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Features
m Second-generation HOTLink® technobogy

m Compdiant io multiple standards
7 ESCON, DVE-ASI, Fibre Channel and Gigabit Ethernst
{IEEEBDZ.3z)

7 CPRI™ comgpliant
7 BB/ 0B coded data or 10 bit uncoded data
m Ouad channel transceiver operates from 18510 1500 MBaud
serial data rate
1 Aggregate throughput of up to 12 Gbitalsecond

m Second-generation HOTLink technology

u Truly independent channels
7 Each channel can operate at a different signaling rate
7 Each channel can fransport a different type of data
m Selectable inputfioutput clocking options
m Internal phase-locked loops (PLLs) with no external FLL
components
m Dual differential PECL-compatible seral inputs per channel
m Internal DC-restoration

m Dual differential PECL-compatible serial outputs per channel
7 Sowrce matched for 50-02 transmission lines
7 Mo external bias resistors reguired
7 Signaling-rate controlled edge-rates
m MultiFrame™ Receive Framer provides alignment options
7 Bit and byite alignment
o Comma or Full K28.5 detect
7 Single or Multi-oyte Framer for byte alignment
7 Low-latency option
m Synchronows LVTTL parallel interface
m JTAG bowndary scan
m Built-in Seli-Test (BIST) for at-speed link testing

m Compatible with
2 Fiber-optic modules
7 Copper cables
7 Circuit board traces

CYP15G0403DXB
Independent Clock Quad HOTLink II™

Transceiver

m Per-channa Link Quality Indicator
7 Analog signal detect
7 Digital signal detect

m Low-power 3W at 3.3-V typical

m Single 3.3-V supply

m 256-ball thermally enhanced BGA
m Pb-free packege option available
w025 p BICMOS technology

Functional Description

The CYF15G04030XE Independent Chock Quad

HOTLink 1™ Transceiver is a poini-to-point or point-to-mult-
point communications bullding block enabling transfer of data
over & variety of high-speed serial links like optical fiber,
balanced, and unbalanced copper transmission lines. The
signaling rate can be anywhere in the range of 185 fo

1500 MBaud per senial link. Each channel operates indepen-
denthy with its own reference clock allowing different rates.
Each transmit channel accepts parallel characters in an nput
Register, encodes each character for transport, and then
converts it to serial data. Each receive channel accapts serial
data and converts it to paraliel data, decodes the data into
characters, and presents these characters to an Output
Register. Figure 1 an page 2 illusirates typical connections
between independent host systema and comesponding
CYP15G04030XE chips

As a second-generation HOTLink device, the
CYP15G04030%E extends the HOTLink farmily with enhanced
levels of integration and faster data rates. while maintaining
seriaHink compatibility {data, command, and BIST) with other
HOTLink devices. The transmit (TX) section of the
CYP15G04030%E Ouad HOTLInk I consists of four
independent byie-wide channels. Each channel can accept
either 8-bit data characters or preencoded 10-bit transmission
characters. Diata characters may be passed from the Transmit
Input Register to an integrated 8808 Encoder to improve
their serial fransmission characteristics. These encoded
characters are then serialized and output from dual Positive
ECL {PECL) compatible differential transmission-line drivers
at & bit-rate of either 10 or 20 times the input reference dock
for that channel.
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The receive (RX) section of the CYP15G04030XE Quad
HOTLink Il consists of four independent byte-wide channels.
Each channel accepts a serial bit-siream from one of two
PECL-compatible differential line recaivers, and using &
complately integrated Clock and Data Recowery PLL, recovers
the iming information necessary for data reconstruction. Each
recovered bit-stream is deserialized and framed into characters,
88M0B decoded, and checked for ransmission emors.
Recovered decoded characiers are then writien to an internal
Elasticity Buffer, and presented to the destination host system.

The integrated BBM0B encoderidecoder may be bypassad for
systems that present externally encoded or scrambled data at
the paraliel interface.

The paraliel 1'0 interface may be configured for numenows forms
of chacking to provide the highest flexibility in system archi-

tecture. In addition to docking the transmit path with a kacal
referance clock, the recefve interface may also be configured to
present data relative o a recovered clock or to a local reference
clock.

Each transmit and receive channel contains an independent
BIST pattern generator and checker. This BIST hardware allows
at-spesd testing of the high-speed serial data paths in each
transmit and receive section, and across the interconnecting
lnks.

The CYP15G04030XE is ideal for port applications where
different data rates and serial interface standards are necessary
for each channel. Some applications include multi-protocol
routers, aggregation equipment, and switches.
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CYP15G0403DXB Transceiver Logic Block Diagram
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Receive Path Block Diagram TELB[A_I are Internal Sarlal Loopback Signals
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Pin Configuration (Top View)
Pin Configuration (Bottom View)
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Pin Descriptions
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Pin Descriptions (continued)
CYP15G0403DXE Quad HOTLink Il Transceiver

