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Features Functional Description

e Fibre Channel compliant The CY7B92X HOTLink Transmitterand

* IBMESCON® compliant 371?937( HOTPim:_ReC%iV?iE are tr:loin]:-

. point communications building blocks

® 8B/10B-coded or 10-bit unencoded that transfer data over high-speed serial

® 130- to 310-Mbps data rate links (fiber, coax, and twisted pair) at 130

e TTL synchronous I/O to 310 Mbits/second. Figure 1 illustrates

e No external PLL components gg]i]c;] scom’xections to host systems or con-
o Triple ECL 100K serial outputs N N .

e Dual ECL 100K serial inputs Eightbits of user dataorprotocolinforma-

ua P! tion are loaded into the HOTLink trans-

® Low power: 350 mW max (Tx), mitter and are encoded. Serial data is

500 mW max (Rx) shiftedout of the three differential Pseudo

o Compatible with fiber optic modules, ECL (PECL) serial ports at the bit rate

coaxial cable, and twisted pair media (whichis 10 times the byte rate).

® Built-In Self-Test The HOTLink receiver accepts the serial
e Single +5V supply bitstreamatitsdifferentialline receiverin-
o 28-pin DIP/PLCC/LCC puts, and using a completely integrated

. PLL clock synchronizer recovers the tim-
* 0.8 BiCMOS ing information necessary for data recon-

struction. The bit stream is deserialized,

HOTLink®

Transmitter/Receiver

decoded,and checked for transmission er-
rors. The recovered byte is presenied in
parallel to the receiving host along with a
byte rate clock.

The 8B/10B encader/decoder can be
disabled in systems that already encode or
scramble the transmitted data. I/Os are
available to create a seamless interface
with both asynchronous FIFOs (ie.,
CY7C42X) and clocked FIFOs (ie.,
CY7C44X). A Built-In Self-Test pattern
generatorand checker allows testing of the
transmitter, receiver, and the connecting
link as a part of a system diagnostic check.

HOTLinkdevices are ideal for a variety of
applicationswhere a parallel interface can
be replaced with a high-speed point-to-
point serial link. Applications include in-
terconnecting workstations, servers, mass
storage, and video transmission equip-
ment.

CY7B92X Transmitter Logic Block Diagram

CY7B93X Receiver Logic Block Diagram

Figure 1. HOTLink System Connections

HOTLinkis a registered trademark of Cypress Semiconductor Corporation.
ESCON is aregistered trademark of IBM.
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CY7B92X Transmitter Pin Configurations CY7B93X Receiver Pin Configurations
DIP
Top View
28[1 OutB+ InB+
27[] OutA+ InB—
261 outA- MODE
2501 FOTO sl
24[1 ENN Veca
2af] ENA SO
20 Veeq CKR
211 CKW Veen
20 GND GND.
19] SC/D (Dg) SC/D (Qg)
Qg
Q4
Q2
Qs
B8921-1 B921-3

PLCC

FOTO
ENN
ENA
Veea
21 CKW
GND
111213 14 15 16 171819 1 SC/D (Dg) Q70 111213 14 15 16 171819
Por=Y-Y={=y=1-¢ Bo212 el 1111 89214
Selection Guide
Transmitter 7B921 7B922 TR923
Receiver 7B931 7B932 78933
Transmission Rate (Mbits/sec) 130-170 170—-240 240-310
TransmissionRate (Mbytes/sec) 13-17 17-24 24-31
Maximum Ratings Operating Range
(Abovewhich the useful life may be impaired. Foruserguidelines, -
nottested.) Ran: Ambient
ge Temperature Vee
StorageTemperature . .. ......ooeveennnns —65Cto +150C Commercial 0°C to +70°C SV + 10%
Ambient Temperature with : > °
PowerApplied . .........coooiiiiiiiiin. —55Cto +125C Indl.lstnal —40°Cto +85°C 5V + 10%
Supply Voltage to Ground Potential ......... —0.5Vto +7.0V Military - Cs5 O'i':b to +125°C 5V £ 10%
DClInputVoltage ..........cceonieinnnnn —-0.5Vto +7.0V sc Temperature
Output Current into TLL Outputs (LOW) ............ 30mA
Output Current into ECL outputs (HIGH) . .......... —50mA
Static Discharge Voltage . ..............ccvvnen >2001V
(per MIL—STD —883, Method 3015)
Latch-UpCurrent ........ooviiiriieiiannienns >200 mA
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CY7B92X HOTLink Transmitter
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Name

/O

Description

Dg—7

TTLIn

Parallel Data Input. Data is clocked into the Transmitter on the rising edge of CKW if ENA is LOW (or
on the next rising CKW with ENN LOW). If ENA and ENN are HIGH, a Null character (K28.5) is sent.

SC/D
(Dg)

TTL In

Special Character/Data Select. A HIGH on SC/D when CKW rises causes the transmitter to encode the
patternon Dg_7as acontrol code (Special Character), while a LOW causes the data tobe coded using the
8B/10B data alphabet. When MODE is HIGH, SC/D (Dg) acts as Dg input.

SVS
(Do)

TTLIn

Send Violation Symbol. If SVS is HIGH when CKW rises, a Violation symbol is encoded and sent while
the data on the parallel inputs is ignored. If SVS is LOW, the state of Dg_7and SC/D determines the code
sent. In BIST mode, SVS overrides the BIST generator and forces the transmission of a Violationcode.
‘When MODE is HIGH, SC/D (Do) acts as Dg input.

ENA

TTLIn

Enable Parallel Data. If ENA is LOW on the rising edge of CKW, the data is loaded, encoded, and sent.
IfENA is HIGH, the data inputs are ignored and the Transmitterwillinsert a Null character (K28.5) tofill
the space between user data. ENA may be held HIGH/LOW continuously or it may be pulsed with each
data byte to be sent. If ENA is being used for data control, ENN will normally be strapped HIGH, but can
be used for BIST function control.

ENN

TTLIn

Enable Next Parallel Data. If ENN is LOW, the data appearing on Dg_7 at the next rising edge of CKW
isloaded, encoded, and sent. IFENN is HIGH, the data appearing on Dy_7atthe nextrising edge of CKW
will be ignored and the Transmitter will insert a Null character to fill the space between user data. ENN
may be held HIGH/LOW continuously or it may be pulsed with each data byte sent. If ENN is being used
for data control, ENA will normally be strapped HIGH, but can be used for BIST function control.

CKW

TTLIn

Clock Write. CKW is both the clock frequency reference for the multiplying PLL that generates the high-
speed transmit clock, and the byte rate write signal that synchronizes the parallel data input. CKW must
be connected to a crystal controlled time base that runs within the specified frequency range of the Trans-
mitter and Receiver.

FOTO

TTLIn

Fiber Optic Transmitter Off. FOTO determines the function of two of the three ECL transmitter output
pairs. If FOTO is LOW, the data encoded by the Transmitter will appear at the outputs continuously. If
FOTO is HIGH, OUTA+ and OUTB+ are forced to their “logic zero” state (OUT+ = LOW and
OUT- = HIGH), causing a fiber optic transmit module to extinguish its light output. OUTC is unaf-
fected by the level on FOTO, and can be used as a loop-back signal source for board-level diagnostic test-
ing.

OUT A+
OUT B+
OUTC=

ECL Out

DifferentialSerial Data Outputs. These ECL 100K outputs (+ 5V referenced) are capable of driving ter-

minatedtransmission lines or commercial fiber optic transmitter modules. Unused pairs of outputscanbe

wired to V¢ to reduce power if the output is not required. OUTA* and OUTB= are controlled by the

level on FOTO, and will remain at their “logical zero” states when FOTO is asserted. OUTC= is unaf-

%gcted bg t})lc level on FOTO. (OUTA+ and OUTB+ are used as a differential test clock input while in
estmode.

MODE

3-Level
In

Encoder Mode Select. The level on MODE determines the encoding method to be used. When wired
LOW, MOBDE selects 8B/10B encoding. When wired HIGH, data inputs bypass the encoder and the bit
pattern on Dg_5, Dg, and Dg goes directly to the shifter. When left floating (internal resistors hold the
input at Vcc/2) the internal bit-clock generator is disabled and OUTA+/QUTB+ become the differen-
tial bit clock to be used for factory test. In typical applications MODE is tied HIGH or LOW.

BISTEN

TTLIn

Built-In Self-Test Enable. When BISTEN is LOW and ENA and ENN are HIGH, the transmitter sends
an alternating 1—-0 pattern (D10.2 or D21.5). When either ENA or ENN is set LOW the transmitter be-
gins a repeating test sequence that allows the Transmitter and Receiver to work together to test the func-
tion of the entire link. In normal use this input is held HIGH or wired to Vcc. The BIST generator is a
free-runningpattern generator that need not be initialized, but if required, the BIST sequence can be ini-
tialized by momentarily asserting SVS while BISTEN is LOW.

TTL Out

Read Pulse. RP is a 70% LOWduty-cycle byte-rate pulse train suitable for the read pulse in CY7C42X
FIFOs. The frequency on RP is the same as CKW when enabled by ENA, and duty cycle is independent
of the CKW duty cycle. Pulse widths are set by logic internal to the transmitter. In BIST mode, RP will
remain HIGH for all but the last byte of a test loop. RP will pulse LOW one byte time per BIST loop.

Veen

Power for output drivers.

Vcea

Power for internal circuitry.

GND

Ground.

COMM i
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CY7B93X HOTLink Receiver

Name

o

Description

Qqg-7

TTL Out

Qg—7 Parallel Data Output. Qp_7 contain the most recently received data. These outputs change synchro-
nously with CKR.

SC/D (Qg)

TTL Out

Special Character/Data Select. SC/D indicates the context of received data. HIGH indicates a Control
(Special Character) code, LOW indicates a Data character. When MODE is HIGH, SC/D acts as Qg
output.

RVS (Qo)

TTL Out

Received Violation Symbol. A HIGH on RVS indicates that a code rule violation has been detected in the
received data stream. A LOW shows that no error has been detected. In BIST mode, a LOW on RVS
indicatescorrect operation of the Transmitter, Receiver, and link on a byte-by-byte basis. When MODE
is HIGH, RVS acts as Qg output.

RDY

TTL Out

Data Output Ready. A LOW pulse on RDY indicates that new data has been received and is ready tobe
delivered. A missing pulse on RDY shows that the received data is the Null character (normally inserted
by the transmitter asa pad between data inputs). In BIST mode RDY will remain LOW for all but the last
byte of a test loop and will pulse HIGH one byte time per BIST loop.

CKR

TTL Out

Clock Read. This byte rate clock output is phase and frequency aligned to the incoming serial datastream.
RDY, Qp-7, SC/D (Qg), and RVS (Qy) all switch synchronously with the rising edge of this output.

INAx
INBx

DiffIn

Differential Serial Data Inputs. The differential signal at the receiver end of the communication link is
connectedto the differential pairs INA+ or INB=+. Either the INA pair or the INB pair can be used as the
main data input and the other can serve as a loop-back channel or as an alternative data input selected by
the state of A/B. INB is used as the test clock while in Test mode.

