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Afetherelimitsto how smaII
wecan go? Or isMoore'slaw
dead?

ﬁ * Present technology Is at ~14 nanometers across

1q
s * Proposed improvements may bring us down to

Silicon’s atomic size of about 0.2 nanometers

© That leaves no room for 2D architecturesto continue
to grow

e A new revolution i1s needed
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What Technologies may move

usforward
g Optics/ photonics %‘:
i, * Quantums =
* « Architecture advances (SoC, SiF, SoS, ?77?) =

o Wafer manufacturing improvements (TSV and Waf@_F‘
stacking

 Materials (CNT, Graphenefibers, glass, ...
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iversity of

= Are HW Technology
Advances Enough?

SoC, SIP S0S, .... Whereisthar [imit?
|sthe CLOUD the answer??
Quantum Computing 777

Photonic Computing???

New model? | -
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=¥\ hat about advancesin
Computation

» Decentralized processing =

§ + Massive parallelism —
: » Cloud computing (but at what cost?? Lose %

control of source) =
{Lﬁ? * New Algorithms supporting increased =

processing capacity
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Algorlthms and the Cloud

* \What can we hope for the cloud and
algorithms running on it to deliver?
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Miniaturization isnot smply
Processor s and memory

Shrinking sensors, actuators, combined technologies, e.g. NEMS, MEMS, etc—

= T

Gains may come from other places in the application —
|oT, massive data production, data always available from anywhere and —-.=,—~
“manytime for amost any conceivable use, what may come from this? ——

New computational models

New Architectural models (relieve the memory bottleneck)

Cdleged Engnearing  Eledrical and Computer Engnearing Department



Optoelectronics sensors miniaturization
- outlier data generation and
automatic rejection

M. Borecki

Warsaw University of Technology, 75 Koszykowa Str., 00-662 Warsaw, Poland



Extension of fluorescence tests with controlled temperature
of the medium

—— Anthracene@PCN- 526 at 298 K = Phenanthrens@PCH- 526at 298 K
— Anthracene@PCN-526at 77 K : gréeﬁ?grn&@%"'mat e
== PCN-526 Phenanthrene
Anthracene :
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Wavelength (nm) Wavelength (nm)
The emission spectrum of The emission spectrum of
Porous Coordination Network (PCN) Porous Coordination Network (PCN)
Anthracene Phenanthrene
Anthracene@PCN at 298 K (red) Phenanthrene@PCN at 298 K (red)
Anthracene@PCN at 77 K (blue) Phenanthrene@PCN at 77 K (blue)

Dahuan Liu et al., ,,A Reversible Crystallinity-Preserving Phase Transition in Metal-Organic Frameworks:
Discovery, Mechanistic Studies, and Potential Applications,” J. Am. Chem. Soc., 2015, 137 (24), pp 7740-7746



Standard and capillary liquid vessels and probes

Q

Plastic
small volume Ocean optics;
cuvette small volume capillary sampling

When a capillary optrode CV7087Q is considered, the
approximated fluorescent aperture is 0.7mm. This
fluorescent aperture is 10 times lower than when a
classical cuvette is used. Therefore, the optical power
used for excitation of fluorescence in the proposed head
may be significantly lower (100 times) than when a
commercial spectrophotometer integrated device is used.

=1

GE healthcare;
UV-grade capillary cell
(130-1100EUR)



Capillary sensor set-up with local sample heating




Capillary sensor head

to opto-el. interface

: tical fiber :
apillary o trode °P plastic box
to power captiary op _\
supply magnetlc base
tape III
marker \‘ /
window
micro
“heater V-groove
\-groove for fiber
for optrode

to light source



Capillary optrode

Reduction of optrode dimension increases the effect of imperfections
on the measurement result

OD = 850+20um
ID =700+10um.

marker

/S
a

70x1Tmm

5+x1mm 40+2mm 5+1mm
cork air fuel cork




signal [V]

100% bio-diesel fuel properly examined

measurement time [s]

trial 01;
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Data registered by untrained operator of 70%

bio-diesel fuel
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measurement time [s]

sl and s2 — proper data; s3 uncertain data; s4 outlier data

M. Borecki; P. Prus; M. L. Korwin-Pawlowski; P. Doroz; J. Szmidt, ,,Automatic detection of outlier
data received in multi-parametric capillary sensors of diesel fuels fit for use”, Proc. SPIE 10808,,
108080A (1 October 2018); doi: 10.1117/12.2500289



