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WARNING

CAUTION

CAUTION

CAUTION

Light energy can radiate from the front-panel MONOCHROMATOR QUTPUT
connector on HP 71451B instruments (HP 70951B modules). The light
emitted from this connector is the filtered and slightly attenuated

light input to the front-panel MONOCHROMATOR INPUT connector. The
MONOCHROMATOR OUTPUT connector radiates light energy in the following
instrument modes: preselector, stimulus response, and photodetector test.

Condensation degrades the optical spectrum analyzer’s performance. Always
protect the optical spectrum analyzer from conditions that may cause
condensation. Avoid moving the optical spectrum analyzer from a cold
environment to a warm environment.

Total input power to the front-panel MONOCHROMATOR INPUT connector
must not exceed +30 dBm. Power in excess of +30 dBm may damage the
instrument. The maximum safe photodetector input level on HP 71451B
instruments is +20 dBm. The largest measurable power level before signal
compression is + 10 dBm.

Electrostatic discharge (ESD) can damage circuits associated with rear-panel
connectors. Therefore, before connecting any cable to a rear-panel connector,
momentarily short the center and outer conductors of the cable together.
Avoid touching the rear-panel connectors without first touching the frame

of the instrument. Be sure that the optical spectrum analyzer is properly
earth-grounded to prevent buildup of static charge.
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Optical Spectrum Analysis with the HP
71450B/1B/2B

Be sure to read this introduction for your optical spectrum analyzer. It
introduces you to many of the optical spectrum analyzer’s features. The
optical spectrum analyzer displays the optical power of the input light spectra
as a function of wavelength.

Missing graticules

In this book, many figures of the optical spectrum analyzer's screen do not show the graticule. This is
done to make it easier to see important details.

a2

RL 8.60 dBn
SENS -5 dBn
1888 gB/DIY

Optical
Power

CENTER 1158 nm SPAN 11BA nm
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Wavelength
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. ____________________________________________________________________________________________________|

Accurate measurements require clean connections

When connecting fiber-optic cables, do the following steps:

1. Clean the connectors as described in Chapter 1. Dry connections are recommended.

2. Align the connectors so that the fiber end does not touch the outside of the mating connector.
Do nat rub the fiber end against any other surfaces.

3. After the ferrule is properly seated inside the connector, use one hand to keep it straight and
finger-tighten it with the other hand.

Refer to the manufacturer's data sheet for torque recommendations. Overtightening or
undertightening connectors can result in misalignment and nonrepeatable connections.

Automatic alignment To ensure the maximum amplitude accuracy, use the optical spectrum

ensures amplitude analyzer’s feature. This is an automatic alignment procedure
accuracy that should be performed whenever the optical spectrum analyzer has been:
e Moved.

e Subjected to large environmental temperature changes.
e Warmed up at the start of each day.

Refer to Chapter 1 for information on aligning and calibrating the optical
spectrum analyzer.
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Softkeys select You control the optical spectrum analyzer using softkey menus. Softkeys are

instrument features the seven buttons located on each side of the screen. Left-side softkeys select
main menus. Right-side softkeys present instrument features. Right-side
softkeys are often displayed in several pages.

Softkeys
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Knob  Step  Numeric Hold
keys keypad

pkb2

Changing measurement Use the front-panel knob, step keys, or numeric keypad to enter new
parameters is easy measurements settings. For example, press the (CENTER) key to change
the displayed center wavelength. After changing the setting, pressing the
(HoLD) key disables the keypad, knob, and step keys until another function is
selected. Pressing the key twice blanks the right-side softkeys.

Use the (=) (backspace) key to speed your navigation through softkey menus.
When pressed, the previous softkey menu is displayed. Also, use this key to
backspace over numbers entered using the data-entry keypad.
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Wavelength

settings
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controls: including
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Optical spectrum analyzer Menu Selections.

Keys in this manual

letters indicate normal front-panel keys. Most of these functions also can be performed using
softkeys.

shadow letters indicate softkays.
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Automatically locate ~ Press the front-panel key automatically to locate and display the
largest input signal. The optical spectrum analyzer zooms to the signal by

and display signals
changing the displayed center wavelength, span, and reference level values.
(65 B — o e oo e
~® —©)

OO0 =@ gObse dd
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o o [ |
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AUTO MEASURE pkb 1
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Characterize signals Three advanced-measurement programs automatically characterize LEDs, DFB
with the press of a lasers, and Fabry-Perot lasers. Press the front-panel key to find and

button invoke these programs. You can design your own programs (also known as
downloadable programs) using the information supplied in the Programmer’s
Guide.
15
Fabry-Ferat Laser Test
VERSION| mean waveln = 138Y%.B2 nm  FHHM = 3.87 nm gaEEtE
peak waveln = 1387.39 nn peak amp = -2.5% dEm
made spacing= B.91 nm  total power = 3.2B dBm
CALC node spacing= 159.3B GHz  sigma = 2.49 nn |CONT
On Off HEEP
PEAKS |} I
On 0FF CENTER
DISTRIB
On 0Ff SPAN
distrib PEAK
menu EXCURSN
HELP PEAK
On Dff THRESH
EXIT

Characterization of Fabry-Perot Laser
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Insrument modes Depending on the model number, up to six separate operating modes are
increase capability available:

Optical spectrum analyzer. Refer to Chapter 1
Stimulus-response measurement. Refer to Chapter b.
Fast pulse measurement. Refer to Chapter 5.

Power meter. Refer to Chapter 5. (HP 714518 only)
Preselector. Refer to Chapter 5. (HP 71451B only)

Photodiode responsivity measurement. Refer to Chapter 5. (HP 71451B
only)

Use markers to measure Trace markers allow you swiftly to measure the wavelength and amplitude of
values any position on the trace. You can even compare positions on separate traces.
Markers and peak searches are discussed in Chapter 9.

Wavelength and

Marker amplitude at marker
) /
BL 3.1Y% dim HER #1 WYL 1318 nm
Haveln[FSENS -21 dbm .39 dBn
18.@8 de/DIY
b q
HARKER
Anetd | 1318 nn
3.39 dEm
1
Harker
EW,Swp
Traces
State
Hi CEWTER 113F nm SPAN 11R@ nm
'S€ RE 1B nn VE 2 kHz & 5T=YE@ msec
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View three-dimensional The optical spectrum analyzer offers considerable trace control. This includes
display a three-dimensional view that provides a graphic history of a response. Refer
to Chapter 8 for information on viewing three-dimensional displays.

@]
RL 16.57 dEn PERSIST
On Off

HawveIn[SENS -0F dbm
piﬂ.ﬂﬂ dBsDIY
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OFFSET
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Limit lines enhance With the optical spectrum analyzer’s limit-line feature, you can display a set

production-line testing  of custom lines that describe the acceptable limits of a displayed response.
Repeatable comparisons can then be made with PASS and FAIL conditions
automatically displayed on the screen.

(rff] 1.46 dB
-1, m
Waveln[SENS -3F dBn PSS EEEME
1088 dB/01Y
Ampt d Eaaging
Marker COMHAND
key
BN, Sup control
Traces I?mit
lines
State service
i START L2d93.53 nm STOF 1343.53 nm HORE
15 BB A.5 nn VB 2 MHz 5T 58 msec 3 of 3
Saving instrument If you repeatedly configure the optical spectrum analyzer to the same settings,

setups saves you time  be sure to save the settings as a measurement state. Measurement states
can be recalled at any time to configure the optical spectrum analyzer
automatically. Saving and recalling measurement states is described in
Chapter 2.
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Use the custom keypad The optical spectrum analyzer comes with a custom keypad that snaps into

for swift measurements the front panel of HP 70004A displays. The keypad gives you quick access to
common instrument functions. (Each of these functions can also be accessed
using the normal softkey menus.)

If you have the custom keypad, practice using it. You’'ll find that the time
required for many of the procedures in this book will be significantly reduced.

If you need to remove the custom keypad, simply push the small button
located on the keypad’s right side.
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Screen annotation Annotation displayed on the screen shows you the current measurement
provides valuable window. This includes displayed wavelength, sensitivity, and sweep time.
information The display’s active function area shows the value of any function that
has been activated for change. In the following figure, the active function
annotation indicates that the displayed wavelength span has been selected for
change. You may change its value using the knob, keypad, or step keys. You
may also press a softkey to select another active function.

The S displayed at the bottom of the screen shows that the optical spectrum
analyzer is using sample detection. If the S is missing, peak detection is used.

Reference
level Clock

Sensitivity Position of

\ﬁa 155:41 0cT 23, 1837 reference
Log scale AL 20,80 dBn level
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Warranty

This Hewlett-Packard instrument product is warranted against defects in
material and workmanship for a period of one year from date of shipment.
During the warranty period, Hewlett-Packard Company will, at its option,
either repair or replace products which prove to be defective.

For warranty service or repair, this product must be returned to a service
facility designated by Hewlett-Packard. Buyer shall prepay shipping charges
to Hewlett-Packard and Hewlett-Packard shall pay shipping charges to return
the product to Buyer. However, Buyer shall pay all shipping charges, duties,
and taxes for products returned to Hewlett-Packard from another country.

Hewlett-Packard warrants that its software and firmware designated by
Hewlett-Packard for use with an instrument will execute its programming
instructions when properly installed on that instrument. Hewlett-Packard
does not warrant that the operation of the instrument, or software, or
firmware will be uninterrupted or error-free.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper
or inadequate maintenance by Buyer, Buyer-supplied software or
interfacing, unauthorized modification or misuse, operation outside of the
environmental specifications for the product, or improper site preparation
Or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD
SPECIFICALLY DISCLAIMS THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

ExXcLUusivE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE
REMEDIES. HEWLETT-PACKARD SHALL NOT BE LIABLE FOR ANY
DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL
DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER
LEGAL THEORY.

XV
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Certification

Hewlett-Packard Company certifies that this product met its published
specifications at the time of shipment from the factory. Hewlett-Packard
further certifies that its calibration measurements are traceable to the United
States National Institute of Standards and Technology, to the extent allowed
by the Institute’s calibration facility, and to the calibration facilities of other
International Standards Organization members.

XVi

www.valuetronics.com



Assistance

Product maintenance agreements and other customer assistance agreements
are available for Hewletl-Packard products.

For any assistance, contact your neavest Hewlett-Packard Sales and Service
Office.

xvii

www.valuetronics.com



Safety Symbols

The following safety symbols are used throughout the manual set. Familiarize
yourself with each of the symbols and its meaning before operating this
instrument.

The caution sign denotes a hazard. It calls attention to a procedure which,
if not correctly performed or adhered to, could result in damage to or
destruction of the instrument. Do not proceed beyond a cauiion sign until
the indicated conditions are fully understood and met.

CAUTION

The warning sign denotes a hazard. It calls attention to a procedure
which, if not correctly performed or adhered to, could result in injury or
loss of life. Do not proceed beyond a warning sign until the indicated
conditions are fully understood and met.

WARNING

Xviil
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Displaying Signals (Part 1)

In this chapter, you'll learn how to display optical signals using the following
controls:

e Wavelength

e Reference level

e Sensitivity

o Amplitude scale and units

This chapter explains how and when to align and calibrate the optical
spectrum analyzer. Alignments and calibrations ensure accurate
measurements.

Accurate measurements require clean connections. At the end of this chapter
a section describes making proper fiber-optic connections.

1-2
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Setting Wavelength and Reference Level

Displaying signals is as easy as setting the wavelength range, reference level,
and sengitivity. Sweep speed is automatically set by the optical spectrum
analyzer. In fact, the optical spectrum analyzer always uses the fastest sweep

possible while still maintaining a calibrated display.

When the optical spectrum analyzer is first turned on, the wavelength range
is set to the full 1100 nm span (600 nm to 1700 nm). There is an extended
range that lets you view signals from 350 nm to 2000 nm. However, the
display for signals within the extended range is not calibrated.

Sensitivity

Wavelength

mend \\\\\‘\\-\\
Haveln

Amptd

Harker

BN, Swp

Traces

State

Misc

O]
FL 8.8EN\(En

SENS -5 dBm
plﬂ.ﬂﬂ dB/DIy

CENTER WRWELENGTH
1158 nm

CENTER 113B nm

FB 18 nm YE 2 kHz §

Wavelength
range
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SPAN

Wavelength
START range
softkeys

STOP

FULL
SEAN

AUTO
MEASURE

SPAN 1188 nm MORE
5T YEA meec { aof ¢
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Displaying Signals (Part 1
Setting Wavelength and Reference Level

The position of the reference level is located on the display by two triangles.
Its position can be changed. The default position is at the ninth major
horizontal graticule line.

Use one of the following three methods to display a signal:
e Manually set the wavelength, reference level, and sensitivity.

e Use the automeasure routine. (Press (AUTO MEAS).)

e Use markers.

Reference Reference
Level Level
ﬁ .
el (Rf]a.aa dBn m Trlanle sfhows
. aveln[SENS -6 dEnm position o
Amplitude 10.88 de/DTY | — reference level
Menu \ b 1
REFERENCE LEVEL SEMSE
Amptd o
T | o pa e Autolfan Sensitivity

L0G

Harker SESDIV

BN, Sup LINEAR
units
Traces
menu
AUTO
State ALIEN
i CENTER 1158 nm SPAN 1108 nm MORE
15C BB 1B nm WB 2 kHz & 5T YGA msec | af Y4
basic2
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Displaying Signals (Part 1
Setting Wavelength and Reference Level

Waveln and Amptd Use the Wavelength menu to control the wavelength range. Use the
menus control Amplitude menu to control the reference level and sensitivity. By selecting
measurement range the softkeys on these two menus, you can enter the values you need.

After pressing a softkey, it becomes the active function and its value is
displayed in the active function area. Once a function is activated, change its
value using the knob, step keys, or numeric keypad. To discover how easy it
is to adjust the optical spectrum analyzer’s settings, connect an input signal,
press the left-side Waveln softkey, then the right-side CENTER softkey. Now
rotate the front-panel knob and watch the center wavelength change.

Active Adjusting knob
function moves signal
[
EL @NgB dBm
Wawve In [ SENS dEm CENTER
18,88 dEXpIV
b {
fmetd | CENTER WAVELENGTH SFAN
TR 1150 nn

START

Harker

EN, Sup §TOP

: FULL

races SPHN
AUTD

State HEASURE

i CENTER 1150 nm SPAN 1108 nn MORE

15€ BB 1B om VE 2 kHz g 5T YE@ msec { of P
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Displaying Signals (Part 1
Setting Wavelength and Reference Level

Center-wavelength step When center wavelength is the active function, pressing the (&) and (¥) keys

sizes can be changed steps the center wavelength. The default step size is one tenth of the span.
You can set the size of the steps to a set value. The value you enter does not
depend upon the displayed span.

Offsets can be added to The Wavelength and Amplitude menus allow you to add offsets to all

annotation displayed wavelength and amplitude values. One use of amplitude offsets is
to compensate for signal attenuation caused by some devices. Although this
method is fast, it is more accurate to use amplitude correction factors. Refer
to Chapter 10 for a complete discussion of using amplitude correction factors.

Custom keypad reminder

In addition to using the softkey menus, don't forget the corresponding front-panel keys. For example,
to set the wavelength range, reference level, and sensitivity use (CENTER), (SPAN), (START),
(sTOP), (REF LEVEL), and (SENS).

Markers can tune the  Using the front-panel marker keys, you can tune to any signal peak. Step 1

optical spectrum of the following figures works for large signals. For small signals, you can

analyzer to signal peaks press (NORMAL ON/OFF) to turn a marker on and then use the front-panel
knob to place the marker on the signal peak. For a more complete discussion
of marker use, refer to Chapter 9.
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Displaying Signals (Part 1

Setting Wavelength and Reference Level

@] @]
FL @.@R dBm MKR #1 WYL 1389 nm FL @.@R dBm MKR #1 WYL 1389 nm
SENS -3 dEm -13.41 dBnm SENS  -29 dinm -13.1% dBm

piﬂ.ﬂﬂ dB/0IY

N

{

piﬂ.ﬂﬂ dB/0IY y

CEWTER 113B nm SPAN 11P@ nm

CEWTER 13@E nm SPAN 11Pd nm
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1. Press (PEAK SEARCH). 2. Press (TO CENTER ).

ra ra
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piﬂ.ﬂﬂ dB/0IY y
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Displaying Signals (Part 1
Setting Wavelength and Reference Level

Amplitude meter An amplitude meter can be displayed showing the power level of each trace
measures amplitude of point as it is acquired. This is particularly useful when monitoring power as
current trace point a function of time to observe both long and short term drift. The following

figure shows the amplitude meter displayed on the screen.

[ 65 ]
EL -2.33 dEm
Hawveln[SENS -YE dBm
piﬂ.ﬂﬂ dB/0Ivy |
7 AUTZERD
Amptd Anplitude Heter
. -34.6E dBm On Off
HarkerMEEHD
EW, Sup
Traces
A HETER
State On OFF
Hi CEWTER 1387.1 nm SPAN @ nm HORE
15€ BB 4.3 nm +UB 188 Hz & +8T 5.8 sec 3 of 4

Amplitude meter showing power level versus time.
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Displaying Signals (Part 1
Setting Wavelength and Reference Level

To view a signal using markers

1. Press to activate a marker, and place it on the highest trace
point.

2. If the signal you want to tune to is not the highest peak, rotate the knob to
place the marker at the desired peak.

3. Press to move the signal to the center wavelength.

4. Press to move the signal to the reference level.

5. Press (sPAN), and use the knob, step keys, or numeric keypad to reduce
the span.

6. Press and adjust the sensitivity as needed.

To return to full span

1. Press the left-side Waveln softkey.

2. Press FULL SPAN .

To allow extended wavelength range

1. Press the left-side Waveln softkey.
2. Press MORE 1 of 2.

3. Press the WL LIM On Off softkey so that 8ff is underlined.

The displayed wavelength range can now be set from 350 nm to 2000 nm.
However, the extended range is not calibrated.

1-10
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Displaying Signals (Part 1
Setting Wavelength and Reference Level

To change the reference level

L. Press the left-side Amptd softkey.

2. Press REF LVL and enter a new reference level using the knob, step keys,
or numeric keypad.

To change the reference position

L. Press the left-side Amptd softkey.

2. Press MORE 1 of 4 and then REE LVL POSN .

3. Enter a new reference level position using the knob, step keys, or numeric
keypad.

The position can be from 0.0 to 10.0. The default position is 9.0.

To view the amplitude meter

L. Press the left-side Amptd softkey.
2. Press the MORE 1 of 4 and MORE 2 of 4 softkeys.

3. Press AMETER On O0ff so that On is underlined.
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Displaying Signals (Part 1
Setting Wavelength and Reference Level

To change the center wavelength step size

L. Press the Waveln softkey.
2. Press the MORE 1 of 2 softkey.

3. Press WL STEP AutoMan and use the knob, step keys, or numeric keypad
to enter a new center wavelength step size.

To offset annotation readouts

e Offset all displayed amplitude readouts by pressing the following softkeys:
1. Press the left-side Amptd softkey.
2. Press MORE 1 of 4 and then AMP REF QOFFSET .

3. Enter the desired value of the offset.
e Offset all displayed wavelength readouts by pressing the following softkeys:

L. Press the left-side Waveln softkey.
2. Press MORE 1 of 2 and then WAVELEN OFFSET .

3. Enter the desired value of the offset.
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Displaying Signals (Part 1
Setting Wavelength and Reference Level
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Setting Sensitivity

The sensitivity setting indicates the smallest signal amplitude that will be
displayed across the current wavelength range. Due to instrument tolerances,
the sensitivity’'s annotation is a nominal value. You can set the sensitivity just
as eagsily as you would set the reference level. However, increasing sensitivity
slows the sweep speed.

Normally, the optical spectrum analyzer automatically selects the greatest
sensitivity possible that does not require amplification changes during the
sweep. If you manually increase the sensitivity level, the sweep pauses

to allow this change in gain. This is known as autoranging. If desired,
autoranging can be disabled using the AUTORNG On 0ff softkey. This
softkey also indicates the state of autoranging for a given sensitivity and video
bandwidth setting. If autoranging is on, an asterisk appears next to the :
screen annotation.

[ 65 ] [ 65 ]

EL 3.47 dBm EL 3.47 dBm

SENS -3V dBm +SENS -8B dBm

piﬂ.ﬂﬂ dBsDIY | piﬂ.ﬂﬂ dB/0Ivy |

SENSITIVITY SENSITIVITY

-36.77 dEm -dp. B dEm

CEWTER 1383.83 nm SPAN 2B.B@ nm CEWTER 1383.83 nm SPAN 2B.B@ nm

RB 4.2 nm VE 2 MHz 5T 5@ msec RB 4.2 nm UE 4dB Hz § 5T=858 msec
Low sensitivity hides sidemodes. Higher sensitivity reveals sidemodes.
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Displaying Signals (Part 1
Setting Sensitivity

The sensitivity indicated for the full span (600 nm to 1700 nm) is around

—5 dBm. This shows the worst-case condition at 600 nm, which is due to
loss in the internal monochromator. If the stop wavelength is set to less than
900 nm, the sensitivity dramatically improves. This is due to the diffraction
grating order used. For complete information on diffraction grating orders,
refer to “Understanding Multiple-Order Responses” in this chapter.

To increase the sensitivity level

e Press (SENS), and enter a new sensitivity level using the knob, step keys, or
numeric keypad.

or,

e Press (REF_LEVEL), and change the reference level to place the signal peak
at the top of the screen.

or,

® Press BW,Swp, VID BW AutoMan , and reduce the video bandwidth.

To disable autoranging

L. Press the left-side Amptd softkey.
2. Press MORE 1 of 4 .

3. Press the AUTORNG On 0ff softkey so that 8£f is underlined.
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Automatically Tuning to Signals

The optical spectrum analyzer’s key automatically locates and
views the largest input signal. Automeasure locates the largest signal in the
full 600 nm to 1700 nm wavelength range, then reduces the span to display
the signal properly. The reference level is set automatically to the signal’s
peak and the sensitivity is adjusted as needed.

Using the State menu, you can modify the automeasure routine to perform
one of the following:

¢ Tune to the wavelength indicated by the active marker instead of locating
the largest input signal.

e Iind at a predetermined wavelength span or amplitude scale.
e Optimize the sensitivity.

The automatic measurement routine uses a lower sensitivity setting in
order to reduce the displayed noise. One example of using this feature is
to allow the viewing of sidemodes on a DFB laser.

Pressing (INSTR PRESET ) resets the automeasure routine to its default settings.

@] @]

FL @.@R dBm MKR #1 WYL 1389 nm RL -1.13 dEm MKR #1 WUL 131B.A3 nm

SENS -3 dEm -13.41 dBnm SENS  -37 dinm -3.75 dinm
14.88 dB/DIV

piﬂ.ﬂﬂ dB/0IY

N

{ b {
‘ nﬁ of Rutameasure

CENTER 1158 nm
FB 1B nm

Signal displayed before automeasure.

YB 2 kHz §

CEWTER 131B.B3 nm
RE 8.2 nm YE 2 MHz

SPAN 2B.BE nm
5T 5@ msec

SPAN 11BA nm
5T YE@ msec

Signal displayed after automeasure.
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Displaying Signals (Part 1
Automatically Tuning to Signals

To view a signal using automeasure

1. If the signal you want to tune to is not the largest input signal, perform
the following:

a. Press (NORMAL ON/OFF), and use the front-panel knob to place the
displayed marker on the peak of the signal of interest.

b. Press State, autmeas state, and then AT MKR On Off so that

On is underlined.

2. Press (AUTO MEAS). If no signal is present, an error occurs.

To automeasure at a specified span

1. Press the left-side State softkey.

2. Press autmeas state .

3. Pressing SPAN AutoMan sets the final wavelength span selected at the
end of the automeasure routine. Use the numeric keypad to enter the new
span value.

Notice that the softkey label now has Man underlined to indicate the
the span is manually selected.
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Displaying Signals (Part 1
Automatically Tuning to Signals

To automeasure to a specified log scale

1. Press the left-side State softkey.
- Press autmeas state .

3. Pressing DB/DIV AutoMan sets the final amplitude scale used at the end
of the automeasure routine. Use the numeric keypad to enter the new
value.

The default value is 10 dB-per-division. Notice that the softkey label
now has Man underlined to indicate that the span is manually selected.

To automeasure to a specified wavelength

1. Press the left-side State softkey.

2. Press autmeas state .

- Pressing ‘AT MKR Bn Bff so that Bn is underlined causes automeasure to
tune to the wavelength indicated by the marker.

If no marker is displayed when is pressed, the optical
spectrum analyzer locates the largest input signal. If no signal is
present, an error occurs.
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Displaying Signals (Part 1
Automatically Tuning to Signals

To automeasure optimizing sensitivity

1. Press the left-side State softkey.
2. Press autmeas state .

3. Pressing OPTSENS On 0ff so that On is underlined.

1-19

www.valuetronics.com



Amplitude
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Amplitude
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Changing the Amplitude Scale and Units

Use the amplitude menu to change the amplitude scale and annotation.
Logarithmic and linear amplitude scales are available. Logarithmic scales
range from 0.01 to 20.00 decibels-per-division. The 10 dB-per-division scale is
the default setting. Regardless of the scale selected, the amplitude annotation
can be set to units of dBm or watts. The watt is the default unit for linear
scale; dBm is the default unit for log scale.

(5]
AL 8.8 dBm
WaveNq[SENS -5 dBm REF LWL
18.80 dB/01v i
SENS
fAmptd Aut oMan
L0G
Marker JE/01U
BU, Sup tqﬂjudhnjmmmﬂdﬂﬂm}“meR } Scale and units
softkeys
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menu
AUTD
State ALL N
i CENTER 1158 nm SPAN 1180 nm MORE
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Displaying Signals (Part 1
Changing the Amplitude Scale and Units

To change the amplitude scale

L. Press the left-side Amptd softkey.
2. Perform one of the following:

® Press LOG dB/DIV to select a logarithmic scale and enter the scale
using the knob, step keys, or numeric keypad.

® Press LINEAR to select a linear scale.

To change the amplitude units

L. Press the left-side Amptd softkey.
2. Press units menu.

® Pressing A UNITS AutoMan allows the optical spectrum analyzer to

select the annotation automatically. The Auto selection is the optical
spectrum analyzer’s default setting.

® Pressing dBm selects annotation in decibels relative to 1 mW.

® Pressing WATT selects annotation in watts.
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Understanding Multiple-Order Responses

HP 71450B/1B/2B optical spectrum analyzers use a diffraction grating to
separate the input wavelengths spatially. Because diffraction gratings operate
in multiple modes, the display may show multiple images of the input signal.
These multiple images depend on the input wavelength. Understanding the
relationship between input wavelength and displayed images enables you to
interpret the display correctly.

Image wavelength The following table shows the relationship between input wavelength and
depends on input displayed images. A 700 nm laser displays at both 700 nm and 1400 nm.
wavelength Also, a 1500 nm laser displays at 1500 nm and 750 nm.

Light sources outside the 600 nm to 1700 nm input range can also result in
displayed multiple images. For example a laser at 300 nm causes images at
600 nm, 900 nm, 1200 nm, and 1500 nm.

Input Wavelength Versus Multiple Images

Input Wavelength| Wavelengths of
Displayed Responses

A < 850 nm A 2X

X > 1200 nm A3

1-22
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Displaying Signals (Part 1
nderstanding Multiple-Order Responses

The following figures show the displayed response of a 632.8 nm helium-neon
laser. In the figure on the left, both the laser response and its image are
visible. In the figure on the right, the span is reduced around the 1265.6 nm
image. Without an understanding of multiple-order responses, this multiple

image could be mistaken for a true response.

[ 65 ] [ 65 ]
EL 2.90 dBm EL @.43 dBm MER #1 WUL 1265.%4 nm
SEHS  -H dEm SENS  -3E dBm -18.47 dBm
piﬂ.ﬂﬂ dBsDIY | piﬂ.ﬂﬂ dB/0Ivy |

MARKER

1263.4% nm

-1B. 47 dEm

MMMDHAWW" |
START GEA nm STOF 17P@ nm CEWTER 1265.23 nm SPAN SB.B@ nm
RB 1B nm VB 2 kHz 5 5T YEA msec RB 8.3 nm VB 4B kHz 5T 5@ msec
Full span view: laser and 1265 nm image. Image response at 1265 nm
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Displaying Signals (Part 1

Understanding Multiple-Order Responses

In the following figures, a 1319 nm Fabry-Perot laser results in a sub-multiple
image at 659.5 nm. However, unlike the multiple image shown in the
previous figures, the Fabry-Perot laser’s sub-multiple image cannot be seen in
full span. (See the figure on the left.) If the stop wavelength is set below 900
nm as shown in the figure on the right, the sub multiple appears. This is due
to the grating order used for this sweep. The following paragraphs discuss
grating orders.

In full-span sweeps:

e Multiple images are displayed

e Sub-multiple images are not displayed

ra ra

EL 2.49 dEm HER #1 WUL 1319 nm EL 2B.33 dEm HKR #1 WUL GEA.Z2 nm
SENS  -H dEm 2.2% dEm SENS  -1B dEm 2d. 3% dEm
18.@8 dB/OIV 1d8. 8B dB/OIV
b { b {
HARKER HARKER

119 nn EGB. 2 nm

24 dBm £d. 3% dBm

1

STRART GBE nm

RE 1B nm YB 2 kHz §

STOF 17BA nm
5T YE@ msec

Full span view: sub-multiple not shown.

5TART GBE.@ nm
FB 3 nm

STOP 9599.4@ nm

VE £ kHz 5 5T 298 msec

Sub-multiple response at 660 nm
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Displaying Signals (Part 1
Understanding Multiple-Order Responses

The mode used depends The optical spectrum analyzer’s internal monochromator operates in either
on instrument settings the 15° or 2" order diffraction-grating mode. The mode selected is based on
the following instrument conditions:

FULL X SPAIL oo e 1% order
Stop A < 900 nm (RESBW = 10nm) .......................... 1** order
Stop A < 900 nm (RESBW # 10nm) ......................... 2rd order

The position of the diffraction grating for the 2°4 order (600 nm — 899 nm)
is the same as the 1% order (1200 nm — 1798 nm). Both the sub-multiple
responses of input signals in the 1200 — 1798 nm range and 2°¢ order
responses (the desired response) in the 600 — 899 nm range are displayed.

The optical spectrum analyzer never switches the order during a sweep.
Notice that in full span (1** order), the monochromator loss near 600 nm is
greater than if 2°¢ order is used.

Change the order to test If the optical spectrum analyzer’s stop wavelength is less than 900 nm (and
sub-multiple images the resolution bandwidth is not 10 nm), 2°¢ order is used, and you can test
for sub-multiples. Press ORDER AutoMan so that Man is underlined. (This

always sets the 15° order mode.) If the displayed image disappears, it is a
sub-multiple and not a true response.

ra ra

RL 2B.35 dEm HKR #1 WUL GEA.Z2 nm EL 2B.33 dEm HKR #1 WUL GEA.Z2 nm
SENS  -1B dEm 2d. 3% dEm SENS -2 dEm -16.23 dEn
18.@8 dB/QIV 1d8.@B dB/DIV

b { b {
HARKER HARKER

EGB. 2 nm EGB. 2 nm

£d. 3% dBm -16.23 dBm

1 1

START GRA.A nm STOP 893.8 nm START GRA.A nm STOP 893.8 nm
FB 3 nm VE £ kHz 5 5T 298 msec FB 3 nm VE 488 kHz 5T 118 msec
274 order: sub-multiple shown. 15¢ order: sub-multiple not shown.
1-25

www.valuetronics.com



Displaying Signals (Part 1

Understanding Multiple-Order Responses

To test for sub-multiples

5.

1. Ensure that the stop wavelength is set to 900 nm or less.
2. Ensure that the resolution bandwidth is not 10 nm.

3.
4

Press the left-side State softkey.

- Press MORE 1 of 4 and then MORE 2 of 4.

Press ORDER AutoMan so that Man is underlined.

The optical spectrum analyzer changes from using the 2™ order
diffraction grating mode to the 1%* order.

. If the image disappears, it is a sub-multiple image.
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Understanding Multiple-Order Responses
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Aligning the Optical Spectrum Analyzer

Alignment is easy to The automatic alignment adjusts the mechanical position of the optical

perform spectrum analyzer’s internal optical components. This ensures the amplitude
accuracy of your measurements. An (AUTO ALIGN) takes approximately 20
seconds to complete and should be performed whenever the optical spectrum
analyzer has been:

e Moved.
e Subjected to large environmental temperature changes.
e Warmed up at the start of each day.

The alignment requires a light source be displayed within the 600 to 1700
nm input range. Alignment is accomplished with the press of a single key.
If needed, the compensation determined by the alignment can be removed
as described in this section. (An instrument preset will not remove the
alignment.)

Normally, the alignment occurs on the largest input signal located within the
600 to 1700 nm input range. However, if a marker is displayed, the alignment
occurs at the wavelength indicated by the marker.

Extended alignments at An extended alignment is available using either the Option 002 built-in

multiple wavelengths  white-light source or an external white-light source. If the Option 002
white-light source is used, 17 equally spaced alignments are performed
between 900 nm and 1700 nm. If an external white-light source is used,
several equally-spaced alignments are performed with the alignments
separated by no more than 50 nm.
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Displaying Signals (Part 1
Aligning the Optical Spectrum Analyzer

To align at largest input signal

1. Display a light-source response on the optical spectrum analyzer.

2. Perform one of the following steps:

e Press (AUTO ALIGN).

* Press the left-side Amptd softkey and then AUTO ALIGHN .

® Press the left-side Misc softkey followed by MORE 1 of 3 service
extnded align 6 and then MANUAL ALIGN .

To align at the marker

1. Display a light-source response on the optical spectrum analyzer.

2. If no markers are displayed (or if delta markers are displayed), press
(NORMAL ON/OFF).

3. Use the front-panel knob to place the marker on the signal that you want
the alignment to use.

4. Press (AUTO ALIGN).
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Aligning the Optical Spectrum Analyzer

To align with Option 002 internal light source

This procedure requires that your optical spectrum analyzer is equipped with
the Option 002 built-in white light source. Once started, the alignment takes
about 2 to 3 minutes to complete.

1. Use a fiber-optic cable to connect the optical spectrum analyzer’s LIGHT
SOURCE 0UTPUT and MONOCHROMATOR INPUT connectors.

On HP 71450B/2B optical spectrum analyzers, the MONOCHROMATOR
INPUT connector will be labeled OPTICAL INPUT.

2. Press the left-side Misc softkey.
3. Press MORE 1 of 3, service, and then extnded align .

4. Press W LIGHT ALIGN .

To align with an external light source

This procedure requires that you connect an external white-light source
to the optical spectrum analyzer. Once started, the alignment takes about
2 to 3 minutes to complete. The light source must have the following

characteristics:
Start wavelength ........ ... .. > 600 nm
Stop wavelength ... .. < 1700 nm
SN e >10 nm

1. Use a fiber-optic cable to connect the external white-light source to the
optical spectrum analyzer’s MONOCHROMATOR INPUT connector.

On HP 71450B/2B optical spectrum analyzers, the MONOCHROMATOR
INPUT connector will be labeled OPTICAL INPUT.

2. Press the left-side Misc softkey.

3. Press MORE 1 of 3, service, and then extnded align .
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Aligning the Optical Spectrum Analyzer

4. Press AUTOPTS ALIGN .

To remove alignment offsets

L. Press the left-side Misc softkey.
2. Press MORE 1 of 3, service, and then extnded align.

3. Press ALIGN PRESET .
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Verify factory
calibration once every
two years

Perform user
calibration to improve
accuracy

Calibrating the Optical Spectrum Analyzer

Calibrating the optical spectrum analyzer ensures maximum wavelength and
amplitude accuracy for your measurements.

Your optical spectrum analyzer has been calibrated at the factory across its
full wavelength range. You should verify this calibration once every two years
using the automated procedures located in the optical spectrum analyzer’s
Installation and Verification manual. These factory calibration factors are
stored in non-erasable memory and are always applied to the measured data.

The calibration described in this section can improve wavelength and
amplitude accuracy as specified in the Reference manual’s “Specifications
and Characteristics” chapter. User calibrations require a stable (amplitude
and wavelength) single-frequency laser within the 600 to 1700 nm range.
Wavelength and power calibrations are performed separately. You can access
the Calibration menu from both the Waveln and Amptd menus.

(F?E] B.E9 dE
. L WRUELEN
Havaln[SENS -Y3 dBm OFFSET
pIE.EB dB/OTY |

WL STEF
Fnptd AutoMan

WL LIN
Marker an 0f
EW, Sup
Traces cal

menu

\ Pre.-ss to enter

State calibration menu

i CENTER 1535.73 nn SPAN 20.89 nm MORE
15 BB @.2 nm WB 188 kH: 5T 9@ msec 2 of 7
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Calibrating the Optical Spectrum Analyzer

. __________________________________________________________________________________________________|
Locating the calibration signal
During a calibration, the optical spectrum analyzer defaults expect a signal within the following limits:

Power ... —5 dBm £5 dB
Wavelength .. ... ... .. 1300 &2 nm

If your signal is nat within these limits, use POWER FEOR CAL to enter the power and

WAVELEN FOR CAL to enter the wavelength. If you calibrate only power, the approximate
wavelength of the source must also be entered. If you calibrate only wavelength, the approximate
power of the source must also be entered. Of course, if you are calibrating both wavelength and
power, you will enter exact values. You can use markers to obtain the approximate wavelength and
power values.

Menu for entering
laser’'s wavelength

B and power
l,ﬂ
EL -E.E9 dEm cal
Haveln[SENS -4Y3 dBm satuy
1880 dB/01Y } P Start power
CAL calibration
finptd POWER
Turn off
Hark PUR CAL—_ cal data
arker On 0FF
CAL Start wavelength
BN, Sup WRVELEN calibration
start wavel
1 CAL WUL
races AT FIT
NL CAL ___—— Turn off
ftate Un OFF cal data.
Hi CEWTER 1535.73 nm SPAN 2B.BE nm prew
'S¢ BB A.2 mm UE 188 kHz 5T 58 msec penu

basic21

The Calibration menu
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The optical spectrum analyzer’s maximum calibration adjustment is about 2
nm in wavelength. If a larger adjustment is attempted, error 2023,
- is displayed. To ensure the success of a wavelength cahbratlon
the entered power-calibration value must be close to the calibration signal’s
power level. This is true even though you may not perform a power
calibration.

At any time, you can prevent the use of either wavelength or power
calibration data. You can also reenter or erase the calibration from memory.

Because the optical spectrum analyzer is slightly polarization sensitive, power
calibrations should be performed by persons knowledgeable on the effects of
polarization on optical power measurements. During a power calibration,

the light source’s output power is first measured with a power meter. Then,
the fiber-optic cable is disconnected from the power meter and connected to
the optical spectrum analyzer. Because moving fiber-optic cables changes
polarization, the output power may vary.
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Calibrating the Optical Spectrum Analyzer

To calibrate wavelength

1. Measure the wavelength of a precision single-mode laser between 600 to
1700 nm using a wavelength meter. Enter the wavelength in the space
provided below.

wavelength: . nm

Factory calibration is at STP

The optical spectrum analyzer is calibrated at the factory to read wavelength in air at standard
temperature and pressure. Measure the wavelength of the source in &/ to be consistent with factory
calibration. Enter the wavelength in vacuum if you wish to have the optical spectrum analyzer read
wavelength corrected to a vacuum environment.

2. Connect the laser to the optical spectrum analyzer’s front-panel input
connector.

3. Press to perform an automatic measurement of the signal.
4. Press to align the optical spectrum analyzer.
5. Press the left-side Waveln softkey.

6. Press MORE 1 of 2, cal menu, and then cal setup.

7. Press WAVELEN FOR CAL .

8. Use the numeric keypad to enter the wavelength value recorded in
step 1.

9. Press POWER FOR CAL .

10. A marker should be positioned on the peak of the laser’s response. Read
the marker amplitude value shown at the top of the display, and use the
numeric keypad to enter this value.
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11. Press prev menu and then CAL WAVELEN to start the calibration
routine.

The calibration routine takes several seconds to complete.
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Calibrating the Optical Spectrum Analyzer

To calibrate power and wavelength

This procedure calibrates both power and wavelength. You can also use it
to calibrate only the power. In this case, simply enter the wavelength of
the source as measured with the optical spectrum analyzer in step 1 of this
procedure.

The optical spectrum analyzer stores separate user power-calibration offsets
for the power-meter instrument mode and other instrument modes. User
power-calibrations that are performed in the optical spectrum analyzer mode
do not affect amplitude readings in power-meter instrument mode. To apply
user-calibration corrections in power-meter instrument mode, calibrate the
power (CAL POWER ) in the power-meter instrument mode. If you calibrate
the power in power-meter instrument mode, some of the following steps may
not apply.

Ensuring amplitude accuracy

During this procedure, avoid maving the fiber-optic cables whenever possible. Moving fiber-optic cables
changes the polarization of the light which affects power measurements.

1. Measure the wavelength of a precision single-mode laser between 600
and 1700 nm:

e Use a wavelength meter if you're calibrating both power and
wavelength.

e Use the optical spectrum analyzer if you're calibrating the power and
not wavelength.

wavelength: . nm
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Factory calibration is at STP

The optical spectrum analyzer is calibrated at the factory to read wavelength in air at standard
temperature and pressure. Measure the wavelength of the source in air to be consistent with factory
calibration. Enter the wavelength in vacuum if you wish to have the optical spectrum analyzer read
wavelength corrected to a vacuum environment.

2. Connect the laser to a polarization controller. Connect the output of the
polarization controller to a power meter.

3. Adjust the polarization controller to achieve the maximum power reading
on the power meter. Record the power level on the following line:

maximum power: dBm

4. Adjust the polarization controller to achieve a minimum power reading on
the power meter. Record the power level on the following line:

minimum power: dBm
If there is a significant change between the maximum and minimum
values recorded above, check that the polarization state controller is
appropriate for the source wavelength.

5. Calculate the average of the two power readings recorded in steps 3 and
4 using the following equation. Record the result below:

MINIMuUM power + maximum power

2

average power =

average pOwer: dBm

6. Disconnect the fiber-optic cable from the power meter, and connect the
cable to the optical spectrum analyzer’s input connector.

7. Press to display the laser’s response.
8. Press (AUTO ALIGN) to align the optical spectrum analyzer.
9. Press (RES BW), and enter a 0.5 nm bandwidth.

10. Press and then (TO CENTER).

11. Press (SPAN), and enter a wavelength span of 1 nm.
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12.
13.
14.

15.

16.
17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

Displaying Signals (Part 1
Calibrating the Optical Spectrum Analyzer

Press (PEAK SEARCH) and then (TO CENTER).
Press (SPAN), and enter a wavelength span of 0 nm.

Press the left-side Amptd softkey.
Press LOG dB/DIV , (1), and dB to select a 1 dB logarithmic amplitude
scale.

Press the left-side BW,Swp softkey.

Press SWPTIME AutoMan , (1), (0), and then s .

Adjust the polarization controller to “peak” the trace displayed on the
optical spectrum analyzer.

This sets the polarization for a maximum power reading.
Press (PEAK SEARCH), and record the power level indicated by the marker:
maximum power: dBm

Press (a).

Adjust the polarization controller to “dip” the trace displayed on the
optical spectrum analyzer to a minimum power value.

Record the marker-delta power level on the following line:
A power: dBm

Use the values recorded in steps 19 and 22 to calculate the average
displayed power as shown in the following equation. Record the result
below:

A power

AVErage power = Marimum power — b
average power:

Press the left-side Amptd softkey.

Press MORE 1 of 4 MORE 2 of 4  and then AMETER On Bff so that
On is underlined.

Adjust the polarization controller to achieve a displayed Amplitude Meter
power level equal to the power level recorded in step 23.

www.valuetronics.com
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Ensuring amplitude accuracy

It is very important not to move the fiber-optic cables during the remaining steps of this procedure.

2'7. Press the left-side Waveln softkey. Then, press MORE 1 of 2
cal menu, cal setup, and then POWER FOR CAL .

28. Use the numeric keypad to enter the power level recorded in step 5.
29. Press WAVELEN FOR CAL . Enter the wavelength recorded in step 1.
30. Select one or both of the following steps to complete the calibration:

® [f you're calibrating the wavelength, press prev menu and then
CAL WAVELEN .

® If you're calibrating the power, press prev menu and then
CAL POWER .

To turn off user-calibration
1. Press the left-side Amptd softkey.
2. Press MORE 1 of 2 and then cal menu.

3. Press PWR CAL On Off so that 0ff is underlined to prevent the use of
the power calibration.

4. Press WL CAL Bn Off so that Bff is underlined to prevent the use of
the wavelength calibration.

The _annotation is removed from the screen indicating that the
user-calibrations are disabled. The factory-installed calibrations are still used.
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To erase user-calibration

1. Press the left-side Amptd softkey.
2. Press MORE 1 of 2, cal menu, and then cal setup.

3. Press USERCAL PRESET .
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Cleaning Connections for Accurate
Measurements

Accurate and repeatable measurements require clean connections. Use the
following guidelines to achieve the best possible performance when making
measurements on a fiber-optic system:

e Keep connectors covered when not in use.

e Use dry connections whenever possible.

e Use the cleaning methods described in this section.
e Use care in handling all fiber-optic connectors.

¢ When inserting a fiber-optic connector into a front-panel adapter, make
sure that the fiber end does not touch the outside of the mating connector
or adapter.

Because of the small size of cores used in optical fibers, care must be used to
ensure good connections. Poor connections result from core misalignment, air
gaps, damaged fiber ends, contamination, and improper use and removal of
index-matching compounds.

Use dry connections. Dry connectors are easier to clean and to keep clean.
Dry connections can be used with physically contacting connectors (for
example, Diamond HMS-10/HP, FC/PC, DIN, and ST). If a dry connection
has 40 dB return loss or better, making a wet connection will probably not
improve (and can degrade) performance.

Hewlett-Packard strongly recommends that index matching compounds NOT
be applied to their instruments and accessories. Some compounds, such as
gels, may be difficult to remove and can contain damaging particulates. If
you think the use of such compounds is necessary, refer to the compound
manufacturer for information on application and cleaning procedures.

CAUTION

Cleaning Accessories

Item HP Part Number
Isopropy! alcohol 8500-5344
Cotton swabs §520-0023
Small foam swabs 9300-1223
Compressed dust remover [non-residue}| 8500-5262
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Dust Caps Provided with Lightwave Instruments

Item HP Part Number
Laser shutter cap | 08145-64521
FC/PC dust cap 08154-44102
Biconic dust cap 08154-44105

DIN dust cap 5040-9364
HMS1O/HP dust cap | 5040-9361
ST dust cap 5040-9366

Inspecting Fiber-Optic  Consistent measurements with your lightwave equipment are a good

Cables indication that you have good connections. However, you may wish to know
the insertion loss and/or return loss of your lightwave cables or accessories. If
you test your cables and accessories for insertion loss and return loss upon
receipt, and retain the measured data for comparison, you will be able to tell
in the future if any degradation has occurred.

Connector (or insertion) loss is one important performance characteristic of a
lightwave connector. Typical values are less than 1 dB of loss, and sometimes
as little as 0.1 dB of loss with high performance connectors. Return loss

is another important factor. It is a measure of reflection: the less reflection
the better (the larger the return loss, the smaller the reflection). The best
physically contacting connectors have return losses better than 50 dB,
although 30 to 40 dB is more common.

You can visually inspect your cahles

Although it is not necessary, visual inspection of fiber ends can be helpful. Contamination or
imperfections on the cable end face can be detected as well as cracks or chips in the fiber itself. Use
a microscope (100X to 200X magnification) to inspect the entire end face for contamination, raised
metal, or dents in the metal as well as any other imperfections. Inspect the fiber for cracks and chips.
Visible imperfections not touching the fiber core may not affect performance (unless the imperfections
keep the fibers from contacting).

1-43

www.valuetronics.com



Displaying Signals (Part 1
Cleaning Connections for Accurate Measurements

To clean a non-lensed connector

Do not use any type of foam swab to clean optical fiber ends. Foam swabs

CAUTION can leave filmy deposits on fiber ends that can degrade performance.

1. Apply isopropyl alcohol to a clean lint-free cotton swab or lens paper.

Cotton swabs can be used as long as no cotton fibers remain on the fiber
end after cleaning.

2. Before cleaning the fiber end, clean the ferrules and other parts of the
connector.

3. Apply isopropyl alcohol to a new clean lint-free cotton swab or lens paper.

4. Clean the fiber end with the swab or lens paper. Move the swab or lens
paper back and forth across the fiber end several times.

Some amount of wiping or mild scrubbing of the fiber end can help
remove particles when application of alcohol alone will not remove
them. This technique can remove or displace particles smaller than one
micron.