Name | 4o Characteristics | Signal Description Name 10 Characteristics | Signal Description
Transmit Path Data and Status Signals TACLKOA LVTTL Output Transmit Clock Output. TXCLKOx output clock is synthesized by each channel's
- - - - TACLKOB transmit PLL and operates synchronous to the internal transmit character clock.
TxDA[T0] LVTTL Input, Transmit Data Inputs. TXDx[7.0] data inputs are captured on the rising edge of the THCLKOC TXCLKOx operates at aithar the same freguency 23 REFCL Kes (TXRATEx = 0}, or
THDB[T:0] synchronous, transmit interface chock. The transmit interface clock is selected by the TXCKSELx ; =
) - TACLKOD at twice the frequency of REFCLK:xt (TARATEx = 1). The transmit clock outputs
TRDC[70] sampled by th latch via the device configuration interface, and passed to the encoder or Transmit have no fixed phase relationship to REFCLKx:
TXDD{70] associated Shifter. WWhen the Encoder is enabled, TXD«[7-0) specifies the specific data or .
TRCLExT cEr‘] command character sent. Recafve Path Data and Status Signals
REFGLKT REDAT0] LVTTL Output, Parallel Data Output. RXDx[7:0] parallel data outputs change relative to the receive
TRCTA[1:0) LVTTL Input, Transmit Control. TXCTx(1:0] inputs are captured on the rising edge of the transmit REDB{70] aynchronous to the  |interface clock. The receive interface clock is selected by the RXCKSELx laich. if
TXCTB[1:0] synChionous, interface clock. The transmit interface clock ks selected by the TXCKSELx latch via REDC[T:0] selected RXCLK+ RXCLEx# is & full-rate clock, the RXCLKx+ clock outputs are complementary chocks
THACTC[1:0] sampled by the the device configuration interface, and passed to the Encoder or Transmit Shifter. RXDO{T:0] output or REFCLKxt |operating at the character rate. The RXDwx|[7:0] outputs for the associated recaive
THCTO[:0] essociated The TACTA[1:0] inputs identfy how the assodated TXDx[7T:0] characters are inber- ingpaut channels follow rising edge of RXCLKx+ or falling edge of RXCLEx—. If RXCLKxz
THCLKxT ar preted. WWhen the Encoder is bypassed, these inputs are interpreted as data bits. i= & half-rate dock, the RXCLKx+ clock outputs are complementary clocks operating
REFCLExT When the Encoder is enabled, these inputs determine if the TXDx[7:0) character ks at half the character rate. The RXDx(7:0] outputs for the associated recaive
encoded as Data, a Special Character code, or replaced with other Special channels follow both the falling and rising edges of the associated RMCLKxt clock
Character codes. See Table 3 on page 16 for details. outputs.
THERRA LVTTL Output, Transmit Path Error. TXERRx ks asserted HIGH to indicate detection of & transmit RESTA[Z:0] LVTTL Output, Parallel Status Output. RXSTA[2:0] status outputs change relative to the receive
TXERRB synchronous o Phase-Align Buffer underfiow or overflow. if an underfiow or overflow condition is RXSTE[2:0) synchronous bo the  (interface clock. The receive interface clock is selected by the RXCHKSELx laich. If
TXERRC REFCLExT F], detected, TXERRx, fior the channel in emor, ks asserted HIGH and remains asserted RHSTC[Z:0] selected RXCLK: R¥CLEx+ i3 & full-rate clock, the RMCLKx+ clock outputs are complementary chocks
TXERRD synchronous io until either a \Word Sync Seguence is transmitted on that channel, or the transmit RHSTO{Z:0] output or REFCLKxt (operating &t the character rate. The RXSTAx[2:0] outputs for the associated receive
FoCLKx when Phase-Align Buffer is re-centerad with the PABRSTx latch via the device configu- input channels follow rising edge of RXCLKx+ or falling edge of RXCLEx—. If RXCLKxz
selected 85 ration interface. When TXBEISTx = 0, the BIST progress is presented on the i= & half-rate chock, the RXCLEx: clock outputs are complementary docks operating
REFCLKx, essociated TXERRx output. The TXERRx signal pulses HIGH for one at half the character rate. The RXSTAx|2:0] cutputs for the associated receive
asynchronous o transmit-character clock period to indicate a pass through the BIST sequence once channels follow both the falling and rising edges of the associated RMCLKxt clock
transmit channel every 511 or 527 (depending on RXCKSELx) character times. F RXCKSELx=1,a outputs. When the decoder is bypassed, RXSTx]1:0] become the two low-order bits
enable / disable, one character pulse occurs every 527 character times. If RXCKSELx = 0, a one of the 10-bit received character. RX5Tx|2) = HKGH indicates the presence of a
asynchionous fo loss character pulse occurs every 511 character imas. Comma character in the Output Register. WWhen the decoder is enabled, RXSTx210]
EFE'E'E"["K:: TXERRx is also asserted HIGH, when any of the following conditions is true: mﬁ:muim receved signal. See Table 11 on page 26 for a st of received
m The TXPLL for the associated channe is powered down. This occurs when OE2x
and OF 1x for & given channal are both disabled by setting OF2x =0 and OE1x = 0. Recaive Path Clock Signals
I RXCLKAZ LVTTL Output Clock |Recelve Clock Output. RXCLKx: is the receive interface clock used to control
= The abaance of the REFCI K signal RACLKEB% timing of the RXD{7:0] and RXSTA[2:0] paraliel outputs. The source of the
Transmit Path Clock Signals RECLKCH RXCLEx: outputs is selected by the RMCKSELx latch via the device configuration
REFCLKA® Differential LVPECL | Reference Clock. REFCLIGE clock Inpuls are used 28 e fiming raferences for the R K inkerfiace. These nse and complommnt clocks ane uwed i roniml fining of deta
h - p output transfers. These docks are output continuowsly &t either the dual-character
REFCLKB+ or single-ended transmit and receive PLLs. These input clocks may also be selected to clock the ¥ ey
" h rate (1/20™ the serial bit-rate) or character rate { 1110 the sarial bit-rate) of the data
REFCLKCt LWTTL input cock transmit and receive parallel interfaces. When driven by & single-ended LVWCMOS i ’
being received, as selected by REXRATEx When configured such that the output
REFCLKD% or LVTTL diock source, connect the clock source to either the true or complement data path is clocked by the REFCLIG: instead of 3 recovered clock, the RXCLKx:
REFCLEx input, and leave the alternate REFCLK input open (floating). When DutpUL drivers prasent & bufiered o divided form (depending on RXRATEx) of the
driven by an LNPECL clock source, the clock must be a differential clock, using both H pre | Rending |
i associgted REFCLKxt that are delayed in phase 1o align with the data. This phase
mpurte. difference allows the user to sslect the optimal clock (REFCLKx: or RXCLK:) for
TXCLKA LVTTL Clock Input,  |Transmit Path Input Clock. When configuration latch TXCHSEL: = 0, the setupfhold timing for their specific system.
TRCLKB imtennal pull-down associated TXCLKx input is selected as the character-rate input clock for the When REFCLKxt is a full-rate clock. the RECLKx: rate depends on the value of
THCLKC TADx{7:0] and TXCTx[1:0] inputs. In this mode, the TXCLKx input must be RYXRATEx
THCLKED frequency-coherent to its assodated TXCLKOx output clock, but may be offsst in
phase by any amount. Once initislized, TXCLKx is allowed to drift in phase as much When REFC#]K“ :5 Em.ruéﬂ and RXCHSELy = 0, the RXCLK rate
a5 +180 degrees. If the input phase of TXCLK:x drifts beyond the handling capacity depench on the valua A
of the Phasa Align Buffer, TXERRx is asserted to indicate the loss of data, and When REFCLK:x# is & half-rate dock and RXCHSELx=1, the RXCLKxt rate does
:-Emiggnctml ed uniil the Phage Mlg;EMHFCLKTiTiﬂE!ITE;j&Lh:ﬁhHE nfﬂreﬁ;}iﬂl._l{x not depend on the value of RXRATE® and operates at the same rate as REFCLKxt.
nput relative to its associated + is initia en the configuration
latch PABRSTx is written &s 0. When the assodated TXERRx is deasserted. the
Phasa Align Buffer ks inftialized and input characters are comectly captured.
Hotas

1. %hen REFCLEN: is configuned for Fall-raie operation, these inputs are sampled relathee o both, the rising and faling edges of the associaled REFCLIGE.
Z Wihen REFCLEw: is conlfiguned for hall-rale operation, these oulputs ane presented relafive 5o both the rising and 1alling edges of the assodialed REFCLEN.
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S | vo Characteristics | Signal Description Name 1O Characteristics | Signal Description
Device Control Signals LF1A LVTTL Output, Link Fault indication Output. [Flx is an cutput status indicator signal. LFlx is the
RESET LWTTL Input, Asynchronous Device Reset. RESET initislizes sl state machines, counters, and LFIE asynchronous logical O of six intemal conditions. LFIx is asserted LOAY when any of the following
BEYNChIONOIES, configuration latches in the devica to a known state. RESET must be asserted LOW LFIC conditions s true:
imternal pull-up for & minimum pulse width. When the reset is remowved, all state machines, counters LFID m Received serial data rate outside expected range
and configuration latches are at an inital state. As per the JTAG specifications the = Analog amplitude below expected levels
device RESET cannot reset the JTAG controller. Therefore, the JTAG condroller has m Tranaition density lower than expected
t b reset separataly. Refer to *JTAS Support™ on page 27 for the methods to reset m Eeceive channel disabled
the JTAG state machine. See Table 9 on page 22 for the inifialize values of the m ULCx is LOW
device configuration latches. m Absence of REFCLK:.
LOTDEN LVTTL Input, Level Detect Transition Density Enable. When LDTDEN is HIGH, the Signal Level Device Configuration and Control Bus Signals
internal pull-up Detector. Range Controller, and Transition Density Detector are 2l enabled to WREN LYTTL input, Control Write Enable_ The WREN input writes the values of the DATA[T:0] bus into
determine if the RXPLL tracks REFCLKx+ or the selected input serial data stream. asynchronous, the latch specified by the address location on the ADDR[3-0] bus !
If the Signal Level Detector, Range Controller, or Transition Density Detector are out intemal puli-up
of their respective limits while LOTDEN is HIGH, the RXPLL locks to REFCLE: until -
such a time they become valid. The (SDASEL[A..O)1:0]) are wsed 1o configure the ADDR{3:0] LVTTL input Control Addressing Bus, The ADDR]S:0] bus is the input address bus used to
trip lewel of the Signal Level Detector. The Transition Density Detector imit is one asynchronous, configurs the device. The WREN input writes the values of the D;;.TA{?:D] bus into
transition in every 60 consecutive bits_ YWhen LOTDEN is LOW, only the Range intermal pull-up the Iatch specified by the sddresa iocation on the ADDR[3:0) bus.[*l Tablz 9 on page
Controller is used io determine if the RXPLL tracks REFCLKx1 or the selected input 22 lists the configuration latches within the device, and the initialization valee of the
serial data atream. For the cases when REXCKSELx = 0 (recovered clock), it is latches upon the assertion of RESET. Table 10 on page 27 shows how the latches
recommended to sat LDTDEMN = HKGH. are mapped in the devica.
ULCA LVTTL Input, Use Local Clock. \When ULCx is LOW, the RXPLL is forced fo lock to REFCLEx: DATA[T:0) LVTTL imput Control Data Bus. The DATA[7:0] bus is the input dats bus used to configure the
ULCB internal pull-up instead of the received serial data stream. While ULCx is LOW, the LFIx for the agynChronous, device. The WREM input writes the values of the DATA[T0] bus into the Latch
ULCC essociated channel is LOW indicating & link fault. intemal pull-up specified by address location on the ADDR[3:0] bus.*1 Tabie © lists the configuration
ULCD _— " latches within the device, and the initialization value of the latches wpon the
When ULCx is HIGH, the RXPLL performs Clock and Data Recovery functions on :
the input data streams. This function is used in applications in which a stable smution of RESET. Table 10 slurs how tha iniches s mapped In the devics.
RXCLEKxt is needed. In cases when there is an absence of valid data fransitions for Internal Device Configuration Latches
& long period of time, or the high-gain differential serial inputs (IM:xt} are laft floating,
there may be brief frequency excursions of the RXCLKsx outputs from REFCLExE. RFMODE(A. DI[1:0] [Intemal Latch™ Reframe Mode Select
SPOSELA 3-Level Select™ Serial Rate Select. The SPDSELx inputs specify the operating signaling-rate range FRAMCHAR[A.D] |intemal Latch™ Framing Character Select.
EPDEEII:E static control input  (of each channel's transmit and receive PLL. DECMODE[AD]  |internal Latch(® Recelver Decoder Mode Selact.
SPOSELD ;D:r = ::f ‘ﬁhﬂ”m DECEYP[A.D]  |intemalLatch®™  |Recelver Decoder Bypass.
iD= 40 — Bansd
ternal =
ot =000 000 Mot ATEA D] iars ol Recee lock s S
. tenmal lock Rate i
INSELA LVTTL Input, Recelive Input Selector. The INSELx input detarmines which extamnal senial bit E1A-0) i - Boe e
INSELE asynchronous stream is passed to the recaiver's Clock and Data Recovery circuit. When INSELx SDASEL[A _DJ[1:0] |Intermal Latch!™ Signal Detect Amplitude Select.
INSELC is HIGH, the Primary Differential Serial Data Input, INx11, is selected for the =]
INSELD associated receive channel When INSELx is LOW, the Secondary Differential ENCBYPIAD]  |intemal Latch Trangmlt Encoder Bypessed
Serial Data Input, N2+, is selected for the associated recaive channel. THCKSEL[A.D] Imtermal Latchl™ Tranamit Clock Select.
LPEMA, LVTTL Input, Loop-Back-Enable. The LPEN: input enables the intemal serial loop-back for the TERATE[A_.DY internal Latch® Transmit PLL Clock Rate Select
LPEMB BsynChionous, essociated channel. When LPEMx is HIGH, the transmit serial data from the E]
LPENC intermal pull-down associated channel is intermally routed to the associated receive Clock and Data RFEN[A.D] Internal Latch Reframe Enable.
LPEMND Recovery (CDR) circuit. All enabled serial drivers on the channel are forced to differ- REPLLPO(A_ D) intemnal Latch®™ Racelve Channel Power Control.
ential logic-1, and the serial data inputs are ignored. When LFENx is LOW., the
imternal serial loop-back function is disabled. RXBIST[A.-O) Iinternal Latchl™ Recelve Bist Disabled.
TXBIST[A..O) Imternal Latchl™ Transmit Bist Disabled.
OE2[A_D) Internal Latchl® Differential Serial Output Driver 2 Enable.
OE1[A_.D) Internal Latchl® Differential Serial Output Driver 1 Enable.
Motz
3, 3 evel Seect Inputs are LS ed for stac confiquration. These ane iEmary inputs that make use of logic lewels of LOW, MID, and HIGH. Thi LOW level is usually
implemented by direct connecion 1o Vs (ground). The HIGH level is usually implemensd by direc! connecion i Vo (power). The MID lev s Notes

