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Introduction

Telecommunicationsand Networking isavast industry from
both abusinessand technology perspective. Thisglobal
market isgrowing at 10-15% annually and hit over $500 billion
in 1990s. Equally impressiveisthe rapid innovations and
diversity d the technology used to allow peopleto
communicatewith voice, data, image and video acrossthe
globe. FPGAsareoned those enabling technologies.

Theevolutionary natured developing telecommunications
standards as well as the diminishing product cycletimes
demand high speed /high capacity devicesthat can be
designed in weeks. These are the attributes that have
catapulted FPGAsto theforefront o the telecom engineer's
toolbox. Actel offersfour distinct devicefamiliestargeted at
different design needs. The ACT 1 family offerslow cost
integration up to 2000 gates. ACT 2and 1200XL families
provide best val ue high capacity up to 8,000 gatesand 50 MHz.
ACT 3offers high capacity and high speed allowing telecom
applications up to 10,000 gatesto operate beyond 75MHz.

ThisFPGA ApplicationsGuide usesthe ACT 3 devicesto show
three specific Telecommunicationsand Networking
applications. Each design provides detailed information on the
application and the design methodol ogy referencing many
diagrams. A disk isappended at theend o the Applications
Guide whichcontainsall the design filesneeded to usethefiles
in your next design. Pleasereferencethesefilesto get a clear
and conciseview d the schematics. Thefirst two designs were
captured using the Viewlogic schematiceditor. All thelibrary
elementsused in the design areincluded on the disk so you do
not need to have acomplete Actel system to use the designs.
Thethird design was written in Verilog HDL and the complete
sourcefileisincluded on the disk.



Thefirst application describes how to implement the
100Base-X 100 Mbit/s Ethernet Standard in an Actel FPGA.
Thereisan in-depth discussion o the sub-layer functions
referencing the design files so that any required changes to
meet your needs can be easily accomplished.

The second application presented isa high speed
Asynchronous Transfer Mode (ATM) Switch Fabric. ATM isa
relatively new innovation and used to optimally process
packets at higher rates. The Actel multiplexer based
architectureisideally suited for ATM applications. Again, full
design detailsareincluded to alow you to modify this design
for your needs.

Thethird application describes the design of a Cyclic
Redundancy Check (CRC)for the IEEE standard 802.3 Local
Area Network interface. CRC offersaway to detect small
changesin blocksdf dataensuring integrity during transfers.
Thisdesign isimplemented in Verilog HDL. Schematicswere
generated to show the modules utilized in the design.

For further technical information, contact Actel using your
favorite meansd communications:

Technical Hotline 800 262-1060
FAX 408 739-1540
E-mail tech@actel.com



Using Actel FPGAs to Implement
the 100 Mbit/s Ethernet Standard

Oned the morerecent entrantsinto the high-speed
networking standards battle is 100Base-X—Ethernet operating
at 100 Mbit/s. Thisstandard issupported by the Fast Ethernet
Alliance and sponsored by several key networking companies
such aslIntel, National Semiconductor, Sun Microsystems, and
3Com. Thisproposed standard involvesmany o thetypes o
digital logic functionsfacing high-speed network designers
and, aswill be shown in thisapplication note, can be readily
implemented using Actel FPGA devices.

Theemerging 100 Mbit Ethernet market is expected to
mushroom as network performance requirements continue to
grow. Network users are expected to have almost doubled
between 1991 and 1994, and networks will need to provide
these new userswith just as much (if not more) bandwidth. A
high-speed Ethernet network could solve the bandwidth
problemsfor many classesd users while maintaining
compatibility with current equipment and software.
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100Base-X Network Standards

The 100Base-X proposal uses two established networking
standards to support the 100 Mbit data rate required to
implement the tenfold increase in the10 Mbit rate d the
current Ethernet standard. The 100Base-X standard keepsthe
Media AccessControl (MAC) layer the same as the current
Ethernet standard, but it raises the data rate to 100 Mbit/s.
Sincethe MAC layer was defined independently of
performancelevel, thisincrease can be accomplished relatively
easly, and the well-proven behavioral dynamicsd the
Ethernet MAC can beretained. The only changerequired isto
reduce the physical network span to 1/10 o the10 Mbit/s
distance, resultingin aspan o about 250 meters.

Thisreduced span fitswell within current structured wiring
methodol ogies. Building-floor wiring in modern installations
d Ethernet, such as 10Base-T, are organized as physical stars
with acentralized wiring closet and cableruns d lessthan
100 meters. For LANS, this resultsin a hub-station architecture
with interconnections o lessthan 100 meters.

At the physical layer, 100Base-X leverages dff the proven FDDI
standard for 100 Mbit/s communications using a full-duplex
125 Mbit/s Physical Media-Dependent (PM D) sublayer. This
supports fiber optic, shielded twisted-pair (STP)and
unshielded twisted-pair (UTP)wiring. Combining the MAC
layer d Ethernet to the PMD layer of FDDI requires a
convergence sublayer (CS) between them. Using the CS,
100Base-X maps the PMD'’s constant signaling system to the
packet-oriented half-duplex system imposed by the Ethernet
MAC.
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Convergence Sublayer Interfaces

The MAC transmitsdata to the convergencesublayer in the
form d 4-bit words (Figurel). Thisdata is then encoded into 5-
bit groups, serialized, and transmitted by the CSto the PMD
sublayer asthe transmitPMD signal.

Received data issent from the PMD to the CSasthe
receivePMD signal and is synchronized with the 125 MHz
clock. Note that the PMD also generatessignalDetect when
dataisdetected on the line. The CS decodes the serial data,
converting theinput 5-bit codegroupsinto 4-bit hex characters
and sendsit to the MAC as the receiveMAC signal. Note that
the PMD extractsthe clock from the serial bit stream input. The
125 MHz frequency isrecovered from theinput data stream by
the PMD clock circuitsin the CS. In addition, receiveError is
generated by the CSto indicateto the MAC that an error has
occurred during reception. The carrierSense signal is provided
to the MAC toindicatethat thelineisactive. The
collisionDetect signal notifiesthe MAC if acollision has
occurred.

Thisapplication notewill show you how to use Actel FPGAsto
develop acompl eteconvergencesublayer. It will subdivide the
CSinto itsfunctional divisionsand will show you how each
can beimplemented using Actel ACT 3 FPGAS.
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MEDIA ACCESS CONTROLLER (MAC)

transmitMAC collisionDetect (recelveError)
. carrierSense
transmitEnable receiveMAC

CONVERGENCE sublayer (CS)

P A
transmitPMD receivePMD

signalDetect 125 MHz
P - clock

PHYSICAL MEDIA DEPENDENT (PMD) LAYER

Figure 1. Convergence Sublayer Interfaces
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Convergence Sublayer Functions

Figure 2 shows the basic dataflow in the convergence sub-
layer. The CSreceives transmit data from the MAC as 4-bit
words designated transmitMAC. These4-bit wordsare
encoded into 5-bit symbols (designated TxSYM) that are
shifted out to the PMD at the 125 MHz clock rate.

