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DATA DFF FIFIO[31:0]
FIFO Control lines PitCREW
Controller
RXVALID RXVALID
DFF

EXT_CLK — EXT_CLK

F RXSYNC

EXTCK \ S\ /\ /S S\

FIFIO Y N Y N+1X N+2)N+3Y N+4Y XXX} N+5Y XXX X N+6 Y N+7YN+8Y_
RXVALID  \ /T \

RFWE  \ /o N__/ \

Figure 7. Input Data Qualification with RXVALID

DATA 'oFF FIFIO[31:0]
J FIFO
RFWE
FIFO control lines PICREW
l Controller
RXVALID (OFF RXVALID
RXSYNC IDFF RXSYNC
EXT_CLK EXT_CLK

Bxrok \ A\ S\ ST\

FIFIO Y0 YOO Y WO Y~ Wi Y W2 Y XXX\ W3} W4\ W5 \ W6 )

RXVALID [\
RXSYNC \_/
RFWE \ /T \

Figure 8. Input Data Qualification With RXSYNC and RXVALID
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Basic OQutput Interface

The simplest output interface requires only
EXT_CLK and data signals. However, the basic in-
terface must meet the following conditions:

EXT_CLK is a free-running clock.

The data stream must be continuous; the relative
starting point within the data stream is arbitrary.

The aggregate data rate must not exceed the
overall sustainable bandwidth.

Unused control lines must be set to the appropri-
ate state.

In a basic synchronous interface, tie both
TXSUSPEND and INV_SYNC LOW. With

TXSUSPEND tied LOW, data will be continuously
read out of the output FIFO. With INV_SYNC tied
LOW, a start of frame sync is not generated. Fig-
ure 9 illustrates a basic interface.

Controlling Data Transmission with
TXSUSPEND and TXSYNC

Figure 10 illustrates an output interface with full
controls. Reading out of the output FIFO can be
controlled dynamically with the TXSUSPEND pin.
The TXVALID pin will be active when valid data is
output from the FIFO. With the Sync Out bit set in
the Control register, a sync marker will be written
into the output FIFO. When the sync marker is later
read out, the TXSYNC pin will go active and the
TXVALID pin will be invalid.

INV_SYNC
- ) DATA FIFOs I
_f FIFIO[31:0] "FiFG Control lines ore| AR
EXT_CLK—— EXT_CLK EXT_CLK
fTXSUSPEND
= DFF
TXVALID TXVALID
PItCREW
Controller

Figure 9. Basic Output Interface

SET_SYNC J

L SET_SYNC DATA
FIFOs
INV_SYNC  FIFIO FIFO Control lines DFF PATA
EXT_CLK——) EXT_CLK EXT_CLK
TXSUSPEND—— TXSUSPEND
TXSYNC prr [ TXSYNC
TXVALID — TXVALID
PitCREW
Controller

Figure 10. Output Interface with TXSUSPEND and TXSYNC
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Miscellaneous Design Information on the 40 MHz RACEway clock frequency. These
. outputs should be series terminated through
Clocking 22-ohm resistors. All loads on XCLKI should be
The crossbar clock, XCLKI, runs directly from the connected in series with the daughtercard or P2 con-
connector to the Cypress CY7B9910 Low Skew nector as the source, and all loads should be within
Clock Buffer chip. The clock outputs of this device two inches of each other. The ideal configuration is
are used by all on-board components that operate illustrated in Figure 11.

Raceway connector (VME P2 connector)

XCLKI

22Q

FPGA
22Q

RxFIFO

Cypress CY7B9910

22Q

RxFIFO
22Q

TxFIFO
22Q

TxFIFO

Figure 11. Distributing the XCLKI Clock
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RACEway VME J2/P2 Connector

Table 8 describes the use of the VME J2/P2 connec-
tor pins for implementing RACEway.

Table 8. RACEway VME J2/P2 Pin Assignments

Pin Signal Pin Signal Pin Signal
Al XCLKI B1 +5 VOLTS C1 XRESETIO
A2 GND | B2 GND C2 Reserved
A3 XBIOY B3 C3 XSYNCI
A4 XBIOS8 B4 C4 GND
A5 GND B5 Cs XBIO7
A6 XBIO6 B6 C6 GND
A7 GND B7 C7 XBIO11
A8 XBIO10 B8 C8 GND
A9 XBIO4 B9 C9 STROBIO
A10 GND B10 C10 RPLYIO
All XBIOS B11 C11 GND
Al2 XBIO3 B12 GND C12 REQI
Al13 GND B13 +5 VOLTS C13 REQO
Al4 RDCONIO B14 C14 GND
Al5 Reserved B15 C15 XBIO2
Al6 GND B16 C16 XBIO1
Al7 XBIOO B17 C17 GND
Al8 XBIO15 B18 C18 XBIO12
Al19 GND B19 C19 XBIO25
A20 XBIO24 B20 C20 GND
A21 XBIO31 B21 C21 XBIO29
A22 GND B22 C22 XBIO30
A23 XBIO28 B23 C23 GND
A24 XBIO27 B24 C24 XBI1O26
A25 GND B25 C25 XBI023
A26 XBIO22 B26 C26 GND
A27 XBIO20 B27 C27 XBIO19
A28 GND B28 C28 XBIO21
A29 XBIO18 B29 C29 GND
A30 XBIO17 B30 C30 XBIO16
A31 GND B31 GND C31 XBIO14
A32 XBIO13 B32 +5 VOLTS C32 GND

PASIC is a trademark of Quicklogic.
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Used to interface between FIFOs and the
RACEway protocol.

Drives/receives a RACEway port directly.

Simple master control, automatic slave re-
sponse.

Moves data at 160 MByte/sec peak and 140
MByte/sec sustained throughput.

Implemented in a Cypress CY7C384A, a 2K gate
100-pin FPGA.

Reference Documents

When using this application note refer to the follow-
ing documents for more information:

e Cypress CY7C384A and pASIC380™ family
data sheets.

o RACEway Interlink — Data Link and Physical
Layers, VITA 5—1994, available from the VITA
Standards organization (VSO)

e Cypress CY7C4245 4K x 18 Synchronous FIFO
data sheet

General

PitCREW;jr is a simple full-duplex on-ramp to the
RACEway fabric. The device has a standard RACE-
way port and FIFO port. The controller functions
either as a RACEway slave, moving data between
RACEway and local FIFOs or as a RACEway mas-
ter, again moving data between RACEway and local
FIFOs. It connects to and drives a RACEway inter-
link port, directly providing all required handshak-
ing and control signaling. PitCREWjr’s local FIFO
port consists of a 32-bit bidirectional data bus and
control signals for moving data between PitCREWjr
and industry-standard FIFO components. The data
flow between the RACEway and FIFOs is shown in
Figure 1. The PitCREWjr has no programmable in-
ternal registers. Internal PitCREWijr state ma-
chines assemble and disassemble the route, address,
and data long words embedded in the RACEway
protocol. RACEway mastering is accomplished by
controlling a single input signal. Figure 2 shows the
block diagram for PitCREWjr and Table I shows the
driver and signal name description for each pin on
the PitCREWir controller.

Master Writes and Slave Reads

i\/ Input FIFO \ o
32 3 >
3 /L‘ i> PitCREWjr RACEway

Output FIFO
- — -
Route /
Master Reads and Slave Writes
-

Figure 1. PitCREWjr Data Flow
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SRE

<«SLAVE

+ ROUTE

ADDR LK
4—@:—\ ! O
_TFK_E..__, N Slave PN SE EYH
'—?F-—KF—P State Machine | | RACEway [<pEar—>
FIFO 5|  FIFO Control  [¢c—=2 =
< t’j L «STROBE |
4_”=R-E Control i 43@——>
OFWE Master ] | REQO
< MASTER State Machine | | |
<MB ERR — 1t L
MGO i ]
CLK FG:’ v CLK
Ly —* Ll —>
Data Shift Data
Reg. Left e Reg. XB'.O_>
x 32 x 27 x 32
CLK
«— |
Data
o Reg.
x 32
Figure 2. PitCREWjr Block Diagram
Table 1. PitCREWjr Interface Signals
Signal Source Function
FIFIO[31:0] | PitCREWjr/Input FIFO | FIFO Data Bus
XBIO[31:0] | PitCREWjr/RACEway RACEway Data Bus
CLK RACEway Crossbar clock
RESET RACEway Reset from RACEway
SYNC RACEway Crossbar Sync — Provides control and phase information
REPLY PitCREWjr/RACEway Gives permission to send the address or data over the data bus
REQI RACEway Request In indicates the RACEway crossbar is requesting control of the data bus
STROBE PitCREWjr/RACEway Strobe indicates address or data is being sent on the data bus.
RDCO PitCREWjr/RACEway Indicates to the crossbar to three-state the data bus so read data can be driven. It also
indicates when a read error has occurred.
REQO PitCREWjr Request Out indicates the PitCREWir is requesting control of the data bus
OFAF Output FIFO Output FIFO almost full
OFWE PitCREWjr Output FIFO write enable
PFIFO User Hardware Program output FIFO almost full flag
IFAE Input FIFO Input FIFO almost empty
IFOE PitCREW;jr Input FIFO output enable
IFRE PitCREWjr Input FIFO read enable
COUNT PitCREW;jr Byte counter for master transfers
MR_ERR PitCREWjr Error occurred on a master read
MGO User Hardware Master GO — starts master state machine
SLAVE PitCREWjr Slave transaction in progress
SRE User Hardware Slave read enable
ROUTE PitCREWjr PitCREWjr expecting route to be placed in FIFO data bus
ADDR PitCREWjr PitCREWjr expecting address to be placed on FIFO data bus
MASTER PitCREWjr Master transaction in progress

8-205




Interfacing to RACEway: PitCREWjr

The timing generated by PitCREWir is designed to
match with CY7C4245 4K x 18 synchronous FIFOs.
PitCREWjr signals can be connected directly to
data and control signals of these FIFO components
as shown in Figure 3. The input FIFO PAE flag
should be set to 2. The output FIFO PAF flag should
be set at least 16 entries from full.

Slave Function

The slave function of PitCREWir is accessed when-
ever an incoming RACEway transaction is received
on the RACEway port (REQI is asserted to Pit-
CREWijr) During a slave transaction, the Pit-
CREW;jr asserts a status output pin called
“SLAVE,” which indicates that the PitCREWijr
slave state machine is active. When a route word is
received from the RACEway, it is driven onto the
FIFO data bus. A PitCREWjr output called
“ROUTE?” is asserted for one XCLKI clock to indi-
cate that a valid route word is present. When an ad-
dress word is received from the RACEway, Pit-
CREWijr drives this address word onto the FIFO
data bus. An output called “ADDR?” is asserted by
PitCREWir for one XCLKI clock to indicate that a
valid address word is present on the FIFO data bus.
PitCREWjr then acknowledges the RACEway with
“REPLYIO.”

The RACEway protocol communicates data direc-
tion in bit 1 of the address word. PitCREWir’s slave

state machine branches on this bit value. If the di-
rection of the data is from the RACEway to the local
FIFO, the transaction is a slave write (bit 1 of ad-
dress word is false). As data arrives from the RACE-
way, it is registered and driven onto the FIFO data
bus. (See Figure 2.) The PitCREWjr writes the data
received from the RACEway to the output FIFO by
asserting “OFWE” each time a valid word is ready
on the FIFO data bus. A PitCREWjr input called
“OFAF” is used to indicate to PitCREWir that the
output FIFO is full. Assertion of “OFAF” causes
PitCREWir to send a kill request to the RACEway
master, effectively ending the RACEway transac-
tion. “OFAF” would typically be connected to the
output FIFO programmable almost full flag. On
completion of the RACEway data transfer, Pit-
CREWir three-states the FIFO data bus and
deasserts the “SLAVE” status output.

If the direction of the data is from the input FIFO
to the RACEway (a slave read, bit 1 of address word
is true), then the FIFO data bus is three-stated by
PitCREWjr and PitCREW;jr asserts the signal
“TFRE” and then “IFOE” to enable data from the
input FIFO onto the FIFO data bus. PitCREWir as-
serts this signal pair each time a new word is re-
quired from the FIFO. If the input FIFO becomes
empty, as signaled by the “IFAE” PitCREWjr input,
PitCREWir stops reading the input FIFO for the
balance of that transaction and issues an error signal
to the RACEway master on completion of the trans-
action. The kill request is also sent in this case, so
that the master ends the transaction soon after the

MGO ——»
MASTER —
SLAVE €———
COUNT +—

FIFOs FIFO Data Bus

FIFO Cntl

D E——

ROUTE ¢—
ADDR +—
MR_ERR ¢———
SRE — ]

PitCREWijr

RACEway )

Figure 3. PitCREWjr Signals
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underflow. On completion of the RACEway data
transfer, PitCREWjr deasserts the “SLAVE” status
output.

The intent of the “SLAVE” pin is to indicate a slave
transaction in progress. It can be used to tag incom-
ing data, select a data destination, or as a board logic
control input.

Note that PitCREWjr will NOT cause route and ad-
dress header words received from the RACEway to
be written to the output FIFO. External logic would
be required to place address and/or route words in
the output FIFO.

Master Function

The master function of PitCREWjr is accessed
whenever the “MGO” PitCREWjr input is asserted.
The assertion of “MGO” launches the PitCREWjr
master state machine. This state machine is clocked
by the RACEway data clock “XCLKI”. Two clocks
after “MGO” is sampled asserted, PitCREWjr as-
serts its “ROUTE” output. Local board hardware
should use “ROUTE” to enable a route word onto
the FIFO data bus. PitCREWjr asserts its “MAS-
TER” output when it drives this route word onto the
RACEway and then drives the “shifted route” pre-
scribed by the RACEway protocol. “MGO” should
be deasserted once PitCREWjr’s “MASTER” out-
putis true. This is because “MGO” will cause a slave
in progress to issue a kill over the RACEway. When
“change to address” reply is received from the
RACEway, “ROUTE?” is deasscrted, and one clock
later “ADDR?” is asserted. Local board hardware
should use “ADDR?” to enable an address word onto
the FIFO data bus. PitCREWijr relays the address
word to the RACEway and waits for a “DSE” reply
from the RACEway. When the reply is received, Pit-
CREWijr deasserts the “ADDR” signal.

The RACEway protocol communicates data direc-
tion in bit 1 of the address word. PitCREWjr’s mas-
ter state machine branches on this bit value. If the
direction of the data is from the local FIFO to the
RACEway (a master write, bit 1 of address word is
false), then data is read from the local input FIFO,
registered inside the PitCREWjr, and driven onto

the RACEway XBIO bus. The PitCREWjr FIFO
data bus pins remain three-stated and PitCREWjr
asserts the signals “IFRE” and “IFOE” to enable
the input FIFO data onto the FIFO data bus. Pit-
CREWijr asserts this signal pair each time a new
word is required from the FIFO. If the input FIFO
becomes empty, as signaled by the “IFAE” Pit-
CREWir input, PitCREWjr stops reading the input
FIFO and ends the RACEway transaction.

If the direction of data is from the RACEway to the
local FIFO (a master read, bit 1 of address word is
true), then as data arrives from the RACEway, it is
registered inside the PitCREW;jr and driven onto
the FIFO data bus. The PitCREWjr writes the data
received from the RACEway to the output FIFO by
asserting “OFWEN?” each time a valid word is ready
on the FIFO data bus. A PitCREWjr input called
“OFAF” is used to indicate to PitCREWjr that the
output FIFO is full. Assertion of “OFAF” causes
PitCREWijr to suspend transfer requests to the
RACEway slave, effectively stalling the RACEway
transaction until the signal is deasserted. “OFAF”
would typically be connected to the output FIFO
programmable almost full flag. On completion of
the RACEway data transfer as indicated by the
deassertion of “MASTER,” PitCREW;jr three-
states the FIFO data bus.

Additional Features

A slave read enable input “SRE” is provided to lock
out slave access from the RACEway side of the in-
terface. This signal may be used to “protect” data in
the input FIFO when that FIFO is being used for
both master and slave data. Slave read can be disal-
lowed when data is being queued up in the input
FIFO for a master write.

The “MR_ERR?” output of the PitCREWjr is an in-
dicator that a master read operation received an er-
ror response from its target slave. The signal is a
“one-shot”, pulsing HIGH for one XCLKI clock pe-
riod at the end of a master read access for which the
RACEway slave signaled a read error.

The “COUNT” output signal strobes each time an
8-byte data beat occurs on the raceway when Pit-
CREWir is master. For writes, “COUNT” is as-
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serted for each 8 bytes sent. For reads, “COUNT”
is asserted for each 8 bytes requested.

The “PFIFO” input is used to assist in loading the
output FIFO almost full flag. When “PFIFO” is as-
serted, PitCREWijr three-states its FIFIO data bus
drivers, and asserts “OFWE.” The signal that con-
nects to “PFIFO” can also be used to enable the “al-
most empty” value onto the FIFIO data bus.

PitCREWjr Operation

Figure 4 illustrates master write behavior. The
“MGO” PitCREWjr input is asserted to start
RACEway master (read or writé) function. It should
be deasserted when PitCREWjr asserts
“MASTER”. Master write is stopped by asserting
“IFAE” to the PitCREWjr. Notice that two data
words are read after “IFAE” is asserted. “ROUTE”
and “ADDR?” are shown enabling route and address
information respectively onto the FIFIO data bus
from external hardware. The “COUNT” Pit-
CREWijr output pulses once for each 8 bytes sent
over the RACEway.

MGO / \

Figure 5 illustrates master read behavior. Data arriv-
ing from the RACEway is to be taken from the FI-
FIO data bus on the rising edge of the RACEway
data clock “CLK”. Again “COUNT” pulses once for
each 8 bytes requested from the RACEway. Master
read is stopped by asserting the PitCREWjr input
“OFAE.” Note that eight data values are delivered
after “OFAF” is signalled. This figure shows the
timing when data traverses one RACEway crossbar.
Latency will increase by two for each additional
crossbar in the data path.

Figures 6 and 7 illustrate slave timing. “ROUTE”
and “ADDR” PitCREWjr outputs mark the timing
of valid route and address information on the FIFIO
data bus. Bit 1 of the RACEway address field is cap-
tured by PitCREWir, causing the appropriate FIFO
control signalling for the data direction. For writes,
“OFWE” is asserted as data is driven by PitCREWjr
onto the FIFIO data bus. For reads, “IFOEN” and
“IFRE” are asserted as shown and data is sampled
from the FIFIO data bus on the rising edge of the
RACEway data clock, “CLK”.

MASTER / | S

ROUTE / \

ADDR / \

COUNT SN
FIFI0 ——————{(ROUTE
IFOE \ A
FRE \ /A
TFAE | A

etk ANNANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
PHASE \_/\_/\_/ M\ /AT

REQO / e
STROBE |V A N A VA A WV A WV A W /
REPLY \ /\ VN N A N A WV A W A WV UV A WV A
XBIO RTE X SHIFTED RIE ADDRESS ( DO DX D2} D3Y D4 D5X D6X D7)
Figure 4. Master Write
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ADDR / \

COUNT SN

MR_ERR

FIFIO —————(Route V—(ADDRESS (DoX D030 p4X D5 D& D7)
OFAF \

%
11

REQO / | S
STROBE N\ Y A
REPLY \ /\ VAW |
RDCO \ /NSNS NS
XBIO stiFTeD RTE_ MK ADDRESS
Figure 5. Master Read
SLAVE / A
ROUTE /\
ADDR \
COUNT
SRE
FIFIO {(RTE) {CADD)}—
OFAF
OFWE \ /A

REQI / \
STROBE ~— \_/ \_/ ./ ./ ./ ./ ___/
REPLY — \__/ \ VAN Y A NV A VY A W WY A W A WV A U A
XBIO RTE ADDRESS
Figure 6. Slave Write
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SLAVE /
ROUTE /\

ADDR [\

COUNT

SRE

FIFIO — (FE)— (#0)

Do)(b1 X D2X D3 X D4 X D5 X D6X D7

REQI [ A
STROBE ™\ / \ / \ / \ / \/ \/ A\ [
REPLY 7™\ /. [\ /T \ /
RDCO | A VY N VY i W A W A
XBIO RTE Y SRIE ADDRESS ( DOY DTY_D2) D3Y_D4K D5X DeY D7)
Figure 7. Slave Read

Figure 8 shows a PitCREW;jr master writing to a Pit-
CREWir slave across one RACEway crossbar. The
slave signals have an (S) suffix. In this example, the
slave PitCREWjr input “OFAF” signals that the
slave is “almost full”. The slave PitCREWjr signals
“REQO” (a RACEway protocol kill). This kill prop-
agates through the intervening RACEway crossbar
to the PitCREWjr master, terminating the master
transaction. The amount of data the slave must ab-
sorb after “OFAF” is signalled is shown for a single
intervening crossbar. Two additional FIFO write
cycles will be required for each additional “crossbar
hop”.

Figure 9 shows the utility of the “SRE” PitCREWjr
input. It can be used to block PitCREWjr’s response
to a slave read from the RACEway. This feature al-
lows the input FIFO facility to be multiplexed be-
tween master write and slave read without coordi-
nating with the remote master across the
RACEway. Master data being queued up in the in-
put FIFO can be “protected” from a slave read op-
eration as shown. The timing of “MGOQO” assertion

with respect to slave arrival from the RACEway is
arbitrary. “SRE” may be deasserted any time after
the assertion of “MASTER?” by the PitCREWir.

