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MICROCHIP

UTC2000

Basic USB Type-C™ Controller

Highlights

 Transition any existing USB Type-A design to a
USB Type-C™ Downstream Facing Port or any
existing Type-B design to a USB Type-C
Upstream Facing Port

» Leverage the USB Type-C reversible cable and
compact form factor

* For use with USB 2.0, USB 3.0 or USB 3.1

» Supports legacy, 1.5A, & 3.0A USB Type-C
charging profiles

» Compact 3 x 3mm 16-pin QFN package

» Commercial, industrial, and automotive extended
temperature support

» Requires minimal design effort

Target Applications

+ Laptops

» Desktop PCs

* Monitors

* USB Hubs

» USB Wall Chargers
* Industrial

+ Automotive

Key Benefits

USB Type-C cable connection and orientation
detection

Orientation detection indicator for optional USB
switch control

Powered cable detection with VCONN powered
cable supply control

CFG_SEL pin configurable charging profiles:

- 5V Legacy DFP mode (500mA for USB 2.0,
900mA for USB 3.0/USB 3.1)

- 5V @ 1.5A DFP mode
- 5V @ 3.0A DFP mode
- UFP mode
ENABLE pin for host/hub port control
VMON pin monitors VBUS overvoltage conditions
USB Type-C Audio Adapter detection and control
OCS# fault input pin
FAULT_IND fault indicator output pin
Operating Voltage Range:
- 45V to 5.5V
Package
- 16-pin QFN (3 x 3 x 0.9mm)
Environmental
- Commercial temperature range
(0°C to +70°C)
- Industrial temperature range
(-40°C to +85°C)
- Extended temperature range
(-40°C to +125°C)
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TO OUR VALUED CUSTOMERS

It is our intention to provide our valued customers with the best documentation possible to ensure successful use of
your Microchip products. To this end, we will continue to improve our publications to better suit your needs. Our pub-
lications will be refined and enhanced as new volumes and updates are introduced.

If you have any questions or comments regarding this publication, please contact the Marketing Communications
Department via E-mail at docerrors@microchip.com or fax the Reader Response Form in the back of this data
sheet to (480) 792-4150. We welcome your feedback.

Most Current Data Sheet

To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at:
http://www.microchip.com

You can determine the version of a data sheet by examining its literature number found on the bottom outside corner
of any page. The last character of the literature number is the version number, (e.g., DS30000A is version A of docu-
ment DS30000).

Errata

An errata sheet, describing minor operational differences from the data sheet and recommended workarounds, may
exist for current devices. As device/documentation issues become known to us, we will publish an errata sheet. The
errata will specify the revision of silicon and revision of document to which it applies.

To determine if an errata sheet exists for a particular device, please check with one of the following:

» Microchip’s Worldwide Web site; http://www.microchip.com
* Your local Microchip sales office (see last page)

When contacting a sales office, please specify which device, revision of silicon and data sheet (include literature num-
ber) you are using.

Customer Notification System

Register on our web site at www.microchip.com to receive the most current information on all of our products.
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1.0 INTRODUCTION

1.1 General Description

The USB Type-CT'VI Specification was introduced in August 2014 and substantially expands the capabilities of USB. The
key new features include:
* New Connector
- Smaller Form Factor
- 24 Pins
- Reversible Insertion
» Simplified Current Capability Marking
- Resistor-divider implementation instead of DP/DM “handshake”
The Microchip UTC2000 USB Type-C controller targets designers who wish to gain the benefits of the small, reversible

form factor and elevated charging current abilities of a USB Type-C solution while minimally impacting the overall cost
per port.

The UTC2000 USB Type-C controller is a cost-effective, simple solution that facilitates rapid migration of legacy USB
2.0/3.0 designs to the USB Type-C connector. The UTC2000 controller is designed for USB 2.0/3.0 Downstream Facing
Port (DFP) and Upstream Facing Port (UFP) applications and performs all of the necessary detection and control
required for implementing a basic USB Type-C connector. The UTC2000 features ADCs that monitor the CC1 and CC2
pins of the USB Type-C receptacle to detect various connection events.

In a DFP application, passive cables, powered cables, and USB audio adapters can all be detected. Controls for
enabling a USB +5V port power switch, VCONN 5V active cable supply, and audio adapter enable are all included. Addi-
tional features include host enable control and overcurrent detection.

In a UFP application, the UTC2000 detects a valid USB Type-C connection, the plug orientation, and the charging capa-
bility of the DFP. The UTC2000 also monitors VBUS to ensure a valid VBUS range and detected overcurrent.

The UTC2000 can operate from a single 4.5V-5.5V supply and is available in commercial, industrial and extended tem-
perature range options.

1.2 uUsB Type-CT'VI Downstream Facing Port (DFP) Implementation Overview

A UTC2000 Implementation of a DFP minimally requires 5 major components/circuitry blocks:

» Microchip UTC2000
* A USB 2.0 downstream port (USB 3.0/USB 3.1 may optionally be implemented based upon system requirements)
* A USB Type-C Receptacle

» A 5V Port Power Controller capable of supplying the advertised current capability
(advertised with the value of Rp and the pull-up voltage)

» CC Pin Circuitry:
- Rp Pull-Up Resistors
- VCONN Control/Switching

Note: A High-Speed or Super Speed USB switch is also recommended but optional. For USB 2.0 applications,
this component may be omitted. For USB 3.0/USB 3.1 applications, this component may only be omitted
if two USB 3.0/USB 3.1 downstream ports are dedicated for use on the USB Type-C port.

A system diagram utilizing the UTC2000 in a DFP application is shown in Figure 1-1.

DS00001957C-page 4 © 2015 Microchip Technology Inc.



