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Chapter 2: Product Specification

Table 2-19: Interrupt Enable Register (C_BASEADDR + 0x0110) (Cont’d)
Bits Name Access |Reset Value Description
2 s Rw | o |02 Dbl ush Dicomec e
0 Arosumy | Rw | o 07 Dbl AEORuRay et
s AromuFee | R | o O Dlebles OB et
s (seup | mw o Db Seup e el e
7| sorrk w03 Dlsbes St affame receed e
6 Wanp | mw o §Debescomonente nen speed e
s epocsu | Rw 0 O Dbles endponty buferdprocessed e
W Epebocsu | w0 O Disables endpont o bufer L processed e up
5 epeocsuit | R | o O Dissbles endpoins oufer Lprocessed et
2 epavocsuit | R | o O Dissbles endpoins oufer L processed inernt
L ot | kw0 O Dssblesendpoind bufe Lprocessd et
o Eptproceut | mw | o | O Dibles ndpont 2 buffert processed interup
o epwbocsun | mw | o 07 Diablesendpontl buferdprocessed e
8 Reserved NA - Reserved
7 eocuo | R | o O Dlesendpoind oufe 0 processed et
o eepoco | w0 | O Disblesendpontd bufer 0 procesed terup
s estocuo | Rw o | O Dbl endronis bufer 0 procesed terup
¢ oo | Rw o 02 Disblesendnont bufe 0 procesed iern
s Epwocsuo | Rw |0 | 02 Drblesendvoim 3 bufer o processed terunt
2 eppocsuo | mw |0 02 Diablesendvo 2 buter o processed ierunt
1 Ep1ProcBufo R/W 0 0 = Disables endpoint 1, buffer 0 processed interrupt

1 = Enables endpoint 1, buffer 0 processed interrupt
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Table 2-19: Interrupt Enable Register (C_BASEADDR + 0x0110) (Cont’d)

Bits Name Access |Reset Value Description
0 = Disables endpoint 0, buffer 0 processed interrupt
0 EpOProcBuf0 RIW 0 1 = Enables endpoint 0, buffer 0 processed interrupt

Notes:
1. This bit is undefined if the parameter C_INCLUDE_DMA = 0.
2. This bit is undefined if the parameter C_INCLUDE_USBERR_LOGIC = 0.

Buffer Ready Register (BRR)

The Buffer Ready Register (BRR) has a buffer ready bit corresponding to each buffer of each
endpoint, as shown in Table 2-20. The firmware sets each bit when that buffer is ready for
either USB IN or USB OUT traffic. Until that bit is set, an attempted IN or OUT to/from the
buffer results in a NAK to the host. The ability of the buffer to handle an IN or OUT is
determined by the EpOutln bit in the Configuration and Status register of the
corresponding endpoint. It should be noted per the USB 2.0 Specification, endpoint 0 has
only one buffer that handles IN or OUT.

Table 2-20: Buffer Ready Register (C_BASEADDR + 0x0114)

Bits | Name Access \R;:IS:; Description
31-16 | Reserved R 0 Reserved for future use
s Ty w0 e
W gemy ww o 9T[dOn buferd ot en fr S e
13| EpSBufLRdy RIW |0 beint s buffer 1 i ready for SIE transter
o geeunny  Rw 007 Eeons bt ot b o ot
Ly w0 DTEn S et
b mmary w0 T e
o Jmmmy w0 e
8 Reserved NA - Reserved
P ey ww | o DT EdRomT bufer gl ot e fr S ot
o memury | mw | o DT[dRonE bufer gl oten fr o ot
s sy ww o QT[dpom bufer gl oten fr o ot
4 | Ep4BufORdy RW |0 T R hoint 4 buffer 01 ready for SIF tansfer |
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Table 2-20: Buffer Ready Register (C_BASEADDR + 0x0114) (Cont’d)

Bits | Name Access ssflf; Description

o Jmmon [ o e e e e
B I R BRI e Sy
L meony w0 e e e
i I R B et s

Test Mode Register (TMR)

The Test Mode Register (TMR) described in Table 2-21 defines the different test modes in
which the AXI USB 2.0 Device operates. The USB Implementors Forum, the organization that
controls USB logo certification, requires all USB 2.0 devices that operate at High Speed
support these test modes.

Table 2-21: Test Mode Register (C_BASEADDR + 0x0118)

Bits Name Access |Reset Value Description

31-3 Reserved R 0 Reserved for future use

Value defines the test mode.
0x0 = Normal Mode

0x1 = Test Mode J

0x2 = Test Mode K

0x3 = Test Mode NAK

0x4 = Test Mode Packet

2-0 TestMde R/W 0

The AXI USB 2.0 Device provides test mode support to facilitate compliance testing.
Four test modes are supported:

« Test Mode J — Core transmits a continuous chirp J and remains in this state until the
time when it is reset.

+ Test Mode K — Core transmits a continuous chirp K and remains in this state until the
time when it is reset.

« Test Mode NAK — Core searches for any IN token with a valid crc5. If crc5 is valid, the
core sends a NAK, otherwise it waits for the next valid IN token. The core remains in
this state until it is reset.

