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BiCMOS LVPECL CLOCK GENERATOR

®

DEVICE
SPECIFICATION

SONET/SDH/ATM OC-12  TRANSMITTER AND RECEIVER S3455

FEATURES
• CMOS 0.18 micron technology
• Complies with Bellcore and ITU-T specifications
• On-chip high-frequency PLL for clock

generation and clock recovery
• Supports OC-48 (2488.32 Mbps) with FEC
• Reference frequency of 155.52 MHz to 166.62 MHz
• Interface to LVDS and LVCMOS logic
• 4-bit LVDS data path
• 196 FC-PBGA
• Diagnostic loopback mode
• Supports line timing
• Lock detect
• Signal detect input
• Low jitter LVDS interface
• Internal FIFO to decouple transmit clocks
•   Single 1.8 V supply
• Typical power under 1.0 W
• Available in die form

APPLICATIONS
• Wavelength Division Multiplexing (WDM)

equipment
• SONET/SDH-based transmission systems
• SONET/SDH modules
• SONET/SDH test equipment
• ATM over SONET/SDH
• Section repeaters

Figure 1. System Block Diagram

SONET/SDH/ATM OC-48 4-BIT TRANSCEIVER WITH CDR S3455

• Add Drop Multiplexers (ADM)
• Broad-band cross-connects
• Fiber optic terminators
• Fiber optic test equipment

GENERAL DESCRIPTION

The S3455 SONET/SDH transceiver chip is a fully
integrated serialization/deserialization SONET OC-48
(2.488 Gbps – 2.670 Gbps) interface device. The
S3455 receives an OC-48 scrambled Non-Return to
Zero (NRZ) signal and recovers the clock from the
data. The chip performs all necessary serial-to-paral-
lel and parallel-to-serial functions in conformance
with SONET/SDH transmission standards. The de-
vice is suitable for SONET-based WDM applications.
Figure 1 shows a typical network application.

On-chip clock synthesis is performed by the high-
frequency Phase-Locked Loop (PLL) on the S3455
transceiver chip allowing the use of a slower external
transmit clock reference. The chip can be used with a
155.52 MHz (or 166.62 MHz) reference clock in sup-
port of existing system clocking schemes.

The low jitter LVDS interface is compliant with the bit-
error rate requirements of the Bellcore and ITU-T
standards. The S3455 is packaged in a 196 FC-
PBGA, offering designers a small package outline. The
S3455 is also available in die form.
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S3455 OVERVIEW

The S3455 transceiver implements SONET/SDH seri-
alization/deserialization, and transmission functions.
The block diagram in Figure 2 shows the basic opera-
tion of the chip. This chip can be used to implement
the front end of SONET equipment, which consists
primarily of the serial transmit interface and the serial
receive interface. The chip handles all the functions of
these two elements, including parallel-to-serial and
serial-to-parallel conversion, clock generation, and
system timing. The system timing circuitry consists of
management of the data stream and clock distribution
throughout the front end. Table 1 shows the sug-
gested interface devices for the S3455.

The S3455 is divided into a transmitter section and a
receiver section. The sequence of operations is as
follows:

Transmitter Operations:

1. 4-bit parallel input
2. Parallel-to-serial conversion
3. Serial output

Receiver Operations:

1. Clock and data recovery from serial input
2. Serial-to-parallel conversion
3. 4-bit parallel output

Internal clocking and control functions are transpar-
ent to the user.

Table 1. Sugggested Interface Devices

CCMA 20291S
MTA/SOP291-STS

reppaMHDS/TENOS
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Figure 2. S3455 Transceiver Functional Block Diagram
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S3455 TRANSCEIVER
FUNCTIONAL DESCRIPTION

TRANSMITTER OPERATION

The S3455 transceiver chip performs the serializa-
tion stage in the processing of a transmit SONET
STS-48 data stream. It converts 4-bit parallel data to
bit serial format at 2488.32 Mbps (or equivalent FEC
rate).

A high-frequency bit clock can be generated from a
155.52 or 166.62 MHz frequency reference by using
an integral frequency synthesizer consisting of a
Phase-Locked Loop (PLL) circuit with a divider in
the loop.

Diagnostic loopback (transmitter to receiver) and
line loopback (receiver to transmitter) is provided.
See Other Operating Modes.

Clock Synthesizer

The clock synthesizer, shown in the block diagram
in Figure 2, is a monolithic PLL that generates the
serial output clock frequency locked to the input Ref-
erence Clock (CSU-REFCLK).

The REFCLKP/N1 or REFCLKP/N2 input must be
generated from a  crystal oscillator which has a fre-
quency accuracy that meets the value stated in
Table 7 in order for the Transmit Serial Clock
(TSCLK) frequency to have the same accuracy re-
quired for operation in a SONET system. The
REFCLK must meet the phase noise requirements
shown in Figure 11 to meet the jitter generation
specifications given in Table 7. Lower accuracy
crystal oscillators may be used in applications less
demanding than SONET/SDH.

The on-chip PLL consists of a phase detector, which
compares the phase relationship between the VCO
output and the CSU-REFCLK input, a loop filter
which converts the phase detector output into a
smooth DC voltage, and a VCO, whose frequency is
varied by this voltage.

