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GENERAL INFORMATION

l. General Information

1. Warning

A. Dangerous voltages, capable of causing injury or death, are present in this
instrument. Use exireme caution whenever the instrument covers are removed.
Do not remove the covers whie the unit is plugged into a live oullet.

B. To avoid electric shock, the power cord protective ground conductor mudg be
connected to ground.

C. No user serviceable part exists in this instrument. Refer all services to qualified
personnel.

2. Caution

This instrument may be damaged if operated with the wrong AC line voltage or if
the wrong fuse is installed. Before using the instrument, be sure to read through
operation manual and data sheets to ensure its correct operation.

3. Line Voltage Selection

The polarization scrambler (PS) can operate from any single—-phase AC power
source that supplies 100 ~ 250V at a frequency of 50 ~ 60 Hz You do not
need to adjust the input line voltage setting because the internal power supply of
the PS can automatically adjug for input line voltages in the range specified
above.

4. Line Fuse
The fuse used by this instrument is 2AT | 250V (sbw-blow),

5. Line Cord

This instrument has a detachable, three—prong power cord for connection to the
power source and to a protective ground. The exposed metal chassis of the
instrument is connected to ground via the power line cord to protect against
electrical shock. Always use a socket outlet that has a properly connected
protective ground.

6. Service

Do not attempt to service or adjust this indrument unless an authorized person is
present. Do not install substilule parts or perform any unauthorized modifications
to this instrument. Contact FIBERPRO or vyour local distributor to ask for
Services.
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GENERAL INFORMATION

7. Specifications

A, General

AC power input
Power consumption
Dimensions

Weight

Operation temperature
Storage temperature
External control

B. Optical characteridics

TABLE I-1
Model
Output DOP
Modulation frequencies
Freauency difference

2 100~250V, 50/60Hz
C(C4A0VA

1 88(h) x 225(w) x 371(d) mm®
Sapprox. bkg

b T~ 3b°T (DOP { 5%")
0T~ 60T

: TTL enable/disable

GPIB interface (EEE 488.2 Compatibk)
RS-232 (D-SUB 9 pin male) interface

PS3000 PS3100 PS3200
(5%’
Factory set between 600kHz~1.2MHz*
Factory set between 100kHz~200kHz *

Center wavelength 1310, 1510, 1550, 1590nm* 1550nm/1590nm 980nm, 1570mm

Operating wavelength range
Insertion loss

Average PMD

PDL
Back reflection

Input/Outbut connectorization

>40nm »40nm each )80nm
{0.5dB max, 0.3dB typical : (without connectors)
{1.0dB max, 0.7dB typical : (with connectors)
(0.3ps

{0.05dB (with connectors)

(—65dB (without connectors)
( 50dB (FC/SPC)
(~=60dB (FC/APC)
FC/PC (standard)®

" Refer to NOTES following this chapter

2

Modulation frequency for each birefringence modulator is fine-tuned for optimum operation at the factory.

? The frequency difference decides the measurement bandwidth limit.
(Refer to Il 4. Theory Measurement Bandwidth Limitation). It is typically 170kHz.

4

1590nm are also available.

Center Operating Wavelength can be customized within 1530~ 1560nm. Other wavelengths such as 1300nm, 1480nm and

9 Users can specify other types of connectors or fiber pigtailed at the time of order.
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GENERAL INFORMATION

> NOTES

Degree Of Polarization (DOP) at the PS output is measured with a polarization
controller and an analyzer. The deteclor bandwidth is 10kHz for PS3000 and
PS3100, and 3kHz for PS3200. Bul in general, all FIBERPRO's PS3000 series
perform output DOP less than 5% over 10kHz bandwidth.

FIGURE I-1

e L

Analyzer

PS 1 Polarization Scrambler
PC : Polarization Controller

PD : Photo Detectlor

In figure =1, suppose that we obtain the maximum and minimum ntensty, Inex
and Imin measured at the PD whike adjusting the PC through al is possible states,
then DOP is expressed as Eq -1,

DOP = —max " min Eq. I-1
I +1

max min

The PS maintains its oufput DOP less than 5% within the operating temperature
range at the center operating wavelength, and within the operating wavelength
range at 25°C. But simutaneous deviation of both parameters (temperature and
wavelength) may increase output DOP over 5% even though both parameters
are in the specified operating ranges.
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Il. Operation

1. Front Panel

FIGURE II-1

| ———mum| PS3100ALL FIBER OPTIC POLARIZATION SCRAMBLER

FIBERPRO
I POWERD

GPIBADDR BAND

DISABLE  DISABLE
= )| |©
REMOTE LOCAL B

@ ©) @ ® ® 0O © O

OPTICALPORTS
INPUT OUTPUT

@ [POWER] Switch — The PS is initialized and starts polarization scrambling when this
switch is tured on.

