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PRELIMINARY INFORMATION SONET LINE TERMINATING TRANSCEIVER

FEATURES

Monolithic SONET Line Terminating Transceiver for processing the line overhead
of a receive and a transmit SONET STS-1, STS-3, STS-9, or STS-12 data
stream.

Operates in one of four modes: STS-1 byte serial mode, STS-3 byte serial mode,
STS-9 byte serial mode, or STS-12 byte serial mode.

Optionally performs byte interleaved multiplexing of lower rate drop side SONET
data streams. STS-3 -> STS-1, STS-9 -> STS-3, and STS-12 -> STS-3
multiplexing modes are supported.

Processes byte serial data at 6.48 Mbyte/s, 6.408 Mbyte/s, 19.44 Mbyte/s,
19.224 Mbyte/s, 58.32 Mbyte/s, 57.672 Mbyte/s, 77.76 Mbyte/s, or 76.896 Mbyte/s
depending on the mode selected.

Compatible with the PM5301 SONET Section Terminating Transceiver, and the
PM5323 Triple STS Payload Processor for processing the entire transport
overhead of STS-1/3/9/12 streams.

Calculates the line BIP-8 error detection code for each of the received STS-1
streams, and each of the transmit STS-1 streams.

Extracts the line BIP-8 error detection codes (B2 bytes) from each of the received
STS-1 streams, and optionally inserts the line BIP-8 error detection codes (B2
bytes) into each of the of the transmit STS-1 streams.

Counts received line BIP-8 errors for performance monitoring purposes.

Extracts the line order wire channel from STS-1 #1 (E2) of the receive STS-
1/3/9/12 stream and serializes it at 64 kbit/s. Optionally inserts the line order wire
channel into STS-1 #1 (E2) of the transmit STS-1/3/9/12 stream.

Extracts the automatic protection switch (APS) channel from STS-1 #1 (K1 and
K2) of the receive STS-1/3/9/12 stream and serializes it at 128 kbit/s. Optionally
inserts the automatic protection switch (APS) channel into STS-1 #1 (K1 and K2)
of the transmit STS-1/3/9/12 stream.

Detects line far end receive failure (FERF) in the received STS-1/3/9/12 stream.
Detects line alarm indication signal (AIS) in the received STS-1/3/9/12 stream.

Optionally inserts line far end receive failure (FERF) in the transmit STS-1/3/9/12
stream.
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* Optionally inserts, on a continuous basis, a single bit error in the B2 bytes located
in STS-1 #1 to STS-1 #N for diagnostic purposes.

* Low power +5 Volt 1.0 micron CMOS. Device has TTL/CMOS compatible inputs
and outputs.

+ 144 pin CPGA package for operation up to STS-12, or 160 pin PQFP package for
STS-1 and STS-3 operation only.

PLICATIONS

+ OC-N to OC-M multiplexers

« SONET add drop multiplexers

* SONET terminal multiplexers

+ SONET test equipment
REFERENCES

* American National Standard for Telecommunications - Digital Hierarchy - Optical
Interface Rates and Formats Specification, ANSI T1.105-1988.

+ Bell Communications Research - SONET Transport Systems: Common Generic
Criteria, TR-TSY-000253, Issue 1, September, 1989.

DESCRIPTION

The PM5311 SONET Line Terminating Transceiver (SLTX) is implemented using
the PMC SONET Telecom System Block (TSB) Library of ASIC functional blocks.
Consequently, the design database of the SLTX standard product is readily
customizable to incorporate new features or reduce cost.

The PM5311 SONET Line Terminating Transceiver (SLTX) processes byte serial
STS-1/3/9/12 streams, terminating the line overhead. It can operate in conjunction
with the PM5301 SONET Section Terminating Transceiver (SSTX) which also
processes byte serial STS-1/3/9/12 streams, terminating section overhead, and
performing parallel-to-serial and serial-to-parallel conversion for the STS-1 case.
The PM5311 may be used with the PM5323 SONET Triple Payload Processor
(TSPP), which contains three independent STS payload processors, to provide
complete transport overhead processing support.
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PIN DIAGRAM
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The SLTX is also available in a 160 pin PQFP package having a body size of 28 mm
by 28 mm and a pin pitch of 0.65 mm.
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PIN DESCRIPTION

Pin Pin PGA|QFP

Name Type |Pin [Pin [Function

RPICLK Input [C2 |2 The receive parallel input clock (RPICLK) provides
timing for sampling the byte serial STS-1/3/9/12
data, RPIN[7:0]. RPICLK is nominally a 6.48 MHz,
6.408 MHz, 19.44 MHz, 19.224 MHz, 58.32 MHz,
57.672 MHz, 77.76 MHz, or 76.896 MHz 45% -
55% duty cycle clock, depending on the operating
mode and timing mode selected.

RPIN[7] Input [F2 11 The receive parallel input (RPIN[7:0]) bus carries

RPIN[6] Input | F3 10 STS-1/3/9/12 stream in byte serial format.

RPIN[5] Input | D1 8 RPIN[7:0] is sampled on the rising edge of RPICLK.

RPIN[4] Input |E2 |7 RPIN7 is the most significant bit (corresponding to

RPIN[3] Input |C1 |6 bit 1 of each serial PCM word, the first bit

RPIN[2] Input |E3 |5 transmitted). RPINO is the least significant bit

RPIN[1] input |D2 |4 (corresponding to bit 8 of each serial PCM word).

RPIN[O] Input | B1 3

RFPIN Input D3 |1 The active high receive framing position Input
(RFPIN) signal indicates the frame alignment for
STS-1/3/9/12 streams. RFPIN is high to mark the
first byte of the synchronous payload envelope
within the transport frame (SPE byte 1 of STS-1
#1). RFPIN does not need to be activated every
frame. RFPIN is sampled on the rising edge of
RPICLK.

RFERF Output | B2 159 | The far end receive failure (RFERF) signal is set
high when line FERF is detected in the RPIN[7:0]
stream. FERF is updated on the falling edge of
RPOCLK.

RLAIS Output | A1 160 | The line alarm indication signal (RLAIS) signal is
set high when line AIS is detected in the RPIN[7:0]
stream LAIS is updated on the falling edge of
RPOCLK.

BIPCLK Output [C3 |158 | The bit interleaved parity error clock (BIPCLK)
signal is a 3.24 MHz clock used to update the BIPE
output.
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BIPE

Output

C4

157

The bit interleaved parity error (BIPE) signal is high
for each line BIP-8 error detected in the RPIN[7:0]
stream. BIPE may be asserted for 8N BIPCLK
periods per frame (125 us) in an STS-N stream.
BIPE is updated on the falling edge of BIPCLK.

RDLCLK

Output

A2

156

The receive data link clock (RDLCLK) is a 576 kHz
clock used to update the RDL output. RDLCLK is a
gapped 2.16 MHz clock.

RDL

Output

B3

155

The deceive data link (RDL) signal carries the 576
kbit/s line data communication channel extracted
from the line overhead of the RPOUT[7:0] stream.
RDL is updated on the falling edge of RDLCLK.

ROWCLK

Output

A3

151

The receive order wire clock (ROWCLK) is a
64 kHz clock used to update the ROW output.
ROWCLK is a gapped 72 kHz clock.

ROW

Output

A4

150

The receive order wire (ROW) signal carries the 64
kbit/s line order wire channel extracted from the
line overhead of the RPOUT[7:0] stream. ROW is
updated on the falling edge of ROWCLK.

RAPSCLK

Output

B5

149

The receive automatic protection switch channel
Clock (RAPSCLK) is a 128 kHz clock used to
update the RAPS output. RUCCLK is a gapped
144 kHz clock.

RAPS

Output

A5

148

The receive automatic protection switch channel!
(RAPS) signal carries the 128 kbit/s automatic
protection switch channel extracted from the line
overhead of the RPOUT[7:0] stream. RAPS is
updated on the falling edge of RAPSCLK.

RPOCLK

Output

A12

129

The receive parallel output clock (RPOCLK)
provides timing for updating the demultiplexed byte
serial STS-1 or STS-3 outputs, RPOUT1[7:0],
RPOUT2[7:0], RPOUT3[7:0], and RPOUT4[7:0].
RPOCLK is nominally a 6.48 MHz, 6.408 MHz,
19.44 MHz, or 19.224 MHz clock, depending on
the operating mode and timing mode selected. If
demultiplexing is bypassed, RPOCLK is a buffered
version of RPICLK, and provides timing for
updating the STS-N stream on RPOUT1{7:0].
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RPOUT1[7] | Output [A10 | 136 | The receive parallel output #1 bus, (RPOUT1[7:0)),
RPOUT1[6] |Output [C9 |[134 | carries demultiplexed STS-1 or STS-3 streams in
RPOUT1[5] [Output [B9 [133 byte serial format. RPOUT1[7:0] is updated on the
RPOUT1[4] [Output |B11 |127 falling edge of RPOCLK. RPOUT1[7] is the most
RPOUT1[3] |[Output |A13 [126 significant bit (corresponding to bit 1 of each serial
RPOUT1[2] [Output|C11 [125 | PCM word, the first bit transmitted). RPOUT1(0] is
RPOUT1[1] [Output [B12 |124 | the least significant bit (corresponding to bit 8 of
RPOUT1[0] |Output |A14 123 | each serial PCM word). RPOUT1[7:0] contains the
STS-N stream when demultiplexing is bypassed.

