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1.0 INTRODUCTION

1.1 General

Since January 1986 with the finding of Bendorz and Muller [1]
of superconducting oxide ceramic materials of barium lanthanum and
copper at 30°K series of investigations have been followed and super
conductivity at 90°K or more was reported for ceramic bulk materials
of Y-Ba-Cu-0 systems [2-7]. At this range of temperature (90°%)
liquid helium could be replaced by liquid nitrogen which is cheaper
and long lasting.

Various conditions were employed in preparing bulk ceramic
superconductor materials. These included mixing of Y,0,, CuO and
BaCo,, prefiring, grinding processing, firing and slowly cooling in
an oxygen at atmosphere (4,5]. By now the preparation of bulk
Y-Ba-Cu-0 base superconducting ceramic samples has been well
established and reproduced by many groups [1,7].

The discovery of superconductivity around 90°%K in the Y-Ba-Cu-0O
ceramic system has developed a great deal of interest in the practical
applications of the stable compound Y-Ba,-Cu,-O, known as 1:2:3
compound. Applicaticns of high temperature superconductor (HTSC)
materials could be found in microelectronic devices, sensors, power
transmission lines, electronic interconnects and many others.

lHowever a major obstacle in the processes of applications of HTSC
materials is the contact resistance which is formed where external
metallic leads are attached to the HTSC surface.

Recently several researchers (§,9,10]) addressed the contact

resistance problem.




Contact surface resistivity in the order of 107° to
10  x Cm’ was obtained with contacts made with Indium, silver paint,
direct wire bonds and pressure bonds [8,9]. In recent studies [8-10]
it was found that silver and gold contacts on superconductive

Y-Ba-Cu-0 base material showed low ohmic contact resistance in the

range of 1079 x cm!. That low range of contact resistance was
achieved only after annealing the contacts at one atmosphere of oxygen
during one hour at 500°C and 600°C for silver and gold

respectively. It might be noted that the gold was deposited by
sputtering techniqie {9,10] while the silver by thermal evaporator
[8). Noc major efforts have been invested to find such methods and
mode of formation of low resistance ohmic contacts without the need
for annealing as well as avoiding high vacuum, high temperature, high
voltage and masking cperation while depositing and forming the
retallic contact.

In the current study therefore a major effort was conducted in
finding suitable methods of metalization of superconductor Y-Ba-Cu-0
base ceramic material to form low ohmic contact resistance
without annealing and masking procedure.

The authcrs introduced the procedure of laser induced
metallization from platiny solution on immersed substrate without the
need of external power and masking procedure.

Metallization via pulse laser irradiation have been already shown
on semiconductor substrates (11-15] and polymers [11)]. Following
previous experience with semiconductors and polymers the metallization
via pulse laser irradiation on superconductor ceramic base material

was explored and investigated in the current study.




Objectives

The main objectives of this study were:

A.

To establish a high speed, direct, selective metallization
process at ambient temperature on superconductive ceramic
materials for low resistance ohmic contacts and conductive
lines.

Making use of pulsed laser irradiation for metal or alloy
deposition on superconductive ceramic material immersed in
non-water based plating solution without external power
and without masking procedures,

Characterizing formation condition such as mode of pulse
laser operation, laser energy intensity, wavelength, number
of pulses and type of plating solution to give desired

metallization patterns with desired electrical properties.

Significance

A.

Replacing conventional metallization processes such as
sputtering, thermal evaporator by high speed, direct, one
step, selective laser writing on high Tc superconductive
ceramic materials immersed in non-water base plating
solution.

Direct formation of low ohmic electrical resistance contacts
on HTSC without pre and post surface treatment or annealing

procedure.




2.0 EXPERIMENTAT

2.1 Experimental Set-Up

The experimental set-up used in this work consisted of three
basic systems: (A) a pulsed laser systems, (B) an electroplating
solution cell mounted on a computerized X-Y table, and (C) a computer
controlling the movement of the X-Y table as well as synchronizing the
laser irradiation with the table movement.

A schematic drawing of the overall system is shown in Figure 2.1
A Q-switch pulse YAG laser system was used in this study. However I
might be noted that pulsed uv laser system would be also suitable for
that work as shown previousiy by one of the authors (J.2.) in

unpublished work.

2.1.1 Laser System

The laser system used in this study was a Q-switch YAG laser made
by Qunatel Company, operating under the following conditions:

Irradiation Wavelength: 532 nm, 1060 nm

Laser Energy per Pulse: up to 5 mj/pulse

Pulse Duration: 15 ns

Repetition Rate: Up to 10 Hz

2.1.2 Plating Cell

An optical view of the plating cell is shown in Ficure 2.1.A.
The cell was made of perspex with a screw in the side for tightening

the specimen (dark zone) when immersed in the plating solution.
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Fig. 2.1

SCHEMATIC VIEW OF THE EXPERIMENTAL SET UP FOR LASER
PLATING PROCEDURE




Fig. 2.1 A

OPTICAL VIEW OF THE PLATING CELL WITH A SUPERCONDUCTOR
CERAMIC SPECIMEN IMMERSED IN THE MIDDLE OF THE

CELL (DARK ZONE).




