





TPC AT UNIVERSITY OF SIEGEN

D.1 SMALL TEST CHAMBER

Figure D.1.: TPC test chamber at the University of Siegen including marks to all
compenents. The 50 Hz filter is used to suppress noise from the power

supply.
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D. TPC AT UNIVERSITY OF SIEGEN

D.2 LARGE TPC PROTOTYPE

HV connector
for GEM

Gas inlet pipe

USBE device

Laser Laser entry
HV for cathode window

Scintillator Photomultiplier

Figure D.2.: Large TPC prototype at the University of Siegen showing the setup for
Muon measurements. Above and under of the TPC are the Scintillators
of the hodoscope, while in front one can see the UV laser used for laser
ionisation.
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D.3. Printed Circuit Board as Base for Test Chamber

D.3 PRINTED CIRCUIT BOARD AS BASE FOR TEST CHAMBER
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Figure D.3.: PCB with the pads for the test chamber. One can see the conductor path

between the pads and the connectors for the amplifier.
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D. TPC AT UNIVERSITY OF SIEGEN

D.4 VIRTEX 6 FPGA SETUP

FPGA Card
Chip is residing intermediate board
on chip board connected to FPGA

Intermediate|Board

communication
Chip PCB between inter. and chip

board via 5CSl-cable Low
voltage

supply

Figure D.4.: Connection scheme of the Timepix chip and the Virtex 6 FPGA card. The
bonded Timepix chip is connected to the chip board, which communicates
with the intermediate board via an SCSI cable. The intermediate board
is directly placed on the FPGA card and supplied by two low voltage
supplies.
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DATA WITH TPC PROTOTYPE

E.1 DATA WITH VIRTEX 6 USING USING COSMIC MUONS

Sample Tracks Sample Tracks
S250 5250
g L 5
2 - o
5 b 5
=200 =200
£ E L
o o
[ Q
X C X C
& 150 & 150~
100~ 100~
so- so
0’ P R BRI RSN BATRRR 0 O’HH\‘.‘.\.H‘\HH\H‘._A_
50 100 150 00 250 0 50 100 150 200 250
Pixels in x direction Pixels in x direction
Sample Tracks Sample Tracks
5250 5250
g [ 2 T
2 . 2 =
5 _ - 5 -
>200 — >200—
c I c I~
5 f 2500 —350 o -
Q [}
E ool 300 X0l
£ 150 2000 o 150
r 250
100/ 1500 | 200
L 1000 (150 L
50 100 50—
500 C
50 C
ol o 0 ok P IR R B R
0 50 100 150 200 250 50 100 150 200 250

Pixels in x direction

Pixels in x direction

2500

2000

1500

1000

2500

2000

1500

1000

0

Figure E.1.: Sample tracks with cosmic muons using 3 carbon coated GEMs for ArCO,
with a mixing ratio of 8o0:20. The shutter window was set to 8o.5us. The
left z-axis shows the values for the ToA pixels and the right axis the values

for the ToT pixels
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CARBON COATING

F.1
SURE

Gain as a function of Time (SICAN GEM Voltage 450 V) \

| For SICAN Indoor Temp. as function of Time (GEM Voltage 450 V) |
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CORRELATION BETWEEN GAS GAIN AND TEMPERATURE RESP. PRES-

Figure F.1.: Correlation between gas gain and temperature resp. pressure for carbon
coated SICAN GEMs with a GEM voltage of 450V
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FE. CARBON COATING

\ Gain as a function of Time (Uncoated-GEM Voltage 450 V) \ | For Uncoated GEM Indoor Temp. as function of Time (GEM Voltage 450 V)
~ 12 — 23
g gk
S11.51- 2225 .
5 ¢ 7 i
£ C [ C iy
O 11 g 2 T B s i
S § F camest gl ooofteaos Do
105 L St i i U L L T T o
E EjfR+ + e
103 z1§+
9.5¢ 205
oF 20—
8.5 19.5—
= N N SRR RN RN BTN IR PP S EF N I RN B A W
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Time [h] Time [h]
‘ Gain as a function of Time (Uncoated-GEM Voltage 450 V) ‘ | For Uncoated GEM Pressure as ion of Time (GEM Voltage 450 V) ‘
g 12p EmmE
b= E = i
&t1.50- FI95E
o C 3 E
s F @990
O 11 g F
E & 985
10.5 980
105 975 =
9.5 970?
£ 965
9= E
E 960
8.5 955 -
8: | | Ll | | PRI I gsozwlw\l\\\\‘\\l\‘\\\\‘l\\l‘\\\\‘\\\l‘\l\\
0 10 20 30 40 50 60 0 10 20 30 40 50 60

