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Overview

• Scanned all 3 CERN 10 cm x 10 cm 
single-mask GEM foils

• Scanned inner and outer hole diameters
• Scanned the “back” side of all foils
• Front and back sides chosen arbitrarily 
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GEM Optical Analysis
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• Automated 2D scanner

• X/Y stage traverse 30 
cm/ 15 cm

• High res CCD camera 

with 12x magnification

• Lighting selection 

allows for sensitivity to 

inner or outer holes

• Image analysis is 

handled in MATLAB
MATLAB GUITemple GEM Scanner

Image from NIM A 556 (2006) 527-534.



Inner Hole Diameter Comparisons
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Inner Hole Diameter 
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Inner Hole Diameter
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Inner Hole Diameter Measurement Summary (Lot# 626524)
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Inner Hole Diameter
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Inner Hole Diameter Measurement Summary (Lot# 626524)
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Inner Hole Pitch
Front-Side

CERN CERN

CERN Tech-Etch
10 cm x 10 cm

10 cm x 10 cm10 cm x 10 cm

10 cm x 10 cm

Foil-01 Foil-02

Foil-03

Bernd Surrow and Matthew Posik
RD51 Workshop June 10, 2015



 / ndf 2χ  1.804e+04 / 47

Constant  1.664e+02± 2.794e+05 

Mean      0.0± 137.4 

Sigma     0.001± 1.332 

m)µ(
130 132 134 136 138 140 142 144 146 148 1500

50

100

150

200

250

300
310×

 / ndf 2χ  1.804e+04 / 47

Constant  1.664e+02± 2.794e+05 

Mean      0.0± 137.4 

Sigma     0.001± 1.332 

Inner Hole Pitch

 / ndf 2χ  6.166e+05 / 47

Constant  2.045e+02± 3.165e+05 

Mean      0.0± 137.8 

Sigma     0.000± 1.118 

m)µ(
130 132 134 136 138 140 142 144 146 148 1500

50

100

150

200

250

300

310×
 / ndf 2χ  6.166e+05 / 47

Constant  2.045e+02± 3.165e+05 

Mean      0.0± 137.8 

Sigma     0.000± 1.118 

Inner Hole Pitch

 / ndf 2χ  5.645e+05 / 47

Constant  1.985e+02± 3.017e+05 

Mean      0.0± 137.8 

Sigma     0.001± 1.188 

m)µ(
130 132 134 136 138 140 142 144 146 148 1500

50

100

150

200

250

300

310×
 / ndf 2χ  5.645e+05 / 47

Constant  1.985e+02± 3.017e+05 

Mean      0.0± 137.8 

Sigma     0.001± 1.188 

Inner Hole Pitch

 / ndf 2χ  5.293e+05 / 47

Constant  1.939e+02± 2.893e+05 

Mean      0.0± 137.8 

Sigma     0.001± 1.235 

m)µ(
130 132 134 136 138 140 142 144 146 148 1500

50

100

150

200

250

300

310×
 / ndf 2χ  5.293e+05 / 47

Constant  1.939e+02± 2.893e+05 

Mean      0.0± 137.8 

Sigma     0.001± 1.235 

Inner Hole Pitch

�8

Inner Hole Pitch
Front-Side
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• Consistent double 
peak on all CERN 
foils.

• Double peak not 
seen on any Tech-
Etch foils 
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Front vs Back Side Comparisons

�9

Front vs Back Sides

Bernd Surrow and Matthew Posik
RD51 Workshop June 10, 2015



 / ndf 2χ  2.936e+04 / 47

Constant  1.402e+02± 1.006e+05 

Mean      0.00± 51.87 

Sigma     0.002± 1.995 

m)µ(
30 40 50 60 70 80 900

20

40

60

80

100

310×
 / ndf 2χ  2.936e+04 / 47

Constant  1.402e+02± 1.006e+05 

Mean      0.00± 51.87 

Sigma     0.002± 1.995 

Inner Hole Diameter

 / ndf 2χ  2.224e+04 / 44

Constant  1.156e+02± 8.905e+04 

Mean      0.00± 52.44 

Sigma     0.002± 2.324 

m)µ(
30 40 50 60 70 80 900

10000

20000

30000

40000

50000

60000

70000

80000

90000  / ndf 2χ  2.224e+04 / 44

Constant  1.156e+02± 8.905e+04 

Mean      0.00± 52.44 

Sigma     0.002± 2.324 

Inner Hole Diameter

�10

Inner Hole Diameter
Front vs Back Sides

Front-Side Back-Side

CERN Foil 01 CERN Foil 01

• Similar inner hole diameter between front 
and back sides of the CERN foils (~1 um).

• Tech-Etch foils showed similar behavior 
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Outer Hole Diameters
Front vs Back Sides

Front Side Back Side

• There is a clear asymmetry in the outer holes between the 
front and back sides of the CERN foils

• CERN etches from what I call back side to front side?
• Front side outer holes appear similar in size to inner 

diameter holes.

Same scale
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CERN Outer Hole Diameters
Front vs Back Sides

• CERN 10x10 Asymmetry: ~24 um (mean outer diameter) 
• Tech-Etch 10x10 Asymmetry: 5-15 um (Tech-Etch 

measured)
• Tech-Etch 40x40 Asymmetry: ~1-5 um (mean outer 

diameter, only a few sections checked)
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Outer Hole Diameters
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Outer Hole Pitch
Front vs Back Sides

Front-Side Back-Side

CERN Foil 03 CERN Foil 01

Double peak seen on outer hole 
diameters and front/back sides
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