implememnied by not connecting the input

floating)l, which allows it i

hias o thi pm:gﬂh‘u-. S

4. Bes "Device Condiguration and Conirol inlerace” on pege 22 for delailed imlormaion on e oparation of the Configuration inleriace.
5 Ees "Device Condguration and Conirol inlerace” on pege 22 for detailed imlormaion on e imiernal laiches.
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CYP15G0403DXBE HOTLink Il Operation

Mame WO Characteristics | Signal Descri
ol il The CYP15G04030XE is a highly configurable, independent
PABRST|A..D] Internal Latch®] Transmit Clock Phase Alignment Buffer Reset. clocking, quad-channel transceiver designed to support reliable
transfer of large quantities of data, using high-speed serial links
GLEM[11..0] Internal Latch Qighel Laich Ennlile. from muiltiple sources to multiple destinations. This device
FGLEN[2..0] Internal Latchi=l Force Global Latch Enable. supports four single-byte channels.
Factory Test Modes CYP15G0403DXE Transmit Data Path
LTEM1 LWTTL input, Factory Test 1. LTEM1 input is for factory testing onby. This input may be left as a Input Register
imtennal pull-down NO COMMNECT, or GND only. o
- - The bits in the Input Register for each channel support different
SCAMEMZ LVTTL input, Factory Test 2. SCANENZ input is for factory testing only. This input may be left as assignments, based on if the input data is encoded or
internal pull-down 8 MO CONMECT, or GND only. unencoded. These assignments are shown in Table 1.
TMEM3 LWTTL input, Factory Test 3. TMEMN3 input is for factory testing only. This input may be left as a ‘When the EMCODER is enabled, each input register capturas
imternal pull-down NGO COMMECT, or GND only. eight data bits and two control bits on each input chock cycle.
An Vo ‘When the Encoder is bypassed, the control bits are part of the
alog pre-ancoded 10-bit character.
OUTAIL CML Differential Primary Differential Serlal Data Output. The OUTx 1+ PECL-compatible CML \¥hen the Encoder is enabled, the TXCT:{1:0] bits are inter-
auTB1x Oiutpat outputs (+3.3V referenced) are capable of driving terminated transmission lines or prated along with the associsted TXDu{7 0] character to
OuUTC1t standard fiber-optic ransmitter modules, and must be AC-coupled for generate a specific 10-bit transmission character.
OuTDi: PECL-compatible connecions.
OUTAZ+ ChL Differential Secondary Differential Seral Data Output. The OUTx2+ PECL-compatible CML Gl _
OUTB2: Output outputs {+3.3V referanced) ane capable of driving terminated fransmission lines or Diata from aach Input Register is passed to the associated
OUTCE2: standard fiber-optic fransmitter modules, and must be AC-coupled for PECL-compatible Phase-Align Buffer, when the TXDx([7:0] and TXCTq1:0] input
OUTDZ2+ COMNECHions. registers are clocked using TXCLKx) (TXCKSELx = 0 and
TXRATEx = 0). When the TXDu[7:0] and TXCT=[1:0] input
INA1 Differential Input Primary Differential Serlal Data input. The INx1t input sccepts the serial data registers are clocked using REFCLKxt (THCKSELx = 1) and
INB14 stream for deseralization and decoding. The IMx1+ sarial stream is passed to the REFCLiKx# is & full-rate clock, the associated Phase Alignment
INC1t receive COR drcuit to extract the data content when INSEL:x = HIGH. Buffer in the transmit path is bypassed. These buffers are used
IND1x to absorb clock phase differances betwesen the TXCLKx input
INAZ4 Differential Input Secondary Differential Serlal Data Input. The INx2t input accepts the serial data clock and the intemal character clock for that channel.
INB24 stream for deseralization and decoding. The IMNx2+ serial stream is passed to the Once initialized, TXCLKx is allowed to drift in phase as much as
INC2+ recaiver COR circuit to extract the data content when INSELx = LOW. +180 degress. If the input phase of TACLKx drifts beyond the
INDZ+ handling capacity of the Phase Align Buffer, THERRx is assarted
ITAG imtard to indicate the boss of data, and remains asserted until the Phase
miarince Align Buffer s initialized. The phase of the TXCLK:x relative to it
™S LVTTL Input, Test Mode Select. Used to control access to the JTAG Test Modes. If maintained associated intemal character rate clock is initialized when the
irternal pull-up high for =5 TCLK cycles, the JTAG test controller ks resat. configuration latich RABRSTx is written as 0. When the
associated TXERRX is deasserted, the Phase Align Buffer is
TCLK LVTTL Input, JTAG Test Clock. initislizad and input cheracters are comectly captured.
I pu Tabile 1. | Reglster Bit As IEl
1. t ter Bit 15!
T0O 3-Smte LVTTL Output|Test Data Out JTAG data output buffer. High-Z while JTAG 15t mode i not nput Regls signmen
selectad. Signal Name Unencoded Encoded
TOI LVTTL Input, Test Data In. JTAG data input port. TXDx[0] (LSE) Ding0] TxD0)
intennal pullup THDx1] DiN={1] TAD[1]
TRET LWTTL Input, JTAG reset signal. When assered (LOW), this input asynchronously resets the TxDa]2] Dikx|2] THADu] )
imtennal pull-up JTAG test access port controller. XD DIN3] TRDH 3]
Power TxDx4] Dihixa] THAD[4)
Vi +3.3V Power. TXDx5] DiNx]5) TxD{5]
GMND Signal and Power Ground for all internal circults. TxDxle] Dinxs)] TADufE)
TxDT] DiN=]T] TEDT]
THCT=[0) Din=gE] THCTx[0]
THCTx[1] (MSE) W] THCT=[1]

If the: phase offset, between the initialized location of the input
clock and REFCLE:x!, excesds the skew handling capabilities of
the Phase-Align Buffer, an emor is reported on that channels
TXERRx output. This output indicates an error continuously wndil
the Phase-Align Buffer for that channel is reset. While the emor
remains active, the transmitter for that channel outputs a
continueous 0. 7 character to indicate to the remote receiver that
an error condition is present in the link.

