
T-gradient monitor II  
and  

“other” T sensors

Electrical and grounding connections review

CERN, 26/09/2017

A. Cervera, M. Antonova, A. Izmaylov, M. Sorel, P. Novella, 

P. Bernabeu, J.V. Civera, P. Leon


IFIC - (CSIC & Univ. Valencia)




• precise (<5 mK) 3D temperature map to validate fluid dynamic 
simulations and ensure a good understanding of the cryogenics system 
• T-Gradient monitors: detailed (10-30 cm) vertical profile at two different 

XY locations 

• Complement with other sensors of the same precision at other XY 
locations to provide a 3D map as detailed as posible 

• standard sensors (~0.1 K) on the 
membrane to monitor cryostat behaviour 
during cool-down and filling 
• some of them on the floor to check that 

LAr is getting everywhere when filling starts

Motivation
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T-Gradient monitor II
• 9 meters long and 12 cm diameter cylinder hanging from port 14.4    

(14 cm inner diameter) 

• 48 sensors cross-calibrated in the lab 

• Needs electric field shielding: sensors and cables inside faraday cage
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Conceptual design
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Electric field shielding
• 20 cm away from field cage end wall at -60 kV 

• Cage connected to ground 

• Two options, shield (grid + vertical plate) can be connected 
either to flange or to bottom cup 

• Flange preferred. In this case must use non conductive cup or 
isolate cup from T-gradient
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Cables and connectors
• Single 4-wires cables from flange to sensor
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Readout
• 4 channels 24-bit (0-1 V range) ADC from National Instruments NI9238 

• 1 mA DC current source in the multiplexing card with all 24 sensors in 
series 

• 4-wires system: 2 for current excitation and 2 for voltage signal 
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Multiplexing board
• Able to read 24 sensors (6 per SUBD-25) with a single ADC channel 

• Possibility to multiplex several multiplexing boards: 
• Needed if the final number of sensors is more than 96
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Current switch
• Reversing the current has been found very useful to disentangle sensor 

and readout channel offsets 

• Although readout channel offsets can be computed using fix resistors, 
those offsets depend on the current source and ADC temperatures. 
Using an automatic current switch, the readout offsets are removed 
automatically 

• Question: would a fast change between +1 and -1 mA induce some 
undesired noise on other systems ? The switch would be done every 
~10’’
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Cables
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Electrical connections 

• To avoid a grounding loop the outer cable shield  cannot be connected 
to flange
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SUBD-25 channel mapping
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Labelling
• All sensors and cables should be correctly labelled.  

• Sensors have a serial number (e.g. 43140, 43141, …) visible on the sensor 
itself 

• Outer cables and connectors will be always labeled 

• Inner cables and connectors will be labelled temporarily until all 
connections are done and verified 

• Examples of bookkeeping and labelling for T-gradient monitor (48 units) 
and bottom pipe (12 units) sensors 
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Verifying connections
• Once installed, for every sensor we should verify that  

• it works correctly: shows ambient temperature. If possible use a small 
box with LN2 to test response in cold 

• it is connected to the right readout channel: heat/cool-down sensors 
individually and check that temperature changes for the expected readout 
channel 

• Grounding connections should be also verified: use multimeter (M) to 
check the resistance between relevant elements 
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• 12 high precision sensors mounted on the bottom pipes (T) 

• 12 standard sensors on the floor (F), 5 on the wall (W) and 1 on the roof (R)  

• Cables run attached to the pipes all the way to port 9.3

Bottom/membrane sensors
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bottom sensor/cable supports
• Cables and grounding scheme is the same 

as for the T-gradient 

• We have put special care in guarantying that 
the cable does not touch any metallic 
element to avoid grounding loops in the 
case the outer teflon jacket is broken
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top sensors
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• 8 high precision sensors 
above the ground planes 

• Cables and grounding 
scheme is the same as for 
the T-gradient
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sensor/cable supports
• Use the FR4 screws foreseen to connect two GP modules (see image) 

as anchoring point for cables and sensor’s support. Supports not yet 
designed but should be similar to the ones at the bottom 

• Cables will not touch the ground planes

18



backup



Sensor map
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Connection between sections
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Top section
• A FR4 tube with only cables inside, to insulate aluminum structure from flange
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Readout and slow controls
• Developed by CERN EP-DT department (Xavier Pons). Three parts:   

• An accurate current source for PT100 excitation, implemented by a compact 
electronic circuit using high a precision voltage reference from Texas Instruments.  

• A multiplexing circuit based on an ADG707 Analog Device multiplexer electronic 
device; 

• A high resolution and accuracy voltage signal readout module based on National 
Instruments NI9238, which has 24 bits resolution over 1 Volt range. This module is 
inserted in a National Instruments Ethernet DAQ backplane, which will distribute 
the temperature values to the main Slow Control Software through the standard 
protocol, OPC UA. The Ethernet DAQ will include also the multiplexing logic
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Question ?
• Could the top tube be made of aluminum ? 

• It would be much easier to machine and 
cheaper 

• The issue could be the heat flux from the 
flange (at room temperature) to the LAr
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Flange area
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• The FR4 tube rests on top of the 
chimney (use a flange adaptor)  in 
this way the T-gradient monitor and 
the flange are independent 
• We could for example open the 

flange to check the connections


