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temperatures below the liquid nitrogen temperature, was 

conducted in a liquid helium cryostat. For this the HTS leads 

were connected in series with the conventional copper 

current leads in the vapor column (Fig.A.3.1) of the cryostat 

feeding a SC magnet dipped in liquid helium.

All the electrical measurements were carried out 

using the standard four-probe method using a nano-

voltmeter (Keithley 182) with power fed by 1200A-3V 

current source. The current was ramped at the rate of 0.5 

A/Sec. The critical current I  is defined to be that value of C

current, which generates an electric field of 1 µV/cm across 

the HTS leads. This exercise was repeated to observe the 

reproducibility after thermal cycling.  

Fig.A.3.2 : The V-I characteristics  of the HTS leads

The V-I characteristics (Fig.A.3.2) of the HTS leads 

were determined by increasing the current in discrete steps 

and recording the corresponding voltage drop. After each 

increment in the value of current, sufficient time delay was 

given to get the steady state voltage drop. This was done to 

ensure that the HTS lead was operating in thermal 

equilibrium with the surrounding liquid nitrogen. The 

measurements were continued till the voltage drop across the 

leads reached up to the level of 60 µV. Similar exercise was 

repeated both while increasing and decreasing the current.

The long duration testing at T~77 K was done by 

ramping the current up to 90 % of I . The current was kept C

stable at this value and then the voltage was recorded across 

the leads with respect to time. No thermal runaway was 

observed over a period of about 5 hours. To evaluate the 

operational stability of the HTS leads at temperatures below 

77K, two leads marked 100/1 & 100/2 were connected to 

feed a current of 1000 A to a SC magnet for duration of about 

an hour. The temperatures recorded (using DT-470) were 

from 10 to 30 K The leads showed a stable behavior in the 

helium vapor column and did not show any thermal runaway 

with this current level at temperatures below 77K.

In conclusion, the critical current carrying capacity 

of five HTS leads has been evaluated at liquid nitrogen 

temperature. All the leads showed a stable behavior with 

respect to time, at liquid nitrogen temperature and there was 

no degradation in the self-field I  after passing current for C

time periods of about 5 hours. The leads showed no signs of 

thermal runaway when they were connected to a SC magnet 

powered with a current of 1000A. This stable behavior at 

such a large current was consistent with the expectation that 

the I  would enhance by about 4 to 5 times as the temperature C

is lowered. 

A.4 : Status of  Indus controls

Indus control system is under continous evolution 

in order to fulfill the new requirements and offer enhanced 

features and services to users. Following newer aspects need 

mention:

1. New Independent References for Booster 

Quadrupole Power Supplies (Qd & Qf):

The earlier scheme provided for currents in 

quadrupole supplies (Qd, Qf) with linear proportionality to 

main dipole current. It is however felt that to get a better 

performance of the synchrotron, (1) the quadrupole strengths 

should be changed in a complex manner during ramping, (2) 

the reference of the QP secondary power supply should vary 

independently based on the look up table to provide greater 

flexibility of the QP strengths. Accordingly a new scheme for 

energizing the quadrupole power supplies of booster 

synchrotron has been developed. The output of the booster 

dipole current is given to the reference input of the 

multiplying DAC through the isolation (Fig A.4.1). The 

reference is generated as y = m x + c where x is the input from 

booster dipole current, m is the multiplying factor, and c is 

the offset.
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            The inset to Fig. A.2.1 shows MR as a function of T 

for Ni Mn In  in magnetic field of 5T. An MR of 64% is 50 34 16

obtained in 5T magnetic field at 230K. Even for a moderate 

magnetic field of 1T, an MR as large as 46% is obtained. On 

increasing the magnetic field to 10T, the MR may be 

enhanced to 75%. It has been observed that the martensite to 

austenite phase transition can be induced by magnetic field as 

well. This is shown in Fig.A.2.2. The field induced transition 

is also hysteretic, highlighting the first order nature of the 

transition. But if the martensite to austenite transition is 

induced by magnetic field at temperatures above 230K, the 

alloy does not return to the martensite phase on reducing the 

field back to zero. It remains arrested in the austenite phase 

withstanding any number of subsequent field cycling. The 

alloy returns to the martensite phase completely only when it 

is cooled to 100K or lower [see for details, V. K. Sharma et. 

al; Appl. Phys. Lett. 89, 222509 (2006)]. Thus apart from the 

very large MR, Ni Mn In  also has interesting memory 50 34 16

effects that make it important as a potential ferromagnetic 

shape memory alloy. We are therefore continuing further 

studies on the different characteristics of Ni Mn In  and 50 34 16

their dependence on the thermal annealing treatments.

Contributed by:
V. K. Sharma  (vishnusharma@cat.ernet.in) and
M. K. Chattopadhyay (maulindu@cat.ernet.in).