Figure 10 shows a PitCREWjr master reading from
a PitCREWir slave across one RACEway crossbar.
The slave signals have an (S) suffix. In this example,
the slave PitCREWir input “IFAE” signals that the
slave is “almost empty.” The slave PitCREWjr sig-
nals “REQO” (a RACEway protocol kill). This kill
propagates through the intervening RACEway
crossbar to the PitCREWjr master, terminating the
master transaction. The slave PitCREWijr stops
reading from its input FIFO two clocks after
“IFAE” is asserted; however, the RACEway proto-
col compels the slave to send until the RACEway
master stops. By the time the PitCREWjr master re-
sponds to the kill, several long words of bad data
have been written to the PitCREWjr master’s out-
put FIFO. The PitCREWjr output “MR_ERR”
pulses HIGH for one data clock to signal that this
error has occurred.
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Meo [\
MASTER / \
ROUTE ___ [/ \
ADDR [\
COUNT /AWAWAYWAWAWAWA WA
FIFI0 ———( ROUTE }—(ADDRESS
TFOE \ Y E—

REQO / |
REQI A
stroBe — \/\/\S\S S\ _/
REPLY —\ /\ AWAWAWAWAWAWAWAWAWAWAWEE
XBIO s ROUTE K ADDRESS
SLAVE(S) / N
ROUTE(S) M\
ADDR(S) /\
REQO(S) / _
OFAF(S) \ [
OFWE(S) \ T
FIFIO(S) RT 0068060066068 00BETET,

Figure 8. Master Write Overflow
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SRE T\
SLAVE \
MGO M\
MASTER / —
ROUTE a\ A
ADDR /a\ T\
COUNT JAWAWAW A
FIFIO (7T {(AD)— {ROUTE -{(ADDRESS
OFWE
TFOE - 7
FRE N/
(L QAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAV
L N AV AVAVAWAWAVAVAVAVAVAWAWAVAVAVAVAVAVAVAWVAVAWVAVAVAVAVAWAW

REQO / / —
REQI / \
soEE T O\ VUV VT
REPLY — \/\ A N A AVAVAVAWAVAVAVAL
RDCO \VAVAVAVAWAWA
XBIO B e (S R) S. ROUTE M ADDRESS L0eE0E0E,
Figure 9. SRE Function
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MGO T\
MASTER / \
ROUTE [\
ADDR /—
count aVaVaVaWaWaWal
MR_ERR m
FIF0 ————(oUE eSS
OFAF
OFWE L /—

i WA
PHASE MM\ A\ N\ N AN UL

REQO / \
REQ! / \_“
S AW AW AWAWAW AW AW -/
REPY — "\ laWaV, \ J
RDCO _ (WAWAWAW AN AWAWAWAW A
X8O SFE MK Ao0R
SLAVE(S) / N
ROUTE(S) M\
ADDR(S) N\
REQO(S) / (-
FAE(S) \_/
TFOE(S) \ /
TFRE(S) \ /
FIFIO(S) (7T} (#5) (RGN

Figure 10. Master Read Error
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CY7C384A Pin Table
Signal Type Pin No. Signal Type Pin No.
FIFIO_16 INOUT 1 FIFIO_2 INOUT 51
XBIO_19 INOUT 2 FIFIO_4 INOUT 52
FIFIO_19 INOUT 3 XBIO_4 INOUT 53
FIFIO_22 INOUT 4 XBIO_5 INOUT 54
XBIO_22 INOUT 5 FIFIO_S INOUT 55
FIFIO_25 INOUT 6 XBIO_3 INOUT 56
XBIO_25 INOUT 7 FIFIO_3 INOUT 57
FIFIO_24 INOUT 8 FIFIO_1 INOUT 58
vss | =-=——- 9 vss | -==-—-- 59
XBIO_24 INOUT 10 XBIO_1 INOUT 60
MGO INPUT 11 IFAE INPUT 61
CLK INPUT 12 RESET INPUT 62
vcce | -—-——-- 13 vee | -—-——- 63
UNUSED INPUT 14 REQI INPUT 64
OFAF INPUT 15 UNUSED INPUT 65
vee | ---—-- 16 vee | -—-——-- 66
XBIO_23 INOUT 17 XBIO_7 INOUT 67
FIFIO_23 INOUT 18 FIFIO_7 INOUT 68
FIFIO_26 INOUT 19 XBIO_0 INOUT 69
XBIO_26 INOUT 20 FIFIO_0 INOUT 70
XBIO_31 INOUT 21 XBIO_8 INOUT 71
FIFIO_31 INOUT 22 FIFIO_8 INOUT 72
FIFIO_30 INOUT 23 FIFIO_9 INOUT 73
XBIO_30 INOUT 24 XBIO_9 INOUT 74
FIFIO_27 INOUT 25 FIFIO_6 INOUT 75
XBIO_27 INOUT 26 XBIO_6 INOUT 76
FIFIO_28 INOUT 27 XBIO_12 INOUT 77
XBIO_28 INOUT 28 ADDR OUTPUT 78
FIFIO_21 INOUT 29 XBIO_11 INOUT 79
FIFIO_29 INOUT 30 FIFIO_11 INOUT 80
XBIO_29 INOUT 31 FIFIO_12 INOUT 81
XBIO 21 INOUT 32 XBIO_10 INOUT 82
PFIFO INOUT 33 XBIO_13 INOUT 83
OFWE OUTPUT 34 FIFIO_10 INOUT 84
vss | -=--—- 35 vss | =-=——- 85
SYNC INOUT 36 XBIO_15 INOUT 86
REQO OUTPUT 37 FIFIO_13 INOUT 87
vss | =-=--—- 38 vss |- 88
MR_ERR OUTPUT 39 XBIO_14 INOUT 89
STROBE INOUT 40 FIFIO_15 INOUT 90
RDCO INOUT 41 SLAVE OuUTPUT 91
vee | -—-——- 42 vee | -———- 92
ROUTE OUTPUT 43 XBIO_18 INOUT 93
COUNT OUTPUT 44 FIFIO_14 INOUT 94
REPLY INOUT 45 FIFIO_18 INOUT 95
MASTER OUTPUT 46 XBIO_17 INOUT 96
SRE INOUT 47 FIFIO_17 INOUT 97
IFRE OUTPUT 48 XBIO_20 INOUT 98
IFOE OUTPUT 49 XBIO_16 INOUT 99
XBIO 2 INOUT 50 FIFIO_20 INOUT 100

pASIC is a trademark of Quicklogic.
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10BASE-T: An IEEE 802.3 Standard for 10-Mb/s
communication over 2 pair of twisted pair cable.

100BASE-T4: An IEEE 802.3 Standard for
100-Mb/s communication over four pair unshielded
twisted pair cable running at 25 MHz.

4B/5B: An encoding method that takes four-bit data
characters and maps each to a specific five-bit sym-
bol. 4B/5B encoding also allows for transmission of
command symbols outside the data space of 16 char-
acters.

8B/10B code (8 bits to 10 bits): A patented coding
method that converts “raw-data” to a form more
suitable for transmission over a high speed serial in-
terconnect link. This particular code insures a high
transition density with a perfect DC balance.

Abel-HDL: Proprietary Hardware Description Lan-
guage (HDL) from Data I/O Corp. Created as text
input design language for their PLD/FPGA devel-
opment software.

address phase: In PCI, the first part of a transaction
in which the initiator sends out an address and com-
mand and waits for the addressed target to claim
ownership of the transaction.

AHDL (Advanced Hardware Description Lan-
guage): A high-level, modular language used to
create logic designs for MAX EPLDs.

Alias SYNC: An unintentional SYNC character that
occurs when transmission errors corrupt the serial
data stream. Itis possible to create a bit pattern that
matches the SYNC character, but which is not cor-
rectly aligned with the serial byte boundaries. This
Alias SYNC can make it impossible to correctly re-
cover the data.

AND: The “and” logic gate.

ANSI (American National Standards Institute): A
committee of numerous commercial, governmen-
tal, and educational constituents which conceive,
formalize, and document standards for various ap-
plications, including information transport technol-
ogies such as Fibre Channel.

ANSI X3T9.3: The name of a data communication
standard, sponsored by the American National
Standards Institute, describing Fibre Channel.

arbitration: The process of deciding which one of
two or more competing entities will be allocated a
resource.

arbitrator: In PCI, the device that grants bus con-
trol requests to requesting initiator agents.

architecture: As pertains to VHDL logic synthesis,
the declaration that specifies the behavior or struc-
ture of an entity. Entities and Architectures are al-
ways paired in VHDL descriptions.

artwork: The graphic materials generated for use in
production of printed circuit boards, containing a
representation of the copper circuit patterns in com-
puter, mylar, or glass form.

associativity: The number of lines per set in a cache.

asynchronous: Referring to an operation that does
not occur simultaneously with a specific time inter-
val; i.e., the rising or falling edge of a clock pulse is
not used as a timing reference signal.

Asynchronous Bus Protocol: A method of transfer-
ring data between a processor and peripheral that
does not derive or rely on any timing parameters
linked to a synchronous clock.
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ATM: Asynchronous Transfer Mode. A circuit
switched netwotk protocol utilizing 53 byte cells,
which promises to interface Local Area Networks
(LANs) and Wide Area Networks (WANs) seam-
lessly. ATM was designed as a network that can pro-
vide services to multiple traffic types including iso-
chronous (or time sensitive data like voice and
video), as well as bursty traffic such as traditional
data transfer.

ATM Forum: A committee of numerous commer-
cial, government, and educational constituents
which conceive, formalize, and document standards
in support of ATM technology.

auto-negotiation: An IEEE 802.3 Standard for au-
tomatic configuration of a twisted-pair link without
user intervention.

bad symbol: A special character that is transmitted
when a receive error is detected in the physical
layer.

bandwidth: (1) the absolute difference between the
upper and lower frequency limits of operation. (2)
The points in a spectrum where the circuit response
is 3 dB down from nominal.

base address register: The register in the configura-
tion space of PCI that holds the assigned address
space values.

baseline wander: A low frequency variation in the
relative threshold position at the receive end of a
transmission line.

baud: The encoded bit rate per second. For binary
communication channels, using Non-Return to
Zero (NRZ) coding, 1 baud = 1 bit per second. In
general, 1 baud = 1 symbol per second.

Behavioral VHDL: A description of how a design
should operate or its behavior, as opposed to its
structure. This is the highest level of abstraction for
a VHDL description.

BER: Bit Error Rate, the ratio of corrupted data to
correctly received data. This ratio is typically small
and expressed as an exponent (i.e., 1X10~12 one er-
ror in 1012 bits). BER may be expressed in either
bits in error or Bytes in error.

G-2

bias: The DC component of an AC signal or the DC
level of a signal dictated by a resistor divider.

BiCMOS: Bipolar Complementary Metal Oxide
Semiconductor. Ah advanced silicon process
technology that combines the best features of bipo-
lar technology (high speed) and CMOS technology
(low power, high density), but at a cost penalty rela-
tive to pure CMOS.

bidirectional: Allowing data to flow in either direc-
tioni (but not both simultaneously).

BIFO (Bidirectional FIFO): A FIFO, e.g.,
CY7C439, whose two sets of data pins can both be
configured as either inputs or outputs, allowing
transmission of data in both directions (though not
simultaneously).

bipolar: A widely commercialized, silicon inte-
grated circuit (IC) technology. Bipolar technologies
create the highest performance silicon integrated
circuits, but at the expense of high power consump-
tion and the inability to make very large chips eco-
nomically.

BIST: Built-In Self-Test, logic included in the chip
that allows it to generate patterns and test them
without external hardware or software intervention.

bit-cell: The nominal time period of a single bit in a
serial data stream.

bridge: A device that connects two independent pe-
ripheral buses together, allowing them to communi-
cate. It will perform the necessary bus protocol
translations.

burst sequence: The sequence of addresses fol-
lowed when multiple locations in a memory are be-
ing consecutively accessed in a single operation.

bus contention: A period in time when a common
data or address bus may have more than one active
driver on the bus at a given time.

bus switch: A device that can be used to isolate a de-
vice from a bus.

cache: A small, fast memory located between the
CPU and main memory. A cache’s purpose is to
store copies of the instructions and/or data the CPU
is most likely to need in the near future so that the
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CPU can access them more quickly than if they were
stored only in main memory.

cache hit: An access to main memory that is found
in, and serviced by, the cache memory.

cache lock: A method, e.g. using a status bit, for en-
suring that specific lines in the cache do not get re-
placed. Users can lock critical programs in the cache
to ensure that performance on these programs is
high and deterministic.

cache miss: An access to the main memory that is
not found in the cache memory and therefore must
be serviced by the main memory.

cache tag: A table of the current contents of a cache.
The tag itself is made up of a varying number of ad-
dress bits that uniquely identify each line in the
cache as coming from a specific main memory line.

carrier: A signal whose presence is necessary to al-
low communications.

CAS (Column Address Strobe): In dynamic RAMs,
the signal asserted to strobe the column address of
the current access into the device after the row has
been input.

cascading: Connecting several smaller parts, usual-
ly SRAMs, Dual-Ports, or FIFOs, together in such
away as to create an effective memory that is deeper
or wider.

CELP: An industry standard reference for L2 cache
module sockets.

chipset: One or more highly integrated chips that
add features to a processor board.

clean: The status of a cache line when it contains the
same data as the copy in main memory. Compare
dirty.

clock generator: A circuit that is used to generate a
clock signal used to trigger digital logic circuits.

clock stability: The stability of a clock signal with re-
spect to frequency, pulse width, and amplitude.

CMOS levels: There are two sets of CMOS specifi-
cations: HC and HCT. The older HC devices are
generally not TTL compatible, and the newer HCT
(also FACT, FCT, etc.) are TTL compatible. Be-

cause the minimum Vg level for TTL is 2.4V, TTL
is not guaranteed to drive an HC input high. A 4Q
10,000L2 pull-up resistor to Vcc at the TTL device’s
output enables the device to achieve the HC Vig
level of 3.5V.

coax (coaxial cable): A cable consisting of a single
central conductor surrounded by a dielectric that
spaces an overall cable shield from the central con-
ductor.

collision: The condition caused by two or more
Ethernet nodes transmitting at the same time.

combinatorial: A logic function that does not in-
volve any synchronous elements.

component: A component is a VHDL design unit
that may be instantiated in other VHDL design
units. Before it can be instantiated, it must be de-
clared using the COMPONENT declaration, which
specifies the name of the component and lists its lo-
cal signal names.

Concurrent Statement: As pertains to VHDL logic
synthesis, a statement in an Architecture that
executes or is modeled concurrently (simultaneous-
ly) with all other statements in the architecture.

converting ABEL: A technique whereby ABEL
hardware descriptions are converted to VHDL.

CPLD: Complex programmable logic device.

CRC: Acronym for Cyclic Redundancy Check or
Cyclic Redundancy Code. Used for error detection
on serial data communication channels.

crosstalk: Coupling of electrical signals between
conductors in a circuit. Often undesirable, crosstalk
can corrupt data transfer by changing voltage levels
to a level other than the intended value.

crystal oscillator: An oscillator with a crystal as the
frequency setting element.

coherency (comsistency): Agreement between
shared contents of members of the memory system.

crosstalk: The temporal change in either the mag-
netic field or the electric field of a signal on one con-
ductor that results in an unwanted signal being
coupled to other conductors.

CSMA/CD (Carrier Sense Multiple Access with
Collision Detection): The access method used by
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the Ethernet MAC. This scheme detects when there
is activity on the medium in order to avoid transmis-
sion on a shared medium. If the medium is clear, the
MAC can transmit data. If the medium is busy, the
MAC will wait to transmit data. If two or more
MACs on the medium attempt to access the me-
dium at the same time, a collision is detected and all
MAGC: will stop transmitting and retry at a random
time.

CY7C971:  Cypress’s
Ethernet Transceiver.

10BASE-T/100BASE-T4

cycle-cycle jitter: The change in a clock’s output
transition from its corresponding position in the
previous cycle.

Cyclic Redundancy Check (CRC): An error control
mechanism based on use of an error-detecting code.
The code can be described as follows. Given a k-bit
message, the transmitter generates an n-bit se-
quence (known as a check sequence) so that the re-
sulting message, consisting of k + n bits, is exactly
divisible by some predetermined number. The re-
ceiver then divides the incoming message by the
same number and, if the remainder is zero, assumes
there is no error. The CRC codes are often ex-
pressed as polynomials.

daisy chain: A method of making connections seri-
ally, from some point to each next point in one con-
tinuous sequence (as in PCB layout).

data bus latency: The amount of time the data bus
is driven after a given bus cycle terminates.

DCD (Duty Cycle Distortion): A deterministic jitter
that is typically caused by mismatches within the se-
rial transmission line interface. It causes rising
edges to be misplaced in one direction and falling
edges to be misplaced in the opposite direction (typ-
ically an identical offset).

DDJ (Data Dependent Jitter): A deterministic jitter
that is a function of the characteristics of a particular
serial interconnect media and the content of the se-
rial data stream. It causes edges (either rising or fal-
ling) to be misplaced by a distance that varies as a
function of their distance from preceding transi-

tions. Variations in pulse width inherent in the data
stream cause variations in the magnitude of the mis-
placement of the data transitions.

deadlock: The condition in which two or more pro-
cesses that share resources halt because no process
can obtain all the resources it needs to continue.

Dhrystone: A measurement of PC or microproces-
sor performance taken while running a benchmark
program that consists of a loop of simple integer op-
erations.

differential: Mode of communication in which two
complementary signals are compared to each other
to determine the logical state of the signal. Also
known as a balanced connection.

DIMM: A dual-readout SIMM socket. Every pin on
a DIMM socket can be a separate signal for a high
pin count interconnection. See SIMM.

dirty: The status of a cache line that has been modi-
fied and now contains data different than the copy
in main memory.

dispersion: Widening of a pulse as it travels down a
transmission line due to characteristics of both the
pulse and the media.

DMA (Direct Memory Access): A design technique
that offloads some of the I/O processing from the
CPU. A DMA controller allows the CPU to contin-
ue operation while the controller controls block
transfers between I/O and memory or between sep-
arate memories in a multiprocessor system.

double oven oscillator: An oscillator that contains
two ovens, with the crystal encased in the inner
oven, and the temperature control circuitry and the
inner oven encased in the outer oven.

DRAM (Dynamic Random Access Memory): The
main (read/write) memory in almost all computers.
Compare SRAM.

dual-port RAM: An SRAM that can process two dif-
ferent accesses simultaneously.

DUART (Dual Universal Asynchronous Receiver
Transmitter): A pair of serial interfaces integrated
into one chip.
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duplex (also, full duplex): Capable of simultaneous
bidirectional operation and having multiple sources
and destinations.

duty cycle: The relationship of a clock pulse HIGH
time to its LOW time—expressed as a percent.

ECC: Error Correction Code, used to ensure that
data is correctly stored or transmitted.

ECL (Emitter-Coupled Logic): A convention for
“one” and “zero” voltage reference levels in one in-
tegrated circuit family. ECL “one” and “zero” volt-
age levels are very small and, therefore, are able to
be sent into and out of integrated circuit packages
very quickly. ECL logic is used in the fastest avail-
able computers, such as those from Cray and Con-
vex. ECL circuits are fabricated in Bipolar or BiC-
MOS technology. Compare TTL.

EDC: Error detection/correction. Hardware or
software used to generate/check ECC bits. Upon
single-bit error detection, the EDC will also correct
the faulty bit.

EEPROM (Electrically Erasable Programmable
Read Only Memory): A PROM that can be erased
and reprogrammed electrically. See PROM.

effective access time: A cache performance metric
giving the average time required to service a
memory reference.

emulation: In circuit verification, using a separate
piece of hardware which takes the place of an IC or
subsystem in the circuit under test.

Entity: As pertains to VHDL logic synthesis, the
declaration that lists or describes the ports (the in-
terfaces to the outside) of the design. An Entity de-
scribes the names, directions, and data types of each
port.

EPROM (Erasable Programmable Read Only
Memory): A PROM that can be erased and repro-
grammed. See PROM.

equalization: The application of frequency selective
gain or attenuation to compensate for distortion.
Equalization is often used to increase the distance
over which a communication channel can operate.
Usually, a system is equalized for a given distance,

and must be re-equalized if that distance is in-
creased or decreased or if the data rate is changed.

error-free window: The widest possible area within
which a transition can occur and be correctly inter-
preted by the receiving circuit; a measure of jitter
tolerance.

ESCON: A protocol used to interconnect IBM com-
patible computers at data rates of 20 MByte/sec.

Ethernet: The physical layer and control standards
that are encompassed in the IEEE 802.3 Standard.
Ethernet uses a shared network topology with an ac-
cess method known as CSMA/CD (Carrier Sense
Multiple Access with Collision Detection).

expanders: Extra product terms in MAX EPLDs
that are available to be used and shared by all ma-
crocells in a Logic Array Block (see LAB).

eye pattern: Method of examining a data stream
that compares the stable versus unstable portions of
a bit-cell.

fall time: The amount of time it takes a digital logic
signal to transition from a logic HIGH to a logic
LOW.

FDDI: Acronym for Fiber Data Distribution Inter-
face. A high-speed, local-area network, using a pair
of fiber-optic links in a dual token-ring topology.
Data rates of 10 Mbytes per second are supported.

FFT (Fast Fourier Transform): A mathematical
method for determining the frequency spectrum of
a waveform.

fiber-optic: A reference to components whose pri-
mary mode of operation is through the use of optical
rather than electrical energy.

Fibre Channel: An ANSI-standard data commu-
nications interface for computers and peripherals.
A high-performance computer interconnect stan-
dard that describes a method of interconnecting
computers and peripherals at specified data rates
between 13 and 100 MByte/sec.

FIFO - First-In First-Out Memory: A memory de-
vice in which data is accessed from memory in the
order that it was written into memory.

finite state machine: A synchronous sequential cir-
cuit, the outputs and next state of which are func-
tional logic functions of the inputs and current state.
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Fourier transform: A mathematical operation used
to convert time-domain expressions into equivalent
frequency domain expressions.

FPGA: A field programmable gate array.

framer: The internal logic included in the HOTLink
Receiver that examines the serial bit stream and
looks for the SYNC character. When it is found, the
framer logic aligns the deserializer with the trans-
mitted byte boundaries.

framing: (As it applies to the CY7B933 HOTLink
Receiver) The process of determining what the
proper byte boundaries are in a serial bit data
stream.

frequency synthesizer: A device that uses PLLs to
generate one or more output frequencies from a ref-
erence frequency. Also called clock generator or
clock synthesizer.

full duplex: See duplex. Compare simplex, half du-
plex.

glue logic: Either 74 series or programmable logic
(PLD or CPLD) that implement a function that was
not integrated into the chipset. These are usually
high-current buffers that improve the drive capabili-
ty of the chipset.

Green PC: Refers to a PC that, when idle, does not
consume more than a specified maximum power, as
defined by the U.S. Environmental Protection
Agency (EPA).

ground bounce: When many outputs of a device
change from HIGH to LOW there is a rush of cur-
rent into the output drivers. If the inductance to
ground is sufficient, the virtual ground level is raised
due to this inductance. The voltage spike caused by
this phenomenon is called ground bounce.

HBM (Human Body Model): A model of Electro
Static Discharge (or ESD) hazards based on static
discharges observed between humans and electron-
ic devices. Semiconductor manufacturers use the
HBM to design ESD protection circuits into their
products.

half duplex: A device or system that can transmit in-
formation in two directions, but not simultaneously.

The Cypress CY7C439 BIFO is a half-duplex de-
vice. Compare simplex, duplex.

HIPPI: Acronym for HIgh Performance Peripheral
Interface. A standard way of interconnecting high
performance peripheral devices to medium- and
large-scale computers. The interface is character-
ized by a parallel bus using ECL logic levels and is
capable of data transfer rates of several hundred
Mbytes per second over relatively limited distances.