MAC (100 Mbit/s)
transmitMACi/(receiveError) 4 receiveMAC
Y
8l2l]a
4-BIT WORDS } 4-BIT WORDS
Y
4-BIT-TO-5-BIT 5-BIT-TO-4-BIT
(4B5B) ENCODER (5B4B) DECODER
TxSYM A 5-BIT GROUPS
RxSYM |4 0
2B RXBIT
—LGROUPS REUR ol
m SERIAL TO PARALLEL
TxBIT
CONVERGENCE sublayer (CS)
) transmitPMD receivePMD
PMD (125 Mbit/s)

Figure 2. Data Flowin Convergence Sublayer
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Recelved data at a125 Mbit/s rateis sent from the PMD to the
CSasthereceivePMD signal. The CSformatsinput data to
produce 5-bit symbol groups. Detectiond the two-symbol
sequence, J and K, marksthe beginningd a packet and starts
the synchronizationd the input data stream. The 5-bit groups
are then decoded by the 5B4B decoder and sent to the MAC as
astreamd 4-bit words until the packet's end isdetected by the
reception d the end-of-packet delimiter characters, T and R.

The4B5B encoding/decoding method, whichisasubset o the
standard FDDI 4B5B encoding method, employs5-bitsto
encode/decode both 16 data (hex) charactersand the signaling
symbols required to indicatethe start and end d the data
packet. In addition to the 16 valid 4-bit-binary code groups
shown in the Tablel, there arefive special control signalsused
toindicatestart o packet (J followed by K), end o packet (T
followed by R), and idle (1).A number d other 5-bit
combinationsare designated asinvalid and represent channel
errorsor repeater collisonartifacts. Thus, the physical line
idlesuntil thestart d adata packet isindicated by aJsymbol
followed by aK. Datasymbolsthen follow with theend d data
beingindicated by a T symbol followed by an R. Idle symbols
immediately follow. The job d the convergencesublayer isto
extract the control charactersor idlesfrom the packet and then
send adata-only packet to the MAC. Thus, the MAC never
recelvesidle, X, or TR symbols. When receiving, the CS
reversesthe process, encapsul ating and encoding the data
from the MAC for transmission by the PMD.
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Convergence Sublayer Dda Flow

Theblock diagram d the convergence sublayer isshown in
Figure 2. Thereceivestate machine generatesreceiveMAC data
and receiveError for the MAC based on the receivePMD data
input from the media. The transmit state machine accepts
transmitMAC and transmitEnable from the MAC and
generatesthe transmitPMD data to the physical layer. The
collisionDetect function isgenerated by the transmit state
machine, based on transmitEnable and the receive state
machine's receiving signal.

TheCarrier Sensefunction assertsthe carrierSense signal when
the convergencesublayer iseither transmitting or receiving,
based upon the two corresponding internal signals generated
by the Transmit and Receivefunctions. The Link Monitor
function generates linkTestFail based on the PMDs
signalDetect. LinkTestFail isan internal signal unused by the
MAC and can optionally be used by your network
management entity.

Transmitted data, shown as the transmitMAC signal in Figure
3, indicatesthat MAC dataisavailableand isregisteredin the
convergencesublayer logic. Groups d 4 data bitsin the
transmit bit'stream are converted to 5-bit code groups by 4B5B
encoding prior to transmissionon the 125 Mbit/s PMD. Note
that TxDATA, TxSYM, and TxBIT are al different views o the
same data, but at different data rates.
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MAC (100 Mbit/s)

transmitMAC collisionDetect A carrierSense receiveMAC | 4
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PMD (125 Mbit/s)

Figure 3. Convergence Sublayer Functional Block Diagram
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Using FPGAs to Implement a
100Base-X Convergence Sublayer

Aswill be seenin thefollowing sections, the 100Base-X
convergencessublayer can be implemented as eight functional
blocks, each o which formsthe subject & aseparate
application discussion. Thesearelisted under the threemain
headings: the transmit function, the receivefunction, and the
carrier-senseand link-monitor circuits.

Convergence Sublayer Transmit Function

Thedesign d the transmit function shows some common
design techniquesused in high-speed FPGA applications. The
main function d thisblock isto provide the requested symbol
data to the PMD at the 125 Mbit/s serial rate. Thisrequires the
4-bit MAC datawordsto be 4B5B encoded and then shifted out
using the 125 Mhz clock. In addition, the serial data stream
needs to be framed using theleading /J/K/ symbol pair and
trailing /T/R/ symbol pair. When dataisnot transmitting, itis
replaced by the constant transmissiond idle symbols. The
transmit functionisdivided into two blocksasshownin
Figure4:

¢ The Transmit State Machine
¢ The Data Path
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Data Path Thedata path portion o the transmit block isshownin
Figure4. The main flow d data comesfrom the MAC at
25 MHz with a4-bit-widedata word and a control signal that
enablestransmission. When MAC dataisnot being
transmitted, the convergence sublayer sends continuousidle
() symbols to the PMD. When the TransmitEnablesignal
becomesactive, a /J/K/ symbol pair istransmitted to indicate
the beginning o adata packet. MAC data symbolsthen follow
and are encoded into 5-bit symbolsusing the 4B5B encoding
schemeshown in Tablel. Theend of MAC dataisindicated by
the TransmitEnablesignal goinginactiveand a /T/R/ symbol
pair isinserted at theend d the data packet. Findly, the CS
logic returns to transmitting idle symbols.

Table |. 4B5B Symbol Coding

5-bit Code Group  4-Bit-Binary

Symbol (in Convergence Code Group Interpretation/Function
sublayer) (in MAC)
0 11110 0000 Data character: CH
1 01001 0001 Data character: 1H
2 10100 0010 Data character: 2H
3 10101 0011 Data character: 3H
4 01010 0100 Data character: 4H
5 01011 0101 Data character: 5H
6 01110 0110 Data character: 6H
7 01111 0111 Data character: 7H
8 10010 1000 Data character: 8H
9 10011 1001 Data character: 9H
A 10110 1010 Data character: AH
B 10111 1011 Data character: BH
C 11010 1100 Data character: CH

13
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Table 1. 4B5B Symbol Coding (Continued)

5-bit Code Group  4-Bit-Binary

Symbol (in Convergence Code Group Interpretation/Function
sublayer) (in MAC)
D 11011 1101 Data character: DH
E 11100 1110 Data character: EH
F 11101 1111 Data character: FH
| 11111 - Idle character transmitted between packets
J 11000 - First control character in start-of-packet delimiter
K 10001 - Second control character in start-of-packet delimiter
T 01101 - First control character in end-of-packetdelimiter
R 00111 - Second control character in end-of-packetdelimiter
\Y 00000 - Invalid character
\Y, 00001 - Invalid character
\Y 00010 - Invalid character
Y, 00011 - Invalid character
\Y 00100 - Invalid character
\Y, 00101 - Invalid character
Y, 00110 - Invalid character
\Y 01000 - Invalid character
Vv 01100 - Invalid character
Vv 10000 - Invalid character
\ 11001 - Invalid character

14
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Theimplementationd the described functionsinvolves
selecting six different symbol sourcesfor PMD data: the |
(idle),J, K, T, and R symbolsand the4B5B encoded MAC data.
In addition, a TestData input can be used to provide raw
unencoded data to the PMD for usein diagnosticsand testing.
Thissdlectionis accomplished viathe multiplexerin front of
the output shift register. One multiplexer selectsfrom thel, J
and K symbolsor from another multiplexer output. The other
multiplexer selectsfrom the T and R symbolsand encoded the
MAC data. Note the additional path around the encoder,
which alows raw (unencoded) data to be provided to the
PMD. Thisis used for system test and diagnosticsand isthe
only way to inject known errorsinto the system, simulating
collison remnantsand exercising the boundary conditions o
the standard.

