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OP930 Insertion Loss / Return Loss Test Set

Overview

Insertion loss (IL) and return loss (RL) on fiber optic components are measured fast and accurately
with the OP930. The return loss is measured with the "no mandrel" method, meaning, neither
matching gel nor mandrel wraps are required at the far end of the cable. The insertion loss is
measured by utilizing the stable transmitter of the return loss module as the source in combination
with the precision optical power meter.

Like other OptoTest equipment the OP930 supports the USB interface. The OPL-PRO turnkey

application software fully integrates this instrument into the data acquisition process of the high
efficient production line.

OPLProv2
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Cable under Test

Note: 24 Channel Systems do not support IL-Mode.
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Initial Preparation

Unpacking and Inspection

The unit was carefully inspected, mechanically, electrically and optically before shipment. When
received, the shipping carton should contain the items listed in Standard Contents. Account for and
inspect each item. In the event of a damaged instrument, write or call OptoTest Corp, California.
Please retain the shipping container in case re-shipment is required for any reason.

Damaged In Shipment
All instruments are shipped F.O.B. Newbury Park when ordered from OptoTest. If you receive a
damaged instrument you should:

1. Report the damage to your shipper immediately.
2. Inform OptoTest Corporation.
3. Save all shipping cartons.

Failure to follow this procedure may affect your claim for compensation.
Standard Contents

Model OP930 IL/RL Test Set

Power Cord (U.S. Shipments only)

USB A-B cable

Certificate of Calibration and if requested the Metrology Report
Instruction Manual(s)

CD with applicable software and documentation

CoNoOA
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Specifications

OP930-13/15, OP930-850, OP930-1300, OP930-85/13

Specifications

Models

OP930-SM-13/15
OP930-FTTX 13/14/15/16

OP930-MM-85/13
OP930-MM-850
OP930-MM-1300

Power Meter Operation
(Detector Port)

Measurement Range

+3 t0 —-80dBm

+3 to —-80dBm

Measurement Linearity

+/- 0.05dB (+0dBm to — 65dBm)

Wavelength Dependency

see Spectral Responsivity

Calibration Wavelength ©

850nm, 980nm, 1300nm, 1310nm, 1480nm, 1550nm, 1625nm

Calibration Traceability

U.S. N.I.S.T.

Absolute Accuracy

+0.25 dB at calibration conditions for all NIST traceable wavelengths

(auto-range from dark to max. power.)

Stability <+/- 0.02dB (3dBm to —65dBm)
Resolution 0.001 dB
Recommended Calibration Period 12 months
Settling Time 0.2 seconds (0dBm to —80dBm)

Number of readings/sec.
(in remote mode)

3 10 readings per second

Measurement Performance

Internal sampling interval approx. 35msec

Measurement Modes

dBm, dB

Optical Connector Interface

OptoTest adapter system for FC, ST, SC, LC, E2000, others

Source Operation
(Source Port)

Source Wavelength ®

1310nm, 1550nm,1490nm,1625nm

850nm, 1300nm, or both

Source Type

stabilized FP Laser

stabilized LED Source

Output Power ©

typical -3dBm for dual wavelength

typical -20 dBm (62.5/125uum)

system typical -17 dBm (50/125pum)
typical -5dBm for quad wavelength
system
Power Stability +/-0.05dB® +/- 0.05dB™

Fiber Compatibility (internal fiber)

9/125 (SMF-28)

62.5/125 G| multimode

Optical Interface

APC polish only

APC polish only (requires MM
reference cable)

Launch Condition

NA

Source Switching Time

<0.1sec

<0.3sec

Referencing Cycle

<5 sec

" Measured at wavelength of 1480nm for 1mm detector. Other detector types or sizes may have a lower specification.
@ Al Calibrated wavelengths are NIST traceable and are calibrated at -10dBm

® within specified ambient environmental temperature of 20°C to 25°C, stable within +/- 2°C
@ Al actual center wavelengths are +/-30nm from the nominal value for all source types.

®) Output power stability measured in insertion loss mode.

© power stability measured over 12 hours with +/- 2 degrees Celsius variation.