HOTLink: The name for Cypress’s High-Speed Op-
tical Transceiver Link chip set.

Hysteresis: In general, the failure of a property that
has been changed by an external agent to return to
its original state when the cause of the change is re-
moved.

idle: The state in which the 10/100BASE-T Ethernet
transceiver is not transmitting frames.

initiator: The agent in PCI that has the current con-
trol and operation of the bus.

instantiate: The use of a previously designed mod-
ule in a schematic or computer program (such as a
VHDL model).

IPI: Acronym for Intelligent Peripheral Interface.
Originally defined in IPI1 as a controller interface
for high-performance disk drives, the standard has
evolved in IPI3 to a relatively complete channel in-
terface intended for general-purpose high-speed
I/O in medium- to large-scale computer systems.

jam: A special pattern that is transmitted when a
collision is detected.

jabber: The condition caused by a node that is con-
tinually transmitting.

jitter: A typical form of corruption that occurs on se-
rial data streams. It is a displacement of the timing
of a transition from its ideal position. The two basic
types of jitter are Random and Deterministic. De-
terministic jitter is further divided into DCD and
DDJ.

jitter tolerance: The ability of the deserializer to re-
cover data from a corrupted serial data stream. This
specification indicates tolerance to displaced transi-
tions within the expected bit window. This tolerance
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may be expressed in time (i.e., nanoseconds) or as
a percentage of a bit time (i.e., =45% of a bit time).
See error-free window.

K28.5: A special character that is defined in the
8B/10B code. This character is typically used as an
idle or fill character when no data is to be trans-
mitted on the serial media. Sometimes referred to
as a Sync Character. See SYNC.

LAB (Logic Array Block): In Cypress MAX PLD de-
vices, the LAB represents a separate functional
block in the device. Each type of MAX PLD has a
different number of LABs.

latch-up: A regenerative phenomenon that occurs
when the voltage at an input pin or an output pin is
either raised above the power-supply voltage poten-
tial or lowered below the substrate voltage poten-
tial, which is usually ground.

level one cache (L1): The cache that is integrated
into the processor. The L1 cache improves perfor-
mance by reducing the volume of data transferred
between the processor and external memory.

level two cache (L2): The cache between the L1
cache and main memory. The L2 cache improves
performance by reducing the volume of data trans-
ferred between the L1 cache and main memory.

LFSR: Linear Feedback Shift Register, used to gen-
erate a pseudorandom sequence of characters. The
LFSR in the HOTLink is used to generate and check
the BIST sequence.

library: A logical storage facility for design units.
Before a component can be instantiated in a higher-
level design unit, its package must be compiled into
a library that is visible to that design unit, usually the
current work library.

line (block): The basic unit of information exchange
between a cache and main memory or between a
parent cache and its child(ren) cache(s).

line size: The number of bytes or words in one cache/
main memory line. In a cache system, a line is the
quantum of data identified by the cache tag and is
the smallest quantum of data that can be transferred
between the cache and main memory. Whenever a

new entry is placed into the cache, one line is trans-
ferred. Common line sizes are 16 and 32 bytes.

Linear Feedback Shift Register (LFSR): A shift reg-
ister using XOR gates and feedback to implement
cyclic redundancy check polynomials.

link pass state: The condition entered when a an
operational link is established between two nodes.

local bus: The peripheral bus connected directly or
“local” to the CPU itself. This bus will usually have
better performance than a nonlocal bus.

logic cell: A replicated element within an FPGA typ-
ically containing a register and additional combina-
torial logic. Itis the basic building block used for im-
plementing circuits in the FPGA.

long-term jitter: Measures the maximum change in
a clock’s output transition from its ideal position
over many cycles.

MAC (Media Access Control): The MAC is the con-
trol structure that governs access to a communica-
tion medium. It also governs how data is encapsu-
lated or framed on medium and usually includes a
basic form of error detection.

MACH: The trademark for Advanced Micro De-
vices’ family of complex programmable logic de-
vices.

macrocell: A low-level block of logic in program-
mable logic devices. This block can include one or
more registers along with configurable feedback
and/or output paths.

master device: A device that controls the timing for
data exchanges between two devices. When devices
are cascaded in width, the master device is the one
that controls the timing for data exchanges between
the cascaded devices and an external interface. The
controlled device is called the slave device.

MAX?7000: the trademark for Altera’s family of
complex programmable logic devices

Mealy machine: A state machine in which outputs
depend on the present state and the previous value
of the inputs. ~

Media Independent Interface (MII): An IEEE
802.3 standard interface between MAC devices and
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physical layer devices. The MII supports operation
at 10 Mb/s and 100 Mb/s.

metastable: A condition in which neither a logic
zero nor a logic one can be guaranteed, due to a tim-
ing violation to a synchronous logic element.

Moore machine: A state machine in which the out-
puts depend only on the current state.

MTBF (Mean Time Before Failure): The average
length of time a system or component will continu-
ously operate between failures, given a defined set
of operating conditions.

multimode: Fiber-optic communication where light
propagates in one or more modes through the opti-
cal media.

multiprocessing: A computer architecture in which
two or more processing units are coupled together
to run different programs simultaneously while
sharing the same computer frame and memory.

Non-Return-to-Zero-Invert (NRZI): A method of
encoding a serial bit stream. A transition indicates
a 1 and no transition indicates a 0, hence the term
non-return-to-zero. The waveform doesn’t return
to zero to indicate a bit value.

NTSC (National Television Systems Committee):
The standard video format used in the USA.

Number Representations: Required VHDL syntax
for binary, octal, decimal, and hexadecimal num-
bers.

OLC (Optical Link Card): The OLC is a LED/la-
ser-based data-communications adapter card based
on the Fibre Channel standard.

optical module: A device capable of bidirectional
conversion of electrical signals to optical signals for
use in communicating over fiber-optic cables.

OR: The “or” logic gate.

oscillator: A circuit that is generally crystal con-
trolled and is used to generate a clock frequency.

oven controlled oscillator: An oscillator that en-
cases its crystals in a temperature-controlled oven,
in order to maintain a precise operating tempera-
ture at the crystal.

overshoot: The amount by which the amplitude of a
signal exceeds its final value on a LOW-to-HIGH
transition.

package: A package is a collection of VHDL decla-
rations that can be used by other VHDL descrip-
tions. For the purpose of creating hierarchical de-
signs, a package consists of one or more
components. However, a package may also include
other types of declarations.

PAL (Phase Alienation by Line): A standard video
format used in Europe and the Far East.

parallel-resonant crystal: A piezoelectric device
that exhibits a maximum-impedance resonance.
Because the operation of such a crystal depends on
the load it “sees,” the capacitive loading of a paral-
lel-resonant crystal must be specified when the crys-
tal is ordered.

parity: An error detection scheme in which a status
flag is saved, indicating that the number of “on” bits
is even or odd.

partition: The disabling of an Ethernet port.

PCB (Printed Circuit Board): A system building
block that allows connecting integrated circuits to-
gether.

PCI bus (Peripheral Component Interconnect
bus): A high-bandwidth, processor-independent pe-
ripheral bus (32 bits, expandable to 64; 33 MHz, ex-
pandable to 66 MHz) that has a potential data trans-
fer rate of up to 132 MBytes/sec.

PECL: A variation of ECL often referred to as Posi-
tive-ECL or Pseudo-ECL in which the devices are
operating from a positive power supply instead of 0
volts to —5.0 volts.

period jitter: Measures the maximum change in a
clock’s output transition from its ideal position.

photodiode: Optoelectric device capable of convert-
ing changes in received light amplitude into changes
in current.

Physical Coding Sublayer (PCS): The PCS is a sub-
layer contained within the Ethernet Physical layer
standard. This sublayer is responsible for digital
functions such as data encoding and serial to paral-
lel conversion.
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Physical Layer: The devices and components that
attach directly to the physical communication me-
dia. These include drivers, shifters, filters, etc. that
are needed to implement the physical requirements
of the communication protocol. The Physical Layer
is usually the lowest layer of a communication pro-
tocol stack.

PIA (Programmable Interconnect Array): In Cy-
press MAX devices, the PIA is the routing path be-
tween separate logic array blocks (LABs). The PIA
routes automatically and provides uniform timing
throughout the devices.

PIM (Programmable Interconnect Matrix): In Cy-
press FLASH370 devices, the PIM is the routing path
between separate logic array blocks (LABs). The
PIM routes automatically and provides uniform
timing throughout the devices.

PLD (Programmable Logic Device): An integrated
circuit that is shipped blank to customers and can be
field programmed into a custom logic circuit, such
as a counter, an adder, or a state machine.

PLL (Phase-Locked Loop): A circuit used to mini-
mize clock skews by keeping them in phase with re-
spect to a reference clock. Also used to generate a
clock that is a multiple frequency of the reference
clock.

plug and play: The concept of the ability of a prod-
uct to be easily installed into a system with minimal
or no user configuration.

PMA (Physical Medium Attachment): The portion
of the transceiver that interfaces with the shared
medium.

Polarity Conventions: Rule of thumb for assigning
and interpreting polarity in VHDL.

PQFP (Plastic Quad Flat Pack): A plastic package
with flat-pack style pins on all four sides of the part.

preamble: The first 8 bytes of an Ethernet frame.

process: As pertains to VHDL logic synthesis, a
collection of Sequential Statements appearing in a
design Architecture. The Process itself is evaluated
concurrently within the Architecture.

product term: A Boolean AND of all the inputs to
a PLD array.

PROM (Programmable Read-Only Memory):
Memory in which the data is fixed even when the
power is turned off. Programmable ROMs are
shipped blank to customers and customized in their
facilities.

protocol: A set of rules that govern network commu-
nications. Low-level protocols define transmission
rates, data encoding schemes, physical interfaces,
network addressing schemes, and the method by
which nodes contend for the chance to transmit data
over the network. High-level protocols define func-
tions such as printing and file sharing.

QuietBus: A technique in which a bus is not driven
unless the address is decoded to be within the re-
quested address space.

RACEway Interlink: The official name of the ANSI
standard, which describes how to make a crossbar-
based communication system including electrical
specifications and logical protocols for the data
transmission. The word “Interlink” conveys that the
standard is communication oriented and covers
more than one participating device. Although the
RACEway Interlink standard does not specifically
mention it, it is a perfect description of the way the
Cypress CY7C965 works.

random jitter: Random jitter is a measure of edge
displacement that is uncorrelated with either the in-
terconnect media or the serial data stream. It is usu-
ally caused by random effects in the interconnect
system or by thermal effects in the high gain amplifi-
ers used to translate between optical and electrical
information.

RAS (Row Address Strobe): In dynamic RAMs, this
signal is asserted to strobe the row address into the
device; the address inputs are time-multiplexed.
recursion: see recursion.

reference: A request by the processor to read or
write a memory location.

reframe: To determine and align the deserialization
logic with correct byte boundaries, so that the data
can be decoded correctly.

refresh: The periodic replenishment of the charge
on storage capacitors used in DRAM cells.
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rise time: The amount of time it takes a digital logic
signal to transition from a logic LOW to a logic
HIGH.

RTC (Real Time Clock): A peripheral clock chip
that operates from an integrated battery when the
system power is off.

RTL (Register Transfer Level): A level of descrip-
tion in hardware design languages that consists of
operations being described in terms of register- and
gate-level structures.

run length: Run length can be either the distance be-
tween transitions (i.e., the maximum number of ad-
jacent ones or the maximum number of adjacent
zeros) in a serial data stream; or the length of time
that an error will propagate after an error event. In
the first case, the 8B/10B code rules allow a run-
length of five (5) bits. In the second case, a single
error event can occur within a single byte, and be ter-
minated at the next one, or in the case of a running
disparity error (or a framing error) the effect of the
error can continue for an indeterminate time.

running disparity: Running disparity is a concept
included in the 8B/10B code that allows it to ensure
a perfect DC balance. It is a measure of difference
between the number of 1s (high-bits) and number of
0Os (low-bits) and is automatically managed by logic
that selects alternative codes from the possible code
tables to assure a perfect match.

running disparity error: A type of error in a serial
data bit stream in which there are too many consecu-
tive bits at a single logic level for the data received
to be valid.

SBCCS (Single Byte Command Code Set): A com-
mand set defined as a Fibre Channel level 4 proto-
col. The set is characterized by having, in all cases
to command defined in the first byte, and all subse-
quent bytes providing only parametric information
relating to the command.

SCSI (Small Computer Systems Interface): A stan-
dard way of interconnecting peripheral devices,
such as disk and tape to small to medium sized com-
puters. It is specified in a document from the ANSI
committee X3.31. Up to seven storage devices can

be attached to a single computer using a single SCSI
network.

SECAM (Systeme Sequentiel a Memoire): A standard
video format used in France and Europe.

semaphore: A software technique for providing ex-
plicit mutual synchronization of parallel sequential
(software) processes. Semaphores are initialized
with the value zero or one before the processes are
started. After initialization, the processes access the
semaphores only via two specific operations—the
so-called synchronizing primitives. The operations
carried out on semaphores are referred to as P and
V, which are the first letters of the Dutch words cor-
responding to WAIT and SIGNAL, respectively.

Sequential Statement: As pertains to VHDL logic
synthesis, it is a statement appearing within a Pro-
cess. All statements within a Process are executed
or modeled in order, similar to programming lan-
guages such as C or Pascal.

set: A collection of cache locations in which a line
may reside.

set associativity: A property that allows a cache to
be divided into sets, each of which contains one or
more lines. This property enables a line of main
memory to map to more than one line in the cache;
the line of main memory can map to one line in each
of the sets. When searching the cache, the tags of
one line from each of the sets are compared to the
reference tag concurrently, to determine to which
set, if any, the main memory line was mapped.

shielded twisted pair: Copper cable consisting of
two insulated conductors twisted together in a con-
trolled fashion, having an overall cable shield that is
isolated from both conductors.

skew: The variation in time of two signals specified
to occur at the same time.

SIMM (Single Inline Memory Module): A memory
packaging option commonly used for DRAMs.

simplex: A device or system that can transmit data
in only one direction. Compare half duplex, duplex.

simulation: In circuit design, the modeling of an
electronic circuit’s function using a computer
software.

G-10
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single-ended: Mode of communication in which a
received signal is compared to an internal or exter-
nal fixed reference to determine the logical state of
the signal. Also known as an unbalanced con-
nection.

single mode: Fiber-optic communication in which
light propagates in only one mode through the opti-
cal media.

slave device: A device that allows another device to
control the timing for data exchanges between them.
Also, when devices are cascaded in width, the slave
device is the one that allows another device to con-
trol the timing for data exchanges between the cas-
caded devices and an external interface. The con-
trolling device is called the master device.

slew: The rate of change of voltage or frequency
with time.

snooping: A method used in multimaster applica-
tions in which one or more of the masters contain
data or instruction cache. Cache coherency and
maintenance operations occur when the active mas-
ter requests an operation on data that happens to be
contained in a non-active master’s cache. The non-
active master can intervene and, depending on the
type of transfer, maintain its cache accordingly and
possibly supply its cached data to the active master.
The act of monitoring the bus address and data by
the non-active master is considered “bus snooping.”

SONET (Synchronous Optical NETwork): A stan-
dardized frame format used by telecommunication
carriers to encapsulate data and transmit that data
over a WAN.

spectrum analyzer: A frequency domain oscillo-
scope.

SRAM (Static Random Access Memory): A Ran-
dom Access Memory allows the user to store and re-
trieve data at a high rate of speed. The term “static”
means that so long as the power is on, the memory
will retain its data. This feature contrasts with Dy-
namic Random Access Memories (DRAMs) that
store data in a temporary medium, which allows the
data to fade away every few milliseconds. DRAMs
must have their data refreshed continuously, even
when the power is on, but they provide greater den-

sity at lower costs than SRAMs, although they may
be slower.

starvation: The condition in which one process that
shares resources with other processes halts due to
the fact that it can not obtain the resource(s) it needs
to continue.

STP (shielded twisted pair): Similar to UTP but
surrounded by a metal shield.

Structural VHDL: A description of how the various
components that make up a design are connected;
the lowest level of abstraction for a VHDL de-
scription.

sum-of-products: A Boolean algebra construct in
which inputs are logic ANDed and the outputs of the
AND gates are ORed together. This is how most
PLDs are constructed.

SVIC: Slave VME interface card.

SYNC: The special character included in the 8B/10B
code that allows the serial data stream to be proper-
ly decoded. This character (K28.5) contains a
unique sequence of bits that can never occur with
any combination of legal data bytes in an undam-
aged data stream.

synchronous: Said of a system or signal when the
rising edge of a clock pulse is used as a reference
signal.

target: The agent in PCI with which the initiating
agent is involved in a transaction.

temperature compensating oscillator (TXCO): An
oscillator that contains circuitry that compensates
for temperature changes and hence combats fre-
quency variations.

terminate: To match the impedance of a driver to a
line or a line to a load.

Test pin: A pin on the CY7C971 that is only used for
factory testing. This pin should be tied LOW to per-
manently disable the test mode.

Thévenin: A type of circuit used to terminate a
transmission line. '

three-state: A signal that can be at a HIGH or LOW
logic level, or in a high-impedance state.

G-11
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token passing: (as applied to state machines) A de-
sign methodology in which an n-bit state machine
is built with n 1-bit registers, instead of with
[logy(n)] registers. In a token-passing state ma-
chine, the state is indicated by the specific 1-bit reg-
ister that contains the only “1,” and state transitions
are accomplished by passing the “1” (i.e., the token)
from one register to another.

transaction: In PCI, the process of establishing a
communication link between two device agents (i.e.,
CPU and peripheral) and transferring data.

transformed transaction: A transaction that is
changed from its original intent, e.g., a read be-
comes a write and a write becomes a read.

transformer: Electrically isolates the Ethernet
transceiver from the media.

transimpedance amplifier: Amplifier designed to
convert a small change in current into a large change
in voltage.

translation: Conversion from one standard to
another.

translator: A device that converts from one stan-
dard to another.

transparent write: A write in which the data appears
at the outputs as the data is written into the array.
Possible only on separate I/O RAMs.

transmitter: A circuit used to send information.

TTL (Transistor-Transistor Logic): The dominant
convention for “one” and “zero” voltage reference
levels in integrated circuits. TTL circuits are perva-
sive in most electronics applications, including per-
sonal computers, workstations, and consumer elec-
tronics. See ECL.

twinax (twinaxial cable): Copper cable consisting of
two insulated conductors assembled parallel to each
other and having an overall cable shield that is iso-
lated from both conductors.

UART (Universal Asynchronous Receiver Trans-
mitter): A device that provides serial communica-
tion capabilities for a system.

uniprocessing: A computer architecture in which
one processing unit runs all programs.

UTP (unshielded twisted pair): Telephone type
cable in which two wires are twisted together to form
apair. As the name implies, there is no metal shield-
ing around the cables.

UVEPROM (Ultraviolet Electrically Program-
mable Read Only Memory): An EPROM that can
be erased using an ultraviolet light. See PROM,
EPROM.

VAC: VMEbus Address Controller.

VCO: Voltage controlled oscillator; e.g., a clock gen-
erator that uses input voltage levels to vary the clock
frequency.

VESA bus: A local bus standard that extended the
existing ISA bus to increase throughput.

VHDL (VHSIC—Very High Speed Integrated Cir-
cuit Hardware Description Language): A standard
(IEEE 1076) software language for describing and
simulating hardware designs, from transistor level
up to full-system level. It is the language used in Cy-
press’s Warp PLD design tools.

ViaLink: The programmable antifuse element used
to connect wires in a pASIC FPGA.

VIC: VME Interface Controller.

VITA: VME International Trade Association.
VME: VERSAModule Eurocard.

VSO: VITA Standards Organization.

watchdog timer: A watchdog timer limits the
amount of time a system will wait for a bus cycle ter-
mination signal (e.g., RDY). If the watchdog timer
completes, the system assumes that an error has oc-
curred and responds appropriately.