« Test Mode Packet — As specified by the USB 2.0 Specification, the core transmits a test
packet which is composed of a predefined sequence of bytes and is used for analog
testing of the USB in High Speed mode. The packet data is loaded into a predefined
sequence of locations in the DPRAM. This routine repeats continuously until the core is
reset.
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Error Count Register (ECR)

The Error Count Register (ECR) is described in Table 2-22. This register contains three
counters each of 8-bit width. They are BitStuffErrCnt, PidErrCnt, and CrcErrCnt. When USB
reset or read to this register is requested, all these counters are cleared and assigned to
reset values. When the PHY detects seven consecutive ones on the bus (bit stuff error
condition), the SIE increments BitStuffErrCnt by one and BitStufErr bit of Interrupt Status
Register (ISR) is set.

Whenever four PID check bits are not complement to their respective packet identifier bits
while receiving the packet, the SIE increments PidErrCnt by one and PidErr bit of Interrupt
Status Register (ISR) is set. Whenever the received CRC does not match with the CRC
calculated on the received packet (that is, for CRC5 while receiving token and for CRC16
while receiving data), the SIE increments CrcErrCnt by one and CrcErr bit of Interrupt Status
Register (ISR) is set.

Table 2-22: Error Count Register (C_BASEADDR + 0x011¢) (1)(2)

Bits Name Access Reset Value Description
31-24 Reserved NA - Reserved
23-16 BitStuffErrCnt R 0x0 Bit Stuff Error Counter
15-8 PidErrCnt R 0x0 PID Error Counter
7-0 CrcErrCnt R 0x0 CRC Error Counter
Notes:

1. This register is read-only.
2. When any of the counters reach 255, they roll back and start counting from 0.

ULPI PHY Access Register (UPAR)

The ULPI PHY Access Register (UPAR) shown in Table 2-23 defines the type of access (read
or write) to the ULPI PHY registers.

Read — When type of access is configured as read, the user application:

« Writes the address of the PHY register into PHYReg Addr and sets the WriteNotRead bit
to 0.

« Core asserts the busy bit of the ULPI PHY Access Register (UPAR) until a successful read
is performed from the respective PHY register.

« SIE updates the PHY register read data into PHYRdWrData after a successful read from
the PHY register.

« Core clears the busy bit of the ULPI PHY Access Register (UPAR) and sets the
ULPIAccComp bit of the Interrupt Status Register (ISR).

Write — When the type of access is configured as write, the user application:
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« Writes the address of the PHY register into PHYRegAddr and PHYRdWrData, and sets
the WriteNotRead bit to 1.

« Core asserts the busy bit of the ULPI PHY Access Register (UPAR) until a successful write
is performed on the respective PHY register.

« Core clears the busy bit of the ULPI PHY Access Register (UPAR) after a successful write
to the PHY register and sets ULPIAccComp bit of the Interrupt Status Register (ISR).

Table 2-23: ULPI PHY Access Register (C_BASEADDR + 0x0120) (1)(2)(3)

. Reset R
Bits Name Access Value Description
0 = SIE is not busy
31 busy R 0 1 = SIE is busy
30-16 | Reserved NA - Reserved
15-8 PHYRdWrData R/W 0x0 PHY register read or write data
7 Reserved NA - Reserved
. 0 = SIE reads the PHY register
6 | WriteNotRead RIW 0 1 = SIE writes the PHY register
5-0 PHYRegAddr R/W 0x0 PHY register address
Notes:

1. The SIE performs the register access onto the ULPI PHY register when ULPI Bus is IDLE (for example, when there
is no data exchange between the ULPI PHY and the SIE). If the ULPI Bus is busy with ongoing data transfer, the SIE
waits for ULPI Bus IDLE to perform the ULPI PHY register access.

2. Unsuccessful writes to the ULPI PHY access register result when the busy bit is set to 1.
3. ULPI PHY register access is not supported without assertion of MstRdy bit of Control Register (CR).

DMA Software Reset Register (DSRR)

The DMA Software Reset Register (DSRR) shown in Table 2-24 defines reset to the DMA
modules by the AXI USB 2.0 Device core when C_INCLUDE_DMA is set to 1.

Table 2-24: DMA Software Reset Register (C_BASEADDR + 0x0200)

Bits Name Access | Reset Value Description

A write of 0x0000000A causes the reset to the DMA
modules.

31-0 | DmaRst W NA

DMA Control Register (DMACR)

The DMA Control Register (DMACR) described in Table 2-25 defines the direction of the
transfer as either Read or Write to DPRAM2. The EpBufSel bit determines whether the SIE
side Buffer Ready status is updated by the hardware when the DMA is complete or by the
firmware through the BRR register. If the EpBufSel bit is set to 1, the DMA Controller
updates the Buffer Ready status to the SIE based on bits [16:31] of the register at the end of
a successful DMA transfer only.
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Table 2-25: DMA Control Register (C_BASEADDR + 0x0204)

Reset

Value Description

Bits | Name Access

0 = Write data into DPRAM?2

irection(® @
31 | Direction RAW- 10 11 = Read data from DPRAM2

0 = Buffer Ready set by firmware
1 = Buffer Ready set by DMA Controller

29-16 | Reserved NA - Reserved

30 | EpBufSel® R/W 0

0 = Endpoint 7, buffer 1 not ready for SIE transfer after the
DMA operation completes

1 = Endpoint 7, buffer 1 ready for SIE transfer after the DMA
operation completes

15 Ep7BuflRdy R/W 0

0 = Endpoint 6, buffer 1 not ready for SIE transfer after the
DMA operation completes