UTC2000

FIGURE 1-1: TYPICAL DFP APPLICATION BLOCK DIAGRAM
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1.3

A UTC2000 Implementation of a UFP minimally requires 4 major components/circuitry blocks:

* Microchip UTC2000

Type-C Upstream Facing Port (UFP) Implementation Overview

* A USB 2.0 upstream port (USB 3.0/USB 3.1 may optionally be implemented based upon system requirements)

» A USB Type-C Receptacle
» CC Pin Circuitry:
- Rd Pull-Up Resistors

Note:

A High-Speed or Super Speed USB switch is also recommended but optional. For USB 2.0 applications,
this component may be omitted. For USB 3.0/USB 3.1 applications, this component may not be omitted
unless a Microchip Hub with FlexConnect is utilized. Refer to the Microchip USB5734 USB Type-C Evalu-
ation Board for details on implementation.

A system diagram utilizing the UTC2000 in a UFP application is shown in Figure 1-2.

© 2015 Microchip Technology Inc.
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FIGURE 1-2: TYPICAL UFP APPLICATION BLOCK DIAGRAM
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1.4 Glossary of Terms
TABLE 1-1: GLOSSARY OF TERMS
Term Definition
ADC Analog to Digital Converter
AFE Analog Front End
CcC Generic reference to USB Type-CT'VI Cable / Connector CC1/CC2 pins
DFP Downstream Facing Port (USB Type-C Cable and Connector Specification definition)
DRP Dual Role Port (USB Type-C Cable and Connector Specification definition)
Microchip Microchip Technology Incorporated
POR Power-On Reset
USB Type-C USB Type-C Cable / Connector
UFP Upstream Facing Port (USB Type-C Cable and Connector Specification definition)

1.5 References

« USB Type-CTIVI Cable and Connector Specification: http://www.usb.org/developers/docs/

| Note: USB Type-CT'VI and USB-C™ are trademarks of USB Implementers Forum. I
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2.0 PIN DESCRIPTIONS

The UTC2000 pin diagram can be seen in Figure 2-1. Table 2-1 provides a pin assignment table. Pin descriptions are

provided in Section 2.2 “Pin Descriptions”.

21 Pin Assignments
FIGURE 2-1: PIN ASSIGNMENTS
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TABLE 2-1: PIN ASSIGNMENTS
Pin Number Pin Name
1 OCS#
2 CFG_SEL
3 ENABLE
4 FAULT_IND
5 AUDIO_ADAPTER/CONNECTED#
6 CC2
7 CC1
8 VCONN2_OUT#/LEGACY_IND#
9 VCONN1_OUT#/1.5A_IND#
10 PPC_EN/3.0A_IND#
11 PLUG_ORIENTATION#
12 VMON
13 VSS
14 NC
15 NC
16 VDD
Note 1: The exposed pad should be connected to VSS.

© 2015 Microchip Technology Inc.
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2.2 Pin Descriptions

TABLE 2-2:

PIN DESCRIPTIONS

Name

Symbol

Buffer
Type

Description

D

igital Inputs

Controller
Enable

ENABLE

IS

Active high enable signal. The UTC2000 will remain in its
default, inactive state unless this pin is asserted high.

If unused, tie this pin to VDD through a 10kQ pull-up resistor.

Fault Input

OCs#

IS
(PU)

This active low signal is asserted by the +5V VBUS power sup-
plying device to notify the UTC2000 when a system fault condi-
tion has occurred. Typically, this signal is used for overcurrent
or overvoltage conditions, but it can be used for any system
related failure.

All digital control outputs will revert to their default, deasserted
state when this pin is asserted. Normal operation will resume
after deassertion of this pin.

After any OCS# assertion, a fault flag will be set and the
FAULT _IND pin will assert. This flag is only cleared after a
device reset or power cycle.

If unused, this pin can be left floating.

Analog Inputs

Configuration
Selection

CFG_SEL

ADC

This analog to digital converter pin is sampled at power-on at
Vcfg_samp to place the UTC2000 in either DFP or UFP mode.

Once in UFP mode, the UTC2000 will always remain in UFP
mode and can only switch to DFP mode after a power-on reset.

Once in DFP mode, the UTC2000 can actively switch between
3.0A, 1.5A, or the default legacy (500mA USB 2.0, 900mA USB
3.0/USB 3.1) DFP modes without power cycling. When switch-
ing between DFP modes, the voltage thresholds and ranges for
connection detection on the CC1/CC2 pins are modified
accordingly.

Refer to Table 3-1 for additional details.

VBUS Voltage
Monitor

VMON

ADC

This analog to digital converter pin monitors the input voltage
on the VBUS pin of the USB receptacle.

The UTC2000 will enter the fault state and deassert all outputs
if the voltage exceeds 0.8V on the VMON pin (>6.4V on
VBUS).

A fault flag will be set and the FAULT_IND will assert after any
overvoltage occurrence. This flag is only cleared after a device
reset or power cycle.

This pin is required for UFP Modes. If unused in DFP Modes,
tie this pin to GND through a 10kQ pull-down resistor.

DS00001957C-page 8
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TABLE 2-2: PIN DESCRIPTIONS (CONTINUED)
Buffer i
Name Symbol Type Description

CC1 Monitor CC1 ADC | This analog to digital converter input pin monitors the USB
Type—CT'VI CC1 signal to detect various USB Type-C connec-
tions.
Refer to Table 3-1for additional details.

CC2 Monitor CC2 ADC | This analog to digital converter input pin monitors the USB
Type-C CC2 signal to detect various USB Type-C connections.
See Table 3-1 for additional details.

Digital Outputs
+5V VBUS PPC_EN 025 | DFP Modes Only. Active high output which controls the 5V
Power Supply supply to VBUS. This pin only asserts when a valid USB Type-
Enable C connection is detected.
Plug PLUG_ORIENTATION# | OD25 |This active low output pin indicates the USB Type-C cable plug
Orientation orientation.
Indicator

This pin remains high in the default unconnected state or when
an Rd pull-down resistor is detected on CC1.
The pin will assert low when an Rd pull-down resistor is
detected on CC2.

CC1VCONN VCONN1_OUT# OD25 | DFP Modes Only. Open drain, active low VCONN supply con-

Supply Control trol to CC1 for supplying 5V to active cable circuitry. See
Section 3.4 “VCONN Supply Control (DFP Modes Only)” for
additional details.

