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ABSTRACT

Strong correlations between the Hall coefficient Ry, the transition
temperature T,, and the critical current density J, were established in a series of
epitaxial YBayCugOq 5 thin films as a function of oxygen deficiency 6. Steady
increases in Ry with & suggests that deoxygenation reduces the density of states which,
according to BCS theory, should lead to corresponding decreases in T.. In contrast,
two well known plateaus occurring at 90K and 60K were observed in T_ vs. 3. Others
have ascribed these plateaus to either electronic phenomena or oxygen clustering. We
find that in the 90K plateau, the critical current density J_(8,H=0) decreases with & and
extrapolates toward zero at the edge of the plateau, while the relative field dependence
of J.(6,H) is independent of 6. Furthermore, a fluctuation analysis of the resistive
transitions indicates a constant upper critical field B ,(0) = 110T across this plateau.
These observations suggest that the oxygen clustering/percolation scenario occurs on the
90K plateau.

Moreover, computer simulations showed this oxygen clustering/percolation
picture to be a plausible explanation for the occasional observation of a sign reversal
of Ry near T.. For large oxygen deficiencies (6 > 0.5) and for the granular oriented
YBa;CuyOq_g thin films, rapid decreases in J_ with applied field were observed which
is reminiscent of the conventional granular alloys. In addition, the self-field critical
current densities I, behaved as SNS weak link systems in a Josephson mixed state. In
sum, due to the short coherence length £ in these materials, many properties formerly

believed to be "intrinsic” in nature are apparently "extrinsic" in nature.
hJ
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I. INTRODUCTION

The electrical transport characteristics of a series of epitaxial and polycrystalline
YBa,Cuy04_; thin films were studied at the Oak Ridge National Laboratory’s Solid
State Division. This study was motivated by the desire to understand the mechanisms
limiting the critical current density, J., in both the epitaxial and granular thin films.
Since the recent discovery of this new class of high-T, (transition temperature)

supercond uctors, !

rescarchers have continued to make improvements in these materials
in the hopes that someday the important superconducting properties such as J_ will
approach those of the carlier conventional superconductors,® but at liquid nitrogen
temperatures instead of the more expensive liquid helium temperatures. Liquid helium
currently costs about $5.00 per liter as compared to 50.18 per liter for liquid
nitrogen.> Each class of thin films could have many potential applications with only
a few examples stated here, With the ease of growing long polycrystalline
superconducting tapﬁ:s,d' these materials may someday lead to the production of
superconducting cables. However, the critical current densities occurring at the grain
boundaries in these polycrystalline materials are limited to values well below those for
high quality epitaxial films. Therefore, more immediate emphasis has been placed on
the improvement of the epitaxial films. Potential uses for the epitaxial films include
interconnects in integrated circuits and other devices such as bolometers. Future
research magnets and motors could potentially be developed by either type of material,

given a little luck with breakthroughs. This dissertation summarizes the findings for

epitaxial and granular thin films, 1n the hope that these results may help others in



fulfilling such breakthroughs.

At present, YBa,CujO;_5 1s the most extensively studied high-T,
superconductor due to its early discovery and relative ease of processing. It was
discovered in December 1986 by Chu er al.® and has a transition temperature of about
92K near full oxygenation (6 = 0). Like most other high-T_ superconductors,
YBa,Cu;0-_; is a perovskite derived material having the structure shown in Figure 1.
However, this material is more complicated than the other high-T, matenals since,
YBa,Cuy05_; has a "chain" copper-oxygen layer structure in addition to two "plane”
layers. Both the "chains" and "planes" are believed to contribute to the normal state
properties. Moreover, it is generally believed that the "planes" are responsible for the
superconductivity, whereas the presence of the “"chains" simply improves the
superconducting performance by providing additional charge carriers to the "planes.”
Neutron diffraction data taken on oxygen deficient samples show that the oxygen loss
primarily occurs in the "chain” sites, e.g., O(1) sites, whereas the "plane” sites are
unaffected.® However, the superconducting properties are known to change
dramatically upon removal of oxygen, supporting the idea of charge transfer between
the "chains" and "planes.” Therefore, one approach to studying the effects of carrier
density on the superconducting performance, i.e., critical current density J, and
transition temperature T, becomes possible in YBa;CuqyO5_5. As a result, this project
uses the Hall effect to detect relative changes in the carrier density while making
comparisons to the superconducting performance.

Before proceeding, it is useful to present the theoretical electronic band structure

f-



Figure 1

Accepted atomic structure of YBayCuz 07 determined from neutron diffraction.
The solid bars help to denote the Cu-OQ chains and the Cu-O, planes. This
"orthorhombic” structure has the dimensions 3.822 A x 3.885 A x 11.680 A.
The inset shows the corresponding Brillouin zone. Source: H. Krakauer,

W. E. Pickett. and R. E. Cohen, J. Supercond. 1, 111 (1588).
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for YBa,Cu;04. These calculations were first performed by Krakauer et al.” at the
Naval Research Laboratory in Washington, D.C, using the linearized augmented plane
wave (LAPW) method. The assumed lattice parameters used in this procedure were as
follows: ¢ = 3.822 A, b =3.885 A andc = 11.680 A. The resulting band structure
is shown in Figure 2. From this, it 1s apparent that four bands cross the Fermi level
in YBa,Cu,0-, and the corresponding Fermi surfaces are shown in Figure 3. Before
the Santa Fe conference in 1991, few people believed these results due to the immense
complexities involved in performing these calculations. However, recent experimental
evidence from various types of measurements directly confirms the accuracy of these
Fermi surfaces.® Moreover, these band structures lead to interesting electronic DOS
features. The calculated total and partial DOS [Figure 4] reveal two interesting
features. First, the planar oxygen states, e.g., O(2) and O(3), have nearly identical DOS
indicating that the orthorhombic distortion (a # b) has little effect on the chemical
environment of the Cu-O, planes. Second, most of the states ncar and just below Eg
are associated with the "chain" derived bands. Morcover, a striking peak associated
with the "chain” related bands appears 0.085 eV below Er. Krakauer er al.” points out
that this feature is associated with only the O(1) and O(4) atoms. In addition, this
feature is probably not coincidental and Yu® showed that it simply dropped farther
below the Fermi energy Eg in the 60K phase of YBa,Cu;04 5. However, the physical
significance of this DOS peak is not obvious at the present, but it is believed to be
strongly associated with the normal state properties. As a result, a thorough study of

the experimental data in the framework of these theoretical findings may shed some



Figure 2
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Band structure of YBa,CusO; in the k, = 0 plane near the Fermi level
(Ep = 0). (a) States derived mainly from the "chains” are emphasized by the
large symbols, whereas in (b), states derived mainly from the "planes" are
emphasized by the large symbols. Note that most of the states within 0.3 eV
of the Fermi energy are "chain' derived states.  Souwrce: H. Krakauer,
W _ E. Pickett, and R. E. Cohen, I. Supercond. 1, 111 (1988).



Figure 3
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Fermi surfaces for the four bands crossing the Fermi energy Ep. The left half
represents the bands occurring at k, = U, whercas the right half represents the
bands at k, = 0.5. The top and bottom panels depict the "chain" derived bands
which, show a quasi-one dimensional character, whereas the middle panels
depict the "plane” derived bands which, are more two dimensional. The solid
lines represent the calculated value of Eg, and the short (long) dashes represent
the displacement due to 0.2 fewer (more) electrons. Hence, these differences
reflect the band masses. Source: H. Krakauer, W. E. Pickett, and R. E. Cohen,
J. Supercond. 1, 111 (1988).



Figure 4
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Fermi encrgy Eg derived from the band structure results. Top panel, total
DOS; second panel, Cu(l) [solid] and Cu(2) [dashed] DOS; third panel, O(1)
[solid] and O(4) [dashed] DOS; bottom panel, Q(2) [solid] and O(3) [dashed]
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light as to the actual significance of these features.

Early experimental work on oxygen deficient YBa;Cu;05_g led to the discovery
of two plateaus in T (&) that are now well known.'Y More recently, it was found that
these plateaus arc absent in samples prepared by rapid quenching from high
ta:mplr.:ratura:s,”*m Although the origin of these features has proved difficult to
elucidate, several elaborate electronic models have been proposed that rely either on a
two-gap mechanism”t or on charge transfer from the Cu-O chains to the Cu-0O,
planes.'*!> However, magnetic hysteresis studies clearly show anomalous

"fish tails" that have been attributed to defect clustering in oxygen deficient bulk

16,17 18,19

samples. Electron diffraction studies and one neutron diffraction
stud}fm have suggested that a discrete series of ordered superstructures, with small
differences in oxygen deficiency 8, are simultaneously present only in the é-range of
the plateaus. If the size of such domains exceeds that of the coherence length §
(~720A), then these domains should exist with distinct T, values. A fundamental
understanding of the plateaus requires knowledge of the nature of these domains. If
regions of distinct T_'s exist, experiments inducing finite electric fields would tend to
gencrate normal currents, thereby averaging over the phase distribution. On the other
hand, transport studies at the limit of relatively small electric fields (1 pVicm) would
greatly emphasize the phase(s) with the highest critical current densities J, providing
insight into the validity of the phase-separation scenario.

In the epitaxial thin films studied here, corrclations were examined between the

Hall coefficient Ry, T,, and J_ in a secries of eleven epitaxial thin films that were



rendered oxygen deficient by thermal processing under controlled conditions. The
results presented here are based on two samples representative of the highest quality
thin films. Moreover, to better understand the origin of the T_(é) platcaus and to
provide clues as to the possible pairing mechanism, systematic changes in the
fluctuation regime of the resistive transitions p(T,H) and the transition temperature T,
as a function of oxygen deficiency & in two of these epitaxial thin films were also
examined. This allowed the determination of the upper critical field H, as a function
of oxygen deficiency & by application of the high field fluctuation theory of Ullah and
Dc:rse;,rzl to the experimental data. In these two films, a plateau in the slope of the
upper critical field dH,/dT = -1.7 T/K, was found for H ||¢. This result supports the
applicability of the clean limit of BCS theory. On the contrary, the fluctuation theory
did not accurately describe the transitions off the 90K plateau. This failure off the SUK
plateau will be attributed to an extrinsic broadening of the transitions, arising from
gross inhomogeneities in oxygen content for § > 0.2. Data will be presented to
support the existence of such inhomogeneities off this T, plateau, i.e., § > 0.2, which
appears to occur in all of the epitaxial thin films.

The Hall effect has been of considerable interest in the high-T, superconductors,
due not only to the unusual temperature dﬂpﬂﬂd&ﬂﬂﬂ,zlﬂ' but also to the change in
the sien of the Hall coefficient Ry sometimes observed near T..**? Several
explanations have been offered to explain this sign reversal of the Hall

29,30

coefficient, 292728 which appears mostly in impure and in polycrystalline

samples.?* In the eleven epitaxial films (two laser ablated and nine coevaporated) of



YBa,Cuy0q_5 used throughout this work, the sign reversal was nof universally
observed. In fact, only the sample having the highest J, [a laser ablated film with an
irreversibility field B, (H//c) = 4.5T at 77K and a critical current density
J.(7TK) = 5 x 108 Mcmz] showed a sign reversal of Ry near T.. Moreover, the
highly crystalline, coevaporated films with lower defect pinning never exhibited a sign
reversal of Ry near T, at any applied field.?! This is perplexing, as most intrinsic
flux creep models describing this sign reversal predict that these effects should be
observed only in the limit of weak pinning r:ne:rgies.zﬁ To pursue this issue, a study was
initiated where the sample was annealed at various oxygen partial pressures at 550°C
followed by slow cooling to vary the oxygen deficiency 6. After ten anneals, a final
anneal at 1 atm O, returned the sample to full oxygenation. All of the starting
properties, i.c., the resistivity g, Ry, I, and T, returned to their original values except
for the superconducting Hall effect transition which no longer exhibited a sign reversal
near T.. Therefore, the random appearances of these sign reversals of Ry near T,
upon annealing prompted further investigation into the possibility of extrinsic
mechanisms such as current percolation.

As for the granular thin films, a self-consistent critical current model in the
Josephson mixed state is proposed for a series of c-oriented, polycrystalline and for a
series of epitaxial triaxially-oriented YBa,Cu3O5_ g thin films. The flux pinning
activation energies were experimentally determined from electrical transport
measurements over a wide range of temperatures and were found to behave guite

differently for the two types of granular films. With the derived activation energies
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applied to an SNS weak-link system, thermally activated flux motion 18 shown to
reproduce the experimentally measured critical current densities.

Owverall, the present study answers many questions regarding the intrinsic or
extrinsic nature of some properties of YBayCuy0O;_ 5. Many effects such as the sign
reversals of Ry near T, and the T (8) plateaus appear to be extrinsic in origin, rather
than jintrinsic as previously thought, Earlier work on the I-V characteristics at the
Naval Research Laboratory supports this argument,3? Like the fully oxygenated
polyerystalline thin films, increasing the oxygen deficiency (8 > 0) in the epitaxial
films appears to create a weak link array of superconductor-normal metal-
superconductor (SNS) junctions, probably due to clustering or inhomogeneous
distributions of the oxygen atoms. Therefore, careful thought must be placed upon any
new observations before deciding whether or not these observations are tnrnsic
properties in this new class of superconductors. Finally, the results of this dissertation
were  already made public in  several oral talks?3-3%:39:36 and  scientific
articles, 37383990 ejther published or as preprints awaiting clearance for

publication.
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II. EXPERIMENTAL ASPECTS

A. Overview of the Most Important Procedures

The epitaxial thin films used in this study were grown either by the BaF,
process41 or by pulsed laser ablation*? onto LaAlO; substrates. For electrical
transport measurements, the c-axis perpendicular films were photolithographically
patterned with a 3 mm long by 50 um wide bridge containing two opposing 20 pm wide
Hall terminals. Six gold dots were then sputtered onto contact areas to allow
simultaneous measurements of the resistive and Hall signals using standard
dc techniques [see Figure 5]. Note that the use of inert gold contacts avoided the
problems associated with sample contamination during the reannealing of these samples.
Currents were systematically reversed to eliminate thermal emfs. Contact resistances
were typically less than 0.1 m after the first full oxygenation anneal at 550°C in 1 atm
O,. This allowed easy, solder-free mounting and demounting with the use of
Au-In-Au pressure pads and spring loaded "pogo" contacts. To control the oxygen
deficiency 8, sequential isobaric anneals®® at 550°C were conducted under reduced
partial pressures of O, [see Figure 6(a) and Figure 6(b)]. Thus, small changes i 1
J., and Ry as a function of § could be obtained in a given sample of fixed bridge
geometry, thereby eliminating the relative errors due to cross sectional differences
which exist between samples. The effects of oxygen depletion were reversible, as
demonstrated by a final anneal at 1 atm O, that reestablished the starting properties of

the films even after eleven sequential anneals. To eliminate offset voltages due to the
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Figure 5
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Typical current bridge pattern for the thin films used throughout this study. The
transport bridges were photolithographically defined as 3 mm x 50 pm; these
bridges contained two opposing 20 um wide Hall terminals. Afterwards, six
gold contacts (dark regions) were sputtered onto the samples. In general,
resulting contacts had contact resistances of not more than 0.1 m{ each.
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Figure 6
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Method of control of the residual oxygen deficiency 6. (a) The oxygen
deficiencies were controlled by sequential anneals at 550°C, followed by the
slow cooling shown. Flowing Ar+0, mixtures allowed easy control of the
resulting oxygen content, since 6 depended on the partial pressure of O, chosen.
(b) This was accomplished with the furnace setup as shown. Note that the
oxygen partial pressure was measured with an Ametek oxygen analyzer.
Part (a) was adapted from R. Feenstra (unpublished).
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physical Hall terminal mismatches and to the transverse-even field** Ryg [nonzero
for 8§ > 0.5, see Figure 7], the Hall coefficient in the limit of low-field was defined
by the difference of the Hall resistivities taken in opposing fields,

p () - p(-H)
2H

(D

R, =

Moreover, in order to perform this subtraction, each temperature sweep was
interpolated at 0.5 Kelvin intervals using the Lagrange method. Thus, these
subtractions were easily accomplished as a function of temperature [Figure 8] within
a Lotus spreadsheet. In addition, magnetic fields of 8 Tesla were applied parallel to the
c-axis, and were verified to be in the low-field regime, since no saturation was
observed in the Ry vs. B behavior through 8 Tesla** while in the normal state at all
oxygen deficiencies. More importantly, this "subtraction" procedure was utilized to
determine the Hall coefficient in a copper test film patterned according to Figure 5.
Fortunately, a temperature independent Hall coefficient Ry = -5.9 x 1011 m3/C was
obtained, which agrees with the accepted value for copper.44 In sum, reliable values for
the Hall coefficient in thin films can be obtained by utilizing the basic procedures

outlined in this section.

B. Estimation of Oxygen Deficiency o

From systematic x-ray diffraction studies of four films, the following correlation
between the relative change in the c-axis lattice parameter ¢ and the normal state

electrical conductivity o was obtained for oxygen contents in the regime of the 90K
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Figure 7
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Transverse-even coefficients Rp observed in oxygen deﬁ01ent YBa,Cu;07_5
(non-zero when & > 0.5). These signals are defined by
p,(H) + p,,(-H) - 2p, (H=0)

R._ = i . (2)
o 2H?

where p,, (H) is the "apparen:” Hall resistivity at an applied field H |c. Note
that py (H 0) must be inserted to eliminate the offset signals due to physical
misallgnments of the Hall probes. Moreover, the resulting signals are

"extremely weak” and would not have been detected without the computerized
data acquisition system described in Section D. In addition, aging effects
(discussed in Chapter IV) were observed for the composition 7-6 = 6.35.
However, no theory in the low-field limit exists at present to explain the
significance of these signals. Unfortunately, such non-zero signals require the
application of Equation (1) in defining the Hall coefficient.
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Figure 8
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Example determination of the Hall coefficient Ry as described in the text. The
field reversal process (top half) followed by (1) a Lagrange interpolation of the
data at 0.5K intervals and (2) the subtraction of these interpolated curves
according to Equation (1) generates the defined Hall coefficient curve shown.
Notice the complete disappearance of the "anomalous" bump in the
superconducting transition.
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plateau:

AC _ (48:05) x 10 A2

C, %

, 3)

where ¢, and o, represent the fully oxygenated state.® In bulk YBa,Cuz0,_s, the
c-lattice expansion has been correlated with the oxygen deficiency 6 in the

orthorhombic state according to the average results of Cava et al. and Jorgensen

et al.-36:47

1 Ac _ ,107x 10 . )
c, Ad
Combining Equations (3) and (4) leads to the result

Ao

o

o

3 = 045 &)

Values of é obtained from Equation (5) must be regarded as provisional, since extrinsic
factors such as substrate-induced strains may alter both the magnitude of the c-lattice
parameter, as well as its response to 6. The values are quoted to provide a familiar and
relative labeling of composition, but none of the following analyses in this dissertation
depend quantitatively on the precision of the values. With this proviso, Tables I and II
tabulate experimental information associated with the determination of the ¢ values for
the two representative samples used in the figures throughout this work. Since
Equation (5) generates a maximum value of only & = 0.45, e.g., |Ad/o,| — 1, this
equation was utilized for the estimates of § only in the range in which the x-ray data

were obtained, i.e., & < 0.3. For larger oxygen deficiencies, § was based entirely on
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Table 1.

Experimental data used in the determination of §’s depicted in the figures

pertaining to the coevaporated thin film. The calculations of & are
described in the text and are rounded to the nearest 0.1. The letter "g"
denotes "aged" at room temperature for 4 days before performing these
measurements to avoid any "quenching" effects.

Estimated Anneal | Ad/a, | J.(1.2K) 4

7-8 Log(Pgy) (at 100K) [A/cm?] (at 0.01xRy)
7.0 - 1 atm mE - 1;.;7 x; 1075 ;89.41( _l
6.9 -0.60 0.201 7.40 x 10 90.4K

6.8 -0.97 0.430 3.16 x 10° 89.6K

6.7 -1.56 0.650 6.50 x 10° 74.5K

6.6 5 0.678 1.58 x 10° 60.5K

6.5 -2.50 0.702 1.00 x 10° 54.0K

-3.00 0.903 (a) ~ 1x 10

I
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Table II.

Experimental data used in the determination of &’s depicted in the figures
pertaining to the laser ablated thin film. The calculations of 6 are
described in the text and are rounded to the nearest 0.05. The letters
"q" and "a" denote "quenched" from 200°C and "aged" at room
temperature for 4 days, respectively. Limited J, measurements were
conducted at 1.2K to avoid burning out this sample.

Estimated | Anneal |Adla, | J.(1.2K) T
=5 Log(Pg,) (at 100K) [A/cm?] (at 0.01xRy)
7.00 1 atm 0 2.50 x 107 88.3K
6.95 -0.60 0.110 N/A 88.9K
6.90 -1.00 0.210 N/A 89.4K
6.85 -1.48 0.355 N/A 88.8K
6.80 -1.78 0.460 N/A 87.0K
6.70 -2.09 0.645 N/A 76.0K
6.50 2.53 0.719 N/A 56.2K ll
6.45 3.05 | 0.835 (q); 0.824 (a) N/A 38K (q); 42K (a)
6.40 3.25 | 0.906 (q); 0.897 (a) N/A 12K (q); 20K (a)
| 6.35 3.55 | 0.967 (q); 0.963 (a) N/A Insulating
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the comparisons of T, to those published by Veal ez al. and Jorgensen er al. i

C. The Hall Cryostat

The electrical transport properties of the YBa,Cu305_g thin films were obtained
using a custom designed cryostat built by Cryomagnetics in Oak Ridge, Tennessee.
This cryostat contains a 10 Tesla superconducting magnet [Table III lists specifications]
suspended in a vacuum insulated dewar. Moreover, this superconducting magnet was
especially designed to operate in a "persistent” mode. This mode allows the magnet to
operate without a power supply after the magnet is charged. This is accomplished by
a superconducting "short" which is placed across the magnet leads near the magnet.
Whenever the magnet is charged or discharged, a heater mounted against this "short"
is activated causing the "short" to become normal. Thus, the charging (or discharging)
current will not flow through this lead except when the heater is off. More importantly,
such "persistence" modes allow very stable fields which are ideal for Hall effect
studies. Moreover, the "persistent" mode minimizes liquid helium (LHe) boil-off due
to the discontinued application of current to the magnet leads after the magnet is
charged. In addition, other features minimizing liquid helium losses include (1) a liquid
nitrogen (LN,) jacket surrounding the liquid helium can and (2) a pair of vapor-cooled
magnet leads. The liquid nitrogen jacket minimizes the thermal radiation load on the
liquid helium bath whenever the magnet is cooled to 4.2 Kelvins. The helium
vapor-cooled leads simply make the best use the helium boil-off gas by channeling this

cold gas through the upper half of the current leads into the atmosphere. In sum, this
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Table III.

Specifications of the custom designed 10 Tesla superconducting magnet
built by Cryomagnetics for Martin Marietta Energy Systems. The
magnet consists of a coil of twisted multifilamentary NbTi wire in a
copper matrix. The copper matrix used in the construction acts as a
form of "quench" protection. Furthermore, the coil is completely epoxy
impregnated to prevent any shifting of the wires during usage.

Superconducting Magnet Specifications
Serial Number C182-M —l
Rated Central FICll v i s 8 Tesla (4.2 K)
................................... 10 Tesla (2.8 K)
Naximur kst il mermmun son o it cuiiiin e 8.59 Tesla (4.2 K)
RaledClment s s dnieisam i min g, 77.74 Amps (8 Tesla)
INAUCIANCE. sssepsamsmmmassasins s E R T 3.45 Henries
Homogeneity (2.375 in. below top) ................ +0.5% over 1 cm DSV
Field to Current Ratio ...............ccvvninnnnnn.... 1029.1 Gauss / Ampere
Charging Voltage ........ccoeveviiiiiiiniininennn, 2 Volts
Persistence Switch Current .......................... 45 mA

Source: Operating Instruction Manual for Superconducting Magnet System, for
U. S. Department of Energy, Martin Marietta Energy Systems (Cryomagnetics,
Oak Ridge, TN), p. 3.
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superconducting magnet system was found to be very efficient in measuring both the
Hall coefficient Ry and critical current density J (H).

To control the sample temperature, this cryostat (called the Hall cryostat) can
be operated in one of two modes. First, the sample can be submerged in either liquid
nitrogen (LN,) or liquid helium (LHe). The vacuum pump station shown in Figure 9
can then maintain a preset boiling point of either cryogen by controlling the vapor
pressure. This is accomplished by placing a predetermined amount of gas in the ballast
tank [Figure 9] which is turn controls the amount of suction placed by the diaphragm
valve on the sample space. The advantages of this form of control include: (1) a high
degree of temperature stability, and (2) minimization of sample heating at the resistive
contacts by more efficient dissipation of generated heat into a liquid. However, the
disadvantages include: (1) limited range over which the temperature can be controlled
(e.q., 52K48 — 78K using LN, and 1.2K - 4.2K using LHe), and (2) possible
"plugging" of the capillary valve with nitrogen ice when the magnet is operating at
liquid helium temperatures while the sample is submerged in liquid nitrogen. The
second form of temperature control, however, 1S more versatile and was used for
performing the Hall measurements. This type of control utilizes a capillary valve and
transfer tube which transfers a small, controlled amount of cryogen, usually LHe, from
the magnet can to the sample space [see Figure 9]. Moreover, just before this cryogen
enters the sample space, it first passes through a copper block fitted with a heater coil.
The setpoint temperature of this copper block 1s maintained by a DRC-91C Lake Shore

temperature controller as well as the flow rate through the capillary valve. More
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Figure 9
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Vacuum pump station and gas line diagram used with the Hall cryostat. This
system is located at the Solid State Division of the Oak Ridge National
Laboratory. The main features include (1) the "house" vacuum (mounted
against wall) which can be used to control the boiling point of either LN, or
LHe using a diaphragm valve, and (2) the capillary valve which transfers
controlled amounts of either cryogen from the magnet can to the sample space.
Either feature can accurately control the sample temperature.
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importantly, the temperature controller is connected to the computerized data acquisition
system which is discussed in more detail in the next section. Therefore, the Hall
cryostat was very versatile in performing the measurements used in this dissertation.
Finally and most importantly, the sample temperature must be known to a high
degree of accuracy at all times while collecting data. Unfortunately, no single
thermometer can give accurate readings while subjected to magnetic fields over the
entire range of temperatures utilized (1.2K - 300K). Therefore, two thermometers
were mounted onto a copper block along with the sample being studied. These
thermometers were: (1) a Wahl Pt film, and (2) a Carbon Glass Thermometer
(Lake Shore Serial Number C5948). The Pt film thermometer typically operates with
1 mA of current and is useful at all temperatures above ~40K. Below this
temperature, Pt film thermometers are affected by large magnetoresistances which lead
to errors in the derived temperatures. Thus, for temperatures below ~40K, a Carbon
Glass thermometer was used. At low temperatures, Carbon Glass thermometers are
almost unaffected by applied magnetic fields. However, currents on the order of
~1 pA are required to prevent internal heating of these thermometers. The calibrated
resistances of both thermometers are shown in Figure 10. In addition, both of these
thermometer calibrations are loaded into two column ASCII files [resistance (ohms) vs.
temperature (K)] for use by the data acquisition system. This allows the computerized
data acquisition system to convert the thermometer readings into common units of
Kelvins as the data is being collected. Thus, this process helps to avoid possible human

mistakes involved in manually converting numerous readings required in these studies.
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Figure 10

(a)

(b)

Thermometer calibrations utilized by the data acquisition system. (a) The Wahl
Pt film calibration as a function of temperature.
useful above ~40K, since a significant magnetoresistance occurs in applied
fields below this temperature. (b) The Carbon Glass thermometer calibration
as a function of temperature. In contrast, this thermometer is most useful below
~ 40K, since the resistance changes rapidly with temperature in this regime.
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Fortunately, this thermometer has little magnetoresistance.
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D. The Data Acquisition System

To obtain the high level of sensitivity required to accurately quantify the Hall
coefficient, a computer controlled data acquisition system was developed over a period
of 17 months. Interface of a computer to the instruments [Figure 11] made it possible
to statistically average many sample readings taken over a short interval of time (e.g.,
~4 readings per second), thereby eliminating most background noise sources.
Moreover, the resulting computerized "auromation” included an automatic current
reversing procedure to eliminate the thermal emf’s. In addition, rapid conversions from
one set of units to another set of units was made possible during the actual data
collection. Finally, an optional data interpolator using input temperature intervals was
incorporated into the Hall acquisition program. More importantly, these tasks were
accomplished with four separate (and user friendly) basic programs [listed in the
Appendix] to cover every type of experiment conceived at the time of this work. These
basic programs are

(1) DA-HALL.BAS (to measure Ry and/or p versus T or H),

(2) DA-JCTH.BAS  (to measure J_ versus T or H),

(3) DA-IVT.BAS (to obtain I-V curves), and

(4) DA-DRIFT.BAS (to emulate a simple X-Y plotter).
Note that the fourth program simply records values from the "X" and "Y" voltmeters
without actively controlling any instruments. This allows one to record data similar to
X-Y plotters if new experiments are devised. Otherwise, one would have to wait until

a new program was written in order to run the experiments with "noise" filtering.
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Figure 11
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Electronic block diagram of the computer controlled data acquisition system
used in making Hall measurements. The actual software used by the computer
is listed in the Appendix.
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Finally, the operating principles of these programs are described below.

To activate the data acquisition system, type DA at the DOS prompt. (Note:
user inputs will be denoted with bold characters throughout the rest of this section).

C:\> DA.
This automatically loads the GW-Basic software package as well as the IEEE interface
commands into the computer memory. At the OK prompt, load the program (see the
selections above) you intend to use by typing, for instance,
LOAD "DA-HALL.BAS"
followed by
RUN.

At this point, the program will display the first of several setup menus [e.g.,
Figure 12]. Here the program will prompt you to connect the Keithley 199 scanner
channels to appropriate input signals (e.g., thermometer, sample voltage, standard
resistor, ...). Keep in mind that Figure 11 serves as a relevant guide for such
connections when performing Hall measurements. (Note: the sample heat dissipation
signal is the smaller set of sample current leads and the alr. signal is intended for
resistivity signals when performing Hall measurements). In addition, the Keithley 181
nanovoltmeter will be connected to either the Hall probes (for Hall measurements), or
the sample voltage (for p(T), J., or I-V measurements). After completing all of the
connections, verify that the IEEE GPIB addresses (selected with pin settings on the back
of the meters) agree with the settings shown in this setup menu. In case of a

discrepancy, either change the pin settings on the back of the meters (see manuals) or
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Figure 12

(@) a%% HARDWARE SETTINGS *#*
1: X-INPUT: GPIB Address: 26 Meter ID: KEITHLEY 181/199/197
2: Y-INPUT: GPIB Address: 14 Meter ID: KEITHLEY 181/199/197

Set KEITHLEY 224 Power Supply GPIB Address to 19
and the Voltage Compliance to a Safe Value.

K-199 SETUP: Temp. signal <==> X-Channel # 1
Curr. signal <==> X-Channel # 2
Alt. signal <==> X-Channel # 3
Mag. current <==> X-Channel # 4
K-181 NANOVOLTMETER: Hall (or Rho) Signal
Reset LakeShore Temperature Controller & set GPIB address to 12

ENTER SELECTION # (<C/R> TO CONTINUE):

*%%* HARDWARE SETTINGS *#%*

1: X-INPUT: GPIB Address: 26 Meter ID: KEITHLEY 181,/19%/197
2: Y-INPUT: GPIB Address: 14 Meter ID: KEITHLEY 181/199/197
(b) 3: P-INPUT: GPIB Address: 11 Pwr Supp ID: Keithley 228 Power Supply

Meter Setup: channel #1 <===> Thermometer Voltage Signal

X

X channel #2 <===> Sample Current Std. Resistor

X channel #3 <===> Sample Heat Dissipation Signal
X channel #4 <===> Magnet Curr. 1/100 Ohm Resistor
Y voltmeter <===> Sample Voltage

Reset DRC-91C & Set GPIB address to 12

ENTER SELECTION # (<C/R> TO CONTINUE):

Hardware Settings Menu for (a) DA-HALL.BAS and (b) DA-JCTH.BAS.
This first program menu prompts the user to connect the various signals to the

appropriate meter inputs. The menus for DA-IVT.BAS and DA-DRIFT.BAS
are similar to these menus.
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change the GPIB addresses in the program by typing 1, 2, or 3, followed by the new
GPIB setting and a RETURN. Upon completion of this hardware setup menu, type
RETURN to proceed.

At this point, the program will display a second menu entitled the SET-UP
PARAMETERS menu. Examples of these menus are shown in Figure 13. Here, you
can select an option number of a parameter that you intend to change (e.g., new
thermometer calibration filename or a new scaling factor ...) followed by a RETURN.
After all of the parameters meet your requirements, type a RETURN without a
preceding option number to automatically begin the data acquisition sequence. Finally,
a brief description of each set-up option is given below (note: the computer prompts
are printed in upper case ITALICS for enhanced readability).

(1) FILENAME OF SETUP AND GRAPHICS PARAMETERS: This file contains

the user parameters for all three menus saved from a previous run. Use of this

feature is optional. Also, these files have the default directory C:\IEEE488\.

(2) XI-VOLTAGE SCALE FACTOR: Scaling factor necessary to convert the

thermometer voltage reading to units of ohms, i.e., 1 / Ijrmometer-
(3) XI-SIGNAL STEP SIZE: Minimum change required in the thermometer
resistance before storing the current sample readings to the specified file.

(4) X2-SIGNAL SCALE FACTOR: Scaling factor necessary to convert the
voltage measured across the standard resistor to units of amps, i.e.

?

1/R

std. ohms-
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Figure 13

*%% SET-UP PARAMETERS *%#
@) 1: FILENAME OF SETUP AND GRAPHICS PARAMETERS TO USE: HALL.PAR
2: FILENAME OF SETUP AND GRAPHICS PARAMETERS TO SAVE TO: HALL.PAR
3: X1-VOLTAGE SCALE FACTOR (Temp Signal/Vmeas): 1000
4: X1-SIGNAL STEP SIZE: .2

5: X2-STGNAL SCALE FACTOR (1/STD Ohms) : .25

6: X3-VOLTAGE SCALE FACTOR (Alt Signal/Vmeas) : 1000
7: Y-VOLTAGE SCALE FACTOR (Nano Signal/Vmeas) : 1000
8: Y-SIGNAL STEP SIZE : .005

9: MAG. FIELD STEP SIZE (kOe) : 1

10: DATA FILENAME: Hall.dto
TITLE: Hall Effect Measurement

11: T?ggg. CAL. TABLE FILENAME (for Xl-signal conversion): HC2PT.CAL
T :

12: NO. OF SAMPLES IN DIGITAL FILTERING: 2

13: SCREEN GRAPHICS PARAMETERS SETUP: <ACTIVE>

14: TRANSPORT CURRENT [(n.nnnE(sign)nn)}: 1.000E-03

15: EXIT PROGRAM

16: TEMPERATURE CONTROLLER: <ACTIVE>
Control Range = 83 - 300 K & Vap=-Samp =-35 K @ RT

17: INTERPOLATE FILE GIVEN IN OPTION 10 ACCORDING TO TEMPERATURE

>ENTER SELECTION # (<C/R> TO EXECUTE):

(b) %% SET-UP PARAMETERS for DA=JcTH.BAS #*%w%
1: FILENAME OF SETUP AND GRAPHICS PARAMETERS TO USE: JCTH.PAR
2: FILENAME OF SETUP AND GRAPHICS PARAMETERS TO SAVE TO: JCTH.PAR
3: X2-VOLTAGE SCALE FACTOR (Signal/Meas V or 1/STD ohms): 1
4: X2-SIGNAL RANGE (Amps)/STEP SIZE fraction: .001 to 3 / .035
X2-SIGNAL BACKSTEP (Fraction of Xminc): .05

5: Y-VOLTAGE SCALE FACTOR (Signal/Meas V): 1000000
6: ¥Y-SIGNAL LIMIT: .3
7: DATA FILENAME: JCTH.DTO
TITLE: Ic(A) vs. T(K)
8: THERM. CAL. TABLE FILENAME (for Xl=-signal conversion): HC2CGR.CAL
TITLE:
9: TEMPERATURE INTERVAL BETWEEN DATA: e |
10: NO. OF SAMPLES IN DIGITAL FILTERING: 5
11: SCREEN GRAPHICS PARAMETERS SETUP: <ACTIVE>
12: EXIT THE PROGRAM
13: Test circuit Resistance, or Sample Ic. Present Rcirc= 2
14: Ic Operating Range (H, >lmA; L, <10mA): H
15: TEMPERATURE CONTROLLER: <ACTIVE>
Control Range = 0 - 115 K & Vap-Samp = 15 K @ RT
16: Maximum Heating Allowed (mW): 50

>ENTER SELECTION # (<C/R> TO EXECUTE):

Set-Up Parameters Menu for (a) DA-HALL.BAS and (b) DA-JCTH.BAS.
This second program menu prompts the user to enter various scaling factors and
various data filenames. Again, the menus for DA-IVT.BAS and
DA-DRIFT.BAS are similar.
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(5) X3-VOLTAGE SCALE FACTOR: Scaling factor for converting the
channel #3 voltage into more useful units such as ohms. Only applies to
DA-HALL.BAS.

(6) Y-SIGNAL SCALE FACTOR: Scaling factor for converting the

nanovoltmeter readings into either units such as ohms, i.e., 1 /1 Or units

sample’
such as microvolts in case of J_ or [-V measurements.

(7) Y-SIGNAL STEP SIZE: Minimum change required in the scaled nano-
voltmeter reading (usually in ohms) before saving the sample readings to the
specified data file.

(8) Y-SIGNAL LIMIT: The criterion of the scaled nanovoltmeter reading for
defining the presently applied current as the critical current I,. Typically
defined as 1 uV / cm. This feature applies only to DA-JCTH.BAS.

(9) MAG. FIELD STEP SIZE: Minimum change required in the magnetic field
before saving the present readings (note: the program automatically converts the
reading from channel #4 into units of kOe). This feature only applies when
performing field sweeps of the Hall coefficient Ryy and/or the resistivity p.
(10) X2-SIGNAL RANGE / STEP SIZE: Three numbers (separated by commas
when entered) defining the applied current sweeps in the DA-JCTH.BAS
program. The first number represents the present applied current when
attempting to measure I, across the sample. The second number is the

maximum current that is allowed which halts the program execution if it is ever

reached. The third number is the current step size fraction (typically 0.035

3



meaning 3.5%) which increases the applied current by this fractional amount
when attempting to reach the critical current I

(11) X2-SIGNAL BACKSTEP: This number is the backup fraction (typically
0.05 meaning 5 %) which decreases the applied current by this fractional amount
whenever I, is reached. Only applies to the DA-JCTH.BAS program.

(12) DATA FILENAME: The filename in which the final data points will be
saved to the hard disk. The extensions .dt0, .dtl, .dt2, ..., will be added
automatically and consecutively. = Moreover, the default directory is
C:\IEEE488\. Afterwards, you will be prompted to enter an optional title line
which can consist of the date, sample ID, magnetic field orientation, etc.

(13) THERM. CAL. TABLE FILENAME: Optional filename of a two column
wide ASCII table (ohms vs. T(K) listed with ascending ohms) containing the
thermometer calibration. Current choices are HC2PT (for Pt Film) or
HC2CGR (for CGR). The .CAL extension is automatically added. However,
if this option is waived, thermometer resistances will be stored instead of
Kelvins in the data file and the automatic temperature controller feature will be
disabled.

(14) TEMPERATURE INTERVAL BETWEEN DATA: Minimum change required
in the temperature reading (in Kelvins if a thermometer calibration file is
specified) before the present I, value is stored to the specified file.
Nevertheless, every time I, is reached, the computer will "beep" before starting

the next current sweep. Note that this feature only applies to the
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DA-JCTH.BAS program.

(15) NO. OF SAMPLES IN DIGITAL FILTERING: Number of readings to be
averaged together in order to reduce the background noise. Typical values
range from 1 to 5. Note that larger values should be avoided, since they tend
to create shifts between the sample readings and the temperature readings. In
the program DA-JCTH.BAS, values from 3 to 5 are preferred, since the
calculated standard deviations of I, are computed using these numbers and stored
with the data.

(16) SCREEN GRAPHICS PARAMETERS SETUP: Activates the capability of
plotting data on the screen at the time of the data acquisition. If this feature is
activated, an <ACTIVE> will appear in the menu. Typing this option
automatically activates this feature and temporarily places you in a third
(graphics) parameters menu. This menu is discussed later.

(17) TRANSPORT CURRENT: Current chosen for making the transport
measurements when running the DA-HALL.BAS program. Typical entries are
1.000E-03 for Hall measurements and 1.000E-06 for resistivity measurements.
Enter the number using the format shown in the menu, i.e., n.nnnE(sign)nn .

(18) EXIT PROGRAM: Saves the current parameter settings to the file specified
in this setup menu (optional) and ends program execution. To return to DOS,
type SYSTEM after exiting the program. Unfortunately, the IEEE interface
commands will remain in the computer memory causing a significant reduction

in the available memory unless the computer is rebooted.
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(19) TEST CIRCUIT RESISTANCE: Measures the total circuit resistance after
prompting you to enter an estimated circuit resistance and a testing current.
Warning: use this feature only when the sample is superconducting and use
currents that are less than or equal to the expected I_ or the sample may be
"blown!" This circuit resistance is used in the DA-JCTH.BAS program to
compute ongoing safe voltage compliances for the Keithley 228 power supply
in an attempt to prevent overshooting of the applied currents.

(20) Ic OPERATING RANGE: 1If "H" is specified, the Keithley 228 operates in
a current limited mode. This mode is useful only for currents greater that
~1 mA. If "L" is specified, the Keithley 228 operates in a voltage limited
mode which is useful for currents less than ~10 mA. When entering the latter
mode, the program will prompt you to install a 1 kQ resistor into the circuit.
(21) TEMPERATURE CONTROLLER: Toggles between <ACTIVE> and
<INACTIVE> modes which enable or disable the computer control of the
DRC-91C temperature controller, respectively. When this feature is activated,
you will be prompted to enter three numbers separated by commas. The first
and second numbers define the absolute limits allowed for the setpoints. For
example, a lower limit of 83K is useful in preventing liquid nitrogen from
flooding the sample space, if liquid nitrogen is being used as the cryogen. The
third number represents the relative temperature of the cooling gas (either N,
of He) with respect to the sample. In addition, this relative difference is

automatically reduced by the program at lower temperatures, since the specific
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heats are lewer in this regime. More irﬁportantly, this feature must be utilized
in order to obtain good temperature dependencies of the Hall coefficient.
Typical numbers for the third parameter, called Vap-Samp, are +15K, when
using LN, as a cryogen, and £35K, when using LHe as a cryogen.

