Features

Fibre Channel compliant

IBM ESCON® compliant
8B/10B-coded or 10-bit unencoded
130- to 310-Mbps data rate

TTL synchronous /O

No external PLL components
Triple ECL 100K serial outputs
Dual ECL 100K serial inputs

Low power: 350 mW max (Tx),
500 mW max (Rx)

Compatible with fiber optic modules,
coaxial cable, and twisted pair media

Built-In Self-Test
Single +5V supply
28-pin DIP/PLCC/LCC
0.84 BiCMOS

PRELIMINARY

CY7B921/CY7B931,
CY7B922/CY7B932,
CY7B923/CY7B933

Functional Description

The CY7B92X HOTLink Transmitterand
CY7B93X HOTLink Receiver are point-
to-point communications building blocks
that transfer data over high-speed serial
links (fiber, coax, and twisted pair) at 130
to 310 Mbits/second. Figure I illustrates
typical connections to host systems or con-
trollers.

Eightbits of user dataor protocol informa-
tion are loaded into the HOTLink trans-
mitter and are encoded. Serial data is
shifted out of the three differential Pseudo
ECL (PECL) serial ports at the bit rate
(whichis 10 times the byte rate).

The HOTLink receiver accepts the serial
bitstreamatits differential line receiverin-
puts, and using a completely integrated
PLL clock synchronizer recovers the tim-
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 presented in
parallel to the receiving host along with a
byte rate clock.

The 8B/10B cncoder/decoder can be
disabled in systems that already encode or
scramble the transmitted data. I/Os are
available to create a scamless interface
with both asynchronous FIFOs (i.e.,
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.

SC/D (Dg)

CY7B92X Transmitter Logic Block Diagram

RF

CY7B93X Receiver Logic Block Diagram
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Figure 1. HOTLink System Connections

HOTLinkis a registered trademark of Cypress Semiconductor Corporation.
ESCON is a registered trademark of IBM.
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CY7B92X Transmitter Pin Configurations
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Top View

CY7B93X Receiver Pin Configurations
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Selection Guide
Transmitter 7B921 7B922 78923
Receiver 78931 78932 78933
Transmission Rate (Mbits/sec) 130-170 170-240 240-310
Transmission Rate (Mbytes/sec) 13-17 17-24 24-31
Maximum Ratings Operating Range
E,/;tbt%\;fev(v;l)lch the useful life may be impaired. Foruserguidelines, Ambient
Range Temperature Vee
StorageTemperature . .................... —65Cto +150C Commercial 0°Cto +70°C 5V + 10%
Ambient Temperature with s
POWETAPPHEH . ..+ v vereeeeeeenn... _55Cwo +125¢ | Industrial —40°Cto +85°C SV * 0%
Supply Voltage to Ground Potential ... ...... -0.5Vio +7.0V Military —CSS °$ to + 1’25°C 5V £ 10%
DC Input VOUAZE . ..oeeseereeneeanen .. —0.5V10 +7.0V ase Temperature
Output Current into TLL Qutputs (LOW) ............ 30 mA
Output Current into ECL outputs (HIGH) . ......... —50 mA
Static Discharge Voltage ......................... >2001V
(per MIL-STD-883, Method 3015)
Latch-UpCurrent ...t >200 mA
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Pin Descriptions
CY7B92X HOTLink Transmitter

Name

/0

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)

TTLIn

Special Character/DataSelect. A HIGH on SC/D when CKW rises causes the transmitter {0 encode the
patternon Dg_7asacontrol code gpecial Character), while a LOW causes the data to be coded using the
8B/10B data alphabet. When MODE is HIGH, SC/D (Dg) acts as Dg input.

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.

TTL In

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 Transmitterwill insert a Null character (K28.5) tofill
the sgace between user data. ENA may be held HIGH/LOW continuously or it may be pulsed with each
databyte tobe sent. If ENA is being used for data control, ENN will normally be strapped HIGH, but can
be used for BIST function control.

TTLIn

Enable Next Parallel Data. If ENN is LOW, the data appearing on Dy..7 at the next rising edge of CKW
isloaded, encoded, andsent. If ENN is HIGH, the data appearing on Dy_7at the next rising 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.

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 OUTBz 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 asa loop-back signal source for board-level diagnostic test-
ing.

OUT A%
OUT Bx
OuUTC=

ECL Out

DifferentialSerial Data Outputs. These ECL 100K outputs { +5V referenced) are capable of driving ter-
minatedtransmissionlinesor commercial fiber optic transmitter modules. Unused pairs of outputscan be
wired to Ve to reduce power if the output is not required. QUTA £ and OUTB= are controlled by the
level on FOTO, and will remain at their “logical zero” states when FOTO is asserted. OUTC= is unaf-
fected by the level on FOTO. (OUTA + and OUTB+ are used as a differential test clock input while in
Testmode.)

MODE

3-Level
In

Encoder Mode Select. The level on MODE determines the encoding method to be used. When wired
LOW, MODE selects 8B/10B encoding. When wired HIGH, data inputs bypass the encoder and the bit

attern on Dy_7, Dg, and Dg goes directly to the shifter. When left floating (internal resistors hold the
input at Vc/2) the internal bit-clock generator is disabled and OUTA +/OUTB+ become the differen-
tial bit clock to be used for factory test. In typical applications MODE is tied HIGH or LOW.

BISTEN

TTL In

Built-InSelf-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 tggemire tink. In normal use this input is held HIGH or wired to V. 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.

Vceo

Power for internal circuitry.

GND

Ground.

COMM i
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CY7B93X HOTLink Receiver

Name

/0

Description

Qo-7

TTL Out

Qg-—7 Parallel Data Output. Q7 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 (Qy)

TTL Out

Received Violation Symbol. A HIGH on RVS indicates that a code rule violation hasbeen 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.

TTL Out

Data Output Ready. A LOW pulse on RDY indicates that new data has been received and is ready to be
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 fast
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, Qq_7, SC/D (Qg), and RVS (Qy) all switch synchronously with the rising edge of this output.

INA+
INB+

Diff In

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
maindata input and the other can serve as a loop-back channel or as an alternative data input sclected by
the state of A/B. INBx 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.

