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Abstract

We present results for a test performed at LBNL using the PRISM TV holography system.  The test specimen was LBNL’s thermal cooling structure, designed for the ATLAS pixel detector.  The “sector” under test did not have silicon modules.  The holography data indicates CTE sensitivities of 0.23 to 0.30 (m/(C.  In addition to these results, we provide step-by step descriptions of the data processing sequence used to produce these results with the intent that LBNL staff can use this technical note as a guideline for the processing of future TV holography test data.
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1. Definitions

1. PRISM – Precision Real-time Instrument for Surface Measurement (TV holography system)

2. PRISM-VIZ – TV holography data processing and visualization software application

3. PRISM-DAQ – TV holography data acquisition software

4. Deformation Dataset – A series of holography data files for a single experiment

5. Snapshot – A comparison of two state points

6. Thumbnail Viewer – Primary display window of the PRISM-VIZ software in which thumbnails of the PRISM data are visible 

7. Work Window – Full resolution display where most filtering and processing occurs

8. Wrapped Phase – phase data which still exhibits a modulo 2( effect

9. Hologram – A black/white fringe pattern

Summary

 Jon Wirth, LBNL staff, acquired holography data for LBNL sector #XX using PRISM.  The sector was mounted to a support structure at three points.  In turn, the support structure was mounted to an optics table that also supported the PRISM system.  A Neslab unit, placed away from the optics table, was connected to the ATLAS cooling structure, henceforth called a sector, with compliant tubing. This chiller unit was used to flow coolant through the sector and to control the sector temperature.  A witness tab consisting of an angle plate was bolted directly to the optics table and placed next to the sector.  This witness tab was used to help identify sector tilt that could not be associated with CTE-related effects.

The test began with an inlet temperature of 20.3 (C and a differential inlet/outlet pressure of 5.6 psi.  The test ended at 5.3 (C with a pressure of 8.0 psi.  Holography data was recorded at various temperatures as shown in Table 1.  

	Holography File Name
	Sector Inlet Temperature ((C)
	Sector Inlet/Outlet Pressure Differential (psi)

	DOHH_SR5
	20.3
	5.6

	DOHH_SR6
	18.3
	5.9

	DOHH_SR9
	12.3
	 6.9

	DOHH_SR10
	10.4
	7.4

	DOHH_SR12
	6.3
	7.9

	DOHH_SR13
	5.3
	8.0


Table 1.  Summary of holography state points

The sector’s distortions were concentrated over two regions, the overhang and the inlet.  Deflections near the inlet have little to no impact on the alignment of the pixel modules.  These pixel modules will be mounted over the lower ¾ of the sector face.  Therefore, we focused efforts on the relative motion between the center sector support point and the maximum overhang deflection.

The witness tab did exhibit small amounts of tilt.  This tilt was confirmed by examining the fringe lines near the three sector support points.  If tilt is present, these support points will not be at the same Z-elevation.  The post-processing software was used to remove the majority of this tilt prior to calculating the sector distortions and CTE sensitivity coefficients.

Due to the number of fringes, and a slight degradation of data over time, it was difficult to accurately estimate the sector distortions in a single examination of state SR5 with SR13, a 15 (C temperature differential.  Instead, smaller (T snapshots were examined to obtain primary distortion and CTE coefficients.  Table 2 ummarizes these calculations.

	Holography Snapshot
	Starting Temperature ((C)
	Temperature Change ((C)
	Deformation
((m)
	CTE Sensitivity Coefficient ((m/(C)

	SR6-SR5
	20.3
	-2.0
	0.44
	0.22

	SR10-SR9
	12.3
	-1.9
	0.27
	0.14

	SR10-SR5
	20.3
	-9.9
	2.4
	0.24

	SR13-SR12
	6.3
	-1.0
	0.49
	0.49

	SR13-SR10
	10.4
	-5.1
	1.55
	0.30

	SR13-SR5
	20.3
	-15.0
	3.5
	0.23


Table 2.  Summary of distortions and CTE sensitivities for the sector’s front face sheet.
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Figure 1.  Displacement map for a (T = -2.0 (C and a starting temperature of 20.3 (C.  The maximum deflection of the front face sheet is 0.44 (m between the middle-left edge and the lower right edge of the front overhand.