ECLin

Serial Data Input Select. This ECL 100K (+5V referenced) input selects INA or INB as the active data
input. If A/B is HIGH, INA is connected to the shifter and signals connected to INA will be decoded. If
A/Bis LOW INB is selected.

SI

ECLin

StatusIn. The ECL 100K (+5V referenced) signal appearing on Sl is translated to a TTL signal at SO.SI
is typically used to translate the Carrier Detect output from a fiber optic receiver.

SO

TTL Out

Status Out. SO is the TTL translated output of SI. It is typically used to translate the Carrier Detect out-
put from a fiber optic receiver.

RF

TTLIn

Reframe Enable. RF controls the Framer logic in the Receiver. When RF is held HIGH, each SYNC
(K28.5)symbol detected in the shifter will frame the data that follows. When RF is held LOW, therefram-
inglogic is disabled. The incoming data stream is then continuously de-serialized and decoded using byte
boundaries set by the internal byte counter. Bit errors in the data stream will not cause alias SYNC char-
acters to reframe the data erroneously.

REFCLK

TTLIn

Reference Clock. REFCLK is the clock frequency reference for the clock/data synchronizing PLL.
REFCLK sets the approximate center frequency for the internal PLL to track the incoming bit stream.
REFCLK must be connected to a crystal-controlled time base that runs within the frequency limits of the
Tx/Rxpair, and the frequency must be the same as the transmitter CKW frequency {(within CKW+0.1%).

MODE

TTL In

Decoder Mode Select. The level on the MODE pin determines the decoding method to be used. When
tied LOW, MODE selects 8B/10B decoding. When tied HIGH, registered shifter contents bypass the de-
coderand are sent to Qg—7, SC/D and RVS directly. When left floating (internal resistors hold the MODE
pin at V/2) the internal bit clock generator is disabled and INB+ becomes the bit rate test clock to be
used for factory test. In typical applications, MODE is tied HIGH or LOW.

BISTEN

TTLIn

Built-InSelf-Test Enable. When BISTEN is LOW the Receiver awaits a D0.0 (sent once per BIST loop)
characterand begins a continuous test sequence that tests the functionality of the Transmitter,the Receiv-
er, and the link connecting them. In BIST mode the status of the test can be monitored with RDY and
RVS outputs. In normal use BISTEN is held HIGH or wired to Voc.

Voen

Power for output drivers.

Vcco

Power for internal circuitry.

GND

Ground
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CY7B92X HOTLink Transmitter Block Diagram
Description

Input Register

The Input register holds the data to be processed by the HOTLink
transmitter and allows the input timing to be made consistent with
a standard FIFOs. The Input register is clocked by CKW and
loaded with information on the Dg_7, S SC/D (Dg), and SVS (Dg)
pins. Two enable inputs (ENA and ENN) allow the user to choose
when data is to be sent. Asserting ENA (Enable, LOW) causes the
inputs to be loaded on the rising edge of CKW. If ENN (Enable
Next, LOW) is asserted when CKW rises, the data present on the
inputswill be loaded into the input register on the next rising edge
of CKW. These two inputs allow proper timing and function for
compatibility with either asynchronous FIFOs or clocked FIFOs
without external logic, as shown in Figure 2.

In BIST mode, the Input register becomes the signature pattern
generatorby logically converting the parallel input register into a
Linear Feedback Shift Register(LFSR). Whenenabled, thisLFSR
will generate all possible input patterns in a predictable but pseu-
do-random sequence that can be matched to an identical LFSR in
the Recetver.

Encoder

The Encoder transforms the input data held by the Input register
intoa form more suitable fortransmission on aserialinterface link.
The code used is specified by ANSI X3T9.3 (Fibre Channel) and
the IBM ESCON channel (code tables are at the end of this data-
sheet). The eight Dy_7 data inputs are converted to either a DATA
symbol or a Special Character, depending upon the state of the
SC/Dinput. It SC/D is HIGH, the data inputs represent acontrol
code and is encoded using the Special Character code tables. If
SC/D is LOW, the data inputs are converted using the DATA code
table. If a byte time passes with the inputs disabled, the Encoder
will output a Special Character Comma K28.5 (or SYNC) that will
maintain link synchronization. Strings of SYNC will be decoded in
the Receiver as Nullcharacters, thus simplifying the system control
logic for FIFO interfaces. SVS input forces the transmission of a
specified Violation symbol to allow the user to check error han-
dling system logic in the controller.

The 8B/10B coding function of the Encoder can be bypassed for
systems that include an external coder or scrambler function as
part of the controller. This bypass is controlled by the MODE se-
lect pin. When in bypass mode, Dg_7, SC/D (Dg), and SVS (Do)
become the ten inputs to the Shifter.

Shifter
The Shifter accepts parallel data from the Encoder once each byte
time and shifts it to the serial interface output buffers using a PLL

multiplied bit clock that runs at ten (10) times the byte clock rate.
Timing for the parallel transfer is controlled by the counter in-

cludedin the Clock Generator and is not affected by signallevels or
timing at the input pins.

OutA, OutB, OutC

Theserial interface ECL output buffers (100K referenced to +5v)
are the drivers for the serial media. They are all connected to the
Shifter and contain the same serial data. Two of the output pairs
(OUTA* and OUTB=) are controllable by the FOTO input and
canbe disabled by the system controller to force a logical zero (i.e.,
“light off™) at the outputs. The third output pair (OUTC=) is not
affected by FOTO and will supply a continuous data stream suit-
able for loop-back testing of the subsystem.

OUTA + and OUTB = will respond to FOTO input changeswithin
afewbittimes. However, since FOTO is not synchronized with the
transmitter data stream, the outputs will be forced off or turned on
at arbitrary points in a transmitted byte. This function is intended
to augment an external laser safety controller and as an aid for Re-
ceiver PLL testing, and thus need not be synchronized.

Inwire-based systems, control of the outputs may not be required,
and FOTO can be strapped LOW. The three outputs are intended
toaddsystem and architectural flexibility by offering identical seri-
al bit streams with separate interfaces for redundant connections
or for multiple destinations. Unneeded outputs can be wired to
Ve to disable and power down the unused output circuitry.

Clock Generator

Theclock generator is an embedded phase-locked loop (PLL) that
takesabyte-rate reference clock (CKW) and multiplies by ten (10)
to create a bit rate clock for driving the serial shifter. The byte rate

reference comes from CKW, the rising edge of which clocks data
into the Input register. This clock must be a crystal referenced
pulsestream that has a frequency between the minimum and maxi-
mumspecified for the HOTLink Transmitter/Receiver pair. (Each
Transmit/Receive pair; 7B921/931, 7B922/932, 7B923/933 have a
specified range of operating frequencies.) Signals controlled by
this block form the bit clock and the timing signals that control in-
ternal data transfers between the Input register and the Shifter.

The read pulse (RP) is derived from the feedback counter used in
the PLL multiplier. It is a byte-rate pulse stream with the proper
phase and pulse widths to allow transfer of data from an asynchro-
nous FIFO. Pulse width is mdependent of CKW duty cycle, since
proper phase and duty cycle is maintained by the PLL. The RP
pulse stream will insure correct data transfers between asynchro-
nous FIFOs and the transmitter input latch with no external logic.
Test Logic

Test logic includes the initialization and control for the Built-In
Self-Test (BIST) generator, the multiplexer for Test mode clock
distribution,and controllogic to properly select the data encoding,.
Test logic is discussed in more detail in the CY7B92X HOTLink
TransmitterOperating Mode Description.

COMM i
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CY7B93X HOTLink Receiver Block Diagram
Description

Differential Inputs

This pair of differential line receivers are the inputs for the serial
data stream. INA * or INB= can be sclected with the A/B input.
INA+ is selected with A/B HIGH and INB* is selected with A/B
LOW. The threshold of A/B is compatible with the ECL 100K sig-
nals from ECL fiber optic interface modules. The differential
threshold of INA+ and INB will accommodate wire intercon-
nect with filtering losses or transmission line attenuation greater
than 20 db (Vpyr > 50mv) or can be directly connectedto fiber op-
tic interface modules (any ECL logic family, not limited to ECL
100K) with up to 1.2 volts of differential signal. The commonmode
tolerance will accommodate a wide range of signal termination
voltages. The highest HIGH input that can be tolerated is ViN =
Vo and the lowest LOW input-that can be interpreted correctly
is Vin = GND+2.5V.

ECL-TTL Translator

This positive-referenced ECL-to-TTL translator is provided to
eliminate external logic between an ECL fiber-optic interface
module “carrier detect” output and the TTL input in the control
logic. The input threshold is compatible with ECL 100K levels
(+5V referenced). It can also be used as part of the link status in-
dication logic for wire connected systems.

Clock Sync

The Clock Synchronizer function is performed by an embedded
phase-lockedloop (PLL) that tracks the frequency of the incoming
bit stream and aligns the phase of its internal bit rate clock to the
serialdata transitions. This block contains the logic to transfer the
data from the Shifter to the Decode register once every byte. The
counterthat controls this transfer is initialized by the Framerlogic.
CKR is a buffered output derived from the bit counter used to con-
trol Decode register and OQutput register transfers.

Clock output logic is designed so that when reframing causes the
countersequence to be interrupted, the period and pulse width of
CKR will never be less than expected. Reframing may stretch the
period of CKR by up to 90%, and either CKR Pulse Width HIGH
or Pulse Width LOW may be stretched, depending on when re-
frameoccurs.

The REFCLK input provides a byte-rate reference frequency to
improve PLL acquisition time and limit unlocked frequency excur-
sions of the CKR when no data is present at the serial inputs. The
frequency of REFCLK is required to be within +0.1% of the fre-
quency of the clock that drives the transmitter CKW pin.

Framer

Framer logic checks the incoming bit stream for the pattern that
defines the byte boundaries. This combinatorial logic filter looks
for the X3T9.3 symbol defined as a Special Character Comma
(K28.5). When it is found, the free-running bit counter in the Clock
Sync block is synchronously reset to its initial state, thus framing
the data correctly on the correct byte boundaries. The Fibre Chan-
nel specification optionally allows this 10-bit pattern (001111 1000
or 110000 0111) to be detected using only a 7-bit detector (but re-
stricts usage of other Data and Special Character codes). Framer
logic in the Receiver will completely decode all ten (10} bits of
K28.5 to reframe, and thus remove the limitations on code se-
quences.

The Framer can be inhibited by holding the RF input LOW. When
RF rises, RDY will be inhibited until a K28.5 has been detected,
afterwhich RDY will resume its normal function.

Shifter

The Shifter accepts serial inputs from the Differential inputs one
bit at a time, as clocked by the Clock Synclogic. Data is transferred
to the Framer on each bit, and to the Decode register once per
byte.

Decode Register

The Decode register accepts data from the Shifter once per byte as
determinedby the logic in the Clock Sync block. It is presented to
the Decoder and held until it is transferred to the output latch.

