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HOTLInk™-Based Data-Mover

Introduction

This application note details the design and implementation
of a generic data-mover based on the Cypress HOTLIink™
high-speed serial interface transmitter/receiver ICs. The de-
sign is implemented using clocked FIFOs for data storage, a
pASIC FPGA (field programmable gate array) as the system
and serial-link controller, and HOTLink for the serial transmis-
sion and reception of the data. The pASIC controller design
is implemented in a hierarchical structure of VHDL files to
allow simple reuse or modification of the various modules to
meet user-specific implementation requirements.

What is a Data-Mover?

A data-mover is that portion of a design or piece of equipment
whose sole purpose is to move significant quantities of data
from one physical location to another. Data-movers are quite
common in most digital equipment. Common computer inter-
faces like printer ports, serial ports, and modems are all forms
of data movers. Other parts of systems that also fall under the
data-mover umbrella are backplanes, buses, sensor connec-
tions, etc.

The design described in this application note is applicable to
those types of data-movers that can benefit from the speed,
distance, power, and cost advantages of serial data transmis-
sion.

Data-Mover Design

The first part of any design effort is to define the requirements
of the design. For this design the requirements are

» Simultaneous bidirectional transmission of data
Guaranteed reliable data transfer

Hardware-based link-error recovery

Parity-protected data paths

Self-contained link diagnostics including
— Local and remote data loopback

— Local and remote BIST

» FIFO-based data storage

In addition to these fundamental requirements, some deci-
sions must be made as to the functionality of the parallel or
host-side interface of the design. A byte-wide interface was
selected for this design to simplify the buffer resource require-
ments. This host interface can easily be changed to multi-byte
widths to match up with specific host bus requirements.

This design was implemented using Cypress CY9266
HOTLink evaluation boards for the media interface. These
cards provide a documented and proven serial media inter-
face, and allow a variety of optical and copper media to be
used for the serial connection. The complete design and func-
tionality of these cards are documented in the Cypress
“CY9266 HOTLink Evaluation Board User’s Guide.”

Cypress Semiconductor Corporation .
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A complete parts list and interconnect schematic for the data
buffer and control portions of this data-mover may be found
in Appendices A through G of this application note.

Top-Level Block Diagram

This data-mover operates similar to a digital modem and is
capable of moving continuous streams of data bidirectionally
between two points. The design is symmetrical in nature, with
both ends of the data-mover built with identical hardware. A
top-level block diagram is shown in Figure 1. Because of the
symmetrical or peer-to-peer type of design, Figure 1 only
shows one half of a full system.

The Control-PLD is the center or hub of the data-mover. It
manages the transmit and receive FIFOs, error management,
and diagnostic functions. All data passes through the
Control-PLD, with link protocol and error check characters
added and removed automatically.

This Control-PLD is almost entirely synchronous with the
transmit path clock. This allows the internal state machines
for both the transmit and receive data paths to interact without
large numbers of metastable prevention, speed matching, or
handshake circuits. The internal design hierarchy of VHDL
modules used to create this Control-PLD is shown in Appen-
dix A, while the external pin connections of the part are shown
in Appendix C.

FIFO Buffers

FIFO memories are used for all data buffers in the design.
This removes the need for large numbers of address counters
and address-pin connections. By their very nature, FIFOs are
also dual ported. This allows simultaneous read and write
access to the data buffers by both the host bus and the
Control-PLD.

All FIFOs used in this data-mover are of the clocked or syn-
chronous variety. This selection was made to maximize the
timing margins in the design. It allows the data-mover to op-
erate at full speed (33 MBytes/second/direction) without the
constraint of requiring special read and write pulse shapes. It
also allows the design to operate at its maximum speed using
the slowest available clocked FIFOs.

A total of seven FIFOs are present in each end of the system.
These are:

» Receive Input FIFO—This FIFO is used as a speed match-
ing buffer between the HOTLink receiver and the Con-
trol-PLD. It uses the HOTLink receiver RDY signal to filter
out excess fill characters and prevent a FIFO overflow. This
FIFO is referenced as U14 in the schematic in Appendix C.

» Receive Packet FIFO-A—This FIFO is used to receive a
packet (with parity) and hold the packet until it has been
validated. Following validation, the packet is transferred to
the bulk receive FIFO. This FIFO is referenced as U12 in
the schematic in Appendix D.
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Figure 1. Data Mover Top-Level Block Diagram

Receive Packet FIFO-B—This FIFO is identical in opera-
tion to the receive packet FIFO-A. Dual packet FIFOs are
used to allow overlapped operation with the receive packet
FIFO-A. This FIFO is referenced as U11 in the schematic
in Appendix D.

» Bulk Receive FIFO—This FIFO accumulates the validated
data for transfer to the host bus. It is capable of containing
multiple packets to allow sustained operation at the maxi-
mum rate of the serial link. This FIFO is referenced as U10
in the schematic in Appendix D.

Bulk Transmit FIFO—This FIFO operates similar to the bulk
receive FIFO. It allows the host bus to load large amounts
of data for transmission to the remote end of the link. This
FIFO is referenced as U9 in the schematic in Appendix D.

Transmit Packet FIFO-1—This FIFO accumulates a packet
for transmission. Once sufficient data is loaded into the
packet FIFO, the data is routed through the Control-PLD
for transmission on the serial link. When transmitting, this
FIFO is operated in a recirculate mode to allow immediate
retransmission of the packet if errors are detected by the
remote receiver. This FIFO is referenced as U5 in the sche-
matic in Appendix D.

» Transmit Packet FIFO-2—This FIFO is identical in opera-
tion to the transmit packet FIFO-1. It allows overlapped load
and transmit operations with transmit packet FIFO-1. This
FIFO is referenced as U6 in the schematic in Appendix D.

Cypress CY7C451 FIFOs were selected for the packet FIFOs
in this design. Their 512 x 9 size offers a reasonable maxi-
mum packet size. Other synchronous or clocked FIFOs may
also be used in the design, often with no modification to the
Control-PLD logic. Some possible FIFOs are listed in Table 1.

Not all FIFOs listed in Table 1 will work directly in this design
without modification, but all support the synchronous data
and flag interface required by the Control-PLD. Specific capa-

bilities (three-state outputs, programmable flags, retransmit
capability, etc.) are present in some, but not all, of these com-
ponents. Selection of appropriate FIFOs should be based on
the specific implementation and performance requirements of
the user’s design.

Table 1. Cypress Synchronous/Clocked FIFOs

Word
Depth 9-Bit Width 18-Bit Width
64 CY7C4421 CY7C4425
256 CY7C4201 CY7C4205
512 CY7C4211, CY7C441, [CY7CA4215, CY7C455
CY7C451
1K CY7C4221 CY7C4225, CY7C456
2K CY7C4231, CY7C443, |[CY7C4235, CY7CA57
CY7C453
4K CY7C4241 CY7C4245
8K CY7C4251 CY7C4255
16K CY7C4261 CY7C4265
32K CY7C4271

Host Bus Interface

The Control-PLD requires a host processor or other external
control to direct it into various diagnostic modes, and to act
as a source and sink for data transferred across the link. In
this design, this interface is presented as a single byte-wide
port. The transmit and receive data-path bulk FIFOs can be
kept on separate buses, or all placed on a common bus.

The interface to the transmit data path is through a CY7C453
clocked FIFO. This FIFO can be loaded at speeds of up to 70
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MHz (70 MBytes/second). This is substantially faster than the
rate at which data can be transmitted through the serial link
(33 MBytes/second). If the host system is capable of transfer-
ring data at this fast rate, it will have sufficient bandwidth avail-
able to service the receive bulk FIFO through a shared port
with the transmit FIFO.

The host bus interface to these transmit and receive FIFOs is
implemented as a single byte-wide interface. Alternate word
widths (16-bit, 32-bit, etc.) are also possible using additional
FIFOs (or FIFOs with wider data paths), and should be select-
ed based on the specific host bus configuration. Selection of
alternate bus widths will affect other portions of the design
that presently use a byte-wide data path.

This design assumes the transmit FIFO is loaded with data
having odd parity. This parity is checked as the data is read
from the packet FIFOs. If odd parity is not present on the data,
the Control-PLD will still transmit the data, but a transmission
error will be forced at the HOTLink transmitter by asserting
SVS.

A small change to the Control-PLD can remove this parity
requirement; however, such a change will not free up any sig-
nificant resources within the Control-PLD. A large majority of
the XOR structures used to implement the parity tree are
shared with the CRC generator.

The receive path appends odd parity to each received char-
acter prior to loading that data into the receive packet FIFOs.
This parity information is carried through the bulk receive
FIFO, and may be checked or disregarded by the host bus
interface hardware.

HOTLink Interface

This data mover design was configured around the capabili-
ties present in the CY9266 HOTLink Evaluation Boards.
These boards provide a standardized parallel interface to the
HOTLink transmitter and receiver, as well as access to vari-
ous physical media interfaces for fiber-optic, coax, and shield-
ed twisted pair media. Additional information on these
CY9266 boards is available in the “CY9266 HOTLink Evalua-
tion Board User's Guide.” The physical connection to these
cards is through a 60-pin board edge connector. The sche-
matic of the interconnect between the Control-PLD and the
CY9266 cards is shown in Appendix C.

For use with this data-mover design, the HOTLink transmitter
is configured to use its internal 8B/10B encoder, and is en-
abled to accept a character on every clock cycle (ENA is tied
LOW with ENN tied HIGH). This allows the transmitter to start
generation of the BIST sequence by assertion of only the
BISTEN signal.

