CYAC1126-40LQXI (in fineon

ACG1lF, USB Type-C port controller

General description

ACGIF (Type-Ato Type-C Generation - 1 FET) is a single-port USB Type-C controller that complies with the latest
USB Type-C specifications. ACG1F provides a complete USB Type-C control solution for notebooks and desktops.
It can also be used in devices required to convert legacy Type-A data port to Type-C data port. ACG1F uses
Infineon' proprietary MOS8 technology with a 32-bit Arm® Cortex®-MO processor with 16 KB flash and integrates
a Type-C controller (no Power Delivery) and a VBUS load switch (5 V/3A).

Features

+ USB Type-C support
- Integrated Type-C controller supporting Type-C v1.3
- Integrated 2 x VCONN FET with OCP to power EMCA cable

Integrated VBUS Load Switch Controller
- Integrated VBUS load switch supports
« 5V/3AVBUS NFET
« RDSon of load switch: 45 mQ (typ) for 40-QFN
- Slew rate control turn-ON on the provider VBUS switch

- Configurable hardware-controlled VBUS overvoltage protection (OVP), overcurrent protection (OCP), and
reverse current protection (RCP)

- VBUS high-side current sense amplifier across external precision series resistance (Rsense) of 5 mQ
- Overtemperature thermal shutdown
- VBUS to CC short-circuit protection up to 20 V

.« 2x1%C
- Supports USB Type-C Connector System Software Interface (UCSI) over I°C interface
- Controls external high-speed redriver/retimer mux interface over I2C

+ Legacy charging
- Integrated Charge Detect: BCv1.2

+ 32-bit MCU subsystem
- 16-MHz Arm® Cortex®-MO0 CPU
- 16-KB flash
- 4-KB SRAM
- 32-KB SROM

+ Packages
- 40-QFN, 0.5-mm pitch
- Supports Industrial temperature range (-40°C to +85°C)
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Logic block diagram

Logic block diagram
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ACG1F, USB Type-C port controller

Functional block diagram

Functional block diagram
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Functional overview

1 Functional overview

1.1 USB Type-C subsystem

This subsystem provides the interface to the Type-C USB port and comprises the following:
+ USB-PD physical layer (only Rp terminations and Line-comparators)

« VCONN FETs

« ADC

Undervoltage, overvoltage, and reverse-current protection on VBUS

High-side current sense amplifier for VBUS with OCP and short-circuit protection (SCP)
VBUS discharge
Gate driver for VBUS NFET

+ Charger detect

1.1.1 USB-PD physical layer

The USB Type-C subsystem contains the USB-PD physical layer block and supporting circuits. The USB-PD
Physical Layer consists of only two Deep Sleep comparators that are used to detect Type-C attach/detach, CC line
activity events, and determine the voltage range on the chosen CC line. In addition, the block includes Rp
termination and their switches as required by the USB Type-C spec. The Rp termination is implemented using
current sources to indicate the current profiles supported by DFP.

1.1.2 VCONN FET

ACG1F has power supply input V5V pin for providing power to EMCA cables through integrated VCONN FETs.
There are two VCONN FETs in ACG1F to power either CC1 or CC2 pins. These FETs are capable of sourcing
maximum of 1.0W on the CC1 or CC2 pin to power active EMCA cables. At any given time, only one of the VCONN
FETs shall be ON. The floating V5V pin should not cause ACG1F to malfunction and draw more current.

1.1.3 ADC

ACG1F has one low-footprint 8-bit SAR ADC available for general purpose A-D conversion applicationsin the chip.
The ADC can be accessed from the GP10s through an on-chip analog MUX.

1.14 Undervoltage and overvoltage protection on VBUS

The chip implements an undervoltage/overvoltage (UVOV) detection circuit for the VBUS supply. The thresholds
for both OCP and UVOV are made programmable.

1.1.5 High-side current sense amplifier for VBUS

The chip supports the programmable threshold VBUS current sensing through the VBUS path. The external
resistor (5 mQ) placed in the connector VBUS path connects to the chip, and the drop across this resistor is
monitored to sense the magnitude of current.

1.1.6 VBUS reverse current protection

ACGLIF restricts reverse current to zero on the VBUS provider path when Type-C VBUS is greater than VIN (provider
voltage before the VBUS NFET). ACG1F reacts quickly (less then 1 ps - typ) and turns off the VBUS provider NFET.

1.1.7 VBUS discharge

The chip supports 21.5VVBUS discharge circuitry inside the 40-QFN package. After cable removal detection, the
chip will discharge the residual charge and bring the floating VBUS back to 0.8 V.

Datasheet 5 002-26356 Rev. *G
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Functional overview

1.1.8 VBUS load switch

ACG1F has an integrated VBUS provider load switch, which includes OVP, OCP, SCP, RCP protection, and
high-side current sense amplifier. ACG1F supports thermal protection where the load switch is turned OFF when
the on-chip temperature rises above the threshold temperature and turns ON the load switch when the device
temperature falls below threshold temperature.

1.1.9 Gate driver for VBUS NFET
ACG1F has an integrated gate driver to drive NFETs on the VBUS provider path.

1.1.10 Charger detect

The chip implements battery charger emulation (source) for USB BC.1.2.

1.1.11 High-voltage tolerant CC lines

The chip supports high-voltage tolerant CC lines. In the case of CC short to VBUS through connectors, these lines
will be protected internally.

1.1.12 Reverse current protection (RCP)

ACG1F controller supports RCP in 40-QFN package. ACG1F integrates the RCP circuitry that has the capability of
sensing reverse current that lasts for more than 10 us and protects the system by shutting down the Gate
automatically upon detection of such events. ACG1F provides RCP circuitry that can detect reverse current flow
from connector VBUS_C to provider VBUS_P. The RCP event is recognized whenever VBUS_C > VBUS_P while
provider FET is ON, causing current to flow from connector VBUS to provider VBUS. After recognizing the RCP
event, the provider FET is shut down thus isolating the provider and connector VBUS. ACG1F has three distinct
mechanisms to detect the reverse current as shown in Figure 1.

Vcsa_rcp
Provider | 5V

side
regulator

™ VBUS

Rsense

Vcomp_rcp

—H

CsP CSN VBUS_P Y — VBUS_C

vbus_p_ctrl

Load switch control

RCP2

RCP2 comparator
(DC.RCP.45)

RCP1 detect
(DC.RCP.44)
RCP3

RCP3 comparator
Vbux_max_det
(DC.RCP.46)

ACG1F

Figure 1 RCP mechanism
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Functional overview

« Mechanism 1: A comparator senses the voltage drop across external Rsense through pins CSP and CSN. This
comparator signals an RCP event whenever CSN > CSP by the Vcsa_rcp voltage given in Table 27. The output
of this comparator RCP1 is shown in Figure 1.

+ Mechanism 2: A comparator senses the voltage drop across provider FET through CSN and VBUS pin of ACG1F.
This comparator signals an RCP event whenever VBUS > CSN by the Vcomp_rcp voltage given in Table 27. The
output of this comparator RCP2 is shown in Figure 1.

+ Mechanism 3: A comparator senses the 33.33% voltage of the CSN pin and compares it against Vref = 1.79 V for
5-V provider VBUS application. This comparator signals an RCP event whenever CSN voltage goes above Vbus_-
max_detvoltage givenin Table 27 fora 5V application. The output of this comparator RCP3is shown in Figure 1.
Note that Vref is programmable and the voltage divider has an option to use 25% or 33.33% value which is
configurable only through firmware. To change the Vref value to 25%, contact local Infineon Sales Represen-
tative.

When any one of the three comparator outputs show an RCP event, then the provider FET is turned OFF.