CC2 VCONN VCONN2_OUT# OD25 | DFP Modes Only. Open drain, active low VCONN supply con-

Supply Control trol to CC2 for supplying 5V to active cable circuitry. See
Section 3.4 “VCONN Supply Control (DFP Modes Only)” for
additional details.

Audio Adapter AUDIO_ADAPTER 025 | DFP Modes Only. Active high pin which indicates the detection

Indicator and of a USB audio adapter device. This pin is intended to control a

Control high speed USB and audio switch which toggles between stan-
dard USB 2.0 DP/DM Signaling and audio signaling.

Fault Indicator FAULT_IND 025 | Active high fault indicator output. Output is asserted after an
overcurrent event on OCS# is detected. Output is deasserted
after toggling the ENABLE input pin or after a power-on reset.

Connected CONNECTED# OD25 | UFP Mode Only. Open drain pin which asserts when a valid

State Indicator USB Type-C connection is detected on the CC pin, and when
VBUS is within the valid voltage range.

Legacy LEGACY_IND# OD25 | UFP Mode Only. Open drain pin which asserts low when a

Charging Indi- valid USB Type-C connection is detected and Legacy 500mA/

cator 900mA charging capability is detected.

1.5A Charging 1.5A_IND# OD25 | UFP Mode Only. Open drain pin which asserts low when a

Indicator valid USB Type-C connection is detected and 1.5A USB Type-
C charging capability is detected.
3.0A Charging 3.0A_IND# OD25 | UFP Mode Only. Open drain pin which asserts low when a
Indicator valid USB Type-C connection is detected and 3.0A USB Type-

C charging capability is detected.

© 2015 Microchip Technology Inc.
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TABLE 2-2: PIN DESCRIPTIONS (CONTINUED)

Buffer i
Name Symbol Type Description
Power and Ground
Power VDD P 5.0V Power Input. A minimum of one 0.1uF bypass capacitor
placed close to the pin is recommended.
The “high” level of all digital outputs will be equivalent to the
VDD supply voltage.
Ground VSS P Ground. The exposed pad must also be connected to VSS/
ground.
23 Buffer Types
TABLE 2-3: BUFFER TYPES
Buffer Type Description
ADC Analog to digital input
IS Schmitt-triggered input
025 Output with 25mA sink and 25mA source
OD25 Open-drain output with 25mA sink and 25mA source
P Power
PU 100 pA (typical) internal pull-up.
Note: Internal pull-up resistors prevent unconnected inputs from floating. Do not rely on
internal resistors to drive signals external to the device. When connected to a
load that must be pulled high, an external resistor must be added.

Note: Refer to Section 4.3, DC Characteristics for electrical characteristics. I

DS00001957C-page 10 © 2015 Microchip Technology Inc.
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3.0 FUNCTIONAL DESCRIPTION

This chapter describes the functional descriptions for the following device sub-systems.

» Section 3.1, Configuration Selection

« Section 3.2, DFP Modes Functional State Machine

« Section 3.3, UFP Mode Functional State Machine

» Section 3.4, VCONN Supply Control (DFP Modes Only)

» Section 3.5, USB Audio Adapter (DFP Modes Only)

» Section 3.6, UFP Mode Connection and Charging Capability Detection Indicator
» Section 3.7, Connection and Disconnection Detection Debounce

3.1

The CFG_SEL pin is sampled at power-on at Vcfg_samp and the UTC2000 is placed in either UFP or DFP modes of
operation.

Configuration Selection

If the CFG_SEL pin is within one of the DFP mode ranges upon power-on, it will operate in DFP mode. While in DFP
mode, the CFG_SEL pin is constantly monitored and can be placed in any of the DFP modes at any time by the system
controller. Switching from DFP to UFP modes cannot be achieved without a power-on reset. Table 3-1 displays the volt-
age ranges for the DFP profile.

If the CFG_SEL pin is within the UFP mode range upon power-on, it will operate in UFP mode. For UFP designs, it is
recommended to tie CFG_SEL to VDD through a pull-up resistor to ensure that UFP mode is entered when VDD
crosses the POR threshold. Switching from UFP to DFP modes cannot be achieved without a power-on reset. Table 3-

2 displays the voltage ranges for the UFP profile.

TABLE 3-1: DFP CONFIGURATION SELECTION VOLTAGE MONITORING THRESHOLDS
CFG SEL CC1/CC2 No CC1/CC2Rd CC1/CC2Ra
by Profile Connection Voltage Detection Voltage Detection Voltage
Voltage
Range Range Range
1.2V - 1.3V 3A Capable DFP 5.0V -2.75V 2.60V - 0.85V 0.80V - 0.00V
0.7V -0.8v 1.5A Capable DFP 5.0V -1.65V 1.60V - 0.45V 0.40V - 0.00V
0.0V - 0.30V Default Legacy USB 5.0V -1.65V 1.60V - 0.25V 0.20V - 0.00V
Capable DFP
TABLE 3-2: UFP CONFIGURATION SELECTION VOLTAGE MONITORING THRESHOLDS
. CC1/CC2 Legacy CC1/CC21.5A CC1/CC2 3.0A
C\I;gt—asil' T/gfao';n;::o: Charging Connection | Charging Connection | Charging Connection
9 9 9 Voltage Range Voltage Range Voltage Range
1.75V - VDD 0.0V -0.25V 0.25V - 0.70V 0.70V-1.31V >1.31V

© 2015 Microchip Technology Inc.
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3.2 DFP Modes Functional State Machine

A visual representation of the UTC2000 DFP state machine behavior is shown in Figure 3-1. The various states are
detailed in the following sub-sections.

FIGURE 3-1: DFP MODES STATE MACHINE DIAGRAM
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3.2.1 DISABLED IDLE

The UTC2000 will remain in a disabled, inactive state if ENABLE is asserted low, or the voltage on CFG_SEL is not
within a valid configuration range.

