WIRELESSUSB

A Design Project Report
Presented to the Engineering Division of the Graduate School
of Cornell University
in Partial Fulfillment of the Requirements for the Degree of
Master of Engineering (Electrical)

by
Sean Jason Kdller
Project Advisor: Dr. Bruce R. Land
Degree Date: January 2004



Abstract

Master of Electrical Engineering Program
Cornell University

Design Project Report

Project Title: Wireless USB

Author: Sean J. Keller

Abstract: The Universal Serial Bus (USB) v1.1 has arange limited by the electrica
properties of the connecting cables and strict end to end maximum signal delays. By
stretching the USB protocol, these strict end to end maximum signal delays can be
circumvented, allowing USB data to be transmitted over awireless connection. This
allows for greatly increased range and new application of devices. Prototyping evidence
suggests that a low-power, low-cost, and compact Wireless USB System can be created.

Report Approved by
Project Advisor: Date:




Executive Summary

The USB specification allows for USB cable no longer then 5 meters long. Yet,
in many circumstances, placing peripheral more then 5 meters away from a PC is
desirable. With additional USB hardware, it is possible to place a peripheral up to 30
meters away from a computer’s root hub, but this is a difficult and expensive solutionto
implement with no possibilities for further expansion.

The best solution to this problem is to allow USB device connections without
requiring a physical link, making USB a wireless paradigm. This report explains how to
implement functionally transparent wireless USB, a USB cable replacement. The
solution requires a detailed understanding of the USB at a physical and protocol level,
and it requires agreat deal of digital logic to implement.

The system requires two custom built PCBs, each controlled by a small Atmel
ATMega8L microcontroller. The protocol logic engine, the USB serial interface engine,
and a communication channel are programmed into a Cypress Detla39K CPLD. The
wireless link is implemented with a 2.4GHz high-speed transceiver pair, Micro Linear’s
ML2724 FSK haf-duplex transceiver. Various resistors, capacitors, transceivers,
connectors, headers, and switches glue the system together.

The system is amost fully functional despite of an overwhelming number of
complications and design hurdles. The PCBs and al components work correctly. The
RS232 debugging interface and the bus sharing logic within the CPLD work as expected.
USB clock and data recovery is functioning. The RF link is fully functional, and error
free data transmission, acknowledgement, re-transmission, and reception work correctly.
Finally, device connection, disconnection, and speed detection work correctly. The

protocol handling state machines are not fully functional.
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) Introduction

On September 23, 1998, four giants in the persona computer arena: Compaq,
Intel, Microsoft, and NEC published the final draft of the Universal Serial Bus Revision
1.1 Specification. Since its inception, USB has become the standard peripheral interface
in al personal computers. It is arobust and practical interface with many strengths and
few weaknesses. However, it isinherently limited by the fact that it is a bus and requires
a physical connection via a USB cable between the device and root hub. Cables are
bulky, difficult to manage, and limited in length.

The electrical constraints of the specification place an upper bound of 5 meters on
the length of any USB cable.® Yet, in many circumstances, placing peripheral more then
5 meters away from a PC is desirable. By using 5 hubs and six 5 meter cables, it is
possible to place a device 30 meters away from a root hub. Not only is this physically
cumbersome and expensive to implement, but it is still limiting with respect to moving a
peripheral away from a computer. Even if the device does not need to be farther then 30
meters from the root hub, it may be very difficult to chain numerous hubs and cables
together to reach it. Perhaps for example, the device is best situated a few rooms away
from the computer to which it needs to be attached; connecting it with a series of cables
and hubs may be impossible, so awireless solution is necessary.

! Anderson, Don. Universal Serial Bus System Architecture. Reading: Addison-Wesley
Developers Press, 1997. pp. 56.




I1) Design Problem and Requirements

The primary goal of this project is to design a system which alows the logical
attachment of any USB v1.1 device to any USB v1.1 root hub without a physical
connection between the two. Thiswireless USB system must act as a cable replacement;
neither the host nor the device will require modification to function correctly in the
wireless environment. These goals initialy lead to the following requirements:

The system must perform its described function (it must allow the logical

attachment of any USB v1.1 device to any USB v1.1 hub without a physical

connection between the two

The system will be USB v1.1 compliant

Both full-speed and low-speed devices should be supported

The system should be physically compact, portable, and able to operate off of

batteries

The strict timing and data rate requirementsin the USB v1.1 specification must be

met

The system should operate over arange of at least 30 meters without line of sight

The design should be cost-effective and commercialy viable
After thorough research and some project development the requirements needed
modification. The judtification and reasoning for the aterations is found in a later
section. Thisisthe final set of requirements:

The system must perform its described function (it must alow the logical

attachment of any lowspeed USB v1.1 device to any USB v1.1 root- hub without

aphysical connection between the two

Only lowspeed devices will be supported

The strict timing and data rate requirements in the USB v1.1 specification must be

adhered to at the physical level, but they may be circumvented at the protocol

level

The system should operate over arange of at least 30 meters without line of sight



The design should pave the way for a cost-effective and commercialy viable

solution



[11) The Range of Solutions

At first glance, the most important design decision in this project appears to be
how to implement the wireless link. Should the devices communicate with aline of sight
infrared or laser signal, or should they use a radio frequency band? What are the
bandwidth and latency requirements of the link? Does the carrier signal have to be
within a certain frequency range? All of these questions are important, but the crux of
any solution for this system is: Should it and can it abide by the strict timing requirements
of the USB, or should it ‘trick’ the USB and follow the timing rules at a physical level
while stretching the protocol to buy time at a transaction level. This project uses the
latter approach, and reasoning as to why the former approach may not be possible can be
found in the design section of this report.

Keeping the design requirements in mind, wireless link selection is fairly straight
forward. Use of any light based wireless transmission system will require a line of sight,
and thus cannot be used. Using a radio frequency greater the 5 GHz will most likely
result in a range of less then 30 meters, and using a frequency less then 900 MHz will
almost certainly result in a data rate too slow to be practical for USB application. This
project uses the unlicensed 2.4 GHz SM (Industrial Scientific Medical) band for the
wireless link. It provides an environment with the possibility of having a reasonable
mixture of high data rate and long transmission range.

Using aPCB (Printer Circuit Board) is the most practical way to design a system
with a large number of interconnects between a numerous of devices. Usng a
breadboard or solder-board for a project of this size is unrealistic and unreliable. Routing
wires, placing chips, and mounting components which are only available in SMD
packages on either a breadboard or solder-board is tedious and error prone work. On the
other hand, with PCB design software components can be logically connected and
disconnected without regard to physical placement or attachment. Also, most modern
PCB design software packages use sophisticated algorithms to automatically route the
physica layout.

Using lowpower 3.3V devices is pretty much a necessity if battery power is ever

to be consdered as an option. An aternate design using 5.0V components would also



work but would almost certainly consume more power during both active operation and
in a suspended state.

Using Surface mount devices is necessary for a design to be cost effective in mass
production. In production, SMDs are robotically placed and are generally soldered in
large batches using infrared, thermal, or wave techniques. They aso tend to be much
smaller then their through-holed counterparts and aid in keeping PCBs smaller and

cheaper. Using all through holed components is certainly not a viable solution



V) A USB Primer

IV.1) Introduction

This Primer is provided as an extremely brief introduction to USB. It contains a
broad overview of the environment and some detailed information relevant to this
project. Other specifics, especially timing constraints and protocol definitions will be
described as needed throughout the report. A reader familiar with any modern serial
signaling environment including USB should find the content in this primer sufficient for
following this report but may wish to read sections 5 to 5.10, 7, and 8 in the USB v1.1
specification. An unfamiliar reader should read through the USB v1.1 specification
sections 1 to 5.10 and 7 to 9.2. Any reader may find sections 10 and 11 useful for

reference.

IV.2) Background

The Universal Serial Bus v1.1 was developed to overcome many of the obstacles
involved with adding new peripherals to a PC. Prior to USB, the end-user needed some
technical know-how to setup and install most peripherals. There was a mixture of
different interfaces that were too slow, too expensive, or too complicated for most people
to use. The persona computer industry was booming, but it was difficult for most people
to attach new devices to their personal computers. USB solved these problems with the
following features:

Only simple low-cost hardware is needed to support the bus

127 devices can be attached to the bus

The physical connector is small, smple to plug in and nearly impossible to plug

in incorrectly

Low-speed 1.5Mbps and Full-speed 12Mbps devices are supported

No new system resources are used when devices are attached

USB devices are hot pluggable and can support plug and play

Error detection and recovery are available at the hardware level



Four different transfer types are available to support an extremely broad class of

devices
These key features and many others made USB the primary PC peripheral interface.

IV.3) System Architecture
The USB system is a mixture of hardware and software following a master and

slave model. The master is the host system and the daves are the USB devices. All
transactions begin with the host, but devices are permitted to signal a wakeup event if
they are currently in a low-power suspended state and need to resume operation. From

the USB v1.1 specification, the communication flow is as follows:

Host Interconnect Physical Device

S S
Client SW i Function Eiiniction Layer

I ! I

’ USB Logical
USBgvftem Bavln USB Device

I t Layer
USB HOSt | ghumny|  USB Bus USE Bus
Controller ! I ! Interface Interface Layer

o) 551 communications flow

Logical communications flow

Implementation Focus Area

Figure1l: USB Communication Flow?

“The USB client initiates a transfer when it calls USB system software and requests a
transfer. USB client drivers supply a memory buffer used to store data when transferring
data to or from the USB device. Each transfer between a given register (or endpoint)

within a USB device and the client driver occurs via a communication pipe that USB

2 Compaq, Intel, Microsoft, NEC. Universal Serial Bus Specification vi1.1. 1998. [Online Book].
URL.: http://www.usb.org/devel opers/docs/usbspec.zip. pp. 26.




system software establishes during device configuration. USB system software splits the
client’s requests into individual transactions that are consistent with the bus bandwidth
requirements of the device and the USB protocol mechanism. The requests are passed to
the USB Host Controller Driver which in turn schedules transactions to be performed
over the USB. The host controller performs the transactions based on the contents of a
transfer descriptor that is built by the HCD....Each transaction results in data being
transferred either from the client buffer to the USB device or from the device to the
buffer...When the entire transfer has completed, USB system software notifies the client
driver.”® The host controller is physically connected to the root hub, which consists of a
hub-controller and a repeater; thus, every USB transaction originates at the root hub.*
Four classes of transactions are available on USB: control, interrupt, isochronous,
and bulk. Control transfers are required to setup and configure devices immediately after
attachment. Control transactions are delivered with a best effort approach and are not
guaranteed bus bandwidth, but data integrity and successful delivery is ensured with
Cyclic Redundancy Checks (CRCs) and retransmission of lost or bad data. Interrupt
transfers are used for data polling at a rate of 1ms to 255ms; this is ideal for peripherals
such as a keyboard or mouse. They have a guaranteed maximum service period and retry
failed transfers at the next period. Dataintegrity and successful delivery are ensured with
CRCs and retransmission of lost or bad data. |sochronous transfers are used for constant-
rate error tolerant delivery such as for audio or video I/O. They have guaranteed
bandwidth with bounded latency and data integrity is ensured with CRCs, but failed data
deliveries are not retried. Finally, bulk transfers are used for transferring large chunks of
data on an available bandwidth basis, such as for printers or external storage devices.
Data integrity and delivery are ensured with CRCs and retransmission of lost or corrupt
packets, but neither bandwidth nor latency is guaranteed. All of these transfer types have
specific timing constraints and maxim data-payload sizes that are negotiated at the time

of device attachment.®

3 Anderson, Don. Universal Serial Bus System Architecture. Reading: Addison-Wesley
Developers Press, 1997. pp. 39.

“ Anderson, Don. Universal Serial Bus System Architecture. Reading: Addison-Wesley
Developers Press, 1997. pp. 33.

® Compag, Intel, Microsoft, NEC. Universal Serial Bus Specification vi1.1. 1998. [Online Book].
URL.: http://www.usb.org/devel opers/docs/ushspec.zip. pp. 31-49.




The USB operates at two data rates, full-speed at 12Mbps and low-speed at
1.5Mbps. Hubs are responsible for controlling this dual speed environment. Low-speed
devices are limited in both data rate and available transfer types. Unlike full-speed
devices, lowspeed devices cannot perform isochronous or bulk transfers. They are

limited to performing only control and interrupt transfers.

IV.4) Signaling Environment

The USB has no dedicated clock signal. Rather, data is transmitted differentially
with an implicit clock. A SYNC (Synchronization) field which contains an SOP (Start of
Packet) delimiter is transmitted before any data to allow the receiver of the data to
perform clock recovery. Thisis generally accomplished by using a DPLL (Digital Phase-
Locked Loop) clocked at four times the incoming data rate. The encoding scheme used
by the USB ensures that this DPLL running at 4x can obtain a phase lock before the SOP
and can maintain lock throughout the entire transmission until an EOP (End of Packet)
delimiter is received out of band.

The USB cable contains 4 signals: Vcc, Ground, D+, and D-. Vcc to Ground
provides 5V DC power at a maximum current of 500mA. The differential signals swing
between OV and 3.3V. Hubs pull down the differential lines on downstream ports to
ground via a 15K O resistor and downstream devices pull up either the D+ or the D- line
to 3.3V across a 1.5KO resistor. Low-speed devices pull up D- while full-speed devices
pull up D+. When no device is connected to the downstream port of a hub, due to the
pull-downs, both D+ and D- rest at OV; this bus state is called SEO (Single Ended Zero)
and is used for out of band signaling and disconnect detection. When the device is
attached and either D+ or D- is pulled up but not driven, the bus is idling and in a data J
state or idle state. Data J corresponds to differential O for lowspeed devices and
differentia 1 for full-speed devices. The opposite differential signal is called DataK and
is differential 1 for low-speed devices and differential O for full-speed devices. All USB
protocol is defined in terms of Data J, K and SEO. In a mixed speed environment, hubs
are responsible for logically inverting low-speed data before passing it into the full-speed
domain.



Logica data is bit stuffed and then encoded using NRZI (Non Return to Zero
Invert) encoding. Under NRZI encoding, alogical O is represented by atransition from J
to K or K to Jon the bus, while a 1 is represented by no change. Bit stuffing is used to
ensure the DPLL clock recovery logic maintains a lock. Before the Data is NRZI
encoded, a logical zero is inserted after six consecutive ones. This ensures that the
maximum run length of Jor K will be 7 bit-times.

Every USB transfer begins with a SYNC pulse train. It consists of 3 periods of 1
K bit-time followed by one J bit-time and is terminated with 2 bit-times of K. The 2 bit-
times of K are used by hardware to detect a SOP, while the 3 prior pulses are used to
obtain a phase-lock to the incoming data. Similarly every USB transfer ends with an

EOP. It consists of 2 bit-times of SEO followed by 1 bit-time of J.

10



V) Design and | mplementation

V.1) the Premise
The underlying premise is that the system must act as a USB cable replacement
and logically follow the block diagram displayed in Figure 2.
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Figure 3. First approach to designing a Wireless USB System

The wireless link consisted of two smple analog 24 GHz NTSC video
transmitters and receivers and a side channel used for control signaling and maintaining
state between the two devices. The incoming USB data was sampled serially at 12 MHz,
regardless of the device speed, and through the use of flip flops and out of phase clocks
was converted to a 3 MHz parallel data stream which could be amplitude modulated and
transmitted over the RF link. Incoming RF data was sent through an ADC and clocked at
12 MHz for output onto the USB. The bus direction was controlled by a microcontroller
attached to tri-states, and logical connect and disconnect of a device could aso be
controlled using the MCU. | deemed the 12 MHz sampling rate sufficient for both
12Mbps full- speed device and 1.5Mbps low-speed devices. On the USB, the full-speed
clock runs at 12 MHz and the low-speed clock runs at 1.5 MHz. 12 MHz is a multiple of
1.5 MHz, so using a 12 MHz sampling scheme would work for both device classes.

After more research and thought, | realized that not only did this design not work,
but the approach was fundamentally incorrect. First and foremost, the flip-flops were
powered by an independent 12 MHz clock with no phase relationship between it and the
USB’s embedded data clock. It would be possible for a USB data edge to fall directly on

12



the rising edge of the 12 MHz sample clock resulting in an unreliable sample. This could
be fixed by using a phase-locked loop to maintain a phase relationship, but this would
require stepping a bit outside of the electrical domain and into the USB protocol domain.
The SYNC would be consumed while obtaining a phase-lock, so buffering of data and
SYNC regeneration would be necessary.

The simplest and least protocol dependant solution was to use an analog phase-
locked loop to lock to the USB, but after careful research and development this turned out
to be impossible. An analog phase-locked loop works by using a phase detector to
control a voltage controlled oscillator to phase-lock a reference frequency to the
incoming data signal. When the incoming data signal and the output of the VCO differ in
phase, an electrical pulse with a width proportional to the phase difference is filtered and
passed back to the VCO, forming a simple feedback system. By tuning the filter, it is
possible to reliably phase-lock to the incoming data signal. Unfortunately, how quickly
the loop locks and how long it stays locked are inversely related. This relationship is
easy to derive, but outside of the scope of this report. Using an analog PLL for USB
clock recovery would require that the loop lock in 6 bit-times, to catch the SOP, but stay
locked for up to 7 bit-times without edge transitions, the maximum run-length of J or K
onthe USB. Thisisafundamental impossibility.

The only feasible solution to this clock recovery problem isto use adigital phase-
locked loop. The design of such requires a 4 times over-sampling clock and a fairly
straight forward state machine. The DPLL doesn’'t maintain nearly as accurate a phase
relationship as the analog PLL would, but it does guarantee the generation of a derived
data sample clock with valid USB data on every rising edge. It turns out that this entity is
required for any digital USB interface to function correctly.

The next flaw with this initial design was the amplitude modulated RF link. The
bandwidth of an NTSC video signd is just under 6 MHz, so at first glance the 3 MHz
amplitude modulated signal should transmit correctly over this link. Clearly a 3 MHz
true square wave can be recovered by using only the fundamental 3 MHz sine wave
which will fit into the 6 MHz of bandwidth. Unfortunately, the 3 MHz signa in this
system requires more then 3 MHz of bandwidth, as it is constructed with various analog

levels corresponding to different logical data. In the time domain, all of the possible
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analog level transitions create spikes at various harmonics in the frequency domain. The
fundamental 3 MHz signal can still be transmitted and received, but al of the necessary
harmonics created from various level transitions fall well outside of this 6 MHz window.
It soon became clear that my initial design had some underlying flaw. 1 was
trying to stay within the time constraints of the bus and not interrupt communication at
the protocol level. This just does not work. A transaction will timeout if no response is
received within 16 to 18 bit-times from when the EOP completes.® If the upstream
Wireless USB Device (WUSBD) is connected to the last hub in a 5 hub chain then the
delay from that hub upstream may be as long as 15 hit-times, leaving 1 bit-time for the
wireless transaction to generate a response. This is impossible, due to the necessary
SYNC consumption and data buffering for the DPLL to recover the clock. The only
possible solution is to require that the upstream WUSBD be connected directly to the root
hub, providing a 16 bit-time transmission and response window. Still, the upstream
device would have to transmit datain real time and have a response from the downstream
sde in less then 16 hit-times from when the upstream hub signaed an EOP. This
requires extremely high-speed data processing and a high-speed full-duplex wireless link
with little to no transmission overhead. It also provides no possibility for RF data
acknowledgment and no possibility for RF data integrity checking with a CRC or similar
check. All in all, this solution cannot work reliably, and probably is not realizable even if
reliability is not a concern. Finally, this solution cannot scale to higher bus rates such as

for high-speed transmissions available in USB 2.0.

® Compag, Intel, Microsoft, NEC. Universal Serial Bus Specification vi1.1. 1998. [Online Book].
URL.: http://www.ush.org/devel opers/docs/usbspec.zip. pp. 134.
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V.3) the Working Model
V.3.a) the Critical Timing Algorithm

The only way to build a robust wireless USB system is break out of the 16 bit-
time bus timeout limitation, while still maintaining logical transparency to both the root
hub and the USB device. This was a major design hurdle, and there was no obvious
solution. | realized that this project could not be completed unless | resolved this issue.
Fortunately, | thought of a solution. Unfortunately the solution does not work for
isochronous transfers. And while | suspect there is a solution for isochronous transfers
by using a fairly complicated buffering and flow control scheme, | was not and have not
been able to design a working model. So, | made the design decision to only support
low-speed USB devices and thus eliminated the need to support isochronous transfers.

The solution is very logical and easy to explain, but complicated to build and
difficult to synthesize in hardware, as it requires extensive protocol manipulation.
However, in order to understand the solution, it is important to understand some of the
basics of the USB transaction protocol. First, low-speed devices only support control and
interrupt trarsfers. Second, every packet is packaged between a SYNC and EOP.

Every interrupt transfer begins with the host transmitting an IN or an OUT token
onto the bus (detailed in Figure 4).

2 bits 7 bits 4 bits 5 bits
FIl ADDR ENDFP CRCS
2 bits 0 to 1023 bytes 16 bits
FID | DATA CRCG

15



Figure5: Data Packet Format

For low-speed devices, the data field is amaximum of 8 bytes, and the CRC16 covers the
entire DATA field. Upon error-free receipt of the DATA packet, the function will return
a Handshake Packet to the Host (detailed in Figure 6).

2 bits

PiD

16



Avoiding the ¥ hit-time timeout with an Interrupt OUT transactions is the
simplest case. Upon detecting an Interrupt OUT transaction the upstream WUSBD
emulates a USB function stalling for flow control reasons. The upstream WUSBD begins
buffering and passing the data wirelessly to the downstream WUSBD and within 16 bit-
times of receiving the DATA Packet’s EOP, the upstream WUSBD generates a NAK
handshake and sends it to the host. All subsequent transactions generated by the host are
NAKed in this same manner and are not sent to the downstream WUSBD. When the
downstream WUSBD receives the transmitted data, it transmits the same OUT Token and
DATA Packet to the function, and wirelessly returns the function’s handshake response.
The upstream WUSBD buffers this response and upon receipt of another Interrupt OUT
transaction from the host responds to the host with the buffered function response. To
create a robust system, timeouts indicating an RF link failure are used to bring both the
downstream and upstream busses back to idle.

Avoiding bus timeout with Interrupt IN transactions is slightly more complicated.
Upon detecting an Interrupt OUT transaction the upstream WUSBD emulates a USB
function with no data available for the Host. The upstream WUSBD begins buffering
and passing the IN token wirelessly to the downstream WUSBD and within 16 bit-times
of receiving the IN token’s EOP, the upstream WUSBD generates a NAK handshake and
sends it to the host. This retires the transaction, but without causing a bus error. The
Host will simply retry this same transaction at a later time. All subsequent transactions
generated by the host are NAKed in this same manner and are not sent to the downstream
WUSBD. When the downstream WUSBD receives the transmitted data, it transmits the
same IN token to the function, and wirelessly returns the function’s DATA, NAK, or
STALL response. Within 16 bit-times of the IN token’s EOP transmission onto the
downstream bus, the downstream WUSBD generates a corrupted ACK and transmitsiit to
the function. The function will respond to the corrupted ACK with a retransmission of
the previous response. This response is dropped and corrupted ACKs are transmitted
until a response is received from the upstream WUSBD. When the upstream WUSBD
receives the DATA sent from the downstream WUSBD, it buffers it and waits until the
host generates another Interrupt IN transaction at which point it replies with the DATA in
the buffer. The Host’'s response to this buffered DATA is then wirelessly transmitted to
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the downstream WUSBD which buffers it and sends it to the function upon receipt of its
initial response. To create a robust system, timeouts indicating an RF link failure are
used to bring both the downstream and upstream busses back to idle. The only problem
with this solution is if the transaction takes too long, the data being returned from the
downstream WUSBD may be stale, as the function may have aready buffered in new
data for transmission. Conveniently, the fastest low-speed interrupt polling rate is 10ms,
which is still a very large window compared to 16 low-speed bit-times. 16 low-speed bit
times equal about 10us, so a 10ms window is 3 orders of magnitude longer.