S1

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 isheld LOW, therefram-
inglogicis 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-
actersto 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/Rx pair, and the frequency must be the same as the transmitter CKW frequency (within CKW=0.1%).

MODE

TTLIn

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 holdthe MODE
pin at Vc/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 V.

Veen

Power for output drivers.

Veeo

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, 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) causesthe
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 Receiver.

Encoder

The Encoder transforms the input data held by the Input register
intoa form more suitable fortransmissiononaserial interface 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/D input. If SC/D is HIGH, the data inputs represent a control
code and is encoded using the Special Character code tables. If
SC/Dis 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 Receiveras Nullcharacters, thussimplifying 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, Dy 7, SC/D (Dg), and SVS (Dy)
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-

cludedinthe Clock Generator andis not affected by signal levelsor
timing at the input pins.

OutA, OutB, OutC

The serial 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
(OUTAx and OUTB=) are controllable by the FOTO input and
canbe disabled by the system controller to force alogical zero (i.c.,
“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
afewbit times. However, since FOTO is not synchronized with the
transmitter datastream, 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
takes a byte-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 independent 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 control logic to properly select the data encoding.
Test logic is discussed in more detail in the CY7B92X HOTLink
TransmitterOperating Mode Description.

7-5
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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 selected with the A/B inpul.
INA =+ is selected with A/B HIGH and INBz 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 (Vprr = 50mv) or can be directly connected to fiber op-
tic interface modules (any ECL logic family, not limited to ECL.
100K) with up to 1.2 volts of differentiai signal. The commonmode
tolerance will accommodate a wide range of signal termination
voltages. The highest HIGH input that can be tolerated is VN =
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
climinate 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 abuffered output derived from the bit counter used to con-
trol Decode register and Output register transfers.

Clock output logic is designed so that when reframing causes the
counter sequence to be interrupted, the period and pulse width of
CKR will never be less than expected. Reframing may stretch the
periodof 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 acquisitiontime andlimit unlocked frequencyexcur-
sionsof 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 itis found, the free-runningbitcounter 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-
nelspecification 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,
after which RDY will resume its normal function.

Shifter
The Shifter accepts serial inputs from the Differential inputs one
bit ata time, as clocked by the Clock Sync logic. 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 10
the Decoder and held until it is transferred to the output latch.

Decoder

Paralleldataistransformed from ANSI X3T9.38B/10Bcodesback
to“rawdata” inthe Decoder. Thisblock uses the standarddecoder
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 crrors by a
HIGH on the RVS output and by specific Special Charactercodes.
Output Register

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

In BIST mode, this register becomes the signature patiern 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-random sequence 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.

In BIST 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
the internally generated sequence. Code rule violations or running
disparityerrors that occur as part of the BIST loop will not 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
receiver pattern generator has lost sync with the transmitter BIST
pattern,the receiver BIST generator can be reinitialized by leaving
and re-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 inthe CY7B93X HOTLink ReceiverOperat-
ing Mode Description.
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Parameter I Description I Test Conditions | Min. —[ Max. ] Units
Transmitter TTL-Compatible Pins: Dg_5, SC/D, SVS, ENA, ENN, CKW, FOTQ, BISTEN, RP
Receiver TTL- Compatible Pins: Qg-7, SC/D, RVS, RDY, CKR, REFCLK, RF, BISTEN, SO
Vour Output HIGH Voltage Ion=-2mA 24 v
Vorr Output LOW Voltage loL =4 mA 0.45 v
IosT Output Short Circuit Current Vout =0vI2] -15 -9 mA
Viur Input HIGH Voltage 2.0 Vee A"
Viur Input LOW Voltage -0.5 0.8 \%
iyt Input HIGH Current Vin = Vee -10 +10 [T
It Input LOW Current Vin = 0.0V - 500 wA
Transmitter ECL-Compatible Output Pins: OUTA+, QOUTA -, OUTB+, OUTB-, OUTC+, OUTC-
Voue Output HIGH Voltage (Vccreferenced) | Load = S0 ohms to V¢ — 2V Vee—-1.03 Vee—0.88 \%
VoLE Output LOW Voltage (Vecreferenced) | Load = S0 ohmsto Ve — 2V Vee—1.81 Vee— 1.63 \%
Receiver ECL-Compatible Input Pins: A/B, S1
Vine Input HIGH Voltage Vee—1.17 Vee-0.88 \%
ViLE Input LOW Voltage Vee—-1.81 Vee—1.48 \%
e Input HIGH Current VIN = ViHg Max. +500 HA
e Input LOW Current Vin = VL Min. +0.5 A
Differential Line Receiver Input Pins: INA+, INA—, INB+,INB—
VDIFF Input Differential Voltage 50 1200 mV
[(IN+) - (IN=)]
ViHH Highest Input HIGH Voltage Veo v
VL, Lowest Input LOW Voltage 2.5 v
Miscellaneous
Icor Transmitter Power Supply Current Vee = Max, Tp = Max,, TBD mA
Freq. = Max. (One ECL output pair
loaded with 50 ohms to
Vee — 2.0V, others tied to V)
Iccr Receiver Power Supply Current Vee = Max,, Ty = Max,, TBD mA
Freq. = Max.
Capacitancel’]
Parameters Description Test Conditions Max. Units
CiN InputCapacitance Ta = 25°C, fy = 1 MHz, Ve = 5.0V 10 pF
Notes:
1. See the last page of this specification for Group A subgroup testing 3. Tested initially and after any design or process changes that may affect
information, these parameters.

