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GSR:GHz-Spin—Rotation

RitiRE HERFESR Hex=

Fe-Co base Amorphous wire - _ I e
-\ 3T )k AR mEICESIL=REY

\- 0.5 nm
10ns
Coil Output voltage V oo f *NeM(=p*Hex)

0 5 0 5 00 5 1 1 20
Study Develop of Production of E-compass e
of Amorphous Wire GMI Sensor Based on GMI sensor More micro

Amorphous type Magnetic sensor
1987 1999 2015

Prof.Masumoto | TPK Prof. Mohri > Honkura

invention of | FO Senser 1 GH sensor Aichi Steel GSR sensor

Amorphous Wire . ,,,. y y WHZ PUSE_J Electronics compass

3L E4):5000nsec ST EY: Size:2mX2mX1mm 37 _F4):
o0nsec 0.5nsec

1995
Prof. Mohri
GMI sensor
by MHz pulse

1991
Prof. Makhotkin
Discovery of
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The Sensitivity increases with increase of pulse frequency and shows saturation over 3GHz
And with increase of coil turn numbers proportionally and with increase of the effective
permeability of the wire.

These experimental results accord to

the theoretical equation asCoil Output voltage V oo f “*NeM(=p+Hex)

40 | 40
s 150 p y
&) ~ 2 ‘
= 30 e ~ 30
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0 + 0k 0 ¢
0.00 2.00 4.00 0 50 100 150 0 200 400 600
Frequency (GHZ ) coil turn numbers (turn) Effective permeability

a) frequency b) coil turn numbers ¢) permeability
Fig. 7 Effect of frequency, coil turn numbers and wire permeability on Sensitivity
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Result (2) the sine functionality between the
magnetic field and the coil voltage

Inverted voltage has a linearity of 0.5%FS
7095 LMIE#RIE 0.1%
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Converted magnetic

F&H GSREYOHR

BE140mVIG oER ./ 1 X40pV = oK./ 1 X30nT@1KHz (= 3 nT@10Hz)

NI AR ¥GHz
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NEREE5E Hex

Circular aligned

Coil Output voltage V oo f *N+M(=p*Hex)

AEVD—FEERFTHEBIHZHFEDLVES, BR/IARBLUTOEGTFMNENS
=1pTEI T H& T &L
HIRAMEBBOAEE

BESNOISE P =v20K,T/ yMoraZll- }=0.01pT

where, a:magnetic damping factor, Kg. goitzmann Factor L: lemperature
v: gyro ration,Mo: saturated magnetization, a: diameter , l: length

|:> T FOBEBEvr/ORaE Y OMRICRYED
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Promising Applications for GSR sensor

. Project 3 ) pT meter to detect the bio—magnetism
Project 1) Standard type for car use -noise under 1nT
-wide range of 80G

m - Developing for a wearable type of magnetoencephalography
-high resolution of 3mG/LSB in 16bits IE instead SQUID

-Analog circuit Bandwidth of 1MHz

——

,;‘\?"“d" 1%
U A

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

Project 2) the XYZ dimensional type for Gyro-Compass

used in wearable computer Project 4) ultra small type for catheter navigation in Body

- 3 dimensional type GSR element - size of width 0.4mm and length 1.2mm

- Low noise under 1mG and high speed mearing 1KHz - keeping the performance of the standard type

Xray view
T =

4 “
L

o Navigation along blood
Sensor inside
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Application : producing Various prototypes of GSR elements

Length 0.16mm

0.96mm

Coil turn numbers N=16

N=148

a) One wire types .N

b) Two wire types

¢) Four wire types

d) X=Y axis wire types
N=31X4=124

e) X=Y=Z axis wire types
N=14X4=56

GMI element

wet process
Coil pitch of 30 um

|
r i’
-

N mmmnmn'uau.a.r &

0.30mm

CA ARRRARARARRRAN S

mwMUMUUHUmUUUhFI

0.60mm
N=16
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Basic properties of Prototype of GSR sensor for Automobile use

Arcsin transformation to make linear relationship
(Liniarity of 0.5%FS) Linearity correction will

Element size is very Sin functional relationship improve under 0.1 % FS
small High sensitivity is 10mV/G Measuring range extend to 80G
L:0.22mm  W:0.34mm 0-5
. 0.4 150
N: 28 e: 2 — 0.3
2 0.2 100
8 0.1 50
£ 0
0
'2%0'00 001000020000 -200.00-100.00_4.00 100.00 200.00
o

-100

-0.5 -150
Magnetic field (X 80A/M)

— %% G —EIG
Output voltage vs HiGIRAEC) E#R[C]

magnetic field
Low noise is 40 pV

0 0 5 1015 20 25 0.0004 No hysterisis Analog Circuit bandwidth :

e «Field of 7200A/m e | 500KHz
206 0.0003 § 240 =1MHz possible
8o - S ODRis SKHz
9 ' 78’ % Power consumption is 0.4mA
3 0.2 0.0001C = ADC has 16 bits
© Al SRR g > 6-25