For Control Transfers, the timeout prevention scheme for the Setup phase is
tricky, since the function must ACK or timeout the bus. Upon detecting a Setup
transaction the upstream WUSBD begins buffering and passing the Setup token and
DATADO token wirelessly to the downstream WUSBD. Within 16 bit-times of receiving
the DATAOQ token's EOP, the upstream WUSBD generates an ACK handshake and sends
it to the host. The Host then continues onto the Data phase or the Status phase. Upon
receipt of the Setup transaction, the downstream WUSBD buffers the data and sends it to
the function which responds with an ACK or times out. This response is transmitted to
the upstream WUSBD. If the optional Data phase is used, the upstream WUSBD replies
to al subsequent IN or OUT tokens with a NAK back to the Host. Once the Setup
response arrives from the downstream WUSBD, the Data phase can continue if the
response is a NAK. If the response is a timeout, the upstream WUSBD stops responding
with NAKSs and lets the bus timeout. If the Data phase continues, the bus stalling logic
follows the same agorithm as the Interrupt IN and OUT transactions. Finally, once the
optional Data phase completes, or if there is no Data phase, the Status phase occurs,
which also uses the same timeout prevention scheme as the Interrupt IN or OUT

transaction depending on the Status stage direction.

V.3.b) the Heart of the System

A great ded of digital logic is necessary to implement a DPLL, buffer
control, and the timeout prevention scheme. Some sort of programmable logic is needed
to make this possible. | chose a CPLD (Complex Programmable Logic Device)

programmable at the RTL (Register Transfer Level) as the heart of this system. An
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FPGA (Field Programmable Gate Array) would have also worked very well and in
retrospect would have been a better solution. Using a CPLD seemed like a very
reasonable solution as they tend to fit complex state machines very well, and they have
predictable input to output latencies. On the other hand, FPGASs cannot guarantee timing,
and are not built specifically for use with large state machines. | chose to use a CPLD by
Cypress semiconductor, because they offer a wide selection of devices, an extremely

cost-effective software suite with built in support for coding, synthesizing, and simulating
al of their CPLDs. They aso offer a low-cost development board and programming
dongle compatible with most of their product families. | intended to use a device in one
of their low-cost smaller CPLD families, ULTRA3700, but as | neared code completion it
became apparent that | had too much logic and too many signals to be able to fit my
design to this logic family. This was primarily due to the limitations of the PIM

(Programmable Interconnect Matrix) which glues logic together across different macro-
cells. My code didn’t require too many macro-cells; rather it required too many macro-
cell interconnections. An FGPA would have worked better in this situation, but | was
already committed to using Cypress devices, so | chose to use a different product family,
Delta 39K. The CPLDs in this family are much larger in terms of usable gates and have
embedded RAM cells, but they are substantially more expensive then the ULTRA3700
product line and are volatile. Yet, they are extraordinarily versatile. They can guarantee
input to output timing of signals even with drastic code changes. Also, even after pin-
locking signals, the Delta 39K devices can almost always route regardless of code
changes. The volatility issue is easily solved by using a small Lithium lon battery to
power the CPLD in a suspended state when it is no longer being used and powered by a
transformer based DC power supply. | redlized that there was no need to bother with this
as this revison of the wireless USB system would only be practical for design and
debugging purposes. A commercially viable version would need to use alow cost FPGA
or an ASIC. The schematic for the CPLD is smply the synthesized VHDL (see
Appendix (7)).

V.3.c) the RF Link
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With a timeout prevention solution in hand, the RF link becomes substantially
less critical. | still hoped to someday support full-speed USB, so | wanted a reasonably
high-speed RF connection. Even though the timeout prevention scheme applies to full-
speed USB and the RF link does not need to be very high bandwidth, full- speed transfers
would be noticeably slow with a low bandwidth link. 1 chose a small SMD 2.4 GHz
transceiver by Micro Linear, the ML2724. It has a data rate of up to 1.5Mbps, runs on
3.3V supply and can support a maximum run-length of 4 zeros or ones at 1.5Mbps. It
uses DSSS (Direct Sequence Spread Spectrum) modulation to improve range and has in
integrated PLL. It supports a lowpower suspend state, and it allows for over 40 non
overlapping user selectable channels.

In order to avoid building the necessary and complicated external aralog circuitry
for this device, | opted to sample a starter kit which included a pair of these transceivers
mounted on a very compact 4 layer PCB with all of the external circuitry needed to make
them run. These RF daughter boards were attached to a development platform created by
Micro Linear. | ssimply pulled off the RF daughter board and integrated it into my own

design.

V.3.d) the Bus Interface

The physical connection to the busis via standard USB connectors soldered to the
PCB. The data connection is through a cheap USB transceiver by Maxim, the
MAX3451E. It has an internal 1.5K? that can be enabled and disabled on either the D+
or D- bus. This alows the upstream WUSBD to logically disconnect from the bus while
still being physically connected. It can be suspended for lowpower operation and has
integrated +15kV ESD protection for the D+ and D busses. It aso has a differential
output which is logically equal to D+ minus D-; this is quite convenient as it eliminates
extra analog circuitry to perform this task. Yet, the most important reason for using this
transceiver is that it is electrically USB v1.1 compliant and eliminates any impedance
concerns that would need to be addressed when directly driving the bus form the CPLD.

V.3.€) the MCU
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Setting up an RF link, maintaining the link, and initializing the CPLD are
accomplished with an Atmel MCU, the ATMega8L. Itisasmall SMD device requiring a
3.3V DC supply. It contains one USART and many 1/O ports. It is avery fast and low
power device, and the smple RISC architecture allows for quick coding in C and ASM.
All code is available in Appendix (9).

V.3f) the UARTs

In order to easily debug the CPLD and have a fast communication channel
between the CPLD and the MCU, | decided to synthesize a UART in the CPLD.
Fortunately, a very nearly working public source UART’ written in VHDL is available
online from opencores.org (see Appendix (8) for VHDL). The UART isvery smple, and
has a standard data interface conforming to the open source IP core interconnection
standard called Wishbone. | wrote a simple Wishbone interface and connected it to a
buffer, providing me with an excellent ssimple UART. | only needed to modify the
UART VHDL dlightly to make it work with the Delta39K family of CPLDs.

In order to debug the platform, communicate with the RF board, and send data
between the MCU and CPLD, | shared the MCU RX and TX lines, the ML2724' s DIN
and DOUT, and the CPLD UART. The sharing logic is controlled by 2 outputs CNTRL1
and CNTRL2 from the MCU to the CPLD. The bus sharing logic is implemented in the
CPLD by using severa multiplexers. The sharing scheme alows for connection of the
MCU UART to the RS232 transceiver by Tl (a copy of the MAX3221), the ML2724’s
DIN and DOUT, and the UART in the CPLD. It also alows for connection of the UART
in the CPLD to the RS232 transceiver for debugging output.

V.3.f) the RF interface

After initidization by the MCU, the ML2724 is fairly smple to interface with. It
has a Data Input DIN, a Data Output DOUT, OE (Output Enable), and an analog receive
signal strength indicator (RSSl). The MCU interfaces with transceiver via its UART.
The UART is designed for this sort of task and has built in clock recovery and data

’ Carton, Phillip. “MiniUART.” 2003. URL: http://www.opencores.org/projects/miniuart2/ (17
Dec. 2003).
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encapsulation logic. At 250K bps, the data rate is lower then the achievable 1.5Mbps, but
this is not too important. RSS! is connected to the negative input of a comparator. The
positive input of the comparator is connected to the center tap of a variable resistor with
Vcc and GND on the other 2 leads The output of the comparator is connected to a port
pin of the MCU. The MCU monitors the comparator and buffers data when the output is
high. RSSI is proportional to the log of the receive field strength and ranges from 0.0 to
2.5V. Since the variable resistor sets the voltage level of the negative input of the
comparator it also sets the receive threshold. | found the 2.4GHz frequency range to be
fairly noisy, so | set the variable resistor to have a center voltage of 0.85V which
corresponds to a threshold of about -60dBm.® Finally, since field strength decreases with
distance, the range of reliable transmission and reception is also determined by this center

voltage, and reducing it will increase the range but increase the signal to noise ratio.

V.3.9) the RF protocol

All RF transactions begin with a 4 byte Conditioning Preamble consisting of
periodic 1to O transitions. The Conditioning Freamble is required by the ML2724 to
calibrate theradio. The next 4 bytes are the Synchronization Preamble which consists of
a sequence of zeros and ones which force the UART into proper frame synchronization.
The next byte is a Start of Packet (SOP). This is followed by the Header which consists
of aPacket ID (PID) byte, a data checksum byte (CHK), and a Packet Type (TY PE) byte.
After the header, Manchester encoded data is transmitted, followed by an End of Packet
(EOP) byte. Finally, a4 byte Postamble ramps off the transmission to keep RSSI high
long enough to correct for any lead or lag of data with respect to RSSI.

‘8 +8 18 18 18 18 o=ma 18 ‘8
ol loring Preamble Syretecrizala Preamble | = | RID | CHE |T‘|"FE| I AT, | EOR | [—
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V.3.h) the RF Algorithm

The algorithm works as follows. The upstream MCU acts as the master and the
downstream MCU acts as aslave. The upstream MCU aways initiates an RF transaction
by sending data to the downstream MCU. The downstream MCU must validate the data
and respond with an ACK if the data is not corrupted. The upstream MCU will timeout
and retransmit the data if an ACK is not received within 200us. If the upstream MCU
retransmits nine times unsuccessfully, the transaction is aborted and an error is returned.
In order to transmit data from the downstream MCU to the upstream MCU, the upstream
MCU sends a packet requesting data, if the downstream MCU receives the packet
correctly, it responds with a data packet with data or empty if it has no data to send. If
the packet is not received or is corrupted no data is returned and the upstream MCU
retransmits the data request after a 200us timeout; if the request is retransmitted nine
times unsuccessfully, the transaction is terminated and an error is returned. The
downstream MCU waits for an ACK and follows the same scheme regarding timing out
and retransmission.

The PID field is very important as it corrects for lost ACKs. The transmitter of a
packet increments the PID every time an ACK is received. The receiver of a packet
includes the received packet’s PID in the ACK. If the ACK is lost, the transmitter will
not increment its PID, and it will re-transmit the last packet. The receiver will note the
duplicate PID, drop the data and reply with an ACK.

The checksum field over the data is not as robust as a polynomial generator CRC,
but it is simple, cheap to calculate and good enough, as al low-speed USB transactions
include a CRC.

Manchester encoding® of the data is necessary as the maximum run length of zero
or one that can be reliably transmitted through the ML2724 is 4. Manchester encoding
the data ensures that no more then 2 consecutive ones or zeros will be transmitted.
Unfortunately, Manchester encoding the data doubles the data length. Fortunately, the
maximum un-encoded data length that | could stuff into the MCU’s RAM is about 100

bytes, which is more then enough room to buffer any USB transaction.

®Micro Linear. “ML2724SK-01 2.4GHz 1.5Mbps RADIO Code Base.” April, 2003.
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V.3.i) the Clocks

Although a single clock running at 12Mhz could be used by the CPLD to derive
all the necessary clocks for this system, | chose to use an external programmable clock
chip by Cypress, the CY39100, a low power, suspendable, and extremely accurate
clocking solution. With a3.3V Vcc anda 12 MHz SMD crystal, the CY 39100 generates
a 6.00000 MHz clock for the USB DPLL, a 4.00000 MHz clock for the RF DPLL, a
1.50000 MHz clock for transmitting data onto the USB, and a 1.00000 MHz clock for
transmitting data into the RF DIN. In order to allow the CY 39100 to be suspended, the
MCU isindependently clocked with a 4.0000 MHz quartz crystal.

V.3,j) the Digital Phase Locked Loop

The DPLL in the CPLD is necessary to recover the USB clock. The loop runs at
6.00000 MHz, sampling the USB which is clocked at % the frequency at 1.50000 MHz.
The loop expects to sample 4 consecutive high periods and then 4 consecutive low
periods 3 times during the USB sync. If the clocks are out of phase and it appears that
the 6.00000 MHz clock istoo fast, the low period of the derived clock is shortened and if
it appears the 6.00000 MHz clock is too slow, the high period of the derived clock is
lengthened.

V.3.k) EOP Detection

An End of Packet is technically an out of band signal, asynchronous to the USB
clock. A valid EOP is generated when in the 4x domain, 3 or more SEOs are detected
followed by a J Or when 3 or more SEOs are detected followed by aK (i.e. out of band
dribble) followed by a J.

V.k.I) Device Attachment

After resetting, the downstream CPLD simply waits for device attachment. |
detect attachment by having the CPLD poll the D+ and D lines waiting for one to be
pulled high. A simple debouncing state machine ensures accurate speed detection. Once

attachment has occurred, another state machine monitors D+ and D- for an SEO
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condition. If SEO occurs for 3us, the CPLD signals device detachment and notifies the

MCU.

V.3.m) the External Buffer

The largest amount of data that ever needs to be stored in a FIFO is from an
Interrupt OUT transaction and contains an OUT token aong with a DATA packet with a
payload of at most 8 bytes. The token is 3 bytes long, the DATA packet is at longest 11
bytes, consisting of 1 byte for the PID, 8 bytes for data, and 2 bytes for CRC16. The total
data length is then 14 bytes=112 bits. The NRZI overhead requires storage at worst 112
bits x 7/6 = 130.67 bits long. If the SOPs and EOPs use 1 bit each then the total max
buffer size required is 131+4=135bits long by 3 bits wide. | chose the cheapest readily
available low power 3.3V FIFO with a minimum length of 135 bits and minimum width
of 3 hits. It isa Tl SN74ALVC7806 and is 256 x 18 bits. It can be clocked with

asynchronous load and store clocks at frequencies up to 25 MHz.

V.3.n) the Remaining Components

All CPLD code is written in VHDL and is fully synthesizable. DC power is
provided to components from a TI SMD 3.3V voltage regulator, UA78MO00. The same
regulator in a 5.0V version is used to provide USB Vbus for the function attached to the
downstream WUSBD. The RS232 transceiver is connected to a standard 9-pin DIN for
debugging via serial 1/0.

V.3.0) the PCB

The printed circuit boards have 2 layers, top and bottom. They do not have a
solder mask, the minimum trace width is 7mils, and the minimum trace spacing is 7mils.
The traces and vias are tinned, and only 6 drill sizesare used. The CPLD, the MCU, and
the programmable clock generator have ground planes on the top layer within their
footprints. See: Appendix (2) for the schematic, Appendix (3) for a picture of the layout,
and Appendix (5) for photographs of the hardware.
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V1) Results

VI1.1) Meeting the I nitial Design Requirements

The Wireless USB System described in this report is not yet fully functional. |
designed and fabricated 2 revisions of the PCBs before yielding a working test-bed. All
components and connections on the current boards are working as expected. The 2.4GHz
RF link is fully functional, and data can be transmitted reliably via ACKs, checksums, re-
transmissions, and timeouts. The UART sharing scheme is working correctly and data
can flow in both directions between a terminal and the CPLD, between the CPLD and the
MCU, between the MCU and the terminal, and between the MCU and the RF boards.
USB device connection and disconnection and speed detection works on the downstream
board, and the upstream board can receive this information and perform logica
attachment on the upstream bus. USB Clock recovery and generation works correctly
and is detailed in Appendix (6). USB data can be read, but the state machines to handle
the various USB transactions are not fully functional yet. The state machines to prevent
USB bus timeouts are not functioning yet either.

Although the system currently fails to meet the primary goal, allowing the logical
attachment of any low-speed USB v1.1 device to any USB v1.1 root-hub without a
physical connection between the two, it does meet most of the initial design goals: only
low-speed devices are supported, a solid RF link can be established with a range in the
order of tens of meters not requiring line of sight, all device interconnects are on a PCB,
all components require only a 3.3V DC supply, amost al components are surface
mountable, the strict timing and data rate requirements in the USB v1.1 are adhered to at
the physical level but are circumvented at the protocol level.

The only other goal not yet achieved is creating a cost-effective and
commercialy viable solution. The cost of components for each board is nearly $100,
mainly due to the cost of the CPLD (see Appendix (4) for the Bill of Materials).

V1.2) Generalizations

| set out to design transparent wireless USB, and in the process | essentially
designed a USB bridge. The fact that the connection is a 2.4GHz wireless link is
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interesting and makes the device practical, but it could just as easily be a TCP/IP
connection or a simple RS232 connection. | cannot see a reason to use a TCP/IP link for
USB device connection, but it is certainly possible and is interesting to ponder. Bridging
USB to RS232 may be a very interesting project. The upstream board could be replaced
by software for the PC. One could create a RS232/USB Host Controller to interface with
the USB System software and the RS232 connection to the downstream board. This
would alow attachment of low-speed USB devices via RS232, extending the USB
paradigm to very old PC architectures.
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VI11) Conclusions

This project was smply too large for any one person to complete in any
reasonable amount of time. | am happy with all that | have accomplished, and | fedl that
the hardware and software | have built is an excellent test-bed and development
environment for this project. The current system is nearly working, and is certainly
capable of implementing wireless transparent USB.

| have designed many different versions of the hardware and software, starting
from scratch more then once. Each time, | have succeeded in designing a better system,
with more capabilities and fewer limitations. Yet, as expected, the current boards which
are capable of implementing wireless USB could be improved.

Idedlly, | would pick an MCU with 2 hardware UARTs. This would gregtly ease

various difficulties and timing constraints imposed by my UART bus sharing

logic. Also, having more the 1024 bytes of RAM would be very convenient for
increasing various transmit and receive buffers.

The Delta39K CPLD is an excellent development device, but | have decreased the

size of the VHDL code substantially, and the CPLD should be smaller and static.

| suspect that using a cheap Xilinx FPGA is the best solution.

The ML2724 boards are excellent, but after breaking out of the strict USB timeout

constraints, it is readily apparent that a smaller, cheaper, and slower RF board

would suffice.

The Cypress programmable clock generator is a little buggy and unreliable. This

may be due to the fact that | did not follow all of the recommended layout rules,

or it may be due to ground bounce and other factors. Regardless, it should be
replaced with a small, cheap 6.0000MHz oscillator. All other clocks can be easily
derived within the CPLD.
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Appendix (1): Data Flow of Interrupt and Control Setup Transactions

Idle
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Token
Token SETUP

Data

Handshake ACK Data | ACK | | NAK | |5TALL | Data
Error Error
G U
[] Host [] Function [] Hest [] Function
Control Setup Transaction Interrupt Transaction Format
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Appendix (2): Board Schematic
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Appendix (3): Board Layout
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Appendix (4): Bill of Materials (BOM)

Wireless USB Bill of Materials
Version 1.2

Sean Keller
sike6@cornell.edu

(F) Function Side Only
(H) Host Side Only
(B) Both Host and Function

For a Single Host or Function Board:

Qty _Board Reference Part Number Manufacturer Description Value Unit Price in USD_Number x Cost in USD

1 B P1 RAPC712 Switchcraft Inc. Male DC Power Jack N/A 1.08 1.08

8 B C3-C6 C14 C15 C17 C18 C1206C473K5RACTU Kemet Capacitor SMD 1206 .047uF 0.0165 0.132

9 B C1C2C9-C13C16 C19  C1206C104J5RACTU Kemet Capacitor SMD 1206 .1uF  0.0253 0.2277

2 B C7C8 1206N220J500NT BC Components Capacitor SMD 1206 22pF  0.0146 0.0292

1 B C18 12062R105K7BBOD Yageo America Capacitor SMD 1206 1uF 0.0245 0.0245

1 B R1 9C12063A1002FKHFT Yageo America Resistor SMD 1206 10K 0.0088 0.0088

2 F R2R3 9C12063A1502FKHFT Yageo America Resistor SMD 1206 15K 0.0088 0.0176

1 B R4 9C12063A2200FKHFT Yageo America Resistor SMD 1206 220 0.0088 0.0088

6 B R5-10 9C12063A4701FKHFT Yageo America Resistor SMD 1206 4.7 0.0088 0.0528

2 B R11-12 9C12063A24ROFKHFT Yageo America Resistor SMD 1206 24 0.0088 0.0176

2 B SW1 Sw2 1101M2S3CQE2 ITT Industries SPDT Switch N/A 3.96 7.92

1 B Regl UA78M33CDCYR Texas Instruments 3.3V Regulator N/A 0.56 0.56

1 F Reg2 UA78M05CDCYR Texas Instruments 5.0V Regulator N/A 0.56 0.56

1 B H3x2 4-103186-0 AMP/Tyco Straight Dual-Row Male Header 3x2 0.073 0.073

1 B H5x2 4-103186-0 AMP/Tyco Straight Dual-Row Male Header 5x2 0.122 0.122

1 B H8x2 4-103186-0 AMP/Tyco Straight Dual-Row Male Header 8x2 0.195 0.195

1 B MCU1 ATMEGASL-8AI Atmel Atmel 3.3V MCU N/A 5.61 5.61

1 B CPLD CY39100V208B-125NTC  Cypress Deltat 39K 100K Gate CPLD N/A 67.95 67.95

1 B BUFF1 SN74ALVC7806-25DL TI Asynchronous FIFO N/A 0 0

1 B M345 MAX32211PWR TI UART level shifter N/A 1.65 1.65

1 B XTALL CM309A12.000MABJT Citizen America Corp  SMD 12Mhz XTAL N/A 1.51 1.51

1 B XTAL2 MP040 CTs XTAL ocsilator 8mhz N/A 0.94 0.94

1 B M322 MAX34521-EEUD Maxim USB transceiver N/A 0 0

1 B USBA 542310419 Molex USB A recepticle N/A 0 0

1 B USBB 670681000 Molex USB B recepticle N/A 0 0

1 B CLK1 CY2292F Citizen America Corp  Programmable Clock N/A 4.46 4.46

1 B LED1 LTST-T670TBKT Lite On SMD Blue LED N/A 1.38 1.38

1 B DB9 747844-4 AMP/Tyco DSUB 9-pin Femaile Receptor N/A 1.94 1.94
Part Cost Function Board 96.469

Part Cost Host Board 95.8914



Appendix (5): Photographs of the Boards

Top View
PCBs with ML 2724 RF daughterboards PCBs without the RF daughterboards

Top: upstream boards
Bottom: downstream boards

Bottom View

Top: upstream boards

Bottom: downstream boards
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Appendix (6): DPLL Locking on to USB SOP

Top channel is the USB

Bottom channel is DPLL output
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Appendix (7): VHDL

-- Project: Wrel ess USB
-- File: USB v1.1 BUS_TX Package
-- Aut hor: Sean Kel |l er

-- sj k26@ornel | . edu

-- Created: July 27, 2003

-- Revision: 1.0 : July 28, 2003

-- BUILT :)
-- Revision: 1.1 : July 31, 2003

-- Fi xed M nor Bugs
-- Commented the code

-- Revision: 1.2 : July 31, 2003
-- Renaned to USB_TX
-- Revision: 1.3 : August 1, 2003

-- Took care of done and K

-- outer file nmust assert tx_CLEAR
-- to exit fromK...done will be
-- asserted for one T in this file
-- to let the outer file clear bit

-- t x_CLEAR

-- Revision: 1.4 : August 4, 2003

-- Killed the enable
-- Revision: 1.5 : August 5, 2003

-- Added code to transmt a NAK and a
-- corrputed ACK
-- Made din_buff 5 bits

-- Known Bugs: None
-- References: USB v1.1 Spec
-- Copyright (C) 2003 Sean Kell er

library ieee;
use ieee.std_logic_1164.all;
package USB_TX is

conponent SEND_USB_DATA port (

rst,clk in std_l ogic; --reset, and clock in
full _speed in std_logic; --'0" islow'1l is full
t x_STALL in std_logic; --'1'" nmeans send a stall PID
t X_BUFFER in std_logic; --dunp the buffer onto the bus
t x_CLEAR in std_logic; --go back to idle
t x_BADACK : in std_logic; --send a broken ACK
t Xx_NAK :in std_logic; --send a NAK
di n_buf f : in std_logic_vector(4 downto 0);
clk_buff_rd : out std_logic; --the buffer's clock
buf f _not oe : out std_logic; --buffer's not oe
buf f _nrst : out std_logic; --buffer's not reset
dplu : out std_logic; --D+ line
dm n : out std_logic; --D line
done : out std_logic); --'1'" transfer conplete
end conponent;
end USB_TX;

library ieee;
use ieee.std_logic_1164.all;
entity SEND USB_DATA is port (

rst,clk : in std_logic; --reset, and clock in

full _speed :in std_logic; --'0" is low'1 is full

t x_STALL :in std_logic; --'1'" neans send a stall PID
t x_BUFFER : in std_logic; --dunp the buffer onto the bus
t Xx_CLEAR : in std_logic; --go back to idle

t x_BADACK : in std_logic; --send a broken ACK

t x_NAK : in std_logic; --send a NAK

di n_buf f : in std_logic_vector(4 downto 0);

clk_buff_rd : out std_logic; --the buffer's clock

buf f _not oe : out std_logic; --buffer's not oe

buf f _nrst : out std_logic; --buffer's not reset

dplu : out std_logic; --Differential OQutput
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dm n : out std_logic; --D line
done : out std_logic); --'1'" transfer conplete
end SEND_USB_DATA;

architecture usb_tx_arch of SEND USB_DATA is
type states is (idle, SOP1, SOP2, STALL1, EOP1, EOP2, EOP3, EOP4, BUFF1, BUFF2, BUFF3, SK,

