®

MPF52000-AEC2

Dual USB PD Controller for Source Port,
Supporting Firmware Update and Advanced
PDP Management, AEC-Q100 Qualified

DESCRIPTION

The MPF52000-AEC2 is a highly integrated,
dual-channel USB power delivery (PD) controller
for a source port. The device integrates a 32-bit
ARM Cortex-MO microcontroller, up to 36MHz
operation frequency, USB Type-C port
controller, and legacy charging protocol
management. In addition, the CC lines support a
firmware update feature.

The dual USB Type-C ports support USB PD
revision 3.1 with programmable power supply
(PPS) and Qualcomm quick charge 3/4/4+
technology. These ports are also backward
compatible with dedicated charging port (DCP)
schemes for battery charging specification
(BC1.2), Apple divider mode, and Huawei
FCP/SCP protocols without the need for outside
user interaction.

Power sharing functionality supports dynamic
power budget management between the two
USB PD ports. Power data object (PDO)
capabilities are reduced when the car battery
voltage is low, or when an over-temperature
warning is triggered.

Fault condition protections includes bus voltage
(Veus) over-voltage protection (OVP) and under-
voltage protection (UVP), and thermal shutdown.
The high-voltage /O pins support short-to-
battery and short-to-VBUS protection.

The MPF52000-AEC2 requires a minimal
number of readily available, standard external
components. The MPF52000-AEC2 is available
in a QFN-24 (4mmx4mm) package and is
available in AEC-Q100 Grade 2.

FEATURES

e 3.3V to 21V Bus Voltage (Vsus) Range in
Standard Power Range (SPR) Mode with
Discharge Function

e Supports Up to 48V Vgys in Extended
Power Range (EPR) Mode with External
Vsus Resistor Divider

e 4.6V to 5.5V Input Voltage (Vin) Range
150pA Low Ipsie Mode in Detached State

FEATURES (continued)

o Dual USB PD Controller for Source Port
o Complies with USB PD3.1 with PPS,
USB Type-C 2.1, and TCPC 2.0
Supporting Firmware Update
o Passed USB PD3.1 Certification Test
with PPS (TID: 8467)
o Supports USB PD Alternate Mode for
Display Port
o Integrated Vconn Power Switch and
Over-Current Protection (OCP)
o Dynamic Power Sharing Function
o Load-Shedding Function at High
Temperature or Low Battery Voltage
e Other Charging Protocols:
o Supports Qualcomm Quick Charge
3/4/4+
o Legacy Charging Protocol Supports
BC1.2, Apple 3A Divider Mode, Huawei
FCP/SCP, and UFCS
e 32-Bit ARM Cortex-MO Microcontroller
o Integrated 12MHz and 8kHz RC
Oscillator
o 128kB Flash with ECC, 12kB SRAM and
4kB ROM
Three 16-Bit Timers with PWM Function
12-Bit Analog-to-Digital Converter
(ADC)
o Watchdog Timer (WDT)
o UART and Serial Wire Debug (SWD)
o Two I°2C Master/Slave Interfaces
e Protections:
o High-Voltage CCx/DP/DM I/O and
Short-to-Battery/VBUS/GND Protection
o Thermal Shutdown Protection
¢ Available in a QFN-24 (4Ammx4mm)
Package
e Available in AEC-Q100 Grade 2

APPLICATIONS

e USB Power Delivery Charging Ports
e USB Power Delivery Hubs

o O

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 MPF52000-AEC2 — DUAL-CHANNEL SOURCE USB PD CONTROLLER, AEC-Q100

TYPICAL APPLICATION
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mP5 MPF52000-AEC2 — DUAL-CHANNEL SOURCE USB PD CONTROLLER, AEC-Q100

ORDERING INFORMATION

Part Number* Package Top Marking | MSL Rating
MPF52000GRE-0000-AEC2
MPF52000GRE-0001-AEC2
MPF52000GRE-xxxx-AEC2**

EVKT-MPF52000-AEC2 Evaluation kit - -

* For Tape & Reel, add suffix -Z (e.g. MPF52000GRE-xxxx-AEC2-Z).

** “xxxx” is the configuration code identifier for the register setting stored in the flash. Each “x” can be a
hexadecimal value between 0 and F. “0000” is the default configuration code supporting 60W for a single port
without power sharing. “0001” is the standard code supporting 120W of total shared power and 100W for a single
port. The firmware can be updated multiple times with the PDFU communication interface.

QFN-24

(Ammx4mm) See Below 1

TOP MARKING

MPSYWW
M52000
LLLLLL

E

MPS: MPS prefix

Y: Year code

WW: Week code

M52000: Product code of MPF52000GRE-AEC2-Z
LLLLLL: Lot number

E: Wettable flank package

PACKAGE REFERENCE
TOP VIEW
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Flank
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mP5 MPF52000-AEC2 — DUAL-CHANNEL SOURCE USB PD CONTROLLER, AEC-Q100

EVALUATION KIT (EVKT-MPF52000-AEC?2)
EVKT-MPF52000-AEC2 kit contents (items below can be ordered separately):

# Part Number Item Quantity
1 EVF52000-4263-R-00B EVF52000-4263-R-00B evaluation board 1
2 PDFU-RE-00A PDFU communication interface 1
3 MPFE52000GRE-0001-AEC2 ?:]Zf;ogzrtlmw total shared power and 100W for 5

Virtual BootLoader

TCPCI PDFU APP

USB Type-C

PD App

c
(2]
[ve]
=

<

=
P
e}
3
=4

(=]

DFU GUI
— ;

PDFU Communication Interface
EVF52000-4263-R-00B

Figure 1: EVKT-MPF52000-AEC2 Connection
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mP5 MPF52000-AEC2 — DUAL-CHANNEL SOURCE USB PD CONTROLLER, AEC-Q100

PIN FUNCTIONS

. _— Default
Pin # | Name I/10 Description Status

Multi-functional pin.

1 PAL | Bidirectional Default: PA1 (general-purpose input and output) Low
Alternate: 12C0_SDA (12C0 data), and TIMER16_CHO (TIMER16
channel 0)
Multi-functional pin.

5 PA2 | Bidirectional Default: PA2 (general-purpose input and output) Hi-7

Alternate: I2C0_SCL (12C0 clock), TIMER16_CH1 (TIMER16 channel 1),
and ADC_IN1 (ADC channel 1 input)

Multi-functional pin. During start-up, PA3 must be floated or pulled high.
Default: BOOTO. The BOOTO0 and BOOT1 voltages can set different boot
3 | PA3 |Bidirectional | modes. -

Alternate: PA3 (general-purpose input and output), 12C1_SDA (12C1
data), and TIMER18_CHO (TIMER18 channel 0)

Multi-functional pin. During start-up, PA4 must be floated or pulled high.
Default: BOOT1. The BOOTO0 and BOOT1 voltages can set different boot
4 | PA4 | Bidirectional | modes. -

Alternate: PA4 (general-purpose input and output), 12C1_SCL (I12C1
clock), and TIMER18_CH1 (TIMER18 channel 1)

Multi-functional pin.

Default: PA5 (general-purpose input and output)
S PAS | Bidirectional | pternate: ADC_IN2 (ADC channel 2 input), CLK_OUT (internal clock| Hi-Z
output function), 12C0_SDA (I12C0 data), TIMER17_CHO (TIMER17
channel 0), and UART_TX (UART transmit data)

Multi-functional pin.

Default: PA6 (general-purpose input and output)

6 | PA6 |Bidirectional | Ajternate: ADC_IN3 (ADC channel 3 input), 12CO_SCL (12C0 clock),| HI-Z
TIMER17_CH1 (TIMER17 channel 1), and UART_RX (UART receive
data)

Multi-functional pin.

Default: PBO (general-purpose input and output)

7 | PBO |Bidirectional | Ajternate: UART_TX (UART transmit data), 12C1_SDA (12C1 data),| Hi-Z
ADC_IN6 (ADC channel 6 input), and TIMER16_CHO (TIMER16 channel
0)

Multi-functional pin.

Default: PB1 (general-purpose input and output)

8 PB1 | Bidirectional | Aiternate: UART_RX (UART receive data), 12C1_SCL (12C1 clock),| Hi-Z
ADC_IN7 (ADC channel 7 input), and TIMER16_CH1 (TIMER16 channel
1)

Multi-functional pin.

