
1

S3038SONET/SDH/ATM OC-12 QUAD TRANSCEIVER

May 31, 2001 / Revision C

BiCMOS LVPECL CLOCK GENERATOR

®

DEVICE
SPECIFICATION

SONET/SDH/ATM OC-12  TRANSMITTER AND RECEIVER S3038

FEATURES
• Complies with Bellcore and ITU-T

specifications
• Supports 622.08 Mbps (OC-12)
• Quad transmitter incorporating phase-lock

loop (PLL) clock synthesis from a low-speed
reference clock

• Quad receiver PLL provides clock and
data recovery

• Selectable reference frequencies of
38.88 MHz, or 77.76 MHz

• Interface to both LVPECL and TTL logic
• 8-bit TTL datapath
• Compact 23mm x 23mm 208 TBGA package
• Diagnostic loopback mode
• Low jitter LVPECL interface
•   Single 3.3V supply
• Local Loopback

APPLICATIONS
• SONET/SDH-based transmission systems
• SONET/SDH modules
• SONET/SDH test equipment
• ATM over SONET/SDH
• Section repeaters
• Add Drop Multiplexers (ADM)
• Broad-band cross-connects
• Fiber optic terminators
• Fiber optic test equipment

SONET/SDH/ATM OC-12 QUAD TRANSCEIVER S3038

GENERAL DESCRIPTION
The S3038 SONET/SDH Quad transceiver chip is a
fully integrated serialization/deserialization SONET
OC-12 (622.08 Mbit/s) interface device. The chip
performs all necessary serial-to-parallel and parallel-
to-serial functions in conformance with SONET/SDH
transmission standards. The device is suitable for
SONET-based ATM applications. Figure 1 shows a
typical network application.

On-chip clock synthesis is performed by the high-
frequency phase-lock loop on the S3038 Quad
transceiver chip allowing the use of a slower external
transmit clock reference. Clock recovery is performed
on the device by synchronizing its on-chip VCO directly
to the incoming data stream. The S3038 also per-
forms SONET/SDH frame detection. The chip can be
used with a 38.88 MHz, or 77.76 MHz reference
clock, in support of existing system clocking
schemes.

The low jitter LVPECL interface guarantees compliance
with the bit-error rate requirements of the Bellcore
and ITU-T standards. The S3038 is packaged in a
23mm x 23mm 208 TBGA.
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Figure 1. System Block Diagram
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Figure 2. S3038 Input/Output Diagram
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Figure 3. Transmitter Block Diagram
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Figure 4. Receiver Block Diagram
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SONET OVERVIEW

Synchronous Optical Network (SONET) is a stan-
dard for connecting one fiber system to another at
the optical level. SONET, together with the Synchro-
nous Digital Hierarchy (SDH) administered by the
ITU-T, forms a single international standard for fiber
interconnect between telephone networks of differ-
ent countries. SONET is capable of accommodating
a variety of transmission rates and applications.

The SONET standard is a layered protocol with four
separate layers defined. These are:

• Photonic
• Section
• Line
• Path

Figure 5 shows the layers and their functions. Each
of the layers has overhead bandwidth dedicated to
administration and maintenance. The photonic layer
simply handles the conversion from electrical to opti-
cal and back with no overhead. It is responsible for
transmitting the electrical signals in optical form over
the physical media. The section layer handles the
transport of the framed electrical signals across the
optical cable from one end to the next. Key functions
of this layer are framing, scrambling, and error moni-
toring. The line layer is responsible for the reliable
transmission of the path layer information stream
carrying voice, data, and video signals. Its main
functions are synchronization, multiplexing, and reli-
able transport. The path layer is responsible for the
actual transport of services at the appropriate signal-
ing rates.

Data Rates and Signal Hierarchy

Table 1 contains the data rates and signal designations
of the SONET hierarchy. The lowest level is the basic
SONET signal referred to as the synchronous transport
signal level-1 (STS-1). An STS-N signal is made up
of N byte-interleaved STS-1 signals. The optical

counterpart of each STS-N signal is an optical carrier
level-N signal (OC-N). The S3038 chip supports OC-
12 rates (622.08 Mbps).

Frame and Byte Boundary Detection

The SONET/SDH fundamental frame format for
STS-12 consists of 36 transport overhead bytes fol-
lowed by Synchronous Payload Envelope (SPE)
bytes. This pattern of 36 overhead and 1044 SPE bytes
is repeated nine times in each frame. Frame and byte
boundaries are detected using the A1 and A2 bytes
found in the transport overhead. (See Figure 6.)

For more details on SONET operations, refer to the
Bellcore SONET standard document.

Table 1. SONET Signal Hierarchy

Figure 5. SONET Structure

Figure 6. STS–12/OC–12 Frame Format
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S3038 OVERVIEW

The S3038 quad transceiver implements SONET/
SDH serialization/deserialization, transmission, and
frame detection/recovery functions. This chip can be
used to implement the front end of SONET equip-
ment, which consists primarily of the serial transmit
interface and the serial receive interface. The chip
handles all the functions of these two elements, in-
cluding parallel-to-serial and serial-to-parallel
conversion, clock generation and recovery, and sys-
tem timing. The system timing circuitry consists of
management of the datastream, framing, and clock
distribution throughout the front end.