0 ] 0 3 03

0 5 Detecton timing time @1 nsedd © ooc 1MHz is possible
Fig.12  detection timing vs 6-noise external magnetic field Under conditions of
(X 80A/m)

* Power consumption : 10 times larger
* o-noise : 3 times higher
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Compass ERS Addendum: For Justification please see Compass ERD

gzﬂfb . ;ﬂﬂfh ?:/, \1 Component Specification Summary
T-at ket 5(Orr06tH) e specificatio |

- MEMsyv{nnaws’xiﬁm“ Dynamic Range : 2400nT ]jidjdic_is Vendor to provide schedule
(QHFUSIOI‘\) AH$1 5 Alternative = 1200puT ﬁach axis. Vendor to provide sc

Dynamic Range guidance.

hedule

R e L e ssssssssnun, Power Consumption <0.25mW At 200Hz ODR
* -
- 3‘ . Minimum supply <1.71V Nominally cperating at 1.8V
- . )l_:z ge
H EMS ‘f . Joi < 0.1 pT At 200Hz ODR lo'ﬁﬁﬁ
H P H out 1L1t Data Rate | > 200Hz AMEEE
:. $03 $02 $ 1 0 .: Wake-up Time < 10ms From Standby to First Sampl
ML * ssssmnuw * TTLLL * ssnnns® 15s Axial <50 usec Delay between X-, Y-, Z-, and
Measurement Delay temperature measurement
Thermal Offset <0.05 pT/°C
Coeff.
Strain Offset <2.51T/ n- 4-pt bending test, strain applied
Coeff. strain parallel to sensor X- and Y- axis.
ﬁ ﬂ{t ?:/I\Z <0.5% All axis.
< 1% Maximum between all axis.

BAv/OERT. BHBEEAL R
I7S7NaAE1—2B BE05$ e E e e R s

qu}_v1vaL¢llty
Self Test Yes Sensing axis functional test.
...ll.llllllll!llllll.lllllll.ll. ........... Interface I12C + SPI
. Maximum Size <1.68mm x
. 3‘ 3‘ 1.68mm x
s + - 0 "v—uv-l
. - - 0 . Smim
: @R EELY
- *: External magnetization survivability test as followed-
'. $0.3 $0.2 1. 0.5T permane magnet affixed to sensor, with magnetic axis
LA R RN ) LA R R R RN LA RN -

aligned with

Sens

Z-axi the compass.

and permanent magnet are placed in a temperature chamber
at 85°C for 24hr.

3. After the 24hr temperature soak, the chamber is cooled down to
room temperature at the fastest ramp rate sible.

4. The magnet is removed in the Z-axis of the compass.
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Accuracy: £1.1°
resolution: £0.8°
10
; ‘ [ 1 | 0 L‘ 10 10
+ [Azumuth error +0.72/deg. | g zimuth error *+1.89 dea. 8 8 I
w | | | | | = | | ‘ ‘ [ ~ 6 6
- P T e 2 : o 2
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1 :--Sampling time 8ms - ---
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0.1] O. 2mG 0. 1msec samplmg t|me 1ms
0.1 1 10

Measuring time : At (ms)
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X,Y,Z elements Aseembling type during 2002£E to 2012  Challenge the development of XYZ element from 2013

ASIC

1.2mmX1.2mm

Element
0.6mmX0.6mm

height
H450um

IEE

Y axis

Mlsensor 2mmX2mm>X1.1mm

First try e=——) Second try ———— New idea

Wide magnetic plat n attract Z direction fl
Z derection Flux ide magnetic plate can attract Z direction flux

and easy in production

Hz magnetic attracting bar Hz magnetic attracting bottom

Height 200 um Height 100 um Hz magnetic attracting plate
Height 40 um
. . ermallo
wire coil P y permalloy permalloy

/

20
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Wafer size 20mm X 20mm Element size : 0.6mm X 0.6mm

e

4

» . L { x i
e "k*"fﬁf‘ﬂ*f“f-(”'! oy 'a
R | a2 I
2l 2

Magnetic attracting plate

Top plate
GSR element

Bottom plate

W:500um X L:SOO}Jm Xt:5um

X Thickness
+20um
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Promising Applications for GSR sensor

: Project 2) ultra small type for catheter navigation in Body
ACH] ) SETERNE (Rl CaT _size of width 0.4mm and length 1.2mm

-high resolution of 3mG/LSB in 16bits . BEF" - Keeping the performance of the standard type

-Analog circuit Bandwidth of 1MHz

Xray view

40 sensors used in one car
* Angle sensor,

- =
*speed sensor,
*Current sensor _ <(f~

&y

4

Navigation along blood

Sensor inside

Project 2) the XYZ dimensional type for Gyro-Compass f:\%ii‘s’gtu;‘dlrﬂpeter to detect the bio-magnetism
l_Jsgddime\:‘vggr:aaﬁly%: ?;Igg gTS;ent - Developing for a wearable type of magnetoencephalography

- Low noise under 1mG and high speed mearing 1KHz instead SQUID
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