RPOUT2[7] |Output [D14 |113 | The receive parallel output #2 bus, (RPOUT2[7:0)),
RPOUT2[6] |Output |C15 |111 | carries demultiplexed STS-1 or STS-3 streams in
RPOUT2[5] |Output |D15 | 110 byte serial format. RPOUT2[7:0] is updated on the
RPOUT2[4] |Output |[E14 | 109 falling edge of RPOCLK. RPOUT2[7] is the most
RPOUT2[3] [Output |E15 | 108 significant bit (corresponding to bit 1 of each serial
RPOUT2[2] |Output |F14 105 | PCM word, the first bit transmitted). RPOUT2[0] is
RPOUT2[1] |Output {G14 [104 | the least significant bit (corresponding to bit 8 of
RPOUT2[0] |Output [F15 [103 | each serial PCM word).

RPOUT3[7] |Output |B13 |122 | The receive parallel output #3 bus, (RPOUT3[7:0)),
RPOUT3[6] |[Output {C12 1121 | carries demultiplexed STS-1 or STS-3 streams in
RPOUT3([5] |Output |A15 [120 byte serial format. RPOUT3[7:0] is updated on the
RPOUT3[4] |Output |B14 [119 falling edge of RPOCLK. RPOUT3[7] is the most
RPOUT3[3] [Output {C13 [118 significant bit (corresponding to bit 1 of each serial
RPOUT3[2] [Output [D13 [117 | PCM word, the first bit transmitted). RPOUT3[0] is
RPOUT3[1] |Output |B15 | 116 | the least significant bit (corresponding to bit 8 of
RPOUT3[0] |Output |C14 [115 | each serial PCM ‘word).

RPOUTA4[7] |Output {C6 |146 | The receive parallel output #4 bus, (RPOUT4[7:0)),
~20UT4[6] | Output | B6 145 | carries demultiplexed STS-1 or STS-3 streams in
RPOUT4[5] {Output |B7 |144 byte serial format. RPOUT4[7:0] is updated on the
RPOUT4[4] |Output |A6 | 143 falling edge of RPOCLK. RPOUT4[7] is the most
RPOUT4{3] [Output |A7 |[142 significant bit (corresponding to bit 1 of each serial
RPOUT4[2] |[Output {A8 |139 | PCM word, the first bit transmitted). RPOUT4[0] is
RPOUT4[1] |Output [B8 [138 | the least significant bit (corresponding to bit 8 of
RPOUT4[0] | Output [ A9 137 | each serial PCM word).

RFPOUT Output [ A11 132 | The active high receive frame position output
(RFPOUT) signal is asserted once per frame during
the first byte of the synchronous payload envelope
(SPE byte 1 of STS-1 #1) in the RPOUT1[7:0],
RPOUT2[7.0], RPOUT3[7:0], and RPOUT4[7:0]
busses. RFPOUT is updated on the falling edge of
RPOCLK.
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TPICLK Input P2 |39 The transmit parallel input clock (TPICLK) provides
timing for multiplexing the byte serial STS-1/3
inputs TPIN1[7:0], TPIN2{7:0], TPIN3[7:0] and
TPIN4[7:0], into a higher rate STS-N stream.
TPICLK is nominally a 6.48 MHz, 6.408 MHz, 19.44
MHz, 19.224 MHz, 58.32 MHz, 57.672 MHz, 77.76
MHz or 76.896 MHz 45% - 55% duty cycle clock,
depending on the operating mode and timing
mode selected. If multiplexing is bypassed,
TPICLK provides timing for sampling the byte serial
STS-N stream on TPIN1[7:0].

TLPICLK Input (P14 |79 The transmit low speed parallel input clock
(TLPICLK) provides timing for sampling the byte
serial STS-1/3 streams prior to multiplexing.
TLPICLK is synchronous with, but arbitrarily phase
aligned to TPICLK. TLPICLK is nominally a 6.48
MHz, 6.408 MHz, 19.44 MHz, or 19.224 MHz
clock. ~ TPIN1[7:0], TPIN2[7:0}, TPIN3[7:0],
TPIN4[7:0], TDIS, TFERF, and TFPIN are sampled
on the rising edge of TLPICLK.

VCLK The vector clock (VCLK) is used during SLTX
production test to verify internal functionality.

TPIN1[7] Input |R4 |49 The transmit parallel input bus #1, (TPIN1[7:0}),

TPIN1[6] P5 |47 carries STS-1/3 streams in byte serial format.

TPIN1[5] R3 |46 TPIN1([7:0] is sampled on the rising edge of

TPIN1[4] N5 |45 TLPICLK. TPIN1[7] is the most significant bit

TPIN1[3] P4 |44 (corresponding to bit 1 of each serial PCM word,

TPIN1[2] R2 |43 the first bit transmitted). TPIN1[0] is the least

TPIN1[1] P3 |42 significant bit (corresponding to bit 8 of each serial

TPIN1[0] N4 |41 PCM word). TPIN1[7:0] contains the STS-N stream
when multiplexing is bypassed.

TPIN2[7] Input [P8 |58 The transmit parallel input bus #2, (TPIN2[7:0]),

TPIN2[6] R7 {57 carries STS-1/3 streams in byte serial format.

TPIN2[5] R6 [56 TPIN2[7:0] is sampled on the rising edge of

TPIN2[4] N7 |55 TLPICLK. TPIN2{7] is the most significant bit

TPIN2[3] P7 |53 (corresponding to bit 1 of each serial PCM word,

TPIN2[2] RS |52 the first bit transmitted). TPIN2[0] is the least

TPIN2[1] P6 |51 significant bit (corresponding to bit 8 of each serial

TPIN2[0] N6 |50 PCM word).

[Xe]
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TPIN3[7] Input |P11 |69 The transmit parallel input bus #3, (TPIN3[7:0]),
TPIN3[6] R11 |68 carries STS-1/3 streams in byte serial format.
TPIN3[5] N10 |67 TPIN3[7:0] is sampled on the rising edge of
TPIN3[4] P10 {65 TLPICLK. TPIN3[7] is the most significant bit
TPIN3[3] P9 |64 (corresponding to bit 1 of each serial PCM word,
TPIN3[2] R10 |63 the first bit transmitted). TPIN3[0] is the least
TPIN3[1] RO (62 significant bit (corresponding to bit 8 of each serial
TPIN3J[0] R8 59 PCM word).

TPIN4[7] Input |N13 |78 The transmit parallel input bus #4, (TPIN4[7:0]),

TPIN4[6] N12 |77 carries STS-1/3 streams in byte serial format.

TPIN4[5] R14 |76 TPIN4([7:0] is sampled on the rising edge of

TPIN4[4] P13 {75 TLPICLK. TPIN4[7] is the most significant bit

TPIN4[3] N11 |74 (corresponding to bit 1 of each serial PCM word,

TPIN4[2] P12 |72 the first bit transmitted). TPIN4[0] is the least

TPIN4[1] R13 {71 significant bit (corresponding to bit 8 of each serial

TPIN4[0] R12 |70 PCM word).

TFPIN Input R1 40 The active high transmit framing position input
(TFPIN) signal indicates the frame alignment for
STS-1/3/9/12 streams. TFPIN is sampled on the
rising edge of TLPICLK.

TFERF Input | R15 |80 The active high transmit far end receive failure
(TFERF) signal controls the insertion of a far end
receive failure indication in the transmitted byte
serial output, TPOUT[7:0]. TFERF is sampled on
the rising edge of TLPICLK.

TDIS Input | N3 38 The active high transmit disable (TDIS) signal
selectively disables overwriting each of the
STS-1/3 streams with the corresponding line
overhead byte. TDIS is sampled on the rising edge
of TLPICLK.

TDLCLK Output {H15 |99 The transmit data link clock (TDLCLK) is a 576 kHz
clock used to sample the TDL input. TDLCLK is a
gapped 2.16 MHz clock.

TDL Input |N14 |82 The transmit data link (TDL) signal carries the 576
kbit/s line data communication channe!l . The
channel is inserted in the line overhead of the
transmit data stream, TPOUT[7:0]. TDL is sampled
on the rising edge of TDLCLK. This pin contains
an internal pull up resistor.

TOWCLK Output |G15 {102 | The transmit order wire clock (TOWCLK) is a 64
kHz clock used to sample the TOW input
TOWCLK is a gapped 72 kHz clock.
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TOW

Input

P15

83

The transmit order wire (TOW) signal carries the 64
kbit/s line order wire channel. The order wire
channel is inserted in the line overhead of the
transmit data, TPOUT[7:0]. TOW is sampled on the
rising edge of TOWCLK.

TAPSCLK

Output

H14

98

The transmit automatic protection switch channel
Clock (TAPSCLK) is a 128 kHz clock used to
sample the TAPS input. TAPSCLK is a gapped
144 kHz clock.

TAPS

Input

M13

81

The transmit automatic protection switch channel
(TAPS) signal carries the 128 kbit/s automatic
protection switch channel. The automatic
protection switch channel is inserted in the line
overhead of the transmit data, TPOUT[7:0]. TAPS
is sampled on the rising edge of TAPSCLK.

TPOCLK

Output

M15

88

The transmit parallel output clock (TPOCLK)
provides timing for updating the byte serial STS-
1/3/9/12 output, TPOUT[7:0]. TPOCLK is nominally
a 6.48 MHz, 6.408 MHz, 19.44 MHz, 19.224 MHz,
28.32 MHz, 57.672 MHz, 77.76 MHz or 76.896
MHz clock. TPOCLK is a buffered version of
TPICLK.