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



CY7B921/CY7B931,

S, CY7B922/CY7B932,
W PRELIMINARY CY7B923/CY7B933
SEMICONDUCTOR
AC Test Loads and Waveforms
sV
OUTPUT R1 Veg - 2
A1 = 962Q c - v AL = 50Q
R2 = 510Q CL L RL CL<5pF
CL < 30 pF R2 {Includes fixture and
{Includes fixture and — probe capacitance)
probe capacitance) = = -
(@) TTL AC Test Loadl*l (b) ECL AC Test Load!4] B215
3.ov Vire
.0V Vibe
80% 80%
20% 20%
GND Vie
|-_ Viee
<2ns <2ns <1ins <1ns
88217
(¢) TTL Input Test Waveform B8921-6 (d) ECL Input Test Waveform
7B921/2/3 Transmitter Switching Characteristics Over the Operating Rangel!)
7B921 78922 78923
Parameters Description Min. Max. Min. Max. Min. Max Units
Cckw Write Clock Cycle 56 76 42 57 32 43 ns
tg Bit Timel5] 5.6 7.6 4.2 5.7 32 43 ns
tCcPwH CKW Pulse Width HIGH 9 9 9 ns
tepwi CKW Pulse Width LOW 9 9 ns
tsp Data Set-Up Timel®) 5 5 5 ns
tHp Data Hold Timel®] 0 0 0 ns
tSEND Enable Sel-U.f]) Time (to 5 5 5 ns
capture data)l
tSENP Enable Set-Up Time (to | 7/ig+4 Titg+4 Ttg+4 ns
assurecorrect RP)[#]
tHEN Enable Hold Time 0 0 0 ns
tpPDR Read Pulse Alignmentl®] | (—ttg —3) | (+Vatg +3) [ (=Yatg =3) | (+Ytg +3) [ (=%t =3) [ (+%tg +3) | ns
tPPWH Read Pulse HIGHP! 3tp-3 3tg—3 3tg-3 ns
tpPWL Read Pulse LOWI 7tg—3 7tg~3 7tg~3 ns
Notes:

4. Cypress uses constant current (ATE) load configurations and forcing
functions. This figure is for reference only.

5. Transmitter tg is calculated as tcxw/10). The byte rate is one tenth of
the bit rate.

6. Data includes Dy_7, SC/D (Dg), and SVS (Dy).

7. tspNp minimum timing assures correct Data load on rising edge of
CKW, but not proper RP function or timing.

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

9. Toadingon RP pinis <2 mA and <15 pF.
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7B931/2/3 Receiver Switching Characteristics Overthe Operating Rangel'l
7B931 78932 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 Reference 10}
tgl?] Bit Time 56 7.6 42 57 32 43 ns
{CPRH Read Clock Pulse HIGH S5tg—3 5tg—3 Stg—3 ns
tCPRL Read Clock Pulse LOW Stg—-3 5tg—-3 Stg—3 ns
tRH RDY Hold Time tg—3 tg—3 tg—3 ns
tpRI. RDY Pulse Width LOW 6tg—3 6tg—-3 6ig—3 ns
tPRH RDY Pulse Width HIGH 4tg—3 4tg—3 4tg—3 ns
ta Data Access Timel12 131 2tg=3 | 2tg+3 | 21g-3 | 2tg+3 | 2t5-3 | 2tp+3 ns
tROH Data Hold Timel12 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 Transmitted ]
tepxH REFCLK Clock Pulse HIGH 9 9 ns
tepxL REFCLK Clock Pulse LOW 9 9 ns
tps Propagation Delay SI to SO (note ECL 15 15 15 ns
and TTL thresholds)!15]

Notes:

10. The period of tekr will match the period of the transmitter CKW 14, REFCLK has no phase or frequency relationship with CKR and only
when the receiver is receiving serial data. When data is interrupted, acts as a centering reference to reduce clock synchronization time.
CKR may drift to onc of the range limits above. REFCLK must be within (.19 of the transmitter CKW frequency, ne-

11. Receiver tg is calculated as 1cxg/10 if no data is being received, or cessitatinga +500-PPM crystal.
tckw/10 if data is being received. See note S. 15. The ECL switching threshold is the midpoint between the ECL—

12. Data includes Qg_3, SC/D (Qs), and RVS (Qq). o
13. tA and trgy specifications are only valid if atl outputs (CKR, RDY,

Q-7 SC/MD, and RVS) are loaded with the same DC and AC load.

Vou, and Vo specification (approximately Vo — 1.35V), The TTL
switching threshold is 1.5V.

COMM H
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Switching Waveforms for the CY7B92X HOTlink Transmitter

ckw |
‘_ICPWH_-'
t

|
y | o —|r

1sEnP

1SeEND ™
[ tHEN
ENA \ NOTES 6,7

Dg - D7,
SC/ (Dg). VALID DATA
SVS (Dg)

tsp =& typ »

P

DISABLED
. \ 7
N ENABLED
teoR -
89218
tepwL tpPwH

tokw

I tcPwH |
- tcpwi > /_

tseEnD
= tHEN

ENN

Do — Dy,
SC/% (Dg),
SVS (Dg)

XURIXRIRIRIXIXIIRIRA A,
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Switching Waveforms for the CY7B93X HOTIink Receiver

CKR

Qg - Qy,
SC/D (Qg),
RVS (Qg)

REFCLKD4

Sl

SO

VA

| B

F
* tROH
892110

! —_—
CPXL tepxu

tos

NOTE 15 1.5V

B921-12

B921-11
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CY7B92X HOTlink Transmitter Operating Mode
Description

The CY7B92X Transmitteroperatingwith the CY7B93X Receiver
forms a general-purpose data communication subsystem capable
oftransporting 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.

[n either mode, data is loaded into the input register of the Trans-
mitteron the rising edge of CKW. The input timing and functional
responscof the Transmitter input canbe 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 — Dgy), a context control bit (SC/D), and a system diagnostic
input bit (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 datais tobe con-
trol or protocol information, the SC/D input willbe HIGH, and the
data will be encoded using the valid special character set 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 as Special Char-
actersinclude those for Fibre Channel link 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 CEQ; D7_¢ = 1110 0000 and SC/D = 1), or can
be sent in response to an external system using the SVS input. This
will allow system diagnosticlogic toevaluate the errorsinanunam-
biguous manner,andwill not require any modification to the trans-
missioninterface to force transmission errors for testing purposes.

Bypass Mode Operation

In Bypass mode the input data is interpreted as ten (10) bits (Dg_7,
SC/D (Dg), and SVS (Dy)) of pre-encoded transmission data tobe

ASYNCHRONOUS FIFO CLOCKED FIFO

7CA2X/3X/BX/TX 7CA4X/5X
@ _ _
u R Qo-s ENR  CcKxw Q-

4
2 Ao i |
§ | | * 9
=
] ! !
& ENA  CKW A, Dg-7.SCID ENA  CKW Do _ 7. SC/D
7B92X 7B92X
HOTLINK TRANSMITTER HOTLINK TRANSMITTER
HOTLINK
HOTLINK RECEIVER HOTLINK RECEIVER
7B93X 7B33X
CKR  HDY Qg 7, SC/D CKA ADY Qg -7, SC/D
———
9 9
W Do-s CKW ENW Do-s
7C42X/3X/6X/7X 7C44X/5X
ASYNGHRONOUS FIFO CLOCKED FIFO B921-13

Fieure 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
data encoding method is that it contain suitable transition density
for the Receiver PLL data synchronizer, and that it be compatibte
withthe 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=*,
OUTBz,and OUTC ) immediately upon loading the Shifter.