Decoder

Paralleldatais transformed from ANSIX3T9.38B/10Bcodesback
to “raw data” in the Decoder. Thisblock uses the standard decoder
patterns shown in the Valid Data Characters and Valid Special
Character Codes and Sequences sections of this datasheet. Data
patterns are signaled by a LOW on the SC/D output and Special
Character patterns are signaled by a HIGH on the SC/D output.
Unused patterns or disparity errors are signaled as errors by a
HIGH on the RVS output and by specific Special Character codes.

Output Register

The Output register holds the recovered data (Qp-7, SC/D, and
RVS) and aligns it with the recovered byte clock (CKR). This syn-
chronization insures proper timing to match a FIFQO interface or
otherlogic that requires glitch free and specified output behavior.
Outputs are changed synchronously with the rising edge of CKR.

InBIST mode, this register becomes the signature pattern genera-
tor and checker by logically converting the parallel output register
into a Linear Feedback Shift Register (LFSR) pattern generator.
‘When enabled, this LFSR will generate all possible code patterns
inapredictable but pseudo-randomsequence that can be matched
to an identical LFSR in the Transmitter. When synchronized, it
checks each byte in the Decoder with each byte generated by the
LFSR and shows errors at RVS. Patterns generated by the LFSR
are compared after being buffered to the output pins and then fed
back to the comparators, allowing test of the entire receive func-
tion.

InBIST mode, the LFSR isinitialized by the first occurrence of the
transmitter BIST loop start code D0.0 (D0.0 is sent only once per
BIST loop). Once the BIST loop has been started, RVS will be
HIGH for pattern mismatches between the received sequence and
theinternally generated sequence. Coderule violations or running
disparityerrors thatoccur as partof the BIST loopwillnot cause an
error indication. RDY will pulse HIGH once per BIST loop and
canbe used to check test pattern progress. If it is suspected that the
receiverpattern generator has lost sync with the transmitter BIST
pattern,the receiver BIST generator can be reinitialized by leaving
andre-entering BIST mode.

Test Logic

Test logic includes the initialization and control for the Built-In
Self-Test (BIST) generator, the multiplexer for Test mode clock
distribution, and control logic for the decoder. Test logic is dis-
cussedin more detail in the CY7B93X HOTLink ReceiverOperat-
ing Mode Description.
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CY7B92X/CY7B93X Electrical Characteristics Over the Operating Rangel!l
Parameter | Description I Test Conditions l Min. I Max. I Units
Transmitter TTL-Compatible Pins: Dy_7, SC/D, SVS, ENA, ENN, CKW, FOTO, BISTEN, RP
Receiver TTL- Compatible Pins: Qp—7, SC/D, RVS, RDY, CKR, REFCLK, RF, BISTEN, SO
Vour Output HIGH Voltage Iop=—2mA 2.4 v
Vorr Output LOW Voltage Iop =4mA 0.45 v
IosT Output Short Circuit Current Vourt =0VI2l -15 -90 mA
VT Input HIGH Voltage 2.0 Vce A\
Vier Input LOW Voltage - 05 0.8 v
It Input HIGH Current VIN = Ve -10 +10 pA
Iier Input LOW Current Vin = 0.0V - 500 A
Transmitter ECL-Compatible Output Pins: OUTA+, OUTA—, OUTB+, OUTB—, OUTC+, OUTC-
VoHE Output HIGH Voltage (Vccreferenced) | Load = 50 ohms to Ve — 2V Vee—1.03 Vee—0.88 v
VoLE Output LOW Voltage (Vccreferenced) Load = 50 ohms to V¢ — 2V Vee—1.81 Vcee— 1.63 v
Receiver ECL-Compatible Input Pins: A/B, SI
VIHE Input HIGH Voltage Vece—1.17 Vee—-0.88
VILE Input LOW Voltage Vee—1.81 Vee—1.48 \'%
IIne Input HIGH Current VIN = Viag Max. +500 nA
Ik Input LOW Current VN = VL Min. +0.5 nA
Differential Line Receiver Input Pins: INA+, INA—, INB+, INB—
VDIFF Input Differential Voltage 50 1200 mV
[(IN+) — (IN-)|
VIHH Highest Input HIGH Voltage Vce \Y%
VuL Lowest Input LOW Voltage 25 \%
Miscellaneous
Iccr Transmitter Power Supply Current Veoc = Max,, Ty = Max, TBD mA
Freq. = Max. (One ECL output pair
loaded with 50 ohms to
Vee — 2.0V, others tied to Vec)
Iccr Receiver Power Supply Current Ve = Max,, Ta = Max,, TBD mA
Freq. = Max.
Capacitancel3)
Parameters Description Test Conditions Max. Units
Cin InputCapacitance Ta = 25°C, fo = 1 MHz, V¢ = 5.0V 10 pF

Notes:

1. See the last page of this specification for Group A subgroup testing 3.

information.
2. Tested on one output at a time, output shorted for less than one se-
cond, less than 10% duty cycle.

these parameters.

Tested initially and after any design or process changes that may affect
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AC Test Loads and Waveforms
5V
OUTPUT A1 Vec — 2
R1 = 962Q c - W—o R = 50Q
R2 = 510Q CL L R CL<5pF
CL<30pF R2 (Includes fixture and
(Includes fixture and == probe capacitance)
probe capacitance) = - =
(a) TTL AC Test Load!*] (b) ECL AC Test Loadl*] B921-5
3.0v Ving
3.0v ViHE
2.0V 2.0v 80% 80%
1.0V 1.0V 20% 20%
GND ViLe
I-_ L Vie
<2ns <2ns <1ns <1ns
B921-7
(¢) TTL Input Test Waveform Be21-6 (d) ECL Input Test Waveform
7B921/2/3 Transmitter Switching Characteristics Over the Operating Rangelll
7B921 78922 ‘7TB923
Parameters Description Min. Max. Min. Max. Min. Max. Units
tekw Write Clock Cycle 56 76 42 57 32 43 ns
tg Bit Timel] 5.6 7.6 42 5.7 32 43 ns
tcPwH CKW Pulse Width HIGH 9 9 9 ns
tCPWL CKW Pulse Width LOW 9 9 9 ns
tsp Data Set-Up Timel! 5 5 5 ns
tHD Data Hold Timel6] 0 0 0 ns
tSEND Enable Set-Uﬁ Time (to 5 5 5 ns
capture data)l
tSENP Enable Set-Up Time (to | 7vitp+4 Tiistg+4 T/itp+4 ns
assure correct RP)[8]
tHEN Enable Hold Time 0 0 0 ns
tPDR Read Pulse Alignmentl®] | (=Vtp —3) | (+Vtg +3) [ (—¥tp —3) | (+¥up +3) [ (—Ytg —3) | (+%tg +3) | ns
tPPWH Read Pulse HIGHI 3tg—3 3tg—3 3tg—3 ns
tPPWL Read Pulse LOWIY! 7t5—3 7tg—3 7tg—3 ns
Notes: .
4. Cypress uses constant current (ATE) load configurations andforcing 7. tsgnp minimum timing assures correct Data load on rising edge of

functions. This figure is for reference only.

5. ‘Transmitter tgis calculated as tcgw/10. The byte rate is one tenthof 8.

the bit rate.

6. Dataincludes Dy—7, SC/D (Dg), and SVS (Dy). 9.

CKW, but not proper RP function or timing.

tsENP minimum timing insures correct RP pulse width and correct
Data load on rising edge of CKW.

Loading on RP pin is <2 mA and <15 pF.
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7B931/2/3 Receiver Switching Characteristics Over the Operating Rangel']
7B931 7B932 7B933
Parameters Description Min. Max. Min. Max. Min. Max. Units
tCKR Read Clock Period (No Serial Data In- -1 +1 -1 +1 -1 +1 %
put), REFCLK as Referencel10
g1 Bit Time 5.6 7.6 42 5.7 32 43 ns
tCPRH Read Clock Pulse HIGH 5tg—3 5tg—3 Stg—3 ns
tcPRL Read Clock Pulse LOW 5tg—3 Stg—3 S5tg—3 ns
tRH RDY Hold Time tg—3 tg—3 tg—3 ns
tpRL RDY Pulse Width LOW 6tg—3 6tg—3 6tg—3 ns
tpRHU RDY Pulse Width HIGH atg—3 4tg—3 4tg—3 ns
ta Data Access Timel12: 13] 2tg—3 | 2tg+3 | 2tg—3 | 2tg+3 | 2tg—3 | 2tp+3 ns
tROH Data Hold Timel!2 13] tg—3 tg—3 tg—3 ns
tekx REFCLK Clock Period Referenced to | —0.1 +0.1 -0.1 +0.1 -0.1 +0.1 %
CKW of Transmitter14]
tepxH REFCLK Clock Pulse HIGH 9 9 ns
tepxL REFCLK Clock Pulse LOW 9 9 ns
tDs Propagation Delay SI to SO (note ECL 15 15 15 ns
and TTL thresholds)[15]

Notes:

10. The period of tcgr will match the period of the transmitter CKW 14
when the receiver is receiving serial data. When data is interrupted,
CKR may drift to one of the range limits above.

11. Receiver tg is calculated as tcgr/10 if no data is being received, or

tckw/10 if data is being received. See note 5. 15.

12. Data includes Qp—7, SC/D (Qg), and RVS (Qo).
13. ta and trgy specifications are only valid if all outputs (CKR, RDY,
Qo-7, SC/D, and RVS) are loaded with the same DC and AC load.

. REFCLK has no phase or frequency relationship with CKR and only

acts as a centering reference to reduce clock synchronization time.
REFCLK must be within 0.1% of the transmitter CKW frequency, ne-
cessitating a =500-PPM crystal.

The ECL switching threshold is the midpoint between the ECL—
Vou, and Vg specification {(approximately Vcc — 1.35V). The TTL
switching threshold is 1.5V.

COMM i
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Switching Waveforms for the CY7B92X HOTlink Transmitter

| tcPwH |

o/ N ¢

tsenp

- tgEND

m|
>

ENA NOTES 6, 7
\

Do — D7,
Sc/b ©Og), VALID DATA
SVS (Do)

tsp = typ =

DISABLED
RP N ENABLED /
trpR -
B921-8
trpwL | topwH
toxw
| < lcPWH
tecpwi /._..
CKW L /
fsEnD ™
< tHEN
ENN
Do — Dy,
sc,'I::S (Dg), VALID DATA
SVS (Dg)
tsp -1 tp
B921-9
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Switching Waveforms for the CY7B93X HOTlink Receiver

tcPRH
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|/ tPRL
RDY b //
fe ta - tROH
Qo - Q7
SC/D (Qg).
RVS (Qg)
B921-10
=
| =
torx 8
1
fepxu tepxn -l
REFCLKI'4]
B921-11
S Voo
l—— tpg
SO NOTE 15 1.5V
B921-12
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CY7B92X HOTlink Transmitter Operating Mode
Description

The CY7B92X Transmitteroperatingwith the CY7B93X Receiver
forms a general-purpose data communication subsystem capable
of transporting user data at up to 30 Mbytes per second over sever-
al types of serial interface media. In normal operation, the Trans-
mittercan operate in either of two modes. The Encoded mode al-
lows a user to send and receive eight (8) bit data and control
informationwithout first converting it to transmission characters.
The Bypass mode is used for systems in which the encoding and de-
codingis performed on an external protocol controller.

