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Chapter 1. Introduction

The growing popularity of standard USB PD3.1 chargers for mobile phones and notebook PCs spurs the demand for leveraging standard PD3.1
chargers to replace purposely and individually built chargers for battery-power electronic devices to reduce E-Waste.

The AP33772S Evaluation Board (EVB) is intended to be used as an evaluation vehicle for charging applications between a Type C Connector-
equipped Device (TCD, Energy Sink) and a Type C Connector-equipped PD3.1 compliance Charger or Adaptor (PDC, Energy Source).

Figure 1 illustrates a TCD, embedded with a PD3.1 Sink controller IC (AP33772S). This is physically connected to a PDC, embedded with a
USB PD3.1 decoder (AP43771) through a Type-C to Type-C cable. Based on the built-in USB PD3.1 compliant firmware, the AP33772S and
AP43771 pair can go through the USB PD3.1 standard attachment procedure to establish a suitable PD3.1 charging state.

The AP33772S Evaluation Board (EVB) User Guide explains a flexible 12C setting arrangement (12C Interface Pin, 12C Register Map, and

Operations) to request the desired input voltage and input power for a typical TCD. Various system protection functions and system status
checks can also be performed by accessing the relevant 12C register contents by the TCD’s host MCU device.

TCD Device

Connector

' Vsus Vour
usB Type-C'I | |
.'..

AP337725
(PD Sink)

Figure 1 — A typical TCD uses the AP33772S PD Sink Controller with I12C Interface to request power from a USB Type-C PD3.1/PPS
Compliance Source Adaptor

Chapter 2. AP33772S Sink Controller
2.1 Package Outline

z
w
Q¢ 50> a
Q % § 28 0o
°
1sene 1] S oN
NC i P[] ca
GND | i ce2
SDA | | IFB
s [7 | e
R I oTP
[~ [=][=][=] =[]
bgees

Figure 2 — AP33772S Package Outline
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2.2 Pin Descriptions

Pin No Pin Name Type (Notes) Pin Function
1 ISENP AHV Cur_rent Sense Positive Node, connect to the positive node of the external current sensing
resistor
2 NC - No Connection
3 GND GND Ground
4 SDA DIO I12C Data, need to be pulled up externally
5 SCL DI 12C Clock, need to be pulled up externally
6 FLIP DO Flip indicator of Type-C plug. LOW: CC1 detected; HIGH: CC2 detected
7 NC - No Connection
8 LED DO LED Indicator Pin, refer to Table 13 for detailed description
9 INT DO Interrupt pin is used to inform external MCU. LOW: normal; HIGH: interrupt occured
10 NC - No Connection
11 NC - No Connection
1.8V LDO output for internal use only. Connect a 100nF cap to GND. This pin cannot drive
12 V18 DP
external load.
100uA Current Source output for NTC connected to ground; this NTC is used to monitor
13 oTP AIO S
temperature variation
14 NC - No Connection
15 IFB Al For current measurement, a 100nF cap to Ground is suggested
Type-C Configuration Channel 2 (CC2); the CC2 pin detects, configures, and manages the
16 CC2 AIO .
connections across a USB Type-C cable
Type-C Configuration Channel 1 (CC1); the CC1 pin detects, configures, and manages the
17 CC1 AIO .
connections across a USB Type-C cable
18 DN AlO DN of Type-C Connector
19 DP AlO DP of Type-C Connector
Output of the internal LDO with VCC as input; a 1uF cap is required to connect this pin to GND.
20 V5V AP When VCC is off, V5V pin can be an alternative power path for the AP33772S when provided
with a 5V external power.
21 NC - No Connection
22 VOUT AHV Terminal for VOUT monitoring
23 PWR_EN AHV NMOS Switch gate control to switch the NMOS on or off
24 VCC AHV The power supply of the IC; a 1uF cap is required to connect this pin to GND pin
- EPAD GND Exposed pad is suggested to connect to Ground for improved thermal dissipation
Table 1 - Pin Descriptions of the AP33772S PD Sink Controller
Notes
AHV — Analog High Voltage pin
AP — Power for Analog Circuit and Analog /O pins, 5.0V operation
Al — Analog Input pin
DP — Power for Digital Circuit operation
AIO — Analog /O pin with 5.0V operation; CC1/CC2 pins are 3.3V operation
DIO — Digital I/O pin; all are 5.0V operation
DI — Digital input pin; all are 5.0V operation
DO — Digital output pin; all are 5.0V operation
AP33772S EVB User Guide 40f 34 July 2024
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Chapter 3. EVB Hardware Details
3.1 EVB TOP View

Type-C AP33772S Vout Enable MOSFET Reserved for EEPROM
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Figure 3 — AP33772S Evaluation Board top view and its key portions

3.2 EVB Block Diagram
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Figure 4 — AP33772S Evaluation Board Block Diagram
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3.3 EVB Schematics

AP33772S 12C USB PD Sink Controller

EVB User Guide
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Figure 5 =Schematic of the AP33772S Evaluation Board
3.4 Board Outline
The AP33772S EVB outline and floor plan are shown in Figure 6, and the connector and jumper location are listed in Table 2.
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Figure 6 — Connector and jumper locations
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Location Function
J1,J2 VOUT and Load Connector
J3 12C Bus & other test pins
J4 DP, DN & other test pins

Table 2 — Jumpers and functions of the Evaluation Board

3.5 EVB System BOM

. oL Manufacturer

Iltem Quantity Reference Description part Number Manufacturer

1 2 C1,C3 10p/50V - -

> 6 gs C4, C5, C7, C8, 0.1u/50V ) )

3 1 C6 1p/50V - -

R4, R8. R9, R12, R13,

4 8 R17, R18, R19 OR i i

5 1 R5 100R - -

6 1 R14 1K - -

7 2 R6, R7 4.7K - -

8 2 R10, R11 5.1K - -

9 2 R15, R16 10K - -

10 2 R2, R3 100K - -

11 1 R1 5mR/1W 1206 SMD12A1FRO05T SART Inc.
12 3 D1, D2, D7 LED - -

30V/45A/4.4mQ N-CH Diodes
13 2 Q1, Q2 PowerDI3333-8 DMN3009SFG Incorporated
. . Diodes
2, -

14 1 Ul USB PD3.1 Sink Controller With 12C AP33772S QFN-24 Incorporated
15 1 u4 Reserved EEPROM solder location N/A N/A

16 1 CON1 USB Type-C Receptacle - -

17 2 J1,J2 VOUT & GND - -

18 2 J3,J4 DP, DN, I2C, & other test pins - -

19 4 D3~D6 Zener Diode (option) N/A N/A

Table 3-BOM list of the AP33772S EVB’s schematics
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Chapter 4. EVB Quick Setup and Function Description

The AP33772S EVB provides users a convenient and flexible way to use power profile settings, as well as various status monitoring functions by
the host MCU in the TCD through simple 12C interface pins (SCL and SDA).

4.1 Quick Setup Guide
Hardware setup steps are shown in Figure 7.

Stepl: Connect a Host System (using Arduino UNO for example) to the AP33772S EVB with the below pins.

Arduino uno board AP33772S EVB
GPIO 13 pin > GPIO 03 pin

12C pin (SDA, SCL) <> I2C pin (SDA, SCL)
GND pin > GND pin

Step 2: Connect the AP33772S EVB to a USB PD adaptor with a Type-C cable, and power on the AP33772S EVB.
Step 3: Connect the Arduino UNO board to a PC/NB with a Type-B cable, and power on the Arduino UNO board.