Wwith ENA hardwired active, all Sync/Fill characters (C5.0)
must be generated by the Control-PLD. Generation of this
character is controlled by the transmit data path mux in the
Control-PLD, such that the default state (when no data is
available) is to output a C5.0 SYNC code.

The HOTLInk receiver is also configured to use its internal
8B/10B decoder. To simplify framing operations, the transmis-
sion protocol is set up to ensure a minimum of two C5.0 char-
acters between packets. This allows the receiver RF (re-
frame) control line to be hardwired HIGH, enabling the
receiver's multi-byte framer.

The HOTLink receiver data bus is routed through an arbitrarily
sized receive input clocked FIFO. This FIFO is used to

change the data timing reference from a recovered receive
data clock (CKR) to the same clock used for transmitting data
(CKW). The CKR clock is used for the write clock for this
FIFO, with the read clock being the CKW clock.

The packet protocol is constructed such that not all charac-
ters received are written into this Receive Input FIFO. Since
a read occurs on every CKW clock cycle, and the read and
write clock rates are nearly identical, the FIFO can never over-
flow. In fact, this FIFO remains at (or within one or two bytes
of) empty at all times. For those skilled in the art of reliable
FIFO design, it could be possible to include this speed match-
ing function within the Control-PLD.

The receiver CKR clock is still used in the Control-PLD, but
only for those state machines monitoring BIST progress in the
receiver. These state machines operate using signals (RDY
and RVS) that are synchronous to the CKR clock, with their
output information routed through metastable prevention cir-
cuits internal to the Control-PLD.

Control Codes

The serial interface is both controlled and maintained by the
selective use of control codes. These control codes are char-
acters that can be sent and received across the serial inter-
face the same way that data characters are transmitted and
received.

The 8B/10B code built into HOTLink allows the use of twelve
different control codes, identified as C0.0 through C11.0 (for
an explanation of the character naming conventions please
see the CY7B923/CY7B933 data sheet or the Cypress
HOTLink User’s Guide). Because these control codes exist
separate from the codes used to represent the normal 256
data characters, they may be freely intermixed with the data
stream and easily separated at the receive end of the link.

This capability to intermix control codes with data characters
allows these control codes to be used as part of a low-level
protocol to control and maintain the interface. For this
data-mover, each of the twelve available control codes has
been mapped to a specific function or meaning. Those func-
tions selected are listed in Table 2.

Table 2. Control Codes

Code Name Function
C0.0 EOP End Of Packet
C1.0 ACK Acknowledge Packet
Cc2.0 NAK Not Acknowledge Packet
C3.0 XON Enable Transmission
Cc4.0 XOFF Disable Transmission
C5.0 SYNC Synchronize/Fill

C6.0 RLBON
Cc7.0 RLBOFF
Cc8.0 RBISTON
C9.0 RBISTOFF
C10.0 |RRESET
C11.0 |RCOMP

Enable Remote Loopback

Disable Remote Loopback
Enable Remote BIST
Disable Remote BIST
Reset Remote Controller

Reset Complete
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The assignment of a specific control code to a specific func-
tion is for the most part arbitrary. The one exception to this is
the C5.0 code. This control code is used for two functions:
character-synchronization of the HOTLink receiver, and as a
filler character to be sent when no other information is pend-
ing. In any type of HOTLink-based serial link this control code
must always be used for this function, because the synchro-
nization operation is performed in the HOTLink receiver, not
in the Control-PLD.

For applications that require more than twelve functions to
develop or support a protocol, it is possible to create addition-
al function/code-mappings by grouping a control code with
one or more additional control codes or data characters. This
specific sequence of characters is then used to determine the
desired function.

This is similar to the use of escape sequences to control print-
ers, whereby a single control code (usually a hexadecimal 1B)
is combined with one or more characters that do not print, but
direct the printer to enter other modes of operation.

Packet Generation

This data-mover allows operation using either a continuous or
variable-rate data stream. As data is placed into the bulk
transmit FIFO it is automatically segmented into packets for
transmission. This automatic packetization is used to mini-
mize latency on transfers of short or slow data-rate informa-
tion, while maximizing throughput on faster data-rate trans-
fers.

The two transmit packet FIFOs exist in one of two orthogonal
states: loading and transferring. While one packet FIFO is
enabled to load data from the bulk FIFO, the other is enabled
to transfer its data as a packet across the serial link. Following
acknowledgment of the transmitted packet, if any data is
present in the loading FIFO, the functions of the two packet
FIFOs are swapped. Now the FIFO that had been loading
(and now contains data) is configured to transfer data, while
the other packet FIFO (how empty) is configured to load data.

This three-FIFO structure (one bulk and two packet) allows
packet data content to be limited to no less than one byte, and
no more than the depth of the packet FIFO. The selection of
the CY7C451 for the packet FIFOs in this design limits the

maximum packet size to 512 bytes. The data-mover will also
work with larger or smaller FIFOs in either the packet or bulk
FIFO locations, with slight variations in system performance
due to link and system latencies.

Packet Format

The default packet structure used by the data-mover is shown
in the upper half of Figure 2. The start of a packet is set by
the first data character (non-control code) transmitted on the
interface. All remaining data bytes in the transmitting packet
FIFO are sent as contiguous characters until the entire packet
has been sent. The end of the packet is set by the transmis-
sion of the EOP (C0.0, End Of Packet) control code. The next
two transmitted data characters are the Cyclic Redundancy
Code (CRC) check characters for the packet.

This format also allows other command characters to be in-
termixed within the transmitted data stream, as shown in the
lower half of Figure 2. These non-data characters are not con-
sidered part of the packet itself, and can include various com-
binations of packet responses or fill characters as directed by
the receive path.

By allowing this mixing of data and control characters, the
ACK/NAK responses for received packets can be transmitted
as soon as they are available, rather than delaying the re-
sponse until the end of the current transmit packet. This min-
imizes the delay between packets on the interface and allows
for faster overall data transfers.

Transfer Protocol

Any individual packet transfer consists of moving data from a
transmit node to a receive node. These data transfers are
handled through a relatively simple protocol. The transfer of
a single packet is diagrammed in Figure 3.

The transmit node remains in a waiting state until data is avail-
able in the loading packet FIFO. Once data is available, the
functions of the two transmit packet FIFOs are swapped, mak-
ing what was the loading FIFO into the transmitting FIFO.
Next the number of bytes written into the FIFO is loaded into
a packet-length counter.

The actual data transfer is started by reading data bytes from
the transmit packet FIFO and presenting them to the HOTLink
transmitter and CRC generator. This read and transmit activ-

/ Data Field \
C5.0 | C5.0 |Dx.x [Dx.x [Dx.x |Dx.x |Dx.x |Dx.x |Dx.x |Dx.x |Dx.x [C0.0 |Dx.x |Dx.x |[C5.0 |C5.0
Fill Start Of Default Packet Format EOP CRC Fill
Bytes Packet Bytes Bytes

Data Field

/ AN
C5.0 | C5.0 [Dx.x |Dx.x |Dx.xx |Dx.xx |C1.0 |Dx.x |Dx.x |Dx.x [Dx.x |C0.0 |[Dx.x |Dx.x |[C5.0 |C5.0
Fill Embedded EOP CRC Fill
Bytes Acknowledge Bytes Bytes

Packet With Embedded Res ponse

Figure 2. Data-Mover Packet Format
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Figure 3. Default Packet Transmission

ity continues until the packet length counter in the
Control-PLD indicates that all data has been read from the
FIFO.

When the transfer counter indicates that the entire data field
for the packet has been sent, the transmit node marks the end
of the data field by sending an EOP character to the receive
node, immediately followed by two bytes of CRC information.
Following the end of the CRC information the transmit node
waits for an acknowledge for the packet from the receive
node.

The receive node is normally in a wait state where it constant-
ly monitors the received character stream for data characters.
When the first data character is received, it is clocked into a
CRC checker and written into a receive packet FIFO. As sub-
sequent data characters are received they are also clocked
into the CRC checker and packet FIFO.

When the EOP character is detected in the data stream, the
receive node knows that the next two data characters are not
part of the data field, but are the CRC bytes for the packet. As
these CRC bytes are received they are clocked into the CRC
checker, but are not loaded into the receive packet FIFO.

After the second CRC byte has been received, the receive
node checks for a valid CRC. If the CRC is valid, the receive
node stuffs an acknowledge (ACK) character into its out-
bound data stream and releases the packet FIFO, allowing it
to empty into the bulk receive data FIFO.

When the ACK character is received by the transmit node, it
knows that the packet was delivered without error to the re-
ceive node. It then releases the packet FIFO by performing a
master reset on it, and then returns to the wait state to see if
any more data is ready to be transferred.

Operation in this manner assumes that the transfer went per-
fectly, and that the CRC register results at the receive node
indicated an error-free transfer. For those cases where the
received packet was detected in error, the information flow is
changed to follow that in Figure 4.

Here everything operates with the same flow shown in Figure
3 until the CRC is checked at the receiver. When the CRC
indicates an error in transmission or reception, the receive
node stuffs a not-acknowledge (NAK) character into its out-
bound data stream, and erases the packet buffer.

When the NAK is received by the transmit node, it reloads the
packet length counter, and starts transmission of the same
packet again. Since the data was written back into the FIFO

TRANSMIT RECEIVE
NODE NODE
Dlata Available
SWAP|
FIITOS M/E
» | Set Packet
Lelnqth Count;
XMIT
DAI‘TA \Send
Transfer Complete Data
Data Recleived
XMIT RCV
Eop [ ———sendEOP DATA
XMIT Marker
CRC EOP RecI:eived
Send CRC DATA
Bytes END
\ CHK
WAIT PKT CRC
STATUS CRC BAD
|
XMIT|
l&L— Marker CIEAR
NAK Received BUEEER
WAIT

Figure 4. Packet Transmission With CRC Error
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when it was originally transmitted, the word at the output of
the FIFO is the first word of the packet to be retransmitted.
Data transmission occurs, as shown in Figure 3, until the CRC
is checked. If the CRC is now valid, an ACK is generated and
the flow follows that in Figure 3. If it is still bad, another NAK
is generated and the flow follows that shown in Figure 4.