Default: PC2 (general-purpose input and output)

Alternate: UART_TX (UART transmit data), and ADC_IN8 (ADC channel
8 input)

9 PC2 | Bidirectional Hi-Z

MPF52000-AEC2 Rev. 1.0 MonolithicPower.com 5
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mP5 MPF52000-AEC2 — DUAL-CHANNEL SOURCE USB PD CONTROLLER, AEC-Q100

PIN FUNCTIONS (continued)

. . Default
Pin # Name I/10 Description Status
5V power supply for all internal circuitry. The MPF52000-
AEC2 operates from a 4.6V to 5.5V input voltage (Vin). A 0.47uF
10 VIN Power o . . -
to 4.7uF ceramic input capacitor (Cin) must supply the internal
circuitry.
11 GND Ground Ground. -
12 VBUS?2 Power ?us voltage sensing and discharge pin of USB Type-C port i
L D+ data line to USB Type-C port 2. The DP and DM pins are i
13 DP2 Bidirectional the input/output used for handshaking with portable devices.
L D- data line to USB Type-C port 2. The DP and DM pins are i
14 DM2 Bidirectional the input/output used for handshaking with portable devices.
Configuration channel (CC). CC4 is used for the discovery,
15 CC4 Bidirectional | configuration, and management of connections across a USB -
Type-C cable.
Configuration channel (CC). CC3 is used for the discovery,
16 CC3 Bidirectional | configuration, and management of connections across a USB -
Type-C cable.
Configuration channel (CC). CC2 is used for the discovery,
17 cc2 Bidirectional | configuration, and management of connections across a USB -
Type-C cable.
Configuration channel (CC). CC1 is used for the discovery,
18 CcC1 Bidirectional | configuration, and management of connections across a USB -
Type-C cable.
19 VBUS1 Power ?us voltage sensing and discharge pin of USB Type-C port )
L D+ data line to USB Type-C port 1. The DP and DM pins are )
20 DRl Bidirectional the input/output used for handshaking with portable devices.
L D+ data line to USB Type-C port 1. The DP and DM pins are )
21 DM1 Bidirectional the input/output used for handshaking with portable devices.
External reset pin. Pull the NRST pin low to reset the
microcontroller (MCU); pull it high to enable the MCU. In typical
22 NRST Input applications, it is recommended to connect a 100nF capacitor -
from NRST to GND. NRST is connected to VIN with an internal,
10kQ pull-up resistor.
Multi-functional pin.
23 PB6 Bidirectional Default: SWDIO (serial write data |npu't and output) High
Alternate: PB6 (general-purpose input and output), and
[2C1_SCL (12C1 clock)
Multi-functional pin.
24 PB7 Bidirectional Default: SWCLK (serial wire clock) _ Low
Alternate: PB7 (general-purpose input and output), and
[2C1_SDA (I12C1 data)
Exposed i i Exposed pad. Connect the exposed pad to ground when i
pad designing the PCB layout.

MPF52000-AEC2 Rev. 1.0
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mP5 MPF52000-AEC2 — DUAL-CHANNEL SOURCE USB PD CONTROLLER, AEC-Q100

ABSOLUTE MAXIMUM RATINGS @

Supply voltage (VIN) «eeeeveeeeeeeeeeeee. -0.3V to +6V
VBUS1, VBUS2, DP1, DP2, DM1, DM2..............
-0.3V to +22.5V

CCL~CCA .. -0.3V to +21V
All other pins ..., -0.3V to +6V
Continuous power dissipation (Ta = 25°C)
QFN-24 (4mmx4mm) @@ ... 3W
Junction temperature (T3) coevvvveeveeeeeeennnen. 125°C
Lead temperature .........ccccceeeeviiiinnieneeeenn. 260°C
Storage temperature................ -65°C to +150°C
ESD Ratings ©@

Human body model (HBM) .................... +2000V
Charged-device model (CDM) ................ 750V
Recommended Operating Conditions
Supply voltage (VInN) «ooooeevvereeeeeeeeeeiiieeeeeeenn 5V
Supply current (IIN) «ooeeeeeeienineeeece e, 60mA

Operating junction temp (T;).... -40°C to +125°C

Thermal Resistance @ 6:n Oic
QFN-24 (4Ammx4mm)............. 33.8....39... °C/W

Notes:

1) Exceeding these ratings may damage the device.

2) The maximum allowable power dissipation is a function of the
maximum junction temperature, T; (MAX), the junction-to-
ambient thermal resistance, 8,4, and the ambient temperature,
Ta. The maximum allowable continuous power dissipation at
any ambient temperature is calculated by Pp (MAX) = (T;
(MAX) - Ta) / 8;a. 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.

3) HBM, per the JEDEC specification JESD22-A114; CDM, per
the JEDEC specification JESD22-C101, and the AEC
specification AECQ100-011. The JEDEC document JEP155
states that 500V HBM allows safe manufacturing with a
standard ESD control process. JEDEC document JEP157
states that a 250V CDM allows safe manufacturing with a
standard ESD control process.

4) Measured on a JESD51-7, 4-layer PCB. The value of 8,4 given
in this table is only valid for comparison with other packages
and cannot be used for design purposes. These values were
calculated in accordance with JESD51-7 and simulated on a
specified JEDEC board. They do not represent the
performance obtained in an actual application.

MPF52000-AEC2 Rev. 1.0
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mP5 MPF52000-AEC2 — DUAL-CHANNEL SOURCE USB PD CONTROLLER, AEC-Q100

ELECTRICAL CHARACTERISTICS
Vin =5V, T; = -40°C to +125°C, typical value is tested at T; = 25°C, unless otherwise noted.

Parameter Symbol Condition Min Typ | Max | Units
Supply current (deep sleep) IpsLp Z]Jf’,\lsiﬂ;eggcifisgﬂgnz clock is 150 MA
VIN current, 36MHz clock is
Supply current (on) lon on, 8kHz clock is on, 15 20 mA
T,=25°C
Supply current (IDDQ) ® Ipbq 7 HA
Thermal shutdown © Tote R 150 °C
Thermal hysteresis ® Totp_Hys 20 °C
1.5V LDO regulator Vob -5% +1.5 | +5% \%
1.5V LDO load regulation ® VbD_REG lLoap = 30MA 5 %
Input voltage (Vin) under-
voltage lockout (UVLO) rising Vcc_rs 3.6 4.2 4.58 \%
threshold
Vin UVLO hysteresis Vce_Hys 600 mV
Clock Frequency
ascuracy, facion immed || re 4% | 12 | +4% | MHz
IRC12M oscillator duty cycle ® Dircizm 45 50 55 %
IRC12M oscillator start-up time
®) tsuirci2m 2 us
h%mc/: glgt)a?rcé (;r:g:}rsl oscillator fircsK 8 KHz
IRCS8K oscillator start-up time ® tircsk 50 s
PLL output clock frequency ® frLLOUT -5% 144 | +5% | MHz
PLL lock time ® tLock 200 s
Timer
TIMER resolution time ®) trEs 36MHz operation frequency 27.8 ns
TIMER resolution ® RES 16 bit
Counter period ® fcounTer 1 65536 | tcik
PWM output accuracy ACCpwm FREQ = 1MHz -5 +5 %
WDGT
32-bit counter, set system
Timeout trimeout gleq[fl\ll(epe);ei(::rﬁr égsjjy(range 1S 125 us
clock = 8kHz
Flash Memory
Elrl:)rgrt:':\er:l (/)fegr];gt;af?etl(seﬁdcycles ®) Neveie 100,000 cycles
L tor T;=25°C 100 years
Data retention time ©
tor_ HiTEMP | T3 =125°C 10 years
MPF52000-AEC2 Rev. 1.0 MonolithicPower.com 8
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mP5 MPF52000-AEC2 — DUAL-CHANNEL SOURCE USB PD CONTROLLER, AEC-Q100

ELECTRICAL CHARACTERISTICS (continued)
Vin =5V, T; = -40°C to +125°C, typical value is tested at T; = 25°C, unless otherwise noted.

Parameter Symbol Condition Min Typ Max Units
Byte program time ® trrRoG 6 7.5 us
Sector erase time © tse 4 5 ms
Chip erase time ® tce 30 40 ms
Analog-to-Digital Converter (ADC)

ADC positive reference voltage VREF+ Ty =25°C -0.5% +3.3 +0.5% \%
ADC negative reference voltage VREF- 0 \%
ADC sampling rate fabc_sr 12-bit 257 571 kSPS
ADC input voltage range Vabc 0 3.3 \%
ADC clock ® fapc 28.8 MHz
Total conversation time® tcon 14 1/fapc
Start-up time®) tsu 5 ps
Total unadjusted error Lrue Ts=25°C -16 +16 LSB
NRST Pin

NRST internal pull-up resistor RnrsT 10 kQ
NRST input low voltage VNRST_L 1 \%
NRST input high voltage VNRST_H 3.5 \%
GPIO

tSht;r;(:]ac\)rlg I/O input low level ViL 0.3 X Vin Vv
tSht;r;(:%rlg I/O input high level Vi 0.6 X Vin Vv
tshtg‘s‘:grlg /O output low level VoL lo = 16mA or 8mA 0.5 v
tsf]tl’aér]s(:]?)rlg VO output high level Von lio = 16mA or 8mA Vin-0.8 \%
Pull-up/pull-down resistance © Rupbown 20 100 kQ
I/O input capacitance ® CiN 10 pF
Leakage ILke 1 HA
I°C Slave

Input logic high Vi 0.6 X Vin V
Input logic low Vi1 0.3XxXVin V
Output voltage logic low Vout L 0.6 V
SCL clock frequency fscL 100 400 1000 kHz
SCL high time ® tHiGH 260 ns
SCL low time ® tLow 500 ns
Data set-up time © tsu_pat 50 ns
MPF52000-AEC2 Rev. 1.0 MonolithicPower.com 9
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mP5 MPF52000-AEC2 — DUAL-CHANNEL SOURCE USB PD CONTROLLER, AEC-Q100

ELECTRICAL CHARACTERISTICS (continued)
Vin =5V, T; = -40°C to +125°C, typical value is tested at T; = 25°C, unless otherwise noted.