NAK1, BAK1) ;
signal ps . states;
signal J : std_l ogic;
signal K : std_l ogic;
signal buff_usb_out_en : std_logic;
signal count : integer range 0 to 7;
--datas for the USB
signal SOP : std_logic_vector(7 downto 0);
signal STALL, NAK, BAK : std_logic_vector(7 downto 0);
begin

K<=not full _speed;

J<=ful | _speed;

SOP<=(K, J, K, J, K, J, K, K);
STALL<=(K, K, K, J, K, J, K, K) ;
NAK<=(K, J, J, K, J, J, K, K
BAK<=(J, K, K, J, K, K, J, J

— L

neg_|l ogi c: process(rst, clk, buf f_usb_out _en)
begi n
if(rst="1") then
el sif(buff_usb_out_en="0") then
cl k_buff_rd<="0";
elsif (falling_edge(clk)) then
cl k_buf f _rd<=cl k;

end if;

end process;

state_conb: process(rst, cl k, buff_usb_out _en, di n_buff, count)
begi n
if(rst="1") then
done<='0";
buf f _usb_out _en<='0";
dplu<="0";
dm n<='0";
ps<=idl e;
el sif rising_edge(clk) then
case ps is

when SK =>
buf f _not oe<="1";
dpl u<=K;

dm n<=not K;
if(tx_CLEAR="1") then
ps<=idl e;
done<="'1';
end if;
when idle =>
buf f _not oe<='1";
dpl u<=J;
dm n<=not J;
done<='0';
i f(tx_STALL="1" or tx_NAK="1"' or tx_BADACK='1") then
--Put a Stall Packet onto the USB
ps<=SOP1,;
el sif(tx_BUFFER="1") then
--Start Driving the USB fromthe Buffer Contents
ps<=BUFF1;
el se
ps<=idle;
end if;
when BUFF1 =>
ps<=BUFF2;
count <=7;
when BUFF2 =>
--Start dunping a SOP onto the USB
dpl u<=SOP( count);
dmi n<=not SOP(count);
if (count=0) then
ps<=BUFF3;
--By setting this, on the falling edge of the clKk,
-- the buffer's clock will be set to the 1.5Mz clk
-- and the buffer will be taken out of reset
buf f _usb_out _en<="1";
el se
ps<=BUFF2;



count <=count - 1;
end if;
when BUFF3 =>
--NEED TO TI MEOQUT OR ENSURE THI S W LL OCCUR--
if(din_buff(2)="1") then
--This means do not hing

ps<=EOP4;
dpl u<='0";
dm n<='0";
buff _usb_out_en<='0"; --don't let buffer's clock be driven
buf f _notoe<="1"; --The buffer's onto the USB is high Z
buf f _nrst<='0"; --Reset the buffer's pointers

elsif(din_buff(1)="1") then
--This nmeans a EOP needs to be put onto the USB
--Begin by driving an SEO on USB

ps<=EOP2;
dplu<='0";
dmin<='0";
buff_usb_out_en<='0'; --don't let buffer's clock be driven
buf f _notoe<="1"; --The buffer's onto the USB is high Z
buf f _nrst<='0"; --Reset the buffer's pointers
el se
buf f _usb_out _en<="1";
ps<=BUFF3;
buf f _not oe<='0"; --Start Driving the USB with the buffer contents

dpl u<=di n_buff (0);
dm n<=not di n_buff(0);
end if;
when SOP1 =>
count <=7;
ps<=S0P2;
when SOP2 =>
dpl u<=SOP(count) ;
dm n<=not SOP(count);
if (count=0) then

count <=7;
if(tx_STALL="1") then
pS<=STALL1;
el sif(tx_BADACK='1") then
ps<=BAK1,
el se --nust be NAK
ps<=NAK1,;
end if;
el se
count <=count- 1;
end if;

when STALL1 =>
dpl u<=STALL(count);
dm n<=not STALL(count);
if (count=0) then
ps<=EOP1,;
el se
count <=count- 1;
end if;
when NAK1 =>
dpl u<=NAK( count);
dmi n<=not NAK(count);
if (count=0) then
ps<=EOP1;
el se
count <=count- 1;
end if;
when BAKl1 =>
dpl u<=BAK(count);
dm n<=not BAK(count);
if (count=0) then
ps<=EOP1;
el se
count <=count- 1;
end if;
when EOP1 =>
dpl u<='0";
dm n<='0";
ps<=EOP2;
when EOP2 =>
dpl u<='0";
dm n<='0";
ps<=EOP3;
when EOP3 =>
dpl u<=J;
dm n<=not J;
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ps<=EOP4;
when EOP4 =>
--set the global signal done, so that the outer glue logic
-- will set the USB bus direction to receive
done<='1";
dpl u<=J;
dm n<=not J;
--go back to the initial state, idling

ps<=idl e;
end case;
end if;
end process;
end usb_tx_arch;
-- Project: Wrel ess USB
-- File: USB v1.1 USB_RX_SEO
-- Aut hor: Sean Kel |l er
-- sj k26@ornel | . edu
-- Created: August 5, 2003
-- Revision: 1.0 : August 5, 2003
. Bui |t
-- TODO: None
-- Known Bugs None
-- References USB v1.1 Spec
-- Copyright (C) 2003 Sean Keller
-- sj k26@ornel | . edu
library ieee;
use ieee.std_logic_1164.all;
package USB_RX_SEO is
conponent RECV_USB_SEO port (
rst,clk : in std_logic; --reset and 4x clk
enabl e : in std_logic; --enable
full _speed :in std_logic; --'0" is low'1 is full
dplu : in std_logic; --usb D+
dm n :in std_logic; --usb D-
SEOs : out std_logic; --A short SEO
SEOI : out std_logic; --A long SEO
EOP : out std_logic); --End of Packet
end conponent;
end USB_RX_SEO;
library ieee;
use ieee.std_|logic_1164.all;
entity RECV_USB_SEO is port(
rst,clk :in std_logic; --reset and 4x clk
enabl e :in std_logic; --enable
full _speed :in std_logic; --'0" is low'1 is full
dplu :in std_logic; --usb D+
dm n : in std_logic; --usb D-
SEOs : out std_logic; --A short SEO
SEOI : out std_logic; --A long SEO
EOP : out std_logic); --End of Packet

end RECV_USB_SEO;

architecture my_usb_se0_desi gn of RECV_USB_SEO is
type States is (RESET, A B, C, D, PAUSE1, PAUSE2, PAUSE3, PAUSE4, PAUSE5, PAUSE6, PAUSE7?,
S1, S2, S3, $4, S5, S6, S7, S8, S9, S10, S11)

signal state . States;

signal J : std_l ogic;

signal K : std_l ogic;
begin

K<=not full _speed;
J<=ful | _speed;

se0_eop_detect: process(enable,clk,rst,dplu,dmn)
begi n
if(rst="1" or enable="0") then
SEOs<='0";
SEOl <=' 0" ;
EOP<='0";



el

st at e<=RESET;
sif(rising_edge(clk)) then
case state is
when RESET =>

SEOl <=' 0" ;
SEOs<='0";
EOP<='0";
if((dplu="0") and (dm n="0")) then
st at e<=A;
el se
st at e<=RESET;
end if;
when A =>
if((dplu="0") and (dm n="0")) then
st at e<=B;
el se
st at e<=RESET;
end if;
when B =>
SEOs<="'1";
if((dplu="0") and (dnmn="0")) then
st at e<=C;
el se
st at e<=RESET,;
end if;
when C =>
if((dplu="0") and (dm n="0")) then
st at e<=81;

el sif((dplu=J) and (dmi n=not J)) then
st at e<=PAUSE1,
EOP<="1";
el se
st at e<=D;
end if;
when D =>
SEOs<='0";
EOP<="1";
st at e<=PAUSE1;
when PAUSEl1 =>
st at e<=PAUSE2;
when PAUSE2 =>
st at e<=PAUSES;
when PAUSE3 =>
st at e<=PAUSE4;
when PAUSE4 =>
st at e<=PAUSES;
when PAUSE5 =>
st at e<=PAUSES6;
when PAUSE6 =>
st at e<=PAUSE7;
when PAUSE7 =>
st at e<=RESET,

when S1 =>
if((dplu='0") and (dmn="0")) then
st at e<=S2;

el sif((dplu=J) and (dm n=not J)) then
st at e<=PAUSE1;
EOP<="1";
el se
st at e<=D;
end if;
when S2 =>
if((dplu='0") and (dmn="0")) then
st at e<=S3;
el sif((dplu=J) and (dnmin=not J)) then
st at e<=PAUSE1;
EOP<="1";
el se
st at e<=D;
end if;
when S3 =>
if((dplu='0") and (dmn="0")) then
st at e<=54;
el sif((dplu=J) and (dm n=not J)) then
st at e<=PAUSEL;
EOP<="'1";
el se
st at e<=D;
end if;
when S4 =>
if((dplu='0") and (dmn="0")) then
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st at e<=S5;
el sif((dplu=J) and (dm n=not J)) then
st at e<=PAUSEL,
EOP<="1";
el se
st at e<=D;
end if;
when S5 =>
if((dplu="0") and (dmn="0")) then
st at e<=S6;
el sif((dplu=J) and (dmi n=not J)) then
st at e<=PAUSE1,;
EOP<="1";
el se
st at e<=D;
end if;
when S6 =>
if((dplu="0") and (dmn="0")) then
st at e<=S7;
el sif((dplu=J) and (dmin=not J)) then
st at e<=PAUSE1,;
EOP<="1";
el se
st at e<=D;
end if;
when S7 =>
if((dplu="0") and (dm n="0")) then
st at e<=S8;
el sif((dplu=J) and (dmi n=not J)) then
st at e<=PAUSE1,;
EOP<="1";
el se
st at e<=D;
end if;
when S8 =>
if((dplu="0") and (dm n="0")) then
st at e<=S9;
el sif((dplu=J) and (dmi n=not J)) then
st at e<=PAUSE1];
EOP<="1";
el se
st at e<=D;
end if;
when S9 =>
if((dplu="0") and (dm n="0")) then
st at e<=S10;
el sif((dplu=J) and (dm n=not J)) then
st at e<=PAUSE1];
EOP<="1";
el se
st at e<=D;
end if;
when S10 =>
if((dplu='0") and (dmn="0")) then
st at e<=S11,;
el sif((dplu=J) and (dm n=not J)) then
st at e<=PAUSE1;
EOP<="1";
el se
st at e<=D;
end if;
when S11 =>
if((dplu='0") and (dmn="0")) then
st at e<=C;
SEOl <='1";
SEOs<='0";
el sif((dplu=J) and (dmi n=not J)) then
st at e<=PAUSE1,;
EOP<="1";
el se
st at e<=D;
end if;
end case;
end if;
end process;
end my_usb_se0_desi gn;

-- Project: Wrel ess USB
-- File: USB v1.1 USB_RX



-- Aut hor:

-- Created:
-- Revision:

-- Revision:

1.0 :

1.1 :

Still

Sean Kel | er

sj k26@ornel | . edu

August 1, 2003

August 1, 2003
Bui | t
August 4, 2003

Took out

tristated output

Made dout _buff 5bits

needs to be sinulated

Need to Take gl obal

out

of

reset and put

The PAUSE state is used to hold the outgoing status
signals high for 2 clk Ts
Enable is now used globally to put

-- Copyright (C) 2003

into high Z

Sean Kel | er

library ieee;

use ieee.std_logic_1164.all;

package USB_RX is

conponent RECV_USB_DATA port (

rst,clk

di n, enabl e

full _speed
usb_SEOs
usb_SEOI

usb_EOP

--Buffer Control
cl k_buff_wr

dout _buf f
buf f _nrst

--Status Signals

usb_| DLE
usb_SOP
usb_K
usb_SETUP
usb_I'N
usb_OUT
usb_ACK
usb_NAK
usb_STALL
end conponent

n std_| ogi
std_| ogi
std_| ogi
std_| ogi
std_| ogi

bus sets and clrs
in outer glue file

shared busses

--reset and phase | ocked clock in

--differential
--'0" is low "1
--A short SEO

--A long SEO

5D 3 3 3535

out
out
out

out
out
out
out

out std_l ogi

out
out
out
out

std_| ogi
st d_I ogic;
std_l ogi c;

std_| ogi
std_l ogi
std_I ogi
std_| ogi
c;
std_| ogi c;
std_l ogi c;
std_l ogi c;
std_l ogic);

Cc
C
C
Cc

--external
std_|l ogi c_vector(4 downto 0);
--buffer reset

end USB_RX;

library ieee;

use ieee.std_logic_1164.all;
entity RECV_USB_DATA is port(

rst,clk

di n, enabl e
full _speed
ush_SEOs

usb_SEOI

usb_EOP

--Buffer Control
cl k_buff_wr

dout _buf f
buf f _nrst
--Status Signals
usb_| DLE
usb_SOP

usb_K

usb_SETUP
usb_I'N

usb_OUT

usb_ACK

usb_NAK
usb_STALL

end RECV_USB_DATA;

:in std_l ogi
:in std_logi
in std_l ogi
in std_| ogi
in std_| ogi
in std_l ogi

out std_logic;

out std_| ogi

out std_l ogi
out std_| ogi
out std_| ogi
out std_l ogi
out std_l ogic;
out std_| ogi
out std_l ogi
out std_| ogi

out std_logic);

c;

--differential
--'0" is low'1'
--A short SEO

--End of Packet

buffer

--A long SEO

--End of Packet

--external buffer
out std_l ogic_vector(4 downto 0);
--buffer reset

in from USBT and en

write clock
--buffer data out

--reset and phase | ocked clock in
in from USBT and en

write clock
--buffer data out
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architecture ny_usb_rx_desi gn of RECV_USB_DATA is
type USB_States is (idle,J1A J2A K1A, K2A, K1B, K2B, SK, SOP, PAUSE, | N1, I N2, | N3, | N4,

OUT1, OUT2, OUT3, OUT4, ACK1, ACK2, ACK3, ACK4, NAK1, NAK2, NAK3,
NAK4, STALL1, STALL2, STALL3, STALL4, SETUP1, SETUP2, SETUP3,
SETUP4, UK, UJ, UKK, UJJ, UKJ, UJK, UKKK, UKKJ, UKJK, UKJJ, UIKK,
UJKJ, UJJK, UJJJ);

type SUB_Statesl is (RSTS, START, STOP);

si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
begin
K<=not

ps : USB_States;
J : std_l ogic;

K : std_l ogic;
fl opped_din : std_l ogic;
buffstate : SUB_Statesl;
buf f _usb_in_en : std_l ogic;

full _speed;

J<=ful | _speed;

usb_into_buffer: process(enable,clk,rst, buff_usb_in_en, usb_EOP, usb_SEOs)

begi n

if(rst="1") then
buf f st at e<=RSTS;

dout _buff<="11111";
buf f _usb_i n_en<='0";

el sif(enable="0") then

buff _nrst<="1";

buf f st at e<=RSTS;

dout _buf f<="11111";
cl k_buff_w<='0";
buff_usb_in_en<='0";

el sif(rising_edge(clk)) then

f | opped_di n<=di n;
case buffstate is
when RSTS =>
if(buff_usb_in_en='"1") then
buff_nrst<="1";
cl k_buff_wr<=not clk;
dout _buff (0) <=f | opped_di n;
dout _buff(1)<='0";
dout _buff(2)<="0";
dout _buff(3)<="'0";
dout _buff (4)<="0";
buf f st at e<=START;
el se
cl k_buff_wr<="0";
buf f st at e<=RSTS;
end if;
when START =>
if(usb_SEOs="1") then
cl k_buff_w<='0";
buf f st at e<=START;
el sif(usb_EOP='1") then
cl k_buf f _wr <=not clk;
dout _buff (0)<='0";
dout _buff(1)<='1";
dout _buff(2)<="0";
dout _buff (3)<="0";
dout _buff (4)<="0";
buf f st at e<=STOP;
el sif(usb_SEOI="1') then
cl k_buf f _wr <=not cl k;
dout _buff (0)<="0";
dout _buff(1)<='0";
dout _buff (2)<='1";
dout _buff(3)<="0";
dout _buff(4)<="0";
buf f st at e<=STOP;
el se
cl k_buf f _wr<=not clk;
dout _buf f (0) <=f | opped_di n;
dout _buff(1)<="0";
dout _buff(2)<="0";
dout _buff (3)<="0";
dout _buff(4)<="'0";
buf f st at e<=START,;
end if;
when STOP =>
cl k_buff_w<="0";
if(buff_usb_in_en="0") then
buf f st at e<=RSTS;
el se
buf f st at e<=STOP;



end if;
end case;
end if;
end process;

usb_sm process(rst, cl k, di n, ps, enabl e)
begi n
if(rst="1") then
ps<=idl e;
usb_SOP<='0';
usb_K<='0";
usb_SETUP<='0';
usb_STALL<='0";

usb_ACK<='0';
usb_NAK<='0';
usb_I N<='0";

usb_OUT<='0";

usb_I DLE<="1";
el sif(enable="0") then
ps<=idl e;
usb_SOP<='0";
usb_K<='0";
usb_SETUP<='0";
usb_STALL<='0";
usb_ACK<='0";
usb_NAK<='0";
usb_I N<="'0";
usb_OUT<='0';
usb_| DLE<='1";
el sif(rising_edge(clk)) then
case ps is
when idle =>
usb_SOP<='0";
usb_K<='0";
usb_SETUP<='0';
usb_STALL<='0";

usb_ACK<='0";
usb_NAK<='0';
usb_I N<="0";

usb_OUT<='0";

buf f _usb_in_en<='0";
usb_| DLE<="1";
if(din=J) then
ps<=J1A;
el se
ps<=K1B;
end if;
when SK =>
if(din=K) then
ps<=SK;
el se
ps<=idl e;
end if;
when SOP =>
i f(din=K) then
ps<=UK;
el se
ps<=UJ;
end if;
when J1A =>
if(din=J) then
ps<=idle;
el se
ps<=K1A,
end if;
when K1A =>
if(din=K) then
ps<=idle;
el se
ps<=J2A;
end if;
when J2A =>
if(din=J) then
ps<=idle;
el se
ps<=K2A;
end if;
when K2A =>
if(din=K) then
ps<=SOP;
usb_SOP<='1";



--start buffering data
buff_usb_in_en<="1";
el se
buff_usb_in_en<='0";
ps<=J2A;
end if;
when K1B =>
if(din=K) then
ps<=K2B;
el se
ps<=J2A;
end if;
when K2B =>
i f(din=K) then
ps<=SK;
usb_K<='1";
el se
ps<=idle;
end if;
when UK =>
if(din=K) then
ps<=UKK;
el se
ps<=UKJ;
end if;
when UJ =>
if(din=J) then
ps<=UJJ;
el se
ps<=UJK;
end if;
when UKK =>
if(din=K) then
ps<=UKKK;
el se
ps<=UKKJ;
end if;
when UJJ =>
if(din=J) then
ps<=UJJJ;
el se
ps<=UJJK;
end if;
when WK =>
if(din=J) then
ps<=UJKJ;
el se
ps<=UJKK;
end if;
when UKJ =>
if(din=K) then
ps<=UKJK;
el se
ps<=UKJJ;
end if;
when UKKK =>
if(din=J) then
ps<=STALL1;
el se
ps<=idl e;
end if;
when UKKJ =>
if(din=J) then

ps<=SETUP1;
el se

ps<=idl e;
end if;

when UKIK =>
if(din=K) then

ps<=I N1,
el se

ps<=idl e;
end if;

when UKJJ =>
if(din=K) then
ps<=NAK1;
el se
ps<=idl e;
end if;
when UJKK =>
if(din=J) then



ps<=ACK1,;
el se
ps<=idle;
end if;
when WIKJ =>
if(din=J) then
ps<=0UT1,;
el se
ps<=idle;
end if;
when UWJIJK =>
ps<=i dl e;
when UJJJ =>
ps<=idl e;
when I N1 =>
ps<=I N2;
when N2 =>
ps<=I N3;
when I N3 =>
ps<=I N4,
when N4 =>
ps<=PAUSE;
usb_I N<="1";
when QUT1 =>
ps<=0UT2;
when OQUT2 =>
ps<=0UT3;
when QUT3 =>
ps<=0UT4;
when QJT4 =>
ps<=PAUSE;
usbh_OUT<='1";
when ACK1l =>
pPs<=ACK2;
when ACK2 =>
ps<=ACK3;
when ACK3 =>
ps<=ACK4;
when ACK4 =>
ps<=PAUSE;
usb_ACK<='1";
when NAK1 =>
ps<=NAK2;
when NAK2 =>
ps<=NAK3;
when NAK3 =>
ps<=NAK4;
when NAK4 =>
ps<=PAUSE;
usb_NAK<='1';
when STALL1 =>
pPS<=STALL2;
when STALL2 =>
psS<=STALL3;
when STALL3 =>
ps<=STALL4;
when STALL4 =>
ps<=PAUSE;
usb_STALL<="1";
when SETUP1 =>
ps<=SETUP2;
when SETUP2 =>
ps<=SETUP3;
when SETUP3 =>
ps<=SETUP4;
when SETUP4 =>
ps<=PAUSE;
usb_SETUP<='1";
when PAUSE =>
ps<=idl e;
end case;
end if;
end process;
end ny_usb_rx_design;

-- Project: Wreless USB
-- File: USB v1.1 Tiner Package
-- Aut hor: Sean Kel |l er

-- sj k26@ornel | . edu



-- Created: July 27, 2003

-- Revi sion: 1.0 : July 27, 2003

-- Creat ed

-- Counterl is 16bits

-- Revision: 1.1 : July 28, 2003

-- Added Counter2 6bits

-- Known Bugs: NONE

-- References: "VHDL for Progranmable Logic"

-- By: Kevin Skahill, pages 199-205
-- Addi son Wesl ey Publishing Inc.
-- Menl o Park, CA 1996

-- Copyright (C) 2003 Sean Kel ler

library ieee;
library cypress;
use ieee.std_logic_1164.all;
use cypress.std_arith.all;
package TIMER is

conponent COUNTERL port (

rst,clk :in std_logic; --reset and clock in
uf : out std_logic; --underflow
time_in : in std_logic_vector (15 downto 0));

end conponent;
conponent COUNTER2 port (

rst,clk :in std_logic; --reset and clock in
uf : out std_logic; --underflow
time_in : in std_logic_vector(5 dowto 0));
end conponent;

end TI MER;

library ieee;

library work;

use ieee.std_|logic_1164.all;
use work.std_arith.all;
entity COUNTERL is port (

rst,clk :in std_logic; --reset and 1.5Mhz clock in
uf : out std_logic; --underflow
time_in : in std_logic_vector (15 downto 0));

end COUNTERL;

library ieee;

l'ibrary work;

use ieee.std_logic_1164.all;
use work.std_arith.all;
entity COUNTER2 is port (

rst,clk :in std_logic; --reset and 1.5Mhz clock in
uf : out std_logic; --underflow
time_in : in std_logic_vector(5 dowto 0));

end COUNTERZ;

architecture my_timerl of COUNTERL is
signal cnt : std_logic_vector(15 downto 0);
begin
count: process(rst,clk,tinme_in,cnt)
begi n
if rst="1 then
cnt<=tinme_in;
uf<='0";
el sif rising_edge(clk) then
cnt<=cnt-1;
i f(cnt="0000000000000000") then
uf <="1';
end if;
end if;
end process;
end nmy_tinerl;

architecture my_timer2 of COUNTER2 is
signal cnt : std_logic_vector(5 downto 0);
begin

count: process(rst,clk,time_in,cnt)

begi n

if rst="1" then
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cnt<=time_in;
uf<='0";
elsif rising_edge(clk) then
cnt <=cnt-1;
i f(cnt="000000") then
uf <="1";
end if;
end if;
end process;
end nmy_tiner2;

-- Project: Wrel ess USB
-- File: USB v1.1 RF_TX Package
-- Aut hor: Sean Kel |l er

