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Abbreviations in This Document

A list of abbreviations used in this document.
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Abbreviation

Definition

AHB Advanced HiglPerformance Bus

AHBLite Advanced HiglPerformance Bus Lite version
APB Advanced Peripheral Bus

API Application Programming Interface

AXI Advanced Extensible Interface

CPU Central Processing Unit

ECC Error Correction Code

FIFO First In First Out

FPGA Field Programmable Gate Array

HAL Hardware Abstraction Layer

IP Intellectual Property

LED Light Emitting Diode

LMMI Lattice Memory Mapped Interface

MUX Multiplexer

PRBS Pseudorandom Binary Sequence

RISC Reduced Instruction Set Computer

TRB Transfer Request Block

UART Universal Asynchronous Receiver/ Transmitter
uUsB Universal Serial Bus
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1. Introduction

1.1. Overview of the IP

The Lattice Semiconductor USB 2.0/3.2 intellectual property (IP) core provides a solution to interface with the USB host. The
design is implemented using Verilog HDL. The IP core is targeted for Lattice CrosJkBGAs. The IP core is
implemented using the Lattice Radiansoftware integrated with theSynopsy®Synplify Pr@synthesis tool.

The Lattice USB 2.0/3.2 IP core supports the-lBS®mpliant USB standard.

1.2. Quick Facts
Tablel.1. Summary of the USB2.0/31P Core

Supported FPGA Family CrossLinktNX(LIFCI33U)
IP Requirements IP Changes For a list of changes to the IP, refer to ti8B 2.0/3.2 IRelease
Notes (FPGRN02037).
Resource Utilization Performance Grade ¢7,¢8,¢9
Lattice Implementation IP core v2.0t Lattice Radiant softwar2025.1.1
Design Tool Support Synthesis Synopsys Synplify Pro software for Lattice
Simulation Not supported

1.3. IP Support Summary

Tablel.2. USB2.0/3.2P Support Readiness
Device Family Radiant Timing Model Hardware Validated
CrossLinkdNX Final Yes

1.4. Features

The following lists the key features of the USB 2.0/3.2 IP core:

1 Supports High Speed and Full Speed USB 2.0 specification and Super Speed USB 3.2 specification.

1 Supports higkspeed, higkbandwidth isochronous transactions.

1  Supports two control endpoints at EPO/1 (1 IN 1 OUT) and eight individually reconfigurable logical endpoints. Each
logical endpoint reflecttwo physical endpointsone IN and one OUT. For more information, refer to @ressLiniNX
33 and CrossLinkNX Data Sheet (FP®$02104)

1 Includes an example design aseéerenceusage model

1.5. Licensing and Ordering Information
TheUSB 2.0/3.2P is provided at no additional cost with the Lattice Radiant software.

1.6. Hardware Support

Refer to theExample Desigsection for more information on the boards used.

1.7. Minimum Device Requirements
The minimum device requirements for the USB 2.0/3.2 IP core are as follows:
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Tablel.3. Minimum Device Requirements for the USB 2.0/3.2 IP Core

Devices

Speed Gradg

CrossLinkINX

-7

1.8. Naming Conventions

1.8.1. Nomenclature

The nomenclature used in this document is based on Verilog HDL.

1.8.2. Signal Names
Signals name having extension as:

I _nare active low signals (asserted when value is logic 0)

9 _iareinput signals
1 _o are output signals
9 _io are bidirectional signals

© 2025Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are amistelhtiicesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificaiitfiosraation herein are subject to change without notice.
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2. Functional Description

2.1. IPArchitectureOverview

The USB 2.0/3.2 Bdreincludes the following components:
1 USB23 primitive

1 Lattice Memory Mapped Interface (LMMI)

1 AHBL to LMMtonverter (Optional)

1 Advanced Extensible Interface (AXI)

1 USB data lines

USB 2.0/3.2IP

AXI Interface

<
<

\ 4

USB Data Lines

777777777777777777777777 USB23 Primitive
«———» ABHL to LMMI Convert “: >
AHBL Interaface | | !
LMMI Interfacé | | | LMMI Interface
Figure2.1. USB 2.0/3.2PBlock Diagram

b2diSay
1. ¢KS [aal AYGSNFIOS Aa F@FAtFotS AT GKS '1.[ AYGdSNFIOS
2. ¢CKS 1l . [@QYDSINAISINI Aa 2LIA2y I E FyR OFy 6S Sylrof SR (KNRdz3
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2.2. Clocking

2.2.1. Clocking Overview

USB 2.0/3.2 IP
»| USBPHY_REFCLK_ALT
60 MHz
» USB_SUSPENDCLK
100 MHz R
> USB3_MCUCLK
E— PLL
> MMICLK USB Primitive
| AHBL_to_LMMI
| _Convertet |
Figure2.2. USB 2.0/3.2 IP Clock Domain Block Diagram
b2GSY
1. ¢KS 11 . [ypd2y¢[aalLy/ 2y dEms 3NIorea a5y ISoXGSIRy 36 KENERSKEAPKL C [T Of 2 O
Of 201akKnir&s al YS Of 201 &2 dz2NOS o

2.1 User Interfaces

TheLMMI configurationinterface andthe AXldatainterface are available for the user application to connect whth USB
2.0/3.21Pand perform the transfers. Theseterfaces useisbh23 reference_clk.

2.2 Internal IP Blocks

2.2.1 USB 2.0/3.2

TheUSB 2.0/3.2s the hard IP block for the USB device. It is compliatiteédJSBIF standards and provides all the
functionality.

2.2.2 AHBLto-LMMI Converter

The AHBIto-LMMI converter is used to convert the AHBL interfacghe LMMI interface. This block is optional and can be
enabled throughhe GUI selection. The default mode is LMMI interface.
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The configurable attributes of the USB 2.0/3.2 IP core are showakte3.1. You can configure the t®reby setting the
GKS Lt /1 Grt23Qa az2RdzZ SklLt

FGGNROdzISa F O0O2NRAy It & Ay
Table3.1. General Attributes of the USB 2.0/3.2 IP Core

Attribute Default Value Description
USB Mode USB23 USB mode of operationptions:
1 USB23upports USB2 modenly
1 USB33upports USB3 modenly
1 USB233upports both USB2 and USB3 mode (recommended
GSR Enabled Global set reset:
1 Enabled
1 Disabled
Host_IF LMMI CSR interface:
T LMMI
1 AHBL
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4. Signal Description

This section describes the USB 2.0/3.2 IP ports.

4.1. Clock Interface

Table4.1. Clock Ports

=LATTICE

Port Type Width Description
USB3_MCUCLK i Input 1 Clock for the USB Hard IP and other modules. The frequency is 100
USBPHY_REFCLK_ALT i Input 1 Internal clock for the USB 2.0 and USB 3.0 (60 MHz).
REFINCLKEXTP_i Input 1 USB 3.0 PHY external positive differential clock.
REFINCLKEXTM_]i Input 1 USB 3.0 PHY external negative differential clock.
USB_SUSPENDCLK_i Input 1 To achieve low poweduring suspend statehe PIPE3/MAC3/MAC2/M
clock is switched to a lower frequency variable clock (60 MHz).

XOIN18_i Input 1 24 MHzor 12 MHz crystal input pad.
XOO0UT18 o Output 1 24 MHzor 12 MHz crystal output pad.

4.2. Reset Interface

Table4.2. Reset Interface
Port Type Width Description
USB_RESETN_i Input 1 Asynchronous, active low reset signal.
USB2_RESET_i Input 1 Synchronous reset for USB 2.0 PHY. Resets all blocks in the transc

The RESET signal should retain no less than 300 ns.

USB3_SYSRSTN_]i Input 1 Active low reset signal for USB 3.0 PHY.

4.3. USB Interface

Table4.3. USB Interface
Port Type Width Description
usb23 DP Inout 1 USB 2.0 positive data line.
usk23_DM Inout 1 USB 2.0 negative data line.
RXM_i Input 1 USB 3.Megative differential data line for the receiver.
RXP_i Input 1 USB 3.0 positive differential data line for the receiver.
TXM_o Output 1 USB 3.0 negative differential data line for the transmitter.
TXP_o Output 1 USB 3.0 positive differential data line for the transmitter.

4.4. LMMI/AHBL Interface; Configuration Path
Table4.4. LMMI Interface- Configuration Path

Port Type Width Description

Immi_clk_i Input 1 Clock signal for the LMNtterface.The ¢ock frequency is 10MHz.
Immi_rst_n_i Input 1 Activelow reset signal for the LMMhterface

Immi_request i Input 1 Start transaction. Asserted during readwrite cycle.

Immi_offset_i Input 15 LMMI address bus

Immi_wr_rdn_i Input 1 Indicates the direction of the transfer. Indicates a write access vitgim
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Port Type Width Description
and a read access whéow.

Immi_wdata_i Input 32 LMMI write data bus.

Immi_rdata_o Output 32 LMMI read data bus.

Immi_rdata_valid_o Output 1 Indicatesthat the read transaction is complete and Immi_rdata_o
contains valid data.

Immi_ready_o Output 1 Indicates that the previous transaction is complete dneltargetis ready
to start a new transaction.

Table4.5. AHBL Interface Configuration Path

Port Type Width Description

ahbl_clk Input 1 Clock signal for th&HBLinterface.The dock frequency is 10DHz.

ahbl_rst_n Input 1 Activelow reset signal for théHBLiterface

ahbl_haddr_i Input 32 Write address.

ahbl_hburst _i Input 3 Unused.

ahbl_hprot_i Input 4 Unused.

ahbl_hmastlock_i Input 1 Unused.

ahbl_hsize_i Input 1 Unused.

ahbl_hready_i Input 1 Indicates transfer completian

ahbl_hsel_i Input 1 Subordinateselect

ahbl_hwdata_i Input 32 AHBLwrite data bus.

ahbl_htrans_i Input 2 Transfer type of the current transfer (IDLE/BUSY/NSEQ/SEQ).

ahbl_hwrite_i Input 1 Write = 1, Read =.0

ahbl_hrdata_o Output 32 AHBLread data bus.

ahbl_hreadyout_o Output 1 Indicatesthat the read transaction is complete and Immi_rdata_o
contains valid data.

ahbl_hresp_o output 1 Subordinateresponse (OKAY/ERROR

4.5. AXI Interfacec Data Path
Table4.6. AXI Interface Data Path

Port Type Width Description

Xm_awaddr_o Output 32 AXI write address. Specifies the address of the first transfer in the wi
burst transaction. Associated control signals determine the address
remaining transfers in a burst.

xm_awid_o Output 8 AXI write address ID. Gives identification tag for write address signa

xm_awvalid_o Output 1 AXI write address valid. This signal indicates that the channel is sign
valid write address and control information when it is high. Address 3
control information remains stable until xm_awready_i signal is high,

Xm_awsize_o Output 3 AXI write burst size. Indicates the size of each transfer in a burst. By
lane strobes indicate exactly which byte lanes to update.

xm_awlen_o Output 8 AXI write burst length. Specifies the exact number of transfers in bur
determines the number of data transfers associated with the addresg

xm_awburst_o Output 2 AXI write burst type. Combined with the size information and shows

the address for each transfer within a burst is calculated.
01¢INCR

10¢ WRAP

11¢ RESERVED

00¢ FIXED
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Port Type Width Description

xm_awcache_o Output 4 AXI write memory type. This signal indicates how transactions are
required to progress through a system.

[0] ¢ Bufferable
[1] ¢ Cacheable
[2] ¢ Write through
[3] ¢ Write back

Xm_awprot_o Output 3 AXI write protection type. This signal indicates the privilege and secy
level of the transaction and whether the transaction is for data acces
instruction access.

[0] ¢ Privileged or unprivileged
[1] ¢ Secure or norsecure
[2] ¢ Instruction or data access

xm_awready i Input 1 AXI write address ready. When the signal is high it indicates that the
subordinateis ready to accept the address and associated control sig

xm_awmisc_info_o Output 4 AXI write request miscellaneous information. Currently not used so |
it unconnected.

xm_awlock_o Output 2 AXI write lock type. Provides additional information about atomic
characteristics of the transfer.
00¢ Normal
01 ¢ Exclusive
10¢ Locked
11¢ Reserved

xm_wdata_o Output 64 AXI write data.

Xm_wstrb_o Output 8 AXI write strobes. This signal indicates which byte lanes hold valid d
There is one write strobe bit for every 8 bits of the write data bus.

xm_wvalid_o Output 1 AXI write valid. This signal indicates that valid write data and strobes
available when it is high.

xm_wlast_o Output 1 AXI write last. This signal indicates the last transfer in a write burst.

xm_wid_o Output 8 AXI write data ID. Gives identification tag for write data transfer sign

xm_wready_i Input 1 AXI write ready. When this signal is high, it indicates thasti®rdinate
can accept write data.

xm_bid_i Input 8 AXI response ID tag. Gives identification tag for write response signa

xm_bvalid_i Input 1 AXI write response valid. When this signal is high, it indicates that th
valid write response is available.

xm_bmisc_info_i Input 4 AXI write response miscellaneous information. This signal is currentl
AY dzaS3z GAS (2 wnQo

xm_bresp_i Input 2 AXI write response. Indicates the status of the write transaction. Thig
signal indicates an error if the data phase ID does not match the add
phase ID. For example, if xm_awid_o = 0 and xm_wid_o != 0, the
controller responds with bresp error.
00¢ OKAY (Normal access success)
01¢ EXOKAY (Exclusive access okay)
10¢ SLVERRyYSordinateerror)
11¢ DECERR (Decode error)

xm_bready_o Output 1 AXI response ready. This signal indicates that theagarcan accept a
write response when it is high.

Xm_araddr_o Output 32 AXI read address. Gives the initial address of the read burst transac
The control signals issued alongside the address show how the add
calculated for the remaining transfers in a burst.

xm_arvalid_o Output 1 AXI read address valid. When this signal is high, it indicates that the
channel is signaling a valid read address and control information. Ad
and control information remains stable until xm_arready_i signal is h

xm_arlen_o Output 8 AXI read burst length. Specifies the exact number of transfers in bur
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Port

Type

Width

Description

determines the number of data transfers associated with the addresg

Xm_arsize_o

Output

AXI read burst size. Indicates the size of each transfer in a burst.

xm_arburst_o

Output

AXI read burst type. Combined with the size information and shows
the address for each transfer within a burst is calculated.

01¢INCR

10¢ WRAP

00¢ FIXED

11¢ RESERVED

xm_arid_o

Output

AXI read address ID. Gives identification tag for read address signal

xm_arcache_o

Output

AXI read memory type. This signal indicates how transactions are re
to progress through a system.

[0] ¢ Bufferable

[1] ¢ Cacheable

[2] ¢ Write through

[3] ¢ Write back

Xxm_arprot_o

Output

AXI read protection type. This signal indicates the privilege and secy
level of the transaction, and whether the transaction is for data acce
instruction access.

[0] ¢ privileged or Unprivileged
[1] ¢ secure or norsecure

[2] ¢ instruction or data access

Xm_armisc_info_o

Output

AXI read request miscellaneous information. Currently not in use so
it unconnected.

xm_arlock o

Output

AXI read lock type. Provides additional information about atomic
characteristics of the transfer.

00¢ Normal

01 ¢ Exclusive

10¢ Locked

11--Reserved

xm_arready i

Input

AXIl read address ready. When the signal is high, it indicates that the
subordinateis ready to accept read address and associated control
signals.

xm_rid_i

Input

AXl read ID tag. Gives the identification tag for read data transfer sig

xm_rvalid_i

Input

AXI read valid. When this signal is high, it indicates that required red
data is available and read transfer can complete.

xm_rlast_i

Input

AXI read last. This signal indicates the last transfer in a read burst.

Xm_rdata i

Input

AXI read data.

Xm_rmisc_info_i

Input

AXI read response miscellaneous information. This signal is currentl
dza SRz GAS AG G2 wnQo

Xm_rresp_i

Input

AXI read response. Indicates the status of the read transaction.
00¢ OKAY (Normal access success)

01 ¢ EXOKAY (Exclusive access okay)

10¢ SLVERRUYBordinateerror)

11¢ DECERR (Decode error)

xm_rready o0

Output

AXI read ready. This signal indicates that theaggercan accept a read
and response when it is high.

interrupt_o

Output

Interrupt output signal. This signal indicatthatthere is an interrupt
request.
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4.6. Other Signals
Table4.7. Other Signals

Port Type Width Description

VBUS i Input 1 Power signal.

RESEXTUSB2 Inout 1 This is a pad to connect an extra 300 ohm (+1%) resistor to the grou
RESEXTUSB3 Inout 1 This is a pad to connect an extra 300 ohm (x1%) resistor to the grou

© 2025Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are amistelhtiicesemi.com/legal
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5. Register Description

This section describes the USB IP register information. The USB IP has the following three types of register interfaces:
1 USB IP Controller Register Information

1 USB IP Controller Control Status Register Information

1 USB IP 2.0 PHY Control Status Register Information

The USB IP register address is irbit Tormat ([0:16] bits)as follows:
1 USB IP 2.0 PHY Control Status Register Information: 16th bit = 1 and [15:12] = 2

5.1. USB IP Controller Register Information
Tableb5.1 lists the USB IP Controller Register Information.

Table5.1. USB IP Controller Register Information

Offset Register Name Description

0xc110 GLOBAL_CTL Global Core Control Register

0xc120 GLOBAL_ID Global ID Register.

0xc200 + GLOBAL_USB2_PHY_CFG(#n) (for n | Global USB2 PHY Configuration Register

(i * 0x4)

0xc2c0 + (i * Ox4) GLOBAL_USB3_PIPE_CTL(#n) (for n | Global USB 3.0 PIPE Control Register

0xc400 + GLOBAL_EVNT_ADR(#n) (for n = 0) | Global Event Buffer Address Register

(i* 0x10)

0xc404 + GLOBAL_EVNT_ADRHI(#n) (for n = 0] Global Event Buffer Address (High) Register

(i* 0x10)

0xc408 + GLOBAL_EVNT_SIZ(#n) (forh =0 Global Event Buffer Size Register

(i* 0x10)

0xc40c + (i * 0x10) GLOBAL_EVNT_COUNT(#n) (for n = ( Global Event Buffer Count Register

0xc700 DEVICE_CFG Device Configuration Register

0xc704 DEVICE_CTL Device Control Register Note

0xc708 DEVICE_EVNT_EN Device Event Enable Register

0xc70c DEVICE_STS Device Status Register

0xc720 DEVICE_ACT_EP_EN Device Active USB Endpoint Enable Register

0xc800 + DEVICE_EP_CMDPAR2[0:7] Device Physical EndpointCommand Parameter 2

(i* 0x10) Register (DEPCMDPAR2n)

0xc804 + DEVICE_EP_CMDPAR1[0:7] Device Physical EndpointCommand Parameter 1

(i* 0x10) Register (DEPCMDPAR1n)

0xc808 + DEVICE_EP_CMDPAROI[0:7] Device Physical EndpointCommand Parameter O

(i* 0x10) Register (DEPCMDPARON)

0xc80c + (i * 0x10) DEVICE_EP_CMDI0:7] Device Physical EndpointCommand Register
(DEPCMD)

0xc300 + (i*0x4) GLOBAL_TX_FIFO_SIZE Global Transmit FIFO Size Register

0xc380 + (n*0x4) GLOBAL_RXIFOSZE Global Receiver FIFO Size Register.
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5.1.1 Global Core Control Register (GCTL)
The default value adhe GLOBAL_CTL Register is 0x30¢12004.

Table5.2. GLOBAL_CTL
Bit Label Access Description

31:19 PWRDNSCALE R/W Power Down Scale (PwrDnScale)

The USB3 suspend_dfiput replaces pipe3_rx_pclk as a clock

source to a small part of the USB3 controller that operates whe

the SS PHY is in its lowest power (P3) state, and therefore doe

provide a clock.

The Power Down Scale field specifies how many suspend_clk

periods fit into a 16 kHz clock period. When performing the

division, round up the remainder.

For example, when using arb®/16-bit/32-bit PHY and 25 MHz

Suspend clock,

PowerDownScale=25000kHz/16kHz=13'd1563(roundedup)

Note:

1 Minimum suspendclockfrequencyis 32 kHz

1 Maximumsuspendclockfrequencyis 125MHz

The LTSSM uses the suspend clock feandznd 106ms timers

during suspend mode. According to the USB 3.0 specification,

accuracy on these timers is 0% to +50%.

1 12ms+0~+50%accuracy=-18 ms(Rangds12ms¢ 18 ms)

1T 100ms+0~+50%accuracy=150ms(Rangds 100ms- 150
ms).

Thesuspencclockaccuracyequirementis:

1 (12,000/62.5) (GLOBAL_CTL[31:19Bctual
suspend_clk_period mustbe between12,000 andL8,000

1 (100,0000/62.5) * (GLOBAL_CTL[31:19]) * actual
suspend_clk_pe&iod mustbe between100,000and 150,000

For example, if suspend_clk frequency varies from 7.5 MHz to

MHz, then the value needs to be programmed is:

1  Power Down Scale = 10500/16 = 657 (rounded up and fas
frequency used).

18 MASTERFILTBYPASS R/W Controller Filter Bypass.

When this bit is set to 1'b1, irrespective of the parameter

"USB3_EN_BUS_FILTERS chosen, all the filters in the USB3_

module are bypassed.

The double synchronizers to mac_clk preceding the filters are &

bypassed. For enabling the filters, this bit must be 1'b0.

17 BYPSSETADDR R/W Bypass SetAddress in Device Mode.

When BYPSSETADDR bit is set, the device controller uses the

in the DCFG[DevAddr] bits directly for comparing the device

address in the tokens.

When the xHCI Debug capability is enabled and this bit is set, t

Debug Target immediately enters the configured state without

requiring the Debug Host to send a SetAddress or SetConfig

request.

Note: In the actual hardware, this bit must be set to 1'b0.

16 U2RSTECN R/W U2RSTECN

If the SuperSpeed connection fails during POLL or LMP exchal
the device connects at ne8S mode.

If this bit is set, then device attemptisree more times to connect
at SS, even if it previously failed to operate in SS mode. For ed
attempt, the device checks receiver terminatieighttimes.
From 2.60a release, this bit controls whether to check for
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Bit

Label

Access

Description

Rx.Deteceighttimes or one time for every attempt. Device
controller on USB 2.0 reset checks for receiver terminagight
times per attempt, if this bit is set to zero, or only once per
attempt if the bit is set to one.

Note: This bit is applicable only in device mode.

15:14

FRMSCLDWN

R/W

FRMSCLDWN

Thisfield scalesddown deviceview of a SOF/USOF/ITdruration.
ForSS/H$node:

1 Valueof 2'h3implementsintervalto be 15.625us

1 Valueof 2'h2implementsintervalto be 31.25us

1  Valueof 2'hlimplementsintervalto be 62.5us

1 Valueof 2'hOimplementsintervalto be 125 us
ForFSmode, the scaledown valueis multiplied by 8.

13:12

PRTCAPDIR

R/W

PRTCAPDIRort CapabilityDirection(PrtCapDir)
1  2'b01:for Hostconfigurations
1 2'b10:for Deviceconfigurations
Note: For statichost-only or deviceonly applications, use DRD
Host or DRD Device mode. The combination of
GLOBAL_CTL.PrtCapDir=2'b11 with SRP and HNP/RSP disab
not recommended for these applications.
The sequence for switching modes in DRD configuration is as
follows:
Switching frondevice tohost:
1. Reset the controller using GLOBAL_CTL[11] (CoreSoftRe
2. Set GLOBAL_CTL[13:12] (PrtCapDir) to 2'b01 (Host mod
3. Reset the host using USBCMD.HCRESET.
Switching fromhost to device:
1. Reset the controller using GLOBAL_CTL[11] (CoreSoftR¢
2. Set GLOBAL_CTL[13:12] (PrtCapDir) to 2'b10 (Device m
3. Reset the device by setting Device_CTL[30] (CSftRst).
Programming this field with random data causes the controller
keep toggling between the host mode and the device mode. Bi
Bash register testing is not recommended.

11

CORESOFTRESET

R/W

CoreSoftResetCoreSoftReset)

 1'b0- Nosoftreset

 1'bl- Softresetto controller

Clears the interrupts and all the CSRs except the following
registers:

GLOBAL_CTL

GLOBAL_USB2_PHY_QfGisters
GLOBAL_USB3_PIPE_C&dtisters

DEVICE_CFG

DEVICE_CTL

DEVICE_EVT_EN

1 DEVICE_STS

When you reset PHY's (using GUBS3PHYCFG or
GLOBAL_USB3_PIPE_CTL registers), you must keep the cont
in reset state until PHY clocks are stable. This controls the bus
RAM andMACdomain resets.

Note: This bit is for debugging purposes only. Use
USBCMD.HCRESET in xHCI Mode and Device_CTL[30] (CSft
device mode for soft reset.

Programming this field with random data will reset the internal
logic of the host controller. Due to this side effect, Bit Bash

= -4 —a —a —a -9
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Bit

Label

Access

Description

register testing is not recommended.

10

SOFITPSYNC

R/W

SOFITPSYNC

If this bit is set to '0" operating in host mode, the controller keep

the UTMI/ULPI PHY on the first port in a rsuspended state

whenever there is a SuperSpeed port that is not in Rx.Detect,

SS.Disable and U3.

If this bit is set to '1' operating in host mode, the controller keep

the UTMI/ULPI PHY on the first port in a rsuspended state

whenever the other norSuperSpeed ports are not in a suspend
state. This feature is useful because it saves power by sdéme

UTMI/ULPI when SuperSpeed only is active, and it helps resol

when the PHY does not transmit a host resume unless it is plag

in suspend state. This bit must be programmed as a part of
initialization at poweyon reset, and must not be dynamically
changed afterwards.

Notes

1 USB2PHYCFGn[6].PhySusp eventually decides to put the
UTMI/ULPI PHY in to suspend state. In addition, when this
is set to '1', the controller generates ITP from the ref_clk
based counter. Otherwise, ITP and SOF are generated fro
utmi/ulpi_clk[0] basectounter. To program the reference
clock period inside the controller, refer to
GUCTL[31:22].REFCLKPER.

1 This feature is valid in Host and DRD configurations and u
only in Host mode operation.

1 If you never use this feature or the GFLADJ.GFLAD
J_REFCLK_LPM_SEL, the minimum frequency for the ref]
can be as low as 32KHz. You can connect the suspend_cl
low as 32 KHz) to the ref_clk.

1 If you plan to enable hardwaseased LPM or softwarbased
LPM (PORTPMSC. HLE=1), then you cannot use this feat
Turn off this feature by setting this bit to '0' and use the
GFLADJ.GFLADJ_REFCLK_LPM_SEL feature.

9 If you set this bit to '1', the GLOBAL_USB2_PHY_CFG.U2
ECLK_EXISTS bit and the USB3 BERIK_USB2_EXIST
parameter must be set to '0'".

Program this bit to 0 if the controller is intended to be operated

USB 3.0 mode.

U1U2TimerScale

R/W

Disable U1/U2 timer Scaledown (U1U2TimerScale).

DEBUGATTACH

R/W

DebugAttachwhenthis bit is set,

1SS Link proceeds directly to the Polling link state (after
RUN/STOP in the Device_CTL register is asserted) withou
checking remote termination.

1 Link LFPS polling timeout is infinite.

1 Polling timeout during TS1 is infinite (in case link is waiting
TXEQ to finish).

7:6

RAMCLKSEL

R/W

RAMClockSelecRAMCIkSel)

 2'b00: bus clock

1  2'b01: pipe clock (Only used in device mode)

1 2'b10: In device mode, pipe/2 clock. In Host mode, control
switches ram_clk between pipe/2 clock, mac2_clk and
bus_clk based on the status of the U2/U3 ports

1  2'bll: In device mode, selects mac2_clk as ram_clk (whe
bit UTMI or ULPI used. Not supported inlli6UTMI mode)
In Host mode, controller switches ram_clk between pipe_c¢
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Bit

Label

Access

Description

mac2_clk and bus_clk based on the status of the U2/U3 p

In device modeafter a USB reset and USB disconnect, the

hardware clears these bits to 2'b00.

Note: In device mode, if you set RAMCIkSel to 2'b11 (mac2_clk

the controller internally switches the ram_clk to bus_clk when t

link state changes to Suspend (L2) and), and switches the ram

back to mac2_clk when the link state changes to resume or U2

9 In host mode, if a value of 2/3 is chosen, then controller
switches ram_clk between bus_clk, mac2_clk and pipe_clk
pipe_clk/2, based on the state of the U2/U3 ports. For
example, if only the U2 port is active and the U3 ports are
suspended, then the ramlicis switched to mac2_clk. When
only the U3 ports are active and the U2 ports are suspend
the controller internally switches the ram_clk to pipe3 cloch
and when all U2 and U3 ports are suspended, it switches t
ram_clk to bus_clk. This allows deconglihe ram_clk from
the bus_clk, and depending on the bamddth requirement
allows the bus_clk to be run at a lower frequency than the
ram_clk requirements. The bus_clk frequency still cannot
less than 60 MHz in host mode, and this is not verified.

A value of 2 can be chosen only if the pipe data width is 8 or 16

bits. In this case the when the ram_clk is switched to pipe_clk,

uses pipe_clk/2 instead of pipe_clk. If a value of 3 is chosen fo

RAMCIkSel, when ram_clk is switched to pipe_clk, thea glk is

used without any divider.

1 Indevice mode, when RAMCIkSel != 2'b00, the bus_
clk_early frequency can be a minimum of 1 MHz. This is
tested in hardware with Linux, Microsoft Windows 8, and
MCCI Windows7 host drivers. Only control and-peniodic
transfers are supported when bus_aétk1 MHz. For periodic
applications, the bus clk_early minimum frequency is highge
depending on your application and SoC bus. Even though
MHz has been tested with standard host drivers, It is
recommended to use 5 MHz minimum for ASIC designs to
provide a margin or at least have a backup option to increg
the bus_clk frequency to 5 MHz if needed.

Programming this field with random data will cause side effects

Bit Bash register testing is hot recommended.

5:4

SCALEDOWN

R/W

ScaleDown Mode (ScaleDown).

