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Introduction 
Fiberoptic polarization controllers are an important part of many measurement configurations. Generally, 

they can provide variation of the optical signal polarization to a device under test (DUT) or set specific 

states of polarization (SOP). But the settings of the controller alone are rarely sufficient to know the 

polarization of the signal with respect to the axes of the device, such as the TE or TM orientations of a 

photonic integrated circuit (PIC) chip or wafer. One source of this uncertainty is the polarization change 

within the fiber connection to the device and another can be changes to the polarization of the signal input 

to the controller. These changes are generally also dependent on wavelength and vary over time or  

with temperature. 

This note describes several methods, depending on the instrument and the application, for aligning the 

polarization to the device axes, using advanced functionality of the Keysight polarization controllers. This 

updated version includes useful functionality added with version 3.0 firmware as well. 

 

Polarization Alignment Methods 
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Alignment Methods 
The general principle of these methods is to use measurements of the device response to the polarization 

as feedback to the polarization controller. The response normally reaches its maximum or minimum 

values when the polarization is aligned with the device axes. This process is supported by the 

reproducibility of polarization settings and some specific functionality of the selected polarization 

controllers. Five methods are described below for the corresponding polarization controller models. 

1. Choosing the best state from a random sequence of polarization states; 

(N7785C, N7786C, N7788C) 

2. Monitoring the internal SOP from a random sequence and stabilizing the optimum SOP; 

(N7786C, N7788C) 

3. Using active programmable feedback stabilization; (N7785C) 

4. Using active analog feedback for stabilization; (N7784B) 

5. Matrix analysis to determine the optimum SOP; (N7786C, N7788C) 
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1. Best State from Random Sequence 
This method is a simple extension of the algorithm used for the all-states PDL measurement method, 

detailed in another application note: https://www.keysight.com/us/en/assets/3120-1546. The method uses 

the capability of the polarization controller instruments to repeatably scan a sequence of polarization 

states, synchronized with external signal detection and does not require or use additional functionality, 

like active stabilization or internal polarization measurement. These are available on some instruments 

and can lead to more precise settings if needed, as detailed later in the note.  

The same sequence of SOP used to determine the values of maximum and minimum response from the 

device can then be analyzed to determine the index of the SOP that resulted in this response. With 

firmware version 3.0 or later, the parameters for this SOP can be read and set directly, as detailed below. 

With earlier firmware, the simplest way to set this SOP is to repeat the same sequence with the controller, 

but to stop the sequence at the index for the desired SOP.  

Note that there may be multiple SOP in the sequence that give responses close to the optimum. But in 

general it is not simple to use them collectively because each can use very different waveplate settings of 

the 6-stage polarization controller to produce the same SOP. As a simple example with one waveplate, 

the settings +90° and -90° could both be close to the optimum SOP, but the average angle of 0° would be 

perpendicular to both. 

The setup for the synchronized all-states PDL method is shown schematically in Figure 1. A stable 

polarized signal, like from a DFB or Fabry-Perot laser, is applied to the synchronous scrambler. The 

N7785C is sufficient for this application, but the N7786C and N7788C can also be used in the same way. 

An optical power meter that logs a series of power measurements, synchronized with triggers from the 

polarization scrambler, completes the instrumentation. Further details for selecting hardware are given in 

the application note mentioned above. If the DUT includes photodiodes, then the output photocurrent 

signal could similarly be measured using a source/measure unit. 

 

Figure 1. Schematic of the setup for synchronized all-states PDL 

Using a random walk sequence, where the SOP change is small from step to step to simulate a 

continuous path, makes the trajectory to the SOP of a particular step during the sequence run more like 

the behavior when the state is constant. But the random walk requires a longer sequence, like 10k states 

or more, to get a good distribution of polarization states, compared to a random scrambling sequence 

where each state is set independent of the previous states. Both types of sequences can be generated 

internally by the N778-C polarization controllers.   
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Basis program to measure a DUT over a random 
SOP sequence 

The commands used for the all-states PDL method are reproduced here.  Adaptations of this are used for 

the first and second methods described in this note. For full details on use of the commands, please refer 

to the respective programming guides. In this example, the laser source is not programmed but assumed 

to provide a stable input signal to the polarization controller. 

