Vc_ssu1 Vc_cc1
CH4: FLT I“;* CH4: FLT I“!
C_SBU1 28V OVP C_CC1 28V OVP
Vc_ssu1 short to 28V Vc_cc1 short to 28V
I- 1.00v7 movs 3 100V 40 2.00v 10.00us? 0.0s Stop I- 1.00v7 100w 3 100w 4 200v 10.00us/ 0.0s Trigd E
T T
[ [
CH3: ™ CH3:
Vc_ssu1 Vc_cc1 B
CH2: CH2: Vcc1
Vsgu1
CHasFLT I“é’ CH4: FLT I“z
C_SBU1 48V OVP C_CC148Vv OVP
Vc_ssu1 short to 48V Vc_cc1 short to 48V
I- .00V 10.0v 30 00w 4 200 10.00usf 0.0s Stop I- 1.00v7 100w 3 100w 4 200v 10.00us/ 0.0s Stop E
CH3: 4 CH3: E
Vc_sBu1 ’ Vc_cc1 (
CH2: e e ——— CH2: Vecr B
Vsgu1
CH4: FLT |4g CH4: FLT I“!
MP4501 Rev. 1.0 MonolithicPower.com 9
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TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Performance waveforms are tested on the evaluation board. Vin = 3.3V, Ta = 25°C, unless
otherwise noted.

C_SBU1 OTP Entry C_CC1 OTP Entry
Vc_ssu1 = 3.3V Vc_cc1 =5V
| T T | A A
[
CH2:
Vsgu1 | CH2: Vcc1
CH3: CH3:
Vc_ssu1 1 Vceer |
CH4: FLT IA_g CH4: FLT I“g
C_SBU1 OTP Recovery C_CC1 OTP Recovery
Vc seu1 = 3.3V Vc cc1 =5V
E 200vF 200V 30 200w 4 200V 50.00us! 0.0s Stop E 2.00v/ 200v 3 200w 4 200vf 100.0us/ 0.0s Stop
CH2:
Vsgur |, CH2: Veer |,
CHS3: CH3:
Vc_sBui 1 ( Vc_cc1 i (
CH4: FLT I“é CH4: FLT I‘L
MP4501 Rev. 1.0 MonolithicPower.com 10
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MP4501 — 60V USB TYPE-C PORT OVP AND IEC ESD PROTECTOR

FUNCTIONAL BLOCK DIAGRAM

SBU1H] . LTTJl ' H]c_ssu1
Voltage — ESD
Clamp | 1 ] -
SBU2 [ ] y = LJTIL - y ]Cc_sBU2
Voltage Eafeinistei
Clamp |1 — L =
CCl[ }———— iJle S ]c_cc1
Voltage — == = ESD
Clamp 1 O 1
ccz2 [ ] . - lJTJl = ' ]c_cc2
Voltage | ——— [ s
amp - —
— |VBIAS

VIN [ F———

FTL

Control Logic and Charge

Pumps

Over-Voltage
Protection

GND[}—iL

RD1
RD2

)

Rp

Figure 1: Functional Block Diagram

MP4501 Rev. 1.0
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MP4501 — 60V USB TYPE-C PORT OVP AND IEC ESD PROTECTOR

OPERATION

The MP4501 is a highly integrated USB Type-C
protector that provides four channels of 60V
short-to-VBUS over-voltage protection (OVP). It
is fully compatible with USB Power Deliver (PD)
3.1 Extended Power Range (EPR) mode and
four channels of IEC electrostatic discharge
(ESD) protection. Figure 1 on page 11 shows the
internal block diagram.

Short-to-VBUS
(OVP)

In USB Type-C connectors, the neighbor pins
close to the VBUS pin (CC1, CC2, SBU1, and
SBU2) may be shorted to VBUS in abnormal
connections because of the small pin pitch.
During a short-to-VBUS event, the CCx and
SBUX pins must withstand 48V voltage stress to
support the full USB PD3.1 power range. The
MP4501 provides four channels of 60V OVP
MOSFETSs for the CCx and SBUx pins.