1.2 MCU and memory

1.2.1 CPU

The Cortex® MO in ACG1F is part of a 32-bit MCU subsystem, which is optimized for low-power operation with
extensive clock gating. The CPU also includes a serial wire debug (SWD) interface, which is a 2-wire form of JTAG.
The debug configuration used for ACG1F has 4 break-point (address) comparators and two watchpoint (data)
comparators.

1.2.2 Flash

The 16 KB integrated flash memory shall store the firmware implementing Type-C functionality. The 16 KB flash
shall support in-system firmware upgrade through the SWD or I2C interface A section of flash can be used for
storing Device/System power parameters. The flash row size is 64 bytes.

1.2.3 SROM

The 32 KB SROM contains boot and configuration routines. The SROM will also be used for storing frequently used
functionalities in the firmware.

1.2.4 SRAM

The 4 KB RAM is used under software control to store temporary status of system variables and parameters.

Datasheet 7 002-26356 Rev. *G
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Power system overview

2 Power system overview

ACG1F operates on a single power-supply input VDDD with a valid range of (2.7 V-5.5V). In addition, there is a V5V
supply pin that sources the VCONN supply to the Type-C connector; the valid levels on the V5V supply can range
from 4.85V-5.5 V. V5V does not power the chip. The V5V supply support operation over 4.85 V-5.5 V while the
VDDD input supports operation over 2.7 V-5.5 V. ACG1F has two different power modes: Active and Deep Sleep,
transitions between which are managed by the power system. A separate power domain VDDIO is provided for
the GP10s. VDDD should be shorted to VDDIO at system level. The VCCD pin, the output of the core (1.8 V)
regulator, is brought out for connecting a 0.1 pF capacitor for the regulator stability only. The VCCD pin is not
supported as a power supply.

veus_p [ —
NGDO 1u#]:
VBUs.C Ejj
S
—

5 cc
[

1—0
Core re-gulator
(SRSS-Lite)

0.1 uF
Type-C
GPIOs Core PHY

Figure 2 ACG1F power system

2.1 Power modes

Table 1 lists the power modes of the device, accessible and observable by the user.

Table1 ACG1F power modes
Mode Description
The power is valid and XRES is not asserted. An internal reset source is asserted or Sleep
RESET . .
controller is sequencing the system out of reset.
ACTIVE The power is valid and CPU is executing instructions.
The main regulator and most hard-IPs are shutdown. The Deep Sleep regulator powers logic,
DEEP SLEEP . .
but only low-frequency clock is available.
SCAN Systemisin Scan mode. The Scan mode is entered by applying DFT key during XRES and exited
by applying something other than the DFT key (at least one bit).
Datasheet 8 002-26356 Rev. *G
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Power system overview

2.2 Peripherals
ACG1F has two SCBs, which can each implement only an I°C.

12C mode: The hardware 12C block implements a full multi-master and slave interface (it is capable of multimaster
arbitration). This block is capable of operating at speeds of up to 1 Mbps (Fast Mode Plus) and has flexible
buffering options to reduce interrupt overhead and latency for the CPU.

The SCB blocks support 8-deep FIFOs for Receive and Transmit, which, by increasing the time given for the CPU
to read data, greatly reduces the need for clock stretching caused by the CPU not having read data on time. The
FIFO mode is available in all channels and is very useful in the absence of DMA. Data throughput is not a critical
consideration for I2C.

TheI’C perig)heral is compatible with the I°C Standard-mode, Fast-mode, and Fast-Mode Plus devices as defined
in the NXP 1“C bus specification and user manual (UM10204). The 12C bus /O is implemented with GPIO in
open-drain modes. The I12C bus uses open-drain drivers for clock and data with pull-ug resistors on the bus for
clock and data connected to all nodes. The required Rise and Fall times for different I°C speeds are guaranteed
by using appropriate pull-up resistor values depending on VDDD, bus capacitance, and resistor tolerance. For
detailed information on how to calculate the optimum pull-up resistor value for your design, see the UM10204
1°C bus specification and user manual (the latest revision is available at www.nxp.com).

One ofthe SCB (typically SCB1) blocks is used to implement the host processor interface (HPI) slave, which allows
an external MCU to control the firmware operation.

The HPI 12C slave address is configurable using the 12C_CFG_EC pin for ACG1F 40-QFN as shown in Table 2.

Table 2 12C slave address configuration
12C_CFG_EC configuration 1C slave
Floating 0x60
Pulled up with 1 kQ 0x64
Pulled down with 1 kQ 0x62
2.3 Timer/Counter/PWM Block (TCPWM)

The timer block of ACG1F supports one timer or counter or pulse-width modulator. The timer is available for
internal timer use by firmware or for providing PWM-based functions on the GPIOs.

2.4 GPIO

The ACGIF die has eight GPIOs in 40-QFN including the 12C and SWD pins, which can also be used as GPI0s. The
GPIO block shall implement the following:

+ Eight drive strength modes including strong push-pull, resistive pull-up and pull-down, weak (resistive) pull-up
and pull-down, open drain and open source, input only, and disabled.

« Input threshold select (CMOS or LVTTL)
« Individual control of input and output disables
+ Hold mode for latching previous state (used for retaining I/O state in Deep Sleep mode)

+ Selectable slew rates for dV/dt related noise control

During power-on and reset, the blocks are forced to the disable state so as not to crowbar any inputs and/or cause
excess turn-on current. A multiplexing network known as a high-speed 1/0 matrix is used to multiplex between
various signals that may connect to an I/O pin. Pin locations for fixed-function peripherals, such as the USB
Type-C port, are also fixed in order to reduce internal multiplexing complexity. Data Output Registers and Pin
State Registers store, respectively, the values to be driven on the pins and the states of the pins themselves. The
pins can be configured by programming of registers through software for each digital I/O port.

Datasheet 9 002-26356 Rev. *G
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Power system overview

Every /O pin can generate aninterruptif so enabled and each I/O Port has aninterrupt request (IRQ) and interrupt
service routine (ISR) Vector associated with it.

The1/O ports can retain their state during Deep Sleep mode or remain ON. If the operation is restored using reset,
then the pins shall go the High-Z state. If operation is restored by an interrupt event, then the pin drivers shall
retain their state until firmware chooses to change it. The I/Os (on data bus) do not draw current on power down.
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Pinouts
3 Pinouts
Table 3 40-QFN pin list
Group nhame Pin name |Port Pin Description
USB Type-C CC1 Analog 9 USB PD connector detect/Configuration Channel 1
CcC2 Analog 7 USB PD connector detect/Configuration Channel 2
Mux DPLUS Analog 28 USB 2.0 DP for BC1.2
DMINUS Analog 27 USB 2.0 DM for BC1.2
csp Analog 1 Current Sense Positive Input for VBUS side external
VBUS OCP Esense S N — : trside of
CSN Analog 40 e)L(Jtrerrennatl Rir;?]ie egative input for other side o
P0.0 2 SWD Clock / GPIO
P0.1 3 SCB2 I2C Data / GPIO
P0.2 4 SCB2 12C Clock / GPIO
GPIOs and serial P0.3 5 GPIO
interfaces P0.4 6 SWD Data / GPIO
P1.0 15 Embedded Controller interrupt / GPIO
P1.1 16 SCB1 I’C Data / GPIO
P1.2 17 SCB1 I2C Clock / GPIO
Reset XRES Analog 10 Reset input
VBUS_C Power 21,22,23 Connector VBUS output from Power NFET
BUS P [power [24,25,26 [FIOMOErVELS putio Fover NFET
Power vDDD Power 31 Supply for the system
VDDIO Power 32 At system-level short the VDDD to VDDIO
o power  fi3 [Hibemorautat e capadon
V5V Power 8 Supply for VCONN FET of Type-C
EPAD VSS Ground - Ground
Datasheet 11 002-26356 Rev. *G
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Figure 3 40-pin QFN pinout
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Application diagrams

4 Application diagrams

Figure 4 illustrates a Type-C port DFP application diagram using ACG1F. The Type-C port can be used as a Type-A
to Type-C converter. The ACG1F device communicates with the embedded controller (EC) over 12C bus, which
manages the ACG1F operation. It also updates external analog mux Controller via I°C to route the

USB 5/10/20 Gbps signals coming from the Type-C port to the USB host. The ACG1F device supports battery
charger detection (BC 1.2) through USB 2.0 DPLUS and DMINUS lines of the Type-C receptacle which is connected
to the controller and to the DPLUS and DMINUS lines of the USB Host controller. ACG1F offers VBUS Short
protection on CC lines. The ACG1F device has integrated VCONN FETs for applications that need to provide power
for accessories and cables using the VCONN pin of the Type-C receptacle. The integrated VBUS load switch is used
for providing power over VBUS. The 5 mQ resistor between the 5V supply and provider FETs is used for
overcurrent detection on the VBUS.