@ [INPUT] Optical connector — The input termination is FC/PC type unless specfied
otherwise.

@ [OUTPUT] Optical connector — The output termination is FC/PC type unless
specified otherwise,

@ [Display] LCD — The LCD displays the current PS' state or appropriate information
when each key is pressed.
XThe LED backlight is turned off if there is no local or no remote control for
about a minute.

® [DISABLE] Key/Indicator — Pressing this key changes the current PS' state
(Enabled or Disabled) and this LED is It on when polarization scrambling is
disablkd.

® [REMOTE] Indicator — This LED is it on when the PS is under remote interface
mode via GPIB or RS—232.

@ [LOCAL] Key — Pressing this key retums the PS to local mode from remote
interface mode.

[GPIB ADDR] Key — Pressing this key enables to enter GPIB address setting menu
or terminate this menu.

© [Selection] Keys — Pressing these keys enables to sekct a GPB address or a
wavelength band,

[BAND] Key — Pressing this key enables to enter wavelength band setting menu
or terminate this menu.

 In PS3100 only

OPERATION
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OPERATION

2. Rear Panel
FIGURE II-2

Madi in Kq
No user serviceable parts inside. adinKorea
Refer all serviceto qualified personnel.
To avoid electric shock, the power cord
protective grounding conductor must
be connected to ground.

& WARNING FIBERPRO

)
()

Enable/Disable External Control

TTL Level 10kHz max

RS-232

&
~LINE:: 100-250 V-~, 50/60 Hz
~FUSE: 2AT (250V)

POWER: 40 VAMAX GPIB

(O Power Entry Module — The power entry module is for the AC line voltage
input, t blocks high frequency noise entering the ingrument.

@ Fuse Holder — To open the fuse holder, use a () screw driver.

@ External Control :-TTL — This BNC connector is to give external enablke/disable
control by TTL signal. High kevel signal into this connector disables polarization
scrambling. Maximum switching rate is 10kHz. This control does not influence

DISABLE indicator LED and LCD Display in the front panel

@ External Control:RS—232 - RS-232 interface is provided (D-SUB 9 pin male
connector)

® External Control: GPIB — GPIB interface is provided.
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OPERATION

3. Local Operation

A. To power—on the PS

@ Connect the power cord to the power entry module at the rear of the PS, then
the other end to a suitable AC line power receptacle.

@ Press switch, then LCD displays as following order.

Example Description
PS-3100 V1.00 The PS' model & Firmware version
GPIB ADDRESS 01 Current instrument's GPIB address
PS ENABLED The PS' state when powered on

B. To change the instrument's GPIB address

@ Press key, then LCD displays GPIB ADDRESS 01
@ Set the GPIB address that you want (1 to 15) by pressing Ke\/s.

® To save the address and quit this menu, presske\/ again, Otherwise in
about 10 seconds the instrument saves the address and quits this menu
automatically.
XThe address is saved in a non—volatile memory and does not change when
power has been off or after a remote interface reset.

C. To change the instrument's wavelength band ”
@ Press key, then LCD displays BAND C (or BAND L)
@ Select the wavelength band that you want by pressing keys.

@ To save the wavelength band and quit this menu, press key again.
Otherwise in about 10 seconds, the instrument saves the wavelength band and
quits this menu automatically.

XThe wavelength band is saved in a non—volatile memory and does not
change when power has been off or after a remote interface reset
D. To enable or disable polarization scrambling
@ Press Ke\/, then the state changes.
LCD displays PS ENABLED if polarization scramblng becomes enabled and
LCD displays PS DISABLED otherwise.

XPolarization scrambling is always enabled at power—on or after a remote
interface reset.

E. To return the PS to local mode from remote interface mode
@ Press Key, then the PS becomes under local control.

7 In PS3100 only
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OPERATION

4. Remote Operation

A Control Via [35=232

RS-232 was originally designed for interface between DTE (Data Terminal
Equipment) and DCE (Data Communications Equipment) by serial binary data
interchange. Since most personal computers are now equipped with R5—232,
a user can easily interface the PS with personal computer for remote control.
Communication conditions of the PS must be set as folows.