First it is good to start from a known condition by presetting both the N7785C, ‘instrument A’, and the 

power meter, ‘instrument B’. Especially for the polarization controller, it may sometimes be necessary to 

increase the VISA timeout for this step beyond the 2 s default value, like to 5 s. The repeatability of the 

polarization sequence may be better if the preset is not performed immediately before generating and 

using the sequence. 

Label Command Examples Comments 

A0 

B0 
:SYSTem:PRESet SYST:PRES;*OPC? 

Preset for known start 

conditions; use OPC? to wait 

for completion 

 

Then the power meter or power meters can be set up for triggered logging for each power meter n before 

activating the logging. Note that on N774x multiport instruments there is common triggering for some or 

all of the ports, so it can be necessary to set all ports, including ports not used for the measurement, to 

the same averaging time and triggering mode. 

Label Command Examples Comments 

B1 
:SENSe[n]: 

POWer:RANGe:AUTO 
SENS1:POW:RANG:AUTO 0 

Disable automatic range 

switching 

B2 :SENSe[n]:POWer:RANGe SENS1:POW:RANG 10DBM 

Set the best power range 

for the maximum power 

level 

B3 
:SENSe[n]: 

POWer:GAIN:AUTO 
SENS1:POW:GAIN:AUTO 0 

Disable automatic gain 

switching if using 

scrambling at step A1 for 

N774x instruments with 

auto gain. 

B4 :TRIGger[n]:INPut TRIG1:INP SME 
Logs a single sample for 

each input trigger 

B5 
:SENSe[n]: 

POWer:WAVelength 
SENS1:POW:WAV 1550nm 

Optionally set the 

wavelength of the laser 

source to provide calibrated 

absolute power 

measurements; not required 

for IL and PDL 

B6 
:SENSe[n]: 

FUNCtion:PARameter:LOGGing 

SENS1:FUNC:PAR:LOGG 

100,1MS 

Configure the number of 

samples and averaging time 

for the sequence, according 

to steps A1 and A5 
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The wavelength setting of B5 calibrates the responsivity of the power meter. This is not important for 

relative power measurements like PDL that compare measurements made with the same settings. 

Next the polarization controller is configured. It is convenient to use the command to generate a random 

sequence internally, as in step A1. This commands generates a sequence as values for the internal 

DACs. Alternately the program could be used to write the sequence. That could be written in a form for 

the command :PCONtroller:SEQuence using waveplate values as parameters in place of A1. 

Label Command Examples Comments 

A1 
:PCONtroller:GEN:SCRAmble? 
or 
:PCONtroller:GEN:RANDom? 

PCON:GEN:SCRA? 100 

or  

PCON:GEN:RAND? 

10000,1000 

Generate a fully random 

scramble sequence (or a 

‘random walk’) with chosen 

length (and step scale) 

A2 :PCONtroller:SAVE:ARB? PCON:SAV:ARB? 

Optionally save the 

sequence internally for later 

loading the same sequence 

A3 :PCONtroller:SEQuence:DCOMpensation PCON:SEQ:DCOM 1 

For best polarization 

stability, the default drift 

compensation should be 

active  

A4 :PCONtroller:REPetition PCON:REP 1 

The sequence will run once 

after starting the sequence 

function  

A5 :PCONtroller:SEQuence:RRATe PCON:SEQ:RRAT 0.5 

Example: 0.5 kHz switching 

to allow 1 ms averaging 

time plus 1 ms settling time  

A6 :PCONtroller:SEQuence:HOLDoff PCON:SEQ:HOLD 25600 

Delays the trigger to the 

power meter by 0.8 ms for 

settling the new SOP 

power reading  

A7 :PCONtroller:SEQuence:SMODe PCON:SEQ:SMOD 3 
The sequence will run 

when a trigger is received.  