The Actel logicimplementsmultiplexersdirectly in asingle
logic module so, by inspection, the path through the
multiplexer tree requiresonly two module delaysand can
easily meet the 25 Mhz performancerequirement. The 4B5B
encode block also requiresonly two logic level sand can be
designed viaschematicsor viaequations. The equations can be
automatically compiled using Actel’s ACTMap tool and then
incorporated into the schematic.

15
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4858 Encoder

Symbol encoding d the 4-bit data words transmitted from the
MAC into the 5-bit coded groups required by the convergence
sub-layer and the PHY layer employsamodified versiond the
coding used in FDDI-based systems. The differencesfrom
FDDI are that the symbolsS Q, and H are not used and that R
isnow used as part d the /T/R/ end-of-packetdelimiter
character group.

Tablellistsall 325-bit data- and specia-symbol codesthat the
PMD can send to the convergence sublayer. The16 data
characters--0 through F (hex) —areshown in Table 1, both as
5-bit code groups and as their 4-bit binary equivalents, as sent
by the CSto the MAC. Theidle character | and the control
characters], K, T, and Rareshown in Table1in 5-bit form only,
because they are not used in the MAC. The same applies to the
remaining 11 possible 5-bit combinationsthat might be
recelved on themedia, al d which have no meaning to the
decoder and hencearetreated asinvalid. For smplicity, each d
the1linvalid symbolsisdesignated as V.

Encoding d 4-bit data wordsinto 5-bit symbolscan be
accomplishedin afew simplelogic equations, as shown in the
PALASM entry format shown in Figure5.

The aboveequations trand ate each bit in sequence. Bits DO-D3
are the 4-bit dataword input to the decoder, and BOB4 define
the 5-bit output symbolsfrom the decoder. Thus, in thefirst
equation, bit BD isalways thesame asthebit BO, as can be seen
by inspectiond Table1. The decoding equationsfor the
remaining output bits (bitsB4 through B1) arederived in a
comparablefashion.
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;Used in 100 Mit Ethernet application

CH P 4b5b generic
clk rst d3 d2 d

EQUATI ONS

qd =

a3 :=

q2 : =dl

ql

g0 := do
g4.clkf = clk
a3.clkf = clk
g2.clkf = clk
ql.clkf = clk
q0.clkf = clk
gd.rstf = /rst
g3.rstf = /rst
g2.rstf = /rst
gl.rstf = /rst
qg0.rstf = /rst

do g4 g3 g2 g1 go

d3 + (/d2 * dl) + (/d2 * /4d0)
d2 + (/a3 * /dl)

+ (/43 * /a2 * /d0)
v= (/d1 * /d0) + (d3 :+:

d2) + (d2 * /dl)

Figure5. PALASM?2 Description for the 4B5B Encoder
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ACTmap VHDL Synthesis and FPGA Optimization

18

These equations are then processed by ACTmap, a
computer-aided design tool for working with the Actel families
o FPGAs. It performs three basic functions:

e PALASM 2, VHDL to netlist translation
* Netlist-optimized mapping
¢1/0 insertion

ACTmap readsthe PALASM 2, or VHDL source fileand
translatesit into either an EDIF or an ADL (Actel Design
Language) output file or Verilog netlist. The output file that it
generatesisoptimized for aspecificfamily d Actel FPGAs
(ACT1,ACT 2, 1200XL, or ACT 3).

You can specify whether the design should be optimized for
area or speed. The PALASM 2 description for the4B5B encoder
shown in Figure5 was processed by ACTmap, and the
following results where achieved:

e Area= 9 modules
e Estimated worst-case delay =8.80ns

These results easily meet the25MHz requirementsd the
transmit function and show the speed and capacity capabilities
d the ACT3architecture. The schematic logicimplementation
d the4B5B encoder (seeFigure 6) shows the compact nature o
the final implementation.
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Transmit Operation

20

Transmit operational states are shown in block diagram form
inFigure?.

The actionsshown in Figure 7 are assumed to be
instantaneous, although, for smplicity, some time-sequenced
events are contained in singlestates. Unconditional state
transitions are unlabeled. Conditional state transitionsoccur
when explicitly shown by the accompanying condition; a state
isrepeated until some transitional conditionisdetected. States
areatomicin that conditionsare evaluated only at the
completiond thestate's actions. Transitionsshown without
source states, notably linkTestFail, are evaluated at the
completiond every state and take precedenceover other
transition conditions.
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RESET

IDLE state
- transmitting «— FALSE linkTestFail
| coltisionDetect « FALSE

TXSYM « | .
‘ transmitEnable

START state
transmitting«— TRUE
collisionDetect « receiving
- waitNibble

TXSYM «J

waitNibble

TXSYM « K

+ transmitEnable

| TRANSMIT state
collisionDetect « receiving
waitNibble

| TXSYM « 5B4B (TXDATA)

‘ NOT (transmit enable)

END state
transmitting <~ FALSE

- collisionDetect « FALSE
TXSYM « T

TXxSYM « R

Figure 7. Convergence Sublayer Transmit Operation
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Convergence Sublayer Transmit Operation

The transmit state block diagram begins with the IDLE state.
The transmitting and collisionDetect signals areinitialized as
FALSE and the IDLE symbol is continuously supplied to the
PMD. Once the MAC has data to transmit, it asserts
transmitEnableand the START state isentered. The
transmitting signal isasserted (set to TRUE) to indicate to the
Carrier Sensefunction that data is being transmitted. In
addition, collisionDetect isset to thelevel o the receiving
signal. Thereceiving signal comesfrom the Receivefunction; if
itisalso asserted, a collision has occurred. The waitNibble
function synchronizesthe MAC data with the PMD clock. The
first 8-bitsd the MAC preamble are replaced with the

/J/K/ symbol pair. If transmitEnable becomes FALSE, the
machine makes a transition back to IDLE. If transmitEnable
staysasserted, the next state becomes TRANSMIT. During
TRANSMIT state, collisionDetect isstill set to receiving. The
MAC data (TxDATA) isencoded using the 5B4B function, and
encoding continues until transmitEnable is disabled. Once
transmitEnableis deasserted, the machine makes a transition
to the END state. In the END state, transmitting and
collisionDetect are both FALSE. The /T/R/ symbols are
transmitted toindicatetheend o data, and the machine moves
to theIDLE state. The assertion of linkTestFail (by the Link
Monitor function) causes an immediate transition to the IDLE
state and takes precedence over any MAC request.
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Transmit State Machine

The state-diagram implementation d transmit operation is
shown in Figure8. The state machinestartsin the IDLE state
and transmitstheidle symbol (1) until transmitEnable (TE)is
TRUE. Aslong as TE is TRUE, the machine proceeds through
theJand K states, sending first the J symbol and then the K
symbol to indicatethestart & adata packet. The machine then
transmits data until TE goes FALSE (i.e., transmit not enabled
(/TE)), after whichaT and an Rare transmitted, indicating the
end d the data packet. The state machinethen returnsto the
IDLE state and waitsfor the next data packet. Thetest mode
may be entered from the IDLE state by asserting Test mode
(TM).In this mode, any 5-bit code symbol may be transmitted,
thus allowing known error conditions to beinjected onto the
network.

Thelogicimplementation d the transmit state machineis
shown in Figure9. Each state isencoded into the transmit state
machineflip-flopsto allow symbol selection in the transmit
multiplexer. (SeeNote on page 26.) Thesetransitionsare
controlled by theinput logic for each flip-flopand depend only
on the TE signal and the current state.