2.2 Experimental Procedure

(o8]

.2.1 Materials

2.2.1.1 Superconductive Ceramic Specimen

Specimens were prepared from Y BA, Cu; O, ceramic
pellets. The pellets were prepared in a conventional way, i.e.,
burning premixed Y,03, BaCO, and CuO powders in air to 950°C
for 12 hours. Grinding the burned compound and pressing the powder
into 1.25 cm diameter pellets at R.T. up to 20,000 pounds and
subsequently sinter the pellets in 0, at 950°C for six hours (8].
Figure 2.1.B shows the relationship between the resistance of
superconductor Y Ba, Cu, O, ceramic material on temperature.

The transition temperature was found to be at 90°K below of which the

material was superconductor.

2.2.1.2 Electroplating Gold Solution

Specimens made of Y Ba, Bu, O ; superconductor materials
are sensitive to the presence of water [5,6] as far as their chemical
stability is concerned.

Therefore in this study nonaqueous plating solutions were used.
Gold electroplating solution was prepared by dissolving 1 gr of
HAuCl, salt in 50 cc dehydrated ethanol. The scolutions were

commercially available.
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2.2.2 Laser Plating Procedure

2.2.2.1 Laser Conditions

Laser irradiation conditions for gold plating were as follows:
Laser Energy: 1.0 - 3.0 mj/pulse

Laser Wavelength: 532mm

Laser Repetition Rate: 5 - 7 Hz.

Laser Beam Overlap: 95% - 50%

Laser Number of Pulses/Site: 1.0 - 1000

2.2.2.2 Deposition Processes

The procedure through which laser induced gold deposition from an
electroplating solution onto a ceramic materials specimen is outlined
in the following manner:

1. Set up laser irradiation conditions.

2. Alignment of laser beam through the various optics onto the

specimen surface.

3. Preparation of electroplating gold solution 20g HAuCl, in
1000 cc dehydrated ethanol.

4. Preparation superconductive ceramic material specimen of
Y, Ba, Cu, O..

5. Immersicn of specimen into the plating soclution.

6. Select the computer to control the laser irradiation
procedures as well as to synchronize the X-Y table
movements.

7. Operate the laser to get deposited gold at predetermined
location on the specimen surface.

8. Stop laser irradiation when the process is completed.




9. Clean the specimen in dehydrated ethanol with ultrasonic
cleaner.

10. Put the specimen in a vacuum to evaporate residues.

2.2.3 Deposit Observation and Characterization

Laser gold deposit pads produced on the superconductive ceramic
materials specimen of Y-Ba-Cu-0O, 1:2:3 base compound were examined
by various techniques such as optical microscopy, scanning microscopy,
auger electron spectroscopy (AES), electron spectroscopy of chemical
analysis (ESCA). Also electrical measurements were carried out as to
the resistance and contact resistance of the deposit pads on the

ceramic substrate.

2.2.3.1 oOptical and SEM Observation

Various types of optical microscopes were used for characterizing
gold pads appearance on superconductive ceramic substrates. Surface
views of the gold deposits produced via pulse laser irradiation under
various conditions are given and described herein in paragraph 3.2.1.

Scanning electron microscopy (SEM) was used very effectively
in characterizing gold deposit pads morphology, structure and
composition. In this study the scanning electron microscope (SEM) was
operated in various modes obtaining secondary electron images,
backscattering electron images as well as making use of EDAX system
getting x-ray analysis profile characteristics of the elements
present. SEM micrographs either of secondary electron image or

backscattered electron image are given and shown in paragraph 3.2.2.

10
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.2.3.2 AES and ESCA Analysis

A. AES

Auger electron spectroscopy (AES) is a nondestructive technique
for surface chemical analysis with particularly small depth resolution
and hence is well suitable to study solid surfaces. Auger electron
spectroscopy (AES) is achieved by making an energy analysis of
electrons ejected from a solid. It is an electron excited technique
which is initiated by bobarding the material with a beam of electrons.
Typical electron beam enerqy is 5 kev and typical beam diameter Sum
to 25 ym. Limit of detectability is on the order of 0.1% atomic
concentration. Figure 2.1.C describes schematically AES processes
involving bombarding materials surface with a beam of electrons which
can ionize one of the electron levels such as the K level. An
electron from n level, say, can drop down to fill the vacant K shell.
While doing that the electron leaving n shell can transfer its enerqgy
to electron at n energy level which can then have enough energy to be
ejected from the solid surface. This electron will then have an
energy related to n and K level. Measuring the escaped electron
energy will make it possible to analyze and identify the elements in
the materials surface. The process described can be defined as the
KMN transition.