Whilein either the Encoded mode 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 Bypass mode the prop-
ersense of running disparity cannot be guaranteed for the first pad
character, but is 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.
Eachoutput pair may be connected to a different serial media and
may be a different length, link type, or interface technology. For
systemsthat do not require all three output pairs, the unused pairs
should be wired to Ve to minimize the power dissipated by the
outputcircuit, and to minimize unwanted noise generation.

Insystems that require the outputs to be shut off during some peri-
odswhen link transmission is prohibited (e.g., for laser 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
go LOW, while allowing OUTC £ to continue to function normally
(OUTC is typically used as a diagnostic feedback and cannot be
disabled). This separation of functionallowsvarioussystemconfig-
urationswithout unduc 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 systern
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. Set BISTEN LOW tobegin 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 FIFQO 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

BIST loop, 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 pinsand the bypass functionin
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
anysignificant system overhead.

Whenin Bypass mode, the BIST logic will function in the same way
as in the Encoded mode. MODE = HIGH and BISTEN = LOW
causesthe Transmitter toswitch to Encoded mode and begin send-
ing the BIST pattern, as if MODE = LOW. When BISTEN returns
to HIGH, the Transmitterresumesnormal BYPASS operation. In
Test mode the BIST function works as in the Normal mode.

Test Mode

The MODE input pinselectsbetween three transmitter functional
modes. Whenwiredto HIGH, the Dp_7, SVS, and SC/D inputs by-
pass the 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
Veel2)

Test mode causes the Transmitter to function in its Encoded mode,
butwith OQutA +/OutB + (used as a differential 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. AssertTest mode forseveraltestclock 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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CY7B93X HOTlink Receiver Operating Mode
Description

The CY7B93X Receiveroperatingwith the CY7B92X Transmitter
formsa 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 normaluseroperation, 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 Bypassmode is used for systems in which the encoding and de-
codingis performed by an external protocol controller.

Ineither mode, serial data is received at one of the differential line
receiver inputsand 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
patternthat 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-
crin the Clock Sync block is synchronously 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 disabie resynchro-
nization of the bit counter. The Framer will be inhibited when the
RFinput is held LOW. When RF rises, RDY will be inhibited until
a K28.5 has been detecied, and RDY will resume its normal func-
tion. Data will continue to flow through the Receiverwhile RDY is
inhibited.

Encoded Mode Operation

In Encoded mode the serial input data is decoded into eight bits of
data (Q) — Qy), 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 data is
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, itisinterpreted as “control”
or “protocol information,” and the SC/D output will be HIGH.
Specialcharactersinclude all 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
datapacket (i.c., Transmitter sending CE0; D7_¢ = 1110 0000 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

[n Bypass mode the serial input data is not decoded, and is trans-
ferreddirectly to the Qutput register’s 10 bits (Qq—7, Qg, and Qo).
Itisassumed that the data has been pre-encoded prior to transmis-
sion,andwillbe decoded in subsequentlogicexternalto HOTLink.
This data can use any encoding method suitable to the designer.
The only restrictions upon the data encoding method is that it con-
tainsuitable 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,
so a K28.5 pattern canstill be used tore-frame the serial bit stream.,

Parallel Output Function

The 10 outputs (Qy_7, SC/D, and RVS) all transition simuita-
neously, and are aligned with RDY and CKR with timing allow-
ancesto 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.
A LOW puise 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-
itedduring fill strings. Data at the Qg _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-¢ =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 followedby another K28 5,
Allfillcharacterswillnotcause 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 is awaiting receipt of
aK28.5 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 SCD Qouts

1. Good Data code received with

good RD 0 0 O00-FF
2. Good Special Character code

received with good RD 0 I 00-0B
3. Unassignedcodereceived 1 1 EO
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 1 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-In Self-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 argnb#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.
Qp-7 and SC/D will shaw 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 to switch to Encoded mode and begin
checking the decoded received data of the BIST pattemn, as if
MODE = LOW. When BISTEN retumns 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 Output 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.

S. 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 Qg, Qy, 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,
Q1 = 102:1, Q2 = 103:1 as set by the PLL divider constants) and
casily 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) arc used for functions 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, F, G, H for the 8-bit
byte for the raw 8-bit data, and the letters a, b, ¢, d, ¢, 1, f, g h, j
for encoded 10-bit data. There is a correspondence between bit A
and bita, Bandb, Candc¢, Dand d, E ande, Fand f, G and g,
and H and h. Bits i and j are derived, respectively, from
(A,B,C,D,E) and (F,G,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 4 3 210
HOTLink D/Q designation—7 6 5 4 3 2 1 0
8B/10B bit designation— HGF EDTCBA

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 010

Translated to a transmission Character in the 8B/10B Transmis-
sion Code:

Data Byte Name

Bits: abcdei fghj

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 (cis set to D, and the SC/D pin is LOW) or a Spe-
cial Character (c is set to K, and the SC/D pin is HIGH). When cis
setto D, xxis the decimal value of the binary number composed of
thebitsE, 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 c is set to K, xx and y are derived by comparing the
encoded bit patterns of the Special Character to those patterns
derivedfrom 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 D35.2. 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 (7).