The resulting design employsonly 11 logic modules and runs
well in excessd therequired 25 MHz speed.
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Send data

LEGEND
TE =Transmit enabled

/TE =Transmit not enabled
TM = Test mode
/TM = Normal mode

Figure 8. Transmit State Machine Diagram
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Note Thisstate-machineimplementation differsfrom the
commonly seen one-hot approach in that the statesare
encoded into four D flip-flopsrather than asingle
flip-flop per state. Also, the state-machineencoding
shown in thisapplication is more efficient than the
one-hot approach because the state flip-flopscan drive
the data-path multiplexer directly, eliminating the
additional encoding logic that would berequired to
handl e the one-hot state variablesand to select desired
multiplexer sources.
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Convergence Sub-layer Receive Function

Thereceivefunctionsd theconvergencesublayer areshownin
the block diagram in Figure 10. Thesefunctionsare discussed
in the following sections.

¢ Shiftregister, sync detect, and squelch
e Clock generation

* 5B4B symbol decoder

¢ Recelvestate machine

Receive Operation

Thesequenced receive statesisshown in the receive-
operation diagram, Figure 11. The receivestate machinetracks
the received symbol sto ensure that a compl ete packet has been
received and indicatesthe current line state to the next layer
the protocol. The receive process (see Figure11) involvestwo
separate setsd states. Theconstituentsin the first set—the
IDLE, SCAN, CARRIER, and ALIGN states—are prealigned
and operate on the raw input bits using RxBIT. The remaining
states are aligned and operate on the input data stream as
symbols(RxSYM). Output data, designated RxDATA, is sent
directly to the MAC in these states.
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The RECEIVE state sequence beginswith the IDLE state. The
receiving signal and the optional receiveError signal are
initialized to FALSE. The SCAN stateisentered next and the
waitBit function synchronizesthe machineto the received data
stream. At this point, the squelch function filtersout noise
events by not allowingatransition to the CARRIER state
unless two nonconsecutivezeros are detected. Because
carrierSense is used by the MAC for deferral purposes, it must
be asserted on the detection d any received signal (i.e.,
received energy, or non-IDLE input) whether or not it'san
actual packet. Since carrierSense isalso used to detect
collisions, it'simportant to avoid triggering on noise,
specifically asingle-bit event. If CARRIER isentered, RxDATA
isinitialized to al zeros (0000) and receivingisset to true.

Thesystementersthe ALIGN state next. In ALIGN, the start o
packet symbols/]/K/ issearchedfor. If at least twoidle
symbols (111111111 )are found instead, no start o packet has
been detected and the machine movesto the IDLE state. If the
/1/K/ symbolsare successfully found, the START stateis
entered. In START, the MAC preambledata (55)is substituted
for the received /] /K/ symbols. The waitQuint function
assuresthat MAC data is not overwritten. The RECEIVE state
isentered next. Usudly, in the RECEIVE state, valid datais
recelved and atransition to the DATA stateis made. In the
DATA state, receiveError is deasserted and 4B5B decoded data
issent to the MAC.
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From the DATA state, the machinereturns to the RECEIVE
state. If, during the RECEIVE state, two idle symbolsare
received, the PREMATURE END stateis entered, receiveError
isasserted, and IDLE isreentered. If, in the RECEIVE state,
invalid dataisreceived, the DATA ERROR stateisentered,
receiveError isasserted, and RECEIVE isreentered. Invalid
dataisnot transmitted to the MAC. If, in the RECEIVE state, a
/T/R/ symbol pair isdetected, the END stateisentered,
receivingisdeasserted, and IDLE stateis reentered.

Shift Register,Sync Detect, and Squelch

The shift register, sync detect, and squelch circuits (Figurel2)
areresponsiblefor shifting serial data at the 125 Mhz line rate
and detecting clock synchronization symbols. Onceasync
symbol isdetected, the clock generation state machine adjusts
the 25 Mhz symbol clock by stretching it the required number
d 125Mhz clocksto alignit with an input symbol. Control
symbolsin the input data stream can then be captured
correctly by the 25 Mhz clock and decoded by the4B5B decode
block.

Serial dataisclocked into the shift register and sync detect
block by using the 125 Mhz clock. Sync symbol sare detected as
the data shifts. Asshown in Figure12, only asinglelogic level
isrequired to detect each d thefiveimportant sync signals
(J,K,T,R and I). Thecode groups corresponding to each o these
symbolsareshownin Table1 on page 13.
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Note Theshift register generates both the true and
complemented versionsd bitsB3, B4, B8, and B9. Thisis
required to implement single-level decodefor thel
symbol becausethe ACT3logic moduleimplements five-
input AND/NAND gateswith at least two inverted
inputs. Thetechniqued providing additional registers
with inverted outputsiscommon when implementing
logic functions using fine-grained antifuse FPGAS. The
additional registerscost littlebecaused thefine-grained
logic module, and they can be used where needed to
provide additional logic signals. The abundant routing
resources available with antifuse FPGAsalso supply the
additional routing required to create these additional
logic signals.

The squelch function filters out noise events from the received
data stream. Zerosareignored unlessthere are two
noncontiguous zeroswithin thefirst 10 bits. At first glance, it
would appear that thelogic to detect two noncontiguous zeros
in a10-bit word should be quite extensive. However, onceit is
observed that thisfunctionisused only on aserial datastream,
severa simplifyinglogic reductions can be made. First, check
theleast significant bit (BO)for a zero, and then check that at
least one d the higher-order bits (only B2 through B9, since Bl
iscontiguous) isalso zero. Any other combinationissimply a
shift from BO. However, the resulting logic equation for a
squelchstate (S),

S:= /B0*(/B2+/B3+/B4+/B5+/B6+/B7+/B8+/B9)

istoo largetoimplement in asingle FPGA logiclevel.
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To simplify thisapproach, note that because data is being
serially shifted in, higher-order terms can be precomputed and
then combined with the critical BO signal using asinglelogic
level. Thelogic that results can be expressed by the following
three equations:

S1:= /(/B1+/B2+/B3+/B4)
S2:= /(/B5+/B6+/B7+/B8)
S:= /BO*(/S1+/S2)

These three equations are the ones actually implemented in
FPGA form, (seeFigurel12.)

Note Asshownin Figurel2, bitsB1-B4 and bits B5-B8 are
used with registersto devel op the two intermediate
termsS1 and S2. Thesetwo are then ORed with bit Bl to
develop thefinal squelch function (S). Thisform d
pipelined operation works well in serial data
applicationsand will almost alwaysresult in faster and
more area-efficient FPGA designs.

Also, noticethat theextrainversionson the S1 and 2 terms
(Figurel2) are used because NOR functionswith inverted
inputs map more easily into in asingle ACT3 logic module.
Synthesissoftwarelike Actel's ACTmap Program figuresthis
out automatically, allowing the designer to focuson
architectural and functional issuesinstead. Thus, what initially
lookslike adifficult decoding problem can be significantly
simplifiedto only threelogic modules that operate easily at the
serial datarate.
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Clock Generation

Theclock generation state diagram and the clock generation
schematic diagram are shown in Figures13 and 14,
respectively. The clock generation logic divides the 125 Mhz
serial clock by 5 to generate the 25 Mhz symbol clock, Clock25.
TheClock25signal (Figurel3) isstretched when async symbol
isdetected, to alignit with the 5-bit symbols. Thisis
accomplished by atransition to the @D state when the K signal
(start o packet) is active. Entry into QD synchronizesthe

25 Mhz clock (Clock25, the output from states Q2 and Q3) and
theload signal. Theload signal isactiveevery 5 clocks after
synchronization, which captures the 5-bit symbol from the
aligned data stream. The symbol can then be safely captured
by the 25 Mhz clock, Clock25in the aligned symbol register
(ASR). Theschematicimplementation for this processisshown
in Figurel4.