Parameter Symbol |Condition Min Typ Max Units
(%et-up time for repeated start tsu_sTA 260 ns
(l:)old time for (repeated) start thp,_STA 260 ns
Bus free time between a start t 500 ns
and a stop command ©® BUF
g)et—up time for stop command tsu_s10 260 ns
Rising time of SCL and SDA® tr 120 ns
Falling time of SCL and SDA® tr 120 ns
((;:)apacnance for each bus line Ce 400 bF
UART

Baud feik ‘ 115200 ‘ bps
VBUS Voltage (Vsus)

Standard power range (SPR) VBUS_UV_THLD = 0001b -5% +2.97 +5%
Vsus under-voltage (UV) falling | Vsus_uva | VBUS_UV_THLD = 0011b -25% | +4.75 | +2.5% Y
threshold VBUS UV THLD=0111b | -25% | +19 | +2.5%

SPR Vsus over-voltage (OV) VBUS_OV_THLD = 0001b -2.5% +6 +2.5%

- VBuUs_ov_R1 \
rising threshold VBUS_OV_THLD = 1000b 22 23 24

SPR Veus OV falling threshold | v VBUS_OV_THLD = 0001b -2.5% 5.5 +2.5% v

Bus g PUSOV-FL TVBUS_OV_THLD =1000b | 21 22 23

SPR Vsus present falling o o
threshold Veus_pRes 5% | +35 | +5% | V
Extended power range (EPR) Vv VBUS _UV_THLD = 1000b -5% +13.5 +5% \%
Veus UV falling threshold BUSV2VBUS_UV_THLD=1001b | -2.5% | +26.6 | +25% | V
EPR Vgus OV falling threshold | Vsus_ ov r2 |VBUS_OV_THLD = 1001b -25% | +32.5 | +2.5% Y
EPR Vsus OV falling threshold | Vsus_ov.rz |VBUS_OV_THLD =1001b -25% | +30.6 | +2.5% \%
VBUS force discharge resistor | Rrorce pisc 600 Q
BC1.2 Dedicated Charging Port (DCP) Mode

DP and DM short resistance ‘ Rbp_bm_sHorT | Vop = 0.8V, lIbm = ImA 120 ‘ 200 ‘ Q
Divider Mode

DP output voltage Vowviper_pp | Vout = 5V 2.55 2.7 2.8 \%
DM output voltage Vowviber_om | Vout = 5V 3.15 3.3 3.45 \%
DP output impedance Roiviber_pp 20 25 30 kQ
MPF52000-AEC2 Rev. 1.0 MonolithicPower.com 10
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mP5 MPF52000-AEC2 — DUAL-CHANNEL SOURCE USB PD CONTROLLER, AEC-Q100

ELECTRICAL CHARACTERISTICS (continued)
Vin =5V, T; = -40°C to +125°C, typical value is tested at T; = 25°C, unless otherwise noted.

Parameter ‘ Symbol ’ Condition ‘ Min ‘ Typ ‘ Max ‘ Units

1.2Vv/1.2V Mode

DP/DM output voltage VpP_bDM_1.2v Vout = 5V 1.12 1.20 1.28 \%

DP/DM output impedance Rop_pm_1.2v 230 kQ

Quick Charge (QC) 3.0 Mode

DP/DM low voltage Vaqc_Low 0.25 0.3 0.4 \%

DP/DM high voltage VaQc_HiGH 1.8 2 2.2 \%

DP output impendence Ror_qc 300 400 1500 kQ

DM output impendence Rowm_qc 20 kQ

DM low glitch time ® tGLITCH_DM 10 ms

DP high glitch time ® tGLITCH_DP 1000 1500 ms

Smu;pg;{ voltage change glitch teLITCH_v_CHANGE 20 40 60 ms

Bus voltage step ® V/BUS_CONT_STEP 150 200 250 mv

Time for VBUS to discharge to ¢ 500 ms

5V when DP < 0.6V ©®) V-UNPLUG

FCP Mode

DP/DM Tx high voltage VTx_H Rioap = 15kQ 2.55 5 \Y,

DP/DM Tx low voltage Vrx_L Rioap = 15kQ 0.4 \Y,

DP/DM Rx high voltage VRX_H 15 5 \Y,

DP/DM Rx low voltage VRx_L 1 \%

DM pull-low resistance Rip_p- 12 15 18 kQ

FCP unit interval of PHY ©) tur_Fcp fcik = 125kHz 144 160 176 s

USB Type-C — Source Mode

CC pull-up current 1 IrP1 Veus = 5V at 3A -8% | +330 | +8% MA

CC pull-up current 2 IrP2 Veus = 5V at 1.5A -8% +180 | +8% A

CC voltage to enable VCONN

for 3A USB Type-C mode Vrat 0.75 v

CC voltage to enable VBUS for

3A USB Type-C mode VRp1 0.85 2.45 V

CC detached threshold for 3A

Type-C mode Vopen1 2.75 V

CC voltage to enable VCONN

for 1.5A USB Type-C mode Vraz 035 v

CC voltage to enable VBUS for

1.5A USB Type-C mode Vro2 045 15 v

CC detach threshold for 1.5A

USB Type-C mode Vopenz 1.65 V

VCONN output power Pyconn VIN supplies VCONN, |44, mw
Ts=25°C

VCONN present voltage falling

threshold VVCONN_F 2.28 2.4 2.52 V

VCONN present voltage rising VCONN_PRESENT =

threshold Vvconn_R 1b 2.375 2.5 2.625 V

MPF52000-AEC2 Rev. 1.0 MonolithicPower.com 11
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mP5 MPF52000-AEC2 — DUAL-CHANNEL SOURCE USB PD CONTROLLER, AEC-Q100

ELECTRICAL CHARACTERISTICS (continued)

Vin =5V, T; = -40°C to +125°C, typical value is tested at T; = 25°C, unless otherwise noted.

Parameter

‘ Symbol ‘Condition

‘ Min ‘ Typ ‘ Max ‘Units

USB Type-C Port Controller (TCPC)

Unit interval ® ‘ tui ‘ ‘ 3 ‘ ‘ 3.7 ‘ us
Transmitter

End drive BMC ® tepBMC 23 us
Falling time ® trALL 300 ns
Rising time ® trISE 300 ns
Hold low BMC ©®) tHLBMC 1 s
Logic high voltage ViH 1.05 1.2 \%
Logic low voltage Vi 70 mVv
Output impedance ®) Rrx 33 75 Q
Receiver

CC receiver capacitance © CRECEIVER 600 pF
;I;)ransitions for signal detection NTRANSITION 3 edges
Rx bandwidth limiting filter ® tRX_FILTER 100 ns
l’:)mnel (;/I\/eir}gow for detecting tTR\’A,;I\’\llSDI;IVOVN_ 12 20 us
Receiver input impedance ® Remc_rx 1 MQ
Notes:

5) Guaranteed by engineering sample characterization.
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mps MPF52000-AEC2 — DUAL-CHANNEL SOURCE USB PD CONTROLLER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS

Vin_sys (DC/DC converter’s Vi) = 12V, MPF52000-AEC2 is supplied by an MPS DC/DC converter’s
VCC, Vgys = 3.3V to 21V, Ta = 25°C, unless otherwise noted.

CC1 Attached Rd to Enable VBUS CC1 Detached Rd to Disable VBUS

5.00v/ 2 200% 3 2004 4 -20.00:  100.0¢/ Trigd? BO0v/ 2 200w 5200w 4 20008 100.08  Trig'd?

|| ‘ cH2z:.ccl b

CH2: CC1 |2
CH3: CC2 F CH3: cC2 Iag
CC2 Attached Rd to Enable VBUS CC2 Detached Rd to Disable VBUS
500w 2 200v) 3200w 4 -20.002 1000z [ Trigd? | a00y/, 2 200V 3 200V 4 -20.002 100.02/ Trig'd?
CH2: CC1 [ CH2: CC1 o
CH3: CC2 r! || | CH3: CC2 |
PDO Transition PDO Transition
5V PDO to 9V PDO 9V PDO to 5V PDO
500V/ 2 200/ 3 200V 4 Sl [ s00v/ 2 200/ 3 200V 4 go00e  2000%  mg?
¥
CH2: CC1 o ' I CH2: CC1 k
CH3: cCc2/ CH3: cC2/
VCONN I‘f VCONN ri'
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mps MPF52000-AEC2 — DUAL-CHANNEL SOURCE USB PD CONTROLLER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin_sys (DC/DC converter’s Vi) = 12V, MPF52000-AEC2 is supplied by an MPS DC/DC converter’s

VCC, Vgus = 3.3V to 21V, Ta = 25°C, unless otherwise noted.