Arduino UNO: IPC, GPIO13,GND pin

”/ 'V‘ ®

B %
X W \- o #8, on
g PO LA Connected with wires SRS

AP33772S EVM: I’C, GPIO 03,GND pin

Figure 7 — AP33772S EVB Hardware Setup sequence

When using a Host System (single board computer or MCU-based system) with 12C interface pins (SDA, SCL) to connect to the AP33772S
EVB, please make sure to power the AP33772S EVB board first before applying power to the Host System. The AP33772S EVB’s power-
sequencing requirement (being powered up first) is necessary due to the 12C design for the SDA and SCL pins.

AP33772S EVB User Guide 8of 34 July 2024
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AP33772S_PDO_Send | Arduino IDE 2.3.2
File ' Edit Sketch Tools Help

¢ Arduino Uno

AP33772S_PDO_Send.ino
5 #define MAX_PDO_ENTRIES 13
6
7
8 #define READ_BUFF_LENGTH

Step 1: Startup the GUI

double-click the icon of Arduino on computer’s desktop

AP337725 PDO Query

o
- —_——

- -~
|:> (~_ﬂP_3§7TZSiPD078end _____;

AP33772S_PDO_Switch
AP33772S _Startup_Configuration
AP33772S State Query

@ 12C Master Sample for AP33772S.PPTX

2023/10/16 18:08
2023/10/16 18:10
2024/6/5 9:17

2023/10/16 18:19
2023/10/16 18:21

2024/6/417:23

AP337725 _PDO_Send.ino

Click “ File”-> click “Open”-> click fold “AP33772S_PDO_Send’->select file ““AP33772S_PDO_Send.ino”
Step 2: load the AP33772S PDO file

File Edit Sketch Tools Help

1. Click “Serial Monitor”

%S _Startup_Configuration.ino

Y Arduino Uno

AP33772S_PDO_Send.ino  APZ3

Quinyis NSRS ¥y @O =

| NoLine Ending * 115200 baud ¥

—

3.Enter “r" - 2.Select “No Line Ending” and “115200 Baud”
Step 3

HEX: 00
lities:

_ 1 PDO: 9000mV 3. 004 ~

L : Fixed PDO: 15000mV 3.004 ~ 3.244
SRC_SPR_PD04: Fixed PDO: 20000mV 3.004 ~ 3. 244
SRC_SPR_PD05: PPS_PDO:_3300mV"21000mV 3.004 ~ 3.244
Enter PDO ID:

=
After Entering “r’, PD Source
Power Capabilities can be
selected as above, if you want to
choose PDO :
20000mV/3.00A~3.24A, You only
need to Enter PDO ID “4”

Step 4: select PDO

9 of 34
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!

PDO is fixed, then you
need to choose output
current. If you need a
2.25A current, you can
Enter “5”.When you
complete the confirmation
of operating voltage and
current, system output will
become your target.

Step 5: select current

!

.l W -
Step 6: output successfully

AP33772S EVB User Guide 10 of 34
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4.2 Application Circuit Description

Sensing of Input Current

5mQ

-

VBUS

WCC

ISENF

AP33772S

As shown in the figure above, the sense resistor is connected in series to detect the charging current. The ISENP pin is connected to the input
side of the sense resistor, and the VCC pin is connected to the other side. The AP33772S detects the current by measuring the voltage drop
across the current sense resistor.

Use of Back-to-Back N-MOS Chips

NMOS NMOS  _ youT
[y I e

_|__I__I_

PWR_EN

AP33772S

The common-source back-to-back N-MOSFET in the battery-pack protection-circuit module controls charging and plays a protective role in the
occurrence of failures that may damage electrical appliances, such as overvoltage, overcurrent, and overtemperature. The back-to-back N-
MOSFET control is also used to prevent backward current flows through the system when unplugging the cable from the PD charger.

Temperature-Sensing Circuitry

OTP

AP33772S NT

A 10kQ NTC (negative temperature coefficient) thermistor is connected to the OTP pin and grounded nearby the potential hot spot. The
characteristic data of the NTC thermistor’s temperature and resistance values need to be set by the user through 12C. Then the host MCU can
read and calculate the temperature and enable OTP (overtemperature protection) and de-rating functions through the 12C interface.

AP33772S EVB User Guide 11 of 34 July 2024

Rev. 2.0 www.diodes.com © 2024 Copyright Diodes Incorporated. All Rights Reserved.



DTOOES

I M € O R P O R AT E D

LED Light Indication Circuitry

AP33772S 12C USB PD Sink Controller
EVB User Guide

LED

AP33772S

&

The LED light and resistor are used to connect the LED pin and ground. The LED charging indication light starts to breathe at a speed matching

the battery’s quick-charging pace.

12C Support

The AP33772S’s supports I2C Interface and is used to communicate with the TCD’s host MCU. The I12C pins are listed below in Table 4 and are
used to set the AP33772S’s register data such as Initialization, PDO, APDO, OCP, OTP, temperature, de-rating, interrupt, and so on. The
AP33772S’s operating status can also be monitored at the same time.

Meanwhile, INT is used as a fault-report channel to the Interrupt input pin of the host MCU, in case of any fault occurrence requiring immediate

action from the host MCU.

For the 12C commands and registers, please refer to Chapter 5.

Pin No. Pin Name Pin Function
4 SDA 12C Data
SCL 12C Clock
INT Issue an interrupt to the host MCU

AP33772S EVB User Guide
Rev. 2.0

Table 4 —12C interface pin list
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Chapter 5. 12C Command/Register Summary

As an 12C slave device, the AP33772S’s physical address is 0x52. All AP33772S 12C-related control operations and commands are summarized
in this chapter.
5.1 12C Command Format

Device Address Format

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
DevAddr6 DevAddr5 DevAddr4 DevAddr3 DevAddr2 DevAddrl DevAddrO R/W
1 0 1 0 0 1 0 1/0

Command Format

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
CmdBit7 CmdBit6 CmdBit5 CmdBit4 CmdBit3 CmdBit2 CmdBitl CmdBit0

Data Format

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
DataBit7 DataBit6 DataBit5 DataBit4 DataBit3 DataBit2 DataBitl DataBit0

5.2 12C Operation

[ A ™

12C Write Operation
Slave Address (7 kita] Register Address |3 bite) Cata Byte Lo Regieter M (3 kita]
A A
lS AI.I‘I.I HI’|W.E|H‘J-|H-I m I.I1|I.I[‘I I'J
. |
f 1 T

START R ALK ACH ACH STOF

Al Kl K2 Kl Lo A o Ls; s 14 m &

M‘A‘Jn‘ﬂ- .u:,|.!.'¢

12C Read Operation

Elave Address (T bits) Register &ddress (4 bits) Slave &ddress |7 bits) Data Byte to Register M (B bits)
A - A § _ A e
¢ hl i ) "
l = Al.-l L] A-I-l Al oAz AT AU B oA R N.|.-| =] | He| R HE| HI| R OAF &P Ail .!.‘.1‘ £l | .!.'J‘ AL oo AR a L"I" % | U | by ) ) oy oAfF
— . 1 1 1 L
i f i F 1 F 1
ETART Fi=id ACK ACE Napstsd START EW=1 ALK ACH ETOR

5.3 Register Summary

The memory representation of multibyte data types on the AP33772S is in a little-endian byte order: the least significant byte (the "little end") of
the data is placed at the byte with the lowest address.

Suppose the integer is stored as 4 bytes, then a variable X with a value of 0x12345678 will be stored as the following.