The loop filter generates a VCO control voltage
based on the average DC level of the phase discrimi-
nator output pulses. A single external clean-up
capacitor is utilized as part of the loop filter. The loop
filter’s corner frequency is optimized to minimize out-
put phase jitter.

Timing Generator

The timing generation function, seen in Figure 2,
provides a divide-by-4 rate version of the transmit
serial clock. This circuitry also provides an internally gen-
erated load signal, which transfers the PINP/N[3:0]
data from the FIFO to the serial shift register.

The PCLK output is a divide-by-4 rate version of the
transmit serial clock. PCLK is intended for use as a
divide-by-4 clock for upstream multiplexing and over-
head processing circuits. Using PCLK for upstream
circuits will ensure a stable frequency and phase re-
lationship between the data coming into and leaving
the S3455 device.

The timing generator also produces a feedback ref-
erence clock to the clock synthesizer. A counter
divides the synthesized clock down to the same fre-
quency as the CSU-REFCLK. The PLL in the clock
synthesizer maintains the stability of the synthesized
clock by comparing the phase of the internal clock
with that of the CSU-REFCLK.

edoMgnitarepO htdiWdnaB rettiJSMR

84-STS zHM02otzHk21 sp5

Table 2. Reference Jitter Limits
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Parallel-to-Serial Converter

The parallel-to-serial converter shown in Figure 2 is
comprised of a FIFO and a parallel-to-serial register.
The FIFO input latches the data from the PINP/N[3:0]
bus on the rising edge of PICLK. The parallel-to-serial
register is a loadable shift register which takes its paral-
lel input from the FIFO output.

An internally generated divide-by-4 clock, which is
phase aligned to the transmit serial clock as de-
scribed in the Timing Generator description, activates
the parallel data transfer between registers. The serial
data is shifted out of the parallel-to-serial register at
the TSCLK rate.

FIFO

A FIFO is added to decouple the internal and exter-
nal (PICLK) clocks. The internally generated divide-
by-4 clock is used to clock out data from the FIFO.
Phase Initialization (PHINIT) and Lock Detect
(LOCKDET) are used to center or reset the FIFO.
The PHINIT and LOCKDET signals will center the
FIFO after the third PICLK pulse. This is in order to
insure that PICLK is stable. This scheme allows the
user to have an infinite PCLK to PICLK delay
through the ASIC. Once the FIFO is centered, the
PCLK to PICLK delay can have a maximum drift as
specified by Table 16.

FIFO Initialization

The FIFO can be initialized in one of the following
three ways:

1. During power up, once the PLL has locked to the
reference clock provided on the REFCLKP/N1 or
REFCLKP/N2 pins, the LOCKDET will go active
and initialize the FIFO.

2. When RSTB goes active, the entire chip is reset.
This causes the PLL to go out of lock and thus
the LOCKDET goes inactive. When the PLL reac-
quires the lock, the LOCKDET goes active and
initializes the FIFO. Note: PCLK is held in reset
when RSTB is active.

3. The user can also initialize the FIFO by raising
PHINIT.

During normal operation, the incoming data is passed
from the PICLK timing domain to the internally gener-
ated divide-by-4 clock domain. Although the
frequency of PICLK and the internally generated clock
are the same, their phase relationship is arbitrary. To

prevent errors caused by short setup or hold times
between the two timing domains, the timing generator
circuitry monitors the phase relationship between
PICLK and the internally generated clock. When a
potential setup or hold time violation is detected, the
phase error becomes active. When Phase Error
(PHERR) conditions occur, PHINIT should be acti-
vated to recenter the FIFO (at least 2 PCLK periods).
This can be done by connecting PHERR to PHINIT.
When realignment occurs, up to ten bytes of data will
be lost. The user can also take in the PHERR signal,
process it and send an output to PHINIT in such a
way that idle bytes are lost during the realignment
process. PHERR will go inactive when the realign-
ment is complete.

RECEIVER OPERATION

The S3455 transceiver chip provides the first stage
of the digital processing of a receive SONET STS-48
bit-serial stream. It converts the bit-serial 2.488 Gbps
(or equivalent FEC rate) data stream into a 4-bit par-
allel data format. A loopback mode is provided for
diagnostic loopback (transmitter to receiver). A line
loopback (receiver to transmitter) is also provided.

Clock Recovery
The S3455 clock recovery device performs the clock
recovery function for SONET OC-48 serial data links.
The chip extracts the clock from the serial data inputs
and provides retimed clock and data outputs. A 155.52
MHz  or 166.62 MHz reference clock is used for phase
locked loop start up and proper operation under loss of
signal conditions. An integral prescaler and phase
locked loop circuit is used to multiply this reference to
the nominal bit rate.

The clock recovery generates a clock that is at the
same frequency as the incoming data bit rate at the
serial data input. The clock is phase aligned by a
PLL so that it samples the data in the center of the
data eye pattern.