PDO Transition PDO Transition
9V PDO to 15V PDO 15V PDO to 9V PDO
500V 2 2009 3 BOOW 4 9.000: 20008 wex? 500v/ 2 200w 3 500V 4 9000 2000y [ WET |

T

CH2: CC1 2 ' | CH2: cc1 B "
CH3: CH3: CC2/
CC2/VCONN rg VCONN rf
PDO Transition PDO Transition
15V PDO to 20V PDO 20V PDO to 15V PDO
100v/ 2 200v 3 BO00V/ 4 9.0002 20002/ Fik 100y 2 200w 3 B00V 4 9.0002 20,002/ #1k

CH2: CC1 sl m CH2: CC1 |2 Il '
CH3: ) CH3: CC2/
CC2/VCONN I’T VCONN i
PDO Transition PDO Transition
5V PDO to 20V PDO 20V PDO to 5V PDO
100y 2 200V 3 RO0V/ 4 . ‘ EUUU?‘ 20 D‘U?/ rﬁﬂ ooy 2 200 3 ROV 4 3.0002 20,008/ Lk
CH2:cc1 [ “ ' CH2: CC1 | A I '
cH3:cc2/ | chs: ccar |
VCONN r VCONN r
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mps MPF52000-AEC2 — DUAL-CHANNEL SOURCE USB PD CONTROLLER, AEC-Q100

TYPICAL PERFORMANCE CHARACTERISTICS (continued)

Vin_sys (DC/DC converter’s Vi) = 12V, MPF52000-AEC2 is supplied by an MPS DC/DC converter’s
VCC, Vgys = 3.3V to 21V, Ta = 25°C, unless otherwise noted.

Mobile Phone Charging Test Laptop Charging Test
Phone requests 3.3V to 21V APDO Laptop requests 20V PDO
500V, 2 200/ 3 500V 3 2008/ -25.00s 5.000s/ ‘@u_:_ 0.0y 2 2008/ SVEDDW 12008/ -10.00s 2.000s/ (221
N e e I
— /
SR 00 A UL | ]
CH2: CC1 0
“odkm | [T e [
e s CH4:
A | cragng ||
current &
MPF52000-AEC2 Rev. 1.0 MonolithicPower.com 15
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mP5 MPF52000-AEC2 — DUAL-CHANNEL SOURCE USB PD CONTROLLER, AEC-Q100

FUNCTIONAL BLOCK DIAGRAM

VIN [

GND [

VBUS1

ca [

MCU Subsystems

|
UVLO |
4 Veonn |
i -y I
A4 v T__T ! ARM Cortex-M0
3.3V :‘Do L5 'I-Do | [AHB BUS MATRIX
Regulator Regulator Ve S o | - RS
Control, OVP and EFLASH | SRAM
X ocp |
ADC Digital |
Reference Control ) Watchdog
1 '
|

Dual-Channel TCPC Controller

SWD

GPIO

ADC

&

I’c

UART

i i R TR -

NRST

PC2

PB7

PB6

PB1

PBO

PA6

PAlL

] vBUS2

] ccs

1 . M\ o + + > I\ o r
] % 4 r
i uviov—: Vgus OV, UV, and Discharge J—uviov
1 = = |
I 1
Vconn 3.3V 3.3V Vconn
J Rp Rp
Receive and Transmit Buffer r
1 7o oy L
| ) . J
o1 BMC Encoding/Decoding cCa
cc2 Cc4
USB Type-C Connection
Voow 3.3V Detection and VCONN Control 3.3V Veom
Rp Rp
Thermal Shutdown
DCP Auto Detect, Apple Divider,
QC3.0, FCP/SCP, UFCS

CcC4
DM2
DP2

Figure 2: Functional Block Diagram
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mP5 MPF52000-AEC2 — DUAL-CHANNEL SOURCE USB PD CONTROLLER, AEC-Q100

OPERATION
Vin Under-Voltage Lockout (UVLO)

The MPF52000-AEC2 operates from a 4.6V to
5.5V power supply. The VIN pin is the power
supply input pin, and it is biased by an external
DC/DC converter's low-dropout (LDO) output.
Under-voltage lockout (UVLO) protects the chip
from operating at an insufficient supply voltage.
The MPF52000-AEC2's UVLO comparator
monitors the VIN input voltage (Viv). The UVLO
rising threshold is 4.2V, and the falling threshold
is 3.6V. The VIN pin should have a 0.47pF to
4.7uF decoupling capacitor.

3.3V and 1.5V Regulator

The 3.3V internal regulator uses V) as the input.
It is used as the analog-to-digital converter
(ADC) reference voltage.

The 1.5V internal regulator uses V) as the input.
It supplies power to the internal digital circuitry,
including the microcontroller (MCU) and flash.

MICROCONTROLLER (MCU)
ARM Cortex-MO Core

The Arm Cortex-MO processor is 32 bits and
developed to provide a low-cost, low-power
consumption  platform that offers high
performance and meets the application
requirement. The MO processor can operate the
Thumb command and is compliant with other
Cortex M series processors.

The MPF52000-AEC2’s integrated Arm Cortex-
MO processor features one nested, vectored
interrupt controller (NVIC), AHB-lite bus
interface, and debug access port (DAP). The
Arm Cortex-M0O processor has an operating
frequency up to 36MHz and can achieve a fast
response associated with different peripherals.

Boot Modes

When Vv exceeds its UVLO threshold and
NRST is enabled, the MPF52000-AEC2 starts
up and runs the boot codes in the ROM. Different
BOOTO and BOOTL1 voltages can set different
boot modes. These two pins have a one-shot,
40kQ, internal pull-up resistor during start-up.
When using PA3_BOOTO0 and PA4_BOOT1 as
general-purpose input/output (GPIO) pins or for
other functions, the two pins’ initial states cannot
be pulled low during start-up; otherwise MCU will

falsely enter a different boot mode. The boot
modes are defined below:

e |f BOOTO = BOOT1 = 1, boot from the main
flash memory (default).

e |fBOOTO =0 and BOOTL1 = 1, boot from the
ROM, then configure the flash memory by
using UART on the PA5 and PAG pins.

Embedded Memory

The MPF52000-AEC2 supports up to 128kB of
embedded Flash memory, 4kB of ROM, and
12kB of SRAM memory. It provides sufficient
storage to store the configurations, boot loader,
and data. Table 1 shows the memory map
address.

Table 1: Memory Map Address

Item Address Size
ROM 0x0000_0000~0x0000 27FF 4kB
RAM 0x2000_0000~0x2000_2FFF | 12kB
SYIEIZON 0x4000_0000~0x4000 OFFF | 4kB
IOC(CS)N Fl 0x4000_1000~0x4000_17FF 2kB
UART | 0x4000_3000~0x4000_ 37FF 2kB
12C0 0x4000_4000~0x4000 47FF 2kB
12C1 0x4000_6000~0x4000_67FF 2kB
ADC 0x4000_8000~0x4000_87FF 2kB
TIM16 | 0x4000 B800~0x4000 BFFF 2kB
TIM17 | 0x4000_C000~0x4000 C7FF | 2kB
TIM18 | 0x4000 C800~0x4000 CFFF | 2kB
EFLASH 0x4000 D0O00~0x4000 D7FF| 2kB
Control - -
WA(‘)I’gHD 0x4000_E000~0x4000_E7FF | 2kB
GPIO 0x4002_0000~0x4002_FFFF | 64kB
EFLASH _
REMAP 0x2200_0000~0x2201 FFFF | 128kB

System Clock

The MPF52000-AEC2

integrates two basic

oscillator circuits to provide 12MHz and 8kHz
IRC clock sources. The 12MHz oscillator is
selected as the default CPU for clock-on reset.
The 12MHz clock can be used as the input clock
of PLL. The maximum PLL clock output is up to
144MHz. The PLL clock can be used by the
MCU and other peripherals, but the maximum
operation frequency should be limited.

MPF52000-AEC2 Rev. 1.0
7/14/2023
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The internal 8kHz clock is always enabled, but
the 12MHz and PLL clock can be disabled in
deep sleep mode for the lowest power
consumption.

