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1. INTRODUCTION  
 

Energy generation with the advanced technology 
through renewable energy sources is drastically increasing. 
Due to this, the conventional power grid is facing new 
challenges for the transmission and integration of non-
synchronous electrical energy sources. In order to bring 
the energy from asynchronous sources to the synchronous 
grid frequency, AC/DC convertors are required. High 
Temperature Superconducting (HTS) cables operating at 
Liquid Nitrogen (LN2) temperature offers zero DC 
resistance and can be used in transmitting bulk energy 
from the renewable field to converter grid [1-3].  

Superconducting cables can also be used for HVDC 
system. During the operation of HTS cables, in order to 
retain the superconductivity, it is must to maintain the HTS 
cable below its three critical parameters i.e. critical 
temperature (Tc), critical current (Ic) and critical magnetic 
field intensity (Hc) [4-5]. In HTS cables, the parameter Hc 
is usually not significant until and unless it is subjected to 
the region of high magnetic field intensity. The main 
challenge of HTS cable lies in maintaining the temperature 
of LN2 at 77 K along the entire length uniformly, in order 
to maintain superconductivity. Hence, temperature 
monitoring sensors are required at various points along the 
length of the cable. In general, Resistance Temperature 
Detector (RTD PT-100) sensors are used in four probe 
configuration for temperature measurement. More number 
of sensors, lead to the following problems [6]:  

 (a) Four wires are required for each sensor.  Hence, 
more the number of sensors four times will be the 
connecting leads, which further requires feed throughs to 
accommodate all the sensors.  

(b) The other problem is the conduction heat-in-leak 
into HTS cable cryostat due to the sensor leads. 

The above mentioned problems can be answered by 
using a cold electronic (electronic components operating 
in cryogenic environment) based multiplexer circuit [7]. 
Most of the electronic components fail to operate at 
cryogenic temperatures because of the thermal contraction 
and carrier freeze out. This poses a design and fabrication 
challenge for identifying the circuit components which 
does not have temperature sensitivity, used in built of its 
internal construction [3]. The characterization of such 
components is must for its operation from room 
temperature to cryogenic temperature as discussed 
elsewhere [8, 9, 11].   

 In this paper, a novel scheme of interfacing 128 
sensors using cold electronic based 
Multiplexer/Demultiplexer circuit is discussed. The 
proposed scheme uses only 14 wires to interface and log 
the values from 128 sensors. Further, the design, testing 
and automation of the developed circuitry using 
LabVIEW 11.0 are discussed. The performance 
evaluation of developed circuitry both at ambient (300 K) 
and LN2 temperature (77 K) are discussed in the later 
sections. 
 
 

2. EXPERIMENTAL SETUP 

The schematic of HTS cable experimental setup which 
was developed in-house is shown in Fig. 1. The present 
experiment deals with the measurement of temperature 
along the length of longer versions of HTS cables. In the 
present work, 128 sensors are interfaced with the help of 
cold electronics based multiplexed circuit with just 14 
feed through pins instead of 512 pins (128 sensors × 4 
leads = 512 leads). The developed cold electronics circuit 
can be placed inside the LN2 cryostat of HTS cable. The 
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Abstract      
 

High Temperature Superconducting (HTS) power cables are capable of transmitting bulk power without any loss compared to 
conventional copper cables. The major challenge in the design of such HTS cables is the high stresses (electro-thermal/electro-
mechanical) developed at high voltages, high currents and cryogenic temperatures. The safe and reliable operation of HTS cables 
involves lots of instrumentation for monitoring, measurement, control and safe operation. In principle, a four probe method for 
resistance (RTD PT-100) is used for temperature measurements at various locations of HTS cable. The number of connecting 
leads required for this is four times that of the number of sensors. The present paper discusses a novel way of connecting 128 
RTD sensors with the help of only 14 leads using a cold electronics based multiplexer board. LabVIEW 11.0 software was used 
for interfacing and displaying the readings of all the sensors on computer screen. 
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Fig. 1. Schematic of HTS cable experimental setup. 

 
developed circuitry is operational from 300 K to 4.2 K 
[11].  

In comparison to the classical temperature measurement 
scheme using four probe method, the present configuration 
reduces the heat-in-leak drastically into the cryostat of 
HTS cable from the ambient. 

Fig. 2 shows the schematic of Mux/Dmux PCB board 
[10-13]. This board consists of four CMOS based 16 
channel multiplexer/demultiplexer IC's. Nine boards were 
developed and connected as one master and 8 slave 
configuration. The four select lines S0, S1, S2 and S3 are 
used to activate the master board, whereas S5, S6, S7, and 
S8 are used for activating the slave boards. In the present 
configuration, master board is capable of measuring 16 
sensors in four probe method as shown in Fig 3 (thus, 8 
boards × 16 sensors = 128 sensors). An automated 
program was developed for the select lines using 
LabVIEW 11.0.  