While in this state, the state of the digital outputs are as follows:

« PPC_EN: Low

* PLUG_ORIENTATION#: High
* VCONNI1_OUT#: High

* VCONN2_OUT#: High

*« AUDIO_ADAPTER: Low

3.2.2 ENABLED IDLE

If both ENABLE is asserted high and CFG_SEL is in a valid configuration range, the UTC2000 will actively monitor the
CC1 and CC2 pins for a connect event.

While in this state, the state of the digital outputs are as follows:
* PPC_EN: Low

* PLUG_ORIENTATION#: High

* VCONNI1_OUT#: High

+ VCONN2_OUT#: High

*« AUDIO_ADAPTER: Low

DS00001957C-page 12 © 2015 Microchip Technology Inc.
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3.2.3 CONNECTED (UNFLIPPED PASSIVE CABLE)

If both ENABLE is asserted high and CFG_SEL is in a valid configuration range and an Rd pull-down resistor is sensed
on the CC1 pin, the UTC2000 will enter the “CONNECTED (UNFLIPPED PASSIVE CABLE)” state.

While in this state, the state of the digital outputs are as follows:
* PPC_EN: High

* PLUG_ORIENTATION#: High

* VCONNI1_OUT#: High

* VCONN2_OUT#: High

* AUDIO_ADAPTER: Low

3.24 CONNECTED (UNFLIPPED ACTIVE CABLE)

If ENABLE is asserted high, CFG_SEL is in a valid configuration range, an Rd pull-down resistor is sensed on the CC1
pin, and an Ra pull-down resistor is sensed on the CC2 pin, the UTC2000 will enter the “CONNECTED (UNFLIPPED
ACTIVE CABLE)’ state.

While in this state, the state of the digital outputs are as follows:
« PPC_EN: High

* PLUG_ORIENTATION#: High

* VCONNI1_OUT#: High

* VCONN2 OUT#: Low

* AUDIO_ADAPTER: Low

3.2.5 CONNECTED (FLIPPED PASSIVE CABLE)

If both ENABLE is asserted high and CFG_SEL is in a valid configuration range and an Rd pull-down resistor is sensed
on the CC2 pin, the UTC2000 will enter the “CONNECTED (FLIPPED PASSIVE CABLE)” state.

While in this state, the state of the digital outputs are as follows:
* PPC_EN: High

* PLUG_ORIENTATION#: Low

* VCONNI1_OUT#: High

* VCONN2_OUT#: High

* AUDIO_ADAPTER: Low

3.2.6 CONNECTED (FLIPPED ACTIVE CABLE)

If ENABLE is asserted high, CFG_SEL is in a valid configuration range, an Rd pull-down resistor is sensed on the CC2
pin, and an Ra pull-down resistor is sensed on the CC1 pin, the UTC2000 will enter the “CONNECTED (UNFLIPPED
ACTIVE CABLE)’ state.

While in this state, the state of the digital outputs are as follows:
* PPC_EN: High

*« PLUG_ORIENTATION#: Low

* VCONN1_OUT#: Low

* VCONN2_ OUT#: High

* AUDIO_ADAPTER: Low

© 2015 Microchip Technology Inc. DS00001957C-page 13
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3.2.7 CONNECTED (USB AUDIO ADAPTER)

If ENABLE is asserted high, CFG_SEL is in a valid configuration range, and Ra pull-down resistors are sensed on both
CC1 and CC2 pins the UTC2000 will enter the “CONNECTED (UNFLIPPED ACTIVE CABLE)” state.

Note: A typical USB audio adapter device will simply short CC1 and CC2 to ground. This implementation is func-
tionally equivalent to using two Ra resistors.

While in this state, the state of the digital outs are as follows:
* PPC_EN: Low

* PLUG_ORIENTATION#: High

+ VCONN1_OUT#: High

+ VCONN2_OUT#: High

+ AUDIO_ADAPTER: High

3.2.8 FAULT (OVERCURRENT OR OVERVOLTAGE)

If OCS# is asserted low while in any state, the UTC2000 will set all of its outputs to the default state and will transition
into the fault state. An internal overcurrent flag will be set and FAULT_IND will drive high. Normal operation will resume
after OCS# is deasserted. The FAULT_IND pin will continue to drive low until a power cycle occurs.

If VMON exceeds 0.8V at any state, the UTC2000 will set all of its outputs to the default state and will transition into the
fault state. An internal overvoltage flag will be set and FAULT_IND will drive high. Normal operation will resume after
VMON is deasserted. The FAULT_IND pin will continue to drive low until a power cycle occurs.
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3.3

FIGURE 3-2:

UFP Mode Functional State Machine

A visual representation of the UTC2000 UFP state machine behavior is shown in Figure 3-2. The various states are
detailed in the following sub-sections.

UFP MODE STATE MACHINE DIAGRAM

UFP Mode

CFG_SEL = 1.75V - VDD
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/éhange\\
/ detected, \

transition )

~
7N
e ~
7z ~
< CCldetects NC '~
~CC2 detects Legacy~
N

N

<

~ -
N7
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CONNECTED# = Low
PLUG_ORIENTATION# = Low
LEGACY_IND# = High
1.5A_IND# = High
3.0A_IND# = Low

3.3.1

IDLE

The UTC2000 will remain in a disabled, inactive state if ENABLE is asserted low, or the voltage on CFG_SEL is not
within a valid configuration range.

While in this state, the state of the digital outputs are as follows:

* CONNECTED#: High (Not Asserted)
* PLUG_ORIENTATION#: High (Not Asserted)
* LEGACY_IND#: High (Not Asserted)
* 1.5A_IND#: High (Not Asserted)
* 3.0A_IND#: High (Not Asserted)
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3.3.2 CONNECTED (UNFLIPPED LEGACY CONNECTION)

If VBUS is in a valid range (4.5V-5.5V) and a Legacy Rp pull-up resistor is sensed on the CC1 pin (and no connection
detected on the CC2 pin) the UTC2000 will enter the “CONNECTED (UNFLIPPED LEGACY CONNECTION)” state.