TPOUTY[7]
TPOUTI§]
TPOUT[5]
TPOUT4]
TPOUTI[3]
TPOUT[2]
TPOUT[1]
TPOUTI[O]

Output

J15
K15
J13
J14
L14
N15
L13
M14

97
96

93
87
86
85
84

The transmit parallel output bus, (TPOUT[7:0]),
carries data in byte serial format. TPOUT[7:0] is
updated on the falling edge of TPOCLK. TPOUT[7]
is the most significant bit (corresponding to bit 1 of
each serial PCM word, the first bit transmitted).
TPOUT[O] is the least significant bit (corresponding
to bit 8 of each serial PCM word).

TFPOUT

Output

L15

92

The active high transmit frame position output
(TFPOUT) signal is asserted once per frame during
the first byte of the synchronous payload envelope
(SPE byte 1 of STS-1 #1) in the TPOUT[7:0] bus.
TFPOUT is updated on the falling edge of
TPOCLK.

INTB

Output

L2

29

The active low open-drain interrupt (INTB) signal is
asserted when an event is detected on one of the
maskable interrupt sources, and that source is
unmasked.
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Al4] Input | M3 |37 The address bus (A[4:0) selects specific registers

A[3] P1 36 during accesses.

A[2] N2 |35

A[1] L3 |34

A[0] M2 |33

ALE Input [Nt 32 The address latch enable (ALE) signal latches the
address bus (A[4:0]) when low. This allows the
SLTX to be interfaced to a multiplexed
address/data bus. The address latches are
transparent when ALE is high.

CSB lnput |G3 [15 The active low chip select (CSB) signal is asserted
during register accesses.

D[7] Vo L1 28 The bidirectional data bus, D[7:0], is used during

D[6] K3 |26 SLTX read and write accesses.

D[5] K2 |25

D[4] K1 23

D[3] J1 22

D[2] H1 19

D[1] G1 17

D[0] F1 16

RDB Input |E1 12 The active low read enable (RDB) signal is low
during an SLTX read access. The SLTX drives the
D[7:0] bus with the addressed register's contents
while RDB and CSB are low.

WRB Input G2 [13 The active low write strobe (WRB) signal is low
during an SLTX write access. The D[7:0] bus
contents are clocked into the addressed register on
the rising WRB edge while CSB is low.

RSTB Input M1 |31 The active low reset (RSTB) signal is low to
provide an asynchronous reset to the PM5311.
This schmitt triggered pin contains an internal pull
up resistor.

VDDI[0] Power [H3 |20 Core power pins (VDDI[3:0]). These pins must be

VDDI[1} Power |C7 [141 | connected to a common, well decoupled +5 VDC

VDDI[2] Power |G13 | 101 supply together with the VDDO[4:0] pins.

VDDI([3] Power N8 |60

VSSI[0] Gnd J3 21 Core ground pins (VSSI[3:0]). These pins must be

VSSI[1] Gnd C8 {140 | connected to a common ground together with the

VSSI[2] Gnd H13 {100 | VSSO[4:0] pins.

VSSI[3] Gnd NS |61
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VDDOI0] Power |H2 |18 Pad ring power pins (VDDO[4:0]). These pins must
VDDO[1] Power |C5 |154 | be connected to a common, well decoupled +5
VDDO[2] Power [B10 | 131 | VDC supply together with the VDDI[3:0] pins. Care
VDDO[3] Power |E13 | 114 | must be taken to avoid coupling noise induced on
VDDO[4] Power K14 (90 the VDDO pins into the VDDI pins.

VSSO[0] Gnd J2 24 Pad ring ground pins (VSSO[4:0]). These pins
VSSO[1] Gnd B4 1562 | must be connected to a common ground together
VSSO[2] Gnd C10 | 130 | with the VSSI[3:0] pins. Care must be taken to
VSSOI[3] Gnd F13 {106 | avoid coupling noise induced on the VSSO pins
VSSO[4] Gnd K13 |89 into the VSSI pins.

Notes on Pin Description:

1. VDDI and VSSI are the +5 V and ground connections, respectively, for the core
circuitry of the device. VDDO and VSSI are the +5 V and ground connections,
respectively, for the pad ring circuitry of the device. These power supply
connections must all be utilized and must all connect to a common +5 V or
ground rail, as appropriate. There is no low impedance connection within the
PM5311 between the core and pad ring supply rails. Failure to properly make
these connections may result in improper operation or damage to the device.

2. Inputs RSTB, TDL, and ALE have internal pull-up resistors.

3. 160-pin QFP pins 9, 14, 27, 30, 48, 54, 66, 73, 91, 94, 107, 112, 128, 135, 147,
153 are all "no-connects".

13
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FUNCTIONAL DESCRIPTION

Receive Line Overhead Processor

The Receive Line Overhead Processor block (RLOP) processes the SONET line
overhead of a received SONET data stream. |t can be configured to process an
STS-1, STS-3, STS-9, or STS-12 data stream that is presented in byte serial format
at the STS-N frame rate of 6.48 Mbyte/s, 19.44 Mbyte/s, 58.32 Mbyte/s, or 77.76
Mbyte/s respectively. The RLOP may be configured to process an STS-1, STS-3,
STS-9, or STS-12 data stream that is presented in byte serial format at the line
overhead frame rate ( the line overhead frame rate consists of the line overhead and
the synchronous payload envelope) of 6.408 Mbyte/s, 19.224 Mbyte/s, 57.672
Mbyte/s, or 76.896 Mbyte/s. The byte serial input is contained in the RPIN[7:0] bus.

The STS-N transport overhead location is indicated by the RFPIN signal. The RLOP
extracts the line data communication channel, line order wire channel and automatic
protection switch channel from the line overhead, and provides them as lower rate
bit serial outputs (RDL, ROW, RAPS) together with associated clock signals
(RDLCLK, ROWCLK, RAPSCLK). Line alarm indication signal, and Line FERF are
detected, and indicated using outputs RLAIS and RFERF.

The line level bit-interleaved parity byte is computed, and compared to the received
B2 byte for each of the STS-1s in the STS-N stream. Line BIP-8 errors are
accumulated in an internal counter. Registers are provided that allow accumulated
line BIP-8 errors to be read out at intervals of up to one second duration. A line BIP-
8 error output is also provided (BIPE), along with its associated clock (BIPCLK). An
interrupt output is provided (INTB) that may be activated by state transitions on the
RLAIS, or RFERF outputs, or a single line BIP-8 error event. Each interrupt source is
individually maskable.

Byte Interleaved Demultiplexer

The Byte Interleaved Demultiplexer block (BIDX) performs a 1:3 (STS-9 to STS-3, or
STS-3 to STS-1), or a 1:4 (STS-12 to STS-3) demultiplexing function on an
incoming byte serial STS-3, STS-9, or STS-12 data stream. The demultiplexed
streams are available on the four byte wide busses: RPOUT1([7:0], RPOUT2[7:0],
RPOUT3[7:0], and RPOUT4(7:0]. The transport overhead of these frame aligned
streams is located by the RFPOUT signal. RPOCLK may be used by downstream
circuitry to process the synchronous payload envelope(s) contained in the byte
serial demultiplexed streams.

The demultiplexer function in this block may be bypassed using a bit in the control
register, in which case RPOUT1(7:0] contains data directly from the RPIN[7:0] input
bus.

14
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rleav Multiplexet

The Byte Interleaved Multiplexer block (BIMX) performs a 3:1 (STS-3 to STS-9, or
STS-1 to STS-3), or a 4:1 (STS-3 to STS-12) multiplexing function on an incoming
byte serial STS-1, or STS-3 data stream. The multiplexed inputs are contained on
the four byte wide busses: TPIN1[7:0], TPIN2[7:0}, TPIN3[7:0], and TPIN4[7:0]. The
transport overhead of these frame aligned streams is determined by the TFPIN input.
The multiplexed byte serial STS-N stream is passed to the transmit line overhead
processor block where the line overhead is added to the stream.

The muiltiplexer function in this block may be bypassed using a bit in the control
register, in which case the byte serial TPIN1{7:0] stream is passed directly to the
transmit line overhead processor block.

The lower rate STS-1/3 clock (TLPICLK) is synchronous with, but arbitrarily phase
aligned to the higher rate STS-3/9/12 clock (TPICLK). A lower rate internal
sampling clock is derived by dividing TPICLK by three or four, as appropriate. A
phase alignment error is declared when the sampling clock phase, and the TLPICLK
clock phase are identical. The sampling clock phase is modified during a phase
alignment error to provide a safe phase relationship between the sampling clock,
and TLPICLK. An interrupt output is provided (INTB) that may be activated by a
phase alignment error event. Each interrupt source is individually maskable.

Transmit Line Overhead Processor

The Transmit Line Overhead Processor block (TLOP) processes the line overhead
of a transmit SONET data stream. It can be configured to process an STS-1, STS-3,
STS-9, or STS-12 data stream that is presented in byte serial format at the STS-N
frame rate of 6.48 Mbyte/s, 19.44 Mbyte/s, 58.32 Mbyte/s, or 77.76 Mbyte/s
respectively. The TLOP may be configured to process an STS-1, STS-3, STS-9, or
STS-12 data stream that is presented in byte serial format at the line overhead
frame rate ( the line overhead frame rate consists of the line overhead and the
synchronous payload envelope) of 6.408 Mbyte/s, 19.224 Mbyte/s, 57.672 Mbyte/s,
or 76.896 Mbyte/s.

The TLOP accepts an STS-N data stream in byte serial format. It optionally inserts
the line data communication channel, the line order wire channel, and the automatic
protection switch channel into the line overhead of the STS-N data stream. These
line overhead channels are separately fed to the TLOP as bit serial inputs (TDL,
TOW, TAPS). The PM5103 provides the bit serial clock for each line overhead
channel (TDLCLK, TOWCLK, TAPSCLK). Line FERF may be inserted in the STS-
1/3/9/12 stream under the control of an external input (TFERF), or a writeable
register.

