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1. About

“QCM Analyzer” 1is an HTML/Javascript program for analyzing and post-
processing QCM log files. This wversion supports QCM Research and
CrystalTek files. Key features include:

e Computation of frequency rates using central difference

e Automatic calculation of delta-deltas

e Ability to perform TGA and support for reference curves

e Removal of multiple headers and joining of appended datasets
e Shifting of comments from new lines to the last column

e Graphical user interface with dual X/Y axis and zooming

2. Requirements

The analyzer runs within a web-browser and has been tested in Mozilla
Firefox, Google Chrome, and Internet Explorer. As Internet Explorer does
not support resizable elements, it is recommended that you use either
Firefox or Chrome to run it.

3. Tutorial

If the code was delivered as “gcm analyzer.txt”, start by renaming the
file to “gcm analyzer.html”. Double click the file to open it. If IE is
your default browser, right click and select Open With, Mozilla Firefox
or Google Chrome. You should see a window similar to Figure 1.
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Figure 1. Blank startup window



Next, drag and drop “M2000.log” into the empty white area. It will turn
yellow during the drag.
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Figure 2. Drag and drop the QCM log file to load it

You should next see the view shown below in Figure 3. The analyzer loaded
multiple channels from the log file, and frequency for the first channel
is being shown. Each dataset contains several options controlling the
graphing output. The first two check boxes control whether the line
and/or markers are shown. The X1/X2 and Y1/Y2 radio buttons control which
axis to use for plotting. The final colored button allows you to change
the default color.

The axis properties are controlled using the top set of input boxes. The
buttons at the end of each axes allow you to rescale the axis
automatically based on range of all data sets plotted on that particular
axes. You can also to use the “view undo” button to return to the previous
view.
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Figure 3.0Q0CM analyzer showing frequency



Also note that a link to download “output.txt” appeared in the top right
corner. Click the 1link, and you will get an option to save the post-
processed data. This file contains the loaded data, but with multiple
appended datasets joined together, comments moved to a separate column,
frequency rate set from central difference, and delta-delta computed as
shown below. This file can be opened with Excel for additional analysis.

Opening output.txt “

You have chosen to open:
(o output.txt
which is: TXT file (1.0 MB)

from: data:

What should Firefox do with this file?

Motepad++ : a free (GNU) source code editor... ¥

() Save File

[] Do this autoratically for files like this frem now on.

Cancel

Figure 4. Dialog box for saving data

A B u v W X A z Al AR AC AD AE AF
1 GSE/VENT
2 |TimeStamp Minutes |Temperat Voltage FrequenciRawRate SmoothRzDeltaDelta
03 | 4/4/2015 21:48 94 20 0 2418.53 0.04 41.96 2939.82
94 | 4/4/2015 21:49 95 20 0 24186 0.12 51.02 2943.03
95 | 4/4/2015 21:50 96 20 0 2418.67 0.48 59.04 294424
96 | 4/4/2015 21:51 97 20.01 0 2418.83 0.45 67.83 294347
97 | 4/4/2015 21:52 98 19.58 0 2424.36 10.63 78.36  2940.71
98 | 4/4/2015 21:53 99 18.59 0 2425.36 0.06 89.82 2935.97
99 | 4/4/2015 21:54 100/ 17.56 0 24271 4.07 103.45 2929.23
100| 4/4/2015 21:55 101 16.55 0 2428.38 122 121.07 2920.5
101| 4/4/2015 21:56 102 15.56 0 2425.83 0.62 141.93  2909.78
102| 4/4/2015 21:57 103 14.55 0 243156 1.68  154.92 2897.08
103| 4/4/2015 21:58 104 13.55 0 2433.68 2.21 171.36 2882.38
104| 4/4/2015 21:59 105 12.55 0 2435.84 -2.26 205.72 2865.7
105 | 4/4/2015 22:00 106/ 11.54 0 2439.04 5.86  24B8.75 2847.03
106| 4/4/2015 22:01 107 10.55 0 2442.834 4.41 300.86  2826.37
107| 4/4/2015 22:02 108 9.55 0 244744 4.88 363.64 2803.72 6370.2 Change shroud temp to 60C, MGSE to 20C, TQCM to -20
108| 4/4/2015 22:03 109 8.53 0 2453.32 8.73 435.43  2779.08
109| 4/4/2015 22:04 110 7.54 o 2460 6.4 516.36  2752.45
110| 4/4/2015 22:05 111 6.54 0 2458.49 9.74 607.32 2723.83
111| 4/4/2015 22:06 112 5.54 0 2478.86 18.25 705.81 2693.22
112| 4/4/2015 22:07 113 4.56 0 2490.37 13.23 813.26  2660.62
113| 4/4/2015 22:08 114 3.57 0 2505.13 2041 927.62 2626.04
114| 4/4/2015 22:09 115 2,56 0 2520.57 19.69 1049.46 2589.46
115| 4/4/2015 22:10 116 1.56 0 253%.02 21.18 1176.88 2550.9
116| 4/4/2015 22:11 117 0.57 0 2559.25 215 1306.59 2510.34
I

Figure 5. The post-processed data can be opened in Excel. Note that comments are moved
to a new column



