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1 About This Guide 1.1 Purpose

1 About This Guide

1.1 Purpose

The purpose of Gowin USB 2.0 Device Controller IP User Guide is to
help you learn the features and usage of Gowin USB 2.0 Device Controller
IP by providing the descriptions of functional description, signal description
and interface configuration, etc. The software screenshots in this manual
are based on V 1.9.12.03. As the software is subject to change without
notice, some information may not remain relevant and may need to be
adjusted according to the software that is in use.

1.2 Related Documents

The latest user guides are available on the GOWINSEMI Website. You
can find the related documents at: www.gowinsemi.com.

DS100, GW1N series of FPGA Products Data Sheet
DS117, GWINR series of FPGA Products Data Sheet
DS891, GW1NRF series of FPGA Products Data Sheet
DS821, GW1NS series of FPGA Products Data Sheet

DS881, GWINER series of FPGA Products Data Sheet

DS861, GWINSR series of FPGA Products Data Sheet
DS102, GW2A series of FPGA Products Data Sheet
DS226, GW2AR series of FPGA Products Data Sheet
DS981, GWSAT series of FPGA Products Data Sheet
DS1103, GW5A series of FPGA Products Data Sheet
DS1239, GW5SAST series of FPGA Products Data Sheet
DS1105, GW5AS series of FPGA Products Data Sheet

IPUG927-1.8E 1(39)



http://www.gowinsemi.com/en/
http://cdn.gowinsemi.com.cn/DS100E.pdf
http://cdn.gowinsemi.com.cn/DS117E.pdf
http://cdn.gowinsemi.com.cn/DS891E.pdf
http://cdn.gowinsemi.com.cn/DS821E.pdf
http://cdn.gowinsemi.com.cn/DS881E.pdf
http://cdn.gowinsemi.com.cn/DS861E.pdf
http://cdn.gowinsemi.com.cn/DS102E.pdf
http://cdn.gowinsemi.com.cn/DS226E.pdf
http://cdn.gowinsemi.com.cn/DS981E.pdf
http://cdn.gowinsemi.com.cn/DS1103E.pdf
http://cdn.gowinsemi.com.cn/DS1239E.pdf
http://cdn.gowinsemi.com.cn/DS1105E.pdf

1 About This Guide 1.3 Terminologyand Abbreviations

® DS1108, GW5AR series of FPGA Products Data Sheet
® DS1118, GW5ART series of FPGA Products Data Sheet

® SUG100, Gowin Software User Guide

1.3 Terminology and Abbreviations

The terminology and abbreviations used in this manual are as shown
in Table 1-1.

Table 1-1 Terminology and Abbreviations

Terminology and Abbreviations Meaning

FS High Speed

HID Human Interface Device

HS High Speed

IP Intellectual Property

LS Low Speed

PID Packet ID

ULPI UTMI+ Low Pin Interface

USB General Serial Bus

utmi USB 2.0 Transceiver Macrocell Interface

1.4 Support and Feedback

Gowin Semiconductor provides customers with comprehensive
technical support. If you have any questions, comments, or suggestions,
please feel free to contact us directly by the following ways.

Website: www.gowinsemi.com

E-mail: support@gowinsemi.com

IPUG927-1.8E 2(39)
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2 Function Overview

2.1 Overview

2 Function Overview

2.1 Overview

Universal Serial Bus, commonly known as USB, is a kind of external
bus to standardize the connection and communication between computers

and external devices.

Based on USB 2.0 Protocol, Gowin USB 2.0 Device Controller IP
supports three modes, including High Speed (HS), Full Speed(FS) and
Low Speed(LS). It also supports Control Transaction, Bulk Transaction,
Isochronous Transaction, Interrupt Transaction, and UTMIL. Gowin USB 2.0
Device Controller IP can realize up to 15 IN/OUT data transfer endpoints,
where each endpoint supports Bulk Transaction, Isochronous Transaction
and Interrupt Transaction. The IP has two ends, including UTMI and
parallel data interface. It connects to USB PHY through UTMI and user
design through parallel data interface.

Table 2-1 Gowin USB 2.0 Device Controller IP Overview

Gowin USB 2.0 Device Controller IP

Logic Resource Please referto Table 2-2 and Table 2-3.

Delivered Doc.

Design Files Verilog (encrypted)
Reference Design Verilog
TestBench Verilog

Test and Design Flow

IPUG927-1.8E

Synthesis Software GowinSynthesis
Application Software Gowin Software (V1.9.9 Beta and above))
Note!

For the devices supported, you can click here to get the information.

3(39)



https://www.gowinsemi.com/en/support/ip/

2 Function Overview

2.2 Features

2.2 Features

The features of Gowin USB 2.0 Device Controller IP include:

® Supports HS (480 Mbps), FS (12 Mbps), and LS (1.5 Mbps) peripheral

modes

Supports 1 control IN/OUT endpoint and 15 data IN/OUT endpoints

® Supports multiple USB devices

® The UTMI interface is compatible with the USB peripheral mode
defined in the USB 2.0 Transceiver Macrocell Interface (UTMI) Version

1.05

® The UTMI interface is compatible with the USB peripheral mode
defined in the UTMK Low Pin Interface (ULPI) Specification Revision

11

2.3 Resource Utilization

Gowin USB 2.0 Device Controller IP can be implemented by Verilog.
lts resource utilization may vary when the design is employed in different
devices, or at different densities, speeds, or grades. Taking Gowin GW1N-9
and GW5A-25 series of FPGA products as an instance, the resource

utilization is as shown in Table 2-2 and Table 2-3.

Table 2-2 Resource Utilization (I)

Device Speed Grade Resource Utilization
LUT 1362
REG 487

GWI1N-9 C7
ALU 104
BSRAM 0

Table 2-3 Resource Utilization (II)

Device Speed Grade Resource Utilization
LUT 1493
REG 487

GWH5A-25 C2
ALU 105
BSRAM 0

IPUG927-1.8E
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3 Functional Description

3.1 USB Device Controller

3.1 USB Device Controller

USB Device Controller is located between User Design and PHY. USB

Functional Description

Controller connects user design with PHY in series, receives commands

from USB and realizes the data transaction between user design and USB.

The functional block diagram of USB device controller is as follow.