A8 :TRIGger:CONFiguration TRIG:CONF 1 
Default triggering 

connections 

A9 :PCONtroller:STARt PCON:STAR Enable the scrambler  

A10 *OPC? *OPC? 

This should be polled until 

it returns ‘1’ and the 

controller is ready to be 

triggered 

A11 :TRIGger TRIG 1 

Trigger an initial sequence 

to get a repeatable starting 

condition for succeeding 

sequences 
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Here the program should wait for the expected duration of the sequence, in this example for 100 states 

at 0.5 kHz, thus 200 ms, before continuing. Add about 100 ms before continuing, to be sure the 

sequence finishes. In the succeeding runs of the sequence below, this is assured by the status of the 

power meter logging. 

In selecting the timing parameters, note that while the polarization state itself adjusts in about 10 µs, the 

optical power meter often reacts more slowly, based on the effective bandwidth. Thus, a trigger period 

twice as long as the selected averaging time is suggested here, with the trigger hold-off set to 40% of the 

trigger period, allowing 10% buffer between the end of averaging and the next polarization step. 

Now the setup is ready to make a reference measurement by connecting the output from the N7785C to 

the power meter. This reference is used to determine the power of the signal that will be applied to the 

DUT input and its variation over the sequence. 

Label Command Examples Comments 

B7 :SENSe[n]:FUNCtion:STATe 
SENS1:FUNC:STAT 

LOGG,STAR 

Logging of each power meter 

activated, waiting for triggers 

B8 :SENSe[n]:FUNCtion:STATe? SENS1:FUNC:STAT? 

this query responds with 

LOGGING_STABILITY,PROGRESS 

when the power meter is ready;  

A12 :PCONtroller:STARt PCON:STAR Enable the scrambler  

A13 *OPC? *OPC? 

This should be polled until it returns 

‘1’ and the controller is ready to be 

triggered 

A14 :TRIGger TRIG 1 Triggers polarization sequence 

  Wait  
Again, wait for the duration of the 

sequence 

B9 :SENSe[n]:FUNCtion:STATe? SENS1:FUNC:STAT? 

This query is repeated until the 

response changes from 

LOGGING_STABILITY,PROGRESS 

to 

LOGGING_STABILITY,COMPLETE 

B10 :SENSe[n]:FUNCtion:RESult? SENS1:FUNC:RES? 

This query is used for each power 

meter to upload the data arrays; the 

data format is described below 

 

This uploads the reference trace for Equation 1 below. The resulting data are an array of 32-bit optical 

power values from each power meter. The data are transmitted in binary block format, as described in the 

Programming Guide. Expressing this binary data as real arrays requires attention to the byte ordering. 

The first few bytes represent ASCII characters. The first is the symbol ‘#’, followed by a digit that gives the 

remaining number of characters. These give a number that tells how many bytes of data follow. For 

example, ‘#3808’... indicates 808 bytes of data are contained, corresponding to 202 32-bit power values. 

Each value is transmitted least significant byte first (variously labeled as: LSBfirst, little-endian, or ‘Intel 

byte order’). 
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The Command Expert instrument command sets or the 816x Plug&Play driver simplify programming with 

automatic reading of binary blocks, providing the correct formatting. Or using direct IO with VEE, LSB can be 

selected for the byte ordering in the Instrument Manager under Advanced Instrument Properties and the 

binary block format can be selected for automatic parsing during the read operation. Other programming 

environments use other ways to format the input data. 

In some cases, it may be most convenient to handle reading and parsing of binary blocks at the lower VISA 

level. That is supported by the VISA COM I/O with its IFormattedIO488 interface, setting the property 

InstrumentBigEndian to ‘false’ and using the READIEEEBlock method. For the power meters, the parameter 

‘type’ is set to BinaryType_4. When programming with python, pyvisa can be used and also provides 

formatting for reading and writing binary values with the appropriate byte ordering. 