There are different clock prescalers that can be
configure the operation frequency of the ADC,
PWM, watchdog, and advanced high-
performance bus (AHB) domains. Table 2 shows
the maximum prescaler values.

Table 2: Clock Source Prescaler Value

L Maximum Value
Name Bit Size in Decimal
AHBCLKDIV 4-Bit 15
PWMCLKDIV 8-Bit 255
SYSTICKCLKDIV 8-Bit 255
WDTCLKDIV 8-Bit 255
OUTCLKDIV 8-Bit 255

The CPU, AHB, and advanced peripheral bus
(APB) share the same clock domains, and the
maximum frequency is 36MHz. Each I2C, timer,
and UART has its own prescaler based on the
APB clock. OUTCLKDIV is the prescaler of the
PA5 clock-out function. After setting
CLKOUT_EN equal to 1, the clock is output
through the PA5 pin if the PA5 pin is configured
for the CLK_OUT function (see Figure 3).

CPU CLK
H CLK AHB/ROM/SRAM

APB/I2C/EFLASH
IOCONFIG/TIMER

—CLK SEL P CLK:

IRC 8K WDTCLKDIV

LIrC 12M
{OUTCLKDIV]
oL OUTCLKDIV oUT
LIRC 8K

—CLK SEL

Figure 3: Clock Tree

Deep Sleep Mode

In deep sleep mode, the IRC 12MHz and PLL
are disabled, which means that only the 8kHz
clock is enabled. This function achieves very low
power consumption while retaining the contents
of the SRAM and registers. The device can be
woken up by the watchdog or a USB Type-C
attach interrupt.

When the MPF52000-AEC2 is woken up by a
watchdog, there are two modes that can be
selected. When WDRESET = 0, the CPU
recovers to its previous state and continues
running; when WDRESET =1, the CPU is reset,
then reloads the program and starts operating
again.

User Configuration Protection

To prevent the MCU flash content from being
read and rewritten, the MPF52000-AEC2
provides read/write protection. This protection
disables the serial wire debug (SWD) function in
boot 1 mode and the serial port update function
in boot 2 mode.

Analog-to-Digital Converter (ADC)

The MPF52000-AEC2 integrates one 12-bit,
high-accuracy, multi-channel ADC. It supports
up to 6 conversation channels. The 6 channels
are multiplexed with the external GPIOx. The
ADC reference voltage can be selected to 3.3V.
Its input voltage is between 0V and 3.3V, and the
maximum operation frequency is fixed to
28.8MHz.

An ADC interrupt can be triggered from the
events generated by the internal, general timers
(TIMER16_CHO and CH1, then TIMER17_CHO
and TIMER18_CHO) and external signals (PA5,
PAG6, PBO, PB1, and PC2). The external signal
trigger mode can be set as the rising edge, falling
edge, and rising/falling edge.

The ADC can be configured for continuous
trigger mode and single trigger mode. When the
ADC is in continuous trigger mode, the 6 ADC
converters (1 for each channel) must finish
sequentially when this mode is triggered once. In
single trigger mode, each ADC configured ADC
channel is converted once when the signal is
triggered.

General-Purpose Inputs and Outputs (GPIOs)

The MPF52000-AEC2 supports up to 11
multifunctional GPIO pins (PA1~PAG6, PBO, PB1,
PB6, PB7, and PC2). Each of the GPIO ports
has its own control and configuration registers to
meet different applications.

Each of the GPIO pins can be configured as pull-
up, pull-down, push-pull and open-drain
functions, or as peripheral alternate functions

MPF52000-AEC2 Rev. 1.0
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(ADC, 12C, SWD, UART, and TIMER
Input/Output).

See the Pin Functions section on page 5 for
more details.

All GPIOs support external interrupt lines, but
there are only 6 interrupt vectors that can be
used for 11 GPIOs. This means that certain
GPIOs must share the same interrupt vector,
though they cannot be used at the same time
(see Table 3).

The GPIO interrupt trigger mode can be set to
rising edge, falling edge, rising/falling edge, high
level, and low level.

General-Purpose Timers

The MPF52000-AEC2 supports three general-
purpose timers: TIMER16 (CHO and CH1),
TIMER17 (CHO and CH1), and TIMER18 (CHO
and CH1). The three timers feature 16-bit reload
up/down counter, AHB clock domain, and 16-bit
clock prescaler from 1 to 65536.

Each timer has two independent channels for
input capturing, output comparing, PWM output,
or single pulse generation.

Independent Watchdog (IWDG)

The independent watchdog is based on an 8-bit
prescaler and 32-bit counter. It is clocked from
an independent, 8kHz, internal clock. Because
IWDG operates independently from the main
clock, it can also operate in a deep sleep mode.

When the watchdog timer expires, IWDG
generates a non-maskable interrupt. This
interrupt cannot be masked.

Universal Asynchronous Receiver-

Transmitter (UART)

The MPF52000-AEC2 embeds one universal,
asynchronous receiver-transmitter (UART). The
UART provides a flexible, full-duplex data
exchange using asynchronous transfer. The
working principle is to transmit each bit of the
transmitted data bit by bit.

Serial Wire Debug Port (SWD)

The MPF52000-AEC2 integrates one serial wire
debug port. The PB6 and PB7 default functions
are SWDIO and SWCLK, respectively. They can
be used for configuration debugging.

Extended Interrupt Controller (EXTI)

The MPF52000-AEC2 can handle up to 1 non-
maskable interrupt and 17 external interrupts
(see Table 3).

Each GPIOx interrupt can be independently
configured to select the trigger event (high level,
low level, rising edge, falling edge, or
rising/falling edge) and can be masked
independently.

Table 3: Interrupt Vector Description

EXTI Interrupt Trigger _
Number Source Description

0 EFLASH_IRQ Flas_h ECC error
interrupt

1 TIM16_IRQ Timer 16 interrupt

2 TIM17_IRQ Timer 17 interrupt

3 UART_IRQ UART interrupt

4 12C0_IRQ 12CO0 interrupt

5 12C1_IRQ [2C1 interrupt

6 TIM18_IRQ Timer 18 interrupt

7 ADC_IRQ ADC interrupt

8 BOD_IRQ Vin voltage is too

low

9 PBO

10 PA1/PB1

11 PA2/PC2 .

GPIOx interrupt

12 PA3/PA4

13 PA5/PA6

14 PB6/PB7

15 ATTACH1 Channel 1 sink is
attached

16 ATTACH?2 Channel 2 sink is
attached

I°’C Transfer Data

Every byte on the SDA line must be 8 bits long.
Each byte has to be followed by an acknowledge
bit. The acknowledge-related clock pulse is
generated by the master. The transmitter
releases the SDA line (high) during the
acknowledge clock pulse. The receiver must pull
down the SDA line during the acknowledge clock
pulse so that it remains stable low during the
high period of this clock pulse.

MPF52000-AEC2 Rev. 1.0
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Figure 4 shows the data transfer format. After the
start command (S), a slave address is sent. This
address is 7 bits long, followed by an eighth bit,
which is a data direction bit (R/W).

A 0 indicates a transmission (write), while a 1
indicates a request for data (read).

A data transfer is always terminated by a stop
command (P), which is generated by the master.
However, if a master still wishes to communicate
on the bus, it can generate a repeated start
command (Sr) and address another slave
without generating a stop command.

' i

----- H
soa” I\ /w0 / b7 - b0 \ / b7 - b0 \ v
H Vo
i I
—a | - - - {

y i T
sl g \_/-\,/ '\_/W»/ \_/;\_/E\_/-‘MI\_/W;_?
Lid L

Start — L ] L— L | ) I— | Stop

Commant d ADDRESS RW  ACK DATA Ack DATA ACK Comman d

Figure 4: Complete Data Transfer

The MPF52000-AEC2 includes a full I°C slave
controller. The 12C slave fully complies with the
I°C specification requirements. It requires a start
command, a valid 1°C address, a register
address byte, and a data byte for a single data
update. After receiving each byte, the
MPF52000-AEC2 acknowledges by pulling the
SDA line low during the high period of a single
clock pulse. A valid I°C address selects the
MPF52000-AEC2. The  MPF52000-AEC2
performs an update on the falling edge of the
least significant byte.

Reset (NRST)

NRST is an active low pin. Pull the NRST pin low
to reset the microcontroller (MCU); pull it high to
enable the MCU. In typical applications, it is
recommended to connect a 100nF capacitor
from NRST to GND. NRST is connected to VIN
with an internal 10kQ pull-up resistor.