5. Immediately dry the fiber end with a clean, dry, lint-free cotton swab or
lens paper.

6. Blow across the connector end face from a distance of 6 to 8 inches using
filtered, dry, compressed air. Aim the compressed gas at a shallow angle to
the fiber end face.

Nitrogen gas or compressed dust remover can also be used.

Do not shake, tip, or invert compressed air canisters, because this releases
particles in the can into the air. Refer to instructions provided on the
compressed air canister.

CAUTION

7. As soon as the connector is dry, connect or cover it for later use.
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To clean an adapter

1. Apply isopropyl alcohol to a clean foam swab.

Cotton swabs can be used as long as no cotton fibers remain after
cleaning. The foam swabs listed in this section’s introduction are small
enough to fit into adapters.

Although foam swabs can leave filmy deposits, these deposits are very
thin, and the risk of other contamination buildup on the inside of
adapters greatly outweighs the risk of contamination by foam swabs.

2. Clean the adapter with the foam swab.
3. Dry the inside of the adapter with a clean, dry, foam swab.
4. Blow through the adapter using filtered, dry, compressed air.

Nitrogen gas or compressed dust remover can also be used.

Do not shake, tip, or invert compressed air canisters, because this releases
particles in the can into the air. Refer to instructions provided on the
compressed air canister.

CAUTION

To test insertion loss

Use an appropriate lightwave source and a compatible lightwave receiver to
test insertion loss. Examples of test equipment configurations include the
following equipment:

e HP 71450A or HP 71451A optical spectrum analyzers with Option 002
built-in white light source.

e HP 8702 or HP 8703 lightwave component analyzer system
e HP 83420 lightwave test set with an HP 8510 network analyzer

e HP 8153 lightwave multimeter with a source and power sensor module
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To test return loss

Use an appropriate lightwave source, alightwave receiver, and lightwave
coupler to test return loss. Examples of test equipment configurations include
the following equipment:

e HP 8703 lightwave component analyzer

e HP 8702 analyzer with the appropriate source, receiver, and lightwave
coupler

e HP 8504 precision reflectometer

e HP 8153 lightwave multimeter with a source and power sensor module in
conjunction with a lightwave coupler

o HP 81554SM dual source and HP 81534A return loss module
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In this chapter, you'll learn how to control instrument settings manually.
Normally, sweep time and bandwidths are automatically controlled to ensure
a calibrated display. However, manual control allows closer inspection of
input signals.

If an message is displayed after manually changing a setting, the
display has become uncalibrated. Trace data may not meet specifications. For
example, amplitude readouts may not be accurate. Change the setting so

that i. disappears. Each individual setting can be returned to automatic

coupling by pressing its softkey so that Auto is underlined. All settings can
be returned to their coupled mode by pressing (INSTR PRESET).

In addition, this chapter shows how to pulse light sources and save
instrument setups.

Uncalibrated

message
ﬁﬁ?a 19 dB
- m RES BM
Haveln[SENS -3E dBm At ollan
,10.88 dB/01Y N
UNCAL I BM
SWEER TIME
AIPEY | 268 nsec Aut olfan
SUPTIME
Marker Aut ollan
CONT
BN, Sup SHEEP
. SINGLE
races S“EEP
UID AVG
State On OFF
i CENTER 1383.1 mm SPAN 508.9 nm MORE
I8¢ BB 5 nm B 1 kH:  § 5T SPE msec | af 3
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Resolution bandwidth
determines wavelength
resolution

@]
RL -1.74 dEn

Resolving Wavelengths

The ability to display two closely spaced signals, in wavelength, as two
distinct responses is determined by resolution bandwidth. The resolution
bandwidth can be set to one of the following values: 0.08, 0.1, 0.2, 0.5, 1,
2, 5, or 10 nanometers. (The 0.08 nm filter does not guarantee warranted
accuracies and can only be entered using the numeric keypad.)

Normally, the resolution bandwidth is coupled to the span in a preset 0.01:1
ratio. This means that the optical spectrum analyzer attempts to set a
bandwidth value that is 1% of the span setting. (Because bandwidths are
available in discrete steps, the actual bandwidth will be between 1% and 40%
of the span.) You can alter this behavior by one of two methods:

e Manually setting the resolution bandwidth.
e Changing the resolution bandwidth to span ratio.

Manually entering a resolution bandwidth disengages the coupling between
resolution bandwidths and span. This condition is indicated by an asterisk
(*RB) next to the screen annotation.

@]
RL -1.74 dEn

#SENS  -3b dBn
pS.BE dE/DIV

RES EW WAVELEMGTH RES EW WAVELEMGTH

1 nm

#SENS  -3b dBn
pS.BE dE/DIV

B.2 nm

CENTER 13159.B6
*RE 1 nm

nm SPAN 5B.BE nm CENTER 1319.B6 nm SPAN 5B, BE nm
JE £ MHz 5T=58 meec *RE B.2 nm JE £ MHz 5T=58 meec

Wide Resolution Bandwidth Narrower Resolution Bandwidth
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Resolving Wavelengths

The resolution bandwidth filter determines the shape of the displayed
response. If the bandwidth is large, the top of the signal is flat and the signal
wavelength is not easily identified. The following figure shows three modes
of a Fabry-Perot laser. Each mode is displayed using a different resolution
bandwidth. As the bandwidth is decreased, the signal’s wavelength becomes
evident.

0.2 nm
bandwidth

O]
FL 5.88 dBn

SENS -39 don
0.5 nm (.73 4B/D1V d 0.1 nm

bandwidth\ /bandwidth

START 1319.532 nm STOP 1321.738 nn
*RB @.1 nn JE 2 MHz #57=3B sec
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Resolving Wavelengths

To resolve closely spaced signals

L. Press the left-side BW,Swp softkey.

2. Press RES BW AutoMan .

3. Press (¥) to reduce the resolution bandwidth. Or, use the knob or numeric
keypad to enter a reduced resolution bandwidth.

Valid bandwidths are 0.08, 0.1, 0.2, 0.5, 1, 2, 5, and 10 nanometers.
The 0.08 bandwidth can only be entered using the numeric keypad.

To return to autocoupled resolution bandwidths, press the RES BW AutoMan
softkey so that Auto is underlined.

To change the RB/span ratio

L. Press the left-side BW,Swp softkey.

2. Press MORE 1 of 3, MORE 2 of 3, and then RB/SPAN RATIO .

3. Enter a RB/span ratio using the knob, step keys, or numeric keypad.

The default ratio is: 0.01.
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Reducing Displayed Noise

Sensitivity reduces Higher sensitivity settings reduce the displayed noise floor. Although this
displayed noise method often reveals signal that might otherwise be hidden, it also results in
longer sweep times. For more information on changing the sensitivity, refer

to Chapter 1.

@] @]

RL 3.47 dBm RL 3.47 dBm

SENS  -37 dinm +SENS -3 dBn

piﬂ.ﬂﬂ dB/0TY y piﬂ.ﬂﬂ dB/0TY y
SENSITIVNITY SENSITIVNITY

-36.77 dEm -3p.Bd dEm

CENTER 1383.B3 nm SPAN 2B.BE nm
FB @.2 nm JE £ MHz 5T 5@ msec

Low sensitivity hides sidemodes.

CENTER 1383.B3 nm SPAN 2B.BE nm
FB @.2 nm JVE 448 Hz 5 5T=858 msec

Higher sensitivity reveals sidemodes.

2-8

www.valuetronics.com



Displaying Signals (Part 2]
Reducing Displayed Noise

Video bandwidth The video bandwidth determines the level of the displayed noise. Decreasing

reduces displayed noise the video bandwidth reduces the displayed noise. Normally, the video
bandwidth is coupled to the sensitivity. Manually entering a video bandwidth
breaks this coupling. Manual video bandwidths are indicated by an asterisk
(*VB) next to the screen annotation.

The video bandwidth can be manually set from 100 mHz to 3 kHz up to a
maximum value of 400 kHz. In the autocoupled mode, the video bandwidth
has an extremely wide range. This allows the optical spectrum analyzer to
avoid unnecessary filtering that would reduce the sweep speed more than
required. The narrowest video bandwidths are obtained using one of the
following methods:

® Intering a video bandwidth manually with VID BW AutoMan .

Entering a lower sensitivity value.
Reducing the reference level.

Turning autoranging off (using the AUTORNG On Off softkey.

The following figures show how video filtering can be used to reveal side
modes hidden by the noise.

@] @]

RL -3.77 dEn RL -3.77 dEn
SENS 35 dbn SENS -390 den
18.80 dB/D1Y 18.80 dB/D1Y

b { b {

VIDED BANDWIDTH
3 kHz

VIDED BANDWIDTH
18 Hz

CEMTER 1322.28 nm SPAN 3B.BA nm CEMTER 1322.28 nm SPAN 3B.BA nm
FB 8.3 nm #UE 3 kH:z 5 5T 148 msec FB 8.3 nm «UE 18 H:z 5 5T Y2 sec
3 kHz video filtering. 10 Hz filtering.
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Video averaging
reduces displayed noise

Selected
number of
sweeps to
average

Current
sweeps
averaged

Displaying Signals (Part 2]
Reducing Displayed Noise

Video averaging allows you to view signals that are within 6 dB of the
displayed noise floor. This eliminates the need to increase sensitivity at the
expense of longer sweep times. Video averaging reduces displayed noise by
averaging the response of multiple trace sweeps. The resulting display shows
the value of the averaged traces.

Video averaging operates on trace A; it does not affect traces B or C. The
optical spectrum analyzer keeps a running average using trace data from
the number of sweeps you specify. The default average uses 100 sweeps.
However, you can change the average from 1 to 10,000 traces. Use the
front-panel keys to change the number of trace sweeps averaged.

Once started, you can restart averaging any time by turning video averaging
off and then on again. Also, any change in the instrument’s state that affects
averaging automatically restarts the video averaging.

Video
3 averaging
vl RL -3.18 dBm
aveln[SENS] -36 |dBn
,18.80 dB/QIy AU—” OFf
¥ Kl
VIDED RVERRGE ﬂﬂﬂ[ Op LIN
i STy M On OFF
TRACE
Marker ﬂ
N f PRESET
(55 WW It w
s Aisdpudacd TRACE
s VMR LENGTH
Traces recall
State Fave
i CENTER 13L17.75 nm SPAN 50,84 nm MORE
I8¢ BB A.5 nm VB 2 MH:z 5T 5@ msec 3 of Y4
Page 3 of Traces Menu
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Displaying Signals (Part 2]
Reducing Displayed Noise

To reduce the displayed noise

e Via sensitivity:
1. Press the left-side Amptd softkey.
2. Press SENS AutoMan and use the knob, numeric keypad, or (¥) key to
reduce the sensitivity.
To return to autocoupled sensitivity, press the ¥ID BW AutoMan
softkey so that Auto is underlined.
e Via video bandwidth:
1. Press the left-side BW,Swp softkey.
2. Press VID BW AutoMan and use the knob, numeric keypad, or (¥) key
to reduce the video bandwidth.

To return to autocoupled video bandwidths, press the
VID BW AutoMan softkey so that Auto is underlined.

e Via video averaging:

L. Press the left-side Traces softkey to enter the Traces menu. Trace A
must be in the clear-write mode.

2. Press MORE 1 of 4 and then MORE 2 of 4.

3. Press the VID AVG On O0ff softkey so that Bn is underlined.

4. Enter the number of sweeps to average the displayed trace. Or, use the
default of 100 trace averages.

5. Press VID AVG On Off to 0ff and then On to restart averaging at
any time.
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Increasing Dynamic Range

Dynamic range determines the ability to view small signals in the presence of
a large signal. Large input signals can reduce dynamic range by producing
stray light inside the optical spectrum analyzer’s internal monochromator.
This stray light raises the displayed noise floor, which reduces the dynamic
range. To compensate for the effect of stray light, the optical spectrum
analyzer uses a special “chop” mode. In chop mode, the optical spectrum
analyzer’s photodetector is “zeroed” before each measurement. (This
effectively measures and subtracts the stray light and noise from each
measured trace point.)

Chop mode also compensates for electronic drift during long sweeps.
Although chop mode is not required for the optical spectrum analyzer to
meet its dynamic range specifications, it can be used to enhance the dynamic
range. Video averaging further enhances the effectiveness of chop mode.

Chop mode is automatically turned on whenever the sweep time is
40 seconds or longer. For many measurements, stray light and electronic drift
will not be a problem. If needed, you can disable chop mode.

[ 5 ]
RC 1.8 dBn MKR $1.HUL 1.B@ nn
FSENS  -67 dbn 57.07 dF
,18.08 dB/0 1Y i

{

HARKER o
1.B8 nm
-67.87 dE
1

\\\\\\NResponse with

50 ms sweep
CENTER 131B.B@ nm SPAW 2B.B@ nm \

FB &.2 nm VE 3 kHz 5T=58 meec

Response with
chop mode
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Displaying Signals (Part 2]
Increasing Dynamic Range

Chop mode is related to trace length

The sweep time at which chop mode turns on depends on the length of the displayed trace. For the
default trace length of 800 points, chop mode turns on for sweep times of 40 seconds or longer. If
the trace length is changed (as described in Chapter 8], the sweep time at which chop mode turns on
changes as indicated by the following equation:

sweep time ~ (5[] ms) (trace length)

To increase dynamic range

L. Press the left-side BW,Swp softkey.

2. Press SWPTIME AutoMan , and use the numeric keypad to enter
40 seconds.

Any sweep time of 40 seconds or more turns on chop mode operation.
This is true unless the CHOP Bn Off softkey is set to off as described
in “To disable chop mode”.

3. Press VID AVG On 0ff so that On is underlined.

Since chop mode enhances the dynamic range by subtracting very small
values of stray light and noise, averaging several sweeps generally leads
to more meaningful display.

2-13
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Displaying Signals (Part 2]
Increasing Dynamic Range

To disable chop mode

L. Press the left-side Amptd softkey.
2. Press MORE 1 of 4.

3. Press CHOP On Off so that 0ff is underlined.

2-14
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Displaying Signals (Part 2]
Increasing Dynamic Range
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Controlling Sweeps

The optical spectrum analyzer provides a wide range of sweep times. The
sweep times range from 50 ms to a maximum value that depends on the
number of trace points used to draw the trace. This relationship is shown in
the following equation:

50 ms < sweep time < (1s) (trace points)

The default number of trace points is 800, so the maximum sweep time

is normally 800 seconds. If you change the number of trace points, the
maximum sweep time becomes longer. Refer to “Changing Trace Length and
Interpolation” in Chapter 8 for information on changing the trace length.

Sweeps can be continuous or single. The optical spectrum analyzer
automatically selects sweep times based on coupling to the following
instrument settings:

Wavelength span.
Resolution bandwidth.
Video bandwidth.
Sensitivity.

Power level at top screen
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Displaying Signals (Part 2]

Controlling Sweeps
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Displaying Signals (Part 2]
Controlling Sweeps

Manual sweep times Manually setting the sweep time turns coupling off. If the sweep time is

disable coupling set too fast, an message appears indicating the display is no longer
calibrated and that trace data may not meet specifications. Increase the
sweep time until . disappears. If the sweep time is set too slow,
measurement times may be excessively long. Sweep times of 40 seconds
or longer use a special “chop” mode. Chop mode provides the following
advantages:

e Increases dynamic range.
e Stabilizes measurements against drift.
e Reduces effects of stray light.

Refer to “Increasing Dynamic Range” in this chapter to learn about chop
mode. Manual sweep times are indicated by an asterisk (*ST) next to the
sweep time screen annotation.

Uncalibrated

message
ﬁﬁ?H 19 dB
. m RES BH
Hawvaln[SENS -5 dBm Aut oMan
piﬂ.ﬂﬂ dB 01y {
UNCHL YI0 BM
SWEER TIME
finpt d SHR msec lut oltan

SHPTINE

Marker Aut ollan

CONT
BN, Sup SHEEP
. SINGLE
races S“EEP
UID AVG
State On OFF
i CENTER 1383.1 mm SPAN 508.9 nm MORE
I8¢ BB 5 nm B 1 kH:  § 5T SPE msec | af 3
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Displaying Signals (Part 2]
Controlling Sweeps

Sweep retrace time can The optical spectrum analyzer compensates for temperature-related current

be reduced drift between each sweep. Although this “zeroing” increases amplitude
accuracy, it increases the time between sweeps. If amplitude accuracy is not
critical for your measurement, you can turn off “zeroing” between sweeps

using the AUTZERO On Off softkey.

The optical spectrum analyzer performs a more complete “zeroing” when
the instrument is first turned on. You can run this more complete routine
anytime by pressing the ZERG softkey.

The sweep can he You can prevent the optical spectrum analyzer from sweeping. Although the
disabled internal monochromator is rugged enough to withstand continuous sweeps, at
times you may want to stop the sweep.

To set continuous or single sweeps

L. Press the BW,Swp softkey.
2. Press one of the following softkeys:

® CONT SWEEP to use continuous sweeping.
® SINGLE SWEEP to sweep the measurement range once.

To repeat another single sweep, press SINGLE SWEEP again.
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Displaying Signals (Part 2]
Controlling Sweeps

To set the sweep time

L. Press the BW,Swp softkey.

2. Use the knob, step keys, or numeric keypad to enter the desired sweep
time.

To reestablish sweep time coupling, press SWPTIME AutoMan so that

Auto is underlined.

Manually setting the sweep time disrupts the coupling used to maintain a
calibrated display. Whenever a sweep time is selected that degrades accuracy,
the uncalibrated warning i. appears on the display.

To stop the sweep

L. Press the left-side BW,Swp softkey.
2. Press MORE 1 of 3 and then MORE 2 of 3.

3. Press SWEEP On Off so that 0ff is underlined.
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Displaying Signals (Part 2]
Controlling Sweeps

To reduce sweep retrace time

Reducing the sweep retrace time also decreases amplitude accuracy.
1. Press the left-side Amptd softkey.

2. Press MORE 1 of 4 and then MORE 2 of 4 .

3. Press AUTZERO On O0ff so that 0ff is underlined.
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Triggering Sweeps

You can select the type of trigger event used to start and synchronize each
sweep. Choices are the following:

e [reerun.

e Video level (zero span only).
e Power line frequency.

e [ixternal trigger source.

When first turned on, the optical spectrum analyzer uses freerun triggering.
Freerun triggering ensures continuous, evenly timed sweeps for a stable
display of the current tuning range.

Video triggering uses  Video triggering applies only to zero span sweeps. If the span is not 0 nm,

the input signal freerun triggering occurs even if video is selected. Video triggering occurs on
the detected and filtered input signal. A sweep occurs when the detected
signal satisfies the following conditions: level, hysteresis, and direction.
Hysteresis and direction allow you to specify triggering on a signal’s rising or
falling edge.

e Level: video signal amplitude that triggers the sweep. Preset value is
—100 dBm.

e Hysteresis: minimum increase or decrease in signal amplitude before
crossing the trigger level. Preset value is 3 dB.

e Direction: whether the hysteresis is increasing (rising edge) or decreasing
(falling edge). Preset direction is rising edge.

For example, if video hysteresis is +5 dB, and the trigger level is —90 dBm,
the analyzer sweeps when the detected signal level changes from less than
—95 dBm to greater than —90 dBm. Positive hysteresis values indicate
triggering on the signal’s rising edge. Negative values indicate triggering on
the falling edge.

Use the ¥VID LIN Bn 8ff softkey to display lines that show the current
trigger level and hysteresis offset.
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Displaying Signals (Part 2]
Triggering Sweeps

Maximum and minimum values

Valid trigger levels range between 4300 dBm. Valid hysteresis levels range between =300 dB.
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Video trigger and hysteresis lines.
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External triggering uses
an external signal

Displaying Signals (Part 2]
Triggering Sweeps

External triggering synchronizes the sweep with a signal connected to the HP
70950A or HP 70951A module’s rear-panel EXT TRIG IN connector. External
triggering requires a TTL-compatible signal with a minimum of OV and a
maximum of +5V.

At times, there may be a delay between the event that you want to measure
and the external trigger signal. If this delay is much larger than the sweep
time, only a portion of the desired data may be seen. To remedy this
situation, use the TRIGGER DELAY softkey to delay the start of the sweep up
to 52 ms after the trigger condition is met. Delay can be entered with 1 ps of

resolution. The screen shows a “r” symbol whenever delay is added to the
trigger.

@ [&)
CURRENT
HSWP IN/OUT () MSIE ADDRESS SWITCHES ACCESSIBLE
iggggg A TTL OC / FROM TOP OF MODULE
TRANS—Z EXT TRIG IN
© IN TTL I
ADC SYNC OUT
®
ANALOG OUT
© HP 709518 ]
O
J ( ) } [ ) } @
(®]

pkb10

Rear panel of optical spectrum analyzer module.
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Displaying Signals (Part 2]
Triggering Sweeps

To use freerun triggering

L. Press the left-side BW,Swp softkey.

2. Press MORE 1 of 3 and then TRIGGER FREE softkey.

To use video triggering

1. Press (SPAN), and set the wavelength span to 0 nm.
2. Press the left-side BW,Swp softkey.

3. Press MORE 1 of 3 and then VIDEO LEVEL , and enter the level
required to trigger the sweep.

4. Press HYS LEVEL , and enter the hysteresis required to trigger the sweep.

Positive values indicate triggering on the signal’s rising edge. Negative
values indicate triggering on the falling edge. For example, if video
hysteresis is +5 dB, and the trigger level is —90 dBm, the analyzer
sweeps when the detected signal level changes from less than —95 dBm
to greater than —90 dBm.

5. Press VIDEQO to start video triggering.

6. If you want to view lines that show the video trigger and hysteresis levels,
press MORE 2 of 3 and then VID LIN On Off .
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Displaying Signals (Part 2]
Triggering Sweeps

To use line triggering

L. Press the left-side BW,Swp softkey.

2. Press MORE 1 of 3 and then LINE.

To use external triggering

1. Connect the external trigger signal to the HP 70950A or HP 70951A
module’s rear-panel EXT TRIG IN connector.

The trigger signal must be TTL-compatible (minimum and maximum
values must be 0V and +5V).

2. Press the left-side BW,Swp softkey.

3. Press MORE 1 of 3 and then EXT.

To delay the sweep

L. Press the left-side BW,Swp softkey.
2. Press MORE 1 of 3 and then MORE 2 of 3.

3. Press TRIGGER DELAY , and enter the amount of delay.

Up to 52 ms of delay can be entered with a 1 Hz resolution.
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Saving Instrument Setups

Measurement states greatly reduce the time required to set up measurements.
Simply configure the optical spectrum analyzer for any measurement

you repeatedly perform, then save the settings as a measurement state.
Whenever this state is recalled, the previous instrument settings are
automatically restored. Measurement states can be protected from accidental
erasure using the P STATE On Off softkey.

The optical spectrum analyzer automatically configures to an instrument

preset state whenever it is turned on. Using the poweron menu softkey, you
can create a custom power-on state.

To save or recall a measurement state

1. Press the left-side State softkey.

- To store a measurement state, press save , and use the front-panel
numeric keypad to enter a number for the file name.

3. To recall a measurement state you have stored, press recall , and use
the front-panel numeric keypad to enter the file name’s number.
If you cannot remember the file’s number, enter the Misc menu’s

catalog & MSI menu to recall the file. Refer to Chapter 13 for
information on using the catalog menu.
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Displaying Signals (Part 2)

To protect measurement state files

1. Press the left-side State softkey.
2. Press MORE 1 of 4.

3. Press the P STATE On Off softkey so that 0n is underlined.

This procedure protects all measurement state files from accidental
front-panel erasure. However, the files can still be erased by some
programming applications.

To select the power-on state

1. Press the left-side State softkey.

2. Press MORE 1 of 4  MORE 2 of 4, and then poweron menu.
3. Press one of the following selections:

® POWERON IP selects the instrument preset condition.

® POWERON LAST restores the last instrument settings before power was
removed.

e POWERON RECALL recalls state-register file 0.
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Displaying Pulsed Light

The optical spectrum analyzer offers pulsed capability which allows you to
make accurate measurements of time varying sources. For example, you could
pulse a laser diode in chip form and accurately measure the spectrum without
overheating the device. Another example is the testing of erbium-doped fiber
amplifiers (EDFAs) where you might want to measure the signal and noise at
different points in time relative to a modulated input signal.

Depending on your light source, you can view pulsed light by using one of the
following techniques:

e Synchronizing the light source to the optical spectrum analyzer.
e Synchronizing the optical spectrum analyzer to the pulsed light.
e Displaying non-synchronized pulsed light.

In addition, the optical spectrum analyzer has an instrument mode that is
optimized for accurately measuring fast pulses. For more information, refer to
“Making Fast Pulse Measurements” in Chapter 5.

3-2
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Displaying Pulsed Light
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Synchronizing the Light Source

Two signals are available at the rear-panel for synchronizing the light source
to the optical spectrum analyzer:

e ADC SYNC OUT signal.
e CURRENT SOURCE signal (Option 001 only).

The ADC SYNC OUT signal uses TTL-compatible levels. Connect this signal to
a light source having a TTL-compatible pulse-input connector. The output
has one pulse for each trace point. The displayed data is synchronized to
the trailing edge of the pulse. This ensures that the light source and optical
spectrum analyzer’s data acquisition system have adequate time to stabilize.
You can adjust this time by setting the pulse width.

Option 001
CURRENT SOURCE ADC SYNC 0OUT

@& &
CURRENT
=) H$WP  IN/OUT MSIB ADDRESS SWITCHES ACCESSIBLE
@ sovsce @ TR Voo T e
TRANS=Z oy EXT TRIG IN
IN TTL
ADC SYNGC OUT
Lk
ANALOG OUT
@ HP 709518 )
e}
} [ ) ] { ) } [ ) }
(e}
° ®m ° @ ° ®

pkb9

Rear panel of optical spectrum analyzer module.
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Displaying Pulsed Light
Synchronizing the Light Source

Optional current source The CURRENT SOURCE signal allows you to supply current directly to the light

powers light source source. The current source is available as Option 001. The current source
supplies up to £200 milliamperes of either continuous or pulsed current.
Current limiting is available to protect sensitive devices. The default limit is
set to 50 mA.

Observe current source load requirements

If the current source does nat correctly pulse the light source, you may be exceeding the current
source’s load handling capability. Refer to “Specifications and Characteristics” in the Aeference manual
for information on load limits.

Ao stopped
4offset: 2,250 ¥
1.000 1 ac
=1.00000 ns 0.00000 5 1, 00000 ns
200 usfdiv
+Hidthi 1) 23.9521us duty cyclet ) 3.726%
Viopi 1) 4,56250 ¥ Ybasel 1) =562, 500nY
{1 f 350.0ww

TTL-compatible ADC SYNC OUT signal viewed on oscilloscope.
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Displaying Pulsed Light
Synchronizing the Light Source

Cables used for pulse measurements

To reduce electrical noise, be sure to ground the cable that connects the rear panel with the light
source. The rear panel's SMB connector is already grounded. Ground the connector at the light-source
end of the cable.

The Hewlett-Packard part number for an SMB {f) to BNC (m] cable is 85680-60093.

You control pulse You control the pulse width and duty cycle of both the ADC SYNC 0UT signal

parameters and the CURRENT SOURCE signal. If you have the Option 001 current source
installed, setting the current source’s pulse parameters also sets the ADC SYNC
0UT parameters.

Ao stopped

. 4offset: 1,125 ¥
1.000 1 ac

=1.00000 ns 0.00000 5 1, 00000 ns

200 usfdiv

+Hidthi 1) 23.9521us duty cyclet ) 3,333

Viopi 1) 2, 46873 ¥ Ybasel 1) -109, 375nY
1 _f 3500w

CURRENT SOURCE signal viewed on oscilloscope.
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Displaying Pulsed Light
Synchronizing the Light Source

For the ADC SYNC 0UT and CURRENT SOURCE output signals to be active, the
optical spectrum analyzer’s wavelength span must be greater than 0 nm.
(When the span is set to 0 nm and the duty cycle is less than 100%, these
outputs are disabled.)

Pulse width determines the time that the light source is turned on. Duty
cycle determines the ratio of “on” and “off” time and is entered as a
percentage:

pulse width

) (100)

The pulse period may increase slightly during measurements to allow the
optical spectrum analyzer to perform various internal tasks. Consider the
following when selecting pulse width and duty cycle values:

duty cycle = ( -
pulse period

e Duty cycle affects the average power dissipated by the light source.
e Pulse width sets the light source “on” time.

e Measurements are performed near the trailing edge of the pulse.

Pulse width/duty cycle Pulse widths can range from 1 us to 6.5 ms. However, not all combinations

combinations are of pulse widths and duty cycles are available. The optical spectrum analyzer
limited limits and adjusts these parameters as needed to maintain the following
conditions:

e Pulse must be off for at least 200 ps.

e Sweep time cannot be longer in seconds than the number of trace
measurement points.

For pulsed measurements, sweep times cannot be longer than 1 second per
trace point. This is 800 seconds for the default value 800 trace points. The
following equation shows how sweep time is approximately related to trace
length, pulse width, and duty cycle:

(pulse width)(100)
duty cycle

sweep time ~ (trace length)

Refer to Chapter 8 if you want to change the number of trace points.
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Displaying Pulsed Light
Synchronizing the Light Source

_indicates narrow pulses

Although the pulse widths can be set as narrow as 1 ps, if the width is too narrow for the aptical
spectrum analyzer's circuitry, the displayed response may not faithfully represent the input light. To
indicate this condition, the 1. message is displayed.

Video bandwidth limits The video bandwidth setting limits the minimum pulse width that can be

pulse widths used while still maintaining an amplitude calibrated display. With ADC sync
operation, the data acquisition is limited to one sample per trace point and
the video bandwidth is the analog bandwidth of the transimpedance amplifier.
This changes as a function of the reference level. The minimum pulse widths
available are shown in the following table.

Video Bandwidth | Minimum Recommended
Pulse Width
700 kHz 1 us
600 kHz 1 us
60 kHz 10 us
20 kHz 30 ps
200 Hz 3 ms
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www.valuetronics.com



Displaying Pulsed Light
Synchronizing the Light Source

To turn on ADC sync (standard instrument)

L. Press the left-side State softkey.

- Press sync out .

3. Press PULSE WIDTH , and use the knob, step keys, or numeric keypad to
enter the desired pulse width.

4. Press DUTY CYCLE Y% , and reduce the duty cycle to turn on pulse mode.

A duty cycle of 100% turns off pulse mode. Reducing the duty cycle
turns on ADC sync output.

5. Connect the TTL-compatible pulse signal at the rear panel ADC SYNC 0UT
connector to the light source’s pulse input connector.
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Displaying Pulsed Light
Synchronizing the Light Source

To turn on ADC sync and pulsed current (Option 001)

L. Press the left-side State softkey.
- Press current source .

3. Press PULSE WIDTH , and use the knob, step keys, or numeric keypad to
enter the desired duty cycle in percent.

A duty cycle of 100% turns off pulse mode. Reducing the duty cycle
turns on the ADC sync output. The current source timing is now linked
to the ADC sync output.

4. Press DUTY CYCLE Y% , and use the knob, step keys, or numeric keypad to
enter the desired pulse width.

5. If you are using a light source that is pulsed with a TTL signal, connect
the light source to the optical spectrum analyzer’s TTL ADC SYNC QUT
connector.

6. If you are using a light source that requires current supplied by the optical
spectrum analyzer, continue with the following steps:

a. Press IGEN LIMIT 6 and enter a positive limit value for the current.

Current limiting protects light sources against damage from large
currents. The default value is £50 mA. This allows the current to be
set between —50 ma and +50 ma. Maximum current is £200 mA.
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Displaying Pulsed Light
Synchronizing the Light Source

[ 65 ]
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b. Press IGEN On Off 5 and enter the value of current to supply the light
source.

Positive and negative values of current can be entered. Positive
current indicates current flowing out of the optical spectrum
analyzer. Negative current indicates the optical spectrum analyzer is
sinking current. Maximum current is £200 mA.

C. Press IGEN On Off so that On is underlined.

This step turns the current source on. To turn the current source off,
press the softkey so that 8ff is underlined.

d. Connect the light source to the optical spectrum analyzer’s rear-panel
CURRENT SOURCE connector. This connector supplies current to the
light source.
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Synchronizing the Light Source
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Synchronizing the Optical Spectrum Analyzer

Measurements of time variant light sources can be made with the optical
spectrum analyzer. The light source must provide a TTL-compatible trigger
signal. Connect this trigger signal to the optical spectrum analyzer’s
rear-panel EXT TRIG IN connector. An edge on the trigger signal causes
the internal analog-to-digital converter (ADC) to measure the signal
synchronously with the trigger signal.
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Several trigger types You can select the position on the trigger signal that triggers the ADC to

are available perform a measurement. Selections include the positive (rising) edge, the
negative (falling) edge, or AC (alternately on rising and falling edges). If you
select AC, the amplitudes measured on opposite edges are subtracted and
the absolute value of the result becomes the trace amplitude value. It is
also possible to delay the ADC triggering from the rising or falling edge by
entering an ADC trigger delay value.
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Displaying Pulsed Light
Synchronizing the Optical Spectrum Analyzer

External trigger When using external triggering (EXT TRIG IN) in non-zero spans, the
frequency interacts frequency of the external trigger signal can affect measurement accuracy. The
with sweeptime optical spectrum analyzer’s sweep time must be greater than

1.5(trace length)

sweep time >
frequency

In some cases, a factor as high as 2.0 may be required instead of 1.5. If the
ADC trigger rate is too low for the current combination of trace length and
sweep time, the error message 2070 Sweep too fast is displayed. This
warning is reported once for every sweep where there was an invalid trace
point.

Avoid oversweeping the When using external triggering (EXT TRIG IN), displayed video bandwidths

video bandwidth are not accurate and must be set not to over sweep the actual video
bandwidth. Use the following equation to estimate the actual video
bandwidth:

(factor)(displayed bw)(external trigger frequency)

video bandwidth = 27,000

where:

JSactor is a function of the external trigger frequency. factor is always
less than 1.0 and may be as low as 0.5.

To obtain the proper sweep time, estimate the actual video bandwidth

(as described above), and then set the optical spectrum analyzer’s video
bandwidth to that setting. Then, observe the coupled sweep time, and set the
sweep time to the value for the original setting.

To synchronize the optical spectrum analyzer

1. Confirm that the light source provides a TTL-compatible trigger signal.

2. Connect this trigger signal to the optical spectrum analyzer’s rear-panel
EXT TRIG IN connector.

3. Press the left-side BW Swp softkey.

3-14

www.valuetronics.com



Displaying Pulsed Light
Synchronizing the Optical Spectrum Analyzer

4. Press the MORE 1 of 3, MORE 2 of 3, and then adc trigger
softkeys.

5. Select the trigger type: ADCTRIG POSEDGE , ADCTRIG NEGEDGE , or
ADCTRIG AC .

To select the trigger type

L. Press the left-side BW Swp softkey.

2. Press the MORE 1 of 3, MORE 2 of 3, and then adc trigger
softkeys.

3. Press one of the following softkeys:

® ADCTRIG FREE selects internal triggering. External triggering is
ignored. The ADC is triggered during sweeps by the optical spectrum
analyzer’s internal clock.

® ADCTRIG POSEDGE triggers measurements on the rising edge of the
external trigger signal.

® ADCTRIG NEGEDGE triggers measurements on the falling edge of the
external trigger signal.

® ADCTRIG AC alternately triggers measurements on the rising and
falling edges of the external trigger signal. The amplitudes measured
on opposite edges are subtracted and the absolute value of the result
becomes the trace amplitude value.

e ADCTRIG DELAY allows you to set the delay of the measurements from
the selected edge of the trigger signal.

3-15

www.valuetronics.com



Using the Gated Sweep Feature

In the previous two sections, you learned how to synchronize the optical
spectrum analyzer and a pulsed-light source. This section describes how

to display pulsed light that is not synchronized with the optical spectrum
analyzer’s sweep.

Gated sweeps indicate  If a measurement for a trace point occurs when the light source is off, the

validity of displayed data measured will be invalid. Using gated sweeps makes it easy to determine

data which trace points contain valid data. When the GATESWP 0On 0ff function
is on, invalid trace points are displayed at the bottom of the screen. (The
trace data value is loaded with a minimum value.) Connect a TTL-compatible
gating signal from the light source to the rear-panel EXT TRIG IN connector.
When the signal is high, measurement data for a trace point is displayed.
When the TTL signal is low, the trace point is loaded with a minimum value
that results in the trace point being displayed at the bottom of the screen.

Pulse width and timing Gating the sweep does not prevent or change the timing of measurements
are important during a sweep. The number of measurements taken for a sweep is equal
to the number of trace points (trace length). The default trace length
is 800 points. (You can change the trace length in the Traces menu.)
Use the following equation to determine the approximate time between
measurements:

. sweep time
time between measurements 8 ————————
trace length

You should allow for at least one pulse for every trace measurement. Because
the timing between measurements varies slightly, having two or more pulses
reduces the chance that a measurement will occur when the gating signal is
TTL low. Each light pulse must be on for at least 2 us to ensure enough time
to complete the measurement.

If your particular measurement setup results in trace points being displayed
at the bottom of the screen, do the following to obtain a complete trace of
data. Select maximum holding for the trace, and let the optical spectrum
analyzer sweep several times.
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Displaying Pulsed Light
Using the Gated Sweep Feature

To use the gated sweep feature

1. Connect a TTL gating signal from the light source to the optical spectrum
analyzer’s rear-panel EXT TRIG IN connector.

This signal must be TTL “high” when the light pulse is on and TTL
“low” when the light pulse is off.

2. It may be useful to control the light source so that it is on only when the
optical spectrum analyzer is sweeping. Use the optical spectrum analyzer’s
rear-panel HSWP IN/0OUT signal for this purpose.

3. Set the optical spectrum analyzer’'s sweep time so that one or more light
pulses occur during each trace-point measurement.

4. Set the light source’s pulses so that each pulse is on for at least 2 ps.
5. Press the left-side BW,Swp softkey.

6. Press MORE 1 of 3, MORE 1 of 3 and then GATESWP On Off .
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Measuring Signals

Your optical spectrum analyzer comes with three advanced-measurement
programs. These programs provide one-button solutions for characterizing
distributed-feedback (DIB) lasers, Fabry-Perot (FP) lasers, and light-emitting
diodes (LEDs). To start one of the programs, press (USER), then select

the appropriate softkey: DFB , FP , or LED . If these programs are
accidentally erased from memory, you will need to reinstall them. Backup
copies are provided on both memory card and diskette and are shipped
with the optical spectrum analyzer. If needed, the version number of an
advanced-measurement program can be obtained by pressing VERSION
softkey provided in each program.

Amplitude accuracy

In order to ensure the best absolute amplitude accuracy of the advanced-measurement programs, the
following must be observed:

e Use a um input fiber-aptic cable.
e Set the resolution bandwidth > 0.2 nm.

. ____________________________________________________________________________________________________________________|
Battery Power

Automatic measurement programs are stored in battery powered memory. If the internal battery loses
power, the programs are erased from memary. With normal use, the internal battery lasts for several
years. To replace the internal battery, return the optical spectrum analyzer to a Hewlett Packard
service center.
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Characterizing DFB Lasers

The DFB Advanced-Measurement Program performs a series of automatic
measurements on distributed-feedback lasers. All measurement results are
displayed at the top of the screen.

DFB lasers are sensitive to reflections

To ensure accurate measurements, place an optical isolator or attenuator between the laser and the
optical spectrum analyzer.

Measurement

results
L ]
OFE Laser Test / SINGLE
VERSION| peak waveln= 1314.3@ nm  SHSR = 48.58 dBelayppp
nade of fsat= B.B2 nm peak amp = 2.1B dBm
stop band = 1.84 nm bandwidth =  B.C@E nm
CALC cnir offset=  -B.15 nn (at  -21.@5 dB)[EONT
On DFF EL 3.11 dBEm HER #1 WUL 1314.3B6 nm SHEEP
#5ENS  -B% dEn 2.3F dEn
STP BND\pyg.ap dB/DIY 4
On OFF CENTER
Harker Eandwidth
SHER #.2P6 nm
0n 0iF SPAN
HKR BH
OFTINIZ On OFF
HELP PEAK
On DFf EXCURSH
YT CENTER 131%.39% nm SPAN 5.6PE nm
RE @.1 nm VB 1 kHz 5 5T=08 meec

Typical measurement results
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Measuring Signals
Characterizing DFB Lasers

DFB Measurements bandwidth Displayed bandwidth of the main spectral component of the
DFB laser. Due to the narrow line width of most DFB lasers,
the result of this measurement for an unmodulated laser is
the chosen resolution bandwidth of the optical spectrum
analyzer.

cntr offset Indicates how well the main mode is centered in the stop
band. This value equals the wavelength of the main spectral
component minus the mean of the upper and lower stop
band component wavelengths.

mode offset The wavelength separation (in nanometers) between the
main spectral component and the next highest mode.

peak amp The power level of the laser’s main spectral component.
peak waveln The wavelength of the main spectral component of the laser.

SMSR SMSR (side mode suppression ratio) is the amplitude
difference between the main spectral component and the
largest side mode.

stop band The wavelength spacing between the upper and lower side
modes adjacent to the main mode.

Reduce the bandwidth Due to the narrow line width of most DFB lasers, the bandwidth

to measure chirp measurement for an unmodulated laser is the chosen resolution bandwidth
of the optical spectrum analyzer. With modulation applied, lasers will chirp
causing a spectral broadening. The resultant displayed waveform is the
convolution of the optical spectrum analyzer’s resolution bandwidth and
the modulated laser’s spectrum. When measuring the extent of chirp on a
modulated laser, choose the narrowest resolution bandwidth available. (This
is approximately 0.08 nm and can only be obtained by entering the value
using the numeric keys.)
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Measuring Signals

Characterizing DFB Lasers

Optimize the display for If you change any amplitude or wavelength settings while in the DFB

accuracy Advanced-Measurement Program, be sure to press the OPTIMIZ softkey. This
automatically optimizes the sensitivity setting to ensure that side modes are
properly located and displayed. (The program automatically performs this
optimization routine each time the program is started.)

You can display the stop The stop band is the wavelength spacing between the side modes that are
band adjacent to the main mode. As seen in the following figure, vertical lines can
be displayed showing the actual trace data points used to calculate the stop

band and center offset measurements. Press STP. BND On 0ff to view the

stop band.

YERSION

CALC
On DFf

STP BHD
Un OFF

SHER
On 0FF

OFTINIZ

HELF
On Dif

EXIT

CEWTER 131%.39% n SPAN 5.@R@ nm
RE @.1 nm VB 1N\Hz 5 5T=08 meec

Stop band

1|
DFE Laser Test
peak waveln= 1314%.38 nn SHSR = 48.33 dBc
nade of fsat= B.B3 nm peak amp = 2.25 dBm
stop band = 1.53 nm bandwidth =  B.C@E nm
cntr offset= -B.1Y4 nm fat -21.31 dB)
RL 3.11 dBm MKR #1 WUL 1314.3B6 nm
*SENS  -BT dbm 2.9¢ dEn
#18.80 dB/OIV {
Harker Bandwidth
A.206 nm

SINGLE
SHEEP

—
=
=
=

(2]
=
m
[mal
=]

CENTER

SPAN

HKR BM
n OFf

PEAK
EXCURSH
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SMSR trace shows
side-mode used

Measuring Signals

Characterizing DFB Lasers

Side mode suppression ratio (SMSR) is the amplitude difference between the
main mode and the largest side mode. As shown in the following figure,

vertical lines can be displayed showing the actual trace data points used by
the SMSR measurement. Press SMSR 0On Dff to view the trace points used
for the measurement.

YERSION

CALC
On DFf

S5TP BHO
On DI

SHSR
On DFF

OFTINIZ

HELF
On Dif

EXIT

1|
DFE Laser Test
peak waveln= 1314%.38 nn SHSR = 48.33 dBc
nade of fsat= B.B3 nm peak amp = 2.27 dBm
stop band = 1.56 nm bandwidth =  B.C@E nm
cntr offset= -B.15 nm fat -21.3B dB)
RL 3.11 dBm MKR #1 WJL 1314.3B6 nm
*SENS  -BT dbm 2. 9% dEn

P18 8B dB/DIV

{

Harker Eandwidth
#.2P6 nm

CEWTER 1314%.39
RE @.1 nm

mim
VB 1 kHz

Side mode

used for

SMSR

SPAN 5.@R@ nm
5T=08 meec

SINGLE
SHEEP

—
=
=
=

(2]
=
m
[mal
=]

CENTER

SPAN

HKR BM
n OFf

PEAK
EXCURSH
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Measuring Signals

Characterizing DFB Lasers

Bandwidth
measurement may
require a reduced span

One of the measurements is the bandwidth at the markers. By default, the
bandwidth markers are placed 20 dB below the peak wavelength. (You can

change this bandwidth position using the MKR BW On Off softkey.)

The accuracy of the bandwidth marker placement is affected by the following
instrument settings:

e Wavelength span

e Bandwidth
e Trace length

If the wavelength span is too wide (or the bandwidth is too narrow), there
may not be enough trace points to position the markers accurately. The
following figures illustrate this point. In each case, the bandwidth markers
are set to —20 dB. In the figure on the left, the span is 20 nm, and the
measured bandwidth (displayed at the top of the screen) is 0.350 nm at
—24.93 dB. In the figure on the right, the span is 3 nm, and the bandwidth
markers are at —20.45 dB. This is much closer to our entered value of

—20 dB. Notice how reducing the span increases the accuracy of the
bandwidth marker placement. Increasing the trace length also increases

marker placement accuracy.

15 15
OFB Laser Test OFB Laser Test
peak waveln= 1314.24 nm SMER = 46.189 dBe peak waveln= 1314.38 nm SMER = 44.189 dBe
mode of fset= B.BA nm peak amp = 31.25 dBm mode of fset= B.BI nm peak amp = 2.31 dBn
stop band = 1.93 nm bandwidth = B.33B nm stop band = 1.93 nm bandwidth = B.2AE nm
cntr offset=  -B.17 nm fat  -24.93 dB) cntr offset= -B.14 nm {at  -c@.43 dB)
RL 3.11 dBm MER #1 WUL 1314%.27 nm EL 3.11 dEm HKR #1 WYL 1314.3B4 nnm
«SENS -BT dBEm 1.2E dEn «SENS -BT dBEm Z.9E dEn

b1d.88 dB/OTY

SPAN (WAVELEWGTH)
cd.@8 nm

Harker Eandwidth
#.35 nm

CEWTER 131%.39 nm

SPAN 2B, BE nm

{

b1d.88 dB/OTY

SPAN (WAVELEWGTH)
3. BAR nm

{

Harker Eandwidth
A.2B6 nm

CEWTER 1314 33% nm
RE @.1 nm YE BAB Hz §

3 nm sp

SPAN 3.@PE nm
5T=58 meec

FB @.2 nm VE £ kHz 5T=118 msec
20 nm span.
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Measuring Signals
Characterizing DFB Lasers

Peak excursion The peak excursion value (in dB) determines which side modes are included

determines side modes in the measurements. To be accepted, each trace peak must rise, and then
fall, by at least the peak excursion value about a given spectral component.
The default value is 3 dB. Setting the value too high may result in not
identifying a side mode. Setting the value too low may cause unwanted
responses, including noise spikes, to be identified. Use the STP BND On 0ff
softkey to display a trace showing which side modes are used in the
measurements. Use PEAK EXCURSN to change the peak excursion value.

To characterize a DFB laser

1. Press to locate and display the laser’s response automatically.

2. Press and then DFB to measure the distributed feedback laser’s
characteristics.

3. If you want to stop the updating of measurement data with each sweep,
press CALC On Bff so that 0ff is underlined.

4. Pressing HELP On Off displays short definitions of important softkeys.
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Measuring Signals
Characterizing DFB Lasers

To show the SMSR modes

1. Press SMSR On Bff so that On is underlined.
2. If the side modes are not properly identified, perform the following:
a. Press OPTIMIZ if sensitivity needs to be adjusted.
This performs an automatic adjustment of the sensitivity.

b. If the correct side modes are still not identified, press PEAK EXCURSN |
and change the peak excursion value.

If the side modes have less than a 3 dB amplitude drop on either
side, they will not be identified as a peak.

Trace data is overwritten

When SMSR 0On Off s pressed so that On is underlined, any data in trace C is overwritten.
This is because trace C is used as the SMSR trace.

4-10

www.valuetronics.com



Measuring Signals
Characterizing DFB Lasers

To show the stop-band

1. Press STP BND On 0ff so that On is underlined.
2. If the side modes are not properly identified, perform the following:
a. Press OPTIMIZ if sensitivity needs to be adjusted.
This performs an automatic adjustment of the sensitivity.

b. If the correct side modes are still not identified, press PEAK EXCURSN |
and change the peak excursion value.