When Scaldown mode is disabled, actual timing values are us

This is required for hardware operation.

HS/FS/LS Modes

1 2'b00: Disables all scatlowns. Actual timing values are use

1 2'b01: Enables scaldown of all timing values except Device
mode suspend and resume. These include Speed
enumeration, HNP/SRP, and Host mode suspend and res

1  2'b10: Enables scaldown of Device mode suspend and
resume timing values only.

1 2'bll: Enables bit 0 and bit 1 scalewn timing values.

SMode

1 2'b00: Disables all scattowns. Actual timing values are use|

1 2'b01: Enables scaled down SS timing and repeat values
including: (1) Number of TXEq training sequences reduce t
(2) LFPS polling burst time reduce to 256 nS; (3) LFPS wa
reset receive reduce to 30 uS. Refer to the rtl_vip_s
caledown_mapping.xIs @élunder <work space>/sim/SoC_sin
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directory for the complete list.
1  2'b10: No TxEq training sequences are sent. Overrides Bit|
1 2'bl1: Enables bit 0 and bit 1 scalewn timing values.

DISSCRAMBLE

R/W

Disable Scrambling (DisScramble)
Transmit request to Link Partner on next transition to Recovery
Polling.

U2EXIT_LFPS

R/W

U2EXIT_LFPS
If this bit is,
 0:the link treats 248ns LFPS as a valid U2 exit.
 1:the link waits for 8us of LFPS before it detects a valid U
exit.
This bit is added to improve interoperability with a thiperty
host/device controller. This host/device controller in U2 state
while performing receiver detection generates an LFPS glitch o
about 4 mins duration. This causes the host/device to exit fufin
state because the LFPS filter value is 248 ns. With the new
functionality enabled, the host/device can stay in U2 while
ignoring this glitch from the host/device controller.
This bit is applicable for both the host and the device controller
This bit is added to improve interoperability with a thijperty host
controller. This host controller in U2 state while performing
receiver detection generates an LFPS glitch of abons 4
duration. This causes the device to exit from U2 state because
LFPS filter value is 248 ns. With the new functionality enabled,
device can stay in U2 while ignoring this glitch from the host
controller.

GblHibernationEn

RO

GblHibernationEn

This bit enables hibernation at the global level. If hibernation is
not enabled through this bit, the PMU immediately accepts the
D0->D3 and D3-DO0 power state change requests but does not

save or restore any controller state.

In addition, the PMUs never drive the PHY interfaces and let th
controller continue to drive the PHY interfaces.

DSBLCLKGTNG

R/W

Disable Clock Gating (DsbICIkGtng)

This bit is set to 1 and the controller islaw-power mode,
internal clock gating is disabled.

You can set this bit to 1'b1 aftpower on reset.
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5.1.2 Global IDRegister (GSNPSID)
This is a reatnly register that contains the release number of the USB controller.

Table5.3. GLOBAL_ID

Bit Label Access Description

31.0 SYNOPSYSID RO Bit[31:16] indicatesore identificationnumber. 0x5533 is ASCI
for USB3.
Bit[15:0] indicates the release number. Current release is 3.3

5.1.3 Global USB2 PHY Configuration Register (GUSB2PHYCFG(#n))
The default value of the Global USB2 PHY Configuration Regi3€0i02400

Table5.4. GLOBAL_USB2_PHY_CFG(#n) (for n = 0)
Bit Label Access Description

31 PHYSOFTRST R/W UTMI PHY Soft Reset (PHYSoftRst)

Assertghe usb2phy_reset signal to to reset a UTMI PHY. N¢
applicable to ULPI because ULPI PHYs are reset via their
FunctionControl.Reset register, and the controller
automatically writes to this register when the controller is reg
(vec_reset_n, USBCMD.HCR®WVjce_CTL[30] (CSftRst), or
GLOBAL_CTL.SoftReset)

30 U2_FREECLK_EXISTS R/W U2_FREECLK_EXISTS

Specifies whether your USB 2.0 PHY provides atira@ng
PHY clock, which is active when the clock control input is ac
If your USB 2.0 PHY provides a freening PHY clock, it must
be connected to the utmi_clk[0] input. The remaining
utmi_clk[n] must be connected to the respective port clocks.
The controller uses the Poeét clock for generating the internal
mac?2 clock.

T 1'b0: USB 2.0 free clock does not exist

T 1'bl: USB 2.0 free clock exists

Note: When the controller is configured as devady
(USB3_MODE = 0), do not set this bit to 1.

29 ULPI_LPM_WITH_OPMODE_({ R/W ULPI_LPM_WITH_OPMODE_CHK

Supporsthe LPM over ULPI without NOPID token to the ULF

PHY.

If this bit is set, the ULPI PHY is expected to qualify the EXT|

with OPMODE=2'b00 for LPM and not treat it as a NOPID.

Check with your PHY vendor about your PHY behavior. Thig

is valid only when the USB3_HSPHY_INTERFACE paramet

or 3.

1 1'b0: A NOPID is sent before sending an EXTPID for LH

1 1'bl: An EXTPID is sent without previously sending a
NOPID.

28:27 HSIC_CON_WIDTH_ADJ RO HSIC_CON_WIDTH_ADJ

This bit is used in the HSIC device mode of operation. By

default, the connect duration for the HSIC device controller i

times the strobe period. You can change this duration to 4, §

or 6 times the strobe period by setting the value of this field

1,2, or 3. This value is added to the default connect duratior|

26 INV_SEL_HSIC RO INV_SEL_HSIC

The application driver uses this bit to control the HSIC enabl

disable function. When set to '1, this bit overrides and

functionally inverts thef_select_hsitnput signal. If
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Bit Label Access Description

{INV_SEL_HSIC, if_select_hsic} is:

1 00: HSIC Capability is disabled

1 01: HSIC Capability is enabled

1 10: HSIC Capability is enabled

1 11: HSIC Capability is disabled

If the controller operates as neHSIGcapable, it can only

connect to norHSIGapable PHYs. If it operates as

HSIGcapable, it can connect to H&t@pable PHYs.

This bit is reserved if the USB3_ENABLE_HSIC parameter i

to '0". When selecting the HSIC feature, set the host side to

HSIC mode first, then set the device mode side. If the device

side is set to HSIC mode first and if the host does not see a

connecton in HSIC mode, then you mustsieglect the device

HSIC mode and select it again using the if_select_hsic setti

register bit GLOBAL_USB2_PHY_CFGn[26] to ensure that {

device can connect to the host.
25 OVRD_FSLS_DISC_TIME R/W Overriding the FS/LS disconnect time to 32 us.

1 If this value is 0, the FS/LS disconnect time is set to 2.5
as per the USB specification.

1 If this value is noszero, the disconnect detection time is
set to 32 us.

Normally, this value is set to 0. However, if the USB 2.0 PH

introduce noise on the UTMI linestate and cause SEO glitche

longer than 2.5 us, then a false disconnect condition may ge
triggered. To avoid interoperability issues with these PHY's,

bit can be set to 1.

24:22 LSTRD R/W LS Turnaround Time (LSTRDTIM)

This field indicates the value of theéd®-TX packet gap for LS

devices. The encoding is as follows:

T 0:2 bittimes

T 1:2.5 bittimes

T 2:3bittimes

1 3:3.5bittimes

1 4:4bittimes

1 5:4.5 bittimes

1 6:5bittimes

1 7:5.5 bittimes

Note:

1 This field is applicable only in Host mode.

1 For normal operation (to work with most LS devices), s€
the default value of this field to 3'h0 {&it times).

1 The programmable LS device infgacket gap and tum
around delays are provided to support some legacy LS
devices that might require different delays than the
default/fixed ones. For instance, the Open LS mouse
requires 3bit times of interpacket gap tavork correctly.

1 Include your PHY delays when programming the
LSIPD/LSTRDTIM values. For example, if your PHY's
TxEndDelay in LS mode is 30 UTMI/ULPI CLKs, then
subtract this delay (~1 LS bit time) from the device's del
requirement.

21:19 LSIPD R/W LS InteiPacket Time (LSIPD)

This field indicates the value okTo-TXpacket gap for LS
devices. The encoding is as follows:
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Bit Label Access Description

1 0:2bittimes

T 1:2.5bittimes

T 2: 3 bittimes

T 3:3.5bittimes

1 4: 4 bittimes

1 5:4.5 bit times

I 6:5 bittimes

 7:5.5bit times

Note:

1  This field is applicable only in Host mode.

1  For normal operation (to work with most LS devices), se
the default value of this field to 3'h2 {3t times).

1 The programmable LS device infgacket gap and tumn
around delays are provided to support some legacy LS
devices that might require different delays than the
default/fixed ones. For instance, the Open LS mouse
requires 3bit times of interpacket gap tavork correctly.

1 Include your PHY delays when programming the
LSIPD/LSTRDTIM values. For example, if your PHY's
TxEndDelay in LS mode is 30 UTMI/ULPI CLKs, then
subtract this delay (~1 LS bit time) from the device's del
requirement.

18 ULPIEXTVBUSINDIACTOR R/W ULPI External VBUS Indicator (ULPIExtVbusIndicator)

Indicates the ULPI PHY VBUS -@werent indicator.

1 1'b0: PHY uses an internal VBUS valid comparator

1 1'bl: PHY uses an external VBUS valid comparator

Valid only when RTL parameter USB3_HSPHY_INTERFAC

3.

17 ULPIEXTVBUSDRV R/W ULPI External VBUS Drive (ULPIExtVbusDrv)

Selects supply source to drive 5V on VBUS, in the ULPI PH

1 1'b0: PHY drives VBUS with internal charge pump (defg

1 1'bl: PHY drives VBUS with an external supply. (Only v
RTL parameter USB3_HSPHY_INTERFACE = 2 or 3)

16 reserved_16 RO Reserved
15 ULPIAUTORES R/W ULPI Auto Resume (ULPIAutoRes)

Sets the AutoResume bit in Interface Control register on the

ULPI PHY.

1 1'b0: PHY does not use the AutoResume feature

T 1'b1: PHY uses the AutoResume feature

Valid only when RTL parameter USB3_HSPHY_INTERFAC

3.

14 reserved_14 RO Reserved
13:10 USBTRDTIM R/W USB 2.0 Turnaround Time (USBTrdTim) Sets the turnaroun

time in PHY clocks.

Specifies the response time for a MAC request to the Packe
FIFO Controller (PFC) to fetch data from the DFIFO (SPRAN
The following are the required values for the minimum SoC
frequency of 60 MHz. USB turnaround time is a critical
certification criteion when using long cables and five hub
levels.

The required values for this field:

T 4'h5: When the MAC interface is-b& UTMI+

T 4'h9: When the MAC interface ist& UTMI+/ULPI

If SoC bus clock is less than 60 MHz, and USB turnaround t
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is not critical, this field can be set to a larger value.
Note: This field is valid only in device mode.

XCVRDLY

R/W

Transceiver Delay:

Enables a delay between the assertion of the UTMI/ULPI
Transceiver Select signal (for HS) and the assertion of the
TxValid signal during a HS Chirp.

When this bit is set to 1, a delay (of approximately 2.5 us) is
introduced from the time when the Transceiver Select is set
2'b00 (HS) to the time the TxValid is driven to 0 for sending
chirp-K. This delay is required for some UTMI/ULPI PHYs.

Note:

1 If you enable the hibernation feature when the device
controller comes out of poweoff, you must reinitialize
this bit with the appropriate value because the controlle
does not save and restore this bit value during
hibernation.

1  This bitis valid only in device mode.

ENBLSLPM

R/W

Enable utmi_sleep_n and utmi_I1_suspend_n (EnbISIpM) T
application uses this bit to control utmi_sleep_n and
utmi_I1_suspend_n assertion to the PHY in the L1 state.
1  1'b0: utmi_sleep_n and utmi_|1_suspend_n assertion
from the controller is not transferred to the external PHY
1 1'bl: utmi_sleep_n and utmi_I1_suspend_n assertion
from the controller is transferred to the external PHY
Note: In Device modeBefore issuing any device endpoint
command when operating in 2.0 speeds, disable this bit and
enable it after the command completes. Without disabling th
bit, if a command is issued when the device is in L1 state an
mac2_clk (utmiclk/ulpi_clk) is gated off, the command will ng
be completed.

PHYSEL

WO

USB 2.0 HigBpeed PHY or USB 1.1 8yked Serial

Transceiver Select:

The application uses this bit to select a higpieed PHY or a ful

speed transceiver.

T 1'b0: USB 2.0 higbpeed UTMI+ or ULPI PHY. This bit is
always 0, with Write Only access.

1 1'bl: USB 1.1 fulpeed serial transceiver. This bit is
always 1, with Write Only access.

If both interface types are selected in coreConsultant (that is

parameters' values are not zero), the application uses this b

select the active interface is active, with RéAfite bit access.

Note: USB 1.1 fulberial transceiver is not supported. This bit

always reads as 1'b0.

SUSPENDUSB20

R/W

Suspend USB2.0 HS/FS/LS PHY (SusPHY)

When setthe USB2.0 PHY enters Suspend mode if Suspenc
conditions are valid.

For DRD configurations, it is recommended that this bit is se
0 during coreConsultant configuration. If it is set to 1, then th
application must clear this bit after powen reset.

The gplicationmustset it to 1 after the controller initialization
completes.

For all other configurations, this bit can be set to 1 duthng
controller configuration.
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Note:

1 In host mode, on reset, this bit is set to 1. Software can
override this bit after reset.

1 Indevice mode, before issuing any device endpoint
command when operating in 2.0 speeds, disable this bit
and enable it after the command completes. If you issue
command without disabling this bit when the device is i
L2 state and if mac2_clk (utmi_alipi_clk) is gated off,
the command will nobe completed.

FSINTF

RO

FultSpeed Serial Interface Select (FSintf)

The application uses this bit to select a unidirectional or

bidirectional USB 1.1 fedlpeed serial transceiver interface.

1  1'b0: 6pin unidirectional fulspeed serial interface. This
bit is set to O with Read Only access.

1 1'bl: 3pin bidirectional fullspeed serial interface. This bi
is set to 0 with Read Only access.

Note: USB 1.1 fullpeed serial interface is not supported. Thi

bit always reads as 1'b0.

ULPI_UTMI_Sel

RO

ULPI or UTMI+ Select (ULPI_UTMI_Sel)

The application uses this bit to select a UTMI+ or ULPI
Interface.

T 1'b0: UTMI+ Interface

1'bl: ULPI Interface

This bit is writable only if UTMI+ and ULPI is specified for Hi
Speed PHY Interface(s) in coreConsultant configuration
(USB3_HSPHY_INTERFACE = 3).

Otherwise, this bit is readnly, and the value depends on the
interface selected through USB3_HSPHY_INTERFACE.

PHYIF

R/W

PHY Interface (PHYIF)

If UTMI+ is selected, the application uses this bit to configur

the controller to support a UTMI+ PHY with an 8 obit6

interface.

1'b0: 8 bits

1 1'bl: 16 bits

1 ULPI Mode: 1'b0

Note:

1 All the enabled 2.0 ports must have the same clock
frequency as Port0 clock frequency (utmi_clk[O]).

1 The UTMI &it and 16bit modes cannot be used togethe
for different ports at the same time (that is, all the ports
must be in it mode, or all of them must be in 6t
mode, at a time).

1 Ifany of the USB 2.0 ports is selected as ULPI port for
operation, then all the USB 2.0 ports must be operating
60 MHz.

2:0

TOutCal

R/W

HS/FS Timeout Calibration (TOutCal)

The number of PHY clocks, as indicated by the application i
this field, is multiplied by a biime factor; this factor is added
to the highspeed/fullspeed interpacket timeout duration in
the controller to account for additional delays introduced by
the PHY. This may be requirbdcausethe delay introduced by
the PHY in generating the linestate condition may vary amo
PHYs.

The USB standard timeout value for higieed operation is
736 to 816 (inclusive) bit times. The USB standard timeout
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value for fullspeed operation is 16 to 18 (inclusive) bit times.
The application must program this field based on the speed
connection. The number of bit times added per PHY clock a
Highspeed operation:

1 One30-MHzPHYclock=16 bit times

1 One60-MHzPHYclock=8 bit times

Fulkspeedoperation:

1 One30-MHzPHYclock=0.4bit times

1 One60-MHzPHYclock=0.2bit times

T  One48MHzPHYclock=0.25bit times

5.1.4 Global USB 3.0 PIPE Control Register (GUSB3PIPECTL(#n))
The default value of Global USB 3.0 PIPE Control Regi3x&x188002

Table5.5. GLOBAL_USB3_PIPE_CTL(#n) (for n = 0)

Bit Label Access

Description

31 PHYSoftRst R/W

USB3 PHY Soft Reset
After setting this bit to '1', the softwarmustclear this bit.

30 HstPrtCmpl R/W

HstPrtCmpl

This feature tests the PIPE PHY compliance patterns withg

having to have a test fixture on the USB 3.0 cable.

This bit enables placing the SS port link into a compliance

state. By default, this bit must be set to 1'b0.

In compliance lab testing, the SS port link enters complian

after failing the first polling sequence after power on. Set th

bit to 0, when you run compliance tests.

The sequence for using this functionality is as follows:

1. Disconnect any pluggeid devices.

Perform USBCMD.HCRST or pearechip reset.

Set PORTSC.PLS=0xA.

Set PORTSC.PP=0.

Set GLOBAL_USB3_PIPE_CTL. HstPrtCmpl=1. This

the link into compliance state.

To advance the compliance pattern, follow this sequence

(toggle the set GLOBAL_USB3_PIPE_CTL. HstPrtCmpl):

1. Set GLOBAL_USB3_PIPE_CTL.HstPrtCmpl=0.

2. Set GLOBAL_USB3_PIPE_CTL.HstPrtCmpl=1. This
advances the link to the next compliance pattern.

To exit from the compliance state, perform USBCMD.HCR

or power-on-chip reset.

v W

29 U2P30k R/W

P3 OK for SSinactive (SSIP30k)
9 0: During link state SS.Inactive, put PHY in P2 (Defau
1  1: During link state SS.Inactive, put PHY in P3.

28 DisRxDetP3 R/W

Disabled receiver detection in P3 (DisRxDetP3)

1 0:1f PHY is in P3 and controlfeustperform receiver
detection,the controller performs receiver detection in
P3. (Default).

1 1:1f PHY is in P3 and controlfeustperform receiver
detection,the controller changes the PHY power state
P2 and then performs receiver detection. After receive
detection, the cores change PHY power state to P3.

wine latticesemi.com/legal


http://www.latticesemi.com/legal

=LATTICE

Bit

Label

Access
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27

Ux_exit_in_Px

R/W

Ux Exit in Px (Ux_exit_in_Px)
1 0: The controller does U1/U2/U3 exit in PHY power sta
PO (default behavior).

1 1: The controller does U1/U2/U3 exit in PHY power sta
P1/P2/P3 respectively.

26

ping_enhancement_en

R/W

Ping Enhancement Enable (ping_enhancement_en) When
the Downstream port U1 ping receive timeout becomes 50
ms instead of 300 ms. Minimum Ping.LFPS receive duratig
8 ns (one mac3_clk). This field is valid for the downstream
port only.

25

ulu2exitfail_to_recov

R/W

UlU2exitfail to Recovery (ulu2exitfail_to_recov)

When set, and U1/U2 LFPS handshake fails, the LTSSM
transitions from U1/U2 to Recovery instead of SS Inactive.
Recovery fails, then the LTSSM est®8.InactiveThis is an
enhancement only. It prevents interoperability issue if the
remote link does not da proper handshake.

24

request_plp2p3

R/W

Always Request P1/P2/P3 for U1/U2/U3 (request_plp2p3
When set, the controller always requests PHY power chan
from PO to P1/P2/P3 during U0 to U1/U2/U3 transition.

If this bit is 0, and immediate Ux exit (remotely initiated, or
locally initiated) happens, the controller does not request
P1/P2/P3 power state change.

23

StartRxDetU3RxDet

WO

Start Receiver Detection in U3/Rx.Detect (StartRxdetU3RX
If USB3_GLOBAL_USB3_PIPE_CTL_INIT[22] is set, and
is in either U3 or Rx.Detect state, the controller starts recei
detection on the rising edge of this bit. This can only be us
for Downstream ports. This bit must be set to '0' for
Upstream pots. This feature must not be enabled for normg
operation.

22

DisRxDetU3RxDet

R/W

Disable Receiver Detection in U3/Rx.Det

When set, the controller does not handle receiver detectior|
in either U3 or Rx.Detect states.
USB3_GLOBAL_USB3_PIPE_CTL_INIT[23] must be used
start receiver detection manually. This bit can only be used
for the downstream port. This bit must be set to "0" for
Upstream ports. This feature must not be enabled for norm
operation.

21:19

DelayP1P2P3

R/W

Delay P1P2P3

Delay PO to P1/P2/P3 request when entering U1/U2/U3 un
(USB3_GLOBAL_USB3_PIPE_CTL_INIT[21:19]*8) 8B10B
occurs, or Pipe3_RxValid drops to 0.
USB3_GLOBAL_USB3_PIPE_CTL_INIT[18] must be 1 to
this functionality.

18

DELAYP1TRANS

R/W

Delay PHY power change from PO to P1/P2/P3 when link g

changing from U0 to U1/U2/U3 respectively.

1 1'bl: When entering U1/U2/U3, delay the transition to
P1/P2/P3 until the pipe3 signals, Pipe3_RxElecldle is
and pipe3_RxValid is 0

1 1'b0: When entering U1/U2/U3, transition to P1/P2/P3
without checking for Pipe3_RxElecldle and
pipe3_RxValid.

17

SUSPENDENABLE

R/W

Suspend USB3.0 SS PHY (Suspend_en)

When set, and if Suspend conditions are valid, the USB 3.
PHY enters Suspend mode.

For DRD configurations, it is recommended that this bit is g
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to '0' during coreConsultant configuration. If it is set to '1',
then the application must clear this bit after powen reset.
Application needs to set it to '1' after the controller
initialization is completed.

For all other configurations, this bit can be set to '1' during
controller configuration.

16:15

DATWIDTH

RO

PIPE Data Width (DatWidth)

1 2'b00: 32 bits

1 2'b01: 16 bits

One clock after reset, these bits receive the value seen on
pipe3_DataBusWidth.

Note: 8-bit data width is not supported.

14

AbortRxDetInU2

R/W

Abort Rx Detect in U2 (AbortRxDetInU2)

When set and the link state is U2, the controller will abort
receiver detection if it receives U2 exit LFPS from the remd
link partner. This bit is for the downstream port only.

13

SkipRxDet

R/W

Skip Rx Detect:

When set, the controller skips Rx Detection if
pipe3_RxElecldle is low.

Skip is defined as waiting for the appropriate timeout, then
repeating the operation.

12

LFPSPOAIgn

R/W

LFPS PO Align: When set,

f The controller deasserts LFPS transmission on the clo
edge that it requests PHY power state 0 when exiting
U2, or U3 low power states. Otherwise, LFPS
transmission is asserted one clock earlier.

1 The controller requests symbol transmission two
pipe3_rx_pclks periods after the PHY asserts PhyStat
as a result of the PHY switching from P1 or P2 state ta
state.

11

P3P2TranOK

R/W

P3 P2 Transitions OK (P3P2TranOK)
When set, the controller transitions directly from PHY powe
state P2 to P3 or from state P3 to P2. When not set, PO is
always entered as an intermediate state during transitions
between P2 and P3, as defined in the PIPE3 Specification.
According to the FIE3 Specification, any direct transition
between P3 and P2 is illegal.

10

P3EXSigP2

R/W

P3 Exit Signal in P2 (P3ExSigP2)
When this bit is set, the controller always changes the PHY
power state to P2, before attempting a U3 exit handshake.

LFPSFILTER

R/W

LFPS Filter (LFPSFilt)

When set, filter LFPS reception with pipe3_RxValid in PHY
power state PO, that is, ignore LFPS reception from the PH
unless both pipe3_Rxelecidle and pipe3_RxValid are
deasserted.

RX_DETECT _to_Polling_LFPS_Cd

R/W

RX_DETECT to Polling.LFPS Control

1  1'b0 (Default): Enables a 400 us delay to start Polling
LFPS after RX_DETECT. This allows VCM offset to s¢
a proper level.

1 1'bl: Disables the 400 us delay to start Polling LFPS &
RX_DETECT.

During controller certification with third party PHY it is

observed that the PHY is not able to meet the Tx AC comn

mode voltage active (VIGM-ACPP_ACTIVE <100mv) if the

link starts polling within 80us from the time rx.detect is
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performed.

To meet this VIXXM-ACPP_ACTIVE specification, the pollin
must be delayed further. If the PHY does not have issue, t
they can set this bit to 1, which allows polling to start within
80us.

SSICEn

R/W

This field is not used.

TX_SWING

R/W

Tx Swing (TxSwing)
Refer to thePIPE3 Specification

5:3

TX_MARGIN

R/W

Tx Margin[2:0] (TxMargin)
Refer to Table 8 of thePIPE3 Specification

2:1

SS_TX_DE_EMPHASIS

R/W

Tx Deemphasis (TxDeemphasis)

The value driven to the PHY is controlled by the LTSSM dU
USB3 Compliance mode.

Refer to Table 8 of thePIPE3 Specification

ELASTIC_BUFFER_MODE

R/W

Elastic Buffer Mode (ElasticBufferMode)
Refer to Table 8 of thePIPES specification

5.1.5 Global Event Buffer Address Register (GEVNTADDR(n))
Table5.6. GLOBAL_EVNT_ADR(#n) (for n = 0)

Bit Label Access Description
63:0 EVNTADR R/W EVNTADR
DEFAULT VALUEO

5.1.6 Global Event Buffer Address (High) Register (GEVNTADRHI(#n))
Table5.7. GLOBAL_EVNT_ADRI(#n) (for n=0)

Bit

Label

Access

Description

31:0

EVNTADRHI

R/W

Event Buffer Address (EvntAdrHi)

Holds the higher 32 bits of start address of the external memor
for the Event Buffer. During operatiotihe hardware does not
update this address.

DEFAULT VALUBO

5.1.7 Global Event Buffer Size Register (GEVNTSIZ(#n))

Table5.8. GLOBAL_EVNT_SIZ(#n) (for n=0)

Bit Label Access Description

31 EVNTINTRPTMASK R/W Event Interrupt Mask (EvntIntMask).
When set to '1', this prevents the interruffom being generated.
However, even when the mask is set, the events are queued.
DEFAULT VALUBO

30:16 reserved_30_16 RO Reserved
DEFAULT VALUBO

15:0 EVENTSIZ R/W Event Buffer Size in bytes (EVNTSiz)

Holds the size of the Event Buffer in bytes; must be a multiple ¢
four. This is programmed by software once during initialization.
The minimum size of the event buffer is 32 bytes.

DEFAULT VALUEO
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5.1.8 Global Event Buffer Count Register (GEVNTCOUNT (#n))

Table5.9. GLOBAL_EVNT_COUNT#n) (for n=0)

Bit Label Access Description

31 EVNT_HANDLER_BUSY | R/W Event Handler Busy
Device software event handlbusy indication. The controller set
this bit when the interrupt line is asserted due to pending event
Software clears this bit (with 1'b1) when it has finished process
the events (along with updating the EVNTCOUNT in this regist
The controller des not raise the interrupt line for a new event
unless this bit is cleared.
Note: When Interrupt moderation is disabled (that is,
DEVICE_IMODI = 0), this bit is ignored.
DEFAULT VALUBO

30:16 reserved_30_16 RO Reserved
DEFAULT VALUBO

15:0 EVNTCOUNT R/W Event Count (EVNTCount)

1  When read, returns the number of valid events in the Even
Buffer (in bytes).

1 When written, hardware decrements the count by the valug
written.

1 When Interrupt moderation is enabled (that is,
DEVICE_IMODI!= 0), the interrupt line getsadserted when
the first write happens on this register to decrement the
count. When Interrupt moderation is disabled (that is,
DEVICE_IMODI = 0), the Interrupéloontinues to get
asserted until the event count becomes zero-fnoderation

behavior).
DEFAULT VALUEO
5.1.9 Device Configuration Register (DCFG)
Table5.10. DEVICE_CFG (DCFG)
Bit Label Access Description
31:25 reserved_31_25 RO Reserved
DEFAULT VALUEO
24 StopOnDisconnect RO Reserved
DEFAULT VALUEO
23 IgnStrmPP R/W IgnoreStreamPP This bit only affects streeapable bulk
endpoints.

When this bit is set to '0' and the controller receives a Data Pad

with the Packet Pending (PP) bit set to 0 for OUT endpoints, or

receives an ACK with the NumP field set to 0 and PP set to O fi

endpoints, the controller attempts to search for@her stream

(Cstream) to initiate to the host. However, there are two

situations where this behavior is not optimal.

1 When the host is setting PP=0 even though it has not finis
the stream, or

1 When the endpoint on the device is configured with one
transfer resource and therefore does not have any other
streams to initiate to the host.

When this bit is set to '1', the controller ignores the Packet

Pending bit for the purposes of stream selection and does not

search for another stream when it receives DP(PP=0) or

ACK(NumP=0, PP=0). This can enhance the performance whe
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Bit Label Access Description
device system bus bandwidth is low or the host responds to the
controller's ERDY transmission very quickly.
DEFAULT VALU®BO

22 LPMCAP R/W LPMCapable
The application uses this bit to control the LPM capabilities of t
USB3 controller. If the controller operates as a
non-LPMcapable device, it cannot respond to LPM transactiong
1  1'b0:LPMcapabilityisnot enabled
1 1'bl:LPMcapabilityisenabled
DEFAULT VALUBO

21:17 NUMP R/W Number of Receive Buffers.
This bit indicates the number of receive buffers to be reported i
the ACK TP.
The USB3 controller uses this field for rmmtrol endpoints if
GRXTHRCFG.UsbRxPktCntSel is set to '0'. The application ca
program this value based on RxFIFO size, buffer sizes progran
in descriptors, and system latency. For an OUT endpoint, thik f
controls the number of receive buffers reported in the NumP fie
of the ACK TP transmitted by the controller.
Note: This bit is used in host mode when Debug Capability is
enabled.
DEFAULT VALUB4

16:12 INTRNUM R/W Interrupt number
Indicates interrupt/EventQ number on which
non-endpointspecific deviceelated interrupts(see DEVT) are
generated.
DEFAULT VALU®BO

11:10 reserved_10_11 RO Reserved
DEFAULT VALU®B?2

9:3 DEVADDR R/W DeviceAddress.
Theapplicationmustperformthe following:
1 Progranthisfield after everySetAddressequest.
1 Resethisfieldto zeroafter USBreset.
DEFAULT VALUBO

2:0 DEVSPD R/W Device Speed.