The line BIP-8 error detection codes for each of the constituent STS-1s in the STS-
1/3/9/12 stream are calculated by the TLOP and are optionally inserted into the line
overhead of each of the STS-1s in the STS-N data stream. Errors may be inserted

15
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in the line BIP-8 codes for diagnostic purposes. A byte serial STS-N stream is
output on the TPOUT[7:0] bus. The transport overhead of this stream is located by
the TFPOUT signal. TPOCLK may be used by upstream circuitry to insert the section
overhead in the byte serial stream.

Microprocessor Interface

The Microprocessor Interface Block provides the logic required to interface the
normal mode and test mode registers within the SLTX to a generic microprocessor
bus. The normal mode registers are used during normal operation to configure and
monitor the SLTX while the test mode registers are used to enhance the testability of
the SLTX.

REGISTER DESCRIPTION
Normal Mode Register Memory Map

A[4:0] Register
O0H Master Configuration
01H Master Interrupt Enable
02H Master Interrupt Status
O3H Master Reset and Identity
04H TLOP Control
05H TLOP Diagnostic
O06H - O7H Reserved
08H RLOP Control/Status
0SH RLOP Interrupt
OAH Line BIP-8 Error Count #1
0BH Line BIP-8 Error Count #2
OCH Line BIP-8 Error Count #3
ODH Reserved
OEH BIMX Interrupt
OFH Reserved
10H - 1FH Reserved for test

Registers are used to configure, and monitor the operation of the SLTX
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n_Regqgister Bi

1. Writing values into unused register bits has no effect. Reading back unused bits
can produce either a logic one or a logic zero; hence unused bits should be
masked off by software when read.

2. Al configuration bits that can be written can also be read back unless otherwise
stated. This allows the processor controlling the SLTX to determine the

programming state of the block.

3. Writeable register bits are cleared to zero upon reset unless otherwise noted.

4. Writing read-only register bit location does not affect device operation unless

otherwise noted.

Address 00H

Master Configuration
Bit | Type | Function
Bit 7 Unused
Bit 6 Unused
Bit5 | RW PLE
Bit4 | RW DXB
Bit3| RW MXB
Bit2 | RW PCS
Bit1| RW MODE[1]
Bit0 | RW MODEJ0]

The MODE(1:0] bus selects the operating mode of the transmit and receive line

overhead processors as follows:

00
01
10
11

selects
selects
selects
selects

STS-1
STS-3
STS-9
STS-12

The BIMX and BIDX blocks are bypassed when STS-1 mode is selected. BIMX and
BIDX are configured as a 1:3 and 3:1 multiplexer/demultiplexer pair when STS-3 or
STS-9 modes are selected. BIMX and BIDX are configured as a 1:4 and 4:1

multiplexer/demuiltiplexer pair when STS-12 mode is selected. BIMX and BIDX may
also be bypassed while in STS-3, STS-9, or STS-12 mode using the MXB and DXB

bits respectively.

17



SN s
-Sierra, Inc.
TELECOM S TANDARD PRODUCT r "A\— pMe-Sierra, ne PM5311 SLTX

PRELIMINARY INFORMATION SONET LINE TERMINATING TRANSCEIVER

The parallel clock select (PCS) bit selects the timing mode for the transmit and
receive line overhead processors as follows:

0 selects STS-N timing

1 selects line overhead timing

The MXB and DXB bits control the bypassing of the multiplexer and demultiplexer
blocks respectively. When MXB is set to a logic 0, the multiplexer block is enabled,
and the three or four byte serial input streams are multiplexed to a single byte serial
stream before the line overhead is inserted. When MXB is set to a logic 1, the
multiplexer block is bypassed, and one byte serial input stream is processed.
Similarly, when DXB is set to a logic 0, the demuitiplexer block is enabled, and the
byte serial input stream is demultiplexed into three or four byte serial output streams.
When DXB is set to a logic 1, the demultiplexer block is bypassed, and one byte
serial output stream is available.

The payload loopback enable bit (PLE) controls the payload loopback of the SLTX.
When PLE is a logic 1, payload loopback is enabled, and the receive byte serial
STS-N stream (RPIN[7:0] is passed directly to the Transmit Line Overhead
Processor block where new line overhead may be inserted, and the resulting byte
serial stream is output on TPOUT([7:0]. When PLE is a logic 0, payload loopback is
disabled. :

Address 0O1H
Master Interrupt Enable

Bit | Type | Function
Bit 7 Unused
Bit 6 Unused
Bit 5 Unused
Bit 4 Unused
Bit 3 Unused
Bit 2 Unused
Bit1 | RW BIMXE
Bit0 | RW RLOPE

This register provides an interrupt enable bit for each of the blocks in the SLTX.
Interrupts may still be masked within each block. Interrupts enabled at the block
level, but masked by this register are reported in the Master Interrupt Status
Register. Interrupts disabled at the block level are not reported by the Master
Interrupt Status Register.
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Address 02H
Master Interrupt Status

Bit | Type | Function
Bit 7 Unused
Bit 6 Unused
Bit 5 Unused
Bit 4 Unused
Bit 3 Unused
Bit 2 Unused
Bit 1 R BIMXI
Bit 0 R RLOPI

This register identifies the block that is the source of a pending interrupt. It may be
necessary to read the Interrupt Status/Diagnostic register of the interrupting block to
determine the event that caused the interrupt. Interrupts disabled at the block level
by the Master Interrupt Enable Register are not reported by this register.

Addr 03H

nd ldenti
Bit | Type | Function
Bit7 ] RW RESET
Bit 6 R tD[6]
Bit 5 R ID[5]
Bit 4 R ID{4]
Bit 3 R ID[3]
Bit 2 R ID[2]
Bit 1 R ID[1]
Bit 0 R ID[O]

This register allows software to asynchronously reset the SLTX. The software reset
is equivalent to setting the RSTB input pin low. Setting the RESET bit to logic 1
causes the SLTX to be reset. Setting the RESET bit to logic 0 causes reset to be
removed. The RESET bit must be explicitly set and cleared by writing the
corresponding logic value to this register.
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The version identification bits ID[6:0], are set to a fixed value representing the
version number of the SLTX. These bits can be read by software to determine the
version number.

Address 04H
TLOP Control

Bit | Type | Function
Bit7 | RW ACCEL
Bit 6 Unused
Bit 5 Unused
Bit4 | RW | DGROWTH
Bit3| RW DAPS

Bit2 | RW DDL
Bit1| RW DOW .
Bit0O | RW FERF

The FERF bit controls the insertion of transmit line Far End Receive Failure (FERF).
When FERF is set to a logic one, line FERF is inserted into the STS-N stream on
TPOUT[7:0]. Line FERF is inserted by transmitting the code 110 (binary) in bit
positions 6, 7, and 8 of the K2 byte contained in STS-1 #1 of the STS-N stream.

The DGROWTH, DOW, DDL, and DAPS bits control the overwriting of the line
growth bytes, the line order wire channel, the line data communication channel, and
the automatic protection switch channel. When DGROWTH is set to a logic one the
growth byte positions in all STS-1s are not overwritten with zero bytes. When DOW
is set to a logic one, the line order wire channel byte position in STS-1 #1 is not
overwritten by the data shifted in on input TOW. When DDL is set high, the data
communication channel byte positions in STS-1 #1 are not overwritten by the data
shifted in on input TDL. When DAPS is set high, the APS byte positions in STS-1 #1
are not overwritten by the APS channel data shifted in on input TAPS.

The ACCEL bit is used for simulation purposes and must be written with a logic O for
proper operation.

20
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Address 05H
TLOP Diagnostic

Bit | Type | Function
Bit7 Unused
Bit 6 Unused
Bit 5 Unused
Bit 4 Unused
Bit 3 Unused
Bit 2 Unused
Bit 1 Unused
Bit0 | RW DBIP8

The DBIP8 bit controls the insertion of a single bit error continuously in each of the
line BIP-8 bytes (B2 bytes). When DBIP8 is set high, the least significant bit of each
of the B2 bytes is inverted.

Address 08H
RLOP Control/Status

Bit | Type | Function
Bit7| RW ACCEL
Bit 6 Unused
Bit 5 Unused
Bit 4 Unused
Bit 3 Unused
Bit 2 Unused
Bit 1 R LAIS
Bit 0 R FERF

The LAIS, and FERF bits reflect the current state of the RLAIS and RFERF outputs
respectively.

The ACCEL bit is used for simulation purposes and must be written with a logic O for
proper operation.
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Address Q9H
BRLOP Interrupt Enable and Status
Bit | Type | Function

Bit 7 Unused

Bité | RW BIPEE

Bit5| RW LAISE

Bit4 | RW FERFE

Bit 3 Unused

Bit 2 R BIPEI

Bit 1 R LAISI

Bit 0 R FERFI

The BIPEE, LAISE, and FERFE bits are interrupt enables. When a 1 is written to
these locations, the occurrence of the corresponding event will activate the interrupt
output, INTB (if the Master Interrupt Enable Register is programmed to enable RLOP
interrupts). INTB is removed when the RLOP Interrupt register is read.

The BIPEI, LAISI, and FERFI bits are set high when a transition occurs on the BIPE,
TLAIS, or TFERF outputs respectively. These bits are cleared when the RLOP
Interrupt register is read.