The S3038 is divided into a transmitter section and a
receiver section. The sequence of operations is as
follows:

Transmitter Operations:

1. 8-bit parallel input
2. Parallel-to-serial conversion
3. Serial output

Receiver Operations:

1. Clock and data recovery from serial input
2. Frame detection
3. Serial-to-parallel conversion
4. 8-bit parallel output

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

QUAD TRANSMITTER OPERATION

The S3038 quad transceiver chip performs the seri-
alizing stage in the processing of a transmit SONET
STS-12 bit serial data stream. It converts the 8-bit
parallel 77.76 Mbyte/sec data stream into a bit serial
format at 622.08 Mbps.

A high-frequency bit clock can be generated from a
77.76 MHz frequency reference by using an integral
frequency synthesizer consisting of a phase-lock
loop circuit with a divider in the loop.

Diagnostic loopback is provided (transmitter to re-
ceiver). See Other Operating Modes.

Clock Synthesizer

The clock synthesizer is a monolithic PLL that gener-
ates the serial output clock phase synchronized with
the input reference clock (REFCLK).

The REFCLK input must be generated from a  crys-
tal oscillator which has a frequency accuracy that
meets the value stated in Table 11.

The on-chip PLL consists of a phase detector, which
compares the phase relationship between the VCO
output and the 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 provides an 8-bit par-
allel rate version of the transmit serial clock. This
circuitry also provides an internally generated load sig-
nal, which transfers the PIN[7:0] data from the
parallel input register to the serial shift register.

The PCLK output is an 8-bit parallel rate version of
the transmit serial clock at 77.76 MHz. PCLK is in-
tended for use as an 8-bit parallel clock for upstream
multiplexing and overhead processing circuits. Using
PCLK for upstream circuits will ensure a stable fre-
quency and phase relationship between the data
coming into and leaving the S3038 device.

Parallel-to-Serial Converter

The parallel-to-serial converter is comprised of two
8-bit parallel registers. The first register latches the
data from the PIN[7:0] bus on the rising edge of
PICLK. The second register is a parallel loadable
shift register which takes its parallel input from the
first register.

The load signal, which latches the data from the par-
allel to the serial shift register, has a fixed relationship
to PCLK. If PICLK is tied to PCLK, the PIN[7:0] data
latched into the parallel register will meet the timing
specifications with respect to the load signal. If PICLK
is not tied to PCLK, the delay must meet the timing
requirements.

Redundant Outputs

Two high-speed differential outputs are provided for
each channel. This enables each channel to drive a
primary and secondary switch fabric for SONET ap-
plications in which redundancy is required to achieve
higher reliability.

Routing of Signals for Channel-Lock Operation

When operating in the Channel Lock (CH_LOCK)
Mode, the user must ensure that the path length of
the four high-speed serial data signals are matched
to within ±3 ns of delay. Failure to meet this require-
ment may result in bit errors in the received data or
in byte misalignment.

Table 2. Reference Frequency Options

Table 3. Reference Jitter Limits
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Figure 7. PIN Data Clocking with PICLK

Figure 8. REFCLK Forward PIN Clocking
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The following figures illustrate the broad range of
transmit data clocking options supported by the
S3038.

Figure 7 demonstrates the flexibility afforded by the
S3038. A low jitter reference is provided directly to
the S3038 at either 1/8 or 1/16 the serial data rate.
This ensures minimum jitter in the synthesized clock
used for serial data transmission. A system clock
output at the 32-bit parallel rate, PCLK, is derived
from the PLL and provided to the upstream circuit as
a system clock. This clock can be buffered as re-
quired without concern about added delay. There is
no phase requirement placed upon PCLK and the
PICLKx clock, which is provided back to the S3038,
other than that they remain within ±3 ns of the phase
relationship established at reset.

The S3038 also supports the traditional REFCLK
clocking and is illustrated in Figure 8. This approach
imposes significant challenges in maintaining timing
margins on the designer.
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The phase relationship between the edge transitions
of the data and those of the generated clock are
compared by a phase/frequency discriminator. Out-
put 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 gener-
ates the recovered clock.

Frequency stability without incoming data is guaran-
teed by an alternate reference input (REFCLK) that
the PLL locks onto when data is lost. If the frequency
of the incoming signal varies by greater than the
value stated in Table 11 with respect to REFCLK,
the PLL will be declared out of lock, and the PLL will
lock to the reference clock. The assertion of LOS 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 9.

Figure 9. Clock Recovery Jitter Tolerance
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Clock Recovery

Clock recovery generates a clock that is at the same
frequency as the incoming data bit rate at the RSD
input or, in loopback, the transmitter data output. The
clock is phase aligned by a Phase Locked Loop
(PLL) so that it samples the data in the center of the
data eye pattern.

RECEIVER OPERATION

The S3038 quad transceiver chip provides the first
stage of digital processing of a receive SONET STS-
12 bit-serial stream. It converts the bit-serial 622.08
Mbps data stream into a 77.76 Mbyte/sec 8-bit paral-
lel data format.

Data Input

Two differential receivers are provided for each
channel of the S3038. This supports switching be-
tween redundant switch fabrics for SONET
applications. A select signal RSDSEL is provided for
each channel to control the selection of primary or
secondary inputs. In addition, each channel supports
a diagnostic loopback mode in which the serial data
from the transmitter replaces external serial data.
The loopback functions for all four channels is con-
trolled by a single Diagnostic Loopback Enable
(DLEB) signal.

Clock recovery is performed on the incoming
scrambled NRZ data stream. A 77.76 MHz reference
clock is required 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.

A loopback mode is provided for diagnostic loopback
(transmitter to receiver).