If the side modes have less than a 3 dB amplitude drop on either
side, they will not be identified as a peak.

Trace data is overwritten

When STP. BND On Off s pressed so that On is underlined, any data in trace B is
overwritten. This is because trace B is used as the stop band trace.

www.valuetronics.com



Characterizing Fabry-Perot (FP) Lasers

The FP Advanced-Measurement Program performs a series of automatic
measurements on Fabry-Perot lasers. All measurement results are displayed

at the top of the screen.

Fabry-Perot lasers are sensitive to reflections

To ensure accurate measurements, place an optical isolator or attenuator between the laser and the
optical spectrum analyzer.

Measurement
results

1 Fabry-P L T
abry-Perat Laser t

WERSION| mean waveln = 1322.12 nm HHH = 1.35 mnm giEE:;E

peak waveln = 1323.18 nn  peak amp = -2.3B dBm

made spacing= B.77 nn total power = 3.43 dBm
CALC mode spacing= 131.93 GHz  sigma = 1.51 nn |[CONT
In 07 RL -2.23 dBnm SHEEP

SERS -3F din
PERKS 1118.89 dB/D 1Y 4
Un OFF CENTER
DISTRIB
Un OFF SPAN
distribh PERK
menu EXCURSH
HELP PERK
On Off THRESH
EXIT CENTER 1322.33 nn SPRN 26.B@ nn

RE 8.2 nn

VE HAB kHz

ST 58 msec

Typical measurement results
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FP Measurements envelope BW

FWHM

mean waveln

Measuring Signals
Characterizing Fabry-Perot (FP) Lasers

This value is displayed only when envelope distribution is
selected. The envelope bandwidth is the wavelength spacing
of the two points on the envelope which are the MKR BW
amplitude value (default value = —3 dB) from the highest

point. The mean wavelength is the average of the two “n
dB down wavelengths.

FWHM (full width at half maximum) describes the spectral
width of the half-power points of the laser, assuming a
continuous, Gaussian power distribution. The half-power
points are those where the power-spectral density is
one-half that of the peak amplitude of the computed
Gaussian curve.

FWHM = 2.3b5 o
where ¢ is sigma as defined below.

The wavelength representing the center of mass of selected
peaks. The power and wavelength of each spectral
component are used to calculate the mean wavelength.

N
As
Mean Wavelength = Zpi (P)

mode spacing

peak amp
peak waveln

sigma

i=1

where P, is total power as defined in this section.

When envelope distribution is selected, the mean

wavelength is defined as the average of the two “n” dB
down wavelengths.

The average wavelength spacing between the individual
spectral components of the laser. The display shows the
mode spacing in both wavelength and frequency.

The power level of the peak spectral component of the laser.
The wavelength of the peak spectral component.

An rms calculation of the spectral width of the laser based
on a Gaussian distribution. If a Lorentzian distribution is
selected, sigma is not displayed. The power and wavelength
of each spectral component is used to calculate mean
wavelength.
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Measuring Signals
Characterizing Fabry-Perot (FP) Lasers

A=)

sigma = i\f:PZ< P )
i=1 ¢

where:

A is the mean wavelength (FWHM) as defined above.
P; is the power of a single peak.

P, is total power as defined in this section.

total power The summation of the power in each of the selected peaks,
or modes, that satisfy the peak-excursion and peak-threshold
criteria.

N
Total Power = EPZ'

i=1

Distribution trace You can display a statistical curve showing the laser’s power distribution. Use
shows power the distribution menu to select either the default Gaussian curve, a Lorentzian
distribution curve, or an envelope curve. Distributions can also be displayed with a linear

amplitude scale. Use the optical spectrum analyzer’'s amplitude menu to
select a linear scale.

When you select envelope distribution, a new right-side softkey appears. This
softkey, ENVLOBPE MKR BW  is used to position the displayed bandwidth

markers. As a default, the markers are placed to measured the bandwidth at
—3 dB from the peak of the curve.
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Measuring Signals
Characterizing Fabry-Perot (FP) Lasers

Fabry-Ferat Laser Test Fabry-Ferat Laser Test
mean waveln = 138497 nm FHHN = 3.88 nm mean waveln = 138586 nm FHHM = .77 nm
peak waveln = 1387.13 nn peak amp = -2.7B dEm peak waveln = 1387.B6 nn  peak amp = -2.6B dEm
made spacing= B.91 nm  total power = Y.4E dBm made spacing= B.91 nm  total power = H4.1E dBm
node spacing= 1EA.AY GHz sigma = 2.4E nm mode spacing= 1EA.AC GHz
RL -2.B2 dEm RL -2.B2 dEm
SENS  -J8 dbm SENS  -J8 dbm
b18.80 dB/OINV { b1@.88 dB/OIV {
CENTER 1385.B@ nn SPAN SB.BE nm CENTER 13@5.B@ nn SPAN SB.BE nm
FB @.3 nm VE 188 kHz 5T 58 meec FB @.3 nm VE 188 kHz 5T 58 meec
Gaussian distribution trace. Lorentzian distribution trace.
Fabry-Ferat Laser Test

mean waveln = 1384.59 nn envelope EBH = 7.19 nm

peak waveln = 1387.19 nn peak amp = -2.3% dEm

made spacing= E.23 nm  total power = f.3% dBm

mode spacing= 11@1.B3 GH:z

RL -2.B2 dEm MER #1 WUL 1387.12 nm

SENS  -J8 dbm -2. 3% dbm

b18.80 dB/OINV e

CENTER 13@5.B@ nn SPAN SB.BE nm

FB @.3 nm VE 188 kHz 5T 58 meec

Envelope distribution trace.
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Measuring Signals
Characterizing Fabry-Perot (FP) Lasers

You select the modes ~ Normally, measurement results are calculated using all laser modes within
included in the 90 dB of the peak response. As shown in the following figure, you can
measurements display a trace which identifies each peak used in the calculations. (Use

the PEAKS On 0ff softkey.) A vertical line is drawn from the peak of the

identified mode to the bottom of the display. The PEAK THRESH softkey can
be used to change the threshold used to determine if a mode is included. In
the following figure the threshold was changed from —90 dB to —20 dB.

L ]
Fabry-Perat Laser Test SINGLE
VERSION| mean waveln = 1322.71 nm  FHHN = 3.27 m (apeep
peak waveln = 1323.38 nm  peak amp = -2.81 dBm
mode spacing= B.77 nm total power = 31.1E dBm
CALC mode spacing= 131.81 GH: sigma = 1.39 nm |CONT
In 0ff RL -2.23 dEm SHEEP
SEMNS  -3F dbm
PEAKS ~\v1@.gm dB/DIY q
On OFF CEMTER
DISTRIB
" MMMMU\ \/ e
distrib PEAK
menu ExCURSH
HELF PEAK
On DFf THRESH
YT CEMTER 1322.33 nn SPAN 28, B@ nm
RE 8.2 nm YE Y4B kHz ST 58 meec
Vertical lines
indicate selected
modes

The peak excursion value (in dB) can also be used to determine which side
modes are included in the measurements. To be accepted, each trace peak
must rise, and then fall, by at least the peak excursion value about a given
spectral component. Setting the peak-excursion value too high results in
failure to include the smaller responses near the noise floor. Setting the
value too low may cause unwanted responses, including noise spikes, to be

identified. Use PEAK EXCURSN to change the peak excursion value.
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Measuring Signals
Characterizing Fabry-Perot (FP) Lasers

To characterize a Fabry-Perot laser

1. Press to locate and display the laser’s response automatically.

2. Press and then FP to measure the Fabry-Perot laser’s
characteristics.

3. If you want to stop the updating of measurement data with each sweep,
press CALC On Bff so that 0ff is underlined.

Pressing HELP On Off displays short definitions of important softkeys.

To show the power-distribution trace

1. Enter the FP Advanced-Measurement Program.
2. Press DISTRIB On 0ff so that On is underlined.

The default Gaussian distribution trace is displayed. This is also the
distribution selected when GAUSIAN is pressed.

3. To select a Lorentzian distribution, do the following:

a. Press distrib menu and then LORENZ to select a Lorentzian
distribution.

b. Press prev menu.
4. To select Envelope distribution, do the following:

a. Press distrib menu and then ENVLOPE to select an Envelope
distribution.

The envelope distribution is generated by straight line connections
between selected peaks in linear format. The data used for the
“envelope” is independent of log/linear modes. The envelope lines in
log mode are the log of the straight lines in linear, therefore they look
curved. The selected peaks are derived starting from the highest point,
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Measuring Signals
Characterizing Fabry-Perot (FP) Lasers

implementing the successive highest peak-to-the-left algorithm, until no
more peaks are available. Next, the successive highest peak-to-the-right
algorithm is carried out. Notice that the envelope skips peaks if the
amplitudes fall then rise again, which is required for the monotonicity
of the envelope.

b. Press prev menu .

Trace data is overwritten

When DISTRIB On Off is pressed so that On is underlined, any data in trace C is
overwritten. This is because trace C is used as the distribution trace.

To show the modes used in measurements

e Press PEAKS On O0ff so that On is underlined.

For each mode used in the measurements, a vertical line is drawn from
the peak of the mode to the bottom of the display.

Trace data is overwritten

When PEAKS On Off is pressed so that On is underlined, any data in trace B is overwritten.
This is because trace B is used as the peak-identification trace.
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Measuring Signals
Characterizing Fabry-Perot (FP) Lasers

To select the modes used in measurements

1. Press PEAKS 0On 0ff so that On is underlined.
Each selected peak is identified by a vertical line.
2. Press PEAK THRESH , and increase the peak threshold value.

The peak threshold represents the amplitude value (relative to the
highest mode) below which modes will not be identified. To avoid
missing modes, the default value is —90 dB.

3. Press PEAK EXCURSN , and adjust the peak excursion value.

Peak excursion determines how much a response must rise and then fall
to be considered a peak.
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Characterizing LEDs

The LED Advanced-Measurement Program performs a series of automatic
measurements on LEDs. All measurement results are displayed at the top of
the screen. The LED measurement calculations compensate for the expected
change in resolution bandwidth versus wavelength.

Measurement
results
LED Test
YERSION| mean (FWHM) = 1322.11 nm FHHN = 72.61 nm %
mean (3dB) = 1319.8B nm 3 dB width =  BY4.5B nmn|——
peak waveln = 1314.63 nm total power = -2B.43 dEm
EHLEH signa = 30.83 nn pk dens (lnm)= -3B.97 dBm gaggp
= EL -31.78 dBm HER #1 WUL 1317.6 nm
INT WIN SENS  -E5 dEm -31.73 dEn
5. B8 dE/DIV {
On DFF CEMTER
DISTRIB
On DFf SPAN
distrih LOG
menu dB/DIV
HELF
On Dif LINEAR
EXIT CEMTER 131E.5 nm SPAM IBE.H nm integrt
FB 9 nm g 1 kHz 5 ST 518 msec menu
c3led1.cdr

Typical measurement results
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LED Measurements 3 dB width

FWHM

mean (3 dB)

mean (FWHM)

Mean (FWHM)

peak waveln

PK dens (1 nm)

sigma

Measuring Signals
Characterizing LEDs

Describes the spectral width of the LED based on the
separation of two wavelengths. Fach wavelength has

a power-spectral density equal to one-half the peak
power-spectral density. The 3 dB width is determined by
finding the peak of the LED spectrum, and dropping 3 dB on
each side.

FWHM (full width at half maximum) describes the spectral
width of the half-power (—3 dB) points of the LED, assuming
a continuous, Gaussian power distribution. The half-power
points are those where the power-spectral density is
one-half that of the peak amplitude.

FWHM = 2.3b5 o
where ¢ is sigma as defined below.

The average of the two wavelengths that are 3 dB
(half-power) below the peak wavelength.

The wavelength representing the center of mass of the trace
points. The power and wavelength of each trace point are
used to calculate the mean (FWHM) wavelength.

N . .
_ ZP' ( trace point spacing ) ﬁ
. * \resolution bandwidth P,

i=1

where:

A; 1s the wavelength of a single trace point.
P; is the power of a single trace point.

P, is total power as defined in this section.

The wavelength at which the peak of the LED’s spectrum
occurs.

The power-spectral density (normalized to a 1 nm
bandwidth) of the LED at the peak wavelength.

An rms calculation of the spectral width of the led based on
a Gaussian distribution. The power and wavelength of each
trace point, between the displayed markers, are used to
calculate sigma.

www.valuetronics.com
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(=)’
P,

trace point spacing

] = B ; p
stgma z; (resolutwn bandwzdth)

1=

where:

A is mean wavelength (FWHM) as defined in this section.
A; is the wavelength of a single trace point.

P; is the power of a single trace point.

P, is total power as defined in this section.

total power The summation of the power at each trace point between
the indicating markers, normalized by the ratio of the trace
point spacing/resolution bandwidth. This normalization is
required because the spectrum of the LED is continuous,
rather than containing discrete spectral components (as a
laser does).

N

trace point spacing
Total Power = P; ( - - )
E "\ resolution bandwidth

i=1

where:

P; is the power of a single trace point.
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Distribution trace to You can display a statistical curve that is based on the total power, power

shows power distribution, and mean wavelength of the LED. Use the distribution menu to
distribution select either the default Gaussian curve or a Lorentzian curve.
LED Test LED Test
mean [FHHMY = 1322.89 nm FHHN = 7.6l nm mean [FHHMY = 1322.1B nm FHHN = 7.6l nm
mean [3dE1 = 1319.9B nm 3 dE width = EY4.5B8 nm mean [3dE1 = 1319.9B nm 3 dE width = EY4.5B8 nm
peak waveln = 1314.63 nm total power = -2B.43 dEm peak waveln = 1313.75 nm total power = -2B.43 dEm
sigma = 34.893 nm_pk dens (lnmi= -3B.93 dEm pk dens (1nmi= -3B.93 dEm
EL -31.70 dBm HER #1 WUL 1317.6 nm EL -31.70 dBm HER #1 WUL 1317.6 nm
SENS -GS dEm -31.7% dEn SENS -GS dEm -31.7% dEn
5. B8 dE/DIV { 5. B8 dE/DIV {
CENTER {31E.5 nm SPAN IP@.9 nm CENTER {31E.5 nm SPAN IP@.9 nm
FB 3 nm #UE 1 kHz 5 5T 518 msec FB 3 nm #UE 1 kHz 5 5T 518 msec
Gaussian distribution trace. Lorentzian distribution trace.
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Measurement The program calculates FWHM and total power based on the integration of a
integration window is  portion of the displayed response. By default, all trace points within 20 dB
adjustable of the peak response are used in the integration. You can change this value
using the Integration menu. Or, use the menu to define the starting and
ending wavelength integration points. In the following figure the integration
window was changed from —20 dB to —6 dB.
LED Test LED Test
mean (FWHM) = 1322.1B nm FUHH = 72.99 nm mean (FWHM) = 1321.41 nm FUHH = 52.31 nm
mean (3dB) = 1319.8B nm 3 dE width = E4.13 nm mean (3dB) = 1319.8B nm 3 dE width = E4.13 nm
peak waveln = 1317.63 nm total power = -2B.43 dEm peak waveln = 1316.3B nm total power = -21.81 dEm
sigma = 34.83 nm_pk dens (lnmi= -3B.597 dEm sigma = 22.21 nm_pk dens (lnmi= -3B.597 dEm
AL -31.78 dBn MER #1 WUL 1317.6 nn AL -31.78 dBn MER #1 WUL 1315.8 nn
SERS -55 dBn 31,77 dbn SERS -55 dBn 31,75 dbn
b5, B8 dB/DIV { b5, B3 dB/DIV /e\ {
TENTER 1316.5 nm SPAN 404.8 nn TENTER 1316.5 nm SPAN 404.8 nn
RB 3 nm «UE 1 kHz 5 5T 318 msec RB 3 nm «UE 1 kHz 5 5T 318 msec

20 dB Integration window.

—6 dB Integration window.
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To characterize an LED

1. Press to locate and display the LED’s response automatically.
2. Press and then LED to measure the LED’s characteristics.

3. If you want to stop the updating of measurement data with each sweep,
press CALC On Bff so that 0ff is underlined.

- Pressing HELP On B8ff displays short definitions of important softkeys.

To show the power-distribution trace

1. Enter the LED Advanced-Measurement Program.

2. Press DISTRIB 0On 0ff so that On is underlined.

The default Gaussian distribution trace is displayed. This is also the
distribution selected when GAUSIAN is pressed.

3. To select a Lorentzian distribution, do the following:

a. Press distrib menu and then LORENZ to select a Lorentzian
distribution.
b. Press prev menu.

Trace data is overwritten

When DISTRIB On Off s pressed so that On is underlined, any data in trace C is
overwritten. This is because trace C is used as the distribution trace.
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To change the integration window

L. Press INT WIN On Off so that On is underlined.

This displays the integration window trace that shows which trace
points are included in the measurements.

2. Press integrt menu to enter the Integration menu.

3. Perform one of the following to define the trace points included in the
calculations:
e Press INTEGRT STRT WL , and enter the starting wavelength. Then,
press INTEGRT STOP WL , and enter the ending wavelength.

® Press INTEGRT FROM PK , and enter an amplitude value specifying the
desired range (relative to the peak response) for trace points included in
the calculations.

The default value is —20 dBc. Values are entered either in dBc or as a
multiplier. For example, to include all the trace points within half the
power level of the peak response, enter —3 dB (dBc¢) or 0.5 X .

Trace data is overwritten

When INT WIN On Off is pressed so that On is underlined, any data in trace B is
overwritten. This is because trace B is used as the integration-window trace.
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Reinstalling Advanced-Measurement Programs

Programs can be copied Backup copies of the advanced-measurement programs are included in the
from card or diskette following forms:

e Memory card.
e 3.5-inch diskette (HP-LIF format).

If your optical spectrum analyzer module is installed in an HP 70004A display,
copy the advanced-measurement programs from the memory card. If you do
not have an HP 70004A display, you must copy the programs either from

a computer or directly from the an external HP-IB disk drive. The diskette
containing the advanced-measurement programs uses the LIF format and
cannot be directly read by MS-DOS based computers. The HP E2080A PC LIF
utility can be used to transfer files between the HP-LIF and MS-DOS formats.

You must enter an The disk drive must be a 3.5 inch, CS80-compatible drive, such as an
external diskette HP 9122. When copying programs directly from an external diskette drive you
drive's address must enter the drive’s HP-IB address. The procedure in this chapter shows

how to enter the address when cataloging the files. The default address is 0,
unit 0, and volume 0. New addresses are entered in the following form:

A.UV where:

A is a digit from 1 to 7, representing the drive’s HP-IB address.

U is a digit from O to 9, representing the unit number. The unit number
is typically 0 or 1 and refers to an individual disk drive slot.

v is a digit from O to 9, representing the volume number. Volume
numbers are used for hard disk drives. So, for reading diskettes, the
volume number should be 0.

For example, entering 3.00 indicates an address of 3, a unit number of 0 and
a volume number of 0. This accesses a diskette in the left drive of an external
diskette drive at HP-IB address 3.
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To install from the memory card

1. Locate the memory card containing the advanced-measurement programs.
2. Locate the arrow printed on one end of the card.

3. Insert the card into the HP 70004A display’s front-panel card slot. Match
the card’s arrow with the arrow printed above the card slot.

En

OO0 oo 0o

DDDDD(}DDD
o o [ | |
jnju]

Ooo o o o | O

pkb7

4. Press and then the left-side Misc softkey.
5. Press MORE 1 of 3 and then catalog & MSI .

6. Press HP-MSIB CARD to display all files contained on the memory card.

If o is displayed, either the card is missing, the card’s
write-protect switch is in the SAFE position, or the card’s HP-MSIB address is listed incorrectly. The
HP-MSIB address for the card is the same address as the display’s HP-IB address and is normally set
to 4. If the address is not correct, enter the correct address using the numeric keypad.
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Reinstalling Advanced-Measurement Programs

7.

For each file on the card (DFB, FP, and LED) perform the following:

d. Press LOAD FILE .

b. Enter the file number, and press ENTER to reinstall the file. The
front-panel LED next to the card slot lights indicating that the files are
being copied into the (USER) menu.

To install from a 3.5-inch diskette drive

1.

Connect a 3.5-inch diskette drive to the MMS mainframe that contains the
optical spectrum analyzer module. Use an HP-IB cable.

Insert the diskette containing the advanced-measurement programs into
the diskette drive.

Press the left-side Misc softkey.

Press MORE 1 of 3 and then catalog & M3I.

- Press HP. DISK , and use the numeric keypad to enter the diskette drive’s

address.

Refer to the introduction to this section for information on determining
the code for the address.

. Press the ENTER softkey.

If = o 1S displayed, either a diskette is not in
the drive, or the drive’s code is incorrectly entered.

For each file on the card perform the following:

Press LOAD FILE .

Enter the file number and press ENTER to reinstall the file.
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To install from a computer

1. Connect a computer to the MMS mainframe that contains the optical
spectrum analyzer module. Use an HP-IB cable.

The computer must have a 3.5-inch diskette drive for reading LIF
formatted diskettes.

2. Insert the diskette containing the advanced-measurement programs into
the diskette drive.

3. Use your software to copy the files contained on the diskette to the optical
spectrum analyzer module.

The optical spectrum analyzer module’s default HP-IB address is 23. To
display the address, perform the following:

a. Press the left-side State softkey.
b. Press MORE 1 of 4 and then MORE 2 of 4.

C. Press show states and then CONFIG .
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Changing Instrument Modes

Depending on the model number, HP 71450B/1B/2B optical spectrum
analyzers provide up to six separate operating modes. Besides spectrum
analysis, these modes perform the following tasks:

Perform stimulus-response measurements.

Perform fast pulse measurements.

Measure broadband power. (HP 71451B only)
Preselect (filter) a light source. (HP 714518 only)
Test photodetector responsivity. (HP 714518 only)

. ____________________________________________________________________________________________________________________|
User-calibrations are applied in all instrument modes

User-calibration data is applied to the measurements performed during the modes described in

this chapter. User-calibration can be performed only in the optical spectrum analyzer mode and the
power-meter mode. Power-calibration data obtained in power-meter mode is used only in power-meter
mode and photodetector test modes. Power-calibration data obtained in the optical spectrum analyzer
mode is used in the other modes.

In preselector, stimulus response, and photodetector test modes, light
energy input to the HP 71451B (70951B) front-panel MONOCHROMATOR
INPUT connector can radiate from the front-panel MONOCHROMATOR QUTPUT
connector. This radiated light passes through the internal monochromator
and so is filtered and slightly attenuated.

WARNING

5-2
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Performing Stimulus-Response Measurements

Stimulus-response measurements characterize optical components for loss
(or gain) versus wavelength. You can characterize devices such as couplers,
switches, filters, fibers, and amplifiers. The following figure shows the
response of an optical coupler versus wavelength.

To perform stimulus-response measurements, you must have an
amplitude-stable broadband light source. Although a white-light source
provides the widest wavelength input for stimulus-response measurements,
you can also use an LED or the spontaneous emission from an optical
amplifier.

2
RL 0.08 df MKR $1 WUL 1318.8 nn_pg
Waveln[SERS] -4 [dBn STA/AS -20. 99 68 |1yt
5. 08| dB/D IV S
¥ —t ¥
mptd | MRRKER T JHomo
TA[T TNPUT
20,54 dB
1
flarker ?LgEEm
\ / NORH
B, Sup W On 0Ff

T OsPLY B
races On OFF

State

Hi START 12HB. B nm STOF 17BA.8 nn prev
1SC kB 1B nm «JB 288 Hz 3§ §T=4.B sec menu

Response of one output of an optical coupler.

The displayed response is a convolution of the optical spectrum analyzer’s
resolution bandwidth and the amplitude response of the device being tested.
Because of this convolution, the optical spectrum analyzer’s resolution
bandwidth affects both dynamic range and the ability to resolve fast
amplitude changes versus wavelength. Wide resolution bandwidths improve
dynamic range. Narrow resolution bandwidths increase the ability to resolve
fast amplitude changes.
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Performing Stimulus-Response Measurements

You can display two responses at the same time. The following figure shows
the response of each of the outputs of an optical coupler versus wavelength.

Hawveln

Ampt d

Harker

EW,Sup

Traces

State

Hisc

ra
RL @.@B dB MER #1 WUL 1558.8 nm pre gy
SEMS[ -91 [dBm S[TH/RS 3339 9B |a ¢ ofan
0. BA[dBsDIV . —
[ [ ’d_,,_.-—-'_‘ ] T
MARKER HKUID EH
95818 nm AutoMan
-35. 04 dB
SUPTINE
\ / \ X AutoMan
CONT
\ \ / SHEEP
\ SINGLE
SHEEP
YID AVG
On OFF
STRRT 12@B.B nm STOF 17P@.@ nm MORE
+RB 1B nm B 3@ Hz 5 5T=1B sec { of 32

Simultaneous display of both coupler outputs.
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Performing Stimulus-Response Measurements

Block diagrams show  The following block diagrams show the two instrument configurations

light path available for stimulus-response testing. With the PHOTODETECTOR

INPUT selected, the light from the light source first passes through the

monochromator. This preselected light then passes through the device being
tested before being detected by the optical spectrum analyzer.

OPTICAL SPECTRUM ANALYZER

’T//“ Monochromator
\/‘ Input DOUBLE PASS | DISPLAY
RS N MONOCHROMATOR
= — 2w
White—light
Source
Monochromator Photodetector
Output Input

S

Device
Being

Tested

Stimulus-response testing using photodetector input.

pkb 16
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With the MONOCHROMATOR INPUT selected, the light first passes through the
device being tested. The output of the device being tested is connected to the

monochromator input.

OPTICAL SPECTRUM ANALYZER

DISPLAY

DEVICE
BEING
TESTED
N
H\// DOUBLE PASS
N~ MONOCHROMATOR
White—light
Source

Stimulus-response testing using monochromator input.

pkb21

With both configurations, the analog output of the optical spectrum analyzer’s
detector and transimpedance amplifier is available at the rear-panel ANALOG

0UT connector.

www.valuetronics.com
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Displayed response The displayed trace shows the ratio of the output power to the input power
results from trace expressed as a logarithm (dB).
subtraction

tput
response (dB) = 10 log (OUPUW)

mpul power

The ratio is achieved through simple trace subtraction using logarithmic
amplitude scales. This is possible because of the following logarithmic
equality:

A
log (B) =log A—log B

During a stimulus-response measurement, the trace of the input power is
saved in trace B using the STORE THRU- >B softkey. The power ratio is

displayed by subtracting trace B from trace A using the NORM 0n Off
softkey.

trace B

t A
log (W) = log trace A — log trace B

If there is no power loss (or gain) through a device, the power ratio is 1 and
the trace is displayed at the reference position (0 dB).

10log 1 = 0dB

Loss or gain through the device under test offsets the trace below or above
the 0 dB reference by the amount of the log of the loss or gain.

5-8
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To characterize a single-output device

As stated in the introduction to this section, there are two possible
instrument configurations for this measurement. This example uses the
configuration with the PHOTODETECTOR INPUT.

For best results, couple the light source to the monochromator using a short
length of 62.5/125u m fiber-optic cable. This minimizes the sensitivity to
optical alignments in the monochromator for 9/125x m device measurements
and provides proper modal excitation for multimode fiber measurements.

Figures shown in this procedure display the characterization of an optical
coupler.

1. Connect the light source to the optical spectrum analyzer’s front-panel
MONOCHROMATOR INPUT connector using a multimode fiber-optic cable.

Optical Spectrum

Analyzer
= e . .
@: Q Fiber—optic
9 B Cable

Eemeal oo _
B2 o =
—_— ——

o/ 62.5/125 um

PN Cable

= ~

White—light

Source pkb20

2. Connect a fiber-optic cable, of the same diameter as in the device
being tested, between the front-panel MONOCHROMATOR OUTPUT and
PHOTODETECTOR INPUT connectors as shown in the preceding figure.

3. Press (START), and enter the starting wavelength for the measurement.
4. Press (STOP), and enter the ending wavelength for the measurement.

5-9
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5. Press and enter a resolution bandwidth of 10 nm.

For the greatest measurement range and signal-to-noise ratio
performance, it is recommended that the resolution bandwidth be set
to 10 nm. Narrower bandwidths can be used if greater wavelength
resolution is required.

6. Press the left-side State softkey.
7. Press instr modes and then STM/RESP to select stimulus-response
mode.

8. Verify that PD INPUT is underlined.

This instrument configuration corresponds to the connection diagram
shown in step 1.

9. Press (PEAK SEARCH) and then (TO REF LEVEL) to place the normalization

response at the reference level.

10. Wait for one complete trace to be drawn on the display.

5]
RL -58.69 dBn MKR #1 WUL 1322.5 nm pp
Waveln[SERS] -9B [dBm STH/RS 58.80 dBn |yegr
,18.8p dB/01y |
_‘_""\-""_“‘--——-.._._._,_,,_\_‘_‘_\‘w_
RES BN MAJELENGTH HOND
fimptd 7 INPUT
STORE
flarker THRU- B
NORM
EW, Sup On OFF
. DSPLY B
races On OFF
State
Hi START 12HB. B nm STOF 17BA.8 nn prev
1SC kB 1B nm «JB 288 Hz 3§ §T=4.B sec menu

Response of light path

11. Press STORE THRU->B to store the response in trace B.

5-10
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It changes to wavelength range or resolution bandwidth are made after
this trace is stored, repeat this step.

12. Press NORM On Off to normalize the response at the reference position.

[ 65 ]
RL 8.48 dB MKR #1 WUL 1323.5 nm pq
WaveIn[SENS| -4B [dBn STA/RS 808 dB |yt
18,88 dB/01y ==
RES BN MAJELENGTH Functfion ejecutdd | |MOND
mptd s TIINPUT
STORE
flarker THRU- B
NORM
EW, Sup On OFF
. DSPLY B
races On OFF
State
Hi START 12HB. B nm STOF 17BA.8 nn prev
15€ «RB 1B nm +UB 2AB Hz & §T=4.B sec menu

Normalized response of light path

13. Insert the device being tested between the PHOTODETECTOR INPUT
connector and the fiber-optic cable. See the following figure.
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Optical Spectrum

Analyzer

Monochromator
Output

oo eoosoo

ooooa|| O

[ e
ogooo)
Soojoo

ooo
Cooo [

Photodetector
Input

Monochromator
Input
A7
Ny
= Device
White—light being
Source fested

pkb11

14. Press (NORMAL ON/OFF) to activate the markers.

The marker shows the insertion loss (or gain) of the device being
tested at the marked wavelength. Use the front-panel knob to move
the marker along the trace.

15. If you want to reduce the amplitude scale, perform the following steps:

a. Press (PEAK SEARCH) and then (TO REF LEVEL).

This places the response at the reference level. If you want to
maintain a reference level of 0 dB, do not perform this step.

b. Press the left-side Amptd softkey.

C. Press L0OG dB/DIV , and enter the desired logarithmic scale. For
example, enter dB .

To return to the stimulus response menu, press State,
instr modes , and then STM/RESP .

5-12
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5]
RL 4.88 dB MKR #1 WUL 1316.8 o pg
Waveln[SERS] -9B [dBm STH/RS -20. 99 dB |yt
,5. 08| dB/D]V |
¥ ’-'_H_'_'_,_..—o-‘——\_,_ _\_‘_\_\_\“—\‘_ Ll
Amptd | MARKER non0
I14[4 nn IHPUT
-8, 54 dB
1 STORE
flarker \ / THRU- B
NORM
B, Sup W an 0Ff
Traces USPLY B
On Dff
State
Hi START 12HB. B nm STOF 17BA.8 nn prev
1SC kB 1B nm «JB 288 Hz 3§ §T=4.B sec menu

Normalized response of coupler
16. If you want to reduce displayed noise, perform the following steps:
a. Press the left-side BW,Swp softkey.
b. Press VID BW AutoMan , and reduce the video bandwidth.

€. To return to the stimulus response menu, press State
instr modes , and then STM/RESP .

17. press State , instr modes , and then 0SA to return to normal optical
spectrum analyzer operation.

5-13
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To characterize a dual-output device

Devices such as optical couplers have two output ports. Use this procedure to

display the normalized response of both outputs simultaneously.

1. Perform the previous procedure “To characterize a single-output device”
to characterize one of the device’s outputs, but do not return to the OSA

mode of operation at the end of the procedure.

2. Press the left-side BW,Swp softkey.

3. Press SINGLE SWEEP , and wait for one complete trace to be drawn on

the display.

Hawvaln
Ampt d
Marker
BW, Sup
Traces
State

Hisc

4. Press the left-side Traces softkey.

5. Press MORE 1 of 4 oneshot math 6 and then A& XCH C to store trace

A in trace C.

6. Press the left-side Traces softkey.

[ 65 ]
RL .88 dB MKR #1 WYL 1318.8 nn e
SENS| -8B [dEm S[TH/RS -cB.He dE futofan
5. 00| dB/DIV |retetEn
¥ ,—ﬂ—""_'_'-_"‘_"_'“' k)
RES BW WAYELENGTH ™ VID BH
A n AutoMan
SHPTIME
\\ }/ AutoMan
CONT
\‘j’ SHEEF
SINGLE
SHEEF
V1D AVG
On OFF
STRRT 1c@B.B nm STOF 17P4.@ nm MORE
+RB 1B nm «JB TR Hz § ST=4.B sec { of 2

Response of one of the coupler’s outputs
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10.

11.

12.

13.
14.

Press trace A B € so that € is selected.

Press VIEW € BLANK C so that VIEW C is underlined.

Press trace A B € so that A is selected.

Press CLEAR WRT A .

Changing Instrument Modes

Performing Stimulus-Response Measurements

Disconnect the output of the device being tested from the front-panel

PHOTODETECTOR INPUT connector.

Connect the device’s second output to the front-panel PHOTODETECTOR

INPUT connector.

Press the left-side BW,Swp softkey.

Press SINGLE SWEEP to show the response of the second output port.

5]
RL 4.88 dB MKR #1 WUL 1558.8 nn ppg gy
Waveln[SERS] -91 [dBm STH/RS -33.97 4B |n it olan
,5. 08| dB/DV SR
[ [ ’_,_,-o—""_'_'-_’-‘_"_""‘ﬁ_‘_‘_‘\\ 1
HARK ER V1D BH
Anetd - 5sa] 0 Autolfan
\-L}i 54 dB
Hark 1 SUPTINE
arker \ / \ X AutoMan
CONT
B, Swp \ 1/ o
: \ SINGLE
races SHEEP
YID AVG
State On OFF

STRRT 12@B.B nm

Misc  4rg 19 nm

«|E 3@ Hz

g

STOF 17PA.@ nm MORE
5T=1B sec { of 3

Response of hoth coupler outputs
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To display a trace of input power

After performing a stimulus-response measurement, trace B is the trace of the
input light power over the selected wavelength range.

L. Press the left-side State softkey.
2. Press instr modes and then STM/RESP .

3. Press DSPLY B On Off so that On is underlined.

4. If the trace is not displayed, increase the amplitude scale.

To make measurements on a linear scale

The stimulus-response measurements made in this section resulted in a
logarithmic display of the results. The measurements can also be made with
a linear amplitude scale. In order to do this, the amplitude scale must be
changed to linear prior to saving the normalization trace.

In order to make the measurement with a linear scale, the procedure
discussed earlier in this section can be used with the following exceptions:

1. After placing the normalization response at the reference level by pressing

and then (TO REF LEVEL), change to a linear scale by
pressing the left-side Amptd softkey and then LINEAR .

- Prior to pressing STORE THRU -> B to save the nromaliation trace,
reduce the noise on the trace by reducing the optical spectrum analyzer’s
video bandwidth:

a. Press the left-side BW,Swp softkey.

o

- Press VID BW AutoMan .

o

. Press () until the trace appears to be free from noise.
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3. After the normalization function has been activated, do not change
the reference level, either manually or with the PEAK SEARCH and

Changing Instrument Modes

Performing Stimulus-Response Measurements

T0 REF LEVEL functions as described for reducing the amplitude scale.

For this measurement, the amplitude scale must remain fixed at 0

(bottom) to
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WDM coupler’s insertion loss characterized on a linear scale.
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Changing Instrument Modes
Performing Stimulus-Response Measurements

To use alternative trace definitions

The normalization function in the stimulus-response mode menu normalizes
the measured data to a through reference trace. This uses the trace math of
A—B — A for logarithmic scales and A/B — A for linear scales.

In some cases, other trace definitions are desired. Additional trace definitions
are available in the traces menu under trace logmath (for measurements

on a logarithmic scale) and trace linmath (for measurements on a linear
scale). These definitions make use of various combinations of traces A, B, and
C and, in some cases, the display line for a scaling factor. Traces B and C are
used as stored reference traces and trace A is active, with the results being
updated for each new measurement of trace A. In order to scale the resultant
information for a result of O dB (or 1.00 x) to be at the reference level, the
display line should be set to be equal to the reference level.

When using these trace definitions, it is not always necessary to use the
stimulus-response instrument mode. Whether or not to use it depends on
the instrument configuration being used. If the device being tested is to be
placed between the light source output and the monochromator input, then
activating the stimulus-response mode is not required. If the configuration
in which the device being tested is placed between the monochromator
output and the photodetector input is used, the stimulus-response mode
must be activated in order to select the front-panel PHOTODETECTOR INPUT
(PD _INPUT). If the stimulus-response instrument mode is not used, the
optical spectrum analyzer’s autorange function should be activated prior to
beginning the measurement by pressing the left-side Amptd softkey followed

by MBRE 1 of 4 and then AUTGBRNG On Off so that Bn is underlined.

Prior to saving any reference traces, it should be ensured that the optical

spectrum analyzer is using sample, rather than peak, detection. This ensures
greatest accuracy, and is indicated by an S character displayed at the bottom,
center of the screen. This is accomplished by pressing VID BW AutoMan two

times until :‘Man is underlined, or pressing VID BW AutoMan one time and
reducing the bandwidth by pressing (¥) at least one time. Additional video
bandwidth reduction can be used to remove any unwanted noise on the trace.

One example use of the additional trace definitions is the linear
characterization of a WDM coupler’s coupling ratio. Coupling ratio is defined
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Changing Instrument Modes
Performing Stimulus-Response Measurements

as the ratio of the power at one output port to the sum of the power at all
output ports. This is different than the standard insertion loss definition and
requires a different trace definition. For a two output device, the equation

A < AXDL/(A+B) provides the proper definition. Trace A represents the
power at the output under test, trace B represents the power at the other
output, and A+B represents the total output power. In order to display the
results on the same scale as the measured data, the display line is set equal to
the reference level resulting in the value of A/(A+B) = 1 being displayed at
the reference level.

The linear measurement of a coupler’s excess loss is also possible using one of
the trace linmath equations. In this case, the equation A «— DL*(A+B)/C is
used, where trace C is a measurement of the power at the device input and
traces A and B are measurements of the power at each of the outputs. Again,
the display line is set equal to the reference level for proper scaling.
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Making Fast Pulse Measurements

OSA pulse instrument mode provides the capability to accurately perform fast
pulse measurements. This mode is identical to normal spectrum analyzer
operation with one exception — the range of the instrument’s internal
transimpedance amplifier is limited in order to select wide bandwidth and fast
settling characteristics.

Entering OSA pulse instrument mode, displays a menu from which you can
conveniently access many of the pulse settings available with the optical
spectrum analyzer. To learn more about these settings, refer to Chapter 3.
You'll learn in Chapter 3, that you do not have to enter OSA pulse mode to
use these settings.

One example of using OSA pulse mode is measuring the signal-to-noise ratio
(SNR) of EDFA systems. This is accomplished by measuring the amplified
spontaneous emission (ASE) level immediately (10 us) after the source is
turned off.

To measure fast pulses

1. Press the left-side State softkey.

2. Press MORE 1 of 4  instr modes , and then USA PULSE .

3. Select from the three display techniques described in Chapter 3.
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Measuring Broadband Power

NOTE

This instrument made is only available on HP 714518/ HP 709518 optical spectrum analyzers.

Power-meter instrument mode displays the broadband power of the input
light over time. The display’s horizontal scale is calibrated in time rather
than wavelength. This can be seen in the following figure. With power meter
mode, you can perform the following:

e Measure total power of a broadband light source.

¢ Monitor power as a function of time to observe both long and short term
drift.

e Monitor power to perform real-time adjustments.

5]
RL 3.17 dBn
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- Anplifude Heter | |[POWER
finptd ~1.57] dEn HETER
\u\,\ [ [METER
Marker PRESEL
\ aai
) ol
5TH/
BW. Sup \ s L~ RESP
. v \ r PHOTO
races \ DIUDE
W
State
Hi CEMTER 131B.1 nm SPAN @ nm prew
15 BB .2 nn VE 3 Hz g *57 1B sec menu

Display of broadhand power versus time.
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Changing Instrument Modes
Measuring Broadbhand Power

Power-meter instrument mode places the optical spectrum analyzer in the
following settings:

Sweep time . ... 10 s

Amplitude scale (if logarithmic) .................... .. .. ... 5 dB/division

Video bandwidth . ...... ... .. . . . 3 Hz
5-22
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Block diagram shows  Because the input light is connected directly to the optical spectrum

Changing Instrument Modes

Measuring Broadband Power

light path analyzer’s photodetector, there is no filtering by the resolution bandwidth
filters. Although the light does not pass through the monochromator, a center
wavelength value should be entered. The center wavelength value selects the
amplitude calibration factor used for the measurement.

OPTICAL SPECTRUM ANALYZER

Monochromator
Input DOUBLE PASS
MONOCHROMATOR DISPLAY
ey
Monochromator Photodetector
Output Input

Light
Source

Block diagram of power-meter mode

pkb 18
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Changing Instrument Modes
Measuring Broadbhand Power

To measure broadband power

User calibrations may be used to offset the amplitude in power-meter mode.
A user power-calibration that is performed in optical spectrum analyzer mode
is not used in power-meter mode. However, a user wavelength calibration
performed in optical spectrum analyzer mode is applied in power-meter mode.

1. Connect the light source to the optical spectrum analyzer’s front-panel
PHOTODETECTOR INPUT connector as shown in the following figure.

Optical Spectrum

Analyzer
T = |77 mu -
% ]
Borea oo0 -
B0 o =
- A____4
Photodetector
Input
Light
Source pkb 14

2. Press the left-side State softkey.

3. Press instr modes and then POWER METER to select power meter mode.

4. Enter a center wavelength value to select the amplitude calibration factor
for the power measurement.

5. If you need higher amplitude resolution, do the following:

a. Press (PEAK SEARCH) and then (TO REF LEVEL).

This places the response at the reference level.

b. Press the left-side Amptd softkey.
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Changing Instrument Modes
Measuring Broadband Power

€. Press LOG dB/DIV , and reduce the amplitude scale. For example,
enter (1) dB .

6. Press State , instr modes , and then 0SA to return to normal optical
spectrum analyzer operation.

|
Zeroing may he required

If the optical spectrum analyzer is left in power meter mode for long periods of time, the detector
electronics may require zeroing for accurate measurements. To zero the detector, disconnect the input

light and press the following softkeys: Amptd, MORE 1 of 4 MORE 2 of 4 6 ZERO.
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Preselecting a Light Source

NOTE

This instrument mode is only available on HP 714518/ HP 70951B optical spectrum analyzers.

In preselector instrument mode, the optical spectrum analyzer acts as a
fixed-tuned, variable wavelength, variable bandwidth, bandpass filter. It
filters the input light at a specified wavelength. The filtered light is available
at the front-panel MONOCHROMATOR OUTPUT connector. To change the
amount of filtering, simply adjust the optical spectrum analyzer’s resolution
bandwidth. (Any of the resolution bandwidths may be chosen.) One
application of preselector mode is the filtering (selecting) of one particular
mode of a laser source.

When preselector mode is entered, the sweep stops with the optical spectrum
analyzer fix tuned at the center wavelength. (If a marker is on, the optical
spectrum analyzer is fix tuned at the marker wavelength.) The last trace
remains displayed to show the input spectrum before the filtering. A marker
shows the wavelength of the preselection. You can change the filtered output
(preselection) wavelength by adjusting the marker’s position. If the input
spectrum changes, a softkey is provided for capturing a new sweep.
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Changing Instrument Modes

Preselecting a Light Source
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Changing Instrument Modes
Preselecting a Light Source

If RES BW is selected for change, pressing one of the marker “peak” softkeys
will not change the preselection tuning. (Although the marker will move.)
You must press MARKER TUNE to set the preselection wavelength to the value
at the marker.

If the output light is directed into a 9u fiber-optic cable, additional steps
must be taken to ensure proper launching of the light into the cable. These
additional steps are included in “To use a single mode output cable” in this
section.

Block diagram shows  The following block diagram shows that the input light only passes through
light path the internal monochromator. Thus, the bandwidth of the preselection is equal
to the bandwidth of the selected resolution bandwidth filter.

OPTICAL SPECTRUM ANALYZER

Monochromator
Input DOUBLE PASS
MONOCHROMATOR || DIPLAY
Light
Source
Monochromatar Photodetector
Output Input
Output of
¥ Preselected
Light
pkb17
Block diagram of preselection mode
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Changing Instrument Modes
Preselecting a Light Source

To preselect a light source

1. Connect the light source to the optical spectrum analyzer’s front-panel

MONOCHROMATOR INPUT connector as shown in the following figure.

Optical Spectrum

Analyzer
Monochromator
= e Output
D =¥ Output of
5 ® preselected
light
e e

Monochromator
Input

Light

Source
pkb15

. Press (AUTO MEAS). After the routine has finished, check that the display

shows the wavelength range of interest. Adjust if necessary.

- Press the left-side State softkey.
- Press instr modes and then PRESEL to select preselector mode.

- Press the left-side RES BW softkey.

. Use the knob, step keys, or numeric keypad to enter the desired amount

of resolution bandwidth filtering.

. Press TAKE SWEEP to update the display to show the results of the new

resolution bandwidth filtering.

. The light is output from the optical spectrum analyzer’s front-panel

MONOCHROMATOR OUTPUT connector.

www.valuetronics.com
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Changing Instrument Modes
Preselecting a Light Source

This light is the filtered (by resolution bandwidth) and slightly
attenuated (by monochromator loss) light input to the front-panel
MONOCHROMATOR INPUT connector. Refer to Chapter 1 of the Reference
manual for information on monochromator loss.

9. Press MARKER TUNE . Turn the front-panel knob to tune the preselector
to any displayed wavelength.

10. If the input light changes, or if you change the span of the optical
spectrum analyzer, press TAKE SWEEP to update the displayed trace with
valid waveform data.

11. Press prev menu to return to normal optical spectrum analyzer
operation.
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Preselecting a Light Source

To use a single mode output cable

This procedure ensures the best launching of the output light from the 62.5u
MONOCHROMATOR QUTPUT connector into a 9y fiber-optic cable.

1. Connect the light source to the optical spectrum analyzer’s front-panel
MONOCHROMATOR INPUT connector as shown in the following figure. Use a
9 fiber-optic cable.

Optical Spectrum

Analyzer
= = e 9 pum
@: Q Fiber—optic
. B Cable
B QeS| o =| —
Q 9 m
Fiber—optic
Light Cable
Source pkb13

2. Connect a 9u m fiber-optic cable between the front-panel
MONOCHROMATOR OUTPUT and PHOTODETECTOR INPUT connectors as
shown in the preceding figure.

3. Press (AUTO MEAS). After the routine has ended, check that the display
shows the wavelength range of interest. Adjust if necessary.

The light response to be preselected should be displayed on the screen.
4. Press the left-side State softkey.
Press instr modes and then STM/RESP to select stimulus-response
mode.

Stimulus-response mode directs the light through the 9 m fiber-optic
cable.
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Preselecting a Light Source

10.

11.

12.

13.

14.

15.

16.

Wait for one complete trace to be drawn on the display.

Press (AUTO ALIGN). Wait for the automeasurement routine to end.

Press the prev menu softkey.

- Press PRESEL to select preselector mode.

Disconnect the 9 m fiber-optic cable from the front-panel
PHOTODETECTOR INPUT connector.

The output light is available at the loose end of this cable.
Press the left-side RES BW softkey.

Use the knob, step keys, or numeric keypad to enter the desired amount
of resolution bandwidth filtering.

Press TAKE SWEEP to update the display to show the results of the new
resolution bandwidth filtering.

Press MARKER TUNE . Turn the front-panel knob to tune the preselector
to any displayed wavelength.

It the input light changes, or if you change the span or resolution
bandwidth of the optical spectrum analyzer, press TAKE SWEEP to
update the displayed trace with valid waveform data.

Press prev menu to return to normal optical spectrum analyzer
operation.
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Measuring Photodetector Responsivity

NOTE

This instrument made is only available on HP 714518/ HP 709518 optical spectrum analyzers.