Dendrogram cluster analysis

of raw data signals registered by untrained operator

Direct application of cluster analysis does not support the desired results
60 r

distance [a.u.]
wW
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s1 s3 s2 s4

objects (raw data of measurement series)

sl and s2 — proper data; s3 uncertain data; s4 outlier data



The vector pattern of data created on the base
of physical phenomena of measurement

Trial time of local heating time of vapor phase | first maximum of
number required to vapor phase existence (t) [s] derivative (pd1)
creation (t) [s] [V/s]
sl 13 3 -1.5
s2 15 5 -0.75
s3 15 9 -1.75
s4 35 3 0.5

data of signals registered by untrained operator

sl and s2 — proper data; s3 uncertain data; s4 outlier data
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CONCLUSION

. Outlier data generation as a result of complex measurement procedures seems
guite probable, especially when measurement is performed by untrained
operators.

Detection of outlier data received in multi-parametric capillary sensors is essential

in sensor automation.

Uncertainties of raw data in capillary sensor with local sample heating are results

of similar amplitude course of registered signal for optrode improperly filled and

turbid flow of liquids.

. Two techniques of digital automated signal processing were examined.

e Results show the failure of classic statistical raw data processing with cluster
analysis aimed for outlier detection.

e Cluster analysis applied for processed data to the vector form of pattern
results are correct. The use of vector pattern of data is effective when physical
phenomena of the measuring procedure are taken into account.

e For statistical data analyses the well defined set of data is required.
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Magnetic sensor: last tendencies

1,2,3
A. Zhukov
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Applicaions of Magnetic materials
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Electronics

High Frequency Communication technology

Magnetic
Materials

Military

Industrial
Telecom Infrastructure

Der neue Audi TT
The new Audi TT
Audi magnetic ride
o808
Magnetorheologische
Di

ampfer
Magneto-rheological dsmper

Steuergerit / CAN-Bus.
Gateway control uni/CAN bus

Magnetic and spintronics matenials for deta stovage and anergy saving
by nanostructure confrod

ehctne whidchs

<Motors>
—— Power Window, Wiper,
Electric Throttle, EGR

<In-vehicle Unit>
Steering Parts, ABS Sensor Rotor

<Engine>
Sprocket, Pulley,

Rotor, Plate, Housing,
Valve Guide, Valve Seat

<Shock Absorber>

. Piston, Rod Guide

>

<Qil Pump>

O?I Pump Botqr for Engine
Qil, Electric Oil Pump Rotor <Transmission Part>
Synchronizer Hub,Plate,

Planetary Carrier

<Powder Magnetic Core>
Motor Core, Inverter, Converter

\_ Wegsensoren
Travel sensors

AudiPassion.com




Magnetic

Magnetic Sensor Applications

Sensor Type
A
Magn. Diode
Magn. Transistor ’ Sy
.  Rotationy
Hall Probe 4
GMR Magnetic Sensor Detectable Field Range (gauss)’
. i : . Technology 10 8 10 4 100 104 o8
EMR 1 Destructive Nawgatlon Squid
MagnetoStrict./Elast Evaluation Iee Fiber-Optic| -
T™MR ARRAY Position o "' :)f P‘e";
- : ; ically Pum
Detection Sensing presTy P
Magneto-Optic- Y/N Muclear Procession
GMI - Search-GCoil o
; g Superconducting Earlhvs Ficld
Optlcal Fiber Physics & Detection / Anisotropic Magnetoresistive
AMR + Quantum 1 Flux-Gate
Computing i . _Guidance of ~—— Local Anomalies of ) i
Fluxgate 4 ‘ = Vanations vehicles " Earth Magnetic Field Magnetotransistor
Nuclear precession /"’ of Earth " Magnetodiode
‘ ‘ /// Magnel'c Magneto-Optical Sensor
Opt'ca' Pumpmg- /" Field ArChGO'Ogy Giant Magnetoresistive
Search Coild{ ¥ M-E-R Hall-Effect Sensor
SQUID -{ MEG Tomog‘aphy " Mote: 1gauss = 10 “4Tesla = 10 5gamma
T L] A ] L] L) L] L] L) L] L) L] L] L] L] L] L) L] L) L)
o™ 10™ 10" 10" 10" 10™ 10° 10* 10" 10° 10° 10° 1 10° 10° 10" 10" 10° 10" 10 B(T
Common units T pT uG nT mG uT G mT T kT ( )