Each Phase-Align Buffer may be individually resat with minimal
disruption of the serial data stream. When a Phase-Align Buffer
emor is present, the transmission of a Ward Sync Sequence
re-canters the Phase-Align Buffer and clears the ermor indication.
Maote. K28.5 characiers may be added or removed from the data
giream durning the Phase Align Buffer reset operation. When
used with non-Cypress devices that require & complete

1&-character Word Sync Seguence for proper receive Elasticity
Bauffer Operation, it is recommend that the Phase Alignmenit
Buffer reset be followed by a \Word Sync Seguence o ensure

proper operation.

Encaoder

Each character recetved from the Input Register or Phase-Align
Buffer is passed io the Encoder kogic. This bleck interprets each
character and any associated control bits, and outputs a 10-bit
transmizsion character.

Depending on the operational mode, the generated transmission
character may be

m the 10-bit pre-encoded character acceptad in the Input
Register.

m the 10-bit equivalent of the B-bit Data character accepted in the
Input Register.

m the 10-bit eguivalent of the 8-bit Special Character code
accepted in the Input Register.

m the 10-bit equivalent of the C0.7 violation character if a
Phase-Align Buffer overflow or underflow error is present.

m a characher that is part of the 511-character BIST sequence.

m a K285 character generated as an individual character or as
part of the 18-character Word Sync Sequence.

Diata Encoding

Raw data, as received directly from the Tranamit input Register,
is seldom in & form suitable for transmission across a serial link.
Thee characters must usually be processed or transformed bo

guarantee

m & minimum transition density (io allow the receive PLL to exfract
a chock from the serial data siream).

m a DC-balance in the signaling (1o prevent baseline wander).

m run-lemgth limits in the serial data (io limit the bandwidth require-
ments of the seral link]).

m the remoie receiver a way of determining the comect character
ounedaries (framing).
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\When the Encoder is enabled (ENCEYPx = 1}, the characters
ransmitied are converted from Data or Special Character codes
to 10-bit ransmission characters, using an integrated 88/106
encoder. YWhen directad to encode the character as a Special
Character code, the encoder uses the Special Character
encoding rules listed in Table 16 on page 4&. When directed to
encods the character as a Data characier, it s encoded using the
Data Character encoding nules in Table 15 on page 42.

The 88/ 0B encoder is standards compliant with ANSUMCITS
ASC ¥3.230-1884 Fibre Channel, IEEE 8023z Gigabit Ethernet,
the: IBM™ ES and FICON™ channels, ETS| DVE-AS, and
ATM Forum standards for data transport.

Many of the Special Character codes listed in Table 16 may be
generated by more than one input character. The
CYP15G04030XB ks designed to support two independent (but
non-overlapping) Special Character code tables. This allows the
CYP15G04030XB to operate in mixed environments with other
Cypress HOTLink devices using the enhanced Cypress
command code set. and the reducad command sets of othar
non-Cypress devices. Even when used in an environment that
normally uses non-Cypress Special Characier codes, the
selective use of Cypress command codes can permit operation
where running disparity and emor handling must be managed.

Follrwing corversion of each input character from eight bits to a
10-bit tranamission character, it is passad to the Transmit Shifier
and is shifted out LSE first, &s required by AMSI and IEEE
standards for 86/108 coded serial data sireams.

Transmit Modes

Encoder Bypass

\When the Encoder is bypassed, the character capturad from the
T 7200] and THCTx[1:0] input register is passed directly to the
transmit shifter without modification. \With the encoder bypassed,
the TXCTx[1:0) inputs are considered part of the data character
and do niot perform a control function that would otherwise
modify the interpratation of the TXDwx(7:0] bits. The bit uvsage and
miapping of these controld bits when the Encoder is bypassed ks
shown in Table 2.

Table 2. Encoder Bypass Mode

Signal Mame Bus Welght 108 Mame
THDw[0] (LSB) ol arl
TXD=[1] 2 b
TXD=[2] 2 c
TXD=[3] 2T d
THD=[4] ol e
THD=[5] 25 i
TXD=[E] # T
THD=[7] 2 g
THCT[0] 28 h
THCT[1] (MSE) Ll i

‘When the encoder is enabled, the TXCTx[1:0] data controd bits
control the interpretation of the TXDx|7:0] bits and the characters
generated by them. These bits are interpreted as listed in

Table 3.

Table 3. Transmit Modes

THCTx[1] | THCT=[0] Characters Generated
1] o Encoded data character
1] 1 KZ8.5 fill character
1 1] Special characier code
1 1 1&-character Word Sync Sequence
Wovrd Sync Sequence

‘When TXCTx[1:0] = 11, 8 16-character sequence of K28.5
characters, known as a Word Sync Sequence, is generated on
the associated channel. This sequence of K28.5 characters may
start with either a positive or negative disparity K28.5 (as deter-
mined by the current running disparity and the 88108 coding
rules). The disparity of the second and third K28.5 characters in
this sequence are reversed from what normal BBM0B coding
rules would generate. The remaining K28_5 characters in the
sequence follow all 88M10B coding rules. The disparity of the
generated K285 characters in this seguence follow a patiern of

either + #——+—%—#—+—+—F— OF —+F—F —F—t—F bk,

The generation of this seguence, once staried, cannot be
stopped untl all 16 characters have been sent. The content of
the associated input registers are ignored for the duration of this
sequence. At the end of this sequence, if the TXCT=[1:0) = 11
condition is sampled again, the sequence restarts and remains
uninterruptible for the following 15 character clocks.

Transmit BIST

Each transmit channel contains an intermal pattern generator that
can be used to validate both the link and device operation. Thesa
generators are enabled by the associated TXBISTx latch via the
devioe configuration interface. When enabled, a register in the
associated ransmit channel becomes & signature pattern
generator by logically converting to a Linear Feedback Shit
Register (LFSR). This LFSR generates a 511-character (or
S28-character) sequence that includes all Data and Special
Character codes, including the explicit wiolation symbaols. This
provides a predictable yet pseudo-random sequence that can be
matched o an identical LFSR in the attached Recetven(s).

A device resat (RESET sampled LOW) presets the BIST Enable
Latches to disable BIST on all channels.

All data and data-control information present at the associated
THDx[7:0] and TXCT=[1:0] inputs are ignored when BIST is
&ctive on that channel. If the receive channels are configured for
referance clock operation, each pass is preceded by a
1&-character Word Sync Sequence to allow Elasticity Buffer
alignment and management of cock-frequency variations.

Transmit PLL Clock Multipliar

Each Transmit PLL Clock Multiplier accepts a character-rate or
half-character-rate external clock at the associated REFCLKx:
inpart, and that clock is multiplied by 10 or 20 (as selected by
TXRATExX) t0 generate a bit-rate clock for use by the transmit
shifter. It also provides a characier-rate clock used by the
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tranamit paths, and outputs this characier rate clock as
THCLEO=.

Each diock multiplier PLL can accept a REFCLKx+ input
between 19.5 MHz and 150 MHz, however, this clock range is
lirmited by the operating mode of the CYP1 5604030 XE clock
mudtiplier (TXRATEx) and by the level on the associated
SPDSEL input.

SPDSELy are 3Hevel select? inputs that select one of three
operating ranges for the senial data outputs and inputs of the
associated channel. The operating serial signaling-rate and
allowable range of REFCLKxt frequencies are listed in Table 4.