Figure 4 illustrates single port Type-C port DFP application diagram using CYAC1126-40LQXIT.

Notes

ACGIF device s 12C address is determined by SWD_CLK pin.
1K resistors not populated = 12C address 0x60 (default)

1K resistor connected to GND = 12C address 0x62

1K resistor connected to VDDD =12C address 0x64

sv  Provider path

Power subsystem
VBUS_OUT

s 390 pFL 390 pF:
VCONN_V5V I I

I
=3

ACG1F
(CYAC1126-40LQXIT)
40-QFN

N——-7 12C_INT_EC/PL.0

EMBEDDED

12C_SCL_SCB1_EC/P1.1
CONTROLLER TYPE-C

12C_SDA_SCB1_EC/P1.2 RECEPTACLE

12C_SCL_SCB2/P0.2

12C_SDA_SCB2/P0.1

SS data Mux
—, (ANX7430QN-CA)

USB chipset

PWR Enble

SS data lines

Note
Follow recommendations from manufacturer for AMUX connections.

Figure 4 ACG1F in single port USB Type-C notebook application using CYAC1126- 40LQXIT

Figure 6 illustrates single port Type-C port DFP application diagram.
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5 Device configuration parameters

ACG1F supports the following configuration parameters, which can be modified using EZ-PD configuration utility.
Table 4 ACG1F device configuration parameters

Parameter ‘ Options ‘ Description
Rp_Supported: Bitmap of Rp supported by ACG1F

Rp for default USB
current

Rp for 1.5A USB current | Enable or disable
Rp for3.0A USB current | Enable or disable
VConn_Enable: VCONN enable parameters

Enable or disable

Yes - Turn ON VCONN only if Ra termination is seen
No - Turn ON VCONN even if Ra termination is not seen

VBUS_OVP:VBUS overvoltage protection parameters

Enable options

Can be enabled or disabled

Threshold Enable

Debounce Fault event debounce period in us [0 - 255]

Retry Count Number of times to retry recovery from fault [0 - 255]
VBUS_OCP: VBUS overcurrent protection parameters

Enable Can be enabled or disabled

Threshold fCauurl;ent threshold percentage above the contract current to trigger the

Debounce Fault event debounce period in us [0 - 255]

Retry Count Number of times to retry recovery from fault [0 - 255]
VBUS_SCP: VBUS short-circuit protection parameters

Enable Can be enabled or disabled

Threshold Threshold is fixed to 6A

Debounce Fault event debounce period in us [0 - 255]

Retry Count Number of times to retry recovery from fault [0 - 255]
VBUS_RCP: VBUS reverse-current protection parameters

Enable Can be enabled or disabled

Retry Count Number of times to retry recovery from fault [0 - 255]
Vconn_OCP: VCONN overcurrent protection parameters

Enable Can be enabled or disabled

Debounce Fault event debounce period in us [0 - 255]
VBUS_OTP: VBUS overtemperature protection parameters

Enable Can be enabled or disabled

Therm_type CCGx internal bipolar junction transistor (BJT)

Reading/temperature at which device operation should be cut-off.

Cutoff_val Expressed in °C for internal BJT.

Restart_val Reading/temperature at which normal operation should be resumed.
Battery charging: battery charging source mode of operation

BC 1.2 Enable ‘ Can be enabled or disabled
Datasheet 14 002-26356 Rev. *G
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6 Electrical specifications
6.1 Absolute maximum ratings
Table 5 Absolute maximum ratings
Parameter Description Min Typ Max Unit | Details/conditions
v Max supply voltage relativeto | ~ 6 v -40°C to +85°C Tp,
5V_MAX Vs Absolute maximum
v Max supply voltage relativeto | ~ 6 v -40°C to +85°C Tp,
DDD_MAX Vsg Absolute maximum
VBUS_P_MAX |MaxproviderVBUSinthe system |- - 6 v -40°Cto +85°C T,
-40°C t0 +85°C Ty
VBUS_C_MAX | Max Connectorside VBUS inthe | ~ 24 v peaks up to 30V for
(40-QFN) system with 40-QFN package duration less than 1 us
at room temperature
Max supply voltage relative to
Vbbio_max Ves - - Voo v -
Vppio *
VGP|O_ABS |nput5 to GPIO -0.5 - 0.5 \" -
Vop.DM_abs Inputs to DPLUS and DMINUS ~ [-0.5 |- Vppp+ 0.5 [V -
lgpi0_ABS Maximum current per GPIO -25 - 25 mA -
GPIO injection current, Absolute max. current
IGP|O INJECTION Max for V|H > VDDD’ and -0.5 - 0.5 mA .. >
- Min for Vi, <Vse injected per pin
Electrostatic discharge human .
LEJSSD—HBM—VB body model for VBUS_C, 500 - - v \(/)gllJySa[épill%ansle |§0 ins
VBUS_P pins — -rP
ESD._CDM Eleqtrostatlc discharge charged 500 ~ ~ v Charged Device Model
device model ESD
Applicable for all pins
Electrostatic discharge human except CC1, CC2,
ESD_HBM body model 2200 |- - v VBUS_C, and VBUS_P
pins
Electrostatic discharge human Only applicable to CC1,
ESD_HBM_CC body model for CC1, CC2 pins 1100 |- - v CC2 pins
LU Pin current for latch-up -200 |- 200 mA -
Vee PIN_ABS Max voltage on CC1 and CC2 pins | - - 24 v -
6.2 Device-level specifications

All specifications are valid for -40°C < T, <85°C and T, < 100°C, except where noted. Specifications are valid for
3.0Vto 5.5V except where noted.

Table 6 DC specifications
SpecID Parameter |Description Min |Typ |Max Unit |Details/conditions
SID.PWR#1  |Vppp Power supply inputvoltage|2.7 |- 5.5 % -40°C to +85°C Ty
SID.PWRE2  |Vays p ProviderVBUSfromthe |, | |55 |y |_40°Cto+85°CT,
= system
Connector VBUS from the o o
SID.PWR#2B  |Vgys ¢ system - |- Vaus.p |V -40°C to +85°C Ty
Datasheet 15 002-26356 Rev. *G
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Table 6 DC specifications (continued)
Spec ID Parameter |Description Min |Typ |Max Unit |Details/conditions
SID.PWR#26 |V5V Power supply for Veonn 4.85 |- 5.5 v -40°C to +85°C Ty
SID.PWR24 Veen lOu'gput voltage for core B 18 B v B

ogic

Tpo=25°C,nol/O
SID.PWR#4 Ibp Supply current - 10 - mA sourcingcurrent, CPU
at 16 MHz