Indicates the speed at which the application requires the

controller to connect, or the maximum speed the application cal

support.

However, the actual bus speed is determined only after the chi

sequence is completed and is based on the speed of the USB

to which the controller is connected.

1 3'b100:SuperSpee@JSB3.0PHYclockis 125MHz or 250
MHz)

1 3'b000:Highspeed(USR2.0 PHYclockis 30 MHzor 60 MHz)

1 3'b001:Fullspeed(USR2.0PHYclockis 30 MHzor 60 MHz)

Values

1 Ox4(SuperSpeedBuperSpee@JSB3.0 PHYclockis 125MHz
or 250 MHz)

1 O0xO(HighSpeedHighspeed(USB2.0PHYclockis 30 MHzor
60 MHz)

1 Ox1(FullSpeed)rultspeed(USR2.0 PHYclockis 30 MHzor 60
MHz)

DEFAULT VALUIEsuper speed is enabled then the value is 0x4

otherwise the default value is 0x0.
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31

RUN_STOP

R/W

Run/Stop

The software writes 1 to this bit to start the device controller

operation.

To stop the device controller operation, the software must remda

any active transfers and write 0 to this bit. When the controller i

stopped, it sets the DEVICE_STS.DevCtrlHIt bit when the conti

is idle and the lower layer finishes the disconneciqass.

The Run/Stop bit must be used in following cases as specified:

1  After poweron reset and CSR initialization, the softwarest
write 1 to this bit to start the device controller. Tientroller
doesnot signalconnectto the hostuntil thisbit is set.

 The software uses this bit to control the device controiter
performasoftdisconnectWhenthe softwarewritesOto this
bit, the hostdoesnot seethat the deviceisconnectedThe
device controller stays in the disconnected state uthi
software writes 1 to this bit. The minimum duration of
keepingthis bit clearedis specifiedin the Note below. If the
software attempts a connect after the soft disconnect or
detects a disconnect event, it must set DEVICE_CTL][8:5]
beforereassertinghe Run/Storbit.

1 When the USB or Link is in a lower power state and the Ty
Power Rails configuration is selected, software writes 0O to
bit to indicate that it is going to turn off the Core Power Rai
After the software turns on the Core Power Rail again and
initializes the device controller, it must set this bit to start t
device controller.

The following is the minimum duration under various conditiong

for which the soft disconnect (SftDiscon) bit must be set for the

USB host to detect a device disconnect:

30 ms:

ForSuper Speedyhenthe devicestateis Suspendedidle,

Transmit, oiReceive.

10 ms:

For High Speed, when the device state is Suspended, Idle, or 1

Idle/Suspended (performing transactions)

For Full Speed/Low Speed when the device state is Suspende

Idle, or not Idle/Suspended (performing traractions)

To accommodate clock jitter, it is recommended that the

application add extra delay to the specified minimum duration.

DEFAULT VALUEO

30

CSFTRST

R/W1S

CoreSoftReset

Resetsll clockdomainsasfollows:

9 This bit clears the interrupts and all the CSRs except
GLOBAL_USB2_PHY_CFGn registers,
GLOBAL_USB3_PIPE_CTLn registers, DEVICE_CFG,
DEVICE_CTL, DEVICE_EVNT_EN, and DEVICE_STS req

1 All module state machines (except the SoC bus target unit
are reset to the IDLE state, and all the TxFIFOs and the R
are flushed.

1 Any transactions on the SoC bus controller are terminated
soon as possible, after gracefully completing the last data
phase of a SoC bus transfer. Any transactions on the USB
terminated immediately.
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The application can write this bit at any time to reset the
controller. This is a setfiearing bit; the controller clears this bit
after all necessary logic is reset in the controller, which may tak
several clocks depending on the current state of thetoaller.
Once this bit is cleared, the software must wait at lehste PHY
clocks before accessing the PHY domain (synchronization delg
Typically, software reset is used during software development ¢
when you dynamically change the PHY selectitsibithe USB
configuration registers listed above. When you change the PHY
the corresponding clock for the PHY is selected and used in the
PHY domain. Once a new clock is selected, the PHY domain m
be reset for proper operation.

Note: Programming this field with random data causes side effe
Bit Bash register testing is not recommended.

DEFAULT VALUBO

29

reserved 29

RO

Reservedl
DEFAULT VALUBO

28:24

HIRDTHRES

R/W

HIRD Threshold (HIRD_Thres)

The controller asserts output signals utmi_I1_suspend_n and

utmi_sleep_n based on this signal:

The controller asserts utmi_I1_suspend_n to put the PHY into

Deep LowPower mode in L1 when both of the following are true

1 HIRDvalueisgreaterthan or equalto the valuein
DEVICE_CTL.HIRD_Thres[3:0]

1 HIRD_Thres[4$setto 1'b1.

Thecontrollerassertautmi_sleep_ron L1whenoneof the

followingistrue:

1 Ifthe HIRDvalueislessthan HIRD_Thres[3:@r

1 HIRD_Thres[4$setto 1'b0.

Note: This field must be set to '0' during Super Speed operatior|

mode.

DEFAULT VALU®BO

23

APPL1RES

R/W

LPMRespons®rogrammedy ApplicatioWhenLPMErrata is

disabled:

Bit[23]: LPMResponsé&rogrammedy ApplicatiofAppL1Res)

Handshakeesponseo LPMtoken specifiedoy deviceapplication.

Responselependson DEVICE_CFG.LPMCap.

1 DEVICE_CFG.LPMCap is 1'b0. The controller always resp
with Timeout (that is, no response).

1 DEVICE_CFG.LPMCap is 1'b1. The controller response is
on the value of this bit.

1 1'b0: The controller responds with an ACK upon a success
LPM transaction, which requires all the following are
satisfied.

There are no PID/CRCS5 errors in both the EXT token and the L

token (if not true, inactivity results in a timeout ERROR). A valig

bLinkState = 0001B (L1) is received in the LPM transaction (els

STALL).

No data is pending in the Transmit FIFO and OUT endpoints n

flow-controlled state (else NYET).

1 1'bl: The controller responds with an ACK upon a success
LPM, independent of transmit FIFO status and OUT endpd
flow control state. The LPM transaction is successful if all
following are satisfied.

 There are no PID/CRCS5 errors in both the EXT token and
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LPM token (else ERROR)

1 Avalid bLinkState = 0001B (L1) is received in the LPM
transaction (else STALL)

Bits[22:20]:Reserved

DEFAULT VALUBO

22

Reserved FieldYes

23:20

LPM_NYET _thres

R/W

LPMNYETThreshold

WhenLPMErratais enabled:

Bits[23:20]:LPMNYETResponsd hresholdLPM_NYET _thres)

Handshakeesponseo LPMtoken specifiedoy deviceapplication.

Responselependson DEVICE_CFG.LPMCap.

1 DEVICE_CFG.LPM@&@aphb0- The controller always responds
with Timeout (that is, no response).

1 DEVICE_CFG.LPMCap is 1Tt controller responds with a
ACK on successful LPM transaction, which requires that a
following are satisfied:

9  There are no PID or CRCS5 errors in both the EXT tokg
and the LPM token (if not true, inactivity results in a
timeout ERROR).

1 No data is pending in the TxFIFO and RxFIFO is emp
(else NYET).

1 The BESL value in the LPM token is less than or equ3
LPM_NYET_thres[3:0]

DEFAULT VALUGf

19

KeepConnect

R/W

Keep Connect

When '1', this bit enables the save and restore programming
model by preventing the controller from disconnecting from the
host when DEVICE_CTL.RunStop is set to '0'.

It also enables the Hibernation Request Event to be generated
when the link goes to U3 or L2.

The device controller disconnects from the host when
DEVICE_CTL.RunStop is set to '0'".

This bit indicates whether to preserve this behavior ('0"), or if th
controller must not disconnect when RunStop is set to 0 ('1").
This bit also prevents the LTSSM from automatically going to
UO/LO when the host requests resume from U3/L2.

Note: If Hibernation is disabled, that is,
GLOBAL_CTL[1].GblHibernationEn = 0, this bit is tied to zero.
DEFAULT VALUEO

18

L1HibernationEn

R/W

L1HibernationEn

When this bit is set along with KeepConnehte device controller
generates a Hibernation Request Event if L1 is enabled and the
HIRD value in the LPM token is larger than the threshold
programmed in DEVICE_CTL.HIRD_Thres.

The controller does not exit the LPM L1 state until software wri
Recovery into the DEVICE_CTL.ULStChngReq field.

This prevents corner cases where the device is entering
hibernation at the same time the host is attempting to exit L1.
Note: If Hibernation is disabled, that is,
GLOBAL_CTL[1].GbIHibernationEn = 0, this bit is tied to zero.
DEFAULT VALUBO

17

CRS

R/W

Controller Restore State (CRS)
This command is similar to the USBCMD.CRS bit in host mode
initiates the restore process. When software sets this bit to '1', 1
controller immediately sets DEVICE_STS.RSS to '1'. When the
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Bit

Label

Access

Description

controller has finished the restore process, it sets DEVICE_ST
to'0'.

Note: When read, this field always return to '0'.

DEFAULT VALUBO

16

CSS

R/W

Controller Save State (CSS)

This command is similar to the USBCMD.CSS bit in host mode|
initiates the save process. When software sets this bit to '1', the
controller immediately sets DEVICE_STS.SSS to '1'. When the|
controller has finished the save process, it sets DEVICE_SIBS.
'0'.

Note: When read, this field always returns to '0'.
DEFAULT VALUBO

15:13

reserved_15_ 13

RO

Reserved
DEFAULT VALUBO

12

INITU2ENA

R/W

Initiate U2Enable

1 1'b0:Maynot initiate U2 (default)

1 1'bl:Mayinitiate U2

On USB reset, hardware clears this bit to 0. Software sets this
after receiving SetFeature(U2_ENABLE), and clears this bit wh
ClearFeature(U2_ENABLE) is received.

If DEVICE_CTL[11] (AcceptU2Ena) is 0O, the link immediately e
U2 state.

DEFAULT VALUEO

11

ACCEPTUZENA

R/W

AcceptU2Enable

1 1'b0:RejectU2exceptwhenForce_LinkPM_Accepit isset
(default)

1 1'bl:Controlleracceptdransitionto U2stateif nothingis
pendingon the application side

On USB reset, hardware clears this bit to 0. Software sets this

after receiving a SetConfiguration command.

DEFAULT VALUBO

10

INITULENA

R/W

Initiate ULEnable

1 1'b0:Maynotinitiate U1 (default);

1 1'bl:Mayinitiate Ul.

On USB reset, hardware clears this bit to 0. Software sets this
after receiving SetFeature(U1_ENABLE) and clears this bit wh¢
ClearFeature(U1_ENABLE) is received.

If DEVICE_CTL[9] (AcceptUlEna) is 0, the link immediately ex
state.

DEFAULT VALUEO

ACCEPTUL1ENA

R/W

AcceptUlEnable

1 1'b0:ControllerrejectsUlexceptwhenForce_LinkPM-_
Acceptbit is set(default)

1  1'bl:Controlleracceptdransitionto Ulstateif nothingis
pendingon theapplication side

On USB reset, hardware clears this bit to 0. Software sets this

after receiving a SetConfiguration command.

DEFAULT VALUBO

8:5

ULSTCHNGREQ

WO

ULSTCHNGREQ
Software writes this field to issue a USB/Link state change requ
A change in this field indicates a new request to the controller.
If software wants to issue the same request baatback, it must
write a 0 to this field between the two requests. The result of th
state change request is reflected in the USB/Link State in
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Bit

Label

Access

Description

DEVICE_STS. These bits arectedired on the MAC Layer exiting
suspended state.

If software is updating other fields of the DEVICE_CTL register
not intending to force any link state change, then it must write g
to this field.
SS Compliance mode is normally entered and controlled by the
remote link partner. Refer to the USB 3.0 specification.
Alternatively, you can force the local link directly into compliang
mode, by resetting the SS link with the RUN/STOP bit set to ze
If you then write '10' to the USB/Link State Change field and '1'
RUN/STOP, the link goes to compliance mode.

Once you are in compliance, you may alternately write zero an
'10' to this field to advance the compliance pattern.

In SS mode:

Value Requested Link State Transition/Action

1 0 NoAction

1 4 SS.Disabled

T 5 Rx.Detect

1 6 SS.nactive

1 8 U3exitrequest

1 10 Compliance

Others: Reserved

In HS/FS/L&ode:

1 ValueRequestedSBstatetransition
1 8 Remotewakeuprequest

§ Others:Reserved

The Remote wakeup request must be issued 2 us after the dev
goes into suspend state (DEVICE_STS[21:18}éde3 to Table
"Fields for Register: DEVICE_STS").

Note: After coming out of hibernation, software must write 8
(Recovery) into this field to confirm exit from the suspended stg
DEFAULT VALUBO

4:1

TSTCTL

R/W

TestControl
4'b000:Testmodedisabled
4'b001:Test_Jnode
4'b010:Test_Kmode
4'b011:Test SEO_NAKode
4'b100:Test_Packemode
4'b101:Test_Force Enable
§f Others: Reserved
DEFAULT VALUBO

= —a —a —a -—a -9

reserved 0

RO

Reserved
DEFAULT VALU®BO0
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5.1.10 Device Event Enable Register (DEVTEN)
Table5.12. DEVICE_EVNT_EN

Bit Label Access Description
31:17 reserved_31_17 RO Reserved
DEFAULT VALUBO
16 ECCERREN RO ECC Error Enable.
If this bit is set to 1, the controller reports an ECC error to the
software when an uncorrectable ECC occurs internally.
DEFAULT VALUBO
15 reserved_15 RO Reserved
DEFAULT VALUBO
14 LIWKUPEVTEN R/W L1 Resume Detected Event Enable.
DEFAULT VALUBO
13 StopOnDisconnectEn RO Reserved
DEFAULT VALUBO0
12 VENDEVTSTRCVDEN R/W Vendor Device Test LMP Received Event (VndrDevTstRcvedE
DEFAULT VALUBO
11 reserved_11 RO Reserved
DEFAULT VALUE: 0x0
10 reserved_10 RO Reserved
DEFAULT VALUBO
9 ERRTICERREVTEN R/W Erratic Error Event Enable
DEFAULT VALUBO
8 L1SUSPEN R/W L1 Suspend Event Enable
DEFAULT VALUBO
7 SOFTEVTEN R/W Start of (u)frame
DEFAULT VALUBO
6 U3L2L1SuspEn R/W U3/L2 or U3/L2L1 Suspend Event Enable.
DEFAULT VALUBO
5 HibernationReqEVtEn R/W Thisbit enables/disablethe generationof the HibernatiorRequest
Event.
DEFAULT VALUBO
4 WKUPEVTEN R/W U3/L2 or U3/L2L1 Resume Detected Event Enable.
DEFAULT VALUBO
3 ULSTCNGEN R/W USB/Link State Change Event Enable
DEFAULT VALUEO
2 CONNECTDONEEVTEN | R/W Connection Done Enable
DEFAULT VALUEO
1 USBRSTEVTEN R/W USB Reset Enable
DEFAULT VALUEO
0 DISSCONNEVTEN R/W Disconnect Detected Event Enable
DEFAULT VALUBO0
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Table5.13. DEVICE_STS(DSTS)
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Bit

Label

Access

Description

31:30

reserved_31_30

RO

Reserved
DEFAULT VALUBO

29

DCNRD

RO

Device Controller Not Ready

The bit indicates that the controller is in the process of complet
the state transitions after exiting from hibernation. To complete
the state transitions, it takes 256 bus clock cycles from the time
DEVICE_CTL[31].Run/Stop is set. During hiberndtibe, i
UTMI/ULPI PHY is in suspended state, then thel2B6clock cycle
delay starts after the PHY exited suspended state. Software m
set DEVICE_CTL[31].Run/Stop to '1' and wait for this bit to-be
asserted to zero before processing DEVICE_STS.USBLNkS
This bit is valid only when USB3_EN_PWROPT is set to 2 and
GLOBAL_CTL[1].GbIHibernationEn =1.

DEFAULT VALUBO

28

SRE

R/W1C

Save Restore Error. Currently not supported.
DEFAULT VALUEO

27:26

reserved_27_26

RO

Reserved
DEFAULT VALUBO

25

RSS

RO

RSS Restore State Status

This bit is similar to the USBSTS.RSS in host mode.

When the controller finishes the restore process, it completes t
command by setting DEVICE_STS.RSS to '0'.

DEFAULT VALUEO0

24

SSS

RO

Save State Status

This bit is similar to the USBSTS.SSS in host mode. When the
controller has finished the save process, it completes the
command by setting DEVICE_STS.SSS to '0'.

DEFAULT VALUBO

23

COREIDLE

RO

Core Idle

The bit indicates that the controller finished transferring all RxF
data to system memory, writing out all completed descriptors, &
all Event Counts are zero.

Note: While testing for Reset values, mask out the read value. ]
bit represents the changing state of the controller and does not
hold a static value.

DEFAULT VALUB1

22

DEVCTRLHLT

RO

Device Controller Halted

This bit is set to 0 when the Run/Stop bit in the DEVICE_CTL

register is set to 1.

The controller sets this bit to 1 when, after SW sets Run/Stop t

the controller is idle, and the lower layer finishes the disconnec

process.

When Halted=1, the controller does not generate Device event

Note:

The controller does not set this bit to 1 if
GLOBAL_EVNT_COUNTRN has some valid value. Software
needs to acknowledge the events that are generated (by
writing to GLOBAL_EVNT_COUNTRN) while it is waiting for
bit to be set to 1.

1 When Interrupt Moderation is enabled, there could be dela|
in raising the interrupt line when the event count is npero.
Software should read the GLOBAL_EVNT_COUNT registe
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Bit Label Access Description
directly and acknowledge them.
DEFAULT VALUB1
21:18 USBLNKST RO USBLNKST.

USB/LinlState

In SS mode: LTSSM State

1 4'h0: U0

1 4hl:Ul

1 4'h2:U2

1 4'h3:U3

1 4'h4:SS_DIS

1 4'h5:RX_DET

1 4'h6:SS_INACT

1 4'h7:POLL

1 4'h8:RECOV

1  4'h9:HRESET

1 4'ha:CMPLY

1 4'hb:LPBK

T  4'hf: Resume/Reset

In HS/FS/LS mode:

T  4'h0:Onstate

1  4'h2:Sleep(L1)state

1  4'h3:SuspendL?2)state

1 4'h4:Disconnectedstate (Defaultstate)

1  4'h5:EarlySuspendstate (validonlywhenHibernationis
disabled, GLOBAL_CTL[1].GblHibernaticn®n

1 4'he:Resef(validonlywhenHibernationisenabled,
GLOBAL_CTL[1].GbIHibernatiorEl)

1  4'hf: Resumdvalidonly whenHibernationis enabled,
GLOBAL_CTL[1].GbIHibernatiorEl)

The link state Resume/Reset indicates that the controller recei

a resume or USB reset request from the host while the link was

hibernation. Software must write '8' (Recovery) to the

DEVICE_CTL.ULStChngReq field to acknowledge the resume

request

When Hibernation is enabled, GLOBAL_CTL[1].GblHibernation

1, this field USBLnkSt is valid only when Device_CTL[31].Run/

set to '1' and DEVICE_STS[29].DCNRD = 0.

The Early Suspend link state is an early indication of device

suspend in HS/FS. The link state changes to Early Suspend af

detecting bus idle for 3 ms.

1 In HS operation, this is an indication that the USB bus (tha
LineState) has been idle (SEQ) for 3 ms. However, it does
confirm whether the next process is Suspend or Reset. Th
device checks the bus again after pull up enable delay ang
the linestate indicates Suspend (full speed J), then the dey
waits for an additional time (~3 ms) to indicate the actual
Suspend state.

1 In FS operation, this is an indication that the USB bus (tha
LineState) has been in idle (J) for 3 ms. The device waits f
an additional time (~3 ms of Idle) to indicate the actual
Suspend state.

DEFAULT VALUB4

17 RXFIFOEMPTY RO RXFIFO Empty.

DEFAULT VALUB1
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Bit

Label

Access

Description

16:3

SOFFN

RO

FrameMicroframeNumber of the Received SOF.

When thecontrolleris operatingat SuperSpeed,

1 [16:3] indicates the uframe/ITP number.

Whenthe controllerisoperatingat high-speed,

1 [16:6]indicatesthe framenumber.

1 [5:3] indicates the micro frame number.

Whenthe controllerisoperatingat full-speed,

1 [16:14]isnot used.Softwarecanignorethese3 bits.

1 [13:3]indicatesthe framenumber.

Note: After poweron reset, the controller generates the
microframe number internally for every 125 us if the USB host
not issued SOF/ITP yet. During P3 state, the duration of SOFF
based on the suspend_clk frequency.

DEFAULT VALUBO

2:0

CONNECTSPD

RO

Connected Speed (ConnectSpd)

Indicates the speed at which the USB3 controller has come up

after speed detection through a chirp sequence.

1 3'b100: SuperSpeed (PHY clock is running at 125 or 250 N

1  3'b000: Higkspeed (PHY clock is running at 30 or 60 MHz)

1 3'b001: Fulspeed (PHY clock is running at 30 or 60 MHz)
Lowspeed is not supported for devices using a UTMI+ PH

Values

1 Ox4 (SuperSpeed): SuperSpeed (PHY clock is running at 1
250 MHz).

1 0x0 (HighSpeed): Higipeed (PHY clock is running at 30 or
MHz).

1 0x1 (FullSpeed): Ftdpeed (PHY clock is running at 30 or 6
MHz).

DEFAULT VALU®hen USB2 is only enabled then the value is

otherwise it is Ox4

5.1.12 Device Active USB Endpoint Enable Register (DALEPENA)

Bit

Label

Table5.14. DEVICE_ACT_EP_EN (DALEPENA)

Access

Description

31:0

USBACTEP

R/W

USBACTEP

USB Active Endpoints (USBACLEP)

This field indicates if a USB endpoint is active in the current
configuration and interface. It applies to USB IN endpoints
0.15 and OUT endpoints 0.15, with one bit for each of the 32
possible endpoints. Even numbers are for USB OUT endpoints|
odd numbers are for USB IN endpoints, as follows:

1 Bit[0]: USBEPGOUT

1  Bit[1]: USBEPGIN

1 Bit[2]: USBEP1OUT

1 Bit[3]: USBEP1IN

The entity programming this register must set bits 0 and 1 becg
they enable control endpoints that map to physical endpoints
(resources) after USBReset.

Hardware clears these bits for all endpoints (other than
EPOGOUT and ERIN) after detecting a USB reset event. After
receiving SetConfiguration and Setinterfaequests, the
application must program endpoint registers accordingly and s

wine latticesemi.com/legal


http://www.latticesemi.com/legal

=LATTICE

these bits.
DEFAULT VALU®BO

5.1.13 Device Physical Endpoimt Command Parameter 2 Register (DEPCMDPAR?2)
Table5.15. DEPCMDPAR2[0:7]

Bit Label Access Description
31.0 PARAMETER R/W PARAMETER
DEFAULT VALUE&O

5.1.14 Device Physical Endpoint Command Parameter 1 Register (DEPCMDPARL1)
Table5.16. DEPCMDPARZ1[0:7]

Bit Label Access Description
31:0 PARAMETER R/W PARAMETER
DEFAULT VALUEO

5.1.15 Device Physical Endpoimt Command Parameter 0 Register (DEPCMDPARDO)
Table5.17. DEPCMDPARO[0:7]

Bit Label Access Description
31:0 PARAMETER R/W PARAMETER
DEFAULT VALUEO

5.1.16 Device Physical Endpoint Command Register (DEPCMD)

Table5.18. DEPCMD[0:7]

Bit Label Access Description
31:16 COMMANDPARAM R/W Command Parameters or Event Parameters

Command Parameters (CommandParam) when this register is

written:

For Start Transfer command:

1 [31:16]: StreamID. The USB StreamlID assigned to this tra

1 For Start Transfer command applied to an isochronous
endpoint

1 [31:16]: StartMicroFramNum: Indicates the (micro)frame
number to which the first TRB applies.

For Update Transfer, End Transfer, and Start New Configuratig

commands.

1 [22:16]: Transfer Resource Index (XferRscldx). The hardw
assigned transfer resource index for the transfer, which wa
returned in response to the Start Transfer command. The
application softwareassigned transfer resource index for a
Start New Configutédon command.

DEFAULT VALUBO

15:12 CMDSTATUS R/W Command Completion Status (CmdStatus)

DEFAULT VALUEO

11 HIPRI_FORCERM R/W HighPriority/ForceRM (HiPri_ForceRM)

HighPriority. Only valid for Start Transfer command
ForceRM Only valid for End Transfer command
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Bit

Label

Access

Description

ClearPendINOnly valid for Clear Stall command. Software sets
this bit to clear any pending IN transaction (on that endpoint)
stuck at the lower layers when a Clear Stall command is issued
DEFAULT VALUBO

10

CMDACT

R/W

Command Active (CmdAct)

Software sets this bit to 1 to enable the device endpoint control
to execute the generic command.

The device controller sets this bit to 0 when the CmdStatus fiel
valid, and the endpoint is ready to accept another command. T
does not imply that all the effects of the previously issued
command have taken place.

DEFAULT VALUBO

reserved_9

RO

Reserved
DEFAULT VALUBO

CMDIOC

R/W

CMDIOC

Command Interrupt on Complete (CmdIOC)

When this bit is set, the device controller issues a generic Endp
Command Complete event after executing the command.

Note that this interrupt is mapped to DEPCFG.IntrNum. When t
DEPCFG command is executed, the command interrupt on
completion goes to the interrupt pointed by the DEPCFG.IntrNU
in the current command.

Note: This field must not set to 1 if the DEVICE_CTL.RunStop {
is 0.

DEFAULT VALUEO

7:4

reserved_7_4

RO

Reserved
DEFAULT VALUBO

3.0

CMDTYP

R/W

Command Type
Specifies the type of command the software driver is requestin
the controller to perform.

1 00h: Reserved
1 01h: Set Endpoint Configuratien64 or 96bit Parameter

1 02h: Set Endpoint Transfer Resource Configurat&bit
Parameter

1 03h: Get Endpoint StateNo Parameter Needed
 04h: Set StalNo Parameter Needed

1 05h: Clear Stall (see Set Stal)o Parameter Needed
1 06h: Start Transfer64-bit Parameter

1 07h: Update TransferNo Parameter Needed

1 08h: End TransferNo Parameter Needed

1 09h: Start New ConfiguratiorNo Parameter Needed
DEFAULT VALUEO

5.1.17 GLOBAL_TX_FIFO_SIZE (GTXFIFOSIZ(#n))

Table5.19. GLOBAL_TX_FIFO_SIZE

Bit Label Access Description

31:16 TXFSTADDR_N R/W Transmit FIFOn RAM Start Address
This field represents the memory start address for TXFIFON.
DEFAULT VALUBO

15:0 TXFDEP_N R/W TXFIFO Depth

This field contains the depth of the TXFIFOn.
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5.1.18 GLOBAL_RX_FIFO_SIZE (GRXFIFOSIZ(#n))
Table5.20. GLOBALRX_FIFO_SIZE

Bit Label Access Description

31:16 RXFSTADDR_N R/W Receive-IFOrRAM Start Address
This field represents the memory start addressRXIFIFOnN.
DEFAULT VALUBO

15:0 RXFDEP_N R/W RXFIFO Depth
This field contains the depth of tHeFIFOn.

5.2. USB IP 2/3 PHY Control Status Register Information
The following table lists the USB IP 2.0 PHY Control Status Register Information.

Table5.21. USB IP /3 PHY Control Status Register Information

Offset Register | Field Bit Field Name Description Reset
Name Access| Width Value
RW [6:0] PLL_MULTIPLIER USB3 PHY register. Output clock divide | T Q0 n N
ratio. Reserved for test and debug. 10
RO [7] Reserved Reserved. MQO N
RW [10:8] Reserved Reserved. 0 QO n
RW [13:11] PLL_SSCRANGE USB3 PHY register. PLL Spread Spectrul 0 Q0 n J
Clock (SSC) range
Value Description
000 -5100 ppm
001 -4700 ppm
010 -4200 ppm
011 -1200 ppm
100 -1200 ppm
101 -1200 ppm
110 -1200 ppm
u2phy ¢ 111 -880 ppm
0x10040 | sr_ctrl0_
reg
RW [15:14] PLL_CLKREF_SEL USB3 PHY register for PLL Reference Cl{ H Q0 M N
Selection.
Value Description
00 Choose the singlended off

chip clock PLL_CLKREF_E|
as reference

01 Reserved.

10 Choose the ofthip
differential clock
REFIN_CLK_EXT_P/M or @
chip differential clock
REFIN_CLK_INT_P/M as
reference.

11 Choose the singlended on
chip clock PLL_CLKREF_IN
as reference.
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Offset Register | Field Bit Field Name Description Reset
Name Access| Width Value
RW [16] PLL_CLK_WORD_QUARTH USB3 PHY register fguarter word clock | M Q0 ™M
EN output enable.Use this registefor test
and debug purposes.

RW [17] PLL_CLK_WORD_HALF_E| USB3 PHY register for half word clock MQO M
output enable. Use this register for test
and debug purposes.

RW [18] PLL_CLK_WORD_EN USB3 PHY register word clock output MQO M
enable. Use this register for test and deby
purposes.

RW [19] PLL_CLKREF_DIV3_EN USB3 PHY register for input ref divided by m Q 0 n
enable.
¢KAAE NBIAAGSNI Ydza i
reference clock is 60 MHz.