- Baud rate : 9600bps

-Data bit : 8bi
- Stop bt 1 1bit
- Parity : None

The PS can be programmed with a personal computer over R5-232 using a
minimum three-wire interface. With a three—wire interface, the software controls
the data flow between the PS and a personal computer. This provides a much
simpler connection between devices because you can ignore hardware
handshake requirements. RS-232 wiring from a personal computers serial port
into the PS serial interface device is as figure I-3.

FIGURE II-3
RS-232 Serial Port PS
RxD (2) RxD (2)
TxD (3) =D (3)
GND(5) GND(5)

The command set for RS-232 interface is almost the same as for GPIB
interface except several commands and is given in I14.C Command Set.

I the command is correctly transmitted to the PS, the PS replies "OK' or
Return Message. Otherwise the PS replies "Error” and the error number and its
description are dored in the error queue.

%Note that the RS—232 commands can be transmitted in either uppercase or lowercase
letters and must be terminated by Carriage Return (CR).
A message received from the PS is followed by Carriage Return (CR).
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OPERATION

B Control via GRIB

- The interface capabilties that the PS implements, as deflined by IEEE 488.1,
are SH1, AH1, T6, L4, SR1, RL1, PPO, DC1, DTO, COQ.

-The PS implements all necessary common commands defined by IEEE
488.2. A summary of the common commands is shown in table II-1 and the
status reporting structure of the PS is shown in figure II-4.

(More specific descriptions are given in 114.C. Command Set.)

TABLE II-1
Command Query Function
®ESE *ESE? standard Event Status Enable command/query
*ESR? standard Event Status Redister auery
* SRE *SRE? Service Request Enable command/query
*STB? STatus Byte register query
*CLS ClLear Status command
*RST ReSeT command
*[DN? instrument's IDeNfification query
*OPC *OPC? OPeration Complete command/query
*WA WAt Command
*|S|7? Self TeST Query
FIGURE II-4

Error
Query
Error
Operation
Complete

=]

Command

Error
Execution

Standard
Event Status Register

wn
N
o]
o]
N
=]

I

I

Standard !
Event Status !
I

I

I

| 7 | 6 | 5 | 4 | 3 | 2| 1 | 0 Enable Register OUTPUT QUEUE

i L pEED

REQUEST o — — — — — — ESB|MAV| 3 | 2| 1 | 0
GENERATION
1

Status
Byte Register

[

LO!

el iely el il 20N

Service Request
Enable Register
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OPERATION

TABLE II-2
Standard Event Standard Event
Status Enable Register Status Register
Bit Weight Enables Condition
7 128 PON (Power ON) Off-to—on transiton has occumed in the PS
power supply.
6 64 URQ (User Reqguest) Not-Used (always 0)
5 32 CME (Command Error) Command erras are detected.
4 16 EXE (ExecLtion Error) Execution errors are detecied
3 8 DDE (Device Dependent Emor) Not Used (always 0)
2 4 QYE (Query Erron) Query errors are detected
1 2 RQC (Request Control) Not-Used (always 0)
0 1 OPC (Operation Complete) The PS has comgeted &l selected pending
operations
TABLE II-3
Service Request Status byte Register
Enable Register
Bit Weight Enables Condition
7 128 Not-Used Not-Used (always 0)
6 64 RQS (Request Service) The PS is requesting services
MSS (Master Summary Status)
5 32 ESB (Event Staus) An enabled event in the Standard
Event Status Register is set TRUE.
4 16 MAV (Massage Available) Output gueue is not empty.
3 8 Not-Used Not-Used (always 0)
2 4 Not-Used Not-Used (always 0)
1 2 Not-Used Not-Used (always 0)
0 1 Not-Used Not-Used (always 0)

XThe Standard Event Status Enable Resister and the Service Request Enable Register
are cleared at power—on.

%The Standard Event Status Resister is cleared 1) at power—on, 2) by *CLS command
or 3) after being read. (Just after power-on, the bit 7 in the Standard Event Status
Resister is set because off-on transition in the power supply has occurred.)

%The Status Byte Resister is cleared 1) at power—on or 2) by *CLS command.