The MP4501 has a fast 40ns OVP response time

Over-Voltage  Protection

to avoid high voltages on the CCx and SBUXx pins.

If the voltage on any C_CCx or C_SBUXx pin
exceeds the OVP threshold, the four MOSFETs
turn off quickly. Once the voltage on all C_CCx
and C_SBUx pins drops below the OVP
threshold with hysteresis, the MOSFETs turn
back on automatically. Figure 2 shows OVP and
the OVP recovery process.

|
|

ter trLT RECOVER
I

Figure 2: OVP and OVP Recovery

System-Side Voltage Clamp

The MP4501 has additional voltage clamps on
the system controller side CCx and SBUXx pins. If
a short-to-VBUS occurs, the C_CCx voltage
(Vc_cex) and C_SBUXx voltage (Vc_ssux) increase
rapidly. Even with a fast response time to turn off
the MOSFETs during a short-to-VBUS event,
voltage overshoot may still be seen on the

system-side CCx and SBUXx pins. The system-
side voltage clamp circuit prevents the CCx
voltage (Vccx) and SBUx voltage (Vssux) from
exceeding the clamp voltage threshold on the
system side.

IEC Electrostatic Discharge (ESD) Protection

The MP4501 integrates four channels of IEC
ESD protection onthe C_CC1, C_CC2, C_SBU1,
and C_SBU2 pins. The ESD protection meets
+8kV contact discharge and £15kV air discharge
standards as specified by IEC 61000-4-2. The
MP4501 provides up to 60V short-to-VBUS and
ESD protection in a single chip, which helps
reduce the total cost of USB Type-C PD
applications.

Under-Voltage Lockout (UVLO)

Under-voltage lockout (UVLO) protects the chip
from operating at an insufficient supply voltage.
The UVLO comparator monitors the input
voltage (Vin) and enables or disables the IC.

When Vi is below its UVLO, the MP4501 is in
shutdown mode; all circuitry is disabled and
dead battery resistors (Rp) are present on the
RD1 and RD2 pins. This allows the USB Type-C
port to charge a dead battery with the default
VBUS. Once V\\ rises above its UVLO, the
MP4501 starts up and all the MOSFETS turn on.
After the CCx MOSFETs are fully on, Rp is
removed.

CCx MOSFETs Support 500mA Current
Capability to VCONN Power Path

Once the connection between the source and
sink is established, the unused CCx pin can be
reassigned to function as a dedicated power
supply pin (VCONN) to provide power to
Electronically Marked (E-Marked) cables,
VCONN-powered accessories or VCONN-
powered USB devices. Typically, 1W is required
to support VCONN. In addition, if USB Type-C
PD Alternate Modes are used, higher power is
allowed though VCONN.

The MP4501’'s CCx MOSFETs are designed
with low conduction resistance (typically 350mQ)
to meet 500mA current capability and be
compliant with USB PD specifications.

MP4501 Rev. 1.0
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MP4501 — 60V USB TYPE-C PORT OVP AND IEC ESD PROTECTOR

CCx Dead Battery Resistor (RD1, RD2)

When the MP4501 is used as a sink or dual-role
power (DRP), Vin may be powered from the
battery pack. If the battery pack is not used for a
long time and stops to supply other circuits, the
MP4501 will not start up, which is a called dead
battery condition. In a dead battery condition, the
VN is below its UVLO, the CCx MOSFETS are off,
and the system USB Type-C controller's Rp is
isolated from the source side. The MP4501
integrates a dead battery pull-down resistor (Rp)
to enable VBUS and charge the battery. The Rp
circuit has a 60V voltage tolerance.

Dead battery functionality is supported through
the RD1 and RD2 pins. If dead battery
functionality and Rp are required, connect RD1
to C_CC1 and connect RD2 to C_CC2. If dead
battery functionality is not required, connect RD1
and RD2 to GND.