Supply voltage for flash ~ -40°C to +85°C T,
SID.PWRHT  |VDowRiTE | rite 2.7 5.5 v AllVypp.
SID.PWR#13  |Vppio Supply voltage for /O Vpop | - Voop |V ~40°Cto +85°C Ty,
SID.PWR#15 | Cerc External Regulatorvoltage | o 1100|1200 |nF  |X5R ceramic or better

bypass for Vecp
SID.PWR#16 | Cpyc Power supply decoupling 1 - WF | X5R ceramic or better

capacitor for Vppp

Power supply decoupling | _ .
SID.PWR#27 | Cgyy capacitor for V5V, Vppio 0.1 uF X5R ceramic or better
SID.PWR#18 |Vgpio as | Inputs to GPIO 0.5 |- Vbpio*0 |y Absolute Maximum
SID.PWRHLBA [Vpppy ags | PULS L0 DPLUS and 05 |- |Yooo*0- |y | Absolute Maximum

- DMINUS
SID.PWR#19 |lgpio_aBs Current per GPIO -25.0 |- 25 mA | Absolute Maximum
| GPIOinjection current, Max Absolute Maximum
SID.PWR#19A | GPIO_INJECTI | for v, >Vppp and min for |-0.5 |- 0.5 mA  |current injection per
on ViL<Vss pin

SID.PWRE2L | Tpeepsiep Wakeup from Deep Sleep | 35 ~ s ~

Mode
SID.PWRH50 |V pin s 'F\)"ii’;""'tage onCCl&CC2 | 1 |y V  |Absolute Maximum

Current consumption for ACG1F in Deep Sleep mode. Typical values measured at 25°C.

SID_DS1

VDDD =3.3V.CC Wakeup

150

MA

Power source =Vppp,
Type-C Not attached,
CC enabled for

lop_ps1 ON, Type-C not connected | - wakeup. Rp
connection should be
enabled for PD port.
VDDD:3‘3V' chakeup ON _ _ lDD DSl+ CC ON,
SIDDS3 1lbp.ps2  |\ith CSA/UVOV On 500 HA | CsAjuvov ON
Vppp =2.7t03.6 V. I2C ) B _ -
SID34 |DD29 Wakeup and WDT ON 150 IJ.A VDDD =3.3 V, TA =25°C
Power Source =Vppp
Supply current while XRES | ~ =33V,
SID307 Ipp_xr asserted 50 WA Type-C not attached,
TA = 25°C
Datasheet 16 002-26356 Rev. *G
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6.2.1 CPU
Table 7 CPU Specifications (Guaranteed by characterization)
N . .. |Details/
SpecID Parameter Description Min |Typ [Max |Unit conditions
SID.CLK#4 | Fcpy CPU input frequency - - 16 MHz |AllVppp
SID.PWR#21 | Tpeepsicep mzﬁi“p from Deep Sleep | _ 3B |- us
- Guaranteed by
SYS.XRES#5 | Tygres External reset pulse width 5 - - us characterization
Power-up to “Ready to accept |
SYS.FES#]. T_PWR_RDY |2C/CC Command” 5 25 ms
6.2.2 GPIO
Table 8 GPI0 DC specifications
Spec ID Parameter |Description Min Typ |Max |Unit |Details/conditions
Input voltage HIGH 0.7 x .
SID.GIO#37  |Viy cmos threshold Vooro | - v CMOS input
Input voltage LOW 0.3 x .
SID.GIO#38 V|L_CMOS threshold - - VDD|O Vv CMOS Input
SID.GIO#39 V|H VDDIO2.7- LVTTL input, VDD|O <2.7V 37 X - - \Y -
- DDIO
. 0.3x
SID.GIO#40 V||_ VDDIO2.7- LVTTL Input, VDD|O <27V |- - Vv \Y -
- DDIO
SID.GIO#41 V|H_VDD|02.7+ LVTTL input, VDD|O >2.7V 2.0 - - Vv -
SID.GIO#42 V|L_VDD|02.7+ LVTTL input, VDD|O >2.7V |- - 0.8 Vv -
SID.GIO#33 | Vg Outputvoltage HIGH level | "0~ | = = |V |Ig,=-4mAat3-VVpppq
SID.GIO#34  |Vpu Output voltage HIGH level Voo~ | _ - Vv loy =-1mAat 1.8-V
0.5 Vbpio
SID.GIO#35 |V, Output voltage LOW level |- - 0.6 v lo. =4 mAat 1.8-VVpp o
SID.GIO#35A VOL_|2C_2 Output low VOltage - - 0.4 Vv IOL =3 mA, VDD|O >2V
SID.GIO#35B |Vo, pc 3 |Output low voltage - - o6l |v loL=6 MA,Vppjo>1.71V
lOL =20 mA, VDDlO >3.0
SID.GIO#35C |V Output low voltage - - 0.4 \Y v, Applicable for
: OL1_20mA ' overvoltage-tolerant
pins only
IOL =10 mA (IOL_LED)
SID.GIO#36 |V, Output voltage LOW level |- - 0.6 v 3t 3V VDDIO
Pull-up resistor when o
SID.GIO#5 Rpu enabled 3.5 56 |85 kQ  |+25°CTu, All Vppio
SID.GIO#6  |Rpd Pull-down resistorwhen |, . 56 |85 |kQ [+25°CT, AllV
: enabled : : ' A>T TDDIO
Input leakage current o
SID.GIO#16 |1, (absolute value) - - 2 nA  |+25°C Ty, 3-VVppio
SID.GIO#17 | Cpiy Max pin capacitance - 3 7 pF -
Note

3. To drive full bus load at 400 kHz, 6-mA Iy is required at 0.6-V V. Parts not meeting this specification can
still function, but not at 400 kHz and 400 pF.
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Table 8 GPI0 DC specifications (continued)
Spec ID Parameter |Description Min Typ |Max |Unit |Details/conditions
Vppio > 2.7 V.
SID.GIO#43 | VhysTTL Input hysteresis, LVTTL |15 40 |- mV | Guaranteed by
characterization.
. 0.05x
SID.GIO#44 | Vuyscmos Input hysteresis CMOS N - - mV  [Vppio<4.5V
DDIO
SID.GIO#44A |Vyyscmosss | Input hysteresis CMOS 200 - - mV  |Vppio>4.5V
Table 9 GPIO AC specifications (Guaranteed by characterization)
Spec ID Parameter |Description Min |Typ |Max |Unit |Details/conditions
Rise time in Fast Strong _ 3.3-VVppio»
SID70 TR|SEF mode 2 12 ns Cload =25 pF
Fall time in Fast Strong B 3.3-VVppio»
SID71 TFALLF mode 2 12 ns Cload =25 pF
Rise time in Slow Strong _ 3.3-VVppio»
SID.GIO#46 | TRises mode 10 60 I P
Fall time in Slow Strong ~ 3.3-VVpp)o»
SID.GIO#47 | TeaLLs mode 10 60 ns Cloag = 25 PF
GPIO FOUT;3'3VSVDD|OS _ _ 0 _
SID.GIO#48 | Fopio ouTL |5 5y, Fast Strong mode 16  [MHz |90/10%, 25-pF load
GPIO FOUT; 1'7VSVDD|OS _ _ 0 _
SID.GIO#49 FGP|O_OUT2 3.3 V. Fast Strong mode 16 MHz 90/10 /0, 25 pF load
GPIO FOUT;3'3VSVDD|OS _ _ 0 )
SID.GIO#50 | Fgpio ouTs 5.5V. Slow Strong mode 7 MHz |90/10%, 25-pF load
GPIO FOUT; l.YVSVDmog _ _ o )
SID.GIO#51 FGP|O_OUT4 3.3V. Slow Strong mode 3.5 MHz 90/10 /0, 25 pF load
GPIO input operating
SID.GIO#52 FGP|O IN frequency; 1.7V§VDD|OS - - 16 MHz 90/100/0 V|O
N 55V
6.2.3 XRES
Table 10 XRES DC specifications
.. . .. |Details/
SpecID Parameter |Description Min [Typ |[Max |Unit conditions
Input voltage HIGH 0.7 x .
SID.XRES#1 |V threshold Vooio |~ - v CMOS input
SID.XRES#2 |V, Input voltage LOWthreshold [~ |- |0 |v | cMOS input
DDIO
SID.XRES#3 |C)y Input capacitance - - 7 pF -
. 0.05x% Guaranteed by
SID.XRES#4 | Vihysxres Input voltage hysteresis - Vooo |~ MV | Characterization
Datasheet 18 002-26356 Rev. *G

2024-09-12



o _.
ACG1F, USB Type-C port controller (In fl neon .