Then the DUT can be connected in the optical path, like in Figure 1, and the steps from B7 to B10 repeated 

to obtain the device trace for Equation 1. This allows the calculation of PDL and IL. A similar analysis can be 

made with traces of photocurrent samples, obtained from a device with integrated photodiodes. 

To obtain the PDL result from the reference trace Pi
R and the device trace Pi

D, where the index i ranges from 

1 to N, the length of the sequence, first calculate the normalized transmittance trace T as 

𝑇𝑖 =  
𝑃𝑖

𝐷

𝑃𝑖
𝑅       (Equation 1) 

where all values P are expressed in linear power units, such as mW. 

The PDL (or PER), expressed in dB, is then calculated from the minimum and maximum of the N values in the 

trace Ti according to 

𝑃𝐷𝐿 = 10𝑙𝑜𝑔 (
max (𝑇𝑖)

min (𝑇𝑖)
) .   (Equation 2) 

Making the same evaluation for different lengths or segments of the sequence can be used to investigate the 

sequence length needed for reliable measurements. 

When a reference measurement is made in this way, the polarization averaged insertion loss (IL) can also be 

calculated, according to 

𝐼𝐿 = 10𝑙𝑜𝑔 (
max(𝑇𝑖)+min (𝑇𝑖)

2
) .  (Equation 3) 
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Programming the polarization alignment 

The index i corresponding to max(Ti) or min(Ti) can now be determined and used to set the polarization 

controller to the corresponding position of the SOP sequence.  

With firmware version 3.x, the sequence DAC values can be read out and the values corresponding to 

index i can then be written to the controller. Note that the internally generated sequence is created with 

DAC voltage settings and not waveplate settings, so it should be read with PCON:SEQ:SEQV? and not the 

PCON:SEQ:SEQ? query. The result is a binary block of 16-bit unsigned integer values. Each polarization 

state of the sequence consists of 12 values, so the required values for index i, using 0-based indexing, are 

the segment SEQV[i*12:i*12+11]. These values need to be written to the controller as a text string in the 

SCPI command. 

With earlier firmware, the length parameter of the sequence is reduced to a value of i + 1 for the desired index 

and the sequence is run again, so that it stops at this point. 

If a waveplate sequence has been written with :PCONtroller:SEQuence as mentioned above, before A1, then 

the index can be used to identify the values in that sequence within the program, replacing A17, and then 

written using the command :PCONtroller:WPLAtes in place of A18. 

Before changing the sequence settings, the polarization controller function must be stopped. 

Label Command Examples Comments 

A15 :PCONtroller:STOP PCON:STOP Stop the scrambler  

A16 *OPC? *OPC? 

This should be polled until it returns ‘1’ 

and the controller is ready to be 

reprogrammed 

A17 :PCONtroller:SEQuence:SEQVoltage? PCON:SEQ:SEQV? 
Queries the DAC values of the 

sequence. 

A18 PCONtroller:STAGe:DAC:ALL 
PCON:STAG:DAC:ALL 

v1,v2,v3... 

Write a text string with the 12 DAC 

values for the indexed sequence step 

 or A17a-A20a for FW < V 3.0   

A17a :PCONtroller:SEQuence:LENGth PCON:SEQ:LENG 101 
The parameter should be the target 

index i + 1 

A18a :PCONtroller:STARt PCON:STAR Enable the scrambler  

A19a *OPC? *OPC? 

This should be polled until it returns ‘1’ 

and the controller is ready to be 

triggered 

A20a :TRIGger TRIG 1 

Trigger a first sequence to get a 

repeatable starting condition for 

succeeding sequences 
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As after Step A11, the program should now wait for the duration of the sequence, determined by the 

sequence rate and the new length setting. Then the polarization has been set to the chosen state. At this 

point, for example, the power could be checked by reading the corresponding power meter. 

Label Command Examples Comments 

B11 :READ[n]:POWer? READ1:POW? 
Triggers a single power reading if 

the logging function is complete 

 

The steps A18 to B11 can be repeated for other index values, as to compare the maximum and minimum 

power values. Note that in this example, there may be differences between the indexes for maximum 

power and for maximum transmission due to the polarization dependence of the polarization controller as 

determined in the reference trace. 