Minimum Detectable Field & Dynamic Range

Source: M. Diaz-Michelena Sensors 2009, 9(4), 2271-2288;

doi:

Michael J. Caruso, Lucky S. Withanawasam

Published 1999



http://dx.doi.org/10.3390/s90402271

Magnetic Field and Magnetic Sensors

Bio magnetic Nature magnetic Industrial Space
field field magnetic field magnetic
Geo-magnetisms itaog;i?af e SC-magnet fl el d
pT nT uT mT T T Tesla (T)
1 1 1 1 1 1 1 1 1 1 | | 1 | | |
-10 -8 -6 -4 -2 2 4 6
10 - 10 %}O 10 - 10 éL 10 . 10 h}é) Gauss (G )
€ — — = Hallsensor (0~ 1 MHz)
!’;trr;nosfiﬂctgﬁﬁizirlgﬁe- = = —— - MR, GMR sensor (0~ 10 MHz)
/ = = = = = Fluxgate sensor (0 ~ 10 kHz) SO u rC e_
v ] _ 0~ 10wt Prof. K.Mohri
Amorphous wire Ml sensor

Proton magnetometer
(0 ~0.01Hz)




Magnetic sensors:

Companson of magnetic sensors

Sensor Head length Resolution Response speed Power consumphton
Hall sensor 10100 pm 0.50e/+ 1k0e | MH= 10 mW
MR sensor 10—100 pm 0.1 Og/ + 1000e | MH= 10 mW
GMR sensor 10—100 pm 0.01 Oe/+200e | MH= 10 mW
Fluxgate 1020 mm 1'W
MI sensor 1-2mm 10 mW
51 sensor 1-2mm S5mW
EIS_-I".'\-T"{R Joumal of Magnetism and Magnetic Materials 249 (2002) 351-356 \
www.elsevier.com/loc
Source Amorphous wire and CMOS IC-based sensitive Ad i
micro-magnetic sensors (MI sensor and SI sensor) fo1 vantages
intelligent measurements and controls
K. Mohri**, T. Uchiyama®, L.P. Shen®, C.M. Cai® L.V. Panina® TABLE 1 _
COMPAPTSON OF MAGNETIC SENSORS
Sensor Head Resolution Response Power |
lengih specd consumplion
sehor hi];—ﬂmn M&?Ji : 1 MHz 10 mW
Source MR sensor 10-100 G006e™ | 1MHz 10 mW
IEEE TRANSACTIONS ON MAGNETICS, VOL. 38, NO. 5, SEPTEMBER. 2002 3063 :.:Gng]r{ J';IDNIM 0 gl%l] g: "It 1 MHz 10 mW
Amorphous Wire and CMOS IC-Based Sensitive Flusgate | 10-20 PESEE s Lw
Micromagnetic Sensors Utilizing Magnetoimpedance M e | L EEE v _—
(MI) and Stress-Impedance (SI) Effects S | @@ [ -
Kaneo Mohri, Fellow, IEEE, Tsuyoshi Uchiyama, L. P. Shen, C. M. Cai, L. V. Panina. Yoshinobu Honkura, and .

Michiharu Yamamoto



Third Generation of Magnetic Sensors

MI element based on Amorphous Microwire

Third Generation
Micro-size, sensitivity 0.1 mGauss

A

I Nobel Prize
2007 Nanotechnology

Second Generation
Micro-size, sensitivity 1 Gauss

Based on Amorphous Microwire

since 2010

First
Generation Semiconductor technology oroMa GPSi#iE —
Large size, sensitivity 1 Gauss & -
R AR
| (« ! ! > BID :
1900 7 1960 1990 SN g

-
~

Magnetic Sensor History

Industrial application in Smart phone using vit sensor 6
Last tendencies: Size reduction, frequency increasing Source: Aichi Micro Intelligent Corporation



GMI applications

MI element based on Amorphous Microwire Smart composites fo

Amorphous wire:
(glass-coated wire)
Metal dia. : 11.3 1 m
: Total wire : 145 um
CASIO 2013.June 68250yen Wire length: 520 ¢« m