(22) INTERPOLATE FILE GIVEN IN OPTION 10...: Interpolates the data file
specified in Option #10 according to user input temperature specifications. To
interpolate files not created by the DA-HALL.BAS program, make sure that
these files contain 4 columns of ASCII numbers separated by either spaces or
tabs where the first column is the temperature. Moreover, the first row is
ignored, since it is considered to be a title; the second row must be a single
number representing the total number of data rows, excluding the first two rows,
contained in the array.

(23) MAXIMUM HEATING ALLOWED: This is a safety feature added to the
DA-JCTH.BAS and DA-IVT.BAS programs which limits the amount of heating
allowed at the sample contacts. To be useful, the second set of sample current
leads, labelled I-I, must be plugged into scanner channel #3 as specified by the
HARDWARE SETTINGS menu. A typical safety limit is not more that
50 mW. Even though the sample may not "blow" at low temperatures with this
amount of contact heating, temperature errors will usually occur for heating in
excess of ~3 mW below 20K. If the program detects excessive heating or
excessive voltages across the sample (i.e., 100X the voltage criterion), the

program displays a warning at the bottom of the screen and execution
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temporarily halts. At this point you could either quit (by typing a Q), continue

(by hitting a RETURN), or enter a new heating limit followed by a RETURN.

This concludes the SET-UP PARAMETERS menu.

If the SCREEN GRAPHICS PARAMETERS SETUP option is chosen, a third
menu screen is displayed. Examples are shown in Figure 14. This menu is very
straightforward so that the excessive details can be left out here. However, in this
setup, you will be given options to change the X and Y plotting limits, an option to add
a graph title, and an option to plot a comparison graph (note: this file must be in the
same format as produced by these programs as described under the interpolation
option). Moreover, in DA-HALL.BAS, you are prompted with two additional options.
First, the x-axis can be either the temperature reading (in case of Ry vs. temperature)
or the applied field (in case of Ry vs. field). Second, the Keithley 199 channel #3 can
be included (denoted as alr data) in these plots. This is usually the resistivity signal
when obtaining Hall signals with the nanovoltmeter. Moreover, this signal is divided
by the Ratio shown in Option #9 before being plotted. Note that obtaining simultaneous
measurements of Ry and p are required in deriving accurate values of the Hall angle.
In addition, if the value of the standard resistor does not agree with that given in the
setup menu, the resulting error is more likely to be observed in the resistivity p signal
rather than in the Hall coefficient Ry signal. After completion of this graphics menu,
type a RETURN without an option number to return to the previous menu.

After all menu parameters are entered and the sample is ready to go, typing a

RETURN without an option number automatically starts the data acquisition sequence.
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Figure 14

*%*%* SCREEN GRAPHICS PARAMETERS *%=*
PLOT TYPE (T=K-181 vs Temp.& H=K-181 vs Field):

X-axis Xmin, Xmax: 0 300
Y-AXIS YMIN, YMAX: -.5 5

X-axis label: T(K)

Y-axis label: RH (Ohns)

Graph Title: Hall Effect

COMPARISON DATA SET FILENAME:

VIEW COMPARISON DATA SET: <INACTIVE>
Ratio of E-alt/E-nano: 2000

Include alt data in plots? (Y¥=Yes; N=No):

>ENTER SELECTION # (<C/R> TO CONTINUE):

()
13
2:
3:
4:
5:
6:
7:
8:
9:
10:
(b) :

#%% SCREEN GRAPHICS PARARMETERS *%%

T-axis Tmin, Tmax: 0 100
Jc-axis Jcmin, Jcmax: 0 3

T-axis label: T (K)

Jc-axis label: Ic(A)

Graph Title: Ic vs. T

COMPARISON DATA SET FILENAME:

TITLE:

VIEW COMPARISON DATA SET: <INACTIVE>

>ENTER SELECTION # (<C/R> TO MAIN MENU):

Screen  Graphics Parameters Menu for (a) DA-HALL.BAS and
(b) DA-JCTH.BAS. This third program menu prompts the user to enter the
plotting limits and a comparison graphics filename.
DA-IVT.BAS and DA-DRIFT.BAS are again similar. These parameters allow

the user to plot data while the data is being obtained.
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At this time, data is collected and stored directly to the specified file on the hard disk.

Moreover, each program monitors the keyboard for occasional interrupts from the user

where these interruption options are summarized below.
(A) RETURN: In DA-HALL.BAS and DA-DRIFT.BAS, this stores the current
readings even if the minimum step sizes have not been satisfied. In
DA-JCTH.BAS and DA-IVT.BAS, this halts the program execution and
prompts you for a new starting current. Note that a significant period of time
can be avoided in obtaining the first I, reading if this feature is utilized.
(B) Q: Ends the data acquisition sequence, restores the data array to the hard
disk (now includes the total number of data points as the second row), and
returns to the SET-UP PARAMETERS MENU. Note that the data file name
1s automatically incremented at this time, e.q., TEST.DTO becomes TEST.DT1.
In addition, in DA-HALL.BAS, you are asked whether or not to sort and/or
interpolate the data according to temperature before restoring this data to the
disk. Keep in mind that this step can be waived until a later time.
(C) P: Enters plot mode and plots the current data set on the computer screen.
(D) L: Enters list mode and lists the current data set on the computer screen.
(E) G: Redisplays the SCREEN GRAPHICS PARAMETERS MENU to allow
you to change the plotting limits. However, adding a comparison set is not
allowed at this time. Upon hitting a RETURN, the program execution
continuesin the plot mode. This feature is only available in DA-HALL.BAS.

Warning: do not spend too much time in this menu as the data collection is
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temporarily suspended during this interruption.
(F) A: Toggles between "auromatic I, mode" and "single 1. mode." 1In the
"automatic 1. mode," the program continuously scans for I, values; this mode
is used for obtaining I as a function of temperature. In the "single 1. mode,"
the program execution temporarily halts whenever I, is reached followed by a
user prompt to enter a new starting current. This mode is used when obtaining
the field dependence of I.. More importantly, the data acquisition starts out in
"single I, mode." In addition, this option only applies to DA-JCTH.BAS, and
this interrupt feature is only possible when the program is currently executing.
(G) C: Toggles between high current mode (I > 1 mA) and low current mode
(I < 10 mA). Prompts you to install a 1 k{2 resistor into the circuit as needed.
This feature only applies to the DA-JCTH.BAS program.
(H) T: Halts program execution and prompts you to enter a new thermometer
calibration file and a new scaling factor. As with the A and C interrupts, this
feature only applies to the DA-JCTH.BAS program.

This concludes the operating principles of the data acquisition programs listed in the

Appendix. For additional information, contact the author of this dissertation.
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III. THEORETICAL BACKGROUND

A. Anderson-Kim Flux Creep Model

It is generally accepted that the critical current densities in the high-T,
superconductors are limited by flux creep in the Abrikosov flux lattice. Moreover, the
Anderson-Kim flux creep model, discussed below, will be applied to the polycrystalline
YBa;Cuz04_g thin films discussed later in the results. Thus, it is appropriate to include
a bnief overview of the development of the Anderson-Kim model. Prior to the 1960’s,
Anderson did not take into account the interaction between the flux lines of the
Abrikosov flux lattice; as a result, his first flux pinning theory predicted that the critical

current density J. was independent of the magnetic field H, with*

_ ¢ Hy Lngdfe) ©)
© 4m 0 La(AE)

Here d 1s the radius of the normal region of the fluxoid and ¢ is the average spacing of
the fluxoids. The other symbols in this equation are commonly used in present
theories. In addition, H_; 18 the lower critical field at which the Abrikosov flux lattice
penetrates the superconductor, £ is the superconducting coherence length, and A is the
penetration depth. However, Kim soon observed that J, had a large field dependence
that could only be overcome by introducing a flux "bundle” concept.? In this revised

theory, the critical current density was described by

=£pH¢(I}2d2 o
n0BAY

&
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where p is the normal state resistivity extrapolated into the superconducting regime.
Due to the weak temperature dependence of the thermodynamic critical field H.(T)
below T = (.3 T, J. would be expected to be nearly independent of temperature at
low temperatures, in contrast to the experimental observations. The key step in
understanding the experimentally measured critical current densities occurred in 1962
when Anderson proposed that flux creep was initiated by a thermally activated
prw:rcess.49 More explicitly, a flux creep hopping rate proportional to e~ AWAT yag
proposed, where AW is the barrier height assuming no external driving forces are
applied. This had been previously neglected, since superconductivity occurred only at
extremely low temperatures (T < 22K) for which thermally activated processes were
difficult to envision.

30 in the framework of the Anderson-Kim

The familiar flux creep equations,
model, can be derived by considering a periodic potential well®! of depth U, and
spacing x as shown in Figure 15(a). Let the flux bundles be trapped in these potential
wells, hereafter called "pinning” centers. Also let x be the distance in which the

bundles must be moved in order to be "depinned." The key equation®? is the definition

of the "hop velocity,”

v = x f, e"8FIT 8)

where f_ is the “artempr™ frequency (phonon frequencies, ~ 10! - 1013 571y and
AW = U, is the barrier height in the absence of external driving forces. An external
flux gradient driving force (Fy) can be defined as a force density times a flux bundle

volume,
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Figure 15

(b)

Periodic potential well of depth U, and spacing x used to depict the magnetic
flux "pinning" centers for the cases of (a) no external driving forces and (b) an
externally applied driving force.
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where V is the flux bundle veolume. For simplicity, consider only forward and

backward hopping of the fluxoids along a line parallel to Fy [Figure 15(b)]. Thus, the

net flux velocity is given by

v=xf [ g WarF AT AU AT (10)

where the first term represents forward motion and the second term represents

backward motion. Simple trigonometric relationships allow us to write this as

v = 2xf

o

o UM giop (I BV X} (11
ckT

Moreover, the Lorentz equation allows us to write E = v B/ ¢. Also define the critical

current density in the absence of flux creep asJ, = ¢ U (T,B) / B V x and a prefactor

E, = 2 x f, B/ c to obtain the familiar equations for the flux creep dissipative electric

field at an applied current I:

8 U

E-E e sinh| L 2| | (12)
J_ kT

where U, is the "pinning" energy of the fluxoids, which depends on the applied

magnetic ficld H, temperature T, and current density J. Simple algebra allows one to

express this in terms of an observed critical current density J_:

E

ol

J =if {E] sinh1 [E EU"M] : (13)
‘e o) U

&

where E_ is a measurement criterion, usually chosen as E, = 1 uV/ecm. For
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sufficiently strong pinning, the prefactor J., is assumed to be proportional to the

theoretical depairing critical current dcnsit}*m

J; = Lot SATR (14)

36 © A(D

For large applied fields (e.g., for H > B*, where B” is related to the field above which

52] !

the flux lattice "melts" we can define a flux creep "resistiviry” in the limit J - 0

a5

P reep FeAgR 2

E U
= F:.é €
By obtaining a systematic set of I-V curves taken at several applicd fields B and
several temperatures T, this equation allows one to determine the functional form of the
"pinning" encrgy. Zhu et ¢l performed this procedure on an epitaxial thin film of
YBasCu;O+ to obtain the following experimental expression for the "pinning"

energy: >3

3 1.8
U(T,BD) = U, s ng [1_£] ¢ Ve (16)

Since this expression is not directly relevant to the measurements in this dissertation,
readers interested in this expression are referred to Reference 53. Interestingly, a
similar analysis was performed on two types of polycrystalline thin films of YBa,Cu;05

and these results are briefly discussed in Chapter VIL.
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B. The Hall Effect in Metals

1. Simple Metals: Single Parabolic Band
The Hall effect is defined as phenomenon that generate a potential difference
between the edges of a strip of material carrying a longitudinal electric current when
placed in an external magnetic field perpendicular to the direction of current. To better
understand the significance of this effect, we must begin with the equation of motion

for a particle of charge ¢ in an applied electromagnetic field (ST units):

F=g[E + (vxB)] , (17)

where E 15 the electric field, B is the magnetic field, and bold characters denote vector
quantities. Recall that a simple metal can be represented by an electron gas in which
the Fermi sphere encloses the occupied electron orbitals in k-space.”* If the external
forces are balanced, the net momentum is zero so that for every occupied orbital k there
1s a corresponding occupied orbital -k. Moreover, upon the application of an external
force, assumed constant, for a time interval t, every orbital has its k vector increased
by 6k = Ft/#A. This is equivalent to translating Fermi sphere by a displacement 6k as
shown in Figure 16. In actual metals, we cannot neglect the impulses due to scattering.
Such collisions can be represented by F,, = #Adk/r, where 7 is the relaxation time.
Thus, we can write

h(£+1]ak=F. (18)
dr T

If mv = A6k and B = B, z, the equations of motion become
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Figure 16
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Fermi sphere in the ground state of a free electron gas. Left scgment (a)
represents the possible k-orbitals under no externally applied forces, whereas
the right segment (b} represents the shifting of the average momentum upon
application of a driving force: N |F| t, where N is the number of electrons
and tis the time. Source: C. Kittel, Introduction to Solid State Physics (Wiley,
New York, 1986).
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The steady state solution is obtained by setting the time derivatives equal to zero. For

convenience, assume the charge carriers are electrons, i.e., ¢ = -e, (o obtain

et
‘I-'I-—;Ex—mcr‘h’y,
et
v = -——E +w TV ! (20)
i ¥ c x
m
et
v, = — E,
m

These equations describe closed electron orbits having a cyclotron frequency of
w, = eB,/m. Moreover, taking |e| = 1.6 x 10%¢C, m = m; =91 R1077 ke,
and B, as our maximum attainable field of 8T, we see that the maximum cyclotron
frequency that can be obtained with our cryostat is 1.4 x 1012 571, Using the band
structure  value for the Fermi wvelocity in YBa,Cu;04, i.e.,
<vp?> 12 = 2.2 x 107 cmis,?® the circumference of the cyclotron orbits can be
calculated: § = 2x<vg?>12 o, = 10,000A > > mfp (~50A). Thus, complete
orbits are never attained before being scattered (defined as the low-field limit), which
is the basis for all the remaining calculations in this chapter. Readers interested in the
high-field limit are referred to Hurd.**

The Hall field is the electric field developed perpendicular to both the current

density j and the externally applied magnetic field B. Define a coordinate system so
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that the current i3 constrained to move along the x-axis, the magnetic field is applied
along the z-axis, and the resulting Hall fileld is measured along the y-axis. From

Equation (20), the only solution is given by

sEIT E @n

I

E = -wtE = -
¥ e m

The Hall coefficient is defined (in the low-field limit®) by

pa 2 Sicin: - 22)

The significance of this constant becomes apparent upon substitution of the electrical
cnnductivityﬂ o = J,/Ey = HHEETfFH into Equation (21):

Ry, = _Q ; (23)
Inspection of this important result reveals that the Hall coefficient offers a means in
which one can determine the sign and concentration ny of carriers in a material.
Moreover, using a free electron model with N(E) e E?, Pickett shows that a more

instructive expression for Ry can be written ag”’

3
R, = - 24)
H ’
2e E, N(Ep)

where E is the Fermi energy and N(Eg) is the electronic density of states at the Fermi
level. Also, the Hall coefficient Ry 1s negative for electrons and positive for holes.
Note that the lower the Hall coefficient, the greater the carrier concentration.

Although Ry is depicted in most experimental Hall plots, the Hall resistivity Py 15
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occasionally encountered. This quantity is simply defined by

E
=BR, =% |, (25)
P
In addition, another important quantity, known as the Hall angle, is defined as

E
Tan(B,) = E’ = -w.t = fiBT) (26)

The Hall angle above, which can be obtained from Equation (21), is a relative measure
of the relaxation time r. However, this quantity 1s field dependent due to the cyclotron
frequency term and as a result, the field used to determine the Hall angle must be
shown with the data. Unfortunately, the simple results [Equations (23)-(26)] derived
in this section, although applicable to most simple metals, cannot be directly applied to
YBa,Cu;0_; materials, for at least three reasons. First, YBa,Cu30; has four bands
that cross the Fermi level requiring a more rigorous multi-band analysis of the Hall
coefficient Ry. Second, the "collision” time 7 changes across the various Fermi
surfaces of this material. Finally, the simultaneous presence of both holes and electrons
complicate the analysis. Therefore, the effects of multiple bands as well as the
simultaneous presence of both electrons and heles on the Hall coefficient will be

discussed in the succeeding sections.

2. Multiband Effects
Many metals have more than one band crossing the Fermi level; therefore, it is

imperative to determine the effects of multiple bands on the observed Hall
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coefficient Ryy before attempting to interpret any Hall measurements. For simplicity,
assume two isotropic bands cross the Fermi level so that we can take Ry = -1/nge
for each band and neglect scattering between the bands.?® Later, the results will be

generalized for any number of bands. The electric field for the first band is

El _ j]. . q]T'! {ij],) , {27}

ﬂl m,ay

where o, is the conductivity of Band 1. Likewise, the electric field for the second band

is

e
- W 2 B=xj) , (28)
g,  mM,0,

where o, is the conductivity of Band 2. Since both bands occupy the same real space,

all carriers experience the same electric field, Thus, the following two constraints are

imposed:
E=-=E -E, ,ad (29)
J =J, +J, = total current density . (30
Ziman®? solves these vector equations to obtain

0, a.,
+ - E -
1 + qlzrlzﬂlfmlz 1 + qfrfﬂlfmf
j = (31}
a.,q.%./m 0.4, 7. m
19,7 y/m, g 20,7y (B x E)
o qlirllﬂi;mli 1 % ii'f"-’glﬂifmgi

Expressing this equation in terms of E as a function of j and B x j leads to
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o *.'.'.'12 R, + c}f R, (32)
H i
(g, + o)

Furthermore, a more general result for the apparent Hall coefficient for any number of

where Ry; is the Hall coefficient of the i-th band, o; is the conductivity of the i-th
band, and ¢ = oy + o5 + -~ Note that in a multiband system, with only one type
of carrier, 1.e., either electrons or holes, the minority carriers will usually not effect Ryg
noticeably. This follows since the observed Hall coefficient Ry is the average of the
individual Ry;’s associated with the separate bands, but weighted by the square of their
conductivities. Thus, we are frequently justified in using the following equation for the

dominant band:©°

. 1
T R

(34)
However, if both electrons and holes are present, n" can become very large even if
small carrier densities occur in all bands (termed compensated met&ls“}. For instance,

in a two band scenario containing one electron band and one hole band,

Equations (32) and (34) simplify [see Figure 17] to give
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Figure 17

Contributions to the Hall effect from two bands of oppositely charged carriers.
This vector diagram represents Equations (31)-(35). Source: C. M. Hurd, The
Hall Effect in Metals and Alloys (Plenum, New York, 1972).
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Mevertheless, in any case, nH* tends to give an upper bound to the actual carrier
density.  Although not proven here, Ong generalized this statement to include any
number of bands, in the 2D limit, where each Fermi surface could have any arbitrary
shape.®!

Like the multi-band Hall coefficient, the multi-band Hall angle is a function of
the relaxation time of all bands. This can be shown by combining

Equations (22) and (33), while utilizing E, = ], /¢ :

E, B Y _
Tan(B,) = E"' = ﬁ 5 Ry o; . (36)

Moreover, if each individual band 1s isotropic, e.g., can be described by

Ry

j = —1ingge, this simplifies to a more instructive expression

Tan(®y) = - jE.MtD‘ : (37)

i I

ﬂifl—

Therefore, the Hall angle is simply an average of the individual relaxation times
weighted, not by the squares of the conductivities, but simply by the conductivities to
the first power. The most important thing to note in a multi-band metal is that both the
Hall coefficient and the Hall angle become functions of the carrier concentrations as
well as the relaxation times.

Markiewicz® first suggested that the anomalous temperature dependence

of Ry observed in YBa,Cuy0q_5% e.g., Ry & 1/T, could be due to the collective
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effects of a hole band associated with the planes and an electron band associated with
the chains. Eagles®® performed this analysis on the Hall data taken at full
oxygenation (8§ ~ 0) in YBa,Cuy04_s. In order to obtain simultaneous fits to both the
resistivity p and the Hall coefficient Ry as a function of temperature, it was determined
that n_/np, = 1000. In a similar fashion, the Hall data obtained for this dissertation
were fit to this model at various oxygen contents across the 90K T, vs. § plateau. The
electron and hole densities were assumed constant with temperature, The resulting fits

[Figure 18] require

Ez":
by =—= =(94x 10 TP + 3 x10% ; (38)
maf
e’y
By, = —2= = (L7 x 10*) 71 | (39)
m.’m

where T is the temperature in Kelvins and p is defined as the carrier mobility (given
in §.1. units). This analysis of Ry; was restricted to oxygen deficiencies & near the 90K
plateau, since the carrier mobilities given above were assumed to be independent of 3.
In actuality, the carrier mobilities probably decrease before reaching the semiconducting
phase, e.g., § = 0.6. Interestingly, it 18 important to point out that the observed Hall
coefficient remains positive simply due to the relative mobility ratio

Tk . 180 795 45 (40)
Mei

Therefore, the holes are more mobile than the electrons, and even though the electron
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Figure 18
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Fits of the transport properties to the simple two band model described in the
text. (a) Resistivities taken across the 90K plateau (symbols) are fit to the
model (curves). (b) Likewise, apparent Hall carrier densities fit to the same
madel. (c) The electron and hole density components as a function of oxygen
deficiency & required to obtain the fits above. Interestingly, each component
carrier density extrapolate towards zero at the oxygen content for which T,
approaches zero,
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carrier density is higher, the Hall coefficient remains positive as a result.
Unfortunately, as interesting as this analysis seems, the results are probably
"forruitous", since YBa,Cu,O-_g actually has four bands crossing the Fermi level.
Moreover, in a simple two band scenario in which each band has a different effective
mass m; or a different relaxation time 7;, the application of a magnetic field would
attempt to produce different deflections to each carrier, which is not allowed, since all
carriers are subjected to the same electric fields. Resulting forces would undoubtedly
lead to large magnetoresistances due the redistribution of the current between the two
bands,?® and such effects are not observed in YBa,CuyO;. In the band structure of
YBa;Cu304, two of the four bands are predominately "hole jike” in character, whereas
the remaining two are both "hole [ike" and "electron like" in character.”> Finally, each
band has a differing degree of dimensionality that complicates the meaning the Hall
coefficient. As a result, a Bloch-Boltzmann approach must be utilized before we can

understand the behavior of the Hall coefficient.

3. Bloch-Boltzmann Transport Theory
The Boltzmann equation governs the macroscopic transport properties of all
materials.®® Also known as the transport equation, this equation simply states that the
local concentration of carriers in the state K in the vicinity of a point r in space does
not change with time. Like most theories, in order to calculate the transport properties
from this equation, careful approximations must be made. This is necessary, since a

rigorous solution of this equation requires knowledge of the scattering operator, which
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is difficult to calculate, especially for the layered cuprate perovskites that have complex
structures.”® Nevertheless, the variational principle®” can be used to make reasonable
approximations, and as it turns out, many of the transport properties, including the Hall
coefficient, do not depend on the scattering mechanism to a first level of approximation.
However, due to the excessive and tedious algebra involved in these derivations, which
is described in more detail ElSEWhEl‘E,ﬁE only an outline of the derivation of the
transport properties will be discussed, with an emphasis on the physics.

The first derivation of the transport coefficients, e.g., conductivity ¢ and Hall
tensor Ry, from the Boltzmann equation was performed by Jones er al.%” This
solution is now considered standard, and detailed accounts can be found in at least two
common texts.*:5 Therefore, only an outline of this procedure is considered here.
First, assume that an electronic relaxation time + exists and it is a function of k (this
assumption is only valid in the low-field limit). Consider only the isothermal case so
that the Boltzmann equation in the presence of both an electric field E and a magnetic

field B can be written as®®

£iEs v R - F® - fB) .
“[E + v x B VF®) . (41)

where F(k) is the mean number of carriers in the state Kk having an energy «(k), and
f(k) is the mean number of carriers before the application of the fields. To solve this

equation, sect

s gl s (£2)

where g(v) is the deviation from equilibrium upon applying the external ficlds. Placing
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Equation (42) into Equation (41), while neglecting higher order terms having products

of E and g(v), gives the result

gisis

{1+ ¢ *® (vexB -V
h

T(k)e - Ve 5 (43)
% (ae(k)] :

where -3f/de(k) 1s the derivative of the Fermi-Dirac distribution with respect to

energy e. For small B, this can be solved by a iterative procedure that gives

o) = L [—T‘SE Ve x B Y,
ﬂ:

r [_ (ke E- Ve af ] _ (44)
h Y7 Ge(k)

Before establishing the physical meaning of each term in this series, we first need to

calculate the net electric current density j due to the perturbed distnibution F(k):

L yRFE) = — % v, € g , (45)

PR

Q, k hQ,
where Q is a normalization volume, which is inversely proportional to the density of
states in k-space. Moreover, the equilibrium distribution has been omitted, since it
makes no net contribution to the current density j. Placing Equation (44) into

Equation (45) leads to the following series expansion for j, where each term represents

a summation and a particular galvanomagnetic coefficient:

: R (46)
j =
LEEEPM-,, E.Mﬂ[i] -
Q |k w2 k ok, | | dek)

where e is the totally antisymmetric tensor (equal to +1 for even permutations of the
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indices, -1 for odd permutations, and  if two indices are equal). To identify the
physical meaning of each term in this series, we can compare the following Taylor
expansion for the current density, valid for small B, obtained from the theory of

&3

irreversible thermodynamics,” in a term by term manner to Equation (46):

[

- e @7
Jo = 0u4Eg * Oup EgB, + Oyy JEsBBy + = = - [F] % v (OFK)

where the sums over repeated indices are understood. Direct comparisons allow us to

now obtain explicit formulas for the standard transport coefficients;

,;
BT Jutl ) e Bt e 48
o (m Lp. [HJ “ T(k)v“(m”“[k)[ ae(k:r‘ ’ i
. _i ) _ 4
T g = ) a .[k)vq(k]{ [v(i:] X ?E]T r{k}vﬁ(k]} [ __aaik)]' (49
Morcover, the Hall tensor 1s defined ag’’
RH = LEy _ T ‘ (30)
= iB .9,

In these expressions, {1 is our normalization volume, whereas -df/de is the

0
Fermi-Dirac function. Unfortunately, most materials, including the high-T_ cuprates,
require long and tedious calculations to obtain the transport coefficients from these
equations. Thus, only the evaluated, three independent components of the Hall tensor
and the temperature dependence of the resistivity, obtained elsewhere,”” will be shown

for YBa,Cuy04. For now, the only important thing to note from these equations is that

the assumption of an isotropic scattering rate 1/7 leads to a Hall tensor that is
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independent of 1/7. Such an assumption, along with the replacement of -df/de by
d(e-e), leads to a temperature independent Hall coefficient Ryy, since all other variables
are independent of temperature.

Before further discussion of the anomalous temperature dependence observed
in Ry, a brief diversion into the temperature dependence of the resistivity p will be
presented in the framework of the isotropic scattering approximation. In a more general
sense, the steady state distribution of electrons at an arbitrary point r in the presence
of an electric field E, magnetic field B, and thermal gradient ¥T is given by the

functional form>>

F[T - o) VT; etk - F i/ ]
1 + exp £ | &
kT

where e(k) is the energy, v(k) 1s the group velocity de/d(Ak) of an electron with

F(k,r) =

quantum numbers (k, band n, spin ¢), and the denominator contains the Fermi-Dirac
distribution. The physical meaning of Equation (51) can be stated more simply as the
number of electrons in the state Kk at point r is the same as the number occurring at
equilibrium, except that an external force shifts the momentum by an amount F_,,7,
since the previous collision, and the temperature shifts by the amount -rv'¥VT. In

addition, the external force can be written

F_ = -¢E - ev(k + eEtft) x B . (52)

exi
Note that these equations are simply a more elaborate means of depicting the increase
of the average momentum of the "Fermi sphere." The only free paramcter in
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Equation (51) is the relaxation time r; it 15 argued in the variational appmat:hﬁs that r
should be chosen in a manner to maximize the current for a particular scattering
operator. Assuming the only scatlering mechanism is electron-phonon, then this
approach applied to a metal in the limit T < Op, was shown by Allen®® 1o yield a

relaxation time

dih

LI X 4 ‘f—“’uf;F{u}
(V] Y]

(33}

T

hwf2k,T
sinh(hew/2k, )|

el-ph

where cnrgtrF{w] 1s the electron-phonon spectral function and w_,, is the maximum
phonon frequency. Unfortunately, mltrF[u) 1s not known for any of the cuprates;
however, inelastic neutron scattering was previously used to measure G(w), which is
F(w) weighted by the neutron-phonon matrix elements rather than the electron-phonon
matrix elements.?’ These spectral functions should be quite similar, since the electron-
phonon interaction is expected to be dominated by the Cu and O atoms as with the
neutron cross sections. Remarkably, Allen er al.> show that this relaxation fime,
calculated using the function G(w), instead of F(w), gives a resistivity curve of the form
p = p, + mT [Figure 19(a)], which agrees well with experimental findings.
Therefore, the temperature dependence of the resistivity in YBa,Cu,05 appear to be
consistent with an electron-phonon scattering mechanism.

Returning to the Hall effect discussions, Allen er al, calculated the three
independent Hall tensor components for fully oxygenated YBa,Cu;0~ [Figure 19(b)]
utilizing the transport equations, their band structure results, and the Onsager
relations o,,, = -0y, 3% As with the resistivity predictions, the magnitude of
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Figure 19
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Calculated electrical transport properties of YBay,Cui;O; assuming
electron-phonon scattering mechanisms dominate. (a) Temperature dependence
of the resistivity due to the Fermi-surface carriers. (b) The three elements of
the Hall tensor calculated as a function of energy near Ep. These values agree
with the experimental results for this dissertation. Sources: P. B. Allen,
W. E. Pickett, and H. Krakauer, Phys. Rev. B 37, 7482 (1988) and
W. E. Pickett, Rev. Mod. Phys. 61, 433 (1989).
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the Hall tensor components agree very well with the experimental findings. However,
the assumption of a constant scattering rate, as well as the replacement of the
Fermi-Dirac function with the one occurring at absolute temperature, leads to a failure
in explaining the source of the anomalous temperature dependence of Ryy. This failure
motivated Ong®! to develop an unique interpretation of the Boltzmann equation in terms
of the basal planc anisotropy of the "scattering path length” vector Al/l,,, in order to

address the temperature dependence of Ry, which is discussed in the next section.

4. Geometric Interpretation of the Hall Conductivity

In the low-field limit, the Hall tensor components are known to be very sensitive
to the local curvature of the Fermi surface {FS}.TD Moreover, many materials have
very complex FS shapes making it difficult to explain the experimentally measured Hall
data in context with the band structure predictions. On the other hand, {.".'ng'f'E
developed an unique interpretation of Hall conductivity, e.g., Equation (49), for the
class of materials having two-dimensional Fermi surfaces. More explicitly, it is argued
that the low-field limit Hall conductivity is proportional to the number of flux
quanta ¢, threading the l-curve, where the lI-curve 1s defined as the "scartering path
length" vector I(k) = w7, as k traces out the FS. Furthermore, it will be shown that
if the anisotropy of this "scatrering path length" vector, denoted by Al/l,,, changes with
temperature, a temperature dependent Hall coefficient results.

This new interpretation of the Hall conductivity will be discussed starting with

the standard transport coefficients. Taking the magnetic field B| -z, and the electric
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field E || x, Equation (49) can be rewritten:5!

2¢°B ¥

O = [ - (k)] v,t)(v x B)- V(v,1) . (54)

For a 2D system, assuming kT < < ¢g, this can be written as an integral evaluated

around the FS curve

3 dk,
2 _ |_€ (3
I, [zﬂ!h] § m [v 'l:j_,{v x B) V(v )] , 3)

where |v|~! is the density of states factor, and k, is the component of k taken along t
(tangential unit vector to the FS curve). Furthermore, v x B/|v| = Bt, which allows

the integral to be written as
B § dk, (¢ - Vi)l = BA, , where (56)
=£-fﬂxi‘ 57
2

Ay denotes the "Stokes"” area swept out by the vector I(K) as K moves around the Fs.0!

Substituting Equations (56) and (37) into Equation (55) leads to the important result

g,ﬁﬂz"—z[’d“]=zﬁ[i¢.‘.], (58)
i h | xi? h |9,

R
where 1y = {ﬁfeB)”E is defined as a magnetic length, ¢, = h/e is the flux quantum,

and ¢ = BA, is the magnetic flux threading the I-curve. Recall that this is only the
numerator of the Hall coefficient defined by Equation (50). In order to visualize how

these findings might lead to a temperature dependent Hall coefficient, consider only
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crystals having N-fold symmetries in the xy-plane, In this case, Ong argucsﬁl that the
in-plane conductivities can be written as scalars. More explicitly, for 2D systems,

Ziman shows that the diagonal conductivities can be derived from Equation (43},'55

{?2
o - [E] § as 1, cos, | 59)

where the integration is taken over the FS, and 8y, is the angle between the unit vector x
and (k). Assuming N-fold symmetry exists (N > 2),’! the FS can be divided into
N identical wedges, which may be mapped onto each other by rotations, where the
angle 6y is changed to (6, + 2am/N) on the m-th wedge. Thus, Equation (39) can be

written as

o

N
— ——:: fcii‘sz cos’(8, + 2nm/N) . (60)

(e*fh) as=sy m=1

Standard math handbooks equate the summation term to N/2, and furthermore, using

the relationship®! 1,,$ = N | ds 1, one obtains

o a,, ! i

= = , where (61)
e’th e¥h  2nm
I.E

Ly = $ ds =, (62)

Apgain this integral is taken over the whole FS, where § is the FS circumference,
and 1., i1s the average of l;. Finally, upon placing Equations (58) and (61) into
Equation (50), we obtain the simple relationship for the temperature dependence for the

Hall coefficient;
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where Al/l,, is highly correlated to the "anisorropy” of the "scattering path length"
vector in the xy-plane. Hence, Al/l,, is termed the anisotropy. Therefore, in the
conventional Bloch-Boltzmann theory, the Hall coefficient Ryy in 2D systems becomes
temperature dependent only if AL/l changes with temperature, Furthermore, this result
can be generalized, in a complicated fashion, to include 3D systems as well as
multiband effects (readers interested in these cases are referred to Ref. 61), but, these
cases are not discussed here because of the ZD nature of the layered cuprate
perovskites.

However, if electron-phonon scattering dominates, the temperature dependence
of Al/l,, should display three distinct regimes of differing behavior determined
by Elﬂ.m At very low T, impurity scattering, which tends to have an isotropic-l,
dominates the transport properties leading to a constant Ry with T. Unfortunately, this
regime is out of reach in the high-T_ superconductors. At mid-range temperatures
(= 0.2Tp), phonon scattering is highly anisotropic leading to a temperature
dependent Ryy in many materials. Third and most importantly, at high T (=Tp), the
scattering by phonons tends to be isotropic, so that the isotropic r assumption is
valid.” Furthermore, this should lead to a saturation of Ry above Tp (~440 K in
YBa,Cu;05). Interestingly, Fiory ef al. have measured Ry up to 600K (> >Tp) in
YBa,Cu;0,, and find no evidence for such saturation.”? Therefore, even though the

resistivity vs. temperature follows the expected behavior for electron-phonon scattering,
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the Hall coefficient is apparently dominated by a nonphononic mechanism, which is

probably electronic in origin.

5. Unconventional Hall Effect Theories

Due to considerable regularities occurring in the normal state properties of
YBa,Cu;0,_s (e.g., universal inverse Hall angles 6! = AT? + B upon doping with
various impurities’®), led Anderson to suggest that YBa,Cu;O,_s behaved as a
two-dimensional Luttinger liquid.”> Although presently in an early stage of
development and not generally accepted, Anderson argues that most transport
properties, including the conductivity, can be represented by correlation functions
derived in the framework of a bosonized form of a one-dimensional Hubbard modcl

such as that given by Haldane:"®

H = % % h kHQ) V(Q)Qb 0bg + vAQIQD gb | (64)

where the b’s are bosonized representations of the charge and spin fluctuations.
Moreover, it is argued that this Hamiltonian can be interpreted in terms of two kinds
of solitons: spinons, which behave as electrons with spin and no charge with a
momentum kg located at an angle +£; and holons, which carry the charge with a
momentum 2kg located at an angle -{}. In addition, the two are connected in the sense
that when the holons move one way, the spinons moves in the opposite. Thus, in a
TS

Luttinger liquid, charge and spin separate.

Separation of charge and spin should lead to interesting behavior in the normal
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state properties. For example, Anderson argues that upon application of an electric
field, the holons are accelerated causing a backflow of the spinons, giving rise to a
resistivity proportional to the number of thermally excited spinons, i.e., p o kT.” In
contrast, an entirely different situation arises in the presence of a magnetic field. The

equation of motion in a magnetic field is

Lok _e|Ve o) nak (65)
& hl\Vk

where 7, denotes the apparent relaxation time measured in the presence of a magnetic
field. This equation of motion is argued to represent an acceleration of the spinons
parallel to the Fermi surface, without disturbing the holon I::n-:x:upfarru::iai':s.ﬂJrS As a result,
the spinons can only interact with other spinons or magnetic impurities. Being a
fermion-fermion interaction, we are left with the well known T2 behavior for the
temperature dependence of the inverse Hall angle. Therefore, the different temperature
dependencies for the resistivity and inverse Hall angle, e.g., T and T2, respectively,
lead to the observed temperature dependence of the Hall coefficient Ry e 1/T.
Although the two-dimensional Luttinger liquid theory accurately describes the
anomalous temperature dependent Hall coefficient Ry for YBa,Cu,04_, this theory is
far from being proved and generally accepted. On the other hand, Markiewicz recently
provided an explanation for a weaker, but somewhat similar, temperature dependent
Hall coefficient observed in La,_ Sr,CuQ, (LSCO).”” In this material, the 2D CuQ,
band is assumed to be nested while sitting near a peak in the 2D electronic density of

states. In this model it is shown that the conductivity is given by
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0, = [PD) + xQD) =— , (66)

T
m

where P is the probability that the electrons are scattered into a particular CuO, branch
and Q = 1-P is the probability that the electrons are scattered into the remaining
branches. Moreover, x is the hole doping away from half filling of the 2D CuQ, band

and n is the carrier density. Finally, this model predicts the following Hall coefficient:

Ry = 2 . (67)
TP + xQ(DE ne

Here the temperature dependence of Ry arises from the temperature dependence of the
scattering probabilities P and (). However, it 15 argued that the stronger temperature
dependence of Ry in YBa,Cu304_j is probably due to another mechanism. Although
possible, this proposed scattering mechanism is unlikely in YBa,Cu;O+_s since, P
and Q are unlikely to be strongly temperature dependent. In addition, multiband effects

probably occur in YBasCu304_s which are neglected in this model.

C.H, Determined from Fluctuations

The studies of fluctuation effects in superconductors have recently been revived
due to the discovery of the high-T_ materials. In this dissertation research, the recent
fluctuation theory of Ullah and ]Ih:nrs.as:}n,Ejl in the limit of large magnetic fields, was
utilized to deduce the H, slopes for H| c. The fluctuation theory was developed in the
framework of the Lawrence-Doniach model,”® which accounts for the layered

structure of the high-T_ materials. This theory gives the following set of equations for
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the fluctuation conductivities for both the 3D and 2D scaling:

(ET” IO el f“‘”] (68)
Ty i (TH)?
7% T
THA 0 @ = flati| . (70
Cam” |
=T -
pEPhs Pt a7
\ SCrE

In these equations, oy; is the fluctuation conductivity along the i-th crystal axis (i.e., Tyy
denotes |[ ab-plane while o_, denotes 1 ab-plane), H is the applied magnetic field along
the c-axis, T (H) is the mean ficld transition temperature, which is field dependent.
The scaling functions g and f should be the same for all fields, and the constant A is
independent of the temperature and field. The only free parameter is T.(H) which,
selected carefully, leads to the H_, slope. This is accomplished by simply plotting each
side of the equation of interest, while neglecting the functions g, f, and A, along
different axis, while selecting the T (H) for each magnetic field transition to generate
a universal curve. Interestingly, the best choices of T (H) usually lead to linear H
slopes near T, as expected.”” By inspection, Equations (68) and (69) apply to the
¢-oriented epitaxial films used in this dissertation, whereas Equations (70) and (71)

could be applied to any untwinned g-oriented films, if ever developed.

7l



[V. CORRELATIONS BETWEEN Ry, T., AND J_

A. Overview of Most Important Experimental Results

Before discussing in detail each of the experimental results, a brief overview of
the important principal findings will be presented. The electrical transport properties
of YBa,Cu;0,_; vary systematically with increasing oxygen deficiency 6. Both the
resistivity p(8) and the Hall coefficient Ry(8) increased with & at similar rates, and
consequently the Hall angle, given by tan(f) = RyB/p, changes only slightly. In all
films, the critical current densities J.(6,H=0) measured in self-field extrapolated
towards zero for compositions near the edge of the 90K plateau, while the temperature
and field dependencies of J_/J.(H=0) remained fixed for 6 < 0.15, both of which are
suggestive of geometrical effects. For larger oxygen deficiencies (& > 0.3), the field
dependencies of J (4,H) were similar to those observed in polycrystalline YBa;CugO4
and the superconducting Hall effect transitions exhibited systematic "noise", indicative
of granular-like behavior. Pinning energies determined both from the field dependence
of J./T.(H=0) and from in-field resistive transitions show plateau-like behavior near
full oxygenation even though T, decreases rapidly in this region. On the 90K plateau,
most films showed no broadening in the resistive transitions; however, all films showed
some broadening in the transitions between the 90K and 60K plateaus. Films post-
annealed at low-PO, usually showed "peaked" T, behaviors with 8, unlike the
high-PO, post-annealed films which typically show "flar" 90K plateaus.® However,

the Hall coefficients were found not to rely on the processing conditions, suggesting that
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differences in the measurable carrier densities are not responsible for these

different T (6) patterns.