For higher precision in setting the SOP with this method, it may be desirable to create a subsequent 

denser sequence limited to settings close to the best positions found with the first trace.  

The above method is very dependent on the instrument, fiber and temperature stability, as well as the 

reproducibility of sequence settings with static settings. Typically, alignment to better than 90% of the 

maximum signal value can be reached. For more precise alignment, the following methods are 

recommended, that use the extended functionality of some of the instruments. 
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2. SOP Stabilization from Random Sequence 
(for N7786C) 
This method is related to the method above but takes advantage of the built-in polarimeter of the N7786C 

to measure the output SOP in real time and to stabilize the chosen SOP. Otherwise, the setup looks like 

that of Figure 1. The N7788C can be used in a similar way by adding an external optical splitter to tap 

part of the output signal from the polarization controller or from the DUT to the input port of the 

polarimeter. The Stokes vectors obtained for the polarization states correspond to the reference frame of 

the internal polarimeter, so the search is still required to determine which Stokes vector corresponds to 

the optimum alignment at the DUT. An advantage of using the Stokes vectors, instead of the controller 

settings to assign the optimum SOP as in the simpler N7785C method, is that multiple samples close to 

the optimum position can be used to refine the desired SOP. 

However, in many or most cases it is even simpler and more stable or reliable to use the same 

polarimeter and stabilizer functionality to align using a small set of well-defined polarization states and the 

Mueller Matrix analysis method outlined in Section 5. 

 

Programming the polarimeter for alignment 

The sequence search for the SOP is an extension of the basis program from the previous section. 

Configuring the polarimeter to log the measured SOP during the sequence is done by adding additional 

steps at A8. 

Label Command Examples Comments 

A8 :TRIGger:CONFiguration TRIG:CONF 4 
SCR triggering to trigger both the 

polarimeter and the power meter 

A8a :POLarimeter:TRIGger:INPut POL:TRIG:INP SME 
One polarimeter sample for each 

trigger from the scrambler  

A8b :POLarimeter:SWEep:SAMPles POL:SWE:SAMP 100 
Set for the same length as for the 

sequence and power meter logging 

A8c :POLarimeter:SWEep:SRATe 
POL:SWE:SRAT 

0.55KHZ,1MS 

Set polarimeter for same averaging 

time as power meter, slightly higher 

rate to avoid missed triggers 

A8d :POLarimeter:SWEep:LOOP POL:SWE:LOOP 0 
Logging of sequences can be 

repeated indefinitely 

A8e :POLarimeter:GAIN POL:GAIN 0 
Set gain level as needed for input 

signal level 

A8f POLarimeter:WAVelength POL:WAV 1550NM 
Calibrate polarimeter to the input 

signal wavelength 

A8g :POLarimeter:SWEep:STEP POL:SWE:STEP 0 

This setting for fixed wavelength is 

default after preset, but otherwise 

needed. 

A8h :POLarimeter:SWEep:STARt POL:SWE:STAR 
Polarimeter is activated and waiting 

for triggers 
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The program can now continue with steps A9 - A11. After the sequence is triggered, the status of the 

polarimeter logging can be used to determine when it is finished. 

Label Command Examples Comments 

A11a :POLarimeter:SWEep:SAMPles:CURRent? POL:SWE:SAMP:CURR? 

Returns the number of completed 

samples or ‘0’ if the sampling is 

completed 

A11b :POLarimeter:SWEep:GET? POL:SWE:GET? NORM 

Returns the normalized 3-

dimensional Stokes vectors in a 

binary block like the power meter 

data format (optional at this position 

in program for initialization) 

 

The routine then continues as in the basis program. After any sequence run, when the power meter data 

is retrieved, the command from A11b can be used to upload the SOP data as well. The most relevant set 

of SOP data is produced from the sequence for the DUT measurement, but the reference SOP data could 

also be used to verify SOP repeatability. 