JKSYM

Figure 13. Clock Generation State Diagram
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Note Each statein the machineusesasingleregister. Thisone-
hot (i.e., oneregister at atime) type d state machine
design usesthe register-intensivenature o fine-grained,
antifuse-based FPGASsto reduce the logic complexity
required to determine next-statetransitions. In
traditional encoded designs every state bit isneeded to
determine which state the machineisin. Thiscan make
for largetransition termsin complex state machines.
FPGAS, on theother hand, can use theadditional register
available to reduce thelogic complexity, becauseonly a
singleregister output isrequired todeterminethestated
the machine. Thus, the FPGA's narrow, high-speed logic
modul e can be used to generate the transition terms
efficiently. In fact, on closer examination, the
implementationd thestate machinemapsvery closely to
the state diagram. Transitionsfrom one state to another
result in aconnection from the starting-states register to
theentered-statesregister. Logiccomplexitycaneasily be
estimated directly from thestatediagram. Becauseonly a
singlelogic moduleisrequired to implement even the
most complex transition, the entire machineruns easily
at the125Mhz clock rate.

5848 Symbol Decoder

Once asymbol has been aligned, the data must be extracted by
converting the 5-bit input from the PHY into a 4-bit data word
that issent to the MAC. Thelogic diagram for thisdecoder is
shown in Figure 15. Symbol conversionisdonein accordance
with the 4B5B decode table, Tablel. Implementation d the
decoder in the ACT3family isautomatically generated from
the logic equations devel oped from the encoding table by
using the ACTmap tool. Asshownin Figure15, thefull decode
requiresonly 24 modules and only two levelsd logic, easily
meeting the speed required for the 25 Mhz clock.



Using Actel FPGAs to Implement the 100 Mbit/s Ethernet Standard

D3

prc1m
VCLK
g ¥ CLR

a9

W o 0oy |o

D2

CLR

o jolw
i
13

D1

NO g—p

orciB
ACLK
28LR

orcin
CLK

CLR

o} ——aIx

o
orcin
CLK

CLK125 —

INT_CLK25 —p
CLR

CLR '——T

CLR

Q|

— @R

CLR .—-——T

J1SYM
I1sYM

g Y
BED

CLK125 &

ore1s
CLK

CLR

CLR g———Q
INT_CLK2S5 gf—

rEas

hour

boLock

B[9: 5] M

Qreio1
PATA(4:0)

| — N (4:0]

CLR

Figure 15. 5B4B Decoder Schematic Diagram

38

| @Iz



Using FPGASs to Implement a 100Base-X Convergence Sublayer

Receive State Machine Diagram

The RECEIVE state diagram isshown in Figurel16. The
machine beginsin the START state and waitsfor the reception
d aJK symbol pair. The RECEIVE stateisentered upon the
receptiond thispair and exited only under one or more o the
following conditions:

* Reception d aTR symbol pair (end o data packet)
e Receptiond anidle (I)symbol (premature packet end)

* Receptiond an invalid symbol (error condition)

Notethat if aninvalid symbol isreceived, the ERROR stateis
entered to capture the event. Thisstate is cleared only by
resetting the state machine.

Reset

TR+l +JK

RECEIVE

_-\
\)ELSE

Figure 16. Receive State Machine Diagram
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Receive State Machine Logic

Asshown in Figure 17, the schematic implementation d the
RECEIVE state machinerequiresonly 4 logic modules and two
levelsd logic. It easily meetsthe 25 Mhz clock rate required for
this portion d the design.
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Figure 17. Receive State Machine Schematic Diagram
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Conclusion

Carrier Sense and Link Monitor Circuits

SGNL_DET

The carrier sense and link monitor circuits combineoutputs
from the transmit, receive, and PMD blocksto develop the
receiveError, carrierSense, and collisionDetect signals. The
logic for implementing this processis shown in Figure18.

RX

A06 il CR_SNS

on|w|»

TX

2 DCY B LNK_T/F

Figure 18. Carrier Sense and Link Monitor FPGA Logic Schematic

Conclusion

Thisapplication note has described the completedesign o a
100Base-X convergencesublayer. Each building block hasbeen
fully tested and documented and isavailableon disk to those
contemplating similar or related applications.
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Designing High-Speed ATM Switch Fabrics
by Using Actel FPGAs

Therecent upsurged interest in AsynchronousTransfer Mode
(ATM)isbased on the recognition that it representsanew level
d both speed and simplification in telecommunication
networks. The most significant characteristicd ATM isthat it
requiresminimum cell processingin network nodesand in
links such as repeaters, bridges, and routers. This means that
ATM allowssystemsto operate at rates much higher than
current packet-switchingsystemsallow. Thisimproved
performanceisdue to higher mediaquality and to ATM
operation in aconnection-oriented mode that guarantees
minimum packet loss. Thislow packet lossisthe result of not
granting entrance to the network until completion o a setup
phase that allocatesall necessary network resources.

To reducethesized theinternal buffersin switching nodes,
and thus to reduce the queuing delaysin these buffers, the
information field length in ATM packetsis kept relatively
small. Asaresult, as packet size goes down, the speed
requirement for each switching node on the network goes up.
In general, to keep packet oss to a minimum, the throughput
d ATM switching nodes must be in the 1-gigabit-per-second
range.

Thisapplication note describeshow to design typical
high-speed switch fabricsthat route ATM packetson
broadband networks. Switch fabricisaterm used to denote a
largegroup d basic switching building blocksconnectedin a
specific topology. Thedesign, analysis, and implementation o
these building blockswill be described.
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ATM Switching Applications

44

Oned themaintasksd an ATM switching nodeisto transport
ATM cdllsat high speed fromitsinput portsto itsdestination
output ports. Thistask is performed by the switch fabric. The
switch fabric establishesa connection between an arbitrary
pair d input and output ports. Switchfabricsusually consist o
identical basic unitscalled switching el ements. The switching
elementsare interconnectedin a specific topol ogy to createthe
switch fabric.

TheActel ACT 3family d FPGASs, with their high-speed
multiplexer-based architectures, are, aswill beseenin this
application note, an excellent fit for applications, such asATM
switching, that stressthe heavy used multiplexing. This
application note will describein detail thedesignsd two
typical high-speed ATM switches:

¢ A pipelined 16:16 switch fabric
e A 16:16 multipath interconnect (MIN) switch fabric
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Piplined 16:16 FPGA Switch Fabric

Oned thesimpler FPGA approaches to ATM switch fabric
design isshown by the straightforward 16:16 multiplexing
schemein Figure19. Thisswitch fabricdesign isknown asa
single-path network, becausethe same path isalways used from
any giveninput to agiven output. In thisexample, theswitch
fabric has16 input ports and 16 output ports. To achieve
connectability, it employs16 16:1 multiplexerscalled FEMX16’s
(Figure20). Each o the 16 FFMX16s usesfive Actel DFM6A
basic 4:1 multiplexed flip-flops connectedin two pipelined
stages.