0x78 0x56 0x34 0x12

Memory Address: 0x1000 0x1001 Ox1002  0x1003

AP33772S EVB User Guide 13 of 34 July 2024
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Register Command Length | Attribute Pwr-on Description
STATUS 0x01 1 RC 00h Status
MASK 0x02 1 RW 03h Interrupt enable mask
OPMODE 0x03 1 RO 00h Operation mode
CONFIG 0x04 1 RW F8h System configuration options
PDCONFIG 0x05 1 RW 03h PD mode configuration options
SYSTEM 0x06 1 RO/RW 10h System control and information
TR25 0x0C 2 RW 2710h Thermal Resistance @25°C, Unit: Q
TR50 0x0D 2 RW 1041h Thermal Resistance @50°C, Unit: Q
TR75 Ox0E 2 RW 0788h Thermal Resistance @75°C, Unit: Q
TR100 OxO0F 2 RW 03CEh Thermal Resistance @100°C, Unit: Q
VOLTAGE 0x11 2 RO 0000h The VOUT Voltage, LSB 80mV
CURRENT 0x12 1 RO 00h The VOUT Current, LSB 24mA
Temperature, Unit: °C
TEMP 0x13 1 RO 19h The default value is 19h (25°C).
The latest requested voltage negotiated with the
VREQ 0x14 2 RO 0000h source, LSB 50mV.
The latest requested current negotiated with the source,
IREQ 0x15 2 RO 0000h LSB 10mA
The Minimum Selection Voltage, LSB 200mV
VSELMIN 0x16 1 RW 19h The default value is 19h (5000mV).
UVP Threshold, percentage(%) of VREQ
UVPTHR 0x17 1 RW Oth The default value is 01h (80%).
OVP Threshold, offset from VREQ. LSB 80mV
OVPTHR 0x18 1 RW 19h The default value is 19h (2000mV).
OCPTHR 0x19 1 RW 00h OCP Threshold, LSB 50mA
OTP Threshold, Unit: °C
OTPTHR Ox1A 1 RW 78h The default value is 78h (120°C).
De-Rating Threshold, Unit: °C
DRTHR Ox18B L RW 78h The default value is 78h (120°C).
Get all PD Source Power Capabilities
SRCPDO 0x20 26 RO AI0Oh | (SR SPR_PDO1 ~ SRC_EPR_PDO13)
SRC_SPR_PDO1 0x21 2 RO 0000h Source SPR PDO1
SRC_SPR_PDO2 0x22 2 RO 0000h Source SPR PDO2
SRC_SPR_PDO3 0x23 2 RO 0000h Source SPR PDO3
SRC_SPR_PDO4 0x24 2 RO 0000h Source SPR PDO4
SRC_SPR_PDO5 0x25 2 RO 0000h Source SPR PDO5
SRC_SPR_PDO6 0x26 2 RO 0000h Source SPR PDO6
SRC_SPR_PDO7 0x27 2 RO 0000h Source SPR PDO7
SRC_EPR_PDOS8 0x28 2 RO 0000h Source EPR PDO8
SRC_EPR_PDO9 0x29 2 RO 0000h Source EPR PDO9
SRC_EPR_PDO10 0x2A 2 RO 0000h Source EPR PDO10
SRC_EPR_PDO11 0x2B 2 RO 0000h Source EPR PDO11
SRC_EPR_PDO12 0x2C 2 RO 0000h Source EPR PDO12
SRC_EPR_PDO13 0x2D 2 RO 0000h Source EPR PDO13
PD_REQMSG Ox31 2 WO 0000h Send requ!est message with selected voltage, current
- and PDO index
PD_CMDMSG 0x32 1 WO 00h Send specific PD command message
PD_MSGRLT 0x33 1 RO 00h Result and status of PD request or command message

Attribute Convention

RW: Readable / Writable
RO: Read-Only

RC: Read-Clear

WO: Write-Only
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5.4 Register Description

STATUS

The host MCU, working as an 12C master, can access the status of the AP33772S through the STATUS register. The STATUS register will be
reset to O after a read operation.

STATUS Bit Attribute | Pwr-on Description
- 7 RC Oh Reserved
oTP 6 RC Oh 1: OTP status
OCP 5 RC Oh 1: OCP status
OVP 4 RC Oh 1: OVP status
UVP 3 RC Oh 1: UVP status
NEWPDO 2 RC Oh 1: New source PDOs received (Valid when PDMOD = 1)
READY 1 RC Oh 1: Ready to receive 12C request/command
STARTED 0 RC oh apggtsethv E;\?rr\tic(j)o f;:lgw system configuration (register) to be

MASK

The AP33772S supports a level-triggered interrupt signal through the INT pin to the host MCU. The MASK register defines the enable and
disable of ON and OFF for various STATUS-defined events.

MASK Bit | Attribute | Pwr-on Description
- 7 RW Oh Reserved
OTP_MSK 6 RW Oh 1: OTP status mask
OCP_MSK 5 RW Oh 1: OCP status mask
OVP_MSK 4 RW Oh 1: OVP status mask
UVP_MSK 3 RW Oh 1: UVP status mask
NEWPDO_MSK 2 RW Oh 1: NEWPDO status mask
READY_MSK 1 RW 1h 1: READY status mask
STARTED_MSK 0 RW 1h 1: STARTED status mask

OPMODE

The OPMODE register is defined as the AP33772S’s operation mode.
When CCFLIP = 1, the CC2 is connected to the CC line.

When DR = 1, the AP33772S works in de-rating (DR) mode.

When PDMOD = 1, the AP33772S works in PD mode.

When LGCYMOD = 1, the AP33772S works in Legacy mode (non-PD).

OPMODE Bit Attribute | Pwr-on Description
0: CCl is connected to CC line or unattached mode
CCFLIP i RO oh 1: CC2 is connected to CC line
0: Normal mode
PR 6 RO oh 1: DR (de-rating) mode
- 5 RO Oh Reserved
- 4 RO Oh Reserved
- 3 RO Oh Reserved
- 2 RO Oh Reserved
PDMOD 1 RO Oh 1: PD source connected
LGCYMOD 0 RO Oh 1: Legacy source connected (non-PD)
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CONFIG

The CONFIG register is defined as the system configuration options that enable specific modules.

CONFIG Bit Attribute | Pwr-on Description
DR_EN 7 RW 1h 0/1: Disable/enable DR function
OTP_EN 6 RW 1h 0/1: Disable/enable OTP function
OCP_EN 5 RW 1h 0/1: Disable/enable OCP function
OVP_EN 4 RW 1h 0/1: Disable/enable OVP function
UVP_EN 3 RW 1h 0/1: Disable/enable UVP function
- 2 RW Oh Reserved
- 1 RW Oh Reserved
- 0 RW Oh Reserved

PDCONFIG

The PDCONFIG register is defined as the PD mode configuration options that enable specific modules.

PDCONFIG Bit Attribute | Pwr-on Description
- 74 RW Oh Reserved
- 3 RW Oh Reserved
- 2 RW Oh Reserved
PPS_AVS_EN 1 RW 1h 0/1: Disable/Enable sink PPS and AVS capability
EPR_MODE_EN 0 RW 1h 0/1: Disable/Enable EPR mode

SYSTEM

The SYSTEM register is defined as the system information and control options that request specific functions.

By default, the VOUT MOS switches are controlled by the AP33772S. Writing the VOUTCTL parameter can force the VOUT MOS switches to
turn OFF/ON.

SYSTEM Bit Attribute | Pwr-on Description
- 7 RO Oh Reserved
- 6 RO Oh Reserved
12C Command Version
CMDVER 5:4 RO 1h 1: Version 1.0
others: Reserved, shall not be used
- 3 RW Oh Reserved
- 2 RW Oh Reserved
VOUT control option switch
0: Auto VOUT Control (controlled by the AP33772S)
VOUTCTL 1.0 RW Oh 1: VOUT force OFF
2: VOUT force ON
3: Reserved, shall not be used

TR25
The TR25 register is defined as the resistance value of the NTC thermistor at 25°C (unit: Q).