After the DUT measurement, the acquired data can be used to align the SOP with the DUT. The index i 

corresponding to max(Ti) or min(Ti) is determined, based on the transmission data. Then the SOP 

corresponding to this index in the polarimeter data is chosen as the target SOP for the stabilizer function. 

Label Command Examples Comments 

A15c :POLarimeter:STOP POL:STOP Stop polarimeter logging 

A16c :PCONtroller:STOP PCON:STOP Stop the scrambler  

A17c *OPC? *OPC? 

This should be polled until it returns 

‘1’ and the controller is ready to be 

reprogrammed 

A18c 
:PCONtroller: 

SEQuence:HOLDoff 
PCON:SEQ:HOLD 1 

This is needed before starting 

stabilizer function 

A19c :STABilizer:STABilize STAB:STAB 1 Activate stabilizer function 

 

After step A19c, the stabilizer uses about 2 seconds to configure the feedback between polarimeter and 

scrambler blocks. Succeeding commands can be sent without waiting, but the time is still required before 

stable polarization states are obtained. Successive SOP can be set without repeating this wait time if the 

stabilizer is left active, so the one-time wait can be inserted here. 

Label Command Examples Comments 

A20c :STABilizer:SOP STAB:SOP 1,0,0 
Enter the target SOP as normalized 

Stokes vector 

  

http://www.keysight.com/
http://www.keysight.com


             14 

The stabilization process currently has about 200 ms overhead time and the setting to the chosen SOP 

itself requires up to 50 ms, so about 300 ms should be allowed before using the stabilized signal. The 

power can then be checked as before with a read command like B11. Step A20c can be repeated with 

other SOP vectors. The orthonal state can also be achieved by simply reversing the signs of the 3 

vector elements. 

Before returning to a different operation like running the sequence again, the stabilizer function should 

be stopped. 

Label Command Examples Comments 

A21c :STABilizer:STABilize STAB:STAB 0 Deactivate stabilizer function 
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3. Programmable Feedback Stabilization 
(for N7785C) 
Instead of the real-time feedback from the internal polarimeter for SOP stabilization with the N7786C, 

there is a programmable feedback input for stabilization with the N7785C. The feedback is provided as a 

parameter value in a programming command. The value is calculated, based on measurements at the 

DUT that depends on the incoming polarization, such as power measurements of the output signal from 

the DUT. By repeatedly sending updates of this value to the N7785C, the instrument adjusts its output 

polarization to minimize the input parameter value. Such stabilization for a configuration like shown in 

Figure 1, where the optical power meter is used to determine the feedback parameter, can be 

programmed as described below. Other instruments or the DUT itself could also be used to obtain the 

feedback parameter. This method does not use output triggers from the polarization controller. 

First it is helpful to start from a known condition by presetting both the N7785C, ‘instrument A’, and the 

power meter instrument, ‘instrument B’. Especially for the polarization controller, it may sometimes be 

necessary to increase the VISA timeout for this step beyond the 2 s default value, like 5 s. This does not 

need to be repeated for every run of the procedure. 

Label Command Examples Comments 

A0 :STABilizer:STABilize STAB:STAB 0 Deactivate stabilizer function if 

active, before using preset. 

A0 

B0 
:SYSTem:PRESet SYST:PRES;*OPC? 

Preset for known start conditions; 

use OPC? to wait for completion 

A1 :STABilizer:STABilize STAB:STAB 1 Activate stabilizer function 

 

A short delay should be waited for the activation, like 2 s. Then the feedback parameter to be minimized should 

be repeatedly updated. The update rate may be limited by the rate at which commands can be sent to the 

polarization controller or by the rate at which new values can be measured or determined from the DUT. In this 

example we use an update rate of about 10 Hz. Since the stabilization process works to minimize the parameter, 

provided as a positive real number, if we want to maximize the power signal then the parameter should be 

calculated to decrease when the power increases. For example, it could be proportional to Pmax – Pmeasured. The 

sensitivity of the feedback and thus rate of optimization can be influenced by scaling the parameter to allow 

values up to about 100 and it seems to converge better with values below 10. So if we use values of power in 

mW units and the laser power is 10 mW, a parameter A calculated as ( Pmax – Pmeasured) can be tried. 