Figure 3-1 USB Device Controller Block Diagram

USB TX Data

USB Device
Descriptor

USB Setup -t

Data

USB RX Dataet

Packet
- Assembler
Device
Descriptor  r— Protocal Layer
Controller
A
Endpoint 4
Controller

Packet

IPUG927-1.8E

Deassember

<——P»| UTMI Interface
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3 Functional Description 3.2 USB Device Controller Transfer Types

3.2 USB Device Controller Transfer Types

IPUG927-1.8E

In the USB 2.0 protocol, four basic transfer types are defined to meet
the requirements of different devices, such as mice, USB flash drives, and
audio/video devices. Each transfer type has different characteristics in
terms of bandwidth guarantee, error detection, handshake mechanism,
and real-time performance.

1. Control Transfer

Control Transfer is used for device enumeration, configuration, and
status queries. Itis a mandatory transfer type supported by all USB devices.
Control Transfer provides the highest reliability and consists of three stages,
including Setup Stage, Data Stage, and Status Stage.

2. |Interrupt Transfer

Interrupt Transfer is used for transmitting small amounts of data with
low latency requirements. Note that "interrupt” here does not refer to a
hardware interrupt. Instead, the host periodically polls the device at a fixed
interval to check whether data is available. Interrupt Transfer provides
predictable latency, ensuring that data transmission is completed within the
specified time interval (binterval). It supports error checking and
retransmission mechanisms.

3. Bulk Transfer

Bulk Transfer is used for transmitting large amounts of data that
require high accuracy but do not have strict real-time requirements. Bulk
Transfer does not guarantee bandwidth and only utilizes the remaining
available bus bandwidth for transmission. When the bus is heavily loaded,
the transmission speed may decrease. Bulk Transfer supports error
checking and retransmission mechanisms.

4. Isochronous Transfer

Isochronous Transfer is used for transmitting data with high real-time
requirements while allowing a small amount of data loss, such as audio
and video streams. It provides bandwidth guarantees by ensuring a fixed
transmission opportunity within each 125us Microframe. To meet real-time
requirements, Isochronous Transfer does not use an ACK handshake. If
data transmission errors occur or data is lost, the data is discarded directly
without retransmission. In high-speed high-bandwidth mode, up to three
data packets (a total of 3072 bytes) can be transmitted within a single
microframe.

The following sections describe the IP control methods for these four
transfer types. Since the IP uses the same control method for Interrupt

6(39)




3 Functional Description 3.2 USB Device Controller Transfer Types

Transfer and Bulk Transfer, these two transfer types are combined and
described together in the following sections.

3.2.1 Control Transfer

Although the IP has integrated some standard USB control endpoint
commands, a flexible user-side configuration interface is provided to
support standard requests and vendor-specific requests in different
application scenarios.

When the Device receives a Setup stage packet initiated by the Host,
the IP transparently forwards the 8-byte Setup Data to the user logic in real
time through the signals setup_o, rxval_o, rxpktval o, and rxdat_o.

Data Reception (Data OUT Stage): When the Control Transfer
contains a subsequent data output stage, the Controller transfers the
configuration data sent by the Host to the user side through signals such as
rxact_o and rxval o.

Data Transmission (Data IN Stage): The user logic prepares response
data according to the received command and drives the Controller to
upload the control response data to the Host through signals such as
txact_o, txdat len_i, and txdata i.

It should be noted that txcork i and rxrdy i affect the processing of
standard control commands inside the IP. Except for confirmed
vendor-specific control commands, where txcork i and rxrdy i can be
controlled as required to implement IN NAK and OUT NAK, the following
conditions should always be maintained: txcork_i of Endpoint O should
remain low. rxrdy_i should remain high.

3.2.2 Control OUT Transfer

IPUG927-1.8E

For Control OUT Transfer, after the Host sends the Setup configuration
request, one or more OUT Tokens follow. Figure 3-2 shows the IP
processing flow of the Setup request in a Control Write Transfer. As shown
in the figure, when utmi_rxactive_i goes high, the first packet appearing on
the bus is the Setup Token (PID = 0x2D). The internal logic of the IP
automatically parses the device address and endpoint number from the
Token packet.

The endpt_o signal immediately outputs the target endpoint number O
and remains unchanged until the entire transfer is completed.

The setup_o signal is asserted high, indicating that the current stage is
the Setup stage.

7(39)




3 Functional Description 3.2 USB Device Controller Transfer Types

Then, a data packet with PID = OxC3 (DATAOQ) appears on the bus,
containing the 8-byte Setup Data (shown as dO~d7 in the figure).

The rxval_o signal is asserted high synchronously with the output of
d0~d7 on rxdata_o.

After the 8-byte data transfer is completed and the CRC16 check
passes, the IP generates a one-cycle high pulse on rxpktval o to indicate
that the configuration request has been received completely and correctly
by the user side. The user can then process the received configuration
data. At the same time, setup_o is deasserted low, indicating that the Setup
stage is completed.

Finally, the IP outputs an ACK (0xD2) through utmi_txvalid_o and
utmi_data_o to complete the handshake response, and the Setup stage is
completed.

Figure 3-2 Timing Diagram of Control OUT Transfer Setup Stage

sy ey L
utmi_rxactive__ f\—f \
utmi_rxvalid_i
utmi_datain_i ) Z A

endpt o 0
ey ]
setup_o / \—
rxact_o
mval_o / \
rxpktval_o [—\
ndata_o
utmi_txvalid_o
utmi_txready_| /_\
umi_data o

Figure 3-3 shows the IP processing flow of the OUT Token during a
Control OUT Transfer. As shown in the figure, when utmi_rxactive i is
asserted high, the first packet appearing on the bus is the OUT Token (PID
= OxE1). The internal logic automatically parses the device address and
endpoint number from the OUT Token packet.

The endpt_o signal immediately outputs the target endpoint number O
and remains unchanged until the entire transfer is completed.

If the user logic is ready to receive data, rxrdy i is asserted high
immediately when endpt_o becomes 0.

Then, rxact_o is asserted high, indicating that the Control Data
reception stage has started.

A data packet with PID = 0x4B (DATA1) appears on the bus,
containing 8 bytes of control data (shown as dO to d7 in the figure).

IPUG927-1.8E 8(39)




3 Functional Description 3.2 USB Device Controller Transfer Types

The rxval_o signal is asserted high synchronously with the output of
d0~d7 on rxdata_o.