AES surface analysis was found very effective in identifying the
presence of various elements at laser irradiated zones on the

superconductive ceramic material as shown herein in paragraph 3.2.3.

11
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B. ESCA

Electron spectrosccpy for chemical analysis is a very powerful
technique in surface analyses studies. ESCA processes involved the
bombardment of x-ray on to the surface of the sample. Absorption of
the x-rays results in prompt emission of photoelectrons from atomic
orbitals whose binding energy is less than the x-ray energy. X-ray
energy will have to be absorbed at such level so it can remove an
electrons from the atom that adsorbed the x-ray. Namely x-ray energy
should be higher than the binding energy E, of the electron.
Actually that is the ionization potential. Energy in excess of E,
appears as the kinetic energy of the electron when it leaves the atom.
It is that energy which is being measured. The x-ray energy minus the
kinetic energy will give the binding energy. In commercial instrument
the binding eneryy is calculated and being displayed. ESCA is a very
sensitive technigue because the photoelectrons have to leave the
surface without loosing their energy. Therefore only the electrons
that originate near the surface would be able to escape from the
sample surface without loosing enerqy. Escape characteristic depth of
photoelectrons will be in the range ot 10-100A. Therefore effective
ESCA analysis would be in depth of 10A-100A of the surface
examined. ESCA technique was found very beneficial in identifying
varicus elements and compounds on and around gold deposit pads formed

via pulse laser irradiation on superconductive ceramic materials.

13




2.2.3.3 Electrical and Contact Resistance Measurements

Electrical measurements of high Tc superconductive substrate

material as well as of laser gold deposited lines or the substrate

surface were conducted by making use of two point probes and of four

point probe procedures [18]).

A.

Two point probes resistance measurement procedure involved the
use of two probes touching the material surface at a given
distance between the two probes. Furthermore the two probes were
connected to a current supply and a voltmeter measuring the
voltage drop while changing the current, or in other words
producing I-V curves. The slop of the I-V curve indicates the
resistance value of the measured substance.

Superconductive specimen bulk material was evaluated for its
resistance by two point probes as well as the gold deposited
lines on the superconductor specimen surface. The probes used in
this study were gold plated crown probes. Crown probes consist
of 9 pins with a diameter of .1mm each on a 1 mm diameter
surface. Also used were probes with rounded tips so as not to
penetrate through the gold deposit.

The crown probes were used for measuring conduct resistivity of
the surface of the bulk material, while the rounded tip probes
were used for measuring the conduct resistivity of the gold line.
The four point probe method of measurement was used to determine
both the conduct resistivity of the bulk material and the contact
resistance of the gold lines to the super conductive material. A

schematic views of four point probes measurements are shown in

14




Figure 2.5. Current is supplied through the outer probes
(No.1,4) while potential drop is measured between the inner
probes (No.2,3). The probes are equally spaced. Fig 2.5.B
demonstrates the procedure for measuring contact resistance of
laser gold deposit pad on superconductor substrate specimen. The
ratio between the potential drop and the current value will give
resistance values. 1In this study the current was Kkept constant
at 100 mA while the voltage difference was in the range of mV and

less.

- Measuring contact resistance at low temperature range from
R.T. to liquid helium temperature is shown schematical in
Figure 2.6. The basic four point probes arrangement is
shown in Figure 2.7.

In that system (Figure 2.7) the gold leads are connected to the
gold pad either through an ultrasonic pressure bonding procedure or with
the aid of Indium or silver. One can see that the current lead is
connected to the gold pads as well as one of the voltage leads. There
are two voltage leads connected to the superconductor surface for
measuring voltage drop as function of temperature while constant
current in the order of 1.0 mA, 10.0 mA or 100.0 mA is applied.

Based on the connection procedure shown in Figure 2.7 the contact

resistance should be calculated as follows:

15
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FIG 2.5: FOUR POINT PROBES ARRANGEMENT. PROBES NO. 1 AND 4 ARE THE
CURRENT INPUT. PROBES 2, 3 MEASURE THE POTENTIAL DIFFERENCE, V,
BETWEEN THEM. THE PROBES ARE EQUALLY SPACED.

