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8 1 :Backgrond:

Development History of amorphous wire type magnetic sensor
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8 2: Development of GSR senor from 2015
(1) Discover GSR effect in 2015

Effect of Pulse frequency on sensitivity | found a sine functional relationship between the output
| observed the sensitivity increases with increase voltage and magnetic field.

of the pulse frequency up to 2GHz .
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9) Comparison on Principles of GSR effect and GMI effect

GSR effect is based on only spin rotation existing in the surface domain without 90 degree
domain wall movement. So that, GSR makes a sine functionality.

Surface domain circular spins rotes
Axis core domain Accompanied with surface
8 magnetization Ms External magnetic field Hex

GHz pulse curre

J_‘_ D yy 7 7777 mm) |Magnetization M
—sltons =

Amorphous wire
Pick uo Cail

Coil Output voltage V oo f *NeM(=p-Hex)

Coil type GMI effect is based on the rotation of Core Magnetization M accelerated by 90° domain
wall, It means skin effect. so that, GMI effect makes a high sensitivity but accompanied with hyserisis

Core Magnetization M
Is rotated by 90° domain wall




(2) Detail Experiments using ASIC

Wire length
0.16mm

Coil Electrod

Amorphous
wire
Wire Electrode

Micro coil type

of GSR element ASIC used in the test

 This block diagram is for GSR sensor circuit of ASIC.
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- The coil voltage is detected by sample hold circuit operated by the electronic switch.




Result (1) effect of the detection timing on Coil voltage wave

*Coil voltages are observed at the change of the detection timing under a frequency
of 1.5GHz and applied magnetic field changed from 0 G to *80G.

* It takes a maximum voltage at the detection timing of 0.4 nsec

* We decided to use the detection timing to take a maximum voltage.
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Result (2) Effect of frequency and coil turns on Sensitivity

The Sensitivity increases with increase of pulse frequency and shows saturation up to 3GHz
It also increases with increase of coil turn numbers from16 to 148.
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Fig. 7 Effect of frequency, coil turn numbers and wire permeability on Sensitivity



Result(3) the relationship between the magnetic field and the coil voltage

| also checked ASIC type sample
GSR effect makes the sine functionality between the magnetic field and the coil voltage

The relationship has a linearity of 0.5%FS
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Result (4) Hysteresis of GSR sensor

The hysteresis is measured by changing magnetic field from -80G to +80G round trip.

The falling edge detection and rising edge detection show nearly zero hysteresis.

It is a surprising result

Because coil type GMI sensor shows big hysteresis at the rising detection.

The reason is that the only spin rotation is not accompanied with domain wall movement, so that

it makes no hysteresis
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Result (6) Effect of BH curve hysteresis of the wire on the GSR output
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Result (5) Effect of detection timing on o —noise

The o—noise at 80G has minimum value at the peak coil voltage timing.

0 5 10 15 20 28

0.7 - 350
Field of 7200A/m
4—

A

0.2 100
0.1 50

0 0
0 5 10 15 20 20

0G 0 A/m

5 os 80G 300 i
o 05 250 ’§ l
g o 200 S

S 03 80G7200Am 150 & l

: 100 2

C 6

Detection timing time index (X0.04nsec) 12



Result (7) Summing up results on GSR effect GHz-Spin-Rotaion

Converted magnetic

GSR effect gives the high sensitivity is increased by GHz frequency and coil turn numbers.
And excellent properties such as a sine functionality, the wide measuring range,
the good linearity,, low noise and no hysteresis.
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8 3: Production technique to produce GSR sensor element
(3) Production technique to produce GSR element directly on the ASIC

Dimensions of the groove SEM photo

ASIC element element ' Enlarged view of the groove
Resist film Top width 18 um 3
=
A
Assembling On the ASIC

Thickness

Si02 film Si substrate 7um

0.2um (ASIC)

14



(1) Base process to produce a micro coil using 3 dimensional photolithography

Coil pitch of 5.5 um and Inner diameter of 16 um (wire diameter of 10 um)

il pi ire Di i Coil pitch
Groove Coil pitch Wire Dia. 10um  Resin
Resii : 55um Si02 coating 2 molding | 55 ym
Protective _. \ |
Film SiQ2 ¥y .

asic | ’ .
STEP: 1 Groove 2 Bottom coil 3 Wire setting ! 4.R’e.s[n 5 Upper coil pattern
pattern molding |
f Light A=700nm \ ( \

Mask lattice pitch:d=5.5 um

l l, l l l lul cross section of the Element

Diffraction depth
2z =d?/42

= depth of the
groove : 7Um

When the light passing through the mask lattice, the grooves makes the light
diffraction and it limits the groove depth of 7 um.



(3) The performance of on-ASIC type GSR sensor

On-ASIC type output of the sensor
Length=0.16mm Coil turns=16
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| produced on-ASIC type GSR senor with 100 times better sensitivity which measured the magnetic field caused by a watch. The field is very
small @ high speed so that it is measured for the first time in the world.