XON/XOFF

These data transport flow diagrams are followed for standard
data transmission. However, these flows may be modified by
reception of an XOFF control code. The XOFF control code
is sent by the receive node to instruct the transmit node to
stop data transmission. This control code is sent by the re-
ceive node if there is no available receive packet buffer to
accept a new packet from the transmit node. (This XOFF con-
trol code can also be sent under control of the host system by
setting bit 2 in the transmit control register.)

The determination of when the receive node should send an
XOFF control code is made following validation of the packet
CRC. If the CRC indicates the packet is bad, the packet han-
dling is the same as that shown in Figure 4. However, if the
CRC indicates the packet is good but the present packet buff-
er cannot yet be allowed to empty, the flow in Figure 5 is
followed.

The XOFF is sent to the remote node to inform it that the
receive node, while functional, cannot at this time accept any
more data. This event is generally caused by one of two
events: either the host bus has allowed the bulk receive FIFO
to fill such that the alternate (draining) packet FIFO has no
place to put its data, or the packet just received was shorter
than the previous packet, and the alternate receive packet
FIFO has not yet had sufficient time to completely empty.

When the XOFF is received by the transmit node, it sets a bit
in its status register that can be monitored by the host system
and by the internal state machines in the transmit node. This
status allows the host to use different activity timers to check
for possibly link hung conditions. In the case of an actual link
hang it also allows faults to be isolated between a link failure
(no XOFF status present), and a remote host failure (constant
XOFF status).

The receive node sends an ACK for the validated packet im-
mediately after transmission of the XOFF control code, and
then waits for the alternate (draining) packet FIFO to become
empty. When this FIFO is empty, the receive node generates
an XON control code, releases the validated packet buffer,
and prepares to receive the next packet. The transmit node,
upon reception of the XON control code, clears the XOFF
status bit and prepares to send any pending data.

Performance

The definition of performance for a data-mover can take on
many different meanings. These definitions are all tied to var-
ious forms of “how much,” “how fast,” and “how efficient.” This
data-mover is optimized to provide low-latency or “time to first
data” for the link. Because of this, it may not be the most
efficient or fastest link implementation for all types of data
traffic.

The goal in most data-movers is to get the data from the
source to the destination as fast as possible and to allow the
data to be used as soon as possible. Unfortunately, the link
setting to maximize one of these tends to minimize the other.
To achieve the highest speeds requires that maximum length

packets are sent. To allow data to be used as soon as possible
requires sending short packets; both to limit the packet accu-
mulation delay at the source, and to limit the time to validation
at the end of the packet. This data-mover attempts to satisfy
both objectives by offering a compromise solution capable of
moving (and validating) small amounts of data with very short
latency, and increasing the packet size as the amount of data
to be sent increases.

Link Start-up

When data is first presented to the transmit bulk FIFO, it im-
mediately (within a couple clock cycles) is presented to the
transmit packet FIFOs. If only a single byte is present, that
byte is transferred to one of the transmit packet FIFOs. Once

TRANSMIT RECEIVE
NODE NODE
Dzlzlta Available
SWAP
EIROs WAL
Set Packet
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XMIT
DATA| T seng
I
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Bytes E,ND
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Figure 5. Packet Transmission With XOFF
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Figure 6. Data Transfer Profile

there is any data present in this loading transmit packet FIFO
(and none in the other), the loading function is disabled and
the data is transmitted across the serial link.

This transmission of even a single byte involves numerous
state machines, FIFOs, and pipeline registers, in both the
source and destination ends of the link. It also requires nu-
merous overhead characters to mark the end of the packet
(EOP), the CRC bytes, and other characters used to maintain
the link. Because the link requires an acknowledge for each
packet, the round-trip transmission time on the media is also
important. These delays and extra characters combine to
form a fixed per-packet overhead. For this design the total
per-packet round-trip overhead is approximately 30 charac-
ters.

This overhead means that from the time a byte is loaded for
transmission, until it is available as validated data at the re-
ceive FIFO outputs is on the order of 20 characters, and that
the transmit end cannot start transmission of the next packet
for at least 31 characters (round-trip overhead + data length).

This is not the delay per byte in the system. If the initial data
load was two or three bytes, then the total link delays and
latency would only increase by the delay of the added char-
acters. A two byte transfer loop time would take 32 characters,
with a three byte transfer taking 33 characters.

Beyond three bytes, things change significantly. Since the first
packet is launched as soon as possible (to get validated data
to the receiver as soon as possible), any data beyond the first
three bytes is queued up for loading into the next packet FIFO.
This second packet FIFO is enabled to load data from the bulk
transmit FIFO while the first packet of three data bytes is be-
ing sent. It remains enabled for loading until a packet-valid
acknowledge (ACK) is received. This allows up to 33 bytes
(30 bytes during link overhead and three bytes during data
transfer) to be loaded into the second packet FIFO.

When this second packet is sent, it must be accompanied by
a second packet acknowledge and its associated delay. If the

amount of data to be transferred exceeds the amount that can
be loaded into the second packet buffer in the available time,
additional packets are generated. Each packet becomes suc-
cessively larger than the previous packet until either all the
available data has been sent, or the maximum packet size is
reached. A plot of data bytes transferred versus total charac-
ters to complete the transfer is shown in Figure 6.

In Figure 6, three different packet overhead amounts are
shown. The solid line, at 30 characters, represents the over-
head of a minimum length link implementation. With this small
value, almost all overhead characters are caused by required
protocol characters, pipeline delays, and state machine deci-
sion delays. The monotonic increases in total character times
that occur at semi-regular intervals are generated when the
amount of data to be transferred requires an additional pack-
et, and shows the incremental overhead that occurs with that
packet. Note also that the amount of data transferred between
each of these packet boundaries increases with each succes-
sive packet.

As the media length increases, so too does the packet over-
head. When a media delay of 20 characters (10 each direc-
tion) is added to the link, the total amount of overhead per
packet increases to 50 characters. A media delay of 70 (35
each direction) would have a total overhead of 100 charac-
ters. An examination of these curves in Figure 6 shows that
the additional link delay slows the overall transmission of
data; i.e., more overhead characters are incurred to transfer
the same amount of data. However, this additional delay is
spread across fewer but longer packets to limit the impact to
total delay and link efficiency.

Maximum Length Packets

The data transfer state machines start the first packet of any
transfer when only three bytes of data are loaded into the first
packet FIFO. For systems sending very low-rate traffic this
may be the best solution. Systems that operate with a known
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minimum transfer size may wish to modify the loading mech-
anism to create a larger first packet.

Following the first packet, if there is still data to be transferred,
each packet will be larger in size than the previous packet.
The rate that this packet size grows is determined primarily
by the length of the previous packet, and by the link delay. A
plot of packet length vs. packet number for three different link
delays is shown in Figure 7. Note that the longer the link delay,
the fewer the number of packets that must be sent before the
maximum packet length (determined by the size of the packet
FIFO) is reached. This has a direct relationship to the efficien-
cy of the link.

Link Efficiency

Link efficiency is a measure of how much usable data is
moved across a link relative to the total number of characters
transferred. Links such as this, with a fixed packet overhead
but variable packet size, operate at different efficiencies at
different times.

Two types of efficiency profiles actually exist. The first is the
link efficiency to transfer a specific quantity of data, starting
from a no-data-present situation. This is plotted in Figure 8.
The link efficiency quickly rises as the transfer size grows,
reaching to within 10% of the theoretical maximum within the
first 2000 characters.
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The second efficiency profile, actually a derivative of the first,
is the instantaneous efficiency of any individual packet in a
transfer. This relationship is shown in Figure 9. On a
per-packet basis, the efficiency remains nearly identical, re-
gardless of the link overhead. However, once the maximum
packet length is achieved on a specific link, the efficiency
locks in at a constant percentage.

Control-PLD Design

A block diagram of the Control-PLD is shown in Figure 10.
The Control-PLD contains three primary functional blocks:
control path, transmit data path, and receive data path.

The control path is used to both control and monitor the op-
eration of the transmit and receive data paths. It contains two
8-bit registers (one read-only, one write-only) that are access-
ed through a bidirectional 8-bit bus. It also contains numerous
state machines for diagnostic functions.

The transmit path controls the reading and writing of the
transmit FIFOs to send packets of data across the serial link.
Framing, CRC, and other protocol overhead characters are
merged with the FIFO data stream as itis sent to the HOTLink
transmitter for serialization. If a packet is received at the re-
mote end incorrectly, the transmit path automatically resends
the packet.

The receive path accepts and interprets a stream of charac-
ters from the HOTLink receiver. The data stream is made syn-
chronous to the transmit path clock (CKW) through a small
FIFO between the HOTLIink receiver and the receive
data-path logic.

The receive data-path logic then removes any overhead char-
acters added by the remote transmit path logic, places the
data into one of the receive packet FIFOs, and uses the CRC
at the end of each packet to validate the received data. If a
packet contains an error, it is discarded, and the remote trans-
mitter is instructed to resend the packet.

Control Path

The control path contains two registers and numerous small
state machines that control

» Local/Remote BIST

» Local/Remote reset

* Local/Remote loopback
Control Register

The Control-PLD is placed in its different modes of operation
through a single writable register, with status monitored
through a single readable register. This allows the entire
Control-PLD to occupy a single address in the I/O space of
the host system.