A. MEASURING SUBSTRATE SPECIMEN MATERIAL
B. MEASURING GOLD DEPOSIT PADS ON THE SURFACE.
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OF GOLD PADS ON SUPERCONDUCTIVE CERAMIC MATERIAL AT LOW TEMPERATURES
NAMELY FROM R.T. DOWN TO LIQUID HELIUM TEMPERATURE AROUND 4°K
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GOLD ——Jpp» I—”‘] AN A | —

Superconductor

(l) RC+ ll rSC=R

a

(2) Rc * 12 rsc = Rb

Solving (1) + (2) will eliminate r and will give:

1R, - 1R
(3) R = £ :’,,__,V,'_f
Iz 1,
Where:
R = Contact Resistance

R ,R, = Resistance
r. = ps/Area

p = Superconductor Resistivity

In these simple calculations it is assumed that the
superconductor resistance r, is linear with distance. The
values of R and R, can be calculated by dividing the measured

potential drops by the constant current imposed.
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3.0 RESULTS AND DISCUSSIONS

This project aimed at studying for the first time the
feasibility of direct, high speed gold plating via YAG pulsed
laser irradiation on superconductor ceramic Y-Ba-Cu-O base material
immersed in the plating solution. Substantial efforts were made in
finding out the laser operational conditions to give either dots,
lines or pads of laser gold deposits. These deposits were examined
thereafter for their morphology, structure, composition and electrical

properties, especially their resistance.

3.1 Laser Induced Gold Deposit formatiqn

The experimental conditions under which gold deposit of points
and lines were produced via pulse laser irradiation are described in
Table 3.1. The conditions under which gold deposit pads were formed
in the sizes of 2mm x 5mm or S5mm X Smm or in other sizes like 1lmm x
lmm are described primarily in Table 3.2.

Experimental conditions of YAG pulse laser irradiation on
superconductors Y-Ba-Cu-O ceramic base material immersed in gold
methanol solution (Table 3.1 Sample A, Exp. 1) resulted in damaging
the substrate at the irradiated zones. That result could be
attributed to high laser beam energy density above 2 mj/pulse.
However, around the damage areas deposits of gold could be detected.
In subsequent experiments the laser beam energy was reduced to
1.0 mj/pulse and the gold plating solution was changed to gold ethanol
(Table 3.1, Sample A, Exp. II, Lines 1,2,3,4}. Under these conditions

no gold deposit was detected on the ceramic substrate. Thereafter
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laser beam energy was selected between 1.3 to 2.0 m)/pulse while bean
diameter at the irradiated area was 1lmm.

Laser beam step movements (or rather movement of the X-Y table)
were from 5 um steps through 50 ym steps up to 500 pm steps (see
tables 3.1, 3.2). These sizes of steps actually resulted in beam
overlapping form 99.5% to 90% up to 50% and thus forming probably a
thicker and denser gold deposits at the irradiated zones.

An important factor involved in the processes of laser deposition
was the number of laser irradiation pulses per site namely the number
of pulses at each step of movement. 1In Table 3.1 it can be seen that
the number of pulses ran from 1.0 pulse per site, through 100, 200,
500 up to 2,000 pulses/site. It was found that values of 20 to 40
pulses per site at overlapping of 95% gave substantial amount of gold
deposit to be clearly detected by naked eyes (see Table 3.2). Gold
deposition via pulse laser irradiation on superconductor ceramic
material should be continued to get reliable correlations such as the
dependence of gold deposit thickness and its electrical properties on
laser number of pulses at given energy; on laser energy; on laser
overlapping degree; and on laser wavelength. Also the use of various

nonaqueous gold plating solutions should be examined.

3.2 Deposit gprpholggx_ipq Structure

Laser gold deposit morphology and structure was examined by

making use of optical and scanning electron microscopy.
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3.2.1 Optical Microscopy

Typical optical views of gold deposits on superconductor
Y-Ba-Cu-O base ceramic material are shown in Figures 3.1-3.5.

Figure 3.1 shows the appearance of irradiated surface along six
lines. Damage in forms of holes in the ceramic surface at the laser
irradiated zones can be seen very clearly (Figure 3-1, Table 3.1,
Sample A, Exp, I). However around the holes one can observe some gold
deposits. It might be pointed out that the damage was caused by high
energy density of the laser beam namely above 2 mj/pulse. Under lower
beam energy in the value of 1.5 mj/pulse to 2.0 mj/pulse one could
obtain very clear gold deposits without introducing damage in the
superconductive ceramic substrate as shown in Figure 3.2. Deposit
lines were produced under various irradiation conditions (See Table
3-1, Sample A, Exp. II1) and that is reflected in their appearance in
Figure 3.2.A. Figure 3.2.B. simply shows Line No. 3 in
magnification. No damage to the substrate was observed. Furthermore,
gold deposits followed the rough and porous morphology of the substrate
itself.