]
Noise width is 1mG, onoise is about 0.2-0.3mG

The measurement is carried out

by 1000 times per 1 second

The second hand is operated by a step motor.
When an Inside magnet rotates

from N-pole to S-pole by one second.

So that, the magnetic field changes

from N to,S and from S toN.

At the switching time,

a sharp pulse field occur.

Pulse 1/1000sec

S
N

ASIC type GSR sensor
\\\ 1.2mmX1.2mm

o)o— /o

7 GSR
‘ \.J



8 4: Developments for Promising Applications

-Analog circuit Bandwidth of 1MHz

Project 1) Standard type for car use m
-wide range of 80G .
-high resolution of 3mG/LSB in 16bits \ m

40 sensors used in one car
* Angle sensor,
* speed sensor,
* Current sensor

Project 2) the XYZ dimensional type for Gyro-Compass

used in smart phone and wearable computer
- 3 dimensional type GSR element
- Low noise under 1mG and high speed mearing 1KHz

Project 3 ) nTmeter to detect the bio—magnetism
-noise under 1nT

- Developing for a wearable type of magnetoencephalography
instead SQUID

Project 4) ultra small type for catheter navigation in Body
- size of width 0.4mm and length 1.2mm
- keeping the performance of the standard type

X ray view

T

Navigation along blood




Project (3) Bio—Mag Project using 3D -nT sensor
development of nT sensor with 0.4nT

EVK with 3mm type element

+Coil turns numbers of N=528
+Sensitivity 1600mV/G, onoise 8uV
+ad /14X 0.5nT@10Hz

ﬁHHE[ﬂiHHFJEiBEFEEl':lHFJEiEiiHFlElﬁi!iEEJEIEHWEﬁa

o-noise of 8uV = 0.5nT

0.02 Test board
>
,§, 0
o 2 3 4
-§02 :
c time[s] et
Sensitivity 1600mV/G EVK 12A type+ Element 3mm Ciol turn numbers of 538
2.00E+00 Coll
Sample Resistance Sensitivity Noise Magnetic noise
=
= 1 662Q 1.44V/G 7.08uV 0.49nT
':;; 2 672Q 1.44V/G 8.35uV 0.58nT
Magnetic field H (G)
-1.00E+005.00E-0Q E+005.00E-011.00E+00 3 682Q 1.10V/G 5.35uV 0.49nT
4 678Q 1.31VIG 4.67uV 0.36nT

Average 674Q 1.322 6.363 048nT



4) NnT sensor can detect 1nT magntic field

agnetic field(nT)

nTsensors can detect magnetic field of 1 nT easily

EiRNo. MZRERE(V/G) MEREE/ 1 X(UV)
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4.567 0.317
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(2) Bio-Mag Project using 3D —nT sensor

a truncated pyramid

a truncated pyramid nT sensor grid

3RTT
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9) 3D GSR sensor head with a truncated pyramid

. GSR elemnt size : 0.4mmX0.35mmX 0.3mm thickness

. Pyramid head size : 3.7mmX3.7mmX 1. 5 mm height
. ASIC size : 1.16mm X 1.16mmX0.5mm height

Sesnor circuit board : Smm~7mm square thickness 1mm

HWON =

Top view Type A: skirt type with a hole space

Em EE#H

do.3

SGET
e« 037 3 4 (055mm) # (1 2mm)DBRE
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Bl ¥iEL
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Project (2) Electronics Compass for smart phone

Prototype with 2 dimensional electronics compass
X-Y axis element

Target of <1mG

ASIC:1.2mmX 1.2mm ASIC+X-Y axis 0.6mm X 0.6mm Sensitivity :40mV/G

U Sm=caa| ——— —— g 1

j{ s=yCex i (SN |5 Flip-chip s /] €

W e (MR L = | connection| g » H

i 1} bl |- ~ I~ 100 3 -50 g 50 100

N = . noo "5 (G)
- — -1

Types Length X width Sensitivity oNoise oNoise S/N Measuring | Total

N:coil turn numbers =Element size @1KHz @200Hz ratio range performance
mm X mm mV/G *XuvV mG G index

1 element(N=31) 0.26X0.3 (2) 40 (12) *60 1.5mG |0.7mG 660 (14) |40 (3.3) 30

2 element(N=63 ) 0.26X0.6 (1) 80 (12) *60 0.75mG |0.3mG 1320 (28) [40 (3.3) 30

AMI306—N=16 0.60X0.35 33 *70 7mG 3mG 47 12 1

24



Challenging to develop XYZ type GSR Element

First challenge Second challenge

Permallloy button for Permalloy plate for attracting Z-axis magnetic field Hz
Attracting Z-axis magnetic field Hz

|
W:500dm X L:500um X t:5um
. " Thickness

+20um

Top plate

25



(8) Discussions on comparison between GMI effect and GSR effect

Effect of frequency

Hysteresis at rising edge detection
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Thank you for your kind attention!
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