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PROBLEM TO SOLVE:

DEVELOP NAVY APPLICATIONS OF HIGH-TC SQUIDS
OUR PART OF SOLUTION:

UNSHIELDED/MOBILE OPERATION OF SQUIDS

Roger Koch IBM Research

Frank Milliken Yorktown Heights, NY

Jim Rozen

Steve Brown

Pieter Woeltgens

Review materials research
Review operation of SQUIDs in a small magnetic field

Examine some applications of SQUIDs
1. Naval Gradiometers

2. Biomagnetometers

3. Scanning SQUID microscopes
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SQUID APPLICATIONS:
Successful in a “marketplace™

1. Brain biomagnetometer

2. SQUID susceptometer OPEARTE WHILE
3. SQUID microscope SWIELDED  Aud[oR
4. Scientific applications

5. Rock magnetometer STATIONARY

Technically successful:
nicaty OPCRATE  WHILE

1. Geophysical sensors (e.g. MT) ¢TATIONARY 4
2. Radiation receivers
« pWAY FRoM (T AU

Technically still very difficult:

E
1. Heart biomagnetometers OPERAT Wil LE%

2. Navy submarine or mine detection APTER. NOVING
3. Most NDE applications AND  WHILE
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USING SQUIDS IN UNSHIELDED ENVIROMENTS:
If High-Tc SQUIDs are to become economically viable
products (that survive without government funding) we need

to learn how to operate them outside of B=0, AB=0, AT=0,
and RF! and magnetically shielded enclosures:

B = BearTH use narrow lines and/or holes,
| fluxdams, heaters, laser zappers

AB#0 TSG active cancellation, fluxdams,
good quality materials

AT #0 fluxdams, good quality materials
RFI#0 high bandwidth electronics

Magnetic noise magnetic references, gradiometers

CUPER CONTUCLTLM G
YL SHIELD

OR DO WHAT IS DONE INLOW-TC..... __ | @ 18 ./\éj

superconducting shields and wires SR Ay

A 2

ool 2 //
LOPSR . COMDLLTIRT G W
< Yepr

What wé really need is the usability and cost of a fluxgate!

CLUYGMTE = 2 pT/[He 0 | Ha — Y o000
HIGH-Tc SQuUlD 200 $1/ (e — 4 0,000
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WHRT THE USER WANTS TO DO:

FIND MAGNETIC ANOMABLLES

M.A.D. = MAGNETLC ANOMALY DETECTION

WHAT 1O MERSORE
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How TO AVOID PERSISTENT
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ECONOMIC ISSUES IN SQUIDERY:

Making (just) SQUIDs is a money losing operation today.

Compare: Conductus (SQUIDs) with Billingsley Magnetics
(fluxgates) |

SQUIDs are very high tech and hard to make

SQUIDs are a “part’

Most SQUID markets are 100 small to support the research
that is needed to develop the SQUID part of the solution. (->
government money) |

Need cheaper SQUID technology

~ Making systems that use SQUIDs can make money.

Look at Quantum Design, biomag companies, and IBM

The SQUID is a key partbuta minor cost item in most
systems.

Cost to enter a new market is far more than that of the SQUID
sensors

Risk is very high since products are new and different.

There are just a few cases of market pull, usually its
technology push. |

SQUIDs (andsuperconductivity) have far more intellectual (and
snob) appeal than other types of magnetic sensors, i.e.
Fluxgates.

WHAT COULD CHANGE ALL THIS DOOM AND GLOOM?



(small scale) High-Tc needs to become a part of
some maijor research and/or commercialization area
(as defined by Dow Jones):

Electronics, computers, communications, and information
Aerospace and transportation

Biophysics, biochemistry, medical, and drug-related
Energy exploration, production, and distribution

Food

Entertainment

Investment, etc.

Defense

How to find a part in the mainstream?
1. Invent a room temperature superconductor.
2. Pretend we did:

Work toward the goal of a micromachined silicon-chip-based
refrigerator for high-Tc low-power applications. A small DIP
with only electrical power inputs that can cool a high-Tc chip
to 77K.,



SILICON MLCROMBCHIV ED

~)

REFRIGERRTOR

DLUG 1M QCPLACLE MEVT

FoR. A

Powee. tV:

ROoM -TEMPERATURE
SNE w_jz YA

ok, FILTER
o A[D CoMUER

o 2 | ettt &
&

PRUDUCTICA

C OMPLETE SLLICO W ~BASED
CosT /3

CLOSED - CYCeLE 21°K

- LIVKED T&

C oot ER. | -

gzz,./ccp’

1704« 300 K /x/ cm

RADLAT IOV LOAD
o 0.1 warTs

Co,uoucrlou LIAD " 0.2 WATTS




Y. TAvaiv =+ W SIEGEL

SoFT
PERMALL oY

Tie

TP
Fig. 1. Schematic view of the measu
HTS SQUID microscope showing
cryostat containin
flux focusers forming a second

ring head of the
a cut of the

g the three SQUID sensors with
order gradiometer.

HTS SQU\D . MALLRO SCOPE

WITH A ECRROMAGVETIC  FLUX FOCUSER .



— TP Y
FLUY
_ Couc.é‘-l)‘m.wra&

ExisTiv e g pum S TP OSIZE
A *.
PosS IBLE O. ] pm S A PPE



