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Target Specification STS-12/STS-3 Multi Rate
VSC8115 Clock and Data Recovery Unit
Features
» Performs clock and data recovery for * Lows-jitter high speed outputs can be configured
622.08Mb/s (STS-12/0C-12/STM-4) or as either LVPECL or low power LVDS

General Description

The VSC8115 functions as a clock and data recovery unit for SONET/SDH-based equipment to derive high
speed timing signals. The V SC8115 recovers the clock from the scrambled NRZ data operating at 622.08Mb/s
(STS-12/0C-12/STM-4) or 155.52Mb/s (STS-3/0OC-3/STM-1). After the clock is recovered, the dataiis retimed
using an output flip-flop. Both recovered clock and retimed data outputs can be configured as LVDS or
LVPECL signalsto facilitate alow-jitter and low power interface.

Meets Bellcore, ITU and ANSI Specifications
for Jitter Performance

19.44MHz reference frequency LVTTL Input + 20 Pin TSSOP Package

* +3.3V Power Supply

Lock Detect output pin monitors data run length « Requires One External Capacitor

and frequency drift from the reference clock
* PLL bypass operation facilitates the board debug

Data is Retimed at the Output
process

Active High Signal Detect LVPECL Input

VSC8115 Block Diagram
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Functional Description

The VSC8115 contains an on-chip PLL consisting of a phase/frequency detector, a loop filter using one
external capacitor, aL C-based voltage-controlled oscillator (V CO), and a programmable frequency divider. The
phase/frequency detector compares the phase relationship between the VCO output and an external 19.44MHz
LVTTL reference clock to make coarse adjustment to the VVCO block so that its output is held within +500ppm
of the reference clock. The use of reference clock minimizesthe PLL lock time during power up and provides a
stable output clock source in the absence of serial input data. The phase/frequency detector also compares the
phase relationship between the VV CO output and the serial datainput to make fine adjustment to the VCO block.
The loop filter converts the phase detector output into a smooth DC voltage. This DC voltage is used as the
input to the VCO block whose output frequency is a function of the input voltage. A programmable frequency
divider down converts the VCO output signal and provides two modes of operation: 622.08Mb/s modeif STS12
isHIGH, or 155.52Mb/s mode if STS12 isLOW.

Lock Detection

The VSCB8115 features alock detection for the PLL. The lock detect (LOCKDET) output goes HIGH to
indicate that the PLL islocked to the serial datainputs and that valid data and clock are present at the high speed
differential outputs. If LOCKDET output is LOW, then either the PLL isforced to lock to the REFCLK input or
the VCO has drifted away from the local reference clock by more than 500 ppm.

Signal Detection

The VSC8115 has a signal detect (SD) input and a lock-to-reference (LOCKREFN) input. The SD pinisa
LVPECL input, and the LOCKREFN pinisaLVTTL input. These two control pins are used to indicate aloss of
signal condition and they are connected inside the part as shown in Figure 1. If either one of these two inputs
goes LOW and BYPASS is LOW, the VSC8115 will enter the loss of signal (LOS) state, and it will hold the
DATAOUT+/- output at logic LOW state. During the LOS state, the V SC8115 also will hold the output clock
CLKOUT+/- to within +500ppm of the REFCLK. See Table 1.

Most of the optical module has asignal detect output. This signal detect output indicates that there is suffi-
cient optical power, and it is typically active HIGH. If the signal detect output on the optical module is
LVPECL, it should be connected directly to the SD input on the VSC8115, and the LOCKREFN input needs to
be tied HIGH. If the signal detect output is LVTTL, it should be connected directly to the LOCKREFN input,
and the SD input needs to be tied HIGH.

The SD and LOCKREFN inputs aso can be used for other applications when the users need to hold the
CLKOUT+/- output to within +500ppm of the reference clock and to force the DATAOUT+/- output to the logic
LOW state.