While in this state, the state of the digital outputs are as follows:

* CONNECTED#: Low (Asserted)
« PLUG_ORIENTATION#: High (Not Asserted)
+ LEGACY_IND#: Low (Asserted)
* 1.5A_IND#: High (Not Asserted)
* 3.0A_IND#: High (Not Asserted)

3.3.3 CONNECTED (UNFLIPPED 1.5A CONNECTION)

If VBUS is in a valid range (4.5V-5.5V) and a 1.5A Rp pull-up resistor is sensed on the CC1 pin (and no connection
detected on the CC2 pin) the UTC2000 will enter the “CONNECTED (UNFLIPPED 1.5A CONNECTION)” state.

While in this state, the state of the digital outputs are as follows:

* CONNECTED#: Low (Asserted)

« PLUG_ORIENTATION#: High (Not Asserted)
* LEGACY_IND#: High (Not Asserted)

* 1.5A_IND#: Low (Asserted)

* 3.0A_IND#: High (Not Asserted)

3.34 CONNECTED (UNFLIPPED 3.0A CONNECTION)

If VBUS is in a valid range (4.5V-5.5V) and a 3.0A Rp pull-up resistor is sensed on the CC1 pin (and no connection
detected on the CC2 pin) the UTC2000 will enter the “CONNECTED (UNFLIPPED 3.0A CONNECTION)” state.

While in this state, the state of the digital outputs are as follows:

* CONNECTED#: Low (Asserted)

« PLUG_ORIENTATION#: High (Not Asserted)
* LEGACY_IND#: High (Not Asserted)

* 1.5A_IND#: High (Not Asserted)

* 3.0A_IND#: Low (Asserted)

3.3.5 CONNECTED (FLIPPED LEGACY CONNECTION)

If VBUS is in a valid range (4.5V-5.5V) and a Legacy Rp pull-up resistor is sensed on the CC2 pin (and no connection
detected on the CC1 pin) the UTC2000 will enter the “CONNECTED (FLIPPED LEGACY CONNECTION)” state.

While in this state, the state of the digital outputs are as follows:

+ CONNECTED#: Low (Asserted)

* PLUG_ORIENTATION#: Low (Asserted)
* LEGACY_IND#: High (Asserted)

* 1.5A_IND#: High (Not Asserted)

* 3.0A_IND#: High (Not Asserted)
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3.3.6 CONNECTED (FLIPPED L1.5A CONNECTION)

If VBUS is in a valid range (4.5V-5.5V) and a 1.5A Rp pull-up resistor is sensed on the CC2 pin (and no connection
detected on the CC1 pin) the UTC2000 will enter the “CONNECTED (FLIPPED 1.5A CONNECTION)” state.

While in this state, the state of the digital outputs are as follows:

* CONNECTED#: Low (Asserted)

* PLUG_ORIENTATION#: Low (Asserted)
* LEGACY_IND#: High (Not Asserted)

* 1.5A_IND#: Low (Asserted)

* 3.0A_IND#: High (Not Asserted)

3.3.7 CONNECTED (FLIPPED 3.0A CONNECTION)

If VBUS is in a valid range (4.5V-5.5V) and a 3.0A Rp pull-up resistor is sensed on the CC2 pin (and no connection
detected on the CC1 pin) the UTC2000 will enter the “CONNECTED (FLIPPED 3.0A CONNECTION)” state.

While in this state, the state of the digital outputs are as follows:

* CONNECTED#: Low (Asserted)

* PLUG_ORIENTATION#: Low (Asserted)
* LEGACY_IND#: High (Not Asserted)

* 1.5A_IND#: High (Not Asserted)

* 3.0A_IND#: Low (Asserted)

3.3.8 FAULT (OVERCURRENT OR OVERVOLTAGE)

If OCS# is asserted low while in any state, the UTC2000 will set all of its outputs to the default state and will transition
into the fault state. An internal overcurrent flag will be set and FAULT_IND will drive high. Normal operation will resume
after OCS# is deasserted. The FAULT_IND pin will continue to drive low until a reset or power cycle occurs.

If VMON exceeds 0.8V (6.4V on VBUS) at any state, the UTC2000 will set all of its outputs to the default state and will
transition into the fault state. An internal overvoltage flag will be set and FAULT_IND will drive high. Normal operation
will resume after VMON is deasserted. The FAULT_IND pin will continue to drive low until a reset or power cycle occurs.

3.4 VCONN Supply Control (DFP Modes Only)

VCONNI1_OUT# and VCONN2_OUT# are open drain, active low output signals used to control a 5V voltage supply to
power a powered USB Type-C cable. Powered cable support is mandatory for all USB Type-C applications which imple-
ment USB 3.0/USB 3.1. For USB 2.0 systems, powered cable support is optional. The VCONN supply control signals
will assert low when one of the following conditions are met:

* VCONNI1_OUT# will assert low if an Rd resistor is detected on CC2 and an Ra resistor is detected on CC1. The
signal will remain asserted until the Rd resistor on CC2 is no longer sensed (USB cable is detached).

* VCONN2_OUT# will assert low if an Rd resistor is detected on CC1 and an Ra resistor is detected on CC2. The
signal will remain to asserted until the Rd resistor on CC1 is no longer sensed (USB cable is detached).

3.5 USB Audio Adapter (DFP Modes Only)

Note:  Additional details for implementing Audio Adapter mode are detailed in Appendix A of the USB Type-CTM
Cable and Connector Specification.

AUDIO_ADAPTER is an active high output signal that is used to indicate when a USB audio adapter is detected.
AUDIO_ADAPTER will assert high when an Ra resistor is detected on both CC1 and CC2 pins. The signal will remain
asserted until either or both Ra resistors is no longer sensed. This signal is intended to control a high-speed switch that
toggles between USB differential data and an audio signal.The switch that is selected must be capable of supporting
USB 2.0 as well as audio signals ranging from -3.0V to +3.0V. Additional electrical details can be found in section A-3
of the USB Type-CTM Cable and Connector Specification.
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Two additional signals are also used when operating in Audio Adapter mode. These signals are Mic/AGND and AGND/
Mic which should be connected to SBU1 and SBU2 respectively.