11

S3038SONET/SDH/ATM OC-12 QUAD TRANSCEIVER

May 31, 2001 / Revision C

Frame and Byte Boundary Detection

The frame and byte boundary detection circuitry
searches the incoming data for three consecutive A1
bytes followed immediately by three consecutive A2
bytes. Framing pattern detection is enabled and dis-
abled by the Out-Of-Frame (OOF) input. Detection is
enabled by a rising edge on OOF, and remains en-
abled for the duration that OOF is set High. It is
disabled when a framing pattern is detected and
OOF is no longer set High. When the framing pattern
detection is enabled, the framing pattern is used to
locate byte and frame boundaries in the incoming
data stream (RSD or looped transmitter data). The
timing generator block takes the located byte bound-
ary and uses it to block the incoming data stream
into bytes for output on the parallel output data bus
(POUT[7:0]). The frame boundary is reported on the
Frame Pulse (FP) output when any 48-bit pattern
matching the framing pattern is detected on the in-
coming data stream. When the framing pattern
detection is disabled, the byte boundary is frozen to
the location found when detection was previously
enabled. Only framing patterns aligned to the fixed
byte boundary are indicated on the FP output.

The probability that random data in an STS-12 stream
will generate the 48-bit framing pattern is extremely
small. It is highly improbable that a mimic pattern
would occur within one frame of data. Therefore, the
time to match the first frame pattern and to verify it
with down-stream circuitry, at the next occurrence of the
pattern, is expected to be less than the required 250 µs,
even for extremely high bit error rates.

Once down-stream overhead circuitry has verified
that frame and byte synchronization are correct, the
OOF input can be set low to disable the frame
search process from trying to synchronize to a mimic
frame pattern

Serial-to-Parallel Converter

The serial-to-parallel converter consists of three 8-bit
registers. The first is a serial-in, parallel-out shift reg-
ister, which performs serial to parallel conversion
clocked by the clock recovery block. The second is
an 8-bit internal holding register, which transfers

data from the serial to parallel register on byte
boundaries as determined by the frame and byte
boundary detection block. On the falling edge of the
free running POCLK, the data in the holding register
is transferred to an output holding register which
drives POUT[7:0].

The delay through the serial-to-parallel converter
can vary from 1.5 to 3.5 byte periods (12 to 28 serial
bit periods) measured from the first bit of an incom-
ing byte to the beginning of the parallel output of
that byte. The variation in the delay is dependent on
the alignment of the internal parallel load timing,
which is synchronized to the data byte boundaries,
with respect to the falling edge of POCLK, which is
independent of the byte boundaries. The advantage of
this serial to parallel converter is that POCLK is nei-
ther truncated nor extended during reframe
sequences.

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 normal data stream
(RSD).

Forward Clocking

For 77.76 MHz reference operation, the S3038 oper-
ates in the forward clocking mode. The PLL locks
the PCLK output of the transmitter section to the
REFCLK with a fixed and repeatable phase relation.
This allows the transmitter data source to also be
the timing source for the serial clock synthesis.

The rising edge of PCLK is locked to the rising edge
of REFCLK, with a maximum delay of 8 to 10 nsec
due to the PCLK TTL output driver.

Reset

The RESET signal initializes the internal counters, in
addition, the rising edge on OOF is required after
RESET to initialize the chip.
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Table 4. Transmitter  Input Signals Pin Assignment and Descriptions

emaNniP leveL O/I #niP noitpircseD

0ANIP
1ANIP
2ANIP
3ANIP
4ANIP
5ANIP
6ANIP
7ANIP

LTT I 21P
21R
31T
21T
31U
11P
11R
11T

dekcolcsisubsihtnoatadlellaraP.AlennahCrofataDtimsnarT
.KLCFERroAKLCIPfoegdegnisirehtnoni

AKLCIP LTT I 21U noatadkcolcotdesusilangissihT.AkcolCataDtimsnarT
noatadkcolcotdesueboslanaclangissihT.]0:7[ANIP

.]0:7[DNIPdna]0:7[CNIP,]0:7[BNIP

0BNIP
1BNIP
2BNIP
3BNIP
4BNIP
5BNIP
6BNIP
7BNIP

LTT I 51R
41P
51T
41R
71U
61U
31P
41T

dekcolcsisubsihtnoatadlellaraP.BlennahCrofataDtimsnarT
.KLCFERroBKLCIP,AKLCIPfoegdegnisirehtnoni

BKLCIP LTT I 31R noatadkcolcotdesusilangissihT.BkcolCataDtimsnarT
.]0:7[BNIP

0CNIP
1CNIP
2CNIP
3CNIP
4CNIP
5CNIP
6CNIP
7CNIP

LTT I 51M
61N
41M
71R
61P
51N
71T
41N

dekcolcsisubsihtnoatadlellaraP.ClennahCrofataDtimsnarT
.KLCFERroCKLCIP,AKLCIPfoegdegnisirehtnoni

CKLCIP LTT I 51P noatadkcolcotdesusilangissihT.CkcolCataDtimsnarT
.]0:7[CNIP

0DNIP
1DNIP
2DNIP
3DNIP
4DNIP
5DNIP
6DNIP
7DNIP

LTT I 71L
61K
51K
41K
71M
61L
61M
51L

dekcolcsisubsihtnoatadlellaraP.DlennahCrofataDtimsnarT
.KLCFERro,DKLCIP,AKLCIPfoegdegnisirehtnoni

DKLCIP LTT I 41L noatadkcolcotdesusilangissihT.DkcolCataDtimsnarT
.]0:7[DNIP
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Table 6. Transmitter Control Signals Pin Assignment and Descriptions

emaNniP leveL O/I #niP noitpircseD

KCOL_HC LTT I 4E nehW.hgiHevitcA.lortnocedomtupnilellaraP.kcoLlennahC
.rehtegotslennahcruofllaskcollangissiht,evitca