Electrical specifications

6.3 Digital peripherals

The following specifications apply to the Timer/Counter/PWM peripherals in the Timer mode.

6.3.1 Pulse width modulation (PWM) for GPIO pins

Table 11 PWM AC Specifications (Guaranteed by characterization)

SpecID Parameter |Description Min |Typ |Max |Unit |Details/conditions
. Fc max = CLK_SYS.

SID.TCPWM.3 | Tcpwmrreq | Operating frequency - - Fc MHz Maximum = 16 MHz.

Input trigger pulse

SID.TCPWM.4 | TpWwMENEXT width 2/Fc |- - ns For all trigger events

Minimum possible width of

Output trigger pulse Overflow, Underflow, and

SID.TCPWM.5 | Towmexr width 2[Fc |- - ns CC (Counter equals
Compare value) outputs
SID.TCPWM.5A | TcRres Resolution of counter |1/Fc |- - ns Minimum time between
successive counts
. Minimum pulse width of
SID.TCPWM.5B | PWMgeg PWM resolution 1/Fc |- - ns PWM output
Quadrature inputs Minimum pulse width
SID.TCPWM.5C | Qges . P 1/Fc |- - ns between
resolution .
quadrature-phase inputs
6.3.2 12C
Table 12 Fixed 12C AC specifications
(Guaranteed by characterization)
SpecID Parameter | Description Min |Typ |Max |Unit |Details/conditions
SID153 Flac1 Bit rate - - 1 Mbps |-
Datasheet 19 002-26356 Rev. *G
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6.3.3 Memory
Table 13 Flash AC specifications
SpecID Parameter |Description Min |Typ |Max |Unit |Details/conditions

Row (Block) write time
SIDMEM#4 | Teow WRITE | (erase and program) - - |20 |ms |-

SID.MEM#3 TROW_ERASE Row erase time - - 13 ms -
SID.MEM#8 | TrowpRosRAM | ped & e after |1 17 ms  |25°C to 55°C, All Vppp
SID178 Teuikerase | Bulk erase time (128 KB) |- - 35 ms Guaranteed by design
SID180 TDbEVPROG :cri?rtael device program - - 25 s Guaranteed by design
SID.MEM#6 |Fenp Flash endurance 100k |- - cycles |-