TXFIFO TXFIFO
Flags/Status Data

P

Transmit HOTLink
g Path — = TX

!

Receive HOTLink
Path — RX

P

RX FIFO RXFIFO
Flags/Status Data

Figure 10. Control-PLD Block Diagram
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The default mode of operation of the Control-PLD is to move
data. Other modes of operation are set through the control
register. The bits of this register are shown in Table 3.

The control register contains eight settable bits. When the
register is written (by an /O write operation) the bits are all
set to match the contents of the 1/0 bus at the end of the write
operation. The individual bits are

» Bit 7—Enable Local BIST. When set, this bit places both
the local HOTLink transmitter and receiver into BIST mode,
and selects the alternate (B) port on the HOTLink receiver.
This bit also drives FOTO to disable external transmission
of the serial BIST sequence.

Bit 6—Enable Remote BIST. When set, this bit places the
local receiverinto BIST mode and notifies the remote trans-
mitter to enter BIST mode.

Bit 5—Enable Local Loopback. When set, this bit selects
the alternate (B) port on the local receiver. This bit also
drives FOTO to disable external transmission of serial data.

» Bit 4—Enable Remote Loopback. When set, the local
transmitter informs the remote Control-PLD to route all re-
ceived command and data characters to its transmitter, and
not to its receive packet buffers.

» Bit 3—Send XOFF. When set, causes the local transmitter
to send an XOFF command character to the remote receiv-
er. The remote transmitter should then stop sending data
immediately. Due to recognition and transport delays (>20
character clocks), the response to this will not be immedi-
ate.

* Bit 2—Remote Reset. When set, causes the local trans-
mitter to send a sequence of RRESET command charac-
ters to the remote receiver. Upon reception, the remote
receiverinitiates alocal master-reset sequence and enters
normal data mode.

Bit 1—FOTO. When set, this bit activates the FOTO signal
to the local transmitter. This disables the external transmis-
sion of serial data.

» Bit 0—Master Reset. When set, this bit causes an internal
reset of the Control-PLD, identical in operation to driving
the external RESET signal LOW. This bit is self clearing as
part of the Master reset processin the Control-PLD. Writing
a zeroto this bit clears the Reset Complete bit (bit 0) in the
status register.

Status Register

The status register is used to present status of any active
diagnostic function, and the current operating state of the
transmit and receive paths of the data-mover. The bits of the
status register are shown in Table 3.

The status register contains eight readable bits. When this
register is read (by an 1/O read operation) the current status

Table 3. Control/Status Register Bits

bits are latched and do not change while the read I/O cycle is
active. To get an updated version of the status bits it is nec-
essary to perform a separate read cycle. This is done to make
sure that the status bits do not change in mid-cycle, possibly
violating the set-up and hold times of the reading processor
or interface. The individual status bits are

* Bit7—BIST Status. This bitis used to track the Valid/Invalid
status of the received BIST loop. If the current loop is re-
ceived without error this bit is cleared (0). If an error is
detected at any point during the BIST loop, this bit is set
(1). This status bit changes only at the end of each BIST
loop. Since the BIST loop is 511 characters in length, this
bit should be polled a minimum of once per BIST loop (once
every 15 ps at a 33-MHz character clock rate) to avoid
missing a possible error indication.

» Bit 6—BIST Loop. This bit is used to track the passage of
each BIST loop. It toggles state on each pass through the
BIST loop. It can be used to validate that the status infor-
mation in bit 7 is from a new pass through the BIST loop.
This bit should be polled at a minimum of once per BIST
loop (once every 15 us at a 33-MHz character clock rate)
to avoid missing the indication of a completed pass through
the BIST loop.

* Bit 5—Wait for BIST. This bit is used to indicate the status
of a BIST operation that places the local receiver into BIST
mode. When HIGH, it indicates that the local receiver has
not been able to locate the start of the BIST sequence in
the received data stream. Once enabled and presented
with avalid BIST data stream, the receiver should lock onto
the transmitted BIST stream in one or two passes of the
BIST loop (15.5 ps to 31 ps at a 33-MHz character rate).
Ifittakes significantly longer than this (>100 ps), something
is wrong with the link hardware and it should be repaired.

 Bit 4—Remote BIST Active. This bit indicates that the
RBISTON control code (C8.0) has been received while the
HOTLink receiver is operating in normal (non-BIST) mode.
Reception of this bit informs the transmit path to stop send-
ing data, and to assert the HOTLink transmitter BISTEN
signal. This bit is cleared by reception of an RBISTOFF
control code (C9.0).

» Bit 3—Remote Loopback Active. This bit indicates that the
RLBON control code (C6.0) has been received while the
HOTLink receiver is operating in normal (non-BIST) mode.
Reception of this control code informs the receive path to
direct all received characters to the transmit path, instead
of to the received packet FIFOs. The transmit path then
routes all received characters back to the HOTLink trans-
mitter without modification. The receive path is placed into
a monitor-only state looking for the RLBOFF and RRESET
control codes. This status bit and functionality are cleared
by reception of an RLBOFF control code (C7.0).

Register Bit 7 Bit 6 Bit 5 Bit 3 Bit 2 Bit 1 Bit 0
Control Enable Local Enable Enable Local Enable XOFF Remote FOTO Master
BIST Remote Loopback Remote Reset Reset
BIST Loopback
Status BIST BIST Wait For Remote Remote Loss Of Transmit Reset
Status Loop BIST Loopback Signal Parity Complete
Requested Active Error
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Figure 11. Local-BIST State Machine

 Bit 2—Loss Of Signal. This bitindicates the latched status
of the carrier-detect signal of the receiver. When HIGH it
indicates that the carrier detect circuit detected a loss of
carrier at some time since the Status Register was last
read. When LOW it indicates that the carrier has remained
valid since the Status Register was last read. This status
bit is cleared (LOW) when read.

 Bit 1—Parity Error Detected. This bit indicates the status
of byte parity for the transmit path. When HIGH, it indicates
that a character was read from one of the transmit packet
FIFOs that did not contain correct (odd) parity, and that this
parity error remained during a subsequent re-read of the
packet FIFO contents. This is considered a fatal error, and
can only be cleared by a master reset of the Control-PLD.

» Bit 0—Reset Complete. This bit is set following the com-
pletion of either a local or a remote master reset of the
Control-PLD. This bit is cleared by writing a 0 (LOW) into
bit 0 of the control register.

Local-BIST State Machine

The local-BIST state machine, shown in Figure 11, allows the
local HOTLink transmitter and receiver to test themselves and
the local serial link between them. When enabled, the local
HOTLIink transmitter generates its BIST sequence and sends
it to the local HOTLink receiver as shown in Figure 12.

This state machine is enabled when bit 7 is set in the control
register. This bit causes assertion of the BISTEN inputs to the
local HOTLink transmitter and receiver, the FOTO pin on the
HOTLink transmitter is_driven (HIGH) to disable external
transmission, and the A/B pin on the HOTLink receiver is driv-
en (LOW) to select local serial data loopback.

This state machine uses input signals (RDY and RVS) that are
synchronous to the receiver CKR clock, and asynchronous to
most of the Control-PLD logic (clocked by CKW). To minimize
the number of metastable prevention circuits (and the possi-
bility of lost state transitions), this machine is constructed to
operate from the local CKR clock.

The local-BIST state machine has a total of six states. It con-
trols when bits 5, 6, and 7 of the status register change in
response to BIST progress and any detected errors. It is con-
trolled by two input signals: BISTEN and RDY. Whenever
BISTEN is not active, the machine is returned to the WAITO
state (while all state transition arrows are shown for these
transitions, not all of them are labeled).

The WAITO state is the default or reset state of the machine.
It remains in this state when bit 7 of the control register is
cleared (0). Once BISTEN is activated by bit 7, the machine
goes through two secondary wait states (WAIT1 and WAIT2)
before entering the ENABLED state where it looks for RDY
being active. These wait states are necessary to allow the
receiver time to recognize the BISTEN signal and bring RDY
HIGH.

When the ENABLED state is reached, the machine remains
in this state until RDY goes LOW, indicating that the local
HOTLInk receiver has detected the start of the BIST loop.
Detection of RDY being LOW then causes the machine to
move to the first of two LOCKED states. These LOCKED
states signify that the HOTLink receiver is how performing
matching of the received data bits to its internal pattern gen-
erator.

Bit 5 of the status register is active (1) when the local-BIST
state machine is in the WAIT1, WAIT2, or ENABLED states.
Once the machine moves to either of the LOCKED states, this
bit is cleared (0). Should the local receiver ever detect too
many errors and have to locate the start of the BIST sequence
again, the machine will re-enter the ENABLED state and bit 5
will again be active.

In the two LOCKED states, bits 6 and 7 of the status register
are used to track BIST errors and completed BIST loops. The
reason two LOCKED states are present is to allow for the
single pulse on RDY that indicates the end of a BIST loop. If
RDY is ever HIGH for more than one clock, the HOTLink re-
ceiver has determined that it is no longer in sync with the
transmitter and it starts looking for the start-of-loop character
again.

HOTLink TX Disabled ——® HOTLink RX
Local { BIST Remote
Control-PLD Control-PLD
and FIFOs Data and FIFOs
HOTLink RX ==t Ignored HOTLink TX

Figure 12. Local BIST Data Flow
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Bit 7 of the status register is used to track pattern-match er-
rors in the BIST sequence. These errors are reported by the
HOTLIink receiver by driving its RVS line HIGH during any
character where the received character does not exactly
match the expected character.