Figures 3.3 and 3.4 show typical gold deposit pads Smm X 3mm
formed on Sample B (Figure 3.3) and on Sample C (Figure 3.4). It
might be seen very clearly that gold deposit processes were followed
the morphology of the ceramic substrate (Figure 3.3.A, 3.3.B).
Furthermore, the presence of cracks and pores (Figure 3.3.A) did not
prevent to get what seemed to be good gold deposits (Figure 3.3.B,

3.3.C).
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Typical sets of gold deposit pads especially for measuring
contact resistance values are shown in Figure 3.5. It might be noted
that the pads shown in Figure 3.5.B appeared thicker and denser
compared to the pads shown in Figure 3.5.A. The difference could be
due to the fact that the thicker pads (in Figure 3.5.B) were formed
at laser irradiation of 50 pulses/site compared to 30 pulses/site.
(See Table 3.2, Sample E, Exp. IX).

The optical microscope was a very useful device for initial and
quick observation of gcld deposif spots, lines and pads of various
sizes. Also it give information regarding possible surface damage

under the various conditions of laser irradiation.

3.2.2 Scanning Electron Microscopy

Detailed view of gold deposit surface morphology and structure
was obtained by SEM through backscatted and secondary electron images
as shown in Figure 3.6 through Figure 3.13.

Typical SEM view of irradiated area where damage was observed
(Figure 3.1) 1s shown in Figure 3.6. The damage was characterized by
holes formation in the ceramic surface (dark zone in Figure 3.6).
Around the hole one could observe the detailed morphology of the
substrate itself (Table 3.1, Sample A, Exp. I, Line 4). Figure 3.7
shows the same gold lines as shown by optical microscopy in Figure 3.2
A backscattered electron image indicated the presence of gold lines as
shown clearly in Figure 3.7.A (Bright Zones). In nonirradiated zones
no gold was deposited (dark areas in Figure 3.7.A.). Furthermore, a

secondary electron image of the zone shown in 3.7.A did not indicate
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any surface damage at the gold deposit areas or outside these areas
(Figure 3.7.B). Furthermore the gold lines (Figure 3.7.A) appeared
to be continuous following the topography and the pecres in the
superconductive ceramic substrates. Typical analyses of the gold
deposit lines are shown in Figure 3.8. The presence of gold as well
as of copper, yttrium, barium, and chloride was detected. It might be
noted that the chloride came from the plating solution which contained
HAuCl, gold compounds. However, the percentage of the chloride in the
deposit was only about 3.48% wt compared to 20% wt of gold. The
elements of Cu, Ba and Y are in the superconductive ceramic material
Y-Ba-Cu-0 base compound.

Typical surface morphology of gold deposit pads is shown by SEM
in secondary and backscattered electron images (Figure 3.9, 3.10,
3.11). The pads were formed on superconductor ceramic material as
shown optically in Figure 3.4. 1In Figure 3.9 the nonirradiated area
can be seen. At low magnification (Figure 3.9.A.) the surface
appeared to have a cell type structure consisted also with many pores.

High magnification pictures (Figqures 3.9.B., 3.9.C.) of the
surface indicated the presence of grains about 10 pym in size as well
as cracks and microcracks (Figure 3.9.C). Secondary electron images
of the gold pad surface (Figure 3.10) indicate the presence of holes
and pores, as well as microcracks. However the gold deposit followed
these topographies. No substrate damage due to the laser irradiation
was observed especially when one compares the nonirradiated surface

(Figure 3.9) with the irradiated area (Figure 3.10).

39




‘0709 40 %LM S0°0C 0L AIYVANGD %IM 8Y'E 40

JONVY JHL NI 33133130 34V 13 40 S3INAISTY 0STV "ATHVITD
NMOHS SI nJ ‘eg ‘A 40 SV T1IM SY 0109 40 JINISIYd IHL L€ 4N NI

NMOHS SINIT 1I1S0d30 G709 40 311404d SISATYNY X@3 TW3IdAL 8°€ 9I4

JINVBYOSBY HOIH - .

wie g0ty 0S6°0 ¥86°0 2501 8160 weo ¥-Nnd
80°C¢ 812t vEL L ¥66°0 1o 9901 IEE0 1vo
. 8¢ AA 96¢°1 9660 $69'1 880 6200 ¥
600z t96 19%°1 000°'L gigL 6011 1910 WY
. 9991 (YA 6Lyl 2660 £yl 1L6C LELg 1A
% IM % WOLY [4v2) (4 (vl i2) ) —
£ SNOILVYH3LI 40 ON
A} \’) ..A .:. ff.: AN ey [PUN \ A\.
4 4 \J. .* C ~1 ;t.. . i
‘ ‘_ . ' —
] - “, ﬂ \ \k
v M v « “ \ “ Z ‘\
v " A q 1y
_“ v il * , *
' 9 ] |
i w * _,, _~
__ 1 ;
v ,_ n
g _ v
'
_4
v
r 8
S