The phase relationship between the edge transi-
tions of the data and those of the generated clock
are compared by a phase/frequency discriminator.
Output pulses from the discriminator indicate the
required direction of phase corrections. These
pulses are smoothed by an integral loop filter. The
output of the loop filter controls the frequency of
the Voltage Controlled Oscillator (VCO), which
generates the recovered clock.
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Frequency stability without incoming data is guaran-
teed by an alternate reference input (CDR-REFCLK)
that the PLL locks onto when data is lost. If the fre-
quency of the incoming signal varies by a value
greater than that stated in Table 7, with respect to
CDR-REFCLK, the PLL will be declared out of lock,
and the PLL will lock to the reference clock. The
assertion of LVCMOS Signal Detect will also cause
an out-of-lock condition.

The loop filter transfer function is optimized to en-
able the PLL to track the jitter, yet tolerate the
minimum transition density expected in a received
SONET data signal.

The total loop dynamics of the clock recovery PLL
yield a jitter tolerance which exceeds the minimum
tolerance proposed for SONET equipment by the
Bellcore TA-NWT-000253 standard, shown in Figure 3.

Lock Detect

The S3455 contains a lock detect circuit which moni-
tors the integrity of the serial data inputs. If the
received serial data fails the frequency test, the PLL
will be forced to lock to the local reference clock.
This will maintain the correct frequency of the recov-
ered clock output under loss of signal or loss of lock
conditions. If the recovered clock frequency deviates
from the local reference clock frequency by a value
greater than that stated in Table 7, the PLL will be
declared out of lock. The lock detect circuit will poll
the input data stream in an attempt to reacquire lock
to data. If the recovered clock frequency is deter-
mined to be within the values stated in Table 7, the
PLL will be declared in lock and the lock detect output
will go active. The assertion of SDLVCMOS will also
cause an out of lock condition.

Serial-to-Parallel Converter

The serial-to-parallel converter consists of two 4-bit
registers. The first is a serial-in, parallel-out shift reg-
ister, which performs the serial-to-parallel conversion
clocked by the clock recovery block. On the falling
edge of the Parallel Output Clock (POCLK), the data
in the parallel register is transferred to an output
parallel register which drives POUTP/N[3:0].

OTHER OPERATING MODES

Diagnostic Loopback

When the Diagnostic Loopback Enable (DLEB) input
is active, a loopback from the transmitter to the re-
ceiver at the serial data rate can be set up for
diagnostic purposes. The differential serial output
data from the transmitter is routed to the serial-to-
parallel block in place of the Receiver Serial Data
(RSD). Transmit Serial Data/Transmit Serial Clock
(TSD/TSCLK) outputs are active. DLEB takes prece-
dence over SDLVCMOS.

Line Loopback

The line loopback circuitry selects the source of the
data and clock which is output on TSD and TSCLK.
When the Line Loopback Enable (LLEB) input is in-
active, it selects the data and clock from the parallel
to serial converter block. When LLEB is active, it
forces the output data multiplexer to select the data
and clock from the RSD and Receive Serial Clock
(RSCLK) inputs, and a receive-to-transmit loopback
can be established at the serial data rate.

Loop Timing

In Serial Loop Timing (SLPTIME) mode, the clock
synthesizer PLL of the S3455 is bypassed, and the
timing of the entire transmitter section is controlled
by the Receive Serial Clock, RSCLKP/N. This mode
is entered by setting the SLPTIME input to a
LVCMOS high level.

In this mode, the CSU-REFCLK input is not used. It
should be carefully noted that the internal PLL and
CDR PLL continue to operate in this mode, and
continue as the source for the 155/77MCK and RSD/
RSCLK, and if these signals are being used, the
CSU-REFCLK input must be properly driven.

In Reference Loop Timing (RLPTIME) mode, the
Parallel Output Clock (POCLK) from the receiver is
used as the reference clock to the transmitter. In this
mode, CSU-REFCLK input is not used. The 155/
77MCK are generated from the POCLK in this oper-
ating mode.
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Figure 3. Input Jitter Tolerance Specification

Figure 4. Jitter Transfer Specification

CDR CHARACTERISTICS

Performance

The S3455 CDR PLL complies with the jitter specifi-
cations proposed for SONET/SDH equipment
defined by the Bellcore Specifications: GR-253-
CORE, Issue 2, December 1995 and ITU-T
Recommendations: G.958 document, when used as
specified.

Input Jitter Tolerance

Input jitter tolerance is defined as the peak to
peak amplitude of sinusoidal jitter applied on the
input signal that causes an equivalent 1 dB opti-
cal/electrical power penalty. SONET input jitter
tolerance requirements are shown in Figure 3.

Jitter Transfer

The jitter transfer function is defined as the ratio of
jitter on the output OC-N/STS-N signal to the jitter
applied on the input OC-N/STS-N signal versus fre-
quency. Jitter transfer requirements are shown in
Figure 4. The measurement condition is that input
sinusoidal jitter up to the mask level in Figure 3 be
applied.