In either mode, data is loaded into the input register of the Trans-
mitter on the rising edge of CKW. The input timing and functional
responseof the Transmitter input can be made tomatch timing and
functionof either an asynchronous FIFO or a clocked FIFO by an
appropriate connection of input signals (See Figure 2).

Encoded Mode Operation

In Encoded mode the input data is interpreted as eight bits of data
(Dgy — D9), a context control bit (SC/D), and a system diagnostic
inputbit (SVS). If the context of the data is to be normal message

data, the SC/D input will be LOW, and the data will be encoded us-
ing the valid data character set described in the Valid Data Charac-
ters section of this datasheet. If the context of the data is to be con-
trol or protocol information, the SC/D input willbe HIGH, and the
data will be encoded using the valid special characterset described
in the Valid Special Character Codes and Sequences section. Spe-
cial characters include all protocol characters necessary to encode
packets for Fibre Channel, ESCON, proprietary systems, and for
diagnosticpurposes.

Thediagnosticcharactersandsequencesavailable asSpecial Char-
actersinclude those for Fibre Channellink testing, as well as codes
to be used for testing system response to link errors and timing.
The Violation symbol can be explicitly sent as part of a user data
packet (i.e., send CED; D7_g = 1110 0000 and SC/D = 1), or can
be sent in response to an external system using the SVS input. This
will allowsystem diagnosticlogicto evaluate the errorsin an unam-
biguousmanner, and willnotrequire any modification tothe trans-
missioninterface to force transmission errors for testing purposes.

Bypass Mode Operation

InBypass mode the input datais interpreted as ten (10) bits (Dg-7,
SC/D (Dg), and SVS (Dy)) of pre-encoded transmission data to be

ASYNCHRONOUS FIFO CLOCKED FIFO
7CA2X/3X/BX/TX 7C44X/5X
ﬁ R Q-8 ENR  CKW Qo-s
/
g b\ [}
§ | | ‘ 9
z ' ! !
& ENA CKW Ry Dg_7.SCD ENA  CKW Dy - 7, SC/D
7B92X 7B92X
HOTLINK TRANSMITTER HOTLINK TRANSMITTER
HOTLINK
HOTLINK RECEIVER HOTLINK RECEIVER
7B93X 7B93X
CKR RDY Qg -7, SC/D CKR RD Qg -7, SC/D
——
) | l |
W Do—_s CKW ENW Do-s
7CA2X/3X/6X/TX 7CAa4X/5X
ASYNCHRONOUS FIFO CLOCKED FIFO 8921-13

Figure 2. Seamless FIFO Interface
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serialized and sent over the link. This data can use any encoding
method suitable to the designer. The only restrictions upon the
dataencoding method is that it contain suitable transition density
for the Receiver PLL data synchronizer, and that it be compatible
with the transmission media.

Data loaded into the Input register on the rising edge of CKW will
be loaded into the Shifter on the following rising edge of CKW. It
will then be shifted to the outputs one bit at a time using the inter-
nal clock generated by the clock generator. The first bit of the
transmission character will appear at the output (OUTA=%,
OUTB=,and OUTC= ) immediately upon loading the Shifter.

While in either the Encoded made or Bypass mode, ifa CKW edge
arrives when the inputs are not enabled (ENA and ENN both
HIGH), the Encoder will insert a pad character K28.5 (e.g., C05)
tomaintain proper link synchronization (in Bypassmode the prop-
ersense of running disparity cannot be guaranteed for the first pad
character, butis correct for all pad characters that follow). This au-
tomatic insertion of pad characters can be inhibited by insuring
that the Transmitter is always enabled (i.e., ENA is hard-wired
LOW).

ECL Output Functional and Connection Options

The three pairs of ECL outputs all contain the same information
and are intended for use in systems with multiple connections.
Each output pair may be connected to a different serial media and
may be a different length, link type, or interface technology. For
systems that do not require all three output pairs, the unused pairs
should be wired to Ve to minimize the power dissipated by the
output circuit, and to minimize unwanted noise generation.

Insystems that require the outputs to be shut off during some peri-
odswhen link transmission s prohibited (e.g., forlaser safety func-
tions), the FOTO input can be asserted. While it is possible to in-
sure that the output state of the ECL drivers is LOW (i.e., light is
off) by sending all 0’s in Bypass mode, it is often inconvenient to
insert this level of control into the data transmission channel, and
it is impossible in Encoded mode. FOTO is provided to simplify
and augment this control function (typically found in laser-based
transmissionsystems). FOTO will force OUTA+ and OUTB= to
g0 LOW, while allowing OUTC= tocontinue to function normally
(OUTC is typically used as a diagnostic feedback and cannot be
disabled). This separation of function allowsvarioussystem config-
urationswithout undue load on the control function or data chan-
nellogic.

Transmitter Test Mode Description

The CY7B92X Transmitter offers two types of test mode opera-
tion, BIST mode and Test mode. In a normal system application,
the Built-In Self-Test (BIST) mode can be used to check the func-
tionality of the Transmitter, the Receiver, and the link connecting
them. This mode is available with minimal impact on user system
logic, and can be used as part of the normal system diagnostics.
Typical connections and timing are shown in Figure 3.

BIST Mode

BIST mode functions as follows:

1. SetBISTENLOWto bégin test pattern generation. Transmitter
beginssending bit rate ...1010...

2. Seteither ENA or ENN LOW to begin pattern sequence gen-
eration (use of Enable pin not being used for normal FIFO in-
terface can minimize logic delays between the FIFO and trans-
mitter).

3. Allow the Transmitter to run through several BIST loops or un-
til the Receiver test is complete. RP will pulse HIGH once per

BISTloop, and can be used to count the number of test pattern
loops.
4. When testing is completed, set BISTEN HIGH and ENA and
ENN HIGH and resume normal function.
Note: It may be advisable to send violation characters to test the
RVS output in the Receiver. This can be done by explicitly sending
a violation with the SVS input, or allowing the transmitter BIST
loop to run while the Receiver runs in normal mode. The BIST
loop includes deliberate violation symbols and will test the RVS
functionadequately.

BIST mode is intended to check the entire function of the Trans-
mitter(except the Transmitterinput pins and the bypassfunctionin
the Encoder), the serial link, and the Receiver. Itaugments normal
factory ATE testing and provides the designer with a rigorous test
mechanismto check thelink transmissionsystemwithoutrequiring
any significantsystem overhead.

When in Bypass mode, the BIST logic will function in the same way
asin the Encoded mode. MODE = HIGH and BISTEN = LOW
causes the Transmitter to switch to Encoded mode and begin send-
ing the BIST pattern, as if MODE = LOW. When BISTENreturns
to HIGH, the Transmitter resumes normal BY PASS operation. In
Test mode the BIST function works as in the Normal mode.

Test Mode

The MODE input pin selectsbetween three transmitter functional
modes. When wired to HIGH, the D7, SVS, and SC/D inputs by-
passthe Encoder and load directly from the Input register into the
Shifter. When wired to LOW, the inputs are encoded using the
8B/10B codes and sequences shown at the end of this datasheet.
Since the Transmitter is usually hard wired to Encoded or Bypass
mode, a third function is provided for the MODE pin. Test mode is
used for factory or incoming device test. Test mode is selected by
floating the MODE pin (internal resistors hold the MODE pin at
Ved/2)

Test mode causes the Transmitter to function inits Encoded mode,
but with OutA +/OutB+ (used as adifferential test clock input) as
the bit rate clock input instead of the internal PLL-generated bit
clock. In this mode, inputs are clocked by CKW and transfers be-
tween the Input register and Shifter are timed by the internal
counters. The phase and pulse width of RP are controlled by
phases of the bit counter (PLL feedback counter) as in Normal
mode. Input and output patterns can be synchronized with internal
logic by observing the state of RP or the device can be initialized to
match an ATE test pattern using the following technique:

1. AssertTestmode forseveral testclock cyclestoestablishnormal
countersequence.

2. Assert BISTEN for one or more test clock cycles.

3. Deassert BISTEN and the next test clock cycle will reset the
counter.

4. Proceedwith pattern, voltage, and timing tests.

Test mode is intended to allow logical, DC, and AC testing of the
Transmitter without requiring that the tester check output data
patterns at the 300-MHz bit rate, or accommodate the PLL lock,
tracking, and frequency range characteristics that are required
when the HOTLink part operates in its normal mode. To use
OutA+/OutB+ as the test clock input, the FOTO input is held
HIGH while in Test mode. This forces the two outputs to go to an
“ECL LOW,” which can be ignored while the test system creates a
differential input signal at some higher voltage.

COMM i
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Figure 3. Built-In Self-Test Illustration
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CY7B93X HOTIlink Receiver Operating Mode
Description

The CY7B93X Receiveroperatingwith the CY7B92X Transmitter
forms a general-purpose data communication subsystem capable
oftransporting user data at up to 30 Mbytes per second over sever-
altypes of serial interface media. In normal user operation, the Re-
ceivercan operate in either of two modes. The Encoded mode al-
lows a user system to send and receive 8-bit data and control
informationwithout first converting it to transmission characters.
The Bypass mode is used for systems inwhich the encoding and de-
codingis performed by an external protocol controller.

Ineither mode, serial data is received at one of the differential line
receiver inputs and routed to the Shifter and the Clock Synchroniz-
er. The PLL in the Clock Sync aligns the internally generated bit
rate clock with the incoming data stream and clocks the data into
the shifter. At the end of a byte time (ten bit times), the data accu-
mulated in the shifter is transferred to the Decode register.

To properly align the incoming bit stream to the intended byte
boundaries, the bit counter in Clock Sync must be initialized.
Framer logic block checks the incoming bit stream for the unique
pattern that defines the byte boundaries. This combinatorial logic
filter looks for the X3T9.3 symbol defined as “Special Character
Comma”(K28.5). Once K28.5 is found, the free running bit count-
er in the Clock Sync block issynchronously reset to its initial state,
thus “framing” the data to the correct byte boundaries.

Since noise-induced errors can cause the incoming data to be cor-
rupted, and since many combinations of error and legal data can
create an alias K28.5, an option is included to disable resynchro-
nizationof the bit counter. The Framer will be inhibited when the
RF input is held LOW. When RF rises, RDY will be inhibited until
a K28.5 has been detected, and RDY will resume its normal func-
tion. Data will continue to flow through the Receiver while RDY is
inhibited.