After the 8-byte data transfer is completed and the CRC16 check
passes, the IP generates a one-cycle high pulse on rxpktval o to indicate
that the data has been completely and correctly received by the user side.
At the same time, rxact_o is deasserted low, indicating that the data
reception is completed.

Finally, the IP outputs an ACK (0xD2) through utmi_txvalid_o and
utmi_data_o to complete the handshake response, and the Data stage is
completed.

Figure 3-3 Timing Diagram of Control OUT Transfer Data Stage
Uy yyyyyyyyyyyyyyuyuuwe

utmi_rxactive_}

utmi_rxvalid_i / \ / \

utmi_datain_i ¢

endpt o D
midy i

setup_o

rxact_o / \
xval_o / \
rxpktval_o /—\
rdata_o
utmi_txvalid_o /—\—
utmi_txready_| /_\
utmi_data_o

3.2.3 Control IN Transfer

For Control IN Transfer, after the Host sends the Setup configuration
request, one or more IN Tokens follow. Figure 3-4 shows the IP processing
flow of the Setup request during a Control IN Transfer. As shown in the
figure, when utmi_rxactive_i is asserted high, the first packet appearing on
the bus is the Setup Token (PID = 0x2D). The internal logic of the IP
automatically parses the device address and endpoint number from the
Token packet.

The endpt_o signal outputs the target endpoint number 0 and remains
unchanged until the entire transfer is completed.

The setup_o signal is asserted high, indicating that the current stage is
the Setup stage.

Then, a data packet with PID = OxC3 (DATAOQ) appears on the bus,
containing the 8-byte Setup Data (shown as dO~d7 in the figure).

The rxval_o signal is asserted high synchronously with the output of
d0~d7 on rxdata_o.

IPUG927-1.8E 9(39)




3 Functional Description 3.2 USB Device Controller Transfer Types

After the 8-byte data transfer is completed and the CRC16 check
passes, the IP generates a one-cycle high pulse on rxpktval o to indicate
that the configuration request has been completely and correctly received
by the user side. The user can then process the data parsed from the
configuration request. Atthe same time, setup_o is deasserted low,
indicating that the Setup stage is completed.

After receiving and parsing the request, the user logic identifies it as a
read request and configures txdata_len i according to the request content.
In the figure, the data length to be uploaded is configured as 7 bytes, and
txval_i is asserted high to prepare for data transmission.

Finally, the IP outputs an ACK (0xD2) through utmi_txvalid_o and
utmi_data_o to complete the handshake response.

Figure 3-4 Timing Diagram of Control IN Transfer Setup Stage

el LM yyyyuyyyyyyyyuyyyyyyyyyyuyyyyyyyyyyyyyyeyryee

utmi_rxactive_i

utmi_mxvalid_i
umi_datain_i 7772777777 X0\ OO OkERNT 7777777777777k 3 X A0 Y(dt ) d2 J(d3 )"d4 X(d5 X d6 X d7 Nerel@erc1§(777777777777777//77777//7777/7777/77777 7 777
endot_o 2 o
wdy_i

setup_o

rxact_o

xval_o

rxpktval_o
wdata_o 2 77K a0 X et X da Y d3 Y(da J(d5 )\ do d7 7777777777777
toval_i
otk i 2
waata len i 2 ) 7

utmi_txvalid_o

utmi_txready_i

umi_data_o 2 K D2 7777

Figure 3-5 shows the IP processing flow of the IN Token during a USB
2.0 Control Read Transfer. As shown in the figure, after receiving the ACK
for the Setup request, the Host sends an IN Token with PID = 0x69 to
request data.

The endpt_o signal immediately outputs the target endpoint number O
and remains unchanged until the entire transfer is completed.

If the user logic is ready to transmit data, txcork_i should be asserted
high immediately when endpt_o becomes 0.

The txact_o signal is asserted high, indicating that the data
transmission process has started.

The user data is read through txpop_o pulses. Driven by txpop_o, the
user logic provides data bytes dO~d6 sequentially.

Then, utmi_txvalid_o is asserted high, and the data is encapsulated
into a DATAL packet (PID = 0x4B) and transmitted through the UTMI bus.

After the preset 7-byte data transmission is completed and the ACK

IPUG927-1.8E 10(39)




3 Functional Description 3.3 Bulk and Interrupt Transfer

from the Host is received, the IP generates a txpktfin_o pulse (transmit
packet is complete) to indicate that the data packet has been successfully
transmitted to the user side. At the same time, txact_o is deasserted low,
indicating that the Data stage is completed.

Figure 3-5 Timing Diagram of Control IN Transfer Data Stage

T T = T

endpt_o 0

teval
weork i
viso_pid_i 2

trdata_len 7

txact_o

txpop_o

wdata_i ek X a  \ieal\ &3 X a4 NS NIEINZZ77 7

3.3 Bulk and Interrupt Transfer

3.3.1 Bulk IN and Interrupt IN Transfer

Bulk Transfer and Interrupt Transfer require ACK handshake
confirmation. If data transmission fails (for example, due to CRC check
failure), retransmission is initiated. An IN Transfer consists of three stages,
including Token Stage (Host sends an IN Token), Data Stage (Device
returns data), and Handshake Stage (Host returns ACK).

Figure 3-6 shows the data transmission timing diagram of an IN
Transfer. It describes the process of the IP core responding to an IN Token
from the Host for a Bulk or Interrupt endpoint.

At the top of the waveform, utmi_rxactive i is asserted high.
Immediately after that, utmi_rxvalid_i generates three high pulses, and
utmi_datain_i outputs 0x69, 0x81, and 0x71 sequentially. This indicates
that the Host has sent an IN Token targeting a specific address and
endpoint.

The endpt_o signal changes to 3, indicating that the Token target is
Endpoint 3.

txcork_i changes immediately with endpt_o. As shown in the figure,
txcork i is deasserted low, indicating that the data of Endpoint 3 is ready.

txdata_len_i should be configured before txact o is asserted high and
remain unchanged after txact o is asserted. In the figure, txdata_len_i is
set to 7, indicating that the Device is ready to transmit 7 bytes of data.

txact_o is asserted high, indicating that the transmission process
starts.

IPUG927-1.8E 11(39)




3 Functional Description 3.3 Bulk and Interrupt Transfer

The txpop_o pulse triggers the data readout from the buffer through
txdata_i.