XOR: The “exclusive-or” logic gate.
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.DOC file, 4—-57 A
Numbers A64/A40 support, 8—13,8—18
additional logic, 8—19
100BASE-T4, 6—1to 6—17
> ABEL,3-7t03-11,4-56
Ethernet repeater, 6-18 to 6-25 comparator PROM, source code, 3—10

100K ECL, 6—47, 6—~55, 6—57, 658, 6—59, 6—62, PALC22V10 cycle decoding, source code, 8—51
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10BASE-T, 61 to 6—17 vs. VHDL, 4-85
10K ECL, 6—54, 6—57, 6—58, 6—59 AC characteristics, HOTLink output drivers, 6—63 to

6—65

10KH ECL, 6—-54
32.768 kHz output, 7—24

4B/5B, 6—77,6—173 to 6—174, 6—176,6-177, 6—1717,
6-179, 6—180, 6—181, 6—183

AC impedance, 1-4
AC termination, 1-20
accuracy/precision, 7—5

5V Cypress PROM, 3—25 to 3-26 ACFAIL, 8-44
Interfacing to 3.3V system, 3—25 to 3—26 adapter card, 6—1to 617
layout considerations, 6—6 to 6—7
68020, 8—160 to 8176 software considerations, 6—6 to 6—11

and the VIC068A, 8—46 to 8—52
arbitration methodology, 8—163

bus arbitration sequence, 8—163

bus grant acknowledge mechanism, 8—164
bus grant mechanism, 8—163 to 8—164
bus request mechanism, 8—163

overview, 8—163

680x0

adder, 4—67,4—145t0 4—158
12-bit, resource utilization comparison, 4—162 to
4-163
carry-lookahead, 4—153 to 4—158, 4—163
large-sized, 4—164 to 4—166
ripple carry, 4—145 to 4—147,4-148 to 4—151,
4-162 to 4—163
. address
gi}; nctﬁgrﬁ:zgﬁid gr_ldl;vglte cycles, 8150 to 8-151 left port camped on in dual-port RAMs, 5—9
g4 ’ right and left equal simultaneously in dual-port
TAFCT244T, 4—135 to 4—143 RAMs, 5-9
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transition detection, 5—12to 5—-13
sequence, 5—13
unequal in dual-port RAMs, 5—-9

address buffers
128-kbyte cache, 2—2
256-kbyte cache, 2—2

ADSP2100A, 3~16 to 3—17
DSP to memory interface, 3—16
initialization, 3—16
timing, 3—17
external program memory, 3—17
aging, 7—-5
alias SYNC, 6—190
ALU, combinatorial, 5—1
AM Codes, 8—12, 8—16, 8—26, 8—27, 8—28

Am7968
Commands, 6—174 to 6—175
control signals, 6—175
functionality, 6—173 to 6—176
HOTLink emulation, 6—176 to 6—178

Am7968 TAXI transmitter, 6—173 to 6—183
AND-OR logic, 4—189

ANSI, 6—46, 6—48, 651, 6—55, 6—60, 6—69, 6—83,
6—84, 6—89, 6—90, 6—92 to 6—93, 694, 695,
6-97, 6—134, 6—198, 6282, 6286

ANSI/IEEE Standard 1014, 8—41

arbiter, SVIC to 68020, 8—160 to 8—176
state diagram, 8§—169

arbitration logic, in dual-port RAM, 5—-8 to 5—9

architecture, 4—35
comparator, 4—33
CPLD, 4-97
CY7C335,4-27
multiplexer, 4-33
pipeline, 4—31
serial decoder, 4—36
Architecture section, 4—86
arithmetic designs, 4—144 to 4—173
array based interconnect, 4—98, 4—99
ASCII binary PROM programming file format, 3—2
ASCII-HEX PROM programming file format, 3—2

asynchronous
preset and reset product term, 4—101
preset/reset, 4—107

I-2

ATM, 6—26, 6—28, 6—31,6—32,6—33, 6—42, 6—44,
6-91, 6—100, 6—136, 6—140
cell format, 6—101
connections through switch, 6—101
protocol stack, 6—101

ATM Forum, 6—42, 6—101
attenuation effects, 6—308 to 6—310
Auto Slot ID, 8—9

auto-negotiation, 6—1, 6—5, 6—7, 6—8, 6—9, 6—11
registers, 6—9 to 6—10

automatic test vector, 4—204

B

Base Address register, 4—224, 4—227,4—-228
baseline wander, 6—77

baud, 6—230

behavioral descriptions, 4—27

behavioral logic description, 4—201

BER, 6—42, 6—206, 6—222 to 6—223, 6—235, 6—236,
6—237,6-238, 6—239, 6—245, 6—246, 6—247,
6—349 to 6—350, 6—351

See also bit-error-rate
example calculations, 6—223

biasing
ECL output, 6—60 to 6—65
HOTLink receiver, 6—72 to 6—75
BiCMOS, 6—43, 6—98, 6—258
bidirectional, 3—25
bipolar ICs, replacing with CMOS, 1-1
BIST, 6—40, 6—41, 6—46, 6—48, 6—49, 6—79, 6—80,
6—-212, 6—213, 6—223, 6—228, 6245, 6—246,
6—252, 6—253-6—255, 6—259, 6—297, 6—302,
6—323, 6—349, 6—350, 6—351
See also built-in self-test; HOTLink, built-in self-test
total jitter in vs. bit rate reference, 6—229
transmitter jitter while sending, 6—228

bit-error-rate, 6—256 to 6—261
See also BER
definition, 6—256
floor, 6—-260 to 6—-261
specifying, 6—260

bit-slice CPU control
execution in state machines, 4—-261
inactive states, 4—265
INTERRUPT mode, 4—262
NONPIPELINED RUN mode, 4-261
PIELINED RUN mode, 4—261
REPEAT INSTRUCTION mode, 4—262
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SINGLE STEP mode, 4—261
STOP mode, 4—-261
WAIT mode, 4—-261

bit synchronization, 6—136 to 6—166
block transfer, 8—8, 8—9, 8—13
block-multiplexer channel, 6—134, 6—135
BLT. See block transfer.

board design skew, 7—5

board layout, 6—319

Boolean equations, 4—27

bottom-up approach, 4—201

buffers, for communication between systems, 5—2 to
5-3
bufoe component, 435, 4-59, 4—-106
Built-In-Self-Test mode, 6—329, 6—334, 6—337,
6-343
buried registers, 4—29, 4—106
bus
differential, 6—276 to 6—277, 6—277

direct-coupled, 6—275 to 6—277
single-ended, 6—275 to 6—276, 6—276

BUS HOLD OFF function, 8—164

bus lines, connecting, 8—48

buses, bidirectional, 1-18

BUSY signal, in dual-port RAMs, 5—10

bypass capacitors
types, 6—85 to 6—87
with HOTLink, 6—84 to 6—87

C

cable
coaxial, 1-16, 6—96 to 6—97
attenuation characteristics, 6—96
copper, 6—95 to 6—98
shielded twisted-pair, 6—95
twinaxial, 6—95 to 6—96

cable testing, 6—296 to 6—301

equipment, 6—296 to 6—297

eye pattern, 6—301

procedure, 6—297

results, 6—297 to 6—299
capacitance, for ideal case, 1-21 to 1-22
capacitive coupling, 6—277 to 6—279, 6—278

capacitive reactance, 1—34

1-3

capacitors, 6—318 to 6—319
bypass
types, 6—85 to 6—87
with HOTLink, 6—84 to 6—-87
coupling, 7-10, 7—-11 to 7—-12
DC-block, 6—278 to 6—279
decoupling, 1-31,1-34to 1-38
equivalent model, 6—278
filter
high-frequency, 1-31to 1-32
low-frequency, 1-33
paralleling, 1—-33
impedance vs. frequency, 1 —32

Carry-lookahead principle, 4—151
Carry-lookahead, 4—151 to 4—152
CD (carrier detect), 6—27 to 6—28

channel, 6—134
block multiplexer, 6—134, 6—135
ESCON, 6—134, 6—135

channel resistance, 1-18
characteristic impedance, 1—4, 6—264

chipset, 2—5,3-24
PCI, 2-1

circuit board substrates, properties, 6—269

circuit board transmission lines, 6—266, 6—266 to
6—269
dielectric constant, 6—268

CKR jitter, 6—245, 6—245
clamping diodes, input, 1-2
CELP,2-3

clock
buffer, 7-3
control using CY7C361, 8—153
devices, 7—1to 7—-3
distribution, 7—35 to 7—37
generation, 8—153 to 8—154
generator
implementation, 4—269 to 4—272
inputs and outputs, 4—262 to 4—263
jitter, 7—-3to 7—4
parameters, 7—3 to 7—6
aging, 7-5
duty cycle, 7—-6
error, 7—6
jitter, 7-3to 7—4
skew, 7—4 to 7-5
slew, 7—6
stability, 7—-5
voltage sensitivity, 7—5
wander/drift, 7—6
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stretching, 8—151 to 8—152 Warp2 report file excerpt, 4—44

terminology, 7—1to 7—7 Warp2 source code, 4—43
clock driver skew, 7—4 to 7—5 comparators

equality, 4—167
magnitude, 4—167 to 4—170
three-output, 4—171 to 4—173

clock generator, 6—46, 6—249 to 6—250, 7-30 to 7—33
recommended crystals, 7—8 to 7—10

clock ]1tterj 7 — 14 to 7-15 Compare Address, 8—16
clock multiplier, 6—40, 6—85, 6—173, 6218, 6—224 compensated oscillator, 7—1
clock oscillators, with HOTLink, 6—83 to 6—84 compiler, VHDL, 4—27, 4—31
clock recovery, data separator PLL, 6—219 to 6—223

clock sources, 6—249 to 6-250 Configuration statement, 4—86

clock sync, 647, 6—48 connectors, copper cable, 6—97 to 6—98
clock synchronization, 7—81 to 7—85 constants, 4—57

clock interconnections, 7—81, 7—82

many processors to single clock, 7—82 to 7—83

concurrent statements, 4—90

continual phase adjustment, 7—79, 7—80

processor clocks, 7—81 to 7—82 continually phase adjusted clock source, 7—79
theory of operation, 7-81 converter, CY7C611A to 680x0 bus, 8—153
coarse-grain logic cell, 4—189 copper cable, 6-95 to 6—98
coax. See coaxial cable. ANSI Fibre Channel requirements, 6—97

connectors, 6—97 to 6—98

coaxial cable, 1-16, 6—35, 6—35, 6—69, 6—70, 6—71, driving with HOTLink, 6262 to 6—295

6—93,6-95,6—96 to 6—97, 6—208, 6—245,

6—258. 6—259. 6—263., 6—269 to 6—270, 6—271 HOTLink, maximum length vs. frequency, 6—296 to
6-272,6-275, 6—278, 6—280, 6—282, 6—286, 6-304
6—296, 6—297, 6301, 6—306, 6310, 6—313, long, 6—305 to 6319
6—347, 6—348, 6—349 testing, 6—296 to 6—301
50-ohm, 6—297 to 6—298 equipment, 6—296 to 6—297
75-ohm procedure, 6—297
RG179 and Belden 8218, 6—300 results, 6—297 to 6299
RG59, 6—298 to 6—299, 6—300 transmission line, 6—269 to 6—271
RG6, 6—299 copper media, 6—92, 6—95
attenuation characteristics, 6—96, 6—307 capacitor coupled, 6—70
critical dimensions, 6—270 interface, signal detect, 6—73 to 6—75
coaxial test bed, 6—252 to 6—253, 6—254 direct coupled, 669 to 670
. T driving, 6—69 to 6—71
coaxial transmission line, 6—263 receiving from, 6—73 to 6—75
cockpit, 4—243 to 4—244 signal characteristics, 6—75 to 6—82

Code Rule Violation, 6195 transformer coupled, 6—70 to 6—71

- . counter, 4—66
coefficients, reflection, 1—6

.. coupling
collision, 6—19, 6—24 capacitive, 6—277 to 6—279, 6—278
combinatorial logic equations, 4—88 HOTLink to copper, 6—273 to 6—280

direct coupling, 6—273 to 6—275

comma, 646, 648, 6—136, 6-137 transformer, 6—279, 6279 to 6—280, 6—280

command packet, 8—181 CPLD, 4132, 4—133 to 4—143, 4—174, 4—188
comments, 4—57 Mentor’s QuickSim II simulation, 4—177 to 4—187
common mode noise, 6—21 overview, 4—97to 4-98
comparator, 4—66 CPU, 4-138

designing with VHDL, 4—32 to 4—33 CPU clock outputs, 7—31
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CPUCLK output, 7—25
CR/CSR, 8-9
creating files, using high-level languages, 3—7

crosstalk, 1-2, 6—56, 6—57, 6207, 6—216, 6—217,
6—218, 6—265, 6—266, 6—271, 6—301, 6—350

crystal, 7-1,7-2,7—4,7-5,7-8 to 7-10
32.768 kHz, 7—-10
oscillator, 7—1, 7—5
parallel resonant, 7—1, 7-30
series resonant, 7—1, 7—10

crystal oscillator, 6—249, 7—8 to 7—12

CY2254,7-30to 7-33
external connections, 7—32
features, 7—30 to 7—-31
CPU clock outputs, 7—31
keyboard and floppy clocks, 7—31
PCI clock outputs, 7—31
power supply, 7—31
reference clock outputs, 731
reference frequency, 7—31
function table, 7—31
logic block diagram, 7—30
system applications, 7—31 to 7—33

CY2291, 7-22to 7-29
applications, 7—26 to 7—27
block diagram, 7—-23
external connections, 7—26
features, 7—22 to 7—-24
outputs, 7—22
power-saving modes, 7—23 to 7—24
reference frequency, 7—22
skew, 7—24
slewing, 7—22
internal architecture, 7—24 to 7-25
layout and filtering techniques, 7—25 to 7—26
outputs, 7—24 to 7—25
32.768 kHz, 7—24 to 7-25
configurable, 7—-25
CPUCLK, 7-25
FLOPPYCLK, 7-25
XBUE, 7-25

CY2292,7-22t0 7-29
block diagram, 7—-23

CY27H010, 3—-22 to 3—24
CY74FCT162H501, 8—180
CY7B46X, interface to CY7B923, 6—326 to 6—328

CY7B923, 6—167,6—173 to 6—183
as ECL clock source, 6—167
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block diagram, 6—167
clock generator, 6—167
encoder, 6—168
input register, 6—168
output, 6—168
shifter, 6—168
test logic, 6—168

clock issues, 6—169
clock skew, 6—172
device packaging, 6—172
drive capability, 6—172
duty cycle stability, 6—170

HOTLink transmitter printed circuit layout, 6—172

jitter, 6—~170
power supply current, 6—172
rise and fall time, 6—171
termination, 6—171
frequency range, 6—168
fulfilling the requirements, 6—168
HOTLink transmitter
clock generator, 6—46
description, 6—45 to 6—46
encoder, 6—45 to 6—46
input register, 6—45
logic block diagram, 6—45
shifter, 6—46
test logic, 6—46
HOTLink transmitter features and specifications,
6-167
ideal clock circuit, 6—167
interface to CY7C42X/46X, 6—326 to 6—328
interface to wide data clocked FIFO, 6—337 to
6-346
interfacing to clocked FIFOs, 6—329 to 6—336
test circuit, 6—169

CY7B923/933, 6—127

CY7B933

HOTLink receiver
clock sync, 6—47
Decode register, 6—48
decoder, 6—48
description, 6—47 to 6—49
ECL-TTL translator, 6—47
framer, 6—48
logic block diagram, 6 —47
Output register, 6—48
serial data inputs, 6—47
shifter, 6—48
test logic, 6—49

interface to wide data clocked FIFO, 6—337 to

6—346
interfacing to clocked FIFOs, 6—329 to 6—336

CY7B951, 6—26 to 6—34
CY7B991 or CY7B992, see RoboClock, 7—81
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CY7B991/2,7—-34 to 7-74
AC characterization, 7—70 to 7—73
implementations, 7—60 to 7—64
logic block diagram, 7—34, 7—86
skew configurations, 7—99
Test mode, 7—98 to 7—101

CY7C132
used in master standalone operations, 5—13
used in slave word-width expansion, 5—13

CY7C142, used in slave word-width expansion, 5—13
CY7C245A,3-1

CY7C276
interfacing to DSPs, 3—14 to 3—21
introduction, 3—14

CY7C335,4-85,4-89
block diagram, 4—28
designing with, 4—27 to 4—55
hidden macrocell, 4—30
input clocking scheme, 4—30
input macrocell, 4—28
input/output macrocell, 4—29
overview, 4—27 to 4—30

CY7C361
for clock control, 8—153
input and output signals, 8—153

CY7C370, using Warp to design with, 4—105 to 4—115

CY7C371, 4-116,4-133,4-138
signals, 4—134 to 4—135
speed considerations, 4—125
using for FIFO dipstick, 5—39 to 5—45
utilization, 4—125

CY7C374, on-board programming, 4—174 to 4—176
CY7C375, on-board programming, 4—174 to 4—176

CY7C380 Family, 4—195
architectures, explained, 4—195
1/O cells, 4—198
logic cells, 4—198
performance and timing model, 4—199
power consumption, 4—238
routing, 4—196

CY7C382,4-242

CY7C384A, 8—204
pin table, 8—214

CY7C387P, 8—179, 8—195
CY7C388P, 6—18, 6—24
CY7C4245,8-179, 8—184, 8—204, 8—206
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CY7C429
decoupling capacitor example, 1—31
in unterminated line example, 1—23

CY7C42X,5-19
interface to CY7B923, 6—326 to 6—328

CY7C43X,5-19

CY7C45X, programming, 5—34
CY7C46x,5-19
CY7C47x,5-19

CY7C611A
interfacing with the VIC64, 8—147 to 8—159
load and store cycles, 8—149
memory interface signals, 8—148
overview, 8—148 to 8—149

CY7C901, dual-port memory operation, 5—1to 5-2

CY7C960, 8—7 to 8—28, 8—160 to 8—161
features, 8—7, 8—160 to 8—161
internal block diagram, §—8

CY7C961, 8—17 to 8—28, 8—160 to 8—161
features, 8—7, 8—160 to 8—161
CY7C964,8-7,8-8,8-9,8-10,8-11,8-16,8-17,
8—18,8-21,8~-115,8-161
address comparator configuration, 8—95
address comparison signals, 8—36
byte-width mode, 8—30
connections to SVIC, 8—-20
features, 8—29
interface, 8—13,8—18
local data swap buffer, 8—38
local signals, 8—36
logic example, 8—15
used with VIC64 and VIC068A, 8—29 to 8—40
word-width mode, 833
CY7C965, 8—177
CY7C971, 6—2to 6—6,6—19 to 6—24
block diagram, 6—20
clock pins, 6—4, 6—4
configuration pins, 6—5, 6—5 to 6—6, 6—22, 6—22
LED pins, 6—4 to 6—5,6—5,6—-22,6-22
PMA interface, 6—20
CY9266, 6—200, 6—253, 6—280, 6—296, 6—300, 6—347
to 6—351, 6—352 to 6—388
serial interface, 6—349
CYB675, boot-up, 8—92
CYBUS3384 bus switch, 3—25 to 3—-26
cycle-cycle jitter, 7—3,7—3, 7—14, 7—14 to 7—15
application for measurement, 7—15
measuring, 7—17

CYMDY9651, 8—177
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design entry formats
Exemplar, 4—307
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Synopsys, 4—312
designs, discrete vs. modular, 2—3 to 2—5
detailed architecture, FPGAs, 4—188

deterministic jitter, 6—77, 6—215, 6—246, 6—254
as a function of data pattern, 6—228

CYM9652, 8177
CYM9653, 8—177
caused by PLL corrections, 6—228

CYM9654, 8—177
transmitter, 6—227
dielectric constant, 1—6, 6—268, 6—270, 6—310,

6-311,6-312,6-312

CYM9655, 8—177
D
data, ownership, 5—3
data dependent jitter (DDJ), 6—76, 6—77, 678,
6—79,6—179, 6—236, 6—244, 6—245, 6—245,
6-284,6—295,6—298, 6—313
ge;f:;f;igﬁ; oy 6-252 dielectric dispersion, 6310 to 6-312
tolerance, 6—236, 6—246 dielectric loss effect, 6—307
as a function of data rate, 6-236 differential bus, 6—276 to 6-277, 6—277
data rate, 6—90 differential connections, 6—56 to 6—57, 6—59
data separator, 6—40, 6—219, 6—222 Dijkstra, E. W,, 5—18
diode, 3—26
PN junction, 1-2
Schottky, 1-23
zener diode protection, 1—30
direct coupling, HOTLink to copper, 6—273 to 6—275
direct memory access. See DMA
direct-coupled bus, 6—275 to 6—277

DC-block capacitor, 6—278-6—279
discontinuities, voltage reflections due to, 1—9

DCD, 6—207
See also duty cycle distortion jitter
DDJ, 6—207, 6—208, 6—219
See also data dependent jitter
deadly embrace, 5—4 to 55
DEC 21140 MAC, 6—1, 6—7
register set-up, 6—8
DEC binary PROM programming file format, 3—3 disparity, 6—48, 6—78, 6—201, 6—202, 6—203, 6—204,
decode logic, 4—124 6—209, 6212, 6—213, 6—255, 6—281, 6—303
: _ dispersion, 6—310 to 6—313
Decode register, 648 dielectric, 6—310 to 6—312
de\c;;_(llg]:“_M, 4_36’ 3"18 other factors, 6—312 to 6—313
source code, 4-47 DMA (direct memory access), 6—127, 8—178, 8—179,
8180, 8—182, 8—-184, 8185, 8196
HOTLink, 6—127
DMA controller, 4—243
design example, 4—-248 to 4—259
dot extension, 4—58
double buffering, source code, 8—171
double oven oscillator, 7—1

DRAM, 4-201
DRAM interface, 8—7,8-9, 8—13

DRAM refresh, 8—166 to 8—176
drift, 7—6
driving multiple processors, 7—84 to 7—85

Warp?2 report file excerpt, 4—48
decoupling capacitor, calculations, 1—-31

decoupling capacitors, 1—34 to 1-38

delay, propagation, 1—5
delay generator, 6—250
design
state machine for FIFO dipstick, 5—40
tools, 3—7 to 3—12
design and I/O declarations, 4—85

Design Compiler, 4—312 to 4—315
design entry formats, 4—312
design flow and integration with Warp, 4—312 to

design synthesis and optimization capabilities, 4—313 droop, 6—287
DSACK lines, connecting, 8—49

4-313
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to 4-315
software requirements, 4—312
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DSP1616,3-14 to 3—16
DSP to memory interface, 3—15
initialization, 3—15
memory maps, 3—15
timing, 3—16
external program memory, 3—16

DSP56000, 3—17 to 3—19
DSP to memory interface, 3—18
initialization, 3—17
memory maps, 3—18
timing, 3—-18
external program memory, 3—19

DSPs, interfacing high-speed PROMs, 3—14 to 3—21
dual transformers, 6—291 to 6—294

dual-port RAMs, 5—1to 5—-19
arbitration logic, 5—8
block diagram, 4—132 to 4—133
BUSY signal, 5-10
cell history, 5—4
Cypress family, 5—5
design example, 5—-15to 5—18
in VIC068A, 8—52
interrupt logic, 5—7
left port camped on an address, 5—9
mailbox signaling, 8—43 to 8—44
memory expansion, 4—138
operation, 5—1to5-2,5~6t0 5-7
performance evaluation, 4—135 to 4—138
right and left addreses equal simultaneously, 5—9
standalone operation of, 5—13
state machine design, 4—133 to 4—134
state machine implementation, 4—134
unequal addresses, 5—9
use of SRAM, 4—-133
using FLASH370, 4—132 to 4—143
using single-port RAMs, 5-2
VHDL for controller, 4—140

duty cycle, 7—6
restoration, 7—11

duty cycle distortion (DCD) jitter, 6—77, 6—78 to
6-79,6—79,6—235,6—236, 6—238, 6—244,
6—245,6—245,6—-278
synthetic, generator, 6—250 to 6—251
schematic, 6—251
tolerance, 6—235 to 6—236, 6—246
as a function of data rate, 6—235

E

ECL, 636, 6—44, 6—47, 6—49, 6—50, 6—53, 6—56,
6—57,6-59, 6—62, 6—63, 6—65, 6—66, 6—67,
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6—69, 6—71,6—75, 6—80, 6—84, 6—85, 6—88,
6—90,6—91, 6—92, 6—142, 6—173, 6—208, 6212,
6-217, 6~250, 6—251, 6—273, 6274, 6—275,
6—276,6~-277,6—278, 6—279, 6—280, 6—283,
6—288, 6—294, 7-20