Address 0AH

RLOP Line BIP-8 Error Count #1

Bit | Type | Function
Bit 7 R BE7
Bit 6 R BE6
Bit 5 R BES
Bit 4 R BE4
Bit 3 R BE3
Bit 2 R BE2
Bit 1 R BE1
Bit 0 R BEO
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Address 0BH
RLOP Line BiIP-8 Error Count #2

Bit | Type | Function
Bit 7 R BE15
Bit 6 R BE14
Bit 5 R BE13
Bit 4 R BE12
Bit 3 R BE11
Bit 2 R BE10
Bit 1 R BE9S
Bit 0 R BES8
Address OCH
RLOP Line BIP-8 Error Count #3
Bit | Type | Function
Bit 7 Unused
Bit 6 Unused
Bit 5 Unused
Bit 4 Unused
Bit 3 R BE19
Bit 2 R BE18
Bit 1 R BE17
Bit 0 R BE16

Bits BEO through BE 19 represent the number of line bit-interleaved parity errors that
have been detected since the last time the error count was polled. To poll the error
count one must write to any of the Line BIP-8 Error Count register addresses. Such a
write transfers the the internally accumulated error count to the Error Count registers
within 3 BIPECLK cycles (max ~ 1us) and simultaneously resets the internal counter
to begin a new cycle of error accumulation. After the 1us period has elapsed, the
Line BIP-8 Error Count registers may be read.

23
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r EH
BIMX Interrupt Enable and Status

Bit | Type | Function
Bit 7 Unused
Bit 6 Unused
Bit 5 Unused
Bit 4 Unused
Bit 3 Unused
Bit 2 Unused
Bit1| RW PAEE
Bit 0 R PAEI

The PAEE bit is an interrupt enable. When a 1 is written to this location, the
occurrence of the corresponding event will activate the interrupt output, INTB (if the
Master Interrupt Enable Register is programmed to enable BIMX interrupts). INTB is
removed when the BIMX Interrupt register is read.

The PAEI bit is set high when a phase alignment error is detected between the low
rate multiplex clock (TLPICLK), and an internal sampling signal generated by the
high rate multiplex clock (TPICLK) . This bit is cleared when the BIMX Interrupt
register is read.

TEST FEATURES DESCRIPTION

Simultaneously asserting the RSTB, CSB, RDB, and WRB inputs causes all output
pins, and the data bus to be held in a high-impedance state. This test feature may
be used for board or module level testing.

The SLTX provides test features that allow individual testing of its constituent
Telecom System Blocks (TSBs). When a particular TSB is under evaluation, most
signals associated with the TSB are directly accessible. However, in some cases
the individual TSB input/output signals are not directly accessible and specific
control signals must be configured to allow indirect access to these signals.

To configure BIDX for individual testing reset the DXB bit in the master control
register. To configure RLOP for individual testing set the DXB bit in the master
control register. Note that the signals on the RPOUT1[7:0] bus, RFPOUT, and
RPOCLK are identical (except for an asynchronous propagation delay) to the input
signals RPIN[7:0], RFPIN, and RPICLK respectively.
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To configure BIMX for individual testing reset the MXB bit in the master control
register, set the input TDIS signal and watch TPOUT[7:0], TFPOUT and TPOCLK for
the output signals. To configure TLOP for individual testing set the MXB bit in the
master control register and supply input data, clock and frame puise to TPIN1[7:0],
TPICLK and TFPIN respectively.

Test mode registers are used to apply test vectors during production testing of the
SLTX. Test mode registers (as opposed to normal mode registers) are selected
when A4 is high.

Test mode registers may also be used for board or module level testing. When all of
the constituent TSBs within the SLTX are placed in test mode 0, device inputs may
be observed, and device outputs may be controlled via the microprocessor interface
(refer to the "Test Mode 0" section below for details).

Register Memory M
A[4:0] ~ Register
OOH - OFH Reserved for Normal Mode Registers
10H Master Test
11H Reserved
12H BIDX Test Register 0
13H BIDX Test Register 1
14H TLOP Test Register 0
15H TLOP Test Register 1
16H TLOP Test Register 2
17H TLOP Test Register 3
18H RLOP Test Register 0
19H RLOP Test Register 1
1AH RLOP Test Register 2
1BH - 1DH Reserved
1EH BIMX Test Register 0
1FH BIMX Test Register 1

Notes on Register Bits:

1. Writing values into unused register bits has no effect. Reading back unused bits
can produce either a logic one or a logic zero; hence unused bits should be
masked off by software when read.
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2. Writeable register bits are not initialized upon reset unless otherwise noted.

Address 10H

Master Test
Bit | Type | Function
Bit 7 Unused
Bit 6 Unused

Bits5| W PMCTST
Bit4 | RW DBCTRL

Bit3| RW IOTST
Bit 2 w HIZDATA
Bit 1 w HIZIO
Bit 0 Unuseq

The HIZIO and HIZDATA bits control the tri-state modes of the SLTX. While the
HIZIO bit is a logic 1, all output pins of the SLTX except the data bus are held in a
high impedance state. The microprocessor interface.is still active. While the
HIZDATA bit is a logic 1, the data bus is also held in a high impedance state which
inhibits microprocessor read cycles. These bits are reset to logic 0 when the RSTB
input is asserted, or when the device is reset using the Master Reset and Identity
register.

The IOTST bit is used to allow normal microprocessor access to the test registers,
and control the test mode in each block in the SLTX. When IOTST is a logic 1, all
blocks are held in test mode, and the microprocessor may read and write test
registers to control the outputs, and observe the inputs of the SLTX. 10TST is
logically ORed with the PMCTST bit to control test mode selection. This bit is reset
to logic 0 when the RSTB input is asserted, or when the device is reset using the
Master Reset and Identity register.

The DBCTRL bit is used to pass control of the data bus drivers to the CSB pin.
When the DBCTRL bit is set to logic one, the CSB pin controls the output enable for
the data bus; holding CSB high causes the SLTX to drive the data bus, holding CSB
low tri-states the data bus. The DBCTRL bit overrides the HIZDATA bit. This bit is
used to test the data bus output drive during production test. This bit is reset to logic
0 when the RSTB input is asserted, or when the device is reset using the Master
Reset and Identity register.

The PMCTST bit controls the test mode enabling of the SLTX. When PMCTST is a
logic 1, all blocks are held in test mode, and the production test vectors may be
applied. PMCTST is reset to a logic 0 when CSB is not asserted (a logic 1).
PMCTST is logically ORed with the IOTST bit to control test mode selection.
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Test Mode Q

In test mode 0, the SLTX allows the logic levels on the device inputs to be observed
through the microprocessor interface, and allows the device outputs to be controlled
to either logic level through the microprocessor interface.

Test mode 0 is enabled by resetting the device (using the RSTB input, or the master
reset and identity register), and then setting the IOTST bit in the Master Test register.
The following addresses must then be written with the value 00H: 13H, 15H, 19H,
and 1FH. Applying a rising edge (logic 0 to logic 1 transition) on the VCLK input
followed by a read from the following locations returns the value for the indicated
pins:

Addr | Bit 7 | Bit6 [ Bit5 [Bit4 [Bit3 [Bit2 |Bit1 | Bit 0
12H _[RPIN[7] [RPIN[6] [ RPIN[5] [RPIN[4] |RPIN[3] [ RPIN[2] | RPIN[1] | RPIN[O]

13H RFPIN |RPICLK

14H TOW T0L TFERF | TAPS

18H ' RFPIN | RPICLK
1AH RPIN7 | RPIN6 | RPIN5 | RPIN4 | RPIN3 | RPIN2 | RPIN1 | RPINO
1EH TFPIN I TPICLK {TLPICLK

1EH" |TPIN1[7] [TPIN1[6] |TPIN1[5] |[TPIN1[4] [TPIN1[3] [TPIN1[2]JTPIN1[1]|TPIN1[0]
1EH™ TPIN2[7] |TPIN2[6] | TPIN2[5] [TPIN2[4] [TPIN2[3] [TPIN2[2] [TPIN2[1][TPIN2[0]
1EH""" [TPIN3[7] [TPIN3[6]|TPIN3[5] | TPIN3[4] [TPIN3[3] |TPIN3[2] [TPIN3[1] [TPIN3[0]
1EH"""" JTPIN4[7] |TPIN4[6] [TPIN4[5] [TPIN4[4] [TPIN4{3] [TPIN4[2] [TPIN4[1]|TPIN4[0]

Notes: *The address 1F must be written with the value 01H prior to reading these
device inputs.

"*The address 1F must be written with the value 02H prior to reading these
device inputs.

"**The address 1F must be written with the value 03H prior to reading
these device inputs.

"***The address 1F must be written with the value 04H prior to reading
these device inputs.
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A write to one of the following locations followed a falling edge (logic 1 to logic 0
transition) on the VCLK input forces each output to the value in the corresponding bit

position:
Addr | Bit 7 [Bit6 | Bit5 | Bit 4 |Bit 3 |Bit2 [Bit1 [Bito
12H* RPOUT40 [RPOUT30 |RPOUT20 |RPOUT10 |RFPOUT [RPOCLK
14H* TAPSCLK | TOWCLK | TDLCLK [TFPOUT [TPOUTO FPOGLK
18H | RAPS |BIPCLK | BIPE |RFERF | RLAIS
1AH INTBT |rapsoik] RDL  |RDLCLK| ROW |RowoiK
1EH INTBT

Notes: 1The Master Interrupt Enable register must be written to enable the
assertion of the INTB signal.