1 = Endpoint 6, buffer 1 ready for SIE transfer after the DMA
operation completes

14 | Ep6BuflRdy R/W 0

0 = Endpoint 5, buffer 1 not ready for SIE transfer after the
DMA operation completes

1 = Endpoint 5, buffer 1 ready for SIE transfer after the DMA
operation completes

13 | Ep5BuflRdy R/W 0

0 = Endpoint 4, buffer 1 not ready for SIE transfer after the
DMA operation completes

1 = Endpoint 4, buffer 1 ready for SIE transfer after the DMA
operation completes

12 Ep4BuflRdy R/W 0

0 = Endpoint 3, buffer 1 not ready for SIE transfer after the
DMA operation completes

1 = Endpoint 3, buffer 1 ready for SIE transfer after the DMA
operation completes

11 | Ep3BuflRdy R/W 0

0 = Endpoint 2, buffer 1 not ready for SIE transfer after the
DMA operation completes

1 = Endpoint 2, buffer 1 ready for SIE transfer after the DMA
operation completes

10 | Ep2BuflRdy R/W 0

0 = Endpoint 1, buffer 1 not ready for SIE transfer after the
DMA operation completes

1 = Endpoint 1, buffer 1 ready for SIE transfer after the DMA
operation completes

9 Epl1BuflRdy R/W 0

8 Reserved NA - Reserved

0 = Endpoint 7, buffer 0 not ready for SIE transfer after the
DMA operation completes

1 = Endpoint 7, buffer O ready for SIE transfer after the DMA
operation completes

7 Ep7BufORdy R/W 0

0 = Endpoint 6, buffer 0 not ready for SIE transfer after the
DMA operation completes

1 = Endpoint 6, buffer 0 ready for SIE transfer after the DMA
operation completes

6 Ep6BufORdy R/W 0
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DMA Control Register (C_BASEADDR + 0x0204) (Cont’d)

Bits

Name

Access

Reset
Value

Description

Ep5BufORdy

R/W

0 = Endpoint 5, buffer 0 not ready for SIE transfer after the
DMA operation completes

1 = Endpoint 5, buffer 0 ready for SIE transfer after the DMA
operation completes

Ep4BufORdy

R/W

0 = Endpoint 4, buffer 0 not ready for SIE transfer after the
DMA operation completes

1 = Endpoint 4, buffer 0 ready for SIE transfer after the DMA
operation completes

Ep3BufORdy

R/W

0 = Endpoint 3, buffer 0 not ready for SIE transfer after the
DMA operation completes

1 = Endpoint 3, buffer 0 ready for SIE transfer after the DMA
operation completes

Ep2BufORdy

R/W

0 = Endpoint 2, buffer 0 not ready for SIE transfer after the
DMA operation completes

1 = Endpoint 2, buffer 0 ready for SIE transfer after the DMA
operation completes

Ep1BufORdy

R/W

0 = Endpoint 1, buffer 0 not ready for SIE transfer after the
DMA operation completes

1 = Endpoint 1, buffer O ready for SIE transfer after the DMA
operation completes

0

Reserved

NA

Reserved

Notes:

1. Write data into DPRAM means that the DMA controller writes data to DPRAM by reading the data from the
external memory
2. Read data from DPRAM means that the DMA controller reads data from DPRAM and writes the data to the external
memory
3. In DMA mode (C_INCLUDE_DMA = 1), the Buffer Ready status can be updated by either firmware (through the BRR
register)
or hardware. The setting is controlled by the EpBufSel bit of the DMA Control register.

DMA Source Address Register (DSAR)

The DMA Source Address register described in Table 2-26 defines the source address for
the current DMA transfer. When data is moved from the source address, this register

updates to track the current source address. If the Direction bit of the DMA Control Register
(DMACR) is set to 0, the DMA Source Address of the current DMA transfer should be
external memory address. If the Direction bit of the DMA Control Register (DMACR) is set to
1, the DMA Source Address of the current DMA transfer should be DPRAM address.

Table 2-26: DMA Source Address Register (C_BASEADDR + 0x0208)
Bits Name Access |Reset Value Description
31-0 DmaSrcAddr R/W 0 Source Address for the current DMA transfer.
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DMA Destination Address Register (DDAR)

The DMA Destination Address register described in Table 2-27 defines the destination
address for the current DMA transfer. When data is moved to the destination address, this
register updates to track the current destination address. If Direction bit of the DMA Control
Register (DMACR) is set to 0, the DMA Destination Address of the current DMA transfer
should be DPRAM address. If Direction bit of theDMA Control Register (DMACR) is setto 1,
the DMA Destination Address of the current DMA transfer should be external memory
address.

Table 2-27: DMA Destination Address Register (C_ BASEADDR + 0x020C)

Bits Name Access Reset Value Description

Destination Address for the current DMA

31-0 | DmaDstAddr R/W 0
transfer.

DMA Length Register (DMALR)

The DMA Length register shown in Table 2-28 defines the total number of bytes to be
transferred from source address to destination address. This register is written only after
configuring the DMA Control Register (DMACR), the DMA Source Address Register (DSAR),
and the DMA Destination Address Register (DDAR), with their values and any other setup is
complete. As bytes are successfully written to the destination, the DMA Length Register
(DMALR) decrements to reflect the number of bytes remaining to be transferred. The DMA
Length Register (DMALR) is zero after a successful DMA operation.

