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Introduction

lonic conductors

a For ATLAS NSW Micromegas resistive layers,

" X = Bakelite 71°C
. . . . 10" o SLS Glass 75°C
polymer thick film resistor paste will be ] m LRS Glass 28°C
reen-printed on Kapton foils. This paste g Lnaeel o
screen-printe P P iy = Mullte/Mo 22°C
consists of graphite particles dispersed in - Ferrite Ceramic 72°C

an epoxy resin.

3
&3 p—
# Two different types of Kapton foils (EN & .
HN) with the same screen-printed resistive
paste (ESL D-RS-12115) were studied as a Eloctron conductors
function of humidity, temperature and
integrated charge. % e o Rl O BORIE I R
g g 107 10" 10 10' 10° 10° 10°
Many thanks to A. Ochi for providing the foils .
Q(mC/cm®)
, , Several materials (ionic and electric conductors)
# Graphite is an electron conductor, thus no , _ _
studied by the RPC community for use in the
time dependent resistivity degradation is resistive plates. lonic conductors show a charge
expected depletion behavior resulting in an increased

resistivity over time, while electron conductors
seem not to suffer from resistivity aging
M.Morales at al, 2013 JINST 8 P010122
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EXperl mental SEtUp Active area: 10x10cm?

Num. of strips : 256

Strip width: 300 um
Strip pitch: 400 pm
Strips interconnected

# Silver conductive paste is used as voltage supplier in the

resistive strips

# The resistive strips of each foil are connected in series with

small resistors ( R.. = 100*R ) and the AV

foil control

control

recorded with an Arduino

# Relative humidity and temperature are recorded with a
data-logger (Lascar EL-USB-2-LCD)
# Temperature accuracy: +0.5°C
@ Typical r.h. accuracy: £3% (for 20 and 80%RH)

a Everything was placed inside a plexi-glass box with N,

flashing to dry the environment

# For the temperature measurements an IR lamp and IR

camera were used

# Measurements were taken independently for the two foils

Many thanks to E. Oliveri and F. Manolescu (PH-DT)
for the IR camera
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Setup stability check

l l

Strip resistivity vs temperature

Strip resistivity vs humidity

l

Strip resistivity vs integrated charge
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Setup stability check

@ Foils were replaced by equivalent resistors in order to check the stability of the system with respect to

the temperature and relative humidity

PD2 p—
PD1}—
PDO }—
PC6 |—
PC5 p—
PC4 }—
PC3 }—
PC2 }—

\/
—q PD3 PC1}—
+ PD4 PCO }—
T —4{ GND 2 ACT }—
R_control § —q4 VCC Arduino GND }—
GND AREF }—
—4\VCC ADCSB —
— PB6 AVCC }—
—q PB7 PB5 p—

—140d
—190d
—40d
—1048d
—l9d
—1¢dd
—1£4d
—1v4d

Circuit R_equiv [kQ] | R_control [kQ]

1 (AO) 544 5.62

2 (Al) 547 5.82
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Resistors vs temperature
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# Fluctuations of £1mV (£0.8 kQ) are expected due to the ADC resolution of the Arduino
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#8 Ohmic behavior of resistors verified up to 43°C
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Resistors vs relative humidity
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Set-up stability check

l |

Strip resistivity vs temperature

Strip resistivity vs humidity

l

Strip resistivity vs integrated charge
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EN-05 : 1 cycle humidity test

Measurement performed with a multimeter

Relative Humidity [%]

Relative Humidity [%]

. soo R.H.vs R_EN-05
e _E
i 480
40 decreasing r.h. £490F
478 84791~
35 g F
E §478 =
30} 47ee 477
3 -
s 476 -
4742 o
& 475 =
20} -
474 %2/ ndf 21.12 /2204
. 36 hours 472 = Prob 1
> 4731 b 466.2 + 0.009028
- a 0.3419 + 0.0003821
472
470 =
> | Il 1 1 1 | 1 1 1 | 1 1 1 ‘ Il 1 1 1 | 1 1 1 | 1 1
15 20 25 30 35 40
Relative Humidity [%]
Stable temperature
. R.H.vs R_EN-05
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o —
c _
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473 Prob 1
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15 20 25 30 35

40 45
Relative Humidity [%]

# ~59% change inr.h » ~1.5% change in resistance
# The difference in the slopes is due to the different rate variation of the humidity



HN-06 : 1 cycle humidity test

Measurement performed with a multimeter

decreasing r.h.
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Resistance [kOhm]

392
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Stable temperature

400

398

Resistance [kOhm]

1392

390

at ~21 °C

—

R.H. vs R_HN-06

kOhm]
:

Resistance
wW
[{e]
©

wW
[{e]
o3

397

396
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394

393

12.1/ 1646
Prob 1
b 388.8 £ 0.009109
a 0.2495 £ 0.0003325

20 25 30 35 40 45
Relative Humidity [%]

R.H. vs R_HN-06

399

w
[{e]
o3

Resistance [kOhm]
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%2/ ndf 6.603 /2094
Prob 1
b 391.3 £ 0.005863
a 0.1885 +0.0001939

15 20 25 30 35 40
Relative Humidity [%]

# The same dependence is observed as for the EN-05 foil

# ~58% changeinr.h -» ~1.7% change in resistance
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EN-05 : Temperature test
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# Data corrected according to humidity measurements

Arduino ADC
fluctuations

# After correction the resistance of EN-05 seems to be stable up to 43°C
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HN-06 : Temperature test

45

w
ul
T

Temperature [°C]
w
o

'Ck;g

leo

401

w
Ul
T

Temperature [°C]
w
o

25f

'(Q;E

11'70

..oool’...
....ono'... m
Laetee
..t'
.
ee®
....l T
.
I..
.. m
.
.‘o.
. R AP LIPT P
S $ $ $ $ S
o < ¥ & S 5
~ & S S Y &
Loee
veegsteeee
....ooo' m
.a.'..
ee®
. |
.
...
.
.. m
oo ...'..oo °®%e ...... ....'.o. ...'..,,... ® e 0%® 0%0%e" o
. . . .
S $ $ $ $ $
v 5 ¥ el $ N
~ ~ ~ S Y <
timestamp

402

400

398

[kOhm]

392

390

402

400

398

[kOhm]

396 ©

394 %

392

390

50

Initial plots

[%rh]
N
o

>

30

T 402

Not stable humidity 1400

.
®®®%c000000,

1398

[kOhm]

-

R R ::::::nn:;.:,:.:
20F 1392
1 1 1 L L 1 1 390
ST s 0§ s 0§ & 8
v v 5 ® s S >
N4 4 g & g N N
timestamp
T T 402
70f
60l 1400
Correct values to

stabilize 50k 13982
ey
T (@]
the humidity = =
§ a0} -396%
30_0.00.-.0..'..0.'.00. ‘0...'.........0....,.....-.. c....... %00’ e 39:@
OO O O OO E T Ok d o
+

20F 139,

1 1 L 1 1 90

18

$
5
<

$ $ $ $
y F £ 5
~ ~ < ~
timestamp

# After correction the resistance of HN-06 seems to be stable up to 43°C

$ S
$ $
&

&
Arduino ADC
fluctuations

12



Set-up stability check

| |

Strip resistivity vs temperature Strip resistivity vs humidity

y

Strip resistivity vs integrated charge

9/12/15 O. Sidiropoulou
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Measurement Conditions

EasyLog USB

4.0 i i ;

Yrh

Celzius(*C) Dew Point(*C)  — Humidity(3zrh)

From: 31 July 2015 17:08:41 - To: 25 August 2015 09:58:41

# Current was flowing in each foil for ~24.5 days
# Stable temperature at 20.5°C
# Humidity was decreasing due to not perfect sealing of the box

9/12/15 O. Sidiropoulou

Expected values for stable resistors

Foil I(pA) | S Idt(C/cm)
EN-05 71.6 1.49
HN-06 86.5 1.79

14




Strip resistance vs flowing charge

p (MOhm*cm)
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# After normalization to 20% of reference humidity according to the known dependence a residual
variation of 0.5% in resistivity is observed for both foils 15



Radiation hardness test

Resistance [kOhm]

# The foils are exposed in gamma irradiation at GIF++ for radiation
hardness test
# The resistance of the foils, temperature and humidity (inside the
banker) are recorded

# Measurements are still on going since two weeks now

Preliminary results with source on Preliminary results with source off

490 T 490¢

- _C —
480~ Q 480F

- X * [0) C X * *
470 ¥ * * X * £ 470 X *

- @ -
460 3 460

= @« -
450 450

- Accumulated dose -
440 ~30 S after 7 days 4401—
430 ;_ * HN-06 430~ * HN-06
420 420

- * EN-05 C * EN-05
410 410
400F- 400F-

) 1 i 1 1 T 1 - 1 1 | 1 | T

C 11 IIII|IIII|IIII|IIII|IIII|IIII|II _III|IIII|IIII|IIII|IIIIIIIIIIIIIIIIIIIIIII
390 1 2 3 4 5 6 7 390 1 15 2 25 3 35 4 45 5

Days Days
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Conclusions

# Both foils show the same behavior with respect to temperature, humidity and flowing charge

# The strip resistivity has a clear linear dependence with respect to humidity.
~0.2kQ / %r.h. depending how fast the humidity is absorbed by the resistive paste

# No change in the resistivity was observed up to 43°C
# Current was flowing in the strips for almost ~25 days accumulating 2 C/cm? and 1.8 C/cm? for EN-
05 and HN-06 respectively. We did not observe any significant change in the resistivity afterwards

and we can conclude that these resistive foils are not suffering from resistivity aging

# Radiation hardness test on both foils is on-going at GIF++

Many thanks especially to Eraldo and Diego for
the long discussions and suggestions about these measurements !!!