*The value on outputs TPOUT[N], RPOUT1[N] RPOUT2[N], RPOUT3[N], and
RPOUTA4[N] are clocked into outputs TPOUT[N+1), RPOUT1 [N+1],

RPOUT2{N+1), RPOUT3[N+1], and RPOUT4[N+1] (0 < N <6) respectively by
the falling VCLK &dge

FUNCTIONAL TIMING

Fig. 1 TLOP STS12 Frame Puise and Data Alignment

R L L N O L L L G T T

RFPINTFPIN HE
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(STS-1 #1-STS-1 #12) (STS-1 #1 - STS-1 #12) (STS-1 #1-8STS-1 #12)
TPOCLK
TFPOUT
TPOUT[7?0]lllllll111lllllllllllllllllllllll ;
; A1BYTE I A2BYTE I C1BYTE i SPE
(STS- 141 .8TS-1 #12) {STS-1 #1 - STS-1 #12) (STS-1 #1-STS-1 #12)

The Transmit Line Overhead Processor (TLOP) frame pulse and data alignment
timing diagram (Fig. 1) illustrates the transmit frame pulse input/output alignment
within an STS-12 frame for two different SLTX input configurations. First, in the
payload loopback configuration (ie. when the PLE bit is set) the receive inputs
RPICLK, RFPIN and RPIN[7:0] are connected to the inputs of TLOP. Second, in the
BIMX bypass configuration (ie. when the MXB is set and the PLE is reset) the
transmit inputs TPICLK, TFPIN and TPIN1([7:0] are connected directly to TLOP. The
delay between the incoming streams (on RPIN[7:0)/TPIN[7:0]) and the outgoing
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stream TPOUT[1:0] is composed of an asynchronous delay and a logical delay. This
delay can range between 36 ns and 56 ns for the STS-12 mode, between 115 ns
and 135 ns for the STS-3 mode and between 325 ns and 345 ns for the STS-1
mode. Similar to the diagram above for all other STS rates the frame pulse output,
TFPOUT, is aligned to the first byte of the outgoing synchronous payload envelope
(SPE). The input frame pulse is aligned to the first byte of the incoming SPE at all
rates and it is not always necessary for this pulse to be present.

Fig. 2 RLOP STS3 Frame Pulse and Data Alignment

RFPIN fooooon
RPIN[7:0' o T Y T T I I I 1 T T
|- N —- —p-
! A1 BYTE ! A2 BYTE ' C1BYTE SPE
(STS-14#1- STS-1 #3) (STS-1 #1- STS-1 #3) (STS-1#1 - STS-1 #3)
RPOCLK 1T L I M+ L. 1L o L.t o rrr
RFPOUT
RPOUT1(7:0) T I I T ] I I
|t g — |— L
A1 BYTE A2BYTE C1BYTE SPE
(STS-1 #1 - STS-1 43) (STS-1#1-STS-1 #3) (STS-1 #1-STS-1 43)

The Receive Line Overhead Processor (RLOP) frame pulse and data alignment
timing diagram (Fig. 2) illustrates the receive frame pulse input/output alignment
within an STS-3 frame. The SLTX is in the BIDX bypass configuration (ie. when the
DXB bit is set) the receive inputs RPICLK, RFPIN and RPIN[7:0] are connected
directly to the receive outputs RPOCLK, RFPOUT and RPOUT1[7:0]. Similar to the
diagram above for the STS1 rate the frame pulse output, RFPOUT, is aligned to the
first byte of the outgoing SPE. The input frame pulse is aligned to the first byte of the
incoming SPE at both rates and it is not always necessary for this pulse to be
present.
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Fig. 3 BIMX-TLOP Frame Pulse and Data Alignment (STS3-t0-STS12)

R O T S RO e
MO ML m L m L
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TPIN1[7:0] [T I I 1 )| I ] I T SRS SR A |
- A1BYTE I A2 BYTE l C1BYTE ! SPE
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TPIN2(7:0] [ ] T 1 I I I I I T T3
| ey S —y | -y |
ATBYTE T AZBYTE ' C1BYTE ! SPE
(STS-1 #2, #6 and #10) (STS-1 #2, #6 and #10) (STS-1 #2, #6 and #10)
TPIN3[7:0] T 1 I | I I I ] I T T T
g — —— | — — —]
A1BYTE A2 BYTE C1BYTE SPE
(STS-1 #3, #7 and #11) (STS-1 43, 47 and #11) (STS-1 43, #7 and #11)
TPIN4[7:0) [T T I 1 I I T T T T ERSR] NARRIGRSSEE ROEaS |
————
e ™ A2 BYTE Cievie SPE
(STS-1 #4. #8 and #12) (STS-1 #4, #8 and #12) (STS-1 #4, #8 and #12)
TPOCLK mwmwmmmmmumwmm
TFPOUT

TPOUT7 0] EEETETES lllllllllllllllllIl]lllll]ll]ll]
t- A1 BYTE l A2 BYTE I C1BYTE

(STS-1 #1- STS-1 #12) (STS-1 #1 - STS-1 #12) (STS-1 #1 - STS-1 #12)

The BIMX-TLOP frame pulse and data alignment timing diagram (Fig. 3) illustrates
the transmit frame pulse and data alignment within four incoming STS-3 frames and
a single outgoing STS-12 frame. The delay between the incoming streams (on
TPIN1[7:0], TPIN2[7:0], TPIN3[7:0] and TPIN4[7:0]) and the outgoing stream
TPOUT[1:0] is composed of an asynchronous delay and a logical delay. This delay
can range between 93 ns and 167 ns for the STS-3-t0-STS-12 mode and between
275 ns and 466 ns for the STS-1-t0-STS-3 mode. Similar to the diagram above for
all other multiplexing modes the frame pulse output, TFPOUT, is aligned to the first
byte of the outgoing SPE. The input frame pulse is aligned to the first byte of the
incoming SPE in all multiplexing modes and it is not always necessary for this pulse
to be present.
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Fig. 4 RLOP-BIDX Frame Puise and Data Alignment (STS12-to-STS3)
RPICLK MU LU AU U U U U U UL U UL urUur Ui
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RPOCLK LTS p SUY ppy N NS oy SN ey A ey I e SN e Y o SN s TR s BN e B |
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! A1BYTE ! A2 BYTE ! C1BYTE
(STS-1 #1, #5 and #9) (STS-1 #1, #5 and #9) (STS-1 #1, #5 and #9)
RPOUT2{7:0] pe—T - r r Y r r r Y v e )
H———»‘—‘ ‘*
A1BYTE ! A2 BYTE C1BYTE ™ e
(STS-1 #2, #6 and #10) (STS-1 #2, #6 and #10) (STS-1 #2, #6 and #10)
RPOUTS[7:0) e T T 1 Y T T T 1 1
———— |- = >
A1BYTE ! A2 BYTE ! C18YTE SPE
(STS-1 #3, #7 and #11) (STS-1#3, #7 and #11) (STS-1 #3, #7 and #11)
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! A1BYTE ! A2 BYTE ! C1BYTE ! SPE
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The RLOP-BIDX frame pulse and data alignment timing diagram (Fig. 4) illustrates
the receive frame pulse and data alignment within a single incoming STS-12 frame
and four outgoing STS-3 frames. Similar to the diagram above for STS3-STS1 and
STS9-STS3 the frame pulse output, RFPOUT, is aligned to the first byte of the
outgoing SPE. The input frame pulse is aligned to the first byte of the incoming SPE
in all multiplexing modes and it is not always necessary for this pulse to be present.

Fig. 5 Line Layer Overwrite Enable and Disable with BIMX bypassed
TPICLK L L L . . T ey

TPIN1[7:0) £ I I I I T 1 RS O T e r— 1T

e — |
K1 BYTE K2BYTE SPE

(STS-1 #1- STS-1 #3) (STS-1 #1 - STS-143)
TDIS A O I T T | G =

TPOCLK

TDIS is sampled 10w so K1 STS-141 TDIS is sampled Ngh so K2 STS-1#3
byte value is\overwritlen byte value is Not overwritien
TPOU’]’W 0] 55 SRV (50N T T T T T T } -

K1 BYTE K2 BYTE SPE

(STS-1 #1 - STS-1 #3; (STS-1 #1 - STS-1 #3)

The line layer overwrite enable and disable timing diagram (Fig. 5) illustrates the
operation of the SLTX, in BIMX bypass mode at the STS-3 rate, when the line layer
byte overwrite feature is enabled and disabled for the incoming data on TPIN1[7:0].
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The diagram shows input TDIS first sampled low during the K1 STS-1 #1 byte and
then sampled high during the K2 STS-1 #3 byte. Since TDIS was low the byte
value in the K1 STS-1 #1 byte position for the output data TPOUT[7:0] is overwritten
with the value shifted in on TAPS. However, the byte value in the K2 STS-1 #3
position for the output data TPOUT[7:0] is not overwritten with an all zero byte
because TDIS was sampled high during this byte position on the input data stream.
The TDIS input can be used in a similar manner with any byte in the line overhead
of an STS-N frame.