XWhen the RQS bit is set, the PS asserts the SRQ line. Then the controller polls each
addressed listener to send back a Status Byte that indicates whether it has asserted
the SRQ line and needs servicing (Serial Poll). After the controller reads the Status Byte

through serial poll, the RQS bit is cleared automatically.
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OPERATION

C. Command Set

—:PSCRamble [Parameter]
Description : Enable/Disable polarization scrambling
Parameter ; O: Disable polarization scrambling

1: Enable polarization scrambling

Example ; PSCR 1

—:PSCRamble?
Description ; Query the current slate of the PS
Response ; Polarization scrambling is disabled: returns O
Polarization scrambling is enabled: retums 1
Example ; PSCRamble? —> 1

—BAND [Parameter] ¥
—Description : Select the wavelength band
—Parameter : C: Wavelength band is C band(1550nm+20nm)
L: Wavelength band is L band(1590nm=20nm)

—Example ; BAND C

—BAND? ?
—Description ; Query the current wavelength band selection
—Response ; Wavelength band is C band(1550nm=20nm): returns C
Wavelength band is L band(1590nm=®20nm): returns L

—Example ; BAND? =) C

—SYSTem : ERRor?
—Description : Query the error from the error queue (FIFO)
—Response ; The number of the oldest error , The error description
—-Example : SYSTem:ERRor? —) —222, 'Data out of range’

—:SYSTem : VERSion?
—Description ; Query the SCPI revision with which the PS complies
—Response ; SCPI revision year and number
—Example ; SYSTem:VERSion? — 1995.0

?In PS3100 only
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OPERATION

IEEE 488.2 Common Commands (GPIB Interface only)

—%CLS
—Description ; Clkar the Standard Event Status Regisler, the Status
Byte Register and the Error Queue.
—Example ; *CLS

—%ESE [Mask dalal
—Description ; Set the bits in the Standard Event Stalus Enable
Regider that enable the event corresponding to the bits
in the Standard Event Stalus Regider.
—Mask data ; O~255 decimal value
—-Example ; *ESE 128

—%ESE?
—Description ; Query the value of the Standard Event Status Enable
Regider.
—Response ; decimal value in the range of 0~255
—Example ; *ESE? - 128

—%ESR?
—Description ; Query the value of the Standard Event Status Register.
—-Response ; decimal value in the range of 0~255
—Example ; *ESR? —>» 132

—%SRE [Mask dalal
—Description ; Set bits in the Service Requed Enable Register that
enable the event corresponding to the bits in the Status
Byle Regisler. Bul the value of the bil 6 is ignored.
—Mask data ; O~255 decimal value
—Example ; *SRE 63

—%SRE?
—Description ; Query the value of the Service Request Enable Register.
The bit 6 of the binary representation is always sent wih
the value zero.
—Response ; decimal value in the range of O~63 , 128~191
—Example ; *SRE? —-» 63
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OPERATION

—-%STB?
—Description ; Query the value of the Status Byle Register.
Tre relumed value of bit 6 is not the RQS bit but the MSS bit.
—Response ; decimal value in the range of 0~255
—-Example ; *STB? —-> 128

—%IDN?
—-Description ; Query the identification of the PS.
—Response ; Manufacturer, Model, O, Firmware Version
—-Example ; *IDN? -> Fiberpro,P5-3100,0, V 1.0

—*0PC
—Description ; Set the OPC bit in the Standard Event Status Register
when all pending device operations have been completed.
—Example ; *OPC

-%xOPC?
—Description ; Place ASCI "1" in output queue when all pending device
operations have been completed.
—Example ; *OPC? = 1

—kWA
—Description : Prevent the PS from executing any further commands
until the current commands has finished executing.
—Example ; kWA
—xTST?
—Description ; Peform a self-test and place the results in the output cueue.
—Response ; Seli~test is failed: returns 0
Sel—test is passed: returns 1
—-Example ; *TST? - 1
—%RST

—Description ; Set the PS to the reset setting stored internally.
—Example ; *RST
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OPERATION

Commands used only in RS-232 interface

—RMT
—Description : Login for control via RS-232 interface.
—Example ; RMT

-LOC
—Description ; Logout for control via RS-232 interface.
—-Example ; LOC

—ENB”
—Description ; Enable polarization scrambling.
—Example ; ENB

-DSB”
—Description ; Disablk polarization scrambling.
—-Example ; DSB

D. Error Codes

TABLE II-4
Error Number

Description
Command errors
Invdid character
Syntax error
Invdid separator
Data type error
Parameter not alowed
Missing parameter
Program mnemonic too long
Undefined header
Execution Errors
Data out of range
llegal parameter value
Too many error
Query Errors
Query interrupted
Query unterminated
Query deadlock state

? These commands do same function as the command PSCRamble [0/1], but they are left for the compatibility with

old models of the PS.
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THEORY

lll. Theory

1. Introduction

In many oplical fiber communication systems and sensors, optical signal of
polarized light may be degraded by the presence ol polarization dependence of
the constituents.