-- sj k26@ornel | . edu

-- Created: July 29, 2003
-- Revision: 1.0 : July 29, 2003

-- BUI LT
-- Revision: 1.1 : August 1, 2003

-- Modi fi ed CNTRL signals to be I ength 10 al ways

-- Took out buffer sets fromreset

-- Revision: 1.2 : August 4, 2003

-- Took out signal en as it was unused
-- Took out tristates

-- Changed clk="0'" to falling edge

-- Took out all explcit set and clear of clk_rd

. Took out enable
-- Made di n_buffer 5bits

-- Known Bugs: SEE CODE :)...need to ensure a EOP will be present or force 1
-- References USB v1.1 Spec
-- Copyright (C) 2003 Sean Kel | er

library ieee;
use ieee.std_|logic_1164.all;
package RF_TX is

conmponent SEND_RF_DATA port (

rst,clk : in std_logic; --reset, enable, and clock in
full _speed :in std_logic; --'0" is low'1 is full
t x_BUFFER : in std_logic; --dunp the buffer onto the bus
t x_SEO : in std_logic; --send out a SEO for undeterm nded | ength
tx_k : in std_logic; --send state K for undeterm ned | ength
clk_buff_rd : out std_logic; --the buffer's clock
buf f _not oe : out std_logic; --buffer's not oe
buf f _nrst : out std_logic; --buffer's not reset
dout _rf : out std_logic; --output to the RFTrans
done : out std_logic; --'1'" transfer conplete
di n_buf f : in std_logic_vector(4 downto 0));
end conponent;
end RF_TX;

library ieee;
use ieee.std_logic_1164.all;
entity SEND_RF_DATA is port (

rst,clk :in std_logic; --reset, enable, and clock in
full _speed :in std_logic; --'0" is low"'1 is full

t x_BUFFER :in std_logic; --dunp the buffer onto the bus

t x_SEO : in std_logic; --send out a SEO for undeterm nded |ength
tx_k : in std_logic; --send state K for undetermi ned |ength
clk_buff_rd : out std_logic; --the buffer's clock

buf f _not oe : out std_logic; --buffer's not oe

buf f _nrst : out std_logic; --buffer's not reset

dout _rf : out std_logic; --output to the RFTrans

done : out std_logic; --'1'" transfer conplete

di n_buff : in std_logic_vector(4 downto 0));

end SEND_RF_DATA;

architecture my_design of SEND _RF_DATA is

type states is (idle, PREL,

PRE2, PRE3, PRE4, PRE5, PREG, DATAL, DATAJ1, DATAJ2, DATAJ3,

DATAJ4, DATAK1, DATAK2, DATAK3, EOP1, EOP2, EOP3, EOP4, EOP5, EOP6, EOP7,

signal ps

EOP8, EOP9, SEO1, SEOa, SEO, K1, K2, K3, DONE1) ;
st ates;
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signal J : std_l ogic;

signal K : std_l ogic;
signal buff_rf_out_en : std_l ogic;
signal sendEOP : std_l ogic;
signal count : integer range 0 to 7;
--datas for the RF
signal SOP : std_logic_vector(7 downto 0);
signal PREAMBLE : std_logic_vector(7 downto 0);
begin

K<=not full _speed;

J<=ful | _speed;

PREAMBLE<=(K, J, K, J, K, J, K, J);
SOP<=(K, J, K, J, K, J, K, K) ;

neg_| ogi c: process(cl k, rst, buff_rf_out_en)
begin
if(rst="1") then
el sif(buff_rf_out_en="0") then
clk_buff_rd<='0";
elsif(falling_edge(clk)) then
cl k_buff_rd<=not clKk;
end if;
end process;

state_conbs: process(rst, clk, buff_rf_out_en, t x_BUFFER, t x_SEO, di n_buff)

begi n
if(rst="1") then
done<='0";
buf f _rf_out_en<='0";
dout _rf<='0";----cmmmmmmia s 2972222222222222222272
ps<=i dl e;

el sif rising_edge(clk) then
case ps is
when idle =>
dout _rf<="0";
if(tx_BUFFER="1" or tx_SEO='1") then
ps<=PRE1;
el se
ps<=idl e;
end if;
when PRE1 =>
ps<=PRE2;
count <=7;
--TRANSM T 4 copi es of PREAMBLE to center the other data slicer
when PRE2 =>
dout _r f <=PREAMBLE( count) ;
if (count=0) then
ps<=PRES3;
count <=7;
el se
ps<=PRE2;
count <=count - 1;
end if;
when PRE3 =>
dout _r f <=PREAMBLE( count ) ;
if (count=0) then
ps<=PRE4;
count <=7,
el se
ps<=PRES3;
count <=count - 1;
end if;
when PRE4 =>
dout _r f <=PREAMBLE( count ) ;
if (count=0) then

ps<=PRES5;
count <=7;
el se
ps<=PRE4;
count <=count - 1;
end if;

when PRE5 =>

dout _r f <=PREAMBLE( count ) ;

if (count=0) then
ps<=PRES6;
count <=7;

el se
ps<=PRES5;

count <=count - 1;
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end if;
--send a SCP
when PRE6 =>
dout _rf <=SOP(count);
if (count=0) then
i f(tx_BUFFER='1") then
ps<=DATAL,
buff _rf_out_en<="1";
el sif(tx_SEO='"1"') then
ps<=SEO1;
buff _rf_out_en<='0";
buf f _notoe<="1";
buff _nrst<='0';

end if;
el se
ps<=PRES6;
count <=count - 1;
end if;

when DATAl =>

if(din_buff(1)="1") then
ps<=EOP1;
dout _rf<=J;
buf f _rf_out_en<='0";
buf f _not oe<='1";
el se
buf f _not oe<='0";
dout _rf<=di n_buff(0);
if(din_buff(0)=J) then

ps<=DATAJ1;
buf f _rf_out_en<="1";
el se
ps<=DATAK3;
buf f _rf_out_en<='0";
end if;
end if;

when DATAJ1 =>

if(din_buff(1)="1") then
ps<=EOP1,;
dout _rf<=J;
buf f _rf_out_en<='0";
buf f _not oe<="1";
buff_nrst<='0";
el se
buff_rf_out_en<="1";
buf f _not oe<='0";
dout _r f <=di n_buf f (0);
if(din_buff(0)=J) then
ps<=DATAJ2;
el se
ps<=DATAK1;
end if;
end if;
when DATAJ2 =>
if(din_buff(1)="1") then

ps<=EOP1,;
dout _rf<=J;
buff_rf_out_en<='0";
buf f _not oe<="1";
buff_nrst<='0";
el se
buff _rf_out_en<="1";
buf f _not oe<='0";
dout _r f <=di n_buff (0);
if(din_buff(0)=J) then
ps<=DATAJ3;
el se
ps<=DATAK1,;
end if;
end if;
when DATAJ3 =>
if(din_buff(1)="1") then
ps<=EOP1;
dout _rf<=J;
buf f _rf_out_en<='0";
buf f _not oe<='1";
buff_nrst<='0";
el se
ps<=DATAJ4;

--NEED TO TI MEOUT OR ENSURE THIS WLL OCCURI!!ttIttt--



buff _notoe<='1";
buff_rf_out_en<='0";
dout _r f <=K;
end if;
when DATAJ4 =>
ps<=DATAK1;
buf f _not oe<='0";
buff _rf_out_en<="1";
dout _r f <=di n_buff (0);
when DATAK1 =>
if(din_buff(1)="1") then
--NEED TO TI MEQUT OR ENSURE THIS WLL OCCURNITTITIIT- -
ps<=EOP1;
dout _rf<=J;
buf f _rf_out_en<='0";
buf f _not oe<='1";
buff_nrst<='0";
el se
buff _rf_out_en<="1";
buf f _not oe<='0";
dout _r f <=di n_buf f (0);
i f(din_buff(0)=K) then
ps<=DATAK2;
el se
ps<=DATAJ1;
end if;
end if;
when DATAK2 =>
if(din_buff(1)="1") then
--NEED TO TI MEQUT OR ENSURE THIS WLL OCCURNITTITTIT- -
ps<=EOP1;
dout _rf<=J;
buff _rf_out_en<='0";
buf f _not oe<='1";
buff_nrst<='0";
el se
buf f _not oe<=' 0" ;
dout _r f <=di n_buff (0);
if(din_buff(0)=K) then
ps<=DATAK3;
buff _rf_out_en<='0";
el se
ps<=DATAJ1;
buff _rf_out_en<='0";
end if;
end if;
when DATAK3 =>
ps<=DATAJ1;
buf f _not oe<="1";
buff_rf_out_en<="1";
dout _rf<=J;
when SE01 =>
dout _rf<=J;
ps<=EOP1;
when EOP1 =>
dout _rf <=K;
ps<=EOP2;
when EOP2 =>
dout _r f <=K;
ps<=EOP3;
when EOP3 =>
dout _r f <=K;
ps<=EOP4;
when EOP4 =>
dout _r f <=K;
ps<=EOP5;
when EOP5 =>
dout _rf<=J;
ps<=EOP6;
when EOP6 =>
if(tx_K="1") then
dout _rf <=K;
ps<=K1;
el se
dout _rf<=J;
ps<=EOP7;
end if;
when EOP7 =>
if(tx_BUFFER='"1') then
dout _r f <=K;
ps<=EOP8;
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el

en
when

do

ps

when

do

ps

when

do

ps

when

do

ps

when

do

ps

when

do

ps

when

do

ps

when

do

do

ps

end case;
end if;
end process;
end mny_design;

se

dout _rf<=J;
ps<=SEOa;

dif;

EOCP8 =>
ut _rf<=J;
<=EOP9;

EOP9 =>
ut _rf<=K;
<=DONEL1;

K1 =>
ut _rf<=K;
<=K2;

K2 =>
ut _rf<=J;
<=K3;

K3 =>
ut _rf <=K;
<=DONEL1;

SEO0a =>
ut _rf<=K;
<=SEO0;

SE0 =>
ut _rf<=K;
<=DONEL1;

DONE1 =>
results in trailing datas...but that is ok
ut_rf<="0";
ne<='1";
<=i dl e;

Wrel ess USB
vl.1 RF_SM Package
Sean Kel | er
sj k26@ornel | . edu

July 27, 2003
July 27, 2003
Copi ed over from wusb_host
Added nore states and handl ed J/ K/ SEO better
July 28, 2003
Fi xed J/ K/ SE0O and added tineout for k
July 30, 2003
Modi fi ed CNTRL condition from SOP
MUST ALWAYS HAVE J, K K, K, K to get to cntrl
July 31, 2003
Added nore code
Comment ed Code
Renanmed to RF_RX...nore telling
July 31, 2003
Added code
Moved sonme logic to falling edge
DONE
August 3, 2003
Moved all rising edge logic into one process
no longer tristate buffer outputs
renoved sonme halt |ogic
Made dout_buffer 5bits

.but needs to be sinulated

-- Project:

-- File: USB
-- Aut hor:

-- Created:

-- Revision: 1.0 :
-- Revision: 1.1 :
-- Revision: 1.2 :
-- Revision: 1.3 :
-- Revi sion: 1.4 :
-- Revision: 1.5 :
-- Known Bugs: NONE
-- References: usB

-- Copyright (C) 2003

Sean Kel | er

library ieee;

use ieee.std_|logic_1164.all;

package RF_RX is

conponent RECV_RF_DATA port (

rst,clk

in std_logic; --reset and phase |ocked clock in
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di n, enabl e : in std_logic; --incoming fromdata slicer and en

full _speed :in std_logic; --'0" is low'1 is full
buf f _nrst : out std_logic; --'0" is reset the buffer
cl k_buff_wr . out std_logic; --the buffer's wite clock
dout _buf f : out std_logic_vector(4 downto 0);
rf_CLR : out std_logic; --'1'" got a CLR
rf_SOP : out std_logic; --'1'" got RF SOP
rf _SEO : out std_logic; --'"1'" got hold SEO till unknown
rf _EOP : out std_logic; --'1'" got RF EOP
rf_K : out std_logic; --'1" steady K
rf_IDLE : out std_logic); --'1'" J the USB
end conponent;

end RF_RX;

library ieee;

l'ibrary wusb_lib;

library cypress;

use ieee.std_logic_1164.all;
use wusb_lib.FIFCS. all;

use wusb_lib. TIMER all;

use cypress.std_arith.all;
entity RECV_RF_DATA is port (

rst,clk : in std_logic; --reset and phase |ocked clock in
di n, enabl e : in std_logic; --incomng fromdata slicer and en
full _speed :in std_logic; --'0" is low'1" is full

buf f _nrst : out std_logic; --'0" is reset the buffer

cl k_buff_wr : out std_logic; --the buffer's wite clock

dout _buf f : out std_logic_vector(4 downto 0);

rf_CLR : out std_logic; --'"1'" got a CLR

rf_SOP : out std_logic; --'1" got RF SOP

rf _SEO : out std_logic; --'1'" got hold SEO till unknown

rf_EOP : out std_logic; --'1'" got RF EOP

rf_K : out std_logic; --'1" steady K

rf_IDLE : out std_logic); --'1'" J the USB

end RECV_RF_DATA;

architecture ny_design of RECV_RF_DATA i s
type RF_States is (idle, J1A J1A1,J1A2,J2A J2A1, J2A2, K1A, K1AL, K1A2, K2A, K2A1,
K2A2, K1B, K1B1, K1B2, SOP, K1D, J1C, J2C, J3C, J4C, J5C, J6C, J7C,
K1E, K2E, K3E, K4E, SPEC, CNTRL1, CNTRL2, CNTRL3, CNTRL4, EOP1,
EOP2, SEOa, SEO, SKa, SK, CLR) ;
type HFO States is (RESET, START, STOP, DBLBUFF1) ;

signal state . RF_States;

signal J : std_l ogic;

signal K : std_l ogic;

signal cnt_uflow : std_l ogic; --for the counter

signal cnt_rst : std_l ogic;

signal time_in : std_l ogi c_vector (15 downto 0);

signal flopped_din : std_l ogic; --regi stered data i nput
signal storage_bin : std_l ogic; --registered tenp storage
--fifol0 signals

signal fifol0_clk : std_l ogic;

signal fifolO_rd : std_l ogic;

signal fifolO_w : std_l ogic;

signal fifol0O_rdinc : std_l ogic;

signal fifolO_winc std_| ogic;

signal fifolO_rdptrclr : std_l og'ic;

signal fifolO_wrptrclr : std_logic;
signal fifolO_din : std_l ogic;
signal fifol0_dout : std_l ogic;
signal fifolO_rf_in_en : std_logic;
signal fifol0_drop : std_l ogic;
signal fifolO_wptr : integer range 0 to 9;
signal fifolOstate . FIFO_States;
--buffer controls
signal buff_halt : std_l ogic;
signal start_buffering : std_logic;

begin

K<=not full _speed;
J<=ful | _speed;
time_in<="0011101010011000"; --10nms
TI MEOQUT: COUNTER1 port map(rst=>cnt_rst, cl k=>clk, uf =>cnt _ufl ow, time_in=>time_in);
FI FO10: fifol0 port map(rst=>rst,clk=>fifol0_clk, rd=>fifol0_rd, w=>fifol0_wr,
rdi nc=>fifol0_rdinc,winc=>fifolO_winc,rdptrclr=>fifol0_rdptrclr,

wrptrclr=>fifolO_wptrclr,data_i n=>fifol0_din, data_out=>fifol0_dout,
wrptr_out=>fifol0_wptr);
fifolO_cl k<=not clk;
fifol0_di n<=fl opped_din;



usb_rf_buffer:process(enable,rst,clk,fifolO_rf_in_en,fifolO_drop,storage_bin,start_buffering,fifolO_do

ut, fifolO_wrptr,buff_halt)
begi n
if(rst="1") then
fifolO_rf_in_en<="'0";
buf f _halt<='0";
fifolOst at e<=RESET;
--fifo is in pseudo reset
fifolO_wptrclr<="1";
fifolO_rdptrclr<="1";
fifolO_w<='0";
fifolO_rd<='0";
fifolO_rdinc<='0";
fifolO_wrinc<='0";
fifolO_drop<='0";
fl opped_di n<='0";
storage_bin<='0";
start_buffering<='0";
dout _buf f<="11111";
el sif(enable="0") then
buff _nrst<="1";
clk_buff_w<="0";
dout _buf f<="11111";
fifolO_rf_in_en<="0";
buff_halt<='0";
fifolOstat e<=RESET;
--fifo is in pseudo reset
fifolO_wptrclr<="1";
fifolO_rdptrclr<="1";
fifolo_w<='0";
fifolO_rd<='0";
fifolO_rdinc<='0";
fifolO_winc<='0";
fifolO_drop<='0";
el sif(falling_edge(clk)) then --BE CENTLE HERE!!!
if(fifolO_wptr=0 and start_buffering="1") then
if(rf_SEO="1") then
clk_buff_w<="0";
elsif(rf_EOP="1") then
--need to wite this into the buffer still
cl k_buff_w <=clk;
buff _nrst<="1";
dout _buff (0)<='0";
dout _buff(1)<="1";
dout _buff(2)<='0";
dout _buff (3)<='0";
dout _buff(4)<="0";
elsif(rf_CLR="1") then
--need to wite this into the buffer still
cl k_buf f _wr <=cl k;
buff_nrst<="1";
dout _buff (0)<='0";
dout _buff (1)<='0";
dout _buff (2)<="1";
dout _buff (3)<='0";
dout _buff (4)<='0";
el se
if (fifolO_drop="1") then
--turn the buffer clock back on
buff_nrst<="1";
dout _buf f (0) <=st or age_bi n;
dout _buff (1)<='0";
dout _buff(2)<="0";
dout _buff(3)<="'0";
dout _buff (4)<="0";
el se
if(buff_halt="1") then
clk_buff_w<='0";
--buff_halt<='0";
st orage_bi n<=fi fol0_dout;
el se
cl k_buf f _wr <=cl k;

--dunp the data fromthe fifo into the buffer
--start the buffer clock...(won't start if halt="1" and a drop is needed)

buff_nrst<="1";

--save a copy of the first fifo_el ement

dout _buf f (0)<=fifol0_dout;
dout _buff(1)<='0";
dout _buff(2)<="0";
dout _buff(3)<="0";

in case this is a drop
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dout _buff(4)<='0";
--don't set winc...it will be zero if a drop else already set to inc
end if;
end if;
end if;
end if;
end if;
end process;

stat e_conb: process(enabl e, cnt _ufl ow, cl k, rst, din,state, J, K)
begi n
if(rst ="'1") then
st at e<=SEQ;
rf_CLR<='0";
rf_SEO<='1";
rf _EOP<='0";
rf_SOP<='0";
rf_K<='0";
rf_I DLE<='0";
cnt_rst<="1";
elsif (enable="0") then
rf_CLR<='0";
rf _SEO<='1";
rf_EOP<='0";
rf_SOP<='0";
rf_K<='0";
rf_IDLE<="0";
st at e<=SEQ;
cnt_rst<="1";
elsif (cnt_uflow="1") then
--SK time out occured
st at e<=SEQ;
cnt_rst<="1";
el sif rising_edge(clk) then
case state is
when EOP2 =>
state<=idl e;
if(din=K) then
--signal EOP
rf _EOP<='1";
end if;
when SEO =>
rf_SOP<='0";
rf_CLR<='0";
rf _EOP<='0";
rf_K<='0";
rf_SEO<="1";
rf_IDLE<="0";
if(din=J) then
st at e<=J1A1;

el se
st at e<=K1B1;

end if;

when SK =>
rf_SOP<='0";
rf_CLR<='0";
rf _EOP<='0';
rf_K<="1";
rf_SEO<='0";
rf_I DLE<='0";

if(din=J) then
st at e<=J1A2;
el se
st at e<=K1B2;
end if;
when idle =>
--In this state, host device is not driving the bus
-- The 1.5K pullup is setting state J
cnt_rst<="1";

rf_SOP<='0";
rf_CLR<='0";
rf _EOP<='0";
rf_K<='0";
rf_SEO<='0";
rf_IDLE<="1";
if(din =J) then

st at e<=J1A;
el se

st at e<=K1B;
end if;

when SOP =>



rf_SOP<='1";

rf_CLR<='0";
rf_EOP<='0";
rf_K<='0";
rf_SEO<='0";
rf_I DLE<="0";
if(din = K) then
st at e<=K1D;
el se
state<=J1G;
end if;
when CLR =>
rf_CLR<="1";

state<=idl e;
——————————— SOP FROM idle------------
when J1A =>
if(din=J) then
state<=idl e;
el se
st at e<=K1A;
end if;
when K1A =>
if(din=K) then
st at e<=i dl e;
el se
st at e<=J2A;
end if;
when J2A =>
if(din=J) then
state<=i dl e;

el se
st at e<=K2A;
end if;
when K2A =>
if(din=K) then
st at e<=SO0P;
-- BEG N BUFFERI NG
--By setting this bit, on the next rising clk edge
-- The data will be pushed into the fifo...this is
-- cool, as in the current state, the next rising
-- clk edge will hold the first valid data
fifolO_rf_in_en<="1";
el se
st at e<=J2A;
end if;
when K1B =>

if(din=K) then
st at e<=i dl e;

el se
st at e<=J1A;
end if;
when K1D =>
rf_SOP<='0";

if(din = K) then
st at e<=i dl e;

el se
st at e<=J1GC;
end if;
when J1C =>
buf f _halt<='0";
rf_SOP<='0";
if(din=J) then
st at e<=J2C;
el se
st at e<=K1E;
end if;
when J2C =>
if(din=J) then
st at e<=J3(C;
el se
st at e<=K1E;
end if;
when J3C =>
if(din=J) then
st at e<=J4C;
el se
st at e<=K1E;

--DROP THI' S DATA
--Stop reading the fifo and don't increment rdptr on
-- the next falling edge of clk...next fifo rd will be



-- fromthe next unread bit.
--Let a dumy write occur
--Note that a drop should occur with fifolO_drop="1'
--Don't increment the wptr, the next wite will be to
-- the next free bit
--Also halt the next buffer wite...the current wite will
-- happen sinmaltaneous to this
fifolO_rd<='0";
fifolO_rdinc<=0";
fifol0_drop<='1";
fifolO_wrinc<='0";
buff _halt<="1";
end if;
when J4C =>
if(din=J) then
st at e<=i dl e;
el se
st at e<=J5C;
end if;
when J5C =>
if(din=J) then
st at e<=i dl e;
el se
st at e<=J6C;
end if;
when J6C =>
if(din=J) then
state<=idl e;
el se
st at e<=J7C;
end if;
when J7C =>
if(din=J) then
state<=idl e;
el se
st at e<=K4E;
end if;
when K1E =>
buf f _halt<='0";
if(din=K) then
st at e<=K2E;
el se
st at e<=J1G;
end if;
when K2E =>
if(din=K) then
st at e<=K3E;
el se
st at e<=J1G;
end if;
when K3E =>
i f(din=K) then
st at e<=KA4E;
el se
st at e<=J1C;
--DROP THI' S DATA
--Stop reading the fifo and don't increment rdptr on
-- the next falling edge of clk...next fifo rd will be
-- fromthe next unread bit.
--Let a dummy write occur
--Note that a drop should occur with fifolO_drop="1"
--Don't increnent the wptr, the next wite will be to
-- the next free bit
--Also halt the next buffer wite...the current wite will
-- happen sinmaltaneous to this
fifolO_rd<='0";
fifolO_rdinc<='0";
fifol0_drop<='1";
fifolO_wrinc<='0";
buff _halt<="1";
end if;
when K4E =>
if(din=K) then
state<=idl e;

el se
st at e<=SPEC;
end if;
when SPEC =>

if(din=K) then
st at e<=CNTRL1,;
el se
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st at e<=CNTRL2;
end if;
when CNTRL1 =>
if(din=J) then
st at e<=i dl e;
el se
st at e<=CNTRL3;
end if;
when CNTRL2 =>
if(din=K) then
st at e<=EOP1;
el se
st at e<=CNTRL4;
end if;
when EOP1 =>
if(din=J) then
st at e<=EOP2;
el se
st at e<=i dl e;
end if;
when CNTRL3 =>
if(din=K) then
st at e<=CLR;
el se
st at e<=SKa;
end if;
when CNTRL4 =>
if(din=K) then
st at e<=SEQa;
el se
state<=idl e;
end if;
when SEOa =>
if(din=K) then
rf_SEO<='1";
st at e<=SEQ;
el se
st at e<=i dl e;
end if;
when SKa =>
if(din=K) then
st at e<=SK;
rf_K<="1";
--start the K tinmeout tinmer
cnt_rst<='0";
end if;

when J1A1 =>
if(din=J) then
st at e<=SEQ;
el se
st at e<=K1Al;
end if;
when K1A1 =>
i f(din=K) then
st at e<=SEQ;
el se
st at e<=J2Al;
end if;
when J2A1 =>
if(din=J) then
st at e<=SEQ;
el se
st at e<=K2A1;
end if;
when K2A1 =>
if(din=K) then
state<=idl e;
el se
st at e<=J2A1;
end if;
when K1Bl1 =>
if(din=K) then
st at e<=SEOQ;
el se
st at e<=J1A1;
end if;

when J1A2 =>



if(din=J) then
st at e<=SK;
el se
st at e<=K1A2;
end if;
when K1A2 =>
if(din=K) then
st at e<=SK;
el se
st at e<=J2A2;
end if;
when J2A2 =>
if(din=J) then
st at e<=SK;
el se
st at e<=K2A2;
end if;
when K2A2 =>
if(din=K) then
st at e<=i dl e;
el se
st at e<=J2A2;
end if;
when K1B2 =>
if(din=K) then
st at e<=SK;
el se
st at e<=J1A2;
end if;

end case;