Photodiode instrument mode characterizes a photodetector’s ability to convert
light to electrical current. The displayed trace shows the ratio of the output
current to the power of the input light expressed as a logarithm (dB). (The
amplitude scale is amperes/watt.

response = 10 log (

output current in amperes )

input optical power in watts

To perform photodetector-responsivity measurements, you must have an
amplitude-stable light source. Although a white-light source provides the
widest wavelength input for photodetector-responsivity measurements, you
can also use an LED or the spontaneous emission from an optical amplifier.
Because of the low-level excitation provided by most white-light sources,
proper shielding from light and electromagnetic interference must be
maintained for accurate measurements.

The following figure shows the responsivity of a typical photodiode.
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Measuring Photodetector Responsivity
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Measuring Photodetector Responsivity

Block diagram shows  During photodetector-responsivity testing, the input light passes through the

light path monochromator before being applied to the photodetector being tested. The
optical spectrum analyzer processes the resulting photodetector current. The
analog output of the optical spectrum analyzer’s transimpedance amplifier is
also available at the rear-panel ANALOG OUT connector.

The photodiode must be connected such that the photocurrent flows in the
direction shown in the following figure. If the anode of the photodiode is
connected to the TRANS-Z coaxial ground, the optical spectrum analyzer will
measure the photodiode with zero volts bias.

OPTICAL SPECTRUM ANALYZER

’T//“ Monochromator
— —

- i /Q_‘> DISPLAY

| Input DOUBLE PASS
/\ MONOCHROMATOR
White—light
Source
Monochromator
Qutput
pkb19

Photodetector Rear—Panel

Input

TRANS—Z IN

%P

= (@)
Photodetector

V4 Being Tested

Block diagram of photodetector mode.
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Displayed response The displayed trace shows the ratio of the output current to the input light
results from trace power expressed as a logarithm (dB).

subtraction
response (dB) = 10 log (

amperes
watls )

The ratio is achieved through simple trace subtraction using logarithmic

amplitude scales. This is possible because of the following logarithmic

equality:

A
log (B) =log A—log B

During photodiode mode, the trace of the input light power is saved in

trace B using the STORE THRU-»B softkey. The output current from the
photodetector is then input to the optical spectrum analyzer and displayed on
trace A. The ratio is displayed by subtracting trace B from trace A using the

NORM On Off softkey.

t A
log (W) = log trace A — log trace B

trace B

If the ratio of the current to the light power is 1 amp/watt, the trace is
displayed at the reference position (0 dB).

10log 1 = 0dB
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Measuring Photodetector Responsivity

To measure photodetector responsivity

For best results, couple the light source to the monochromator using a short
length of 62.5/125u m fiber-optic cable. This minimizes the sensitivity to
optical alignments in the monochromator for 9/125um device measurements
and provides proper modal excitation for multimode fiber measurements.

Figures shown in this procedure display the characterization of a typical

photodiode.

1. Connect the light source to the optical spectrum analyzer’s front-panel
MONOCHROMATOR INPUT connector.

Optical Spectrum
Analyzer
= e
e =
el oo _
B Q0] o =
A ——
o/ 62.5/125 um
\// / Cable
=
White—light
Source

Fiber—optic
Cable

pkb20

2. Connect a fiber-optic cable between the front-panel MONOCHROMATOR
OUTPUT and PHOTODETECTOR INPUT connectors as shown in the

preceding figure.

3. Press (START), and enter the starting wavelength for the measurement.

4. Press (STOP), and enter the ending wavelength for the measurement.
5. Press and enter a resolution bandwidth of 10 nm.

For the greatest measurement range and signal-to-noise ratio
performance, it is recommended that the resolution bandwidth be set

www.valuetronics.com
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Measuring Photodetector Responsivity

to 10 nm. Narrower bandwidths can be used if greater wavelength
resolution is required.

6. Press the left-side State softkey.

7. Press instr modes and then PHOTO DIODE to select stimulus-response
mode.

8. Press (PEAK SEARCH]) and (TO REF LEVEL) to place the normalization

response at the reference level.

9. Wait for one complete trace to be drawn on the display.
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Typical response of a light source

10. Press STORE THRU->B to store the response in trace B.

It changes to wavelength range or resolution bandwidth are made after
this trace is stored, repeat this step.

11. Disconnect the cable from the front-panel PHOTODETECTOR INPUT
connector. Connect the cable to the photodetector being tested as shown
in the following figure.
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Optical Photodetector
Spectrum TRANS—Z being

Analyzer IN % tested

— )

€ Monochromator
Output
BEglosE| = —
Seogpo|ooooo|| O
~— ~—
Monochromator
Input
A
N/~
White—light
Source pkb12

12. Connect the output of the photodetector to the optical spectrum
analyzer’s rear-panel TRANS-Z IN connector.

13. Press PD MEAS On Off to turn on photodetector responsivity

measurement.
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Typical responsivity trace.
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Changing Instrument Modes

14. If you want to reduce the amplitude scale, perform the following steps:

a. Press (PEAK SEARCH) and then (TO REF LEVEL).

This places the response at the reference level. If you want to
maintain a reference level of 1 ampere/watt, do not perform this
step.
b. Press the left-side Amptd softkey.
C. Press L0OG dB/DIV , and enter the desired logarithmic scale. For
example, enter dB .
d. Ty return to the photodiode menu, press State , instr modes , and
then PHOTO DIODE .
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Reduced amplitude scale.

15. Press State, instr modes , and then 0SA to return to normal optical
spectrum analyzer operation.
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Changing Instrument Modes

To display a trace of input power

Trace B is the trace of the input light power over the selected wavelength
range.

1. Press DSPLY B On 0ff so that On is underlined.

2. If the trace is not displayed, increase the amplitude scale.
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Using Option 002, Built-in
White Light Source
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Using Option 002, Built-in White Light
Source

The information in this chapter introduces you to Option 002. The

HP 71450B/1B/2B Option 002 provides a built-in white light source. Option
002 is a stable, broadband light source for swept-wavelength stimulus
response testing from 900 nm to 1700 nm.

6-2
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Operating the Light Source

The output of the light source is accessed via the front-panel LIGHT
SOURCE OUTPUT connector. The light is brought to this connector with a
62.5/125 p m fiber. The standard connector interface is FC/PC, although
other adapter interfaces are available.

Extending the lamp's lifetime

Although the light source’s lamp lasts an exceptionally long time, you can increase its life span by
turning it off when it is not in use.

To turn on the light source

1. Press the left-side State softkey.
2. Press light source .
3. Press WHITE On Off so that On is underlined.

To turn off the white light source, press WHITE 0n 0ff so that Off is
underlined.
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Using the Light Source with the HP 71451B

Chapter 5 of this manual describes how to preselect light sources, perform
stimulus-response measurements, and measure photodetector responsivity.
The built-in white light source is an ideal source for these tasks. Use the
short 62.5/125 pm fiber provided with Option 002 to connect from the

front-panel LIGHT SOURCE OUTPUT to MONOCHROMATOR INPUT connectors. A

9/125 pm fiber is also provided for the normalization of measurements of

single-mode fiber devices.

OO0 e ods oo

~@

"""’D O OoOod
[ DO
[ [ | e o 1
T N— 4
510p002
HP 71451B with Option 002

OPT 00z
LIGHT SOURCE
OUTPUT
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Stimulus-Response Measurements with the
HP 71450B/2B

The light source can be used as the source for stimulus response
measurements with the HP 71450B/2B optical spectrum analyzer.

[foeofoe]e]
OPT 002
LIGHT SOURCE
QUTPUT
O

510p002

HP 71450B/2B with Option 002

Stimulus-response measurements characterize optical components for loss
(or gain) versus wavelength. You can characterize devices such as couplers,
switches, filters, and fibers. The following figure shows the response of one
output of an optical coupler versus wavelength.
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The displayed response is a convolution of the optical spectrum analyzer’s

Using Option 002, Built-in White Light Source
Stimulus-Response Measurements with the HP 71450B/2B

Response of a coupler.

RL @.8P dB MER #1 WUL 1318.8 nm pre gy
SENS| -79[dEm S[TM/RS -B.H3 dB |, ofan
0. BA[dB/DIV . —
[t ] N
UIDED BANOWIDTH I
188 Hz AutoMan
SUPTINE
\ / AutoMan
CONT
\ f SHEEP
SINGLE
SHEEP
YID AVG
On OFF
START {CHB.B nm STOF 17PA.@ nm MORE
+RB 1B nm B 180 Hz § ST=6.9 sec { of 32

resolution bandwidth and the amplitude response of the device being tested.

Because of this convolution, the optical spectrum analyzer’s resolution
bandwidth affects both dynamic range and the ability to resolve fast

amplitude changes versus wavelength. Wide resolution bandwidths improve
dynamic range. Narrow resolution bandwidths increase the ability to resolve
fast amplitude changes.

www.valuetronics.com
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Using Option 002, Built-in White Light Source
Stimulus-Response Measurements with the HP 71450B/2B

You can display two responses at the same time. The following figure shows
the response of each of the outputs of an optical coupler versus wavelength.

RL .88 dB MKR #1 WUL 1318.8 nn ppg po
Waveln[SENS] -79 [dBm S[N/RS 3097 9B Ja st otian
5. A | dB/DIY . —
e A R Tt
Amptd |MARKER (] e ¥10 BH
T31A[E nm Aut oan
2. b7 dB
Hark 1 SUPTINE
arker \ / \ / AutoMan
CONT
BH.Sup Vj W o
. §INGLE
races SHEEP
YI0 AVG
State On OFF
i START 1cA0.8 nm TTOF 1708.8 nm MORE
1SC kB 1B nm «JB 188 Hz 3§ 8T 6.9 sec { of 3

Simultaneous display of both coupler outputs.

Block diagram shows  During stimulus-response testing, the light from the light source first

light path passes through the device under test and then into the optical spectrum
analyzer. The analog output of the optical spectrum analyzer’s detector and
transimpedance amplifier is available at the rear-panel ANALOG OUT connector.

OPTICAL SPECTRUM ANALYZER

DEVICE | out DISPLAY
UNDER DOUBLE PASS

TEST MONOCHROMATOR  —— — 2

MONOCHROMATOR
INPUT

\\/7\
—a
LIGHT e

SOURCE
OUTPUT

bdstresp

Block diagram of stimulus-response measurement.
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Using Option 002, Built-in White Light Source
Stimulus-Response Measurements with the HP 71450B/2B

Displayed response The displayed trace shows the ratio of the output power to the input power
results from trace expressed as a logarithm (dB).
subtraction

tput
response (dB) = 10 log (OUPUPOW“)

mpul power

The ratio is achieved through simple trace subtraction using logarithmic
amplitude scales. This is possible because of the following logarithmic
equality:

A
log (B) =log A—log B

During a stimulus-response measurement, the trace of the input power is
saved in trace B. The power ratio is displayed by subtracting trace B from

trace A using the NORM On Dff softkey.

t A
log (W) = log trace A —log trace B

trace B
If there is no power loss (or gain) through a device, the power ratio is 1 (0
dB).
10log 1 = 0dB

Loss or gain through the device under test offsets the trace below or above 0
dB by the amount of the log of the loss or gain.

6-9

www.valuetronics.com



Using Option 002, Built-in White Light Source
Stimulus-Response Measurements with the HP 71450B/2B

To characterize a single-output device

Figures shown in this procedure display the characterization of an optical
coupler.

1. Connect the optical spectrum analyzer’s LIGHT SOURCE OUTPUT
connector to the OPTICAL INPUT connector using a fiber size that
matches the device under test.

OPTICAL
SPECTRUH ANALYZER
-

s

[

oo oooooo

LIGHT SOQURCE
OUTPUT

OEIEIEI
oooool ooo
oooog||ooooa

FIBER OPTIC CRABLE

sglout

Initial setup for single-output device test

2. Press the left-side State softkey.

w

- Press 1ight source and then WHITE On 0ff so that On is
highlighted. This turns on the built-in white light source.

. Press (START), and enter the starting wavelength for the measurement.

[GARETN

. Press (STOP), and enter the ending wavelength for the measurement.
. Press and enter a resolution bandwidth of 10 nm.

For the greatest measurement range and signal-to-noise ratio
performance, it is recommended that the resolution bandwidth be set
to 10 nm. Narrower bandwidths can be used if greater wavelength
resolution is required.

jex)

-3

. Press the left-side State softkey.
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Using Option 002, Built-in White Light Source
Stimulus-Response Measurements with the HP 71450B/2B

8. Press instr modes and then STM/RESP to select stimulus-response

mode.

9. Press (PEAK SEARCH) and then (TO REF LEVEL) to place the normalization

response at the reference level.

10. Wait for one complete trace to be drawn on the display.

Hawveln

Ampt d

Harker

EW, Sup

Traces

State

Hisc

EL -55.36 dEm HKR #1 WUL 136@.6 nm
SENS| -7B[dEm S[TM/RS 55.49 dEm
J18.8R dB/OIV |
o=t 4
RES BN WRYELENGTH STORE
1d n THRU-}B
HORMN
On OFF
DSPLY B
On OFF
START 12HB. B nm STOF 17BA.8 nn prev
+RB 1B nm «JB TR Hz § ST=4.7 sec menu

Response of light path.

11. Press STORE THRU->B to store the response in trace B.

It changes to wavelength range or resolution bandwidth are made after
this trace is stored, repeat this step.

12. Press NORM On Off to normalize the response at the reference position.
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RL @.88 dB MKR #1 WYL 13A.6 nm
WaveIn[SENS[ -7B[dBn STA/RS B.08 dE
,18.8p dB/01y .
RES BN MAJELENGTH Functfion edecutgd | |STORE
Roetd 5n T{THRU-B
NORM
Marker On OFF
DSPLY B
EW, Sup On OFF
Traces
State
Hi START 12HB. B nm STOF 17BA.8 nn prev
15€ «RB 1B nm +UB 2AB Hz & §T=4.7 sec menu

Normalized response of light path.

13. Insert the device being tested between the OPTICAL INPUT connector
and the fiber-optic cable as shown in the following figure.

OPTICAL
SPECTRUM ANALYZER
- S
Pra N
= T
OPTICAL LIGHT SOURCE
INPUT g QUTPUT
—f 9’

oo oooooo

[ o [ ] OE“:“:' —1
ooojoo oo ]
(=]=]

[==]= ooooa| O

ouT IN
DEVICE
UNDER
TEST

tssglout

Test setup for single-output device-under-test
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Using Option 002, Built-in White Light Source
Stimulus-Response Measurements with the HP 71450B/2B

14. Press (NORMAL ON/OFF) to activate the marker.

The marker shows the insertion loss (or gain) of the device being
tested at the marked wavelength. Use the front-panel knob to move
the marker along the trace.

15. If you want to reduce the amplitude scale, perform the following steps:

a. Press (PEAK SEARCH) and then (TO REF LEVEL). This places the

response at the reference level. If you want to maintain a reference
level of 0 dB, do not perform this step.

b. Press the left-side Amptd softkey.
C. Press L0OG dB/DIV , and enter the desired logarithmic scale. For
example, enter (5) dB .

RL d.88 dB MKR #1 WUL 1316.8 nn ppg gy
Waveln[SERS] -79 |dBm STH/RS N R
5. 0@ | dB/DIV SR
[t ] N
VIDED BAMOWIDTH LMY
et o7 1z AutoMan
SWPTIME
Harker \ / AutoMan
CONT
L \ f SHEEP
. SINGLE
races SHEEP
YID AVG
State On OFF
i START L2dB.0 nm STOF 1700.@ nm HORE
1SC kB 1B nm «JB 188 Hz 3§ §T=5.9 sec { of 3

Normalized response of coupler.

16. If you want to reduce displayed noise, perform the following steps:
a. Press the left-side BW,Swp softkey.
b. Press VID BW AutoMan , and reduce the video bandwidth.

To return to the stimulus response menu, press State ,
instr modes , and then STM/RESP .

6-13
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17. press State , instr modes , and then USA to return to normal optical
spectrum analyzer operation.
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Using Option 002, Built-in White Light Source
Stimulus-Response Measurements with the HP 71450B/2B

To characterize a dual-output device

Devices such as optical couplers have two output ports. Use this procedure
to display the normalized response of both outputs simultaneously. Figures
shown in this procedure display the characterization of an optical coupler.

1. Perform the previous procedure “To characterize a single-output device”
to characterize one of the device’s outputs, but do not return to the OSA
mode of operation at the end of the procedure.

2. Press the left-side BW,Swp softkey.

3. Press SINGLE SWEEP , and wait for one complete trace to be drawn on
the display.

RL d.88 dB MKR #1 WUL 1316.8 nn [gemam
Waveln[SERS] -4z [dBm STH/RS “B07 4B [q0e oan
5. 0@ | dB/DIV THEREER
T ] N
Amptd |RES BH WAYELENGTH UID Bu
18 n AutoMan
SWPTIME
Harker \ / AutoMan
CONT
L \ [ SHEEP
. SINGLE
races SHEEP
YID AVG
State On OFF
i START L2dB.0 nm STOF 1700.@ nm HORE
1SC kB 1B nm «JB 30 Hz 3§ 5T 1B sec | of 3

Response at one of the coupler’s outputs.

4. Press the left-side Traces softkey.

5. Press MORE 1 of 4 oneshot math 6 then A XCH € to store trace A in
trace C.
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Using Option 002, Built-in White Light Source
Stimulus-Response Measurements with the HP 71450B/2B

6. Press the left-side Traces softkey. Press trace A B C sothat C is
selected.

7. Press VIEW € BLANK C so that VIEW C is underlined.

8. Press trace A& B € so that A is selected. Press CLEAR WRT A .

9. Disconnect the output of the device being tested from the front-panel
OPTICAL INPUT connector.

10. Connect the device’s second output to the front-panel OPTICAL INPUT
connector.

11. Press the left-side BW,Swp softkey. Press SINGLE SWEEP to show the
response of the second output port.

RL .88 dB MKR #1 WUL 1318.8 nn ppg po
Waveln[SENS] -79 [dBm S[N/RS 3097 9B Ja st otian
5. A | dB/DIY . ==
_L--"'____'_— ] | T | A
Amptd |MARKER ] [V 1D BH
131818 nm AutoMan
2. b7 dB
Hark 1 SUPTINE
arker \ / \ / AutoMan
CONT
BH.Sup V) W o
. §INGLE
races SHEEP
YI0 AVG
State On OFF
i START 1cA0.8 nm TTOF 1708.8 nm MORE
1SC kB 1B nm «JB 188 Hz 3§ 8T 6.9 sec { of 3

Response of hoth coupler outputs.
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Using Option 002, Built-in White Light Source
Stimulus-Response Measurements with the HP 71450B/2B

To display a trace of input power

After performing a stimulus-response measurement, trace B is the trace of the
input light power over the selected wavelength range.

L. Press the left-side State softkey.
2. Press instr modes and then STM/RESP .

3. Press DSPLY B On 0ff so that On is underlined.

4. If the trace is not displayed, increase the amplitude scale.

To make measurements on a linear scale

The stimulus-response measurements made in this section resulted in a
logarithmic display of the results. The measurements can also be made with
a linear amplitude scale. In order to do this, the amplitude scale must be
changed to linear prior to saving the normalization trace.

In order to make the measurement with a linear scale, the procedure
discussed earlier in this section can be used with the following exceptions:

1. After placing the normalization response at the reference level by pressing
PEAK SEARCH and then T8 REF LEVEL , change to a linear scale by

pressing the left-side Amptd softkey and then LINEAR .

2. Prior to pressing STORE THRU -»> B to save the nromaliation trace,
reduce the noise on the trace by reducing the optical spectrum analyzer’s
video bandwidth:

a. Press the left-side BW,Swp softkey.

b. Press VID BW AutoMan .

c. Press () until the trace appears to be free from noise.
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Using Option 002, Built-in White Light Source
Stimulus-Response Measurements with the HP 71450B/2B

3. After the normalization function has been activated, do not change
the reference level, either manually or with the PEAK SEARCH and

T0 REF LEVEL functions as described for reducing the amplitude scale.

For this measurement, the amplitude scale must remain fixed at 0
(bottom) to 1.00 x (top).

BL LBBE % ROFFSET KR #1 WUL 1426.3 nn, pen TR
hoveln FETT g STV UE A

LINERR £
nptd | MARKEET /\ ALTIVE

142E} T nm HARKER
VN /| A

Marker f \ / \ mkr bwWs
Em— oom bu

B, Sup \A/ ot
Traces / \ a -1 5P
State

Hisc *EQHTBT H;EEB'B :EB AR Hz & STUPS%?E?%EBEE QDEE 4

WDM coupler characterized on a linear scale.
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Using Option 002, Built-in White Light Source
Stimulus-Response Measurements with the HP 71450B/2B

To use alternative trace definitions

The normalization function in the stimulus-response mode menu normalizes
the measured data to a through reference trace. This uses the trace math of
A—-B — A for logarithmic scales and A/B — A for linear scales.

In some cases, other trace definitions are desired. Additional trace definitions
are available in the traces menu under trace logmath (for measurements

on a logarithmic scale) and trace linmath (for measurements on a linear
scale). These definitions make use of various combinations of traces A, B, and
C and, in some cases, the display line for a scaling factor. Traces B and C are
used as stored reference traces and trace A is active, with the results being
updated for each new measurement of trace A. In order to scale the resultant
information for a result of 0 dB (or 1.00 x) to be at the reference level, the
display line should be set to be equal to the reference level.

When using these trace definitions, it is not necessary to use the
stimulus-response instrument mode. If the stimulus-response instrument
mode is not used, the optical spectrum analyzer’s autorange function should
be activated prior to beginning the measurement by pressing the left-side

Amptd softkey followed by MORE 1 of 4 and then AUTORNG On Off so
that On is underlined.

Prior to saving any reference traces, it should be ensured that the optical
spectrum analyzer is using sample, rather than peak, detection. This ensures
greatest accuracy, and is indicated by an S character displayed at the bottom,

center of the screen. This is accomplished by pressing ¥ID BW AutoMan two

times until :‘Man is underlined, or pressing V1D BW AutoMan one time and

reducing the bandwidth by pressing (¥) at least one time. Additional video
bandwidth reduction can be used to remove any unwanted noise on the trace.

One example use of the additional trace definitions is the linear
characterization of a WDM coupler’s coupling ratio. Coupling ratio is defined
as the ratio of the power at one output port to the sum of the power at all
output ports. This is different than the standard insertion loss definition and
requires a different trace definition. For a two output device, the equation

A < AXDL/(A+B) provides the proper definition. Trace A represents the
power at the output under test, trace B represents the power at the other
output, and A+B represents the total output power. In order to display the
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results on the same scale as the measured data, the display line is set equal to
the reference level resulting in the value of A/(A+B) = 1 being displayed at
the reference level.

The linear measurement of coupler’s excess 1oss is also possible using one of
the trace linmath equations. In this case, the equation A «— DL*(A+B)/C is
used, where trace C is a measurement of the power at the device input and
traces A and B are measurements of the power at each of the outputs. Again,
the display line is set equal to the reference level for proper scaling.
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Replacing the Lamp

Your Hewlett-Packard Sales and Service Office provides two replacement

kits for the white-light source lamp assembly. One replacement kit, HP part
number 70950-60026, contains a new lamp assembly. The other replacement
kit, HP part number 5086-6913, contains a rebuilt lamp assembly. The rebuilt
lamp assembly is provided as an exchange assembly; ordering an exchange
assembly requires that you return the defective lamp assembly for credit.

Contents of New Lamp Assembly Replacement Kit
(HP part number 70950-60026)

Quantity Description Part Number
1 Installation Note 70951-90004
1 Light Source Lamp Assembly | 5086-7913

CAUTION Electrostatic discharge (ESD) can damage or destroy electronic components.
For further information regarding ESD precautions, see the paragraph on ESD
in the Service Manual for your instrument.

When installing the light source lamp replacement kit, use an approved
static-free workstation to avoid component damage caused by ESD.
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Using Option 002, Built-in White Light Source
Replacing the Lamp

To replace the lamp

This procedure requires the use of the following tools:

e T-10 Torx driver
e 8 mm hex-ball driver
e Flat-blade screwdriver

NOTE

Other than the defective light-source assembly, all pieces of hardware are reused; keep the hardware
together.

Removing the module 1. Set the mainframe LINE switch to OFF.

sover 2. Remove any cables that are connected to the front- or rear-panels of the

optical spectrum analyzer system.

3. Use and 8 mm hex-ball driver to remove the optical spectrum analyzer
module from the mainframe.

4. Use the T-10 Torx-driver to remove the fourteen screws that attach the
cover of the module to the module frame.
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Removing the
white-light source
assembly

Using Option 002, Built-in White Light Source
Replacing the Lamp

8 Top Screws

e
}
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999900000 3 gg 22 00080 == 060 0 0 O orr‘:l o @
SoeT S

ooooooooo

4 Screws This Side

2 Screws Opposite Side (4 Places)

(At Corners)

rrrrrr

Removing the cover.

. With the flat-blade screwdriver, gently pry at the four corners () of the

cover-bottom and module frame interface. Lift the cover off the frame.

. Observe the position of the light-source assembly. The new assembly will

be installed in an identical manner.

. Locate the white-light source lamp assembly and remove the control

cable @) from the X-Y control assembly.

www.valuetronics.com
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litassy

White light source lamp replacement.

8. Use the T-10 Torx-driver to remove the two screws ) that hold the light
source lamp assembly to the bracket and lift out the light source lamp
assembly. These parts are used again to secure the new assembly.

9. Disconnect the optical fiber cable @ from the light source lamp assembly.
Install the new white-light source assembly as described in the next
section.

Cleaning the optical 10. Clean the optical fiber end that attaches to the light source assembly as
fiber cable explained in the following steps:

a. Apply isopropyl alcohol to a clean lint-free swab or lens paper.

e Cotton swabs can be used as long as no cotton fibers remain on the
fiber end after cleaning.
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Reassembhling the 11.

light-source and module

12.

13.
14.

Using Option 002, Built-in White Light Source
Replacing the Lamp

b. Clean the fiber end with the swab or lens paper. Move the swab or
lens paper back and forth across the fiber end several times.

e Some amount of wiping or mild scrubbing of the fiber end can help
remove particles when application of alcohol alone can not.

e The wiping technique can remove or displace particles smaller than
one micron.

c. Allow the connector to dry for about a minute. Or, use compressed air
to dry it immediately.

e Use compressed air to lessen the chance of deposits remaining on
the fiber end.

e Do not shake or tip the compressed air can. This action releases
particles in the can into the air.

e Direct the compressed air horizontally across the fiber end.

d. As soon as the connector is dry, connect or cover it for later use.

Connect the optical fiber to the new light source lamp assembly as shown
in @ of the previous figure.

Attach the new light source lamp assembly to the bracket with the
original screws (3.

Attach the control cable to the X-Y control assembly @).

Position the module cover over the frame. Make sure that the sides
are seated in the slots along the bottom of the cavity as shown in the
following figure.

www.valuetronics.com

6-25



Using Option 002, Built-in White Light Source
Replacing the Lamp

15.
16.
17.

18.
19.
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ALIGN TABS BEFORE
SEATING COVER
(8 PLACES)

Replacing the cover.

Align the tabs with the slots on the top of the cover.
Attach four end screws, two to each end of the module, first.

Replace the remaining 10 screws, then tighten all fourteen screws to
secure the cover to the frame.

Return the module to the mainframe.

Perform the “White Light Output Power Test” located in Chapter 5 of the
Installation and Verification Manual.
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Measuring Swept Polarization Dependent
Loss

This chapter shows you how to perform polarization dependent loss (PDL)
measurements on optical-to-optical and optical-to-electrical devices. These
measurements require the following equipment:

e HP 71451B optical spectrum analyzer, (HP 709518 module).
e Option 002, built-in white light source.
e Option 003, swept polarization dependent loss Kkit.

Option 003 comes with an advanced-measurement program designed for
characterizing PDL as a function of wavelength.

To begin the program, press (USER), then PDL . If the program is
unintentionally erased from memory, reinstall it using the procedure provided
in Chapter 4, “Reinstalling the Advanced- Measurement Programs.” A backup
copy of the program is provided on both the memory card and the diskette.
These are shipped with the swept polarization dependent loss kit.

Battery Power

Automatic measurement programs are stored in battery powered memory. If the internal battery loses
power, the programs are erased from memary. With normal use, the internal battery lasts for several
years. To replace the internal battery, return the optical spectrum analyzer to a Hewlett-Packard service
center.

During swept-polarization-loss measurements, light energy applied to

the front-panel MONOCHROMATOR INPUT connector can radiate from the
front-panel MONOCHROMATOR OUTPUT connector. This radiated light passes
through the internal monochromator and so is filtered and slightly
attenuated.

WARNING
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Characterizing Optical-to-Optical Devices

This section presents a procedure for measuring the PDL of optical-to-optical
devices such as filters, isolators, and couplers. In this procedure, you can

use one of two test setups. One test setup uses an external detector. The
other test setup uses the optical spectrum analyzer’s internal detector. Using
an external detector is the most accurate and preferred method. Using the
internal detector is slightly less accurate, but has a simplified configuration.

Filtered, polarized, white light is applied to the input of the device being
tested. The output spectrum is then viewed. The polarization of the filtered
light is manually varied through all desired states of polarization. As the
polarization is varied, the output spectrum changes, and the extreme power
levels are recorded using maximum-hold and minimum-hold traces. The
difference between the maximum and minimum traces represents the
peak-to-peak polarization dependent loss of the device as a function of

wavelength.
KF@@ e dB MKR #1 WUL 139.9
SOURCE LI
on orF [ SENST -93]dBn PROTO 792 a8 |pp,
- 0.28|d8/D1y
DETECTR | NARKER CALC +
Ext Int[1309]9 nn DISPLAY
0.52|dB
HIGHEST |1 AUTO
PEAK SCALE
HINIMUM A L0G
POINT \ & Al ml Wl A dB/D1V
el RIFANANANANA VA WILY oy
On OFf / iM/ / / WO W " TAutalian
ke TRA [V W UID BW
ABC AutaMan
it YSTAAT 1250.0 nn STOP 1600.7 nn' HELP
*RB 10 nm +UB 30 Hz S ST 12 sec 0On ofr
Peak-to-peak PDL of an isolator {1250 to 1600 nm)
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Measuring Swept Polarization Dependent Loss
Characterizing Optical-to-Optical Devices

Preferred test setup
(EXT photodetector)

The preferred method for making swept PDL measurements uses an external
detector. The block diagram of the measurement is shown in the following
figure.

HP 71451B WITH OPTION 002 AND OPTION 003

MONOCHROMATOR
INPUT DOUBLE PASS
MONOCHROMATOR [ ] DISPLAY

WHITE—LIGHT
sou7c5 =y
]
— /
~ = ~
=
SEMI-RIGID =
MULTIMODE
FIBER _
* MONOCHROMATOR NOT TRANSIMPEDANCE
QUTPUT USED INPUT
(REAR PANEL)
POLARIZER | *
* * PARTS MARKED WITH
AN ASTERISK ARE
"CONTROLLER PROVIDED WITH
OPTION 003, SWEPT
9/125mm FIBER PDL KIT.
*
DEVICE *
SINGLE—MODE
LR PHOTODETECTOR

bdextdet

Swept PDL Block Diagram Using the External Detector
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e This white light source is connected directly to the MONOCHROMATOR INPUT
of the optical spectrum analyzer via a semi-rigid multimode fiber.

e The semi-rigid fiber is necessary to avoid measurement errors due to the
fiber being moved during the measurement.

e The filtered light at the MONOCHROMATOR OUTPUT is applied to a polarizer
connected directly to the MONOCHROMATOR OQUTPUT.

e The output of the polarizer is connected to the polarization state controller
via a single mode fiber.

e The input of the device under test is connected to the output of the
polarization state controller.

e The output of the device under test is connected to the single-mode fiber
photodetector that connects to the optical spectrum analyzer’s rear-panel
TRANS-Z transimpedance connector.

The external, single-mode photodetector is used to bypass the internal optical
switch and multi-mode photodetector to minimize measurement errors. The
polarization state controller output and the photodetector input are equipped
with an FC/PC connector interface adapter. These adapters can be replaced
with other adapter types.
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Measuring Swept Polarization Dependent Loss
Characterizing Optical-to-Optical Devices

Simplified test setup
(INT photodetector)

The simplified method for making swept PDL measurements uses the built-in
detector. The block diagram of the measurement is shown in the following

figure.
HP 71451B WITH OPTION 002 AND OPTION 003
MONQCHROMATOR
INPUT DOUBLE PASS
MONOCHROMATOR DISPLAY
— T2y
WHITE-LIGHT
sou7c5
o]
— /
—
=
SEMI-RIGID =
MULTIMODE
FIBER
* MONOCHROMATOR PHOTODETECTOR
OUTPUT INPUT
POLARIZER | %
* * PARTS MARKED WITH
AN ASTERISK ARE
POLARIZATION
CONTROLLER PROVIDED WITH
OPTION 003, SWEPT
9/125mm FIBER PDL KIT.
*
DEVICE
UNDER
TEST

bdintdet

Swept PDL Block Diagram Using the Internal Detector
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e The white light source is connected directly to the monochromator input of
the optical spectrum analyzer via a semi-rigid multimode fiber.

e The semi-rigid fiber is necessary to avoid measurement errors due to the
fiber being moved during the measurement.

e The filtered light at the MONOCHROMATOR OUTPUT is applied to a polarizer
connected directly to the MONOCHROMATOR OQUTPUT.

e The output of the polarizer is connected to the polarization state controller
via a single mode fiber.

e The input of the device-under-test is connected to the output of the
polarization state controller. The output of the device under test is
connected to the optical spectrum analyzer’s front-panel PHOTODETECTOR
INPUT connector.

The polarization state controller output, and PHOTODECTOR INPUT are
equipped with FC/PC connector interface adapters. These adapters can be
replaced with other adapter types.

7-8
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To measure PDL

In the this procedure, pay attention to the test setup and the measurement
method (preferred or simplified) you plan to use. Only the equipment
connections vary; the procedure is the same.

Preparing for 1. Turn the optical spectrum analyzer on, and allow it to warm up for one
measurements hour.

2. Connect the LIGHT SOURCE QUTPUT to the MONOCHROMATOR INPUT using
the u-shaped, semi-rigid multimode fiber provided with the swept PDL
kit.

In order to avoid damage to the semi-rigid fiber, the end labeled
MONOCHROMATOR INPUT must be attached to the optical spectrum analyzer’s
MONOCHROMATOR INPUT connector. Connection to any other port may damage
the semi-rigid fiber.

CAUTION

3. Press the left-side State softkey.

4. Press light source and then WHITE On 0ff so that On is
underlined.

5. Press the left-side Marker softkey.

6. Press MKR NRM On Off so that On is underlined.

7. Rotate the front-panel knob to place the marker at the wavelength of
interest.

§. Press to bring the light source output above the

instrument’s sensitivity level.

9. Press (AUTO ALIGN).

7-9
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Characterizing Optical-to-Optical Devices

Connect the equipment 10. Connect the rest of the equipment, provided with Option 003, as shown

in either the preferred or simplified test setup diagrams:

The FC/PC (or other) connector interface on the MONOCHROMATOR
OUTPUT must be removed prior to connecting the polarizer. This

connector interface can then be used between the interface adapter
and the output of the device under test.

SINGLE MODE
PHOTODETECTOR S pvryryee T8
T b UNDER )
(REAR PANEL) IESEE?Q&E TEST
= . POLARIZER

= T (]

g % -® 9/125rm FIBER

A "IN

[T (o [ o] ooo —_—

e

o

oPT1CAL Eeme @ e
SPECTRUM N

INPUT
LIGHT SOURCE

. J
ANALYZER OUTPUT m ‘E‘ @ OPT I CAL
QuUTPUT
U-SHAPED

MULT IMODE F IBER

xtspref

Preferred test setup (Ext photodetector).
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9/125mm F IBER
POLARIZATION

CONTROLLER
~ —— POLAR | ZER OPT ICAL
= = — | INPUT
| |
"t 4 ™ OPTICAL)
OUTPUT
[=N="1 Ocooo I \
B o= | —
\_ &
OPTICAL
SPECTRUM LIGHT SOURCH
ANALYZER ouTPUT
DEV ICE
U-SHAPED \. T UNDER P
MULT IMODE F IBER TEST
xtssimp
Simplified test setup (Int photodetector)
Characterizing the 11. Activate the swept polarization dependent loss measurement personality
device by pressing (USER), then press PDL .

12. Select either the external (preferred) or internal (simplified) detector
mode.

e Press Detectr Int Ext so that Ext is underlined to indicate that an
external photodetector is being used.

® Press Detectr Int Ext so that Int is underlined to indicate that an
internal photodetector is being used.

13. Press Source On 0ff and underline On to turn on the white- light
source.

14. Set the start- and stop-wavelengths for the measurement using the
(START) and (sTOP) keys on the keypad.
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15. Set the resolution bandwidth using the RES BW AutoMan softkey.

e For the greatest measurement range and signal-to-noise performance,
set the resolution bandwidth to 10 nm.

¢ Narrower bandwidths can be used if greater wavelength resolution is
required.

16. After a sweep with the new resolution bandwidth has completed, press
AUTO SCALE .

Pressing this key properly positions the signal on the display. If
necessary, press AUTB SCALE during the measurement procedure to
reposition the signal.

17. If the displayed trace appears to have a significant amount of
noise compared to the expected polarization dependent loss of the
device-under-test, reduce the noise by lowering the value of the video
bandwidth filter.

e Press VID BW AutoMan .

e Press the down arrow key until the desired noise reduction is achieved.
e Note that each decrease in the video bandwidth causes an increase in
sweep time.

Measuring PDL 18. Start the PDL measurement by pressing INIT PDL .

Pressing ‘INIT PDL activates the minimum- and maximum-hold traces,
and begins the PDL measurement.

7-12
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Characterizing Optical-to-Optical Devices

19. Manually or automatically adjust the polarization state controller over
all desired states of polarization while the optical spectrum analyzer is
sweeping. The goal is to cover all desired states of polarization for each
wavelength. Three traces are displayed on the optical spectrum analyzer
as shown in the following figure.

SOURCE
oN OFF

DETECTR
Ext Int

HIGHEST
PEAK

MINIMUM
POINT

MKR NRM
On DFF

HKR TRA
ABC

EXIT

(@3)
RL -71.38 dBm
SENS[ -93[dBm PHOTO
,1.00(dB/DIV
[Raraw
W A
ki ﬂw
/A\\\\

v
START 1250.0 nm STOP 1600.0 nm
*RB 180 nm *UB 30 Hz S ST 12 sec

CALC +
DISPLAY

AUTO
SCALE

RES BN
AutoMan

UID BN
AutoMan

HELP
On OFF

Three traces displayed during PDL measurement.

20. After all adjustments are made, display the peak-to-peak polarization

dependent loss by pressing CALC+DISPLAY . You can use the

AUTO SCALE and marker functions on the results trace.
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%%Dm 07 dB MKR #1 WUL 1389.9

SOURCE RN

ON OFF [ SENS] -33]dBm PHOTO .92 B |ppL

- 0.20|dB/D1Y

DETECTR | NARKER CALC +

Ext Int [1309]9 nn DISPLAY
1.52|dB

HIGHEST |1 AUTO

PERK SCALE

HINTHUM A L0G.

POINT \ & Al Al m M dB/D1V

el RIFANANANANA VA WILY oy

On OFf / i M/ / / WO W " lAutolan

ke TRA [V W VID BH

ABC AutaMan

it YSTAAT 1250.0 nn STOP 1600.7 nn' HELP
*RB 10 nm +UB 30 Hz S ST 12 sec 0On ofr

PDL measurement results.

21. To start another measurement, press INIT PDL , and adjust the
polarization state controller as explained in steps 18 through 20, above.

7-14

www.valuetronics.com



Characterizing Optical-to-Electrical Devices

The method described in this section is for making swept polarization
dependent loss measurements on optical-to-electrical devices such as
photodetectors and receivers. The following figure shows the block diagram of

the measurement.

HP 71451B WITH OPTION 002 AND OPTION 003

MONOCHROMATOR
INPUT DOUBLE PASS |
MONOCHROMATOR
WHITE—LIGHT
sou7c5
| Y
EON
—
SEMI-RIGID =
MULTIMODE
FIBER

*

*
POLARIZATION ‘
CONTROLLER

MONOCHROMATOR
OUTPUT

X—[> DISPLAY

= 4

NOT
USED

| POLARIZER | *

9/125mm FIBER
*

i
P
-—

SMB CABLE

TRANSIMPEDANCE
INPUT

* PARTS MARKED WITH
AN ASTERISK ARE
PROVIDED WITH
OPTION 003, SWEPT
PDL KIT.

J

TEST

DEVICE _| 47
UNDER A

beswpt

Swept PDL block diagram for optical-to-electrical device measurements
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Filtered, polarized, white light is applied to the input of the device being
tested. The output of the device being tested is then viewed as a function of
input wavelength. The polarization of the filtered light is manually varied
through all desired states of polarization. As the polarization is varied, the
output level changes, and the extreme power levels are recorded using
maximum hold and minimum hold traces. The difference between the
maximum and minimum traces represents the peak-to-peak polarization
dependent loss of the device as a function of wavelength.

e The white light source is connected directly to the MONOCHROMATOR INPUT
on the optical spectrum analyzer via a semi-rigid multimode fiber.

e The semi-rigid fiber is necessary to avoid measurement errors that are
caused when the fiber is moved during a measurement.

e The filtered light at the MONOCHROMATOR OUTPUT is applied to a polarizer
connected directly to the monochromator output.

e The output of the polarizer is connected to the polarization state controller
via a single-mode fiber.

e The input of the device-under-test is connected to the output of the
polarization state controller.

e The output of the device-under-test is connected to the transimpedance
input on the rear panel of the optical spectrum analyzer using an SMB
connector.

The device under test must be connected so that the output current
flows from the center conductor of the transimpedance input to the
device-under-test.

If the output of the device under test is a voltage rather than a current, place
a series resistor at the output and consider the transimpedance input a virtual
ground. The maximum current level must not exceed 10 mA.

The polarization state controller output is equipped with an FC/PC connector
interface adapter. This adapter can be replaced with other adapter types.

This measurement is made with very small optical power and electrical
current levels. Use care to ensure that room light and electromagnetic
interference at the device under test do not affect the results.

CAUTION
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Preparing for
measurements

CAUTION

Connect the equipment

To measure PDL

1.

2.

Turn the optical spectrum analyzer on, and allow it to warm up for one
hour.

Connect the LIGHT SOURCE OUTPUT to the MONOCHROMATOR INPUT using
the u-shaped, semi-rigid multimode fiber provided with the swept PDL
kit.

In order to avoid damage to the semi-rigid fiber, the end labeled
MONOCHROMATOR INPUT must be attached to the optical spectrum analyzer’s
MONOCHROMATOR INPUT connector. Connection to any other port may damage
the semi-rigid fiber.

3.

4.

10.

Press the left-side State softkey.

Press light source and then WHITE On Off so that On is
underlined.

Press the left-side Marker softkey.

Press MKR NRM On Off so that On is underlined.

. Rotate the front-panel knob to place the marker at the wavelength of

interest.

Press to bring the light source output above the

instrument’s sensitivity level.

. Press (AUTO ALIGN).

Connect the rest of the equipment provided, and the device under test,
as shown in the following figure.

www.valuetronics.com
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Characterizing the 11.
device 12,
13.
14.
15.

16.

ELECTRICAL QPTICAL
B S DUENVDIECRE it
~N
CONNECTOR TEST
TRANS Z
INPUT
(REAR PANEL)
— —— POLARIZER  9/125mm FIBER
= e
R
el e gy
(e o (i) oo —
o], - |
-— —
OPTICAL 520:497:523:565 PEPTU‘TCAL
SPECTRUM LIGHT SOURCE )
ANALYZER OUTRUT m U’ @ OPTICAL
————’ OUTPUT
U—-SHAPED

MULT IMODE F IBER

xtsswpt

Test setup including device under test.

Press (USER).

Press PDL to activate the swept polarization dependent loss
measurement personality.

Press Detectr Int Ext to underline Ext to indicate that an external
photodetector is being used.

Press Source 0On Bff and underline On to turn on the white-light
source.

Set the start- and stop-wavelengths for the measurement using the
(START) and (sTOP) keys on the keypad.

Press RES BW AutoMan to set the measurement resolution bandwidth.

e For the greatest measurement range and signal-to-noise performance,
set the resolution bandwidth to 10 nm.

e The narrower bandwidths can be used if greater wavelength resolution
is required.
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17. After a sweep with the new resolution bandwidth has completed, press
AUTO SCALE to position the signal on display. If necessary, press

AUTO SCALE during the measurement procedure to reposition the signal
on the display.

18. If the displayed trace shows a significant amount of noise compared to
the expected polarization dependent loss of the device under test, the
noise can be reduced by lowering the value of the video bandwidth filter.

d. Press VID BW AutoMan .

b. Press the down-arrow key until the desired noise reduction is
achieved.

¢. Note that each decrease in the video bandwidth causes an increase in
sweep time.

Measuring PDL 19. Press INIT PDL to start the PDL measurement.
When INIT PDL is pressed, the minimum hold and maximum hold
traces are activated.

20. Adjust the polarization state controller over all desired states of
polarization while the optical spectrum analyzer is sweeping. The goal
is to cover all desired states of polarization for each wavelength. Three
traces appear on the display as shown in the following figure.

(@

AL -72.12 dBn INET
SENS] -93]dBn PROTO o
0.8/ D1V A

/ﬁnﬁ\ CALC +
[
/

SOURCE
ON OFF

]
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sl AN
MINIMUM \ w\

[
POINT ' \ A ) \ f
HKR NRI \x : M\b/ \JX

>

DISPLAY

AUTO
SCALE

RN
f

.
|-

MKR TRA
ABC

EXIT

e [V \V\\/ /

v

V

START 1260.0
*RB 1@ nm

*UB 3@ Hz

S

P 1360.8 nm
ST 3.3 sec

UID BH
futalan

HELP
On 0fF

Three traces displayed during PDL measurement.
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21. After all adjustments are made, display the peak-to-peak polarization
dependent loss by pressing CALC+DISPLAY . You can use the AUTO
SCALE and marker functions on the results trace.

KR@@ 0o dB MKR #1 WUL 1310.0

SOURCE : @ nm_qy17

on oFe | SENST -93[dBn PROTO .92 a8 |pp,

= @.20| d8/Dy

DETECTR| MamKER CALC

Ext Int 13100 om DISPLAY
1.52| dB

HIGHEST| 1 AUTO

PEAK SCALE

MINIMUN S L0G

POINT " 48/01V

MKR NRM \”\ M, |RES BW

On OFF lm Autalan

MKR TRA UID BW

ABC Autalan

bl YSTART 1260.0 nn STOP 1360.0 nn' HELP
*RB 10 nm +UB 3@ Hz S ST 3.3 sec On off

PDL measurement results.

22. To begin another measurement, press INIT PDL and adjust the
polarization controller as explained in steps 19 through 21 above.
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Controlling Traces

Use the Traces menu to display and format traces. The optical spectrum
analyzer displays up to three traces: A, B, and C. When the optical spectrum
analyzer is first turned on, trace A is displayed, and traces B and C are
blanked. A three-dimensional display allows you to see signal changes over
time.

With trace math, you can perform many tasks including characterizing
changes due to environmental stimulus and displaying the cumulative effect
of multiple devices. The Traces menu allows you to save traces for recall at a
later time.

Trace A

. /
/Trace B

Haveln

Amptd

Harker

BN, Swp

Traces

\

ﬂmmnhﬂdﬁlm,, \

Traces A, B, and C displayed.

State

Trace C
Mise
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Displaying Traces

The optical spectrum analyzer displays each trace in one of four possible
methods:

Viewing
Holding
Blanking

Clear writing

Use the trace A& B C softkey to select traces for trace operations. The
optical spectrum analyzer displays each trace with a unique color. Notice that
the trace A B € softkey label identifies the color assigned to each trace.

(Fff] 1.B1 dE
L m CLERR

Have In [\SENS] -GY¥ [dEm WRT A

,18.8p dB/q1y Pkt
H HAX
finptd { \ HOLD R
Marker / \‘ MIN Press to
7 HOLD A view or
\\ STORE blank trace
BN, Swp / A
L]

Traces trace

-races i c\
Tr e

aces Press to
menu State
select trace
Hi CEHTER 1322.3 nm SPAN ZRE.E nm MORE
15¢ RE 2 mm VB 8 kHz STYBE msac | of 4
Traces menu
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Clear-writing displays each trace value as it is acquired during each sweep.
When first turned on, the optical spectrum analyzer clear writes Trace A.
When you select trace viewing, the selected trace is not updated with each
sweep. The result is a fixed trace on the screen. Blanking a trace prevents it
from being displayed. Although viewed and blanked traces are not updated
during sweeps, their data is still retained in the trace register and is available
for trace math.