Note: Some multi channel systems do not have an OPM.
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Return Loss Operation (Source Port)

Source Type pulsed FP Laser pulsed VCSEL(850nm),

pulsed FP Laser (1310nm)

Return Loss Range -14dB to -72dB (-80dB)* -14dB to -52dB

Return Loss Accuracy +/- 1dB (-20dB to -65dB) +/-1dB (-20dB to -48dB)

minimum 3 meters
maximum 10 meters, 2400m (extended range)***

Reference Cable

Mandrel free length (Minimum) Typ. 3 meters (PC-PC cable with open PC end)
Typ. 2 meters (PC-APC, APC-APC cables with open APC end)

Typ. 3 meters (APC-PC cable with open PC end)

Cable length — far end 100 meters**/ 2500 meters (extended range) ***

* optional -80dB display range
** cables longer than maximal cable length might cause interference measuring return loss (standard only)

*** gvailable for units with the autoranging option.

Mainframe

Power Supply

90VAC .. 264VAC
47Hz to 63Hz
0.7Amps(115VAC) 0.4Amps(230VAC)
Fuse: T1A, 250V

Warm-up time 5-15 minutes
Environmental:

Operating temp. 0T to +50C

Storage temp: -15C to +70C

Humidity 0 - 95% RH (non-condensing)
Dimensions 19" Rack Standard (16.8 x 3.8 x 10in.)
Shipping dimensions 14" x 12" x 21"
Weight 6lbs
Shipping weight 12lbs
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Definition of Specifications

Dynamic Range

The dynamic range, or also, the measurement range of the optical power meter spans from the maximal power level the
instrument can measure without major saturation to the detector to the minimal power level where the thermal noise of the
detector becomes greater than the current produced by the incident light. For accurate power measurements it is NOT
recommended to measure power levels at either end of the dynamic range. (see Linearity). The dynamic range is measured by
comparing the absolute measured power against a reference power. When the difference between the two exceeds 1 dB either
end of the dynamic range has been reached.

Linearity

Photodetectors are, by nature, very linear over a wide range of optical input powers, but the power meter electronics can affect
the overall system linearity. The power meter linearity is characterized and specified to know the measurement accuracy and
linearity over the full dynamic range. For accurate insertion loss measurements only power levels that fall within the range with
the best linearity (+/-0.05dB or better) should be measured.

The linearity is measured by comparing the actual measured power level against a reference power at the measurement
wavelength.

Calibration Wavelength

The calibration wavelengths are the nominal wavelengths of the instruments calibration points. The exact wavelength of each
particular calibration is stated in the certificate of calibration.

Calibration Traceability

The detector’s absolute calibration data is directly traceable to N.I.S.T. at the specified calibration wavelength and the specified
power level, usually -10dBm.

Spectral Responsivity

Depending on the detector type, InGaAs (Indium Gallium Arsenide) or Silicon, the spectral responsivity is the efficiency of the
detector to convert optical power into electrical current and it varies with wavelength.

Responsivity of InGaAs Detectors Responsivity of Silicon Detectors

opt. Opt.

NIST (Calibration Points

NIST Calibration Points

850 950 1050 1150 1250 1350 1450 1550 1650 1750
Wavelength in nanometers [nm] 450 550 650 750 850 950 1050 1150

Wavelength in nanometers [nm]
Note that other detector types are available such as IN5 (5mm InGaAs) IN10 (10mm InGaAs) as well as WSR (wide spectral
range) and might exhibit a different spectral responsivity.

Absolute Accuracy
The absolute accuracy specification includes the total measurement uncertainties involved in the calibration process including
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the transfer of the absolute power standard from N.I.S.T. For the detailed chain of uncertainties refer to OptoTest Applications
Note AN-NIST.

Data Rate, number of readings/sec

Although the USB interface can handle a data rate of up to 12 Mbit/sec the instrument responds to requests for measurement
data not faster than the given number of readings per second. The slower data rate is due to the fact that the instrument has to
process the request for data. If, for example, a power reading is requested, then the instrument’s response time depends on
how fast the instrument is measuring and averaging the optical power.

Optical Power Meter, Channel Performance

For multichannel instruments, the power meter circuit converts and digitizes the optical power level with the given sampling
interval. Changes in light levels such as modulation will be averaged within that sampling interval.

Instrument, Warm-up Time

Optical power meters, in general, do not need any warm-up time unless the instrument has to acclimate to a changing
environment. In order to calibrate the instrument or to perform stable measurements, the instrument should be acclimated for
15 minutes for each 5°C of temperature differential. For example if the instrument was stored at 18°C and brought into an
environment of 28°C the instrument should be allowed to warm-up for 30 minutes.