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 P.A. 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,

IBM Enterprise Systems Architecture/390 ESCON /O Interface
(documentnumber SA22-7202),

8B/10B Transmission Code

The following information describes how the tables shall be used
forboth generating valid Transmission Characters (encoding) and
checking the validity of received TransmissionCharacters(decod-
ing). [t also specifies the ordering rules to be followed when trans-
mitting the bits within a character and the characters within the
higher-levelconstructs specificd 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, . Bit “a” shall be transmitted first followed by bits b, ¢, d, e,
i, f, g, h, andj 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
Special Characters (K characters), respectively. The tables are
usedfor both generating valid TransmissionCharacters(encoding)
and checking the validity of received TransmissionCharacters(de-
coding). In the tables, each Valid-Data-byteorSpecial-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-
erversion of the Transmission Character based on the current run-
ningdisparity value, and the Transmittershallcalculate anewvalue
for its running disparity based on the contents of the transmitted
character. Special Character codes CE1 and CE2 can be used to
force the 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 Receivershall decide 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.
Runningdisparity at 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 running disparityat
the end of the 4-bit sub-block.

Runningdisparity for the sub-blocks shall be calculated as follows:

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,
and it is positive at the end of the 4-bit sub-block if the 4-bit sub-
block is 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

Theappropriate 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, anewvalue 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.
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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 is valid and the
associatedData byte or Special Character code is determined (de-
coded). Ifthe received Transmission Character is not found in that
column, then the Transmission Character isinvalid. Thisiscalled a
code violation. Independent of the TransmissionCharacter’svalid-

ity, the received Transmission Characier shall be used to calculate
anew value of running disparity. The new value shallbe used asthe
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 - D10.2 - D235 +
Transmitted bitstream - 1310101001 - 0101010101 - 111010 1010 +
Bitstream after error - 1010101011 0101010101 1110101010 +
Decoded datacharacter - D21.0 D10.2 Code Violation +
Valid Transmission Characters
Naming notation and examples:
Data
Din or Qour
Byte Name 765 43210 Hex Value
DU.0 00 SISINIeD0] 00
DELO 62638} nonal 01
2.0 0uo Doute 02
DLL2 a10 000101 L
nyn. Tt1 11110 Fi
13ii, 7 bt IRERN FE
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Valid Data Characters (SC/D = LOW)
gatta Bits Current RD— Current RD+ l;ata Bits Current RD— Current RD+
Naynfe HGF EDCBA | abcdei fghj abedei fghi Nny:e HGF EDCBA | abcdei fghj abedei fghj
DO | oo Quppiny L TOUYYT 0100 ) uriouog 1011 DG 001 00000 1006111 50010 011000 1001
DO w0 sungl o1l o100 1o0cit 1ull DL 001 o000t Jo11101 1001 ) Luvbglo  1oel
N2 0oy onole [ 101101 Glue 010010 1011 DAl 0ot 00010 [ 101101 1001 | 0L0CG1I0 1001
3.0 (Hi Uil ionnt 1ol 1oy 1w D3 001 00011 110001 1oor ) rivool 1001
ool uns o ouloo [ 11010 010G | oelole 1ot DAL 00T 00100 | Ltotor 1001 | 001010 1001
DR Ous Cnlnl plulosr 0L P Iaioenl  uloo D51 001 00101 101001 1001101001 100t
[RITEN BRIV PN SRRV ot oo u1on De.1 poCT 00110 [01100% 1001 )6l1001 1007
[RERSVEN IR Tri0ne 1ulrouortt 01on o 001 G011l 111000 1000 pootitl 1am
DR o utoon P rionr olon fovottn ioit DELT 00T 01000 [ 111001 1001 Jovalio ool
PR} RIRIN] [SENEIEA ooror oty pranios nian Dol 001 01001 100101 1001 prootol 1001
SR i Ol pointelr 1 10101 01nn nio. oot Dro10 | 010101 1001 Jouinlosr oot
JERI [TV Trodag tntr piioloce oloo nrirorfom Oiott rroton ool P rralde 0ol
|ERE N BTN GrInn foul ol Lol pagtiat aiun niz.r)om 1100 1001107 1001 ol 1001
DU ol ann oo Lt ot ratran ulan plicl ool 01101 1071100 100t [ 1ol10o0 10Ul