--flop the data in on the rising edge of the clock
f | opped_di n<=di n;
case fifolOstate is
when RESET =>
if(fifolO_rf_in_en="1") then
--Start butting data into the fifo at bit 0
--on the falling edge clock data will enter the fifo
-- then the wrptr is increnented
fifolOstat e<=START,;
fifolo_w<=1";
fifolO_wrinc<="1";
fifolO_wptrclr<="0";
fifolO_rd<='0";
fifolO_rdinc<='0";
fifolO_rdptrclr<="1";
fifol0_drop<='0";
--clk_buff_w<='0";
start_buffering<='0";
el se
--fifo is off
--buffer is off
fifolOstat e<=RESET,;
fifolo_w<='"0";
fifolO_winc<='0";
fifolO_wptrclr<="1";
fifolO_rd<='0";
fifolO_rdinc<='0";
fifolO_rdptrclr<="1";
fifolO_drop<='0";

--clk_buff _w<="0"; -------------------- IS TH S OK????2?2?22?
start_buffering<='0";
end if;

when START =>
--the fifo lags the din by 1/2T
--the buffer lags the fifo by 1/2T
fifolO_rf_in_en<='0";
if(fifolO_wptr=0) then
start_bufferi ng<="1";
if(rf_SEO="1" or rf_EOP="1" or rf_K="1'" or rf_CLR="1") then
fifolOstate<=STOP,
fifolo_wptrclr<="1";
fifolO_rdptrclr<="1";
fifolO_w<="0";
fifolO_rd<='0";
fifolO_rdinc<='0";
fifolO_winc<='0";
el se
fifolOstate<=DBLBUFF1;



fifolO_rdptrclr<='0";
--read data fromthe start of the fifo and put into buffer
fifolO_rd<="1";
fifolO_rdinc<="1";
fifolo_wr<="1";

end if;
elsif(fifolO_drop="1") then
--The dropped data will be overwritten on falling_edge(clk)

--Resume normal fifo and buffer operations
fifolo_w<="1";
fifolO_winc<="1";
fifolOstate<=START;
fifolO_drop<='0";
el se
--Incomding data enters the fifo normally
--The fifo wite pointer is incremented after
-- each wite occurs
--fifolO_wrinc controlled by drop
fifolOstate<=START;
end if;
when DBLBUFF1 =>
start_buffering<="1";
fifolO_rdptrclr<="0";

if(rf_SEO="1" or rf_EOP="1" or rf_K="1" or rf_CLR="1') then

fifolOstate<=STOP;
fifolO_wptrclr<="1";
fifolO_rdptrclr<="1";
fifolo_w<='0";
fifolO_rd<='0";
fifolO_rdinc<="0";
fifolO_winc<='0";
el se
if(fifolO_drop="1") then
fifolOstate<=DBLBUFFI,;
--don't increnent read pointer...and make fifol0_dout a high
fifolo_w<="1";
fifolO_wrinc<="1";
fifolO_rd<='0";
fifolO_rdinc<='0";
fifolO_drop<='0";
el se
fifolOstat e<=DBLBUFF1;
fifolO_rdptrclr<='0";
--read data fromthe start of the fifo and put into buffer
fifolO_rd<="1";
fifolO_rdinc<="1";
fifolo_w<=1";
end if;
end if;
when STOP =>
--This state gives 1 extra clock cycle before RESET to all ow
-- the last data to be witten to the buffer
fifolOstat e<=RESET;
fifolO_wptreclr<="1";
fifolO_rdptrclr<=1";
fifolo_w<='0";
fifolO_rd<='0";

fifolO_rdinc<="0";
fifolO_wrinc<='0";
end case;

end if;

end process state_conb;

end mny_design;

-- Project:
-- File:
-- Aut hor:

-- Created:

-- Revision:

-- Revision:

-- Revision:

Wreless USB
USB v1.1 FIFOS Package
Sean Kel ler
sj k26@ornel | . edu
July 30, 2003
1.0 : July 30, 2003
Bui | t
1.1 : July 31, 2003
Added wr ptr_out
1.2 : August 3, 2003
Made the output no longer tristated
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-- Known Bugs: NONE

-- References: For fifo heavily used:
-- "VHDL for Progranmebl e Logic"
-- By: Kevin Skahill, pages 218-219

-- Addi son Wesl ey Publishing Inc.
-- Menl o Park, CA 1996

-- Copyright (C) 2003 Sean Kel | er

library ieee;
library cypress;
use ieee.std_logic_1164.all;
use cypress.std_arith.all;
package FIFCS is

conponent fifol0 port(

clk, rst :in std_logic;
rd,wr, rdinc,winc :in std_logic;
rdptrclr,wptrclr :in std_logic;
wr pt r _out : out integer range 0 to 9;
data_in :in std_logic;
dat a_out : out std_logic);
end conponent;
end FI FCs;

library ieee;

library cypress;

use ieee.std_logic_1164.all;
use cypress.std_arith.all;
entity fifolO0 is port (

clk, rst : in std_logic;
rd, w, rdinc,winc :in std_logic;
rdptrclr,wptrclr : in std_logic;
wrptr_out : out integer range 0 to 9;
data_in :in std_logic;
dat a_out . out std_logic);

end fifolo;

architecture archfifo of fifol0 is
constant depth : integer := 10;
type fifo_ary is array(depth-1 downto 0) of std_l ogic;
signal fifo . fifo_ary;
signal wptr, rdptr . integer range O to depth-1;
signal dmnuxout : std_l ogic;

begin

wrptr_out <=wrptr;
reg_array: process(rst, cl k)

begi n
if (rst ="'1'") then
for i in fifo'range |oop
fifo(i)<='0";
end | oop;
elsif rising_edge(clk) then
if (w ="1") then
fifo(wptr)<=data_in;
end if;
end if;

end process reg_array;

read_count: process(rst, cl k)
begi n
if (rst ="'1") then
rdptr<=0;
elsif rising_edge(clk) then
if(rdptrclr ='1'") then
rdptr<=0;
elsif (rdinc ='1") then
rdptr<=rdptr+1;
end if;
end if;
end process read_count;

write_count: process(rst, clk)
begi n
if (rst ="1") then
wr pt r <=0;
elsif rising_edge(clk) then



if (wptrclr = '1") then
wr pt r <=0;
elsif (winc = "'1') then
wrptr<=wrptr+1;
end if;
end if;

end process wite_count;

--data out put

dnmuxout <=f

--three st

ifo(rdptr);

ates

is multiplexed

three_state: process(rd, dnuxout)

begi n
if (rd =

dat a_out <=dnuxout ;

"1'") then

el se
data_out<='0";

end

if;

end process three_state;

end archfifo;

Wreless USB
USB v1.1 DPLL Package
Sean Kel l er

-- Project:
-- File:
-- Aut hor:

sj k26@ornel | . edu

July 2, 2003

-- Created:
-- Revision:

-- Revision:

-- Revision:

-- Revision:

-- Revision:

-- Revision:

-- Revision:

-- Revision:

1.0 : July

1.1 : July

1.2 : July

1.3 : July

1.4 : July
1.5 : July

1.6 : July

2,

11,

13,

14,

16,
17,

25,

1.7: July 31,

2003
Bui | t
2003
Changed rcv,J,K to single bit
El mi nated SEO
2003
Debugged DPLL with real USB
Added to library and package
Added | ow_s signal for J/K
Modi fi ed usb_cl k generation
--added usb_cl k_gen process
Beautified state_conb code
Tested and Working DPLL for
--lowspeed USB with 6Mhz clk
2003
Got Rid of JJKflip-flop
Made usb_clk a buffer
Cl eaned up
2003
Added Fifo
2003
Removed FI FO. .. need external
2003
Changed low_s to full_s
2003
Renaned file to DPLL_CLK
Renaned usb_clk to dpll_clk

-- References:

For fifo heavily used:

"VHDL for Progranmeble Logic"

By: Kevin Skahill, pages 218-219

Addi son Wesl ey Publishing Inc.

Menl o Park, CA 1996

-- Copyri ght

(C) 2003 Sean Kel | er

library ieee;

use ieee.std_|logic_1164.all;

package DPLL
conponent
rst,clk
rcv
full_s
dpl | _clk

is
D _CLK port (

in std_l|ogic;

in std_l ogic; --signal to lock to

in std_l ogic;

--full-speed device,

buffer std_logic);--dpll and | atched cl ock

--reset and cl ock inputs

l ow s=' 0
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end conponent ;
end DPLL;

library ieee;
use ieee.std_logic_1164.all;
entity D CLK is port (

rst,clk : in std_logic;

rcv :in std_logic;

full _s: in std_logic;

dpll _cl k : buffer std_logic);
end D_CLK;

architecture dpll_state_machine of D CLK is
type States is (idle,resune,sb,sf,s0,sl,s2,s3,s4,s5,s6,s7);
signal ps, ns : States;
signal J : std_logic;
signal K : std_logic;
begin
K<=not full _s;
J<=full _s;
state_conb: process(rst,rcv, ps, J, K)
begi n
if(rst ='1'") then
ns<=i dl e;
el se
case ps is
when idle =>
if(rcv = K) then
ns<=r esune;
el se
ns<=i dl e;
end if;
when resume =>
if(rcv = J) then

ns<=s5;
el se
ns<=r esumne;
end if;
when s0 =>
if(rcv = K) then
ns<=si;
el se
ns<=s5;
end if;
when s1 =>
ns<=s3,;
when s2 =>
if(rcv = K) then
ns<=s0;
el se
ns<=s5;
end if;
when s3 =>
if(rcv = K) then
ns<=s2;
el se
ns<=sf;
end if;
when s4 =>
if(rcv = J) then
ns<=s5;
el se
ns<=s1;
end if;
when s5 =>
ns<=s7;
when s6 =>
if(rcv = J) then
ns<=s4;
el se
ns<=s1;
end if;
when s7 =>
if(rcv = J) then
ns<=s6;
el se
ns<=sb;
end if;
when sb =>
ns<=s2;
when sf =>
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ns<=s6;
end case;
end if;
end process state_conb;

dpl | _cl k_gen: process(ps)
begi n
case ps is
when idle =>

dpl | _cl k<="0";
when resume=>
dpll _cl k<="0";
when s0 =>
dpll _clk<="0";
when s1 =>
dpl | _clk<='0";
when s2 =>
dpll _clk<="1";
when s3 =>
dpll _clk<="1";
when s4 =>
dpl | _clk<="0";
when s5 =>
dpll _clk<="0";
when s6 =>
dpl | _cl k<="1";
when s7 =>
dpll _cl k<="1";
when sb =>
dpll _clk<="1";
when sf =>
dpl | _cl k<="1";
end case;

end process dpll_clk_gen;

state_cl k: process(cl k)
begi n
if rising_edge(clk) then
ps<=ns;
end if;
end process state_clk;

end dpl | _state_machine;

-- Project: Wreless USB
-- File: USB v1.1 Clock Generator
-- Aut hor: Sean Kel ler

-- sj k26@ornel | . edu

-- Revision: 1.0

-- Generates Various symetric clocks froma source clock
-- presumably running at 6. 00000MHz

-- Known Bugs: NONE

-- References: NONE

-- Copyright (C) 2004 Sean Keller

library ieee;

library cypress;

use ieee.std_logic_1164.all;
use cypress.std_arith.all;

entity CLK_GEN is
port (
CLK_ I : in std_logic; -- clock
CLK DIV4_O : out std_logic;
CLK_DI V600_O: out std_logic);
end CLK_GEN;

architecture Behaviour of CLK GEN is
signal cntl : std_logic_vector(8 downto 0);
signal cnt2 : std_logic_vector(0 downto 0);



begin
count er _100us: process(CLK_ |, CLK_DI V4_O, CLK_DI V600_O, cnt 1, cnt 2)
begi n
if rising_edge(CLK_I) then
if(cnt1="100101100") then --this is decimal 300
cnt 1<="000000000";
CLK_DI V600_0O<=not CLK_DI V600_G;

el se
cnt 1<=cnt 1+1;
end if;
if(cnt2="1") then
cnt2<="0";
CLK_DI V4_0O<=not CLK_DI V4_0C;
el se
cnt 2<=cnt 2+1;
end if;
end if;

end process;
end Behavi our;

-- Project: Wrel ess USB
-- File: USB v1.1 Device Connection Code
-- Aut hor: Sean Kel | er

-- sj k26@ornel | . edu

-- Revision: 1.0

-- Deternins device attachments state
-- and devi ce speed

-- Known Bugs: NONE

-- References: USB v1.1 Spec (www. ush. org)

-- Copyright (C) 2004 Sean Kel ler

library ieee;

library cypress;

use ieee.std_|logic_1164.all;
use cypress.std_arith.all;

entity DEVI CE_CONNECT is port(

rst,clk : in std_logic; --reset and 4x cl k
dplu : in std_logic; --usb D+

dm n :in std_logic; --usb D-
ATTACHED_O : out std_logic; --device connected

FULLS_O : out std_logic); --Full speed/Low speed

end DEVI CE_CONNECT;

archi tecture Behave of DEVI CE_CONNECT is
type Statesl is (RESET, A B, CONNECTED);

signal statel . Statesl;

signal attached: std_logic;

signal fulls : std_l ogic;

si gnal SEOcnt . std_l ogic_vector(4 downto 0);
begin

ATTACHED_O<=att ached;
FULLS_O<=ful | s;
connect _detect: process(clk,rst,dplu,dmn,attached, fulls, SEOcnt, statel)
begi n
if(rst="1") then
attached<='0';
fulls<='0";
st at e1<=RESET;
SEOcnt <="00000";
elsif rising_edge(clk) then
if (attached='0") then
case statel is
when RESET =>
attached<='0";
if((dplu="0") and (dmn='0")) then
st at e1<=RESET;
el se
st at el<=A;
full s<=dpl u;
end if;



when A =>
if((dplu="0") and (dmn="0")) then
st at e1<=RESET,;
el sif(fulls=dplu) then
st at el<=B;
el se
st at e1<=RESET;
end if;
when B =>
if((dplu="0") and (dmn="0")) then
st at e1<=RESET;
el sif(fulls=dplu) then
st at e1<=CONNECTED;
attached<='1';
el se
st at e1<=RESET;
end if;
when CONNECTED =>
st at e1<=CONNECTED,;

end case;
elsif (attached="1") then
i f (SEOcnt="10010") then --dec18=3us

SEOcnt <="00000";
attached<='0";
st at e1<=RESET;

elsif((dplu='0") and (dmin="0")) then

SEOcnt <=SEOcnt +1;

el se

SEOcnt <="00000";

end if;
end if;
end if;
end process;
end Behave;

-- Project: Wreless USB
-- File: USB v1.1 Downstream Main Modul e
-- Aut hor: Sean Kel | er

-- sj k26@ornel | . edu

-- Revision: 1.0

-- I npl ements the mai n downstream har dwar e
-- Known Bugs: NONE

-- References USB v1.1 Spec (www.usb. org)

-- Copyright (C) 2003 Sean Kel ler

library ieee;

library cypress;

use ieee.std_logic_1164.all;
use cypress.std_arith.all;

entity sinplelogic is port(

ACK_I : in std_logic; -- MCU ACK i nput
ACK_O : out std_logic; --MCU ACK outupt

reset :in std_logic; -- GLOBAL RESET
CLK_6000K : in std_logic; --6.0MHZ clock in
ncu_r xd : out std_logic; --MCU s UART RX pin

dout _rf : out std_logic; --data out to the RFTrans
uart _t xd :in std_logic; -- MAX3221 TX pin
uart _rxd : out std_logic; --MAX3221 RX pin

nmcu_t xd :in std_logic; --MCU s UART TX pin
rf_rx_on : out std_logic; --"1'" for recv '0" for trans
mcu_rf_rx_en :in std_logic; --MCU signal to enable RF RX
din_rf : in std_logic; --incomng fromdata slicer
mcu_cntrl 1 :in std_l ogic; --control input O from MCU
mcu_cntrl 2 :in std_logic; --control input 1 form MCU
not _oe : out std_logic; --Controls USB output/input

enum out std_logic; --G\ND to turn off pullups
vm i nout std_logic;

vp i nout std_|l ogic;

usb_di ff in std_logic;

full _speed out std_logic); -- MAX3451 SPD set for fullspeed

65



attribute pin_avoid of sinplelogic: entity is "56 156 157 158 162";
attribute pin_nunbers of sinplelogic: entity is "din_rf:30 " &
"reset: 31 ACK_O 32 full _speed:33 vm 65 vp: 68 dout_rf:70 not_oe: 83 uart_rxd: 120 " &
"enum 122 ncu_rxd: 123 ncu_rf_rx_en: 126 ncu_cntrl 1:133 rf_rx_on: 134 "&
"uart _txd: 135 nru_txd: 137 CLK_6000K: 153 ACK_I:176 usb_diff:190 ncu_cntrl2:193";
end sinpl el ogi c;

architecture my_arch of sinplelogic is

conponent UART

generi c(BRDI VI SOR: | NTEGER range 0 to 65535 := 130); -- Baud rate divisor
port (
-- Wshbone signals
WB_CLK_I : in std_logic; -- clock
WB_RST_I : in std_logic; -- Reset input
WB_ADR | : in std_logic_vector(1l downto 0); -- Adress bus
WB_DAT_I : in std_logic_vector(7 downto 0); -- Dataln Bus
WB_DAT_O : out std_logic_vector(7 downto 0); -- DataOut Bus
WB_WE_ | : in std_logic; -- Wite Enable
WB_STB_I : in std_logic; -- Strobe
WB_ACK_O : out std_logic; -- Acknow edge

-- process signals

IntTx_O : out std_logic; -- Transmit interrupt: indicate waiting for Byte
INtRx_O : out std_logic; -- Receive interrupt: indicate Byte received
BR Ck_| : in std_logic; -- Clock used for Transm t/Receive
TxD_PAD_O out std_logic; -- Tx RS232 Line
RXD_PAD |: in std_logic); -- Rx RS232 Line

end conponent;

conmponent CLK_GEN

port (
CLK_I : in std_logic; -- clock

CLK_DIV4_O : out std_logic;
CLK_DI V600_O: out std_logic);
end conponent;

conponent DEVI CE_CONNECT

port (
rst,clk : in std_logic; --reset and 4x clk
dplu :in std_logic; --usb D+
dm n : in std_logic; --usb D-
ATTACHED_O . out std_logic; --device connected
FULLS_O : out std_logic); --Full speed/Low speed

end conponent;

--various packet types

constant CNTRL_PKT: std_l ogic_vector(7 downto 0) := "01010101";

const ant USB_PKT : std_logic_vector(7 downto 0) := "10101010";

constant LS . std_logic_vector(7 downto 0) := "10100011";

constant FS : std_logic_vector(7 downto 0) := "10001000";

constant EOT_PKT : std_logic_vector(7 downto 0) := "01110010";

constant RESET_D : std_logic_vector(7 downto 0) := "11001001";

--main States

type MainStates is (RST, ATTACHL, ATTACH2, ATTACH3, ATTACH4, ATTACH5,
ATTACH6, ATTACH?) ;

signal ps Mai nSt ates; --present state

signal WB_ADR O : std_logic_vector(1 downto 0);

signal WB_DAT_O : std_| ogic_vector(7 downto 0);

signal WB_DAT_I : std_logic_vector(7 downto 0);

signal WB_WE_O : std_logic;

signal WB_STB O : std_| ogic;

signal WB_ACK_ | : std_logic;

signal WBwite : std_|logic;

signal WBwiteACK : std_l ogic;

signal IntTx_lI : std_logic;

signal IntR_l : std_logic;

signal TxD PAD O std_logic; -- Tx RS232 Line

signal RxD_PAD_|: std_logic; -- Rx RS232 Line

signal device_attached : std_logic;
signal CLK_ 10K : std_| ogic;
signal CLK_1500K: std_l ogic;
signal fullspeed: std_logic;

si gnal ackO : std_logic;
--signal tenpcnt : std_logic_vector(7 downto 0);
begin
rf_rx_on<=ncu_rf_rx_en; --this is no longer used and just passes along
enunk='0"; --CGND to turn off pullups Vdd to turn on pullups

WB_ADR_O <= "00";
full _speed<=ful | speed;



ACK_O<=ackQ,

Uart _MAP : UART
generic map(BRDI VI SOR => 26) --6 gives 250000bps +-0%: 26 gives 57600bps +-.16%
port map(CLK_10K, reset, WB_ADR_O, WB_DAT_O, WB_DAT_I , WB_WE_O, WB_STB_O, WB_ACK I,

IntTx_I, I ntRx_I, CLK_6000K, TxD_PAD_O, RxD_PAD | );
CLK_GENERATOR : CLK_GEN
port map( CLK_6000K, CLK_1500K, CLK_10K);
CONNECTI ON_LOG C : DEVI CE_CONNECT
port map(reset, CLK_6000K, vp, vm devi ce_attached, ful | speed);

--fixme

--di sconnect _detected<="'0";
-- ACK_O<=ful | _speed;
--fixme

pop : process(IntTx_I,CLK_10K, CLK_6000K, reset, ps, devi ce_att ached)
begi n
if(reset="1") then
not _oe<='1"; --Vdd to disable the USB outputs
ps<=RST;
VBwrite<='0';
el sif rising_edge(CLK_6000K) then
if(device_attached="0") then
ps<=RST;
end if;
case ps is
when RST =>
if(device_attached="1") then
ps<=ATTACHL,;
WB_DAT_O<=CNTRL_PKT;
VWBwite<="1";

el se
WBwWr i te<="0";
ps<=RST;
not_oe<='1"; --Vdd to disable the USB outputs
end if;

when ATTACHL =>
if(VWBwiteACK="1") then
ps<=ATTACHZ;
el se
ps<=ATTACHL;
end if;
when ATTACH2 =>
if(WBwiteACK='0") then -- and tenpcnt="11111100") then
ps<=ATTACHS3;
if(fullspeed="1") then
WB_DAT_O<=FS;

el se
WB_DAT_O<=LS;
end if;
VBwrite<="1";
el se
ps<=ATTACHZ;
end if;

when ATTACH3 =>
if(VWBwiteACK="1") then
ps<=ATTACH4;
el se
ps<=ATTACH3;
end if;
when ATTACH4 =>
if(WBwiteACK="0") then -- and tenpcnt="11111100") then
ps<=ATTACHS5;
WB_DAT_O<=EQOT_PKT;
VWBwrite<='1";
el se
ps<=ATTACH4;
end if;
when ATTACH5 =>
if(WBwiteACK="1") then
ps<=ATTACHSG;
el se
ps<=ATTACHS5;
end if;
when ATTACH6 =>
if(WBwiteACK="0") then
ps<=ATTACH7;
WBwr i te<='0";
el se



ps<=ATTACHSG;
end if;
when ATTACH7 =>
--wait for reset from host
end case;
end if;
end process;

--MCU Interface via Wshbone and UART
--Wait for UART ready, and WBwite set
-- then set ACK O and wait for ACK_| to
-- go high then blast the data out the
-- UART and clear the flags
WB: process(CLK_10K, reset, WBwri t e, ackO, ACK_I)
begi n
if(reset="1") then
WBwr i t eACK<="' 0" ;
WB_WE_O <= '1'; --DATA is going out
WB_DAT_O <= "00000000";
WBwriteACK <= "'0';
ackO <= '0';
el sif rising_edge(CLK 10K) then
if(IntTx_I="1" and WBwiteACK="0" and WBwite="1") then
if(ackO="0") then

ackO<="1";
end if;
if(ACK_I="1") then
ackO<='0";
WB_WE_O<='1'";

WB_STB O<='1';
VBWr i t eACK<=" 1" ;

end if;
el se
ackO<='0"; --seens |like a good idea
WB_STB_O<='0'";
VBwr i t eACK<="' 0" ;
end if;
end if;

end process;

-- TRI STATES:
shared_busses: process(ncu_cntrl 1, ncu_cntrl 2, uart _txd, mcu_t xd, ncu_rf_rx_en, di n_rf, TxD_PAD_O)
begi n
if(ncu_cntrl1="0" and ncu_cntrl2="0") then
dout _rf<="0";

ncu_r xd<=uart _t xd;
uart _rxd<=ncu_t xd;
RxD_PAD_| <=' 0 ;
elsif(nmu_cntrl1="1" and ncu_cntrl2="0") then
dout _rf<=ncu_t xd;
ncu_r xd<=di n_rf;
uart_rxd<='0";
RxD_PAD_I <='0";
el sif(nmou_cntrl 1="0" and ntu_cntrl2="1") then
dout _rf<="0";
ncu_rxd<='0";
uart _rxd<=TxD_PAD_O
RxD_PAD_I| <=uart _t xd;
elsif(mu_cntrl1="1" and ncu_cntrl2="1") then
dout _rf<="'0";
ncu_r xd<=TxD_PAD_QO,
uart _rxd<='0";
RxD_PAD_| <=ntu_t xd;

end if;

end process;
end ny_arch;
-- Project: Wreless USB
-- File: USB v1.1 FI FCS
-- Aut hor: Sean Kel | er
-- sj k26@ornel | . edu
-- Created: July 30, 2003
-- Revision: 1.0 : July 30, 2003
-- Bui | t
-- Revision: 1.1 : July 31, 2003

-- Added wr ptr_out



-- Revision: 1.2 : August 3, 2003
-- Made the output no longer tristated
-- Revision: 1.3 : Decenber 27: 2004

-- No longer a library
-- Made fifo 16 bytes long x 1 byte wide

-- Known Bugs: NONE

-- References: For fifo heavily used:

-- "VHDL for Progranmmebl e Logic"

-- By: Kevin Skahill, pages 218-219
-- Addi son Wesl ey Publishing Inc.