EDOMT LTT I 31B desusiKLCFER,woLsiEDOMTnehW.lortnoCedoMtimsnarT
desusixKLCIP,hgiHsiEDOMTnehW.]0:7[xNIPnoatadkcolcot
ruoflla,edomkcollennahcnI.8303Sehtotniatadkcolcot
-NAHC(edomtnednepedninI.AKLCIPybdekcolceraslennahc

.KLCIPevitcepserstiybdekcolcsilennahchcae)WOLKCOL

LESKLC LTT I 21C ehtrofLLPehtserugifnoclangissihT.tupnitceleSKLCFER
KLCFEReht,0=LESKLCnehW.ycneuqerfKLCFERetairporppa
=LESKLCnehW.etarlellaraptib-23ehtlauqedluohsycneuqerf

.etaratadlellarapeht2/1ebdluohsycneuqerfKLCFEReht,1

KLCFER LTT I 71H ycneuqerfasadnaOCVtimsnartehtrofdesukcolcecnerefeR
.atadlairesreviecerehtmorfderevocerkcolcehtrofkcehc
ruofllafoatadtupniehtkcolcotdesueboslanacKLCFER

.slennahc

TESER LTT I 51C decrofsiLLPreviecerehT.tesernidlehsi8303Seht,woLnehW
gnisirehtnodezilaitinieras'OFIFehT.KLCFERehtotkcolot

.yllamronsetarepo8303Seht,hgiHnehW.TESERfoegde

emaNniP leveL O/I #niP noitpircseD

P0ADST
N0ADST

.ffiD
LCEPVL

O 71A
71B

.AlennahCrofstuptuolairesdeepshgihyramirP

P1ADST
N1ADST

.ffiD
LCEPVL

O 41E
61D

.AlennahCrofstuptuolairesdeepshgihyradnoceS

P0BDST
N0BDST

.ffiD
LCEPVL

O 71C
71D

.BlennahCrofstuptuolairesdeepshgihyramirP

P1BDST
N1BDST

.ffiD
LCEPVL

O 41F
51F

.BlennahCrofstuptuolairesdeepshgihyradnoceS

P0CDST
N0CDST

.ffiD
LCEPVL

O 61F
71E

.ClennahCrofstuptuolairesdeepshgihyramirP

P1CDST
N1CDST

.ffiD
LCEPVL

O 51G
41G

.ClennahCrofstuptuolairesdeepshgihyradnoceS

P0DDST
N0DDST

.ffiD
LCEPVL

O 71F
71G

.DlennahCrofstuptuolairesdeepshgihyramirP

P1DDST
N1DDST

.ffiD
LCEPVL

O 41H
51H

.DlennahCrofstuptuolairesdeepshgihyradnoceS

KLCP LTT O 41J dedivorpsikcolcsihT.etaratadlellarapehttakcolctuptuoLTT
.yrtiucricmaerts-puehtybesurof

Table 5. Transmitter Output Signals Pin Assignment and Descriptions

Note: All inputs have internal pull-up networks.
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Table 7. Receiver Output Signals Pin Assignment and Descriptions

emaNniP leveL O/I #niP noitpircseD

0ATUOP
1ATUOP
2ATUOP
3ATUOP
4ATUOP
5ATUOP
6ATUOP
7ATUOP

LTT O 1J
3J
2J
1H
2H
3H
1F
2G

sisubsihtnoatadlellaraP.stuptuOataDrevieceRAlennahC
.PAKLCOPfoegdegnisirehtnodilav

APF LTT O 2F sahataddilavtahtsetacidnituptuosihtnohgiHA.esluPemarF
tuptuOataDlellaraPehtnotneserpsidnadetcetedneeb

.]0:7[ATUOP

PAKLCOP
NAKLCOP

LTT O 2K
1K

dilavera,]0:7[ATUOP,atadeviecerlellaraP.kcolCataDevieceR
.PAKLCOPfoegdegnisirehtno

0BTUOP
1BTUOP
2BTUOP
3BTUOP
4BTUOP
5BTUOP
6BTUOP
7BTUOP

LTT O 1R
1P
3M
2N
2M
1N
2L
1M

sisubsihtnoatadlellaraP.stuptuOataDrevieceRBlennahC
.PBKLCOPfoegdegnisirehtnodilav

BPF LTT O 1L sahataddilavtahtsetacidnituptuosihtnohgiHA.esluPemarF
tuptuOataDlellaraPehtnotneserpsidnadetcetedneeb

.]0:7[BTUOP

PBKLCOP
NBKLCOP

LTT O 1U
1T

dilavera]0:7[BTUOP,atadeviecerlellaraP.kcolCataDevieceR
.PBKLCOPfoegdegnisirehtno

0CTUOP
1CTUOP
2CTUOP
3CTUOP
4CTUOP
5CTUOP
6CTUOP
7CTUOP

LTT O 7R
6R
5T
3U
4T
5R
2U
3T

sisubsihtnoatadlellaraP.stuptuOataDrevieceRClennahC
.PCKLCOPfoegdegnisirehtnodilav

CPF LTT O 2R sahataddilavtahtsetacidnituptuosihtnohgiHA.esluPemarF
tuptuOataDlellaraPehtnotneserpsidnadetcetedneeb