B. Discussion of Results

1. Effect of Oxygen Deficiency & on the Resistivity and Hall Coefficient

The removal of oxygen from YBa,Cu;04_s leads to a progressive increase in
the resistivity [Figure 20(a)] as well as a decrease in Hall number [Figure 20(b}].
These observations suggest steady decreases in the density of states, which according
to simple BCS theory should lead to steady decreases in T,. In actuality, two plateaus
are observed in T_ vs. & which could be reconciled either by phase sepa_ratiﬁnm*m or
by some complex electronic mechanism.!3:14

Interestingly, the insets of these figures show the effects of room temperature
annealing which may be ascribed to the formation of oxygen-ordered "Ortho-II" phase
at fixed 8 = 0.4.1° These room temperature ordering effects were studied at three
estimated oxygen contents of 6.35, 6.40, and 6.45. For investigation at each of these
fixed oxygen contents, the sample was quenched from 200°C, rapidly mounted, and
cooled below 250K in about 30 minutes. No ordering effects were ever observed
during measurements at T < 250K, and the final results are depicted by the dashed
curves in Figure 20(a) and Figure 20(b). After completion of each data acquisition
sequence, the sample was warmed to room temperature, and allowed to "age" until the

resistivity reached a minimum saturation— approximately four days at each oxygen

content [Figure 21]. These results are depicted by solid curves in the same figures.
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Figure 20
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Resistivity (a), Inverse Hall coefficient (b), and Inverse Hall angle (¢) for a laser
ablated film of YBa,Cu;O,_; as a function of temperature and oxygen
deficiency . Insets show the apparent changes in the "Ortho-II" phase with
room temperature annealing. The dashed curves in parts (a) and (b) represent
the behavior immediately after quenching from 200°C, whereas the
corresponding solid curves represent the behavior after aging for four days. The
Inverse Hall angle is shown on a log-log plot to depict the relative insensitivity
of the T2 behavior to oxygen deficiency.
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Figure 20 {continued)
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Figure 21

t (h)

The effect of room temperature anncaling on the resistance in the "Ortho-IT"
phase YBa,Cu30 _g4 5. This data were obtained at a temperature of 297K and
at an estimated oxygen content of 7-é = 6.40. Note that four days were

required to reach saturation. Similar plots were obtained at the oxygen contents
6.35 and 6.45. The solid curve is a guide to the eye.
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In addition to an observed reduction in resistivity, this ordering-related annealing always
led to an increase of the observed Hall number, which could be interpreted as an
indication of additional charge carriers being transferred to the Cu-O, planes as
suggested by the electronic model first proposed by Veal.! However, this observation
does not rule out a phase separation scenario, since a parallel configuration of two
dissimilar conductors (denoted by indexes 1 and 2) will yield an observed Hall
coefficient Ry given by,

_ R, Ry + Ry Ry

R, + R

where Ryy; and R; refer to the Hall coefficient and the resistance contributed by the i-th

R, (72)

¥

conductor, respectively. It is clear from this equation that the phase contributing the
least electrical resistance would average more heavily in the apparent Hall coefficient.
Moreover, if phase separation leads to a larger proportion of the "better" phase, 1.e.,
lesser resistivity and higher oxygen content, the apparent value of Ry would decrease
with room temperature annealing. This would occur because the aging process would
create a larger proportion (i.e., less resistance) of the phase having the smaller value
of Ry [see Figure 20(b)]. Therefore, the normal state resistivity and normal state Hall
coefficient results alone cannot determine whether or not phase separation occurs in
oxygen deficient YBa;Cuy0q_s.

Another feature of Figure 20(a), which is observed in all samples, is a slight
broadening of the resistive transitions off the 90K plateau. It is unlikely that this

broadening results from the formation during cool down of layers with differing oxygen
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contents, since no 90K onscts are observed for compositions off the S0K plateau [see
Figure 20(a)]. Rather, this broadening off the 90K plateau is most likely due to a T,
distribution, with a series connection of domains with different T’s.

A potentially important finding is the relative constancy of the Hall angle
Tan(fy) = EF;’EE = RyB/p for oxygen deficiencies 6 when & < 0.5 [Figure 20(c)].

In a multiband system, the Hall angle can be derived from simple expressions for a

multiband Eﬂ_.,’st:::rrl5 g

E )
Tan(®,) = =t = = LRy o . (73)

Assuming each (parabolic) band can be described by the expressions Ry; = -1/n;e and

conductivity o; = n.e?r, / m;, this becomes
Tan®,) = — % 050, . (74)
a

Here w; = ¢B/m; and 7; are the cyclotron frequencies and relaxation times for the i-th
band, respectively. Moreover, the band structure calculations predict four bands
crossing the Fermi level in YBa,Cu305, and each of these bands is expected to have
different effective masses.’ Therefore, it is plausible that upon oxygen depletion, the
individual conductivities would change at different rates. Under these circumstances,
Equation (74) suggests that significant deviations should occur in the observed
magnitude and temperature dependence of the Hall angle with changing oxygen
deficiency. On the contrary, the Hall angle changes only slightly over most of the

oxygen content range [Figure 20(c)] and this suggests that one band dominates the
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normal state propertics with fields H||c. On the other hand, for large oxygen
deficiencies (& > 0.5), deviations occur in the temperature dependence of the Hall
angle [Figure 20(c)]. In addition, these deviations correspond with onsets of
magnetoresistance [Figure 22] supporting the existence of multiband effects only for the

compositions of § in excess of & > 0.5.%°

2. Temperature Dependence of the Hall Coefficient

To understand the temperature dependence of the Hall coefficient, one can use
the proposal that YBa,Cu;0- behaves as a two-dimensional Luttinger liquid.” Use of
this single band theory is justified by and consistent with the arguments just presented.
In this formalism, the observed Hall angle tan(fl;) depends on a "transverse" relaxation
rate 7 as cot(fy) = (wcr]'l = AT? + (mcrimp}‘l. Here w, is the field dependent
cyclotron frequency and 1/ Timp is the scattering rate due to impurities. In a Luttinger
liquid, separation occurs between the charge and spin quasiparticles. Furthermore,
application of a magnetic field leads to the rotation of & space allowing the "fransverse"
relaxation rate to include only the effects of the spin-spin interactions. Being fermions,
these interactions should lead to the well established TZ scattering process in cot(flyy),
whereas the impurity scattering term only includes the effects of magnetic scattering
centers. Referring to the log-log plot [Figure 20(c)], the inverse Hall angle indeed
varies as T2 over a wide range of oxygen deficiencies (6 < 0.55) in YBa,CuzO04_;.
On the other hand, a "transport” relaxation rate 7, 1s measured in the resistivity and

is proportional to the decay rate of the accelerated electrons into elementary excitations
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Figure 22

0.012

Magnetoresistance Ap/p(0) observed in YBa,Cuy05_g for oxygen deficiencies

7-0=6.45
7-0=6.40
7-0=6.35

in excess of & > 0.5,

200
T(K)

These data were obtained as a function of temperature
and at an applied field of 8 Tesla. Note that "aging" effects associated with the
ordering in the "Ortho-II" phase were observed at the composition 7-56 = 6.40.

The onset of magnetoresistance cnrrcspnnds with the same composition at which
These observations are

the inverse Hall angle deviates from its T behavmr
consistent with multiband effects when & > 0.5.°
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(holons and spinons), such that

mi( 1 1
W — — + » (Ts]
b

1::1" LAY

where’> Ttr_l e T. In relatively clean materials, the impurity scattering rate Lt
may be neglected. Combining these results, one has 1/(Rye) o cot(fy)/p = AT,
where n 13 the density of charge carriers and ¢ is the electron charge. Thus, within the
Luttinger liquid approach, the average slopes of the inverse Hall coefficient curves,
which vary almost lincarly with temperature [Figure 20(b)], serve as a relevant
electronic parameter for displaying our data. In Figure 23 are plotted the transition
temperatures T (R=0} and T (mid) as well as the critical current densities in self-field
J(6,H=0), as a function of d(1/Rye)/dT. Note that a simpler plot of superconducting
properties, e.g., T, and J, as a function of 1/(Rye) would give qualitatively similar
results [see Figure 20(b)]; however, the function 1/(Rye) must be chosen at an
arbitrarily fixed temperature when displaying data in this fashion. Owerall, most
superconducting properties improve with increasing d(1/Rye)/dT.

Although this behavior is consistent with the Luttinger liquid model, alternate
explanations for the temperature dependence of 1/(Rye) may be found in a sharp peak
in the electronic density of states (DOS) lying near the Fermi surface.”’*! The
existence of such a van Hove singularity (vHs) is suggested in the band stm:tura;T* 82
however, band structure calculations place the DOS peak -~0.1 eV below the Fermi

energy. According to Pickett,>” this DOS peak is associated with the chain layer

derived bands, which are more difficult to determine accurately than the plane related
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Figure 23

Te(K)

Je (MA/em?)

d(1/Rye)dT (10'%emK)

6.4 6.5 6.6 6.7 6.8 6.9 7.0
Approx. 7-0

Transition temperature T,, and critical current density J, evaluated at fixed
reduced temperatures, as a function of either the oxygen deficiency & or the
"apparent carrier density” from the Luttinger Liguid Theory described in the
text. Notice that J_ extrapolates toward zero at the edge of the 90K plateau,
suggestive of phase separation. The solid (dashed) curves were obtained from
a laser ablated (BaF, processed) film. Extrapolations do not occur at exactly the
same point due to uncertainties in the film thickness.
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bands. Interestingly, these same chain related bands in the 60K phase, YBa,Cu4Og s,
lie farther below the Fermi surface, according to Yu.? In this picture, the systematic
decrease in the temperaturc dependence of Ry with 6 merely reflects a steady
displacement of the peaked DOS (vHs) from the Fermi energy. But, to be plausible,
this scenario requires that the peak is actually nearer to the Fermi surface than
calculated.

Yet another possible explanation comes from Bloch-Boltzmann theory. These
calculations, however, are complicated and the Fermi-Dirac distribution -4f/de must
often be approximated by d(e-eg). Moreover, the standard approximation of isotropic
scattering leads® to a temperature-independent Ry. As described in Section II1.4,
Ong®! has shown that, in the framework of this conventional theory, a temperature
dependent Ry can result from a changing anisotropy of the ab-plane "scattering path
length" vector £(k) = v, 7 with temperature T. Nevertheless, these latter mechanisms
may prove difficult in explaining the universal quadratic temperature dependence of the
inverse Hall angle, cot(fy) = AT?+B [Figure 20(c)]. Finally, this quadratic
temperature dependence is also reported well above the Debye temperature’® which

tends to support a nonphononic scattering mechanism.

3. Effect of Oxygen Deficiency 6 on the Critical Current Density
This section considers the transport critical current density J_, measured in self-
field. Examination of Figure 23 shows that J, extrapolates toward zero at an oxygen

deficiency near the edge of the 90K plateau. This feature was observed in @/l films,
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and somewhat similar behavior was reported earlier by Ossandon ef al.®? in magnetic
measurements of current density in bulk, aligned YBa;Cu305_5. For § < 0.15, J,
varies linearly with 8. In this regime, the functional dependencies of J, on temperature
and field [Figure 24] are constant, which suggests a geometrical decrease in the amount
of 90K phase. In this view, J.(8) deviates from its linear decrcase with § for
compositions & = (.15 because other, lower J. phases then conduct appreciable
portions of the supercurrent. This tapering occurs near the same oxygen content at
which the field dependencies of J, begin to degrade. This degradation implies

reductions in the pinning encrgy, as discussed in the next section.

4. Determination of the Pinning Energy

Several methods provide means of determining the pinning energy. These
include analyses of I-V curves, resistive transitions p(T,H), or dependencies of critical
currents J (T,H) on field. Recently, self consistent values for the pinning energies werc
obtained in fully oxygenated YBa,Cuy0, epitaxial films determined from the I-V
curves and from in-field resistive transitions.>? However, if phase separation occurs in
oxygen deficient YBa;,Cu;05_5, the I-V curves would clearly be difficult to interpret,
since the actual current path dimensions, which are required to calculate the flux creep
resistivities, would be unknown. Similarly, Arrhenius plots of the resistive transitions
would be expected to broaden (theoretically shown by :::thersm’aj) as a result of
inhomogeneities. For cxample, the apparent T, distributions observed in the Hall

transitions in Figure 25 would probably lead to errors in the derived pinning energies.
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Figure 24
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Reduced critical current densities as a function of temperature (a), applied field
for H| ¢ (b), and applied field for H| ab (c) for various oxygen contents. No
apparent changes in pinning energy occur while on the 90K plateau even though
23]. Interestingly, many of the curves in (a)
behave as SNS proximity tunneling®® (solid curves) off the 90K plateau. The
dashed curve is a representative polycrystalline sample®’

J(0) decreases rapidly [see Figure

H{kOe)

granular like behavior when 6 > 0.2.

86

which indicates the



Figure 24 (continued)
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Figure 25
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Superconducting Hall effect transitions obtained at 8 Tesla for various oxygen
contents.  All Hall transitions with § = 0.3 show reproducible "onsefs"
indicative of a distribution of T,'s. However, these "onse/s” were never
observed on the 90K plateau nor in any resistive transition as shown in the inset.
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Note also that, on the 90K plateau, J, decreases by roughly an order of magnitude while
the conductivity decreases by a factor of only 1.8. As a result, the derived pinning
energies obtained under relatively high electric fields, i.e., resistive transitions, may be
in error due to induced normal currents in the lower T, phases which are forced normal
by the applied magnetic fields.

To develop this more rigorously, consider the standard expression for the creep

resistivity:m

- E, U/(TB) £ [u m] | o

J kT kT

oo

which is valid in the limit of small current and thus is applicable to the resistive
transition measurements. Here J__ is the critical current density in the absence of flux

creep, E_ is proportional to the elementary "attempr" frequency, and U, is the

%]
activation energy for flux creep. Due to the weak, logarithmic sensitivity of the
analysis, the prefactor 15 generally approximated to be constant. It follows that the
slopes of the Arrhenius plots of In p vs. /T are equal to - U (T,B)/k. The situation

becomes more complex in the phase separation scenario. Using the resistor

combination equations

+ 2]
P b= E f: P ' (77
4

where f. denotes the volume fraction of the i-th phase, and +/- specifies series/parallel

combinations, respectively, the Arrhenius equation becomes
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E, U(TB
T

o

U (T 78
Inp =In ihi[zj;exp[:ﬂ]+§fu(nﬂ‘ll+{ :

S kT

The s/n indices represent superconducting/normal metal phases, respectively, and o

represents the relative scaling between the flux creep and normal state resistivities, i.e,,

kJ,
E,U,(T,B)

L= o)

] al (79)

In a percolative model, with parallel conduction channels dominating the resistive
behavior, Equation (79) shows the factor « approaches zero as J extrapolates to zero
near the edge of the 90K platcau. It follows that the normal metal term cannot be
ignored in the determination of U,(T,B) from the Arrhenius plots. Otherwise, the
pinning energies obtained from the analysis would be in error. Equation (78) was used
to fit the resistive transitions of a film grown by the BaF, process?! [Figure 26 inset]
at wvarious oxygen deficiencies 4, assuming a parallel combination of one
superconducting phase with ong normal metal conduction channel. (Note that the
normal metal term could be ascribed to the collection of lower T, oxygen deficient
phases, which are forced normal in the temperature range of the resistive transitions).
The ratio of the normal state resistivity to the flux creep resistivity at full oxygenation
was assumed to be on the order of @ = 10-100, and was allowed to decrease with
increasing oxygen deficiency according to Equation (79). This analysis yields a plateau
in the pinning energy U, [Figure 26] as a function of 6 near full oxygenation, even
though J decreases in this region. In addition, a curious peak in U, was obtained on
the 60K plateau, possibly reflecting enhanced superconducting properties in the long
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Figure 26
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Pinning energy U_,(8) = Uy (6, T=0,B=I1T) (open symbols) and T_(5) (solid
circles) as a function of oxygen content 7-§ for a film prepared by the BaF,
process. The open circles represent Umiaj as determined from fitting
Equation (78) to the Arrhenius curves at various oxygen deficiencies. The 1n5.E:t
depicts an actual fit at & = 0. The open squares (triangles) are U, B for
H|c (H | ab) as defined by Equation (80). The values of Ug(8) for H || ab are

scaled by a factor of 1/5 for clarity.
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range ordered "Ortho-II" phase near 6 = 0.5, This peak also coincided with an
increase in the critical current density J, observed in this same film. Therefore,
uncertainties still remain regarding the behavior of J, and U in the region of the 60K
plateau. Interestingly, the width of the U (&) plateau varies depending upon the method
used to determine U, [Figure 26]. Hence, it is plausible that the resistive transition
maodel above is oversimplified in assuming the presence of only two distinct phases.
Thus, unlike the case of fully oxygenated YBa,Cu,0-, these plots do not appear to be
a reliable means of determining the subtle behavior of U(T,B) in oxygen deficient
YBa;Cu; 04 ;.

The most reliable method for determining the pinning energy is an analysis of
the magnetic field dependencies of the critical current densities. This technique is
unique in that knowledge of the bridge cross section is nor required. Hettinger er
al.%7 showed that the field dependence of J /T (H=0) [see Figure 24(b)] could be
described by the single parameter specifying the field at which the pinning force density
extrapolates linearly to zero [Figure 27],

. UB/kT
CIn(E,f2E)°

(80)

This analysis assumes that U, o« 1/B as experimentally observed®>3’ and that the
denominator is roughly constant. The apparent degradation seen in J (6,H//c) for
& = 0.15, as well as in J_(8,H//ab) for & = 0.20, is clearly attributed to a decrease in
U, [Figure 26]. This probably leads to the progressive suppression of the J (5,T)

curves observed at higher temperatures [Figure 24(a)]. The normalized flux pinning
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Figure 27
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Nﬂrmahzed pinning force density F, taken at 77K as a function of (a) B and
(b) B/B" as described in the text, bmh on and off the 90K plateau. The
universal F curve observed on the 90K plateau suggests the field dependence
of the pinning energy given by U, o 1/B is fixed across the plateau. However,
off the plateau, the relative B dependence may change, as in the polycrystalline
films,?” leading to the observed shift in Fy pay.
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force density at various oxygen contents both on and off the 90K plateau are depicted
in Figure 27. Off the 90K plateau, decreases in the relative strength of the
B dependence in U,, similar to that found in polycrystalline films,”’ e, [
U, = UBD-H, may occur as a result of the films developing a "granular” like J_(H)

for large oxygen deficiencies.

5. Constraints Imposed on Electronic Models

If the phase separation scenario does not apply, the initial decreases of
Jo (6 = 0.15) could only be due to decreases in J, since, the flux creep pinning
energy U, is constant in this regime. Recall that T, is defined as the critical current
density in the absence of flux creep and is often assumed to be proportional to the
depairing critical current density. As a result, this assumption leads to the
proportionality J., o Hf&ab.ss Moreover, others generally arglm‘f"g'’33’35'*1‘"”:jl that
U, should scale as H,2£/8x in a point pinning model, where H, is the thermodynamic
critical field and £ is the superconducting coherence length. In the highly anisotropic

91

cuprates,”” one has 53 = Ezabfc so that the constraint imposed by a constant U

becomes

1

2
H « —— .
Gab 5;

(81)

From magnetization studies, Ossandon éf al.®* concluded that the thermodynamic
critical field H, rapidly decreases with increasing oxygen deficiency. However, if the

phase separation scenario applies, these apparent decreases in H, could be due to a
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decreasing volume fraction of the 90K phase with increasing &, Equation (81) implies
a significant increase in the coherence length £ with increasing oxygen deficiency 8,
which should be reflected as a decrease in the upper critical field, since
H., = -:i:DJ’E*n-EE, Unfortunately, conclusive systematics of H_, vs. § do not yet exist.
The fluctuation analysis described in the next chapter indicates the existence of an H ,
plateau while a Hao-Clem”? analysis of magnetic measurements3® show a steadily
decreasing H_»(8). Thus, further information of the dependence of H 5 with 6 would

be very useful.

6. "Peaked" T, () Behavior

Until now, the "peaked" T_(5) behavior (i.e., a maximum in T at § # 0) has
not been addressed, which is most apparent in epitaxial films initially grown under low
oxygen partial pressures.®%?3 This maximum in T, is demonstrated midway on the
90K plateaus in T, vs. & depicted in Figure 23 and Figure 26. Feenstra®* has shown
that these T, peaks occur with systematic values of oxygen deficiency & depending on
the initial growth conditions. This implies that the location of these peaks on the 90K
plateau occur as a consequence of the level of cation "doping" introduced by the growth
process. However, other mechanisms could be argued, including morphology
differences or simply strains between the different phases, which are well established
to have different c-lattice parameters. The latter argument appears possible since no
significant splitting was observed in any of the x-ray diffraction peaks for the films

studied [Figure 28(a) and Figure 28(b)]. However, keep in mind that one generally
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Figure 28
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High resolution x-ray diffraction scans of the (003) peak for (a) the laser ablated
thin film at 7-6 = 7.00 and (b) the coevaporated thin film at 7-8 = 6.90. The
low angle tail occurring near full oxygenation in the laser ablated film supports
the existence of oxygen deficient regions. However, such tails were not
observed in the oxygen deficient coevaporated films, even though the J ()
behavior with § was identical. Adapted from J. D. Budai (unpublished).
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speaks in terms of large "doping" levels for the high-T. superconductors, i.e.,
involving tens of percent of the unit cells, which probably alter the phonon propertics
as well as the electronic properties. McMillan previously showed that the coupling
constant is affected by the phonon frequency spﬁctmm.ﬁﬂ Thus, in the framework of an

electron-phonon pairing mechanism,”"

a more intuitive argument for these T.(5) peaks
could simply be stated as the "optimization” of the coupling constant A = VN(Eg). In
the coupling constant, V represents the matrix element of the electron-phonon
interaction, while N(Eg) is the electronic density of states at the Fermi energy Eg.
Since knowledge of the phonon properties and band structure are limited, no definite
conclusions on the behavior of A as a function of "doping" can be drawn at the present.
However, Figure 29 illustrates the Hall coefficients for two sets of films, grown from
identical precursor-batches, by the Bal, prﬂcessfl and post-annealed under different
conditions. The data show that the apparent carrier densities do not depend upon the
initial growth conditions. The differences between films of different precursors could
stem either from slight compositional differences or simply from uncertainties in the
film thickness. Owverall, this result implies that the processing conditions have little or
no effect on the electronic structure in the fully oxygenated state. Finally, recent
evidence by others suggests that lattice instabilities, and not electronic mechanisms, are

indeed responsible for the limiting transition temperature of —90K observed in

YEEEC UED? & 93
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Figure 29
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Inverse Hall coefficients taken on two sets of films with identical precursors but
post-annealed under different conditions. The data suggest that growth
conditions do not influence the overall carrier density. The slight differences
between film batches may be attributed to small compositional differences in
constituents or simply to errors in determining film thicknesses.
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7. Brief Conclusion

In sum, the critical current densities J, were observed to decrease linearly
with 4, while extrapolating toward zero near the edge of the S0K T,(8) plateau. Over
most of this regime, no changes were observed in the pinning energies U, and the
upper critical fields H,, (discussed in the next chapter). These findings support the
"extrinsic" phase scparation/percolation mechanism giving rise to these T (8) plateaus.
On the other hand, the strong correlation between the Hall coefficient Ry and the
superconducting performance (i.e., T, and J_) is believed to be an "intrinsic" property
which supports a charge transfer from the "chains” to the "planes." Finally, I believe

that the width of the T (&) plateaus reflect the domain sizes of these separated phases.

99



V. UPPER CRITICAL FIELD H-, ANALYSIS

A. Experimental Results

In the previous chapter, is was argued that an "H,., plareau” vs. oxygen
deficiency & supported a phase separation/percolation scenario occurring on the
90K T,(8) plateau. (The upper critical field H , is defined as the magnetic field
required to destroy superconductivity). Thus, knowledge of this H_, behavior with the
oxygen deficiency & was required. To determine this H,(é) behavior, the
Ullah-Dorsey fluctuation them'yzl was applied to the experimental data on two epitaxial
YBa,Cu;0,_s thin films grown by the BaF, process.*! The results (valid in the limit
of large magnetic fields) support the existence of such a plateau in H,. More
explicitly, an H, slope of -1.7 T/K near T, was obtained for all oxygen
stoichiometries in the range 6.8 = 7-6 = 7.0. In addition, this oxygen range
corresponded to the complete range of the 90K plateau in both films. In Figure 30, the
determination of the H_,(T) slope near T, is depicted by a two step process based on
Equation (69) [see Chapter III for details]. In order to obtain dH_,/dT, the fluctuation
conductivity of (= .:rﬂmfmj must first be determined by extrapolating the normal state

resistivity into the superconducting fluctuation regime followed by the application of

1
O, = O, 4 — ———— , 82
! p, + mT Ve

where o is the fluctuation conductivity, oy, is the observed conductivity, p, and m

are the constants describing the linear extrapolation of the normal state resistivity into
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Figure 30
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Step by step determination of -dH,/dT by utilization of the 3D scaling of the
fluctuation theory. (a) First, the fluctuation conductivity oy is determined as a
function of temperature and applied field. These are plotted according to
Equation (69) both on (b) and off (¢) the 90K plateau. The only adjustable
parameters are the mean field transition temperatures T (H), which give T as
a function of H,, and these are chosen in such a way as to genecrate the
universal curve shown. The resistive transitions obtained off the 90K T, vs. &
plateau are not adequately described by the fluctuation theory.
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Figure 30 (continued)
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the fluctuation regime. Due to the linearity of resistivity curves in temperature over a
significant range of temperature in the normal state for both films, it was not necessary
to obtain a quadratic fit. Second, these were in turn used in Figure 30(b) utilizing the
3D scaling behavior. The resulting H 5 curves were obtained by choosing T (H) for
each applied field in order to obtain a universal curve. For oxygen contents in the
regime of the 90K plateau, the best convergence always occurred by application of the
3D scaling [Equation (69)] assuming a linear H_, vs. T with a slope of -1.7 T/K near
T,.. Interestingly, the temperature dependence of H_, in both films extrapolated to zero
at the mid point of the self-field resistive transitions. In contrast, the 2D scaling did
not accurately describe the fluctuations; moreover, this scaling also suggested
unacceptably low H_, slopes, e.g., -1.2 T/K near T_. Off the 90K plateau, however,
neither the 3D nor the 2D fluctuation equations accurately described the fluctuation
regime of the in-field resistive transitions. For instance, the best fit possible at an
oxygen content of 7-6 = 6.7 was obtained by application of the 3D scaling and
choosing an H, slope of about -2 T/K. These resulting curves [Figure 30(c)] clearly
show differences in curvatures at each applied field. In addition, the convergence of
these curves became worse as the oxygen content was further reduced.

For oxygen contents off the 90K plateau (typically § = (.2), the resistive
transitions taken in self-field for both samples were observed to be broadened.
Figure 31 shows typical Hall transitions taken off the plateau as well as the field
dependence of J, taken with H|c.3® Both plots indicate granular-like behavior at

reduced oxygen contents in the range 6 = 0.3. It is possible that this "granulariny” is
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Figure 31
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Evidence of granular-like behavior at reduced oxygen contents in YBa,;Cu304_;.
(a) Systematic "peaks" always appear in the Hall effect transitions whenever
§ = 0.3. These "peaks" suggest a T, distribution and never appear in the
resistive transitions (see inset). (b) The field dependencies of the critical current
density J/J (H=0) behave more similarly to the polycrystalline materials
(dashed curve) when & = 0.3,
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responsible for an extrinsic broadening of the resistive transitions taken off the 90K
plateau. As a result, the fluctuation theory cannot be applied, since this broadening of
the transitions is apparently the result of several mechanisms in addition to those of
fluctuations,

The H_, slopes determined by three different techniques are summarized in
Figure 32. This figure compares the fluctuation results to the magnetization results of
Ossandon er al.®® In the magnetization measurements, application of the Welp er al.2®
analysis was found to give an initial H_, plateau of about -2.1 T/K with increasing
oxygen deficiency &, whereas a recent Hao er al. % analysis of the same data yielded
a similar plateau, but with a smaller H, slope of -1.8 T/K. Interestingly, the Hao er
al. analysis of the magnetization data agrees reasonably well with the fluctuation
analysis with respect to the range of the 90K plateau. More explicitly, the
magnetization studies yielded a 90K plateau that spanned over a smaller range of &,
e.g., —6.89 - 7.00. This range suggests an H_., plateau that occurs over most of the
90K plateau. Thus, an H_, plateau probably occurs over part of the 90K plateau.
Regardless of any conflicting results, a plateau in H 5(8) 13 expected over the entire 90K

T, vs. & plateau and is discussed in the framework of BCS theory in Section C.

B. Phase Separation Effects

Evidence supportive of phase separation, 1.e., chain site oxygen clustering, in
oxygen deficient YBa,Cu;0;_5 was presented in the previous chapter. In addition,

others have also argued that this phenomenon occurs in these materials,16-17,18,20
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Figure 32
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Summary of the H.(T) slopes as a function of oxygen deficiency & in
YBa,Cu;30;_s determined by the in-field fluctuation an.?.lys_is of epitaxial thin
films (filled circles). These are compared to the magnetization results of bulk,
aligned YBa,Cu405_; adapted from J. G. Ossandon er al., Phys. Rev. B 45,

12534 (1992). (open symbols).
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Furthermore, such occurrences of phase separation may be directly responsible for the
90K and 60K plateaus observed in T, vs. & via geometrical effects and the percolation
of current as discussed earlier.’8 In the phase separation scenario, the actual current
path dimensions are unknown except at full oxygenation; as a result, deviations
probably occur between the observed H, slopes and the actual H, slopes due to cross
sectional errors in the determination of the fluctuation conductivities. Testing this
hypothesis, a rigorous analysis was conducted to determine the probable effects of phase
separation on the "apparent” H_, values as determined from the above fluctuation
theory. In a simple model, it was assumed that oxygen deficient YBa,Cu;04_g simply
separated into regions of 90K and 85K "phases." Two sets of in-field resistive
transitions were experimentally obtained— one at full oxygenation with T, = 90K and
the other just off the 90K plateau with T, = 85K. The former set had an apparent
dH,/dT of -1.7 T/K near T, while the latter had an apparent dH,/dT of -2.0 T/K
near T_. Both parallel and series combinations of these two sets of resistive transitions
were calculated as a function of temperature using R = Rgg + Rggy for the series
combinations and 1/R = 1/Rggg + 1/Rgsy for the parallel combinations. The resulting
resistive transitions were then analyzed in the framework of the fluctuation theory
utilizing the 3D scaling. The resulting "apparent” -dH_,/dT’s as a function of the
volume percentage of the 90K phase [Figure 33] indicate that the fluctuation analysis
is sensitive only to the presence of the 90K phase in a parallel conduction system. This
important result indicates that errors in the bridge dimensions do not lead to errors in

the H,, values as determined from the fluctuation analysis. In contrast, series
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Figure 33
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Predicted effect of phase separation on the "apparent” H_, slopes as derived
from the fluctuation analysis. The model used to generate these results assumed
that phase separation occurs between regions of T, = 90K and T, = 85K.
Parallel conduction phases should have little or no effect on the "apparent” H,,
whereas series phases should lead to significant increases in the "apparemt” H.,
values above a certain threshold amount of the minority phase (arrow). The
inset indicates the appearance of the self-field resistive transitions for the left
and right extremes of the main graph for series phases.
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combinations of phases generate false increases in -dH_,/dT. For instance, a mere
0.3% of the 85K phase in scries with the 90K phase should lead to some error in the
determined H_, even though such serics combinations would have little effect on the
overall resistivity [see Figure 33 inset]. Moreover, in this analysis, if the 85K phase
exceeds ~2% of the total volume fraction, the resistive transitions are found to be
poorly described by the fluctuation theory, and such results are similar to the
experimental results taken off the 90K plateau [Figure 30(c)]. In light of these results,
the H_, slopes of -1,7 T/K taken across the 90K plateau are believed to be unaffected
by any phase separation effects, while the failure of the fluctuation theory off the S0K

plateau is believed to reflect the presence of gross oxygen inhomogeneities.

C. Implications for BCS Theory

Unfortunately, universal results for H,, (H|c) as a function of oxygen
deficiency 8 in YBa,Cu3O;_; cannot be deduced from the various experimental
determinations of H_, summarized in Figure 32. However, a plateau in H vs. 6
probably exists over part of the 90K plateau in T, vs. 8. Nevertheless, the importance
of an H, plateau as a function of § will be stressed here in the framework of simple
BCS relationships. More explicitly, if H., changes with & while on the 90K plateau,
either changes must occur in the Fermi velocity or another pairing mechanism other
than electron-phonon mediation would be responsible for superconductivity, assuming
T, is indeed limited by an electronic mechanism. Recall from the clean limit of BCS

theory (Note: the latter equation is in the range of strong coupling and was adapted
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from recent measurements of the energy gapg?)

¢ n A%0)
H () = % , where (83)
2 1 v
A(0) = (ﬁ—f:' S (84)

In the above equations, ®, is the flux quantum 2.07 x 1077 gauss-cm?, A(0) is the
superconducting energy gap at the Fermi surface at absolute zero, vg is the Fermi
velocity of the superconducting charge carriers, and T, is the superconducting transition
temperature, Combining Equations (83) and (84) leads to the simple proportionality

i
H,0) = = . (85)

2
¥F

Superconductivity is generally believed to be associated with the CuO, planes, and Yu’
has shown that the plane related pieces of the Fermi surface are virtually identical
between the YBa,Cu;O,; and YBa,Cu;Og s structures, suggesting that the Ferm
velocity is relatively insensitive to changes in the oxygen deficiency 6. Finally,
Equation (835) leads one to expect a plateau in the upper critical field H_, as a direct
consequence of the 90K T, vs. & plateau.

Finally, Allen er al. gives {vx,},z}” 2 = 2.3 x 107 cm/s based on band structure
calculations,”” that implies H, = 35 kOe, which is over one order of magnitude below
the accepted value of ch_gs This discrepancy may be resolved by either an

uncertainty in the prefactor of Equation (84) or by a non-BCS type pairing mechanism
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that determines T.. Moreover, recent evidence suggests that the maximum transition
temperature of 92K in YBa,CuyOq_; is limited by a phase instability,”> which could
explain this H_, discrepancy in addition to the enhanced values for the prefactors in
Equation (84) observed by others.”® In sum, the "apparent” H ., plateau in 6 does not

rule out a BCS type pairing mechanism in the YBa,Cuz04_s system,
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VI. HALL EFFECT TRANSITIONS

A. Evidence for Percolation in the Transitions

Further evidence for percolation in YBa,Cu304_g occurs in the superconducting
Hall effect transitions. Indirect evidence for shifting current paths (i.e., percolation)
with changing temperature is presented in Figure 34. This plot represents a typical
derivation of the Hall coefficient for fully oxygenated YBa,Cu4O5. In aif of the thin
films studied, the Hall "offser" (the average of the two opposing Hall "signals™) never
behaved as a simple scaled down resistivity versus temperature curve. Moreover,
random peculiarities [sce Figure 34] in these "offSers” existed in the superconducting
transitions of each sample. If the current simply flowed longitudinally along the bridge
without any percolation, these "offsers” should simply reflect the physical misalignment
of the Hall probes. In contrast, no such behavior was ever observed, even at full
oxygenation, indicating that the current paths probably change with temperature.
Finally, such physical shifts with temperature can easily account for the unusual
"offsets” of the Hall "signals.”

In addition, systematic changes were observed in the superconducting Hall effect
transitions as the oxygen deficiency & was sequentially increased. Figure 35 shows a
monotonically increasing Hall coefficient Ryy with 8, where & is estimated from the
c-lattice parameter, Details of the normal state Hall coefficient as well as the
procedure used to estimate & were presented in previous chapters. Equally important

were the observations of reproducible, systematic "noise" [see Figure 33] that formed
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Figure 34
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Example derivation of the Hall coefficient Ry by application of Equation (1) to
the two opposing Hall "signals" R,,. This data set was obtained on a fully
oxygenated, highly crystalline, coevaporated thin film of ‘f’EaECuat}?.“ Notice
the complete disappearance of the "peculiar" hump from the resulting Hall
coefficient. The Hall "offser" (average of the opposing Hall "signals") was
never observed to behave as a simple scaled down resistivity versus temperature
curve. This suggests that the current paths do not travel exactly parallel to the
patterned bridge. Moreover, these implied current paths probably vary with
temperature.
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Figure 35
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Superconducting Hall effect transitions measured with B = 8T for a single laser
ablated film of YBa,Cu;O5_5 at various estimated oxygen contents 7-6. The
reproducible, systematic "noise" observed below 7-6 = 6.6 was later found to
occur in all thin films. These are currently believed to occur as a result of
oxygen clustering. Reproducibility is well established by the similarities that
occurred before and after oxygen vacancy ordering of the "Ortho-1I" phase in
YBa,Cu40g 45. Below 30K, the "quenched" curve has been vertically displaced
to avoid excessive overlap of data with the "ordered" curve. Note the small
sign reversal of Ryy that occurred at full oxygenation. Error bars are estimated
to be on the order of the size of the symbols.
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in gll of the thin films studied as the oxygen deficiency exceeded roughly & = 0.4,
whereas these were never observed in the resistive transitions. This systematic "noise"
is currently believed to result from a clustering of the chain-site oxygen atoms!® which,
in turn, causes unusually strong "gyrarions” to occur in the current paths as the
temperature is swept.

It is believed that oxygen vacancy ordering can occur at room temperature in the
"Ortho-II" phase, l.e., YB&ECu_a,DLE&mD This effect was observed in the laser
ablated film depicted in Figure 35 near a fixed, estimated oxygen content of
7-6 = 6.45. The overall similaritics between the systematic Hall "noise” taken before
and after four days of room temperature annealing support the notion that these features
are generated by the samples and not by the measurement process. In preparation for
this experiment, this sample was quenched from 200°C, rapidly mounted, then cooled
to below 250K in less than 30 minutes. The resulting data are plotted in the curve
labeled "quenched" in Figure 35. The systematic "noise" was originally believed to
somchow result from the subtraction process of the two Hall "signals" taken in
opposing fields described in Chapter II. However, upon aging the sample at 297K for
four days, the sequence was repeated to determine if any changes had taken place.
Interestingly, the "ordered" curve in Figure 35 shows that the same characteristic
"noise" reappeared but at a slightly higher temperature, probably due to the 10K
increase in T_,. This leads to the conclusion that these features are most probably due
to inhomogeneities n the materials and not to the subtraction procedure, e.g.,

Equation (1), used to calculate the Hall coefficient Ry. Most importantly, it is
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suspected that the sign reversal of Ry near 32K in the "ordered" curve results from
current percolation due to an inhomogeneous distribution of resistivities. Finally,
careful inspection of Figure 35 reveals that a sign reversal in the Hall coefficient
occurred not only at 7-4 = 6.45, but at full oxygenation (6 = 0), which suggests that
both reversals have the same origin.

Final anneals at 350°C under 1 atm O, are usually conducted to determine
whether or not any changes have occurred in the transport properties other than those
due to variations in the oxygen content after a long series of sequential anneals. This
procedure was performed on the laser ablated film for which a sign reversal occurred
in Ry at full oxygenation (5 = 0). Afterwards, all of the starting properties, i.e.,
resistivity p, critical current density J, and transition temperature T, were completely
restored to their initial full oxygenation values with the exception of the sign reversal
of Ryy near T_. Figure 36 shows that the superconducting Hall effect transition changed
dramatically suggesting that these Hall transitions are highly sensitive to
inhomogeneities in the oxygen content. Moreover, such dramatic effects prompted the

series of computer simulations which are discussed in the next section.

B. Current Percolation Model

Contrary to the resistivity and critical current measurements which utilize large
portions of the sample, the Hall effect demands smaller probes in order to minimize the
"flaring” of the charge carriers into the Hall electrode region. Ideally, the Hall probes

should be vanishingly small. These necessary small electrode dimensions (20 um) lead
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Figure 36
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Changes in the superconducting Hall effect transition due to the series of
sequential anneals for the laser ablated film shown in Figure 35, both of which
were obtained at full oxygenation and with B = 8T. The curve labelled
"final anneal" reveals the changes that resulted from these oxygen anneals,
although T, J., and normal state resistivity returned to their original values.
Notice the complete disappearance of the sign reversal of Ry near T,..
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to limited statistics which are probably responsible for at least some of the observations
of the sign reversals of Ry. Therefore, a series of computer simulations of the
superconducting Hall effect transitions was conducted utilizing Monte Carlo techniques
to determine the percolative path of the current for various inhomogeneous mediums,
while performing integrations to determine Ry. A total of 60 different spatial
distributions with various Gaussian T, widths (AT, = 6K) were tested. Interestingly,
one-sixth of the total distributions were found to lead to an apparent sign reversal

of Ryp. The Hall coefficients resulting from the simulations were defined b}rlm

dR, = P(;f} cosd di . (86)

In this equation, the resistivity term p(T,H) represents a typical set of resistive
transitions [see Figure 43 in Appendix E]. In the actual computer simulations, the
transitions were shifted up or down in temperature to represent the "local” T, of the
distribution being tested. The T2 term was artificially inserted to give the observed
Ry o« 1/T dependence observed in the normal state. Finally, the cos @ term represents
the direction of the local current increment with respect to the overall applied potential.
However, this does not exactly fit the experimentally observed scaling, i.e.,
|p1},| o pxx]‘?, between the superconducting Hall effect transitions and resistive
transitions. %2 The interest here is to determine the overall impact of current
percolation on the superconducting Hall effect transitions, especially Ry as a function
of applied field. Monte Carlo methods, described in Appendix E, were utilized to

determine the percolation paths of least resistance while integrating Equation (86). If
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given a sufficiently large integration region, these effects become rather small.
However, this is experimentally unfeasible since the electric currents would flare into
the Hall probes, causing excessive offset signals and obscuring the real Hall signals,
The overall effect of current percolation on the Hall resistivities p,, is evident
in Figure 37(a). This family of curves summarizes the results obtained for the 60
different T, distributions. Each random T distribution coupled to a limited integration
region always led to an overall progressive reduction of p,,. These relative reductions
rely mainly on the spatial layout of the T_ contours in addition to the Gaussian T,
widths. In one-sixth of all the distributions tested, these parallel-like reductions were
large enough to cause a sign reversal of Py with one such distribution lgading to the
calculated Hall coefficient Ry as a function of temperature shown in Figure 37(b).
Moreover, sign reversals occurred in some instances when the Gaussian T, width was
as little as 2K. Notice that these sign reversals usually occur at the lowest applied
fields, disappearing as the fields are increased. These curves are remarkably similar
to those published elsewhere by various authors.?*% Another important feature is the
relative insensitivity of Pyy 1O imhomogeneitics while in the normal state. Thesc features
are simply explained by the argument that a T, distribution in small applied fields leads
to a larger distribution of resistivities than that produced by larger fields. As the fields
are increased, the resistive transitions are broadened, causing an overlap in the
transitions of the various regions which leads to a reduction in the total level of the
current "gyrarion.” The sign reversals result whenever the current momentarily

reverses direction in order to seek out a path of lower resistance. If these reversals
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Hall effect transitions predicted by the Monte Carlo simulations, (a) Hall
resistivities as a function of applied field resulting from differing degrees of
inhomogeneity. Increasing levels of current " gyrarion” lead to the parallel-like
downward shifts in these curves. In about one-sixth of the total T, distributions
tested, these downward shifts were large enough to cause a sign reversal in Ry
near T,. Note that percolation has little effect on the normal state Hall
coefficient. (b) The Hall coefficient plotted as a function of temperature at three

different applied fields determined for a preselected T distribution that gives a
sign reversal of Ry near T,
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occur in resistive regions (T > T_) while in proximity of the Hall probe, and if most
of the other increments occur below T, in this probe region, a sign reversal is likely.
Thus, these reversals merely result from the limited statistics of the measurement due
to the small probes. Finally, limited statistics are probably the cause for the sign
reversal observed at full oxygenation in the laser ablated film depicted in Figure 36.
Nonuniform suppressions in the flux creep pinning energy!®® due to
nonuniform current densities were neglected in these Monte Carlo simulations. These
effects are rather important near T, since, significant current densities are required to
measure the weak Hall signals. Moreover, these effects tend to maintain some spatial
separation of the current paths occurring within the superconducting regions near T,
whereas these effects do not apply to the current paths occurring in the normal regions.
As a result, current paths will not converge near any superconducting "necks." Such
a case is illustrated in Figure 38 where these appear to be plausible current paths when
the temperature is ncar 89K. Unfortunately, these current density dependencies on the
flux creep dissipations are difficult to incorporate into the actual simulations. On the
other hand, neglecting these dependencies do not alter the family of curves depicted in
Figure 37(a), but rather, such neglects simply lead to underestimates in the total level
of current "gyrarion" for a particular T, distribution. Therefore, these simulations
probably give too low of a reduction in By for any given T, distribution; as a result,
the actual fraction of sign reversals of Ry is underestimated. Finally, it would be
useful to study the "staristics” of Hall coefficient sign reversals in previous studies by

others, If this picture is valid, it suggests that this effect 1s seen only part of the time,
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VII. GRANULAR ORIENTED THIN FILMS

Oriented, deposited conductors hold potential for the fabrication of high-T,
superconducting tapes, thereby prompting the desire to understand the physical
propertics of such systems. This chapter investigates the mechanism limiting the
transport critical current density J for two types of granular YBa,Cu;0-_; thin films:
(1) c-oriented, but granular films grown on polycrystalline yttria-stabilized zirconia
(YSZ) by pulsed laser ablation!®»1%9% and (2) triaxial epitaxial films [composed
of small grains having either the (110) or (103) orientation] grown on (110) SrTiO4 by
coevaporation and post-annealing.!%® Dimos er al. found relatively large J. values
(= 4x10° MA/cm? at 4.2K) at low angle grain boundaries (less than 10°) of
YBa,Cuy04 _5”:'? suggesting the possible existence of percolation paths of high J,
material in granular films. This implies a "scaled down", but otherwise similar J (T, H)
behavior as those seen in totally epitaxial films. On the contrary, the granular films
presented in this chapter were found to behave as weak-link systems in the presence of
giant Josephson vortices (described in some detail elsewhere!%®). Typical values for
zero resistance transition temperatures T, were near 88K and 67K, respectively,
and J (T =0) values were near 130 kA/cm? and 245 kﬁf’cml, respectively.

