
 

 

 

 
16-Mar-06 
LIGO-T060061-01-D     Helena Armandula 

 
SEM Analysis Report from ITM07 

 
 

ITM07 was taken from the 4K Hanford interferometer in 2005 when the mirror was 
found to be responsible for most of the thermal lensing observed in H1. 
After removal and upon immediate inspection, particles were found on the surface of the 
mirror in addition of a blotchy film. 
 
The particles were analyzed by the Evans Analytical Group. Evans provided 12 mm 
dia.“stubs”covered with carbon tape to collect particle samples. One “stub” was pressed 
on the mirror’s surface twice to collect particles on the carbon tape and was returned to 
their laboratory for analysis. 
 
The provided sample was anchored on the sample holder and inserted in a Hitachi S-
4700A SEM (Scanning Electron Microscope). Attached to the SEM for Energy 
Dispersive X-ray analysis (EDX) was an Oxford system. 
 
Following is their report: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

 
10 Mar 2006 
 
Helena Armandula 
California Institute of Technology (Caltech) 
 
Subject: Scanning Electron Microscopy Analysis Report 

Job Number: C05K5210 
Purchase Order Number: P204296 

Dear Helena Armandula: 
Please find enclosed the final report for the SEM analysis of your samples, as 
detailed in the following table. 

Date received: 17 Feb 2006 
Results faxed/emailed: 10 Mar 2006 
Results emailed to: ahelena@ligo.caltech.edu 
Number of samples: 1 
Number of hours: 2.00 
Priority Surcharge 0% 

 

Your samples will be retained for eight weeks after their receipt. After this time 
they will be disposed of, unless you specifically request otherwise. We will 
maintain copies of the report and data files for three years. 
Thank you for using the analytical services of the Evans Analytical Group. We appreciate 
your business and welcome any suggestions you may have for improving the quality and 
efficiency of our service. Please do not hesitate to call us if you have any questions 
regarding this report. 
Sincerely, 

 
 
Hoainam Ho 
Scientist, SEM and FIB Services 
(Tel. 408-530-3680; Email: hho@eaglabs.com) 
Enclosures: 
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SEM ANALYSIS REPORT 
Requester: Helena Armandula 
Job Number: C05K5210 
Analysis Date: 03 Mar 2006 

Purpose:   
The purpose of this analysis was to determine the elements present on 
the collected particles. 

Samples:   
1 stub. 

Summary:   
Several types of particles were observed on the stub.  Please see the 
results and discussion section. 

Experimental:   
The provided sample was anchored on the sample hold and inserted in a 
Hitachi S-4700A SEM (Scanning Electron Microscope). Attached to the 
SEM for Energy Dispersive X-ray analysis (EDX) was an Oxford system.  
This technique can detect all elements heavier than and including boron 
(atomic number 5).  Detection limits are on the order of 0.5 to 1% by 
weight if the peaks are isolated; however, in practice the minimum 
detection limit will typically be 1-2% by weight due to spectral overlaps, 
which can mask (make undetectable) some elements present in minor 
concentrations (e.g. sulfur and molybdenum). 
 Working voltage of 15KeV was used to analyze the residue.  The 
analytical volume is estimated to be approximately 1-micron deep and 1-
micron across.  Any sub-micron particles will contain signals from its 
surrounding materials.  Approximately 70% of the stub area was scanned 
for particles, avoiding the edges for unwanted particles due to handling.  
More particles were examined during scanning and only a representative 
set of particles were captured. 

Results and Discussion:   
Several types of residue observed on the stub.  Particles containing high 
signals of oxygen (O) and silicon (Si) were probably from the mirror 
material, glass.  Particles containing carbon (C) together with the elements 
(O), sodium (Na), chlorine (Cl), potassium (K), and calcium (Ca) were 
probably organic dust.  Particles containing O, Al, Si, sulfur (S), calcium 
(Ca) and, for some particles, additional anions, were probably minerals 
(silicate, sulfate) or ceramics (alumina and silica).  Carbon tape was used 
to collect the particles; therefore, C signal in each of the spectra was 
partially associated with the tape.  Please see the attached images and 
EDS spectra. 
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After reviewing this report, you may assess our services using an electronic 
service evaluation form. This can be done by clicking on the link below, or by 
pasting it into your internet browser. Your comments and suggestions allow us to 
determine how to better serve you in the future. 
http://www.eaglabs.com/evaluate.htm?job=C05K5210. 

 

http://www.eaglabs.com/evaluate.htm?job=C05K5210
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Subject: Re: 4ITM07 particulate analysis
From: Dennis Coyne <coyne@ligo.caltech.edu>
Date: Tue, 28 Feb 2006 09:48:41 -0800
To: Bill Kells <kells@ligo.caltech.edu>, GariLynn Billingsley <Billingsley_G@ligo.caltech.edu>, weiss@ligo.mit.edu,
worden_j@ligo-wa.caltech.edu, raab_f@ligo-wa.caltech.edu, Stan Whitcomb <stan@ligo.caltech.edu>, dhs@ligo.mit.edu, Doug
Cook <cook_d@ligo-wa.caltech.edu>
CC: ahelena@ligo.caltech.edu, Gregg Harry <gharry@ligo.mit.edu>, zhang_l@ligo.caltech.edu


interesting. thanks for the interpretation of the results. I wonder what might account for the more "mineral" nature of the
particulates than typical "dust". Could be the seasonal winds at Hanford picking up landscape dust and getting into the HVAC
system. Could the ceiling tiles in the lab be shedding mineral dust? (seems unlikely) 
        Dennis 


At 05:39 PM 2/27/2006, Bill Kells wrote: 
Everyone, 


Puzzled by the questions poised by Dennis (and others) I had a telephone 
discussion on the 31 SEM spectra we received back from C. EVANS. This was 
with the Tech. (Hoainam Ho) who performed the scans, and an available colleague (Ian) she called in to
comment on the spectra. This is what I 
gathered: 


1. The "electron image" views indeed way under sample the full surface "stamped". 
    Note that the "stamp" used was 12 mm diameter (=> 1.1 cm^2) which I understand was 
    "stamped" twice on our HR surface. A quick flip through the 31 images estimates that the 
    total area of all images is ~0.001 cm^2. Also, a few of the images are duplicates (e.g  4&5, 
    and 9,10,11&12) with different spots being SEM'd within the same image. So, no more than 
    a few % of the entire "stamped" area is displayed. 