RW [20] PLL_CLKREF_SSC_EN Reserved. M QO

RW [21] PLL_CLKREF_EXT_EN Reference clock source selection MQO M

1 Select off chip reference clock
0 Select on chip ref clock
RW [22] PLL_SSC_EN PLL SSC enable control MQO M
1 Enable
0 Disable

RW [23] PLL_CLKREF_SSP_EN Reserved. M QO

RW [24] PLL_PI_CLK_SEL PI output clock enable M QO
For test and debug purposes.

RW [25] PLL_OUTPUT_R_EN 'PLL_CLK_I(Q)_R_P' output enable MQO M
For test and debug purposes.

RW [26] PLL_OUTPUT_L_EN 'PLL_CLK_I(Q)_L_P' output enable MQO M
For test and debug purposes.

RW [27] PLL_OUTPUT_EN 'PLL_CLKREF_SSC_OUT'/PLL_CLK_I_Il MmQ0 ™
'PLL_CLK_Q_L(R)_P output enable
For test and debug purposes.

RW [31:28] PLL_FSEL PLL start up timing selection: nQon

0011 | Minimum start up time
0111 | Medium start up time
1111 | Largest start up time

RW [7:0] pipew_beacon_min_freq Used by the detect beacon function. Bits | Y Q0 11
[7:0] of the configuration value for the 100
detect beacon filter. The register value to
program = maximum beacon period (ns)

u2phy _c 2*miphy_clk_osc period (ns).
0x1008c | sr_ctrll_ | RW [11:8] pipew_beacon_min_freq Used by the detect beacon function. Bits | 0x1
reg [11:8] of the configuration value for the
detect beacon filter. The register value to
program is equal to: maximum beacon
period (ns) / 2*miphy_clk_osc period (ns)
RW [15:12] Reserved Reserved. 0x0
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Offset Register | Field Bit Field Name Description Reset
Name Access| Width Value
RW [16] detect_status_invert Detection polarity MQO3O n
1 Invert polarity
0 Normal polarity
RW [17] txdetectrx_pol Detect polarity. MQO3O N
1 Positive
0 Negative
RW [21:18] refclk_div_pipe_clk refclk_div_pipe_clks equal to the nQon
reference clock period/pipe_clk
period(250MHz), upper integer.
RW [22] force_detect C2NDS wiE{illidza O02RImMQon
RW [23] use_new_txdetectrx TX detect RX method selection M QO
1 Use new TX detection.
0 Use old TX detection.
RW [31:24] pipew_time_cst_ns_force[7: Protocol time constant for receiver y QoM™
0] detection in ns (lower bytes). 000
RW [7:0] pipew_time_cst_ns_force[1l| Protocol time constant for receiver y Qo ™
5:8] detection in ns (middle bytes). 000
RW [11:8] pipew_time_cst_ns_force[l| Protocol time constant for receiver nQon
u2phy_c 9:16] detection in ns, (upper bytes).
0x10090 | sr_ctrl2_ | RW [15:12] Reserved Reserved. nQon
reg RW [23:16] pipew_time_cst_ns_thresho| New TX detect RX threshold time constar y Q K
d[7:0] in ns (lower bytes). 010
RW [31:24] pipew_time_cst_ns_thresho| New TX detect RX threshold time constal y Q K n
d[15:8] in ns (middle bytes). 000
RW [3:0] pipew_time_cst_ns_thresho| New TX detect RX threshold time consta n Q6 n
d[19:16] in ns (upper bytes).
RW [7:4] Reserved Reserved. nQo
RW [15:8] pipew_time_cst_ns_time_o | New TX detect RX threshold timeoutinny y Qo n
u2phy_c ut[7:0] (lower bytes). 100
0x10094 | sr_ctrl3_
reg RW [23:16] pipew_time_cst_ns_time_o | New TX detect RX threshold timeoutinny y Q0 n
ut[15:8] (middle bytes). 001
RwW [27:24] pipew_time_cst_ns_time_o | New TX detect RX threshold timeoutinng n Qo n
ut[19:16] (upper bytes).
RW [31:28] Reserved Reserved. nQon
RW [3:0] pipew_detect_p3_usb_rise_| Used by USB3 TX detect RX function. Bitf n Qo
value_threshold_2 [3:0] of wait value defining a time interval
before detecting that a signal is present o
the partner chip RX inputs. The register
value to program = wait_time(ns)/ pipe_cl
period (ns).
u2phy ¢ | RW [7:4] Reserved Reserved. nQon
0x100AC| sr_ctrld_ | RW [8] rxelecidle_ctrl M QG
reg 1 | Pipe_rxvalid assestxelecidle
regardess ofsigde (signal
detected)
RW [9] ignore_analog_sigdet MQO n

1 | Ignore analog sigdet if RX18b
decode is error free.
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Offset Register | Field Bit Field Name Description Reset
Name Access| Width Value
RW [10] use_new_pipew_pwm_ctrl MQ3 M
1 | Use the new power mode control
logic.
RW [15:11] | count_8b10b_decerr_deass| |f 8b10b decode error occurs in p Qo6 AW
ert_rxvalid count_8b10b_decerr_deassert_rxvalid
sequential cycles, pipe_rxvaliassers.
RW [16] pcie_p2_pclk_en Not used for USB. MQO N
RW [17] Reserved Reserved. MQJ3 M
RW [18] txalign_ready_enable Not used for USB. MQO M
RW [19] pipew_phystatus_reach_for| Not used for USBJsedto force phystatus | m Q0 n
ce_en ready time The time dependon
pipew_time_power_reach_0 and
pipew_time_power_reach_1.
RW [23:20] Reserve Reserved. nQo niJ
RW [24] force_sync Not used for USB. Force clear the txebufff m Q0 n
RW [25] sync_enable_txelecidle Not used for USB. MQO M
1 Txelecidldalling edgeclearsthe
TXelastic buffer {xebuff).
RW [26] sync_enable_rate Not used for USB. MQO n
1 Rate edgelearsthe TX elastic
buffer (xebuff).
RW [31:27] Reserve Reserved. p Q0 n
RW [7:0] pipew_time_power_reach_QJ Not used for USB. y Q0 M T
If power mode is changed, power reach iy 010
asserted after pipew_time_power_reach
timeout. Becaus¢he PMA cannot assert
power reach, the PCS generates power
reachby itself.
RW [15:8] pipew_time_power_reach_1 Not used for USB. y Q0 n
If power mode is changed, power reach iy 011
asserted after pipew_time_power_reach
timeout. Becaus¢he PMA cannot assert
power reachthe PC$enerates power
reachby itself.
RW [16] bist_en Software starts bist test. bist_en is cleare{ M Q0 n
u2phy_c by software if no bist error occurs.
0x100C8 | sr_ctrl5_ However, if bist error occurs, bist_en is
reg cleared automatically.
RW [17] force_scram_off During bist mode, the scramble and-de | M Q0 n
scramble feature is forced tiirn off as the
bist mode is only used for debugging
purposes
RW [18] clear_fsm It is used to clear the BIST FSM fotast MQO N
purposes.
RW [19] bist_done This bit is used to indicate bist done. M Q0
RW [20] bist_fail This bit is used to indicate bist failure. M Q0o
RW [21] pat_gen_data This bit is used to indicate FSM pat_gen | M Q0 n

stays in PAT_GEN_DATA, only if
pat_gen_data asserts. Software can cleal

bist_en.
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Offset Register | Field Bit Field Name Description Reset
Name Access| Width Value
RW [22] bist_mode MQO N
Normal function mode.
1 To enable Bist test mode.
RW [23] error_inject MQO n
0 Indicates no error is injected.
The bist error count must be 0
when bist test is completed.
1 Indicates 1 error is injected. The
bisterror count must be 1 when
bist test is completed.
RW [31:24] pipew_bist_tseq_num_| Indicates the lower 8 bits of TSEQ numbg y Q0 n J
in bist mode. 000
RW [7:0] PMA_DEBUG_SELO Indicates PMA signals debug flag select. | y Q0 n 7
000
RW [15:8] PMA_DEBUG_SEL1 Indicates PMA signals debug flag select. | y Q0 n 7
000
RW [16] USB3_PHY_CLK_SEL This bit indicates PHY clock selection for| M Q6 n
u3phy_p USB3.
0x14010 Tga_scjeelb RW [17] usb3phy_internal_rstn This bit indicates internal reset for USB3.| m Q 6
migc_rgg RW [18] usb3phy_refclk_sel This bit indicates reference clock selectio|l m Q 6
for USB3.
RO [19] BIST_DONE_U3PHY This bit indicates that the BIST is done fol M Q0 n
USB3.
RO [20] BIST_FAIL_U3PHY This bit indicates BIST failure for USB3. | M Q0 n
RO [31:21] Reserved Reserved. MMQO
RW [1:0] LDO_1P0_ADJ Indicates internal LDO Configure with HQO N
different VDD voltage application as
follows:
00 1V VDD application
01 0.9V VDD application
10 0.8V VDD application
11 0.7V VDD application
RW [4:2] LS CROSS_ADJ Indicates lowspeed signal cross point 0Qonrn
adjustment
RW [6:5] HS_RISE_TUNE Indicates TX highpeed signal Reg~all HQO NI
uZphy_ time adjustment.
0x18000 gwlfg_ctrl RW [7] CDR_RST_SEL IndicatesCDR reset configuration pin. MQO N
—ed RW [15:8] GLOBAL_CONFIG Indicatesglobal configure control y Q0 nn
000
RW [18:16] | FS_CROSS_ADJ Indicatesfull speed signal cross point 0 Q0 n
adjustment.
RW [21:19] | REG14_ADJ Indicatesinternal regulator output 0 Q0 n
adjustment.
RW [23:22] | HS_REGOP8_ADJ Indicatesinternal regulator output H QO n
adjustment.
RW [27 : 24] | SQL_SP_ADJ IndicatesRXsquelch output adjustment. nQaon
RW [31:28] | VBUS_VLD_ADJ IndicatesVBUS valid detector adjustment., n Q0 n s
0x18004 | u2phy_ | RW [0] CALIB_ONCE_EN Indicateshigh-speed calibration MQO n
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Offset

Register
Name

Field
Access

Bit
Width

Field Name

Description

Reset
Value

misc_ctrl
1 reg

configuration pin.

RW

[2:1]

HS_EMP_ADJ

Indicateshigh-speed preemphasis
adjustment.

RW

[4:3]

SQL_CUR_ADJ

IndicatesRXsquelch current adjustment.

RW

[7:5]

PLLBW_SEL

Indicates PLL bandwidth configuration pir]

RW

(8]

BIST_EN_N

Indicates the pin that provides the BIST
enabling signal.
0 BIST enabled, internal BIST tes

1 Normal operating mode

RW

€

SCP_EN

IndicatesDP /DM short protect enable.

RW

(10]

SEL_12_24M

The pins are used to select the input
reference clock /Crystal OSC frequency.

0 The input internal clock /Crystal
OSC frequency must be 12 MH
1 The input internal clock /Crystal
OSC frequency must be 24 MH

RW

(11]

HS_LP_MODE_EN

Indicates higkspeed lowpower mode
enable pin.

RW

[15 : 12]

SQL_VTH_ADJ

Indicates RXquelch threshold voltage
adjustment.

RW

(16]

HS_EMP_EN

Indicateshigh-speed preemphasis enable
pin.

RW

(17]

RSTN_BYPASS

IndicatesRESET Bypass configuration pin m

RW

[19 : 18]

CDR_BW_SEL

IndicatesCDR bandwidth configuration
pins.

RW

[23 : 20]

CDR_TIMING_SEL

IndicatesCDR timing configuration pins.

RW

(24]

SEL_INTERNALCLK

Indicatesthe pin is used to select the 12
MHz/24 MHz input clock source.

0 The clock is from crystal OSC.
1 The clock is from INTERNALCL

RW

[27 : 25]

XOSC_CUR_ADJ

IndicatesXOSC current adjustment.

RwW

[31: 28]

DISC_ADJ

IndicatesRX Disconnect threshold voltage
adjustment.

0x18008

uzphy_
misc_ctrl
2 reset
status_r

€g

RwW

0]

XCLK12MOUTEN

Indicatesinternal crystal oscillator enable
pin.

1 The internal crystal oscillator is
always powered on even in USH
Suspend mode.

0 The internal crystal oscillator wil
power done in USB Suspend
mode.

RW

[3:1]

TEST_LOOP

Indicates the pins provide internal loop te:
for the PHY IP:

000 | Loop 1 (Digital blocks + Analog
blocks) (HS).

Loop 2 (Digital blocks + Analog
blocks- Xmit/Rcv/Squelch)(HS).
Loop 3 (Digital blocks + Analog
blocks- Xmit/Rcv/Squelclg

001

010

CDR) (HS).

0Q0
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Offset Register | Field Bit Field Name Description Reset
Name Access| Width Value
011 | Loop 4 (Digital blocksanalog
blocks- Xmit/Rcv/SquelchkCDR
EB) (HS).
100 | Loop 1 (Digital blocksanalog
blocks) (FS).
101 | Loop 2 (Digital blocksanalog
blocks- Xmit/Rcv/Dpll) (FS).
110 | Reserved (FS).
111 | No loop. Normal operating
status.
RW [4] RX_LP_EN Indicates RX loypower mode enable pin. Qo n
RW [7:5] REG20_ADJ Indicatesinternal regulator output 0 Q0 n
adjustment.
RW [8] USB2_PHY_CLK_SEL This bit indicates PHY clock selection for| M Q6 m
USB2.
RW [9] usb2phy_internal_rst This bit indicates reference clock selectiol M Q6 m
for USB2.
RW [10] usb2phy_refclk_sel This bit indicates reference clock selectio|l m Q 6 n
for USB2.
RO [11] BIST_DONE_U2PHY This bit indicates BIST done for USB2. MQO N
RO [12] BIST_ERR_U2PHY This bit indicates BIST failure for USB2. | M Q0 n
RO [31:13] | Reserved Reserved. M QO T
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6. Operation Details

6.1. Enumeration Sequence

The following lists the steps involved in the enumeration sequence:
Poweron or soft reset

USB reset event

Connect done event

SetAddress device request

SetConfiguration device request

=A =4 =4 -4 =

6.1.1. PowerOn or Soft Reset

When the controller is powered on, the software must perform the following initialization:

1. {SG 5/¢[d /{Fiwald FASIR (2 mMod 2FAG dzyGAf n A& NBGdzNYSR

2. {gT@rzl- |>|J§ Ydzad NBIR GKS D{bt{L5 NBIAAGSNI (2 TFTABRISORT AD®2 )
FSIHGdz2NBa®

3. t NPINIY RSOAOS aLISSR o0AlGaA FYR LISNA2RAO FTNYYS AydaSNBIt ¢

4, | NBFGS I ¢w. F2N) aSiddzLd LI O1S0G dzaAy3d NBIAAGSNI 59t/ as5d

5. 9yl 6tS LIKeaAOlt SyRLRAyGA n YR M dza&Ay3d NBIAAGSNI 5! 9t ¢

6. {SG 5/ ¢[ > wdzyaidiz2L) G2 m (2 tf2¢ GKS RSGAOS G2 GGl OK

6.1.2. USB Reset

To initialize the controller as the device, you must perform the following steps:

1. /2YLX SGS GKS O2y(iNRt (N}y&BINILI R ORSAENPNE SERKEME &VES OR § i
ijNJ- )fé?SNJ Ad adAatt Ay LINRINBaao

2. adzS | 59t 9b56 /PO ORANALIYYRE | O K569S/ aioNd NERFFASANG SINGINE dz3 K
3. léédé - 59t/ {¢![[ o/ tSIENJGIHEEMSEN T KU YO RBREEDK R EA RNBIAE (§SyNBD
4. {SG 5S@! RRNJI &5/ @D (MNP HZHEKS N3p

6.1.3. Connect Done
Software is required to perform the following steps when this event is received:

1. wSIFR 5{¢{ NBIAAGSNI G2 20GFAYy GKS O02yySOGA2Yy &LISSRO®
2. t NEINFY GKS D/ ¢[ow!a/[Y{9] FASER (G2 aS{SO0 GKS O2NNBOL
NBaSitd G2 n FFGSNI ! {. NBaSlo ,2dz YdzaG NBLINBINI Y GKAA NB:
3. LaadzsS | 59t/ a5®d59t/ CD O2YYlIyR FT2NJ LIKaayr NEa SSiyaRLIZAy dal n
Table6.1. Maximum Packet Size Based on the Configured Speed
Mode MaxPacketSize
SuperSpeed 512
High-Speed 64
FultSpeed 8/16/32/64
LowSpeed 8
4. hLIGA2ylEY L 2dst VEROOKS2a&Si2 - NELCh adyDNS DAeaSENNI A g 3G €8 G
I-() 20S F¥2NJ GKS YIEAYdzy LI O1SG &aAi So
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6.1.4. SetAddress Device Request
If the software receivea SetAddress request during the SETUP packet, perform the following steps:
1. /2YyFTA3dNNE GKS 5/ CD NBIAAGSNI 6AGK GKS RSOAOSKERRNEG ad ONBT
Ad RSO2R 0}
2. 101y26t SRAS /(aKsS] ¢5190t! /{a 0@ A & & dzoy 3 FINIS5 EiNI 5 F/SADHE O2YYF YR LI
A

I FGSNI NBSOSA QA yaaa (itKiSdza 0F SSNBHRYUMIS | R &

D

w
Pl

O

6.2. Transfer Flow

6.2.1. Controkdata/Bulk/Interrupt OUT TransferHow

This section describes the typical data OUT transfer flowCtmtroldata/Bulk/Interrupt. There aredwo scenarios thatan
happen
S & &dzli ¢R INGI

80SdzF FSNB o0STF2NB K2aid NBIldSaido
S & adzld sR INBI &

oS
SdzF FSNE F FGSNI K2ald NBljdsSaido

The following figureshowshow the device software sestup data buffers beforéhe host requess for Controt
data/bulk/interrupt transfer flow.

Host USB Controller Device Software

Sets up normal TRBs and enables DM
by triggering the Start transfer.

1/./ y triggering

Fetches the TRB and stores in the cache.

Sends the data packets

Receives the packets in RxFIFO and
stores them in the TRB data buffer
through DMAs. BUS DMA keeps
receiving the data from the host as long
as there is space RxFIFO. After all
data is received, the controller updates

1
1
1
1
:
1
1
1
:
1
1
1
the TRB status and generatesa\ |
XferComplete event. !
4 1
:
1
1
1
:
1
1
1
1
1
1
1
1
1
1
1

Processes the XferComplete event.

Figure6.1. DeviceSoftware Sets Lp Data Buffers Before Host Request for Controldata/Bulk/ Interrupt Transfer
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If the device software setup data bufferafter the host request refer to the following figure for the transfer flow.

Host

Sends the data packets
1

«—
Sends the data packets
\5

o

\

USB Controller Device Software

Device sends NAK in N@&% mode and
sends NRDY in SS mode to host since
DMA is not setugeady yet. Also
generates an XferNotReady event.

\2

\ Upon seeing the XferNotReady event,
the software sets up TRBs and enable
DMA by issuing Start Transfer.

-

3
Fetches the TRB and stores in the cache.

Receives the packets in RxFIFO and
stores in TRB data buffer through DMAs.
BUS DMA will keep receiving the data

from the host as long as RxFIFO has the
space. Once all data is received, the
controller updates the TRB status and
generates a XferComplete event. \6

Processes the XferComplete event.

A
/

If controller detect a short packet before
the transfer size data programmed in
the TRB is received, then it skips the
remaining TRBs of the transfer.
However, if the controller encounters
control bits LST, IOC, or ISP, then it
generates event and in case of an LST
TRB, the stream will be completed.

If detected a skipped TRB condition, the
software reclaims the TRBs with HWO =
1.

Figure6.2. DeviceSoftware Sets U Data Buffers After Host Requests for Controkdata/Bulk/ Interrupt Transfer

6.2.2. IsochronousOUT TransfeHow

This section descrilzghe IsochronouOUT data transfer flow. There aw@o scenarioghat can happerduringthe

IsochronousOUT transfer:

1. 55A0S a8TXzRII NP BH8AFFSNE 0STF2NB Kz2aid NBldSaido
2. 5SPA0S aadEld gRINBI 30SdzF FSN& | FGSNJ K2aid NBIljdzSai
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The following figureshows thelsochronousOUT transfewhen thedevice softwaresets updata buffers before host
request.

Host USB Controller Device Software

Sets up normal TRBs and enables DM
Controller discards the packet if the 'QRB/l/ by triggering the Start transfer.

is not fetched on time. If there is
addition of subsequent packets in the
serviceinterval, the controller also
discard the packet.

Sends the data packets

If DMA is enabled and RxFIFO overrrun
happens or CRC failed, then the
controller discards the packet. The
subsequent packets the service
interval will be dropped as well.

\4\'\‘

Processes the XferComplete event.

Figure6.3. IsochronousOUT Transfewhen Device Softwaresets U Data Buffers Before Host Request
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However, ithe device softwaresets updata buffer afterthe host requestyefer to the following figure.

Host USB Controller Device Software

Sends the data packets . .
Device sends NAK in n@&8 mode and

1\ sends NRDY in SS mode to the host
because the DMA is not set up yet. The

device also generates a XferNotReady

event.

If DMA is not enabled, then the

controller drops the data and ger%s\z

E a XferNotReady event. \\‘ After seeing the XferNotReady event,

E the software sets up TRBs and enable

Controller discards the packet if the TRB DMA by issuing the Start Transfer.

is not fetched on time. If there is /3 I

addition of subsequent packets in the
4+ additior quent p .

serviceinterval, the controller will

Sends the data packets discard the packet.

5

T If DMA is enabled and RxFIFO overrrun
happens or CRC fails, then the controller
discards the packet. The subsequent
packets in the service interval are

dropped aswell. \
6.

Processes the XferComplete event.

/ ’
If the controller detects a short packet
before the transfer size data
programmed in the TRB is received,
then it skips the remaining TRBs of the
transfer.
However, if the controller encounters
control bits LST, 10C, or ISP, then it
generates an event and in case of an LST
TRB, the stream will be completed.

If a skipped TRB condition is detected,
the software reclaims the TRBs with
HWO =1.

Figure6.4. IsochronousOUTTransferwhen Device Software Sets Up Data Buffers after Host Request

6.2.3. Controldata/ Bulk/Interrupt IN Transfer How

This section describeke data transfer flow for Contretlata/Bulk and Interrupt. There at&o possible scenarios thaan
happen

1. ¢K@FadoglIMBI) R$A 0dzZFFSNE 0SF2NB | K2ald NBIljdsSadao
2. CK@TFaoIaMBI RFJG I o0dzZFFSNA FFGESNI I K2ad NBIdzSaido

wine latticesemi.com/legal


http://www.latticesemi.com/legal

USB 2.0/3.2 IP = LATTICE

User Guide

Host USB Controller Device Software
Sets up normal TRBs and enables DMA

P by triggering the Start transfer.

Fetches the TRB, stores in the cache and-1
prefetches the data in the TxFIFO.
During SS mode, the controller sends

Issues token request if 2
g «— ERDY.

in nonSS mode. Issues

ACK TP to request data\
ifin SS mode.

In the event that DMA data transfers
keep up with the host request, the
device sends all the data, updates the
TRB status, and generates an
XferComplete event when ACKs for the
packets are received.

The TxFIFO will become empty on a host
data request if DMA become slower.
Under such scenario, the device sends a
NAK in norSS mode and send NRDY in
SS mode. When data is available in
TxFIFO, the device sends ERDY and waits
for host request again.

During norSS mode, a transmitted
packet is kept in the TXFIFO until the
ACK arrives if the host retries a packet.

In SS mode, the controller can send
additional packets in burst before ACK is
received. NRDY is sent to the host and
TXFIFO is flushed if a retry happens. The
DMA command is issued on the master
bus to prefetch data from where the

host is requesting.

Processes the XferComplete event.

Figure6.5. Controldata/Bulk/Interrupt IN Transferwhen DeviceSoftware Sets U Data Buffers beforeHost Request
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However, ithe device software setup data buffers after host request, refer the following figure.

Host

Issues token request in

non-SS mode. Issues

ACK TP to request data

in SS mode.

\1

B

/4/

Issues token request in
non-SS mode. Issue ACK
TP to request data in SS

mode.

\5

USB Controller Device Software

Device sends NAK in n&8 mode and
NRDY in SS mode to host if DMA is not
set up yet. The Controller generates an
XferNotReady event.

2

S

Upon receiving the XferNotReady event,
the software sets up a normal TRBs and
enables DMA by issuing the Start
transfer.

3/
Fetches the TRB, stores in the cache‘/

and prefetches the data in the TXFIFO.
During SS mode, the controller sends
ERDY.

In the event that DMA data transfers
keep up with the host request, the
device sends all the data, updates the
TRB status, and generates an
XferComplete event when ACKs for the
packets are received.

Il

l

l

l
The TxFIFO becomes empty on a host i
data request if DMA becomes slower. '
Under such scenario, the device sends a i
NAK in norSS mode and sends NRDY in i
SS mode. When data is available in !
TxFIFO, the device sends ERDY and waits 1
for host request again. i
Il

Il

6.

During norSS mode, a transmitted
packet is kept in the TxFIFO until the
ACK arrives if the host retries a packet.

In SS mode, the controller can send
additional packets in burst before ACK is
received. NRDY is sent to the host and
TxFIFO is flushed if a retry happens.
DMA command is issued on the AXI o\
AHB bus to prefetch data from where

the host is requesting.

Processes the XferComplete event.
If the software detects that the transfers

always end with short packets that requires /
a zerebyte packet to end a transfer, the

software will include a zerbyte TRB /
(CHN=0) after the last TRB (an even multiple

of MaxPacketSize). However, the software

does not know if the host will perform

another IN token after receiving the exact

number of bytes (in multiples of MPS),

software does not include a zetwyte TRB

and sets LST in the last TRB. If the host

returns with another IN for a zerbyte

packet, it uses the XferNotReady/Start

Transfer mechanism to add one zegte

TRB. This is callé®nDemandé

i
i
7
1
i
i

Figure6.6. Controldata/Bulk/Interrupt IN Transferwhen Device Software Sets U Data Buffers after Host Request
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6.2.4. IsochronoudN TransfeHow

This section describdbe IsochronoudN transfer flow.The following listshe difference between isochronous and non

isochronous IN transfer flow:

f 2KSy AKGsadBI RFdiI o0dzFFSNAR 06STF2NB Kk aSHNBF S Al KB 0O ya
FYR {{ Y2RSao

1 2KSYy a@R$ ¢ BB RISGHlF o
- FTSNb2dwSI Re SgSyido

dzFFSNAB FFGSNI K2aid NBIjdzSadz GKS RSGAC

_

The following figureshowsthe IsochronoudN transferwhen thedevice software satup data buffers before host request.

Host USB Controller Device Software
Sets up normal TRBs and enables DMA

by triggering the Start transfer.
Fetches the TRB, stores in the cache, 1/ y iggering

and prefetches the data in the TXFIFO.
During SS mode, the controller sends
ERDY.

Issues token request in 2
non-SS mode. Issue ACK
TP to request data in S

mode. 8\3
If the Tx FIFO is empty when host IN
request arrives, the controller returns a
zero length packet in both ne8S and SS

modes.
\
\

Processes the XferComplete event.

Figure6.7. IsochronousiN Transfer when Device Software Sets Up Data Buffers before Host Request
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ForlsochronoudN transferwhen thedevice software setups data buffers after host request, refer tioe following figure.

Host USB Controller Device Software

Issues token request in
non-SS mode. Issues
ACK TP to request data

in SS mode. \
1

Returns zero length packet and
generates an XferNotReady event.

\z

Upon receiving the XferNotReady event,
the software sets up a normal TRBs and
enables DMA by issuing the Start
transfer.

3
Fetches the TRB, stores in the cach/

and prefetches the data in the TXFIFO.
During SS mode, the controller sends

, ERDY.
Issues token requestin

non-SS mode. Issues
ACK TP to request data

in SS mode.
\5

\ If the Tx FIFO is empty when host IN
request arrives, the controller returns a
zero length packet in both ne8S and SS

modes.
E—

—

Processes the XferComplete event.

If the software detects that the transfers
always end with short packets that requires _7
a zerobyte packet to end a transfer, thAe/
software will include a zerbyte TRB

(CHN=0) after the last TRB (an even multiple
of MaxPacketSize). However, the software
does not know if the host will perform

another IN token after receiving the exact
number of bytes (in multiples of MPS),
software does not include a zetuyte TRB

and sets LST in the last TRB. If the host
returns with another IN for a zerbyte

packet, it uses the XferNotReady/Start
Transfer mechanism to add one zevgte

TRB. This is call€&@hDemand

Figure6.8. IsochronoudN Transfer when Device Software Sets Up Data Buffers after Host Request
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7. Designing with the IP

This section provides information on how to generate the IP core using the Lattice Radiant softwaceatodruna
synthesis. For more details on the Lattice Radiant software, refer thattece Radiant Software User Guide

7.1. Generating and Instantiating the IP

. 2dz Oy dza8S GKS [FGGAOS wlcRAIFYy(d &a2F06FNB G2 3ISYSNIdS Lt

following steps describe how to generate the USB2.0/3.2 IP in the Lattice Radiant software:

1. /I NBFGS + ySg [FTGGAOS wlERAFYy(G a2Fidél NS LINRP2SOG 2N 2Ly |

2. Ly LitKS Hillotz2 e izpd aiy RISING  1Of (6@ 2aNBRdzfe KSL t  2(L35G1a 22 A Tal MK 2 6y
SR

CAImemB 9y i SN dIRtvydzRay EMMGY B K NS am SBiR Of A 01

Module/IP Block Wizard et
Generate Component from IP USB23 Version 3.1.1

This wizard will guide you through the configuration, generation and instantiation of this Module/IP. Enter
the following information to get started.

Component name:  USB

Create in: C:/home/ Browse...

MNext = Cancel

Figure7.1. Module/IP Block Wizard

3. Ly (iKeS2 RBESik Lt SAY®RR 674 0MMR2YAT S GKS ast SReOR tIMal & dnykR
2ESADENK 2648 | O2yFAIdNI GA2y SEFYLES 2F (GKS !'{. HOAKO DI
B

TSN i 2 N K&l 186 Odide2 WIONE
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User Guide
Module/IP Block Wizard . _ x ‘

Configure Component from IP USB23 Version 3.1.1

Set the following parameters to configure this companent.