Table 2-28: DMA Length Register (C_BASEADDR + 0x0210)

Bits Name Access | Reset Value Description

Number of bytes to be transferred from source to

31-0 | Dmalen R/W 0 destination

DMA Status Register (DMASR)

The DMA Status Register (DMASR) described in Table 2-29 defines the status of DMA
controller as DmaBusy or DmaErr. When DMA operation is in progress, the DmaBusy is set
to 1 until the DMA operation has been finished. If the DMA operation encounters any error
condition, the Dmakrr is set to 1.

Table 2-29: DMA Status Register (C_BASEADDR + 0x0214)

Bits Name Access | Reset Value Description
R 0 0 = DMA operation is not initiated
31 DmaBusy 1 = DMA operation is in progress
30 Dmakrr R 0 0 = DMA Error has not occurred
1 = DMA Error has occurred
29-0 Reserved NA - Reserved
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Designing with the Core

This chapter includes guidelines and additional information to facilitate designing with the
core.

Clocking

The clock to the USB 2.0 Device runs at 480 MHz when operating at High Speed. Because
this frequency is too high for the SIE clock, as well as for the FPGA, the PHY interfaces with
the SIE and generates a 60 MHz clock.

The AXI USB 2.0 Device uses at least two clocks:

+ S_AXI_ACLK - The AXI Bus interface, Port B of the DPRAM, and the control and status
registers use this clock. The minimum S_AXI_ACLK frequency needed to achieve the
maximum performance of 480 MHz is 60 MHz.

 ULPI_CLK - The SIE interface and Port A of the DPRAM operate using this clock. The
ULPI clock is generated by the PHY and has a fixed frequency of 60 MHz. An additional
clock is used when the DMA controller is enabled:

e M _AXI ACLK — The DMA controller uses this clock to read and write to DPRAM from
other bus peripherals.

Reset

The AXI USB 2.0 Device core is reset using the S_AXI_ARESETN signal which resets all
devices that are connected to the AXI Bus in the processor system. The minimum duration
of the reset pulse required to reset the logic on the SIE side is 1 ULPI clock period.
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Programming Sequence

This section describes how to program the AXI USB 2.0 Device for various operations. For
applications that use the Xilinx driver, change the Vendor ID before using the AXI USB 2.0
Device.

Initialization Sequence

1.
2.

10.

11.

The AXI USB 2.0 Device core issues ULPI_reset to the PHY during power-on reset.

The firmware enables the USBDsc, USBSpnd, and USBRst bits of the Interrupt Enable
Register (IER).

The firmware enables the SIE by setting the MstRdy bit of the Control Register (CR).

When the MstRdy bit of the Control Register (CR) is set to 1 by the firmware, the SIE
configures the PHY to device mode by writing OTG Control Register (CR) to 0x0,
Function Control register to 0x41 (Sets TermSelect to 0x0, XcvrSelect to 0x1 (HS), and
Opmode to 0x0 (Normal Operation)).

If the AXI USB 2.0 Device core was not connected to the host, the PHY updates Session
End (VBUS not present) RXCMD to the SIE. At that point, the SIE waits for a connection
to the host.

When the AXI USB 2.0 Device core connects to the host, the PHY updates VBUS Valid
(VBUS present) RXCMD to the SIE.

The SIE pulls up the D+ line of the PHY by writing 0x45 (Sets TermSelect to 0x1,
XcvrSelect to 0x1 (FS), by writing Opmode to 0x0 (Normal Operation)) to the Function
Control register of the PHY, and moves to Full Speed mode. The SIE updates the USBDsc
bit of the Interrupt Status Register (ISR) to 1.

When the PHY pulls up the D+ line, the host detects the AXI USB 2.0 Device connection
and starts issuing a USB reset to bring the device into the default unconfigured state.

The SIE detects USB reset from the host and updates the USBRst bit of the Interrupt
Status Register (ISR) to 1 until USB reset signaling is finished between the host and the
AXI USB 2.0 Device.

After the successful completion of the USB reset by the host, the SIE updates the HSEn
bit (0 = Full Speed, 1 = High Speed) and starts receiving SOFs every 1 ms in Full Speed
and every 125 ps in High Speed.

The AXI USB 2.0 Device responds to transfers from the host based on the endpoint
configuration and status registers programmed.
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Operating in Interrupt Mode

The device can be configured to operate in the interrupt mode after enabling the desired
interrupts in the Interrupt Enable Register (IER).

Interrupts for USBRst, USBSpnd, USBRsm (Remote-wake-up), and USBDsc can be
enabled by writing to those specific bits of the IER.

To generate an interrupt when the core is operating in High Speed, the HighSpd bit of
the IER should be set.

To generate an interrupt when a start-up packet or Start Of Frame (SOF) packet is
received, those bits of the IER must be set.

For endpoint 0, set the FIFO Buffer Ready, and FIFO Buffer Free bits of the IER to
generate interrupts when packets are received or transmitted respectively.

For all other endpoints, set the respective Buffer Complete bit of the IER to generate
interrupts when that endpoint buffer is complete.

Setting the USB 2.0 Device Address

Set the device to the zero state by writing an address of 0 to the USB Address Register (UAR)
register.

Configuring an Endpoint

Program the individual Endpoint Configuration and Status registers to configure the
respective endpoints:

A specific endpoint can be enabled by writing a 1 to the EpValid bit of the endpoint
configuration and status register.