USB TYPE-C PORT CONTROLLER
Charging Mode Auto-Detection
Legacy USB 2.0 Mode

The MPF52000-AEC2 integrates a USB
dedicated charging port (DCP) auto-detection
function that can recognize most mainstream
portable devices. It supports the following
charging schemes:

e USB battery charging specification BC1.2/

e Apple 3A divider mode

e 1.2V/1.2V mode

e QC3.0Class A (3.3Vto 12V)
e Huawei FCP and SCP

e UFCS

The auto-detection function is a state machine
that supports all of the above DCP charging
schemes, starting in divider mode. If a device
compliant with divider mode is attached, the
MPF52000-AEC2 remains in divider mode. Then
3.3V is applied to the DM pin, and 2.7V is applied
to the DP pin.

If a device compliant with BC1.2 or YD/T 1591-
2009 is attached, the MPF52000-AEC2 operates
in 1.2V/1.2V and BC1.2 DCP mode. DM and DP
are shorted together with a resistance below
200Q. The MPF52000-AEC2 remains in that
mode until the device releases the data line.
Then the device returns to divider mode.

If a QC3.0 or FCP/SCP device (without PD
protocol) is attached, the MPF52000-AEC2
enters high-voltage quick charge mode.

USB Type-C Port

The USB Type-C receptacle, plug, and cable
solution incorporates a configuration process to
detect a downstream-facing port (DFP) to
upstream-facing port (UFP) connection for Vsus
management, and to determine the host-to-
device relationship.

Initially, DFP-to-UFP attachment is detected by
a host (DFP) when one of the CC pins at its USB
Type-C receptacle senses a specific resistance
to GND. Subsequently, UFP-to-DFP detachment
is detected when the CC pin that was terminated
at its USB Type-C receptacle is no longer
connected to GND.

Power is not applied to the USB Type-C host or
hub receptacle (Vsus or Vconn) until the DFP
detects the presence of an attached device (UFP)
port. When a DFP-to-UFP attachment is
detected, the DFP enables power to the
receptacle and begins normal USB operation
with the attached device. When a DFP-to-UFP
detachment is detected, the port sourcing Vsus
removes power.

ghlngsed YD-E_EFI?%%Trggggcauons Industry The MPF52000-AEC?2 is a DFP (provider only),
tandar ) and its power supply capability is rated at 5V/3A
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by default. Vconn is provided by the DFP to
power the cables and electronics in the plug.
Vconn is provided instead of the CC pin if the CC
pin is not connected to the cable’s configuration
channel (CC) wire. Vconn has a maximum power
output of 200mW.

Vconn is disabled until Ra is detected. Ra is a pull-
down resistor connected from the CC pin to GND,
and its resistance should be below 1.2kQ.

USB Power Delivery (PD)

In USB power delivery (PD), pairs of directly
attached ports negotiate the voltage, current,
and/or direction of power flow across the USB
cable by wusing the CC wire as the
communication channel. The mechanisms that
are implemented operate independently of other
USB methods that are used to negotiate power.

USB Type-C connectors can support the CC
wire as the communication channel. The USB
PD engine is disabled until a valid USB Type-C
connection is established. Figure 5 shows a USB
PD communication stack.

Provider Consumer
(" Device Policy '\" (" Device Policy -
. Manager Manager
| Policy Engine |~ - — |- { Policy Engine |
Protocol | i e {4 Protocol \
\' Physical Layer — 4. —|—- ( Physical Layer |

cC

Figure 5: USB PD Communication Stack

PD Contract Handshake

Figure 6 shows the MPF52000-AEC2's PD
contract handshake sequence.

CH oS Power  Data Cable Plug Type

cc2  SOF UFP or DFP  Vendor_Defined
cCc2  SOP Cable Plug GoodCRC

cc2 SOP' Cable Plug Vendor_Defined
cc2z  Sop UFP or DFP GoodCRC

cc2 SOP Source DFP Source Capabilities
ccz2 SOP Sink UFP GoodCRC

cc2z  Sop Sink UFP Request

ccz SOP Source  DFP GoodCRC

ccz2 SOP Source  DFP Accept

ccz2 SOP Sink UFP GoodCRC

cc2  sop Source  DFP PS_RDY

cc2  sop Sink UFP GoodCRC

Figure 6: PD Contract Handshake

VBUS and VCONN Discharge

When the sink is detached or a hard reset
occurs, the MPF52000-AEC2 sends a command
to turn off the DC/DC converter’s output voltage,
and VBUS_P’s 600Q discharge resistor turns on
for 250ms. Meanwhile, the VCONN voltage is
discharged with a 1kQ resistor for 35ms.

Veus Over-Voltage Protection (OVP) and
Under-Voltage Protection (UVP)

The MPF52000-AEC2 supports Vsus over-
voltage (OV) and under-voltage (UV) detection
and reports the status to the status register.
Then the MPF52000-AEC2 can disable the
external DC/DC converter from switching, or the
device can enter a hard reset state.

- -REN = RN R N TERY U

——

The blanking time for over-voltage protection
(OVP) and under-voltage protection (UVP) can
be set via the TCPC register. To support EPR
mode, place a resistor divider with at least 1%
tolerance at the VBUS pin and use GPIOx to
control the discharge MOSFET (see Figure 7). If
there is only SPR mode, the resistor divider is
not required.

Vrer

]D' h,
GPIOX[ Ischarge

Figure 7: Resistor Divider and Discharge
MOSFET for EPR Mode

Table 4 shows the potential Vgus OVP thresholds.

MPF52000-AEC2 Rev. 1.0
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Table 4: Veus OVP Thresholds

VBUS_OV Rising/Falling
Threshold (V)
PDO Voltage Or&%?gR EPR Mode
(R1 = 100kQ,
(R1 0, R2 = 52.3kQ)
R2 = NS) '
5V fixed PDO 6/5.5 6/5.5
9V fixed PDO 10.8/9.9 10.8/9.9
12V fixed PDO 14.4/13.2 14.4/13.2
15V fixed PDO 18/16.5 18/16.5
5V prog. 7.08/6.49 7.08/6.49
9V prog. 13.2/12.1 13.2/12.1
15V prog. 19.2/17.6 19.2/17.6
SPR absolute
oV 23/22 23/22
28V - 32.5/30.6
36V - 39.6/37.8
EPR absolute
oV - 53/52

Table 5 shows the potential Vesus UVP thresholds.

Table 5: Vsus UVP Thresholds

VBUS UV Threshold (V)
Only SPR
PDO Voltage M)(/)de EP? Mode
_ (R1=100kQ,
(R1 =00, R2 = 52.3kQ)
R2 = NS) '
3.3V min PPS 2.97 2.97
5V min PPS 45 45
5V fixed PDO 4.75 4.75
9V fixed PDO 8.55 8.55
12V fixed PDO 11.4 11.4
15V fixed PDO 14.25 14.25
20V fixed PDO 19 19
15V min PPS - 135
28V fixed PDO - 26.6
36V fixed PDO - 34.2
48V fixed PDO - 45.6

VCONN Over-Current Protection (OCP)

The VIN-to-VCONN switch has a 20Q resistance
and a 50mA over-current protection (OCP)
threshold. When Vconn OCP is triggered, the
Vconn output latches off. The following actions
can re-enable Vconn:

e Cycling power on VIN and EN
e A hard reset
e AVCONN_SWAP

e Detaching and reattaching the USB Type-C
device

Start-Up and Shutdown Timing

If the MPF52000-AEC2’s V\n exceeds 4.2V, the
MCU and PD engine can be enabled. The
MPF52000-AEC2 should start up after the
DC/DC converter starts up, and it should shut
down before the converter shuts down (see

Figure 8).
The MPF52000-AEC2 shutdown

System
Input
DC/DC EN
External VCC to MPE52000-AEC2
Supply the MPF52000-AEC2 Viv UVLO Falling
- Viy UVLO Rising
time should be before the DC/DC
converter shuts down

The MPF52000-AEC2 start-
up time should be after the
DC/DC converter starts up

Figure 8: MPF52000-AEC2 Start-Up and
Shutdown Timing

Short-to-Battery/Veus/GND Protection

If a VBUS is shorted to the battery , the VBUS
rises to trigger VBUS over-voltage protection
(OVP). Details please see VBUS Over-Voltage
Protection (OVP).

During a CC pin or DP/DM pin short-to-
battery/VBUS condition, the MPF52000-AEC2
can withstand high voltages on the internal
components in SPR mode. 0x020C D6 will
change to 1, indicating that a battery/VBUS short
has been triggered on DP/DM/CCx. And
VBUS/CCx/DP/DM supports short to GND
protection.

Thermal Shutdown Protection

If the silicon die temperature exceeds 150°C,
TCPC is in a thermal shutdown state,
MPF52000-AEC2 turns off DC-DC converter.
When the silicon die temperature falls below its
recovery threshold, (typically 130°C), TCPC is
not in a thermal shutdown state, MPF52000-
AEC2 returns to normal operation and enable
the external DC-DC converter again.
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TCPC REGISTER MAP

The MPF52000-AEC2 integrates a dual-channel USB Type-C power controller (TCPC) that handles the
BMC message delivery and receiver, CC status reporting, Vsus over-voltage protection (OVP) and under-
voltage protection (UVP) detection, Vsus and Vconn discharge, and over-temperature warning threshold
selection. Table 6 shows the TCPC base addresses. Table 7 shows the TCPC offset addresses.