During the 511-character BIST loop, if an error is detected in
any character it is latched in a flip-flop. At the end of each
BIST loop the state of this flip-flop is captured in bit 7 of the
status register. The state of this status bit is maintained until
either the local-BIST request is cleared (bit 7 of the control
register set to 0) or new error status is passed by the comple-
tion of another BIST loop.

Because this BIST error status is updated once per BIST
loop, the status of a detected error will be lost if it is not cap-
tured by the host system during the following BIST loop peri-
od. For this to work correctly, the host system must be inti-
mately involved with initiating and monitoring BIST
operations.

For systems not capable of such tightly-coupled testing, the
functionality of this bit should be changed to capture any re-
ported errors, and retain that error status until the status reg-
ister is polled by the host system. However, when configured
in this way, it is no longer possible to determine if an error
occurred within a specific pass of the BIST loop.

If BIST error-count information is necessary, a small counter
could be added to the design to track each error as it occurs.
However, the extremely low error rates of HOTLink-based in-
terfaces make the benefit of such a counter questionable.

Bit 6 of the status register is similar to that of bit 7, except that
it is configured to toggle state on completion of each BIST
loop. By using bits 5, 6, and 7 in combination, it is possible to
track both the progress of BIST in the receiver, as well as to
count the number of BIST loops completed and those con-
taining errors. This simple BIST interface should be sufficient
for most applications.

Remote BIST

Remote BIST exists in both master and slave forms. The form
is determined by where the request or directive for remote
BIST operation originated. If bit 6 is set in the control register,
the local interface becomes the master or controlling entity for
the remote BIST operation.

In this mode, the local HOTLink receiver is again placed into
BIST mode (through assertion of the local receiver’s BISTEN
input) while the local transmitter stops sending data and in-
stead sends a single RBISTON control code (C8.0) to the
remote receiver.

Once the remote receiver detects this C8.0 control code, it
enters slave mode for remote BIST. Here it sets bit 4 in its

(the remote transmitter). This causes the remote transmitter
to generate its BIST sequence.

The local HOTLink receiver, and status register bits 5, 6, and
7, then operate the same way they do when in local BIST
mode. Now, however, the local transmitter is also used to
send BIST status and progress information to the remote re-
ceiver and status register. This is done by sending an ACK
(C1.0) control code to the remote receiver for each completed
pass of the BIST loop where no errors were detected, or a
NAK at the end of the loop if an error was present in one or
more of the characters.

In the remote status register, bits 6 and 7 are used to track
these received ACK/NAK control codes, and to present status
similar to that received during local BIST operations. This
BIST data and ACK/NAK response flow is shown in Figure 13.

The local interface returns to normal data transmission and
reception when bit 6 is cleared (0) in the local control register.
When this transition is detected, the local transmitter gener-
ates a single RBISTOFF control code (C9.0). The remote re-
ceiver detects this code and also returns to normal data op-
erations.

Local/Remote Reset

Resets exist in two forms in the data-mover. They can be gen-
erated by the local interface (local reset) or by the remote
interface (remote reset). Local resets can be initiated either
by an external signal to the Control-PLD, or by setting bit O in
the control register.

Remote resets are initiated by reception of the RRESET
(C10.0) control code. To prevent an accidental reset operation
from being started, the reset control code must be received
for three consecutive characters to be viewed as an actual
reset. Any character received that is other than a C10.0 resets
the count. This is handled by the state machine shown in

: . No Char No Char
local status register, suspends normal data reception and . .
transmission, and asserts BISTEN to its HOTLink transmitter Figure 14. Remote Reset State Machine
ACK/NAK Responses )
HOTLink TX ®= HOTLink RX
Local Remote
Control-PLD Control-PLD
and FIFOs BIST Data and FIFOs
HOTLink RX [ HOTLink TX

Figure 13. Remote BIST Data Flow
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Local HOTLink TX R ;
. emote
Control-PLD Loopback Control-PLD
and FIFOs Data and FIFOs
HOTLink RX [ Ignored HOTLink TX

Figure 15. Local Loopback Data Flow

Figure 14. This multi-character sequence is necessary to pre-
vent accidental resets due to characters being aliased to a
false RRESET control code.

A remote reset is initiated by setting bit 2 in the local control
register. This bit is polled by the transmit path when it is be-
tween packets or not transferring information. When this bit is
detected, the transmit path generates a four-character se-
quence of RRESET (C10.0) characters. When detected by
the Remote Reset state machine at the remote end of the link,
a reset operation is started in the remote machine.

Both local and remote resets perform the same function, and
at least one of them is necessary following power-up. The
result of this reset is to initialize all of the state machines in
the Control-PLD. Once the reset is removed (automatic if
done through the control register) the state machines in the
Control-PLD generate controlled master resets to the FIFOs
used for data buffering. This is necessary to clear any un-
wanted or stale data from the FIFOs and to initialize their
internal array pointers.

Following completion of the reset operation, a single RCOMP
(C11.0) control code is sent by the transmitter to inform the
other end of the link that a reset has taken place. When de-
tected by the remote receiver, it sets bit O in its local status
register.

Local Loopback

Local loopback diagnostics route the serial data from the local
HOTLink transmitter directly to the local HOTLink receiver as
shown in Figure 15. This allows testing of the entire packet
transmission and reception capability of the data-mover. It is
enabled by setting bit 5 in the control register. This bit directly
drives the local HOTLink receiver A/B input to select the local
(B) connection, while disabling external transmission of serial
data by asserting FOTO to the local HOTLink transmitter.

Remote Loopback

Remote loopback exists in both master and slave forms. The
form is determined by where the request or directive for re-
mote loopback operation originated. If bit 4 is set in the control
register, the local interface becomes the master or controlling
entity for the remote loopback operation.

Data and Responses

In this mode the local transmit and receive paths route and
handle data normally. When the local transmit path first deter-
mines that remote loopback has been requested it sends a
single RLBON control code (C6.0) to the remote receiver.

Once the remote Control-PLD detects this C6.0 control code,
it enters slave mode for remote loopback. The remote
Control-PLD sets bit 3 in its status register, suspends normal
data reception and transmission, and routes all received data
characters directly to the transmitter for retransmission. This
data routing occurs inside the remote Control-PLD as shown
in Figure 16.

Remote loopback operations are suspended when bit 4 is
cleared in the local control register. When this is sensed by
the transmit path, it transmits a single RLBOFF control code
(C7.0) to the remote receiver. Upon recognition of this code
by the remote Control-PLD, it clears bit 3 in its status register,
and returns to normal packet processing.

Receive Path

A block diagram of the receive path portion of this data-mover
design is shown in Figure 17. The shaded portions of this
figure are all internal to the Control-PLD. The data paths are
marked with arrows, while the control signals have been left
off for clarity.

Operation

Serial data enters the HOTLink receiver where it is framed to
a character-rate clock and decoded into valid control codes
and data characters. The parallel outputs of the HOTLink re-
ceiver (C/D and Qq_7) are routed to a CY7C451 clocked FIFO.
This FIFO is used for speed-matching between the HOTLink
CKR recovered clock and the CKW clock used for transmit.

The RDY signal from the HOTLink receiver is used to filter out
excess Sync/Fill control codes (C5.0) from the data stream.
This is necessary to ensure that the input FIFO can never
overfill and lose data. This RDY signal is actually routed
through the Control-PLD to allow all FIFO writes to be dis-
abled during FIFO master reset cycles.

The input FIFO data-outputs connect directly to the
Control-PLD. The FIFO read enable is normally active (except
during the FIFO master reset cycle), such that FIFO reads are
enabled for every clock cycle. The FIFO outputs, along with

HOTLink TX
Local

Control-PLD
and FIFOs

Loopedback Data and Responses

B HOTLink RX

HOTLink RX [

Remote
> Control-PLD
and FIFOs
HOTLink TX | Loopback
Data

Figure 16. Remote Loopback Data Flow
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Figure 17. Receive Path Block Diagram

its status flags, are captured into the Control-PLD input reg-
ister on every clock cycle. The FIFO flags are used to deter-
mine if a valid character is present in the input register, while
the FIFOed SC/D signal is used to determine if the character
in the input register is a data character or a special code.

Read-Control State Machine

The read-control state machine processes the incoming data
stream on a character-by-character basis. It makes use of
separate flip-flops to reduce the size of the state machine to
ten states. These separate flip-flops keep track of the current-
ly loading packet FIFO, and if any errors were detected in the
middle of the current packet (received a C0.7 or C4.7, or an
attempted write to a full packet FIFO). A state diagram of the
read-control state machine is shown in Figure 18.

As with all state machines in this data-mover design, the
read-control machine remains in a reset state until the reset
condition no longer exists. It also enters this state whenever
the local receiveris in BIST. Upon exit from reset, the machine
performs a master reset to both packet FIFOs to clear any
stale data. A single wait state is then forced to guarantee re-
covery from the master reset cycle.

At this point the machine is ready to process streams of read
data from the input FIFO. As each character is received it is
routed to the output register, a CRC checker, and a command
decoder. For remote loopback functions, the data is also rout-
ed to the transmit path for retransmission.

The command decoder interprets all received characters that
have the SC/D bit HIGH, indicating a control code. These de-
codes take place no matter what mode of operation the re-
ceive path is in. This allows the diagnostic and reset modes
to be invoked even when the read-control state machine is
waiting for a specific condition to complete in a packet trans-
fer. This also allows any received ACK or NAK responses
from the remote transmitter to be passed to the local transmit
path, to allow pending packets to be sent or retransmitted.