The direction of an endpoint can be set to IN by writing a 1, or to OUT by writing 0 to
the EpOutln bit of the register.

The endpoint can be configured as an isochronous endpoint by writing a 1, or as a bulk
endpoint by writing 0 to the Eplso bit of the register.

The packet size for the endpoint can be set by writing to the EpPktSze bits of the
register.

The base offset of the endpoint buffers in the DPRAM can be set by writing to the
EpBase bits of the register.
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Handling a Control Packet

1.
2.

Wait for the SETUPPkt interrupt to detect the reception of the setup packet.

Read the setup packet from the buffer location of Endpoint 0 in the DPRAM, which
causes the SETUPPkt bit of the Interrupt Status Register (ISR) to be cleared.

Process the received command (as detailed in Chapter 9, USB2.0 specification [Ref 4])
and prepare a buffer for a response that must be sent for the subsequent IN packet.

Handling Bulk/Isochronous IN Transactions

For

1.
2.
3.

For

AXI USB 2.0
PG137 Marc

a Bulk or Isochronous IN transaction in No DMA Mode, perform the following steps:

Write the IN packet into the selected endpoint buffer location in the DPRAM.
Write the packet count into the specific endpoint buffer Buffer Count register.

Set the Buffer Ready bit for the selected endpoint buffer in the Buffer Ready Register
(BRR).

. Wait for the Buffer Ready interrupt of the selected endpoint buffer in the Buffer Ready

Register (BRR) (this bit must be cleared) to ensure that the transmitted data has been
received by the host and the buffer is available for the next write.

a Bulk or Isochronous IN transaction in DMA-Mode, perform the following steps:

Write the packet count into the specific endpoint buffer Buffer Count register.

Configure DMA by writing into Direction bit of DMA Control Register (DMACR) to O,
DMA Destination Address (same as EpBase of the endpoint configuration register of the
respective endpoint), DMA Source Address Register (DSAR) and DMA Length Register
(DMALR).

DMA generates DmaDne interrupt after successfully writing the configured length of
data into the DPRAM.

Set the Buffer Ready bit for the selected endpoint buffer in the Buffer Ready Register
(BRR).

Wait for the Buffer Complete interrupt of the selected endpoint buffer in the Interrupt
Status Register (ISR) to ensure that the transmitted data has been received by the host
and the buffer is available for the next write.
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Handling Bulk/Isochronous OUT Transactions

When the host sends an OUT packet to an endpoint buffer on the device while the buffer is
in use, the device core sends a NAK to the host if Eplsoc bit is not set. When the buffer is
free, the packet is written into the buffer and an ACK is automatically sent to the host if
Eplsoc bit is not set.

On reception of the OUT packet in No DMA Mode, perform the following steps:

1. Poll the Buffer Complete bit of the selected endpoint buffer in the Interrupt Status
Register (ISR) to detect the reception of a packet.

2. Check that the received packet count matches with the specified packet count in the
Buffer Count register.

3. Read the OUT packet from the selected endpoint buffer location in the DPRAM.

4. Set the Buffer Ready bits of the selected endpoint buffer to prepare it for the next
transaction.

On reception of the OUT packet in DMA-Mode, perform the following steps:

1. Poll the Buffer Complete bit of the selected endpoint buffer in the Interrupt Status
Register (ISR) to detect the reception of a packet.

2. Check the received packet count matches with the specified packet count in the Buffer
Count register.

3. Read the OUT packet by configure DMA by writing into Direction bit of DMA Control
Register (DMACR) to 1, DMA Source Address Register (DSAR) (same as EpBase of the
endpoint configuration register of the respective endpoint), DMA Destination Address
Register (DDAR) and DMA Length Register (DMALR).

4. DMA generates DmaDne interrupt after successfully reading the configured length of
data into the DPRAM?2.

5. Set the Buffer Ready bits of the selected endpoint buffer to prepare it for the next
transaction.
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Protocol Description

USB Reset signaling

When the host wants to start communicating with a device it starts by applying a “reset”
condition which sets the device to its default unconfigured state. This “reset” should not be
confused with a micro-controller power-on type reset. It is a USB protocol reset to ensure
that the device USB signaling starts from a known state. The High Speed capable AXI USB
2.0 Device core can be reset while the device is in the Powered, Default, Address,
Configured, or Suspended states. The AXI USB 2.0 Device can be successfully reset by any
host (even an USB1.x host).

The host performs USB reset signaling High Speed capable AXI USB 2.0 Device as follows.

1.
2.

The host drives SEO; the start of SEO is referred to as time TO.

The SIE detects assertion of SEO.

a.

If the SIE detects SEO from the USB Suspend state, the SIE begins the High Speed
handshake detection after the detection of SEO for no less than 2.5 ys.

If the SIE detects SEO from a non-suspended Full Speed mode, the SIE begins a High
Speed handshake detection after the detection of SEO for no less than 2.5 uys and no
more than 3.0 ms.

If the SIE detects SEO from a non-suspended High Speed mode, the SIE wait for 3.0
ms before reverting to Full Speed mode. After reverting to Full Speed, the SIE checks
the line state update from the PHY for SEO (to check whether the host has issued
suspend or USB reset), no less than 1 ms from the point the SIE reverted to Full
Speed. If the SIE detects SEO by the RXCMD updating from the PHY, the SIE begins
the High Speed handshake detection.