3.6 UFP Mode Connection and Charging Capability Detection Indicator

While operating in UFP mode, there are 4 outputs that indicate connection state.

CONNECTED# is an open drain output that asserts when any of the three valid USB Type-C connections are detected.
Legacy charging mode (500mA for USB 2.0 connections, 900mA for USB 3.0/USB 3.1 connections) is detected when
a DFP with a 56k Rp pull-up resistor is detected. 1.5A charging is detected when a DFP with a 22k Rp pull-up resistor
is detected. 3.0A charging is detected when a DFP with a 10k Rp pull-up resistor is detected.

The LEGACY_IND#, 1.5A_IND#, and 3.0A_IND# open drain outputs assert low to indicate which type of connection
was detected. These outputs can be fed to the battery charging management circuitry of the USB device to appropriately
regulate the amount of current draw.

The CONNECTED# signal may also be used to gate the VBUS voltage to system power if an added level of protection
from high voltage is desired.

3.7 Connection and Disconnection Detection Debounce

A debounce is implemented to eliminate unwanted connect/disconnect events due to cable jostling or USB Power Deliv-
ery messaging.
A transition from the ENABLED IDLE state to any connected state is debounced by 100ms-200ms.

A transition from any connected state to any other connected state or from any connected state to the ENABLED IDLE
state is debounced by 10ms-20ms.
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40 OPERATIONAL CHARACTERISTICS

41  Absolute Maximum Ratings(t

Ambient temperature UNAEr DIas..........ccccuiiiiiiiiiiiiie et et e e e e e e e enanes -40°C to +125°C
STOrage tEMPEIAtUIE .......oeiiieie et et e e e e e n e -65°C to +150°C
Voltage on pins with respect to Vss
(o] IV 0] n I o] o RSP ER -0.3V to +6.5V
ON All OthET PINS oot e e e e e e e et e e e e s nteeeaeeannsaeen -0.3V to (VDD + 0.3V)

Maximum current
on Vss pin4-1)

[0 O N 0 RO R 95 mA
B R O N T PSSR 85 mA
O R O N 2 e R TR 35 mA
on VDD pin(1)
[0 O N 0 RSP R 95 mA
B R O N T PSSR 85 mA
O R O N 2 e R TR 35 mA
Lo T 0} VAN 1L 2 o] 1o PSS PURSTP +25 mA
Clamp current, IK (VPIN < 0 OF VPIN 3 VDD) ..eiiiiiiiiiiaeaiitiea e et ee e e e et ee e e e e eteeeaaeaataeeeaeaaannsaeaaeaaansseeaaeeaanneeeaaasn 120 mA
Note 4-1 Maximum current rating requires even load distribution across I/O pins. Maximum current rating may

be limited by the device package power dissipation characterizations.

T NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at those or any other conditions above those
indicated in the operation listings of this specification is not implied. Exposure above maximum rating conditions for
extended periods may affect device reliability.

4.2 Standard Operating Conditions

The standard operating conditions for this device are defined as:

Operating Voltage: VDDMIN < VDD < VDDMAX
Operating Temperature: TA_MIN < TA < TA_MAX

VDD — Operating Supply Voltage(4-2)
[V 5.5 Y 1 PP PPR USRI +4.5V
WDDIMAX .ttt ettt ettt ettt sh et e e et b e ee e b e a e e E e et ea e ae e e bt nh et e bt e nae e e E e e e ae e e r e e nereerennee s +5.5V
TA — Operating Ambient Temperature Range

Commercial Temperature

N RSO 0°C

TA IMAX ettt e ettt e e et e e e e et e e e e et ——eeeeeet————aeeeaaa———teeeaaahb—ataeeaaahateeaeeaantaeeeeeaatareeaeeaanrreeeerreees +70°C
Industrial Temperature

TA MIN Lottt e e e ettt e e e e ettt e e e e et e e e e e e et ——eeae e e e a——eaeeeaatbataeeeaahateeaeaanraeaeeeaatraeaeeaanreeeeanrrneens -40°C

N -3 S +85°C
Extended Temperature

N S -40°C

TA IMAX eeeteee ittt e e et e e e e ettt e e e e et e e e e e et ———eeeeaa————aeeeaattaeaeeaaaaba—taeeaataaeeaeeaanrreeeeeaannreeeeearrees +125°C

Note 4-2 Refer to Parameter D001, DC Characteristics: Supply Voltage.
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4.3 DC Characteristics
TABLE 4-1: SUPPLY VOLTAGE

Param. Sym. Characteristic Min. Typt Max. Units Conditions
No.
D001 VDD Supply Voltage
Vddmin Vddmax
45 — 55 \Y
D002* VPOR Power-on Reset Release Voltage“)
— |16 — | v |
D003 VVPORR* Power-on Reset Rearm Voltage“)
— 0.8 — \Y
D004 SvbD VDD Rise Rate® 0.05 — — V/ms | Ensures that the Power-on
Reset signal is released
properly.
D005 | VCFG_sAmMP CFG_SEL Sampling Threshold Voltage
— || — | v |

*

These parameters are characterized but not tested.
Note 1: See Figure 4-1, POR and POR REARM with Slow Rising VDD.

FIGURE 4-1: POR AND POR REARM WITH SLOW RISING VbD

VDD

. | POR REARM

Vss .
: - - - -
TviLow® Tror®

Note 1: When NPOR is low, the device is held in Reset.
2: TPOR 1 ps typical.
3: TvLow 2.7 us typical.
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TABLE 4-2:  SUPPLY CURRENT (Iop)(")
; Conditions
Param. Dewcge . Min. | Typ Max. | Units
No. Characteristics VDD Note

D006 Disabled — 185 205 uA 5.0 -40°C < TA< +85°C
D007 Enabled — 185 205 uA 5.0 -40°C < TA< +85°C
D008 | Enabled & Connected | — 1.30 1.35 mA 5.0 -40°C < TA< +85°C

Note 1: The supply current is mainly a function of the operating voltage. Other factors, such as I/O pin loading and

switching rate also have an impact on the current consumption.