The txdata_i signal outputs data bytes dO to d6 sequentially.

Then, utmi_txvalid_o is asserted high, and utmi_data o starts
outputting data. The first byte is the PID 0xC3 (DATAO). The PID of Bulk
Transfer (DATAO/DATAL) is automatically added internally by the IP,
followed by data bytes dO to d6, and finally two bytes of CRC16 check code
are automatically appended. After all data has been transmitted,
utmi_txvalid_o is deasserted low.

After that, utmi_rxactive_i and utmi_rxvalid_i are asserted high again,
and utmi_datain_i outputs 0xD2. This indicates that the Host has sent an
ACK, confirming that the data has been successfully received.

After receiving the ACK from the Host, the IP generates a high pulse
on txpktfin_o (transmit packet is complete) to indicate that the packet
transmission has been completed successfully. At the same time, txact o is
deasserted low, indicating that the transmission process is completed.

Figure 3-6 Timing Diagram of Bulk IN and Interrupt IN Transfer
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3.3.2 Bulk OUT and Interrupt OUT Transfer

Bulk OUT Transfer and Interrupt OUT Transfer consist of three stages,
including Token Stage (Host sends an OUT Token), Data Stage (Host
transmits data), Handshake Stage (Device returns ACK).

Figure 3-7 shows the data reception timing diagram of an OUT
endpoint. It describes the process of the IP core responding to an OUT
Token from the Host for a Bulk or Interrupt endpoint.

As shown in the figure, utmi_rxactive_i is asserted high. Immediately
after that, utmi_rxvalid_i generates three high pulses, and utmi_datain_i
outputs OXE1, 0x81, and 0x71 sequentially. This indicates that the Host has
sent an OUT Token targeting a specific address and endpoint.

The endpt_o signal changes to 3, indicating that the Token target is
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3 Functional Description 3.4 Isochronous Transfer

Endpoint 3.

rxrdy_i changes immediately along with endpt_o. As shown in the
figure, rxrdy i is asserted high, indicating that Endpoint 3 is ready to
receive data.

Then, rxact_o is asserted high, indicating that the reception process
starts.

A data packet with PID = 0xC3 (DATAOQ) appears on the bus,
containing 8 bytes of data (shown as dO~d7 in the figure).

The rxval_o signal is asserted high synchronously with the output of
d0~d7 on rxdata_o.

After the 8-byte data transfer is completed and the CRC16 check
passes, the IP generates a one-cycle high pulse on rxpktval o to indicate
that the data has been completely and correctly received by the user logic.
At the same time, rxact_o is deasserted low, indicating that the data
reception is completed. The IP returns an ACK to the Host through the
UTMI interface.

Figure 3-7 Bulk OUT and Interrupt OUT Transfer Timing Diagram
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3.4 Isochronous Transfer

IPUG927-1.8E

Isochronous Transfer is specifically designed for transmitting
time-sensitive data that does not require error retransmission, such as
audio and video streams. Isochronous Transfer consists of only two stages,
including the Token Stage and the Data Stage. It does not include a
Handshake Stage. Once the data transmission is completed, the transfer is
terminated. No retransmission is performed even if data errors or data loss
occur, ensuring real-time performance.

Compared with Bulk Transfer, Isochronous Transfer has the following
two characteristics:
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3 Functional Description 3.4 Isochronous Transfer

sof_o: The SOF Token generates an sof o pulse. This is a key feature
of Isochronous Transfer because isochronous data transmission usually
occurs within a specific time slot after the SOF Token, which is used to
synchronize the system clock.

txiso_pid_i: In Isochronous Transfer, txiso_pid_iis used to control the
PID of the isochronous packet. It typically corresponds to DATAQO, orin
high-bandwidth mode, corresponds to DATAO, DATA1, DATA2, or MDATA.

3.4.1 Isochronous IN Transfer

IPUG927-1.8E

Figure 3-8 shows the data transmission timing diagram of an
Isochronous IN endpoint.

utmi_rxactive_i is asserted high, and the first Token is decoded. It
consists of OxA5, 0x65, and 0x30, indicating an SOF Token.

Immediately afterward, the second Token appears, consisting of 0x69,
0x81, and 0x71, indicating an IN Token.

The endpt_o signal changes to Endpoint 3, indicating that the Token
target is Endpoint 3.

txcork i must change immediately with endpt_o. As shown in the
figure, txcork_i is deasserted low, indicating that the data of Endpoint 3 is
ready.

txdata_len_i is configured to 7, indicating that 7 bytes of data will be
transmitted in the current isochronous packet.

txact_o is asserted high, indicating that the transmission process
starts.

The txpop_o pulse indicates that data is read from the buffer, and
txdata_i provides data bytes dO to d6 sequentially.

utmi_data_o first outputs the PID, followed by the payload data dO to
d6, and finally the CRC16 check code.

According to the txdata_len_i length, after all data has been read, a
txpktfin_o pulse is generated and txact_o is deasserted low, indicating that
the current isochronous data packet transmission is completed.
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Figure 3-8 Timing Diagram of Isochronous IN Transfer
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Figure 3-9 shows the high-bandwidth transmission timing diagram of
an Isochronous IN endpoint. As shown in the figure, the endpoint performs
three isochronous transfers within a single microframe, transmitting a total
of 3072 bytes of data. The corresponding PIDs are DATA2, DATAL, and
DATAO in sequence.

First, utmi_rxactive_i is asserted high, and the first Token is decoded.
It consists of 0XA5, 0x65, and 0x30, indicating an SOF Token. The sof o
signal is asserted high.

When sof o is asserted, txiso_pid_i changes to DATAZ2, indicating that
the user logic requests three transfers within the current microframe.

Immediately afterward, the second Token appears, consisting of 0x69,
0x81, and 0x71, indicating the first IN Token.

After txact_o completes the first data transmission, txiso_pid_i
changes to DATAL1 at the falling edge of txact_o.

Then, the third Token appears, consisting of 0x69, 0x81, and 0x71,
indicating the second IN Token.

After txact_o completes the second data transmission, txiso_pid_i
changes to DATAO at the falling edge of txact_o.

Immediately afterward, the fourth Token appears, consisting of 0x69,
0x81, and 0x71, indicating the third IN Token.

