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1 Introduction

This document outlines the functions and the implemenation of the USB peripheral. 

A single external clock will be provided for the emulator, 48Mhz, and this will be divided down internally to provide 12Mhz and 1.5Mhz clocks. The core of the device will be run of the 12Mhz clock, with the front end clocks requiring to be switchable to support both full speed and low speed peripheral emulation. Or use of a PLL could be used if using Xilink spartanII.

2 Logical Outline

The logical outline for the USB peripheral is shown below:
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The Transceiver interface will interface to a Phillips PDIUSBP11A device. This will provide the front end USB drivers and separate the TX and RX paths.

The Host interface will connect to the  host ?????? bus.

The control interface consists of the miscellaneous signal required i.e. clock, reset.

3 Usb Functional Specification

The USB Peripheral should implement the following functions:

( Operate at both Full speed and low speed, as required

( Recover the clock from the received bit stream and use it to clock in the received bit stream

( Convert received NRZI encoded data into NRZ data

( Remove all received stuff bits from RX data stream

( Insert stuff bits into the TX data stream

( Convert transmit serial data stream from NRZ to NRZI

( Convert receive serial NRZ bit stream to 8 bit parallel receive data format

( Convert transmit parallel data format to transmit serial NRZ bit stream

( Detect EOP pattern on receive stream, indicating false EOP

( Generate EOP pattern on transmit stream

( Strip off sync word from received bit stream

( Insert sync word into transmitted bit stream

( Detect reset signalling received, and reset USB circuitry only. Provide an output for measurement.

( Detect resume circuitry, provide an output for duration for measurement.

( Detect start of frame tokens and generate an output pulse for measurement per SOF token.

( Detect keep alives and generate an output pulse for measurement

( Check PID and PID* for error. Report errors.

( Perform CRC-5 check on token packets. Report errors.

( Perform CRC-16 checking on received data packets, report errors.

( Generate CRC-16 field for transmitted data packets. Allow CRC field to be corrupted.

( Match address/endpoint address of received packets with software configured register values.

( Respond to read transactions by generating a data packet, contents and length determined by register settings.

( Detect handshake returned by host controller during read transactions. Check for errors.

( For write transactions, capture the received data packet to an internal buffer (>1k bytes). Host interface should be given access to this buffer.

( Respond to the write transactions with a handshake specified registers.

( Time-out handshake response during read transactions.

( Detect PRE tokens received. Set detection register bit and then discard.

( Perform error sequence checking for data packets

( Allow set endpoint to be set as isochronous or non-isochronous to allow response to be checked.

( Allow remote wakeup signal to be generated.

( Generate all required internal clocks from a single 48Mhz oscillator.

( Switching between full and low speed operation should be done cleanly and not required a hardware reset.

( Detect protocol error, such as two tokens back to back etc.

( Disable RX and TX until host controller is detected. Qualify for 1ms.

4 Usb Information Dictionary

1. Transceiver Interface

Signal
Direction
Width
Polarity
Description

TcvrVpo
Output
1
True
Transmit positive signal. Forms differential pair with tcvrVmo.

TcvrVmo
Output
1
True
Transmit negative signal. Forms differential pair with tcvrVpo.

XtcvrOe
Output
1
Low
Transmit output enable. Enables peripheral to drive out onto the USB bus.

TcvrSpeed
Output
1
True
Transceiver Speed selection.

0 = Low speed edge rates

1 = High speed edge rates

TcvrRcv
Input
1
True
USB receive data. Single ended serial bit stream decoded from USB differential pair.

TcvrVp
Input
1
True
Gated version of D+.

TcvrVm
Input
1
True
Gated version of D-.







The transceiver mode signal will be tied high, forcing version of tcvrVpo/tcvrVmo decode by transceiver.

2. Host Interface

Signal
Direction
Width
Polarity
Description

hostAddr
Input
12
True
Host Address Bus.

hostData
I/O
16
True
Host Data Bus.

xhostCs
Input
1
Low
Host Chip Select signal.

xhostAs
Input
1
Low
Host Address Strobe signal

xhostLds
Input
1
Low
Host Low byte data strobe

xhostUds
Input
1
Low
Host Upper byte data strobe

hostRnw
Input
1
True
Host read/write cycle indication

xhostDsack
Output
1
Low
Host cycle handshake signal (Open drain)







3. Misc. Interface

Signal
Direction
Width
Polarity
Description

UsbClk
Input
1
Clock
System reference clock, 48Mhz.

XusbReset
Input
1
Low
System reset.

UsbSof
Output
1
High
Sof detect pulse output. Pulsed for ~100ns when sof detected.

UsbReset
Output
1
High
USB reset detect. High for duration of USB reset pulse.

UsbResume
Output
1
High
USB resume detect. High for duration of resume signal.

UsbKeep
Output
1
High
USB keep alive detect. Pulsed for ~100ns when a keep alive is detected when operating in low speed mode.



















5 Top Level Functional Partition

The USB Peripheral emulator is split into 4 major functional blocks, as shown below:
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6 Sub-Module Descriptions

6.1 UsbRx

6.1.1 Logical Outline

The logical outline for the UsbRx module is shown below:
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6.1.2 Functional Specification

The UsbRx module will perform the following functions:

( recover serial bit stream from the USB, at both full and low speed

( convert the recovered serial bit stream from NRZI format to NRZ

( remove stuff bits from the NRZ serial bit stream

( detect bit stuffing errors. Discard stuff error packets and indicate packet drop to UsbCore

( convert serial bit stream into 8 bit parallel format

( detect byte alignment errors and indicate to UsbCore

( Indicate to UsbCore when a valid byte is available

( double buffer received bytes to allow for clean transfer of bytes to core

( detect when peripheral emulator is connected to a host controller

( qualify connection to host for 2.5ms before informing the core

( detect USB reset signalling and provide a output signal that is high for as long as the reset is present.

( detect USB resume signalling and provide an output signal that is high for as long as the resume signal is present.

( check EOP and indicate to UsbCore if any EOP error is present

( when in low speed mode, monitor USB for keep alives. Provide an output that is pulsed for ~100ns every time a keep alive signal is detected.

6.1.3 Information Dictionary

RX Transceiver Interface

Signal
Direction
Width
Polarity
Description

tcvrRcv
Input
1
True


tcvrVp
Input
1
True


tcvrVm
Input
1
True








USB Core Interface

Signal
Direction
Width
Polarity
Description

rxData
Output
8
True


rxDataValid
Output
1
High


rxDataAck
Input
1
High


stuffError
Output
1
High


alignError
Output
1
High


rxEnable
Input
1
High


usbReset
Output
1
High


usbResume
Output
1
High


usbSpeed
Input
1
High


ClkGen Module Interface

Signal
Direction
Width
Polarity
Description

rxSampleClk
Input
1
Clk


usbRxReset
Input
1
Low


Clk48M
Input
1
Clk


6.1.4 Block Diagram
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