Recommended Recalibration Period

This is the recommended time period for re-calibration in order to maintain accuracy specifications. The recommendation is
made based on statistics on detector aging; however it is up to the metrology policies and procedures within each company to
define the calibration cycles on optical power meters.

Optical Power Meter, Fiber Compatibility

The amount of aerial coverage of the detector, or the portion of the light emitted from the fiber being measured, depends on the
mechanical features of the optical interface, the active area of the detector and the numerical aperture (NA) of the fiber. A fiber
with a large NA, for example 100/140 multimode fiber, might not under fill a small area detector hence the absolute power
reading will be less than actual.

Return Loss Range

The lower end of the return loss (low return loss = high reflection) defines the level where the instrument is saturated by large
reflections. The higher end of the return loss (high return loss = very weak reflections) is given by capability of the instrument to
amplify and resolve reflection out of the noise floor.

Return Loss Accuracy

The Return Loss Accuracy is measured using an optical variable attenuator connected to a >98% reflector. The insertion loss of
the attenuator is initially quantified against a reference optical power meter. The actual attenuation is then used to calculate the
generated reflection, where the resulting reflection = 2x(variable attenuation + insertion loss of attenuator) + reflector coefficient.

Reference Cable

The reference cable is recommended to be of HPR quality, with a well defined connector polish against the cable to be
measured.

Instrument, Environmental

Operating Temperature: This is the temperature range in which the instrument will conform to the specifications after the
specified warm up time.

10 of 36



OP930 Insertion Loss / Return Loss Test Set

Storage Temperature: This is the temperature range at which the instrument can be stored with the power off, without any
damage or any loss of specification to the instrument. It is required that the instrument be brought back to within the operating
temperature range before it is turned on.

Humidity: The relative non-condensing humidity levels allowed in the operating temperature range.
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Warming up the OP930

For the OP930 to reach equilibrium it is advised that the unit be allowed to warm-up for
approximately 15 minutes, so that the lasers and/or LEDs inside the unit can be acclimated.
Simply turning on the unit and allowing it to sit idle will not exercise both lasers (for SM
systems) or both LEDs (for MM systems). When initially turned on only a single source is on.
It is recommended that after the unit is turned on it is placed in IL, mode. This will switch the
unit between both source wavelengths allowing both sources to be warmed up
simultaneously.

Instrument Operation

The OP930 or custom OP930 (OPCust) can either be operated from the front panel or remotely
controlled via the USB interface located in the back of the instrument.

All the basic functions to measure insertion loss and return loss are available through the front panel.
More extended functions are accessible via USB commands and the OptoTest OPL applications.

Graphics
LC Display Fush Euttnns S
(b acklit) 'iFU?'?“D”SI' Port

l = -

FL 1310m
Mz 14m i

584 =

?
0
e
=

Detect
Fower Cin/Off F'Ertec o
The instrument can be operated in the following modes:
OPM Mode Optical Power Meter function supporting all the functions of a state of the

art optical power meter such as multiple wavelength calibrations, absolute
mode (dBm) and relative mode (dB). (Note: Some units do not have an
internal power meter, so this mode is not functional in these units.)
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IL Mode

RL Mode

ILr. Mode

IL, Mode

ILRL, Mode

To measure dual wavelength insertion loss this mode allows the quick
referencing of both wavelengths (for example 1310nm and 1550nm) and
consecutive measuring of insertion loss on components at both
wavelengths. (Note: Some units do not have an internal power meter, so
this mode is not functional in these units.)

NOTE: Some instruments are not equipped with a switched or multiplexed
dual wavelength source and do not support this mode.

In return loss mode the instrument is referenced to the connector for which
the return loss will be measured. After the referencing, the instrument
keeps measuring the return loss on both wavelengths (dual wavelength
instruments only) and displays the RL for the selected wavelength.

In this mode the user can view both the insertion loss (of the cable) and
return loss (at the connector) simultaneously for the selected wavelength.
(Note: in ILg. mode the reference for IL and RL must be performed in each
respective mode. Some OP930s will not have an internal power meter, so
this function is not operational.)

This mode allows the user to view the insertion loss at both wavelengths
simultaneously. To accomplish this, the unit switches between both
wavelengths in CW mode continuously and displays the IL. From this
screen the user can reference. (Note: Some OP930s will not have an
internal power meter, so this mode is not functional.)