In this study, I-V curves were acquired for a set of temperatures and applied
magnetic fields, and all curves displayed behavior indicative of flux-creep-limited
superconductors (E = Jin fields H <€ H_;). The temperature dependence of J (H=0)
for either type of thin film was found to fit neither the SIS (superconductor-insulator-

superconductor) model,'® nor any one of the SNS (superconductor-normal metal-
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superconductor) family of curves, parametrized by the ratio of barrier thickness to
normal state coherence length, L/&(T,). 86 However, critical current densities typically
were two orders of magnitude below those of totally epitaxial films, and showed a
strong dependence on the applied magnetic field history [Figure 39], indicative of a
weak link system. For c-oriented films grown under the same conditions on both
polycrystalline and single crystal YSZ (100) substrates, subtraction of the resulting
polycrystal and single crystal resistivity curves p(T), yield grain boundary resistivity
curves which increase with temperature in a way consistent with dirty metals [see
Figure 40]. In addition, using the measured grain sizel09 (0.2 - L.O pum), I Ry
products were determined to fall between 0.3 mV and 2.1 mV, which are well below
those expected for SIS barriers, i.e., approximately 20 mV at T = 0.110 Rather, it
is shown in the following that these granular thin films behave as SNS§ systems for
which the critical current densities are further limited by thermal activation of self-field
created Josephson vortices at the grain boundaries. 9%

From the Anderson-Kim thermally activated flux creep model,}11-12 in
the limit of weak pinning barriers (e.g., at large applied magnetic fields), one expects
a thermally activated creep resistivity p = (dE/dJ) at J=0 given by,uﬂ

U
. L Y% (87)
p paexp[i],

where U, is the activation energy and p, is at most a slowly varying function of T
involving the flux lattice response. Thus, the systematic determinations of p as a

function of field and temperature yield activation energies''* with the temperature
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Figure 39
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Critical current density hysteresis as a function of applied magnetic field history
for a c-oriented granular YBa,Cu,05 thin film. These data were obtained at
4.2K with the field oriented parallel to the ab-plane. Similar cffects were
observed at other field orientations and at higher temperatures. These results
are indicative of a Josephson mixed state.'!”
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Figure 40
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"Grain boundary" resistivities obtained by subtracting several polycrystalline
c-oriented YBa,Cu;04 resistivity curves o(T) from a single crystal resistivity
curve grown under similar conditions. The temperature dependencies for these
samples are consistent with dirty metals [i.e., maximum p(T) at T » OK and

p(T=0) = 0].
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dependencies shown in Figure 41. The field dependencies of the activation energies

could be described by

1

U(T,B) = , for the c-oriented films ; (88)
(B + B)°1S

U(T,B) « —L~ , for the triaxial films. (89)
B + B)

The constant B, taken to be approximately 10G, is included to prevent U (T,B) from

ot

diverging under self-fields near T.. The prefactor, p,, is explicitly given bylm

AT (90)
= sl aleltel
where in the present case J_, is taken as an SNS critical current density in the absence

of flux creep. The parameter E_, which is proportional to the elementary "attempt”

frequency for flux hops, can be estimated by scaling the experimental [-V curves to the

Anderson-Kim expression, ' ! 12

[ A A
E = E exp ——-—-J ginh | | —| |2
kT | 7., ) AT

For the granular films studied, the E; values were found to have temperature

(1)

dependencies somewhat similar to the respective activation energies. Interestingly,
these E, dependencies are in qualitative agreement with the prediction of Feigel'man

et al. for collective thermally activated processes in the vortex state: 119
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Figure 41
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Temperature dependence of the activation energy at an applied field of 1 Tesla
for triaxial and c-oriented granular thin films of YBasCu40O-. The curves are
empirical fits to the experimental data (symbols) for use in the flux creep
models.
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Self consistency of this model is shown for both types of granular films by
substituting the U, and E, parameters, determined in the dissipative state, into the

relationship for a creep-limited J C:SD

-

| (B
| E

&

kT
U,(T,B)

U (T.B)
kT

o AT (93)

[ ca

where E_ is the electric field criterion of 1 uV/em. Here, the self fields, B, are

117 and are on the order of 100G

assumed to be proportional to the current density
at 4.2K, estimated from the J_(H) data. In Figure 42(a) and Figure 42(b), best fits to
the experimental data, for both types of film, are found by choosing the J_, function as
the Likharev SNS curve®® for which L = 3.5 £5(T,). Even though the activation
energies differ markedly, this model provides a good description of the experimental
J. data in both cases. The slight discrepancies which occur above t = 0.7T, could be
ascribed to a number of effects, including high-temperature fluctuations, or simply
errors in extrapolating high—field U, values to the limit of self fields.

In conclusion, a self-consistent model for J (T,H=0) was shown for two types
of granular-oriented YBa,Cu407_g thin films. In both cases, the self field was found
to penetrate along the grain boundaries producing a Josephson mixed state.l!® The
thermal activation energies of the resulting Josephson vortices, determined in the limit
of large magnetic fields, were found in the triaxial films to behave as those seen in

totally epitaxial films but scaled down by one order of magnitude. Unlike the triaxial
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Figure 42
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Reduced critical current density J (T)/J(0) versus reduced temperature for the
granular YBa,Cuy0; films, Symbols show experimental results for the
(a) c-axis oriented and (b) triaxial thin films, In comparison, the solid curves
show the conventional SIS and SNS weak link models and the SNS model with
flux creep dissipation,.
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films which contain only special grain boundaries, the c-oriented granular films having
random ab-plane grain boundaries were found to have even lower activation energies
which exhibit maxima at temperatures near 0.8T_. Finally, thermally activated flux

26

creep of the Josephson vortices applied to an SNS weak-link system*™” was shown to

reproduce the experimentally measured critical current densities.
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VIII. SUMMARY

The effects of oxvgen deficiency on the resistivity, Hall coefficient, and critical
current density were measured on a series of eleven epitaxial YBa,Cuy04_g thin films.
Solder free gold contacts and pressure pads facilitated the changing of the oxygen
content by sequential anneals under carefully controlled conditions. All of the inverse
Hall coefficients have linear temperature dependencies, as predicted by the Luttinger
liquid theory,”® and the implied carrier densities steadily diminish with increasing
oxygen deficiency 8. Morcover, the relative insensitivity of the Hall angle to oxygen
deficiency suggests that only one of the four predicted electronic bands crossing the
Fermi level’ dominates the normal state properties with fields H ||¢. Critical currents
extrapolate to zero as the oxygen content nears the edge of the 90K plateau, suggestive
of phase separation in which only the fully oxygenated phase has the high critical
current density. Over much of the 90K plateau, no changes are seen in the pinning
energies, further supporting this phase separation picture. However, electronic origins
for the T (8) platcaus were considered since pinning energies also depend on the
coherence lengths £. Increases in £ could account for the pinning energy plateau while
allowing decreases of I, with 8 to lead to the decreases of the critical current
densities J.(8). Any increase in ¢ should lead to a corresponding decrease in the Hey
slope near T.. Therefore, the fluctuation theory of Ullah and IJ:-:::rrse;,r11 in the limit of
large magnetic fields was applied to the in-field resistive transitions obtained from two
of the epitaxial thin films of YBa,Cu;04_s at various oxygen deficiencies 4. In both

samples, an H, plateau corresponding to an H, slope of -1.7 T/K was observed for
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oxygen deficiencies occurring on the 90K plateau, e.g., in the range 6.8 = 7-6 = 7.0.
In contrast, the in-field resistive transitions taken off the 90K plateau, e.g., 8 = 0.2,
were not adequately described by the fluctuation theory and may suggest the presence
of such phase separation, whereas, evidence for granular-like behavior was observed
in the Hall transitions and the field dependence of J /I (H=0) when 6 = 0.3. Since
an H_, platecau was also observed in a recent Hao er al. analysis of the magnetization
measurements®> of bulk, aligned YBa,Cuy05_5, the plausible existence of an H,
plateau as a function of oxygen deficiency § supports the extrinsic origin of phase
separation occurring on the 90K and 60K T, vs. & plateaus.

The non-universal observation of a sign reversal of Ry near T_ also suggests
that the superconducting transitions are highly sensitive to the effects of extrinsic
inhomogeneities. Therefore, Monte Carlo simulations of the superconducting Hall
effect transitions were conducted assuming various random T, distributions. The results
clearly show that the occasional observation of a sign reversal of Ry can be attributed
to inhomogeneities such as the oxygen content in YBa;Cu4y04_s. Experimental results
consistent with this picture were presented. Similar effects could also be ascribed to
variations in the sample thickness that, near the observed T_, would tend to smear the
local T.’s due to uneven depressions of the pinning energies resulting from current
density variations. These results do not rule out the possibility of infrinsic flux motion
effects in the limit of weak pinning energy; however, the non-universal observations
of the sign reversals of Ryy undoubtedly make such explanations very difficult.

Therefore, it is most probable that most of the observed sign reversals in the high-T,
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materials are exrrinsic in origin.

In the polycrystalline thin film studies, a self-consistent model for J (T,H=0)
was shown for two different types of granular-oriented YBa,Cu;05_s thin films, In
both cases, the self field was found to penetrate along the grain boundaries producing
a Josephson mixed state. L18 The thermal activation energies of the resulting Josephson
vortices, determined in the limit of large magnetic fields, were found in the triaxial
films to behave as those seen in totally epitaxial films but scaled down by one order of
magnitude. Unlike the triaxial films that contain only special grain boundaries, the
c—oriented granular films having random ab-plane grain boundaries were found to have
even lower activation energies that exhibit maxima at temperatures near 0.8T,. Finally,
thermally activated flux creep of the Josephson vortices applied to an SNS weak-link
system®® was shown to reproduce the experimentally measured critical current densities.

In sum, the most important findings from this work are as follows. First, only
a small part of the band structure, i.e., perhaps a single band, appears to dominate the
normal state properties. Second, extrinsic inhomogeneities of the oxygen content can
account for the 90K and 60K plateaus in T, vs. & due to the short coherence length £.
Third, the superconducting transitions are highly sensitive to the effects of
inhomogeneities, Fourth, the grain boundaries behave as normal metal barriers instead
of ideal Josephson junctions. Finally, it is recommended to use caution when deciding

whether a particular property of these new high-T, materials 1s intrinsic or extrinsic.
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Appendix A. Hall (Resistivity) Acquisition Program
10 DEFINT I-N
!
3,'} Tk MLL_BAS Ll L]
A4 ‘mme KEITHLEY 5T SYSTEM *#=
S0 e Y WOLTACE V8 X-VOLTAGES - PERSOMNALAEE DATA ACQUISTTION ===
100 ' DATA SAMPLED AFTER SPECIFIED X- & Y-ABS-VALUE-INTERVALS HAVE PASSED
110 " QUTPUTS X1, X3, X4 AND Y DATA TO AN ASCI FILE
120 " SPECIFIED BY THI USER, PLOTS AUXITIARY DATA FILE FOR COMPARISON
130 * COMMAND PO SENT TO Y-DVM (FOR K-181 TURNS OFF DIGITAL FILTERING)
135 ' SWTITCHES K-724 POWER SUPPLY BETWEEN + & - OQUTPUTS TO CANCEL THERMAL EMF'S
136 * FROM THE NANOVOLTMETER SIGHNAL. TEMP-signal & MAG-signals ARE NOT
137 * DORRECTED FOR THERMALS S5INCE TRANSPORT CURRERTS ARE RELATIVELY LARGE !
140 " X1-channel is converted to & temperature foplional),
142 * X2-channel werifiza the B-224 output curreat and corrects the data ..
1dd * X3-channel meas, o 3rd signal such as rho{T) when K-181 is in use,
145 * Xd-channe]l meas. the magnet ewrrent (F oot in persistent mode)
145 " Y-volimeter meas. the Hall signal which can be plotted |
148 * Magnetic field determined assuming use of & 1100 ohm sid, resustor,
150 ° DATA OUTPUT: (1) If desered, wnill sort data according to X1-signal (emp)

151 - when aaving «dats to the disk in atandard format.
152 ° (23 IF ¥1-signal was cooverted 10 a lempernturs & after
153" sorting data, will prompt wser to contmue with a
154 * lemperature micrpolation routine controlled by vaer
155 ° parnmeters Tmin, Tmae, & T-interval,

156 ° This newr dats is then saved 1o the disk,

1440 " Muintains Temperature Controller 52t Poiat to values based on user

162 * input and current sample temperature (optional).

190

200 "+ MATN PROGRAM *++

no-

TH GOSUTR 400 "we SET DEFATILT PARAMETER VALUES —

15 GOSUR 4150 '-— RRAD IM FILE OF SETUF AND GEAPHICS PARAMETLEERS —-
23 GOSUB 700 *— SIGN-IMN & HARDWARE SETTINGS MENTT -.-

40 GOSUB 1000 '— SETUP PARAMETERS MENU —

245 GOSUR 4500 '-— STORE SETUP AND GRAFPHICS PARAMS TOD FILE —

0 GOSUB 1600 "— DATA ACQUISITION INTTIALTZATION —

26 GOSUR 1730 "= TAKE ONE DATUM SAMFPLE —

270 GOSUB 3550 '— CHECK FOR KEYBOARD INTERRUPT ===

280 GOSUB 1850 "— TEST DATA FOR OUTPUT —

280 GOSUB 3550 "— CHECK FOR KEYBOARD INTEREUFT —

300 GOSUR 3750 "— CALC. TEMP. FROM THERM, CALIREATION ===

305 IF TSET$=ACTS THEN GOSUTR #0000 ‘- TEMPERATIURE CONTROLLER SET FOINTS ---
310 GOSUE 2000 "= PRINT DATA TO DISK —

320 GOSUB 2700 "—- PLOT OR PRINT DATA TO SCREEN —

330 GOSTIR 3550 ‘= CHECK FOR KEYBOARD INTEREUFT -

340 GOTO 260 '— LOOP BACK FOR MORE DATA --
350 -

360 “==m END MAIN PROGEAM ===

¥’

380"

400 **** DEFINE DEFAULT PARAMETERS #++

410 CLS: KEY OFF: KEY 1,°LIST 200400" +CHRS(13)

420 DEFINT I-M

425 1D=700  'TD=1400for ~.2§ sec delay to allow DVM inggering

A0 DM X500, 2 20500, X40500, ¥ ¢(500 'DIM DATA FOR GRAFPHICS REFRESH

440 DIM V{500, T{S0m "ARRAY FOR THERM. CALTBRATION TABLE{e.z. DIODE V. T)

445 DIM X500, XO4{500), YG (5000 "ARRAY O COMPARISON DATA FOR GRAPHICS
450 ON ERROR GOTO 5400 "-—ERROR TRAPPING

460 RESTORE 470

470 DATA 10,1,1,0,0,1,1,1,"1.000E-03",1

450 READ CUR,SCALEX, 5CALEY, DEL,DELY,G0% Gl % NFILT, CURRNTS, DELMAG 'Defaults
482 CURRS="+"*4+CIURENTS

483 CNEGS="-"+CURRNTS

485 SCALEX?=8CALEX: SCALLE[=1: SCALEMAG=102.91 'Hall Cryostat & 1/100 Ghm Std.
49 DATA "< INACTIVES> " "< ACTIVE>"
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500 READ INACTS ACTS: GSETS=INACTS GCSETS=INACTS TSETS=INACTS
0 e GPIB BUS ADDRESSES & METER FPARAMS

505 DATA * 26°,° 14" "KEITHLEY 181/19%9/197°, "KEITHLEY 15171650197 ,5,.5," 19", "KEITHLEY 224"
506 READ XADDRS, YADDRS MXS, MY S NXMNYM, PADDRS, PS5

508 TADDRS=" 12" "Temp. Controller GPIB Addeess

510"

220 "ORAPHICS DEFAULT PARAMETERS

525 PLOTE="T": VIUITS="N"

527 RATIO = 1000 *Typical B-rho/E-hall ratio

530 RESTORE 330

0 FEAD XMIN XMAX Y MIN, YRAX

550 DATA 0,300,-0.5,0.5,0

560 READ X%, Y15,Y25,T$

570 RESTORE 5940

SR RIAD X587 1%, Y25 TS

590 DATA “X1-AXISTINTTS)™, Y -AXIS" "(UNITS)", "TITLEOF HALL ORAPH®
G0 RESTORE $20

G10 READ DXPIX, DYPIX, XPIXOYPIXD "AXIS CONTANTS IN PIXELS

620 DATA 550,300, 20,15

S30 RETURN "TO MMATN PROGRAN

iy -

GA0

To mews SICOH-0OM HARDWARE SETTINGS MESSAGE ***

TIQ CLS; PRINT CHRS(T)

T PRINT:PFRINT = =** HARDWAERRE SETTIMGE ***

T3 PRIMNT " 1: X-INPUT: GPIB Address; = XAaDDRES Meter ID: " WIS

T40 PRINT = 22 Y-INPUT: GPIB Address: " YADDES"  Meter ID; " MYS

Tdd PRINT

T45 PRINT * Set ";P5;" Power Supply GPIB Addreas o “;PADDRS

T46 PRINT ™ and the Vollage Compliance 1o 8 Safe Value."

74T PRINT

748 PRINT * K-199 SETUP: Temp. signal < = = > X.Chanocl # 1°
749 PRIMNT * Curr. signal < == X-Channel # 2"

750 PRINT ~ Alt. signal < == > X-Channe] # 3"

751 PRINT - Mag, curreol < == > X-Channel # 47

752 FRINT ® K-131 NANOVOLTMETER: Hall (or Fha) Signal®:FRINT

754 FRINT * Resct LakeShore Temperatore Coatroller & set GPIB address to ", TADDRS
156 PRINT

Tad INPUT"BENTER SELECTION & (< C/R 2> TO CONTINUE): = 1CODE

T ON ICODE GOTO 7ML,E10

THO RETURN “TO MAIN PROGEAM

Tl INPUT"ERTER NEW GFPIE ADDRESS FOR X.INPUT: * XADDR

T8l GOSUP 850 "— METER ID CHOICES FOR READING STRING MASKING

792 INPUT"ENTER X-INPUT Meter ID CODE (DEFAULT = PREVIOUS): * NMT
T4 [F NMT < >0 THEN NM=NMT ELSE 50X

TS GOSTIR 900 MO E=M%: NXM=NMS5K "--= ASSIGN METER I NAME & MASKING DATA
SO0 XADDRE=STRMXNADDE): GOTO T20

210 INPUT"ENTEERE MEW GEPFE ADDRESS FOR Y-INPUIT: ", YADDR

s11 GOSUB 850 "— METER ID CHOICES

812 INPUT"ENTER Y-INPUT Metze I CODE (DEFAULT = PREVIOUS): =, NMT
%14 IF NMT < >0 THEN NM=NMT ELSE 420

216 GOSUR S00: MYS =M% MNYM=MNMSK '-— ASSIGN METER ID MAME & MASKING DATA
BI0 YADDRS=STRS(YADDR): GOTO 720

830

m L]

B50 * # A SSION STRING MASKING PARAMS FOR METERS ***

iS4 PRINT "#*** Meier 1D Codes ***

B35 PRINT" L KEITHLEY 181,197
A3 PRINT® FLUKE 88404

260 RETURM

!

mEQ!

B0 "

SO0 "= ASSIGN METER D NAME **+*

210 ON NM GOTC 930,540

420 PRINT CHRS({T): PRINT * < < < WRONG METER ID > > " RETURN 230
O30 MS = "KE[THLEY 1817197": NMSK=15: RETURN
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S bAS ="FLUKE #840a°%: NMSK=1: RETURN

a50

OG0 -

1000 SCREEN O: CLS

1010 GOSUR 5500 '— INCREMENT EXTENSION ON DATA FILENAME

1020 PRINT: PRINT: PRINT: PRINT = *** SET-UF PARAMETERS *** =

1030 PRIMNT * 1: FILENAME OF SETUP AND GRAPHICS PARAMETERS TO USE: *,PUFLE

1044 PRINT * 2: FILENAME OF SETUP AND GERAPHICSE PARAMETERS TO SAVE TO: " PSFLS
1050 PRINT * 3: X1-VOLTAGE SCALE FACTOR (Temp Signal/Vmeas): " SCALEX

1060 PRINT = 4: X1-3IGNAL STEP SIZE: " DEL

1062 PRINT * 5; X2-3I0MAL SCALE FACTOR (1/8TD Ohms) : " 5CALEI

1065 FRINT " & X3-VOLTAGE SCALE FACTOR (Al Signali¥Vmeas) ; " SCALEXZ

1070 PRINT " 7: Y-WOLTAGE SCALE FACTOR (Napo Signal/¥meas) ; “SCALEY

1080 PRIMT " &: Y.-SIGNAL STEP SIZE : ", DELY

1085 PRINT " 9: MAG. FIELD STEP SLEE (kOe} @ " DELMAG

1050 PRINT "10: DATA FILENAME: =, DNMS

1045 [ DWNMS="" GOTO 1110

1100 PRINT *  TITLE: *;TITLES

1110 PRINT *11: THERM. CAL. TABLE FILENAME {for X1-signal conversion): " THMNMS

1112 1P THNMS="" GOTO 1120

115 PRINT = TITLL: ", THTTL}

1120 PRINT "12: NG, OF SAMPLES IN DIGITAL FILTERING: ™ NFILT

113 PRINT "13: SCEEEN GEAPHICS PARAMETERS SETUP: ".GSETS

1132 PRINT "14: TRANSPORT CURRENT [n.nanE(signion]: “:CURRENTS

1135 PRINT "15: EXIT PROGRAM"

1137 PRINT “14: TEMPERATURE CONTROLLER: " TSETS

11358 IF TSETS=ACTS THEN PRINT " Cootrel Renge = " TCI"-"TC2 "K & VYap-Samp =" TCDEL "X @ RT"
1140} PRINT "17: INTERFOLATE FILL GIVEN IN OFTION 10 ACCORDING TO TEMPERATURE"
1145 PRINT

1150 INPUT "> ENTER SELECTION # (< C/R> TO EXECUTE): ° ICODE

1160 ON ICODE GOTO 1400, 1430, 1200, 1310, 1467 1322, 1180, 1200, 1212, 1220, 1350, 1380, 1330, 1460, 1335 1475, 1452
1170 RETUERN "TO MAIN PROGREAM

1180 INPUT " INTER Y-¥VOLTAGE SCALE FACTOR (MNano Signal/¥meas) ~ SCALEY

1190 GOTO 1020

1200 INFUT " ENTER Y-SIGNAL STEP SIZE: * DELY

1210 GOTO 1020

1212 INPUT * ENTER MAGNETIC FIELD STEP SIZL (kOek: =, DELMAG

1214 GOTO 1020

1220 INPUT * INPUT DATA FILENAME (EXT .DTa WILL BE ADDED IF NOT ENTERED): " . DMNMS
1230 TF DNMS="" THEM 1280

1240 PRINT® BNTER 50 CHARACTER DATA SET TITLE(DEFAULT = PREVIOUS): " INPUT™" DUMS
1250 TP DUMSE="" THEM 1270

1260 TITLES=DTIM$

12H) FOR I=1 TO LENMDNMS): IF MIDEDNME T 1)< >"." THEN NEXT I ELSE 1280

1272 DM =TINMS + " DTO"

1280 GOTO 1020

1280 INPUT™ ENTER X1-VOLTAGE SCALE FACTOR (Temp Swnal’Vmess): " 5CALEXY

1300 GOTO 1020

1310 INPUT® ENTER X1-5IGNAL STEP SIZE: =, DEL

1320 GOTO 1020

1322 INPUT" ENTER X3-YVOLTAGE SCALE FACTOR (Al Signal/¥meas): " SCALEXZ

1324 FOTO 1020

1330 GOSUB 2250 'Defue Graphics Parameder

1332 GOTO 1

1335 GOSUB 4500: END " STORE PARAMS TO FILE AND PREPARE TO EXIT

1336 PRINT#2, "OUTPUT*; PADDRY, " ROPIL™: END s off current

1340 GOTO 1020

1350 INPUT" ENTER THERMOM. CALIE, TABLE FILENAMEENT .CAL WILL RE ADDED: * THNME
1360 IF THNMS="" THEN 1370 ELSE THNMS=THNMS+"_.CAL"

1365 CGOSEUR 3900 "= REATY [N THERM. CALIB. DATA -

1370 GOTC 1020

1330 INPUT™ ENTER NO. SAMPLES IN DIGITAL FILTERNG: " NFILT

1390 GOTO 1020

1400 INPUT = BENTER FILENAME FOR SETUP PARAMS, TO USE(EXT . PAR WILL BE ADDED): ", PUFLS
1410 IF PUFLS="" THEN 1420 ELSE PUFLS=PUFL3 +".FAR"

1420 GOSURB 4150: GOTO 230 "—READ IN SETUP AND GRAPHICS PARAMS

1430 INPUT " ENTER FILENAME FOR SETUP PARAMS TO SAYE TO (PAR WILL BE ADDED): " PSFL$
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1440 IF PSFL$="" THEN 1450 ELSE PSFLS=PSFLS+".FPAR"

1450 CHOTO 14240

1460 INFUT " ERNTER CURRENT IN AMPS [n.onnBisignian]: ", CURRNTS

1461 CURRS="+"+ CURRNTS

1482 CHRGE="-"+CURENTE

1465 GOTO 1020

1467 IMPUT ® ENTER CURREMT S1GMAL SCALEFACTOR (1/STD Ohma): " SCALEL
1470 GoOTO 1020

1475 IF THNMS="" THEN PRINT * Eater & temperature calibmuon file if you plan to uae the controller ™ GOTO 1020
1476 1F TSETS = ACTS THEN TSETS=INACTS | GOTO 1020

1477 PRINT ® Temperature Controller Seitinga®: TSETS=ACTE

1473 INPUT ™ ENTEER Tmin, Tmax & Vap-Samp 52 Foints: ", TC1,TC2, TCDEL

1479 IF TCL=>TC? OR TC2 =320 OR TC1 <0 THEN FRINT™ Bad Entry 1™ GOTO 1478
1450 GOTO 1020

1422 INPUT "Are vou sure 7 <Y =Yes> " RS

1454 [F R$="Y" OR R3="y" THEN GOTO 1485 ELSL GOTO 1020

1455 IF DNMS ="" THEN PRINT "Muat specify a cata sel 1o mterpolate,” @ GOTO 1020

1484 CL.OSE#

1487 OPENTI".#1, DNMS

1488 INPUT#H1, TITLES "Tille of dsts szt
1488 INPUT#H, 1 "Moo, of data pomia

140 FOR I=1TO 1

1491 INPUIT#I, XTL X200, Y0, X440

1452 NEXT )

1493 CLOSEN

14%4 IF THNMS="" THEN THNM$=""

1495 GOSTIE G000

1496 IF THMNMS=" " THEN THMMS=""

1497 GOTO 1000

1495 °

1500 '=== OPEN DATA FILE ==+

1510 IF DNMS="" THEN 1350

1520 QPFEN "0" #1 DMNME

1530 PRINT #1, TITLES

1540 PRINT #1,"Temp-Signnl  Alt-Signoal MNano-Sipoal  HkOe) ™

1550 BRETURM

1560 *

151"

1600 = *** INITIALIZATION [FOR DATA ACQT. ===

16 CURRS =" +"+{URENTS

1605 CHNEGS="-"+CURRNTS '-— NEG CUREENT STRING

1610 GOSUE 4050 "-<~PRINT MESSAGE AT SCREEN BOTTOM

1620 I=0 "INITIALIZE DATA ARRAY INDEX

1630 GOSTTR 4350 ' ESTABLISH COMMUNICATION WPERSOMALASE
1640 GOSIIR 4950 "o SIGNON MESSAGH

1650 GOSUB 5050 *—ASSIGH REMOTE MODE ADDRESSES

1660 FLOS="L" "INITIALIZE FOR DATA SCREEN PRINTOTT

1680 GOSUR 1500 "—- OPEN DATA FILE

1650 IWKXFLG=0 °"— FLAG FOR IIRST TIME THEU

1700 PRINT "***Beginning [lats Acquisition ***"

1710 RETLIRN "T0 MADM PROGRAM

1720 "

1730 °

1750 " #%* TAKE DATA SAMPLE **=

1760 "— GPIE INFUT —

1770 GOSUB 5200 "— FIND AYG OF NFILT GFPIB READINGS

1750 VX =SUMK*SCALEY: VX ImSIUMYZ*SCALEXE: vY =5UMY "SCALEY: VMAG =5UMXL*SCALEMAG
1781 VERC =vVERI*SCALE] *Actunl F-224 current outpuat

1TRT VY =VY*VALICTIRES)VERC "Correction for K-224 current drift
1TRE VX2 =VXI*VALICURRSYVERC  "Correction for K-224 current dreift
1780 RETURM "TO MAIN PROGRAR

18040 ¢

1410°"

1350 “*** DATA TEST FOR OUTPLT ***

1860 IF IWVXFLG=0THEN IVXFLG=1: ¥XT=2VX: VYT=VY: YMAGT=YMAG RETURN "1st Pass
1570 DELVX = VX VXT: DELVY =%7-VYT: DELYM=VMAG-VMAGT
1350 IF IDATFLG =0 THEN 1520
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1390 IP IMES < = "P" AND INKS < ="p" THEM PRINT "MANUAL STORE"

1900 PRINT CHRS(7); *— BELL TO INDICATE MANUAL DATA STORAGE

1910 IDATFLG =0 GOTO 1970 "MANUAL DATA STORACGE

1920 II' DEL =0 THEM 1970

1925 II' DELMAG=0 THEMN 1970

1930 TF DELY =0 THEM 1970

1940 IF ABSDELYY) > =DELY THEN 1970 'STORE DATA

1945 IF ABSDELYM) > =DELMAG THEN 1370 "STORE DATA

1950 I ABSDELYX) > = DEL THEM 1970 ELSE RETURN 240 "TAKL MORE DATA
1970 ¥VET=VX: ¥YT="VY: VMAGT=YMAG: RETURN "TO MATN PROGRAM

1980

100"

2000 " === PRINT VALUES ON DISK ***

ZHO I=T4+1: X2M=YX2: YD=VY XD =VMAG "INCEEMENT INDEX

2020 IF THMMS="" THEN Xi{[)="%2 GOTO 2040

2030 XD =T

200 IF DNME="" THIEN 2060

2050 PRINT #1, XD X200 Y D X400

2060 RETURMN "T0 MAIN PROGRAM

2070

200"

2100+« TEST T'O REDEFINE GLOBAL GAIN ===

2110 IF WTST> =5 THEN G®R w1 GOTO 2150

2120 TR VWIET > w3 THEN G =2: GOTOD 2150

2130 TR ¥TET= =1 THEN G% =5 GOTO 7150

2140 3% =10

215 RETURN

60 IF WTETS == vxX " THEN GT% =0%: GOSUB 1780 RETURN "CHANGE TO NEW X-GADN
T0O8% =GR GOSUR 1790 '"CHANGE TO NEW Y-GADY

2180 RETURN

1
TN}
TS0 == GRAPHICS PARAMETERS ===

I35 SCRERM O CLS

T GSETS =ACTS "SCREEN GRAFPHICS ACTIVE

TXI0 PRINT: PRINT: PRINT" === SCREEN GRAFHICS PARAMETERS ***
TS PRINT® 1: PLOT TYTE (T=K-131 vs Temp.& H=K-131 v& Field): ", FLOTS
2250 PRIMT" 20 X -acis Xmin, Xma: " XMIN XMAX

2290 PRINT™ 3; Y-ANIS YMIMN, YMAN: " YMIMN, YMMAX

25300 PRIMNT® 4 X.axis label: * X%

2310 PRINT® 5 Y-axis label: ", Y15:¥2%

2320 PRINT™ 6 Graph Title: ", T%

2328 PRINT™ 7: COMPARISON DATA SET FILENAME: * GCOMFLS

2326 [F GOOMFLS =" THEN GOTO 2327 ELSE PRINT"  TITLE: ".GTTLS
2327 PRINT™ &: vIEW COMPARISON DMATA SET: " (CSETE

2328 PRINT™® 9: Rato of E-alt'/B-nasa: ® RATIO

2329 PRINT™ 1 Toclude alt data i plola? 0 =Yes;, N=Nol: " VUITS

2330 PRINT

2340 INPUT™ = ENTER SELECTION & { < C/R> TO COMTINUEYR ", ICODE
235 ON MCODE GOTO 2362, 2370, 2390, 2410, 24 30,2470 245812483 2462, 2366
153 CLs

T QO 2490

362 INPUT™ ENTER PLOT TYTE (T=K-181 v& Temp. & H=K-181 vz Field): ", PLOTS
163 IF PLOTS = "™ GOTO 2270

23 IF PLOTS="T" GOTO 2270

2365 PRINT "FBrror” : REEF : GOTO 2362

2356 INFUT" INCLUDE ALT DATA IN FLOTST (T =Yea; N=MNa): = VIITS
2367 IF YUITS ="Y" GOTO X7

2368 TF VUTTS = "N" GOTO 2270

2369 PRINT "Erroc™ » BEEP ; GOTO 2566

2370 IMPUT™ ENTER X-axis Xmin, Xmax: " XMIMN, XhAX

2380 GOTO 2270

23%) INPUT™ ENTER Y-axas Youn, Yoax: = YMINYMAX
2400 GOTO 2270

2410 INPUT™ ENTER X-nxis label: ™, X5

2420 GOTO 2270

2430 INPUT® ENTER Y-axia label: " %%
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2440 POR J=1 TO LEN(YS): IF MIDS(YS,1, 1)< > (" THEN NEXT I

2450 Y1$=LEFTH{YS.J-13: I=LEN(Y$-1+1: Y25=RIGHTEYS.D)

2460 GOTO 2270

2462 INFUT" ENTER Typical E-rhovE-hall Value; = RATIO

264 GOTO 2270

2470 INPUT" ENTLR Graph Title: =, TS

480 GOTO 2270

2431 IF FIXITS ="MN0O" THEN GOTO 7270 ELSE INPUT* ENTER COMFPARISON FILE: ", GCOMFLS
2452 GOSUB 5800: GOTO 2270 'READ IN DATA SET FROM FILE

2483 IF FIXITS="NO" THEN GOTO 2270 ELSE INPUT" VIEW PLOT OF DATA SET (Y =YES)?: ".ANSS
2484 IF ANSS="Y" OR ANS$="y" THEN GCSETS=ACTS ELSE GCSETS=INACTS:GOTO 2270
2435 GOSUD 24%0 "DEFINL GRAPH AXES RANGES

2456 GOSUB 5300 'FLOT DATA SET

2487 GOSUB 4111 "PRINT MESSAGE AT SCREEN BOTTOM

488 IF INKEY $="* THEN 2488 ELSE SCREEN (: GOTO 2270

2449 ¢

2490 XRNG =XMAX-XMIN: YRNG=YMAX-YMIN

2500 XMING =STRIMIN: XMAXS =STREXNMAX)

2510 YMINS =STREY MIN): ¥ MAXS = STREYMAX)

2520 GOSUB 2610 GOSUR 2660  'DEFINE FUNCTION TO CALC COORD IN PINELS
2530 RETURN

2540

2550

2600 '*** FN TO CALCULATEY IN SCREEN PIXELS ==*

2510 DEF FNYPIX(Y VAR, YMIN, YRMNG, DY PDC,YPIND =-(YVAR-Y MIN)*DY PDUYRNG + YPIN O+ DY PIX
2620 RETURN

2630 *

2640 -

2650 "*** FN TO CALCULATE X IN SCREFN PIXELS *++

2660 DEF FNXPICOOY AR, XMIN, XRNG, DXPDO X PN = (X VAR-XMINPDXPINUXKRNG + XPIXO
2670 RETTTRN

2640 *

2650 *

2700 * *#* FLOT OR PRINT DATA ***

10 IF INK$ < > "L" THEN [F INKS§ < > *I" THEN 2740

720 IF FLGS="L" THEN 2750

730 FLOS="L": GOSUR 3050 GOSUB 4050; RETURN “LIST DATA TO CURRENT |
2740 IF GSETS=INACTS THEN 2780

7750 IF INKS < > "P* THEN IF INKS < > "p™ THEN 2780

2760 IF FLG$="P" THEN 2800

2770 FLGS ="P": GOSUR 2900: GOSUR 4050: RETURN "PLOT DATA TO CURRENT 1
2780 IF FLOS="L" THEN PRINT LX(ThXXI;Y (1 X4({: RETURN '"TO MADN PROGRAM
2790 IF GSET$=INACTS THEN 2540

2800 IF PLOTS="T" THEN XP=FNXPIX{M, XMIN XRNG, DXPIXXPIND)

2402 IF PLOTS="H" THEN XP=FNXPIX(X4(T), XMIN XENG DXPI.XPIND

2805 IF ABSO(F) > 10000 THEN 2840  *=0UT OF RANGE

2810 YP=FNYPTOY (T, Y MIN, Y RNG, DY PO, Y PR

2812 IF VUITS="Y" THEN YPR=X2{I/RATIO

2813 IF VUITS="Y" THEN YPR =FNYPIX{YPR, Y MIN,YRNG, DY PLIX, Y PIX()

2815 TF ABSOYF) > 10000 THEN 2540

2820 PSET (XP.¥YF 'PLOTS POINT

2825 IF VUIT$="Y" THEN FSET(XP,YPR) 'PLOTS RHO POINT

2830 IF THNMS="" GOTO 2840

2833 LOCATE 1,67 PRINT*T= " INT{T) "K ~;

2836 LOCATE 24,1

2840 RETURN 'TO MAIN PROGRAM

2850

2860 ¢

2400 * #+* REFRESH PLOT OF DATA UP TO CURRENT POINT *+*

2910 CLS: GOSUB 3150 GOSUE 3300 ‘DRAW AND LABEL AXES

W FORI=1TO L

2930 IF PLOTS="T* THEN XF=FNXPO{X ), XMIN, XRNG, DXPDX, XPTXD

2932 IF PLOTS ="H" THEN XP =FNXPLX{X4(0), XMIN, XENG, DXPIXPDN

2935 IF ABS(XP)> 10000 THEN 2970  '-——OUT OF RANGE

2940 YP=FNYPD{Y (D, Y MIN, Y RNG, DY D, YPIOD)

2942 IF VUITS =Y " THEN YPFR=X2(TW/RATIO

2943 IF VUITS="Y" THEN YPR=FNTPD{(Y PR, YMIN, YENG, DYPDL YPINO)
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2945 IP ARS{YF) > 10000 THEN 2970

2950 'CIRCLE (XP,YF),3

2960 PSET (XP,YP)

2965 IP VUITS="Y"* THEN PSET (XP.YTR)

2970 NEXT I

2975 I GCOMFLS="" THEN RETTURN

2076 TP GOSETS = ACTS THEN GOSUB 5920 ° PLOT COMPARISON DATA
040 RETURN

3000

o -

3050 **** PRINT DATA ON SCREEN ***

3060 SCREEN O CLS

3070 J1=1-20: IF J1 <0 THEN J1=1

IEOFOR J=)1TO I

3090 PRINT 13X X200 YT X4

3100 NEXT I

3110 RETURN

N2

3130

3150 "*** SUB TO DRAW GRAPH AXES ===

1160 SCREEM 9 "HI RES GRAPHICS SCREEN

MTOCLS

3130 PSET (80,15

3150 DWN=300: ROT=550: TICKU =30: TICKR=55: ZERO=0

3200 FOR I=1 TO 10: DRAW™D =TICKLU;NM +550.0:": NEXT I "---LEFT VERT AXIS
31210 FOR J=1 TO 10; DRAW=R =TICKR;NM +0,-30(;": NEXT } "---BOTTOM HORIZ AXIS
3220 DRAW U=DWN.L=RGT;"