After txact_o completes the third data transmission, the isochronous
transfer within the current microframe is completed.
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3 Functional Description 3.4 Isochronous Transfer

Figure 3-9 Timing Diagram of Isochronous IN High-Bandwidth Transfer

75 ) o

3.4.2 Isochronous OUT Transfer

Figure 3-10 shows the data transmission timing diagram of an
isochronous OUT transfer. It describes the process of the IP core's
isochronous OUT endpoint responding to an OUT Token from the Host.

utmi_rxactive_i is asserted high. Immediately afterward, utmi_rxvalid_i
generates three high pulses, and utmi_datain_i outputs OxE1, 0x81, and
0x71 sequentially. This indicates that the Host has sent an OUT Token
targeting a specific address and endpoint.

The endpt_o signal changes to 3, indicating that the Token target is
Endpoint 3.

rxrdy i changes immediately along with endpt_o. As shown inthe
figure, rxrdy i is asserted high, indicating that Endpoint 3 is ready to
receive data.

Then, rxact_o is asserted high, indicating that the reception process
starts.

A data packet with PID = 0xC3 (DATAOQ) appears on the bus,
containing data bytes (d0~d7).

The rxval_o signal is asserted high synchronously with the output of
d0~d7 on rxdata_o.

After the 8-byte data transfer is completed and the CRC16 check
passes, the IP generates a one-cycle high pulse on rxpktval o to indicate
that the data has been completely and correctly received by the user logic.
At the same time, rxact_o is deasserted low, indicating that the data
reception is completed.
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3.5 NAK Control and Zero-Length Packet (ZLP)

3 Functional Description S
Transmission

Figure 3-10 Timing Diagram of Isochronous OUT Transfer
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3.5 NAK Control and Zero-Length Packet (ZLP)

Transmission

3.5.1 IN NAK Control

For any endpoint, after receiving an IN Token, if the corresponding
endpoint data is not ready, the Device should return a NAK to the Host.
Figure 3-11 shows the timing diagram of the IP core returning a NAK when
the endpoint data is not ready.

utmi_rxactive_i is asserted high. Immediately afterward, utmi_rxvalid_i
generates three high pulses, and utmi_datain_i outputs 0x69, 0x81, and
0x71 sequentially. This indicates that the Host has sent an IN Token
targeting a specific address and endpoint.

The endpt_o signal changes to 3, indicating that the Token target is
Endpoint 3.

txcork i changes immediately along with endpt_o. Since the data of
Endpoint 3 is not ready, txcork i is asserted high as shown in the figure.

Because txcork_iis asserted high, indicating that the data is not ready,
the Controller does not start the transmission process. txact_o remains low,
and the IP directly sends a NAK (0Ox5A) to the Host through the UTMI
interface.
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3.5 NAK Control and Zero-Length Packet (ZLP)

3 Functional Description S
Transmission

Figure 3-11 Timing Diagram of IN NAK Transfer
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3.5.2 OUT NAK Control

For any endpoint, after receiving an OUT Token, if the Device endpoint
Is not ready to receive data, it should return a NAK to the Host after the
Host completes the data transmission. Figure 3-12 shows the timing
diagram of the IP core returning a NAK when the endpoint is not ready to
receive data.

utmi_rxactive_i is asserted high. Immediately afterward, utmi_rxvalid_i
generates three high pulses, and utmi_datain_i outputs OxE1, 0x81, and
0x71 sequentially. This indicates that the Host has sent an OUT Token
targeting a specific address and endpoint.

The endpt_o signal changes to 3, indicating that the Token target is
Endpoint 3.

rxrdy i changes immediately along with endpt_o. As shown inthe
figure, rxrdy i is deasserted low, indicating that Endpoint 3 is not ready to
receive data.

Because rxrdy_i is low, the IP does not start the reception process.
Therefore, the data packet sent by the Host is not processed by the IP and
is not transferred to the user interface.

After the Host completes the data transmission, the Device returns a
NAK packet to the Host through the UTMI interface.

IPUG927-1.8E 18(39)




3 Functional Description

3.5 NAK Control and Zero-Length Packet (ZLP)
Transmission

Figure 3-12 Timing Diagram of OUT NAK Transfer
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3.5.3 IN Zero-Length Packet Transfer

IPUG927-1.8E

In the USB 2.0 protocol, a Zero-Length Packet refers to a packet that
contains only the PID and CRC16 check code, without any valid data
payload. Although it does not carry actual data, it plays an important role in
USB handshaking and flow control.

1. Indicating the end of a data transfer

This is the most common use of a ZLP. In Bulk and Interrupt Transfers,
if the total transmitted data length is exactly an integer multiple of the
maximum packet size (for example, 512 bytes or 1024 bytes), an additional
ZLP must be transmitted to notify the Host that the data transfer has
completed.

For example, if the Device needs to transmit 512 bytes and
wMaxPacketSize is also 512 bytes, after transmitting the 512-byte packet,
the Device must send an additional zero-length packet. Otherwise, the
Host may assume that more data is still pending, resulting in a
communication timeout or a stalled transfer.

2. Controlling the status stage of control transfer

In Control Transfer, a ZLP is commonly used to indicate completion
confirmation. When the Host sends a command to the Device (such as
Set_Address) and no data is required to be returned, the Device sends a
ZLP as the response in the Status Stage, indicating that the request has
been received and successfully processed.

Figure 3-13 shows the ZLP transmission timing diagram. It describes
the process of the IP core sending a ZLP when an endpoint responds to an
IN Token from the Host.

utmi_rxactive_i is asserted high. Subsequently, utmi_rxvalid_i
generates three high pulses, and utmi_datain_i outputs 0x69, 0x81, and
0x71 sequentially. This indicates that the Host has sent an IN Token
targeting a specific address and endpoint.
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The endpt_o signal changes to 3, indicating that the Token target is
Endpoint 3.

txcork_i changes immediately along with endpt_o. As shown in the
figure, txcork_i is deasserted low, indicating that the data of Endpoint 3 is
ready.

txdata_len_i should be configured before txact o is asserted and
remain unchanged during the transmission process. In the figure,
txdata_len_i is set to O, indicating that the Device is ready to transmit a
zero-length packet.

txact_o is asserted high, indicating that the transmission process
starts.

utmi_txvalid_o is asserted high, and utmi_data_o starts outputting
data. The first byte is PID OxC3 (DATAOQ). The PID sequence
(DATAO/DATAL) of Bulk Transfer is automatically generated inside the IP,
followed by two-byte CRC16 check code.