Jitter Generation

The jitter generation of the serial clock and serial
data outputs shall not exceed the value specified in
Table 7 when a serial data input with no jitter is
presented to the serial data inputs. The REFCLK
input must meet the phase noise requirements
shown in Figure 11 to meet the jitter generation
value specified in Table 7.
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Table 3. S3455 Transmitter Pin Assignment and Descriptions

emaNniP leveL O/I #niP noitpircseD

0PNIP
0NNIP
1PNIP
1NNIP
2PNIP
2NNIP
3PNIP
3NNIP

SDVL I 9L
9K
01M
01N

9P
9N
11N
11P

.kcolctupnilellarapKLCIPehtotdengila,ataDtupnIlellaraP
fo1tibotgnidnopserroc(tibtnacifingistsomehtsi]3[N/PNIP
tsaelehtsi]0[N/PNIP.)dettimsnarttibtsrifeht,drowMCPhcae
tsaleht,drowMCPhcaefo4tibotgnidnopserroc(tibtnacifingis
foegdegnisirehtnodelpmassi]0:3[N/PNIP.)dettimsnarttib

.detanimretyllanretnI.KLCIP

PKLCIP
NKLCIP

SDVL I 11K
11L

elcycytud%05yllanimon,4-yb-edividA.kcolCtupnIlellaraP
otdesusiKLCIP.dengilasi]0:3[N/PNIPhcihwot,kcolctupni
niretsigergnidlohaotnistupniN/PNIPehtnoatadehtrefsnart
selpmasKLCIPfoegdegnisirehT.retrevnoclaires-ot-lellarapeht

.detanimretyllanretnI.]0:3[N/PNIP

1PACXT
2PACXT

golanA I 41F
41G

roticapacretlifpoollanretxeehT.roticapaCretliFpooLtimsnarT
.91erugiFeeS.snipesehtotdetcennocerasrotsiserdna

PTINIHP
NTINIHP

SDVL I 8N
8M

.gnimitlanretningilaerlliwegdegnisiR.noitazilaitinIesahP
.detanimretyllanretnI

LES_KLCXT SOMCVL I 4D zHM25.551ehtneewtebtcelesotdesU.tceleSkcolCtimsnarT
nowolA.tuptuoN/PKCM77/551ehtnokcolczHM67.77ro
nohgihadna,kcolctuptuozHM25.551stcelesLES_KLCXT

.kcolctuptuozHM67.77stcelesLES_KLCXT

FFOKLCST SOMCVL I 11C ehtniwoldellupebdluohstupnisihT.ffOkcolClaireStimsnarT
otorcamKLCSTehtffostuhsti,hgihdellupnehW.edomtluafed

.rewopevas

PDST
NDST

LMC.ffiD O 8A
7A

,slangismaertsatadlairesLMClaitnereffiD.ataDlaireStimsnarT
.eludomrettimsnartlacitponaotdetcennocyllamron

PKLCST
NKLCST

LMC.ffiD O 21A
11A

.langisDSTehtemiterotdesuebnactahtkcolClaireStimsnarT

PKLCP
NKLCP

SDVL O 6L
6K

ehtgnidividybdetarenegkcolcecnereferA.kcolClellaraP
ediwtib-4etanidroocotdesuyllamronsitI.4ybkcolctiblanretni

.ecived5543Sehtdnacigolmaertspuneewtebsrefsnart

PRREHP
NRREHP

SDVL O 8J
8K

elcycKLCPhcaegnirudhgihsesluP.hgihevitcA.rorrEesahP
neewtebnoitaloivgnimitdloh/puteslaitnetopasierehthcihwrof

.sniamodgnimitKLCIPdnakcolcetyblanretnieht

TEDKCOLXT SOMCVL O 2K dekcolsahLLPehtretfahgiHseoG.tceteDkcoLLLPtimsnarT
nasiBTEDKCOLXT.KLCFER-USCehtnodedivorpkcolcehtot

.tuptuosuonorhcnysa
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Table 4. S3455 Receiver Pin Assignment and Descriptions

emaNniP leveL O/I #niP noitpircseD

PDSR
NDSR

.ffiD
LMC

I 3A
4A

naotdetcennocyllamronslangismaertsataDlaireSevieceR
.detanimretdnadesaibyllanretnI.eludomreviecerlacitpo

SOMCVLDS SOMCVL I 5C SOMCVLdedne-elgnisA.hgiHevitcA.tceteDlangiSSOMCVL
oteludomreviecerlacitpolanretxeehtybnevirdebottupni
siSOMCVLnehW.rewoplacitpodeviecerfossolaetacidni

yllanretnieblliwsnip]0:51[N/PTUOPehtnoatadeht,evitcani
nonoitisnartynadna,)orezroeno(etatstnatsnocaotdecrof
noatad,evitcasiSOMCVLnehW.dehcleuqseblliwN/PDSR

.yllamrondessecorpeblliwsnipN/PDSReht

1PACXR
2PACXR

golanA I 1F
1G

roticapacretlifpoollanretxeehT.roticapaCretlIFpooLevieceR
.91erugiFeeS.snipesehtotdetcennocerasrotsiserdna