.]0:7[CTUOP

PCKLCOP
NCKLCOP

LTT O 5U
4U

dilavera]0:7[CTUOP,atadeviecerlellaraP.kcolCataDevieceR
.PCKLCOPfoegdegnisirehtno
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Table 7. Receiver Output Signals Pin Assignment and Descriptions (Continued)

emaNniP leveL O/I #niP noitpircseD

0DTUOP
1DTUOP
2DTUOP
3DTUOP
4DTUOP
5DTUOP
6DTUOP
7DTUOP

LTT O 11U
01R

9U
9R
9T
8U
7U
8T

sisubsihtnoatadlellaraP.stuptuOataDrevieceRDlennahC
.PDKLCOPfoegdegnisirehtnodilav

DPF LTT O 6U sahataddilavtahtsetacidnituptuosihtnohgiHA.esluPemarF
tuptuOataDlellaraPehtnotneserpsidnadetcetedneeb

.]0:7[DTUOP

PDKLCOP
NDKLCOP

LTT O 01T
01U

dilavera]0:7[DTUOP,atadeviecerlellaraP.kcolCataDevieceR
.PDKLCOPfoegdegnisirehtno
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Table 8. Receiver Input Signals Pin Assignment and Description

emaNniP leveL O/I #niP noitpircseD

P0ADSR
N0ADSR

.ffiD
LCEPVL

I 5D
5C

.AlennahcrofstupnielbitapmocLCEPVLlaitnereffidyramirP
yllanretnI.evitagenehtsiN0ADSR,tupnievitisopehtsiP0ADSR

.snoitacilppadelpuocCArofV3.1-DDVotdesaib

P1ADSR
N1ADSR

.ffiD
LCEPVL

I 4D
3B

.AlennahcrofstupnielbitapmocLCEPVLlaitnereffidyradnoceS
yllanretnI.evitagenehtsiN1ADSR,tupnievitisopehtsiP1ADSR

.snoitacilppadelpuocCArofV3.1-DDVotdesaib

LESADSR LTT I 3A hgiH,0ADSRtupnistceleswoL.lortnoctcelestupniAlennahC
).detcennoctonnehwpu-lluplanretnI(.1ADSRstceles

P0BDSR
N0BDSR

.ffiD
LCEPVL

I 6C
5B

.BlennahcrofstupnielbitapmocLCEPVLlaitnereffidyramirP
yllanretnI.evitagenehtsiN0BDSR,tupnievitisopehtsiP0BDSR

.snoitacilppadelpuocCArofV3.1-DDVotdesaib

P1BDSR
N1BDSR

.ffiD
LCEPVL

I 7C
7D

.BlennahcrofstupnielbitapmocLCEPVLlaitnereffidyradnoceS
yllanretnI.evitagenehtsiN1BDSR,tupnievitisopehtsiP1BDSR

.snoitacilppadelpuocCArofV3.1-DDVotdesaib

LESBDSR LTT I 5A hgiH,0BDSRtupnistceleswoL.lortnoctcelestupniBlennahC
).detcennoctonnehwpu-lluplanretnI(.1BDSRstceles

P0CDSR
N0CDSR

.ffiD
LCEPVL

I 01A
9B

.ClennahcrofstupnielbitapmocLCEPVLlaitnereffidyramirP
yllanretnI.evitagenehtsiDSR,tupnievitisopehtsiP0CDSR

.snoitacilppadelpuocCArofV3.1-DDVotdesaib

P1CDSR
N1CDSR

.ffiD
LCEPVL

I 8A
9A

.ClennahcrofstupnielbitapmocLCEPVLlaitnereffidyradnoceS
yllanretnI.evitagenehtsiN1CDSR,tupnievitisopehtsiP1CDSR

.snoitacilppadelpuocCArofV3.1-DDVotdesaib

LESCDSR LTT I 9C hgiH,0CDSRtupnistceleswoL.lortnoctcelestupniClennahC
).detcennoctonnehwpu-lluplanretnI(.1CDSRstceles

P0DDSR
N0DDSR

.ffiD
LCEPVL

I 01C
01D

.DlennahcrofstupnielbitapmocLCEPVLlaitnereffidyramirP
yllanretnI.evitagenehtsiN0DDSR,tupnievitisopehtsiP0DDSR

.snoitacilppadelpuocCArofV3.1-DDVotdesaib

P1DDSR
N1DDSR

.ffiD
LCEPVL

I 11C
21B

.DlennahcrofstupnielbitapmocLCEPVLlaitnereffidyradnoceS
yllanretnI.evitagenehtsiN1DDSR,tupnievitisopehtsiP1DDSR

.snoitacilppadelpuocCArofV3.1-DDVotdesaib

LESDDSR LTT I 11B hgiH,0DDSRtupnistceleswoL.lortnoctcelestupniDlennahC
).detcennoctonnehwpu-lluplanretnI(.1DDSRstceles

AFOO
BFOO
CFOO
DFOO

LTTVL I 41U
61T
71P
71K

noitcetednrettapgnimarfelbaneotdesurotacidniemarffotuO
delbanesicigolnoitcetednrettapgnimarfehT.8303Sehtnicigol
emarflitnudelbanesniamerdna,FOOnoegdegnisirayb
.regnolsirevehcihw,woltessiFOOnehwrodetcetedsiyradnuob
fohtdiweslupmuminimahtiwlangissuonorhcnysanasiFOO

TESERretfaderiuqersiFOOnoegdegnisiR.doirepKLCOPeno
.pihcehtezilaitiniot

ALTTDS
BLTTDS
CLTTDS
DLTTDS

LTTVL I 51U
61R
71N
61J

siLTTDSnehW.)1cigol(hgiHevitcA.tceteDlangiSLTTVL
otdecrofyllanretnieblliwsnipN/PDSRehtnoatadeht,evitcani
snipN/PDSRehtnoatad,evitcasiLTTDSnehW.oreztnatsnoca