Table 6: TCPC Base Address Table

Peripheral Name

Base Address

TCPC1

0x40000000 + OXE800

TCPC2

0x40000000 + 0xF0O00

Table 7: TCPC Offset Address Table

Address . Reset N
Offset Register Name Type value Definition

TCPC Register (Refer to USB-IF TCPC Specification R2.0 V1.2)
0x00 VENDOR ID L8 R 0xC9 .
0x04 VENDOR 1D _H8 R 0X2C The MPS vendor ID is 0x2CC9
0x08 PRODUCT ID L8 R 0x39 '
OXOC PRODUCT 1D H8 R 0x50 Returns the MPS-defined product ID.
0x10 DEVICE ID L8 R 0x00 . .
ox14 DEVICE ID H8 R 0x00 Returns the MPS-defined device ID.
0x18 USBTYPEC REV L8 R 0x20 .
OX1C USBTYPEC REV H8 R 0x00 Returns the USB Type-C revision.
0x20 USBPD REV VER L8 R 0x12 .
0x24 USBPD REV VER HS R 0x30 Returns the USB PD revision.
0x28 PD_INTERFACE REV_L8 R 0x10 Returns the PD interface revision
0x2C PD INTERFACE REV HS8 R 0x20 )
0x40 ALERT L8 R/W 0x00 . "
Oxad ALERT H8 RIW 0x00 ALERT register definition.
0x48 ALERT MASK L8 R/W OxFF . o
OXAC ALERT MASK H8 RIW OXEE ALERT_MASK register definition.
0x50 POWER STATUS MASK R/W OxFF | POWER STATUS MASK register definition.
0x54 FAULT STATUS MASK R/W OxFF | FAULT STATUS MASK register definition.
0x58 EXTENDED_STATUS_MASK | R/W | OxFF Eéﬁz\égED—STATUS—MASK register
OX5C ALERT EXTENDED_MASK | RIW | OxFF dAéﬁEantL—nEXTENDED—MASK register
0x64 TCPC CONTROL R/W 0x00 | TCPC CONTROL register definition.
0x68 ROLE CONTROL R/W 0x00 ROLE_CONTROL register definition.
0x6C FAULT CONTROL R/W 0x00 FAULT CONTROL register definition.
0x70 POWER CONTROL R/W 0x00 POWER CONTROL register definition.
0x74 CC _STATUS R 0x00 | CC STATUS register definition.
0x78 POWER STATUS R 0x00 POWER_STATUS register definition.
0x7C FAULT STATUS R 0x00 FAULT STATUS register definition.
0x80 EXTENDED STATUS R 0x00 EXTENDED STATUS register definition.
0x84 ALERT EXTENDED R 0x00 | ALERT EXTENDED register definition.
0x8C COMMAND W 0x00 | COMMAND register definition.
0x90 DEVICE CAPABILITIES 1 L8 R VD . L
Ox94 DEVICE CAPABILITIES 1 _H8 R VD DEVICE_CAPABILITIES_1 register definition.
0x98 DEVICE CAPABILITIES 2 L8 R VD . L
Ox9C DEVICE CAPABILITIES 2 H8 R VD DEVICE_CAPABILITIES_2 register definition.
0xB8 MESSAGE_HEADER_INFO | R/W | 0x00 g"efiﬁﬁ’iﬁf E_HEADER_INFO register
0xBC RECEIVE DETECT R/W 0x00 RECEIVE DETECT register definition.
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Indicates the number of bytes in the

0xCO0 READABLE_BYTE_COUNT R 0x00 | RX_BUF_BYTE_x registers plus one (for the
RX_BUF_FRAME_TYPE).

0xC1 RX BUF FRAME TYPE R 0x00 | Indicates the type of received frame.

0xC2 RX BUF BYTE X R 0x00 | Receive buffer bytes.

0x140 TRANSMIT R/W 0x00 | TRANSMIT register definition.
Indicates the number of bytes the USB Type-C

0x144 12C_WRITE_BYTE_COUNT R/W 0x00 | port manager (TCPM) writes to the
TX BUF BYTEX.

0x148 TX BUF BYTE X R/W 0x00 | Transmit buffer bytes.

Vendor-Defined Register (Defined by MPS)
0x200 SYS CTL1 RIW 0x00 Selec_ts the PD mode and the Vsus OV/UV
- blanking times.

0x204 SYS _CTL2 R/W | 0x00 | Selects the legacy charging mode.

0x208 VBUS_OV_UV_THLD_SEL RIW OXOF S_elects the VBUS OV/UV thresholds for
different PDOs.
TCPM writes 1 to clear. The TCPC alerts the

0x20C STATUSL RIW 0x00 MCU when the status bit is set to 1.

0x210 STATUS1 MASK R/W OxFF | Masks certain faults.

0x218 SYS CTL3 RW | 0x00 VBUS and VCONN discharge path is controlled

- by TCPM.

TCPM writes 1 to clear. The MCU is not alerted

0x220 STATUS2 RIW 0x00 of this status when this bit is set to 1.

0x360 TOP_STATUS R/W 0x00 | TCPM writes 1 to clear.

0x364 TOP_STATUS MASK R/W 0x00 | Masks certain faults.
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VENDOR-DEFINED REGISTER DESCRIPTION

SYS CTL1

Address: 0x0200

Type: RIW

The SYS_CTL1 command selects the power delivery modes and sets the Vgys OV/UV blanking times.

Bits Bit Name Default Description
24’b 0000
D[31:8] | RESERVED 8888 8888 Reserved.
0000

Selects the power delivery mode.

D[7] PD_MODE_SEL b0 1’b 0: Standard power delivery mode
1’b 1: Extended power delivery mode

Selects the Vsus under-voltage (UV) blanking time.

) VBUS_UV_ , 2’b 00: 2ms
DIES] | gL ANK TIME 2b 00 2'b 01: 4ms
2’b 10: 8ms
2’b 11: 16ms
Selects the Vsus over-voltage (OV) blanking time.
Dl4] VBUS_OV_ b0 ,
BLANK_TIME 1'b 0: 40ms
1’b 1: 80ms
D[3:0] | RESERVED 1’b 0000 Reserved.
SYS_CTL2
Address: 0x0204
Type: RIW
The SYS_CTL2 command selects the legacy charging mode and the Vgus present threshold.
Bits Bit Name Default Description
25’b 0000
_ 0000 0000
D[31:7] | RESERVED 0000 0000 Reserved.
0000 0

Selects the legacy charging mode.
2’b 00: All DCP modes are active. Disable QC in the PD contract

LEGACY , ) - .
D[6:5] — 2’b 00 2’b 01: Only BC1.2 is active (no Apple mode and no QC)
CHARGING_MODE 2’b 10: Apple mode and BC1.2 mode are active
2’b 11: All DCP modes are active, and enable QC in PD contract
Selects the Vsus present threshold. If Vsus falls below this threshold,
VBUS_PRESENT should be set 0 to report the alert.
VBUS_PRESENT _ 1B 1 . n o
D[4] THLD 1’b 0: 2.5V falling voltage, 2.8V rising voltage. This is for the PPS state
1’b 1: 3.5V falling voltage, 4V rising voltage. This is for the fixed PDO
state
D[3:0] | RESERVED 4’b 0000 Reserved.
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VBUS_OV_UV_THLD_SEL

Address: 0x0208
Type: RIW

The VBUS_OV_UV_THLD_SEL command sets the Vgus over-voltage protection (OVP) threshold in SPR
mode and the Vgys under-voltage protection (UVP) threshold for different PDOs.

Bits

Bit Name

Default

Description

D[31:8]

RESERVED

24’b 0000

0000 0000

0000 0000
0000

Reserved.

D[7:4]

VBUS_OV_THLD

4’b 0000

Sets the Vsus OVP threshold in SPR mode. See Table 4 on page 23 for
more details.

0000b:
0001b:
0010b:
0011b:
0100b:
0101b:
0110b:
0111b:
1000b:
1001b:
1010b:
1011b:
1100b:
1101b:

OVP is disabled

5V fixed PDO OV threshold

9V fixed PDO OV threshold

12V fixed PDO OV threshold

15V fixed PDO OV threshold

5V APDO OV threshold

9V APDO OV threshold

15V APDO OV threshold

Absolute OV threshold in SPR mode
28V fixed PDO OV threshold

36V fixed PDO OV threshold

28V APDO QV threshold

36V APDO OV threshold

Absolute OV threshold in EPR mode

D[3:0]

VBUS_UV_THLD

4’b 0000

Sets the Veus UVP threshold for different PDOs. See Table 5 on page
24 for more details.