Polarization of light gives rise to erroneous resulls when it is used in
characterizing fioer-optic components having polarization dependent loss (PDL),
even if it is small In any of these cases, polarization scramblihg is the most
promising solution.

Polarization Scrambler randomizes the output state of polarization (SOP) of lght
in order to lower the degree of polarization (DOP) of light effectively in time
average. Here, randomization means the modulation of SOP on the Poincare
sphere, However, PS does not generale a fruly random tragctory but generates
a predetermined trajectory depending on the hput SOP. The important thing is
that the trajectory on the Poincare sphere should be integrated in time to vield
zero DOP regardless of the input SOP.

In this chapter it is assumed that the users have understanding of vector
representation of the electromagnetic field, Jones vectors and matrices, Stokes
parameters and the Poincare sphere. This chapter deals with the concept of
polarization scrambling, the methods of realizing it, polarization modulation speed,
DOP, and double stage polarization modulation for input polrization independent
operation.

2. Depolarizing Quasimonochromatic Light

Electric field vector of lightwave fraveling
through a medium along a certain
direction, say z—axis, can be decomposed
into two orthogonal directions, x— and y—
axes, Figure =1 illustrates the path of
eleclric vector of a polarized light at a
fixed time. The state of polarization can be
descriced in terms of amplitude of each
electric field component and the phase
difference between them. Since a
guasimonochromatic light maintaing its

FIGURE Ill-1 dasin : !
The path of electric vector of right elliptic polarized sinusoidal amplitude with constant phase
light at a fixed time only for coherence time t- or coherence

length I, it can be depolarized by
infroducing optical path difference that is longer than the coherence length
between the orthogonal polarization modes.
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THEORY

This depolarizing method seems to be the dmpled way to get an unpolarized
light in principle. However it fails 1o be practical in many applcations where the
spectral linewidth of the light source is too narrow. For example, in order to
depolarize a conventional DFB LD that has 0.01nm FWHM, we may give phase
delay between the two polarization components by transmitting the light through
a high birefringence fiber. In this case, the length of the fiber would be as long
as 620 meters for a PMF having 4mm—polarization mode beat length. Moreover,
this method gives rise to very large PMD of 800ps, which makes it impractical in
most communication applications.

Polarization scrambling is the right solution for depolarizing any kinds of light

sources regardless of lheir speciral linewidlhs. Polarization scrambling can be
understood as polarization modulation. DOP of light can be made zero by
modulating the SOP at a speed much fasler than the detection bandwidth or the
time constant of the system under consideration.

SOP of light is modulated via modulation of birefringence of the medium through

which the light passes. Therefore polarization scramblers are classified into
several types depending on the types of birefringence modulators. FIBERPRO's
PS3000 series is based on alksingle mode fiber technology to give very low
insertion loss and practically no return loss, PDL and PMD. The birefringence
modulator composed of a shgle mode fiber and an acousto-optic transducer is
driven by a sinusoidal RF signal of 700~1,200 kHz typically. FIBERPRO's
PS3000 series has double or triple-stage biefringence modulator to achieve
input polarization—independent operation,

3. Mathematical Description of Polarization Scrambler

Electric field vector of a quasimonochromatic light travelling along z-axis is
decomposed into two mutually orthogonal directions, say, x— and y—axis, thus
expressed as

EX = aX exp[i ¢X (t)]!

, Eq. -1
E, =a,expli®, (1)]
where lhe phase difference & is given by
0=920-9,0, Eq. lI-2
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THEORY

The key fact of polarization scrambling is modulating the phase diference in a
proper way to make DOP zero in time average. Figure IIF2 shows the concept
of polarization scrambling.

