
Preliminary tests of resistive 
materials for ProtoDUNE CPAs.
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Introduction

• Tests of different materials candidate to work as cathode for 
ProtoDune

• Dedicated set-up to induce sparks and evaluate resistivity, at
room temperature and in LAr.

• Materials under test: Micarta; Ink printed vetronite and 
resistive Kapton (suggested by Rui de Oliveira, CERN)
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Rui De Oliveira gave us the data sheet of the resistive ink that his group 
is using to produce resistive surfaces of specific average resistivity with 
the screen print technique. A silver paste for soldering adapted to this 
ink is also available from the same company.
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Rui also gave us a 15x25 cm2 sample of the Dupont resistive Kapton (3-4 MW*cm bulk 
resistivity). Thickness is 25 μm, it need to be mounted on support for tests.

A sample of FR4 sheet (125x55 cm2 area, 0.5 mm thick) was deposited with resistive 
ink (of few MW/square) in a parallel strips pattern (~250μm thick ~ 250μm spacing) to 
increase the average resistivity of the surface. Strips are linked together every ~cm. 
Given the specific layout of the printing pattern, the resistivity is expected to be 
different in the direction along the strips and that parallel to them.
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Resistivity measurements at 
room and LAr temperatures
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Measurements taken with HP-4329A High Resistance Meter

V=100V (cross-checks at 50 V and 250 V)

Room Temp (25°C) Cold (Air-GAr, -150°C) Cold (-175°C)*

1-2 1,5 2,6 3
1-3 3 5 5,4
1-4 6 8 9,5
2-4 6 8 9,5

Cold (-180°C, Lar waves) Cold (-180°C, LAr prompt) Cold (-180°C, LAr quiet)
1-2
1-3 3,2 4 3,7
1-4 6 \ 6
2-4 10 \ 9.9

11 \ 10.5

All values are expressed in 107 W

*= Point (1) in LAr, point (2), (3), (4) in GAr

Same resistance values measured at LAr and room temperatures after one night 
immersion in LAr. No visible damage to the screen-print pattern. 6



Polymer Resistive foils

13/04/2011 Rui De Oliveira 7

Resistivity measurements on a 25~15 cm2 kapton foil provided by Rui.
Room temperature: 6 MOhm/square
Immersed in LAr: 9 MOhm/square (no change after several days immersion)

Measurements not changing after repeated immersions
Measurements taken with HP-4329A High Resistance Meter
V=100V (cross-checks at 50 V and 250 V)
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Thin film 

Resistivity measurements on a 40x25 cm2 foil provided by Rui.
Room temperature: 4.5 MOhm/square
Immersed in LAr: 70 MOhm/square (no change after several days immersion)

Measurements not changing after repeated immersions
Measurements taken with HP-4329A High Resistance Meter
V=100V (cross-checks at 50 V and 250 V)



Reminder: resistive
ink RS12115 on FR4  

Measurements taken with HP-4329A High Resistance Meter
V=100V (cross-checks at 50 V and 250 V)

Room Temp (25°C) Cold (-180°C, LAr quiet)
1-2 1,5 3,7
1-3 3 6
1-4 6 9.9
2-4 6 10.5

All values are expressed in 10^7 Ohm
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Test setup

Resistive material is kept in position by SS frame. Connection with a small amount of silver 
paste. Sustaining structure for cathode plate and anode is in plastics (vetronite, teflon, PEEK).
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Set of measurements

• Resistivity measurements on ‘‘ bare’’ material (see previous slides)

• Sparks induction in air

• Sparks induction in LAr

• Resistance measurement with the shown set-up 
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Micarta - Sparks and R – room temp

Sparks produced at 27.7 kV (1 
cm anode-cathode distance)
On a second test, sparks at ~ 
33 kV/cm. The rate is ~ 1 Hz

Resistance measured by 
putting in contact anode and 
cathode (see left plot): good 
linearity up to 0.5 kV (current 
out of scale on power supply 
for higher voltage).
R = 450 kW.
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Micarta - Sparks and R – LAr temp
• We experienced significant plate bending in LAr: set at 1cm from anode in air, 

turns out to be at around 2 mm from it in liquid (probably faster shrinking of SS 
frame).

Sparks start at around 60 kV/cm
After sparks start: heating –> production of Ar bubbles. This induces more sparks, 
even at lower voltage: vicious loop.

• We experience a current flowing between anode and cathode, in liquid (55 kV). 
Some numbers:

Anode-Cathode
distance (mm)

Current (mA)

8 23

9 15

10 11

11 9

…. ….

18 1 13



Ink print – room temperature
Sparks from 42-43 kV/cm, 1-2 Hz rate ( depending on current limit)

Spark series alternated to dormant periods
Sparks develop along direction of less resistivity, perpendicular to strip 

direction
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Status after test: 
degradation but no 
significant rip-off of 
material
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Resistive kapton – room temperature
Discharges from 45 kV/cm, 1-2 Hz rate ( depending on current limit)
Sparks are point-like
‘‘Holes’’ in the material, at the spark position.
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Next steps

• Evaluation of behaviour in liquid of Ink print and resistive 
kapton. Complete ongoign measurements with Micarta.
- Does the damage produced in air have some effect (lower

local resistivity)?

• V – I curve in air and liquid for Ink print and Kapton

• Check of set-up, to avoid bending in liquid

• Operational test with the FLIC set-up ?
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