TR25 Bit Attribute | Pwr-on Description
. The resistance value of the NTC thermistor at 25°C (unit: Q)
TR25 150 | RwW 27100 | 16 default value is 2710h (10000Q)
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TR50
The TR50 register is defined as the resistance value of the NTC thermistor at 50°C (unit: Q).

TR50 Bit Attribute | Pwr-on Description

The resistance value of the NTC thermistor at 50°C (unit: Q)
The default value is 1041h (4161Q)

TR50 15:0 RW 1041h

TR75
The TR75 register is defined as the resistance value of the NTC thermistor at 75°C (unit: Q).

TR75 Bit Attribute | Pwr-on Description

The resistance value of the NTC thermistor at 75°C (unit: Q)
The default value is 0788h (1928Q)

TR75 15:0 RW 0788h

TR100
The TR100 register is defined as the resistance value of the NTC thermistor at 100°C (unit: Q).

TR100 Bit Attribute | Pwr-on Description
. The resistance value of the NTC thermistor at 100°C (unit: Q)
TR100 15:0 | RW | 03CEh |10 jetault value is 03CEh (974Q)

VOLTAGE
The VOLTAGE register is defined as the voltage of VOUT. The LSB (least significant bit) is 80mV.

VOLTAGE Bit Attribute | Pwr-on Description
VOLTAGE 15:0 RO 0000h | The VOUT voltage; LSB is 80mV

CURRENT
The CURRENT register is defined as the current of VOUT. The LSB is 24mA.

CURRENT Bit Attribute | Pwr-on Description
CURRENT 7:0 RO 00h The VOUT current; LSB is 24mA

TEMP
The TEMP register is defined as the temperature near the NTC thermistor. The unit is °C. The default value is 19h (25°C).

TEMP Bit Attribute | Pwr-on Description

. Temperature near the NTC thermistor (unit: °C)
TEMP 70 RO 19h The default value is 19h (25°C)

VREQ

The VREQ register is defined as the latest request voltage, which depends on the PD negotiation result after setting the request message
(PD_REQMSG). The LSB is 50mV.

The Host MCU writes PD_REQMSG and will initiate a PD negotiation process. If negotiation is successful (PD_MSGRLT.RESPONSE = 1),
VREQ will be updated to the requested voltage (PD_REQMSG.VOLTAGE_SEL). If negotiation is unsuccessful, VREQ will not be updated.

VREQ Bit Attribute | Pwr-on Description
The latest requested voltage; LSB 50mV
VREQ 15:0 RO 0000h | The value depends on the PD negotiation result after setting
PD_REQMSG (VOLTAGE_SEL).
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IREQ
The IREQ register is defined as the latest request current, which depends on the PD negotiation result after setting the request message
(PD_REQMSG). The LSB is 10mA.

If negotiation is successful (PD_MSGRLT.RESPONSE=1), IREQ will be updated to the requested current (PD_REQMSG.CURRENT_SEL). If
negotiation is unsuccessful, IREQ will not be updated.

IREQ Bit Attribute | Pwr-on Description
The latest requested current; LSB 10mA
IREQ 15:0 RO 0000h | The value depends on the PD negotiation result after setting
PD_REQMSG (CURRENT_SEL).

VSELMIN

The VSELMIN register is defined as the Minimum Selection Voltage. If the VREQ voltage is more than or equal to the VSELMIN voltage, the
VOUT MOS switches turn ON after the system is ready (STATUS.READY = 1). The default value for VSELMIN is 19h (5000mV) and the LSB is
200mV.

VSELMIN Bit Attribute | Pwr-on Description

The Minimum Selection Voltage; the LSB is 200mV.

If Vvreg 2 Vyseumin, VOUT MOS switches turn on after system is
ready (READY=1).

The default value is 19h (5000mV).

VSELMIN 7:0 RW 19h

UVPTHR

The UVPTHR register is defined as the UVP Threshold Voltage that triggers UVP protection function. The UVP Threshold Voltage is the
UVPTHR percentage (%) of the VREQ voltage. The default value for the UVPTHR is 01h (80%). Please refer to the “Undervoltage Protection”
section for more details.

UVPTHR Bit Attribute | Pwr-on Description

- 7:4 RW Oh Reserved

The UVP Threshold Voltage is UVPTHR percentage (%) of
VREQ voltage (unit: %)

1: 80%

UVPTHR 3.0 RW 1h 2: 75%

3: 70%

Others: Reserved, shall not be used

The default value is 01h (80%).

OVPTHR

The OVPTHR register is defined as the OVP Threshold Voltage that triggers OVP protection function. The OVP Threshold Voltage is the VREQ
voltage plus the OVPTHR offset voltage (mV). The default value for the OVPTHR is 19h (2000mV) and the LSB is 80mV. Please refer to the
“Overvoltage Protection” section for more details.

OVPTHR Bit Attribute | Pwr-on Description

The OVP Threshold Voltage is the VREQ voltage plus OVPTHR
. offset voltage (mV); the LSB is 80mV.

OVPTHR 70 RW 1901 The default value is 19h (2000mVY), which means the OVP
Threshold Voltage is Vyreo +2000mV by default.
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OCPTHR

The OCPTHR register is defined as the OCP Threshold Current that triggers OCP protection function. The OCP Threshold Current is 110% of
the OCPTHR current value. The default value for the OCPTHR is 00h and the LSB is 50mA.

If the OCPTHR is set to 0, the OCP Threshold Current will be updated to 110% of the selected PDO maximum current after successful
negotiation with the PD source. Please refer to the “Overcurrent Protection” section for more details.

OCPTHR Bit Attribute | Pwr-on Description

The OCP Threshold Current is 110% of the OCPTHR current
value; the LSB is 50mA.

OCPTHR 7:0 RW 00h The default value is 00h, which means the OCP Threshold
Current will be updated to 110% of the selected PDO maximum
current after successful negotiation.

OTPTHR

The OTPTHR register is defined as the OTP Threshold Temperature (°C) that triggers OTP protection function. The default value for the
OTPTHR is 78h (120°C). Please refer to the “Overtemperature Protection and De-Rating” section for more details.

OTPTHR Bit Attribute | Pwr-on Description
OTP Threshold Temperature (unit: °C)
OTPTHR 7:0 RW 78h The temperature threshold triggers OTP function; the default
value for OTPTHR is 78h (120°C).

DRTHR

The DRTHR register is defined as the De-Rating Threshold Temperature (°C) that triggers the De-Rating function. The default value for the
DRTHR is 78h (120°C). Please refer to the “Overtemperature Protection and De-Rating” section for more details.

DRTHR Bit Attribute | Pwr-on Description
De-Rating Threshold Temperature (unit: °C)
DRTHR 7:0 RW 78h The temperature threshold triggers De-Rating function; the
default value for DRTHR is 78h (120°C).

SRCPDO
The SRCPDO register can obtain all of the PD Source Power Capabilities and has a total length of 28 bytes.

SRCPDO Byte Attribute | Pwr-on Description
SRC_EPR_PDO13 25:24 RO 0000h
SRC_EPR_PDO12 23:22 RO 0000h
SRC_EPR_PDO11 21:20 RO 0000h | For data format, refer to
SRC_EPR_PDO10 19:18 RO 0000h |SRC_EPR_PDO8 ~ SRC_EPR_PDO13
SRC_EPR_PDO9 17:16 RO 0000h
SRC_EPR_PDOS8 15:14 RO 0000h
SRC_SPR_PDO7 13:12 RO 0000h
SRC_SPR_PDO6 11:10 RO 0000h
SRC_SPR_PDO5 9:8 RO 0000h
SRC_SPR_PDO4 6 RO 0000h gggf;gggtérleie;gc_spR_PDo7
SRC_SPR_PDO3 5:4 RO 0000h
SRC_SPR_PDO2 3:2 RO 0000h
SRC_SPR_PDO1 1:0 RO 0000h
AP33772S EVB User Guide 19 of 34 July 2024

Rev. 2.0 www.diodes.com © 2024 Copyright Diodes Incorporated. All Rights Reserved.