. __________________________________________________________________________________________________|
Viewed trace storage

Traces viewed by pressing the Trace menu's STORE and then YIEW A BLANK A softkeys
are not stored in any file. Rather, the data is stored in temporary trace registers. To store traces in

internal memory, on a RAM card, or on an external HP-IB disk, refer to “Storing and Recalling Traces”
in this chapter.

Maximum and minimum trace holding retains the maximum (or minimum)
detected trace values. During each sweep, new trace measurement points are
displayed only if they show an increase (or decrease) from the previous value.

8-5
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ra ra

EL -2.57 dEm EL -2.57 dEm

SENS  -H1 dEm SENS  -H1 dEm

E.B@ dE/DIV E.B@ dE/DIV

b { b {

CEMTER 131B.743 nm SPAN 2.8BA nm CEMTER 131B.743 nm SPAN 2.8BA nm

FB 8.1 nm VE 1 kHz 5 5T 5@ msec FB 8.1 nm VE 1 kHz 5 5T 5@ msec
Maximum holding. Minimum holding.

Some of the functions described in this chapter only work on trace A or trace
B. For this reason, the A XCH B, A XCH € and B XCH C softkeys are
provided. (You'll find these softkeys in the oneshot math selection on page
2 of the Traces menu.) For example, only trace A can be saved in a file. Also,
video averaging and trace line interpolation only work on trace A. So, if you
want to perform these operations on trace B, you must first use the ‘A XCH B
softkey to exchange trace B data with trace A data.
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To display a trace

L. Press the left-side Traces softkey to enter the Traces menu.
- Press the trace A B C softkey to select a trace.

3. Press the STORE A softkey if it is displayed.

Depending on the trace selected, this softkey will indicate trace A, B, or
C.

4. Choose one of the following for the selected trace:

® Press CLEAR WRT A to clear write the trace.
® Press MAX HOLD A to hold maximum trace values.
® Press MIN HOLD A to hold minimum trace values.

® Press VIEW A BLANK A so that VIEW A is underlined to view the
trace.

To blank a trace
1. Press the left-side Traces softkey to enter the Traces menu.
- Press the trace A B C softkey to select a trace.

3. Press the STORE A softkey if it is displayed.

Depending on the trace selected, this softkey will indicate trace A, B, or
C.

4. Press VIEW A BLANK A so that BLANK A is underlined.

8-7
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To observe a drifting signal

1. Change the optical spectrum analyzer’s center wavelength and span values
to observe a signal.

2. Press the Traces softkey to enter the Traces menu.
3. Press the trace A B C softkey so that trace B is selected.

4. Press the CLEAR WRT B softkey.

ﬁﬁ? 1.58 dB

-1, m CLEAR

Havaln[SENS] -1 [dBm WRT B
J1@.8R dB/OIV 4

Ampt d i o

HIN
Harker }/ \\ HOLD B

B Sup it STORE
T M i "ﬂ MLM ) h_’nh MB

7 trace
races H EC

State

i CENTER 1320.159 nm SPAN L.@08@ nm HORE
15€ kB 8.1 nn VE 588 Hz & 5T 58 msec { of 4

5. Press the STORE B softkey. Trace B is automatically placed in the view
mode.

6. Press the trace A B C softkey so that trace A is selected.

7. Press the MAX HOLD A softkey.
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Controlling Traces

Displaying Traces
ﬁﬁ? 5.17 dE
-J. m
Haveln[SENS -91 dBm E;EH:
,18.88 dB/D 1Y q
HAY
Hmptd TD A
Marker HéED A
B Sup :TURE
7 trace
races EB C
State
i CENTER 1315.34F nm SPAN 1.@BA nm MORE
15€ BB d.1 nm UE SEB Hz & 5T 58 msec 1 of Y4

Trace B shows the signal at its starting position. Trace A shows the extent of
signal wavelength and amplitude drift.
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To exchange trace data

L. Press the left-side Traces softkey to enter the Traces menu.
2. Press MORE 1 of 4 and then oneshot math .
3. Press the A XCH B softkey to move trace A data to trace B and trace B

data to trace A.

4. Press the A XCH C softkey to move trace A data to trace C and trace C
data to trace A.

5. Press the B XCH C softkey to move trace B data to trace C and trace C
data to trace B.

Pressing the exchange trace softkeys places both traces in the view mode
where trace data is not updated with sweeps until the CLEAR WRT softkey is
pressed.
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To invoke default trace settings

L. Press the left side Traces softkey to enter the Traces menu.
2. Press the MORE 1 of 4 and then MORE 2 of 4 softkeys.

3. Press the TRACE PRESET softkey.

All trace settings are returned to default conditions. Trace settings are

identical to those achieved by pressing (INSTR PRESET). All math functions are
turned off, and normal video detection is used.
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Viewing Three-Dimensional Displays

Three dimensional displays offer a unique view of the input spectra over
time. The optical spectrum analyzer displays successive traces with each
trace slightly offset. The current sweep is placed at the front as older
sweeps progressively move to the last background position. This gives a
three-dimensional “look” with the third dimension showing changes in signal

response with time.

Use the Traces menu’s fourth page of softkeys to turn on the

three-dimensional display.
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Controlling Traces
Viewing Three-Dimensional Displays

Fast sweeps increase control

With three-dimensional displays, front-panel control may appear sluggish. This is due to the
additional time required to obtain and display the trace data. Use the fastest sweeps possible to
increase the optical spectrum analyzer's response to front-panel controls. Decreasing the number of

three-dimensional levels with the 3-DIMEN On Off softkey also helps.

Normally, 16 traces are displayed to provide a proper three-dimensional view.
However, you can increase or decrease the number of traces. The number of
traces that can be displayed is limited by the amount of available internal
memory. Viewing large numbers of traces may require that you increase
internal memory by deleting files. If you need to increase memory to make
more traces available, refer to “Increasing User Memory” in Chapter 13.

Changing the vertical and horizontal offsets between the traces helps to
optimize the three-dimensional effect. Although offsets as large as 200 can be
entered, it is recommended that values of 30 or less be used. The following
figure shows the trace separation caused by a vertical offset of + 100 and a
horizontal offset of +50.

(O]
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Controlling Traces
Viewing Three-Dimensional Displays

Both positive and negative offsets can be entered as shown in the following

two figures.
(rff]ee 32 dB
- m PERSIST
HavelnSENS -UHF dbm On 0FF
1088 dB/01Y i
Amptd | HORIZONTAL DFFSET . 3-0INEn
B
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15 BB .1 nn VE 588 Hz & §T=58 msec Y of 4

Positive horizontal offset.
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Negative horizontal offset.
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Viewing Three-Dimensional Displays

To view the three-dimensional display

- Press the left-side Traces softkey to enter the Traces menu.

- Press the MORE 1 of 4 MORE 2 of 4  and then MORE 3 of 4

softkeys.
Press the 3=DIMEN On Off softkey so that On is underlined.

. Enter the amount of traces you want viewed in the three-dimensional

display.

The number of traces that can be displayed is limited by the amount of
available internal memory.

Optimize the three-dimensional effect using the following softkeys:

® Press the HORZ OFFSET . Use the front-panel knob or numeric keypad
to offset the displayed traces horizontally.

® Press the YVERT OFFSET . Use the front-panel knob or numeric keypad
to offset the displayed traces vertically.

www.valuetronics.com
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Current
sweeps
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Reducing Noise with Video Averaging

Use video averaging to observe signals that are within 6 dB of the displayed
noise floor. This eliminates the need to increase sensitivity at the expense of
longer sweeptimes. Video averaging reduces displayed noise by averaging the
response of multiple trace sweeps. The resulting display shows the mean
peak-value of the noise.

Video averaging operates on trace A; it does not affect traces Bor C. A
running average is kept using trace data from the number of sweeps you
specify. The default average uses 100 sweeps. However, you can change the
average from 1 to 10,000 traces. Use the front-panel keys to change the
number of trace sweeps averaged.

Once started, you can restart averaging any time by turning video averaging
off and then on again.

Video
3 averaging
vl RL -3.18 dBm
aveln[SENS] -36 |dBn
,18.80 dB/QIy [On DFF
¥ Kl
VIDED RVERRGE HN“ Op LIN
i STy M On OFF
TRACE
Marker ﬂ
N f PRESET
(55 WW It w
s Aisdpudacd TRACE
s VMR LENGTH
Traces recall
State Fave
i CENTER 13L17.75 nm SPAN 50,84 nm MORE
I8¢ BB A.5 nm VB 2 MH:z 5T 5@ msec 3 of Y4
Page 3 of Traces Menu
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Controlling Traces
Reducing Noise with Video Averaging

To reduce displayed noise

L. Press the left-side Traces softkey to enter the Traces menu. Trace A
must be in the clear-write mode.

2. Press the MORE 1 of 4 and then MORE 2 of 4 softkeys.

3. Press the VID AVG On O0ff softkey so that Bn is underlined.

4. Enter the number of sweeps used in averaging the displayed trace.

The default number of trace averages is 100.

5. Press the VID AVG On Off softkey to Off and then On to restart
averaging at any time.
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Traces

State
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Displaying a Moveable Display Line

The optical spectrum analyzer can display a moveable horizontal line called a
display line. Use the display line to perform the following:

o Visually measure signal levels with direct readout.

e [istablish a reference for signal comparisons.

e Position normalized traces.

In the following figure, the display line has been positioned at —50 dBm using
the front-panel knob. Notice that the display graticule is turned off to allow
more easier viewing of the display line. Use the Misc menu to turn off the
display graticule.

line
ﬁﬁ? 5.17 dB
-J. m
*XENS  -2¢ dbm giDD?EG
18,28 dB/01Y N i
DISPLAY LINE DSF LIN
-58.B0 dEn On OFf
TRACE
PRESET
TRACE

LENGTH

Save

CENTER 115B nm
FB 1B nm

YB 2 kHz

g

SPAN 11P@ nm MORE
5T=4EA meec 3 aof 4

Press to show
display line

Display line
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Controlling Traces
Displaying a Moveable Display Line

To position a normalized trace, refer to Chapter 5. To activate the display
line, press the DSP LIN On Off softkey. You can access this softkey from

page 3 of the Traces menu or page 1 of the Misc menu.

To use the display line

L. Press the left-side Traces softkey to enter the Traces menu.
2. Press the MORE 1 of 4 and then MORE 2 of 4 softkeys.

3. Press the DSP LIN On 0ff softkey so that Bn is underlined.

4. Use the front-panel knob, step keys, or numeric keypad to position the
display line on the screen.

Notice the display shows the amplitude value at the display line.

. Press the HOLD softkey to prevent accidental changes to the display line’s
position.
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Setting the Trace Threshold

The trace threshold feature blanks all displayed trace information below the
level you specify. Normally, the trace threshold is turned off. Trace threshold

is only available from the Misc menu.

In the following figure, the threshold value has been set to blank all trace
values below —50 dBm. Notice that the display graticule is turned off to allow
more easier viewing of the threshold. Use the Misc menu to turn off the
display graticule.

Press to
turn on
threshold
(F?IT]E AR dA
. m DSP LIN
HawvelIn[SENS -2 dBm On OFF
piﬂ.ﬂﬂ dB/0Ivy —
Y THRESHD
fmotd T THRESHOLD
PR 4p.pE g On DFf
Marker TITLE
i lll.’
ANOTATH
EW, Sup On OFf
Traces at
comyol
State HOLD
Threshold
Hi CEHTER 1553 nm SPAN 11Bd nm MORE limit
15€ RE 1B nm VB 2 kHz & 5T 218 msec | of 3
trmen?
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Controlling Traces
Setting the Trace Threshold

To set the trace threshold

1. Press the left-side Misc softkey to enter the Miscellaneous menu.

2. Press the THRESHD On 0ff softkey so that Bn is underlined.

3. Use the front-panel knob, keypad, or step keys to enter the threshold
value.

4. Press the HOLD softkey to prevent accidental changes to the threshold
value.
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Simulating an Analog Display

To simulate an analog display, use screen persistence. Persistence allows you
to view transients or changes in the displayed response more easily. The
trace for each sweep remains displayed for seven trace sweeps before being
removed. Normally, trace persistence is off, and each trace is erased before a
new one is drawn.

The display changes color to indicate persistence is turned on. Use the
front-panel knob, step keys, or numeric keypad to change the amount of
persistence used.

Persistence

Screen persistence is only available with HP 70004 color displays. Information is stored in the display
and is not available for manipulation.

To simulate an analog display

L. Press the left-side Traces softkey to enter the Traces menu.

2. Press the MORE 1 of 4 MORE 2 of 4  and then MORE 3 of 4
softkeys.

3. Press the PERSIST On 0ff softkey so that On is underlined.
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Comparing Traces with Trace Math

Trace math allows you to manipulate and compare traces by adding or
subtracting trace-amplitude and display-line data. Trace math functions are
provided in three menus:

e trace logmath menu

Use with logarithmic amplitude scales. Each math function, when turned
on, is continuously applied to each new sweep of trace data.

e trace linmath menu

Use with linear amplitude scales. Fach math function, when turned on,
is continuously applied to each new sweep of trace data.

e oneshot math menu

Select for math functions that are performed once per key press. Traces
are placed in “view” mode so that the data is not overwritten by the
next sweep.

[ 65 ]
RL .80 dBm
HawelIn[SENS -G dEm

piﬂ.ﬂﬂ dB/0IY y

trace
logmath

trace

finptd l'inmath

oneshot

Harker nath

BW, Sup WL

Traces

State

i TENTER 1198 nm TPAN 1108 nm MORE
1S€ BB 1B n VE 2 kHz 3§ 5T YEA msec 3 of 4

Page 2 of Traces menu
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Controlling Traces
Comparing Traces with Trace Math

The following list shows some of the tasks that are possible when using trace
math:

e Characterizing changes due to environmental stimulus.
e Displaying the cumulative effect of multiple devices.
e Normalizing stimulus response measurements.

Refer to Chapter 4 to learn about using trace math to normalize stimulus
response measurements. All trace exchange and math functions are located
on page two of the Traces menu.

When trace math is performed between two traces, each measurement point
on one trace is added to or subtracted from its corresponding measurement
point on the other trace. Use the A XCH B A XCH € and B XCH C
softkeys to exchange traces data between traces memories A, B, an C.

Trace lengths

Care must be used when applying trace math to traces having different lengths. (Trace lengths may
be altered using the TRACE LENGTH softkey as described in this chapter.] Longer traces are
truncated when operated on and stored in a trace of shorter length. Shorter traces are extended
when operated on and stored in a trace of longer length. The last element of the shorter trace is
duplicated to fill the longer trace length. Trace math computations are limited to the amplitude range
of the graticule.

. ____________________________________________________________________________________________________________________|
Amplitude scale and units
When using trace math, the traces must be obtained using identical scale and amplitude values. Any

difference in reference level, amplitude units-per-division, or amplitude units invalidates any data
resulting from trace math.

8-24

www.valuetronics.com



Controlling Traces
Comparing Traces with Trace Math

Trace logmath functions Use trace subtraction to compare deviation between wavelength responses.If

subtract and add the responses stored in traces A and B are identical, the result of trace

amplitude values subtraction is a flat line at 0 dBm. However, any change in trace A results
in deviation from this flat line. So, a 3 dB increase in amplitude in trace A
results in a corresponding 3 dB increase in the displayed trace.

Logarithmic-scale trace subtractraction uses amplitude log values; power is
not added or subtracted.The following equation shows the results of trace

subtraction using A = A-B:
(=10 dBm) — (=10 dBm) = 0 dBm

By adding the display line to the results of trace subtraction, you can position
the trace on the display. For example, the following equation shows the
result of using A «— A-B + DL to add a —6 dB display line to the previous
equation. As you can see, the trace is moved down 6 dB on the screen.

(=10 dBm) — (=10 dBm) + (=6 dBm) = —6 dBm

Trace linmath functions Linear-scale trace math (and oneshot math) uses positive-voltage units. So,

use positive-voltage using A <« A+B moves trace A data up the screen, while using A <« A-B
units moves trace A data down the screen. (This assumes trace B contains nonzero
data.)
8-25
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Controlling Traces
Comparing Traces with Trace Math

To compare respoinses

The following figures show the effects of changing laser biasing. After
normalization (using trace subtraction), the laser bias is increased. The
resulting increase in laser amplitude across the wavelength span shows as
deviation from the displayed flat line.

1. Connect a signal to the optical spectrum analyzer. Set the center
wavelength, span, and sensitivity values for the desired display.

(F:f] 12.76 dB
-12. m CLERR
HavalnSENS] -70 [dBnm WRT A
Jd.ap dB/gIy 4
HAK

Ampt d

HIN
Harker \\\ HOLD

EW, Sup \k“mh ETURE
/ e

7 trace

races EE C

State

i TENTER 1315.9 nm SPAN 50@.9 nm HORE

%€ BB 9 nm JE BAR Hz §TH.B sec { of 4

Laser biased at —35 mA

2. Press the left-side Traces softkey to enter the Traces menu.
3. Press the MORE 1 of 4 and MORE 2 of 4 softkeys.

4. Press the DSP LIN On Off softkey so that Bn is underlined.

5. Use the front-panel knob to position this line near the center of the
display. In the following steps, the optical spectrum analyzer positions
the normalized response at the display line’s position.
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Controlling Traces

Comparing Traces with Trace Math

ﬁﬁ? 12.76 dB
- . m
SSENS] -7 [dBn gi”nﬁgﬁ
18.8p dB/1U [on O
DISPLAY LINE DSP LIN
~95.38 46 / On 0Ff
TRACE
PRESET
TRACE
] LENGTH
"] ——
recall
Save
CENTER 1315.9 on SPAN SBA.0 nm HORE

FB 3 nm

YE BAR Hz

5T¥1.B sec 3 af 4

6. Press the left-side Traces softkey to return to the menu’s first page.

7. Press the MORE 1 of 4 and then oneshot math softkeys.

8. Press the A XCH B softkey to place the trace A data into trace B.

The optical spectrum analyzer automatically places trace A in view
mode with trace B blanked.

9. Press prev menu and then trace logmath .

10. pregs A « A B+DL softkey.

L. press the left-side Traces softkey.

12. Press the CLEAR WRT A softkey to clear-write trace A.

Any deviation in laser output (from laser bias or environmental factors)
causes changes to the normalized trace display.

www.valuetronics.com
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Controlling Traces
Comparing Traces with Trace Math

ﬁﬁ? 12.76 dB
it -le. m CLEAR
Haveln fSENS] -70 [dEm WRT A
J1@.8R dB/OIV S
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finptd HOLD R
Harker HéED A
BH Sup ETURE
7 trace
races ABC
State
. CENTER 1315.5 nm SPAN SPE.H nm MORE
Hisc

RE 5 nm JE BER Hz STH1. B sec { of 4

Normalized display

The normalized response is located at the display line. In the following
figure, the laser’s bias has been increased from —35 mA to —100 mA.

Traces

| @]
+RL -12.76 dBn

Hawvelnfx

SENS
14.4

-7B
dB /]

dBm
Iy

b
¥

Ampt d

Harker

T
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State
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CEWTER 1315.3 nm
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YE

BAP Hz

SPR

SBA. @ nm

CLERR
HRT A

HAX
HOLD A

HIN
HOLD A

MORE

STH1. B sec { of 4

Laser biased increased to —100 mA
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Controlling Traces

Comparing Traces with Trace Math

13. Change the display line to move the position of the response. You can use
the normal amplitude functions including changing the amplitude scale
and adding markers.

Hawveln

Ampt d

Harker

EW, Sup

Traces

State

Hisc

(Ffflﬂ Ap dB HEKR #1aWUL 56.9
* . m a .9 nm
+SENS| -BC [dEm 2. 11 dE E;DD?EG
0. Bd| dE/DIV | —
HARKER a D3P LIN
56.9{nm On Off
32.11 dB
1 TRALE
PRESET
TRACE
LENGTH
" MM
e — — recal |
I
save
CENTER {31%.5 nm SPAN SPE.H nm MORE
RE 5 nm VB 8§ kHz STy2cl msec 3 gf 4

www.valuetronics.com

8-29



Changing Trace Length and Interpolation

Each default trace consists of a series of 800 measurement points connected
by interpolated lines. You can change the number of measurement points
used for traces. Because the trace lengths of traces A, B, and C are all
changed to the new value, any previous trace data is lost. So, if you
change the trace length, be sure to do so before performing any trace math
operations.

Default
length of
800 points

\ga
L -4%.31 dBm uIm aun

Havaln fSRYS -97 dEm
REN AT d On DFF
TRACE LEMGTHS OsP LIN
Ampt d nap On OFf
TRACE
Marker PRESET
Trace
B Sup LI __— length
LERGTH
Traces recall
State save
i CENTER 13L%.58 nm SPAN 20.89 nm MORE
15 BB 8.2 nm UB BAR kH: §T=58 meec 3 of 4
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Controlling Traces
Changing Trace Length and Interpolation

Trace lengths can range from 3 to 2048 measurement points. The default
setting is 800. Increasing the number of measurement points slows the sweep
speed but increases measurement resolution. Conversely, decreasing the
measurement points results in faster sweeps with less resolution.

100 point
trace length

%L 4.31 dB

-4, m YIO AVG

HavaInWSERN -497 dBn On Off
piﬂ.ﬂ dB/01Y ___

DSP LIN
On 0if

TRACE LEMGTHS
Amptd 188

TRACE
PRESET

Harker

TRACE
B, Swp CERGTH
Traces recall
State SaVE
" CENTER L319.5 m SPAN 2B.B4 nm MORE
18 BB A.2 nm VB BAB kHz §T=58 msec 3 of Y4
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Controlling Traces

Changing Trace Length and Interpolation

Normally all trace measurement points are connected by interpolated lines.
You can turn off trace interpolation for trace A as shown in the following

figure.

Haveln

Amptd

Harker

Measurement
point

6]
RL -4.31 dEn

RES BW WAYELEMNGTH -
B.2 nm L

BW,Swp|

Traces

State

Misc

+SENS  -47 dBnm
piEi.EB dB DIV \

CEWTER 131%.5 nm
RE 8.2 nm YE BAR kH:z

PERSIST
On DFF

3-DINEN
On DFF

LIMES

On &\
Line

interpolation
off

5PAN 2B.BA nm MORE
5T=38 msec Y af Y4

Trace interpolation turned off.

To change the trace lengths

L. Press the left-side Traces softkey to enter the Traces menu.

2. Press the MORE 1 of 4 and then MORE 2 of 4 softkeys.

3. Press the TRACE LENGTH softkey.

4. Use the front-panel knob, numeric keypad, or step keys to enter the new
trace length.
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Controlling Traces
Changing Trace Length and Interpolation

To disable trace A interpolation

L. Press the left-side Traces softkey to enter the Traces menu.

2. Press the MORE 1 of 4 MORE 2 of 4 and then MBRE 3 of 4
softkeys.

3. Press the LINES On O0ff softkey so that 0ff is underlined.
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Saving and Recalling Traces

The following is a brief introduction on saving and recalling traces to memory.
For a complete discussion on saving and recalling data, refer to Chapter 13.
Chapter 13 includes information on selecting, formatting, and cataloging
memory. Trace A can be saved or recalled from internal memory, memory
cards, or an optional external HP-IB disk drive. Traces B and C can not be
directly saved or recalled. They must first be copied to trace A using the

A XCH B and A XCH C softkeys.

To save trace A

1. Press the left-side Traces softkey to enter the Traces menu.
2. Press the MORE 1 of 4 and then MORE 2 of 4 softkeys.
3. Press the save softkey.

4. Press the save to . . . softkey, and select the memory location to
save the trace:

e INTRNL MEMORY indicates the optical spectrum analyzer’s internal
memory.

e HP-MSIB CARD indicates a memory card plugged into the optical
spectrum analyzer’s front-panel card slot.

e HPIB DISK indicates an external HP-IB disk drive. Refer to Chapter 13
for information on connecting the disk drive.

5. Press the prev menu softkey.

6. Press the SAVE TRACE A softkey.

7. Use the front-panel numeric keypad to enter the file number.

8-54

www.valuetronics.com



Controlling Traces
Saving and Recalling Traces

To recall trace A

1. Press the left-side Traces softkey to enter the Traces menu.
2. Press the MORE 1 of 4 and then MORE 2 of 4 softkeys.
3. Press the recall softkey.

4. Press the recall from softkey, and select the memory location to recall
the trace from:

e INTRNL MEMORY indicates the optical spectrum analyzer’s internal
memory.

e HP-MSIB CARD indicates a memory card in the optical spectrum
analyzer’s front-panel card slot.

e HPIB DISK indicates an external HP-IB disk drive. Refer to Chapter 13
for information on connecting the disk drive.

5. Press the prev menu softkey.
6. Press the RECALL TRACE A softkey.

7. Use the front-panel numeric keypad to enter the file number.

For example, in the following figure the file number is listed as §49.
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Controlling Traces

catalog of

internal
memory
File name “
a laveln  CATALOG INTERNAL MEMORY INTRAIL
ave Fage 1 Prefix 7 HEMORY
File TOTAL MEW = 8947584 P
number AUAIL MEW = 917336 CRRD
CONFIG HEM = 8BE1758
GEST MEM= 8912914 ol
1 ASCIT 82714
Marker ISk
LOAD
BN, Swp FILE
} i i
LY i NEXT
Traces J|\‘ - PRGE
State prev
menu
Misc (END OF CATALOG) CATALDB
aise { af 2
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Using Markers

The optical spectrum analyzer provides markers for measuring absolute and
relative values on traces A, B, and C. You can even use markers to locate
signal peaks and change the displayed measurement range. Although the
front-panel keypad allows you to position markers without having to enter
the Marker menu, this chapter describes how to use the menu.

Marker

(@] /

HaveIn
b {

Marker Anptd
menu

Harker

EW,Sup

Traces

State

Hisc

Marker Displayed on Signal Peak

9-2

www.valuetronics.com



Using Markers
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Selecting and Moving Markers

Press the left-side Marker softkey to display the Marker menu. If marker 1
is not already on, it is activated and placed on the trace’s highest amplitude
point. Use the front-panel knob, step keys, or numeric keypad to position the
marker along the trace. Annotation shows the wavelength and amplitude
value at the marker.

Wavelength and
amplitude at

Marker marker
Press to turn
/ marker on and
a3 off
FL 3.14% dBm HER #1 WL 1318 nm
HaveInSENS -21 dbnm 358 dBn [ o r
piﬂ.ﬂﬂ dB/01Y i
MARKER
fimpt d 1918 o OELTA
3,44 dEm
1 HIGHEST
Harker

EW,Swp

Traces

State

Hisc

PERK

HEXT
PERK

-3 CHL

- REF
CENTER 1138 nm SPAN 11B@ nm MORE
FB 1B nm VB € kHz 5 5T=HEA msec { of Y
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Using Markers
Selecting and Moving Markers

The MKR NRM On 0Off softkey turns all displayed markers off. You can
not turn individual markers off. Marker positions can be protected from
accidental changes caused by turning the front-panel knob accidentally. To
protect the marker positions, press the front-panel key.

The optical spectrum analyzer displays up to five normal markers. Each
marker can be positioned on any trace.

" Q& PP

Haveln

Amptd

Harker

BN, Swp

Traces

State

Misc

Five markers on traces A, B, and C
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Using Markers
Selecting and Moving Markers

The marker functions listed in the Marker menu operate on the currently
active marker. You activate a marker using the ACTIVE MARKER softkey

located on page 3 of the Marker menu. Be sure to press (HOLD) after
activating a marker.

5]
RL 8.21 dBn MER #1 WYL 1319.B nn pep TRA
Waveln[SERS -36 dBm 3.6 dBn g p ¢
1088 dB/01Y e
ACTIVE
fmotd | MER HUNBER
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-1.26 dBn
1
Marker mkr bw/
—_— zoam b
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BN, Sup readaut
Traces a - 5P
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i CENTER L319.58 nm SPAN 2B.08@ nm MORE
15 BB .2 nn VE BA kHz 5T 58 msec 3 of 4
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Using Markers
Selecting and Moving Markers

To display marker 1

L. Press the left-side Marker softkey.

If not already turned on, Marker 1 is activated and placed on the peak
amplitude of the trace.

2. Use the front-panel knob, step keys, or numeric keypad to position the
marker along the trace.

To display markers 2 through 5

L. Press the left-side Marker softkey.

2. Press MORE 1 of 4 MOBE 2 of 4  and then ACTIVE MARKER .

3. Use the front-panel number keys to enter the number for the marker you
want to display.

Press (2), (3), (4), or () and then press ENTER .
- Press the left-side Marker softkey.
5. Press the front-panel (HOLD) key.

6. Press MKR NRM On 0ff so that On is underlined to activate the marker.
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Using Markers
Selecting and Moving Markers

To move a marker to the next trace

1. Press the left-side Marker softkey.

2. Press MORE 1 of 4  MORE 2 of 4, and then ACTIVE MARKER .
3. Enter the number of the marker you want to move.
Enter a 1, 2, 3, 4, or 5 and then press ENTER .

4. Press the front-panel key.
5. Press MKR TRA A B C to move the marker to the next trace.

To turn markers off
1. Press the left-side Marker softkey.

2. Press MKR NRM On Off so that Off is underlined.
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Performing Marker Searches

Marker searches reduce the time required to locate and measure signals. With
the press of a single function, you can place markers on displayed peaks, pits,
and specific amplitude positions. Given the waveform displayed on this page,
the marker could be positioned on the trace using the following functions in
the order listed:

N ?23
HKR NRH
N

Haweln On OFF
o
Amptd DELTA
Harker EégEEST
NEXT
B, Sup PERK
Traces -3 CHL
State -+ REF
Hisc HORE

1 of 4

mkr5

@O HIGHEST PEAK | MORE 1 OF 4 RIGHT PEAK
@ NEXT PEAK @ MINIMUM PEAK
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Using Markers
Performing Marker Searches

The following figure shows how markers can be used to locate minimum trace
points. Use the pit,min markers menu that is located on page 4 of the Marker

menu.
Q)
HINIHUH
Haweln \ POINT
b {
HINIMUM
Amptd PIT
Harker EE?T
RIGHT
EW, Sup PIT
T LEFT
races PIT
CLOSEST
State I PIT
Hisc prev
menu
mkré
@ (PEAK SEARCH)|® NEXT PIT
@ CLOSEST PIT ® RIGHT PIT
@ MINIMUM POINT
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Using Markers
Performing Marker Searches

Notice that the pits located near figure callout @ are not identified as pits
with €LOSEST PIT . This is due to the method the optical spectrum analyzer
uses to identify signal peaks and pits. Normally, any variation of 3 dB or
more is considered a peak or pit. That is, the trace must increase by 3 dB
and then decrease by 3 dB to be identified peak. This prevents the marker
from identifying noise. You can change the amplitude variation required for
signal peak identification. Signal pit identification works in a similar manner.
For instructions on changing the peak and pit excursion values, refer to “To
change the peak and pit definition” in this section.

Changing the peak and pit excursion

The peak and pit searches may not recognize valid signals near the noise floor when the peak or

pit excursion definition is less than 3 dB. Thus, before performing peak and pit searches on signals
near the noise floor, reduce the peak or pit excursion value. However, reducing the excursion value
often causes peak and pit searches to identify noise spikes. To avoid this misidentification, use video
averaging or video filtering to reduce the noise floor variance to a value less than the peak or pit
excursion definition.
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Using Markers
Performing Marker Searches

When used with the —> CWL and —> BEF softkeys, peak searches provide a
convenient method of centering waveforms on the display.

ra ra

RL 2B.BA dEm HER #1 WYL 1311.5 nm RL 2B.BA dEm HER #1 WYL 1311.5 nm
+SENS  -4HE2 dEm -4.5% dEm +SENS  -4HE2 dEm -4.55 dEm
piﬂ.ﬂﬂ dB/DIV q piﬂ.ﬂﬂ dB/DIV q
HARKER HARKER

1311.5 nm 1311.5 nm

-4.5% dBm -4.55 dBm

1 1

CENTER 1{12B.2 nm SPAN 721.7 nm CENTER 1311.5 nm SPAN 721.7 nm
FB 1B nm VE £ kHz 5 5T=298 msec FB 1B nm VE £ kHz 5 5T=328 msec

1. Place marker on peak. 9 Press > CWL.

ra ra

EL -%.55 dEm HER #1 WYL 1311.5 nm EL -%.55 dEm MKR #1 WUL 1315.27 nm
+SENS  -4HE2 dEm -4.57 dEm +SENS  -4HE2 dEm -8.75 dEm
piﬂ.ﬂﬂ dB/DIV q piﬂ.ﬂﬂ dB/DIV q
HARKER SPAN (WAVELEWGTH)

1311.5 nm 5888 nm

-4.37 dim
1

CENTER 1311.5 nm SPAN 721.7 nm CENTER 1315.27 nm SPAN 5B.BE nm
FB 1B nm VE £ kHz 5 5T=328 msec FB 8.3 nm JE £ MHz 5T=58 meec
3. Press —> REF. 4. Press (SPAN)(5)(0) nm.
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Using Markers
Performing Marker Searches

To perform a peak search

1. Press the Marker softkey.
2. Position the active marker using the following softkeys:

* HIGHEST PEAK to place the marker on the largest amplitude point on
the trace.

e NEXT PEAK to place the marker on the next largest peak.
® MORE 1 of 4 and then RIGHT PEAK to locate the next peak right of
the marker.

e MORE 1 of 4 and then LEFT PEAK to locate the next peak left of the
marker.

e MORE 1 of 4 and then CLOSEST PEAK to locate the next closest peak
to the active marker.

e MORE 1 of 4 MORE 2 of 4 MORE 3 of 4, and then

pit,min markers for functions that are used to locate the lowest trace
amplitudes and pits.

9-13
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Using Markers
Performing Marker Searches

To move a marked signal to center screen

|
Single sweeps

If the optical spectrum analyzer is in single sweep mode, the displayed response will not change until a

new sweep is triggered. This is because —> CWL changes the measurement range and not the
measurement data.

1. Press the Marker softkey.
2. Place the marker on the peak of the signal.
3. Press —> CWL .

To move a marked signal to the reference level

L. Press the Marker softkey.
2. Place the marker on the peak of the signal.
3. Press —> REF .

9-14
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Using Markers
Performing Marker Searches

To change the peak and pit definition

L. Press the Marker softkey.

2. Press MORE 1 of 4 MORE 2 of 4 and then MORE 3 of 4.

- Press marker excursn .

Press PEAK EXCURSHN , and enter the minimum trace excursion value that
defines a peak.

The default trace excursion value is 3 dB.

5. Press PIT EXCURSN | and enter the minimum trace excursion value that
defines a pit.

The default trace excursion value is 3 dB.

9-15
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Using Delta Markers

Delta markers allow you to measure relative values between any two trace
points. For example, you can measure the wavelength separation of a laser’s
line modes. The active marker becomes the reference marker. Move the delta
marker using the knob, step keys, or numeric keypad.

Convert the delta marker to normal marker at any time by pressing the
MKR NRM On Off softkey so that On is highlighted in the softkey label.

Delta Reference
marker marker
(f:f]m B k HHAUL p.78
- m sHUL -B. 78 nm ypp gy
Marker Haveln[SENS -6 dBn 55138 |y, oif Press
separation 7. B4 dB/DIV =n to turn on
p o /delta marker
TPENSCB.78 nn LEL
-8.51 dB
1 HIGHEST
Marker PEAK
NEXT
B, Sup PEAK
Traces -3 CHL
State -2 REF
i CENTER 1323.22 nm SPAN 18.B9 nm MORE
15C BB 2.1 nm VB 2 MHz 5T 5@ msec | of 4
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Amptd

Harker

EW,Swp

Traces

State

Hisc

Using Markers
Using Delta Markers

The wavelength separation between delta marker can be entered into the
span. It can also be entered into the center frequency steps. When center
wavelength is the active function, pressing the (&) and (¥)keys steps the
center wavelength. The size of the steps can be set equal to the span
between delta markers. This gives a convenient method of stepping the
center frequency between laser modes.

The Marker menu provides a feature for automatically measuring a signal’s
bandwidth. Although the default bandwidth measured is 3 dB, you can
specify other amplitude values.

piﬂ.ﬂﬂ dB/0IV

HKR BW AMPLITUDE
-1.4p dBb

Amplitude
offset Bandwidth
a2
BL -1.R1 dBm MER #1/WJL 1319.228 nm
SEMS  -B1 dBm -6.95 din

Harker Bandwidth
#.458 nn

CEMTER 1318.215 nm

RE @.1 nm

YE 588 Hz

§

SPAN 1.@R& nm
STH08 meec

Press
to measure

/bandW|dth
On Off

REL
LEFT Enter

amplitude offset
REL

RIGHT

200M T0
RES EH

pray
menu
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Using Markers
Using Delta Markers

At times, you'll need to place the optical spectrum analyzer in zero span.

The ZOOM TG RES BW function tunes the optical spectrum analyzer to the
wavelength at the marker, places the analyzer in zero span, and then sets the
resolution bandwidth to the desired setting.

ra ra
EL @.80 dEm HER #1 WUL 1315 nm EL @.@P dim HKR #1 SHT 25 msec
SENS -5 dEm #.95 dEm SENS  -37 dEm -3.11 dEm
piﬂ.ﬂﬂ dB/DIV y piﬂ.ﬂﬂ dB /0Ty y
HARKER Z00M TO RES EMW
1315 nm 1.88 nm

55 dBm

CEMTER 1138 nm SFAN 11B@ nm CEMTER 1321.1 nm SPAN @ nm
FB 1B nm VE £ kHz 5 5T YE@ msec *RE 1 nm JE £ MHz 5T 5@ msec
Signal identified by marker. Signal at 0 nm span.
9-18
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Using Markers
Using Delta Markers

To turn on a delta marker

. Press the Marker softkey.

- Press MKR NRM On 0ff so that On is underlined.

Use the front-panel knob to move the marker to a reference position.

The peak search softkeys, for example RIGHT PEAK , will also move the
marker.

Press DELTA | and use the front-panel knob to position the delta marker.

The peak search softkeys, for example HIGHEST PEAK & will also move
the delta marker.

To change wavelength span

1.

2.

Press the left-side Marker softkey.

Press MKR NRM On 0ff so that On is underlined.

Use the front-panel knob, or other method, to move the marker to the
desired starting wavelength.

. Press DELTA to activate a delta marker.

. Use the front-panel knob to position the delta marker at the stop

wavelength.

- Press MORE 1 of 4 MOBRE 2 of 4 andthen A —> SP.

www.valuetronics.com
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Using Markers
Using Delta Markers

To modify center-frequency step size

L. Press the Marker softkey.

2. Use the front-panel knob, step keys, or numeric keypad to place the active
reference marker at the desired trace position.

3. Press DELTA to display the delta marker.

4. Use the front-panel knob, step keys, or numeric keypad to place the delta
marker at the desired trace position.

5. Press MORE 1 of 4, MORE 2 of 4 andthen A —> CWL STEP.

To measure bandwidth
1. Press the left-side Marker softkey.

2. Press MKR NRM On Off so that On is underlined.
3. Place the marker on the signal’s peak.

4. Press MORE 1 of 4, MORE 2 of 4 and then mkr bw/ zoom bw .

5. Press MKR BW On Off so that On is underlined. The bandwidth between
the two delta markers is displayed.

The markers identify a default bandwidth of 3 dB. To change the
default bandwidth, enter the new bandwidth using a minus sign. For
example, to enter a 6 dB bandwidth press (=) (6) dB . If the left and
right amplitude offsets for measuring bandwidth need to be different

from each other, use the REL LEFT and REL RIGHT softkeys to enter
each value.

9-20
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Using Markers
Using Delta Markers

To zoom to zero-span at marker

1. Press the left-side Marker softkey.

2. Press MKR NRM On Off so that On is underlined.
3. Place a marker on the signal’s peak.

4. Press MORE 1 of 4, MORE 2 of 4 and then mkr bw/ zoom bw .

5. Press Z0OM TO RES BW , and use the numeric keypad to enter the desired
resolution bandwidth.

The optical spectrum analyzer goes to zero span only after the
resolution bandwidth has been entered. The resolution bandwidth
can be set to the following values: 10, 5, 2, 1, 0.5, 0.2, 0.1, or 0.08
nanometers.

The optical spectrum analyzer automatically reduces the span at the marked
signal to zero nanometers. The resolution bandwidth is set as requested.
With the optical spectrum analyzer in zero span, the monochromator becomes
fixed at one wavelength (the center wavelength). The resulting display shows
signal amplitude versus time which is similar to an oscilloscope. Sweeptimes
range from 40 ms (50 us per trace point) to 60s.

9-21
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Tracking a Drifting Signal

At times, it may be difficult to keep signals centered on the screen. For
example, the signal may be drifting in wavelength. Or, you may be reducing
the wavelength span. By using signal tracking, the optical spectrum analyzer
automatically centers the signal after every sweep.

If multiple signals are present, limit the tracking range with SIG TRK LIMIT
to ensure that the correct signal is centered. With tracking limiting, the
optical spectrum analyzer continuously reevaluates the marker amplitude to
see 1if the marker is still on the correct signal. The tracking-limit key controls
the amplitude variation tolerated by signal-tracking.

To track a drifting signal

L. Press the left-side Marker softkey and place the active marker on the
signal peak.

2. Press MORE 1 of 2 and then SIG TRK On Dff so that On is
underlined.

9-22
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Using Markers
Tracking a Drifting Signal

To define the tracking limit

L. Press the left-side Marker softkey.
2. Press MORE 1 of 4, MORE 2 of 4, MORE 3 of 4, and then
SIG TRK LIMIT .

3. Enter an amplitude limit for reidentifying the selected signal between
sweeps.

The default limit is 5 dB. You can enter a limit from O to 300 dB.

9-23
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Changing Marker Readouts

Marker readouts can be changed to show any of the following trace values:

Wavelength

Frequency

Period

Sweeptime

Inverse sweeptime (1/T)

Marker Marker
readout readout

2] /
\R&H.Eq dBm MER #1 WUL 1313. B9 nm wep TRA

Haveln[SEMS,. -36 dom 277 B g g p
18- BNgB/D 1Y e
: ACTIYE
fmotd | MARKER
TP 131988 HRARKER
-2.77 dBn
1
Marker mkr bw/
—_— zoam bw
" Press
marker
M, Swp readout—— 1O change
readout
Traces a -» 5P
State
i CEMTER 13L9.B9 nm SPAN 20. B8 nm MORE
15C BB 2.2 mn VB 2 MHz 5T 54 msec 9 of 4

Normally, the optical spectrum analyzer automatically selects the appropriate
readout value. For example, in zero span, the markers read out sweeptime.
The display’s left edge represents 0 seconds, and the right edge corresponds
to the sweeptime. For example, a marker positioned at the center of the
display when the sweeptime is 50 ms, shows a position value of 25 ms.
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Using Markers
Changing Marker Readouts

To select the marker readout type

L. Press the left-side Marker softkey.

2. Press MORE 1 of 4 MORE 2 of 4 and then marker readout .
3. Select one of the following measurements:

® Auto to enable automatic readout selection.

® FREQ displays the frequency at the marker.

® WAVELEN displays the wavelength at the marker.
® PERIOD displays the period at the marker.

® SWPTIME displays the sweeptime at the marker. The screen’s left edge
represents zero seconds.

1/T displays the inverse of the sweeptime at the marker.
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Stopping and Pausing the Sweep

The sweep can be stopped or paused at the marker position. Stopping the
sweep at the marker reduces measurement times when extremely slow
sweeps are used. While the trace is paused, the optical spectrum analyzer
temporarily operates in zero-span for fix-tuned measurements. For example,
with an HP 71451B optical spectrum analyzer, pausing the sweep at the
marker allows a power measurement to be performed at the front-panel
MONOCHROMATOR OUTPUT connector.

Inaccurate trace data

The trace displayed to the right of the marker may be inaccurate when using the marker pause. When
using the marker stop features, the portion of the trace displayed to the right of the marker is not
updated.
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Using Markers
Stopping and Pausing the Sweep

To stop the sweep at the marker

L. Press the left-side Marker softkey.
2. Press MORE 1 of 4 MORE 2 of 4  and then MORE 3 of 4 .

3. Press MK STOP On 0ff so that On is underlined.

To pause the sweep at the marker

—

- Press the left-side Marker softkey.

2. Press the MORE 1 of 4 MORE 2 of 4 and then MBRE 3 of 4
softkeys.

3. Press MKPAUSE 0On 0ff so that On is underlined.

Enter a value in seconds to pause the sweep. For example, press (5) s .

The sweep can be paused from 0 to 1000 seconds. The default value is 0
seconds.
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Measuring Noise Level at Marker

The optical spectrum analyzer can measure the rms noise level at the marker
position. The rms noise level is normalized to a 1 nanometer bandwidth and
is compensated for the following:

e The difference between the rms values of the noise-floor envelope (a
narrowband response described by Rayleigh’s distribution function) and the
true rms value of the noise floor (which is a broadband response).

e Errors caused by the optical spectrum analyzer’s internal video-bandwidth
filters and log amplifiers.

To measure the noise level

1. Press Marker and place the marker at the desired position for
measurement.

2. Press MORE 1 of 4 .

3. Press MKNOISE On Off so that On is underlined.
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Creating Limit Lines and Entering Ampli-
tude Corrections

Limit lines allow you to test the shape (wavelength and amplitude) of
displayed responses. Because limit lines allow you to perform repetitive
testing of response shapes, they are ideal for pass/fail testing on production
lines. You design, create, save, recall, and edit limit lines using the Limit-lines
menu. Access this menu from the page 2 of the Miscellaneous menu

Limit lines can also be used to create, save, recall, and edit amplitude
correction factors. Use amplitude correction factors to compensate for
wavelength-dependent amplitude variations in test setups. For example, you
can use amplitude corrections to compensate for the wavelength response of
an optical attenuator, switch, or other device.

Limit line

(r?Ln] 1.46 dB
-1, m
Naveln[SERS -36 dbm PRSS Ef;cm
biE.EB dBs0IY 4
catalog
Amptd ¢ HS]
Harkerwwmmw COMMAND
BN, Sup control
Traces e Limit line
|ines
menu
State sErvice
i START 1293.53 nm STOP 1343.53 nm MORE
/ﬂ RE 4.5 nn UB 2 HHz 5T 58 msec 2 of 3
Miscellaneous
menu
Second Page of Miscellaneous Menu
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Creating Limit Lines

You can create limit lines that:

e Display at a fixed center wavelength and reference level.

Display relative to the center wavelength and reference level.

Define the upper response limit.

Define the lower response limit.

e Define both lower and upper response limits.

If a displayed response is within your limit lines, a : message is displayed

on the screen. If a displayed response is outside the limits, a ##Ii. message is
displayed.
Limit PASS
message
(rff] 1.46 dB /
vy " .
Naveln[SENS -3 don PRSS e
16.80 dB/01Y
b N
catalog
fimptd & Ms]
Harkerwwcﬂwww COMMAND
BN, Swp control
Traces I?mit
lines
State service
i START 1243.53 nm STOP 1343.53 nm MORE
15 BB B.5 nn VB 2 MHz 87 S8 msec 7 of 3
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Creating Limit Lines and Entering Amplitude Corrections

Creating Limit Lines

Limit lines may be fixed or relative with respect to the optical spectrum
analyzer’s wavelength and reference level. Relative limit lines do not change
screen position if the wavelength or reference level are changed. However,
fixed limit lines do change screen position as the wavelength and reference
level are changed.

A tutorial, located at the end of this chapter, gives step-by-step instructions
for creating an example limit line.

Haveln

Amptd

Harker

EW,Swp

Traces

State

Hisc

(@]
RL -1.46 dBn

Limit

FAIL

message

exacute

b

SEMS  -36 dEm
14.88 dB/DIY

FRIL

OLpP

catalog
i M5I

COMMAND

key
control

limit
lines

service

CEWTER 131B.B@ nm
B 8.5 nm VB 2 MHz

SPAN 9B, B@ nm MORE
5T 58 meec 2 of 3
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Creating Limit Lines and Entering Amplitude Corrections
Creating Limit Lines

Creating Limit Lines Pressing the Miscellaneous menu’s limit lines softkey places you in the
Using the Limit-Line Limit-lines menu. When you enter page 2 of the Limit-lines menu, a table
Tahle automatically appears. You create limit lines by entering data in this table.

Limit lines are made by “drawing” lines between wavelength/amplitude
points. Each line is called a segment. Segments begin at a starting
wavelength and continue to the next segment. You enter each segment in a
table displayed on the screen. Notice in the following figure that the limit
lines are displayed along with the table. To make it easier to see the table,
blank all displayed traces. Refer to “To blank all traces” in this section.