The insertion loss and return loss is updated for both wavelengths and is
displayed on the front panel. The cycle for all four measurements takes
approximately 2 seconds. (ILRL for two wavelengths)

Graphics Display Description
Depending on the selected mode the display shows different measurement parameters and results.
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Mode Wavelength
Indicator Indicator

/ Wavelength
| /
OPM 1300nm | » D

Reference

773F | ref G [Mode (Source / RL) for

switched units.]
- 7.320m Ccn@®
| |

Absolute Measurement

< -\ Mode Selection

(OPM, IL, RL, Ref)
[Channel switch for
switched units.]

Power Reading

Mode Indicator:
Reflects the selected operation mode.

Wavelength Indicator

Displays the currently selected calibration wavelength of the power meter or the source wavelength.
Typically the wavelengths are as follows:

OPM Mode 850nm, 980nm, 1300nm, 1310m, 1480nm, 1550nm, 1625nm

IL Source wavelength of the sources that are configured to measure
insertion loss. (Note: Not all the sources in an instrument may be
configured for automated insertion loss measurement.) Insertion
loss for external sources can also be measured manually by using
the OPM mode, selecting the appropriate wavelength and using the
Ref function.

RL Wavelength of the return loss source(s).
ILgL Wavelength of the IL and RL source.

Absolute Power
The absolute power is displayed in dBm.

Relative Power

The relative power is displayed in dB. It is the difference between the reference power at the
corresponding wavelength and the measured absolute power.

Internal Temperature

The internal, ambient temperature is displayed in either °F (Fahrenheit) or °C (Celsius), that selection
is performed with a USB command.
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Display Modes
Depending on the selected mode, the display shows different measurement parameters and results.

Display: OPM Mode — Power meter mode

Mode Wavelength
Indicator Indicator

I

Absolute Reference

-7.32 }\ 0153 | ™

Power Reading  Internal (ambient)  |nsertion Loss
Temperature Reading

Display: IL Mode - Insertion Loss

Note: Some units will not have an internal optical power meter, and as such will not have an IL mode.

Display: RL Mode - Return Loss
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Mode Source Wavelength
Indicator /

I

58.4

Return Loss

Display: ILg. Mode — Simultaneous Insertion Loss and Return Loss
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Display: IL, Mode — Simultaneous Insertion Loss (Dual Wavelength)

Display: ILRL, Mode — Simultaneous Dual Wavelength ILRL measurements.

(Note: For a three wavelength or four wavelength unit (FTTX), the wavelengths can be
toggled in the IL; and the ILRL, mode by pressing the [ ] button on the front panel. The unit
will initially display the IL/ILRL for the 13/15 wavelengths and pressing the [ ] button will

toggle to the 14/16 IL/ILRL.)
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Front Panel Operation

Wavelength

The wavelength button toggles through the available calibration wavelength and source selection
depending on the mode of the instrument.

.. in OPM Mode:

..in IL Mode:

.. in RL Mode:

.. In ILg. Mode

.. In IL, Mode

.. In ILRL, Mode

- Reference

For OPM mode:

The measurement wavelengths for the OP930 are 850nm, 980nm,
1300nm, 1310nm, 1480nm, 1550nm, 1625nm unless otherwise
noted.

In insertion loss mode the wavelength button toggles the source
wavelength concurrently with the power meter calibration
wavelength. For an OP930 with a single wavelength source there
is no wavelength to be selected, for dual or quad wavelength
implementations the wavelength selection is according to the
product option: 850nm & 1300nm for multimode, 1310nm &
1550nm for single mode, 1310nm, 1480nm, 1550nm or 1625nm.
(Note: In IL mode the laser sources are in CW mode)

Switches wavelength for the displayed return loss (only for dual
wavelength instruments). The return loss in dual wavelength mode
is measured concurrently, however only the result of one
wavelength is displayed.

(Note: In RL mode the sources are pulsed)

Toggles the source wavelength to display both the IL and RL at
that wavelength.

(Note: The sources are toggled between CW mode and pulsed
mode. When the unit measures the insertion loss the sources are
briefly put in CW mode then during the RL measurement the
sources are switched to pulsed mode.)

For three wavelength or four wavelength systems pressing the
wavelength button toggles between the 13/15 set of wavelengths
and the 14/16 set of wavelengths.

For three wavelength or four wavelength systems pressing the
wavelength button toggles between the 13/15 set of wavelengths
and the 14/16 set of wavelengths.