Encoded Mode Operation

In Encoded mode the serial input data is decoded into eight bits of
data (Qg — Q7), a context control bit (SC/D), and a system diag-
nostic output bit (RVS). If the pattern in the Decode register is
foundin the Valid Data Characters table, the context of the datais
decoded as normal message data and the SC/D output will be
LOW. If the incoming bit pattern is found in the Valid Special
CharacterCodes and Sequences table, itis interpreted as “control”
or “protocol information,” and the SC/D output will be HIGH.
Specialcharactersincludeall protocol characters defined for use in
packets for Fibre Channel, ESCON, and other proprietary and
diagnosticpurposes.

The Violation symbol that can be explicitly sent as part of a user
data packet (i.e., Transmitter sending CEO; D7 o = 11100000 and
SC/D = 1;0r SVS = 1) will be decoded and indicated in exactly the
same way as a noise-induced error in the transmission link. This
function will allow system diagnostics to evaluate the error in an
unambiguousmanner, and will not require any modification to the
receiverdata interface for error-testing purposes.

Bypass Mode Operation

In Bypass mode the serial input data is not decoded, and is trans-
ferred directly to the Output register’s 10 bits (Qp-7, Qs, and Q).
Itis assumed that the data has been pre-encoded prior to transmis-
sion,and willbe decoded insubsequent logicexternal to HOTLink.
This data can use any encoding method suitable to the designer.
The only restrictions upon the data encoding method is that it con-
tain suitable transition density for the Receiver PLL data synchro-
nizer, and that it be compatible with the transmission media.

The framer function in Bypass mode is identical to Encoded mode,
soa K28.5 pattern canstill beused tore-frame theserial bit stream.

Parallel Output Function
The 10 outputs (Qg—7, SC/D, and RVS) all transition simulta-
neously, and are aligned with RDY and CKR with timing allow-

ances to interface directly with either an asynchronous FIFO or a
clocked FIFO. Typical FIFO connections are shown in Figure 2.

Data outputs can be clocked into the system using either the rising
or falling edge of CKR, or the rising or falling edge of RDY. If
CKRisused, RDY can be used as an enable for the receiving logic.
ALOW pulse on RDY shows that new data has been received and

is ready to be delivered. The signal on RDY is a 60%—LOW duty
cycle byte-rate pulse train suitable for the write pulse in asynchro-

nous FIFOs such as the CY7C42X, or the enable write input on
Clocked FIFOs such as the CY7C44X. HIGH on RDY shows that
the received data is the null character (normally inserted by the
transmitteras a pad between data inputs) and should be ignored.

When the Transmitter is disabled it will continuously send pad
characters (K28.5). To assure that the receive FIFO will not be
overfilledwith these dummy bytes, the RDY pulse output is inhib-
ited during fill strings. Data at the Qqg_7outputs will reflect the cor-
rect received data, but will not appear to change, since a string of
K28.5s all are decoded as Q7—_g =0000 0101 and SC/D = 1 (C05).
When new data appears (not K28.5), the RDY output will resume
normalfunction.

Fillcharactersare defined as any K28.5 followed by another K28.5.
Allfillcharacterswillnot cause RDY to pulse. Any K28.5 followed
by any other character (including violation or illegal characters)
will be interpreted as usable data and will cause RDY to pulse.

As noted above, RDY can also be used as an indication of correct
framingof received data. While the Receiver isawaiting receipt of
a K28.5 with RF HIGH, the RDY outputs will be inhibited. When
RDY resumes, the received data will be properly framed and will
be decoded correctly.

Code rule violations and reception errors will be indicated as fol-
lows: —
RVS SC/D Qouts

1. Good Data code received with

good RD 0 0 00-FF
2. Good Special Charactercode

received with good RD 0 1 00-0B
3. Unassignedcodereceived 1 1 EO0
4. —K28.5+ received when RD was + 1 1 E1l
5. +K28.5— received when RD was — 1 1 E2
6. Good code received with wrong RD 1 i E4

Receiver Test Mode Description

The CY7B93x Receiver offers two types of test mode operation,
BIST mode and Test mode. In a normal system application, the
Built-InSelf-Test (BIST) mode can be used to check the function-
ality of the Transmitter, the Receiver and the link connecting them.
This mode is available with minimal impact on user system logic,
and can be used as part of the normal system diagnostics. Typical
connectionsand timing are shown in Figure 3.

BIST Mode
BIST Mode function is as follows:

1. Set BISTEN LOW to enable self-test generation and await
RDY LOW indicating that the initialization code has been re-
ceived.
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2. Monitor RVS and check for an]%:#e time with the pin HIGH
to detect pattern mismatches. will pulse HIGH once per
BIST loop, and can be used to check test pattern progress.
Qg-7 and SC/D will show the expected pattern and may be
useful for debug purposes.

3. When testing is completed, set BISTEN HIGH and resume
normal function.

Note: A specific test of the RVS output may be required to assure
an adequate test. To perform this test, it is only necessary to have
the Transmitter send violation (SVS = HIGH) for a few bytes be-
fore beginning the BIST test sequence. Alternatively, the Receiv-
er could enter BIST mode after the Transmitter has begun send-
ing BIST loop data, or be removed before the Transmitter
finishes sending BIST loops, each of which contain several delib-
erate violations and should cause RVS to pulse HIGH.

BIST mode is intended to check the entire function of the Trans-
mitter, serial link, and Receiver. It augments normal factory ATE
testing and provides the user system with a rigorous test mecha-
nism to check the link transmission system, without requiring any
significant system overhead.

When in Bypass mode, the BIST logic will function in the same
way as in the Encoded mode. MODE = HIGH and BISTEN =
LOW causes the Receiver ta switch to Encoded mode and begin
checking the decoded received data of the BIST pattern, as if
MODE = LOW. When BISTEN returns to HIGH, the Receiver
resumes normal Bypass operation. In Test mode the BIST func-
tion works as in the normal mode.

Test Mode

The MODE input pin selects between three receiver functional
modes. When wired HIGH, the Shifter contents bypass the De-
coder and go directly from the Decoder latch to the Qg—7, RVS,
and SC/D inputs of the Qutput latch. When wired LOW, the out-
puts are decoded using the 8B/10B codes shown at the end of this
datasheet. The third function is Test mode, used for factory or in-
coming device test. This mode can be selected by leaving the
MODE pin open (internal circuitry forces an open pin to Voc/2).
Test mode causes the Receiver to function in its Encoded mode,
but with INB* as the bit rate Test clock instead of the PLL VCO.
In this mode, transfers between the Shifter, Decoder register and
Output register are controlled by their normal logic, but with an
external bit rate clock instead of the PLL (the recovered bit
clock). Internal logic and test pattern inputs can be synchronized
by sending a SYNC pattern and allowing the Framer to align the
logic to the bit stream. The flow is as follows:
1. Assert Test mode for several test clock cycles to establish nor-
mal counter sequence.
2. Assert RF to enable reframing.
3. Input a repeating sequence of bits representing K28.5 (Sync).
4. RDY falling shows the byte boundary established by the K28.5
input pattern.
5. Proceed with pattern, voltage and timing tests as is convenient
for the test program and tester to be used.
Internal PLL dividers can be checked in Test mode by asserting
RF = HIGH. In this mode, the outputs on Qyp, Qq, and Q, will
reflect the state of the internal counters. These counters cannot
be initialized, but their output duty cycle is defined (Qg = 1024:1,
Qq = 102:1, Q; = 103:1 as set by the PLL divider constants) and
easily tested.
Test mode is intended to allow logical, DC, and AC testing of the
Receiver without requiring that the tester generate input data at
the 300-MHz bit rate or accommodate the PLL lock, tracking

and frequency range characteristics that are required when the
part operates in its normal mode.

X3T9.3 Codes and Notation Conventions

Information to be transmitted over a serial link is encoded eight
bits at a time into a 10-bit Transmission Character and then sent
serially, bit by bit. Information received over a serial link is col-
lected ten bits at a time, and those Transmission Characters that
are used for data (Data Characters) are decoded into the correct
eight-bit codes. The 10-bit Transmission Code supports all 256 8-
bit combinations. Some of the remaining Transmission Charac-
ters (Special Characters) are used for functiens other than data
transmission.

‘The primary rationale for use of a Transmission Code is to im-
prove the transmission characteristics of a serial link. The encod-
ing defined by the Transmission Code ensures that sufficient tran-
sitions are present in the serial bit stream to make clock recovery
possible at the Receiver. Such encoding also greatly increases the
likelihood of detecting any single or multiple bit errors that may
occur during transmission and reception of information. In addi-
tion, some Special Characters of the Transmission Code selected
by Fibre Channel Standard consist of a distinct and easily recog-
nizable bit pattern (the Special Character Comma) that assists a
Receiver in achieving word alignment on the incoming bit stream.

Notation Conventions

The documentation for the 8B/10B Transmission Code uses letter
notation for the bits in an 8-bit byte. Fibre Channel Standard
notation uses a bit notation of A, B, C, D, E, E, G, H for the 8-bit
byte for the raw 8-bit data, and the letters a, b, c, d, e, i, f, g, h, j
for encoded 10-bit data. There is a correspondence between bit A
and bita, Bandb, Candc,Dand d, Eande, Fandf, G and g,
and H and h. Bits i and j are derived, respectively, from
(A,B,C,D,E) and (EG,H).

The bit labeled A in the description of the 8B/10B Transmission
Code corresponds to bit 0 in the numbering scheme of the FC-2
specification, B corresponds to bit 1, as shown below.

FC-2 bit designation— 76 5 43 210
HOTLink D/Q designation—7 6 5 4 3 2 1 0
8B/10B bit designation— HGF EDCBA
To clarify this correspondence, the following example shows the
conversion from an FC-2 Valid Data Byte to a Transmission
Character (using 8B/10B Transmission Code notation)
FC-2 45
Bits: 7654 3210
0100 0101
Converted to 8B/10B notation (note carefully that the order of
bits is reversed):
D5.2
Bits: ABCDE FGH
10100 O10
Translated to a transmission Character in the 8B/10B Transmis-
sion Code:

Data Byte Name

Bits: abcdei £ghj

101001 0101
Each valid Transmission Character of the 8B/10B Transmission
Code hasbeen given a name using the following convention: cxx.y,
where c is used to show whether the Transmission Character is a
Data Character (c s set to D, and the SC/D pin is LOW) or a Spe-
cial Character (cis set to K, and the SC/D pin isHIGH). When cis
setto D, xx is the decimal value of the binary number composed of
thebits E, D, C, B, and A in that order, and the y is the decimal val-
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ue of the binary number composed of the bits H, G, and F in that
order. When ¢ is set to K, xx and y are derived by comparing the
encoded bit patterns of the Special Character to those patterns
derived from encoded Valid Data bytes and selecting the names of
the patterns most similar to the encoded bit patterns of the Special
Character.

Under the above conventions, the TransmissionCharacterused for
the examples above, is referred to by the name D5.2. The Special
Character K29.7 is so named because the first six bits (abcdei) of
this character make up a bit pattern similar to that resulting from
the encoding of the unencoded 11101 pattern (29), and because
the second four bits (fghj) make up a bit pattern similar to that re-
sulting from the encoding of the unencoded 111 pattern .