The displacement map shown in Figure 1 has been processed by removing sector tilt and masking out all data exterior to the sector.  Displacements are calculated as the difference between two points on the sector’s surface.  On the front face sheet, the peak differential, 0.44 (m, occurs between a point on the middle-left edge of the front face and the lower-right edge of the front overhand, marked by blue crosses.  The starting temperature was 20.3(C with a temperature differential of –2.0(C.  This results in a CTE sensitivity of 0.22(m/(C.  The back overhang must be considered separately because there is no continuity between the front and back faces.  However, when examined independently, the maximum differential motion on the back overhang is approximately 0.7 (m.  This value was obtained between the bright red zone and the lower-left edge of the back overhand.  A displacement correction was applied to the value in the lower-left corner in order to obtain this value.  The cutout that appears in the upper right edge of the sector is due to an overlapping of the witness tab with the sector’s surface.  In general, the witness tab would be located such that it does not occlude the test specimen.  We should also note that errors in removing sector tilt have a larger effect on the CTE sensitivity coefficient when the measured displacements and temperature differential are small.

Looking at a larger temperature differential resulted in a maximum distortion measurement of 2.4 (m between a point below the center support and the lower-right edge of the front overhang for a starting temperature of 20.3(C and a temperature drop of 9.9(C.  This results in a CTE sensitivity of  0.24(m /(C.  These calculations were accomplished by counting fringes on the phase map of Figure 2.  It is estimated that nine fringes occur between the cross located below the center support and the cross at lower-right edge of the face sheet.
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Figure 2.  Phase map for a starting temperature of 20.3(C and a (T of –9.9(C.  The maximum distortion of 2.4 (m occurs between the upper-middle and lower-right.

Figures 3-5 show displacement or phase maps for the remaining snapshots presented in Table 2.  The CTE sensitivity various among these snapshot from 0.14 to 0.49 (m/(C, for snapshots with small temperature differentials, for all of the larger temperature differentials, the sensitivity only various from 0.23 to 0.30 (m/(C.  The large fluctuations in sensitivity values for the small (T snapshots may be an indication of variations within the testing and data acquisition process.  For example, in one snapshot the sector may have been allowed to stabilize at both the starting and ending temperatures before lowering to the next temperature, while in another snapshot, these starting and ending temperatures may have been very transient, not allowing the sector to stabilize.  With this in mind, one should attach more weight to the larger temperature differential tests, where minor changes in test procedure have a smaller overall influence on the calculation of the CTE sensitivity coefficients.
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Figure 3.  Displacement map for a starting temperature of 12.3(C and a (T of –1.9(C.  The maximum distortion of 2.4 (m occurs between the upper-middle and middle-right.
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Figure 4.  Displacement map for a (T = -1.0 (C and a starting temperature of 6.3 (C.  The maximum deflection of the front face sheet is 0.49 (m between the upper-middle and the lower right edge of the front overhand.
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Figure 5.  Displacement map for a (T = -15.0 (C and a starting temperature of 20.3 (C.  The maximum deflection of the front face sheet is 3.5 (m between the upper-middle and the lower right edge of the front overhand.

2. Data Processing Tutorial

This section details some of the processing steps used to obtain typical holographic results.  A direct comparison between the findings of Section 2 and the results of this section is not always appropriate.  The following discussion is tutorial in nature and does not always reflect the ultimate result one would hope to obtain.  Instead, this tutorial should be used to better understand the subtleties of holographic data processing.

2.1 Loading a Snapshot into the PRISM-VIZ Workspace

We begin by starting PRISM-VIZ and opening file indices 5 and 6 into the PRISM-VIZ workspace using the “File|New|Deformation Dataset” menu option.  Change the directory as needed to locate the DOHH dataset and then double-click on a DOHH*.tif file to select that directory.  Select index SR5 in the “Reference State” list box and select SR6 in the “Deformed State” list box.  Then select “OK” to load this snapshot into the workspace.  The title bar of the thumbnail viewer screen should read:  PRISM-VIZ [DOHH | SR6 – SR5].

2.2 Working with the Wrapped Phase Data

The wrapped phase work window should now be opened by double-clicking on the phase  thumbnail image in the PRISM-VIZ thumbnail viewer.  In the Phase work window, select ‘Region’ mode and create a mask region.  Start at the upper left corner of the sector image and trace around the sector in a counter-clockwise manner, left click the mouse to create a vertex of the mask region.  The last click should not overlap your starting point.  The program will close the region for you.  Click your last vertex and then middle click to bring up the region dialog.  Choose exterior and click OK to generate the mask region.  A mask region has been created in Figure 6.  A notch appears on the left side of the sector where a witness tab obscured a portion of the sector’s surface.