Table 4. Operating Speed Settings

SPDSELx | TXRATE Hﬁ‘uﬁw I“qunnﬂu}
oW i rved 95400
) 19.540
MID (Open)| 1 2040 300800
) 4080
AIGH i 2075 800-1500
7 80150

The REFCLKx+ inputs are diffierential inputs with each input
internally biased to 1.4V, If the REFCLKx+ input is connected to
a TTL, LVTTL, or LVCMOS clock source, the input signal is
recognized when it passes through the intermally biased
reference point. When driven by a single-ended TTL. LVTTL, or
LWCMOS chock source, connect the dock sounce to either the
rue or complement REFCLKx input. and leave the altemate
REFCLEx input open (floating).

When both the REFCLKx+ and REFCLKx- inpuls are
connecied, the clock sowrce must be a differential chock. This can
either be a differential LVPECL clock that is DC-or AC-cowpled
or & differential LNTTL or LVCMOS clock.

By connecting the REFCLKx— input to an external voltage
sowrce, it is possible to adjust the reference point of the
REFCLEx+ input for alternate kogic kevels. When doing so it is
necessary to ensure that the input differential crossing point
remains within the parametric range supported by the input.

Serial Output Drivers

The sernial output interface drivers use differential Current Mode
Logic (CML) drivers to provide source-matched drivers for trans-
mitasion lines. These drivers accept data from the Transmit
Shifters. These drivers have signal swings eguivalent to that of
standard PECL drivers, and are capable of dniving AC-coupled
optical modules or transmission lines. When configured for local
Iloopback (LPENx = HIGH), all enabled serial drivers are
configured 1o drive a static diffierential kegic.

Tranamit Channels Enabled

Each driver can be enabled or disabled separately via the device
configuration interface.

When a driver ks disabled via the configuration interfaca. it is
intemally powered down to reduce device power. If both serial
drivers for a channel are in this disabled state, the associated

intarnal logic for that channel is also powered down. A device
resat (RESET sampled LOW) disables all output drivers.

Naote. When a disabled transmit channel (i.e., both outputs
disabled) is re-enabled:

m data on the senial outputs may not meet all iming specifications
fior up to 250 ps

m the state of the phase-align buffer cannot be guaranteed, and
& phase-align reset is required if the phase-align buffer is used

CYP15G0403DXB Receive Data Path

Serial Line Receivers

Two differential Line Receivers, INx1+ and INx2+, are svailable
an each channel for accepting serial data streams. The active
Serial Line Receiver on a channel is selected using the
aasociated INSELx input. The Serial Line Receiver inputs are
differential, and can accommodate wire interconnect and filkering
losses or ransmission line atienuation greater than 16 dB. For
normal operation, these inputs should receive a signal of at least
Vge = 100 mV, or 200 mV peak-to-peak differential. Each Line
Receivercan be DC-or AG-coupled to +3.3V powered fiber-optic
interface modules (any ECL/PECL family, not limited 1o 100K
PECL) or AC-coupled to +5V powered optical modules. The
common-mode tolerance of these line receivers sccommodates
& wide range of signal termination voltages. Each receiver
provides intermal DC-restoration, to the canter of the receiver's
commaon made range, for AC-coupled signals.

The kacal internal loopback (LPEMx) allows the serial transmit
data outputs fo be routed | back to the Clock and Data
Recovery circuit associated with each channel. 'When configured
for kocal keopback, the associated transmit serial driver outputs
are forced to output a differential logic-1. This prevents local
disgnostic pattemns from being broadcast to attached remote
receivers.

Signal Detect/Link Fault

Each selected Line Receiver (ie.. that routed to the clock and
data recovery PLL) is simultansously mondtored for

m analog amplitede above amplitude level selected by SDASELx
m fransition density above the specified lmit

m range controls report the received data stream inside normal
frequency range (21500 ppml=h

m recaive channel enabled

m Presence of reference clock

m ULCx is not asserted.

Al of these conditions must be valid for the Signal Detect block
to indicate a valid signal is presant. This status is presented on
thie LFLkx {Link Fault indicator) output associated with each
recaive channel, which changes synchronous to the selected
recaive interface dock.

Anglog Amplitude

‘While mast signal manitors are based on fized constants, the
analog amplitude level detection is adjustable to allow operation
with highly attenuated signals, or in high-noise environments.
The analeg amplitude level detection is set by the SDASELx
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latch via device configuration interface. The SDASEL x laich sets
the trip paint fior the detection of a valid signal at one of three
levets, as listed in Table 5. This control input affects the analog
meonitors fior all receive channels.
Table 5. Analog Amplitude Detect Valld Signal Levelsl™
SDASEL | Typical Signal with Peak Amplitudes Above

00  |Analog Signal Detector is disabled

gl 140 mV p-p differential

10 | 280 mV p-p differential

1 420 mv p-p differential

The Analog Signal Detect monitors are active for the Line
Receiver as selected by the associated INSELx input. When
configured for kocal keopback, no input receivers are selected,
and the LFlx output for each channel reparts only the recaive
VOO freqguency out-of-range and transition density status of the
assgciated transmit signal. When local koopback is active, the
associated Analog Signal Detect Monitor is disabled.

Tranziion Density

The Transition Detection logic checks for the absence of transi-
tions spanning greater than six transmission characters (60 bits).
If o tranaitions are present in the data received, the Detection
logic for that channel esserts LFlx.

Range Confrols

The COR dircuit indledes logic to monitor the frequency of the
PLL Voltage Controlled Oscillator (VCO) used 1o sample the
incoming data stream. This logic ensures that the VOO operates
at, or near the rate of the incoming data stream for two primary
Cages

m when the incoming data stream resumes after a time in which
it has been “missing.”

m when the incoming data stream is outside the acceptable
signaling rate range.
To perform this function, the frequency of the RXPLL VCO is
periodically compared to the frequency of the REFCLKx+ input.
if the VCO is nunning at a frequency beyond +1500 ppml*™ as
defined by the REFCLKxt frequency, itis Iy forced to
the cormect frequency (as defined by REFCLEx+, SPDSELx, and
TXRATEx) and then released in an attempt to lock to the input
data stream.

The sampling and relock period of the Range Control is calcu-
lated a= follows: RANGE_CONTROL_ SAMPLING_PERIOD =
(RECOVERED BYTE CLOCK PERIOD) * (4096).

the time that the Range Control forces the RXPLL WCO
to track REFCLKxt, the LFIx output is asserted LOW. Afier a
wvalid serial data stream is applied, it may take up to one RANGE
CONTROL SAMPLING PERIOD before the PLL locks to the
input data stream, after which LFIx should be HIGH.

Meta
7. The peak

T values in T Sble above by appeodimately 100 my.

Receive Channel Enabled

The C¥P15G04030XE contains four receive channeds that can
b= independently enabled and disabded. Each channel can be
enabled or disabled saparately through the RXPLLPD® input
Iatch as controlled by the device configuration interface. When
thie RXPLLPDx latch = 0, the assocated PLL and analog circuitry
of the channel is disabled. Any disabled channel indicates a
constant link fault condition on the LFk output. When
REPLLPDx = 1, the associated PLL and receive channel is
enabled to receive and decode a serial stream.

Naote. \WWhen & disabled receive channel is reenabled, the status
of the aasociated LFIx output and data on the parallel outputs for
the assocated channel may be indeterminate fior up to 2 ms.

Clocki/Data Recovery

The extraction of & bit-rate clock and recovery of bits from each
recaived serial stream is performed by & separate CDR block
within each receive channel. The clock extraction function is

by an integrated PLL that tracks the frequency of the
transitions in the incoming bit stream and align the phase of the
internal bitrate dlock to the fransitions in the selected senal data
shream.

Each CDR accepis a character-rate (bit-rate + 10) or
half-character-rate (bit-rate  20) reference dock from the
associated REFCLKx4 input_ This REFCLExt input is used o

m ensure that the VOO (within the CDR) is operating at the comect
frequency (rather than a hammaonic of the bit-rate)

m reduce PLL acquisition ime

m limit unlocked frequency excursions of the COR VCO when
there is no input data present at the selected Serial Line
Receiver.

Regardless of the type of signal present. the COR attempts to
recaver a data stream from it. If the signalling rate of the
recovered data stream s outside the limits set by the range
cantrod manitors, the COR tracks REFCLKxt instead of the data
stream. Once the COR output (RECLE) frequency returns back
close to REFCLEx+ frequency, the COR input is switched back
to the input data stream. If no data is present at the selected line
recaiver, this awitching behavior may result in brief RXCLK:
frequency excursions from REFCLEx+. However, the validity of
thie input data siream is indicated by the LFlx output. The
frequency of REFCLEKx+ is required 1o be within +1500 pproF='1
of the frequency of the clock that drives the REFCLKx+ input of
thie remode tranamitter to ensure a lock to the incoming data
Siream.