When Vv is under its UVLO, Rp is always
present. Once Vv exceeds its UVLO, the CCx
MOSFETs turn on and Rp is removed (see
Figure 3). Then, Rp on the USB Type-C CC/PD
controller is exposed on the CCx line. To ensure
that Rp on the CC/PD controller takes over
control correctly, the MP4501 removes its Rp
after the CCx MOSFETSs fully turn on.

If OVP occurs, Rp turns on for 5ms (typical) to
keep the USB PD source connection alive, and
then automatically removes Rp after 5ms. This
helps avoid USB PD disconnection if a surge
voltage triggers OVP.

|
Viy UVLO
VIN :

2.6ms

Figure 3: VIN Start-Up Sequence

Fault Indicator

FLT is the fault indicator pin. It is an open-drain
output and should be pulled up to a voltage
source. During normal operation, FLT is high. If
OVP or thermal shutdown (TSD) occurs, FLT
goes low to assert the fault. FLT does not latch,
and returns to high after the fault is removed.
Once the device recovers from OVP, FLT has a
typical 4ms delay before going high again. Once
the device recovers from TSD, FLT goes high
again with no delay.

Thermal Shutdown (TSD)

The MP4501 offers thermal protection by
monitoring the IC junction temperature (Tj)
internally. This prevents the chip from operating
at exceedingly high temperatures. If T; exceeds
the TSD threshold (typically 160°C), all
MOSFETSs turn off and FLT is pulled low. This is
a non-latch protection; once T; drops below the
TSD threshold with hysteresis (typically 20°C),
the MOSFETSs turn back on and FLT goes high
again.

Table 1 shows the MP4501’s operation modes in
normal conditions and fault conditions.

Table 1: Operation Mode

OVP
Conditions TSD Dead Battery Rp FLT CCx MOSFETs | SBUx MOSFETs
C_CCx |C_SBUx
ViNn<UVLO | X (9 X X On Open drain Off Off
0 0 0 Off Open drain On On
1 0 0 On for 667ﬁms, then Low Off Off
Vin > UVLO On for 6.7 h
0 1 0 niore.gms.hen | ow off Off
0 0 1 Off Low Off Off
Notes:

10) “X” means any condition in the absolute limit range. “0” means the event has not occurred. “1” means the event has occurred.
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mP5 MP4501 — 60V USB TYPE-C PORT OVP AND IEC ESD PROTECTOR

APPLICATION INFORMATION

Selecting the VBIAS capacitor 1pF ceramic decoupling capacitor for the input
The MP4501 integrates four channels of IEC capacitor (Cin).
ESD protection on the C_CC1, C_CC2, PCB Layout Guidelines

C_SBU1, and C_SBU2 pins. The ESD protection

meets +8kV contact discharge and +15kV air Efficient PCB layout is critical for stable

. o operation and improved ESD performance. A 4-
glscharge standards specified by IEC 61000-4- layer layout is recommended. For the best
' results, refer to Figure 4 and follow the
Adding a VBIAS capacitor (Cveias) helps the guidelines below:
device pass IEC 61000-4-2 ESD tests. The more
capacitors there are, the better the IEC
performance. Ceramic capacitors with X7R
dielectrics are highly recommended because of 2. Place the VBIAS ESD protection capacitor
their low ESR, small temperature coefficients, (Cveins) as close to the VBIAS pin as possible.
and excellent derating performance. A a 0.1pF
100V X7R capacitor is recommended.

1. Place the VIN decoupling capacitor (Cin) as
close to the VIN pin as possible.

3. Place nine vias on the exposed pad of the IC.

Selecting the Input Capacitor 4. Connect the exposed pad to ground.
The VIN pin provides power to all of the 5. Use short, direct, and wide traces to connect
MP4501’s circuitry. It is recommended to use a CCx, SBUx, C_CCx, and C_SBUx to the

USB Type-C connector.