Birefringence

Input SOP Y-f)OI Modulator
|
fod ] .
\ . ¥ r
Xopol Time varying
phase delay
Output SOP
IR NN D,
(/ U \\3 \ \BUV Time

FIGURE [lI-2 Conceptual view of polarization scrambling.

FIGURE IlI-3 The poincare sphere and general form of the ellipse

Figure II-3 shows the reltionship between the Stokes parameter on the Poincare
sphere and the polarization ellipse.

In terms of Stokes parameters defined as Eqg. I11-3.
S, =<a’ >+<ay2 >,

2 2
S, =<a, >- <a, >,

S,=2<a,a, cos0'>, Ea- I3
S;=2<a,a, sin® >,
And the effective DOP is given by Eq. ll1—4.
1, Slz "'Sz2 +S32
DOP:’—=7SO © Eq. W4
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In Eq. -3 { ) notates time average of the parameter inside it. In order to make
the effective DOP equal to zero, the last three Stokes parameters should be
made equal to zero,

§=5,=5,=0. Eq. III-5

It & straightiorward to derive the optimum operating condition for the polarization
scrambler from Eq. lI-3 and Eq. -5 as will be described below.

The birefringence modulators are driven by sinusoidal signals, It folows that the
time—-varying phase delay 48 between the two polarization modes of a
birefringence modulator takes the form,

A40=9,+8,sin?! +a) Eq. lI-6

where 9, s the constant phase delay due to the modulator geometry—induced
birefringence and 2. is the amplitude of the birefringence modulation. w and «a are
the angular frequency and phase of applied RF signal, respectively.

Lel us take the Jones matrices of each birefringence modulator in figure -4 as
Mi(d¢) and M:(4$:), respectively. Then the Jones veclor of the outpul SOP, Eou
can be expressed as auccessive multiplication of the Jones vector of the input
SOP, Ein with My and M-.

BM 1 BM 2

Fiber

FIGURE Ill-4 Schematic diagram of PS3000 series polarization scrambler.

The birefringence axis of the second modulator is 45°with
respect to the axis of the first one.

17

Pol ari zation Scranbl er Wser’'s QGui de

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com



THEORY
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FIGURE IlI-5 DOP as a function of modulation amplitude of a birefringence modulator.
E,, =M,ME, Eq. -7

Il we put the components of Eaut into Eq. I3 and use Eaq. I-5, then after a little
algebra we get the expression for zero DOP condition.

Jﬂ(gml) =J0(¢m2) =0 Eq. 1II-8

where Jo is the Oth order Bessel function of the first kind. To satisly Eq. lI-8 the

birefringence modulation amplitudes, %m and%»2 should be one of the roots of Jo,
So the modulation ampltude would be around 2.405. Plotted in figure II-5 is
DOP as a function of modulation amplitude for a birefringence modulator.

It is worthwhile to speculate as to the frace of SOP on the Poincare sphere.
First, let us assume we have only one birefringence modulator. If we put a
linearly polarized light into the modulator with its polarization direction at 45 with
respect to the birefringence axis of the modulator, the trace would be a simpk
curve on the sphere as depicted in figure -6, It represents the rotation of the
SOP around the birefringence axis of the modulator. While the trace does not
complete a great circle because the modulation amplitude is 2.405, the DOP is
Zero.

Poincare Sphere

Sinusoidal Modulation
of Birefringence

FIGURE llI-6 Trace of SOP on the Poincare sphere by a single-stage birefringence modulator
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Although the PS has a double-stage birefringence modulator, polarization
scrambling occurs only at the second-stage modulator in the case where the
input polarization is linear and aligned to the birefringence axis of the first
modulator. That is why the light passes the fird stage-modulator without any
change SOP and is incident on the second stage-modulator with its polarization
direction at 45 to the birefringence axis of that modulator.

Shown in figure =7 is the trace of SOP when the light is incident on the first—

stage modulator of the double—stage birefringence modulator with its two
polarization components projected equaly onto the fast- and slw-axis of the
modulator, This trace has been phbtted for 200usec. The output SOP moves
pseudo—-randomly on the Poincare sphere but it stil does not cover the wholk
surface.

In most applications including the polarization dependant gain (PDG) suppression
of long—haul transmission systems, polarization independent measurement
systems, and fiber interferometric sensor systems, the important factor is the DOP
itself, not whether the SOPs cover the whole surface of the Poincare sphere or
not. FIBERPRO 3jso provides triple—stage modulator type Polarization Scramblers
PS3200 - for such applications that require full coverage of the Poincare sphere.