3230 RLETURN

3240

3250

3300 '*=* SITH TO LABEL AXES #++

3310 IF LEMN(XS) > 60 THEN X$=LEFTSXS5.60) 'TRUNCATE IF TOO LONG
3320 XAX =44- S*LEN(XS)

3330 LOCATE 24 2AX: PRINT X§,

3340 IF LEN(Y 13> 9 THEN Y15=LEFTHY15.91 " TRUNCATE IF TOO LONG
3350 TAX =5-.5*LEN(Y1S)

3360 LOCATE 12, TAX: PRINT Y185,

3370 TR LEM(Y25) > 9 THEN Y2$=LEFT$Y25.%

JIU0 TAX =5- S*LEM(Y2S)

31300 LOCATE 13, TAX: PRINT Y25,

MO0 IF LEN(TS) = 70 THEN T$=LEFTS(TS,70) 'TRUNCATE IF TOO LONG
10 TAX mdd- S*LEN(TS

3420 LOCATE 1,TAX: PRINT T5:

3430 LOCATE 24,12-LEN{XMINS): PRINT XMINS:

3440 [F XMAXS="" THENM 3460

3430 LOCATE 24 81-LEN(XMAXS): PRINT XMAXS,

3460 LOCATE 23, 10-LEN(Y MINS): PRINT YMINS;

HMT) LOCATE 2,10-LEN{Y MAXS): PRINT YMAXY;

R0 RETURN

90

3500 "

3550 ° === S3UR TO CHECK KEYBOARD STATUS ===

3560 NS =INKEYS

3570 IF IN$="" THEN RETURN

3580 IF IN$=CHRS(13) THEN IDATFLG=1: GOTO 3710 "MANUAL DATA STORAGE
1590 INKS =INS

3600 IF INK$ < >"Q" AND INKS < = "q" THEM 3475

3610 IF DNMS="" THEN 3625 "DATA FILENAME

3620 CLOSE #1: SCREEN 0 GOSUB 6000 "—REWRITE DATA TO FILE IN 8TD) FORMAT
3625 PRINT#2,"OUTPUT";PADDRS; " FOX"  ‘“turn off current

3630 SCREEN 0 : INFUT "ANOTHER DATA SET? (Y/N):" ANSIS

3640 [P ANS2S="y" OR ANS2S ="Y" THEN 3670

3650 ON ERROR GOTO 0  "DISABLE DRROR TRAPPING

3655 PRINT#2,"LOCAL™ TADDRS

) CLS: END

670 CLOSE: RETTURN 240 'TO MAIN PROGRAM AT MENU

3675 IF INK$="G" OR INK$="g" THEN FLGS="L": FIXITS="N0O" : GOSUB 225
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677 IF INKS="01" OR INK3="g" THEN INK$="P": FIXIT§="": GOSUL 4120
550 TF INKS < > "P" THEN 1IFF INKS < > "p® THEN RETURN

3600 IF INKS«< ="1" THEN TF TME$ < = "L" THEN RETURN

3700 RETURNM 320 "TD MATN PROGEAM AT PLT OR PRMT DATA
3710 RETURM 260 "TO MATN PROGEAM AT TAKE ONE DATIIM
AT

3730 "

3750 +** SUR TO INTERMOLATE TEMPERATURES FROM DIODE T,V TABLE ***
3760 1IF THNMS="" THEN RETUERK "TO MAIN PROGRAM

ITT VXEC=VX

FTE NLO=1: NHI=KDATA ‘LOW AND HI INDICES OF TABLE DATA
I790 N =(NHI+NLO)2 'INTEGER DIVIDE 'TABLE INDEX TO BE COMPARED TO DATUM
3800 IF VX < V{N) THEN NHI=N: GOTO 3820

3510 NLO=H

3520 I NHI < >NLO+1 THEN GOTO 37%H)

3830 T= T(NH =+ (VX-VNHD) *(TEHD-TILOW/ CVINHD -V (LD
3340 RETTRN

3850 "

3860

3900 **== SUR TO READ IN THERM, CALTE DATA *4+

3910 IF THMMS ="" THEM RETURM

3930 THMMTS = THNMS

3940 PRINT"*** Reading m therm. calibration table =*=*

3950 OPEN *1° #1, THNMS

3952 INPUT#, THTTLS "—TITLE OF DATA SET

3950 INPUT #1 NDATA

WHNIPFORI=1T0O NDATA

3900 INFUT #1,V{D,T(T

3550 NEXT I

$000 CLOSE #1

010 RETURMN

4020 ¢

4030 ¢

4050 "*** PRINT MESSAGE AT BOTTOM OF SCRELN ===

4060 TF GSETS = ACTS THEN 4050

4070 ©LS: LOCATE 75,1; PRINT"PRESS: <C/R> STORE PT. =<Q> QUIT <G> GRATPHICS®,
4020 LOCATE 1,1: GOTO 4110

4000 LOCATE 25,1: PRINT"PRESS: <C/R> STOREPT. «<Q> QUIT <P> PLOT RESTORE <L> LIST <G>
GRAPHICS;

4100 LOCATE 24,1

4110 RETURN

4111 LOCATE 25.1: PRINT™ PRESS <C/R> TO CONTINUE";

4112 LOCATE 24,1

4113 RETUEN

4120 LOCATE 25,1; PRINT™ PLEASE STANDBY",

122 LOCATE 24,1

4125 RETURMN

4128 -

4130 *

4150 r+*+* READ IM SETUF AND ORAPHICS PARAMETERS ***

4160 IF PUFL$="" THEN RETURN

4170 OPEN 17,41, PUFLS

4150 PRINT" === RETRIEVING PARAMETLERS FROM: * PUFLY;" **+"
419} ==SETUF PARAMETERS

4195 INPUT# ,PSFLS

4200 INPUT #1.5CALEX

4205 INPUT #1,5CALEXZ

4207 INPUT #1,5CALEI

4210 INPUT #1,DEL

4720 INPUT #1,5CALEY

4230 INPUT #1,DELY

4235 INPUT #1 . DELMAC

4240 INPUT #1.DNME

4250 INPUT #1.TITLES

4260 DUMS=TITLES

2T INPUT &1, THNMS

4280 INPUT #1 NFILT
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4290 INPUT #1,GSETS

4300 "-~GRAPHICS PARAMETERS

4305 INPUT #1,PLOTS

4306 INPUT #1.RATIO

4307 INPUT #1,VUITS

4310 INPUT #1,XMIN XMAX

d320 [NPUT #1,5 M, Y MAX

4330 INPUT #1,X%

4340 INPUT #1,Y15

4350 INPUT #1,Y25

A0 INPUT #1,T5

4370 "—GPIR & METER PARAMS

4350 INPUT#1.XADDRS

A 390 INPUFTH, Y ADDRS

4400 INPUT#1, M0CS

dd 10 IMPUTHL MYS

4420 INPLUTHL N, NY M

#4722 '— COMPARISON GRAPHICS DATA FILE INFO
4424 INPUT#1 . GOOMFLS "DATA FILENAME

4426 INPUTHL GCSETS 'I'LAG POR GRAPHICS COMPARISON
4428 INPUTHL, CURRNTS "TRANSPORT CURRENT
4430 CLOSE £

4440 TF QSETS=ACTS THEN GOSUR 5800: GOSUR 2490 '---READ IN COMP DATA SET
4445 GOSUR 3900 "—READ IN THERM CALIE, DATA
4450 RETURN

4460

4470

4500 "*** SAVE SETUP AND GRAPHICS PARAMETERS TO FILE *+*
4510 IF PSFL$="" THEN EETURN

4520 OFEM 0" 41, FEFLE

4530 PRINT"*** STORING PARAMETLRS TO: " PSFLS;" *+**"
4540 “BETUP PARAMETERS

4545 PRINT#1,PSFLS

4550 PRINT#1,5CALEX

4555 PRINT#1,SCALEXZ

4557 PRINTHI,5CALLL

4560 PRINT#1,DEL

4570 PRINTH L, SCALEY

4580 PRINT#1,DELY

4585 PRINT#1, DELMAG

4590 PRINT#1, DNM$

4600 PRINT#H1, TTTLES

4610 PRINT#L, THNMS

4620 PRINT#1 NFILT

4530 PRINT#1,GSETS

4640 '-—GRAPHICS PARAMETERS

4645 PRINT#1,PLOTS

difdth PRINTHL EATIO

4647 PRINT#1, VUTTS

4650 PRINT#1, XMIN_XhAX

4660 PRINT#HL, Y MIN, Y MAX

4670 PRINTHL, XS

4680 PRINTAL, Y 1S

4600 PRIMT#1, Y25

4700 PRINT#1,T%

4710 "—<GPIB & METER PARAMS

4720 PRINTH, XADDRS

4730 PRIMT#1, Y ADDRS

4740 PRINT#1 . MX$

4750 PRINT#1, MY

4760 PRINT#H1, NXM,NYM

4762 "—-COMPARISON GRAPHICS DATA FILE INFO
4764 PRINT#1, GCOMFLS 'FILENAME OI COMPARISON DATA SET
4766 PRINT#1,GCSETS "FLAG FOR ACTIVE GRAPICS COMPARISON
4768 PRINT#1 . CURRENTS "TRANSPORT CURRENT
AT CLOSE #1

4750 RETURNM
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479"

4300 "

4850 * *** Batablish comemunications with Personaldss ***

4360 OFEN "DEWVIEEEQUT"® FOR OUTFUT AS #2

4570 "Reast Personaldi8

250 ICTLAZ, "BREAK”

4385 PRINT#Z,"RESET"

4590 "Open file to read responscs from Personaldss

4900 OPEN “\DEVAVEREIN® FOR INPUT AS &3

4904 * Enable SEQUENCE error detection by Personald 88

4203 PRINTAHZ,"FILL ERROR"

4506 PRIMT#2 . “TIME OUT 5°

4910 RETURM

4920 "

49340

4550 ° ** Read the sipnon &and reviaion message 25

4060 PRINT A2, "HELLO"

4970 INPUTH3 AS

4950 PRINT A%

4503 RETTIRN

5000 °

S010°

SO50 "*== Pyt the 197's inio REMOTE ***

5060 PRINT#2, "REMOTE", YADDES

S070 PRINT#2,"REMOTE", XADDRS

3075 PRINT#2,"REMOTE™, PADDRES

5000 'RO: Aulo range X Bxecute  POr Ddaable Glter  T1: Trigger & read
S100 PRINTA,"OUTPUT™  XADDRS. " . ROIFOX"

S110 PRINT#2 "OUTPUT"; YADDERS, " POTIX"

S115 PRINT#, "QUTPUT™; PADDRS; " DOROGLFOX"

5116 PRINT#2, " OUTPUT™ PADDRS; *:1". CURRS,"FI1X" "twm oo curreat

5130 RETURM

5140

5150

000 - *** Find the averape of Mavg readings ==

5210 SUMN =0 SURMN2=0 SUMY =0 VERI=0: SUMXI=0
SHNIFORTI=1TO?Z

5214 IF Il =1 THEN PRINT#2,"OUTPUT*: PADDRS: " I":CHMEGS;"FIX"™ '- curr
5216 TP Il =2 THEN PRINT2, "OUTPUT" . FPADDRS; " 1" CURRE"FIX® "+ curr
SNAPFORII=1TO 10 : NEXT )1 " time delay

SIMYPOR T= 1 TO NFILT

5225 PRINTAZ, "OUTPUT™; ¥ ADDRS; " POX"™ 'Uses front pancl moge

5227 FOR I1=1 TQ JD ; NEXT Il 'time delny

5230 PRINTA2,"ENTER", Y ADDES

5235 INPUTHI RS: YALY s VALMIDS(RENYM))

5240 TF ABSVALYY = 100 THEN GOSUB 5350; GOTO 5210 "=3TART OVER
5245 IF I1=1 THEN UMY =5UMY-VALY BELSE SUMY s SUMY + VALY
5246 NEXTJ

SMTNEXTNL

FME SUMX =0; SUMXZ=0 VERI=0: 5UMX4=0

5250 PRINT#2, "OUTPUT": XADDRE: " RON1X" "—Uses X-scanner channe] & 1
52152 FORJ1=1TOID : NEXT J1 "time delay

5255 PRINTAZ,"ENTER*: X ADDRS

F260 INPUTHL RS VALK =VALMIDHRS NXM

5263 TF ABS(VALX) > 100 THEK GOSUB 5350 GOTO 3348 "—-TARTIAL RESTART
SHO SUMX =ABSVALX) "DOLS WOT Ghter the thermomeder readinga |
SO FOR 2=1TO 2

ST TF 12w ] THEN PRINTHZ, “OUTPUT";PADDES; " I";CKEGS; "FIX" "= curr
5372 IF 12=2 THEN PRINT#2,"OUTPUT";PADDES; "™ CURRS;"FIX® "<+ curr
SIV3FOR =1 TO 10 : NEXT J1 " ume delsy

5274 FOR I= 1 TO NFILT

5278 PRINTH “OUTPUT™:XADDRS:“:RON3X" "—Tlsea X-scanner chanme] # 3
ST FOR NM=1 TOID - HEXT H '"Time Delsy for Auto Range Chag,
5250 PRINT#2."ENTER" . X ADDRS

5285 INPUT#3, RS VALXZ =VALMIDNRS NXMD

SI8T PRINT#2,"OUTPUT™: XADDRS; " ROMNAN" '--Uses X-scanner channel # 4
SRR FOR J1=1TOJD : NEXT J1 "time delay
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5290 PRINT#2,"ENTER"; XADDRS

5293 INPUTH RS VALXd =VALMIDS(RS, NXM)

5205 [F 12=1 THEN SUMX2=SUMX2-VALX? ELSE SUMX? = SUMNE + VALYD
5300 SUMX4=5UMX4 + ABSVALNG

5302 PRINTEZ, "QUTPUT™; XADDRS, " RONIX™ '-—Uacs X-scanner channel # 2
5303 FOR J1=1 TO JD : NEXT Il "time delay

5304 PRINT#2,"ENTER" ;X ADDRS

5306 INPUTH3, BS: VERIF =VALMIDE(RE, NAM)

5307 IF ABS{VERIF} > 100 THEN GOSUR 5350: GOTO 5248 *--PARTIAL RESTART
$308 IF 12=1 THEN VERI=VERI-VERIF ELSE VERI=VERI+ VERIF
SIONEXTI

SN2 NEXT I2

5320 SUMN2Z = ABS(SUMX 2/ (2*NFILT)): SUMY =SUMY/NFILT: VERI=ABSVERLZ*NFILTH
5325 SUMXS =SUMX4/(2*"NFILT): SUMY =SUMY/Z  ‘correct for + & - data sers
5330 RETURN

5340

S350 '*++ PRINTOUT MESSAGE FOR BAD READING ===

5360 PRINT CHESOT

5345 IF FLGS="L" OR FL.G$="1" THEN PRINT "> > > DBAD READING < < < ™R}
5370 RETURN

5380 "

5390 '

5400 r+++ ERROR TRAPPING *++

5410 PRINT CHRECH; "—-BELL TO INDICATE ERREOR

5420 IF ERR < =53 THEN RESUME 260 '-—TRY TO TAKE MORE DATA
5425 PRINT*® > = BAD FILENAME< <" FOR I =1 TO 1000: NEXT I: RESUME 240
LEEN R

5450 -

5500 ° #*= [INCREMENT EXTENSION ON DATA FILENAME ===

5510 PRINT CHRS(T)

5520 TF DNMS$="" THEN RETURN

5530 FOR I=1 TO LEN(DNMS): IF MIDS{DNMS ), 1)< >~ THEN NEXT J
5540 J1 = LEN(DNM$-T+1

5550 BXTS=RIGHTS(DNMS, 113 DNMS=LEFTS{DNMS,J-1)

53560 IEXT =VALRIGHTHEXTS. 1)) [EXT =IEXT + 1

5570 IEXTS =RIGHTS{STREIEXT), 1

50 EXTS=LEFTSEXNTS, N +1EXTS

5590 DNMS=DNMS+EXTS

5600 RETURN

610

5620

5800 '*** READ IN DATA SET FOR GRAPHICS COMPARISION **+

S305 PRINT"*** RETRIEVING COMPARISON DATA SET =ww=-

5310 IF GCOMFLS=""THEN RETURN

5820 OPEN"T"#1, GCOMFLS

$822 INPUT#1, GTTLS "—TITLE OF FILE DATA

5330 INPUT#HL, NDATO

5535 XM =XG{1): XMN =XG{1): YMX=YG{1} YMN=YG(1}

5540 FOR J=1 TO NDATG

S350 INPUTHI, XG{IN, X220, YGN. XD

5552 IP PLOTS="H" GOTO 5582

5855 TP XO{N > XMX THEN XMX =XG(T: GOTO 5457

5856 IF XO(N < XMN THEN XMN=XGI)

SE5T7 IF YD > YMX THEN YMX =Y G(D: GOTO 5460

5858 IF YG{D < YMN THEN YMN=YG(J)

SR60 NEXT )

5870 CLOSE #1

5875 PRINT™ XMIN: " XMN,"XMAX: " XMX

SAT6 PRINT™ YMIN: " YMN,"YMAX: "Y' MX

5880 RETURN

SBHZ IF XG4T = XMX THEN XMX =XG4I): GOTO 5857

S804 IF XG4T < XMN THEN XMN=XG4()

586 GOTOD 5857

A9 *

SO00 == PLOT OF COMPARISON DATA ***

5910 CLS: GOSUR 3150; GOSUR 1300 'DRAW AND LABEL AXES
5920 FOR I=1 TO NDATG
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5930 IF PLOTS="T" THEN XP=FNXPIXNGH X MIN, XRNG, DX PTXTFINN
$932 IF PLOTS="H" THEN XP=FNXPIX G, XMIN XENG, DXPT XKPING
5915 IF ABSONP) > 10000 THEN 5570 T Q1 RANGLE

S0 Y P=FNY PLXOY G, Y MIN, Y RNG, DY PD Y PR

5045 1 ABSOY P > 10000 THEM 5970

5950 CIRCLE (NP, Y, 1

5960 "PSET (XP.YF)

STI0NEXT ]

5930 RETURN

5990

G000 '*** REWERITE DATA TO FILE AFTER INTERPOLATING T USER SPECIFICATIONS *++
G002 LOCATE 24,1

&5 IF DNMS="" THEN EETURN

SO0 NP =] 'O, O DATA POINTS TN SET

5015 OPEN"0" #1, DNMS

&0 PRINT#1, TITLES

&I PRINT#1 NP '—Mo, dats points m act

H030 TNPUT Do vou wish to sort data according to temperature <Y =Yes> 7 ", RE$
&035 IF RRS="Y" THEN FPRINT "*== STORING SORTED DATA TO FILE === : GOTO 6075
G0 I RRS="y" THEN PRINT "*** STORING SORTED DATA TO FILE **** : GOTO 6075
AdS PRINT "=== STORIMG DATA ARRAY DIRECTLY TO FILE **+"

G050 FOR J=] TO MNP

G055 PRINTHL, XTI X200 (X400

GO0 NEXT J

&6 CLOSEHR]

70 RETURN

H075 PRIMT: LOCATE 24.1: PRINT "Porcentage Completed: ©;

6076 FOR I=1 TO NP

6077 COMPL =INT{100NLINP)+.5)

G009 LOCATE 24.23: PRINT COMPL;

6040 TMP=X(1}: IP=1

G55 FOR J=] TO NP

G090 IF TMP > X(I) THEN TMP=X{T): IP=]

G095 NEXT I

G100 PRINTHL, XJFRX200:Y TP X400

6105 TF I=1 THEN TMIN=X{IF

G110 [F [=NF THEN TMAX =X

5115 X{JF) = o0e0oh!

$120 NEXT I

G125 CLOSE#]

6130 FOR I=1 TO 500

G135 XiN=0: XD =0; Y(N=0; Xd(l)y=0q

6140 MEXT 1

6145 IF THNMS="" THEN RETURNMN

G150 PRINT : PRINT "Tmim= " TMIN ~ & Tmax= " ThaAX : PRINT

G155 INPUT Do vou wish to mterpolate temperatures <Y =Yea> 7 " RRS

6160 IF RR$="Y" GOTO 6170

6165 IF ER$="v" THENM 4170 ELSE RETURN

6170 INPUT"ENTER Tmin, Tmax & T-interval for data mterpolation: " TMIN, TMAX DLT
S175 NN=INT{1 + (TMAX-TMDINDLT) ‘Mo, of data podnts to interpolate
G150 [F NN =500 THEN PRINT "Too Many Data Points [® : BEEP : GOTO 6170
6185 TF TMIN > TMAX THEN PRINT "Try Again !” : BEEP : GOTO 6170

G130 PRINT "Interpolating Dsts for Output .,.° @ FRINT

G192 LOCATE 24,1: PRINT "Percentage Complated: ©;

G195 FOR I=1TO MM

$1% COMPL=INT{100*(I/NN}+.5)

$190 LOCATE 24,23: PRINT COMPL,

G200 TWP=THIN +DLT*(I-1N

6203 OPEN"1" . #1, DNBMS

G210 INPUTHL, TITLES

G215 INPUTHL, NP

G220 T2=0: HALLZ=0'@ RHOZ=0: EMAGI=0]

G2 k=1 "Tra-Lovm to find values nearest temp=TMF
A0 T =T : HALLI =HATLZ: RHO1=RHOZ : RMAG] =RMAGE

G233 INPUTHL, T2, RHO2 HALLZ EMAGE

G240 IF T2< TMP THEN IF K <NP THEM K=K +1 ; GOTO 6230

G245 CLOSEXN

157



G250 XN =TMPF "Interpolaticn Temperature

G255 XD ={TMP-TT1={RHO-RHO WTZ-TIN +FEHO] “Interpalsted RHO valus

G260 Y ={TMP-TI*HALLZ-HALLLWT2-T1nN + HALLIL ‘Interpolsted HALL valus
G265 XMT) = ((TMP-TD)*RMAGL-RMAGLATZ-TIN + RMAGL  “Interpolated H{kOe) value
G0 NEXT J

G272 PRIMT: PRINT *Interpolatsen of data complete ..." 0 BEEP ; BEEP

6275 PRINT "*** STORING INTERPOLATED DATA TO FILE ===®

G250 OPEN"O" 41, DMNMS

G285 PRINT#L, TITLES

4290 PRINT#L NN "Mo. Interpolated Datn Points in the Sci,

$293 FOR [=1 TO NN

6300 PRINTH, X(InX20 Y MXa0

6305 NEXTI

6310 CLOSE#]

6330 RETURN

6330 ¢

o000 ¢ e [ AKFSHORE TEMPERATIRE CONTROLLER PARAMLETLRS #*+

S010 PRINT#2, "REMOTE"; TADDRS

S0 PRINTAHR, "OUTPUT™, TADDRS, " FOKFIAKF2AD" 'Display TTnits

030 IF T > =45 THEN PRINT#2,"OUTPUT"; TADDRS; " RSI1SD0.00W0"  "Control Scings
B35 TF T<d5 AND T> =19 THEN PRINT#Z,"OUTPFUT™; TADDES, " R4I10D0 5W0"  “Med. heat
8037 IF T< 19 THEN PRINTAZ,"OUTPUT"; TADDES, " E3110D1 .0W0" "Ly heat
MK IF T =130 THEN PRINTAZ,"OUTPUT™ . TADDRES, " FI0" 'Gain Setting = 10
GOS0 TF T2 =65 AND T-< 130 THEN PRINTH2,"OTUTPUT", TADDRS. ", P6.0" "Gain = 6
060 IF T> =25 AND T< 65 THEN PRINT#2,"OUTPUT"; TADDRS. ", F3.0° *Clam = 3
M0 IF T <25 THEN PRINT#2,*OUTPUT"; TADDRS: " PO.5" "Gain = 0.5
HED TC =T+ 5QR(ABS(TYI0N*TCDEL "Calculate the Set Pomnt

23 IF ABS(TY =40 THEN TCO=TC+ 00897*ABS{TI+ 1.3 "CGR Correction Factor
26 IF ABS(T) < =40 THEN TC=TC +.M17T*ABS{T) "COR Correction Factor
S50 IF TC = TC1 THEN TC=TC1 "Mmimuey Szt Point Allowed

9100 IF TC=TCZ THEN TC=T{2 "Maximum Set Point Allowsd

9110 TCS=".5" + STRMINT{10*TC)/ 10}

9120 PRINT#2,"OUTPUT"; TADDRS; TCS "Set Point Tempersture

9130 RETURN

1 0000 BRI

Appendix B. Critical Current Acquisition Program

10 DEFIMT 1-N

el

30" *** TH.BAS *** "Smart” Jo determinntion, wsing K-228 Pwr Supp!
] = = = = with steps wp & back defined as Practions of Xminc,

40 "+ KEITHLEY 570 8YSTEM »==

50 "= PERSONALAZE DATA AQUISITION ***

100 * X-VOLTAGE () 18 STEPPED, AS CONTROLLED BY K-224 Power Supply

105 " Program operates digital Povr Supp in Curr-limited maode with 10% apare W

106 " K-228 mini atep ia /1000 of any Full-Range Vi1, 10; 11 0.1, 1, 10

107 * There 12 provision (Meou atep 13) for manual search for ~lc

110 " ACOUIRED X1, X2, X4 AND Y DATA UPCN SPECIFIED ¥ -YOLTAGE CRITERION,
111 " X'a@#l, 2 & 4 rear mputs of W-meter. #2=Sam-curr sidR, &4=Mag curr;

112" #1 = Thermometer: This gots converled to TR Mag curr=plot-X

120 " DATA STORED TO ASCI FILE. PLOTS AUXILIARY DATA FILE FOR COMPARISON
130 " COMMAND PU SENT TO Y-DVM (FOR E-131 TURNS OFF DIGITAL FILTERING)
132" JeH = Meas Je[le] va H (Tonag *Scalemap): with Mo cooling pauszs [jp]

133 "¥ I is interpolated bebarcen Laat below-Ve & 18t above-Ye reads of [,

I34 ' *% Wity after ca recorded pt for Input new Xmine or use prgm value,

135 ' ** AUTO mode available: 5ot AUTODATA =1 lor continuous recording per pregm
1M =22 "% Nowuses + & - curr, with mimmwm switching of K-228

I * pote that Like old JeZ, this haa delx a3 fraction of x.

135 '# * Saves avpStd Dew of Te cale'd from extrapolated Hi&Lo crr limils,

139 '# *whea V > Ve on [t pass then stores [LVY, 1T, oot lo aedV eadl, T

140 '"TWO EANCGES: Mow has & low current cutput mode (MODES ="L") allowing

145 - lud < I < 10 mA opernting range. This 13 achieved by
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130 - wse of a 1000 oben awd. resistor and utlization of the

155 * voltage Lienit mode of the K-228...

1464) " Mnintains Tempermture Controdler Set Poind o values brased oo wser

162 * input and current sample teeaperature (optional).

1940

) eer RATH PROGEAM *4+

no-

TX0 GOSTUR 400 "= SET DEFAULT PARAMETER VALUES -—-

25 GOSUR 4150 "= READ IN FILE OF SETUP AND GRAPHICS PARAMETERS -
230 GOSUB 700 *— SIGN-UN & HARDWARE SETTINGS MENU —

240 GOEUB 1) "— SETUP FPARAMETERS MENU —

245 OGOSUR 4500 "= STORE SETUP AND GEAPHICS PARAMS TO FILE ==

46 ATUTTODATA®D “—-for Manual Initintion of dats, 3¢t AUTO=1 for auto,

250 GOSUB 1600 '— DATA ACQUISITION INTTIALTZATION —

231 VXL=0  "— presst for mitial pass

257 DEIXC=DRLY*XMINC ‘initial step aie

253 IF MODES="H" THEN IF DELXC « 0001 THEN DELXC =,0001

75 IF MODES="L" THEN IF DELXC < 00031 THEN DELXC = (L

I55 FOR XC=XMMNC TO XMAXC 3STEP DELXC  "-S5TEP SCAN X-FPARAMETER
256 GOSUB 7500  * Get Pwr Supp control params spos$, megh from XC, RCIRC

260 GOSUR 1750 '-— TAKE ONE FILTERED DATUM-THERMAL EMF -

270 GOSUB 3550 "'— CHECK FOR KEYROARD INTERRUPFT —

250 GOSUR 1850 "— TEST DATA FOR OUTPUT ---

200 GOSUB 3550 °*— CHECK FOR KEYBOARD INTERRUPT -—

295 KNEXT ¥C ‘- LOOP BACK FOR MORE DATA -~

297 GOTO 346

F00 GOSUR 37T "— CALC, TEMP. FROM THERM. CALIBEATION —

301 TR TSETS= ACTS THEN GOSUE 9000 "==TEMPERATURE CONTROLLER SET POINTS==-
302 GOSUR G200 - Test TEMP. for designated interval---

310 GOSUE 2000 '-— PRINT DATA TO DISK —

A0 GOSUE 2700 '— PLOT OR PRINT DATA TO SCEEEN —

330 GOSUR 3550 ' CHECK FOR KEYBOARD INTERRUPT ==

338 TF AUTODATA=1 GOTO 341

M) INPUT " " XCC IF XCC< >0 THEN XMINC=XCC: DELXC=XCC*DELX: GOTO 342
Ml XMINC=XC*1-XOFPC: DELXC=XC*DELX "— Redefline DELXC & Take mors dats .
342 [F MODES="H" THEM IF DELXC << 0003 THEN DELXC =.0003 : GOTO 255
3 IF MODES="L" THEM IF DELXC - 000005 THEM DELXC =.000005 1 GOTO 235
M4 GOTO 255

6 TOCATE 24,1 PRINT®-— SCAN FIMISHLLY ==-"}

W7 GOSUB 3550 '— CHECK FOR KEYBOARD INTERRUPT —

HE GOTO 347

349 GOTO 240

350

360 "**® FMND MAIN PROGEAM *%®

K+

ARG -

400 "+++ DEFINE DEFAULT PARAMETERS ***

410 CLS:; KEY OFF: KEY 1,"LIST 200-400" + CHRS{13)

420 DEFINT I-N

425 ID =30 TDre= 1400 for ~ 25 soc delay afler curr-switching

427 EMSTOP= 00003 “allowed safety limit for sample voltage

43 HLIMIT=30 albowed safety limit for sample heating (mW)

430 DM 200500, Y (S0, ZTURm, X MO0, Q30D YD "DIM DATA

440 DIM V200, T(200) "ARRAY FOR THERM. CALIBRATION TABLE{e.g. DIODE V,T)
445 DIM XGS0M, Y G500, ZO(500, XMG(300), QG500 "COMPARISON DATA FOR GRAPHICSE
450 ON ERROR GOTO 5400 "—ERROR TRAPPING

4563 RESTORE 470

470 DATA 10,1,2,1,0,0,1,01,1,1

480 READ CUR,SCALEX, RCIRC SCALEY DEL.DELY ,GO% ,G1 % NPILT SCALLEY “Defaulta
4590 DATA "< INACTIVEZ" "< ACTIVE>"

500 READ INACTS ACTS: GSETS=INACTS: GUSETY =TNACTS: TSETS=INACTS

M "= GPIB BUS ADDRESSES & METER FPARAMS

505 K$="KEITHLEY 181/199197" "— GPIB BUS ADDRESSES & METER PARAMS
506 KF$="Keithley 228 Power Supply”™

507 DATA * 26", 14°," 11".5.5,1,”H"," 12"

508 READ XADDERS, YADDRS, PADDRS, NXM NY M NPM MODES, TADDES

508 MXS=K3§: MYS=KS: MP§=KP§
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510

320 "GRAPHICS DEFAULT PARAMETERS

530 RESTORE 550

540 READ XMV XMAX, Y MIN, Y MAX

350 DATA 0,100,0.1,0

360 READ X5,Y15, Y25, TS

51 RESTORE 590

580 READ X§,Y13.Y25. T3

F] DATA "X-AXISUNITS) ", "Y-AXEE", " NITS", "TITLEOF GRAPH"
00 RESTORE 630

610 READ DXPIN, DYPDX, XPIXOYPIXD "AXIS CONTANTS IN PIXELS
620 DATA 550,300,20,15

630 RETURN "TO MAIN PROKGEAM

B0

G50

Toh me4# SIGH-0OM HARDWARE SETTINGS MESSAGE ***

TIN CLS: PRINT CHRET

T20 PRINT:PRINT " *** HARDWARE SETTINGS *==

T3] PRINT = 1: X-INPUT: GPIBE Addreas: “;XADDRS;" Meter ID; " MXS
T40 PRINT = 2: Y-INPUT: GPIB Addreaa: ";YADDRS:™  Meter ID: " MY
T4T PRINT * 3: P.INPUT: QGPIB Address: ";PADDES.” Pwr Supp IIx ";MP§
TS0 PRINT:PRINT

T52 PRINT " Mzter Sstup: X channel #1 < === > Thermometer Vollage Signal”
T5 PRINT ~ ¥ channel 42 < === Sampls Current Std, Reaistor™

733 PRINT * ¥ channel #3 < ===> Sample Heat Dissipation Signal”
T56 PRIMNT *© ¥ channel 84 < === Mnagnes Curr, 1100 Ohem Resistor®
75% PRINT " Y voltmeter € === > Sample Veltage *:PRINT

759 PRINT " Reset DRC-S1C & Sct OPIB addreas to ;TADDRS : PRINT

760 INPUT"ENTER SELECTION # (< C/R> TO CONTINUE): " ICODE

T ON ICODE GOTD T8, 210,540

780 RETURN "TO MAIN PROGRAM

790 INPUT"ENTER NEW GPIB ADDRESS FOR X-INPUT: * XADDR

791 GOSUR 850 " METER ID CHOICES FOR READING STRING MASKING
792 INPUT"ENTER X-INPUT Meter ID CODE (DEFAULT = PREVIOUS): * NMT
794 IF NMT < >{ THEN NM=NMT ELSE 500

796 GOSUB 900: MXS=M5: NXM=NMSK "— ASSIGN METER (1) NAME &£ MASKING DATA
500 XADDRS=STRS(XADDR): GOTO 720

310 INPUT"ENTER NEW GPIB ADDRESS FOR Y-INPUT: " YADDR

811 GOSUB 350 "— METER ID CHOICES

812 INPUT"ENTER Y-INPUT Meter ID CODE (DEFAULT = PREVIOUS): = NMT
B4 IF WMT < = THEN NM=MNMT ELSE #20

B16 CGOSTR 900 MYS=M$: NYM=NMSK '— ASSIGN METLR ID NAME & MASKING DATA
820 YADDR$=STR$(YADDE): GOTO T20

%40 INPUT"ENTER NEW GPIB ADDRESS FOR P-INPUT: * PADDR

%41 GOSUB 850 '— METER ID CHOICIS

842 INPUT"ENTER P-INPUT Meter 1D CODE (DEFAULT = PREVIOUS): " NMT
B43 IP NMT < >0 THEM NM=NMT ELSE 44

844 GOSUB S00: MPS=MS: NPM=NMSK "—- ASSIGN METER ID NAME & MASKING DATA
545 PADDRS=STRS(PADDE): GOTO 720

o

50 * === ASSIGN STRING MASKING PARAMS FOR METERS ***

554 PRINT "*** Metcr D) Codes **+*

555 PRINT" 1:  KEITHLEY 131,199,197

256 PRINT" 2:  FLUKE $3404A

§57 PRINT" 3:  Keithley 228 Prw Supp

560 RETURN

570"

550"

B -

SO0 *ee ARSIOGN METER 1D NAME *++

010 OMN NM GOTO 930,940,930

920 PRINT CHRS(T): PRINT " < < < WRONG METER 1D > > RETURN 730
930 M$ ="KEITHLEY 181/199/197": NMSK=5: RETURN

G40 M$ ="FLUKE 8840A"; WMSK=1: RETURN

950 M$="KEITHLEY 228 Pwr Supp": NMSK=1: RETURN

S0

1000 SCREEN (x CLS: EMSS=""
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1010 GOSUE 5500 '-— INCREMENT EXNTENSION OM DATA FILENAMERE

1030 FRINT: PRINT #ie SET UP PARAMETERS for DA-JeTH. HAS *** *®

1030 PRINT * 1: FILEMAME OF ETUP AND GRAPHICE PARAMETERS TO USE: *;PUFLS

10440 PRINT = 3 FILENAME OF 3ETUT AND GRAPHICS PARAMETERS TO SAVE T'O: =:P5FLS
1050 PRINT " 3: X2-VOLTAGE SCALER FACTOR (Signal'Meas % or 1/8TD ohma): " SCALEX

1060 PRINT * 4: X2-S10NAL RANGE Amps)/STEP SIZE fraction: *:XMINC: "te™ XMAXC; "/~ DELX
1062 PRINT " X2-S8IGNAL BACKSTEP (Mracton of Xemine): " XOFFC

1070 PRIMT " % Y-VOLTAGE SCALR PACTOR (Signal/Mens %) " SCALEY

1075 PRINT " 6 Y-SIGNAL LIMIT: *;DELY

108G ¢ PRINT ® 6: Y-5IGMAL STEP 5[ZE; ";DLELY

1050 PRIMT " 7: DATA FILEMAME: =;DMNMS

1045 IF DNMS="" GOTO 1110

1100 PRINT = TITLE: ", TITLES

1110 PRINT * & THERM, CAL. TABLE FILENAMDE (for X1-ngnal converion); " THNME

1112 TP THMMS="" GOTC 1120

1115 PRINT * TITLE: ";THTTLS

1120 PRINT " % TEMPERATURE INTERVAL BETWEEN DATA: " DELT

1135 PRINT “10: NG, OF SAMPLES IN DIGITAL PILTERING: *;MFILT

1130 PRINT "11: SCREEN GRAPHICS PARAMETERS SETUP: " GSETS

1135 PRINT "13: EXIT THE PROCORAM

1137 PRINT "13: Teat circuil Resistance, or Sample o, Preasnt Rere= ° RCIRC

1140 PRINT *14: Te Operating Range (H, > lmA; L, <10mA): *;MODES

1142 PRINT "15;: TEMPERATURE CONTROLLER: ", TSETS

1143 IF TSETS=ACTS THEN PRINT *  Coatrol Range = " TCI™-"TC2 "K & Vap-Samp =" TCDEL "K & RT"
1145 PRINT "146; Maximum Heatmg Allowed {mW): " HLIMIT

1147 PRINT

1150 INPUT " = EMTER SELECTION # (< C/R> TO EXECUTE): ", ICODE

1160 ON ICODE GOTO 1400, 1430, 1290, 1310, 1180, 1200, 1220, 1350, 1440, 1380, 1330, 1335 [ 1450,1491,1472, 1325
1170 RETURN "TD MAIN PROGREAM

1180 DNPUT * ENTER ¥-VOLTAGE SCALE FACTOR {Signal/Vmeas): " SCALEY

1190 GOTO 1020

1200 INPUT = ENTER Y-S1GMNAL LIMIT: ", DELY

1210 GOTO 1020

1220 INPUT = INPUT DATA FILENAME (EXT .DTo WILL BE ADDED IF NOT ENTERED); ", DNMS
1730 IF DME="" THEN 1250

1240 FRINT" ENTER 50 CHARACTER DATA SET TITLEMEFAULT=FREVIOUS): " INPUT"" . DUMS
1250 IF DUMS="" THEMN 1270

1260 TITLES=DI1IME

1270 FOR J=1 TO LENDNM: [F MIDDNME I 1)< >"." THEN NEXT J ELSE 1280

172 DMMS s DINM S+ =, D0

1250 GOTO 1020

1290 INPUTT™ ENTER X-VOLTAGE SCALLE FACTOR (Sigaal™meas or 1/5TD oheme): " SCALEX

13080 GOTO 1030

1310 INPUT" ENTER X-5IGNAL BANGE & STEP SIFEXMIN XMAX STEP Fraction)): " XMINC XMAXC DELX
1315 TNFUT" BENTER X-S5I1GNAL BACKSTEF (Backstep {fraction of Xminc)): ", XOFFC

1320 GOTO 1020

1325 INPUT" ENTER MAXIMUM HEATING ALLOWED (mW): ", HLIMIT

1326 GOTO 120

1330 GOSUB T80 "Deline Graphics Parameters

1332 GOTO 1020

1335 GOSUB 450: END '— STORL PARAMS TO FILE AND EXIT
1340 GOTO 1020

1350 INPUT" ENTER THERM. CALIE. TABLE FILENAME(EXT .CAL WILL BE ADDED): " THNMS

1360 IF THNM$="" THEN 1370 ELSE THNMS$=THNMS+".CAL"

1383 GOSUB 3% "— REAL I[N THERM, CALIB. DATA —

1386 INPUT" ENTER YOLTAGE SCALE FACTOR {signalfvoltage): " SCALEL

1370 GOTO 1020

1380 INPUT" ENTER NO. SAMPLES IN DIGITAL FILTERING: " NFILT

1350 GOTO 1020

1400 INPUT = ENTER FILENAME FOR SETUP PARAMS, TO USE(EXT .PAR WILL BE ADDED): =, PUFLS
1410 IF PUFLS="" THEN 1420 ELSE PUFLS=PUFL} +" PAR"

1420 GOSUEB 4150 GOTO 230 "—READ IN SETUP AND GRAFHICS PARAMS

1430 INPUT " ENTER FILENAME FOR SETUP PARAMS TO SAVE TO (.FAR WILL BE ADDED): ", PSFL}
1440 IF PSFL$="" THEN 1450 ELSE PSFLS=PSFLE+" PAR™

1450 GOTO 1020

1460 INPUT " ENTER TEMPERATURE INTERVAL BETWEEN DATA: ".DELT

1470 GOTO 10X
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1472 IF THMMS ="~ THEN PRINT " Eoter a iemperatuse calibration file i you plan o use the controller!™: GOTO 1020
1473 IF TSET$=ACTS THEN TSETS=[NACTS : GOTO 1020