A.3 : Testing of high T  superconducting current c

leads 

High T  superconducting (HTS) current leads are c

finding increasing scope in powering of Superconducting 

(SC) devices on account of their high electrical conductivity 

and low thermal conductivity at temperature easily 

achievable using liquid nitrogen.

Regional Research Laboratory, Trivandrum (RRL-

T) has taken up a DAE-BRNS project with RRCAT as 

principal collaborator for the development of general-

purpose HTS current leads for direct application in high 

current SC magnet systems. The HTS leads were made using 

Pb doped Bi-Sr-Ca-Cu-O (Bi-2223) tapes sheathed with Ag-

Au-Cu alloy housed inside stainless steel tubes. The testing 

of these HTS current leads has been done with joint efforts of 

Magnetic & Superconducting Materials Section, and 

Superconducting Technology Lab of AAMD, RRCAT, using 

the cryogenic test facility available at the Superconducting 

Technology Lab. The tests conducted were measurement of 

self-field critical current I  and Voltage (V) – Current (I) C

characteristics at 77 K, operational stability at ~77 K and 

field trial with a SC magnet. 

 
Fig.A.3.1 :  HTS current leads and their testing configurations.

          RRL-T had sent five current leads each 10 cm long, 

rated for 100A, 200A & 500A at 77K, designated as 

100/1,100/2, 200/1, 200/2 and 500/1 .The testing of the leads 

at liquid nitrogen temperature was conducted in a standard 

liquid nitrogen dewar by using a special insert. The 

evaluation of operational stability of these leads at 

Fig.A.2.2 Isothermal field dependence of resistivity of  Ni Mn In  50 34 16

at 200K. The arrows indicate direction of field change.
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A.5 : Development of High Power Solid State RF 

Amplifier

Solid State Power Amplifier is an integral part of 

Radio Frequency (RF) system of  particle accelerators. Solid 

state technology enjoys extreme modularity, use of simple 

devices, high redundancy, freedom from high voltage 

supply, easier maintenance, no warm up time and simple 

start-up procedures. A 1.5 kW solid state RF amplifier at 350 

MHz  (Fig.A.5.1) has been developed successfully at the RF 

Systems and Control Division, RRCAT, using inexpensive 

RF components. The indigenous expertise for the 

development of multiport high power RF combiners 

/dividers, which are critical components for getting high RF 

power from ensemble of low power units, has been 

developed successfully. High RF of power operation was 

achieved  by combining output from eight numbers of 250 W 

 

RF power modules. This module is basic building block of 

the high power system and operates at RF power gain of 12 

dB. 20W and 40W low power driver modules are developed. 

(Fig.A.5.2). Multiport power divider / combiner was 

developed indigenously using 1-5/8” rigid line for output 

port and N connector for input ports. The RF power 

conversion efficiency of each module is above 60 %. For all 

power modules, impedance matching network was designed 

using coaxial transmission line transformer and micro strip 

transmission line, for getting repeatable performance and 

sufficient bandwidth. A negative feed back in the output 

network has been provided to prevent oscillations at low 

frequency and to obtain stable performance. Complete 

system operates at 28V DC and is housed in a normal 32U 

Euro cabinet. TCP/IP interface has been incorporated to 

monitor the performance remotely. 

Fig.A.5.2: 20W, 40W and 250W RF power modules

Fig.A.5.1 : High power Solid state RF Amplifier with eight 

way power combiners/splitters
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The modified reference is independent of the 

booster dipole current, as desired and synchronized with 

ramp start of booster dipole (Fig. A.4.1). The reference is 

generated as number of defined arbitrary points and linearly 

interpolated points in-between. This allows flexibility in the 

shape of the reference

The system is realized using VME hardware based 

around M68000 CPU board with OS-9 for delivering the 

required references to power supplies and a GUI application 
++written in Visual C  on PC to handle all the commands and 

monitoring of the references.

2. Improvement of Booster Injection Timings:

New time delay generator boards have been 

developed and put into operation in the timing system. These 

help to minimise the 100 ns occasional shift (Fig. A.4.2 and 

Fig. A.4.3) between the trigger signals of booster injection 

kickers K , K . The new boards facilitate the generation of 2 3

coarse delay for the microtron modulator trigger and booster 

injection kickers K , K  and K  all from the same board and 1 2 3

fine delays for all the above from another board, thus 

minimising the relative shift among these signals. The 

overall timing jitter in the trigger signals to three kickers now 

is reduced to less than 5 ns (Fig.A.4. 4). 

Contributed by: 
Pravin Fatnani (fatnani@cat.ernet.in)

 Fig.A.4.1 : Modified quadrupole reference generation

Fig.A.4.2 Persistent mode display of kicker waveforms 

(falling edge) – 100 ns shift

Fig.A.4.3 Persistent mode display of kicker waveforms (falling 

edge) – 100 ns shift removed 

Fig. A.4.4: Persistent mode display of trigger pulses to the three3 

kicker power supplies (jitter < 5 ns)
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