FIGURE llI-7 Trace of SOP on the Poincare by double stage birefringence
modulator. Plotted for 200 usec.

4. Measurement Bandwidth Limitation

You must consider how the detector bandwidih should be limited in order to get
sufficiently low effective DOP for your systems when using the PS,
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CH1 R Spectrum 18 dB/ REF 7 dBY -28.669 dBV
1 158 kHz

Avg
56

REBW 18 KHz VB 10 kHz ATH 98 dB SHP  16@.1 msec
STRART @ Hz STOP 5§ MHz

FIGURE llI-8 RF spectum of the optical output of a PS measured
through a polarizer. fi=940kHz. f2=790kHz.
The first prominent peak corresponds to fi-f2=150kHz.

50 T

Frequency difference

404 —a— 30kHz

—e— 170kHz
330kHz

304

DOP(%)

204

1 10 100
Cutoff Frequency(kHz)

FIGURE IlI-9 DOP as a function of cutoff frequency of low pass fiter
at the photodetector. Curves are drawn for different settings of
frequency difference between the two modulation frequencies.

The required limit of bandwidth is determined by the two frequencies f1 and 2
ol the RF signals applied to the double—stage birefringence modulator. If we put a
polarizer at the oulput of the PS and observe the optical output with a fast
detector to get frequency distribution, the delecled dgnal would consist of the
sum of the harmonics of f1, {2 and the beating terms between them (figure 11I-8).
I the light is to be seen as unpolarized, it is required that the detector bandwidth
be much lower than [ 1=12] which is the difference of the two driving frequencies.
As seen in figure -8, there i no prominent frequency component below it.

Figure -9 shows the output DOP as a function of the detector cutolf frequency
for several cases of dilferent driving frequencies. Standard polarization scramblers
are designed to have Irequency difference about 170kHz, which corresponds o
the middle curve with olid circle symbols. The curve indicates that the detector
cutolf frequency should be lkess than 10kHz to achieve DOP less than 5%.
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APPLICATIONS

IV. Applications

1. PDG Reduction

The PS can remove polarzation dependent gain (PDG) of a long EDFA chain. An EDFA has PDG
induced by polarization hole burning (PHB) of which the time condant is approximately 1Tmsec. If the

ight dgnal is polarization scrambled faster than the response of the EDFA PDG gets suppressed and
30 does the degradation of SNR due to it

FIGURE N-1

X

EENN]

®
10}
ooo

EDFA EDFA Rx

EDFA chain

2. Removing PDL of DUT

The PS can be used to depolarizz optical source for polarization independent measurement The

measurement system can interrogate accurate value of the DUT characteristics such as insertion loss,
filter profile and etc

FIGURE N-2

SH—lae

L]

DUT

(O]
©
0o

Measurement
System

3. Removing PDL Induced Instrumental Error

Some measuring instruments have polarization dependence. This gives rise to errors in

measurements. The PS removes polarization dependence of the measuring instrument.
FIGURE N-3

S DUT —— gazi —

Measurement
System

4. Pseudo-random Polarization Generation

The PS generates pseudo-random polarization states at high speed. This can be uliized in testing
telecom systems under polarization variation.

FIGURE N-4
S— &8 = System Measurement
Under Svstem
Test y
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REPLACING FUSE-NEW PS SERIES

V. Replacing Fuse - new PS series

When your fuse is blown oul, folow lhe replacing procedure below. Bul you
musl use lhe righl fuse for he line vollage. Selecl proper fuse—2A 250V. If
you don | use lhe righl fuse for lhe lne vollage selecled, il will be blown.
Conlacl FiberPro lo order lhe righl fuse.

Procedure

1. Finding fuse holder.

The fuse holder box is on the rear panel of PS series. Stop your work and put PS on the
plat table. And then, pull out the cables. Fuse holder box is left below side of the rear
panel.

2. Open fuse holcer.

Lever a small minus screwdriver cautiously and pull out
fuse holder cautiously. Should then you pull out the fuse
holder

3. Replacing fuse

Pull out the old fuse
with care and replace
to a new one.

=
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REPLACING FUSE-NEW PS SERIES

4. Put into the fuse holder box.

Put the fuse holder into the fuse holder box. Do not
thrust fuse holder into the box. Try again if the two parts
do not fit.