1474 PRINT " Temperature Controller Settings™ TSET$=ACTS

1475 INPUT * BNTER Trun, Toax & Vap-Samp St Pomts: °,TC1,TC2, TCDEL

1476 IF TC1 = TO2 OR TC2 =320 OR TCL <0 THEN PRINT® Bad Entry ™ (OT0 1475
1477 GOTO 1020

1450 CHOSTIR 7000 "Cheek out sireuit resiat with new STDR

1450 GOTO 1020

1491 INPUT " ENTER OPERATING BEANGE {H, =1ma; L, < 10mA): " MODES
1492 IF MODES = "H" THEN GOSUB 1800 : GOTO 1020

1493 IF MODES = "L" THEN GOSUB 1810 ; GOTO 1020

1d%4 PRINT ~“Irror® : BEEFP © GOTO 1491

1495

13956 *

1500 "+** OPEN DATA FILE *++

1510 IF DMMS="" THEM 1550

154 OFPEN "0O" #1,DMMS

1530 PRINT #1, TITLES

1540 PRINT #1.™ TV(ED le{A) HikOe) Heatmg{mW) EsiDee(ls) ©

1550 RETTIRM

1560 *

1570

1600 ¢ === TNITIALIZATION FOR DATA ACOQTT, ===

1608 CLOSE  "—closs any open files

1610 GOBTUE 4050 '——PFRINT MESSACE AT SCREEM BOTTOM

1620 I=0 "INTTIALIZE DATA ARRAY INDEX

1630 GOSUB 4550 '— ESTABLISH COMMUNICATION WIPERSONALALE

1640 GOSUB 4930 "= SIGNON MESSAGE

1650 GOSUB 5050 "= ASSI1GN REMOTE MODE ADDEESSDES

1657 "GOOSR ST00 "= IMITIALIZE FOR ANALOG OUTPUT  =-nof wsed hers

1660 FLGS="1L" "INITIALIZE POR DATA SCRELN PRINTOUT

1680 GOSUB 1500 *— QOPEMN DATA FILE

1685 ADAT=1 " Key switch for ATUTODATA control vis KBD

1430 IVEFLG=0 "— FLAG FOR FIRST TIME THRU

1700 PRINT "***Erginning Data Acquisilaon ***

1705 PRINT * & TED TolAd Hikde) Healing{mW) Devle nexl [”
1710 RETURN "TD MAIN PROGRAM

17Tx -

1730 "

1750 - »wx TARE DATA SAMPLL ==~

1760 "= GPIB INPUT —

I7T70 EMATOP= 100" DELY/SCALEY)  "allowed safety limit for sample voltage

1775 GOSUR 6400 "— FIND AYG OF NFILT READINGS usng K-228 +/- & mun swilching
1780 VX = ABSISUMX*SCALEX): VY = ABS(SUMY *SCALEY): VZ = ABS(SUMZ*SCALED): DVY =Y *SCALEY
1781 SCALBMAG=102.91 '-— to convert BMag Curr (Hall cryomiat) with (01 sid

1782 VM =ABS{SUMM=SCALEMAG) '— Mag fizld m kG

1785 IF HEAT & HLIMIT GOTO 8100 'Excessve Heating Deteeted

1790 RETURM "TO MAIN PROCGRAM

1500 SOUND 580, 15

1201 INPUT ® REMOYE 1 kOhen Std. Resistor st K-X2 Output then Press BT, DUMS
1503 IF DELXC « 0001 THEN DELXC = 0001

1505 RETURM

1810 SOTIND 8230, 15

1815 INPUT * INSTALL 1 kOhkey Std. Resistor at K-Z28 Outpul then Press RTN™, DUMS
1817 IF DEILXC « 000001 THEMN DELXC =.000001

1820 RETURM

1830 "

18440 "

1850 "»== DATA TEST FOR QUTPLIT ***

1880 TF IDATPRIL.O=0THEM 1920

1850 IF INK3 < = "F* AND INK$ < > "p™ THEN FRINT *MaANUAL STORE®

1800 PRIMT CHRS; "= BELL TO MNDICATE MANUAL DATA STORAGE

1910 IDATFLG=0: GOTO 1970 'MANUAL DATA STORACGE

1920 IF VY < DELY THEK VYL =%Y: VXL=VX: DVYL=DWVY: RETURN 2953 "for MORE DATA
1930 BEEP: [F WXL =0THEN XIC=VX:DA=1; EETURN 3} "store dais ss 15 ve,vy 1T
1940 DX=VX-VXL: DY=VY-VYL 'now calc interpolated Xe & hi, lo err limits
135 XIC=(DELY-VYL*DX/DY + VXL g [ E DELY iaY¢
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1947  DIVL=DY+DVY-DVYL: II' DIVL.=0THEN DA=1: GOTO 1970 'Lo lm extraps mf
%8 DIVH=DY-D¥VY+DVYL: IF DIVH=0THEN DA=1: GOTO 1570 'Hi lim extraps inf
1950 XDL=vXL-DX*(VYL-DELY + DVYLWDMVL "Kle o err lim, from upper Yerrs

1955 XDH=V¥X +DX*DELY-VY +D%WY)/DIVH "Kle hi err lom, feom lowes Yerra

1960 DA =[{ABSXDL-XIC)+ABSXDH-XICN*.5 "Avg of hi & lo std erre oa Xlc

1970 YXL=0 ¥Y=58%DVY+DVYL) RETUEN 300 "store: o Ave(Yerr) Avgileer), T, Im
190"

1994

2000 * *4% PRINT VALUES QN DISK »=»

2000 I=T+1 "INCRIEMENT INDIX

2015 X{N=XIC: YN =HEAT: Q(0=DA ‘ax found at Test For Output (1550)
2020 IF THNMS="" THEN ZT()=V¥Z: GOTO 2040

2000 TN =T 'Temp from interpol table

035 XMiDm= VM ‘Mag curr un-cooverted

2040 TF DNMS ="" THEN 2060

050 PRINT #1,ZT(T:; XM XM Y D:Qm

2060 RETURN "TO MAIN PROGRAM

TG

2080 "

2100 " *=+=+ TEST TO REDEFINE GLOBAL GATIN ***

2110 IF ¥TST> =5 THEN G% = 1: GOTO 2150

20 IF ¥WTST> w3 THEN G%=2: GOTO 2150

2130 [F ¥TST > =1 THEN G%=15: GOTO 2150

40 GHR =10

250 RETURN

2160 IF WTETE="VX" THEN CT% =G %: GOSUBR 179 RETURN "CHANGE TO NEW X-GAIN
2170 G5 % =G%: GOSUB 1790 'CHANGE TO NEW Y-GAIN

2150 RETURN

e’

2200

2250 ' *** GRAPHICS PARAMETERS ***

2260 GEETS=ACTS "SCREEN GRAFHICS ACTIVE

2270 PRINT: PRINT: PRINT" === SCREEN GRAPHICS PARAMETERS *++
2280 PRINT® 1: T-axis Tmin, Tmax " XM, XMAX

2290 PRINT™ 2: Jc-axis Jemin, Jemax: =% MIN, YMAX

2300 PRINT™ 3: T-nxia label: =, X$

2310 PRINT™ 4: Jeenxis label: = Y15Y2%

2320 PRINT" 5: Graph Title: ", TS

2325 PRINT™ 6 COMPARISON DATA SET FILENAME: * GCOMFLS
326 PRINT®  TITLE: "GTTLS

T3TT PRINT" 7:  VIEW COMPARISON DATA SET: ° GCSETS

TIM PRINT

23140 INFUT* > ENTER SELECTION # (< C/R> TO MAIN MENUY; =, 1CODE
2350 ON ICODE GOTO 2370, 23%0,2410,24 30,2470, 2481, 2483

2360 GOTO 24%0

2370 INPUT™ ENTER T-nxis Trmin, Tmax: " XMIN, XMAX

2350 GOTO 2270

2390 INPUT" ENTER Ic-axis Ymin, Ymax: ", Y M YMAX

2400 GOTO 2270

2410 INPUT® ENTER T-nxis label; X%

2020 GOTO 20

2430 INPUT® ENTER Je-axia label: =, Y'$

2440 FOR T= 1 TO LENGYS: TF MIDSYS.T, 1< > (" THEN NEXT J
2450 Y1S=LEFTHYS J-10: T=LEN(Y$)-T+1: Y25=RIGHTSYS.
2460 GOTO 2270

2470 INPUT™ ENTER Graph Title; =, TS

TR0 GOTO 2270

2481 INPUT* ENTER DATA SET FILENAME: =, GCOMFLS

442 GOSUB 5500: GOTO 2270 "READ IN DATA SET FROM FILE
483 INPUFT VIEW PLOT OF DATA SET (Y =YIES)": ".ANSS

2484 IF ANSS= Y~ OR ANSS="y" THEN GCSETS=ACTS ELSE GCSETS = INACTS:GOTO 2270
2445 GOSUR 2490 'DEFINE GRAPH AXES RANGES

24868 CGOSUDR 5200 "FLOT DATA SET

457 GOSUR 4111 'PRINT MESSAGE AT SCREIN BOTTOM

245% IF INKEYS="" THEN 245% ELSE SCREEN (; GOTO 2270
2459

2490 XENG=XMAX-XMIN: YRNG =Y MAX-YMIN
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2500 XMINS = STRSOIMIN): XMAXS =5TRIHXMAXD

2510 YMINS =STRSOY MIN): YMAXS =S5TRYMAX)

2520 GOSUB 2610- GOSUDB 2660 'DEFINE FUNCTION TO CALC CODRD IN PIXELS
2530 RETURN

25401

2550

2600 '**s N TO CALCULATEY IN SCREEN PIXELS ***

2610 DEF FNYPINY VAR, YMIN, YRNG, DY PIX, Y PIXD = - (Y VAR-YMIN*DYPIXYRNG + Y PIX0 + DYPIX
2520 RETURN

2630

26440 -

2650 "*** BN TO CALCULATE X IN SCEEEN PIXELS ===

660 DEF FNXPOOX VAR, XMIN XRNG, DX PDXPIXG = (X VAR-XMIN*DXPDUNRNG + XPIXO
2670 RETURN

2630

2690 *

2700 ' *** PLOT OR PRINT DATA ***

2710 IF INKS$ < = "L" THEN IF INK$ < > 1" THEN 2740

TROIF FLGS="1" THEN ¥7i0

7730 FLOS ="L": GOSUB 3050 GOSUE 4050: RETURN "LIST DATA TO CURRENT I
7740 TF GSETS =INACTS THEN 2780

F750 IF INKS < = *P" THEN IF INK$ < > "p" THEN 2780

2760 IF LGS ="P" THEN 2800

F163 PRINT VSING = ### #88¢ =.ZTdI;

2770 FLGS =P GOSUR 2900 GOSUR 4050 RETURN "PLOT DATA TO CTURRENT |
7780 TF AUTODATA =1 THEN PRINT

2781 IF FLGS< >°L" THEN GOTO 2790

2782 PRINT USING = ### *:T:

2783 PRINT USING ° ### #aw¢ ~ZT;

2784 PRINT USDING " + 0. S0ases =3,

2TRS PRINT USING = & &% 8ddd = XM

2THG PRINT USING ™ +#. 808" =Y (TnQiTy

28T RETUEN " o MAIN program

2780 I GSETS =INACTS THEN 2840

2800 X P =FNXPIX(ZT, XMIN XENG, DXPLX X PIXD)

2505 TF XP > 10000 THEN 2840

2810 YP=FNYPDLX T, Y MIN, YRNG, DY PIX, Y PING

2815 IF ABS(YF) > 10000 THEN 2840

M) PSET (XPYP 'PLOTS POINT

2830 IF THNMS ="" GOTO 2840

2833 LOCATE 1,67: PRINT"T="INT(T) " K ~;

24836 LOCATE 24,1

2340 RETURN "TO MAIN PROGREAM

JE50 1

2860

2900 * **+* REFRESH PLOT OF DATA UP TO CURRENT POINT ***

2910 CLS: GOSUB 3150; GOSUB 3300 'DRAW AND LABEL AXES

T FOR J=1TO 1

2930 XP=FMNXPIX(ZT{) XMIN, XENG, DXPD XPIXD)

T035 IF ABSCEF = 10000 THEN 2970 *— FT OUT OF RANGE

2940 Y P =FNYPOX KT, YMIN, YRNG, DY PO, Y PR

2945 IF ABS(YF) > 10000 THEN 2970

2950 "CIRCLE (XP.YF),3

2960 PSET (XPYF

2970 NEXT J

2978 IF GCOMPILS="" THEN RETURN

2976 IF GCSETS=ACTS THEN GOSUR 5920 ' PLOT COMPARISON DATA
2980 RETURN

3000

0’

3050 **** PRINT DATA ON SCREEN ***

3060 SCREEN O CLS: LOCATE 23,1.0

WeS PRINT = # T leiAY  HikOc) HeatingimW}  Devie next 1
70 1= 20: IF 11 <0 THEN J1=1

3080 FOR T=11 TO |

3092 PRINT USING ™ A#¢ =:J;

3093 PRINT TISING = ### sesy " 2T,
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3094 PRINT USING ™ + 48 S888sy " X0

A0S PRINT TRRIMG = 0 0 = T

006 PRINT USING ® +# #8888~ " Y (00

I NEXT ]

3110 RETURN

-

3130

3150 "*** SUR TO DRAW GRAPH AXES **=

3160 SCREEN 9 'HI RES ORAPHICS SCREEN

3170 CLS

3180 PSET (80,15

3190 DWH=300: RGT =550 TICKU=30; TICKR=55: ZERO=0

3200 FOR J=1 TO 10: DRAW"D =TICKU;NM+550,0;": NEXT J "—LEFT VERT AXIS
3210 FOR J=1 TO 10 DRAWSR=TICKER;NM+0,-300;": NEXT I *-==BOTTOM HORIZ AXIS
3220 DRAW U=DWN;L=RGT;"

3230 RETURN

3240 *

3250 "

3300 **** SUB TO LABEL AXDS ===

3310 1P LEN{XS) > 60 THEN X$=LEFTSXS,60) "TRUNCATE IF TOO LONG
320 XAX =44- S*LENXS)

3330 LOCATE 24 XAX: PRINT X5;

31340 1F LEN(Y 133 >% THEN Y15=LEFTS(Y1% % TRUNCATE IF TOO LONG
3350 TAX =35- 3"LENY15)

1360 LOCATE 12, TAX: PRINT Y15;

3370 IF LEN(Y2$)>9 THEN Y25=LEFTS(Y25,9

TIR0 TAN = 5- S*LENCYIS

3350 LOCATE 13, TAX: PRINT Y2§;

3400 IF LEN(T$) > 70 THEN TS=LEFTSTS,70) "TRUNCATE IF TCO LONG
310 TAN =dd. 5* EMNITS)

3420 LOCATE I, TAX: PRINT T$:

3430 LOCATE 24,1 2-LENMINE): PRINT XMMING;

3440 TF XMAXS =" THEN 3460

3450 LOCATE 24 81-LEN(XMAXE): PRINT XMAXS;

3460 LOCATE 23, 10-LEN{YMIN%): PRINT YMINE;

3470 LOCATE 2, 10-LENCY MAXS): PRINT YMAXE;

3480 RETURN

300 -

3500

3550 © *++ SUB TO CHECK KEYBOARD STATUS ***

3560 IN$=INKEYS 'Read Kzyboard Buffer...

1565 IF BMSS= " THEN IN$="(" ‘Emergency Stop

1570 IF IN$="" THEN RETURN

3572 IP INS < >"A" AND IN$ < >"a" THEN 3580

3574 ADAT=-ADAT  switch status

3576 IF ADAT <O THEN AUTODATA=1

3578 IF ADAT>=>0THEN AUTODATA=0

3580 IF INS =CHRS(13) GOTO 3710 "MANTUAL DATA interrupt (to revise Xmin)
3590 INKS=IM5

3600 TF INKS < = =™ AND INKS < > "q" THEN 3650

3610 IF DNMS="" THEN 3530 'DATA FILENAME

360 CLOSE #1: GOSUB 6000 "—-REWRITE DATA TO FILE IN 8TD FORMAT
3630 SCREENM O INPUT "ANOTHER DATA SET (Y =YES)":" ANS2S

3640 IF ANSZS="y" OR ANS2$="Y" THEN 3670

50 ON ERROR GOTO 0 'DISABLE ERROR TRAFPING

3655 PRINTH2, " LOCAL™ . TADDRS

3660 CLS: EMD

3670 CLOSE: RETURN 240 *TO MAIN PROGRAM AT MENU

3650 IF INK$="A" THEN AUTODATA =1: RETURN

3652 IF INKS="a" THEN AUTODATA =1 : RETURN

3654 IF INKS="C" GOTO 3720

F685 TP IMKS="¢" GOTO 3720

3687 TF INKS=*T* GOTO 3730

J688 IF INKS="t" GOTD 3730

360) IF INKS$ < ="P" THEN IF INKS$< > "p" THEN RETURN

3695 IF INKS < = "|" THEN IF INKS$< >"L" THEN RETURN

3700 RETURN 320 'TO MADN PFREOGRAM AT PLT OR PRENT DATA
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30 PRINT " Sart Curreat 7 7

3715 RETIIRN 340 ' to Main Progr a1 inpul mext XOO

3720 INPUT " ENTER OPERATING RANGE H, >1maA; L, < 10mA) ", MODES
3T XC=XMINC "Set XC to a safe value,

3722 IF MODES = "H" THEN GOSUB 180 ; INKS="L": RETURM 320

3724 IF MODES = “L" THEN GOSUD 1510 ; INES="L" ; RETURN 330

3725 PRINT "Errar® : BEEP : GOTO 3720

AT30 PRINT:INPUT " ENTER NEW THERM. CAL. TABLE (EXT .CalL WILL BE ADDED}: ® THNMS
3732 IP THNMS="" THEN 3690 ELSE THNMS=THNMS+".CAL"

ITICLOSE M -=TEMPORARILY CLOSE DATA OUTPUT FILE

3734 GOSUB 3900 "—READ IN THERM. CAL. TABLE

3735 OPEN DNMS FOR APPEND AS #1  "—REOQPEN THE DATA OUTPUT FILE
3T INPUT = ENTEE NEW SCALE FACTDR (Signal/Voltge): = SCALEZL

3738 INKS="1": RETURN 320

3740

145"

T750 ‘mwm SUTR TO INTERPOIATE TEMPEREATURES FROM DIODE T,V TABLE ===
3760 IF THNMS="* THEN RETURN "TO MAIN PROGRAM

N0 VEIC=VZ

F7E0 NLO=1: NHI=NDATA 'LOW AND HI INDICES OF TABLE DATA

F7H N =NHI+KLOW2 "INTEQER DIVIDE "TABLE INDEX TO BE COMPAREL TO DATUM
3300 IF VZ< V(W) THEN NHI=N: GOTO 3820

50 NLO=N

IZ20 [F NHI< >NLO+1 THEN GOTO 37%)

3830 T=T{NHD + {VZ-V{NHL) *(T{NHD-T LoV OV INHD- V(WL

3540 RETURN

3850 -

3860 *

500 R 2R TG READ [N THERM. CALID DATA ***

3910 TF THNM%="" THEN RETUEN

393 THNMTS=THNMS

340 PRINT™*** Beading m therm. calibration table *++~

050 OPEN °I° 41, THNMS

3552 INTUT #1, THTTLS "—TITLE OF DATA SLET

3960 INPUT #1 NDATA

I FOR J=1 TO NDATA

3980 INPUT #1.V(D, TN

A WEXT T

4000 CLOSE #1

4010 EETURN

4020

4030

4050 r+++ PRINT MESSAGE AT BOTTOM OF SCREEN ***

40 IF GSETS=ACTS THEM 4080

4070 CLS: LOCATE 25,1: PRINT™FRESS: RTN=>RESET I Q=>QUIT C=>POWER RANGE A=>AlTTO ow'off
T=>THERM *";

400 LOCATE 1,1: GOTO 4110

4090 LOCATE 25,1: PRINT"PRESS: RTH= >5ET 1 Q=>QUIT P=>PLOT L=>LIST A=>AlUTD C=>POWER RANGE
T=>THERM ",

4100 LOMCATE 24,1

4110 RETURN

4111 LOCATE 25.1: PRINT" PRESS < C/R> TO CONTINUE .
4112 LOCATE 241

4113 RETURN

4120

4130

4150 '#** READ [N SETUP AND GRAPHICS PARAMETLES ="

4160 IF PUFLS="" THEN RETUEM

4170 OPEN “I".#1. PUFLS

4180 PRINT= === RETRIEVING PARAMETERS FROM; ™ PUFLS;" ===~

4190 "—3ETTIT PARAMETERS

4195 INPUT #1,PSFLS

4200 INPUT #1,5CALEX

4205 INFUT #1,RCIRC

4207 INPUT #1 XMINC XMAXC, DELX

4210 INPUT #1 XOFFC

4320 INPUT #1.5CALEY
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4230 INPUT #1,DELY

4240 INPUT #1, DNMSE

4250 INPUT #1, TITLES

4260 DUMS=TITLE}

4270 INPUT #1, THNMS

4372 IMPUT #1,5CALLRE

4775 IMNPUT #1,DELT

4280 INPUT #1 NFILT

4290 INPUT #1,G5ETS

4300 "—GRAPHICS PARAMETERS

d310 INPUT #1, X MIN XA

4320 INPUT #1, Y MIN, YRL{AX

4330 TNPUT #1,X%

4340 INPUT #1.¥1%

4350 INPUT #1.Y2%

4360 IMPUT #1.T%

4370 *---GPIB & METER PARAMS

4350 INPUT#1, XADDRS

4390 INPUTHL .Y ADDRS

4397 INPUT#1,PADDRS

4400 INPUT#1, MX$

4410 INPUTHL, MYS

4417 TMPUT#1,MPS

4420 INPUT#1, NXM NY M, NPM

4472 '— COMPARISON GRAFHICS DATA FILE INFO
4424 INFUT#1,GCOMFLS "DATA FILENAME
4426 INPUTH],GCSETS "FLAG FOR GRAPHICS COMPARISON
4428 ‘DO NOT INCLUDE MODES

4430 CLOSE #1

4435 GOSUB 3900 '——READ IN THERM CALIE, DATA
4440 IF GSETS=ACTS THEN GOSUR $300: GOSUB 2490 '—READ IN COMP DATA SET
4450 RETURMN

4460

4470 "

4500 == SAVE SETUP AND GRAPHICS PARAMETERS TO FILE **=
4510 IF PSFLS="* THEN RETURN

4520 OPEN "O" #1, PSFLS

4530 PRINT™*** STORING PARAMETERS TO: = PSFLS" *»**
4540 "--SETUP PARAMETERS

4545 PRINT#1,PSFLS

4550 PRINT#1,5CALEX

4555 PRINT#1,RCIRC

4557 PRINT#1, XMINC, XMAXC, DRLX

4560 PRINT#1, XOFFC

4570 PRINT#1 SCALEY

4580 PRINT#1,DELY

45%0 PRINT#1,DNMS

4600 PRINT#1, TITLES

4610 PRINT#1, THMMS$

4612 PRINT#1.5CALEZ

4415 PRINT#1,DELT

4620 PRINT#1,NFILT

4630 PRINTHIL, GSETS

4640 '—GRAFHICS PARAMETERS

4650 PRINT#L, X MIN, XMAX

4660 PRINTHL, Y MIN, Y MAX

4570 PRINT#1, X5

4650 PRINT#1,Y13

4690 PRINT#1,Y2%

4700 PRINT#1,T%

4710 "—GPIB & METER PARAMS

4720 PRINTH XADDRS

4730 PRINT#1.YADDRS

4737 PRINT# . PADDRS

4740 PRINT#1,MXS

4750 PRINT#1,MYS

4757 PRINT#1,MPS
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4760 PRINTAHL, N M, WY M. NPM

4762 "—-C0MPARISON GRAPHICS DATA FILE INFO

4764 PRINTHL, GCOMFLS 'FILENAME OF COMPARIZON DATA SET
4766 PRINT#1,3CSETS “FLAG FOR ACTIVE GRAPICS COMPARISON
476% "D NOT INCLUDE MODES

40 CLOSE M

4750 RETURM

4750

4200

d550 ° *** Fxisblish communications with Porsomalddd +++

4860 OTEN “\DEVAEEEQUT® FOR OUTPUT AS #2

4870 'Reset Pereomalddi

JE80 IOCTL#2,"BREAK"

4885 PRINT#2,"RESET"

4890 "Open file 1o read respoascs from Personald 33

4500 OPEM "DEVVEERIN® FOR INPUT AS 43

4904 *Enable SEQUENCE error detection by Perscnaldis

4505 PRINTHZ, "FILL. ERROR"

4006 PRINTSZ, "TIME OUT 10°

4910 FETURN

4920

4930 "

AQ50 * wew Bread the ajpmon and revision measage 4

45950 FRINT#2,"HELLO"

4990 INPUTHS, A5

4930 PRINT A%

4990 RETITRM

000"

S0

5050 r=== Py e METERS mio REMOTE ***

5080 PRINT#Z,"REMOTE" X ADDRS

5085 PRINT#2,"FEMOTE" Y ADDRS

S0 PRINT#2,"REMOTE" .PADDES "K-228 Pwr Supp

S080 '"RETTIRN

5080 'RO; Auto range X Exccule

5100 PRINT 2, "OUTPUT X ADDES; " POHEX"

S102 PRINT#Z2,"OUTPUT™ . XADDES; " H4X"™  “put X-meter (K199) on #4 rear mput H
5110 PRINTAR, "OUTPUT": Y ADDRS:; :POT1X" "K-181: PO=FILT OFF.T1=FRESH BUF § TalX
5117 PRINTHZ, "OUTPUT*: PADDRS " COADKOGSXN ™ "KO=awnil lnish; GS=v i val read
5120 RETURN

5130

5140

5150

5350 "+« PRINTOUT MESSAGE FOR BAD REATING ==

5360 PRINT CHES(N;: IF FLGS="L" QR FLGS="[" THEN PRINT "> > >BAD BEAIMNG < < < ";RS
53170 RETURN

5350 ¢

5380

5400 "**= FRROR TRATPING ===

5410 PRINT CHRS(T), ‘—BELL TO INDICATE ERRECOR

5415 IF CRR < » 53 THEM PRINT IRR: BEND "-—5TOPF AFTER ERROR
5420 'TF ERE < = 53 THEN RESTME 260 "—TRY TO TAKDE MORLE DATA
5425 PRIMT" > > BAD FILENAME < <% FOR I=1 TO 10xx NEXT J: RESUME 240
5440

5450

55083 © == INCREMEMT EXTENSION QN DATA FILENAME ==+

5510 PRINT CHRYT)

5520 IF DNMS="" THEM RETURMN

5530 FOR I=1 TO LEN(DNME): IF MIDSDNMET, 1)< > 7.7 THEN NEXT J
$540 11 = LEN(DNME)-J +1

550 EXTS =FRIGHTS(DMNMS.J1): DNMS = LEFTSDNME,I-1}

5560 IEXT = VAL(RIOHTSEXTE, N IEXT=IEXT +1

$570 [EXTS =RIGHT$(STRHIEXT}, 1)

S50 EXTS=LEFTHWEXTS. D +IEXTS

55590 DNMS =DNMS+EXTS

5500 RETURM

5510
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5620

FH00 r++* ANALOG OUTPUT INITIALIZATION ***

5705 "===SLOT 3, CHANNEL 1

5710 "CALL IONAME'("ANOTTL",3.1) ‘MOT TISED HERE !
5720 RETURN

5730

40

SE00 *=== READ IN DATA SET FOR GRAPHICS COMPARISION ==
5305 PRIMT="=* REITTRIEVING COMPARISON DIATA SET ====°
5810 IF GCOMFLS="" THEN RETURN

SE20 OPENTL" ¥, GCOMELS

5822 INPUT#1, OTTLS "—TITLE OF FILE DATA

SB30 INPUT#L, NDATG

5833 INPUT#H, G010, XG0 3, XMOL) Y G(L), QG

S35 XM =701 XMN=ZG{1}: YMX=X0{1} YMN=XG)

5440 POR I=2 TO NDATG

SE50 INPUT#1, ZGIN,XGI. XMGI, YT, Q0T

5855 IF 2G(N > XM THEN XMX =72G{I): GOTO 5857

5856 TF 2O < XMN THEN XMN=2G(T)

5257 IF XG> YWY THEN YMX=XG{Jx GOTO 3360

5858 IF XOT < YMN THEN YMN =X

SR80 NEXT ]

SBTOCLOSE #1

5875 PRINT® TMIN: " XMN "TMAX: "/ XMX ‘Note that x-axig iz "T", y-ax is X (1)
SAT6 PRINT™ YMIN: = YN, "YMAX: "YMX

SBB0 RETURN

5880

S000 r #+* PLOT OF COMPARISON DATA *+*

010 CLE: GOSUR 3150 GORUE 3300 "DREAW AND LABEL AXES
S FOR J=1 TO NDATO

5930 XP=FNXPIFZGT, XMMN XRNG, DX PR KPTXD

5035 IF ABSCXP) > 10000 THEM 5570 '-— FT OUT OF RAKGE
S0 YP=FNYPIX(XGT), Y MIN, Y RNG, DY PR Y PR

045 IF ABSCY P > 10000 THEN 55970

5950 CIRCLE (XY,

5960 "PSET (XP.YF)

STTONEXT ]

5980 RETURN

5950

G0 **++ EEWRITE DATA TO FILE ===

G010 TP DMM%="" THEN RETURN

&020 OPEN"O" #1, DNMS$

S0 PRINT™*** STORING DATA ARRAY TO FILE ***

G040 PRINT#1, TITLES

G050 PRINT#L,I —NO. OF DATA IN 5ET

D FOR I=1TOI

SN0 PRINT#L, ZT( XXM Y3000

G030 NEXT J

G000 CLOSES

6100 EETUEN

G110

6200 **** Test Temperature for designated interval =**

G205 IF THNMS == THEN RETURN "—NO THERM CALIBRATION
G210 IF IVXFLG=0THEN IWXFLG=1: TTMP=T: RETURN "FIRST TIME THREOUGH
§220 DELTT=T-TTMP

$230 IF ABS(DELTT) < DELT THEN RETURN M1 "LOOP BACK FOR MORE DATA
8250 TTMP=T: RETUREN "TO MAIN PROGRAM, STORE DATA
e "

6270 *

B400 * ¢ Eind the average of Navg readings ***

G410 " " using - cure! read +-Sam Vvl 4 -Saem I, Mag:Iied), T-Wi(x1)
6420 BUMN ={; SUMY = SUMZ = SUMM=0

6430 PRINTAZ, "output” , PADDRE," REX" ' AuLO=range

6440 PRINTA2, "outpul”:PADDRS:SPOSSE  "v,i control string

6450 PRINTAZ,"output™;PADDRE ™ FIX"  "tum oo cwr

G460 FOR I= 1 TO NFILT

70 FORJ1=1TOID: NEXT J1 P 25 aco delay
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6450 PRINTAZ, "output™; XADDES, " ROMZX" ‘channcl #2 for atd B, sam-curr
6500 FORII=1TOID: NEXT J1 Y 25 ace delay

G510 PRINT#2,"ENTER™ . XADDERS

6520 INPUT#I,RXS: VALX=VALMIDSEXS,NXM)

6530 IF ABS{VALX) > 100 THEN GOSUB 5350 GOTO 6420 "=3TART OVER == BAD READING
G800 PRINTH2."OUTPUT ;YADDRE ™ PIX® ‘K-181: M=FILTER OFF

6550 PRINTA2,"ENTER™;YADDRS

G550 IMPUT#H REYS: VALY =VALMIDSREY S, NY M)

6570 PRINTAZ,"output™;PADDRESNEGE  "v,i control string for Meg Curr
a380 FOR I =1TOID: NEXT I Pew 28 acc delny

G530 PRINTAZ,"OUTPUT"; YADDES, " PIX" 'K-151; M) =FILTER OFF

GHI FRINTH,"ENTER™;YADDRS

G510 TNPUTH RS VALY = 5% VALY -VALMIDSERERSNYMN "avg + & - readings
G515 IF VALY > EMSTOP GOTO 5000 "EMERGENCT Current Stop |
$620  SUMY =SUMY +VALY: YDND=WaALY

G625 PRINTH "OUTPUT"  XADDRS; " RONIX® ‘channcl #2 for std R, sam-cuer
&630 PRINT#Z,"ENTER";XADDES

6640 INPUTA3,BXS: VALX = 5*(VALX-VALMIDSEXS, NXM))

G650 SN =SUMN + VALY

GO0 Cthermometer signal reading

&5 PRINTSZ,"OUTPUT™ , XADDRES: ";RONIX"  ‘channcl #1 for thermometer
6666 FOR Fl=] TO ID: NEXT 11 'ae 25 sec delay

6670 PRINT#Z,"ENTER™, XADDES

6650 INPUTH . RZS: VALZ = VALMIDSRZS NXMY)

GO SUMZ=SUMZL+VALZL

6710 PRINTAZ, "output™; XADDRS, " RON4X" 'channsz] 84 for Mag curr

6720 TFORII=1TOJD: NEXTJI Ve 28 meg delay

6730 PRINTHZ,"ENTER™;XADDRS

6740 INPUTH BEMS: VALM=VAL{MIDSEMS, WX

6750 SUMM=5UMM+ vVALM

6760 PRINTAZ, "cutput™; PADDRS:SPOSS  "v,i control string for Pos Curr

6770 NEXT )
6772 PRINTH2, "OUTPUT™ XADDRSE, " RONIX" ‘channel #3: hest disaipation
6774 FOR Ji=1TO D : NEXT I1 Pae 25 oo delay

G776 PRINT#AZ, "ENTER": XADDRS

6775 INPUTHI, BEMS: HEAT = ARSI 000N C*VALMMIDSEMS NXM)  "total m™W heating
GBI PRINTAZ, "OUTPUTS XADDRS, " RON4X" "exit 5T/B in chann. #4

6780 PRINT#Z,"output® PADDRS: " V.001LO0OIWIX™  “seta very low curr

6785 [F AUTODATA=0THEN PRINT#, “ouipu™ PADDRS "FIX®  "twea off curr
G790 SUMY = SUMD/NIILT: SUMY =S5UUMY MFILT: SUMZ=58TMINFILT: SUMM=51TMM/NFILT
500 SUMDEVY=0 "Mow cale Std Dev of YD from SUMY

5510 FOR J=1TO NPILT

6820 SUMDEY =5UMDEV + (SUMY-YINI)"2

G830  NEXT )

G40 MDEY=NFILT-1: TF NDEV=0THENM NDEV¥=1

GB50 QY =S0QR(SUMDEV/MNDEV} " "Cuality of ¥ defined as Std Dev(¥)

6360 RETURMN

GE70 "

BEED "

TOO0 == MEASURE CIRCUIT RESISTANCE (HIOH CURRENT MODE) ***

T002 IF MODES="L" THEN INPUT "Remove | kOhm resistor and preas BTN, DUMS
T00s CLOSE ‘clowe any open files

THO GOSUB 4850 == catsblish communication with Peraoaaldis

T020 GOSUE 5050 '-— put instruments in EEMOTE mode & give addresses

030 '— for K-224: KO=awnit mstruc complete, G5 =readoutiv,i

740 PRINT#2."OUTPUT".PADDRE " RIX™ “Ri=asulo-range

7045 PRINT#Z,"OUTPUT" XADDRS: " RONIX"  “display heating @ contacts

T050  INPUT" What i3 EST RESISTAMNCE of cirewt (ohma)y ? " 5TDER

TO55 RADD=129: IF STDRE=_1 THEN RADD=.2

T  INPUT" Trial CURRENT (ampa) o Start with 7 = CTTRI

Ty YosCURIMSTDE 4+ RADIN®1.2: VOS=STRIVD

75 CURI$=STRS(CURD

TR0 S3=" VT VIS4 +CURIEH"WIXE

TR0 PRINTSL"OUTPUT™, PADDRS, 35

RS PRINTH,-OUTPUT®,PADDRE," FIX"

TIOZ FOR I=1TO 14000: MEXT I " 2580 wail before read

TI110 PRINT#2."BENTER";PADDRS
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TI20  INPUTH, VPS,CPS * read pwr supp output v,i

7122 IOCTLA2, "BREAK"

7125 PRINTA#2,"OUTPUT";PADDRS;";FIX"

TG ROIRC=VPS/CPS

T140 PRINT Meas'd circuit ¥, 1 = * VPS,CPS: :PFRINT" ==2> R= ",RCIRC
7150 INPUT" D you wish to step up ¥ 10% per atep? < Y for yea =" YISTPS
Tiad IF YESTPS="Y" THEN GOTO T1T0 BLSE GOTO 7330

TIT0  PRINT" Vivalw) Trampa) Ri{ohms) < ENTER to continue > *
TR0 V0= VPS: (D=CP8

7190 V1=1.1*"V0 C1=1.2*C0

T145 © V1 = 000001 *INT(L000000%* V1 + .51 C1= 000001 *INT (100000041 + .5
THN Y15=8TR¥VI: Cli=STRHCL

TIO  SPS="V"+V1§+"I"+CL3+"W3X"

TII  CENS=TVH VIS4 LT+ CIE4+"WIX"  'meg not used here

7130 PRINTAZ,"OUTPUT™;PADDRS;SFS

THL PRINTH2, TOUTPUT™: PADDERS: ™ FIX*

T250  FOR J=1TO 14000: NEXT ] * 2 Saee wait before read
260 PRIMTA2,"ENTER";FADDES
TEI INPUTHS,VPS.CPS " read pwr supp output v i

T3 IOCTLAL, " BREEAK"

7280 PRINT#Z,*OUTPUT"PADDRS, ™ FOX"

T290 RCIRC =¥ES/CPF5

Ti) PRINT.VPS,CPS.RECIRC,: INPUT® " YESTPS

TI0 IF YESTPS =Y~ THEN GOTO 7320 ELSE GOTO 7330

TI20 GOTO T "Loop back for another atep-up of ¥

7330 TP MODES="L" THEN INPUT *REINSTALL the 1 kOhm resistor and press RTH" DITME
T340 RETURN

T -

THN =% Limd Control Parnms for Curr (-22L) e

T505 TP MODES="L" GOTO 7530

7507 "  HIGH Current Output Range ..

750 VP =1.05*XC*RCIRC "sel voltage limit 3% over min for cure & resis
TIH CPE=STRIQC) : CHE=5TRE-XC)

7540 VPS=STREVI) : VNS=STR$-VP}

T550 SPOSE=";V"+ VP +"I"+CPS+"WIX"

THEE SHEQS= " %"+ vWHNE+ 1" +OME+"WIX"

7570 RETURN

7580°  LOW Current Output Range ..

7500 VP=XCH1000+RCIRC) ‘Ohms Law

7600 TF VP> 10 THEN VP=10 “limit to 10 Volts

7610 CLIM=1.1*%C “act current Limit 10% over expected output

TE20 IF CLIM < .0 THEM CLIM=.001

7630 IF CLIM > .01 THEN CLIM=.01

T638  CPS=STRYCLIM) : CHNS=5TRE(-CLIM)

T840 GOTO 7540

T650

SO00 mmmnE PMERGEMNCY CURRENT SHUTDHIWI *#e*es

F010 PRINT#Z, *OUTPUT: PADDRS; " FOX" "mum off curreot

2020 BEEF: BEEP; BEEP

3030 LOCATE 25,1 INPUT"EMERGENCY CUREENT SHUTDOWN | Press < BTN > to continue or enter < Q> to stop == > "R}
5040 II' RS ="0Q~ THEN EMS5="0Q" : RETURN 2080

3050 TF R§="q" THEN EM55="0Q" : RETURN 3080

2060 PRINT#2, "OUTPUT" PADDRS; - F1X"® "resumie with corrent
F06S GOSUR 4050 "pestore message Al boltormn of screen
BOTD GOTO 6620

BOS0 RETURN 346 "to scan finished

8100 BEEF: BEEF: BEEF

2105 LOCATE 25.1: PRINT * ks

10 LOCATE 25.1: INPUT"EXCESSIVE HEATING DETECTED | Eater & new heat limit (m'W) or O to stop === ", HLIMIT
8120 IF HLIMIT « ={ THEM RETURN 344 "to acan finished

130 GOSUR 4090 reatore measape at bottom

3140 GOTO 1790

R150°

SO00  *** [ AKESHORE TEMPERATURLE CONTROLLER PARAMETERS *=*

S010 PRINT#2,"REMOTE" . TADDRS

H20 PRINT#2, "QUTPUT™, TADDRS " FORF1AKFIAQ" *Display Units

H30 IF T3> =45 THEN PRINT#2,"OUTPUT"; TADDES: " RINSDO.OWE  "Controd Setungs
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M35 IF T<d48 AND T> =19 THEN PRINTAZ, "OUTPUT"; TADDRS, " RA10DO, 5W0™  "Med, heat
%037 IF T < 19 THEN PRINT#Z,"OUTPUT®; TADDRS,";R3I10D1 .0W0" *Low hest
040 I T =130 THEN PRINT#2,"OUTPUT™; TADDRS.";P10" “Gain Setting = 10
3050 IF T> =65 AND T< 130 THEN PRINT#2,"OUTPUT", TADDRS;";P6.0" "Clain =
9060 IF T =25 AND T< 65 THEN FRINT#Z, "OUTPUT"; TADDRS;";F3.0" "Ciain = 3
9070 IF T <25 THEN PRINT#2,"OUTPUT", TADDRS;";P0.5" "Gain = 0.5

S0R0 TC =T+ SQR(ABS(T)/ 300 *TCDEL '"Calculnte the Set Point

9083 IF ABS(T) > 40 THEN TC=TC+ .00847*ABST) +1.308  "COR Correction Factor

2084 IF ABS{T) < =40 THEN TC=TC+ .0417T*ABS(T) "CGR Correciion Factor

S0 IF TC< TC1 THEN TC=TCl ‘Minimum Set Point Allowed

9100 IF TC > TC2 THEN TC=TC2 ‘Waximum Set Point Allowed

9110 TCS =~ 5" + STRS(INT{10=TCy/ 10)

9120 PRINT#2, "OUTPUT™ TADDRS; TCS "Sel Point Temperature

9130 RETURMN

Yy END

Appendix C. I-V Acquisition Program
10 DEPINT I-14
20
3|:| FoEEE mms i
40 e FRITHLEY 570 SYSTEM =%
50 r+++ PERSOMAL43E DATA AQUISITION *==
100 " X-VOLTAGE {T) IS STEFPED, AS CONTROLLED BY E-228 Power Supply
105 * Program cperates digital Pwr Supp in Curr-limited mode with 10% spare V
106 ° K225 mini atep ia /1000 of any Full Range ¥ 1, 107 0.1, 1, 19
107 * There is provision (Menu step 13) for manual search for ~Ic
110 * ACQUIRED X1, X2 AND Y DATA UPON SPECIFIED Y-VOLTAGE CRITERION.
120 * DATA STORED TO ASCTI FILE. PLOTS AUXILIARY DATA FILE FOR COMPARISON
130 " COMMAND B3 SEMT TO Y-DVM (FOR K-151 TURNS OFF DIGITAL FILTERING)
131" MANUAL IMITIATION OF IV SETS. X1 data assumed to be Temperature
133" CALC 51 Dev OF ¥-DATA FROM V-AVG, AND SAVE (unlike previous EMS Dev)
134 *  WITHouw {CURR=0) PAUSE AFTER EA READ: (po JP function)
135" TUsca both + & - currents (like previous DA-TVOT.. programs)
136 === MINIMUM SWITCHING Version; Stays in OFPERATE mads untl Scan Fmished

137 ie: Reduces curr 1o low ON valug al end of ca sct of afhlt readings,

138 ° but doea not go to Standby mode until end of whole Scan series.