DTOOES

I M € O R P O R AT E D

SRC_SPR_PDO1 ~ SRC_SPR_PDO7

AP33772S 12C USB PD Sink Controller
EVB User Guide

The SRC_SPR_PDO register can obtain the PD Source SPR PDO of a specific index; each length is 2 bytes. The structure of the
SRC_SPR_PDO register is as follows:

SRC_SPR_PDO

Bit

Attribute

Pwr-on

Description

DETECT

15

RO

Oh

0:
1

Not detected
Detected

TYPE

14

RO

Oh

0:
1.

Fixed PDO
PPS APDO

CURRENT_MAX

13:10

RO

Oh

CONDOUAWNEO

1 1.25A ~ 1.49A
1.50A ~ 1.74A
1.75A ~ 1.99A
2.00A ~ 2.24A
1 2.25A ~ 2.49A
1 2.50A ~ 2.74A
1 2.75A ~ 2.99A
1 3.00A ~ 3.24A
1 3.25A ~ 3.49A
1 3.50A ~ 3.74A
: 3.75A ~ 3.99A
1 4.00A ~ 4.24A
1 4.25A ~ 4.49A
1 4.50A ~ 4.99A

: 5.00A ~ (More than 5.00A)

1 0.00A ~ 1.24A (Less than 1.24A)

PEAK_CURRENT
or
VOLTAGE_MIN

9:8

RO

Oh

PEAK_CURRENT

VOLTAGE_MIN

For Fixed PDO (bit[14]=0)

Peak Current

For PPS APDO (bit[14]=1)
0:
1:3.3vV
2:

3 : others

Reserved

3.3V < VOLTAGE_MIN = 5V

VOLTAGE_MAX

7.0

RO

Oh

If bit[14]=0 (Fixed PDO) :

Voltage in 100mV units
If bit[14]=1 (PPS APDO) :
Maximum Voltage in 100mV units
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SRC_EPR_PDOS8 ~ SRC_EPR_PDO13

The SRC_EPR_PDO register can obtain the PD Source EPR PDO of a specific index; each length is 2 bytes. The structure of the
SRC_EPR_PDO register is as follows:

AP33772S EVB User Guide

Rev. 2.0

SRC_EPR_PDO Bit Attribute | Pwr-on Description
0: Not detected
DETECT 15 RO Oh 1: Detected
0: Fixed PDO
TYPE 14 RO Oh 1 AVS APDO
0: 0.00A ~ 1.24A (Less than 1.24A)
1: 1.25A ~ 1.49A
2: 1.50A ~ 1.74A
3:1.75A ~ 1.99A
4: 2.00A ~ 2.24A
5:2.25A ~ 2.49A
6: 2.50A ~ 2.74A
. 7:2.75A ~ 2.99A
CURRENT_MAX 13:10 RO Oh 8: 3.00A ~ 3.24A
9: 3.25A ~ 3.49A
10: 3.50A ~ 3.74A
11: 3.75A ~ 3.99A
12: 4.00A ~ 4.24A
13: 4.25A ~ 4.49A
14: 4.50A ~ 4.99A
15: 5.00A ~ (More than 5.00A)
PEAK_CURRENT VOLTAGE_MIN
or 98 RO oh Peak Current 0 : Reserved
VOLTAGE_MIN 1:15v
2:15V < VOLTAGE_MIN <20V
3 : others
If bit[14]=0 (Fixed PDO) :
. Voltage in 200mV units
VOLTAGE_MAX 70 RO Oh1\f bit[14]=1 (AVS APDO) :
Maximum Voltage in 200mV units
Bits 9...8 Description for PEAK_CURRENT
00 Peak current equals loc (default)
or look at extended Source capabilities
Overload Capabilities:
o1 1. Peak current equals 150% loc for Ims @ 5% duty cycle (low current equals 97% loc for 19ms)
2. Peak current equals 125% loc for 2ms @ 10% duty cycle (low current equals 97% loc for 18ms)
3. Peak current equals 110% loc for 10ms @ 50% duty cycle (low current equals 90% loc for 10ms)
Overload Capabilities:
10 1. Peak current equals 200% loc for 1ms @ 5% duty cycle (low current equals 95% loc for 19ms)
2. Peak current equals 150% loc for 2ms @ 10% duty cycle (low current equals 94% loc for 18ms)
3. Peak current equals 125% loc for 10ms @ 50% duty cycle (low current equals 75% loc for 10ms)
Overload Capabilities:
11 1. Peak current equals 200% loc for 1ms @ 5% duty cycle (low current equals 95% loc for 19ms)
2. Peak current equals 175% loc for 2ms @ 10% duty cycle (low current equals 92% loc for 18ms)
3. Peak current equals 150% loc for 10ms @ 50% duty cycle (low current equals 50% loc for 10ms)
loc: The Operating Current of an RDO (The Operating Current Select parameter of PD_REQMSG)
For more information, refer to the “Peak Current” section of the USB PD Specification.

21 0of 34
www.diodes.com

July 2024

© 2024 Copyright Diodes Incorporated. All Rights Reserved.



DTOOES

I M € O R P O R AT E D

PD_REQMSG

AP33772S 12C USB PD Sink Controller

EVB User Guide

The PD_REQMSG register is defined as the request message format to initiate negotiation with the PD source. The request message can select
the source PDO index and request the desired voltage and current output. If the selected PDO is a Fixed PDO (TYPE=0), setting the
VOLTAGE_SEL has no meaning (except in VOLTAGE_SEL=FFh).

PD_REQMSG Bit Attribute | Pwr-on Description
Source PDO index select
[1]1~ [7]: For SRC_SPR_PDO1 ~ SRC_SPR_PDO?7 selection,
. if its corresponding PDO is detected
PDO_INDEX 1512 1 WO Oh 18] ~ [13]: For SRC_EPR_PDO8 ~ SRC_EPR_PDO13 selection,
if its corresponding PDO is detected
Others: Reserved, Shall Not be used
Operating Current Select
0: 1.00A
1: 1.25A
2: 1.50A
3: 1.75A
4: 2.00A
5:2.25A
6: 2.50A
CURRENT_SEL 8:11 WO Oh 7: 2.75A
8: 3.00A
9: 3.25A
10: 3.50A
11: 3.75A
12: 4.00A
13: 4.25A
14: 4.50A
15: 5.00A or Maximum Current (Notet)
Output Voltage Select
If select SRC_SPR_PDO (PDO1 ~ PDQ7):; (Nete2)
. Output Voltage in 100mV units for SPR PPS APDO selected
VOLTAGE_SEL 70 wo Oh If select SRC_EPR_PDO (PDO8 ~ PDO13):
Output Voltage in 200mV units for EPR AVS APDO selected
FFh: Maximum Voltage Mot

Notel: If set CURRENT_SEL=Fh and VOLTAGE_SEL=FFh, AP33772S will request the Maximum Current and
Maximum Voltage of the selected Source PDO
Note2: Setting VOLTAGE_SEL has no meaning when a Fixed PDO is selected

The AP33772S provides a special request message to request the maximum current and maximum voltage of the selected source PDO by

setting only PDO_INDEX and keeping CURRENT_SEL = Fh and VOLTAGE_SEL = FFh.

For example, if source PDO3 is detected, the AP33772S will write PD_REQMSG=3FFFh to request the maximum current and maximum voltage

of source PDO3.