.yllamrondessecorpeblliw
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Table 10. Power and Ground Pin Assignments

emaNniP sesailA
.oN

slangiS
#niP noitpircseD

DDVA xADDV 5 8C6A1A
61A31A

.esionwol)DDV(rewoPgolanA

SSVA xASSV 5 8B7B4C
51B11D

.)SSV(dnuorGgolanA

DDV xDDV 5 9D6B4B
51A21A

.)DDV(yrtiucricdeepshgihrofrewoP

SSV xSSV
xBUSSSV

01 6D4A2A
8D7A
01B11A
41A31C

41B

.)SSV(yrtiucricdeepshgihrofdnuorG

DDVP RWPLCEP 4 51E51D
61G61E

.)DDV(rewoPLCEP

SSVP DNGLCEP 1 61C .)SSV(dnuorGLCEP

DDVD RWPGID
1RWPGID

9 2C2B1B
21D3D

71J4L3E
9P

.)DDV(rewopyrtiucriceroC

SSVD DNGGID
1DNGGID
SDNGGID

01 1C61B
3R3C2D
51J4N4F

01P61H

.)SSV(dnuorgyrtiucriceroC

DDVT RWPLTT 8 4G3N1E
5P4K4H

8P7P

.)DDV(O/ILTTrofrewoP

SSVT DNGLTT 01 3F2E1D
4M4J3L
6P4R4P

8R

.)SSV(O/ILTTrofdnuorG

dnG/rwPlatoT 76

CN 8 3K3G1G
2T3P2P

7T6T

.detcennoctoN

1PAC
2PAC

2 31D
41C

.srotsiserdnaroticapacretlifpoollanretxerofsniP
.02erugiFeeS

emaNniP leveL O/I #niP noitpircseD

BELD LTT I 41D siecruostupni,woLnehW.elbanEkcabpooLcitsongaiD
eht,hgiHnehW.lennahchcaerofLESDSRehtybdenimreted
.tupnistiotkcabdepoolsilennahchcaeroftuptuolaires

.HGIH=BELDnehwdehcleuqseraN/PX1DSTdnaN/PX0DST

Table 9. Receiver Control Signals Pin Assignment and Descriptions
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Figure 10. Quad Transceiver Pinout-Bottom View

A B C D E F G H J K L M N P R T U

1 DDVA DDVD SSVD SSVT DDVT 6ATUOP CN 3ATUOP 0ATUOP NAKLCOP BPF 7BTUOP 5BTUOP 1BTUOP 0BTUOP NBKLCOP PBKLCOP

2 SSV DDVD DDVD SSVD SSVT APF 7ATUOP 4ATUOP 2ATUOP PAKLCOP 6BTUOP 4BTUOP 3BTUOP CN CPF CN 6CTUOP

3 LESADSR N1ADSR SSVD DDVD DDVD SSVT CN 5ATUOP 1ATUOP CN SSVT 2BTUOP DDVT CN SSVD 7CTUOP 3CTUOP

4 SSV DDV SSVA P1ADSR KCOL_HC SSVD DDVT DDVT SSVT DDVT DDVD SSVT SSVD SSVT SSVT 4CTUOP NCKLCOP

5 LESBDSR N0BDSR N0ADSR P0ADSR DDVT 5CTUOP 2CTUOP PCKLCOP

6 DDVA DDV P0BDSR SSV SSVT 1CTUOP CN DPF

7 SSV SSVA P1BDSR N1BDSR DDVT 0CTUOP CN 6DTUOP

8 P1CDSR SSVA DDVA SSV DDVT SSVT 7DTUOP 5DTUOP

9 N1CDSR N0CDSR LESCDSR DDV DDVD 3DTUOP 4DTUOP 2DTUOP

01 P0CDSR SSV P0DDSR N0DDSR SSVD 1DTUOP PDKLCOP NDKLCOP

11 SSV LESDDSR P1DDSR SSVA 5ANIP 6ANIP 7ANIP 0DTUOP

21 DDV N1DDSR LESKLC DDVD 0ANIP 1ANIP 3ANIP AKLCIP

31 DDVA EDOMT SSV 1PAC 6BNIP BKLCIP 2ANIP 4ANIP

41 SSV SSV 2PAC BELD P1ADST P1BDST N1CDST P1DDST KLCP 3DNIP DKLCIP 2CNIP 7CNIP 1BNIP 3BNIP 7BNIP AFOO

51 DDV SSVA TESER DDVP DDVP N1BDST P1CDST N1DDST SSVD 2DNIP 7DNIP 0CNIP 5CNIP CKLCIP 0BNIP 2BNIP ALTTDS

61 DDVA SSVD SSVP N1ADST DDVP P0CDST DDVP SSVD DLTTDS 1DNIP 5DNIP 6DNIP 1CNIP 4CNIP BLTTDS BFOO 5BNIP

71 P0ADST N0ADST P0BDST N0BDST N0CDST P0DDST N0DDST KLCFER DDVD DFOO 0DNIP 4DNIP CLTTDS CFOO 3CNIP 6CNIP 4BNIP

S3038

208 TBGA

Bottom View
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Figure 11. 208 TBGA Package

rewoPegakcaPxaM Θ )riAllitS(aj Θ cj

W4.3 W/C°7.71 W/C°0.3

Thermal Management
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Table 11. Performance Specifications

