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Fig. 1. A schematic of aspect development of cooling system. The water level and temperature sensor of cooling system using a highly sensitive
GMR-SV device will be set inside of water tank.
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Fig. 2. A schematic (a) and a real photography (b) of water level and temperature sensor of cooling system using a highly sensitive GMR-SV
device. The outer cylinder is a water tank and the inner one is a solenoid wound by a coil for applying to the dc magnetic field. The GMR-SV
device mounted on a Styrofoam is freely floated on the surface of the water. The ruler is fixed at the outside surface of the outer cylinder for
measuring the water level. The outside of main chamber is fixed the ruler for the measured height of water.
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Fig. 3. The major MR loop of an easy axis (a) and hard one (b)
measured by GMR-SV device with Corning glass/Ta(5 nm)/
NiFe(8 nm)/Cu(2.5 nm)/NiFe(4 nm)/IrMn(8 nm)/Ta(5 nm) multilayer
prepared by the dc magnetron sputtering system. The measured MR
ratio, the exchange coupling field, and the coercivity of the pinned
NiFe layer are 4.1%, 320 Oe, and 65 Oe, respectively.
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Fig. 4. The minor loop of an easy axis measured by GMR-SV device
with Corning glass glass/Ta(5 nm)/NiFe(8 nm)/Cu(2.5 nm)/NiFe(4 nm)/
IrMn(8 nm)/Ta(5 nm) multilayer. The sensitivity of the device and the
magnetic field of the middle point of the liner part at the MR curve
are 2.8%/Oe and 51.8 ) respectively. The arrow notices the
increasing direction of the external magnetic field.
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Fabrication and Property of Water Level and Temperature Sensor
for Medical Cooling System Using a Highly Sensitive GMR-SV Device
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We fabricated a sensor for measuring the water level and water temperature using GMR-SV (giant magnetoresistance-spin valve)
device, simultaneously. It could be applied to the medical cooling system of the potassium titanylphosphate KTP) laser system for the
therapy of a benign prostatic hyperplasia. The middle point of GMR-SV device was set to the near position of a high magnetic
sensitivity with 2.8%/Oe. The sensitivity for the water level and water temperature of the fabricated sensor were 400 m{2mm and

100 mQ/°C, respectively.

Keywords : spin valve device, water level sensor, water temperature sensor, benign prostatic hyperplasia
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