3. Because the AXI USB 2.0 Device is a High Speed capable device, the SIE follows High
Speed Handshake Detection protocol.
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High Speed Handshake Detection Protocol

1.

10.

11.

Su

The SIE writes 0x54 (sets XcvrSelect to 0x0, TermSelect to 0x1, and Opmode to 0x2
(Chirping)) to the Function Control register of the PHY.

Immediately after the write, the SIE puts TXCMD as 0x40 (NOPID) and starts transmitting
a chirpK for 2 ms.

After 2 ms of ChirpK transmission, the PHY updates RXCMD with line state as SEO.

The SIE detects SEO and waits for 100 us to look for a High Speed host chirp, for
example, an alternating sequence of ChirpKs and ChirpJs.

If the SIE does not observe any High Speed host chirp, the SIE configures the PHY to Full
Speed mode by writing 0x45 (sets XcvrSelect to Ox1, TermSelect to 0x1, and Opmode to
0x0 (Normal Operation)) to the Function Control register of the PHY. Now the SIE is in
Full Speed mode and waits for Full Speed USB traffic from the host.

If the SIE observes the High Speed host chirp, the SIE checks for a minimum of chirp
K-J-K-J-K-J.

The SIE also checks each individual chirpK and chirpJ for at least 2.5 ps.

After detecting the minimum sequence, the SIE configures the PHY to High Speed mode
by writing 0x40 (Sets TermSelect to 0x0, XcvrSelect to 0x0 (HS,) and Opmode to 0x0

(Normal Operation)) to the Function Control register of the PHY and updates the HSEn
bit of the Interrupt Status Register (ISR) to 1.

Now the SIE is in High Speed mode and sees line-state as Isquelch (linestate != 00) on
the RXCMD update.

If the SIE observes squelch as linestate update from the PHY (for example, RXCMD[1:0]),
the SIE treats that the host has completed the chirp and stops updating the status as
USBRst in the Interrupt Status Register (ISR).

Now the SIE waits for High Speed USB traffic from the host.

spend signaling

When the host does not want to continue any further communication with the connected

dev

ice, it keeps the AXI USB 2.0 Device in the suspend mode by ceasing all of its

transmissions (including SOFs). The AXI USB 2.0 Device recognizes the suspend condition in

Hig

1.

AXI USB 2.0

h Speed mode as follows:

Initially, the host and the AXI USB 2.0 Device are either in Full Speed or High Speed
mode.

When the SIE sees no bus activity for 3 ms, it enters Full Speed mode by writing 0x45
(Sets TermSelect to Ox1, XcvrSelect to Ox1 (FS), and Opmode to 0x0 (Normal Operation))
to the Function Control register.

After 1 ms, the SIE samples the line state from the RXCMD update of the PHY.
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If the line state is Full Speed J, the SIE enters into the Suspend state after 7 ms and
updates the status as suspended by asserting the USBSpnd bit of the Interrupt Status
Register (ISR).

The SIE is now SIE in the Suspended state.

Resume or USB reset signaling can bring the SIE out from suspended state.

Resume signaling

When the AXI USB 2.0 Device in the suspend state, host wake-up the device with a resume
signaling. The AXI USB 2.0 Device detects Resume signaling as listed in the steps:

1.
2.

5.

When both the host and the AXI USB 2.0 Device are in Low Power mode.

If the SIE observes Full Speed K as line state (that is, RXCMD[1:0]) update from the PHY
then the SIE treats it as Resume signaling from the PHY and updates the status as
Resume by setting USBRsm bit of the Interrupt Status Register (ISR).

The SIE waits to detect the End of Resume, that is, SEO as line state update from the PHY.
If the SIE detects SEO linestate update from the PHY:

a. SIE moves to Full Speed if the SIE was in Full Speed prior to entering into suspend
state.

b. SIE moves to High Speed by writing 0x40 (Sets TermSelect to 0x0, XcvrSelect to 0x0
(HS), and Opmode to 0x0 (Normal Operation)) to the Function Control register of the
PHY if the SIE was in High Speed prior to entering into the suspend state.

The SIE updates the HSEn bit of Interrupt Status Register (ISR) accordingly.

The Suspend signaling followed by Resuming signaling from the host is shown in Figure 3-3
(Full Speed) and Figure 3-4 (High Speed).
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Remote Wake-Up signaling

When the AXI USB 2.0 Device is suspended by the host, it supports the Remote Wake-up
feature and initiates a resume itself. The AXI USB 2.0 Device initiates the Remote Wake-up
signaling as follows. The Suspend signaling is followed by Remote Wake-up signaling from
the AXI USB 2.0 Device, followed by a Resume signaling from the host as shown in

Figure 3-5 (Full Speed) and Figure 3-6 (High Speed):

1. When both the host and the AXI USB 2.0 Device are in Low Power Mode.

2. If the RmteWkup bit of the Control Register (CR) is set to 1, the SIE begins Remote
Wake-up signaling by writing 0x54 (sets XcvrSelect to 0x0, TermSelect to 0x1, and
Opmode to 0x2 (Chirping)) to the Function Control register of the PHY.

3. Immediately after the write, the SIE puts TXCMD as 0x40 (NOPID) following a Full Speed
K for 3 ms and updates the status as Resume by setting the USBRsm bit of the Interrupt
Status Register (ISR).