One of these decodes, EOP (C0.0) is used by the
read-control state machine to indicate that the last data char-
acter of the packet has been received. The following two data
characters are not part of the packet content, but are instead
the CRC bytes used to validate the packet. As each is re-
ceived it is clocked into the CRC checker.

After the second CRC character has been received, the
read-control state machine proceeds to the check packet
state where the CRC register is examined. If the CRC register
contains anything other than a 1DOF (hexadecimal), the

14

packet is bad. During this same state any other pending er-
rors (FIFO overflow, bad character, etc.) are also checked. If
any of these errors or a CRC error are present the packet is
rejected.

Rejection of a packet causes a NAK interrupt to be sent to the
transmit path, as well as starting a master reset cycle on the
receive packet FIFO containing the bad packet. The transmit-

RESET, BIST,
RM_LOOPBACK

RESET, BIST,
RM_LOOPBACK

Data

Data In
FIFO

Data

Figure 18. Read-Control State Machine
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ter then sends a NAK (C2.0) control code to the other end of
the link to initiate a retransmission of the bad packet.

If the CRC for the packet is valid (and there are no other pack-
et errors), an ACK interrupt is sent to the transmit path in-
stead. However, this interrupt may not be sent immediately.
The read-control state machine must first make sure that the
alternate (unloading) packet FIFO does not contain any data.
If data is present, an XOFF interrupt is sent to the transmit
path. This informs the remote transmitter to not start another
packet. The state machine then advances to the C_ACK
state, generating an ACK interrupt to the transmit path for the
valid packet. This allows the remote transmitter to release its
packet buffer. Following this the state machine advances to
the Wait_2 state where it remains until the alternate packet
FIFO is empty.

Once the alternate FIFO is empty, an XON interrupt is sent to
the transmit path. At this same time the FIFO containing the
newly validated packet, and the now empty alternate packet
FIFO, are swapped. This allows the FIFO containing validated
data to drain into the bulk receive FIFO, while allowing a new
packet to be received into the now empty FIFO.

CRC Checker

The data-mover makes use of a 16-bit Cyclic Redundancy
Check to validate each received packet. The CRC code used
is the that defined by the ITU V.41 standard. The polynomial
for this CRC is listed in Equation 1.

x4+ x12 4541 Eq.1

This CRC checker is implemented in parallel to allow an entire
byte to be accumulated in a single clock cycle. Because of its
16-bit span, this code can be used to protect packets of nearly
8 KBytes in length. The current CY7C451 maximum packet
size of 512 bytes falls well within its capabilities. Following a
reset or the end of a packet, the 16-bit CRC register is preset
to an all-ones condition. This preset occurs during the
CHK_PKT state of the Read-Control state machine.

With many CRC implementations, a packet is determined to
be valid if the CRC register returns to an all-zero state at the
end of the transfer. The CRC implemented here operates a
bit differently. The CRC bytes (generated at the transmit end
of the link) that are added to end of the packet are inverted
(ones complement) prior to serialization and transmission.
This causes the resulting syndrome at the end of the packet
to be a 1DOF (hexadecimal) instead of 0000.

This additional inversion in the data stream is intended to im-
prove the CRC detection of lost characters when the data
stream contains trailing zero bytes, and the previous data
bytes have caused the CRC register to revert to an all zeros
condition. This also matches up with the usage of this same
CRC code on the ESCON/SBCON (Enterprise System Con-
nection/Single Byte command Connection) standard comput-
erinterfaces from IBM and ANSI. See the Cypress application
note “Drive ESCON with HOTLink” for additional information
on this CRC and interface.

Receive FIFO Transfer State Machine

The packet FIFO draining operation is performed by a FIFO
Transfer state machine shown in Figure 19. Unlike the
Read-Control state machine, data movement at this level ex-
ists completely outside the Control-PLD. This state machine
operates by directing data, using the read enable and
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three-state output controls on the CY7C451 packet FIFOs,
and by monitoring the FIFO status flags of the FIFO being
emptied and the bulk read FIFO.

This machine also remains in the reset state as long as a
reset event or BIST operation is active. Upon exit from reset,
the bulk receive FIFO is reset to clear any state data and
initialize its data pointers. Following this the machine moves
to the WAIT_O state.

In the WAIT_O state the machine continuously monitors for an
ACK interrupt from the read-control state machine. This iden-
tifies that the data in the packet FIFO is good, and that it can
now be transferred to the bulk receive FIFO. A WAIT_1 state
immediately follows this to allow the packet selector flip-flop
to swap the incoming and output FIFOs.

Before advancing to the READ_XFR state, it is necessary to
make sure that there is room in the bulk receive FIFO for data.
If the bulk FIFO status shows it to be at or above an almost-full
condition, the FIFO transfer state machine remains in the
WAIT _1 state.

The READ_XFR state is where the work gets done. In this
state a read enable is presented to the FIFO containing the
validated packet, starting a read cycle. A single flip-flop is
used to pipeline this read enable for a single clock cycle,
where it becomes a write enable for the bulk receive FIFO.
This single cycle delay is necessary because of the single
cycle latency that exists on clocked FIFO read operations.

If at any time during the data transfer the bulk receive FIFO
reaches an almost-full condition, the machine reverts to the
WAIT_1 state. When all the data in the packet has been trans-

RESET or BIST

RESET or BIST

No Room

Xfr Data

Figure 19. Receive FIFO Transfer State Machine
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Figure 20. Transmit Path Block Diagram

ferred, the machine moves to the WAIT_0 state to look for the
availability of the next validated packet.

Transmit Path

A block diagram of the transmit-path portion of this data-mov-
er design is shown in Figure 20. The shaded portions of this
figure are all internal to the Control-PLD. The data paths are
marked with arrows, while the control signals have been left
off for clarity.

Operation

Data transfers are initiated by writing bytes of data into the
bulk transmit FIFO. This FIFO is sized to hold multiple pack-
ets. The data path here is actually nine bits wide. This ninth
bit carries an odd-parity bit added to each byte by the host
system. This odd parity is checked in the input register of the
Control-PLD. Those implementations not using parity could
remove this capability from the design to free up resources in
the Control-PLD for other features. However, most of the XOR
gates that comprise much of the structure are shared with the
CRC generator that operates on the same data.

Transmit FIFO Transfer State Machine

When data is present in the bulk transmit FIFO, the transmit
path version of the FIFO Transfer state machine becomes
active. Its operation is similar to that of the receive path trans-
fer machine, but with significant differences. The transmit
FIFO transfer machine reads data from the bulk transmit FIFO
and loads it into one of two transmit packet FIFOs. These
packet FIFOs are the same CY7C451-type of clocked FIFO
used for the receive path packets. The state diagram for this
state machine is shown in Figure 21.

This state machine remains in the RESET state as long as a
reset event is active. Upon exit from RESET, the bulk transmit
FIFO is reset to clear any stale data and initialize its data
pointers. Following this, the machine moves to the WAIT
state.

In the WAIT state the machine continuously monitors for three
conditions, all of which must be met to allow it to start a trans-
fer. First the machine must be enabled. The enable signal is
generated by the transmit-control state machine, which is in
charge of the actual packet transfers to the HOTLink transmit-
ter. This enable is necessary to make sure that FIFO transfers
are not active when the packet FIFOs are being swapped.
The remaining conditions are that there must be data in the
bulk transmit FIFO, and room to put that data in the loading
packet FIFO.
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Once all these conditions are met the machine advances to
the LOAD state. Here the read enable is driven active to the
bulk transmit FIFO. This same read enable is delayed by a
clock cycle and routed to the write enable of the loading pack-
et FIFO. Following this read/write cycle, if any of the condi-
tions necessary to enter the LOAD state are no longer true,
the machine reverts back to the WAIT state.

Transmit Packet FIFOs

The transmit path also has the requirement of being able to
retransmit a failing packet. Two methods are generally used
to perform the retransmit function at a hardware level. The
simplest is to use a FIFO with internal support for retransmis-
sion of the FIFO contents, like the CY7C42X5(V). However,
not all FIFOs contain this capability.

The second method, implemented here, is to operate the
FIFOs in a recirculate mode. As data is read out from one of
the packet FIFOs it is written back into the same packet FIFO
on the next clock cycle. This method can be used on any type
of FIFO, but it requires external multiplexers to route the out-
put data back to the FIFO inputs. A total of four CYBUS3384
bus-switch parts were used to perform this multiplexing func-
tion. These CYBUS3384 parts are controlled totally by the

RESET

No Data or
No Room or
Not Enabled

No Data or
No Room or
Not Enabled

Figure 21. Transmit FIFO Transfer State Machine
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present state of the packet selector flip-flop in the
Control-PLD, and are independent of the transmit FIFO
Transfer state machine.

Packet Counters

When loading data into a packet FIFO, the status flags are
used to limit how much data is written into them. These same
flags cannot be used when reading data out of the packet
FIFO. The recirculating data keeps the number of bytes in the
FIFO at a constant level. Counters located in the Control-PLD
are used instead of status flags to track the beginning and end
of the packet. The structure of these counters is shown in
Figure 22.

Counterl is an up-counter used to track the amount of data
loaded into the packet buffer. It is enabled to count by the
same signal used to enable the read from the bulk transmit
FIFO. This counter is sized to nine bits to match the maximum
depth of the CY7C451 packet FIFOs.

When the function of the transmit packet FIFO is swapped
from load to transmit, the data count in Counterl is captured
in a holding register. The contents of this holding register are
then loaded into Counter2.

Counter2 is also an up-counter, but it is used as a
down-counter. It tracks the data read from the packet FIFO as
it is sent out over the serial link. To operate as a down-counter,
it is loaded with the ones complement of the count captured
in the holding register. When the counter reaches its terminal
count (CO = 1), all the data loaded into the packet FIFO has
been transmitted. If a retransmit is necessary, the count is
reloaded from the holding register.