Flash retention, T, <55°C,
SID182 FreT1 100K P/E cycles 20 - - years |-

Flash retention, T, <85°C,

SID182A FreTo 10K P/E cycles 10 - - years |-
Flash retention,
SIb1828B FreTs Tp <105°C, 10K P/E cycles 3 - - years |-
Datasheet 20 002-26356 Rev. *G
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6.4 System resources
6.4.1 Power on-reset (POR) with brownout
Table 14 Imprecise power-on reset (IPOR)
.. . .. | Details/
SpecID Parameter |Description Min |Typ |Max |Unit | " o
.. . Guaranteed by
SID185 VRISEIPOR Rising trip voltage 0.80 |- 1.50 |V characterization
. . Guaranteed by
SID186 VEALLIPOR Falling trip voltage 0.70 |- 14 |V characterization
Table 15 Precise power-on reset (POR)
- . .. | Details/
Spec ID Parameter |Description Min |[Typ [Max |Unit conditions
Brownout detect (BOD) trip Guaranteed by
SID190 VFaLLPPOR voltage in Active/Sleep modes 148 |- 1.62 |V characterization
BOD trip voltage in Deep Sleep _ Guaranteed by
SID192 VFALLOPSLP | mode 11 15V characterization
SID.CLK#6  |SR_POWER |Power supply slew rate 040 |- |67 |vms |ONPOWer-upand
power-down
6.4.2 SWD interface
Table 16 SWD interface specifications
... . .. |Details/
SpecID Parameter Description Min |Typ |Max |Unit | " oo
SID.SWD#1 [F_SWDCLK1  |33V<Vppo<5.5V |- - s MHz fSWDCLKSlB CPUclock
requency
SID.SWD#2 |[F_SWDCLK2  |1.8V<Vppo<3.3V |- - s MHz fWDCLKSl/P’CPU clock
requency
SID.SWD#3 | T_SWDI_SETUP | T = 1/f SWDCLK 0.25x 1 |_ ns | Guaranteed by
T characterization
SID.SWD#4 | T_SWDI_HOLD |T=1/f SWDCLK 025>\ |- |ns |Guaranteed by
characterization
SID.SWD#5 | T_SWDO_VALID | T = 1/f SWDCLK - _ |050x 1, |Guaranteed by
T characterization
SID.SWD#6 | T_SWDO_HOLD |T = 1/f SWDCLK 1 - |- ns | Guaranteed by
characterization
6.4.3 Internal main oscillator (IMO)
Table 17 IMO AC specifications
(Guaranteed by design)
— . .. | Details/
SpecID Parameter Description Min |Typ |[Max |Unit conditions
Frequency variation at 48 MHz | _ o 2.7V=sVppp<55VW
SID.CLK#13 | FioroL (trimmed) 2 1% )5ec<T, <85°C
SID226 TsTARTIMO IMO start-up time - - 7 us -
SID.CLK#1 |Fimo IMO frequency - 48 |- MHz |-
Datasheet 21 002-26356 Rev. *G
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6.4.4 Internal low-speed oscillator (ILO)
Table 18 ILO AC specifications
SpecID Parameter Description Min |Typ [Max |Unit |Details/conditions
SID234 TsrarTILOL I o start-up time - - 2 ms | Guaranteed by
SID238 T\LoDUTY o duty cycle 40 |50 |60 |% |characterization
SID.CLK#5 |Fj o I o frequency 20 40 |80 |kHz |-
6.4.5 PD
Table 19 PD DC specifications
_— . .. | Details/
Spec ID Parameter Description Min |Typ [(Max |Unit conditions
Source current for USB
SID.DC.acglf.cc.5 |ldac_std standard advertisement 64 - 96 UA -
Source current for 1.5A @
SID.DC.acglf.cc.6 |ldac_lp5a 5\ advertisement 165.6 |- 194.4 |pA |-
SID.DC.acglfcc.7 |Idac_3a Source currentfor3A@5V 353 o 3564 |ua |-
advertisement
SID.DC.acglf.cc.10 | ZOPEN CCimpedance toground 1,5 |_ kKQ |-
when disabled
DFP_default_0 |CC voltages on DFP
SID.DC.acglf.cc.11 02 side-Standard USB 0.15 |- 025 |V -
CC voltages on DFP
SID.DC.acglf.cc.12 | DFP_1.5A_0Op4 side-1.5A 0.35 |- 0.45 |V -
SID.DC.acglf.cc.13 | DFP_3A_0p8 CC voltages on DFP side-3A |0.75 |- 0.85 |V -
SID.DC.acglf.cc.14 |DFP_3A_2p6 CCVoltages on DFP side-3A |2.45 |- 275 |V -
SID.DC.acglf.cc.17 |Vattach_ds Deep Sleep attach 0.3 - 0.6 % -
threshold
SID.DC.acglf.cc.18 |Rattach_ds Deep Sleep pull-up resistor | 10 - 50 kQ |-
6.4.6 Analog-to-digital (ADC) converter
Table 20 ADC DC Specifications
. . .. | Details/
SpecID Parameter Description Min Typ |Max Unit conditions
SID.ADC.1 Resolution ADC resolution - 8 - Bits |-
SID.ADC.2 INL Integral non-linearity |-1.5 - 1.5 LSB |-
SID.ADC3  |DNL Differential 25 |- |25 LSB |-
non-linearity
SID.ADC.4 Gain Error Gain error -1.5 - 1.5 LSB |-
Reference voltage of Reference voltage
SIDADC5  |VREF_ADCL |, = Vooomin |- | Vopomax |V generated from Vopp
Reference voltage of Reference voltage
SID.ADC.6  |VREF_ADC2 ADC 1.96 2.0 |2.04 \Y generated from Deep
Sleep reference
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6.4.7 Charger detect
Table 21 Charger detect DC specifications
. L. . . Details/
SpecID Parameter Description Min |Typ |Max |Unit conditions
DC.CHGDET.I  |VDAT_REF Data detectvoltagein 1,50 | 400 |mv |-
charger detect mode
DC.CHGDET.2 VDM_SRC Dn voltage source in 500 |- 700 [mV |-
charger detect mode
DC.CHGDET.3 VDP_SRC Dp voltage source in 500 |- |700 [mV |-
charger detect mode
DC.CHGDET.4 IDM_SINK Dn sink currentin charger | )5 |_ 175 |pA |-
detect mode
DC.CHGDET.5 IDP_SINK Dp sink currentin charger |, |_ 175 |pA |-
detect mode
DC.CHGDET.6 IDP_SRC Data contact detect 7 |- 13 A |-
current source
DC.CHGDET.32 RDM_UP Dp/Dn pull-up resistance |0.9 - 1.575|kQ -
DC.CHGDET31  |RDM_pwN | DP/Dnpull-down 1425 |- |248 [kQ |-
resistance
DC.CHGDET.29 RDAT_LKG Data line leakage on Dp/Dn {300 |- 500 |kQ -
DC.CHGDET.34 VSETH Logic threshold 1.26 |- 1.54 |V -
Dedicated charging port
DC.acglf.dpdm.14 | RDCP_DAT resistance across DPand |- - 40 |W
DN
6.4.8 CSA
Table 22 CSA DC specifications
A . .. | Details/
SpecID Parameter Description Min |Typ [Max |Unit conditions
Short-circuit current 0
DC.csa_scp.42 SCP_6A detect @ 6A - 110 %) -
Short-circuit current 0
DC.csa_scp.43 SCP_10A detect @10A - 10 %o -
OP.csa_scp.11 Rsense External sense register |- 5 mQ | 1% accuracy
1A PD contracts
0,
locp 1A OCP trip threshold for 1A | 130 o coocnifaecfta\;ca}jg gorOf
P- with Rsense =5 mQ +20% 0 user
programmable
DC.csa_scp.44
1A PD contracts
0,
loco 1A OCPtrip threshold for1A | 130 o (c)ocnifae;ta\;[a}jg C/JorOf
P- with Rsense =10 mQ +10% 0 user
programmable
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Table 22 CSA DC specifications (continued)
i . .. |Details/
Spec ID Parameter Description Min |Typ [Max |Unit conditions
2A, 3A, 4A, and 5A
OCP Trip threshold for PD contracts OCP
2A, 3A, 4A and 5A 130 0 set at 130% of
DC.csa_scp.45 |locp _5A contracts with - +10% | Yo contract value OR
Rsense =5/10 mQ user
programmable
CSP pin input leakage For provider
DC.rcp_scp.7a I_csainn_lk when RCP and CSA - - 10 MA v p_ 5\
blocks are OFF BUS™
CSN pin input leakage For provider
DC.rcp_scp.6a I_csainp_lk when RCP and CSA - - 80 HA N p: 5y
blocks are OFF BUS
CSP pin current when .
DC.sys.1 |_CSP_RCP_ON RCP blockis ONand SCP | - - 20 HA For p[owder
_CSA_OFF ; Vgys=5V
is OFF
CSN pin current when .
DC.sys.2 |_CSN_RCP_O RCP blockis ON and SCP | - - 100 |[pA For piowder
N_CSA_OFF | Vgys=5V
is OFF
CSP pin current when For provider
DC.sys.3 |_CSP_CSA_ON |RCPblockisOFFandSCP | - - 30 UA v p_
is ON
CSN pin current when For provider
DC.sys.4 I_CSN_CSA_ON |RCPblockisOFFandSCP | - - 100 |pA v p_
is ON
. For provider
CSP pin current when
|_CSP_RCP_ON . _ _ VBUS =5V.
DC.sys.5 CSA ON RCP blockis ON and SCP 50 HA Guaranteed by
is ON .
design.
. For provider
CSN pin current when
|_CSP_RCP_ON , ) ) Vgys=5V.
DC.sys.6 "CAS. ON RCP blockis ON and SCP 120 |[pA Guaranteed by
is ON .
design.
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6.4.9 Vgys UV/OV specification
Table 23 Vgys UV/OV specifications
. . .. |Details/
SpecID Parameter Description Min |Typ |Max |Unit conditions
Voltage threshold
SID.UVOV.1 VTHUVOV1 accuracy in Active mode |- 13 - % -
using bandgap reference
Voltage threshold
SID.UVOV.2 VTHUvOV ~ |accuracy inDeepSleep | _ 5 |- (% |-
mode using Deep Sleep
reference
SID.COMP_ACC |COMP_ACC | SomParatorinput offset | 15 |- |15 |mv |-
6.4.10 VCONN switch
Table 24 VCONN switch DC specifications
_— . .. | Details/
SpecID Parameter Description Min |Typ |Max |Unit | " o oo
Switch ON resistance at
DC.acglf.20VC | g, VS5V=5Vwith215-mAload |- |14 |2 |w |-
ONN.1
current
DC.acg1f.20VC | Overcurrent detectionrange 550 |- _ mA |-
ONN.9 ocp for CC1/CC2
CC1, CC2 overvoltage
DC.acglf.20vVC protection detection
ONN.10 OVP_threshold threshold above Vppp or 200 - 1200 jmv- -
V5V, whichever is higher
DC.acglf.20vC . Overvoltage detection Guaranteed by
ONN.11 OVP_hysteresis hysteresis 0 - 200 \mv design
DC.acglf.20VC . Overcurrent detection
ONN.12 OCP_hysteresis hysteresis 20 |- 80 mA |-
Overvoltage detection
threshold above V5V of
DC.acglf.20VC CC1/2, with CC1 or CC2 _ ~
ONN.14 OVP_threshold_on switch enabled. Same 200 700 |mv
threshold triggers reverse
current protection circuit
Table 25 VCONN switch AC specifications
.. . .. | Details/
SpecID Parameter |Description Min |Typ |Max \Unit | " oo
IA\]%I..alcglfQOVCO Ton VCONN switch turn-ontime |- - 200 |ps -
AC.acglf.20vVCO . . Guaranteed by
NN.2 Torr VCONN switch turn-off time |- - 3 Hs design
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6.4.11  Vpys