Each DEM6A (Figure2l) isa4:1 multiplexer driving aflip-flop
and occupiesasingleActel ACT 3 sequential logic module.
Thismultiplexedflip-flopintroducesonly onelevel d logic
delay in the design. In thisimplementation, once each o the
two stagesd the 16:1 multiplexer isfull, the pipeline outputs
data on every subsequent clock cycle. Thus, these16:1
multiplexersare effectively implemented in onelogiclevel,
providing improved throughput.
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Figure 19. 16:16 Basic Multiplexer Switch Fabric
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Figure 20. Two-Stage Pipelined 16:1 Multiplexer (FFMX16)
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Figure 21. Multiplexed Flip-Flops DFM6A

Switch Fabric Driving Circuit

Thedriving circuit for each o the FFMX16s in the 16:16 switch
fabricisshown in Figure 22. Asshown in thefigure, selecting
datafor the output d each FFMX16 requires64 signals. This
number isbased on the need for four switch-select inputs (S0,
S1, S2, and S3) for each d the FFMX16s. Switch-selectsignals
® and S1 operate with thefirst stage d each multiplexer, and
select signals and S3 operate with the second stages. A drive
signal isreceived asa serial bit stream (SWSEL)that is
converted to parallel form by a 64-bit serial-to-parallel shift
register (SIPO64). Input data to the switchis received on the
linesD[15:0]. Notice that the FFMX16 shown in Figure 22
represents 16 FEMX16s, so the inputs are 16 bitswide.
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Figure 22. Top Level View of the 16:16 Switch Fabric Design

It takestwo clock cyclesto fill the FFMX16 pipeline, after
which data is present on the OUTP[15:0] bus at each clock
cycle. The 64-bit data selection word S[63:0] from the shift
register isdivided into four groupsd 16 bits each, which are
used to select the appropriate routing through the switch
fabric. Notethat there are separate clock linesfor both the shift
register and for the switch fabric so that data can be clocked to
the output bus at arate different from that o the shifted
control bits.
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Using ACTgen Macro Builder

The 64-hit serial-to-parallel shift register (SIPO64) is generated
by the Actel macro generator, ACTgen included with Desinger
Series software packages. With ACTgen’s graphical user
interface, you can build structured macros (counters, adders,
etc.) by simply clicking on afew menu choices. The ACTgen
Macro Builder then creates functions that effectively use the
Actel architecture. Each macro isdeveloped with thegoa o
limiting modul e count, maximizing performance, and
restricting loading to acceptablelevels.

In this design, the SIP064 is generated by simply choosing the
desired parametersfrom ACTgen’s graphical user interface
(64-bits, serial-to-parallel, active-low clear, active-high shift
enable, and positive-edge triggered clock). The created shift
register isthen instantiated in the design with no need for
simulation. The ACTgen macros are already tested to
guarantee correct functionality.

Note Inthe N:N multiplexed structure shown here, any given
input may be broadcast to all outputssimultaneously.
Also, an advantage o thisapproach isthat after only two
clock cycles, the pipelineisfull and ready to output data.
A disadvantage o thisschemeisthat it allows only one
possible path, and no alternative paths, between each
input and output. To implement a multiple-path
capability, multiplesdf thisswitch fabriccan be cascaded
together. However abetter solutionisthe MIN switch
fabric.
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16:16 Multipath Interconnect (Min) Switch Fabric

The primary advantage d a multipath interconnect network
(MIN)isthat it permitsthe creation d aternative paths
between a given input and a given output in order to avoid
possible packet collisons. Oneimplementation d aMIN
switch is the two-section Banyan network shown in Figure 23.
Thisnetwork consistsd four stagesthat drive asecond group
d four. The second group ismade up o thefirst four stages
with areversed topology —it isthe mirror image o thefirst.
Adding thissecond haf producesacomplete MIN switch
fabricin a minimum number o stages.

Thefirst four stages (seeFigure 23) enableany output to be
reached from any input via one specific path. Thisisthe
standard Banyan configuration. The second four stages use a
reversed Banyan topology. Together, the two sectionsprovide
themultiplicityd pathsrequired for aMIN switch fabric. That
is,inan N: N MIN switchfabric, N internal paths are available
to reach any output from an arbitrary input.

Each basic switching element used in thisswitch fabricisa 22
switch. (SeeFigure 24.) Depending on the value o switch line
SN, thedatawill beeither passed or crossed between theinput
and output lines. Figure 25 shows the implementation o the
basic switching element using Actel DFME1A ACT 3
multiplexed flip-flops. Asshown in thefigure, two multiplexed
flip-flopsare required to implement the switching element.
Thetruth tablefor the basic switching element shown isgiven
inTable2.
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B—’"-' _________ . | Y1

Figure 24. Possible Sgnal Pathsin a 2:2 Basic Switching

Element
.
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Clock

Enable

Switch

CLK E SW Y0 Y1
X 1 X Asin Asin
previous previous
State state
T 0 0 A B
T 0 1 B A

Notes: T =Triggered on positive edge of clock

X = Don't care

Table 2. Truth Tablefor 2:2 Basic Switching Element SWCELL
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Assumingan N: N MIN switch fabric, the number d stagesin
the network is2log,N. If N =16 (asin the present case), the

MIN switch fabricisimplemented in eight stages. Thus, a16:16
MIN can be constructed d eight stages, with each stage
consistingd eight 2:2 basic switching elements.

Switch Fabric Driving Circuit

Thedriving circuit for the MIN network issimilar to the one
used for the multiplexer-basedswitch fabric described in the
previous section. Asshown in Figure 26, the switching
elements (SWCELL) are connected to each other to implement
the topol ogy shown in Figure 23. TheSW linesd theswitching
elementsare driven by the outputs (5[63:0]) of a 64-bit shift
register. TheS[63:0] signalsare received as aserial bit stream
(SWSEL)and are converted to parallel form by a 64-bit serial-
to-parallel shift register (SIPO64). I nput data to theswitchis
received on the linesIN[15:0] and is clocked to the outputs
oncethe SWCELLs are enabled.

It takes eight clock cyclestofill the switch fabric pipeline, after
which data is present on the OUTP[15:0] bus at each clock
cycle.The 64 bitsd data selection word (S63:50) from the shift
register are used to select the appropriate routing through the
switch fabric. Notethat there are separate clock linesfor the
shift register and for the switch fabricso that data can be
clocked to the output bus at arate differentfrom that o the
shifted control bits S[63:0].
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Note The completemultipath interconnectswitch fabricis
implemented by using 128 (8 x 8 x 2) multiplexed
flip-flopsd thetype DFME1A. Thestraight multiplexed
switch structure discussed in the previous section
requires80 (5x 16) DFM6A multiplexed flip-flops.
However, thissizedifferential does not translate for
larger valuesd N (where N isthe number d input and
output ports).As N getslarger, the number d modules
required to implement the MIN network does not
increase as rapidly asit doesfor the simple mux-
structured network. Also, notice that the multiplexed
flip-flop used in the MIN network isa2:1 type, whereas
thestraight mux switchfabricrequiresa4:1 type. The2:1
multiplexed flip-flop offers the advantage that, because
d itslower fanin, it iseasier to route on the Actel

software.
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Timing Analysis

Timing Analysis

Conclusion

The MIN switch fabric discussed here can be implemented in
most Actel ACT 3 devices, such asthe A1425A, the A1440A,
A1460, and the A14100A. Thetiming analysisgivenin this
section was obtained from the A1440A-2.

The MIN switch fabric can be operated asfast as the slowest
switching element can switch itsdata from input to output.
The basic switching element has a5.7 ns clock-toq (input-to-
output) delay, along with 0.7 nsd setup time. Hence, the
maximum frequency d theswitchfabricclock is156 MHz. Ina
16:16 switch, this provides a maximum throughput o 2.5
gigabitsper second. Note that it takeseight clock cyclesfor
data to movefrom the switch fabricinput toits output (about
51.2ns). However, asin dl such pipelines, onceall stagesd the
network arefilled up, data isoutput at every subsequent clock

cycle.