40




(8) NI NMOHS

V34V 3HL 40 M3IIA IYIN HIIH 3 (V) NI
NMOHS Y3HV JHL 40 INIWITYVINT '8
M3IA VN MOT TvH3H39 Y

[ 31dNVS

'€ 319v1 33S] 'VIYY QILvIavydl NON
1V N3WI33dS JINVY3D JAILINANOIYINS
40 M3IA JIVINI AYVONODI3S IN3S ._<o_n_m>h
6€ o4

—
3

PR




(8) NI NMOHS Y3¥VY 3HL 40

JYW HIIH "D (V) NI NMOHS V34V 3HL 40
JVIN 43HIIH "8 M3IIA TIVHIA0 IYIN MOT Y
[C INOZ "3 31dWVS ‘Z°€ F18V1 33S] ‘LIS
[$3S7Nd 0 40 NOILYIOYYYI YISV 3SINd
VIA SINOZ 11S0430 @109 40 SI9OVWI
NOYLJ313 AHVANOIIS W3S VIIdAL
01 84




Typical SEM Backscattering electron images of gold pads on
superconductive ceramic substrates are shown in Figure 3.11. The
bright zone in Figure 3.11.A indicates the presence of gold deposits.
The boundary between the gold deposit and the nonirradiated area (dark
zone in Figure 3.11.A) is shown very clearly. The Backscattered
electron image of the gold pad surface is shown in Figure 3.11.B and
its topographic view is shown in Figure 3.11.C. Gold deposits covered
all the hills and valleys on the superconductor ceramic surface.
Furthermore, formation of the gold pad via pulse laser irradiation did
not introduce damage or any other changes in the substrate surface.

Figure 3-12 shows typical gold pads produced via pulse laser
irradiation at 30 pulses/site (Figure 3.12.A) and at 50 pulses/site
(Figure 3.12.B). These pictures might indicate the effect of the number
of pulses on the amount and growth of the gold deposit. The higher
the number of pulses, the thicker or denser was the gold deposit. The
boundary between the gold deposit and the bare surface is shown in
Figure 3.13.A (bright zone indicated the presence of gold).
Enlargement of the gold covered zone in Figqgure 3.13.A revealed the
presence of grain structure in the ceramic surface (Figure 3.13.B).

Gold deposits covered these grains which were 10 to 20 ym in size.

3.2.3 AES and ESCA Observations

Typical AES and ESCA profile analyses of gold deposit pads shown
in Figure 3.3 (See Table 3.2, Sample B, Exp. VII) are shown in Figures
3.14, 3.15 and 3.16 respectively.

Figure 3.14 shows an AES surface analyses profile of Sample B at

nonirradiated laser area which was away from the two gold pads shown
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in Figure 3.3.A. The profile which was taken after ion sputtering
shown the presence of Cu, Bu, 0, Y which composed the superconductor
Y-Bu-Cu-0 base ceramic material. In addition the presence of Cl is
very obvious. The Cl residue came from plating gold solution.

AES profile analyses of the gold deposit pad which was shown in
Figure 3.3.A, Pad No. 2 is given in Figure 3.15. Three profiles are
shown in Figure 3.15. They were taken after various times of ion
sputtering of the gold deposit surface. It might be seen from profile
No. 1,3,4 the presence of oxygen, chloride, gold and yttrium. No
carbon, copper and barium was detected at the gold deposit pad. That
is to say that the gold coverage thickness of the ceramic substrate
surface was a good one. Furthermore, non-gold compounds were observed
as can been seen in an ESCA profile analysis of the same gold pad
(Figure 3.3.A, Pad No. 2). The ESCA surface analyses profile is shown
in Figure 3.16 where the gold 1 7/2 and 1 5/2 peaks are clearly shown
indicating the presence of pure elemental gold.

Further examinations of gold deposit pad composition and in
particular the presence of pure elemental gold were conducted on
Sample F, Exp X, Zone 2 where laser irradiation per site was 5 pulses
(See Table 3.2, Sample F, Exp. X). A typical AES surface profile of
that gold pad without sputtering is shown in Figure 3.16.A. The
presence cf Au is shown together with Cl, C, 0, Ba, and Cu. The
presence of Y-Ba-Cu-0 was not surprising since these are the
elements in the ceramic substrate. However their presence at the gold
deposit surface indicated that either the gold deposit did not cover

the whole area to 100% coverage due to surface roughness, or that the
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gold deposit under these conditions was not completely continuous. An
ESCA surface profile analyses of the same gold deposit pad surface
(Table 3.2, Sample F, Exp. X, Zone 2) without sputtering are shown in
Figure 3.16.B and Figure 3.16.C. The presence of pure elemental gold
in the gold deposit pad is shown clearly from the gold peaks of Au
(4d) and Au (41) (Figure 3.16.B). Enlargement of the Au (4f) peak is
shown in Figure 3.16.C. Clearly the peaks of Au (41 5/2) and Au

(41 7/2) are found to indicate that the gold in the gold deposit pad
was really an elemental gold. That finding was important from the
mechanism point of view of gold deposition via laser irradiation, as
well as from the technical point of view. Namely use these gold
deposit pads as ohmic contacts or conductive lines on the super-

conductive Y-Ba-Cu-0 ceramic base material.