2. The procedure which yielded these 31 images was highly operator subjective. A large portion 
    of the whole (i.e. the 1.1cm^2 stamp area) was scanned. The estimate was ~3/4 of this total 
    area. The edges were avoided, as well as a sector where it appeared that a large characteristic 
    amount of Al [foil] debris was deposited (guess, consistent with Helena's comments is that the 
    foil transit wrapping had crushed down here). The operator's estimate was that ~ 50 contaminant 
   centers (typical signal similar to the 31 actually recorded) were observed in the 3/4 scan. The 
   particular 31 chosen for recording were done on a basis of being characteristic and not 
   obviously repetitive (i.e. skipping very similar debris nearby). In this sense the 31 reported were 
   not selected as coverage representative, but rather to illustrate the totality of types observed in 
   cursory scanning for high contrast "blobs". 


3. The strong  C[arbon] peak in very many of the spectra is most probably due to the stamp 
     collection tape (double sided polymer C based ). The peak height is typical of what is 
    expected from this type of stamping. However I was cautioned that (given the C based tape) 
    there is no way to be sure of this, and that many of the "blobs" might have similar specific high 
   C content. 


4. The spectra vertical scale is linear, with full scale indicated on each spectrum. 


5. They have no categorical identifications of the various spectra. A few generalities were 
     emphasized. First, the strong Al (with perhaps some O for it oxidized) spectra are evidently 
    foil shards. Then their "expert" discerned two dominant populations (of spectra): "Silicate", 
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    often Aluminum silicate type; and "Chlorine based, as Chloride" type. Then also 
    there are a very few spectra with a strong Sulphur line. The impression was that the imaged 
    contamination was unusually "mineral" like, as contrasted to [more?] typical hydrocarbon "dust". 


6. Several images show (#14, #19) what appear to be craters. They confirm that these are indeed 
    places where the stamp tape has been punched through..... i.e. irrelevant craters. 


Its hard to come to any conclusion from this (although there is a lot of information). My comments: 


A. A control scan (i.e. of a stamp of a known clean HR surface) would help a lot. What population 
    of spectra would be [conspicuously] absent ? 


B. Let me roughly estimate the lower limit of mean absorption which might be concluded from these 
    images. I assume that in stamping the HR surface all particulates "stuck". The HR surface was 
    stamped twice. Disregard all "foil shard" images. Glancing through the images, I conclude a fair 
    mean "blob" size is ~10x10 micrometers. Then taking the actual number of "blobs" in the 
    scanned area (0.85 cm^2) to be 50 gives a total HR surface obscuration of ~30ppm. Taking ~10% 
    as "foil shards, and guessing 1/2 the remainder to be the "culprit" absorbing population would 
    result in a mean HR absorption of 13 ppm (I believe that all this really serves to indicate is how 
    very sensitive we are to sparse contamination of some highly absorptive species !). 


Bill K. 


At 10:47 PM 2/22/2006, Dennis Coyne wrote: 
GariLynn, 
Most particulate contamination is dust, sand, soil, lint, pieces of thread, and pieces of hair. It is not
surprising that aluminum particles appear on our optics given our pervasive use of "UHV aluminum
foil". We know that when the foil is torn particulates are generated. It's a little disappointing that
Evans Analytical Group didn't identify the composition of the particles based on the EDS spectra.
It's also disappointing that the spectra have no vertical scale (is it logarithmic or linear?). 


I'm no expert, but a quick comparison with the spectra shown here: 
http://castaing.eps.mcgill.ca/EDSSPEC/edshome.html 
suggests that spectra 10 & 27 both show a chlorite signature (Iron Aluminum Magnesium Silicate
Hydroxide), i.e. a "clay" (i.e. standard dust smuts) 
http://mineral.galleries.com/minerals/silicate/chlorite/chlorite.htm 


Dennis 


At 01:42 PM 2/22/2006, GariLynn Billingsley wrote: 
Attached is the particulate analysis from 20 points taken from 4ITM07, the optic that came out
of Hanford in June of 2006.  The particles were gathered on a sticky stamp supplied by  Evans
Analytical group. 


I am hoping that those of you familiar with the vacuum systems will be able to provide some
guidance as to the possible source of the particles.  The vendor mentions Aluminum foil.  Of
course the transit cases are made of Aluminum as well.  The case that 4ITM07 shipped back in
was later found to be a source of some dust.  Since it's arrival at Caltech it has been mostly under
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a HEPA filter. 


I look forward to your comments. 
GariLynn 
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Job: C05K5210 


Dear Helena, 
Attached please find EDS spectra acquired from one of the stubs you provided.  There
were several particles that contained high signal of Al that believed from the Al foil. I
examined more than 20 particles and included all them for you in the attached
pdf.format.  Please review them and get back to me for further instruction.  Thanks. 


Hoainam Ho 
Scientist, SEM and FIB Services 
Evans Analytical Group 
810 Kifer Road 
Sunnyvale, CA 94086 
Phone: 408-530-3680 
Fax: 408-530-3501 