PLL Bypass Operation

The BYPASS pin is intended for use in production test, and it should be set at logic LOW in the normal
operation. If both BY PASS and MODE pins are set at logic HIGH, the VSC8115 will bypass the PLL and will
present an inverted version of the REFCLK to the clock output CLKOUT+/-. The REFCLK’s rising edge is
used to capture data at DATAIN+/- and transmit data at DATAOUT+/-. This bypass operation can be used to
facilitate the board debug process.
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Table 1: Signal Detection and PLL Bypass Operation Control

Figure 1: Control Diagram for Signal Detection and PLL Bypass Operation

2
> > —— DATAOUT+/-

2
Do CLKOUT+-+

STS12 BYPASS LOCKREFN SD LOS | DATAOUT CLKOUT
1 0 1 1 0 DATIN PLL Clock
1 0 1 0 1 LOW PLL Clock
1 0 0 1 1 LOW PLL Clock
1 0 0 0 1 LOW PLL Clock
1 1 X X 0 DATIN REFCLK
0 0 1 1 0 DATIN PLL Clock
0 0 1 0 1 LOW PLL Clock
0 0 0 1 1 LOW PLL Clock
0 0 0 0 1 LOW PLL Clock
0 1 X X 0 Not Allowed Not Allowed
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AC Characteristics
Table 2: Performance Specifications
Parameters Min Typ Max | Units Conditions
V CO Center Frequency — 622.08 — MHz
CRU's Reference Clock Frequency 250 . +250 opm
Tolerance
With respect to the fixed
OC-12/STS12 Capture Range — +500 — ppm reference frequency
20% Minimum transition
J— 0,
Clock Output Duty Cycle 45 55 % of Ul density
i ) Valid REFCLK and device
Acquisition Lock Time OC-12/STS-12 — — 16 s dready powered up
5 -
LVDS Output Rise & Fall Times — — 600 ps 10% t.O.QO%’ V.V'th 100Q & SpF
capacitive equivalent load
i . No more than 14ps rms jitter on
CLKOUT+/- Jitter Generation — 0.005 0.01 u.l DATA|N+/-
Sinusoidal input jitter of
OC-12/STS-12 Jitter Tolerance 0.5 — — U.l. DATAIN+/- from 250K Hz to
5MHz
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Jitter Tolerance

Jitter Tolerance is the ability of the Clock and Data Recovery Unit to track timing variation in the received
data stream. The Bellcore and 1TU specifications allow the received optical datato contain jitter. The amount
that must be tolerated is a function of the frequency of the jitter. At high frequencies the specifications do not
require the VSC8115 to tolerate large amounts, whereas at low frequencies many unit intervals (bit times) of jit-
ter have to be tolerated. Jitter tolerance is defined as the ratio of jitter on the output OC-N/STS-N signal to the
jitter applied on the input OC-N/STSN signal versus frequency. The VSC8115 is designed to tolerate this jitter
with margin over the specification limits, see Figure 2. The VSC8115 obtains and maintains lock based on the
data transition information. When there is no transition on the data stream, the recovered clock frequency will
be held to within +500ppm of the reference clock. The V SC8115 can maintain lock over 1000 bits of no switch-
ing on data stream.

Figure 2: Input Jitter Tolerance Specification
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Jitter Generation
Jitter generation is defined asthe jitter of the serial clock and serial data outputs while rmsjitter is presented

to the serial datainputs. Maximum jitter generation is 0.01 U.I. when rms jitter of less than 14ps (OC-12) or
56ps (OC-3) is presented to the serial datainputs.
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Retimed Data and Clock Outputs AC Specification
Asindicated in figure 3, it is recommended that the retimed data output be captured with the rising edge of

the clock output. Data valid timeislarger for OC-3/STS-3 mode of operation than that of OC-12/STS-12. Data
valid time before the output clock’s rising edge is the available setup fijnelfile the data valid time after the
clock’s rising edge is the available hold timg.(t

Figure 3: Retimed Data and Clock Outputs Timing Diagram

CLKOUT+ —\— \—/—\_

Table 3: Retimed Data and Clock Outputs Timing

Parameters Description STS-12 Operation STS-3 Operation
P (622.08MH?2) (155.52MH2)
tey Minimum Available Setup Time 450 pS 20nS
th Minimum Available Hold Time 650 pS 3.0nS

High Speed Outputs
The high speed output buffers, DATAOUT+/- and CLKOUT+/-, can be terminated as either LVDS or
LVPECL outputs. If used as LVDS outputs, the transmission lines should be routed with 100-ohm differential
impedance, and they need to be terminated at the receive end with a 100-ohm resistor across the differential
pair. If used as LVPECL outputs, the transmission line should be 50-ohm terminated with 50-ohm pull down
resistors near the receiving end.
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DC Characteristics
Table 4: LVPECL Single-ended Inputs and Outputs