Note: This definition of the 10-bit Transmission Code is based on
(andisinbasicagreementwith) the following references,whichde-
scribe the same 10-bit transmission code.

A.X. Widmer and PA. Franaszek. “A DC-Balanced, Partitioned-
Block, 8B/10B Transmission Code” IBM Journal of Research and
Development, 27, No. 5: 440—451 (September, 1983).

U.S. Patent 4,488,739. Peter A. Franaszek and Albert X. Widmer.
“Byte-Oriented DC Balanced (0.4) 8B/10B Partitioned Block
TransmissionCode” (December 4, 1984).

Fibre Channel Physical Level (FC_PH/91-001R2.13,
X3T9.3/90-071). Working draft proposed for American National
Standard for Information Systems, Rev 2.13 December 4, 1991.

1BM Enterprise Systems Architecture/390 ESCON 1/O Interface
(documentnumber SA22—7202).

8B/10B Transmission Code

The following information describes how the tables shall be used
for both generating valid Transmission Characters (encoding) and
checking the validity of received Transmission Characters(decod-
ing). It also specifies the ordering rules to be followed when trans-
mitting the bits within a character and the characters within the
higher-levelconstructs specified by the standard.

Transmission Order

Within the definition of the 8B/10B Transmission Code, the bit
positionsof the Transmission Characters are labeled a, b, ¢, d, e, i,
f, g, h,j. Bit “a” shall be transmitted first followed by bits b, c,d, e,
i,f, g, h, and j in that order. (Note that bit i shall be transmitted be-
tween bit e and bit f, rather than in alphabetical order.)

Valid and Invalid Transmission Characters

The following tables define the valid Data Characters and valid
Speciat Characters (K characters), respectively. The tables are
used for both generating valid TransmissionCharacters(encoding)
and checking the validity of received TransmissionCharacters(de-
coding). In the tables, each Valid-Data-byte orSpecial-Character-
codeentry has two columns that represent two (not necessarily dif-
ferent) Transmission Characters. The two columns correspond to
the current value of the running disparity (“Current RD—" or
“Current RD+"). Running disparity is a binary parameter with ei-
ther the value negative (—) or the value positive (+).

Afterpowering on, the Transmitter may assume either a positive or
negative value for its initial running disparity. Upon transmission
of any Transmission Character, the transmitter will select the prop-
er version of the Transmission Character based on the currentrun-
ningdisparity value, and the Transmittershall calculate anewvalue
for its running disparity based on the contents of the transmitted
character. Special Character codes CE1 and CE2 can be used to
forcethe transmission of a specific Special Character with a specif-
ic running disparity as required for some special sequences in
X3T9.3.

After powering on, the Receiver may assume either a positive or
negative value for its initial running disparity. Upon reception of
any TransmissionCharacter,the Receivershalldecide whether the
TransmissionCharacter is valid or invalid according to the follow-
ing rules and tables and shall calculate a new value for its Running
Disparity based on the contents of the received character.

The following rules for running disparity shall be used to calculate
the new running-disparity value for Transmission Characters that
have been transmitted (Transmitter’s running disparity) and that
have been received (Receiver’srunningdisparity).

Runningdisparity for a TransmissionCharacter shall be calculated
from sub-blocks, where the first six bits (abcdei) form one sub-
block and the second four bits (fghi) form the other sub-block.
Runningdisparity at the beginning of the 6-bit sub-block is the run-
ning disparity at the end of the previous TransmissionCharacter.
Runningdisparityat the beginning of the 4-bit sub-block is the run-
ning disparity at the end of the 6-bit sub-block. Runningdisparity
at the end of the Transmission Characteristhe runningdisparity at
the end of the 4-bit sub-block.

Runningdisparity for the sub-blocks shall be calculated asfollows:

1. Running disparity at the end of any sub-block is positive if the
sub-block contains more ones than zeros. It is also positive at
the end of the 6-bit sub-block if the 6-bit sub-block is 000111,
andit is positive at the end of the 4-bit sub-block if the 4-bit sub-
blockis 0011.

2. Running disparity at the end of any sub-block is negative if the
sub-block contains more zeros than ones. It is also negative at
the end of the 6-bit sub-block if the 6-bit sub-block is 111000,
and it is negative at the end of the 4-bit sub-block if the 4-bit
sub-block is 1100.

3. Otherwise, running disparity at the end of the sub-block is the
same as at the beginning of the sub-block.

Use of the Tables for Generating Transmission Characters

The appropriate entry in the table shall be found for the Valid Data
byte or the Special Character byte for which a TransmissionChar-
acter is to be generated (encoded). The current value of the Trans-
mitter’s running disparity shall be used to select the Transmission
Character from its corresponding column. For each Transmission
Charactertransmitted,a newvalue of the running disparity shall be

calculated. This new value shall be used as the Transmitter’scur-

rent running disparity for the next Valid Data byte or Special Char-
acter byte to be encoded and transmitted.

COMM ‘
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Use of the Tables for Checking the Validity of Received Trans-
mission Characters

The column corresponding to the current value of the Receiver’s
running disparity shall be searched for the received Transmission
Character. If the received TransmissionCharacter is found in the
proper column, then the Transmission Character s valid and the
associatedData byte or Special Character code is determined (de-
coded). If the received Transmission Character is not found in that
column, then the Transmission Characterisinvalid. Thisis called a
code violation. Independent of the TransmissionCharacter’svalid-

ity, the received Transmission Character shall be used to calculate
anew value of nunning disparity. The new value shall be used as the
Receiver’s current running disparity for the next received Trans-
missionCharacter.

Detection of a code violation does not necessarily show that the
TransmissionCharacter in which the code violation was detected is
inerror. Codeviolations may result from a prior error that altered
the running disparity of the bit stream which did not result in a de-
tectable error at the Transmission Character in which the error oc-
curred. The following table shows an example of this behavior:

RD Character RD Character RD Character RD
Transmitteddatacharacter . D21.1 - D102 - D23.5 +
Transmitted bitstream - 1010101001 . 010101 0101 - 1110101010 +
Bit stream after error - 1010101011 + 010101 0101 + 1110101010 +
Decoded datacharacter - D21.0 + D102 + Code Violation +
Yalid Transmission Characters
Naming notation and examples:
Data
Dy or Qour -
Byte Name 765 43210 Hex Value
DO.0 000 00000 00
D1.0 000 00001 01
D2.0 000 00010 02
D5.2 010 300101 45
D30.7 111 11110 FE
D31.7 111 11111 FF
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Valid Data Characters (SC/D = LOW)
gata Bits Current RD— Current RD+ Data Bits Current RD— Current RD+
Na"tmee HGF EDCBA | abcdei fghj abedei fghi lglylt:e HGF EDCBA | abedei fghj abedei fghj
D0.0 | 000 00000 | 100111 0100 | 011000 1011 D0.1 ] 001 00000 | 100111 1001 | 011000 1001
p1.0 | 000 00001 | 011101 0100 }100010 1011 p1.1 | 001 o000l [o12101 1001 [ 100010 1001
p2.0 | oo 00010 | 101101 0100 | 010010 1011 pD2.1 | 601 00010 | 101101 1001 | 010010 1001
p3.0 | 000 00011 | 110001 1011110001 0100 p3.1 | oo1 00011 | 110001 1001 | 110001 1001
pa.o | oo 00100 | 110101 o0100] 001010 1011 pa.1 | 001 oo1oo | 110101 1001 | 001010 1001
p5.0 | 000 00101 [101001 1011101001 0100 D5.1 | 001 00101 1101001 1001 | 101001 1001
D6.0 | 000 00110 | 011001 1011 }011001 0100 p6.1 | 001 oo0110 011001 12001 011001 1001
p7.0 | 000 00111 | 111000 1011000111 0100 p7.1 {001 o0o0111 | 111000 1001 |000111 1001
ps.o | 000 01000 | 111001 o100 | 000110 1011 ps.1 | 001 01000 | 111001 1001 | 000110 1001
po.0 | 000 01001 [ 100101 1011 }100101 0100 p9.1 | 001 01001 | 100101 1001 { 100101 1001
p1o.0| 000 01010 | 010101 1011 |010101 o0100] |P10.1|001 01010 }010101 1001 [o10101 1001

D11. 000 01011 |11010¢ 1011 }|110100 0100 p11.1| 001 01011 [110100 1001110100 1001
000 01100 | 001101 1011 ]061101 0100 p12.1} 001 01100 | 001101 1001001101 1001
000 01101 |101100 1011 ]101100 0100 pi3.1/ 001 01101 |101100 1001 )101100 1001
00¢ 01110 | 011100 1011 |011100 0100 p14.1] 001 01110 | 011100 1001 | 011100 1001
000 01111 | 010111 0100 |101000 1011 p15.1{ 001 01111 |010111 1001 }101000 1001
000 10000 | 011011 0100}100100 1011 pl6.1] 001 10000 | 011011 1001 )100100 1001
000 10001 | 100011 1011 |100011 0100 p17.1] 0601 10001 |100011 1001]100011 1001
000 10010 |010011 1011] 010011 0100 p1g8.1| 001 10010 | 010011 1001 )010011 1001
000 10011 |110010 1011 j 110010 0100 p19.1] 001 10011 | 110010 1001 )110010 1001
000 10100 | 001011 1011]001011 0100 D20.1| 001 10100 { 001011 1001001011 1001

Dl2.
D13.
Dl4.

0

0

0

0

0

D15.0

D16.0

D17.0

D18.0

D19.0

D20.0

D21.0| 000 10101 |101010 1011101010 0100 p21.1] 001 10101 | 101010 1001 |101010 1001
o| coo 10110 |011010 1011011010 0100 p22.1{ 601 10110 | 011010 1001 }011010 1001
o| oo 10111 |111010 0100 |000101 1011 p23.1/ 001 10111 |111010 1001 )000101 1001
o| 600 11000 |110011 0100001100 1011 p24.1] 001 11000 | 2110011 1001 ) 001100 1001
o| coo 11001 | 100110 1011]100110 0100 p25.1}f 001 11001 [100110 1001100110 1001
a
a
0
0
0
0

D22.
D23.
D24.
D25.
000 11010 | 016110 1011}010110 0100 p26.1] 001 11010 | 010110 1001 )010110 1001
000 11011 | 110110 0100001001 1011 p27.1] 001 11011 | 110116 1001 | 001001 1001
000 11100 | 001110 1011001110 0100 p28.1] 001 11100 |©01110 1001 )001110 1001
000 11101 101110 0100010001 1011 p29.1[ 001 11101 |101110 1001 ) 010001 1001
000 11110 | 011110 0100100001 1011 D30.1{ 001 11110 | 011110 1001 |100001 1001
000 11111 {101011 0100} 010100 1011 p31.1]001 11111 | 101011 1001 ) 010100 1001

D26.
D27.
D28.
D29.
D30.