SIDEBAR:  Be sure not to click the mouse outside the image boundary, which will cause problems for the region creation tool.  In addition, due to a limitation of the region tool, all regions should be defined in a counter-clockwise manner, and lines connecting any to vertices should not intersect.  Remember, you do not have to close the region.  The tool will automatically connect a line from the first vertex to the last vertex you created.
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Figure 6.  Wrapped phase image with mask region and cursor (blue cross near middle support) in place.

SIDEBAR:  It is a good habit to select “Interrogate” mode after completing an operation using one of the other work window modes so that you do not accidentally create additional mask regions, or parts of mask regions, cursors, etc.  

Now select “Cursor” mode and locate a cursor just below the middle support point in a region with good fringe data:  switch back to interrogate mode when you are done.  This creates Cursor #0 for this dataset.

SIDEBAR:  Once defined, a cursor or region is available to any image associated with this deformation dataset.  Cursors and regions are not shared between datasets, however.  In addition, regions and cursors will not be visible in other image’s work windows until they are turned on using the Region or Cursor managers.

Choose the “Tools|Unwrap Phase” menu option and select Cursor #0 from the droplist box and press “Select” to unwrap the phase data and generate a displacement map.

2.3 Examining the Displacement Data

Close the Phase work window and return to the thumbnail viewer window.  Double-click on the displacement thumbnail to open the displacement work window.  With the displacement work window open choose the “Tools|Region Manager” menu item to open the Region Manager.  Check the Mask #0 box and close the Region manager dialog.  The resulting displacement image is shown in Figure 7.
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Figure 7.  Displacement map

From Figure 7 it is apparent that some ‘unwrapping errors’ occurred during the phase unwrapping process.  This may or may not be a problem depending on the results you are attempting to obtain.  For example, let us try to estimate the largest amount of distortion that occurred on the front face of the sector.  According to the Displacement work window’s legend area (bottom of the display), the minimum displacement value is:  
-0.87 microns and the maximum is +0.56 microns.  We now need to determine whether or not this is accurate.  Using interrogate mode, move the mouse over the image and locate the regions where the minimum and maximum displacement values occur.  Once these areas a located, select Cursor mode and create two cursors, one near the minimum displacement and one near the maximum displacement.  Now switch to Line Profile mode and using the right mouse button create a vertical line profile that intersects the maximum displacement cursor.  Looking at the profile, we can see two discontinuities near the right side of the line plot.

SIDEBAR:  For vertical line profiles, the left side of the plot corresponds to the bottom of the image.  For horizontal profiles, the left side of the plot corresponds to the left side of the image.

Each discontinuity corresponds to 0.266 microns of displacement error.  Therefore, from this line plot we now know that the reported max of 0.56 microns is actually only 0.03 microns.  By further interrogating the data, we will find that this value of 0.03 microns is very close to the maximum actual displacement measured on the front face sheet.  
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Figure 8.  Displacement map and vertical line profile

Using similar techniques one can see that the minimum value is correct.  Hence, the total distortion over the front face sheet is approximately 0.9 microns.  Since the inlet temperature was lower by 2 degrees Celsius, the surface appears to have a sensitivity of 0.45 microns per degree Celsius. 

As an alternative to the above approach, we could simply examine the wrapped phase data and apply a manual fringe counting technique to arrive at the displacement results.  Close the displacement work window and then open the phase work window.  

[image: image10.png]1 Cursor Manager R aTk}

Fie.
Active x v oz

¥ Cusor#0 325 402 0531247 Delete

¥ Cusor#l 322 47 116580 Delete

¥ Cusor#2 513 75 0620243 Delete

Masinum diferential 175705





Figure 9.  Cursor manager

Open the cursor manager and examine the values of Cursor #1 and Cursor #2.  If we use these values and manually count the number of fringe lines between these cursors, we can obtain an estimate of the displacement between these cursors using the following formula.
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Figure 10.  Wrapped phase map

Displacement =
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Displacement = (1.17 radians + 2pi – 0.62 radians + 2*2pi)*(.532/4pi) = 0.82 microns

This technique is useful when the phase unwrapping algorithm cannot create a continuous, smooth, displacement map.  The displacement result obtained in this manner is typically accurate to within +/- ¼ of a fringe, or +/- 0.07 microns.
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