Table 26 Vgys dischargespecifications
.. . .. |Details/
SpecID Parameter Description Min |[Typ |Max |Unit conditions
SIDVBUS.DISC.1 |Ronl 20-V NMOS ON resistance  |1500 |- 3000 |W -
SID.VBUS.DISC.2 |Ron2 20-V NMOS ON resistance  |750 - 1500 |W -
SID.VBUS.DISC.3 [Ron3 20-V NMOS ON resistance 500 - 1000 |W -
SID.VBUS.DISC.4 |Ron4 20-V NMOS ON resistance 375 - 750 |W -
SID.VBUS.DISC.5 |Ron5 20-V NMOS ON resistance | 300 - 600 |W -
6.4.12 Provider NFET RCP
Table 27 Provider NFET RCP DC specifications
. . .. |Details/
SpecID Parameter Description Min |Typ |Max ([Unit conditions
Voltage across external
Rsense between CSP/CSN for
DC.RCP.44 Vesa Rrep which RCP condition - 2 6 mv |-
detected (CSN higher than
CSP by Vcsa_rcp)
Voltage across Vg5 and CSN
DC.RCP.45 Vcomp_Rcp pins for which RCP condition |20 - 130 |mvV |-
is detected
Voltage on CSN pad during
provider FET ON (source) for
DC.RCP.46 VBUS_MAX_DET which RCP condition is - 5.375 |- Vv -
triggered (this threshold is
user programmable)
Table 28 Provider NFET RCP AC specifications
. L. . . Details/
SpecID Parameter |Description Min |Typ |Max |Unit conditions
Provider NFET switching off Vgus =5 V/3A,
after reverse current detect Provider path ON,
AC.RCP_SYS.1 | Torr_rep through provider FET (for20V | 1 - Hs 47 uF ceramic cap
hot plug-in) on Vgys_p pin
Time taken to detect RCP out Vaus falls below
AC.RCP_SYS.2 | TRrcp deassert - 55 |80 |us CSN and start
- of fault
NGDO enable
Table 29 VBUS Provider DC specifications
... . .. | Details/
SpecID Parameter |Description Min |Typ |Max |Unit | " oo
NFET driver is ON;
3A load current,
DC.ngdo_fet_sys.1 |RDSon-2fet |FET RDSon (40-QFN) - 45 |55 mQ short-duration pulse,
-40°Cto +55°C TA
DC.ngdo_fet_sys.2 |Isw Continuous current - - 3 A -
Datasheet 26 002-26356 Rev. *G
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Table 30 VBUS provider AC specifications
SpecID Parameter |Description Min |Typ |Max |Unit |Details/conditions

: 0.8 to 4.5V transition
0, )
AC.ngdo_fet_sys.1 |T,, Vys Low to High (10%to | _ 5 - ms |system-level (with

0,
90%) 10 Q load on VBUS_C)

FET turn-off time - Under
AC.ngdo_fet_sys.2 | Toftfault fault condition of - 1 - HS -
SCP/RCP

0.8 to 4.5V transition,

VBUS HIGH to LOW (90% .
system-level with

AC.ngdo_fet_sys.3 | T to 10%) - Under normal |- 7 - us external FET (with
condition 10 Q load on VBUS_C)
Overtemperature R

AC.ngdo_fet_sys.4 | OTsn_or shutdowﬁ threshold OFF |~ 125 - ¢ -
Overtemperature o

AC.ngdo_fet_sys.5 | OTstn on shutdowﬁ threshold ON 0 |- ¢ N
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7 Hardware design guidelines

This section provides hardware design guidelines for designing a USB-C controller for DFP applications using
ACG1F.

Following are the guidelines:

« ESD and EMI/EMC protection

« TVS diode on VBUS_C pin

« Power supply noise suppression

+ Placement of bulk and decoupling capacitors
+ Placement of power and ground planes

« Voltage regulation

« Power domain routing

« If a switched-mode power supply is used, power traces should be far away from signal traces to avoid
addition of power noise on signal or keep ground traces in between the signal traces. Routing of Type-C
(USB data and CC) lines

+ Routing of CSP and CSN lines

Datasheet 28 002-26356 Rev. *G
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7.1 ESD and EMI/EMC protection

The ferrite beads are not mandatory for all Type-C applications but are recommended to be connected between
the USB Type-C Connector’s Shield and the system’s GND pin (in the place of resistor R81) (see Figure 5) to
prevent the transmission of electrical stress from the Type-C connector to the ACG1F device.

The ESD protection diodes (D15, D16, and D17) are recommended to be connected to VBUS, USB D+, and USB D-
lines for protection above 2 kV as shown in Figure 5. The ESD Diodes should meet the requirement of
IEC61000-4-2 and have low input capacitance.

USBD+
o5 ESD105_B1_02EL
UsB
- EsD105 B1_ceE|
L] TYPE-C_VBUS
5 USB3TYPEC
B6 =
B7 e
AB D1s| @
A7 P
i
|, pmeem—
oV 3
ks
| 4
=
=/T
PD A2 ™ GND 1 A
0 GND_1 [-A15
o L
&Np-3 22
PD B2 =
P TH2+
=R
USB PD_C RX1+ Bn
S PO G RC RXi+
Bio | 2¥
USB PD C RX2»  Ayq | SHE §'Z—E—-
USEFOC ARz Aug | X2+ SHS &y
A SH1 Fem2
SHz 315
SH3 e
SH4 [—=———y
Bus ——88 | sau =T,
guz $——5 1 spy J—‘
As | . Ra1 C74
B 128 ook < T
e 00K % 2200pF
DX075024JJ2R1300

Figure5 ESD and EMC protection

7.2 TVS diode on VBUS_C pin

It is recommended to connect TVS diode (SMBJ24CA-E3/52) on the VBUS_C pin if the maximum voltage at this
pin can go above 24 V. This is for protection from high voltage spikes that can appear during VBUS_C hot plug-in
to24 V.

7.3 Power supply noise suppression

The power supply noise can be suppressed by using decoupling capacitors to power supply pins VBUS_C,
VBUS_P, VDDD, VDDIO, VCCD, and V5V pins as shown in Figure 6. A 390-pF decoupling capacitor should be
connected to CC lines (CC1, CC2) to maintain the signal quality at the signaling rate of 300 kHz. The CSP pin
requires a capacitance of 50 uF for optimal performance of ACG1F during SCP and RCP events. The noise
suppression diagram shown in Figure 6 is for a single port controller, ACG1F.

Datasheet 29 002-26356 Rev. *G
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21,22,23

ACGIF
(40-QFN)

Figure 6 Noise suppression on ACG1F

7.4 Placement of bulk and decoupling capacitors

This section explains the hardware design guidelines for USB Type-C DFP controller application using ACG1F and
provides recommendations for component placement and routing power signals and USB signals.

+ Placedecoupling capacitors close to the power pins of the respective CCG controller for high- and low-frequency
noise filtering, as shown in Figure 7.

« Placethe bulk capacitor, which acts as a local power supply, close to the power supply input and output headers
and voltage regulators. Filter power inputs and outputs near the power headers to reduce the electrical noise.
Ceramic or tantalum capacitors are recommended; electrolytic capacitors are not suitable for bulk capacitance.

Figure7 Placement of bulk and decoupling capacitors

7.5 Placement of power and ground planes

« Use a high-performance substrate material for PCBs. The system may carry maximum current up to 5A.
Therefore, it is required to construct PCBs with 2-ounce (0z) copper thickness. Minimum recommended space
between copper elements is 8 mil (0.203 mm).

+ Use dedicated planes for power and ground. Use of dedicated planes reduces jitter on USB signals and helps
minimize the susceptibility to EMI and RFI.

+ Use cutouts on the power planeif more than one voltageis required on the board (forexample, 2.5V,3.3V,5.0V).

Datasheet 30 002-26356 Rev. *G
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+ Place the power plane near the ground plane for good planar capacitance. Planar capacitance that exists
between the planes acts as a distributed decoupling capacitor for high-frequency noise filtering, thereby
reducing the electromagnetic radiation.

+ Do not split or cut the ground plane. Splitting it increases the electrical noise and jitter on USB signals. Ground
planes should be continuous. A discontinuous ground plane leads to larger inductance due to longer return
current paths, which can increase EMI radiation. Also, multiple split grounds can cause increased crosstalk.

7.6 Voltage regulation

The following points must be considered while selecting voltage regulators to reduce electrical emissions and
prevent regulation problems during USB suspend:

« Select voltage regulators that have minimum load current less than the board’s load current during USB
suspend. Ifthe currentdrawn on the regulatoris less than the regulator’s minimum load current, then the output
voltage may change.

+ Place voltage regulators so they straddle split VCC planes; this reduces emissions.