* Noise on REFCLK should be less than 14 ps rms in a jitter frequency band from 12 kHz to 5 MHz.

retemaraP niM pyT xaM stinU noitidnoC

OCVlanimoN
ycneuqerFretneC

80.226 zHM

rettiJtuptuOataD
21-STS

.klC.feRzHM88.83–

.klCfeRzHM67.77–
10.0

5700.0

)smr(IU kcolni,rettijsmr

kcolCecnerefeR
*ecnareloTycneuqerF

02- 02+ mpp
tuptuoTENOSteemotderiuqeR

noitacificepsycneuqerf

21-STS/21-CO

egnaRerutpaC
egnaRkcoL

002±
%21±

mpp ecnereferdexifottcepserhtiW
ycneuqerf

emiTkcoLnoitisiuqcA 61 cesµ

%02foytisnednoitisnartmuminiM

puderewopydaerlaecivedhtiW
.klc.ferdilavdna

kcolCecnerefeR
elcyCytuDtupnI

03 07 %

&esiRkcolCecnerefeR
semiTllaF

0.2 sn edutilpmafo%08ot%02

taecnereffidycneuqerF
fotuoseogLLPehthcihw
otderapmocKLCFER(kcol

OCVnwoddedivideht
)kcolc

052 092 033 mpp

taecnereffidycneuqerF
seogLLPeviecerehthcihw

KLCFER(kcolotni
dedividehtotderapmoc

)kcolcOCVnwod

052 092 033 mpp

fohtgnelnurmumixaM
tuoerofebtupniatadlaires

deralcedsikcolfo
08 0001 IU .N/PDSRnosnoitisnartoN

rettiJ21-STS/21-CO
ecnareloT

4.0 IU
.rettijtupniladiosuniS

atadP/ITADRESnoedutilpmA
.zHM5otzHk21morfstupni
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Table 13. Recommended Operating Conditions

Table 12. Absolute Maximum Ratings

retemaraP niM pyT xaM stinU

erutarepmeTegarotS 56- 051 C°

DNGottcepserhtiwDDVnoegatloV 5.0- 0.7+ V

niPtupnILTTynanoegatloV 5.0- 74.3 V

niPtupnILCEPVLynanoegatloV 0 DDV V

tnerruCkniStuptuOLTT 8 Am

tnerruCecruoStuptuOLTT 8 Am

tnerruCecruoStuptuOLCEPVLdeepshgiH 05 Am

ytivitisneSDSE 1 0051 V

retemaraP niM pyT xaM stinU

saiBrednUerutarepmeTtneibmA 0 07 C°

saiBrednUerutarepmeTnoitcnuJ 031 C°

,DDVOILCE,DDVLCE,DDVLTTnoegatloV
SSV/DNGottcepserhtiwDDVAdna

531.3 3.3 564.3 V

niPtupnILTTynanoegatloV 0 564.3 V

niPtupnILCEPVLynanoegatloV
DDV
V2-

DDV V

niPataDLTTnoegatloV 0 564.3 V

sretemaraP noitpircseD niM xaM stinU stnemmoC

TF ecnareloTycneuqerF 001- 001+ mpp

DT 2-1 yrtemmyS 04 06 % .tp%05taelcyCytuD

T RCR T, FCR emiTllaFdnaesiRKLCFER 2 sn .%08-%02

Table 14. Reference Clock Requirements

1. Human body model.
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Table 16. Transmit Signals Characteristics

Table 15. TTL Input/Output DC Characteristics

sretemaraP noitpircseD niM pyT xaM stinU stnemmoC

V HO )LTT(egatloVhgiHtuptuO 4.2 8.2 DDV V Inim=DDV HO Am4-=

V LO )LTT(egatloVwoLtuptuO DNG 520. 5.0 V Inim=DDV LO Am4=

V HI )LTT(egatloVhgiHtupnI 0.2 V

V LI )LTT(egatloVwoLtupnI DNG 8.0 V

I HI )LTT(tnerruChgiHtupnI 04 Aµ V NI xam=DDV,V4.2=

I LI )LTT(tnerruCwoLtupnI 006 Aµ V NI xam=DDV,V4.2=

I CC tnerruCylppuS 528 089 Am .nrettaP0101

PD noitapissiDrewoP 7.2 4.3 W .nrettaP0101

V FFID

gniwsegatlovtupnilaitnereffid.niM
stupniLCEPVLlaitnereffidrof

051 0031 Vm .21erugiFeeS

∆V TUO

gniwSegatloVtuptuOlaireS
)dedne-elgnis(

006 0061 Vm 05 Ω V0.2-DDVot

C NI ecnaticapaCtupnI 3 Fp

sretemaraP noitpircseD niM xaM stinU stnemmoC

rettiJlatoT )p-p(rettiJtuptuOataDlaireS 291 sp
anodetset,kaep-ot-kaeP

htiwderusaeM.sisabelpmas
2a 7 .nrettap1-

T RDS T, FDS emiTllaFdnaesiRataDlaireS 053 sp
anodetset%08ot%02

htiwderusaeM.sisabelpmas
.daolFp01

Table 17. Receive Signal Characteristics

sretemaraP noitpircseD niM xaM stinU stnemmoC

tupnI
ytivitisneS

ylbailerottupninoderiuqergniwS
atadrevocer

001 Vm

T RDS T, FDS emiTllaFdnaesiRataDlaireS 005 sp
anodetset%08ot%02

.sisabelpmas
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V(+)

V(–)

V(+) – V(–)

VSWING

VD = 2 X VSWING

Figure 12. Differential Voltage

Note: V(+) – V(-) is the algebraic difference of the input signals.
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lobmyS noitpircseD niM xaM stinU stnemmoC

elcyCytuDKLCOP 04 06 %

emiTllaF/esiRKLCOP 3 sn

St TUOP KLCOP.t.r.wputeSataD 3 sn

Ht TUOP KLCOP.t.r.wemiTdloHataD 3 sn

Pt TUOP dilav]0:7[xTUOPotwoLKLCOP 2- 2 sn

Table 18. Receiver Timing  (See Figure 13)

1. All AC measurements are made from the reference level of the clock 1.4V to the valid input or output data level (0.8 or 2V).