3.3 Bulk and Gold Deposit Electrical and Contact Resistance

3.3.1 Resistance Measurement at Amgient Temperature

Electrical measurements for evaluating electrical resistance of
gold deposits on superconductive Y-Ba-Cu-O base ceramic material were
conducted making use of two probe points and four probe points.

The results obtained with two probe points are given in Figures
3.17, 3.18, 3.19 and in Tables 3.3, 3.4, and 3.5 respectively. 1In
Figure 3.17 typical I-V curves were obtained from measurement of
electrical resistance of a superconductor ceramic specimen before and
after being immersed in gold ethanol solution. Table 3.3 indicated
that the resistance measured of bulk specimen before being immersed in

plating solution was 20 ohms as compared to 33 ohms after being
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TABLL 3.3

TWO POINT PROBES RESISTANCE CF
SUPERCOMDUCTIVE SPECIMEN BULK MATERIAL BEFORE
AND AFTER BEING IMERSED IN GOLD-~ETHANOL PLATING SOLUTION

VETHOD AND CONDITIONS: RESISTANCE MEASUREMENT. TwiO POINT PROBES SEPERATED ONE
CROWN GOLD PLATED PROBRES WERE USED, PROBES WERE lmm IN

DIAMETER,
SAMPLE SPECIMEN BULK MATERIAL AS SPECIMEN BULK MATERIAL AFTER
RECEIVED WITHOUT IMMERSION BEING IMERSED IN GOLD-ETHANOL
IN GOLD PLATING SOLUTION PLATING SOLUTION, WASHED IN

ETHANCL , ULTRASONICALLY CLEANED
IN ETHANOL AND DRIED

A 30¢ 30
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immersed in the plating solution. Practically one can say that
treatment of the ceramic material in the gold-ethanol solution did
not lead to a significant change in the electrical resistance.

Typical I-V curves obtained by two probes on gold deposit lines
are shcwn in Figure 3.18 where the results are summarized in Table
3.4. Resistance of 35.7 ohms and 45.45 ohms were found on gold
deposit lines produced via pulse laser irradiation under 1000
pulses/site and 100 pulses/site respectively (see Table 3.4, Sample A,
line 3,4). Resistance of about 20 ohms was found within gold deposit
line number 5 where the irradiation conditions were different compared
to lines 3 and 4. 1In line 5 probably more gold was deposited
compared to the other two lines.

The results of two probes measurements of gold deposit lines on
Sample B, Line 3a and 4a (See Table 3.1, Sample B, Exp. V, Line 3a,
4a) are shown in Figqure 3.19 and in Table 3.5, It might be noted that
the straight 1-V curves indicated ohmic contact behavior between the
gold line and the ceramic substrate. The resistance measured on the
ceramic bulk material was found to be 12.5 ohms (Table 3.5) where the
resistance of the gold deposit formed under 100 laser pulses (Table
3.5, Line 3a) was 66 ohms compared to 30 ohms of gold line deposit
formed under 200 laser pulses (Table 3.5, Line 4a). The data
generated at this stage of the work indicated that the gold deposit
line resistance decreased with increased number laser pulses, or in
other words, with the increase amount of gold deposited.

Contact resistance measurements of gold deposit pads onto the

superconductor ceramic material specimens were conducted by the four
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probes resistance measured as was described in Fiqure 2.5.B. The
results obtained at ambient temperature on various gold pads are given
in Table 3.6. The readings of the potential drop between the two inner
probes were taken at constant current of 100 mA. Contact resistance
average values of gold deposit pads on the surface of Sample B (see
Table 3.6, Exp. VII, Lines 1,2) were about 8.5 mft on Zone No. 1 and
about 6.2 mt on Zone No. 2.