The Ref button switches the power meter into relative measurement
mode. At the same time it stores the current absolute power reading
at the current wavelength as the reference. The reference power is
displayed above the relative power reading (see illustration of
Display). If the instrument is already in relative measurement mode
pressing the Ref button stores the current power level as the new
reference. For each wavelength a reference reading can be stored.
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For IL mode:

RL mode:

ILg. mode:
IL, Mode
ILRL,

Pressing the Ref button in IL mode executes a reference sequence.
For single wavelength devices this involves taking the reference at
one wavelength, for dual, triple, or quad wavelength instruments this
involves taking the reference for the first wavelength, and then
repeats the same for the second, third and fourth wavelengths. The
referencing cycle can take up to 10 seconds depending on the
number of sources.

Pressing the Ref button in RL mode takes the reference
measurement for the return loss. For that operation the button has to
be pressed for approximate one second, until the Ref: - is displayed
on the screen.

When taking a reference for the return loss, the instrument is looking
for an approximate 4% reflection at the end of the cable where the
return loss wants to be measured. This can be achieved easily with
an open PC connector or an APC connector mated to a PC connector
(for the purpose of creating a reflection). This spatial scanning
function of the instrument spans from approximately 2 to 10 meters
after the front panel. If, within this range, no strong reflection has
been found the instrument stops with an error message (see below).
If a reflection has been located the instrument stores its position and
from then on measures the RL at that position until the Ref button is
pressed again. During the process of this operation more dashes are
displayed to show progress and completion with Ref: - - - - - .

The Ref button has no function in this mode.

Pressing the Ref button will perform a reference for each wavelength.
The Ref button has not function.

Pressing the Ref button in the Return Loss mode can produce a few different outcomes depending on
the user’s cable testing configuration.

Ref: Panel

Ref: Error

POS <distance>

Error 20:

Shows progress of reference cycle. (Note: If an “A” is displayed after
the “Ref:” label, this means the unit is in autorange mode and it has
an extended range. Autorange mode is functional in supported units
only.)

Large reflection at the front panel connection, please clean. If this
situation does not improve the internal connector needs to be
repolished. Please contact OptoTest Tech Support.

A reflection could not be found. Make sure the source output is
properly connected to a reference reflector such as a PC termination
and the reference cable is only as long as specified (2m to 10m).
Once a reflection is found the instrument displays an approximate
distance to that reflection.

Cannot find reference reflection for other reasons.
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- Absolute Measurement (dBm)
This button only has functionality in OPM mode and in RL mode.

OPM mode Pressing it switches the power meter into absolute measurement
mode and displays the optical power in dBm. The power meter
assumes the optical power to be at the selected wavelength and
applies the corresponding calibration factor for that wavelength.
(Note: Use the wavelength button to change the wavelength to the
source wavelength (either internal or external)).

RL mode In RL mode, if the switch is pressed for more than 2 seconds the
return loss measurement is recalibrated to the external 4% reflection.
This operation is mainly used for multimode return loss measurement
where various fiber core sizes are being utilized. (see addendum:
Multimode Applications). It allows to offset the RL readings with
assuming the referenced reflection is 14dB. This function only
operates if the external reference is within +/- 4dB of the instruments
original calibration.

NOTE: This calibration offset is set to zero at pow  er up of the
instrument.

- Mode Selection

The mode selection switches between the following modes:

OPM IL RL ILre IL, ILRL,

OPM Optical Power Meter

The OP930 operates as a standard optical power meter measuring absolute or relative power. In this
mode the dBm button switches the instrument into absolute mode. The Ref button switches the
instrument to relative mode (also dB mode on other instruments).

IL Insertion Loss Mode

In IL mode one measures the insertion loss of components or cables. In this mode the dBm button
doesn’'t have a function. The Ref button takes the reference measurement. Note that the reference is
taken only for the selected wavelength. The absolute reference power is reflected in the Reference
Indicator.

RL Return Loss Mode

In RL mode the return loss of the component connected to the source port is measured. The Ref
button, if pressed, initiates the reference cycle and the wavelength button will toggle between the
internal sources.
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ILre Insertion/Return Loss Mode

The user can conveniently measure both, the insertion loss and return loss, conveniently without
excessive front panel button pressing, which can be cumbersome and time consuming. To do so the
user must reference the insertion loss and return loss in their respective modes. Once that is
completed, switching to the IL/RL mode will display the insertion loss and return loss on one screen.
(NOTE: For multimode units the sequential update of IL and RL can be toggled on/off controlled by
pressing the [Ref] key for the IL update and the [dBm] key for the RL. 24 Channel Units do not have
an OPM.)