Amorphous Wire 3—axis Electronic Compass chip:A M7 306

Resolution 0.16 uT (160 nT)
Dynamic range += 1.2 mT ( =12 Oe)
Power voltage Vdd 1.7V

Power current I dd 150 1 A

Power consumption 255 uUW

Operating temperature —45 ~ 80 °C

Chip dimension 204 X 204 X 1.0 mm

Reversibility for big disturbance magnetic field shock oo

Advanced 3—axis MI sensor chip installed in watch

Rovided by Prof. K. Mohri

NDC

Transceiver

@ﬁ Microwave radiation

Advantageous of Ml sensor

1)
2)
3)
4)

5)

Micro size and small power

High sensitivity with resolution

; e
consumption (sub-mw)
of 0.01 % for dynamic range k
(Pico-Tesla resolution)
Quick response with GHz
High reversibility for big magnetic
field disturbance shock

High temperature stability

External stimuli: st14n, compression,
magnetic field, or heating
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Glant Magneto-impedancea efract

500% change 150
[ per 1 Oe

500

100 MHz
400

300 -

AZIZ(%)

200

100 -~

: : -15000-10000-5000 O 5000 10000 15000
H, (Oe) H (A/m)
Magnetic filed depedence and value are affected by magnetic anisotropy

B Skin Effect of the Magnetic Conductor

AC current frequency 10 U 5 s 10O O = r
e 7 \ 7T 1L f
f~ kHz f~ MHz

H¢(H’f)
O <r
(at high enough f)

! ¢

Z(H)

2r Magnetlc field
E.P. Harrison, et.al Nature, 1935, vol. 135, p. 961
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Pulse-Driven Magnetoimpedance Sensor Detection of
Cardiac Magnetic Activity

Shinsuke Nakayama’', Kenta Sawamura', Kaneo Mohri?, Tsuyoshi Uchiyama®*

1 Department of Cell Physiology, Nagoyva University Graduate School of Medicine, NMagova, Japan, 2 Department of Electronics, Magoya University of Graduate School of
Engineering, Magoya, lapan



Magnetic materials...




Magnetic wires:

-Iron whiskers
-Wiegan magnetic wires
(CoVFe,1970-th)

Amorphous: milli
(since 80-th) micro
nano

In-rotating water wires
(can be drawn to 20-30 ym) — rough surface

Melt extracted (40-50 pm)- not perfectly cylindrical cross section

Glass coated (0.1-50 ym)- glass coating (stresses) ‘

11



Comparison of microwires with other soft magnetic materials

4 2
- Ribbons, Cross section above 410 pum , fast and cheap

fabrication, extremely soft magnetic properties, too big
for microsensors applications

3 2
Wires, cross section above 2+10 um , fast and cheap
fabrication, good magnetic properties, effect of sample
Length - too big for microsensors applications

2 2
Thin films, cross section 0.1- 10 um , slow fabrication,
Higher cost, worse magnetic softness, good compatibility
In integrated circuits, effect of substrate

3 2
Microwires, typical cross section above 4-2+10 um , fast
and cheap fabrication, extremely soft magnetic properties,
good for microsensors applications

Scale (cross section)
12




Fabrication of Glass coated microwires (thinnest wires

Co, Ni , Fe and Cu rich compositions
dmetal

Dtot |7<— \)
) metal
/ o Glass coating /
9 ASSEUIRNE Molten alloy

Det WD
‘Glasstube __— 5

'Ijij]n ST RS OIS
§ L OUCST RISITRREr 02 WIS
VI T RIS YATIREEET 3 =40 NS

I_' F Inductor (Ol SIS T 'Uiiﬂmg HMCKIRESS Y ! () JHlCRUS]

L gty « gy o (g S 1) i B By5EI)

'AC Inductor

Advantages: 1. Unexpensive and simple fabrication method
2. Excellent soft magnetic properites and high GMI effect

3. Fast DW propagation

4. Also recently Heusler-type and granular microwires
5.Biocompatibility (glass-coating)

Water jet
Receiving bobbins

13



GMI en microwires
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GMI effect, high sensitivity
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Proposed magnetic memory and logic based on DWP

RERRRERY OO
AN

b

))))Jlu,)u,)‘u.u)

qukl\_ -

.;.'/
E
“Racetrack
‘ )vf" storage array
I 0 : - y
g ™ s oot s /
Ll
{

Horizontal racetrack

Possible MRAM and logic
applications
Stuart S. P. Parkin, et al.