PD_REQMSG Bit Attribute | Pwr-on Value
PDO_INDEX 15:12 WO Oh 1to 13
CURRENT_SEL 8:11 \We} Oh Fh
VOLTAGE_SEL 7:0 \We} Oh FFh

PD_CMDMSG

The PD_CMDMSG register is defined as the command message that issues the specific USB PD command.

AP33772S AP33772S | AP33772S | AP33772S AP33772S
- 74 WO Oh Reserved
- 3 WO Oh Reserved
- 2 WO Oh Reserved
- 1 WO Oh Reserved
HRST 0 WO Oh 1: Issue Hard Reset command
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PD_MSGRLT
The PD_MSGRLT register is defined as the message processing results of PD_REQMSG and PD_CMDMSG.

AP33772S 12C USB PD Sink Controller

EVB User Guide

The RESPONSE parameter displays the message response made by the AP33772S, based on the interaction result with the PD source. The
response values and meanings are as follows:

PD_MSGRLT Bit Attribute | Pwr-on Description
- 7:4 RO Oh Reserved
- 3 RO Oh Reserved
The message response
0: System busy or no response
1: Success
RESPONSE 2:0 RO Oh 2: Invalid command or argument

3: Command not supported or rejected
4: Transaction failed. No GoodCRC is received after sending

Others: Reserved
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Chapter 6. Function Description

6.1 12C Request Message

The I12C request message (PD_REQMSG) can update the PDO index, Operating Current, and Output Voltage settings during runtime.
. PDO_INDEX assigns the source PDO index.
. CURRENT_SEL sets the Operating Current value of RDO.
*  VOLTAGE_SEL sets the Output Voltage value of PPS/AVS RDO, but has no effect for selecting Fixed PDO.

The AP33772S starts to negotiate with the PD source after receiving the the PD_REQMSG. When the PD negotiation completes, the AP33772S
sets the STATUS.READY bit and updates the negotiation result in the PD_MSGRLT.RESPONSE.

6.2 Support EPR/ AVS

After the first negotiation with the PD source, which supports EPR Mode, the AP33772S will try to enter EPR Mode when
PDCONFIG.EPR_MODE is set to 1. If the AP33772S successfully enters EPR Mode, the device stores the EPR Source Capability in the
SRC_EPR_PDOx registers and enables the EPR request.

6.3 VOUT MOS Switch

When the VREQ voltage is more than or equal to the VSELMIN voltage, the AP33772S enables the associated MOS switches and then VBUS is
connected to VOUT.

When overvoltage, undervoltage, overcurrent, or overtemperature protection occurs, the associated VOUT MOS switches are turned off to
protect the electrical appliances from possible damage. The host MCU will need to load a new PD_REQMSG to start the PD negotiation
process, resuming quick-charging operation.

By default, the VOUT MOS switches are controlled by the AP33772S. Writing the VOUTCTL parameter of the SYSTEM register can force the
VOUT MOS switches to turn OFF/ON.

6.4 LED Indication
The AP33772S controls LED lighting through the LED pin. The table below summarizes the LED indication and VOUT in each State.

State LED Indication VOUT Comments
INIT N/A OFF VBUS/Rp attached and AP33772S initialization
: Successful negotiation or entering of Non-PD
CHARGING 4-sec Breathing ON Mode; charging start
MISMATCH Full nght OFF VSELMIN mismatch (V\/REQ < VVSELMIN)
MOISTURE 2-sec Flicker OFF DN abnormal impedance detected
FAULT 0.6-sec Flicker OFF OVP, OCP, UVP, or OTP occurs

6.5 Interrupt

The AP33772S supports a level-triggered interrupt signal through the INT pin to the host MCU. The MASK register defines the enable and
disable options of ON and OFF for each interruptible event.

Interrupt initialization is required before use. When an interruptible event occurs, the AP33772S will set the INT level high (1) if the relevant
event of the MASK register is enabled. Then the host MCU should read STATUS to obtain the status of the AP33772S in real time.

For example, if the OVP_MSK is set to 1 (MASK = 0x13), INT is to be set high when an OVP event occurs.

6.6 CC Flip Indication

The AP33772S uses the FLIP Pin for CC Flip Indication. If CC is non-flipped (CC1 attached), the FLIP output is low. If CC is flipped (CC2
attached), the FLIP output is high.

CC Flip Indication
CC Detection CC1 Attached CC2 Attached
FLIP Output Low (0) High (1)
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6.7 Legacy Type A Charger with Type A-to-C Cable

When the energy source is from a legacy Type A charger, with a Type A-to-C cable connection to the Type-C Connector-equipped devices
(TCD), the AP33772S enters Non-PD Mode after PD negotiation fails. When the VREQ voltage is less than the VSELMIN voltage, the
associated VOUT MOS switches are turned off. The table below shows the Non-PD Mode state of the AP33772S.

Non-PD Mode State
VVREQ VVSELMIN VVOUT
Vvreo = 5V Vvsewmin = SV ON
Vvreo = 5V Vvsewmin > S5V OFF

6.8 Temperate Estimate

The AP33772S measures and estimates the temperature value based on four User-Entered NTC resistance values vs. temperature (TR25,
TR50, TR75, and TR100) in the TCD’s practical-usage temperature range.

The AP33772S use Murata NTC NCP03XH103 by default. The table below shows the NTC resistance values vs. temperature.

Register Default Value NTC Resistance (KQ) Temperature (°C)
TR25 2710h 10 25
TR50 1041h 4.161 50
TR75 0788h 1.928 75
TR100 03CEh 0.974 100

If the calculated NTC resistance value is bounded by TR25 and TR100, the AP33772S uses the “LINEAR INTERPOLATION” of the two
bounding TR values to estimate the temperature value, and deposits this estimated temperature value in the 12C register TEMP.

If the calculated NTC resistance value is higher than TR25 value, the AP33772S uses the “LINEAR EXTRAPOLATION” of TR50 and TR25 to
estimate the temperature below 25°C. Similarly, if the calculated resistance value is lower than TR100 value, the AP33772S uses the “LINEAR
EXTRAPOLATION” of TR75 and TR100 to estimate the temperature above 100°C.

Calculated Resistance vs. Estimated Temperature
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Ex. The AP33772S calculates that the resistance value of NTC is 2.250kQ. The near-boundary 50°C is 4.161kQ; 75°C is 1.925kQ.
Therefore, 2.250kQ corresponds to:

SLOPE  =(1.925kQ —4.161kQ) / (75°C — 50°C) = - 0.08944 kQ/°C
Temperature = 50°C + (2.250kQ - 4.161kQ) / (- 0.08944 kQ/°C) = 71.4°C

So, the TEMP register value is to be set at 47h (71°C).
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Chapter 7. Protection

7.1 Overvoltage Protection (OVP)

The AP33772S triggers OVP protection when the VBUS voltage is higher than the OVP Threshold Voltage. Th table below summarizes the
correspondence between VREQ, OVPTHR, and OVP Threshold Voltage.

Mode Criteria OVP Threshold Voltage
+V <20V Vi +V,
SPR Mode (VVREQ OVPTHR) VREQ OVPTHR
(Mvreg + Voverhr) > 20V Vvreq * 110%
+V <40V Vi +V,
EPR Mode (VVREQ OVPTHR) VREQ OVPTHR
(Vvreq + Voverthr) > 40V Vyreg * 110%

The OVP debounce time mechanism is to prevent false triggering caused by various spurious noises. The OVP debounce time is preset to
30ms. If the VBUS voltage is greater than the OVP threshold voltage after the debounce time (30ms), the STATUS.OVP will be set to 1 and the
associated VOUT MOS switches are turned off. The host MCU will need to load a new PD_CMDMSG to start the PD negotiation process,
resuming quick-charging operation.