Limit-line

table
(5 ] /////
iave] HAVELEN
avein UALUE]
b i
ANPTO
fimpt d URLUE
Se Upper~fmptd Type
Marker | 1 . B IiE. —uLAEE|TYPE
2 1305 B8 nm -38.88 dBm SLOPE
3 1313.88 nm -28.88 dBm SLOPE | e
B Sup| ! 1313.88 nm B.B8 dEm 5LOPE
5 1323.88 nm B.B dEm 5LOPE SEGHENT
B 1323.88 nm -2B.84 dEm 5LOPE
7 1326. 88 nm -38.84 dBm SLOPE  |LAST
Traces| g 134B.B@ nm -38.84 dBm SLOPE  |SEGNENT
9
UPPER/
State LOHER
" LIKITS
15€ 2 of 3
Page 2

Limit-line table
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Creating Limit Lines and Entering Amplitude Corrections
Creating Limit Lines

. __________________________________________________________________________________________________|
Missing limit lines
If you cannat see any limit lines while constructing a limit-line table, there are two possible problems.

1. The LIMITS On Off softkey (on page 1 of the Limit-lines menu} must be set to On .

2. The optical spectrum analyzer may not be tuned to display the wavelengths listed in the limit-ling
table. Set the optical spectrum analyzer's center wavelength to the center wavelength of the limit
line. Set the wavelength span to the span of the limit line.

The following figure shows the eight segment points defined in the table that
is shown in the previous figure.

3 4 5 6
2 7
[ 5]
aln \ /

Amptd \ /

1 8
TT—fseker —

EW,Swp

Traces

State

Misc

Location of segment points
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Creating Limit Lines and Entering Amplitude Corrections
Creating Limit Lines

In the table, a highlighted bar indicates the table data that is selected for
entering or editing. A corresponding marker indicates the location of the
selected segment point on the limit line.

Marker
identifying
point 4
[ 5 ]
HAVELEN
Haveln \ ALUL
b §
ANPTO
fimptd YALUE
Se Fixed Have Type
Marker | =5 Lot e SBE |TYRE
] 138688 nn -38. 88 dEm SLOPE
3 1313.88 nn -28.8 dBm SLOPE
BW Sup| Y 131368 nn .08 dgn  sLope  [MEXT
1323.68 nn B.Bd dBm SLOPE SEGHENT
3 1323.88 nn -20.88 dBm SLOPE
i : 7 1326.88 nn -30. 04 dEm SLOPE  |LAST
Point 4 races| g 134B.B@ nn -38.84 dBm SLOPE  |SEGNENT
selected 3
UFPER/
State LOWER
i LIKITS
LEC 2 of 3

Segments can be one of three types: SLOPE, FLAT, or POINT. With slope
types, segments with different amplitudes are connected using sloping
lines. With flat types, segments remain constant in amplitude until the next
segment’s starting wavelength is reached. With point types, a segment’s
starting wavelength is not connected to the next segment; only the starting
points are drawn.
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Creating Limit Lines and Entering Amplitude Corrections
Creating Limit Lines

The following figures illustrate difference between the three slope types. The
limit-line table in each figure is identical except for the segment’s type.

ra ra
b { b {
SLOPE Segment Types. FLAT Segment Types.
[ 43 ]
b {
Segment
| _—"po int

POINT Segment Types.
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Creating Limit Lines and Entering Amplitude Corrections
Creating Limit Lines

To enter the limit-lines menu

1. Press the left-side Misc softkey to enter the Miscellaneous menu.

2. Press the MORE 1 of 3 and then limit lines softkeys.

To create a limit line

1. Press the left-side Misc softkey to enter the Miscellaneous menu.
2. Press the MORE 1 of 3 softkey.

3. Press the 1imit lines softkey to enter the Limit-lines menu.

4. Press the LIMITS 1 of 3 and then LIMITS 2 of 3 softkeys.

You can also press enter limit to view page 2 of the Limit-lines
mentl.

5. If any data is shown in the displayed table, erase the data by pressing
DELETE ALL and then the CONFIRM DELETE softkeys.

All previously entered data will be lost! If you want to save the data,
refer to “Saving and Recalling Limit Lines” in this chapter.

6. If any trace is displayed, press BLANK TRACES to prevent their display.

7. Select relative or fixed wavelength limit lines. Press RELATIV On Off
so that:

e Off is underlined for fixed wavelength limit lines.
oft,
® 0On is underlined for relative wavelength limit lines.

8. Press the LIMITS 3 of 3 and then LIMITS 1 of 3 softkeys.
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Creating Limit Lines and Entering Amplitude Corrections
Creating Limit Lines

9. Use the WAVELEN VALUE and AMPTD VALUE softkeys to enter the
wavelength and amplitude of the first segment point.

10. Press the NEXT SEGMENT softkey to enter the values for the next
segment.

11. Continue entering limit-line segments until all the line segments are
entered. Press NEXT SEGMENT to begin each new line.

e Line segments can be entered out of order. The table will automatically
place the lines in their proper order starting from the shortest
wavelength to the longest wavelength.

® Use the TYPE softkey to select the line type of each segment. Choices

are SLOPE, FLAT, and POINT. The SELECT SEGMENT softkey can be
used to select a segment.
® Press NEXT SEGMENT to select between segments already entered.

* To delete a segment, use the NEXT SEGMENT softkey to highlight the
segment, then press LIMITS 2 of 3 and then DELETE SEGMENT .
® LAST SEGMENT always enters a new segment at the end of the table.
12. Ty enter lower limit lines press the UPPER/LOWER softkey so that LOWER
is underlined.

A new table appears for entering lower limit lines. Press
UPPER/LOWER softkey to switch between upper and lower limit-line
tables.

13. Limit testing is automatically turned on. Press a left-side softkey to exit
the Miscellaneous menu and begin testing.
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Creating Limit Lines and Entering Amplitude Corrections
Creating Limit Lines

To make limit lines relative or fixed

1. Create a limit line in the Limit-lines menu.

2. Display the Limit-lines menu’s page 3 softkeys.
3. Press the RELATIV On 0ff softkey so that:

® 0ff is underlined for fixed wavelength limit lines.

or

e 0On is underlined for relative wavelength limit lines.

To turn on limit testing

1. Create a limit line in the Limit-lines menu.

2. Display the Limit-lines menu’s page 1 softkeys.
3. Press the LIMITS On Off softkey so that On is underlined.

To turn on the fail-limit beeper

1. Create a limit line in the Limit-lines menu.
2. Display the Limit-lines menu’s page 1 softkeys.
3. Press the BEEPER On Off softkey so that On is underlined.

When the beeper is turned on, if the displayed signal fails the bounds
indicated by the limit line, a beep sounds.
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Creating Limit Lines and Entering Amplitude Corrections
Creating Limit Lines

To blank all traces

1. Enter the Limit-lines menu.
2. Display the Limit-lines menu’s page 3 softkeys.
3. Press the BLANK TRACES softkey.

To display the traces again, press BLANK TRACES again.

Blanking the traces makes it easier to see the limit-line table for entering limit
line data.

To erase the limit-line table

1. Enter the Limit-lines menu.
2. Display the Limit-lines menu’s page 3 softkeys.
3. Press DELETE ALL and then CONFIRM DELETE .
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Saving and Recalling Limit Lines

Limit lines can be saved in a file and recalled for later use. Although the
limit-line table is not erased by pressing or by turning the
optical spectrum analyzer off, it is still a good idea to save in a file any
valuable limit lines.

Limit-line files can be cataloged and recalled using the Miscellaneous menu’s
catalog & MSI feature. (You can also recall limit-line files from the
Limit-lines menu.) Each limit-line file has a file number and file name. The
file name consists of the prefix /_ followed by a number. The prefix identifies
the file as a limit line.

The file number is automatically assigned when the file is created. You
provide the number in the file name when you save the limit line. For
example, the two files in the following figure (1.2 and 1_3) were saved as 2
and 3.

Limit line

files
3 ////
laveln| CATALOG INTERNAL MEMDRY IHTRHL
avaln Page 1 Prefix HEHDRY
TOTAL MEM = 8393216 WP-NS 1B
; Fmptd | RUAIL MEM = B39pyea
File number CONFIG HEM = BBG1750 CARD
LARGEST MEM= B33B48Y
5oy |_a ASCIT BPYYE HPIE
595 |3 ASCIT @PY5Y DISK
/
. — LOAD
File name FILE
b {
Traces NEXT
N PAGE
] ol g o
State prev
menu
Misc (END OF CATALOG) CRTALDB
Tl { of ?

Catalog of limit-line files in internal memory.
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Creating Limit Lines and Entering Amplitude Corrections

Saving and Recalling Limit Lines

It’s easy to load a limit-line file into the limit-line table for display. When
loading from the catalog menu, press LBAD FILE and enter the file number.

However, when loading from the Limit-lines menu, press RECALL LIMIT
and enter the number in the file name.

| & |
iaveln| CATALOG INTERNAL HEMORY
aveln Fage 1 FPrefix *
TOTAL MEM = @333216
Amptd | AVAIL MEM = A39E42Z
CONFIG MEM = @BE1758
LARGEST MEM= @33AYBY
594 |3 ASCIT ABYYE
Marker | 2a5 173 RSCIT ARYSY
BN, Sup
* 7
Traces g il
/_ "“"U-Mt TR m:ﬂb
Display State
of loaded
limit line

Hisc

(END OF CATALOG)

THTRML
HEMORY

HE-MSIB
CARD

HFIE Press
DISK to load

limit line
LOAD /

FILE

HEXT
PAGE

pray
menu

CATALOG
1 aof 2

www.valuetronics.com

10-15



Creating Limit Lines and Entering Amplitude Corrections
Saving and Recalling Limit Lines

To save a limit line

1. Create a limit line.
2. Display the Limit-lines menu’s page 1 softkeys.

The Limit-lines menu is the menu you used to enter the limit-line table
data.

3. Press the SAVE LIMIT softkey.

4. Use the numeric keypad to enter a file number. The number can be
several digits depending on available memory.

5. Press the key.

To list limit-line files in memory

L. Press the Misc softkey to enter the Miscellaneous menu.
2. Press the MORE 1 of 3 and then catalog & MBI softkeys.
® Press INTRNL MEMORY to list the files stored in internal memory.
® Press HP-MSIB CARD to list the files stored on a memory card.
Remember to insert the card before pressing HP-MSIB CARD

® Press HPIB DISK to list the files stored on an external HP-IB disk drive.

3. Locate the limit-line files. Limit-line file names start with the [_ prefix to
help you locate the file.

If the displayed list of files does not fit on the display, press NEXT PAGE
to view the additional files.
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Creating Limit Lines and Entering Amplitude Corrections
Saving and Recalling Limit Lines

To recall a limit line

You can recall files from either the Catalog & MSI menu or the Limit-lines
menu. If you don’t know the file name, recall the file from the Catalog & MSI
menu.

e Recall from the Catalog & MSI menu with the following steps:

1.

2.

Press the left-side Misc softkey.

Press MORE 1 of 3 and then catalog & MSI .

- Press INTRNL MEMORY ,H HP-MSIB CARD , or HPIB DISK to select the

memory location of the file.

. Locate the limit-line file. Limit-line file names start with the [_ prefix to

help you locate the file.

- Press LOAD FILE , and use the numeric keypad to enter the file

number.
The file number is listed to the left of the file name.
Press ENTER .

or

e Recall from the Limit-lines menu with the following steps:

1.

2.

Press the left-side Misc softkey.

Press MORE 1 of 3 and then limit lines .

- Press RECALL LIMIT , and use the numeric keypad to enter the number

associated with the file name.

. Press ENTER .

www.valuetronics.com
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Using Amplitude Corrections

Amplitude corrections give you the ability to compensate for the
wavelength-dependent loss (or gain) of a device. For example, if an optical
attenuator is placed between the optical spectrum analyzer and a laser,
amplitude corrections can compensate for the attenuator’s wavelength
response. With amplitude corrections, amplitude levels (including markers)
indicate the power at the laser’s output. This effectively moves the
measurement (or reference) point beyond the attenuator to the laser.

OPTICAL SPECTRUM ANALYZER

OPTICAL
ATTENUATOR LASER

EFFECTIVE
MEASUREMENT
POINT

pkb8

Amplitude corrections compensate for external device.
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Creating Limit Lines and Entering Amplitude Corrections
Using Amplitude Corrections

The limit-line table allows you to work with amplitude corrections in the
same manner as limit lines. This section shows you how to copy amplitude
correction data to and from the limit-line table. It assumes you already know
how to create, edit, save, and recall limit lines as shown in the first half of
this chapter.

The amplitude correction factors, and their associated wavelength points, are

stored in a special AMP_COR file in internal memory. Pressing
turns off the amplitude corrections.

Although you can create amplitude corrections using the limit-line table, it is
easier to use a computer. Refer to the AMPCOR command in the Programmer’s
Guide for information on creating amplitude corrections via a computer.

Notice in the following figure that although the limit-line table contains 70
amplitude correction entries, the displayed trace can only show 20 at one

time.
Trace of 20
amplitude
corrections
(rff)a @8 dB
. m
Haveln[SENS -5 dEm EEE?'{L
,18.88 dB/01 }
WULEN VALUE SRUE
Anptd | fasg g LINIT
Seg  Fixed Wawvelength Upper Amptd Type LINITS
Marker| “B1t 1268 nn -1.98 dBn ~ SLOPE  |qn off
B2 1218 nn -1.38 dBm 5LOPE —
B3 1228 nn -1.28 dBm SLOPE | o
BW,Sup| Y 1238 nn -1.38 dBm 5LOPE
g5 1248 nn -1.18 dBm SLOPE Un DFf
BE 1258 nn -1.38 dBm SLOPE
g7 1268 nn -1.18 dBm SLOPE  |edit
Traces| gp 1278 nn -1.18 dBm SLOPE linit
B9 1288 nn -1.48 dBm SLOPE
78 1298 nn -1.58 dBm POINT o (-
|
State 1 ampcur\
Press to
i CENTER 1158 nm SPAN 1188 nn LIMITS copy data
MSC BB 1B nm B 2 kH: § 5T YEA msec { of 3

to amplitude
corrections

Amplitude corrections loaded into table.
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Creating Limit Lines and Entering Amplitude Corrections
Using Amplitude Corrections

Maximum entries in limit-line tahle

By default, the limit-line table can only display the first 20 amplitude correction factors. For example, if
50 amplitude correction factors are used during measurements, only the first 20 can be loaded into
and displayed by the limit-line table. To increase the number of entries allowed in the table, use the
LIMILINE programming command. Refer to “To increase the limit-line table size” in this section to
learn how to issue this command from the front panel.

. ____________________________________________________________________________________________________________________|
Interpolation of amplitude corrections
When applying amplitude corrections, the optical spectrum analyzer lingarly interpolates corrections that

lie between the wavelength points that you enter. The wavelength endpoints are extended to the
wavelength limits of the optical spectrum analyzer.
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Creating Limit Lines and Entering Amplitude Corrections
Using Amplitude Corrections

To create amplitude corrections

e Send the amplitude correction data via computer to the optical spectrum
analyzer. Use the AMPCOR command. Refer to the Programmer’s Guide.

or

e Use the limit-line table to enter wavelength/amplitude data. Then, copy
the data into amplitude corrections with the following steps:

1. Display page 1 of the Limit-lines menu.

2. Press the 1im <—> ampcor softkey.

3. Press UPPER —> AMPCOR to copy the table data into amplitude
corrections.

This copies upper limit-line data into amplitude corrections. Press
LOWER > AMPCOR to copy lower limit-line data into amplitude
corrections.
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Using Amplitude Corrections

To edit amplitude corrections

1. If the amplitude correction data contains more that 20 corrections,
increase the size of the limit-line table. Refer to “To increase limit-line
table size” in this section.

2. Press the left-side Misc softkey to enter the Miscellaneous menu.
3. Press the MORE 1 of 3 and then limit lines softkeys.

4. Press the 1lim <—> ampcor softkey.

The following step loads the amplitude correction factors into the limit-line

CAUTION table. Any limit line data currently in the table is erased.

5. Press AMPCOR - > UPPER to load amplitude-correction values into the
limit-line table’s upper limits.

You could also press AMPCOR - > LOWER to load the factors into the
table’s lower limits.

6. Press the prev menu softkey.

7. Press the LIMITS 1 of 3 softkey, and use the displayed softkeys to edit
any data in the table.

Edit the data as you would any limit line. The first half of this chapter
describes how to edit limit-line table data.

8. Press the LIMITS 2 of 3 and LIMITS 3 of 3 softkeys as needed to
return to the LIMITS 1 of 3 menu.

9. Press the lim <—> ampcor softkey.
10. press UPPER —> AMPCOR to copy the table data into amplitude

corrections.

This copies upper limit-line data into amplitude corrections. Press
LOWER - > AMPCOR to copy lower limit-line data into amplitude
corrections.
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Using Amplitude Corrections

To increase the limit-line table size

1. Press the Misc softkey to enter the Miscellaneous menu.

2. Press the MORE 1 of 3 and then COMMAND softkeys.

Character-select

cursor
(r?f]a ap d \
. m
Naveln [SERE -5 dBn EEQEEND
1800 dB/11V d
RECDEF GH IJKLHNOPQRETU SELECT
Ametd | kvz 0 8B = CHAR
defghijklmnopgrstu
Harker | NgE RO REPLACE

ar ...

EDIT
B, Sup FUNCOEF
Traces ANY CHA

CLERR
ftate T0 END
i CENTER 1138 nm SPAN 11B@ nm prev
152 BB 1B nm VE 2 kHz g 5T YE@ msec pemu

LIMILIME 188_

ay

Command-entry Edit
line cursor

3. Use the front-panel knob and SELECT CHAR softkey to spell the command
LIMILINE 100 as shown in the figure.

This command sets the maximum size of the table to 100 entries. The
default value is 20. The table can be set to a maximum of 400 entries.
Refer to the boxed text in this procedure for instructions on using the
editor.
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Creating Limit Lines and Entering Amplitude Corrections
Using Amplitude Corrections

4. Press the ENTER COMMAND softkey.

Editing the COMMAND line

e Turn the front-panel knob to mave the character-select cursor.

e Press the (v) and (&) keys (beneath the front-panel knob) to move the command-entry cursor.

® Press SELECT CHAR to enter a character at the character-select cursor.

o Press the numeric keypad to enter numbers or a minus sign.

® The INSERT or . . . softkey determines the action of the SELECT CHAR softkey.
Choices are INSERT a character, REPLACE an existing character, or DELETE a character.

® Use the CLEAR TO END softkey to remove characters from the command-entry cursor to the
end of the command.

To turn amplitude corrections on and off

L. Press the left-side Amptd softkey to enter the Amplitude menu.
2. Press the MORE 1 of 4 MORE 2 of 4 and MORE 3 of 4 softkeys.
3. Press the AMPCOR On Off softkey so that:

® 0On is underlined to turn on amplitude corrections.
or

e Off is underlined to turn off amplitude corrections.
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Using Amplitude Corrections

To erase amplitude corrections

L. Press the left-side Misc softkey to enter the Miscellaneous menu.
2. Press the MORE 1 of 3 and then limit lines softkeys.

3. Press the LIMITS 1 of 3 and then LIMITS 2 of 3 softkeys.

The following step erases any data contained in the limit-line table. If
important data is in the table, save the limit line before continuing with the
next step.

CAUTION

4. Press the DELETE ALL and then CONFIRM DELETE softkeys.
5. Press the LIMITS 3 of 3 softkey.
6. Press the 1im <-> ampcor softkey.

7. Press the UPPER —> AMPCOR softkey.
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Tutorial: Using Limit Lines

This example takes you step-by-step through the process of creating a limit
line. We’'ll draw test limits around the response of a Fabry-Perot laser. This
laser represents the ideal response that we would like to compare with other
lasers. This procedure should take you about 20 minutes to perform.

The data entered to create the limit line is shown in the following table. As
you can see, this is a relative limit line with values entered relative to the
center wavelength. Notice that limit lines do not have to be symmetrical. In
fact, you can be very creative in their design including adding lower limits.

(]
RL @.@RF dBm
Haveln[SENS -47 dBnm PRSS
piﬁ.ﬁﬂ dB/OIU q
Amptd
Harker
BW,Swp
Traces
State
i CEMTER 132B.71 nm SPAN SB.P@ nm
I8¢ RE 8.5 nm UE BER kHz §T=58 msec

Segment | Relative Wavelength | Upper Amplitude | Type
1 —20.00 nm —35.0 dBm | SLOPE
2 —10.00 nm —30.0 dBm | SLOPE
3 —1.00 nm —0.0 dBm | SLOPE
4 3.50 nm —0.0 dBm | SLOPE
5 7.00 nm —25.0 dBm | SLOPE
6 10.00 nm —30.0 dBm | SLOPE
7 20.00 nm —35.0 dBm | SLOPE
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Tutorial: Using Limit Lines

Step 1. View the response

[ 5 ]
R .08 dBn
WHaveln WSENS -47 dBm CENTER|
18.88 dB/D1Y
b 4
CEMTER WAUELENGTH
Anetd | 320,71 nm SFAN
Harker START
BN, Shp sToP
: FULL
races SPHN
AUTD
ftate HEASURE
CENTER 1328, 71 nn SPAN 50,09 nn HORE

fisc g .5 nn VB BAP kHz s&sa\ii of 2

50 nm span

1. Connect the output of a Fabry-Perot laser to the front-panel 0PTICAL
INPUT connector.

On HP 71451B optical spectrum analyzers, the input connector is labeled
MONOCHROMATOR INPUT. You may need to adjust the wavelengths and
amplitude levels used in this procedure for your specific device.

2. Set the wavelength and span so that the desired wavelength range is
viewed. Set the span to 50 nm so that the complete limit line will display.

Use the wavelength menu’s CENTER and SPAN softkeys and the
amplitude menu’s REF LVL softkey.
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Tutorial: Using Limit Lines

Step 2. Display the limit-line table

ﬁﬁ?a 48 db
. m RELATIV
HavelnSENS -497 dBm On OFF
1088 dB/01Y o
DELETE
Ampt d ALL
Seg _ Reltw Wavelength Upper Amptd Type DELETE
Marker| 1 SEGHENT
NEXT
B, Sup SEGHENT
: LAST
races SEGHENT
BLANK
State TRACES
i CENTER L319.01 nm SPAN 5B.8@ nm LINITS
15 BB A.5 nn VE BAB kHz §T=58 msec 3 of 3

1. Press the left-side Misc softkey.
2. Press the MORE 1 of 3 and then limit lines softkeys.
3. Press LIMITS 1 of 3 and then LIMITS 2 of 3.

4. Press DELETE ALL and then CONFIRM DELETE .
This deletes any data that may already be in the table.

5. Press the RELATIV On 0ff softkey so that On is underlined.

6. Press BLANK TRACES to blank the trace if it helps you view the table. You
can press BLANK TRACES again to view the trace.
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Tutorial: Using Limit Lines

Step 3. Enter the first segment point

A total of seven segments will be used to define the limit line. This step
enters the wavelength offset and amplitude for the first limit-line segment.

%ﬁ?a e db
. m WAYELEN
Waveln[*SERS -97 dBn PASS UALUE
1088 dB/D1Y ;
fmetd | AMPTD VALUE LA
TP 135 98 dEn VALUE
Seg Reltv Wavelength Upper Amptd Type
Marker Marker| 1 -26.80 nm -35.88 dB SLOPE TYPE
T
NEXT
B, Sup SEGHENT
: LAST
races SEGHENT
UPPER/
State LOWER
i CENTER 1319.B1 mn SPAN 9B.8@ nm LINITS
15 KB 4.5 nm VE BER kHz §T=58 msec 2 of 3

1. Press LIMITS 3 of 3 toreturn to page 1 of the Limit-lines menu.
2. Press the LIMITS 1 of 3 softkey.

3. Press WAVELEN VALUE , (), @), (@), and then nm .

The highlighted bar shows the current table entry that has been
selected for editing.

4. Press AMPTD VALUE , (=), (3), (5), and then dBm.

Notice the marker displayed on the screen. This marker indicates the position
of the segment point.
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Tutorial: Using Limit Lines

Step 4. Complete the table

ﬁﬁ?a 48 db
. m NAVELEN
Waveln[\SERS -97 dBn FRIL VALUE
1088 dB/01Y i
AMPTO
finptd URLUE
Seg Reltv Wavefength UpperiAnptd Type
Marker| —1 7888 nn -35. 8. dB SLOFE TYPE
2 “18.84 nn -30.88 d FE
3 -1.08 nm 4.0 dB 5LOPE
BH Sup| 3.58 nm g.g8 d8  sLope  |MERT
5 7.08 nm -25.80 dB SLOPE SEGMENT
E 1B.88 nm -38.80 dB SLOPE
: 7 28.84 nn -35.80 dB SLOPE  |LAST
racEs) g SEGHENT
UFPER/
State LONER
i CENTER L319.01 nm SPAN 5B.8@ nm LINITS
15 BB A.5 nn VE BAB kHz §T=58 msec 3 of 3

1. Press the NEXT SEGMENT softkey.
2. Use the WAVELEN VALUE and AMPTD VALUE softkeys to enter the next
segment’s values.

The figure on this page shows the completed table with the values for
each segment. For example, segment 2 is —10 nm at —35 dBm.

3. Complete the table, pressing NEXT SEGMENT to add each new line of data.
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Tutorial: Using Limit Lines

Step 5. Save the limit lines

ﬁﬁ?a a8 db
. n RECALL
Waveln[¥SERS -47 dBn FRIL LINIT
1088 dB/01Y i
SAYE
finpt d LINIT
I 1
Seg _ Reltw Wavedength Upper\Amptd Type LINITS
Marker| ™1 7080 nn -I5.WB. g8 SLOFE  |qgn oif
2 “1B.B8 nn -30.008 d BE |~
3 -1.88 nn 8.88 db SLOPE
BH Sup| 3.58 nm B.g8 d8  sLope  |BEEPER
5 7.08 nn -25.40 dB sLope  |On DFF
B 10,88 nn -30.40 dB SLOPE
7 20,88 nn -35.40 dB SLOPE  |edit
Traces B limit
State lim -}
ampcar
i CENTER 1319.681 nn SPAN SB.0@ nm LINITS
15€ BB 6.3 nm UE BAR kHz §T=58 msec i of 3

1. Press the LIMITS 2 of 3 and then LIMITS 3 of 3 softkey.

2. Press the SAVE LIMIT softkey.

3. Use the numeric keypad to enter a number for the file name. For example,
press (1).
Be sure there are no other limit-line files having the same number. If a

limit-line file with this number already exists, the file’s contents will be
overwritten and the old data lost.

4. Press the ENTER key.

This step saves the limit-line table in a file on the default memory. Refer

to the Miscellaneous menu’s catalog & MSI feature for selecting default
memory. Normally, it is set to the internal memory. After saving a limit-line
file, you can recall it into the table at any time. If you need to recall the data,
press the RECALL LIMIT softkey.
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Tutorial: Using Limit Lines

Step 6. Turn on limit-line testing

ﬁﬁ?a @B db
. m RELATIY
Waveln[fSERS -97 dbm PASS 0n Dff
1888 dB/01 e
- UELETE
I 1
Reltv Have HE DELETE
Marker i !_'. SEGHENT
s NEXT
B Sup 41k SEGHENT
B 16.8@ nn -30.88 dB SLOPE
7 28.B8 nn -35.88 dB SLOPE  |LAST
Traces| g SEGHENT
BLAMKK
State TRACES
i CENTER 1328.B1 nn SPAN SB.8@ nn LINITS
15 BB A.5 nn VE BAB kHz §T=58 msec 3 of 3

1. Press the LIMITS On Off softkey so that On is underlined.

Use this softkey to turn limit testing on and off.

Do

- Press the BEEPER On 08ff softkey so that On is underlined.

This feature causes an alarm to sound whenever the displayed response
goes beyond the limit line. If you do not want to hear the alarm, press

the softkey so that 8£f is underlined.

w

- Press LIMITS 1 OF 3 and then LIMITS 2 OF 3.

1SN

- Press BLANK TRACES if the trace is not displayed.
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Tutorial: Using Limit Lines

Step 7. Begin testing

@]
RL 6.0 dBn
HavelnFSENS -97 dbm FRIT CEHTER

piﬂ.ﬂﬂ dB/0IY

Anptd | CENTER NAVELENGTH

1318.64 nm SeaN

START

Harker

EN, Sup §TOP
: FULL
races SPHN
AUTD
State HEASURE
i CENTER 1310.E9 nm SPAN SB.B@ nm MORE
'S¢ BB 8.5 n VE BAB kHz §T=58 msec { of P

Relative limit lines

Relative limit lines allow you to measure the shape of a response that may be located at different
wavelengths.

1. Press the left-side Waveln softkey to exit the Limit-lines menu.

Any left-side softkey will exit the menu. This removes the table from
the display.

2. Rotate the front-panel knob.
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Tutorial: Using Limit Lines

Because this is a relative limit line, the limit lines remain centered
despite the change in center wavelength. You can tune the response to
the limit line. Notice the displayed #ii. message indicating that the
response is outside the limit line.

3. Recenter the signal in the limit line.
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Tutorial: Using Limit Lines

Step 8. Make limit lines fixed

@]

FL @.@P dBm
Haveln[+SENS -47 dBEm PRSS LEHTER
piﬂ.ﬂﬂ dB/0TY

fuord | CENTER WAUELENGTH SPAN
TP 388 e

START

Harker

EN, Sup §TOP
: FULL
races SPHN
AUTD
State HEASURE
i CENTER 1310.BL nm SPAN SB.B@ nm MORE
'S¢ BB 8.5 n VE BAB kHz §T=58 msec { of P

Fixed limit lines

Fixed limit lines ensure that a response is located at a specific wavelength.

1. Press the left-side Misc softkey.

2. Press MORE 1 of 3 and then limit lines to enter the Limit-lines
menu.

3. Press the LIMITS 1 of 3 and then LIMITS 2 of 3 softkeys.

4. Press RELATIV On Off so that 0ff is underlined.
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The limit lines are now fixed at a specific frequency. Notice that the
values in the table change when you press this key from relative to
fixed values. Limit lines can be moved by designating them as relative
lines, tuning the center wavelength, and then changing the limit lines
back to fixed values.

5. Press the left-side Waveln softkey.

6. Rotate the front-panel knob to move the signal towards the side of the
display.

As soon as you stop turning the knob, the limit line is redrawn.
Because this is a fixed limit line, the limit lines stay at their assigned
wavelength. Notice the displayed % message indicating that the
response is within the limit line.
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Creating a User Menu

User menus are custom softkey menus that you design. They allow you
quickly to access your most frequently used optical spectrum analyzer
softkeys and downloadable programs (DLPs). Downloadable programs

are created from the front panel or created and loaded from an external
computer. This chapter contains a brief introduction relating DLPs to the User
menu. Refer to the Programmer’s Guide for more information on creating
DLPs.

After creating a User menu, simply press the (USER) key to use your menu.
User menus, like measurement states and limit lines, can be saved as a file.
Because menus can be saved and recalled at a later time, it’s possible to
create large numbers of custom menus. The optical spectrum analyzer saves
menus in selected memory. Selected memory can be either internal RAM,
memory card, or external HP-IB disk drive. Refer to chapter 13 to learn how
to select the memory.

3
DEF INE
SR KEY OFB
b {
RECALL
USER i
SAVE
USER LED
[GEM
On OFf
uTY Soft.keys
CYOLE ¥ copied to
USER menu
PULSE
WIDTH
11-2

www.valuetronics.com



Contents

Creating a User Menu

Designing User Menus ............. .. ... .. .. ... ... . ..... 11-4
To copy a MENU softkey to the User menu .............. 11-9
To add a softkey that startsa DLP ...................... 11-9
To remove a softkey from the User menu ............... 11-10
To preset the Usermenu .............................. 11-11
To delete a User menu file ............................ 11-11
Toenterasmall DLP ... ... ... ... ... ... ............ 11-11
To edit a small DLP . ......... ... .. ... ... ... ........ 11-13

Storing and Recalling User Menus ........................ 11-14
To store and recall a Usermenu ....................... 11-15

www.valuetronics.com

11-3



Designing User Menus

You can build menus that:

e Contain any optical spectrum analyzer softkey. The softkey is
copied to the (USER) menu.

e Execute custom DLPs. The DLP’s name is copied to the softkey position.

Up to 14 softkeys can be added to a menu (seven left-side softkeys and seven
right-side softkeys). Turning the optical spectrum analyzer off or pressing the

INSTR PRESET) key does not erase custom (USER) menus.

When the optical spectrum analyzer is shipped from the factory, the (USER)
menu contains the softkeys shown in the following figure. The three

left-side softkeys control the User menu. The three right-side softkeys are
factory-installed DLPs provided for automatic measurements. (Refer to
Chapter 4 for information on using these measurement programs.) Additional
softkeys may be present depending on what DLPs are loaded in memory.

&)
DEF INE
USR KEY

OFe

RECALL

USER
A

SAVE
USER

FB

LED

M%MMMW“W

Default User menu.
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Designing User Menus

Limiting operation to the User menu

To learn how to limit front-panel operation to the (USER) menu, refer to “Securing the optical
spectrum analyzer” in Chapter 13. This prevents novice users from accessing optical spectrum analyzer
softkeys. Limiting front-panel operation is especially useful in production-line settings.

Use the key-control
menu to manage the
User menu

You can manage menus using the Miscellaneous menu'’s key-control
menu. The key-control menu allows you to save, recall, dispose, and preset
User menus. Presetting the (USER) menu deletes all copied softkeys. Softkeys
for DLPs are not deleted. Disposing a menu deletes a User-menu file
from memory. You must enter the file-name number to delete the file.

(F?E]a 43 dB
. m
Maveln[SERS -5 dEm poeute
,18.08 dB/DIY ;
catalog
fAimptd & MSI
Marker COMMAND Press
to manage
L ~——USER menus
ey
EW,Sup
control
Traces I?mit
lines
State service
i CENTER L1158 nm SPAN 11B@ nm MORE
152 BB 1B nm VE 2 kHz g 5T YE@ msec 3 of 3
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Many of the key-control menu functions can be accomplished from the
menu. However, because these softkeys can be replaced by copied softkeys,
the procedure in this section shows you how to use the key-control menu.

(;"LnEi 43 dB
: m RECALL
Haveln[SENS -5 dEm USER
piﬂ.EB dB /0Ty y
SAVE Manage
fmptd USER USER menu
files
Marker BéEEUSE
PRESET —_Removes
BW,5up USER copied
softkeys
Traces OEFINE
USR KEY
\ Copies
State softkeys to
USER menu
i CENTER 1138 nm SPAN 11B@ nm prev
15¢  RE 18 nm VB 2 kHz & 5T YA msec penu

Use a computer to add The Programmer’s Guide explains how to create and save custom DLPs

DLPs to the menu. It involves using the FUNCDEF command and then
downloading the FUNCDEF over HP-IB to the optical spectrum analyzer
module. If the last character in the FUNCDEF’s name is an underscore

character (“_7), the optical spectrum analyzer automatically assigns the
FUNCDEF to a menu softkey.

For example, you could create two simple DLPs for showing a border
around the screen. (This is how many of the figures in this book were
obtained.) One softkey turns off the graticule and turns on the border.
Another softkey turns the border off. Refer to the Programmer’s Guide for
a complete explanation of programming the optical spectrum analyzer. The
text that needs to be sent by a computer to the optical spectrum analyzer to
accomplish this task is listed on the following page.
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Cust
2 DLP'a
DEFINE gtNgi-”g ggm BORDER_
- m
USR KEY 18.80 dB/11V d o
RECALL BORDER_
USER OFF
SAVE
USER oF
FP
JﬁdliﬂLED
CENTER 1150 nm SFAN 116@ nm
RB 1B nm VB 2 kHz 5 ST 4E@ msec
DLPs added to User menu.
FUNCDEF BORDER_ON_,@ Define first DLP,
IT 1;GRAT OFF;
PU;PA 0,90;
PD;PA 0,957,1000,957,1000,90,0,90;
Q;
FUNCDEF BORDER_OQOFF_,@Q Define second DLE,
IT 1;DELETE;
GRAT ON;
Q;

If the DLP is less than 239 characters, you can create or edit it from the
optical spectrum analyzer’s front panel. Procedures in this section show how
to enter and edit DLPs from the front panel using softkeys.
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HIL keyhoard

If you have an HIL keyboard, entering the text is much easier. Plug the keyboard into an HP-HIL
connector located on the front-panel of HP 70004A displays. The keyboard and associated cable have
the following part numbers:

HIL keyboard . ... ... HP 46021A
keyboard cable 46020-60001

In the Miscellaneous menu, there is a debug menu for debugging

DLPs as they are downloaded from a computer. (Press Misc ,

MORE 1 of 3, MORE 2 of 3, and debug fo access this menu.) For
information on using this menu, refer to the Programmer’s Guide. The
Programmer’s Guide includes information on the following softkeys:
DEBUG On 0Off DEBUG SLOW , DEBUG FAST , PAUSE , STEP, CONT, and

SERVICE REQUEST

11-8
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To copy a menu softkey to the user menu

- Press the Misc softkey to enter the Miscellaneous menu.
- Press the MGRE t of 3 and then key control softkeys.

- Press the DEFINE USR KEY softkey.

You must press the softkey that you want to copy to the (USER) menu.
a. Press a left-side softkey to select an optical spectrum analyzer menu.

b. Press the right-side softkeys up to and including the softkey you want
to add to the mendu.

For example, to copy the CENTER softkey, press Waveln and then
CENTER .

Press the (USER) key.

. Press the softkey corresponding to where you want the softkey copied.

To add a softkey that starts a DLP

Use a computer to create a softkey for running a DLP. Refer to the
Programmer’s Guide for information on creating DLPs. However, if you have
stored the DLP in internal memory, you can assign a softkey using the
following steps.

1.

2.

Press the Misc softkey to enter the Miscellaneous menu.
Press the MORE 1 of 3 and then key control softkeys.

Press the DEFINE USR KEY softkey.

- Press the prev menu and then execute PLP softkeys. Notice that the

display lists a softkey label for each DLP loaded in internal memory.

www.valuetronics.com
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5. Press the softkey for the desired DLP.

Some listed DLPs may actually be sub-routines. Be sure to select a valid
DLP. Running a sub-routine causes erratic and unpredictable behavior.

(Pressing returns the optical spectrum analyzer to normal
operation.)

6. Press the key, then press the softkey corresponding to where you
want the softkey label copied.

To remove a softkey from the user menu

1. Press the Misc softkey to enter the Miscellaneous menu.
2. Press the MORE 1 of 3 and then key control softkeys.

3. Press the DEFINE USR KEY softkey.

4. Press the sixth right-side softkey. The sixth softkey is located beneath the
DEFINE USR KEY softkey; it does not have a softkey label.

Any blank softkey will work. The softkey in this example is easy to
locate.

5. Press the key.

6. Press the softkey that you want to erase.

11-10
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To preset the User menu

1. Press the Misc softkey to enter the Miscellaneous menu.
2. Press the MORE 1 of 3 and then key control softkeys.

3. Press the PRESET USER softkey.

To delete a User menu file
1. Press the Misc softkey to enter the Miscellaneous menu.
2. Press the MORE 1 of 3 and then key control softkeys.

3. Press the DISPOSE USER softkey.

To enter a small DLP

This procedure shows how to enter a DLP using front-panel keys. For
information on DLP syntax and using a computer, refer to the Programmer’s
Guide. The DLP entered using front-panel keys cannot be longer than 239
characters.

1. Press the left-side Misc softkey.
2. Press the MORE 1 of 3 and then COMMAND softkeys.
3. Use the front-panel knob and SELECT CHAR softkey to spell the name

of your DLP on the command-entry line. Refer to the boxed text in this
procedure for instructions on using the editor.

11-11

www.valuetronics.com



Creating a User Menu
Designing User Menus

4. If you need more characters, or want to underline, invert video, or blink
displayed text, use the ANY CHR softkey to enter the three-digit decimal
code for the characters.

An ASCII table of codes for all available characters is located in the
“Tables and Charts” chapter of the Reference manual. You’'ll also find a
table of character codes for underlining, inverting, and blinking text.

. Press the ENTER COMMAND softkey to place the DLP in memory.

Editing the COMMAND line

Turn the front-panel knob to select a character.

Press the (v) and () keys (beneath the front-panel knob) to move the command-entry cursor.
Press SELECT CHAR to enter a character at the character-select cursor.

Press the numeric keypad to enter numbers or a minus sign.

® The INSERT or . . . softkey determines the action of the SELECT CHAR softkey.
Choices are INSERT a character, REPLACE an existing character, or DELETE a character.

® Use the CLEAR TO END softkey to remove characters from the command-entry cursor to the
end of the command.

e The ANY CHR softkey can be used to enter the decimal value of characters from 32 through

255.

11-12

www.valuetronics.com



Creating a User Menu
Designing User Menus

To edit a small DLP

Do not use this procedure to edit DLPs larger than 239 characters.

L. Press the left-side Misc softkey.

2. Press the MORE 1 of 3 and then COMMAND softkeys.

3. Enter the name of the DLP on the command-entry line. Using the knob,
scroll the cursor to the desired letter, then press SELECT CHAR to place

the character on the edit line. If needed, use the (¥) and (4) keys to move
the cursor on the command-entry line.

4. Press EDIT FUNCDEF . Then, use the displayed softkeys to edit the DLP.
After editing, press ENTER COMMAND .

11-13
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Storing and Recalling User Menus

The following is a brief procedure for saving and recalling menus to
memory. Storing menus allows you to create several different types of menus
which you can recall when needed. For a complete discussion on managing
memory, refer to Chapter 13. Chapter 13 includes information on selecting,
formatting, and cataloging memory. (USER) menus can be saved or recalled
from internal memory, memory cards, or an optional external HP-IB disk

drive.
%%?31 43 dB
: m RECALL
Naveln [SERS -5 dBn s Press
18.88 dB/01 d to save
- ~"USER menu
Amptd | SAVE USR MHU RS #
DSER
Marker BéEEUSE
PRESET
B“*S“Pi*‘ USER
: DEFINE
races USR KEY
State
i CENTER 1138 nm SPAN 11B@ nm prev
152 BB 1B nm VE 2 kHz g 5T YE@ msec pemu
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To store and recall a User menu

1. Press the left-side Misc softkey to enter the Miscellaneous menu.
2. Press MORE 1 of 3 and then key control .

3. o store a (USER) menu you have created, press the SAVE USER softkey,
and use the front-panel numeric keypad to enter a number for the file
name.

4. To recall a (USER) menu you have stored, press the RECALL USER softkey,
and use the front-panel numeric keypad to enter the file name’s number.

If you cannot remember the file’s number, enter the Miscellaneous
menu’s catalog & MSI menu to recall the file. Refer to Chapter 13
for information on using the catalog menu.

If the menu contains the SAVE USER and RECALL USER softkeys, you
can use them to save and recall your menus.
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Printing, and Plotting

www.valuetronics.com



Controlling Annotation, Printing, and
Plotting

In this chapter, you'll learn how to customize the annotation shown on the
display. This includes displaying your own titles, setting the clock, and
showing the ROM version. Once you have the correct annotation on the
display, you can print the screen on a printer or plot the screen on a plotter.

12-2
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Controlling Graticules, Annotation, and Titles

At times you may want to blank the graticules or annotation text to provide
a less cluttered display. This can be very helpful when you are printing

or plotting the display. The clock must be blanked separately from the
annotation. Writing titles on the screen is easy using the Miscellaneous
menu’s TITLE feature. Titles are especially useful when identifying plotter
and printer copies. Titles are considered part of the annotation.

Clock

[ 97:37:1% 0CT 23, 1594
RL -1.4%7 dEm

Title

/

Haveln[SENS] -36
,18.80 dB /g

dBm
1Y

-1Bd|nf bi

a5 CU|

rrent 4

fimpt d

of Pr

Harker

EW,Sup mmwwmﬂp

Traces

u%%%tmmmﬁm
~.

State

Graticule

CENTER 131B.53 nm

fisc g .5 nn

YE 2 MHz

SPAN SB.BA nn
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Annotation
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Controlling Annotation, Printing, and Plotting
Controlling Graticules, Annotation, and Titles

When displaying logarithmic amplitude scales, the optical spectrum analyzer
places the horizontal graticule lines relative to the top-screen value. Using the
GRATSCR DOn Off softkey, you can change this so that the graticules are
placed relative to 0 dBm regardless of the top-screen value.

+7 0dBm
" 4 -3dBm } 4 -3dBm
13 -10dBm
-30
-33
-50
-53
-70
-73
83 -90
pP8 Ppo
GRATSCR On OFff function off. GRATSCR On Off function on.

Settings: —3 dBm reference level, 10.00 dB/DIV amplitude scale
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Controlling Graticules, Annotation, and Titles

To place graticules relative to 0 dBm

L. Press the left-side Misc softkey to enter the Miscellaneous menu.
2. Press the grat control softkey.

3. Press the GRATSCR On Off softkey so that 8ff is underlined.

To blank the screen graticule

ﬁﬁ? 2. 87 dB
e m GRAT
Hawveln SENS -8 dEnm On 0FF
piﬂ.ﬂﬂ dB/DIV y —
GRATSCR
Amptd On OFF
Harker
EW, Sup
Traces
State
Hi CEMTER 138544 nm SPAN 3B.BA nm prew
5C BB .5 nm VB 188 kHz ST 58 msec menu

1. Press the left-side Misc softkey to enter the Miscellaneous menu.
2. Press the grat control softkey.

3. Press the GRAT On Off softkey so that 0ff is underlined.

12-6

www.valuetronics.com



Controlling Annotation, Printing, and Plotting
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To blank the screen annotation

[ i6:37:14 0OCT 23, 1853

D3P LIN
Hawveln A On DFf
' nnn il THRESHD
Amptd ﬂ H On DFf
1 gt
Marker nl] TITLE
M 1U\|ﬂﬂ1 i A e
BN, Sup T Un OFF
: grat
races control
State HOLD
. HORE
Misc 1 of 3

1. Press the left-side Misc softkey to enter the Miscellaneous menu.

2. Press the ANOTATN On O0ff softkey so that 8£f is underlined.
This procedure blanks any displayed title but does not blank the clock.
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Controlling Graticules, Annotation, and Titles

To blank the clock display

The HP 70004A display’s clock is displayed at the top of the screen. For your
convenience, blanking the clock display is discussed here. If you need more
detailed information, refer to the display’s operating manual.

1. Press the front-panel key.

2. Press the left-side Misc softkey to enter the Miscellaneous menu.
3. Press the clock softkey.

4. Press the CLOCK DISPLAY softkey so that it is not underlined.
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Controlling Graticules, Annotation, and Titles

To write a title on the screen

Because the title features are part of the annotation, be sure that the
annotation is visible before beginning this procedure. An expanded set of
characters and character control is available by changing from the title to the
command menu. Instructions in this procedure explain how to do this.

HIL keyhoard

If you have a HIL keyboard, entering the text is much easier. The keyboard plugs into an HP-HIL
connector on the front-panel of HP 70004A displays. The keyboard and associated cable have the
following part numbers:

HIL keyboard . ... ..o HP 46021A
keyboard cable .. ... ... ... ... 46020-60001

1. Press the left-side Misc softkey to enter the Miscellaneous menu.
2. Press the TITLE softkey to enter the Title menu.

3. Use the front-panel knob and SELECT CHAR softkey to spell your title on
the title-entry line. See the following figure.

Refer to the boxed text at the end of this procedure for instructions on
using the editor.
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Character-select

cursor
ﬁﬁ? 1.47 dB
-1 m ENTER
Havaln[SENS -3 dBm LINE
,18.88 dB/D1 i
RBCOEFGH IJKLMNDPORETU SELECT
Aot | vz TT1 g1t CHAR
abcdefghijklnnopgrstu
wiiygz AR [~ ()R 7{1E INSERT
Marker
ar ...
EW,Sup
Traces SFACE
CLERR
ftate T0 END
i CENTER 131B.53 nm SPAN 3B.BA@ nm prewv
15 RE 4.5 nn VE 2 MH: 5T 5@ msec menu

TITLE “-1BA nA EIAR

au

Title-entry Edit
line cursor

4. If you need more characters or want to underline, invert video, or blink
the title, do the following:

a. Press prev menu and then MBRE 1 of 3.

b. Press COMMAND .
c. Press the (&) key to position the edit cursor.

d. Use the ANY CHR softkey to enter the three-digit decimal code for any
characters not shown on the display.

An ASCII table of codes for all available characters is located in the
“Tables and Charts” chapter of the Reference manual. You’ll also find
a table of character codes for underlining, inverting, and blinking
text.
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Controlling Graticules, Annotation, and Titles

5. Press the ENTER LINE (or ENTER COMMAND ) softkey to place the title on

the screen.

Editing the TITLE line

o Turn the front-panel knob to select a character.

e Press the (v) and (&) keys (beneath the front-panel knob) to move the command-entry cursor.

® Press SELECT CHAR to enter a character at the character-select cursor.
o Press the numeric keypad to enter numbers or a minus sign.
® Press SPACE to add a space character.