D31.
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Valid Data Characters (SC/D = LOW) (continued)
Data Bits Current RD— Current RD+ gﬂtﬂ Bits Current RD— Current RD+
Nome | HGF EDCBA | abodel fghj | abcdei  fghi Nome |HGF EDCBA | abodel fghj | abcdei fghj
D0.2 | 010 00000 | 100111 0101011000 0101 D0.3 [ 011 00000 | 100111 0011 |011000 1100
p1.2 | 010 00001 [011101 0101100010 0101 p1.3 | 011 00001 011101 0011 |100010 1100
p2.2 | 010 00010 [101101 0101010010 0101 p2.3 | 011 00010 101101 0011 010010 1100
D3.2 | 010 00011 | 110001 0101 /110001 0101 p3.3 [ 011 00011 | 110001 1100 )110001 0011
D4.2 | 010 00100 | 110101 0101 | 001010 0101 D4.3 | 011 00100 f110101 0011 [ 001010 1100
D5.2 | 010 00101 [ 101001 0101 }101001 0101 p5.3 | 011 00101 [ 101001 1100101002 0011
p6.2 | 010 00110 [611001 0101011001 0101 p6.3 | 011 00110 0110601 1100 | 011001 0011
p7.2 | 010 00111 [111000 0101 | 000111 0101 p7.3 | 011 00111 111000 1100|000111 0011
p8.2 | 010 01000 [111001 0101 | 060110 0101 D8.3 [ 011 01000 {111001 0011 | 000110 1100
D9.2 | 010 01001 | 100101 0101 | 100101 0101 p9.3 | 011 01001 100101 1100100101 0011
D10.2| 010 01010 | 010101 0101j010101 0101 |p10.3| 011 01010 |0l0101 1100 |0D10101 o011
p11.2| 010 01011 |[110100 0101 |110100 0101 }p11.3| 011 o01011 |110100 1100110200 OO11
p12.2| 010 01100 (001101 0101 |o001101 0101 | |piz.3| 011 o01100 |001101 1100 |0O1101 0011
p13.2] 010 01101 | 101100 0201 ]201100 0101 p13.3) 011 01101 J101100 1100101100 0011
p14.2| 010 01110 | 011100 0101 ]011100 0101 p14.3} 011 01110 011100 11200011100 cO11
D15.2 | 010 01111 | 010111 0101 [101000 0101] |p15.3][011 01111 |010111 0011101000 1100
D16.2 | 010 10000 | 011011 0101 |100200 0101| }p16.3]| 011 10000 011011 o011 | 100100 1100
p17.2| 010 10001 [ 100011 101100011 0101 | |D17.3| 011 1000t | 100011 1100100011 0011
p18.2| 010 10010 010011 0101 ]010011 0101 p18.3| 011 10010 |010011 1100}010011 0011
p19.2| 010 10011 110010 0101 [110010 0101 | |p19.3] 011 10011 | 110010 1100110010 0011
D20.2{ 010 10100 { 001011 0101001011 0101] |Dp20.3]| 011 10100 |001011 1100001011 0011
p21.2| 010 10101 | 101010 0101101010 0101 | {p21.3| 011 10101 | 101010 1100101020 o0O11
p22.2| 010 10110 | 011010 0101011010 o101 | |p22.3| 011 10110 |011010 1100 |011010 o011
p23.2| 010 10111 | 111010 0101 ]000101 0101 p23.3| 011 10111 |111010 0011 |000101 1100
p24.2| 010 11000 [ 110011 0101 [ 001100 0101 D24.3| 011 11000 110011 0011 |001100 1100
D25.2| 010 11001 100110 0101 ]100110 0101} |D25.3]|011 11001 |10011¢ 1100100110 0011
D26.2 | 010 11010 | 010110 0101 fo010110 0101] |D26.3]| 011 11010 |010110 1100|o010120 0011
p27.2| 010 11011 [ 110210 0101002001 0102 |p27.3| 011 11011 |110110 0011 |001001 1100
p28.2| 010 11100 001110 0101 | 001110 o101 p28.3| 011 11100 |001110 1100001110 0011
D29.2| 610 11101 [101110 0101 [ 010001 0101 D29.3f 011 11101 101110 0011 | 010001 1100
D30.2] 010 11110 | 011110 0101 100001 0101 | |D30.3| 011 11110 |011110 0011 { 100001 1100
D31.2| 010 11111 101011 0101 ]|010100 0101| |D31.3]|011 11111 [101011 0011 | 010100 1100
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Valid Data Characters (SC/D = LOW) (continued)
Data Bits Current RD— Current RD+ Data Bits Current RD - Current RD+
Pllsawnfe HGF EDCBA | abedei fghj | abedei  fghi P?am:e HGF EDCBA | abedei fghj | abedei  fghj
DO.4 | 100 00000 | 100111 0010011000 1101 D0.5 | 101 00000 | 100111 1010 | 011000 1010
p1.4 | 100 00001 |011101 0010 |2100010 1101 p1.5 | 101 00001 { 011101 1010100010 1010
D2.4 | 100 00010 101101 0010 | 010010 1101 p2.5 | 101 00010 | 161101 1010 { 010010 1010
pD3.4 | 160 00011 |110601 1101110001 0010 p3.5 | 161 00011 | 110001 1010 | 110001 1010
pa.4 | 100 00100 | 110101 0010 |001010 1101 pa.s | 101 00100 | 110101 1010 | 001010 1010
p5.4 | 100 00101 | 101001 1101 |101001 0010 D5.5 | 101 00101 | 101001 1010101001 1010
D6.4 | 100 00110 | 011001 1101 |011001 0010 D6.5 | 101 00110 | 011001 1010 | 011001 1010
p7.4 | 100 00111 [111000 1101 {000111 0010 p7.5 | 101 00111 | 111000 1010 | 000111 1010
Dpg.4 | 100 01000 {111001 0010 | 000110 1101 p8.5 | 101 01000 { 111001 1010 | 000110 1010
Dp9.4 | 100 01001 | 100101 1101 |100101 0010 D9.5 } 101 01001 | 100101 1010100101 1010
p10.4| 100 01010 | 010101 1101 |010101 0010 p10.5| 101 01010 | 010101 1010010101 1010
p11.4] 100 01011 | 116100 1101110100 0010 p11.5| 101 01011 [ 110100 1010110100 1010
p12.4| 100 01100 | 001101 1101001101 0010 p12.5| 101 01100 | 001101 10120001101 1010
p13.4} 100 01101 101100 1101101100 0010 p13.5{ 101 ©011¢l |101100 1010 [101100 1010
p14.4] 100 01110 | 011100 1101 }011100 0010 p14.5] 101 01110 | 011200 1010|011100 1010
p15.4| 100 01111 {010111 0010101060 1101 p15.5| 101 01111 | 010111 1010101000 1010
Dp16.4| 100 10000 | 011011 0010100100 1101 D16.5| 101 10000 J011011 1010100100 1010
D17.4| 100 10001 | 100011 1101100011 0010 D17.5) 101 10001 | 100011 1010 | 100011 1010
p1g.4| 100 10010 | 010011 1101010011 0010 p1g.5| 101 10010 | 010011 1010| 010011 1010
p19.4| 100 10011 | 110010 1101 |110010 0010 p19.5| 101 10011 | 110010 1010[110010 101D
D20.4} 100 10100 | 001011 1101 |001011 0010 p20.5| 101 10100 | 001611 1010001011 1010
p21.4| 100 10101 | 101010 1101 ]101010 0010 p21.5| 161 10101 | 101010 1010} 101010 1010
p22.4] 100 10110 | 011010 1101011010 0010 p22.5| 101 10110 | 011010 1010011010 1010
p23.4| 100 10111 | 111010 0010000101 1101 p23.5| 101 10111 | 111010 1010{000101 1010
Dp24.4] 100 11000 | 110011 0010001100 1101 p24.5{ 101 11000 | 110011 1010001100 1010
p25.4| 100 11001 | 100110 1101 | 100110 0010 p25.5| 101 11001 | 100110 1010[ 100110 1010
p26.4| 100 11010 [010110 1101 | 610110 0010 p26.5| 101 11010 | 010110 19010[ 010110 1010
D27.4{ 100 11011 | 110110 001¢ | 001001 1101 D27.5{ 101 11011 110110 1010]001001 1010
p28.4| 100 11100 | 001110 1101 | 001110 0010 p28.5) 101 11100 | 001110 1010} 001110 1010
p29.4| 100 11101 | 101110 0010 | 010001 1101 p29.5] 101 11101 | 101110 1010[010001 1010
D30.4| 100 11110 |011110 0010100001 1101 p30.5| 101 11110 011110 1010 |100001 1010
p31.4| 100 11111 |101011 0010010100 1101 p31.5) 101 11111 | 101011 1010 [ 010100 1010

COMM i
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Valid Data Characters (SC/D = LOW) (continued)
Data Bits Current RD— Current RD+ Data Bits Current RD— Current RD+
l‘}?lt:e HGF EDCBA | abcdei fghj | abedei  fghi hlI;aYI‘:e HGF EDCBA | abedei fghj | abedei  fghj
DO.6 | 110 ¢0000 | 100111 0110011000 0110 Do.7 111 00000 | 100111 0001 | 011060 1110
D1.6 110 ¢0001 | 011101 0110} 100010 0110 D1.7 111 00001 | 011101 0001100010 1110
D2.6 110 ¢0010 | 1061101 0110} 010010 0110 D2.7 111 00010 | 101101 0001 | 010010 1110
D3.6 110 ¢0011 | 110001 0110} 110001 0110 D3.7 111 00011 | 110001 1110 | 3110001 0001
D4.6 110 ¢0100 | 110101 0110001010 0110 D4.7 111 00100 | 110101 0001 | 001010 1110
D5.6 110 00101 | 101001 0110101001 0110 D5.7 111 00101 | 101001 1110 | 101001 0001
D6.6 110 0110 | 011001 0110 ) 011001 0110 D6.7 111 00110 | 011001 1110 | 011061 0001
D7.6 110 ¢0111 | 111000 0110000111 0110 D7.7 111 00111 | 111000 1110 | 000111 0001
D8.6 | 110 41000 | 111001 0110 ) 000110 0110 D8.7 111 01000 | 111001 0001 | 000110 1110
D9.6 110 41001 | 100101 0110} 100101 0110 D9.7 111 01001 | 100101 1110100102 0001
D10.64 110 41010 | 010101 0110 010101 0110 D10.7 | 111 01010 | 010101 1110 | 010101 0001
Dll.64 110 01011 | 110100 0110110100 0110 D11.7] 111 01011 | 110100 1110 | 110100 1000
Dl12.6% 110 01100 | 001101 0110} 001101 0110 Di2.7 | 111 01100 | 001101 1110 | 001101 0001
D13.6 110 01101 | 101100 0110 101100 0110 D13.71 111 01101 | 101100 1110 | 101100 1000
Dl14.64 110 01110 | 011100 0110 011100 0110 D14.7{ 111 01110 | 011100 1110 | 011100 1000
D15.6] 110 01111 | 010111 0110 | 101000 0110 D15.71 111 01111 | 010111 0001 | 101000 1110
Dl16.6% 110 10000 | 011011 0110100100 0110 D16.71 111 10000 | 011011 0001100100 1110
D17.6} 110 10001 | 100011 0110 100011 0110 D17.7] 111 10001 | 100011 0111 | 100011 0001
D18.61 110 10010 | 010011 0110010011 0110 D18.7] 111 10010 | 010011 0111 | 010011 0001
D19.61 110 10011 | 110010 0110 ) 110010 0110 D19.7{ 111 10011 | 110010 1110 | 110010 0001
D20.6§ 110 10100 | 001011 0110 | 001011 0110 D20.7 | 111 10100 | 001011 0111 | 001011 0001
D21.61 110 10101 [ 101010 0110101010 0110 D21.71 111 10101 | 101010 1110 | 101010 0001
D22.6] 110 10110 | 011010 0110 011010 0110 D22.71 111 10110 | 011010 1110 | 011010 0001
D23.6% 110 10111 | 111010 0110 | 000101 0110 D23.7] 111 10111 | 111010 0001 | 000101 1110
D24.614 110 11000 | 110011 0110 001100 0110 D24.71 111 11000 | 110011 0001 | 001100 1110
D25.61 110 11001 | 100110 0110100110 0110 D25.71 111 11001 | 100110 1110 | 100110 0001
D26.61 110 11010 | 010110 5110 010110 0110 D26.71 111 11010 | 010110 1110 | 010110 0001
D27.64 110 11011 110110 0110 | 001001 0110 D27.7 | 111 11011 | 110110 0001 | 001001 1110
D28.6) 110 11100 | 001110 ©110| 001110 0110 D28.71 111 11100 | 001110 1110 | 001110 0001
D29.6| 110 11101 | 101110 ©110) 010001 0110 D29.7 ) 111 11101 1101110 0001 | 010001 1110
D30.6] 110 11110 | 011110 ©110| 100001 0110 D30.71 111 11110 | 011110 0001 | 100001 1110
D31.6| 110 11111 | 101011 ©£1106) 010100 0110 D31.7{ 111 11111 | 101011 0001 | 010100 1110
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Valid Special Character Codes and Sequences (SC/D = HIGH)!'¢!