0PTUOP
0NTUOP
1PTUOP
1NTUOP
2PTUOP
2NTUOP
3PTUOP
3NTUOP

SDVL O 4N
4P
4K
4L
5N
5M
6P
6N

kcolCtuptuOlellaraPehtotdengila,subtuptuOataDlellaraP
gnidnopserroc(tibtnacifingistsomehtsi]3[N/PTUOP.)KLCOP(
si]0[N/PTUOP.)deviecertibtsrifeht,drowMCPhcaefo1tibot
gnillafehtnodetadpusi]0:3[N/PTUOP.tibtnacifingistsaeleht

.KLCOPfoegde

PKLCOP
NKLCOP

SDVL O 5J
5K

,elcycytud%05yllanimon,4-yb-edividA.kcolCtuptuOlellaraP
lellaraptib-4]0:3[N/PTUOPotdengilasitahtkcolctuptuolellarap
foegdegnillafehtnodetadpusi]0:3[N/PTUOP.atadtuptuo

.KLCOP

TEDKCOLXR SOMCVL O 1K hgihtessitahtrotacidniyrevocerkcolC.tceteDkcoLLLPevieceR
gnimocniehtotnodekcolsahyrevocerkcolclanretniehtnehw

.tuptuosuonorhcnysanasiTEDKCOLXR.maertsatad

NFERKCL SOMCVL I 3D kcolclaireseht,evitcanehW.woLevitcA.ecnerefeRotkcoL
.tupnikcolcecnereferlacolehtotkcolotdecrofeblliwtuptuo
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Table 5. S3455 Common Pin Assignment and Descriptions

emaNniP leveL O/I #niP noitpircseD

1PKLCFER
1NKLCFER
2PKLCFER
2NKLCFER

SDVL I 41K
31K
41M
31M

kcolctiblanretniehtrofecnereferehtsadesU.skcolCecnerefeR
.desaibdnadetanimretyllanretnI.rezisehtnysycneuqerf

84-COrof(latsyrczHM25.551otdetcennocebnac1N/PKLCFER
36.661aotdetcennocebnac2N/PKLCFERdna)etarCEF-non
dna1N/PKLCFERehT.)setarCEF84-COrof(latsyrczHM
neewtebhctiwsot]0:1[LESFERybdetcelesebnac2N/PKLCFER

.setarCEF-nonehtdnaCEFeht

1LESFER
0LESFER

SOMCVL I 5D
9C

dna1N/PKLCFERehtneewtebstceleS.tceleSkcolCecnerefeR
).81elbaTeeS(.2N/PKLCFER

BELD SOMCVL I 5B citsongaidstceleS.wolevitcA.elbanEkcabpooLcitsongaiD
ehtsesuecived5543Seht,evitcanisiBELDnehW.kcabpool
sesuecived5543Seht,evitcanehW.tupni)DSR(atadyramirp
siKLCST/DST.rettimsnartehtmorfatadkcabpoolcitsongaideht

.BELDnievitca

BELL SOMCVL I 6C nehW.kcabpoolenilstceleS.wolevitcA.elbanEkcabpooLeniL
KLCSR/DSRehtmorfatadehtetuorlliw5543Seht,evitcasiBELL

.stuptuoKLCST/DSTehtotstupni

BKLCXRLLIK SOMCVL I 11D ,noitarepolamronroF.wolevitcA.tupnIkcolCevieceRlliK
ehtecroflliwti,wolsitupnisihtnehW.hgihsiBKLCXRLLIK

.etats"0"cigolaottuptuoKLCOP

EMITPLS SOMCVL I 4C ,evitcanehW.hgihevitcA.tupnitceleSemiTpooLkcolClaireS
otnoitceseviecerehtmorfkcolcderevocerehtselbaneEMITPLS

.kcolctimsnartdezisehtnysehtfoecalpnidesueb

EMITPLR SOMCVL I 21D nehW.hgihevitcA.tupnitceleSemiTpooLkcolCecnerefeR
sadesuebotreviecerehtmorfKLCOPselbaneEMITPLR,evitca

.rettimsnartehtottupnikcolcecnerefereht

BTSR SOMCVL I 2B noitarudarofwolevitcA.ecivedehtroftupniteseR.teseRretsaM
.delbasideraskcolclla,tesergniruD.selcycKLCFEReviffo

NETSET SOMCVL I 2C lamronrofwoL.gnitsetnoitcudorprofdesU.elbanEtseT
.noitarepo

PKCM77/551
NKCM77/551

SDVL O 1M
2M

.rezisehtnyskcolcehtmorftuptuokcolczHM67.77/25.551
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Table 5. S3455 Common Pin Assignment and Descriptions (Continued)