Transmit Control State Machine

The Transmit-Control state machine is the most complex por-
tion of the data-mover design. This state machine must

» Monitor the control register for all diagnostic modes
» Generate all control codes for all diagnostic modes
» Generate SYNC codes when no data are present
 Control the packet selector mux

D8 08—
D7 Q7f—\
0 D6 QGﬂ
D5 Qsj
D3 Q3ﬂ
D2 QZﬂ
DL Q1 . 1
DO QOﬂ ou
Z0
1 L N &2 9
—] LD W
~ |EN Z=
—P Q
CTR1 o
.
—EN
—p

Control the load/recirculate counters

Control the packet FIFO resets

Route data during slave remote loopback

Generate ACK/NAK responses for received data and
remote BIST

» Generate XOFF/XON responses to
receive-packet-buffer-full conditions

In addition to all these supervisory functions, the trans-
mit-control state machine must generate properly formatted
packets of data. While this last function sounds simple, proper
operation required creation of a state machine with a
non-conventional structure, shown in Figure 23.

This different structure was necessitated by the need to insert
packet status responses, as generated by the receive path,
into the transmit path data stream at any time. This effects all
states of the machine (seventeen states without any
ACK/NAK/XON/XOFF states) and, if not implemented as
shown, would increase the number of states in the machine
by a factor of five. While a machine of that size (85 states) is
possible, the state encoder would be both very large and in-
efficient.

The transmit-control state machine is implemented in two
sections. The first section determines the next-state of the
machine, regardless of the presence of any packet response
send requests. The second section interprets only the packet
response requests.

The first half of the state machine is fairly conventional in na-
ture. The one exception is the mux located just before the
state register. This mux is effectively part of the next state
encoder, but is shown here separately so that its function is
more visible. This mux prevents the state machine from ad-
vancing to the next state if a request is present from the re-
ceive path to send an ACK, NAK, XOFF, or XON status re-
sponse. The presence of this request is used in conjunction
with the current state to inhibit actions normally enabled by
the state machine when in a specific state.

CO Done
b8 98—
A I
D5 Q5
4 D4__Qa—\
% D3 Q3—)
/—/ D2 Q2 ﬂ\
P D SECT N
D0 QO
—EN Left
—P CTR2

Figure 22. Transmit FIFO Load/Recirculate Counters
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Figure 23. Transmit-Control State Machine
Block Diagram

The second half of the state machine is effectively a pipeline
stage added to the current state output. This pipeline is mod-
ified (if a response request is pending) by stuffing either the
appropriate ACK, NAK, XOFF, or XON state into the pipeline
register.

A state diagram of the output state machine is shown in Fig-
ure 24. While reduced to a total of seventeen states, the ma-
chine could be viewed as being much larger than this. Various
state flags and counters are controlled by the state machine
to allow existing states (like the four data transfer states) to be
used multiple times. Both the XON/XOFF and
RLOOP_ON/RLOOP_OFF pairs of states use state flags, set
and cleared by the state machine, to make sure that only a
single control code is transmitted when the enabling bit is set
in the control register. The single T_RRESET state activates
an external two-bit counter to remain in the state for four clock
cycles.

Three states are used when a remote BIST operation is en-
abled by bit 4 of the control register. The first state (T_RBIST)
transmits the RBIST_ON control code to the remote receiver,
enabling the remote transmitter to generate BIST patterns. In
the T_RBIST1 state the transmitter outputs a continuous
string of SYNC codes, interrupted only by ACK or NAK re-
sponses at the end of each BIST loop. When bit 4 is cleared
to end the remote BIST operation, the T_RBIST_ND state is
entered, which transmits the RBISTOFF control code to the
remote receiver.
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The normal mode of data transmission uses the four data
path states of T_DATA, T_EOP, T_CRC_HI, and
T_CRC_LOW. This loop has the lowest priority, and all the
diagnostic functions are at a higher priority level. If no diag-
nostic operations are pending, and data is available (as indi-
cated by a non-zero DONE output from packet counter
CNTRZ2), the machine enters the T_DATA state. It remains in
this state until CNTR2 indicates only a single byte remaining.
Because a FIFO read is still enabled when only one byte is
left, the state machine leaves the T_DATA state after the last
byte has been read from the FIFO.

At this point the T_EOP state is entered. In this state the last
byte read from the FIFO is now in the input register and is
being accumulated in the CRC generator. This same state
directs the output mux to output the EOP control code.

Following the T_EOP state, the two CRC bytes are output.
This occurs during the T_CRC_HIl and T_CRC_LOW states.
During these states the CRC generator is disabled, and the
upper and lower bytes of the 16-bit CRC register are inverted
and passed to the HOTLink transmitter. As the last CRC byte
its output, the CRC register is preset to the all ones state for
the next packet.

State Encoding

The pipelined state register contents are used to determine
what data gets sent to the output register. It controls the out-
put character-wide 4-to-1 multiplexer, as well as providing the
proper bits for any necessary control codes. Rather than allow
a random bit assignment of the states in the state machine,
they were selected to minimize the translation necessary

Table 4. State vs. Command Encoding

State Control Code
Name Encoding Name Encoding

t reset 00000

t_rcomp 10111 RCOMP 00001011

t wait 10000

t data 01000

t_eop 00001 EOP 00000000

t crc_hi 00100

t crc_low 10100

t_xon 00111 XON 00000011

t_xoff 01001 XOFF 00000100

t_ack 00011 ACK 00000001

t_nak 00101 NAK 00000010

t_exloop 00010

t_exloopl 10010

t_rloop_on 01101 RLBON 00000110

t_rloop_off 01111 RLBOFF 00000111

t_rbist 10001 RBISTON 00001000

t_rbistl 00110

t_rbist_nd 10011 RBISTOFF 00001001

t_rreset 10101 RRESET 00001010
SYNC 00000101
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Figure 24. Transmit-Control State Machine State Diagram

between the states and any generated commands. This map-
ping is shown in Table 4. Those states that cause command
codes to be transmitted have the resulting control code (and
its encoding) listed in the adjacent columns.

Close examination of the state encodings shows that the
right-most bit in the field (LSB) is only active (1) during those
states where a control code is generated. This allows this
single bit to be used to control part of the output data multi-
plexer. Comparing the remaining bits in the state encoding
field with the four low order bits in the encoded control codes
also shows an exact match. This allows control codes to be
output from the output multiplexer without the addition of a
separate logic block to convert from the state encodings to the
control code encodings.

CRC Generator

The CRC generator is very similar to the CRC checker used
in the receive path logic. The XOR terms used to feed the
16-bit CRC register are identical to those in the receive path.

The primary difference comes in the output side of the CRC
register.

In the receive path, the register feeds a 16-bit equality com-
parator that checks for a valid remainder. In the transmit path,
the output feeds a 2-to-1 byte-wide multiplexer. The
high-order byte of the register is sequenced out first, followed
by the low-order byte.

Output Multiplexer
The output multiplexer has four sources of data:
* Control codes from the transmit-control state machine
» Packet data from the FIFOs and input register
* CRC bytes
» Receive path loopback data

Three of these sources are directly selected by states in the
transmit-control machine. The T_EXLOOP state selects re-
mote loopback data from the receive path. The T_DATA state
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selects transmit data from the input register. CRC bytes are
selected inthe T_CRC_Hl and T_CRC_LOW states.

The remaining condition is the default select for the multiplex-
er. Here it always outputs control codes. But one control code,
SYNC, is not directly associated with a state. This code is
output under all other conditions. This is implemented by add-
ing a second multiplexer (not shown in Figure 23) to the lower
four bits of the control code input (the upper four bits of all
control codes are zeros). This multiplexer uses the LSB of the
encoded state field. In the default state (LSB = 0) a value of
0101 is routed to the low order four bits of the control code to
generate a SYNC (C5.0) control code. The alternate state
(LSB = 1) directs the remaining bits of the state vector to the
same bits in the control code.

Design Implementation
Control-PLD

The Control-PLD for this data-mover design was implement-
ed in a pASIC FPGA. It was designed and simulated in its
entirety using Cypress’'s Warp3® VHDL compiler.

The design is structured as a hierarchy of VHDL source files,
each containing one or more components. This design hier-
archy is shown in Appendix A. The label attached to each box
is the name of the associated VHDL source file. The top bar
of each box lists the package contained in the file. The re-
maining names under this are the components within each
package.

The top-level of the design hierarchy is the MVR_PINS.VHD
file. This file contains the pin number assignments, and in-
stantiates the logic for the receive, control, and transmit
paths.

Once compiled and programmed into the pASIC IC, the Con-
trol-PLD is integrated with the associated CY7C451 and
CY7C453 FIFOs, CYBUS3384 bus switches, and a CY9266
HOTLink evaluation board to form one end of a data-mover.

Data-Mover Schematic

The complete schematic for the data-mover is shown in Ap-
pendices B through F.

Appendix B contains the power distribution and handling for
the design, including the bulk power-supply filtering and by-
pass capacitors, power input connector, and sacrificial Zener
diode.

Appendix C contains the Control-PLD and speed matching
FIFO for the receive data path. A connector is also present to
accept a CY9266 HOTLIink evaluation board. The routability
of the pASIC FPGA allows the connections between the Con-
trol-PLD and the connector J3 (the CY9266 connector) to be
routed without crossovers or vias.

Appendix D contains the bulk and packet FIFOs and routing
logic for both the transmit and receive data paths.