100K, 6—36, 6—46, 6—47, 655, 6—57,6—58, 6—59,

6—-62, 6—65,6-70,6-71,6—72,6—90,6—99,
6—277,6-278

10K, 6—36, 6—54, 6—57, 6—58, 6—59

10KH, 6—36, 6—54

advantages, 7—20

clock source, 6—-167 to 6—172

input levels, 6—72

inputs, 6—57, 6—7 to 6—72

logic, 6—64
mixing families, 6—57 to 6—59

logic families, 6—53 to 6—59

logic levels, 7—20

optical modules, 6—68, 6—73

output biasing, 6—60 to 6—65

output routing and board layout issues, 7—21

output termination, 6—250, 6—252

outputs, 6—55 to 6—57, 7-20

pad structure, 7—20

power supplies, 7—20

probing, 6—52

sample waveforms, 6—53

signal levels, 6—-49, 6—50
input, 6—50
output, 6—50

signals, 6—52
terminating, 6—66 to 6—71
viewing, 6—51 to 6—53

switch, basic, 6—49, 6—49

switch, buffered, 6—50

terminating resistor values, 7—21

ECL-TTL translator, 6—47, 6—56,6—~57,6—72,6-73
effective series resistance, 1—35 to 1-37

effective time constant, 1—15

EISA bus, 6—100

electromagnetic band classifications, 6—263
electromagnetic compatibility (EMC), 6—273

emitter-follower, 6—36, 6—50, 6—62, 6—63, 6—64,
6—65,6—84,6-91

encoder, 6—45 to 6—46

energy considerations, for driving transmission lines,
1-7

ENIAC, 4-2
Entity section, 4—85, 4—86
EPROM technology, 7—24
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equalization, 6—69, 6—76, 6—258, 6—260, 6—287,
6-304,6—313 to 6—-319
circuits, 6—313
implementation constraints, 6—318 to 6—319
noise-induced, 6—257

equalizer
circuits, 6—314
equations, 6—314
example, 6—313 to 6—314, 6—315 to 6—318

error, 7—6
deserializer, 6—258
electrical link
extrinsic, 6—258 to 6—261
intrinsic, 6—257
extrinsic, 6—258 to 6—259
intrinsic, 6—257 to 6—258
link-based, 6—256 to 6—257
optical link
extrinsic, 6—258
intrinsic, 6—257
random, 6—257
receiver, 6—258
running disparity, 4—118
serializer, 6—257
soft, 1-2
sources, 6—257 to 6—260
transmitter, 6—257 to 6—258
undefined character, 4—118

error-free window, 6—233 to 6—234
test, 6—208

ESCON, 6—42, 6—44, 6—46, 6—99, 6—188, 6—198
ESCON channel, 6—134, 6—135

ESD, 643, 6-70, 6—258, 6—277, 6—279
protection circuitry, 12

Ethernet, 6—1 to 6—17, 6—18 to 6—25

evaluation board
for VIC64, 8—91
local address symbols, 8—98
local control register, 8—91

Exemplar Logic

command file options, 4—311

control file options, 4—312

design entry formats, 4—307

design flow and integration with Warp, 4—308 to
4-309

design synthesis and optimization capabilities, 4—309
to 4—312

Galileo, 4—307 to 4-312

Logic Explorer, 4—307, 4—308, 4—309

software requirements, 4—307 to 4308

Exorcisor PROM programming file format, 3—3 to
3—4
Exormax PROM programming file format, 3—4
external signal source, 7—10 to 7—11
extrinsic skew, 7—5
eye pattern, 6—78, 6—78, 6—259, 6—284, 6—287,
6—288, 6—290
error free, 6—260
testing, 6—301 to 6—304

with forced noise, 6—259
without forced noise, 6—259

F

fax, 3—22
FDDI, 6-77, 691, 6-173
FFT, 681, 6—82, 6—99, 6—308, 6—308, 6—319

fiber-optic cable, 6—35, 6—93 to 695, 6—237, 6—238,
6—252, 6—258, 6—349
ANSI Fibre Channel requirements, 6—95
multimode, 6—93 to 6—94
pulse dispersion, 6—94
single-mode, 6—93

fiber-optic detectors, 6—90 to 6—91

fiber-optic emitters, 6—88 to 6—90
ANSI Fibre Channel requirements, 6—89

fiber-optic interface module, 6—35, 6—40, 6—47

fiber-optic link, 6—238

fiber-optic test bed, 6—252, 6—253

fiber-optic transceiver, 6—140

Fibre Channel, 6—42, 6—44, 6—46, 6—48, 6—51, 655,
6—69, 6—83, 6—89, 6—90, 6—91, 6—92 to 6—93,

6—-94, 6-95,6—97,6—99, 6136, 6—140, 6—188,
6—198, 6—242, 6—282, 6—286, 6—295, 6—-319

fields, electric and magnetic, 6—263, 6—266

FIFO, 8—178, 8204

applications, 5—20

asynchronous ports, 5—40

clocked, 5—29 to 5—-38
depth expansion, 535 to 5-36
interfacing to CY7B923 and CY7B933, 6—329 to

6-336

resetting and programming, 5—33
using as standard FIFO, 5—36 to 5—38
width expansion, 5—36

configurations, 5—21 to 5-23

corrupted or repetitive data, 5—24 to 5—25

dipstick, 5—39 to 5—45
architecture, 5—41
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differences from programmable FIFOs, 5—42
state machine design, 5—40
Warp2 implementation, 5—40
generic interface to CY7B923, 6—326
interface to PitCREW, 8—184 to 8—185
interface to RACEway, 8—179
large, 5—19 to 5-28
locking up, 5—25
missing data, 5—25
out-of-sequence data, 5—26
problems with, 5—-24
reading to and writing from, 5—19 to 5—20
reads, 5—30 to 5—31
resetting, 6—338
resetting and programming, 6—333, 6—343
synchronous ports, 5—39
wide data clocked, 6—337 to 6—346
writes, 5—30

filter analysis, low-pass, 1—20
filtering, high-frequency, 1-31
fine-grain logic cell, 4—189
firmware, 3—22 to 3—24
flags
boundary, 5-32
in clocked FIFOs, 5-31
FLASH370, 4—132t0 4143
designing with Warp2, 4—97 to 4—115
family members, 4—99
features, 4—98 to 4—104

implementing a 12Kx32 Dual-Port RAM, 4—132 to
4-143

FLASH370 CPLDs, 4—144 to 4—173
FLASH371, 456

flip-flops, triggering modes, 4—2
FLOPPYCLK output, 7—25
FOTO, 6—-208

Fourier series expansion, 1—3
Fourier transform, 1-32

FPGA
architecture and technologies, 4—188 to 4—199
architecture issues, 4—188
comparison to CPLDs, 4—195
design entry, using Warp3, 4243 to 4—259
design example, 4—204
designing with, 4—200
detailed architecture, 4—188
global architecture, 4—189
1/O cells, 4—198, 4—247

logic cells, 4—189
PCI bus applications, 4—220 to 4—237
programmability, 4—189

ESCON

drive with HOTLink, 6—134 to 6—166
frame format, 6—139
protocol controller, 6—143 to 6—146

framer, 6—48
frames, 6—138 to 6—139

validation, 6—139

framing, 6—321
frequency hop, 6—242
frequency synthesizer, 7—2 to 7—3

PLL-based, 7-13to 7—-14

frequency synthesizers, 7—22 to 7—29

PLL-based, 7—8

full-duplex, 8—204
function attributes, 4—63

fuse technology

characteristics, 4—193
CY7C380 Family, 4—195
pASIC380 Family, 4—244 to 4—245

G

Galileo, 4—307 to 4—312

command file options, 4—311

control file options, 4—312

design entry formats, 4—307

design flow and integration with Warp, 4—308 to
4-309 '

design synthesis and optimization capabilities, 4—309
to 4-312

Logic Explorer, 4—307, 4—308, 4—-309

software requirments, 4—307 to 4—308

Gate Array ASIC, 4—188

generator

clock, 4—262 to 4—263, 4—269 to 4—272
using CY7C361, 8—153 to 8—154

interrupt, 8—44

substrate bias, 1—2

global synchronous set, 486, 4—89
glue logic, 8—9, 8—13

graphical user interface, 4—27
ground bounce, 7-16

eliminating, 7—19

groups, 4—65
gss, 4—86,4—89



%

Index

==# CYPRESS

H

hardware, semaphores, 5—11 to 5—-12

HBM (human body model), 6—43

Hewlett-Packard, HSMS —2822 Schottky diode, 1—-23
hierarchical designs, 4—31

high-level architecture, VIC068/VAC068, 8—54
higher-level controller, 4—117

Horstmann, Jens U., 4—5

HOTLink, 6—44 to 6—99, 6—104, 6—106, 6—127,
6—134 to 6—166, 6—173 to 6—183, 6—224, 6248,
6—249, 6—252, 6—253, 6~—320, 6—326 to 6—328,
6—329 to 6—336, 6—337 to 6—346

and serial links, 6—103 to 6—104
BIST, 6—-40, 6—41
auto-abort and restart, 6—206
tests using, 6—206
receiver jitter tolerance, 6—207
transmission line length, 6—206
BIST Connections, 6—198
bit-error-rate, 6—41, 6—256 to 6—261
built-in self-test, 6—197 to 6—213
Bypass mode, 6—199, 6—201
copper interconnect, 6—296 to 6—304
coupling to copper, 6—273 to 6—280
direct coupling, 6—273 to 6—275
design consideration, 6—44 to 6—99
direct memory access model, 6—130
DMA protocol definition, 6—130
driving copper cables, 6—262 to 6—295
ECL input levels, 6—72
ECL inputs, 6—57
ECL outputs, 6—55 to 6—57
Encoded mode, 6—199, 6—-201
Evaluation Board, 6—252, 6—253, 6—254, 6—280,
6-296, 6—300, 6—347 to 6—351, 6—352 to
6—388
features, 6—44
FOTO control of OUTA and OUTB, 6—60
framing, 6—38 to 6—39
frequently asked questions, 6—35 to 6—43
functional description, 6—44
high-speed serial links, 6—127
1/O space model, 6—129
implementing a data link, 6—128
interfacing to long cables, 6—295
jitter, 6—41 to 6—42
jitter characteristics, 6—214 to 6—223
summary, 6—246, 6—246 to 6—247
latency, 6—43
normal RDY timing, 6—320
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receiver, 6—128
transmitter, 6—128

power supply bypassing, 6—36
power-saving mode, 6—59 to 6—60
RDY and CKR stretching, 6—322
RDY in BIST mode, 6—323

BIST loop, 6—323

entering BIST mode, 6—323
framing while in BIST, 6—324
leaving BIST, 6—-323

start of BIST, 6—323

RDY in bypass mode, 6—321

entering framing, 6—322
leaving framing, 6—322
normal operation, 6—321

RDY in encoded mode, 6—320

entering framing, 6—321
leaving framing, 6—321
normal operation, 6—320

RDY pin description, 6—320
receiver

biasing, 6—72 to 6—75
BIST comparator, 6—203
block diagram, 6—198
clock sync, 6—47

Decode register, 6—48
decoder, 6—48

description, 6—47 to 649
ECL inputs, 6—71 to 6—72
ECL-TTL translator, 6—47
error-free-window test, 6—208
framer, 6—48

interface to FIFOs, 6—341
jitter, 6—233 to 6—245
logic block diagram, 6—47
offset frequency, 6—212
Output register, 6—48

pin configuration, 6—85
PLL block diagram, 6—233
power pins, 6—85
run-length tolerance test, 6—209
serial data inputs, 6—47
shifter, 6—48

test logic, 6—49

serial interfaces, 6—128
serial signal characteristics, 6—49 to 6—53
shared memory I/O model, 6—133

simplifying your system with, 6—186

built-in self-test, 6—190

DC specification, 6—192
ECL-to-TTL translator, 6—192
higher operating frequency, 6—190

more flexible command codes, 6—187

output drivers, AC characteristics, 6—63 to 6—65
parallel interface
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more inputs, 6—186
more outputs, 6—186
multiplexed command and data, 6—186
output enable considerations, 6—193
parallel interface, 6—192
reframing, 6—189
sending violations, 6—192
status indication, 6—194
support components, 6—83 to 6—98
system connections, 6 —45
transmitter, 6—226
BIST generator, 6—201
bit-rate jitter output, 6—227
block diagram, 6—197
clock generator, 6—46
connections, 6—59 to 6—60
description, 6—45 to 6—46

differential connections, 6—56, 6—56 to 6—-57

encoder, 6—45 to 6—46

input register, 6—45

interface to FIFO, 6—329, 6—337
jitter, 6—224 to 6—232

jitter transfer function, 6—229
logic block diagram, 6—45
output byte-rate jitter, 6—227
pin configuration, 6—84

PLL block diagram, 6—224
power pins, 6—84 to 6—85
random jitter set-up, 6—225
serial data, 6—80

shifter, 6—46

single-ended connections, 6—55, 6—55 to 6—56

terminating ECL signals, 6—66 to 6—71
test logic, 6—46
Vce coupled jitter set-up, 6—231
upgrade your TAXI—275, 6—184 to 6—196
usage of transmission lines, 6—266 to 6—273
Verilog model, 6—43
VHDL model, 6—43
with long copper cables, 6—305 to 6—319

I

1/0,8-7,8-8,8-9,8-25
access, 8—10,8—-13,8-25
boards, 8—7
cells, 4—247
controller, 8—7
data port, 8—179
mode, 8—11, 8—-17
pins, 8—14

ICD2028, CY2291 as upgrade, 7—27
ICGS, 8—-43

ICMS, 8—43
identifiers, 4—64
idle decoder, 6—341

impedance
AC,1-4
input or characteristic, 1—4
mismatch, 1—-2
surge, 1-4

inductive reactance, 1—34
inductor, 6—318
initiator, 4—220

input
clamping diodes, 1-2
impedance, 1—-4
sensitivity, 1—1

input clocking scheme, 4—30
input macrocell, 4—28

input register, 6—45
logic definition, 4—89

input/output macrocell, 4—29

Integrated Device Technology, slave companion part to
dual-port family, 5—4

Intel Triton chipset, 7—30

Intellec 8/ MDS PROM programming file format, 3—4
to3-5

Intellec 86 PROM programming file format, 3—5 to
3-6

interconnect, advantages and weaknesses, 4—194
interconnect link jitter, tolerance, 6—236 to 6—239
interface, for VIC068A, 8—44

internal signal declarations, 4—87

interrupt generator, 8—44

interrupts, 4—262
in VIC068A, 8—52
logic in dual-port RAM, 5—-7

intrinsic skew, 7—4 to 7—-5

IS_TYPE attribute, 4—59

ISA bus, 6—100

ISI (intersymbol interference), 6—76

J
jabber, 6—19, 6—24
jam, 6—19,6—24,6—-25
JEDEC, 4—135 to 4—143
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JEDEC file, 4—30 tolerance, 6—37, 6—40, 6—207, 6—302, 6—304,
. 6—313, 6—350
jitter, 6—35, 6~37, 6—40, 6—41 to 6—42, 6—56, 6—67, data dependent, 6236
g" 33’76(; 7262 _671’2(6)9— 762, 31_1776 t°2615 860, 62‘1‘41‘:7’ as a function of data rate, 6—236
- , 0= , 0— , 0— > 0— > 0= o 3 : — _6—
6223, 6224 10 6—232, 6257, 6—259, 6260, ﬂi’tteyrgg;fei‘ffﬁlf%“_ VARV

6—-261, 6—274, 6—280, 6—-281, 6—281, 6—282,
6—285, 6—286, 6—287, 6—288, 6—290, 6—291,
6—-296, 6—312, 6—350, 7—-13

receiver, 6—207
transfer function, Vec, 6—230 to 6—231

causes, 7—3to 7—4,7—-16to 7—-17 K
characteristics, summary, 6—246 to 6—247
CIKPI{(’ 5_545’ 76"3475 410715 K’ MOS circuit design parameter, 1—1
P K28.5, 6-37, 638, 6-39, 6-46, 648, 678, 6-203,
cycle-cycle, 7-3,7=3, 7-14,7-14 t0 715 6—204, 6—211, 6—212, 6236, 6—237, 6—237
application for measurement, 7—15 6—242, 6—281’ 6—303’ 6—30 4’ 6—304’ 6—32f
measuring, 7—17 6—349: 6—351 ’ ’ ’ ’
data dependent, 6—76, 677, 6—78,6—79, 6—79,
6—284, 6—295, 6—298, 6313 keyboard and floppy clocks, 7—31
generator, 6—251 to 6—252 keyword, 4—57, 4—61
schematic, 6—252
tolerance, 6—236, 6—246 L

as a function of data rate, 6—236
deterministic, 6—77, 6—207, 6—224, 6—246, 6—254
data dependent, 6—207
duty cycle distortion, 6—207
duty cycle distortion, 6—77, 6—78 to 6—79, 6—79,
6—278
generator, 6—250 to 6—251
schematic, 6—251

L2 cache, requirements, 2—1to 2—3
address buffers for 128-kbyte cache, 2—2
address buffers for 256-kbyte cache, 2—2
cache size, 2—1
cache speed, 2—1
cache type, 2—2
generating chip selects CS, 2—2to 2—3

tolerance, 6—235 to 6—236, 6—246 L2 cache module,
as a function of data rate, 6—235 se.lectmg, 2-5

HOTLink receiver, 6—233 to 6245 with the Contaq 82C599, 2—-1
in logic systems, 6—215 to 6218 LAB, 4-97
in PLL systems, 6—218 to 6—222 architectural components, 4—97
interconnect link, tolerance, 6—236 to 6—239 latch option, 4—106
long-term, 73, 7—4,7-15to 7-17, 7—16

measuring, 7—17 latch-up, 1-2
measurement accuracy, 6—247 to 6—248 latency, round trip, 6—105, 6—105 to 6—106
measuring, 7-17 lead inductance, 1—31

period, 7-3, 7—4, 7—15,7-15

application for measurement, 7—16 LFTI (link fault indicator), 6—27 to 6—28

measuring, 7-17, 7—-18 LFSR, 6—-201, 6—202, 6—203, 6—206
PLL, 6—243 to 6—245 library, 4-86
random, 6—77,6—79, 6—79, 6—-207, 6—208, 6—215, . .
6—228, 6230, 6—237, 6—238, 6—238, 6—239, line voltage, for a step function, 1-7to 1-9
6f —246, 6—f2?7, 6—253, 66-—22567 linear feedback shift register (LFSR), 6—45, 6—48
as function of frequency, 6—22 .
set-up with HOTLink tZansmitter, 6-225 link-based errors, 6256 to 6257
transmitter, 6—224 to 6—226 linked list, 8—181
reducing, 7—17 to 7—19 operation, §—182
test equipment, 6—248 to 6—249 load
characteristics, 6—248 to 6—249 capacitance, estimating, 1—6
non-commercial, 6—250 to 6—255 multiple, 1-18
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local interrupts, 8—13, 8—17 to 8—18
lockvariable, 5—3
lockword, 5—-3

LOG/iC, 3-12
clock state machine, source code, 4—273
comparator PROM, source code, 3—12

logic cell, 4—245 to 4—259
advantages and weaknesses, 4—194
in FPGAs, 4—188

Logic Modeling, 6—43
logic synthesis, 4—68
long cables, interfacing to HOTLink, 6—295

long-term jitter, 7—3, 7—4, 7-15 to 7-17,7—-16
measuring, 7—17

loss factors, 6—305 to 6—307
dielectric loss effect, 6—307
proximity effect, 6—306
radiation loss effect, 6—306 to 6—307
skin effect, 6—305 to 6—306

low-pass filter analysis, 1—-20to 1-21
Lubkin, S., 4-2

M

MACH, 4—56

macrocell, 4—-98
buried, 4—-98
dedicated, 4—98
hidden, 4—29, 4-30
input, 4-28
input/output, 4—29

mailbox signaling, in dual-port RAMs, 8—43 to 8—44
Mask, 8—17,8-18
Mask value, 8—16

master, standalone operation of dual-port RAMs,
5-13

master device, 8—53, 8—54, 8—55,8-56
master read, 8—55

master sequencer, 8—57

master write, §—55

matched loading, 6—62-6—63

MC68020, 8—44
See also see 68020

MCS86 PROM programming file format, 3—5 to 3—6

MD32 support, 8—13, 8—21
additional logic, 8—14
Mealy machine, 4—36, 4—88, 4—262
media, 6—35 to 6—36, 6—41, 6—42, 6—43, 6—89,
6—93,6—134 to 6—136, 6—140, 6—175, 6207,
6—-237,6-262, 6—282, 6—319, 6—347, 6—350
copper, 6—69 to 6—71, 6—73, 6-75, 6—92, 695,
6—258, 6—262 to 6—295, 6—304, 6—305
fiber-optic, 6—90
optical, 6—93, 6—95
serial, 6—46
transfer characteristics, 6—42
transmission, 6—67

media access controller (MAC), 61, 6—7

media dependent interface (MDI), 6—2 to 6—3, 6—19
to 6—21,6~-21
schematic, 6—2

media driver/receiver, 6—258

media independent interface (MII), 6—3 to 6—4
schematic, 6—3

memory
dual-port. See dual-port RAMs
exception cycles, 8—147 to 8—148
multi-port, history of, 5—1

Mentor Quicksim II, 4—177 to 4—187
message passing, 5—3

metastability, 4—1 to 4—24
attacking, 4—4 to 4-5
causes of, 4—3
characteristics, of Cypress PLDs, 4—17
characterization, 4—9
circuit analysis, 4—5 to 4—7
data on, 4—8
definition of, 4—1
explanation of, 4—2 to 43
graphs of Cypress devices, 4—19, 4—20
information from manufacturers, 4—9 to 4—10
statistical analysis, 4—7 to 4—8
testing
of Cypress parts, 4—10 to 4—16
PLD equations for, 4—14, 4—15

metastable events, 8—166
microprocessor, typical 8-bit, 5—14
microstrip line PCB construction, 1-16 to 1-17, 7—41

microstrip transmission line, 6—266 to 6—267, 6—268
calculated impedance vs. trace width, 6—267
dimensions, 6—266

mixed mode, 4—202
Moore machine, 4—88, 4—262
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Motorola
68020, and the VICO68A, 8—46 to 8—52
68040, 8—106
Exorcisor PROM programming file format, 3—3 to
3-4
Exormax PROM programming file format, 3—4
MBD101, MBD102 Schottky diodes, 1-23

MTBE, 5-40, 6—256
multi-port, memories, 5—1
multimode fiber, 6—93 to 6—94
multiple clocks, 1-37

multiplexer, 4—67
designing with VHDL, 433 to 434
Warp2 report file excerpt, 4—46
Warp2 source code, 4—45

multiprocessing, 2—1

mux based interconnect, 4—98, 4—100

N

negative undershoot safety margin, 1-2

network interface card, 6—1 to 6—17
parts list, 6—16
schematics, 6—12 to 6—13

networks, RC, 1-20

NMOS ICs, replacing with CMOS, 1-1
nodes, bidirectional, 1-18
noise-induced error, 6—257
NONPIPELINED RUN mode, 4—261
Nova, 4—135