AL enn DT parrnan 1o oty i D41 ool OL1T0 Jo11100 10U: 011100 1001
DIS o e DL futallr oo 1alono 1011 b 1001 01111 JOlorll 1401 | LoTodu 100l
Dl oo oo fottolt oriog ) 100100 1oLl Din, b ont 10000 | 011011 10Uyl | 1o0ion 1001
rraoo | non 1oonl oo 1l Becl o ulng Dl ) ood fonot rouott 1001 10001 tool
ER I F I ETEAY R AR DR TEN ISR RTTIR I R N ISR S TE uloo DXL | und 1oty [ oroott 1aut folee 100
Leliein | uiit Ll NERHR R USRI A B VR RS R I N RO D19 ool IR T100I0  toot | 11a01s Lyl
IRt K200} Ponlowy pooyoll 1a1rroantoll oy IRFAYINR BN I SISN To100 Joolvll Yuni Jootull  1To0l
1] Y tutlind Lototo 1ol pietorn alan LT hal 10101 101010 10Ul o101ty 1001
VNN V] Todlte Jotlolg 111y pullalo n1on DL oot 10110 01101 1o Jastoty 190l
[EXEDRE eI 1Tl LUy wioo oIl ot [BRIETRIN VISR 1011t THLoto 1060101 000107 tuul
praLolecu L1ono [ 1oy gloo foolloe 1011 nad 1| oot 11000 | 11007 1001 focllon 1003
sl tuo T ety el 1oo11e 0100 pas | ool 11001 100110 00l [ 100110 1gul
Davco | oon vtntg [osei o 1011 L uloniy uloo pas. 1 om note [oloite 1001 elully 1ol
[FRI uouy 1111 1ottt olonfooteol 1011 Dot uul 11011 T1at1lo 1001 | ou1goy 1001
b, o] buo Lltuy Joulllay 1ol [o0Yyio oton DAR,T 00T P00 J oottt 1001 001110 toot
D490 o 11101 TOLLEG 0100 ) G10001 50141 DA 0 11101 101310 1001 [ Gloo0ol 100
IDERIIY [SESI0] LLTTy [ulllio ulgo floovol 1011 D30. T 60l 1110 011110 1001 | ioooul 1001
DEREN TN AN IBRRN Tl otogn lororoo 1011 DI ool 11111 LGT01T  tonb [ 010100 1o
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Valid Data Characters (SC/D = LOW) (continued)
I;ata Bits Current RD— Current RD+ l;uta Bits Current RD- Current RD+
N:rtnee HGF EDCBA | abcdei fghj abcdei fghi Nnylt:e HGF EDCBA | abcdei fghj abedei fghj
ISP 0140 oonoo preottl 0101011000 0103 DULI 011 onooo [1o011l oull polioon 1100
DI 910 noogl 011101 0to1 1100010 Otot DEL2 311 aouat Jotrtor ooll ) toagta 1100
DAL 0140 oot L1artor uwlal foioalo 0101 DRI ull analn Toriol aob folaglin 1100
ns.2 a10 oot 11001 01071 | ttodotr 0103 i 011 gooll Lol Jion | riogool ool
DA ole 00100 [ TTulol 0101 001010 GlO! S it culng oo oot pouinia  11od
DY 2 010 Gulol 11001 0101 10100617 0101 DY, ull [PIPRRSH| 101001 1100 1araut il
6. |00 oolio | nltont W10 011001 01gE DELE Pl optin fottocolr o lostoul ool
o2 Ur GUTll 111000 Glol [ ndd1il oLl 17,4 1l aull LLTo00 oo oottt oall
Dy.2 U1g [FARIAVEY] 111000 ulorjponutlo 0101 138, 3 (11 21000 Trioct ourrlosdiie 1100
Dne.2 010 010u1 looiol Olul ptooror giol D9 011 [SRREIV Toulyl  troc ] raoiol  Qoli
014 Q1010 J01m10l Ciot P u1o101 o101 HARVINS N IV grata foraror  ttuopordiol aotl
gro  olull 110100 a1ot)rioloe 010) DIT.Ap o1l groll fnedoe 1o tioion gl
o1 Q1100 Jootict 0101 joollol uiot DA 8] on nDiton fontiol 1o poriiot ool
D13.2] 010 01101 101100 0lol p1o1loo ntal Dls 4 ell [IAREIA Lol it Tl prollor gull
Dl etin GrITo Jortrige oloppotiion a1al DA+ 0l [V R O AT IS AN IR AN R P IR |
DI, A o 01111 mrorl diab ] tarauy olel b i ot Il Grorrr oot pretcud 100
D2 oo ooy farrarr ouiol p rasliod 0liol [URNZINEN IR oooo farrary oul b [ iewlng Ttou
priLa)utn 100 Toogit Orarpananl o 0l DI and HOgGt lun bt oo ranore uall
pig. 21 0lo 1go1ta potaoltl 1ol Juiovil ol [EDEINR VAU LOUTO potantr i fotoorr Gell
910 10011 Tlogto ool | ool 910l iyl ol Taanl Praatn  1To0 1t 0011
010 1oloo | oelall olor ogioll oiol [ESIVIER D! Toloe Joololl 1ot onlor] ool
par.zfclo 1101 101010 0ito | 1100 ulin IR IR ISR 1ol Tatra Lo pigrolg oull
Dp22.21 010 167110 Julloln otol pallolo i)l SRR BRR Taltg portoio 1o lurlolo anii
D232 010 1011 Jrriare alalfoociol 00 PRETEEN HADS! torrr fretnrg oerl ] ruotar 110
n24.21 010 rvroso ot sier faarion orn SHEAE IR Llaoao P riooly oot faallon  ran
DR N0 Tt ool ol franttg 0101 [ENESINET BEAB Piogl ot ttuan )l raorio o nntl
praLl 010 010 1010110 1ot Jolullao 3101 DR ot Liorn paroliag Lo folorio 0011
XA VR RG} 11011 FLOTIOD o101 L on1ocol 0101 paiosl ot 1101 T1OYi0 aarl pauiounl  1ion
DAl 01N 1H1L00 [ont11a elor fuolito atol [BER-IEE BEPR I Pitoo fonttto Yiospontiio 0l
D292 010 11101 101110 0107 foinool n1ol REEINEN B treal Lt bro ool fatoonl 100
D302 010 11110 011110 01071 | ioooot 9101 D30 o Trvin olliio untldiooonr 1100
[BER SN I R1) 11111 101001 olurJotolon o1l [EE RN INCRN 11111 Uit ool pulotau 1100
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Valid Data Characters (SC/D = LOW) (continued)