IL, Dual Wavelength Insertion Loss Mode

The insertion loss is displayed for both active wavelengths in this mode. For FTTX units (three or four
wavelength systems) the 13/15 wavelengths are displayed together, then pressing the [ ] button will
display the other two (14/16). To reference the insertion loss for the active wavelengths the [Ref]
button needs to be pressed. (Note: To reference all four wavelengths of the FTTX systems, one
needs to reference the 13/15 side, then toggle to the 14/16 side and reference it.

ILRL, Dual Wavelength IL/RL Mode

Both insertion loss and return loss are displayed for the active wavelengths. To reference IL the user
must reference in either IL or IL, mode and to reference the return loss one must do this in RL mode.
After both IL and RL are referenced correctly the user can navigate to the ILRL, mode and both IL
and RL will be displayed for the two active wavelengths.

21 of 36



OP930 Insertion Loss / Return Loss Test Set

Measurement Instructions

Insertion Loss Measurement
To accurately measure insertion loss (IL) on cables the following method is recommended:

Insertion Loss Reference, single wavelength measure  ment

To take the reference for an insertion loss measurement connect the reference cable from the source
directly to the detector port of the instrument. In OPM mode select the appropriate wavelength.
Press the Ref button, which stores the absolute power reading and displays the relative power in dB.
This will allow the user to view the measurements relative to the reference cable.

Source Det

| |

N

w

N
(J]]]
5]

L
i
0P930 ﬂ

Insertion Loss / Return Loss Measurement

Connect the cable to be measured to the reference end of the reference cable and the other end of
the cable under test into the optical port of the power meter. Without pressing any buttons the
instrument will display the insertion loss (IL) of the cable or component.

cccccccccccccc

Dual wavelength Measurement

If the instrument is equipped with a single port dual wavelength source the instrument offers the IL
Mode, which automates the insertion loss measurement for dual wavelengths. To take the reference,
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connect the reference cable from the source directly to the detector port of the instrument. Select IL
Mode and press the Ref button. The instrument selects each of the wavelengths, measures the
absolute power, and stores the reference accordingly. The process might take a few seconds.

aD Source. Dete oD Detector
R (@D @ ~ |G (ﬂ‘.‘
-7.32 ™ : @ @ -0.023 | @ “‘@‘

tector
L H
0P930
OP930 | [ nsertion Loss / Return Loss Measurement

Insertion Loss / Return Loss Measurement

— —

Reference Measuring Insertion Loss

To measure the insertion loss of a cable, connect one end of the cable under test to the output end of
the reference cable and the other end of the cable under test into the detector port of the OP930.
The display will show the IL measurement for the selected wavelength. To display the IL for the
second wavelength, press the wavelength button and this will switch the internal source and display
the IL at that wavelength on the front panel.

Note: 24 Channel Units do not have an IL-Mode
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Insertion Loss Measurement (alternate method).
With this method the overall loss of the cable is measured. Ideally two high quality reference cables

are used to take the reference reading. Connect both reference connectors between the source and
the optical port of the power meter. Either use OPM Mode or IL Mode and reference the power

reading with the Ref button.

uuuuuuuuuuuuuu
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The setup is now ready to measure the total loss of cables, which will be inserted between the two
reference connectors. The instrument will display the overall loss of the cable.

uuuuuuuuuuuuuu

-0.023

0P930
Insertion Loss / Return Loss Measuremen

Ref. Cable A Ref. Cable B

—— [ [T

Cable under Test

Note: 24 Channel Units do not have an IL-Mode
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Return Loss Measurement

Measurement Principle

The OP930 Series of Return Loss instruments are based on the principle of the reflectometer where
the laser transmits a pulse through an optical splitter into the fiber to be tested. The return light signal

is received through the splitter.

Laser
Detector
Amplifier

—|

The time based signal similar to the illustration shown below is analyzed and the amplitude is
measured at the distance or time that corresponds with the connector under test. The amplitude is

proportional to the reflected signal.

End of Cable
Reflection
Connector
under Test

Frontpanel
Reflection

Return
Loss [dB]

time
distance

(T
©

oooooo

4

1%

) =—
Figure 1. The time based signal of the reference cable and ¢ able under

test that are connected to the OP930.