NRZ (non-return-to-zero), 6—68, 6—75, 6—80, 6—188
modulation, 6—75

NRZI, 6—-174
NuBus, 6—100

number representations, 4—64

o

on—board programming, 4—174 to 4—176
one-hot, 4—88

operator, 4—60

operators, 4—57

optical drivers, power distribution requirements, 6—89
to 6—90

optical fiber, 6—257, 6—260, 6—310

optical media, 6—93, 6—95
optical modules, 6—91 to 6—92
driving, 6—67 to 6—69
ECL, 6—68 to 6—69, 6—73
PECL, 6—67 to 6—68, 6—72-6—73
standard pinout, 6—92
standard footprint, 6—91
optical receivers, power distribution requirements,
6-91

oscillator
compensated, 7—1
crystal, 7—1,7-5,7—-8to 7—-12
double oven, 7—-1
oven controlled, 7—1
temperature compensating, 7—1
voltage controlled, 7—1

output macrocell, 4—101
Output register, 6—48
oven controlled oscillator, 7—1

ownership, of data, 5—3

P

package, 4—86

PAL22V10
cycle decoding, 8§51
fitting a clock state machine into, 4—271
in CY7C611A interface, 8—153
MTBEF calculation, 4—8

PALCI16LS, in unterminated line example, 123
PALs, difference from PLAs, 3—1
parallel AC termination, 1-20

parallel buses
problems with, 6—102 to 6—103
serializing, 6—100 to 6—126
parallel termination, 6—66, 6—67

parallel-pair cable, 6269, 6—270 to 6—271, 6—306
critical dimensions, 6—270

parallel-resonant crystal, 7—30
parity, 4—225

partition, 6—18, 6—19, 6—24
pASIC, 4-244

pASIC380 Family
architecture, 4—244
clock distribution, 4—246
fuse technology, 4—244 to 4—245
1/O cells, 4—247
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logic cells, 4—247 to 4—249
routing, 4—245 to 4—247
simplified model, 4—245

pattern generator, 6—250

PCBs
component placement, 1—1
construction
microstrip lines, 1-16, 7—41
strip lines, 1—-17, 7—42
wire over ground, 1-16
modern, 1-17
trace inductance and current-starving, 1—31
traces, 1—-2
transmission lines, 1-3
using ground or power planes, 1-2

PCI, network adapter, 6—1 to 6—17

PCI bus, 6—100, 4—220 to 4—237
architecture, 4—220, 4-221
commands, 4—223
configuration space, 4—223 to 4—224

address space, 4—224 to 4—225
header, 4—223 to 4—224
critical design issues, 4—233 to 4—236
initiator, 4—220
interface signals, 4—220 to 4—222
parity, 4—225
recommended pinout, 4—227
target, 4—220
target application, 4—227 to 4—233
transactions
aborting, 4—226
claiming, 4—225
read, 4—224, 4-225
waveforms, 4—224 to 4~225
write, 4—225,4-226

PCI chipset for the Intel 486 CPU, 2—1
PCI clock outputs, 7—-31

PECL, 6-35, 6—-36, 6—44, 6—-49, 6—-53, 655, 659,
6—63, 6—67, 6—68, 6—71, 6—72,6—73,6-92,
6-142, 6—143, 6146, 6—-176, 6—226, 6—230,
6-249, 6—250, 6—251, 6-252, 6—277, 6—278,
6—281, 6—288, 6—294, 6350, 7—20

load circuits, 6—247
measurements, 6—247

output loads, 6—251, 6—252
outputs, 6—235, 6—247, 6—248
scoop probe, 6—248

termination, 6—248, 6—251, 6—252

Pentium, 7—30

period jitter, 7—3, 7—4, 7—15, 7-15
application for measurement, 7—16

measuring, 7—17, 7—18
Peripheral Component Interconnect. See PCI bus
personal computers, using the CY2291, 7—26 to 7—27
phase aquisition characteristics, measuring, 6—240
phase changes in received data, tolerance to, 6—212
phase hop, 6—241

phase-locked loop, 7—36
See also PLL
operation, 7—50

Physical Media Attachment (PMA), 6—19, 6—22
PIM, 4-97,4-98, 4—133
pin-to-pin propagation delay, 4—193

pipelined buffer
designing with VHDL, 4—31 to 432
VHDL source code, 4—41
Warp?2 report file excerpt, 4—42

PIPELINED RUN mode, 4—261

pipelines
freezing, 8—151
NONPIPELINED RUN mode, 4-261
nonpipelined states, 4—265
pipeline register to interface CY7B923, 6—333
PIPELINED RUN mode, 4—-261
pipelined states, 4—265
registers, 6—342

PitCREW, 8—178, 8—179 to 8—203
basic input interface, §—199, 8199
basic output interface, 8—201, §—201
clocking, 8—202
controlling data transmission, with TXSUSPEND
and TXSYNC, 8—201
design considerations, 8—199 to 8—~201
features, 8—180
FIFO interface, 8—184 to 8—185
input data qualification
RXSYNC and RXVALID, 8—199, 8—200
RXVALID, 8—-199, 8—200
operation, 8—180 to 8—184
pins, 8—195
programming considerations, 8—196 to §—197
register address map, 8—185
read, 8—185
write, 8—185
registers, 8—185 to 8—189
command address, 8—186, 8—196
command route, 8—186, 8—196
control, 8—188 to 8—189, 8—196
data address, 8—186, 8—196
data route, 8—186, 8—196
status, 8—187
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I

word count, 8—189, 8—196
signals, 8—190 to 8—195
cable interface, 8—194 to 8—197
input FIFO control, §—194
input FIFO interface, 8—192 to 8—194, §—193
miscellaneous, 8—194
output FIFO control, 8—192
output FIFO interface, 8—191 to 8—192,8—-192
RACEway interface, 8—190
timing, 8—197 to 8—199
input, 8—197
output, 8—197 to 8—199

PitCREWjr, 8—178, §—204 to 8214
block diagram, 8—205
data flow, 8204
interface signals, §—205
interfacing with FIFOs, 8—206
master function, 8—207
master read, 8—208, 8—209
master read error, §—213
master write, §—208, 8—208
master write overflow, 8—211
operation, 8—208 to 8—213
signals, 8—206
slave function, 8—206 to 8—207
slave read, 8—208, 8—210
slave write, 8—208, §—209
SRE function, 8—212

PLA:s, difference from PALs, 3—1

PLD ToolKit
18G8 design file, source code, §—39
metastability testing, source code, 4—14, 4—15

PLDs
design tools, 3—7to 3—12
metastability, 4—1 to 4—24
characteristics, 4—17

PLL, 4-116,6-27,6-28, 6—31, 6—32, 6—36, 6—37,

6—40, 6—41, 6—42, 6—46, 6—47, 675,685,

6—136to 6—138, 6—173,6~197 to 6213, 6—218,
6—218 to 6—223, 6—233, 6—233, 6—235, 6—236,

6—238, 6—239, 6—240, 6—241, 6—242, 6—243,

6—246, 6—258,6—298, 6—302, 7-2 to 7-3, 7—4,

7-5,7—-6,7—-8,7-13,7-23,7-24
See also phase-locked loop
as a function of frequency, 6—234
block diagram, HOTLink transmitter, 6—224
CPU, 7-22,7-23,7-24,7-25
data separator, 6—219 to 6—223
internal, 7—30
out of lock condition, 4—117
receive, 6—27, 6—28, 6—29, 6—234, 6—242
receive block diagram, 6—220

receiver, 6—38, 6—71,6—78, 6—351
SYSCLK, 7—-24,7-25

Transmit, 6—28

UTILITY, 7-24

PLL-based systems, jitter, 7—13
PM5345 (SUNI), 6-28 to 6—31
PMS5346 (S/UNI-LITE), 6—31 to 6—32
PMA interface, 6—20

PMA mode, 622

PN junction diodes, 12

polarity conventions, 464

ports
asynchronous, 5—40
synchronous, 5—39
power consumption, calculation of, 4—238

power distribution
optical drivers, 6—89 to 6—90
optical receivers, 6—91

power pins
HOTLIink receiver, 6—85
HOTLink transmitter, 6—84 to 6—85

power supply noise, 7—16
filter circuit, 7—19
reducing, 7—17 to 7—19

Powerview, 4—243

preamble, 6—19, 6—24, 6—25
predefined attributes, 4—63
printers, using the CY2291, 7-27
processors, 68020, 8—46 to 8—52

product term
sharing, 4—102
steering, 4—102
product term allocator, 4—97, 4—102
CY7C370, 4-102
MACH, 4-102
MAX7000, 4—103

product term array, 4—97
programmable, logic elements, 3—1
programmable connections, 4—191
programmablility, FPGAs, 4—189

PROMs, 3—25to 3—26
CY27H010,3-22to 3—24
generating programming files, 3—1 to 3—-13
programmers, compatibility, 3—2
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programming file formats
ASCII Binary, 3—2
DEC, 3-3
Exorcisor, 3—3to 3—4
Exormax, 3—4
Intellec 8 MDS, 3—4to 3—5
Intellec 86,3—5t03—6
simple Binary, 3—2
TEK HEX, 3—-6
XTEK,3-6t03—~7

used as state machines, 4—271

propagation velocity, 6—264 to 6—265
propagation velocity and delay, 1—5
proximity effect, 6—306

pull-up, terminations, 1-19
pull-down, terminations, 1-19

pulse dispersion, optical, 6—94

pulse response, 1—9

pulse transformers, 6—92 to 6—93
ANSI Fibre Channel specifications, 6—92 to 6—93
core materials, 6—92

Q

gsim_states, 4—179

quantitive interface comparison, 6—280 to 6—295
dual transformers, 6—291 to 6—-294
single transformer configurations, 6—290 to 6—291
test configurations, 6—282 to 6—290
test equipment, 6—280 to 6—282
test set-up, 6—282

QuickSim II, 4-177 to 4—187

R

RACEway, 8—177 to 8—178
Crossbar, 8—177
interfacing, 8—179 to 8~203, 8—204 to 8214
Interlink Modules, 8—177 to 8—178

on-ramp, 8—178, 8—179 to 8203, 8—204 to 8214

features, 8—180

operation, 8—180 to 8—184

system overview, 8—179 to 8—184
VME J2/P2 connector, 8—203

radiation loss effect, 6—306 to 6—307
RAM
Cypress dual-port family, 5—5

dual-port, 5—1to 5-19
applications, 5—-2to 5—4

operation, 5—6 to 57
dual-port RAM cell history, 5—4
single-port, 5—2
virtual dual-port, 5~2 to 53
random error, 6—257
random jitter, 6—77,6—79, 6—79, 6—207, 6—~208,
6—237,6—238, 6238, 6—239, 6—246, 6247,
6-253,6-257
transmitter, 6—224 to 6—226
range attributes, 4—63
RC networks, 1-20
RDY pin, 6—-320
reactance factors, 6—307
Read-Modify-Write cycle, 8—9
real-world converted designs, 4—68
Receive PLL, 6—27, 6—28, 6—29
receive PLL jitter, transfer function, 6—243 to 6—245
receiver, 6—27, 6—28
receiver data-frequency acquisition time, 6—242 to
6—243
receiver data-phase acquistion time, 6—239 to 6—242
receiver, HOTLink. See CY7B933 and HOTLink, re-
ceiver
reference clock outputs, 7—31
reference frequency, variable, 7—22
reflection
coefficients, 1—6
conditions for, 1—-5
due to discontinuities, 1-1to1-2,1-9,1-11,
1-11,1-14t0 1-15
multiple, 1-14 to 1—-15
reframe, 6—38
CKR stretch, 6—211

reframe controller, 4—116
additional functionality, 4—117 to 4—118
counters, 4—120
decoding function, 4—118
design and implementation, 4—118
inputs, 4—118
interface, 4—118
outputs, 4—119
receiver system, 4—118

Reframe input, 6—331, 6—341
reframing, 6—37, 6—39, 6—47, 6—48, 6—246
why necessary, 4—116 to 4—117

region decoder, 8—11 to 8—13, 8—14 to 8—17
inputs and outputs, §—16
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registers
bringing registers on-chip, 5—1
evaluation board local control, 8—91
exclusive state, 4—269
pipeline, 6342
semaphore, 5—4

repeat instruction, 4—262

repeater, 6—18 to 6—25
block diagram, 6—19
core logic, 6—24, 6—25
layout considerations, 6—22 to 6—25

repetitive logic, 4—67
RESET, 8-21, 8—24
reset, 6—22, 6—22
resets and presets, 4—64

resistor, 6—87 to 6—88, 6—318, 821
terminating, 7—21
termination, 6—282, 6—296, 6—347, 6—348

retransmit feature, 5—23
RF generator, 6—249
RIC—-RINO, 8—-178

rise time
effect on waveforms, 1—-13
finite, effects, 1-11

RoboClock, 7—74 to 7—80, 7—81 to 7—85, 7—86,
8—-166
See also CYTB991/2
configuration methodologies, 7—87
using one small table, 7—87
using three tables for multiple outputs, 7—88
driving multiple processors, 7—84 to 7—85
gated, 7—77 to 779, 7-78
overview, 7—86
using in resolution enhancement of a laser printer,
7-89
background, 7—89
configuring, 7—-91
design analysis, 7—91
design implementation, 7—90

Rockwell v.fast chipset, 3—22 to 3—24

routing, 4—196, 4—245 to 4—-247
signal wires, 4—245
signal wires supported, 4—196
RTL, 4-27,4-83
running disparity, 6—77, 6—188, 6—206
8B/10B code, 6—76-6—77
error, 4—118

RVS, 4-117,4-120, 6—-206
rvs, 6—190

S

S records. See Exorcisor PROM programming file for-
mat

S/UNI-LITE, 6—31 to 6—32
interface to SST, 6—31

SBus, 6—100
schematic entry, 4—202
Schottky diode termination, 1—22

sea-of-gates, 4—190
ASIC, 4—-190

sea-of-gates concept, 4—188
SELECTLM, 8-24

semaphores
hardware, 5—11 to 5—12
latch cell, 5—-12
registers, 5—4
sequential statements, 4—90
SERDES, 6—140 to 6—143
serial, 6—42, 6—98, 6—103, 6—104, 6—105, 6—106,
6—107,6—108, 6—134 to 6—166, 6—142,6—173 to
6—-183,6—197 to 6—213, 6223, 6—272, 6—279,
6—298
bit-stream, 6—228
communication link, 6—222
converter, 6—46, 6—47, 6—224
output jitter, varies as function of input noise fre-
quency, 6—230
output logic, 6—228
output pins, 6—232
outputs of HOTLink, 6—226
protocols, 6—220
solution, 6—103
transmission link, 6—220
serial bit-rate, 6—75
serial bit-time, 6—281
serial communications, 6—71
serial data, 6—36, 6—37, 6—38, 6—41, 6—44, 6—45,
6—46, 6—47,6—48, 656, 6—57, 6—60, 6—66,
6—67,6—68, 6—72,6—85, 6—-233, 6—239, 6—242,
6—243,6—-251, 6252, 6—259, 6—275, 6—296,
6—313,6—-350
HOTLink transmitter, 6—80
transmission line effects, 6—76

serial data communication systems, 6—256
serial data inputs, 6—47, 671

I-19
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serial data rates, 6—52

serial decoder
designing with VHDL, 4—36
VHDL source code, 4—52

Serial I/O Electrical Interface, 6—142 to 6—143
Serial I/O Interface, 6—143
serial inputs, 6—36, 6—37, 6—38, 6—44, 6—47, 6—233

serial interface, 6—41, 6—44, 6—46, 6—49, 6—273,
6—277,6—296, 6—298, 6—349

serial lines, 6—72

serial link, 6—37, 6—39, 6—40, 6—41, 6—43, 6—44,
6—45,6—56,6—61,6—68, 6—77, 6—88, 6—256,
6—258, 6—-281, 6—298, 6—350

architecture of, 6—104

serial links, and HOTLink, 6—103 to 6—104
serial media, 6—46

serial outputs, 6—41, 6—44, 6—56, 6—80
serial port, 6—44

serial PROM, 8-21

serial pulse train, 6—350

serial shifter, 6—46

serial signals, 6—65, 6—273
characteristics, HOTLink, 6—49 to 6—53

series damping, 1-18 to 1-19
series termination, 6—66, 6—67, 7—25, 7—32
shared input multiplexer, 4—34

shielded twisted-pair cable, 6—69, 6—93, 6—95, 6—97,
6—347, 6348, 6—349

shields, 6—271 to 6—272
transfer impedance, 6—272, 6—273
shift register, 4—67
shifter, 6—46, 6—48
shutdown mode, 7—23

signal effects, 6—307 to 6—310
attenuation effects, 6—308 to 6—310

signal levels, ECL, 6—49, 6—50
input, 6—50
output, 6—50
signal propagation, 6—305 to 6—313
signals
680x0 basic control, 8—150
BUSY, in dual-port RAMs, 5—-10
CY7C361, input and output, §—153

CY7C611A, memory interface, 8—148
CY7C964

address comparison, 8—36

local, 8—36
transition times, 1—6
VIC64 control, 8—35, 8—149
VMEDbus control, 8—35

simple binary PROM programming file format, 3—2
simulation, 4--177 to 4—187
single transformer configurations, 6—290 to 6—291
single-port, RAM for dual-port memory, 5—2
single-ended bus, 6—275 to 6—276, 6276
single-ended connections, 6—55 to 656, 6—59
single-mode fiber, 6—93
skew, 6—56, 6—-102, 6—103, 6—108, 6—176, 6—212,
6—239,6-250, 7-4to 7-5

board design, 7—5

clock driver, 7—4 to 7-5

effect on UTOPIA bus, 6—103

extrinsic, 7—-5, 7—-36

intrinsic, 7—4 to 7-5, 7—35

measuring, 7—5
skin effect, 6—305 to 6—306

slave
standalone operation of dual-port RAMs, 5—15
word-width expansion, 5—13

slave device, 8—53, 8—55, 8—57
slave devices, 8—56

slave VIC, 8—7 to 8—28, 8—160 to 8—176
address map, 8—12
basic, 8—166
block diagram, §—162
design issues, 8—9 to 8—13
devices, 8—160 to 8—161
features, 8—160 to 8—161
implementation with more than one bus master,
8—-167
local bus arbitration methodology, 8—164 to 8—165
local bus philosophy, 8—164

slew, 7—6
soft errors, 1—2
SONET, 6—28, 6—31, 6—32, 6—42, 6—108

SONET serial transceiver, 6—26 to 6—34
block diagram, 6—26
carrier detect and link fault indicator, 6—27 to 6—28
interface to S/UNI-LITE, 6—-31
interface to SUNI, 6—30
interfacing IgT WAC-013, 6—32 to 6—33
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interfacing with PM5345, 6—-28 to 6—31
loop back testing, 6—28

operating frequency, 6—26 to 6—27
pinout, 6—26

power-down modes, 6—28

receive functions, 6—27

receiver, 6—27, 6—28

SUNI connection diagram, 6—29
transmit functions, 6—27

transmitter, 6—27, 6—28

WAC-013 connection diagram, 6—33
WAC-013 interface, 6—34

SONET/SDH, 626, 6—29, 6—32, 6—33

source code

ABEL
comparator PROM, 3—10
PALC22V10 cycle decoding, 8—51

LOG/iC
clock state machine, 4—273
comparator PROM, 3—-12

PLD ToolKit
18G8 design file, §—39
metastability testing, 4—14, 4—15

source level design verification, 4—203
SPARCmon, 8—92

SpDE path analyzer, 4211
with applied constraint, 4—213

SRAM, 4—132 to 4—143,8-25
SST. See SONET serial transceiver
stability, 7—5
standalone operation of dual-port RAMs
master, 5—13
slave, 5—15

state machine, 4—66, 4—83, 4—90, 4—120, 4—205
state definitions, 4—88

state machine design, 4—133 to 4—134
state machine implementation, 4—134

state machines, 4—260
as interface controller for CY7B923, 6—330
as receivers, 6—334 to 6—335
clock generation, 8—153
CPU inactive states, 4—265
D flip-flop implementation, 4—270
design considerations and methodologies, 4—260 to
4-296
entry methods, 4—260 to 4—261
exclusive registers, 4—269
LOG/iC PLD source code, 4—273
naming states, 4—264

partitioning, 4—264

pipelined and nonpipelined states, 4—265
PLD implementation, 4—271

PROM implementation, 4—271
synchronous vs. asynchronous, 4—262

T flip-flop implementation, 4—270 to 4—271
terms used, 4—260

unique states, 4—265

state macrocell, 4—101
state tables, 4—27, 4—260

static alignment, 6—233 to 6—234
measurement technique, 6—234

Status/ID word, 8—13, 8—17

step function
determining line voltage for, 1-7to 1-9
negative step function response, 1—21
positive step function response, 1—21
response for various terminations, 7 —10
response of ideal line, 1-9

STP. See shielded twisted-pair cable
strip lines, 1—17 to 1-18, 7—42

stripline transmission line, 6—267 to 6—268, 6—310
calculated impedance vs. trace width, 6—268
dimensions, 6—267

strobe, shortening considerations, 1—27 to 1-29
structural logic description, 4—201

substrate bias generator, 1—-2

subtracters, large —sized, 4—164 to 4—166

subtracter, 4—158 to 4—162
borrow-lookahead, 4—160 to 4—162

SUNI, 6—28 to 6—31
interface to SST, 6—30
SST connection diagram, 6—29
typical interface without SST, 6—29

supervisor mode, decoding on the VMEbus, 850
supply bypass and filtering, 7—32

support components, HOTLink, 6—83 to 6—98
surge impedance, 1—4

suspend mode, 7—23

SVIC. See slave VIC

SVIC Evaluation Board, 89, 8—10, 8—11, 8—13,
8-14,8-16,8-17,8-18,8-21
VHDL code, 8—23 to 8—28
swap buffer, 8—11, 8—14
implementation example, 8—16

switch, ECL, 6—49, 6—49, 6—50
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switches
ICGS, 8—43
ICMS, 8-43

SY2130,5-4
SYNC, 6—39, 6—46, 678, 6—146, 6—149, 6—163,
6—-179, 6—182, 6—195, 6—242
sync, 6—201, 6—203, 6—211, 6—212, 6—321
sync acquired, 6—137
SYNC character, 6—189
synchronization, 6—136 to 6—137
two-stage, 4—16

synchronized processor clocks
design requirements, 7—81
generating with RoboClock, 7—81 to 7—85
Synertek, 5—4
Synopsys
Design Compiler, 4—312 to 4—315
design entry formats, 4—312
design flow and integration with Warp, 4—312 to
4-313
design synthesis and optimization capabilities, 4—313
to 4-315
software requirements, 4—312