-- Menl o Park, CA 1996

-- Copyright (C 2004 Sean Kel | er

library ieee;

library cypress;

use ieee.std_logic_1164. all;
use cypress.std_arith.all;

entity fifoléxl is

port (

clk, rst : in std_logic;

rd, w,rdinc,winc :in std_logic;

rdptrclr,wptrclr : in std_logic;

wr ptr_out : out integer range O to 15;

data_in :in std_logic_vector(7 dowto 0);
dat a_out : out std_logic_vector(7 dowto 0));

end fifol6x1;

architecture archfifo of fifolbxl is

constant depth : integer := 16;
type fifo_ary is array(depth-1 downto 0) of std_|logic_vector(7 downto 0);
signal fifo . fifo_ary;
signal wptr, rdptr . integer range O to depth-1;
signal dmnuxout : std_logic_vector(7 downto 0);
begin

wrptr_out <=wrptr;
reg_array: process(rst, cl k)

begi n
if (rst ="'1") then
for i in fifo'range |oop
fifo(i)<="00000000";
end | oop;
el sif rising_edge(clk) then
if (w ="1") then
fifo(wptr)<=data_in;
end if;
end if;

end process reg_array;

read_count: process(rst, cl k)
begi n
if (rst ="'1'") then
rdptr<=0;
el sif rising_edge(clk) then
if(rdptrclr ='1'") then
rdptr<=0;
elsif (rdinc = '1') then
rdptr<=rdptr+1;
end if;
end if;
end process read_count;

write_count: process(rst, clk)

begi n
if (rst ="1") then
wr pt r <=0;
elsif rising_edge(clk) then

if (wptrclr ="1") then
wr pt r <=0;

elsif (winc ='1") then
Wrpt r<=wr ptr+1;

end if;

end if;



end process wite_count;

--data output is nultiplexed

drmuxout <=fifo(rdptr);

--three states

three_state: process(rd, dnuxout)

begi n
if (rd ="1") then
dat a_out <=dnuxout
el se

dat a_out <="00000000";

end if;
end process three_state;

end archfifo;

rel ess USB

USB v1.1 Upstream Main Modul e
Sean Kel | er

sj k26@ornel | . edu

-- Project: W
-- File:

-- Aut hor:

-- Revision: 1.0

-- Known Bugs: NONE

-- Copyright (C) 2004

Sean Keller

library ieee;

library cypress;

use ieee.std_logic_1164.all;
use cypress.std_arith.all;

entity sinplelogic is port(
ACK_I :
ACK_O
reset
CLK_6000K
nmcu_r xd
dout _rf
uart _t xd
uart _rxd
nmcu_t xd
rf_rx_on
ncu_rf_rx_en
din_rf
ncu_cntrll
nmcu_cntrl 2
not _oe
enum
vm
vp
usb_diff
full _speed

attribute pin_avoid of sinplelogic:

attribute pin_nunbers of si

"reset:31 ACK O 32 full _speed: 33 vm 65 vp: 68 dout_rf:70 not_oe: 83 uart_rxd: 120 "
"enum 122 ncu_rxd: 123 ncu_rf_rx_en: 126 ncu_cntrl 1:133 rf_rx_on: 134 "&
"uart_txd: 135 nrtu_t xd: 137 CLK_6000K: 153 ACK_|:176 usb_diff:190 ncu_cntrl 2:193";

end sinpl el ogi c;

in std_| ogic;
out std_logic;
in std_logic;
in std_| ogic;
out std_logic;
out std_logic;
in std_| ogic;
out std_l ogic;
in std_l ogic;
out std_l ogic;

in std_| ogic;
in std_l ogic;
in std_logic;
in std_| ogic;
out std_logic;

out std_logic;

in std_logic;

out std_logic); -- MAX3451

--MCU ACK i

-- MCU ACK out upt
-- GLOBAL RESET

--6.0MHZ cl

--MCU s UART RX pin
--data out to the RFTrans
-- MAX3221 TX pin
-- MAX3221 RX pin
--MCU s UART TX pin

R

--MCU si gnal

for recv '0'

nput

ock in

for trans

to enabl e RF RX

--incom ng fromdata slicer
--control input O f

--control
--Controls USB output/input

rom MCU

input 1 form MCU

--GND to turn off pullups
i nout std_| ogic;
inout std_|logic;

SPD set for fullspeed

entity is "56 156 157 158 162";

nmplelogic: entity is "din_rf:30 " &

architecture ny_arch of sinplelogic is

conponent fifol6x1l
port (
clk, rst
rd,wr, rdinc,winc
rdptrclr,wptrclr

wr pt r _out
data_in
dat a_out

in std_l ogic;
in std_|ogic;

in std_| ogic;

out integer

in std_|l ogic_vector(7 downto 0);

range 0 to 15;

out std_l ogic_vector(7 downto 0));

&
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end conponent;

conponent UART

generi c(BRDI VI SOR: | NTEGER range 0 to 65535 := 130); -- Baud rate divisor
port (
-- Wshbone signals
WB_CLK_I : in std_logic; -- clock
WB_RST_I : in std_logic; -- Reset input
WB_ADR | : in std_logic_vector(1l downto 0); -- Adress bus
WB_DAT_I : in std_logic_vector(7 dowmto 0); -- Dataln Bus
WB_DAT_O : out std_logic_vector(7 downto 0); -- DataOut Bus
WB_WE_I : in std_logic; -- Wite Enable
WB_STB_I : in std_logic; -- Strobe
WB_ACK_O : out std_logic; -- Acknow edge
-- process signals
IntTx_O : out std_logic; -- Transmit interrupt: indicate waiting for Byte
IntRx_O : out std_logic; -- Receive interrupt: indicate Byte received
BR Ck_I : in std_logic; -- Clock used for Transm t/Receive
TxD_PAD_O out std_logic; -- Tx RS232 Line
RxD_PAD |: in std_logic); -- Rx RS232 Line

end conponent;

conmponent CLK_CGEN

port(

CLK_I : in std_logic; -- clock

CLK_DIV4_O : out std_logic;

CLK_DI V600_O: out std_logic);
end conponent;

--various packet types

constant CNTRL_PKT: std_l ogic_vector(7 downto 0) := "01010101";

const ant USB_PKT : std_logic_vector(7 downto 0) := "10101010";
constant LS : std_logic_vector(7 downto 0) := "10100011";
constant FS : std_logic_vector(7 downto 0) := "10001000";
const ant EOT_PKT : std_logic_vector(7 downto 0) := "01110010";
constant RESET_D : std_logic_vector (7 dowmto 0) := "11001001";

--main States

type MainStates is (RST, ATTACHL, ATTACH2, ATTACH3, ATTACH4,
ATTACHS, ATTACH6, RESET1, RESET2, RESET3,
RESET4, RESET5, RESET6, RESET7, RESETS,

RESET9) ;
signal ps : MainStat es; --present state
si gnal WB_ADR O : std_logic_vector(1l downto 0);
signal WB_DAT_O : std_logic_vector(7 downto 0);
signal WB_DAT_I : std_logic_vector(7 downto 0);
signal WB \E_O : std_|ogic;
signal WB_STB_ O : std_l ogic;
signal WB_ACK_I std_l ogic;
signal WBwite : std_logic;
signal WBwiteACK : std_| ogic;
signal WBread : std_|logic;
si gnal WBreadACK : std_| ogic;
signal IntTx_| : std_logic;
signal IntRx_l : std_logic;
signal TxD_PAD O std_logic; -- Tx RS232 Line
signal RxD_PAD |: std_logic; -- Rx RS232 Line
signal device_attached : std_logic;
signal CLK_10K : std_logic;
signal CLK_1500K: std_l ogic;
signal fullspeed: std_logic;
signal ackO : std_l ogic;
signal Mrwrite : std_|logic;
signal ncufifo_clk: std_logic;
signal ncufifo_rd : std_l ogic;
signal ncufifo_w : std_logic;
signal ncufifo_rdinc: std_logic;
signal ncufifo_winc: std_logic;
signal ncufifo_rdpc: std_| ogic;
signal ncufifo_wpc: std_logic;
signal ncufifo_wrpo: integer range 0 to 15;
signal ncufifo_din: std_logic_vector(7 downto 0);
signal ntufifo_dout: std_|logic_vector(7 downto 0);
signal derived_reset: std_logic;
signal SEO_detected: std_| ogic;
signal SEOcnt: std_logic_vector(4 downto 0);

begin
rf_rx_on<=ncu_rf_rx_en; --this is no longer used and just passes along
--enunxk="'0"; --GND to turn off pullups Vvdd

WB_ADR_O <= "00";
full _speed<=ful | speed;

to turn on pullups
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ACK_O<=ackQ,

ncufifo @ fifol6xl
port map(ncufifo_clk,reset, ncufifo_rd, ncufifo_wr, ncufifo_rdinc, ncufifo_winc,
mecufi fo_rdpc, ncufifo_w pc, ncufi fo_w po, ncufifo_din, ncufifo_dout);

Uart _MAP : UART
generic map(BRDI VI SOR => 26) --6 gives 250000bps +-0%: 26 gives 57600bps +-.16%

port map(CLK_10K, reset, WB_ADR_O, WB_DAT_O, WB_DAT_| , W8_WE_O, WB_STB_O, WB_ACK_I ,

IntTx_I, I ntRx_I, CLK_6000K, TxD_PAD_O, RxD_PAD_I ) ;
CLK_GENERATOR : CLK_GEN
port map(CLK_6000K, CLK_1500K, CLK_10K);

--fixme

--di sconnect _det ected<='0";
-- ACK_O<=ful | _speed;
--fixme

pop : process(lntTx_I, CLK_10K, CLK_6000K, reset, ps)

begi n
if(reset="1") then

not _oe<='1"; --Vdd to disable the USB outputs
ps<=RST;
WBr ead<=' 0" ;

derived_reset<="1";
enunxk='0"; --no device attached
full speed<="'0"; --set to | owspeed device
MFwrite<='0";
WBwri te<='0";

WB_DAT_O<="00000000";
elsif rising_edge(CLK 6000K) then
case ps is

when RST =>
WB_DAT_0O<="00000000";
VBwrite<='0';
MFwrite<='0";
not _oe<='1"; --Vdd to disable the USB outputs
derived_reset<='1";
enunk="'0"; --no device attached
full speed<='0"; --set to | owspeed device

if(ACK_I='1') then
ps<=ATTACHL;

WBr ead<="1";
el se
WBr ead<='0";
ps<=RST;
end if;

when ATTACH1 =>
derived_reset<='0";
if(WBreadACK='1"') then

WBr ead<='0";

ps<=ATTACHZ2;
el se

WBr ead<="'1";

ps<=ATTACHL;
end if;

when ATTACH2 =>
if(IntRx_I="1") then
i f (WB_DAT_I| =CNTRL_PKT) then
pS<=ATTACHS;
WBr ead<='1";
el se
ps<=RST;
WBr ead<=' 0" ;
end if;
el se
ps<=ATTACHZ;
WBr ead<='0";
end if;
when ATTACH3 =>
if(ACK_I="1") then
ps<=ATTACH4;
WBr ead<="1";
el se
WBr ead<='0";
ps<=ATTACHS3;
end if;
when ATTACH4 =>
if(WBreadACK="1") then
WBr ead<="'0";



ps<=ATTACHS5;
el se
WBr ead<="'1";
ps<=ATTACH4;
end if;
when ATTACH5 =>
if(IntRx_I="1") then
i f(WB_DAT_I =LS) then
ps<=ATTACHS6;
WBr ead<='1";
full speed<='0";
devi ce_attached<="1";
el si f (WB_DAT_I =FS) then
ps<=ATTACH6;
WBr ead<="1";
full speed<="1";
devi ce_attached<="1";

el se
ps<=RST;
WBr ead<='0";
end if;
el se
ps<=ATTACHS5;
WBr ead<='0";
end if;
--WBr ead<='0";

when ATTACH6 =>
--device is now attached
enunk='1"; --turn on pullups
i f(SEO_detected="1") then
ps<=ATTACHS;
-- ps<=RESET1,;
el se
ps<=ATTACHS;
end if;
when RESET1 =>
WBwWrite<='1";
if(WBwiteACK="1") then
ps<=RESET2;
el se
ps<=RESET1;
end if;
when RESET2 =>
if(WBwiteACK="0") then
ps<=RESETS3;
WB_DAT_O<=USB_PKT;
VBwrite<="1";
el se
ps<=RESET2;
end if;
when RESET3 =>
if(WBwiteACK="1") then
ps<=RESET4;
el se
ps<=RESET3;
end if;
when RESET4 =>
if(WBwiteACK="0"') then
ps<=RESETS5;
WB_DAT_O<=RESET_D;
VWBwrite<='"1";
el se
ps<=RESET4;
end if;
when RESET5 =>
if(WBwiteACK="1") then
ps<=RESET6;
el se
ps<=RESET5;
end if;
when RESET6 =>
if(WBwiteACK="0") then
ps<=RESET7;
WB_DAT_O<=EOT_PKT;
VBwrite<='"1";
el se
ps<=RESETS;
end if;
when RESET7 =>
if(WBwiteACK="1") then
ps<=RESETS;
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el se
ps<=RESET7;
end if;
when RESET8 =>
if(WBwiteACK="0"') then
ps<=RESET9;
VWBwr it e<='0";
el se
ps<=RESETS;
end if;
when RESET9 =>
--wait for host to send setup
end case;
end if;
end process;

SEOdet ect er: process(CLK_6000K, deri ved_reset, devi ce_attached)
begi n
if(derived_reset="1") then
devi ce_attached<='0";
SEO_det ect ed<="'0";
SEOcnt <="00000";
el sif(rising_edge(CLK_6000K)) then
i f(device_attached="1"') then
i f(SEOcnt="10010") then --dec18=3us
SEOcnt <="00000";
SEO_det ected<="1";
elsif((vp="0") and (vm="0')) then
SEOcnt <=SEOcnt +1;
el se
SEOcnt <="00000";
SEO_det ect ed<='0';
end if;
end if;
end if;
end process;

--for witing to the MCU fifo

MF: process(reset)

begi n

if(reset="1") then
mecufifo_clk<="0";
mcufifo_rd<='0";
nmecufifo_w<="0";
mecufifo_rdinc<='0";
mcufifo_winc<='0";
ncufifo_rdpe<='0";
ncufi fo_w pc<='0";
ncufi f o_di n<="00000000";
end if;
end process;

--MCU Interface via Wshbone and UART
WB: process( CLK_10K, r eset, WBr eadACK, ackO, ACK_I , WBwr i t e, WBwr i t e ACK)
begi n
if(reset="1") then
WBr eadACK<=' 0" ;
WBwr i t eACK<=' 0" ;
WB_WE_O <= "'0"; --DATA is coming in
ackO <= '0';
el sif rising_edge(CLK 10K) then
i f (WBreadACK='0' and WBread='1"') then
if(ACK_I="1") then
ackO<='1";
WB_WE_O<='0'; ~--data is coming in
WB_STB_O<='1";
WBr eadACK<="'1";
end if;
elsif(IntTx_I="1" and WBwiteACK="0" and WBwite="1") then
if(ackO="0") then

ackO<="1";
end if;
if(ACK_I="1") then
ackO<='0";
WB_WE_O<='1';

WB_STB_O<='1";
WBwWr i t eACK<="1";
end if;
el se
ackO<='0"; --seens |like a good idea
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WB_STB_O<='0';
WBwr i t eACK<=" 0" ;
WBr eadACK<=' 0" ;
end if;
end if;
end process;

-- TRI STATES:

shar ed_busses: process(ncu_cntrl 1, ncu_cntrl 2, uart _txd, ncu_t xd, ncu_rf _rx_en, din_rf, TxD_PAD_O

begi n
if(ncu_cntrl1="0" and ncu_cntrl2="0") then
dout _rf<="0";
ncu_r xd<=uart _t xd;
uart _rxd<=ncu_t xd;
RxD_PAD_I <=' 0" ;
elsif(nmou_cntrl1="1" and ncu_cntrl2="0") then
dout _rf <=ntu_t xd;
ncu_r xd<=di n_rf;
uart_rxd<='0";
RxD_PAD_| <='0';
elsif(nmou_cntrl 1="0" and ncu_cntrl2="1") then
dout _rf<="0";
ncu_r xd<='0";
uart _rxd<=TxD_PAD_O
RxD_PAD_I <=uart _t xd;
el sif(mu_cntrl1="1" and ncu_cntrl2="1") then
dout _rf<="'0";
ncu_r xd<=TxD_PAD_QO,
uart _rxd<='0";
RxD_PAD_I <=ntu_t xd;

end if;
end process;
end ny_arch;
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Appendix (8): Hardware UART

-- Title : UART

-- Project UART

-- File : MniUart.vhd

-- Author : Philippe CARTON

-- (philippe.carton2@i bertysurf.fr)
-- Organi zati on:

-- Created : 15/12/ 2001

-- Last update : 8/1/2003

-- Platform : Foundation 3.1i

-- Simulators : Mdel Sim5.5b

-- Synthesizers: Xilinx Synthesis

-- Targets : Xilinx Spartan

-- Dependency : |EEE std_logic_1164, Rxunit.vhd, Txunit.vhd, utils.vhd

-- Description: Uart (Universal Asynchronous Receiver Transmitter) for SoC.
-- W shbone conpat abl e.

-- Copyright (c) notice

-- This core adheres to the GNU public |icense

-- Revisions

-- Revision Nunber

-- Version

-- Date

-- Modifier : nanme <email >
-- Description :

library ieee;
use ieee.std_|logic_1164.all;

entity UART is

generi c(BRDI VI SOR: | NTEGER range 0 to 65535 := 130); -- Baud rate divisor
port (
-- Wshbone signals
WB_CLK_I : in std_logic; -- clock
WB_RST_I : in std_logic; -- Reset input
WB_ADR_ | : in std_logic_vector(1l dowmnto 0); -- Adress bus
WB_DAT_I : in std_logic_vector(7 downto 0); -- Dataln Bus
WB_DAT_O : out std_logic_vector(7 downto 0); -- DataCut Bus
WB_WE_| : in std_logic; -- Wite Enable
WB_STB_I : in std_logic; -- Strobe
WB_ACK_O : out std_logic; -- Acknow edge
-- process signals
IntTx_O : out std_logic; -- Transmit interrupt: indicate waiting for Byte
INtRx_O : out std_logic; -- Receive interrupt: indicate Byte received
BR Clk_I : in std_logic; -- Clock used for Transnit/Receive
TxD_PAD_O out std_logic; -- Tx RS232 Line
RxD_PAD_I: in std_logic); -- Rx RS232 Line
end UART;

-- Architecture for UART for synthesis
architecture Behavi our of UART is

conponent Count er

generi c(COUNT: | NTEGER range 0 to 65535); -- Count revolution
port (

C k :in std_logic; -- dock

Reset :in std_logic; -- Reset input

CE :in std_logic; -- Chip Enable

O : out std_logic); -- Qutput

end conponent;

conponent RxUnit

port (
Ca k :in std_logic; -- systemclock signal
Reset : in std_logic; -- Reset input
Enable : in std_logic; -- Enable input
ReadA : in Std_logic; -- Async Read Received Byte
RxD :in std_logic; -- RS-232 data input
RxAv : out std_logic; -- Byte available
DataO : out std_logic_vector(7 downto 0)); -- Byte received

end conponent;
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conponent TxUnit

port (

dk :in std_logic; -- Cock signal

Reset : in std_logic; -- Reset input

Enable : in std_logic; -- Enable input

LoadA : in std_logic; -- Asynchronous Load
TxD : out std_logic; -- RS-232 data output
Busy : out std_logic; -- Tx Busy

Datal : in std_logic_vector(7 downto 0)); --

end conponent;

signal RxData : std_logic_vector(7 downto 0); --
signal TxData : std_logic_vector(7 downto 0); --
signal SReg : std_logic_vector(7 downto 0); --
signal EnabRx : std_logic; -- Enable RX unit

signal EnabTx : std_logic
signal RxAv : std_logic
signal TxBusy : std_logic
signal ReadA : std_logic;
signal LoadA : std_logic;

c

c

; -- Enable TX unit
; -- Data Received
; -- Transmter Busy

signal Sig0 : std_logic; -- gnd signal
signal Sigl : std_logic; -- vcc signal
begi n

sig0 <= '0";

sigl <= '1';

Uart _Rxrate : Counter -- Baud Rate adjust

generic map (COUNT => BRDI VI SOR)
port map (BR_CLK_ |, sig0, sigl, EnabRx);

Uart_Txrate : Counter -- 4 Divider for Tx

Uart _TxUnit : TxUnit port map (BR_CLK |, WB_RST_I,
Uart _RxUnit : RxUnit port map (BR_CLK_ |, WB_RST_I,

generic map (COUNT => 4)
port map (BR_CLK_ I, SigO, EnabRx, EnabTx);

I nt Tx_O <= not TxBusy;

I nt Rx_O <= RxAv;

SReg(0) <= not TxBusy;
SReg(1) <= RxAv;

SReg(7 downto 2) <= "000000";

I npl enents W shBone data exchange.

Byte to transmt

Last Byte received
Last bytes transmtted

Status register

-- Async Read receive buffer
-- Async Load transmt buffer

Cl ocked on rising edge. Synchronous Reset RST_|

EnabTX, LoadA,
EnabRX, ReadA, RxD_PAD_I,

WBctrl : process(WB_CLK_I, WB_RST_I, WB_STB_|, WB_WE |, WB_ADR_I|)
variable StatM: std_logic_vector(4 downto 0);
begin
if Rising_Edge(WB_CLK_I) then
if (WBLRST_I = "1") then
ReadA <= '0';
LoadA <= '0';
el se
if (WB_STB_ I ="'1" and WVB WE | = "'1'" and WB_ADR | = "00") then --
TxData <= WB_DAT_I;
LoadA <= '1"; -- Load signal
el se LoadA <= '0';
end if;
if (WB_STB_I ='1'" and WB.ME_| = '0" and WB_ADR | = "00") then --
ReadA <= '1'; -- Read signal
el se ReadA <= '0';
end if;
end if;
end if;
end process;
WB_ACK_O <= WB_STB_|I;
WB_DAT_O <=
= "00" else -- Read Byte from Rx

RxDat a when WB_ADR |
|

(philippe.carton2@i bertysurf.fr)

Or gani zati on:

Creat ed : 15/12/ 2001
Last update : 8/1/2003
Pl at form : Foundation 3.1i

Simulators : Mdel Sim 5. 5b

|
= "01" else -- Read Status Reg

SReg when WB_ADR_
"00000000";
end Behavi our;
Title : UART
Proj ect : UART
File : utils.vhd
Aut hor . Philippe CARTON

TxD_PAD_O, TxBusy, TxData);
RxAv, RxData);

Wite Byte to Tx

Read Byte from Rx



-- Synthesizers: Xilinx Synthesis
-- Targets : Xilinx Spartan
-- Dependency : |EEE std_logic_1164

-- Copyright (c) notice
-- This core adheres to the GNU public license

-- Revisions

-- Revision Nunmber

-- Version

-- Date

-- Modifier © nanme <email >
-- Description

-- Revision list

-- Version Aut hor Dat e Changes
-- 1.0 Phili ppe CARTON 19 Decenber 2001 New nodel
-- phili ppe.carton2@i bertysurf.fr

-- 1.1 Sean Kel | er 02 January 2004

synchroni zer
-- seankel | er @ahoo. com

-- Synchr oni ser:

-- Synchroni ze an input signal (Cl) with an input clock (C).