Bits Current RD— Current RD+
S.C. Byte Name S.C. Code Name HGF EDCBA abcdei fghj abedei fghi
K28.0 C0.0 (C00) 000 00000 001111 0100 110000 1011
K28.1 €1.0 (co1) 000 00001 001111 1001 110000 0110
K28.2 c2.0 (€02) 000 00010 001111 0101 110000 1010
K28.3 C3.0 (C03) 000 00011 001111 0011 110000 1100
K28.4 c4.0 (C04) 000 00100 001111 0010 110000 1101
K28.5 C5.0 (C05) 000 00101 001111 1010 110000 0101
K28.6 C6.0 (C06) 000 00110 001111 0110 110000 1001
K28.7 c7.0 (CO7) 000 00111 001111 1000 110000 0111
X23.7 c8.0 (C08) 000 01000 111010 1000 000101 0111
K27.7 €9.0 (C09) 000 01001 110110 1000 001001 0111
K29.7 C10.0 (COA) 000 01010 101110 1000 010001 0111
K30.7 C11.0 (COB) 000 01011 011110 1000 100001 0111
Reserved cl2.0 (C0C) 000 01100
Reserved C€31.0 (C1F) 000 11111
Idle co.1 (C20) 001 00000 _K28.5+,D21.4,D21.5,D21.5, repeat!’]
R_RDY c1.1 (c21) 001 00001 _K28.5+,D21.4,D10.2,D10.2, repeati8l
EOFxx 2.1 (c22) 001 00010 -K28.5,Dn.xxx019] +K28.5,Dn. xxx 119
Reserved c3.1 (C23) 001 00011
Reserved c31.6 (CDF} 110 11111
Exception c0.7 (CEO) 111 00000 <Code Rule Violation>[20}
-K28.5 c1.7 (CE1} 111 00001 001111 10101 po1111 101021
+K28.5 c2.7 (CE2) 111 00010 110000 010122 110000 o0101[22
Reserved Cc3.7 (CE3) 111 00011
Exception ca.7 (CE4) 111 00100 <Running Disparity Violation>[23]
Reserved C5.7 (CES) 111 00101
Reserved Cc31.7 (CFF) 111 11111
Notes:

16. Notation for Special Character Byte Name is consistent with Fibre

Channel and ESCON naming conventions. Special Character Code
Name is intended to describe binary information present on I/O pins.
Common usage for the name can either be in the form used for de-
scribing Data patterns (i.e., C0.0 through C31.7), or in hex notation
(i.e., Cnn where nn=the specified value between 00 and FF).

17. C20 = TransmitNegative K28.5(—K28.5+)disregarding CurrentRD
when input is held for only one byte time. If held longer, transmitter
begins sending the repeating transmit sequence —~K28.5+, D214,
D21.5,D21.5, (repeat all four bytes)... defined in X3T9.3 as the primi-
tive signal “Idle word.” This Special Character input must be held for
four (4) byte times or multiples of four bytes or it will be truncated by
the new data.

18.

Receiver will never output this Special Character, since K28.5 is de-
coded as CO5, and the subsequent bytes are decoded as data.

C21 = Transmit Negative K28.5 (—K28.5+)disregarding Current RD
when input is held for only one byte time. If held longer, transmitter
begins sending the repeating transmit sequence —K28.5+, D214,
D10.2, D10.2,(repeat all four bytes)... defined in X3T9.3 as the primi-
tive signal “Receiver_Ready (R_RDY).” This Special Character input
must be held for four (4) byte times or multiples of four bytes or it will
be truncated by the new data.

Receiver will never output this Special Character, since K28.5 is de-
coded as C05, and the subsequent bytes are decoded as data.

COMM i
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Notes (continued):

19. C22 = Transmit either —K28.5+ or +K28.5— as determined by Cur-
rent RD and modify the Transmission Character that follows, by set-
ting its least significant bit to 1 or 0. If Current RD at the start of the
following character is plus (+) the LSB is set to 0, and if Current RD
is minus (—) the LSB becomes 1. This modification allows construc-
tion of X3T9.3 “EOF” frame delimiters wherein the second data byte
is determined by the Current RD.

For example, to send “EOFdt” the controller could issue the se-
quence C22—-D21.4— D21.4-D21.4, and the HOTLink Transmitter
will send either K28.5-D21.4—-D21.4-D21.4 or K28.5-D21.5—
D21.4—-D21.4 based on Current RD. Likewise to send "EOFdti” the
controller could issue the sequence C22—D10.4—-D21.4—D21.4, and
the HOTLink Transmitter will send either K28.5—D10.4—D21.4—
D21.4 or K28.5-D10.5—D21.4— D21.4 based on Current RD.
Receiver will never output this Special Character, since K28.5 is de-
coded as C05, and the subsequent bytes are decoded as data.

. CEQ = Transmit a deliberate code rule violation. The code chosen for
this function follows the normal Running Disparity rules. Transmis-

Ordering Information

Package Operating
Ordering Code Type Range
CY7B921-DC D22 Commercial
CY7B921-JC 164
CY7B921-LC L64
CY7B921-PC P21
CY7B921-]J1 Jo4 Industrial
CY7B921-PI P21
CY7B921-DMB D22 Military
CY7B921-LMB Lo64
Package Operating
Ordering Code Type Range
CY7B922—-DC D22 Commercial
CY7B922—-]C Je4
CY7B922—-LC L64
CY7B922-PC P21
CY7B922-J1 164 Industrial
CY7B922-PI P21
CY7B922—-DMB D22 Military
CY7B922—-LMB L64
Package Operating
Ordering Code Type Range
CY7B923-DC D22 Commercial
CY7B923-JC Jo4
CY7B923~-LC Lo64
CY7B923-PC P21
CY7B923-J1 Jo4 Industrial
CY7B923—-PI P21
CY7B923-DMB D22 Military
CY7B923-LMB Lo4

21.

22

23.

sion of this Special Character has the same effect as asserting SVS =
HIGH.

Receiver will only output this Special Character if the Transmission
Character being decoded is not found in the tables.

CE1 = Transmit Negative K28.5 (—K28.5+) disregarding Current
RD.

Receiver will only output this Special Character if K28.5 is received
with the wrong running disparity. Receiver will output CE1 if —~K28.5
is received with RD+, otherwise K28.5 is decoded as C05.

CE2 = Transmit Positive K28.5 (+K28.5— ) disregarding Current RD.
Receiver will only output this Special Character if K28.5 is received
with the wrong running disparity. Receiver willoutput CE2if +K28.5
is received with RD—, otherwise K28.5 is decoded as C03.

CE4 = Transmit the same deliberate code rule violation as is sent by
asserting CEQ.

Receiver will only output this Special Character if the Transmission
Characterbeing decoded is found in the tables, but Running Disparity
does not match.

Package Operating
Ordering Code Type Range
CY7B931-DC D22 Commercial
CY7B931-JC Jo4
CY7B931-LC Lo64
CY78B931-PC P21
CY7B931-11 J64 Industrial
CY7B931-PI P21
CY7B931-DMB D22 Military
CY7B931-LMB L64
Package Operating
Ordering Code Type Range
CY7B932-DC D22 Commercial
CY7B932-JC Joa
CY7B932-LC L64
CY7B932-PC P21
CY7B932~J1 J64 Industrial
CY7B932-PI P21
CY7B932-DMB D22 Military
CY7B932-LMB Lo4
Package Operating
Ordering Code Type Range
CY7B933-DC D22 Commercial
CY7B933-I1C Jo4
CY7B933-LC L64
CY7B933—-PC P21
CY7B933-J1 Jo4 Industrial
CY7B933-PI P21
CY7B933—-DMB D22 Military
CY7B933-LMB L64
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MILITARY SPECIFICATIONS
Group A Subgroup Testing

DC Characteristics Switching Characteristics
Parameters Subgroups Parameters Subgroups
Vonr 1,23 tCKR 9,10, 11
Vorr 1,23 tekw 9,10, 11
Vouge 1,2,3 tckx 9,10,11
VoLE 1,2,3 :B z, :g, ii
CPWH , 10,

osT b3 LCPWL 9,10, 11
ML 123 tcPRH 9,10, 11
Vit 1,2,3 py— 9,10, 11
ViHE 1,2,3 topxH 9,10, 11
ViLE 1,2,3 tCPXL 9,10,11
Iint 1,2,3 IRH 9,10,11
Tor 1,23 tps 9,10, 11

tPRH 9,10,11
e L23 tPRL 9,10, 11
Ine 1,2,3 A 9,10, 11 =
Icc 1,2,3 tsD 9,10, 11 =
VDIFF 1,2,3 tHD 9,10, 11 8
ViHu 1,2,3 'ROH 9,10,11
Vi 1,2,3 tSEND 9,10,11

{SENP 9,10,11

tHEN 9,10,11

tPDR 9,10,11

tpPWH 9,10,11

tpPWL 9,10, 11
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