Fig. 6 BIMX-TLOP Line Layer Overwrite Enable and Disable

TPICLK UM U U LU UL LU LU U U U UL WU LU U UrLUnLULnunL L

TPICKK 1, ML M L r ey
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g8 | | T I | SRR 130500 0% BRI BB SRS %
K1 BYTE I K2 BYTE > SPE
(STS-1 #1, #5 and #9) (STS-1 #1, #5 and #9)
TPIN2(7:0] BT S5 | | T 1 ) G
K1 BYTE l K2 BYTE
(STS-1 #2, #6 and #10) (STS-1 #2, #6 and #10)
TPIN3[7:0) g T I T T BB o e o
b K1 BYTE K2 BYTE
(STS-1 #3, #7 and #11) (STS-1 #3, #7 and #11)
TP|N4[7.0] ] | | | I | BESEERE
K1 BYTE I K2 BYTE
(STS-1 #4, #8 and #12) (STS-1 #4, #8 and #12)
™IS OC O | ] I (G = I I I I -
TPOCLK
TDIS is low so byte yalues are overwritlen TDIS is high so byte\values are not overwritten
in positions K1 SHS-1 #1 - STS-1 #4 in positions K2 4TS-1 #9 - STS-1 #12
TPOUT7O BT L T LT I T I T I T T I T T IT I I T I T T T EBEETEE
e i KZBYTE - SPE
(STS-1 #1 - STS-1 #12) (STS-1 #1 - STS-1 #12)

The BIMX line layer overwrite enable and disable timing diagram (Fig. 6) illustrates
the operation of the SLTX, in the STS-3-t0-STS-12 configuration, when the line
layer byte overwrite feature is enabled and disabled for the incoming data on
TPIN1[7:0], TPIN2[7:0], TPIN3[7:0] and TPIN4[7:0]. The diagram shows input TDIS
first sampled low during the K1 STS-1 #1 - #4 bytes and then sampled high during
the K2 STS-1 #9 - #12 bytes. Since TDIS was low the byte values in the K1 STS-1
#1 - #4 byte positions for the output data TPOUT[7:0] are overwritten. However, the
byte values in the K2 STS-1 #9- #12 positions for the output data TPOUT[7:0] are
not overwritten because TDIS was sampled high during these byte positions on the
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input data streams. The TDIS input can be used in a similar manner with any bytes
in the line overhead of an STS-N frame.

Fig. 7 Transmit FERF Insertion

TPICLK | ] 1 I J S L L----11 ] l ] l I
TPIN1({7:0] T T---- T —
- — ——|
STS-1#N  STS-1 #1 STS-1 #1
C1BYTES SPEBYTE 1 K2 BYTES
TFPIN
TFERF
TPOCLK
TFPOUT
FEREF is high during SPE byte 1 position;
K2 byte value is overwritten with FERF pattern inselted
TPOUT[7:0] [ T - =
[ t— Bl g o
STS-1#N  STS-1#1 STS-1#N  STS-1#1
C1BYTES SPEBYTE1 K1 BYTES K2 BYTES

The FERF insertion timing diagram (fig. 7) shows the TFERF input sampled once per
frame. Figure illustrates TFERF sampled high during the first byte position. Line
FERF is inserted into the STS-1/3/9/12 stream during K2 STS-1 #1. Also illustrated
is the location of the framing pulse input, TFPIN, in the STS-1/3/9/12 input stream,
TPIN1(7:0]. Itis not necessary for TFPIN to be present every frame.
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ig. R ive FERF and LAIS Assertion/D rtion
RPICLK
RFPIN HOR-
RPIN[7.0. II'QA T | 1 | | T | I | TR SRR RIS Emme|
A A1BYTE > A2 BYTE > C18YTE - SPE
(STS-1 #1- STS-1 #3) (STS-14#1-STS-143) (STS-1#1-STS-1 43)
RPOCLK
RPOUT1([7:0} I I I T X I I I
A1 BYTE e > e ™ see
(STS-1 #1 - STS-1 #3) (STS-1 #1- STS-1 #3) (STS-1 #1 - STS-1 #3)
RFPOUT 1
RLAIS/ P
FFERF © 1Y |

RLAIS, and RFERF may be asserted
or deasserted once per frame

The FERF and LAIS Assertion/Deassertion timing diagram (Fig. 8) shows the
assertion and deassertion timing of outputs RFERF and RLAIS for the STS-3 rate.
RFERF or RLAIS may be asserted or deasserted once per frame as indicated.
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Fig. 9 Transmit OW and APS Clock and Data Alignment

TAPSCLK ] M1
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TFPOUT r.l
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TOW [T —
TAPSCLK L
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The Transmit OW and APS Clock and Data Alignment timing diagram (Fig. 9) shows
the relationship between the TOW and TAPS serial data inputs and their associated
clocks, TOWCLK and TAPSCLK respectively. TOWCLK is a 72 kHz 50% duty cycle
clock that is gapped to produce a 64 kHz nominal rate and is aligned as shown in
the timing diagram. TAPSCLK is a 144 kHz 50% duty cycle clock that is gapped to
produce a 128 kHz nominal rate and is aligned as shown in the timing diagram. The
K1, K2 and E2 bytes shifted into the SLTX on TAPS and TOW in the frame shown
are inserted in the corresponding Line Overhead channels in the next frame.
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Fig. 10 Receive OW and APS Clock and Data Alignment
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The Receive OW and APS Clock and Data Alignment timing diagram (Fig. 10)
shows the relationship between the ROW and RAPS serial data outputs and their
associated clocks, ROWCLK and RAPSCLK respectively. ROWCLK is a 72 kHz
50% duty cycle clock that is gapped to produce a 64 kHz nominal rate and is aligned
as shown in the timing diagram. RAPSCLK is a 144 kHz 50% duty cycle clock that is
gapped to produce a 128 kHz nominal rate and is aligned as shown in the timing
diagram. The K1, K2 and E2 bytes shifted out of the SLTX on RAPS and ROW in the
frame shown are extracted from the corresponding Line Overhead channels in the
previous frame.
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ig. 11 Transmit Data Link Clock and D Alignmen
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The Transmit Data Link Clock and Data Alignment timing diagram (Fig. 11) shows
the relationship between the TDL serial data input, its associated clock, TDLCLK
and TFPOUT. TDLCLK is a 2.16 MHz, 67%(high)/33%(low) duty cycle clock that is
gapped to produce a 576 kHz nominal rate that is aligned with TFPOUT as shown in
the timing diagram. TDL is sampled on the rising TDLCLK edge. The D4-D12 bytes
shifted into the SLTX in the frame shown are inserted in the corresponding
transmitted line overhead channels in the following frame.
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Fig. 12 Receive Data Link Clock and Data Alignment
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The Receive Data Link Clock and Data Alignment timing diagram (Fig. 12) shows
the relationship between the RDL serial data output, its associated clock, RDLCLK
and RFPOUT. RDLCLK is a 2.16 MHz, 67%(high)/33%(low) duty cycle clock that is
gapped to produce a 576 kHz nominal rate that is aligned with RFPOUT as shown in
the timing diagram. RDL is updated on the faling RDLCLK edge. The D4-D12
bytes shifted out of the SLTX in the frame shown are extracted from the
corresponding received line overhead channels in the same frame.

38



A s
-Si , 3
TELECOM S TANDARD PRODUCT r BA; PMC-Sierra, Inc PM5311SLTX
—

PRELIMINARY INFORMATION SONET LINE TERMINATING TRANSCEIVER

Fig. 13 BIP-8 Error Event Occurrence
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The BIP-8 Error Event Occurrence timing diagram (Fig. 13) shows the location of
BIPE events in the STS-1/3/9/12 frame. Up to 8N (N=1 .3,9,12) BIP-8 errors may be
detected per frame.
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ABSOLUTE MAXIMUM RATINGS

Ambient Temperature under Bias

Storage Temperature

-40°C to +70°C
-65°C to +150°C

Voltage on VDD with Respect to GND -0.5V to +7.0V

Voltage on Any Pin -0.5V to +7.0V

Output Current (all pins driving) 4 mA

Static Discharge Voltage 2000 V

Latch-Up Current (Ta = 0°C to +85°C) 400 mA

CAPACITANCE

Symbol| Parameter Min| Max|[Unit| Conditions

CIN Input Capacitance 10 |pF TA=25°C, f=1MHz
(sampled only)

COUT [ Output Capacitance 10 |pF Ta=25°C, f=1MHz
(sampled only)

Clo Bidirectional 10 |pF Ta=25°C,f=1MHz

Capacitance (sampled only)
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D.C. CHARACTERISTICS
(Ta = 0°C to +70°C, VDD = 5 V +10%)

Symbol |Parameter Min | Max | Units | Conditions
ViL Input Low Voltage | -0.5 |0.3X | Volts [ Guaranteed Input LOW Voltage
VDD
VIH Input High 0.7X | Vpp | Volts | Guaranteed Input HIGH Voltage
Voltage VDD | +0.5
Vo Output or 0.4 | Volts | Vpp = min, lgL = 4 mA for Data
Bidirectional Low Bus Pins and high speed
Voltage transmit outputs and 2 mA for
all others, Note 3
VoH Output or 2.4 Volts [ Vpp = min, loL = 4 mA for Data
Bidirectional High Bus Pins and high speed
Voltage transmit outputs and 2 mA for
all others, Note 3
\As Reset Input High | 2.3 | 2.8 | Volts
Voltage
VTH Reset Input 0.5 | 1.2 | Volts
Hysteresis
Voltage
liLpy Input Low Current | -26 |-110{ pA |[V|L<1.65V, Notes 1,3
hHPU Input High -48 |-110| pA |VIH=3.85V,Notes 1,3
Current
L Input Low Current | -10 0 LA [VIL<1.65V, Notes 2, 3
I+ Input High -10 HA [VIH=3.85V, Notes 2, 3
Current
IpporP Operating Current 379 | mA |Vpp=5.5V, Outputs Unloaded,
TPICLK = 78 MHz
RPICLK = 78 MHz
lpbss Standby Current 100 LA | Vpp =5.5V, Outputs Unloaded,

Notes on D.C. Characteristics:

1. Input pin or bidirectional pin with internal pull-up resistors.

2. Input pin or bidirectional pin without internal pull-up resistors
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3. Negative currents flow into the device (sinking), positive currents flow out of
the device (sourcing).