Diagram USB

4

USB

-
REFINCLKEXTM_i
REFINCLKEXTP_i

— RXM_i

— RXP_i

USB2_RESET_i
—USB3_MCUCLK_
USB3_SYSRSTN_
—USBPHY_REFCLK_ALT i
—USB_RESETM_i
—USB_SUSPENDCLK_ i

— XOINTE_i

—Immi_clk_i

w Immi_offset_i[14:0]
—Immi_request_i
—Jlmmi_rst_n_i

w Immi_wdata_i[31:0]
—Immi_wr_rdn_i

w1 _bmisc_info_i[3:0]

w1 _rmisc_info_i[3:0]

.

~

AX|_Data_Interface] f=
RESEXTUSE2—
RESEXTUSE3

TXM_ol—
TXP_ol—
VBUS_i—
XOOUT18 o

interrupt_o
Immi_rdata_o[31:0]ju

Immi_rdata_valid_o
Immi_ready_of—
usb23_DM
ush23_DPp—

xmi_arlock_o[1:0]
xm_armisc_info_o[3:0]
xm_awlock_o[1:0]
xm_awmisc_info_o[3:0]

xm_wid_o[7:0]

USB23

User Guide

Configure USB:
Configure
Property
~ Parameter
USB_MODE
GSR

Host Interface

Value

USB23
ENABLED
LMMI

No DRC issues are found.

< Back Generate Cancel
Figure7.2. IP Configuration
4. | t DOYSHI ¢S O1 BEWSEMKGIt 23 o602E 21LSya 6AiGK

C A Jalhs

RS asn 2K 206ty2 Ry Y
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Module/IP Block Wizard pd

Check Generated Result
Check the generated component results in the panel below. Uncheck option ‘Insert to project’ if you do not want to add this component to your
design.

Component ‘USB' is successfully generated.
IP: USB23  Version: 3.1.1

Vendor: latticesemi.com

Language: Verilog

Generated files:
IP-XACT_component: component.xml
IP-XACT _design: design.xml
black_box_verilog: ril/USE_bb.v

cfg: USB.cfg

dependency_file: eval/dut_instwv
dependency_file: eval/dut_params.v
IP package file: USB.ipx
template_verilog: misc/USB_tmpl.v
template_vhdl: misc/USE_tmpl.vhd
top_level_verilog: rtl/USB.v

B Insert to project

< Back Finish

Figure7.3. Check Generated Result

5./t COYMRAK f GKS TSYySNIGSR TAL SA |+ MBIBUIE R ERRAIIYEIY i KySF VRS N
TASERAY CRHIWMUR6Y AY

7.1.1. Generated Files and File Structure

The generated USB2.0/3.2 module package includes the bladk@oxmponent name>_bb.and instance templates
(<Component name>_tmpl.v/vinthat can be used to instantiate the core in a 4epel design. An RTL example of the
top-level reference source filecComponent name>).that can be used as an instantiation template for the module is also
provided. You may also use this example as the starting template for yodexwepdesignThe following table listshie
generated files

Table7.1. Generated Files

Generated Files Description

<Component name>.ipx This file contains information on the files associated with the generated |

<Component name>.cfg This file contains the parameter values used in IP configuration.

component.xml This file contains the ipxact:component information of the IP.

design.xml This file documents the configuration parameters of the IPKART 2014
format.

rt/<Component name>.v This file provides an RTL example of the top file that instantiates the
module.
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Generated Files Description
rtl/<Component name>_bb.v This file provides the synthesibbsedbox.
misc/<Component name>_tmpl.v These files provide instance templates for the module.
misc/<Component name>_tmpl.vhd
eval/dut_inst.v This folder includes the following files required for the USB23 example
eval/dut_params.v design:
eval/nx33u_cmp_revb_evn_bd_rd_des.zip 1 nx33u_cmp_revb_evn_bd_rd_deszifontainsthe Radiant and
eval/applicatiodwinusb_async_app_rel_v_1_6.zip Propek softwaredesign file.
eval/softward usb23hal_6eps_v2_2.zip 1 applicationwinusb_async_app_rel_v_@&.zipt Windows Host
applicationpackage
1 software/usb23hal_6eps_v2.zipt Containsall the C codéor HAL
driver.

7.1.2. Design Implementation

The USB23 Benchmark destgat is providedalreadyhasthe correct pin assignmeatHoweveryou canadd or modify the
designto include additional stepthat specify analog properties, pin assignments, and timing constraints. You can add and
edit the constraints using the Device Constraint Editor or by creating a PD@fileally

Device Constraint Editor
For more information on how to use the Device Constraint Editor, refer td.¢iiice Radiant Software 262 User Guide
Manual PDC File Creation

The USB23 Benchmark design alrelagthe .pdc(post synthesis constraint file) fildedin the Radiant software and
definesthe 1/O pins according to the schematic desiljryou wish to add other O pin assignmest you can define
different types of constraints such as pins, clocks, and other timing paths.

7.1.3. Timing Constraints
Seethe Clock Interfaceection for details about the clock ports of the USB2.0/3.2 IP.

For more information on timing constraints, refer to thattice Radiant Timing Constraints Methodology Application Note
(FPGAAN-02059)
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8. Example Design

This section describes the USB23 Benchmark example design that demonstrates the functionalitySB th€/3.2 1PAIl
the functionality of theUSB 2.0/3.2 I8 supported in the Eval folder example design.

The USB23 Benchmark example design allows you to compile, simulate, and test the USB 2.0/3.2 IP on the following Lattice
evaluation board:
1 CrossLinkdNX EvaluatioBoard RevB(LIFCI33U-EVN)

8.1. Overview of the Example Design and Features

The following lists the key features of the example design:

1 Supports USB device enumeration

1 Supports USB transfers such as Bulk, Interrupt, Cqomindlisochronous

1 Provides UART for debugging purposes

1 Provides an example design faardware testing, debugging (through UART), or release modes

8.2. Example Design Components

The Eval_Top example design includes the following blocks:
USB23ontroller
RIS&/MCmicrocontrollerprocessor
AHBLo-LMMI converter

UART

GPIO

Systenmmemory

PLL

AHBL interconnect

APBinterconnect
AHBLto-APBconverter
AHBLEto-memorybridge

In FIFQontroller

IN endpoint buffer manager (IEBM)
OUTendpoint buffer manager (OEBM)
Out FIFQontroller

USB23 to AXI bridge

=4 =4 =4 -8 -8 888888889
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USB23 Benchmark Design
Propel Builder
System
System User Data
arLie | MY | auplite
Port-1 Port-2
User Data
32bit
lAHBLite
.J v USB23 AXI
e FIFO IIF B d
Register I/F| Memory
Rk rage
64-bit
AHBLite FIFO IIF
AXI4
Register I/F| 64132Bit Memory VE Windows 10
Native I/F AXI High
AHBLite 6a-bit 6a-bit Manager or Higher
I
Instruction Port D+ "C\f:ﬁg;
32bit AHBLte i
RIS/ f— Interconnecq AHBLite Memory Memory USB23 o Driver
e VE Native I/F True Dual | Nagive I/F Controller SS_RX
Port
CPU 32bit SS_TX
AHBLte 32bit Memory | 64bit ]
I/F
Data Port AHBLite ; Controller
P AHBLite to 32:bit LMMI /F LM
32-bit LMMI E[idgj Target
APB I/H UART]
32-bit
ape | MW
AHBLite 32bit ;’:I'g"
IIF APB I/H i Custom IP
Memory Native Interface has the
320t ppp | APBIUE[ following signal sets: Core
Interconnect| 32:bit 1 Write/Read Request :
9 Wite/Read Address D Lattice Soft
APB /| Remote] 1 Write/Read Data P Core
Wakeup 1 Clock
32Dt | P10 Lattice Hard
1P Core
E
APBIE pov
32-bit | Reset
G

Figure8.1. USB2.0/3.2 IP Example Design Block Diagram
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72 MHz
60 MHz

60 MHz 72 MHz

osc

144 MHz

Figure8.2. Clocking Diagram of the Example Design

© 2025Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are awimtetatticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificafioiesraation herein are subject to change without notice.

FPGAPUG022371.5 69


http://www.latticesemi.com/legal

=LATTICE

8.2.1. Description on Data Flow from USB Device to Host

IEBM e USB23 Controller
1o, __DataMemory 17" SN
4 puffero | TRB Memory o _.» AXI Managef ';
IN | FIFO Interface Buffer 1 L TRBO -------- »
Endpoint [« TRB 1 8 «—» USB Host
Data
Source Buffer n .
i3 Link TRB
Register Register
Interface Interface
.. ‘ e 9 . 4
RS 10 .. Risev | 4 .
_______ 2 e
Figure8.3. IN Data Flow from USB Device to Host
The following lists théN data flowfrom USBlevice tohost:
1. ¢ KISy Oy ibtf MUY RLIZ AYYi2 Bdzfli$ I SWAKISHS A RdzyyYe RIEGE FYR gNRGSE
2. 2KSYy | aAy3tS o0dzFFSNIAYy (GKS L9.a Aa FAftSRI m KISNPL®S da 2YN
GKIG GKS 06dzFFSNI A& NBIFRe F2N FAdNIKSNI LINPOS&aaAy3a 2N REGI
3. .FaSR 2y GKS OomzZFFOENNVARNSILINEBGI WB&/ GKS ¢N}yaFSN wSljdzSai

¢tKS ¢w. Aévélﬂ,ZNBFVQ Ay ¢N:b|zS,5dz|-t At,2l>l\ﬁ aSY2NEZ HKAOK Ad
wLA/ /t! FyR (KS C2{NJ e NB2 i YNRONIB2 vz NBFTSNI G2
4. ' FTOHKNE v LEANY G NB KFa FAEESR GKS ¢w. > Al y20AFASaE GKS
5. ¢KS !'{.nHo O2y{iNRffSNI FSGOKSa FTyR LINRPOSaasSa G(GKS ¢w. @
6. ¢KS | {.Ho O2yUNBttSNI NBIRa (KS

RFGF FTNRY GKS L9.a LI &f ;
K2aido
7. ¢KS !'{.Ho O2ydiNBftSNJIiNXyavada GKS RIFIGF {2 GKS | {.
8.[TQSNJ6NJy§TSNuJy3~ﬁK$ {@YOSMJ%T oeiSa ALISOAFASR Ay
GKS ¢w. YR HF20iFASAl (0 KF(I8NNHLIG ©

9. ' LI2Y NBOSAGAYy3I (imKS/ Ay iSBINRAJIEK S KEBWED yi ' {.Ho O2Yy(INRCf
10. ¢ KS mvLA ¢! dzLJRFGSa GKS L9.a NBIAAGSNI G2 FTNBS dzld GKS O2 NI
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8.2.2. Description on Data Flow from USB Host to Device

5
EBM] .~ T . |USB23 Controllef
e J— | Data Memory T R
& ~I" Buffer 0 TRB Memory 5 _» AXI Managef i
FIFO Interface  Buffer 1 s TRBO
out_cntrl | " 4 TRB1 6 «—>»| USB Host
Buffer n .l
\1 Link TRB
Register Register
Interface Interface
. : N 7 4
IR 8 o RIS&/ 2 .
10 e >

Figure8.4. OUTData Flow from USBlostto Device

The following lists the OUT data fldwm USBhostto device:

1. ¢KS mvLAtY! FANRG FAEf&a GKS ¢w. F2NI GKS h!¢ SyRLRAYyGO®

2. L FGSNI GKS ¢w.mt AJat ' TAYIBREASIKSIE {/{ . Ho O2yiGNRBff SN (KNP dz=
3. FUHKN | LILINZ LINR F S NB I Aa (/StNI 0 AGRAS FINGS. HaoS GO Hyel NIPKESE SWI{F S i OK
4. 2 KSy GKS FLILX AOFGA2Y 2y GKS ! {. 12adGd aeadiSy aSyRa RI Gl

5. ¢KS ! - L YIYyIF3ISNI 2F GKS !'{.Ho O2yGNRfftSNIGNIyaFTSNaE (KS I
6. :J.gg;f/édz()(j)?éészt,fé [’]NJ;)/rElTSNJ\IJ\)fEI GKS AaLISOAFTFASR ydzYoSNI 27

SOSyYy G Ayl SNMHzZOG !Fd&2 NJ G KS wlL{/
7 2K§y u&S/WL,{/N.BOSAQSa GKS S@Syild AyOiSNNHzLIi FNRY GKS ! {.H

RYLBES I BKS oy ia NEBBA avi $ M 0
a £|Ré T2 NJ 2dzi Lidzi &
é , ~

0KS (Nt y/atF!S NazIOR |
A
FOS aA3dylfzX LINBYLIAYy3I GKS

3
Ay3a @FtAR RIFGI
Ad

9. ¢KS h9.a aSia ia CLCh AYyGSNF

0 dzf ¥ S N3
10.2 KSy (GKS h9.a o T
[t LISNF2N¥a (KS y

SyLiier At @SyBay (8B OB Y OAY 8 S UKNz
FNE FOGAZYa G2 YE1S GKS 0dFFSNI |

Q¢ Qx

8.2.3. USB 2.0/3.2 Primitive
This IP containdSB2.0/3.2 primitive. For more information, refer to th®peration Detailsection.

8.2.4.USB23_ED

This block handles the bulk, control, and interrupt transfers requested by 8i& 2.0/3.2 primitiveThe following
sub-blocks are present in this block
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8.2.4.1PLL

Thisphaselocked loop (PLLPgenerates60 MHz, 72MHz and 144MHz clocksignals from an onboard oscillatawhich are
routed to other submodules for further processing.

|2 Module/IP Block Wizard *

re Component from Medule pll Version 1.9.0
Set the following parameters to configure this component.

Diagram pll_50m_i_60m_o Configure IP
General Optional Ports
Property Value &

Configuration Mode Frequency

Enable Fractional-M Divider
Enable Spread Spectrum Clock Generation O
Enable Internal Path Switching

pll_60m_i_60m_o
e N

Cl kop_o _ Enable Reference Clo;k ILdor;ito; -
peac
cEmayCeckOutput
ClkOSZ_O _ CLKOP: Frequency Desired Value (MHz) [6.25-800] | 60
—clki i CLKOP: Divider Actual Value [1- 128] 2

- CLKOP Tolerance (%) 0.0
clkos_o— -

CLKOP: Enable Trim for CLKOP

_
|0Ck_0 _ CLKOS: Enable

CLKOS: Frequency Desired Value (MHz) [6.25-800] |72

\ j CLKOS: Divi

I I CLKOS Tolerance (%) 0.0
p CLKOS: Static Phase Shift (Degrees) 0

CLKOS: Enable Trim for CLKOS

CLKOS2: Enable

CLKOS2: Frequency Desired Value (MHz) [6.25 - 800] 144

-

-
A » Calaulate

Document. Mo DR jssues are found

Figure8.5. PLL Configuration
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SEMICONDUCTOR.

| Module/IP Block Wizard

Configure Component from Module pll Version 1.9.0
Set the following parameters to configure this component.

Diagram pll_60m_i_60m_o

pll_

o /

60m_i_60m_o
4 )

clkop_o—
clki_i clkos ol—

lock_of—

pll

41

k

Docurnent

Configure IP
General Optional Ports

Property Value

Set /O Pin for PLL Reference Clock | | |

Enable Dynamic Phase Ports [

CLKOS Enable Port |
Provide PLL Reset O
Provide PLL Lock Signal
PLL Lock is Sticky [}
Select Register Interface MNene
Enable Legacy Mode O
Enable Powerdown Mode O

Caleulate

Figure8.6. PLLOptional Port Configuration

Note: If you are using the LIFGBU-EVNREVA board, then incoming clockiie FPGA is different compared to the
LIFC133U-CMREVN_REVB board. In this cabe,PLL configuratiomustbe changel.
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8.2.4.2.USB23 Controller

This is the USB23 Device Controller hardened IP core. TdumtRunicateswith the systemmemory via the AXHb-AHBL

converer module.The AXI DMManagerof the USB23 Controller is connected with two different memoryth@AXI

interconnect bridge

1 Fornon-control IN transfer the USB controller fetches data from IEBMdules dateRAM Fornon-control OUT
transfer, the USB controller writes data into OEBMdules dataRAM TheseRAMSs are not shared with any othieost
and/or RIS€/ processor.

1 For all other operationghe USB controllecommunicatesvith the system memorywhich is shared witlthe RIS&/
processorThistype of architecture helps to achieve higher throughput.

8.2.4.3.AHBLto-LMMI Converer

The USB23 controller register interface can be configured through its LMMI inteBfacausehe RIS&/ MCsupports only
AHBLite interfacethe AHBEoO-LMMI converter is needed

8.2.4.4 RIS&/ MC Processor

All the serial peripheral blocks are connected to the RISGft processor vithe AHBL interface. THRIS6/MCCPU IP
processes data and instructions while monitoring external interrupts coifnomg the USB23 controller, ankiN endpoint
buffer manage(IEBM core. The RISC processoconfiguration is shown ithe following figure

. Module/IP Block Wizard X
Configure Component from IP riscv_mc Version 2.6.0
Set the following parameters to configure this component.
Diagram cpuQ Configure IP
<l Property Value
~ CFU Configuration
Enable CFU Ports
~ General
Debug Enable =
C U 0 Soft ITAG
p Cache Enable
4 N
- IRQ_SO

—[HRQ_S1 AHBL_MO_INSTRH|~=

—[HRQ_S2 AHBL_M1_DATA]

Document No DRC issues are found.

C Extension for Compressed Instructions =
M Extension for Integer Mult and Div [~]
—[HRQ_S3 TIMER_IRQ_MG] « CFU Configuration
—clk_i system_resetn_o ~ General
PIC Enable =
—rst ni Timer Enable =
- PIC and Timer Base Address (32'h00000000 ~ 32'hFFFFFFFF) 32'hFFFFO000
\S / Mumber of Interrupt Requests [2 - 8] 1
riscv mc JTAG Channel Selection for Certain Devices [14 - 16] 14

Generate

Cancel

Figure8.7. RIS&/ Configuration
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8.2.4.5.UART and GPIO

The RISW processor communicagavith UART and GPIO core via its APB interface. Hence, the UART and GPIO core are
connected to RIS¥ soft processor via AHBR-APB bridge. Generally, UART IP core performs gesfarallel conversion

on data characters received from a peripheral UART device and paoadlefial conversion on data characters received

from the host (RIS&/ processor) located inside the FPGA through an APB InteffaelART IP core configuration is

shown inFigure8.8. Additionally,usea 32bit input GPIOHardwareversionof the GPIO) to monitor the FPGA design

version for a particular releas&he lardware versiorof the GPIO configuration is shownHigure8.9Error! Reference

source not found.

% Module/IP Block Wizard x

Configure Component from IP vart Version 1.3.0
Set the following parameters to configure this component.

Diagram uartd Configure IP

Property Value

~ General

Systemn Clock Frequency (MHz) [2 - 200] 72

Serial Data Width 8
uart0 .

Stop Bits 1

Parity Enable

—[4APB_S0
—{clk i INT_M— + Baud Rate

Baud Rate Type Standard
—rst n_i txd_o— UART Standard Baud Rate 115200
—rxd_i ~ UART Feature Enables
FIFO Enable
uart Rx Ready Enable

Tk Ready Enable

4 L3

Document Mo DRC issues are found.

Generate Cancel

Figure8.8. UART Configuration
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| I NRoI NB +SNEAZ2Y DtLh
' RRAGAZ2Y Lt & Ditispst GRIBo miwitdr h& FPGA design version foparticular release. Hardware version
GPIO configuration is shownHiigure8.9.

%, Module/IP Block Wizard *

Configure Component from IP gpio Version 1.6.2
Set the following parameters to configure this component.

Diagram HW_ver_gpio Configure IP
“| Property Value
~ General
MNumber of /O Lines [1-32] 32
Remove Tri-State Buffer

Initial Qutput Value (hex) [0 - FFFFFFFF] 0

HW_Ver_g piO 10 Direction (hex) [0 - FFFFFFFF] 0
— PB SU Interface APB
- T INTR4H—
—clk_i
7 io en_o[31:0]m=
== gpio_i[31:0] P N { ]
i gpio_0[31:0] =
—resetn i
gpio
4 3 il No DRC issues are found.

Generate Cancel

Figure8.9. Hardware Version GPIO Configuration
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wSY2@S 2| 1SdzLd Dt Lh
A 1-bit input GPIO (Remote wakeup GPiE))sedo wakeup the USB device using the remote wakeup. While
Performing the Remote WakeufEnabled Test (TD 9.12) from the Chapter 9 compliance testndstpress the

Pushbutton2 (SW2) on the CrossLiAkX REVB Evaluation Board. Remote wakeup GPIO configuration is slégumen
8.10.

. Module/IP Block Wizard X

Configure Component from IP gpio Version 1.6.2
Set the following parameters to configure this component.

Diagram rw_gpio Configure IP
*| Property Value
~ General
Mumber of 1/0 Lines [1-32] 1
Remove Tri-State Buffer
rW g pio Initial Output Value (hex) [0 - FFFFFFFF] |0
|0 Direction (hex) [0 - FFFFFFFF] 0
—HArB_so
- INT L Interface APB
—{clk_i )
o gpio_en_o[0:0] =
== gpio_i[0:0] )
) gpio_o[0:0] =
—{resetn_i
gpio
4 » -
Document No DRC issues are found.

Generate Cancel

Figure8.10. Remote Wakeup GPIO Configuration
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'{n tl1, wSaSi DtLh
A 1-bit output GPIO is used to facilitate firmware reset USB2.0 PHY. This facilitates RISC V firmware to reset USB2.0
PHY based on requiremenighe onfiguration is shown ifrigure8.11.

“ Module/IP Block Wizard X

Configure Component from IP gpio Version 1.6.2
Set the following parameters to configure this component.

Diagram usb2_phy_reset Configure IP
“| Property Value
~ General
Number of I/O Lines [1-32] 1
Remove Tri-State Buffer V]
USbZ_phy_l'eset Initial Output Value (hex) [0 - FFFFFFFF] 0
- N
- pB ) 10 Direction (hex) [0 - FFFFFFFF] 1
. INTR4H—
o Clk | Interface APB

io_en_0[0:0]
== gpio_i[0:0] gplo_en_o{0:0]
k gpio_0[0:0] =
—resetn_i

A &

gpio

User Guide No DRC issues are found.

Generate Cancel

Figure8.11. USR PHY Reset GPinfiguration

8.2.4.6.SystemMemory

Thissystem memoryPcoreis a soft IPthat isused by the RISZ processorTheRIS©/ processor reagthe instructions
stored in this memory vithe AHBL interface ancarry out the instructionsiccordingly.

Thissystem memoryP core hashe followingtwo interfacesthat the managercommunicate with:

1 AHBL

1 AXl4

The sgtem memory IP core configuration is shownhe following figure.

© 2025Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are amistelhtiicesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificaiitfiosraation herein are subject to change without notice.

FPGAPUG0223%1.5 78


http://www.latticesemi.com/legal

USB 2.0/3.2 IP = LATTICE

User Guide

. Module/IP Block Wizard X

Confi G it from dule system_memory Version 2.2.0
Set the following parameters to configure this component.

Diagram sysmem0 Configure IP

General Port 50 Settings Port 51 Settings
Property Value

sysmemQ =
(- \ Interface AHBL

Memory Address Depth [1 - 81920] 32768

Data Bus Width(bits) 32
— + AH BL_SO Memory Type LRAM

Port Count 2

Enable Arbiter
~ Data Streamer

— ahbl_hclk_i Enable Data Streamer

— + AH BL_Sl ECC Enable

—lahbl_hresetn _i

~ Initialization

k_ ) Initialize Memory

system_memory

1 .3

Document No DRC issues are found,

Generate Cancel

Figure8.12. System Memory Configuration

4, Module/IP Block Wizard X

Configure Component from Module system_memory Version 2.2.0
Set the following parameters to configure this component.

Diagram sysmem0 Configure 1P
5| General Port SO Settings Port 51 Settings
0 Property Value
sysmem e
7 ~N Enable Port S0 Output Register V]

Enable Port S0 Read Pipeline

— ,A\H B L_SO Byte Enable for Port SO =

Unaligned Access for Port SO

— AH B L S 1 Edit Address Range Port S0
—a h bl hCI k | Access Type for Port SO RAW

—ahbl_hresetn_i

A\ >
system_memory

Document No DRC issues are found.

Generate Cancel

Figure8.13. System MemoryPort SOConfiguration
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%, Module/IP Block Wizard

Component from Module system_memory Version 2.2.0
Set the folowing parameters to configure this component.

Diagram sysmem0

sysmem0Q

-
—[HHAHBL_S0
—[HHAHBL_S1

—ahbl_hclk_i

—ahbl_hresetn_i

N J
system_memory

~

Document

Configure IP
General Port S0 Settings Port S1 Settings
Property Value
Enable Port S1 Output Register =

Enable Port S1 Read Pipeline

Byte Enable for Port S1 =
Unaligned Access for Port S1

Edit Address Range Port S1

Access Type for Port 1 RW

No DRC issues are found.

Generate Cancel

Figure8.14. System MemoryPort S1Configuration

8.2.4.7.AHBL Interconnect

This IP providethe communicationinterface between RIS soft processor and peripherals (system memory, AHBL to
LMMI bridge etc.) which supports AHBL interface. AHBL interconnect configuration is showfoilothiegfigures.

“ Module/IP Block Wizard

Set the following parameters to configure this component.

Diagram ahbl0

Configure Component from Module ahb_lite_interconnect Version 1.3.1

ahbl0

— 4-/AHBL_S00
—{ahbl_hclk_i

—{ahbl_hresetn_i

ahb_lite_interconnect

4

AHBL_MOG4|—
AHBL_MO1 =
AHBL_M024|—
AHBL_M03 4 —
AHBL_M044—
AHBL_MO54H—

Document

Configure IP
General Main Settings
Property Value

Total AHB-Lite Managers [1-32] 1

Manager Priority Settings Max Burst Size Settings

Total AHE-Lite Subordinates [1- 32 6
Manager Address Width(bits) 32
Data Bus Width(bits) 32

Manager 0 Subordinate 0 Connect Enable
Manager 0 Subordinate 1 Connect Enable
Manager 0 Subordinate 2 Connect Enable
Manager 0 Subordinate 3 Connect Enable
Manager 0 Subordinate 4 Connect Enable
Manager 0 Subordinate 5 Connect Enable

(<M< M <M<}l<§<]

Mo DRC issues are found.

Figure8.15. AHBLInterconnectGeneral Configuration
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4. Module/IP Block Wizard x
Configure Component from Module ahb_lite_interconnect Version 1.3.1
Set the following to configure thi
Diagram ahbl Configure IP
General Main Settings Manager Priority Settings Max Burst Size Settings
Property Value =
~ SubordinateOSettings
ahblo
AHBL_MOG4 —
AHBL_MO1/ | =
—|4-/AHBL_S00 Mol
AHBL_MO2 =] =
—ahbl_hclk_i
AHBL_M03 4=
—ahbl_hresetn_i
AHBL_MO04 4| —
AHBL_MO54|—
ahb_lite_interconnect
~ Subordinate1Settngs
4 -
Document No DRC issues are found,
Generate Cancel
Figure8.16. AHBLInterconnectMain Configuration
. Module/IP Block Wizard x
Configure Component from Module ahb_lite_interconnect Version 1.3.1
Set the following to configure this
Diagram ahbid Configure IP
General Main Settings Manager Priority Settings Max Burst Size Settings
Property Value -
 SubordinateOSettings
Arbiter Scheme Round Robin
ahblo
AHBL_M00+—
AHBL_MO o
—(4=|AHBL_S00 Mot
AHBL_MO24 —
—{ahbl_hclk_i
AHBL_M034—
—ahbl_hresetn_i
AHBL_MO44 —
AHBL_MOS4—
ahb_lite_interconnect
Document Mo DRC issues are found.
Generate Cancel

Figure8.17. AHBLInterconnectManagerPriority Settings
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. Module/IP Block Wizard x

Configure Component from Module ahb_lite_interconnect Yersion 1.3.1
Set the following parameters to configure this component.

Diagram ahbi Configure IP
— General Main Settings Manager Priceity Settings Max Burst Size Settings
Property Value -

™ Max Burst Size Subordinate Settings
Subordinate 0 Max Burst Size 0
Subordinate 1 Max Burst Size 0
ahblo Subordinate 2 Max Burst Size 0
Subordinate 3 Max Burst Size 0
0
0

AHBL MDE — Subordinate 4 Max Burst Size
- Subordinate 5 Max Burst Size

AHBL_MO14H| =

AHBL_MO2/) =

AHBL_MO34 —

AHBL_MO4 4 —

AHBL_MOF4 —

ahb_lite_interconnect

=—(<-/AHBL_S00
—{ahbl_hclk_i

—{ahbl_hresetn_i

Document Mo DRC issues are found.

Generate Cancel

Figure8.18. AHBLInterconnectMax Burst Settings

8.2.4.8.APB Interconnect

The APBinterconnectprovidesthe communicaibn interface betweerthe RIS©/ soft processor and other slow peripherals
(UART, GPl@nd so ohthat supportsthe APB interfaceTheinterconnect configuration is shown the followingfigures.

., Module/IP Block Wizard =

Configure Component from Module apb_interconnect Version 1.2.1
Set the following parameters to configure this component.

Diagram apb0 Configure IP
General Main Settings Requestor Priority Settings
Property Value
~ General

Total APB Requestors [1-32] 1
Total APE Completers [1-32] 2
d pbo Requestor Address Width(bits) 32

[HHAPB_s00

apb_pclk_i

Data Bus Width(bits) 32

APB_MOO4
APB_M01H

apb_presetn_i

apb_interconnect

4 r

Document No DRC issues are found.

Generate Cancel

Figure8.19. APB Interconnect Configuration 1
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. Module/IP Block Wizard X

Configure Component from Module apb_interconnect Version 1.2.1
Set the following parameters to configure this component.