4. The host takes over driving the Resume K within 1 ms after detecting the Remote
Wake-up from the SIE.

5. The SIE waits to detect the End of Resume, for example, SEO as line state update from the
PHY.

6. If the SIE detects an SEO linestate update from the PHY,

a. SIE moves to Full Speed by writing 0x45 (Sets TermSelect to 0x1, XcvrSelect to Ox1
(FS), and Opmode to 0x0 (Normal Operation)) to the Function Control register of the
PHY, if the SIE was in Full Speed prior to entering into the suspend state.

b. SIE moves to High Speed by writing 0x40 (Sets TermSelect to 0x0, XcvrSelect to 0x0
(HS), and Opmode to 0x0 (Normal Operation)) to the Function Control register of the
PHY, if the SIE was in High Speed prior to entering into the suspend state.

7. The SIE updates the HSEn bit of Interrupt Status Register (ISR) accordingly.
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Test Mode Operation

The default mode of operation for the USB 2.0 Device is the normal mode, for which all the
bits of the Test Mode Register (TMR) are set to 0. To put the core in Test Mode operation,
program the bits [2:0] of the Test Mode Register (TMR) for different test modes:

To put the core in Test mode J, program TMR[2:0] = 001. In this mode, Chirp J
sequences must be seen on the bus.

To put the core in Test mode K, program TMR[2:0] = 010. In this mode, Chirp K
sequences must be seen on the bus.

To put the core in Test mode NAK, program TMR[2:0] = 011. In this mode, NAK must be
seen on the bus.

To put the core in Test mode packet, program TMR[2:0] = 100. In this mode, the test
packet specified by the USB 2.0 Specification must be seen on the bus.

For endpoint 0, set the FIFO Buffer Ready, and FIFO Buffer Free bits of the IER to
generate interrupts when packets are received or transmitted respectively.

For all other endpoints, set the respective Buffer Complete bit of the IER to generate
interrupts when that endpoint buffer is complete.
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Customizing and Generating the Core

This chapter includes information about using Xilinx tools to customize and generate the
core in the Vivado™ Design Suite.

To access the AXI USB2 Device, perform the following steps:

1. Open a project by selecting File > Open Project or create a new project by selecting

File > New Project.

2. Open Vivado IP Catalog and choose Embedded processing, AXI Peripheral, High

Speed Peripheral in the View by Function pane.

3. Double-click AXI USB2 Device to display the AXI USB2 device.

Figure 4-1 shows the AXI USB2 Device IP core Vivado Integrated Design Environment (IDE).

[
AX| USB2 Device (4.0)
ﬁ Documentation [ IP Location

[ show disakled parts

Hlams_ax

s_axi_aclk

sk _irpt

sS_axi_areseatn

[+] [E3|

Checking for License...

Figure 4-1:
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Table 4-1: AXI USB2 Device Vivado IDE Parameters
Parameter Values Default Description
Enable DMA Support 0.1 0 Fnclude DMA‘ logic in the core
implementation
Enable Un-aligned 0,1 0 support un-aligned transactions
Transactions ' PP 9
Enable USB Error counters | 0,1 0 Include error counter
Active-High, . . .
ULPI PHY Reset polarity ¢ !ve '9 Active-Low Polarity selection of the ULPI PHY Reset
Active-Low
AXI Master ID Width 1to 16 1 Width of the AXI Master ID signal.
Supports from 1 to 16
AXI Slave ID Width 1to 16 4 Width of the AXI Slave ID signal. Supports
from 1 to 16
Use Async Clock 0,1 0 Indicates that the AXI master and slave
clocks are asynchronous when set.
Includes the deb t top level
Include Debug Ports 0,1 0 neludes the debug ports as top feve

ports.
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Constraining the Core

This chapter contains information about constraining the core in the Vivado™ Design Suite.

Location Constraints

The ULPI pins of the core should be connected to the corresponding pins of the ULPI PHY.

Timing Constraints

The core has two different clock domains:

e S_AXTI_ACLK

« ULPI_Clock

The constraints listed below need to be defined at the top level XDC constraints file. The
false path constraints are provided in the IP level constraints file generated with the IP.

ULPI_CLK

The ULPI clock input is generated through the ULPI PHY and has a fixed frequency of 60
MHz.

# Set the ULPI_CLK constraints
create_clock -name ulpi_clock -period 16.667 [get_nets <ulpi_clock net at the top
level>]

S_AXI_ACLK

The clock provided to S_AXI_ACLK must be constrained for a clock frequency of 60 MHz to
200 MHz. If an internal MMCM is used to generate this clock, this clock will be declared by
the clock generator block, and the same constraint will be propagated to this signal;
otherwise you need to declare this clock with following constraint.
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create_clock -name s_axi_clk -period <period in ns> [get_nets <S_AXI_ACLK net at the
top level>]

if C_INCLUDE_DMA is set and a separate clock source is used for the Master AXI clock, you
need to declare a clock constraint similar to slave AXI clock above.

ULPI Interface Constraints

#offset in constraints are calculated as follows.