Synthesis_off, 4—147, 4-151
SYSFAIL generation, 8—44

T

target, 4—220

TAXI-275
receiver, block diagram, 6—186
transmitter, block diagram, 6—185
upgrade with HOTLink, 6—184 to 6—196
brief explanation, 6—185

TE mode, 6—263
TEK HEX PROM programming file format, 3—6

TEM mode, 6—263, 6—263, 6—264
transmission line characteristics, 6—264 to 6—265
transmission lines, 6—265 to 6—266

temperature compensating oscillator, 7—1

termination, 6—36, 6—38, 6—49, 6—53, 6—60, 6—61,
6—67, 6—69, 6—70, 671, 673, 6—76, 6—106,
6-142, 6—144, 6—-208, 6—272, 6273, 6—274,
6~-275, 6—279, 6—280, 6—282, 6—285, 6—296

ECL output, 6—250, 6—252
HOTLink transmitter, ECL signals, 6—66 to 6—71
parallel, 6—66, 6—67, 6—251, 6—252

PECL, 6—248
PECL output, 6—251, 6—252
pull-up/pull-down, 1-19 to 1-20
schottky diode, 1-22 ’
series, 6—66, 6—67, 7—25, 7-32
Thevenin, 6—247
transmission line, 6—65 to 6—66, 6—68, 6—88,
6—-251,6—252
types of, 1-18 to 1-20
voltage, 6—47
termination circuit, 6—247
termination resistor, 6—282, 6—296, 6—347, 6—348
Test and Set instruction, 5—3 to 5—4
test equipment, 6—280 to 6—282
test logic, 6—46, 6—49
Test mode, 7—31
Test pin, 6—22
test set-up, 6—282
Texas Instruments
SN74S1050/52/56 Schottky diodes, 1—23
SN74S1051/53 Schottky diodes, 1-23
timing model, 4—193
timing violation, 7—75
overcoming with RoboClock, 7—74 to 7—76
solution, 7—75
TM mode, 6—263

TMS320C40, 8—53
architecture, 8—53

TMS320C50, memory maps, 3—20

TMS320C5X, 3—-19to 3—-21
DSP to memory interface, 3—20
initialization, 3—19
timing, 3—20
external program memory, 3—20
top-down approach, 4—201
traces, most critical, 1—1
transaction, 8—8,8-11,8—12,8-13,8—14, 8—16,
8-21,8-22
slave, 8—7
VME64, 88
VMEbus, 8—8, 8—9

transformer, 6—19, 6—21

transformer coupling, 6—279, 6—279 to 6—280, 6—280
translation, 3—25,3-26

translator, 6—250
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transmission line, 6—35, 6—38, 6—49, 6—50, 6—-51,
6—-53,6—67,6—69, 6—70,6—71,6—73, 675,
6—77,6-92,6—-96, 6—142, 6—198, 6—206, 6—207,
6—208, 6—215, 6—236, 6—237, 6—248, 6—250,
6—-251, 6—252, 6—256, 6—262 to 6—266, 6—273,
6—274,6—275,6—-276,6—277,6—278, 6—279,
6—280, 6—284, 6—287, 6—288, 6—294, 6—295,
6—296, 6—304, 6—305, 6—306, 6—307, 6—311,
6-312,6—-313, 6—314, 6—315,6—319, 6—347,
6—348, 6—349, 6—351

attenuation, 6—47, 6—315

balanced, 6—265, 6—265, 6—266

characteristics, 6—264 to 6—265

circuit board, 6—266, 6—266 to 6—269
dielectric constant, 6—268

coaxial cable, 1-16

copper cable, 6—269 to 6—271

effects, 7—43

effects on serial data, 6—76

energy considerations for driving, 1-7

equivalent circuit, 6—264

HOTLink usage, 6—266 to 6—273

ideal, 1-3t0 1—4,1-7

microstrip, 6—266 to 6—267, 6—268
calculated impedance vs. trace width, 6—267
dimensions, 6 —266

microstrip lines, 1—16, 7—41

model, /-3

pulse response, 1-9

reflection currents, 6—65

strip lines, 1—17, 7—42

stripline, 6—267 to 6—268, 6—310
calculated impedance vs. trace width, 6—268
dimensions, 6—267

TEM, 6—265 to 6—266

termination, 6—65 to 6—66, 6—68, 6—88, 7—45

termination strategies, 1—18

theory of, 1-3

twisted pair, 1—16

types of, 1-16to 1—17

types of terminations, 1—18

unbalanced, 6—265, 6—265

unterminated, 1-23 to 1-24

when to terminate, 1—-17

wire over ground, 1-16

transmission link, 6—235, 6—237

Transmit PLL, 6—28

transmitter, 6—27, 6—28

transmitter jitter, transfer function , 6—229

transmitter PLL
acquisition characteristic (from locked to locked),
6-232
time to lock (quiet to locked), 6—232

transmitter PLL lock time, 6—231 to 6—232

transmitter, HOTLink. See CY7B923 and HOTLink,
transmitter

Transverse Electric field. See TE mode

Transverse FElectric Magnetic mode. See TEM mode.

Transverse Magnetic field. See TM mode.

triout component, 4—32, 4—106

truth table, 4—88

twinaxial cable, 6—95 to 6—96, 6—97, 6—263, 6—278,
6—279

twisted pair PCB construction, 1-16

twisted-pair cable, 6—35, 6—36, 6—69, 6—70, 6—71,
6—95,6—97, 6—259, 6—260, 6—263, 6—271,

6—278, 6—279, 6—296, 6—297, 6—300-6—301,
6—306

type attributes, 4—63

U

UltraLogic, 4—307 to 4—315
designing with Exemplar, 4—307 to 4—312
designing with Synopsys, 4—312 to 4—315
UNI, 6—42
transceiver module, 6—108

universal clock multiplier, 7—76 to 7—77, 7—78

up/down counter
designing with VHDL, 4—34 to 4—36
Warp?2 report file excerpt, 4—51
Warp2 source code, 4—49

user mode, decoding on the VMEbus, 8—50

UTOPIA bus, 6—100 to 6—102
applications, 6—102
extender, 6—106 to 6—108
extender components, 6—106
extender in rack mount switch, 6—106
in a rack mount switch, 6—102
serializer block diagram, 6—105
serializing, 6—104 to 6—105
signals, 6—101, 6—102
skew effect on, 6—103

Vv

value attributes, 4—63
variable clock frequencies, 1—37 to 1-39

Verilog, 6—24
model of HOTLink, 6—43

VESA bus, 6—100
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VHDL, 4-27,4-31, 4—56,4—-83, 4—116, 4—125, interfacing with the CY7C611A, 8—147 to 8—159
4—-134t04—-143,4—-177 to 4—187,4-201,4—-243 Motorola interface to, 8—106
to 4—259, 5—39 to 5—45, 6—108, 6—134 to 6—166, bus arbitration
6—178 68040 request for VIC64 bus access, 8—113
code, 6—116, 6—117, 6—118, 6—119, 6—120, 6—121 bus arbitration state machine, 8—112
component, 4—297 sample arbitration timing diagrams, 8—114
configurable components, 4—298 VIC64 bus requests, 8—114
hierarchical design, 4—297 to 4—306 design assumptions, 8—108
library, 4—297 68040 configured for large buffer timing mode,
model of HOTLink, 6—43 8—110
multiplexed dual counter design, 4—298 memory system design, 8—109
multiplexed quad counter design, 4—299 shared memory, 8—110
package, 4—297 two memory banks architecture, 8—109
source level debugger, 4—209 design issues, 8—106
special type conversion, 4—65 asynchronous bus to synchronous bus
vs. Abel-HDL, 4—85 interfacing, 8—106

bus contention, 8—106
putting VIC64 on 68040’s bus, 8—106
slave access implementation, 8—108

VHDL code, 8—23 to 8—28
for controller in 371, 4—135

VHDL-ABEL solving bus contention with arbitration, §—107
dot extension, 4—58 Interrupt acknowledge cycles, 8—122
special constants, 4—57 interrupt cycle decode, 8125

S interrupt cycle initiation by the 68040, 8—124
ViaLink, 4-195, 4-244 interrupt cycle termination, 8—125
VIC, slave, 8—7 to 8—28 interrupt initiation from the VIC64, 8—124

VIC068/VACO68, 8—53 operation at reset, 8—122

. . VMEDbus vs. local interrupts, 8—123
interfacing to TMS320C40, 853 master read cycles, 8—116
design requisites, 8—53

. inati —-121
design goals, 853 master read cycle bus error termination, 8

. . t ination,
high-level architecture, 8—54 mastsei ﬁ%d cycle deadlock/retry termination

hardware description, 8—55
address bus decoding, 8—55
bus control, 8—56
master bus cycle generation, 8—56

master read cycle initiation, 8—116
master read cycle normal termination, 8—118
master read cycle termination, 8—118

master write, writepost and BLT initiation cycles,

reset circuitry, 8—55 8—121
slave bus cycle generation, 8—57 commonality between the various write cycles,
VIC068/VAC068 software initialization, 8—57 8—121
VICO68A write cycle bus error termination, 8—122
and the MC68020, 8—46 to 8—52 write cycle deadlock/retry termination, 8—122
features, 8—41 to 8—45 write cycle initiation, 8—121

write cycle normal termination, 8—121
write cycle termination, 8—121
reset circuitry, 8—110

interfacing, 8—44
interrupts, 8—52
reset operations, 8—46

used with CY7C964, 8—29 to 8—40 68040 mode selection, 8110

power-up or pushbutton reset, 8—110

VIC64, 8—106 support for 68040 RESET instruction, 8—112

address spaces, 8—94 to 8—95 VIC-initiated reset, 8—112
architecture, 8—106, 8—109 VIC64 and CY7C964 register access cycles, 8—115
asynchronous bus protocol, 8—106 performance of register access cycles, 8—116
configuration, 8—94 register access cycle initiation, 8—116
control signals, 8—149 register access cycle termination, 8—116
deadlock, 8—118,8—-119, 8—120, 8—121, 8—122 selection of the CY7C335, 8—115
evaluation board local control register, 8—91 selection of the PALC22V10, 8—115
initialization, 8—93 to 8—97 VIC registers vs CY7C964 registers, 8—115
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overview, 8—149 to 8—150
reset, 8—93
slave access implementation
bus snooping, 8—108
inhibiting cache transfers from shared memory,
8-108
memory map decoding and remapping, 8—108
software considerations, 8—91 to 8—105
test, 8—93
used with CY7C964, 8—29 to 8—40

Viewdraw, 4—243
Viewl.ogic, 4—177, 4—243
VITA, 8—-177

VME, 8-7 to 8—28
UAT, 8-9

VME bus, 6—100
VMES®64, 8~7, 8—8,8-11, 8—161

VMEbus
addressing, 8—95
board with CY7C611A/VIC64, 8—152
master operation, 8—49 to 8—50
slave operation, 8—50
support, 8—44
typical design, 8—162

VMEDbus Initialization, 8—17

VMEDbus products
arbitration, 8—3
block transfers, 8—4
deadlock, 8—3
electrical characteristics, 8—5
frequently asked questions, 8—1 to 8—6
interrupts, 8—2
modeling/schematic capture, 8—4
register operations, 8—3
reset, 83—1to 8—2
slave operation, 8—4

VMEDbus transaction
Al6,8-9,8—-11
A24,8-9,8-11
A32,8-9,8-11
A40,8-9
A64,8-9

MD32,8-9,8-13,8-21

voltage
definition of, 1-8

line voltage for step function, 1-7to 1-9
reflection, 1—-1to 1-2

coefficients, 1—6 to 1-7

conditions for, 1-5to 1—-6

due to discontinuities, 1-9, /—11,1-14to 1-15

voltage controlled oscillator, 7—1

voltage sensitivity, 7—5

W

WAC-013, 6—32 to 6—33
SST connection diagram, 6—33
SST interface, 6—34
typical interface without SST, 6—32

wait state requirements, 3—21

wander, 6—41,6—42,7—6
baseline, 6—77

Warp, 4—56,4—177, 4179, 4—243 to 4—259, 4307,
4-308 to 4—309, 4—312 to 4—313
designing with the CY7C370, 4—105 to 4~115

Warp2, 4-105,4-133,4-135
design flow, 4—31
designing with, 4—27 to 4-55,4-97 to 4—115
implementation for FIFO dipstick, 5—40
overview, 4—30to 4—31
using for FIFO dipstick, 5—39 to 5—45

Warp3, 4-105, 4—200
design development, 4—200

waveforms, effect of rise time, 1-13
WINSVIC, 8-9, 8—11

wire over ground PCB construction, 1-16
word-width, expansion, 5—13

write, strobe, delaying, 5—13

X

X3T11, 6—46,6—198
XBUF output, 7—25
XTEK PROM programming file format, 3—6 to 3—7

V/

zener, 3—26

zener diode, 1-30
characteristic, 1 —30
connection, 1 —30
protection, 1—30

zero propagation delay buffer, 7-76, 7—77
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Arizona
Thom Luke Sales, Inc.
9700 North 91st St., Suite A—200
Scottsdale, AZ 85258
(602) 451—-5400
FAX: (602) 451-0172

California
TAARCOM
451 N. Shoreline Blvd.
Mountain View, CA 94043
(415) 960—1550
FAX: (415) 960—1999

TAARCOM

735 Sunrise Ave., Suite 200—4
Roseville, CA 95661

(916) 782—1776

FAX: (916) 782—1786

Technology Solutions Company
5525 Oakdale Ave., Suite 275
‘Woodland Hills, CA 91364
(818) 704—1693

FAX: (818) 704—-6165

Technology Solutions Company
10 Hughes, Suite A201

Irvine, CA 92718

(714) 707-4565

FAX: (714) 707—4510

Canada
bbd Electronics, Inc.
6685—1 Millcreek Dr.
Mississauga, Ontario LSN 5SM5
(905) 8217800
FAX: (905) 821—4541

bbd Electronics, Inc.

298 Lakeshore Rd., Ste. 203
Pointe Claire, Quebec HI9S 4L.3
(514) 697—-0801

FAX: (514) 697—-0277

bbd Electronics, Inc. — Ottawa
(613) 564—0014
FAX: (416) 821—4092

bbd Electronics, Inc. — Winnipeg
(204) 942-2977
FAX: (416) 821—-4092

Western Canada
Microwe Electronics Corporation
Site #7, Box 40 R.R.1
Dewinton, Alberta, Canada TOL 0X0
(403) 254—4180
FAX: (403) 2560942

Colorado

Lange Sales

1500 W. Canal Court, Bldg. A
Suite 100

Littleton, CO 80120

(303) 795—3600

FAX: (303) 795—0373

Georgia
Giesting & Associates
2434 Highway 120
Suite 108
Duluth, GA 30155
(770) 476—-0025
FAX: (770) 476—2405

Idaho
Sierra Technical Sales
10378 Fairview
Suite 246
Boise, ID 83704
(208) 378—8981
FAX: (208) 378—0228

Illinois
Micro Sales Inc.
901 W. Hawthorn Drive
Itasca, IL 60143
(708) 285—-1000
FAX: (708) 285—1008

Indiana
Technology Mktg. Corp.
1526 East Greyhound Pass
Carmel, IN 46032
(317) 844-8462
FAX: (317) 573—5472

Technology Mktg. Corp.
4630—10 W. Jefferson Blvd.
Ft. Wayne, IN 46804

(219) 432—-5553

FAX: (219) 4325555

Technology Marketing Corp.

1214 Appletree Lane
Kokomo, IN 46902
(317) 459-5152
FAX: (317) 457-3822

Iowa
Midwest Technical Sales
463 Northland Ave., N.E.
Suite 101
Cedar Rapids, IA 52402
(319) 377—-1688
FAX: (319) 377-2029

Kansas
Midwest Technical Sales
13 Woodland Dr.
Augusta, KS 67010
(316) 7752565
FAX: (316) 775—-3577

Midwest Technical Sales
10,000 College Blvd.
Suite 240

Overland Park, KS 66210
(913) 338—-2400

FAX: (913) 338—0404

Kentucky

Technology Marketing Corp.

100 Trade Street, Suite 1A
Lexington, KY 40510—-1007
(606) 253—1808

FAX: (606) 253—1662

Maryland
Tri-Mark, Inc.
1410 Crain Highway, N.W.
Suite 4B
Glen Burnie, MD 21061
(410) 761—6000
FAX: (410) 761—6006

Massachusetts

The Nashoba Group
321 Billerica Rd.
Chelmsford, MA 01824
(508) 256—9900

FAX: (508) 256—1142

Mexico

Ciber Electronica, S.A. de C.V.
Prolongacion Arbol No. 33
Col. Chapalita Sur

45000 Guadalajara, Jal.
Mexico

Tel: (52) 3—647—5217

Tel: (52) 3—647-1998

FAX: (52) 3-121-3331

Ciber Electronica, S.A. de C.V.
Monrovia No. 410

Col. Portales

03300 Mexico, D.E

Tel & FAX: (52) 5—-539-7832

Ciber Electronica, S.A. de C.V.
Missouri No. 202 OTE.

Col. del Valle

66220 Garza Garcia, N.L.
Mexico

Tel & FAX: (52) 8—356—842

Michigan
Techrep
2200 North Canton Center Rd.
Suite 110
Canton, MI 48187
(313) 981-1950
FAX: (313) 981—-2006

Minnesota

Matrix Marketing, Inc.

5001 West 80th Street, Suite 375
Bloomington, MN 55437

(612) 835—-6977

FAX: (612) 835—-6822

Missouri
Midwest Technical Sales
4203 Earth City Expwy., #149
Earth City, MO 63045
(314) 2988787
FAX: (314) 298—9843

Nevada
TAARCOM
735 Sunrise Ave.
Suite 200—4
Roseville, CA 95661
(916) 782—-1776
FAX: (916) 7821786
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Domestic Sales Representatives (continued)

New Jersey
GroupTec
111 Howard Blvd.
Suite 212
Mt. Arlington, NJ 07856
(201) 398—1200
FAX: (201) 398-3344

New Mexico
Thom Luke Sales
(719) 661-8795
FAX: (602) 451-0172

New York

Reagan/Compar

815 Montrose Turnpike
Owego, NY 13827
(716) 271-2230

FAX: (716) 3812840

Reagan/Compar

44 Riverferry Way
Rochester, NY 14608
(716) 454—3350
FAX: (716) 454—4230

Reagan/Compar

532 Benton Street
Rochester, NY 14620
(716) 473—-6070
FAX: (716) 473—-6075

Reagan/Compar

3301 Country Club Road
Ste. 2211

PO. Box 135

Endwell, NY 13760
(607) 754—2171

FAX: (607) 754—4270

North Carolina

Quantum Marketing

6604 Six Forks Rd., Ste. 102
Raleigh, NC 27615

(919) 8465728

FAX: (919) 8478271

Quantum Marketing

4801 E. Independent Blvd.
Ste. 1000

Charlotte, NC 28212
(704) 536—8558

FAX: (704) 536—8768

Ohio
KW Electronic Sales, Inc.
8514 North Main Street
Dayton, OH 45415
(513) 8902150
FAX: (513) 890—5408

KW Electronic Sales, Inc.

3645 Warrensville Center Rd. #244
Shaker Heights, OH 44122

(216) 491-9177

FAX: (216) 491-9102

Oregon
Northwest Marketing Associates
4905 SW Griffith Drive
Suite 106
Beaverton, OR 97005
(503) 644—4840
FAX: (503) 644—9519

Pennsylvania
KW Electronic Sales, Inc.
4068 Mt. Royal Blvd., Ste. 110
Allison Park, PA 15101
(412) 492-0777
FAX: (412) 492—0780

Omega Electronic Sales, Inc.

Four Neshaminy Interplex, Ste. 101
Trevose, PA 19053

(215) 244—4000

FAX: 244-4104

Puerto Rico
Electronic Technical Sales
P.O. Box 10758
Caparra Heights Station
San Juan, PR. 00922
(809) 7811313
FAX: (809) 781-2020

Tenessee
Giesting & Associates
475 Arrowhead Springs Lane
Versalilles, KY 40383
(606) 873—2330

Utah
Sierra Technical Sales
1192 E. Draper Parkway
Suite 103
Draper, UT 84020
(801) 571-8195
FAX: (801) 5718194

Washington
Northwest Marketing Associates
12835 Bellevue-Redmond, Ste. 330N
Bellevue, WA 98005
(206) 455—5846
FAX: (206) 451-1130

Wisconsin
Micro Sales Inc.
210 Regency Court
Suite 100
Brookfield, WI 53045
(414) 786—1403
FAX: (414) 7861813
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International Direct Sales Offices

Cypress Semiconductor

International—Europe
Avenue Ernest Solvay, 7
B-1310 La Hulpe, Belgium
Tel: (32) 2—652—0270
Telex: 64677 CYPINT B
FAX: (32) 2—652—1504

France
Cypress Semiconductor France
Miniparc Bét. no 8
Avenue des Andes, 6
Z.A. de Courtaboeuf
91952 Les Ulis Cedex, France
Tel: (33) 1-69-29—88—-90
FAX: (33) 1-69-07—-55-71

Germany
Cypress Semiconductor GmbH
Munchner Str. 15A
‘W-8011, Zorneding, Germany
Tel: (49) 81-06—2855
FAX: (49) 81-06—20087

Cypress Semiconductor GmbH

Biiro Nord

Matthias-Claudius-Str. 17

'W-2359 Henstedt-Ulzburg, Germany
Tel: (49) 4193-77217

FAX: (49) 4193-78259

Italy
Cypress Semiconductor
Interporto di Torino
Prima Strada n. 5/B
10043 Orbassano, Italy
Tel: (39) 11-397—-57-98
or (39) 11-397-57-57
FAX: (39) 11-397-58-10

Cypress Semiconductor
Via Gallarana 4

20052 Monza, Milano
Tel: (39) 39—202-7099
FAX: (39) 202-7101

Japan
Cypress Semiconductor Japan K.K.
Shinjuku-Marune Bldg.
1-23-1 Shinjuku
Shinjuku-ku, Tokyo, Japan 160
Tel: (81) 3—5269—-0781
FAX: (81) 3—5269—-0788

Singapore
Cypress Semiconductor Singapore
583 Orchard Road, #11—03 Forum
Singapore 0923
Tel: (65) 735—-0338
FAX: (65) 7350228

International Sales Representatives

Australia
Braemac Pty. Ltd.
1/59—61 Burrows Road
Alexandria, Sydney 2015, Australia
Tel: (61) 2—550—6600
FAX: (61) 2—550—-6377

Braemac Pty. Ltd.