emaNniP leveL O/I #niP noitpircseD

PKLCSSAPYB
NKLCSSAPYB

.ffiD
LMC

I 41C
41D

lairesevitanretlanasedivorP.kcolCssapyB
yllanretnI.OCVlanretniehtgnissapybkcolc

.detanimretdnadesaib

SSAPYB SOMCVL I 21C SSAPYBneewtebstceleS.hgihevitcA
.kcolcOCVehtdnakcolc

CN 3L,2L snipesehttcennoctonoD.detcennoCtoN
.dnuorgrorewopot

SSV DNG ,01D,8D,8C,3C,41A,1A
41P,2P,21M,11H,8E

)V0(dnuorG

DSR_SSV DNG 4B,5A )V0(dnuorG

DST_SSV DNG 9B,8B,6B )V0(dnuorG

SSAPYB_SSV DNG 31D,41B )V0(dnuorG

KLCST_SSV DNG 31B,21B,01B )V0(dnuorG

SOMC_SSV DNG 6D,2D,1D )V0(dnuorG

XR_SSV DNG 6G,7F,6F,7E,6E,5E )V0(dnuorG

XT_SSV DNG 7H,9G,8G,7G,9F,8F )V0(dnuorG

SDVL_SSV DNG ,5L,1L,7K,9J,6J,9H,8H
,2N,7M,3M,21L,01L,8L

,01P,8P,7P,5P,3P,1P
31P,21P

)V0(dnuorG

KLCFER_SSV DNG 41N,41L )V0(dnuorG

XR_SSVA DNG ,2H,1H,2G,2F,3E,2E,1E
1J

)V0(dnuorG

XT_SSVA DNG ,31H,31G,31F,41E,31E
41J,41H

)V0(dnuorG
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Table 5. S3455 Common Pin Assignment and Descriptions (Continued)

emaNniP leveL O/I #niP noitpircseD

DDV V8.1+ 9D,01C,7C,1B,2A ylppuSrewoP

DSR_DDV V8.1+ 3B ylppuSrewoP

DST_DDV V8.1+ 7B,9A,6A ylppuSrewoP

SSAPYB_DDV V8.1+ 31C ylppuSrewoP

KLCST_DDV V8.1+ 11B,31A,01A ylppuSrewoP

SOMC_DDV V8.1+ 7D,1C ylppuSrewoP

XR_DDV V8.1+ 6H,5H,4H,5G,5F,4F ylppuSrewoP

XT_DDV V8.1+ ,01G,11F,01F,01E,9E
11G

ylppuSrewoP

SDVL_DDV V8.1+ ,3K,11J,01J,7J,4J,01H
,9M,6M,4M,7L,21K,01K

21N,7N,3N,1N,11M

ylppuSrewoP

XR_DDVA V8.1+ 3J,2J,3H,4G,3G,3F,4E ylppuSrewoP

XT_DDVA V8.1+ ,21H,21G,21F,21E,11E
31J,21J

ylppuSrewoP

KLCFER_DDV V8.1+ 31N,31L ylppuSrewoP
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Figure 5. S3455 Pinout BottomView
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Figure 6. S3455 Pinout Top View
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Figure 7. Package Drawing

Table 6. Thermal Management

eciveD rewoPegakcaPxaM Θ aj

5543S W52.1 riAllitS–W/C˚0.43

Note: The S3455 requires 200 LFMP airflow for an industrial operating temperature of 85°C/W. No airflow or heatsink is required for a
commercial operating temperature of 70°C.
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Table 7. Performance Specifications

retemaraP niM pyT xaM stinU snoitidnoC

ycneuqerFOCV
RDCdnaUSC

884.2 76.2 zHG

)USC(noitareneGrettiJ
700.0 )smr(IU

taderusaemrettijtuptuO:etoN
gnisuetargnitarepoTENOS

.kcolni,rettijsmr,retlifetairporppa
kcolCecnerefeR
ro1N/PKLCFER(

ycneuqerF)2N/PKLCFER
ecnareloT

001- 001+ mpp
TENOSteemotderiuqersi02±

.noitacificepsycneuqerftuptuo

kcolCecnerefeR
ro1N/PKLCFER(

ytuDtupnI)2N/PKLCFER
elcyC

54 55 %

kcolCecnerefeR
ro1N/PKLCFER(

llaFdnaesiR)2N/PKLCFER
semiT

5.1 sn .edutilpmafo%09ot%01

)RDC(emiTnoitisiuqcA
KLCFER_RDCzHM25.551

052 cesµ

.%02foytisnednoitisnartmuminiM
htiW.detsettontubdeetnarauG

dilavdnapuderewopydaerlaecived
.klc.fer

ehthcihwtaecnereffidycneuqerF
kcolfotuoseogLLP

ehtotderapmocKLCFER_RDC(
RDC-)kcolcOCVnwoddedivid

054 006 077 mpp .detsettontubdeetnarauG

ehthcihwtaecnereffidycneuqerF
kcolotniseogLLPeviecer

ehtotderapmocKLCFER_RDC(
RDC-)kcolcOCVnwoddedivid

022 003 093 mpp .detsettontubdeetnarauG

htiw)RDC(noitareneGrettiJ
N/PITADRESotdekcolOCV

10.0 )smr(IU
ehtnidilavsiedomsihT:etoN
BELLdnaEMITPLR,EMITPLS

.ylnoedom

)2N/PKLCFER/1N/PKLCFER(
yaleDKLCPot

34.6 sn .detsettontubdeetnarauG
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]X[N/PNIPretfaselcyc
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KLCFER
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retemaraP niM pyT xaM stinU