#clock frequency is 16.667ns

#ULPI PHY output delay for output clock mode for SMSC2 PHY is 3.5ns
#onboard trace delay would be 1ns

#input offset = (clock period - PHY outputdelay - trance delay)

#with 1ns hold requirement for the PHY, considering 200ps clock jitter

set ulpi_input {<list of top level input signals for the ULPI interface>}
set ulpi_output {<list of top level output signals for the ULPI interface>}
set_input_delay -max 4.5 -clock <ulpi_clock name> S$Sulpi_input
set_output_delay -max 7 -clock <ulpi_clock name> \Sulpi_output
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Migrating

This appendix describes migrating from older versions of the IP to the current IP release.

For information on migrating to the Vivado™ Design Suite, see Vivado Design Suite
Migration Methodology Guide (UG911).
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Debugging

This appendix includes details about resources available on the Xilinx Support website and
debugging tools. In addition, this appendix provides a step-by-step debugging process and
a flow diagram to guide you through debugging the AXI USB 2.0 Device core. The following
topics are included in this appendix

« Finding Help on Xilinx.com
« Debug Tools
« Hardware Debug

Finding Help on Xilinx.com

To help in the design and debug process when using the AXI USB 2.0 Device core, the Xilinx
Support web page (www.xilinx.com/support) contains key resources such as product
documentation, release notes, answer records, information about known issues, and links
for opening a Technical Support WebCase.

Documentation

This product guide is the main document associated with the AXI USB 2.0 Device core. This
guide, along with documentation related to all products that aid in the design process, can
be found on the Xilinx Support web page (www.xilinx.com/support) or by using the Xilinx
Documentation Navigator.

Download the Xilinx Documentation Navigator from the Design Tools tab on the Downloads
page (www.xilinx.com/download). For more information about this tool and the features
available, open the online help after installation.

Known Issues

Answer Records include information about commonly encountered problems, helpful
information on how to resolve these problems, and any known issues with a Xilinx product.
Answer Records are created and maintained daily ensuring that users have access to the
most accurate information available.
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Answer Records for this core can be located by using the Search Support box on the main
Xilinx support web page. To maximize your search results, use proper keywords such as

*  Product name
« Tool message(s)

« Summary of the issue encountered
A filter search is available after results are returned to further target the results.
Master Answer Record for the AXI USB 2.0 Device Core

AR 54432

Contacting Technical Support

Xilinx provides technical support at www.xilinx.com/support for this LogiCORE™ IP product
when used as described in the product documentation. Xilinx cannot guarantee timing,
functionality, or support of product if implemented in devices that are not defined in the
documentation, if customized beyond that allowed in the product documentation, or if
changes are made to any section of the design labeled DO NOT MODIFY.

To contact Xilinx Technical Support:

1. Navigate to www.xilinx.com/support.

2. Open a WebCase by selecting the WebCase link located under Support Quick Links.
When opening a WebCase, include:

« Target FPGA including package and speed grade.
« All applicable Xilinx Design Tools and simulator software versions.

« Additional files based on the specific issue might also be required. See the relevant
sections in this debug guide for guidelines about which file(s) to include with the
WebCase.
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Debug Tools

There are many tools available to address AXI USB 2.0 Device core design issues. It is
important to know which tools are useful for debugging various situations.

Vivado Lab Tools

Vivado™ lab tools insert logic analyzer and virtual I/O cores directly into your design.
Vivado lab tools allow you to set trigger conditions to capture application and integrated
block port signals in hardware. Captured signals can then be analyzed. This feature
represents the functionality in the Vivado IDE that is used for logic debugging and
validation of a design running in Xilinx FPGA devices in hardware.

The Vivado logic analyzer is used to interact with the logic debug LogiCORE IP cores,
including:

« ILA 2.0 (and later versions)

« VIO 2.0 (and later versions)

License Checkers

If the IP requires a license key, the key must be verified. The Vivado design tools have
several license check points for gating licensed IP through the flow. If the license check
succeeds, the IP can continue generation. Otherwise, generation halts with error. License
checkpoints are enforced by the following Vivado design tools.

« Vivado Synthesis
« Vivado Implementation

« write_bitstream (Tcl command)

f IMPORTANT: /P license level is ignored at checkpoints. The test confirms a valid license exists. It does
not check IP license level.
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Hardware Debug

Hardware issues can range from link bring-up to problems seen after hours of testing. This
section provides debug steps for common issues. The Vivado lab tools are a valuable
resource to use in hardware debug. The signal names mentioned in the following individual
sections can be probed using the Vivado lab tools for debugging the specific problems.

Ensure that all the timing constraints for the core were properly incorporated from the
example design and that all constraints were met during implementation. Following are
some general checks.

1. Check if all the location constraints are given correctly.
2. Check if the reset polarity is set as per the requirement of the PHY used.

3. Check if the USB PHY register space is accessible through writing and reading into the
UPAR register.

4. If USB is detected by the host and not responding, check the USB control register
contents and end-point configuration and status register contents.

5. Check if the interrupts are coming to the processor.

6. Check the suspended status bit in the ISR register to know if the core went to suspend
state.

7. Use the Vivado lab tools to analyze the required signals in the IP.
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Additional Resources

Xilinx Resources

For support resources such as Answers, Documentation, Downloads, and Forums, see the
Xilinx Support website at:

www.xilinx.com/support.

For a glossary of technical terms used in Xilinx documentation, see:

www.xilinx.com/company/terms.htm.
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http://infocenter.arm.com/help/index.jsp?topic=/com.arm.doc.ihi0051a/index.html
http://www.usb.org/developers/docs/
http://www.ulpi.org/documents.html
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