Label Command Examples Comments 

B1 :READ[n]:POWer? READ1:POW? Read the measured power 

A2 :STABilizer:SOP STAB:SOP 0,0,0,A Update the parameter A 

A3 :TRIGger TRIG 1 Trigger the next optimization step 

 

On the order of 100 repetitions of the loop B1 to A3 generally gives a good stabilization starting from an 

arbitrary polarization alignment. When optimization steps are not triggered, the polarization controller 

does not change its settings, so the SOP is constant, at least for short times. And the optimization loops 

can be run whenever needed for active stabilization.   

http://www.keysight.com/
http://www.keysight.com


             16 

4. Analog Feedback Stabilization (N7784B) 
The N7784B polarization stabilizer can align and stabilize the polarization by optimizing an analog 

voltage signal that returns feedback to the instrument. The signal can for example be the analog output 

from an optical power meter that detects the signal transmitted by a polarizing device. The N7784B can 

be configured to either seek a maximum or minimum value for this signal. Once configured, this 

functionality can be used without control from an external program. Further details are given in the 

N778xB User Guide. 

The N7784B also has a specialized feature for alignment into polarization maintaining fiber (PMF). For 

this use case, the output from the polarization controller is routed back to the input port of an internal 

polarizing beamsplitter. One output of the beamsplitter is routed to a photodetector that then provides the 

analog feedback signal. By minimizing this feedback signal, the polarization is aligned with the other 

output of the beamsplitter which is directed to the PMF output port. 

 

5. Matrix Analysis for SOP Stabilization 
(N7786C or N7788C) 
Instead of using a random sampling of all SOP, as in the first two methods, there is also a method to 

determine the target SOP based on measurements from a small set of SOP with known orientation to 

each other but arbitrary orientation to the device axes. Most commonly, this is done using 4 SOP with a 

simple relationship in the Stokes vector space. The stabilizer function can be used to set these states, at 

which the signal level is then measured, usually first without the DUT as reference power values and then 

including the DUT. From these values, the IL and PDL can be calculated as well as the Stokes vector 

corresponding to the maximum or minimum signal level. This setting can then be applied to the stabilizer 

function to align the polarization state to the DUT. 

An important value of this method is that power measurements made with the settings to align for 

maximum and minimum transmission, as calculated with the matrix, provide a better measurement of high 

PDL (like above 20 dB, also known as polarization extinction ratio PER) than the PDL value calculated 

directly from the matrix elements, as described below. 

The setup is again like in Figure 1, but uses the N7786C and usually does not use the trigger 

connections, since the synchronization is not critical and can be handled by the program. The N7788C 

can be used in a similar way, either by adding an external optical splitter to tap part of the output signal 

from the polarization controller to the input port for the polarimeter (or by using the internal switch to first 

set the SOP with the polarimeter and then switch the signal to the DUT; not further described here). 

  

http://www.keysight.com/
http://www.keysight.com
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The measurements result in 4 reference power values PiR and 4 device power values PiD for the states 

with Stokes vectors (s1,s2,s3) indexed as: 

1. (1,0,0) 

(-1,0,0) 

(0,1,0) 

(0,0,1) 

From these, the 4 top-row elements of the Mueller matrix are calculated. 

𝑚1 =  
1

2
(

𝑃1
𝐷

𝑃1
𝑅 +

𝑃2
𝐷

𝑃2
𝑅) 

𝑚2 =  
1

2
(

𝑃1
𝐷

𝑃1
𝑅 −

𝑃2
𝐷

𝑃2
𝑅) 

𝑚3 =
𝑃3

𝐷

𝑃3
𝑅 − 𝑚1  

𝑚4 =
𝑃4

𝐷

𝑃4
𝑅 − 𝑚1  

Further calculation uses an intermediate term for the relative degree of polarization dependence, here 

labeled d. 