25 of 36



OP930 Insertion Loss / Return Loss Test Set

Realistically the front panel of the instrument causes a reflection, specifically if the interface is scratched or dirty.
The reflection of the connector under test is the reflection the instrument samples and measures the amplitude
of. In most cases the end of the cable, usually a connector creates yet another reflection.

Return Loss Reference in General

To begin a returnloss measurement the instrument must be ‘pointed’ to the position of the connector
to be measured. When taking a reference for the return loss, the instrument is looking for a 1-4%
reflection at the end of the cable where the return loss wants to be measured. This scanning function
of the instrument spans from approximately 2 meters after the front panel to 10 meters after the front
panel. Units that have an “autorange” mode can scan up to 2.5km after the front panel. If within this
range no strong reflection has been found the instrument stops with an error message (see below). If
a reflection has been located the instrument stores its position and from then on measures the RL at
that position. Return loss only needs to be referenced at a single wavelength due to the fact that the
system is only finding the position where return loss is to be measured. The unit is internally
calibrated such that the reflection is located at the same position for all wavelengths..

58.4

0P930
Insertion Loss / Return Loss Measuren

Instrument is
—— looking for a 1%-4% reflection
at this end

Reference on PC Terminated Cable

Cables terminated with a PC polished connector exhibit the inherent 4% reflection. This is the ideal
situation for taking the reference. No additional precaution has to be taken other than a clean
connector interface on both ends, the APC connection at the front panel of the instrument, and the
PC interface of the reference cable.

APC Terminated Cable

The APC terminated cables do not exhibit a reflection high enough to be visible for the referencing of
the return loss. A strong reflection at the APC end of the reference cable has to be created. This
might be done by connecting a PC terminated connector to the APC end of the cable or more reliably
connecting an APC/PC end reflector to the cable. This method is also applicable for angled polished
ribbon connectors. Itis recommended that a short APC to PC stub (3” to 8” long) be connected to the
open APC end to find the 14dB reflection. This is to best simulate a 14dB reflection at the APC
connectors position.

Note: The instrument is looking for the first reflection with a reflection less than 20dBg, . If the reflection
is not found an error is displayed.
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Return Loss Measurement

Once a proper reference has been taken the instrument switches to return loss measurement mode
where it continuously displays the returnloss at the position where the reference has been taken. For
higher number returnloss values (low reflections at the connectors) the instrument might take slightly
longer to measure.

s | souce

Insertion Loss / Return Loss Measurement

Instrument measures

the returnloss at &
this position V4
][ (=

minimal length is 2 meters

The reflection caused by the far end of the cable under test does not affect the returnloss
measurement as long as the cable being measured is longer than 2 meters or 6 feet. For cables
shorter than that a mandrel wrap is needed to attenuate the reflection at the far end so that the
connector under test can be measured accurately. In the case of a MM system matching gel or a
matching block must be used, because a mandrel wrap does not attenuate the large reflection
enough.

e QED  Sowee
.o &8 © Instrument
584 |. e measures the Apply mandrel
QP s v returnloss at wrap here {}x
— — this position Vs
=] ==

length less than 2 meters
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Measuring Return Loss on PC-PC Interface with an op  en PC connector

0
8

58.4
i
{53 Loss / Retum Loss
- o Open
PC
Endface
PC-PC %ﬁ
Interface

=T T

The strong reflection from an open PC endface (as shown in the picture above) may cause the APD
(Avalanche Photodiode) to saturate and if this happens the OP930 may take some time to adjust and
display the proper return loss. So, when working with open PC cables, after securing the PC-PC
connection to be measured, allow the instrument a few seconds (about 1 to 3) to adjust. Once the
device has stopped changing values and the variation is less than +/-.3dB the OP930 has reached

the correct return loss value.
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Measuring Return Loss on long cables.

Cables of the length up to the specified cable length (see specifications) can be measured with no
specific cautions beyond standard practices for fiber optics measurements.

b
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Multimode Application

Internal Optics of Multimode Units
Applicable for OP930-MM-1300 & OP0930-MM-850

The multimode versions of the OP930 are equipped with internal 62.5/125um fiber to achieve a full-fill
launch condition for measuring insertion loss under customer controlled condition. The resulting CPR
(coupling power ratio) of this configuration is approximately 21dB.

NOTE: The internal fiber is directly connected to the front panel and terminated with a FC/APC
connector. For insertion loss and return loss measurement the appropriate matching reference cable
needs to be connected.