A constant 1 mA Keithley current source was used to 
excite the RTD sensor (+I, -I). The voltage across the 
sensor was acquired in differential mode across the excited 
RTD (+V, -V) and two lines for supply and ground were 
connected for energizing the PCB boards. Thus, 14-wires 
based configuration was used for multiplexing and 
demultiplexing the data from 128 RTD sensors. Prior to 
fabrication, all the components were subjected to 35 
thermal cycles, by repeated dipping in LN2 and thawing to  

 

 
Fig. 2. Schematic of the developed multiplexer board. 

 
Fig. 3. Schematic of the data acquisition system. 
 
room temperature. All the components were tested at room 
and LN2 temp prior to soldering. Voltage and current 
values from different instruments were acquired using 
GPIB cable. An automation program was developed using 
LabVIEW for logging the current, voltage values and 
displaying the magnitude of resistance for each activated 
sensor. 

A test board with 16 carbon resistors was developed for 
testing all the Mux/Dmux boards. 
 

 

 
3. EXPERIMENTAL PROCEDURE 

The performance evaluation of the developed cold 
electronics circuit board was carried out at ambient (300 K) 
and cryogenic (77 K) conditions. The sensor terminals 
from all the boards were connected in parallel to the 
individual corresponding carbon resistors, such that 
terminal of the sensor-1 from all boards were connected to 
carbon resistor-1 in four probe configuration on test board. 
The same process is followed for rest of the 15 sensors. 

The steps involved in testing of the developed 
Mux/Dmux circuit were as follows: 

1) Initiate command from the developed LabVIEW 
program to generate digital signals (S0, S1, S2 and S3) for 
activating the master multiplexer board. 

2) The output of the master board will select the slave 
board.  

3) Again, generate digital signals (S5, S6, S7 and S8) for 
the slave board to activate the sensor under observation. 

4) The constant current of 1 mA was used to excite the 
sensor under observation, whereas, the differential voltage 
across it was sensed using NI-DAQ system.  

5) Log and display the current, voltage and the 
computed resistance value using LabVIEW program as 
shown in Fig. 4. 

The above procedures were followed both at ambient 
and LN2 temperature. Further, the logged resistance values 
were then compared with Mux/Dmux PCB both at room 
and LN2 temperature by keeping the carbon resistor at 
ambient conditions.  

The photograph of the experimental setup with stacked 
multiplexer immersed in a styrofoam container containing 
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Fig. 4. Screenshot of the LabVIEW program. 
 

 
Fig. 5. Photograph of the experimental setup. 
 
 

liquid nitrogen (at 77 K) is shown in Fig. 5. It also shows 
the initial testing of single multiplexer board used for 
sensing RTDs mounted on a one metre long HTS cable 
immersed in LN2 bath with five RTDs. 

 

 
 

4. RESULTS & DISCUSSIONS 

The comparison of 16 resistor values with the 
Mux/Dmux board kept at room and LN2 temperature is 
shown below in table 1. Sensor numbers are highlighted in 
green color. Sensor numbers 1-16 corresponds to sensors 
connected to Mux/Dmux board-1, whereas, sensor 
numbers 17-32 to Mux/Dmux to board-2 and so on. 
Column labeled RT, LN2 and Diff. stands for resistance 
values measured keeping Mux/Dmux boards at room 
temperature, LN2 temperature and the difference in  

TABLE I  
COMPARISON OF RESISTANCE VALUES OF THE RESISTOR  

             AT ROOM AND LN2 TEMPERATURE 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 

 
resistance values at RT and LN2 temperature respectively. 
The sensor terminals from all the Mux/Dmux boards were 
connected in parallel to the 16 resistors testing board. It 
was found that the variation in resistance values at ambient 
temperature (300 K) is maximum ± 0.5 ohms. This 
difference can be reduced further by calibrating the sensors 
along with the Mux/Dmux board. 

The values shown in the table 1 are repetitive even 
under the cold start conditions. A sample time of 4 seconds 
was used for each sensor to acquire the values. This time 
value (4 seconds) was found by hit and trial to have 
consistent values repetitively.  Hence, using the present 
novel technique, the total number of feed through pins 
used for interfacing 128 sensors was reduced from 512 to 
14 pins. 

 

 

5. CONCLUSIONS 

The proposed cold electronics based measurement scheme 
helps in interfacing 128 temperature sensors using 
Mux/Dmux PCB. This configuration reduces the issue of 
conduction heat-in-leak into HTS cable cryostat due to the 
temperature sensor leads. Further, it also reduces the cost 
of data acquisition system. Moreover, the developed 
circuitry provides reliable and repetitive values from 
ambient temperature down to cryogenic temperature range. 
The cost of the developed circuitry along with the sensor 
terminal is less than 250 USD. With further developments, 
the developed cold electronics circuit can be placed inside 
the LN2 cryostat of HTS cable. 
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