𝑑 = √𝑚2
2 + 𝑚3

2 + 𝑚4
2 

The maximum and minimum values for T, used in Eqns. 2 and 3 to calculate IL and PDL are given by: 

𝑇𝑚𝑎𝑥 = 𝑚1 + 𝑑 

𝑇𝑚𝑖𝑛 = 𝑚1 − 𝑑 

The normalized Stokes vector for the polarization state corresponding to Tmax can be determined as 

follows. https://www.keysight.com/us/en/assets/7018-06776/application-notes/5964-9937.pdf 

𝑠1 =
𝑚2

𝑑
 

𝑠2 =
𝑚3

𝑑
 

𝑠3 =
𝑚4

𝑑
 

The Stokes parameters for the minimum signal are simply these with reversed sign: s1
min = - s1

max,  

s2
min = -s2

max, s3
min = - s3

max. 

http://www.keysight.com/
http://www.keysight.com
https://www.keysight.com/us/en/assets/7018-06776/application-notes/5964-9937.pdf
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Programming the instrument for alignment using Mueller 
Matrix analysis 

As always, the procedure can start with a preset, if needed to establish a known condition. Otherwise the only 

critical setting in preparation is the wavelength setting for the polarimeter calibration. 

Label Command Examples Comments 

A0 

B0 
:SYSTem:PRESet SYST:PRES;*OPC? 

Preset for known start conditions, if 

needed; use OPC? to wait for 

completion 

A1 :POLarimeter:GAIN POL:GAIN 0 
Set gain level as needed for input 

signal level 

A2 POLarimeter:WAVelength POL:WAV 1550NM 
Calibrate polarimeter to the input 

signal wavelength 

A3 :STABilizer:STABilize STAB:STAB 1 Activate stabilizer function 

 

Here the program should wait for 2 seconds for the activation process. Then the stabilizer can remain activated 

for the rest of this procedure. 

Label Command Examples Comments 

A4 :STABilizer:SOP STAB:SOP s1,s2,s3 
Enter the SOP and wait at least 

300ms for this to stabilize 

B1 :READ[n]:POWer? READ1:POW? Read the measured power 

 

Steps A4 and B1 are repeated for each of the 4 states, initially without a DUT to give the 4 reference 

power values. If the setup is stable, these values can be used over an extended time,  for example 

measuring multiple devices. Then a device is inserted and the 2 steps are again repeated 4 times. With 

the measurement results, the desired Stokes parameters to align the polarization are calculated as 

above. These parameters can then be used with A4 to make the alignment. 

With FW version 3.0 or higher, instead of waiting for a fixed delay in A4, the command STAB:STAB:DIFF? 

can be used to poll the current offset from the target SOP. A good response to consider the polarization 

converged is when it is below “0.005”. This can also be repeated a few times to be sure that the SOP  

has settled. 

Once the procedure is finished, the stabilizer can be deactivated to allow other uses. 

Label Command Examples Comments 

A5 :STABilizer:STABilize STAB:STAB 0 Deactivate stabilizer function 

 

http://www.keysight.com/
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This Mueller Matrix analysis approach is especially attractive when the device should be analyzed as a 

function of wavelength instead of at a single wavelength. A key value of this analysis is providing the 

wavelength dependence for input SOP aligned with the device axes without actually needing to make and 

hold this alignment. But using the analysis and the polarimeter feedback of the N7786C, the SOP 

resulting from the analysis can be set and used for steps like optical probe alignment as well as stabilized 

while running a wavelength scan. This functionality is especially developed in the Photonic Application 

Suite LambdaScan software. www.keysight.com/find/n7700 Further details for using this functionality are 

given in the application note: Wafer and Chip-Level Optical Test. 

 

Conclusion 
The Keysight polarization controllers provide functionality and performance to implement the alignment 

methods described in this note. For other details to these instruments, please use this link: 

www.keysight.com/find/pol 

Some programming examples are also posted at the Keysight Photonic Discussion Forum: 

https://community.keysight.com/community/discussion-forums/photonic 
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