R1

© ©
C1
©©
I EEEE
cc2 @

m © ©® ®

GND @ @ @ VBIAS|
SBU2 @ @ @ [C_sBU2|
Exposed Pad & sau1
SBU1 ¢ Cz
o
©® © Top Layer
ONONONONONONOC) —— Inner GND Layer
@ Via
Figure 4: Recommended PCB Layout @2
Note:
11) The recommended layout is based on Figure 6 on page 15.
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mP5 MP4501 — 60V USB TYPE-C PORT OVP AND IEC ESD PROTECTOR

TYPICAL APPLICATION CIRCUITS

Vin = 2.7V t0 3.6V 10 ne 2817, 19, 20 Veuss ()
O o * VIN
1
ClJ_ R1 C_SBU1 o
1WF T 100kQ 2 ]
«—t—nr MP4501 c_sBu2 =
= 15 m
)
< 2 SBul ccal? 3
< SBU2
To Controller < 12 c_cc2 5
11
< cc2 vBIAS |2 c2 |
GND RD1 RD2 0.1pF =
8,13, 18_|_ 7 6 | |

Figure 5: Typical Application Circuit with Dead Battery Support

Vin = 2.7V t0 3.6V 10 ne 817 19, 20 Veuss ()
O . * VIN
1
01J_ R1 C_SBU1 o
1uFT 100kQ ) o
«—t— A MP4501 c_sBu2 =
- 15 m
wn
< 2 SBul ccal? 3
< SBU2
To Controller < 12 ., c_cc2 5
11
< ce2 veias 2 |
GND RD1 RD2 | c2 =
8,13, 18 7 6 | 0.1pF

Figure 6: Typical Application Circuit without Dead Battery Support
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mP5 MP4501 — 60V USB TYPE-C PORT OVP AND IEC ESD PROTECTOR

PACKAGE INFORMATION

TQFN-20 (3mmx3mm)
Wettable Flank

| 2.90 | 0.35 1.60
| 3.0 025 i 70 PIN 11D
PIN 11D | 16 20 0.30X45° TYP.
MARKING \y ‘ [ w §
( 0.15 —/—= -
0725 4*_'1_53 — K T
M - = 1.60
A 2.90 = Lo — .
PIN 11D 7 | =70 = | 5 70
INDEX AREA 040 T— D =
‘ BSC L — [ | 5
11 /' h
‘ /A0pnn
! 0.118X45° TYP. 10 6
TOP VIEW BOTTOM VIEW
0.70
020 REF QOO og ]t 0.80
0.00
0.05
SIDE VIEW

2.90
~—1.65——

SO it
OQO?‘ | 1) ALL DIMENSIONS ARE IN MILLIMETERS.
% — 4+ — % 1.65 2.90 2) EXPOSED PADDLE SIZE DOES NOT
0.40— | INCLUDE MOLD FLASH.
= @ 3) LEAD COPLANARITY SHALL BE 0.08
MILLIMETERS MAX.
H ﬂ H H — 4) JEDEC REFERENCE IS MO-220.

5) DRAWING IS NOT TO SCALE.

RECOMMENDED LAND PATTERN

MP4501 Rev. 1.0 MonolithicPower.com 16
5/15/2026 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2026 MPS. All Rights Reserved.



|I\/IPS CONFIDENTIAL AND PROPRIETARY / NO COPIES OR DISTRIBUTION WITHOUT MPS PERMISSION

mps MP4501 — 60V USB TYPE-C PORT OVP AND IEC ESD PROTECTOR

CARRIER INFORMATION

/OOOOOOOO

P| n 1 —> 1 ° 1 ° 1 ° 1 PS
Reel ABCD ABCD ABCD ABCD
Diameter

—

Feed Direction

Package Quantity/ | Quantity/ | Quantity/ Reel Carrier Carrier
Part Number Description Reel Tube Tra Diameter Tape Tape
P y Width | Pitch
MP4501GQT-Z TQFN-20 5000 N/A N/A 13in 12mm | 8mm
(Bmmx3mm)
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REVISION HISTORY

Revision # | Revision Date | Description Pages Updated
1.0 5/15/2026 Initial Release -

Notice: The information in this document is subject to change without notice. Please contact MPS for current specifications.
Users should warrant and guarantee that third-party Intellectual Property rights are not infringed upon when integrating MPS
products into any application. MPS will not assume any legal responsibility for any said applications.
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