Afterward, utmi_rxactive_i and utmi_rxvalid_i are asserted high again,
and utmi_datain_i outputs OxD2. This indicates that the Host has sent an
ACK, confirming that the Device data has been successfully received.

After receiving the ACK from the Host, txpktfin_o generates a
high-level pulse, indicating that the packet transmission is completed.
Meanwhile, txact o is deasserted low, and the transmission process ends.

Figure 3-13 Timing Diagram of IN Zero-Length Packet Transfer
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3.6 USB Device Descriptor Interface

Table 3-1 Device Descriptor Interface

Name /O | Bit Width Description

descrom rdata i I 8 USB Device Descriptor Data
descrom_raddr_o @] 16 USB Device Descriptor Address
desc_index o O 8 USB Device Descriptor Index
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3.6 USB Device Descriptor Interface

Name /O | Bit Width Description
desc_type_o O 8 USB Device Descriptor Type
desc_dev_addr_i I 16 Device Descriptor Start Address
desc_dev_len i I 8 Device Descriptor Byte Length
desc_qual_addr_i I 16 Device Qualifier Start Address
desc_qual_len_i I 8 Device Qualifier Byte Length
i Device Full Speed Configuration Start
desc_fscfg_addr_i I 16
Address
Device Full Speed Configuration Byte
desc_fscfg_len_i I 8 P g y
Length
. Device High Speed Configuration Start
desc_hscfg_addr_i I 16
Address
. Device High Speed Configuration Byte
desc_hscfg_len_i I 8
Length
) Device Other Speed Configuration Start
desc_oscfg_addr_i I 16
Address
desc_strlang_addr_i | | 16 Device String Descriptor Start Address
desc_strvendor_addr i )
] [ 16 Device Vendor String Start Address
N
desc_strvendor_len_i | | 8 Device Vendor String Byte Length
desc_strproduct_add . .
i I 16 Device Product String Start Address
ri
desc_strproduct_len_ . .
| I 8 Device Product String Byte Length
desc_strserial_addr i | | 16 Device Serial String Start Address
desc_strserial_len_i | | 8 Device Serial String Byte Length
) ) USB Device DescriptorHID Start
desc_hidrpt_addr_i_ |1 16
Address
desc_hidrpt_len_i I 16 USB Device DescriptorHID Byte Length
. . High, indicates that string descriptors
desc_have_strings_i | | 1

exist in the device descriptor.

The USB Device Controller IP provides a device descriptor data input
interface, primarily used for storing and providing device descriptor
information. The device descriptor content includes:

® Device descriptor

IPUG927-1.8E
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3.6 USB Device Descriptor Interface

Device qualifier

Device full-speed configuration descriptor
Device high-speed configuration descriptor
Device other-speed configuration descriptor
Device HID descriptor

Device BOS descriptor

Device string descriptor

Device vendor string

Device product string

Device serial string

The descriptor read process is as follows:

desc_index_o and desc_type o are used to distinguish between
control descriptors and string descriptors, helping determine the data to
be read.

The user needs to provide the starting address and byte length of each
descriptor based on where the device descriptor data is stored.

All descriptor data should be stored in a continuous address space to
allow sequential reading by the Device Controller.

When the host sends a request to read a device descriptor, the Device
Controller outputs the read address on descrom_raddr_o. The user
should return the corresponding descriptor data on descrom_rdata_i.

The Self Power parameter should match the settings in the device
descriptor to ensure correct power status reporting.

The Descriptor Max Packet Size should match the maximum packet
size defined in the device descriptor to ensure the correctness of USB
data transfer.

The following diagram illustrates the Device Descriptor data read

timing.

Figure 3-14 USB Device Controller Descriptor Read Timing Diagram
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3.7 Interface Alternate Setting Control Interface

3.7 Interface Alternate Setting Control Interface

IPUG927-1.8E

Table 3-2 Interface Alternate Setting Control Interface

Name I/O Bit Width Description
inf_alter _i Input 8 USB interface alternate setting input data
inf_alter_o | Output 8 USB interface alternate setting output data
i USB interface configuration selection
inf_sel o Output 8 .

signal
. USB interface alternate setting update
inf_set o Output 1

indicator, active-high.

When the Device receives the Set Interface request from the Host,
inf_sel o outputs the interface signal to be configured, inf_alter_o outputs
the new alternate setting value of the Interface, and inf_set o is asserted

high to indicate that the interface alternate setting has been updated.

When the Device receives the Get Interface request from the Host,

inf_sel o outputs the interface signal to be queried. The configuration
information on inf_alter_i is then read and returned to the Host.
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4 Signal Description

4.1 Signal Description

The descriptions of Gowin USB 2.0 Device Controller IP signals are as
shown in Table 4-1.

Table 4-1 Signal Description

Signal Name I/O | Data Width Description Note
Input the clock signal transmitting by

clk_i I 1 PHY, and the frequency must be
60MHz.

reset_i I 1 Asynchronous reset signal

USB Reset Indicator Signal
usbrst_o 0] 1 High indicates the detection of USB bus
reset.

HS Indicator Signal
highspeed_o 0] 1 High indicates that the device is in HS
mode.

Suspended Indicator Signal
suspend_o O |1 High indicates that the device is
suspended.

Configuration Indicator Signal
online_o o |1 High indicates that the device is in
configuration state.

Transmitting Work Signal
txact_o 0] 1 High indicates that the device is in data
transmit state.