MICROPROCESSOR INTERFACE TIMING CHARACTERISTICS

(TA = 0°C to +70°C, Vpp = 5 V +10%)

Microprocessor Interface Read Access (Fig. 14)

Symbol Parameter Min | Max | Units
tSAR Address to Valid Read Set-up Time 25 ns
tHAR Address to Valid Read Hold Time 20 ns
tSALR Address to Latch Set-up Time 20 ns
tHALR Address to Latch Hold Time 20 ns
tVL Valid Latch Pulse Width 20 ns
tSLR Latch to Read Set-up 0 ns
tHLR Latch to Read Hold 20 ns
tPrD Valid Read to Valid Data Propagation Delay 80 ns
tZrD Valid Read Deasserted to Output Tri-state 20 ns
tPINTH Valid Read Deasserted to INTB High 50 ns
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Fig. 14 Microprocessor Interface Read Access Timing

'« Sap —
Al5:0] )( Valid Address >L
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- tPNTH
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- tPpp —| Zpgp
D[7:0] "= =Tttt meeeeememepeeoes Valid Data }-----------
n_Micropr r_Interf Read Timing:

1. Output propagation delay time is the time in nanoseconds from the 50% point of
the reference signal to the 30% or 70% point of the output.

2. Maximum output propagation delays are measured with a 100 pF load on the
Microprocessor Interface data bus, (D{7:0]).

3. A valid read cycle is defined as a logical OR of the CSB and the RDB signals.
4. Microprocessor Interface timing applies to normal mode register accesses only.

5. In non-multiplexed address/data bus applications, ALE should be held high,
parameters tSaLR, tHALR, tVL, and tS_R are not applicable.

6. Parameter tHaAR is not applicable is address latching is used.
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Microprocessor Interface Write Access (Fig. 15)

Symbol Parameter Min | Max | Units
tSaw Address to Valid Write Set-up Time 25 ns
tSpw Data to Valid Write Set-up Time 20 ns
tSaLw Address to Latch Set-up Time 20 ns
tHaLw Address to Latch Hold Time 20 ns
VL Valid Latch Pulse Width 20 ns
tSLw Latch to Write Set-up 0 ns
tHLw Latch to Write Hold 20 ns
tHpw Data to Valid Write Hold Time 20 ns
tHaw Address to Valid Write Hold Time 20 ns
tVWR Valid Write Pulse Width 40 ns

Fig. 15 Microprocessor Interface Write Access Timing
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n Microprocessor Interface Write Timing:

1. A valid write cycle is defined as a logical OR of the CSB and the WRB signals.

2. Microprocessor Interface timing applies to normal mode register accesses only.

3. In non-multiplexed address/data bus architectures, ALE should be held high,

parameters tSaLw, tHaLw, tV(, and tS_w are not applicable.
4. Parameter tHaw is not applicable is address latching is used.

Mi HARACTERISTI
(Ta = 0°C to +70°C, VDD = 5 V +10%)

INPUT TIMING
Receive Input (Fig. 16)

Symbol Description Min | Max | Units

RPICLK Frequency 78 MHz

(nominally 6.48 MHz, 6.408 MHz, 19.224 MHz,

19.44 MHz, 57.672 MHz, 58.32 MHz,

76.896 MHz, or 77.76 MHz)

RPICLK Duty Cycle 45 55 %
tSRPIN RPIN[7:0] Set-up Time to RPICLK 1 ns
tHRPIN RPIN[7:0] Hold Time to RPICLK 6 ns
tSRrpin | RFPIN Set-Up Time to RPICLK 1 ns
tHrRepin | RFPIN Hold Time to RPICLK 6 ns
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Fig. 16 _Receive Input Timing
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Transmit Input to TLOP with BIMX Bypassed (Fig. 17)

Symbol Description Min | Max | Units

TPICLK Frequency 78 MHz

(nominally 6.48 MHz, 6.408 MHz, 19.224 MHz,

19.44 MHz, 57.672 MHz, 58.32 MHz,
76.896 MHz, or 77.76 MHz)

TPICLK Duty Cycle 45 55 %
tStpint | TPIN1{7:0] Set-up Time to TPICLK 1 ns
tHTPiN1 [ TPIN1[7:0] Hold Time to TPICLK 6 ns
tStrpin | TFPIN Set-Up Time to TPICLK 1 ns
tHTepin | TFPIN Hold Time to TPICLK 6 ns
tSTrerr | TFERF Set-up Time to TPICLK 1 ns
tHTrerr | TFERF Hold Time to TPICLK 6 ns
tStpis TDIS Set-up Time to TPICLK 1 ns
tHTDIS TDIS Hold Time to TPICLK 6 ns
tStoL TDL Set-up Time to TDLCLK 20 ns
tHTpL TDL Hold Time to TDLCLK 20 ns
tStow TOW Set-up Time to TOWCLK 20 ns
tHToW TOW Hold Time to TOWCLK 20 ns
tStaps |TAPS Set-up Time to TAPSCLK 20 ns
tHTaps | TAPS Hold Time to TAPSCLK 20 ns
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Fig. 17 Transmit Input Timing to TLOP with BIMX Bypassed
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Transmit Input to BIMX (Fig. 18)

Symbol Description Min | Max | Units

TPICLK Frequency (nominally 19.44 MHz, 78 MHz

58.32 MHz, or 77.76 MHz)

TPICLK Duty Cycle 45 55 %

TLPICLK Frequency 20 MHz

(nominally 6.48 MHz or 19.44 MHz)

TLPICLK Duty Cycle 33 67 %
tStpint | TPIN1[7:0] Set-up Time to TLPICLK 10 ns
tHrPint [ TPIN1[7:0] Hold Time to TLPICLK 10 ns
tStpinz | TPIN2[7:0] Set-up Time to TLPICLK 10 ns
tHrpin2 | TPIN2[7:0] Hold Time to TLPICLK 10 ns
tStping | TPIN3([7:0] Set-up Time to TLPICLK 10 ns
tHTpiIng | TPIN3[7:0] Hold Time to TLPICLK 10 ns
tStping | TPIN4[7:0] Set-up Time to TLPICLK 10 ns
tHTping | TPIN4[7:0] Hold Time to TLPICLK 10 ns
tStrpiN | TFPIN Set-Up Time to TLPICLK 10 ns
tHTepin | TFPIN Hold Time to TLPICLK 10 ns
tSTpIS TDIS Set-up Time to TLPICLK 10 ns
tHTDIS TDIS Hold Time to TLPICLK 10 ns
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Fig. 18 Transmit Input Timing to BIMX
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Receive Output of RLOP (Fig. 19)
Symbol Description Min | Max | Units
tPreiPE | RBIPECLK Low to RBIPE Valid Prop Delay 2 10 ns
tPrOL RDLCLK Low to RDL Valid Prop Delay 2 10 ns
tProw ROWCLK Low to ROW Valid Prop Delay 2 10 ns
tPraPs [|RAPSCLK Low to RAPS Valid Prop Delay 2 10 ns

Fig. 19 Receive Qutput Timing of RLOP
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Receive Output of BIDX (Fig. 20)

Symbol Description Min | Max | Units
tPRPOUT1| RPOCLK Low to RPOUT1(7:0] Valid Prop Delay| 2 10 ns
tPrrPoUT2{ RPOCLK Low to RPOUT2(7:0] Valid Prop Delay] 2 10 ns
tPrPouT3| RPOCLK Low to RPOUT3[7:0] Valid Prop Delay| 2 10 ns
tPrPoUT4| RPOCLK Low to RPOUT4({7:0] Valid Prop Delay| 2 10 ns
tPREPoUT| RPOCLK Low to RFPOUT Valid Prop Delay 2 10 ns
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Fig. 20 Receive Output Timing of BIDX

RPOCLK \L /
il tPRF>OUT1
RPOUT1[7:0]
na tPRPOUTe
RPOUT2[7:0]
[ tPRPOUT:;
RPOUT3[7:0]
i IPRPOUT4
RPOUT4{7:0]
< P repouT
RFPOUT




TELECOM S TANDARD PRODUCT r \— PMC-Sierra, Inc. PM5311SLTX

H

PRELIMINARY INFORMATION SONET LINE TERMINATING TRANSCEIVER

Transmit Output of TLOP (Fig. 21)

Symbol Description Min | Max | Units
tPTPocLk| TPICLK Edge to TPOCLK Edge 14 50 ns
tPTPout |TPOCLK Low to TPOUT[7:0] Valid Prop Delay 0 4 ns
tPTrPoyT | TPOCLK Low to TFPOUT Valid Prop Delay 0 4 ns

Fig. 21 Transmit Output Timing of TLOP
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NOTES

Seller will have no obligation or liability in respect of defects or damage caused by unauthorized use, mis-use,
accident, external cause, installation error, or normal wear and tear. There are no warranties, representations or
guarantees of any kind, either express or implied by law or custom, regarding the product or its performance, including
those regarding quality, merchantability, fitness for purpose, condition, design, title, infringement of third-party rights,
or conformance with sample. Seller shall not be responsible for any loss or damage of whatever nature resulting from
the use of, or reliance upon, the information contained in this document. In no event will Seller be liable to Buyer or to
any other party for loss of profits, loss of savings, or punitive, exemplary, incidental, consequential or special
damages, even if Seller has knowledge of the possibility of such potential loss or damage and even if caused by

Seller's negligence.
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