Parameters Description Min Typ M ax Units Conditions
Guaranteed Input HIGH
Vin Input HIGH voltage | Vpp-1125 | — | Vpp-05 | Vv | P
Guaranteed Input LOW
VL Input LOW voltage Vpp - 2.0 — Vpp - 1.5 \Y Voltage P
||H |npUt HIGH current -0.5 — 10 HA VIN = VDD -0.5v
|||_ Input LOW current -0.5 — 10 HA V|N = VDD -2.0v
VoL Output LOW voltage Vpp - 2.0 — Vpp - 1.441 VvV | 50Qto (VDD - 2V)
VOH Output HIGH VOItage VDD -2.0 — VDD -1.441 \Y 50Q to (VDD - 2V)
Table 5: LVPECL Differential Inputs
Parameters Description Min Typ Max Units Conditions
Input HIGH Guaranteed I nput
ViH voltage Vop - 1.75 - Vop - 045 V' | HiGH Voltage
Input LOW Guaranteed Input
Vie voltage Vop - 2.0 o Voo - 0-7 Vo | Low Voltage
Differentia
AVin Input Voltage 250 - - mv | —
Input HIGH —
I|H current -0.5 — 10 HA AV|N =0.5v
Input LOW _
|||_ current -0.5 — 10 HA AV|N =05V
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Table 6: LVDS Differential Outputs

Parameters Description Min Typ M ax Units Conditions
Voo | SommonMode 10 135 17 V| 100Q PAD to PADN
voltage
Differential
AVouTt Output Swing 350 500 750 mV 100Q PAD to PADN

Table 7: LVPECL Differential Outputs

Parameters Description Min Typ M ax Units Conditions
Common Mode
Vocm voltage 112 - 20 V| 50Qto (VDD - 2V)
Differential
AVout Output Swing 400 - 800 mV | 50Q to (VDD - 2V)

Table 8: LVTTL Inputs

Parameters Description Min Typ Max Units Conditions
V4 Input HIGH voltage 2.0 — VDD \% —
ViL Input LOW voltage 0 — 0.8 \% —
Iy Input HIGH current -50 50 HA VN = 2.7V, Vpp=MAX
I Input LOW current -50 50 HA VN = 0.5V, Vpp=MAX

Power Dissipation

Table 9: Power Supply Currents

Parameter Description (Typ) (Max) Units
Ibb Power supply current from Vpp 57 80 mA
Po Power dissipation 188.1 277 mw
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Absolute Maximum Ratings@

Power Supply Voltage (Vpp) Potential t0 GND ...t e -0.5V to +4V
DC Input Voltage (LVPECL INPULS).......ccoreeirrieresesesieseeeeeseseesesseeseessessesseseeseesssseesseseenes -0.5V to Vpp + 0.5V
DC Input VoItage (LV TTL TNPULS) «..ccueeieiieierieeie sttt sre e seesne s s ene e -0.5V toVpp + 0.5V
Output Current (LVDS Or LVPECL OULPULS) .......eeueeuerieieniesiinie et sessessee e sreseesse s ssesssseesssseeseeseas +/-50mA
Case TEMPErAUE UNCE BiBS.........ccocueveeceeeeecerieeiesesseesssessesssessssesesss s s ssssssssssesesssssssnsssssssssssans -55° to +125°C
SHOTAYE TEMPEIGIUIE. .......oeeeveveeceeee et eeeseesesssts s sessessssssesessssesessssssesassessssssesessnsessssnsesassnsnsssnensas -65°C to +150°C
Maximum Input ESD (Human Body MOOED) ........coeoiiriiiinerenese s 2000 V

Note: Caution: Stresses listed under “Absolute Maximum Ratings” may be applied to devices one at a time without causing
permanent damage. Functionality at or exceeding the values listed is not implied. Exposure to these values for exten
periods may affect device reliability.

Recommended Operating Conditions

POWEr SUPPIY VOILBOE (VD) «veereereerrrreererrrirrsseeseeeesseeessessessessessessessesssessessessessessessessessessesssessensessessens +3.3V 5%
Industrial Operating Ambient Temperature Range under Bias ..........cccccovvvviviecceieereseseeeesceenes -40° to 85°C
Commercial Operating Ambient Temperature Range UNder Bias .........c.covcueveeeceeeeeceeeeeeceeeseesesesenans 0°to 70°C

Package Pin Description

Figure 4: Pin Diagram

VDDA 11 20 [T ] VDDA
DATAIN+ [T 2 19T ] VSSA
DATAIN- 1] 3 18T ] CAP+

VSSA [T 4 17 [T CAP-

LOCKDET [T 5 16 T BYPASS
STS12 [T 16 1511 SD
REFCLK T 7 14 [T ] DATAOUT+
LOCKREFN [T 8 13 [T] DATAOUT-
VSS [T 9 1211 cLKOUT+
VDD [T 10 11 [T CLKOUT-
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Table 10: Pin Identification

Signal

/0

Level

Pin Description

DATAIN+/-

LVPECL

Receive datain. The high speed output clock (CLKOUT+/-) is
recovered from this high speed differential input data.