Optical Source Output Power
This multimode fiber configuration results in following absolute output power levels:

Connected fiber size Typical output power
62.5/125 Gl -15dBm
50/125 | -17dBm
SMF28 -29.5dBm

Insertion Loss Measurements, Multimode

To measure insertion loss on various fiber sizes one needs to make sure of the following:
Use a matching reference cable, for example match-up a 62.5/125 with a 62.5/125 fiber
Use the appropriate mandrel wrap, usually 5 loops around 2cm diameter, to attenuate higher
order modes
If necessary further condition the launch depending on the measurement requirements
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Measuring Return Loss with different fiber sizes

Calibration of Return Loss
All the multimode units are factory calibrated to 50/125um Gl fiber with the following calibration setup:

- e o %
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nserion Loss / Return Loss Measurement

>98%
Reflector
e

Knowing the insertion loss, linearity and wavelength dependency the resulting reflection from the
reflector is calculated to be:

Return Loss = 2 * (ILogs + IL (attenuation) + attenuation) + RLgefeictor

Where: ILoge is insertion loss of attenuator at 0dB
IL (attenuation) is lineairy of the attenuator
RLresector the reflectivity correction for the reflector (0dB = 100%)
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Referencing to 4% Reflection (PC Termination)

To verify and offset for insertion loss of the reference cable as well as core size differences a

reference polished PC terminated reference cables is connected to the instrument. Taking the

reference the following approximate values can be measured:

50/125um Reference Cable

14 dB

62.5/125um Reference Cable

12dB

Other core sizes or fiber types will show slightly different readings.

Assuming the connected PC termination is indeed 4% the instrument can be adjusted to 14dB for this

reflection by pressing the [dBm] button for more than 2 seconds. This will adjust the RL reading for

the measurements. This temporary adjustment is active until the unit is turned off or until this

procedure is repeated.
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Detector Care

The optical power meter is equipped with an optical detector and adapter systems that allows for the
exchange of the adapters to match the connector of the cable to be measured. Removing the adapter
exposes the detector glass surface. In most cases the glass surface of the detector is AR (anti
reflection) coated and can be easily scratched.

To clean the detectors surface, if at all needed, use only an optical grade lens cleaning tissue, such
as are supplied with the large area detectors (IN5, IN10). Carefully wipe any dust off the detector
surface by gently wiping the glass with the cleaning tissue.

Warning: Under no circumstances use any cleaning fluids.
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Connector Cleaning and Care Instructions

To ensure maximum optical connector life and best possible insertion loss (IL) and return loss (RL) all
fiber optic connectors must be cleaned every time before they are mated. Failure to properly clean a
fiber optic connector can destroy the end face polish the first time the connector is mated, while a
properly cared for connector will last for more than 500 matings. The illustration below depicts
connector end-faces before and after cleaning.

oil contamination dust contamination

before cleaning

after cleaning

Cleaning Instructions

All-in-one or CleTop cleaning tools are a quick, convenient method for ensuring proper connector
care. Those cleaning tools contain a special cloth tape that removes end face contaminants without
additional consumables, such as alcohol.

Another way to clean a fiber optic connector is to wipe it with a lint-free, non-abrasive paper tissue or
cloth, such as Texwipe or Kimwipes, using a new area on the tissue each time the end face is
touched. If the connector is extremely dirty, moisten the tissue with reagent-grade isopropyl alcohol
before cleaning. Make sure all residual alcohol has evaporated before mating the connector.

When mating fiber optic connectors together, make sure that nothing touches or scratches the end

faces. To do so, rock the connector into the adapter by first touching the side of the connector to the
adapter.
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USB Control of the OP930

The OP930 can be controlled via the USB bus. A series of commands are available via the
OP930.DLL to communicate with the instrument through a program.

Command Summary

NOTE: For a detailed and complete description of the OP930.DLL function calls, please consult
the OP930.DLL Description on the Applications and Driver CD or visit the support section
of www.optotest.com.
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Warranty Information

OptoTest Corp. warrants this product to be free from defects in material and workmanship for a period of one year from date
of shipment. During the warranty period we will, at our option, either repair or replace any product that proves to be
defective. To exercise this warranty contact OptoTest Corp. Headquarters. You will be given prompt assistance and return
instructions. Repairs will be made and the instrument returned, transportation prepaid. Repaired products are warranted for
the balance of the original warranty period, or at least 90 days.

NOTE: Do not send instruments for any reason without contacting OptoTest headquarters first.
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