For systems using multiple or redundant connections, the LFx
ouiput can be usad 1o select an alternate data stream. When an
LFix indication is detectad, external logic can toggle selection of
the assodated INx1+ and IMNx2+ input through the associabed
INSELx input. When a port switch takes place, it is necessary for
the receive PLL for that channel to reacquire the new serial
atream and frame to the incoming character boundaries.

ampliudes ksted in this abie are for fypical wavelonms Tal have generaly 3-4 ransiions for every ien s, In 2 worse Case envronment T signals
may have a sine-save appearance mmm%mmmmmmm...{

Signal peak ampliudes kevels within this environment bype oould incresse
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DeserializerFramer

Each CDR dircuit extracts bits from the assocated seral data
stream and clocks these bits into the Shifter’Framer at the
bit-clock rate. When enabled. the Framer examines the data
stream looking for one or more COMMA or K285 characters at
all possible bit positions. The location of this character in the data
siream is used to determine the character boundaries of all
following characters.

Framing Character

The CYP15G04030E allows selection of different framing
characters on each channel. Two combinations of framing
characters are supported to meet the requirements of different

interfaces. The selection of the framing character is made
throuwgh the FRAMCHARx latches via the configuration interface.

The specific bit combingtions of these framing characters are
listed in Table 6. ¥hen the specific bit combination of the
selected framing character is detected by the framer, the bownd-
aries of the characters present in the received data stream are
fanorwm.

Table 6. Framing Character Selector

Bits detected in framer
Character Name Bits Detected
o COMMA+ 001111104
COMMA— or 11000001 XX
1 —H28.5 0011111010 or
+HZR 5 1100000101
Framer

The framer on each channel operates in one of three different
mizdes. Each framer may be enabled or disabled using the
RFEM: laiches via the configuration interface_ When the framer
i= disabled (RFEM:x = 0}, no combination of recefved bits alters
the frame information.

\When the Low-Latency framer is selected (RFMODEx] 1:0] = 0d),
the framer operates by stretching the recovered character clock
until it aligns with the received character boundaries. In this
made the framer stars its alignment process on the first
detection of the salected framing character. To reduce the impact
on external circuits that use the recovered clock, the clock perod
i=s not stretched by more than two bi-periods in any one clock
cydle. When operated with a character-rate output clock. the
output of properly framed characters may be delayed by up to
nine character-dock cycles from the detection of the selected
framing character. When operated with a half-character-rate
output clock, the output of properly framed characters may be
delayed by up to 14 character-clock cycles from the detection of
the framing character.

Mote_ \When Recaive BIST is enabled on & channel, the
Low-Latency Framer must not be enabled. The BIST seguence
contains an aliased K285 framing character, which causes the
Recalver to update its character boundarnies incomectly.

When RFMODEx[1:0] = 10, the Cypress-Mode Multi-Byte framer
iz selected. The required detection of multiple framing characters

Mok

makes the associated link much more robust to incommect framing
due io aliased 5YNGC characters in the data stream. In this mode,
the framer does not adjust the character clock boundary, but
instead aligns the character to the already recovered character
clock_ This ensures that the recovered clock does not contain
any significant phase changes or hops during normal operation
of framing, and allows the recovered clock to be replicated and
diistributed to other external circuits or components using
PLL-based clock distribution elements. In this framing mode the
character boundaries are only adjusted if the selected framing
character is detected at least twice within a span of 50 bits, with
both instances on identical 10-bit character boundarias.

‘When RFMODEx[1:0] = 01, the Altermnate-maode Multi-Byte
Framer is enabled. Like the Cypress-mode Multi-Byte Framer,
muiltiple framing characters must be detected before the
character boundary is adjusted. In this mode, the data stream
must contain a minimum of four of the selected framing
characters, received as consecutive characiers, on identical
10-bit boundarnies, before character framing is adjusted.

10B/8B Decoder Block
The decoder logic block performs two primary functions:

m decoding the received transmission characters to Data and
Special Characier codes

m comparing generated BIST patterns with recefved characters
to permit at-speed link and device testing.

The framed paralisl output of each deserializer shifter is passed
to its essociated 108586 Decoder where, if the decoder is
enabled, the input data is transformed from a 10-bit transmission
character back to the original Data or Specdial Character code.
This block uses the 10B/8B decoder patterns in Table 15 on page
42 and Table 18 on page 46. Received Special Code characters
are decoded waing Table 16. Valid data characters are indicated
by a 000b bit-combination on the associated RXSTx[2:0) status
bdts, and Special Character codes are indicated by a 001b
bit-combination of these status outputs. Framing characters,
Inwalid patterns, disparity ermors, and synchronization status are
presented as alternate combinations of these status bits.

‘When DECEYFx = 0, the 10B/8E decoder is bypassed via the

configuration interfzce. \WWhen bypassed, raw 10-bit characters

are passed through the receiver and presented at the R2Dx|T:0]
and the RXSTA[110] outputs as 10-bit wide characters.

‘When the decoder is enabled by setting DECBYPx = 1 via the
configuration interface, the 10-bit transmission characters are
decoded using Table 15 and Table 16. Received Special
characters are decoded using Table 16. The columns used in
Table 18 ane determined by the DECMODEX laich via the device
configuration interface. When DECMODE = 0 the ALTERMATE
table is used and when DECMODEx = 1 the CYPRESS table is
used.

Receive BIST Opearation

The receiver channel contains an intermal pattern checker that

can be used to validate both device and link operation. Thesa
checkers are enablad by the associated RXBISTx latch

via the device configuration interface. When enabled, a register

‘. The standard definiion of a Comma contains only Sesen biis. However, sinoe all valkd Comma chamciers within the 28/0E chamcoier sei also have $e sighth
hit a5 an irversion of the sevenih b, the compare patiern s exfended o a full eight bis 1o reduce the possibliey of a framing emor
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in the associated receive channel becomes & signature patiern
generator and checker by logically corverting to a Linear
Fesdback Shift Register (LFSR). This LFSR generates a
511-character or S528-character sequence that includes all Data
and Special Character codes, including the explicit violation
symibods. This provides a predictable yet pseudo-random
seqguence that can be matched to an identical LFSR in the
attached Transmitter(s). When synchronized with the received
data stream, the associated Receiver checks each character in
the Decoder with each character generated by the LFSR and
indicates compare emors and BIST status at the RXSTx(2:0] bits
of the Output Register.

When BIST is first recognized as being enabled in the Receiver,
the LF5R is preset to the BIST-loop start-code of D0.0. This code
De.0 is sent only once per BIST loop. The status of the BIST
progress and any character mismatches are presented on the
RX5Tx[270] status outputs.

Cipe rule violations or running disparity emors that occur as part
of the BIST loop do not cause an error indication. RXSTx[2:0)
indicates 0100 or 100b for one character period per BIST loop to
indicate loop completion. This status can be used to check test
pattern progress. These same status values are presented when
the decoder is bypassed and BIST is enabled on a receive
chammned.

The specific status reported by the BIST state machine are listed
in Table 11 on page 28. Thesa same codes are reparted on the
recefve status outputs.

The specific patterns checked by each receiver are described in
detadl in the Cypress application note "HOTLink Built-in
Self-Test" The sequence compared by the CYP15G04030XE is
identical to that in the CYTES33, CYTC924DX, and
CYP15G0401DXB, allowing interoperable systems to be built
when used at compatible serial signaling rates.

If the number of invalid characters received ever exceeds the
nurmiber of walid characters by 16, the receive BIST state
miachine aborts the compare operations and resets the LFSR to
the 0.0 state to kook for the start of the BIST sequence again.

When the receive paths are configured for REF CLEx+ operation,
each pass must be preceded by a 16-character Word Sync
Sequence to allow managemant of clock frequency variations.

The receive BIST state machine reguires the characters to be
comrectly framed for it to detect the BIST seguence. If the Low
Latency Framer is enabled, the Framer misaligns to an aliased
5¥MC character within the BIST sequence. If the Alternate
Multi-Byte Framer is enabled and the Recalver outputs are
diocked relative o 8 recovered clock. it is generally necessarny to
frame the receiver before BIST is enabled. If the receive outputs
are clocked relative to REFCLKxt, the tranamitter precedes
ewery 511 character BIST seguence with a 18
character-character Word Sync Sequence.

