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The First Order Reversal Curves (FORC) test consists of a series of monopolar hysteresis loops starting
from the negative saturation point of the hysteresis loop. The results are then fed into a decomposition
program to derive the Preisach distributions. The FORC test to measure these loops automatically may be
constructed in Vision using the existing programming tools available in the Vision Library. A
representative Voltage vs Time plot for a sample FORC test voltage profile is shown below.
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Each test consists of a monopolar half-hysteresis loop executed from an offset voltage. This mode is
constructed in the Hysteresis Task menu using the controls denoted in the image at the top of Page 5. In
this case, the test will start at the -8V saturation voltage by setting the “Hyst Offset” control to that value.
The Monopolar Drive Profile Type is selected to produce the half-loop. The amplitude of the half-loop is
set in the Vmax control. For instance, in this case where Vmax = 0.4V, the tester DRIVE output will first
step to -8V and then execute a half-triangle wave from -8V to -7.6V to -8V before stepping back to 0V.
The integrator will only collect charge during the half-hysteresis loop, not during the steps to/from ground,
so only the charge-change during the half-hysteresis loop will be recorded.

There is one exception to the description above. Some capacitors may generate so much charge during the
step from zero volts to the offset voltage that the RETURN circuitry may not have time to “zero out” before
the start of the monopolar loop. If such a situation occurs, all of measurements may not line up starting at
zero. Such a situation is demonstrated in the next plot of four FORC loops 4 volts apart.
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To solve this problem, turn on the Preset Loop in the menu. With the Preset Loop turned on, the tester will
execute the delay between the preset and measurement loops as designated in the “Pre-Loop Delay”
window of the menu on Page 5. This delay ensures that the RETURN circuitry is settled at the proper
starting point before executing that measurement. The test waveform with preset and delay will look like
the figure below:
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The BLUE traces represent the Preset Loop and subsequent Delay Period before the measurement. The
RED portion of each test is the measurement. The Delay Period cannot be invoked without turning on the
Preset Loop. The effect of this change of setting can be seen in the measurement below executed on the
same sample with the Preset Loop and Delay Period selected. Executing the Preset Loop does not affect
the remanent polarization contribution to the test results because each test intentionally starts from the
negative saturated polarization condition.
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FORC Curves 4V Steps with Delay Period
[Type ABWHITE]

FORC Curves 4V Steps: Polarization (uClcm2): 1 FORC Curves 4V Steps: Polarization (uC/lcm?2): 2

FORC Curves 4V Steps: Polarization (uC/cm2): 3 FORC Curves 4V Steps: Polarization (uC/cm2): 4

Polarization (uC/cm”2)

|
-75 -50 -25 0.0 25 50 75
Voltage

The default delay period between hysteresis loops when the Preset Loop is turned on is 1 second (1000
milliseconds). Some samples cannot withstand such a long period at the negative offset voltage. To
alleviate this problem, reduce the length of the Delay Period. The Delay Period may be modified by the
user to as low as 200us (0.2 milliseconds) on the Premier I, 1 millisecond on the RT661 and RT66B, and
1.25 milliseconds on the LC or SC. The delay period may also be made longer than one second.

The setting of the Auto-Amplification control is a critical consideration. With Auto-Amplification turned
off, the tester amplification must be set manually and will not change during the test. This will minimize
the number of loops executed during the test. However, for very square loops, the measurements of the
non-switching portion of the FORC ensemble will be noisy because the signal will be so small compared to
that of the saturated loop. With Auto-Amplification turned on, the system will automatically seek the best
amplification level for each loop in the FORC series, giving a clean measurement with a high Signal-to-
Noise Ratio (SNR) for the non-switching portions of the ensemble. Be aware that with Auto-Amplification
turned on, the tester may execute multiple repetitions of the half-loop at each Vmax setting to get the
measurement SNR to its highest level for that half-loop.

To execute with Auto-Amplification turned off, the proper amplification for the sample area must be found
and set manually by the user prior to the FORC test. This is done by executing a saturated hysteresis loop
with Ve = 0 and Auto-Amplification turned on. The tester will settle at the proper amplification level
and report that value on the data plot. Turn off the Auto-Amplification function and select that same
amplification value for the FORC testing. The proper saturation voltage to use for the starting point of the
FORC loops can also be found during this procedure.
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Programming Vision

Forty loops may be executed in a program by putting forty sequential Hysteresis Tasks into the Vision
Editor, each with another 0.4V added to Vmax. Use a single Hysteresis Filter Task to collect all of the
loops into a single data file. A Print/Export Filter at the end of the program pointing to the Hysteresis Filter

task will export all of the data in ASCII.

Half Loop#1 (0.4V) b

Half Loop#2 (0.8V)

¥

Half Loop#40 (16.0V) P>

Hysteresis Filter P2
|: Print/Export Filter

The same test may be executed in a more compact form using the Branch Task to loop around a single

Hysteresis Task set to increment its Vmax on each loop.

1>
YES

Half Loop w/offset
[Add +0.4V/Loop]

| B

If Vmax < 15.8V

I'no
v

Hysteresis Filter

R

Print/Export Filter

The Hysteresis Task menu for this branching test is shown below with highlights.
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The Hysteresis Task may be set to increment its Vmax each loop by pressing the ADJUST PARAMs
button on the Hysteresis menu.