TABLE 4-3: /0 PORTS

Standard Operating Conditions (unless otherwise stated)
Par‘;'zm. Sym. Characteristic Min. Typt Max. Units Conditions
VIL Input Low Voltage
1/0 PORT:
D009 — — 0.8 \ 4.5V <VpD 5.5V
DO09A — — 0.15Vop | V 3.0V <VDD <4.5V
VIH Input High Voltage
D010 2.0 — — \ 4.5V <VpD £5.5V
DO10A 0.25 VbD + — — \ 3.0V <VDD £4.5V
0.8
I Input Leakage Current(")
D011 1/0 Ports — +5 +125 nA Vss < VPIN £ VDD,
Pin at high-impedance, 85°C
— +5 + 1000 nA Vss < VPIN £ VDD,
Pin at high-impedance, 125°C
VoL Output Low Voltage
D012 1/0 Ports — 0.6 \Y, lol = 8 mA, Vdd = 5V
— lol = 6 mA, Vdd = 3.3V
lol = 1.8 mA, Vdd = 1.8V
Voh Output High Voltage
D013 1/0 Ports Vdd - 0.7 — — \ loh = 3.5 mA, Vdd = 5V
loh =3 mA, Vdd = 3.3V
loh =1 mA, Vdd = 1.8V
Capacitive Loading Specifications on Output Pins
D014* | CIO All /O pins — — 50 | pF |

*

These parameters are characterized but not tested.

1 Datain “Typ” column is at 5.0V, 25°C unless otherwise stated. These parameters are for design guidance only and are

Note 1:

not tested.

Negative current is defined as current sourced by the pin.

© 2015 Microchip Technology Inc.
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TABLE 4-4: TIMING PARAMETERS

Standard Operating Conditions (unless otherwise stated)
Param. No. Sym. Min. | ‘ Max. ‘ Units
t{CONNECT DEBOUNCE CC1/CC2 Connection Detection Debounce Delay
D015 ] 100 | | 200 | ms
tDISCONNECT DEBOUNCE CC1/CC2 Disconnection or Connection Change Debounce Delay
D016 ] 10 | | 20 | ms
tyMON FAULT VMON Fault Detection Reaction Delay
D017 ] — | 0.460 | 1 | ms
tocs# FAULT OCS# Fault Detection Reaction Delay
D018 ] — | 0.410 | 1 | ms
1 Datain “Typ” column is at 3.0V, 25°C unless otherwise stated.
TABLE 4-5: THERMAL CHARACTERISTICS
Standard Operating Conditions (unless otherwise stated)
Par‘:'::m. Sym. Characteristic Typ. Units Conditions
THO1 0JA Thermal Resistance Junction to 55.3 °C/W 16-pin QFN 3x3x0.9mm package
Ambient
THO2 0Jc Thermal Resistance Junction to 10 °C/W 16-pin QFN 3x3x0.9mm package
Case
THO3 TJMAX Maximum Junction Temperature 150 °C
THO4 PD Power Dissipation — w PD = PINTERNAL + PI/O
THO5 | Pinternal Internal Power Dissipation — w PINTERNAL = IDD x VDD(?)
THO6 Pi/o 1/0O Power Dissipation — w Pi/o=X (loL * VoL) + X (loH * (VDD
- VOH))

THO7 | PDER Derated Power — w PDER = PDMAX (T4 - TA)/6JA2)

Note 1: IDD is current to run the chip alone without driving any load on the output pins.

2: TA = Ambient Temperature; TJ = Junction Temperature
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5.0 UTC2000 SYSTEM APPLICATION

This chapter explains external requirements for UTC2000 applications and provides some example diagrams.

» Section 5.1, 5V VBUS Switch (DFP Modes Only)

» Section 5.2, Rp Pull-Up Resistor (DFP Modes Only)

» Section 5.3, Rd Pull-Down Resistor (UFP Mode Only)

» Section 5.4, VCONN Active Cable Supply (DFP Modes Only)

» Section 5.5, CC Pin Isolation (DFP Only)

» Section 5.6, CC Pin Current Limiting Resistors (UFP Only)

» Section 5.7, VBUS Monitoring

» Section 5.8, USB Signal Multiplexer

« Section 5.9, Application Example: 3.0A Capable USB 3.0/USB 3.1 DFP

« Section 5.10, Application Example: 1.5A Capable USB 2.0 DFP

» Section 5.11, Application Example: 500mA Capable USB 2.0 DFP with Audio Adapter Support
» Section 5.12, Application Example: 3.0A Capable USB Type-CTM Charging Port (AC Adapter)
» Section 5.13, Application Example: UFP Device

51 5V VBUS Switch (DFP Modes Only)

A 5V USB port power switch with active high enable input and an overcurrent indicator output is required. The USB
Type-C receptacle must not supply 5V to the VBUS pins until a valid connection is detected. The UTC2000 controller
asserts the active high PPC_EN signal to control the 5V port power supply to VBUS upon detection of a valid USB Type-
C connection. The port power switch controlled by the UTC2000 shall also have built in overcurrent detection set to a
threshold that is appropriate for the current capability profile that is being selected per Table 5-1. An overcurrent thresh-
old of 125% (of the selected DFP profile current) is appropriate, as the threshold may not be tripped at any current less
than or equal to the selected current profile. The 5V VBUS port power controller should indicate that an overcurrent
event has occurred by pulling the OCS# signal to the UTC2000 controller low.

5.2 Rp Pull-Up Resistor (DFP Modes Only)

A Downstream Facing Port is required to supply voltage to both CC pins through a pull-up resistor. The pull-up voltage
may be either 5.0V volts or 3.3V. A UFP must implement a Rd pull-down resistor to ground. When a DFP to UFP con-
nection is made, a resistor divider is formed, and the voltage at the CC pin can be measured to interpret the type of
connection. Table 5-1 describes the possible values of the Rp pull-up resistor.