Diagram apb0 Configure IP
General Main Settings Requestor Priority Settings
Property Value &
~ Completer Settings
Arbiter Scheme Round Robin

apb0
(H-APB_s00

apb_pclk_i

APB_MOO-H
APB_MO14H

apb_presetn_i

apb_interconnect

4 3

Document Mo DRC issues are found.

Generate Cancel

Figure8.20. APB Interconnect Configuration 2

8.2.4.9.AHBLto-APB Convesdr

The AHH. ite-to-APB bridggrovidesan interface between the AHBte managerand APRompleter. Read and write
transfers on the AHB are converted into equivalent transfers on the ARBAHBLto-APB Conveer IP core configuration

is shown inthe following figure.

%, Module/IP Block Wizard X

Configure Component from Module ahb_lite_to_apb_bridge Version 1.1.1
Set the following parameters to configure this component.

Diagram ahbl2apb0 Configure IP
“| Property Value

~ General
Address Width(bits) 32
Data Bus Width(bits) 32

ahb|2apb0 APE Clock Enable

HBL_SO
clk_i APB_M

rst_n_i

ahb_lite_to_apb_bridge

4 r

Document Mo DRC issues are found.

Generate Cancel

Figure8.21. AHBLite to APBConfiguration
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8.2.4.10.AHBL to Memory Bridge

This block helps RISCdatamanagerto access True Dual Port memahat is dedicated for USB operations. This block
converts AHR.ite subordinatesignals into native memomnanagetinterface signals

8.2.4.11.IN FIFO Controller

When the IEBM block grants permission to write the data, the IN FIFO controller module initiates the process. It reads the
data from the FIF@emory, where the incremental data is temporarily stored and it writes through the FIFO interface to
the IN endpoint buffers.

8.2.4.12.IN Endpoint Buffer Manager (IEBM)

The IEBM is responsible for managing the IN endpoint buffers for USB23 Controller. The data is written into different
buffers sequentially through the Firtit-FirstOut (FIFO)nterface. Once the data is available in these buffers, the USB23
controller reads it through the AXI interface. This entire process, from managing the FIFO writes to facilitating thesAXI read
is managed bthe IEBM module.

For more informationrefer to thedocument located at the following IP package installation path:
<installed_IP_packag&mx33u_cmp_revb_evn_bd_rd_ddscumentsnx33u_iebm_architecture.pdf

OYRLEBBY(GdZFFSNI / 2y FAIdzNI GA2Y
The default buffer size for the IN endpoint is set to 8192 bytes. This can be maodified in the following ways:
1. a2RAFe (KS & iNTifAkO yoQIFFIZERONG dAS N QW F A ¢ LIF NI Y& O
localparam IEBM_SINGLE_BUFR_SIZE = 8192 T
b2%S/ KIy3aAay3a (KA& @ fdzS NBIldZANBaE wlRAFYyG a2FiGélF NBE NBO2®
2. hOSNNARS (GKS 06dzZFFSNJ aAT S Ay TFANNGI NBY
a. Inlsc_in_ep_buf mgmt,aipdatelsc_iebm_init()
Replace:
LSC_IEBM_FW_SINGLE_BUF_DEPTH
with:
in_user_ep_cnfg[usb_ep_num].ebm_fw_single_bufr_depth
b. Inlsc_user_cnfg,aupdate thebulk in_user_ep_cnfg  structure:
Set.ebm_fw_single_bufr_depth = 4096 (or desired size).

tFNIAFE . dzZFFSNI I FyREAYS

To handle variabkength IN transfers, use the ieds_hand_over_partial_filled_fifo_pl_i signal. This signal indicates that the
data is less than the configured buffer size. In the example design, this is controlled by the in_cntrl module using the
NO_OF _BMES_TO_XFER parameter. Adjusting this value requires Raudtasmirere-compilation.

LY dSNNHzLJG DSYySNIGAZ2Y

The USB23 IP firmware generates interrumtsevery transaction. This is configuredsda_endpoint.avithin the
Isc_usb_set _ep_cfg() function. The PARAML register is set with the following bits to enable esgpoifit events:
1 Bit 10: XferNotReady Enable (XferNRdyEn)

1 Bit 9:XferInProgress Enable (XferinProgEn)

1 Bit 8: XferComplete Enable (XferCmplEn)

8.2.4.13.OUTENdpoint Buffer Manager (OEBM)

The OEBM is responsible for managing the OUT endpoint buffeitssfafSB23 Controller. The USB®8itroller writes the
data sequentially into the different buffers throughe AXI interfaceWhenthe data is available in these buffers, the OUT
FIFCcontroller read the data throughthe FIFO interface. This entire process, from managing the AXI writes to facilitating
the FIFO reads is managedthg OEBM module.

For more information, refer to the document located at the following IP package installation path:
<installed_IP_packag&nx33u_cmp_revb_evn_bd_rd_ddscument$ nx33u_oebm_architecture.pdf
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8.2.4.14.OUTFIFO Controller

When the OEBM block grants permission to read the data, the OUT FIFO controller module initiates the process. It reads
the data from theOUTendpointbuffers and writes through the FIFO interface to theendpoint buffers.

8.2.4.15.USE3 to AXI Bridge

This block helpthe USB23 controller to access various memoridse=USB23 controller haan AXImanagerinterface. This
blockhas anAXlIsubordinateinterface. Thiblockconverts AXsubordinatesignals into native memonmpnanagerinterface
signals. This block also acts as a decoder to select appropriate memory based on input address

8.3. Running the Example Design

The USB 2.0/3.2 IP is hardware validated. The USB 2.0/3.2 IP comes with a hardware validation design that can be used to
validate the IP on board:heLattice NX33U FPGA contains hardened USB controller (USB23 coritratistdpports
USB3.2 Genl modsd USB2.0. This document descriltlee procedure to test data streaming throughe USB
O2y (i NP @Iy dzi A yoR RISBIMI[ALOI G A2y @
The following lists the drdwarerequirement:
1 Lattice CrosslinkiiX33 Evaluation Board (Rev B). Boiardhasa USBI'ype C connectas showrin the following
figure.

Al

Figure8.22. Lattice CrosslinktNX33 Evaluation Board (Rev B)

USB2.0 Type A to Micro Type B cable for FPGA programming
Type C to Type C cable for USB streartdsy

=a =4

The following lists theaftware requirements:
1 Radiant Programmer v2024or latest
1 WinUSB Asynchronous CLI utility
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8.3.1. Generating the USB23 Benchmark Example Design

This section describes the steps to generate the USB23 Benchmark example design. There are two main compilation flows:
1 Propelsoftwarecompilation for HAL driver
1 Radiantsoftwarecompilation for bitstream

8.3.2. HAL Driver Compilation

The following lists two methods to run the project
1 Creating the Project
1 Import Project from Directory

8.3.2.1.Creating the Project
To create a new project ithe Lattice Propel 202.(or latest)Software Build Tools for Eclipse, follow the steps
1. al 1S & dzNBi BSEdr odzQiONLIYNB G6 Y FAY GoPR YNR YRS & o1 A LI

dut_inst.v dut params.v

Figure8.23. nx33u_cmp_revb_evn_bd_rd_des.zip File

2. hLISK[SF GG AOS MN2ZNISTRHEEBO WMB . dzA f R ¢ 2@X NI L3NG 3 KNI (58 SNOKBS £
a2F0 61 NB yIRNDR &P K
3. {St&XOS B bSe B [ EGHAOAKKRSS: M yi t2NPA3/S0 (F A 3 dzNB @

File Edit Scurce Refactor Mavigate S5Search Project Run  LatticeTools Window Help

MNew Alt+Shift+ M * 5 Lattice SoC Design Project ~ G -5 g~
Open File... $ Lattice C/C++ Project
[ Open Projects from File System... ™ Project.. | Create a new Lattice C/C++ Project q
pEEell = ’ 5% Sowrce Folder |
Close Editor Ctrl+W [ Folder
Close All Editors Ctrl+Shift+W ¢ Source File

(m} in

Figure8.24. Create a Propel Project

4, N2 @XKBAIAFVANRYYSY (UF DUPISHAB yRKESEDH S F &0 B wt
¢t KB ayYSy ogmENS oElyy 06S TF2dzyR Ay GKS F2ft26Ay3 F2ft RSNJ LI (K
fDSYSNI GSRyY! { . yLt Bk SOt kYEoodz OYLIWNB B ySOYy yo RYUNRYR S & « dz
5. / t hOB
b2GSY
1 ¢CKBeaYSFWOBYrdza i aoEIEISZﬁRSKIJ\ﬂSyTS GSR o6& (K& Np UK TGSESE t N
hiKSNBAaASET y2 . {t LIO1Fr3IS gAft 0SS IASYSNIriSR Ay GKS LM
f LT GKS SEI YLX S ﬁeéai\ay Aeaedxmfmmmmﬁﬁ??myalmmwsmmmmmdzmF
t N2 LISt O nHdaAf BRISNI® | ( Sa i
f WS3ISYSNI (St 8603 (KSY &i#6S F2f{f 26Ay DAaPEIENS o6& 21 RAy3I
FfDSYSNI 6SRYUYEopUAYNBSTIORKpdzHo G2 EAYPNRYRSaAKkdzHo gt A FOf Py Ec
dzhno Yt A FOf Yy Eoodz@ LINLI wof RNk dzH o yf A FOf Yy Eo o dz¢ LINLI @o f RNIbA
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4 Propel [ -L fcl_nx33u_prpl_bldr/u23_I#cl_nx33u_prpl_bldrsbx] Device: LIFCL-33U-TCTGI04C Board: NA - a x
Ble Edt View Design Took Window Help

=R A BMEE NG @ Qaaa @
Design View o Schesstic Addrenn & Summary

8 uFcL-330-7C16104C

1
— 1

ahbl_inst

T} ahbl2apbd_jnst
» 10 ahbl_to_Immi_inst

» 11 ahblto_mem_inst

» 43 apb0inst
cpul_inst

} iebm inst

} oebm inst =

} usb2_phy_reset_inst
& Ports
> 5° Busintertaces
vl Nets
» (@] Components

|

Propurtes
Hama: ahbl_to_lmmi_ins!
Tyee: Instance
Puh: w23_bfcl_ma3u_pn
v Iatucesem. com:ip;
Py Intticesemi. com:ip:

« v

Figure8.25. Regenerate the SuModules in the Propel Software

6. / t A GKDBSy SHHZI@ 2 v

File Edit View Design JTools Window Help

FERA9SCH A mEE|NoBLES @Qaaa B

Figure8.26. Generate Button in the Propel Software

.

EYDS 3ISySNIGSRo
SRBOBF DY R FRAINS IINFRSOIR DN & aikKk2Ss yF2Ayf 2 6 Ay 3 FA I
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s C/C++ Project

Load System and BSP

Load lattice system environment file and BSP package

Select system environment file and BSP package
System env: I 1_u23toaxi_rd_des\u23_lifcl_nx33u_prpl_bldr\u23_lifcl_nx33u_prpl_bldr\sge\sys_envxml -+ Browse...

Select processor core to create C/C++ Project

Core selected: cpu0_inst M
Project type: C v
System information
Device Family CPU Name Instance Name
LIFCL riscv_mc cpu0_inst
Select Example Application
Hello World Project Example-HelloWorld-blink-uart N
1.Led blink
The corresponding SoC project should include gpio instance.
2.Uart print
There are two ways to support uart print: v
Project name: | lattice_nx33u_test
Use default location
C\Users\mhasbull\OneDrive - Lattice Semiconductor Corp\Documents\propel\workspace\latti Browse...

default

[] Build the project
Create a debug launch configuration for OpenOCD

@ < Back E Finish Cancel

Figure8.27. Create a Project

9. Ly [(IK3SG A OS ¢ 2 26AQKERRY (i RBUIBEFAEYRE yF 21 2 o/ARy TOX FICA deNS =

© 2025Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asistetatticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificatitiosraation herein are subject to change without notice.

FPGAPUG0223%1.5 88


http://www.latticesemi.com/legal

USB 2.0/3.2 IP
User Guide

=LATTICE

Lattice Toolchain Setting

Configuration: Debug

Lib Setting C/C++ Compiler C/C++ Linker

() No default libraries (-nodefaultlibs)
(O Newlib

(O Newlib-nano (--specs=nano.specs)
(®) Picolibe (—-specs=picolibc.specs)

Printf Level
O Integer only printf (-DPICOLIBC_INTEGER_PRINTF_SCANF)

O Float printf (-DPICOLIBC_FLOAT_PRINTF_SCANF)

® Full printf (-DPICOLIBC_DOUBLE_PRINTF_SCANF)
System Library

(®) Default

O Semihosting (--oslib=semihost)

(O Dummyhosting (--oslib=dummyhost)

@ < Back

Next >

Cancel

Figure8.28. Toolchain Setting

8.3.2.2 Building the Project
To build a project, follow these steps:

1. hoidl Ay

2.

GKS TFTANNGI NB FNRSH AR B diNBS (e2 fddyd dAY FH KISF FRE S TA
FDSYSNI GSRY! { . ¢ ldzadRBri DA tf xpdie PSM_ L ap- ONB Pk
/12 LR OODYRF AL AT dzROMYI 1 AFKER YREKS0 K & pESILRIM | Yy R KBNS RK 8
2F GKS {5Y LNR2SOG®
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{3 workspace - Lattice Propel
Eile Edit Source Refactor Navigate Search Project Run LatticeTools W

Orbld@ ®~Q~@i0i%B 0K S gvevldy@
&5 Project Explorer % BgSY 8 =0
v % lattice_nx33u_test
i Includes class
<: ) 1sc_command.c
> @ bsp ) Isc_ctrl_xfer.c
> Id mainc ) Isc_endpoint.c
8l ) Isc_ep_handler.c
> [ utilsh R0
husd ) 1sc_ep0_handler.c
2 cpuyaml <) Isc_fw_ep_buf_mgmt.c
W linker.ld &) Isc_in_ep_buf_mgmt.c
< sys_envxml & Isc.intrc

X 1 -
¥ lattice_nx33u_test.launch @ Isc_out_ep_buf_mgmt.c

&) 1sc_reg_access.c

4 Isc_usb_ch9.c

) Isc_usb_dev.c

) 1sc_usb_event.c

/) Isc_usb_vendor.c

) Isc_user_cnfg.c

« 1scusb.c

) mainc

&) Isc_endpointh

) Isc_fw_ep_buf_mgmth
&) Isc_hw_regs.h

) Isc_in_ep_buf_mgmth

&) Isc_out_ep_buf_mgmth
) 1sc_usb_ch9.h

4 Isc_usb_desc.h

) Isc_usb_dev.h

) 1sc_usb_vendorh

& Isc_user_ep_cnfg.h

) Isc_winsub.h

Figure8.29. Copy all C and H Files to the src Folder

3. ¢KS F2ff26Ay3a RALFE23 062E | LIS N { LANZSYNHINDYIZASS 8 RMEANK @ S 2 @R 87

L Question X

@ Overwrite lattice_nx33U_test/src/main.c?

Overwrite I | Overwrite All ‘ ‘ Don't Overwrite ‘ ‘ Cancel

Figure8.30. Overwrite File
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4,

{ S KS
T2t

i 0dzAf R O2y FAIdzNHzA A Ry Oé ¢ F v 8%
t26Ay3 FTAIdzNB O

652Y2BSPSE36 P

=S

| ® >R~
&> Project Explorer X
I 15 lattice_nx32++ *+~~*

workspace - Lattice Propel

Bi% S0 s

BESV7Y § -0

-

Alt+Shift+W

Ctri+C
Ctri+V
Delete
Ctrl+Alt+Shift+Down

F2

FS

Alt+Enter

>

v v v v

® Includes New
v 8 sre Go Into
» & bsp Open in New Window
> (= class Show In
> 18 Isc_cc & Copy
> Bt oy pagte
> [1scel % Delete
’ E Isc_er Remove from Context
> @lscel  source
g ;ﬂlsc_e| Move...
g Iscfy Rename...
> [ Isc_fv
s @ Isc_ = Import...
» @ Isc.in 4 Export..
> [ Isc_in Build Project
> g Iscin Clean Project
» 8 Isc_ot ©1 Refresh
> I Isc_ot Close Project
> 9 Isc_re Close Unrelated Project
> B IscusS0g Targets
> Biscus Index
> 19 Isc_ue
) [ Iscue © RunAs
» @ Iscus % Debug As
> 8 Isc_ug Profile As
W Isc_ut Restore from Local History...
> [@ Isc_ue Create Lattice Application Template
> [ Isc_ue Update Lattice C/C++ Project...
, @ Iscw ¥ RunC/C++ Code Analysis
) @ Iscusi  Team
> [9 main Compare With
> g utilsc Configure
> 1 utilst Source
R cpus ¥ Validate
 cpuy Properties
B linker.rar

3 sys_envxml

ES lattice_nx33u_test

File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help
CRCR RN R SRR

Manage...

Build All
Clean All
Build Selected...

13

Figure8.31. Set Build Configuration to Release Mode
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5.

¢2 asSd GKS

2 LJ0 A Y N0 Xl BRI BEE § NP SIS AhSHEah ANATI K- dti A 2 v

I type filter text |

> Resource
Builders
Build Variables
Environment
Logging
Settings '
Tool Chain Editor
> C/C++ General
> MCU
Project Natures
Project References

0} Properties for lattice_nx33u_test

Settings

Configuration: | Release [Acﬁve]‘ I

® Tool Settings | Toolchains M Devices # Build Steps  Build Artifact b Binary Parsers @ Erro ¢ | * |

¥ Target Processor
(% Optimization
Warnings

(2 Debugging
v & GNU RISC-V Cross Assembler
(2 Preprocessor

Optimization Level

Optimize more (-02)

v

Message length (-fmes
‘char’ is signed (-fsigné
Function sections (-ffu
Data sections (-fdata-s

Optimize more (-02)

None (-00)
Ontimize

Optimize size (-Os)
Optimize fast (-Ofast)

v {ManagAe Configur;tionsu }

Run/Debug Settings 2 Incl [CINo common unitializeOptimi
SystemVerilog Project § wca:::;s [] Do not inline functions 2omemzeior debug CO0)
Task Tags &2 Miscellaneous [[] Assume freestanding environment (-ffreestanding)
> Validation v & GNU RISC-V Cross C Compiler [[] Disable builtin (~fno-builtin)
3 Preprocessor [[] single precision constants (-fsingle-precision-constant)
3 Includes [ Position independent code (-fPIC)
¢ Optimization [ Link-time optimizer (-fito)
(5 Warnings [] Disable loop invariant move (-fno-move-loop-invariants)
&0 Wscellanaous Other optimization flags
~ & GNU RISC-V Cross C Linker
2 General
(2 Libraries
2 Miscellaneous
v & GNU RISC-V Cross Create Listing
& General
~ & GNU RISC-V Cross Print Size
& General
v~  Lattice Create Memory Deployment
% General
e > [Restore Defaults || Apply
@ [rates] [ Gt

Figure8.32. Set Optimization Level

t SoSt

© 2025Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asistetatticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificatitiosraation herein are subject to change without notice.

FPGAPUG0223%1.5

92

uz2


http://www.latticesemi.com/legal

USB 2.0/3.2 IP s LATTICE

User Guide

6. hLISy fAR/QTINIEL RFNEY (KS aAND2FeFRBMEB® akK2sy Ay (KS

47

ISC_WINSuUD.n
Iscusb.c
main.c

0y

[®)

g utils.c
N utils.h
B cpusvd
) cpuyaml
1 linker.ld
i} sys_env.xml
X lattice nx33u testlaunch

Figure8.33. Linker IDFile

7. 1t A0 (AW ISR KRS FKEYyTF2(f26Ay3I FAIANBO

Linker Script: linker.ld

Available Memory Regions

Name Attributes  Base Address Size
isysmemi_inst| rwx O 0x20000

STACK and HEAP Size

HEAP_SIZE: | 0x0100
STACK_SIZE: | 0x0A00

Section to Memory Region Mapping

CODE: |sysmem0_inst ~
DATA: | sysmem(_inst -~

Section Name Memory Region
text sysmem0_inst
.ctors sysmem{_inst
dtors sysmemi_inst
rodata sysmem(_inst
.data sysmem{_inst
bss sysmem{_inst
heap sysmemi_inst
Stack ! ! sysmemi_inst
v

Owervievl linker.ld I

[*! prahleme S Tacke [ Cancnle % ™ Pranertise & Tarminal

Figure8.34. Linker IDTab
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8. CKB2ff26A WA FIFSANBY (6 REY2NE 4800GA2y dzaASR AY YGiKS RS&aAIy |

Ob 28 8NA B\ GIKKES AaA @A OK &2dz  NB dzaAy3a yR dzLJRIGS AT ySOSaa
T YSYnYr®wirkda YSY2NE Ad dz@SR F2N) SPOSyid o0dzZFFSNE O2ydNBf S
nEmng®nnn

T YSYMY TBKA&E ASOGA2yL bhaQUZABBRFESENLY g ISYS¥Gdo .1 asS | RRNJ
 YSYHY theKiad &aSO0GA2Yy milac dBtSRO BN MIOYlay I ASYS¢yGo . FasS IR
IRR GKS YSY2NER aASOGOHZFARAY TG KE i KHKPRIY2 GRARARR NER2E & #8538 v 3

FYR IIKSYS A YY1 8RR & KF BRIZKIS 26 Ay I FAIdzZNBY
sysmeml_inst (rwx ) :org = 0x100000, len = 0x1 8000

sysmemz2_inst (rwx) : org = 0x140000, len = 0x20000

sysmema3_inst (rwx) : org = 0x180000, len = 0x20000

Tl Linker x
LP* Lattice Generated linker script, for normal executables */
£
3ENTRY (_start)
4
5 _HEAP_STZE = DEFINED( HEAP_SIZE) ? _HEAP STZE : 0x@;
6 _STACK_SIZE = DEFINED( STACK_SIZE) ? _STACK SIZE : @xA00;

00 =~ O

EMORY

-~ =

<R Ys]

Px0, len = Bx20000

0x1000008, len = @x18000
0x1400008, len = @x20000
9x180000, len = @x20000

sysmem® inst (rwx) : org
11 sysmeml_inst (rwx) : org
12 sysmem2_inst (rwx) : org

13 sysmem3_inst (rwx) : org
14}
ac

16 SECTIONS

18 /* CODE */

19 .text : ALIGN(4)
20 {

21 _ftext = .;

Figure8.35. Base Address Update

10./ 2 LRTAKSeHAY A KRB VG SINUSIKSY I RS a ¥8 vaieRyVa Ay GKS FT2ff 264

/* placing my named section at given address: */

.myBufBlock 0x100000 :

{

KEEP(*(.myBufSection)) /* keep my variable even if not referenced */
} >sysmeml_inst

/* placing my named section at given address: */

.myBufBlock_2 0x140000 :

{

KEEP(*(.myBufSection_2)) /* keep my variable even if not referenced */
} >sysmem2_inst

/* placing my named section at given address: */
.myBufBlock_3 0x180000 :

{

KEEP(*(.myBufSection_3)) /* keep my variable even if not referenced */
} >sysmem3_inst
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Tl *Linker =

109 . = ALIGN(16);

1180 PROVIDE (_stack_start = .);

111 PROVIDE (_end = .);

112 PROVIDE (end = .);

112} >sysmem@ inst

114

1149 /* placing my named section at given address: */
116 .myBufBlock 0x10000@ :

114 {

118 KEEP(*( .myBufSection)) /* keep my variable even if not referenced */
119} »>sysmeml_inst

124

124 /* placing my named section at given address: */
127 .myBufBlock_2 ©x140000 :

1244

124 KEEP(*( .myBufSection_2)) /* keep my variable even if not referenced */
129} >sysmem2_inst

12

12]/* placing my named section at given address: */
128 .myBufBlock 3 0x180080 :

124 {

126 KEEP(*( .myBufSection_3)) /* keep my variable even if not referenced */
139} »>sysmem3_inst

13

133 /* END */

134}

135|

Figure8.36. System Memory Instance

11.{+ BFR OKSaBAY 1SN a0ONR LI @
12. hLISy ddikE mfeoX FNRBY GKS aND T2t RSN®
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i} workspace - Lattice Propel
File Edit Source Refactor Navigate Search Project Run Latti
B 4 R A = "R A C R & v 65 Y
s Project Explorer X BE®SY § =0
v 5 lattice_nx33u_test A
> w Includes
v (B src
> & bsp
> & class
kg Isc_command.c
> 9 Isc_ctrl_xfer.c
[g Isc_endpoint.c
> [0 Isc_endpointh
ig Isc_ep_handler.c
> g Isc_ep0_handler.c
> g Isc_fw_ep_buf_mgmt.c
» 0 Isc_fw_ep_buf_mgmth
> [ Isc_hw_regs.h
» [9 Isc_in_ep_buf_mgmt.c
> [0 Isc_in_ep_buf_mgmth
» 8 Isc_intr.c
[¢) Isc_out_ep_buf_mgmt.c
[ Isc_out_ep_buf_mgmth
» e Isc_reg_access.c
tg Isc_usb_ch9.c
{n Isc_usb_ch9.n
> [ Isc_usb_desch
[g) Isc_usb_dev.c
[0 Isc_usb_dev.h
k€] Isc_usb_event.c
(& Isc_usb_vendor.c
> [0 Isc_usb_vendorh
[ Isc_user_cnfg.c
> [ Isc_user_ep_cnfg.h
[ Isc_winsub.h
[ Iscusb.c
tg main.c
lg utils.c
(B <
cpu.svd
) cpuyaml
W linker.ld
 sys_env.xml 5

Figure8.37. utils.h File

13.' yO2YYSyld tAyS y20¢ kyp diNgR | &IRIG2S 7 iFeE 4 21BAIFEY TA A diNE
b 2 (¢SKA & £ 8 NBASIIDINBREC LINRAYy G YSaal dzd Sa Odz il2ay FrS/ Q-GG Rdf
FNBIjdzSy Oes 26K AEKMSH /alll Ay GKAA R
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14.{ | @S
15./ £ A GKtSRF 2 S O (0 19 & ¢uft NSRRI

[0 *utils.h X

54 #endif

55

56 typedef struct timer reg s {
57 volatile uint32_t cnt_1;
58 volatile uint32_t cnt_h;
59 volatile uint32 t rsvd[2];
60 volatile uint32_t cmp_l;
61 volatile uint32 t cmp_h;
62 } timer_reg_t, *timer_reg_p;
63

§6nﬂ| #define CPU_M_FREQUENCY (72)' /* Use this line if got the true cpu frequency */
65 #1

66 #define CONFIG_DEFAULT_M_HZ (3)

67 #else

68 #define CONFIG_DEFAULT_M_HZ (1e@)

69 #endif

70

71 #ifdef CPU_M_FREQUENCY

72 #define SYSCLK_KHZ (CPU_M_FREQUENCY * 100@)

73 #define TIMER@_IMST_BASE_ADDR (CPU@_INST_BASE_ADDR + ©x400)
L74 wnid dalawMS{nint39 + med-

Figure8.38. CPU_M_Frequency Update

Iy RdzIOX 28K K S

< 4 4 N AN AN~ -

bd dzAf R t N22SOi

% usb23_benchmark_fw - Lattice Propel
File Edit Source Refactor Mavigate SealchRun LatticeTools Window Help

(= d BrlrRadgvravd>y Open Project
|- Project Explorer = =l Close Project
v e Iaﬂl-ceTn:ﬂU.tesl s Build All Ctri+B
+ Incudes Build Configurations >
¥ @ src
Build Working Set »
& class
2 lsc_command.c Clean...
@ Isc_ctrl_xfer.c Build Automatically
4 Isc_endpoint.c Create Lattice Application Template
5 Isc_endpointh Update Lattice C/C++ Project..
i Isc_ep_handler.c
C/C++ Index >

4 Isc_ep0_handler.c
4 lsc_fw_ep_buf_mgmt.c
& Isc_fw_ep_buf_ mgmt.h

Properties

& Isc_hw_regs.h

4 Isc_in_ep_buf_mgmt.c
# Isc_in_ep_buf_mgmt.h
u Isc_intr.c

4 Isc_out_ep_buf_mgmt.c
& Isc_out_ep_buf_mgmt.h
i |sc_reg_access.c

4 Isc_usb_ch9.c

& lsc_usb_ch9h

¥ Isc_usb_desch

4 lsc_ush_dev.c

& lsc_usb_dev.h

i Isc_usb_event.c

4 Isc_usb_vendor.c

& lsc_usb_vendorh

& Problems X .4 Tasks| & Console| 0

0 items
4 Isc_user_cnfg.c -~

Description
¥ Isc_user_ep_cnfg.h
& lsc_winsub.h
4 Iscusb.c
' main.c
i utils.c

& utilsh ™

| lattice_nx33U_test

Figure8.39. Build a Project
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* Problems 2 Tasks| @ Conscle * - ) Properties & Terminal
DT Build Console [lattice_r33U_test]
riscv-none-embed-size --formatsberkeley "lattice_nx33U_test.elf"
Text data bss dec hex Filename
38196 1568 39424 71188 11614 lattice nx33U_test.elf
Finished building: lattice_nx33U_test.siz

Invoking: Lattice Create Memory Deployment

riscv-none-embed-objcopy -0 binary --gap-fill @ “lattice_nx33U_test.elf* “lattice_nx33U_test.bin®; srec_cat “lattice_nx33U_test.bin® -Binary -byte-swap 4 -DISable Header -Output
“lattice_nx33U_test.mem™ -MEM 32

Finished building: lattice_nx33U_test.mem

108:39:49 Build Finished. @ errors, 8@ warnings. (took 4s.483ms)

Witable Smart Insert 549 65 ; 3641

Figure8.40. Console Message

O
N
(et
u»

OKFG OSSR 8 SFSNE GASWRLIZNII F yi F2NJ YSNHAY 3 6AGK o0AdGadNB

8.3.2.3.Import Project from Directory
Note: You can skip this step if the previous st@pthe Creating the Projecectionhas been completed.
To importa project inthe Lattice Propel 2024.(or latest)Software Build Tools for Eclipgellow these steps

1. [ dzyi @& GGAOS t NRBLISt Hnanwunodm { 2 FHBRINYR LI dASt FF 24 2R2SENG (iT22 N YOL(2f |
LINE 2SOG[ F ¢zrOBE A O
2. { SIGOMGS B U aLIAMERSS yT 2K i PdaNB/dd

H : workspace - Lattice Propel
File Edit Source Refactor Mavigate Search Project Run |
New Alt+Shift+N > = &i =
Open File... g =

2 Open Projects from File System...
Recent Files >

Close Editor Ctrl+W
Close All Editors Ctrl+5Shift+W

Save Ctrl+5
Save As...