1.7 Power domain routing

« Power traces should be routed with a minimum of 40 mils trace width to reduce inductance

Keep the power traces short

Use larger vias (at least 30-mil pad, 15-mil hole) on power traces

Make the power trace width the same dimension as the power pad. To connect power pins to the power plane,
place theviasvery close to the power pads. This helpsin minimizing the stray inductance and IRdrop on the line.

The EPAD (exposed PAD) for 40-QFN should be soldered onto an exposed ground pad provided in the PCB

If a switched-mode power supply is used, power traces should be far away from signal traces to avoid addition
of power noise on signal or keep ground traces in between the signal traces. Routing of Type-C (USB data and CC)
lines

The USB SuperSpeed lines from the host controller are connected to the Type-C port through a multiplexer.
Ensure care while routing USB data and CC lines to achieve good signal quality and reduced emission. Improper
layouts lead to poor signal quality specifically on the USB signaling, which may lead to enumeration failure of
SuperSpeed USB devices connected at Type-C port of the notebook.

7.7.1 Guidelines for routing USB data lines

+ Keep USB SuperSpeed traces as short as possible. Ensure that these traces have a nominal differential charac-
teristicimpedance of 90 Q

+ Match the differential SS pair trace lengths within 0.12 mm (5 mils)
+ Match the Hi-Speed (Dp and Dn) signal trace lengths within 1.25 mm (50 mils)
« Adjust the High-Speed signal trace lengths near the USB receptacle, if necessary

+ Select a grounded coplanar waveguide (CPWG) system as a transmission line method, as shown in Figure 8

Figure 8 PWG example
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« Minimize the use of vias.

7.7.2 Guidelines for routing Type-C (VBUS, GND, and CC) lines
+ Group the VBUS pins together (all VBUS pins are brought out to the same plane using vias) as shown in Figure 9.

Figure 9 AW VBUS pins are grouped together

« Similarly, group the GND pins together (all GND pins are brought out to the same plane using vias)

+ Place GND plane adjacent and below CC (CC1, CC2) lines. Traces from CC pins must be routed with a minimum
of 20 mils trace width for VCONN operation.

7.8 Routing of CSP and CSN lines
+ CSP and CSN must be of shorter length

+ The signals must be routed as differential pair to the external Rsense resistor, as shown in Figure 10

Figure 10 Routing of CSP and CSN traces to Rsense resistor

Datasheet 32 002-26356 Rev. *G
2024-09-12



ACG1F, USB Type-C port controller

Ordering information

Infineon

8 Ordering information
Table 31 lists the ACG1F part numbers and features.
Table 31 ACGI1F ordering information
. Dead battery |VBUS_C_MAX
Product Application |Type-CPorts termination | voltage Role Package
Notebooks,
CYAC1126-40LQXI/T Desktops 1 No 24V DFP 40-QFN
8.1 Ordering code Definitions
& AC1 1 2 6-X X X | T
L Options: T = Tape and reel
Temperature Grade: | = Industrial
X =Pb-free
Package type: LQ; LQ = QFN
Number of pinsin the package: XX =40
Devicerole:
Unique combination of role and termination =6
Indicates if dead battery termination is supported or not
X=2/3
Number of Type-C ports:
1=1Port
Product type:
1 = First-generation ACG1F product family
Marketing code:
AC = Type-A to Type-C port conversion product family
CY = Cypress (an Infineon company)
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9 Packaging
TOP VIEW SIDE VIEW BOTTOM VIEW
6.00 £0.10 PINE 11D
= § SAVIVRURAVAROROAY
11 O 30 30 (@
9:0:0:90:0.0.9:9. 0.50
NS 5 RSN AL
PIN 1 DOT o ») "““"“"“‘ =
8 é D M XN O poes 00
. T B KRR i
D RXHHIRRXN
i} ) P RHREEES I
" 20 ZOQQQQDDDQH—}
NOTES:
1. @ HATCH AREA IS SOLDERABLE EXPOSED PAD
2. REFERENCE JEDEC # MO-248
3. PACKAGE WEIGHT: 68 +2 mg
4. ALL DIMENSIONS ARE IN MILLIMETERS 001_80659 *A

Figure11 40-pin QFN 6 x 6 x 0.6 mm LR40A/LQ40A 4.6x 4.6 E-PAD (SAWN) (PG-VQFN-40)
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10 Acronyms

Table 32 Acronyms used in this Document

Acronym Description

ADC analog-to-digital converter

API application programming interface

Arm’ advanced RISC machine, a CPU architecture

BOD Brown out Detect

CC configuration channel

CPU central processing unit

CPWG coplanar waveguide

CRC cyclic redundancy check, an error-checking protocol

CS current sense

CSA current sense amplifier

CSN current sense negative

CSpP current sense positive

DFP downstream facing port

DFT design for test

DP DisplayPort, digital display interface developed by Video Electronics Standards Association

DIO digital'ipput/output, GPIO with only digital
capabilities, no analog. See GPIO.

DM data minus

DRP dual role power

EEPROM electrically erasable programmable read-only memory

EMCA a USB cable that includes an IC that reports cable characteristics (e.g., current rating) to the
Type-C ports

EMI electromagnetic interference

EPAD exposed PAD

ESD electrostatic discharge

FPB flash patch and breakpoint

FS full-speed

GPIO general-purpose input/output

HPI host processor interface

IC integrated circuit

IDE integrated development environment

1°C, or IIC Inter-Integrated Circuit, a communications protocol

ILO internal low-speed oscillator, see also IMO

IMO internal main oscillator, see also ILO

I/O input/output, see also GPIO

IPOR imprecise power-on reset

LVD low-voltage detect

LVTTL low-voltage transistor-transistor logic

MCU microcontroller unit
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Table 32 Acronyms used in this Document (continued)
Acronym Description

NC no connect

NGDO NFET gate driver output

NMI nonmaskable interrupt

NVIC nested vectored interrupt controller

opamp operational amplifier

OCP overcurrent protection

ovP overvoltage protection

PCB printed circuit board

PD power delivery

PGA programmable gain amplifier

PHY physical layer

POR power-on reset

PRES precise power-on reset

PSoC™ Programmable system-on-chip

PWG planar wave guide

PWM pulse-width modulator

RAM random-access memory

RCP reverse current protection

RISC reduced-instruction-set computing

RMS root-mean-square

RTC real-time clock

RX receive

SAR successive approximation register

SCB serial communication block

SCL 1°C serial clock

SCP short-circuit protection

SDA 1C serial data

S/H sample and hold

SPI Serial Peripheral Interface, a communications protocol
SRAM static random access memory

SROM supervisory read only memory

E;E:ta superspeed data lines

SWD serial wire debug, a test protocol

TCPWM timer counter pulse-width modulator

TBT Thunderbolt, hardware interface standard for peripherals developed by Intel
X transmit

Type-C a new standard with a slimmer USB connector and a reversible cable, capable of sourcing up to

100 W of power

UART Universal Asynchronous Transmitter Receiver, a communications protocol
Datasheet 002-26356 Rev. *G
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Table 32 Acronyms used in this Document (continued)

Acronym Description

ucsil USB Type-C Connector System Software Interface

UFP upstream facing port

usB Universal Serial Bus

USBIO USB input/output, ACG1F pins used to connect to a USB port
USB PD USB power delivery

UvpP under voltage protection

XRES external reset I/O pin
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11 Document conventions
11.1 Units of measure
Table 33 Units of measure
Symbol Unit of measure

°C degrees celsius

Hz hertz

KB 1024 bytes

kHz kilohertz

kQ kiloohm

Mbps megabits per second
MHz megahertz

MQ mega-ohm

Msps megasamples per second
MA microampere

uF microfarad

us microsecond

uv microvolt

uw microwatt

mA milliampere

mQ milliohm

ms millisecond

mV millivolt

nA nanoampere

ns nanosecond

Q ohm

pF picofarad

ppm parts per million

ps picosecond

S second

sps samples per second

v volt
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