0000b:
0001b:
0010b:
0011b:
0100b:
0101b:
0110b:
0111b:
1000b:
1001b:
1010b:
1011b:

Veus UV detection is disabled

2.97V Vsus UV is selected for 3.3V minimum PPS voltage
4.5V Veus UV is selected for 5V minimum PPS voltage
5V PD Vgus UV

9V PD Vsus UV

12V PD VBus UV

15V PD Vgus UV

20V PD Vaus UV

13.5V Vaus UV threshold for 15V PPS voltage

28V fixed PDO UV threshold

36V fixed PDO UV threshold

48V fixed PDO UV threshold

STATUS1
Address: 0x020C
Type: WC

The STATUS1 command returns fault information. To clear these bits, TCPM writes 1 to the
corresponding bit. The alert bit is always pulled low until it is cleared to 0.

Bits Bit Name Description
D[31:8] | RESERVED Reserved.
D[7] 1’b 0: TCPC is not in a thermal shutdown state
TSD 1’b 1: TCPC is in a thermal shutdown state
D[6] BATTERY_ 1’b 0: No battery short has been triggered on DP/DM/CCx
SHORT 1’b 1: A battery short has been triggered on DP/DM/CCx
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Indicates whether the Vsus under-voltage (UV) threshold has been triggered.
D[5] VBUS_UV 1’b 0: The Vsus UV threshold has not been triggered
1’b 1: The Vsus UV threshold has been triggered.
1’b 0: VCONN over-voltage protection (OVP) has not been triggered
D2l VCONN_OVP 1’b 1: VCONN OVP has been triggered
D[1:0] RESERVED Reserved.

STATUS1 MASK
Address: 0x0210
Type: RIW

The STATUS1 _MASK command can only mask the TCPC’s ALT# pin behavior, which means that the

STATUSLI register still indicates each event.

Bits Bit Name Default Description
24’b 0000
. 0000 0000
D[31:8] | RESERVED 0000 0000 Reserved.
0000
D[7] TSD_MASK b 1 1,b 0 The thermal shutdown mask is enabled
1’b 1: No mask
D[6] BATTERY_ 1b 1 1’b 0: The battery short mask is enabled
SHORT_MASK 1’b 1: No mask
D[5] VBUS_UV_MASK b 1 1’b O The Vsus under-voltage (UV) mask is enabled
1’b 1: No mask
D[2] VCONN_OVP b 1 1,b 0 The Vconn over-voltage protection (OVP) mask is enabled
1’b 1: No mask
D[1:0] RESERVED 2’b 00 Reserved.
SYS CTL3
Address: 0x0218
Type: RIW

The SYS_CTL3 command enables the VCONN discharge path and the VBUS discharge path. The VBUS
and VCONN discharge paths can be controlled by the TCPM.

Bits Bit Name Default Description
24’'b 0000
. 0000 0000
D[31:8] | RESERVED 0000 0000 Reserved.
0000
Enables the VCONN discharge path. The VCONN discharge path is
automatically disabled when the VCONN discharge timer’s 35ms has
D[7] VCONN_DISCHG 1b 0 expired.
1’b 0: The VCONN discharge path is disabled
1’b 1: The VCONN switch is disabled and the discharge path is enabled
Enables the Vsus discharge path. The 600Q VBUS discharge resistor
is automatically disabled when the VBUS discharge timer’s 250ms has
D[6] VBUS DISCHG 1b 0 expired. Then this bit is set to 0 automatically.
1'b0: Disabled
1’b1: Enabled
D[5:0] | RESERVED 6’b 0000 00 | Reserved.
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STATUS2

Address: 0x0220

Type: RIW

The STATUS2 command shows the statuses of TCPM_WRITE_TRANSMIT_NOT_ALLOWED,

CPM_WRITE_TRANSMIT_WHEN_TXBUF_EMPTY, and TCPM_WRITE_INVALID_COMMAND. To
clear these bits, the TCPM writes 1 to the corresponding bit.

Bits Bit Name Default Description
29’b 0000 0000
D[31:3] | RESERVED 0000 0000 0000 | Reserved.
0000 0000 0
TCPM_WRITE_

1’b0: A TCPM write transmit is allowed

D[2] TRANSMIT_NOT_ 1b 0 . . o
ALLOWED 1’b1: No TCPM write transmit is allowed
TCPM_WRITE_ 1’b0: Normal
D[1] TRANSMIT_WHEN_ 1b 0 1’b1: The TCPM writes a transmit command when transmit buffer is
TXBUF_EMPTY empty
D[0] TCPM_WRITE_ 100 1’b0: Normal
INVALID_COMMAND 1’b1: The TCPC received an invalid command
TOP_STATUS
Address: 0x0360
Type: RIW

The TOP_STATUS command shows the statuses of ATTACH_STATUS CHANGE, UFCS detection,
and PD_INTERRUPT. To clear these bits, TCPM writes 1 to the corresponding bit.

Bits Bit Name Default Description
23’b 0000 0000
D[31:9] | RESERVED 0000 0000 0000 | Reserved.
000
D[8] ATTACH_STATUS_ 150 1’b 0: The ATTACH status has not changed

CHANGE 1’b 1: The ATTACH status has changed.
1’b 0: UFCS detection has not triggered

D[] UFCS b0 1’b 1: UFCS detection has triggered
D[6:1] | RESERVED 6’b 0000 00 Reserved.
D[0] PD_INTERRUPT 150 1’b 0: A PD interrupt has not triggered

1’b 1: A PD interrupt has triggered (read-only)

TOP_STATUS MASK

Address: 0x0364

Type: RIW

The TOP_STATUS_MASK command masks the TCPC’s ALT# pin behavior, which means that the
STATUSLI register still indicates each event.

Bits Bit Name Default Description
23’b 0000 0000
D[31:9] | RESERVED 0000 0000 0000 | Reserved.
000
D[8] ATTACH_STATUS _ 150 1’b 0: MASK enabled.
CHANGE_MASK 1’b 1: No mask
) 1’b 0: MASK enabled.
D[7] | UFCS_MASK LA b 1: No mask
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D[6:1] RESERVED 6’b 0000 00 Reserved.
PD_INTERRUPT _ , 1’b 0: MASK enabled.
D[0] MASK b0 1’b 1: No mask
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APPLICATION INFORMATION

PCB Layout Guidelines Place the VIN decoupling capacitor as close to
Efficient PCB layout is critical for stable the VIN pins as possible.
operation and improved ESD performance. A 2- 1. Put 9 vias on the exposed pad of the IC.

layer or 4-layer layout is recommended. For the

best results, refer to Figure 9 and follow the

guidelines below: 3. Use short, direct, and wide traces to connect
CC1, CC2, CC3, and CC4 to the USB Type-
C receptacle.

2. Connect the exposed pad to ground.
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i Inner Layer 2
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Figure 9: Recommended Layout ®

Note:
6) The recommended layout is based on typical application circuit in Figure 10 on page 31.

MPF52000-AEC2 Rev. 1.0 MonolithicPower.com 30
7/14/2023 MPS Proprietary Information. Patent Protected. Unauthorized Photocopy and Duplication Prohibited.
© 2023 MPS. All Rights Reserved.



mP5 MPF52000-AEC2 — DUAL-CHANNEL SOURCE USB PD CONTROLLER, AEC-Q100

TYPICAL APPLICATION CIRCUIT

Vgus1 = 5V, 9V, 15V, 20V, 3.3V to 21V at 100W
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Figure 10: Typical Aplication Circuit with the MPF52000-AEC2 and MPQ4263 (100W/Each for Dual-Port PD
Power Share Application, Total 120W Output Power)
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PACKAGE INFORMATION
QFN-24 (Ammx4mm)

| 3.90 | 0.35 i 2.35
PIN1ID | 410 0.45 2.45
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1) THE LEAD SIDE IS WETTABLE.
2) ALL DIMENSIONS ARE IN MILLIMETERS.
o 350 3) LEAD COPLANARITY SHALL BE 0.08
MILLIMETERS MAX.

4) JEDEC REFERENCE IS MO-220.

5) DRAWING IS NOT TO SCALE.
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CARRIER INFORMATION

Reel
Diameter

Pinl —»1

o 00000 O O

°
ABCD

1 p 1

3 1
ABCD

°
ABCD

—_—
Feed Direction
. . . Carrier Carrier
Package Quantity/ | Quantity/ | Quantity/ Reel
Part Number Description Reel Tube Tray Diameter Tape Tape
Width Pitch
MPF52000GRE-
XXXX-AEC2-Z
MPF52000GRE- QFN-24 .
0000-AEC2-7 (4Ammx4mm) 5000 N/A N/A 13in 12mm 8mm
MPF52000GRE-
0001-AEC2-Z
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Notice: The information in this document is subject to change without notice. Please contact MPS for current specifications.
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