saiBrednUerutarepmeTtneibmA 1 04- 58 C˚

DNGottcepserhtiwsenalprewoPtloV8.1noegatloV 17.1 8.1 98.1 V

niPtupnISDVLynanoegatloV 0 SDVL_DDV V

niPtupnISOMCVLynanoegatloV 0 SOMC_DDV V

tnerruCylppuSstloV8.1 555 007 Am

Table 10. Recommended Operating Conditions

retemaraP niM pyT xaM stinU

erutarepmeTegarotS 56- 051 C˚

DNGottcepserhtiwsniprewoPtloV8.1noegatloV 2.0- 0.2+ V

niPtupnISDVLynanoegatloV 0 SDVL_DDV V

Table 9. Absolute Maximum Ratings

retemaraP niM pyT xaM stinU snoitidnoC

ecnareloTrettiJ
84-STS

4.0 5.0 IU
zHM02<f<zHM1

2=nrettaPataD 7 SBRP1-

Table 8. Jitter Tolerance Specifications

ESD Ratings
The S3455 is rated to the following voltages based on the human body model:
1. All pins are rated above 1000 V.

1. 200 LFMP airflow is required for an industrial operating temperature of 85°C/W. No airflow is required for a commercial
operating temperature of 70°C.
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Table 11. LVCMOS Input/Output DC Characteristics

Table 12. LVDS Input DC Characteristics

Table 13. LVDS Output DC Characteristics

retemaraP noitpircseD niM pyT xaM stinU snoitidnoC

V LI egatloVwoLtupnI 577.0 24.1 V

V HI egatloVhgiHtupnI 69.0 08.1 V

V MCI egnaRedoMnommoCrevieceR 09.0 52.1 65.1 V

V ELGNISNI gniwSegatloVtupnIdednEelgniS 002 056 Vm

V FFIDNI gniwSegatloVtupnIlaitnereffiD 004 0031 Vm

retemaraP noitpircseD niM pyT xaM stinU snoitidnoC

V HI egatloVhgiHtupnI SOMC_DDV
4.0-

V

V LI egatloVwoLtupnI 4.0 V

I HI tnerruChgiHtupnI 51 Aµ

I LI tnerruCwoLtupnI 51 Aµ

V HO egatloVhgiHtuptuO SOMC_DDV
2.0-

V Aµ002-=HOI

V LO egatloVwoLtuptuO 2.0 V Aµ002=LOI

retemaraP noitpircseD niM pyT xaM stinU snoitidnoC

V HO egatloVhgiHtuptuO 61.1 06.1 V 001 Ω enilotenil

V LO egatloVwoLtuptuO 18.0 02.1 V 001 Ω enilotenil

∆V ELGNISTUO gniwSegatloVtuptuOdednEelgniS 052 025 Vm 001 Ω enilotenil

V SO egatloVtesffOtuptuO 00.1 73.1 V 001 Ω enilotenil
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Table 16. Transmitter AC Timing Characteristics