DATAQUT+/-

LVDSLVPECL

High speed differential data out. Thisis the retimed version of the
receive datainput (DATAIN+/-). Can be configured aseither LVDS
or LVPECL signal.

CLKOUT+/-

LVDSLVPECL

High speed differential clock out This clock is recovered from the
receive datainput (DATAIN+/-). Can be configured aseither LVDS
or LVPECL signal.

STS12

LVTTL

STS-12 or STS-3 mode selection. Set HIGH to select the STS-12
operation. Set LOW to select the STS-3 operation.

LOCKREFN

LVTTL

Lock to REFCLK input. When set LOW, it holds the CLKOUT+/-
output to within +500ppm of the REFCLK input, and it forces the
DATAOUT+/- output to the LOW state.

SD

LVPECL

Signal Detect. SD should be connected to the SD output on the
optical module. SD isactive HIGH. When SD isset HIGH, it means
that thereis sufficient optical power. When SD isset LOW to
indicate loss of signal condition, the CLKOUT+/- output signal will
be held to within +500ppm of the REFCLK input; in additions, the
DATAOUT+/- will be held in the LOW state.

REFCLK

LVTTL

19.44 MHz locdl reference clock input for the CRU. REFCLK is
used for the PLL phase adjustment during power up, and it also
serves as a stable clock source in the absence of serial input data.

LOCKDET

LVPECL

Active HIGH to indicate that PLL islocked to serial datainput, and
valid clock and data are present at the serial outputs (DATAOUT+/-
and CLKOUT+/-). The LOCKDET will go inactive under the
following conditions:

(2). If SD isset LOW.

(2). If LOCKREFN is set LOW.

(3). If the VCO has drifted away from the local reference

clock REFCLK by more than 500 ppm.

BYPASS

LVTTL

Used for production test. Set to VSS for normal operation.

CAP+/CAP-

Analog

External loop filter pins. The loop filter capacitor should be
connected to these pins. The capacitor value should be 1.0uF +10%
tolerance.

VDD

+3.3V

+3.3V Power Supply for low speed 1/0’s and on-chip digital
CMOS blocks.

VSS

GND

Ground pin for low speed 1/O’s and on-chip digital CMOS bloc

ks

VDDA

+3.3V

+3.3V Power Supply for high speed 1/O’s and on-chip PLL bloc

S.

VSSA

GND

Ground pins for high speed I/O’s and on-chip PLL blocks.
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Package Information

TSSOP Package Drawings
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Package Thermal Characteristics

The VSC8115 is packaged in a Thin Shrink Small Outline Package (TSSOP). This package conforms to
JEDEC package outline standards. It has hi-conductivity copper lead frames and a very low-stress mold com-
pound. The junction to case thermal resistance is 80°C/W for multi-layer PCB applications and 126°C/W for
single-layer PCB applications. The air flow versus thermal resistance relationship for multi-layer PCB applica-

tionsisshownin Table 11.

Table 11: Theta Case to Ambient versus Air Velocity

Caseto Air Ta (Ambient Temperature) Range (°C)
Air Velocity Thermal
(LFPM) Resistance QB QB1 QB2

(°ciw) (0°C to 75°C) Tcase (0°Ct0103°C) Tcase | (-40°Cto85°C) Tcase

0 55.0 154 to 59.6 154 to 87.6 -55.4 to 69.6

100 52.0 14.6 to 60.4 14.6 to 88.4 -54.6 to 704

200 49.0 13.7 to 61.3 137 to 89.3 -53.7 to 713

400 46.0 12.9 to 62.1 12.9 to 90.1 -52.9 to 721

Notice

This document contains information about a proposed product during its design phase of development and
is subject to change without notice at any time. All features and specification are design goals only. Please con-

tact Vitesse Semiconductor to obtain the latest product status and most recent versions of this specification.

Warning

Vitesse Semiconductor Corporation’s product are not intended for use in life support appliances, devi
systems. Use of a Vitesse product in such applications without the written consent is prohibited.

ces or
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