The basic concept behind switch fabricsis multiplexing data
from input ports to outputs. The multiplexer-based
architectured Actel FPGAs fitsthis requirement. High-speed
switching networks d almost any topology can be
implemented efficiently using the multiplexed flip-flopsin the
Actel library. Each d theseflip-flopsis mapped to only one
sequential module within the FPGA to take maximum
advantage d the die area within the chip.
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Generating/Checking CRC for IEEE 802.3
(LAN interface)

The Carrier SenseMultiple Accesswith Collision Detection
(CSMA /CD) media access method is the means by which two
or more stations share a common bus transmission medium.
IEEE 802.3isastandard for loca area networks (LAN)
employing CSMA /CD as the access method.

IEEE 802.3consistsd submodules such as Receiver,
Transmitter, Clock Synchronization,and CRC, asshown in
Figure27.

Thefocusd thisapplication noteisthe design o aCyclic
Redundancy Check (CRC)submodul e compatiblewith the
IEEE 802.3 protocol. Thisincludes generating the CRC code
before transmission and checking the coherency d the data at
receiver time.

IEEE 802.3 Protocol

@ Clock Synchronizatioh

Figure 27. |EEE 802.3 Protocol Submodules

Receiver
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Cyclic Redundancy Check

CRC isaway to detect small changesin blocksd data.
Although afew errorsin atext file may be acceptable, when
transmitting acomputer program, an error d evenlbitis
sufficient to make a program faulty. An error-correcting
protocol triggered by a CRC error detector can provide
protection. The CRC code calculationusually isdifferent from
one protocol to another. Thisapplication note focuseson the
LAN 802.3 protocol algorithm and includesadesign
implementation and theissuesinvolved in this
implementation.

IEEE 802.3 Frame Structure

A MediaAccessControl (MAC)frame packet is partitioned
into Six maor sections; Preamble, Destination, Source Address,
Byte Count, Data Field, and Frame Check Sequence (FCS).
Table3 demonstrates the LAN frame structure.

Table 3. LAN Frame Structure

Preamble 8 Bytes
Destination Address 6 Bytes
Source Address 6 Bytes
Byte Count 2 Bytes
Data Field 46 to 1500 Bytes

Frame Check Sequence (FCS) 4 Bytes




IEEE 802.3 Frame Structure

The Preamblefield is used for synchronization between the
receiver and transmitter clock. Thisfield has seven sequences
d 101010followed by onebyted 10101011. Thisisthelast byte
indicatingthestart d the frame—start Frame Delimiter (SFD)
byte.

Each MAC frame has two address fields: the destination
addressfidd and thesource addressfield. Thedestination field
specifies the station or stationsfor which theframewas
intended. The source addressfidld indicatesthe station
sending theframe.

The Byte Count field isa 2-bytefield; its valueindicatesthe
number d logica link control (LLC)data bytesin the data
field.

The datafield containsasequenced n bytesthat may
arbitrarily appear in thedatafield. The maximumsized this
fiddis (2x (addresssize) + 48)/8 bytes, and the minimum
framedatais ((8x n) + (2 x addresssize) + 48) hits.

The FCSfidd containsCRC code. Thisfield is4 byteslong and
isused to check theintegrity d the transmitted data on the
LAN protocol.
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CRC Module Design

64

Thefirst task in designing a CRC moduleisto find and
understand thelinear algebra that represents the CRC code
calculation. The CRC algorithm operates on ablock o data
transmitted serially asa unit. Thisblock o data can belooked
at asalarge numerical value. The CRC algorithm dividesthis
large number by a magic number —the CRC polynomial. This
operation will leave the remainder with a unique CRC code.
After CRC code calculations, the resulting CRC number is
usually stored along with the data. Thefollowing describes
thislinear divisionfor a32-bit 802.3LAN controller:

G(X) = X324+ X26 4+ X23 + X2 + X16 4 X12 4 X1 4+ X10
+ XX+ X0 Xt X2+ X +1

When datais received from storage, the unique CRC codeis
received along with the data. The CRC design algorithm can be
repeated, and the remaining results should be the magic CRC
number. Thisnumber for LAN 802.3 protocol isDEBB20E3 hex,
and since the number isinverted before transmission on the
line, it isC704DD7B hex. When checking for validity of data,
any other remainder in the CRC register isan indication of
error.

The CRC design interface for IEEE 802.3is completely
synchronous and register intensive. Thismakesit ideal for
Actel architecture. CRC design consistsd many add and shift
operations in every clock cycle. Thismakesit an ideal choice
for behavioral design entry methodology. Using a schematic
design tool isnot advisable, since design iserror prone and
schematics are hard to change.



Design Implementation

Design Implemenfation

Thefollowingisthe crc_design fileimplemented in ACTmap
VHDL with some predefined sequential proceduresthat can be
used to definethisdesign. The behavioral codeisthen
processed by Actel’s VHDL synthesisand optimization tool,
ACTmap. ACTmap isa computer-aided design tool for
working with the Actel familiesd FPGAs. It performsthree
basic functions:

e PALASM?2, VHDL to netlist trandslation
¢ Netlist Optimized mapping
¢1/0 insertion

ACTmap reads the PALASM?2, or VHDL sourcefile and
trandlated it into either an EDIF or an ADL (Actel Design
Language) output file or Verilog netlist. The output filethat it
generatesisoptimized for aspecificfamily o Actel FPGAs
(ACT1, ACT 2,1200XL, or ACT 3).

LAN 802.3 also includesthe Receiver and Transmitter
submodules. Both Receiver and Transmitter submodulesare
counter intensive. The Actel ACTgen macro generator can
createstructural macrossuch as counters that are optimal for
Actel devices. Thesestructural blockscan easily beinstantiated
through Actel VHDL. Even though receiver and transmitter
designsare not thefocusd thisapplication note, itis
informativeto know that the ACTgen module generator can
easly belinked to the Actel VHDL entry tool.
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Thisapplication note isfocused on generating the correct CRC
code at the transmission time and checkingfor validation d

frame data at receivingtime. A functional block diagram d the
CRC design isshown in Figure 28.

r_crc_chk

r_bit_in
r_active

w':

bit 31 ‘

t_active

t_bit_out —b

t_crc_start —

1y

cre_data_in

l

crc_register

32 hits

Yvy

crc_data_out

r_crc_error

final-bit—out

s_reset

66
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Figure 28. Functional Block Diagram



VHDL Code Description

VHDL Code Description
Thefollowingisthe ACTmap VHDL code representing thisdesign:

--LI BRARY i eee; used for simnulation
--USE ieee.std_logic_1164.ALL; used for VHDL simul ators

entity crc-data-inis

--deci des whi ch data shoul d be
-- sent to crc-register entity.

port ({rcv_active,trm_active: in bit;
rcv_bit_in, trm_bit_out,crc_reg_b, trm_crc_start: in bit;
crc-data-in: out bit);

end crc-data-in;

architecture archi of crc-data-inis
signal mux-data-out: bit;

begi n
mux_data_out<= trm_bit_out when (trm_active = '1') else
rev_bit_in when (rcv_active = '1') el se
IOI;

--This will feed bit 31 of crc-register back in, with the new dat a.
--1t al so disables the crc cal cul ation when transmtting crc code.