Appendix E shows the stimulus generator for testing the
data-mover. It contains a CY7C374 Flash programmable
CPLD, configured to exercise the data mover. Switches and
indicators are also present to allow the control and status reg-
isters in the Control-PLD to be configured and monitored.

Appendix F is the top level of the schematic and shows the
interconnections to four sheets. These sheets are detailed on
the remaining pages of the schematic.

A complete parts list is provided in Appendix G.
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Design Enhancements

The data-mover implemented in this design was not intended
to meet the performance, functionality, and reliability needs of
all users. However, in its present form, the design presents a
basic framework of VHDL modules that can be enhanced with
minimal effort to expand, contract, or otherwise modify the
present design to meet specific requirements.

The pASIC FPGA used in this design is relatively full, with
over 90% of available gate and register resources used. With
the design done completely in VHDL, it is a relatively simple
activity to target other Cypress CPLDs or FPGAs. Some of
the areas that might see changes are

* Host bus interface width

 Additional status/control bits

» Additional types of resets

» Conversion from variable to fixed packet length

» Change from 16- to 32-bit CRC

* Remote read of status and configuration registers

 Additional packet buffers and out of order response and
packet handling

Host Bus Interface

The present host bus width is set to only a single 8-bit path.
This may not match up well with newer advanced processors.
While a 32-bit control bus appears to be overkill, a 16-bit bus
is quite reasonable.

Status/Control Bits

Widening the host bus to a 16-bit path would also double the
number of control and status bits available. These additional
bits could be used to allow more type or diagnostic and reset
operations, and well as provide additional status information
as to how the link is operating.

Resets

The present design only supports a single level of reset for
either end of the link. This reset is quite catastrophic in nature
as it clears all data staged in all packet FIFOs. Enhanced
reset types that could be added to limit the effect of the reset
to either the transmit or receive path of either end of the link,
or clear specific packet buffers without disturbing the remain-
der of the data.

Fixed Packet Length

Many standard protocols are based on fixed packet lengths
rather than the variable packets used in this design. Fixed
packet lengths have the advantage of operating with the
greatest link efficiency, though often with greater latency due
to the time to accumulate the entire packet prior to starting
packet transmission.

The primary changes to the existing design to accommodate
fixed packets would be in the transmit FIFO transfer state ma-
chine. The Counterl that is used to track the data being load-
ed would also add an equality comparator to check for a spe-
cific packet size. If desired, the value compared to could be
made loadable through a write operation from the host bus
interface.

The status presented by Counterl to the transmit control
state machine would also need to be changed. It presently
indicates if there is any data present in the loading packet,
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and it would need to change to show that the full packet is
available.

32-Bit CRC

The 16-bit CRC used in this design, while a common polyno-
mial, may not meet the detection requirements of some users.
Alternate CRCs may be substituted by replacing both the
transmit and receiver CRC modules with equivalent modules
based on a different polynomial. If the polynomial remains at
16 bits, then no other changes are necessary.

Changing to a 32-bit CRC would require replacement of the
transmit and receive CRC modules and changes to the trans-
mit and receive state machines. These state machines pres-
ently allocate only two time slots for sequencing out and in of
the CRC bytes. The most common CRC polynomial for 32-bit
applications is listed in Equation 2.

X32+X

X10+X

26
8

23 X22 +X16 + X12 + Xll +
2

5.4 +x+1

+X

7

+X' + X7 +X7 +X

Eq. 2
This is the same CRC specified for use in FDDI (Fiber Distrib-
uted Data Interfaces) and Fibre Channel. Because of the larg-
er register count and associated increase in XOR terms, us-
age of this CRC will require moving to a larger programmable
device to accommodate the extra gates.

Remote Status Access

The ability to read the status registers at the remote end of
the link would also be beneficial for link diagnostic functions.
However, the changes necessary to allow this are quite sig-
nificant and would affect nearly every module in the design.

Since all valid control codes are presently allocated, the
present command structure would need to be altered to allow
use of multi-character sequences to represent additional
commands. These new sequences of control codes would
allow creation of a new command that could be used to in-
struct the remote node to transmit its status register contents.
This would involve substantial changes to the transmit and
receive state machines, as well as the command decoder.

Since the status information would effectively be data charac-
ters, a method must be created to differentiate these charac-
ters from the normal packet data transfers, and storage reg-
isters must be provided internal to the Control-PLD to contain
them. A new fixed packet structure of two or more characters
in length would also have to be defined. This structure would
start with a special control code (or codes), and the immedi-
ately following data characters would contain the status infor-
mation. This would allow the receive path state machines to

route these status characters to the internal registers and not
into the receive packet FIFOs.

Additional Packet Buffers

Of all the previously described possible enhancements to this
data-mover design, the addition of a third packet FIFO to both
the transmit and receive paths would be the only change to
have a significant impact on link performance. This third FIFO
would allow the transmit end of the link to start transmission
of a second packet, prior to reception of an ACK/NAK re-
sponse for the packet just sent.

To handle this correctly, including the support for retransmis-
sion of failed packets, both the packet format and link proto-
cols would require significant overhauls:

» A preamble or header would need to be added to each
frame to allow the receiver state machine to know if a pack-
et was lost or received out of order

Packet responses would need to be changed to allow iden-
tification of which packet is accepted or which should be
retransmitted

Error handling would be more complex because packet
responses would now need to be checked for
out-of-sequence reception and transmission

 Additional status bits would be necessary to track or report
these sequence errors

This change would provide a significant boost to link efficien-
cy and latency by removing much of the link transmission de-
lay overhead from each packet transfer. As the link length
increases, minimizing this transmission overhead becomes
increasingly more important to maintaining link performance.

Conclusion

This data-mover design is not targeted to any specific appli-
cation. The design embodied in this application note is intend-
ed to show the design process necessary to build a robust
and reliable link. Not all capabilities implemented in this de-
sign are necessary for all applications.

All VHDL source files for the Control-PLD are available from
the Cypress web site (www.cypress.com). These files, with
minor modifications, can be used to implement other
data-movers targeted to specific applications.
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Appendix A. Control-PLD Design Hierarchy

MVR_PINS.VHD

MVR_PINS
MVR_PINS
RX_PATH.VHD CTL_PATH.VHD TX_PATH.VHD
READ_PATH CONTROL_PATH TRANSMIT_PATH
RX_PATH CTL_PATH TX_PATH
BIT_FLT.VHD CTL_REG.VHD CRC_T.VHD
BIT_FLT CTL_REG CRC_T
BIT_FILT CTL_R CRC_TX
CRC_R.VHD BIT_FLT.VHD WRITE_IO.VHD
CRC_R BIT_FLT DATA_LOAD
CRC_RX BIT_FILT WRITE_IN
READ_[O.VHD RESET.VHD TX_MODE.VHD
DATA_SEP RST_DESIGN TX_CTLR
SEPARATE CTL_RST TX_CTL
FIFO_DMP.VHD BIT_FLT.VHD BIT_FLT.VHD
FIFO_DMP BIT_FLT BIT_FLT
DUMP BIT_FILT BIT_FILT
COM_DEC.VHD CNTR2.VHD
RCV_DECDR CTL_CNTR
COM_DEC T_COUNTR
LO_BIST.VHD
BIST CTL
LO_BIST
RM_BIST
RM_LOOP
BIT_FLT.VHD
BIT_FLT
BIT_FILT
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Appendix D. Data-Mover Receive and Transmit Path Packet and Bulk FIFOs
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Appendix E. Data-Mover Stimulus Generator and Test Fixture
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Appendix F. Data-Mover and Exerciser Top-Level Interconnect
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Appendix G. Data-Mover Parts List
Instance Part Number Description
Ul Cypress CY7C374 UltraLogic 128-Macrocell Flash CPLD
u2 CTS CTX126 or Equivalent 25-MHz TTL Clock Oscillator
U3, U4, U7, U8 Cypress CYBUS3384QC Dual 5-Bit Bus Switches

U5, U6, Ul1l, U12, U14

Cypress CY7C451-20JC

512 x 9 Cascadable Clocked FIFO with
Programmable Flags

U9, U10 Cypress CY7C453-20JC 2K x 9 Cascadable Clocked FIFO with
Programmable Flags

ui3 QuickLogic QL16x24B Very High Speed 4K (12K) Gate CMOS FPGA

D1 1N4735A 1W, 6.2V Zener Diode

D2, D3, D4, D5, D6, D7, |LITEON LT1034 T1 Red LED

D8, D9, D10

S1 AMP 3-435640-9 or Equivalent 8-position DIP Switch

S2,S3, 54 C&K 8125SD3V3BE or Equivalent SPDT Momentary Switch

JP1 Sullins PZC1DAAN or Equivalent 2 x 1 Position 0.25" Sq. Pin-Header

J1 AMP 641737-1 4-Pin Power Connector

J2 AMP 227161-3 or Equivalent RA Female BNC Connector

J3 Sullins EZC30DRXH 2 x 30 Edgeboard Connector

J4 Sullins PZC1DAAN or Equivalent 2 x 20 Position 0.25" Sq. Pin-Header

C1, C2,C3, C4, C5. C6,
C7, C8, C9, C11, C12,
C13, C14, C15, C16,
C17, C18, C19, C20,
C21, C22, C23, C24.

0.1MLC X7R

1206 Chip Cap

C25, C26, C27

C10 10 pF 16V Tantalum Electrolytic Cap

R1, R3, R4 CTS 766-163-R1K or Equivalent 1-kQ R-Pack-8 SO16
R2 50Q 1/8W 1206 Chip Resistor

3M 929955-06 or Equivalent

1-0.1" Centerline Shorting Jumper

Cypress CY9266-F, -T, or -C

HOTLink Evaluation Board
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