A device reset (RESET sampled LOAY) presets the BIST Enable
Latches to disable BIST on all channels.
Receive Elasticity Buffer

Each receive channel contains an Elasticity Buffer that is
designed to support multiple docking modes. These buffers
allow data o be read using & dock that is asynchromous in both

frequency and phase from the Elasticity Buffer write clock, or to
be read using a clock that is frequency coherent but with uncon-
trolled phase relative to the Elasticity Buffer write cock.

If the chip is configured for operation with a recovered clock, the
Elasticity Buffer is bypassed.

Each Elasticity Buffer is 10 characters deep, and supports and
an 11 bit wide data path. It is capable of supporting a decoded
character and three status bits for each character present in the
buffer. The write diock for these buffers is always the recovered
clock for the associated read channel.

Receive Modes

‘When the receive channel is clocked by REFCLExt, the
RECLKx+ outputs present & buffered or divided (depending on
RXRATEx) and delayed form of REFCLKx+. In this mode, the
receive Elasticity Buffers are enabled. For REFCLKxt clocking,
thie Elasticity Buffers must be able to insert K28.5 characters and
delete framing characters &s appropriate.

The insertion of a K28.5 or deletion of a framing character can
oCocur at any time on any channel, however, the actual timing of
these insertions and deletions is controlled in part by how the
transmitter sends its data. Insertion of 8 K28.5 character can only
ocour when the receiver has a framing character in the Elasticity
Buffer. Likewise, io delete a framimng characier, one must also be
in the Elasticity Buffer. To prevent a buffer overflow or underflow
on a receive channel, 8 minimum density of framing characters
must be present in the received data streams.

‘When the receive channel Output Register is docked by &
recovered clock, no characters are added or deleted and the
recaiver Elasticity Buffer is bypassed.

Power Control

The CYP15G04030XE supports user confrod of the powered up
or down state of each transmit and receive channel. The receive
channels are controdied by the RXPLLUPDx laich via the device
configuration interface. When RXPLLPDx = 0, the associated
PLL and analog circuitry of the channel is disablad. The transmit
channels are controfled by the OE1x and the OEZx latches via
the device configuration interface. When a driver is disabled via
the configuration interface, it is internally powerad down to
reduce device power. If both serial drivers for @ channel are in
this disabded state, the associated internal kogic for that channel
i also powered down.

Device Resel Stafe

‘When the CYP15G04030 B is reset by assertion of RESET, all
state machines, counters, and configuration latches inthe device
are initialized to a reset state, and the Elasticity Buffer pointers
are set toa nominal offset. Additionally, the JTAG controller must
alao be reset to ensure valid operation (even if JTAGS testing is
nait performed). See “JTAG Suppor”™ on page 27 for JTAG state
machine initialization. See Table 9 on page 22 for the initialize
values of the configuration latches.

Following a device reset. it is nacessary to enable the transmit
and receive channels used for normal operation. This can be

doine by Beq:emin]g the appropriate values on the device config-
uration interfaca B
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Qutput Bus

Each receive channel presents an 11-signal output bus
consisting of

m an 8-bit data bus

m 3 3-bit status bus.

The signals present on this output bus are modified by the
present operating mode of the CYP15G04030XE as selected by
the DECBYPx configuration latch. This mapping is shown in
Table 7.

Table 7. Output Register Bit Assignments

signaiName | SERAENACI0) | (DECAYP=1)
RKSTx[Z](LSB)|  COMDETx RASTA[Z]
XS] DOUTx0) RXETA[1)
FXSTH]0) DOUTH1] RAST=[0)]
READx[0] DOUT2] FeA O[]
RXDx[1] DOUT3] ReXOu[1]
RxDwf2] DOUT 4] RO [2]
RXDx[3] DOUTH5] R D3]
REXDx[4] DOUTHE] FeAOm[4]
RADx[5] DOUTH7] ReX O[]
RxXDwiE] DOUTx|a] Fex e ]
RXDA[T] (MSE) DOUTxE] FeXD[7]

When the 10B/88 decoder is bypassed, the framed 10-bit value
is presented to the associated Output Register, along with &
status output signal indicating if the character in the Output
Fegister is one of the selected framing characters. The bit usage
and mapping of the extemnal signals to the raw 108 transmission
character is shown in Table 8.

Table 8. Decoder Bypass Mode

Signal Name Bus Weight 10 Bit Name

FRETx2] [L5E) COMDETx

RAGTH[]

RAXET=[0]

FoD]0]

FrDa 1]

FrDaZ]

R3]

FXD4]

ForDals]

ForDe]

b IR I R I R
| @ | = O & 0| o] @

FADA7] (M5E)

The COMDETx status output operates the same regardless of
the bit combination selected for character framing by the

FRAMCHARx latch. COMDETx is HIGH when the characier in
the output register contains the selected framing character at the

proper character boundary, and LOW for all other bit combina-
tions.

‘When the low-latency framer and half-rate receive port clocking
are alsoenabled, the framer streiches the recovered clock to the
neanest 20-bit boundary such that the rising edge of REXCLEx+
occurs when COMDETx is present on the associated output bus.

‘When the Cypress or Alternate Mode Framer is enabled and
half-rate recetve port docking is also enabled, the output clock
s not modified when framing is detected, but a single pipeline
stage may be added or subiracted from the data stream by the
framer logic such that the rising edge of RXCLKx+ occurs when
COMDETx is present on the associated output bus.

This adjustment only occurs when the framer is enabled. When
the framer is disabled, the dock boundaries are not adjustad,
and COMDETx may be asserted during the rising edge of
RECLEx— (if an odd number of characters were received
following the initial framing).

Raceive Sfatus Bits

‘When the 10B/88 decoder is enabled, each character presented
at the Output Register indudes three associated stabus bits.
These bits are used to identify

m if the contents of the data bus are valid,
m the type of character present,

m the state of receive BIST operations,

m character violations.

These conditions often overlap; e.g. a valid data character
received with incormect running disparity is not reported as a valid
data character. It is instead reported &s a decoder violation of
some specific type. This implies a hierarchy or priority level to the
varous status bit combinations. The hierarchy and value of each
status are listed in Table 11.

A second status mapping, lsted in Table 11, is used when the
receive channel is configured for BIST operation. This status is
used to report receive BIST status and progress.

BIST Statuz Srate Machine

‘When a receive path is enabled to look for and compare the
received data stream with the BIST pattern, the REXSTx[2:0] bita
identify the present state of the BIST compare operation.

The BIST state machine has multiple states, as shown in
Figure 2 and Table 11. When the receive PLL detects an
out-of-lock condition, the BIST state is forced to the Stant-of-BIST
state, regardiess of the present state of the BIST state machine.
If the number of datected amorns ever exceeds the number of
valid matches by greater than 16, the state machine is forced to
the WAIT_FOR_BIST state where it monitors the receive path for
the first character of the next BIST seguence (D0.0). Also, if the
Elasticity Buffer ever hits an overflowiunderfiow condition, the
status is forced to the BIST_START until the buffer is re-centerad
{approximately nine character periods).

To ensure compatibility between the source and destination
systems when operating in BIST modes, the sending and
receiving ends of the link must use the same receive clock
configuration.
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in the associated receive channel becomes B signature patiem
generator and checker by logically converting to a Linear
Feedback Shift Register (LFSR). This LFSR generates a
S11-character or 52&-character sequence that includes all Data
and Special Character codes. including the explicit violation
gymibots. This provides a predictable yet pseudo-random
sequence that can be matched to an identical LFSR in the
attached Transmitter(s). When synchronized with the received
data siream, the associated Receiver checks each character in
the Decoder with each character generated by the LFSR and
indicates compare emors and BIST status at the RXETx«[2:0] bits
of the Output Register.

When BIST is first recognized as being enabled in the Receiver,
the LF SR is preset to the BIST-loop start-code of D0.0. This code
0.0 is sent only once per BIST loop. The status of the BIST
pragress and any character mismatches are presentad on the
FOLSTx[2:0] status outputs.

Code nule violations or running disparity emors that occur as part
of the BIST loop do not cause an error indication. RXSTx[2:0]
indicates 010 or 100b for one character period per BIST loop to
indicate loop completion. This stabus can be used to check test
pattern progress. These same status values are presantad when
the decoder is bypassed and BIST is enabled on a recaive
Chianined.

The specific status reported by the BIST state machine are listed
in Table 11 an page 28. These same codes are reporied on the
recefve status outpats.