Data Bits Current RD— Current RD+ Data Bits Current RD- Current RD+
l‘ﬁ{lt:e HGF EDCBA | abedei  fghj | abedei  fghi [?::fe HGF EDCBA | abcdei fghj | abedei  fghj
BUL4 DU U000 100111 0010 | Ut lo00  1lul DOLS 101 00000 | 100111 1010011000 1910
D1.4 | 100 00001 J611161 0010 | 100010 1101 Dl.5 101 00001 011101 1010100010 1010
D24 100 Qo010 J1o1i01l welofoionlo 1101 2.5y 101 00010 | 101101 1010010010 1010
D3.4 100 00011 110001 1101 110000 0010 D35 101 (U011 | 110001 1010110001 1010
D4.4 100 CO100 [ 110101 0010001010 1101 D45 101 00100 | 110101 1010001010 1010
DY.4 100 o101l o101 1101 1101001 0010 DH.5 101 00101 101001 10101101001 1010
D64 00 gotie [orttaotr 10T Jollaay 0oto Db.b 101 Q0110 | 011001 1010011001 1010
D74 100 0ol 11000 1101 Q000111 0010 DrLh 101 0olil 111000 1010000111 1010
Dy, 4 100 01000 J1:1001 0010000110 110t L8.Y 101 01000 | 1131001 1010000110 1010
D9.4 100 01001 100301 11014100101 0010 D9.5 | 101 01001 | 1001017 1010100101 1010
DIoL4 | too 01010 J01010% 1101 Jolciel 04010 D105 101 (1010 010101 1010010101 1010
D11.4] 100 61011 110100 1101 ] 110100 0010 N11.5| 101 ololl 110100 1010] 110100 1010
D12.4 | 100 01100 jJooli0l fi0t 001101 0010 D125 101 01100 001101 1010 (001101 1010
D13.4 ] 100 01101 101100 1101 | 101100 0010 D135 101 01101 101100 1010 01100 1010
DI4.4) 100 Oltlu Jotiiow 1101 (01100 0010 DI4.51 1M 01110 011100 1010 (011100 1010
Dib. 4] 100 01111 010111 0010101000 1101 Dis.5] 101 01111 Jo10111 1010 (101000 1010
Dig.4 | 100 10000 J 011011 0010 f 100100 1101 Lie.s | 101 10000 | 011011 1010]100%00 1010
017.4) 100 10001 100011 1101 10300311 0010 ni7.o| 101 10001 100011 10101100011 1010
nig. 4] 100 10010 | G10011 1101 010011 0010 D18.5] 101 10010 010011 1010010011 1010
019448 100 16011 110010 1101110010 0010 D19.s | 101 P00t 110010 1010110010 1010
D20.4 ) 100 0100 | 0D1IOUTE 1101001011 GC10 D20.5] 101 10100 [ 001011 1010 0010711 1010
DA1.A] 100 D010t [1or0ic 1101 pio1a10 0oto D21.51 101 10101 101010 1010) 101010 1010
pz2.4) 100 10110 J011010 1101 ¢011010 0010 p22.5) 101 10110 1011010 1010011010 1010
D23.4| 100 10111 | 111010 0010 JO0COLGL 1101 p23.5) 101 10111 111010 1010) 000101 1010
Dza.4| oo 11000 | 110011 0010001100 1101 pad.H1 101 11000 110071 1010001100 1010
D25.41 100 11001 100110 1100 1votid 0010 N2s.5 | 101 11001 100110 1010100110 1010
26.4 | 100 1101 Jcl1o110 1101 010110 GOLC p2eh ] 101 11010 610110 1010010110 1010
D27 4 TUU 11011 11e11G Q1o | nblogl 1101 B 101 11011 1101106 1010001000 1010
D28.4 | 100 11100 | 0061110 1101 | upllly 0olo0 D285 10t 11100 001110 1010001110 1010
D29.4 ] 100 11101 101110 0010 ] 0t000L 1101 D29.5] 101 11101 101110 1010| 010001 1010
D304 100 11110 JUl1110 0010 | 100001 1101 D30.5) 101 11110 | 011110 1010} 100001 1010
D31 4] 100 1t 101011 0010 ([ Nn10100 1101 D31.5 ] 101 11111 101011 1010010100 1010
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Valid Data Characters (SC/D = LOW) (continued)
Data Bits Current RD~ Current RD+ gala Bits Current RD— Current RD+
NBayl:lee HGF EDCBA | abcdei fghj | abedei  fghi N:ltnee HGF EDCBA | abedei  fghj | abedei  fghj
Do.e | 1to 60000 100111 0110011000 0110 poLY 11 00000 J1o0LLL woul orione 11
D1k 110 00001 011107 0110 ) t000tg 91140 11 111 an0a1 1110 ol | roonts Ll
pa.e L rro vooro L1010 oo folooto o110 v b1t oooto Lronter anol loleclo 110
iy 114 aoult 10001 ootolliooor o1lu Dy 111 gooll Tiognt 1110 Liogor  gool
D46 110 Ootou 11010 011o ) oul1010 ollo DALY 111 ao1eo Sloiolr 0001 pootold 111D
DY 6 110 oot 10100r 0110101001 w1l D Til GOl Terndr  p1io | toranr 000l
Do b 114 0110 Joriootr 0110 Qollool olln Do, Tt GOLIO alinul 11ioforiool Jool
OIS 110 Nt 111000 Ol poootil 0110 DA, 111 00111 P1T000 it oottt oot
D6 Lo 01600 thiool at1glooo1ito 9110 DR/ [ U100 11100 au0l foeolty 1110
D9. & T 100t Fon1or o110 100101 alio [P 111 01001 100100 111 ieelil D00t
PIO0.a ] 110 arteto Joetolagl Ol1epulolol oo plrossap 111 01010 [0ioi0r 11Tagalmul noel
DIT.e) 110 [VRRIR 11o1o0 511l 110100 0110 IRRIE R atott ttoree 1110 1101000 1000
D126l 110 01100 Juollol ollo | aa1101 0110 NI IR GLTOO poul ol Tioaoriet ool
DI3.61 110 GL101 10110¢ 0110 1081060 01140 Didoi 11 Lyl LOTTag TGP 1otiog  1oou
D14 6] 110 GLITG o110 0110 0t1iog o110 nracil 1 Olrtg Joriton 1110 oty Lo
D56 110 Gl 10111 ulio 101000 oltliv JERRSIAA R R 01111 Ola111  gool protaan 1110
nDic.a] 1o oo Jellcll 0110 tdio0 0110 Dl 11 Tocoo Joryorlr oool fraarag 1110
DE7ou] 110 ponl L rnootr oo isbort elie DU s teoul | iooorr ool oooln ooo
DIB.6] 110 1goly [oloolr oxto | n1idd11l oul1g PR [l togle foleall ol poin0ll  oonl
DIG. 6 110 10011 110070 CHIO 110010 0110 presd] 11 T TIOUIG  Ttio ] rioein gutl
D20.e | 110 1000 Jooioit 0110 | 00oioll 011U D20 111 10100 Jdoters oty ool oool
D216 110 10101 FOLOTG Ol10 | 131010 0110 [PEREAE IR 10.01 101030 111G Ta1ald ooot
DAZ2.e | 110 Pot10 [ ottote or1to{o11o10 otiu DAV 1T oo Jostute 111ula11010 ooot
D236 110 111l 111u1a Gllio | onotolr Q1140 DA3L 1T [N A Toiare ononl 1110
D24.6 (110 11000 | 110011 4110 o0tiog 01140 BRI IR L1100 LG ool fcotton T1i0
Dah.el 110 11001 10011 nllopitaorio 0114 [REECTA B Lol Tootta 1110 tualio ool
DZb.b | 110 11010 |ololic 0110 eiol1o ullo Drecil 1y tora b etorie 1o o nooet
DA e 110 11011 Lot nllglootool ol D2y im Ul Piobloo gttt fowraol 1110
D2HLG 110 THIG60 a0 01t loo1119 G110 FEXERIAN IR I I Trin Josrllo ity punilld Juol
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CY7B921/CY7B931,