140 "TWO RANGES: Mow has & low curreat output mods (MODES ="L") sllowing
145" outputs betwesn 1 uwA and 10 mA unavailable m the previous

130" version. This is achieved by usz of a 1 kOhm S1d. resistor

135 * and utilization of the voltage limit mode of the K-223.

160

200 e WA TN PROGRAM =

210

) GOSUR 400 "— SET DEFAULT PARAMETER VALUES —

125 GOSUBR 4150 '-— READ IN FILE OF 5ETUP AND GEAPHICE PARAMETERS —
230 GOSUB 700 - SION-OM & HARDWARD SETTINGS MENU -

240 GOSUB 1000 '— SETUP PARAMETLERS MENLT -

5 GOSUB 4500 '— STORE SETUP AND GRAPHICS PARAMS TO FILE —

250 GOSTTR 16N e DATA ACQUISITION INITLA LIZATION -

255 FOR XC=XMINC TO XMAXC STEF DELX ===3TEP 3CAN X-FARAMETER
258 GOSUB 7500 © Get Parr Supp control params SPOSS, SNEGSE from XOC, ROTRC
260 GOSTUE 1750 '— TAKE ONE FILTERED DATUM-THERMAL EMF —

X0t GORUB 3550 "— CHECK POR KEYBOARD INTERRUPT —

300 GOSUB 3750 "= CALC. TEMP. FROM THERM, CALIERATION -

30 IP IDATFLG =1 THEN IDATFLG=0: GOTO 310

302 ' GOSUB 6200 ‘- Test TEMP. for desigoated intervalee:

310 GOSUB 2000 ‘- PRINT DATA TO DISK ==

320 GOSUR 2700 '— PLOT OR PRINT DATA TO SCREEN —

330 GOSUR 3550 '— CHECK FOR KEYBOARD INTEREUFT —

332 IF VY = =DELY GOTO 10 : PRINT ™ Exceeding Y-[.omat ! 'End Scan - Exceed ¥-1am
JNEXT XC  '— LOOP BACK FOR MORE DATA —

M0 GOSUR 7600 "w set K228 10 "best zero” ofT
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346 BEEF: LOCATE 24,16: PRINT®* SCAN FINISHED **;

MT GOSUD 3550 "— CHECK FOR KEYBOARD INTERRUPT -

348 GOTO 347

3% GOTO 240

s

60 === END MAIN PROGRAM ===

370

30

400 '*=** DEFINE DEFAULT PARAMETERS ===

410 CLS: KEY OFF: KEY 1,"LIST 200-360° + CHR${13)

420 DEFINT I-N

425 1D=30 D = 1400 for 25scc delay after curr-awitching

428 HLIMIT =20  “allowed safety limit for sample heating (mV)

430 DIM X {5000, Y (5000, 70500, Q500 Y D20, HS0H "DIM DATA

440 DIM V{500, T(500 "ARREAY FOR THERM. CALIBRATION TABLE{e.g. DIODE V. T)
445 DIM XG50, Y G500, 2G50, G500 'ARRAY OF COMPARISON DATA FOR GRAPHICS
450 'ON ERROR GOTO 5400 '--ERROR TRAPPING

455 RCIRC = 2 "circuit reaistance wiio etd resistor

460 RESTORE 470

470 DATA 10,1,1,1000000,0.0,1,1,1

480 READ CUR, SCALEX SCALEXC, SCALLY ,DELX,DELY,GO%,G1% NFILT “Default Parnms
49 DATA "< INACTIVE>"," < ACTIVE>"

500 READ INACTS, ACTS: GSETS=INACTS: GCSETS=INACTS

54 '— GPIB BUS ADDRESSES & METER PARAMS

505 K3="KEITHLEY 181/199/197~ - GPIB BUS ADDRESSES & METER PARAMS
506 KPE="Keithley 728 Power Supply”

507 DATA " 26=," 14", 11", 5,5,1,"L"

508 READ XADDRS, YADDRS, PADDRS, NXM MY M NPM MODES

8 M5 =KS: MY 5=K5: MP5 =K}

510"

520 "GRAPHICS DEFAULT PARAMETERS

530 RESTORE 550

540 READ XMIN, XMAX, Y MIN, Y MAX

550 DATA 0,1,0,100,0

560 READ X5,Y15,Y25, TS

570 RESTORE 550

580 READ X3, Y15, Y25, TS

590 DATA "I (Amps)™," V", " (uVaols)"," TV Curve”

&00 RESTORE 620

610 READ DXPD DYPLIX, XPINO, YPIXO ‘AXIS CONTANTS IN PIXELS
620 DATA 550,300,40,15

630 RETURN "TO MAIN PROGRAM

640 *

G50

TO0 *++* SIGHN-ON HARDWARE SETTINGS MESSACE ===

T10 CLS: PRINT CHES(T)

TH PRINT:PRINT = *** HARDWARE SETTINGS ***

T30 PRIMT * 1 X-INPUT: GPIB Address: " XADDRE:™  Meter I " MXS
740 PRINT * 2; Y-INPUT: GPIB Address: *:YADDRS;"  Meler 1D “/MYS
747 PRINT " 3; P-INPUT: GPID Address; ";PADDRS:® Pwr Supp ID: ", MP$
T50 PRINT: PRINT

T52 PRINT * Meter Setup: X channel #1 < === Thermometer Vollage Signal”
T3 PRINT * X chunnel #2 < === Sample Curreat 5td. Resiator”
755 FRINT * X channel #3 < === Sample Hest Dhiasipation Signal®
756 PRINT * Y veltmester < ===7 Sample Volage"

755 PRINT

760 INPUT"ENTER SELECTION # (< C/R> TO CONTINUE): ", ICODE

0 ON 1CODE GOTO 790,810,840

780 RETURN "TO MAIN PROGRAM

¥ INFUTTENTER NEW GPIE ADDRESS FOR X-INPUT: " XADDE

T GOSUR 850 "— MPTER D CHOICES FOR READING STRING MASKING
792 INFUT*ENTER X-INPUT Meter ID CODE (DEFAULT = PREVIOUS): " NMT
T8 IF WMT < =0 THEN NM=NMT ELSE 300

To6 GOSUE 200 MIXCE=MS: NXM=NMSK '— ASSIGN METER ID} NAME & MASKING DATA
800 XADDRS =3TRIXADDRY: GOTO T2

810 INFUT"ENTER NEW GPIB ADDRESS I'OR Y-INPUT: =, YADDR

§11 GOSUB 350 '— METER 1D CHOICES
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212 INPIIT"ENTEER Y-INPUT Meter [ CODE (DEFAULT = FREVYIOUSY) " Nh{T

514 IF NMT < >0 THEN NM=NMT ELSE 520

B16 CHISUL QO MY S =% NYM=NMSE "-- AS50GN METER [T NAME & MASKING DATA
B0 YADDRS=STRSYADDR): GOTO 720

B40 NPT ENTER NEW GPIB ADDRESS FOR P-INPUT: ".PADDE

B41 GOSUE 850 '— METLER ID CHOICES

842 INPUT*BENTER P-TNPUT Meter [D CODE (DEFATILT = PREVIOUS): " NMT

B43 IF MMT < =0 THEM MM=HNMT EILSE 548

4 GOSTUE M- MPS=8% MNPM=MNMSK "— ASSIGH METER ID HAMI & MASKING DATA
A PADDRS =STRYPADDR) GOTO 720

49 0

A50 0 wee 4 CRIGN STRING MASKING PAFAMS FOE MUETERS **®

B54 PRINT ™#*** Meter I Coxles ==

55 PRINT® 1: KEITHLEY 151,199,107

355 PRINT® 2: FLITKE 25404,

257 PRINT™ 3: Keithley 228 wr Supp

S0 RETTIRN

870 -

RRO -

B

Lo "eer b SCTGH METER 1D MAME ==

D10 OM WM GOTO 930, %0950

O PRINT CHRY(T): PRINT "< < < WRONG METER [D > =" RETURN 220

033 ME="KEITHLEY 181/1%/ 197" MMSK =5 RETURY

i WM ="FLLUKE 88404"; NMSK=1; RETTIRN

Q50 ME="KEITHLEY 728 Pwr Supp”: NMSK=1: RETURN

960 *

1080 SCREEM 0 CLS

1010 COSUR 5500 "— [NCREMENT EXTENSION OM DATA FILEMAME

1020 PRINT: PRINT: PRINT ° wed CNTIP PARAMETERS for DA-IVT ##+ F

1025 IF MODES="L" THEN PRINT * WABRNING : INSTALL | kUhm Std. Besiator at K-225 Chaput |7 BELP
10 PRINT " 1@ FILEMAME OF SETUP AND GEAPHICS PARAMETERS TO USE: " PIUFLE
1040 PRINT " 2: FILENAME OF SETUF AND GEAPHICE PARAMETERS TO SAVE TO: " PSFLE
LO50 PRIMT * 3 ¥2-%OLTAGE SCALE FACTOR (Signal/Meas W oor LISTD ohms): " 5CALEX
1063 PRIMT * 4: X2-S5IGHAL RANGL/STER SIZRE (Ampa): " XMINGC, "o XMAXC " DELX
LG PRIMT ® 5 Y-VOLTAGE SCALE FACTOR (Signal/blzas Vi " 50ALEY

1075 PRIMT * 4 Y-SIGMAL LIMIT: ":DELY

1090 PRINT = 7: DATA FILENAME: ";DNM3

1095 IF DNMS="" GOTO 111D

[I02 PRIMT = TITLE: " TITLES

1110 PRINT " §: THERM. CAL. TABLE FILENAME {for X1-signal conversion): " THNMS

112 IF THNMY="" GO 1120

1115 PRINT = TITLE: ";THTTL}

1120 PRINT " & TEMPERATURE INTERVAL BET'WEEN DATA; " LT

1125 PRINT "10; MO, OF SAMPLES IN DIGITAL FILTERING: =;KE1LT

1130 PRINT "11: SCREFEM GRAPHICS PARAMETERS SETVUR: " GEETE

1135 PRINT *12: EXIT THE FROGEAM

1137 PRIMT "13: Teat circuit Ressstance, of Sampls Tz, Present Reire= " RCIRC

1140 PRINT "14: Te Operating Range (H, > Tmas T, <10may " MODEY

1145 PRINT "15: Maxinam Heating Allewed (V) " HLIMIT

1147 PRINT

LES0 INPUT " = FMTER SELECTION # (< C/R > TO EXBECUTER = 1C00DE

160 OM TCOTR CROTO 1400, 140 1290 1310, D180, 1200, 1220, 1350, D460, 1380 1330,1335 1450, 14%1, 1325
1170 RETURM "TO BiAIN PROCIRA R

10 INPUT = ENTER ¥-YVOLTAGE 5CALLE PACTOR (Sigonal/Voweas): " SCALEY

1180 GOTO FOZ0

1)) IMPUIT = ENTER Y-81GMAL LIMIT: " DELY

1210 CRFTCr 10260

1720 INPUT ° INPUT DATA FILENAME (EXT .DTa WILL BE ADDED [F NOT ENTEREDY; ".DNM%
TR DMME="" THEN 12580

1240 PRINT® ENTER 40 CHARACTER DATA SET TITLEDEEAULT =PREVIOUS): " TMPLT" ", DUIRE
1250 IF DUMES="" THEN 1270

1260 TITLES=DUM$

1270 FOR J=1 TO LEM(DNMS): [P MIDSDNMS 1< ="," THEN NEXT I E1SE 1250

1272 DNMS=DMNMS+".DT0"

1280 GOTO 1020

1290 T™PIIT® ENTER X-WOLTAGLE SCALE FACTOR (Signal™vmeas): ™ SCALEX
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1306 GOTO 1020

1310 INPUT* ENTER X-SIGNAL RANGE & S$TEF SIZEQCMIN, XMAX STEP{sba Ampal): " XMINC, XMAXC, DELY
1315 * INPUT" ENTER X-SIGNAL BACKSTEP (FRACTION OF CURRENT X): " XOFFC

1320 OGOFTCr 1020

1325 INPUT™ ENTER MAXIMUM HEATING ALLOWED (mW): =, HLIMIT

1326 GOTO 1020

1330 GOSUB 2250 'Define Graphics Pararnctess

1332 GO0 100

1335 GOSUBR 4500 END  ‘— STORE PARAMS TO FILE AND EXIT

1340 GOTO 1020

1350 INPUT" ENTER THERMOM. CALIB. TABLE FILENAME(EXT .CAL WILL BE ADDED): * THNMS
1360 IF THNM$="" THEN 1370 ELSE THNM$ = THNMS$ +" CAL"

1365 GOSUB 3900 *— READ IN THERM. CALIB. DATA —

1366 INPUT" ENTER VOLTACE SCALE PACTOR {signal’volage): ", SCALEZ

1370 GOTO 1020

1380 INPUT" ENTER NO. SAMPLES IN DIGITAL FILTERING: " NFILT

13%0 GOTO 1020

1400 INPUT " ENTER FILENAME FOR SETUF PARAMS. TO USE(IXXT .PAR WILL BE ADDED): " PUFLS
1410 IF PUFLS = ** THEN 1420 ELSE PUFLS =PUIL$ + " PAR"

1420 GOSTIR 4150 GOTO 230 "—READ [N SETUP AND GRAPHICS PARAMS

1430 INPUT " ENTER FILENAME FOR SETUP PARAMS TO SAVE TO [ _PAR WILL BE ADDED): * PSFLE
1440 IF PSFL$="" THEN 1450 ELSE PSFLS=PSFLS+" PAR"

1450 GOTO 1420

1460 INFUT = ENTER TEMPERATURE INTERVAL BETWELN DATA: “TELT

1470 GOTO 1020

1480 GOSUB 7000 'Check oul sircuit resistance

1450 GOTO 10

1491 INPUT * ENTER OPERATING RANGE (H, >1mA; L, <10maA): ", MODES

1492 IF MODE$S="H" THIN GOSUR 1800: GOTO 1020

1493 TP MODES="1" THEN GOSUB 1810: GOTO 1020

1494 PRINT "Error” : BEEP : GOTO 1491

1495

1436

150 "#+* OPEN DATA FILE ===

1510 IF DNM$="" THEN 1550

1520 OFEN “0° #1, DNMS

1530 PRIMNT #1, TITLES

1540 PRINT #1," LA} uVelts T(K)  Std DeviV} Heating(mW)"

1550 RETURM

1560 °

1570

T == NITIALLAATION FOR DATA ACQU, #4
1605 CLOSE e Cloas any open {iles

1610 GOSUB 4050 *—PRINT MESSAGE AT SCREEN BOTTOM

1620 I=0 ‘INITIALIZE DATA ARRAY INDEX

1626 XOFFV = 2047 *---COUNTS FOR ZERO CURRENT THERMAL

1630 GOSUE 4850 *— ESTABLISH COMMUNICATION W/PERSONALASE
1640 GOSUB 4950 *— SIGNON MISSAGE

1650 GOSUB 5050 *—ASSIGN REMOTE MODE ADNDRESSES

1657 'GOSUB 5700 °— INITIALLZE FOR ANALOG GUTPUT xx oot used here
1660 FLGS="L" "IN[TIALIZE FOR DATA SCREEN PRINTOUT

1680 GOSUB 1500 '-— OPEN DATA FILL

1647 PRINT#Z,"output™; ADDRS:"N2X"  ‘Channel#? for Tsam std-R
1690 TVXFLEO=0 '- FLAG FOR FIRST TIME THRU

1700 PRINT "***Beginning Dnta Acquinition ===~

1706 PRINT = & [(A) v Sud Dev(™y  T(K)  Heating(m'W)*"
1710 RETURN TO MAIN PROGRAM

1720

1730

1750 ' *+»+ TAKE DATA SAMPLE ===

1760 '— PR INPIIT —

1770 GOSTTE 6400 '--—- FIND AVG OF NEILT GPIE REATMGS

ITH) VX = ABSSUMY*SCALIEXY: VY = ABSBUMY *SCALEY): VE=ABSSUMIrSCALET)
1TES IF HEAT > HLIMIT CGOTO 5100 'Pacessive heating detecied

1T RETURN "TO MAIN PROGRAM

1800 SOTND 3340, 15

1802 INPUT = REMOVE 1 kODhm Std. Resistor then press BTN, DUMS
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1305 RETT/RN

LAI0 SOUMD 550, 15

1815 INPUT = INSTALL 1 khm Std. Resiator then press RTR™ DUMS
&2 RETTIRN

1830 -

140 "

200 " w+ PRINT VAILLES ON DISE #4%*

2000 I=1+1: X{O=VX: Y{H=VY: QI =0Y: HO=HEAT 'INCREMENT INDEX
2020 IF THHNMS="" THEN &M =VZ; GOTO 2040

2030 AN =T

2040 IF DNME =" THEMN 20

2050 PRINT #1.XTY M ZM: QM HD

2060 RETURM "TO MAIMN PROGRAM

20Ta

080

2100 F ower TEST T REDBEFIMNE QLOBAL GAI *#4*

ZL10 TR WTST > =5 THEN % =1: GOTO 2150

2120 IF VTST = =7 THEN G% =2 GOTO 2150

1M T WTAET > =1 THEN G% =5 GOTO 2150

240 (1w 10

2150 RETTRN

2160 TF VTSTS="VX" THEN GT% =G%: GOSUD 1790 RETURN "CHANGE TO NEW X-GAIN
2170 G5 % =G %: GOSUR 1790 "CHANGE TO NEW Y-OaIM

2150 RETURN

20

22000

D250 e GRAPHICS PARAMETIRS ##&

2260 GEETE=ACTS "SCRLELEN GRAPHICS ACTIVE

2270 PRINT: PRINT: PRINT" sam L REREN GEAPHICS PARAMETERS ***
2280 PRINT® 1@ T-axas Imm, Joaax: ° CRAIN, WEACK

2290 PRIMT™ 2 V-axia Vmin, Voax: " Y MM, YAMAX

2300 PRIMT® 3¢ [-nxin Inbel: = X%

FADPRINT" 4; Wemzxdn Isbel; = Y15 Y28

2320 PRINT" 5: Graph Tatle: ® TS

2325 PRINT" ¢ COMPARISON DATA SET FILENAME: * GCOMFLS
2326 PRIMT®  TITLE: *,GTTLS

2327 PRINT® 7' VIEW COMPARISON DATA 5ET; =, GOSETS

2330 PRINT

T3 IHPUT" = ENTER SELECTION & (< (O'R > TO MATN MENTD: " ICODE
1350 ON ICODE GO 2370, 2300, 24 10,2430 2470, 2441 2485

T30 GOTO 245

2370 IPTIT® ENTER l-axes Tovan, Toam: " 2CMIN, XMAX

L3 GOTO 2270

FAG INPUT™ EMTER V-axie Venin, Ymax: ", TMIN Y MAX

LA GOT O 2370

2410 INPUT™ ENTER I-axie label: = X%

24200 CHNTC 2270

2430 INPUT® ENTER V-axas label: *¥5%

ZHMOFOR F=1 TO LEN®YS): IF MIDS™YS,F, 1< = 7" THEN NEXT !
250 Y15 =LEFTEY S I-1: T=LERO -0 41 YIS=RIGHTE 5.
2460 GOTO 2270

2470 IMPUT" ENTER Ciraph Title: °, TS

2450 GOTO 2270

2B INPUT™ ENMTER DATA SET FILENAME: * GODMFLS

QAR GAOSUTR 5300 GOTO XY "READ IN DATA SET FREOM FILE
2483 INPUT® VIEW PLOT OF DATA SET {Y=YESIT: ".ANSS

2484 TP ANSS="Y" DR ANSS="v" THEN GCSETS=ACTS EL3E GUEETS = NACTS:ZOTO 2270
A GOSUR 2490 'DREFIME GRAFPH AXES RAMNGHS

ARG GOSUB 3900 PLOT DATA 5ET

AT CHOSUTE 4111 "PRINT MUESSAGE AT SCREEN BOTTOM

2480 IF INKEYS="" THEN 2448 LLSLE $CREEN 0: GOTO 2270

I4En e

A X ENG =X MAX- X MIN: YEMNG =Y MAN Y MIN

2500 XMINS = STRSCIMING: XMA XS = STREXMAX)

25010 Y MINS = STREY MIN): ¥ MAXS = STREYMANX)

IR200FOSTIR 2610 GOSTUE 2660 "DEFINE FPURNCTTION T CATC CODRD M PINELS
2530 RLTURN
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2540 -

7550 "

2600 "+++ FN TO CALCULATLE Y [N SCREEN PIXLLS ===

0 DOE FNY PO VAR, Y MIN Y RNG, DY PE Y PO =0 VA R-Y MNP DY PTY RN G 45 POO + DY PLX
26H) RETURN

2630 °

2640 "

2650 === N TO CALCULATE X IN SCREEN PIXLLS =*=

2660 DEF FHNXPDIOC VAR XMIN XENG, DXPIN, KPR = (XY AR-XMINPDXPTN N ENG+ X PO
2670 RETURM

2EE0 "

2690

TI00 - w== PLOT OF PRINT DATA *+*

710 TF INKS < = 1" THEN IF INES< > 1" THEN 2740

2T IF FLGS="L" THEN 730

TTH FLGS ="1L7; GOSUR 3050 GOSUD 4050 RETURN 'LIST DATA TO CURRENT 1
T740 1F GSETS = INACTS THEN 274

750 IF INK5S < > "P" THEN IF INKS< >"“p" THEN 2780

760 IF FLGS="P" THEN 2800

7770 FLOS = "P*: GOXUR 1900; GOSUD 4050 RETURN 'FLOT DATA TO CURRENT I
2780 TF FLOS < > °1.° THEN GOTO 2790

2781 PRINT USIMNG " #4¥ =;1;

2782 PRINT USING " +404, Saaddd = X0

TR PRINT USING ° +# fddsss > =y,

2TR4 PRINT USING " &8¢ g ZiD HiD

2TH5 RETURN ‘TO MAIN PROGRAM

T IF GSETH=IMACTS THEN 2840

2R00 X P= FNXPIXCUD, X MIN, XRNG, DXPD, XPIX0

TRO5 17 XP > 10000 THIEN 2840

2810 ¥P=FNYPI Y)Y MIN, YENG, DY PIX, Y PIXD

2415 IF ABSOYP) > 10000 THIEN 2540

A0 PSET (XP.YP "PLOTS POINT

TA30 IF THNMS = = GOTO 2840

2433 LOCATE 1,67 PRINT"T="INT{ID " K ™

2836 LOCATE 24,1

27540 RETURN "TQ MAIN PROGRAM

2850

2860

2000 * *** REFREFSH PLOT OF DATA UP TO CURRENT POINT ===
20 CLS: GOSUEB 3150 GOSUE 33 'DEAW AND LABEL AXES
W PFORI=1TO1

2930 XP=FNXPIX X, XMIN XBNG, DX PIX, XTFIXG

2435 IF ARSXPF) > L0000 THEN 2970 "= FT OUT OF RANGE
2940 Y P =FNYPIX(Y{D, Y MIN Y RNG, DY PR YPDOO)

945 IF ABSCYP) > 10000 THEN 2970

2950 "CIRCLE (XP.YF.3

2960 PSET (XP.Y1)

2970 MEXT I

2975 IF GOOMFLS="" THEN RETURN

2976 I GCSETS=ACTS THEN GOSUR 5520 ° PLOT COMPARISON DATA
2980 RETURMN

3000 "

3010

050 "+ PRINT DATA ON SCREEN ===

306d) SCREEN O CLS: LOCATL 23,10

3066 PRINT = & LAY v Sid Devivy  TOK}  Heating (mWh"
0 I =120 1IF J1 <0 THEN 11=1

1080 FOR 1=J1 TO |

1091 PRINT USING = #8# ".I;

1097 PRINT USING ™+ &4, saagds = 30,

3093 PRINT USING = +#. 888" Y (N.Q0L

00 PRINT UISING = ### Addss™ 2o 1T

300 NEXT T

3110 RETURN

3120 "

3130

3150 "*+* SUUB TO DEAW GRAPFH AXNES *+*
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340 SCREREN % *HI RES GRAPHICS SCREEN

370 CLS

F1E0 PSET (10,15

3190 DWHN =300 RGT=550: TICKU=3) TICKR=55: ZERO=0

3200 FOR J=1TO 10 DRAW D =TICKU;NM+350,0;": NEXT | '--—-LEFT YERT AXIS
3210 FOR J=1 TO 10 DRAW B = TICKR: MM +0,-300;: HEXT | '-=-RBOTTOM HORIZ AXIS
3220 DRAWTTT =DM, L= RGT,"

I230 RETURN

340

3250

FHM) 44+ SUB TO LABEL AXES ==*

3310 1F LENCKS) = 60 THEN X5 =LEFTSXE &0 "TRITNCATE IF TCO LONG
3320 XAX =44 S LENKS

330 LOCATE 24, X AX: PRIMNT X5;

3340 IF LEN(Y1%5) > 9 THEN Y15=LEFTS(Y13$.9) TRUNCATE [F TOO LONG
3550 TAXN =5 5*LEMNMY1E

3360 LOCATE 12, TAX: PRINT Y1%;

JATO P LEN(Y2S) =9 THEN T25 =LEFTS25.9)

FIH0 TAX =5- 5*LENY 251

3390 LOCATE 13, TAX: PRINT Y25

MO0 IF LEN(TS) > 70 THEN T$=LEFT${T5,70 ‘TRIMNCATE IF TOO LONG
MO TAX =44- 3*LENTH

20 LOCATE 1, TAX: FRINT TS,

I LOCATE M, 12-LENXMING: PRINT X MINE:

T0 I XMAXSE =" THEM 3460

3450 LOCATE 24,81 -LENIMAX S PRINT XMMAXE;

3460 LOCATE 23, 10-LEN(Y MINS): PRINT YMINY;

70 LOCATE 2. 10-LENY MAXS): FRINT YhAXS:

3450 RETURMN

3490

35007

3550 © wem o[y TO CHECK EEYBOARD STATLS =*®

1560 INE =INKEYS

3570 IF TN§="" THEM RETUEN

3575 IF IN$=CHR4(13) THEN 255 '--INTTIATE ANOTHER SET OF READINGS
3580 IF IN$=CHES(13) THEN IDATFLG=1: GOTO 3710 "MANTUAL TRATA STORAGE
3560 INKS=IN%

600 17 INES < =m0 AND INES < >"g" THEN 3480

3610 IF DNMS="" THEN 3630 'DATA FILENAME

3620 CLOSE #1; GOSUR 000 '—REWRITE DATA TD FILE IN 8TD FORMAT
3630 SCREEN 0; INPUT "ANOTHER DATA SET (Y =Y RSN ANSZE

3640 IF ANS23="y" OR ANSIS="Y" THEN 35670

3550 0N DREROR GOTOO0  'DISABLE ERRDR TRAFFING

3550 CLS: BND

36T CLOSE: RETURN 240 'TO MAIN PEOGRAM AT MENTT

J6A0 IF INKS < > "P" THEN IF INKS< > "p" THEN RETURN

50 TF INES < = 1" THEM II¥ INK%«< = "1." THEY EETURN

3700 RETURNM 320 "TO MAT PROGRAM AT PLT OR PRNT DATA

A710 RETURNM 260 "TO MAIN FROGEAM AT TAKE ONE DATUM

Ll

ETEIN

I750 === S1[E TO INTERFOLATE TEMPERATURES FROM DMODE T,¥ TABLE =**
3760 IF THNMS =" THEN RETTTEN 'TO MAIN PROHGEAM

ITOVEC=VE

ITRONLO=|: NHI=MDATA "'LOW AN HI INDICES OF TABLE DATA

I7%) N=(NHI+NLO)2 'INTEGER DIVIDE "TABLE INDEX T{ BE COMPARED TO DATUM
300 I VE< VD THEN NHI=N: GOTO 3520

IO NLO=M

L] IF NHE< =MNLO+1 THEN GOTO 37%)

3830 T=T{MNHI + (VZ-VIHD P TEHD TINLOD O INHD-Y N LO)

1840 RETURN

1850

FE60

00 44+ SR TO READ IN THERM. CALIB DATA +++

30 IF THHNME="" THEN RETURN

3930 THNMTS=THNMS

31940 PRINT"*** Reading in therm, calibration tsble ***°
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3950 OPEN =17, 41, THNMS

3952 INFUT#1, THTTLS "—TITLE OF DATA 3ET

39650 INFUT #1,NDATA

3970 FOR I=1 TO NDATA

9RO IMPUIT #1, V(. T(T)

3990 NEXT ]

4000 CLOSE #1

410 RETURN

4020 ¢

4030 °

050 “#==* PRINT MUSSAGE AT BOTTOM OF SCREEN *%*
4060 TF GSRTS=ACTS THEN )

470 CLS: LOCATE 25.1: PRINT"PRESS: <C/R> STORE PT. <Q= QUITT,
4080 LOCATE 1,1: GOTD 4110

4090 LOCATE 25,1: PRINT"PRESS: <(/R> STOREPT. <Q> QUIT <P> FLOT RESTORE <L> LIST™
4100 LOCATE 24,1

4110 RETURN

4111 LOCATE 25.1: PRINT® PRESS <C/R> TO CONTINUE",
4112 LOCATE 24,1

4113 RETURMN

41H0 "

4130°

4150 "*== READ [N SETTF AND GRAPHICS PARAMETERS ***
4160 1F PUFLS="" THEN RETUREN

4170 OFEN *1* 41, PUFLS

4150 PRINT"*** RETRIEYING PARAMETERS FROM: ", PUFLY; " ***°
4190 "--SETUF PARAMETERS

4195 INPUT #1,PSFLS

4200 TNPUT #1,5CALEX

4205 INPUT #1,RCIRC

AT INPUT #1, X MIMNG XMANXC DELX

4310 INFUT #1 XOFFC

4720 INPUT #1,5CALEY

4230 INFUT #1 . DELY

4240 INPUT #1,DNMS

4250 INPUT #1, TITLES

4260 DUMS =TITLE}

4270 INPUT #1, THMMS

X7 INPUT #1,5CALLT

4778 INPUT #1,DELT

4230 TNPUT #1 NFILT

4290 INPUT #1.GSETS

4300 '—GRAPHICS PARAMETERS

4310 INPUT &1, X MIN XhAN

4320 INPUT #1,Y MIN,YMAX

4330 INPUT #1, X5

4340 INPUT #1,¥1%

4350 INPUT #1.Y2%

4360 INPUT #1.TS

4370 '-—-3PIB & METER PARAMS

4380 INPUT#H X ADDRS

4390 INPUT#1. Y ADDRS

4397 INPUT#1,PADDES

4400 INPUT#1, MXS

4410 INPUTH1, MY'S

4417 INPUT#1, MP%

A4 200 INPUITA N MY MLUNEPM

#4722 ' COMPARISON GRAPHICS DATA FILE INFO

4474 INPUT#L . GCOMELS "DATA FILEKAME

2426 [NPUT#1,GOSETS "FLAG FOR GRAPHICS COMPARISON
4430 L0085 M

4415 GOSUR 3500 "—READ M THERM CALID, DATA

4440 IF OSETS = ACTTS THEN GOSUR S800: GOSUB 2490 "--READ IN COMF DATA SET
4450 RETURN

4450 '

470

4500 ~*** L2 VE SETUP AND GRAPHICS PARAMETERS TO FILE ***
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4510 IF PSPLE ="~ THEN RETTIRN
4520 OPEN "0° 41, PSFLS
4530 PRINT"*** STORING PARAMETERS TO: " PSFLS;" ***~
3540 "—SETUP PAEAMETLRS
4545 PRINT#1.PSFLS
4550 PRINT#1,5CA LEX
4555 PRINT#L ECIRC
4337 PRINTH XMINC, X MAXC DELX
4560 PRINT# L, X010
45T PEINT#L, SCALEY
4580 PRINTA, DELY
4550 PRIMNTA, MM E
4500 PRINT#1, TITLES
4610 PRIMNTAL, THNMS
4612 PRINTAL SOCALLS
A515 PRIMT#L DELT
d&20 PRINTHLLNFILT
4530 PRINT#L GSETS
452 T-—GRAPHICS PARAMETERS
4650 PRINTH1,XMIN, X MAX
660 PRIMNT#L,Y MMIM, Y WA
4670 PRINT#1, XS
4630 PRINTHL,Y1S
4600 PRIMTAL Y28

T00 FRINT#1, TS
4710 "—GPIE & METER PARAMS
4720 PRINT#L, XADDRS
4730 PRIMTHL Y ADDRS
4737 PRIMTH,PATIDRE
4740 PRINT#1 MX%
3750 PRINTHL MYS
4757 PRIMNT#1 ,MPS
4760 PRIMT#L, MY M, MY M MNP,
4142 '—COMPARISON GRAPHICS ATA FILE INFO
4764 PRINTH, GCOMFLS 'FILENAME OF COMPARISON T3ATA SET
47606 PRINT#1,GCSETS "FLAG FOR ACTIVE GRAPICS COMPARISON
4TT0 CLOSE #1
4780 RETURN

TR
43400 °
4850 ° *** Egablinh communications with Personali3s ===
4360 OPEN "DEVVEEEOUT™ FOR OUTPIT A5 #2
4570 "Resat Personalddd
dm80 ICTLAZ,"BREAK"
4535 PRINT#Z,"EESET™
4890 'Open file 1o read reapomses frov Peraonalddld
4900 OPEN “\DEVIIEREIN® FOR INPUT A% 45
4% 'Bnably SEQUENCE srror detectiom by Personala#8
4905 PRINT#Z,"FILL ERROR"
490 PRINTAZ,"TIME OUT 10°
45910 RETURM
4920
45930°
4950 " === Dead the signon and revision messags ***
494 PRINT#2,"HELLO"
4970 INPUT#3, A5
A5H0 PRIMT A%
Jl RET

00K *

00 -

S50 "4 Pyt the METERS mtc REMOTE ***

5050 PRINTAZ "REMOTE™ YADDRES
S070 PRINTA,"REMOTE™ XADDRE
5075 PRINT#2,"REMOTRE" . FADDES "E-225 Pwr Supp
S50 "RETURMN
S0R0CTRDG Awo mange X Excculs
5100 PRINT#2,"OUTPUT" XA DDRS; " ROPOX"
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5110 PRINT#2, "OUTPUT : YADDRS; ~:FOT1X" 'K-141: PO=FILT OFF,TI =FRESH RUF @ TALK
5117 PRINT#2 "OUTPUT . PALDES, " COAOKOGIN" ‘K0 =await finish; G5=v.i val read
5120 RETURN

5130 °

5140

5150

5340

5350 e+ PRINTOUT MESSAGE OR BAD READING *#+*

5360 PRINT CHRS(;: IF FLGS="L" OR FLO%="1" THEN PRINT "> = > BAD READING < < <™ RS
5370 RETURN

S350

5390

540) *+* LREOR TRAPPING ===

5410 FRINT CHRS(T), *-—-HBELL TO INDICATLE LRROR

%415 IF ERR < > 53 THEN PRINT ERH: END "—STOF AFTER ERROR
ST IF PRR < > 53 THIN RESIUME 260 '—TRY TO TAKE MORE DATA
5475 PRINT"= = BAD FILENAME < <": FOR =1 TO 100: NEXT J: RESUME 240
Sddiy -

BAE0

5500 * *+** INCREMENT EXTENSION ON DATA FILENAME ***
S510 PRINT CHR¥T)

5520 IF DNMS="" THEN RETURN

5530 FOR J=1 TO LEN(DNMS): IF MIDS{DINMS,) 1)< >*.* THEN NEXTJ
5540 )1 =LENDNMS)-T+1

5550 EXTS =RIGHTSDMMS, 1173 DNMS =LEFTHDNMS I-1)

5560 [EXT=V¥AL{RIGHTS(EX TS, 1)) TEXT=IEXT + |

S5T0 IEXTS = RIGHTS(STREIEXT), 1)

5580 EXTS =LEFTS{EXTS, 3 +IEXTS

55%) DNMS$ =DNMS + EXTS

5600 RETURN

610"

56M -

FT00 *2% ANALOHG QUTPUT INTTIALIZATION ***

5705 "—SLOT 3, CHANNEL |

$710 "CALL IONAME'("ANOUT1",3.1)

§7H RETURN

WK

5740 *

5500 "*** READ TN DATA SET FOR GRAPHICS COMPARISION #o+
S308 PRINT"*** RETRIEVING COMPARISON DATA SET #+++°

5310 IF GOOMFLS ="" THEN RETURN

S0 OPENTI™#1, GCOMI'LS

5522 INFUT#1, TTLS *—TITLE OF FILE DATA

5830 INPUT#L, NDATG

533 INPUTHL, XC(1), YG{1, ZG(1. QG0 DUMMY

SB35 XM =XG{1): XMN=XG(1): YMX = YOI} YMN=YG(l)

S840 FOR 1=2 TO NDATG

SHS0 INPLIT#L, XO(, Y O, ZO(N, QG DUMMY

5H55 TP XG> XhX THEN XMX=XG{y: GOTO 5857

5836 1P XG{I < XMMN THEN XMN = XG(I)

SRSTIP YO0 = YMX THEN YMX =YG{N: GOTO 5460

SHSH TP YOHD < Y MN THEN YMN =Y G(I

S860 NEXT J

S870 CLOSE #1

S875 PRINT™ XMIN: " XMN, "XMAX: ":XMX

SEPE PRINT® YMIN: " YMHN, "YMAX: " Y MX

FRA0 RETURN

5890 *

5900 ' **= PLOT OF COMPARISON DATA ***

5910 CLS: GOSUB 1150 GOSUB 3300 "DRAW AND [ABEL AXES
5920 FOR J=1 TO NDATG

S0 X1 FNXPIOOCGH, XMIN_ XRNG, DX PD, X PO

5935 IF ARS(XP) > 10000 THEN 5970 '-— PT OUT OF RANGE
5940 Y P =FNY PDLOY G, Y MIN, Y RN, DY PR Y PR

5945 [P ABSY P> 10000 THEM $570

5950 CIRCLE (XP. Y, 1

3960 "PSET (XP.YP)
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JTONEXT ]

5980 RETURN

3o

G000 P RREWRITE ATA TO FILE ***

6010 TF DNME =" THEN RETURN

&I OPEN"O" &1, DN

H03] PRINT " *** STORDNG DATA ARRAY TO FILE *=="

&40 PRINT#1, TITLES

&30 PRINT#1,1 "—8O, OF DATA [N SET

Gl FOR J=1 TO 1

G0 PRIMTHL, 30y (TS i

G0 WMEXT J

GUA CLOSES]

S100 RETURN

110

S0 Tvmw Tyl Tomperalure for designated interval ***

&H05 TP THNMS="* THEN RETURN '—NO THERM CALIBRATION
6210 TF IWXFLG=0THEN IVXFLG=1: TTMP=T: RETURN 'FIRST TIME THROUGH
&0 DELTT=T-TTMP

6230 IF ABS(DELTT)< =DELT THEW RETURHN 340 "LOOF BACK FOR MORE DATA
G250 TTMP=T: RETURN "TO MaATN PROGEAM, STORE DATA

260

BT

A0 * =m fmd the average of Mavg readings =

G410 SUMX =0; SUMY =0; SUMZ=0

5430 PRINTAZ, "output™;PADDES. " E0X"  'puto-range

6440 PRINTAZ, "output™ PADDRS.SPOSS  “v,i control string

6450 PRINTAHZ, "output™; PADDRS, " FIX"  “mwm co +ourr

6438 FOR J= 1 TO NFILT

G450 FOR I1=1 T I NEXT I e 25wt dclay for = 1400
5465 PRINTA2, "OUTPUTXADDRS, " RONZX™ "X channe] #2

ST PRINTHLUNTERXADDRS

S50 INPUTHS RX S VALX =VALMIDSRXE NXM))

6400 TF ABS(OYALX > 100 THEN GOSTTE 5350 GOTO 6410 "---8TART OVER — BAD REAIMNG
6500 PRINT#2,"OUTPUT" . YADDRS;"; PN "K-1&1: PO=FILTEER OFF
4310 PEINT#H2,"ENTEER™, Y ALDDRS

G5 [INPUTKIEYS: VALY = VALMIDEEY S, NY M)

G530 PRINTHZ, “ourput”;PADDRS. " V- 0011 OO0TWIX"

6540 PRINTAZ,"output™;PADDRSENDLGS ‘v comtrol atring for NEG curr
6560 PFORI1=1TOJD: NEXT Il ' 25 azc delay for 11 = 1400
570 PRINTE2, "OUTPUT®YADDRS " POX" 'K-151: PO=FILTER OFF
G550 PRINT#2,"FNTER"YADDRS

8590 INPUTHIRE: VALY = 5* VALY -VALMIDYRENYMN® Avg norm & rev emi's
800 SUMY =SUMY +VALY: YD(N=VALY

G603 PRINTAZ, "OUTPUT™XADDES " RON2X" "X channel #2

8610 PRINT#I "ENTER"XADDRS

620 INPUTAHS BXS: VALX = S*(VALN-VALMIDSEXS. MY

Gl SUMX =SUMX +VALX

G650 “single read of temperature aignal while Sample Curr ON

6655 PRINT#2,“OUTPUT™ XADDRS; ";RON1IX" "X channel #1

6l PRINTHZ,"ENTER™ X ADDRES

670 INPUTH . BEZS: VALEL=Y¥ALIMIDSRZS MM

GETS PRINTHZ, "ouwtput™ PA DRSOV O0ILOMIDWIN"

G677 PRINTAZ, "output™: PADDRS.SPOSS  "v,i comtrol sirng for BOS curr
6650 SUMZ=SUMZI+VALZL

50 WEXT T
6632 PRINT#2, "OUTPUT* XADDRE. " RON3IX"  “channcl #3: heat dissspauon
W93 FORII=1TOID : NEXT I Yo 25 mce delay

094 PRINTAZ, "ENTER"; XA DDRS

G695 INPUTHS, RMS: HEAT = ARSI 000" X C*VALMMIDSRMS XM “lota]l mW healing
606 PRINT#2,"OUTPUT"; XADDRS; " RON1X"  'exit SUB in channel #1

BOGT 506 = = D01 OOW 1"

B608  PRINTA, “QOUTPUT™ PADDRS; 505 "sel curt doen o Jowest

G700 UM =SUMTEILT: SUMY =53UMYWNFILT: SUMI=53UMANFILT

6710 SUMDEY =0 ‘now cale 5 Dev of Y from STUMY

G720 FORI=1 T3 NFILT

G730 SUBMDEY =SITMDEY + (STTRY -y DN 2
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Gl MEXT T

6745  NDEY=NFILT-1; IF NDEY =0 THEN NDEY =1

§750 OY »SQRSUMDEV/NDEY)  ““Quality of Y™ now defimed as Std Dev(Y)
6760 "Hold off current for cooling pause JP defined by keybd input)

& FOR II=1TO IP: NEXT J1 "Pause ~ Laec/ 5600 of JP
6781 RETURN

67

TR T

A540

000 "+ MPASURE CIRCUIT RESISTANCE (HIOH CTURREENT MODE) ***
TN [F MODES = "1~ THEN INPUT "REMOVE 1 kOhm resistor then preas RTH® DUMS
TS CLOSE ‘close any open files

TO10 GOSUE 4850 '— establish communication with Personakd38

T020 GOSUR S050 '— put matruments in REMOTE mode & give addreaacs
T Vewe i K228 KD =nwait melrue coenplete, G5 = readout: v i

M40 PRINT#2,*OUTPUT";PADDRS; " ROX" 'RO=auto-mage

45 PRINT#Z,*OUTPUT™XADDRS: " RONIX" "display contact heatmg

TO50 INPUT® What is EST RESISTANCE of circun (ohms) 7 *,5TDR

TS5 RADD=1.%: IF STDR=.| THEN RAIMN>=2

TOG0 INPUT® Trial CURRENT (amps) to Start with 7 ", CURI

TOT0 VO=CURI*STDR +RADD)*1. 2 VOS=STRS{VID

0TS CURIS=STRSICURD

TED 85 ="V £ V054" +CURIS+"WI1X*

7090 PRINTAZ,"OUTPUT" . PADDRESE

F095  PRINTAZ,"OUTPUT".PARDRS. " FIX"

TG PDR I=1 T 14000 NEXT T © 2.5 sec wait befors read
7110 PRINTA2 "FNTER":PADDRL
T120 INPUTAS VPSS, CPR ' read par supp oiatgul v i

7122 IOCTLAZ. "BREAK"

7125  PRINT#Z QUTPUT™; A DDRS: " FOX"

TIH) RCIRC = WPRICPS

TI40 PRINT*Meas'd circuit V, [ = = VP8 CPS; -PRINT" == R= " RCIRC
7150 INPUT® Do vou wish to step up V 10% per step? < Y for yes > YESTPS
7160 TP YESTFS="Y" THEN GOT 7170 ELSE GOTO 7130

7170 PRINT™ Wivol)  T{ampa) Riohms) < ENTER to sontinue > "
&0 VO=VIS: CO0=CPS

190 VI=1.1"VD: Cl=1.2%C0

T200 VI13=STRS{V1): C1$=STRS{CL)

TA0  SPE=" VO AVIS+ T +C1 WX

TI CSHE="V-+ VIS4 4+ OIS+ "WIXT  “neg not used hers

TH0 PRINTHZ"OUTPUT" PADTRS.SPS

T PRINT#H2, “OUTPUT PADDES. " IF1X"

T PFORI=1 TO 14000 NEXT ] ' 2.5 sec wait belore read
7260 PRINTA2,"ENTER",PADDRS

10 INPUTHVPS,CTS * read pwr supp output v,i
T2 ICTLAL " BREAK®

T/ PRINT#Z,OUTPUT", PADDRS; ", FOX"
T RCTRC=VPS/CFS

TIO PRINT,VPS.CPS RCIRC,: INPUTT " YESTFPS
7310 IF YPSTPS ="7" THEREN GOTO 71320 ELSE GOTO 7330
7320 GOTO TR0 "Loop back for another step-up of ¥

7330 IF MODES="L" THEN INPUT "REINSTALL the 1 kO resistor then press RTH™ DUMS
T340 EETUEREN

T30

TS0 * w0 Pind Control Parama for Curr (K228 =92

T505 [F MODES="L" GOTO TSR0

THIT "HIGH Current Cuatpul Hange ..