-- The result is the O signal which is synchronous of C, and persist for
-- one C clock period.

I'i brary | EEE, STD;
use | EEE.std_logic_1164.all;

entity synchroniser is

port
Cl : in std_logic;-- Asynchronous signal
C: in std_logic;-- Cock
O : out std_logic);-- Synchronised signal

end synchroni ser;

architecture Behavi our of synchroniser is
signal ClA : std_logic;
signal ClS : std_logic;
signal R : std_logic;
begin
Ri seClA : process(Cl, R)
begin
if (R="1') then
R<='0";
ClA<='0";
el sif Rising_Edge(Cl) then
ClA <= '1";
end if;
end process;

SyncP : process(C, R)
begi n
if Rising_Edge(C) then
if (ClS="1") then

ClS <= '0';
R<='1';
elsif (Cl1A="'1") then
ClS <= '"1';
end if;
end if;
end process;
O <= C1S;

end Behavi our;

-- Counter

-- This counter is a paranetrizable clock divider.

-- The count value is the generic paranmeter Count.

-- It is CE enabled. (it will count only if CE is high).

Fi xed
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-- When it overflow, it will emt a pulse on O
-- It can be reseted to O.

i brary | EEE, STD;
use | EEE.std_logic_1164.all;

entity Counter is

generic(Count: |INTEGER range O to 65535); -- Count revolution
port (

Ca k in std_logic; -- Cock

Reset :in std_logic; -- Reset input

CE :in std_logic; -- Chip Enable

o : out std_logic); -- OQutput

end Counter;

archi tecture Behavi our of Counter is
begin
counter : process(d k, Reset)
variable Cnt : |INTEGER range 0 to Count-1;
begin
if Reset = '1' then
Cnt := Count - 1;
O<="0";
el sif Rising_Edge(Cl k) then
if CE="1 then
if Cnt = 0 then

O<="1";
Cnt := Count - 1,
el se
O<="'0";
Cnt := Cnt - 1;
end if;
else O<="'0";
end if;
end if;
end process;
end Behavi our;
-- Title : UART
-- Project UART
-- File : Rxunit.vhd
-- Aut hor . Philippe CARTON

-- (philippe. carton2@i bertysurf.fr)
-- Organization:

-- Created : 15/12/ 2001
-- Last update : 8/1/2003
-- Platform : Foundation 3.1i

-- Sinmulators : Mdel Sim5.5b

-- Synthesizers: Xilinx Synthesis

-- Targets : Xilinx Spartan

-- Dependency : |EEE std_logic_1164

-- Description: RxUnit is a serial to parallel unit Receiver.
-- Copyright (c) notice
-- This core adheres to the GNU public |icense

-- Revi sions

-- Revision Nunber

-- Version

-- Date

-- Modifier : nanme <email >
-- Description

library ieee;
use ieee.std_logic_1164.all;

entity RxUnit is
port (

ak in std_logic; -- systemclock signal
Reset : in std_logic; -- Reset input
Enable : in std_logic; -- Enable input
ReadA in Std_logic; -- Async Read Received Byte
RxD :in std_logic; -- RS-232 data input
RxAv : out std_logic; -- Byte available
DataO : out std_logic_vector(7 downto 0)); -- Byte received

end RxUnit;



archi tecture Behaviour of RxUnit is
signal RReg : std_logic_vector(7 downto 0); -- receive register
signal RRegL : std_logic;

begin
-- RxAv process

RxAvProc : process(RReglL, Reset, ReadA)

hen

-- Byte received

-- Negate RxAv when RReg read

-- Assert RxAv when RReg witten

begi n
if ReadA = '1'" or Reset = '1' t
RxAv <= '0";
el sif Rising_Edge(RRegL) then
RxAv <= '1';
end if;

end process;

-- Rx Process

RxProc : process(Cl k, Reset, Enabl e, RxD, RReg)
variabl e BitPos : | NTEGER range O
I NTEGER range 0 to 3; -

vari abl e Sanpl eCnt
begi n

if Reset = '1' then -- Reset
RRegL <= '0';
Bit Pos : = O;

el sif Rising_Edge(C k) then
if Enable = '1' then
case BitPos is

when 0 => -- idle
RRegL <= '0';
if kD ="'0" then -
Sanpl eCnt := 0;
BitPos := 1;
end if;
when 10 => -- Stop Bit
BitPos := 0; --
RRegL <= "1"; --

Dat aO <= RReg;

when ot hers =>
if (SanpleCnt = 1 and BitPos >= 2) then -- Sanple RxD on 1
RReg( Bi t Pos- 2) <= RxD; --

to 10; -

- Start Bi

- Position of the bit in the frane
- Count fromO to 3 in each bit

t

next is idle
I ndicate byte received

+ 1;

-- Store received byte

Deseri al i sation

I ncrement BitPos on 3

end if;
if SanpleCnt = 3 then --
BitPos := BitPos + 1;
end if;
end case;
if SanpleCnt = 3 then
Sanpl eCnt : = 0;
el se
sanpl eCnt : = Sanpl eCnt
end if;
end if;
end if;
end process;
end Behavi our;
-- Title 1 UART
-- Project : UART
-- File : Txunit.vhd
-- Aut hor : Philippe CARTON
-- (philippe.carton2@i bertysurf.fr)
-- Organization:
-- Created : 15/12/ 2001
-- Last update : 8/1/2003
-- Platform : Foundation 3.1i

-- Simulators : Mdel Sim5.5b

-- Synthesizers: Xil
-- Targets DXl

inx Synthesis
inx Spartan

-- Dependency : |EEE std_|logic_1164

-- Description: Txun

it is a parallel

to serial

unit transmtter.

-- Copyright (c) not

ice

-- This core adheres to the GNU public license

-- Revisions

-- Revi si on Nunber
-- Version

-- Date :

-- Modifier

name <email >
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-- Description

library ieee;
use ieee.std_logic_1164.all;

entity TxUnit is

port (
Cl k :in std_logic; -- Clock signal
Reset : in std_logic; -- Reset input
Enable : in std_logic; -- Enable input
LoadA : in std_logic; -- Asynchronous Load
TxD : out std_logic; -- RS-232 data output
Busy : out std_logic; -- Tx Busy
Datal : in std_logic_vector(7 downto 0)); -- Byte to transmt
end TxUnit;

archi tecture Behaviour of TxUnit is

conmponent synchroni ser

port (
Cl : in std_logic; -- Asynchronous signal
C: in std_logic; -- Cock

O: out Std_logic);-- Synchronised signal
end conponent;

signal TBuff : std_logic_vector(7 downto 0); -- transmt buffer
signal TReg : std_logic_vector(7 downto 0); -- transmt register
signal TBufL : std_logic; -- Buffer |oaded
signal LoadS : std_logic; -- Synchroni sed | oad signal

begin

-- Synchronise Load on Cl k
SyncLoad : Synchroni ser port nap (LoadA, Clk, LoadS);
Busy <= LoadS or TBufL;

-- Tx process
TxProc : process(Cl k, Reset, Enable, Datal, TBuff, TReg, TBuflL)

variable BitPos : |INTEGER range O to 10; -- Bit position in the frame
begi n
if Reset = '1' then
TBufL <= "'0";
BitPos : = O;
TxD <= '1';

el sif Rising_Edge(Cl k) then
if LoadS = '1' then
TBuff <= Dat al ;
TBufL <= '1';
end if;
if Enable = '1' then
case BitPos is

when 0 => -- idle or stop bit
TxD <= '1';
if TBufL = '1' then -- start transmit. next is start bit
TReg <= TBuff;
TBufL <= '0';
BitPos := 1;
end if;
when 1 => -- Start bit
TxD <= '0';
BitPos := 2;
when others =>
TxD <= TReg(BitPos-2); -- Serialisation of TReg
BitPos := BitPos + 1;
end case;
if BitPos = 10 then -- bit8. next is stop bit
BitPos : = 0;
end if;
end if;

end if;
end process;
end Behavi our;
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Appendix (9): C Code

-- Project: Wreless USB
-- Platform USB v1.1w WUSB v1.2 boards
-- Aut hor: Sean Kel | er

-- sj k26@ornel | . edu

-- Revision: 1.0

-- I npl enents the nmain even |oop for the downstream WJUSB
-- vl.2 ATMEGASL MCU

-- Known Bugs | NCOWPLETE
-- References: NONE
-- Copyright (C) 2004 Sean Kel |l er

-- sj k26@ornel | . edu

#i ncl ude <nega8. h>
#i ncl ude <stdio. h>
#i ncl ude <del ay. h>
#include "rf.h"

#i ncl ude "gl obal s. h"

#define Sreset 1
#define Sattach 2

void getattached();

extern unsigned char one_ns_counter;

extern unsigned char rx_data[];

extern unsigned char rx_data_l en;

extern unsigned char DI RECTI ON;

unsi gned char tx_data_valid;

unsi gned char tx_data_buffer[ RX_TX_BUFFER_SI ZE_DI V2] ;
unsi gned char |ow_speed; //set if |owspeed device

unsi gned char device_attached; /lset if idle detected
unsi gned char state;

void main(){
DI RECTI ON=RX;
gl obal _init();
termnal _init();
rf_init();
UART_node( RS232, 1) ;
tx_dat a_val i d=0;
| ow_speed=0;
devi ce_attached=0;
putchar('>");
del ay_ns(10);
RESET=0;
ACK_O=0;
st at e=Sreset;
whi | e(1){
if(state==Sreset){
getattached();
if (device_attached==1){
state=Sattach;

el se{
stat e=Sreset;

}

}
el se if(state==Sattach){
/lwait for reset
}
}
}

voi d getattached(){
char i,Kk;
unsi gned char tx_data_l en;
unsi gned char data_sent;



}

i f((device_attached==0) && (ACK_|==1)){

}

i =0,

UART_npde( UCPLD, 1) ;
/1 UART_mode( HUART, 1) :

ACK_O=1; //don't bother with flow control for each packet, so |leave high until

while(1){

//put a tineout in here
tx_data_buffer[i]=getchar();

if (tx_data_buffer[i]==EOT_PKT){

i ++;

br eak;

Lel ay_ms(100);
UART_node( RS232, 1) ;
putstringf("i=");
putchar(i+ 0");
putstringf("\r\n");
ACK_C=0;

if (!(tx_data_buffer[0] ==CNTRL_PKT)){ // || !'(tx_data_buffer[1]==LS || tx_data_buffer[1] ==FS)){
putstringf("RESETI\r\n");
RESET=1;

del ay_ns(10);

RESET=0;

el se{
if(tx_data_buffer[1] ==LS){

}

}

| ow_speed=1;

el se{

| ow_speed=0;

devi ce_attached=1;
tx_data_l en=i;
tx_data_valid=1;

dat a_sent =0;

whi | e(dat a_sent ==0) {

}

i f(rx_packet (PT_DATA, 1)) {
i f(*(rx_data+2)==PT_DATA_REQ) {
if(tx_data_valid){

del ay_ns(100);

i f (encode_and_send_packet (tx_data_buffer,tx_data_| en, PT_DATA)){
dat a_sent =1;
UART_npde( RS232, 1) ;
putstringf("\r\ nDATA SENT CORRECTLY\r\n");

el se{

dat a_sent =0;

devi ce_attached=0;

RESET=1;

del ay_ns(10);

RESET=0;

UART_npde( RS232, 1) ;

putstringf("\r\nCOULD NOT TRANSM T DATA\r\n");
}

el se{
encode_and_send_packet (t x_dat a_buf fer, 0, PT_DATA) ;
UART_npde( RS232, 1) ;
putstringf("\r\nSENDI NG NULL DATA r\n");
}
}
}

el se{
UART_node( RS232, 1) ;
putstringf("\r\nAWAI TI NG DATA REQUEST\r\ n");

}
UART_node( RADI O, 1) ;

Proj ect: Wrel ess USB
Platform USB v1.1w WUSB v1.2 boards
-- Aut hor: Sean Keller

sj k26@ornel | . edu

conpl ete
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-- Revision: 1.0

-- Iﬁpl ements the main even loop for the upstream WISB
-- v1l.2 ATMEGASL MCU

-- Known Bugs I NCOWPLETE
-- References: NONE
-- Copyright (C) 2004 Sean Keller

-- sj k26@ornel | . edu

#i ncl ude <nega8. h>
#i ncl ude <stdio. h>
#i ncl ude <del ay. h>
#include "rf.h"

#i ncl ude "gl obal s. h"

#define Sreset 1
#define Sattach 2
#define Swaitl 3

voi d getattached();

extern unsi gned char one_ns_counter;

extern unsigned char rx_data[];

extern unsigned char rx_data_l en;

extern unsi gned char DI RECTI ON;

unsi gned char tx_data_valid;

unsi gned char tx_data_buffer[ RX_TX_BUFFER_SI ZE_DI V2] ;
if | owspeed device

unsi gned char | ow_ speed; //set

unsi gned char device_attached;
unsi gned char state;
unsi gned char func;

voi d main(){
unsi gned char i;
DI RECTI ON=TX;
gl obal _init();
termnal _init();
rf_init();
UART_node( RS232, 1) ;
f unc=DI RECTI ON;
tx_data_val i d=0;
| ow_speed=0;
devi ce_at t ached=0;
putchar('>");
del ay_ns(10);
RESET=0;
ACK_0O=0;
st at e=Sreset;
while(1){

i f(state==Sreset){
getattached();
if (device_attached==1){

st at e=Sattach;
}
el se{

st at e=Sreset;

}

el se if(state==Sattach){

UART_rmode( UCPLD, 1) ;
ACK_O=1;
whi | e( ACK_I ==0) {}
ACK_0O=0;
put char (CNTRL_PKT) ;
ACK_O=1;
whi | e( ACK_I ==0) {}
ACK_O=0;
if(low_speed){

put char (LS);
}
el se{

put char (FS);

/1 ACK_O=1;

/1 set

if

idl e detected



/1whil e(ACK_I ==0) {}
/1 ACK_O=0;

/'] put char (EOT_PKT) ;
del ay_us(10);
//state=Swait1l;

o

se if(state=Swait1){

del ay_ns(200);

UART_nmode( RS232, 1) ;

putstringf("SENT RESET TO CPLD r\n");

/lcurrent node is UCPLD
/I need to get a reset from bus
del ay_ms(10);
UART _rmode( UCPLD, 1) ;
ACK_O=1; //don't bother with flow control for each packet,
whi | e(1){

//put a tinmeout in here

tx_data_buffer[i]=getchar();

if (tx_data_buffer[i]==EOT_PKT) {

br eak;

i ++;
}
del ay_ns(100) ;
UART_npde( RS232, 1) ;
putstringf ("GOl RESET:");
put char (tx_data_buffer[0]);
putchar (tx_data_buffer[1]);
putchar (tx_data_buffer[2]);
putstringf("\r\n");
ACK_0O=0;

}

}
}

voi d getattached(){
unsi gned char i;
if (func==REQ_DATA) {
func=TX;
i f(rx_packet (PT_DATA, 3) && (*(rx_data+2)==PT_DATA)){
/' UART_npde( RS232, 1) ;
i f(rx_data_|l en==HEADER_SI ZE_DI V2) {
//putstringf("\r\nNO DATA READY\ r\ n>");
}
el se{
/ /' UART_node( RS232, 1) ;
/I putstringf("\r\nDATA RECEI VED: ");
for (i =HEADER_SI ZE_DI V2; i<rx_data_len; i++){
putchar(rx_data[i]);

}
i f (*(rx_data+HEADER_SI ZE_DI V2) =CNTRL_PKT) {
i f (*(rx_data+HEADER_SI ZE_DI V2+1) =LS) {
| ow_speed=1;

el sef
| ow_speed=0;

devi ce_attached=1;

UART_npde( RS232, 1) ;
putstringf("\r\nDevice Attached LS is:");
put char (' 0" +l ow_speed);
putstringf("\r\n");

}
/'l putchar('\r");
[l putchar('\n");
/I putchar('>");
}
}
el se{//display error go back to tx
/' UART _nmode( RS232, 1) ;
/I putstringf("DATA REQUEST FAILED(2)\r\n>");

}
RF_RX_EN=0; //TX enabl ed
del ay_us(125); /lwait for stable tx

el se if(func==TX){
i f (encode_and_send_packet (t x_dat a_buf fer, 0, PT_DATA_REQ) ) {
/ / UART _npde( RS232, 1) ;
/1 putstringf("\r\nDATA REQUEST SENT OK r\ n>");
f unc=REQ_DATA;

so | eave high until

conpl ete
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}

el se{
/I UART_npde( RS232, 1) ;
/1 putstringf("\r\nDATA REQUEST FAI LED(1)\r\n>");
func=TX;

}

el se{
func=TX;

}

-- Project: Wreless USB
-- Platform USB v1.1w WUSB v1.2 boards
-- Aut hor: Sean Kel | er

-- sj k26@ornel | . edu

/1 This is designed for the WUSB v1.2 nodul es

/1 Both boards should be connected via RS232 connections at 57600bps to an
/1 ANSI term nal

/1 The R~1ink is a 250000bps UART connection to mcrolinear M.2724 boards
/1 The gl obal #define in globals.h, DIR, nust be set to RX or TX

/1 The TX code has a sinple conmand interface and an '>' pronpt. Typing

/1 's'" or 'S will allow you to send whatever ASCl you type, term nated by

/'l "Enter', to the RX board. The maxi numtext length is set by MAX_CMD_SI ZE.

/'l Note that MAX_CMD_SI ZE absol utely cannot exceed RX_TX_ DATA_SIZE_DI V2 -
/1 (HEADER_SI ZE_DI V2 + | en(SOP) + len(EOP)) which is currently in decimal:
/1 128 - (3 + 1 + 1) = 123 bytes

/1 The RF channel is reliable via ACK packets, tinmeouts and data checksuns
/Il (see rf.c for nore details)

/1 The RX code dunps the received ASCI onto the RS232 connecti on.
/'l'lmportant gl obal routines, variables, costants, and MCU initiallization
/1 code is located in globals.h and globals.c

/1Al of the radio initializationa, protocal, and data encoding code is
/1 located in rf.c and rf.h

/1-- Revision: 1.0

/1 The code works, but the data_get code is all conmented out bel ow.

/1 1t is very close to working, but it seens to cause the boards to halt
/1 after a variable anount of tinme. 1 have not determined the cause, but
/1 1 suspect it is a stack overflow proplem

/1 -- Revision: 1.1

/1 The data_get is fixed now, type x at the tx pronpt to get data, type X
/1 at the rx pronpt until it is recognized (the polling is slow) and then
/'l enter the data to buffer

-- Known Bugs: | NCOWPLETE
-- References: NONE
-- Copyright (C) 2004 Sean Kel ler

-- sj k26@ornel | . edu

#i ncl ude <nega8. h>
#i ncl ude <stdio. h>
#i ncl ude <del ay. h>
#include "rf.h"

#i nclude "gl obal s. h"

extern unsigned char one_ns_counter;

extern unsigned char rx_data[];

extern unsigned char rx_data_l en;

extern unsi gned char DI RECTI ON;

unsi gned char tx_data_valid;

unsi gned char tx_data_buffer[ RX_TX_BUFFER_SI ZE_DI V2] ;
unsi gned char |ow_speed; //set if |owspeed device

unsi gned char device_detect ed; /lset if idle detected

void main(){
char i,k;
unsi gned char cnd[ MAX_CNMD_SI ZE] ;
unsi gned char func;
unsi gned char cndi =0;
unsi gned char cnd_ready=0;
unsi gned char cnd_| en=0;
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unsi gned char buffering=0;
DI RECTI ON=DI R;
gl obal _init();
termnal _init();
rf_init();
UART_node( RS232, 1) ;
func=DI RECTI ON;
tx_data_val i d=0;
| ow_speed=0;
devi ce_det ect ed=0;
putchar('>");
whi | e(1){
i f (DI RECTI ON==TX) {
i f (func==REQ_DATA) {
func=TX;
i f(rx_packet (PT_DATA, 4) && (*(rx_data+2)==PT_DATA)){
UART_npde( RS232, 0) ;
i f (rx_data_l en==HEADER_SI ZE_DI V2) {
put stringf("\r\nNO DATA READY\ r\ n>");
}

el se{
put stringf("\r\ nDATA RECEI VED: ");
for (i =HEADER_SI ZE_DI V2; i<rx_data_len; i++){
putchar(rx_data[i]);

}

putchar('\r");

putchar('\n");

putchar('>");
}

}
el se{//display error go back to tx
UART_node( RS232, 0) ;
put stringf ("\r\nDATA REQUEST FAILED(2)\r\n>");

}
RF_RX_EN=0; //TX enabl ed
del ay_us(125); //wait for stable tx

}
else if((func==TX)|| (func=SEND)) {
i f (UCSRA & 0b10000000) { /I RX done bit
cmd[ cndi ] =get char () ;
i f(cndi ==MAX_CMD_SI ZE- 1) {
cmd[crmdi]='\r'; /[/force |linefeed
}

put char (cnd[ cndi]);
if(cmd[cmdi]==8){ [//backspace
i f(cndi ==0) {
putchar (' >");

el se{
putchar (' ');
putchar(cmd[cmdi]);
cmdi- -;

}

se if(cmd[cmdi]=="\r"){
putchar('\n");

putchar (' >");

crd[cndi ] ="\ 0";

cmd_r eady=1;

cmd_| en=cndi ;

cndi =0;

}

e

}

el se{
cndi ++;

}

}
i f(cmd_ready){
cmd_r eady=0;
swi tch(func){
case(TX):
if((cnd[0]=="S") || (cmd[0]=="s")){
f unc=SEND;
put char (8);
put stringf (" SENDI NG>") ;

}
else if((cmd[0]=="X") || (cnd[0]=="x")){
put char (8);
put stringf (" SENDI NG DATA REQUEST");
i f (encode_and_send_packet (cnd, cnd_| en, PT_DATA_REQ) ) {
f unc=REQ_DATA,;
}



el se{
put stringf("\r\nDATA REQUEST FAI LED(1)\r\n>");
func=TX;
}
}
el se{
func=TX;
}

br eak;
case( SEND) :
func=TX;
i f (encode_and_send_packet (cnd, cnd_| en, PT_DATA) ) {
putstringf("\r\nDATA SENT CORRECTLY");
/'l putchar (' 0" +func);
putstringf("\r\n>");

el se{
putstringf("\r\nCOULD NOT TRANSM T DATA\r\n>");
}
br eak;
defaul t:
f unc=BAD;
}
}
/*

/I speed detection...lowspeed if d- high, full-speed if d+ high
if(((Dplu==1)||(Dm n==1)) &&( devi ce_det ect ed==0) ) {

| ow_speed=Dnmi n;

devi ce_det ect ed=1;

}
i f(device_detected==1){
if(Dplu==1 || Dmin==1){
i f(low_speed==Dnmi n) device_detected=2;
el se devi ce_det ect ed=0;

}

el se
devi ce_det ect ed=0;

el se if(device_detected==2){
devi ce_det ect ed=3;
if(low speed==1){
putstringf("LOW SPEED DEVI CE DETECTED\ r\ n");
}

el se{
putstringf("FULL SPEED DEVI CE DETECTED\r\n");

yel
}

}
el se if (DI RECTI ON==RX) {
i f(rx_packet (PT_DATA, 1)){
i f(*(rx_data+2)==PT_DATA_REQ) {
if(tx_data_valid){
del ay_ns(100);
i f (encode_and_send_packet (tx_data_buffer, cnd_I en, PT_DATA)) {
UART_node( RS232, 1) ;
putstringf("\r\nDATA SENT CORRECTLY\r\n");

el se{
UART_npde( RS232, 1) ;
putstringf("\r\nCOULD NOT TRANSM T DATA r\n");

}
}
el se{
encode_and_send_packet (t x_dat a_buf f er, 0, PT_DATA) ;
UART_npde( RS232, 1) ;
putstringf("\r\nSENDI NG NULL DATA\r\n");
}
el se{

UART_node( RS232, 1) ;

put stringf (" RECEI VED DATA: ");

for (i =HEADER_SI ZE_DI V2; i<rx_data_len; i++){
putchar(rx_data[i]);

putchar (' \r");
putchar('\n");