Science 320, 190 (2008); Controlled and fast DW movement
One of 10 most prominent applications (MIT
ranking) 15




Conclusions

« Soft magnetic properties and GMI effect can be realized in magnetic microwires

By appropriate post-processing we can considerably improve GMI effect and magnetic
softness in Co-rich magnetic microwires

- “Advances in Giant
Thank you for the attention! Magnetoimpedince
Materials” by A. Zhukov, M.
Ipatov and V. Zhukov

Springer Series in Materials Science

(issue October 2015)
Arcady Zhukov Editor ;
High i i -
e Performance L CHRSRR M netic
Soft Magnetic i Materials

Materials
Magnetic Sensors and Applications

Arkady Zhukov Editor Based on Thin Magnetically Soft Wires
4 with Tunable Magnetic Properties e " H‘“’

Novel

Functional | -
Magnetic | | .
Materials : tarth-3ealland

Fundamentals and Applications

16
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IARIA Sensor Comm Pandl 2: Advanceson Miniaturization and Computation

Paul Fortier, UMass Dartmouth, Panel Moderator and Panelist

Advances in miniaturization and computation can be looked at in very different ways. From a
hardware perspective, miniaturization and improvements in design have contributed to a
continuous improvement in computational speeds (e.g. instructions per second continue to rise).
Though miniaturization alone will not solve the always increasing demand by a gorithms
computation for more speed in order to solve more complex problems. Technology is nearing the
limit for 2D wafer densities. Does this mean the end to Moore’ s law? Possibly not if one takes
into consideration advances in computer architecture. For example advances in 3D chips using
wafer stacking and through silicon vias have resulted in drastic increases in the number of
processing engines and memory available in the same footprint. Such improvements in computer
fabrication technologies have led to realizing systems on a chip (SoC) designs as well as systems
in a package (SIP) architectural complete systems implementations. One issue to address are the
limits to wafer stacking. One could aso look towards possible new technol ogies such as optical

computing or quantum computing as areas where additional capacity may be found.

Miniaturization does not just imply processing and storage, but aso sensors, actuators, and other
peripherals. What does the future hold in these related technol ogies and what are the impacts of
their decreasing Space, Weight, Power (SwaP) and costs? The argument may be that we are
reaching limitations for getting much more from standalone computational engines, possibly one
should look into advances in computation provided from distributed or cloud computing.
Advances in computation are a bit vaguer. Do we consider only standalone computers and
algorithms running on them, or do we consider distributed, and cloud based a gorithms? What
big new computational advances have occurred recently? Possibly big data and big data analytics
driven by cloud computing. One issue to consider is who owns an algorithm in the cloud? How
secure is the algorithm?

The two additional panelists provided different views on the panel’ s topic from very different

perspectives



Michal Borecki from the Warsaw University of Technology Poland, looked at optical sensor
miniaturization and trends. Dr. Borecki presented; Optoel ectronics sensors miniaturization -
outlier data generation and automatic rejection. His statement follows;

Optoel ectronic sensors miniaturizations results in improvement of sensors fit for use, but also
introduce, depending on sensing principle, different outlier data. These outlier data may come
from random pollution of medium in which the measured factor is positioned as well as may
come from lack of precisein sample holding. Fortunately, vector data pattern generation of
characteristic point of measurement and measurement multiplication enables automatic rejection

of outlier data.

Arcady Zhukov, from the University Basque Country (UPV/EHU), Spain also looked at
magnetic sensor miniaturization and improvements. His presentation; Magnetic sensor: last
tendencies, focused on trends and improvements in magnetic sensors and their applications. His

statement follows;

One of the recent tendencies related with development of industrial applicationsin the field of
magnetic sensors is the miniaturization of the magnetic sensors. Certain industrial sectors, like
magnetic sensors, microel ectronics, security etc, need cheap materials with reduced
dimensionality and simultaneously with high magnetic properties (particularly enhanced
magnetic softness). This tendency stimulated development of technology for magnetic materials
with reduced dimensionality, such as thin films and thin wires. Particularly magnetic wires
exhibiting giant magnetoimpedance effect are using in real technological applications for low
magnetic field detection owing to high magnetic field sensitivity allowing to achieve magnetic
field sensitivity similar to cryogenic devices.