retemaraP noitpircseD niM pyT xaM stinU snoitidnoC

∆V FFIDNI gniwSegatloVtupnIlaitnereffiD 003 0061 Vm .21erugiFeeS

∆V ELGNISNI gniwSegatloVtupnIdednE-elgniS 051 008 Vm .21erugiFeeS

R FFID ecnatsiseRtupnIlaitnereffiD 08 001 021 Ω

Table 15. CML Input DC Characteristics

Table 14. Differential CML Output DC Characteristics

retemaraP noitpircseD niM xaM stinU

ycneuqerFKLCST 884.2 76.2 zHG

elcyCytuDKLCST 54 55 %

roKLCSR.t.r.wnoitrotsiDelcyCytuDKLCST
)sedomSSAPYBroBELL,EMITPLSnI(KLCSSAPYB

0.5 %

elcyCytuDKLCIP 53 56 %

St NIP KLCIP.t.r.wemiTputeS]0:3[N/PNIP 002 sp

Ht NIP KLCIP.t.r.wemiTdloH]0:3[N/PNIP 002 sp

St DST gnisiRKLCST.t.r.wemiTputeSDST 021 sp

Ht DST gnisiRKLCST.t.r.wemiTdloHDST 021 sp

deretnecsiOFIFretfatfirdKLCIPotKLCP 2 sn

elcyCytuDKLCP 54 55 %

emiTllaFdnaesiRKLCST/DST 021 sp

retemaraP noitpircseD niM pyT xaM stinU snoitidnoC

V HO )KCOLC( .egatloVhgiHtuptuOLMC
_DDV
KLCST

54.0-

_DDV
KLCST

52.0-
V

V LO )KCOLC( .egatloVwoLtuptuOLMC
_DDV
KLCST

51.1-

_DDV
KLCST

37.0-
V

∆V FFIDTUO

)KCOLC(
laitnereffiDtuptuOlaireSLMC

gniwSegatloV
008 0041 Vm

001 Ω .enil-ot-enil
.21erugiFeeS

∆V ELGNISTUO

)KCOLC(
-elgniStuptuOlaireSLMC

gniwSegatloVdednE
004 007 Vm

001 Ω .enil-ot-enil
.21erugiFeeS

V HO )ATAD( .egatloVhgiHtuptuOLMC
_DDV

DST
54.0-

_DDV
DST
52.0-

V

V LO )ATAD( .egatloVwoLtuptuOLMC
_DDV

DST
51.1-

_DDV
DST
37.0-

V

∆V FFIDTUO

)ATAD(
laitnereffiDtuptuOlaireSLMC

gniwSegatloV
008 0041 Vm

001 Ω .enil-ot-enil
.21erugiFeeS

∆V ELGNISTUO

)ATAD(
-elgniStuptuOlaireSLMC

gniwSegatloVdednE
004 007 Vm

001 Ω .enil-ot-enil
.21erugiFeeS
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Figure 10. Parallel Data Output Delay from POCLK 1

Notes on Timing:
1. Timing is measured from the crossover point of the clock to the crossover point of the data.

Table 17. AC Receiver Timing Characteristics

TSCLKP

TSD

tSTSD tHTSD

Figure 8. Transmitter Input Timing 1 Figure 9. Transmitter Output Timing 1

tSPIN tHPIN

PICLKP

PINP/N[3:0]

Notes on Timing:

1. Timing is measured from the crossover point of the clock to the crossover point of the data.

retemaraP retemaraP niM pyT xaM stinU snoitidnoCtseT

N/PKLCOP 54 55 % 001 Ω .enil-ot-enil

emiTesiRN/PKLCOP 001 003
sp

,%08-%02
001 Ω .enil-ot-enilemiTesiRN/PTUOP 001 003

emiTllaFN/PKLCOP 001 003
sp

,%08-%02
001 Ω .enil-ot-enilemiTllaFN/PTUOP 001 003

t DP N/PKLCOPmorfyaleDN/PTUOP 006 0001 sp .01erugiFeeS

t US
.t.r.wemiTpU-teS]0:3[N/PTUOP

KLCOP
006 sp .01erugiFeeS

tH KLCOP.t.r.wemiTdloH]0:3[N/PTUOP 006 sp .01erugiFeeS

tHtSU

POCLKP

POUTP/N[3:0]

tPDmin

tPDmin = 800 – 200 = 600 ps tPDmax

tPDmax = 800 + 200 = 1000 ps
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Figure 11. S3455 155.52 MHz REFCLK Phase Noise  Limit
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Table 18. Reference Clock Select Modes
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Figure 13. Phase Adjust Timing 1

PHERR

TRANSFER CLK
(Internal)

PICLKP

PCLKP

PHINIT

2 BYTE CLOCKS

4-10 BYTE CLOCKS

Figure 12. Differential Voltage Measurement

Note: V(+) – V(-) is the algebraic difference of the input signals.

V(+)

V(–)

V(+) – V(-)

0.0V

VSINGLE

VDIFF = 2 X VSINGLE

1. 1 byte clock = 622.08 MHz
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S3455
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+5 V

100 Ω330 Ω

330 Ω

0.01 µF

0.01 µF

+1.8 V
Zo=50 Ω
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Figure 16. +5 V Differential PECL Driver to S3455 Differential CML Input AC Coupled Termination

Figure 14. Differential CML Output to +5 V/+3.3 V PECL Input AC Coupled Termination
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+5 V/+3.3 V

100 Ω

S3455
TSDP/N

TSCLKP/N

0.01 µF

0.01 µF
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Figure 15. LVDS Driver to LVDS Input Termination
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POUTP/N[3:0] / POCLKP/N

PCLKP/N / PHERRP/N
155/77MCKP/N LVDS
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Figure 18. LVDS Driver to S3455 LVDS Inputs

S3455
PINP/N[3:0]
 PICLKP/N
PHINITP/N

+3.3 V

100 Ω

+1.8 V
Zo=50 Ω

Zo=50 Ω

VDD -0.4 V

VDD -0.4 V

S3455
REFCLKP/N

+5 V/3.3 V

100 Ω330 Ω

330 Ω

0.01 µF

0.01 µF

+1.8 V

155 MHZ
OSCILLATOR

Zo=50 Ω
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Figure 17. +5 V/+3.3 V Differential PECL Driver to S3455 LVDS Reference Clock Input
AC Coupled Termination

Figure 19. External Loop Filter Components
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AMCC is a registered trademark of Applied Micro Circuits Corporation.
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          D145/R1084

AMCC reserves the right to make changes to its products or to discontinue any semiconductor product or service without notice, and
advises its customers to obtain the latest version of relevant information to verify, before placing orders, that the information being relied
on is current.

AMCC does not assume any liability arising out of the application or use of any product or circuit described herein, neither does it
convey any license under its patent rights nor the rights of others.

AMCC reserves the right to ship devices of higher grade in place of those of lower grade.

AMCC SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED TO BE SUITABLE FOR
USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS OR OTHER CRITICAL APPLICATIONS.

Applied Micro Circuits Corporation  •  6290 Sequence Dr., San Diego, CA 92121

Phone: (858) 450-9333  •  (800) 755-2622  •  Fax: (858) 450-9885

http://www.amcc.com
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