Save Al Ctrl+5Shift+5
Revert

Move...

Rename... F2
Refresh F5
Convert Line Delimiters To >

[

Print... Ctrl+P

Import...
Export...

G &

Properties Alt+Enter

Switch Workspace >
Restart
Exit

Figure8.41. Import Project
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3.1 S YLRREA) sAyR26 RS aKZRATANGDR | SIS 25064 FNBY C2t RSNJ
2LIA2y O YE8RI Of A O

£t Import O X

Select
R

Analyzes the content of your folder or archive file to find projects and import them in the IDE.

Select an import wizard:

| type filter text |

v [= General
JE Archive File
=% Existing Projects into Workspace
(22 File System

2 Projects from Folder or Archive I

B S A i s
» & Git
» = Install

® < Back Einish Cancel
Figure8.42. Project from Folder or Archive

He ZWEGRSNI LI 6K 0RA B @A MBY W 3t (AMKEREE 2 ¢ A YOR YIYRYG &I GiKKS T 3

4. { St SaQ
Fff RSaiAdayay
FAYAUlLff SRERG BOVRINRB D05 S BVitgza BBENBR PR E 4 R (2 NJ

Import Projects from File System or Archive

Import Projects from File System or Archive B

This wizard analyzes the content of your folder or archive file to find projects and import them in the IDE.

Import source: |C:\\Users\mhasbull\DDwnIaads\usb test\aﬁq\\nxﬂ3u_imp_revb_evn_bd_ld_des\saf'twale\\usbza_valldamrl Archive.
[iype filter text | Select All
Folder Import as Deselect All

b23_validator Eclipse project

1 of 1 selected

[] Hide already open projects

[] Close newly imported projects upon completion
Use Installed project configurators to:

Search for nested projects

Detect and configure project natures

Working sets

[] Add project to working sets New...

Working sets: Select.

Show other specialized import wizards

@ < Back Next > Cancel

Figure8.43. Select the ProjecFolder from Directory
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5. b2gr &2dz Oy &SS (KSKSINRLIZINTIGSIA w52 NBNB 2SOl Ay

Eile Edit Source Refactor Mavigate Search Project Run Lattice
il | &~/ ~m:B:L 5 # & v 8 v [
5 Project Explorer x B Y § =08

I L§u5b23_validator|

Figure8.44 Project ExploratioriTab

A s

6. / tAO|tRF28QGIPDERIIPRERNMIG H o dZAf R t N22SOi

workspace - Lattice Propel

Eile Edit Source Refactor Navigate Search| Project 'Run LatticeTools Window Help
i | B~ R~ @B % S A Open Project 4

25 Project Explorer x Close Project
~ =5 usb23_validator Ctrl+B
#% Binaries >
kY Includes
2 src b’
= Release Clean...
1% usb23_validatar.launch Build Automatically
Create Lattice Application Template
Update Lattice C/C++ Project...
C/C++ Index >
Properties

Figure8.45 Build Project

7. P FOSNI NG Q&deafdROOS a a T dzfOfR28/ a@F SLIRRAKIIRIGNBKR S aal 3Sd b2
& S W AMEAS OSNE A YL NI IiRabA F2NNFISWHRANYVES & A (0 K

121 Problems & Tasks B Console % [ Properties 4 Terminal X oG EEERE BBy =D
ICOT Build Console [usb23_validator]
Finished building target: usb23_validator.elt ~

Invoking: GNU RISC-V Cross Create Listing
riscv-none-embed-objdump --source --all-headers --demangle --line-numbers --wide "usb23_validator.elf" > "usbh23_validator.lst"
Finished building: usb23_validator.lst

Invoking: GNU RISC-V Cross Print Size
riscv-none-embed-size --format=berkeley "usb23_validator.elf"
text data bss dec hex filename
36164 31416 18376 77956 13084 usb23_validator.elf
Finished building: usb23_validator.siz

Invoking: Lattice Create Memory Deployment

riscv-none-embed-objcopy -0 binary --gap-fill @ "usb23_validator.elf" "usb23_validator.bin"; srec_cat "usb23_validator.bin" -Binary -byte-swap 4 -DISable
Header -Output "usb23_validator.mem" -MEM 32

Finished building: usb23_validator.mem

©09:41:00 Build Finished. @ errors, 37 warnings. (took 20s.175ms)

Figure8.46 Console Message
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8.3.3. RadiantSoftware Compilation forBitstream

To generatehe USB23 Benchmasdkampledesign,follow these steps:

1. D2 G2 GKS 3ASYySNIGSR Lt F2ftRSNI 6f3ISYSNIGSRYALWTF2t RSNk SOOI
1 YEoodzg OYLIWNB @06 p SOWIWR RYWR pRBB (IS MNB1 LINR 2 S O
T a2F06 NBkdzad o H o KH ! § c RINAWSHNY H & T10R LN
T LI AOFGA2Y Kk éAY dza o yrl2EeyyRPysaLILBY2NERIE g AL yAcOh TGAALD v
b2¥S9yada2NB (KIFIG GKS LINRP2SOG Aa aG2NBR Ay | &aK2NISNI LI G
[ 2y 3 SNNE N3

dut_inst.v dut params.v nx33u cmp
Figure8.47 Eval Folder

2. ' YT AMEOKSZ OYLIWWNB 06 Y FA 50 RENRPpRF A YT AIKS FAE Sa akKz2sy Ay

nx33u_cmp_revb_evn_bd_rd_des.rdf
reportview.xml

mipi_uvc_nx33u_evalbd_des.sty

Figure8.48nx33u_cmp_revb_evn_bd_rd_des Sub Folder

3. /INBIGS la20F-iRNBRWES Ol ( a/CNBSHRS [2YVRB OA OS G WF .3 9yt SINKESNS v éal £ 2 3
AK2¢6gA AWaNBY RA 3ydpNIBS

New Project (on Idc-farm42) ~ X
Select Device

Specify a target device for the project.

Select Device: Device Information:

Family: Device: Core Voltage: 1.00V
iCE40UP (iCE40 UltraPlus) LIFCL-17 Logic Cells: 33000
LAV-AT (Avant) LIFCL-33 LUTs: 27648
LFCPNX (CertusPro-NX) LIFCL-33U )

LFD2NX {Certus-NX) LIFCL-40 Registers: 27648

LFMX05 {MachX05-NX) EBR Blocks: 64

LIFCL (CrossLink-NX) .

LN2-CT (Certus-KH) D .

LN2-MH {Mach-KH) DSP (18x18 Multiplier): 64

UT24C (Certus-NX-RT) .

UT24CP (CertusPro-NX-RT) il 0
PLLs: 1
DLLs: 2

4 L4 PCSs: 0

Operating Condition: Package: AlLUs: 0
Commercial ~ | FCCSP104 - DPHYs: 0

Performance Grade: Fio C.ells: 51

- PIO Pins: 51
7_High-Performance_1.0V -

Part Number:

LIFCL-23U-7CTG104C -
Online Data Sheet for Device
Help < Back | MNext > Cancel

Figure8.49. Radiant Device Setup
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Module/IP Block Wizard (on ldc-farm42) A X

Configure Component from IP USB23 Version 3.0.0
Set the following parameters to configure this component.

Diagram usb_test Configure usb_test:
|  Configure
ush_test Property Value
—|REFINCLKEXTM i 21 Data Intert. ~ Parameter
ata Intertac
—{REFINCLKEXTP_i - USB_MODE usB23
- RESEXTUSBZ2
—{RXM_i GSR ENABLED
- RESEXTUSB3
={RAXP_i Host Interface | LMMI
) TXEM o
—USB2 RESET i
- - TXP o
=USB3 MCUCLK i
- - VBUS
— USB3 SYSRSTN i
- - ) XOOUT1S o
—{USBPHY_REFCLK_ALT |
. interrupt_o
= USB RESETM i )
- - . Immi_rdata o[31:0]
—{USB_SUSPENDCLE_i - -
- - Immi_rdata wvalid o
= ¥OINL1S | - - -
T Immi_ready o
—{Immi_clk_i
-7 usb23 DM
= mmi_offset i[14:0] -
- - usb23_DP)

—Immi_reguest i
- - xm_arlock_o[1:0]

= Immi_rst n_i T

oot xm_amisc_info_o[3:0]
= immi_wdata i[31:0] - -
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USB23

[ 3
User Guide No DRC issues are found.

< Back @ Generate | Cancel

Figure8.50. USBIP GUI Option
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Figure8.51. Opena RadiantSoftwareProject
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Figure8.52. USB23 Benchmark Example Design Radiant Software Project
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Figure8.53. Bitstream Generation
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i ©] rtlfresetn_sync.sv Bitstream Settings T
| iy remote files/sources/rtlfsource/ahbl_Immi_conv/AHBL _to LMMI_ct
; i) u23_lifclu_nx33_prpl_bldrfu23_lifclu_nx33_prpl_bldrju23_lifclu_nx . e 1

Figure8.54. Place & Route Design Settings
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The following figure shows thaby can increase the number of Placement Iteration Start Point and Placement Iterftions
obtain abetter timingresult

Description:

Process
- Synthesize Design
Constraint Propagation
Synplify Pro
- LSE
RTL Design Rule Check
- Post-Synthesis
Post-Synthesis Timing Analy
- Map Design
Map Timing Analysis
- Place & Route Design
Place & Route Timing Analy
10 Timing Analysis
Timing Simulation
Bitstream

Command Line Options

Disable Auto Hold Timing Correction
Disable Timing Driven

Impose Held Timing Cerrection
Multi-Tasking Mode List

Number of Host Machine Cores

Pack Logic Block Utility [blank or 0 to 100]
Path-based Placement

Placement Iteration Start Point

Placement Iterations [0-100]

Placement Save Best Run [1-100]
Prioritize Hold Correction Over Setup Performance

Run Placement Only

Set Speed Grade for Hold Optimization
Set Speed Grade for Setup Optimization
Stop Once Timing is Met

Na rﬁe
Text
T/F
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T/F
File
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m
Default

All
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-
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Figure8.55. Placement Iteration
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8.3.4. Trimthe Memory File
The following stepsdescribehow to trim the memfile.

We are using two separate memory regions by manually adding a second memory to the linker script. As a remaimthe .
file locations exceed 3¢ while our system memory depth is limited tok3zZs shown ifrigure8.58. Followthesesteps to

trim the memory file and use the truncatethemfile in the ECO editor tool.

To trim the memory file follow these steps
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Microsoft Corporation. All rights reserved.
C:\Users\mhasbull>cd C:\lscc\propel\28624.2\workspace\RiscVMC_Test\Release

-none-embed-
ck RiscVMC

yte-swap 4 -DISable Header -Output R Test.mem -MEM

propeli\2e824.2\workspace\RiscVMC_Test\Release>»

Figure8.56. Trim the Memory File

8.3.5. Merging .mem with Bitstream Fle

The followingstepsdescribe how to add the .mem file that had been trimmed amergeit into the bitstream file from the
Radiant software:

1.

2.
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Tools Window Help
Pre-Synthesis Constraint Editor
Post-Synthesis Timing Constraint Editor
Device Constraint Editor
Netlist Analyzer

Physical Designer

ECO Editor

Timing Analyzer

Reveal Inserter

Reveal Analyzer/Controller
Power Calculator

Programmer

SEI Editor

Standalone Timing Analyzer

dNBEews ANEEEDe®

Bitstream Security Settings

7]

Run Manager

H

Simulation Wizard

H

Export Macro

Source Template

T

IP Catalog

Synplify Pro for Lattice
ModelSim Lattice-Edition
Questasim Lattice-Edition

mz

Clear Tool Memory...

Options...

Figure8.57. ECO Editor
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Q Memory Instance Attribute
- » large_ram_64k Width:64 Depth:16384 Mode:LRAM
* sysmem( Width:32 Depth:32768 Mode:LRAM I
Memory Initialization ;Hex File - C:/Users/mhasbull/OneDrive - Lattice Semiconductor Corp/... I
~ Components
nxU_prpl_bldr.sysmem0_inst.Iscc... LRAM_CORE_R47C50
nxU_prpl_bldr.sysmem0_instlscc... LRAM_CORE_R34C50
b tdp_ram_64_32 Width:64 Depth:8192 Mode:EBR
syslO Settings I Memory Initialization I
Figure8.58. Memory Initialization
4. { St S@®¥SWKISS G KIF (i @&2UNIKY ABK I SaUBNIRASFRY 4 BRE Atz MEKFIGIK S
F2tt26Ay3 FTAIdANBOD
ECO Editor X
o Memory Instance Attribute

- nxU_prpl_bldrsysmem0_inst.Iscc_... Width:32 Depth:16384 Mode:LRAM
Memory Initialization Hex File- <Project directory>

* Components

nxU_prpl_bldr.sysmem0 ins... LRAM_CORE _R34C50

0

* nxUp Memory Initialization Settings (on ldc-farm42) A X
M& ) Initialize all bits to 0
- Co Initialize all bits to 1
@ Initialize by Memory File I
File Format: I Hexadecimal - I
Memory FiIe:I _ipk_test_24102024/test/testing_24101024.mem
oK Cancel
sysl0 Settings Memaory Initialization

Figure8.59. Memory Initialization Settings
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’ Synthesize Design Map Design ‘ Place & Route Design n Export Files |

Q= Find Text.. P x 17 Start Page Reports W Eco Editor *
=e ] Memory Instance Attribute
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o« ¥ large_ram_64k Width:64 Depth:16384 Maode:LRAM
ﬂ LIFCL-33U-7CTG104C
- Strategies * nxU_prpl_bldr.sysmem0_inst.Iscc_sys m... = Width:32 Depth:16384 Mode:LRAM
| Area Memory Initialization Hex File - C:/lscc/propel/2024.1 /workspace/lattice_nx33u_test/Release/...
= Timing

v C T
) strategyl omponents

= [ impl_1 (Synplify Pro) W save «
- Input Files
rtl/clock_debug.sv By default ECO changes will be saved to current active UDB file, these changes
- will be discarded after re-run Map, Place and Routing process. To keep these lice_nx33u_test/Release/...
) rtl/resetn_sync.sv changes, you can export ECO changes to a Tcl script file or save ECO changes to
= |l pll_60m_i_60m_o/pll_60m_i_60m_o.ipx a separate inactive UDB file.
3 RTL Files
» Constraint Files Save Export Save as... Cancel
» Testbench Files Pl e —
pll_60m_i_60m_o.cfg
syslO Settings Memory Initialization

i) rtl/u23_rready_monitor.sv

Figure8.60. Save the Siings in the EC@ditor and Generate Bitstream

8.3.6. HardwareTesing
This section describes the steps to perfdnardware testing odata streaming

The bllowing jumperanustbe set accordinglandin the CLOSED position:
J8 (Short pins-2)

J23

J40

J37

Jal

J56

The estof the jumpersmustbe inthe OPEN position.

=A =4 =8 -4 -4 -4

8.3.7. FPGA Bitstream Programming

This test process uséise default programming file(bit file) provided with thewith the exampledesign.Therefore you

have extractedhe nx33u_cmp_revb_evn_bd_rd_desxampledesign projectlf you have changkthe designor code,

make sure to regenerate the bitstream.

Follow these steps to program the FPGA bitstream:

1. t26BKIKS 62FNR 068 O02yySO0GAy3a (KS §KOBNE DaoX OydeEat. & 1 (1A 20/2 . 2

2. ¢KS 02FNR A& LINPINIYYSR dzaAy3d GKS [0 8z0BESRRALFYG t N3
aldImytRrRYy S (22t 2N TARFIBONHBSIQIHAIOS wl RA L yi

3. {GFNI | LINPBINFYYYAYy3I LINRP2SOG o0& fd dzyOKAy3I (GKS (22t | yR ;

4. 2 KSy (KKl a28QRYydROSA aWKRX Ry i t NESIINIAWYIB NYIRKE BR Ay (KS
T2ff 26 ARMAA LENIHSENDINPKSSS Ou Yy Ihv®X | yR Of AO{
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B3 Radiant Programmer - Getting Started

New Project:

Project Mame: |untﬁed\

Project Location: | E:ftestf

v| Browse...

@ Create a new project from a scan
Cable: |HW-USBMN-2B (FTDI) | Port: |FTUSB-D ~ Detect Cable
TCK Divider Setting (0-30x):

() Create a new blank project

Open Project:

O Open an existing programmer project

E:/test/b0fsowefit5001_m1/hardwarefref_designsfu23_lifd_nx_33u_evalbd_des/fimpl_

1jUntitled. xcf

coce

Browse...

Figure8.61. Radiant Programmer Getting Started Window
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a. Browse programming file (bit file) from following locatietExtractedexampledesign project directoryimpl_1
b. ClickOK Click the Program button to configure the LEB3U on the board as shown the following figure.

| ¢LBLINPFLANERE | 2065A yLINREIANG (vay A

£ Radiant Programmer - Untitled xcf *
File Edit View Run

P 2@

Tools

Help

@ @

%,,_g_,r LG

Figure8.62. ProgramButton

c. Check the Output console at the bottom of Lattice Radiant Programmer for the result of the programming.
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File Edit View Run Tools Help
== @ @ ey B
Enable Status Device Family Device Operation Cable Setup g x
1M LIFCL LIFCL-33U Fast Configuration Cable Settings 2
< > Detect Cable
TDO " Cable: HW-USBN-2B (FTDI) ~
- Port: FTUSB-0 %
TCK
Custom port:
HOST: ™S Programming Speed Settings
PC/COMPUTER
FTDI USB HOST BUILD-IN ] ‘ () Use default Clock Divider
DOWNLOAD CABLE TCK TMS ® Use custom Clock Divider
CPU/MICROPROCESSOR
TCK Divider Setting (0-30x): |15 =
TDI LIFCL-33U
» TDI TDO (—— 1/0 Settings
RESET ol JTAG EN @ Use defauit /O settings
. () Use custom I/0 settings .
< > < >
Output g X
Lattice VM Drivers detected (HW-DLN-3C (Parallel), HW-USBN-28 (FTDI))
Programmer device database loaded
Qutput Tel Console
Ready

C20NH G SNY I €
a.
b.
C.

{tL

Short jumper J5 on the board.

Figure8.63. Select Programming Mode

CX | BKf fYBdr 2iNeS 23303 2S/1LJa Y
Make sure that the board is turned off.

Select theappropriate settings ithe Radiant programmeas shown in the following figure.
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£ LIFCL - LIFCL-33U - Device Properties ? X

General Device Information

Device Operation

Target Memory: External SPI Flash Memory (SPI FLASH) s
Port Interface: JTAG2SPL ~
Access Mode: Direct Programming ~
Operation: Erase,Program,Verify ~

Programming Options

Programming file: |esf|mp|_1.."nx33u_cmp_revh_evn_bd_rd_des_impl_1.bit|... 0x250D

SPI Flash Options

Family: SPI Serial Flash ~
Vendor: WinBond v
Device: W25Q5121v ~
Package: 8-pad WSON w
SPI Programming
Data file size (Bytes): |852531 Load from File
Start address (Hex): 000000000 ~
End address (Hex): 0x000D0000 w

[ Turn off addresses auto updating
|:| Erase SPI part on programming error

Secure SPI flash golden pattern sectors

Cance

Figure8.64. SPI Flash Programmer Settings
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8.3.8. Performing Streamingperations

This section describdbe steps to perform sieaming operatios over USB via different types of USB transfersh as Bulk,

Interrupt, and IsochronousNote thatthe Bulk/Interrupt and Isochronoushardware resuls mayvary across different

platforms orsetups.

To perform streaming operations, follow these steps:

1. /1 2yySOG ! {. @883 NRQ §f{S &R LIS / O2yy0MIRN2 LR ! {. ¢&LIS
2. hSy GKS 5S@A0S RHILIISNIGF N2Y &2 dzNJ t /

3. ¢KIS{. RESIASSNI (6 SR YIKE FRIdWoRFIi KSABANBRECOKERIZy a G(KI G

Sy dzY S NI A R yTal LINPSCRST &

= = @
v & CI7W10P111808
I Audio inputs and outputs
3 Computer
s Dlisk drives
& Display adapters
; Firmware

@ Mice and other pointing devices
[ Monitors

I Metwork adapters

& Ports (COM & LPT)

™ Print queues

Processors

Security devices

Software components

Software devices

£ i g 1 ]

Secund, video and game controllers

Lﬁ

Storage controllers

i3 System devices

& UCMCLIENT

ﬁ Universal Serial Bus controllers
W ' Univerzal Serial Bus devices
i Lattice USB23

Figure8.65. USB Enumeration
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c2000 K
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= USB Device Tree Viewer V4.4.1 = X
File Edit Options Tools Help
Drives: —— v Others: —— v Search: X | Hits: 00 (< >
L] My Computer USB Portl3 &
= - Intel(R) USB 3.10 eXtensible Host Controller - 1.20 (Microsoft) - USB xHt Co’me:g.lon Status . gxgg (Device is connected)
port chain -
ROOT USB Root Hub (USB 3.0) HEopart iae o 0x03
H IsUserconnectable yes
*< [Portt] PortIsl:ehgllgt:amah'la'i yes
H PortHasMultiCompanions no
& [Pon2] PortconnectorIsTypeC no
4963 [Port3] : Synaptics UWP WBDI - UMDF Util App Component - B gg%::f;ﬂgﬁgg:" DXGDRCRcEER)
H {2 3 K T_HUB30#4&813847&08&0#{f18a0e88-c30c-11d0-8815-00a0c906beds’
- $6 [Pord] : Luxvisions Innotech USB Composite Device - Camera || SOPANIORKUBSYILDK ¢ USBAROOTHURS t 1d0-88 }
Ee[PcnS] ~-> CompanionPortcChain : 1-1
H Summar
& [Ports] vongor ID 2 8XZA8<1) (Lattice Semiconductor Corp)
H 3 Product XFD!
+ Jé [Port7] : FTDI Dual RS232-HS - COM6, COM7 Manuf]acturer string 0000;88
Seria 1
G [Portg] USB Version 3.2 Gen
'o'eo[PonS] Port maximum Speed Superspeed
& ;§.[Ponm]:|me| Intel(R) Wireless ) - ax NellDevice c°""““°“ Speed : SuperSpeed
H Demanded current 400 ma
Deman
*< [Pont11] Used Endpoints : 7
H
:e'["”“z] USB Device
‘ﬁ [Port13] : Lattice USB23 ~H-++#+++++M++H Device INFOrmation ++++ttttstttstttss
& Port14 Friendly : Lattice USB23
(Port14] Device Descrwnon : WinUsb Device
fe. Port15 Device Path 1 \\?\USB#VID_2AC1&PID_FD00#00000001#{aSdcbf10-6530-11d2-901f-00c04fb951led} (GUID_L
[Port15] Device Path 2 \\?\USB#VID_2AC1&PID_FDO0#00000001#{dee824ef-729b-4a0e-9c14- b7117d333817} (GuID_C
fe_ Port16 Device Path 3 \\?\USB#VID_2AC1&PID_FDO0#00000001#{c3a97bbd-95d1-4e51-a934-1416aflbcc89
[Port16] Kernel Name \Device\USBPDO-5

= Bl Intel(R) USB 3.20 eXtensible Host Controller - 1.20 (Microsoft) - USB xH
# ROOT USB Root Hub (USB 3.0)
B3 Thunderbolt(TM) Controller - 466D
B Thunderbolt(TM) HSA Component
= . Thunderbolt(TM) Controller - 463E
B Thunderbolt(TM) HSA Component

Device ID
Hardware IDs
Driver KeyName

USB\VID_2AC1&PID, FDOO\OOOOOOO].

USB\VID_2AC1&PID_FDOO&REV. 0 USB\VID_2AC1&PID_FDOO

{88bae032-5281-49f0-bc3d- adfflSBZlGdS}\OOOl (GUID_DEVCLASS_USBDEVICE)
\SystemRoot\System32\drivers\WinUSB.SYS (Version: 10.0.19041.1 Date: 2019-12-07

priver

Dpriver Inf C:\Windows\inf\winusb.inf

Legacy BusType PNPBU s

lass USBDev'

Class GUID {sshaeosz -5a81-49f0-bc3d-a4ff138216d6} (GUID_DEVCLASS_USBDEVICE)
Service

Enumerator

Location Info Port_#oon.uub_#oooz

Address 13

Location IDs PCIROOT(O)#PCI (1400)#USBROOT (0) #USB(13) , ACPI(_SB_)#ACPI(PCO0)#ACPI(XHCI)#ACPI(RF
Container ID {7cdb7543~ Zlhc 5124-8502-891370755bb0}

Manufacturer Info i Winusb Dev

Capabilities : Ox14 (Removab'lc UniqueID) v

< >

5.

6. 5 2 dzbff & @ 1K&SA v dza

Figure8.66. USB Device Tree Viewer
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>

(@]]

a dR/MIYS LILIGSES

Name

winus

winus
winus
winus

winus

Iy )y [

device.obj

I@ main.obj

| | ve142.pdb

| _] winusb_async_app.Build.CppClean.log

[0 winusb_async_app.exe

winusb_async_app.vcxproj.FileListAbsolute.txt

b_async_app.tlog

b_async_app.exe.recipe
b_async_app.ilk
b_async_app.log
b_async_app.pdb

Figure8.67. WinUSB Asynchronous CLI Application
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8.3.8.1.0btaining Device Information
To obtain the device information, follow these steps:

1. 'G GKS O2YYBYROUWNRMIMKZYyamo

2. ¢KS 2 Ayl {. 0KBAL INBHIBIHNA/VAS
 NnEDA BKLISSR 2NJ KAIKSNI 2LISNI GAy3I &LIS
f nEQM USSR 2NJ f 26SNJ 2LISNF GAy3a &LISS

Application Version: 1.7

ketSizeB: 9
Number of Endoints: @
Mumber of Endoints: 2
Endpoint index: @ Pipe typ
I MaximumBytesPerInterval: 3
Endpoint index: 1 Pipe
0_MaximumBytesPerInterval: 3
Alt_set: 2 Mumber of Endoints: 2
Endpoint index: @ Pipe type: Bulk
Endpoint index: 1 Pipe type: Bulk
Alt set: 3 of Endoints: 2
Endpoint index: @ Pipe type: Interrupt
index: 1 Pipe type: Interrupt

Number

Endpoint
1: Get Device Information

: Read Data from Device (Bulk/Interrupt IN)
lrite Data to Der [ fInterrupt OUT)
irite Data to Den ronous OUT)

Read Data from DEUiiEE{ISDEhPDHDUS IN)

[N T =S Wy

found: VID APID_FDBB; bcdusb 8328
speed: 3 (High speed or Higher operating speed).

Y:iN

=LATTICE

MaxPktsSz:

MaxPktsSz:

Figure8.68. Obtaining Device Informationthrough WinUSB API

8.3.8.2.USB3 BIK IN/OUT Test
To perform the USB3ulk IN/Bulk OUT test, follow these steps:
1. ¢2 LISINESINN B’IS { BIOFS y
2. WISNB2UKSR2 o AYIYAYTF2NNYI GAZY
T !t 08 EOHMAS IY vz 6 S NJ
1 9YRLRAY(G ydzYoSNJ oA iyle RANBOGAZY
1 bdzYoSNJ 2F GAYSa
1 b dzY o SoRJ( B # | dR2
c2ft2g GKSasS NMzZ Sa

6KSy a8t SOGAY3

6AYy KSEO

iKS ydzYoSNJ 27

Number of bytes to read must be in multiple of endpaimaximum packet siz&his is becausehe current
hardware design for streaming always sends paslith size equals tthe endpoint'smaximum packet size for

an IN endpoint. This applies toe Interrupt INandBulk IN transfers.
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on: 1.7
Q

Number of Endoi

tesPerInterval
Number

Number

nfinite loo
ead shall be in multiple of Endpoint’s maximum packet size and
Bytes to Read: 1848576
# # # i i : : #

) for iteration 106 =

EXIT Y:N o
Figure8.69. Bulk IN Test

3. ¢2 LISNESINN h k6 B8EMSY
4. OY(ISHROKSGAYIAYAYTF2NNYIGAZ2Y
T 'tGSNYyIGS aSGiadAay3a ydzyo SNXY H
T 9YRLRAY B AREWNDBIONIAZYHOAY KSEO
f bdzZYoSNJ 2F GAYSE o0®Y(ISNIn F2NILYFAYAGS €221
f bdzYoSmIIBH (2 HWINKEEY am+bif2A R H
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Number of Endoints
Number of Endoints
Pipe type: Isochronous Pipe
esPerInterval: 3
Isoc Pipe

Pipe
Pipe

Interrupt Pipe
Interrupt Pipe

nter Alternate Setting number:
nter Endpoint Mo with Di

nter Number of

nter Number

Figure8.70. Bulk OUT Test
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8.3.8.3.USB3 Interrupt IN/OUT Test
To perform thelnterrupt IN/OUTtest, follow these steps:
1. ¢2 LISNJ2YNN NBS&EIG LB S®HSO0G 2LIA2Yy H
2. 9YUSRROGKBOAYIAYAYTF2NNIGAZY
f 'fOSNYIGS aSGaAy3a ydzyoSNXY o
1 9YRLRAY B ARENBIONIAZYYyOoAy KSEO
1 bdzYoSNJ 2F GAYSa oY GSNIn F2NILYFAYAGS f22L0

X: @ Pipe H hronous
tesPerInterval:
de 1 ip : Is rOnous
tesPerInterva
Number

t inde
Number of
ndex: ip : Interrupt
Endpoint index: 1 Pipe type: Interrupt
1 et D ce Information
lead Data from De

Enter Alte te Set I

Enter Endpoint Mo wit

Enter Number of times nter 8@ for Infinite It 160

Number of es to be read shall be in multiple Endpoint’s

# . # _ #

EXIT Y:N

Figure8.71. Interrupt IN Test

wiwne latticesemi.com/legal


http://www.latticesemi.com/legal

=LATTICE

3. ¢2 LISINKE & NIyyh( SINNHS 8@SIEN(ad2 v
4, OYUSHRPOUKSGAYIAYAYTF2NNYI GAZ2Y
f 'fOSNYIGS aSGaAy3a ydzyoSNXY o
1 9YRLRAY B ABRENBONIAZYodAy KSEO
1 bdzYoSNJ 2F GAYSa o0®YGSNIn F2NILYFAYAGS f22L
1 bdzYoSaRIiIBZE (2 MWINKEHEY amtdif2A R H

tesPerInte
Number

Number
: Interrupt
: Interrupt

(Interrupt IN)
errupt OUT

Enter Number
Enter Number

Mbits/

Mbits/

EXIT Y:N

Figure8.72. Interrupt OUT Test
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8.3.8.4.USB3 ISOC IN/OUT Test

To perform thelsochronoudN/OUTtest, follow these steps:

1. ¢2 LIS NN KiNBSAdiy & SppSOG 2 LI A2y

2. VEGSNY LGS &SimiwA y3 ydzyo SNJI

3. Y G SHUHANBESNI amMI yA8®am (2 pnoo
FaSR 2y G(KS ydzvo SIN& 23K NR yWSdea SiyyBiRS MERIRGRIAYE GINE- 3y F8Sded 2MH BA Ol
OFt Odzf i SR®

4, ¢KISE2O0KNRYy2dza Lb GNYXYAFSNI A& AYyAGAFGSRO®

Application Version: 1.7
bMaxPacket5ized: 9
Alt set: @ Number of Endoints: @
Alt set: 1 Number of Endoints: 2
Endpoint index: @ Pipe type: Isochronous : MaxPktsz:
I MaximumBytesPerInterval: 3872
Endpoint index: 1 Pipe type: Isochronous : MaxPktsz:
O _MaximumBytesPerInterval: 3872
Alt _set: 2 Number of Endoints: 2
Endpoint index: @ Pipe type: Bulk : MaxPktsz:
Endpoint index: 1 Pipe type: Bulk : MaxPktSz:
Alt _set: 3 Number of Endoints: 2
Endpoint index: @ Pipe type: Interrupt : MaxPktsz:
Endpoint index: 1 Pipe type: Interrupt : MaxPktsz:
: Get Device Information
: Read Data from Device (Bulk/Interrupt IN)
: Write Data to Device (Bulk/Interrupt OUT)
: Write Data to Device (Isochronous OUT)
: Read Data from Device (Isochronous IN)

Enter your Selection...5

Enter Alternate Setting number: 1

Enter Mumber of times (Range: 1 to 58): 5
totalTransferSize: 367268

szBuffer: 387200

IsochInPacketCount: 28

isochPackets: 1288

IsochInTransferSize: 61448

Requested 61448 bytes in 28 packets per transfer.
Transfer 1 completed. Read 55296 bytes.