Transmitting Data

txdat_i I 8 ) )
IP transmits this data through the USB
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4.1 Signal Description

Signal Name I/O | Data Width Description Note
interface.
Transmit data valid indication signal. A
high level indicates that the user input
txval_i I 1 data is valid (only valid during control
endpoint data transmission; it should be
set to 0 when transmitting other data).
The Number of bytes of Transmitting
txdat_len_i [ 12 Data
xdat_len_i
- - It can be used to control the number of
bytes of TX data.
) o USB Pakcet ID input in synchronous
txiso_pid_i I 4
transfer mode.
. Transmitting Valid Data Indicator Signal
txcork_i I 1 o . .
Low indicates that TXDAT is insufficient.
Transmitting Read Signal
txpop_o O 1 o
High indicates that read next data.
Data packet transmission complete
R o 1 indication signal. A high level indicates
xpktfin_o
prinn_ that the data packet has been
transmitted completely.
Receiving Work Signal
rxact_o o |1 High indicates that the device is in data
receive state.
Receiving Data
rxdat_o O |8 IP will output the data received from the
USB interface.
Receiving Valid Data Signal
rxval_o O 1 . . .
- High indicates that RXDAT is valid.
Receive Ready Signal
rxrdy_i I 1 High indicates that it can receive
RXDAT.
Valid Data Package Signal
rxpktval_o O |1 High indicates that RX data package is
valid.
Configuration Data Active Indicator
setup_o O] 1 Signal

High indicates that USB configuration
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4.1 Signal Description

Signal Name I/O | Data Width Description Note
data is in active state.
Endpoint Selection Indicator Signal
endpt_o O |4 It indicates the communication endpoint
that USB selects.
sof_o 0] 1 USB Frame Synchronization Signal
inf_alter_i I 8 USB interface configuration data output
inf_alter_o 0] 8 USB interface configuration data input
inf_sel_o 0] 8 USB interface selection
) The USB interface configuration update,
inf_set_o 0] 1 . .
active-high.
utmi_dataout_o (0] 8 Transmits data to USB PHY.
] ] Valid PHY DATAOUT Data Indicator
utmi_txvalid_o @] 1 . -
- - Signal
Operation mode selection signal
2’b00: Normal
2’b01: No driver
utmi_opmode_o o |2 2'b10: Disable bit stuffing and NRZI
encoding
2’b11: Operation of not automatically
generating start and end signals
Transmitting Mode Selection Signal:
2’b00: HS Transfer
utmi_xcvrselect_o 0] 2 2'b01: FS Transfer
2’b10: LS Transfer
2'B11: Reserved
Termination Selection:
utmi_termselect_o O |1 1’ b0: HS termination enable
1’ b1: FS termination enable
utmi_reset_o 0] 1 Output reset signal, active-high.
utmi_datain_i I 8 Receive data from USB PHY
Transmitting Data Ready Signal
utmi_txready _i I 1 It indicates that PHY can receive
transmitting data.
utmi_rxactive_i I 1 Receive Active Signal
utmi_rxvalid_i [ 1 Receive Enable Signal
IPUG927-1.8E 26(39)
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Signal Name I/O | Data Width Description Note

Valid PHY_DATAIN Indicator Signal

Receive Error Signal
utmi_rxerror_i I 1 High indicates that an error occurs on

receive.

Line Status of Receiver

2'b00: SEO
utmi_linestate i I 2 2’b01: "J"

2’b10: "K"

2’b11: SE1
descrom rdata i I 8 USB Device Descriptor Data
descrom_raddr_o O 16 USB Device Descriptor Address
desc_index o (@] 8 USB Device Descriptor Index
desc_type_o (@] 8 USB Device Descriptor Type
desc_dev_addr_i I 16 Device Descriptor Start Address
desc_dev_len_i I 16 Device Descriptor Byte Length
desc_qual_addr _i I 16 Device Qualifier Start Address
desc_qual_len_i I 16 Device Qualifier Byte Length

) Device Full Speed Configuration Start

desc_fscfg_addr_i I 16

Address

) Device Full Speed Configuration Byte

desc_fscfg_len_i I 16

Length USB

hscf _ Device High Speed Configuration Start | Device
desc_hscfg_addr_i I 16 Address Descriptor
_ Device High Speed Configuration Byte

desc_hscfg_len_i I 16

Length

i Device Other Speed Configuration Start

desc_oscfg_addr_i I 16

Address
desc_strlang_addr_i I 16 Device String Descriptor Start Address
desc_strvendor_addr i I 16 Device Verdor String Start Address
desc_strvendor_len_i I 16 Device Verdor String Byte Length
desc_strproduct_addr _i I 16 Device Product String Start Address
desc_strproduct_len_i I 16 Device Product String Byte Length
desc_strserial_addr_i I 16 Device Serial String Start Address
desc_strserial_len_i I 16 Device Serial String Byte Length
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Signal Name I/O | Data Width Description Note
) . USB Device Descriptor HID Start
desc_hidrpt_addr_i_ I 16
Address
desc_hidrpt_len_i I 16 USB Device Descriptor HID Byte Length
B Device D i B
desc_bos_addr i | 16 us evice Descriptor BOS Start
Address
. USB Device Descriptor BOS Byte
desc_bos_addr_i I 16
- - Length
. . High indicates that there are string
desc_have_strings_i I 1 ) ) ] )
descriptors in the device descriptor.
ULPI indication signal; high indicates
ulpi_nxt_i | 1 that data has been successfully
transmitted or received.
ulpi_dir_i I 1 ULPI direction signal; high: RX, low: TX | ULP]
ulpi_data_io IO |8 ULPI bi-directional port
, ULPI stop signal; data TX and RX
ulpi_stp_o @] 1 . . .
interrupt flag, active-high.
Active-high. Device responds with NAK
dbg_rx_nak_o O 1 to an OUT request because the rxrdy_i
signal is low.
Active-high. Device responds with NAK
dbg_tx _nak_o O 1 to an IN request because the txcork_i
signal is high.
Active-high. Device returns a
dbg_tx Zlp_o 0] 1 zero-length packet (ZLP) in response to
an IN request because txlen_i is 0.
. . . Debug
Active-high. The received USB data Mode
dbg_rx failed_o O 1 packet failed due to a CRC check
failure.
. Active-high. The USB TX transmission
dbg_tx failed_o O 1 . .
failed due to an ACK timeout.
Active-high. Indicates the USB Token
dbg_token_failed_o @] 1 reception failure due to a Token CRC
checkerror.
Active-high. Indicat USB Tok
dbg_addr_mismatch_o 0] 1 ctive-nig . ndicates a oxen
address mismatch.
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4.2 Parameter Configuration

4.2 Parameter Configuration

The parameter configuration of Gowin USB 2.0 Device Controller IP is

shown in Table 4-2.

Table 4-2 Configuration Options

Options Description

Interface USB controller interface selection, including UTMI
and ULPI; UTMI logic resource utilization is less
than ULPI; ULPI 1O is less than UTMI.