® The INSERT or . . . softkey determines the action of the SELECT CHAR softkey

Choices are INSERT a character, REPLACE an existing character, or DELETE a character.

® |se the CLEAR TO END softkey to remove characters from the command-entry cursor to the

end of the command.

www.valuetronics.com
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Controlling Graticules, Annotation, and Titles

To remove a title from the screen

1. Press the Misc softkey to enter the Miscellaneous menu.
2. Press the TITLE softkey to enter the Title menu.

3. Press the CLEAR TO END and then ENTER LINE softkeys.
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Controlling the System Clock

The HP 70004A display’s clock is displayed at the top of the screen. Often
it is necessary to change or blank the clock display. For your convenience,
a brief discussion of the procedure follows. If you need more detailed
information, refer to the display’s operating manual.

Clock

Displa
pray /) 99:28:48 OCT 23, 15991

menu
™~ HP LOGO

DISFLAY

Clock

Adjust — c¢control
clack

fiddress DISPLAY
Hap 0

display
tests

The clock keeps time even when the power is removed from the display. You
can select from United States or European clock formats.

o US format: OCT 23, 1992 (Month-Day-Year)
e European format: 23.10.1992 (Day-Month-Year)
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Controlling the System Clock

To blank the clock display

1. Press the front-panel key.

2. Press the left-side Misc softkey to enter the Miscellaneous menu.
3. Press the clock softkey.

4. Press the CLOCK DISPLAY softkey so that it is not underlined.

To set the clock
1. Press the front-panel key.

2. Press the Misc softkey to enter the Miscellaneous menu.
3. Press the clock softkey.

4. Press the set clock softkey.

5. Press one of the right side softkeys, and then enter the number using the
front-panel knob, step keys, or numeric keypad. If you use the front-panel
knob or step keys, press the key enter the value.

e Enter hours in 24 hour time. (1:00 pm is entered as 13.)

® Use the RUN/STOP softkey to temporarily stop the clock so that it can
be synchronized with another clock.

6. Press the key to return to the optical spectrum analyzer menus.
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Controlling the System Clock

To select United States or European clock format

—

. Press the front-panel (DISPLAY) key.

2. Press the Misc softkey to enter the Miscellaneous menu.
3. Press the clock softkey.

4. o display the clock in US format, press the US/EURO softkey so that US
is underlined.

5. To display the clock in European format, press the US/EURO softkey so
that EURO is underlined.
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Displaying Information About the Instrument

In the Miscellaneous menu, you can view the version of the optical spectrum
analyzer’s ROM (read only memory). ROM memory contains the instructions
for performing operation tasks. Knowing the ROM version can be important
when communicating problems or questions to Hewlett Packard.

Using the State menu, you can display lists for obtaining knowledge about the
following three conditions:

e System parameters
e Module level parameters
o Module HP-MSIB addresses

Interpreting some of the displayed parameters requires knowledge of the
measurement techniques employed by the optical spectrum analyzer.
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Displaying Information Ahout the Instrument

To view the ROM version

ROM
version

()] /
RL B.@B dBm extnded

align

Haveln[SENS -35 dBm
,.19-“5 dB /0Ty

fmpt d

AMALYZR

Marker TEST

ROM
B Sup ERSION
T arage /
races restart
State
. CENTER 1537.B@ nm SPAN SB.BA nm prewv
LEE BB B.5 nm UE 188 kHz 5T 58 msec menu
ppé

1. Press the Misc softkey to enter the Miscellaneous menu.
2. Press the MORE 1 of 3 and then service softkeys.

3. Press the ROM VERSION softkey.
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Displaying Information Ahout the Instrument

To display the internal state of the instrument

O]

STATE SCREEN
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Marker| cpanWl  0.gpaEapasama Ve capapan |C0" 10
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STOPUL  ©.@PBPA13Y353  RER g.0188
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’ Ksz g.qp !
RLPOS 9,08
Traces SENS -36.42
SWEEP -36.47
OPTSH INT |WEXT
tate LG LB |proc
AUNITS DBH
Wisc (NEXT PAGE) prev

menu

1. Press the State softkey to enter the State menu.
2. Press the MORE 1 of 4 and then MORE 2 of 4 softkeys.
3. Press the show states softkey.

® Press STATE to view a table of system settings.

System settings includes wavelength ranges, bandwidth settings, and
offsets. The optical spectrum analyzer module’s serial number and
ROM revision is also listed.

e Press EXTEND STATE to obtain additional technical information.

® Press CONFIG to view the MSIB column and row address of the optical
spectrum analyzer module and its ROM version number.

4. If more pages of information are available, press the NEXT PAGE softkey
to view them.
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Printing and Plotting

Often, you’ll need hard copies of the display for reports or records. Producing
hard copies uses the print and plot capability of the HP 70004 A display. If
your optical spectrum analyzer is not installed in an HP 70004A display,

the information in this chapter may not apply. If you need more detailed
information, refer to the display’s operating manual.

Plots can be made on any Hewlett Packard HPGL plotter. Prints can be made
on any Hewlett Packard graphics printer that has an HP-IB connector. The
following printers support the Hewlett Packard PCL printer language:

e ThinklJet
e PaintJet

e LaserJet printers

Printer connection

Printers must be connected to the optical spectrum analyzer via an HP-IB cable. Because of this, the
printer must have an HP-IB connector.
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Printing and Plotting

To print or plot the display

1. Connect the printer or plotter to the display via the HP-IB.
2. Enter the printer or plotter address and type into the display.

3. Press the front-panel (PLOT) or (PRINT) keys.

If the plotter does not respond to pressing (PLOT), try pressing
again.
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Printing and Plotting

To enter the printer type and address

This tasks applies to HP 70004A displays.

1.
2.

3.

10.

Press the front-panel key.
Press the Hard Copy softkey.

Press the printer address softkey.

e To configure for a printer in talk/listen mode on the HP-IB, press
HP-IB TLK/LSHN , and use the numeric keypad to enter the printer’s
address.

e To configure for a printer in listen-only mode on the HP-IB, press the
HP-IB L ONLY softkey.

e 'To configure for a printer via the HP-MSIB, enter its address using
HP-MSIB COLUMN and HP-MSIB ROW softkeys.

Press the front-panel key.

Press the printer config softkey.

. Use the softkeys along the right side of the display to select the type of

printer used.
Press the front-panel key.

Press the copy options softkey, and then press the
COPY 1S PRT/PLT softkey so that PRT is underlined.

Press the front-panel key to return to the optical spectrum
analyzer’s menu.

Reset the printer. This is usually accomplished by pressing a button on
the printer. Refer to the printer’s instruction manual.

www.valuetronics.com
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Printing and Plotting

To enter the plotter type and address

This task applies to HP 70004A displays.

1. Press the front-panel key.
2. Press the Hard Copy softkey.

3. Press the plotter address softkey.

e To configure the plotter in talk/listen mode on the HP-IB, use the
HP-IB TLK/LSN softkeys to enter the plotter’s address.

e To configure the plotter in listen-only mode on the HP-IB, press the
HP-IB L ONLY softkey.

e To configure the plotter via the HP-MSIB, enter its address using
HP-MSIB COLUMN and HP-MSIB ROW softkeys.

4. Press the front-panel key.
5. Press the plotter config softkey.

6. Use the softkeys along the right side of the display to enter the plotter
scaling points and select pen numbers.

Normally, the scaling points do not need to be changed from the default
values.

7. Press the front-panel key.

8. Press the copy options softkey, and then press the COPY IS PRT/PLT
softkey so that PLT is underlined.

9. Press the front-panel key to return to the optical spectrum
analyzer’s menu.
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To prevent softkey labels from printing or plotting

1. Press the front-panel (DISPLAY) key.

2. Press the Hard Copy softkey.
Press the copy options softkey.

4. Press the KEY COPY softkey so that it is not underlined.
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Managing Memory

Traces, measurement states, limit lines, User menus, and downloadable
programs (DLPs) are all stored in either internal memory, a memory card, or
a disk drive. Learning how to manage this memory is essential to obtaining
the most benefit from your optical spectrum analyzer. This chapter helps you
manage memory with its files. In addition to managing memory, this chapter
shows you how to secure the optical spectrum analyzer for protection and
declassification.

If you need to learn how to create measurement states, traces, limit lines, or
user menus, refer to the following chapters:

Measurement states . ......... .. ... Chapter 2

Traces . . ... Chapter 8

Limit ines .. ... ... Chapter 10

USET TNENUS . .ottt Chapter 11
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Selecting and Formatting Memory

Measurement states, traces, limit lines, DLPs, and User menus can be saved in
one of three memory locations:

e Internal memory
e Memory card
e Optional HP-IB disk drive

OO0 o OoObs 004

Y ODDD
i} [ | —~
DoOoo|ooood O

E,.

| ==

HP—IB Memory
disk drive card

5
£

pkb6

You select which of these memory locations will be used to save and recall
files. When first turned on, the optical spectrum analyzer automatically
selects internal memory. You can save, recall, erase, and list (catalog) the files
contained in selected memory. Files are cataloged using the Miscellaneous
menu’s catalog & MSI feature.

13-4

www.valuetronics.com



Managing Memory
Selecting and Formatting Memory

(r:'f]a 9 d8
. m
Havaln[SENS] -5 dBn poeute
1880 dB/0TY , Catalog
catalog—" menu
fimpt d & M5

|

Harker ﬂl COMMAND
.% I | lH

ot ey
B, Sup WMJJJMMMM control
Traces :}mlt
1nes
State service
. CENTER 115B nm SPAN 1188 nm HMORE
- TL5C BB 1B nm VB 2 kHz & 5T YA msec 2 of 3

Miscellaneous
menu

. __________________________________________________________________________________________________|
Connecting HP-IB Disk Drives

HP-IB disk drives are connected via an HP-IB bus to the HP 70004A Display's rear panel. Refer to
“Connecting an External HP-IB Disk Drive” in this chapter. Any computers attached to the HP-IB bus
must be disconnected from the bus before attempting to use an external disk drive.

Memory cards and external HP-IB disks must be formatted before use.
Formatting erases all data and initializes the memory for storing data.
(Internal memory can also be formatted, although this is not required for
first-time use.) Instructions in this section show you how to format memory.
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Battery power

Memary cards have a built-in battery to retain memory data. Data stored in the card remain as long
as the card’s battery has sufficient power. You should change the battery every two years using the
procedure in this section.

On new cards, a special code is stamped on the card's side indicating the date it was installed. The
first digit tells the year, and the next two digits the month. The third digit indicates the week. For
example, 10C3 indicates the battery was installed during the third week of October in 1991,

. ____________________________________________________________________________________________________________________|
Storage device error
If no card is inserted in the front-panel card slot, and you attempt to read, write, or catalog a memory

card, the optical spectrum analyzer displays the message & o, Place a
card in the card slot, and retry the operation.
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To insert a memory card

1. Locate the arrow printed on one end of the card.
2. Insert the card into the front-panel card slot with its arrow matching the
arrow printed above the card slot.

©©

OO o g e dod
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To select the default memory

L. Press the left-side Misc softkey.

2. Press MORE 1 of 3 and then catalog & MSI .
3. Press a softkey to select the default memory:

e INTRNL MEMORY indicates the optical spectrum analyzer’s internal
memory.

e HP-MSIB CARD indicates a memory card in the optical spectrum
analyzer’s front-panel card slot.

Remember to insert the card before pressing HP-MSIB CARD . If

o s displayed, either the card is
missing, the card’s write-protect switch is in the SAFE position, or the
card’s HP-MSIB address is incorrectly listed. The HP-MSIB address

for the card is the same address as the display’s HP-IB address and

is normally set to 4. If the address is not correct, enter the correct
address using the numeric keypad.

e HPIB DISK indicates an external HP-IB disk drive. Refer to Chapter 1
for information on connecting the disk drive.
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To format memory

This procedure erases all files at the default memory location. Calibration
correction factors and serial-number identification in internal memory are not
effected.

CAUTION

1. If you're formatting a memory card, place the card in the front-panel card
slot. If you're formatting an external disk, place the disk in the HP-IB disk
drive.

2. Press the left-side Misc softkey.
3. Press MORE 1 of 3 and then catalog & MSI .

4. Press INTRNL MEMORY , HP-MSIB CARD , or HPIB DISK to select the
memory to format.

Remember to insert the card before pressing HP-MSIB CARD . If
s 18 displayed, either the card is missing,
the card’s write-protect switch is in the SAFE position, or the card’s
HP-MSIB address is incorrectly listed. The HP-MSIB address for the card
is the same address as the display’s HP-IB address and is normally set
to 4. If the address is not correct, enter the correct address using the
numeric keypad.

5. Press the CATALOG 1 of 2, FORMAT, and then CONFIRM FORMAT .

13-9

www.valuetronics.com



Managing Memory
Selecting and Formatting Memory

To change a card’s battery

The memory card’s battery is a lithium commercial CMOS type, part number
CR 2016.

The memory card should be installed when the battery is removed. If the
battery is removed while the card is not installed, all data in the card will be
lost. Store memory-card files on another device before changing the battery,
when extra care is appropriate.

CAUTION

a

INSERT ION END

[ €3 vt

%

WRITE PROTECT SWITCH BATTERY SLOT GROOVE BATTERY CLIP

pkbS
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Managing Memory
Selecting and Formatting Memory

Install the memory card into the HP 70004A display.
On the front edge of the card, locate the groove of the battery clip.
Gently pry the battery clip out of the card. The battery fits inside the clip.

Replace the battery, making sure the plus (+) sign on the battery is on the
same side as the plus sign on the clip.

Insert the battery clip into the memory card, holding the clip as oriented
in the following figure. (Face the open edge of the clip toward the memory
card’s write-protect switch.)

. Write the data that the battery was replaced on the card’s label.

www.valuetronics.com
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Working with Files

Measurement states, traces, limit lines, DLPs, and User menus are all stored
as files in memory. These files are retained even if power is removed from
the optical spectrum analyzer. Files are identified by number and name.

The optical spectrum analyzer arbitrarily assigns the file number when the
file is created. The file name consists of a file-type prefix and an identifying
number. When cataloged, the file listings show the file’s data type and size in
bytes.

File File File File
number name data type size

“ \\ /
CATALOG IMTERMAL MEMOR

Waveln Fage 1 Frefix °° \ \ /
TOTAL MEM = @393216 BAL u_ 1 ASCIT PA3IL
Ampt d AVATL MEM = @3858492
CONFIG MEM = @P@E175@
LARGEST MEM= @385874
353 1.1 ASCIT @P19G
Marker | 37 o7t ASCIT A1438
18 s_2 ASCIT A1@34
a4 t_1 ASCIT A27BR
BW,Sup
b {
Traces o
T Ala
State
Misc (END OF CATALOG)

You assign the file’s identifying number at the time you save it. Files saved
and recalled using the front panel are labeled as ASCIL. (ASCII files also
include Downloadable Programs (DLPs) as described in the Programmer’s
Guide.) Non-ASCII files can be stored only in internal memory using
programming commands.
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Each file name contains one of five prefixes and a number. Prefixes are

Managing Memory
Working with Files

automatically appended to the number that you enter from the front panel.

The following prefixes are used:

File Type File Name Prefix

DLP
Limit lines
Measurement state

Trace T
User menu u_
Limit
line 2
CATALOG INTERMAL MEMORY
Fage 1 FPFrefix °°
TOTAL MEWM = A39321R
AYVATL MEM = A3AE37E
Measurement COMFIG MEW = ARA175H
state LARGEST MEM= 3346352
5\“\~‘\\\\‘ 9831 1.1 ASCII @A159G
417 st ASCIT @1@33
a3 1 ASCIT @27RA
Trace ’
User
menu
File types.

(END OF CATALOG)

www.valuetronics.com
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The following figure shows the prefix being constructed at the
bottom of the display. For each of the five file types, the word TRACE will be
appended to the file’s prefix when the file is saved.

You can create custom file prefixes by appending text to the standard prefix.
When you save a file, your custom prefix string is automatically appended to
the prefix of each of the five file types. The prefix is appended regardless of
whether you are saving a DLP, limit line, measurement state, trace, or User
menu. The new prefix is used until it is erased or changed. You can add
characters to the prefix of any file. This allows you to customize a file name
so you can easily locate it.

For example, if you enter a custom prefix of TRACE and then save a trace, the
following file will be saved in memory: tTRACE_1

[ 4D ]
CATALOG IWTERMAL WEMORY IHTRNL
Haveln Fage 1 Prefix TRACE HEMORY
TOTAL MEN = 3333216 ]
Custom AURIL MEW = @3a5a1d HP NS 18

prefix CONFIG MEM = ABA175R CARD
\ LARGEST MEM= @33585¢
628 tTRACE_? ASCII MR7H6 HP1E

/ CRE R ASCIT @27mA nIsK

Normal BN S LOAD
prefix VR FILE

he NEXT
Traces . PRGE

prav
meny

State

Hisc (END OF CATALOG) CATALDG
L of 2
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When you save a file, the optical spectrum analyzer displays a message
indicating the current default memory and prefix.

Havaln

fimpt d

Harker

EW,Sup

Traces

State

Hisc

Default

memory

and prefix

a3

FL .08 dBm

SENS -5 dEm

18.@0 dB/0IV

b {
Starage = IHT ‘
Prafix = TRACE

Wi, i o

CENTER 1138 nm

FB 1B nm

YE 2 kHz §

SPAN 11P@ nm
5T YEA meec

SAVE
STATE

SAVE]
TRACE A

SAVE
LINIT

SAVE
USERKEY

SAVE
HEMORY

SaVE
to...

prev
menu
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To catalog all files

1. If you plan to catalog the files on a memory card, insert the card in the
front-panel card slot.

2. Press the left-side Misc softkey.
3. Press MORE 1 of 3 and then catalog & MSI .
® Pressing INTRNL MEMORY lists the files stored in internal memory.

® Pressing HP-MSIB CARD lists the files stored on a memory card.

If - 1S displayed, either the card is
missing or the card’s HP-MSIB address is incorrectly listed. The
HP-MSIB address for the card is the same address as the display and
is normally set to 4. If the address is not correct, enter the correct
address using the numeric keypad.

® Pressing HPIB DISK lists the files stored on an external HP-IB disk
drive.

4. If the displayed list of files does not fit on the display, press NEXT PAGE to
view additional files.

5. Locate the name of your file. Look for the correct file name prefix to help
you locate the file. The following prefixes are used:

File Type File Name Prefix
DLP d_
Limit lines I_
Measurement state S_
Trace t
User menu u_
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To save a file

Use this procedure to save a file in the default memory. To select default
memory refer to “To select the default memory” in this chapter.

L. Press the left-side State softkey.

2. Press save and then press the softkey indicating the information you
want to save:

e Pressing SAVE STATE saves the current measurement state.
® Pressing SAVE TRACE A saves trace A.
® Pressing SAVE LIMIT saves a limit line.

® Pressing SAVE USERKEY saves a User menu.

3. Use the front-panel numeric keypad to enter the file number.
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To recall a file

Use this procedure to recall a file from the default memory. To select default
memory refer to “To select the default memory” in this section.

L. Press the left-side State softkey.
2. Press recall and then press the softkey indicating the information you
want to save:

e Pressing RECALL STATE saves the current measurement state.
® Pressing RECALL TRACE A saves trace A.
® Pressing RECALL LIMIT saves a limit line.

® Pressing RECALL USERKEY saves a User menu.

3. If you know the number of the file you want to recall, press the recall
softkey indicating the type of file, and then enter the file number.

4. If you do not know the number of the file you want to recall, do the
following:

® Press the recall from softkey to display a catalog of the default
memory.

This step temporarily enters the Miscellaneous menu.

® [ocate the file you want to recall. Use the NEXT PAGE softkey if all the
files are not displayed. Refer to this section’s introduction to learn how
to identify files.

® Press LOAD FILE and enter the number for the file to recall.
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To copy internal memory

Use this procedure to copy all internal memory files to default memory.

1.

2.

Press the left-side State softkey.

Press save and then save to .

. Press one of the following softkeys to indicate the destination of the

internal memory files:

® Pressing HP-MSIB CARD selects a memory card. A card must be in the
front-panel card slot before this key is pressed.

® Pressing HPIB DISK selects an external disk drive.

Press prev menu and then SAVE MEMORY .

To erase a file

Use this procedure to erase a file in the default memory. To select default
memory refer to “To select the default memory” in this section.

1.

2.

Press the left-side Misc softkey.

Press MORE 1 of 3, catalog & MSI 5 and then CATALOG 1 of 2.
The files in the currently selected memory location will be displayed.

Locate the file you want to erase. Use the NEXT PAGE softkey if all the
files are not displayed. Refer to this section’s introduction to learn how to
identify files.

. Press PURGE FILE and enter the number for the file to erase.

www.valuetronics.com
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To erase all files

This procedure erases all internal volatile memory files. Measurement
CAUTION . o )
state files are erased even if state file protection is turned on using

P STATE On Off .

L. Press the left-side State softkey.

2. Press MORE 1 of 4 MORE 2 of 4 MORE 3 of 4  PARTIAL ERASE
and then CONFIRM ERASE .

A CANCEL softkey is provided if you want to abort this procedure.
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To modify file names

The prefix length can be from 1 to 7 characters long. The following figure
shows the prefix TRACE being constructed at the bottom of the display. For

each of the five file types, the word TRACE will be appended to the file’s

prefix when the file is saved.

Character-select
cursor
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RL .88 dBn
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,16.89 d8 /010
fuotd | RBCOEFGHIJKLHNOPOGRET U
e T A S T 1Yk es

cdefghijklmnopgrstu
T WAR |~ (e Y}

Harker

EW,Sup

Traces

State

i CENTER L1158 nm
152 BB 1B nm VE 2 kHz g
PREFX “ TRACER

S

Prefix-entry Edit
line cursor

1. Press the left-side Misc softkey.

ENTER
LINE

SELECT
CHAR

SFACE

CLEAR
T0 EHD

SPAN 11B@ nm prev
ST YEH msec menu

2. Press MORE 1 of 3, catalog & MSI, CATALOG 1 of 2, and then

CHANGE PREFIX .
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3. Use the front-panel knob and SELECT CHAR softkey to spell your prefix
on the prefix-entry line. Refer to the boxed text in this procedure for
instructions on using the editor.

4. Press ENTER LINE to place the title on the screen.

Editing the prefix line

e Turn the front-panel knab to select a character.

e Press the (v) and (&) keys (beneath the front-panel knob) to move the command-entry cursor.
® Press SELECT CHAR to enter a character at the character-select cursor.

o Press the numeric keypad to enter numbers or a minus sign.

® Press SPACE to add a space character.

® The INSERT or . . . softkey determines the action of the SELECT CHAR softkey
Choices are INSERT a character, REPLACE an existing character, or DELETE a character.

® Use the CLEAR TO END softkey to remove characters from the command-entry cursor to the
end of the command.
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Increasing User Memory

The amount of available user memory is affected by the amount of memory
reserved for measurement state files. Measurement state files require large
amounts of memory. The procedure in this section increases user memory
by limiting the amount of state files that can be saved. Of course, you can
always delete unused files as explained in “To erase a file” in this chapter.

To increase user memory

Decreasing the amount of state memory deletes any saved states that have

CAUTION file numbers greater than the new maximum state memory limit.

L. Press the left-side State softkey.

2. Press MORE 1 of 4 and then NO OF STATES .

3. Enter the amount of memory to reserve for the maximum number of
measurement states.
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Securing the optical spectrum analyzer

Sometimes it is important to prevent others from controlling or accessing
optical spectrum analyzer data and settings. In this section, you’ll learn how
to perform these security tasks:

e Restrict optical spectrum analyzer operation to the (USER) and (DISPLAY)
menus.

e Prevent the display of annotation and active-function readouts.

e [rase all memory including serial numbers and user-entered calibration
factors.

Restricting operation to the (DISPLAY) and (USER) softkey menus prevents
novice users from tampering with optical spectrum analyzer settings. Once
operation is restricted, even the (INSTR PRESET) key is disabled. Turning

the instrument off and then on again will not restore normal operation. To
restore operation of the softkeys, follow the instructions listed in “To
restore operation of softkeys” in this section.

The LOCKOUT ANOTATN softkey protects against unauthorized viewing

of optical spectrum analyzer conditions. Once activated, annotation and
active-function readouts cannot be viewed unless the

key is pressed or the instrument is turned off and then turned on again.

Even annotation for recalled measurement states will be blanked. If the
POWERON LAST softkey is used before the power is turned off, the annotation
remains blanked when power is reapplied.

For security reasons, you can perform a partial erase to remove all files in
internal memory. This includes measurement state files protected with the

P STATE On Off function. To ensure maximum security, perform a full
erasure of internal memory. Full erasure also deletes serial number data for
the optical spectrum analyzer module. A procedure in this section shows you
how to reenter the serial number data.
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To prevent annotation from displaying

L. Press the left-side Misc softkey.

2. Press MORE 1 of 3, MORE 2 of 3 and then LOCKOUT ANOTATN .

The annotation cannot be turned on again until the (INSTR PRESET) key
is pressed or the optical spectrum analyzer is turned off and then on
again.

To restrict operation to (USER) menu

The following procedure ensures that your custom menu contains the
COMMAND softkey. If the COMMAND softkey is not included, the only way to

restore access to the optical spectrum analyzer’s softkeys is to use a computer
to send the USERLOCK OFF command over the HP-IB bus.

CAUTION

. __________________________________________________________________________________________________|
HIL keyhoard

If you have a HIL keyboard, entering the text is much easier. The keyboard plugs into an HP-HIL
connector on the front-panel of HP 70004A displays. The keyboard and associated cable have the
following part numbers:

HIL keyboard . ... ..o HP 46021A
keyboard cable .. ... ... ... ... 46020-60001
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1. Press the left-side Misc softkey, and then press MORE 1 of 3,
key control , DEFINE USR KEY  prev menu, and then COMMAND .

2. Press (USER), and then press the softkey where you want to copy the
COMMAND softkey.

3. Press the new COMMAND softkey.
4. Use the front-panel knob and SELECT CHAR softkey to spell the command

USERLOCK ON as shown at the bottom of the following figure. Refer to the
boxed text following this procedure for instructions on using the editor.

5. Press ENTER COMMAND .

Character-select

cursor
(rff]a AR de \
. m

Wawveln[SENS -5 dEm EELEEND

,16.88 dB 01V d
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Anetd | vz 0] #1807 g CHAR

cdefghijklmnopgrstu

Marker| NG IO REPLALE

ar ...

EDIT
B, Sup FUNCOEF
Traces ANY CHR
e,
i CENTER 113B nm SFAN 11B@ nm prew
M5 RE 1B nm VB 2 kHz  § 5T Y@ msec menu

USERLOCK ON_

i

Command-entry Edit
line cursor
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Editing the COMMAND line

o Turn the front-panel knob to select a character.

e Press the (v) and (&) keys (beneath the front-panel knob) to move the command-entry cursor.
® Press SELECT CHAR to enter a character at the character-select cursor.

o Press the numeric keypad to enter numbers or a minus sign.

® The INSERT or . . . softkey determines the action of the SELECT CHAR softkey
Choices are INSERT a character, REPLACE an existing character, or DELETE a character.

® |se the CLEAR TO END softkey to remove characters from the command-entry cursor to the
end of the command.
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To restore operation of menu

L. Press and then COMMAND .

2~Lketjmzﬂonbpanelknobaﬂd,SELECT CHAR softkey to spell the command
USERLOCK OFF as shown in the following figure. Refer to the boxed text
following this procedure for instructions on using the editor.

3. Press ENTER COMMAND and then the key.

Editing the COMMAND line

o Turn the front-panel knob to select a character.

e Press the (v) and (&) keys (beneath the front-panel knob) to move the command-entry cursor.
® Press SELECT CHAR to enter a character at the character-select cursor.

o Press the numeric keypad to enter numbers or a minus sign.

® The INSERT or . . . softkey determines the action of the SELECT CHAR softkey.
Choices are INSERT a character, REPLACE an existing character, or DELETE a character.

® Use the CLEAR TO END softkey to remove characters from the command-entry cursor to the
end of the command.

13-28

www.valuetronics.com



Managing Memory
Securing the optical spectrum analyzer

To erase internal memory partially

CAUTION This procedure erases all internal memory except calibration correction offsets
and serial-number identification. All files in internal memory are erased. This
includes downloadable programs.

L. Press the left-side State softkey.

2. Press MORE 1 of 4 MORE 2 of 4 MORE 2 of 4 PARTIAL ERASE
and then CONFIRM ERASE .

A CANCEL softkey is provided if you want to abort this procedure.

To erase internal memory fully

CAUTION This procedure erases all internal memory including wavelength and
amplitude calibration factors and serial-number identification.

1. Press the left-side Misce softkey.

2. Press MORE 1 of 3, service, erase/restart , ERASE ALL 6 and
then CONFIRM ERASE

A CANCEL softkey is provided if you want to abort this procedure.

3. Press and then NEXT INSTR to link the optical spectrum
analyzer module to the display.
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To recover from a full memory erase

After a full memory erase, you must reenter the optical spectrum analyzer
module’s serial number using the SER command.

HIL keyhoard

If you have a HIL keyboard, entering the text is much easier. The keyboard plugs into an HP-HIL
connector on the front-panel of HP 70004A displays. The keyboard and associated cable have the
following part numbers:

HIL keyboard . ... ... HP 46021A
keyboard cable ... ... ... ... 46020-60001

1. Open the display’s front-panel door to reveal the module’s frame.

@ [
EEEEn
o)
Sl =N === @ [O]] & |
ooooo i ‘
o o o (IR . =
DoOooo|ooood ]
A 4 A 4
Serial number
pkb4
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2. Read the serial number from a tag on the module’s frame.

3. Press the left-side Misc softkey.
4. Press MORE 1 of 3 and then COMMAND .

5~LBetjmzﬁonbpanelknObaﬂd,SELECT CHAR softkey to spell the command
SER"3141A00854" as shown at the bottom of the following figure.
(Of course, be sure to use the correct serial number from your optical
spectrum analyzer module.) Refer to the boxed text following this
procedure for instructions on using the editor.

6. Press ENTER COMMAND .

Character-select
cursor

(5]
RL 20,06 dBn ENTER

Haveln[SENS -5 dEm

1800 dB/11V d COMHAND
RBCOEFGH IJKLMNDPORETU SELECT
Ametd | Dukvz "0 81 bres = CHAR
abcdefghijklnnopgrstu
wiiygz AR [~ ()R 7{1E REPLACE
Marker —_—
ar ...
EDIT
B, Sup FUNCOEF
Traces ANY CHA
CLEAR
ftate T0 END
i CENTER 1138 nm SPAN 11B@ nm prev
152 BB 1B nm VE 2 kHz g 5T YE@ msec pemu

SER"I141ARABIY"_

S/

Command-entry Edit cursor
line
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Editing the COMMAND line

e Turn the front-panel knab to select a character.

e Press the (v) and (&) keys (beneath the front-panel knob) to move the command-entry cursor.

® Press SELECT CHAR to enter a character at the character-select cursor.

o Press the numeric keypad to enter numbers or a minus sign.

® The INSERT or . . . softkey determines the action of the SELECT CHAR softkey.
Choices are INSERT a character, REPLACE an existing character, or DELETE a character.

® Use the CLEAR TO END softkey to remove characters from the command-entry cursor to the
end of the command.

13-32

www.valuetronics.com



Managing Memory
Securing the optical spectrum analyzer

13-33

www.valuetronics.com



Connecting an External HP-IB Disk Drive

Measurement data and files can be saved on an external HP-IB disk drive.

The disc drive must be a 3.5 inch, CS80 compatible, such as an HP 9122. To
use the drive, you must connect it and enter its HP-IB address into the optical
spectrum analyzer. The procedure in this section shows you how to do this.

The default HP-IB address used by the optical spectrum analyzer to locate
the external disk drive is address 0, unit 0, and volume 0. You can enter a
new address when HPIB DISK is pressed. New addresses are entered in the
following form:

A.UV where:
e A is a digit from 1 through 7, representing the drive’s HP-IB address.

e [Jis a digit from O through 9, representing the unit number. The unit
number is typically O or 1 and refers to an individual disk drive slot.

e Vis a digit from O through 9, representing the volume number. Volume
numbers are used for hard disk drives. So, for reading diskettes, the
volume number should be 0.

For example, entering 3.00 indicates an address of 3, unit number of 0 and a
volume number of 0. This accesses a diskette in the left drive of an external
diskette drive at HP-IB address 3.
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To connect the disk drive

. Connect the HP-IB disk drive to the HP 70004 A color display using an

HP-IB cable.

. Determine or set the HP-IB address of the disk drive. Refer to the user’s

manual for the disk drive for information on determining the disk drive’s
address.

Press the left-side Misc softkey.

Press MORE 1 of 3, catalog & MSI, and then HPIB DISK.

All measurement data and files will be saved and recalled from the disk
until the HP-MSIB CARD or INTRNL MEMORY softkeys are pressed.

Use the numeric keypad to enter the code for the new address.

Refer to the introduction to this section for information on determining
the code for the address.

. Press ENTER .

www.valuetronics.com
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If You Have A Problem

Your optical spectrum analyzer is built to provide dependable operation. It
is unlikely you will experience a problem, but in the event something goes
wrong, this chapter provides solutions to common problems.

Error messages can be displayed for a variety of reasons. Most messages
indicate a harmless situation. For example, they may simply indicate that
you attempted to enter a value that was out of a particular function’s
range. However, if an error message remains after pressing several keys it
may indicate a more serious problem. Refer to the Reference manual for a
complete list of definitions for all error messages.

If you cannot solve the problem with the information in this chapter, perform
the following steps:

1. Toggle the test switch as described in “If operation is erratic” in this
chapter.

2. Perform the self-test as described in this chapter.

3. Complete all the basic checks listed in the optical spectrum analyzer’s
installation and verification manual.

4. Call your nearest HP Sales and Service Office.
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To perform the self-test routine

1. Press the left-side Misc softkey.
2. Press MORE 1 of 3 and then service .

3. Press ANALYZR TEST .

This automated self-test routine takes only one or two seconds to finish.
Any errors are reported on the display screen.
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If operation is erratic

Illegal states or errors in memory cause erratic operation of the optical
spectrum analyzer.

Symptoms o There exist multiple unrelated problems, or the instrument stops operating.

0 Pressing does not fix the problem.

0 Turning the instrument off and then on does not fix the problem.

To solve this problem

User memory is erased

Preforming the steps in this section erases all user memory. Any memory protection provided by
other system softkey functions is disabled when this function is used. User calibrations and all DLPs,
traces, measurement states, and limit lines are erased. Serial number information is also erased. The
following steps show you how to reenter serial number information and the advanced-measurement
pragrams.

e If you can use the softkeys, perform the following steps:

1. Press (INSTR PRESET).

2. Press the left-side Misc softkey.

3. Press MORE 1 of 3, service , erase / restart ERASE ALL  and
then CONFIRM ERASE .

4. Press the switch off and then on.

5. Press (DISPLAY) and then NEXT INSTR.

6. Reenter the serial number. Refer to “To recover from a full memory
erase” in Chapter 13.
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7. Reenter the advanced-measurement programs. Refer to “Reinstalling the
Advanced-Measurement Programs” in Chapter 4.

e If you cannot use the softkeys, perform the following steps:
1. Remove the optical spectrum analyzer module from the display.

2. Locate the microswitches visible through a hole on the module’s top
cover.

3. Locate the switch labeled TEST and toggle the switch to its alternate
position.

4. Place the module back in the display, and turn the power on.

5. After the module powers up, turn off the power, remove the module,
and return the TEST switch to its original position.

6. Replace the module, and turn the power on.

7. Reenter the serial number. Refer to “To recover from a full memory
erase” in Chapter 13.

8. Reenter the advanced-measurement programs. Refer to “Reinstalling the
Advanced-Measurement Programs” in Chapter 4.
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If displayed color, lines, and text are distorted

Placing the optical spectrum analyzer on a metal optical table can magnetize
the display. Magnetized displays have distorted images due to irregular
electron-beam deflection.

Symptoms o Displayed colors are irregular.
0 Displayed graticule lines are not straight.

o Displayed text is not straight

To solve this problem 1. Remove the optical spectrum analyzer from the table.

2. Use a degausser to demagnetize the display.
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If advanced-measurement programs are missing

The advanced-measurement programs are downloadable programs factory-
installed in the menu. It is possible to erase these DLPs from memory.
In the event that they are erased, they can be reloaded from the memory
card (or disk) supplied with the optical spectrum analyzer.

Symptoms o Pressing displays only the following softkeys: DEFINE USR KEY
RECALL USER | or SAVE USER .

To solve this prohlem e Install the advanced-measurement programs as described in “Reinstalling
the Advanced-Measurement Programs” in Chapter 4.
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. indicates the display has become uncalibrated.

Symptoms [ 45 ]

RL .88 dBn

SENS -30 den

1088 dB/01Y ;
UNCAL

A il o, s bbb

CENTER 1{15B.B nm SPAN SPA@.E nm
FB 3 nm #UE 3 kH:z 5 #5357 2BE meec

Displayed.

To solve this problem This message normally occurs if instrument settings have been manually
placed set unacceptable settings.

e Press (INSTR PRESET) to reset all instrument settings.
or,

¢ Return any manual setting to its coupled setting by pressing its softkey so
that Auto is underlined in the softkey’s label.
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is displayed

. indicates that user calibrations are being applied to the
measurements.

Symptoms USERCAL

&)

RL 6.3% dBm

#SEHNS -3 dBm

pIE.EB dB/0Iv  USERCAL

CEWTER 1537.B3 nn SPAN 2B.BA nm
FB @.2 nn JE 2@ kHz 5T=50 meec

prob7

Displayed.

The message does not indicate any problem. It is simply a reminder
that user calibrations are being applied to the data. User calibrations

are turned on or off using the WL CAL On 0ff and PWR CAL On Off
softkeys. Locate these softkeys by pressing Amptd , MORE 1 of 4, and then

cal menu . To learn how to perform user calibrations, refer to “Calibrating
the Optical Spectrum Analyzer” located in Chapter 1.
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Symptoms

To solve this problem

= 1S dlSplayed

: indicates the calibration signal is not within acceptable wavelength
or amplitude tolerances.

2]

RL -B.75 dBn
SENS -37 dEm
1888 dB/01V

CAL WAVELEMGTH End of Calibratian
1,388 um

ITlegal Cal signal
ERR 2B23 7@931A 4,23

CENTER 1383.98 nn SPAN 2B.B@ nm
FB @.2 nn JE 2 MHz 5T 5@ meec

Displayed error message 2023.

The optical spectrum analyzer can compensate for about 2 nm of error
between itself and the calibration laser.

o Confirm that the calibration laser’s wavelength is accurately known and
entered.

o The optical spectrum analyzer may need to be calibrated by the factory.

14-11

www.valuetronics.com



- 1s displayed

* indicates one of the following conditions has occurred:

o A external HP-IB disk drive is not connected via HP-IB to the optical
spectrum analyzer.

e The disk drive’s HP-IB address is incorrectly listed.

Symptoms ra
CATALOG HPIE DISK
Fage 1 Frefix °°

IB|ADDR [CAUWD q

(END OF CATALOG)
£@37 Mo instr resp.

Displayed error message 2037.

To solve this problem o Connect the disk drive to the optical spectrum analyzer using an HP-IB
cable.

o Refer to “Connecting an External HP-IB Disk Drive” in Chapter 13 for
information on entering the disk drives address.
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is displayed

2 indicates one of the following conditions has occurred:
e A memory card is not in the front-panel card slot.

e The memory card’s write-protect switch is in the SAFE position.
e The memory HP-MSIB address is incorrectly listed.

The HP-MSIB address for the card is the same address as the display and is
normally set to 4. Use the numeric keypad to enter a new address. Changing
the card’s address is only used in rare instances when MMS systems are
combined.

Symptoms ra
CATALOG HP-WSIB DISK & CARD
Fage 1 Frefix °°

(END OF CATALOG)

2853 Starage device errar

Displayed error message 2053.

To solve this problem o Place a memory card in the front-panel card slot.
o Place memory card’s write-protect switch in write-enable position.

o Confirm the card’s HP-MSIB address is incorrectly entered.
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If You Have A Problem
If s displayed

To enter the card's The HP-MSIB address for the card is the same address as the display’s HP-IB
HP-MSIB address address and is normally set to 4. Changing the card’s address is only done in
rare instances when MMS systems are combined.

L. Press the left-side Misc softkey.

2. Press MORE 1 of 3, catalog & MSI 5 and then HP-MSIB CARD .

The card’s HP-MSIB address is shown on the screen.

3. If the card’s address needs to be changed, use the front-panel knob, step
keys, or numeric keypad to enter the new address number.
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is displayed

* indicates that there is not enough available default memory to hold
additional files.

Symptoms ra

EL @.8R dBm
SENS -5 dEm
piﬂ.ﬂﬂ dB/oOIvy

Volume full

ERR 2RB57 7@531R @,23

CENTER 1138 nm SPAN 11B@ nn
FB 1B nm JE 2 kHz 5 5T YE@ msec

Displayed error message 2057.

To solve this problem e I'ree additional memory or change default memory.

To free additional user e Erase selected internal memory files as described in Chapter 13.
memory

Erase all internal memory files as described in Chapter 13.

Decrease the amount of memory reserved for measurement states as
described in “Increasing User Memory” in Chapter 13.

To check available user 1. Press the left-side Misc softkey.
memory

Do

- Press MORE 1 of 3, catalog & MSI 6 and then INTRNL MEMORY so
that it is underlined.
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If s displayed
Available
memory
a2
e | (—CATALOG IHTERNAL HENDRY INTRNL
aveln Fage 1 FPFrefix °° HEMORY
TOTAL MEWM = A39321R _
Amptd AYVATL MEM = @3914R2 E:HESIE
COMFIG MEW = ARA175H
LARGEST MEM= @3913EM -
Harker ISk
LOAD
B, Swp FILE
b {
T NEXT
Traces - PRGE
Jiday Lt
B, TV FTPY
tate Rrev
menu
Hisc (END OF CATALOG) CATALOG
—_— {af ¢

Available memory listed in hytes.
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1 1s displayed

When
alignment is attempted without a valid input signal.

4 occurs, either an automatic measurement or an automatic

Symptoms ra

RL 8.88 din

SERS -5 dEn

18,80 dB/01Y }

End of RAutoalign
signal not found

Signal not found
ERR 2BEY4 7@551A @,23

CENTER 1158 nm SPAN 11BA nm
FB 1B nm VE £ kHz 5 5T YE@ msec

Displayed error message 2064.

To solve this prohlem 1. Display a valid response within the 600 to 1700 nm input range.

The automatic alignment and measurement routines requires an LED or
a single or multi-mode laser. The signal’s power level must be rise at
least 3 dB above the displayed noise floor.

2. To perform an automatic measurement, press the key or
AUTO MEASURE

AUTO MEASURE is located in the Waveln menu.

3. To perform an automatic alignment, press or the Amptd
menu’s AUTO ALIGN softkey.
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Glossary

absolute amplitude accuracy
The degree of correctness or uncertainty (expressed in either percent or
dB power). It includes relative uncertainties plus calibrator uncertainty.
For improved accuracy, some spectrum analyzers specify frequency
response relative to the calibrator as well as relative to the midpoint
between peak-to-peak extremes.

active function
The active function is the instrument’s feature currently selected for use.
It may be a key selection or remote-programming command.

active function readout
The area of a display screen where the active function and its state are
displayed. The active function is the one that was completed by the last
key selection or remote-programming command.

active marker
The marker on a trace that can be repositioned by front-panel controls or
programming commands.

active trace
The trace (commonly A, B, or C) that is being swept (updated) with
incoming signal information.

amplitude accuracy
The general uncertainty of an amplitude measurement, whether relative
or absolute.

ASCII
The acronym for American Standard Code for Information Interchange. It
is an eight-bit code (7 bits plus parity check) used for data (information)
interchange. An ASCII value is a specific combination of bits ranging from
0 to 255 that represent characters in machine language that computers
and controllers can understand.

attenuation
A general term used to denote a decrease of signal magnitude in
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transmission from one point to another. Attenuation may be expressed as
a scalar ratio of the input to the output magnitude in decibels.

autoranging
Autoranging automatically adjusts the gain of the optical spectrum
analyzer’s internal transimpedance amplifier as the signal amplitude
changes. The gain is changed to reposition a signal in the measurement
range of the internal circuitry. When autoranging occurs during a sweep,
a slight delay in the sweep results.

battery-backed RAM
Random access memory (RAM) data retained by a battery. RAM cards can
contain data that is maintained with a battery. Refer also to nonvolatile
memory.

bit-error rate (BER)
Bit-error rate is the percentage of bits that are transmitted incorrectly in a
digital communications system.

blank trace
A function that stores any active trace in the optical spectrum analyzer’s
reserved memory and blanks the display. The stored trace may be A, B,
or C.

broadband response
A signal whose spectrum is wider than the resolution bandwidth of the
optical spectrum analyzer, and whose repetition frequency is lower than
the bandwidth of the spectrum analyzer. Notice that it is a combination
of signal and receiver characteristics that determines when a signal is
classified as broadband. For refining incoming signal responses, select
narrower spans and bandwidths.

card reader
See memory card.

character set
The set of elementary symbols. These normally include both alpha and
numeric codes, plus punctuation or any other symbol which may be read,
stored, or written and used for organization, control, or representation of
data.
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characteristics
Non-warranted operating information in the form of expected values for
spectrum analyzer performance.

chirp

Chirp is the change in laser-diode wavelength caused when the diode is
pulsed between two different optical power levels or intensity modulated.
Chirp results from an increasing drive current that causes either a higher
temperature or a change in the effective index of refraction, which
increases the wavelength via the change of length of the laser’s resonant
cavity. Chirp effectively broadens the laser’s spectral bandwidth, which
results in a reduced system bandwidth because of chromatic dispersion.

chop mode
On an optical spectrum analyzer, chop mode is a method of compensating
for the effects of stray light in the monochromator and to stabilize internal
electronics during long sweeps. Chop mode reads and compensates
for stray light and noise before reading the data for each trace point.
This improves sensitivity stability and typically provides an increase in
dynamic range of approximately 5 dB.

chromatic dispersion
Chromatic dispersion is pulse broadening due to the different velocities
of different colors contained in the spectrum of the source. The pulse
broadening depends directly on the spectral width of the source.
Chromatic dispersion is basically a material property.

clear-write trace
An optical spectrum analyzer function that zeros specified trace A, B, or
C memory, then updates the trace memory with each new sweep. The
contents of trace memory are written to the display at a flicker-free rate.

continuous sweep mode
The optical spectrum analyzer condition where traces are automatically
updated each time trigger conditions are met.

correction factors
Error coefficients stored in memory during a calibration. These
coefficients are calculated into other measurements to minimize circuitry
errors. This factor is the product of the ratio and phase-angle correction
factors for the existing conditions of operation.
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default

The preset conditions, options, or parameters of an instrument. The
default state may be changed by choosing key selections or writing
programming commands to use other conditions.

delta marker

An optical spectrum analyzer mode in which a fixed reference marker
is established, then a second active marker becomes available so it can
be placed anywhere along the trace. A readout indicates the relative
wavelength separation and amplitude difference between the reference
and active markers.

display fidelity

The measurement uncertainty of relative differences in amplitude at
different power levels.

display range

The calibrated range of the display for a particular display mode or scale
factor. Refer also to linear display, log display, and scale factor.

distributed-feedback laser

Distributed-feedback (DFB) lasers are a type of semiconductor diode laser
capable of producing a single wavelength output.

DLP

The abbreviation for downloadable program. A single programming
command or a sequence of programming commands used to perform
specific operations. DLPs can be made up of several functions, variables,
and traces. A DLP is generally created in a computer, then stored
(downloaded into) in the analyzer’s internal memory. Once downloaded,
the DLP can be executed without a computer or controller.

dynamic range

A measure of an optical spectrum analyzer’s ability to display a small
signal in the presence of a larger signal. Stray light from the large
signal raises the noise floor displayed on the screen. Dynamic range is
determined primarily by the type of monochromator used, shape of
the resolution bandwidth filtering, and spurious responses within the
analyzer. A “chop” mode can be used to reduce the effects on dynamic
range caused by stray light. In chop mode, the stray light is internally
compensated for before acquiring each trace measurement point. This
results in longer sweep times.

www.valuetronics.com
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EMC
The abbreviation for electromagnetic compatibility. EMC is a condition of
equipment tolerance to external electrical and magnetic fields.

EMI
The abbreviation for electromagnetic interference. An EMI measurement
determines the degree to which potentially offending, undesirable signals
emanate from a device.

error message
A message displayed on the screen indicating missing or failed hardware,
improper user operation, or other conditions that require additional
attention. Generally, the requested action or operation cannot be
completed until the condition is resolved.

extinction ratio
The ratio of the high-level optical power to the low-level optical power in
a transmission system is called the extinction ratio.