Requested 61448 bytes in 28 packets per transfer.
Transfer 2 completed. Read 61448 bytes.

Requested 61448 bytes in 28 packets per transfer.
Transfer 3 completed. Read 61448 bytes.

Requested 61448 bytes in 28 packets per transfer.
Transfer 4 completed. Read 61448 bytes.

Requested 61448 bytes in 28 packets per transfer.
Transfer 5 completed. Read 61448 bytes.

EXIT Y:N

Figure8.73. Isochronous IN Test
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5. ¢2 LISNAZNMMKINRSISdrdl 3 & SS OG0 2LIA2Yy
6. OYUSRROKBOAYIAYAYTF2NNIGAZY
9 'fGSNYyIFGS aShadAy3a ydzYoSNY wmo
1 bdzYoSN) 2F GAYS@E owhy3aSy m d2 pno A )
FaSR 2y (KS ydzyoSINA 23 KNRwSdza Siyyiks MEBIRPHAYE S0 &I TSS NI a A1 S
Fdzi2YFGAOFEt& OFf Odz  iSRD
f bdzyoSWIIBE (2 66+ f ANE NS/ yEMMA ERA Olyidsvao SIK B KOBE (84 (NI yav,
Ay aAray3atsS &aSNBAOS AyidiSNDI ¢
7. ¢KISA20KNRY2dza h! ¢ GNIYYaAFSNI A& AYyAlGAlFIGSR®

Application Version: 1.7

bMaxPacketSized: 9

Alt set: @ Mumber of Endoints: &

Alt set: 1 Number of Endoints: 2
Endpoint index: @ Pipe type: Isochronous
I MaximumBytesPerInterval: 3872

Endpoint index: 1 Pipe type: Isochronous
0 MaximumBytesPerInterval: 3872

Alt set: 2 Mumber of Endoints: 2
Endpoint index: @ Pipe type: Bulk
Endpoint index: 1 Pipe type: Bulk

Alt set: 3 Mumber of Endoints: 2
Endpoint index: & Pipe type: Interrupt
Endpoint index: 1 Pipe type: Interrupt
1: Get Device Information

Read Data from Device (Bulk/Interrupt IN)

: Write Data to Dew ulk/Interrupt OUT)

: Write Data to De chronous OUT)

Read Data from Dev

1:
2:
4

Enter your Selectiom...!
Enter Alternate Settin - |
Enter Number of times ge: 1 to 58): 18
IsochOutTransferSize: 614
Total Transfer Size: 614488
Enter Number of Bytes to be written (Valid range : 1 to 614486) :61448
transfer completed.
transfer completed.
transfer completed.
transfer 3 completed.
transfer completed.
transfer completed.
transfer completed.
transfer completed.
transfer completed.
transfer 9 completed.

e
1

[= QN I R W

-

Figure8.74. Isochronous OUT Test
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Important note: For Isochronous IN and OUT transféng,firmware followson-demand transfeflow as per

'{.Ho Lt O2NBQa LINE Hbhaivd¥rangia) cabeza finbvare ihitiatesiieuksis afte 2eyeiving
notification that Isochronous IN/OUT transfers have been initiatethbyhost. Tre notificationis

received viahe Transfer not readgvent. Because othis, the first few (3 to 4) requestaredropped. In case of
Isochronous INthe USB23Pautomatically send 0 length data while for Isochronous Qlafa will be lost.
This isan expected behavior.

8.3.8.5.USB2 BIK IN/JOUT TEST

To obtain the speed of theonnected device, use the USB device tree tool to determiiheHigh-Speed modeappearsif
USB2 connection is successfully connected.

# USB Device Tree Viewer V4.4.1 - o X
File Edit Options Tools Help
Drives: - v Others: ——— ~  Search: His: 00 < =
£ My Compurter 2 USE Portl a
' Intel(R) USB 3.10 eXtensible Host Controller - 1.20 (Microsoft) - USB Connection Status : OxO1 (Device is connected)
BOOT S8 Root Hub (USB 3.0) pant [chain 1
") Losoe sy Fortisbebuocaabie i o
e o TR
| ;§ [Pont3] : Synaptics UWP WEBDI - UMDF Util App Component E:%i:f;:’g:gs:" 0x01 (Port 1)
| l{é [Portd] ; Luxvisions Innotech USB Composite Device - Came gmsx:gg:gﬁm;gzr giggk?g‘grﬁusﬂg#mﬂaﬂM#[Flaaoeas-:soc -11d0-8815-00a0c906beds}
H‘G‘ [Ports] -> CompanionPortChain : 1-13
H‘e' [Pon§] vendor ID 2 sznclszmiﬂce Semiconductor Corp)
g [Pont7] : FTDI Dual RS232-HS ;Qﬁalﬁ:ﬁ?er string E::egge
<% USE Serial Converter A ;;23:? Scning Iassgggglusaza
= USB Serial Port (COME) gcs:EtV;;:j\;:m speed H'\gh-speeg (companion Port 1-13 is doing the Superspeed)

<% USB Serial Converter B

«<——— High-Speed = USB2

= USB Serial Port (COM7) e e : 100 ma
H«G'[Pona] used Endpoints 1 7
Y2, (Pons) USB Device
F D Inf t
-3 [Port10] : Intel Intel(R) Wireless Blugtooth(R) - 4x Bluetooth, F”e"dw*;*””“““*“* TR S HE I G
H_e Port11 Device Description ! WinUsb Device
[Port1] Device Path 1 : \\?\USB#VID_2AC1&PID_FDO0#00000001#{asdcbf10-6530-11d2-901f-00c04fb951ed EGUIDJ
Ee Port12 Device Path 2 : \\?\USB#VID_2AC1&PID_FDO0#00000001#{dee824ef-729b-4a0e-9c14-b7117d33a817} (GUID_L
[Port12] Device Path 3 : \\7\USB#VID_2AC1&PID_FDO0#00000001#{c3a97bbd-95d1-4e51-a934-1416aflbccsa
36' Port13) Kernel Name : \Device\USBPDO-5
i) Device ID ! USB\VID_2ACL&PID_FDUD\00000001
ge‘ Port14 Hardware IDs : USB\VID_2AC1&PID_FDOOSREV_00L0 USB\VID_2ACL&PID_FDOO
[Port14] Driver KeyName : {88bae032-5a81-49f0-bc3d-a4ff138216d6}\0001 (GUID_DEVCLASS_USBDEVICE)
s Driver : \SystemRoot\System32\drivers\WinuSB.SYS (version: 10.0.19041.1 Date: 2019-12-07
+&5 [Port15] ;i
[Port13] priver Inf ¢ C:\Windows\inf\winusb.inf
E@[Porﬂﬁ] Legacy BusType H PNPEus
Class : USBDev
Bl ntel(R) USB 3.20 eXtensible Host Controller - 1.20 (Microsoft) - USB glg\s’_‘gcceium |'{Eéﬁggscﬁz-SaSJ.-AQFCt-I:u:ari-aa'&'Fi’laa216.‘15) (GUID_DEVCLASS_USBDEVICE)
ROOT Enumerator 1 USB
1 copm USB Root Hub (USB 3.0) L:gah’un Info : ;urtJDQOl.Hub,#OODZ
Address 3
B3l Thunderboli(TM) Controller - 466D Location IDs : PCIRWT(OJ#PCI(1400)#USBRO0T(0]Wsaé 3. ACPI(_SB_)#ACPI (PC0O0) #ACPT (XHCI) #ACPI (RHL
*Th derbokiTM) HSA C t Container ID : {1lefOe81-dcb2-59f2-9d03-601cFad45fdS
IS Thunderbok(TM) omponen v |Mmanufacturer Info : Winusb Device v
< > < >

Figure8.75. USB2 Connection Speed

To perform the USB2ulk IN/Bulk OUT test, follow these steps:
1. ¢2 LISNF2N)Y GKS .dzZ {1 Lb GSadx aStSOG 2LWGA2y HO
2. 9y GSN) GKS F2ft26Ay3 AYF2NXYIGAZYY
T TEGSNYFGS aSGGAY3I ydzYoSNY Ho
f 9YRLRAY(G ydzYoSNJ oA yks RANBOGAZ2Y 6Ay KSEO
1 bdzyoSNJ @F GAYSa
b dzY o SNJI S H I dR2
c2fft2g GKSaS Nz Sa ¢gKSy aStSOlGAy3a GKS ydzyoSNI 27
The numberof bytes to read must be in multiple of endpoint maximum packet Sihés ishecausehe current
hardware design for streaming always sends paskith size equals tthe endpoint's maximum packet size for
an IN endpoint. This applies te Interrupt INandBulk IN transfers.
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Application Versionm: 1.7
etSized: 46
Number of Endoints:
ous Pipe

ous Pipe

Pipe

1
Endpoint i 1 ip pe : Pipe

End t i i : Interrupt Pipe
Endpoint i 1 i Interrupt Pipe
1: Get Devw

Read Data from De

| e Data to De

~ Alternate Setting number:
» Endpoint No with Direction
 Number of time
Number of es to be read shall be in multiple of Endpoint's maximum packet size and <= 32 MB.
[}
# : : : # : : #

EXIT Y:N

Figure8.76. USBBulk IN TesResult

3. ¢2 LISINESINN haé6f §8ad2LIIAZ2Y o
4. OYUSHRROKSGAYIAYAYTF2NNI GAZ2Y
9 'fGSNYIFGS aSGaAy3a ydzYoSNY HOD
1 9YRLRAY B AVRENSBIONIAZYHOAY KSEO
1 bdzYoSNJ 2F G(GAYSa 609yGSNIn F2NILYFAYAGS f22L
f bdzYoSWIIBH (2 HWINKHEY am+tbif2A R H
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ion Version: 1.7
etSized: 48
Number of Endoints:
Number of Endoints:
e Pipe : Pipe

Pipe

Pipe
Pipe
of Endoints: 2
Interrupt Pipe
Interrupt Pipe

. Read Data from D
Write Data to De

4: Write Data to Den
: Read Data from D

~ Endpoint No with Dir
~ Mumber of times (
~ Number of Bytes

Speed =

EXIT Y:N
Figure8.77. USBZBulk OUT TedResult

8.3.8.6.USB2 Interrupt IN/OUT Test
To perform the USBiterrupt IN/OUTtest, follow these steps:
1. ¢2 LISNJLYNN NES&EIG LB S®HSO0G 2LIA2Yy H
2. OYUSRROGKBOAYIAYAYTF2NNIGAZY
9 'fGSNYyIFGS aShGadAy3a ydzyoSNY oo
1 9YRLRAY B AVRENSBIONIAZYYyOoAy KSEO
f bdzYoSNJ 2F GAYSa
 bdzyo SII SEB G R
C2f f RBHZGIK 6KSy aStSOlAy3a (GKS ydzyoSNI 2F o6edSa (2
The numberof bytes to read must be in multiple of endpoint maximum packet size.
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tion Version: 1.7

Number of Endoints:
J Number of End
Endpoint index: @ Pipe Pipe
ytesPerInterval: 1
nt index: 1 : Pipe
tesPerInterv
Number
Pipe
Pipe
Number
Pipe
Pipe

Enter .
Enter
Enter N ~ of ti P : fFinite lo
multiple maximum ket size and

# #

Avrage Speed(IN Mbits/

Speed = 62.495 Mbits

EXIT Y:N

Figure8.78. USBZnterrupt IN TestResult

3. ¢2 LISINE & NIyyhil SINNGHS 8@%1Bi6d2 v
4. OYUISHRROKSGAYIAYAYTF2NNYI GAZ2Y
9 'fGSNYyIFGS aShGaAy3a ydzYoSNYXY oo
1 9YRLRAY B ARENSIONIA2Y 6Ay KSEOY o
1 bdzYoSNJ 2F GAYSa oY GSNIn F2NILYFAYAGS f22L
1 bdzyoSmIIBZE (2 MWINKEHEY antdif2A R H
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1.7
t5ized: 40
Number of Endo
Number of Endoi

Endpo
Endpoint i
Alt_set:
Endpoint ind

Enter Endpoint
Enter Mumber of times (Ent
Enter Mumber of Bytes to Write (Valid Range: 1

fsecond) for iteration 186

second

EXIT Y:N _

Figure8.79. USB2nterrupt OUT Test

8.3.8.7.USB2sochronousN/OUT Test
To perform the USBBochronoudN/OUTtest, follow these steps:

A

1. ¢2 LIS NN KiNBS2dry & SptpSOG 2 LI A2y

2. VEGSNYFGS aSiaGAy3 ydzYoSNY wmo

3. 9y GSNJ GKS ydzYoSNJ 2F GAYSa ONlXy3aISY m (G2 pnoo
. FaSR 2y G(GKS ydzyoSNa22GKNRWSda SRS MERIRGIAYE SGINL 3y FESaxd
OF £t Odzt F G SR®

4, ¢KISA2O0KNRyYy2dza Lb GNYXYyaF¥FSNI A& AYyAGAFIGSR®
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Application Version: 1.7
bMaxPacketSizef: 48
NMumber of Endoints: @

N Mumber of Endoints: 2
Endpoint index: @ Pipe type: Isochronous
I MaximumBytesPerInterval: 1824
Endpoint index: 1 Pipe type: Isochronous
0 MaximumBytesPerInterval: 512
ALt set: 2 Mumber of Endoints: 2
Endpoint index: @ Pipe type: Bulk
Endpoint index: 1 Pipe type: Bulk
ALt set: 3 Mumber of Endoints: 2
Endpoint index: @ Pipe type: Interrupt
Endpoint index: 1 Pipe type: Interrupt

: Get Device Information

: Read Data from Device (Bulk/Interrupt IN)

: Write Data to Device (Bulk/Interrupt OUT)

: Write Data to Device (Isochronous OUT)
Read Data from Device (Isochronous IN)

Enter your Selection...5

Enter Alternate Setting number: 1

Enter Number of times (Range: 1 to 58): 5
totalTransfersize: 182480

szBuffer: 182408

IsochInPacketCount: 28

isochPackets: 1208

IsochInTransfersize: 20488

Requested 28486 bytes in 28 packets per transfer.

Transter 1 completed. Read 18432 bytes.

Requested 28486 bytes in 28 packets per transfer.

Transter 2 completed. Read 28488 bytes.

Requested 28486 bytes in 28 packets per transfer.

Transter 3 completed. Read 28488 bytes.

Requested 28486 bytes in 28 packets per transfer.

Transter 4 completed. Read 28488 bytes.

Requested 28486 bytes in 28 packets per transfer.

Transter 5 completed. Read 28488 bytes.

EXIT ¥Y:N

Figure8.80. USB2sochronous IN TedResult
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MaxPktsz:

MaxPktsz:

MaxPktsz:

MaxPktsz:

MaxPktsz:
MaxPktsz:
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Application Version: 1.7
bMaxPacketSizef: 48

Alt set: © Mumber of Endoint
Alt set: 1 Mumber of Endoint
Endpoint index: 8 Pipe type: Isochronous 1 81 MaxPktsSz:
I MaximumBytesPerInterval: 1824

Endpoint index: 1 Pipe type: Isochronous D] MaxPktsSz:
0 MaximumBytesPerInterval: 512

Alt set: 2 Number of Endoints: 2

Endpoint index: 8 Pipe type: Bulk Do MaxPkts
Endpoint index: 1 Pip : T MaxPktsSz:
Alt set: 3 Mumber of Endoints:

Endpoint index: 8 Pipe type: Interrupt : 8 MaxPktsSz:
Endpoint index: 1 Pipe type: Interrupt : MaxPktsSz:
Get Device Information

Read Data from Device (Bulk/Interrupt IN)

: Write Data to Device { nterrupt OUT)

: Write Data to Device ( ronous OUT)

Read Data from Dev ' )

&
]

=
=

1:
2:
4

Enter your Selection...4

Enter Alternate Setting number: 1

Enter Mumber of times (Range: 1 to 58): 18

IsochOutTransferSize: 16246

Total Transfer S5ize: 1824686

Enter NMumber of Bytes to be written (Valid range : 1 to 18248) :18248
Write transfer 8 completed.

Write transfer 1 completed.

Write transfer 2 completed.

Write transfer 3 completed.

Write transfer 4 completed.

Write transfer 5 completed.

Write transfer 6 completed.

Write transfer 7 completed.

Write transfer 8 completed.

Write transfer 9 completed.

EXIT Y:N

Figure8.81. USB2Asochronous OUT Tefesult

Important note: For Isochronous IN and OUT transféng,firmware followsthe on-demand transfeflow. Inthe
on-demand transfeflow, the firmware initiates requests afte receivingnotification that Isochronous IN/OUT transfers
have been initiated byhe host. The notificationisreceived viahe Transfer not readgvent. Because othis, the first few (3
to 4) requests will be dropped. the case ofisochronous INhe USB23Pautomatically send 0 length data while for
Isochronous OUTHata will be lostThis isanexpected behavior.
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8.4.

Example Software API

8.4.1. USBEhumeration API

Inthe USB23 Benchmaskample designthere are some useful software API that you can radeilo obtain tke software
API, follow these steps:

1. ' YT ARILGEWED{ ¢! [[ 9B PTFLMADNBb W] BYcSLIEAYPDHPH DT A LI
2. hLISyLt yLb{ ¢! [[ 9B PTFLMANBO W] B YR FIAMNPR G BDOK i Y ¢

LIFCL NX33U Generic HAL

LIFCL NX33U Generic HAL Driver API Document

Introduction =~ Related Pages  Data Structures ~  Files ~ Q-

LIFCL NX33! ric HAL .
OXsying
erview
Release History
Data Structures LIFCL NX33U is USB Generic HAL driver for Lattice usb device. This HAL driver is used for USB 3.0 and USB 2.0 device. This HAL driver is used to enumerate USB device as WinUSB Device.

Files

Initialization & Configuration

The Isc_usb_dev structure contains device controller information. It is used by the HAL driver to configure usb device base address, irq and other hardware related informations.
Isc_usb_init() - Initializes USB Device Controller.

Isc_usb_enable_int() - Enable Device Event Interrupts.

Isc_usb_evt_buf_handler() - Processes events generated by USB Controller.

Isc_usb_start() - Start USB Controller so that HOST can see device.

Isc_fw_ep_buf_mgmt_init() - Configures firmware managed IN endpoint buffer.

Isc_iebm_init() - Configure/Re-Configure IN Endpoint Buffer Management IP.

Isc_iebm_buf_int_handler() - This ISR handles processing of IEBM IP.

Isc_oebm_init() - Configure/Re-Configure OUT Endpoint Buffer Management IP.

Isc_oebm_buf_int_handler() - This ISR handles processing of OEBM IP.

Ganarated on Fri Nov 29 2024 15.05.45 for LIFCL NX33U Generic HAL by dgx\“ggn 1814

Figure8.82. HAL Driver APl Document
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Appendix A. Resource Utilization

The following tableshowsthe resource utilizatiorof the USB 2.0/3.2 IP coresingthe Synplify Praf the Lattice Radiant
software.

Table Al. Resource UtilizatiotJsingLIFCI33U-7CTG104C

Configuration USB23 Registers LUTs EBRs
USB23 IP 1 0 0 0
USB23 IRndUSB23 example design 1 3,764 6,661 36

© 2025Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are amistelhtiicesemi.com/legal
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Technical Support Assistance

Submit a technical support case througivw.latticesemi.com/techsupport
For frequently asked questions, refer to the Lattice Answer Databasevet latticesemi.com/Support/AnswerDatabase
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Section

Change Summary

All

Updated IP version on the cover page.

Abbreviations in This Document

Addedanabbreviation definition for HAL.

Introduction

1 UpdatedTablel.1. Summary of the USB2.0/3RCore
1 Updated theFeaturessection.

Operation Details

1 Removed th&set Device Descriptor without Setup section.
1 Updated theConnect Donesection.

Designing with the IP

Updated theGenerating and Instantiating the sction.

Example Design

1 Removed Note 1 in th©verview of the Example Design and Featsextion
1 Updated theDescription on Data Flow from USB Device to idestion.
1 AddedFigure8.6. PLLOptional Port Configuratian

1 Added the following sections:

Hardware Version GPKa&ction.

Remove Wakeup GPkection.

USR PHY Reset GP$€ction.

EndpointIN Buffer Configuratiosection.

Partial Buffer Handlingection.

Interrupt Generatiorsection.

1 AddedFigure8.13. System Memorfort SOConfiguration
AddedFigure8.14. System MemoryPort SIConfiguration

1 Updated thefollowing sections:

Creating the Projeciection.

Building the Projecsection.

Trimthe Memory Filesection.

Merging .mem withBitstream Fle section.

FPGA Bitstream Programmisection.

Obtaining Device Informatiosection.

USB3 BIKIN/OUT Tessection.

USB3 Interrupt IN/OUT Testction.

USB3 ISOC IN/OUT Tssttion.

USB2 BIKIN/OUT TESSection.

USB2 Interrupt IN/OUT Testction.
USB2sochronoudN/OUT Tessection.

1 Removed the Known Issue in Streaming Operation section.
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UpdatedTable Al. Resource Utilizatian
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Section

Change Summary

All

UpdatedIP version on the cover page.

Introduction

Updated the software version ifiable 1.1. Summary of the USB2.0/3.2 IP Core
Updated thelicensing and Ordering Informatisection.
Removedhe Ordering Part Number section.

Running the Example Design

UpdatedFigure 8.52. Memory Initialization
Updated theTrim the Memory Filsection.
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Appendix A. Resource Utilization

Updated thesoftware version td_attice Radiant software 2025.1
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Section Change Summary
All Added IP version on the cover page.
Introduction Updated the IP version ifiable 1.1. Summary of the USB2.0/3.2 IP Core

Example Design

1 Updated thenotes in theOverview of the Example Design and Featsexgion.
1 Updated thecontent and figures in th&xample Design Componeisection.

1 Updated thecontent and the figures in thRunning the Example Desigaction.
1 Updated the content and figure in tHexample Software ABéction.

Resource Utilization

UpdatedTable A.1. Resource Utilization.

Appendix Biob.c

Removed this section.
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Section

Change Summary

All

Added IP version on the cover page.

Abbreviations in This Document

Updated the title of this section.

Introduction

1 Updated the Quick Facts section.

1 Added the IP Support Summary section.

1 Updated the following key feature of the USB 2.0/3.2 IP core in the Features section:

1  Supports two control endpoints at EP0O/1 (1 IN 1 OUT) and eight individually reconfigu
logical endpoints. Each logical endpoint reflect two physical endpoints, one IN and on
endpoint. For more information, refer to the Cross-MK33 and CrossLkt-NX Data
Sheet (FPGRS02104).

1 Renamed the section title IP Validation Summary to Hardware Support and updated t

content in the Hardware Support section.

Updated the Licensing and Ordering Information section.

Added the Minimum Device Requirements section.

Functional Description

Updated the IP Architecture Overview section.
Updated the Clocking Overview section.
Updated the AHBto-LMMI Converter section.
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IP Parameter Dseription

Updated Table 3.1. General Attributes of the USB 2.0/3.2 IP Core.

Signal Description

Updated the title for the LMMI/AHBL InterfageConfiguration Path section.
Added the interrupt_o port to Table 4.6. AXI Interfadgata Path.

Register Description

Updated the introductory paragraph in this section.
Updated Table 5.1. USB IP Controller Register Information.

Updated the title for all the sulsections in the USB IP Controller Register Information
section.

Updated Table 5.2. GLOBAL_CTL.

Added Table 5.3. GLOBAL _ID.

1 Updated the description for PHYSOFTRST in Table 5.4. GLOBAL_USB2_PHY_CFG
0).

1 Updated the description for DATWIDTH in Table 5.5. GLOBAL_USB3_PIPE_CTL(#n)

0) section.

Added the GLOBAL_TX_FIFO_SIZE (GTXFIFOSIZ(#n)) section.

Added the GLOBAL_TX_FIFO_SIZE (GTXFIFOSIZ(#n)) section.

Added Table 5.20. GLOBAL_RX_FIFO_SIZE.

Updated Table 5.21. USB IP 2/3 PHY Control Status Register Information.
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Operation Details

Updated the Enumeration Sequence section.
Added the Transfer Flow section.

Designing with the IP
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Replaced the following figures:
1  Figure 7.2. IP Configuration

1 Figure 7.3. Check Generated Result
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Change Summary

1 Updated Table 7.1. Generated Files.
1 Updated the following sections:
1 Design Implementation
1  Timing Constraints
1 Updated the introductory paragraph of the Designing with the IP section.
1 Removedhe Running the Simulatiosection

Example Design

Replaced the entire Example Design section with new content.

Appendix A. Resource Utilization

Updated the resource utilization information.

Appendix B. iob.c

Added this section.
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1 USB 2.0/3.2 IP Release Notes (FHRGQ2037)
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Introduction Updated the Overview of the IP section.

Updated Table 1.1. Summary of the USB2.0/3.2 IP Core.
Updated the Features section.

Functional Description

Updated the IP Architecture Overview section.

Updated the Clocking Overview section

Updated the User Interfaces section.

Updated the Internal IP Blocks section.

Replaced USB23_reference_clk with usb23_reference_clk in the User Interfaces secti
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IP Parameter Description

UpdatedTable3.1. General Attributes of the USB 2.0/3.2 IP Core
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Updated the following tables in this section:

i Table 4.1. Clock Ports

1 Table 4.2. Reset Interface

i Table 4.3. USB Interface

1 Table 4.4. LMMI InterfaceConfiguration Path
 Table 4.6. AXI InterfacéData Path

9 Table 4.7 Other Signals.

Register Description

Updated the tables in these sections:
USB IP Controller Register Information
USB IP 2.0 PHY Control Status Register Information

Operation Details

Updated Figure 6.2. Flow Diagram for the Control OUT Transfer.
Replaced all USB23_Device IP with USB 2.0/3.2 IP.

Replaced USB 2.0/3.2 in step 2 to USB23.

Updated the following figures:

1  Figure 7.1. Module/IP Block Wizard

1 Figure 7.2. IP Configuration

1 Figure 7.3. Check Generated Result

Updated Table 7.1. Generated Files.

Updated a reference to the Lattice Radiant Software 2023.2 User Guide.
Replaced all USB23_Device IP with USB 2.0/3.2 IP.
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Change Summary

1 Added theRunning the Simulation section.

1 Added theUsing RIS® Drivers section.

1 Added a reference to theattice Radiant Timing Constraints Methodology Application N
(FPGAAN-02059)in the TimingConstraintssection.

Example Desig

In the Example Design Components section:

Updated Figure 8.1. USB2.0/3.2 IP Example Design Block Diagram.
Added Figure 8.2. Clocking Diagram of the Example Design.
Updated USB 2.0/3.2 Primitive section.

Updated USB23_ED section.

Added Table 8.1. Configurable Attributes of the USB23_ED.
Updated the End Address default value for the Interrupt Handler in Table 8.3. MUX for
Interrupt Handler, and Pattern Generator/Checker.

Added Figure 8.3. USB23_ED Block Diagram.

Added Running the Example Design section.

AddedLoading an Example Design from the Propel Builder Tool section.
AddedUSB Example Design with R\BDriver section.
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Usage
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interface and xs_* are signals to/from the AXI subordinate interface.
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