7.2 Overcurrent Protection (OCP)

The AP33772S triggers OCP protection when the charging current is larger than OCP Threshold Current. The table below shows the
correspondence between OCPTHR and OCP Threshold Current. The default value of the OCPTHR register is 00h.

If the OCPTHR value is still 00h after successful negotiation with the PD source, the OCP Threshold Current should be updated to 110% of the
maximum current (Iuax) of the selected PDO/APDO.

If the OCPTHR value has been updated through 12C interface, the OCP Threshold Current should be updated to 110% of the OCPTHR value.

OCPTHR OCP Threshold Current
OCPTHR =0 Ivax * 110% (Not©)
OCPTHR =0 IOCPTHR *110%

Note: Iuax: The Maximum Current of PDO/APDO

The default OCP debounce time is 30ms. If the charging current is larger than OCP Threshold Current after debounce time (30ms), the
STATUS.OCP will be set to 1 and the associated VOUT MOS switches are turned off. The host MCU will need to load a new PD_CMDMSG to
start the PD negotiation process, resuming quick-charging operation.

7.3 Undervoltage Protection (UVP)

The AP33772S triggers UVP protection when VBUS voltage is lower than UVP Threshold Voltage. The table below shows the correspondence
between the UVPTHR and UVP Threshold Voltage.

The default value of the Undervoltage Protection Threshold (UVPTHR) is 80%, which can be modified by writing the UVYPTHR command.

UVPTHR UVP Threshold Voltage
1 Vyreo * 80%
2 Vvreg * 75%
3 Vvreg * 70%

The default UVP debounce time is 30ms. If VBUS voltage is lower than UVP Threshold Voltage after debounce time (30ms), the STATUS.UVP
will be set to 1 and the associated VOUT MOS switches are turned off. The host MCU will need to load a new PD_CMDMSG to start the PD
negotiation process, resuming quick-charging operation.
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7.4 Overtemperature Protection (OTP) and De-Rating

The host MCU can access the estimated temperature of a potential hot spot by accessing the TEMP register. A NTC thermistor is used to
connect to the OTP pin and ground nearby the potential hot spot. The host MCU must initialize the TR25, TR50, TR75, and TR100 registers
before reading the TEMP register or enabling OTP and power de-rating functions.

The default value of the OTPTHR register is 78h (120°C), which can be updated through the 12C interface. If the TEMP value rises over the
OTPTHR value after the de-bouncing time (30ms), the STATUS.OTP will be set to 1 and the associated VOUT MOS switches are turned off.
The host MCU will need to load a new PD_CMDMSG to start the PD negotiation process, resuming quick-charging operation.

Na
a5 Y¥as
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Qc rating
Yas v
Mo TEMPF = Na
DRTHR
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Recover De-rating
Process Process

Furthermore, the AP33772S defines the DRTHR register as the threshold temperature value to trigger the power de-rating functions. If the
requested source PDO is PPS APDO, and when the TEMP value rises over the DRTHR value after de-bouncing time (30ms), the input current
will be reduced by 50% through sending out a new RDO to negotiate with the PD source device.

The AP33772S continuously monitors the temperature at the potential hot spot. After a time duration, if the TEMP value under the DRTHR value
is more than 10°C, the device will recover charging power.

7.5 Moisture Detection

After connecting to the Power Source, the AP33772S will first check whether the impedance of the DN pin is abnormal. If the DN impedance
check fails, the AP33772S goes into the MOISTURE state and does not acknowledge the Source Capability Messages.

In the MOISTURE state, the associated VOUT MOS switches are turned off with the LED flickering in the “MOISTURE” pattern. The AP33772S
will check the DN impedance over 2200ms. If the DN pin impedance check is normal, the AP33772S will start to negotiate with the source.
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Chapter 8. Firmware Flow

8.1 Firmware Block Diagram

Start / Initiation

.

12C Slave

.

12C CMD Processer

h 4 l

—> Sink Controller
Attachment Protection PD Processer
Configuration VOUT Control PD Receiver PD Transmitter
1% Negotiation Task Finished
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8.2 Firmware Startup Process

Start / Initiation l

v
I 12C Slave I
v
l 12C CMD Processer |
v v
| Sink Controller |
________________ L
Attachment .
Attached
| |
STATUS._;TARTED
| .
............... s

Configuration

{ Wait Configuration J
(100ms)
A 4

[ Update Configuration l

1% Negotiation

l Source Cap. Received I

Y

] Request 1** PDO I

Task Finished

STATUS.NEWPDO
STATUS.READY (1)

After the AP33772S is powered on, the firmware begins to initialize the sink controller and 12C slave state machine. When the sink controller
detects that the VBUS and Rp are attached, the STATUS.STARTED flag is set to 1 and the interrupt signal is triggered through INT pin to the
host MCU.

Once the AP33772S is started (STATUS.STARTED = 1), the host MCU can disable/enable specific modules based on the TCD requirements by
writing the configurable registers. Then 100ms after the AP33772S starts, the initial configuration is updated accordingly and the 1st negotiation
with the PD source begins.

After the 1st negotiation is completed, the source capabilities are stored in the SRC_SPR_PDO registers. If the PD source supports EPR mode,
the EPR source capabilities are stored in the SRC_EPR_PDO registers. Then the STATUS.NEWPDO flag is set to 1, indicating that the new
source capabilities have been received. The host MCU should read the SRCPDO register and generate a request message (PD_REQMSG)
based on the TCD requirements.

Finally, the STATUS.READY flag is set to 1, indicating that the startup process is completed and the host MCU can send requests thereafter.
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8.3 Request Process

AP33772S 12C Host MCU
Start / Initiation | , ’ Start / Initiation
v . FETEETES TN | Fe———
| 12C Slave |~a > INT Handler / STATUS Polling
v P [ staTUs.NEWPDO
[ 12C CMD Processer | i !
,, ; | [ ]

Sink Controller |

l : Request Process

"""""""""""""""""""""" i [ statusreany (1) |

! PD Processer ! :
[otegmion ]| |
H ; {‘ Write PD_REQMSG PD_REQMSG=0x3800

¥ i 3 ! (PDO3@15V,3A) ,
PD Receiver/ b ' e e e SR T

Transmitter

Task Finished ‘ i

' 5 :» E i | R TR I R S s |
|, BESRONSE Suores® || - || INT Handler/Polling |
P /

Y ‘" '
! VOUT:5V->15V || STATUSREADY(2) || i fe [ Read ST:]ATUS

For example, on the energy-sourcing side, the system uses a USB PD3.1 compliance charger (PDC) rated at 60W output power
(5V/9V/15V/20V@3A). For the energy-sinking side, a battery-powered Type-C mobile device adopts the AP33772S as the USB PD3.1 Sink
compliance controller. The host appliance requests 45W power at 15V@3A input and starts charging after successful negotiation.

Based on the TCD requirements and the source capabilities obtained by reading the SRCPDO register, the host MCU selects the required
PDO_INDEX, CURRENT_SEL, and VOLTAGE_SEL to generate the request message (PD_REQMSG).

After the AP33772S startup process is completed (STATUS.READY=1), the host MCU can initiate the request process through the 12C
interface. Here, PD_REQMSG is written to 3800h to request 45W power at 15V@3A. The request parameters are described in the following
table.

PD_REQMSG Bit | Attribute | Value Description
PDO_INDEX 15:12 WO 3h Select source PDO index “3”
CURRENT_SEL 8:11 WO 8h Select Operating Current @3.00A
VOLTAGE_SEL 7:0 WO Oh For fixed PDO selection, this parameter remains at 0

When receiving the PD_REQMSG command, the AP33772S will initiate negotiation with the PD source according to the requirements of the
host MCU. After the PD negotiation is completed, and if the AP33772S receives a PS_RDY message from the PD source, the device sets the
PD_MSGRLT.RESPONSE parameter to 1 (Success). Then, the VOUT voltage transitions from 5V to 15V.