FCC
The abbreviation for the Federal Communications Commission. This is the
part of the United States government that regulates EMI (electromagnetic
interference).

FDHM
FDHM is an abbreviation for full-duration at half-maximum. FDHM
describes the width of a response, identical to full-width at half-maximum
(see FWHM).

ferrule
A tube which contains the optical fiber. The ferrule is necessary to keep
the fiber aligned.

FFT
The abbreviation for fast Fourier transform. It is a mathematical operation
performed on a time-domain signal to yield the individual spectral
components that constitute the signal.

firmware
Instruction code that is integrated with the hardware to form a functional
set that cannot be altered during normal operation. The instruction code,
permanently installed in the circuitry of the instrument, is stored in ROM
(read-only memory). Firmware determines the functional characteristics,
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as opposed to the electrical or optical characteristics, of the instrument
or equipment. Each firmware version is identified by a revision code
number, or date code.

firmware date code
Indicates which revision of firmware (instrument software or ROM) resides
in memory.

flatness
The peak-to-peak variation in the displayed signal amplitude over a
specified center wavelength range. Flatness is typically specified in terms
of +£dB relative to the value midway between the extremes. It also may
be specified relative to a calibrator wavelength.

front-panel key
Keys, typically labeled, and located on the front panel of an instrument.
The key labels identify the function the key activities. Numeric keys and
step keys are two examples of front-panel keys.

FTZ
The abbreviation for Fernmeldewesen Technischen Zentrum. This is
the part of the German post office that regulates EMI (electromagnetic
interference).

full span
Full span is a mode of operation in which the spectrum analyzer scans the
entire wavelength range of an analyzer.

function
The action or purpose which a specific item is intended to perform
or serve. The optical spectrum analyzer contains functions that can
be executed via front-panel key selections, or through programming
commands.

FWHM
FWHM is an abbreviation for full-width at half-maximum. Full-width at
half-maximum describes the width of a response, identical to full-duration
at half-maximum (see FDHM).

gain compression
The signal level at the optical spectrum analyzer’s photodetector where
the displayed amplitude of the signal is a specific number of dB too low,
due to saturation.
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hard copy
Information or data printed onto paper as opposed to its being stored on
disk or in the instrument’s memory.

harmonic distortion
Undesired wavelength components added to signals as a result of
nonlinear behavior of the device (for example, an amplifier) through
which signals pass. These unwanted components are harmonically related
to the original signal.

HP-IB
The abbreviation for Hewlett-Packard interface bus. It is Hewlett-
Packard’s implementation of IEEE-488 (Standard Digital Interface for
Programmable Instrumentation). Hewlett-Packard uses a parallel interface
that allows you to “daisy-chain” more than one device to a port on a
computer or instrument.

IF gain/IF attenuation
An analyzer control that adjusts the vertical position of displayed signals
without affecting the signal level at the input. When changed, the value
of the reference level is changed accordingly.

input attenuator
An attenuator between the optical spectrum analyzer’s input connector
and photodetector. The input attenuator is used to adjust the signal
level in order to prevent gain compression due to high-level signals.
It is also used to set the dynamic range by controlling the degree of
internally-generated distortion.

interface
The place at which independent systems meet and interact. An operator’s
interaction with an instrument might occur at a keyboard. The keyboard
then serves as part of the interface.

interferometer
See Mach-Zehnder interferometer (MZI).

limit line
A test limit made up of a series of line segments, positioned according
to wavelength and amplitude within the optical spectrum analyzer’s
measurement range. Two defined limit lines may be displayed
simultaneously. One sets an upper test limit, the other sets a lower test
limit. Trace data can be compared with the limit lines as the spectrum
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analyzer sweeps. If the trace data exceeds either the upper or lower
limits, the spectrum analyzer displays a message or sounds a warning,
indicating that the trace failed the test limits.

limit-line file
The user-memory file that contains the limit-line table entries. Limit lines
are composed of wavelength and amplitude components that make up a
trace array and this data is stored in the file. The limit-line file feature is
available on spectrum analyzers that are capable of limit-line operation.
Refer also to limit line.

limit-line table
The line segments of a limit line are stored in the limit-line table. The
table can be recalled to edit the line segments, then restored in the
limit-line file. Refer also to limit line.

linear display
The display mode in which the vertical scale is a linear function of the
input-signal power. Amplitude values use measurement units of volts and
watts.

linewidth
Linewidth refers to the spectral bandwidth of an individual mode (line) of
a laser.

log display
The display mode in which the vertical scale is a logarithmic function of
the input-signal power. The display calibration is set by selecting the
value of the reference level and scale factor in dB per division.

marker
A visual indicator that can be placed anywhere along the displayed trace.
A marker readout indicates the absolute value of the trace wavelength
and amplitude at the marked point. The amplitude value is displayed
with the currently selected units. Refer also to delta marker and noise
marker.

maximum input level
The maximum, safe signal power that can be applied safely to the input of
an optical spectrum analyzer.
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measurement range
The ratio, expressed in dB, of the maximum signal level that can be
measured (usually the maximum safe input level) to the lowest achievable
average noise level. This ratio is almost always much greater than can be
realized in a single measurement. Refer also to dynamic range.

memory
A storage medium, device, or recording medium into which data can be
stored and held until some later time, and from which the entire original
data may be retrieved.

memory card
A small, credit-card-shaped memory device that can store data or
programs. The programs are sometimes called personalities and give
additional capabilities to your instrument. Typically, there is only one
personality per memory card. Refer also to personality.

menu
The optical spectrum analyzer functions that appear on the display and
are selected by pressing front-panel keys. These selections may evoke a
series of other related functions that establish groups called menus.

monochromator
An optical filter that can be tuned to various wavelengths. The
monochromator uses a diffraction grating to separate an input signal into
its different wavelength components. Multiple resolutions are generally
available.

noise marker
A marker whose readout represents the noise density (or rather the
noise level) in a 1 Hz bandwidth. When the noise marker is selected,
the sample display detection mode is activated, the values of a number
of consecutive trace points about the marker are averaged, and this
average value is normalized to an equivalent value in a 1 Hz noise power
bandwidth. The normalization process accounts for the effects of the
detection and bandwidth and often the effect of the log amplifier when
the log-display mode is selected.

nonvolatile memory
Memory data that is retained in the absence of an ac power source. This
memory is typically retained with a battery. Refer also to battery-backed
RAM.
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normalized reference level
An amplitude level representing 0 dB deviation from a calibrated system’s
response. It is obtained by subtracting the system’s response from itself.

normalized reference position
The position on a network analyzer’s display of the normalized reference
level.

numerical aperture (NA)
Numerical aperture and the core diameter determine how much power
can be launched into an optical fiber. The numerical aperture is the sine
of half the maximum angle of acceptance.

parameter units
Standard units of measure, which include the following:

Measured Unit Unit
Parameter Name Abbreviation
electrical current ampere A
impedance (resistance} | chm Q
power level Watts W
decibel relative to milliwatts dBm
power ratio decibel dB
time second S
voltage volt Vv
wavelength hertz Hz

peak-detection mode
For optical spectrum analyzers with digital displays, the display detection
mode in which each displayed point indicates the maximum value of
the video signal for that part of the wavelength span or time interval
represented by the point.

peak detector
A detector that follows the peak of the signal applied to it. The standard
detector for a spectrum analyzer with only one detection mode is a peak
detector (envelope detector). MIL-STD EMI measurements usually call for
positive peak detection.
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personality
Applications software on a memory card or other electronic media that
are downloaded into optical spectrum analyzer’'s RAM. The software
directs spectrum analyzer operation so that complex measurements are
initiated with front-panel selections and completed without connections
to an external computer. Personalities can be designed to automate or
simplify instrument operation.

PIN photodetector
The PIN photodetector is a detector type known for its simplicity, stability,
and bandwidth. Its principle of operation is that whenever the energy of
an entering photon is comparable to the band gap energy of the material,
the photon energy is absorbed and an electron-hole pair is generated in
the i-zone (intrinsic zone, a zone of low conductivity) of the photodetector.
An ideal photodetector with negligible recombination would generate one
electron-hole pair per photon.

polarization insensitivity
Polarization insensitivity indicates that changes in input signal polarization
does not cause amplitude variations in measurements. Normally, light
with different polarization input to a monochromator experiences differing
degrees of attenuation.

preselector
A tunable bandpass filter. It tracks the appropriate input wavelength
passing signals of the desired wavelength and reducing others. The
optical spectrum analyzer’s monochromator can be used as a preselector.
Preselectors reduce multiple and image responses and, for certain signal
conditions, improve dynamic range.

RAM cards
A software device used to save traces, states, limit lines, User menus, and
software programs for the optical spectrum analyzer. RAM cards provide
battery backed memory. If the battery is removed the data is lost. RAM
cards can be written to or from. Refer also to personality and ROM cards.

random-access memory
RAM (random-access memory) or read-write memory. A storage area
allowing access to any of its storage locations. Data can be written to or
retrieved from RAM. User-generated information appearing on a display is
typically RAM data.
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read-only memory
ROM (read-only-memory) is the area in the optical spectrum analyzer that
contains the analyzer’s operation instructions (code). This memory cannot
be changed. The data can be accessed (read), but not altered by the user.

reference level
The calibrated vertical position on the display used as a reference for
amplitude measurement. The reference-level position is normally one of
the top lines of the graticule. On some analyzers, it can be set anywhere
on the display with front panel keys or remote commands. Refer also to
scale factor.

relative intensity noise (RIN)
Relative intensity noise is a ratio of the fluctuations of a laser diode’s
optical power (intensity noise) at a given offset frequency or wavelength
to the average power.

residual responses
Discrete responses seen on a optical spectrum analyzer display although
no input signal is applied.

resolution bandwidth
Resolution bandwidth determines the ability to display two closely
spaced signals as two distinct responses. This wavelength resolution is
determined by the bandwidth of the optical filter located in the optical
spectrum analyzer’s monochromator. Changing the resolution bandwidth
does not affect the displayed noise level.

resolution
Refer to wavelength resolution.

responsivity
The responsivity of a detector is the ratio of its output current to the
incident optical power. The responsivity of an amplified lightwave
converter is the ratio of its output voltage to the incident optical power.

return loss
A scalar measurement indicating how much less the reflected power is
from the incident power on the line.
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ROM cards
A software device used to contain software programs for downloading into
a spectrum analyzer. Unlike RAM cards, ROM cards be only read from,
not written to. Refer also to personality.

scale factor
The per-division calibration of the vertical axis of the display. Scales can
be either linear or logarithmic.

sensitivity
Sensitivity is the defined as the minimum detectable signal. (It is set
to six times the RMS noise level of the analyzer.) Sensitivity is directly
coupled to video bandwidth and the gain of the internal transimpedance
amplifier. Increasing the sensitivity decreases the video bandwidth and
increases the sweep time and gain. (Sweep time is inversely proportional
to the video bandwidth.)

shape factor
Refer to dynamic range.

signal resolution
The ability of the spectrum analyzer to resolve two separate input signals.
Closely-spaced signals are more difficult to resolve than signals spaced far
apart. Refer also to resolution bandwidth and shape factor.

single-sweep mode
That mode in which the spectrum analyzer sweeps once when trigger
conditions are met. Each sweep is enabled (allowed to reoccur when
trigger conditions are met) by pressing an appropriate front-panel key, or
by sending a programming command.

SMSR
SMSR (side mode suppression ratio) is a measurement on distributed
feedback (DFB) lasers. SMSR indicates the amplitude difference between
the main spectral component and the largest side mode.

softkey
Key labels displayed on a screen or monitor which are activated by
mechanical keys surrounding the display, or located on a keyboard.
Softkey selections usually evoke menus that are written into the program
software. Front-panel key selections determine which menu (set of
softkeys) appears on the display.
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span
Span equals the stop wavelength minus the start wavelength. The span
setting determines the horizontal-axis scale of the spectrum analyzer
display.

span accuracy
The uncertainty of the indicated wavelength separation of any two signals
on the display.

specifications
Warranted operating performance. Spectrum analyzers are warranted to
meet certain operating conditions. These conditions are typically listed in
a table.

spectrum
An array of sine waves differing in wavelength, phase, and amplitude.
Such an array completely determines a signal, such that a time-domain
signal can be converted (mathematically) to a spectrum, and a spectrum
can be converted to a time domain signal. Most spectrum analyzers
do not measure the phase of the spectrum, only the amplitude and
wavelength components. The amplitude spectrum cannot be restored to a
time-domain signal without the phase information.

optical spectrum analyzer
A device that display the power distribution of a lightwave signal as a
function of wavelength. Optical spectrum analyzers depend on either
interferometer or grating designs to resolve individual light components.

spurious response
The undesired responses that appear on the optical spectrum analyzer’s
display as a result of the input signal. Internally generated distortion
products are spurious responses, as are image and multiple responses.

step key
A key used to create an increment of change in an active optical spectrum
analyzer setting. The front-panel () and (¥) are called step keys.

stimulus-response mode
The operating state that allows the optical spectrum analyzer to make
measurements similar to those of a network-analysis measurement
system. A device can be characterized for its response to different
input signal wavelengths. Measurement results are displayed in a
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relative-amplitude scale resulting from a variation, plus or minus, from a
reference (normalized) value stored in a trace.

stop/start wavelength
Terms used in association with the stop and start points of the
wavelength measurement range. Together they determine the span of the
measurement range.

sweep time
The time it takes the optical spectrum analyzer to tune across the selected
span. Sweep time directly affects how long it takes to complete a
measurement. It does not include the dead time between the completion
of one sweep and the start of the next. It is the function of wavelength
span, resolution bandwidth, and video bandwidth.

syntax
The grammar rules that specify how commands must be structured for an
operating system, programming language, or applications.

trace
A trace is a displayed line representing the input spectrum. Traces are
made up of a series of data points containing wavelength and amplitude
information.

transimpedance amplifier
An amplifier used in an optical spectrum analyzer to transform current
from a photodetector into voltage. The gain of the amplifier can be
adjusted to maintain output voltages that are within the range of other
internal circuits. If the range of the transimpedance amplifier is changed
during a sweep, a slight pause in the sweep occurs.

units
Dimensions on the measured quantities. Units usually refer to amplitude
quantities because they can be changed. Typical units are dBm (dB
relative to 1 milliwatt) and watts.

update
To make existing information current; to bring information up to date.

variable persistence
A property of the display that allows the adjustment of the trace-fade
rate which is created by the display’s electron beam. It is a capability of
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purely analog displays which provides flicker-free trace display regardless
of sweep time.

video

A term describing the output of a spectrum analyzer’s envelope detector.

video average

The digital averaging of spectrum analyzer trace information. It is
available only on analyzers with digital displays. Each point on the
display is averaged independently and the average is computed based

on the number of sweeps selected by the user. The averaging algorithm
applies a factor to the amplitude value of a given point on the current
sweep (1/n, where n is the number of the current sweep); applies another
factor to the previously stored average [(n — 1/n)]; and combines the

two for a current average. After the designated number of sweeps are
completed, the factors remain constant, and the display becomes a
running average.

video bandwidth

The cut-off wavelength (3 dB point) of an adjustable low-pass filter in the
optical spectrum analyzer’s video circuit. When the video bandwidth is
equal to or less than the resolution bandwidth, the video circuit cannot
fully respond to the more rapid fluctuations of the output of the envelope
detector. The result is a smoothing of the trace, or a reduction in the
peak-to-peak excursion, of broadband signals such as noise when viewed
in broadband mode. The degree of averaging or smoothing is a function of
the ratio of the video bandwidth to the resolution bandwidth.

video filter

A post-detection, low-pass filter that determines the bandwidth of the
video amplifier. It is used to average or smooth a trace. Refer also to
video bandwidth.

wavelength

The wavelength is the distance between two equal phase points on a
wave in a dielectric material. The wavelength is equal to the phase
velocity (the speed of light traveling in a dielectric material divided by the
refractive index of the dielectric material) divided by the frequency.

wavelength accuracy

The uncertainty with which the wavelength of a signal or spectral
component is indicated, either in an absolute sense or relative to some
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other signal or spectral component. Absolute and relative wavelength
accuracies are specified independently.

wavelength range
The range of wavelengths over which the optical spectrum analyzer
performance is specified.

wavelength repeatability
Wavelength repeatability defines the accuracy to which the optical
spectrum analyzer can be retuned to a given wavelength after a change in
tuning.

wavelength reproducibility
Wavelength reproducibility refers to the amount of tuning drift in the
optical spectrum analyzer. Reproducibility is measured during continuous
sweep mode with no changes made to analyzer tuning. Reproducibility
typically characterizes drift over a one-minute period.

wavelength resolution
The ability of a optical spectrum analyzer to separate closely spaced
spectral components and display them individually. Resolution of equal
amplitude components is determined by resolution bandwidth. Resolution
of unequal amplitude signals is determined by resolution bandwidth and
dynamic range.

wavelength span
The magnitude of the displayed wavelength component. Span is
represented by the horizontal axis of the display. Generally, wavelength
span is given as the total span across the full display. Some analyzers
represent wavelength span (scan width) as a per-division value.

Zero span
The case in which a spectrum analyzer becomes a fixed-tuned receiver.
In this state, the bandwidth is equal to the resolution bandwidth.
Signal-amplitude variations are displayed as a function of time. To avoid
loss of signal information, the resolution bandwidth must be as wide as
the signal bandwidth. To avoid any smoothing, the video bandwidth must
be set wider than the resolution bandwidth.
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Index

1 1T softkey, 9-25
3 3-DIMEN On Off softkey, 8-13, 8-15

9 9y fiber-optic cable
advanced-measurement routines, 4-2
preselection instrument mode, 5-28

9u m fiber-optic cable
stimulus-response instrument mode, 5-9

A A<+ A-B + DL softkey, 8-25

A «— A—B+DL softkey, 8-27
A «— A—B softkey, 8-25
active function, 1-6
ACTIVE MARKER softkey, 9-6, 9-7, 9-8
ADC SYNC OUT

connector, 3-4

softkey, 3-10
ADCTRIG AC softkey, 3-15
ADCTRIG DELAY softkey, 3-15
ADCTRIG FREE softkey, 3-15
ADCTRIG NEGEDGE softkey, 3-15
ADCTRIG POSEDGE softkey, 3-15
addresses, 12-16
advanced-measurement programs, ix

amplitude accuracy, 4-2

installing, 14-8

missing, 4-2, 14-8

using, 4-2, 7-2
advanced-measurement solutions, 4-2
alignment, 1-28

recommended times, 1-28

removing offsets, 1-31
ALIGN PRESET softkey, 1-31
AMETER On Off softkey, 1-11
AMPCOR —> LOWER softkey, 10-22
AMPCOR —> UPPER softkey, 10-22
AMPCOR On Off softkey, 10-24
amplitude

calibrating, 1-37
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changing the scale, 1-21

changing the units, 1-21

offset, 1-12

offsets, 1-7
amplitude accuracy, v

advanced-measurement programs, 4-2
amplitude corrections, 10-2, 10-18

creating, 10-21

editing, 10-22

erasing, 10-25

interpolation, 10-20

limit-line table size, 10-20

turning on and off, 10-24
amplitude meter, 1-9, 1-11
AMP REF OFFSET softkey, 1-12
Amptd softkey, 1-6, 1-21
AMPTD VALUE softkey, 10-11, 10-29
analog display, 8-22
ANALOG OUT connector, 5-7, 5-35, 6-8
ANALYZR TEST softkey, 14-4
annotation, xiv, 12-2

blanking, 12-7

marker readouts, 9-24

preventing display, 13-25
ANOTATN On Off softkey, 12-7, 13-25
ANY CHR softkey, 11-12, 12-10
assembling light-source kit, 6-25
AT MKR On Off softkey, 1-18
A UNITS AutoMan softkey, 1-21
autmeas state softkey, 1-17, 1-18, 1-19
(AUTO ALIGY), v, 1-29
AUTO ALIGN softkey, 1-29
automatic alignment, v

error, 14-17

recommended times, v
automatic measurement, viii

error, 14-17
(AUTO MEAS), vi, 1-16

to a fixed span, 1-17

to a specified log scale, 1-18

to a specified wavelength, 1-18

to optimize sensitivity, 1-19
AUTO MEASURE

to a fixed span, 1-17

to a specified log scale, 1-18

to a specified wavelength, 1-18

to optimize sensitivity, 1-19
AUTO MEASURE softkey, 1-16
AUTOPTS ALIGN softkey, 1-31
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autoranging, 1-14
disabling, 1-15
AUTORNG On Off softkey, 1-15, 2-9
Auto softkey, 9-25
AUTZERO On Off softkey, 2-19, 2-21
averaging traces, 2-10, 8-16
A XCH B softkey, 8-6, 8-10, 8-24, 8-27, 8-34
A XCH C softkey, 8-6, 8-10, 8-34

B backspace , vi

bandwidth, measuring using markers, 9-17
battery

card, 13-6

changing in card, 13-10

optical spectrum analyzer, 4-2
BEEPER On Off softkey, 10-12
blanking

annotation, 12-4, 12-7

graticules, 12-4

trace, 8-7

traces, 8-b
BLANK TRACES softkey, 10-10, 10-13
broadband power, 5-21
BW,Swp softkey, 2-16
B XCH C softkey, 8-6, 8-10, 8-24

(C CALC On Off softkey, 4-9, 4-25
calibration, 1-32
at STP, 1-35, 1-38
erasing user calibrations, 1-41
factory, 1-32
turning off user calibration, 1-40
user, 1-32
cal menu softkey, 1-40
CAL POWER softkey, 1-40
CAL WAVELEN softkey, 1-36, 1-40
CANCEL softkey, 13-20, 13-29
card, 13-4
battery, 13-6
changing battery, 13-10
write-protect switch, 13-9
CATALOG 1 of 2 softkey, 13-9
cataloging memory, 13-16
catalog & MSI softkey, 13-8, 13-16, 13-21
(CENTER), 1.7
center-frequency step size, changing, 9-20
CENTER softkey, 1-4, 4-4, 4-12, 4-20
center wavelength step size, 1-7, 1-12
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CHANGE PREFIX softkey, 13-21
changing center wavelength using markers, 9-14
changing file prefixes, 13-21
changing reference level using markers, 9-14
changing span using markers, 9-19
changing the bandwidth to span ratio, 2-4
changing trace length, 8-32
chop mode, 2-12

disabling, 2-14
CHOP On Off softkey, 2-14
cleaning

adapters, 1-45

non-lensed connectors, 1-44
cleaning fiber-optic connections, 1-42, 1-44
CLEAR TO END softkey, 10-24, 11-12, 12-11, 12-12, 13-22, 13-27, 13-28, 13-32
CLEAR WRT A softkey, 8-7
CLEAR WRT B softkey, 8-8
clock, 12-13

setting format, 12-15

setting the time, 12-14
CLOCK DISPLAY softkey, 12-8, 12-14
clock softkey, 12-14
CLOSEST PEAK softkey, 9-13
CLOSEST PIT softkey, 9-10
COMMAND softkey, 11-11, 11-13, 13-25
CONFIG softkey, 12-18
configure

plotter, 12-22

printer, 12-21
CONFIRM DELETE softkey, 10-10, 10-13, 10-256
CONFIRM ERASE softkey, 13-20, 13-29
CONFIRM FORMAT softkey, 13-9
connector care, 1-42
CONT softkey, 11-8
CONT SWEEP softkey, 2-19, 4-4, 4-12, 4-20
COPY IS PRT/PLT softkey, 12-21, 12-22
copy options softkey, 12-21, 12-22, 12-23
current source, 3-5
CURRENT SOURCE connector, 3-4, 3-5, 3-11
current source softkey, 3-10
custom keypad, removing, xiii
—> CWL softkey , 9-12, 9-14
—> CWL STEP softkey , 9-20
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D DB/DIV AutoMan softkey, 1-18
dBm softkey, 1-21
DEBUG FAST softkey, 11-8
DEBUG On Off softkey, 11-8
DEBUG SLOW softkey, 11-8
default memory, 13-8
default trace settings, 8-11
DEFINE USR KEY softkey, 11-9, 11-10
delaying the sweep, 2-24, 2-26
DELETE ALL softkey, 10-10, 10-13, 10-25
DELETE or ... softkey, 10-24, 11-12, 12-11, 18-22, 18-27, 13-28, 13-32
DELETE SEGMENT softkey, 10-11
delta markers, 9-16, 9-19
DELTA softkey, 9-19, 9-20
detection
sample, xiv
DFB softkey, 4-2
installing, 14-8
missing, 4-2, 14-8
diffraction-grating order, 1-25
changing, 1-25
disk drive, 13-4
addressing, 4-28, 13-34
type, 4-28, 13-34
display
annotation, xiv
clock, 12-13
distorted color, lines, and text, 14-7
instrument state, 12-16
persistence, 8-22
printing and plotting, 12-19
setting clock, 12-14
(DISPLAY ), 12-14, 12-21
displayed noise
effects of sensitivity, 2-8
effects of video averaging, 2-10
effects of video bandwidth, 2-9
reducing, 2-11
displaying markers, 9-7
display line, 8-18
display readouts, 12-2
DISPOSE USER softkey, 11-5, 11-11
DISTRIB On Off softkey, 4-18, 4-25
distributed-feedback lasers, measuring, 4-2
downloadable programs, 11-2, 13-12
and User menus, 11-6
debugging, 11-8
editing, 11-13
entering, 11-11
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file prefix, 13-13

related to User menus, 11-6
drifting signals

measuring, 8-8

tracking, 9-22
DSP LIN On Off softkey, 8-19, 8-26
DSPLY B On Off softkey, b-41
DUTY CYCLE % softkey, 3-9, 3-10
dynamic range, increasing, 2-12, 2-13

E EDIT FUNCDEF softkey, 11-13
editing
command line, 11-12, 12-11
small DLPs, 11-13
electrostatic discharge, iii
ENTER COMMAND softkey, 10-24, 11-12, 12-11
entering small DLPs, 11-11
enter limit softkey, 10-10
ENTER LINE softkey, 12-9, 12-11, 13-22
ENTER softkey, 9-8
envelope distribution, 4-14
ENVLOPE MKR BW softkey, 4-14
ENVLOPE softkey, 4-17
ERR 2023, 14-11
ERR 2037, 14-12
ERR 2053, 13-6, 14-13
ERR 20567, 14-15
ERR 2064, 14-17
error messages, 14-2
exchanging traces, 8-10
execute DLP softkey, 11-9
EXTEND STATE softkey, 12-18
external attenuation, 10-18
external disk drive
addressing, 13-34
connecting, 13-34
external triggering, 2-22, 2-26
accuracy, 3-14
pulsed measurements, 3-13
sweeps, 2-24
video bandwidth, 3-14
EXT softkey, 2-26
EXT TRIG IN connector, 2-24, 2-26, 3-13
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F Fabry-Perot lasers, measuring, 4-2
factory calibration, 1-35, 1-38
FAIL message, 10-4
fiber-optic cables

cleaning connections, 1-42
connecting, v
inspecting, 1-43
files
cataloging, 13-16
changing prefixes, 13-22
custom prefixes, 13-13
erasing, 13-19
erasing all files, 13-20
managing, 13-12
modifying names, 13-21
name, 13-12
number, 13-12
prefixes, 13-13, 13-22
recalling, 13-18
saving, 13-17
suffix, 13-12
firmware version, 12-16
FLAT limit-line segments, 10-9
FLAT softkey, 10-11
FORMAT softkey, 13-9
formatting memory, 13-9
FP softkey, 4-2
installing, 14-8
missing, 4-2, 14-8
freerun triggering, 2-22, 2-25
FREQ softkey, 9-25
front-panel connectors
HP-HIL, 11-8, 12-9, 13-25, 13-30
LIGHT SOURCE OUTPUT, 6-4
MONOCHROMATOR INPUT, iii, 5-2, 5-9, 5-29, 5-31, 5-37, 6-10, 10-27
MONOCHROMATOR OUTPUT, b-2, 5-26, 9-26
OPTICAL INPUT, 10-27
PHOTODETECTOR INPUT, 5-11, 5-24, 6-12
full erase, recovering from, 13-30
full span, 1-10
FULL SPAN softkey, 1-4, 1-10
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(; GATESWP On Off softkey, 3-16, 3-17

GAUSIAN softkey, 4-17, 4-25
Gaussian distribution, 4-13, 4-14, 4-23
graticules

blanking, 12-6

placement of, 12-5
grating orders, 1-25

changing, 1-25
GRAT On Off softkey, 12-6
GRATSCRL On Off softkey, 12-5
GRATSCR On Off softkey, 12-6

hard-copy results, 12-19

Hard Copy softkey, 12-22

HELP On Off softkey, 4-9, 4-17, 4-25
HIGHEST PEAK softkey, 9-9, 9-13

HIL keyboard, 11-8, 12-9, 13-25, 13-30
(HOLD), vi, 9-5

holding trace values, 8-5

HOLD softkey, 8-19, 8-21

HORZ OFFSET softkey, 8-15

HP DISK softkey, 4-30

HPIB DISK softkey, 4-28, 8-34, 13-16, 13-34, 13-35
HP-IB L ONLY softkey, 12-21, 12-22
HP-IB TLK/LSN softkey, 12-21, 12-22
HP-LIF format, 4-28

HP-MSIB CARD softkey, 8-34, 13-8
HP-MSIB COLUMN softkey, 12-21, 12-22
HP-MSIB ROW softkey, 12-21, 12-22
HSWP IN/OUT connector, 3-17

HYS LEVEL softkey, 2-25

identifying a signal peak, 9-11
IGEN LIMIT softkey, 3-10
IGEN On Off softkey, 3-11
increasing user memory, 13-23
index-matching compounds, 1-42
index matching gel, 1-42
input connector, 1-42
INSERT or ... softkey, 10-24, 11-12, 12-11, 13-22, 13-27, 13-28, 13-32
inspecting
cables, 1-43
installing advanced-measurement programs, 14-8
instr modes softkey, 5-10, 5-24, 5-25, 5-29, 5-32, 5-38
(INSTR PRESET), 2-2, 8-11, 11-4
instrument modes, X, 5-2
OSA pulse, 5-20
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photodiode, 5-33

photodiode responsivity analyzer, x

power meter, x, 5-21

preselector, x, 5-26

stimulus response, 5-4, 6-6

stimulus-response analyzer, x
instrument setups, saving, xii, 2-27
instrument state, 12-16

protecting, 2-28
INTEGRT FROM PK softkey, 4-26
integrt menu softkey, 4-26
INTEGRT STOP WL softkey, 4-26
INTEGRT STRT WL softkey, 4-26
internal memory, 13-4

copying to card, 13-19
INTRNL MEMORY softkey, 8-34, 10-16, 13-8, 13-16
INT WIN On Off softkey, 4-26

K keyboard, 11-8, 12-9, 13-25, 13-30
key control softkey, 11-9
KEY COPY softkey, 12-23

L lamp
extending life of, 6-4
replacing, 6-21
LAST SEGMENT softkey, 10-11
LEDs, measuring, 4-2
LED softkey, 4-2
installing, 14-8
missing, 4-2, 14-8
LEFT PEAK softkey, 9-9, 9-13
light source
turning on, 6-4
with HP 71450B/2B, 6-6
with HP 71451B, 6-5
LIGHT SOURCE OUTPUT connector, 6-4, 6-5
light source softkey, 7-9, 7-17
limit lines, xii, 10-2, 13-12
amplitude corrections, 10-18
beeper, 10-12
blanking traces, 10-13
creating, 10-4
entering, 10-10
erasing, 10-13
FAIL, 10-4
file prefix, 13-13
fixed, 10-5
listing files in memory, 10-16

Index-10

www.valuetronics.com



menu, 10-10

PASS, 10-4

recalling, 10-14, 10-17

relative, 10-5

saving, 10-14, 10-16

segments, 10-6

segment types, 10-8

table, 10-6

turning on testing, 10-12

tutorial, 10-26
limit lines softkey, 10-6, 10-10
LIMITS On Off softkey, 10-7, 10-12
lim < —> ampcor softkey, 10-21, 10-22
LINEAR softkey, 1-21, 4-20
LINE softkey, 2-26
LINES On Off softkey, 8-33
line triggering, 2-22, 2-26
LOAD FILE softkeys, 4-30, 10-17, 13-18
LOCKOUT ANOTATN softkey, 13-24, 13-25
LOG dB/DIV softkey, 1-21, 4-20
Lorentzian distribution, 4-14, 4-23
LORENZ softkey, 4-17, 4-25
LOWER —> AMPCOR softkey, 10-21

M MANUAL ALIGN softkey, 1-29
marker readout softkey, 9-25
markers, 9-2

changing center-frequency step size, 9-20
changing peak definition, 9-15
changing wavelength span, 9-19
controlling sweep, 9-26
delta measurements, 9-16
displaying, 9-b, 9-7, 9-7
measuring bandwidth, 9-20
measuring noise level at, 9-28
moving between traces, 9-8
moving marked signals, 1-7, 9-14
peak identification, 9-11
peak search, 9-13
peak searches, 9-9
readouts, 9-24
turning off, 9-8
turning on delta markers, 9-19
zooming to zero span, 9-21
marker softkey, 9-4
MARKER TUNE softkey, 5-28, 5-30, 5-32
MAX HOLD A softkey, 8-7, 8-8
maximum input power, iii
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measurement points, displaying, 8-30
measurement state

file prefix, 13-13

protecting, 2-27, 2-28

saving, 2-27
measuring

bandwidth, 9-20

broadband power, 5-2

distributed-feedback lasers, 4-2

Fabry-Perot lasers, 4-2

fast pulse, 5-2, 5-20

LEDs, 4-2

noise, 9-28

noise level, 9-28

photodetectors, 5-33

power, 5-21

signal drift, 8-8
mechanical alignment, 1-28
memory

card, 13-4

cataloging, 13-16

checking available, 14-15

connecting external disk drive, 13-34

copying internal memory, 13-19

default, 13-8

disk drive, 13-4

erasing all files, 13-20

erasing files, 13-19

formatting, 13-5, 13-9

full erase, 13-29

increasing, 13-23

internal, 13-4

listing contents, 13-16

managing, 13-2

partial erase, 13-29

recovering from full erase, 13-30

selecting, 13-8
memory card

battery, 13-6

changing battery, 13-10

inserting, 13-7

write-protect switch, 13-9
MENU key, 13-28
MENU softkeys

restoring operation of, 13-28
MINIMUM POINT softkey, 9-10
MIX HOLD A softkey, 8-7
MKNOISE On Off softkey, 9-28
MKPAUSE On Off softkey, 9-27
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MKR BW On Off softkey, 4-8, 9-20
mkr bw/ zoom bw softkey, 9-20, 9-21
MKR NRM On Off softkey, 9-5, 9-7, 9-8
MKR TRA A B C softkey, 9-8
MK STOP On Off softkey, 9-27
module HP-MSIB addresses, 12-16
module level parameters, 12-16
MONOCHROMATOR INPUT connector, iii, 10-27
MONOCHROMATOR OUTPUT connector, iii, 5-26
moving markers between traces, 9-8
multiple images, 1-22
testing, 1-25, 1-26

N NEXT PAGE softkey, 12-18, 13-16
NEXT PEAK softkey, 9-9, 9-13
NEXT PIT softkey, 9-10
NEXT SEGMENT softkey, 10-11, 10-30
noise, measuring, 9-28
NO OF STATES softkey, 13-23
normalization, 8-2
NORM On Off softkey, 5-8, 5-11, 5-36, 6-9, 6-11

() operation
erratic, 14-2, 14-5
preventing, 13-24, 13-25
restricting, 13-24, 13-25
OPTICAL INPUT connector, 10-27
optical-to-electrical device PDL measurement, 7-16
optical-to-optical device PDL measurement, 7-4
OPTIMIZ softkey, 4-6, 4-10
Option 001, 3-5
Option 002, 6-2
turning on, 6-4
wavelength range, 6-2
with HP 71450B/2B, 6-6
with HP 71451B, 6-5
option 003, 7-2
OPTSENS On Off softkey, 1-19
ORDER AutoMan softkey, 1-25
OSA pulse instrument mode, 5-20
OSA softkey, 5-13, 5-25, 5-40
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P PARTIAL ERASE softkey, 13-20, 13-29
pass/fail testing, 10-2
PASS message, 10-4
PAUSE softkey, 11-8
PD MEAS On Off softkey, 5-39
PEAK EXCURSN softkey, 4-9, 4-12, 4-16, 9-15
(PEAK SEARCH), 1-8
peak searches, 9-13
PEAKS On Off softkey, 4-16, 4-18
PEAK THRESH softkey, 4-12, 4-16
PERIOD softkey, 9-25
persistence, 8-22
PERSIST On Off softkey, 8-22
photodetector
measurements, 5-33
responsivity, b-2
responsivity with built-in light source, 6-5
PHOTODETECTOR INPUT connector, 5-11, 5-24, 6-12
photodiode instrument mode, 5-33
block diagram, 5-35
photodiode responsivity analyzer, x
PHOTO DIODE softkey, 5-38
PIT EXCURSN softkey, 9-15
(PLOT), 12-20
plotter address, 12-22
plotter address softkey, 12-22
plotter config softkey, 12-22
plotting the display, 12-2, 12-19, 12-20
including softkey labels, 12-23
POINT limit-line segments, 10-9
POINT softkey, 10-11
polarization dependent loss, 7-2
power
calibrating, 1-37
maximum input, iii
POWER FOR CAL softkey, 1-35, 1-40
power meter instrument mode, x, 5-21
block diagram, 5-23
zeroing detector, 5-25
POWER METER softkey, 5-24
POWERON IP softkey, 2-28
POWERON LAST softkey, 2-28, 13-24
poweron menu softkey, 2-27
POWERON RECALL softkey, 2-28
power-on state, 2-28
preselection, 5-2, 5-26
with 9u cable, 5-28
with built-in light source, 6-5
preselector instrument mode, x, 5-26
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block diagram, 5-28
PRESEL softkey, 5-29, 5-32
PRESET USER softkey, 11-5, 11-11
preventing operation, 13-24, 13-25
(PRINT), 12-20
printer

address, 12-21

connecting, 12-19

types of, 12-19
printer address softkey, 12-21
printer config softkey, 12-21
printing the display, 12-2, 12-19, 12-20

including softkey labels, 12-23
P STATE On Off softkey, 2-27, 2-28, 13-24
pulsed light

measuring, 3-2

non-synchronized light, 3-16

synchronizing light source, 3-4

synchronizing the osa, 3-13
pulsed measurements

selecting trigger type, 3-15
PULSE WIDTH softkey, 3-9, 3-10
pulsing light sources, 3-4

cables, 3-6

duty cycle, 3-6

pulse width, 3-6

pulse-width limitations, 3-7
PURGE FILE softkey, 13-19
PWR CAL On Off softkey, 1-40

R RB/SPAN RATIO softkey, 2-6
readout options, 9-24
rear-panel connectors, iii
ADC SYNC OUT, 3-4, 3-10
ANALOG OUT, 5-7, 5-35, 6-8
CURRENT SOURCE, 3-4, 3-11
EXT TRIG IN, 2-24, 3-13
HSWP IN/OUT, 3-17
TRANS-Z IN, 5-39
recall from softkey, 8-35, 13-18
recalling
limit lines, 10-14, 10-17
User menus, 11-14
RECALL LIMIT softkey, 10-17, 13-18
recall softkey, 2-27, 8-35, 13-18
RECALL STATE softkey, 13-18
RECALL TRACE A softkey, 8-35, 13-18
RECALL USERKEY softkey, 13-18
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RECALL USER softkey, 11-15
recovering from full erase, 13-30
reducing noise with video averaging, 8-16, 8-17
reference level

changing, 1-11

position, 1-5
reference position, changing, 1-11
(REF LEVEL), 1.7
REF LVL POSN softkey, 1-11
REF LVL softkey, 1-11
—> REF softkey , 9-12, 9-14
RELATIV On Off softkey, 10-10, 10-12
REL LEFT softkey, 9-20
REL RIGHT softkey, 9-20
removing

custom keypad, xiii

titles, 12-12
REPLACE or ... softkey, 10-24, 11-12, 12-11, 13-22, 13-27, 13-28, 13-32
replacing the internal white-light lamp, 6-21
RES BW AutoMan softkey, 2-6
RES BW softkey, 5-29, 5-32
resolution bandwidth

decreasing, 2-4

manual mode, 2-4

to span ratio, 2-6
responses, multiple, 1-22
RIGHT PEAK softkey, 9-9, 9-13
RIGHT PIT softkey, 9-10
ROM VERSION, 12-16
ROM VERSION softkey, 12-17
RUN/STOP softkey, 12-14

S sample detection, xiv
S annotation, xiv
SAVE LIMIT softkey, 10-16, 13-17
SAVE MEMORY softkey, 13-19
save softkey, 2-27, 8-34
SAVE STATE softkey, 13-17
save to ... softkey, 8-34, 13-19
SAVE TRACE A softkey, 8-34, 13-17
SAVE USERKEY softkey, 13-17
SAVE USER softkey, 11-15
saving
and recalling traces, 8-34
instrument setups, xii, 2-27
limit lines, 10-14, 10-16
measurement states, 2-27
traces, 8-34
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User menus, 11-14
screen
annotation, xiv
titles, 12-9
security, 13-2, 13-24
erasing all memory, 13-24, 13-29
recovering from erasing all memory, 13-30
restricting operation, 13-24, 13-25
turning off annotation, 13-24, 13-25
SELECT CHAR softkey, 11-12, 12-11, 13-32
SELECT SEGMENT softkey, 10-11
(SENS). 1.7
SENS AutoMan softkey, 2-11
sensitivity, 1-14
autoranging, 1-14
increasing, 1-15
increasing manually, 1-15
SER command, 13-30
SERVICE REQUEST softkey, 11-8
service softkey, 12-17
set clock softkey, 12-14
setting the clock, 12-13
show states softkey, 12-18
side mode suppression ratio, 4-7
signal not found, 14-17
SIG TRK LIMIT softkey, 9-22, 9-23
SIG TRK On Off softkey, 9-22
SINGLE SWEEP softkey, 2-19, 4-4, 4-12, 4-20
SLOPE limit-line segments, 10-9
SLOPE softkey, 10-11
SMSR On Off softkey, 4-10
softkeys, vi
on-screen definitions, 4-9
SPACE softkey, 12-11
span
changing using markers, 9-19, 9-21
full, 1-10
(SPAN), 1-7, 1-8
SPAN AutoMan softkey, 1-17
SPAN softkey, 1-4, 4-4, 4-12, 4-20
*ST, 2-18
standard temperature and pressure, 1-35, 1-38
(START), 1.7
START softkey, 1-4
states, 13-12
STATE softkey, 12-18
step size, center wavelength, 1-7
STEP softkey, 11-8
stimulus-response analyzer, x
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stimulus-response instrument mode, 5-4, 6-6
stimulus response instrument mode
block diagram, 5-6, 6-8
stimulus-response measurements, 5-2, 5-4, 6-6
alternative trace definitions, 5-18
effects of resolution bandwidth, 5-4, 6-7
linear scale, 5-16, 6-17
with built-in light source, 6-5, 6-6
stimulus response testing, 6-2
STM/RESP softkey, 5-10, 5-32
(STOP), 1.7
STOP softkey, 1-4
storage device error, 13-6, 13-9, 14-13
STORE A softkey, 8-7
STORE B softkey, 8-7, 8-8
STORE C softkey, 8-7
STORE THRU->>B softkey, 5-8, 5-10, 5-36, 5-38, 6-9, 6-11
STP BND On Off softkey, 4-9
sweep
continuous, 2-18
controlling, 2-16
delaying, 2-24, 2-26
disabling, 2-19
pausing and stopping, 9-26
single, 2-18
speed versus trace length, 8-31
stopping, 2-20
triggering, 2-22
SWEEP On Off softkey, 2-20
sweep time
coupling, 2-16
manual control, 2-18
Swept PDL Kit, 7-2
SWPTIME AutoMan softkey, 2-13, 2-20
SWPTIME softkey, 9-25
sync out softkey, 3-9
system parameters, 12-16

T TAKE SWEEP softkey, 5-30, 5-32
temperature-drift compensation, 2-19
test switch, 14-2
three-dimensional displays, xi, 8-12

number of traces, 8-13
optimizing display of, 8-13
trace offsets, 8-13
viewing, 8-15
THRESHD On Off softkey, 8-21
time, 12-13
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format, 12-156
setting, 12-13, 12-14
titles, 12-9
removing, 12-12
TITLE softkey, 12-9, 12-12
(O CENTER), 18
(TO REF LEVEL), 18
trace A B C softkey, 8-4, 8-7
TRACE LENGTH softkey, 8-24, 8-32
trace math, 8-24
amplitude scale and units, 8-24
length of traces, 8-24
subtraction, 5-8, 6-9
TRACE PRESET softkey, 8-11
traces, 8-2, 13-12
averaging, 2-10
blanking, 8-7
changing length, 8-32
comparing responses, 8-26
default length, 8-31
default settings, 8-11
displaying, 8-5
display line, 8-18
exchanging, 8-10
file prefix, 13-13
holding, 8-5
interpolation, 8-33
interpolation of measurement points, 8-31
length of, 8-24, 8-30
math, 8-23
measurement points, 8-30
saving and recalling, 8-34
simulate analog, 8-22
three-dimensional display, xi
three-dimensional trace offsets, 8-13
three-dimensional traces, 8-15
three-dimensional view, 8-12
threshold level, 8-20
video averaging, 8-16
viewing, 8-7
traces softkey, 8-2
Traces softkey, 8-7
tracking limits, 9-23
tracking signals, 9-22
TRANS-Z IN connector, 5-39
TRIGGER FREE softkey, 2-25
triggering, 2-22
adding delay, 2-24, 2-26
external, 2-24, 2-26, 3-13
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freerun, 2-256

line, 2-26

video, 2-22, 2-25
triggering the sweep, 2-22
turning off markers, 9-8
turning on light source, 6-4
TYPE softkey, 10-11

U A —> SP softkey, 9-12, 9-19
UNCAL, 2-2, 2-18, 2-20, 3-7, 14-9
units

amperes/watt, 5-33

dBm, 1-21

watts, 1-21
units menu softkey, 1-21
UPPER/LOWER softkey, 10-11
UPPER —> AMPCOR softkey, 10-21
(USER), 11-2

factory-default softkeys, 11-5
USERCAL, 1-40, 14-10
user calibrations

instrument modes, 5-2
USERCAL PRESET softkey, 1-41
USER keys

installing, 14-8

missing, 4-2, 14-8
USERLOCK OFF softkey, 13-25
User menus, 11-2, 13-12

adding downloadable program names, 11-9

copying softkeys, 11-9

creating, 11-4

deleting, 11-11

file prefix, 13-13

limiting operation to, 11-5

presetting, 11-11

recalling, 11-14

removing softkeys, 11-10

restricting use to, 13-25

saving, 11-14
US/EURO softkey, 12-15
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V VERSION softkey, 4-2
VERT OFFSET softkey, 8-15
VID AVG On Off softkey, 2-11, 2-13, 8-17
VID BW AutoMan softkey, 2-9, 2-11
video averaging, 2-10, 8-16
default number of trace averages, 8-17
video bandwidth
external adc triggering, 3-14
filtering, 2-9
manual mode, 2-9
pulsed mode, 3-8
VIDEO LEVEL softkey, 2-25
VIDEO softkey, 2-25
video triggering, 2-22, 2-25
hysteresis range, 2-23
level range, 2-23
VID LIN On Off softkey, 2-22, 2-25
VIEW A BLANK A softkey, 8-7
viewing a trace, 8-7
viewing three-dimensional traces, 8-15
volume full, 14-15

W WATT softkey, 1-21
waveform math, 8-23
WAVELEN FOR CAL softkey, 1-35, 1-40
wavelength
calibrating, 1-35
extended range, 1-4, 1-10
full span, 1-10
menu, 1-6
offset, 1-12
offsets, 1-7
range, 1-4
resolution, 2-4, 2-6
setting, 1-4
wavelength range
optical spectrum analyzer, 1-4
Option 002, 6-2
wavelength response, compensating for, 10-18
WAVELEN OFFSET softkey, 1-12
WAVELEN softkey, 9-25
WAVELEN VALUE softkey, 10-11
Waveln softkey, 1-6
white light source, 6-2
WHITE On Off softkey, 6-4, 7-9, 7-17
WL CAL On Off softkey, 1-40
W LIGHT ALIGN softkey, 1-30
WL LIM On Off softkey, 1-10
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WL STEP AutoMan softkey, 1-12
write-protect switch memory card, 13-9
WVLEN VALUE softkey, 10-29

X X softkey, 4-26

7, ZERO softkey, 2-19, 5-25
ZOOM TO RES BW softkey, 9-18, 9-21
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