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Fig.3 various types of GSR elements and ASIC used in experiments
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Fig. 14 Results calculated by LLG equation

4. ASIC {t#:® GSR sensor D BHFE

We developed four types of GSR sensors with the length of 0.16mm, 0.26mm and 0.45 respectively
as shown in Table 1. Type 0.16mm has wide measuring range of 6400 A/m. It is suitable for
applications in automotive use to detect strong magnetic field generated by magnet. Type 0.26mm
has good balance performance of high ODR and low noise and is expected to be used for electronic
compass with magnetic gyro functionality. Type 0.45mm has high sensitivity and it will be applied
for magnetic positioning system.

Table 1 Performance of various ASIC type GSR sensors

Types Length Xwid | Sensi | cNoise S/N Measu | Total Typical Applications
L: length(mm) th =Element tivity | @5KHz | ratio ring perfor

W: wire number size range mance futures

N:coil turn mm Xmm mV/ kuv A/m index

numbers G mG

GSR sensor 0.45X0.3 63 X 60 1050 2400 66 Positioning
L0.45*W1*N64 | (1.2) (20) | 1mG 22) 2.5) High sensitivity
GSR sensor 0.26X0.3 40 X 60 660 3200 92 Gyro Compass
L0.26*W1*N36 | (2) (12) ] 1.5mG (14) (3.3) Balance of ODR +noise
GSR sensor 0.16X0.24 10 X 60 167 6400 74 Automotive
L0.16*W1*N14 (3) 3) 6mG (3.5) (7) Wide range

GSR sensor 0.16X0.3 13 X 60 325 6400 145 Automotive
L0.16¥W2*N28 | (3) ) 3mG (6.9) (1) Wide range

MI sensor 0.60X0.3 3.3 X 70 47 960 1 compass
L0.6*W1*N16 7mG

Total performance index = S/N ratio x measuring range x element size () means How large better than MI sensor,
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The performance of GSR sensor developed are shown in Table 1 comparing commercial type of GMI
sensor. Exact comparison is difficult because the sensor performance consists of sensitivity, noise,
S/N ratio, measuring range, ODR speed, element size, consumption current, cost and so on. More
over a lot of parameters have trade-off relationship. We attempt to compare both sensors using
“Total performance index = S/N ratio X measuring range xelement size ” under similar conditions on
consumption current and ODR speed. The comparison suggests that GSR sensor has 60 to 150
times better performance than GMI sensor.

Coil type GMI sensor detects the rotation of wire direction magnetism induced by movement of 90
degree magnetic wall excited by MHz pulse current. The wall movement gives to GMI output the
good sensitivity but at the same time makes many dis advantages of big noise, nonlinearity, and
hysteresis. On the contrary GSR sensor detects spin rotation with high speed excited by GHz pulse
current not accompanied with magnetic wall movements to make good magnetic properties on
sensitivity, noise, linearity, and hysteresis.

5. CONCLUSION

We found GSR effect based on the GHz speed rotation of spins existing in surface circular
magnetic domain. The effect makes new futures that coil voltage increases with pulse frequency to
make big sensitivity and its relationship with magnetic field and coil voltage has the sin function
to extend the range of linearity as well as it gives non hysteresis and low noise. These futures are
explained by spin rotation not accompanied with magnetic wall movements. We produced various
ASIC type GSR sensor and made clear to have the advanced 100 better performance than that of
commercial GMI sensor. GSR sensor will contribute to develop a lot of new applications.
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