Note: A constant current source may also be implemented instead of a pull-up resistor. I

TABLE 5-1: RP PULL-UP RESISTOR VALUES

. Resistor Pull-Up Resistor Pull-Up
DFP Advertisement t0 4.75 - 5.5V t0 3.3V * 5% Current Source
Legacy USB: 56 kQ £ 20% 36 kQ £ 20% 80 YA + 20%
500mA USB 2.0
900mA USB 3.0/USB 3.1
1.5A 22 kQ £ 5% 12kQ £ 5% 180 pA £ 8%
3.0A 10 kQ £ 5% 4.7kQ £ 5% 330 pA £ 8%

The UTC2000 measures the voltages on both CC pins via it’s internal ADCs. The CC pin voltage ranges, as defined in
the USB Type-CTM Cable and Connector Specification, are shown in Table 3-1.

5.3 Rd Pull-Down Resistor (UFP Mode Only)

An Upstream Facing Port is required to implement a 5.1k +/- 10% Rd pull-down resistor to ground connected to both
CC1 and CC2 pins on the Type-C receptacle. When a DFP to UFP connection is made, a resistor divider is formed, and
the voltage at the CC pin can be measured to interpret the charging capability of the DFP.
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5.4 VCONN Active Cable Supply (DFP Modes Only)

All USB Type-C receptacles must be able to supply power to an active cable if USB 3.0/USB 3.1 signaling is imple-
mented. Supplying VCONN is optional if only USB 2.0 is implemented. The simplest implementation is to add a FET (or
series of FETs) that switches in the VCONN voltage directly to the CC pin node. The VCONN supply must be capable
of supplying 1.0W of continuous power and may not supply more than 1.25A at the moment of plug contact. A bulk
capacitance of 10uF to 220uF must also be switched in with VCONN. The bulk capacitance may not need to be a dis-
crete capacitor if the supply’s output capacitance already meets this requirement. Overcurrent detection is recom-
mended, but not required per the USB Type—CTM Cable and Connector Specification. A simple implementation example
is shown in Figure 5-1 below.

Note:  Rds_on must be carefully considered to ensure that the USB Type-CTM Cable and Connector Specification
requirements for VCONN supply current and voltage range are met.

FIGURE 5-1: EXAMPLE VCONN SUPPLY CONNECTION

VCONN LOW Supply

Rp Pull-Up Voltage
10uF-220uF —IE
Bulk Cap

VCONNI OUT# |!:} § § §
l—

Rp Rp

VCONN2 OUT# |':}

CCl

Note: It is also recommended to implement additional circuitry to make the CC1 and CC2 pins high impedance
when the DFP is in an unpowered state. Refer to Figure 5-7 for an example.

5.5 CC Pin Isolation (DFP Only)

The CC pins on a DFP must be high-impedance when the DFP is powered off. This is to prevent VBUS backdrive in a
situation when a DFP connects to an unpowered DFP and detects the Rp pull-up resistors as an Rd pull-down. There-
fore, itis recommended that some isolation FETs are implemented that disconnect the CC pins from the Rp pull-up resis-
tors and VCONN supply circuitry when powered off.

5.6 CC Pin Current Limiting Resistors (UFP Only)

Because most UFP designs require operation even when unpowered, resistors placed directly in front of the CC1 and
CC2 pins are recommended to limit the amount of leakage current through the UTC2000 ADC inputs when unpowered.
10kQ resistors are the recommended value.

Failure to place current limiting resistors could result in a failure to detect a USB attach due to a shift in CC voltage.
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5.7 VBUS Monitoring

DFP Modes: An optional VBUS monitoring function may be implemented to protect the system from higher than
expected voltages on VBUS (from a malfunctioning connected USB device) by preventing the UTC2000 from enabling
the 5V port switch. Additional back-drive protection or isolation circuitry must be implemented for thorough protection.
This feature requires the VMON pin to be connected to VBUS through a resistor divider network that divides the VBUS
voltage by a factor of 8. A 35.7kQ resistor over a 5.1kQ resistor is recommended, as shown in the Figure 5-7, Figure 5-
8, and Figure 5-9 below.

UFP Mode: The VBUS monitoring function is required and used to verify a valid VBUS range before asserting the CON-
NECTED pin or any charge capability indicator outputs. A fault condition will also be flagged if higher than expected
voltage on VBUS (from a malfunctioning connected USB device) is detected. Additional back-drive protection or isola-
tion circuitry must be implemented for thorough protection. This features requires the VMON pin to be connected to
VBUS through a resistor divider network that divides the VBUS voltage by a factor of 8.

5.8 USB Signal Multiplexer

There are several options for connecting the USB signals to the USB Type-C receptacles. These options differ slightly
between USB 2.0 and USB 3.0/USB 3.1 applications, as detailed in the following sub-sections.

5.8.1 USB 2.0 OPTION 1: HIGH-SPEED MULTIPLEXER/SWITCH

The most robust solution for USB 2.0 applications is to use a USB High-Speed switch to control the routing of the USB
signals. The Microchip USB3740 is a cost-effective solution for this purpose and offers several benefits:

+ Extreme ESD: +- 15KV (IEC)

* Low Power: 5uA(on), 1uA (off)

» Off Isolation: less than -40dB

» High bandwidth: up to 1 GHz

* Preserves signal integrity

» Small Package: 1.3 x 1.8 mm — 10pin DFN (.4mm pitch)

FIGURE 5-2: BLOCK DIAGRAM OF USB 2.0 OPTION 1: HIGH-SPEED SWITCH

DP1 —DP—E
. ) | =
o E Microchip | bm1 DM—E
» USB
3740
v—>lom] e [or ] o[
DP2 §----- E
| S |

USB2.0

Host/ E
Hub/ @

Device

40193Uu0) ng-ad/\_l_ asn

PLUG_ORIENTATION#
(from UTC2000)
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