The specific patierns checked by each recetver are described in
detadl in the Cypress application note *HOTLink Bailt-in
Salf-Test " The sequence compared by the CYP15G04030XE is
identical to that in the CY7B933, CYTC924DX, and
CYP15G0401DXB, allowing interoperable systems to be built
when used at compatible serial signaling rates.

If the number of imvalid characters received ever exceeds the
numiber of valid characters by 16, the receive BIST state
machine aborts the compare operations and resets the LFSR to
the D0 state to book for the start of the BIST sequence again.

When the recaive paths are configurad for REFCLKx+ operation,
each pass must be preceded by a 18-character Word Sync
Sequence to allow management of clock frequency variations.

The raceive BIST state machine requires the characters to be
comeciy framed fior it to detect the BIST seguence. If the Low
Latency Framer is enabled, the Framer misaligns to an aliased
S¥MC character within the BIST sequence. If the Alternata
Multi-Byte Framer is enabled and the Recsiver outputs are
chocked relative to & recovered clock it is generally necessary to
frame the receiver before BIST is enabled. If the receive outputs
are clocked relative to REFCLK:xt, the tranamitier precedes
every 511 character BIST sequence with a 16
charactier-character Word Sync Sequence.

A device reset (RESET samplad LOW) presats the BIST Enable
Latches to disable BIST on all channels.

Receive Elasticity Buffer

Each receive channel containg an Elasticity Buffer that is
deskgned o support multiple docking modes. These buffers
allow data to be read using a dock that is asynchronous in both

frequency and phase from the Elasticity Buffer write clock, or o
b= read using a clock that is frequency coherent but with uncon-
trolled phase relative to the Elasticity Buffer write diock.

If the chip is configured for operation with a recovered clock, the
Elasticity Buffer is bypassed.

Each Elasticity Buffer is 10 characters deep, and supports and
an 11 bit wide data path. It is capable of suppaorting a decoded

character and three status bits for each character present in the
busffer. The write diock fior these buffers is always the recovered
clock for the associated read channel.

Receive Modes

‘When the receive channel is clocked by REFCLKxt, the
RXCLUKx+ outputs present & buffered or divided (depending on
RXRATEx) and delayed form of REFCLKxt. In this mode, the
recaive Elasticity Buffers are enabled. For REFCLKx+ docking,
the Elasticity Buffers must be able to insert K28_5 characiers and
adelete framing characters as appropriate.

The insertion of a K28.5 or deletion of a framing character can
ocowr at any time on any channel, however, the actual timing of
these insertions and deletions is controlled in part by how the
transmitter sends its data. Insertion of & K28.5 character can only
ocowr when the receiver has a framing character in the Elasticity
Buffer. Likewise, io delete a framing character, one must also be
in the Elasticity Buffer. To prevent a buffer overflow or underflow
o 3 recaive channed, a minimum density of framing characters
must be present in the received data streams.

‘When the receive channel Output Register is clocked by a
recovered dock, no characters are added or deleted and the
recaiver Elasticity Buffer is bypassed.

Power Control

The CY¥PF15G04030XB supports user controd of the powered up
or down stabe of each transmit and receive channel. The receive
channels are controlled by the RXPLLPDx latch via the device
configuration interface. When RXPLLFDx = 0, the associsted
PLL and analog circuitry of the channel is disabled. The ransmit
channels are controlled by the OE 1x and the OE2x latches via
thie device configuration interface. When a driver is disabled via
the configuration interface, it is internally powerad down to
reduce device power. if both serial drivers for a channe are in
this disabled state, the associated internal kogic for that channel
is also powerad down.

[Device Resel Sfate
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Output Bus

Each recefve channel presents an 11-signal output bus
consisting of

m an 8-bit data bus

m 3 3-bit status bus.

The signals present on this output bus are modified by the
present operating mode of the CYP15G04030XE as selected by
the DECEYPx configuration latch. This mapping is shown in
Table 7.

Table 7. Output Register Bit Assignments

Signal Name | SERRSNDCT0) | (DECEYP =)

RXSTx[2] (LSE) COMDETx RASTA[Z)
RXSTA[1)] DOUTH]0] RAST=]1]
RIXST=]0] DOUT={1] RAST=[0]
RADx[0] DOUTZ] RAD[l]
RADx[1] DOUT«3] D[]
RXDx[Z] DOUTxf4] RXD2]
RXDx[2] DOUT=(5] RAD[3]
RXDx[4] DOUTHE] RAD[4]
RADx[5)] DOUTH7] XD
RxDwlE] DOUTx|3] R¥ D8]

RXD=[7] (MSE) DOUT={5] RXDOu[7]

‘When the 10B/88 decoder is bypassed, the framed 10-bit value
iz presentad to the associated Output Register, along with a
status output signal indicating if the character in the Output
Fegister is one of the selected framing characters. The bit usage
and mapiping of the external signals to the raw 108 ransmission
character is shown in Table 8.

Table 8. Decoder Bypass Mode

‘When the CYP15G04030XB is reset by assertion of RESET, all
state machines, counters, and configuration latches inthe device
are initialized to & reset state, and the Elasticity Buffer pointers
are set to a nominal offset. Additionally, the JTAG controller must
al=o be reset to ensure valid operation (even if JTAG testing is
naoit performed). See “JTAS Suppor”™ on page 27 for JTAG state
machine initislization. See Table 9 on page 22 for the initialize
values of the configuration latches.

Following a device reset. it is necessary 1o enable the transmit
and receive channels used for normal operation. This can be

done by Beq.lemin]g the appropriate values on the device config-
wration interface. I

Eignal Name Bus Welght 10 Bit Name

FHET[2] [LEE) COMDETx
REST=[1] Fl a
RASTA0] Fil b
o] = E
RO = d
RO = ]
R E] = i
O] = ;
FODAE] a7 g
FoXDAE] = R

FoRDA[7] (MSE) = i

The COMDETx status output operates the same regardless of
the bit combination selected for character framing by the
FRAMCHARX latch. COMDETx is HIGH when the character in

Hha na stra ik ramlebar mandnine thinonalnotod freminn charmobar ok e

proper charactier boundary, and LOW for all obher bit combina-
tions.

‘When the low-latency framer and half-rate receive port clocking
are slso enabled, the framer streiches the recovered clock to the
nearest 20-bit boundary such that the rising edge of RECLKx+
ocours when COMDETx is present on the associated output bus.

‘When the Cypress or Alternate Mode Framer is enabled and
half-rate recetve port docking is also enabled, the output clock
is mot modified when framing is detected, but a single pipeline
stage may be added or subiracted from the data stream by the
framer logic such that the rising edge of RXCLKx+ accurs when
COMDETx is present on the assodated output bus.

This adjustrment only occurs when the framer is enabled. When
thi framer is disabled, the clock boundaries are not adjustad,
and COMDETx may be asserted during the rising edge of
RACLEx— (if an odd number of characters were received
following the initial framing).

Receive Status Bits

‘When the 10B/86 decoder is enabled, each character presented
at the Ouwtput Register includes three associated stabus bits.
These bits are used o identify

m if the contents of the data bus are valid,
m the type of character present,
m the state of receive BIST operations,

m character violabons.

These conditions often overlap; e.g. a valid data character
recaived with incomect running disparity is not reported as a valid
data character. It is instead reported as a decoder violation of
some spedfictype. This implies a hierarchy or priority level to the
various status bit combinations. The hierarchy and value of each
status are listed in Table 11.

A second status mapping, lsted in Table 11, is used when the
receive channel is configured for BIST operation. This status is
used to report receive BIST status and progress.

BIST Statuz State Machineg

‘When a receive path is enabled to look for and compare the
recaived data stream with the BIST pattemn, the RXSTx[2:0] bita
identify the present state of the BIST compare operation.

The BIST state machine has multipls states, as shown in
Figure 2 and Tabla 11. When the receive PLL detects an
out-oHock condition, the BIST state is forced to the Start-of-BIST
state. regardiess of the present state of the BIST state machine.
If the numiber of detected ermors aver exceads the number of
wvalid matches by greater than 16, the state machine is forced to
the WAIT_FOR_BIST state where it monitors the receive path for
the first character of the next BIST seguence (D0.0). Also, if the
Elasticity Buffer aver hits an overflow/underfiow condition, the
status is forced to the BIST_START until the buffer is re-centarad
(approximately nine character periods).

To ensure compatibility between the sownce and destination
systems when operating in BIST modes, the sending and
recaiving ends of the link must use the same receive clock
configuration.