Speed Mode USB controller speed modes: High Speed, Full
Speed, Low Speed.

Self Powered USB self powered function control

Debug Mode Debug interface enable

Descriptor Max Packet Size

USB Descriptor Max Packet Size: 8 bytes, 16
bytes, 32 bytes, 64 bytes. Low Speed mode only
supports max packet size of 8 bytes.

Endpoint 1 Input Transfer Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 1 Output Transfer
Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 2 Input Transfer Type

Endpoint transfer type: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 2 Output Transfer
Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 3 Input Transfer Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 3 Output Transfer
Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
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Options

Description

Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 4 Input Transfer Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 4 Output Transfer
Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 5 Input Transfer Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 5 Output Transfer
Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 6 Input Transfer Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 6 Output Transfer
Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 7 Input Transfer Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 7 Output Transfer
Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 8 Input Transfer Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports
Interrupt Transaction.
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Options

Description

Endpoint 8 Output Transfer
Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 9 Input Transfer Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 9 Output Transfer
Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 10 Input Transfer Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 10 Output Transfer
Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 11 Input Transfer Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 11 Output Transfer
Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 12 Input Transfer Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 12 Output Transfer
Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 13 Input Transfer Type

Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
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Options Description

Transaction. Low Speed mode only supports

Interrupt Transaction.
Endpoint 13 Output Transfer Endpoint transfer types: Bulk Transaction,
Type Isochronous Transaction, and Interrupt

Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 14 Input Transfer Type | Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports

Interrupt Transaction.
Endpoint 14 Output Transfer Endpoint transfer types: Bulk Transaction,
Type Isochronous Transaction, and Interrupt

Transaction. Low Speed mode only supports
Interrupt Transaction.

Endpoint 15 Input Transfer Type | Endpoint transfer types: Bulk Transaction,
Isochronous Transaction, and Interrupt
Transaction. Low Speed mode only supports

Interrupt Transaction.
Endpoint 15 Output Transfer Endpoint transfer types: Bulk Transaction,
Type Isochronous Transaction, and Interrupt

Transaction. Low Speed mode only supports

Interrupt Transaction.
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5 Interface Configuration

You can start the IP Core Generator via Tools on the menu bar, invoke
and configure USB 2.0 Device Controller.

1. Open IP Core Generator

After creating the project, you can click the "Tools" tab in the upper left,
select and open the IP Core Generator via the drop-down list, as shown in
Figure 5-1.

Figure 5-1 IP Core Generator

2. Open the USB 2.0 Device Controller IP core

Select "Soft IP Core > Interface and Interconnect > USB 2.0 IP", as
shown in Figure 5-2. Double click to open the configuration interface.
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Figure 5-2 USB 2.0 Device Controller IP Core
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3. USB 2.0 Device Controller IP Core Configuration Interface

The USB 2.0 Device Controller IP core configuration interface is
shown in Figure 5-3. The interface diagram is on the left. The options are
on the right.

® You can configure the file name by modifying "File Name".
® You can configure the top module name by modifying "Module Name".

® You can configure the speed mode, power mode, debug mode, and
endpoint transfer type under "Options" option.
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Figure 5-3 USB 2.0 Device Controller Configuration Interface
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Reference Design

6.1 USB Reference Design

This chapter introduces the structure and usage of USB 2.0 Device
Controller IP reference design instance. This reference designis a

USB-to-UART data loopback designinstance. Its basic structure is shown
in Figure 6-1.

Figure 6-1 USB 2.0 Device Controller Reference Design Block Diagram

UART Config Register

r

K TX FIFO
HE» USB 1.1 SoftPHY <}:‘> USB 2.0 Device
Controller
2 RXFIFO
UART Device
Descriptor

In this design instance, USB is converted into parallel UTMI signal
through Gowin USB 1.1 SoftPHY IP module, and USB data packet parsing
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6 Reference Design 6.2 USB CDC Driver Installation

is completed through USB 2.0 Device Controller, UART Device Descriptor
module contains USB device descriptor information internally, UART Config
Register module receives configuration commands from USB Host to
configure UART module parameters, TX/RX FIFO provides data buffer and
loopback function.

6.2 USB CDC Driver Installation

You can install the CDC driver on the device through the zadig
software as follows.

Open zadig (Administrator permission) and select "List All Devices" in
the Options drop-down menu.

Figure 6-2 Search USB Device

4 7adig e
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v List All Devices
Unknot Ignore Hubs or Composite Parents * | [ Edit

v
¥ Create a Catalog File
v

Sign Catalog & Install Autogenerated Certificate More Information
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USB ID Loa Verbosi , libusb-win32
og Verbosity libusbk

wc: X || WinUSB (Microsoft)

Driver

8 devices found.

Select "USB2Serial" in the device drop-down list box.

Figure 6-3 Select USB Device

£ Zadig - el

Device Options Help

[Singl.e RS232-HS v] [ ] edit
Single RS232-HS
Logitech USB Headset H340 (Interface 0}

Logitech USB Headset H340 (Interface 3) tion
CSR8510 Al0
USB2Serial f)

Dell KB216 Wired Keyboard (Interface 0)
Dell KB216 Wired Keyboard (Interface 1)
Dell M5116 USB Optical Mouse

8 devices found.
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After selecting "USB2Serial" device, install WinUSB driver first, then

click Install Driver. Wait a few moments to complete the installation of the
driver for this device interface.

Figure 6-4 Zadig WinUSB Driver Installation
£3 Zadig
Device Options Help

UsB2Serial

= | [ et

Driver (NONE) = WinUSB (v6.1.7600.16385) E More Information

WinUSB (libush
USB ID 33AA Qooo libusb-win32

. ‘ Install Driver libusbk
wen X WinUSB (Microsoft)

8 devices found. Zadig 2.5.730

After installing WinUSB driver, then install CDC driver and click
"Replace Driver". After the CDC driver is successfully installed, you can
control the device with software such as serial assistant.

Figure 6-5 Zadig CDC Driver Installation
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= | [ it
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Driver Installation: SUCCESS
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6.3 Data Transfer Test

6.3 Data Transfer Test

Open the serial debugging assistant software and select the serial port

USB2Serial, as shown in the figure below.

Figure 6-6 Select Serial Device in Serial Debugging Assistant
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Connect serial port TXD to RXD for serial data loopback test.

Figure 6-7 Serial Data Loopback Test
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