TS50 WPel DS xO"RCIRC 'set voltage limit 5% over mim for curt & reais
7530 CPS=STRS(NC: CPNS=STRS(-XO)

7540 VEE=5TRUVE:: YPNE=STRE-VF

TRE0 SPOSS ="V "+ VPE+TIT4+OPE 4 TWIXT

TS60 SNEGS=";V" + VPNE+ " + CPNS+"WINX”®

TiTO RETURN

TSHO 'LOW Current Cutput Range ...

TH50 WP =2C*{ 1000+ RCIEC) "Cthma Law'
TeM IF ¥P> 10 THEN VP= 1D "Limit Lo 10 Vodts
A0 CLIM =117 St current limit 10% over expected output
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7620 IF CLIM « 001 THEN CLIM= .31

T630 I CLIM > .01 THEN CLIM=.01

7635 CPE=STRESCLIM) - CPNS=5TRE(-CLIM]

T040 GOTO TR0

LR

RO00 " mnman PRAERGEMCY CURRENT SHIUTTIHIWT =eees

8100 REEF: BEEF: BEEP

105 LOCATE 25.1: PRINT - '
R110 LOCATE 25,1 INPUTEXCESSIYE HEATING DETECTED ! nter 8 new heat limit (mW} or (10 stop == > ";HLIMIT
A120 1F HLIMIT < =0 THEN RETUEN 346 “wr acan Toished

S030 GOSTIR 40940 'realode messars st bottom

140 GOTO 1740

E1S0C

PHE BEND

Appendix D. X-Y Plotter Emulator

10 DEFIMT T-M

0

30" ==+ DRIFT.BAS ***

4 "wad FIITHLLEY ST SYSTEM ***

B0 ek W AT TAGE VS X-VOLTAGE - PERSOMALAYE DATA ACQUISTTION =5

166 " DATA SAMPLED AFTER SPRCIFIED X- & V-ABSWVALUR-INTERVALS HAVE PASSED
110 * QUTPUTS X AND Y DATA TO AN ASCI FILE

1M " SPLCIFILD BY THE USER. PLOTS AUXILIARY DATA FILE FOR COMPARISON
130 ' COMMAND PO SENT TO Y.DVM (FOR K-141 TURNS OFF DMOITAL FILTERING
140

200 r*** MAIN PROGRAM =*®

200

270 GOSUB 400 "— SET DEFAULT PARAMETER VALUES —

225 GOSUB 4150 "— READ N FILE OF SETUPF AND GRAPHICS PARAMETERS —
230 GOSUB 7 "— SIGH-0N & HARDWARE SETTIMNGS MEMU -

240 GOSUE 1000 ‘=== SETUF PARAMETERS MEN] ==

245 GOSUE 4500 ‘.- STORE SETUF AMNT GRAPHICS PARAMS TO FILL -

250 GOSTE 1600 '— DATA ACQUISITION INITIALIZATION ---

260 GOSTTR 1750 "— TAKL ONE DATUM SAMPLE —

TN GOSUD 3550 "— OCHREOK FOR KEYBOARD INTERRLUPT -

280 GOSUR 1850 "— TEST DATA FOR OUTPUT —

) GOSUB 3550 "— OHECK FOR KEYBOARD INTERRUPT -

00 GOSUB 3T "— CALC, TEMP. FROM THEEM, CALIBRATION —

30 GOSULE 2000 "ao PRINT DATA TO DISKE oo

20 CHOEUR 700 ' PLOT OR PRINT DATA TO 5CREEN —

330 GOSUB 3550 '-— CHECK I"0E KEYROARD INTERRUFT —

30 GOTO 260 - LOOP BACK FOR MORE DATA —
j5ac¢

360 "+++ END MAIN PROGRAM ***

-

380

400 === PEFIME DEFAULT PARAMETERS =="

410 CT.5: KFY OFF: KEY 1,"LIST 2004007 + CHRESL Y

43 DEFIMT I-N

430 DIM X000, Y1000 "DIM DATA FOR GRAPHICS REVRLSH

40 PIM VIO, TO100N ‘ARRAY FOR THERM, CALIBRATION TABLE g. DIODE ¥, T}
#45 DIM XGF1000), Y G000 "ARRAY OF COMPARISON DATA FOR GRAPHICS
450 O BEREOR GOTO 5400 "---FRREOR TRAPFPING

44 RESTORE 470

470 DATA 10,1,1,0,0,1,1,1

440 BEEAD CTUR SCALEX, SCALEY DEL DELY G0%, G1% REILT "Default Farama
400 DATA "< INACTIVE> " " < ACTIVE>"

SO0 BEAD IMACTS ACTS: OSETS=INACTS GUSLETE=INACTS

S04 ‘- OB HUS ADDRESSES & METLER PARAMS

505 DATA * 26°." 14", "KEITHLEY 1317199/1597" "KEITHLEY 13171991597 5.5
506 READ XADDRS, YADDRE, MXE BYS NXMNTM
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5140

10 "GRAPHICS DEFAULT FARAMETERS

530 RESTORE 550

540 BEAD XMIM X MAX Y MIN, Y MAX

550 DATA 0,300,0,50.0

560 READ X515 Y25, TS

570 RESTORE 590

580 READ XEY15.Y25, TS

90 DATA “X-AXIS{UNITS)", "Y-AXIS", "(UNITS)", "TITLEOF X V5 ¥ GRAFH"
00 RESTORE 620

10 READ DXPOC. DY P, XPDO,YPOO "AXIS CONTANTS IN PIXELS

630 DATA 550,300,80,15

63 RETURM “TO MAIN PROGRAM

6400 *

G0

00 e SIOM-0OM HARDWARE SETTINGS MESSAGE *4+

TI0 CLS: PRINT CHRE(T)

TIO PRINT:PRINT " *+++ HARDWARE SETTINGS *+*

TI0 PRINT " 1; X-INPUT: (IPIR Address: " XADDRS;"  Meter I " MXS

T40 PRINT " 2 Y-INPUT: GPIB Address: " YADDRS:"  Meter ID: " MYS

T80 PRINT

TE0 INPUT"INTER SELECTION & (< C/R > TO CONTINUE)Y " 1000E

TT0 OM ICODE GOTO THLE10

TH0 RETURN "TO MAIN PROGREAM

700 IMPUT"ENTER NEW (PIB ADDRESS FOR X-INPUT: ", XADDER

791 CHOSUR 850 '— METER ID CHOICES FOR READING STRING MASKING
792 INPUT"ENTER X.[NPUT Meter ID CODL (DUFAULT = PREVIOUS): " NMT
794 1F MMT < >0 THEN MM =HKMT ELSE 800

TH GOSUB 0 MxS=ME NXM=NMIK '— ASSIGN METLR I} NAME & MASKING DATA
500 XADDRS = STRIXADDR): GOTO TH)

10 INPIUTT*ENTER NEW GPIE ADDRESS FOR Y-INPUT: " YADDR

#11 GOSUTB 550 '— METER 11» CHOICES

£12 INPUT*ENTER Y-INPUT Meter [0 CODE (DEFAULT = PREVIOUS): ° NMT
814 IF NMT < >0 THEM NM=MNMT ELSE 520

416 GOSUR S00: MYTS5=M5% NYM=NMSK "— ASSION METER ID NAME & MASKIMNG DATA
) YADDRS =STRS(YADDR): GOTO 720

w30

&40

BS0 ' v ASSIGN STRING MASKING PARAMS FOR METERS =**

554 PRINT =*** Meler (D Codesg ***

555 PRINT™ 1: KLITHLEY 181,197

556 PRINT™ 2 FLUKE 55404

#50 RETURN

£

BB -

Ae

B '*** ASSTGN METER 1D MaAME ***

Q10 OM MM GOTO 930,940

920 PRINT CHES(): PRINT " < < <WRONG METER 1}> =" RETITRN 230
%0 ME="KBRITHLEY 1317197 MMSK =% FETURN

%40 WS = FLUKE 38404°: NMSK=1: RETURN

350 *

0 *

1) SCREEM (x CLS

1010 GOSUR 500 "— IMCREMENT EXTENSION ON DATA FILENAME

1020 PRIMT: PRINT: PRINT = *** 5ET.0UF PARAMETERS *** =

1030 PRINT * 1: FILEMAME OF SETUPF AND GRAPHICS PARAMITERS TO USE: "PUFLE
[40 PRIMT * 7: FILEMAME OF SETTIF AND GRAPHICS PARAMETERS TO SAVE Td: *.PSFLE
1050 PRINT = 3; X-VOLTAGE SCALE FACTDR (Signab/Meas Vi " 3CALEX

1060 PRINT = 4; X5I0MAL STEP SIZE: ";DEL

1070 PRINT = §: ¥ VOLTAGE SCALE FACTOR (SignalMeas Vo " 5CALEY

1080 PRINT " & Y-SIGNAL STEFP S[XE; “:DELY

10 PRINT " 7: DATA FILENAME: *;DNM3

1100 PRINT = TITLE: " TITLES

11140 PRINT = 8: THERMOM. CAL, TARLL FILENAME (for X-signal comversion}: " THNMS
[115 PRIMT * TITLE: ";THTTLS

F120 PRINT = % NO, OF SAMPLES IN DICITAL FILTERING: " NFILT
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L1130 PRINT "1 SCREEN GEAFPHICS PARAMETERS SETUT: "G3ETS

1135 PRINT "11: EXIT PROGRAM"

1140 PRINT

1150 INPUT " > ENTER SELECTION # {<C/R> TO EXECUTLE: =, 1CODE

1160 ON ICODE GOTO 1400, 1430, 1290, 1310, 1180, 1200, 1220, 1350, L380,1330,1335
1170 RETURN '"TO MAIN PROGEAM

1150 INPUT * ENTER Y-VOLTAGE SCALE FACTOR (Signal/Vescas): " SCALEY
110 GOTO 1020

1200 INFUT ® ENTER Y-SIGKAL STEP S120: ° DELY

1210 GOT O 1020

1220 INPUT ® INPUT DATA FILEMNARE (EXT .DTa WILL BE ADDED IF NOT ENTEREDY: " TDMNME
1230 IF DNME="" THEN 1250

1744 PRINT" EMTEE #0 CHARACTER DATA SET TITLEDEFALULT =TPREVIGUS): * INPUT" ", DLIMSE
1250 1P TS =" THEN 1270

1260 TITLES =DUMS

1270 FOR T=1 TO LENDNMS):; [P MIDSONMSE I 1< ="," THEN NEXT I ELSE 1230
1272 DNMS =DNMS+ ".DT0"

1280 GOTO 1020

1290 INPUT® ENTER ¥-VOLTAGE 5CALLE FACTOR (Signal vVmens): =, BCALEX
1300 GROT 1020

1310 INPUT*® ENTER X-5IGMAL STEP SI2E: " DEL

1320 GOTO 1020

1330 OOSUE 2250  Define Graphics Parameters

133 GOTO 1010

1335 GOSUR 4500 FMD  '— STORLE PARAMS TO FILE AND EXIT

1340 GOTO 1020

1350 INTLIT® BNTRER THRRMOM. CALIB, TARLE FILENAMEEXT .CAL WILL BE ADDEDY: = THNMS
1360 IF THNMS ="" THEM 1370 LLSE THNMS=THNMS+".CAL"

1345 GOSUE 3500 "— READ IN THERM. CALIB. DATA ---

1370 GO T 100

1350 INPUT*® ENTER NO. SAMFPLES IN DHGTTAL FILTERING: = NFILT

13%0 GOTO 1020

1400 INPUT " ENTER FILENAMI FOR SETUP PARAMS. TO USEEXT .FAR WILL BT ADRDED): *,PUTFLE
1410 IF PUFL$="" THEM 1420 ELSE PUFL$=PUFLS+".PAR"

1420 GOSUR 4150 GOTO 230 —READ IN SETLUF AND GEAPHICE PARAMS
1410 IMPUT " ENTER FILEMAME IOR SETTUP PARAMS TO SAVI TO (AR WILL EL ATDDED) =, PSFLE
1440 TP PSFLS="" THEN 1450 DL5L} PSFI.§=PSFLS+".PAR"

1450 GOTO 10

Tl *

1500 "*+++ OPEN DATA FILE ===

1510 IF DNMS="" THEN 13H]

15200 OPEM ~0°, F1,DMNMS

1530 PRIMT #1, TITLES

1540 PRINT #1,° Xo-sggmal  Y-signal”

1550 RETURN

1560 "

I57m0 -

1600 " == INTTIALIZATION FOR DATA ACQL, ***

1610 GOSUE 05 "—PRINT MESSAGE AT SCRLEEN BOTTOM

1620 T=0 "INTTIALIZE DATA ARRAY INDEX

1630 GOSUR 4450 "— PSTABLISH COMMUNICATION W/PERSOMNALARR

1540 GORUE 4950 "< BIGMON MESSAGE

1550 (FOSUN 5050 "—ASSION REMOTE MODE ADDRESSES

1660 FLAS="1* 'INTTIALIZE FOR DATA SCREREN PRINTOUT

16RO GOSUR 1500 '-—— OPEN DATA FILE

160 IWVXFLG=0 '— FLAG FOR FIRST TIME THEU

1700 PRINT "***Beginning Datn Acquisition **+*”

1710 BETURN T MAIN PROGRAM

17

1730 °

1750 *** TAKE DATA SAMPLE ***

1760 "=« GFIR INPUT ---

1770 GOSUHE 5200 '--- FIND AYVG 01 METLT GPIR READIMGS

1ITHD W =SUMN*SCALEX: ¥y =5UMY *SCALEY

17 RETURM "TO BLA TN PROGHAM

TR0 -

18t0 "
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L850 *++* DATA TEST FOR QUTPUT ===

18640 1 IVXFLG=0THEN I¥¥FLG=1: VXT=VX: ¥YT=%Y: RETURN 'FIRST TIME THROUGH
1870 DELVX = VX.VXT: DELVY =VY-VYT

1480 TP IDATPLG =0 THEN 1420

1850 IF INK$ < = "P" AND INK3} < > "p~ THEN PRINT "MANUAL STORE"
1900 PRINT CHRES(T);, "— BELL TO INDICATE MANUAL DATA STORAGE
1910 IDATFLG =0 GOTO 1970 'MANUAL DATA STORAGE

1920 IF DEL =0 THEN 1970

1930 IF DELY =0 THEN 1970

1940 IF ABS(DELVY)> =DELY THEN 1970 "STORE DATA

1950 [F ABS(DRLYY) > =DEL THEN 1970 ELSE RETURN 240 "TAKE MORE DATA
1970 VX T =V¥X: V¥T=VY: RETURN 'TQO MAN PROGEAM

1980

154

2000 © === PRINT YALULS ON DISK *++

200 T=I+1: Y{O=VY '"WCREMENT INDEX

2020 IF THNMS="" THEN X({Ti=VvX: GOTO 20

2050 (=T

2040 IF DINME="* THRN 2060

2050 PRINT #1,X(T. YT

2060 RETURN 'TO MATN PROGRAM

200

20RO

2100 * *** TEST TO REDEFINE GLOBAL GATN ***

2110 1R ¥TST > =5 THEN G% =1: GOTD 2150

2120 IF ¥VTST > =2 THEN G% =2: GOTD 2150

213 IF VTST> =1 THEN G% =§: GOTO 2150

40 G =10

2150 RITURN

160 IF ¥TSTS="VX" THEN GT® =G%; GOSUB 17%0: RETURN "CHANGE TO NEW X-GAIN
2170 GE% =G%: GOSUB 1790 'CHANCGE TO NEW Y-GADN

2150 RETURN

2190

2200

22501 »e» GRAPHICS PARAMETERS *+*

2260 GSETS =ACTS "SCREEN GRAPHICS ACTIVE

2270 PRINT: PRINT: PRINT"  *** SCREEN GRAPHICS FPARAMETLERS **=
2280 PRINT™ 1: X-nxis Xmm, Xenax: " XMIN XMAX

T290 PRINT® 2: Y-aXIS YMIN, YRAX: = Y MIN, Y hiAX

7300 PRIMT® 3: X-axis label: = X5

THNO PRINT™ 4: Y-nxis label: " Y15;Y2%

T320 PRINT® 5: Ciraph Title: ", T3

2325 PRINT" 6: COMPARISON DATA SET FILENAME: * GCOMPLS

2326 PRINT"  TITLE: ".GTTLS

7327 PRINT" 7: VIEW COMPARISON DATA SET: ", GCSETS

2FI0 FRINT

2340 INPUT* > ENTER SELECTION # (< C/R> TO MAIN MENUY: " ICODE
2350 ON ICODE GOTO 2370,2390, 2410, 2430, 2470, 2481 2453

2350 GOTO 24%0

TAT0 INPUT" ENTEER X-nxis Xmin, Xmax: " XMIN, XMAX

TI80 GOTO 2270

1300 INPUT" ENTER Y-axis Ymin, ¥Ymax: * Y MINYMAX

400 GOTO 2270

2410 INPUT® ENTER X-axis label: =, X§

2420 GOTO 2270

2430 INPUT™ ENTER Y-axis label: * Y5

2440 FOR J=1 TO LEN{YS$): [F MIDS(YST, 1< > (" THEN NEXT ]

2450 Y15 =LEFTSY 5. )-1: T=LENG -0 41 Y23 =RIGHTEYS.T)

24460 GOTO 2270

TAT0 IHPUT® BNTER Craph Title: ",T$

480 GOTO 22770

2441 INPUT" ENTER DATA SET FILENAME: " GCOMILS

482 GOSUE S400; GOTO 7270 "READ IN DATA SET FROM FILE

2433 INPUT* VIEW PLOT OF DATA SET (Y =YES)T: " ANES

2454 TF ANSS="Y" OR ANSS="y" THEN GUSETS =ACTS ELSE GCSETS=INACTS:GOTO 2270
2455 GOSIR 2490 ‘DREFINE GRAFPH AXES RANGES

2456 GOSIUR 5900 'FLOT DATA SET
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2457 GOSUB 4111 "PRINT MBESSAGE AT SCREEN BOTTOM

2488 [I' INKEYS= =" THEN 245% ELSE SCREEN 0 GOTO 2270

2489 ¢

249 XEMNG =XMAX-XMIM: YENG=YMMAX-YMIN

2500 XMINS =5TRSMMINY: XMAXS=STRIXMAX)

510 TMINS = STRS(Y MINE: YMAXS=5TRY MAX)

TSI CGOSUR 2610 GOSUR 2660 'DEFINRE FIIMCTION TO CALC CODRD [N PLIXELE
254 RETURM

2540 "

2550

EQQ = PR T CATLCTTIATE Y IN SCREBRN PIELS *+*

2610 DEF FHYPDX(YVAR,YMIN Y RNG, DY PO Y PINM = -0 VAR Y MIN* DY PDOY RNG+ Y PIND+ DY PIX
2620 RETURN

2630

L

2650 44+ FN TO CALCULATLE X IN SCREEM PIXELS #=*

660 DEF FNXPDOWAR, XMIN XENG, DXPDE XPOO0) = (XY AR- XM DX PTLHRNG + XPIXD
TETO RETURM

D"

2650

Z700 00 s pLOT QR PRINT DATA *4+

TTI0IF TNKS < =*1.* THEN IF IMES < =1 THEN 200

ZT20TF FL.GS="L" THEN 2730

770 FLGS ="L"; GOSUE 3080 GOSUTR 4050 RETURN "LIST DATA TO CURBENT I
2740 TF GSETS=INACTS THEM 2750

ATE0 IF IMNKS < = "P" THEM TF INES < > "p" THEM 2780

2760 IF FLGS="P" THEN 2500

ITT0 FLOS="P": GOSUE 2000; GOSUTR 4050: RETURN "PLOT DATA TO CURRENT 1
2780 IF FLGS="L" THEN PRINT 1, XT.% T RETURM 'T2 MAIN PROGRAM
TT00 IF GEETS=INACTS THEN 2540

TR0 WP = FNEPIN O, XMIN XENG, DXPI XPTKD

ZR05 IF ABSXF) > 10000 THEN 2340 —OUT OF RANGE

2RI YP=FMNYPDXOY (T, Y MINY ENG DY P Y PLXG

2215 IF ABSY P = 10000 THEN 2840

2820 PSET (XP,YPF 'PLOTS POINT

2830 "CIRCLE (XP,YF. 3 PLOTS CIRCLE

2840 RETURN "TO MAIN PROGRAM

2850 "

TR60 "

TH00 " *+*+ REFRESH PLOT OF DATA TP TO CURRENT POIMNT ===

2910 CLE: GOSUB 3150 GOSUR 3300 'DREAW AND LABEL AXES

A FORI=1TO1

930 NP = FNX P OT, XMIN, X ENG, DX P, X PIXD

2935 IF ABS{XF) > 10000 THEN 2970 *—OUT OF RANGE

2940 Y P =FNYPTXOY (T Y MIN.Y RNG, DY PR Y PIXO

2945 IF ABSYT) > Li8xK) THEN 2570

2950 "CIRCLE (XP,YPL3

2950 FSRT (XP YR

2970 WEXT ]

%75 IF GCOMFLS="" THEN RETT/RM

76 IF GOSETS=ACTS THEN GOSITR 5920 ' PLOT COMPARISON DATA
TR0 BETURN

3000 "

1 [

050 ‘=== PRINT DATA ON SCRERN »o®

3060 SCREEN (k CLS

2070 01 =1-20: ¢ N1 =0 THEN I1=1

TR0 FOR I=11 TO 1

3090 PRINT I.X(T0, YD

J100 MEXT )

3110 RETURN

) il

330

FL50 '*** SUR TO DRAW GRAFPH AXES *+*

3160 SCREEN 9 'HI RES GRAPHICSE SCREEN

I CLs

3150 PSET 3015
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3190 DWW =300; RGT=3550 TICKU =3k TICKR=355 ZERO=0

F200 FOR Te=1 TO 10 DRAW D =TICKI MM+ 550,07 NEXT T *---LEFT VERT AXIS
3210 FOR J=1 TO 100 DRAW R =TICKR;NM+0,-300:": NEXT J '—BOTTOM HORIZ AX1S
3220 DRAW™U = 'WHN;L=RAOT;"

3230 RETUERM

3240

3250

3300 rews S0 TO LABEL AN DS ===

3310 IF LENGCS) =60 THEN X5 =LEFTSXS, 601 'TRUNCATE IF TOO LONG
3320 XAX =44. 5" EN(X5)

13310 LOCATE 74, XAX: PRINT X5;

3017 LENOY 1% >0 THEN Y15=LEFTSY LS. % 'TRUNCATE IF TOO LONG
IR0 TAN =5-5"LENY 1S

3360 LOCATE 12, TAX: PRINT Y1%:

3370 IF LEMN{Y2%) > 9 THEN Y25=LEFTHY 25 %

3380 TAX=35-5*LENYIH

3390 LOCATE 13.TAX: PRINT Y25,

3400 IF LEM(TS =70 THEN TS=LEFTHTS. 7 "TRUNCATE [ TOO LOKG
3410 TAX =44- 5S*LEN(TS

34N LOCATE 1.TAX: PRINT T$;

130 LOCATE 24, 12-LEN X MIME) PRINT XMINE;

40 10 XMAX S =" THEN H60

3450 LOCATE 24, 8 1-LEN(XMAXS): PRINT XMAXS:

3460 LOCATE 23, 10-LENY MINE: PRINT Y MINS;

70 LOCATE 2, 10-LENCY MAXS): PRINT YMAXSE;

3450 RETURMN

3400 °

A0

3550 #w8 SUR TO CHECK KEYBOARD STATUS +++

3560 INS=INKEYS

3570 IF INS="" THEM RETURN

TS50 IF INS=CHRES(13) THEN IDATFLG=1: GOTO 3710 "MANUAL DATA STORAGE
3590 INKS =M%

3600 TF INKS < ="~ AND INK$< = "q" THEN 3650

3510 TP DINMS ="" THEN 3630 'DATA FILENAME

3820 CLOSE #1: GOSUBR 6000 '—REWRITE ATA TO FILE IN STD FORMAT
3430 SCREEN O INPUT "AMNOTHER DATA SETT (/M) ANS2S

3640 I ANS2E="y" OR ANSIS="Y" THEN 34670

3650 ON BEROR GOTO O 'DISABLE ERREOR TRAPPING

60 CLS: END

I6T0 CLOSE: RETURM Z40 "TO MAIM PROCEAM AT MENU

600 1 INKS < = "P" THEN IF INKS < > *p" THEN RETURN

3690 IF INKS$ < = "1" THEN IF INKS < >"L" THEN RETIURN

3700 EETUERN 320 'TO MAIN PROGRAM AT PLT OR PENT DATA

3710 EETURM 260 'TO MAIN PROGGREAM AT TAKE ONE DATUM

a0

EFRI

3750 'ee* SITR TO INTERPOLATE TEMPERATURLS FROM DIODE T,V TARLE ===
3780 TP THNME="" THEN RETURN 'TO MAIN PROGEAM

ITT0 VHC =V

ITH NLO=1: NHI=MNDATA 'LOW AND HI INDICES OF TABLE DATA

79 N={NHI+NLO)2 "INTEGER DIVIDE 'TABLE INDEX TO BE COMPARED TO DATUM
IR00 IF VX < V(N THEN NHI=N: GOTO 3820

MO NLO=M

IRH P NHI< > NLO+1 THEN GOTO 3790

3830 T=TMHT +(V¥-¥{NHD = TIHED-T N LW O NHD- YOO

1840 RETURM

TES0 -

TR

3900 === SR TO READ IN THERM. CALTE DATA ***

3910 IF THMMS="" THEM RETLREN

3920 TP THNMTS=THNMS THEN RETURN "no nsed 1o read dsts sgain

3930 THNMT 5= THMMS

3940 PRINT™*** Rending in therm, calibration table *++*

3950 QPN "I° #1, THMNMS

3957 INFIUT#1, THTTLS *-—-TITLE OF DATA SET

960 INPUT #1, NDATA
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70 FOR J=1 TO NDATA

3980 INPUT #1.VI(N, TN

3994 NEXT J

4000 CLOSE #1

4010 RETURN

4000

4030 °

4050 ***= PRINT MESSAGE AT BOTTOM OF SCREEN ***
4060 IF GSETS=ACTS THIZN 4090

4070 CLS: LOCATE 25,1: PRINT"PRESS: <{Y/R> STOREPT. <Q> QUIT",
4080 LOCATE 1,1: GOTO 4110

4000 LOCATE 25,1: PRINT*FRESS: <O/R> STORE PT.  <Q> QUIT <P> PLOT RESTORL <L> LIST";
4100 LOCATE 24,1

4110 RETIURN

4111 LOCATE 25,1: PRINT" PRESS <{VR> TO CONTINUE",
4112 LOCATE 24.1

4113 RETURN

4120

4130°

4150 '*** READ IN SETUP AND GRAPHICS PARAMETERS ***
4150 IF PUFLS ="" THEN RETURN

4170 OPEN "I, #1, PUFLY

4180 PRINT**** RETRIEVING PARAMETERS FROM: ";PUFLS;" *#+"
41%) "—SETUP PARAMETERS

4195 INPUTH1,PSFLS

4200 INPUT #1,SCALEX

4210 INPUT #1.DEL

4720 INPUT #1 SCALEY

4230 INPUT #1,DELY

4240 INPUT #1,DNMS

4250 INPUT #1,TITLES

4260 DUM3=TITLES

4270 INPUT #1, THNMS

4280 INPUT #1,NUILT

4290 INPUT #1,05ETS

4300 ' —GRAPHICS PARAMETERS

4310 INPUT #1, XMIN, XMAX

4320 INPUT #1,% MIN, Y MAX

4330 INPUT #1,%3%

430 INPUT #1.7Y13%

4350 INPUT #1.Y2%

4360 INPUT #1,TS

4370 "—GPIB & METER PARAMS

4320 INPUT#1 X ADDRS

43590 INPUT#L, Y ADDRS

4400 INPUIT#1 MXS

4410 INPUT#HL MY S

470 INPIIT#1, XM, NY M

4477 " COMPARISON GRAPHICS DATA FILE INFO

4424 INFUT#1,GCOMFLS "DATA FILENAME

4476 INPUTHL,GCSETS "I'LAG FOR GRAFPHICS COMPARISON
4430 CLOSE #1

4440 TF OSETS = ACTS THEN GOSUB 5800; GOSUB 2490 '-—READ IN COMP DATA SET
#445 GOSUR 3900 '-—READ IN THERM CALIB. DATA

4450 RETURN

4460

4470

4500 " ZAVE SITUP AND GRAPHICS PARAMLETERS TO FILE *=*
4510 IF PSFI.5="" THEN RETURN

45M) OPEN 0" #1, PSFLS

453 PRINT"**+* STORING PARAMETERS TO: =, PSFLS;" *=="
4540 "—-SETUP PARAMETERS

4545 PRINT#1.PSFLS

4550 PRINT#1.5CALEX

4560 PRINT#1, DI

4570 PRINT#1,5CALEY

4550 PRINT#1,DELY
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454 PRINT#1.DMNMS

A PRIMTH,TITLES

4610 PRINT#1, THNM$

34620 PRINT#1 NFILT

4630 PRINT#1 .GSETS

4640 -ORAPHICS PARAMETEERS

4550 PRINT#1 X MIN, XMAX

4600 PRINT AL, Y MIMN, Y MAX

4670 PRINTH1 . X5

4680 PRINT#1, Y15

46%] PRINT#1. Y24

4700 PRIMTHL, TS

4710 "GP & MUTER FARAMS

4720 PRIMTE X ADDRE

4730 PRINT#I.YADDRS

4740 PRINT#L WS

4750 PRINT#1BMYS

4760 PRINT#1, NX M, NYM

4762 "—COMPARISON GRA FHICS DATA FILL [NIFCY
4764 PRINTZL,GCOMPLS 'FILENAME OF COMPARIZON DATA SET
4766 PRINTEL, COSETS 'FLAG FOR ACTIVE GRAPICS COMPARISON
4TI CIOSE M

4740 RETURMN

4704 "

4800 "

4550 * =*=% Eytablish communications with Personaldg =42
4260 OPEN " DEVVEEEQUT™ FOR QUTFUT AS #2
4570 " Resel Personaldb

4R8O IOCTLAZ, " BREAK®

JRR5 PRIMNTSR, "RESET"

4450 "Open file to read responsea feom Peracoalddd

4900 OPEN "\DEVALEEIN® FOR INFUT A5 &3

4944 "Enable SEQUEMCE error detection by Persiomald B8
4 PRINT#2,*FILL RRROR"

4506 PRINT#Z,"TIME OUT 157

4910 RETURN

4920

4930

4950 * #++ Bead the sigoon and revision message ***
4040 PRINTHZ "HELLO®

4o INPUTH3 . AS

4930 PRINT A%

4% RETLTRN

S000

SO0

S080 '#** Pyt the 197"s mio RERMOTE ***

060 PRINT#2,"REMOTE", YADDRS

5070 FRINT A2, "REMOTE"  XADDRS

5080 RETTIRM

S090 "RO: Auto range X Bxecute  PO: Disable filler
£100 PRINTHF, “OUTPUT*:XADDES. " ROX"

5110 PRINT#2,"OUTPUT™; YADDRS. ", FITIX"

5120 RETURN

5130

5140

5150

520 -+ Pind the average of Navg readings ="

5210 SUMX = SUIMY =0

5FM) FOR I= 1 TO WFILT

Lr2s PRINT# "OUTPUT™ XADDRE: " RUX"

£230 PRINT#2 "ENTER"™; X ADDRS

S0 TNPUTHLRS: VAT X =VALMIDSRS, MNXKD)
5250 TF ABS(VALX) > 100 THEN GOSITE 5350 GOTO 210 '-=5TART OVER — BAD READING
5260 SUMK =50 +Y ALK

5265 PRINTAZ, "OUTPFUT: Y ADDRS, " FIX™ "= lIsca front pancl range
5270 PRINTA "BENTER™. YADDRS

S0 INPUTHS, RS VALY =VALMIDEERS. NY M)
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52590 [F ABSOVALYY > 100 THEN GOSUE 5350; GOTO 5210 -=-3TART OVER
SI00 UMWY = SUMY + VALY

S3I0NEXT T

S320 SUMN =S5UMM/NEILT: SUMY =S5TIMY MFILT

5330 RETURN

S0

5350 == PRINTOUT MESSAGE FOR BAD READING *==

5360 PRINT CHRS(T;: IF FLGS="L" OR FLGE="* THEN PRINT "> > >BAD REATHNG < < <";R$
5370 RETURN

S350

5390

5400 '+e* ERPORE TERAPPING ***

8410 PRINT CHEST; '—BELL TO INDICATE EREOR

5420 IF BRE < = 53 THREN RESUME 260 '—TEY TO TAKLE MORE DATA
5425 PRINT" > >BAD FILENAME < < ™ FOE J= 1 TO 1000 NEXT I: RESTIME 240
5440 -

5450

5500 ¢ == INCREMENT EXTEMNSION ON DATA PILENAME ***
5510 PRINT CHRS(T}

5520 1F DMMS="" THEN RETURMN

S530 FOR J=1 TO LEM(DMNMS): [F MIDSDNMSE, T 1< 7" THEN NEXT J
SR40 01 = LEN{DMME)-T +1

5550 EXTS =RIOHTHDNMSE J1): DNMS=LEFTHDNMEI-1)

3560 TEXT = VALRIGHTS(ENTS, 1)1 IEXT =1EXT +1

5570 IEXTS=RIGHTS(STRHIEXT). 1)

5530 EXTS=LEFTHEXTS3)+ILXTS

5590 DNME= DMNMS 4+ EXNTS

5600 RETURN

510"

Saad -

SROD v+ READ IN DATA SET FOR GRAPHICS COMPARISION ***
AR08 PRINT=*** RUTRIEVING COMPARISON DATA SET +#%+"
SR10 I GOOMILE=""THEN RETURN

5820 OPEN"1 4, GOOMELS

SRZT INPUT#L, GTTLS "—TITLE QF IFILL [3ATA

SR INPUTHL, NDATG

S35 NAOL =G0 MM = X001 YMX =Y YN =""G(1}
540 FOR 1=1 TO NDATAO

5850 INPUT#L, XGT, Y G{T)

SRS IF XG> XN THEM XX =30 GOTO 5857

5556 IF XG0 < XMN THEN XMN=XG{

SE8T I YOG =7 M THEM Y, = YO GOTO SRED

SRR IP YO < ¥ MN THEN YMN =Y G(I)

5860 NEXT 1

SETO CLOSE A

58T PRIMT® XMIN: " X8R, "Xhia2: " XMX

5876 PRIMNT™ YMIM: " Y MM, "YMAX "% MY

SAR0 RETURM

A0 -

5000 ¢ = FLOT OF COMPARISON DATA *+**

5010 CLS: GOSUBR 3150 GOSUD 3300 "DREANW AND [LAREL AXES
S0 FOR I=1TO NDATO

5930 NP e PN PG, KMIN N BNG DXPD X PIG

5935 TF ABST) = 10000 THEM 5970 —QUT OF RANGE

S940 YP =FNYPIX{YG(N, YMIN. Y RNG. DY FIX, YPIX0)

5935 1Y ABSOYF) 2 10000 THEM 3570

5950 CIRCLE (XP.¥Fl,1

S50 "PSET (XP.Y

STOWNEXT I

590 RETURN

5000

GO0 " ++* REWEITE DATA TO FILE ***

GO0 I DMMS="" THEN RETURN

H020 OPFEN"0" #1, DNMS

GO0 PRENT === STORIMG DATA AREAY TO FILE ®=®°

G040 PRINT#HL, TITLES

GOS0 PRINTAL L "--NO. OF DATA IN 5ET
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BOGH FOR I=1TO 1

&070 PRINT#1, XN, YT
BOGG NEXT ]

Gl CLOSTEM

S100 RETURN

s

10000 FRINT#2, "0OUTPUT® Y ADDRS, " RSX"
10010 PRINT#2 "EMTER 20"
10020 INFUT #3.R5

10030 PRINT RS

10040 RETURN

Appendix E. Monte Carlo Computational Information

In the Monte Carlo simulations, the percolation paths were allowed 64 degrees
of freedom at each increment along each current path. This is preferable over the
choice of only four directions used in many percolation theories published
elsewhere, 12 since the Hall effect, unlike most other transport properties, is highly
sensitive to the current direction. However, since the high-T_ materials are best
described as quasi-two dimensional superconductors, the current paths were confined
to remain within a two dimensional conduction plane. Similarly, the current paths were
also constrained to remain within a conduction bridge of fixed width. While
maintaining these constraints, increments of fixed spatial distances were made at each
step along the percolation path. Thus, instead of defining a matrix of resistivities as
modelled by nth::rs,l the simulations here required predefined T, distributions in terms
of the two spatial coordinates (x;,y;). A total of 60 Gaussian T, distributions were
constructed, ranging from purely homogeneous to moderately inhomogeneous
(AT, < 6K), while maintaining as much randomness between the various distributions
as possible. Moreover, in gach simulation ten equally spaced current paths were started

well ahead of the Hall measurement region to allow ample opportunity for the current
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paths to converge towards the regions of least resistance. Immediately upon the
reaching the Hall terminals, the integration of Ry (described in detail in the main text)
was initiated. A total of ~ 10° increments were allowed for each path while in the Hall
measurement region in order to obtain reasonable convergence.

To a good approximation, the path of least resistance will be obtained if the
current is required to move in the local direction of least resistance at each increment.
In accomplishing this, an "effort" wvalue e, was assigned to each of the 64 possible

]

directions where

o , if 8, = 180°|
e = 3 rf., TH(TY-T). , H L (94)
J [Z—CGSI[BJ)IIE.P[” {i_f > 1 herwice.
i

Here # = (0° is defined as the preferred forward direction. Since a complete reversal
of the current direction is unphysical, 3 1 set to infinity whenever # = 1807 or the
current path reaches the edge of the defined bridge. The multiplicative term comes
from the fact that a measured voltage is proportional to the spatial length of the
measurement, i.e., V e I Jp df. The summation term represents discrete radial scans,
e.g., ;.1 =1; + C, proportional to the "local” resistivities that originate from the
spatial coordinate (x;,y;} through a distance of roughly one bridge width. The step
size C is taken small enough to allow good convergence of the final results and depends
on the spatial coarseness of the particular T, distribution.  The “local"

resistivities p[(x;,y;},T,H] are obtained from a compiled table of in-field resistive

transitions [Figure 43] taken on a coevaporated epitaxial thin film. For simplicity, the
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effect of the “local" T, is approximated by a simple temperature shift of the
representative resistive transitions. This is reasonable provided the T distribution is
on the order of only a few Kelvins. In Equation (94), (T} is the mean T, of the
distribution and T; is the T, at a radius r; from the peint (x;,y;). Finally, the
"scanned" resistivities are divided by weight factors proportional to the surface area
defined at each radius r; from the point (x;,y;). These weight factors, e.g., ;N1
depend on the effective dimensionality N, where in thin films, the dimensionality is set
equal to two (N=2). Therefore, the unique numerical procedure described above

provides a simple means of determining the apparent Hall coefficients in a variety of

moderately inhomogeneous systems.
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Figure 43

100

75 80 85 g0 95 100

In-field resistive transitions obtained from a highly crystalline, coevaporated,
epitaxial thin film of YBa;Cu30-. These transitions were utilized in the Monte
Carlo simulations of the Hall effect transitions. "Local" resistivities were
approximated by shifting these transitions up or down in temperature in order
to represent the "local” deviations of the transition temperatures from the mean
transition temperature.
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