Thank you!!!!
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BACK-UP




Micro-controller

Arduino (MEGA 2560)

# The output of the Arduino are ADC counts which are converted to voltage by using the formula:

ADC Vv

A — COMi’lt. max
Vout ADC
where:
ADC,, . = AnalogRead port)
V.. = 1.1V (real value=1.089V)

ADC, = 1023

# 10 bits resolution (1024 different values)

a With the built-in 1.1V reference, the resolution of AVout has an accuracy of : 1/1024 = 1 mV



The equivalent circuit of the foils

PD2 |—
PD1}—
PDO f—
PCE |—
PC5 }—
PC4 |—
PC3|—
PC2}—

R_fail
AAA"
—{PD3 PCA f—
+ PD4 PCO|—
e —{GND ACT }—
R_control —4VCC GND p—
GND Arduino  AReF|—
—jvce ADCB }—
—{PBs AVCC }—
—{prB7 PB5 |—
e
h O -~ & (%]

—lad
—tgad
—rad

# The current flowing through the circuit :

Vin
R+ R

] =

control
# The output voltage measured by the Arduino

Vin
A Vcontrol - I.Rcontrol - R +R .Rcontrol
foil control




Vin vs Vout

Output Voltage [V]

EN-05 in series with a 5.62 KOhm resistor HN-06 in series with a 5.82 KOhm resistor
- = L
- ¥ [0) -
0.4 * g o5 * X
— B —
o 3 L
0.35— % 3 B *
- S 04
0.3 o »
C ¥ - *
0.25 -
= % 0.3_ “
0.2 B
- ¥ ' *
0.15— 0.2_—
0 1:_ ¥ %  Measured values (arduino) : ¥ %  Measured values (arduino)
E %  Expected values 0 1__ %  Expected values
0.05— X .
_II|IIII|IIII|IIII|IIII|IIII|IIII|III _lllIIIIllIllIlIllllIIIIllIIlllIIlllI
5 10 15 20 25 30 35 5 10 15 20 25 30 35
Input Voltage [V] Input Voltage [V]

Temperature : 22°C
Relative Humidity: 40%




Thermal stability in 2 examples of epoxy/graphite paste
W | t h out su b strate doi:10.5075/epfl-thesis-5346

http://infoscience.epfl.ch/record/175154

T L T X T " T 5 T L T DUD“‘?S T T T T T T T T T T T T
0.0380 oy, 1 N
0.0375 - \ 2 1 S = Round 1
— 7 A 0.00465 |- i s Round 2 -
= 0.0370 - 1 T 000460 w 4 Round 3
G 00365 Sdogog 1 o | & ) ]
e, [l ‘ . .
i =t S 5 |
B i 1 ® o0.00450 | b S 1
2 00385 4 Round1 @ 2 {.'_
@ 0.0350 | - Round 2 1 @ 000445 - iy -
4. Round 3 b o
0.0345 - - 0.00440 |- -
00340 | | | | 1 | 000435 1 | 1 1 | 1
20 40 60 80 100 120 140 20 40 60 80 100 120 140
Temperature [°C] Temperature [*C]
(a) (b)

Figure 4.8: Three thermal cycles for 20% KS15 in EpoTEK 377 (a) and Martens
Plus (b)

Table 3.1: Main properties of the epoxy resins (suppliers’ data)

o rcial name | T, [°C] Viscosity at Curing Pot life | Hardener
AOTHHETEIAL Tame £ RT [mPas) schedule [hour| type
EpoTEK 377 = 05 150-300 Zh@150°C 24 atnine
. 24h@100°C + acid an-
-G Martens | =2 27300 12
R&G Martens Plus 00 15h@230°C hydride

Table 3.2: Main properties of graphite powders {supplier data)

Commercial | Density Particle size Specific
Shape . . 5,
name |z /em”| [pm| surface (= /g|
KS4 ellipse = 2.2 < 4 26
K515 ellipse = 2.2 < 15 12



http://dx.doi.org/10.5075/epfl-thesis-5346
http://infoscience.epfl.ch/record/175154
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