70 70
Time [h] Time [h]

Figure F.2.: Correlation between Gas Gain and Temperature resp. Pressure for un-
coated GEMs
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F.2. Correlation between Gas Gain and GEM Voltage

F2 CORRELATION BETWEEN GAS GAIN AND GEM VOLTAGE
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Figure F.3.: Comparison of GEMs with coated and uncoated surfaces. The gain of the
SICAN coated GEM is slightly lower than the one for the uncoated GEM
and much higher than the gain for the SICON coated GEM. At the end it
was decided to make further investigations with the SICAN coated GEM.
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FE. CARBON COATING

F.3
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SICON DATA SHEET

Schichtsystem SICON® (a-C:H:Si:0)

Eigenschaften:

E-Modul

Druckeigenspannungen
Reibkoeffizient trocken gegen Stahl
Abrasivverschlei (Al,05)

Oberflachenenergie

Temperaturstabilitat

Thermischer Ausdehnungskoeffizient
Warmeleitfahigkeit

Elektrischer Widerstand

Dielektrische Konstante
Durchschlagspannung
Brechungsindex

Typische Schichtdicke
Abscheidetemperatur

amorph

1,3-1,5g/cm3

7 -9 GPa

60 - 90 GPa

<1 GPa

u=<0,6

etwa um den Faktor 3-4 niedriger
der von 100Cr6 Lagerstahl (62 HRC)
ca. 24 mN/m
(Wasserkontaktwinkel 95-105°)
300 -350°C

2-3x10°K" (a-C:H)

ca. 102 W em™ K (a-C:H)
>10"°Q cm

1 -3 (a-C:H)

100 — 200 V pm’'

1,7 -1,9 (. 200 — 400 nm)

0,5-5pm
<200 °C

GréBte verflgbare Beschichtungsanlage:

Kammervolumen
Kammerdurchmesser
Kammerhohe
Beschichtungsvolumen
Max. Bauteilgewicht

1 m3

900 mm

1400 mm

max. @ 700 mm, Héhe 1100 mm
800 kg

zur F& der

Vorstand

Univ.-Prof. Dr.-Ing. habil. Prof. e.h. mult. Dr. h.c. mult. Hans-J6rg Bullinger, Prasident

Prof. Dr. rer. nat. Ulrich Buller
Dr. rer. pol. Alfred Gossner
Prof. Dr. phil. Marion Schick

Forschung e.V., Ml

Bankverbindung Deutsche Bank, Miinchen
Konto 752193300 BLZ 700 700 10

IBAN DE86 7007 0010 0752 1933 00

BIC (SWIFT-Code) DEUTDEMM

USt-IdNr. DE129515865

Steuernummer 143/215/20392

Figure F.4.: Datasheet of SICON [Fra14]



F4. Carbon Coating inside GEM Holes

F.4 CARBON COATING INSIDE GEM HOLES

uncoated hole(2)

(a) Microscopic analysis of an un-(b) Microscopic analysis of a SICON
coated hole coated hole. Point 1 and 2 identify
the two measurement points.

(c) Analysis of a SICON coated hole at mea-(d) Analysis of a SICON coated hole at mea-
surement point 2 surement point 1

1500 C
1000

500

(e) Analysis of an uncoated hole. The peak
of Aluminium cannot be explained by the
structure of Kapton or SICON. It is very likely,
that it comes from test chamber case, since
these GEMs have been used before.

Figure F.5.: Measurements to prove the carbon coating inside the GEM holes
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