6/417 Ferntree Gully Rd.

Mt. Waverly, Victoria 3149, Australia
Tel: (61) 3—540-0100

FAX: (61) 3—540—0122

Braemac Pty. Ltd.

300 Gilles Street

Adelaide, SA 5000, Australia
Tel: (61) 8—232—-5550

FAX: (61) 8—232-5551

Braemac Pty Ltd.

345 Harborne Street
Herdsman W.A. 6017, Australia
Tel: (61) 9—443—-5122

FAX: (61) 9—-443-5262

Austria
Eurodis Electronics GmbH
Lamenzanstrasse 10
A-1232 Wien
Austria
Tel: (43) 1-610—-62—128
FAX: (43) 1-610—-62—151

Belgium
N.V. Memec Benelux
Sint-Lambertusstraat 135
1200 Brussels, Belgium
Tel: (32) 2—772—-8008
FAX: (32) 2—460—1200

Belgium (continued)
Sonetech
Limburgstirumlaan 243, B—2
B-—1810 Wemmel, Belgium
Tel: (32) 2—460—0707
FAX: (32) 2—460—1200

Denmark

Tech-Partner A/S
Tomsagervej 18

DK-—8250 Aabyhoj (Aarhus)
Denmark

Tel: (45) 86—25—00—55
FAX: (45) 86—25—-28—55

Team Tech

Bygstubben 3

DK-2950 Vedbaek
Denmark

Tel: (45) 45—66—25—-00
FAX: (45) 45~66—02—44

Finland

ScandComp Finland OY
Asemakuja 2 A

SF-02 770 Espoo
Finland

Tel: (358) 0 61352695
FAX: (358) 0 61352620

France

Arrow Electronics
73/79, Rue des Solets
Silic 585

94653 Rungis Cedex
Tel: (33) 14978 49 00
FAX: (33) 14978 05 99

Sweden
Cypréss Semiconductor Scandinavia AB
Taby Centrum, Ingang S
S—18311 Taby, Sweden
Tel: (46) 8 638 0100
FAX: (46) 8 792 1560

Taiwan, R.O.C.
Cypress Semiconductor Taiwan
11F, RM 1102, No. 333
Section 1, Keelung Rd.,
Taipei, Taiwan, R.O.C.
Tel: (886) 2—757—6898
FAX: (886) 2~757-6892

United Kingdom
Cypress Semiconductor U.K,, Ltd.
Gate House
Fretherne Road
Welwyn Garden City
Herts., U.K. AL8 6NS
Tel: (44) 707—-33—88—88
FAX: (44) 707-33-88~11

Cypress Semiconductor Manchester
27 Saville Rd. Cheadle

Gatley, Cheshire, UK.

Tel: (44) 614—28-22—-08

FAX: (44) 614—28-0746

France (continued)
Arrow Electronics
Les Jardins d’Entreprises
Betiment B3
213, Rue Gerland
69007 Lyon
Tel: (33) 78 7279 42
FAX: (33) 78 72 80 24

Arrow Electronics
Centreda

Avenue Didier Daurat
31700 Blagnac

Tel: (33) 61157518
FAX: (33) 61300193

Arrow Electronics
Immeuble St. Christophe
Rue de la Frebardiere

Zi Sud Est

35135 Chantepie

Tel: (33) 99 4170 44
FAX: (33) 99501128

Newtek

Rue de LEsterel, 8, Silic 583
F-94663 Rungis Cedex, France
Tel: (33) 1-46—87—22~00
FAX: (33) 1-46—87-80—-49

Newtek

Rue de 'Europe, 4

Zac Font—Ratel
F—38640 Claix, France
Tel: (33) 76—98—56—01
FAX: (33) 76—98—-16—-04

Scaib, SA

6 Rue Ambroise Croizat
91127 Palaiseau Cedex, France
Tel: (33) 1-69—19—89—00
FAX: (33) 1-69—19-89-20
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International Sales Representatives (continued)

Germany
AktiveRep Electronic GmbH
Kennedy Strasse 5
D—75438 Knittlingen, Germany
Tel: (49) 70—43—94 00 12
FAX: (40) 70—43-334 92

CED Ditronic GmbH
Feldkirchner Str. 12A
D—85551 Kirchheim, Germany
Tel: (49) 89903 8551

FAX: (49) 89—903 0944

CED Ditronic GmbH
Julius-Hoelder Str. 42
D-70597 Stuttgart, Germany
Tel: (49) 711-72001-0

FAX: (49) 711—-7289780

CED Ditronic GmbH
Laatzener—Str. 19

D-30539 Hannover, Germany
Tel: (49) 511-8764—-0

FAX: (49) 511-8764—160

Metronik GmbH

Leonhardsweg 2, Postfach 1328
D-82008 Unterhaching, Germany
Tel: (49) 89-61108—-0

FAX: (49) 89-6116468

Metronik GmbH
Liessauer Pfad 17
D-13503 Berlin, Germany
Tel: (49) 30-4361219
FAX: (49) 30—4315956

Metronik GmbH

Zum Lonnenhohl 38

D—44319 Dortmund, Germany
Tel: (49) 231-217041

FAX: (49) 231-210799

Metronik GmbH

Osmiastrasse 9

D—69221 Dossenhem, Germany
Tel: (49) 6203—-4701

FAX: (49) 6203—45543

Metronik GmbH
Schoenauer Str. 113
D-04207 Leipzig, Germany
Tel: (49) 3414891413
FAX: (49) 341-4891424

Metronik GmbH

Pilotystrasse 27/29

D-90408 Niirnberg, Germany
Tel: (49) 911-363536

FAX: (49) 911-353986

Germany (continued)
Metronik GmbH
Carl Zeiss-Strasse 37
D-25451 Quickborn, Germany
Tel: (49) 41-06—77 30 50
FAX: (49) 41-06—77 30 52

Metronik GmbH
Loewenstrasse 37

D-70597 Stuttgart, Germany
Tel: (49) 711-764033

FAX: (49) 711-7655181

Metronik GmbH

Bahnstrasse 9

D—65205 Wiesbaden, Germany
Tel: (49) 611—70 20 83

FAX: (49) 61170 28 86

SASCO-HED GmbH
Hermann-Oberth-Strasse 16
D—85640 Putzbrunn, Germany
Tel: (49) 89—-4611-211

FAX: (49) 89—-4611-271

SASCO—-HED GmbH
Huttenstrasse 31

D-10552 Berlin, Germany
Tel: (49) 30—349-92 40
FAX: (49) 30—349-52 36

SASCO—-HED GmbH
Beratgerstr. 36

D—44149 Dortmund, Germany
Tel: (49) 231-17 9791

FAX: (49) 231-17 2991

SASCO—-HED GmbH
Hainer Weg 48

D-60599 Frankfurt, Germany
Tel: (49) 69—-61 03 91

FAX: (49) 69—61 88 24

SASCO-HED GmbH
Europaallee 3

D-22850 Norderstedt, Germany
Tel: (49) 4052—-3 20 13

FAX: (49) 4052-323 78

SASCO-HED GmbH
Stafflenbergstrasse 21
D-70184 Stuttgart, Germany
Tel: (49) 711-21 07 10

FAX: (49) 711-23 39 63

SASCO—-HED GmbH

Am Gansacker 26

D—79224 Umkirch bei Freiburg
Germany

Tel: (49) 7665—-70 18

FAX: (49) 7665—87 78

Greece
Peter Caritato & Associates S.A.
31 Ilia Iliou
Athens 11743, Greece
Tel: (30) 1-9020—-115
FAX: (30) 1-9017-024

Hong Kong
Tekcomp Electronics, Ltd.
Rm. 913-914 Bank Centre
636, Nathan Road, Mongkok
Kowloon, Hong Kong
Tel: (852) 2—710-8121
Telex: 38513 TEKHL
FAX: (852) 2—710-9220

India

Spectra Innovations Inc.
Manipal Centre, Unit No. S—822
47, Dickenson Rd.
Bangalore — 560,042

Karnataka, India

Tel: (91) 80—558~8323/3977
FAX: (91) 80—558—-6872

Israel

Talviton Electronics

P.O. Box 21104, 9 Biltmore Street
Tel Aviv 61 210, Israel

Tel: (972) 3—544-2430

Telex: 33400 VITKO

FAX: (972) 3—544-2085

Italy
Silverstar Ltd. SPA
Viale Fulvio Testi, 280
20126 Milano, Italy
Tel: (39) 2 661251
Telex: 33 2189 SIL 71
FAX: (39) 2 66101359

CED Italy

Via Volta 54

20090 Cusago (MI)
Ttaly

Tel: (39) 2 9039 0684

ECC Electronica S.PA.

Via C. Goldoni 29

20090 Trezzano Sul Naviglo (Milano)
Italy

Tel: (39) 2 48401547

FAX: (39) 2 48401599
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International Sales Representatives (continued)

Japan Singapore Turkey
Tomen Electronics Corp. Electec PTE Ltd. Inter Electronik Sanayi ve Ticaret A.S.
2-1-1 Uchisaiwai-cho, Chiyoda-ku Block 50, Kallang Bahru Kadlkoy Hasircibasi Caddesi no. 55

Tokyo, 100 Japan

Tel: (81) 3—3506—3673
Telex: 23548 TMELCA
FAX: (81) 3—3506—3497

Fuji Electronics Co., Ltd.
Ochanomizu Center Bldg.
3-2-12 Hongo, Bunkyo—ku
Tokyo, 113 Japan

Tel: (81) 3—3814—1416
Telex: J28603 FUIITRON
FAX: (81) 3—3814-1414

Ryoyo Electro Corporation
Konwa Bldg., 1—12-22 Tsukiji,
Chuo—ku, Tokyo 104 Japan
Tel: (81) 3—3546—5088

FAX: (81) 3—3546-5044

Korea

Logicom Inc.

5th Floor, Haesung Bldg.
2~46 Yangjae—Dong
Seocho—ku

Seoul, Korea 137—-131
Tel: (82) 2—575-3211
FAX: (82) 2—576—7040

Netherlands

Memec Benelux B.V.
Insulindelaan 134
5613 BT Eindhoven
The Netherlands

Tel: (31) 40—65-9399
FAX: (31) 40 65—9393

Sonetec Nederland B.V.
Gulberg 33

NL-5674 TE Nuenen

The Netherlands

Tel: (31) 40—-2-635—-635
Telex: 59418 INTRA NL
FAX: (31) 40—2-832-300

Norway
ScandComp Norway A/S
PO Box 274
N-—2020 Skedsmokorset
Norway
Tel: (47) 22—50—06—50
FAX: (47) 22—50-27-77

Portugal

ATD Electronica S.A.
Quinta Grande Lote 20
Alfragide

2700 Amadora (Lisboa)
Portugal

Tel: (351) 1-4714182
FAX: (351) 14715886

#04—21, Singapore 1233
Tel: (65) 294—8389
FAX: (65) 294—7623

South Africa

Electronic Bldg. Elements
P.O. Box 912—-1222

Silverton 0127

178 Erasmus St., Meyers Park
Pretoria 0184, South Africa
Tel: (27) 12 803—8294

FAX: (27) 12 803-7680

Spain
ATD Electronica S.A.
Albasanz, 75
28037 Madrid, Spain
Tel: (34) 1-304—-1534
FAX: (34) 1-327-2778

ATD Electronica S.A.
Conchita Suprevia 9
08028 Barcelona, Spain
Tel: (34) 3—-4907344
FAX: (34) 3—4901723

SELCO
Ctra. de La Coruna, Km 18.200

28230 Las Rozas (Madrid), Spain

Tel: (34) 1-637-1333
FAX: (34) 1-637-5114

Sweden
ScandComp Sweden AB
Box 8303 Domnarvsgatan 33
S—163 08 Spanga
Sweden
Tel: (46) 8—761—73—-00
FAX: (46) 8—760—46—69

Switzerland

Basix fiir Elektronik A. G.
Hardturmstrasse 181
CH-8010 Zurich, Switzerland
Tel: (41) 1-276—11-11

Telex: 822762 BAEZ CH
FAX: (41) 1-276—14-48

Taiwan R.O.C.
Prospect Technology Corp.
5F, No. 348, Section 7
Cheng-Teh Rd.
Taipei, Taiwan
Tel: (886) 2—820—5353
Telex: 14391 PROSTECH
FAX: (886) 2—820~-5731

81310 Istanbul

Turkey

Tel: (0216) 349—94—-00
Telex: 29245 Inmd tr
FAX: (0216) 349—94-30
FAX: (0216) 349—94—-34

United Kingdom

2001 Electronic Components Ltd.

Stevenage Business Park
Pin Green

Stevenage, Herts
SG14SU U.K.

Ambar Components Ltd.
17 Thame Park Road
Thame, Oxfordshire
England, OX9 3XD

Tel: (44) 844—26—11—44
Telex: 837427

FAX: (44) 844—-26—17-89

Arrow Electronics (UK) Ltd.
St. Martins Business Centre
Cambridge Road

Bedford MK42 OLE, U.K.
Tel: (44) 234 270272

FAX: (44) 234 214674

Pronto Electronic System Ltd.
City Gate House

Eastern Avenue, 399—425
Gants Hill, Iiford,

Essex, U. K. IG2 6LR

Tel: (44) 81-554—62—22
Telex: 8954213 PRONTO G
FAX: (44) 81-518-32-22

Spectrum

2 Grange Mews

Station Road

Launton

Bicester

Ozxon, U.K. OX6 0DX

Tel: (44) 1-869-325-174
FAX: (44) 1-869—-325—-175
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Distributors

Anthem Electronics, Inc.:

Huntsville, AL 35805
(205) 890—0302

Tempe, AZ 85281
(602) 966—6600

Chatsworth, CA 91311
(818) 775—-1333

Irvine, CA 92718
(714) 768—4444

Rocklin, CA 95677
(916) 624—9744

San Jose, CA 95131
(408) 453—1200

San Diego, CA 92121
(619) 453—-9005

Englewood, CO 80112
(303) 7904500

‘Waterbury, CT 06705
(203) 575—-1575

Altamonte Springs, FL 32701
(407) 831-0007

Fort Lauderdale, FL 33309
(305) 484—0990

Duluth, GA 30136
(404) 931—3900

Schaumburg, IL 60173
(708) 8840200

Wilmington, MA 01887
(508) 657—5170

Columbia, MD 21046
(301) 995—6640

Eden Prairie, MN 55344
(612) 944—5454

Pine Brook, NJ 07058
(201) 2277960

Commack, NY 11725
(516) 864—6600

Raleigh, NC 27604
(919) 871-6200

Beaverton, OR 97005
(503) 643—1114

Horsham, PA 19044
(215) 443—5150

Austin, TX 78728
(512) 388—0049

Richardson, TX 75081
(214) 238-7100

Salt Lake City, UT 84119
(801) 9738555

Bothel, WA 98011
(206) 4831700
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Sales Representatives and Distributors

Arrow Electronics:
Alabama

Huntsville, AL 35816
(205) 837-6955

Arizona
Tempe, AZ 85282
(602) 431-0030

California
Calabasas, CA 91302
(818) 880—9686

Irvine, CA 92718
(714) 587—0404

San Diego, CA 92123
(619) 5654800

San Jose, CA 95131
(408) 441-9700

San Jose, CA 95134

Canada
Mississauga, Ontario L5T IMA
(416) 670—7769

Dorval, Quebec H9P 2T5
(514) 421-7411

Neapean, Ontario K2E 7W5
(613) 226—6903

Quebec City, Quebec G2E SRN
(418) 871-7500

Burnaby, British Columbia V5A 4T8
(604) 4212333

Colorado
Englewood, CO 80112
(303) 7990258

Connecticut
Wallingford, CT 06492
(203) 2657741

Florida
Deerfield Beach, FL 33441
(305) 429-8200

Lake Mary, FL 32746
(407) 333-9300

Georgia
Deluth, GA 30071
(404) 497-1300

Illinois
Itasca, IL 60143
(708) 250—0500

Indiana
Indianapolis, IN 46268
(317) 299-2071

Kansas
Lenexa, KS 66214
(913) 541-9542

Maryland
Columbia, MD 21046
(410) 596—7800

Gathersburg, MD
(301) 596—7800

A-7

Arrow Electronics: (cont.)
Massachusetts
Wilmington, MA 01887
(617) 658—0900

Michigan
Livonia, MI 48152
(313) 462-2290

Minnesota
Eden Prairie, MS 55344
(612) 9415280

Missouri
St. Louis, MO 63146
(314) 5676888

New Jersey
Marlton, NJ 08053
(609) 596—8000

Pinebrook, NJ 07058
(201) 227-7880

New York
Rochester, NY 14623
(716) 427—-0300

Hauppauge, NY 11788
(516§ 231-1000

North Carolina
Raleigh, NC 27604
(919) 876—3132

Ohio
Centerville, OH 45458
(513) 435-5563

Solon, OH 44139
(216) 248—-3990

Oklahoma
Tulsa, OK 74146
(918) 252-7537

Oregon
Beaverton, OR 97006—7312
(503) 629—-8090

Pennsylvania
Pittsburgh, PA 15238
(412) 963—-6807

Texas
Austin, TX 78758
(512) 835-4180

Carrollton, TX 75006
(214) 380—6464

Houston, TX 77099
(713) 530—4700

‘Washington
Bellevue, WA 98007
(206) 643—9992

‘Wisconsin
Brookfield, WI 53045
(414) 792-0150
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Distributors (continued)

Axis Components
Corporate Headquarters
SanDiego, CA 92121
619) 677—-7950
800) 556—0225

Trvine, CA 92714
(714) 442-8325

Westlake Village, CA 91362
(818) 706—0166

Sunnyvale, CA 94086
(408) 522-9599

Westminster, CO 80234
(303) 469-8186

Sales Representatives and Distributors

Bell Microproducts:

Irvine, CA 92718
(714) 470-2900

San Jose, CA 94131
(408) 451—-9400

Altamonte Springs, FL 32714
(407) 682—1199

Deerfield Beach, FL 33441
(305) 429—-1001

Billerica, MA 01882
(508) 667—2400

Columbia, MD 21045
(410) 720-5100

Edina, MN 55435
(612) 933—-3236

Clifton, NJ 07013
(201) 777-4100

Smithtown, NY 11787
(516) 543—2000
Ambler, PA 19002
(215) 540—-4148

Austin, TX 78759
(512) 2580725

Richardson, TX 75081
(214) 783—-4191

Chantilly, VA 22021
(703) 803—1020

Redmond, WA 98052
(206) 861—7510

Marshall Industries:
Alabama
Huntsville, AL 35801
(205) 881-9235

Arizona
Phoenix, AZ 85044
(602) 496—0290

California
Marshall Industries, Corp. Headquarters
El Monte, CA 91731-3004
(818) 307—-6000

Irvine, CA 92718
(714) 458-5301

Calabasas, CA 91302
(818) 878—7000

Rancho Cordova, CA 95670
(916) 635—9700
San Diego, CA 92123
(619) 627-4140
Milpitas, CA 95035
(408) 942—-4600
Canada
Mississauga, Ontario L4V 1X5
(416) 458—8046

Pointe Claire, Quebec H9R 5P9
(514) 694—8142

Colorado
Colorado Springs, CO 80915
(719) 573-0904

Thornton, CO 80241
(303) 4518383

Connecticut
Wallingford, CT 06492—0200
(203) 265—3822

Florida
Ft. Lauderdale, FL 33309
(305) 977—4880

Florida (continued)
Altamonte Springs, FL 32701
(407) 767—8585

St. Petersburg, FL 33716
(813) 573—-1399

Georgia
Norcross, GA 30093
(404) 923-5750

llinois
Schaumbrug, IL 60173
(708) 490—0155

Indiana
Carmel, IN 46032
(317) 431-6554

Kansas
Lenexa, KS 66214
(913) 4923121

Maryland
Columbia, MD 21046
(410) 880-3030
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Distributors (continued)

Marshall Industries:

Massachusetts
Wilmington, MA 01887
(508) 658—0810

Michigan
Livonia, MI 48150
(313) 525-5850

Minnesota
Plymouth, MN 55447
(612) 559-2211

Missouri
Bridgeton, MO 63044
(314) 291-4650

New Jersey
Fairfield, NJ 07006
(201) 882—-0320

Mt. Laurel, NJ 08054
(609) 234-9100

New York
Endicott, NY 13760
(607) 785—-2345

Rochester, NY 14624
(716) 2357620

Ronkonkoma, NY 11779
(516) 737-9300

North Carolina
Raleigh, NC 27604
(919) 878—-9882

Ohio
Solon, OH 44139
(216) 248—-1788

Dayton, OH 45414
(513) 898—4480

Oregon
Beaverton, OR 97005
(503) 6445050

Pennsylvania
Mt. Laurel, NJ 08054
(609) 234—9100

Texas
Austin, TX 78754
(512) 837—-1991

Richardson, TX 75081
(214) 705-0600

Houston, TX 77043
(713) 467—-1666

Utah
Salt Lake City, UT 84119
(801) 9732288

Washington
Bothell, WA 98011
(206) 486—5747

Wisconsin
Waukesha, WI 53186
(414) 797—-8400

Sales Representatives and Distributors

Semad:

Calgary
Calgary, Alberta T2E 7TH7
(403) 252—5664
FAX: (800) 565—9779

Montreal
Pointe Claire, Quebec HI9R 427
(514) 6940860
1-800-361—-6558
FAX: (514) 694—0965

Ottawa
Ottawa, Ontario K1B 1A7
(613) 526—4866
FAX: (613) 523—4372

Toronto
Markham, Ontario L3R 4Z4
(905) 475-3922
FAX: (905) 475—-4158

Vancouver
Burnaby, British Columbia V5G 1H1
(604) 451-3444
1-800—-663—8956
FAX: (604) 451—3445

Zeus Electronics:

Yorba Linda, CA 92686
(714) 9219000

San Jose, CA 95131
(408) 629—-4789

Lake Mary, FL 32746
(407) 333-3055

Ttasca, IL 60143
(708) 595-9730

Wilmington, MA 01887
(508) 658—4776

Port Chester, NY 10573
(914) 937-7400

Carrollton, TX 75006
(214) 380-4330
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Cypress Semiconductor

3901 North First Street

San Jose, CA 95134

Tel: 1(800) 293-2311

Fax: (408) 943-2741

Fax on demand: 1 (800) 213-5120
http: //www.cypress.com
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