, CY7B922/CY7B932,
F RS PRELIMINARY CY7B923/CY7B933
& SEMICONDUCTOR
Valid Special Character Codes and Sequences (SC/D = HIGH)!'6]
Bits Current RD- Current RD+

S.C. Byte Name S.C. Code Name HGF EDCBA abcdei fghj abedei fghi
PECHG 0. 100y 000 10000 601111 0100 110000 1011
KoK 0 o 000 90001 001111 1001 110000 0110

CoL0 1CoM 000 0O010 001111 0101 110000 1010

3.0 SRR 000 VLU 001111 oull 110000 1100
KB4 a0 [Cuty 000 00100 001111 0010 110000 1101
ERC €S0 [Co9) 300 po10l 001111 1010 110000 0101
[ [ <G {6 [SX010] [SI3BIES! 001111 0110 110000 1001
K2R C e 00 00111 001111 1000 110000 0111
PRI CELL 108 0on 01000 111010 1000 000101 0111
K. CL TIEN DUy 01001 110110 1000 001001 0111
K. Clo.o (ClA) 00 otolo 101110 1000 010001 0111
b CriLe (CUR 000 01011 011110 1000 100001 0111
oty e d clan {eney 000 01100
Foser ved 1.0 (C1E) 000 11111

il oLl (Con) 001 0uo0g ~K28.5+,D21.4,D21.5,D21.5, repeakl’]
K1Y C1l1 {c2n) 001 GGO01 K28.5+,D21.4,010.2,010.7, repeatt8l
B e w call (c2 001 GunIo “K28.5,Dn. xxxd19] +K28.5, hn. xxx 119
Reser ved Cill [C23) 001 00011
weviorved Cil.b (Cur) 110 111
Bxeopt o CuL (CRl) 111 BUOUG <Code Rule Violation>{20]

TR 1L (L) 111 tuuul 001111 1010021 00111 1e102b
VRIS oL (1) 111 GOuln 110000 010102 110000 0101022
Roseorved [GE (1) 111 ool
Fxeopt fon oA (Crd) 111 Golue <Running Disparity Violation>[23]

s ved 5.7 (CES) 111 00101
Foser ved [N (U 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 1/0 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 = Transmit Negative K28.5 (—K28.5+) disregarding Current RD
when input is held for only onc byte time. If held longer, transmitter
begins sending the repeating transmit sequence —K28.5+, D21.4,
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.

Receiver will never output this Special Character, since K28.5 is de-
coded as (05, 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+, D21.4,
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 C0S, and the subsequent bytes are decoded as data.

COMM H
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Notes (continued):

PRELIMINARY

CY7B921/CY7B931,
CY7B922/CY7B932,
CY7B923/CY7B933

19. C22 = Transmit either —K28.5+ or +K28.5— as dctermined 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 “EOFd1” the controller could issue the se-
quence C22—-D21.4— D21.4-D21.4, and the HOTLink Transmitter
will send cither 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 CO5, and the subsequent bytes are decoded as data.

20. CEO = 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 Jo4
CY7B921-LC Lod
CY7B921-PC P21
CY7B921-J1 Jod Industrial
CY7B921-PI P21
CY7B921-DMB D22 Military
CY7BY21-LMB Lo4
Package Operating
Ordering Code Type Range
CY7B922-DC D22 Commercial
CY7B922-JC Jod
CY7B922-1LC 164
CY7B922-PC P21
CY7B922-11 Jo4 Industrial
CY7B922-P1 P21
CY7B922-DMB D22 Military
CY7B922-1LMB L64
Package Operating
Ordering Code Type Range
CY7B923-DC D22 Commercial
CY7B923-JC Jo4
CY7B923—-LC Lo64
CY7B923-PC P21
CY7B923-J1 Jo4 Industrial
CY7BY923-PI P21
CY7B923-DMB D22 Military
CY7B923-LMB L64

21.

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

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

CEl = 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. Recciver willoutput CEl if —K28.5
is received with RD +, otherwise K28.5 is decoded as C05.

22. 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 will output CE2if +K28.5
is received with RD—, otherwise K28.5 is decoded as C0S.

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

asserting CEQ.

Receiver will only output this Special Character if the Transmission
Charucterbeing 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
CY7B931-PC P21
CY7B931-3 Jo4 Industrial
CY7BY31-PI P21
CY7B931 -DMB D22 Military
CY7B931-LMB 1.64
Package Operating
Ordering Code Type Range
CY7B932-DC D22 Commercial
CY7B932~IC Jo4
CY7B932-1.C Lod
CY7B932-PC P21
CY7BY932-1J1 J64 Industrial
CY7B932-PI P21
CY7B932-DMB D22 Military
CY7B932-1L.MB L64
Package Operating
Ordering Code Type Range
CY7B933-DC D22 Commercial
CY7B933~1C I64
CY7B933~LC Lo6d
CY7B933-PC P21
CY7B933-1J1 J64 Industrial
CY7B933-PI1 P21
CY7B933-DMB D22 Military
CY7B933~-LMB L64




CY7B921/CY7B931,

o W PRELIMINA CY7B922/CY7B932,
e RE RY
CYPRESS Y7B92
WP s, CY7B923/CY7B933
MILITARY SPECIFICATIONS
Group A Subgroup Testing
DC Characteristics Switching Characteristics
Parameters Subgroups Parameters Subgroups
VoHT 1,2,3 tCKR 9,10, 11
Vorr 1,2,3 LCKW 9,10, 11
Vour .23 tCKX 9,10, 11
s —ean
{CPWH , 10,
I
osT 1,2,3 Ty—— 9,10, 11
ViHT 1,2,3 LCPRH 9,10, 11
Vir 2,3 tCPRL 9,10, 11
Vg 1,2,3 tCPXH 9,10, 11
ViLe 1,2,3 tepxL 9,10,11
et 12,3 tRH 9,10,11
tps 9,10,11
I 1,23
L tpPRH 9,10, 11
e 1,2,3 PRI 9,10, 11
LiLe 1,2,3 N 9,10, 11
Ice 1,2,3 tsp 9,10, 11
VDIFF 1,2,3 tHD 9,10, 11
Vi 1,2,3 tROH z, 10, ::
t , 10,
Vi 1,2,3 SLAD
1SENP 9,10, 11
tHEN 9,10,11
tPDR 9,10, 11
tPPWH 9,10, 11
tppwL 9,10, 11
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