}
/1 UART_npde( RADI O, 0) ;

88



UART_node( RS232, 0) ;
for(i=0;i<100;i++){
i f (UCSRA & 0b10000000) break;
del ay_us(250);

i f (UCSRA & 0b10000000) { /1 RX done bit
cmd[ 0] =get char () ;
if(cmd[0]=="x"){
del ay_ns(50);
put stringf (" BUFFER DATA>");
buf f eri ng=1;
whi | e(buffering){
tx_dat a_val i d=0;
i f(UCSRA & 0b10000000){ /1 RX done bit
cmd[ cndi ] =get char () ;
i f(cndi ==MAX_CMD_SI ZE-1) {
crd[cmdi]="\r'; //force |linefeed

}
putchar (cmd[cmdi]);
if(cmd[cndi]==8){ //backspace
i f(crdi ==0){
putchar('>");

el se{
putchar(' ');
put char (cnd[ cndi ]);
cmdi --;

}

}

else if(cmd[cndi]=="\r"){
putchar('\n");
putchar('>");
cmd[cmdi ] ="'\ 0";
cmd_r eady=1;
cmd_I| en=cmdi ;
cmdi =0;

el sef
crmdi ++;
}

i}f(crrd_r eady) {
cmd_r eady=0;
for(i=0;i<crmd_Ilen;i++){
tx_data_buffer[i]=cmd[i];

tx_data_valid=1;

buf f eri ng=0;
}
: }
UART_node( RADI O, 0) ;
el se{
UART_node(RADI O, 0) ;
}
}
}
}
G obal Initialization Code (gl obals.c)
5
-~ Project: Wreless us8
-- Platform USB v1.1w WUSB v1.2 boards
-- Aut hor: Sean Kel | er

-- sj k26@ornel | . edu

-- Revision: 1.0

-- Sets up the AtMega8L MCU, initializes the UART,
-- handl es the tinmer2 overflow interrupt

-- Known Bugs: NONE
-- References: NONE
-- Copyright (C) 2004 Sean Kel | er

-- sj k26@ornel | . edu
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#i ncl ude <nega8. h>
#include "rf.h"
#i nclude "gl obals.h"

unsi gned char timer_rel oad;

unsi gned char one_ns_counter;
unsi gned char MODE;

unsi gned char DI RECTI ON;

extern unsigned char rx_buffer[];
extern unsigned char tx_buffer[];

voi d global _init(){
char i;
/| SET BOARD TYPE
/1 DI RECTI ON=DI R;
DDRB=0b11111111;

DDRC=0b11001110;

PORTC=0b00000000;

DDRD=0b11101111;

PORTD=0b00000000;

ACSR=0x80; /1 Anal og Conparator off (allows use of digital I/0O on D6,7)
CNTRL1=0; /1 UART is set for RS232 COWM

CNTRL2=0;

MODE=RS232;

CNTRL2=0; /I not used yet

ACK_O=0;

RESET=1; //CPLD is in RESET wt USB
/linitialize the timers

TCCR2=0x03; /1 (divide by 32) @Mz = 8us per tick
TI MSK=0x40; /l1timer2 overflow interrupt enable

//set the reload to be 130=255-125, 125x8us=1ns;
tinmer_rel oad=130;

/1 for debuggi ng
for(i=0; i<RX_TX BUFFER SIZE-1; i ++){
tx_buffer[i]=0;

}

for(i=0; i <RX_TX_BUFFER SI ZE-1; i ++){
rx_buffer[i]=0;

}

}

void terminal _init(){
/1 UBRR=(4000000L/ (9600*16))- 1;
UCSRA=0b00100010; //enabl e u2x
UBRRH=0;
UBRRL=8;// for 57.6k 25/51 for 9600 u2x0/1;
UCSRB=0b00011000;
UCSRC=0b10000110; //bit 3 is set for 2 stop bits, 5 and 4 for odd parity

}

//switches the UART to and from RS232 and the Transceiver via the PLD
/1the delay functionality is no |onger needed and ignored
voi d UART_node(unsi gned char node, unsigned char del ay){
i f (MODE==npde) {
return;

el sef
MODE=nonde;
while (!(UCSRA & 0b11100000)){};
i f(delay) delay_ns(30);
UCSRB=0b00000000; //turn off uart
i f (nde==RS232) {

CNTRL2=0;
UCSRA=0b00100010; //enabl e u2x
UBRRH=0;
UBRRL=8; /'l for 57.6k

}
el se i f(mde==RADI O) {
CNTRL1=1;
CNTRL2=0;
UCSRA=0b00100000; //disable u2x
UBRRH=0;
UBRRL=0; /'l for 250k

}



el se i f(mde==HUART){
CNTRL1=0;
CNTRL2=1;

LI se i f(mde==UCPLD){
CNTRL1=1;
CNTRL2=1;
UCSRA=0b00100010; //enable u2x
UBRRH=0;
UBRRL=8; /1 for 57.6k

}
UCSRB=0b00011000; //turn on uart
i f(delay) delay_ns(30);
}
}

voi d putstringf(flash unsigned char* str){
unsi gned char index=0;
while((str[index]!="\0") && (index<255)){
putchar (str[index++]);

}

//timer 0 overflow ISR
#pragma saver eg-
interrupt [TIM2_OVF] void timerO_overflow(void){
#asm
push r30
push r31
in r 30, SREG
push r30
#endasm
/lreload to force 1 nSec overflow
TCNT2=t i mer _r el oad;
one_ns_count er ++;
#asm
pop r30
out SREG, r 30
pop r31
pop r30
#endasm

#pragma saver eg+

RF Code (rf.c)

5w
-- Project: Wrel ess USB

-- Platform USB v1.1w WUSB v1.2 boards

-- Aut hor: Sean Kel | er

-- sj k26@ornel | . edu

-- Revision: 1.0

/1 This contains all radio interfacing, protocal, and encoding code
/1A'l outgoing data is nmanchester encoded and dunped into tx_buffer[]
/1A'l inconding data is buffered into rx_buffer[] and manchester

/'l decoded into rx_data. The manchester encodi ng doubles the data
/'l size but ensures a run length of no nore then 2 zeros or ones.

/1 The RF frequency can be set in rf_init()

/1 The Header contains PID: CHKSM TYPE

/11f a packet does not get an ACK it is resent

/11f a valid packet with valid checksumis received it is put into
/lrx_data and the rx_data_valid flag is set

/1 The nunber of tinmes a transmitter retries a packet is TX_RETRI ES
/lrx_packet blocks until receiving a valid packet or until timng out
/'l after the nunmber of 100us passed in as an unsigned char

/IPIDis increnented circularly and used to identify each packet

/I NOTE: | refferenced the publically avail able source code that cones
/1 with Mcro Linear's M2724 Start Kit. Mst of this code is

/1 conpletely mine, but I did copy the Manchester Encode and Decode
/1 routines along with the man_en_code[] man_de_codes[] and

/'l center_freq[] arrays.

-- Known Bugs: NONE
-- References: NONE
-- Copyri ght (C) 2004 Sean Keller

-- sj k26@ornel | . edu
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#i ncl ude <nega8. h>
#i ncl ude <del ay. h>
#include "rf.h"

#i nclude "gl obal s. h"

flash unsigned char man_en_codes[] = {

0x55, 0x56, 0x59, O0x5a, 0x65, 0x66, 0x69, O0x6a,
0x95, 0x96, 0x99, 0x9a, Oxab5, Oxa6, Oxa9, Oxaa
b

flash unsigned char man_de_codes[] = {
0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x01, 0xO00,
0x00, 0x02, 0x03, 0x00, 0x00, 0x00, 0x00, 0x00

b

/'l fc=center_freq[x]*1. 024MHz

flash unsigned int center_freq[] = {
2346, 2348, 2350, 2352, 2354, 2356, 2358, 2360, 2362, 2364,
2366, 2368, 2370, 2372, 2374, 2376, 2378, 2380, 2382, 2384,
2386, 2388, 2390, 2392, 2394, 2396, 2398, 2400, 2402, 2404,
2406, 2408, 2410, 2412, 2414, 2416, 2418, 2420, 2422, 2424

b

/1globals for the radio

unsi gned char tx_buffer[ RX_TX_BUFFER_SI ZE] ;

unsi gned char rx_buffer[ RX_TX_BUFFER_SI ZE] ;

unsi gned char rx_data[ RX_TX_BUFFER_SI ZE_DI V2] ;

/1 manchester encode doubl es the size of the data
/'l so the buffers containing the encoded datat nust
/1l be twice the size of the data

unsi gned char rx_data_l en;

unsi gned char rx_data_valid;

unsi gned char rx_timeout;

unsi gned char retries;

unsi gned char PID;

unsi gned char HEADER[ HEADER_SI ZE] ; / / Pl D: CHKSUM
extern unsi gned char one_ns_counter;

/1 This function turns on the RF boards, wites to the board' s data
/lregisters: 0, 1, and 2, and clears/sets sone globals
void rf_init(){

unsigned int tenp;

SLEEP=1; /I'RF is not asleep (activer |ow)
del ay_ms(250); /lregul ator startup del ay

XCEN=0; /I RF is not powered yet
REF_CNTRL=1; /1 RF cl ock on

RF_RX_EN=1; /1 RX enabl ed

EN=1,; /13 wire serial interface idle
DATA=0; /13 wire serial interface idle
CLK=0; /13 wire serial interface idle
t enp=0;

del ay_ns(100); /lconservative glitch prevention
wite_rf_reg(tenp); /ldefault val for register 0O

//default val for register 1 and freq=2482. 176MHz
wite_rf_reg(tenp | (center_freq[39]<<2) | 1);
wite_rf_reg(temp | 2); /ldefualt val for register 2
del ay_ns(100);

XCEN=1; //Turn radio on

del ay_ns(100);

i f (DI RECTI ON==TX) PI D=33;

el se Pl D=55;

rx_data_val i d=0; //No Valid data yet
tx_data_val i d=0;

}

/I'Wites into the M.2724 DATA 0,1, 2 registers
void wite_rf_reg(unsigned int val){
char i;
EN = O; //enable 3 wire serial interface
for(i=16;i>0;i--){ //wite nsb to |Isb
CLK = 0;
#asm
nop
nop
nop
nop
#endasm
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/'l wite bit to radio data port (MSB first)

DATA = (val
#asm
nop

nop

nop

nop
#endasm
CLK = 1;
#asm
nop

nop

nop

nop
#endasm

/1 if wite was to channel
if((val & 0x01) == 0x01){
del ay_ns(2);
}
}

; //disable 3 wire serial

>> i-1) & 0x01;

interface

frequency reg,

//pass in data and length to tx a packet

/lreturns 1 if sucessful,
unsi gned char
unsi gned char tx_buffer_si
unsi gned char checksumr0;
retries=0;
UART_node( RADI O, 1) ;

t x_buf fer_si ze=man_encode(dat a,
//the checksum and PID are part
checksumecal c_checksun( dat a,
HEADER) ;

man_encode(&PI D, 1,

0 otherw se
encode_and_send_packet (unsi gned char*

ze;

len, tx_buffer);
of the header
I en);

man_encode( &hecksum 1, &HEADER[2]);

dat a,

not data

man_encode( & ype, 1,

&HEADER] 4] ) ;

//send wait for

ACK recurse until

reachi ng TX_RETRI ES

whi | e(retri es<TX_RETRI ES) {

allow for filter tuning

unsi gned char

RF_RX_EN=0;

/1 TX enabl ed

del ay_us(125); //wait for stable tx
t x_packet (t x_buf fer_size);
retries+=wait_for_ACK();
del ay_us(100);
}
Pl D++;
UART_node( RS232, 1) ;
if(retries==TX_RETRI ES)
return O;
el se
return 1;
}
/1 return a 1l if valid data received
/1 if the packet is an ACK, do not reply

unsi gned char rx_packet (unsi
unsi gned char sop_i ndex =
unsi gned char eop_index =
unsi gned char index;
unsi gned char
unsi gned char checksum=0;
unsi gned char newcount =0;
rx_dat a_val i d=0;
UART_node( RADI O, 1) ;
RF_RX_EN=1;
del ay_us(125); //wait for
rx_buf fer_i ndex=0;
rx_ti meout =0;
one_ns_count er =0;
if(tinmeout_100n8>0){

gned char type,
RX_TX_BUFFER_SI ZE;
RX_TX_BUFFER_SI ZE;

rx_buffer_index;

/1 RX enabl ed

stable rx

//turn on interrupts for timer overflow counter

#asm
sei
#endasm

}

whi | e((RSSI ==0) && (rx_timeout==0)){

i f (one_ns_count er>100) {
one_ms_count er =0;

i f (++newcount >=ti nmeout _100ns) {

rx_timeout=1;

len,

unsi gned char tinmeout_100ns) {

unsi gned char

type){
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}

}

}

#asm
cli

#endasm

whi | e( (RSSI ==1) && (rx_buffer_i ndex<RX_TX_BUFFER_SI ZE-1) && (rx_ti meout==0)){
rx_buffer[rx_buffer_index++] = rx_byte();

}

//1find index of start and end of packet narkers
/1 start at last byte received and work backward through buffer
for(index=rx_buffer_index; index>0; index--){

i f(rx_buffer[index-1] == START_OF_PACKET) {

sop_i ndex = index-1;

}

i f(rx_buffer[index-1] == END_OF_PACKET) {
eop_i ndex = index-1;

}

if(sop_index == RX_TX BUFFER_SI ZE || eop_i ndex == RX_TX_BUFFER_SI ZE) {
for(index=0;index<RX_TX_BUFFER_SI ZE_DI V2; index++){
rx_dat a[ i ndex] =0;

rx_data_l en=0;

el se{

/1 decode packet betwen soplndex and eopl ndex

decode_packet (sop_i ndex, eop_i ndex);

i f((type==PT_DATA) || (type==PT_DATA _REQ){
del ay_ns(10);
/lverify the checksum
checksunrcal c_checksun( & x_dat a[ HEADER_SI ZE_DI V2], r x_dat a_| en- HEADER_SI ZE_DI V2) ;
//deal with duplicate data/lost ACK
i f(rx_data[0] ==PID){

encode_and_send_ACK(rx_data[0]);

el se{

i f(checksume=*(rx_data+1)){
rx_data_val i d=1;
encode_and_send_ACK(rx_data[0]);

}

}
}
}

if ((DI RECTI ON==TX) && (DEBUG==1)){
UART_npde( RS232, 1) ;
putchar('P);
put char (PI D);
putchar('R);
putchar('0' + retries);
putchar('\n");
putchar('\r");
UART_node( RADI O, 1) ;
}

return rx_data_valid;

//sinmply sends enpty packet (PID is key)
voi d encode_and_send_ACK(unsi gned char pid){
unsi gned char tx_buffer_size;

Pl D=pi d;
man_encode(&PI D, 1, HEADER);
RF_RX_EN=0; /1 TX enabl ed

del ay_us(125); //wait for stable tx
t x_packet (0);

RF_RX_EN=1; /1 RX enabl ed
del ay_us(125); //wait for stable rx

/lwait for ACK for 200us
unsi gned char wait_for_ACK(){
rx_packet (PT_ACK, 2) ;
i f(rx_data[ 0] ==PI D){
return TX_RETRI ES+5;
}



el sef
return 0x01;
}

}

/1 sends a tx_packet of size tx_packet size
voi d tx_packet (unsi gned char tx_buffer_size){
char count;
/'l send radi o conditioning preanble
count = CONDI TI ON_PREAMBLE_LENGTH,;
whi | e(count--){
t x_byt e( CONDI TI ON_PREAMBLE) ;

3/ send UART synch preanbl e

t x_byt e( SYNC_PREAMBLE_1) ;

t x_byt e( SYNC_PREAMBLE_2) ;

t X_byt e( SYNC_PREAMBLE_3) ;

t x_byt e( SYNC_PREAMBLE_4) ;

/1 send start of packet narker

t X_byt e( START_OF_PACKET) ;

/1 Send the header PI D: CHKSUM

f or (count =0; count <HEADER_SI ZE; count ++) {
t x_byt e( HEADER] count]);

/1 send packet contents
for(count=0; count<tx_buffer_size; count++){
tx_byte(tx_buffer[count]);

/1 send end of packet mark
t x_byt e( END_OF_PACKET) ;
/1 send postanble
count = POSTAMBLE_LENGTH;
whi | e(count--){

t x_byt e( POSTAMBLE_BYTE) ;

del ay_us(100);
}

/I machester decode the data into rx_data
voi d decode_packet (unsi gned char sop_index, unsigned char eop_index){
unsi gned char si ze;
unsi gned char i;
size = eop_index - sop_index - 1;
rx_data_l en = man_decode( (unsi gned char*) & x_buffer[sop_i ndex+1], size);
//clear RX buffer
for (i=0; i<RX_TX_BUFFER SIZE 1; i++){
rx_buffer[i]=0;
}

}

/1blocking tx of a byte

voi d tx_byte(unsigned char data){
while (!(UCSRA & 0b00100000));
UDR=dat a;

}

/1blocking rx of a byte

unsi gned char rx_byte(){
whi | e(! (UCSRA & 0b10000000));
return UDR;

}

/I manchester encodes the data passed in into the tx_buffer and returns the
/'l new data | ength
unsi gned char man_encode(unsi gned char* data, unsigned char |en, unsigned char* dest){
unsi gned char count =0;
unsi gned char index=0;
whi | e(count <l en){
//tx_buffer[count]=data[count];

dest[index++] = man_en_codes[data[count] & O0xOf];
dest[index++] = man_en_codes[ (data[count]>>4) & 0x0f];
count ++;

return index;
/lreturn count;

}

/I manchest er decodes the data passed in into rx_data and returns the

/'l new data | ength

unsi gned char man_decode(unsi gned char* data, unsigned char |en){
unsi gned char packet _i ndex=0;
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unsi gned char rx_i ndex=0;
unsi gned char reconstruct;
unsi gned char buffer_val ue;
whi |l e(rx_index < |en){
reconstruct =0;
buf f er _val ue
reconstruct |
reconstruct |
buf f er _val ue
reconstruct
reconstruct
rx_dat a[ pack

}

return packet _i ndex;

}

/lcalcul ates and returns sinple sumof each data byte nod 256
unsi gned char cal c_checksun{unsi gned char* data, unsigned char len){
unsi gned char i;
unsi gned char sum
sune0;
for(i=0; i<len; i++){
sumt=datali];

dat a[ r x_i ndex++] ;

man_de_codes[ (buffer_value >> 4) & 0x0f] << 2;
man_de_codes[ (buffer_val ue) & 0x0f];

dat a[ r x_i ndex++] ;

man_de_codes[ (buf fer_val ue >> 4) & 0x0f] << 6;
man_de_codes|[ (buf fer_val ue) & Ox0f] << 4;

t _i ndex++] = reconstruct;

o ——

return sum

RF Header (rf.h)

T T
-- Project: Wreless USB

-- Platform USB v1.1w WUSB v1.2 boards

-- Aut hor: Sean Kel | er

-- sj k26@ornel | . edu

-- Revision: 1.0

-- These are the critical defines for the RF boards
-- the RX_TX_BUFFER_SIZE is 255 bytes and

-- RX_TX_BUFFER_SI ZE_DI V2 is 127 bytes

-- Known Bugs: NONE

-- References: NONE

-- Copyright (C 2004 Sean Kel | er

-- sj k26@ornel | . edu
il x
#defi ne RX_TX_BUFFER_SI ZE OxFF

#defi ne RX_TX BUFFER_SI ZE_DI V2 0x79

#define START_OF_PACKET OXE7

#defi ne END_OF_PACKET OX7E

#defi ne CONDI TI ON_PREAMBLE_LENGTH 0x08

#defi ne CONDI TI ON_PREAMBLE 0x55

#defi ne SYNC_PREAMBLE_LENGTH 0x04

#defi ne SYNC_PREAMBLE_1 0x44

#defi ne SYNC_PREAMBLE_2 0x11

#defi ne SYNC_PREAMBLE_3 0x45

#defi ne SYNC_PREAMBLE_4 0x15

#def i ne POSTAMBLE_LENGTH 0x04

#defi ne POSTAMBLE_BYTE OxAA

/1 TX_RETRI ES defines the nunber of times a transmitter should
/lre-transmt data after timing out fromnot receiving an ACK

#define TX_RETRI ES 0x09

/1 The byte length of the encoded header and true header
#def i ne HEADER_SI ZE 0x06

#defi ne HEADER_SI ZE_DI V2 0x03

/| Packet Types PT

#define PT_ACK 0x33

#defi ne PT_DATA 0x44

#define PT_DATA REQ 0x55

/1 function prototypes

void rf_init();

void wite_rf_reg(unsigned int);
voi d tx_byte(unsigned char);
unsi gned char rx_byte();
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voi d tx_packet (unsigned char);

unsi gned char rx_packet (unsi gned char, unsigned char);

unsi gned char man_encode(unsi gned char*, unsigned char, unsigned char*);

unsi gned char man_decode(unsi gned char*, unsigned char);

unsi gned char encode_and_send_packet (unsi gned char*, unsigned char, unsigned char);
voi d decode_packet (unsi gned char, unsigned char);

unsi gned char wait_for_ACK();

voi d encode_and_send_ACK(unsi gned char);

unsi gned char cal c_checksun{unsi gned char*, unsigned char);

d obal Header (gl obal. h)

f F o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eee e aao o
-- Project: W rel ess USB

-- Platform USB vi1.1w WUSB v1.2 boards

-- Aut hor: Sean Kel | er

-- sj k26@ornel | . edu

-- Revision: 1.0

-- Contai ns inportant global defines

-- DIR (TX/RX) sets the master direction to be transmit
-- (TX) or receive (RX)

-- DEBUG 1 turns on sone nore RS232 out put

-- MAX_CMD_SI ZE is the maxi mum size ASClI input string and
-- it nmust not exceed RX_TX_DATA_SIZE DI V2 -

-- (HEADER_SI ZE_DI V2 + |l en(SOP) + len(EOP)) which is

-- currently in decimal: 128 - (3 + 1 + 1) = 123 bytes
-- Known Bugs: NONE

-- References: NONE

-- Copyright (C) 2004 Sean Kel | er

-- sj k26@ornel | . edu

/* PORT CONNECTS

PCO-I N :RSSI Analog Transm t/Recei ve Power
PC1- QUT : XCEN Enabl es M.2724 Regul at or

PC2- QUT : SLEEP (Places M.2724 into sl eep node)
PC3- QUT : REF_CNTRL (ENabl es M.2724 Cl ock)
PC4-IN :USB D

PC5-I N :USB D+

PDO- sSPE  : UART RXD

PD1- SPE : UART TXD

PD2- QUT : RESET

PD3-QUT : PLD's (ACK_I) MCU s ACK_O

PD4-IN : PLD s (ACK_ O MU s ACK_I

PD5- QUT :EN (M.2724 Serial Bus Enable)

PD6- QUT : DATA (M.2724 Serial Data Line)
PD7- QUT : CLk (M.2724 Serial Cl ock)

PBO- QUT : MCU_CNTRL1

PB1- QUT : MCU_CNTRL2

PB2- QUT :rf_rx_en

CLKA: 1. 5WMhz
CLKB: 6MHz
CLKC: 1Mz
CLKD: 4Mhz

*/

#define DIR TX

#def i ne DEBUG 0

#defi ne MAX_CMD_SI ZE 50
#define RSSI PINC. 0
#defi ne XCEN PORTC. 1
#defi ne SLEEP PORTC. 2
#defi ne REF_CNTRL PORTC. 3
#define Dmin PINC. 4
#define Dplu PINC.5
#defi ne RESET PORTD. 2
#define ACK_O PORTD. 3
#define ACK_| PIND. 4
#define EN PORTD. 5
#defi ne DATA PORTD. 6
#define CLK PORTD. 7



#define CNTRL1 PORTB. 0
#define CNTRL2 PORTB. 1
#define RF_RX_EN PORTB. 2
#define RX 0

#define TX 1

#define SEND 2

#defi ne REQ DATA 3
#defi ne BAD 255

/1 usb types

#defi ne CNTRL_PKT 85
#define USB_PKT 170
#define LS 163

#define FS 136

#define EOT_PKT 114
#define RESET_D 201

/* quartz crystal frequency [Hz] */
#define xtal 4000000L

/* Baud rate */

#define baud 9600

#define RS232 1
#define RADI O 2
#defi ne HUART 3
#define UCPLD 4

/1 function prototypes

void global _init();

void termnal _init();

voi d UART_node(unsi gned char, unsigned char);
voi d putstringf(flash unsigned char*);
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