crc-data-in <= not(trm_crc_start) and (crc_reg_b Xxor nux-data-out );
end archi;

entity crc-register is
--This is the nmain nodul e that applies the crc algorithmto data.

port( clk,system_resst,cro_data_in: inbit;
rcv_active, trm_active: inbit;
crc_reg rout bit_vector (31 downto 0);
crc_reg_b rout bit);

end crc-register;

architecture crcreg of crc-register is
si gnal nextreg, tenp :bit_vector (31 downto 0);

signal reset-crc tbit;

begin

reset-crc <= ' 1' when systemreset = '1' else
"1' when ( (rcv_active = '0')and (trm_active = '0')) else
|Ol;
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crc_reg <= nextreg ;
DFFC_V(temp, reset-crc, clk, nextreg);
tenp <= (nextreg(30 downto 26) «

(nextreg(25) xor crc-data-in) &
(nextreg(24 downto 23)) &
(nextreg(22) xor crc-data-i ng &
(nextreg(21) xor crc-data-in) &«
(nextreg (20 downto 16)) &
(nextreg(15) xor crc-data-in) &
(nextreg (14 downto 12) ) &
(nextreg{11) xor crc-data-in) «
(nextreg(10) xor crc-data-in) «

(nextreg(9) xor crc-data-in) «
nextreg(8) &

(nextreg(7) xor crc-data-in) &
(nextreg(6) xor crc-data-in) &
nextreg (5) &

(nextreg(4) xor crc-data-in) &
(nextreg(3) xor crc-data-in) &
nextreg(2) &

(nextreg(l) xor crc-data-i ng &
(nextreg(0) xor crc-data-in) &

crc-data-in) ;
crc-reg-b <= nextreg(3l);

end crcreg;

entity crc-data-out is
-- This is the crc-data-out nodul e that checks for errors.

port (rcv_active,trm_active: in bit;
trmdata, crc-reg-b: in bit;
Lrm_cre_start, rev_cre_chk: in bit;
crc-reg: in bit_vector(31 downto 0);
trm_blt_out,rcv_cre_error: out bit);

end crc- data- out;

architecture archi of crc-data-out is
signal crc-constant : bit_vector(31 downto 0);

begin

trm_bit_out <= (not crc-reg-b) when ((trm_active = '1')and (trm_crc_start = '1')) el se
trm_data when (trm_active = '1')el se
IOII.

-- checking for constant magi c nunber

crc-constant <= x"c704dd7b";
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rev_crc_error <= '0' when (rcv_active = '0¢) el se
'0' when ((crc_reg = crc_constant) and (rcv_crc_chk =
"1' when (rcv_crc_chk = '1') el se
IOI;

end archi;

-- This is the top-l1evel nodule that binds all entities together.

entity enetcrc is
port(clock,t_cre_start,r_bit_in,k_bit_out :in bit;
s_reset,r_active,t_active,r_crc_chk :in bit;
final_pbit_out,r_crc_error ;out bit);
end enetcrc;
architecture structure of crc_design is

conponent crc-data-in

port (rcv_active,trm_active :inbit;
rev_blb_in, trm_bit_out,cre_reg_b, trm_cre_start
crc_data_in : out bit)

end conponent;

conponent crc_register
port (clk,system_reset,crc_data_in: inbit;
rcv_active, trm_active: inbit;
crc_reg 10Ut bit_vector (31 downto 0);
crc_reg_b ;out bit)

end conponent;
conponent crc_data_out
port (rcv_active,trm_active: in bit;
trm_data, crc_reg_b: in bit;
Lrm_cre_start,rev_cre_chk: in bit;
crc_reg: i N bit_vector(31 downto 0);
crm_blt_out,rev_cre_arror: out bit);

end conponent;

for all: crc_data_out use entity work.crc_data_out(archi);
for all: crc-data-in use entity work,cre_data_in(archi);
for all: crc_register use entity work.crc_register (crcreg);
signal bit3l,data_in CBIT;

signal crc32bit_reg :bit_vector (31 downto 0);

VHDL Code Description

'1')) el se

inbit;
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begin

Ul:crc_data_in port

map

(r_active, t_active,r_bit_in,t_bit_out,bit31l,t_crc_start,data_in);

U2:crc_register port map
(clock,s_reset,data_in,r_active,t_active,crc32bit_reg,bit3l);

U3:crc_data_out port map
(r_active, t_active, t_bit_out,bit31,t_crc_start,r_crc_chk,crc32bit_reg,

final_bit_out,r_crc_error);

end structure;

70

Theentity crc_data_in actsas a switch between receiver and
transmitter. The codein thismodule is designed to use the
samecirculit for the data recelver CRC check and the CRC code
generator at transmission time. In this module, when t_active
isenabled, it enablesthe CRC code generation. The T_bit_out
bit will behdf added (XOR)with bit 32 d the CRC register and
will be shifted in the CRC register for CRC code generation.
T_bit_out will alsobesent onlineserialy. At theend d the
Byte Count field the t_crc_start bit in thetop level will be set.
Thisindicatesthat the generated CRC code needs to be
transmitted. The4 bytesd the CRC code are transmitted with
bit 31 first and bit 0 last.



VHDL Code Description

The crc-regigter entity generates the CRC code at transmission
timeand applies the polynomial division on data bits at
receiver time. In thismodule, the DFFC_V predefined
procedure d ACTmap_VHDL isused. Thecyclic redundancy
check iscomputed at transmissiontimeasafunction d all the
framedata fields except Preambleand FCS (CRC). The CRC
algorithm applies modul o 2 division on data; thismeansit uses
the XOR operation instead o the normal add and subtract.
Notethat bit 31 o the crc-register isfolded back into the
polynomial operation. When t_crc_start isset, the uniquely
calculated CRC codewill beshifted on line at every clock
period. Asthe most significant bit isshifted out, the least
significant bit will be replaced by 1.

In thereceivingside, al previously mentioned fieldsexcept for
Preamble (including FCS) run through the CRC agorithm
again. When thelast CRC codeis received, the CRC check flag
will be set (r_set_chk).

Thelast entity, crc_data_out, will check the number remainder
in the crc-register for the constant magic number C704DD7B
hex. Any other number produces an error.

Thetop-level design, enetcrc, instantiates these modulesand
binds them together.
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Synthesis and Optimization

Conclusion

The VHDL code described in the previous sectionis
synthesized and optimized by ACTmap, which generatesa
gate level description optimized for Actel’s architecture.
ACTmap can output the resultsin any o thefollowingnetlist
formats: EDIF, Verilog, ADL, and Viewlogic. Thefollowing
results were obtained from ACTmap targeting an ACT 3
device.

Figures 29 through 34 show the schematic representationd the
netlist generated by ACTmap.

Trying to find better ways to quickly bring high performance
products to market is not new. What isnew isadesign
methodology combiningthe use d Field Programmable Gate
Arrays (FPGAs) with high-level design entry in high-speed
systems. New design flows use sophisticated synthesistoolsto
translate generic high-level design descriptioninto device
specific netlists. Synthesi stargets specific FPGA architectures
and devicesfor optimum fit and performance. The Cyclic
Redundancy Check circuit described in this application note
takesadvantage d high-level design entry capabilitiesd Actel
tools.
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Figure 32. Schematic Representation of the Top Level Design, enetcrc (Continued)
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Generating/Checking CRC for IEEE 802.3 (LAN Interface)
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Figure 34. Schematic Representation of the Top Level Design, enetcrc (Continued)
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