Hiyrsteresis Version: 4.5.12 - Radiasr 105, Inc,, 1599 - 3025011
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Adjust Hysteresis Parameters in a Loop ﬁ

Cd

Period Adjustment Voltage Adjustment
[] Adjust Hysterasis Period in 2 Loop Adjust Hysterasis Viax in 2 Loop
[ Adjost by Bealine Adjust by Incrementing

Voltage Incrament

The menu above is set so that every time that Hysteresis Task is called inside a Branch Loop, +0.4V will be
added to the previous Vmax value before the next test is executed. Since the starting voltage of each
measurement is -8V, the amplitude of the half-loop must reach 16V to apply +8V across the sample on the
last test.

The Branch Task menu to execute a test from -8V to +8V is shown below. The Branch Task is found in the
Program Control folder of the Vision Library.
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Branch Setup _
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T
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Branch Wersion: 4.5.0 - Radiant Tachnologies, Inc., 1999 - £i02/10
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Note that the threshold value for the Vmax limit is 15.8V, not 16V. The 16V value will probably work but
computers are notorious for their tendency to inexactly represent numbers so the actual Vmax variable in
software may not exactly equal +16V when the “+16V Hysteresis Loop” is executed. The last voltage prior
to the limit will be +15.6V so the +15.8V threshold in the Branch Menu eliminates any ambiguity to the
computer about when to exit the Branch Loop.

The Hysteresis Filter placed outside the Branch Loop can be made to look inside the loop and collect ALL
of the measured half-loops by checking the box at the top of the first page of the menu as shown below.



Hysteresis Filter Setup

Main Setup | Plot Setup

Task Mame (30 Characters Max.)
|c.:||e.:t FORC Loops|

From outside a loop, accumulate all data taken inside the loop
4 Fitter

Centering

Capacitance (nF) Vs Voltage [] Read Data |
Momalized Capacitance (nF/cm2) Vs Voltage

dPF/dt Vs Voltage

Check this box to collect
all hysteresis
measurements inside the
loop.

If this box is not checked, the filter will collect only the last measurement executed inside the Branch Loop.
Set the filter to <<NONE>> so that the raw measured data is collected in the filter without any
mathematical manipulation. In the <<NONE>> mode, all measurements start at zero polarization plus or
minus noise and drift.

Again, a Print/Export Filter task can close out the test to export the data to an ASCII file during program
execution. The Print/Export Filter must point to the Hysteresis Filter. Look in the HELP files of the
Print/Export task to learn how to configure the task for execution. To see the formatting by the
Print/Export task of the exported data from the Hysteresis Filter, use the HELP button on the Hysteresis
Filter menu.

Note that there is a manual export function directly from the plot window of the Hysteresis Filter. Instead
of putting a Print/Export task in the program, export the data from the Archive. To do this, open the
Hysteresis Filter task from the Archive. All of the hysteresis loops will be displayed. Place the mouse
cursor in the plot window, press the right mouse key, and select the “Export Dialog”. Set the “Text” radio
button in the upper right-hand corner of the menu and press OK. A new window will open. Choose the
following settings:

DATA (Not DATA and LABELS)
TABLE : Points/Subsets (Not Subsets/Points)
Maximum Precision

Press EXPORT and paste into a spread sheet. Be sure to set the spreadsheet to place one number per cell.
All forty collected loops will be exported in 80 columns using this manual transfer method.
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Results:

The program described above was executed on a Radiant Type AB 20/80 PZT capacitor using a Precision
Premier 1. The PZT was 2,600A thick with platinum electrodes and packaged in a TO-22 transistor
header. The traditional 8V hysteresis loop starting at zero volts is shown below.

Classic Hysteresis Loop on Sample
[Type ABWHITE]
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The loop is very square and saturates nicely. The 40-loop FORC test was then executed on this capacitor
as described above. The forty loops are plotted together below.
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FORC Curves 0.4V Steps
[Type ABWHITE]
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The program description for this test exported from Vision is below. This version of the program does not
include the Print/Export task. It does include a second Hysteresis Filter task to convert all of the FORC
loops into large signal CV plots.

FORC nCV Curves 0.4V Steps
[Type ABWHITE]
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Task :4.5.12 3/23/11 Measurement Task

Task Type: Hysteresis

Task Name: FORC Curves 0.4V Steps

Voltage: 0.40

Period: 10.00 (ms)

Profile: Standard Monopolar

Adjust Volts in a Branch Loop
Voltage Increment; 0.40 (Volts)

Branch Target

Filter Target

Task v4.5.0 6/08/10 Branch Task

Task Type: Branch Task

Task Name: Loop to 16V

Logic: if Hysteresis: Current Volts < 15.8, then Branch
Target Task: FORC Curves 0.4V Steps

Er

Task v4.5.2 1/13/12 Flter Task

Task Type: Hysteresis Filter
Task Name: Plot all Loops
Accumulate Data

Filter Type: None

Number of Associated Tasks: 0
Input Task Names...

Task :4.5.2 1/13/12 Hlter Task

Task Type: Hysteresis Filter

Task Name: Plot All nCVs

Accumulate Data

Filter Type: Normalized Capacitance Vs Voltage
Number of Associated Tasks: 0

Input Task Names...

Radiant Technologies, Inc. 11




Now the Science:

There are advanced physical concepts that may be evaluated once the basic test described above is
functional. The Waveform Task might be used prior to starting the Branch Loop to precondition the
sample. What happens at different hysteresis frequencies other than 10ms? A third possibility would be to
execute the test “backwards”, starting at +Vsat and running the half-loops in the negative direction.
Finally, a radical departure from the literature would be to change the symmetry of the test by always
testing with a +0.4Vmax amplitude but incrementing the V. after each loop!

Conclusion:
This document describes how to create a standard Preisach FORC test using the Vision Library. Please

contact Radiant for a copy of the test definition for your Library.
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