It might be noted that gold pad No. 1 was produced under 20

pulses/site compared to 30 pulses/site in gold pad No. 2. That might
explain the lower contact resistance at pad No. 2 where more gold was
deposited as shown also in Figure 3.3.A. Further four probes
measurements were conducted on gold deposit pads produced via pulse
laser on Sample C (see Table 3.2, Sample C, Exp. VI, Zones 1,2,3).
The results are summarized in Table 3.6. The average contact
resistance on pad zone No. 1 was 2.64 ml, on pad No. 2 it was

3.88 m? and on pad No. 3 it was 1.76 mftl. Although these pads on
Sample C were produced under the same laser conditions, their contact
resistances were between 1.76 mfl to 2.64 m and 3.88 mftl. That can
possibly be attributed to rough and porous surface of the ceramic

specimen to begin with (see Figure 3.4, Figure 3.10, and Figure 3.11).

3.3.2 Contact Resistance Measurement at Low Temperature

The results of measuring gold pad contact resistance to the
superconductive ceramic material as function of temperature are shown
in Figure 3.20 and 3.21.

Figure 3.20 shows an increase of contact resistance with a decrease

of temperature in the range of 300°%K to 50°%K. That behavior is
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typically for semiconductor and not ror metallic contact. That type
of behavior was previously reported [9] for Indium contact resistance
on superconductor ceramic material. The Indium oxidized to give
Indium Oxide with energy gap of about 3.4 eV [9]. The Indium oxide
behave like a semiconductor. Looking into the procedure of preparing
the contact of gold wire to the gold pad Indium was used to get a good
connection. The presence of Indium in the system (Figure 2.7)
resulted in the correlation shown in Figure 3.20.

Figure 3.21 shows the dependence of contact resistance on
temperature. The measurements were carried out on gold deposits and
produced via pulse laser irradiation (See Table 3.2, Sample D, Exp.
VII, Set A). The connection of gold wire to the gold pad was carried
out through ultrasonic pressure without any Indium. Contact
resistance decreased with decrease of temperature (see Figure 3.21).

Contact resistance value at a room temperature 300°%K was found
around 13 pf? x Cm’ compared to 80 R x Cm? reported in the
literature [9,10]). The contacts obtained were ohmic. Increasing the
current from 1.0 mA to up to 100 mA caused an increase in the
potential drop measured to give a constant value of the resistance at
given temperature. Also it might be noted that our procedure of
making gold contacts did not involve annealing procedure to get low
ohmic contact resistance. In comparison it was reported in the
literature that sputtered gold contacts on superconductive Y-Ba-Cu-0
base material should be annealed at 600°C for one hour at pressure

of one atmosphere of O, to get low ohmic metallic contacts [9,10].
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Further contact resistance measurement of gold pads on a super
conductive ceramic substrate were conducted by two point probes and by
four point probes making use of the gold pads as shown schematically
in Figure 3.22. The two point probe procedure on gold pads is shown
in Figure 3.22.A. There were two pads operating while the current and
the voltage leads of gold wires were connected to each of the pad
seperately (Figqgure 3.22.A). The measurement shown in Figure 3.22.A
gave the combined resistance that is the contact resistance together
with superconductor resistance.

In Figure 3.22.B however, the resistance measured by four point
probes was basically the superconductor resistance. The results
obtained of the resistance measurements both through two point probes
and four point probes are shown in Figure 3.2.3. 1In order to get the
contact resistance itself of gold pads the values obtained by four
polint probes were subtracted from the values obtained with two point
probes. The graphic results of that subtraction is shown in
Figure 3.24. Contact resistance in the order of 2 mfl was found
at room temperature similar to results obtained by four point probes
measurements (see Figure 2.5.B) and reported in Table 3.6, Sample C,
Exp. VI, Zones 1,2,3.

Furthermore, Figure 3.24 shows a decrease in contact resistance
with decrease of temperature getting probably a jump from about
0.7 m to 0.1 mN at transition temperature around 90°K.

These measurements of contact resistance as function of

temperature are still being carried out and are investigated.
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FiG. 3.22

SCHEMATIC DESCRIPTION OF (A) TWO POINT AND
(B) FOUR POINT PROBES CONTACT RESISTANCE MEASURE-
MENT OF GOLD PADS AT VARIOUS TEMPERATURES
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CONCLUDING REMARKS

The feasibility of laser induced high speed, high selective metal
{(gold) deposit on superconductive ceramic material immersed in
plating solution has been shown and proven in this study.
Selective, direct gold deposit formation via pulse laser
irradiation was carried out from nonagueous gold plating solution
without external power or lithography procedures.

Gold deposit content increased with increase of laser number of
pulses, overlapping percentage values, and laser energy per pulse.
Patterned metalizations of gold were deposited on superconductor
ceramic substrate showed low resistance ohmic contact. Contact
resistance decreased with decrease of temperature from R.T. to
liguid N, temperature. At R.T. laser gold deposit contact

resistance showed values around 12 u? x Cm?’ compared to

80 pf! x Cm’ found in the literature for sputtered gold [9].
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