Finally, the STATUS.READY flag is set to 1, indicating that the request process is completed and the host MCU can send other
requests/commands thereafter.

Therefore, the host MCU should handle the INT signal or poll STATUS to obtain the status of the AP33772S in real time.

1. STARTED =1, the host MCU can disable/enable specific modules by writing MASK, CONFIG, PDCONFIG, and VSELMIN registers at
startup.

2. NEWPDO =1, the host MCU should read the SRCPDO register to obtain the latest PD source capabilities, and then search for the
appropriate PDO again.

3.  READY =1, the host MCU can send requests/commands or read/write any register through the 12C interface.

4.  After writing to the PD_REQMSG register, the host MCU should wait for the STATUS.READY flag to be set high and then read the
PD_MSGRLT register to obtain the negotiation result.
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8.4 Initial Configuration
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Continuing the example from the previous section, the battery-powered host appliance requires the VOUT voltage to be higher than 9V to
protect the circuit, and requests 45W power at 15V@3A for charging.

The power-on value of the VSELMIN is 19h (5000mV). Under the default configuration, if the VREQ voltage is more than or equal to 5000mV,
the AP33772S enables the VOUT MOS switches. During the 1% negotiation, the AP33772S requests the default PDO1@5V and the VREQ
voltage is set to 5V. Since VREQ voltage is equal to VSELMIN voltage, the VOUT MOS switches turn “ON” and then the VBUS is connected to
VOUT. Therefore, the default output of the AP33772S is 5V when connected to the PD source, which may damage this host appliance.

Once the AP33772S is started (STARTED=1), the host MCU can change the power-on values of the configurable registers and the initial
configurations will be updated accordingly after 100ms. For this custom application, the host MCU sets VSELMIN to 2Dh (9000mV) during
configuration. After the 1 negotiation is completed, the VOUT MOS switches are turned “OFF” since VREQ voltage (5V) is less than VSELMIN
voltage (9V).

Then the host MCU writes PD_REQMSG to 3800h to request 45W power at 15V@3A. After successful negotiation, the VOUT MOS switches
are turned “ON” since VREQ voltage (15V) is more than VSELMIN voltage (9V). By modifying the initial configuration, the host appliance can
ensure that VOUT voltage is always greater than 9V.
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Chapter 9.

Product Testing Information
. Product Name: AP33772S

*  Model: CY33772S

Compliance test

. USB-IF TID: 10062

-
Power Delivery
-
Compliance Test Report
October 11, 2023
Revision 1.1
GRL Project Number  CYN-TP-09192301
Canyon Semiconductor
Cust :Joseph}lang
josephliang@canyon-semi.com.tw
03-5797868
Test Location  Granite River Labs - Taipei
Product Market Name  AP33772S
Model/Part Number  CY32772S
Product Description  PD 3.1 EPR PD Controller
Product Type  USB Type-C Consumer
PDPinWatts  140W
FWVersion  CYF24D0_K2xxn113
USB-IFTID 10062
ViDi:  2A4]
PID., 2570
Scopeof Testing  PD 3.1 Compliance Tests
Test Results  PASS
GRLTestEngineer [~ wmix rung-
GRL Reviewer "% o7

LEGAL DISCLAIMER

1. Thistest report is subject to Granite River Labs inc, Standard Terms & Conditions and does not
guarantee the qualty or functionality of the device tested, conformance with any specifications,
or interoperability with other products.  Customer is solely responsible for the guabity,
functionality, interoperabliity, and specification conformance of Customer's products.

2. This repert is based on the information Customer has supplied to GRL and Customer's
representation of the device tested. Test result is valid only to the original tested device model.
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Chapter 10. Revision History

Revision Hardware Version Firmware Version Change Description Date
1 1.0 1.0 First release 11/16/2023
2 1.0 11 Remove VDC 05/03/2024
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IMPORTANT NOTICE

1. DIODES INCORPORATED (Diodes) AND ITS SUBSIDIARIES MAKE NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH
REGARDS TO ANY INFORMATION CONTAINED IN THIS DOCUMENT, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS (AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

2. The Information contained herein is for informational purpose only and is provided only to illustrate the operation of Diodes’ products
described herein and application examples. Diodes does not assume any liability arising out of the application or use of this document or any
product described herein. This document is intended for skilled and technically trained engineering customers and users who design with Diodes’
products. Diodes’ products may be used to facilitate safety-related applications; however, in all instances customers and users are responsible for
(a) selecting the appropriate Diodes products for their applications, (b) evaluating the suitability of Diodes’ products for their intended applications,
(c) ensuring their applications, which incorporate Diodes’ products, comply the applicable legal and regulatory requirements as well as safety and
functional-safety related standards, and (d) ensuring they design with appropriate safeguards (including testing, validation, quality control
techniques, redundancy, malfunction prevention, and appropriate treatment for aging degradation) to minimize the risks associated with their
applications.

3. Diodes assumes no liability for any application-related information, support, assistance or feedback that may be provided by Diodes
from time to time. Any customer or user of this document or products described herein will assume all risks and liabilities associated with such
use, and will hold Diodes and all companies whose products are represented herein or on Diodes’ websites, harmless against all damages and
liabilities.

4. Products described herein may be covered by one or more United States, international or foreign patents and pending patent
applications. Product names and markings noted herein may also be covered by one or more United States, international or foreign trademarks
and trademark applications. Diodes does not convey any license under any of its intellectual property rights or the rights of any third parties
(including third parties whose products and services may be described in this document or on Diodes’ website) under this document.

5. Diodes’ products are provided subject to Diodes’ Standard Terms and Conditions of Sale
(https://www.diodes.com/about/company/terms-and-conditions/terms-and-conditions-of-sales/) or other applicable terms. This document does not
alter or expand the applicable warranties provided by Diodes. Diodes does not warrant or accept any liability whatsoever in respect of any products
purchased through unauthorized sales channel.

6. Diodes’ products and technology may not be used for or incorporated into any products or systems whose manufacture, use or sale is
prohibited under any applicable laws and regulations. Should customers or users use Diodes’ products in contravention of any applicable laws or
regulations, or for any unintended or unauthorized application, customers and users will (a) be solely responsible for any damages, losses or
penalties arising in connection therewith or as a result thereof, and (b) indemnify and hold Diodes and its representatives and agents harmless
against any and all claims, damages, expenses, and attorney fees arising out of, directly or indirectly, any claim relating to any noncompliance
with the applicable laws and regulations, as well as any unintended or unauthorized application.

7. While efforts have been made to ensure the information contained in this document is accurate, complete and current, it may contain
technical inaccuracies, omissions and typographical errors. Diodes does not warrant that information contained in this document is error-free and
Diodes is under no obligation to update or otherwise correct this information. Notwithstanding the foregoing, Diodes reserves the right to make
modifications, enhancements, improvements, corrections or other changes without further notice to this document and any product described
herein. This document is written in English but may be translated into multiple languages for reference. Only the English version of this document
is the final and determinative format released by Diodes.

8. Any unauthorized copying, modification, distribution, transmission, display or other use of this document (or any portion hereof) is
prohibited. Diodes assumes no responsibility for any losses incurred by the customers or users or any third parties arising from any such
unauthorized use.

9. This Notice may be periodically updated with the most recent version available at https://www.diodes.com/about/company/terms-and-
conditions/important-notice

The Diodes logo is a registered trademark of Diodes Incorporated in the United States and other countries.
All other trademarks are the property of their respective owners.
© 2024 Diodes Incorporated. All Rights Reserved.
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