Table 19. PCLK Timing

lobmyS noitpircseD niM xaM stinU stnemmoC

Dt KLCP KLCPotKLCFERmorfyaleD 2 5.7 sn 0=LESKLC

Dt KLCP KLCPotKLCFERmorfyaleD 2 5.7 sn 1=LESKLC

Figure 13. Receiver Output Timing Diagram

Notes on Output Timing:

1. Output propagation delay time of LVTTL outputs is the time in nanoseconds from the 1.4V point of the
reference signal to the valid input or output data level (0.8V or 2V).

2. Maximum output propagation delays of LVTTL outputs are measured with a 10 pF load on the outputs.

3. Output propagation delay time of high speed LVPECL outputs is the time in nano seconds from the
cross-over point of the reference signal to the cross-over point of the output.

POUT[7:0]

POCLK

tSPOUT tHPOUT

Duty Cycle MIN

Duty Cycle MAX

tPPOUT

2V
0.8V

1.4V

Figure 14. PCLK Timing  (See Table 19)

tDPCLKREFCLK

PCLK
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Figure 15. Transmitter Timing (Normal or Channel Lock Mode, TMODE = 0)

Table 20. S3038 Transmitter Timing (Normal or Channel Lock Mode, TMODE = 0)

Figure 16. Transmitter Timing (Normal or Channel Lock Mode TMODE = 1)

Table 21. S3038 Transmitter Timing (Normal or Channel Lock Mode, TMODE = 1)

REFCLK

PINx[7:0]

t S tH

SERIAL DATA OUT

PICLKx, PICLKA

PINx[7:0]

t S tH

SERIAL DATA OUT

sretemaraP noitpircseD niM xaM stinU snoitidnoC

tS KLCFER.t.r.wputeSataD 5.0 - sn .1etoNeeS

tH KLCFER.t.r.wdloHataD 5.1 - sn

sretemaraP noitpircseD niM xaM stinU snoitidnoC

tS KLCIP.t.r.wputeSataD 1 - sn .1etoNeeS

tH KLCIP.t.r.wdloHataD 5.0 - sn

1. All AC measurements are made from the reference voltage level of the clock (1.4V) to the valid input or output data
levels (0.8V or 2.0V).

1. All AC measurements are made from the reference voltage level of the clock (1.4V) to the valid input or output data
levels (0.8V or 2.0V).
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Table 22. Power and Ground Application Information

noitcnuF
nosemaN

tuoniPretsaM
emaNniP snoitcurtsnI

golanA
ADDV DDVA

edivorP.ylppusV3.3deretlifroesionwolottcennoC
)Fp001,Fµ1.0(laudesU.SSV-AotgnissapybFHlacol

.gnissapyb

ASSV SSVA .enalpdnuorgottcennoC

deepShgiH
DDV DDV

lacoledivorP.V3.3otnoitcennocecnadepmiwoL
)Fp001,Fµ1.0(laudesU.enalpDNGotgnissapyb

.gnissapyb

BUSSSVSSV SSV .enalpdnuorgottcennoC

O/ILCEP
RWPLCEP DDVP

edivorP.V3.3otnoitcennocecnadepmiwoledivorP
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RECEIVER FRAMING

Figure 17 shows a typical reframe sequence in
which a byte realignment is made. The frame and
byte boundary detection is enabled by the rising
edge of OOF and remains enabled while OOF is
high. Both boundaries are recognized upon receipt
of the third A2 byte which is the first data byte to be
reported with the correct byte alignment on the out-
going data bus (POUTx[7:0]). Concurrently, the
frame pulse is set high for one POCLK cycle.

When interfacing with a section terminating device,
the OOF input remains high for one full frame after
the first frame pulse while the section terminating
device verifies internally that the frame and byte
alignment are correct, as shown in Figure 17. Since
at least one framing pattern has been detected since
the rising edge of OOF, boundary detection is dis-
abled when OOF is set low.

The frame and byte boundary detection block is acti-
vated by the rising edge of OOF, and stays active
until the first FP pulse or until OOF goes low, which-
ever occurs last. Figure 18 shows a typical OOF
timing pattern which occurs when the S3038 is con-
nected to a down stream section terminating device.
OOF remains high for one full frame after the first FP
pulse. The frame and byte boundary detection block
is active until OOF goes low.

Figure 19 shows the frame and byte boundary detec-
tion activation by a rising edge of OOF, and
deactivated by the first FP pulse.

Figure 17. Frame and Byte Detection

NOTE 1: Range of input to output delay can be 1.5 to 2.5 POCLK cycles.

Figure 18. OOF Operation Timing with PM5312
STTX or PM5355 SUNI-622

BOUNDARY DETECTION ENABLED
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FP
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FP
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Figure 19. Alternate OOF Timing
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Figure 20. External Loop FIlter
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Figure 22. High Speed Differential Inputs

Figure 21. Serial Output Load
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