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6 Introduction

This technical document describes a functional low-cost shortwave serial
SONET/SDH OC-192 interface for very short reach (VSR) applications.

This VSR interface utilizes a single 850 nm vertical cavity surface-emitting laser
(VCSEL) for the transmitter optical element, and a single PIN PD for the receiver.
This implementation integrates the serdes function and complies with the OIF
99.102 serdes requirements.

The target performance of the VSR interface is to transmit a SONET/SDH OC-
192 data stream over standard multimode fiber at distances of 85 meters. New
high bandwidth fiber is supported at distances of 300 meters.

This document defines the optical interface parameters required for a shortwave
serial link operating over multimode fiber.

6.1 Application
The application of the OC-192 VSR interface is to interconnect co-located
equipment. Due to the short distances, an alternative that is less costly than
current OC-192 SR solutions is desired. Examples of equipment that is often co-
located and interconnected within a central office (CO) include:

1. Routers
2. Dense Wavelength Division Multiplexers (DWDM) terminals, and
3. SONET/SDH Add-drop multiplexers (ADMs).

Shown in Figures 1 and 2 below are the two reference application models
supported by this VSR. Reference application 1 is a direct intra-office connection
of up to 100 meters with no patch panels. Reference application 2 is an intra-
office connection of up to 300m with two patch panels.

Network [ Q 1 Network
Element | (Point1) (Point2)] Element
100m
< >

Figure 1. Reference application 1, intra-office, direct connection, 100m, no patch panels,
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Figure 2. Reference application 2, intra-office, no PXC, 300m, with patch panels.

6.2

Functional Overview

The OC-192 VSR interface is a bi-directional interface. A functional block
diagram (enclosed within the dotted line) is illustrated in Figure 3.

|
| |
| |
N = VCSEL + Driver |
0C-192 | Mux/ I _
FRAMER | Demux | MMF Fiber
R < |PIN PD + TIA/AGC |
| [
| |
OIF 99.102

Figure 3. Functional block diagram of shortwave serial OC-192 VSR interface.

The transmit direction comprises an electrical multiplexer, laser driver, and
shortwave 850nm VCSEL, whose output is coupled to a multimode fiber cable
plant, operating over a distance up to 300 meters. The output of the multiplexer
and VCSEL is a 9.95328 Gb/s SONET/SDH compliant data stream.

The receive direction comprises a PIN photodiode coupled to the MM fiber,
whose output is amplified by a transimpedance amplifier followed by an optional
post-amp stage. This signal is demultiplexed to a 16 bit wide data stream.

The framer-serdes electrical I/O interface shown in the transponder above is fully

compliant with the OIF99.102.5 specification (at SERDES interface) [1]. The
optical interface is described in detail in the following section.

Optical Internetworking Forum 8
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7 Optical interface specifications

7.1 Optical interface requirements

Here we describe the optical specifications governing the receiver, transmitter
and cable plant, as well as present the link budget. This link budget is based on
the IEEE Gigabit Ethernet model and spreadsheet [3,4]. The output power of the
transmitter meets new CDRH and IEC eye-safety standards, which means the
receiver is compatible with transmitter power up to —1.3 dBm and distances up to
300m will be supported on new high-bandwidth multimode fiber.

7.1.1 Transmitter specification
The transmitter for the VSR link consists of a single directly-modulated 850 nm

VCSEL. The transmitter will meet the specifications in table 1 below as well as
the eye mask requirements listed in section 7.3.5.

Table 1: Transmitter specifications

Description Value Units
Type Shortwave VCSEL

Signaling speed 9.95328 GBd
Wavelength range 840 to 860 nm
Trise/Tfall (20-80%) 35 ps

RMS spectral width (max) (b) 0.35 nm

Avg. launch power (max) see note () dBm
Avg. launch power OMA (min) 360 uw

RIN OMA (max) -125 dB/Hz
Encircled flux (min) (d) 85 %

(a) Relevant GbE model parameters: MN = 0.3 dB, MPN k factor 0.5
(b) Experimental evidence suggests larger values are supportable

(c) The lesser of class 1 eye safety limit or average receiver power (max), currently -
1.3dBm

(d) Measured in a 16 um radius in a 50 um fiber, as per TIA/EIA 455-203 (draft)

Optical Internetworking Forum 9
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7.1.2 Receiver specification
The receiver consists of a single PIN photodiode and amplifier stages and will

meet the specifications in table 2 below. The BER of the link will be 10 without
forward error correction.

Table 2: Receiver specifications

Description Value Units
Type PIN photodiode

Signalling speed 9.95328 GBd
Wavelength range 840 to 860 nm

Avg. receive power (max) -1.3 dBm
Receiver sensitivity (a) 57.0 uw
Return loss (min) 12 dB
Stressed receive sensitivity 160.0 uw

(a) BER 10-12 without FEC
(b) Relevant GbE model parameter: receiver BW 7.734 GHz

7.1.3 Link power budget and penalties
The link power budget presented in table 3 below is based on the latest IEEE

Gigabit Ethernet spreadsheet [3,4] and shows the relevant parameters both for
85 meters of standard 500 MHz-km MMF and 300 meters of 2000 MHz-km MMF.