Notel

Use the proper fuse for the line voltage selected. Use only fuses with the
required current rating and of the specified type as replacements.

Do NOT use a mended fuse or short=circuit the fuse—holder in order to
by—pass a blown fuse. Find out what caused the fuse to blow!

23
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FIBERPRO Limited Warranty

FIBERPRO Limited Warranty

FIBERPRO warrants its products to be in conformance to mutually agreed upon written
specifications and to be free from defects in material end workmanship. |he warranty period of
polerization scrambler is 1 year. The above warranty pericd shall begin on the date o shipment
by FIBERPRO o Purchaser or, if Purchaser is an authorized reseler of such FIBERPRO
products, from the date of shipment by the reseller to the reselers oiginal customer. FIBERPRO
shall, at its option and cost, gther repair or replace the products with new or reconditioned
products and parts provided the products are returned by Purchaser dong wih dated and
serialized proof of purchase to FIBERPRO or to an FIBERPRO authorized service fadlity,
transportation and insurance prepaid, within the above warranty period and which are found by
FIBERPRO to be defective within the terms of this warranty. Products repaired or replaced by
FIBERPRO under this warranty wil be returned by FIBERPRO to Purchaser, transportation and
insurance prepaid. Replaced products and parts shall become the property of FIBERPRO any
products returned by Purchaser to FIBERPRO for repair or replacement are found by
FIBERPRO, caiter examination and testing, not to be defective, FIBERPRO shal so advise
Purchaser and shall dispose of any such products in accordance with Purchaser's instructions
and & Purchaser's cost, and Purchaser shall reimburse FIBERPRO for examination and testing
expenses incurred at FIBERPRO's then current rates.

CONTINUED USE OR POSSESSION OF THE PRODUCTS AFTER EXPIRATION OF THE ABOVE
WARRANTY PERIOD SHALL BE CONCLUSIVE EVIDENCE THAT THE WARRANTY IS FULFILLED TO
THE FULL SATISFACTION OF PURCHASER.

Ihe warranty set forth above shall not apply to faillure or deficiency which has been caused by
misuse, abnormal or unusualy heavy use, negled, alteration, improper instalation, unauthorized
repair or modification, improper testing, acddent or causes externd to the produd such as but
not limited to excessive heat or humidity, or improper instalation. Such warranty shall also not
apply to expendable components such as bu not imited to fuse, power cord, adapters, and
screws. FIBERPRO makes NO WARRANTY as to any products, which are supplied by it "AS 1S"
or as to any experimental or developmental products, or as to produds not menufadured by
FIBERPRO_ FIBERPRO's warranty as set forth above shall not be enlarged, diminished or
affected by, end no liabilty shal erise out of, FIBERPRO's rendering of techrical advice in
connection with Purchasers order. The waranty set forth abowve is not assignable by Purchaser.
Purchasers sole remedy under the above warranty shdl be repair or replacement as provided
above. FIBERPRO's sole and excusive maximum liaplity for eny claim by Purchaser or anyone
claiming through or on behalf of Purchaser arising out of Purchaser's order or the above warrenty
shall not in any event exceed the actua amount paid by Purchaser to FIBERPRO for the
product. In no event shal FIBERPRO be liable for any indrect, incidental, colateral, exemplary,
consequential or special damages or losses arising out of Purchasers order of products delivered
under it or out of the above warranty, including without limitaton loss of use, profits, or goodwill.
Some countries do nd alow the exclusion o imitation o incidental or consequentid damages, so
the above imitation or exclusion may na apply to Purchaser.

EXCEPT AS STATED ABOVE IN THIS PARAGRAPH, THE FOREGOING WARRANTIES ARE IN LIEU
OF ALL OTHER CONDITIONS OR WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING,
WITHOUT LIMITATION, AN IMPLIED CONDITION OR WARRANTY OIF MERCHANTABILILTY OR

FITNESS FOR A PARTICULAR PURPOSE AND OF ANY OTHER WARRANTY OBLIGATION ON THE
PART OF FIBERPRO,

WARRANTY
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Artisan Technology Group is an independent supplier of quality pre-owned equipment

Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.

Artisan Scientific Corporation dba Artisan Technology Group is not an affiliate, represéntative, or authorized distributor for any manufacturer listed herein.

(217) 352-9330 | sales@artisantg.com | artisantg.com TECHNOLOGY GROUP

We’re here to make your life easier. How can we help you today? Vl ARTISAN