Next, we take a look at frequency rate. Click the check boxes for both
“line” and “markers”, and also select Y“Y2”. Next, use the vertical
rescale button next to Y2 axes to rescale the data. Since this will yield
some very negative values, type in a more reasonable minimum range (like
0) into the “min” box. Also set the spacing to 500.
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Figure 6. Comparison of frequency and frequency rate



We next take a look at “delta delta”. In the plot below, the delta-delta
is plotted on Y2 and rate is now on Y1.
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Figure 7. The analyzer automatically computes delta deltas



The figure below shows delta deltas for the four channels present in
this data file, showing the rates saw by the four QCMs track each other
really well.
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Figure 8. Comparison of delta-deltas from four QCMs

4. TGA

The analyzer also allows you to compute TGA. Reload the analyzer by
pressing F5. Next drag and drop “M2000-tga.log”. Frequency and crystal
temperature for this data file is shown below.
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Figure 9. Frequency and temperature from “M2000-tga.log” file

Notice the TGA performed around hour 40. Use the mouse to highlight the

region between 40 and 46. Double click in the highlighted yellow box to
zoom in.
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The figure below shows the zoomed in view. You can always easily return
to the default view by clicking the rescale button next to X1 axis or
return to previous view using the “undo” button.
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Figure 11. Zoomed in view after double clicking.



Next, highlight the first TGA (the region corresponding to the linearly
increasing temperature). Then click the “T” button.
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Figure 12. Highlight the first TGA and click the “T” button



Clicking the “T” button will generate a TGA plot. The “X” axis is the
temperature and the “Y” axis the derivative of frequency in respect to
temperature. The “X” button can be used to close this plot.
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Figure 13. TGA plot



Also note that a new link to save “tga.txt” appeared in the top corner.
You can use this to save the TGA data, and load into Excel. Also, note
that the TGA is computed for the first channel with “frequency” plotted
either as a line or markers.

A E C D E F G H J K
1 |Temperat| df/dT
2 -19.21| 6.871875
3 -18.89| 5.358209
4 -18.54| 2.465217 df/dT +
5 -18.2| 1.705882 160 &
6 -17.86| 4.366176
T -17.52| 6.998507 A0 100 Y
8 -17.19| 6.166667
9 -16.86| 3.972727
10 -16.53 2.2
11 -16.19| 0.685075
12 -15.86| -0.53881
13 -15.52| -2.50746
14 -15.19| -3.92388
15 -14.85| -4.97015
16 -14.52| -6.86212 -600

17 -14.19| -85.4194
18 -13.85| -10.4657

19 -13.52| -13.5806
20 -13.18| -18.1164
21 -12.85| -21.7864
22 -12.52| -21.5701
23 -12.18| -21.5701

L] 44 oC LLIL L

Figure 14.tga.txt data loaded into Excel



The analyzer also supports reference TGA curves.

bakeoff,

by subtracting this reference curve.

Figure 16,

Highlight the second
and click the “R” button. The TGA plot is automatically updated
By comparing the plot below to
you may notice some slight differences.
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Figure 16. TGA curve with reference curve subtracted out



5. Delta Delta Calculation

This section briefly discusses how the code computes delta deltas. This
section uses screen-shots from an earlier version of the analyzer. Since
a typical QCM collection contains numerous crystal bake offs, it’s first
necessary to remove these. The code does this automatically by looking
for times when the crystal temperature is increasing. The figure below
shows the correlation between the frequency rate and the crystal
temperature rate.
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Figure 17. Comparison of frequency rates and crystal temperature. The correlation
between the two is clearly visible.



The temperature rate 1is used to “binarize” the data, by marking time
ranges when QCM was sampling (1) and when it was being baked off (0).
This is shown in Figure 18.
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Figure 18. Automatic determination of times when QCM collection was active



Next,

the code picks up frequency rates at 15 minute interval in the

“sampling” blocks and fits a cubic spline to the points. The end points

of each block are also collected.

green.
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Figure 19. Cubic spline fit to frequency rates at 15 minute intervals in the

“sampling” regions



Since frequency rate 1s now approximated by a piece-wise analytical
function, delta delta can now be obtained from the first derivative.
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Figure 20. Derivative of the cubic spline gives the delta-delta

6. Revision List

version 0.3, added the following features, 8/19/2015

- fixed background text highlighting in chrome when dragging mouse to
select zoom area

- performing TGA and TGA-R using the keyboard alone using "T" and "R"
buttons



changed elapsed time in output.txt from minutes to hours per user
request

fixed resize handle not showing up in Chrome. Learned that Chrome
does not allow shrinking. Also changed the default size to 600x400
since IE does not support resizing

TGA limits are "niced" to the nearest 10 and 1

added time stamp for start of x data to the xy plot

fixed TGA plot not reappearing after closing

added view undo

version 0.2, adding support for CrystalTek QCM, 6/8/2015

version 0.1, initial release, 6/1/2015

7.

supports QCM research log files

multiple headers are stripped and data appended

comments are moved to a new column

rate is recomputed using central difference

delta-delta is computed by automatically fitting cubic to non-crystal
bakeout data

tga can be computed by user using user interface

user interface supports multiple channels, two X and two Y axis
view can be zoomed in by double clicking selection

TGA can be computed by pressing T button

TGA reference curve can be subtracted by pressing R button

Contact

Questions/Comments/Bug reports/Suggestions?

Email me: lubos.brieda@particleincell.com