Table 3: Link power budget

Description Value Units
Fiber type (a) 50 um MMF 50 um MMF

Fiber modal BW 500 2000 MHz-km
Link power budget 8.0 dB
Operating distance 85 300 m
Channel insertion loss 2.31 3.09 dB

Link power penalties 4.73 4.73 dB
Unallocated margin 0.96 0.18 dB
Maximum number of connectors 4 dB
Connector loss budget 2.0 dB

7.1.4 Jitter specification

The jitter specification for the VSR link is based on scaled GbE specifications.
The compliance points for the jitter specification are illustrated above in Figure 1.
Note that point 1 and point 4 in the VSR reference cabling model of figure 1
above are equivalent to TP2 and TP3 respectively in the GbE specification.

Optical Internetworking Forum 10
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This VSR implementation will conform to the jitter specification in Table 4 below.
Note that only values in the table in bold are normative. All other values are
informative.

Table 4: Jitter budget

Total jitter (a) Deterministic jitter
Compliance point Ul ps Ul ps
Point 1 0.431 43 0.200 20
Point 1 to point 4 0.170 17 0.050 5
Point 4 0.510 51 0.250 25

(a) Total jitter is the algebraic sum of deterministic and random jitter at that point
7.2 Optical fiber specification

This link is designed to work up to 85 meters over standardized multimode fiber
with a modal bandwidth of 500 MHz-km. However, other types of MMF are also
supported, including high-BW MMF, with the following modal bandwidths and
distances as shown in Table 5 below.

Table 5: Supported fiber

Modal BW Minimum range
Fiber type (MHz-km) * (meters)
50 um MMF 2000 300
50 um MMF 500 85
62.5 um MMF 160 25

* Launch conditions defined by TIA/EIA-455-203

7.3 Measurement of the optical parameters

All measurements are to be made through a short patch cord of multimode fiber,
2-5 meters in length. Note that much of this suite of measurement techniques is
closely based on the IEEE Standard 802.3, Section 38.6 [5].

7.3.1 Center wavelength and spectral width
The center wavelength and spectral width shall be measured as in
ANSI/EIA/TIA-455-127-1991 under modulated conditions using a
9.95328 Gb/s PRBS data stream.

7.3.2 Optical power measurements
Optical power shall be measured as specified in ANSI/EIA-455-95-
1986, with the transmitter sending a 9.95328 Gb/s PRBS data
stream.

7.3.3 Extinction ratio measurements
Extinction ratio shall be measured using the methods of
ANSI/TIA/EIA-526-4A-1997 under the worst-case reflection
conditions, the transmitter modulated with a 995.328 MHz square
wave.

Optical Internetworking Forum 11
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7.3.4

7.3.5

7.3.6

7.3.7

7.3.8

7.3.9

Relative intensity noise measurements
RIN shall be measured according to the procedures of ANSI
X3.230-1994 (FC-PH), Annex A [6], except that multimode fiber is
to be substituted for single-mode fiber and no polarization rotator
should be used. Note that RIN is referred to as RINj; in the
referenced document.

Eye mask test
The transmitter shall meet the STM-16 eye mask parameters
specified in ITU-T Recommendation G.957 [7], section 6.2.5, and
using a unit interval (Ul) corresponding to 9.95328Gb/s.

Transmitter rise/fall characteristics
The rise and fall measurements shall be made on waveforms
whose waveforms comply with the eye mask of section 7.3.5
above. If a filter is needed so that the waveform conforms to the
mask, the rise or fall time of the filter shall be subtracted in
guadrature from the measured value or rise or fall time,
respectively, to arrive at the true response time. These rise and fall
times are measured from the 20% and 80% excursions of the
leading and falling edges respectively.

Stressed Receiver sensitivity measurement
The receiver shall be tested in accordance with IEEE Standard
802.3 [5], section 38.6.11, with the following modifications. The
conformance test signal will be conditioned such that the duty cycle
distortion (DCD) component of deterministic jitter (DJ) shall be no
less than 10ps. The receiver bandwidth must be at least 20GHz
and is coupled through a 14.93 GHz fourth-order Bessel-Thompson
filter. The linearly-modulated laser source may be a VCSEL-based
transmitter, provided the eye closure is as specified in section
38.6.11.

Jitter measurements
Measurements of jitter shall be done in accordance with the
methods described in ANSI X3.230-1994 (FC-PH), Annex A, A.4.2
and A.4.3.

Optical Modulation Amplitude (OMA)
Optical modulation amplitude is tested in accordance with T11/00-
020v4 dpANS — Fibre Channel - Physical Interface, Rev 6.6, Annex
A5

Optical Internetworking Forum 12
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8

Summary

We have presented a shortwave serial physical layer implementation for the VSR
application, operating over 85 meters of standard multimode fiber and 300
meters of new high bandwidth multimode fiber.

9
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